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 Preface |

Itis a matter of great pleasure for me to present the seventh edition of
“Problems in Physical Chemistry” for JEE aspirants. This book brings out
the experience gained during many years of teaching to the JEE aspirants.
The objective of this book is to provide proper guidance and relevant
material, which isreally needed for the preparation of JEE.

In the book, very useful brief theory of each chapter provided and
each chapter consists of three levels of problems to cover the wide subject of
chemistry in a nut shell. The level of problems given in this book is
essentially required for JEE aspirants.

LEVEL-1:  Problems based on basic concepts and are useful just to begin
the topic.

LEVEL-2:  Challenging problems based on twists and wide applications

" of facts.

LEVEL-3: Problems based on Comprehensions, Problems with One or
More than one Correct Option, Matching Type Problems,
Assertion - Reason Type Problems and Subjective Problems
(Integer Type Problems) to make the students familiar with
current JEE Pattern.

The problems are completely supported by answers. In the last, hints
and solution have also been provided wherever necessary, to save precious
time of students.

I hope that this effort will cater to the needs of JEE aspirants and as a
matter of facts they will really enjoy the subjects with the problems given.
I'would feel rewarded if you achieve your goal with the help of this book.

All attempts have been made to make it free from errors. In the last
constructive criticism and valuable suggestion from the readers are most
welcome to make this effort more useful.

Narendra Avasthi
avasthisir@gmail.com
sodiumsir@rediffmail.com
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.~ STOICHIOMETRY

Laws of Chemical Combinaticn

Chemical reactions take place according to certain laws. These laws are called the Laws of
Chemical Combination. “These are no longer useful in chemical calcu]atlons now but gives an ldea
of earlier methods of analysing and relating compounds by mass.”

,
>

<

&

» Law of Conservation of Mass [Lavoisier (1774)]

Durmg any physical or chemical change, the sum of masses of ail substances present m
reactions vessel remain conserved.

Law of Constant Composition or Definite Proportions [Proust (1799)]

In a given chemical compound, the elements are always combined in the same proportions by
mass.

Law of Multiple Proportions [Dalton (1803)]

Whenever two elements form more than one compound, the different masses of one element
that combine with the same mass of the other element are in the ratio of small whole
numbers.

Law of Reciprocal Proportions {Richter (1792)]

When two elements combine separately with a fixed mass of a third elements then the ratio
of their masses in which they do so is either same or some whole number multiple of the ratio
in which they combine with each other.

Gay-Lussac’s Law of combining volumes

According to Gay-Lussac’s law of combining volume, when gases react together, they always

do so in volumes which bear a simple ratio to one anather and to the volumes of the products,

if these are also gases, provided all measurements of volumes are done under similar

conditions of temperature and pressure.

Avogadro’s Law

The volume of a gas (at fixed pressure and temperature) is proportional to the number of

moles (or molecules of gas present). Mathematically we can write
Veon

Or Equal volumes of all gases under similar conditions of temperature and pressure contain

equal number of molecules.
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Dalton’s Atomic Theory

.
o

2\

£

B3

3

.,
g

Matter consists of tiny particles called atoms.

Atoms are indestructible. In chemical reactions, the atoms rearrange but they do not
themselves break apart.

In any sample of a pure element, all the atoms are identical in mass and other properties.
The atoms of different elements different elements differ in mass and other propetties.

When atoms of different elements combine to form compounds, new and more complex
particles form. However, in a given compound the constituent atoms are always present in the
same fixed numerical ratio.

Modern Atomic Theory

P

o

Atom is no longer considered to be indivisible : It has been found that an atom has a
complex structure and is composed of sub-atomic particles such as electrons protons and
neutrons.

Atoms of the same element may not be similar in all respects :

Ex. Isotopes (3 Na, ¥{Na)

Atoms of different elements may be similar in one or more respects :

Ex. Isobars, (30Ca, {0Ar)

Atom is the smallest unit which takes part in chemical reactions : Although atom

is composed of sub-atomic particles, yet it is the smallest particle which takes part in chemical
reactions.

The ratio in which atoms unite may be fixed and mtegral but may not be
simple : For example, in sugar molecule (C;,H,,0,), the ratio of C, H and O atoms is
12 :.22 : 11 which is not simple.

Atoms of one element can be changed into atoms of other element :
Ex. Artificial Nuclear Reactions

The mass of atom can be changed into energy : According to Einstein’s equation -
E =me? (E =Energy, m =mass, ¢ —the velocity of light, i.e., 3x 10cm sec™ ), mass and energy

are mter convertible.

Mole Concept
(a) Definition of one mole : One mole is a collection of that many entities as there are

number of atoms exactly in 12 gm of C-12 isotope.

(b) lu=1amu =(%] of mass of 1 atom ofC12 = ;fg =1.66x 107%* g,

A

- () For Elements :

% 1 gatom =1 mole of atoms = N , atoms,
+ g atomic mass (GAM) =mass of N, atoms in g.
Mass (g)

GAM of molar mass

4+ Mole of atoms =
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(d)

(e)

®H

(g)

(h)

“present in the container M s, =

.

For molecules : :
# 1 g molecule = 1 mole of molecule = N , molecule. !

4 g molecular mass (GMM) =mass of N , molecule in g.
Mass (g)

" GMM or molar mass
For ionic compounds :
+' 1 g formula unit = 1 mole of formula unit=N 4 formula unit.

% g formula mass (GFM) =mass of N 4 formula unit in g.
Mass (g) '

GFM of molar mass

"¢ Mole of molecule =

4+ Mole of formula unit =

0% paricles

/——' Contalns 6.022 x 1

1'mole of a substance " Weighs as much as molecular weight/atomic ionic/weight in grams.

~— If itis a gas, one mole occuples a volume of 22.4 L at 1 atm & 273K

Average or mean atomic mass : Average atomic mass of element

Here A,,A, are isotopic mass of element and X,, X, are natural abundance of isotopes.

Average or mean molar mass : The average molar mass of the different substance
_Myn; + Mpna+......

HereM,, M, are molar mass of substances and n;, n, are mole of substances present in the
container.

~ Empirical Formula, Molecular Formula

{a)

(b)

A{e)

Empirical formula : Formula depicting constituent atom in their simplest ratio.

Molecular formula : Formula depicting actual number of atoms in one molecule of the
compound.

Relation between molecular formula and empirical formula :
Molecular mass

B Empirical Formula mass

Densities :

< Density = VNiass -, Unit: g/ce
olume ,
Density of any substance’
Density of reference substance
Density of any substance

Density of water at 4°C

<>

Relative density =

&

Specific gravity =

@

Vapour density : Ratio of density of vapour to the den51ty of hydrogen at 31m11ar pressure
and temperature. . .



Density of vapour at some temperature and pressure

Vapour density = -
o Density of H, gas at same temperature and pressure
. Molecular mass
Vapour density = ——— =

Stoichiometry
) Stoichiometry pronounced (“stoy ~ key — om - e — tree”) is the calculations of the quantities of
reactants and products invelved in a chemical reaction. Foliowing methods can be used for solving

problems.
(a) Mole Method (Balancing is required)

For Ex. : 2KClO; —2 5 2KCl + 30,
‘ Mole of KCIO;  Mole of KCI _ Mole of O,
2 - 2 3
(b) Principle of Atom Conservation (RPO.A.C.) method (Balancing is not required)
For Ex. : KClO; —23KCl+0,

POAC for K : 1x mole of KClO; =1x mole of KCl
POAC for Cl : 1x mole of KCIO, = 1x mole of KCl
+ -POAC for O : 3x mole of KCIO; = 2x mole of 0,

C6ncept of Limiting Reagent .

(a) Limiting Reagent : It is very important concept in chemical calculation. It refers to
reactant which is present in minimum stoichiometry quantity for a chemical reaction. It is
reactant consumed fully in a chemical reaction. So all calculations related to various
) products or in sequence of reactions are made on the basis of limiting reagent.

(b) Calculation of Limiting Reagent : Divide given moles of each reactant by their
" stoichiometric coefficient, the one with least ratio is limiting reagent.

.

Percentage Yield
Actual yield
theoretical maximum yield

The percentage yield of product = x 100
Caoncentration Terms
(a) For solutions (homogeneous mixture} :
+ If the mixture is not homogeneous, then none of them is applicable.

(i} % by mass (_“_’J = MEE_ y
W/ Wt of solution

[X% by mass means 100 gm solution contains X gm solute : - (100-X) gin
solvent ] .

G % [Ejz Wt. of solute_. N 100
v Volume of solution

[X% (VJ means 100 mL solunon ‘contains X gm solute]



100

) _ Volume of solute
Volume of solution

+ For gases % by volume is same as mole %
(v) Mole % — Moles of solute .,
Total moles

Moles of solute

(v) Mole fraction (X) =
Total moles

i) Molarity (M) =
oD olarity (M) Volume of solution (in litre) o AP

Moles of solute
Mass of solvent (in kg)

(vii) Molality (m) =

(viii) Parts per million (ppm) = Mass of solute <105 = Mass of sqlute %10
Mass of solvent Mass o_f solution
(ix) Formality (F) = No. of formula unit
Volume of solution (in litre) - . ..

(b) (i) On adding solvent in a solution (dilution) : Number of mole of solute remains
constant :

MgV, =MV,
(ii) Mixing of two solutions of same solute
MV =MV + MpVo+...
{c) Volume strength of H,0,:
H,0, (aq) solution labelled as ‘x V' ‘volume H,0, (for e.g., ‘20 V' H,0,), it means x
volume of O, (in litre) at 1 atm and 273K that can be obtained from 1 litre of such a sample
when it decomposes according to
H,0,— H,0 + %02

Molarity of F1,0, = ~orume Strf;‘f’;m ofH 0, L

Eudiometry - S
(For reactions involving gaseous reactants and products) o

<+ Eudiometry or gas analysis involves the calculations based on gaseous reactions or. the
reactions in which at least two components are gaseous, in which the amounts of gases.are
represented by their volumes, measured at the same pressure and temperature.

+ Gay-Lussac’s law of volume combination holds good. '
4 Problem may be solved directly is terms of volume, in place of mole. .
The volume of gases produced is often given by mentioning certain solvent which absorb
contain gases. e

Moles of solute .. ...



Redox

Solvent : gas (es) absorb
KOH (ag) . €0,,50,,Cl,
Ammon Cu,Cl, . Cco
Turpentine oil 0,
. Alkaline pyrogallol 0o,
Water NH,, HCI
Anhydrous CuS0,/CaCl, H,0

(a)} Oxidation Number : It is the charge (real or imaginary) which an atom appears to have
when it is in combination. It may be a whole no. or fractional. An element may have
different values of oxidation number depending . It depends on nature of compound in
which it is present. There are some operational rules to determine oxidation number.

Definition of Oxidation and Reduction :

(b)

(e)

{d)

s,
<

.’.

Oxidation : Addition of oxygen , removal of hydrogen , addition of electronegative
element, removal of electropositive element , loss of electrons , increase in oxidation
number {de-electronation}. _ A
Reduction : Removal of oxygen, addition of hydrogen, removal of electronegative
element, addition of electropositive element, gain of electrons, decrease in ox1d no.
{electronation).

Redox Reactions :'A reaction in which oxidation & reduction occur simultaneously.

Agents :

o

Oxidising Agents (Oxidants, Oxidisors) : They oxidise others, themselves are
reduced & gain electrons. eg, 0,,0;HNO,;, MnO,, H,Q,, halogens,
KMnO 4, K,Cr,0;, KIO3, Cl(SO 4 )3, FeCly, NaQCI, hydrogen ions.(Atoms present in their
higher oxidation state.)

Reducing Agents (Reductants or Reducers) : They reduce others, themselves
get oxidised & lose electrons. Also called reductants or reducers . H, molecular form is
weak reducing agent but Nascent hydrogen is powerful. e.g., C, CO, H,S, SO,, SnCl,,
Sodium thio Sulphate (Na,S,0,), Al, Na, CaH,, NaBH,, LiAlH,. (Atoms present in
their lower oxidation state.)

Both Oxidising & Reducing Agents : SO,, H,0,, O,, NO,, etc.

Balancing of redox reactions :

,,
o

o«

Ion - electron method
Oxidation number method

[Concept involved that in any chemical reaction e~ cannot be produced so no. of e s in
O.H. & R.H. should be same] :

Equivalent Concept

(a) Law of Chemical equivalence : It states that in any chemical reaction the equivalents
of all the reactants and products must be same.

2A+3B— 4C

- Equivalents of ‘A’=Equivalents of ‘B’=Equivalents of ‘C’



(c)

(d)

(e)

Terms used in equivalent concept‘:
Molar mass of A

# Equivalent mass of A =

Valency factor or n factor
Weight of ‘A’ (in g)
Equivalent weight of ‘A’

4 Equivalents of ‘A’=

% Numbers of equivalents of ‘ A’=no. of moles of ‘ A’xn-factor

% Normality (N) : For solutions concentration term normality (V) is used, wh1ch can
be defined as “The number of equlvalent of solute present in one htre {1000 mL)
solution”. , Lol

_ Number of equivalents of solute o
Volume of solution (in L)

_ W(g)x 1000
" ExV (inmlL),
‘N =Molarity x Valence factor . _
milli-equivalents of solute =N x V (in mL) =M x V (in mL) xn factor ~ *

Valence factor (n-factor) calculation : n-factor here we mean a conversion factor by
which we divide molar mass of substance to get equivalent mass and it depends on nature
of substance which vary from one condition to another condition. We can divide n-factor
calculations in two category. : a
< In case of non-redox reaction.

n-factor = mole of charge displaced per mole of specie
%+ In case of redox reaction. .

n-factor of oxidizing or reducing agent =mole of electrons gain or lost per mol of specie.
Volumetric analysis (Titration) : Titraton is a procedure for determining the
concentration of a solution by allowing a carefully measured volume to react with a
standard solution of another substance, whose concentration is known.

+ Primary standard : A substance available in a pure form or state of known purity
which is used in standardizing a solution.

+ Standardization : The process by which the concentration of a solution is accurately
ascertained.

+ Standard solution : A solution whose concentration has been accurately determined.

4 Titrant : The reagent (a standard solution) which is added from a buret to react with
the analyte.

+ Titrate : This mainly involve titrations based chemistry. It can be divided into two
major category.
(I) Non-redox reactions (II) Redox reactions
Type of reactions : ' -
(i) Non-redox reactions : This involve following kind of titrations : '
1. Acid-Base titrations
2. Double indicator acid-base titration



n

3. Precipitat-ion titration
4. Back titration
(ii) Redox reactions : This involve following kind of titrations :
1. lodimetry titrations
2. lodometry titrations
3. Back titration
Titrations :
(1) Non-redox titrations
(1) Acid-Base titration : To find out strength or concentration of unknown acid or base
it is titrated against base or acid of known strength. At the equivalence point we can know
amount of acid or base used and then with the help of law of equivalents we can find
strength of unknown.
milliequivalent of acid at equivalence point =milliequivalent of base at equivalence point
(2) Double indicator acid-base titration : In the acid-base titration the equivalence
point is known with the help of indicator which changes its colour at the end point. In the
titration of polyacidic base or polybasic acid there are more than one end point. Some times
one indicator is not able to give colour change at every end point. So to find out each end
point we have to use more than one indicator. For example in the titration of Na,CO,
against HCl there are two end points,

' Na,CO, + HCl—»NaHCO4 + NaCl

NaHCO; + HCl — H,CO, + NaCl

When we use phenolphthalein in the above titration it changes its colour at first end point
when NaHCOj, is formed and with it we can not know second end point. Similarly with
methyl orange it changes its colour at second end point only and we can not know first end
point. Itis because all indicator changes colour on the basis of pH of medium. So in titration
of NaHCO;, KHCO; against acid phenolphthalein can not be used.

Titration Indicator pH Range n-factor

Na,CO4 Phenolphthalein 83-10 1
against acid

Na,CO,4 Methyl orange 3.1-44 2

Note : When we carry out dilution of solution, milliequivalent, equivalent, milli mole or
moie of substance does not change because they represent amount of substance, however
molar concentration may change.

(3) Precipitation titration : In ionic reaction we can know strength of unknown
solution of salt by titrating it against a reagent with which it can form precipitate. For
example NaCl strength can be known by titrating it against AgNO, solution with which it
form white ppt. of AgCL.

milliequivalent of NaCl at equivalence point = milliequivalent of AgNO, used =
milliequivalent of AgCi formed '
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(II) Redox Titrations
At equivalence point,
‘ milliequivalent of Oxidizing agent used = milliequivalent of reducing agent reacted.

S.No. Reagent Half Réactioﬁ 7 n-factor of
i reagent
1.|FAS (Mohr's salt) Fe?* 5 Fe¥* +e” 1
[FeSO 4(NH,),SO, - 6H,0]
'2.|MnOj (Permanganate ion)  [MnOj + 8H* + %™ — Mn?* + 4H,0 5
(in acidic medium)
3.{MnOy; (in basic medium) Mn’* + ¢ — Mn® 1
4.MnOj (in mild basic or Mn’* + ¢ — Mn** 3
neutral medium)
5.|Cr,0%" (dichromate ion) Cr03 +14H* + 6e” - Xr** +7H,0 _ 6
6.|C,02" (Oxalate ion) C,0F — 200, + 2 2
7.|As,054 As,0, + 5H,0 - 2As03” + 10H* + 4¢ 4
8.1CaCCl, (Bleaching powder) |CaOCl, + H,0 + 2KI— Ca(OH), + [, + 2KCl 2
9.|Mno, MnO, + 4HCI (Conc. ) —2— MnCl, + Cl, + 2H,0 2
10.{10; 103 + 5I" + 6H* — 3, + 3H,0 5
11.[H;0, (act as oxidizing agent) [H,0,+ 2¢” - 2H,0 2
12.{H,0, (act as reducing agent) |H,0, > O, + 2e” 2
13.|H,0, (disproportion} H,0, — sz +1/20, 1
14.|Cl, (disproportion) Cl, + 60H" (strong) - ClO3 + 5C1° + 3H,0 . 5/3
15.|H,S (in acidic medium) HS+1,~»S§+21"+2H" 2
16.[Sn?" (in acidic medium) $n* +1— Sn* 4+ 2 2
17.|N,H, N,H, = N, + 4H" + 4¢ 4
18.(S0%" (in acidic medium) SO + H0 - SO% + 2¢™ + 2H* 2
19.|Na,S,0, (Sodium 2Na,5,0, + 1, — Na,5,0, + 2Nal 1
thiosulphate or Hypo)
20.]1, I, +2 - 2 ' 2

(1) Iodimetry Titration : In such titrations iodine solution is used as an oxidant and
iodine is directly titrated against a reducing agent. This type of titrations are used for the
determination of strength of reducing agents like sulphides, arsenides, thiosulphates etc.,
by titrating them against a standard solution of iodine.
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This type of titration involves free iodine, here iodine solution is treated with known
sodium thiosulphate solution.
I, + 2Na,8 ,0,— 2Nal + Na,$ ,0, ' Sy

Equivalents of I, =Equivalents of Na,$,04 used
(2) Iodometry Titration : It is an indirect method of estimation of iodine. In this
titration an oxidizing agent is used to liberate from iodine solution and the liberated iodine 4
is treated with a standard solution of a reducing agent added from a burette. Here a neutral
or an acidic selution of an oxidizing agent is used and the amount of liberated I, is equal to
the equivalents of this oxidizing agent.
These titrations are used to determine the concentration of K,Cr;0,, KMnO,, CuSO,,
Ferric ions, H,0, etc. :
These titrations are carried out in following two steps :
< Step-1 : Oxidizing agent (X) + KI (excess)—— I, + reduced state of oxidant.

- Equivalents of (X) =Equivalents of [,
+ Step-2 : Liberated I, + 2Na,§ ,0; — 2Nal + Na,S 4O

_ Equivalents of I, =Equivalents of Na,S$ ,0 4 used :

(g) Back titration : Back titration is used in volumetric analysis to find out excess of reagent
added by titrating it with suitable reagent. It is also used to find out percentage purity of
sample. ‘ : @
For example in acid base titration suppose we have added excess base [B(OH) ] in acid
(H,,A) solution.
To find excess base it is back titrated with another acid (H,,B) of known strength.
Equivalent of base =equivalent of (H,A + H,,B)
= gx mole of base taken = n x mole of H,A reacted + mx mole of H,,B reacted

~'

Hardness of Water "
(a) Definition of hard water : Hard water is having soluble salts of calcium and
magnessium ions.
(b) Degree of hardness : Degree of hardness defined as number of parts by mass of CaCO3
(or its equivalent quantities of other substance) present in million parts of mass of water.

Mass of CaCO3 . 06] opm

Hardness of water =
Mass of water
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10.

11.

12,

13.

14.

15.

Calculate number of neutrons present in 12x 10% atoms of oxygen (g0 ) :

(Given: N, = 6x 10%%)

(a) 1800 (b) 1600 (c) 1800 N , (d) 3200 N,

If mass of one atom is 3.32x 10'23g, then calculate number of nucleons (neutrons and
protons) present in 2 atoms of the element ;

(a) 40 © (b) 20 (c) 10 (d) 40N,
Calculate number of electrons present in 9.5 g of PO3:

(a) 6 (b) 5N, (c) 01N, (d) 47N,
What is the number of moles of O-atom in 126 amu of HNO, ?

2 6

a) 2 — 6 d) —
(@) (b) N, () (d) N,
What is the charge of 96 amu of %~ ? ' :

(a) 2C - () 3.2x107C () 9.6x10717C (d) 6C

A sample of sodium has a mass of 46 g. What is the mass of the same number of calcium atoms
as sodium atoms present in given sample ? '

(a) 46 g (b)20¢g (c)40g (d) 80 g

The total no. of neutrons present in 54 mL H,0 (I) are: ‘
(a) 3N, (b) 30N, (c) 24N, (d) none of these
Total no. of electrons present in 48 g Mg % are: )

(a) 24N, (b) 2N, - (c) 20N, (d) none of these-
The number of neutron in 5 g of D,O (D is 2H) are:

(a) 0.25N, (b) 2.5N, (c) 1-1N, (d) none of these

Cisplatin, an anticancer drug, has the molecular formula Pt(NH,),Cl,. What is the mass (in
gram) of one molecule ? (Atomic weights : Pt = 195, H= 1.0, N = 14, Cl = 35.5)

(a) 4.98x 1074 (b) 4.98x 107% (c) 6.55x 107 (d) 3.85x 1072
Aspirin has the formula C4HO,. How many atoms of oxygen are there in a tablet weighing
360 mg? '

(a) 1.204x 102 © (b) 1.08x 10% (c) 1.204 x 10%* (d) 4.81x10%

20 g of an ideal gas contains only atoms of § and O occupies 5.6 L at 1 atm and 273 K. What is
the mol. wt. of gas ?

(a) 64 (b) 80 (c) 96 {d) None of these

A sample of ammonium phosphate, (NH, ),PO,, contains 6 moles of hydrogen atoms. The
number of moles of oxygen atoms in the sample is:

(a) 1 (b) 2 (c) 4 (d) 6

Total number of moles of oxygen atoms in 3 litre O,(g) at 27°C and 8.21 atm are: ,
(a) 3 M) 1 1 {d) none of these .

3.011 x 10?2 atoms of an element weight 1.15 gm. The atomic mass of the element is:
(a) 10 by 2.3 (c) 355 ' (d) 23
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T, PROBLEMS IN CHEMISTRY

. One atom of an element x weigh 6.643 x 1072 g. Number of moles of atom in 20 kg is:

(a) 4 (b) 40 © {c) 100 (d} 500

. Mass of one atom of the element A is 3.9854 x 10™2% g. How many atoms are contained in 1 g

of the element A?
(a) 2.509x 102 (b) 6.022x 105 (¢) 12.044 x 105 (d) None of these

Which of the following contains the largest mass of hydrogen atoms?

(a) 5.0 moles C,H,0, (b) 1.1 moles C3HgO4

(c) 1.5 moles CgHgO, : (d) 4.0 moles C,H,0,

Which has minimum number of atoms of oxygen ?

(a) 10 mL H,0 (D) {b) 0.1 mole of V,05 (s)

(c) 12 gm O,(g) (d) 12.044 x 10%2 molecules of CO,
Rearrange the following (I to IV} in the order of increasing masses:

(1 0.5 mole of 04 (II) 0.5 gm atom of oxygen

(III) 3.011 x 10® molecules of O, (IV) 5.6 litre of CO, at STP

(a) II<'1V< M<I {(b) I<I<IV<II D IWV<lli<lIli<] (d) I<l<li<IV
The volume of a drop of water is 0.0018 ml then the number of water molecules present in two
drop of water at room temperature is:

(2) 12.046x10"”  (b) 1.084x 10% (c) 484x10Y (d) 6.023x102 2

It is known that atom contain protons, neutrons and electrons. If the mass of neutron ‘is
assumed to half of its original value whereas that of proton is assumed to be twice of its

original value then the atomic mass of '¢ C will be : , s

(a) same (b) 14.28% less (c) 14.28% more (d) 28.56% less -
Common salt obtained from sea-water contams 8.775% NaCl by mass. The number of formula
units of NaCl present in 25 g of this salt is :

(a) 3.367 x 102 formula units (b) 2.258x 10?2 formula units ?'-"
() 3.176x 10% formula units (d) 473x 10% formula units

The number of hydrogen atoms present in 25.6 g of sucrose (C,,H,,0;, ) which has a molar

‘mass of 342.3 g is :

(a) 22x 102 (b) 9.91x10% (c) 11x 102 (d) 44x10% E

Caffiene has a molecular weight of 194. If it contains 28. 9% by mass of nitrogen, number of
atoms of nitrogen in one molecule of caffeine is :

(a) 4 (b) 6 (¢} 2 ' @3
The density of water is 1g/mL. What is the volume occupied by 1 molecule of water ?
(a) L44x107®mL  (b) 1mL (c) 18 mL (d) 2.88x 10" mL

A 25.0 mm x 40:0 mm piece of gold foil is 0.25 mm thick. The density of gold is 19.32 g/cm?3.
How many gold atoms are in the sheet ? (Atomic weight : Au = 197.0)
(a) 7.7 x 10% (b) 1.5x 107 (©) 4.3x10% (d) 1.47 x 10%

If average molecular wt. of air is 29, then assuming N, and O, gases are there which options
are correct regarding composition of air:

(i) 75% by mass of N, (ii) 75% by moles N,  (iii) 72.41% by mass of N,

(a) only (i) is correct (b) only (ii} is correct

(c¢) both (ii) and (iii) are correct (d) both (i) and (ii) are correct
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29. Density of dry air containing only N, and O, is 1.15 g/L at 740 mm and 300 K. What is %
composition of N, by weight in the air ?

(a) 78% (b) 75.5% (c) 70.02% (d) 72.75%

30. A gaseous mixture of H, and CO, gas contains 66 mass % of CO,. The vapour density of the
mixture is:
{a} 6.1 (b) 5.4 (c) 2.7 . (d) 10.8

31. The vapour density of a mixture containing NO, and N,0, is 27.6. The mole fraction of
N,0, in the mixture is:
(@ 0.1 (b) 0.2 () 0.5 (d) 08

32. Density of an ideal gas at 2 atm and 600 K is 2 g/L.
Calculate relative density of this gas with respect to Ne(g) at same conditions :
(Given : R =1/12 atm L/mol.K) ,
(a) 2.5 (b) 2 (03 (d) s

33. Average atomic mass of magnesium is 24.31 a.m.u. This magnesium is composed of 79 mole %
of ?* Mg and remaining 21 mole % of *Mg and 2°Mg. Calculate mole % of 2*Mg.
(a) 10 (b) 11 (c) 15 (d} 16

34. Indium (atomic weight = 114.82) has two naturally occurring isotopes, the predominant one
form has isotopic weight 114.9041 and abundance of 95.72%. Which of the following isotopic
weights is the most likely for the other isotope ?
(a) 112.94 (b) 115.90 (0) 113.90 (d) 114.90

35. Calculate density of a gaseous mixture which consist of 3.01x 10%* molecules of N, and 32 g
of O, gas at 3 atm pressure and 860 K temperature (Given : R = 1/12 atm L/mole.K)
(a) 0.6 g/L () 1.2 g/L (c) 0.3 g/L (d) 12 g/L

36. A mixture of O, and gas “Y” (mol. wt. 80) in the mole ratio a : b has a mean molecular weight
40. What would be mean molecular weight, if the gases are mixed in the ratio b : a under
identical conditions ? (gases are non-reacting):

(@40 (b) 48 (c) 62 (d) 72

37. If water sample are taken from sea, rivers or lake, they will be found to contain hydrogen and
oxygen in the approximate ratio of 1 : 8. This indicates the law of:

(a) Multple proportion (b) Definite proportion
.. (c) Reciprocal proportions (d) None of these ,
38. Hydrogen and oxygen combine to form H,0, and H,0 containing 5.93% and 11.2% hydrogen
* . respectively. The data illustrates : ' .
(a) law of conservation of mass {b) law of constant proportion
(c) law of reciprocal proportion (d) law of multiple proportion
39. One of the following combinations illustrate law of reciprocal proportions :
(a) N,0,, N,O,4, N,O; (b) NaCl, NaBr, Nal
(c) CS,, CO,, SO, (d) PH,, P,04, P,O4

40. Carbon and oxygen combine to form two oxides, carbon monoxide and carbon dioxide in
which the ratio of the weights of carbon and oxygen is respectively 12 : 16 and 12 : 32. These
figures illustrate the :

(a) Law of multiple proportions {b) Law of reciprocal proportions
(c) Law of conservation of mass (d) Law of constant proportions
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A sample of calcium carbonate (CaCO ) has the following percentage composition : Ca = 40%,
C = 12%, O = 4B%. If the law of constant proportions is true, then the weight of calciumin 4 g
of a sample of calcium carbonate obtained from another source will be :

(a) 0.016 ¢ (b)0.16 g (}lé6g (d)16g

The law of multiple proportion is illustrated by the two compounds :

(a) Sodium chloride and sodium bromide (b) Ordinary water and heavy water

(¢) Caustic soda and caustic potash (d) Sulphur dioxide and sulphur trioxide

All the substances listed below are fertilizers that contribtte nitrogen to the soil. Which of
these is the richest source of nitrogen on a mass perceritage basis ?

(a) Urea, (NH,),CO {b) Ammonium nitrate, NH,NO,

{c) Nitric oxide, NO {(d) Ammonia, NHg

One mole of element X has 0.444 times the mass of one mole of element Y. One atom of
element X has 2.96 times the mass of one atom of >C. What is the atomic weight of Y ?
(a) 80 (b) 15.77 {c) 46.67 (d) 40.0

A given sample of pure compound contains 9.81 gm of Zn, 1.8 x 10* atoms of chromium and

0.60 mole of oxygen atoms. What is the simplest formula ?

(a) ZnCr,0, (b) ZnCr,0, {c} ZnCrO, (d) ZnCrOg

The formula of an acid is HXO,. The mass of 0.0242 moles of the acid is 1.657 g. What is the
atomic weight of X ?

{a} 35.5 (by 28.1 {c) 128 (d) 19.0

What is the empirical formula of vanadium oxide, if 2.74 g of the metal oxide contains 1.53 g
of metal ?

(a) V,0,4 (b) VO {c) V,0, (d) V,0,

Determine the empirical formula of Kelvar, used in making bullet proof vests, is 70.6% C, 4.2%
H, 11.8% N and 13.4% O :

(a) C,H NO, (b) C,HsN,0 (c) C,HyNO (d) C,HsNO

The hydrated salt Na,CO5xH,0O undergoes 63% loss in mass on heating and becomes
anhydrous. The value of x is:

(a) 10 {b) 12 (c) 8 (d) 18

A 6.85 g sample of the hydrate Sr(OH),-xH 0 is dried in an oven to give 3.13 g of anhydrous
Sr(OH),. What is the value of x ? (Atomic weights : Sr = 87.60,0 = 16.0, H=1.0)

(a) 8 () 12 (© 10 (d) 6
What percentage of oxygen is present in the compound CaCQ4-3Ca;(PO,), ?
(a) 23.3% (b) 45.36% (©) 41.94% (d) 17.08%

Dieldrin, an insecticide, contains C, H, Cl and O. Combustion of 29.72 mg of Dieldrin gave
41.21 mg CO, and 5.63 mg of H,Q. In a separate analysis 25.31 mg of Dieldrin was converted
into 57.13 mg AgCl. What is the empirical formula of Dieldrin ?

(a) CcH,CLL0 (b) C HgCIO (c) CoHClO (d) CzH,Cl;0,

A gaseous compound is.composed of 85.7% by mass carbon and 14.3% by mass hydrogen. It’s
density is 2.28 g/litre at 300 K and 1.0 atm pressure. Determine the molecular formula of the
compound : _ '
(a) C,H, (b) C,H, (c) C4H, (dy C,H;y



STOICHIOMETRY

54. Complete combustion of 0.858 g of compound X gives 2.63 g of CO, and 1.28 g of H,0. The
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lowest molecular mass X can have :

(a)43g (b) 86 g (c)129 g (D172 ¢

The sulphate of a metal M contains 9.87% of M. This sulphate is isomorphous with
ZnSO, -7H,0. The atomic weight of M is :

(a) 40.3 (b) 36.3 (c) 24.3 (d) 11.3

In an organic compound of molar mass 108 gm mol™! C, Hand N atoms are presentin9:1:
3.5 by weight. Molecular formula can be :

(a) CgHgN, - (b) C;H N (c) CcH¢N, (d) C4H gN;

On analysis, a certain compound was found to contain 254 g of iodine (at. mass 127) and 80 g
oxygen (at. mass 16). What is the formula of the compound ?

(a) 10 b) 1,0 : (e) 104 (d) 1,04

An element A is tetravalent and another element B is divalent. The formula of the compound
formed from these elements will be :

(a) A,B (b) AB (c) AB, (d) A;B,4 ]

A compound used in making nylon, is 43.8% oxygen. There are four oxygen atoms per
molecule. What is the molecular weight of compound?

(a) 36 (b) 116 (c) 292 (d) 146

Suppose two elements X and Y combine to form two compounds XY, and X,Y; when 0.05
mole of XY, weighs 5 g while 3.011 x 10%* molecules of X 2 Y weighs 85 g. The atcmic masses
of X_ and Y are respectively :

(a) 20, 30 (b) 30, 40 (c) 40, 30 (d) 80, 60

44 gofa sample on complete combustion gives 88 gm CO, and 36 grn of H,0. The molecular
formula of the compound may be:

(a) C,H; (t) C,HO (c) C,H,0 (d) C;HO

40 milligram diatomic volatile substance (X, ) is converted to vapour that displaced 4.92 mL of
air at 1 atm and 300 K. Atomic weight of element X is nearly:

(a) 400 (b) 240 (c) 200 (d) 100

Two element X (at. mass =75) and Y (at. mass =16) combine to give a compound having
75.8% of X. The formula of the compound is:

(a) XY b XY (@) X,Y, D) XY,

A sample of phosphorus that weighs 12.4 g exerts a pressure 8 atm in a 0.821 litre closed vesel
at 527°C. The molecular formula of the phosphorus vapour is:

(a) P, (b) P, () Pg (d) Py

Manganese forms non-stoichiometric oxides having the general formula MnQ,, . The value of x
for the compound that analyzed 64% by mass Mn: -
(a) 1.16 (b) 1.83 (c) 2 : (d) 1.93

1.44 gram of titanium (At. wt. = 48) reacted with excess of O, and produce x gram of
non-stoichiometric compound Ti, 4,,0. The value of x is:

(@ 2 (b) 1.77 (c) 1.44 {(d) none of these
Which statement is false for the balanced equation given below ?

CSZ +302 —_—> 2502 +C02
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(a) One mole of CS, will produce one mole of CO,
(b) The reaction of 16 g of oxygen produces 7.33 g of CO,
{c) The reaction of one mole of O, will produce 2/3 mole of SO,
(d) Six molecules of oxygen requires three molecules of CS,
Which of the following setups is correct to calculate the weight (in g) of KClO 4 produced from
the reaction of 0.150 moles of Cl,?
3Cl, + 6KOH —— 5KCl+ KCIO, + 3H,0

(@) 0.150 moles Cl, x 1 mole KCIO4/3 moles Cl, x 122.5 g/1 mole KCIO,
(b) 0.150 moles Cl, x 1 mole KCIO4/3 moles Cl, x 1 mole KClO,/122.5 g
(¢) 0.150 moles Cl, x 3 moles Cl,/1 mole KCIO; x 122.5 g/1 mole KCIO,
(d) 0.150 moles Cl, x 3 moles Cl,/1 mole KCIO, x 1 mole KC10,/122.5 g
2.0 g sample contain mixture of Si0, and Fe,O,, on very strong heating leave a residue
weighing 1.96 g. The reaction responsible for loss of weight is

Fe,04 (s) — Fe;0,(s) + O,(g), (unbalance equation)
What is the percentage by mass of SiO, in original sample ?
(a) 10% (b) 20% < {e) 40% (d) 60%
What volume of air at 1 atin and 273 K containing 21% of oxygen by volume is required to
completely burn sulphur (S3) present in 200 g of sample, which contains 20% inert material
which does not burn. Sulphur burns according to the reaction

%Ss(s) +0,(g) —> S0,(2)

(a) 23.52 litre {b) 320 litre (¢) 112 litre (d) 533.33 litre
For the reacdon, 2Fe(NO,); + 3Na,CO, — Fe,(CO4); + 6NaNO,
Inidally if 2.5 mole of Fe(NO;), and 3.6 mole of Na,CO, is taken. If 6.3 mole of NaNQ, is
obtained then % yield of given reaction is:
(a) 50 (b) 84 (c) 875 (d) 100
How many moles of P, can be produced by reaction of 0.10 moles Cas (PO, );F, 0.36 moles
5i0, and 0.90 moles C according to the following reaction ?

4Cag(PO,);F+185i0, + 30C — 3P, + 2CaF, + 18CaSiO, + 30CO
(a) 0.060 (b) 0.030 . (c) 0.045 - (d) 0.075
Some older- emergency oxygen masks containing potassium superoxide, KO, which reacts
with CO, and water in exhaled air to produce oxygen according to the given equation. If a
person exhales 0.667 g of CO, per minute, how many grams of KO, are consumed in 5.0
minutes?

4KO, + 2H,0 +4C0, —— 4KHCO, + 30,

{a) 10.7 (b) 0.0757 (c) 1.07 (d) 5.38

The mass of N,F, produced by the reaction of 2.0 g of NH, and 8.0 g of F, is 3.56 g. What is
the per cent yield?

(a) 79.0 (b) 71.2 (c) 84.6 (d) None of these
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Calculate the weight of lime (CaQ) obtained by heating 200 kg of 95% pure lime stone

(CaCO3):

(a) 104.4 kg (b) 105.4 kg {c) 212.8 kg (d) 106.4 kg
Phosphoric acid (H;PO,) prepared in a two step process.

(1) P, + 50, — P,Oyq (2) P,Oyy + 6H,0 —> 4H;PO,

We allow 62 g of phosphorus to react with excess oxygen which form P,O,q in 85% yield. In
the step (2) reaction 90% yield of H;PO, is obtained. Produced mass of H;PO, is:
(a) 37.485 g (b) 149.949 g () 125.47 g (d) 564.48 g
9 moles of “D” and 14 moles of E are allowed to react in a closed vessel according to given
reactions. Calculate number of moles of B formed in the end of reaction, if 4 moles of G are
present in reaction vessel. (Percentage yield of reaction is mentioned in the reaction}
Step-1 3D+4E—3% 55¢ + A
Step-2 3C +56 % 56B+F
(a) 2.4 (b) 30 (c) 4.8 @1
The chief ore of Zn is the sulphide, ZnS. The ore is concentrated by froth floatation process and
then heated in air to convert ZnS to ZnO.

2ZnS + 30, —® ,27n0 + 250,

ZnO + H,50, —%*»7ZnS0, + H,0
2ZnS0, + 2H,0—2* ,97n + 24,50, +0,

The number of moles of ZnS required for producing 2 moles of Zn will be :

(a) 3.125 (b) 2 (c} 2.125 (d) 4

0.8 mole of a mixture of CO and CO, requires exactly 40 gram of NaOH in solution for
complete conversion of ali the CO, into Na,CO,. How many moles more of NaOH would it
require for conversion into Na,CO , if the mixture (0.8 mole) is completely oxidised to CO, ?
(a) 0.2 (b) 0.6 () 1 (d) 1.5 |
Silver oxide (Ag,0) decomposes at temperature 300°C yielding metallic silver and oxygen gas.
A 1.60 g sample of impure silver oxide yields 0.104 g of oxygen gas. What is the per cent by
mass of the silver oxide in the sample ?

{a) 5.9 (b) 47.125 (c) 94.25 (d) 88.2 et
342 gm of 20% by mass of Ba(OH), solution (sp. gr. 0.57) is reacted with 1200 mL of
2M HNO,. If the final density is same as pure water then molarity of the ion in resultlng
solution by nature of the above solution is identified, is:

(a) 0.25 (b) 0.5 M (c) 0.888 M (d) None of these

100 mL of H,S0,, solution having molarity 1 M and density 1.5 g/mL is mixed with 400 mL of

water. Calculate final molarity of H,SO, solution, if final density is 1.25 g/mL :

(a) 44 M (b) 0.145 M (c) 052 M (d) 0227 M

What volume of HICl solution of density 1.2 g/ecm? and containing 36.5% by weight HCI, must
be allowed to react wtih zinc (Zn) in order to liberate 4.0 g of hydrogen ?

(a) 333.33mL (b) 500 mL {c) 614.66 mL (d) None of these

An ideal gaseous mixture of ethane (C,H) and ethene (C,H,) occupies 28 litre at 1 atm and
273 K. The mixture reacts completely with 128 g O, to produce CO, and H,0. Mole fraction
at C,Hg in the mixture is:

(a) 0.6 (b) 0.4 (c) 0.5 (d) 0.8 -
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Wood’s metal contains 50.0% bismuth, 25.0% lead, 12.5% tin and 12.5% cadmium by weight,
What is the mole fraction of tin ?

(Atomic weights : Bi =209, Pb =207, Sn =119, Cd =112)

(a) 0.202 (b) 0.158 {c) 0.176 (d) 0.221

The denszty of a 56.0% by weight aqueous solution of 1-propanol (CH,CH,CH,0H) is 0.8975
g/cm?®. What is the mole fraction of the compound ?

(a) 0.292 (b) 0.227 () 0.241 (d) 0.276

What is the molartiy of SOZ ion in aqueous solution that contain 34.2 ppm of Al,{(80,); ?
(Assume complete dissociation and density of solution 1 g/ml)

(@) 3x10™* M () 2x10* M () 107 M (d) None of these

The relation between molarity (M} and molality (m) is g'iven by :
(p = density of solution {mg/mL), M, = molecular weight of solute)
- 1000 M 1000 pM
@ m=-—F—"-""— ® m=- 2 FET
1000p - M, 1000 p — MM,
© m= 1000 MM ) m= 1000 M
1000 p — MM, 1000 p — MM,

Molarity and molality of a solution of an liquid (mol. wt. = 50} in aquous solution is 9 and 10
respectively. What is the density of solution?

(@ 1g/cc (b) 0.95 g/cc (c} 1.05 g/cc (d) 1.35 g/cc

An aqueous solution of ethanol has density 1.025 g/mL and it is 2 M. What is the molality of
this solution ?

{a) 1.79 (b) 2.143 (c) 1.951 (d) None of these

0.2 mole of HCl and 0.2 mole of barium chloride were dissolved in water to produce a 500 mL
soluticn. The molarity of the C1~ jons is :

(a) 0.06 M (b) 0.09 M (12 M (d) 0.80 M

Calculate the mass of anhydrous HCl in 10 mL of concentrated HCI (density = 1.2 g / ml)
solution having 37% HCI by weight.

(a) 444 g (b) 4.44 mg (©) 444x10° mg (d) 0.444 ng
Calcuiate the molality of 1 L solution of 80% H,SO, (w/V), given that the density of the
solution is 1.80 g mL .

(a) 8.16 (b) 8.6 (c} 1.02 (d) 108
Fluoxymesterone, C,0H,3FO,, is an anabolic steroid. A 500 mL solution is prepared by
dissolving 10.0 mg of the steroid in water, 1.0 mL portion of this solution is diluted to a final
volume of 1.00 L. What is the resulting molarity ?

. (a) 1.19x 1071 (b) 1.19x 1077 (¢) 5.95x107® (d) 2.38x 101

The lead nitrate, Pb{(NO,),, in 25 mL of a 0.15 M solution reacts with all of the aluminium
sulphate, Al, (SO, )3, in 20 mL of solution. What is the molar concentration of the Al,{S0O,),?
3Pb(NO;),(aq) + Al, (SO, )3(ag) — 3PSO, (s) + 2Al(NQ; ), (aq)

(a) 625x107 M  (b) 2421x102 M (c) 0.1875M (d) None of these

Concentrated HNOy is 63% HNOj; by mass and has a density of 1.4 g/mL. How many
millilitres of this solution are required to prepare 250 mL of a 1.20 M HNO, solution?

(a) 18.0 . (b) 21.42 (c) 200 (d) 14.21
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97. 50 mL of 20.8% (w/V) BaCl, (aq) and 100 mL of 9.8% (w/V) H,S0, (aq) solutions are
mixed. Molarity of C1~ ions in the resulting solution is: (At. wt. of Ba = 137)

(a) 0.333 M (b) 0.666 M (c) 0.1 M (d) 133 M

98. 100 mL of 10% NaOH (w/V) is added to 100 mL of 10% HCl (w/V). The resultant solution
becomes:
(a) alkaline (b) strongly alkaline (c¢) acidic (d) neutral

99, How many millilitres of 0.1 M H,SO, must be added to 50 mL of 0.1 M NaOH to give a
solution that has a concentration of 0.05 M in H,S0, ?

{a) 400 mL (b) 200 mL (&) 100 mL (d) None of these
100. 1 M HCl and 2 M HCI are mixed in volume ratio of 4 : 1. What is the final molarity of HCI

solution?

(a) 1.5 b1 (c) 1.2 (d 1.8

101. Three solutions X, Y, Z of HC) are mixed to produce 100 mL of 0.1 M solution. The molarities of
X, Y and Z are 0.07 M, 0.12 M and 0.15 M respectively. What respective volumes of X, Y and Z
should be mixed ?

(a) 50 mL, 25 mL, 25 mL (b) 20 mL, 60 mL, 20 mL
(c) 40 mL, 30 mL, 30 mL {d) 55 mL, 20 mL, 25 mL
102. A bottle of an aqueous H,0, solution is labelled as ‘28 V' H,0, and the density of the solution

(in g/mL) is 1.25. Choose the correct option:
(a) Molality of H,O, solution is 2 (b) Molarity of H,0, solution is 5
(c) Molality of H,O, selution is 2.15 (d) None of these

103. The impure 6 g of NaCl is dissolved in water and then treated with excess of silver nitrate
solution. The weight of precipitate of silver chloride is found to be 14 g. The % purity of NaCl
solution would be:
(a) 95% (b) 85% (c) 75% (d) 65%

104. A1, (SO, ), solution of 1 molal concentration is present in 1 litre solution of 2.684 g/cc. How
many moles of BaSQO, would be precipitated on adding BaCl, in excess ?
{a) 2 moles (b) 3 moles (c) 6 moles (d} 12 moles

105. A certain public water supply contains 0.10 ppb (part per billion) of chloroform (CHCl;). How
many molecules of CHCl,; would be obtained in 0.478 mL drop of this water ?
(assumed d =1 g/mL) '
(@ 4x10% xN, (b)) 10°xN, () 4x107® x N,  (d) None of these

106. Decreasing order (first having highest and then others following it) of mass of pure NaCH in
each of the aqueous solution:
(i) 50 g of 40% (w/W) NaOH
(ii) 50 mL of 50% (w/V) NaOH [d,,, = 1.2g/mL]
(iii) 50 g of 15 M NaOH [d,,, = 1g/mL]
(a) i, ii, iii (b) ii, i, i (o) ii, iii, 1 (d) i, i, iii
107. What is the molar mass of diacidic organic Lewis base (B), if 12 g of chloroplatinate salt
(BH,PtCl,) on ignition produced 5 gm residue of Pt?
(a) 52 (b) 58 (c) 88 (d) None of these *
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One gram of the silver salt of an organic dibasic acid yields, on strong heating, 0.5934 g of
silver. If the weight percentage of carbon in it 8 times the weight percentage of hydrogen and

- one-half the weight percentage of oxygen, determine the molecular formula of the acid.

(a) C4HLO, (b) C4,HOq4 (c) C,H O, (d) CgH, 05
0.607 g of a silver salt of tribasic organic acid was quantitatively reduced to 0.37 g of pure Ag.
What is the mol. wt. of the acid?
(a) 207 (b) 210 (¢) 531 (d) 324
A sample of peanut oil weighing 2 g is added to 25 mL of 0.40 M KOH. After saponification is
complete, 8.5 mL of 0.28 M H,80, is needed to neutralize excess of KOH. The saponification
number of peanut oil is :
(saponification number is defined as the milligrams of KOH consumed by 1 g of oil)
(a) 146.72 " (b) 223.44 (c) 98.9 (d) None of these
20 ml of a mixture of CO and H, were mixed with excess of O, and exploded and cooled. There
was a volume contraction of 18 mL. All volume measurements corresponds to room temperature
(27°C) and one atmospheric pressure. Determine the volume ratio V; : V, of CO and H, in the
original mixture.
a1:2 b) 3:2 {(cy2:3 d4:1
In the reaction,

2Al(s) + 6HCl(ag) —> 2A1** (aq) + 6Cl" (aq) + 3H,(g)

. (a) 6LHCl(aq) is consumed for every 3LH,(g) produced

113.

114.

115.

116.

117

118.

(b) 33.6 L H,(g) is produced regardless of temperature and pressure for every mole Al
that reacts

(c) 67.2LH,(g) at 1 atm and 273 K is produced for every mole Al that reacts

{d) 11.2 L H,(g) at 1 atm and 273 K is produced for every mole HCl(aq) consumed

The percentage by volume of C;H, in a gaseous mixture of C;Hg, CH, and CO is 20. When
100 mL of the mixture is burnt in excess of O,, the volume of CO, produced is:

(a) 90 mL (b) 160 mL (c) 140 mL (d) none of these

40 mL gaseous mixture of CO, CH, and Ne was exploded with 10 mL of oxygen. On cooling,
the gases occupied 36.5 mL. After treatment with KOH the volume reduced by 9 mL and again
on treatment with alkaline pyrogaliol, the volume further reduced.

Percentage of CH, in the original mixture is:

(a) 22,5 (b) 77.5 {c) 7.5 (d) 15

A gaseous mixture of propane and butane of volume 3 litre on complete combustion produces
11.0 litre CO, under standard conditions of temperature and pressure.

The ratio of volume of butane to propane is:

(@) 1:2 (by 2:1 () 3:2 (d) 3:1
Phosphorous has the oxidation state of +1 in:

(a} Orthophosphoric acid (b} Phosphorous acid

(c) Hypophosphorous acid (d) Metaphosphoric acid

The oxidation state(s) of Cl in CaOCl, (bleaching powder) is/are:

(a) +1 only (b) -1 only (c) +1 and -1 (d) none of these
The oxidation number of sulphur in Sy, S,F,, H,S and H,SO, respectively are:
@o+L-2ando6 B) +20,+2and 6

(c) 0,+L+2and 4 (d-20+2and 6
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132.

Fe shows an oxidation state of +1 in: .
(a) Fe(CO); : (b) [Fe(H,0)sNO] SO,
(¢) Fe,[Fe(CN)gl; (d) FeCly

120. When SO, is passed into an acidified potassium dichromate solution, the oxidation numbers of
sulphur and chromium in the final products respectively are:
(a) +6, +6 .. (b} +6, +3 (@0, +3 (dy +2, +3
121. The oxidation number of nitrogen atoms in NH,NO, are:
(a) +3, +3 () +3,-3 (© -3, +5 . (d) -5+3
122. The oxidation states of S-atoms in Caro’s and Marshell’s acids are:
(@) +6+6 M) +6+4 © +6-6 d) +4,+6
123. In which of the following the oxidation number of oxygen has been arranged in increasing
order :
(a) OF, <KO, <Ba0, <0, (b) BaQ, <KO, <0, <OF,
(c) BaO, <0, <OF, <KO, (d) KO, <OF2 <04 < BaOz
124. The oxidation number of oxygen in KO;,Na,0, is:
(a) 3, 2 (b)1,0 (0,1 - (d) -0.33, -1
125. The oxidation number of phosphorus in Ba(H,P0,), is :
{a) -1 ) +1 C (o) +2 (d} +3 e
126. If it is known that in Fe, g0, Fe is present in +2 and +3 oxidation state. What is the mole

fraction of Fe?* in the compound ?
(a) 12/25 (b) 25/12 (c) 1/12 . (dy11/12

Which ordering of compounds is according to the decreasing order of the oxidation state of
nitrogen ?

(a) HNO,, NO,NH,CL N, (b) HNO,, NO, N, NH,Cl

(¢) HNO,,NH,Cl, NO N, (d) NO, HNO,,NH,CL, N,

2 mole of N,H, loses 16 mole of electron is being converted to a new compound X. Assummg
that all of the N appears in the new compound. What is the oxidation state of ‘N’ in X ?. .
(a -1 (b) - () +2 d +4

When K,Cr,0; is converted to K,CrO,, the change in the oxidation state of chromium is :.
(a) 0 (b) 6 {©)4 (d) 3 )

When a manganous salt is fused with a mixture of KNO, and solid NaOH, the ox:dauon

number of Mn changes from +2 to :

(a) +4 -{b) +3 (c) +6 (d) +7
In Fe(l[)-MnO}, titration, HNO,, is not used because:

(a) it oxidises Mn?* } (b) it reduces MnO;

(c) it oxidises Fe? (d) -it reduces Fe** formed

Which species are oxidized and reduced in- the reaction ?

FeC,0, + KMnO, — Fe* +CO, + Mn*

(a) Oxidised : Fe, C ; Reduced : Mn (b) Oxidised : Fe ; Reduced : Mn
(¢) Reduced : Fe, Mn ; Oxidised : C (d) Reduced : C ; 0x1dxsed Mn, Fe



2 - ‘ | D PROBLEMS IN CHEMISTRY

133. In which of the following reactions, H,0, is acting as a reducing agent ?
(a) SO, + H,0, —> H,50, (b) 2Kl + H,0, — 2KOH + I,
(c) PbS + 4H,0, — PbSO, + 4H,0 (d) Ag,0 +H,;0, —> 2Ag + H,0+ 0,
134. Following reaction describes_the rusting of iron \:
4Fe+ 30, — 4Fe* +60% |

Which one of the following statement is incorrect ?
(a) This is an example of a redox reaction  (b) Metallic iron is reduced to Fe*

(c) Fe* is an oxidising agent (d) Metailic iron is a reducing agent

135. Which reaction does not represent auto redox or disproportionation ? _
(a) Cl, +OH™ —— Cl~ +ClO3 +H,0 (b) 2H,0, — H,0+ 0, '
(c) 2Cu* — Cu* +Cu (d) (NH,),Cr,0, —> N, +Cr,0; + 4H,0

136. Which of the following is redox reaction ?
(a) H,80, with NaOH
(b) In atmosphere, O, from O, by lightning
(¢) Evaporation of H,0
(d) Oxides of nitrogen form nitrogen & oxygen by lightning
137. Which of the following is a redox-reaction ?
(a) 2Na[Ag(CN),] + Zn—> Na,[Zn(CN),] + 2Ag
(b) BaO, + H,S0, —> BaSO, + H,0,
(¢) N,O5 + H,0—> 2HNO,
(d) AgNO; + KI—> Agl+ KNO,
138. For the redox reaction, MnOj +C,03" + H* — Mn% +CO0, + H,0
the correct coefficients of the reactants for the balanced reaction are respectively
MnOj;, C,0;, H*:
(@ 2,5, 16 (b) 16, 3, 12 . (c) 15, 16, 12 (d) 2,16, 5
139. In a chemical reaction, K,Cr,0; + xH,50, + ySO, —> K,80, +Cry(80,); + zH,0; the
value of x, ¥ and z respectively are :

(@ x=1ly=3,2=1 ) x=4,y=1,2=4
(€ x=3,y=2,2=1 d) x=2,y=2,z=1
140. Balance the following equation and choose the quantity which is the sum of the coefficients of
the products :
- R CSy+.oonn. Cl, —> CCl, +...... S,Cl,
T @s ()3 {06 (d) 2

141. Balance the following equation and choose the quantity which is the sum of the coefficients of
reactants and products:

-...PtCly +.... XeF, —> PtF, +...CIF +... Xe
() 16 (b) 13 (c) 18 (d) 12
142.0.1 mole H;PO, is completely neutralised by 5.6 g KOH then the true statement is:
{a) x = 3 and given acid is dibasic
(b) x = 4 and given acid has no P-H linkage
{¢) x = 2 and given acid does not form acid salt
(d) all of these



143. When potassium permanganate is titrated against ferrous ammonium sulphate in acidic .
medium, the equivalent weight of potassium permanganate is: '
molecular weight molecular weight

(a) {b)
-3 5 .
© molecular weight @ molecular weight
2 10
144. Equivalent weight of FeS, in the half reaction, FeS, —— Fe;05 + S50, is:
(a) M/10 - () M1l (c} M/6 (@) M/1

145. The equivalent weight of HCI in the given reaction is:
K,Cr,0, + 14HCl — 2KCl + 2CrCly + 3Cl, + H0

(a) 16.25 (b) 36.5 - {©) 73 (d) 85.1
146. Equivalent weight of H;PO, when it disproportionate into PH and H3PO, is:
(a M (b) M/2 (c) M/4 (d) 3m/4

147. In the following reaction, As,S; + H +NO; —— NO+ H,0+ AsOF + S04
the equivalent weight of As,S is related to its molecular weight by :

(a) M/2 (b M/4 () M/24 (d) M/28
148. Sulphur forms the chlorides S,Cl, and $Cl,. The equivalent mass of sulphur in SCl, is :
(a) 8 g/mol (b) 16 g/mol (<) 64.8 g/mol (d) 32 g/mol

149, The equivalent weight of an element is 4. Its chloride has a vapour density 59.25. Then, the
vatency of the elements is :
(a) 4 (b) 3 (© 2 (1

150. 6 x 10~ mole K,Cr,0, reacts completely with 9 x 1072 mole X™ to give XO; and Cr* . The

A

value of n is =

(a) 1 (b) 2 (©) 3 {d) None of these
151. What weight of H,C,0, - 2H,0 (mol. wt. = 126) should be dissolved in water to prepare 250

mL of centinormal solution which act as a reducing agent ?

(a) 0.63 g (b) 0.1575 g (c) 0.126 g (d) 0.875 g
152. The equivalent wt. of the salt, KHC,0, - H,C,0, - 4H,0 when it act as reducing agent is :
Mol. wt Mol. wt Mol. wt Mol. wt
(a) 1 (b) () (d) :
153. The equivalent weight of divalent metal is W. The molecular weight of its chloride is : e
(a) W + 355 b)yw+ 71 (g 2W + 71 (d) 2W + 35.5

154. When BrO3 ion reacts with Br~ in acid medium, Br, is liberated. The equivalent weight of Br,
in this reaction is:
5M S5M M . aM
a — b) — ) — ) =
(@ 3 (b) 3 © 5 ( ) 6
155. If m, gram of a metal A displaces my gram of another metal B from its salt solution and if the

equivalent weights are E , and E respectively then equivalent weight of A can be expressed
as:

@ E, =TAxE, @ E,="2""8 () E, =8, g, () E,= 'fm’ixEB
mp Ep my mpy
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Hydrazine reacts with KIO, in presence of HCI as
N,H, +105 + 2H" +CI” — ICl + N, + 3H,0
The equivalent masses of N,H, and KIO 3 respectively are;
(a) 8 and 53.5 (b) 16 and 53.5 (c) 8 and 35.6 (d) 8 and 87
What will be the normality of a solution obtained by mixing 0.45 N and 0.60 N NaOH in the
ratio 2 : 1 by volume ?
(a) 0.4N (b) 05N (c) 1.05N (d) 0.L15N
A solution containing 2.7 x 107 mol of A% ions required 1.6x 10~ mole of MnO; for the
oxidation of A** to AQ; the medium used is :

{a) neutral (b) acidic (c) strong basic (d) none of these
Hy,O, is used as bleaching reagent because on dissociation it gives oxygen

(H,05 — H,0 + %02).

If “Chachi 420" used H,0, solution to bleach her hair & she required 2.24 L.O, gas at 1 atm
and 273 K. She has a H,0, solution labelled as ‘5.6 V’ then what volume of such solution must
she required to bleach her hair ? :

(a) 200 mL (b) 300 mL (c} 400 mL (d) 500 mL

1.25 g of a solid dibasic acid is completely neutralised by 25 mL of 0.25 molar Ba(OH),
solution. Molecular mass of the acid is :

(a) 100 (b) 150 () 120 (d) 200

10 mL of N-HCl, 20 mL of N/2 H,SO, and 30 mL of N/3 HNO, are mixed together and
volume made to one litre. The normality of H* in the resulting solution is :

(a) 3N/100 (b) N/10 {c) N/20 (d) N/4O

0.45 g of an acid of mol. wt. 90 was neutralised by 20 mL of 0.54 N caustic potash (KOH). The
basicity of acid is :

(a1 (b) 2 (©) 3 (d) 4

A 3.4 g sample of H,0, solution containing x% H,0, by mass requires x mL of a KMnO,

. solution for complete oxidation under acidic condition. The molarity of KMnO 4 solution is :

164.

() 1 (b) 05- (c) 0.4 (d) 0.2
What volume of O,(g) measured at 1 atm and 273 K will be formed by action of 100 mL of 0.5
NKMnO, on hydrogen peroxide in an acid solution ? The skeleton equation for the reaction is

- (a) 0.12 litre (b) 0.028 litre (c) 0.56 litre (d) 1.12 litre

165.

166.

A sample of 1.0 g of solid Fe,0, of 80% purity is dissolved in a moderately concentrated HCI
solution which is reduced by zinc dust. The resulting solution required 16.7 mL of a 0.1 M
solution of the oxidant. Calculate the number of electrons taken up by the oxidant,
{a) 2 (b) 4 (© 6 () 5
KMnO, reacts with oxalic acid according to the equation
2MnOj + 5C,0% +16H" — 2Mn?+ 10C0, + 8H,0
Here, 20-mL of 0.1 M KMnO,, is equivalent to :
(a) 120 mL of 0.25 M H,C,0, (b) 150 mL of 0.10 M H,C,0,

(c) 25 mL of 0.20 M H,C,0, (d) 50 mL of 0.20 M H,C,0,
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Ratio of moles of Fe (II) oxidised by equal volumes of equimolar KMnO, and K.Cr,0O,
solutions in acidic medium will be:

(a) 5:3 (by 1:1 {(cd1:2 d5:6

The weight of a mixture containing HCl and H,SO 4 15 0.1 g. On treatment with an excess of an
AgNO, solution, reacted with this acid mixture gives 0.1435 g of AgCl. Weight % of the H,SO,
is mixture is -

(a) 36.5 (b) 63.5 (¢) 50 (d) None of these

A solution of Na,S ,0, is standardized iodometrically against 0.167 g of KBrQ,. This process
requires 50 mL of the Na,$,0, solution. What is the normality of the Na,S,04?

(a) 0.2 N (®) 012N () 0.72N (d) 0.02N

0.80 g of impure (NH,),S0, was boiled with 100 mL of a 0.2 N NaOH solution till all the

NH;(g) evolved. The remaining solution was diluted to 250 mL. 25 mL of this solution was
neutralized using 5 mL of a 0.2 N H,S0, solution. The percentage purity of the (NH,),50,

sample is:

(a) 82.5 (b) 72.5 (c) 62.5 (d) 175

The NH; evolved due to complete conversion of N from 1.12 g sample of protein was absorbed
in 45 mL of 0.4 N HNO,;. The excess acid required 20 mL of 0.1 N NaOH. The % N in the
sample is:

(a) 8 (b) 16 (cy 20 (d) 25

Find out % of oxalate ion in a given sample of an alkali metal oxalate salt, 0.30 g of it is

dissolved in 100 mL water required 90 mL of centimolar KMnO , solution in acidic medium.
(a) 66% (b) 55% (c) 44% (d) 6.6%

320 mg of a sample of magnesium having a coating of its oxide required 20 mL of 0.1 M
hydrochloric acid for the complete neutralisation of the latter. The composition of the sample is:
(a) 87.5% Mg and 12.5% MgO (b) 12.5% Mg and 87.5% MgO

{c) 80% Mg and 20% MgO (d) 20% Mg and 80% MgO

The concentration of bivalent lead ions in a sample of polluted water that also contains nitrate
tons is determined by adding solid sodium sulphate (M = 142) to exactly 500 ml water.
Calculate the molarity of lead ions if 0.355 g of sodium sulphate was needed for complete
precipitation of lead ions as sulphate.

(@) 1.25x10° M (b)) 25x107° M (© 5x1073 M (d) None of these

What volume of HNO, (sp. gravity 1.05 g mL ! containing 12.6 (w/W) of HNO,) that reduce
into NO is required to oxidise iron 1 g FeS0O,-7H,0 in acid medium is:

(a) 70 mL (b) 0.57 mL {c) 80 mL (d) 0.65 ml.

The total volume of 0.1 M KMnO, solution that are needed to oxidize 100 mg each of ferrous

oxalate and ferrous sulphate in a mixture in acidic medium is:
(a) 1.096 ml. (b} 1.32 mL (c) 5.48 mL (d) none of these

When 2.5 g of a sample of Mohr's salt reacts completely with 50 mL of i_vd KMnQ, solution.

The % purity of the sample of Mohr’s salt is :

(a) 78.4 (b) 70 (c) 37 (d) 40

4 mole of a mixture of Mohr’s salt and Fe,(SO,), requires 500 mL of 1 M K,Cr,0, for
complete oxidation in acidic medium. The mole % of the Mohr's salt in the mixture is:

(a) 25 (b) 50 {c) 60 (d) 75

A
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The equivalent weight of a metal is double than of oxygen. How many times is the equivalent
weight of it’s oxide than the equivalent weight of the metal ?

(a) 1.5 (b) 2 © 3 @ 4

A metal oxide has the formula X,0,. It can be reduced by hydrogen to give free metal and
water. 0.1596 g of metal oxide requires 6 mg of hydrogen for complete reduction. The atomic
weight of the metal (in amu) is:

{a) 15.58 {b) 155.8 {c) 5.58 {d) 55.8

Calculate the mass of anhydrous oxalic acid, which can be oxidised to CO,(g) by 100 mL of an
MnO; solution, 10 mL of which is capable of oxidising 50 mL of INT™ to I,.

(a) 45 ¢ (b) 225¢ (€ 30¢g (d) 1225 g

A mixture of NaHC,0, and KHC,0, H,C,0, required equal volumes of 0.2 N KMnO, and
0.12 N NaOH separately. What is the molar ratio of NaHC,0, and KHC,04-H,C;0,4in the
mixture ?

(@ 6:1 b 1:6 (1:3 @ 3:1

Stannous sulphate (SnSO,4) and potassium permanganate are used as oxidising agents in
acidic medium for oxidation of ferrous ammonium sulphate to ferric sulphate. The ratio of
number of moles of stannous sulphate required per mole of ferrous ammonium sulphate to the
number of moles of KMnO,, required per mole of ferrous ammonium sulphate, is :

(a) 2.5 (b) 0.2 (c) 0.4 (d) 2.0

If a g is the mass of NaHC,0, required to neutralize 100 mL of 0.2 M NaOH and b g that

required to reduce 100 mL of 0.02 M KMnOy in acidic medium, then:

(a) a=1b (b) 2a=b () a=2b (d) None of these

2 mole, equimolar mixture of Na,C,0, and H,C,0, required VL of 0.1 M KMnQ, in acidic
medium for complete oxidation. The same amount of the mixture required V,L of 0.2 M NaOH

for neutralization. The ratio of V} to V; is:

(@ 1:2 by 2:1 {c}y4:5 d 5:4

A mixture containing 0.05 mole of K,Cr,0, and 0.02 mole of KMnO, was treated with
excess of KI in acidic medium. The liberated iodine required 1.0 L of Na,S$,0; solution for
titration. Concentration of Na,S$,04 solution was:

(a) 0.40 mol L™ (b) 0.20 mol L™ (¢) 0.25 mol L™} (d) 0.30 mol L™

25 mL of 2 N HCL, 50 mL of 4 N HNO, and x mL of 2 M H,SO, are mixed together and the

total volume is made up to 1 L after dilution. 50 mL of this acid mixture completely reacted
with 25 mL of a 1 N Na,CO; solution. The value of x is:

(a)} 250 mL (b} 62.5 mL (c) 100 mL (d) None of these

In an iodometric estimation, the following reactions occur

2Cu® +41° — Cu,l, +1,; I, + 2Na,5,0; —> 2Nal+ Nay§,04

0.12 mole of CuSO, was added to excess of KI solution and the liberated iodine required
120 mL of hypo. The molarity of hypo solution was:

(a) 2 (b) 0.20 (© 0.1 (@ 1.0

1 g mixture of equal number of mole of Li,CO, and other metal carbonate (M ,CO ;) required
21.6 mL of 0.5 N HC] for complete neutralisation reaction. What is the approximate atomic
weight of the other metal ?

(a) 25 (b) 23 {0 24 (d) 51
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- 32 g of a sample of FeSO,, 7H,0 were dissolved in dilute sulphuric acid and water and it’s

volume was made up to 1 litre, 25 mL of this solution required 20 mL of 0.02 M KMnO

solution for complete oxidation. Calculate the weight % of FeSO 47H,0 in the sample.

(a) 34.75 (b) 69.5 (c) 89.5 (d) None of these

In the mixture of (NaHCO; + Na,CO;), volume of HCl required is x mL with phenolphthalein

indicator and y mL with methy! orange indicator in the same titration. Hence, volume of HCI
for complete reaction of Na,CO, is:

(a) 2x (b) ¥ (c) x/2 @ v -x

0.1g of a solution containing Na,CO4 and NaHCO; requires 10 mL of 0.01 N HCl for
neutralization using phenolphthalein as an indicator. wt. % of Na,CO, in solutions is:

(a) 25 (h) 32 (c) 50 (d) .None of these

A mixture of NaOH and Na,CO, required 25 mL of 0.1 M HCl using phenolphthalein as the
indicator. However, the same amount of the mixture required 30 mL of 0.1 M HCl when
methyl orange was used as the indicator. The molar ratio of NaOH and Na 2C0 3 in the mixture
was; .

(a) 2:1 by 1:2 © 4:1 d1:4

100 mL solution of NaOH and Na,CO, was first titrated with N/10 HCl in presence of HPh,
17.5 mL is required to end point. After this MeOH was added and 2.5 mL of same HCI is
required. The amount of NaOH in mixture is :

(a) 0.06 g per 100 mL (b) 0.06 g per 200 mL

(c) 0.05 g per 100 ml, ' {d) 0.012 g per 200 mL

1 gram of a sample of CaCO, was strongly heated and the CO,, liberated was absorbed in
100 mL of 0.5 M NaOH solution. Assuming 90% purity for the sample. How many mL of 0.5 M
HCl would be required to react with the resulting solution to reach the end point in presence of
phenolphthalein?

(a) 73 mL (b) 41 mlL (¢} 82 mlL (d) 100 mL

A sample of pure sodium carbonate 0.318 g is dissolved in water and titrated with HCI
solution. A volume of 60 mL is required to reach the methyl orange end point. Calculate the
molarity of the acid.

(a) 0.1 M (b) 02 M () 0.4 M (d) None of these

10 L of hard water required 5.6 g of lime for removing hardness. Hence temporary hardness in
ppm of CaCOj, is:

(a) 1000 (b) 2000 (c) 100 (dy 1

1L of pond water contains 20 mg of Ca®* and 12 mg of Mg ions. What is the volume of a 2 N
Na,CO; solution required to soften 5000 L of pond water?

(a) 500 L (b} 50L (c) 5L (d) None of these



199. One litre of a sample of hard water contain 4.44 mg CaCl; and 1.9 mg of MgCl,. What is the
" total hardness in terms of ppm of CaCO;?

(a) 2 ppm (b) 3 ppm (c) 4 ppm (d) 6 ppm
200. If hardness of water sample is 200 ppm, then select the incorrect statement :
(a) Mass ratio of CaCO; to H,0 is %(%)2_

(b) Mol ratio of CaCO5 to H,0 is 3.6x 107

i (c) Mass of CaCO; present in hard water is 0.2 g/L
, (d) 1 miliequivalent of CaCO, present in 1 kg of hard water
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1. A mixture of NH¢4NO, and (NH, ), HPO, contain 30.40% mass per cent of nitrogen. What i 1s
the mass ratio of the two components in the mixture ?

() 2:1 ® 1:2 ©3:4 - @ 4:1 _
2. What volume of 75% alcohol by weight (d = 0.80 g/cm ) must be used to prepare 150 em3 of
30% alcohol by weight (d = 0.90 g/cm?)?
(a) 67.5mL {(b) 56.25 mL (c) 44.44 mL (d) None of these
3. Calculate the number of millilitres of NH; (aq) solution (d = 0.986 g/mL) contain 2.5% by
weight NH;, which will be required to precipitate iron as Fe(OH); ina 08 g sample that
contains 50% Fe,0,.
{a) 0.344 mL (b) 3.44 mL (¢) 17.24 mL (d} 10.34 mL
4. In the preparation of iron from haematte (Fe,0,) by the reaction with carbon

F8203 +C — Fe+C02

How much 80% pure iron could be produced from 120 kg of 90% pure Fe, 0, ?
(a) 945 kg (b) 60.48 kg (¢) 116.66 kg (d) 120 kg -,
5. A mineral consists of an equimolar mixture of the carbonates of two bivalent metals. One
metal is present to the extent of 12.5% by weight. 2.8 g of the mineral on heating lost 1.32 g of
CO,. What is the % by weight of the other metal ?
{a) 87.5 {b) 35.71 (c) 65.11 (d) 23.21
6. 6.2 g of a sample containing Na,CO;, NaHCO, and non-volatile inert impurity on gentle
heating loses 5% of its weight due to reaction 2NaHCO, —» Na,CO,4 + H,0 +COyr
Residue is dissolved in water and formed 100 mL solution and its 10 mL portion requires
7.5 mL of 0.2 M aqueous solution of BaCl, for complere precipitation of carbonates. .
Determine weight (in gram) of Na,COj, in the original sample. :
(a) 1.59 (b) 1.06 (c) 0.53 (d) None of these
7. Nitric acid can be produced NH, in three steps process o
(I) 4NH;(g) + 50,(g) — 4NO(g) + 6H,0(g)
(II) 2NO(g) + O,(g) — 2NO,(g)
(II) 3NO,(g)+ H,0(l) — 2HNO,4(aq) + NO(g)
percent yield of I, II" and II™ are respectively 50%, 60% and 80% respectively then what
+  volume of NH;(g) at 1 atm and 0°C required to produced 1575 g of HNO,.
(a) 156.25 {b) 350L (c) 3500L (d) None of these -
8. 1 M NaOH solution was slowly added into 1000 mL of 183.75 g impure H,SO, solution and
the following plot was obtained. The percentage purity of H,S0, sample and siope of the
curve respectively are:



30

| PROBLEMS IN CHEMISTRY

10.

11.

12.

13.

14.

K 3
A
A
~
Y
\\
H12T AN
{molit.} A
~
A Y
Y
14+ ~
RSN,
Volume of NaQH added
(l-) _—
(a) 75%, —?1;- (b) 80%, —% - {c) 80%, -1 {d) None of these

MnQ, on ignition converts into Mn,0 4. A sample of pyrolusite having 75% MnO,, 20% inert
impurities and rest water is ignited.in air to constant weight. What is the percentage of Mn in
the ignited sample ?

(a) 24.6% {b) 37% {c) 55.24% (d) 74.05%

A 1.0 g sample of a pure organic compound containing chlorine is fused with Na,0, to convert
chlorine to NaCl. The sample is then dissolved in water, and the chloride precipitated with
AgNO,, giving 1.96 g of AgCl. If the molecular weight of organic compound is 147, how many
chlorine atoms does each molecule contain ?

(@ 1 (b 2 @3 (d) 4

A 0.60 g sample consisting of only CaC,0, and MgC,0, is heated at 500°C, converting the
two salts of CaCO; and MgCO;. The sample then weighs 0.465 g. If the sample had been
heated to 900°C, where the products are CaQ and MgO, what would the mixtures of oxides
have weighed ?

(a) 012 ¢ (b) 021 ¢g () 0.252 g (d 03¢g

A metal M forms the sulphate M,(SO,);. A 0.596 gram sample of the sulphate reacts with
excess BaCl, to give 1.220 g BaSO,. What is the atomic weight of M ?

_ {Atomic weights : S = 32, Ba= 137.3)

(a) 26.9 (b) 69.7 {c) 55.8 - (d) 23

Urea (H,NCONH,) is manufactured by passing CO,(g) through ammonia solution followed
by crystallization. GO, for the above reaction is prepared by combustion of hydrocarbon. If
combustion of 236 kg of a saturated hydrocarbon (C,H,, ;) produces as much CO, as
required for production of 999.6 kg urea then molecular formula of hydrocarbon is:

(@) CyoHz (®) C;2Hze (c) Cy3Hog (d) CgHyg

11.6 g of an organic compound having formula C,H,,., 5 is burnt in excess of O,(g) initially
taken in a 22.41 litre steel vessel. Before reaction the gaseous mixture was at 273 K with
pressure reading 2 atm. After complete combustion and loss of considerable amount of heat,
the mixture of product and excess of O; had a temperature of 546 K and 4.6 atm pressure. The
formula of organic compound is:

(a) C,Hg (b} C3H, (c) CsH,y (d) C,4H,yy



16.

17.

18.

19.

20.

21.

22,

23.

. H,0, + 2KI

o vi
0% yield I, + 2KOH

50% yield
H,0, + 2KMnO,, + 3H,80, —— K,S0, + 2MnSO,, + 30, + 4H,0
150 mL of H,0, sample was divided into two parts. First part was treated with KI and formed
KOH required 200 mL of M/2 H,S0O,, for neutralisation, Other part was treated with KMnO,
yielding 6.74 litre of O, at 1 atm. and 273 K. Using % yield indicated find volume strength of
H,0, sample used.
(a) 5.04 {b) 10.08 {c) 3.36 (d) 33.6
SO,Cl; (sulphuryl chloride) reacts with water to given a mixture of H,SO, and HCl. What
volume of 0.2 M Ba(OH), is needed to completely neutralize 25 mL of 0.2 M SO ,Cl, solution:

(a) 25 mL (b} 50 mL {c) 100 mL (d)} 200 mL

5 g sample contain only Na,CO, and Na,SO,. This sample is dissolved and the volume made
up to 250 mL, 25 mL of this solution neutralizes 20 mL of 0.1 M H,SO,.

Calculate the % of Na,SO, in the sample:

(@ 42.4 (b) 57.6 (c) 36.2 (d) none of these

20 mL of 0.2M NaOH (aq) solution is mixed with 35 mL of 0.1M NaOH (aq) solution and the
resultant solution is diluted to 100 ml.. 40 mL of this diluted solution reacted with 10% impure
sample of oxalic acid (H,C,0, ). The weight of impure sample is:

(a) 0.15 gram (b) 0.135 gram (c) 0.59 gram {d) None of these

A silver coin weighing 11.34 g was dissolved in nitric acid. When sodium chloride was added
to the solution all the silver (present as AgNO ;) was precipitated as silver chloride. The weight
of the precipitated silver chloride was 14.35 g. Calculate the percentage of silver in the coin.

(a) 4.8% (b} 95.2% (c) 90% (d) 80%

Two elements X (at mass 16) and Y (at mass 14) combine to form compounds A, B and C. The
ratio of different masses of ¥ which combine with a fixed mass of Xin A,BandCis1:3:5. If
32 parts by mass of X combines with 84 parts by mass of ¥ in B, then in C, 16 parts by mass of X
will combine with :

(a) 14 parts by mass of Y (b) 42 parts by mass of Y

(c) 70 parts by mass of ¥ (d} 84 parts by mass of ¥

The conversion of oxygen to ozone occurs to the extent of 15% only. The mass of ozone that
can be prepared from 67.2 L of oxygen at 1 atm and 273 K will be :

(a) 14.4 gm (b) 96 gm (c) 640 gm (d) 64 gm

RH, (ion exchange resin) can replace Ca** ions in hard water as RH, + ca¥* —,
RCa+ 2H".If 1 L of hard water after passing through RH, has pH = 3 then hardness in parts
per million of Ca?" is: .

{a) 20 (b) 10 {c) 40 (dy 100

100 cm® of a solution of an acid (Molar mass = 98) containing 29.4 g of the acid per litre were
completely neutralized by 90.0 cm® of aq. NaOH containing 20 g of NaOH per 500 cm®. The
basicity of the acid is:

(a) 3 (b) 2 (1 (d) data insufficient



24.

25.

26.

27.

28.

29,

30.

20 mL of 0.1 M solution of compound Na,CO,-NaHCO4-2H ,0 is titrated against 0.05 M HCI,

x mL of HCI is used when phenolphthalein is used as an indicator and y mL of HCl is used
when methyl orange is the indicator in two separate titrations. Hence (y - x) is:

(a) 40 mL » (b) 80mL

(c) 120 mL (d) None of these

A sample containing HAsQ (mol. wt. = 108) and weighing 3.78 g is dissolved and diluted to
250 mL in a volumetric flask. A 50 mL sample (aliquot) is withdrawn with a pipet and titrated
with 35 mL of 0.05 M solution of I,. Calculate the percentage HAsO, in the sample:

(a) 25% ) 20%

() 10% (d) none of these

A mixture of FeO and Fe,0, is completely reacted with 100 mL of 0.25 M acidified KMnO,
solution. The resultant sclution was then titrated with Zn dust which converted Fe* of the
solution to Fe?'. The Fe* required 1000 mL of 0.10 M K ,Cr,Q; solution. Find out the weight
% Fe,0, in the mixture. '

(a) 80.85 (b) 19.15

(¢) 50 (d) 89.41

To a 10 mL, 1 M aqueous solution of Br,, excess of NaOH is added so that all Br, is
disproportional to Br~ and BrOj. The resulting solution is free from Br~, by extraction and
excess of OH™ neutralised by acidifying the solution. The resulting solution is sufficient to
react with 2 g of impure CaC,0, (M = 128 g/mol) sample. The % purity of oxalate sample is:
(a) 85.3% (b) 12.5%

{c) 90% : (d) 64%

0.10 g of a sample containing CuCO, and some inert impurity was dissolved in dilute
sulphuric acid and volume made up to 50 mL. This solution was added into 50 mL of 0.04 MKl
solution where copper precipitates as Cul and I” is oxidized into I3. A 10 mL portion of this
solution is taken for analysis, filtered and made up free 15 and -then treated with excess of
acidic permanganate solution. Liberated iodine requnred 20mL of 2.5 mM sodium
thiosulphate solution to reach the end point.

Determine weight percentage of CuCO, in the original sample.

(a) 741 (b) 74.1

{c) 61.75 (d) None of these

1 mole of equimolar mixture of ferric oxalate and ferrous oxalate will require x mole of
KMnO, in acidic medium for complete oxidation, x is:

(a) 0.5 mole (b} 0.9 mole

{(c) 1.2 mole (d) 4.5 mole

An impure sample of sodium oxalate (Na,C,0,) weighing 0.20 g is dissolved in aqueous
solution of H,SO, and solution is titrated at 70°C, requiring 45 mL of 0.02 M KMnO,
solution. The end point is overrun, and back titration in carried out with 10 mL of 0.1 M oxalic
acid solution. Find the % purity of Na,C,0, in sample:

(a) 75 (b) 83.75

(c) 90.25 » (d) None of these




31.

32.

33.

34.

35.

0.5 g mixture of K,Cr,0, and KMnO, was treated with excess of KI in acidic medium. Iodine
liberated required 150 cm® of 0.10 N solution of thiosulphate solution for titration. ’
Find the percentage of K,Cr,0, in the mixture:

(a) 14.64 (b) 34.2

(c) 65.69 (d) 50 ,
A 150 mL of solution of I, is divided into two unequal parts. I part reacts with hypo solution in
acidic medium. 15 mL of 0.4 M hypo was consumed. II part was added with 100 mL of 0.3 M
NaOH solution. Residual base required 10 mL of 0.3 M H,S0O, solution for complete
neutralization. What was the initial concentration of I, ?

(a) 0.08 M (b 01 M

(c) 02 M | (d) None of these :

A mixture of H,80, and H 26,0, (oxalic acid) and some inert impurity weighing 3. 185 g was
dissolved in water and the solution made up to 1 litre, 10 mL of this solution required 3 ml, of
0.1 N NaOH for complete neutralization. In another experiment 100 mL of the same solution
in hot condition required 4 mL of 0.02 M KMnO, solution for complete reaction. The wt. % of
H,SO, in the mixture was: ,
(@) 40 ' | (b) 50 | | g
(c) 60 (d) 80

During developing of an exposed camera film, one step involves in the following reaction :

HO OH + 2AgBr + 20H™ ——)OGO+2Ag+2H20+2Br_

{Quinol)
Which of the following best describes the role of quinol ?
(a) It acts as an acid ) (b) It acts as reducing agent
(c)} It acts as oxidant . (d) It acts as a base

The concentration of oxalic acid is ‘ x" mol litre™}. 40 mL of this solution reacts with 16 mL of.

0.05 M acidified KMnO,. What is the pH of ‘x’ M oxalic acid solutlon ? (Assume that oxalic
acid dissociates completely.)

(a) 1.3 (b) 1.699

@1 | ‘ (d) 2
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PASSAGE 1

Oleum is considered as a solution of SO; in H 2804, which is obtained by passing SO, in
solution of H,50,. When 100 g sample of oleum is diluted with desired weight of H,O then
the total mass of H,S0, obtained after dilution is known as % labelling in oleum.

For example, a oleum bottle labelled as ‘109% H,SO,’ means the 109 g total mass of pure.
H,80, will be formed when 100 g of oleum is diluted by 9 g of H,0 which combines with all
the free SO; present in oleum to form H,S0, as SO + H,0 — H,S0,.

1. What is the % of free SO; in an oleum that is labelled as ‘104.5% H,SO,’ ?
(a) 10 (b) 20 (c) 40 (d) None of these

2. 9.0 g water is added into oleurn sample labelled as “112%” H,SO, then the amount of free
S04 remaining in the solution is : (STP =1 atm and 273 K)
(a) 1493 Lat STP  (b) 7.46 L at STP (c) 3.73 L at STP (d) 11.2 L at STP

3. If excess water is added into a bottle sample labelled as “112% H,S0,” and is reacted with 5.3
g Na,CO, then find the volume of CO, evolved at 1 atm pressure and 300 K temperature after
the compietion of the reaction :

(a) 2.46 L (b) 2461 (c) 1.23 L (d) 12.3L

4. 1 g of oleum sample is diluted with water. The solution required 54 mL of 0.4 N NaOH for
complete neutralization. The % of free SO, in the sample is :
(a) 74 (b) 26 {c) 20 (d) None of these

PASSAGE 2

The strength of H,0, is expressed in several ways like molarity, normality, % (w/V), volume

strength, etc. The strength of “10 V” means 1 volume of H,0, on decomposition gives 10
volumes of oxygen at 1 atm and 273 K or 1 litre of H,0,, gives 10 litre of O, at 1 atm and 273K
The decomposition of H,0, is shown as under : '

H,0,(aq) —— Hy0() + } 0,(g) |
H,0, can acts as oxidising as well as reducing agent, as oxidizing agent H,0, converted
into H,O and as reducing agent H,0, converted into O,, both cases it’s n-factor is 2.
. Normality of H,0, solution = 2 x Molarity of H,0, solution

1. What is the molarity of “11.2 V" of H,0,?
@ 1M b 2 M © 5.6 M @ 1na2m
2. What is the percentage strength (% w/V) of “11.2 V" H,0,?
(a) 1.7 (b) 3.4 (¢} 34 (d} None of these
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. 20 mL of H,0, solution is reacted with 80 mL of 0.05 M KMnO, in acidic medium then what

is the volume strength of H,0,?

(a) 2.8 (b) 5.6 (c} 11.2 {(d) None of these

. 40 g Ba(MnO,), (mol. wt. = 375) sample containing someiinert impurities in acidic medium
is completely reacted with 125 mL of “33.6 V" of H,0,. What is the percentage purity of the
sample?

(a) 28.12% . (b) 70.31% (c) 85% " (d) None of these

I |
A water is said to be a soft water if it produces sufficient foam with the soap and water that
does not produce foam with soap is known as hard water. Hardness has been classified into
two types (i) Temporary hardness (ii) Permanent hardness.

Temporary hardness is due to presence of calcium and magnesium bicarbonate. It is simply
removed by boiling as

PASSAGE Q}

Ca(HCO,), -2 caco, | +C0, T +H,0

Mg(HCO,), —25 MgCO, | +CO, T + H,0
Temporary hardness can also be removed by addition of slaked lime, Ca(OH),
Ca(HCO,), + Ca(OH), —— 2CaCO,4{ + 2H,0

Permanent hardness is due to presence of sulphate and chlorides of Ca, Mg, etc. It is
removed by washing soda as

CaCl, + Na,CO; —— CaCOj4 { + 2NaCl
CaSO4 + Na,CO; — CaCO;{ + Na,S0,
Permanent hardness also removed by ion exchange resin process as
2RH + Ca?* —— R,Ca+ 2H*

2ROH + SO3" —» R,SO, + 20H"

The degree of hardness of water is measured in terms of ppm of CaCO . 100 ppm means 100 g
of CaCQ, is present in 10° g of H,0. If any water contain 120 ppm of MgS0, its hardness i in

terms of CaCO3 =100 ppm.

|
|
|
|
|

. One lltre of a sample of hard water (d =1 g/mL) contains 136 mg of CaSO,., and 190 mg of ‘

MgCl,. What is the total hardness of water in terms of CaCO5?

(a) 100 ppm (b) 200 ppm {¢) 300 ppm (d) None of these

. What is the weight of Ca(OH), required for 10 litre of water remove temporary hardness of
100 ppm due to Ca(HCO,),?

(a) 162 ¢ M) 0.74 ¢ (c) 74 ¢ (d) None of these

. A 200 g sample of hard water is passed through the column of cation exchange resin, in which
H* is exchanged by Ca?*. The outlet water of column required 50 mL of 0.1 M NaOH for
complete neutralization. What is the hardness of Ca?* ion in ppm? :

(a) 250 ppm (b) 500 ppm (c) 750 ppm {d) 1000 ppm
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Molecular weight / Atomic weight

Equivalent weight =
n-factor

n-factor is very important in redox as well as non-redox reactions. With the help of n-factor
we can predicts the molar ratio of the reactant species taking part in reactions. The
reciprocal of n-factor’s ratio of the reactants is the molar ratio of the reactants.

In generai n-factor of acid/base is number of moles of H* /OH™ furnished per mole of

acid/base. n-factor of a reactant is no. of moles of electrons lost or gained per mole of
reactant.

Example 1 :
1. In acidic medivm : KMnO, (n=5) —» Mn%

2. In neutral medium ;: KMnQ, (n =3) — Mn?%

3. In basic medium: KMnO, (n=1) —> Mn®

Example 2 : FeC,0, —> Fe* +2C0,

Total no. of moles of e” lost by 1 mole of FeC,0,
=1+1x2 = 3

. n-factor of Ba(MnQ, ), in acidic medium is :

(a) 2 by 6 (c) 10 (d) None of these
For the reaction,
H3;PO, + NaOH —— NaH,PO, + H,0
What is the equivalent weight of HyP0,? (mol. wt. is M)
a M (b) M/2 (c) M/3 (d)} None of these

» For the reaction, Feggg O (molar mass : M) — Fe,04. What is the eq. wt. of Feggs O ?

M M M
(@) — b} — ¢ d) None of these
@ 0.85 ®) 0.95 © 0.8075 @
In the reaction, xVO + yFe,0; —» FeO + V,0;. What is the value of x and y respectively?

4,

(a) 1,1 by 2,3 {(c) 3,2 (d) None of these

eassace 5 3R

1.

Consider the following series of reactions :
Cl, + 2NaOH —— NaCl + NaClO + H,0
3NaClO— 2NaCl + NaClO,
4NaClO0; —— 3NaClO, + NaCl

How much Cl, is required to prepare 122.5 g of NaClO, by.above sequencial reactions ?
(a) 284 g (b) 213 g (c) 142 ¢ (d71g



2,

3.

4

(2) — mole (®) 1.67 mole (@ 175mole () 0.75 mole

How many mole of NaClO; obtained after the complection of reaction by taking 1 mole Cl, &
other reagents in excess ?

(a) % mole (b) Zero (c) - mole (d)1 m_é)ivg

\‘__ ONE OR MORE ANSWERS IS/ARE CORRECT

1.

1 g atom of nitrogen represents : : ,
(a) 6.02x10% N, molecules‘ (b) 22.4 litre of N, at 1 atm 31}61273 K

{c) 11.2 litre of N, at 1 atm and 273 K {d) 14 g of nitrogen
1 g molecule of V,0; contains :

(a) 5 mole of oxygen atom (b) 2 mole of V atom

(c) 1 mole of oxygen atom (d) 2.5 mole of oxygen atom

Select dimensionless quantity(ies) : :

(a) vapour density  (b) molality (c) specific gravity  (d) mass fraction
Which of the following concentration terms is affected by a change in temperature?

(a) Molarity (b) Molality {¢) Normality " (d) Specific gravity

Which of the following statements regarding the compound A, B, is/are correct?
{(a) 1 mole of A, B, contains 1 mole of A and 1 mole B

{b) 1 equivalent of A, B, contains 1 equivalent of A and 1 equivalent of B
(¢) 1 mole of A, B, contains x moles of A and y moles of B
(d) equivalent weight of A, B, = equivalent weight of A + equivalent weight of B

1 mole of Ba(OH), will exactly neutralize :

(a) 0.5 mole HCI (b) 1 mole of H,80, (c)} 1 mole of H3PO3 (d) 2 mole of H, PO,
The pair of species having different percentage (mass)of carbon is :

(a) CH4;COOH and CH,,0, (b) CH4;COOH and C,H;OH

(¢) HCOOCH , and HCOOH . (d) C,H4OH and CH,0CH,

30 mL of CH3OH (d = 0.8 g/cm?) is mixed with 60 mL of C,H OH (d = 0.92 g/cm3) at 25°C
to form a solution of -density 0.88 g/cm3. Select the correct option :

(a) Molarity and meoelality of resulting solution are 6.33 and 13.59 respectively

{b) The mole fraction of solute and molality are 0.385 and 13.59 respectively

{c) Molarity and % change in volume are 13.59 and zero respectively

(d) Mole fraction of solvent and molality are 0.615 and 13.59 respectively

Which of the following is/are correct for 17 g/L of H,0, solution?

{a) Volume strengths is 5.6 at 273 K and 1 atm
(b) Molarity of solution is 0.5 M

'{(c) 1 mL of this solution gives 2.8 mlL O, at 273 K and 2 atm

(d) The normality of solution is 2 M

Ey

/A

‘How many mole of total NaCl formed by using 1 mole Cl, & other reagents in excess ?
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10.

11.

12.

13.

‘14.

15.

'(a) The equivalent weight of base is

Solutions containing 23 g HCOOH is/are :
(a) 46 g of 70% (v] HCOOH (dyyyion = 1.40 g/mL)

(b) 50 g of 10 M HCOOH (d,y o, =1 g/mL)
(c) 50 g of 25% [EJ HCOOH
w

(d) 46 g of 5 M HCOOH (d,qjysion =1 2/mL)
A sample of H,0, solution labelled as “28 volume” has density of 265 g/L. Mark the correct
option(s) representing concentration of same solution in other units :

(a) MH202 =2.5 . (b) %?=17

(c) Mole fraction of H,0, = 0.2 (d) my,q, =13.88
A mixture of 100 mL of CO, CO, and O, was sparked. When the resulting gaseous mixture was
passed through KOH solution, contraction in volume was found to be 80 mL, the composition
of initial mixture may be (in the same order) :
(a) 30 mL, 60 mL, 10 mL {(b) 30 mL, 50 mL, 20 mL
(¢) 50 mL, 30 mL, 20 mL ' {(d) 20 mL, 70 mL, 10 mL
If 1 mole of H3PO, is reacted with 1 mole of X(OH), as: '
H;PO, + X(OH), — XHPO, + 2H,0 then :
- mol. wt.

(b) The eq. wt. of H;PO, as%

(c) The resulting solution is required 1 mole NaOH for complete neutralization
(d) Minimum 1 mole of X(OH), is required for complete neutralization of XHPO4
Dichromate ion in acidic medium oxidizes stannous ion as:

xSn® + yCr,0% +zH* — aSn** + bCGr™ + cH,0

(a) thevalueofx:yis1:3 (b} thevalueof x + y + zis 18

(c)a:bis3:2 (d) the value of 3 —c is 7
When a equimolar mixture of Cu,S and Cus is titrated with Ba(MnQ,, ), in acidic medium, the
final product’s contains Cu®*, S0, and Mn?*. If the mol. wt. of Cu,S, CuS and Ba(MnO,, ), are

M,, M, and M, respectively then :

(a) eq. wt. of Cu,S is =X M,

(b) eq. wt. of CuS is A—Js—"-

(c) eq. wt. of Ba(MnO, ), is —N;—S

(d) Cu,S and Cu$ both have same equivalents in mixture



16. Which is/are INCORRECT statement ?
(a) Equivalent weight of H,PO3 is 40.5. .
(b) Eq. wt. of H,PO; may be equal to molar mass or less than molar mass depend on reaction.

(9] i(MnO4 has maximum eq. wt. in acidic medium.
(d) Oxidation state of H in MgH, is greater than in H,0,.

— _
k’_ﬁ‘ MATCH THE COLUMN

Column-I and Column-II contains four entries each. Entries of Column-1 are to be matched
with some entries of Column-Ii. One or more than one entries of Column-I may have the
matching with the same entries of Column-II.

.{  commI . Columnm
(A) 0.5 mole of SO,(g) | (P) Occupy 11.2Latl atm and 273 K
(B) 1 gof Hy(g) (Q) Weighs 24 g
; (C) 0.5 mole of O5(g) (R) Total no. of atoms =1.5x N,
.(D) 1 g molecule of O,(g) - (S) Weighs 32 g
2. | Column-1 7 column-m
(A) 44 gCO, gas (py 1g molecule
,(B) 35.2gofCH, (0y N 4 molecule
(C) 48 g of O, gas (R) 22N, electrons
1{D) 44 g of N,O gas {q) 4928 Lat 1 atm and 273 K
(T) N, atoms of oxygen
3. Column-I - « D Coﬂﬁnn-l]
[Atomic masses (M)] . (% composition of heavier isotope)
Isotope-II Isotope-I1 Average |
@A) -1 (z +3) 2 (P) 25% by moles
B) (z+1) (z+3) z+2) (Q) 50% by moles
Qe =z 3z 2z (R) % by mass dependent on 2z

‘ D) (z-1) (z +1) z " {S) 75% by mass



4. |3 451!‘-‘ 3 Column-T

5 {-—- T Column-H

t(A) When Bi,S, converted into Bi>* and S (P) 18
(B} When Al,(Cr,0,), reduced into Cr3* Q) 11
in acidic medium
(C) When FeS$, converted into Fe,05 and R} 2
SO,
‘(D) When Mn(NO,), converted into (S) 10
| MnO3 and NO
Tonr o Columnt N T otumatt
(A) Eq. wt. = Molecular weight (P) When Crl, oxidises into Cr,02" and 10
33
(B) Eq. wt, < Molecular weight (Q) When Fe(SCN), oxidises into Fe*,
; - 27 S03%°,C0% and NOj
.. (C) Eq. wt,~ Molecular weight (R) When NH,SCN oxidizes into SO2",
oo : 28 CO%™ and NOj
E(D) Eq. wt. = Molecular weight (5) When As,S ; oxidises into AsO3 and
: 24 SO%
6. [57 SColumnd. " " Towmmnm
() PH, -~e» PH,; + P H, ®) E =_3£1
B, — I +103 (Q) Ez_u"_sz'{
H{C) MnO7 + MnZt+ H,0 (R) E= 15M
— Mnj 0, +H" 26
(D) H3PO; — PHj + H3PO;, ) E =_5_16£

" 7. A sample of raw material contain NaNQ, also contains NalO. The NalO, can be used as a
- source of iodine, produced in the following reactions:
I0; + HSO; — I +S0% (1)
I" +10; — I, +H,0 ..(2)
One litre of sample solution containing 396 g of NalO, is treated with stoichiometric quantity
of NaHSO 3. Now a substantial amount of same solution is added to reaction mixture to bring
about the reaction (2).



T eotamnt 7 7 Columnn ]
(A) n-factor of IO3 in reaction (2) P 6
(B} Number of moles of HSO3 used in Q@ 1.2
reaction (1)
(C) Moles of I, produced (R} 2
(D) Equivalents of IC3 used inreaction (2) {(S) 5 !
8.  Columnd  [Column-I (Type of Redox i{l?ctFm,-
(A) Br, +OH™ -—3 BrO3 + Br~ (p) Intermolecular
(B) FeCl, + KMnO, + HCl—> MnCl, (Q) Interamolecular
+FeCl, .
(© Ag,0— Ag + -;—O 2 (r) Disproportion
(D) NH4NO3 —— NO, +H,0 () Comproportion {

. ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statements carefully and mark the correct answer according to the instructions
given below
(A) If both the statement are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1 -
(B) If both the statement are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1
(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE
1. STATEMENT-1: Specific gravity is dimensionless.
STATEMENT-2 : Specific gravity is density of a substance measured w.rt. density of water
at 4°C.
2. STATEMENT-1: Molarity of pure water is 55.55 M at 298 K.
STATEMENT-2 : Molarity is temperature dependent.
3. STATEMENT-1: Gram molecular weight of O, is 32.
STATEMENT-2 : Relative atomic weight of oxygen is 32 am.u.
4. STATEMENT-1: The oxidation state of S in H,S,0, is 6.

STATEMENT-2 : Max. oxidation state of S is 6 because the max. oxidation state of an
element is it’s no. of valence electron.

5. STATEMENT-1: 0.1 M H,PO,(aq) solution has normality equal to 0.3 N when completely
: reacted with NaOH.
STATEMENT-2 : H,PO, is a dibasic acid.



10.

11.

12,

13.
14.

15.

STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

. STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1 :

'STATEMENT-2 :

STATEMENT-1

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

| PROBLEMS (N CHEMISTRY

MnQ, can act as an oxidizing agent as well as reducing agent.
Oxidation state of Mn lies between highest and lowest oxidation state..
Equivalent volume of H, is 11.2 L at 1 atm and 273 K.

1/2 mole H, has produced when 1 mole of H* (aq) accepted 1 mole of e™.
For the reaction, Na,CO4 + HCl —— NaCl + NaHCO,, the suitable
indicator is phenolphthalein.

Phenolphthalein provide it's colour in acidic medium.

[Fe(CN)¢]1*~ —— Fe* + CO, + NOj, the equivalent weight of reactant
is 3.74. ‘

Equivalent weight of reactant = MOI—Wt

61
In the balanced redox reaction,

XAs,S 4 + yNO3 + 4H,0 — aAsO¥ + bNO + ¢SO + 8H*
the n-factor of As,S; and NOj is 28 and 3 respectively.
Molar ratio is reciprocal of n-factor’s ratio so x : y is3:28.

: NaOH+H3PO4—>NaH PO, +H,O in given reaction equivalent

weight of H,PO, is M/3

H4PO, is tribasic acid.

In CrO oxidation number of Cr is +6.

CrOg has butterfly structure in which peroxide bonds are present.

T\" A
O/ \0

1, — 105 + 1", This reaction is a disproportionation reaction.
Oxidation number of I can vary from -1 to +7.

Fluorine exists only in -1 oxidation state.

Fluorine has 2522p® configuration.

H,S0, can not act as reducing agent.

Sulphur can not increase its oxidation number beyond +6.

( BJECTIVE PROBI.EMS

. What volume of a liquid (in L) will contain 10 mole ? If molar mass of liquid is 280 and its
density is 1.4g/mL. .

16 g of SO, gas occupies 5.6L at 1 atm and 273 K. What will be the value of x ?

. 200mLof 1 M HCl is mixed with 300 mL of 6 HCl and the final solution is diluted to 1000 mL.
_ Calculate molar concentration of [H*] ion. . N

N, (g) reacts with H,(g) in either of the following ways depending upon supply of Hz(g)
N;(g)+Hy(g)—> N,H, (D



10.

11.

12,

13.

14.

15.

16.

17.

18.

43

N,(g)+2H,(g)—> NyH,(g)
If 5L.N,(g)and 3LH,(g) are taken initially (at same temperature and pressure). Calculate the
contraction in volume after the reaction (in L).

One commercial system removes SO, emission from smoke at 95°C by the following set of
reaction :

80,(g)+Cly{g)—> SO,ClL{g)
S0,Cl,{(g) + H,0() — H,S0, + HCl
H,80, +Ca(OH), —> CaS0, + H,0
How many grams of CaSO, may be produced from 3.78g of SO, ?
W is the weight of iron (in g) which will be converted into Fe,0, by the action of 18 g of

~ steam on it. What is the value of W/7 ?

[Fe+ H,O— Fe;0, + H,1
Calculate the total mole of atoms of each element present in 122.5 g of KClO,.
On dissolving 2.0 g of metal in sulphuric acid, 4.51 g of the metal sulphate was formed. The
specific heat of the metal is 0.057 cal g~} °C™1. What is the valency of the metal ?
One gram of a metallic chloride was found to contain 0.835 g of chlorine. Its vapour density
metallic chloride is 85.5. If its molecular formula is M,Cl,, then what is value of (x+y)?
0.7875 g of crystalline barium hydroxide is dissolved in water For the neutralization of this

solution. 20 mL of N/4 HNO, is requited. How many mole of water are present in one mole of

this base ? (Given : Atomic mass Ba=137,0=16,N=14, H=1)
2.0g of polybasic organic acid (Molecular wt. = 600) required 100mL of a 1\6{ NaOH solution

for complete neutralisation. Find the basicity of acid. _

A mixture contains LOmole each of NaOH, Na,CO, and NaHCO;. When half of mixture is
titrated with HCI, it required x mole of HCI in presence of phenolphthalein. In another
experiment, half of mixture required y mole of same HCl in presence of methyl orange. Find
the value of (x+ ¥).

When BrQj ion reacts with Br~ ion in acidic medium, Br, is liberated. Calculate the ratio of
molecular weight and equivalent weight of KBrO,.

A volume of 12.5mL of 0.05M SeOQ, reacts with 25mlL of 0.1 M CrSO, which is oxidised to
Cr* . To what oxidation state was the selenium converted by the reaction ?

A 0.276g impure sample of copper ore is dissolved and Cu® is titrated with KI solution. L,

liberated required 40 mL of 0.} M Na,S ,0, solution for titration. What is the % of impurities in
the ore ?

A sample of 28mL of H,0, (aq) solution required 10mL of 0.1M KMnO, (aq) solution for
complete reaction in acidic medium. What is the volume strength of H,0, ?

In the redox reaction,
xNOj +y As,Sy +2H,0 —>--- AsOF +---NO +---S03 +---H".

. X
What is the value of = ?
z

On heating 0.220 g of a metallic oxide in presence of hydrogen, 0.045 g of water is formed. If
the equivalent weight of the metal is E, then what is the value of E/9?



16,

10 g mixture of K,Cr,0, and KMnO, was treated with excess of Kl in acidic medium. Iodine
liberated required 100 cm?® of 2.2 N sodium thiosulphate solution for titration. If the mass
percent of KMnO, in the mixture Z, then what is the value of 22/5 ?

In an ore the only oxidisable material is Sn*. This ore is titrated with a dichromate solution
containing 2.5 g K,Cr,0; in 0.50 litre. A 0.40 g of sample of the ore required 10.0 cm? of the

titrant to reach equivalent point. If the percentage of tin in ore is x, then what is the value of
xf17 ? (K = 39.1, Cr = 52, 5n = 118.7)
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I hanal, 2
1. (a) 2. (&) 3 (d) 4. (a) 5 {d) 6. (b} 7. (c) 8. (¢} 9. (c} 10, (b
. 1M, () 12 (@ 13. (b)) 14 (d 15 {(d) 16. (b) 17. (b 18 (a) 9. (b} 20. (c}
2. (@) 22 (a) 23. (&) 24. (b) 25 (a) 26. (&) 27. (d 28 (b) 29. (b} 30. (b)
M. (a) 32 (b 33 (& 34 (b) 35 (c)
Passage-1 1. (B 2. (© i (o . (b}
Passage~-2 1. @ 2. (v 3. (b) . (b)
| Passage-3 1. {c) 2. {b) 3. (b
Passage—4 1. (o) 2. {a) 3. {a) . (b)
LPassage—s L@ 2 ( 3. (b
One or More Answers is/are correct
1. (c,d) 2. {a,b) 3 {acd) 4 (acd) & (becd) 6. (becd 72 (be) 8. (b,d)
9. (a,b,c) 10. (a,b) 1. (a,cd) 12 {ab) 13. (a,c) 14, (be,d) 15, {ab} 16. (a,c,d)
Match the Column
1. A P,R,S; B— P; C—» P,Q,R; D—> S
2. A P,Q,R; B> R,S; C— P,Q; D P,QR,T
3. A= P,R; B Q,R; C-Q,8; Do Q,R
4. A= §; B—> P; C-Q; D> R
5 A-Q; B— P; C—=5; D-» R
6. A—> §; B> Q; C—=R; D= P
7. A— §; B— P; CoQ; D= R
8. A—» P,R; B— P; C— Q; D—>Q,8
Assertion-Reason Type Questions
1. (A) 2. (B) 3. (C) 4. (A) 5 (D) 6. (A) 1. (A) 8. (C) 9. (D) 10. (A)°
11. (D} 12, (A) 13. (B) 14. (B) 15 (A)
Subjective Problems
1. 2 2. 2 3. 2 4 6 5 8 6. 6 7. © 8. 3 9. 5 10. 8
11. 5 12. 3 13. 5 1. 0 1. 8 168 1 17. 7 18. 4 19. 6 200 3




Hints

e —— = . . -

Level 1 B
‘ 54
7. {c) No. of moles of H;0 ()= s

(d =1.0g/mL forH,)
~ H has no neutron
- no. of neutrons in Hy0 =3x8 xN ,
16. (d} Atomic weight of an element
x=6.643x1072 x N, = 40

20 %1000
40

no. of moles ofx = =500

20. (a)(110.5mole0;=24g0,;
(In) 0.5 g atom of oxygen=8¢

3.011 x10%5
) === X «32=1680
)6.022x1023 8%
av) 28 x44gc0, =11gCO
22.4 §&%2 g8

22. (c) No. of protons in (C!* = 6;
No. of neutrons in (C1* = g;

As per given new atomic mass of
L =12+4=16

{As the mass of ¢ is negligible as compared
to neutron and proton)

6-14 %100 =14.28

. . 1
% increase in mass =

a=-™M
RT

[7_49.) xM
115= 760

~0.0821 x 300
. M =29.09. Letmole fraction of N is x.

2909=28xx +32(1 — x);
x =0.7275

29. (c)

mol. wt.of N,
average mol. wt. of air

28 __ 70.02
09

wt. % = mole % x

=72.75x
2

- — e

and Solutions

30. {c) No. of moles of CO, in 100 g mixture

= g6 =1.5

44
No. of moles of H, in 100 g mixture

SESgR Y/
2
100

average = m =5.40
vp. =23 .27
2

31. (b) Let 1 mole of mixture has x mole N,O
2x27.6=x(92)+(1-x)46;x=0.2

33. (a) Let mole % of Mg be x
{21 - x) 25+ x (26) + 79 (24)

100
x =10%
36. (d)Let mole fraction of O, is x
40=32xx+80(Q -x)
or x=5/6

= 2431

arb=x:(1-x)=

[ K%
=

‘When ratio is changed
1 5
Mmixture = 32XE+ 80 Xg=72
47. (c) Metal oxide = 2.74g;
wt. of vanadium =1.53¢

% of V =122 4100 = 55.83
2.74

Thus, % of O =100 - 55.83=44.17

No. of moles of V =5—551:—3 =1.1

No. of moles of O = f% =2.76
Simplest ratio of Vand O = 1:2.5 0r 2 :5
Hence, the empirical formula = V,0,

49. (a) Na 005 - xH,0 (s) — Na,C0,(s)

+ xK1,0(g).

X

L)
.
00.

.
.ﬂ.d?



. Let 100 g of Na,CO5-xH,0 be present
T JJOL mole of H,0 formed;"
106 + 18x
100x

T 106+ 18x

6678 + 1134x = 1800x
666x = 6678
) x=10
51. () % of0=—120%27 . 100=41.94%
(100 + 3% 310)

PM dRT _ 2.28 x0.0821 % 300

(18)

53. (¢} d="—=M=—- = =56.15 g/mol

RT P 1
85.7 143

CEF.=-xl.:02-714:143=1:2;. EEisCH,; ME =(CH,),

121
56.15 _

12+ 2
" M.E is C4Hg

b

where n =

59.

16 x 4 g or 4 mole oxygen present with yE)

mol. wt. of adipic acid is 146.

60. (c) Mol. wt. of XY, = S =100
_ 0.05
Mol. wt. of X,¥; = 85

3.011 x10%

Let molar mass of X and Y are a and b respectively
L a+2b=100
2a+ 3b=170;
a=40;
b=30

61. (c)CO, =%48- = 2 mole of CO, = 2mole of C

xN, =170

- Hy -3, 2 mole of H,0 =4 mole of H
18

Mass of C + Mass of H + Mass of O =44

=224 +4+x=44x=16

- mole of O =1 and molecular formula is C;H,0.
4.92 40 x1073 :

62. (d) x1= x 0.0821 x 300;
S 7 1000 M

M = 200; Atomic mass ofX 100.

66. (b) Ti + O, — Ti; 40
' 1.44

x
—— mole ——— mole
48 48 (1.44)+ 16

g adlplc acid

(:3 x16x4=146¢g compound



144
48 48(1.44)+16
' x=177¢g

_69. () 3Fe,04(s) > 2Fe0, +1202

480 g Fe,0 provide 16 g O,. For loss of

0.04g0, —> 0.04 x";io =1.2gFe,0,

% by mass of 5i0, = (2}—3 %100 = 40%

70. (d) Wt. of S; in sample =160 g;

Moles of 5g = 312608 =0.625
% :

No. of moles of O, required = 0.625x 8
Vol. of O, required at-STP =224 x5
100

~Vol. of air required at STP =22.4 x5 x T 533.33L

71. (c) 2Fe(NO;),; + 3Na,CO; —> Fey(CO,), + 6NaNO,

mole 2.5 36
mole/ stoichiometric coefficient 1.25 1.2

Limiting reagent is Na,CO4 so moles of NaNO , should be formed =3.6 x2=7.2

6.3

% yield == x100=87.5

76. (b) Produced mass of H,PO, = [4 6“;
x

79. (b)CO,+ 2NaOH —> Na,CO; + H,0

1] x0.85x0.9x4x98 =149.94¢g

My.on =1; - CO, present in mixture = 0.5 and Co present = 0.3 mole
When more CO, produced = 0.3, more NaOH required =0.3x2 = 0.6 mole
81. (c) No. of moles of Ba(OH), = 20 x342 ’
. 100 x171
= 0.4 mole

or moles of OH™ = 0.4 x 2 7
No. of moles of HNO; =1.2 x 2= 2.4 mole

Hence, the final solution is acidic due to presence of excess H*

_ (2.4-0.8) x1000

1200+ —22.
- 0.57

[H'] =0.888 M

82. (d) Total moles of H,80, = 0.1 mole
150 + 400 550 440

1.25 1.25
0.1

=21 1000=2 0227 M
440 44

83. (a)Zn+ 2HCl —» ZnCl, + Hy;
moles of H, evolved =2
moles of HCI required = 4

Total volume =



B

. Vx1.2x0.365
36.5 )

84 {(b)C,Hg + 3.50, —> 2CO, + 3H,0;
'--’f C,H; + 30, —> 2C0,+ 2H,0
. Let vol. of ethane is x,.

224 x4=3.5x + 3(28 ~ x)

= x=11.2litre

at constant T and P, Vecpr; -

‘Mole fraction of C,H,, in mixture
1204

28

mass of Al,(SO,);

mass of water
1 litre solution contains 1000 g of water
= In 1 litre solution, mass of Al,(S0,);
.2
_ 34 x:OOO —34.2mg
10

-4 V=33333mL

x10% =342

87. (a)

34.2x 10-3
sz M
=107 M
Al, (SO )z(aq) —> 2A1%* (ag)+ 350% (ag).
107*M 2x10%M  3x10*M
. [S031=3x10"*M
90 (b) 1000 mL solution contain 2 mole of ethanol

molanty of Al,(S0,); =

or 1000 x 1.025 g solution contain 2 mole of

., ethanol )
i wt. of solvent = 1000 x1.025 — 2 x 46

- 2 x1000
1000 x 1.025— 2 x 46

m= 2 %1000 = 2.143
933

" 93. (a) The sample of H,S0, is 80% by volume
“. Wi,s0, =800 in 1000 mL
Volume of solution = 1000 mL
Weight of solution =1000.0 x1.80
=1800g
Weight of water =1800 — 800 =1000¢g

Molality = 800 x1000 =8.16 mol kg™?
,98 %1000

96. (b) m-moles of HNO, required
=250x1.2=1300

-100-g solution contains 63 g HNQ, or

109 mL solution contain 1 mole HNO,

molarity of HNO; solution

_ 1000 x1.40 =14
100 ‘

. 14xV=300 or V-2142mL

97. (b) 50 mL BaCl, (aq) solution contain 10.4 g

BaCl,
10.4

H —_———
B 137+ 71
moles of H,SO, in 100 mL H,50, (aq)

‘solution = 98 _ 0.1
98

BaCl, + H,S0, — BaS0, + 2HCL;

moles of HCI formed = 0.1

fe1] = 21 *1000 _ 4 ee6 1
50+ 100

98.. (c) No. of moles of HC! are more than NaOH, so
final solution becomes acidic.
99. (¢} Letvol. isxml, xx0.1%2—50x0.1
=(x+50)x0.05x32
0.2x -5=0.1x+5
= 0.1x=10 = x=100mL

100. (c) [HCI] = L‘;;Z_’iﬁ —1.2M

8

102 (c)} Molarity = 21 2= =25M

1600 ml. of solution contains 2.5 mole H,Q,

-2 %1000 =2.15m
1250 — 85

103. (a) The reaction that takes place is
NaCl + AgNO; —— AgCl ! + NaNO,
-~ 143.5 g of AgCl is produced from 58.5 g

molality, m

NaCl .
*. 14 g of AgCl will produce from
58.5x14 _ 5.70g
143.5
This is the amount of NaCl in common salt;
% purity = % x100 = 95%

104. (c) Let no. of moles of Al, (SO )5 in solution is.x
— X x1000=1
2684 — x x 342
x=2
2A12(SO4)3 —-> 6 moles SO%-

. 6 moles of BaSO,

105. (a) 0 478 mL = 0.478 g of water; 10? g water
contain 0.10 g CHCl,



0.478 g water contain
0.1
— % 0.478 g CHCI:
10° 8-

n _01 N 0.478
Gils “ 107 " 119.5
. No. of molecules _E 9..:118— A
10°  119.5
=4x10"* xN, :
i2 5
107.(b) B H,PtCly, —» Pty ——o— ==
(5B HaPrCly M, + 410 195
moles of Pt; Molecular mass of base = 58
109. (b) Moles of AgsA = w
0 607 0 37 1 = M =531
M 108 3

. mol. wt. of HyA= mol. wt. of
AgsA - 3xAt. wt. of Ag + 3 x Ar. wt. of H= 210
110. (a) Equivalents of KOH used by il

=[25x0.40 - 8.5x0.28 x 2] x1073

—» Moles of KOH used =5.24 x 1073

= Mass of KOH used in milligrams
=5.24 x107% x 56 x 1000
=223.44

- Saponification number = 22344
=146.72
113.(c) 100 mL gaseous mixture contain 20 mL

C;Hg

So, volume of CH,and CO

=(100-20)=80mL

C4Hg + 50, — 3CO, + 4H,0

CH, + 20, —» CO, + 2H;0;

Co+ 1502 — Co,

80 mL (CH, and CO) will produce 80 mL
CO,; C4H, will produce = 3 x 20 = 60 mL
Total CO, produce = 80 + 60=> 140

114.(d) Let the volume of CO, CH, and Ne be
x, y & z respectively

o + 1502 3 COy;

x  x/2 "ox
CH, + 20, —> (:02 + 2H,0 (O
y 2y

Remaining volume of O, =10 - E -2y

Volume after reaction :

x+y+10—%—2y+z=36.5 (i)
© o x+y=9 ...(ii)
x+y+5=40 © (i)

by Eq. (i), (ii) and (iii)
Volume of CH, = 6 mL;

% of CH, =4—(:) x100=> 15

115. (b) Suppose, the volume of propane=V L
C,Hg{g)+ 50,(g) — 3CO,(g)+ 4H,0(D

v 5v 3v
CyHjo(g)+ 2 0,(8) — 4C0,(@)+ SHOM
(3-v)  26-v) 4(3-V)

.+ Total volume of CO, produced = 10 L;
3v+4@3-v)=11 S V=1

‘. Volume of butane = (3-1)=2L
Thus, the ratio of volume of butane to
propane =2:1

=2(+1)
ocl

+2
117.(c) Ca \

Cl
-1

119. (b) Let oxidation state is x;
(x+5x0+1)-2=0=>x=+1
1'20. (b) The redox reaction is :
Cr,0¥ + 3so2 + 2H" — 2Cr® + 3503
+ H,0
122, (a)Caros acid = H,50,
= Peroxomono-sulphuric acid
Marshell’s acid = H,5,0,
‘ = Peroxodi-sulphuric acid

The oxidation state in both the acids is +6
each because oxidation state cannot be
greater than the number of valence electrons.

128. (c) 1 mole N,H, loses 8 mole ¢7; 1 mole N loses
4 mole of e” _
. New oxidation state of Nis— 2+ 4= 2
138. (a) The balanced redox reaction is
2MnO; + 5C,0% + 16H* — 2Mn?**
+ 10CO, + 8H,0
139. (a) Balancing the equétion, we have
K,Cr0, + H,S0, + 350, —> K;S0,
+Cr,(S0,); + H,0 -



-'141. (a) Balanced reaction is
- PtCly + 5XeF, —» PiF + 4CIF + 5Xe
. Sum of stoichiometric coefficients
- =1+5+1+4+5=16
144. b)) n=|1+5x2]
145. (d) 14 mole HC! loses 6 mole ¢™;

. 1 mole HCl 'loses % mole ¢~

M

eq. wt. of HCl = 7EN
(%)
= -39-'% =851
146. (d) n-factor = 1%z _ 4x2_4
m+n, 4+2 3

Eq.m.:y-lﬂ:M x3
n-factor 4
147.(d) n-factor={ 2x2+ 8 x3|=> 28
150.(a) KLCr,0; + X™ — X>0;+cr?
6x102 x6=(5-n)x9x10° = n=1
154.(c) 2BrO; + 12H" + 10Br" —— 6Br, + 6H,0

10 mole ™ required for formation of 6 moles
of Br,

. n-factor of By, =

) n 5/3 5
156. (a) O.N. of N in N,H, is -2 which changes to 0
in N,. Hence, equivalent mass of
N,H, = molar mass
! 2x2
O.N. of iodine changes from +5 in 105 to + 1

in ICl. Hence, equivalent mass of
105 = molar mass

4

163. (c) Eq. mass of H,0, = -35-4 =17

34 xx
100 <17

=Eq. of KMnO,=xxN x10? = N=2

Eq. of H,0, =

Molarity of KMnO,, = % =0.4

164. (c) 50 m-eq. KMnO, =10 m-mole KMnO,
or 25 m-mole of 0, =25x22.4 x1073
=056L

LN

168. (b) Moles of AgCl =moles of AgNO,
= moles of HCl = 0.1435 1072
143.5-
wt. of HCl = 0.0365

wt. of H,S0, = 0.0635

wt. % of H,80, = 0835x100_ (. ¢

169. (b) Eq. wt. of KBrO, = % of its mol. wt.
1

== x167
. 6
0.167 1
NNﬂzszoa ;—1"67— x 6 x 0.05 =0.12N

170. (a) Total m-eq. of NaOH taken = 20

m-eq. of H,80, = m-eq. of NaOH reacted

C=3x02 as0-10
25

m-eq. of NaOH reacted = 20 — 10 = 10
(NH,),S0, + 2NaOH

= Na,S0, + 2NH, + 2H,0

m-moles of (NH,4),SO, reacted = 5

wt. of (NH,),S0, = 5x107° x132 = 0.66

Percentage of (NH,),50, in sample

= 0'62 x100=82.5

171. (c) milli-equivalent of NH, reacted with HNO,

=45x0.4-20x0.1=16
w
7 x 1000 = 16; Wy, =0.272g;

wt. of N =0.272 % =0.224

% N in the sample = 01'21224

x100 =20% -
1

x2=90x—— x5

64 100

W =0.198g
% of oxalate ion in a given sample

=198 100-66
03

172. (a) 1000 x — 2.
24 +

178. (a) m-moles of HCl = 20 x 0.1 = 2

m-moles of MgO reacted with HCI =‘% =1

wt. of MgO present =1 x 40 mg

© % of Mg0 = =% _ 12 504
320



174. (c) Pb?* + SO?~ (from Na,S0O,) —— PbSO,
moles of Na,SO, req. = moles of Pb*" ions
0.355

=—"—=0.0025
142
(pb27] = 20025 _ 5,100 m
0.50
175. (b) Let volume of HNG, is V then

\/)(1.()5><126 —%-——L

100 63 278

V=0.57 mL

176. (¢) m-eq. of KMnO, = m-eq. of FeC,0,
+ m-eq. of FeSO,
100 + 100
144 152’
31
V=5.48 mL
177.(a) meq. FeSO, (NH,),50,-6H,0
=meq of KMnO,
n=1)

W x1 %1000 = 0.1 x 50; -
392

(0.1 x5 xV=—onp

W=196g

Hence, % purity of Mohr's salt

= 1'956 x100 =78.4%

178. (d) C0Z™ + 6Fe** (n=1) (Mohr’s salt)
+14HY — 2Cr* + 6Fe’t + 7H,0
Equivalent of Fe?* = moles of Mohr’s salt
= equivalent of K,Cr.0-
=500 %107 x6x1=3.0

Hence, mole per cent of Mohr's salt

_3 x100=75
4

180. (d) X0, — 2X%" +30%

i.e., the valency of metal in oxide is 3 ‘
6 mg=6 x 107 g of H, reacts with X,0,

1 g or 1 equivalent of H, reacts with
X,0,=0.1596¢

0.1596

.. Equivalent of X,0; = T =26.6g;
q 2 3‘ 6107

. Equivalent weight of X,05 = 26.6
= Equivalent weight of X
+ Equivalent weight of O =E + 8
= E+8=266 = E=186
+ At, wt. = Eq. wt. x Valency.

=18.6x3=558 °
181. (b) Let normality of KMnO,, solution is N
. Nx10=50x1 = N=5
m-eq. of MnOj = meq. of oxalic acid
=NV, = ‘;_" x 1000

5x100=

W 1000=W =225g
(90/ 2

182, {(d) Let the moles of NaHC ,0, be ‘a’ and that of
KHC,0,-H,C;0, be b’ and volumes of each
consumed be V litre.

In redox : i
when KMnO used:0.2xV =2a+ 4b ...(1)
In acid-base neutralization : .
when NaOHused: 0.12xV=a+ 3b ..(2)
from (1) and (2) a=0.06 V

b=0.02V or a:b=3:1

184. (d) eq. wt. of NaHC 0, as an acid =112

eq. of NaHC,0, = eq. of NaOH
=100 x107% x 0.2
=0.02

= a=002x112=224g

eq. wt. of NaHC,0, as reductant

(C.0§” —> 2C0,+2¢ )—%2_56

eq. of NaHC,0, as reductant = eq. of
KMnO, =100 x107% x0.02x 5= 0.01

= b=001x56=0.56%
2.24

Hence, a:b=——=4:1ora=4b
0.56
185. (c} eq. of Na,C,0, + eq. of H,C,0,
= eq.of KMnO, =V x0.1 x5

2+2=05V; V=8L
eq. of H,C,0, = eq. of NaOH
= 1x2=0.2xV, V,=10L
Hence, ¥ :1,=8:10=4:5

186. (a) eq. wt., of KzCzO;r —m_dia'g—m'a—si
eq. wt. of KMnO, = ____molarsmass

eq. of Na,8,05 = eq. of I liberated
= eq. of KMnO, + eq. of K,Cr,05
orN x1=0.02x5+0.05x6
= N=04 or M=04



|
i

187. (b) m-eq. of acid’s in 50 mL = m-eq. of Na,CO,
25x2+50x4+ 2x2xx= 1000 x25x1

x =62.5mL

188.(d) Moles of pure CuSO, =0.12= moles of

Na,5,0, reacted with I,
Moles of Na,5,05 =120 x10™ xM
=012
M=1.0
189.(d) Let x g of Li;CO; and (1 - x} g of M,CO,
.+ present in given mixture
2 xTotal moles of carbonates = moles of HC]

and
2% _1-x =216 x0.5x107
74 B+ 60

Cx =0407
x _ 1-x
74 M + 60
M =51

190. (b) m-eq. of FeSO ,-7H,0 in 1 litre

=20x0.02x5x(@J=80
25

ZWS x1x1000=80=W =22.24

weight % of FES0,-7H,0 in given sample
= 2224 100-695

191. (a) Since, phenolphthalein indicates only
conversion of Na,CO, into NaHCO ; hence,
. x mL, of HCl will be further required to
convert NaHCO; to H,CO . So, total volume
of HCl required to convert Na,CO, into
H,CO; = x + x = 2x mL ’
193. (c) Phenolphthalein gives the end point
corresponding to the reactions :
"NaOH+ HCl — NaCl+ H,0
NayCO,4 + HCl — NaHCO, + NacCl
. m-moles of NaOH + m-moles of Na,CO,
=moles of HC] =
Methyl . orange gives the
corresponding to the reactions :
NaOH+ HCl —— NaCl+ H,0-
NayCO, + ZHCl — 2NaCl+ CO, + H,0
« ~.m-moles of NaOH
"+ mmoles of Na,CO4 x 2

end point

Er' J{}jﬁiﬁ EM Jnl. ‘&MJ’

= m-moles of HCl =30x0.1=3
milli-moles of Na,CO4 = 0.5
m-mole of NaOH =2.5-0.5=2

Ratio of mole of NaOH and Na,CO,
= _2.. =4:1
_ 0.5
196. (2} Na,CO; + 2HCl — 2NaCl + H,0 + CO,
At the equivalent point m-mole of HCI

= 2 x mrmole of Na,CO,

60 xM =2x 2218 1000
106

‘ M=01
198. (c) Milli-equivalents of Ca2*
+ milli-equivalents of Mg?*
= milli-equivalents of Na,CO,

V=1mL for 1 L of tap water
For 5000 L of pond water
V=5000mLor5L
199. (d) 4.44 mg CaCl, is equivalent to 4 mg CaCO,
1.9 mg MgCl, is equivalent to 2 mg CaCO,
Total wt. of CaCO; = 6 mg

%1073
103

Hardness in ppm = %108

=6ppm
Level 2
1. (a) Let wt. of NH,NO; and (NH,),HPO, are x
and y gram respectively

X x2x14+ L x2x14
8 13

0 2 %100 = 30.4
X'+y

= x:y=2:1
2. (a) Let V mL of alcchol be required
- mass of alcohol is same in both solutions

8 xV=ﬂxO.9 x 150
. 100
V=67.5mL

3. (d) The precipitation reaction is
Fe' + 3NH, + 3H,0 —> Fe(OH), + 3NH,
0.80 x 0.5
160
=2.5x107%

mole of Fe,0 in sample =



mole of Fe®* =2x2.5x107% =5x1072
0.986 g/ mL x 1000 mL/ litre x 0.025
17

MNH3 =

= M NHy = =1.45
3 x moles of Fe** = moles of NH;
= 1.45x V (inL})
-3 :
_3x5x107 _ 1434107 L or 10.34 mL
4. (a) Balanced reaction is
2F,05 + 3C — 4Fe+ 3CO,

No. of moles of Fe,0; = 12010001, 90
2x56+ 48} 100

Mass of 0% pure iron produced
_ 120 x 1000 x 0.9 x2x56
> . 2x56+ 48 0.8
= 94500 gram or 94.5 kg
5. (d) Let two equlmolar carbonates are ACO4 and
BCO,
Wt. of metal A =2.8 x0.125=0.35g
ACO,; + BCO; — AO+ BO + 2C0,
Total two moles CO2™ provide 2 moles of
CO, or 60 g CO3™ provide 44 g of CO,
Total mass of COZ™ required to produced

1.32 g of CO, = %g x1.32=1.8¢g

wt. of metal (A+ B)=2.8-18=1g
wt.of B=1-0.35=0.65¢g¢
0.65

% of B = x100 = 23.21
2.80
6. (b} Loss in wt. due to heating = 6.2 x —wio
=031g

2NaHCO; —> Na,CO5 + CO, + H0
2x84g 44+ 18gloss
1 mole NaHCO; —» 31 g loss due to heating
0.31 g loss from 0.01 mole of NaHCO,

Moles of Na,CO4 produced = —(2)—1 =0.005

Total moles of carbonate reacted with BaCl, ‘

(75x02x£—] x107% =0.015
10

Moles of carbonates in original sample
=0.015- 0.005=0.01
Mass of Na,CO5 in original sample
=0.01 x106 = 1.06 gram

7. (© Moles of NO, required

' -[1575] 31 46875
63 ) 2708

moles of NO required = 46.875

6.60
46.875 1
0.60 0.50
. =156.25
" Volume of NH, at STP required

moles of NH; required =

=156.25x22.4 = 3500 L T

- 8. (c) Moles of NaOH consumed when reacted
with H" =3x1
moles of H,8O, present in sample =1.5
wt. of H,SO,, in sample =1.5x98 =147 g

. % purity = x100 =80

14

183.75

9. (c) Let wt. of sample is x g;
0.75xg

moles of MnO, =

wt. of MnO,, is

0.75x
87

x55=0.474x

wt. of Mn =

0.75x
8

3MnO, —> Mn0,+0,
. wt. of Mn 40, produced

0775" x13x229 0.658x g

Total wt. of residue = 0.658x + 0.2x
{wt. of impurities)

% of Mn in residue = 8.474x =100

‘ 58x
=55.24
10. (b) Moles of AgCl = muoles of chloride

1.96 I

=———=0. 0136
143.5

Moles of organic compound = —
147

=6.8x107°
Chlorine atoms in each molecule of organic
0.0136
- compound = ———==
: 6.8 x10
11. (c) Letx gis wt. of CaC,0,and (0.6 — x)g wt. of
MgC.0,
a .
CaC,0, —— CaCO,+CO,

A
MgC,0, —> MgC0O;+CO,



e
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wt. of CaCO, produced = ﬁ %100

wt. of MgCO, produced = ©.6—x) x 84

112
L X 1004+ 90X L os 0465
128 T 112
x=048g
" Due to further heating
CaCO;, —2— CaD +CO,
X
128

MgCo, —2 5 Mgo  +cCo,

_ [ 06— .x)
112
wt, of CaO and MgO produced

_048 x 56+ 012x40 0.252¢g
128 ; ‘

12. (a) Moles of BaSO, = L 223
' 1.22 1
moles ofM S0 ) = —
2( 4)3. 2333 3
=1.743x1073

wt. of M,(80,); =0.596
* 1.743x107% (2M + 96 x 3) = 0.596

M =269

- 13. (b) 2NH, + CO, —» NH,—CO—NH, + H,0

3
299.6x10° _ 16.66 x 107
60

. moles of CO, =16.66 x10°
CHapy 2+ 0y —> nCO, + H,0

3 . -
16.66 x10” x[12n + (2n + 2)] = 236 x10?

moles of urea =

n=12
molecular formula of hydrocarbon
=CypHye
Sn 1) 0, —> nCo,
+(n+1H0
Let initial pressure of C H,,, , is P then
increase in pressure

=p[m+1)k.1.-(3ﬁ; IJJ

14. (d) C,,HZM - [

e
2

546 K and 4.6 atm — 273 and 2.3 atm;
Increase in pressure =0.3atm —

nRT 11.6 ( 0.0821 x 273)
P= = X

vV M 22.41

[H_IJX 11.6 —0.3
v2 ) 4n+2)
n-1 0.6 —n—4
14n+2) 11.6
~. Compound is C H;,

15. (d)Mole of H,S0, = 0.1; mele of KOH = 0.2
mole of H,0, used in first reaction

mole of produced 0, = 6
22

mole of Hy0, used in second reaction

__03 02
3x0.5

Total mole of consumed H,0, = 0.45
0.45
Molarity of HyO, =——-=3M
v T o5 T
Volume strength = 11.2 x 3 = 33.6 volumes
16. (b) SO.Cl, + 2H,0 —> H,50, + 2HCl

m-moles of H,SO, produced =5 m-moles
of HCl produced =10 .

m-moles of Ba(OH)2 requlred
=5 (for HZSO4)+ — (for HCD =10

M x V=10, 0.2xV=10,V=50 mL
17. {b) Only Na,CO, is reacted with H,SO,;
Na,CO; + H,S0, —> Na,SO, + H,CO,
m-moles of Na,CO, = mrmoles of H,S0,
=20x0.1=2
m—moles of Na,CO; in 250 mL solution '
=50 520
25
wt. of Na,CO, =20 x106 x107° = 2.12g

212 x100=42.4

% of Na,CO, =

" % of Na,SO, =100 - 42.4 = 57.6
18. (a) MNEOH resulta.l'lt
20 x0.2+ 35x%0.1

=0.075M
100



Milli-equivalent of NaOH = milli-equivalent
of H,C,0,
Let wt. of impure sample is x gram

40 %0.075=X2020 _ 5 1000
& 20

x =0.15gram
Ag+ HNO; —» AgNO,
AgNO ; + NaCl— NaNQ, + AgCl
POAC on Ag

Mole of Ag in coin = mole of Ag in AgCl
a= 14.35 = 0.1 mole
1435 ‘

Mass of Ag in coin=0.1x108 =10.8 g
x100% = 95.2%

19. (b}

% silver in coin = 108
1134

20. (c) Mass ratio of Y in compound A, B and C is
1:3:5 in compound B, 32 parts of X
combine with 84 parts of Y
16 parts of X combine with 42 parts of Y

For ¥ 3 parts in compound B, then in
compound C = 5 parts

42 parts in compound B, then in the
compound C = g x42 =70 parts

21. (a) Mole of O, HZ_;?: = 3mole

30, - 20,
2 15
Mole of Ozone formed = = x— x 3
3 100
= 0.3male

Mass of Ozone formed = 0.3x48 g=14.4 g

22, (a)[H']=102M

So[Ca®t] =% %107 M

‘ -3
wt. of CaZ* 2%—- % 40
So, weight of Ca®" ions in 10° mL hard

1 1073 x40 x105

water = 2 5 =20
10 ‘ -

23. {a) m-eq. of acid = m-eq. of base -
N\ =N,V

x 100 =90 x (

29.4

5

20 . 1000]
40 500

n=3

24, (b)When phenolphthalein is used as an
indicator : 0.05 x = 20 x 0.1 x1; x = 40 mL
When methyl orange is used as an indicator:
005y =20x0.1x3
¥ =120mL
= ¥ —x=80mL
25. (a) 1, + AsO; + 2H,0 — HAsO + 21
_ + 3H*
m-eq, of HASQ, (in 50 mlL) = m-eq. of I,
' =35x0.05x2=3.5

m-eq. of HASO,, in 250 ml, = 3.5 x 255;'

=175
wt. of HAsO, in sample

=173, 108)x107 = 0.945¢

% of HAsO, in the sample = 0.945
. 3.78.

%100

= 25%
26, (a) m-eq. of FeO = mreq. of KMnO,

-—025><5><100

m-mole of FeQ (n=1)= 0.25 ><1100 x5

=125
total m-eq. or m-mole. of Fe**
=1000 x 0.1 x 6 = 600
(from FeO and Fe,0, after reaction with Zn
dust) '
m-male of Fe?* from Fe,0, = 600 - 125

=475

m-mole of Fe,0, = i;é

125 x (56 + 16)

1000

' wt. of Fe203 —f-gé % 110?0

x 100 = 80.85%

wt, of FeQ = =9g

=38¢g

38
Hre0s =gre

27. (d)3Br, + 60H™ ——> 5Br” + BrO; + 3H,0
(1)
6H" + BrO; + sczo.; — Br + 6CO, + 3H,_0

.(2)
10 m-mole of Br, produce (10/3) m-mole
_ BrO3 and required m-moles of



CaC,0, =-% x3=10

. wt. of CaC,0, =10 x107 x128

10 x107° %128

% purity = x100 = 64

28. (b) m-moles of KI =50 x0.04 = 2
m-equivalent of Na,$,0; reacted with 10
mL solution = 20 x 2.5 x107% = 50 x 107>

m-equivalent of I” left unreacted in 100 mL
100

solution = 50 x 107 x —= = 0.5
_ 10
m-moles of I” reacted with CuCO, =2-0.5
=1.5
v 2Cu + 510 — 2Cul+ I3
m-moles of Cu®" =§ x1.5=0.6

weight of CuCO, = 0.6 x107° x123.5

=0.0741

0.0741

weight % of CuCO, = x 100
301

C =74.1
29. (b) Fe,(C,0,4); + MnO; + HY —— 2Fe®*

(n=6) (n =25)
+ 6C0O, + H,0

FeC,0, + MnOj, + H' —— Fe*"
(n=3) (n=5) +2C0, + H,0

Total equivalents of (Fe,(C,0,4); + FeC.,0,)
= equivalents of KMnQ,
0.5x6+0.5x3=xx53

moles of KMnO, =x=0.9

30. (b)m-eq. of Na,C,0,=meq. of KMnO4'
reacted
total m-eq. of KMnO,~ excess m-eq. of
KMnO, reacted with H,C,O,

=45x0,02x5-10x0.1 x2=2.5
1000 le_ x2=205
134
. Waaycz0, = 016758
% purity of Na,C,0, in sample
_ 01675 100-83.75

31. (a) Reactions of K,Cr,0, and KMnO, with KI
may be given as :
K,Cr,0, + 7H,80, + 6KI — 4K,50,
+ Cr, (80,); + 7H,0 + 31,

PROBLEMS IN CHEMISTI

2KMnO, + 8H,SO, + 10Kl —> 6K,S0,
+ 2MnSO , + 5I,

Thus, equivalent wt. of K;,Cr,O, = -2,%4 =49

equivalent wt. of KMnO , & % =31.6

- m-eq. of K,Cr,0; + mreq. of KMnQO,
=meq. of I, = m-eq. of hypo.

Let the mass of K,.Cr,O, = xg

. mass of KMnO, =(0.5-x)g

* L 05-%X) 150401 x107
49" 316
or x =0.0732

0.0732

% of K,Cr,0; = x 100

= 14.64 S
32. (b) 1, + 2N2,8,0, —> 2Nal+ NaS,0¢ ...()

m-moles of Na,5,0; consumed
=15%0.4 = 6 mmole
m-moles of I, consumed = 3 m-mole
3l, + 6NaOH —> 5Nal+ NalO, + 3H,0

...(if)
" m-mol of I, reacted with NaOH are
= &-22—9 =12 m-mole

Total m-mole of I, consumed in reaction
(i) and (ii) =3+ 12=15m-mole

Molarity of 1, = % =01M

33. (a) Let x and y are milli-moles H,S0, and
H,C.0, in given mixture when both reacted
with base '
m-eq. of acids = m-eq. of base;

(x+y)x2=3x0.1 x 1(1)30

or x+y=15

In second experiment only KMnO,, reacted
with H,C,0, in which Mn”* converted into

Mn?*.and C, 05 converted into CO,
. milli-equivalent of H,C,0,4
= milli-equivalent of KMnO,

y><2=4x0.02x5x1000
: 100

y=2
" x=13 wt. of H,80, =13x107* x 98



=1.274g
1.274 100
3.185
= 40%
35. (¢) KMnO, + C,02 —%° , Mn? +CO,
' =5 =2
16mL  40mL
0.05M XM
Milliequiv. of C,05" =milliequiv. of KMnO
2(40)X = 5x16 x0.05
X=0.0sM
[H]=2X=0.1M
pH=1 )

© wit % of H,SO, in sample =

Level 3
Passage-1
1. M HO+80; — H,80,;
18 g water combines with 80 gSO,
4.5 g of H,0 combines with 20 g of SO;.
100 g of oleum contains 20 g of 80,
or 20% free SO,.

2. (c) Initial moles of free SO, present in oleum
: 12 2
= —=~-moles
i8. 3
= moles of water that can combines with SO,

moles of free SO, combined with water

9
=—=_—mole
18 2
2 1 1
moles of free 504 remains = = — = = = mole
3 2 6
volume of free SO, at STP = % x22.4
=3.73L

3. (c) NayCO3+ H,80, —» Na,50,

+ H,0 +CO,

moles of CO, formed = moles of NaszO3
reacted = 33 0.05
106

volume of CO, formed at 1 atm pressure and
300 K=0.05%x24.63=1.231L

4. (b) eq. of H,50, + eq. of SO, = eq. of NaOH

i-><2-i--(—1L)x2=54:~<(v}.4><10_3
98 80

x=0.74
% of free $O, = 1-074

x100= 26%

Passage-2
1. (a) 1litre of H,0,(aq)provide 11.2 litre of O, at
STP

moles of O, = %;—i = 0.5

My ,0, Tequired = 0.5x 2

=M _ gy

Hy0,
solution

2. (b) Strength in percentage means how many g
H;0, present per 100 mL
M = 1and mol. wt. of H,0, = 34

34 g H,0, present per litre of solution or
3.4 g H,0, present per 100 mL of solution.
3. (b) m-eq. of H,0, = m-eq. of KMnO,
20xN=005x5x80 = N=1
volume strength of H,0,
5.6
= volume strength of H,0, =5.6
4. (b) m-eq. of Ba(MnO,), = m-eq. of H,0,

( M =336 - 3J
11.2

3—7—x10x1000 3x125x2 w=28.125

N=

% purity = E x 100

_ 28.125
40

x100= 70.31

Passage-3
1. (¢) 136 mg of CaSO, =100 mg of CaCOy;
190 mg of MgCl, = 2 x100 mg of CaCO,

1 litre of 1000 g water contain 300 mg of
C8C03

108 g water contain

300 x1073
1000
2. (b)10° g water contain 100 g CaCO,

10 L or 10* g water contain

x10%= 300 ppm



100 g CaCO, = 162g of Ca(HCO,),
or 1gCaCO, =1.62g of Ca(HCO;),
“or 0.01 mole
Ca(HCO,), + Ca(OH), — 2CaCO; ¥ + 2H,0
’ moles of Ca(OH), required = 0.01
or wt. of Ca{OH), required = 0.74 g
3. (b) m-moles of H' present in outlet water
= m-moles of OH” =50x0.1 =5

m-moles ofCa2* present in hard water = g

= 2.5; (1Ca®" replaced by 2H")
no. of mg of Ca®* jon = 2.5x 40 = 100

200 g sample hard water contain 100 mg of
C az+
.. 10° g sample hard water contain

100 . 108 x1073= 500 ppm

200

Passage-4
1. (¢) nfactor=5%2=10

2. (a) HyPO, is a monobasic acid . n-factor =1

3. {(a) nfactor = (3 __2 ] % 0.95=0.85
. 0.95

. E=2L
0.85

4, (b)nfactorof VO =3 Fe0,=1x2=2

- xand y are2and 3

One or More Answers isf/are Correct

11. (a,c,d} Vigengi = 56;
M=22_25
11.2
" 1L contain 2.5 moles of H,0,
or 25x34=85g H,0,

wt. of 1 litre solution = 265g

¢ d=265g/1L)
Wi,0 = 180 g or moles of H;0 =10
2.5
Xm0~ 5510 02
9 W_25%34 100-85
v 1000
2.5

m=——x1000 = 13.88
180

14. (bed) 3Sn?" +14H* +Cr,0 — 35n™
+ 2Cr* + 7TH,0

" Match the Column

Mxlgo
2 — My

3. Use % by moles =

M,

% by mass = % by moles x
avg



ATOMIC STRUCTURE |

T e —— i

Atomic Number of an Element
Total number of protons present in the nucleus = Total number of electrons present in the atom

Mass number of an element = Number of protons + Number of neutrons.

Mass number —»A Symbol

X 41— ofthe

Atomic number —}» 2 element

e.g., 1 Na, 3Cl and so on.

Terms associated with elements
. <« Isotopes : Atoms having same number of protons.

% Isobars : Elements having same mass number.

% Isotones : Elements having same number of neutrons (A - Z).
< lsoelectronic : Species/elements having same number of electrons.
< Isosters : Species having same number of atoms and electrons
< Isodiaphers : Elements having same number of [N —Z| or| A - 22|
< Paramagnetic : Species having non-zero unpaired electron.
< Diamagnetic : Species having zero unpaired electron.

Rutherford’s Model

< Electrons, protons & neutrons are the most important fundamental particles of atoms of all
elements {Except hydrogen)
& ?X, Mass number (A) = Atomic number (Z) + number of neutrons (n)

o Ry =Ro(AY3 Ry =1.33x 10 Pem A =mass number, R,; =Radius of nucleus



e — e __6?__,

.

m,v2 =K M; r =distance of closest approach , v, = Velocity of a a-particle
r

m
q; =charge on u-particle
g, =charge on metal foil.

« =Mmass of o-particle

Size of the Nucleus ,

The volume of the nucleus is very small and is only a minute fracj:ibh of the total volume of the
atom. Nucleus has a diameter of the order of 1072 to 107 cm and the atom has a diameter of the
order of 108 ¢m.

Thus, diameter (size) of the atom is 1,00,000 times the diameter of the nucleus.

Electromagnetic Spectrum

2%
"G M —1 :
?I:;ma X-rays uv =] 1R Micro- v:ﬁg
yrays E wave
1 =i
. ™ H - 6
‘[Wavelength] 10m 100 __J10m  10m 10m 10m
............................................. R A increases‘
................................... " v decreases
Violet Blue Green Yellow | Orange Red
‘ l
1
Indigo
: : VISIBLE SPECTRUM :
i 400nm 750nm

Light
4 Photon is considered as massless bundle of energy.
+ Energy of light E = mc?, where m =mass of light particle, ¢ =speed of light

- .. 1240eV.nm
EPhOtOﬂ =hV =hC/A.=hCV T(ﬁ;IT—

where h =Planck constant, A =wavelength of photon, ¥ =wave number.
no. of molecules reacting

no. of quanta absorbed

Iy
o

"

&

¢ Quantum efficiency or Quantum Yield =

Bohr’s Model

< Electrostatic force = =9x 10°N- mz/C2 ,

K
ﬂf!_lzq_z where K =
r 4“80
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Kg,q,
r
g, =charge of electron, q, =charge of nucleus

Potential energy due to electrostatic force =

Potential due to a charge (Q) parﬁcle at a distance r= xQ
-

Bohr quantization rule mvr = n -2h— =n.h
n

According to newtons’ second law, in a uniform circular motion resultant of all the forces
mv ‘ :
towards centre must be equal to ——,
T

2

Kg,q; _mv
r r’

where g, =charge of electron, q, =charge of nucleus, m = mass of électron,
r =radius of Bohr’s orbit
Total energy of electron in n'" Bohr orbit

2,42 92 4,22
E, E1Zz _2m n;ezK 22 E, = 2n mezK Z
n? n*h h
2
E, =-136x _z__E eV/atom, where z = atomic number of single electron atoms/ion,
. n

n = principle quantum number of shell, E; =total energy of electron in Ist Bohr orbit.

2 2 2 2
Radius of n" Bohr orbit, r, = __ kL r 0s20x A = n| 2|4,
4n2e’mKk Z Y4 z

where r; =radius of Ist Bohr orbit.

. 2
Velocity of electron in n™ Bohr orbit, V, = 2ne K x Z_ 2.18x10° x 4 m/s=v, (-—Z—Jm/s
n n n; .
where v, =velocity of electron in Ist Bohr orbit.
. 2 -
Revolutions per sec =v/2nar = 0.657 x 10'® [-{-3—)
n
v ) 16f n° )

Time for one revolution = 2nrfv = 1.52x 10~ — !
- - Z
'Energy difference between n; and n, energy level. -
AE <, By =1262% L =L Jevjatom =t x[ L - L

o ny) . o ng

where.IE = ionization energy of single electron species.
Ionization energy =E,, ~Egg =Eqgg ; Egg =Energy of electron in ground state

Total energy of electron in terms of kinetic energy (KE} and potential energy (PE)

E, KE+PE=——KE—p—§



Spectral Lines

< Rydberg’s Equation% =V =Ry [iz -iJ z*% JRy = 109700cm ~* =Rydberg constant .
ny nj
. .

% For First line of a series n, =ny +1
% Limiting spectral line (series limit) means n, =
% H, line means n, =n, +1; also known as line of longest A, shortest v, least E
< Similarly Hy line means n, =n; +2
< When electrons de-excite from higher energy level (nr)lg)1 grf)und state in atomic sample, then
l P2
2 -7
< When electrons.de-excite from hlgher energy level (n,) to lower energy level (r, )in atomic
{ny-n)(n; -n; +1)
i 2
<+ When electron de-excites from higher energy level (11, ) to lower energy level (n, ) in isolated
atom, , then number of spectral line observed in the spectrum = (n, ~n,)

number of spectral lines observed in the spectrum =

sample, then number of spectral line observed in the specrrum

n=6 ‘
s I
* | P-fund series ;
I n=5 :
| |
B t
| ——n=4 |
i Brackett :
! series
n= !
e |
Paschen |
: series -
n=2 |
i Balmer !
f ! series i
n=1 i
T !
' Hp H,
L ——
+ Lyman .
series i

Photoelectric Effect

+ When radiation with certain minimum frequency (v, called threshold frequency), strikes the
surface of a metal, electrons (called photoelectrons) are ejected from the surface.

% Kinetic energy of photoelectron = hv -w = hv - hv,
where w =work function ‘
vg =Threshold frequency

@ 1f v > vq, then photoelectric effect takes place.

» Accelerating potential = eV =KE = -:limv 2



De-broglie Hypothesis

% All material particles possess wave character as well as particle character.
& A=h/mv="h/p

« The circumference of the n™ orbit is equal to n times of wavelength of electroni. e., 2rr,, = nk

Number of waves = n = principal quantum number
150
V(volts)

Wave nature of electron has been confirmed by Davisson and Germer experiment.

*
D

Wavelength of electron () =

EX

Heisenberg Uncertainty Principle

2 According to this principle, “it is impossible to measure simultaneously the position and
momentum of a microscopic particle with absolute accuracy”.
If one of them i is measured with greater accuracy, the other becomes less accurate.

< Ax-Ap Z hjdmor (Ax)(Av) = ke or (Ax)(AA) 2 }i

4nm 4n

where Ax =Uncertainty in positioh, Ap =Uncertainty in momentum.
Av =Uncertainty in velocity, Al =Uncertainty in wavelength.
m =mass of microscopic particle, &, =Wavelength of microscopic particle

+ Heiseriberg replaced the concept of orbit by that of orbital. - .

Schrodinger Equation
# Schrodinger equation is central equatlon of wave mechanics according to followmg equatiori.
azw N 82‘4’ N 5‘2\" STC m E-V)y =0 : ‘,‘_.
ax? oyl PR
y =Wave function = f(x, y, z)
E =Total energy of particle
V = Potential energy of particle.
A solution to schrodinger equation leads to infinite solution.
Most of the solution are not realistic (or acceptable). Only few solution can be accepted.
Each solution - y (x, ¥, #) correspond to a definite energy state depends on quantum number

., .,
L

@

nl&m =
By proper mathematical manipulation the main equation is broken in two parts and solved
separately. :

(i) Radial part contain only ‘r’, depends on quantum number n &1
(ii) Angular part contain 0 and ¢ depends on quantum number [ & m.
Each y contain all the information about that particular quantum state.

+ Atomic Orbital : This is a three dimensional space around the nucleus within which the
probability of finding the electron is maximum.

<+ Degenerate Orbital : Orbitals with same value of n and of same sub shell are degenerate
orbitals, ‘

For Ex. 2p,, 2p,, 2p, etc.



+ Radial Probability Density = 4nr°R?(r)

It is the probability of finding electron in the region between r and r + dr
+ Radial Node : It is zero electron density region. R*(r) = Oor R(r) =0
<+ Nodal Point : It is a point (r = 0) where electron density is zero.

<+ Nodal Planes : It is plane by which two lobes are separated and electron density is zero
here.

Quantum Number

Four types of quantum number which are following :

< Principal quantum number (n) : It determine the size of an orbital. Each value of n
represents a shell of orbital. Possible values of n =1, 2, 3, 4,ueecevenne.

<+ Azimuthal quantum number @) : It determine shape of an orbital. Each value of I

represents a subshell of an orbital. Possible values of [ =0,1, 2, ....... n-1

<+ Magnetic quantum number (m) : It decides orientation of orbital in space.
Possible valuesof m=-, -1 +1, ....... 0,1,2,1
Total (2! + 1) value.

+ Spin quantum number (s) : It is intrinsic property of an electron. The electron has two
1

spin states. Possible values of s = +%, -3

Shell, sub-shells and orbitals present .

Shell (n) Sub-shells (1) Orbitals (m)
1 0 0
5 0} 0 }
7 1 +1, 0
0 0
3. 1 +1, 0

2 +2, +1,0




_ & T
Various Curves
R() s R(r) 2 RO|[ +\ %P

[ —— \:/r [ i

Rr) R(r) R (M)
+ +
+
1N e 1] e
xRN + anr*R(n)| + AnrR(r) +
+
e [ e 7 ] ] 7 [

Important Points on Quantum Number
% Orbital angular momentum = —;— Jid+1D
T

< Spin angular momentum = Zi S(S+1)
nt

+ Spin Magnetic moment (u) = 4/n(n + 2) B.M. ; n =number of unpaired electron

< Maximum number of electrons in a shell = 2n?

4 Maximum number of electrons in a subshell = 2(21+ 1)

¢ Maximum number of electrons in an orbital = 2

¢ Total number of orbitals in a subshell = 21 + 1

< Number of subshells in a shell = n T

< Number of orbitals in a shell = n® A '

<+ Radial Nodes=(n-1-1)

+ Angular nodes =1

< Total nodes = (n -1)

+ Azimuthal quantum number 0
5

123 4
Name of sub-shell . p d f g



Pauli’s Exclusion Prmciple

* No two electrons in an atom can have the same set of all the four quantum numbers, i. e., an
orbital cannot have more than 2 electrons because three quantum numbers_(principal, azxmuthal
and magnetic) at the most may be same but the fourth must be dlfferent i.e., spins mtst be in
opposite directions.

Aufbau Principle

Electrons are filled in various orbitals in order of their i increasing energies. An orb:tal of lowest
energy is filled first. The sequence of orbitals in order of their increasing energy is:
15, 25, 2p, 3s, 3p, 45, 3d, 4p, 5s, 4d, 5p, 65, 4, 50, 6p,7s 5f,6d,......
The energy of the orbitals is governed by (n +Drule. | '

Hund’s Rule

No electron pairing takes place in the orbitals in a sub energy shell untll each orbital is occupied
by an elect:ron w1r.h parallel spin. Exactly half filled and fully filled orbitals make the atoms more
stable, i.e., p°, p®,d°,d'°f7 and f'* configurations are more stable,

o

[N N R
5 oa
LR K
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1. Which of the following pair is isodiaphers?
. (a) Y*'Cand ¥Na .(®) $Mgand §Na '
(© $Héand O - o (@) 2Cand N .
2. Which of the following does not characterise X-rays? . ,
(a) The radiation can ionise the gas '
(b) It causes fluorescence effect on ZnS
(¢) Deflected:by electric and magnetic fields
(d) Have wavelength shorter than ultraviolet rays
8. 'The ratio of specific charge of a proton and an a-particle is '
. @2:1 m1:2 {©)1:4 : (dy1:1
4, The increasing order for the values of e/m (charge/mass) is :
(@ epna () n,p e (¢ n.po,e (d n,a, pe

5. The mass to charge ratio (m/¢) for a cation is 1.5 x 107° kg/C. What is the mass of this atom?
(a) 24x1077 g M) 24x10% g (© 24x107%# g {(d) None of these.

6. Rutherford’s experiment on scattering of alpha particles showed for the first time that atom
has : ,
(a) Electrons . (b) Protoris (c) Nucleus (d) Neutrons
7. a-particles are represented by : .
(a) Lithium atoms (b) Helium nuclei (c} Hydrogen nuclei  (d) None of these
8. In Bohr's stationary orbits
(a) Electrons do not move
(b) Electrons move emitting radiations
{c) Energy of the electron remains constant
~ (d) Angular momentum of the electron is h/2n
9. On the basis of Bohr's model, the radius of the 3rd orbit is

{a) Equal to the radius of first orbit (b) Three times the radius of first orbit
(c) Five times the radius of first orbit (d) Nine times the radius of first orbit
10. The correct expression derived for the energy of an electron in the n™ energy level is for
H-atom 24 2_ 4 In2me? 2r2me®
2n"me T me n“me T me
@E == OE=—mr Oh=ma @R~ Thma
11. Ionization energy for hydrogen atom in ergs, Joules and eV respectively is "
(a) 2L8x107'%,218x107%°,13.6 (®) 13.6x 218x107%°,21.8x 10712 '
(c) 21.8x107%,13.6,21.8x 107" (d) 21.8x107%%,13.6, 21.8x 107%° -

12. For anyHlike‘.system, the ratio of velocities of I, I & III orbiti.e., V; :V,:V, will be
(@1:2:3 M1:1/2:1/3 (©@3:2:1 d1:1:1



13.

14.

15.

16.

17.
18.

19.

20.
21.

22,

23.

24,

The volume of nucleus is about :
(a) 10‘4 times to that of an atom (b) 107'% times to that of an atom
(c) 10 times to that of an atom - (&) 107" times to that of an atom

An electron in an atom jumps in such a way that its kinetic energy changes from x to i The

change in potential energy will be :

‘ 3 3 ‘ 3 3

a) +— b) - x ) += d) -=x
(a) 2 x (b) 3 () 2 x (d) 7

. The potential energy of an electron in the hydrogen atom is —6.8 V. Indicate in which excited

state, the electron is present? :
(a) first (b) second (¢) third {d) fourth

What is the potential energy of an electron present in N-shell of the Be* jon? .
(a) -3.4¢eV . (b) -6.8ev {c) -13.6eV (d) -27.2 eV

The kinetic and potential energy (m €V) of electron present in third Bohr’s orbit of hydrogen
atom are respectively :

(a) -1.51, -3.02 (b) 1.51, —-3.02 (c) -3.02, 1.51 (d) 1.51, -1.51

The distance between 4th and 3rd Bohr orbits of He™

(a) 2.645x 107 m (b) 1.322x10° m (c) 1.851x10 m  (d) None

What atomlc number of an element “X” would have to become so that the 4th orbit around X
would fit inside the Ist Bohr orbit of H atom ? : _

(@ 3 (b 4 (c) 16 (d) 25

The ratio of velocity of the electron in the third and fifth orbit of Li%* would be :

(a) 3:5 (b) 5:3 (c) 25:9 {d) 9:25

If radius of second statioriary orbit (in Bohr's atom) is R. Then radius of third orbit will be :
(@ R/3 (b) 9R (c) R/9 (d) 2.25R

Which state of Be* has the same orbit radius as that of the ground state of hydrogen atom?
(a) 2 _ (b) 2 ' (@4 d5

Select the incorrect graph for velocity of e™ in an orbit vs. Z, = and n:

INEVAVEN

‘What is the frequency of revolution of electron present in 2nd Bohr’s orbit of H-atom?
(@) 1.016x 10'® 57! (b) 4.065 x 1016 -1
() 1.626 x 105 571 (d) 8.2x10" s

25.

An electron travels with a velocity of x ms™. For a proton to have the same de-Broglie
wavelength the velocity will be apprommately

1840
(a) T b )1‘% (C) 1840 x _ (d) X



26. According to Bohr’s atomic theory, which of the following is correct ?
2 .

(a) Potential energy of electron o Z—z

n . _
(b) The product of velocity of electron and principle quantum number (n) < Z 2
: 2
{c) Frequency of revolution of electron in an orbit o %
n
72
(d) Coulombic force of attraction on the electron o —-
' ‘ n
27. Number of waves produced by an electron in one complete revolution in n® orbit is :
(a) n (b) n? @ (n+1) (d) (2n+1)
28, Electronic transition in He" ion takes from n, to n; shell such that : ) o iz
zn2 + e.n1 =18 7' . .
What w111 be the total number of photons emitted when electrons transit to n, shell ?
(a) 21 (b} 15 - (o) 20 . (@10

29. Which of the following expressions represents the spectrum of Balmer series (If n is the -
principal quantum number of higher energy level) in Hydrogen atom ?
R(n 1)(n+1) R(n 2)(1"1+2)CIn

@v > , (b) ¥ >
n 4n
(c)v=R(n—2)2(n+2) @7 = R(n - 1)§n+1)cm
n 4n '
30. Multiple of fine structure of spectral lmes is due to
(a) Presence of main energy levels (b} Presence of sub- levels
(¢) Presence of electronic conﬁguratlon (d) Is not a characteristics of the atom

31. Which of the following statement does not form part of Bohr’s model of the hydrogen atom ?
(a) Energy of the electrons in the orbit is quantized
(b) The electron in the orbit nearest the nucleus has the lowest energy
(¢) Electrons revolve in different orbits around the nucleus :
(d) The position and velocity of the electrons in the orbit cannot be determined
simultaneously
32. With increasing principle quantum number, the energy dlfference between adjacent energy
levels in H-atom:
(a) decreases .
{b) increases ‘ ' . C
(¢) remains constant h
(d) decreases for low value of Z and increases for higher value of Z.
33. What is the separation energy (in eV) for Be® in the first excited state in eV? -
(a) 13.6 eV (b) 27.2 eV ~ (c) 40.8eV (dy 54.5eV
34. If in Bohr's model, for unielectronic atom, time period of revolution is represented as T, ;
where n represents shell no. and Z represents atomic number then the value of Ty ; © T5; will

~ be: S C .
(a)8:1 (b) 1:8 c1:1 (d) 1:32



PROBLEMS IN CHEMISTRY
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35. Which of the following is discreted in Bohr's theory?

(a) Potential energy . (b) anetic energy
(¢) Velocity (d) Angular momentum
86. What is the ratio of time periods (T} /T, ) in second orbit of hydrogen atom to third orbit of He*
ion? ’ ]
(a) 8/27 (b) 32727 (c) 27/32 . (d) None of these

37. Be* and a proton are accelerated by the same potential, their de-Broglie wavelengths have
the ratio (assume mass of proton = mass of neutron) :
(@ 1:2 ®) 1:4 @1:1 (d) 1:3V3

38. The mass of an electron is m, charge is e and it is accelerated from rest through a potential
difference of V volts. The velocity acquired by electron will be :

(a) \/E O A © Jﬂ ") zero
m m '

m
39. The spectrum produced from an element is :
' (a) atomic spectrum (b) line spectrum
- (c) absorption spectrum (d) any one of the above
40. Line spectra is characteristic of : ’ :
(a) molecules (b) atoms {c) radicals (d) none of these

41. If the ionization energy of He* is 19.6 x 107!% J per atom then the energy of Be* ion in the
second stationary state is :
(@) 49x107%J (b)) -44.1x107%J (c) -11.025x 10°18 J (d) None of these

42, Find the value of wave number (V) in terms of Rydberg’s constant, when transition of electron
takes place between two levels of He* jon whose sum is 4 and difference is 2.

(a) 995 ) BTZR (©) -:-'? . (d) none of these

43. AH-atom moving at a speed (v) absorbs a photon of A =122 nm and stops. What was the speed
of H-atom? (h = 6.63 x 1073* J. g) ‘
(a) 0.325 m/s (b) 1 m/s (¢) 2.5 m/s (d) 3.25 m/s

44. Assume that 2x 1077 J of light energy is needed by the interior of the human eye to see an

object. How many photons of yellow light with A = 595.2 nm are needed to generate this
minimum energy?
(@ 6 ' (b) 30 (c) 45 (d) 60

45. Which graph shows how the energy E of a photon of light is related to its wavelengths (1) ?

m—>

(a)

'l-—)




46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

1

© E ‘ @

N—

A= A

The mass of a particle is 107% g and its radius is 2 x 10~* cm. If its velocity is 107® ¢m sec™
with 0.0001% uncertainty in measurement, the uncertainty in its position is :

(2) 52x10% m (b) 5.2x107. m (€ 5.2x10% m (d) 5.2x 10™°

If an electron is traveiling at 200 m/s within 1 m/s uncertainty, what is the theoretical
uncertainty in its position in pm (mlcrometer)'?

(a) 14.5 (b 29 ' (c) 58 (d) 114

The energy of the second Bohr orbit in the hydrogen atom is —3.41 eV. The energy of the
second Bohr orbit of He* ion would be : ‘

(a) -0. 85 eV (b) -13.64 eV (c) -1. 70 eV (dy 6.82 eV

Which of the following statement(s) is/are consistent with the Bohr theory of the atom (and
no others)?

(1) An electron can remain in a. pamcular orbit as long as it continuously absorbs radiation of

a definite frequency. :
{2) The lowest energy orbits are those closest to the nucleus
(3) All electrons can jump from the K shell to the M shell by emitting radiation of a definite
frequency.

(2) 1,2, 3 (b) 2 only (c) 3 only (dy 1,2

Wavelength for high energy EMR transition in H-atom is 91 nm. What energy is needed for this
transition?

(a) 1.36 eV (b) 1240 eV (c) 13 eV (d) 13.6 eV

The i xomzauon potential for the electron in the ground state of the hydrogen atom is 13.6 eV
a;c?m 1. What would be the ionization potentlal for the electron in the first excited state of
Li%?

(a) 3.4 eV ®102ev - © 30.6 eV (d) 6.8 eV
What is the energy content per photon (J) for light of frequency 4.2 x 10'4?
(@) 2.8x10721 (b)) 2.5x 107 (c) 28x10 ~  (d) 25x10718

What is the wavelength in nm of the spectral line associated with a transition from n = 3 to
n = 2 for the Li* ion? '

(a) 219 (b) 656 ' (e 73.0. (d) 486

What is the energy (kJ/mol) associated with the de- excmatlon of an electron from n =6 to
n=2in He" ion? .

(a) 1.36x 10° ®) 1.36x 10° . @ L16x10° ' (d) 1.78x 10°

The momentum (in kg-m/s) of photon having 6 MeV energy is :

(@) 3.2x 1074 (b). 2.0 (o) 1.6x 107 (d) none of these
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L PROBLEMS IN CHEMISTRY

The H-spectrum show:
(a) Heisenberg’s uncertamty principle (b) Diffraction
" (c) Polarization (d} Presence of quantized energy level °
The energy of an electron moving in n™ Bohr’s orbit of an element is given by E,, = _132'6 z2
n

eV/atom (Z = atomic number). The graph of Evs. 22 {keeping “n” constant) will be :

E E E E :
) ‘ X © (d)
72 ’ P z2

If &, be the permittivity of vacuum and r be the radius of orbit of H -atom in which electron is
revolving then velocity of electron is given by :

@ v=-tee (b) v=ex dnggrm () v _ Areorm @ v= 4megrm

NE 7y ‘ e e?

What is the shortest wavelength line in the Paschen series of Li%" ion?
. R

@3 ® > @z @%
What is the maximum wavelength line in the Lyman series of He* ion?
() 3R (b) — (c) — ' (d) None of these
Splitﬁng of spectral lines under the influence of magnetic field is called
(a) Zeeman effect (b) Stark effect
(c) Photoelectric effect (d) None of these
The colour of sky is due to ‘ , S
(a) Absorption of light by atmospheric gases (b) Transmission of light
(c) Wavelength of scattered light (d) All-of the above
In photoelectric effect, the kinetic energy of photoelectrons i increases linearly with the
(a) Wavelength of incident light (b) Frequency of incident light
(c) Velocity of incident light (d) Atomic mass of an element
Slope of V,, vs v curve is (where V, = Stopping potential, v = subjected frequency)

h
(a)e , (b) " ¢ (d) h

According to Einstein’s photoelectric equation, the graph between kinetic energy of
photoelectrons ejected and the frequency of the incident radiation is :

T

(a) KE. | | () KE. ]

v—r . V=
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. frequency, K, = maximum kinetic energy, V0 stopping potential) :

71.

72.

73.

(d) KE.

{c) KE.

v

v—> ) v—

The photoelectric emission from a surface starts only when the light 1nc1dent upon the surface
has certain minimum :

(a) intensity (b) wavelength (c) frequency ‘ (d) velocity

If Ay and A be the threshold wavelength and the wavelength of incident light, the velocity of
photo electrons ejected from the metal surface is : |

2h 2hef hg - A
(@) ; (o=2) ) =00 -0 (@ |Z5(27=

A light source of wavelength A illuminates a metal and ejects photo-electrons with
(K.E)pay =1 €V

Another light source of wavelength %, ejects photo—electrens from same metal with

(K.E)py =46V
Find the value of work functlon?

(a) 1 eV ) (b) 2 eV {c) 0.5eV {(d) None of these
Electromagnetic radiation having & = 310 A is subjected to a metal sheet having work function
=12.8 V. What will be the velocity of photo-electrons havmg maximum kinetic energy.

{a) 0, no emission will occur ‘ ‘ (b) 4.352x% 10

(c) 3.09x 10° m/s (d) 8.72x 10° m/s

The ratio of slopes of K,,, vs. v and V; vs. v curves in the photoelectric effect gives (v =

(a) charge of electron

(b) PlancKk’s constant

{c) work function

(d) the ratio of Planck’s constant of electronic charge

Radiation correspondmg to the transition n =4ton =2in hydrogen atoms falls on'a certain
metal (work function = 2.5 eV). The maximum kinetic energy of the photo-electrons will be :
{(a} 0.55 eV (b) 2.55 eV (c) 4.45 eV (d) None of these
Select the incorrect statement :

(a) K.E. of photo-electron does not depend upon the wavelength of incident radiation
(b) Photoelectric current depends on intensity of incident radiation and not on frequency
(c) Stopping potential depends on frequency of radiation and not on intensity

(d) None of these

The de:Broglie wavelength of an electron accelerated by an electric field of V volts is given by :

@ar=2 . ma=1B, © r=22 m (d)x=1—§3

Jm Jh Vv
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B
Which is the de-Broglie equation: |

(a) hh = pAr () h=pr?t () h=xp™" (D h=p+r
Which of the following has the largest de Broglie wavelength (all have equal velocity)
(a) CO, molecule (b) NH, molecule (c) Electron {d) Proton 5

V'V on two particles A and B are plotted against de-Broglie wavelengths. Where V is the
potential on the particles. Which of the following relation is correct about the mass of
particles?

(@) my =my b)Y m, >my (cym, <mg (dym, <
Which of following graphs correctly represents the variation of particles momentum with

de-Broglie wavelength ?

T 1 &
@ ®
" | - | 6
1 | ! b
A
(c) @ . 16
KR 1 '
P ‘ P F

An excited state of H atom emits a photon of wavelength A and returns in the ground state, the
principal quantum number of excited state is given by : _
. AR -1 P
(a) VARGAR - 1) (b) (mm D (© YARGR -1) @ D R ) F
A dye absorbs a photon of wavelength A and re-emits the same energy into two photons of®
wavelengths A, and A, respectively. The wavelength A is related with A, and A, as :

2,2

@ar=ltre gy Mha g M2 gy Ml
Aqho Mo+ Ay A Ay (A + Ag)?
Which of the following electron transitions in a hydrogen atom will requ1re the largest amount
of energy?

() fromn=1ton=2 (b) fromn=2ton=4

() fromn=5ton=1 (d) fromn=3ton=">5
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If a; be the radius of first Bohr’s orbit of H-atom, the de-Broglie’s wavelength of an electron
revolving in the second Bohr's orbit will be :

(a) 6ma, ‘ (b) 4na, (c) 2ma, (d) None of these
Which electronic transition in a hydrogen atom, starting from the orbit n = 7, will produce
infrared light of wavelength 2170 nm? (Given : Ry = 1.09677 x 10’ m™)

(aA) n=7ton=6 by n=7ton=>5 (cdn=7ton=4 @ n=7ton=3

A hydrogen atom in the ground state is excited by monochromatic radiation of wavelength A A,
The resulting spectrum consists of maximum 15 different lines. What is the wavelength A?
(Ry =109737 cm ™) .

(@) 937.3A () 10254 (©) 1236 A (d) None of these

In any subshell, the maximum number of electrons having same value of spin quantum
number is ;

(a) JUI+1) (b) I+2 () 21+1 (d) 4l+2

The number of photons of light having wave number ¢ in 10 J of energy source is. :

(a) 10hcx ® e (d) None of these
10x hex

Which of the following relates to photons both as wave motion and as a stream of particles?

(a) Interference (b) E =mc? (c) Diffraction {(d) E=hv

Electromagnetic radiation (photon) with highest wavelength results when an electron in the
hydrogen atom falls from n =6 to :

@n=1 b)n=2 (c)n=3 (dn=5
Energy required to ionise 2 mole of gaseous He' ion present in its ground state is :
(a) 54.4 &V (b) 108.8 N, eV (c) 544N, eV (d) 108.8 eV
Which of the following is the most correct expression for Heisenberg’s uncertainty principle ?
(a) Ax. Ap = i (b) Ax.Ap = £ (c) Ax.Ap £ i (d) Ax. Ay = —h—
4n 47 4 47
The Heisenberg uncertainty principle can be applied to
(a) A cricket ball (b) A foot ball (c) A jet aeroplane {(d) An electron
The wave character of electron was experimentally verified by
(a) De-Broglie - (b) A. Einstein {c) Germer (d) Schrodinger

“The exact path of electron in 2p-orbital cannot be determined.” The above statement is based
upon ~ ‘

(a) Hund’s Rule (b) Bohr's Rule

{c) Uncertainty principle {d) Aufbau principle

Which series of subshells is arranged in the order of increasing energy for muilti-electron
atoms?

(@) 65,4f,54,6p (1) 4f, 65,54, 6p () 54, 4f, 65, 6p  (d) 4f, 5d, 65, 6p

The correct Schrodinger’s wave equation for a electron with total energy E and potential
energy V is given by -

2 2 2 2 2 2
6w+6w+8w+8n2(E_V)w=,0 (b)aw 6\|1+6w Snm

(E-V)y =0
ax? ay? 82 mh x? oyt ot v

(a)
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Wave mechanical model of the atom depends upon

(a) De-Broglie concept of dual nature of electron /,/
(b) Heisenberg uncertainty principle s
(c) Schrodinger uncertamty principle o
(d) All

v 2(r, 0, §) represents: (for schrodinger wave mechanical model)

(a) Amplitude of electron wave

(b) Probability density of electron

(c) Total probability of finding electron around nucleus
(d) Orbit

(c)

(E-V)y =0 (d) None of the above

rd
-

/
s

.Radial amplitude of electron wave can be represented by

(a) R(r) (b) R%(r) (©) 4nr? () 4nr?R2(D
Arrange the orbitals of H-atom in the increasing order of their energy
3px ’ 2.5' 4dxy7351 4pz :3Py;45

{(a) 2s <3s=3p, =3p, <4s=4p, =4d,,

(b) 2s <3s <3p, =3p, <4s=4p, =4d,,
(c) 25 <35 < 3p, =3py <4s=4p, =4dxy
(d) 2s <35 <3p, =3p, <4s<4p, <4d,,

Which of the following orbitals in hydrogen atom is closer to the nucleus?

(a) 5f {b) 6d (©) 7s @ 7p

The radii of maximum probability for 3s, 3p and 3d electrons are in the order :

(a) (rmaxdad > (PmaxY3p > (Fmax s () (nax)aa > T d3s > a3

() Urmax)as > maxYap > (Pmax)3d (d) None of these

The correct order of penetrating power of 3s, 3p, 3d electrons is : -

(a) 3d>3p>3s (b) 3s>3p >3d (c) 3s>3d>3p (d) 3d>3s>3p
The correct order of total number of node of atomic orbitals is: ‘
(a) 4f >6s > 5d ‘ (b) 6s > 5d > 4f

(c) 4f >5d > 6s (d) 5d > 4f > 6s

If the subsidiary quantum number of a subenergy level is 4, the maximum and minimum
values of the spin multiplicities are :

(@ 9,1 (b) 10,1 (c) 10, 2 d) 4,4
Which two orbitals are located along the axis, and not between the axis?

(a) d (b) dxy’ Pz - (C) dyz: Px (d) Pz: d 2 y2
In a set of degenerate orbitals the electrons distribute themselves to retain 51m11ar spins as far
as possible. This statement is attributed to
(a) Pauli’s exclusion principle :
(b)Aufbau principle

(c¢) Hund’s Rule

(d) Slater rule
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Which of the following rules could explain the presence of three unpaired electrons in
N-atom?

(a) Hund’s rule - (b) Aufbau’s principle .

(c) Heisenberg’s uncertainty principle (d) Pauli’s exclusion principle

Pauli's exclusion principle states that

{a) Nucleus of an atom contains no negative charge

(b) Electrons move in circular orbits around the nucleus

(c) Electrons occupy orbitals of iowest energy

(d) All the four quantum numbers of two electrons in an atom cannot be equal. .~

For which of the following sets of quantum numbers, an electron will have the highest energy? 7
n [ m s n l m s

(a) 3 2 1 -1/2 (b} 4 3 -1 +1/2

{c) 4 1 -1 +1/2 (d) 5 .0 0 -1/2

Which of the following statements concerning the four quantum numbers is false ?
(a) n gives idea of the size of an orbital '
(b) 1 gives the shape of an orbital

(¢) m gives the energy of the electron in the orbital

{d) s gives the direction of spin of the electron in an orbital

Maximum number of electrons in a subshell is given by
() (2 +1) (b) 2(21+1) () (2+1% (d) 2(21+1)°
The orbital angular momentum of 3p electron is :
(a) V3 h (b) V6 h (c) zero d V2 23
, e
The atomic orbitals are progressively filled in order of increasing energy. The principle is called
as:
(a) Hund’s rule (b) Aufbau principle
(c) Exclusion principle (d) de-Broglie rule
The orbital diagram in which both the Pauli’s exclusion principle and Hund’s rule are violated,

1S :
@[ OO o[ R o [ R @ 6

Which of the following elements is represented by the electronic cohﬁguration ?
: 3

(a) Nitrogen (b) Fluorine (c) Oxygen (d) Neon
The ratio of magnetic moments of Fe (Il and Co (I1) is :
(a) V5:47 (b) V35:415 (€ 7:3 (d) V24 :415

-— 2p—> -
If the electronic structure of oxygen atom is written as 1s2, 252 - it would violate

(a) Hund’s rule ‘ | (b} Paulis exclusion principle
() Both Hund’s and I?auli’s principles {d) None of these
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A compound of vanadium has a magnetic moment () of 1.73 BM. If the vanadlum ion in the
compound is present as V**, then, the value of x is?

(@1 (b) 2 @3 ‘ d) 4

d® configuration will result in total spin of:

@ 3 ®) 1 | @2 @1

The probab1hty of finding electrons in d,, orbital is :

(a) along X- and Y-axis - (b) along X- and Z-axis

(c) along ¥- and Z-axis (d) at an angle of 45° with X-axis
The correct order of screening effects of s, p, d, f sub-shells is :

(a) s>p>d>f (b) s<p<d<f (© d>p>s>f ds>f>d>p

Read the following statements and choose the correct option:

(I} If the radius of the first Bohr orbit of hydrogen atom is r, then radius of 2“d orbit of Li%*
wotuld be 4r

(I} For s-orbital electron, the orbital angular momentum is zero . :

(a) only I is correct (b) only II is correct (¢) both are correct (d) both are incorrect

. The quantum numbers of four electrons (el to e4) are given below

n I m $ n [ .7 m $
el 3 0 Q0 +1/2 e2 4 0 0 1/2
e3 3 2 2 -1/2 e4 3 1 -1 1/2

The correct order of decreasing energy of these electrons is :
(@) e4>e3>e2>el (b) e2>e3>ed4>el (c) e3>e2>e4>¢l (d) el>ed>e2>e3

The energy of an electron of 2p, orbital is

{a) Greater than 2p, orbital (b) Less than 2p, orbital

{c) Equal to 2s orbital (d) Same as that of 2p, and 2p, orbital
How do the energy gaps between successive electron energy levels in an atom vary from low to

high n values?
(a) All energy gaps are the same
(b) The energy gap decreases as n increases

(c) The energy gap increases as n increases :
(d) The energy gap changes unpredictably as n increases

. When an electron jumps from L to K shell -

(a) Energy is absorbed

(b) Energy is released

{c) Energy is neither absorbed nor released

(d) Energy is sometimes absorbed and some times released

The number of unpaired valence electrons in an atom of phosphorus is :

(@ o0 (b) 2 @ 3 o (d) 4

Which quantum number defines the orientation of orbital in the space around the nucleus?
(a) Principal quantum number (n) (b) Angular momentum quantum number
(c) Magnetic quantum number (m;) (d) Spin quantum number (m,)

What is the maximum number of electrons in an atom that can have the quantum numbers
n=3andl=2? ‘

(a) 2 (b) 5 . : (c) 6 - (d) 10



129. Which of the follbwing statements about an electron with m; = + 2 is incorrect?
(a} The electron could be in the third shell (b) The electron is in a non-spherical orbital

(c)} The electron may have m, =% . (d) The electron is not in a d-orbital
130. Which of the following set of quantum numbers is impossible for an electron?

(a)n=1,l=0,m1=0,ms=+% ®)n=91I=7m=-6m, =-=

(c)n=2,l:1,ml=0,ms=+—; (d)n=3,l=2,mI=—3,ms:+%

131. In a 3d subshell, all the five orbitals are degenerate. What does it mean?
{a) All the orbitals have the same orientation.
(b) All the orbitals have the same shape.
{c) All the orbitals have the same energy.
(d) All the orbitals are unoccupied.
132. Which of the following subshell can accommodate as many. as 10 electrons?
(@2d (b) 3d (©) 3d,, () 3d .
133. Which of the following statements is correct for an electron having az1muthal quanrum
number [ =27
(a) The electron may be in the lowest energy shell.
(b) The electron is in a spherical orbital.

{(c) The electron must have spin m, = +%

(d) The electron may have a magnetic quantum number = —1
134. Which of the following statements is incorrect?
(a) The concepts of “penetration” and “shielding” are 1mportant in deciding the energetic
ordering of orbitals in multi-electron atoms -
(b) A wave-function can have positive and negative values
{c) “Radial nodes” can appear in radial probability distribution functions
(d) The absolute size of an orbital is given by the principal guantum number.
135. For 4p, orbital: There are
nodal plane =....and azimuthal quantum number [ = .
(a) 1,0 (b) 0,1 11 (@21
136. Which of the following statement is correct?
(a) Number of angular nodes =n-1-1
(b) Number of radial nodes =1
(¢) Total number of nodes =n -1
(d) All :
137. Give the correct order of initials T (True) or F (False) for followmg statements.
(D If electron has zero magnetic number, then it must be present in s-orbital.

(I) In L] |7l orbital diagram, Pauli’s exclusion principle is violated. ‘

(HI) Bohr’s model can explain spectrum of the hydrogen atom.
(IV) A d-orbital can accommodate maximum 10 electrons only.
{a) TTFF (b) FFTF {c) TFTT (d) FFTT
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“No two electrons in an atom can have the same set of four quantum numbers”.
This principle was enunciated by
(a) Heisenberg - (b} Pauli (¢) Maxwell (d) De-Broglie

The orbital diagraram in which both the Pauli’s exclusion principle and Hund’s rule are
violated is :

@ [ [T o [ [T
© @

It is not possible to explain the Pauli’s exclusion principle with the help of this atom.
(a) B (b) Be {@cC (d) H

The subshell that arises after f subshell is called g subshell.

What is the total number of orbitals in the shell in which the g subsheli first occur?
(a) 9 (b) 16 {c) 25 (d) 36

If hydrogen atom in ground state is passed-through an inhomogeneous magnetic field, the
beam splits in two parts. This interaction with magnetic field shows :

(a) existence of orthe and para hydrogen

(b} existence of magnetic moment associated with orbital motion of electron

(c) existence of spin magnetic moment of electron

(d) existence of magnetic moment of proton

- In iren atom, how many electrons atom have n =3 and [ = 2?
(a) 2 (b) 4 () 6 d) 8
For similar orbitals having different values of n :.

144.
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(a) the most probable distance increases with increase in n

(b) the most probable distance decreases with increase in n

(¢} the most probable distance remains constant with increase in n

‘(d) none of these

If n and [ are principal and azimuthal quantum numbers respectively, then the expression for
calculating the total number of electrons in any energy level is :

I=n I=n I=n I=n-1
(@) ¥ 202+1) () Y 202 +1) © > @+1) (d > 22+1)
=0 =1 =0 [=0
Maximum number of total nodes is present in :
(a) 5s (b} 5p
(c) 54 - (d) All have same number of nodes
The possible correct set of quantum numbers for the unpaired electron of Cl atom is :
1 1
(@ 20, 0,+§ | (b) Zl,'-1,+§
1 1
() 3_,1,]115 G 3,0,;{:E
The aufbau principle implies that a new electron will enter an orbital for which :
(a) n has a lower value (b) I has a lower value
{¢) (n + 1) value is maximum (d) (n + 1) value is minimum
The orbital diagram in which aufbau principle is violated, is :

@ [t ® 1] @M 1] @



150. Consider the following six electronic configurations (remaining inner orbitals are completely
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filled} and mark the incorrect option.

3s 3p 3s 3p 3s . 3d
w [y [P0 ] m ] [A[e[t]r] ]
4s 3d

4s 3d 4s . 4p
v 1] [Pt v [t v (AL [T ]

(a) Stability order : II > I > IV > 1l

(b} Order of spin multiplicity : IV > III =1 > II

{c) V does not violate all the three rules of electronic configuration

(d) If VI represents A and A* when kept near a magnet, acts as diamagnetic substance

o .

Which of the following set of quantum numbers belong to highest energy?
(a)n=4,l:0,m:0,s=+% (b)n:2,l=0,m=0,s=‘+%
| L 1 : 1
(C)nm3,1=1,m;1,s=+§_ (d)n=3,l=2,m=1,s=+§
A subshell n = 5, [ = 3 can accommodate :
(a2} 10 electrons (b) 14 electrons (c) 18 electrons (d) None of these
In H-atom energy of electron is determined by :
(@) only n — ®nl
@nlm (d) all the four quantum numbers.
How many electron(s) in an atom can have n =3,1=2?
() 1 ' b2 (c) 5 (d) 10
How many electrons in an atom can have n =4, =2 m=-2ands=+ %?
(@1 (b) 2 ' (5 (d) 10
Threshold frequency of a metal is f;. When light of frequency v = 2f; is incident on the metal

plate, maximum velocity of e~ emitted is v;. When frequency of incident radiation is'5f;,

. . . — . . . v
maximum velocity of emitted e is v,. Find ratio of —*

v
(A 1:4 by 1:2 ) 2:1 {d) none of these
Which orbital has only positive values of wave function at all distances from the nucleus
(a) 1s (b) 2s (c) 2p (d) 3d ’
Four electrons in an atom have the sets of quantum numbers as given below. Which electron in
at the highest energy level? '
(@ n=41=0m=0m, =+1/2 (B n=31=0m=0m, =-1/2
@ n=31=2m=0,m, =+1/2 dn=4I=1Lm=-,m =-1/2
The set of quantum pumbers, n =3, I=2m; =0

(a) describes an electron in a 2s orbital

(b} is not allowed

{c¢) describes an electron in a 3p orbital

{d) describes one of the five orbitals of same energy



160. The set of quantum numbers, n =2, [=2 m; =0:
(a) describes an electron in a 25 orbital
(b) describes one of the five orbitals of a similar type
(c) describes an electron in a 2p orbital
(d) is not allowed
161. Consider the argon atom. For how many electrons does this atom have m; = 1?
(a1 (b) 6 4 d 2 .
162. An orbital is occupied by an electron with the quantum numbers n = 4, [ =1. How many
orbitals of this type are found in a multi-electron atom?
.. (@ 4p3 (b) 45,1 {c)y4d, 5 (d) 4p, 6
163. Which of the following sets of quantum numbers describes the electron which is removed most
easily from a potassium atom in its ground state?

(a)n=3,l=1,m1=1,m5:—% (b)n:2,l=1,mi=0,m5=—%
(c)n=4,l=0,m1:1,ms=+% : (d)n=4,l=0,m1=0,msz+%

164. The subshell that arises after f is called the g subshell. How many electrons may occupy the g
subshell? : _
@ 9 (b) 7 (05 . (d) 18

165. Which of the following electron configurations is correct for iron, (atomic number 26)?
(a) [Kr] 4s'3d°® (b) [Kr] 4s' 34 (¢) [Ar] 45%3d° (d) [Kr] 4s23d°

166. Which of the following electron configurations is correct for copper, {atomic number 29)?
(a) [Ar] 3d'%4s? (b) [Kr] 3d° 4s' () [Ar] 3d°4s* (d) [Kr] 3d"°4s!

167. The electronic configurations of ,,Cr and ,,Cu are abnormal
(a) Due to extra stability of exactly half filled and exactly fully filled sub shells
(b) Because they belong to d-biock
{¢) Both the above
(d) None of the above

168. Which of the following representation of excited states of atoms is impossible?

(a) 1s2s! (b) [Nel 3s23p%4s’  (c) [Ne] 3523p®4s?3d8 (d) 1522522p7 352
169. Among the following representations of excited states of atoms which is impossible?
(2 1st2s! E (b) [Ne] 3s%3p34s
(c) 1s22s22p* 352 (d) [Ne] 3523p®4s33d>

170. Among the following series of transition metal ions, the one where all metal ions have same 3d
electronic configuration is:

(@) Ti*", v3, cr*, Mn™ (b) Ti*, v¥, ar®, Mn*
() Ti*, V*, Cr®, Mn7* (@ Ti**, v, e, Mn*
'171. Which of the following has the maximum number of unpaired electrons?
7 (@ Mn (b) Ti © V @ Al

: 172. Which of the following orbitals has two spherical nodes?
o (@) 2s (b) 4. (e} 3d . (d) ef



173.

174.

175.

'35

Wave function of an orbital is plotted against the distance from nucleus. The graphlcal
representation is of:
R

Lo NS

(a) 1s (b) 2s (c) 3s (@2
The Schrodinger wave equation for hydrogen atom is '

32
¥y = L (1 2—1-Je-r/ﬂ°
) 4‘\/5‘.‘; ag l a,
where a; is Bohr’s radius. If the radial node in 2s be at ry, then r, would be equal to :

@) “—° () 2a, (© V2 aq (@ %

'I'he Schrodmger wave equatlon for hydrogen atom is

1 7 372
v (l‘adial) = -1—6_\/_; (a’;] [(O' 1) (0' - 80' + 12)] 8-6/2
2Zr

where a, and Z are the constant in which answer can be expressed and o = —
@

minimum and maximum position of radial nodes from nucleus are ...... respectively.

2 34 & 9 % 3a9 49 449 o
()z Z (b)zz’z ()22 z : 22’ Z

-----
.-



10.

Potential energy of electron present in He" is :
2 2 : 2 2

3 ~2e .
@ = ®) — © @ —=

2megr , 4negr 4neqr dneyr

A single electron in an ion has ionization energy equal to 217.6 eV. What is the total number of
neutrons present in one ion of it?
(a) 2 () 4 (€ 5 (@ 9

For a hypothetical hydrogen like atom, the potential energy of the system is given by
2

Ulr) = _K: , where r is the distance between the two particles. If Bohr’s model of quantization
r
of angular momentum is applicable then velocity of particle is given by :
, 2.3 3,3 3.3 243
n*h n°h n“h* - n‘h
@vs—s—— OBve——r— @QvVee—orv— vz —
Ke?8r3m? 8Ke?n’m? 24Ke?n’m? 24Ke?n3m?

A small particle of mass m moves in such-a way that P.E. = - % mkr2, where k is a constant and

r is the distance of the particle from origin. Assuming Bohr’s model of quantization of angular
momentum and circular orbit, r is directly proportional to :

(a) n? () n (© vn (d) none of these

A beam of specific kind of particles of velocity 2.1 x 107 m/s is scattered by a gold (Z =79}
nuclei. Find out specific charge (charge/mass) of this particle if the distance of closest
approach is 2.5 x 10™* m.

(a) 4.84x 107 C/kg  (b) 4.84x 1077 C/kg (c) 2.42x 107 C/kg  (d) 3x 10712 C/kg
What is the angular velocity (@) of an electron occupying second orbit of Li?* jon?

3, 4
(@) e g2 g S
h h

9’ me?
h3

8nme* K2 ' © éﬂx nime
9 h3

K2 (d K2

. The ratio of the radius difference between 4™ and 3™ orbit of H-atom and that of Li%* ion is :

@1:1 (b) 3:1 (c) 3:4 d) 9:1

. The velocity of an electron in excited state of H-atom is 1.093 x 10° m/s. What is the

circumference of this orbit?

(@) 332x107%m  (b) 6.64x10%m (¢) 13.30x10 m (d) 13.28x 10 m
The angular momentum of an electron in a Bohr’s orbit of He* is 3.1652 x 1072* kg-m?/sec.
What is the wave number in terms of Rydberg constant (R) of the spectral line emitted when

an electron falls from this level to the first excited state. [Use h = 6.626 x 107% J.s ]
' - 5R 3R 8R
a) 3R : = c) — d) —
(a) _ (b) 5 () 2 (d) 5

If radiation corresponding to second line of “Balmer series” of Li?* ion, knocked out electron
from first excited state of H-atom, then kinetic energy of ejected electron would be:’
(a) 2.55eV (b) 4.25 eV (¢} 11.25 eV (d) 19.55 eV



11.

12.

13.

14.

15.

16.

17.

When an electron makes a transition from (n + 1) state to nth state, the frequency of emitted

radiations is related to n according to (n >>1): :.- )
2RZ% RZ* ‘
(a) v="H () v=5 .
n n
cRZ* 2cRZ*?
() v="-g ¥ @ v=—r
n : n

In a collection of H-atoms, all the electrons jump from n = 5 to ground level finally (directly or
indirectly), without emlttmg any line in Balmer. series. The number of possible different
radiations is :

(a) 10 ) 8 () 7 {d) 6

An electron is allowed to move freely in a closed cubic box of length of side 10 cm. The
uncertainty in its velocity will be :

(a) 3.35x 107 m sec™* (b)) 5.8x107* msec™

(c) 4x1075 msec™! (d) 4% 107 m sec™

An element undergoes a reaction as shown :

X+2 -— X 2~ energy released = 30.87 eV/atom. If the energy released, is used to
dissociate 4 gms of H, molecules, equally into H* and H*, where H* is excited state of H
atoms where the electron travels in orbit whose circumference equal to four times its de
Broglie’s wavelength. Determine the least moles of X that would be required :

Given : LE. of H =13.6 eV/atom, bond energy of H, = 4.526 eV/molecule.

(@1 (b) 2 (c). 3 (d) 4

If the energy of H-atom in the ground state is -E, the velocity of photo-electron emitted wherra

photon having energy E , strikes a stationary Li%" jon in ground state, is given by :

E_~ ’2
(a) v= 2(_2_2 ) v= M
m _ m )
(© v =1J——-—2(Ep ~95) d) v= —-———Z(E” - 3£) '
m m

At which temperature will the translational kinetic energy of H-atom equal to that for H-atom
of first line Lyman transition? (Given N, = 6x 10%%)

{a) 780K (b) 1.32x10° K
{¢) 7.84x10* K - (d) 1000 K
For a 3s-orbital
1 (1) orZ
‘P(Bs):———(—] (6 — 66 + 62) e” %%, where o=2%4
943 L ag dp
What is the maximum radial distance of node from nucleus?
(3++3)q, ag
(a) Z ) 2
()3(3+J_)a0 (d)_za_

Z
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18.

P
PP

19.

20.

21.

22,

24,

25.

Monochromatic radiation of specific wavelength is incident on H-atoms in ground state,
H-atoms absorb energy and emit subsequently radiations of six different wavelength. Find
wavelength of incident radiations:

{a) 9.75 nm : (d) 50 nm

(c) 85.8 nm ‘ (d) 97.25 nm

The energy ofa I M and 1II energy levels of a certain atom are E, % and 2F respectively. A

photon of wavelength X is emitted during a transition from I to I. What will be the
wavelength of emission for transition II to I?

@) g R © 2 d) 3

Calculate the minimum and maximum number of electrons which may have magnetic
. 1, .
quantum numbet, m =+ 1 and spin quantum number, s = ~5 in chromium (Cr) :

(a 0,1 (b) 1,2 - (© 4,6 (d 2,3

An electron in a hydrogen atom in its ground state absorbs 1.5 times as much energy as the
minimum required for it to escape from the atom. What is the velocity of the emitted electron?
(@) 1.54x10° m/s (b} 1.54x 10° m/s

(©) 1.54x10° m/s - (d) 1.54% 10* m/s

In a measurement of quantum efficiency of photosynthesis in green plants, it was found that
10 quanta of red light of wavelength 6850 A were needed to release one molecule of O 2- The
average energy storage in this process is 112 keal/mol O, evolved.

What is the energy conversion efficiency in this experiment?

Given: 1cal=4.18J;N, =6x 102 h =6.63x 10734 J.s

(a) 235 (b) 26.9

(c) 66.34 (d) 731

A hydrogen like species (atomic number Z) is present in a higher excited state of quantum
number n. This excited atom can make a transition to the first excited state by successive
emission of two photons of energies 10.20 eV and 17.0 eV respectively. Alternatively, the atom
from the same excited state can make a transition to the second excited state by successive
emission of two photons of energy 4.25 eV and 5.95 eV respectively. Determine the value of Z.
(@1 (b) 2 ‘ (c) 3 (d) 4

H-atom is exposed to electromagnetic radiation of A = 1025.6 A and excited atom gives out
induced radiations. What is the minimum wavelength of these induced radiations?

(a) 102.6 nm . (b} 12.09 nm

(¢) 121.6 nm {(d) 810.8 nm ‘

If the lowest energy X-rays have i =3.055x 10~® m, estimate the minimum difference in
energy between two Bohr’s orbits such that an electronic transition would correspond to the
emission of an X-ray. Assuming that the electrons in other shells exert no influence, at what Z
(minimum) would a transition from the second energy level to the first result in the emission
of an X-ray?

@1 , 2

(e) 3 d 4



26.

27.

28.

29,

30.

— - 5

An a-particle having kinetic energy 5 MeV falls on a Cu-foil. The shortest distance from the
nucleus of Cu to which a-particle reaches is (Atomic no. of Cu =29, K = 9x 10°Nm?2/C?)

(a) 2.35x 1073 m . (b)1.67x107¥m
(c) 5.98x 1075 m (d) None of these

In the graph between /v and Z for the Mosley’s equation /v = a (Z —b), the intercept OX is -1
on Vv axis.

i |

N . |

J

45° N

0 "‘) - j

i Z—

X ‘ ;

What is the frequency when atomic number (2)is 5172
(a) S0 s~ (b) 100 5™ . () 25005 (d) None of these

Kn?

Balmer gave an équation for wavelength of visible region of H-spectrum as A = T
n®-4

Where n = principal quantum number of energy level, K = constant in terms of R (Rydberg constant).
The value of K in terms of R is: ’

\ R 4 _ 5
{a) R b) E © 1_2 (d) E

The energy of separation of an electron .in a Hydrogen like atom in excited state is 3.4 eV,
The de-Broglie wave length (in A) associated with the electron is:

(Given radius of first orbit of H-atom is 0.53A)

(a) 3.33 ' (b) 6.66 (c) 13.31 (d) None of these

If I* excitation energy for the H- 11ke (hypothetical) sample is 24 eV, then binding energy in
1™ excited state is:

(a) 2 eV . (b) 3 eV (c) 4 eV (d)5ev



PASSAGE 1

- The equation is  Ax-A (mv) 2 —;—1—

Werner Heisenberg considered the limits of how precisely we can measure the properties of an
electron or other microscopic particle. He determined that there is a fundamental limit to how
closely we can measure both position and momentum. The more accurately we measure the
momentum of a particle, the less accurately we can determine its position. The converse is also
true. This is summed up in what we now call the Heisenberg uncertainty principle.

T

The uncertainty in the position or in the momentum of a macroscopic object like a baseball
is too small to observe. However, the mass of microscopic object such as an electron is small
enough for the uncertainty to be relatively large and significant.

1f the uncertainties in position and momentum are equal, the uncertainty in the velocity is :

h h 1 |h
(a) \E (b) \/2:11 03] pw \/; (d) none of these

If the uncertainty in velocity and position is same, then the uncertainty in momentum will be :
hm ’ h h 1 ’ h
a —_ by m . |— C —— d) — J—
@ 4n ®) 4n © 4mm ()m 4x

What would be the. minimum uncertainty in de-Broglie wavelength of a moving electron
accelerated by potential difference of 6 volt and whose uncertainty in position is % nm?

(a) 6.25 A b 6A (c) 0.625 A (d) 0.3125 A

PASSAGE 2

One of the fundamental laws of physics is that matter is most stable with the lowest
possible energy. Thus, the electron in a hydrogen atom usually moves in the n =1 orbit, the
orbit in which it has the lowest energy. When the electron is in this lowest energy orbit, the
atom is said to be in its ground electronic state. If the atom receives energy from an outside
source, it is possible for the electron to move to an orbit with a higher n value, in which
case the atoms is in an excited with a higher energy.

The law of conservation of energy says that we cannot create or destroy energy. Thus, if a
certain amount of external energy is required to excite an electron from one energy level to
another, then that same amount of energy will be liberated when the electron returns to its
inidal state.

PROBLEMS IN CHEMISTRY , 7. o



Lyman series is formed when the electron returns to the lowest orbit while Balmer series is
formed when the electron returns to second orbit. Similarly, Paschen, Brackett and Pfund
series are formed when electrons returns to the third, fourth and fifth orbits from higher
energy orbits respectively.
When electrons return from n, to n; state, the number of lines in the spectrum will equal to
(ny —ny)(ny —ny +1)
2

If the electron comes back from energy level having energy E, to energy level having
energy E,, then the difference may be expressed in terms of energy of photon as :

EZ“'EI AE AEﬁ‘I}iE

Since, h and ¢ are constants, AE corresponds to definite energy; thus, each transition from
one energy level to another will produce a radiation of definite wavelength. This is actually
observed as a line in the spectrum of hydrogen atom.

Wave number of a spectral line is given by the formula

a1 1]
ny nj

where R is a Rydberg's constant (R =1.1x 10’ m™)

. If the wavelength of series limit of Lyman series for He* ion is x A, then what will be the
wavelength of series limit of Balmer series for Li** ion? '

()—-A ) “”A ()—A (d)—A

. The emlssion spectra is observed by the consequence of transition of electron from higher
energy state to ground state of He® jon. Six different photons are observed during the
emission spectra, then what will be the minimum wavelength during the transition?

15
A=
@ 27RH ® 15RH © =1, @ 15R,,

. What transition in the hydrogen spectrum would have the same wavelength as Baimer
transition, n = 4 to n = 2 in the He" spectrum?

(a) n=3ton=1 D) n=3ton=2 (c)n=4ton-=1 (dn=2ton=1

. An electron in H-atom in M-shell on de-excitation to ground state gives ......... spectrum lines.

(a) 10 (b) & _ © 3 @1
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If hydrogen atoms (in the ground state) are passed through an homogeneous magnetic field,
the beam is split into two parts. This interaction with the magnetic field shows that the atoms
must have magnetic moment. However, the moment cannot be due to the orbital angular
momentum since [ = 0. Hence one must assume existence of intrinsic angular momentum,
which as the experiment shows, has only two permitted orientations.

Spin of the electron produce angular momentum equal to S = +/s(s + 1) 2£ where S = +%.
) i

P n n
Total spin of an atom =+ — or ——
2 2

where n is the number of unpaired electron.

The substance which contain species with unpaired electrons in their orbitals behave as
paramagnetic substances. The paramagnetism is expressed in terms of magnetic moment.

The magnetic moment of an atom

w/s(s +1) eh n .
2

2nme 21rmc

= u, =n(n+2) BM.

n = number of unpaired elecn'ons

1. B.M. (Bohr magneton) =
41:mc

If magnetic moment is zero the substances is di-magnetic.

1. Which of the following ion has lowest magnetic moment,

(a) Fe™ (b) Mn? (a) Cr™ (@ v¥
2. If an ion of ;3Mn has a magnetic moment of 3.873 B.M. Then Mn is in which state.
(a) +2 b +3 (c)+4 @ +5

; r A SSAGE 4,,- N

Ozone in the upper atmosphere absorbs ultraviolet radiation which induces the following
chemical reaction

0;(g}—-0,(g}+0(g)

O,produced in the above photochemical dissociation undergoes further dlssoaanon into one
normal oxygen atom {O) and more energetlc oxygen atom Q*.

0,(g)——0+0"
If (O*) has 1 eV more energy than (O) and normal dissociation energy of O 5 i5 480 kJ mol -1
{1 eV/ Photon = 96 kJ mol ']



1. What is the maximum wavelength effective for the photochemical dissociation of O, molecule
(a) 2440 A (b) 2066.67 A (c) 1000 A (d) 155 A

2. If dissociation of O, into O, and O requires 400kJ mol ™! and O, produced in this reaction is
further dissociated to O and O* then the total energy required to for the dissociation of O; into
0O and O* is:
(2) 1168kJ/mol {b) 976kJ/mol (c) 880kJ/mol {(d) None of these

PASSAGE . 5 =

The existence of negatively charged particle in an atom was shown by J.J. Thomson as a
result of the studies of the passage of electricity through gases at extremely low pressures
known as discharge tube experiments. When a high voltage of the order of 10,000 volts or

more was impressed across the electrodes, some sort of invisible rays moved from the
negative electrode to the positive electrodes these rays are called as cathode rays.

Cathoderays  Gas at low
pressure

To vacuum
pump Perforated

cathode

— + Cathode
{HH
High voltage
Cathode rays experiment Anode rays experiment

Properties of Cathode rays :

Cathode rays travels in straight path and produce mechanical effect. Cathode rays consist of
material part and charged particles. Cathode rays produce X-rays and light is emitted when they
strike on Zn$S screen. Cathode rays penetrate through thin sheets of aluminium and other metals.
They affect the photographic plate and passes heating effect when they strike on metal foil. The ratio
of charge to mass i.e. charge/mass is same for all the cathode rays irrespective of the gas used in the
tube.

The existence of positively charged particles in an atom was shown by E. Goldstein. He repeated
the same discharge tube experiments by using a perforated cathode. It was observed that when a
high potential difference was applied between the electrodes, not only cathode rays were produced
but also a new type of rays were produced simultaneously from anode moving towards cathode and
passed through the holes or canal of the cathode. These termed as canal ray or cathode ray.

Properties of Anode Rays are as follow :

These rays travel in straight lines and consist of positively charged particle. These rays have
kinetic energy and produces heating effect also. The e/m ratio of for these rays is smaller than that of
electrons. Unlike cathode rays, their e/m value is is dependent upon the nature.of the gas taken in
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the tube. These rays produce flashes of light on Zn-S screen and can pass throughs thin metal foils.
They can produce physical and chemical changes and are capable to produce ionisation in gases.

1.

2.

For cathode rays the value of e¢/m:

(a) Is independent of the nature of the cathode and the gas filled in the discharge tube
(b) Is constant

() Is — 1.7588 x 10%coulombs/g

(d) All of the above are correct

Which is not true with respect to cathode rays ?

(a) A stream of electrons (b) Charged particles

(c) Move with same speed as that of light (d) Can be deflected by the electric field
Select the incorrect statement :

(a) Cathode rays has charge only and no mass

(b) Anode rays are deflected by electrical and magnetic field

(c) Canal rays is named for beam of positive charged particle

{d) Anocde rays do not originate from the anode

<\_, “ ONE OR MORE ANSWERS IS/ARE CORRECT

1.

Select the correct statement(s) :

{a) The phenomena of diffraction of light can only be explained by assuming that light
behaves as waves

(b) de-Broglie postulate the dual character existed with matter

(c) In his atomic model Bohr considered electron as a particle

(d) Wave nature of electrons was obtained when diffraction rings were observed
photographically when a stream of protons was passed through a metal foil

The angular momentum of electron can have the value(s) :

h h h h
(a) 0.5; (b) = (0 0T

(d) 25 P

114

. Select incorrect statement(s) :

(a) Only three quantum numbers n, [ and m are needed to define an orbital

(b) Four quantum numbers are needed for complete description of an electron

(¢} Two quantum numbers n and ! are needed to identify subshell and shape of orbital

(d) Splitting of spectrum lines in presence of electric field is known as Zeeman effect

Select the correct statement(s):

(a) An electron near the nucleus is attracted by the nucleus and has a low potential energy

(b) According to Bohr's theory, an electron continuously radiate energy if it stayed in one orbit

{c) Bohr's model could not explain the spectra of multielectron atoms

(d) Bohr’s model was the first atomic model based on quantisation of energy

Choose the correct statement(s) :

(a) The shape of an atomic orbital depends upon azimuthal quantum number

(b) The orientation of an atomic orbital depends upon the magnetic quantum number

(c) The energy of an electron in an atomic orbital of multi-electron atom depends upon
principal quantum number only



10.

11.

12.

13.

(d) The number of degenerate atomic orbitals of one type depends upon the value of
azimuthal quantum number
For radial probability curves, which of the following is/are correct?

‘(a) The number of maxima in 2s orbital are two

(b) The number of spherical or radial nodes is equal ton —1 -1

(¢) The number of angular nodes are T

(d) 3d? has 3 angular nodes

Select the correct statement(s):

(a) Radial distribution function indicates that there is a higher probability of finding the 3s
electron close to the nucleus than in case of 3p and 3d electrons

(b) Energy of 3s orbital is less than for the 3p and 3d orbitals

(c) At the node, the value of the radial function changes from positive to negative

(d) The radial function depends upon the quantum numbers n and !

Choose the incorrect statement(s):

(a) For a particular orbital in hydrogen atom, the wave function may have negative value

(b) Radial probability distribution function may have zero value but can never have negative
value

(c) 3d 2 2 orbital has two angular nodes and one radial node

(d) yz "and xz planes are nodal planes for d,, orbital

Select the correct statement(s) :

(a) Heisenberg's principle is applicable to stationary e”

(b) Pauli’s exclusion principle is not applicable to photons

(¢} For an e, the product of velocity and principal quantum number will be independent of
principal quantum number

(d) Quantum numbers I and m determine the value of angular wave function

Choose the corréct statements among the following :

(a) A node is a point in space where the wave-function ¥ has zero amplitude

(b) The number of maxima (peaks) in radial distribution is n - [

{c) Radial probability density is 41tr2R,% 6!

(d) ¥?2 represents probability of finding electron

Select the correct statement(s) regarding 3P, orbital :

(a) Total no. of nodes are 2

(b) Number of maxima in the curve 4nr2R? vs r are two

(c) Quantum no. n, ! and m for orbital may be 3, 1, -1 respectively

(d) The magnetic quantum number may have a posntlve value

Select the correct statement(s) :

(a) In wave mechanical model the energy of e~ in the orbital remains the same
(b) 4, orbital is lies in yz plane

{c) Nodal planes are yz and xy in dJrz _ )2 orbital

(@) Rest mass of photon is zero and increases with it’s velocity

Hydrogen has :
(a) half filled subshell (b) half filled shell
(c) one electron in valence shell (d) half filled orbital

5
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14.

15.

16.

17.

18.

19.

Select incorrect statement(s) : -

(a) If the value of | = 0, the electrons distribution is spherical

(b) the shape of the orbital is given by magnetic quantum number
{(c) Angular momentum of 1s, 2s, 3s orbit electrons are equal

(d) In an atom, all the electrons travel with the same velocity

The radial distribution functions [P(r)] is used to determine the most probable radius, which is

used to find the electron in a given orbital d};( ) for 1s-orbital of hydrogen like atom having
r

dp_4z° 2r? )
atomic number Z, is — =" 2r — e 2riag .
rooa a
0 0

Then which of the following statements is/are correct?
(a) At the point of maximum value of radial distribution function dl;( r) =0; one antinode is

present
(b) Most probable radius of Li** is a_?? pm

(c) Most probable radius of He* is %} pm

{d) Most probable radius of hydrogen atom is a, pm

Select the correct statement(s) :

(a) An orbital with ! = 0 is symmetrical about the nucleus

(b) An orbital with { =1 is spherically symmetrical about the nucleus
() 3d , is spherically symmetrical about the z-axis

(d) All are correct

Select the correct statement(s) :

(a) Radial function[R(r)]a part of wave function is dependent on quantum nimber n only

(b) Angular function depends only on the direction, and is independent to the distance from
the nucleus

(c) W2(r, 8, ¢)is the probability density of finding the electron at a particular point in space

(d) Radial distribution function (4nr?R?) gives the probability of the electron being present at’
a distance r from the nucleus

Which is/are correct graph?
3
)
[o 3}
e rer——— i =y
| |
@ | ®) ‘ © 55| @
ul wi / ui @ IV
x % « I
————__ — A —
v : v — intensity of light

‘Select the correct curve(s) :
If v = Velocity of electron in Bohr’s orbit
r = Radius of electron in Bohr’s orbit
P.E. = Potential energy of electron in Bohr’s orbit
K.E. = Kinetic energy of electron in Bohr’s orbit
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20.

21.

22.

! ! ' |
@ v ® © Mg @
1n - —_— N —

n

Select the correct set (s) of quantum number

(a)n=31=0m; =-1 ®n=31=3m=-2
(cyn=31=2,m =-2 . (dn=31=1,m=0
Which is/are correct statement?

{a} Number of subshell present in M-shell = 3

(b} Number of orbitals present in N-shell =

(c) Cu* (z = 29) is paramagnetic

(d) Zeeman effect explains splitting of spectral lines in magnetic feld.

In H-atom sample electrons are de-excited from 4% excited state to ground state, Which is/are
correct statement?

{a) No line observed in P-fund series.

(b) Total fen lines observed in spectrum.

(c) 4 line in UV-region and 3 line in visible region observed.
{d) One line observed in Brackett series.

MATCH THE COLUMN

Column-1 and Column-1I contains four entries each. Entries of Column-I are to be matched
with some entries of Column-II. One or more than one entries of Column-I may have the
atchmg wn;h the same entries of Column-IL

Column-1 R ' i‘ e 0 g&gggn“pﬁn

(A) Electrun Neganve charge

{B) Protun -(Q) Positive charge

{{C) Neutron (R) 1.6x 107 C

(D) Posiiron ) _ (S) Chargeless

| Column-i _ o _ ” Jahe I m

{A) Thomson model of atom ™ Electrons are presem in extra nuclear

' region

(B) Rutherford model of atom {Q) Electroninthe atom is described as wave

(C) Buhr meodel of atom - (R) Positive charge is accumulated in the
‘ nucleus

(D) Schrodinger model of hydrogen atom:  (S) Uniform sphere of positive charge with
: . _embedded electrons
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(A)
(B)
€
(D)

(A
(B)
©)

(D}

5.
(A)
®)
©
D)

(A)
(B)
<
(D)

(A)
(B}
(®)

Column-I

PROBLEMS IN CHemisTRY [

Column-II 1|
Rutherford scattering experiment
Muliken’s 0il drop experiment
Atomic spectra

Law of multiple proportions

Column-IT
2
21
2
-1
0
Column-II

Visible region
Ultraviolet region
Infrared region
Far infrared region

where n; <n,

Colummn-T1

n, =2
n, =3
n, =6
n, =5

—— e ——

Coiumn-II (Value of )

Atomic theory of matter (P)
Quantization of charge Q)
Quantization of electronic energvievel  (R)
Size of nucleus (%)
Column-I
KE —®
P.E.
P.E. + 2K.E Q)
PE (R)
T.E
K.E. (S)
E.
Column-I .
Lyman series (P
Humphery series Q)
Paschen series (R)
Balmer series (8)
6. In case of hydrogen spectrum wave number is given by
1
V=R, | ——
" [nf nj
Column-i
Lyman series (P
Balmer series Q)
Pfund series R)
Brackett series s)
Column-1 (Shell) T
2nd (P)
3rd Q)
4th (R)
1st (8)

(D)

(=L



8. If in Bohr's model, for unielectronic atom following symbols are used
r. . — Radius of n™ orbit with atomic number Z;

n 5
U, . — Potential energy ofe”; K,, — Kinetic energy of e”;
V.. — Velocity of e7; T, , — Time peﬁod .of revolution
e e - e e = L
| Column-I Column-NI
(A) Uy, : Ky, (P) 1:8
(B) royy im0 Q@ -8:1
(C) Vi3:Vy, (R) 1:9
(D) T 5: Ty, (5) 8:1
9. 1[' Column-I . Column-11
(A) Theradial node of 5s atomic orbital is (P)

(B) The angular node of 3.*.1),x atomic Q 4
orbital is

(C) The sum of angular node and radial (R) 2
node of 4d,, atomic orbital

(D) The angular node of 3p atomic orbital sy 3
is

10. Column-I ‘ I[ Column-II

(A) The d-orbital which has two angular  {P) 3dxz_ 2
nodes 7

(B) The d-orbital with two nodal surfaces  (Q} 3d »
formed cones

(C) The orbital without angular node (R) 4f
(D) The orbital which has three angular (8} 3s
nodes
I bl S
11. ‘ Column-I i Column-II
(A) Orbital angular momentumofanelec-  (P) [y h
tron 7
(B) Angular momentum of an electron in  (Q) 1/n(n +2)
‘ an orbit .
(C)} Spin angular momentum of an elec- (R) NA
tron 2n

(D) Magnetic moment of atom ) +D h
2n



e e

12.- Column-1 ‘I r ' Column-I§
{A) No. of arbitals in the n™ shell P 22+
{B) Max. no. of electrons in a subshell Q) n
(C) No. of subshells in n** shell ' (R) 21+1
(D) No. of orbitals in a subshell () n?
13. Ir Column-1 ‘ i Column-II |
(A) 2s (P) n=41=2m=0
{B) 2p, . Q) n=41=2m=~2or+2
{Q) 4d.:'2—y2 (R} n=21=1,m=0
(D) 4d , 8) n=21=0m=0
14, f Column-1 ; } { _'_ Column-il
R
(A) ) P 4
r
4miR?
' (B) 1
- Q) S5p,

Distance from nucleus |
H

(C) Angular probability is dependentof 8  (R) 3s

and ¢ . .
(D) Adeast one angular node is present ' (S) 6d,,
15. , Column-I T ‘{ Column-It
@ f
(A) 3s <

. Distance from nucleus



| i
(B) 3p | o | .
@ X ‘ |
2 8 I
» | <
i i' Distance from nucleus
;] '
‘ &
(C) 3d R) % ! ,
| hd '
! . |
! _ Distance from nucléus .
i ll - T N I
(D) 2p 1 (S) <
|
S ‘
o R Distance from nucleus | N o

i ———— ————— e A

k\. - ASSERTION- REASON TYPE QUESTIONS K

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).

Examine the statements carefully and mark the correct answer according to the instructions

given below :

(A) 1f both the statement are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1

(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1

(C) 1f STATEMENT-1 is TRUE and STATEMENT-2 is FALSE

(D) 1f STATEMENT-1 is FALSE and STATEMENT-2 is TRUE

1. STATEMENT-1: The angular momentum of d-orbitals is v6 21
"4

STATEMENT-2 : Angular momentum of electron in orbit is mwr = %ﬁ_

T

2. STATEMENT-1: Angular momentum of the electron in the orbit which has four subshell is % .
STATEMENT-2 : Angular momentum of electron is quantized. ’

3. STATEMENT-1: Line emission spectra useful in the study of electronic structure,
STATEMENT-2 : Each element has a unique line emission spectrum.

4, STATEMENT-1: Emitted radiation will fall in visible range when an electron jump from

. n=4ton=2in H-atom.

STATEMENT-2 : Balmer series radiations belong to visible range for hydrogen atom only.



0

10.

11.

12.

. Calculate the number of waves made by a Bohr electron in one complete revolution in n

STATEMENT-1 : Half-filled and fully-filled degenerate orbitals are more stable,

STATEMENT-2 : Extra stability is due to the symmetrical distribution of electrons and
exchange energy.

STATEMENT-1 : The ground state of configuration of Cr is 3d° 4s!. :

STATEMENT-2 : A set of half-filled orbitals containing one electrons each with their spin
parallel provides extra stability.

STATEMENT-1 : The ground state electronic configuration of nitrogen is

STATEMENT-2 : Electrons are filled in orbitals as per aufbau principle, Hund's rule of
maximum spin multiplicity and Pauli's principle.

STATEMENT-1 : An orbital cannot have more than two electrons and they must have
opposite spins.

STATEMENT-2 : No two electrons in an atom can have same set of all the four quantum
numbers as per Pauli’s exclusion principle.

STATEMENT-1 : Orbital having xz plane as node may be 3d,,.

STATEMENT-2 : 3d,, has zero radial node.
STATEMENT-1 : The kinetic energy of photo-electrons increases with increase in frequency
of incident light where v > v,

STATEMENT-2 : Whenever intensity of light is increased the number of photo-electron
ejected always increases.

STATEMENT-1 : Cu® is a coloured ion. _
STATEMENT-2 : Every ion with unpaired electron is coloured.
STATEMENT-1 : Forn =3, [ may be 0,1 and 2 and m may be’'0; 0+1; 0+ 1 and + 2

STATEMENT-2 : For each value of n, there are 0 to (n —1) possible values of [; and for each
value of [, there are 0 to £ 1 values of m.

SUBJECTIVE PROBLEMS

. Givenr,,, —r,; = 2r,, wherer,, r,_;, T, are Bohr radius for hydrogen atominn™, (n -1)*"

and (n + 1)™ shell respectively. Calculate the value of n.

The energy of separation of an electron is 30.6eV moving in an orbit of Li*2. Find out the

number of waves made by the electron in one complete revolution in the orbit.
th

orbit of H-atom. If ratio of de-Broglie wavelength associated with electron moving in n™ orbit

*and 2™ orbit is 1.5.

A certain dye absorbs lights of 4 = 400nm and then fluorescence light of wavelength 500nm.
Assuming that under given condition 40% of the absorbed energy is re-emitted as
fluorescence. Calculate the ratio of quanta absorbed to number of quanta emitted out.

. A photon of energy 4.5€V strikes on a metal surface of work function 3.0eV. If uncertainty in

position is %A. Find uncertainty in measurement of de-Broglie wavelength (in A).
T

PROBLEMS IN CHEMISTRY ,



10.

11.

12.

13.

14.

15.

103

Find out the difference in number of angular nodes and number of radial nodes in the orbital
to which last electron of chromium present.

What is the total number of radial and angular nodes present in 5f orbital ?

Infrared lamps are used in restaurants to keep the food warm. The infrared radiation is
strongly absorbed by water, raising its temperature and that of the food. If the wavelength of
infrared radiation is assumed to be 1500nm, then the number of photons per second of
infrared radiation produced by an infrared lamp that consumes energy at the rate of 100 W
and is 12% efficient only is (x x 10'?). The value of x is;

(Given : h = 6.625x 1073 J-5)

When an electron makes transition from (n + 1) state to n state the wavelength of emitted
radiations is related to n(n >>> 1) according to A «c n*.

What is the value of x ?

For 3s orbital of hydrogen atom, the normalised wave function is

1 (1YY s 22 5o
Yo = — | {27280 |30
¥ 81«/55[&0} |: Qg Clg ]

1f distance between the radial nodes is d. Calculate the value of

73a,

Find the separation between two electrons (in A) in vacuum, if electrostatic potential energy
between these electrons is 7.67x 107'%J.

[ Given: e =1.6x107°C ; €;=8.85x 1072 J7! ¢2m™, =314}

An o- particle moving with velocity 3i0 th times of velocity of light. If uncertainty in position is

331 pm, then minimum uncertainty in kinetic energy is y x107%J. Calculate the value of y.

kY
In a sample of excited hydrogen atoms electrons make transition from n = 2to n = 1. Emitted
photons strike on a metal of work function (¢) 4.2eV,
Calculate the wavelength (in A) associated with ejected electrons having maximum kinetic
energy.

For 1s orbital of Hydrogen atom radial wave function is given as:
372
R(r)= i(-l—] e™7% (where a, = 0.5294)
Jn Qg

The ratio of radial probability density of finding electron at r = a, to the radial probability
density of finding electron at the nucleus is given as (x. e ™. Calculate the value of (x + y).

Calculate the value of A.

E
A =—22 where E,,,: Energy of electron in n™ orbit; Z= atomic number of hydrogen like
21
specie.
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Tamal 2

1. {¢) 2. (c) 3. {c 4. (0 5 (a) 6. {d) 7. (b) 8. (c) 8. (b) 10. (d)

M. (@ 12.d) 13 (@ 14 (b) 15 (&) 16. () 12. (¢} 18 (d) 18 (d} 20. (d)

2. (@) 22 (b) 23 (c) 24 {a) 25 (b) 26 () 27. (00 28 () 29 () 38 (a)




Passage-1 1. ¢} "2 (@ -3 (&,
| Passage-2 1. 0 2 B 3 @ 4 ©
Passage-3 L@ 2 - e

lPassage—4 1. (b .2 (b o

P Lz © 3
assage-5 ) {c)

R — —— - C—— L e e

One or More Answers is/are Correct

1. (a,b,c) 2. (a,b,c) 3. (d) 4 (a,c.d) 5. (a,b,d) 6. (a,b,c)
7. {a,b,c,d) 8. (¢ 9. (b,c,d) 10. (a,b,c.d) 1. (abecd 12 (a,d)
13. (a,b,c,d) 14. (b,c,d) 15. (a,b,c.d) 16. {a,c) 17. (b,c,8) 18. (b.c)
19. (a,b,c,d) 28. (c,d} 21. (a,b,d} 22. (a,b,c,d)

Match the Column

1. AP, R; B-» Q,R; C—S§;

2. AoS; B— P, R; C>PR;

3. A S; B> Q; C—-R;

4. A Q; B—§; C-o P

5. A5 Q; B—S; C— R; '
6. A- P,Q,R,S; B> Q,R,S; C—-R;

7. A D,S; B—» P, Q,§; C-P,QR,S;
8. A Q, B—S§; C—oR;

9. A-=Q; B— R; C-oS5;

10. A P;Q B Q; C-5;

11. A= S§; B— R; C-oP;

12. A5 S; B—- P; C-=>Q;

13. A=S; B— R; cCoQ;

14. Ao P; B> P,Q,S; C->4Q5;

15. A-Q; B R; Cos;

D->Q.R
DoP,QR
DoP
D->R
D—->P
D—R,S
D—-S§S
D>P
Do P
D—-R
D->Q
D> R
D-oP
b->QS8
D> P
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Assertion-Reason Type Questions

1. (B} 2. (B} 3. (A) 4. (A) 8. (A) 6. (A) 7. {A) 8. (A) 9. (BY 10. (C)
1. (C) 12 (A) |

Subjective Problems
. 2 2 2.3 3 4 2 5 4 62 1 4 8 9 310 3

M. 3 12 5 13 5 14 3 15 8




Hints

Level 1

4.

14.

15.

16.

17.

18.

19.

22,

{d) Charge/mass forn =0, for o = %,

Sl
1/1837

for p= -1—, for

(a) Change in P.E. = —-2—:- +(2x) = gx

1 6.8
a)E.==PE =-—2"=-34¢eV
(@ E, 2 2

-13.6

E, = =-34
n le

n=2 or first excited state

-13.6 x (4)
4y

P.E.=22%xE = 2x-13.6=-272eV

-13.6
32

{d) Energy of N-shell= =-13.6eV

(b) Total energy of third shell =

=-1.51eV
K. E.=—Total energy = 1.51¢eV
P.E=2xT.E=-3.02e¢V
n2
(c) r=0529 — A;

rs — 1y = 0.529 (lg —%J A=1851x10""m

2
(€5 =05294; rey =5 x%;

0.529 x (4
rqx) = _z'——""‘,

(b) , of H-atom = 0.529 A r,

Z=16

2
(n like atom) = EZ_ x 5 (H-atom)

2
r, of Be®* = -nz— x1 (H-atom)
=0.529 A (Z = 4 for B¢®)

nz
= = 0529=0529=n?=2

~
- ——

and Solutions

= nt=4=n=2

24, (d) Frequency of revolution

25.

26.

33.

34.

36.

_ velocity in second orbit (V)

N 2nry

_ 1.082x%10°% ms™!

T 2xax(2.12x107%) m
h _h _ h

1840 m,V

=82x10" 5!

[m, =1840 m,}

. v
frequency of revolutdon = —;
2xr,

Ze?

Coulombic force of attraction = ———
(4neg)

2
(d) For Be** E,, —E, = +13.6
n

2

h

37- d k =
) P ;;ZeVmp

h h
Be _J2x3eVmBe3+ - J2x3er9mp

;bBca_. ZeVmp _ 1
A, \2x3eV x9m, 33

A




38. (c) When an electron of charge e and mass m is
accelerated with a potential difference of ¥

volts K.E. = eV
= Lov?oer or vio2¥
2 m
2eV
=
m

_ 18
41. (d)E,, in first orbie = —22:0X10° 4

E_ s in second orbit
_ ( 19.4 x 10‘15J 16
4 4
=-19.4 x107* J
4Z. (BIny+ny=4 ny-m=2 . m=1,

ap b1 3R
R(2)[ 32] 5

n,=3

43. (&) E = (mC)C or momentum of photon P = g

h 6.63 x 1074

_- = ——

A 122x10°%

P=543%10% kgms!

As photon is absorbed and atom stops so

final momentum is zero as per law of
conservation of linear momentum.

1.67x107% xv=543x10%; v=325m/s

=

44, (DE=n %
2x107Y 1240 eV.nm
—_19 eV =nx b4
1.6 x10 595.2 nm
= n=060
46. (a) m=10"g = 107 kg;
Av = 80008 06 102 =10 m sec””
100
h
= Ax-Ap = —
P 4r
= Ax= h = —h ;
4nAp  4n.mAv
_ 6.62 x 107>
4x3.14 x107% x 107
-34
- 202 10_27 ; Ax=52x10%m
T1256 10
47. (&) Ax~_t h

B —— e
4mAp 4 x mAV

6.63x10 14

T 4x3.14x9.1x107% x1
C-Av=1m/s)
Ax = 58 um
51. () AE=13.62° [35 - 35] eV atom™
o
For the ionization of Li** (Z = 3) from first
excited state, n; = 2and n, = c.

Hence, IP=AE =13.6 x 3% x L—___)

. =306eV

55. (A)E=(mC)C or P=g

_6x10° x1.6 x107"°

3x10°
=32x107% kg-my/s
z? : 2
57. (b)- E, ac-? = E,«x-Z
58. (2 M _ 1 Zee
ro 4me 1
82
vi= (Hydrogen Z =1)
drggrm
S R S
Anegrm Anegrm
1 211 1 2[ 1 1 ]
59, (¢) = =RZ*| — - |=R =3 - —
© 3 {nf‘ n‘f_} ¥ o?
= R or l=l
R
1 1 1 1 1]
60 ~=RZ* - —|=R ><22[ ‘——‘-—!
® {:nlz ng] 12 22
= 13R; K:L
3R
67. (c) As per Einstein's equation of photoelectric
effect hv =hvy + KE.
1 hc  he
Zmv?=hv- hvg="—"-—
2 T

2 ZhC 1
v - —
m ?L }.0



he

68. (¢) =144 (D
3x 44y ()
A
from, eq. (1) and (2} $=0.5eV
69. () Ly =1220eV M 4o g ev =27.2ev
2 31 nm

70.

71. (E,=-—5-¢eV; E;=-
.oon

73.

78.

79.

80.

81.

:% x9.1x107! xv2 =27.2x1.6 x107"®

v=3.09 x10° m/s

(@) hv=hv, + eVy; eVy=hv-—hv, or
h
Vp=—v-—vy slope =—
e e e
Similarly, hv=hvy + Ky
or Koo =hv - hvg;
slope, =h, slope, L R _ e
slope; h/e
13.6 13.6

22 2
Eyj=— % eV/atom
AE =E,~E,=255eV
Absorbed energy = work function of metal + K E.

2.55=25+KE.: KE =0.05eV
h 1.23
C A,:—-T_=‘=—ﬂm
© \fZeVm W
1 1 1
b) - -=R(—-— c =1 n,=7;
F) ) ni %J ! 2
E:R lwv]‘fz :n%:A_.R;.A‘__.
A 1 n; Rn-1
AR
= nyg= —
=5
he he he
(B E=FE; +Ey; = —
) L VR VW
he _polratM) o Mha
A MAg S M+ Ay

(a) For the transition n =1 to n = 2 the energy
change, AE is positive, ie, energy is
absorbed. For the transition n=5ton=1,
AF is negative, i.e., energy is released.

(®)

mvrn:;—: and p=

2xh
=pr2=

Py

h
:> —_—
2x7 w

82.

83.

84.

85.

88.

93.
99,
103

h h
or — === A=,
A T
ry = 4ay;
A = 4ayn

(c) For hydrogen atom

1 1 1

— =Ry | =-=|

» H{nf né}
A=2170nm = 2170 x10™° m;
Ry =1.09677x10" m™*

9
10 _ 09677 %107 iz—i; n =4
. 2170 nf 7

So, electron transition from n=7 ton=4
will produce infrared light of wavelength
2170 nm.

(aj Total number of spectral lines given by

%[n—wl]xn:lS; n==6

Thus, electron is’ excited upto 6% energy
level from ground state. Therefore,
1 1 35

Z=Ry|—-— |=109737 x=2;
H[lz nz] *36
A=9373x10° em=9373 A

(¢) Maximum number of electrons with same
spin is equal to mmaximum number of
orbitals, i.e., (2[ + 1).

© E=n—hc=nth ( V:-l—]
A A
~ 10 =nhcv or n=1—0_=£
hev  hex

2
B)LE =+13.6 %2 eV =13.6 x4=544 eV
n

for 2mole =544 x2xN,eV=1088N , eV
(a) Use (n + Drule.
() 7s orbital, with low value of (nn + [).

L) l=4;
number of degenerate orbitals = 2 + 1= 9;

maximum total spins =9 x%
maximum multiplicity = 2§ + 1
—2x24+1=10
2

. . 1
minimum total spins = 5



m - B prosLews i cremisTry [l

minimum multiplicity = 2 x% +1=2 . and (6-6}(c-2)=0
o=6, r="-"2
108.(b)4f has the highest energy among z
3d, 41, 4p, Ss orbitals. and s=2,r=%
111.{d) Orbital angular momentum %, z
= Jil+1) ; 1=1 for p-orbital. R= =
5. s A U - ce m
115. (b) Fe(liI}—[Ar] 3d”; unpaired electrons = 5; . Level2 _ o
magnetic moment =,/5(5+ 2) BM 1 1 (+Ze)(—e)
Co(II)—[Ar] 3d7; unpaired electrons = 3; - (@ PE= 4ne, r
magnetic moment =.J3 x (3 + 2) BM L 1 (s2e)(=e) a e?
117.(d) Given p = Jn(n + 2) =1.73 BM o C4ng, 1 2ne,r
(where n is number of unpaired electrons) 2. (c) lonization energy :
L=l 5V =15%2522p83s23p%45234° 72
-217.6=-13.6 x—; Z=4m
LA | . 12
3d° 452 So, it is 9Bes*' no. of neutrons 9-4=5
for n =1it must release 4 electrons, first two d[U(r)} 3Ke?
‘ from 4s-orbital and then next two electrons 3. (0)——= A —+ = Magnitude of the force
from 3d-orbital. So, x = 4. we?  my?
120. (a) The order of screening effects of sub-shells is N
s>p>d>f. and weknowmvr:n—h orr= nh ,
141.(c) For fsubshell1=3; .. g subshelll=4 2r 2nm-v
333 3.3
for principal shell, I=4,n=5 e BTV 2 R
e EPE mv-, 24K 3m?
- total no. of orbita) in shell = n? =52 = 25 1" en
147. (c) Unpaired electron of Cl atom is 3p' for 4. (@ -3 *P.E=KE
whichn =3 17 1 1 ) nh
I=1,m=-1,00r +1 and s=:t§ F_E[_Em ]—:-va’ mw:E,
o i . . 2 nh? + nh?
150.(d) A : excitation possible only in d-orbitals vi=s—— z ;= ST
B : Spin multiplicity = 2| §[ + 1; | S| or an"m . 2"‘
T
=total spin 1 k) rv?
Vv ) 5. (@) >mvi= q’ B4l o, % Y
C : V violated Hund’s rule (2) 2 m 2kq.2
. ) L g 2.5x10M x(2.1 x107)?
D : A" is paramagnetic due to unpaired e == 3 T
- A B, C are correct. m 2x9x107 x79x1.6x10
151. (d) Orbitals are 4s, 25, 3p and 3d. Out of these = 4.84 x10’ coulomb/kg
3d has highest energy. n2h?
172.(d) No. of spherical nodes=n —1-1; 6. (d) v=ro wherer,= 4nimeiZ K
fors, p, d, fvaluesof =0, 1, 2, 3respectively. anc-l 2z K
175. (c) Probability of finding e is zero implies that Yn= n-h
¥ =0or ¥=0 InZe* K n2h?

= {c-1)=0 = o=1
or 5 =% or (c®> -8c+12)=0

@;

= x
n-h 4n?me*z - K



8n’me*. 2% K* = 19.55 eV
N 1 11
11. (a) —=Rz®|— - = |, where n; =n,
_9n’me*-K? C-n=2andZ=3) A ny nj
B 2 T - ng=rn+1
2 1 1 1
v : 2
- — = - 2. — =RZ o e —
7. B e 7 forH, r, -1, =0.529(16 -9 x [nz o 1)2]
= 0.529 x9 A 1 oan+1 5
: 16 9 = 2%\ e
7y — 3 for Li*" = 0.529 (? - —J n(n+1)
7 3 Since, n>>1;
= 0.529 x = s0 ratio 7 3:1 Therefore, 2n + 1 = 2n
3 7 7/ and (n+ 1P =n?
8. (0v,=2186x10°% . . I—RZZ[ 2n ]
n - N 2 2
‘ 1 A n“-n
= 1.093x10°® = 2.186 x10° x—3n=2 v 7RZZ 2cRZ?
= —=—— O V="
from Bohr theory we know 2mr = ni ¢ n n
h 12. (@ 5
= 2i, where A=—
mv’ @ (4) 4
nz 5
=0.529 — 0.
or r=0.529-- = 529 x4 A 1) @) ® ,
Circumference of the orbit
= 2x22,0529%4x10°10 2
7 . w {5)
= 13.30x10°m ' 1
9. (b) Angular momentum = ;—h Total radiations are = 6
JC
n % 6.626 x 1073 13. (a) If ais side of cube, then Ax = a3
3.1652x107% = — " X
2 o Ax=10V3¢m =10V3 x10”m
n=3 .
1 1 Avap=i; Ax-m-Av:i
V=R-Z%| =~ 4n 4
n?  nj h
A= A
G:R-Z‘"{l——lz-J:g : T
2* 9 ‘ _ 6.63x 107
10. (d) Energy of photon corresponding to second T 4x3.14x% 9.1 %107 x 10x+/3 x 1073
line of Balmer series for Li** ion s .
. 1 1 SAV =334 <107 ms™
— 2 ———
=(13.6) < (3) [22. 42} 14. (b)2mr =47 n=4
27 Total energy required + total energy released
= 13.6 X —1—6- = 0
Energy needed to eject electron from n =2 2x4.526eVxN, +2x13.6 XN, + 2"13'5
fevel in H-atom, x (1 - -L] xN, -3087xx xN,=0
, [1 1 13.6 16
=13.6x1% x| & - — =
2? = 4 x =2 . molesof X required =2
K.E. of ejected electron 15. (c) Work function for Li** = 9E.
9x3 13.6 27 -4 )
=13.6x —7213'6x( 16 ) Ep_=w+-§mv2; Ep:9E+%mv2

-



"2

m
16. () E=hev = 1.63x107%]
1 3
where ¥ =R(1)* [—— - -—) = —R
122 4

Translational K.E. of H-atom = g x LS xT

A

3 x% T =163x107'%
2 6x10

T=784x10"K
17. (¢) Radial node occurs where probability of
finding e~ is zero.
wi=0 or y=0
6-66+0°=0; c=3+43
3(3++3),
2 Z

For max. distance r=

. (@ ”("2 D 6n=-4,

n=4 E4=—0.85&V
n=1
AE =12.75eV

12.75 ev = 1240 €V-om :me

A=97.251m

19, (d) For Il to I transition
AE = _p_ he : _
3 ?"'H -1 _

E, =-13.6eV

For III to 1 transition
AE =2 - =1¢
‘ A

e _ ke
3IxA 7LH,

20. () [ [ [
1s 25

Ag.y =3k

3s 3p 4s

III
3
Out of 6 electrons in 2p and 3p must have on

electron with m=+1 and s:—% but in

3d-subshell an orbital having m = + 1 may

. 1 1
have spin quantum ne. — 3 or + >

Therefore, minimum and maximum
possible values are 2 and 3 respectively.

-22. (b)

21. (a) Energy absorbed =13.6 x1.5=20.4¢V of
this 6.8 €V is converted to K.E.

68eV = 68x16x10" T

6.8x1.6x107"" =K .E. = (}?] mv?

C18
Ve {2KE= f2x1.038x13?
Ym 91x10°

=1.54 x10f m/s
g-he =29x1071%J
A

Total energy of 10 quanta
= 10x2.9 %107 = 20 x10°1% )
Energy stored for process
_112x4.18 x10°
T 6x10%

7.8 x1071°
29 %107

=7.80x10717J

% efficiency = x100= 26.9%

23. (c) Total energy emitted by photo-electron

=10.2+17 =27.20 eV

Since, E, = Photon of energy emitted
through the transition

hc

n=n ton=2 = Z=27.20ev

1 1 1
We have — =R,,-Z2 =
Ay " (22 HZJ o

—=(h )RH-22

o, 22 (- 1)
M 22 n?

1 1
- 27.20=(hc)R, 22 (u_fj
. ( ) H 4 n2

or

..(D

Similarly, total energy liberated during
transition of electron from n=nton=31is

E, = % =(4.25+5.95)=10.20 eV
2

1020 = (h¢)R,, Z°* (]E - -1—] w(2)

r!2

Dividing Eq. (1) by (2), we get n =6 and
puttingn = 6inEq. (1) or (2), we get,Z =3

24, @ap=2C o . 1240eVm
: A 1025.6x 107" x 10
AE =12.09 eV



3 -1.51
2 -3.4
n=1 -136 .

AE=1208 : " n=3

In three different radiations, minimum
wavelength for 3= 2 transition
he - 1240 eV-nm

)"3—1 =— £=102.6nm
AE 12.09 eV
—34 g
25. (b) AE =_IE - {6.63x107"]1-5) (3.-';0x 10° m/s)
Y 3.055x10" m
=6.52x107% ]

AE, =%(2.176 x 10718 J)

=1.63x107% J; AF = AE,(Z%)
AE  (6.52x107%)
AE,  (1.63x107'%)

Z =2 (helium)
K.Ze2e

z22=

L

26. BIKE. =

229 x10% x 29 x2x(1.6 x10719)?
5x1.6x1071 x10°
9x10° x29 x2x1.6 x107*
5x10°
: =1.67 x10™*m
27. (©Jv=aZ-ab
ab=1, a=tan45°=1
Jv=51-1=50
v = 50% = 250057"

1 1 1 n?-4

28. —=R|—=--"|=R| ———
@3 [22 nz] [ an? ]

N 2

k:ix n

R n?-4
g
A=kx

n
(2
T2 @

Comparing equation (1) and (2) we have

k=2
R

Given:

2
29. (b) 2, = nh = 21 x0.53° = nA
z

n
z

A=2nx0.53x ..(1)

(1)

2
2 n
ES€D=3'4=13‘6n_2 = ;=2

A=2px0.53x2=6.66 A

Level 3
Passage-1
1. (0 Ax Ap=— = Ap2=—h—
n 4
= miavi=tt o av=l (R
n 2m V=
h
2, (a) Ax=,——; Ap=—
4
h h mh
—— Ap=—, Ap=_|—
4nm P 4n P 4n

-9
1 102 xAl)iﬁAlZEXIO_m
A 4n 4

AL 20625A

Passage-2

1. (b)- %:RH xZ2 [1 —iz] for Lyman's series
n

For He* ion series limit n = o0;

i—:Rszz[l—é] = %:RHM ‘

Similarly, Balmer series limit for Li%* ion
1 ) 1 4x
— =Ry x3* =9R, =9I x—= Ay =—
Ay " a9

2. (b)6=(n2-n,).(ﬂ2'"2‘1—+n; ny,=4, n =1

" %:R,,, x22[1—i]

16
= RxE; A= 4
4 1SRy

1 1 1
3. d —=R —-—
@ 1R [ns ng]



1 ' 2[1 1y
=Ry x2 —z”—ij
et \2° 4
1 1 1
=R, | =-—=|=—
H(ﬁ 22] Ay
for ny,=2ton =1

Passage-4

© 1. (b) Total energy required for dissociation of O,

molecule and then assigning (O*) 1eV more

energy than (0)= (4804 96) = 576 kl/mol .

Maximum wavelength E = he ;
he o 12400
A'r.L'uu(im.urn =—_ ( ): P
E'm.in e Emin (eV)
_12400 _»066.674
2. Oz —0C,(g+0 wee()
C0,(g)—»0+0* ' .. (i)

Energy required for (i) reaction 'is =400

kJ/mol

Normal dissociation of O, required =480

kJ/mol (given)
each (O*) has 1 eV more energy than (0)
and given 1 eV/photon = 96 kJ/mol

So total energy required for the dissociation
of O, into O and O* is 400 + 480+ 96 = 976
kI/mol

One or More Answers is/are Correct

15. (a,b,c,d) At the point of maximum value of RDF

dp .
Lo
dr

[Z—Zz—rz]=0; r=%
ag

where Z =3 for Li®* and Z = 2 for the He';
Z =1 for hydrogen.

19. (a, b, ¢, d)

. (a)vc>cE
n

2 2

© PEx-Z, -
n

Match the Column
13. (a) s-orbital's r=0, y # 0 and 3 radial nodes
= 45
(b) 3 radial nodes (s, p, d) = 4s, 5p, 6d,,

{c) Angular probability is dependent of 0 and ¢
for 5p,, 6d,,
(d) Atleastone angularnode= 5p,(1); 6dxy 2

Subjective Prohlems

(L.6x1071%%
4%314 x8.85x10712 xr
= r=300x10"""m=3A

12, dKE)=mvdv=my

11. 7.67 x1071° =

4rmAx
_ 3x10° 6.62x107*

x
3 4Xﬂx3.31
T

%1072

=5x107%8J
13. E, =10.2 eV
$=4.2eV
KEp =10.2-4.2=6€V

he = ‘/12—05 =5A

Radial probability density at r=a, _R*(dy)

14.
Radial probability density at r=0  R?*(0)
1 32
For 1s orbital: R,y =— | —| e°C
@ Jn (%J
R*(qy) _Q/mad)e’™ _
R 20)  (/nap)®
15. A- Ep,  -136x2"x2* 16 _g

2E,;  2x12x(-136)x17 2
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GASEOUS STATE
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Gaseous State

The state is characterized by sensitivity of volume ‘change with change of pressure and
temperature, It is due to large distance between molecules as compared to their own dimensions.
There exists weak vander Waal’s forces.

Ideal Gas: A gas with no intermolecular attractions & having very negligible volume
occupied by molecules when compared with volume of gas is termed as ideal gas. A theoretical
concept which for gases present can be obtained only under certain condition.

Parameter associated with the ideal gas: P, V, T, n

where

P represents pressure exerted by the gas molecules on the walls of the container assuming
negligible intermolecular attractions,

V represents free volume available for motion (equal to the volume of the container),

T represents absolute temperature, n represents no. of moles.

<+ Conversion factors

Pressure : atm= = 1.013x 10° Pa =760 mm of Hg = 760 torr = 1.013 bar

Volume : 1L=1dm* =10 m?® = 1000 mL =1000cm?
Temperature : T, =T + 273 = —;T; +255.22

instruments for Pressure Calculations
<+ Barometer: The instument used for the measurement of atmospheric pressure is called a

barometer.

Axhxdxg
A

where d =density of fluid

h= vertical height

g =acceleration due to gravity

P=



<+ Manometer: The instrument used for the measurement of the pressure of a gas is called a
manometer. manometer are of two types

{i) Open end (i1} Closed end
Experimental Gas Laws '

L Boyle’s law Voo % (f & n constant) . PV, =PV,

1I. Char!e’s iaw VaT (P & n constant) Y = V2
LT,

IH. Gay Lussac’s law Pl (V & n constant) =%
n T

v Avogadro’s law Van ( T & P constant) i = V2
n; ny

Combined Gas law : hw BV,

T T,

Equation of State: - PV = nRT

PV = %RT R is Universal Gas constant,

R =0.0821 atm. L/K. mol = 8314 Joule/K. Mol ~ 2cal/ K.mol

, PM
d f d)y=——
ensity of gas (d) RT

+ Dalton’s law of partial pressure:
Ptmal = PA + PB ......

P, , Py are partial pressures; P, =mole fraction , x Total pressure

and Y% of gas in mixture = Partial pressure x 100

Total pressure
Pet gas = Parygas + Py 40 vapour (aqueous tension)
» Amagat’s law: The total volume of a mixture of gases is equal to the sum of the partial
volumes of the constituent gases, at same Temperature & Pressure.

+ Relative humidity:

o~

Partial pressure of H,0(g) <100
Vapour pressure of H,0 (1)
» Graham’s law of Diffusion or Effusion:

% Relative humidity =

e

1
r oc -— orr oc e - [ For gases effusing at different pressures]

ris rate of (hffusmn of any gas, dis den51 at same temperature.
no_ My, Yi/t, M, Pressuredropl
ry \ d1 M, V,/t, \M, Pressuredropll

mo]es dlffused d:stance travelled in a narrow tube
time taken time taken
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+ Isotopic Separation Factor:

After x steps of separation, isotopic separation factor (f) =
or X = _2logf
lo ﬂ%
: M,

Kinetic Theory of Gases
PV =Llmnu® -
3

(n, t‘/"z)nnm =( [ﬁ;]x

(ny / 13 initial -

VM,

M u? (For 1 mole)

Wi

Types of speeds:

uf +ul+.. 4ud

N

4 Root mean square speed, u = 3_Rl - |3V _ (3P
M nM Yd

# Average speed = JL ¥ M2t HN ,PRT =u
N M

,2RT
< Most probable speed = = Ums

Relationship between three types of speeds
< Most probable: average : r.m.s. = v/2.: \/§ 143 =1:1.13:1.22
n

< Mean square speed, u® =

@ Ups > Upy >Upy

< Average kinetic energy of a single molecule = —2 % -T = -g kT

where, k =Boltzman constant = 1.3806x 10~ erg deg ™!

+ Total kinetic energy for one mole of a gas = -Z-RT.

« Kinetic energy of n moles of a gas =n x gRT

Maxwell speed distribution Law:

. M 3/2
dN, = 4W(m] exp (-Mu?/ 2RT) u?du

3/2
= 4KN[5?IEI-") exp (-mu?/2kT) u®du
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Real Gases

Real gases: Gases which do not obey perfect gas laws over a wide range of pressure and
i temperature are called real or non-ideal gases. These deviations are due to the interactions of

molecules with each other and volume occupied by gas molecules. The repulsive forces between
molecules assist expansion and attractive forces assist compression.

<+ Deviation from ideal behaviour e

The curve for the real gas has a tendency to coincide with that of an - ‘/“'-’(‘3‘3E gas
ideal gas at low pressures when the volume is large. At higher pressures, 1|, ~Realgas
however deviations are observed. A

< Vander Waals equation of state '

2
(P+ﬂJ(v-nb)=nRT
VZ

a, b are Vander Waals constants; different for each gas
unit of @ — atm 12 mol™2 ;  S.I unit — Pa m® mo
unit of b —— L mol ™ ; S.L unit —— m* mol™
greater the value of ‘@ more easily the gas is liquefiable;
greater the value of ‘b’ greater the molecular size,
< Compressibility factor
7= PV _ molar volume observed

nRT molar volume ideal

1-2

T>T>Ty>Ty

1deal gas
+ + + 0 + + + »
100 200 300 200 400 600
p/101.325 kPa p/101.325 kPa
+ Interpretation of deviation from vander Waals equation
(i) At low pressure Z = ﬂ =1- 4.
. RT VRT
(ii) At high pressure Z' = LA B
. RT RT

(iii) At extremely low pressure Z = ;—¥ =1; PV =nRT

4+ Virial equation of state for 1 mole of gas
PV 1 1

Z ———1+B—+C—+Di+‘...
RT v o y? V3

B =second virial coefficient = b - —
RT |gas dependent

C =third virial coefficient = b?



+ Boyle temperature (Ty): The temperature at which a real gas obeys Boyle’s law - (t e,

behaves as an ideal gas) in low pressure range. ‘
a ' ‘ Tt

2R

<+ Inversion temperature: The temperature at which a real gas show no Joule-Thomson
effect is called its inversion temperature (T;)
T =2Ty =E
bR
In Joule-Thomoson’s effect, all gases except H, and He showed cooling effect while H, and He
showed heating effect.
+ Critical constants

(i) Critical temperature (T.) : T, is the maximum temperature at which a gas can be
liquefied, i. e., the temperature above which a liquid can not exist.
r . 8
27Rb - . .
(ii) Critical pressure (P.) : P, is the minimum pressure required to cause liquefaction at
the temperature T,.
c 2 2
) 27b
(iii) Critical volume (V,) : V, is the volume occupied by one mole of gas at crmcal
temperature and critical pressure,

V, =3b pt  TSTHTSTRT, |
(iv) Compressibility factor under critical state of a gas d
_EV
¢ RT.
Now substituting the values of P, V, and T, we get
-’—'——;—- - 3
. ZC = g |
+ The law of corresponding states N A
v .
pr—ﬁ- T,:L and V, = -2
Pc T c

(p, +3/ VI3V, -1) = 8T,
PV _(p-PIOVV) _pVe(p V| 3PV,
RT R(T.T,) T. \ T 8T

r r

Z =



1. Which one of the following statements is not correct about the three states of matter i.e., solid,
liquid and gaseous ?

(a) Molecules of a solid possess least energy whereas those of a gas possess highest energy
(b} The density of solid is highest whereas that of gases is lowest
(c) Gases and liquids possess definite volumes
(d) Molecules of a solid possess vibratory motion
2. Which of the following curve does not represent Boyle’s law?

:E log B=45°
(a) (b) '
v—> log (V) —
(c)

b

iog P 135 -y

()

3 I
log (V') y

3. A certain sample of gas has a volume of 0.2 litre measured at 1 atm pressure and 0°C. At the
same pressure but at 273°C, its volume will be:

(a) 0.4 litre {b) 0.8 litre (c) 27.8 litres (d) 55.6 litres
4. Among the following curves, which is not according to Charle’s law ?

t 1

v log P =45°
(a) ®) ,
T . : ogT —»
1 t
vT vIT
© (d)
T V —

5. At what temperature, the sample of neon gas would be heated to double its pressure, if the
initial volume of gas is reduced by 15% at 75°C ?
(a) 319°C (b) 592°C - (c) 128°C (d) 60°C

6. Which is correct curve for Charle’s law, when the curve is plotted at 0.821 atm pressure for 10
mole ideal gas?



10.

(a) (K™
§=45°
V(i) —»

At constant volume, for a fixed number of moles of a gas, the pressure of the gas increases with
increase in temperature due to:

(a) Increase in the average molecular speed

(b) Increase rate of collision amongst molecules
(c) Increase in molecular attraction

{d) Decrease in mean free path

. Which in not correct curve for gay-lusacc’s law ?

R !
&) | ® ™
T togT—* _ TIK)—>

1 1
P PIT
(<) (d)

T T—»

Three flasks of equal volumes contain CH,, CO, and Cl, gases respectively. They will contain
equal number of molecules if :

(a) the mass of all the gases is same

(b) the moles of all the gas is same but temperature is different

(c) temperature and pressure of all the flasks are same

(d) temperature, pressure and masses same in the flasks

Which is incorrect curve for Boyle’s law ?

| |
(a) (b)
N—> log V =



11.

12,

13.

- 14,
15.

16.

17.

| PROBLEMS IN CHEMISTRY

o, ;

P Pv2
© (d)

WV— V—
“Equal volumes of all gases at the same temperature and pressure contain equal number of
particles.” This statement is a direct consequence of :
(a) Avogadro’s law . (b) Charle’s law
(c) Ideai gas equation (d) Law of partial pressure
A 2.24L cylinder of oxygen at 1 atm and 273 K is found to develop a leakage. When the
leakage was plugged the pressure dropped to 570 mm of Hg. The number of moles of gas that
escaped will be : :
(a) 0.025 (k) 0.050 (c) 0.075 (d) 0.09
Which of the following curve is correct for an ideal gas ?

T n, T constant’ T V, n constant ' 1 V, T constant t P, n constant
P P P v
) : (© @
Vo T n— T—

In the equation of state of an ideal gas PV = nRT, the value of the umversal gas constant is not
correct :

(a) 8.314 JK 'mol ™! (b) 0.0821 atm L mol *K™!

(c) 0.8314 b L mol 'K (d) 2 cal mol K™’

At 0°C and one atm pressure, a gas occupies 100 cc. If the pressure is increased to one and a
half-time and temperature is increased by one-third of absolute temperature, then final
volume of the gas will be:
(a) 80 cc (b) 88.9 cc {(c) 66.7 cc {d) 100 cc
10 gm of a gas at 1 atm and 273 K occupies 5 litres. The temperature at which the volume
becomes double for the same mass of gas at the same pressure is: :
(a) 273 K () -273°C (c) 273°C (d) 546°C
Which of the following curve does not represent gay lusacc’s law?

P(atm) P(aTtm)

(a) (b)

rc — ‘ rc —

P(atm)
(9]

T(K) —*



18.

19.

20.

21.

22.

23.

24,
25.

26.

27.

28.

29.

Densities of two gases are in the ratio 1 : 2 and their temperatures are in the ratio 2 : 1, then
the ratio of their respective molar mass at certain pressure is:

(a)1:1 (b)1:2 @2:1 dy4:1

Two separate bulbs contain ideal gases A and B. The density of gas A is twice that of gas B. The
molecular mass of A is half that of gas B. The two gases are at the same temperature. The ratio
of the pressure of A to that of gas B is : .

(a2 () 1/2 ()4 (d) 1/4

Volume of the air that will be expelled from a vessel of 300 cm 3 when it is heated from 27°C to
37°C at the same pressure will be:

(a) 310 cm® (b) 290 cm? () 10 cm? (d) 37 cm?

V versus T curves at constant pressure P, and P, for an ideal gas are shown in P,

fig. Which is correct? ' ) P,
(@ P >P, (b) P, <P, v

(P =P - (d) All of these

T

J R <

Two flasks A and B of 500 mL each are respectively filled with O, and SO, at 300 K and 1 atm.

pressure. The flasks will contain:

(a) The same number of atoms

(b) The same number of molecules

(c) More number of moles of molecules in flask A as compared to flask B

(d) The same amount of gases

2.8 g of a gas at 1atm and 273K occupies a volume of 2.24 litres, the gas can not be:

(@ 0, (b) CO (c) N, (d)C,H,

Five grams each of the following gases at 87°C and 750 mm pressure are taken Which of them
will have the least volume ?

(a) HF (b) HCI (c) HBr (d) HI

At what pressure a quantity of gas will occupy a volume of 60 mL, if it occupies a volume of
100 mL at a pressure of 720 mm (while temperature is constant) :

(a) 700 mm {(b) 800 mm (¢) 100 mm (d) 1200 mm
At 1 atm and 273 X the density of gas, whose molecular weight is 45, is:
(a) 44.8 g/L (b) 11.4 g/L (c)2 g/l {(d) 3g/L

A small bubble rises from the bottom of a lake, where the teniperature and pressure are 8°C

and 6.0 atm, to the water's surface, where the temperature is 25°C and pressure is 1.0 atm.

Calculate the final volume of the bubble if its initial volume was 2 mL.
{a) 14 mL (b) 12.72 mL {c) 11.31 mL (d) 15 mL
Argon is an inert gas used in light bulbs to retard the vaporization of the filament. A certain

light-bulb containing argon at 1.25 atm and 18°C is heated to 85°C at constant volume.

Calculate its final pressure.

(a) 1.53 atm (b) 1.25 atm (¢) 1.35 atm (d) 2 atm

Calculate the volume of O, at 1 atm and 273 K required for the complete combustion of 2.64 L
of acetylene (C,H,) at 1 atm and 273 K. 2C,H,(g) + 50,(g) — 4CO,(g) + 2H,0()
(a) 36L (b) 1.056 L. (c) 66 L " (d)10L
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30.
31.

32,

33.

34.

35.

36.

37.

The density of O, (g) is maximum at : .

(a) STP (b) 273 K and 2 atm

(c) 546 K and 1 atm (d) 546 K and 2 atm

At 27°C a sample of ammonia gas exerts a pressure of 5.3 atm. What is the pressure when the
volume of the gas is reduced to one-tenth of the original value at the same temperature?
(a) 0.53 atm (b) 5.3 atm (c) 53 atm (d) None of these

“A certain amount of gas at 25°C and at a pressure of 0.80 atm is contained in a glass vessel.

Suppose that the vessel can withstand a pressure of 2.0 atm. How high can you raise the
temperature of the gas without bursting the vessel?

{a) 745°C (b) 472°C -(c) 500°C , {d) None of these
Which one of these graphs for an ideal gas, the arrow indication is incorrectly marked ?
R v

decreasing
Volume

decreasing
Press

(a) ®
O Tempin K -273° 1°C
P P,
Increasing decreasing
Temp. Press
(© (d)
0 vV , LTIV

The pressure of sedium vapour in a 1.0 L container is 10 torr at 1000°C. How many atoms are
in the container?

(a) 9.7 x 107 _ (b) 7.6 x 10*°
(¢) 4.2x 10" (d 9.7 x 10"

An ideal gaseous mixture of ethane (C,Hg) and ethene (C,H, ) occupies 28 litre at at 1 atm
and 273 K. The mixture reacts completely with 128 gm O, to produce CO, and H,0. Mole
fraction at C;H, in the mixture is : '

(a) 0.6 () 0.4 (c) 0.5 (d) 0.8

A certain hydrate has the formula MgSO,.xH,0. A quantity of 54.2 g of the compound is
heated in an oven to drive off the water. If the steam generated exerts a pressure of 24.8 atm in
a 2.0 L container at 120°C, calculate x. .

(a) 2 (b) 5 (© 6 @7

Air entering the lungs ends up in tiny sacs called alveoli. It is from the alveoli that oxygen
diffuses into the blood. The average radius of the alveoli is 0.0050 cm and the air inside
contains 14 per cent oxygen. Assuming that the pressure in the alveoli is 1.0 atm and the
temperature is 37°C, calculate the number of oxygen molecules in one of the alveoli.

(a) 6x 10" () 10% (€) 1.7 x 102 (d) 1.7 x 10°
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Nitrogen forms several gaseous oxides. One of them has a density of 1.33 g/L measured at
764 mmHg and 150°C. Write the formula of the compound.

(a) NO (b) N,O (c) NO, (d) N,O,

Starting out on a trip into the mountains, you inflate the tires on your automobile to a
recommended pressure of 3.21 x 10° Pa on a day when the temperature is — 5.0°C. You drive
to the beach, where the temperature is 28.0°C. Assume that the volume of the tire has
increased by 3%. What is the final pressure in the tyres?

(a) 350 Pa (b) 3500 Pa (c) 3.5x 10° Pa (d) None of these

A compressed cylinder of gas contains 1.50 x 10° g of N, gas at a pressure of 2.0 x 10’ Paand
a temperature of 17.1°C. What volume of gas has been released into the atmosphere if the final
pressure in the cylinder is 1.80x 10° Pa? Assume ideal behaviour and that the gas
temperature is unchanged.

(a) 1260 L (b) 126 L (c) 12600 L (d) 45 L

A high-altitude balloon is filled with 1.41 x 10* L of hydrogen at a temperature of 21°C and a
pressure of 745 torr. What is the volume of the balloon at a height of 20 km, where the
temperature is — 48°C and the pressure is 63.1 torr? .

(a) 1.274x 10° L (b) 1.66x 10° L (c) 1.66 x 10* L (d) None of these
The atmospheric pressure on Mars is 0.61 kPa. What is the pressure in mm Hg?
(a) 0.63 (b) 4.6 (©) 6.3 (d) 3.2

The density of liquid gallium at 30°C is 6.095 g/mlL. Because of its wide liquid range (30 to
2400°C), gallium could be used as a barometer fluid at high temperature. What height (in cm)
of gallium will be supported on a day when the mercury barometer reads 740 torr?

(The density of mercury is 13.6 g/mL.).

(a} 322 (b) 285 (c) 165 (@ 210

A weather balloon is inflated with helium. The balloon has a volume of 160 m® and it must be
inflated to a pressure of 0.10 atm. If 50 L gas cylinders of helium at a pressure of 100 atm are
used, how many cylinders are needed? Assume that the temperature is constant.

(a) 2 b3 (c) 4 (M1

A balloon contains 14.0 L of air at 760 torr. What will be the volume of the balloon when it is
taken to a depth of 10 ft. in a swimming pool? Assume that the temperature of the air and
water are equal. (density : Hg = 13.6 g/ml.)

(a) 11.0 (b) 11.3 {c) 10 (d) 10.8

A 0.50 L container is occupied by nitrogen at a pressure of 800 torr and a temperature of 0°C.
The container can only withstand a pressure of 3.0 atm. What is the hlghest temperature (°C)
to which the container may be heated?

(a) 505 (b) 450 7 (c) 625 (d) 560

Equal volumes of oxygen gas and a second gas weigh 1.00 and 2.375 grams respectively under
the same experimental conditions. Which of the following is the unknown gas?

(a) NO (b} SO, (o) CS, (d) co :

A high altitude balloon contains 6.81 g of helium in1.16 x 10* Lat- 23°C. Assuming ideal gas

behaviour, how many grams of helium would have to be added to increase the pressure to
4.0x1072 atm?

{a) 1.27 (b) 1.58 (©) 2.68 (d) 2.13

a5
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A 4.40 g piece of solid CO, (dry ice) is allowed to sublime in a balloon. The final volume of the
balloon is 1.00 L at 300 K. What is the pressure (atm) of the gas?

(a) 0.122 (b) 2.46 (c) 122 (d) 24.6

For a closed (not rigid) container containing n = 10 moles of an ideal gas fitted with movable
frictionless, weightless piston operating such that pressure of gas remains constant at 0.821
atm, which graph represents correct variation of log V vs log T where V is in litre and T in
kelvin,

¢

> | >
(@ g ® g
45° 30°
log T logT
> ° .
@ g 4 d g
:’1 45°
log T . log V

The intercept on y-axis and slope of curve plotted between P/Tvs. T

For an ideal gas having 10 moles in a closed rigid container of volume 8.21 L. (P = Pressure in
atm and T = Temp. in K, log,, 2 = 0.30) are respectively :

() 0.01, 0 (b) 0.1, 0 (01,1 (d) 10, 1

A He atom at 300 K is released from the surface of the earth to travel upwards, assuming that
it undergoes no collision with other molecules, how high will it be before coming to the rest?
(a) 9.53 m (b) 95.3 m ~ {©) 953 m (d) 9.53x10* m

The density of gas A is twice that to B at the same temperature the molecular weight of gas Bis
twice that of A. The ratio of pressure of gas A and B will be :

(a1:6 ®1:1 (4:1 (d1:4

Two inflated ballons 1 and 1I (thin skin) having volume ~ = - - ___ T
600 mL and 1500 mL at 300 mL K are taken as shown
in diagram. If maximum volume of inner and outer -
balloons are 800 mL and 1800 mlL respectively then
find the balloon which will burst first on gradual
heating.

(a) inner balloon

(b) outer balloon

(c) both simuitaneously

(d} unpredictable |

Inner balloon

Quter balloon |




55. An open flask containing air is heated from 300 K to 500 K. What percentage of air will be
- escaped to the atmosphere, if pressure is keeping constant?

{a} 80 (b) 40 {c) 60 {d) 20
56. The value of universal gas constant R depends on :

(a) temperature of gas (b) volume of gas

(¢) number of moles of gas (d) units of volume and pressure

57. A manometer attached to a flask contains with ammonia gas have no difference in mercury
level initially as shown in diagram. After sparking into the flask, ammonia is partially
dissociated as 2NH; (g) —> N, (g) + 3H, (g) now it have difference of 6 cm in mercury
Jevel in two columns, what is partial pressure of H, (g) at equilibrium?

Pam =76 cm Hg

NH3
gas

{a) 9 cm Hg (b) 18 cm Hg
(c) 27 cm Hg {d) None of these

58. Anideal gas is collected by downward displacement of water. Select the correct expression for
P,,, according to the diagram [dy;, =13.6g/cm’]:

-
i Gas

}hem

&

H,0 (d = 1glem?).

]
(@) Pyas = Pacmp — [aq. Tension + m} (b) Ppps = Py —hdg
() Pyag = Pymp — aq. Tension + %6 {d) none of these

59. A bubble of gas released at the bottom of a lake increases to four times its original volume
“when it reaches the surface. Assuming that atmospheric pressure is equivalent to the pressure
exerted by a column of water 10 m high, what is the depth of the lake?
(a) 20 m (b) 10 m (c) 30 m : {(d) 40 m
60. Calculate the number of moles of gas present in the container of volume 10 L at 300 K. If the
_ manometer containing glycerin shows 5 m difference in level as shown diagram.

(Given : dyyeerin = 2.72 8/mL; diporyry = 13.6 g/ml)
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(a) 0.94 mole (b) 0.49 male {c} 0.64 mole (d) none of these

A rigid vessel of volume 0.50 m? containing H, at 20.5°C and a pressure of 611 x 10° Pa is
_connected to a second rigid vessel of volume 0.75 m* containing Ar at 31.2°C at a pressure of
433x 10° Pa. A valve separating the two vessels is opened and both are cooled to a
temperature of 14.5°C. What is the final pressure in the vessels?

(a) 2x 10° (b) 3.22x 10° Pa

(c) 4840 Pa (d) 4.84x 10° Pa

Two glass bulbs A and B at same temperature are connected by a very small tube having a
stop-corck. Bulb A has a volume of 100 cm? and contained the gas while bulb B was empty. On
opening the stop-corck, the pressure felt down to 20%. The volume of the bulb B is :

(a) 100 cm? (b) 200 em?®

{c) 250 cm® (d) 400 cm®

A mixture of C;H, and C3H; occupied a certain volume at 80 mm Hg. The mixture was
completely burnt to'CO, and H,0(!). When the pressure of CO, was found to be 230 mm Hg at
the same temperature and volume, the moie fraction of C4Hg in the mixture is :

(a) 0.125 (b) 0.875

(c) 0.6 (d) 0.8

The total pressure of a mixture of oxygen and hydrogen is 1.0 atm. The mixture is ignited and
the water is removed. The remaining gas is pure hydrogen and exerts a pressure of 0.40 atm
when measured at the same values of T and V as the original mixture. What was the
composition of the original mixture in mole per cent? ‘

{a) X, = 0.2 Xy, = 0.8 (b) Xg, = 0.4 Xy, = 0.6

() xg, = 0.6, xy, =04 (d) xo, =0.8 xy, =0.2

Two closed vessel A and B of equal volume of 8.21 L are connected by a narrow tube of
negligible volume with open valve. The left hand side container is found to contain 3 mole
€O, and 2 mole of He at 400 K, what is the partial pressure of He in vessel B at 500 K?
(a) 2.4 atm (b) 8 atm (c) 12 atm (d) None of these

At STE a container has 1 mole of He, 2 mole Ne, 3 mole O, and 4 mole N,. Without changing
total pressure if 2 mole of O, is removed, the partial pressure of O, will be decreased by :
(a) 26% - (b) 40%

(c) 58.33% {d) 66.66%
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A 821 mL N, (g)was collected over liquid water at 300 K and 1 atm. If vapour pressure of H,O
is 30 torr then moles of N, (g) in moist gas mixture is :
(a) 0.39 (b) 0.032
{c) 0.96 (d) 0.0013
Let p and p, be the partial pressure of H,0 (g) and vapour pressure of H,0 (I) respectively.
Then the % relative humidity is given by:
@2 P00 L x100 (c) £ % 100 (@ (p + p,) x 100
5 5

The vapour pressure of water at.80°C is 355 mm of Hg. 1 L vessel contains O, at 80°C,

pumped into 0.3 L vessel at the same temperature. What is the partial pressure of 0, ?

(a) 1350 Hg (b) 2178.3 Hg (¢) 121.5 Hg (d) 355 Hg
Which of the following gas mixture is not applicable for Dalton’s law of partial pressure?
(a) SO, and Cl, (b) CO, and N, (c) CO and CO, (d) CO and N,

Equal masses of methane and oxygen are mixed in an empty container at 25°C. The fraction of

the total pressure exerted by oxygen is:
-2 1273

@3 ®) 37208

A box of 1 L capacity is divided into two equal compartments by a thin partition which are

filled with 2g H, and 16 g CH, respectively, The pressure in each compartment is recorded as

P atm. The total pressure when partition is removed will be:

(&P (b) 2P (c) p/2 (d) P/4

If10™* dm? of water is introduced into a 1.0 dm? flask at 300 K, how many moles of water are

in the vapour phase when equilibrium is established?

(Given : Vapour pressure of H,0 at 300 K is 3170 Pa; R = 8314 JK ' mol™)

1 1

(a) 1.27 x 10 ® mole (b) 5.56x 10 mole

(c) 1.53x 1072 mole (d) 446x 1072 mole

At room temperature Dalton’s law of partial pressure is not applicable to :
(a) H, and N, mixture (b) H, and Cl, mixture

{c) H, and CO, mixture {d) none

56 g of nitrogen and 96 g of oxygen are mixed isothermaly and at a total pressure of 10 atm.
The partial pressures of oxygen and nitrogen (in atm} are respectively :

(a) 4,6 ) 5,5 (2,8 (d) 6, 4

The closed containers of the same capacity and at the same temperature are filled with 44 g of
H, in one and 44 g of CO, in the other. If the pressure of carbon dioxide in the second
container is 1 atm, That of hydrogen in the first container would be :

(a) 1 atm (b} 10 atm : (c) 22 atm (d) 44 atm

A jar contains a gas and a few drops of water. The pressure in the jar is 830 mm of Hg. The
temperature of the jar is reduced by 1%. The vapour pressure of water at two temperatures are
30 and 25 mm of Hg. Calculate the new pressure in jar.

(a) 792 mm of Hg (b) 817 mm of Hg

{c) 800 mm of Hg . " (d) 840 mm of Hg
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PROBLEMS IN CHEMISTRY

. 0 5 and SO, gases are ﬁiled inratioof 1: 3 by moles in a closed container of 3 L at temperature

of 27°C. The partial pressure of O, is 0.60 atm, the concentration of SO, would be

(a) 0.36 (b) 0.036 (c) 3.6 (d) 36

A gaseous mixture contains three gases A, B and C with a-total number of moles of 10 and total
pressure of 10 atm. The partial pressure of A and B are 3 atm and 1 atm respectively and if C

. has molecular weight of 2 g/mol. Then, the weight of C present in the mixture will be :

(a) 8 g b 12g ©3g (dég

A rigid container containing 5 mole H, gas at same pressure and temperature. The gas has
been allowed to escape by simple process from the container due to which pressure of the gas
becomes half of its initial pressure and temperature become (2/3) ™ of its initial. The mass of
gas remaining is :

(a)75¢g (b) 15g (©)25¢g (d)35g

Pressure of 1 g ideal gas X at 300 K is 2 atm. When 2 g of another gas Y is introduced in the
same vessel at same temperature, the pressure become 3 atm then correct relationship
between molar mass of X and Y is :

@My, =2M, N ® My, =4My

(c) My =4My . (d)-None of these .
Dry ice is solid carbon dioxide. A 0.050 g sample of dry ice is placed in an evacuated 46 L
vessel at 30°C. Calculate the pressure inside the vessel after all the dry ice has been converted
to CO, gas. :
(a) 6.14 atm (b) 0.614 atm (c) 0.0614 atm (d) 6.14x107% a

A mixture of helium and neon gases is collected over water at 28.0°C and 745 mmHg If the
partial pressure of helium is 368 mmHg, what is the partial pressure of neon? ;
{Vapour pressure of water at 28°C = 28.3 mmHg)

(a) 348.7 mmHg (b} 377 mmHg (¢) 384.7 mmHg {d) none of these
Consider the following apparatus. Calculate the partial pressure of helium after the opening
valve. The temperature remams constant at 16°C..

0.63 atm 54l
. 2Batm .
(a) 0.164 atm (b) 1.64 atm {c) 0.328 amm (& 1 atm’

Oxygen gas generated by the decomposition of potassium chlorate is collected over water. The
volume of oxygen collected at 24°C and atmospheric pressure of 760 mmHg is 128 mL.
Calculate the mass of oxygen gas obtained. The pressure of the water vapour at 24°C is
22.4 mm Hg.

(a)1.36 g (b)152¢g (c) 0.163 g (d)163g
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. = T3]

The quantity % represents the (kg : Boltzmann constant)

y:
_(a) number of particles of the gas (b) mass of the gas
(c) number of moles of the gas- (d) translation energy of the gas

‘Which of the following statements about kinetic energy (K.E.) is true?

{a) All objects moving with the same velocity have the same K.E.

{b) The K.E. of a body will quadruple if its velocity doubles

{c) As the velocity of a body increases, its K.E. decreases

{d) The K.E. of a body is independent of its mass

The Ne atom has 10 times the mass of H,. Which of the following statements is true? -
1. At 25°C they both have the same kinetic energy.

1I. Ten moles of H, would have the same volume as 1 mole of Ne at same temp. and pr.
11I. One mole of Ne exerts the same -pressure as one mole of H, at STR -

IV A H, molecule travels 10 tdmes faster than Ne atom at same temperature.

~ V. At STR one litre of Ne has 10 times the density of 1 litre of H,.
@I,V (0 LTI,V (© L 11, I (@11

Which of the following is NOT a postulate of the kinetic molecular theory of gases?

. (a) The molecules possess a volume that is negligibly small compared to the container

(b) The pressure and volyme of a gas are inversely related

(c) Gases consist of discrete partlcles that are in constant chaotic motion

(d) The average kinetic energy of the molecules is directly proportional to the temperature

Which one of the following relationships when graphed does not give a straight line for helium

gas? -

I. KE. and T at constant pressure and volume

Il. P vw/s V at constant temperature for a constant mass :

III. Vv/s 1/T at constant pressure for a constant mass ‘

(a) 1 (b) 1l and 111 (c) I (d) I _

Consider three one-litre flasks labeled A, B and C filled with the gases NO, NO,, and N,0,

respectively, each at 1 atm and 273 K. In which flask do the molecules have rhe hlghest

average kinetic energy?

(a) Flask C (b) All are the same (c) Flask A (d) None

Which of the following statements is false?

(a) The product of pressure and volume of fixed amount of a gas is independent of
temperature.

{b) Molecules of different gases have the same kinetic energy at a given temperature.

(¢) The gas equation is not valid at high pressure and low temperature constant.

{d) The gas constant per molecule is known as Boltzmann’s constant.

Which is not correct in terms of kinetic theory of gases?

(a) Gaseous particles are considered as point mass.

(b) The molecules are in random motion.

{c)} When molecules collide, they lose energy.

{d) When the gas is heated , the molecules moves faster.



94. Two flasks A and B have equal volumes. A is maintained at 300 K and B at 600 K, while A
contains H, gas, B has an equal mass of CO, gas. Find the ratio of total K.E. of gases in flask A

to that of B,
@1l:2 (b)11:1
_ (c)33:2 . (@) 55:7
95. Kinetic energy and pressure of a gas of unit are related as :
, 2 3 E
a)P==E (b) P==E QOP== : d) P=2E
( 3 ) 5 (c) 2 (@)

96. Two flask A and B of equal volumes maintained at temperature 300 K and 700 K contain equal
mass of He(g) and N, (g) respectively. What is the ratio of translational kinetic energy of gas in
flask A to that of flask B?

(@1l1:3 ®™M3:1 - (c) 3:49 (d) None of these
97. Which occurs when a substance X is converted from liquid to vapour phase at the standard
boiling point? .
I. Potential energy of the system decreases
II. The distance between molecules increases
II. The average kinetic energy of the molecules in both phases are equal
{a) I only (b) 11 only
(c) 111 only : (d) 11 and III only
98. A mixture of Ne and Ar at 250 K has a total I:E. = 3 kJ in a closed vessel, the total mass of Ne
and Ar is 30 g. Find mass % of Ne in gaseous mixture at 250 K.

(a) 61.63 (b) 38.37 (c) 50% (d) 28.3
99. In two vessels of 1 litre each at the same temperature 1g of H, and 1g of CH, are taken, for
these;
. (a) Vi, values will be same ‘ . (b) Kinetic energy per mol will be same
(c) Total kinetic energy will same (d) Pressure will be same
100. Four particles have speed 2,3,4 and 5 cm/s respectively. Their rms speed is:
(a) 3.5 cm/s (b) (27/2) em/s (c) /54 cm/s (d) (v/54/2) cmy/s

101. A gaseous mixture contains 4 molecules with a velocity of 6 cm sec™, 5 molecules with a
velocity of 2 cm sec™ and 10 molecules with a velocity of 3 em sec™!. What is the RMS velocity

of the gas:
(a) 2.5 cm sec™! (b) 1.9 cm see™! (¢) 3.6 cm sec™t (d) 4.6 cm sec™!
102. The ratio between the root mean square velocity of H, at 50 K and that of O, at 800 K is:
(a) 4 (b) 2 ©1 (d) 174

103.IfC,, C,, C5...1epresent the speeds of n,, n,, n;...molecules respectively, then the root mean
square speed will be:

2 2 2 . 2
(a) mCy +n,C05 +nC5 + .., ®) (m +n, +ng+..)
My + Mg + Ny + ... mCE +n,C2 +n,C2 + ...

© (n,Cy) | (nz‘cz) . (n5C3) () |OuC1 + naCs +nuCy + )2
ny n, T, : n +n, +n3 +...
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104.

The root mean square velocity of hydrogen is /5 times than that of mtrogen If*T is the
temperature of the gas, then : .

(a) THZ = TNZ (b) TH > TN

) (C) THz < TNz (d) TH : \/JTNz

105.

106.

107.

-

AL

.. 108.
109.

110.

111.

132.

113.

At a definite temperature (T), the distribution of velocmes is given b& the curve. The curve that
indicates that the velocities correspondmg to points A, B and C are : »

_——

Fraction of
molecules

A
1
!
1
'
1
i
!
)

Veloqity

[ ..
(a) most probable, average and root mean square
(b) average, root mean square and most probable
{(c) root mean square, average and most probable
(d) most probable, root mean square and average -
The most probable speed of 8 g of H, 200 ms™' average kinetic energy (neglect rotational and
vibrational energy) of H, gas is : :
(a) 480 J (b) 240 (c) 120J (d) none of these

At what temperature will average speed of the molecules of the second member of the series
C,H,, be the same of Cl, at 627°C?

(a) 259.4 K . (b) 400 K

{c) 5324 K . (d) None of these

If Upys of a gas is 30 RV2 ms™" at 27°C then the molar mass of gas is :

(a) 0.02 kg/mol (b) 0.001 kg/mol

(¢} 0.003 kg/mol . {d) 1 kg/mol ‘
6 x 10?% gas molecules each of mass 10-%* kg are taken in a vessel of 10 litre. What is the'
pressure exerted by gas molecules? The root mean square speed of gas molecules is 100 m/s.
(a) 20 Pa () 2x 10*Pa (c) 2x 10° Pa (d) 2x 107 Pa

At what temperature will most probable speed of the molecules of the second member of
homologous series C H,,_, be the same as that of SO, at 527°C. -
(a) 500°C (b) 727°C (c) 227°C (d) None of these

The root mean square speed of 8 g of He is 300 ms ™', Total kinetic energy of He gas is :
(a) 120'J i (b) 240 J (c) 360 J (d) None of these -

IfTy T, and T, are the temperature at which the Ugyg, U average> Ump Of OXygen gas are all
equal to 1500 m/s then the correct statement is :

@T >T, >T, DT <T, <T,

©@QT =T, =T, (d) None of these

The density of a gas filled electric lamp is 0.75 kg/m?. After the lamp has been switched on,
the pressure in it increases from 4 x 10* Pato 9x 104 Pa. What is increases in Upyg ?

(2) 100 (b) 200 (c) 300 (d) None of these
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114. The root mean sqaure velocity of an ideal gas at constant pressure varies with density {d) as :

@ (b)d (© d ) 1/Vd
.115. The ratio among most probable ve10c1ty, mean velocn:y and root mean square velocity is given
by
(@1:2:3 ‘ () 1:42:43
* (@ N2:V3: 8/ (d) v2:8/n:43 |
116 The average speed at temperature T°C of CH, (g)is \/g x 10* ms™'. What is the value of T ?
_ (a) 240.55°C | . () - 32.45°C
* () 3000°C. : (d) - 24.055°C

117. At what temperature most probable speed of O, molecules have the same value of root mean
square speed of O, molecules at 300 K?
(a) 150K (b)' 600 K
: (¢} 750 K \ - (d) 900 K
* . 118. The rms speed of N, molecules in a gas is u. If the temperature is doubled and the nitrogen
' molecules dissociate into nitrogen atoms, the rms speed becomes: :

(@u/2 - (b) 2u Q) 4u (D) 14u
119. The rate of diffusion of a gas is proportional to: _ ‘
p P «/13
(a) —= (b) - (c) ‘/: (d) —-
JH - .

120 At constant Vqume and temperature conditions, the rates of diffusion r, and r of gases A and
B having densities p , and py are related by. the expression :

(@) 1y =15.(pa/ps)” 7 o By =ralpa/pa)t?
(e ry =(TB-PB/PA,)1/2 . R (_d) ra =”B(PA/PB)U2
121. What is the ratio of diffusion rate of oxygen to hydrogen?
{(a)1:4 by4:1 {(c)l1:8 ds:1

~.122. The molecular weight of a gas which diffuses through a porous plug at 1/6™ of the speed of
, hydrogen under identical conditions is:
- (@ 27 : ) (O

(c) 36 : : . (d) 48

123. X mL of H, gas effuses through a hole in a container in 5 seconds. The time taken for the.
effusion of the same volume of the gas specified below under identical condmon is:
(a) 10 sec : He (b) 20 sec: O,
{c) 25 sec: CO T (d) 55 sec : COy

124, At identical temperature and pressure, the rate of diffusion of hydrogen.gas is 3J_ 3 times that
of a hydrocarbon having molecular formula C,H,,_,. What is the value of n?
(a1 b) 4 : @3 ‘ d)8

125. Calculate relative rate of effusion of 0, toCH,, through a contamer containing O, and CH, in -
3 : 2 mass ratio. .

(a) % - (b) (c) —2— (d) none of these

2J_

e
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126. Calculate relative rate of effusmn of 50, to CH,, if the mixture obtained by effusmg outa °

Mg
mixture with molar ratio —22 =1 for three effusmg steps.

ey, : ' R
(@2:1 b 1:4 '
(©1:2 (d) none of these

127. A gaseous mixture containing He, CH, and SO, was allowed to effuse through a fine hole then "
find what molar ratio of gases coming out initially? If mixture contain He, CH, and 502 m
1: 2: 3 mole ratio. . '
(a)2:2:3 0 6:6:1 S @~2:¥2:3 7 (D4:4:3. |
128. 80 mL of O, takes 2 minute to pass through the hole. What volume of SO, will pass through

the hole in 3 minute?

(@) 2 (b) 120 x v2 @2 @Noneofthese

V2 : . NP

129. When two cotton plugs, one moistened with ammonia and the other with hydrochloric acid,
are simulataneously inserted into opposite ends of a glass tube 87.0 cm long, a white ring of
NH,CI forms where gaseous NH; and gaseous HCI first come into contact.

NH,(g) + HCl(g) —> NH,CI(s)
At what distance from the ammonia-moistened plug does this occur?
(a) 51.7 cm from NH, end (b) 51.7 em from HCI end
(c) 43.5 at mid point ‘ (d) None of these
130. Dimethyl ether decomposes as ‘

CH40CH;(g) — CH,(g) +CO(g) + Hy(g)
When CH,OCH, decomposes to 20% extent at certain fixed conditions, what is the ratio of
diffusion of pure CH,OCH, with methane? :
{a) 0.59:1 (by1.18:1 (c)2.36:1 (@ 177:1

131. 4 gm of sulphur dioxide gas diffuses from a container in 8 min. Mass of helium gas diffusing*.~
from the same container over the same time interval is ;

(a) 0.5 gm (b) 1 gm {c) 2 gm (d) None of these ‘' *.+.-

132. Under identical conditions of pressure and temperature, 4 L of gaseous mixture (H, and CH, )
effuses through a hole in 5 min whereas 4 L of a gas X of molecular mass 36 takes to 10 min to
effuse through the same hole. The mole ratio of H, : CH, in the mixture is :

@1il:2 d2:1 - (c)2:3 d1:1 NP

133. A balloon weighing 50 kg is filled with 685 kg of helium at 1 atm pressure and 25°C. What will
be its pay load if it displaced 5108 kg of air?

&

(a) 4373 kg (b) 4423 kg
(¢) 5793 kg (d) none of these N
134. According to the law of equlpartmon of energy, the energy associated with each degree of
freedom is :
’ 1
= K T =K T
(a) 3 B ®) 5 B

(c) KgT | (@ gKBT
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135. Calculate y (ratio of C , and C ) for triatomic linear gas at high temperature. Assume that the
contribution of vibrational degree of freedom is 75% :
(a) 1.222 , (b) 1.121
{c) 1.18 o (d) 1.33

136. If one mole each of a monoatomic and diatomic gases are mixed at low temperature then
C,/C, ratio for the mixture is :
(a) 1.40 (b) 1.428
(c) 1.5 . (d) 1.33

137. If one mole of a mono-atomic gas (y = 5/3) is mixed with one mole of a diatemic gas (y =7/5),
the value of y for the mixture is :
(ay 1.4 ' (b} 1.5

* (c) 1.53 ‘ (d) 3.07

138. Select the correct statement :
{a) internal energy of a real gas at a given temperature increases as the volume increases
(b) internal energy of an ideal gas at given temperature increase as the volume increases
{c) internal energy of an ideal gas molecules is not a function of temperature
(d) the internal energy of a real gas at a constant temperature is independent of change in

' volume

139. Which gas shows real behaviour?

(a) 16 g O, at STP occupies 11.2 L
(b) 1 g H, in 0.5 L flask exerts pressure of 24.63 atm at 300 K
(¢) 1 mele NH;-at 300 K and 1 atm occupies volume 22.4 L
(d) 5.6 L of CO, at STP is equal'to 11 g ‘

140. Consider a real gas placed in a container. If the intermolecular attractions are supposed to
disappear suddenly which of the following would happen? -

{a) The pressure decreases . (b) The pressure increases
(c) The pressure remains unchanged - {d) The gas collapses
141. The pressure of real gases is less than the pressure of an ideal gas because of :
(a) Increase in number of collisions {b) Finite size of molecule
. (c) Increase in KE of molecules (d) Intermolecular forces of attraction
142. A gas behaves like an ideal gas at : .
(2) high pressure and low temperature (b) low pressure and high temperature
{c) high pressure and high temperature (d) low pressure and low temperature
143. If temperature and volume are same, the pressure of a gas obeying Vander Waals equation is :
(a) Smaller than that of an ideal gas (b) Larger than that of an ideal gas
(c) Same as that of an ideal gas ‘ (d) None of these

144. 1 mole-of each of X,, X,, X, with vander Waals constants a (in atm L* mol ™) 1.0, 3.8, 2.1
_ respectively is kept separately in three different vessels of equal volume at identical
temperature. Their pressures are observed to P, P,, and P; respectively. On the basis of this

data alone, select the correct option (neglect the effect of ‘):

(@ P <P, <Py, (b) P, <P, <P,

()P, <P, <P . @P =P =P



145.

146.

147.

148.

A gas obeys the equation of state P(V — b) = RT (The parameter b is a constant). The slope for

an isochore will be : :
(a) Negative ‘ (b} Zero
"(© R/(V-b) ‘ (d) R/P _
van der Waals constant b of helium is 24 mL mol ™. Find molecular diameter of helium.
(a) 1.335x 107!° ¢m (b) 1.335x 1078 cm
(©) 2.67 x 107% em (d) 4.34x 10™% em
Which of the following can be most readily liquefied?
(Given: value of ‘@’ for NH, =417, CO, = 359,50, =671, Cl, =6.49)
{a) NH, b Cl,
{c) SO, (d) CO,
For which of the following gases should the correction for the molecular volume be largest :
CO, CO,, NH; or S8E; ? :
(a) CO (b) Co,
(c) NH, (d) SF,

149.

150.

151.

152.

153.

154.

Under which of the following sets of conditions is a real gas expected to deviate from ideal
behaviour?
{I) High pressure, small volume
(II) High temperature, low pressure
(IIl) Low temperature, high pressure
(a) only 1 *  (b) only II " (c) only III (d) T and III both

For a certain gas which deviates a little from ideal behaviour. A plot between P/p vs P was
found to be non-linear, the intercept on y-axis will be : :
RT M MZ R
— b) — - — - d) —-
(a)M ()RT ()RT ()'IM
At low pressure, the van der Waals equation become:
(a) PV, =RT - (b) P(V,, — b) =RT
@iP+-21\v =RT (d)P=£+i2
Vn% Vm Vm
At low pressure, if RT = 2,/a P, then the volume occupied by a real gas is :
2RT 2P RT . 2RT
ay —— b} ~— c) — dy —
(@) P (b} BT (c) op (d) 2
For a gas deviation from ideal behaviour is maximum at : :
(a) 0°C and 1.0 atm (b) 100°C and 2.0 atm
(¢) — 13°C and 1.0 atm (d) - 13°C and 2.0 atm

At low pressures, van der Waals’ equation is written as (P + %J V = RT. The compressibility

factor is then equal to:

__a B ( _ﬂ)
(a)[l RW] b (1-5

a ' RTV
‘“[”Eva | - ‘.‘”[“TJ



155. The compressibility factor for a real gas at high pressure is : - 0N
2
a) 1 ®1+—
@ RT \
Pb . RT '
cl-—— : d)1+—
(<) RT (d) 0
156. The compressibility of a gas is greater than unity at 1 atm and 273 K. Therefore
(a) vV, »224L : bV, <224L
(© V,=224L (D V,=448L
157. At 273 K temp. and 9 atm pressure, the compressibility for a gas is 0.9. The volume of 1
milli-moles of gas at this temperature and pressure is :
(a) 2.24 litre (b) 0.020 mL
(¢} 224 ml, - (d) 22.4 mL
158. The compressibility factor for nitrogen at 330 K and 800 atm is 1.90 and at 570 K and 200 atm

159.

- 160.

161.

is 1.10. A certain mass of N, occupies a volume of 1 dm® at 330 K and 800 atm. Calculate .
volume occupied by same quantity of N, gas at 570 K and 200 atm : ‘
@1L ' (b) 2'L
(3L (d) 4L

Consider the equation Z = % Which of the following statements is correct?-

(a) When Z > 1, real gases are easier to compress than the ideal gas

(b} When Z =1, real gases get compressed easily

{(¢) When Z > 1, real gases are difficult to compress

(d) When Z =1, real gases are difficult to compress .

What is the compressibility factor (Z) for 0.02 mole of a van der Waals gas at pressure of 0. 1
atm. Assume the size of gas molecules is negligible.

Given : RT =20 L atm mol™" and a =1000 atm L? mol~ z

(a) 2 ' (b) 1
{c} 0.02 (d) 0.5 _
Consider the following statements. If the van der Walls’ parameters of two gases are given as
a/dm® bar mol 2 b/dm> mol }
Gas A 6.5 0.055

Gas B 2 0.01

then :
1. Critical volume of A < Cntlcal volume of B

2. Critical pressure A > Critical pressure of B

3. Critical temperature of A > Critical temperature of B
Which of the above statements is incorrect?

{a) 1 alone (by1and 2°
(01,2and 3 (d) 2 and 3



162. The van der Waals parameters for gases W, X, Y and Z are

Gas |a(atm12 mol?)| b (L mol™?)
w 40 0.027

X 80 0.030
Y 6.0 0.032

z 12.0 0.027

Which one of these gases has the highest critical temperature?
(YR by X @Y (d) Z
163, Pressure remaining the same, the volume of a given mass of an ideal gas increases for every
" degree centigrade rise in temperature by definite fraction of its volume at:
(a) 0°C _ (b) Its critical temperature
(c) Absolute zero (d) Its Boyle temperature
164. The critical temperature of a substance is: :
(a) The temperature above which the substance undergoes decomposition
(b) The temperature above which a substance can exist only in gaseous state
(c) Boiling point of the substance o
(d) All are wrong

165. The excluded volume of a gas will be larger, if %C— is :

. C 1
{a) small (b) large
(c) equal to 1 (d) less than unity

166. Select incorrect statement :
(a) we can condense vapour simply by applying pressure
(b) to liquefy a gas one must lower the temperature below T and also apply pressure
(¢) at T, there is no distinction between liquid and vapour state hence density of the
liquid is nearly equal to density of the vapour
(d) However great the pressure applied, a gas cannot be liquiﬁed below it’s critical temp.
167. The correct order of temperature of a real gas is : '
(1) Boyle’s temperature
(ID). Critical temperature
(I} Inversion temperature .
@I>I>1 b)I>1>H

- (c) II>I>III (DI >1
168 The temperature at which the second virial coefficient of real gas is zero 1s called :
(a) Critical temperature (b) Triple point :
(c) Boiling point . (d) Boyle’s temperature
169. The van der Waals’ equation for one mole may be expressed as . ,

RT aVv, b
V3 [b+———]V,§ +8m D g
p P p
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-

where V,, is the molar volume of the gas. Which of the following is incorrect?

(a) For a temperature less than T, V has three real roots

(b) For a temperature less than T, V has three imaginary roots

(c) For a temperature equal to T, all three roots of V are real and identical

{d) On increasing the temp. (T <T,), the.three roots become closer to one another
176. For a gas obeying the van der Waals’ equation, at the critical temperature

2 2
(a) both (@J and a_P are zero (b} both‘(gj and a—P are not zero
P Jp a2, - AV )y av? ).

2

2
(c) (gj is zero but a—P is non-zero - (d) [Q] is non-zero but Q is zero
oP )y ov? ). vV )y vt ),

171. However great the pressure, a gas cannot be liquified above its :

(a) Boyle temperature (b) Inversion temperature
(c) Critical temperature (d) Room temperature
172. The temperature at which real gases obey the ideal gas laws over a wide range of low pressure
is called:
(a) Critical temperature (b) Inversion temperature
(c) Boyle temperature (d) Reduced temperature

173. Inversion temperature ( ;= %J is defined as the temperature above which if gas is expanded

adiabatically it gets warm up but if tempetature of gas is lower than T; then it will cool down.
What will happen to a gas if it is adiabatically expanded at 600 K if its Boyle's temperature

is 290 K? o
(a) Heatmg e e (b) Cooling
(¢} Constant - ' (d) None .
174. The van der Waals' equation of law of corresponding states for 1 mole of gas is :
@ [P+ v, —1=8T, . m|r-2|ay -n=sT,
V; _ v
@|P+= |GV, + 1)=8aT, @|p+ 2|V + =8
Vr , : v?
175. Calculate the volume occupied by 16 gram O, at 300 K and 8.31 MPa if
EV. 3/8 and BV _ 2.21 (Given : R = 8.314 MPa/K- mol)
RT, T .

(a) 125.31 mL (b) 124.31 mL
(c) 248.62 mL (d) none of these
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1. Consider the composite system, which is held at 300 K, shown in the following figure.
Assuming ideal gas behavior, calculate the total pressure if the barriers separating the

compartments are removed. Assume that the volume of the barriers is negligible. (Given :
R =0.082 atm L/mol. K)

He Ne Xe
2L 4L iL
1.50 atm 2.50 atm 1 atm
(a) 1 atm (b) 2 atm {(c) 2.3 atm (d) 3.2 atm

. 11 moles N, and 12 moles of H, mixture reacted in 20 litre vessel at 800 K. After equilibrium
was reached, 6 mole of H, was present. 3.58 litre of liquid water is injected in equilibrium
mixture and resultant gaseous mixture suddenly cooled to 300K. What is the final pressure of
gaseous mixture? Neglect vapour pressure of liquid solution. Assume (i) all NH, dissolved in
water (ii) no change in volume of liquid (iii) no reaction of N, and H, at 300 K

T=300K;P=7
Nz : 11 moles S, Nz, Ha

4 Hz : 12 moles V=20L | NH3 (aq) solution
? b :/

Initial condition

{a) 18.47 atm (b) 60 atm (c) 22.5 atm (d) 45 atm
. Two vessels connected by a valve of negligible volume. One container (I) has 2.8 g of N, at
" temperature T, (K). The other container (II) is completely evacuated. The container (I) is
heated to T, (K) while container () is maintained at T, /3 (K). volume of vessel (I} is half that
of vessel (I). If the valve is opened then what is the weight ratio of N, in both vessel
W, /Wy ?
(a)1:2 (b)1:3 (c)1:6 d3:1
. A mixture of NH,(g)and N,H, (g)is placed in a sealed container at 300 K. The total pressure
is 0.5 atm. The container is heated to 1200 K at wh:ch time both substances decompose
completely according to the equations

After decomposition is complete, the total pressure at 1200 K is found to be 4.5 atm. Find the

mole% of N,H, in the original mixture :
(a) 20% (b) 25% (c) 50% (d) 75%
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Correct expression for density of an ideal gas mixture of two gases 1 and 2, where m; and m,
are masses and n, and n, are moles and M, and M, are molar masses.

(@) d _(my +my) M) d = {my; + my) P

(M1 + M) . (ny +ny) RT

M i (d) None of these

(my + my) RT

Two closed vessel A and B of equal volume containing air at pressure P, and temperature T, are

connected to each other through a narrow open tube. If the temperature of one is now

maintained at T, and other at T, (where T} >T,) then that what will be the final pressure?
2P T. 2P T

(a) by —-2 () —21 (d)

A balloon containing 1 mole air at 1 atm initially is filled further with air ull pressure increases-

to 4 atm. The initial diameter of the balloon is 1 m and the pressure at each stage is proportion

to diameter of the balloon. How many no. of moles of air added to change the pressure from 1

(©d=

-atm to 4 atm.
(a) 80 . (®) 257 (c) 255 " (d) 256
If Pd v/s. P(where P denotes pressure in atm and d denotes density in gm/L) is plotted for He
" . gas (assume ideal} at a particular temperamre If| — (Pd) ' = 5, then the temperature
P=821am
will be S
(a) 160 K (b) 320K (c) 80K (d) none of these

10.

11.

. What is the density of wet air with 75% relative humidity at 1 atrn and 300 K? Gwen vapour

pressure of H,0 is 30 torr and average molar mass of air is 29 g mol ™!,

(a) 1.614 g/L (b) 0.96 g/L (c) 1.06 g/L ©(d) 1.164 g/L
7 moles of a tetra-atomic non-linear gas ‘A’ at 10 atm and T K are mixed with 6 moles of

another gas B at %K and 5 atm in a closed, rigid vessel without energy transfer with

surroundings. If final temperature of mixture was % K, then gas Bis? (Assuming all modes of

energy are active) .

(a) monoatomic (b) diatomic {(c) triatomic (d) tetra atomic

Three closed rigid vessels, A, B and C without energy transfer with surroundings, which
initially contain three different gases at different temperatures are connected by tube of
negligible volume. The vessel A contain 2 mole Ne gas, at 300 K, vessel ‘B’ contain 2 mole SO,
gas at 400 K and vessel ‘C’ contain 3 mole CO, gas at temperature 500 K. What is the final
pressure (in atm) attained by gases when all valves of connecting three vessels are opened and
additional 15.6 kcal heat supplied to vessel through valve The volume of A, B and C vessel is
2, 2 and 3 litre respectwely

Ne 1 S0,

1
H

Co; |
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12,

13.

14.

15.

16.

17.

_— e ———— —_ - . e e e

Given: R =2 cﬁlorie/mo]-K; C, (Ne)=3/2R,C, (CO)=5/2 R andC, (S0,)=3R

{a) 73.8% am (b) 67.31 atm (<) 80 atm * (d) none of these -
Gas molecules each of mass 1072¢ kg are taken in a container of volume 1 dm>. The root mean
square speed of gas molecules is 1 km sec™’. What is the temperature of gas molecules.
(Given : N, =6x 10%%; R = 8 J/mol. ) '

(a) 298 K (b) 25 K (c) 250 K ~ (d) 2500 K

‘A balloon of diameter 21 meter weight 100 kg. Calculate its pay-load, if it is filled with He at

1.0 atm and 27°C. Density of air is 1.2 kg m™>. (Given : R =0.082 L atm K~'mol™)

(a) 4952.42 kg (b)) 4932.42 kg . (c) 493.242 kg (d) none of these

A given volume of ozonised oxygen (containing 60% oxygen by volume) required 220'sec to
effuse which an equal volume of oxygen took 200 sec only under the conditions. If densnty of
O, is 1.6 g/L then find density of O,. -
(a) 1.936 g/L () 2.16 g/L (c) 3.28 /L . (d) 2.24 /L

If 250 mL of N, over water at 30°C and a total pressure of 740 torr is mixed with 300 mL of Ne
over water at 25°C and a total pressure of 780 torr, what will be the total pressure if the
mixture is in a 500 mL vessel over water at 35°C.

(Given : Vapour pressure (Aqueous tension) of HZO at 25°C, 30°C and 35°C are 23.8, 31 8 and
42.2 torr respectively. Assume volume of H,0(1) is negligible in final vessel)

(a) 760 torr (b) 828.4 torr () 807.6 torr (d) 870.6 torr

A bulb of constant volume is attached to a.manometer tube open at other end as shown in
figure. The manometer is filled with a liquid of density (1/3)™ that of mercury. Initially h was
228 em.

’I'hfough a small hole in the bulb gas leaked as§uming pressure decreases as % =—kP.

If value of it is 114 cm after 14 minutes. What is the value of k ( in hour ™ )?

[Use : In{4/3) = 0.28 and density of Hg =13.6g/mL.].

(a) 0.6 (b) 1.2 (c) 2.4 (d} none of these

A mixture of nitrogen and water vapours is admitted to a flask at 760 torr which contains a
sufficient solid drying agent after long time the pressure reached a steady value of 722 torr.

If the experiment is done at 27°C and drying agent increases in weight by 0.9 gm, what is the
volume of the flask? Neglect any possible vapour pressure of drying agent and volume
occupied by drying agent.

(a) 443.34 L (b) 246.3 L. (c} 12.315L (d) 24.63 L
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18.

19.

20.

21.

22,

At room temperature following reaction goes to completion

2AB(g) + By(g) — 2AB,(g)
AB, is solid with negligible vapour pressure below 0°C. At 300 K, the 4B in the smaller flask
exerts a pressure of 3 atm and the larger flask exerts a pressure of 1 atm at 400 K when they
are separated out by a close valve. The gases are mixed by openmg the stop cock and after the
end of the reaction the flask are cooled to 250 K

AB (g)
821L
821l
{(a) 0.156 atm (b) 0.3125 atm
{c) 0.625 atm (d) 3.2 atm

A vessel of uniform cross-section of length 500 cm as shown in figure is divided in two parts by
a weightless and frictionless piston one part contains 5 moles of He(g) and other part 2 moles
of H,(g)and 4 mole of O, (g} added at the same temperature and pressure, in which reaction
takes place finally vessel cooled to 300 K and 1 atm. What is the length of He compartment?

(Assume volume of piston and vol. of H,O(!) formed are negligible)

He H; and O3
At initial stage
(a) 187.5 (b) 300 atm (c) 3125 cm (d) none of these
5
For a real gas (mol. mass = 60) if density at critical point is 0.80 g/em® and its T, = 4 22110 K,

then van der Waals’ constant a (in atm L? mol™2) is

(a) 0.3375 {b) 3.375 (c) 1.68 (d) 0.025
The van der Waals’ constant ‘b’ of a gas is 41 x 10™* L/ mol. How near can the centres of the i
two molecules approach each other? [Use : N, = 6 x 10%%]

(@107 m (b) 10™° m © 5x10" m (d) 5% 1077 m

The density of vapour of a substance (X) at 1 atm pressure and 500 K is 0.8 kg/m?. The
vapour effuses through a small hole at a rate of 4/5 times slover than oxygen under the same

condition. What is the compressibility factor (Z} of the vapour?
(a) 0.974 (b) 1.35 () 1.52 {d) 1.22



23.

24,

25,

26.

27.

28.

s . &

Vander Waal’s gas equation can be reduced to virial equation and virial equation (in terms of .
B Cc i
volume)is Z =A+—+—+......
Vi V2

where A = first virial coefficient, B = second virial coefficient, C = third virial coefficient.
The third virial coefficient of Hg(g) is 625 (cm?/mol)?. What volume is available for
movement of 10 moles He(g) atoms present in 50 L vessel?

(a) 49.75 L (b) 49.25 L ()25 L ()50 L

If the slope of ‘Z’ (compressibility factor) v/s ‘P’ curve is constant [slope = 49’; p atm'lj ata

particular temperature (300 K) and very high pressure, then calculate diameter of the
molecules.
(Given : N, =6.0x 10%, R = 0.0821 atm. lit mol™! K™')

(@) 7.5 A () s A () 254 (d1.25 A
A graph is plotted between P (atm) vst°C for 10 mol of anidealgasas » ~-, ~ -~ -~ -~
follows: |
then slope of curve and volume of container (L) respectively, is: | Platm)
(a) 0.1, 8.21 (b) 8.21, 0.1 27_3{
27.3, 8.21 d) 8.21, 27.3
(c) (d) 7 L TR
For two samples A and B of ideal gas following curve is plotted Fad~ AN
between n vs V (volume of container) at 16.42 atm pressure as follows, . T L.
then temperature of A and B respectively are: 'n B(Ty) |
200 200 ! o
(a) S=K,200/3K  (b) Z==°C,(200~3)°C ! 6o
73 3 { - |
200 J3 ! iy - |
) 203K, ==K  (d) 200K, ~—K L A |
(c) 3K 7 G K, 200

At a constant pressure, what should be the percentage increase in the temperature in kelvin for
a 10% increase in volume:

{a) 10% (b) 20% {c) 5% (d) 50%

6 litre H,0 is placed in a closed room of volume 827 L at the temperature of 300 K. If vapour
pressure of liquid water is 22.8 mm of Hg at 300 K and its density is 1 g/cm>:

[Given : R = 0.0821 atm. L mol™! K1, Assuming volume of liquid water to be constant ]

Column-1 .  Column-I
(P} {Mass of H,0 in gaseous form (in gm) ' (1) | 6
(Q) |Moles of H,O in gaseous state (fn moles) (2) 18 R
(R) |Approximate mass of water left in liquid state (in kg) (3) 3
(S} |Total number of moles of all atoms in vapour form 4) 1
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Codes :
p Q R 5
(a) 1 2 4 3
(b) 4 3 2 1
(c) 2 3 1 4
(d) 1 2 3 4
29, Match the items of columns I and IL
Column-I Column-II
(P) |Z for ideal gas behaviour ' , 1) 3/8
Q) |2 for real gas at low pressure (2) (1 + 21_3_ J
: RT
(R} |Z for real gas at. high pressure (3) 1
(S) |Z for critical state _ . 4) (1 __a )
RTV
.Codes :
" P Q R S
(a) 1 2 4 3
) 4 3 2 1
(0 2 1 4 3
(d) 1 2 3 4
30.
List-I (Conditions for real gas) List-I1
(P} |If force of attraction among gas particles are negligible | (1) PV_ =RT
(Q) |At 1 atm and 273 K ()| py_-rr-4%
. m
(R) |If the volume of gas particles is negligible . (3). .P N iz (V. —b)=RT
Vm
(S) At low pressure and high temperature (4) |PV,, =RT +Pb
“Codes : -
P Q R S
@ 4 1 3 2
(b) 4 3 2 1
(c) 2 1 4 3
(d) 1 2 3 4
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PASSAGE 1

1.

2.

van der Waals’ equation for calculating the pressure of a nonideal gas is
) ,
[P+9—LJ(V—~nb)=nRT
VZ

van der Waals’ suggested that the pressure exerted by an ideal gas, Py, is related to the

experimentally measured pressure, P, by the equation
2

an
P, =P + e
ideal real
v2
observed correction
pressure term

Constant a is measure of intermolecular interaction between gaseous molecules that gives rise

to nonideal behavior depends on how frequently any two molecules approach each other

closely, Another correction concerns the volume occupied by the gas molecules. In the ideal

gas equation, V represents the volume of the container. However, each molecule does occupy a

finite, although small, intrinsic volume, so the effective volume of the gas becomes (V - nb), .
where n is the number of moles of the gas and b is a constant. The term nb represents the

volume accupied by n moles of the gas.

Having taken into account the corrections for pressure and volume, we can rewrite the ideal
gas equation as follows : '

2
(p+ﬂJ (V ~nb) =nRT

V2
corrected corrected
pressure volume

At relatively high pressures, the van der Waals’ equation of state reduces to
(a) PV =RT —a/V  (b) PV =aRT/V? (©P=RT-a/V* (d)PV=RT+Pb

For non-zero value of force of attraction between gas molecules for large volume, gas equation

will be :
2
(a) PV =nRT -2 (b) PV = nRT + nbP (c)p:v'ﬂ;) (d) PV = nRT
The van der Waals’ constant ‘@’ for CO, gas is greater than that of B, gas. Its mean that the
(a) strength of van der Waals’ force of CO, gas is less than that of H, gas
(b) strength of van der Waals’ force of CO, gas is equal to that of H, gas
{c) CO, gas can be more easily liquified
(d) H, gas can be more easily liquified



4. Using van der Waals’ equation, find the constant ‘a’ (in atm L2 mol~2) when two moles of a gas

confined in 4 L flask exerts a pressure of 11.0 atmospheres at a temperature of 300 X. The
value of b is 0.05 L mol ™. (R = 0.082 atm. L/K mol)

(a) 2.62 (b) 2.64 (c) 6.24 (d) 6.46

PASSAGE 2 [l

Collision cross-section is an area of an imaginary sphere of radius ¢ around the molecule
within which the centre of another molecule cannot penetrate.

The volume swept by a single molecule in unit time is

. collision
Eaa cross-section

\
( I~
’
“ .
I
)
L
J ]
- i
~
’ A} / <
" d

V =(no®)T where i is the average speed

A=l

If N * is the number of molecules per unit volume, then the number of molecules within the
volume V is

N =VN* =(ncI)N *

Hence, the number of collision made by a single molecule in unit time will be
Z =N =(nc?T)N*

In order to account for the movements of ail molecules, we must
consider the average velocity along the line of centres of two
colliding molecules instead of the average velocity of a single
molecule. If it is assumed that, on an average, molecules collide
while approaching each other perpendicularly, then the average
velocity along their centres is J; ir as shown below,

Number of collision made by a single molecule with other molecules
per unit time is given by

2, =16 (i )N * =2 no? TN *
The total number of bimolecular collisions Z,; per unit volume per unit time is given by
1 1 2 1 2—pr*2
Zy =Z{(Z,N*) or Z}; == (2r6®IN*) N * = — ncXiIN
n =74 ) 1 2( ) NG

If the collision involve two unlike molecules then the number of collisions Z,, per unit volume

per unit time is given as
2 8kT
Zyz =70y [ “—'JNINZ
\‘ !
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PASSAGE 3?

where N, and N, are the number of molecules per unit volume of the two types of
molecules, o,, is the average diameter of the two molecules and p is the reduced mass.
The mean free path is the average distance travelled by a molecule between two successive
collisions. We can express it as follows :

_ Average distance travelled per unit time _ i
" No. of collisions made by a single molecule per unit time - —Z—l
or A= u = 1 .
N2 no’unN * ‘ V2 ns?N*
. For a given gas the mean free path at a particular pressure is
(a) Independent of temperature (b) Decreases with rise in temperature
(c) Increases with rise in temperature (d) Directly proportional to T?

Three ideal gas samples in separate equal volume containers are taken and following data is
given :

Pfe-ssure- o Térrnrpiér’at;re.A Mez_an f;ee paths Mol. wt.
GasA 1 amm 1600 K 0.16 nm 20
Gas B 2 atm 200K 0.16 nm 40
GasC 4 atm 400 K 0.04 nm 80
Calculate ratio of collision frequencies (Z,,) (A : B: C) of following for the three gases.
(a)1:2:4 M4:2:1 (c)1:4:16 (d16:4:1
Calculate number of collision by one molecule per sec (Z,). ”
(aY4:1:4 t1:4:4 ()4:3:2 d1:2:4

P,

*

A manometer contains a liquid of density 5.44 g/cm3 is attached to a flask containing gas A as

follows
otm =1 atm




. ‘Tio____..

1.

If the same liquid is used in Barometer to measure the atmospheric pressure, then what will be
the length of the liquid column, which exerts pressure equal to 1 atm ? (density of Hg = 13.6

g/em?)

(a) 190 em (b) 76 cm (c) 30.4 cm (d) 266 cm
The initial pressure of gas A in the flask is:
(a) 1.5 atm (b) 1 atm " (¢) 1.3 am (d) 1.2 atm

. If gas A undergoes 30% trimerisation [3A(g) = A;(g)] then the difference in height of the

liquid level in two columns is:
(a) 38 cm (b) 7.6 cm {c) 3.04 ecm {(d) 15.1 em

\U ONE OR MORE ANSWERSVIS/ARE CORRECT

1.

Which of the following curves represent(s) Boyle’s law?
p 1P PV P

(a) ) (c) (@

v v — 1%

;" If a gas expands at constant temperature:

(a) the pressure decreases

. (b} the kinetic energy of the molecules remains the same

(¢) the K.E. of the molecules decrease
(d) the number of molecules of the gas increase

. Which of the following statements are correct?

(a) It is not possible to compress a gas at a temperature below T,
{b) At a temperature below T, the molecules are close enough for the attractive forces to
act, and condensation occurs :

(c) No condensation takes place above T,
(d) Due to higher kinetic energy of the gas molecules above T, it is considered as super
critical fluid

What conclusion would you draw from the following graphs for an ideal gas?

P v

0K (-273145°C) T 0K ({-273.145°C) T

(2) As the temperature is reduced, the volume as well as the pressure increase
(b) As the temperature is reduced, the volume becomes zero and the pressure reaches infinity



10.

11.

(¢) As the temperature is reduced, the pressure decrease
(d) A point is reached where, theoretically, the volume become zero

At Boyle temperature:

(a) the effects of the repulsive and attractive intermolecular forces just offset each other
(b) the repulsive intermolecular forces are greater than the attractive intermolecular forces
(c) the repulsive intermolecular forces are less than the attractive intermolecular forces

a
db--L>0
@b-gr>

Indicate the correct statement for equal volumes of N,{g) and CO,(g) at 25°C and 1 atm.

(a) The average translational K.E. per molecule is the same for N, and CO,

(b) The rms speed remains same for both N,and CO,

(c) The density of N, is less than that of CO,

(d) The total translational K.E. of both N, and CO, is the same

Which of the following is correct for critical temperature?

(a) It is the highest temperature at which liquid and vapour can coexist

(b) Beyond this temperature, there is no distinction between the two phases and a gas cannot
be liquefied by compression.

(c) At this temperature, the gas and the liquid phases have different critical densities

(d) All are correct '

Consider the following statement regarding Maxwell's distribution of velocities. The corregt

statement(s) is/are : .

(a) As temperature increases, the peak (maxima) of a curve is shifted towards right side

(b) As temperature increases, the most probable velocity of molecules increases but fraction
of molecules of maximum velocity decreases

(c) The area under the curve at all the temperatures is the same because it represents the
number of gaseous molecules

(d) The fractions of molecules having different velocities are different at a given
temperature

If a gas expands at a constant pressure by providing heat :

(a) the temperature increases

(b) the kinetic energy of the gaseous molecules remains same

(c) the kinetic energy of gaseous molecules decreases

{d) the number of molecules of the gas decreases

Select incorrect statement(s) :

(a) the product of pressure and volume of fixed amount of a gas is independent of temperature

(b) the value of universal gas constant depends upon temperature, volume and number of
gaseous molecules

(c) the gas constant also know as Boltzmann’s constant

(d) the average kinetic energy of molecuies depends only on temperature

Following represents the Maxwell distribution curve for an ideal gas at two temperature T; and

T,. Which of the following option(s) are true? -

- — - 151



12.

13l ,

14.

N U T »11

|

|

! L]
J

1 U

(a) Total area under the two curves is 1ndependem: of moles of gas
(b) Uy, decreases as temperature decreases

(c) T, >T, and hence higher the temperature, sharper the curve
(d) The fraction of molecules having speed = Upps decreases as temperature increases

Two container each containing liquid water are connected as shown in diagram.

|
!
|
i
1
[

300K 350K

Given that vapour pressure of H 20(1) at 300 K and 350 K are 22 torr and 40 torr. Select write

statement(s) :

{a) The final pressure in each container if valve is opened while keeping the containers at the
given temperature is 22 torr

(b) The final pressure in each container if valve is opened while keeping the containers at the
given temperature is 40 torr

(c) Mass of H,0(1) is decreased in vessel X

(d) Mass of H,0(1) is decreased in vessel Y

Select the correct statement(s) :

(a) At Boyle's temperature a real gas behaves like an ideal gas at low pressure

(b) Above critical conditions, a real gas behave like an ideal gas

(©) For hydrogen gas ‘b’ domainates over ‘a’ at all temperature

(d) At high pressure van der Waals’ constant ‘b’ domainates over ‘a’

Select the correct statement :

(a) The value of compressibility factor ‘2’ for H, gas is greater than one at room

temperature and pressure -
(b} The real gas behaves as an ideal gas at Boyle's temperature.
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15,

16.

17.

18.

() For a real gas following van der Waals’ equation of state, the expression of critical

temperature is
27R.b

(d) At low pressure, the compressibility factor ‘Z* =1 + %}E for a van der Waals' gas.
A open ended mercury manometer is used to measure the pressure exerted by a trapped gas as '

shown in the figure. Initially manometer shows no difference in mercury level in both columns
as shown in diagram,

—r——r iy

P=76cm’

gas A

After sparking ‘A’ dissociates according to following reaction
A(g) — B(g) +3C()
If pressure of Gas “A" decreases to 0.9 atm. Then (Assume temperature to be constant and is
300 K
(a) -total pressure increased to 1.3 atm
(b) total pressure increased by 0.3 aun
(c) total pressure increased by 22.3 ¢m of Hg

" (d) difference in mercury levgel is 228 mm.

Select incorrect statements for real gas:
(a) Gases have only attraction forces in low pressure region
(b} Volume of gas particles is not negligible in low pressure

" () Gases behaves as an ideal gas at low pressure

(d) In high pressure region attractive forces dominates

Select correct statements: :

(a) A real gas can be liquified at critical temperature

(b) Critical pressure is the maximum pressure at which substance present in its ]quld
state at T '

() 1deal gas can be liquified below T

(d) Critical volume is the molar volume of substance in gaseous state at T and P,

Which is/are correct for real gases?

(a) PL_EO (PV,,) = constant at constant high temperature

(b) Lio (PV,,) = constant at constant low temperature
V,

m



1

PV,
Lt | —m | =1 at high ¢ tu
() P-)O( RT) at high temperature

PV,
{d) vL_Eo (ﬁ} =R

19. Select incorrect statement(s)

(a) At very low pressure real gases show minimum deviation from ideal behaviour.
(b) The compressibility factor for an ideal gas is zero.
(c) At Boyle temperature real gas behave as ideal gas in high pressure region.
(d) Real gas show maximum deviation at high pressure and low temperature.
20. If an ideal gas is heated at constant pressure:

(a) The volume increases

(b) The mass of gas remains same

(c) The kinetic energy of the molecules increases
(d) Attraction forces between gas particles increases

L MATCH THE COLUMN

Column-I and Column-II contains four entries each. Entries of Column-I are to be matched
with some entries of Column-Il. One or more than one entries of Column-1 may have the
matching with the same entries of Column-II.

1.[ Columnﬁi—___ ‘ ( Column 1T _]
(A) Boyle’s temperature ‘(P) a/Rb
(B) Inversion temperature Q) 8a/27Rb
(C) Critical temperature (R) 2a/Rb
(D) Critical pressure &) a/27h?
2/ cowmnr [T 7 " columnn T
(A) Root mean square velocity P 3 RT
2
(B) Most probable velocity Q) (8P
wd
(C) Average velocity (R) (3P

{D) K.E. of gas mol !

Vd
(S /_2R_T_,
M



Colummn I

(A) If force of attraction among the gas mole-
cules be negligible

(B) If the volume of the gas molecules be neg-
ligible .

{C) AtSTP

(D) At low pressure and at high temperature

: '__j' (__ _____“Coliu-m;n

.

®) (p+ —“2—] (V -b) =RT
v
(Q py=pgr-2
v

(R) PV =RT + Pb
(S) PV =RT

4. Match gases under specified conditions listed in Column 1 with their properties/laws in

Column II.
( o _ Column 1 :
(A) Hydrogen gas (P =200 atm, T = 273K)
{(B) Hydrogen gas (P ~0,T =273K)
(C) CO, (P=1atm, T=273K)

{D) Real gas with very large molar volume

Column I

——— — -
5.1
'

(A) iz vs- P for ideal gas at constant T and n.
14

(B) Vs ;}: for ideal gas at constant  and n

(C) PT vs.-T? for ideal gas at constant T and n.

(D) Vs —-15 for ideal gas at constant T and n.
P

— e e -

Column 11
(P) Compressibility factor = 1
(Q) Attractive forces are dominant
(R) PV =nRT
(8) P(V —nb)=nRT

S
1 Column I

® | i

© i

(®) ' /

) K




E i

6. Match the correct column from list- 1 to list-2 on the basis of following Andrews isotherm of

Real gas.

Column-I

'(A) Substance exist in both liquid and gas -
state

(B) Only liquid state exist
: (C) Substance exist in gas state only

/(D) Real gas is called super critical fluid

Bl

Column-11
(P) At AB part

. (Q) AtBD part
. '(R) AtDE part
(8) Atpoint C

“(T) At GF curve
7- - — _ . — —
T A
o :
£ i
g
B
' §
B
&
LL [
DEF -— Speed
_ Column- . ] Column-II
((A) Speed at point ‘A’ is (P) |8RT
i (B) Speed at point ‘B’ is (O} [3RT
M
I(C) Speed at point ‘C’ is (R) U
(D) The speed possessed by maximum f'rac- (8)

tion of the gas particles

M

PROBLEMS IN CHEMISTRY
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(___, ASSERTION-REASON TYPE QUESTIONS

LY A

v ———— ——— —

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statements carefully and mark the correct answer according to the instructions

given below

(A) If both the statement are TRUE and STATEMENT-2 is the correct explanation of

" STATEMENT-1

(B) If both the statement are TRUE but STATEMENT-2 is NOT the correct explanation of

STATEMENT-1

(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE

. STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

. STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :

The heat absorbed during the isothermal expansion of an ideal gas against
vacuum is zero.

The volume occupied by the molecules of an ideal gas is zero.

A lighter gas diffuses more rapidly than a heavier gas.

At a given temperature, the rate of diffusion of a gas is inversely
proportional to the density.

The value of the van der Waals’ constant ‘a’is larger for ammonia than for
pitrogen.

Hydrogen bonding is present in ammonia.

Helium shows only positive deviatdon from ideal behaviour at room
temperature.

Helium is an inert gas.

CH,, CO,has value of Z(compressibility factor) less than one at 0°C.

Z <1is due to the attractive forces dominate among the molecules.

The Joule-Thomson coefficient for an ideal gas is zero.

There are no intermolecular attractive forces in an ideal gas.

The average translational kinetic energy per molecule of the gas per
degree of freedom is 1/2 KT.

For every molecule there are three rotational degree of freedom.

On increasing the temperature, the height of the peak of the Maxwell
distribution curve decreases. '

The fraction of molecules is very less at the higﬁer velocities.

The gases He and H, are very different in their behaviour at.any
temperature and pressure but their compressibility factors are nearly the
same at the critical point. '

They have nearly the same critical constant.
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10. STATEMENT-1 :

11.

12,

13.

14.

15.

16.

STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2

Most probable velocity is the velocity possessed by maximum fraction of
molecules at the same temperature.

On collision, more and more molecules acquire higher velocity at the same
temperature.

Plot of P vs 1/V (volume) is a straight line for an ideal gas.

Pressure is directly proportional to volume for an ideal gas.

1 mol of H, and O, each occupy 22.7 L of volume at 0°C and 1 bar
pressure, considering ideal behaviour.

Molar volume for all ideal gases at the same temperature and pressure
are equal.

Reacting gases react to form a new gas having pressure equal to the
sum of their partial pressure.

Pressure exerted by a mixture of non-reacting gases present in a
container is equal to the sum of their partial pressures.

1/4™ of the initial mole of the air is expelled, if air present in an open
vessel is heated from 27°C to 127°C.

Rate of diffusion of a gas is inversely proportional to the square root of
its molecular mass.

Compressibility factor for hydrogen varies Wiﬂl pressure with positive
slope at all pressures at 0°C.

Even at low pressures, Repulsive forces dominate hydrogen gas at 0°C,
Wet air is heavier than dry air.

The density of dry air is less than the density of water at 1 atm and
273K. .

(___ SUBJECTIVE PROBLEMS

1. Collapsible balloon is inflated to a volume of 10L at a pressure of 1 atm. When the balloon is

PROBLEMS iN CHEMISTRY |

immersed to the bottom of a lake, its volume reduce to 1.25L. Assuming atmospheric pressure
to be equivalent to 10m column of water and no change in temperature. If the depth of the
lake is x x 10° em, what is the value of x ?

A gaseous mixture containing equal moles of H,,0, and He is subjected to series of effusion
steps. The composition (by moles) of effused mixture after 4 effusion steps is x:1:y

respectively. Then find the value of X1
Y

. One mole of a gas changed from its initial state (15L,2atm) to final state (4L, 10atm)

reversibly. If this change can be represented by a straight line in P -V curve maximum
temperature (approximate), the gas attained is x x 102K. Then find the value of x.

is xx 107¥, then

Two moles of an ideal gas undergoes the following process. Given that [g—;]
v

calculate the value of (x + y)



) Gascous state |

5.

10.

2

'/127. 4)

~'(27.3)

S p—p

—273.15 *(C)—

If 1 mole of a diatomic gas present in 10L vessel at certain temperature exert a pressure of 0.96
atm. Under similar conditions an ideal gas exerted 1.0 atm pressure. If volume of gas ‘molecule
is negligible. Then find the value of van der Waals' constant *‘a’’ (in atm 1?/mol?).

The graph of compressibility factor (Z) vs. P for one mole of a real gas is shown in following
diagram. The graph is Totted at constant temperature 273K. If the slope of graph at very high

(dzj. 1
pressure | — |is [ —
dp 2.8

(in L /mol}

atm ™, then calculate volume of one mole of real gas molecules

Given : N, =6x10% and R H%L atm K mol !

1 /—’ (g—lz,-) = 71_8 atm-?

p—»

Under the identical conditions of temperature, the density of a gas X is two times to that of gas

Y while molecular mass of gas Y is three times that of X. Calculate the ratio of pressure of X

and Y.

The time taken for a certain volume of a certain gas to diffuse through a small hole was 2 min.
Under similar conditions an equal volume of oxygen took 5.65 min to pass. What is the

molecular mass of gas (in amu) ?

If excess F,(g) reacts at 150°C and 1.0 aum pressure with Br,(g) to give a compound BrF,, if

423 mL of Br,(g) at the same temperature and pressure produced 4.2 g of BrF,, what is n ?
[Atomic mass Br = 80,F = 19]

Initially bulb “A” contained oxygen gas at 27°C and 950 mm of Hg and bulb “B” contained neon

gas at 27°C and 900mm of Hg. These bulbs are connected by a narrow tube of negligible

volume equipped with a stopcock and gases were allowed to mix-up freely. Then obtain

pressure in the combined system was found to be 910 mm of Hg.
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11.

12.
13.

14.

15.

Closed :
valve ;
(-
L
I

If volume of bulb B was measured to be 10L. Then find the mass of oxygen gas present mmally

" in bulb ‘A"

Air is trapped in a horizontal glass tube by 40 em mercury column as shown below :
- ' ]

K—Sch—-ﬂ

If the tube is held vertical keepmg I:he open end up, length of air column shrink to 19 crii. What
is the length (in cm) by which the mercury column shifts down?

A flask containing air at 107°C and 722 mm of Hg is cooled to 100 K and 760 mm of Hg. If
density in the initial condition 1 g/cm?, then what is the final density (g/cm?>)?

If an ideal gas at 100 K is heated to 109 K in a rigid container, the pressure increases by X%.
What is the value of X?

The vander Waal’s constants for a gas are'a = 3.6 atm L mol™, b = 0.6Lmol ™. If R = 0.08L
atm K~ mol ™. If the Boyle's temperature (K) is T of this gas, then what is the value of % ?
A flask has 10 gas particles out of which four particles are moving at 7 ms™ and the remaining

are moving at the same speed of ‘ X’ ms™. If the .m.s. of the gas is 5 ms™}, what is the value of
X?
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i Passage-1 1. 2. (a) < ()] 4 (d) .
; Passage-2 Ll 2 (© 3 (3
LPassage-:-l 1. @ 2. (d) 3 (b
One or More Answers is/are correct ’
L@bed 2 @b 3 (bod 4 d) 5 (@ 6 (aed) T (ab) 8 (abed
9, (a) 10. {ab,c) 1. (abd) 12. (ad) 13. (a,bd) 14 (abgc) 15 (a,b,d) 16. (a,b,c)
1. (ad) 18 (acQ) (be)  20. (ab,c) | '
Match the Column
1. A P B> R; C-oQ; D> S§
2. A9 R; B— §; C-Q; D—>P
- 3. Ao R; B— Q; C— P DS
4. AP, S; B— R; "C-> P Q DR
5 A—=R; B §; C- P D —--Q
6. A5 Q,S; BoR; Co>P T, DoT
7. A S; B P; C—Q, R; DS’ v
Assertion-Reason Type Questions
1. (B) 2. (C) 3. (A 4. (B) 5. (A) 6. (A) 1.(0) 8. (B) 9. (C) 10. (C)
1. (C) 12 (A) 13.(D) 14.(B) 15 (A} 16. (D) '
Subjective Problems
1. 7 2. 4 . 7 4 3 5 4 6 2 1. 6 8 4 9. 5 10. 4
11. 9 12. 4 13. 9 14. 5 16. 3

j| PROBLEMS IN CHEMISTRY S



Hints

Level 1 o

27. (b) The moles of the gas in the bubble remains
constant, so that n, =n,. To calculate the
final volume, V,,

VZ E Vj Y .P_] x 12.
2 Ty
=2,0mLx6'0atmx298K
1.0atm 281K
=12.72mL
39. (c) Because the number of moles is constant.
-}Z!![. - Pfo . - PIVJ}
T T, I~ v,
PV
b, VL
VT,
_3.21 x10° Pa x —_ x 273+ 28.0)
1.03V;, (273- 5.00)
=3.50 x10° Pa
51. (b) Intercept on y-axis
: mton "R _jog, 10x00821
= 10830 v 810 _-_-_—8.21 .
P P nR
— v/5 curvg — = —
T T v
nRk
Intercépt = —
v
= Mﬂ =0.1, slope=0
8.21

53. () dy=2dp; 3M, =My PM=dRT
Py My _dy RT

P, My dg RT
= &' x—=2
P, 2
Po_4
Pp 1
54. (b) Case —Suppose inner balloon burst first
600 800 _ 40k
300 T,

Case [I—Suppose outer balloon burst first

and Solutions

1500 1800, 1 _ 360k
300 T,
55. (b)V, =V, T, =300K T, = 500K, V, =?

At constant pressure UT, = VT,

v Wl _Vx500 SV
it 300 3

", Volume of air escaped
= final volume - initial volume

5V oy
3 3
. % of air escaped = 2v/3 x100 = 40%
S5V/3

57. (a) 2NH,(g) — Ny(g)+ 3H;(g)
Before sparking 76 0 0
After sparking 76— 2x Cox ‘3x
at eqm .

Increase in pressure 2x =18; x =9 cmHg -
Partial pressure of H; =3x3=9 cm Hg
60. (a) hydy = hygdyy; 5x2.72=13.6hy,
hy,=1m
Ppys = 0.76 dg + 1 dg = 1760 mm of Hg
1760 10=n xR x 300
760
n = (.94 mole

65. (b)P = > vaT ; Pp.pr.of He =§ x [SRT]

\'4
_ 2x0.0821 x 400
8.21
= § atm
3
66.(c Py =— xPyp;
© % "7 xFr
After removing 2 mole of O,

, 1
P02=§ XPT

Decreasing in p.pr. of 0, =20_ 8 100



67. (b} Py =Py, + Py 0 Py, =730 torr;

(730 x 0.821

N, S 20,082
2 0.0821 x 300

69. (a) Volume of O, =1L
' and pg, =760 — 355 = 405 mm Hg
Since, the temperature is constant, using
Boyle’s law we get
1L x405mm=0.3L x p'g,
& F'g, =1350 mm Hg
77+ (b) Pyag = Pyry gas + Prngisture at TK

or Py =830 - 30 = 800

Now atT, =0.99T;;
' A_P
at constant volume X =2
T, T,
_800x0.99T
v T
P gas — =P dry motsture

=792+ 25=817 mm
78. (b) We have Py, = Xq, X Prg)

mn
0.60 = Oz

Py =792 mm

xP .
total
+ n 50,

Let no. of moles of 0, are x;
_ x/32 5
X/32+ 3x/64

L 0.60=0.4xP

_0.60
total 0.4

total

=1.5atm

Po, + Pgo, =1.5atm
= Pso, =1.5- Py, =1.5-0.60 = 0.9 atm
0.9
0.0821 x 300

=0.036

- Concentration of §0, =

79. (b) Givenn P =10 atm,
total numbers of moles; n, + ny + n; =10
Pyp=3atm, Pp=latm n,=3 nz=1

g =10

Py=xy Py = —— A
€+ 1y + g

=ﬁ‘x10n,‘=3
10

Similarly, Py = x5 x Py
So, ng =1

M- =10-(ny +ng)=10-4=6
Welght of C=6x2=12g

80. PV=—RT {1
(a) o i
Let x g of the gas remain in the flask when
p
final press >, —
S 23
D@ o
2 M 3
/@ = 2-12.3
x 2
_ 3x10 _ 7.5‘3

85. (c) From the total pressure and the vapour
pressure of water we can calculate the
partial pressure of O,.

Po, =Pr — Py o

=760-224 "
=737.6 mm Hg
From the ideal gas equation we write
PVM
m=——-—
-RT

_ (0.974 atm) (0.128 L) (32.0 g/ mol)
(0.0821 L atm/K mol) (273+ 24) K

=0.163¢g
w/4 7

96. (b) Moles ratio = JHe - ¥/ % _ 7

My, w/28 1

Ratio of translational K.E. = Thie The.
ty, T 5
7 300
700
V M
104.(Q) V, = BRT _ Vel _ ”2
’ 'M (Vm'ls)Nz
(vm)ﬁz =5 Vo,
\/— ]-[2 28
(Vrms)Hz
T
_35 [Ty x14
1 Ty,
T,
=5=-12 414
Ty 2



106.(6) 200= |2 _ . RT = 40
2x107™ -

3 3 8

Average K.E. = =3 nRT = 3 x— x40 -

2
=2401J
107. (c) Second member of C 11, series
=C,Hg =42

8RT1 [BRTy._ 900 T2
=M, 4
Tz =532.4K

2
109. (b) P = . <
3 v

1, 6x10% x10™ x(100)"

2 10 x107°
=2x10* Pa

110. (¢) Second member is C,H,;

- (MJ soo(zzJ

=500K or 227°C
111.(c) 300 = 31,{.T 5 RI= 120
4 x10™ '

Total K.E. of He gas = ._3_, nRT

-3,8 1204
27%

=360J

13. (v, = 15
d

AUrrﬂs = E (‘\/ﬁ; - ’\/E)

= Ji (300 — 200}
0.75

4 %100 = 200

115.(d)a:u:u=«/§:\/§:«f§

116. (b)1 8RT J__ \/7

8x8314xT

e = x10°
nx16 %107 22

1000 x2
"~ 8314 ,

T°C — 240.55~ 273 = — 32.45°C
R xTy _ 2xT _3x300

=240.55K

117.(d} =
Msoz M, T 64 32
, T =900 K
, ' 1 )
119. (a) Rate of diffusion «—= <P
o 7
¥ Rate of diffusion oci
Ly n M '
125.(b) 22 = %2 . |TCHs
Ten, Mew, Mo,
©_3.16 6
232" 4J§
3
509
3 372
n
126.(c) — =(EJ =1
8/1 |64
o, (1 f16 1
rCH4 1 4 2
127.(d) Mhe _1 16 _1
' ey, 2V4 1
My 1 /64 _4
Tl’502 3V 4 3

et Men, P M'so, 41423
128.(a) 1 = A/t _Vixty | My,
T Wty Vyxtp VM

80x3_ [64_ 5 120
=

nLx2 V32 0 T2
M P,
150. (0 TeHZ0CH,; _ CHy_ , ZCH3OCH;
ToH, M CH30CH3 Pey,

:}ixo—g_zsel
. 46 0.2
131. (0 M f2 o /Mz, w M, /M_
ng -ty My My wy
1 W: \F
My’

= w=1lgm
182, (d) _ A5, | M
. 4/10 Mo

i’Mmsg



1145.(c) P(V - b)=RT; P=-2L

Mmix =MH2XH2 + Mcﬁ4Xa_h
=2Xy, +16(1 - Xy )=9
= Xy, =05

" 133. {a) Mass of the filled balloon = 50 + 685

=735kg
Pay load = Mass of displaced air
- Mass of balloon
=5108 -735=4373 kg

135.(C)C,=§R+R+4R x§=£R;
2 4 2

C, =HR +R =1§R
2 2
c
Zp 13518
c, 1
(-g R+ gRJ
136.(c) C, = 3 =2R
[g R+ %RJ
Cp= =3R
2
C
Lz15
Cy
C, “3gr
137.(b) g for monoatomic gas;
C_=-RT :
L
C, =-s- 2RT
) 72, for diatomic gas
C,==RT
o2
Thus, for mixture of 1 mole each,
gRT + gRT
C, =42
2
' Ser+ LRy
and C,= 2
2
C
Thus, —£= LI
c, T

k)

ED)

P=( R JT-:»O
(V-b)

i PROBLEMS IN CHEMISTRY

146. (c) b= 4 x volume occupied by molecules of 1
mol of a gas,

or b=4NA[%m'3)

‘ 3 Y2
or r=
16N 4n

1/3
3x24
= cn
[16 % 6.023 x10% x 3.14}
=1.355x107% em

Now, molecular diameter, d = 2r
=267 x10®% cm

152. (q) At low pressure,
[P + -‘;‘—ZJ (V)=RT

ie, PV?’-RIV+a=0

v BT % JRT?—4Pa _RT

2P 2P
« ¢+ 4aP=RT?Y
154.0) 2 7 . z=1--%
RT VRT
155. (b) van der Waals’ equation for one mole of a

real gas is
(P +%] (V-b)=RT

or PV=RT+pb+2_2
v

v

At high pressures, the van der Waals® gas
equation reduces to PV = RT + Pb

PV Pb
or — =1+ —
RT RT
. Compressibility factor Z = LA 1+ L)
RT RT

157.(c) Z = PV =E - 0.9 x0.0821 x 273
nR 9
= 2.24 litre/mol
.» Volume of 1 milli-mole of gas = 2.24 mL
158.(d)z =Y, 190=_1%800
nRT nxR %330
n= 1 %800 -
1.90 xR %330
V % 200

Z2=110=—rou-—"——;
nxR x570



V %200 x1.90 xR %330

1.10=
800 xR %570
V=4L
2
160.0 01+ 2020 )y 20 <002
=0.1V2-04V+04=0
=VZ-4v+4=0
= V=2L
PV 01x2 _
nRT  20x0.02

174. (a) The van der Waals’ equation for 1 mole of

167

2. © N, + 3H, == 2NH,
Initial moles 11 12 0

at equilibrium 9 6 4

moles of N, and H, present at equilibrium

' =15

after addition of water

NH,(g) + H,0() — NH,OH({)

Volume of vessel available for gaseous
mixture of N, and H, = 20 — 3.58
= 16.42L

Pressure exerted by gaseous mixture at
15 x0.821 x 300

B

gas is 300K= 16.42 = 22.5atm
p+2 b)=RT '
+F v- )—‘ 3. (© I I
if we put, P, =£,Vr —Vn and T, =l; 0.1molNol T3
P, VC T; T, I
2V L
@ V=3 and To= o b
v Pe= , Vo= an =
[ € b2 ¢ ¢ 27Rb]
_ Let x mole of N, present into vessel Il and P
a* 8a is final presstre of N
Pr — —— (V (31)) b) RT ( J 15 hinal pressure o 3
276 )"V, (3b) 27Rb P(2V) = xR(T,/3) and P(V) = (0.1 - x)RT,
This equation is called van der Waals’ = 9. X
equatdion of law of corresponding states. 3(0.1 - x)
175. (b)%=§x2.21; Vm=(§><221) RT = 06x 0.6/7 mole;
RT 8 8 P’ 90428 = 24gN,
v *EX221X8.314XB00 7
me ' 8.314 1 has 2.4 g N, and I has 0.4 g of Ny;
= 248.625 mL; W _04 _ 4.
: ' w, 2.4
Vo, = 16 _248.625-124.31 mL coo
=32 4. (b) Let initial mixture contains #; and n, moles
; - of NH; and N,H, respectively
;"evel 2 Total moles of gases originally present
1. (b) The number of moles of He, Ne and Xe is =n +n,
given by Total moles of gases after decomposition of
n w_3 n pv_10, ‘gases =2n; + 3n
He = pT RTC N RT RT’ P
w1 - 0.5xV=(n; +ny)R x300
Nge =—— = — 45xV=(2n + 3n,}R %1200
* RT RT o
2m +3n, 9
(3+10+1) =1z 2
n=nHe+nNe+an=—RT—— ny + ny 4
1
The total pressure is given by B 3
p _ (e + Mo + My JRT M2
v T2 4100 = 25%
_(3+ 10+1) RT n + 1y

P toral = T 7 =2atm

RT



Slope of line = L2 =tan @
RT

- P 1642
Rtan@ 0.0821tan®
For A, T =20043K
200
For B, T= K
: 73
Level3 ]
Passage-2 t
2 & 3. Lleto, oz and o be collision diameters of
A,Band C
}_-_].(_T....._. ie, o« -T-
N \‘xp
S UA v GB : UC
_[3600 [ 200 [ 400
0.16x1 "V0.16 x2 {0.04 x4
=4:1:2
o’P?
2, (@2, oc-:/—_”—t}—i/—z
16 x1
= ABCs—/—m———
V20 x(1600)*2
1x4 . 4x16
J40 x(2000%2 /80 x (400)*/2
=1:4:16
(o)P
3. ()2, =
@2 = T
= A:B:C= 0.6x1 : 1x2
J20x1600 /40x200
. 4x4
_ "~ /80 % 400
=4:1:4
Passage-3
1. (a) hydy = hy,dy,
h, =76><136 =190 cm

38
2. P, =P, +P=1+—=1.2
(d) Pgus = Pam + P, +190

3. () 3AG) = Asg

<L Ay(g)
%(036) =012atm

P =1.2-0.36+0.12=0.96 atm
Pressure difference in column
=1-0.96 = 0.04atm _
The difference in height of the liquid level in”
two columns = 0.04 x190 =7.6 cm
One or More Answers is/are Correct
11. (ab,d)

(A) '+ area under the curve gives fracton of
molecules and total area is constant. )

(B) Uy, decreases  with
temperature.
(C) T, is higher temperature

~ABD

decrease in

(D) As seen from graph;
15. (ab,d)
Pr=(1+3x=1+3x0.1=13atm.
AP =0.2am or 76 x 0.3cm of Hg
-or 760 x 0.3 mm of Hg
18. (a,0)
Low P and high temperature gas behaves as
an ideal gas.

. PV = constant and % =1.
. RT

Match the Column

1 1
5 y=— or =—
i Y=y
' P=x and P= _con:’tant
(A) x =)y = y=k'x?

(B) V=kT; y=V&%=x .‘._y=£

>

(C) P=kT; PT =kT? or y=kx

(D) v=—:;:>_y=c~/;;y2=cx

Subjective Problems
11. Pr=1+ 36 _112 atm. Final height =19 cm
76 76
P; =1 atm, initial length = h; cm
Boyle's law PV, =PV,



~

| GASEQUS STATE |

R
112 :

1xhA == x194 = Pcronses AP = Py - -P=—2p

100
h;=28 am . % Pressure increases
- N AP
The length by which the Hg column shifts B 100= 9P «100%
down = h;—h, ‘ ' P, 100P;
12, P;=722mm =760 mm X% = 9%
Tf=107+§73=380]( T; =100K ' X=9
d;=1,/em d; =?
=13/ . 14. T, _——_———36 —75K, 2 = 5K
P p ‘ 15. 3ms™
’ 2 2 2 2
P : UN, +usN uy Ny +usN
= df f T dl'= @ @ Xlg/cm3 urms= lNl Nz 2 = ut2m3= ]Nl ; 2
P 'I‘f 722)1100 1+ 1+ N2
2 2
———48/(:!11 25=M_2. = Uy = §i=3m5_1
10 3
=28-19=9cm .
13. V, nconstant.
B Pf

T
T, T; °T



e

another in terms of quantities of heat & work.

@

investigation.

¢ Surroundings are the rest of the universe outside the system.

The subject of Thermodynamics deals basically with the interaction of one body with

A System is defined as that macroscopic part of the universe which is at the moment under

< Boundary : The actual or imaginary surface that separates the system from the

surroundings.

System

Y

v

y

Open System
can exchange matter as
well as energy with
surroundings

Closed System

can exchange energy but not
matter with surroundings

Isolated System
cannot exchange matter as
well as energy with
surroundings
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Thermodynamic Properties

h Y

Examples : Pressure, Temperature,
Density, Melting point, Boiling point etc.

Extensive Properties
depend on the amount of
matter present in the system.

Intensive Properties
do not depend on the amount
of matter present in system
Examples : Mass, Volume, Heat

Capacity, Enthalpy, Entropy etc.

Thermodynamic Process : The change of a system from one state to another state.

Thermodynamic Processes

W ¥ ¥ v v

Isothermal Isobaric Isochoric Adiabatic Polytropic
ten‘lperature pressure remains volume remains system cannot PV = constant
remains constant constant constant exchange
throughout throughout the throughout the heat with
the process process process surrounding
ie,:dT=0 ie, :dP=0 ie., :dv=0 Le, : dg=0

2,
o

e

.,
o

-,
o

.,
o

‘Cyclic Process : System undergoes a number of different processes and finally returns to its
initial state.

- REVERSIBLE PROCESS (QUASI-STATIC) & IRREVERSIBLE PROCESS :

A process which is carried out so slowly that the system and the surroundings are nearly in
equilibrium is known as a Reversible Process. If this condition does not hold good, the
process is said to be, Irreversible.

In a reversible process the driving force is infinitesimally larger than the opposing force. If the
driving force is made infinitely smaller than opposing force, the system can be brought back
without producing any permanent change.

All natural processes are irreversible process.

Spontaneous Process : Proceeds on its own i.e., without any external help.
INTERNAL ENERGY (U) : The sum of all microscopic forms of energy.

U =Ungrngationat + URotational + Uvibracional + UBonding + Utcrronic 41+
U is a state function & an extensive property.
AU =Ugpa —Upiit 5 AU =4,

du = [EL—I] dT + (ﬁj dV, dU =nC,, (T, - T, ) at constant volume
oT J, 8V jr
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Enthalpy

Chemical reactions are generally carried out at constant pressure (atmospheric pressure) so it
has been found useful to define a new state function called Enthalpy (H) as :
+ H=U+PV;AH = AU + A(PV); at constant pressure AH = AU + PAV ; combining with first law. i
AH =gq,
« The difference between AH & AU becomes significant only when gases are involved
(insignificant in solids and liquids)

AH = AU + A(PY) = AU + nR AT
AH =AU + (Ang )RT

+ For a given system consider; H = f(T,P);dH = (GHJ dT + (6H] dar
aT ), P

% For isobaric process : dP = 0;dH = [a;;) dT;dH =Cp.dT;AH = J'Cp dT
P

» For an ideal gas H = f(T') only

(Z_I;) =QordH =Cp.dT; AH = IC_,, dT; fornmolesofldealgasAH InCPdT
- .

Kirchoff’s Equation
< For chemical reactions IdArH = I AC,.dT §

o AI’HTZ _AFHTi = A,.Cp(Tz _Tl)
< Similarly A Uy —AUg =AC, (T, -T1)

Thermodynamic Equilibrium

] At thermodynamic equilibrium there is no i
change in properties of system with time

T — l

l{I‘hermal Equilibrium Mechanical Equilibrium - Chemical Equilibrium
<+ ZEROTH LAW OF THERMODYNAMICS o

Two systems in thermal equilibrium with a third system, are also in thermal ethbnum with
each other.

» FIRST LAW OF THERMODYNAMICS
It is law of conservation of energy. Mathematically for closed system at rest in absence of
external fields this law is written as :

AU=q+w _ )

Where AU is change in internal energy of the system, ¢ is the transfer of heat from
surroundings to the system and w is the work involved (either done on the system or by the
system). '
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Positive
A 4
+ Sign convention according to IUPAC : p, ———1—> ©System Negative
Negative
L 2
q

o

- HEAT : The energy that flow into or out of a system because of a difference in temperature

between the system and its surrounding.

> TYPES OF WORK : Two types of work normally come across in chemistry.

1. Mechanical work (e. g., PV work) 2. Electric work (Non PV work)
Mechanical work is involved when a system changes its volume in the presence of an externally

. applied pressure {i. e., pressure volume work). It is especially important in system containing

© gases

L

.,
o

Va
AW = —Pog .dV; W= =[P dV

Y
CALCULATION OF WORK DONE IN VARIOUS PROCESS
Isochoric process:
Since - - dV=0sow=0
from 1% law AU=q,+w=gq,
Isobaric process:
w =Py (V =V,)

& AH = qp
Isothermal process: , :
Since dT = 0so dU = 0 for an ideal gas

from1* law gq+w=0org=-w
If process is reversible _ .
v, Py Va A
w=-nRTIn| = [=-nRTIn| = | or w=-2.303nRT log —= =-2.303nRT log =
1 : P, W P,
If process is irreversible

w=-P, |2
[.14 pz P]

In case of free expansion p,,, =0sow =0

< Adiabatic process : q=0

_____szz' —AW , where y = gp—

AU=w=nCv(Tz _Tl)::
¥-1 v

If process is reversible T,V =T,V



If process is irreversible L-h_ —Pm-.['—rl —Tl]
y-1 P, A
+ Cyclic process:
Work done = Area enclose in PV-diagram
For clockwise it is —ve
For anti-clockwise it is +ve w=0

# Electrical work (w = V.I.t)is a type of non PV-work. M

Heat Capacity : Between any two temperatures, the quantity of heat required to raise the
temperature of the system from the lower to the higher temperature divided by the temperature
difference.

« C =dq/dT. ' ‘
+ q, =AU
e, =[ g J ={ au J or C, =(3U/am),
h-T), \Ia-1i),
o (%) .
oT Jp
* Cppm —C,m =R (for ideal gas)

+ C,nandC, , depends on temperature even for an ideal gas. (C = a + bT +¢cT?)
H1Cp1 + nz(?p2 +o...

Ymix =

nlc,,l + 1,0

Reversible Adiabatic process involving ideal gas
* TV =TV '
TV =constant
PV' =constant
TYPY™Y =constant
Molar Specific heat (C,, ) of ideal gas in any Reversible Polytropic Process :
R R R
= +
l-x y-1 1-x

o R
FANF Y

*,
3

Cn =Cv,m +

Second Law of Thermodynamics
Statements :

(i) No cyclic engine is possible which take heat from one single source and in a cycle
completely convert it into work without producing any change in surrounding.

(ii) In an irreversible process, entropy of universe increases but it remains constant :
in a reversible process
ASgys + ASgyr =0 for rev. process
ASgye +ASgyy >0 for irrev. process
ASgys +AS iy 20 (In general)



(iif) Efficiency of Carnot engine working reversibly is maximum.
Carnot cycle

Va

' 1

BC - Adiabatic Reversible Expansion wge =Cy (T} -T,)

AB - Isothermal Reversible Expansion w,y =-nRT, In—2

- N
CD —Isothermal Reversible Expansion w, = -nRT, ln(%‘—] T,>T
3 .
DA - Adiabatic Reversible Expansion ~ wp, =Cy (T, ~T;)
for Carnot efficiency (n) calculation = —-Total _ L-h_%-a
' 2 T, q:

Calculation of Entropy change (AS or AS )
< Ideal gas in any Reversnble/Irrevemble process from (P, V;, Ty ) to (P,, V,, T;)

+ AS=nC, ln——+nR1n——nC In—+an
£} Vi T 2

+ Reversible & irreversible isothermal expansion / contraction of an ideal gas

' AS=annZz—
1

+ Isobaric heating or cooling : AS =nC, ln(:rTlJ
1

+ Isochoric heating or cooling : AS = nC, m(.;:l)
, 1

< Adiabatic process :

)

. AS =nC v InZ'l +nRIn Y2 for irreversible process
- Vi )

AS = Q for reversible adiabatic compression and expansion.

General reversible heating or cooling of any substance

&

< Rever31b1e Phase Transformauon
(@) ASpysion = AHpysion /s T is normal melting point (K)
(b) AS,yp = AH g [T5, Ty is normal boiling point (K)
(c} ASgy, =AH 4 [Toy, ~ Teyp is sublimation temperature (K)
(d) ASqrang = AH qons /Trranes Trrans iS the phase transition temperature (K)
<« For chemical reaction
A,5°=ZvpArS° (products) —% Vb S° (reactants)

e .
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Third Law of Thermodynamics

“At absolute zero temperature, the entropy of a perfectly crystalhne substance is taken as zero”,
which means that at absolute zero every crystalline solid is in a state of perfect order and its entropy
should be zero.

By virtue of the third law, the absolute value of entropy (unlike absolute value of enthalpy) for
any pure substance can be calculated at room temperature.

S-Sk = Iq‘"e" since Sgx =0; St —jq”‘"

Absolute entropies of various substances have been tabulated and these value are used to
* calculate entropy changes for the reactions by the formula;
AS°=Zv,S; (products) —ZvgS,, (reactants)
AL ,.dT

r= pm

Variation of AS, with temperature & pressure : I ds, =‘|' T

A Sy, —ASy =AC)n lanl
, T,
. Gibbs Free Energy (G) and Spontaneity
% A new thermodynamic state function G, the Gibbs free energy is defined as :
& G=H-TS or AG =AH -TAS (at constant temperature and pressure)
% AG < 0for spontaneous process
<+ AG = Ofor equilibrium.

Criteria for Spontaneity

For a feasible process ASy = AS_  + AS;,; >0
In absence of non PV work at constant T and P for a feasible process AG < 0.

. Standard Free Energy Change (AG°)

The free energy change for a process at a specified temperature in which the reactants in their
standard state are converted to the products in their standard state. It is denoted by AG®.

' " & Standard states :

(a) Standard temperature (any specified temperature)

(b) For gases/sohd/hquld Standard pressure P°=1 bar

(c) For ion/substance in solution: Standard concentration (C°) =1M
Like the standard enthalpy of formation of an element “the standard free energy of formation of
an element in its standard state is zero”. And so;

& AG°=Y vpA;G° (products) — ) vpA(G° (reactants)

1

A Thermodynamic Relationship

For any reversible reaction : AG = AG°+RT InQ.
where Q is reaction quotient.
At equilibrium AG'=0, Q=K

AG°=—-RT InK, AG®=-2.303RTlog Keq.
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Effect of Temperature : Van't Hoff Equation

dinK) AH°® d(inkK AH®

(@) 00O _AHT ) dnK) AR e
dT  RT d[ 1 J R ‘
A7 |
— o Qo .
AG°= AH°-TAS® Ink =_2H°,85° . ;

RT R In K i
° !
Integrated form ln __AHE°1 1 ;
K1 R\T, T,/ i

i 17
<+ RELATIONSHIP BETWEEN AG & Won.pv ;  faHe<o .

dU =dq +dwpy + dw_ .

for reversible process at constant T & P

dU + pdV -TdS =dw_,,

dH -TdS = dw o, py

(dGsystem )T,P = dW on py

"(dGsystem)TP = (dwnon PV )by system
Means free energy change for a process is equal to the maximum possible work that can be
derived from the processi.e.,

» AG®=w,, (for a reversible change at constant pressure and temperature)

* In case of a galvanic cell. AG = -nFE ;, where E ;; =e.m.f. of the cell ; F = =Faraday constant
andn = number of electrons being transferred in the chemical process

% S0 AG°=-nFE_,, where is the standard cell potential.

THERMOCHEMISTRY
<+ Enthalpy of Reaction : -
The amount of heat evolved or absorbed when the number of moles of reactants react
completely to give the products as given by the balanced chemical equation.
< Enthalpy of formation : .
The change in heat enthalpy when' one mole of a substance is formed directly frorn its
constituent elements at standard states.
(1) For elements, AfH° 0; eg.,AfH°(Zn, 8)=0, A;H(Br,,1) =0, A,H°(Q,, g) = 0
(ii) If element exists in two or more allotropic forms then for most stable state A;H®=0
“e.g., AgH®[C(s, graphite)] =0, AgH® [S(s, thombic)] =
<+ Enthalpy of combustion :
~ The change in enthalpy when one mole of a substance is completely burat in oxygen,
+ Enthalpy of Transition : '
The enthalpy change when one mole of one allotropic form changes to another.
For example : C(graphite) —» C(diamond) ; AH_. =1.90kJmol™}.
< Enthalpy of fusion :
The change in enthalpy when one mole of a solid is completely converted into liquid state at
its melting point.

<
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Enthalpy of vaporisation :

The change in enthalpy when one mole of a liquid is completely converted into its vapours at
its boiling point.

Enthalpy of sublimation :

The change in enthalpy when one mole of a solid is directly converted into vapours at
sublimation temperature.

Enthalpy of solution :

The change in enthalpy when one mole of a substance is dissolved in excess of water so that
further dilution does not involve any heat change. :

Enthalpy of Dilution :

The change in enthalpy when a solution containing 1 mole of solute is diluted from one
concentration to another.

Enthalpy of Hydration : (For anhydrous salt)

The enthalpy change when it combines with the requisite amount of water to form a new
hydrated stable salt. For example, the hydration of anhydrous cupric sulphate is represented
by
CuSO, (s) + SH,0()—> CuSO 4 SHZO(s)

Enthalpy of neutralisation :
Enthalpy of neutralisation is the change in enthalpy when one gram equivalent of arn acid is
completely neutralised by one gram equivalent of a base in dilute solutions.

Strong acid + Strong base — Salt + Water, AH e = —56KkJ mol !
Enthalpy of formation of ions : ‘
The enthalpy change when one mole of aqueous ions is obtalned from element in its standard
state as.

—C‘.lz(g)+aq—)Cl (aq);AH, = AH, (Cl ,aq)

By convention, the standard enthalpy of formation of H* (aq) is taken to be zero.

Hess’s law of constant heat summation :

The total heat change in a partxcular reaction is the same whether the reaction takes place in
one step or in a number of steps.

e.g., M A2 B
(11) A—Yh o A2 ,p

According to Hess's Law AH = AH L +AHS.
Enthalpy of atomisation :
The change in enthalpy when one mole of substance converts into gaseous atoms.

Bond enthalpies :

The average of enthalpies required to dissociate the bond present in different gaseous
compounds into free atoms or radicals in the gaseous state.

The bond enthalpy given for any particular pair of atoms is the average value of the
dissociation enthalpies of the bond for a number of molecules in which the pair of atoms
appears.



& ‘Eetimatitm of 'Ehthalpy of a reaetitlm'from bond Enthalpies :
For the gaseous reaction; C,H, () + HCI(g) — G, H5C1(g)

Energy requ1red to ) (Energy. released to .
-AH =| break reactants into |+ from products from rhe |
gaseouis atoms ) gaseous atoms )
Resonance Enthalpy : ' N

AH Resonance =AH; f experimental —-AH f, caleulated.
=AH.

o

¢, calculatéd — AH ¢, experimental.
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Out of molar entropy (I), specific volume (II), heat capacity (III), volume (IV), extensive
properties are : '
(@ LI ® Lo (e I, I (d) I, v

Out of internal energy (1), boiling point (iT), pH (III) and EM.E of the cell (IV) intensive
properties are : '
(@) LI (b) 1, ItL, IV (c) L 1L IV (d) All of these
. Thermodynamic equilibrium involves _
{a) Chemical equilibrium (b) Mechanical equilibrium
{c) Thermal equilibrium (d) All the above simultaneously
Which has maximum internal energy at 290 K?
{a) Neon gas (b) Nitrogen gas (c) Ozone gas (d) Equal

A 10 g piece of iron (C = 0.45J/2°C) at 100°C is dropped into 25 g of water (C = 4.2J/g°C) at
27°C. Find temperature of the iron and water system at thermal equilibrium.

{a) 30°C (b) 33°C (c) 40°C (d) None of these
When freezing of a liquid takes place in a system :

. {a) may have g > 0 or g < 0 depending on the liquid

(b) is represented by g > 0
(c) is represented by g <0

_(d) hasg=0

Mechanical work is specially important in systems that contain

(a) gas-liquid (b) liquid-liquid (¢) solid-solid (d) amalgam
Determine which of the following reactions taking place at constant pressure represents
system that do work on the surrounding environment

L. Ag*(aq) +Cl™(aq) — AgCl(s) II. NH,CI(s} — NH;(g) + HCl(g)

L 2NH;(g) —> N,(g) + 3H,(g)

(a) I BGR (&) 11 and 11T (d) Iand I

Determine which of the following reactions taking place at constant pressure represent
surrounding that do work on the system environment

I. 4NH4(g) + 70,(g) — 4NO,(g) + 6H,0(g)

II. CO(g) + 2H,(g) — CHZOH(D)

1. C(s, graphite) + H,0(g) —> CO(g) + H,(g)

M H;0() — H,0(0) .

(a) 1, Iv (b) Il and i (. IL IV (d) Iand II, IV

A sample of liquid in a thermally insulated container (a calorimeter) is stirred for 2 hr. by a
mechanical linkage to a motor in the surrounding, for this process :

(a) w<0, g=0; AU=0 (b w>0;, g>0;, AU>0

() w<0, g>0, AU=0 (dw>0q9g=0, AU>0

A system undergoes a process in which AE = + 300 J while absorbing 400 J of heat energy and
undergoing an expansion against 0.5 bar. What is the change in the volume (in1)?

(a) 4 (b) 5 () 2 - () 3
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13.
14.

15.

16.
17.

18.

19,

20.

An ideal gas expands against a constant external pressure of 2.0 atmosphere from 20 litre to
40 litre and absorbs 10 kJ of heat from surrounding, What is the change in mtemal energy of:” 3,
the system?  (Given : 1 atm-litre =101.3 J) DO

(a) 4052 J (b) 5948 J (c) 14052 J (d) 9940 J

One mole of an ideal gas at 25°C expands in volume from 1.0L to 4.0L at constant-
temperature. What work (in-J) is done if the gas expands against vacuum (Pema = 0)?

(a) —4.0x 10 (b) -3.0x 10* (c) -1.0x 10% (d) Zero

At 25°C, a 0.01 mole sample of a gas is compressed from 4.0 L to 1.0 L at constant
temperature. What is the work done for this process if the external pressure is 4.0 bar?

(@) 1.6x 10° J (b) 8.0x10%J (c) 4.0x10%J (d) 1.2x10% J
Calculate the work done (in J) when 4.5 g of H,0, reacts against a pressure of 1.0 atm at 25°C

2H,0,() —> 0,(g) + 2H,0()
(a) -1.63x 102 (b) 4.5x10° (© 3.2x 102 (d) -6.1x 102
2 mole of zinc is dissolved in HCI at 25°C. The work done in open vessel is :

(a) ~2.477 kJ (b) —4.955 kJ (c) 0.0489 kJ (d) None ,
Temperature of 1 mole-of a gas is increased by 2°C at constant pressure, work done is :
(@ R b) 2R (c) R/2 (d) 3R

A sample of an ideal gas is expanded 1 m® to 3 m?® in a reversible process for which P = KV 2,
with K = 6 bar/m®. Work done by the gas is :

(a) 5200 kJ (b) 15600 kJ () 52 kJ (d) 5267.6 kJ
A given mass of gas expands reversibly from the state A to the state 5,
Bby three paths 1, 2 and 3 as shown in the figure. If w;, w, and w,
respectively be the work done by the gas along three paths then: ‘ b
(@) wy >w; >w, ! )
(b) wy <w, <w,
(©) wi =w; =w,
d) wy <wg <wy

Heat absorbed by a system in going through a cychc process
shown in figure is :

(a) 10" nJ
(€) 10%rJ

®) 10%%J
) 10*°nJ

1 P (in kPa)
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21. Inthe cyclic process shown in P-V diagram, the magnitude of the
work done is : ﬁVZ
- B V- Y
a).m :
@ ( . J ® » [ - ] :
© @ -P)(,-%) D my -y Y

. . | 5
22. An ideal gas is taken around the cycle ABCA as shown in P-V ‘ 6P
diagram. The net work done during the cycle is equal to : :
(@) 12V ORY *
© AV, . (d) AV, g - C
Vi 3V,
Volume—=

23. Anideal gas is at pressure P and temperature T in a box, which is kept in vacuum with in a large
container. The wall of the box is punctured. What happens as the gas occupies entire container?
(a) it's temperature falls ' (b) Its temperature rises .
(c) Its temperature remains the same (d) Unpredictable

24. In diagrams (1 to 4), variation of volume with changing pressure is shown. A gas is taken
along the path ABCD. The change in internal energy of the gas will be :

‘D
v C v
1 1
M | . (2)
. A B \
M—p
D C
D C
v v
T i
3 - 4)
@ |, . @Al

L (3)y=—pPr . (4)—> p
{a) Positive in all the cases (1) to (4) :

(b) Positive in cases (1), (2}, (3) but zero in case (4)

(c) Negative in cases (1), (2), (3) but zero in case (4)

(d) Zero in all the cases
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T o St e m s
If the door of a refngerator is kept Open the room: in which the refrigerator is kept
(a) gets cooled et s . R
(b) gets heated - Y )'-'“P o
(c) neither gets cooled nor gets heated, R 4

(d) gets cooled or heated dependmg on the initial temperature of the room
The temperature of an ideal gas increases inan : - |
(a) adiabatic expansion e (b) isothermal expansmn

{c} adiabatic compressxon . f o ,' 1 _(d) lsothermal compression

For two mole of an idéal gas ©  *

(@ C, -Cp=R = CY'LE, 2 P (@&, ic, =R (@C,~C,=2R
Which of the following eXpréL'siohé is ‘true for an ldea} gas ?

v Y
OF), o 6F) 7 6F) 0 efF) -

Liquefied oxygen at 1 atmosphere.is heated from 50 K to 300 K by supplying heat at a constant
rate. The graph that correctly é)}p\\;§ the relationship between temperature and time is :

If wy, wy, wy and w, for an adeal ‘gas are magmtude of work done in isothermal, adiabatic,
isobaric and isochoric reversible’ expanswn processes the correct order will be :

(@ wy >wySwy>w, 2 L T ) wyswy>wy >w,

(Q wy>wy>We >wy B0 Y (D) wa Swy >wy >y

For a closed container containing 100 mole of an ideal gas fitted with movable, frictionless,
weightless piston operating such that pressure of gas remains constant at 8.21 atm, which

graph represents correct variation ‘'of log V vs. log T where V is in litre and T in kelvin.

1/
) gl @'
: \ 1.

log T. ' log V
A gas expands against a variable preésure given byP = 2‘? (where P in atm and V in 1). During

expansnon from volume of 1’ litre, to 10 litre, the gas undergoes a change in internal energy of
400 J. How much heat is absotbed by the gas'during expansion?

(a) 46 J ) (b) 46603* -~ ~(c) 5065.8J . (d) 4260

2 mole of an ideal gas at 27°C expandé wathennally and reversibly from a volume of 4 litre to
40 lize. Theworkdoﬁe (in K)) bythégasis

(a) w=—-28.72kJ e bt Dby wWee111.488 ki

() w=-5.736 kJ' PR @ w = 4.988 kJ

[ S
LI ' i

R SO co Ty

ERIR I O S A N R
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34. 10 mole of ideal gas expand isothermally and reversibly from a pressure of 10 atm to latm at
300 K. What is the largest mass which can lifted through a height of 100 meter?

(a) 31842 kg (b) 58.55 kg (c) 342.58 kg - (d) None of these

35. A heat engine carries one mole of an ideal mono-atomic gas

around the cycle as shown in the figure. Select the correct T, =600 K

option: 1 8

(a) g4p =450R and g, =-450R

(b) gz =450R and g, =-225R g

() gas =450 R and qg, =-375R 2 ) )
(d) gus =375R and gy =450 R S| ATTI00K  Tae 40K

Volume————»

36. What is the final temperature of 0.10 mole monoétomic ideal gas that performs 75 cal of work *
adiabatically if the initial temperature is 227°C? (use R = 2 cal/K-mol)

(a) 250 K (b) 300 K {c) 350K ) (d) 750K
37. The work done by the gas in reversible adiabatic expansion process is :
" (a) BV, - AW (b) mR(h ~T,) © BY, -hV (d) None of these

y-1 y-1
38. During an adiabatic process, the pressure of gas is found to be proportional to the cube of its
absolute temperature. The rano of (Cpm/C, m)for gasis :

7
(a) = (b) = (C). 3 (d) -5

39. A gas expands adiabatically at constant pressure such that T o« V™2

The value of y (Cp_m/C“m) of the gas will be :

{a) 1.30 (b) 1.50 (c) 1.70 d) 2
40. For a reversible adiabatic ideal gas expansion %)B is equal to :
av dv Yy |dv dv
& = d) =&
(a)v (b)-wv ()[Y IJ ()V

41. P-V plot for two gases (assuming ideal)during adiabatic processes
are given in the Fig. Plot A and plot B should correspond respectively

to:
(2) He and H, (b) H, and He I A
(¢) He and Ne (d) H, and Cl, 8

42. Calculate the final temperature of a moncatomic ideal gas that is compressed reversible and
adiabatically from 16 L to 2 L at 300 K :
(a) 600 K (b) 10446 K {c} 1200 K (d) 2400 K



43. 5 mole of an ideal gas expand isothermally and irreversibly from a pressure of 10 atm to 1 atm
against a constant external pressure of 1 atm. w; at 300 K is :
(a) -15.921 kJ (b) -11.224kJ (¢) -110.83 kJ (d) None of these

44. With what minimum pressure (in kPa), a given volume of an ideal gas (C pm =7/2 R),
originally at 400 K and 100 kPa pressure can be compressed irreversibly adiabatically in order
to raise its temperature to 600 K :
(a) 362.5 kPa (b) 275 kPa ‘ (c) 437.5 kPa (d) 550 kPa

45. The work done in adiabatic compression of 2 mole of an ideal monoatomic gas against constant
external pressure of 2 atm starting from initial pressure of 1 atm and initial temperature of 300 K
(R =2 cal/mol-degree)
(a) 360 cal (b) 720 cal () 800 cal (d) 1000 cal

46. One mole of an ideal gas (Cv,m =§ RJ at 300 K and S atm is expanded adiabatically to a final

pressure of 2 atm against a constant pressure of 2 atm. Final temperature of the gas is :
(a) 270K (b) 273K (c) 2485K {(d) 200K

47. 10 litre of a non linear polyatomic ideal gas at 127°C and 2 atm pressure is suddenly released
to 1 atm pressure and the gas expanded adiabatically against constant external pressure, the
final temperature and volume of the gas respectively are.
(a) T =350K;V =17.5L (b) T=300K; V=15L
{c) T =250K; V =12.5L (d) None of these

48. Calculate average molar heat capacity at constant volume of gaseous mixture contained 2

mole of each of two ideal gases A (Cv,m =g R) and B (C\,,m =-§—’ R) :
. (@R (b) 2R () 3R (d} 8R
49. 0.5 mole each of two ideal gases A (Cv.m = -g R) and B (C,,, = 3R) are taken in a container

and expanded reversibly and adiabatically, during this process temperature of gaseous mixture
decreased from 350 K to 250 K. Find AH (in cal/mol) for the process :

(a) ~100R (b) -137.5R
(c) -375R (d) None of these
A B8
50. A cyclic process ABCD is shown in P-V diagram for an ideal gas. Which
of the following diagram represents the same process? P c
D
v g

A 8 c D ‘ D c Ar=B
) v ' wv A @v RN
D B A ¢
T T T

T

T
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36 mL of pure water takes 100 sec to evaporate from a vessel and heater connected to an
electric source which delivers 806 watt. The AH vaporization Of H20 is : .
(a) 40.3 kJ/mol (b) 43.2 ki/mol (c) 4.03 kJ/mol {d) None of these
For the reaction : PCl;(g)— PCl;(g) +Cl,(g) :
(a) AH = AE (b) AH > AE {c) AH < AE (d) None of the above
Consider the reaction at 300 K ' ' ‘
H,(g) + Cly(g) —> 2HCl(g); AH°=-185kJ

If 2 mole of H, completely react with 2 mole of Cl,, to form HCIl. What is AU® for this reaction?
(@ o {b) <185 kJ () 370 kJ , (d) None of these
Which of the indicated relationship is correct for the following exothermic reaction carried out
at constant pressure?

' CO(g) + 3H,(g) —— CH,(g)+ H,0(g)
(a) AE =AH (b) AE > AH () w<0 @ q>0
One mole of an ideal gas undergoes a change of state (2.0 atm, 3.0 L) to (2.0 atm, 7.0 L) with a

change in internal energy (AU) = 30 L-atm. The change in enthalpy (AH) of the process in
L-atm :

(a) 22 ~ (b) 38 {c} 25 (d) None of thése
What is the change in internal energy when a gas contracts from 377 mlL to 177 mL under a
constant pressure of 1520 torr, while at the same time being cooled by removing 124 J heat?
(a) 40.521J (b) ~83.481J (c) 248 ] (d) None of these

For the real gases reaction 2C0(g) + O,(g) —— 2C0,(g}; AH =-560 kJ. In 10 litre rigid
vessel at 500 K the initial pressure is 70 bar and after the reaction it becomes 40 bar.

The change in internal energy is :
{(a) 557 kJ (b) 530 kJ {(c) 563 kJ (d) None of these

One mole of a non-ideal gas undergoes a change of state from (1.0 atm, 3.0 L, 200 K) to (4.0
atm, 5.0 L, 250 K) with a change in internal energy (AU) = 40 L-atm. The change in enthalpy
of the process in L-atm :

(a) 43 (b) 57 (c) 42 {d) None of these
Consider the reaction at 300 K ~

5H6(1)+— 2(8) — 6CO,(g)+ 3H0M); AH =-3271kJ

What is AU for the combustion of 1.5 mole of benzene at 27°C?
(a) —3267.25 kI (b) —4900.88 kJ {c) —4906.5 kJ (d) -3274.75 kJ
For the reaction; FeCO3(s) — FeO(s) + CO,(g); AH = 82.8 kJ at 25°C, what is (AE or AlJ)
at 25°C?
(a) 82.8 kJ (b) 80.32 kJ (c) 2394.77 kJ (dy 85.28 kJ
At 5 x 10° bar pressure density of diamond and graphite are 3 g/cc and 2 g/cc respectively, at
certain temperature ‘T’. Find the value of AU - AH for the conversion of 1 mole of graphite to
1 mole of diamond at temperature ‘T’ : '
(a) 100 kJ/mol (b) 50 kJ/mol (c) -100 kJ/mol (d) None of these
Predict which of the following reaction(s) has a positive entropy change?

L Ag*(aq) +Cl (ag) —> AgCl(s)

II. NH,Cl(s} —— NH,(g) + HCl(g)
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65.

66.
67.
68.

69.

70.

71.

72.

73.

IL 2NH,(g) — N,(g) + 3H,(g)
(a) 1and II (b) III : {¢) I and III o1
Predict which of the following reaction(s) has a negative entropy change?
I. CH,{(g)+20,(g) —> CO,(g)+ 2H,0(D)
II. NH,(g) + HCI(g) —— NH,CI(s)
M. 2KClO,(s) — 2KClO;(5) + O,(g) .
(a) II , b I ' (c) Tand II ' I
Which of the following reactions is associated with the most negative change in entropy?
(a) 250,(g) +0;(g) —— 2503(g)
(b) C,H,(g) + Hylg) — C3Hg(g)
() C(s, graphite} + O,(g) — CO,(g)
(d) 3C,Hy(g) — CgHg(D)

N

When two mole of an ideal gas [C pm = R] heated from 300 K to 600 K at constant pressure.

The change in entropy of gas (AS}is:

@ 2 Rin2 ® -2Rin2 @ SRh2 @ SRin2

Wthh of the following expression for an irreversible process : _

@ ds>% ) ds =% @ds<8 - (@as-Y
T - T . T ’ T

Whlch of the following express;ons is known as Clausius inequality ?
dg _ dg
(a)§?50 m)35—_o (c)§—<o (d)js?zo

In problem 65, calculate AS. if process is carried out at constant volume :
(a) 5RIn2 ®) ERIHZ . (c) 3RIn2 (d) -3RIn2

If one mole of an ideal gas (C pm = %R] is expanded isothermally at 300 until it’s volume is

tripled, then change in entropy of gas is :
(a) zero (b) infinity © %R In3 (d Rln3

In previous problem if expansion is carried out freely (P, = 0), then AS is :
(a) zero (b) infinity {(c) RIn3 (d) None
When onc mole of an ideal gas is compressed to half of its initial volume and simultaneously
heated to twice its initial temperature, the change in entropy of gas (AS) is :
(@) Cpm In2 M C,,In2 {(c} RIn2 (d €, n -R)In2
What lS the change in entropy when 2.5 mole of water is heated from 27°C to 87°C?
Assume that the heat capacity is constant. (Cp, (H,0)=4.2)/g-KIn (1.2) = 0.18)
(a) 16.6 JJK () 9K () 34.02 JJK (d) 1.89 /K
Calculate standard entropy change in the reaction

Fe,0,(s) + 3H,(g) —— 2Fe(s) + 3H20(l)
Given : S; (Fe,03,8)=87.4, S, (Fg §)=27.3,

S8 (H,,g) =130.7, S5 (H,0, D =69.9JK™ mel™
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74.

75.

76.

77.
78.

79.

80,

81.

82,

83.

84.

85.

(a) -212.5 JK! mol™ (b) —215.2 JK ! mol™
{©) -120.9 JK ! mol! (d) None of these

Calculate the entropy change (J/mol K) of the given reaction. The molar entropies [J/K-mol]
are given in brackets after each substance.

2PbS(s) [91.2] + 30,(g) [205.1]_ —> 2PbO(s) [66.5] + 250,(g) [248.2]
(a) -113.5 ) -168.3 (c) +72.5 (d) -149.2

Given A,$° = - 266 and the listed [S;, values] calcutate S° for Fe,O 4(8):
4Fe304(s) [.....1+ 0,(g) [205] — 6Fe,0,(s) [87]
(a) +111.1 (b) +122.4 (¢} 145.75 (d) 248.25
‘The entropy change for a phase transformation is :
AU AT AH AH + AG
a by — : c) — d) ———
(@) v dT | (b) AH (o) T (D) T
What is the melting point of benzene if AH,;,, = 9.95kJ/mol and AS¢ cion = 35.7 J/K-mol?
(a) 278.7°C (b) 278.7 K (c) 300K (d) 298 K
AS for freezing of 10 g of H,O() (enthalpy of fusion is 80 cal/g) at 0°C and 1 atm is :
(a) 12.25 J/K (b) —0.244 /K (c) -2.93 /K {d) -12.25 J/K

Chloroform has AHrv:;\porizm:ic‘n =29.2 kJ/mol and boils at 61.2°C. What is the value of
AS vaporization fOr chloroform? _
(a) 87.3 J/mol-K (b) 477.1 J/mol-K  (c) -87.3 J/mol-K  (d) —477.1 J/mol-K

The entropy of vaporization of benzene is 85 JK™' mol™'. When 117g benzene vaporizes at

it's normal boiling point, the entropy change of surrounding is : .
(a) -85 JK™ (b) -85x 1.5JK™  (c) 85x 1.5 JK™ (d) None of these

Identify the correct statement regarding entropy

(a) At absolute zero temperature, the entropy of perfectly crystalline substances is +ve
{b) At absolute zero temperature entropy of perfectly crystalline substance is taken to be zero
(c) At 0°C the entropy of a perfectly crystalline substance is taken to be zero

(d) At absolute zero temperature, the entropy of all crystalline substances is taken to be zero

Calculate AS for following process :

X(s) — X()

at100K at 200K
Given : Melting point of X, =100K; AHp, .., = 20kJ/mol; Cpm (X, 1) =10J/mol K
(a) 26.93 K (b) 206.93 J/K (c) 203 J/K (d) 206.93 kJ/K

For a perfectly crystalline solid C ,, = aT 3, where a is constant. If C pm 18 0.42 J/Kmol at 10 K,

molar entropy at 20 K is :

(a) 0.42J/Kmol . (b) 0.14 J/K mol (c) 1.12 J/K mol (d) zero )
Consider the following spontaneous reaction 3X,(g) — 2X,(g). What are the sign of AH, AS
and AG for the reaction? .

(a) +ve, +ve, +ve (b} +ve —ve —ve (© -ve +ve —ve . {d) -ve —ve —ve

For the reaction 2H(g) —— H,(g), the sign of AH and AS respectively are :

(a) + - (b) +, + © -+ d - -
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Consider the following reaction.
15
CeHg(D + —Z—OZ(g) — 6C0O,(g) + 3H,0(g)

signs of AH, AS and AG for the above reaction will be .
(a) +,—+ _ (b) = +,— (c) =+ + (d) + +,-
Consider the following reaction at temperature T :
CH,=CH,(g) + Cl;(g) —> CICH,CH,CI(g)
AH®=-217.5kl/mol, A §°=-233.9J/K-mol
Reaction is supported by :

(a) entropy (b) enthalpy (¢) both (a) & (b) (d) neither
‘For a process to be spontaneous at constant T and P : -
(@) (AG)gystem must be negative (b) (AG)ysrem must be positive

(€) (AS)gysem Must be positive (d) (AS)gystem must be negative
For a reaction to occur spontaneously :

(a) AS must be negative (b) (~AH + T AS) must be positive
() AH + TAS must be negative (d) AH must be negative '

Which of the following conditions regarding a chemical process ensures its spontaneity at all
temperature?

(@) AH>0,8G<0 (b) AH<0,AS>0 () AH<0,A5<0  (d) AH>0,AS <0
The free energy change AG =0, when

{a) the system is at equilibrium

- (b) catalyst is added

(c) reactants are initally mixed thoroughly

(d) the reactants are completely consumed

Which of the following conditions will always lead to a non-spontaneous,change?

(a) AH and AS both +ve . (b) AH is —ve and AS is +ve

(¢) AH and AS both —ve {d) AH is +ve and AS is -ve

Suppose that a reaction has AH = — 40kJ and AS = ~ 50 J/K. At what temperature range will it
change from spontaneous to non-spontaneous? '

(a) 0.8KtolK ~ (b) 799 Kto 800K <(c) 800Ktw 801K (d) 799 Kt 801K
For isothermal expansion in case of an ideal gas : .

{a) AG =AS (b) AG =AH () AG=-T.AS {d) None of these
What is the normal boiling point of mercury? :

Given : AH; (Hg, ) = 0; $° (Hg, 1) =77.4 J/K-mol

AH{ {Hg, g) = 60.8kJ/mol; 5° (Hg, g) = 174.4 J/K-mol

(a) 6248 K {(b) 626.8 K {c) 636.8 K (d) None of these

18 gm of ice is converted into water at 0°C and 1 atm. The entropies of H,0(s} and H,0O(l) are
38.2 and 60 J/mol K respectively. The enthalpy change for this conversion is :
(a) 5951.4 J/mol (b) 595.14 J/mol (¢) -5951.4 J/mol {d) None of these
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Using the listed [AG®, values] calculate AG® for the reacnon
3H,5(g) [-33.6) + 2HNO4(1) [~80.6] ——> 2NO(g) [+86.6] + 4H,0(0) [-237.1] + 35(s) [0.0]
(a) -513.0 (b) -1037.0 (¢) +433.4 (d) +225.0

From the following*AH® and' AS® values predlct whlch of reacnons 1, 11, and LI would be
spontaneous at 25°C,

AH® (kJ) AS® (J/K) .
I +10.5 : +30,° R
i +1.8 -113 {
0L -126 +84 =
(a) 11I M) I : (¢) It and 11 (d) l1and II

Calculate AH} for UBr, from the AG® of reaction and the's® values.

U(s) + 2Br () —— UBr,(s); AG°=-788.6kJ; §°(J/K-mol) 50.3, 152.3, 242.6
{a) -822.1 ki/mol (b) -841.2 kJ/mol (¢} ~-775.6 kJ/mol (d) —804.3 kJ/mol
The entropies of H,{g)and H(g) are 130.6 and 114.6 J mol~! K™ respectively at 298 K. Using
the data given below calculate the bond energy of H, (in kJ/mol) :

Hy(g) ~— 2H(g); AG® = 406.6 kJ
(a) 377.2 (b) 436.0 ‘ (c) 425.5 (d) 430.5
Consider the AG} and AHf (kJ/i'nol) for the following oxides. Which oxide can be most easily

decomposed to form the metal and oxygen gas?
(@) ZnO (AG®=-318.4, AH® = -348.3)’ (b) Cu,0 (AG° = —-146 0, AH® = —168.8)

—

{c) HgO (AG°=-58.5 AH® =-90.8) ) d) PbO (AG° -187.9, AH® =-217.3)
Which of the following option is correct 7 » +1/% * v ¥ s

dlnK @ s’ ' K - E .
(@) |2 | L AH® : ) 2K L.

aT | Rr? 10T RTE

-dlnK AU ' o
¢ P d) All-of these , .*
()[aT} e (@ Alof the
Calculate AG® (kJ/mol) at 127°C for a reaction With K equiypeium = 10° :
(a) 38.294 (b) -16.628 (c) -9.16 (d) None of these
When reaction is carried out at standard states then a¢ the equilibrium :
(a) AH°=0 (b) AS®=0

(¢) equilibrium constant K =0 (d) equilibrium constant K =1

At 25°C, AG®for the process H,O0(I) == H,0(g)is 8.6 kJ. The vapour pressure of water at this
temperature, is nearly : ’ : P T

{a) 24 torr {b) 285 torr (c) 32.17.totr (d) 100 torr

For the auto-ionization of water. at 25°C, H,0(l) ==- H*(aq) + OH" {aq) equilibrium
constant is 10714, . ) .

What is AG*® for the process? . A ‘i‘-

(a) =8x10* J (b) =3.5x.10% J (c)-=10*4 . (d) None of these

v g e | NPT,
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The molar entropies of HI(g), H(g) and I(g) at 298 K are 206.5, 114.6, and 180.7 J mol ™ X!
respectively. Using the AG® given below, calculate the bond energy of HI.
HI(g) — H(g) + I(g); AG°=271.8LkJ

(a) 282.4 (b) 298.3 (¢} 290.1 (d) 3154

Hess’s law states that : ‘

(a) the standard enthalpy of an overall reaction is the sum of the enthalpy changes in
individual reactions. .

(b) enthalpy of formation of a compound is same as the enthalpy of decomposition of the
compound into constituent elements, but with opposite sign.

(c) at constant temperature the pressure of a gas is inversely h proportional to its volume

(d) the mass of a gas dissolved per litre of a solvent is proportional to the pressure of the
gas in equilibrium with the solution

An imaginary reaction X —— Y takes place in three steps

X —> A, AH =-q; B — A, AH =—gq,; B — Y, AH=-¢,4

If Hess’ law is applicable, then the heat of the reaction (X — ¥) is :

@ ¢ -q; + 43 ®) g2 -a3-q (©) g1 - ¢, —q5 (d) g3 92— ¢4

The enthalpy change for a reaction does not depend upon :

(a) the physical states of reactants and products

(b) use of different reactants for the same product

(c) the number of intermediate reaction steps

(d) the differences in initial or final temperatures of involved substances

The standard enthalpy of formation of gaseous H,0 at 298 K is ~241.82 kJ/mol. Calculate AH®°

at 373 K given the following values of the molar heat capacities at constant pressure :

H,0(g) = 33.58 K™ mol™; H,(g)=29.84JK ! mol™!; 0,(g)=29.37 JK* mol™

Assume that the heat capacities are independent of temperature :

(a) 242.6 kJ/mol (b) —485.2 kJ/mol  (¢) -121.3 kJ/mol (d) -286.4 kJ/mol
Which of the following value of A.H; represent that the product is least stable ?

(2) ~94.0kcalmol™  (b) —2316kcalmol™! (c) +21.4kecalmol?  (d) +64.8kcal mol ™

For which of the following substances the enthalpy of formation in the standard state is zero ?

-(a) Sucrose (b) Ethanol (c) Aluminium (d) Calcium chloride

Calculate the standard enthalpy of reaction for the following reaction using the listed
enthalpies of reaction : :

3Co(s) + 20,(g) — Coz0,(s)
2Co(s) + 0,(g) — 2Co0(s); AH; =—-475.8kJ

6Co0(s) + O4(g) — 2C040,(s); AH; =-355.0kJ

(a) -891.2kJ (b) -120.8 kJ (c) +891.2 kJ. {d) -830.8kJ
From given following equations and AH® values, determine the enthalpy of reaction at 298 K
for the reaction :

CoH,(g) + 6Fy(g) —> 2CE,(g) + 4HKGg)
H,(g) + F,(g) — 2HF(g); AH; =—537 kJ
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* () + 2Fy(g) —> CFy(g); AH =-680kJ
20(s) +.2H,(g) — C,H,(g); AH; =52KkJ
(a) -1165 (b) —2486 (c) +1165 {d)} +2486
116. Given :
C(diamond) + 0, —» CO,; AH =-395kJ
C(graphite) + 0, — CO, ; AH =-393kJ
The enthalpy of formation of diamond from graphite is

(a) +2.0kJ (b) -1.5kJ (c) -788kJ (d) 788kJ
117. Which of the following equations represents a reaction that provides the enthalpy of formation
of CH,CI?

(a) C(s) + HCl(g) + Hy(g) — CH,Cl(g)
() C(s) + 3H(g) + Cl(g) — CH;Cl(g)
(c) C(s) + 3/2H,(g) + 1/2Cl,(g) —> CH,CKg)
(d) CH,(g) +Cl,(g) — CH,Ci(g) + HCl(g)
118. Use the given standard enthalpies of formation (in kJ/mol) to determine the enthalpy of
reaction of the following reaction :
NH,(g) + 3F,(g) —> NF,(g) + 3HF(g)

AH? (NHj, g)=-46.2;  AH] (NFy,g)=-113.0;  AH (HF, g) =-269.0

(@) -335.8kJ/mol"  (b) —-873.8kJ/mol  (c) —697.2kJ/mol  (d) -890.4 kJ/mol
119. The standard enthalpy of formation of octane (CgH,) is —250 kJ/mol. Calculate the enthalpy
of combustion of CgH, . The enthalpy of formation of CO,(g) and H,0(} are -394 kJ/mol and
' —286 kJ/mol respectively :
(a) - 5200 kJ/mol (b} - 5726 ki/mol (c) - 5476 kJ/mol (d) - 5310 kJ/mol
120. Determine the enthalpy of formation of B,H(g) in kJ/mol of the following reaction :
B,Hg(g) + 30,(g) — B,03(s) + 3H0(g);

Given : A H®=—-1941kJ/mol; AH; (B203, 5) =-1273 kJ/mol;
" AHj (H,0, g) = -241.8 kJ/mol

@ -75.6 ) +75.6 (c) -57.4 (d) -28.4
121. Consider the following reactions : .
C(s) + 0,(g) —> CO,{g)+ xkJ
Co(g) + 1202(3) — CO,(g)+y kJ
The heat of formation of CO(g) is :
‘ (@) <(x+ y)kl/mol (b) (x-y)kl/mol () (¥ -x) kJ/mol (d) None of these
"T122.1f A;H°(C,H,) and AgH® (C;H,) are x, and x, kcal mol~!, then heat of hydrogenation of
C,H, is : -
(a) x3 + xg ) x; — x4 {c) x, —x; (d}y x; + 2x,
123. What amount of energy (kJ) is released in the combustion of 5.8 g of C,H;,(g)?
2C Hyo(g) + 130,(g) —> 8CO,(g) + 10H,0(D); AH®=-5756 kJ
(a) 575.6 (b) 287.8 (c) 182 (d) 57.56
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124. The enthalpy of the reaction forming PbO according to the following equation is 438 kJ. What
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heat energy (kJ) is released in formation of 22.3 g PbO(s)?
{Atomic weights : Pb = 207, 0 =16.0)
. 2Pb(s) + 0,(g) —— 2PbO(s)
(a) 21.9 (b) 28.7 © {c) 146 (d) 34.2

The fat, C5;H,0404(s), is metabolized via the following reaction. Given the enthalpies of
formation, calculate the energy (kJ) liberated when 1.0 g of this fat reacts.

Cs;Hi0q04(s) + 800,(g) —> S57CO,(g) + 52H,0(1)
ApH® (C57H,0404, $) = ~70870 kJ/mol; AH® (H,0, ) = - 285.8 kJ/mol;
AsH® (CO,, g) =-393.5 ki/mol
(a) —37.98 (b} - 40.4 (c) -334 (d) - 30.2
The heat of formation of NH,(g) is 46 kJ mol™. The AH (in kJ mol™) of the reaction,
2NH3(g) —> N,(g) + 3H,(g)is : »
(a) 46 (b) —46 (c) 92 (d) -92
Consider the following reaction:
H,0() — H,0(g); AH, =44 kJ
2CH,0H(D + 30,(g) — 4H,0() + 2C0,(g); AH, = -1453 kJ

_ What is the value of AH for second reaction if water vapour instead of liquid water is formed as
. product?

" 128.

129,

130.

(a) -1409 kJ () -1629 kJ (c} -1277 kJ (d) None of these

The standard enthalpy change for the following reaction is 436.4 kJ : o
H;(g) —— H(g) + HE)

What is the A H® of atomic hydrogen (H)?

(a) 872.8 kJ/mol (b) 218.2 kJ/mol '(c) —218.2kJ)/mol  (d)} - 436.9 kJ/mol .

Determine enthalpy of formation for H,0,(1), using listed enthalpies of reaction :
NoH, (1) + 2H,0,() — N,(g) + 4H,0(!); A,H, =-818kJ/mol

N,H, (D) + 0,(g) —> N,(g) + 2H,0(); A H, =-622k]/mol
H,(g) +1/20,(g) — H,0); A.Hj = - 285 kJ/mol

(a) ~383 kJ/mol (b) —-187 kJ/mol (c) -498 kJ/mol {(d) None of these
Heat of combustion of ethanol at constant pressure and at temperature T K is found to be

~ —¢ J mol™'. Hence, heat of combustion (in J'mol™) of ethanol at the same temperature at

131.

constant volume will be : _

(a) RT -g¢q (b) -(q +RT) () g-RT (d) g+ RT

Stearic acid [CH3(CH),CO,H] is a fatty acid, the part of fat that stores most of the energy.
1.0 g of stearic acid was burned in a bomb calorimeter. The bomb had a heat capacity of 652
J/°C. If the temperature of 500 g water (¢ = 4.18 J/g °C) rose from 25.0 to 39.3°C, how much
heat was released when the stearic acid was burned? [Given C p (H20) =4.18 J/g°C}

(a) 39.21 kJ (b} 29.91 kJ {c} 108 kJ (d) 9.32 kJ
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I132 Gasoline -has an enthalpy of combustion 24000 kJ/ gallon. When gasoline burns in an
automobile engine, approximately 30% of the energy released is used to produce mechanical
work. The remainder is lost as heat transfer to the engine’s cooling system. As a start on
estimating how much heat transfer is required, calculate what mass of water could be heated
from 25°C to 75°C by the combustion of 1.0 gallon of gasoline in an automobile?

(Given : C (H,0) = 4.18 J/g°C)
(a) 34.45 kg (b) 80.383 kg (c) 22 kg (d) 224 kg

133. A 0.05 L sample of 0.2 M aqueous hydrochloric acid is added to 0.05 L of 0.2 M aqueous

~ ammonia in a calorimeter. Heat capacity of entire calorimeter system is 480 J/K. The
temperature increase is 1.09 K. Calculate A _H® in kJ/mol for the following reaction :
HCl(aq.) + NH;(eq.) — NH,Ci(aq.)
(@ -5232 . (b -61.1 (0) -55.8 (d) -58.2

134. A coffee cup calorimeter initially contains 125 g of water, at a temperature of 24.2°C. 8 g of
ammonium nitrate (NH,NO,), also at 24.2°C, is added to the water, and the final temperature
is 18.2°C. What is the heat of solution of ammonium nitrate in klJ/mol? The specific heat
capacity of the solution is 4.2 J/°C g. ,

(a) 33.51 kJ/mol ® 395 kl/mol . (¢) 32.2 kJ/mol {d) 37.3 kJ/mol’

135. Read following statement(s) carefuily and select the right option :

(I) The enthalpy of solution of CaCl,- 6H,0 in a large volume of water is endothermic to the
extent of 3.5 kcal/-mol. If AH = - 23.2 kcal for the reaction,

_ CaCl,(s) + 6H,0() —— CaCl,.6H,0(s)
poss then heat of solution of CaCl, (anhydrous) in a large volume of water is - 19.7 kcal/mol
(1) For the reaction 2Cl(g) - Cl,(g); the sign of AH and AS are negative.
(a) statement 1 and II both are wrong (b) both are correct
(c) only I is correct (d} only I is correct
136. If the enthalpy of formation and enthalpy of solution of HCl(g) are -92.3 kJ/mol and -75.14
kJ/mol respectively then find enthalpy of formation of Cl” (ag) :
(@) -17.16 kl/mol - (b) —167.44kl/mol, (¢) 17.16 kJ/mol (d) None of these
137. At 25°C, 1 mole of MgSO,, was dissolved in water, the heat evolved was found to be 91.2 kJ.

One mole of MgSO, -7H,0 on dissolution gives a solution of the same composition
accompanied by an absorption of 13.8 kJ. The enthalpy of hydration, i.e., AH for the reaction

MgSO, (s} + 7H,0() — MgS0, -7H0(s) is

(a) =105 kJ/mol (b) -77.4 kJ/mol (c) 105 kJ/mol (d) None of these
138. The enthalpies of neutralization of a weak base AOH and a strong base BOH by HCI are

~12250 cal/mol and —13000 cal/mol respectively. When one mole of HCl is added to a solution

containing 1 mole of AOH and 1 mole of BOH, the enthalpy change was ~12500 cal/ moi in

what ratio is the acid distribution between AOH and BOH?

@ 2:1 b 2:3 (c)1:2 {(d) None of these
139. The magnitude of enthalpy change for neutralization of the reaction ;

MgO(s) + 2HCl(aq) —> MgCl,(ag) + H,0(1} (Given H(aq)+OH™ (aq)—> H,0(); -

kJ/mol) will be : ' '
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(a) less that 57 kI mol ™t 7 (b) =57 kJ mot~!
(¢) greater than 57 kJ mol ! - (d) 57kJ mol ™!

Enthalpy of neutralization of HCI by NaOH is —55.84 kJ/mol and by NH,OH is 51 34 kJ/mol.
The enthalpy of ionization of NH,OH is :

(a) 107.18 kJ/mol (b) 4.5 kJ/mol {©) 4.5 kJ/mol (d) None of these
Which of the following reaction is endothermic ?

(a) CaCO; —> Ca0 +CO, : (b) Fe+S--~> FeS

(c) NaOH + HCl— NaCl + H,0 (d) CH, + 20, —> CO, + 2H20

Which of the following is not correct ? ‘
(a) Dissolution of NH,Cl in excess of water is an endothermic process

(b) Neutralisation is aiways exothermic ‘

{c) The absolute value of enthalpy (H) can be determined experimentally

(d) The heat of reaction at constant volume is denoted by AE” ‘

Substance A,B(g) can undergoes decomposition to form two set of products :

—» A,(g) + B(g); AH°=40kJ/mol

A,B(g)—

— A(g) + AB(g); AH®=50k)/mol

If the molar ratio of A2 (g)to A(g)is 5: 3 in a set of product gases, then the energy involved in
the decomposition of 1 mole of A,B(g)is :

(a) 48.75 ki/mol (b} 43.73 kJ/mol (c) 46.25 kJ/mol (d) None of these
Boron can undergo the following reactions with the given enthalpy changes :

2B(s)+~202(g) > B,04(s); AH =—-1260KkJ

2B(s) + 3H,(g) — B,H(g); AH =30kJ
Assume no other reactions are occurring.
If in a container (operating at constant pressure) which is isolated from the surrounding,
mixture of H, (gas) and O, (gas) are passed over excess of B(s), then calculate the rnolar ratio

(0, : H;) so that temperature of the container do not change :
(a) 15: 3 (b) 42:1 (c) 1:42 (d) 1:84

The enthalpy change for the following reaction is 368 kJ. Calculate the average O—F bond
energy. '

OF,{g) — O(g) + 2F(g)
(a) 184 kJ/mol (b) 368 kl/mol () 536 ki/mol {d) 736 kJ/mol

The enthalpy change for the reaction, C,Hg(g) —— 2C(g) + B6H(g)is X kJ. The bond energy
of C-——H bond is :

5

X . . .
(a) E | ®) 3 () 5 (d) data insufficient
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The table given below lists the bond dissociation energy (E 4 ) for single covalent bonds
formed between C and atoms A, B, D, E.
Bond E s (kcalmol 1)
C—A B 240
C—B 382
C—D 276
C—E - 486
Which of the atoms has smallest size ?
- @D (b) E (©) A (dD
Calculate P—CI bond enthalpy

. Given : A H (PCls, g) = 306 kJ/mol; AH i omization (B $) = 314 kJ/mol;

149.
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AfH (€L, g) =121 kJ/mot
(a) 123.66 kJ/mol (b) 371 kJ/mol (¢} 19 kJ/mol (d) None of these
Calculate the enthalpy for the following reaction using the given bond energies (kJ/mol) :
(C—H =414 H—0 = 463; H—Cl = 431, C—Cl = 326; C—O = 335)
CH,—OH(g) + HCl{g) — CH,—Cl(g) + H,0(g)

(2) —23 kJ/mol (b) —42 kJ/mol () -59 kJ/mol (d) -511 kJ/mol
Based on the values of B.E. given, A;H® of NoH,(g) is :
Given : N—N = 159 kJ mol™'; H—H = 436 kJ mol ™}

N=N = 941 kJ mol™'; N—H = 398 kJ mol™
@ 711 kI mol™ - (b) 62 kJ mol™ (© -98kImol™* () -711kJ mot™!
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1. A heating coil is immersed in a 100 g sample of H,O(l) at 1 atm and 100°C in a closed vessel.
In this heating process, 60% of the liquid is converted in to gaseous form at constant pressure
of 1 atm. Densities of liquid and gaseous water under these conditions are 1000 kg/m > and
0.60 kg/m? respectively. Magnitude of the work done for the process is :
(a) 4997 J (b) 49702 () 9994 (d) None of these
2. A rigid and insulated tank of 3m?® volume is divided into two compartments. One
compartment of volume of 2 m? contains an ideal gas at 0.8314 MPa and 400 K and while the” ~
second compartment of volume 1 m? contains the same gas at 8.314 MPa and 500 K. If the
partition between the two compartments is ruptured, the final temperature of the gas is :
(a) 420K (b) 450 K (c) 480 K (d) None of these
3. What is the value of change in internal energy at 1 atm in the process?
H,0 (I, 323K) — H,0 (g, 423K)
Given: C,, (H0,0=75.03K" mol™; €, (Hy0,¢)=33.314JK™ mol™

AH,,, at 373 K = 40.7 kJ/mol
(a) 42.91 ki/mol  (b) 43086 ki/mol  (c) 42.6 kl/mol (d) 49.6 kJ/mol

P® =y. The molecular mass of the gas is M, its specific heat capacity at
v,m
constant volume is :
R M Yy RM ¥R
(@) —— () —— {c) d) ———
M- Rr-1 y-1 M(y-1)

5. 1 mole of an ideal gas A{C, ,, = 3R) and 2 mole of an ideal gas B are (Cv’m = %R) taken in a

4, For an ideal gas

container and expanded reversible and adiabatically from 1 litre to 4 litre starting from initial
temperature of 320 K. AE or AU for the process is :
(a) -240R (b) 240R (c) 480R (d) 960 R

6. Calculate the work done by the system in an irreversible (single step} adiabatic expansion of
2 mole of a polyatomic gas (y = 4/3) from 300 K and pressure 10 atm to 1 atm :
(a) -227 R (b) -205R (c) —405R (d) None of these

7. One mole of an ideal gas is carried through the reversible cyclic B
process as shown in figure. The max. temperature attamed by the 4Dbar
gas durmg the cycle :

12 P
a) — —_
(@) 6R gb) 49R
49 d) None of th TR i
— ese } !
() ToR ( one o ' ' :

1 litre vV 2 litre
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8.

10.

11.

12.

13.

Two moles of a triatomic linear gas (neglect vibration degree of : - - c
freedom) are taken through a reversible process ideal starting
from A as shown in figure.
The volume ratio ;—5 = 4.1f the temperature at A is -73°C, then:, Vol {L) B

A
(i) Work done by the gas in AB process is : . SA
(a) 6.16 kJ (b) 308.3 kJ TR
(© 9.97 kJ ) 04J p- 9
(ii) Total enthalpy change in both steps is :
{a) 3000 R (b) 4200 R (c) 2100R d o

A gas (C — gR)behaving ideally was allowed to expand reversibly and adiabatically from 1

litre to 32 litre. It’s initial temperature was 327°C. The molar enthalpy change (in J/mol) for
the process is :

{a) -1125R ) 675 (¢) -1575R {d) None of these

Two mole of an ideal gas is heated at constant pressure of one atmosphere from 27°C to 127°C.
IfC, ,, =20+ 1072 T JK™' mol™, then g and AU for the process are respectively :

(a) 6362.8 J, 4700 ] (b) 3037.2J,4700J (c) 7062.8J, 5400 J (d) 3181.4 J, 2350 J

10 mole of an ideal gas is heated at constant pressure of one atmosphere from 27°C to 127°C.
IfC , =21.686+ 10-% T, then AH for the process is :

(a) 3000J ‘(b) 3350J (¢) 3700 J, (d) 30350
For polytropic process PV" = constant, molar heat capacity (C,,) of an ideal gas is given by :
. R R R
Ay C, .+ Cpm+—— c)C,,..+R dC,,+——

2 mole of an ideal monoatomic gas undergoes a reversible process for which PV2 = C. The gas

is expanded from initial volume of 1 L to final volume of 3 L starting from initial temperature
of 300 K. Find AH for the process : '

"(a) -600R (b} -100CR (c) —3000R (d) None of these

14.

15.

16.

17.

Calculate AS for 3 mole of a diatomic ideal gas which is heated and compressed from 298 K
and 1 bar to 596 K and 4 bar: [Given: Cvm (gas) =;R; In(2)=0.70;R =2 cal K! mol™]

(@) -14.7 calK™' (b} +14.7 calK*! () ~4.9 cal K™ (d) 6.3 cal K!

One mole of an ideal monocatomic gas at 27°C is subjected to a reversible isoentropic
compression until final temperature reaches to 327°C. If the initial pressure was 1.0 atm then
find the value of (In P,): (Given : In 2=10.7)

(a) 1.75 atm (b} 0.176 atm (c) 1.0395 atm (d) 2.0 atm

Two mole of an ideal gas is expanded irreversibly and isothermally at 37°C undil its volume is
doubled and 3.41 kJ heat is absorbed from surrounding. AS ., (system + surrounding) is :

(a) -0.52J/K ‘(b) 0.52 J/K (c) 22.52 J/K (d o

For a perfectly crystalline solid C, , = aT® + bT, where a and b are constant. If €, , is 0.40

J/K.mol at 10 K and 0.92 J/K mol at 20 K, then molar entropy at 20 K is :

{(a) 0.92 J/K mol (b) 8.66 J/K mol (c) 0.813 J/K mol (d) None of these
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Which of the following statement(s) is/are correct?

Statement (i) : The entropy in isolated system with P-V work only, is always maximized at
equilibrium.

Statement (ii) : It is possible for the entropy of a close system to decrease substantially in an
irreversible process.

Statement (iii) : Entropy can be created but not destroyed.

Statement (iv) : AS is zero for reversible process in an isolated system.

system
(a) Statement i, ii, iii (b) Statement ii, iv
(c) Statement i, ii, iv (d) All of these

Combustion of sucrose is used by aerobic organisms for providing energy for the life sustaining
processes. If all the capturing of energy from the reaction is done through electrical process
(non P-V work) then calculate maximum available energy which can be captured by
combustion of 34.2 gm of sucrose

Given :  AH ppustion (SUCTOSE) = ~6000 kJ mol ™
AS combustion = 180 J/K-mol and body temperature is 300 K

(a) 600 kJ (b) 594.6 kJ (©) 54 kJ (d) 605.4 kJ
For the hypothetical reaction .
Ay(g) + By(g) == 2AB(g)
A,G° and A, S° are 20 kJ/mol and -20 JK™! mol™ respectively at 200 K.
If A,C; is 20 JK™! mol™" then A H° at 400 K is :
(a) 20 kJ/mol (b) 7.98 kJ/mol (c) 28 kJ/mol (d) None of these
Calculate A;G®° for (NH,C, s) at 310 K.
Given : A H® (NH,C] 5) =-314.5kJ/mol; A,C, =0

Sy, =192JK7 mol™; S,y =130.5JK™ mol™;

S%aye) =233 K™ mol™; S°yy,aqn = 99.5JK™F mol™
All given data at 300 K.
(a) -198.56kJ/mol (b) —426.7 ki/mol  (c) -202.3 kJ/mol (d) None of these
Using listed informations, calculate A,G° (in kJ/mol) at 27°C

C0,0,(s) + 4CO(g) — 3Cofs) + 4CO,(g)

Given : At 300 K AH®; (kJ/mol) -891, ~110.5, 0.0, -393.5
5° (J/K-mol) 102.5, 197.7, 30.0, 213.7
(a) -214.8 (b) -195.0 (¢) —200.3 {(d) —256.45

Fixed mass of an ideal gas contained in a 24.63 L sealed rigid vessel at 1 atm is heated from
-73°C to 27°C. Calculate change in Gibb's energy if entropy of gas is a function of temperature
as $ =2+ 1072 T(J/K): (Use 1 atm L = 0.1kJ)

(a) 1231.5J (b) 1281.5J {(c) 7815J (d o

The molar heat capacities at constant pressure (assumed constant with respect to

temperature) of A, B.and C are in ratio of 3 : 1.5 : 2.0. The enthalpy change for the exothermic
reaction A + 2B — 3C at 300 K and 310 K is AH 4, and AH 3, respectively then :
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25.

26.

27.

28.

29.

30.

31.

32.

(a) AHgzp > AHyy,
(b) AH 300 < AH g,
(€) AHgzpy = AHyyy .
(d} if T, >T; then AHyyq > AHyq and if T, <T; then AH 1 < AH 340
Determine AU at 300 K for the following reaction using the listed enthalpies of reaction :
4CO(g) + 8H,(g) —— 3CH,(g) + CO,(g) + 2H,0(D)
C (graphite) + 1/20,(g) — CO(g); AH,°=-110.5kJ
CO(g) +1/20,(g) —> CO,(g); AH,°=~282.9kJ
H,(g) +1/20,(g) —> H,0(); AH,®=-285.8kJ
C (graphite) + 2H,(g) — CH,(g), AH,°=-74.8kJ
(a) -653.5kJ (b) -686.2kJ) (c) -747.4kJ (d) None of these
Calculate A;H® (in kJ/mol) for Cr,0, from the A,G° and the §° values provided at 27°C
4Cr(s) + 30,(8) —> 2Cr,05(s); A,G°=-2093.4 kJ/mol
S° (J/K mol) : §°(Cr, 5) = 24; ' 5°(0,, g) =205, $°(Cry,04,5)=81
(a) -2258.1kJ/mol (b) -1129.05kJ/mol (c) -964.35kJ/mol (d) None of these
Calculate the heat produced (in kJ) when 224 gm of Ca0Q is completely converted to CaCO3 by
reaction with CO2 at 27°C in a container of fixed volume.
Given: AH; 5 (CaCO0j3, s) =-1207 kl/mol; AH; ¢ (CaQ, 5) = ~ 635 ki/mol

AH[ (CO,, g) = -394 kJ/mol; {Use R = 8.3 K™ mol™]

(a) 702.04 k) (b) 721.96 kJ {c} 712 kJ (d) 721 kJ
When 1.0 g of oxalic acid (H,C,0,) is burned in a bomb calorimeter whose heat capacity is
8.75 kJ/K, the temperature increases by 0.312 K. The enthalpy of combustion of oxalic acid at
27°Cis :
(a) -245.7 ki/mol (b) -244.452 kJ/mol (c) —246.947 kJ/mol (d) None of these
Enthalpy of neutralization of H,PO; acid is -106.68 kJ/mol using NaOH. If enthalpy of
neutralization of HCl by NaOH is —55.84kJ/mol. Calculate AH ;2000 0f H3PO 4 into its ions :
{a) 50.84 kJ/mol (b) 5 kJ/mol (c) 2.5 kJ/mol {d) None of these
The enthalpy of neutralization of a weak monoprotic acid (HA) in 1 M solution with a strong
base is ~55.95 kJ/mol. If the unionized acid is required 1.4 kJ/mol heat for it’s complete
ionization and enthalpy of neutralization of the strong monobasic acid with a strong
monoacidic base is -57.3 kJ/mol. What is the % ionization of the weak acid in molar solution ?
{a) 1% (b) 3.57% (c) 35.7% (d) 10%
Determine C—C and C—H bond enthalpy (in kJ/mol) -
Given : A H®(C,Hg, 8)=-85ki/mol, A;H®(CyHy, g) = -104 kJ/mol
AguH®(C,s)=718kl/mol,  B.E. (H—H) = 436 kJ/mol
(a) 414, 345 (b) 345, 414 (c) 287, 404.5 {d) None of these
Consider the following data: A;H®(N,H,, I) = 50kJ/mol, A H° (NH;, g) = - 46kJ/mol
B.E. (N—H) =393 kJ/mol and B.E. (H—H) = 436 kJ/mol,
Byep H{(NyH,, D =18kI/mol
The N—N bond energy in N,H, is :
(a) 226 kJ/mol (b} 154 kJ/mol {e) 190 kJ/mol (d) None of these
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What is the bond enthalpy of Xe—F bond?
XeF,(g) —> Xe*(g) + F(g) + F,(g) + F(g); 4,H =292kcal/mol

Given : Ionization energy of Xe = 279 kcal/mol
B.E. (F—F) = 38 kcal/mol, Electron affinity of F = 85 keal/mol
(a) 24 kcal/mol (b} 34 kcal/mol (c) 8.5 kcal/mol (d) None of these
If enthalpy of hydrogenation of C4H¢ (1) into C4H,, (1) is —205 kJ and resonance energy of

CgHg (1) is — 152 kJ/ mo! then enthalpy of hydrogenation of @ is

Assume AH ., of CgHg (1), CgHg(D), CgHy,p (D) all are equal :
{a} —535.5 kJ/mo} {b) -238 kJ/mol (¢) =357 kl/mol {(d) -119 kJ/mol
The enthalpy of combustion of propane (C;Hg) gas in terms of given data is :
Bond energy (kJ/mol)

Ec—n Eo=0 Ec=0 Eo—-H Ec—c

+ X + Xy + X4 + X, Xg
Resonance energy of CO, is — 2z kJ/mol and  AH,porization [HZ0(1D] is y (kJ/mol)
(a) 8x; + 2xg + 5x5 —6x3 —8x, —4y =3z (b) 6x; + X5 + 5x —3x3 —4x, -4y —32
(©) Bx; + 2xg + 5xy3 —6x3 —8xy —y — 2 (d} 8x; + xg + 5x5 —6xy —-8x, —4y + 3z
The efficiency of an ideal gas with adiabatic exponent ‘y’ for the shown cyclic process would be

R

To 2Ty T

v
() y-1D(2mn2-1) ) y-1D(1-2In2)
1+(y-12in2 . (y-1D2In2-1
© 2n2+1)HF-1 _ @ (2In2-1)
(y-1)32In2+1 ¥y-1) .

Initially one mole of ideal gas (C,, = %R) at 1.0 atm and 300 K is put through the following

T I I
=
i X
JRRV—

Step-1 : Heating to twice its initial pressure at constant volume.
Step-1I : Adiabatic expansion to its initial temperature.

_cycle :




38.

39.

40.

Step-III : Isothermal compression back to 1.00 atm.

What is the volume at state X ?

(a) 404 L - (b) 65.0 L (c) 139 L (d) 435L

What is the enthalpy of neutralization of HF against a strong base ?

Given : H” (aq) + OH™ (aq) —> H,0(); A, H°= - 56 kJ/mol

A,H°(HF, aq) = -329 ki/mol ; A_H°(H,0,1) = -285 kJ/mol

AH°(F ,aq) =-320kJ/mol

(a)~17 kJ/mol (b} —38 kJ/mol (¢) ~47 kJ/mol (d) —43 kJ/mol

The molar heat capacities of Iodine vapour and solid are 7.8 and 14 cal/mol respectively if

enthalpy of sublimation of iodine is 6096 cal/mole at 200°C, then what is AU (internal energy
change) at 250°C in cal/mol '

(a) 5360 (b) 4740 {c) 6406 (d) None of these ‘
For the reaction takes place at certain temperature NH,COONH, (s) = 2NH;(g) + CO,(g).

+ If equilibrium pressure is 3X bar then A,G° would be

(a2) -RTIn9-3RTInX (b)) RTIn4-3RTInX
() 3RTInX (d) None of these
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The first law of thermodynamics for a closed system is dU =dq +dw, where
dw =dw,, +dWgenpy- The most kind of wpg,,, is electrical work. As per IUPAC
convention work done on the system is positive.
1. Asystem generates 50 J of electrical energy, has 150 J of pressure-volume work done on it by the
surroundings while releasing 300 J of heat energy. What is the change in the internal energy of
the system? '
(a) -500 . (b) -100 . (e} -300 (d} -200
2. A system generates 50 J of electrical energy and delivers 150 J of pressure-volume work against
the surroundings while releasing 300 J of heat energy. What is the change in the internal energy

of the system? )
(a) -100 (b) —400 (c) =300 (d)y -500
(PASSAGE 2/ -

If the boundary of system moves by an infinitesimal amount, the work involved is given
by dw = = P,y dV
for irreversible process w = ~P,,, AV (where AV =V, —V})
for reversible process P, =Py, tdP = Py,
so for reversible isothermal process w = —nRT In V—f , i
T
2 mole of an ideal gas undergoes isothermal compression along three different paths :
(i) reversible compression from P; = 2 bar and V; = 8 L to P; = 20 bar
; (i) a single stage compression against a constant external pressure of 20 bar, and
(iii) a two stage compression consisting initially of compression against a constant
external pressure of 10 bar until P =P,y followed by compression against a
constant pressure of 20 bar until Py = Poy. |

1. Work done (in bar-L) on the gas in reversible isothermal compression is™

(a) 9.212 (b) 36.848 (c) 18.424 (d) None of these
2. Work done on the gas in single stage compression is : )

(a) 36 (b) 72 (c) 144 {d) None of these
3. Total work done on the gas in two stage compression is :

{a) 40 (b) 80 (c) 160 (d) None of these

4. Order of magnitude of work is :
(@ wy >wy >wy M) wy >wy >wy (A wy>wy>wy d) w, =w, =wy
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PASSAGE 3

Standard Gibb’s energy of reaction (A,G°) at a certain temperature can be computed as
A,G®=AH®-T.A,5° and the change in the value of 4,H° and A_$° for a reaction with.
temperature can be computed as follows :

AHy, -AHg =AC) (T, ~T))
ASr, =487 =ACS In (%J
AG°=AH°-T.AS°
and by 4,G°=~RTInK,,.

Consider the following reaction : CO(g) + 2H,(g) = CH,OH(g)
Given: A H®(CH,OH, g) = -201 kJ/mol; A;H®{CO, g) =-114kJ/mol

S$° (CH,OH, g) = 240 J/K-mol ; $° (H,, g) =29 JK™! mol™

5°(CO, g) =198 J/mol-K ; C"p'm (H,) = 28.8 J/mol-K

C®pm (CO) =29.4)/mol-K; C°,,, (CH;OH) =44 J/mol-K

and In (-?29} =0.06, all data at 300 K
300

1. A_§°at 300 K for the reaction is : .
(a) 152.6 J/K-mol (b) 181.6 J/K-mol _(c) —16.J/K-mol (d) None of these

2. A H* at 300 K for the reaction is :
{a) -87 kJ/mol (b) 87 kl/mol (c) -315 kJ/mol {d) -288 kJ/mol

3. AS°at 320K is: .

{(a) 155.18 J/mol-K  (b) 150.02 J/mol-K (¢) 172 J/mol-K (d) None of these
4. A H%at 320K is: ' .

(a) -288.86kJ/mol (b} —289.1 kJ/mol {c) -87.86kJ/mol - (d) None of these
5. AG°at 320K is :

(a) -48295,2 kl/mol (b) —240.85 kJ/mol () 240.85 kJ/mol (d) —81.91 kJ/mol

PASSAGE 4

Enthalpy of neutralization is defined as the enthalpy change when 1 mole of acid/base is
completely neutralized by base/acid in dilute solution.
For strong acid and strong base neutralization net chemical change is

H*(aq) + OH (aq) — H,0(); A F°® = —55.84 kJ/mol

AH® i onization O aqueous solution of strong acid and strong base is zero.
When a dilute solution of a weak acid or base is neutralized, the enthalpy of neutralization is
some what less because of the absorption of heat in the ionization of the weak acid or base,
for weak acid/base
AH® oyiralization = AHjonization + A,H® (H" +OH™ —» H,0)
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1. If enthalpy of neutralization of CH,COOH by HCl is ~49.86kJ/ mol then enthalpy of ionization

‘passase '5‘

of CH,COOH is :

(a) 5.98 ki/mol (b) ~5.98 kl/mol (c) 105.7 kJ/mol  (d) None of these
. What is AH® for complete neutralization of strong diacidic base A(CH), by HNO4?
{a) -55.84 kJ (b} -111.68 kJ (¢} 55.84 kJ/mol (d) None of these

. Under the same conditions how many mL of 0.1 M NaOH and 0.05 M H,A (strong diprotic

acid) solution should be mixed for a total volume of 100 mL produce the highest rise in
temperature :

{a) 25:75 (b) 50:50 () 75:25 (d)y 66.66 : 33.33

Gibbs Helmholtz equation relates the enthalpy, entropy and free energy change of the process
at constant pressure and temperature as

AG =AH —TAS {at constant B T)

In General the magnitude of AH does not change much with the change in temperature but the
term TAS changes appreciably. Hence in some process spontaneity is very much dependent on
temperature and such processes are generally known as entropy driven process.

. For the reaction at 298 K; A,B; — 2AB,

AH = 2kJ and AS = 20J/K at constant P and T, the reaction will be

(a) spontaneous and entropy driven (b) Spontaneous and enthalpy driven
(c) Non spontaneous (d) At equilibrium

2. When CaCO, is heated to a high temperature it decomposes into Ca0 and CO,, However it is

quite stable at room temperature. It can be explained by the fact that
(a) AH, dominates the terms TAS at high temperature

(b) The term TAS dominates the AH, at high temperature

(c) At high temperature both AS, and AH, becomes negative

(d) Thermodynamics can not say anything about spontaneity

3. The Dissolution of CaCl, - 6H,0 in a large volume of water is endothermic to the extent of

3.5Kcalmol™ and AH for the reaction is —23.2kcal mol™.

CaCl, (s) + 6H,0()— CaCl, - 6H,0(s)
Select the correct statement
(@) AH gopueion fOr anhydrous CaCl, is -19.7 kecal/mol and the process is enthalpy driven
(b) AH g uion fOr anhydrous CaCl, is -19.7 kcal/mol and the process is entropy driven
(¢) Dissolution of CaCl, - 6H,0 in water is enthalpy driven process
(d) The A,S the reaction CaCl,(s) + 6H,0() — CaCl, - 6H,0(s) is negative
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PROBLEMS IN CHEMISTRY §

10.

ONE OR MORE ANSWERS ISIARE CORRECT

Idenufy the intensive quantities from the following :

(a) Enthalpy : {b) Temperature (c) Pressure {d) Mass

Identify the extensive quantities from the following :

(a) Gibb’s energy (b) - Entropy (¢) Refractive index (d) Specific heat
Identify the state functions from the following : .

(a) Heat (b) Work (c) Enthalpy (d} Enthalpy change

Which of the following statements is/are correct as per JUPAC sign convention?
(a) The work done by the system on the surrounding is negative . )

(b} The work done by the surrounding on the system is posmve

(c) The heat absorbed by the system from the surroundmg is posu:lve

(d) The heat absorbed by the surrounding from the system is positive

In an isothermal irreversible expansion of an ideal gas as per IUPAC sign convention :
(@) AU =0 ®) AH=0 . (c)w='-nRT1n§1- ) w=-
: 2

In reversible isothermal ideal gas expansion :

@ w=0 ®) U, =U, © H, =H, @ q=nRT1n%‘=.
' 1

An adiabatic process is that process in which :

(a) energy is transferred as heat

(b) no energy is transfer as heat

{c) AU =w

(d) the temp. of gas increases in a reversible adiabatic compression

In adiabatic process, the work involved during expansion or compression of an ideal gas-is
given by :
nR
(a) HCVAT (b) -Y_l (Tz "‘Tl)
(c) -nRP,, LA ~Thh (d) -2.303 RT log A7}
PP, ‘W

One mole of an ideal gas is subjected to a two step reversible process +-j- —= —
(A—B and B—C). The pressure at A and C is same. Mark the correct |

statement(s) : | (1100 g tsc;o)T
(a) Work involved in the path AB is zero :zEa _'%1 300)

(b) In the path AB work will be done on the gas by the surrounding 5 e ’

{c) Volume of gas at C = 3x volume of gasat A i

(d) Volume of gas at B is 16.42 litres ' "—m——-—»
Assume ideal gas behaviour for all the gases considered and neglect vibrational degrees of

freedom. Separate equimolar samples of Ne, O, CO; and SO, were subjected to a two process
-as mentioned. Initially all are at same state of temperature and pressure. :
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Step I ——  All undergo reversible adiabatic expansion to attain same final volume, which is
double the ariginal volume thereby causing the decreases in their temperature.

Step Il -——— After step I all are given appropriate amount of heat isochorically to restore the
original temperature.

Mark the correct option(s) : ,

(a) Due to step I only, the decrease in temperature will be maximum for Ne

(b) During step II, heat given will be minimum for SO,

(¢} There will be no change in internal energy for any of the gas after both the steps of process

are competed

(d) The P-V graph of O, and CO, will be same

Which of the following is/are correct?

(a} AH =AU + A (PV) when P and V both changes

(b) AH = AU + PAV when pressure is constant
(c) AH = AU + VAP when volume is constant
(d)} AH = AU + PAV + VAP when P and V both changes

AH < AE for the reaction(s) :

() N,(g)+ 3H,(g) -~~~ 2NH;(g) (b) Ag,0(s) -—> 2Ag(s) + ; 0,(g)
(€) CO(g) + ; 0,(8) —> CO,(g) (d) C(s) +0,(g) — CO,(g)
Which of the following conditions may lead to a non-spontaneous change?

(a) AH and AS both + ve (b} AH =—ve; AS =+ ve

(c) AH =+ve; AS =—ve {d) AH = ~ve; AS =~ve

For a process to be spontaneous :

(a) (AGsystem)T. r - 0 (b Ass_vstem + ASsurrcmnding >0

(©) ASygem * ASsurrounding < 0 (d) (AGsystem)T, p <0

The normal boiling point of a liquid ‘X" is 400 K. Which of the following statement is true about
the process X(I) > X{g)?

(a) at 400 K and 1 atm pressure AG =0 (b) at 400 K and 2 atm pressure AG = + ve
(c) at 400 K and 0.1 atm pressure AG =—ve (d) at 410 K and 1 atm pressure AG = + ve

When ice melts at 1°C :
(a) an increase in entropy (b) a decrease in enthelpy
(c) a decrease in free energy (d) process is spontaneous

The value of AH . qion Of C (graphite) — C (diamond) is 1.9 kJ/mol at 25°C entropy of
graphite is higher than entropy of diamond. This implies that ;

(a) C (diamond) is more thermodynamically stable than C {graphite) at 25°C

(b) C (graphite) is more thermodynamically stable than C (diamond) at 25°C

(c) diamond will provide more heat on complete combustion at 25°C

(d} AG gansion ©F C (diamond) —— C (graphite) is —ve

Which of the following statement(s} is/are false?

(a) All adiabatic processes are isoentropic (or isentropic) processes

(b) When (AG qem )7, , < 0; the reaction must be exothermic
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19.

20.

21.

22.

23.

24.

(¢) dG =VdP — 8dT is applicable for closed system, both PV and non-PV work
(d) The heat of vaporisation of water at 100°C is 40.6 kJ/mol. When 9 gm of water vapour
condenses to liquid at 100°C of 1 atm, then AS.., = 54.42J/K
Which of the following statement(s) is/are true?
(a) AE =0 for combustion of C,H4(g) in a sealed rigid adiabatic container
(b) AgH* (S, monoclinic) # 0
(c) If dissociation energy of CH, (g) is 1656 kJ/mol and C,H (g) is 2812 kJ/mol, then value
of C—C bond energy will be 328 kJ/mal
(d) If AH( (H,0, g) = - 242kJ/mol; AH,,, (H,0, I) = 44 kJ/mol
then, A H® (OH", aq.) will be -142 kJ/mol
From the following data, mark the option(s} where AH is correctly written for the given reaction.
Given : H*(ag) + OH (ag) —> H,0(); AH =-57.3kJ
AH yion Of HA(g) =—70.7 kJ/mol
AH ;g1uion Of BOH(g) = 20 ki/mol
AH nizmion  ©f HA =15 kJ/mol and BOH is a strong base.

Reaction AH, (kJ/mol)
(a) HA(aq) + BOH(aq) —— BA(aq) + H,0 -42.3
(b) HA(g) + BOH(g) — BA(aq) + H,0 -93
(¢} HA(g) — H'(ag)+ A (aq) -55.7
(d) B*{aq) + OH (ag) — BOH(aq) . -20

Select correct statement(s)

(a) An adiabatic system can exchange energy with its surroundings.

(b) A thermodynamic property which is intensive is additive.

(c) Work done may be zero in a cyclic process.

(d) For a simple compressible substance, the relation dg — P. dv = 0 is true for any cycle
involving mechanical work only.

For an isolated system, the entropy :
(a) Either increases or remains constant (b) Either decreases or remains constant
(¢) Can never decrease (d) Can never increase

The normal boiling point of a liquid X is 400 K. AH , at normal boiling point is 40 kJ/mol.
Select correct statement(s) :

{a) ASyyporisation <100 J/mol.K at 400 K and 2 atm

(b) ASvaporisation <10 J/mol.K at 400 K and 1 atm

(€} AGyaporisation < 0 at 410 K and 1 atm

{d) AU =43.32kJ/mol.K at 400 K and 1 atm

Select incorrect statement(s)

(a) A closed system with all adiabatic boundaries must be an 1solated system
(b) Total heat exchange in a cyclic process may be zero

(¢) Entropy of a closed system is maximum at equilibrium

(d) Molar Gibb’s Energy is an extensive property
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25. Select correct statement(s) for the reaction H,0(g) + CO(g) — H,(g) +C0,(g)

Substance CO(g) CO,(g) H,0(g) H,(g)
AsHigo(kealmol™)  -25 -95 -55 0
Sepo(calmol™K™) 45 50 40 30
{a) Reaction is enthalpy driven (b) Reaction is entropy driven
{c} Reaction is spontaneous at 400 K (d) Reaction is non-spontaneous at 400 K
. MATCH THE COLUMN
Column-I and Column-II contains four entries each. Entries of Column-1 are to be'-
matched with some entries of column-1I. One or more than one entries of Column-1 may
have the matching with the same entries of Column-.
1. | Column-I |  Column-i
{A) Reversible cooling of an ideal gas at (P) w=0,q<0; A/ <0
constant volume
{B)} Reversible isothermal expansionofan (Q) w<0,q>0; AU >0
ideal gas
(C) Adiabatic expansion of non-ideal gas (R) w=0,g=0, AU =0
into vacuum
{D) Reversible melting of sulphur at nor- (8) w<Q;g>0;AU=0
mal melting point
2. ;' Column-I Column-1I
{A) Adiabatic process (P g=0
(B) Isothermal process (QQ AH=0
(C) Isoenthalpic process (R) AT =0
(D) Isoentropic process (S5) AS=0
3. { Column-I b Column-II
(A) Beversnble isothermal expansion of an (P) w = - 2.303 HRT log ﬁ
ideal gas 2
{B) Reversible adiabatic compressionofan {Q) PV* = constant
ideal gas
(9] !rreversib]e adiabatic expansion of an  (R) ,,, _ _NnR (T, -Ty)
ideal gas (y-1)

(D) Irreversible isothermal compressionof (S) AH =0
an ideal gas
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4. Column-i

(A) PCl5(g) == PCl(g)+Cl,(g)
in a closed system

(B) 2HI(g) = H,(g)+ L,{(g)
in a closed system

(C) N,(g) + 3H,(g) == 2NH,(g)
' in a closed system

(D) CO(®) + ; 05(g) == €O, (g)
in an isolated system

5. ' Column-] (Process)

{A) Reversible isothermal compression of
an ideal gas

(B) Isothermal free expansion (P,,, = 0)of
an ideal gas

(C) Reversible adiabatic expansion of an
ideal gas

{I3) Reversible ideal gas expansion

e e ey e mme e - -

6.’ Column-I (Process) ‘ E

{A) Reversible isothermai ideal gas expan-
sion

{B) Reversible adiabatic ideal gas com-
pression

(C) Adiabatic free expansion (2,,, = 0) of
an ideal gas

(D) Irreversible isothermal ideal gas com-
pression

7. Column-J ‘ |[
(A) (AGsymcm)T.P =0

(B) AS jyrem * ASgyrrounding > 0

(C) AS yctem + AS surrounding < 0

(D) (AGgyem)r,p >0

EROE]EMSENIERENS 1§

——y e ——e- e

Column-11

(P) AH <AU

Q) AH=AU=0
(R) AH > AU

(8) al=0

Column-11
(Eatropy Change)

(P) ASgysem >0
(Q) AS e < 0
(R) ASgpsiem =0

(S) Information insufficient

Column-II
{(Entropy change)

(P) Assum;unding =0

Q Assurr;mnding <0

(R) AS ymounding >0

(8) ASgyem =0

-(-Itl.lumn-;li
(P) Process is in equilibrium

(Q) Process is nonspontaneous
(R) Process is spontaneous

(8) System is unable to do useful work

_

%



10.

11.

Column-J
(A) (AGsystem )T, P

(B) Work done in reversible isothermal
ideal gas expansion

(C} AG for reversible isothermal expan-
sion of an ideal gas

(D) AS,,, for isothermal
expansion of ar ideal gas

Column.I

Heating of an ideal gas at constant
pressure

(A)

Compression of liquid at constant
temperature

(B)

Reversible process for an ideal gas
at constant temperature

Q)

Adiabatic free expansion of an
ideal gas

(D)

Column-1
{Sign of AH and AS respectively)
(A) -&-
B - &+
Q) +&+
D) + & -

(A) Reversible adiabatic compression
(B) Reversible vaporisation of liquid

(C) 2N(g) - N,(g)

(D) MgCO4(s) 3 MgO(s) + CO,(g)

Column-1 ‘_ Column-II

213

_Column-II
(P) nR In Y_g,

. n
(Q) nRT In (%J
(R) -nFE

Pl
(S) nRIn [}T]

2

Column-JI

y —————

(P) AH=nC,, AT %20
Q) aU=0

(R) AG =V AP

(S) AG =nRT In [‘12]
p]

Column-I

(Nature of reaction)
(P} Spontaneous only at low temperature
{Q) Spontaneous only at high temperature
(R) Spontaneous at all temperature

(8) Non-spontaneous at all temperature

(P) ASguem >0
Q) AS4em <0
(R) AS qurrounding < 0
(S ASsurrounding =0
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(&) H*(ag)
(B) H(g)

" Q) Halg)
(D) C (s, diamond)

Column-I

RSO L , \
13., Column-1
(Partial derivative)
> (%)
aT Jy
> (2
8T Jp
(© (gq)
aT Jp
> (¢
aP Jr

14.“ Column-i
(A) C (s, graphite} + O,(g) - CO,{(g)
{B)} C(s,graphite) - C(g)
© cotg) +; 0,(8)-> €0, &)

(D) CH,(g) - C(g)+ 4H(g)
15. Columni .
(A) 058
® 058
(© Bry(g)
(D) H,00)

Column-H
i
3] A fH ¢=0
(8)] A fH ¢z 0
“(R) A fG" =0
(S) A fS° <0
Column-IT 7
i
(Thermodynamic variable)
® C,
(o)) Cy
(R) -8
(5) 1%
. ) ———
Column-11 }
(P) AH acombustion
(Q) AH Oformarion
(R) AH c’atomizz‘uicm
(S) AH usublimation
- 7

Column-IY F
(P) A¢H®=+ve; ApS°=+ve
(Q) AjH®=-ve; A;S°=—ve
(R) AfH®=+ve, A S°=-ve
(S) AH°=0;  A;5°=0



(__ ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).

Examine the statements carefully and mark the correct answer according to the instructions

given below :

(A) If both the statements are TRUE and STATEMENT:2 is the correct explanation of
STATEMENT-1

(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1

(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE

(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE

STATEMENT-1 : Heat and work are “definite quantities”.

STATEMENT-2 : Heat and work are not properties of a system their values depend on the

' path of the process and vary accordingly.
STATEMENT-1 : There is no change in internal energy for an ideal gas at constant
temperature. '
STATEMENT-2 : Internal energy of an ideal gas is a function of temperature only.
STATEMENT-1 : The heat absorbed during the isothermal expansion of an ideal gas against
" vacuum is zero.
STATEMENT-2 : The volume occupied by the molecules of an ideal gas is zero.
STATEMENT-1 : AH and AE are the same for the reaction, N,(g) + O,(g) = 2NO(g),

STATEMENT-2 : All reactants and products are gases where all gases are ideal. .

STATEMENT-1 : - The magnitude of the work involved in an isothermal expansion is greater

than that involved in an adiabatic expansion.

PV curve (P on y-axis and V on x-axis) decrease more rapidly for

reversible adiabatic exparision compared to reversible isothermal

expansion starting from same initial state.

STATEMENT-1 : Entropy change in reversible adiabatic expansion of an ideal gas is zero.

STATEMENT-2 : The increase in entropy due to volume increase just componsate the
decrease in entropy due to fall in temperature,

STATEMENT-1 : There cannot be chemical equilibrium in an open system.

STATEMENT-2 : There is no fixed mass in an open system. :

STATEMENT-1 : The standard free energy changes of all spontaneously occuring reactions

are negative.

The standard free energies of the elements in their standard states at 1 bar

and 298 K are taken as zero. .

STATEMENT-1 : Enthalpy and entropy of any elementary substance in the standard states
are taken as zero. ~

STATEMENT-2

STATEMENT-2

Y
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10.
11.

12.

14.

15.

16.
17.

18.

" STATEMENT-2

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2

STATEMENT-1

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

At absolute zero, particles of the perfectly crystalline substance become
compietely motionless.

A reaction which is spontaneous and accompanied by decrease of
randomness must be exothermic.

All exothermic reactions are accompanied by decrease of randomness.
Many endothermic reactions that are not spontaneous at room
temperatures become spontaneous at high temperature.

AH° of the endothermic reaction increases with increase in temperature.
Decrease of free energy during the process under constant temperature
and pressure provides a measure of its spontaneity.

A spontaneous change must have +ve sign of ASy e

|apH| of (H,0, 1) >|AfH| of (H,0, g)

AH - densation 15 NEgative.

All combustion reactions are exothermic.

Enthalpies of products are greater than enthalpies of reactants
(E VPAfH(P) >x VRAfH(R))

Enthalpy of neutralization of CH,;COOH by NaOH is less than that of HCI
by NaOH.

Enthalpy of neutralization of CH,COOH is less because of the absorption
of heat in the jonization process. ,
Internal energy of a real gas may change during expansion at constant
temperature. .

Internal energy of a real gas is a function of temperature and volume.
Work is a state function which is expressed in joule.

Work appears only at the boundary of the system.

The expansion of a gas into an evacuated space takes place
non-spontaneously.

! A process in which all steps cannot be retraced by themselves is called a
spontaneous,process.
S C e e
( 7 SUBJECTIVE PROBLEMS |

1. A perfect gas undergoes a reversible adiabatic expansion from (300K,200atm) to
(90K, 10atm). Find the atomicity of gas.

2. 5 mole of an ideal gas at temp. T are compressed isothermally from 12 atm. to 24 atm.
Calculate the value of 10r

_ Work done along reversible process

Where, r=

{Given:In2 =07}

Work done along single step

irreversible process

3. A diatomic ideal gas is expanded according to PV? = constant, under very high temperature
(Assume vibration mode active). Calculate the molar heat capacity of gas (in cal / molK) in

this process.
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4. A heat engine is operating between 500K to 300K and it absorbs 10 kcal of heat from 500K
reservoir reversibly per cycle. Calculate the work done (in keal) per cycle.

5. In a carnot cycle involving ideal non-linear triatomic gas, if during adiabatic expansion volume
increases from 2L to 16L and heat absorbed during isothermal expansion is 8 keal, then
calculate magnitude of work done by carnot engine (in kcal).

6. Molar heat capacities at constant pressure for A, Band C are 3,1.5and 2J/K mol. The enthalpy
of reaction and entropy of reaction, A + 2B— 3C are 20kJ/mol and 20J/K mol at 300K.
Calculate AG (in kJ / mol) for the reaction ,

lava—s3c
2 2

7. Standard molar enthalpy of combustion of glucose is —2880kJ. If only 25% of energy is
available for muscular work and 1.0km walk consumes 90kJ of energy, what maximum
distance (in km) a person can walk after eating 90 g of glucose.

8. Given C,H,(g) + Hy(g)—> C,H, (g): AH®=-175kImol™
BH e gy = SOKI MOl A fyr 6y = ~280k) mol™; AH fco, 5y =—390ki mol™

If AH®is enthalpy of combustion (in kJ mol 1) of C,H,(g), then calculate the value of

2
280[
9. The integral enthalpies of solution of anhydrous CuSO,4 (s) and hydrated CuSO,,- 5H;0(s) are

—70kJ and 10kJ per mol respectively. Determine the magnitude of enthalpy of hydration of 0.1
mole anhydrous CuSO, (s} as
CuSO , (s) + 5H,0 (1) —- CuSO,- 5H,0(s)

10. If enthalpy of neutralisation of HCl by NaOH is -57 kJ mol~! and with NH,OH is -S0kJ mol L.
Calculate enthalpy of ionisation of NH,OH(eq).

11. Lattice energy of NaCl(s) is —790kJ mol™ and enthalpy of hydration is —785kJ mol~!,
Calculate enthalpy of solution of NaCl(s).

12. x g sample of NH,NO, is decomposed in a Bomb calorimeter. The temperature of calorimeter
increase by 4°C. The heat capacity of the system is 1.25kJ/°C. Calculate the value of x.

Given molar heat of decomposition of NH,NO is 400kJ mol ™.

13. A heat engine operating between 227°C and 77°C absorbs 10 kcal of heat from the 227°C
reservoir reversibly per cycle. Calculate total work done (in keal) in two cycles.

14. Calculate work done in chemical reaction (in kcal)
A(s) + 3B(g)— C() at 227°C at 1 atm in closed vessel.

15. One mole ideal monoatomic gas is heated according to path AB and -

‘ C
If temperature of state B and state C are equal. ! T
‘ A
e : ,é._. B

Calculate 24€ x 10,
das
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anall 2

1. (0 2. {c) 3 4 ( 5 6 (@ LI 8. i) i 9, (¢} 10. (a)

1. {d) 12 () 13. (b) 14 (d) 15 (a) 16 (b} 17. (c) 18 (d) 19. (d} 20. (a)
2. (@ 22 (d) 23. (c) 24 (c) 25 (d) 26.(b) 27 (a) 28 {d) 29. (b) 30. (b)
31. (b} 32 {¢) 33. (b} 34 (d) 35 (a) 36.(a) 37. (c) 38 {c) 39. (b} 46 (d)

anall 3

p-—

[Passage-1 1. (d) 2. (d)
[Passage-2 1. () 2 (¢} 3.(B) 4 ()
{Passage-3 1. (c) 2 (a) 3. {d 4 (c) 5 (d)

Passage-4 1. (a) 2. (b) 3. (b)

LPassage—S 1. (@ 2. (b 3 (a)

One aor More Answers isfare Correct

1. {b,c) 2. {a,b) 3. (c) 4, (a,b,c) 5. (a,b,d)
6. (b,c,d} 1. (b,c,d} 8. (a,b,c} 9. (c,d) 10. {a,c,d)
11. (a,bc) 12. (a,c) 13. {(a,c,d) 14. (b,d} 15. {a,b,c)
16. {a,c,d) 17. (b,c,d) 18. (a,b,c,d} 19. (a,b,c} 20. (a,b,c)
2. (a,cd) 22. {(a,c) 23. {ac) 24, {(a,c,d) 25. (a,c)

Match the Column

AP B—=S5; C—>R; D-Q
A—-P;, B-oR; C-o0Q; D—-S
A—P S B>QR, C-oR; D—=S
.A > R; B-Q; C—P; D—S ‘
A-Q; B-oPF; C—oR; D-S

JAQ; B—-P S C-oP; D-oR
.A>5PS B-oR; C-0Q,S D->QS
A - R; B-o>Q; C-oQ; D—-PS
.A—>P; B—R; C-Q,8 D-QS
10. A > P; B—>R; C—o0Q; DS
11. A > 5; B—-P,R C-o0Q D—-PR

LRI
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12.A > P,R; B> (Q; CoPR, D-QS
13. A - Q; B P; C—>R; DS
14. AP, Q B-QRS5 C—oPp; D—-R
15.A-5S8; B-R;, CoP; D-Q

Assertion-Reason Type Questions

LD 2@ 38 4B 5B b6 @A 7 (A) 8. (B) 8. (D) 10. (C)
1. (B) 12 (C) 13 (A) 14 {(C) 15 (A} 16 (A) 17. (D) 18. (D)

Subjective Problems




Hints

Level 1 S
S. (a) Heat lost by iron + Heat gained by water= 0
10 x 0.45(T — 373+ 25x4.2x(T - 300)=0
T =303K or 30°C
9. (d)w=—P,,. AV =—An,RT and An,is-veforl
and H1
also AV=-veforIV
12. W) AU =g+ w
=10 %1000 - 2x(20)x101.3=5948J
16. () w=-P.AV=-ny,

Rp - 2x8:314x298
1000
=—4.955k]
18. (a) jdw =-[p.av
= Weey = - | 6. V2V

3 3

=-6 [-‘-/— -L] bar. m>;
3 3

w=~5200KkJ

so, work done by the gas is 5200 kJ.
20. (c) For cyclic process : dU =0
-w=g
Net work done by system = Area of the circle
21. (c) Process direction in V-P diagram is
clockwise so process direction in P-V
diagram is anti-clockwise.
Net work done by system = Area of the circle
(Pz p) (V,-W)
2 2
22. (c) Work done in the cyclic process
= Area bounded (ABCA) = 5A ]
nRT 100 x0.0821 xT _
P 8.21 -
logV=1logT
32. () [dw=[-P.aV

31. (a) V=

= w=—jzo & 20m V
1

and Solutions

w = — 46.06 L-atm = — 4665.8 J
AU =q+w = 400=q-4665.8
q=5065.8J

34. (b)w=-nRT In 21
P2

=-10x8.314 x300In %

=-57441.42J
w = —mgh
m x 9.81 x100 = 57441.42
m=58.55kg

35. (c) At constant volume AU = g, = nC,,,, AT
at constant pressure AH = g, = nCp,, AT

36. (a) AU =w .
=  ~75=0.1 x-g x 2T, — 500]
T, =250K
x£ I
88. (a) T'"'.P=constant or P ocT?"!
: PoT?
¥ 3
=3 y=Z
y-1 Y 2
1 1/2
39, )T «—=; TV *=constant
N
For adiabatic process,
TV' ! = constant
1 3
—1== ==
Y 5’ Y Iy
40, (b) PV'=constant, P-y V' 1.dV + V'.dP=0
@ _ .4
P v

41. (b) PV =constant for isothermal process
PV" = constant for adiabatic process so miore
value of y, more decrease in pressure.
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42. () T.v'~! = constant

T _(w)"
Tl Vz‘

5
= T2=300x(1—6J3 l
2
=1200K
43. ® [dw=-[Py-av
wy =—P [ﬂ-ﬂ:[
ur axt Pz - ’D1

Wi = -1 x(5x8.314 x300)x[1 -%]

Wiy = ~11.224 kJ
44, (b) For an adiabatic irreversible compression,

AU =w
Gy g Ty —T) =Py (V, - V])
here P,,, =P,
nRT, nRT.
nC -T)=-pP,| =211
v,m(TZ 1) 2[ P2 P] :,
5 T, T,
= —R -T)==-P,xR|=2--1
2R T2 -T)=-P, [Pz p,]
= P, =275kPa
46. (¢} ¢q=0 AU =w

nRT, nRT,
:ncv,ma‘z'—Tl)=_Pext[ 2_""—1:[

Py P,

T, T
cm[rz—T1]=pm-R[Fi-P—:]

= ER[T2-300]=2XR[E°_°_&]
2 5 2
= T, = 248.5K
47. (@) AU =w
R : nRT, nRT
n -T}=-P 2 _nh
Lonx "l(Tz 1) m[Pz PIJ
3(T2—T])=—1[%—T—21]
31.2—-3I'1=—T2+T_21
47'2=52ﬁ
Tz=%=7—"§@=3501<
PV _PVy | 2x10 _1xV,

=V, =17.5L
T T, 400 350

48.

49.

51.

3.

55.

56.

57.

58.

59.

@ an, =0

n;Cv, m F nzc\,, my

(b) AverageC, , =
nl +ﬂ2
2x§R+2x-§R
=—2 2 _op
2+ 2
(©) AH.=(Cp y + 1Cp ) AT

= (o.s x—Z—R +0.5% 4RJ (~100)

=-375R
(a) 1 watt =1 J/sec
Total heat supplied for 36 mL H,0
= 806 %100
= 80600 J
= 8(;6600 <18
=40300 J or 40.3 kJ/mol
AH® = AU®
For 2 mole AU® = =370 kJ
(b) At constant pressure, AH = AU + P- AV

L =30+2x4
o =38 atm-L
(b) AH =AU +P-AV
: 1520
= -1247_ AU + 760 x (177 - 377)
%1073 x101.3
AU =-83.48J

(b) At constant volume AH = AU + VAP
= ~560=AU + 10 x(-30) x 0.1
AUV =-530kJ

(b) When both P and V are changing

AH = AU + A (PV)
=AU + (Y, - P,V,)
AH =40 + (20 - 3)

=57 L-atm
(b) For 1 mole of combustien of benzene
An, =-1.5

AH = AU + AnRT
= 3271 =AU - 1.5x8.314 x 300
1000
= AU =-3267.25kJ
For 1.5 mole of combusdon of benzene
AU =-3267.25x1.5
=-4900.88 kJ
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60. (b) AH = AE + AnRT

= 82.8=AF + ~%8:314 %298
1000

= AE=80.32
61. (a)C (graphite) — C (diamond)
AH =AU + P-AV

V,, (diamond) = 133 mL

V,, (graphite) = 1—22 mL
AH — AU = (500 x10° x10° N/m?)

(12 12] 10°6
3 2
=-100 kJ/mol

AU = AH =+ 100 kJ/mol
62. (c) An, is +ve
65. (c) AS=nC, Ty

1

-—2x—R ]ngg9
2 300

=5RIn2

=nC, ,In =

min ==

T,

1

=2x(§—1JRIn2
2

=3RIn2

{c) AS will be same because entropy is a state
function.

(d)AS=nC, ,, ln

68. (c) ASpas

70.

+nR1n—-—-
T Y

=C,nIn2+R In (12)

71

88=0C, m
(c) 158:1!'1C,w

~R)In 2
In 12
Tl

=25x18 x4.2In (360)
300

72.

=34.02 J/K
(b) A, S° = z v,S° (Products) - E v S®
(Reactants)

=(2x27.3+ 3x69.9)—(87.4+ 3x130.7)
=-215.2JK mol™?

(b} at M.P. ASpon = ——AH;”‘""

_AH _9.95x1000

AS 35.7

73.

77.

= T =278.7 K

- R -

AH g gon
(d) Asfrcczing = _____:;_\_:151___
80 x10
273
=-2.93 cal/K =-12.25J/K
117 '

n = =1.5
() neg, ET)
AS

system

78.

= = -

80.

=1.5x85J/K
ASgurounding =~ 1.9 % 85J/K
(c042=a (10)3 = a=042x 10—3

2oCﬂm
Sm=1, A dr

83.

= [*ar?dr =S120° - 0}
0 3

= 1.12 J/K-mol
(b) For A,G® -ve, A, H° should be —ve and AS®
should be +ve

87.

89. (b) (AG)gygem = AH —T -AS
and AH -T-A5<0
94. (¢) For ideal gas isothermal expansion AH =0
AG=-T-AS
where AS=nR In [VZJ
v
95. (b)Hg(D = Hg(g)
A,5°=174.4 ~77.4=97 J/K-mol
AG°=AH®-T-AS°=0
o
T =54
AS®
_ 60.8 x1000 - 626.8 K
97
96. (a) At equilibrium . AH =T AS

H,0(s) — H0()
AS.= stc(” - Squs) = 21 .8 J/mOI-K
AH =273 x{21.8) = 5951.4 J/mol

105. (a) At equilibrium AG®=-RT In K,
where K, = (Py,0/P°) and P° =1bar
106. (a) AG°=—RT InK,,
=-8.314 x 298 x 2.303(-14)
= 80000J

111.(a) AL} = -10.945 for
H,(g) + 302(8) = H,0()
According to Kirchhoff’s law

AHr —AH®, =8.C°, [T, -T))

W



AH®r, —(241.82)=[-10.94 J (373 - 298)/100]
= A Hp, =-2426 kJ/mol
AHy
2
==-713.7 -177.5
=-891.2kJ
s

115.(b) AH®=2xAH; + 2x AH, — AHj

114. (a) AH°=§><AH1°+

119.(c) CgHg(g) + %02(3)—)» 8C0,(g) + 9H,O(D

AH®=8x(-394)+ 9 x(-286) - (-250)
=- 5476 kJ/mol
121.(c) C(s) + 0,(g) —> CO,(g);
AH =-xkl/mol ..(1)

CO(g)+ 1/20,(g) —> CO,(g)

AH, =-y kl/mol . (2)
Equation (1) - (2)

C(s) + 20,(8) —> CO{g)

AH =(y — x) kl/mol
125.(a) A.H® =57 x(-393.5) + 52 x (—285.8)

- (-70870)
=-33578.9 kJ/mol
- 385789  37.98KkJ/mol
884

129. (b) For H,(g) + 0,(g) —> H,0,(

AH, AH
Afhm(]'lzoz:DZArHsQ*'%_—r;i

131.(a) “Oreaction = Tbomb + Fwarer
Greaciion = (C (bomb) + (mype, x ) AT
=(652+ 500 x4.18) x14.3
=39210J or 3921kJ
132.(b)g=mxc x AT, m=g/(c xAT)
= (24 x10° x 0.7)/(4.18 x 50)

=80383 g or 80.383 kg
133. (a) m mole of acid =0.05 x0.2=0.01

AHo=-280x109 oo 25 ki/mol
0.01 x 1000
184, (3) A qon = o220 g

= 33516 J/mol or 33.51 kJ/mol
136. (b) HCl(g) + ag —— H*(z2q.)+Cl (ag.);

AH=-75.14 .
-75.14 = AH (H', aq) + A¢H (Cl, g)

- AH (HCL, g}
AH (H", aq)=0

A C, a@)=~75.14 - 92.3

=~167.44 ki/mol
137. (a) Given that
MgS0,(s) + nH0 —— MgS0, (nH,0);
AH, =-91.2kJ/mol ...(i)
MgSO0, - 7H,0(s) + (n - 7)H,O
_ — MgSO, (nH,0)
AH, =13.8 kJ/mol ...(i)
Equation (i) - (ii)
or AHy4 =AH; ~AH,
=-91.2kJ/mol - 13.8 kJ/mol
=-105kJ/mol
138.(a) -12250x - 13000 (1 — x) = -12500
750x =500 = x=2/3and y=1/3
So, X_ 2
y 1
140.(b) AH,,,
= AH onizaion + & H (HY + OH™ — H,0)
= -51.34=x —55.84
So, AH,aien ©F X =4.5kl/mol

143. () A H =§ x40 + g x 50 = 43.75 ki/mol

144.(d) No. of moles of O, required to supplied 30
kJ heat to second reaction
30 3 1

1260 2 28

So nOZ:nsz—L:S or 1:84

28
148. (a) P(s)+:—;C12(g) . PCly(g)

306 = (314 + 3x121) - [B. E. (P—C1) x 31
B.E. (P—CI) =123.66 kJ/mol
150. (b) N,(g) + 2H,{g) —» N,H,(g)
AH (N,Hy, g)
=(941 + 2% 436) — (159 + 4 x 398)
=1813-1751 =62 kJ mol~!



Level 2

1. (Qw=-Py (V,-V)
108 [60 x10%  40x107° 100 x10'3J

+
0.60 1000 1000
=-10° (100 x107% + 0.04 x 107 - 0.1 x107)
|w| =9994 J

2. (c) Mole of the gas in the first compartment
, _P¥ __08314x10°x2_
RT, 8.314 x 400
Similarly, n, = 2000
The tank is rigid and insulated hence w =0
and g = 0 therefore AU =0

Let Ty and Py denote the final temperature
and pressure respectively

AU =nCy o [T —T1 + nyCy o {7y ~T5]
=0
500 (T — 400) + 2000 (T; — 500)=0
T, =480K

500

AU
3. () H0 ( 323K) —> H,0 (1 373K)
l AU,
AU,
H,0 (g,323K) 2 H,0 (g373K)
Cy,m (H,0, g) = 33.314 - 8314
= 25 J/K mol
AU, = AH, — AnRT = 37.6
AUy = AUy + AU, + AU,

:C,,,m(D-AT + AV + C,, (@) AT
75 x 50 37.6 + 25x 50

= + 37.
1000 1000
= 42.6 kJ/mol
- Cﬁmm
4. (a) —=¥ ande,m~CV,m=R
CV.m
_ R
vV, m 7_1
Cvm—c—v al’ld Cv=m'CV
n
L-m-cv xM
-1 m
o= R __
YT w-DM

mCy m + NC
5. (DAv. Cy = Gy, m by my

=2R
ny + ngy

for adiabatic process dJ = dW

oo B (@)
T  Cym\V

Cy, m AT + 13 Cy y dT
=~ (mRT + nyRT) x_dFV

mizo_lpl¥
T, 2 |V

. 1 1/2
= T, =320 x[—)
4

= 160 K
AU =(mCy , + 150y,

JAT =-960R

m:
6. () 2xCy. , (T _Tl):._1(_2ﬂ_%]

1 10
Y=i-c'“"
3 Cym
and C,n=Cym+R & Cyn=3R;
3R (I, — 300) = - RT, + R 2300

T,=2325K
w=AU = 2x3R (300 — 232.5)
= w=-405R

7. (¢) Max. temp. attained by gas in between Bto C

According to equation of straight line

P-4 V-1
7 1-4 2-1
= P-4=-3V+3
= P=7-3V
For 1 mole gas
RT 2
—V"'=7—3V; RT =7V -3V (1)
Rd—T=7—6V=0
dv

V=-76 put in Eq. (1)
RT=[7—3><—7-]XZ‘
6/ 6

= T=_4i_
12R

. (D(Qw=—P AV = —nRAT =-2x8.314 x 600

=-9.97 ki
(i) (b) AH,yq = AH g5 + AHpc =nCp o AT + 0

=:z><:":E xR x (800 — 200)

=4200 R

-



226

9. ()

2
5

I
113s 1
T,=T (ﬁj = 600.[§J
= 600(0.5)* =150 K

AH =%R x (150 - 600) = ~1575R

10. (a) w=—-nRAT =—-2x8.314 x100
=-1662.8J
AU=n[cC, ,dT

=2 xf(zo + 1072 T)dT

=2x20x(T, T3+ 2x1072 x

= 4700 ]
4700 = g - 1662.8
: q=16362.8J
11. (d)cnm =(21.686 + 8.314 + 107*T)

=30+ 1073T
[aH ={nC, , AT

=10 xj(so +1073TY).dr
—3

T3 -1
2

AH =10 %30 (T, - T; )+ 10 x[TZ -T21x10

=30350 J
dU =dg+dw
nCy y-dT =nC,,-dT - P-dV
C. - P.av
R S
PV"=K and PV =nRT
KV' ™" = nRT
K (1 -n)V™"dV =nRdT
ﬂ_ nRk
dT  K1-mV™"
from Eqs. (1) and (2)

- A
(1-n}

12. (b)

(T

+
.L(2)

13. (b) PV =PV

p_(unY
SN
L_BY;, W _1

T, PV, V, 3

Tz_ﬂ;oﬂom(

Now,

AH =nC, ,, AT

=2ng x(-200K) = 1000 R

+ann—
2

Z-R In [596J + 3R In l
2 298 4
=-6.3cal K

(a) For isoentropic process’ ASSYmm =0

nCnm]nT2+nR1n =0
h P,

14. () AS=nC,,, In -2 T

=3x
15.

600)
300

=1.75atm

= ln(Pz);—xl [

=nR lnﬁ
1

=2xR xIn 2

=11.52J/K
3.41 <1000

310
=-11J/K
ASipa =+ 11,5211
=+0.52J/K
(¢} 0.40 = aT} + bT,
0.40 =a x (1000) + b x 10
0.4 =1000a + 10b
0.92=aT; + bT,
= 0.92=gax 8000 + 20b
from Eqgs. (1) and (2)
a=2x107",
al® + bT
S, = j——T
_alTy - 17
3

=0.813 J/K-mo!
34.2

342
—(AG)r, p = useful work done by the system
-AG =—AH +T-AS

=+ (6000 x0.1)+

16. (D) AS oy

Assurmunding =

17.

(D

T@

b=10.038

-dT

+b[T, -T,]
19. (d) No. of moles of sucrose =

180 x 0.1 x 300
1000

= 605.4 kJ
20. (a) AGygy = AHgyy — T ASgp
AH 00 = 20 — 4 = 16 kJ/mol



AH7 = AHg + ACp[T; —Ti]

20 x 200 k1/mol
1000

=16 + 4 = 20 kJ/mol
21. (2) A;S5° (NHCL s)at 300K
= Snm,ai(s) “ES;: +28g, + 123212]
=-374JK! mol™
ACp=0
A,fS:c;m = AfS;ou
=-374 JK mol

]
AH 459 = AH 50 +

AgHzyo = AHapy = —314.5

AGgio = AfH® - 310 AS°
310 (-374)
1000

= —198.56 kJ/mol
22. (d)AH®=3-AH°(CO, s)+ 4 A;H*(CO, 8)
~aH? (C0304, $)—4-AH° (€O, )
AH® = —241 kJ/mol
A.8°=3x30+4x213.7 -102.5

=-314.5-

—4%x197.7

=51.5 J/K-mol
AG®=AH-T-AS®
54y _ 300x5L5
1000
= - 256.45 kJ/mol
AP
T T,
300 _ 3
200 2
and V,=2463 L
for single phase
) dG =Vdp - S dT
AG=V-AP - [(2+107 T)-dT
10~ x 50,000
2

23. {(c) At constant volume,

= P2:1

=1231.5-200-

=781.5J
AC, =0, AHsoo—AHalo
f—3AH1 +AH2+2AI-13+3AH4
=-747.4 k]
AH® = AU® + An, RT; where An, =-8

7474 aye B2 8:314 X300
1000

24. (¢
25. (d) AH®

277

Ue=-727.44kJ
A,.H" T xA8°
A,5°=2x81 -4 x24-3x205J)/mol
AH® =—-2258.1 ki/mol
AH® = 2x A{HC (€505, 5)

2258.1
AH® (Cr,05, s)=— 2

= -1129.05 kJ/mol
27. {2} CaO(s)+ CO,(g) —> CaCO,(s)
AH® = AH{ (CaC0y) - AH (Ca0)

26. (b)AGe=

~ AHj (CO,)

=-1207 - (-635) - (-394)
= --178 kJ/mol
:. AE = AH - Ang RT

AE =178 - E1)x8:3x300

. 1000
=-175.51kJ
224

Neao —5— =4
@, =n-AE =4x(-175.51)

=-702.04 kJ
28. (d) H,C,0,()+ 30,(g)> H0( + 2C0,®);
An, =3/2
, A, =2 3121x8 75 . 90
=—245.7 kJ/mol
AH = AU + AnRT
a5 & B:314 %300
2 1000
= —246.947 kJ/mol

29. (b)H,PO, —> 2H' + HPOS ;A H =7

2HY + 200 —— 2H,0;

AH=-5584x2=-111.68
~106.68 = A H — 55.84 x 2
Ajon H = 5 kJ/mol

30. (b)HA —— H" + A7; A H =1.4kJ/mol

AH peyratization = 8 jonizarion + AH

(H" + OH - H;0)
-55.95= AHjopization — 57-3-
AH g iraion fof 1 M HA = 1.35 kJ/mol
% heat utilized by 1 M acid for ionization

_L3s %100 = 96.43%

so, acid is 100 — 96.43=3.57% ionized
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31. (b) 2C(s) + 3H,(g) —> C,H(g)
A °=[2xAsub H(C,s)]
4 3xB.E. (H—H)
B.E.{C—C)
"[+ 6 xB.E. (C-—-H)]
~85=2x718+ 3x 436 - (x + 6y)

X+ 6y =2829 ...(1)
Similarly, for C,Hg(g)
2x + By = 4002 ...(2)

from Eqs. (1) and (2)
x =345 kJ/mol; y =414 kJ/mol

1 3
32. (9 3Ny(e)+ > Hy(@) —> NHy(g)
Let BE. of N=Nis x
——46=§+gx436—3x393= x =958

NoH (D — Ny(g) + 2H,(g)
AH =-50 kJ/mol
Avep H(N;H,, D
AH =|+ 4 xB.E. (N—H)
+B.E. (N—N)
B.E. (N=N)
- [+ 2B.E. (H—H)J
-50=(18 + 4 x 393 + y) — (958 + 2 x 436)
-50 = (1590 + y) - (1830)
B.E. (N—N) or y =190 kJ/mol
33. (b) A H =[Heat supplied] - [Heat evolved]
292=[4x + 279) -{38 + 85)
= X = 34 kcal/mol

84. (d) Theoretical heat of hydrogenation of
benzene = {Actual heat of hydrogenation)

+ (Resonance energy)
/

Ry

- AHpya (Theoretical)

AHpyy
(Actual)

O

=-205-152=-357
Enthalpy of hydrogenation of

&3:7 = -~ 119 kJ/mol

35. (a) C;Hy(g) + 50,(g) > 3C0,(g) + 4H,0()
8 x B.E. {C—H)

AH =| + 2xB.E. (C—C)
+ 5xB.E. (0=0)
6 x B.E. (C=0)
+ 8 xB.E. (O—H)
"1+ 3x|R.E|of CO,
+4 %A H{HO)

93

" AB process
O=q+w
=@ —-nR(2M,)In 2
BC process AU, =g, + w,
nR _ nRT,
(7_1)(7'0—2'0)—‘12"[ v,
CA process
8U; =q3+wy

nR =

Efficiency =

]-(vo—zvo)

Total work done Wy Wy
Total heat absorbed g + 4
_ (=2RTq In 2)+ (nRT,)

(2RT, In 2)+ [”RTOJ

37. ()} =24.63L T, =300K;T, = 600K

I

1

Vy ——— V,
For path (ID)
W™ =¥y



L
600 (V)
300 (Vv
\7)

1
Vy = 442 x24.63=139.3L ~ 139 L

(2)5!2 =

38. (v
AH°=AH°(H,0,D-AH (OH, ag) =~ 229
—56=-285-AH"(OH, ag);

AH®(OH", ag) = - 229
HF(aq) + OH (aq) — F (ag)+ H,O(D
A Hio ={(=320-285)- (329 -229)
=47 kJ/mol
39. (b)L,— L)
AH, = AH, + ACp (T, —Ty)
ACp =Cp(ly ) -CpUy, )= - 6.2cal/mole
AH, = 6096 -6.2(50) = 5786 cal/mole
AH = AU +1x2x523
5786 = AlJ +1x2x523
AU = 5786 -1046 = 4740 cal
40. (d)AG°=-RT InK,; K,=(2x)X = 4X°

AG®= —RT In(4X %)
AG°=-RTIn4-3RTIn X
Lovei'3 T

Passage-2

1. (B)PV=nRT = 2x8=2x0.080 xT
T=100K

Wpe =—2.303xn xR xT Iogﬂ
P,

=-2.303 x2x0.08 x100 xlog (li())

= 36.848 bar-L
2. (C) Wi = “Pext (VZ - Vl)
nRT nRT
P, B
= 144 bar-L
3. (D) Wig oty = W1 + W2

-_10 ("RT _ﬂ]

=-20

10 2

= 5xnRT = 80 bar-L

Passagé-S
5. (d) A.S° = Sgr,0n—Sco — 2 Sk, = — J/K-mol
AH® = AH® (CH,0H) ~ A;H° (CO)
~2-AH° (Hy)
= —87 kJ/mol
A,S320 — 8,830 = AL, [Ty —T1]
where AC, =44 - 29.4 - 2x28.8

= -43 J/K-mol
A,Sq50 =—16 + (-43) In %

=-18.58
Aerjzo = A1-1['13?00 + ArCE [Ty -Ti]
(—43)= 20
1000
=-87.86 kJ/mol
[+] a
AGzo = AHzo = T+ A S50

_ _g7.86_ 320x(-18.58)
1000 -

=-81.91 ki/mol

=-87+

Pass_age-4

3. (b) For max. rise in temp.; max. neutralization
of H* and OH™ required.
. If we take equal volume, all H* {5 m-mole)
- will react with all OH™ (5 m-mole).

Passage-5
1. {2) (AG)pr = 2000 (20 x298)
=-3960 J/mol
2. (b)CaCO, ——> Ca0+CO,; AH+ve

Reaction becomes spontaneous at high
temperature because TAS dominates over
AH

One or More Answers is/are Correct
6. (b d) AU=0 U,-l;=0
Similarly, AH =0
g=—w= aRT In 43
14
9, (cd)

ALV, = 1 xR =x100

=100 R



A B

_1xR x600
3
o Vg >V, so expansion of gas takes place
. Ve =200 x0.0821 =16.42 L
10. (a,cd)
Firststep is adiabatic(q=0) so AU, =w,
Second step is isochoric (w = 0)

A =200R

APy, V1. T)

B(Py Vo, T)

P
80, )
0,, CO;
N
Ne
v

So, AU, = ¢,

-+ initial and final temp. are same
AU g =AUy + AU, =0

or  wy+4g,=0

Max. work done by the gas, SO, is (area)

under the curve

so, 80, absorbed

] Y50, <TYco, = Yo, <TNe

50, max. decrease in temp. of Ne due to step 1.
11. (a,b,0)

AH =AU + P-AV+ V. AP + AP . AV

is correct relation.
21. (a,c,d) .
Work is a form of energy exchange between
system and surrounding in adiabatic
process.

Intensive property is not additive.
In cyclic process work may be zero.
For cycdlic process
dU =0=dg+dw= dg-Pdv=0
22. (a,c) .
Entropy of isolated system increases or
remains constant but it can never decreases.

FROBLEMS IN CHEMISTRY '

23. (a,0)

Mﬂp:i‘izm=1oo
B.P. 400
(a) P =2atm BP.>400K
ptepPt  as,, <100

(©) AG = AH -TAS
=40 %1000 - 410 %100 = —ve

AG <O

(d) AH = AU + An RT
AO =AU +1x8.31 %1072 x400
Al = 36.676 kJ/mol

25. (a,0)

AH®=0-95+55+25=-15;
AS°=50+30-45-40=-5;
8,G°=-15%1000 + (400 x 5) = ~ve

Subjective Problems
T2 _TI — | -wTolnl! = 500-350 - | "chmll
T, g5 500 10

Work done in one cycle = 3
Work done in two cycles=3x2=6

14. W =—anRT = Z3x2x500 _ 4

1000 .

15. Process AC = polytropic process (P = KV)
Molar Heat capacity c,, =¢, + Rf2=2R
Process AB = Isobaric

13. 1=

€m =€, =5R{2
T
fnCm-dT
Gac _ _T, R _
ﬁ-rﬂ —5—";—0.8
fn-Cnm.dT P
Ta

dac 4 10=0.8x10=8
9aB
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CHEMICAL EQUILIBRIUM

Types of Reaction

Reversible Irreversible

(i) | Areactioninwhich not only the reactants react to) A reaction which cannot take place in the reverse
form products but also the products react to form | direction is called an irreversible reaction

reactants under the same conditions is called d
reversible reaction. '

(i) A few examples are given ag A few examples are given as
CaCO,(s) == Ca0(s}+CO ,(2) AgNO,(aq)+ NaCl(aq)} > AgCl{s)+ NaNO4(aq)
BaCl,(aq)+ Na,50,(aq) - BaSO,(s)+ 2NaCl(aq)

N,0,(g) == 2NO,(g)

Characteristics of Equilibrium State
+ A reaction (or a process) is said to be in equilibrium when the rate of forward reaction
{process) becomes equal to the rate of backward reaction {process).
At equilibrium the concentration of each of the reactants and products become constant.
+ An equilibrium is dynamic in nature and not statici. e., even after equilibrium is attained, the
forward as well as the backward reaction-take place but at equal speeds.
. A chemical equilibrium can be established only if none of the products is allowed to escape
out.
Chemical equilibrium can be attained from either direction.
When reaction attain equilibrium at certain temperatuf‘e and pressure, A,G =0
. Catalyst increases rate of reaction in forward as well as backward direction upto same extent.
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Law of Mass Action _
It was put forward by Guidberg and Waage. It sates that the rate at which a substance reacts is -
directly proportional to its active mass and hence the rate at which substances react together is
directly proportional to the product of their active masses. Active mass means molar
concentration.

Law of Chemical Equilibrium

For the reaction aA(aq) + bB(ag) = xX (aq) + yY(aq)
_ X1 [yy?
K="
. [Al°(B]
Where K is called equilibrium constant at constant temperature.

Types of Equilibrium Constant

E VY
K. =Equilibrium constant in terms of molar concentration = Ly "

[A1°[B)°
" Px-pY
K, =Equilibrium constant in terms of pressure = —
Pa-Pg
o . . (X )" (X))
K, =Equilibrium constant in terms of mole fraction = —*- " Y _
(Xa)*(Xg)®

Unit of Equilibrium Constant
Unit of K p= (atm) Arg (where An, =change in gas mole of reaction)
Unit of K, =M**
Unit of K, = Unitless
Relationship between K, and K: K p =K, (RT)"s
where R = universal gas constant, T = temperature
Relationship between K, and K,: K p =K, (P)A"‘
where P = equilibrium pressure in container.

Types of Chemical Equilibria

+ Homogeneous equilibrium. When in an equilibrium reaction, ali the reactants and products
are present in the same phase (Le. gaseous or liquid), it is called homogeneous equilibrium.

PCls(g) = PCly(g) + Cl,(g) ; CH,COOH() +C,HOH(I) == CH;CO0C,H, (1) + H,0(0) ete.

+ Heterogeneous equilibrium. When in an equilibrium reaction, the reactants and the products
are present in two or more than two phases, it is called a heterogeneous equilibrium.

PbCl,(s) == Pb* (aq) + 2C1™ (aq) ; CaO(s) + CO,(g) = CaCO,(s) etc.

Expression of K for Equilibrium Reaction
<« Homogeneous equilibria in gases
Example: (i) NHj(aq)+ H,0()) == NHJ (aq) + OH (agq)



(i) 30,(g) = 205(g)

(iif) C3Hg(g) + 50,(g) = 3CO,(g) + 4H,0(g)
Equilibrium constant expression for them are
_ [NH; (ag)][OH " (aq)]

@ K, = [NH. (@0)] ; [1 represents concentration in mol/ litre at equilibrium.
3
2 3 4
iy Kk, =198 g POy Giiy ke, = (€O H 0N oo, “Pio
€ 2
o,  ° P} [C,H,g1{0,]° P P, PS,

Nete: Equilibrium constant for gaseous homogeneous equilibrium can be expressed in two
ways K, and K. This means value of equilibrium constant depends upon choice of standard
state in which concentration of reactants and products are expressed. '

+ Heterogeneous equilibria _
If reactants and product are found in two or more phases, the equilibria describing them is
called heterogeneous equilibrium.

Example: () Agl(s) == Ag " (aq) + I (aq)
(ii) CaO(s) + CO,(g) == CaCO4(s)
(iii) Br, (1) = Bry{g)
Equilibrium expression for them can be written as
. - 1 : 1
() K¢ =[Ag" (eI (aq)] (i) Kp = s Ke =0——
c =lAg (aq q ? ™ Peo, ¢ =G0 @]

(iii) Kp =Py, (g) ;- K¢ =[Bry(g)]

Predicting the Extent of a Reaction
High value of equilibrium constant indicates that product(s) concentration is high and its low
value indicates that concentration of the product(s) in equilibrium mixture is low.
Large value of K, or K (larger than about 10%), favour the products strongly. For intermediate
values of K {approximately in the range of 1073 to 10%), the concentrations of reactants and
products are comparable. Small values of equilibrium constant (smaller than 107%), favour the
reactants strongly. '

Predicting the Direction of the Reaction
For this purpose, we calculate the reaction quotient, Q. The reaction quotient is defined in the
same way as the equilibrium constant (with molar concentrations to give Q., or with partial
pressure to give Qp) at any stage of reaction. For a general reaction
aA + bB == cC +dD
_lerm
ARER
Then, if Q. > K, the reaction will proceed towards direction of reactants.
If Q. <K_, the reaction will move towards direction of the products.
If Q. =K, the reaction mixture is at equilibrium

-+

C




| PROBLEMS IN CHEMISTRY

important Point about Equilibrium Constant-
+ If the reaction is reversed, the value of equilibrium constant is inversed e.g.,
CH3;COO0H(aq) + C,HsOH(agq) = CH,COOC,H; (aq) + H,0(1), Equilibrium constant = K
then for CH;COOC,H;(aq) + H,0(!) = CH,CO0H(aq) + C,H OH(aq), Equilibrium constant = 1/K
+ If the reaction is divided by 2, equilibrium constant is the square root of the original e.g.

for N,(g)+ 3H2(g) 2NH3(g) , Equilibrium constant = K
3

then for =Ny@)+= Hz(g) NH;(g) , Equilibrium constant = vK
If the reaction is multlphed by 2, equilibrium constant is the square of the original.

« If the reaction is written in two steps, equilibrium constant is equal to the product of the
equilibrium constants of the step reactions e. g., if for

N,(g)+ 20,(g) = 2NO,(g), Equilibrium constant = K
and for the same reaction taking place in stepsi.e.,
N,(g)+0,(g) = 2NO(g), Equilibrium constant = K,
and NO(g) + 0,(g) = 2NO,(g), Equilibrium constant = K,
then K=K, xK,
» Effect of temperature: According to van’t Hoff equation , log Ka o —A—H—[MJ
K, 2303R{ TiT,

where K, and K, are the equilibrium constants at temperatures T; and T, respectively and AH
is the molar enthalpy change in the temperature range T, to T,.

For exothermic reaction, as temperature increases K decreases.

For endothermic reaction, as temperature increases K increases.

Relationship Between Degree of Dissociation (o) and Vapour Density
* For dissociation reaction: A, (g) = nA(g)

, . No. of moles dissociated
Degree of dissociation (a) =
Total no. of moles taken

- D - d _ MI.‘ - MO

din-1) My(n-1)

where M, =theoretical (calculated) molecular weight
M, =observed (experimental) molecular weight

D =theoretical vapour density, d = observed vapour density.
n = number of moles of product formed from 1 mole reactant

Density of gas mixture = —

% For polymerization reaction
nA(g) = A,(g), where n-2 2

D-d M, -M,

(2] i

o=
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L.e Chatelier’s Principle

o

-,
o

.,
£

“If a system in equilibrium is subjected to a change-of concentration, temperature or pressure,
the equilibrium shifts in a direction so as to undo the effect of the change imposed.”
Effect of change in concentration on equilibrium
As we add or remove reactant (or product) the ratio of equilibrium concentration become Q'
(reaction quotient) '
Q < K : equilibrium will shift in forward direction.
Q > K : equilibrium will shift in backward direction.
Effect of change in pressure
If a system in equilibrium consists of gases, then the concentrations of all the components can
be altered by changing the pressure. When the pressure on the system is increased, the
volume decreases proportionately. The equilibrium will shift in the direction in which there is
decrease in number of molesi. e., towards the direction in which there is decrease in volume.
Effect of change in pressure on melting point: There are two types of solids:
(i) Solids whgse volume decreases on melting, e.g., ice, diamond, carborundum,
magnesium nitride and quartz.
Solid (higher volume) = Liquid (lower volume)
The process of melting is facilitated at high pressure, thus melting point is lowered.
(ii) Solid whose volume increase on melting, e.g., Fe, Cu, Ag; Au, etc.
Solid (lower volume ) == Liquid Chigher volume)

In this case the process of melting becomes difficult at high pressure, thus melting point’

becomes high.

- Solubility of substances : When solid substance are dissolved in water, either heat is

evolved (exothermic) or heat is absorbed (endothermic).
(i) For endothermic solubility process, solubility increase with increase in temperature.
(ii) For exothermic solubility process, decrease with increase in temperature.
Solubility of gases in liquids : When a gas dissolves in liquid, there is decrease in volume.
Thus increase of pressure will favour the dissolution of gas in liquid. :
Effect of temperature: For endothermic reaction as temperature increases reaction shift in
forward direction. For exothermic reaction as temperature increases reaction shift in
backward direction.
Addition of inert gas
(i) For reactions in which n, =n, there is no effect of adding an inert gas at constant
volume or at constant pressure on the equilibrium.
(i) For reactions in which n, # n,, thereis no effect of adding inert gas on the equilibrium at
constant volume but at constant pressure, equilibrium shifts towards larger mole side.
Applying Le Chatelier’s principle, the favourable conditions for the dissociation of NHj3 by
Haber’s process '
ie., N,(g)+3H,(g) = 2NH,(g), AH =-92.5kJ
are (i) High temperature (ii) Low pressure (iii) Removal of N, and H, (iv) Addition of inert
gas at constant pressure. :

j ciemes covsrn [ - - 3
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+ Physical Equilibrium
Only physical changes are involved.
Example : (i) Solid liquid equilibria
H,0(s) = H,Q() ‘
At equilibrium: Net rate of conversion of ice into water = Net rate of conversion of water into

ice.
For H,0O(]) normal freezing point is 273 K. ’
(ii) Liquid vapour equilibria :

| H,0() = H,0(g) 4
Equilibrium is characterized by constant value of vapour pressure of H,O(l)} at certain
temperature.

For H,0O(!) normal boiling point is 373 K.




. A reversible reaction is one which :

(a) Proceeds in one direction {b) Proceeds in both directions
{c) Proceeds spontaneously (d) All the statements are wrong
. The equilibrium constant K, for the reaction '

P,(g) = 2P,(g)

is 1.4 at 400°C. Suppose that 3 moles of P,(g) and 2 moles of P,(g) are mixed in 2 litre
container at 400°C. What is the value of reaction quotient (Q.)?

(a) g () -g () 1 "~ {d} None of these

. In a chemical reaction equilibrium is established when :

{a) Opposing reaction ceases

(b) Concentrations of reactants and product are equal

(c) Velocity of opposing reaction is the same as that of forward reaction

(d) Reaction ceases to generate heat

. The equilibrium constant for a reaction is K, and the reaction quotient is Q. For a particular

. . . K. .
reaction mixture, the ratio 6 is 0.33. This means that :

(a) the reaction mixture will equilibrate to form more reactant species

(1) the reaction mixture will equilibrate to form more product species

(c) the equilibrium ratio of reactant to product concentrations will be 3

(d) the equilibrium ratio of reactant to product concentrations will be 0.33

. Consider the reaction 280,(g) + O,(g) == 250,(g)forwhich K, = 278 M 1. 0.001 mole of
each of the reagents S0,(g), O,(g) and SO;(g) are mixed in a 1.0 L flask. Determine the
reaction quotient of the system and the spontaneous direction of the system :

(a) Q. =1000; the equilibrium shifts to the right

(b) Q, =1000; the equilibrium shifts to the left

(©) Q. =0.001; the equilibrium shifts to the left

(d) @, =0.001; the equilibrium shifts to the right

. In Q. No. 5, if the mixture of gases was allowed to come to equilibrium. The volume of the
reaction vessel was then rapidly increased by a factor of two. As a result of the change the
reaction quotient (Q,) would :

(a) increase because of the pressure decrease

(b) decrease because of the pressure decrease

(c) remain the same because the equilibrium constant is independent of volume

(d) increase because the reaction is endothermic

. For the reaction A(g) + 3B(g) = 2C(g)at 27°C, 2 moles of A, 4 moles of B and 6 moles of C
are present in 2 litre vessel. If K, for the reaction is 1.2, the reaction will proceed in :

(a) forward direction (b) backward direction

{¢) neither direction (d) none of these
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8. For a reversible gaseous reaction N, + 3H, == 2NH, at equilibrium, if some moles of H,
are replaced by same number of moles of T, (T is tritium, isotope of H and assume isotopes do
not have different chemical properties) without affecting other parameters, then :

(a) The sample of ammonia obtained after sometime will be radioactve.

(b) Moles of N, after the change will be different as compared to moles of N, present before
the change

(c) The value of K, or K, will change
(d) The average molecular mass of new equilibrium will be same as that of old equilibrium
9. For the synthesis of ammonia by the reaction N, + 3H, === 2NH, in the Haber’s process, the
. attainment of equilibrium is correctly predicted by the curve

=
2 H, 8 H,
5 £ 58 N
@ 5[ N—n, OF | G
2 =3 NH,'
8 NH3 [ =y 3
A 8
time —» ' time —»

Molar
concentration —=
i I ZZ
N [.X] I
Ry
Molar
cancentration —
Zz Z
L =
w

(c) (d
Ny
time —» time—»
10. The figure shows the change in concentration of species A and T 0.4 Mbommeeeee 8

‘B as a function of time. L ‘
The equilibrium constant K for the reaction A(g) == 2B(g) = Sl N
is: , E 02Mb-NC
(a) K. >1 (b} K <1 S0t ML T A
(c) K=1 (d) data insufficient ©

Time—»

11. Attainment of the equilibrium A(g) == 2C (g) + B(g) gave the
following graph. Find the correct option. (% dissociation = fraction dissociated x100)

10
T 8
Concentration c
(molefiitre) 4 /.—-
A 2 e B ‘:

t=5sec time —>
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12.

13.

14.

15.

16.

17.

18.

19.

(a) At t =5 sec equilibrium has been reached and K, =40 (mol/titre) 2

(b) Att = 5sec equilibn'um- has been reached and % dissociation of A is 20%
{c) Att = 5 sec equilibrium has been reached and % dissociation of A is 30%
(d) None of these

Using molar concentrations, what is the unit of K_ for the reaction?

CH,OH(g) = CO(g)+ 2H,(g)

(@ M2 (b) M? © M~ () M
What is the unit of K pfor the reaction?

CS,(g) + 4H,(g) <= CH,(g)+ 2H,5(g)

(a) atm (b) atm2? {(c) atm? ' (&) atm™?
What is the equilibrium expression for the reaction P, {s) + 50,(g) = P,0.4(s)
@ K, =[0,]° () K, =[P;0;17 5[P,1[0,]

(©) K, =[P4010) / [P41[0,)° (d) K, =1/[0,1°

At 527°C, the reaction given below has K, =4
1 3
NH;(g) = 3 Na(g)+ 2 H,(g)

What is the K p for the reaction?
N,(g) + 3H,(g) = 2NH,(g)

-2 2
(@) 16x (BOOR)2 (b (@] . © [m] (d) None of these
The equilibrium constant for the reaction N,{(g) +Q,(g) == 2NO(g) at témperature (M is
4%10™*. The value of K, for the reaction NO(g) ‘—_‘%Nz(g)-i-%oz(g) at the same
temperature is :

(a) 4x107* ® 50 (c) 25x10% . (d) 0.02
The equilibrium constant K, for the following reaction at 842°C is 7.90 x 102, What is K p at

same temperature?

1

5 F2 () = FQg)
(a) 8.64x 107 . (b) 8.26x10™* (c) 7.90x 1072 (d) 7.56x 107*
The equilibrium constant K, for the following reaction at 191°C is 1.24. What is K.?

B(s) +-3F2(g) = BE,(g)

(a) 6.7 - (b) 0.61 © 830 (76
For the equilibrium SO,Cl,(g) = S0,(g) + Cl,(g), what is the temperature at which
K, (atm)
e = 3 7
K. (M)

. (@) 0027 K M) 036 K (c) 3654 K (d) 273K



20.

21.

22,

23.

24.

25.

26.

27,
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For the reversible reactioh,
N,(g) + 3H,(g) = 2NH;(g}

at 500°C, the value of K , is 1.44x 107° when partial pressure is measured in atmospheres. The

corresponding value of K, with concentration in mole litre ™!, is:

(a) 1.44x 10°/(0.082 x 500)~2 (b) 1.44x 107°/(8.314x 773) 2
(€) 1.44x 107°/(0.082 % 773)? (d) 1.44x 107°/(0.082 x 773)2

For the reaction CO(g) + Cl,{g) = COCl,(g) the value of E—C is equal to :
‘ p

(a) vET (b) RT © i;f @ 1.0

The concentration .of a pure solid or liquid phase is not included in the expression of
equilibrium constant because :

(a) solid and liguid concentrations are independent of their quantities.

(b) solids and liquids react slowly.

(c) solids and liquids at equilibriumn de not interact with gaseous phase.

(d) the molecules of solids and liquids cannot migrate to the gaseous phase.

A catalyst is a substance which :

{a) increases the equilibrium concentration of the product.

{b) changes the equilibrium constant of the reaction.

(c) shortens the time to reach equilibrium.

(d) supplies energy to the reaction.

What will be the effect on the equilibrium constant on increasing temperature, if the reaction
neither absorbs heat nor releases heat?

(a) Equilibrium constant will remain constant.

(b) Equilibrium constant will decrease.

(c) Equilibrium constant will increase.

(d) Can not be predicted.

The equilibrium constant for the reaction N, (g) + O,(g) = 2NO(g)is 4 x 10"* at 200K. In
presence of a catalyst, equilibrium is attained ten times faster. Therefore, the equilibrium
constant in presence of the catalyst at 200 K is :

(a) 40x 107% (b) 4x 10~

(©) 4x1073 (d) difficult to compute without more data
For the reaction H,{g) + I;(g) = 2HI(g), the equilibrium constant changes with :

(a) total pressure (b) catalyst

(c) concentration of H, and [, (d) temperature

Consider the reactions -

() 2CO(g) + 2H,O(g) = 2C0,(g) + 2H,(g); Eqm. Constant =K

(i) CH,(g) + H,0O(g) = CO{g) + 3H,(g); Eqm. Constant =K,



28.

29.

30.

31.

32.

@ K? ®) = © = @

iii) CH,(g) + 2H,0(g) = CO,(g) + 4H,(g); Eqm. Constant =K
Which of the following relation is cotrect? .

2
{a) K3='_ ® K3=*I£12‘
2 2

For the reaction 2NO,(g) + %O .(g8) == N,05(g), if the equilibrium constant is K ps then the

() K3 ZKlki ‘ (d) K‘s :\/Kil'Kz

equilibrium constant for the reaction 2N,0;{g) 4N02(g) + 0, (g) would be :
1 1

p K} K,
The equilibrium constant (K, ) for the reaction

2HCl(g) = H,(g) +Cl,{g)

is 4x 107%* at 25°C. What is the equilibrium constant for the reaction?
1 1
EHz(g) + EC12(3) = HCl(g)

(a) 2x 10717 " (b) 2.5%10% (c) 5x10% - {d) None of these

At a certain temperature, the following reactions have the equilibrium constants as shown
below: '

S(s) + 0,(g) = SO0,(g); K, =5x10%
25(s) + 30,(g) = 280,(g); K, =10% -
What is the equilibrium constant K, for the reaction at the same temperature ?
250,(g) +0,(g) = 280;(g)
(a) 2.5x 107 (b) 4x10% (o) 4x 10777 (d) None of these

Consider the following gaseous equilibria given below :
() N, + 3H, <> 2NHj;; Eqm. Constant =K,
(I} N, +0, = 2NO; Fqm. Constant =K,

(ux) H, +%02 == H,0; Eqm. Constant =K, 5

The equilibrium constant for the reaction, 2NH, + goz = 2NO+ 3H,Ointerms of K, K5
and K, will be :

K.K3
(a) K1K2K3 (b) 23

2
KKy o KiKs Ly Xk
K ' K, K,
In the reaction X(g) + Y(g) == 2 Z(g), 2 mole of X, 1 mole of Y and 1 mole of Z are placed

in a 10 litre vessel and allowed to reach equilibrium. If final concentration of Z is 0.2 M, then.'

K_ for the given reaction is :

(a) 1.60 (b) 80 (c) 1—36 (d) None of these

3
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33. An equilibrium mixture of the reaction 2H,S(g) = 2H,(g) +S;(g) had 0.5 mole H,S, 0.10
moIele and 0.4 mole S, in one litre vessel. The value of equilibrium constant (K) in mol
litre™ is :

(a) 0.004 (b) 0.008 (c) 0.016 (d) 0.160 .

'34. Given [(CS,1=0.120M,[H,]=0.10, [H,5]=0.20 and [CH,]=840x10° M for the

g following reaction at 900°C, at eq. Calculate the equilibrium constant (K )

CS,(g) +4H,(g) = CH,4(g) + 2H,S(g)

(a) 0.0120 (®) 0.0980 (c) 0.280 ~ (d) 0.120
35. The equilibrium constant for the following reaction is 10.5 at 500 K. A system at equilibrium
has [CO] = 0.250 M and [H,] = 0.120 M. What is the [CH,OH]
CO(g) + 2H,(g) = CH;0H(g)

" (a) 0.0378 (b) 0.0435 (c) 0.546 (d) 0.0499
36. When sulphur (in the form of S4) is heated at temperature T, at equilibrium, the pressure of S
falls by 30% from 1.0 atm, because S4(g) is partially converted into S,(g).
Find the value of K, for this reaction. .
(a) 2.96 (b) 6.14 (c) 204.8 {d) None of these
37. 9.2 grams of N,0,(g) is taken in a closed one litre vessel and heated till the following
equilibrium is reached N,0,(g) === 2NO,(g)
.- At equilibrium, 50% N ,0, (g) is dissociated. What is the equilibrium constant (in mol litre ~1)
(molecular weight of N,0, =92)
(a) 0.1 (b 04 (©) 0.2 (d) 2
38. Two moles of NH; when put into a previously evacuated vessel (one litre), partially
dissociated into N, and H,. If at equilibrium one mole of NH, is present, the equilibrium
constant is :
(a) 3/4 mol’litre?  (b) 27/64 mol2litre (c) 27/32 molZlitre 2 (d) 27/16 mol 2litre 2
39. In the presence of excess of anhydrous SrCl,, the amount of water taken up is governed by
K, =10" atm™ for the following reaction at 273 K

SICl, - 2H,0(s) + 4H,0(g) == SrCl, - 6H,0(s)

What is equilibrium vapour ptessure (in torr) of water in a closed vessel that contains
SrCl, - 2H,0(s)? .
(a) 0.001 torr (b) 103 torr (©) 0.76 torr (d) 1.31 torr

40. CusO 4 - SH,0(s} == CuSQ, - 3H,0(s) + 2H,0(g); K p = 4% 10~ atm?2. If the vapour pressure
of water is 38 torr then percentage of relative humidity is : (Assume all data at constant
temperature) '
(a) 4 (b) 10 (c) 40 (d) None of these

41. NH, HS(s) = NH,(g)+ H,S(g) '

. The equilibrium pressure at 25°C is 0.660 atm. What is K p for the reaction?
(a) 0.109 (b} 0.218 (c) 1.89 (d) 218
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42. For the reaction 2A(g) = B(g) + 3C(g), at a given temperature, K, = 16. What must be the
volume of the flask, if a mixture of 2 mole each of A, B and C exist in equilibrium?
(@) % o) -12- © 1 (d) None of these

43. One mole of pure ethyl alcohol was treated with one mole of pure acetic acid at 25°C.
One-third of the acid changes into ester at equilibrium. The equilibrium constant for the
reaction will be :

@% w2 © 3 ) 4

44. l,(ag) + I (ag) = I3(aq). We started with 1 mole of I; and 0.5 mole of I” in one litre flask.

After equilibrium is reached, excess of AgNO, ‘gave 0.25 mole of yellow precipitate.
Equilibrium constant is :
{a) 1.33 {(b) 2.66 (c) 2.0 ' (d) 3.0

45. At 87°C, the following equilibrium is established. :

H,(g) +5(s) == H,5(g); K =008

1f 0.3 mole hydrogen and 2 mole sulphur are heated to 87°C in a 2 L vessel, what will be the

concentration of H,S at equilibrium?

(a) 0.011 M (by 0.022 M () 0.044 M (d) 0.08 M .
46. In the equilibrium 280,(g) + 0,(g) > 250,(g), the partial pressure of SO;, O, and SO,

are 0.662, 0.10 and 0.331 atm respectively. What should be the partial pressure of oxygen so

that the equilibrium concentrations of SO, and SO; are equal?

(a) 0.4 atm {b) 1.0 atm () 0.8 atm (d) 0.25 atm

47. When heated, ammonium carbamate decomposes as follows : -,

NH,COONH,(s) == 2NH,(g) + CO,(g)

At a certain temperature, the equilibrium pressure of the system is 0.318 atm. K, for the

reaction is :

(a) 0.128 (b) 0.426 (c) 4.76x 107 (d) None of these
48. Inasystem A(s) = 2B(g) + 3C(g), if the concentration of C at equilibrium is increased by a

factor of 2, it will cause the equilibrium concentration-of B to change to :

(a) two times the original value (b) one half of its original value
(€ 242 times to the original value {d) ﬁ_z— times the original value

49. ‘A +B==C +D. If finally the concentration of A and B are both equal but at equilibrium
concentration of D will be twice of that of A then what will be the equilibrium constant of
reaction ?

4 .9 1
- b) = — d
(3)9 (b) (C)g d 4

50. The equilibrium constant K. for the reaction S0,(g) + NO,(g) = S0;(g) + NO(g)is 16. If
1 mole of each of all the four gases is taken in 1 dm? vessel, the equilibrium concentration of

NO would be :
(a) 04 M (b) 0.6 M {c) 14 M (d 1.6 M
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On intreasing the temperature, the rate of a reaction :

(a) always increases

(b) always decreases

(c) first increases and then decreases

(d) may increase or decrease depending upon the nature of the reaction
A catalyst increases the rate of a reaction by :

(a} increasing the activation energy of the reaction

(b) increasing the value of rate constants (k; and k;)

(c) increasing the enthalpy change of the reaction

(d) decreasing the enthalpy change of the reaction

At a certain temperature, only 50% HI is dissociated at equilibrium in the following reaction :

2HI(g) == H,{g) + L,(g)

The equilibrium constant for this reaction is :
(a) 0.25 (b) 1.0 (¢) 3.0 (d) 0.5
The equilibrium constant K p for the reaction

H,(g) + CO,(g) == H,0(g) + CO(g)

is 4.0 at 1660°C. Initially 0.80 mole H, and 0.80 mole CO, are injected into a 5.0 litre flask.
What is the equilibrium concentration of CO 2(g)? :

‘(a) 0.533 M (b) 0.0534 M () 0.535 M (d) None of these

At 273 K and 1 atm, 10 litre of N,0, decomposes to NO, according to equation
N,0,(g) = 2NO,(g)

What is degree of dissociation () when the original volume is 25% less than that of existing
volume?

(a) 0.25 (b) 0.33 (c) 0.66 {d) 0.5

The equilibrium constant for the reaction CO(g) + H,0(g) = CO,(g) + Hy(g) is 5. How
many moles of CO, must be added to 1 litre container already containing 3 moles each of CO
and H,0 to make 2M equilibrium concentration of CO?

(@) 15 (b) 19 {c) 5 (d} 20

A nitrogen-hydrogen mixture initially in the molar ratio of 1 : 3 reached equilibrium to form
ammonia when 25% of the N, and H, had reacted. If the total pressure of the system was 21
atm, the partial pressure of ammonia at the equilibrium was : ’

{a) 4.5 atm (b} 3.0 atm {(c) 2.0 atm (d) 1.5 atm

Ammonia under a preésure of 15 atm at 27°C is heated to 347°C in a closed vessel in the
presence of a catalyst. Under the conditions, NH; is partially decomposed according to the
equation, : .

2NH; == N, + 3H, the vessel is such that the volume remains effectively constant where as
pressure increases to 50 atm. Calculate the percentage of NH, actually decomposed :

(a) 65% (b)) 61.3% (c) 62.5% (d) 64%
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0.1 mole of N,0,(g) was sealed in a tube under one atmospheric conditions at 25°C.
Calculate the number of moles of NO,(g) present, if the equilibrium N,0,(g) == 2NO,(g)

(K p = 0.14) is reached after some time :

() 1.8x 107 (b) 28x 10 (c) 0.034 (d) 28x 107

5 moles of SO, and 5 moles of O, are allowed to react. At equilibrium, it was found that 60%
of SO, is used up. If the pressure of the equilibrium mixture is one atmosphere, the partial
pressure of O, is:

{a) 0.52 atm (b) 0.21 atm (c) 0.41 atm (d) 0.82 atm

N,(g) + 3H,(g) = 2NH,(g) _ . ' )
For the reaction initially the mole ratio was 1 : 3 of N, : H,. At equilibrium 50% of each has
reacted. If the equilibrium pressure is B the partial pressure of NH, at equilibrium is :

P P P T @?
(a) 3 (b} ” (©) g (d) 3

2.0 mole of PC.I5 were introduced in a vessel of 5.0 L capacity of a particular temperature. At
equilibrium, PCl; was found to be 35% dissociated into PCl, and Cl,. The value of K, for the
reaction

PCl,(g) + Cl,(g) = PCl,(g)

(a) 1.89 (b} 0.377 (c) 1.33 (d) 13.3
At certain temperature compound AB,(g) dissociates according to the reaction

2AB,(g) = 2AB(g) + B,;(g)

With degree of dissociation o, which is small compared with unity. The expression of K ,, in
terms of a and initial pressure P is :
3 .2 3 2
a P a Py
a) P b}y — c) p— (d
(@ 5 (b) 3 (© 3 y Y

For the reaction
H,(g)+CO,(g) == CO(g) + H,0(g). If the initial concentration of [H,]=[CO,]} and x
moles/litre of hydrogen is consumed at equilibrium, the correct expression of K, is :
x? 1+ x)° x? x?
(a) 1 (b 5 ¢ > ‘ @ 5
1-x) (1-x) (2+x) 1-x :
If Dy and D, are the theoretical and observed vapour densities at a definite temperature and o
be the degree of dissociation of a substance. Then, a. in the terms of Dy, D7 and n (number of
moles of products formed from 1 mole reactant) is calculated by the formula :
- - - D-D

(a)a:M (b)a:M (C)FM (d ag=—"7

(1-n)D; (n-1)Dy, {n-1)D, (n -1) Dy
For the dissociation of PCl; into PCl. and Cl, in gaseous phase reaction, if d is the observed
vapour density and D the theoretical vapour density with ‘a’ as degree of dissociation.
Variation of D/d with ‘o’ is given by which graph? :
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-~ equilibrium mixture of N,0, and NO, at 27°C and 1 atm?

68.

46 | 7 - Il prosLens (v cremsTry

(a) * )] u‘ i © “ (d) None of these

R-*—) -_— R-}
d d d

Q

At 27°C and 1 atm pressure, N,O, is 20% dissociation into NO,. What is the density of

(a) 3.11 g/litre ) 2.11 g/lite {c) 4.5 g/litre {d) None of these
COCl, gas dissociates according to the equation, COCl,(g) == CO(g) + Cl,(g). When

heated to 700 K the density of the gas mixture at 1.16 atm and at equilibrium is 1.16 g/litre.
The degree of dissociation of CO, at 700 K is :

© (a) 0.28 (b) 0.50 (c) 0.72 ' (d) 0.42

69.

70.

71.

72.

73.

The degree of dissociation of 1, molecule of 1000°C and under atmospheric pressure is 40% by
volume. If the dissociation is reduced to 20% at the same temp. total equilibrium pressure on
the gas is :
(a) 1.57 atm (b) 2.57 atm (¢} 3.57 atm (d) 4.57 atm
Determine the value of equilibrium constant (K, ) for the reaction
A2(g) + By(g) = 2AB(R)

If 10 moles of A,; 15 moles of B, and 5 moles of AB are placed in a 2 litre vessel and allowed to
come to equilibrium. The final concentration of AB is 7.5 M : _
{a) 4.5 . (b) 1.5 (c) 0.6 . (d) None of these
At 87°C, the followmg equilibrium is established '

Hy(g) +S(s) = Hp8(g); K, =7x1072

if 0.50 mole of hydrogen and 1.0 mole of sulphur are heated to 87°C in 1.0 L vessel, what will
be the partial pressure of H,S$ at equilibrium?

(a) 0.966 atm (b) 1.38 atm (c) 0.0327 atm (d) 1 atm

Pure PCl; is introduced into an evacuated chamber and comes to equilibrium at 247°C and 2.0
atm. The equilibrium gaseous mixture contains 40% chlorine by volume.

Calculate K, at 247°C for the reaction

PCls(g) = PCl,(g) + Cl,y(g)

“(a) 0.625 atm (b) 4 atm (c) 1.6 atm (d) None of these

For the reaction
Sn0,(s) + 2H,(g) = 2H,0(g) + Sn(l)

calculate K, at 900 K, where the equilibrium steam-hydrogen mixture was 45% H, by
volume :

(a) 1.49 (b} 1.22 (c) 0.67 {d) None of these
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For the reaction XCO4(s) == XO(s) + CO,(g), K, =1.642 am at 727°C. If 4 moles of

XCO4(s) was put into a 50 litre container and heated to 727°C.
What mole percent of the XCO, remains unreacted at equilibrium?
(a) 20 {(b) 25 (c) 50 (d) None of these
Fe,0,(s) may be converted to Fe by the reaction
Fe,04(s) + 3H,(g) = 2Fe(s) + 3H,0(g),

for which K, = 8 at temp. 720°C. e
What percentage of the H, remains unreacted after the reaction has come to equilibrium?
(a) =22% (b) = 34% {c} = 66% (d} =78%

AB,(g) is dissociates as AB,(g) == ABy(g)+ %’Bz(g).

When the initial pressure of AB, is 800 torr and the total pressure developed at equilibrium is
900 torr. What fraction of AB;(g) is dissociated?
(a) 10% (b) 20% (c) 25% (d) 30%
At 1000 K, a sample of pure NO, gas decomposes as :

2NO,(g) = 2NO(g) + 0,(g)

The equilibrium constant K , is 156.25 atm. Analysis shows that the partial pressure of 0, is
0.25 atm at equilibrium. The partial pressure of NO, at equilibrium is :
(a) 0.01 (b} 0.02 (c) 0.04 (d) None of these

Pure nitrosyl chloride (NOCI) gas was heated to 240°C in a 1.0 L container. At equilibrium the total
pressure was 1.0 atm and the NOCI pressure was 0.64 atm. What would be the value of K ,?

(2) 1.02 atm (b) 16.875x 107 at
(c) 16x 102 (d) None of these
At a certain temperature the equilibrium constant K is 0.25 for the reaction
A,(g)+By(g) = Chlg)+ D,(g)
If we take 1 mole of each of the four gases in a 10 litre container, what would be equilibrium
concentration of A,(g)?
(a) 0.331 M (b) 0.033 M (c) 0.133 M {d) 1.33 M
At 200°C PCl; dissociates as follows :
PCl;(g) = PCl;(g) +Cl,(g)
It was found that the equilibrium vapours are 62 times as heavy as hydrogen. The degree of
dissociation of PCl; at 200°C is nearly : :
(a) 10% (b) 42% (c) 50% (d) 68%
For the dissociation reaction N,0,(g) = 2NO,(g), the degree of dissociation (o) in terms
of K, and total equilibrium pressure P is '

(a) a= w (b) a = —KP— () a= K—P (d)} None of these
VK, V4P + K, \ 4P

-
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The graph which represents all the equilibrium concentrations for the reaction
Then the select the correct graph for concentrations of NO, against concentrations of NO,

@) 3 | @li @H @ 3
Z =

[NoOg] ~—> [NOg ] —> [N.Oy] —> {N2O;] —>

The vapour pressure of mercury is 0.002 mim Hg at 27°C. K, for the process Hg(l) == Hg(g)
is :
(a) 0.002 (b) 8.12x 107 (c) 6.48x 107° (d) 1.068 x 1077
Calculate the equilibrium constant (K ) for the reaction below if they are present at
equilibrium 5.0 mole of A,, 3 mole of B, and 2 mole of AB, at 8.21 atm and 300 K

A,(g) + 2B,(g) == 2AB,(g) + Heat

(a) 1.333° (b) 2.66 {c) 20 (d) None of these
For the reaction (1) and (2)
| Ag) = B(g)+C(g) L
- X(g) = 2¥(g) (2)
Given, Kp :Kp =9:1
If the degree of dissociation of A(g) and X(g) be same then the total pressure at equilibrium
(1) and (2) are in the ratio :
(a) 3:1 (b) 36:1 _ x1:1 (d0o5:1
Given the following reaction at e.quilibrium N,(g) + 3H,(g) = 2NH,(g). Some inert gas

at constant pressure is added to the system. Predict which of the following facts will be
affected? A

(a) More NH;(g) is produced (b) Less NH;(g) is produced

(c) No affect on the equilibrium (d) K, of the reaction is decreased

Change in volume of the system does not alter the number of moles in which of the following
equilibrium :

(a) N,(g) +0,(g) = 2NO(g) (b) PCl5(g) = PCl,(g) +Cl,(g)

() Ny(g)+ 3H,(g) == 2NH,(g) (d) 50,Cl,(g) == 50,(g) +Cl,(g)
For the reaction :
Ny(g)+3H,(g) = 2NH,(g); AH =-93.6kJ mol’!

the number of moles of H, at equilibrium will increase if ;
(a) volume is increased (b) volume is decreased
(c) argon gas is added at constant volume (d) NH; is removed
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The volume of the reaction vessel containing an equilibrium mixture is increased in the
following reaction
S0,Cl,(g) == S0,(g)+Cl(g)

When equilibrium is re-established :

(a) the amount of Cl,(g) remains unchanged

(b) the amount of Cl,(g) increases

(c) the amount of SO,Cl,(g) increases

{d) the amount of SO, (g) decreases

Some inert gas is added at constant volume to the following reaction at equilibrium
NH,HS(s) = NH3(g) + H,S(g)

Predict the effect of adding the inert gas :

(a) the equilibrium shifts in the forward direction

(b) the equilibrium shifts in the backward direction

(c) the equilibrium remains unaffected

(d) the value of K, is increased

Consider the reaction where K, = 0.497 at 500 K

PCl; (g) == PCl;3(g) +Cl,(g)

If the three gases are mixed in a rigid container so that the partial pressure of each gas in

92.

93.

initially 1 atm. Which is true ?

{a) More PCl; will be produced

{b) More PCl; will be produced

(c) Equilibrium will be established when 50% reaction is complete

(d) None of the above

The preparation of 50;(g) by TEACHON  y~- 4w = wwyswaey

50,(2) + %Oz(g) = $0,(g) is an exothermic reaction. If the °_ s0f =« - @ ii

preparation follows the following temperature-pressure ’

relationship for its % yield, then for temperatures T;, T, and Ts.
The correct option is :
@ T;>T,>T

e

() Ty >T, >1; L COL T e %

()T, =T, =T; 3’ P I 3 4;

(d) Nothing could be predicted about temperature through given { * -zPressure (atm)
information

An equilibrium mixture at 700 K of 0.05M N,(g), 0.3M H,(g) and 0.2M NH;(g)is present in
a container. Now if this equilibrium is disturbed by adding N,(g) so that its concentration
becomes 0.15M just after addition then which of the following graphs represents the above
situation more appropriately:
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In a vessel containing N,, H, and NH, at equilibrium, some helium gas is introduced so that
total pressure increase while temperature and volume remain constant. According to Le
Chatelier’s principle, the dissociation of NHj, :

(a) increases {(b) decreases

(c) remains unaltered . (d) changes unpredictably
Le-Chatelier principle is not applicable to :

(a) Hy(g) +I,(g) = 2HI(g) (b) Fe(s) + S(s} = FeS(s)

() N,(g)+ 3H,(g) = 2NH,(g) (d) N,(g) +0,(g) = 2NO(g)

Consider the following reactions. In which cases is the product formation favoured by
decreased pressure?

(1) CO,(g) +C(s) = 2CO(g);, AH°=+1725k)

(2) Ny(g) + 3H,(g) = 2NH,(g); AH°=-91.8kJ

(3) N,(g) +0,(g) = 2NO(g); AH°=181kJ

(4) 2H,0(g) = 2H,(g) +O0,(g); AH°=484.6k]

(@) 2,3 () 3,4 © 2,4 d 1,4

Consider the following reactions. In which cases is product formation favoured by decreased
temperature?

(1} N,(g) +0,(g) = 2NO(g); AH®=181kJ

(2) 2C0,(g) = 2C0(g) +0,(g); AH°=566kJ

(3) Ha(g) +1,(g) = 2HIg); AH® =-9.4kJ

(4) Hy(g) + F(g) = 2HR(g); AH® = ~541 kJ

@ 1,2 (b) 2 only () 1,2, 3 (d 3, 4

)
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For which of the following reactions is product formation favoured by low pressure and high
temperature? -

(a) Hy(g) + I,(g) = 2HIg); AH°=-9.4KkJ
(b) CO,{g) +C(s) = 2CO(g); AH®° =172.5kJ
() CO(g) + 2H,(g) = CH,OH; AH® =-21.7 kJ
(d) 30,(g) == 20,(g); AH° =285 kJ

For which of the following reaction is product formation favoured by low pressure and low
temperature? '

(a) CO,(g)+C(s) == 2CO(g); AH?=172.5kJ
(b) CO(g) + 2H,(g) == CH,OH;  AH°=-217KJ
(@) 20;(g) = 30,(8); AH® = —285 kJ
(d) Hy(g) + F,(g) = 2HF(g); AH®=-541kJ
Consider the following reactions at equilibrium and determine which of the indicated changes

will cause the reaction to proceed to the right.
(1) CO(g) + 3H,(g) = CH,(g)+ H,0(g) (add CH,)

(2) N,(g)+3H,(g) = Z2NH,(g) (remove NH,)

(3) Hy(g) + F,(g) = 2HF(g) (add F,)

(4) BaO(s) + SO4(g) = BaS0,(s) {add BaO)

(@) 2,3 b 1, 4 () 2,4 (@ 2,3, 4

If the pressure in a reaction vessel for the following reaction is increased by decreasing the

volume, what will happen-to the concentrations of CO and CO,?
H,0(g) + CO(g) = H,(g) +CO,(g) + Heat

(a) both the [CO] and [CO,] will decrease -
(b) neither the [CO] nor the [CO,] will change
(c) the [CO] will decrease and the [CO,] will increase
(d)} both the [CO] and [CO,] will increase
Consider the following reaction and determine which of the conditions will shift the
equilibrium position to the right?
4NH,4(g) + 50,(g) = 4NO(g) + 6H,0(g) + Heat

(a) increasing the temperature (b) increasing the pressure
(¢) adding a catalyst (d) none of the above is correct
The conversion of ozone into oxygen is exothermic. Under what conditions is ozone the most

stable?

+205(g) == 30,(g)
(a) At low pressure and low temperature (b) At high pressure and high temperature
(c) At high pressure and low temperature  (d) At low pressure and high temperature
A system at equilibrium is described by the equation of fixed temperature T

SO,Cl,(g) = 50,(g) +Cly(g)

What effect will an increases in the total pressure caused by a decrease in volume have on the
equilibrium?

T -] B
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(a) Concentration of $O,Cl,(g) increases  (b) Concentration of S0, (g) increases
(¢) Concentration of Cl,(g) increases (d) Concentration of all gases increases
The reaction 2NO,(g) = N,0,(g) is an exothermic equilibrium. This means that :
(a) equilibration of this gas mixture will be slower at high temperature

(b) a mole of N,0, will occupy twice the volume of a mole of NO, at the same

{c) the-equilibrium will move to the right if an equilibrium mixture is cooled

{(d) the position of equilibrium will move to the left with increasing gas pressure
Densities of diamond and graphite are 3.5 and 2.3 gm/ml.

C (diamond) == C (graphite); A H =-1.9kJ/mol

favourable conditions for formation of graphite are :

(a) high pressure and low temperature (b} low pressure and high temperature
(c) high pressure and high temperature (d) low pressure and low temperature
For an equilibrium H,0(s) = H,0(0), which of the following statements is true?

(a) The pressure changes do not affect the equilibrium

{b) More of ice meits if pressure on the system is increased

(c) More of liquid freezes if pressure on the system is increased

(d) The pressure changes may increase or decrease the degree of advancement of the process

A pressure cooker reduces cooking time for food because:
(a) the higher pressure inside the cooker crushes the food material

(b) cocking involves chemical changes helped by a rise in temperature
(c) heat is more evenly distributed in the cooking space
{d) boiling point of water involved in cooking is increased

The vapour pressure of a liquid in a closed container depends on :

(1) remperature of liquid

(2) quantity of liquid

(3) surface area of the liquid

(a) 1 only (b) 2 only (c) 1 and 3 only (d) 1,2and 3
The pressure on a sample of water at its triple point is reduced while the temperature is held
.constant. Which phases changes are favoured?

(I) melting of ice

(I) sublimation of ice

(1) vaporization of liquid water

(a) 1 only (b) 111 only {c) I only (d) I and 1II
An exothermic reaction is represented by the graph :

}

InKp
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113. A schematic plot of In K, versus inverse of temperature for a reaction is shown below
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the reaction must be :

(a) Exothermic

(b) Endothermic

(c) One with negligible enthalpy change

{d) Highly spontaneous at ordinary temperature .
114. What is the correct relationship between free energy change and equilibrium constant of a

reaction :
(a) AG°=RT InK {(b) AG°=-RT InK
(c) AG=RTInk (d) AG=-RTInK

115, For the chemical equilibrium CaCO4(s) = CaO(s) + COz(g) AH can be determined from
which one of the following plots ?

\ (b)

AT T logoT.
116. K, has the value of 107 atm® and 107 atm?® at 298 K and 323 K respectively for the reaction

. CuS0, -3H,0(s) = CuSO,(s) + 3H,0(g)

pc02’P0

(a) (d)

l0g10 (Peo,PY) &

I0g1g (Pco,P")
—
2

In (pcosz%

A H® for the reaction is : )
(a). 7.7 kJ/mol (b) —147.41 kJ/mol
(c) 147.41 kJ/mol (d). None of these
117. van’t Hoffs equation shows the effect of temperature on equilibrium constants K. and K ,.The
K, varies with temperature according to the relation : :

K o (T, - | K o (T, -
(a) log P2 = AH® [T -T) (b) log P2 = AH® [T, -1
K, 2303R| T, K, 2303R| T,
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K ° -
(c) log 2 = LE° [h-Tp (d) None of these
K, 2303R\ T, A

For a reaction, the value of K, increases with increase in temperature. The A H for the reaction
would be :

(a) positive (b) negative

(c) zero (d} cannot be predicted

The most stable oxides of nitrogen will be :
(@) 2NO,(g) = N,(g) +20,(g); K =6.7x10" mol L™

(b) 2N,05(g) == 2N,(g) + 50,(g); K =1.2x 10%* mol® L5
(c) 2NO(g) == N,(g) +0,(2): K =22x10%
(d) 2N,0(g) == 2N,{(g) +0,(g); K =3.5x10% mol L}

. When 1 mole of pure ethyl alcohol (C,H;OH) is mixed with 1 mole of acetic acid at 25°C, the

equilibrium mixture contains 2/3 mole each of ester and water .
C,H OH(D) + CH,COOH() = CH3COOC2H5(I) +H,0
The A G° for the reaction at 298 K is :

. {a) 34357 (b) 4J {c) -34351 (d) Zero
121. The value of A G for a reaction'in aqueous phase having K . =1, would be :
(a) -RT (b) -1 (© 0 (d) +RT
122. A plot of Gibbs energy of a reaction mixture against the extent of the reaction is :
(a) minimum at equilibrium (b) zero at equilibrium
(¢) maximum at equilibrium (d) None of these
123. For the reaction at 300 K

124,

125.

Ag) = V(g)+S(g) .
A H®=-30ki/mol, A,5°=-0.1kJ.K™'.mol™?
What is the value of equilibrium constant?
(a) 0 1 (c) 10 (d) None of these
Solid Ca(HCO;), decomposes as
Ca(HCO;),(s) == CaCO,(s) + CO,(g) + H,0(g)

If the total pressure is 0.2 bar at 420 K, what is the standard free energy change for the gwen
reaction (A,G°)?

(a) 840 ki/mol (b) 3.86 ki/mol (c) 6.98 kJ/mol (d) 16.083 kJ/mol
The standard free energy change of a reaction is AG®= -115 kJ at 298 K. Calculate the value
of log;o K, (R = 8314 JK™ mol™)

(a) 20.16 (b) 2.303 (c) 2.016 v (d) 13.83



CHEMICAL EQUILIBRIUM] T T ——— - ———— - 255_.__.__.,:

_-;I;.;;e_-v,.-ﬁe.»l 2

1. The following equilibrium constants were determined at 1120 K :
200(g) == C(s) + CO,(g); K, =107 atm™

CO(g) +Cl,(g) = COClL,(g); K, =6x107 atm™
What is the equilibrium constant K for the following reaction at 1120 K :
C(s) +CO,(g) + A,(g) == 2COCL (5
(@) 3.31x10"" M~  (b) 55x10° M (&) 551x10°M™'  (d) None of these

2. One mole of N,(g) is mixed with 2 moles of H,(g) in a 4 litre vessel. If 50% of N,(g) is
converted to NH,(g) by the following reaction :
N,(g) + 3H,(g) == 2NH;(g)

What will be the value of K, for the following equilibrium?
1 3
NHy(g) = ~Ny(@) + 2 Hy(®)

(a) 256 ®) 16 © 113 (d) None of these
4 mole
3. @ 82
1 litre 3 litre
Cat27r°c at 27*'C

The gas A, in the left flask allowed to react with gas B, present in right flask as
A,(g) + By(g) = 2AB(g); K, =4 at 27°C. What is the concentration of AB when

equilibrium is established?
(a) 1.33 M (b) 2.66 M {¢) 0.66 M (d) 0.33 M
4. Assume that the decomposition of HNO, can be represented by the following equation
4HNO,;(g) = 4NO,(g) + 2H,0(g) + 0,(g)
and the reaction approaches equilibrium at 400 K temperature and 30 atm pressure. At
equilibrium partial pressure of HNO, is 2 atm.
Calculate K, in (mol/L)? at 400 K :
(Use : R = 0.08 atm-L/mol-K)
(a) 4 (b) 8 () 16 (d) 32
5. For the equilibrium
LiCl- 3NH,4(s) == LiCl-NH;(s) + 2NH;(g);
K,=9 atm? at 37°C. A 5 litre vessel contains 0.1 mole of LiCl - NH ;. How many moles of NH;
should be added to the flask at this temperature to derive the backward reaction for
completion?

Use : R =0.082 atm-L/mol K .
(a) 0.2 (b} 0.59 (¢} 0.69 (d) 0.79

I



6. Ammonium carbamate dissociates as
: NH,COONH,(s) = 2NH;(g)+ CO,(g)

In a closed vessel containing ammonium carbamate in equilibrium, ammonia is added such
that partial pressure of NH; now equals to the original total pressure. Calculate the ratio of
partial pressure of CO, now to the original partial pressure of CO, :

4 2
o) — ) £
(@) 4 (b) 9 ()9 ()9

7. For the reaction C,Hg(g) = CyH,(2) + Hy(g)
K,is5«x 107* atm. Calculate the mole per cent of C ,He(g) at equilibrium if pure C,Hy at 1
atm is passed over a suitable catalyst at 900 K :
(a) 20 (b) 33.33 {c) 66.66 (d) Norne of these

8. 2ZNOBr(g) == 2NO(g) + Bry(g). If nitrosyl bromide (NOBr) is 40% dissociated at certain
temp. and a total pressure of 0.30 atm. K p for the reaction 2NO(g) + Bry(g) = 2NOBr{(g)
is:

(a) 45 (b) 25 (c) 0.022 (d) 0.25

9. Consider the partial decomposition of A as

2A(g) = 2B(g) +C(g)

~ At equilibrium 700 mL gaseous mixture contains 100 mL of gas C at 16 atm and 300 K. What is
the value of K, for the reaction?

40 1 10 28
10. Ata certain temperature and 2 atm pressure equilibrium constant (K »)1is 25 for the reaction
50,(g) + NO,{g) = S04(g) + NO(g)
Initially if we take 2 moles of each of the four gases and 2 moles of inert gas, what would be
- the equilibrium partial pressure of NO,?
(a) 1.33 atm (b} 0.1665 atm (c) 0.133 atm (d) None of these
11. 0.020 g of selenium vapour at equilibrium occupying a volume of 2.463 mL at 1 atm and 27°C.
The selenium is in a state of equilibrium according to reaction
3Se,(g) = Sey(g)
What is the degree of association of selenjum?
(At. wt. of Se =79)
(a) 0.205 (t) 0.315 (¢} 0.14 (d) None of these
12. Determine the degree of association (polymerization) for the reaction in aqueous solution
6HCHO == C H;,0,
. If observed (mean) molar mass of HCHO and C¢H,,0 is 150 :
(a) 0.50 (b} 0.833 (c) 0.90 (d) 0.96
13. Areaction system in equilibrium according to reaction 250,(g) + 0,(g) = 2S0,(g)in one
litre vessel at a given temperature was found to be 0.12 mole each of SO, and SO and 5 mole
of O,. In another vessel of one litre contains 32 g of SO, at the same temperature. What mass
of O, must be added to this vessel in order that at equilibrium 20% of SO, is oxidized to $O ,?
(a).0.4125 g (b) 116 ¢ {(c) 16¢g (d) None of these
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15.

16.

17.

18.

19.

20.

21.
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The equilibrium constant K, for the reaction

N,0,(g) = 2NO,(g)is 4.5
What would be the average molar mass (in g/mol) of an equilibrium mixture of N;O, and
NO, formed by the dissociation of pure N,0, at a total pressure of 2 atm?
{a) 69 (b) 57.5 (c) 80.5 - (d) 85.5
A flask containing 0.5 atm pressure of A,(g), some solid AB added into ﬂask which undergoes
dissociation according to 2AB(s) = A, (g) + By(g) K =0.06 atm?

The total pressure (in atm) at equilibrium is :
{a) 0.70 (b) 0.6 (©) 0.10 (d) None of these
A vessel of 250 litre was filled with 0.01 mole of Sb,S, and 0.01 mole of H, to attain the
equilibrium at 440°C as
Sb,S,(s) + 3H,(g) == 2Sb(s) + 3H,S(g)
After equilibrium, the H,S formed was analysed by dissolved it in water and treating with
excess of Pb?" to give 1.19 g of PbS as precipitate. What is the value of K at 440°C?
(a) 1 b 2 @ 4 (d) 8
For the reaction 2A(g) + B(g) = C(g) + D(g:K, = 10"2.1f the initial moles of A, B, Cand D

“are 2, 1, 7 and 3 moles respectively in a one litre vessel. What is the equilibrium concentration

of A?
(@) 4x 107 (b) 2% 107 (c) 107 (d) 8x107*
The equilibrium constant for the reaction in aqueous solution
H;BO, + glycerin == (H;BO, —glycerin) is 0.90.
How many moles of glycerin should be added per litre of 0.10 M H;BO; so that 80% of the
H,BO, is converted to the boric-acid-glycerin complex?
(a) 4.44 (b) 4.52 (c) 3.6 (d) 0.08
Rate of diffusion of ozonized oxygen is 0.4+/5 times that of pure oxygen. What is the per cent
degree of association of oxygen assuming pure O, in the sample initially?
(@ 20 (b) 40 (c) 60 {d) None of these
One mole of SO, was placed in a two litre vessel at a certain temperature. The following
equilibrium was established in the vessel
250,(g) = 250,(g) + Oz(g)

the equilibrium mixture reacted with 0.2 mole KMnO, in acidic medium. Hence, K is :
(a) 0.50 (b) 0.25
{c) 0.125 (d) None of these
At 800°C, the following equilibrium is established as

F(g) = 2F(g)
The composition of equilibrium may be determined by measuring the rate of effusion of the
mixture through a pin hole. It is found that at 800°C and 1 atm mixture effuses 1.6 times as
fast as SO, effuses under the similar conditions. (At. wt. of F = 19). What is the value of K » (in
atm)?
(a) 0.315 (b) 0.685
(c) 0.46 (d) 1.49
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22. The equilibrium constant for the ionization of RNH,(g) in water as
RNH,(g) + H,O() == RNH}(aq) + OH" (ag)

is 8x 107 at 25°C. Find the pH of a solution at equilibrium when pressure of RNH,(g) is 0.5

bar :
(a) =12.3 {t =11.3 (c} =11.45 (d) None
23. Calculate A, G for the reaction at 27°C ;

H,(g) + 2Ag* (aq) == 2Ag(s) + 2H* (aq)
Given : Py, =0.5bar; [Ag*]1=10"° M;
[H*]1=10"2 M; A,G°[Ag"* (ag)] =77.1 ki/mol
-(a) -154.2 ki/mol (b) —178.9 kJ/mol
(c} -129.5 kJ/mol : (d) None of these

24, When N,O; is heated at certain temperature, it dissociates as
N;O5(g) == N,0;3(g)+0,(g); K. =2.5. At the same time N,0, also decomposes as :
N2Oa(g) = N,0(g)+0,(g). i initially 4.0 moles of N,Q; are taken in 1.0 litre flask and
allowed to dissociation, concentration of O, at equilibrium is 2.5 M. Equilibrium concentration
of N,Og is : .

(@) 1.0M (b) 15M (c) 2.166 M (d) 1.846 M

25. Two solid compounds X and Y dissociates at a certain temperature as follows

X(s) == A(g)+2B@); K, =9x 107 atm®

Y(s) == 2B(g) +C(g); K,, =4.5x107 atm®

The total pressure of gases over a mixture of X and Y is :-
(a) 4.5 atm (b) 0.45 atm (¢) 0.6 atm ~({d) None of these
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PASSAGE 1

For a gaseous reacton
aAlg) + bB(g) = cCg) + dD(g)

equ1hbnum constant K, K, and K, are represented by the followmg relations
d d
————[C]ﬂ [D]b K,= Pc: p’; and K, _____xc xDb
[A}° [B] Pa - Ps X4+ Xp
where {A] represents molar concentration of A, p, represents partial pressure of A and P

represents total pressure, x, represents mole fraction of A

c

-
v

1. On the basis of above work-up. Select write option

A Al -4
(a) K, =K, RT)™®; K, =K, (RT)"™* ) K, =K, (RT)™**; K, =K,P™™
A Al — A Al
() K, =K,P"®;K, =K,P"% (@ K, =K, RT)°%;K, =K, (RT)"*
2. For the reaction SO,Cl,(g) == S0,{(g) + Cl,(g), K, > K, is obtained at :
{a) 0.5 atm (b) 0.8 atm (c) 1 atm (d) 2 atm

3. For the following equilibrium relation between K_ and K, (in terms of mole fraction) is
PCl;(g) + Cly(g) = PCls(g)

@K, =K, (RT)? O K, =K, RT) (O K, =K, (’f) @K, =K, (Ri’f)

' L, oot
SN L L
PASSAGE 2 AN

Variation of equilibrium constant K with temperature is given by van't Hoff equation
AS.® AH.®
InK = L
RT

from this equation, A H,° can be evaluated if equilibrium constants K, and K, at two
temperature T, and T, are known.

Ky AH*® |1 1
log —_ | -
K, ~2303R T T,
1. For an isomerization X(g) = Y{g), the temperature dependency of equilibrium constant is
given by :

Ink =2-22%2
T

The value of A $°at 300 K is :

{(a) 2R (b) % (c) 1000R (d) None of these
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2.

PASSAGE 3

e ROBLENT CERS TR

Select the correct statement :

(a) Value of K, always increases with i mcreasmg temperature

{h) For exotherrmc reaction value of K, increases with decreasing in temperature
(c) For endothermic reaction value of K increases with decreasing in temperature
(d) For exothermic reaction slope is (log K vs .1/T) negative

Variation of log,, K with % is shown by the following graph in which straight line is at 45°C,

ra

. 1T )
(a) -4.606 kl/mol (b) -19.147 kl/mol (¢) 8.314 kJ/mol (d) 10 kl/mol

hence AH®is :

loggK

.. The equilibrium constant K, for the reaction

Alg) = B(g)+C()

is 1 at 27°C and 4 at 47°C. For the reaction calculate enthalpy change for the

B(g) +C(g) == A(g) (Given:R =2cal/mol-K)
{a} - 13.31 kcal/mol (b) 13.31 kcal/mol () - 19.2 kcal/mol  (d) 55.63 kcal/mol

N,O, is an unstable oxide of nitrogen and it docomposes into NO(g) and NO,(g) where
NO,{g) is further dimerise into N,0, as

(i) NO;(g) = NO (g)+NO(g) ; K, =2.5bar
(ii) 2NO,(g) == N,0,(g) ;o Ky,

A flask is initially filled with pure N,0;(g) having pressure 2 bar and equilibria were
established.

At equilibrium partial pressure of NO(g) was found to be 1.5 bar.

. The equilibrium partial pressure of N,0,(g) is:

(a) 0.5 bar (b) 1.0 bar (c) 1.5 bar (d) 0.1 bar
The equilibrium partial pressure of NO,(g) is:
{a) 0.066 bar (b) 0.133 bar (c) 0.423 bar (d) 0.83 bar

The value of K P2
(a) 0.16 bar™! (b) 0.32 bar™? (¢) 0.48 bar™! (d) 0.64 bar™!
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PASSAGE 4

o

f a system at equilibrium is subjected to a change of any one of the facrors such as
concentration, pressure or temperature, the system adjusts itself in such a way so as to
minimise the effect of that change.

Effect of change in concentration on equilibrium:

As we add or remove reactant (or product) the ratio of equilibrium concentration become ‘Q’
(reaction quotient) and depending upon.

Q <K : equilibrium will shift in forward direction
Q > K : equilibrium will shift in backward direction
Effect of change in pressure :

If a system in equilibrium consists of gases, then the concentrations of ali the components can
be altered by changing the pressure. When the pressure on the system is increased, then
equilibrium will shift in the direction in which there is decrease in number of moles e,
towards the direction in which there is decrease in volume.

Effect of change in pressure on melting point : There are two types of solids :
(a) Solids whose volume decreases on melting, e.g., ice, diamond, carborundum, magnesium
nitride and quartz.
Solid (higher volume) = Liquid (lower volume)
The process of melting is facilitated at high pressure, thus melting point is lowered.
(b} Solid whose volume increase on melting, e.g., Fe, Cu, Ag, Au, etc.
Solid (lower volume) == Liquid (higher volume}
In this case the process of melting becomes difficult at high pressure, thus melting point
becomes high.
{c} Solubility of substances : When solid substance are dissolved in water, either heat is
evolved.
For endothermic solubility process solubility increase with increase in temperature.
For exothermic solubility decrease with increase in temperature.
(d) Solubility of gases in liquids : When a gas dissolves in liquid, there is decrease in
volume. Thus increase of pressure will favour the dissolution of gas in liquid.

Effect of temperature : For endothermic reaction as temperature increases reaction
shift in forward direction. For exothermic reaction as temperature increases reaction shift
in backward direction.

A ‘X’ (g)solute when dissolved in water heat is evolved. Then solubility of ‘ X" will increase :
(a) High temperature, low pressure (b) Low temperature, high pressure

{(c) High temperature, high pressure (d) Low temperature, low pressure

Fe(l}) = Fe(s)

Above equilibrium is favoured at :

(a) High pressure, low temperature (b) High pressure, high temperature

(c) Low pressure, high temperature {d) Low pressure, low temperature
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For the reaction
N,(g)+0,(g) = 2NO(g)

If pressure is increased by reducing the volume of the container then :
(a) Total pressure at equilibrium will remain same

(b) Concentration of all the component at equilibrium will change

(c) Concentration of all the component at equilibrium will remain same
(d) Equilibrium will shift in the backward direction

. ONE OR MORE ANSWERS IS/ARE CORRECT

. A catalyst :

(a) increases the average kinetic energy of reacting molecules
(b) decreases the activation energy

(c) can alters the reaction mechanism

(d) can change pre-exponential factor

. Which of the following is correct about the chemical equilibrium?

(@ (a G)T,p =0

(b) Equilibrium constant is independent of initial concentration of reactants
(c) Catalyst has no effect on equilibrium state

(d) Reaction stops at equilibrium

. For the reaction

AB,(g) = AB(g) + B(g)
If @ is negligiable w.rt. 1 then degree of dissociation (o) of AB, is proportional to ;:

1 1 1

Consider the reactions given below. In which cases will the reaction proceed toward right by
increasing the pressure?’

(a) 4HCIE) +0,(g) — 20, (g) + 2H,0(g)
() Cla(g) + H0() —> 2HCI(g) +20,(@)

(c) CO,(g) + 4H,(g) —> CH,(g) + 2H,0(g)

(d N,(@)+0,() — 2NO(g)
Ammonia is a weak base that reacts with water according to the equation
NHj(ag) + H,O() = NHj(aq) + OH™ (aq)
Select the correct option(s) that can increase the moles of ammonium ion in water:
(a) Addition of HCI (b) Addition of NaOH
(c) Addition of NH,Cl (d) Addition of H,0
Consider the reaction 2C0(g) + 0,(g) == 2C0,(g) + Heat
Under what conditions shift is undeterminable?

() Addition of O, and decrease in volume
(b) Addition of CO and removal of CO, at constant volume
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(¢) Increase in temperature and decrease in volume
(d) Addition of CO and increase in temperature at constant volume
7. What will be the effect of addition of catalyst at constant temperature?
(a) The equilibrium constant will remain constant
(b) A H of the reaction will remain constant
(c) k; and k; will increase upto same extent
(d) equilibrium composition will change
8. For the reaction PCls(g) == PCl;(g) + Cl,(g), the forward reaction at constant temperature

is favoured by:
(a) introducing an inert gas at constant volume
(b) introducing chlorine gas at constant volume
(c) introducing an inert gas at constant pressure
(d) increasing the volume of the container
9. For the reaction : Cl,(g) + 3F,(g) = 2CIF;(g); AH =-329kJ,
dissociation of CIF,(g) will be favoured by :
{a) increasing the temperature
(b) increasing the volume of the container
(c) adding of F, gas
(d) adding of inert gas at constant pressure
10. Increase in the pressure for the following equilibrium : H,0(1) = H,0(g),
result in the: '
(a) formation of more H,0O(l) (b) formation of more H,0(g)
{c) increase in b.p. of H,O() (d) decrease in b.p. of H,0O()
11. Heating a II group metal carbonate leads to decomposition as :
BaCO,(s) == BaO(s) + CO,(g)
Equilibrium will shift left
(a) by addition of BaO(s) (b) by addition of CO,(g)
() by decreasing the temperature (d) by decreasing the volume of the vessel
12. N,(g)and H,(g) are allowed to react in a closed vessel at given temp. and pressure for the
formation of NH,(g)[N,(g)+ 3H,(g) == 2NH;(g) +22.4 keal] if He(g) is added at
equilibrium at constant pressure then which is/are correct ?
(a) Concentration of N,(g), H,(g) and NH;(g) decrease.
(b) Moles of NH,(g) decreases. :

(c) The extent of cooling depends on amount of He(g) added.
(d) Concentration of N, and H, increases and concentration of NH; decreases.




MATCH THE COLUMN

€olumn-I and Column-II contains four entries each. Entries of Column-I are to be matched
with some entries of Column-II. One or more than one entries of Column-I may have the

matching with the same entries of Column-II.

Cotumisif 5]

1| " :} [ S Column-II
(A) CaCO3(s) = CaO(s)+ CO,(g) (P) K, >K_ above room temperature
(B) CO(g) + Cl,(g) == COCl,(g) (Q K, =K, above room temperature
(C) Hy(g) + I,(g) = 2HI(g) (R} K, <K, above room temperature
(D) HCl(g) == H" (aq) + Cl™ (aq) (8) K, and K, not defined
R TR I T S —— . —
2. Column:) : Column-H
(A) 30,(g) == 20,(g) (P) no unit
(B) SO,(g)+ %Oz(g) = 50,(g) (Q) amm=V2
(C) 2HF(g) = H,(g) + F,(g) ‘(R) atm™!
(D) CO(g) + 3H,(g)=> CH,(g)+ H,0(g)  .(S) atm™
i T — N e —
! Column.l - . o Column-I1
3. L (Reaction) & | l (If o is negligiable w.r.t. 1)
(A) 2X(g) == Y(g) + 2(g) ®) a=2x K,
(B). X(g) == Y@+ 2(g) (@ a=3xJK,
(C) 3X(g) == Y(g)+ Z{g) (R) a=(2K, )"*
(D) 2X(g) = Y(g)+ 2Z(g) ) a=K,
4., Column-1 ' i Column-H

{A) N,(g)+ 3H,(g) = 2NH,(g); AH = -ve
(B) N,(g) + 0,(g) == 2NO(g); AH =+ ve

(C) Alg) + B(g) = 2C(g) + D(g);
AH =+ ve

(D) PClg{g) == PCly(g)+Cl,(g); AH =+ ve

(P} K increases with increase in temperature
(Q) K decreases with increase in temperature
(R} Pressure has no effect

(S} Product moles, increases due to addition
of inert gas at constant pressure

B



:} - . 7 Co_lumn-ll

(A) Kigerc _

(P) Endothermic

=2
Kroc
() Kwire _1 (Q) Not affected by pressure
KTOC 2
{C) A(g) + B(g)==C(g) (R) Exothermic
D) X(s)+ Y(g}y= 2(g) (S) Affected by volume
[._ e e . e T
6. Column-1 _ i | _ _ Column-II
{A) Pressure increased in (P} Equilibrium shifted in forward direction
2NO(g) == N,(g)+ Oz(g)
(B) Pressure increased in (Q) Equilibrium shifted in backward direction

CH, (g) + H,0(g) == CO(g) + 3H,(g)

(C) Temp. increased and pressure increased  (R) Equilibrium remains unaffected
30,(g) == 205(g);

AH =285 kJ
(D) Pressure decrease and moles of N, (8) Theoretically we cannot predict
increased ‘
N,(g) + 20,(g) = 2NO,(g);
AH =66.4 kJ
e e e 4 i e ——— el
. :r Column-I i Column-HI
‘] (Reactions) N (Equilibrium States)
W @p) N @= >— @ ® g
' n-butane iscbutane
: Product
(B) I,(5) == I,(aq} g
Q E

Product

265
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A
5
(C) N,04(8) = 2NO,(g) ® §
7 Product
A
(D) Agi(s) = Ag (ag)+ I (ag) 5) §
T Product

u\ - ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assersion) and STATEMENT-2 (Reason).
Examine the statements carefully and mark the correct answer according to the instructions

given below :

{A) If both the statements are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1

(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1

(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE
1. STATEMENT-1: The endothermic reactions are favoured at lower temperature and the
exothermic reactions are favoured at higher temperature.
STATEMENT-2 : When a system in equilibrium is disturbed by changing the temperature,
it will tend to adjust itself so as to overcome the effect of change.
2. STATEMENT-1: The melting point of ice decreases with increase of pressure.
STATEMENT-2 : Ice contracts on melting. _
3. STATEMENT-1: The equilibrium of A(g) == B(g) + C(g) is not affected by changing
the volume.
STATEMENT-2 : K, for the reaction does not depend on volume of the container.
4. STATEMENT-1: For a chemical reaction at initial stage rate of forward reaction (rp)is
greater than rate of reversed reaction (ry,)
STATEMENT-2 : When ry =r,, chemical reaction is at equilibrium.
5. STATEMENT-1: For the reaction A(g) == B(g)+C(g), K, =1 atm. If we start with
equal moles of all gases at 9 atm of initial pressure, then at equilibrium
partial pressure of A increases.

STATEMENT-2 : Reaction quotient Q, >K, hence equilibrium shifts in backward
direction.



6. STATEMENT-1

STATEMENT-2
7. STATEMENT-1
STATEMENT-2

8. STATEMENT-1
STATEMENT-2

9. STATEMENT-1
STATEMENT-2

10. STATEMENT-1
STATEMENT-2

11. STATEMENT-1

STATEMENT-2

12. STATEMENT-1

STATEMENT-2

13. STATEMENT-1

STATEMENTE-2
14. STATEMENT-1

STATEMENT-2

15. STATEMENT-1
STATEMENT-2
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The gas phase reaction PCl3(g) + Cl,(g) = PCl;(g) shifts to the right
on increasing pressure.

When pressure increases, equilibrium shifts towards more number of
moles.

For a reaction at equilibrium, the Gibb's free energy of reaction is
minimum at constant temp. and pressure.

The Gibb’s free energy of both reactants and products ifcreases and
become equal at equilibrium.

The physical equilibrium is not static but dynamic in nature.

The physical equilibrium is a state in which two opposing process are
proceeding at the same rate.

Equilibrium constant for the reverse reaction is the inverse of the
equilibrium constant for the reaction in the forward direction.

Eqilibrium constant depends upon the way in which the reaction is
written.

if Q, <K, reaction moves in direction of reactants.

Reaction quotient is defined in the same way as equilibrium constant at
any stage of the reaction.

For the reaction H,(g) + 1,(g)} == 2HI(g) if the volume of vessel is
reduced to half of its original volume, equilibrium concentration of all
gases will be doubled.

According to Le-Chatelier’s principle, reaction shifts in'a direction that
tends to minimized the effect of the stress.

The equilibrium constant of the exothermic reaction at high temperature

decreases.

Q
Since In 5—3 = AE— 1 _L and for exothermic reaction,
K, R |T, T,

K
A H? = —ve and thereby; -I?% <1
1

For the reaction at certain temperature

Alg) + B(g) = C(g)
there will be no effect by addition of inert gas at constant volume.
Molar concentration of all gases remains constant.
For the physical equilibrium H,0(s) = H,0(l) on increasing
temperature and increasing pressure more water will form.

Since forward reaction is endothermic in nature and volume of water is
greater than that of the volume of ice.

The catalyst does not alter the equilibrium constant.

Because for the catalysed reaction and uncatalysed reaction A H remains
same and equilibrium constant depends on A H.



11.

sua.lgcnv's PROBLEMS

If 50% of CO, converts to CO at the following equilibrium :
%C(s) + %Coz(g) === CO(g)

and the equilibrium pressure is 12 atm. Calculate K o
Calculate partial pressure of B at equilibrium in the following equilibrium
A(s) == B(g)+ 20(g); K, = 32atm?.
In a gaseous reaction A + 2B === 2C + D the initial concentration of Bwas 1.5 times that of A.

At equilibrium the concentrations of A and D were equal. Calculate the equilibrium constant
KC -

For the reaction Alg) == B(g); K. =10
Bg)=C(g); Ko=2
C@® = D(@ ; K¢ =0.01

Calculate K, for the reaction D(g} = A(g)..

5 litre vessel contains 2 moles of each of gases A and B at equilibrium. If 1 mole each of A and B -
are removed. Calculate K, for the reaction A(g) = B(®.

Calculate K » for the reaction A(g) == B(s) + 2C(g) ; K, = 0.2 at 305 K.
A mixture of 3 moles of $0,, 4 moles of NO,, 1 moles of SO, and 4 moles of NO is placed in a

2.0L vessel. SO,(g) + NO,(g) == SO4(g) + NO(g).

At equilibrium, the vessel is found to contain 1 mole of SO,. Calculate the value of K ..
The density of an equilibrium mixture of N,O, and NO, at 1 atm and 373.5K is 2.0g/L.
Calculate K for the reaction N,0,(g) == 2NO,(g)

If chemical equilibrium is attained at standard states then what is the value of AG® ?

Calculate the equilibrium concentration ratio of C to A if equimolar ratio of A and B were
allowed to come to equilibrium at 300K.

Al(g) + B(g) = Cfg) + D(g) ; AG°=-830cal

A definite amount of solid NH,HS is placed in a flask already containing ammonia gas at a
certain temperature and 0.1 atm pressure. NH,HS decomposes to give NH,; and H,S and at
equilibrium total pressure in flask is 1.1 atm. If the equilibrium constant K p for the reaction
NH,HS(s) == NH,(g) + H,S(g) is represented as z x 107" then find the value of z.
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32. The gaseous reaction : A(g) + rB(g) == mC(g) is represented by following curves

12 v

..‘_al.[B] i
T 10 4......:'4\-.:::: ................................... .....

Conc. g
(M) A JA)

.........

4T .__,.-Tf[C] ,

| Comme

What is the value of n + m?
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Passage-1: 1. (b) 2. (d) 3 (c}

Passage-2: 1. (a) 2. (b} 3. (b 4. (a)
Passage-3: 1. (a) 2. (d) 3. (o

l. Passage-4: 1. (b) 2. (a) 3. (b}

One or More Answers is/are correct
1. {b,c,d) 2. {a,b,c} 3 (c,d) 4. (a,c) 8.(a,c,d) 6. (c,d) 1. (a,b,c} 8. {c,d)

8. {a,b,d) 10. (a,c) 11. (bcd) 12 (a,b.c)

Match the Column

1. A-> P B— R; Co0Q; D—S
2. A- R; B— Q; C—»P D-S
3. A- P B §; C—-»Q; D> R
4. A Q; B—-P,R C->P S D-oP S
5. A= P B— R; C 5 D-Q
6. A— R; B— Q; C-o P DS
7. A Q; B—S; C— P D—S§

Assertion-Reason Type Questions )
1. (D) 2. (A . (DY 4. (B) 5. (A) 6. (C) 7. (O) 8. (A) 9. (A} 10. (D)
11. (B) 12. (A) 13. (A) 14. (C) 15. (A)

Subjective Problems

1. 4 2 2 3 4 4 5 5 1 6. 5 7. 9 8 2 9. 0 10. 2

11. 3 122 5




‘Level 1 R o
(B aF 2
2. =257 ==
®Qc () (/2 3
6l
HO
7. @Q ==

BE

Q. < K, so reaction will proceed in forward

direction.
pd 4
36. (a)Kp:M:&@:z_gs
39. (c) Kp = 41
Ha0(g)

14

= (107%)* =10"% amm
K, =107 x760 = 0.76 torr

40. (0) Py,0=2x107 am
2x107? x760 N

1 174
= Puog = {k_]

R.H = 100
38
=40%
3
fgn 1
42. () K, = "i'?f‘ x o7
252
= 16 =
2 x 2
= v =}-
2
. [H,5(g)]
45, (a) K, = —2%2>=°-
¢ M)
= 8x102=_—=%
0.3-x
= x =0.022
0.022
(H;5(g)] ==
=0.011 M

' Hints and Solutions

47. (¢) Py =3P

> p=222-0106

K,=4P%=4.76 x107°

54. () Hy(g)+CO,@) = H,0(g)+COG)

moles of eqm 0.3~ x 08-x x x
08-x (0.8—1’) (x) [x)
cone. at eqm I
S 5 5/ \5
An,=0

= 2= d i
08-x
= x=0,533
0.8-0.533
[CO,(g)] ==

55. (b) Forideal gas mole % =volume %
N0,E) == 2NO,(®
Initial moles a 0
a{l-a) 2aa
As per given original volume

at ¢qm

=75 x Volume at eqm
100

atconstant Tand P: Ven
a=0.75xa(l + a)

= o =0.33
56. (b) CO+ HO = CO,+H,
Initial cone. 3 3 x ¢
At eqm 2 2 {x+1) 1
5= XD o x4
4
= x=19
67. (a) oM -Mo
n-1M,
= o,2=9_2_‘_‘“£.0.

Mg



=  My=76.66

_ 1x76.66
"~ 0.821 x 300
Mo =BT _57.47
o P
y 995747
57.47
A,(g) + B,y(g) == 2AB(g)
10/2 15/2
S-x 7.5-x
25+ 2x =75
= x=25
Kc _ (7.5)2_ —45
2.5x5
H,{g)+S8() = H,5(g)

=3.11 g/litre

68. ()

=0.72
70. (2)

Initial conc. 5/2

at eqm 2.5+ 2x

71. (a}

.. Conc.ateqm 0.5-x — x
K, = 5]
[H}
= 7 x107% =X
05-x

= x =0.0327
{ ny
= 25
Pys= L | RT

= 0.0327 x 0.0821 x 360 = 0.966

72. (c) The gascous mixture contains 40% Cl, and
40% PCl,, since they are produced in 1 : 1
mole ratin. The PCl; % is 20.

For ideal gases male % = volume %

Py, = Pog,
= 2 x 0.40 = 0,80 atm
P, =2x0.2=0.40 atm
K,- Poci,-Pa,
Pra,
_ 0.80 x0.80
T 0.40
‘ =1.6 atm
73. (a) For an ideal gas mole % = volume %

_Blo (0557
Poopl, (0457

74. (d) Moles of CO, present at equilibrium
_1.642x50

T 0.0821 x1000

Mole % of XCO, decomposed

-1 x 100 = 25%
4

Hence, 75% remains undecomposed.
75. (b) Let initial moles of H,{g)is 1
' Fe,04(s)+ 3H,{g) == 2Fe(s) + 3H,0(g)

at eqm — 1-3x . - 3x
)
v ‘
K. =—tr
‘ (1 - 3x)3
. v )
5
- 8 =(—§5—J
1 - 3x.
= x=0.22
% of H, unreacted
=1~-3><0.22x100=34
1
1
76. (0 ABy(g) = ABz(g)‘*’EBz(g)
Ategm 800-x X x/2

800—x+x+-§:900:> x =200

% dissociated = 200 x100 = 25
800 .

77. (b) Let Pis initial pressure of NO,
2NO,(g} == 2ZNO(g)+ 0,(g)

Aregm P - 2x 2 x
as per given x = 0.25
2
K, = &P @)
(P - 2x)
2
= 156.25= 0 (025
NO,
= Pyo, = 0.02
78. (b 2NOCI(g) == 2NO(g) + Cl,{(g)
Ateqm P - 2x 2x x

P+x=1 P-2x=0.64, x=0.12
_(0.24) (0.12)
P (0.64)2 .
=16.875x10™® atm

T



1x1
79. (¢ = =1
© Q 11
. -+ Q, > K, so reaction will proceed in
b backward direction .
Ay(8) + By(g) = C,(8) + Dy(g)
1+x 1+x 1-x 1-x
Conc. eqm  —" —— — —_—
\ 10 10 10 ©10
' =) ..
0.25=210 2 o x-0333
(1 +x
10
i+x 1333
A = =——=0.133
S TR T
83. (d) K. =[Hg(g}); P =CRT
(0.002] 1
C= %
760 )  (0.0821 x 300)
=1.068 x107 M
2 2 :
84. (b) K, = nABzz xV = nABzz x[ntomlRT)
n,, -ng, My, - Mg, p
2 x(m % 0.0821 x 300}
5x3? 8.21

104. (d) Concentration of all gases increases and
equilibrium shifts toward less no. of moles
but new equilibrium concentration of every
gas would be higher than earlier.

K -]
116,00 In2=4 [l'l]
KPI R Tl T2
107} _ AH® 25
=In = =
10 8.314 | 298 x 323
AH° =147.41 k)/mol
138  AG =AH-T:AS
o =-30-300x01=0
) AG°=-2303RT log K
K=1

124.(d) P,y = 0.2bar
At equilibrium Pgg, = Py, =0.1 bar
. K,=(0.1 =0.01
86G°=-RTIn K,
=-8.314 x 420 In (0.01)
= 16083.6 J/mo! or 16.083 kJ/mol

Level2 .
1. (a) C(s)+CO,(g) = 2C0O(g); 1)
K, =10"am
2C0(g) + 2Cl,(g) = 2COCL(g); -..(2)
K, =(6x107*)* atm™
Add (1) and (2)
C(s)+ CO,(g) + 2CL(g) = 2COCI,(g);
K,=10" x36 x107°

=36 x108
For given reaction "‘An, =-1
K, =K,(RT) .
=36 x10® x0.0821 %1120
K, =3.31x10" M~

2. (c) N,(g) + 3H,(g} = 2NH,(g)
Initial moles 1 2 1]
at eqm 1-x 2~3x 2x
where x = 0.5
2
V2

)G
4 4
equilibrium constant for the reaction
1 3
NH;(g) = 3 No(g)+ 3 H,(g)
1 1 1

AT T
3. (0 Ax(g)+ By(g) == 2AB(g)
Moles ateqm  2-x 4-x .. =
Ay
Kc_____4x—
(2-x)Y4-x)

= x=2= 1.33 mole
24

[AB(g)] = =0.66 M

2x1.33
4

4. {d) P =Puno, * Prno, + Pugo + Po,
© Pyo, =4Py, and Py o =2P,,
" Pigat =Puno, + 7P,
= 30-2=P,, =7



= Py, = ? =4
_ Pro,- Puyo- Po,
? Piino,
_ x4 x(2x4) x4 _ o
. e
K, =K, (RT)"* =K, (0.08 x 400)°
= K. = —2213 =
(32) .
5. (d) LiCl- 3NH,(s) == LiCl- NH;{s) + 2NH,(g);
[K = 9 atm?]
Therefore,
LiCl-NH;(s) + 2NHy(g) = LiCl-3NH,4(s);
Initial moles 0.1 a o]
Final moles at eqm 0 (a—0.2) 0.1

iy -1 cam]

Let initial moles of NH, is a for completion

of reaction.
1

Py,

Ateqm K'), =—1—-§ or 1
@'y ) 9
P'yy, =3 atm
PV =nRT = 3x5=nx0.0820 x 310
n=0.59 ie, (@-02)=0.59
initial moles of NH; = 0.79 ,
6. (c) NH,COONH,(s) == 2NH;(g)+ CO,(g)

Let partial pressure at equilibrium of CO, be
P, then Py, = 2P and total pressure at

equilibrium = 3P .
K,={2P) xP = 4p> (D
If NH, is added and the pressure of NH,
after addition at equilibrium is 3P
K,=4P% =Py, ¥ x P,

, 4
= ) P COy = ;P
P'
. ratio of Tco, 4
w0, 9
7. () chHe(g) = C,H,(g)+ H,(g)
Ategm 1-x x x

P -P 2
=TGH TR X _gy1072

K, —

LR
x%+ 0.05x—0.05=0

E R il

_ f 2
e 0.05 + 4/(0.05)" + 4 x0.05 — 0.20 atm

2
Partial pressure of C,H, = mole fraction
x total pressure

= 0.80 = mole fraction x1.2

. mole % of C;H, = % %100 = 66.66

8. (a) 2NOBr(g) = 2NO{g)+ Br,{g)

Initial pressure P 0 1]
at eqm P-2x 2 x
where 2x = 0.40 P
= x =0.20P;
= ™ 120P=030
= P =0.25am

K,= PNzoz'PBrz -

Pyogr .
C (0.4P)* (0.2P) —0.0222
(0.6P)?

~ K, for.the reaction .
2NO(g) + Bry(g) = 2NOBr(g)

145
0.0222
9, (c) - Initally only A is present so at eqm B and
C should be presentin 2 : 1
2A(g) 5= 2B(g)+C(g)
At eqm 400 mL 200 mL 100 mL
for ideal gases volume % = mole %

2
[2_00 xlO] (399 xlO)
700" ") (700" ") 10

is

P 2 .’ 28
[@ X 10]
700
10. (©)  SO,()+ NO,(g) == 50,(g) + NO(g)
Initial moles 2 2 2 2
at eqm 2-x 2-x 2+x Zex
_ ¢ Qp<Kp)
Total no. of moles of gases at equilibrium
=8+ 2=10 -
Py o P
K, = 50, ' PNo
PSOz 'PNOZ
2
(2 +x xP]
= 25 = i—z
2-x XPJ
10

MR . e ?m

E—



2-x
= x=1.33
Partial pressure of NO, = gi)i X Progal
_ 0.666 v
10
= 0,133 atm
11. () 35e,(g) == Seqlg)
moles at eqm a{l-a) aTa 7
Observed no. of moles at equilibrium _ M,
Initial no. of moles of reactant Mg
a -3+ % o
= 3 T _ 4 20315
a 0

where molar mass of Se,
(M;)=79 x2=158
and moiar mass of mixture
RT 0.02 x 24.63
Mpy=2 = PO
PV 1x2463x10
6HCHO = C.H,.0,
Ca
6
Observed moles concentration My

Initial moles concentration M,

200

12, (@

Conc. ateqm  ((1-a)

M = Theoretical molar mass of HCHO
Ca ‘
CA-o)+—

( } 6

My 30
C Mg 150
= o =0:96
118, (b) 350,(g)+ 0,(g) == 250,(g)
K - (0.12° :
©(0.12)° x5

Another véssel ‘
280,(8) + 0,(g) = 250,(g)
moles at eqm = (.5 2x y-x 2x

) 20
as per 2x=—-x05=0.1
p _gwen 100 x
S
(0.4 (y - 0.05)

¥ = 0.3625 mole
. mass of O, added =11.6g |

020 -

[

y

14. (b) Let initial mole of N,O,(g)is one
N;O,(g) == 2NO,(g)

Initial moles 1 . 0
At equilibrium l-a 2a
Total no. of moles at equilibrium =1 + a
1-a
S v
No: T+ @)
pl 2
Hence, Kp=ﬂ=——4a 5
) P NoOy (1 i )
2
45=—527rx2
1-a”)
= a=0.6

Mole fraction of N,O, :

1-a
XN204 =m = 0.25
XN02 =0.75

Average molar mass of mixture
: =0.25x92+ 0.75x46 =575
15. (&) 24B(s) == Ay(g)+ By(g):

0.5+x X
Kp =Py, Py,
= 0.06=(05+x)x
=x? + 0.5x - 0.06
= x=01

Pt =Pa, + Py, =0.6+ 0.1 =0.70 atm
16. (a) .5b,5;(s)+ 3H,(g) —— 2Sb(s) + 3H,S(g)
0.01-x 0.01 - 3x 2x 3x
where 3x = 0.005
H,S + Pb** —— PbS+ 2H"

no. of moles of PbS formed

= ﬂ = 0.005mole
238
0.0057 (.01 —.005
Ate H,]= = :
qm[H,) [ 250 } ( 250 )

3
Kc=[OD0ﬂ -
0.005
2A(g)+ B(g) == C{g)+ D(g)

Initial moles 1 -1 7 3
at eqm 22 1-x 7+x 3+x

17. (a)
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Due to very high value of K, we can assﬁme
that reactant almost converted irito
products so
l-x=y; 2-2x=2y > x=1
102= 3x4
@Yy
= ys =8x107?
. equilibrium concentration of
A=2y=4x10""
18. (b)K, = [complex] — =
-“ [H3BO4] [glycerin]
[complex] @
[H;BO;1 20

. 8
Iycerin] = —0
[alycennl = o 0.9

HyBO, + glycerin == (H,BO; - glycerin)

0.1-x a—-x x

=4.44M

At eg™
x=0.1 x@u =0.08;
100
a-x=4.44
= a=444+0.08=452 M

‘or Initial moles = 4.52

19, (¢) mix _ ﬂﬁ=o.4~/§ '
. ]"02 I\dm]_x

= M i = 40g/mol
2
G.g) = 503(8)
Initial moles 1 : 0
at eqm I-a . Eu
3
2

32 1-ou+ 3 o

40 1
= o =0.6
. % a =60

20. (¢ 250,(g) == 280,(g)+0,(g)

moles at eqm  1-'2x 2 X .
Only 50, (0. No. = 4} will oxidized
s0 equivalent of SO, = equivalent of KMnO,
2xx2=02x5
= 2x =0.5

. . M
21. {d) T _ ’ﬁ
B0, VMmix
= 2,56=_6i
M mix
V@ Mopiere = 25

Let mole fraction of F, is x
3B xx+(1-x)x19
!

25-

. x=0.315
S 2 2
= 'Kp=—~PF = L0885PY 1 49aem
P, (0315P)

. Sl xR
22- (b)) 8x107% ==
oL 0.5

= x=2x107 =

. pOH=2.7
So, pH=113

23, () AG°=0-77.1 x2=-154.2kJ/mol

[H*]?
PHz '[Ag+]2
10

- 0.5 x{1071%)
AG=AG°+RT InQ
8.314 x 300 In (2x10%)

0=

=2x10*

AG=-1542+
: 1000
=-129.5 kJ/mol
24. (d) NO; == NO; + O, i
' 4 -x T ox-y X+y
N,O; = NO + 0,
x-y ¥ y+x
[O=x+y=25
and 25- X *r¥Ix-y)
. . 4-—x
' Cx=2.166

[NOg]l =4 - x=1.846
25. (b) Let x is partial pressure of A and y is partial
" pressure of C when both equilibrium
simultaneously established in a vessel

X() = Alg) + 2B(g)
x {2 + 2y} ;
.- . Kpy =Py P tora)
Y(s) == C(g) + 2B(g)
' - ¥ (2y+ 2x) 5

2
Koy =Pe Py



i
!

e PP ————————— I —_——~, - ' \L"_"""_
) II:—"’ x o 2y One or More Answers is/are correct
; pw X

. 6. (c, d) Le Chatelier’s principle is not quantitative.
' K, =x(2x+ >0 A If both stress would cause the same
. ’ direction of shift, the shift is determinable. If

* = x =0.1 atm; the two stresses would cause shifts in
Yy =0.05atm opposite directions, no deduction is
Total pressure of gases =P, + Pz + P, possible.
=3x+y) Subjective Problems
= 0.45 atm.
e e e e e e o e e 11. NH,HS(s) == NH;3(g) + HyS(g)
Level 3 7 ' At eqm. - (a1 +P) P ;
P ' AspergivenQl+2P=11;. P=05S
assage-3 ‘ ' Kp =Py, -PBy,s = (0.1+P)xP
N,0;(g) == NO,(g)+ NO(g) ; K, =2.5bar =0.6x0.5=0.3=3x10"=3
—_
ZNOZ(S)\"_“\" N204(g) ; sz 12, A + nB = mC
Ct=0 8M 12M
g o t=t 8 12
Pyo=x=15b ‘ =teq - Chx mx
Pyo .jzam2 Given: [Al,, =6M
n = _'T)_ 8-x=6
N30 ¥ =M
x(x-y) L1L5(.5-y)
2.5= = =4.5-3 ) =
2-x 2c15 Y ' - B, =84
g 12-nx = 8
= y=3Bar .  n@=4
(1) Py, =2-x=2-05=0.5b : n=2
(@) Pyo, =x-y=15-22234 (€L, = M
(2) Pyo, =x-y=15-3==- ‘ = 6
(3) Y 43 _oa8b m(2)=6

K' = = .
Poax-y)P 2(2,5]2 _ m=3

Ky m+n=3+2=5



]

IONIE EQUILIBRIUM |

--_ ——r

Arrhenius Theory
When dissolved in water, the substances which releases
(i) H* ions are called acids e.g. HNO4, HCIO,, CH;COOH,
(ii) OH™ ions are called bases, e.g. NaOH, KOH, NH,CH

Bronsted - Lowry Protonic Concept : acid is H* donor and base is H™ acceptor

Conjugate acid and base

To get conjugate acid of a given species add H to it. e.g. conjugate acid of N,H, is N, Hj.

To get conjugate base of any species subtract H* from it. e.g. Conjugate base of NH, is NH;.

HC] is an acid while its conjugate ion €]~ is a base.

HCOj3 can donate proton as well as can accept proton hence amphiprotic.

Lewis Concept : Acids are substances which accept a lone pair of electrons to form a
coordinate bond and bases are the substances which donate a lone pair ‘of electrons to form a
coordinate bond.

4 Lewis-acid is lone pair acceptor ; Lewis-base is lone-pair donor.

Ostwald dilution Iaw: Applicable for weak electrolytes (weak acids/bases)
If o is negligiable with respect to 1 (a < 0.5), than for mono basic acid and mono acidic base.

KC=Ca or o= (Eﬁ)
\‘ C

I . .
So | oo — or a <V  where, Vis the volume of solution

7

at infinite dilution o reaches its maximum value, unity.
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Presence of other solute (Common ion effect)

~Degree of ionisation of a weak electrolyte is suppressed by the addition of a substance having an
ion common to weak electrolyte is known as common ion effect.

lonic Product of Water

Pure water is weak electrolyte and dissociated as:
H,0 = H' + OH"

Before dissociation c 0 0
After dissociation C-a) Ca Ca.
_[H'][OH"]

“ " [H,0]

where, K, is dissociation constant or equilibrium constant of water. Since, dissociation of water
is too less and undissociated H,0O can be taken as constant, therefore

eqmzol [R*][OH] .
K, =[H"][OH"] : y
The new constant K is known as ionic product of water. The numerical value of X, increases
considerably with temperarure Itis 1.0x 107'* at 25°C. The variation of ionic product of water with
temperature is given by,
' In Ky _AH (73 _Tll .

K, R TT,

_ pH CONCEPT
- . S. Sorenson used 'a new term pH to express the hydrogen ion concentration.
pH =-~log[H*] or pH=-log(H,0*] ‘or [H*]=10"P" _
For simplicity hydrogen ions are simply written as H*, with the understanding that H* ions in
solution are always solvated.
< Ionic product (auto ionisation constant) of water
K, =1x10""* =[H,0*][OH lat 298 K
% K, increases with increase in T
+ pH+pOH=pK_, =14 (at 298 K)
+ For weak acid and its conjugate base
KK, =K,
or PK,+pKy,=pK, =14 (at 298 K)

pH calculation of weak acid (HA) pH calculation of weak base (BOH)
HA(a@) == H'(ag) + A (aq) BOH(agq) == B*(aq) + OH (aq)
Initial cone. € - - Initial conc. c
Conc. ateq. C(Q-a) Ca Ca Cong. at eq. Ccll-a) Ca Cat
2 2
K, = Ca K, = Ca
l-a l-a
if @<<1; K, =Ca? _ if o <<1; K, ~Ca?

.




[H*]=Ca = JK,C [OH™] =Co. = JK,C

1 ‘ 1
pH=§(pKa—logC) pOH=E(pr -logC)
o = Degree of ionisation o = Degree of ionisation
K, =ionisation constant of weak acid . K} =ionisation constant of weak base

pH Calculation of mixture of two weak acid HA and HB :
[H"]= JVKq C1 +K ,Ca 5 if o and a., of both acids are negligiable w.r.t. unlty

Ko and K., are 1omzat10n constant of HA and HB respectively.
Cy and C, are concentration of HA and HB respectively.

pH calculation of mixture of two weak base AOH and BOH.
[OH™] = K} C; +K},Cy 5 if @y and o, of both bases are negligiable w.r.t. unity.

K;, and K, are ionization constant of AOH and BOH respectwely
C, and C, are concentration of AOH and BOH respectively.

Salt Hydrolysis :
’ o Hydrolysié is the interaction of cation/anion/both ions of the salt with H,O
+ Salt of strong acid (SA) and strong base ($B) is not hydrolysed ; solution is neutral, pH =7 at
25°C.
+ Salt of SA and weak base (WB) is acidic due to hydr01y51s of cation

JK" K, (hydrolysis constant) = (

pH=7——(pr +10gC) At 25°C

h = degree of hydrolysis =

h)

% Salt of weak acid (WA) and $B is alkaline due to hydrolysis of anion

\/; \[Kh

pH =7+ —(pKﬂ +logC) At 25°C

» Salt of WA and WB is neutral (K, K ) acidic (K, >Kb) and basic (K, >K,) due to
hydrolysis of both

0‘.

1
=JK. ; pH=7+=-(pK,-pK At 25°C
K.K, h p 2(p a —PKy)

% For amphiprotic salt like HS™, HCO3, pH = BE}—_EP—KZ or [H']1=/KK,

*,

(K, = first ionisation constant, K, = second ionisation constant of acid)
Buffer Solutions are the solutions whose pH does not change significantly on adding a small
~ quantity of strong base or strong acid.
In general buffer solutions are simple (salts of weak acid and weak base), or mixed buffer.
Mixed buffer are of two types :
(A) Acidic buffer solutions : weak acid with its conjugate base :

e W
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made by mixing a weak acid with its conjugate base. e.g., CH,COOH with CH;COONa, NaHCO;,
and H,CO,, H,PO, and NaH,PO,.

(B) Basic buffer solutions : weak bage with its conjugate acid :

NH,(aq) with NH,Cl{aq), RNH,(aq.) and RNH,Ci(aq.) etc,

If K, for acid (or K, for base) is not too high, we may write :

Henderson’s Equation
For acidic buffer solution : pH = pK,, + log ([salt]/[acid])
For basic buffer solution : pOH = pK, + log ([salt]/[base]) .
< For good buffer capacity, [salt] : {acid] ratio should be as close to one as possible. In such a
case, :
pH = pK,. (This also is the case at midpoint of titration)
No. of moles of acid (or base) added per litre of buffer sclution

< Buffer capacity = Change in pH

Maximum Buffer Capacity

It can be proved that maximum buffer capacity is achieved when the salt and acid or base
concentration is equal.

Indicators : Indicator is a substance which indicates the point of equivalence in a titration by -
" undergoing a change in its colour. They are weak acids or weak bases.

Theory of Indicators : The ionized and unionized forms of indicators have different colours.
If 90 % or more of a particular form (ionised or unionised) is present, then its colour can be
distinctly seen. In general, for an indicator which is weak acid, HIn == H* +In~, the ratio of
ionized to unionized form can be determined from

(In7]
H=pK, +log——
pHi=pK, g [HIn]
So, for detectable colour change, pH =pK, £1

This roughly gives the range of indicators. Ranges for some popular indicators are

proBLEms 1 CHEmsTRY

Colour
Indicators pH range
Acid medium | Basic medium
Methyl orange 31-44 red yellow
Methyl red 42-63 red yellow
Phenolphathlene 83-10 colour]ess pink

Equivalence point: The point at which exactly equivalent amounts of acid and base have
been mixed. , .
Acid Base Titration : For choosing a suitable indicator titration curves are of great help. Ina
titration curve, change in pH is plotted against the volume of alkali to a given acid. Four cases arise.
< Strong acid vs strong base : The curve is almost vertical over the pH range 3.5-10. This
abrupt change corresponds to equivalence point. Any indicator suitable.
+ Weak acid vs strong base : Final solution is basic 9 at equivalence point. Vertical region
(not so sharp) lies in pH range 6.5-10. So, phenolphathlene is suitable.
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%+ Strong acid vs weak base : Final solution acidic. Vertical point in pH Tange 3.8-7.2.
Methyl red or methyl orange suitable.
+ Weak acid vs weak base : No sharp change in pH. No suitable indicator.
Note : at midpoint of titration, pH = pK ,, thus by pH measurements, K , for weak acids (or K;, for
weak bases) can be determined.
_ Polyprotic acids and bases : K,, K etc. can be safely neglected. If K, >> K, >> K, and only K,
plays a significant role in pH calculation. '

Solubility (S) and Solubility Product (K,)
This is generally used for sparingly soluble salts,
Let the salt is A, B, present in water. Let the solubility of A, B,, is S
Ay B, (s) == xA”" (aq) + yB*" (ag)
- xS ¥5
K, = (xS)* -(ySY =x*y” (S
e.g., For sparingly soluble salts (e.g., Ag,C,0,) an equilibrium which exists as
Ag,C,0,(s) = 2Ag*(ag.} +C,0% (ag.)
Then K =[Ag*1%(C,05] _ ,
Tonic product (Q) : It is defined as product of concentration of all the ions of a sparingly
soluble salt at time ‘t’. ‘ '
+ Case-1: IfQ <K, then solution is unsaturated no precipitation takes place.
+ Case-2 : If Q = K, then solution is saturated.
+ Case-3 : If Q > K, solution is super saturated, precipitation takes place.

Common ion effects : Suppression of dissociation by adding an ion common with
dissociated products. e.g., Solubility of AgCl decreases in presence of NaCl (CI” ion common) OR in

presence of AgNO;(Ag™ ion common)
AgCl(s) = Ag™(aq) + Cl (aq)

Solubility in water At eq.: - b s
Solubility in 0.01M NaCl At eq.: - s (5'+0.01)
' Ksp‘ = [Ag+ JCT™ T gora
Ksp =5 (8+0.01) where §'<S

Simultaneous solubility : When two sparingly soluble salts are present in water with atleast
a common'ion, then solubility of both salts decreases e.g., AgCl and AgBr, SrSO, and BaSO,

¢.g. Calculate simultaneous solubility of AgCl and AgBr in the solution.
If simultaneous solubility of AgCl and AgBr are x and y respectively.

AgCl(s) == Ag* (aq.) +Cl™(gq.) AgCl(s) = Ag*(ag.)+Cl" (qq.)
At eq. - (x+¥) x At eq. - (x+y) ¥y
Kspl (AgCl) = [Ag+ 1o IC17) Kspz (AgBr) = [Ag"]Toml [Br~}

Ksp1 ={x+y)x K_‘;Pz =(x+y)y



Effect of complex formation and hydrolysis on solubility : Solubility increases due to
complex formation and hydrolysis of anion (cation/anion) -

Solubility of AgBr in aq. sol. of NHj. ' ‘

Let solubitity of AgBr is x |

AgBr(s) == Ag” (aq) + Br~(gq) _ i K
Ateq. - - (x-y3 -~ x
Ag” (aq) + 2NH, (aq) == Ag(NH;)} (aq) 3 Ky
At eq. (x-y). (z-2y) Y
Overall AgBr(s) + 2NH, (aq) == Ag(NH,)}(ag)+ Br™ (ag)
~ Reaction at eq. - C(2-2y) - ¥ x
Due to very large value of K; we can assume y = x .
Kep 'kf‘ x>

Tz -2x)°
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Morphme (C12H,4NOy), which is used rnedlcally to reheve pam isa base What is its conjugate
acid?

(a) Cy,HgNO% (b} Cy7H,gNO; (©) C17H20N0§ . (d) C,;HyNO3
2. The conjugate base of H,PO7 is : ' '
(a) H PO, (b) H,PO; (&) HPO® | (d) PO¥ .
3. The strongest Bronsted base in the following anion is: .
(a) CN~ (b) CI” o @1 . : (d) Br™
4. Which salt can furnish H* in its aqueous solution? ' | .
(a) NaH,PO, (b) Na,HPO, {c} Naz'HPC),4 {d) All of these
5. Which is the set of amphiprotic species?
(a) H,0*, HPOZ", HCO; (b) H,0, HPOZ, H,PO;
(9) H,PO;, H,PO3, H,0 - (d) All of these
6. The K, values for HPO?" and HSOj; are 4.8 x 1072 and 6.3 x 10°® fespectively. Therefore, it
follows the HPOZ isa ......... acid than HSO3 and PO isa.......... base than SO3.
(a) weaker, stronger (b) stronger, weaker (c) weaker, weaker  (d) stronger, stronger
7. Given the following K, values, determine which species is the strongest base.
HSO; =1.2%x 1072, H,P0; =6.3x 10, HCO; =4.7 x 107!
(a) CO¥ | (b) H,50,
(c) SOF o (d) HPOZ"
8. Given that K, for water is 107 M2 at 62°C, compute the sum of pOH and pH for a neutral
aqueous solution at 62°C :
(a) 7.0 (b) 13.30
() 14.0 . (d} 13.0
9. The value of the ion product constant for water, (K,,) at 60°C is 9.6 x 10™* M2, What is the
" [Hy0%]ofa neutral aqueous solution at 60°C and an aqueous solution with a pH =7.0at 60°C
are respectively?
{a) 3.1x 1078, acidic : (b) 3.1x 1077, neutral
(©) 3.1x 1078 basic ' . (d) 3.1x 107, basic |
- 10. For pure water : C '
(a) pH increases while pOH decreases with rise in temperature
(b) pH decreases while pOH increases with rise in temperature
(c) both pH and pOH decreases with rise in temperature
(d} both pH and pOH increases with rise in temperature
11. A beer has a pH of 4.30. What is the [H;0" ]?

(@ 30x10% () 20x10™* (@ 20x10°  (d)50x107
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12. The hydrogen ion concentration of the oceans is about 2 x 10™M. What is the pH?

(a) 8.85 (b) 9.3 (c) 7.85 (d) 8.7
13. The hydroxide ion concentration of a wine is 8 x 10"1! M. What is the pH of the wine?
(a) 2.10 b) 2.9 (c 39 (dy 4.9

14. The pH of a solution is 5. To this solution acid was added so that its pH value becomes 2.0. The
increase in H* concentration is :
(a) 100 times (b) 5 dmes (c) 2.5 times (d) 1000 times

15. A solution has a pH = 9, it is 1000 times more basic than the original solution. What was the
pH of the original solution? .
(a) 12 ' (b) 6 (9 (d 10

16. Equal volumes of two HCI solutions of pH 3 and pH 5 were mixed. What is the pH of the
resulting solution?

(a) 3.5 (b) 4.0 (c) 45 (d) 3.3
17. pOH of 0.002 M HNO, is :

(a) 11+ 1log 2 (b) 11-log 2 (c) 3+log2 (d) None of these
18. Number of equivalents of HCI present in 100 mL of its solution whose pH is 4 :

(a) 107 (b) 107 (c) 107 (d 107°

19. Toa 10 mLof10™® N H,SO, solution water has been added to make the total volume of one
litre. Its pOH would be :

(@ 3 by 12 ()9 - () s
20. ThepHofa solutlon of H,80, is 1. Assuming complete ionisation, find the molarity of H,50,
solution :
(a) 0.1 (b) 0.2 (c) 0.05 {d) 2.0
21. pH of a strong diprotic acid {H,A) at concentrations :
(i) 107 M, (i) 107*N
are respectively :
(a) 3.7 and 4.0 (b) 4 and 3.7 (c) 4 and 4 (d) 3.7 and 3.7

22. Calcium hydroxide is a strong base. Compute [Ca?*} and [OH™ ] for a solution that is prepared
by dissolving 0.60 g of Ca(OH), in enough water to make a 1500 mL of solution.
[Atomic weights : Ca=40,0=16 H=1]

(a) 54x1073,9.1x 107" (b) 5.4x107%,1.08x 1072
() 5.4x107%,5.4x 107 (d) 8.1x107%,8.1x107°
23. pH of 10 M HCl(aq.) is : _
. (a) just less than 6 . (b) exactly equal to 6
(c) just greater than 6 (d) just less than 7
24. 107> M NaOH solution at 25°C is diluted 1000 times. The pH of the resultant solution will :
(a) be equal to 8 (b) lie between 7 and 8
(c) lie between 6 and 7 (d) remain unchanged

25. 4.0 g of NaOH and 4.9 g of H,50, are dissolved in water and volume is made upto 250 mL.
The pH of this solution is:
(a) 7.0 ' (b) 1.0 {c} 2.0 (dy 12.0
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26.

27.

28.
29,

30.

31.

32,

33.

34.
35.

36.

A 25.0 mL sample of 0.10 M HCl is titrated with 0.10 M NaOH. What is the pH of the solution
at the points where 24.9 and 25.1 mL of NaOH have been added?
(a) 3.70, 10.70 (b) 3.30, 10.30 (¢) 3.70, 10.30 {d) 3.0, 11.0
What is the pH of a solution in which 25.0 mL of 0.1 M NaOH is added to 25 mL of 0.08 M HCi
and final solution is diluted to 500 mL?
(a) 3 (b) i1 (c) 12 (d) 13
What is the pH of a solution in which 10.0 mL of 0.010 M Sr(OH), is added to 10.0 mL of
0.010 M HCI?
(a) 2.30 (b) 1.50 (c) 11.70 (d) 7.00
At 90°C, pure water has[H*] = 1076 M, if 100 mL of 0.2 M HCl is added to 200 mLof 0.1 M
KOH at 90°C then pH of the resulting solution will be : .
(a) 5 b 6 (7 (d) _l}l.one of these
What change will occur for the following reaction if the hypochlorous acid solution is diluted
from 0.1 to 0.01 M? _

HOCl(aq.) + H,0() = OCI™(aq.) + H30" (aq.)

- (a) a decrease in the fraction of acid ionized

(b) an increase in the fraction of acid ionized

(c) no change in the fraction of acid ionized

(d) we can not predict

Given K, values of 5.76 x 107'° and 4.8 x 107'° for NH} and HCN respectively. What is the

equilibrium constant for the following reaction? )
NH;(ag.) + CN"(aq.) = NHj(agq.} + HCN(aq.)

(a) 0.83 (b) 1.2 (c) 8.0x107H (d) 27.6x 1071°
Which is the strongest acid (pK, value is given)?

(a) HCOOH [3.77] (b) C¢HCOOH [4.22]

(c) CH,COOCH [4.7] (d) CH4CH,COOH (4.88)

Given : Enthalpy of ionization of two acids :
AH®° (HCN) =45.2 kJ mol™
AH® (CH,COOH) = 2.1 kJ mol ™

which relationship for the two acids is true

(a) pK ,(HCN) = pK,(CH,COOH) (b) pK,(HCN) > pK . (CH,COOH)

(c) pK,(HCN) < pK,(CH,COOH) _ (d) pK,(HCN) = %bpl( (CH;COOH)
What is the hydronium ion concentration of a 0.25 M HA solution? (K, = 4x 1078
(a) 107* (b) 107° (0 1077 (d) 1070
What is the percent ionization () of a 0.01 M HA solution? (Kﬂ =107%)

(a) 9.5% ) 1% (c) 10.5% (d) 17%

Given the two concentration of HCN (K, = 1077} are 0.1 M and 0.001 M respectively. What

will be the ratio of degree of dissociation?
(@1 (b) 0.1 (c) 0.003 (d) 0.01

S
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37.

38.

39.
40.

41.

A 0.10 M solution of HF is 8.0% ionized. What is the K,?
(a) 6.4x 107" (b) 8.8x10™ (c) 6.95x10™* (d) 7.6x 10™°

A weak base MOH of 0.1 N concentration shows a pH value of 9. What is the percentage
degree of ionization of the acid?

(a) 0.01% (b} 0.001% {c} 0.1% (d) 0.02%

0.01 M HA (aq.) is 2% ionized; {OH™] of solution is : '

(a) 2x 107" ®) 107 (@ sx 107! (d) 5x 10712

If degree of ionization is 0.01 of decimolar solution of weak acid HA then pK of acid is :
(a) 2 () 3 ‘ (c) 5 @ 7

What concentranon of HCOO™ is present in a solution of 0.01 M HCOOH (K, =1.8x 10‘4)

and 0.01 MHCI?
(a) 1.8x 1072 (b) 1072 () 1.8x10™* (d) 10“‘ '

42. Chose the correct code
_ Column-I P Column-II
(P) |pK,, of X~ (K, of HX =107) , e 6.9
(Q) |pk, of 10°M Hcl i (2) 8
(R) {pH of 1072 M acetic solution : (3) 10.7
(Take K, of acetic acid = 1.6 x 107%) '
(S) [pOH of a solution obtained by mixing equal volumes of | (4) 34
solution with pH 3 and 5.
Codes :
P Q R S
(a) 1 2 4 3
(b) 4 3 2 1
(c) 2 1 4 3
@ 1 2 3 4
43. How much water must be added to 300 mL of 0.2 M solution of CH,COOH (K, =1.8x 107%)
for the D.O.L (o) of the acid to double? _ '
{a) 600 mL (b) 900 mL {c) 1200 mL (d) 1500 mL
44. What is [NH}]in a solution that contain 0.02 M NH, (K, =1.8x 107>) and 0.01 M KOH?
. (@ 9x10® (b) 1.8x 107 (c) 3.6x 107 (d) None of these
45. A hand book states that the solubility of RNH,, (g)in water at 1 atm and 25°C is 22.41 volumes

of RNH,(g) per volume of water. (pK, of RNH, = 4) Find the max. pOH that can be attained
by dissolving RNH, in water : . '
(@) 1 (b) 2 (c) 4 . @ 6



46.

47.

48.

49.

50.

51.
52.
53.

54.
b5.
56.

57.

The [H*] of a resulping solution that is 0.01 M acetic acid (K, =1.8% 107°) and 0.01 M in
benzoic acid (K, =6.3x 107°) :

{a) 9x 107 (b) 81x 107 (c) 9% 107° (d) 2.8x107

6.0 g weak acid HA (mol. wt. = 60 g/mol.) is dissolved in water and formed 10 m? solution.

If Kyuny = 107°, then pOH of solution is : [Given: log 4 =0.6] .
(a) 6.7 (b) greater than 6.7 and less than 7.0

(c) greater than 7.0 and less than 7.3 (d) greater than 7.3

Carbonic acid (H,CO ), a diprotic acid has K, = 4.0 x 107 and K, , =7.0% 107", What is the
[HCO3] of a 0.025 M solution of carbonic acid?

(a) 7.8x107° (b) 6.6x107* (© 107%° (d) 1.0x107*
Carbonic acid (H,CO3), a diprotic acid has K, = 4.0x 107 and K ay =7-0% 10~"'. What is the
[COZ ] of a 0.025 M solution of carbonic acid?

(@) 5.5x 1077 () 5.5x10°® (c) 7.0x 107 (@ 7.0x 101
Selenious acid (H,Se0,), a diprotic acid has K, =3.0x 10 and K,, =5.0x 107°. What is
the [OH ] of a 0.30 M solution of a selenious acid?

(a) 2.85x 107 (b) 5.0x 107° (c) 3.5x 1072 (d) 3.5x10°"
Which of the hydrated species can exist? '

1: H;0; 1l : H,0* © II:H;03; IV : H,0%

Select alternate from : 7

(a) U only (b) Tand I . (c) I, Tand IV (d) LI, ITT and IV

Consider the following salts. Which one(s) when dissolved in water will produce an acidic
solution?

1. NH,Cl 2. KHSO, 3. NaCN 4. KNO,

(a) 2 and 3 - (b) 1 and 2 (¢) only 3 (d) 2 and 4

Consider the following salts. Which one(s) when dissolved in water will produce a basic
solution? ' '
1. RbClO, 2. NaNO, 3. NH,Cl 4. NaCl :

(a) 1and 3 (b} only 2 {c) 1and 2 (d) 3and 4

At 25°C dissociation constants of acid HA and base BOH in aqueous solution are same. The pH
of 0.01 M solution of HA is 5. The pOH of 10~ M solution of BOH at the same temperature is: -

{a) 3.5 (b) 4 (€} 6 (d) None of these
Which of the following solutions has the highest pH?

(a) 0.2 M HCIO, (b} 0.20 M CH,COOH

{c) 0.020 M HCl (d) 0.2 M NaCl

From separate solutions of four sodium saits NaW, NaX, NaY and NaZ had pH 7.0, 9.0, 10.0
and 11.0 respectively, when each solution was 0.1 M, the weakest acid is :

{(a) HW (b) HX (c) HY. (d) HZ

The pH values 0.1 M solution of HCOONa (I}, HCOOH (I, CH,COONH,, (IID), NaOH (IV},
HCl (V), will be in the order :.
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58.
59.
60.
61.

62,

63.

64,

65.

66.

67.
S (@ 108 M ®) 107 M (c) 1078 M (d} None of these

68.

69.

70.

@ IV>I>I1>11>V M V>I1>>10>V

@QN>MM>1>NV>V @VaIl>l>1>1IV
PH of an aqueous NaCl solution at 50°C should be :
(a) 7 M) >7 () <7 (d o
Upon hydrolysis of sqdium carbonate, the reaction takes place between:
(a) Na* and water  (b) Na* and OH" () CO% and water  (d) CO?% and H*
The solution of blue vitrol in water is acidic because:
* (a) CuSO, reacts with water (b) Cu?® reacts with water
() SOﬁ' reacts with water . {d) CuSO,removes OH™ ions from water

1 mL of 0.1 N HCl is added to 999 ml solution of NaCl. The PH of the resulting solution will
be :
@ 7 (b) 4 (c) 2 (d 1

If a salt of strong acid and weak base hydrolyses appreciably {a = 0.1), which of the following

formula is to be used to calculate degree of hydrolysis ‘a’?
(@ o= Ky M) a= K, ©) o= K (d) None of these
Ka +a Kb +a Kﬂ 'Kb

The correct formula to calculate the hydroxyl ion concentration of an aqueous solution of
NH,NO; is :

CxK, K, x K, CxK, . K, xK,
{a) J X, (b) ‘}_C—" (c} J X, (d) ]f——c

H*]= JK‘E‘K" is suitable for

(a) NaCl, NH,CI ' (b) CH4,COONa, NaCN

(c) CH;COONa, (NH,),S0, (d) CH;COONH,, (NH,),CO,

What is the hydrolysis constant of the OCl~ ion? The ionization constant of HOC is 3.0 x 10-%.
(a) 3.33x 107 () 3.33x 107 (©) 3.0x107 (d) 3.33x10°°
What-is the pH of a 0.10 M C¢H30" solution? The K, of C4HOH is 1.0 x 10°°,

{a) 1051 (b) 11.04 (c) 11.50 (d) 12

Calculate the [OH™ ] in 0.01 M aqueous solution of NaQCN (K » for OCN™ =107y :

What is the ionization constant of an acid if the hydronium ion concentration of a 0.40 M
solution is 1.40x 107% M? .

(a) 1.96x 1078 (b) 1.22x 10°° (c) 4.90x 10°% (d) 1.40x 107°

The degree of hydrolysis of 0.1 RNH,Cl solution is 1.0%. If the concentration of RNH,Cl is
made 0.4 M, what is the new degree of hydrolysis (in percentage)?

(a) 0.01 (b) 0.001 (c) 0.2 (d) 0.5

% hydrolysis of 0.1M CH;COONH 4, when K, (CH,COOH) = K, (NH,OH) = 1.8x 10~° is:

(a) 0.55 (b) 7.63 (c) 0.55x 1072 (d) 7.63x 1073



71.

72.

73.

- 74.

75.

76.

77.

78.

79.

80.

The enthalpy of neutralisation of four acids HA, HB, HC and HD with NaOH are -13, -12, -11,
—10 kecal/mol. Which salt has maximum degree of hydrolysis?
(a) 1M NaA (b) 1M NaB (c) 1M NaC (d) 1M NaD

Calculate [H*] at equivalent'point between titration of 0.1 M, 25 mL of weak acid HA
(K oquzay =107%) with 0.05 M NaOH solution :
(a) 3x107° (b) 1.732x 1077 (© 8 (d 10 ..
When a salt of weak acid and weak base is dissolved in water at 25°C, the pH of the resulting

solution will always :
(@) be 7 (b) be greater than 7
{c) be less than 7 (d) depend upon K, and K, values '

What will be the pH of an aqueous solution of 1.0 M ammonium formate?

Given : pK, =3.8and pK, =4.8 :

(@ 7.5 (b) 3.4 (c) 6.5 (d) 10.2

What will be the pH and % o (degree of hydrolysis) respectively for the salt BA of 0.1 M °
concentration? Given : K, for HA =107® and K, for BOH = 107¢

(a) S, 1% ® 7, 10% (©) 9,0.01% (d) 7, 0.01%

The percentage degree of hydrolysis of a salt of weak acid (HA) and weak base (BOH) in its 0.1
M solution is found to be 10%. If the molarity of the solution is 0.05 M, the percentage
hydrolysis of the salt should be :

(a) 5% (b) 10% (c) 20% (d) None of these
What is the hydronium ion concentration of a 0.02 M solution of Cu * solution of copper(Il)
perchlorate? The acidity constant of the following reaction is 5 x 107°.

Cu? (ag.) + 2H,0() = Cu(OH)*(aq.) + H;0" (aq.)
(a) 1x10°° (b) 7% 107* (c) 5x107* (d) 1x 107

What is the acidity constant for the following reaction given that the hydronium ion
concentration of a 0.04 M solution of Ni?* solution of nickel(II) perchiorate is 4.5 x 10752

Ni?* (ag.) + 2H,0(1) = Ni(OH)* (aq.) + H30" (aq.)
(@ 2x107% (b) 4x107° "(€) 5x 10712 (d) 5x1071°
Calculate the pH at 25°C !cvf a solution that is 0.10 M in Fe(NO,),. The acid dissociat{on
constant for the reaction given below is 1.0 x 1073,
| [Fe(H,0)61% + H,0() = H;0"(aq.) + [Fe(H;0)5(OH)]*
(a) 2.00 (b) 2.02 (©) 2.30 - (d) 2.50

Approximate pH of 0.01 M NaHA is calculated by :
Ko = 107® and K 4 = 107® are ionization constants of H,A)
PK, logC PK, logC
a) pH=7 + o H=7-—2 -~
(@ p > > () p 2 >
K, +pK
(©) pH= Plo *PPq (d) None of these

2
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81.

H3PO, is a weak triprotic acid' approximate pH of O 1M Na,HPO,(aq.} is calculated by :

@ %[pKal +pK, 1 ) = [pKaz K, ] (© 2 [PKa, +PK,,] (@) pKy +pK,,

82.

Which of the following is a buffer solution? )
(a) 500 mL of 0.1 N CH;COOH + 500 mL of 0.1 N NaOH

(b) 500 mL of 0.1 N CH;COOH + 500 mL of 0.1 N HCl

" (c) 500'mL of 0.1 N CH,COOH + 500 mL of 0.2 N NaOH

3.

(d) 500 mL of 0.2 N CH;COOH + 500 mL of 0.1 N NaOH

If 20 mL of 0.1 M NaOH is added to 30 mL of 0.2 M CH;COOH (pK, ='4.74), the pOH of the
resulting solution is :

. (@) 4.44 (b) 9.56 (c) 8.96 (d) 2.26

84,

85.

86.

87.

88.

89.

90.

91.

H,CO; + NaHCO, found in blood helps in maintaining pH of the blood close to 7.4. An excess
of acid entering the blood stream is removed by:
(a) HCO; (b) H,CO; . () H' io (d) CO% io

100 mL of 0.02M benzoic acid (pK, = 4.20)is titrated ﬂsmg 0.02M NaOH, pH after 50 mL and
100 mL of NaOH have been added are: ) '

(a) 3.50, 7 (b) 42,7 (c) 42,81 (d) 4.2, 8.25

What is the pH of a solution of 0.28 M acid and 0.84 M of its conjugate base if the ionization
constant of acid is 4 x 10747

(a) 3.88 . (b) 3.34 (c) 7 (d} 10.12

The toxic compound 2,4-dinitrophenol has K, =10™* M. In an experiment, a buffer solution
of 2,4-dinitrophenol was prepared with the pH adjusted to 5. Caleulate the ratio of the
concentrations of the dissociated ion to the undissociated acid :

(a} 0.01 (b 0.1 (© 10 (d) 100

Equilibrium constant for the following reaction is 1 x 107~ :

CsHgN(ag.) + HyO(I) = C3;H;NH" (aq.) + OH (ag.)

Determine the mole of pyridinium chloride (C HN. HCI} that should be added to 500 mL
solution of 0.4 M pyridine (C;HsN) to obtain a buffer solution of pH =5 :
(a) 0.1 mole (b) 0.2 mole {c¢) 0.3 mole (d} 0.4 mole

Which one of the following mixture does not act as a buffer solution?

(a) Boric acid and borax

(b) Sodium phosphate & disodium hydrogen phosphate

(¢) Sodium propionate and propionic acid

(d) Sod. acetate and sodium propionate

The acid dissociation constant of uric acid is K, =4.0x 10'6 M. The pH of a sample is 6.0.

What is the ratio of urate ion to uric acid in the urine?

(a) 2.0 (b) 4.0 {c) 6.0 (d) 0.25

CH3NH; (1.2 mole, pK,, = 3.3)is added to 0.08 moles of HCl and the solution is diluted to cne
litre, resulting pH of solution is :

(a) 10.7 (b) 3.6 T (c) 104 (d) 11.3
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94.

95.

96.

97.

98.

99.

100.

101.

102,

103.

104.

An aqueous solution at room teinperature is 0.1 M with respect to ammonium chloride and
0.01 M with respect to NH,OH (pK;, =5), the pH of the solution.is :

(a) 7.5 (b) 6.8 (c) 6.5 (d) 80

Which of the following will decrease with dilution at a given temperature?

(a) pH of 107> M acetic acid solution

(b) pH of 107 M aniline solution

(c) degree of dissociation of 103 M acetic acid:

(d) degree of dissociation of 10~° M aniline solution

A 1L solution contains 0.2M NH,OH and 0.2M NH,CL If 1.0 mL of 0.001 M HCl is added to it.
What will be the [OH ] of the resulting solution (K = 2x 107°)

(a) 2x107° (b) 5x 107 (c) 2x 1073 (d) None of these

0.1 M formic acid solution is titrated against 0.1 M NaOH solution. What would be the
difference in pH between 1/5 and 4/5 stages of neutralization of acid ?

(a) 2 log 3/4 M 21log1/5 {(c} log 1/3 (d) 2log 4
In the neutralization process of H,PO, and NaOH, the number of buffers formed will be:
(a) 3 () 1 (c) 2 (d) 4

A buffer solution is made up of acetic acid [pK, = 5] having conc. =1.5M and sodium acetate
having conc. = 0.15 M. What is the number of OH” ions present in 1 litre solution? "
(@ 10N, (b) 107* N, (© 103N, (d) 10° N,

The pH of a solution of 0.10 M CH,COOH increases when which of the following substances is
added?

{a) NaHSO, .(b) HClO, (c) KNO, (d) K,CO,4

H4* ion concentration of water does not change by adding :

(a) CH;COONa (b) NaNO, (c) NaCN _ {d) Na,CO,

pK, of NHj is 9.26. Hence, effective range for NH,OH ~ NH ,Cl buffer is about pH :
(2) 82610 10.26  (b) 4.74 to 5.74 (©) 3.7410 574  (d) 8.26t0 9.26

1.0 L solution is prepared by mixing 61 gm benzoic acid {pK, = 4.2) with 72 gm of sodium
benzoate and then 300 mL 1.0 M HBr solution was added. The pH of final solution is: '

(a) 3.6 (b) 3.8 : (c) 4.2 (d 4.8
‘The pH of a solution containing 0.4 M HCOj; and 0.2 M CO3 is: -
K, (H;CO4)=4x107;K,, (HCO3)=4x 1071 '
(a) 10.4 ® 10.1 © 6.1 @ 10.7
The pH of the resultant solution of 20 mL of 0.1 M H3PO, and 20 mL of 0.1 MNasPO, is:
‘ pK, +pK
(a) pK, +log2 (b) pK, -(c) pK,, : @ 2=

2

Which one of the following curves represents the graph of pH during the titration of NaOH and
HCl(aq.)? ‘
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. Vol. of NaOH Vol of NaOH Vol. of NaCH Vol. of NaOH

105. When 100 mL of 0.1 M NaCN solution is titrated with 0.1 M HCl solution the variation of pH
of solution with volume of HCI added will be ;

N

(d) pL

Volume of HCI added , Volume of HC| added
pH T : pH T
o . | | @ /_f/

Volume of HCI added Volume of HCI added

106. The best indicator for the detection of end point in titration of a weak acid and a strong base _
is: ) '
(a) Methyl orange (3.1 to 4.4) (b) Methyl red (4.2 to 6.3)
(¢) Bromothymol blue (6 to 7.6) (d) Phenolphthalein (8.2 to 10)

107. Select the best indicator from the given table for titration of 20 mL of 0.02 M CH3COOH with
0.02 M NaOH. Given pK, (CH;COOH) = 4.74

' Indjcator' pH range i
(| Bromothymol blue 6.0-7.6 B
| (| Thymolphthatein 9.3-10.5
~(Iif)| Malachite green 11.4-13
(IV}| M-Cresol purple 7.4~9 0
@ 1 o ®m ©m @ v

108. Bromothymol blue is an indicator with a K, value of 6x 1075, What % of this indicator is in its

basic form ata pH of 5 ?
(a) 40 - (b) 85.7 (c) 14.3 (d) 60
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109. An acid-base indicator has Ky =3.0x 10—5 The acid form of the indicator is red and the
basic form is blue. The change in [H*]required to change the indicator from 75% red to 75%
blue is : '

(a) 8x 10 M (b) 9x10° M (€ 1x10° M (d) 3x10™ M

110. An acid-base indicator which is a weak acid has a pK, value = 5.45. At what concentration

ratio of sodium acetate to acetic acid would the indicator show a colour half-way between

those of its acid and conjugate base forms ? [pK, of acetic acid = 4.75]
{a)4:1 b)6:1 @5:1 @3:1

111. A 20.0 mL sample of a 0.20 M solution of the weak diprotic acid H,A is titrated with 0.250 M
NaOH. The solution of the second equivalent point is :
(a) 0.10 M NaHA (b) 0.153 M Na,A  (c) 0.10 M Na,A (d) 0.0769 M Na,A

112. During the titration of a weak diprotic acid (H,A) against a strong base (NaCH), the pH of the
solution half-way to the first equivalent point and that at the first equivalent point are given
respectively by :

+ pK
(@) pK,, apd DKo + PKg, ®) / oC and
K, +pK,
(&) pK, and-p—l—-i—2 (d) pK, and pK,,

2

113. In which of the following cases is the solution of AgCl unsaturated?
(a) [Ag*1[CIT] <K, () [Ag¥)ICI"]>K,, (0 (Ag*][ClI"1=K, (d) fAg"][CI7] SK

114. When equal volumes of the following solutions are mixed, the precxpltanon of AgCl
(K, =1.8x10" 10y will occur with :
(a) 10¢ M (Ag*)and 107 M (CI7) (b) 10™° M (Ag*)and 107 M (CI7)
(¢) 10~° M (Ag*)and 107° M (CI7) (d) 107° M (Ag*)and 107° M (C17)
115. Choose the correct set of True/False for following statements: :
(i) Silver chloride is more soluble in very concentrated sodium chloride solutlon than in pure
water.
(i) The pH of a buffer solution does not change on addition of small amount of an acid or a
base.
(iii) Addidon of NH,CI does not affect the pH of a solution of NH,OH
(iv) Degree of hydrolysis of ammonium acetate does not depend upon the concentration of
ammonium acetate solution.
(v) A mixture of acetic acid and sodium acetate can act as buffer solution.
(a) TTFTT (b) FTTTF (¢) TFTF (d) FFTTT
116. A 1 litre solution containing NH,Cl and NH,OH has hydroxide ion concentration of 107

mol/litre. Which of the following hydroxides could be precipitated when the solution is added
to 1 litre solution of 0.1 M metal ions?
(I} Ba(OH), (K., =5x107%). {n Ni(OH), (K, =1.6x107')

() Mn(OH), (K, =2x107*) (IV) Fe(OH), (K,, =8x 107%)
(@ LI, 1Iv ) v (¢) 11 and TV (d) 11, 11, v
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150 mL of 0.0008 M ammonium sulphate is nuxed with 50 mL of 0.04 M calcium nitrate. The
ionic product of CaSO, will be : (K =2.4x10°° for CaSO,)

(a) <K, (b) >Kg © =~ (d) None of these
Ina saturated solution of AgCl, NaCI is added gradually The concentration of Ag* is plotted
against the concentration of Cl™. The graph appears as :

T_._._

(a) [Ag+1 () {Ag*l (©) {Ag*] ) [ag)

— —

[Cl 1 {Cl“‘] [CI] [cr]
K, of AgClis 1x 107%°, Its solubility in 0.1M KNO, will be : ‘
(a) 107° moles/litre  (b) >1075 moles/litre (©) <107° moles/litre (d) None of these
50 mL of a solution containing 10> mole of Ag” is mixed with 50 mL of a 0.1 M HCI solution.
How much Ag™ remains in solution? (K, of AgCl =1.0x 107'%)
(a) 2.5x 10°° (b) 2.5%x 1077 ~ (c) 2.5x 1078 (d) 2.5x1071¢

The solubility of a sparingly soluble salt A, B, in water is ‘S’ moles per litre. The sdlubility
product has the value :

(a) §2 (b) x¥y*.5*=Y (€) x*y¥s*+¥ (d) s+~

What is the molarity of a saturated solution of CaCO4? (K, =2.8x107%)

(a) 2.6x10°° (b) 2.8x107° (e) 5.2x 10'5 7 (d) 5.6x107°

K, of Zr,(PO, ), in terms of solubility-(S) is :

(a) 108 57 (b) 453 (c) 691257 (d) None of these
The solubility of electrolytes MX,, MX, and MX, is 1x 10~® moles per litre. Hence their
respective solubility products are ; -

(a) 107, 4x 107, 27 x 1072 (b) 107, 4x 107, 32x 10712

(c) 10° o, , 8x 107, 32x 10712 (d) None of these

A saturated solution of Ca, (PO, ), has [Ca2+] =2x10"°M and [POZ] =1.6x 107° M K, of

Cay(PO,), is : . ‘
(a) 32x10°18 (b) 3.2x 10734 (c) 2.048 x 1073 (d) None of these

Which of the followiﬁg is most soluble in water?

(@) Bay(P0O,), (K, =6x107) (b} ZnS (K, =7 x 1071%)

(c) Fe(OH); (K, =6x107%%) (d) Ag3(PO,) (K, =1.8x 107'8)

Silver ions are added to a solution with [Br~]=[CI"] =[C05 1=[As03"] = 0.1M. Which

compound will precipitate with lowest [Ag*]? ,
(a) AgBr (K, =5x 107%%) - (b) AgCl (K, =1.8x 1077)
() Ag,CO; (K, =8.1x107%%) (D) Ag;As0, (K, =1x 10722)



128. The solubility of different sparingly soluble salts are given as under :

| |
;S. No.| Formula Type |Solubility productjl
1. AB 40x107%
2. A,B 3.2x 1071
3. AB, 2.7 x 107!
The correct increasing order of solubility is :
(@ 1,32 () 2,1,3 (€) 1,2,3 @ 3,12
129.If K, for HgSO, is 6.4x 10™°, then solubility of this substance in mole per m? is :
(a) 8x 1073 ) 6.4x107° (c) 8x 107 (d) None of these
130. The solubility of Ba;(AsO, ), (formula weight = 690) is 6.9 x 1072 g/100 mL. What is the K !
(a) 1.08x 107" () 1.08x 1073 {¢) 1.0x 1071 () 6.0x1071
131. The solubility of AgBrO,; (formula weight = 236) is 0.0072 g in 1000 mL. What is the K,
(a) 2.2x 1078 () 3.0x1071° (¢) 3.0x10°® (d) 9.3x1071°
132. The solubility of PbF, (formula weight = 245) is 0.46 g/L. What is the solubility product?
(a) 1.1x 107%° (b) 2.6x107® (© 1.1x 107 (d) 6.8x107°

133. How many grams of MgC,0, (formula weight =112) will dissolve in 1.5 L of water?
(K, =8.1x107%)

(@) 1.0 : (b) 1.29 {¢) 1.512 (d) 4.65
134. What is the molarity of F~ ions in a saturated solution of BaF,? (K,, =1.0x 1076)
(a) 1.0x 1072 ®) 1.0x 107 (c) 1.26x 1072 (d) 6.3x107°
135. What is the molarity of F~ in a saturated solution of InFy? (K, =7.9x 107'%)
~ (@) 23x10°. (b) 8.3%x 107 () 1.0x 107 (d) 7.0x 107
136. What is the pH of a saturated solution of Cu{(OH),? (K 9 = 2.6x1071%)
(a) 6.1 (b) 7.30 (c) 8.42 {d) 7.90

137. The solubility product of AgCl is 1071° M2, The minimum volume (in m?) of water required to
dissolve 14.35 mg of AgCl is approximately :

(a) 0.01 (b) 0.1 (c) 100 (d) 10
138. What is the molar solubility of Fe(OH), (K, =8.0x 107'¢) at pH 13.0?
(a) 8.0x 10718 (b) 8.0x 10715 (c) 8.0x107Y (d) 8.0x107* -

139. What is the minimum pH necessary to cause a precipitate of Pb(OH), (K, =1.2x 10"%) to

form in a 0.12 M PbCl, solution?
(a) 12.4 (b) 10.8 (¢) 12.0 (@) 11.1
140. Which of the following would increase the solubility of Pb(OH),:
(a) Add hydrochloric acid
(b) Add a solution of Pb (NO,),
{c) Add a solution of NaOH
(d) None of the above~the solubility of a compound is constant at constant temperature
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What is the molar solubility of Ag,CO; (K, =4 x 10'13) in 0.1 M Na,CO, solution?

(a) 107 (b) 1077 (© 2x107° (d) 2% 107

What is the concentration of Pb** when PbSO 4 X p =18x 107%) begins to precipitate from a
solution that is 0.0045 M in 022 :

(a) 40x10°% M (b) 1.0x 108 M (©) 20x10% M (d) 4.0x107® M
What is the concentration of Ba®* when BaF, (K, =1.0x 107°) begins to precipitate from a
solution that is 0.30 M F™?

(a) 9.0x 1077 (b) 3.3x 1078 (©) 1.1x107° (d) 3.0x 1077
Solubility of AgCl in 0.2 M NaCl is x and that in 0.1 M AgNOQ, is y then which of the following

is correct? ‘
@ x=y ) x>y () x<y (d) We cannot predict
What is the molarity of Fe(CN)¢™ in a saturated solution of Ag , {Fe(CN)1? (K, =1.6 x 107™*')

- (a) 1.6x 1078 () 5.2x1078 (©) 2.0x10°® (d) 2.3x107°

146.

147.

148.

149.

150.

At 25°C, K, for PbBr, is equal to 8 x 107>, If the salt is 80% dissociated, what is the solubility
of PbBr, in mol/litre? |

10~ /3 10°5 1/3 104 1/3 10- 1/2
@ [1.6x1.6] ®) 1.6x1.6 © 0.8x 0.8 @ 1.6x1.6 :

What is the molar solubility of Mn(OH),(K,, =4.5x 10™*) in a buffer solution containing
equal amounts of NH} and NH, (K, =1.8x107%)?
(a) 3.0x 107 (b) 1.38x 107 (c} 1.38x 107 (d) 7.3x107*

Find moles of NH,Cl required to prevent Mg(OH), from precipitating in a litre of solution
which contains 0.02 mole of NH, and 0.001 mole of Mg?* jons.

Given : K, (NH3) =107%; K, [Mg(OH),) =107'%. -

(a) 107 (b) 2x1073 (c) 0.02 (d) 0.1

What mass of Agl will dissolve in 1.0 L of 1.0 M NH,? Neglect change in conc. of NHj.
[Given: K, (AgD) =1.5x107"%; K; [Ag(NH;);]1=1.6x 107]; (At. wt. Ag = 108;1=127)
(a) 49x107 g (b) 0.0056 g (c) 0.035 ¢ (d) 0.011 g

Consider the following statement and select correct opdon :
(I} K, of Fe(OH); in aqueous solution is 3.8 x 10™® at 298 K. The concentration of Fe**

will increase when [H*] ion concentration decreases.

(I} Inamixture of NH,Cland NH,OH in water, a further amount of NH Clis added. The pH
of the mixture will decreases.

(III) An aqueous sulution of each of the following salts (NH I, HCOOK) will be basic, acidic . s

respectively.
(a) only I is correct (b) only II is correct
(c) only III is correct (d) I and Til are correct
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11.

Equilibrium constants of T,0 (T or ; H? is an isotope of ; H!) and H,0 are different at 298 K.
Let at 298 K pure T,0 has pT (like pH) is 7.62. The pT of a solution prepared by adding 10 mL
of 0.2 M TCl to 15 mL of 0.25 M NaOT is :

{a) 2-log7 (b) 14 +1og 7 (c) 13.24-log 7 (d) 13.24+ log 7
Liquid NH; ionises to a slight extent. At a certain temp. it's self ionization constant
Ksicomsy) = 1073, The number of NH} ions are present per 100 cm® of pure liquid are :

(a) 1071° " (b) 6.022x 10° (c) 6.022x 107 (d) 6.022x 10°

To what volume of 10 litre of 0.5 M CH,COOH (K, =1.8 x 107°) be diluted in order to double

the hydroxide ion concentration : '
(a) 20L (b) 30L {c) 40 L (d) None of these

20 mL of 0.1 M-weak acid HA (K, = 107 )is mixed with solution of 10 mL of 0.3 M HCl and 10
mL of 0.1 M NaOH. Find the value of [A~]/([HA] + [A7]) in the resuiting solution :

(a) 2x107* ®) 2x10°° - (¢) 2x1078 (d) 0.05
What concentration of FCH,COOH (K, = 2.6 x 107%) is needed so that [H*] =2x 10737
(a) 2x1073 M ) 2.6x103 M (¢} 5.2x10° M (d) 353x107% M

Calculate the ratio of HCOO™ and F~ in a mixture of 0.2 M HCOOH (K, = 2 x 107*)and 0.1 M
HF (K, =6.6x107*):

(a) 1:6.6 (b) 1:33 (c) 2:3.3 d) 33:2

If first dissociation of X(OH), is 100% where as second dissociation is 50% and third
dissociation is negligible then the pH of 4x 1072 M X(OH), is :

(a) 11.78 © (b) 10.78 (©) 2.5 (d) 2.22
HjA is a weak triprotic acid (K, =107, K, =107, K, =107")

[A¥]
[RA™]

What is the value of pX of 0.1 M H3A (aq.) solution? where pX=-log Xand X =

(ay 7 (b) 8 . (9 ) 10

Calcium lactate is a salt of weak organic acid and strong base represented as Ca(LaC),.
A saturated solution of Ca(LaC), contains 0.6 mole in 2 litre solution. pOH of solution is 5.60.
If 90% dissociation of the salt takes place then what is pK, of lactic acid?

(a) 2.8-log (0.54) (b) 2.8+ 1og (0.54) (c} 2.8+ 1og {0.27} (d) None of these
What is the concentration of CH,COOH(aq. ) in a solution prepared by dissolving 0.01 mole of
NH}CH,COO™ in 1 L H,0? {K 2 (crycoomy =18 % 10‘5;K,,(NH40H) =1.8x 107%)

(a) 5.55x10"% (b) 0.10 (c) 6.4x 107 (d) 5.55x 1073

K, for the reaction; Fe* (aq.) + H,0() = Fe(OH)* (aq.) + H,0% (aq.) is 6.5x 1073,
What is the max. pH value which could be used so that at least 80% of the total iron (III) in a

dilute solution exists as Fe**?
(a) 2 (b} 2.41 {c) 2.79 (d) 1.59
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. Fe(OH}, is diacidic base has K, = 10* and K by =2:.5% 10°¢

What is the concentration of Fe(OH), in 0.1 M Fe(NO;), solution?

(@) 4x10°  °  (b) 25x107° (©) 1071 @ 107

How many gm of solid KOH must be added to 100 mL of a buffer solution?

Which is 0.1 M each wr.t. acid HA and salt K A to make the pH of solution 6.0.

[Given : pK, (HA) = 5] .

(a) 0.458 (b) 0.327 () 5.19 (d) None of these
Fixed volume of 0.1 M benzoic acid {pK ; = 4.2) solution is added into 0.2 M sodium benzoate
solution and formed a 300 mL, resultant acidic buffer solution. If pH of this buffer solution is
4.5 then find added volume of benzoic acid :

{a) 100 mL (b) 150 mL (¢) 200 mL {d) None of these

A 1.025 g sample containing a weak acid HX (mol. wt. =82) is dissolved in 60 mL water

and titrated with 0.25 M NaOH. When half of the acid was neutralised the pH was found
to be 5.0 and at the equivalence point the pH is 9.0. Calculate weight percentage of HX in
sample : :

(a) 50% (b} 75% (c) 80% (d) None of these
Which of the following expression for % ionization of a monoacidic base (BOH) in aqueous
solution at appreciable concentration is not correct?

@ 100x [Kb ® !
c 1+ 10 (pK;, — pOH)
N
(© el @ Kb
K, +K, K +[OH7]
A solution of weak acid HA was titrated with base NaOH. The equivatent point was reached

when 40 mL of 0.1 M NaOH has been added. Now 20 mL of 0.1 M HCl were added to titrated
solution, the pH was found to be 5.0. What will be the pH of the solution obtained by mixing
20 mL of 0.2 M NaOH and 20 mL of 0.2 M HA?
(a) 7 (b) 9 (c 11 {d) None of these
A buffer solution 0.04 M in Na,HPO, and 0.02 M in Na,;PO, is prepared. The electrolytic
oxidation of 1.0 milli-mole of the organic compound RNHOH is carried out in 100 mL of the
buffer. The reaction is

RNHOH + H,0 — RNO, + 4H" + 4~

The approximate pH of solution after the oxidation is complete is :

[Given : for H3PO,, pK, =2.2 pK,, =7.20; pK,, =12] ‘

(a) 6.90 (b} 7.20 (c) 7.5 (d) None of these
When a 20 mL of 0.08 M weak base BOH is titrated with 0.08 HCl, the pH of the solution at the
end point is 5. What will be the pOH if 10 mL of 0.04 M NaOH is added to the resulting
solution? :

[Given : log 2=0.30 and log 3 =0.48]

(a) 5.40 (b) 5.88 (c) 4.92 (d) None of these
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20, Calculate approximate pH of the resultant solution formed by titration of 25 mL of 0.04 M
Na,CO4 with 50 mL of 0.025 M HCL [Given : pK, = 6.4 and pK,, =10.3 for H,CO3]}

(a) 5.92 (b) 6.88 {c) 64 (d) 5.88 ~v
21. In the titration of a solution of a weak acid HA and NaOH, the pH is 5.0 after 10 mL of NaOH
solution has been added and 5.60 after 20 mL NaOH has been added.
What is the value of pK, for HA?
(a) 5.15 (b) 5.3 {c) 5.6 (d) None of these
22. 50 mL of 0.05 M Na,COy is titrated against 0.1 M HCL. On addmg 40 mL of HCI, pH of the

solution will be [Given : For H,CO3, pK, =6.35, pK,, =10.33; log 3 =0.477, log 2 = 6.30}

(a) 6.35 (b) 6.526 (c) 8.34 ' (d) 6.173
23. 10 mL of 0.1 M tribasic acid H, A is titrated with 0.1 M NaOH solution. What is the ratio of
[{Hfi at 2" equivalence point? [Given : Kq =107, K, = 108, K a3 = 10712}
A
(a) =107* - () =10** () =107 (d) =10%*

24. A;B, is a sparingly soluble salt of molar mass M (g mol ™) and solubility x g litre™. The ratio

of the molgr concentration of B> to the solubility product of the salt is :

.(a) 108 M_ (b) 1 M— (c 1 M— {(d) Noﬁe of these

108 x* 54 x*
25. A solution is 0.10 M Ba(NO;), and 0.10 M Sr(NO;),. If solid Na,CrO, is added to the
solution, what is [Ba®"] when SrCrQO, begins to precipitate?

(K, (BaCrO,) =1.2x 107'%; K, (S1Cr0,)=3.5x10"°]
(2) 7.4x 1077 (b) 2.0x 1077 (c) 6.1x107 (d) 3.4x 1077
26. A solution is 0.01 M KI and 0.1 M KCL. If solid AgNO3 is added to the solution, what is the [17]

when AgCl begins to precipitate?
K, (Agh =15x 107'%; K, (AgCl) =1.8x 10 ]

{a) 3.5x 107 () 6.1 x 1078 (© 2.2x107" (d) 8.3x1078

27. A solution of 0.1 M in Cl~ and 10™* M CrO;%. If solid AgNO, is gradually added to this
solunon what w1]l be the concentration of CI” when Ag,CrO, begins to precipitate?

» (AZCD =107 M% K, (Ag,Cr0,) =102 M
. (@) 10° M () 107* M (€ 10° M (@ 107° M

28. If 500 mL of 0.4 M AgNO; is mixed with 500 mL of 2M NH; solution then what is the
concentration of Ag (NH;)" in solution? :
Given: K,[Ag(NH;)"1=10% K, [Ag(NH;)3]=10*
(a) 3.33x 107’ M ) 3-33x10°M (0 3x107'M d 107M

29. The simultaneous solubility of AGCN (K, = 2.5 x 107 )and AgCI (K, =1.6x 107)in 1.0M
NH, (aq.) are respectively : [Given : K ¢ [Ag(NH,)31=107]
(a) 0.037,5.78x107® (b) 5.78x 108, 0. 037
(c) 0.04, 6.25x 107 (d) 1.58x107%,1.26x 107°
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30.

31.

32,

 33.

o

There exist an equilibrium between solid $rSO,, and Sr®* and SO2" ion in aqueous medium.

The possible equilibrium states are shown in figure as thick line. Now, if equilibrium is
disturbed by addition of (a) Sr(NO;)}, and (b) K,S0, and dotted line represent approach of
system towards equilibrium. Match the columns given below :

S0z SOE-
(I) addition of Sr{NO4}, (I} addition of K,S0O,
(a) (D (i), dD (v) - M M G, (D (V)
(© O (v, D V) d @ (), aD (vi)
Solubility of AgCN is maximum in : .
(a) acidic buffer solution (b) basic buffer solution
(c) in pure water (d)} equal in all solution

AgBr(s) + 28,05 (ag.) == Ag(5,04)3 (ag.) +Br (aq.)

[Using : K, (AgBr) =5x 107" K, (Ag(5,03)3 ) =5x10%]

What is the molar solubility of AgBr in 0.1 M Na,S,0,?

(@) 0.5 M (b) 0.45 M (c) 0.045 M (d) None of these
What is[Ag *]in a solution made by dissolving both Ag ,CrO, and Ag,C,0, l.lIltll saturation is

" reached with respect to both salts?

34.

35.

[Kyp (Ag5C20,)=2x10""", K, (Ag,CrO,) =2x 107
(a) 2.80x 1074 (b) 7.6x 107° {c) 6.63x107° (d) 3.52x10™*

What is the minimum pH required to prevent the precipitation of ZnS in a solution that is 0.01
M ZnCl, and saturated with 0.10 M H,S?

[Given : Ky, =107, K, x K,, =107"] .
(a) 0 (b) 1 (c) 2 d 4
The salt AI(OH)3 is involved in the following two equilibria,
Al(OH);(s) == Al*(aq.) + 30H (aq.); K
Al(OH);(s) + OH™ (ag.) = AI(OH) 1(@a. 2 K,

Which of the following relationship is correct at which solubility is minimum? ,

L Ksp 1/3 . ) KC /4
(2) [OH ]_[KCJ | (b) [OH ]‘{K;J

KA . ‘
(@ [OH ] = [KS‘DJ ' (d) None of these

[
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el 3

PASSAGE 1

Solution of an acid and it’s anion (that is, it’s conjugate base) or of a base and it's common
cation are buffered. When we add a small amount of acid or base to any one of them, the
pH of solution changes very little. pH of buffer solution can be computed as
[Conjugate base]
[Acid] -
{Conjugate acid]
[Base] o

It is generally accepted that a solution has usefui buffer capacity (pH change resisting
power) provided that the value of [salt or conjugate base]/{acid] for acidic buffer lies
within the range of 1 : 10 to 10 : 1. Buffer capacity is max. when [conjugate base] =[acid}

for acidic buffer : pH =pK, + log

for basic buffer : pOH = pK),, + log

. One litre of an aqueous soluticn contain 0.15 mole of CH;COOH (pK, = 4.8) and 0.15 mole of
CH,COONa. After the addition of 0.05 mole of solid NaOH to this solution, the pH will be :

(a) 45 (b) 4.8 {c) 5.1 (d) 5.4

. Calculate the pH of a solution made by adding 0.01 mole of HCl in 100 mL of a solution which
is 0.2 M in NH, (pK; =4.74) and 0.3 M in NHj :

(Assuming no change in volume)

(a) 5.34 (b) 8.66 (c) 7.46 (d) None of these
. Useful buffer range of weak acid HA (K, =107°) is : : .
(a) 5to 7 (b) 4to 6 : (c) 305 (d) None of these

. Select correct statement :

(a) When we add small amount of NaOH in acidic buffer solution, pOH of solution is increases
(b) When we add small amount of NaOH in basic buffer solution, pH of solution is increases
(c) When we add small amount of water in acidic buffer sohution, pH of solution is decreases
(d) When 100 mL of 0.2 M CH;COCH react with 200 mL of 0.1 M NaOH buffer solution is

formed

;rnssne: 2,

Hydrolysis is an acid-base reaction of a cation or anion or both ions of a salt with water.
Resultant solution of hydrolysis may be acidic, basic or neutral. The anion A~ which is a
weaker base than OH™ and which has it'’s conjugate acid HA stronger than water but
weaker than H;0" shows the phenomenon of hydrolysis Ex. : CH;COO~,CN~, NO3, etc.
The cation B* which is a weaker acid than H;0" and which has it’s conjugate base BOH
stronger than water but weaker than OH ~ shows the phenomenon of hydrolysis Ex. : NHJ,

CgH NH*, N,H{ etc.
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'PASSABE 3 ;i

The hydrolysis constant of anion and cation are given by
A7 (aq.} + H,O() == HA(ag.) + OH (aq.)

K, _ [HA(aq.)][OH (aq.)]
K, [A" (aq.)]
B*(aq.) + H,0(I) = BOH(aq.) + H' (aq.)
K, K - [BOH(aq.)] [H* (aq.)}]
Ky [B* (aq.)}

Kh=

Which of the following statement is true?

(a) Weaker the acid, greater will be hydrolysis of its anion
(b) Weaker the base, greater will be hydrolysis of its cation
{c) Both (a) and (b)

(d)} None of these

. Select the correct statement :

(a) KCI undergoes hydrolysis

®) Ky =K,(A7)and K;, =K ,(B*)

(c) 0.1 M solution of NaCN is acidic

(d) resultant solution of equal volume of 0.1 M NH; and 0.1 M HCl is basic

When pure ammonium chloride is dissolved in pure water, the pH of the resulting solution is
not 7. This is because :

(a) ammonium ions accept protons from water molecules leaving free OH™ ions in solution
{b) ammonium ions donate protons to water rmolecules forming H,0" ions in solution

(c) ammonium ions combine with water molecule to give the weak base, ammonium
. hydroxide

(d) chloride ion made the solution acidic

Calculate percentage degree of hydrolysis in a 0.1 M solution of CH,COONa.

(K, of CH,COOH =107)

(a) 0.1 (b) 0.01 (c) 107 (d) None of these -

o
-

Acid-base indicators are either weak organic acids or weak organic bases. Indicator change
colour in dilute solution when the hydronium ion concentration reaches a particular value.
For example, phenolphthalein is a colourless substance in any aqueous solution with a pH
less than 8.3. In between the pH range 8.3 to 10, transition of colour (colourless to pink)
takes place and if pH of solution is greater than 10 solution is dark pink. Considering an
acid indicator HiIn, the equilibrium involving it and it's conjugate base In~ can be
represented as :

Hn <= H' + In”

adidic form balsi(r:l form

pH of solution can be computed as :
[In"}]
(HIn}
In general, transition of colour takes place in between the pH range pK,, + 1.

PH =pK;, + log




. Anindicator is a weak acid and pH range is 4.0 to 6.0. If indicator in 50% ionized in a given

solution then what is the ionization constant of the acid?

(a) 107 () 107 (c) 107° (d) None of these

. Select the correct statement(s) :

(a) At midway in the transition of an acidic indicator, pH = pK,,

(b) Methyl orange (3.1 to 4.4) is a suitable indicator for titration of weak acid and strong base

(¢) Bromothymol blue (6.0 to 7.6) is a good indicator for titration of HCl and NaOH

(d) Thymol blue (1.2 to 2.8) is a very good indicator for titration of 100 mL of 0.1 M NH,OH
(pK, =4.74) and 0.1 M HCl

. Following is the titration curve of two acids HA and HB (5 milli-moles each) titrated against
strong base NaOH (0.1 M)

12
10
8
6
b ———— -/
" ~~THB
N4
3 ________
2

25 50 75
) Volume of NaOH (in mL})
What is pK, for HB acid? .
(@ 3 () 4 (© 5 d 6
. What is the equilibrium constant for the reaction
HB(aq.) + NaA(aq.) == HA(aq.) + NaB(aq.)?

(a) 10 (b) 0.1 (c) 1077 (d) 107"

. Calculate the pH at equivalent point when HB is titrated with NaOH.

(a) 8.75 (b) 8.85 (c) 9.0 (d) None of these
. Which of the following indicator is most suitable for titration of HB with strong base :
{a) Phenolphthalein (8.3 —10) (b) Bromothymol blue (6 —7.6)

(c) Methyl red (4.2 - 6.3) : (d) Malachite green (11.4 -13)
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PASSAGE 4

Consider a saturated solution of silver chioride that is in contact with solid silver chloride.
The solubility equilibrium can be represented as

AgCl(s) == Ag*(aq.) +Cl (aq.); Ky =[Ag" (aq.)1[Cl (aq.)]

Where K, is called the solubility product constant or simply the solubility product. In
general, tﬁe solubility product of a compound is the product of the molar concentrations of
the constituent ions, each raised to the power of its stoichiometric coefficient in the
equilibrium equation.

For concentrations of ions that do not necessarily correspond to equilibrium conditions we
use the reaction quotient (Q) which is called the ion or jonic product (Q), to predict
whether a precipitate will form. Note that Q has the same form as K -

The possible relationships between Q and K, are

Q <K, Unsaturated solution
Q =K, Saturated solution
Q >K,, Supersaturated solution; precipitate will form

1. Will a precipitate form if 50 cm > of 0.01 M AgNO; and 50 em> of 2 x 10~° M NaCl are mixed?
[Given : K, (AgCl) =107 M 2]
(a) Yes
(b) No
(c) lonic product is less than solubility product, hence precipitate will form
(d) Data insufficient
2. Will a precipitate form if 1 volume of 0.1 M Pb** ion solution is mixed with 3 volume of 0.3 M
CI” ion solution? [Given : K, (PbCl,) =1.7 x 10~° M?) :
(a) Yes
{b) No
(c) Ionic product is less than solubility product, hence precipitate will form
(d) Data insufficient
3. At 25°C, will a precipitate of Mg(OH), form when a 0.0001 M soluton of Mg(NO,), is
adjusted to a pH of 9.0? At what minimum value of pH will precipitation start?
[Given: K, (Mg(OH),) =107"! M?]
(a) No, pH =3.5 (b) No, pH =10.5 {c) No, pH=6.0 (d) Yes, pH =8.5
4. Determine the molar solubility of MgF, from it's solubility product K g =4x 107 :

(a) 103 (b} 6.32x 10°% (¢) 2x 1075 (d) None of these

S. The solubility product of ferric hydroxide in aqueous solution is 6x 1073 at 298 K. The

solubility of Fe®" jon will increase when the :

(a) pH is increased

(b) pHis 7.0

(¢) pH is decreased

(d) saturated solution is exposed to the atmosphere
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ONE OR MORE ANSWERS IS/ARE CORRECT

. Which is/are wrong statement(s)?

{a) Arrhenius acids are also Bronsted acids but all Arrhenius bases are not Bronsted bases
(b) All Lewis bases are Bronsted bases

(c) All Bronsted acids are Lewis acids

(d) Conjugate base of a strong acid is weak

. Which of the following are conjugate acid-base pairs :

(a) HCO3, CO3” () C4H NH3,C6H5NH2
(¢) H,C,0,, HC,0; (d) OH™, H*
. Which are the set of amphiprotic species?
(a) H,O, H,PO,, HPOZ (b) HPO3™, HCO;
(¢) H,PO3, H,PO3, HC,0; (d) HPO3-, H,0, CO3~

. Which of the foilowing statements is/are not correct?

(a) A substance which can provide OH™ in aqueous medium is a base

(b) A substance which can accept a pair of electron is a base

(c) A substance which can accept a proton in aqueous medium is a base

(d) A substance which can donate a pair of electron is a base

. If degree of ionization (a) of a weak electrolyte AB is very less then a is :

(a) directly proportional to the square root of volume of solution

(b) inversely proportional to the dilution

(¢) inversely proportional to the square root of concentration

(d) directly proportional to concentration

. Factor influencing the degree of ionization of a weak electrolyte is :

(a) dilution (b) temperature

(c} presence of other ions (d} nature of solvent

. Which of the following statement(s) is/are correct about the ionic product of water?

(a) K, (ionization constant of water) < K, (ionic product of water)

(b) pK; > pK,,

(¢) At 25°C, K; =1.8x 1071

(d) Ionic product of water at 10°C is 10~

. Which among the following statement is/are correct?

(a) pH = - log,, [H,07] for dilute solution

(b) pH of H,0O decreases with increase of temperature

{¢) pH can not more than 14

(d) If a solution is diluted ten times, its pH always increases by 1

. If concentration of two weak acids are different and D.O.I. {a) are very less then their relative
strength can be compared by :

@ A D= © S @ KXol

[H*], aj Caa; Kg,Co




10.

11.

12,

13.

14.

15.

16.

17.

If concentration of two weak bases are same and D.O.L. (o) are very less then their relative
strength can be compared by ; :

_ X K
(a) 1OH 1 ) =2 © % @ ¥Ku
[OH"], Ky, oy i,

Which of the following expressions is/are true?
(a) [H*]=[OH"]=./K,, for a neutral solution
(b} [OH" 1 </K,, for an acidic solution

(c) pH + pOH =14 at all temperature
(d} [OH"1=10"7 M at 25°C

If K,,K,, and K, be the first, second and third ionization constant of H3;PO, and
Ko >>Kg, >> K, which is/are correct :

(a) [H']= K, [H;PO,] (b) [H*]=~[HPOF ]

() K,, =[HPOS ] (d) [HPOF 1=[PO}]
Which of the following mixtures constitute a buffer?

(a) HCOOH + HCOONa (b) Na,CO, + NaHCO,
{¢) NaCl + HCl (d) NH,Cl+ (NH,),S0,

Which of the following mixtures can act as a buffer?
(a) NaOH + HCOONa (1 : 1 molar ratio) (b) HCOOH + NaOH (2 : 1 molar ratio)

(c) NH,Cl + NaOH (2 : 1 molar ratio) (d) HCOOH + NaOH (1 : 1 molar ratio)
Which of the following will function as buffer?

(a) NaCl + NaOH (b) Borax + boric acid

() NaH,PO, + Na,HPO, (d) NH,Cl+ NH,OH

Which of the following statements is/are correct?

(a) The conjugate acid of NH, is NH,

(b) Solubility product constant increases with increase in concentration of ions
(c) On diluting a buffer solution pH change is negligible

(d) In alkaline buffer solutiqu, if some HCI is added, it’s [OH™ ] will increase

Degree of hydrolysis (o) for a salt of strong acid and weak base is :
(a) independent of dilution (b) increases with dilution

" (©) increases with decrease in K b (d) increases with increase in temperature

18.

19.

The compound whose 0.1 M solution is acidic :

[pK, of HCOOH = 3.75, pK;, of NH,OH = 4.74]

(a) Ammonium formate (b) Ammonium sulphate

{c} Ammonium chloride {d) Sodium formate

Formic acid is a weak acid and hydrochloric acid is a strong acid. It follows that the :

(a) [OH™] of 0.01 M HCI (aq.) will be less than that of 0.01 M HCOOH (aq.)

(b) solution containing 0.1 M NaCOH (aq.) and 0.1 M HCOONa (aq.) is a buffer solution

(c) pH of 107° M HCI (aq.) will be approximately 7 at 25°C

(d) pH of a solution formed by mixing equimolar quantities of HCOOH and HCl will be less
than that of a similar solution formed from HCOOH and HCOONa



20.

21.

22.

23.

24,

25,

If you have a saturated solution of CaF,, then :

(@) [Ca¥] = (K, /9 () 2x [Ca™] =[F ]
(0 [Ca*1=2[F] | @ [€a*1=/K,,

Which is/are correct statement(s) about the solubility of AgCl(s).?

Given : K poagay =107 K [Ag(NH;)51=10°,

(a) Solubility of AgCl in pure water is 10~ gm/litre

(b) Solubility of AgCl in 2M KBr is 10> mol/litre

(c) Solubility of AgCl in 2M AgNO; is 5x 107" M

(d) Solubility of AgCl in 2M NH, is 0.182M

H, A is a weak diprotic acid. If the pH of 0.1M H,A solutlon is 3 and concentration of A% is
1072 at 25°C.

Select correct statement(s)
(a) [H* ] g ~[H"*] from first step of ionisation of acid H,A

(b} Concentration of OH™ in sclution is 1073 M

(c) The value of K, is nearly 107

{(d) pKo, —pKy =9

Which is/are correct statement(s)?

(a) CH,COONH, have greater degree of hydrolysis in 0.2 M solution in comparison of 0.4M

solution.
{b) Anion have lesser basic strength than OH™, does not hydrolysis
() The CH4COO~ have greater degree of hydrolysis in comparision of HCOO~ when their

salt solution have equal conc.

(d) SO3 does hydrolysis but HSOZ does not undergo hydrolysis e
0.01M NH,CI (aq) solution at 25°C has: ' o
() [Cl™ {aq)] <107°M ) (b) [NHZ (aq)] <1072M

(c) pOH > 7 : (d) [H*]>107 M

In an acidic indicator HIn has ionisation constant is 10°8. The acid form of indicator is yellow
and alkaline form is red. Which is correct statement:

{Given : log2 = 0.3, log3 = 0.48)

{a) The pH range of indicator is 7 to 9

(b) Change in pH is 0.96 when 75% yellow colour change to 75% red colour

(¢) This indicator is suitable for the titration of strong acid Vs strong base

(d) pH of indicator is 8.3 when ratio of acid form to alkaline form is 2.
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MATCH THE COLUMN
A
Column-I and Column-II contains four entries each. Entries of Column-I are to be matched
with some entries of Column-II. One or more than one entries of Column-I may have the
matching with the same entries of Column-II.
e e e e ——
1. Column-I f Column-N
{A) HCI (P) Bronsted base
(B) NH, (Q) Bronsted acid
(C) H,O (R) Arrhenius acid
(D) CN™ (S} Lewis base in adduct displacement reaction
I - _———— . - —— - [ - e —— ‘-—-— .. R |
2.1 Column-I ! } Column-I1

(A) Conjugate acid-base pair
(B) Acid-base adduct

(C} An acid-base reaction

(P) Bronsted-Lowry concept
(Q) Lewis concept
(R) Arrhenius concept

(D) Proton donation (8) K, -K; =K,,
‘ ol e ——— - e — s
3., Column-I : f Column-TI
| {A) Fe(NOj;);(aq.) | (P) Only cationic hydrolysis
(B) KClO,(ag.) (Q) Only anionic hydrolysis
(C) HCOONa(ag.) (R) Both cationicaswell asanionic hydrolysis
(D) NH,CN(aq.) (S) No hydrolysis
4. Column-1 Column-II
(A) Salt of weak acid and weak base (P pH=1/2[pK, + pK, + log C]
(B) Salt of weak acid and strong base (Q) pH=V2{[pK, + pK, - pK,)
(C) Sait of strong acid and strong l;ase (R) pH=1/2[pK,, - pK; —log C]
(D) Salt of strong acid and weak base (8) pH=1/2[pK,]



5. Column-I
{(A) Sait of weak acid and weak base
(pKa = pr)
(B) Salt of weak acid and strong base
(C) Salt of swong acid and strong base

(D) Salt of strong acid and weak base

6. : Column-1
(A) pHof0.1 MHA(pK, =5)and 0.01 M NaA
(B) pHof 0.1 MBOH(pK, =6)and 0.1 MBCl

(C) pH of 0.1 M salt of weak acid (pK, =5)
and weak base (pK, =7)

(D) pH of 500 Litre of 0.02 M HNO, and 500
litre 0.01 M Sr(OH),

7. Column-1

(A) CH,COOH (pK,, = 4.74, 0.1 M)
+ CH,COONa (0.1 M)

(B) CH;COOH (0.1 M) + HCI'(0.1 M)

(C) CH,COQH(pK, =4.74,0.1 M) + NH,OH
(pKy =4.74,0.1 M)

(D) cH 4CO0ONa (300 mLof 0.1 M) + HCI (100
mL of 0.1 M)

8. . Column-I

(A) Titration of a strong acid with strong base

(B) Titration of weak acid with strong base
(C) Titration of strong acid with weak base

(D) Titration of weak acid with weak base

-

Column-II

(P) pH of solution at 25°C less than 7

(Q) pH of solution at 25°C greater than 7
(R) pH of solution at 25°C equal to 7

{(S) pH cannot be find until the value of
K,/K, is given

Column-II1
(P} 4
Q@7
R} 6
(S) 8
Column-II

(P) Acidic buffer at it’s maximum capacity

(Q) Buffer solution

(R) pH < 7 at 25°C

(S) pH =7 at 25°C

Column-II
(P) Methyl orange (3.1 - 4.4)
(Q) Methyl red (4.2 - 6.3)
(R) Phenolphthalein (8.3 - 10)

(8) No general indicator is suitable
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9. When we titrate sodium carbonate solution (in beaker) with hydrochloric acid

Column-| ' i Column-II
{A) At the start of titration (P) Buffer solution of HCOj and CO%‘
(B) Before the first equivalent point (Q) Buffer sotution of H,CO, and HCO;
(C) At the first equivalent point (R} Amphiprotic anion,

PH=1/2(pK, +pK,,)
(D) Between the first and second equivalent (S) Hydrolysis of CO%

points
10. : Column-I o Column-{I
(A) Mercurous jodide P 108 85
(B) Aluminium phosphate (Q) 483
(C) Calcium phosphate (R) 5
(D) Zirconium phosphate (S) 6912 57

.

\_ ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statements carefully and mark the correct answer according to the instructions
given below :
(A) If both the statements are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1
(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1
(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE
1. STATEMENT-1: All strong monoprotic acid with same concentration in dilute solution
show same pH.
STATEMENT-2 : Water shows levelling effect.
2. STATEMENT-1: If water is heated to 50°C then pH will increase.
STATEMENT-2 : K, increases with increase in temperature.
3. STATEMENT-1: Addition of HCl(ag.) to HCOOH(aq.) decrease the ionization of
HCOOH(aq.)
STATEMENT-2 : Due to common ion effect of H*, ionization of HCOOH decrease.
4. STATEMENT-1: pH of 1077 M HCl is less than 7 at 25°C.

STATEMENT-2 : At very low concentration of HCl, contribution of H* from water is
considerable,



10.

11.

i2.
13.

14.

15.

. STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
. STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1 :
STATEMENT-2 :

The ionization constants of weak diprotic acid are in the order of
Ko >Kg,-

Removal of H* from anion is difficult as compare to neutral atom.
When 0.1 M weak diprotic acid H,A dissociates with its dissociation
constants K, = 107 and K a = 1078, then [A~2] is almost equal to 107
M. '

Since K,, <<K, for 0.1 M H,A, so [A~?] is negligible w.r.t. [HA™).

pH value of acidic buffer solution change, if buffer solution is diluted upto
very larger extent. _
[H*]decrease due to change in concentration as well as a and decrease in
concentration is more as compare to increase in a.

In a titration of weak acid with strong base, the pH at the half equivalence
point is pK .

At half equivalence point, it will form acidic buffer at it's maximum
capacity where [acid] = [salt].

In the titration of Na,CO, with HCI using methyl orange indicator, the

volume of the acid required at the equivalence point is twice that of the
acid required using phenolphthalein as indicator.

Two moles of HCl are required for the complete neutralisation of one
mole of Na,CO,.

In the acid-base titration involving strong base and weak acid, methyl red
can be used as an indicator.

Methyl red changes its colour in the pH range 4.2 to 6.3.

Sparingly soluble salts AB and XY, with the same solubility product, will
have different solubility.

Solubility of sparingly soluble salt depend upon solubility product.
Solubility product of BaF, will increase on dilution.

Solubility of BaF, will change on changing temperature.

Solubility of sparingly soluble salt decreases due to common ion effect.
Solubility product constant does not depend on common ion effect.
Solubility of AgCl in NH;(aq.) is greater than in pure water.

When AgCl dissolve in NHj(aq.), complex ion formation Ag(NH,)3
takes place and solubility equilibria of AgCl shifted in forward direction.
Solubility of AgCN in acidic solution is greater than that in pure water.

Solubility equilibria of AgCN in water is shifted in forward direction due
to formation of HCN.
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11.

12,

'13.

14.
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 SUBJECTIVE PROBLEMS

Calculate pOH of 0.1 M aq. solution of weak base BOH X, = 10_“7) at 25°C.
pH of 0.01M aq. solution of HA is 4. Find the value of pK, of HA at 25°C.

Calculate approximate pH of 1071 M NaOH at 25°C.
Calculate pH of a resultant solution of 25 mL of 0.1 M HCL, 50 mL of 0.02M HNO, and 25 mL
of 0.1M NaGH.

Calculate f)H of a resultant solution of 0.1 M HA (K g = 107%)and 0.45M HB (K, =2x 10%) at
25°C.

0.16g N,H, (K, = 4x 107%)are dissolved in watei"and the total volume made up to 500 mL.
Calculate the percentage of N,H, that has reacted with water in this solution ‘
Calculate pH of a buffer solution that contains 0.1M NH,OH (K, =10"°) and 0.1 M NH,CL
Calculate the ratio of sodium formate and formic acid (K, = 2x 10™*) in a buffer solution of
pH=4.3

. What is the pOH of 0.1 KB (salt of weak acid and strong base) at 25°C? (Given : pK, of B~ =7)

A certain weak acid has K, =107°. If the equilibrium constant for its reaction with a strong
base is represented as y x 10" then find the value of y.

If solubility of AgCl in 0.2M solution of AgNO, is represented as y x 1071° then find the value
of y.

(Given : K ppgc =1071)

When one litre of a saturated solution of PbCl, (mol. wt.= 278) is evaporated, the residue is
found to weight 2.78g. If K sp Of PbCl, is represented as y x 107° then find the value of y.

A solution is saturated in SrCO, and SrF,. The CO3~ was found to be 10”3 mol/L.
If the concentration of F~ in solution is represented as y x 102 M then what is the value of y?
[Given : K, (S1CO3) = 2.5x 107%; K (StF,) =10719]

10 mL of H,A (weak diprotic acid) solution is titrated against 0.1 M NaOH. PH of the solution
is plotted against volume of strong base added and following observation is made.

pH of solution

L \

20 40 |
Vol. of strong Base (mL.)

If pH of the solution at first equivalence point is pH, and at second equivalence point is pH,,.

Calculate the value of (pH, —pH, ) at 25°C '

Given: For HyA, pK, =4.6and PK,, =81log25=14



15. Amongst the following, the total number of compounds whose aqueous solution turns red
litmus paper blue is:
NaCN KCl
Fe(NO;);  Na,CO,

Given:
Acid
H;P,
H,CO,
H,C,0,

CH,COONH,,
NH,Cl

Ka,
1072
1078
1072

NaH 2P04
NaHCO,

Ka,
1078
10—11
10°°

chlz

Na,C50,

Ka;
10712



1. (d) 2. (c) 3. (a) 4. (¢} 5. {c) 6. {a) 1. (a) 8. (d) 8 (d) 10, {c)
Ho(d) 12 @) 13. () 14 (d) 15 (B 16 (d) 17.(a) 18 (d) 19. (&) 20 {c)
21 () 22.(b) 23 (a) 24.(b) 25 (a) 26.(c) 27.(b) 28. (c) 29.(b) 0. (b)
3. (b) 32.(a) 33 (b) 34 (@ 35 (a) 3. (b) 37 (c) 38 (a) 38 {c) 40 (c)
M. ) 42 © A (b) 44. (c) 45 (b) 46. (a) 47. (¢} 48. (d) 49. (d) &O. (d)
51. (d) 52 (b) 53. (b} 54 (c) 55 (d) 56.(d) 7. (b} 58.{c) 9. (c) &0. (b
61. (b) 62 (d) B3 (b) B4 (b) 65. (b) 66 (c) 67.(a) 6B (c) 69.(d) 70 (a)
7.d) 72 1.(d 74 () 75 () T6(b) 77.(a) 78 (d) 79.(b) 8O (c)
81. (b) 82 (d) 83 (a) B4 (a) 85 (c) 8. (a) 87 (c) 8B (b) 9. (d) 80 (b)
9. (c) 92.(d) 93 (b) 94 (a) 95 (d) 86 (a) 9% (a) 98.(d) 89. (b) 160 (a)
101. (a) 102. (b} 103. (c) 104 (b) 105 (c) 106. (d) 107. (d) 108. {b) 109. (3} 110. {c)
ML (d) 12 () M3 () 14 (@) 15 (8 116. () 117 (a) 118, () 119. {a) 120. {a)
121 (c) 122 (¢} 123. () 124. (@) 126. (¢} 126. (d) 127. (@) 128. (a) 129. (d) 930. (b)
131 (d) 132, () 133 {c) 134 (c) 135 (d) 136. {(d) 137. (&) 138. (d) 139. (&) 140, (a)

141. (a) 142, (d) 143. (c) 144. (c) 145, (d) 146. (a) 147. (b) 148. (b} 149. {d) 150. (b}

1. (d) 2. {c) 3 (c .4. {a) 5. (d) B. {c) 1. (a) 8. {d) 8. @ 10 (a
1 (12 ¢ 13 (a) 14. (b) 15 (c) 16 (¢} 17.(b) 18. (¢) 19 (b)  20. (b)
2t (b 22 (d) 23 (o) 28. (c) 25 (d) 26.{(d) 27.(a) 28.(b) 29. (a) 30. (b)
.31. {a) 32 () 33 (& 34 (b 38 (D
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Passage-1: 1. {c} 2. (b) 3 () 4. ()
Passage-2: 1. {¢) 2. (b) 3. 4. (b)
Passage-3: 5. () 2 (ac) 3 {0 & (@ 5 (B 6 (a)
Passage-4: 1. {a) 2. (@ 3. (b} 4. {(a) 5 (c)
One or More Answer is/are Correct
1. {b,c) 2. {a,be) 3. (a,bi 4, (b 5 (ac) 6.(a,b,cd) 7. (a,b) 8. {ab}
8 {a,c) 10. {(a,c,d) 11. {(a,b,d) 12. (a,c) 13. (a,b) 14. (b,c} 15.(b,c,d) 16. (a,c)
17.(b,c,d) 18. (b,c) 19.(a,c,d) 20. (a,b) 21.(bcd) 22 (ac) 23 (cd) 24 (bcd)
28, (a,b,c)
Match the Column
1. A QR B> P,S; C->PQ,S8; D->PS
2. A—-PS; B> Q; CHoP,QR D-oPR
3. A->P; B—S; C—Q; DR
4, A-»Q; B— P, C—5; DR
5. A->R; B—>Q,5 C-R; D—-PS
6. AP B §; C - R; D->Q
7. AP, QR;, B-oR; C—=0Q,5; D-Q,R
8 AP QR B-R C—-PQ ° D=8
9. A-»S; B— P; C—o R; D—Q
10. A Q B— R; C—P; D> S
Assertion-Reason Type Questions
1. (A) 2. (D} 3. (A) 4, (A) 5. (A} §. (D) 1. (A) 8. (A} 9. (B) 10, (D}
11. (B) 12. (D} 13. (B) 14. (A) 15. (A)
Subjective Problems
1. 4 2. 6 3. 7 4. 2 5 3 ) 6. 2 1. 9 8 4 9. 4 10. 9
1. 5 12. 4 13. 2 14. 4 15. 6




e — Fom ]

Hints and Solutions

- -

[i.evel 1 ;  29. (b)20 meq. of HCl reacts completely with 20

4. () HyPO, and H,PO, are mono and dibasic meq. of KOH. Hence, the final solution is
acids. Hence, NaH,PQO, and Na,HPOQ, are neutral. Thus, ?t 90°C, pH =6.
normal salts. While Na,HPQ, is acid-salt as 32. (a) Strength of acid o

one proton is there in the compound. PK,
16. {d)When equal volumes are taken, the . Formic acid will be the strongest acid.
concentration becomes half. 35. (a) HA(aq.) == H'(aq.)+ A~(ag.)
[H']= 1 (107 + 1075) at equilibrium .C{1-a) Ca Ca
2 2
Ci
=505x1076 K, ==
l-a
pH=33 0.01)a?
17. (a)[H'] = 0.002M = . 10%= (_I.E)L
-
H=1log 2x107%
pri=Tog = o = 0.095
OH =131— k:g 22 = %e=93
pur =11+ log - -5 -5
38. (a H=9, [OH]=10"", Ca =10
18. (d)pH=4, [H*] =107 mol/litre @ p _4[ ] * _
Equivalent of HCl in 100 mL solution +a=10
10~* x100 1075 % ionization =107 x100 = 0.01%
© 1000 40. (¢} a is negligible w.r.t. 1 s0 K, = Ca2.
19. () NV =NV, = 0.1 x(0.01 = 10°°
1073 x10 = N, x1000
5 PK,=5
= N,=10
41. (c) HCOOH = H* + HCOO~
pH =5 C—-x x + 0.01 X
andpOH=14-5=9 K _(x+00Dx -
0.60 1000 a” —
22. (b)[Ca(OH),(ag )] = —— x —— 0.01 — x
74 1500 .
neglect x w.r.t, 0.01 due to common ion
=5.40 x107° : effect
Ca(OH),(aq.) — Ca®*(aq.)+ 20H (aq.) K,=x

x =[HCOO ] =1.8 x10™*
43. (b))~ o isnegligible w.r.t. 1
K,=Caf=Cyal

[Ca®*] = 5.40 x10™3
[OH1=2x540x10"2 =1.08 x102
27. (b) Milli-equivalents of HCl = 25x 0.08 = 2

2
Milli-equivalents of NaOH = 2.5 L C=0 [E—LJ
25-2 %2
remaining [OH] = = =107° 1
=0.2x% 7 =0.05

[H')=10"" or pH=11
Gy =C%,



= . 300x0.2=0.05xV,

= V, =1200 mL
Volume of H;0added =1200 - 300
= 900 mL 50.
44. () Due to low value of K, and common fon
effect we can neglect x w.r.t. 0.01 when
X =co
_ xx0.01
2T 0.02
x =[NH;]=3.6 x107°
1x22.41
45. n S—_ =
®) "avitae) = G021 x 273
o 54.
RNH,{aq. }] = 2 =
[ 2(aq.)] Volume of solution
o is negligible wrt. 1 so
pOH = %‘[pK,, -logCl=
46. (a) o is negligible w.r.t. 1 for both acid so
(H'] =K, C, +KCy 67.
= \/1.8 x1075 x0.01 + 6.3x10™° x0.01
[H']=/81 x10"® =9 x10™
o &)
47. (@ [HA1 =28 _ 105M
, 10000 ,
o= 107 = 0.01 (negligible w.r.t. 1)
T glig 69.
o [H1=4107 x10"° = 107
= 107 M, s H)<108m 71
So we should consider {H*] from H,0 =
[H*),orm =2x1077  without considering 92

common ion effect pH =6.7, sopOH =7.3
but due to C.I. effect H" from H,O will be

less
so pH> 6.7 74.
. pOH of solution is exist between 7.0 and
7.3. 75.
48. (d) and 49. (d)
K = [H* )it [HCO3] )
@ {H,CO,]
Ky, >> K, and concentration is 76,

appreciable so we can
L L [H+]go{al =[HCO§];

neglect o w.r.t. 1

[HCO3) = \/4 x1077 x0.025= 107

[co¥ 1=K,
() [H Toum

and

=[H*] from first step
Ca? ..
K =—"—; a is not negligible
Q) a _ a) g gl
w.r.t. 150
after solving quadratic equation a = 0.095
-14
[OH‘] = __0___
0.95x03
= 3.5%x1073

1 1
H==pK_,~=logC
P 2P a” 2

1

1
e S=EPKG+EXZ

pK, =8 = pK,=8;-
p0H=%pr—lzlogC =4+2=6

(a) Kooy =100

: a<<01 Kh=cu
[OH™] = ca; [OH] = 0.01 x10~* =10"¢ M

,_ _ 001 .4
1

0.2—0.005 or % a, =05

K.
yh = K,.C

|Enthalpy of neutralisation| 4K, 4+ h T

25x0.1 25
NaA) = 222 22
®) 1 ) 25+50 75

K, K
c

(d)

[H*]= 2 _1,732x107°

(© pH=1 > (9K, + PK, - PKp) =65

(b)-- H"*pK +1 pK, —-1—pr—7

0-14
and o= —_
K K,, 10”

or % a=10
(b) o does not depend on concentration in this
case.




= JK, xC =/0.02x5x10® =107

79. (b) a is not negligible w.r.t. 1 so after solving
quadratic equation o = 0.095
[H*] =Ca = 0.0095; pH = 2.02
83. (a)
CH,COOH + NaOH — CH,COONa + H,0
initial 6 2 — '—
milli-
moles

after 4 — 2 —_—
reaction

[CH;C007] _
[CH;COOH]
91. (0 CH,NH, + HCl —— CH,NH,CI
initial milli-moles 1.2 0.08
after reaction 0.04 - 0.08
[CH;NH;3)
[CH,NH,]

=33+ log 0.08 =3.6
0.04

pH=pK, + log 4.44

pOH = pK,, + log

pH=10.4
[NH;] _

[NH,OH]

pH=14-6=8.0

97. (a) Henderson equation is
[salt] 4

[acid]
~pOH=10, [OH])=10""
Number of OH™ ions =107° N ;

where N , = Avogadro's number.

101 (a) Mol of C;H;COOH = % =0.5;

Mol of CgH;COONa = —2- = 0.5
144

(C¢H;COONa)
(C4HLCOOH) ’

0.2
. pH=42+log 2236
P E5s

92. (d) pOH = pK, + log

pH=pK, + log

pH=pK, + log

[CO%]

102. (b) pH = pK, + lo
PH = pK,, g[Hcog]

0.2
=(11-log4)+log| —{=10.1
( 2 4) 2(0_4]

~§

103.(c) H;PO, + PO}~ —= H,PO; + HPO*"

initial 20x 0.1 20x0.1

milli

moles

after _ — 2 2
reaction

Buffer solution of H,PO; (acid) and HPQZ~
{conjugate base) is formed;
[HPOZ7] _

H=pK, +lo =
PH=DpK,, g[HZPOQ] p

az
107. (d) At equivalent point

pH-—%[pKw + pK, +logCT

(14 + 4.74-2) = 8.37

-3 Rl

milli- moles of acid

Where
Total volume

[Salt] =

_20x0.02
20 + 20

For best indicator pH at equivalent point
should lie between colour transition range

=0.01

of indicator,
+ -
109.(a) HIn = In~ + H*; Ky, =£H_1_[_1"_]
red blue {HIn]
Case I: 3x10°5 = [H 1 x0.25
0.75
Case I1:3x107% = (H'], x0.75
0.25

[H*], =9x10"°[H*], =107°
Change in{H*] =8 x107°
116. (c) When 1 litre each solution are mixed
[OH1=10%M (Buffer soluticn)
M™ =0.05M
for Q =[0.5[10°%2 =5x10™*
Q > K, for Fe** and Ni%*
So Fe(OH), and Ni(OH), are ppt.
117.(a) For[Ca*?], M,V =M,V,
0.04 x50 = M, x 200 = M, = 0.01
Similarly, for [SO3%]
0.0008 x 150 = M, x 200
= M, =0.0006
ionic product (Q) =[Ca*?] x[S0;?]
=6x10° S0 Q<K,,



141.(a) Let solubility of Ag,CO, in presence of
Na,CO; isx,

2Ag* (aq. )+ CO% (ag.)

107
120.{a 1= x 1000 = 0.01
‘ @ [Ag'] 50 + 50
(1= 91%50 _ 405 : Ag,CO4(s) =
50 +50 2 (x +0.1)=0.1"
Q=[Ag"1[Cl]=5%10"* - K =[Ag'1*[CO%T]
Q>K : =  4x107%=(2x)* x0.1
Ag*(ag)+Cl(ag) — AgCl(s) = x=10"°
at given condition 0.01 0.05 . 146. (a) PbBrz(s) = Pb*z(aq }+ 2Br (aq.)
after precipitation X =0.04
(AR TICI] 10 = x x0.04 0.8 2x0.8x§
Ky =lAg'JICL L =xx0. K, =[Pb*] [Br')?
x=[Ag']1=25x107 = 8x10°=(0.8 §)(1.6 S)?
124, (a) The corresponding values of solubility 10-* 13
products of the given electrolytes are : = = {—GTJ
MX, MX, MX, 1.6 x1.
210" 483 -—4x107%, 278% =27 x 10712 147. (b) For basic buffer solution
oy 10 OH = pK, + 1 [NHZ1 _ K
128. () Solubility of AB= =2x10° POR=PRy + 108 1) ~ P
B . [OH1=1.8x10"°
SOiublllty Of AZ“B =3—= =2x10 — [Mn2+] [OH—]?..
k.4 . [Mn?*]=1.38 x107* M
Solubility of AB; = 5 7" =10 e en
148. (M) [OH ] = | —2 - = |~ =10""
129. (d) HgSO ,(5) Hg?* (aq.) + SO {aq.) [Mg™] 01]
) S [NH,C
_ 5 _ -3 OH = pK, + log ——+—
S —1/6.4x103 =8 %1077 mol/L P Pfe + 708 TR,
=8 m
OUZ - = 4=5+log [NHCll
134. (c) BaF,{(s}) = ' Ba“"(aq. )+ 2F (aq.) ) [NH;]
3 28 - 0.10= ENH,CI]
[NH;]
moles of NH,Cl required = 0.1 x 0.02

_g\1/3
K,=45% S= {0—} ~0.63x1072
=2x107
149, (d) Due to higher value of K;, mostly Ag

Molanty of F-=285=2x0.63x1072
converted into complex.

=1.26 x1072
Agl(s) = Ag {aq. )+ I (aq );
Ag(NH3)+(GQ) Ky

136. (d) Cu(OH),(s) == Cu*'(ag.)+ 20H (ag.)
5, 28 Ag*(aq.)+ 2NH,(ag.) =
K,=4§
) S=ax107 overall reaction is
' _ o Agl(s)+ 2NH,(ag. } = Ag(NH;);(aq. )+ I'(aq.)
[OH1=25=8x10
Ky =K K
pOH = 6. 1 pH = 7.90 2
137. () {Ag*lor S = K, =10° M Ko Rp=13
10_5‘ 14. 35 x107 s x=4.9x107° mol/litre
143.5 So mass of Agl required is
V (in litre) =49x107° %235 =0.011g

V=10 litre or 0.01m?



R TS e s g T =3 B
Level 2 R o 5. (d) FCH,COOH(aq.) == FCH,C00™(aq.)+ H* (ag.)
1. (d) TCl + NaOT —— NaCl + T,0 ategm. C(1-«) Ca Co,

. Tnitial 2 3.75 K = [H"1{FCH,C00]
milli-moles i g e [FCH,COOH]
milli-moles of remaining NaOT = 1.75 -

T g e = 26x107 = (2x107F
[0T]= o5 7 %107 moles [FCH,COOH]

pOT =2-log 7
PT+ pOT =7.62x2
pPT=1524-2+log7
- =13.24 + log7
2. {c) 2NH; == NHj + NHj;
Kgc= [NHH [NHE]
[NH;]=10""M
Number of NH} ions in 1000 ¢cm®
=10""° x6.022 x 10%

. Number of NH} jons in 100 ¢m®

[NH}] = JKgc

=105 6,022 x 1023 x 100
1000
=6.022x107 ‘
3. (c) aisveryless so[H*] =,/K, xC =3x107®
: -3
Now [H1=219" 15410
(1.5x10%)=/K,-C,
‘ =" C,=0125
milli-moles of acid remain constant
GV, =CyV,
10x0.5=0.125x V,
= V, = 40 litre
4. (a) [H']= 10x0.3-10x0.1 =0.05
10+10+ 20
[HA) = 20201 _ 4 o¢
. 20+ 20
= H + A
0.05-x 0.05+x x

Due to commen ion effect neglect x w.r.t. 0.05
(0.05+ x)-x _
K= XY
(0.05-x}
x =107
A1 x
[HA] +[A7] x +0.05

=2x107*

at eqm. [FCH,COOH] =1.53 x 1073
Total concentration = 2x107% + 1.53 x10°3
=3.53x107°
6. (c) HCOOH(aq.}+ HO() == HCOO (ag.)
C - x x :
+ Hy0%(agq.)
X+y
HF(ag.)+ H,0() == F(aq.)+ H,0"(ag.)
G-y ¥ X+y
a is very less for both acid so
K, (HCOOH) = ﬂw;
C1
K, (HF) = yox+y)
. CZ .
x _ K, (HCOOH)C,
Y Ka (HF)CZ
- [HCOO7] _x
[F] y
L 2x10%x02 2

C6.6x107 x0.1 3.3
7. (a) First dissociation
X{(OH); —>» X(OH), + OH~
Second dissociation :
X(OH)} — X(OH)** + OH"
Total [OH 1 =4 x1072 + 2x107° = 6 x 1073
pOH =3 -log 6 = 2.22
s pH=11.78
8. (d) o is negligible w.r.t. 1
[H"] mainly from first step

[H']= /K, xC =410 x0.1 =10
_HI[AT) L e 107[4%]

ag [HAZ—] [HAZ—]
S
[HA®]
PX =10

1077



9. (a) Ca(laC), —> Ca®* + 2LaC™
Initial concentradon 0.6/2 =03 M

[LaC"j=2x0.3x0.9
=054 M

After dissociation

pH =}2-[pKw + pK, + log (LaC™)]

14-56= —12-_ [14 + DK, + log (0.54)]

pK, = 2.8 —log (0.54)
10. (a) CH,COO (aq.)+ NH; (ag. ) + HO() =

atequilibrium C(1-a) C(l1-a)
. CH;COOH(ag. }+ NH,OH(aq. )
Ca Ca
_ K, _ a?
FUKK, (-a)
10-14 az
1.8x107°72 (Q-a)
-
107 __@ .,-555x107
18 1-« _

[CH,COOH] =C a .
= 0.01 x 0.0055=5.55x107
11. (d)Fe**(ag.)+ H,0(D == Fe(OH)**(ag.)
+ Hy0%(aq.)
_ [FeOH)*"1[H,0"]

K
‘ [Fe®*]

20
x[H.07
.80 [H07]

- 65x10°%=2
0

= [H0%1=2.6x107%. pH=159

12. (c) Due to larger difference between K and
K Iy and common ion effect we can assume
that y is negligible w.r.t. x '

Fe** + H,O == Fe(OH)" + H'

at-equilibrium C-x x-y x+y
Fe(OH) + H,0 == Fe(OH);+ H'
ar equilibrium x-y ¥ y+x
K, _10™ -10
=W = =10
by —4
K, 10
EPACE2 I
(x-y)

Ky, =y = Fe(OH); =107
13. (a) Let x milli-moles of NaOH is added

6='5+log[s+x]; S+X_10
a-x| a-x

r 10+X_ 35 = x-818
10— x -

. wt=8.18x107% x56 = 0.458 gm

[CeHsCOO]

[CcHCOOH]

. [CgHc00]
[C4HCOOH]

Let volume of acid is V mL

0.2x(300-V) _, _, y_150 mL
01xV .

15. (c) When half acid is neutralized pH = pK,
& At the equivalent point

14. (b) pH=pK, + log

pH=12[pKw + pK, + log C]
=9=%[14+ 5+logCl=C=0.1

Let V ml of NaOH is used in titration

milli eq. of NaOH = 0.25xV = milli eg. of

salt formed
0.25x%V
V + 60

=01=V=40mL

milli equivalent or milli-moles of acid =10
wt. of acid =10 107> x 82=0.82gm

wt. % of aéid = 0.82
1.025

x100 = 80%

16. (©) BOH(aq.) == B*(ag.)+OH (aq.) .

e(l—a) o ca
. + - 2
Kb:[B ][OH]: ca :
[BOH] (i-a)
neglect o wrt 1 as concentration is

appreciable, % o = 100 x Ky
c

At equilibrium :

Tota! dissolved base present in solution as

BOH and B*

SO o= __ﬁ_,L.'B"-]—_
[B*]1+ [BOH]

= 1 _ 1

1+ [BO+H} , [OH]
[B*] K,
K, K,,o[H*]
K, +{OH1  K,[H'1+K, .

also pOH = - log [OH ]; [OH] =107,



T

K, =107
1 1
T T oo T 1 1oteRepom
107P%b

17. (b)HA + NaOH -—— NaA + H,O
milli-moles of salt NaAor A" =40 x 0.1 = 4

Now AT+H" — HA
Initial milli-moles 4 2
Final milli-rnoles 2 —_ 2

Acidic buffer solution is formed and[A™] = [HA]

[A”
H=pK, +log——- = pK =5
pR=pK, g[HA] PK,
Now HA+ NaOH -—— NaA+ H,0

hydrolysis of A~ will takes place
[Nad] = milli moles of acid _ 20 x0.2

Total volume 20+ 20

0.1

pH=%(pKw+pKa+IogC) =%[14+ 5-1]1=9

18. (c) Moles of H* produced = 4 x 1072
4x1073

fH'] = =0.04 M

PO (ag.)+ H*(aq.) —> HPOZ(aq.)

Initial milli-moles 0.02 0.04
Final miili-moles — 0.02 0.02
‘ HPOZ (ag.) + H' (aq.) —> H,PO3(ag.)
Initia] milli-moles 0.06 0.02 0.02
Final milli-moles 0.04 — 0.02
Finally buffer solution of H,PO  (acid) and HPO™ (conjugate base) is formed
‘ 2-

S pH=pK, +logw:7.2+log%=7.5
R : 2 [H,PO;] 0.02
19, (b) BOH+ HCl —— BCl+ H,0

at equilibrium point Nl‘./i“': NoVy; Vo =20mL
20 x0.08
BClj =—- =0.04
[BCl] 20+ 20

1
pH =3 [PK,, - pK; - log (C)]
' pr = 5.4\
B* + OH" —— BOH:; Basic Buffer is formed

Initial milli-moles 1.6 0.4
Final milli-meoles 1.2 — 0.4

P [B*]
OH=pK, +
p P&y + 0? [BOH].




=54+ log (1—2J =54+ 048
0.4

pOH = 5.98
C0y + H' — HCOj acidic buffer is formed.

290.(b)
50x0.25 1

0.025
HCO; + H — H,CO;

Initial mitli-moles 25 x0.04

VFina.l milli-moles —

Initial milli-moles 1 0.25
Final milli-moles Q.75 — 0.25 .
pH=pK, +log HCO,] _ 6.4 + log (0 75] 6.88
[11,C0,] 5

21. (b) Let a is initial milli-moles of HA and molarity of NaGH solution is x
HA + NaOH —— NaA+ H,0

In both case solution is acidic, so acidic buffer solution is formed.

10x
S=pK, + lo
Pa § a—10x
20x
= 5.60=pK, + lo
PRa 108 T o0x
- 0.60 = log 20x y {1-10x)
{a—20x) 10x
= . = M = a=30x
(a - 20x)
10x
5=pK, + log-—
PRy g 50
or PK, =53
22, (d) co¥ + H* —> HCO;
Initial milli-moles 50 x 0.05 40 x01 -—
1.5 2.5

Final milli-moles —
HCOj; + H' —— HCO,
Initial milli-moles 25 15 —
Final milli-moles 1 — 1.5
pH=pK, +1 [HCOS] =6.173
%8 1,0
23. (c) At second equivalence point the on]y species present at appreciable concentration is HA?
PK,, +PK,, 8412 10

So, H =
P 2 2
[H] = 10710 ‘
+13
and [H:f] = [H] =107
. [A™7] KalKa;;_Kag

X
24. (c) Solubili §==—
() ty I
ABy(s) = 3A%(ag.)+ 28" (ag.)
.38 25
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K, =(38)’ (25 =1085°
[B-1_ 25 1 M*

K, 1085° 54 x*
25. (d} K, {(SrCr0,)=[Sr**][ Cr0%]

(01 25500° s o

K, (BaCr0,)=[Ba?][C10%)
[CrO% Teota =[CrO37] from SrCro,
21y 1.2x107%°

Ba =3.4x107
{ 3.5x107* g
'27. (a) [Ag*] required for precipitation of AgCl
. o Kplageh
=—=10
[Ag’] [CI7]

[Ag"*] required for precipitation of Ag,CrO 4
o \/Ksp (Ag,Cr0,) JIO'H

= CoI7 - = |

At this point, the concentration of Cl ion in the solution can be calculated from K s (AgCl)

K, (AgCl) 10710

[Ag'] 107
28. (b) After mixing [Ag*] = 0.2M;[NH;] =1 M

Due to very high value of X £+ Ag" mainly converted into complex

[Cl]1= =105 M

Ag*(aq.)+ 2NH;{aq.) = Ag(NH,);(ag.)

Initial concentration 0.2 1
At equilibrium X 0.6 =0.2
Ag(NH,)5(ag.) 5= Ag(NH;)*(aq.)+ NH,(aq. ) ’
Atequilibrivm  02-y y 06+ y
=0.2 =06

L _Yx06_ 0. se(NH,) = 3.33x10°M

4’
K, 02 10

29, (a) AgCl(s)+ 2NHy(aq. ) = Ag(NH;);(ag. )+ Cl (aq.)

K; =16 x10""° x10" =1.6 x1073

_ [ag(NH, )] [CI)
[NH,]?
AZCN(s)+.2NH,(aq.} == Ag(NH,)}(ag. )+ CN (aqg.)
K;=25x10" %10 =2.5x10°?
_ [Ag(NH;);] [CN7)
[NH;)?

[CI]  1.6x1073

= = 6.4 x10°
[CN] 2.5%10° )




2

X

. X

Ky =—— =0.04
(1 - 2x) 1-2x
x =0.037
[eN1=-2%7 _578x10
T 6.4 x10

32. (o)

AgBr(s) == Ag'(ag)+Briag); K

Ag'(ag. )+ 25,03 (ag. ) == Ag(S5;0;)% (ag.); K

AgBr(s)+ 25,02 (ag.) == Ag(S;03);” (aq.)+ Br(aq.); K -Kf =25

0.1 - 2x

X

Value K is very higher so we can assume almost Ag* converts into complex

33. (d

Ag,CrO,(s) = 2Ag*(ag.)+Cr0Y (ag.)"

2+ 2y x
2Ag*(ag. )+ C,0% (aq.)
2y + ¢ ¥y
Ko, X 2x10712 - X
Ky ¥ 2 ><10‘11 Y

2x1071 = (2x + 2y) -y
2x1071 = 4.84y°
y=1.6x107%
x =016 x10™
Total [Ag"]=2x+ 2y
=(2%x0.16 + 2x1.6)x107*
=3.52x107*
34. (b) K, =[Zn*"1[5%]
% _10-®

Ag,C,0,(s) =

=0.1

[s*1=
_H'[s*]
[H8]
[H +]2 x 10—19
0.1

forK, -K,,

107 = = [H*]=0.1

or pH=1
35. (d) Dissolved AI(OH), present in solution as
Al** (ag. ) as well as Al(OH);(aq.)

S = [AI** (aq. )] + [Al{OH),(aq.)]

+ K_[OH]

[OH*13
for minimum solubility

[Cevel 3
Passage-1

ds

d©OH)
K, x3
-—2 - +K. =0
[OH]

3k, V4
. - _ sp
[OH ]_(—Kc ]

0.01
2, (b) [HAl=—+-=01M
2. M I ] ol

0.2-0.1
pH=14-534=8.66

pOH = 4.74 + log [M] —534

Passage-3
8. (¢) When acid is half neutralized pH = pK,,
pKa =3
K, (HB) 107°
4 @ K= @) " 10°
5. (b) When Vy,ou =0 mL; pH=3
or [H'1=0.001

Koo = Ca’ _(0.001)a
W1 -a) 1-a

=10"°

o =0.01

J0001 o,

0.01
C=nﬂ -
1

0.1=§;V=50mL
v




{NaB] =

milli- moles of acid

5

=0.05

total volume

pH= % [pK,, + pK, + logC]

=8.85

6. (a) For best indicator, pH = pK,, of an indicator as well as

%[14 + 5+ log (0.05)]

50+ 50

coincide with the steep portion of the titration curve,

One or More Answers isfare Correct

21. (b.e,d)
(a) § =K, =107 mol lit™*
(b) 5 =10"% mol lit™!
(c) AgCl(s) = Ag* +CI”
S+2 8§
] 10—10

0P =(5+2)§ = §=-—

(d) AgCl(s)==[Ag(NH,;),]* +CI”

Ag” + 2NH; == [Ag(NH,),]1% + CI-

AgCl(s)+ 2NH; = [Ag(NH,),]* +CI”
& = [ASNHL ), 11[C1)
[NH, ]

SZ
(287
SZ
@-8P
108 =
2

S=—=
11

22, (a,0)
H,A

Atequadon ~ C-X

At equation

xX-y
PK,, —-pK, =12-5=7

-1

2-5
0182 M

X+Yy

HA™ #H+

X+y

+

=10%% x10719 = 1072

A

¥

fo

v K, =

=5x10711 . .

PH transition range of the indicator must

yisverylesssox+y = x

X-y=Xx

K, =y=10"%  pK,

a ey

1
pH= E[pK"1 —log

1
3 =.E[PK‘J] .+ 1}

=12

PKa] =5



25. (a,b,c)

25 1
H, =8log—=8+log—
pH, 875 83

75
pPH, =8+]og£:8+10g3 o
Change in pH = log 3- loglg =2log3
Subjective Problems

13. Let’s assume simultaneous solubility of SrCO, as x M while StF, as y M
SrCO 4 (s) == Sr?* (ag)+ CO2 (agq)

At eq. (x+y)M xM s K =(x+y)x
StF,(s) == Sr? (aq)+ 2F (aq) ;25x107% =(x+y)x
At eq. G+XIM2yM K, =(x+y)(2y)
. 107% = 4y*(x + y)
X
2.5= pie
10y%=x =10"°
102 =x=107 °
yi=10" . -
y=10"2M o [Fl=2y =2x10%M

14. H,;CO5 + NaOH— NaHCO; + H,0' . -
1 1 y
pH; =§(pKﬂ1 +pKa2)=§({r.6+ 8)=63

NV =NV,
N.x10=01x20
N; =02
NaHCO,; + NaOH—> Na,CO; + H,0
_2mmole 1
T 50mL 25

pH, —pH, =10.3-6.3=4 .
15. NaCN; Na;PO,; Na,COy; NaHCO4; Na,C,0,4; Na HPO,

T

.. (13

...(2)



\GHEMICAL KINETIGS &

NUCGLEAR CHEMISTRY

Rate of Appearance or Disappearance of Substance C
'(i) Average (:t é-[f-]-) (ii) Instantaneous (j: @]
At dt
<+ Expressions of the rate:

For a general reaction: aA + bB— ¢C + dD,

Rate of disappearance of A = —% ; Rate of disappearance of B = —?
t
Rate of appearance of C = g{f—] & Rate of appearance of D = %?]-

The positive sign shows that concentrations of C and D increases with time and the negative sign
is indicating that concentrations of A and B decrease with time.

Instantaneous rate of reaction : _1diA] __1dIB] _1dIC]_1dID]

a dt bde ¢ dt d dt
1A[A] _ 1A[B}] 1AIC] 1 A[D]
a At b At ¢ At d At
Rate of disappearance of reactant
Stoichiometry coefficient of reactant
Rate of appearance of product

B Stoichiometry coefficient of product

Average rate of reaction: -

Rate of reaction (ROR) =

+ Units of Rate of Reaction: =mol Ls™! or mol L™! min~! (concentration time ™).



(HEMICAL KINETICS AND NUCLEAR CHEMISTRY

Rate Law and Rate Constant

Rate «[A)°.[B]® or Rate = k[A)°[B]"

The constant of proportionality, k is known as the rate constant (specific reaction rate) and may

be defined as the rate at unit concentrations of the reactants.
. # kdepends on the temperature and is independent of the concentration of the reactants.

« Ata fixed temperature, k is a constant and is a characteristic of the reaction. Larger value of k

indicates fast reaction and small k indicates slow reactions.

Molecularity
It is always a whole number (not zero) and never a fraction. Its value does not exceed 3 & it has
no meaning for a complex reaction.

Order of Reaction

m+n=a+b.

aA + bBB——¢cC
Rate of reaction = k[A]™[B]"
Order of reaction = m + n & the order w.r.t. A, B are m, n respectively.

4 The order of reaction is obtained from the experimentally determined rate and may be zero,
integral or a fraction. In a multi-step complex reaction, the order of the reaction can be
determined with the help of slowest step, which is called rate determining step.

¢ In elementry reaction stoichiometric coefficient of reactants is equal to order of reaction :

Straiéht

Order| Differential rate | Integrated rate Half life | Units Exampie
law law ! | line plot of k
0 ~d[R}/dt =k | kt=[Rlo~[R] |I[R]pvst [Rlp/ 2| conc |H,(g)+ Cl,(g)—™— 2HCl(g)
i HME™ | 2HIg)—A s Hy(@)+ Iy(e)
or mole surface
Lls!
1 |-d[R}/dt =k[R]| [R1=[Rl,e™ |In[Rlvst| (In2)/k | dme™’ | Decomposition of H;O, in
kt = In{{R], / (R]} or ors™! aqueous solution
0.693 Radioactive disintegration
; k
2 |~d[Rl/dt=k[RV| 4, _ 1 __1 A 1 mol™'L CH,COOC,H;+NaOH
[R] [R), | [R] k(Rl, | s~
CH;COONa+C,HsOH

C2H4+H2 —]Q‘OLC"F Cz]‘lﬁ




T p———— a-X t
Zero order (a-x) Zero 1/2 Zero
order order
4o t dg
Fi L2
irst
T . log{a—x) order )
First First
order order
aO aO
. 1 / ti/2
Second (a—=x) Secgnd Second
order | order order
a ’ 1
ay

where g, =Initial Concentration of reactant, r = rate of reaction

% Some useful relationships between times for different fractions of reaction of

complete

Lasq OF gy, = 285,
Loz sy, =3ty
togou = 10t

< Amount of the substance left after n half-lives = A—g
i 2

n'" Order Reaction

A — Product
1 1 1

k-t = —
t n_l{(a_x)n—l an—l}

foo._ 1 J2ri
Y2 kn-D| o™
. ke
< Reversible reaction 4 k= B
b

1 eq P
ke +k)==Inl —— | ; Atequilibriumk, =_—L
(f b) t x —x quili eq kb [A]

k18]

[ n # 1, n =order]

_ Xeq

a—x

£q

first order to



CHEMICAL IANETICS AND NUCLEAR CHEMISTRY

Parallel/Side Reaction

[Al, [B] Kk
; (g +ko)t =1 = —
B, @ @R

ky

1 T 5

% Yield of B = x 100 and % Yield of C = ks x 100

1 T %

Series/Consecutive Reaction
A——B——>C

tmax = L 1 'I_(l
k]. _kz k2

kT+10

Temperature coefficient (u) =
T

% For general chemical reactions with rise in temperature by 10°C, the rate constant is nearly
doubled.

Arrhenius Equation
k - Ae—EII/RT
where k = Rate constant, A = Pre-exponential factor, T = Temperature in kelvin,
E, = Activation Energy
+ The factor e ®*®” represents fraction of molecules that have kinetic energy greater than E |

+ Logarithmic expression :
k E 1 1
logyo| -2 | = —
k, )] 2303R\T}, T,
+ Energy pi‘ofiIe for exothermic process & endothermic process:
e e R e T e e e i

r

4

AH

4

Reaction coordinate —» Reaction coordinate -—»

AH=Eaf—Eab=—ve (- Eaf<Eab) AH:Eaf_Eabz +ve (.. Eaf>Eab)

=

PR

Exothermic process ' Endothermic process

# Threshold Energy = Activation Energy + Energy possessed by reactant molecules.
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334 ) PROBLEMS IN CHEMISTRY |

< Activation energy diagram for two step endothermic reaction:

(A) (i) I*" step-Slow (i) O™ step-Fast
(B) (i) Rapid equillibrium @@ Slow

0o | |

:

_Progress of reaction —>

AT
Energy —»

.IProgress of reaction—

Factors affecting reaction rates : Concentration of reactants and Reaction temperature.

Besides these, presence of catalyst and surface area (if a reactant or a catalyst is a solid) exposure to
radiation also affect the reaction rates,

Nuclear Chemistry

Nuclear chemistry is the study of the properties and reactions of atomic nuclei. In nuclear
reaction only the nuclides (nuclide : the nucleus of a specific isotope) participates and overall
(mass + energy) remains conserved.

Radioactivity

The property of a nucleus emitting radiations- Ilke o, B and y is known as radioactivity and the
substance possessing the property is called a radioactive substance. The emission of these particles
takes place because of the instability of the nucleus. Radioactivity is a property of nucleus.

Properties of o, -particles and y-rays.

Properties Alpha Beta Gamma
Nature Fast moving He Fast moving - High energy
nuclei (He?") electrons electromagnetic

Representation ‘Heora 9eor?p yor gy

Charge 2 unit (+ve) 1 unit (-ve) No charge

Mass 6.65x 10°2% g/particle 9.11x 10728 g/particle 0

Velocity 1/10 of light {min.)  nearly velocity Same as light waves
of light (max.)

Relative penetrating 1 =100 = 10000

power

Relative ionising = 10000 =100 1

power ' )

Effect of Deflected toward Deflected toward No effect

electromagnetic field —ve electrode +ve electrode

Kinetic energy High Low -

Effect on ZnS Screen Maximum effect Little effect -

Types of Radioactive Decay
1. oa-decay causes decrease of atomic number of 2 units and mass number by 4 units, e. g.,
Po— 'Pb+ jHe; 2¥Ra— 22%Rn— 2°Rn + jHe

All nucleides with atomic number greater than 83 are beyond the band of stability are
radioactive.



2. [p-decay causesincrease of atomic number by 1 unit and no change in mass number, e. g.,
28Ra—— 28Ac+%e; VC— N+l

A neutron is converted to proton in this process.
in—sip+%e
Such emission occurs for the nuclei lying above the stability belt.
3. y-rdy emission (87) causes no change in atomic number and mass number, since it
represents the energy lost, e.g.,
Som Ni —» S9N + 5y
4., Positron Emissmn : Causes decrease the atomic number by 1 unit, e.g.,
%350—) %.5N + 313 H 118Xe—> 1€+ }-,f,,sl
A proton is converted to neutron and positron in this process.
ip—in+de
Such emission occurs for the nuclei lying below the stability belt
+ Position (°; e) is a particle having the same mass as an electron, but positively charged.
5. Electron-capture :
Causes decrease the atomic number by 1 unit, e. g.,
2 Po+ %e— 20Bi; UK+ Ye— AT
A proton is converted to neutron in this process.
ip+%e—in
Electron capture occurs with the nuclei lying below the stability belt, in which an electron
from the K-shell is captured by the nucleus.

Group Displacement Law (Soddy-Fajans}

In an a-particle emission, the resulting element has a mass number less by four units and atomic
number less by two units and so lies two places to the left in the periodic table. '

In a pparticle emission the resulting element has the same mass number but has an atomic
number greater by one unit and so lies one place to the right in the periodic table.

1.
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Neutron/proton ratio and stability zone - - -

< For atomic number < 20, most stable nuclei 120
have n: p ratio nearly 1 : 1 {(except H & Ar) 10
% For n/pratio > 1.5, nucleus is unstable. Largest T 100
stable nucleus is ngBl for which n/p ratiois | a0 ’
3 / V4
1.52. s &0 17
+ For atomic number > 83, there are no stable 2@ 70 ‘v —~5=1
nuclei. s 60 y: 4V
g 50 —
£ /
E 40
Z 30 Wy
20
10
10 20 30. 405060 708090

Number of protons —

-

Magic numbers and nuclear stability .

Nuclei with 2, 8, 20, 28, 50, 82 or 126 protons or neutrons are unusually stable and have a
larger number of stab]e isotopes than neighboring nuclei in the periodic table. These numbers are
called magic numbers. They are supposed to represent completely filled nuclear shells of energy
levels.

< Nuclei with magic number of protons as well as neutrons have notably high stabilities.

le.g., He Y0, ¥ca and 2°Pb).
Even Odd Theory

Most naturally occurring nuclides have even numbers of neutrons and even numbers of protons.
165 such stable nuclei are known. There exist 55 known nuclei with even number of protons and
odd number of neutrons, and 50 known stable nuclei with odd number of protons and even number
of neutrons. On the other hand, the number of known stable nuclei having odd numbers of both
neutrons and protons is only 5.

Artificial nuclear reactions
The first artificial transmutation was carried out by Rutherford in 1919 who bombarded
nitrogen gas with alpha pamcles and obtamed hydrogen and oxygen.
¥N+3He—» YO+ 1H
1. Alpha particle induced or (o, n) type reactions :
3 Be + gHe—) IGZC + %,n
Since a-particle is used and a neutron is produced, the reaction may be termed as (a, n)
reaction. In another a¢-bombardment nuclear reaction, the isotope (fg P) produced is itself
radioactive.
Al + 4He—> b+ on
2, Deuteron—induced or (D, o) type reaction :
YO+ 2H— 1*N+3He



3. Proton-induced or (p,7) reactioh :
2N+ %H——}'};SO +y
4. Neutron-induced or (n,y) reaction :
f§P+ },n———-)ng+y
Radioactive decay

+ Radioactive decay is a first order process. The rate of nuclear decay is determined from
measurements of the activity (A) of a sample,
Hence _% =AN or N=Nye™
where N =number of radioactive nuclei at any timet ; N, =number of radioactive nuclei at
t = 0; A =decay constant.
8.1, units : The SI unit is becquerel (Bq).
1 disintegration per second (dps) =1Bgq.
Other units : 1 curie (Gi) = 3.7 x 10%dps, 1 Rutherford (Rd) = 10%dps.
+ Specific activity : Activity per unit mass of radioactive sample (dps/g)
+ Half life (tljz) : The time taken by half the nuclei (originally present) to decay.
t1/2 = 0.693/2.

Note : After n half-lives have passed, activity is reduced to —ln- of its initial value.
: 2

+ Average life (t,,): to, =1/A =144t

Radioactive equilibrium

Among the members of a decay chain, the state which prevails when the ratios between the
activities of successive members remain constant. (This is not an equilibrium in the strict sense since
radioactive decay is an irreversible process). ‘

Secular equilibrium

Radioactive equilibrium where the half life of the intermediate isotope is so long that the change

of its activity can be ignored during the period of intérest and all activities remain constant.

A—24 5B »C
| RER)
Number of nuclei-of B is max. att, ; to =—e——In| L
max max (7\-1 _12) [lzJ
dNpg '
—2 =N, —-AgNj.
i AlY 4 —AgiNp
Secular equilibrium occurs when Ny =0 Np _Aa
' - d N, Ag

] M B
< Parallel decay A\x?*c

'%0fB=[ M JxlOO
: 11T A2

%ofC=[ o }xlOO
1+ Az
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Applicaﬁons of Radioactivity :
+ Age of Minerals and Rocks : We can determine the age of the rock by measuring the ratio
of 28U and 2°p

238U—> 26Pb+ 8 fHe + 6 Oe

At time ¢ w gram ¥ gram
Age of Rock, =Iln[w there Wg =W+ X,
' w
233 238 238
wg = Initial wt. of x =wt. of 33°U disintegrated. x = 208 Xy

+ Radiocarbon Dating : *Cis used to date historical artifacts.
Age of wood artifacts , t = %ln[%“lJ (where ty;, of ¢ = 5770 years)

Ag-= Activity of fresh wood of plant/tree. ; A =Activity of old wood.
2 Uses in Medicines and other Areas
Nuclear Fission :
In a nuclear ﬁssmn reaction, a heavy nucleus splits up into two main fragments of lighter nuclei

and several neutrons.
Of the three natural isotopes of uranium (5°U, 23°U and 2*U, the 335 U) nucleus undergoes

nuclear fission when bombarded with slow neutrons. The 33°U formed breaks up in several different '

" ways, for example :

25U+ On — 26y, g, + 5¢Kr +3 %,n
235U + gn—> 9§6U—> s‘f{‘Xe+ ST + 2§ on
235U+ on—— 530U — 1Cs+ VRb+ 210 )
% The key to the liberation of energy in the nuclear fission reaction is the production of two or
more neutrons per reaction initiated by one neutron.
+ Atom bomb is based on Nuclear fission.

A nuclear fission chain reaction has three general steps :
1. Initiation : The reaction of a single atom is needed to start the chain. Fission of 235U is

A 1mtlated by the absorption of a neutron.

2. Propagation : This part of the process repeats itself over and over, w1th each step yielding
more product. The fission of 23‘f"U releases neutrons that initiate the fission of other uranium atoms.

3. Termination : Eventually, the chain will end. Termmathn could occur if the reactant ( 335 U}

is used up, or if the neutrons that continue the chain escape from the sample without being captured
by 3°U.
Nuclear Fusion

Just as the fission of heavy nuclei is accompanied by mass losses resulting into the liberation of
large amounts of energy, the fusion of light nuclei is accompanied by mass losses and the evolution
-of large quantities of energy. Some such reactions and energy release in each process are shown
below,

PETSp—————— = B
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Fusion reaction Mass loss Energy released (kJ mol ™)
2H+ }H— }He 0.026 2.3%10°
?H+ JH— $He+gn 0.018 1.79x 10°

Compared with fission reactions, fusion reactions have the advantage that large amounts of
highly radioactive nuclides are not obtained as by-products which may pose problem of safe storage.
+ At the very high temperatures needed for a fusion reaction.
« Hydrogen bomb is based on nuclear fusion.
+ Einstein’s mass-energy equation : Energy changes in nuclear reactions can determined
by using Einstein’s mass-energy equation E = mc :
Where E is the energy equivalent of mass m and ¢ is the velocity of light.
‘For a change of 1 amu (atomic mass unit), the corresponding energy change,
E ~931x10% eV ~ 931 MeV, i.e., a mass of 1 amu is equivalent to 931 MeV of energy.

Mass Defect : .

It has invariably been found that the actual mass of an isotope of an element is less than the sum
of masses of the protons, neutrons and electrons present in it. This difference, is called mass defect.
The mass defect is nothing, but the loss of mass during the formation of the nucleus of the isotope.

+ Mass defect in nuclear reaction : _
Amt = mass of nuclei of reactants — mass of nuclei of products.
Energy liberated in nuclear reaction : AE = Am. c?.
« Mass defect in an isotope formation : .

Let m,,m, and m, are the respective masses of proton, neutron and electron. Them, the

calculated mass of this isotope, | ' '
M '=Zm, +Zm, +(A -Zym, =Zmyxg +{A-Z)m, -

(.- m, + m, =Mass of hydrogen atom = m,) i

Let = M =Actual atomic mass as determined experimentally.

then, Am =Mass defect=M'-M '

Binding Energy

Loss of mass during the formation of the nucleus from nucleons is converted into energy. The
release of energy imparts stability to the nucleus. The energy released when constituent nucleons
combine to form a nucleus, is called binding energy of the nucleus. In other words, energy equal to
binding energy will be needed to break up the nucleus into its constituent nucleons. Consequently,
the greater the binding energy, the more stable is. the nucleus.

Binding Energy and Nuclear Stability
B.E.
No. of nucleons -
Binding energy per nucleon is a direct indicator of its nuclear stability. Higher the binding
energy per nucleon of an isotope, greater is its nuclear stability. ’

B.E. per nucleon =



. The differential rate law equation for the elementary reaction A + 28 —% 3C,is :
d[A] _ _d[B] _dIC]

-_— = = 2
(a) 7R el k[Al(B]

_dIAl__1dB _1diC]_,
O "« 3 d AV

dt 2 dt 3 dt
(d) None of these

. The rate of reaction is expressed in different ways as follows:
L1dIC]__1diD]_ 1d[A]__d(B)

2 dt 3 dt 4 dt dt

The reaction is: '

(a) 4A+B——2C +3D (b) B+3D——4A +2C

(c) A+B——C+D’ _ (d B+D——>A+C
. In the reaction, A + 2B—— 6C + 2D, if the initial rate —%%q! att =01is 26x 107*M sec”?,
' what will be the value of -—%?1 att =07?

ta) 85x 10'2M_sec“1 : (b) 2.5x1072M sec™!

(©) 5.2x1072M sec™! . (d) 7.5x1072M sec™!

. For the i‘eacﬂonzﬁ —_— B+3C;if-%?;]=k1[A]2; %—?:kz [A]%; d_=k3 [A]?

the correct reaction between k;, k, and k, is :

. The rate constant of n® order has units :
(a) litre!™ mollf" sec”! _(b) Mol*" litre!™ sec
(©) Mol™™ litre™ sec? (d) Mole!™ litre™! sec™?

. Which of the following statement is incorrect?

(a) Unit of rate of disappearance is Ms™
"(b) Unit of rate of reaction js Ms™!

(¢) Unit of rate constant k depends upon order

(d) Unit of k for first order reaction is Ms™ : _
. Which of the following relation is correct for k ¢ and k,, in an equilibrium process that contains
equal moles of reactants and products. '

@ ks =k, (b) kp >k, (©) kp <k, " (d) we cannot predict
- Listed in the table are forward and reverse rate constants for the reaction

2NO(g) = N,y(g)+0,(g)
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|Temperat1_1ré (K'j" K}

1400

1500

Select the correct statement :
(a) Reaction is exothermic and value of equilibrium constant (K ) at 1400 Kis3.79 x 10‘6

(b) Reaction is endothermic and value of K, at 1400 K is 2.63 x 10°
(c) Reaction is exothermic and value of K, at 1400 K is 2.63 x 10°
(d) Reaction is endothermic and value of K, at 1500 K is 9.28 x 104

9. The rate constant of a reaction depends on
{a) temperature
(b) pressure
(¢} extent of reaction
{d) initial concentration of the reactant
10. In the following reaction, how is the rate of appearance of the underlined product related to
the rate of disappearance of the underlined reactant

BrO; (aq) + 5Br~(aq) + 6H" (aq) — 3Br, (¥ + 3H,0(aq)
d[BrO3] _ d[Br,) ' "1 d[BrO3] _ diBry]

@ -—5 d O -3 dr
©) = d[BrOs] _1 d[Br,] (d) None of these
dt 3 dt
11. Consider a reaction A(g) _k=QiMmin”! 2B(g). If initial concentration of A is 0.5M then select
correct graph. h
A A )
LOM |-mmmmmmsseseesess ‘
(B]
0.5M === ; 0.5M|----=--- ‘
a :
(a) (B] | ®) i
5 10 - , S 10
time (in min) time (in min}
A F 3
0 ,
1.OM|eeeees : : LM (| |
© [ P . @ 8] S
— 5 10 5 10

time (in min) ’ time (in min)
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12. Which of the following statements is incorrect?
(a) A second order reaction must be a bimolecular elementary reaction
(b) A bimolecular elementary reaction must be a s-econd order reaction
(c) Zero order reaction must be a complex reaction
(d) First order reaction may be complex or elementary reaction

13. The molecularity of a complex reaction given below is :
‘ - 2N,05(g) — 4NO,(g) + 0,(g)

(a) 1 - (b)) 2 (é) 3 . (d) has no meaning

"14. Decomposition of NH,NO, (aq) into N, (g) and 2H,0 () is first order Teaction.
Which of the following graph is correct?

S—— 3 3 3
@ 3% ROK; | m§ @ F\
Z Z z z

tlme time’ time

15. Decomposition of HI (g) on Gold surface is zero order reaction. Initially few moles of H, are
present in container then which of the following graph is correct?

» y
@ P )%kj (0%4 i @%’\\\

— tme time time time
16. Consider the plots for the types of reaction
nA — B+C
} T Y T .
) |
rrdl , _ [A]’ i 75l ’ i |
L _ . |
A .. t
O e i)

. These plots respectively correspond to the reaction orders :
(a)o,21 )0, 1,2 (©1,1,2 (d} 1,0, 2
17. If decomposition reaction A(g)——> B(g ) follows first order kinetics then the graph of rate of

formation (R) of B against time t will be:
R R¢

(a) ' ‘ (b)

.
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18. Consider the plots, given below, for the types of reaction

_nA —> B+C |
A
fm l :‘ | i
@ (A} 1A}
LU o . LU

These plots respecnvely correspond to the reactuon orders

(a0, 1,2 (b)1,2,0 (1,0, 2 (d) None of these
19. For a zero order reaction, the plot of conc. (a - x) vs time is linear with
(a) + ve slope and zero intercept (b) —ve slope and zero intercept
(¢) + ve slope and non-zero intercept (d) - ve slope and non-zero intercept
20. What will be the order of reaction for a chemical change having I -
log ty,, vs log a? (where a = initial concentration of reactant; | ‘
t,,» = half-life) : ! / ‘
(a) Zero order ' . e |
(b} First order | !
(¢) Second order ; 1
(d) None of these _ P . _loga

21. A graph between log t,,, and log a (absc:ssa) a being the mmal St B 1
concentration of A in the reaction For reaction A —— Product, the log t. g D
rate law is : 109 e \ Slope = _1

@ d[A] K ’ D) fj[rA] =K[A] !
|
© —cz{rA] ~ K[A]? (d) __d[t—A]-=K[A]3 | . _loga

22. Consider the reaction A ——» B, graph between half life (t,,,) and initial concentration (a) of
the reactant is '

Hence graph between —% and time will be:



23.

24,

25.
26.

27.

_ A

AN o | :
(a) dt (b) N
t—>
d[A] _ A
~Tdar dt
(c) )

t t

For the ideal gaseous reaction, the rate is generally expressed in terms of ;E instead of (;—C or
©odt t

dn n. . . .
T (where C = v 1s concentration and n the no. of moles). What is the reaction among these
t ' _

three expressions if T and V are constant?

dC dn dp - - dc 1dn 1 (dp
(a) =~ =—==" b)) —==—=—|—
de dr dt dt V dt  RT \ dt
(c:)‘RZI"EI£=—dE=ii—Pi ' (d) None of these
de dt dt

A, +B, —> 2AB;R.OR. =k[A]° [B]®

Order of reaction with respect to A, and B, are-respectively :

(aa=1,b=1 (b)a=2b=0 . (@a=2hb=1 - (d) None

For a reaction the initial rate is given as: R, = k[A]3[B], by what factor, the initial rate of
reaction will increase if initial concentration of A is taken 1.5 times and of B is tripled?
(a) 45 (b) 2.25 (c) 6.75 (d) None of these

For A¢;y + By —— Cyy); rate = k[A1Y*[B)?, if initial concentration of A and B are increased by
factors 4 and 2 respectively, then the initial rate is changed by the factor:

(a) 4 , (b) 6 _ (c) 8 “(d) None of these
Reaction A — B follows second order kinetics. Doubling the concentration of A will increase
the rate of formation of B by a factor of :

(@ 1/4 (b) 172 () 2 4

28,29. The reaction of A, and B, follows the equation

A,(8) + By(g) — 2AB(g)
The following data were observed



28.
29,

30.

31.

32.

33.

34.

The value of rate constant for the written reaction is:

(a) 2.5x 107 (b) 2.5x 1072 () 1.25x 1072 (d) None of these
Above given question, the value of rate constant for appearance of AB(g) is : '
(@) 2.5x 107* (b) 2.5x 107 (¢) 1.25x 1072 (d) None of these
The following data pertain to reaction between A and B -
S. No [A] [B] Rate
mol. ! mol. L' mol L™ sec™!
I 1x1072 2x1072  2x10™
11 2x 1072 2x102%  4x107*
11| 2x 1072 4x1072 - gx10™*

Which of the following mference(s) can be drawn from the above data

(a) Rate constant of the reaction 1074

(b) Rate law of the reaction is k[A][B]

(¢) Rate of reaction increases four times on doubhng the concentration of both the reactant,
Select the correct answer

codes ' o
() a,band c (b) a and b (@ bandc " '(d) calone
.The unit of rate constant of elementary reaction depends upon the : '
(a) temperature of the reaction "(b) concentration of reactant
(c) activation energy of the reaction (d) molecularity of the reaction
Select the rate law that corresponds to the data shown for the reaction A+ B—— C
Exp. [A) [B] Rate

1. 0.012 0.035 0.10

T2, 0.024 0070 = 0.80

3. 0.024 0.035 0.10

4. 0.012 0.070 0.80 ‘
(2) Rate=k[B]® (b) Rate=k{B]* . (c) Ratek=[Al[BI® (d) Rate=k[A}?[B}?

An elementary reaction between A and Bis a second order reaction. Which of the following -
rate equations must be correct? ,

@ r—KAPB® () r=KAP2BY? (@ r =k (@ r =K[AIB]

If ‘@’ is the initial concentration of the reactant, the half- llfe period of the reaction of n % order
is inversely proportional to :

(a) a" ! 7 ) a” (a 1-r ‘ (d) a**?



35.

36.

37.

38.

2 PROBLEMS IN CHEMIST

Which of the following expressions is correct for zero order and first order respectively [where
a is initial concentration]?

1 ' 0

(@) by, cayty, « p (b tyy @ty xa
) 1
@ty xa’;t;,, xa {d) t1/z Aty € —
a
The unit of rate constant of zero order and first order chemlcal reactlons are respectively ;
(@ molL! s}, mol L7! 57! - ) st mol L
() mol Lt 571, 71 " {d) None of these
The units of rate of reaction and rate constant are same for a :
(a) zero order reaction (b} first order reaction
(c) second order reaction (d) third order reaction
H* (ag)

CH3CO0C,H;(ag} + H0() ———— CH3COOH(ag}+ C,H:OH(aq). What type of reaction
is this? ‘

~ (a) Unimolecular elementary (b) Pseudo first order

39.

40.

41.

42,

43.

{c) Zero order {d) Second order

When ethyl acetate was hydrolysed in presence of 0.1 M HCI, the rate constant was found to
be 5.4x 107 s '. But in presence of 0.1 M HZSO4 the rate constant was found to be
6.25x 107 571, 'I‘hus it may be concluded that :

(a) H,50, furnishes more H* than HCI

(b) H,SO,, furnishes less H* than HCl

(c) both have the same strength

(d} will depend on concentration of ethyl acetate

For an elementary reaction 2A + B --— A,B if the volume of vessel is quickly reduced to
half of it's original volume then rate or reaction will

(a) unchange

(b) increase four times

(c) increase eight times

(d) decrease eight times

In the following reaction A — B + C, rate constant is 0.001 Ms™. If we start with 1 M of A then
conc. of A and B after 10 minutes are respectively :

(a) 05 M, 05M (b)) 0.6 M, 04 M (c04M06M (d) none of these

For a reaction A JM»ZB

starting with 1 M of ‘A only, concentration of B (in M) after 100 sec. and 200 sec. is
respectively ? T

(a) 2and 4 (b} 1 and 2 (c) 2and 3 ‘ (d) None of these
Half-life (t,,,) and completion time (T) of the above reaction (A— B+ C) are :

{a} 500 min, 750 min {b) 500 sec, 750 sec (c) 500 sec, 1000 sec (d) None of these

N
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 46.

47.
48.

49,

‘50.

51.

52.

44.  ColumnlI ' Column I
B Zero order reaction 1.ty, 1
7 [Al,
Q. First order reaction 2. tiop =[Alg 7 k
R. Second order reactions 3. Involves at least two reactants
S. Pseudo unimolecular reaction 4. [A] =[Al, e
Code:
: P Q R S
(a) 2 1 4 2
m 2 4 1 3
. () 2 1. 3 4
{d) 3 2 1 4
45. For the zero order reaction A — B + C; initial concentration of Ais 0.1 M. If A = 0.08 M after

10 minutes, then it’s half-life and completion time are respectively :

(a) 10 min; 20 min " (b) 2x 107 min; 4 x 10"* min

{c) 25 min, 50 min ‘ (d) 250 min, 500 min

For an elementary reaction, X(g) — Y(g)+ Z(g)

the half life period is 10 min. In what period of time would the concentration of X be reduced
to 10% of original concentration ?

(a) 20 Min. (b) 33 Min () 15 Min ~ (d) 25 Min

In the presence of an acid, the initial concentration of cane sugar was reduced from 0.20 to
0.10 molar in 5 hours and from 0.2 to 0.05 molar in 10 hours. The reaction is of-

{(a) Zero order (b) First order {c) Second order (d) Third order

A first order reaction is 75% completed in 100 minutes. How long time will it take for it’s
87.5% completion?

{a) 125 min {b) 150 min () 175 min (&) 200 min
The rate constant for a first order reaction whose half life is 480 sec. :
(a) 144x 107 sec™! (b) 1L44xsec™ () 072x10 3 sec™® (d) 288x107sec™

Rate constant k = 2.303 min~! for a particular reaction. The initial concentration of the’
reaction is 1 mol/litre then rate of reaction after 1 minute is :

(a) 2.303 M min™  (b) 0.2303 M min~ () 0.1 M min™’ (d) none of these
For the reaction 3A(g) —— B(g) + C(g), k is 10""*L/mol.min.
- if [A} = 0.5M then the value of —dc[;:] (in Ms ;l) is:
(a) 7.5x107° () 3x107* (© 25x107° {d) none of these
99% of a first order reaction was completed in 32 minutes when 99.9% of the reaction will

complete : ,
(a) 50 min : (b} 46 min (c) 48 min (d) 49 min
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53. Which of the following represents the expression for %th life of first order reaction .

2.303 2303 2.303
log 4 d) ——log3
. wlog (d) o8
54. Consider the following first order competing reactions:
X—M 3A+B and Y—R,C4D

if 50% of the reaction of X was completed when 96% of the reaction of Y was completed, the
ratio of their rate constants (k, / k;) is:

log3/4 (O

‘k
(a) mlog“ﬁ (b)

. (a) 406 (b) 0.215 @ 11 ) 4.65
55. For the reactions '
At p
(i) B—&1Q, following observation is made.
PR el Atk - S
F 3
. 2M
E §
b= i
g im 3
1 c
~05M S
! : N (B] ‘
30 60 - »
. . Tmetmn ____ ___ 0 Tmemig

k . .
Calculate —'-, where k, and k; and rate constant for the respective reaction.
n

(a) 2.303 ®1 {c) 0.36 (d) 0.693
56. The decomposition of N,0; in chloroform was followed by measuring the volume of O , gas
evolved : 2N,0; (CCl,) — 2N,;0, (CCl,) +0,(g). The maximum volume of O, gas
obtained was 100 cm®. In 500 minutes, 90-ecm® of O, were evolved. The first order rate
»  constant (in min~") for the disappearance of N,O; is:
2.303 2.303 100 2.303 90 100

et = log — log —— d) ——
@ 500 ® 500 o8 20 © 500 o8 100 ()10x 500

57. For a homogeneous gaseous reaction A—— 3B, if pressure after time t was P and after
completion of reaction, pressure was P, then select correct relation

1 P, _1,( 2p,
@k=¢ ‘"[?(T'FJ ® k=3 1{——3(Pm _pT)]
© k=l e ) @ k=11 _&_J

t \2pP, -P, t \3(P, -Pr)

58. The halflife of first order decomposition of NH,NO, is 2.10 hr-at 288 K temperature
NH,NO3(agq) —— N,0(g) + 2H,0(0), if 6.2 g of NH,NO, is allowed to decompose,

The time required for NH,NO, to decompose 90% and the volume of dry N,0 produced at
.his point measured at STP are respectively:
{a) 6.978 hr, 2.016 L (b) 0.319 hr, 2.12 L (¢) 0.319 hr, 2.016 L. (d) None of these
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59.

60.

61.

For a first order homogeneous gaseous reaction, A — 2B +C

then initial pressure was P, while total pressure after time ‘t’ was P,. The rlght expresswn for
the rate constants k in terms of P, P, and t is :

2. 303 2P, : 2. 303 2P,
k= lo C k= i
@ t g[BPi —Pt) ® t g(zpt—Pi]
2.303 P
k= | : d f these
(c) " og [Pi — Pz] ( ‘) none of the

The decomposition of azo methane, at certain temperature according to the equation
(CH;),N, —— C,Hg + N, is-a first order reaction.

After 40 minutes from the start, the total pressure developed is found to be 350 mm Hg in
place of initial pressure 200 mm Hg of azo methane. The value of rate constant k is :

(a) 2.88x 107*sec™? (b) 1.25x 107*sec™ (¢) 5.77 x 10~* sec™! (d) None of these ‘
The hydrolysis of sucrose was studied with the help of polarimeter and followmg data were

- collected time (min.) : 0 70 o0
observed rotation (degrees) :44 16.5 -11
when the reaction mixture will be optically inactive ? (Given: In 2=0.7,In3=1.1,In 5=1.6)
(a) 16 min. (b) 69.47 min. " (c) 160 min. (d) none of these

62.

63.

64.

65.

For a particular reaction with initial conc. of the reactants as a, and a,, the half-life period are
t, and t, respectively. The order of the reaction (n) is given by :

@n=1+ log {t,/t,) (b) n = log (t,/t5)
log (az/a) log (a,/a;)
‘(@ n=1+log (ty/25) (d) none of these

log (az/a;)

t ‘ .
The value of ~%875 for n?* order reaction is

toso
' . o 8n—l _
(a) 2(2" 2 (b) 2(2-2-1 (©) S (d) None of these
A—>B first order reaction A is optical active and B is optically inactive, a series of
experiment were conducted on a solution of A - .
Time 0 60 min w0 '
' pptical rotation 82 77° 20

Assume some impurity present calculate the optical rotation after 5 hours.

(Given in 1.066 = 0.064, ¢®'® =1.17) _

(a) 60 (b) 30 (© 20 Y (@ 120

At 300 K the half-life of a sample of a gaseous compound initially at 1.atm is 100 sec. When the
pressure is 0.5 atm the half-life is 50 sec. The order of reaction is : ‘

(ao M1 . @2 . (d 3
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K =2x107% s

. 2B(g)
66. A decomposes as A(g) —] , the rate of appearance of B, taking 2 M

Clg)

k, =1x 1073 571
concentration of A, is equal to : : .
(@) 2x10°Ms?t  (4x10°Ms?  (c)8x10°Ms?  (d) None of these
67. For an endothermic reaction where AH represents the enthalpy of reaction in kJ/mol, the
minimum value for the energy of activation will be :
(a) less than AH (b) more than AH (c} equal to AH {d) zero
68. The activation energy of the reaction, A + B—— C + D + 38 kcal is 20 kcal, What would be the .
activation energy of the reaction,
C+D—>A+B
(a) 20 keal (b} —20 kcal {c) 18 kcal {d) 58 kcal
69. When the activation energies of the forward and backward reactions are equal, then:
(8) AE=0,A5=0 (b) AE =0, AG =0 (©)AS =0, AG =0 {d) only AE =0
70. For an exothermic chemical process occurring in two steps as follows
(i) A+B — X (slow) (i) X —— AB (fast)
The process of reaction can be best describe by:

PE. X
A+B PE.
(2) . ®
{reaction coordinate) : ——fB
R.C.~ R.C.
A
(c) PE. X (d) PE. %
A+8 - AB
AB ‘[A+8
RC. _ ‘ RC.

71. Select the correct diagram for an endothermic reaction that proceeds through two steps, with
the second step is rate determining :

I

reaction coordinate reaction coordinate reaction ooordmate reaction ooordmate
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72.

73.

74.

75.

76.

77.

78.

79.

-=—-80.
s

kase
34°

(a) Rate increases with the rise in temperature

(b} Rate decreases with rise in temperature

(c) rate does not change with rise in temperature

(d) None of the above '

The plot of In k versus 1/T is linear with slope of:

(a) -E_ /R , (b) E,/R (c) E,/2303R (d) -E,/2.303R

Rate constant for a chemical reaction takes place at 500K is expressed as k = A. g71000

The activation energy of the reaction is:
(a) 100 cal/mol (b) 1000 keal/mol  (c) 10* keal/mol (d) 10° keal/mol

> 1, this means that

For a complex reaction A L products
E, =180 kJ/mok E,,=80 kJ/mol; E, = 50 kl/mol

/3
Overall rate constant k is related to individual rate constant by the equation k =(klki} .
3
Activation energy (kJ/mol) for the overall reaction is :
(a) 100 (b) 43.44 (c) 150 (d): 140

. ~Eg /RT y
For reaction A—— B, the rate constant k; = A;(e @ /ATy and for the reaction X — Y, the

rate constant k = A,(e /%), If A, =10°, A, =10" and E, =1200 cal/mol, then the

temperature at which k; = k, is: (Given; R = 2 cal/K-mol)

(a) 300K (b} 300x2.303K (0 ;:(?3 (d) None of these

The activation energies of the forward and backward reactions in the case of a chemical
reaction are 30.5 and 45.4 kJ/mol respectively. The reaction is : -

(a) Exot}_lermic (b) Endothermic
{c) Neither exothermic nor endothermic (d) Independent of temperature
—25000

A reaction rate constant is given by : k =1.2x 10** e RT sec”l. It means
(a) log k versus log T will give a straight line with a slope as 25000
(b) log k versus log T will give a straight line with a slope as —25000
(¢) log k versus T will give a straight line with a slope as —-25000

(d) log k versus 1/T will give a straight line

The temperature coefficient of a reaction is :

(a) The rate constant

(b} The rate constant at a fixed temperature

(c) The ratio of rate constant at two temperature

(d) The ratio of rate constant differing by 10°C preferably k30a/k298
Which graph shows zero activation energy?
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81.

82.

83.

84.

85.

86.

87.

W

@ }

. —Reaction — Reaction . = Reaction —= Reaction

A homogeneous catalytic reaction takes place through the three alternative plots A, B and €
shown in the given figure which one of the following indicates the relative ease with which the
reaction can take place ?

B

.Reactloncoursa. . _____ .

(@) A>B>C ®) C>B>A © A>C>B ) A=B=C

A first order reaction is 50% completed in 20 minutes at 27°C and in 5 minutes at 47°C The

energy of activation of the reaction s :

(a) 43.85 kl/mol . (b) 55.14 kJ/mol {c) 11.97 kJ/mol (d} 6.65 kJ/mol

The rate of a reaction gets double when temp changes from 7°C. By what factor will it change

for the temp range 17°C to 27°C.

(a) 1.81 (b) 1.71 (¢) 191" (d) 1.76

Which of the following explains the increase of the reaction rate by catalyst:

(a) Catalyst decreases the rate of backward reaction so that the rate of forward reaction
increases

(b) Catalyst provides extra energy to reactmg molecules so that they may reduce effecuve
collisions

(c) Catalyst provides an alternative path of lower activation energy to the reactants

(d) Catalyst increases the number of collisions between the reacting molecules.

Collision theory is satisfactory for:

(a) First order reactions (b) Zero order reactions

(¢) Bimolecular reactions - ) . (d) Any order reactions

For the first order reaction A—— B + C, carried out at 27°C if 3.8x10'%% of the reactant

molecules exists in the activated state, the E, (activation energy) of the reaction is

(a) 12 ki/mole . (b} 831.4 ki/mole  (c) -100 kJ/mole (d) 88.57 kJ/mole

A catalyst lowers the activation energy for a certain reaction from 83.314 to 75 kJ mol ™! a

500 K. What will be the rate of reacnon as compare to uncatalysed reaction? Assume other

things being equal.
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88.

89,

920.

21.

92.

93.

94,

95.

(a) Double (b) 28 times (c) 7.38 times (d) 7.38 x 10° times
A following mechanism has been proposed for a reaction '
2A+Bo>D+E

A+B—=C+D(slow)
A+C 5 E (fast)
The rate law expression for the reaction is:

() r=k[AJ?[B] . (b)Y r=k[Al[B] () r= k[A1Z (d} r=k[A]IC]
A hypothetical reaction A, + B, —> 2AB follows the mechanism as given below

A, = A+ A (fast) T
A+ B, — AB+ B (slow) o '

A +B — AB (fast} ‘
The order of the over all reaction is

@2 ®»1 CERN @ o

Chemical reaction occurs as a result of collisions between reacting molecules. Therefore, the
reaction rate is given by '
(&) Total number of collisions occurring in a umt volume per second
(b) Fraction of molecules which possess energy less than the threshold energy
(c)Total number of effective collisions which have enough activation energy
(d) none of the above
Radioactivity is affected by :
{a) temperature . (b) pressure
(¢} electric and magnetic field - (d) none of these
The radiation from naturally occurring radioactive substance as seen after deflection by a
magnetic field in one direction are : -
(a) a-rays (b) B-rays
(c) both o and B rays (d) either o or B-rays
In the radioactive decay ' o o
LXA 5 VA o5, 124 % 5, 2% * the sequence of the radiation emitted is :
high energy Jow energy ’ -

@By | O nop

@By o @B ay
A radioactive nuclide emitts y-rays due to the :
(a) emission of an electron from its orbital

'(b) nuclear energy transition from a higher state to a Jower state

(c) presence of less neutrons than protons
(d) presence of more neutrons than protons ‘
Consider the following decay , X*-,.,Y*+ _,€° X is unstable because :

{(a) its nucleus has excess energy (b) I ratio is high
. p ,

(c) n ratio is low . (d) none of. these
P . ’

oooooo
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97.

98.

29,

100.

101.
102.

103.

Consider the following decay ,X* —,_,Y* + , e® (3*) X is unstable because :

(a) it’s nucleus has excess energy (6>))] n ratio is high
_ . p
{© 1 ratio is low {d) none of these
p ‘

During ¢-decay :

(a) n ratio decreases ) () n ratio increases
P . ' p
_ (c) E remains constant ’ (d) may increase or decrease

Which of the following processes causes the emission of X-ray?

(a) c-emission ' {b) p-emission

(c) B* (Positron emission) (d) electron capture
“Which of the following processes result in an increase in the atomic number of a nuclide?
(a) a-emission . (b) electron capture (c) y-emission : @ B(Beta)emission
<veen.. is produced when a positron and an electron collide. o
(a) X-ray (b) Neutron ~ {c) y-radiation {(d) Neutrino

67 Ho™ is stable isotope. ¢ Ho'* is expected to disintegrated by: '

(a) o-emission (b) B-emission ~ (¢) positron emission (d) y-emission

1H' is a stable isotope. {H? is expected to disintegrated by :

(a) a-emission ~ (b) p-emission (¢) positron emission (d) proton emission
Loss in B-particle is equivalent to : _

(a) increase of one proton only (b) decrease of one neutron only

(c) both (a) and (b) . (d) none of these

Atoms , X%, ;¥" and 4Z'7 are such that Y is an isobar of , X and atom 427 is isotone of

104.
105.
106.
"107.
 108.

109.

110,

Y. Mass no. of X and no. of neutrons in Y are respectively : i

(a)8,8 (b) 17,7 (9,8 (D 16, 8

90 Th*** disintegrate to give g, Pb**® as the final product. Total no. of a and B particles emitted
out during this process are :

(a6 b7 ()8 (d) 13

An isotone of 5,Ge’® ) ‘ .

(@) 5,Ge’”’ (b) 53As”7 (c) 3,8¢”’ (d) 558e”7

Pair of isobar is : ' L )

(a) 6—(313, 7N13 (b) 5C13, 7,N”‘ () 6CM; 8N15 {d) none of these
Isodiaphers are atoms having: ' ‘

(a) n/p constant {b) p/n constant (c) (n—p) constant (d) (n—p) different
The ‘Group displacement law’ was given by: ' '

(a) Bacqueral (b) Rutherford (c) Madam Curie (d) Soddy and Fajan
sLi7 + ;p! —» X; Identify X if reaction is (p, a) type. ) '
(a) ,Be® i (b) ,He* (© ov° (d) none of these
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111. Identify reaction type: :
13Al27 + 11'Iz E— 13AIZB + 1H1

(a) (d, p) ) (p, P) @ (pd) {(d) none of these
112. A17 + ,p! — X + ,v°;Identify X if reaction is (p, y) type artificial radioactive reaction.
(a) ;3A1%® (b) 148i% () 145i%8 (d) none of these

113. The number of neutrons accompanying in the formation of 5, X'* and 5,Sr'** from the
absorption of slow neutron by 92U2?‘5 followed by nuclear fission is :

(a) 0 : (b) 1 () 2 ‘ (d) 3
114. What will. be the product of reaction ;5 Md®*® (o, 2n) ? _
(a) 103Lr 256 (b) 102N0257 (C) 103 Lr257 (d) 82Pb205 o By
115. Complete the following nuclear equation by suppiying the symbol for the other product of the
fission :
92U23*_r’ + ot —— ST 4 + 240t e
() 54X (b) s, Xe!® (©) 52Gd™™ ~ (d) none of these

116. 25U +} n—>s¢ Ba+34 Kr +3n + 200MeV

Total energy released (in MeV) after 5% stage of fission is

(a) 48600 (b) 16200 ~(¢) 24200 (d) None of these
. 117. Proton bombardment of Th*° followed by emission of two alpha particles produce :
(a) Rn232 (b) Ra233 (C) Fr 223 , (d) Fr222

118. 4, Po?® — 4,Pb™® + ,He*.In this reaction predict the position of group of Po when Pb is
in the IV B group : . : : .
(a B b)IVB, . - (e VIA . (@ VIB
119. o This a member of 1II group on losing o-particle forms a new elements belonging to :
(a} I group (b) 11 group (c) III group (d) IV group
120. Alpha decay of o, U** forms o Th?**. What kind of decay from g(,Th produces goAC
(@ a b) p (c) B* (positron) (d) y-emission
121. 4, Bi2!* decays to A by a-emission; A then decays to B by beta emission, which decays to C by
another beta emission. Element C decays to D by still another beta emission, and D decays by
a-emission to a stable isotope E. What is an.element E? _
(a) Slrl-vl207 (b) 80 Hg 206 ( ) Au206 (d) 82 Pb206
122. The activity of a radioactive nuclide (X 100y is 6.023 curie at a certain time ‘t’. If its -
disintegration constant is 3.7 x 10% s7! the mass of X after t sec is :

2344

(a) 6.022x 10° g 10 g (©10 % g @107 g

123. Activity of a radioactive substance is 4, at timet, and A, at time t,(t; >1;), then the ratio of
A2 4. ’
Ay
(a) ei(l.'2+t1) (b) eMt]‘tz) (C) E—Mtl +ita) (d) fl

’ tl
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124. The haif-life of (C'* is 5730 year. What fraction of it's original C!* would left after 22920 year
of storage?
(a) 0.50 (b) 0.25 (9 0.125 {d) 0.0625

125. A radioactive sample had an initial activity of 56 dpm. After 69.3 minutes, it was found to have
an activity of 28 dpm. Find the number of atoms in a sample having an activity of 100 dpm.
(a) 693 (b) 100 {c) 1000 (d) 10,000

126. A radioactive sample has initial activity of 28 dpm 30 minutes later its activity 14 dpm. How
many atoms of nuclide were present initially?

{a) 2800 (b) 1217 ' (c) 528 (d) 2802
- 127. The half-life of Co® is 5.27 year (. = 2.5 x 10~ min™’ ). The activity of 2.09 of the sample is
""" nearly : r
! (a) 5% 10° dpm (0 25x10'° dpm () 5x 10" dpm (d) 10'% dpm

128. Half—liff (t1/2) for a radioactive decay is 6930 sec. The time required to fall the rate of decay by
s t
[———— of it’s initial value is :
100

(a) 69.2 sec {(b) 20,000 sec (c) 23030 sec (d) none of these
129. A sample of radioactive substance is found 90% of it's initial amount after one day. What % of
the original sample can be found after 3 days?
(a) 81 . (b) 72.9 (c) 25 (d) 65.61
130. If time ¢ is required for a radioactive substance to become one third of it's initial amount, what
fraction would be left after 0.5 t?

1 ‘ 1 1 2
(a) 5 L) Nei : (© 3 (d) \/-3—*
131. The present activity of the hair of Egyption mummy is 1.75 dpm. 1, ,, of ¢C'? is 5770 year and
disintegration rate of fresh sample of C** is 14 dpm. Find out age of mummy.
(a) 23080 year (b) 138480 year (c) 11998.3 year (d) 17313.6 year
132. The amount of (C'* isotope in a piece of wood is found to one fourth (1/4) of that present in a
fresh piece of wood. Calculate the age of the piece of wood {t;5 of (C' =5770vyears)
(@) 7999 year (b) 11540 year (c) 16320 year (d) 23080 year
133. A radioactive element undergoing decay is left 20% of it’s initial weight after certain period of
time ¢, how many such periods should elapse from the start for the 50% of the element to be
ieft over?
{a) 3 (b) 4 (c) 5 (d) None of these
134. In a sample of wood, the reading of a counter is 32 dpm and in a fresh sample of tree it is
122dpm. Due to error counter gives the reading 2 dpm in absence of 14 C. Half life of 1*C is

5770 years. )
The approximate age (in years) of wood sample is:
(a} 7997.2 {b) 57570 (c) 11,540 (d) 15140

. 135. A 0.50g sample of rock was found to have 25x 10~® mol of 19K {11, =1.3x10° y1) and
' 7.5x107® mol of $5Ca. How old is the rock ? »
(@) 65x10%yr  + (b) 1.3x10% yr (©) 2.6x10° yr (d) 5.2x10%r



6 CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

136.

137.

138.

139.

140.

141.

Indium-112 is radioactive and has a very short half-life (t,,, = 14 min). It's decay constant and -
average life are respectively : i

(a) 0.0495 min~}, 9.7 min (b) 0.495 min~', 20.2 min

{¢) 9.7 min~!, 20.2 min - (d) 0.0495, 20.2 min

The half-life of radioactive element is 100 minutes. The time interval between the stages to
50% and 87.5% decay will be : ,

{a) 100 min (b) 50 min « (c) 200 min . {d) 25 min

The half-life of Tc®® is 6.0 hr. The total residual activity in a patient 30 hr after receiving an
injection containing Tc*® must be more than 0.01 uC;. What is the maximum activity (in pC;)
that the sample injected an have? ‘

(a) 0.16 (b) 0.32 (c) 0.64 (d) 0.08

A pure radio-chemical preparation was observed to disintegrate at the rate of 2140
counts/minutes at 12.35 PM. At 3.55 BM. of the same day, the disintegration rate of the
sample was only 535 count/minutes. What is the half-life of the material?

(a} 50 min (b) 100 min (¢) 200 min (d) None of these

A certain radioactive isotope ;X* (t,,, =100 days) decays to Z_ZY’f's. If 1 mole of ;X% is
kept in sealed container, how much He gas will accumulate at STP in 200 days?

(a) 11.2 litre (b} 33.6 litre (¢) 22.4 litre (d) 44.8 litre

A radioactive substance decay 25% in 10 minute. If at start there are 4 x 10?° atoms present,

- after what time will the number of atoms be reduced to 102 atoms? (given In 3 =1.098)

142,

143.

144.

145.

146.

(a) 10.98 min (b) 21.97 min {c) 48.19 min (d} None of these
The time of decay for a nuclear reaction is given by t = 4t,,,. The relation between the mean
life (T) and time of decay (t) is given by :

()2 Tin 2 ) 4Tln2 ©2T* 1n2 (d)T—121n2

Two radio isotopes A and B of atomic weight X and Y are mixed in equal amount by weight.
After 20 days, their weight ratio is found to be 4 : 1. Isotope.A has a half-life of 1 day. The
half-life of isotope B is :

(a) 1.11 % day ®) 0.11 % day (¢) 0.6237 day (d) 1.11 day

Two radioactive nuclides A and B have half-lives 50 min and 10 min respectively. A fresh
sample contains the nuclide of B to be eight time that of A. How much time should elapse so
that the number of nuclides of A becomes double of B?

(a) 30 (b} 40 (e 50 (d} 100

A radioactive nuclide is produced at a constant rate of o per second. It's decay constant ishIfNg
be the no. of nuclei at time t = 0, then max. no. of nuclei possible are :

(@) N, b) o (@ N+ 2 ) _2 +Ngs

An analysis of the rock shows that the relative number of Sr¥ and Rb¥ (¢, = 4.7 x 10%°
year) atoms is 0.05. What is the age of the rock? Assume all Sr®7 to be formed from Rb®’ only.
(a) 7.62 x 10° year | ' (b) 1.43 x 10° year .
(c) 3.28 x 107 year S (d) 4.32 x 10° year
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*.:147. There are two radio nuclei A and B. A is a c-emitter and B is B-emitter, their disintegration

' constant are in the ratio of 1 : 2. What should be the number of atoms of two at time ¢ = 0, so
that probability of getting of « and B-particles are same at time t =0:
(@2:1 ®4:1 @1:2 d1:4

148. A radioactive substance (parent) decays to it’s daughter element, the age of radioactive
substance (t) is related to the daughter (d)/parent (p) ratio by the equation :

(a)t=%ln(l+§J . o '(b)t=%1n(1+§']

] 1, (d o 1. (p)
(c)c_Kln[pJ 3 . (d¢ lln(d].

. 149. Ac**’ has a half-life of 22 years. The decays follows two parallel paths

M, Th?7 (96 yield = 2) l

ACZZ?
|65

i

"2 Frm (% yield = 98)

T e [ — —_——

What are the decay constants (?L) for Th and Fr respectively?
(a) 0.03087, 0.00063 (b) 0.00063, 0.03087 (c) 0.02, 0.98 (d) None of these

150. g, Po*'® (t,,, =183 sec) decay to g,Pb (t;,, =161 sec) by a-emission, while Pb?'* is a

B-emitter. In an experiment starting with 1 mole of pure Po*'%, how much time would be
required for the number of nuclei of 5 Pb*'* to reach maximum? -
(a) 147.5 ~ (b) 247.5 () 182 : (d) 304

i 8 ' R ProBLEMS IN CHEMISTRY [ - 3
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1. The forward rate constant for the eiementary reversible gaseous reaction
C,Hg = 2CH;is1.57x107° s'at 100K

What is the rate constant for the backward reaction at this temperature if 10™* moles of CH,
and 10 moles of C,H, are present in a 10 litre vessel at equilibrium.

(a) 1.57 x 10° L mol™ 57} () 1.57 x 10'° L mol™? 57}

(c) 1.57 x 10'! L mol™? s’ (d) 1.57 x 10’ L mol™ 57!
2. For a hypothetical reaction,

A+3B——P AH =-2x kJ/mole of A

& M——2Q+R AH = +x kl/mole of M

If these reactions are carried simultaneously in a reactor such that temperature is not
changing. If rate of disappearance of Bisy M sec™! then rate of formation (in M sec”h) of Qis:

@ 2y S ® 3y © 3y @ 3y
3. The kinedc data for the given reacton A(g) + 2B(g) —k-> C(g) is provided in the following
table for three experiments at 300 K : LS
Ex: No.| [a/M1 "l-[ﬁ}’}lf];, Initial i'at'e (M:sec™) |
1L 001 | 0.01 6.930 x 107
2. 0.02 0.01 1.386 x 107°
3. 0.02 0.02 1.386 x 107°

In another experiment starting with initial concentration of 0.5 and 1 M respectively for A and
B at 300 K, find the rate of reaction after 50 minutes from start of experiment (in M/sec).
(a) 6.93x 107, () 0.25x 1077 (c) 4.33x107° (d) 3.46x 107*

4. The reaction A(g)+ 2B(g) —> C(g)isan elementary reaction. In an experiment involving
this reacton, the initial partial pressures of A and B are P, = 0.40 atm and Pp =10 atm
respectively. When P, = 0.3 atm, the rate of the reaction relative to the initial rate is :

1 1 1 . ’
- (a) 12 _ (b) ) © > : (d) none of these'

5. Which of the following is incorrect statement ? .
(a) Stoichiometry of a reaction tells about the order of the elementary reactions
(b) For a zero order reaction, rate and the rate constant are identical.
(c) A zero order reaction is.controlled by factors other than concentration of reactants
(d) A zero order reaction is an elementary reaction



6.

9.

Two first order reaction have half-lives in the ratio 8 : 1. Calculate the ratio of time intervals
‘ th th
ty :t,. The time ¢, and t, are thé time period for (%J and (?J completion.

(a) 1:0.301 (b) 0.125 : 0.602 (c)1:602 (d) none of these
Reaction A + B —~— C + D follows rate law, r = k[A]¥? [B}? starting with 1 M of A and B
each. What is the time taken for.concentration of A become 0.1 M? '
[Given k = 2.303x 1072 sec™].

(a) 10 sec (b) 100 sec {c) 1000 sec (d) 434 sec
. For the two reactions I: A — B;u:C —D followmg graph is obtained.
COTIC T
. M(C]

10.5M
' {A]

a°

% Time (min)

Which of the foliowing is true: ‘ . .
(a} If [B] =[A] then at that time [B] <[D] (b) If [C]=[A] then at that time [B] > [D]

() (t1009 I Reaction1: (t100% IReactionn - (d) [Al=(Clatt = 73 min.

The reaction A(g) — B(g) + fﬂ(g) is a first order reaction with rate constant _
2.772x 10" 571, Starting with 0.1 mole of A in 2 litre vessel, find the concentration of A after

. 250 sec when the reaction is allowed to take place at constant pressure at 300 K.

10.

(a) 0.0125 M (b) 0.025 M () 0.05 M (d) none of these
For a first order homogeneous gaseous reaction, A —— 2B +C ' '

If the total pressure after time t was P, and after long time (t — ) was P, then k in terms of
P,,P,andtis:

P —

.(a)k=2.303 103[ P.,,p] . (b)hz.?os log[ zpm.]
. t

11.

Pm _Pt

o

| © k= 2‘::03 log [B(PZP“’P )J . (d) none of these

A(aq) —— B(aq) +C(aq)is a ﬁrst order reaction,
Time t oo
moles of reagent n, n,

Reaction progress is measure with the help of titration of reagent ‘R". If all A, B and C reacted

with reagent and have ‘n’ factors [n factor; eq. wt. = M} in the ratio of 1 : 2 :.3 with the
S n

reagent. The k in terms of t, n, and n, is :

(a)k_—ln[ Ry J S (b)k:—ln( 21, ]
nz"'ﬂl L) -n]




-12.

13.

14.

15.

16.

© k =% In [ﬂz_}

nz_n]

The gaseous decomposition reaction, A(g) —— 2B{g) + C{(g) is observed to first order over
the excess of liquid water at 25°C. It is found that after 10 minutes the total pressure of system
is 188 torr and after very fong time it is 388 torr. The rate constant of the reaction (in hr )
is : [Given : vapour pressure of H,0 at 25°is 28 torr in 2=0.7,In 3=1.1, In10=2.3)]
(a) 0.02 (b) 1.2 {(c) 0.2 (d) none of these

The reaction, Sucrose —H—+-> Glucose + Fructose, takes place at certain temperature while the
volume of solution is maintained at 1 litre. At time zero the initial rotation of the mixture is
34°. After 30 minutes the total rotation of solution is 19° and after a very long time, the total
rotation is —11°C. Find the time when solution was optically inactive.

(a) 135 min (b) 103.7 min (c) 38.7 min (d) 45 min

A gaseous compound A reacts by three independent first order processes (as shown in figure)

_with rate constant 2x 10, 3x10°® and 1.93x 1073sec™ for products B, C and D

respectively. If initially pure A was taken in a closed container with P = 8 atm, then the partial
pressure of B (in atm) after 100 sec from start of experiment.

| B
R

g £ cp)

w |

. D@
(a) 0.288 (b) 0.577 () 1.154 (d) none of these
A compound A dissociate by two parallel first order paths at certain temperature
ky(min~1) . a1
A(g} ——— 2B(g) k; =6.93x 107 min
ky(min™1) ' 3.
Alg) ——— C(g) ky, =6.93x 107" min

The reaction started with 1 mole of pure ‘A in 1 litre closed container with initial pressure 2
atm. What is the pressure (in atm) developed in container after 50 minutes from start of
experiment? .

(a) 1.25 () 0.75 (©) 1.50 (d) 2.50

For given hypothetical elementary parallel reaction,

\"yw r

S By T
Initially only 2 moles of A are present. The total no. of moles of A, B and C at'the end of 75%
reaction are: '

(a) 2 ‘ 3 (c) 4 (d) 3.5




17.

18.

19.

20.

21.

22,

The reaction cis-X = -vk-b— trans-X is first order in both directions. At 25°C, the equlhbnum

constant is 0.10 and the rate constant k'f =3x 107 s7!. In an experiment starting with the

pure cis-form, how long would it take for half of the equilibrium amount of the trans-isomer to
be formed? ]

(a) 150 sec (b) 200 sec (c) 240 sec (d) 210 sec

A hydrogenation reaction is carried out at 500 K. If the same reaction is carried out in the
presence of a catalyst at the same rate with same frequency factor, the temperature required is
400 K. What is the activation energy of the reaction, if the catalyst lowers the activation energy
barrier by 16 kJ/mol?

(a) 100 kJ/mol (b} 80 kJ/mol (¢) 60 kJ/mol (d) None of these
Consider the reaction.

B

The rate constant for two parallel reactions were found to be 1072 dm® mol~! s~ and
4x 1072 dm® mol™ s™\. If the corresponding energies of activation of the parallel reaction

are 100 and 120 kJ/mol respectively, what is the net energy of activation (E,) of A?
{a) 100 kJ/mol. (b) 120 kJ/mol (c) 116 kl/mol (d) 220 k}/mol

A reaction takes place in various steps. The rate constant for first, second, third and fifth steps
are ky, ky, ky and kg respectively. The overall rate constant is given by

172
=k [k
ks Lks

if activation energy are 40, 60, 50 and 10 kJ/mol respectively, the overall energy of activation
(kJ/mol) is :

(a) 10 (b) 20 {c) 25 (d) none of these

For reaction A — B, the rate constant k; = A, e #1/CT) and for the reaction X —— Y,
the rate constant k, = Aye™*2/®T If A; =10%, A; =10'° and E, =600 cal/mol,

E,, =1800 cal/mol, then the temperature at which k, =k, is (Given : R = 2 cal/K-mol)
1200 600
a) 1200 K 1200 x 4.606 K —K d)——K
(a) (b) x (0 3606 ()4606

For first order parallel reaction k; and k, are 4 and 2 min™' respectively at 300 K. If the

activation energies for the formation of B and C are respectively 30,000 and 38,314 joule/mol
respectively. The temperature at which B and C will be obtained in equimolar ratio is :

PROBLEMS IN CHEMISTRY |

kY
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(a) 757.48 K (b) 378.74 K (c)-600 K (d) none of these

23. In the series reaction
A—k yp_* ,c—* ,p Ifk >k, >k, then the rate determing step of the reaction is

(a) A—>B (b C—>D
() B>C , (d) Any step’
24. The following mechanism has been proposed for the exothermic catalyzed complex reaction
' slow Iy ks
A+B ?ﬂ IAB —» AB+] — P+A

IF k, is much smaller than k,, the most suitable qualitative plot of potential energy (B E.} versus

reaction co-ordinate (R.C.) for the above reaction
A : A

(@ o | agy AP ® ¥
AB+l
A+B S 445 1AB
_ A+}_:_’
R.C. . R.C.
4 ]
(c) ‘ (d) A+B
A+B
1AB
AB+H | IAB A+P
A+P : AB+

R.C. R.C.



I

25. The mechanism of esterification in presence of acid catalyst (H 280, )is proposed as follows :

0 ky O—H +C,HOH O0—H
+ 2
” +H™" (fast) | (slow) k. ) |
CH,COH CH, CO H CHg—(IZ—O—-H
M ~H (fast —C,H.0H -
E ast) (II) f2. 59 H—0—C,H,
ky (fast) k, o
(1
fast k, || ks fast
, , ©®
ky k4 H—?—H
O +HY: fast +H,0; slow
CH, —C { | CH;—C—OH CH,—C—OH
OCZHS kE 7 k'4
VD +; fast 0—C,H; -H,0, fast O—C,Hs
) - (V)

Which of the following potential energy Vs reaction co-ordmate diagram is consistent with
given mechanism?

A . - | A
PE. P&
(a} : (b)
I v , .
: M ry V VI
I VoVl _ in
R.C.—» RC.—= -
(<) PE. v D P.E. .
m iy
1 II
r i vV ovi ' : v Vi
RC.—= R.C.~—
26. For the first order reaction A —— B + C, carried out at 27°C if 3.8 » 107169 of the reactant
molecules exists in the activated state, the £ (activation energy) of the reaction is :
(a) 12 kJ/mol (b} 831.4 kJ/mol . (¢} 100 kJ/mol . {d) 88.57 kJ/mol
27,

Upon irradiating californium with neutrons, a scientist discovered a new nuclide having mass .
number of 250 and a half-life of 30 min. After 90 min. of itradiation, the observed radioactivity -
due to nuclide was 100 dis/min. How many atoms of the nucleide were prepared initially?
(a). 2.4 x 10* (b) 3.46 x 10 (c) 1900 (d) 800



28.

29.

30.

31.

32.

33.

34.

35.

365

A radioactive isotope X with half-life of 6.93 x 10° years decay to Y which is stable. A sample

of rock from the moon was found to contain both the elements X and Y in the mole ratio 1 : 7.
What is the age of the rock?

(a) 2.079 x 10'° years ' (b) 1.94 x 10'® years
(c) 1.33 x 10° years (d) 10" years _
The average (mean) life of a radio nuclide which decays by parallel path is
a2 B A =1.8x107% sec™
24 22, B; Ay =107% sec™
{a) 52.63 sec (b) 500 sec (¢) 50 sec {d) none of these

211

The radioactive decay g,Bi*"' —— 4 TI*", takes place in 100 L closed vessel at 27°C.

Starting with 2 moles of g, Bi®!! (¢, 2 =130 sec), the pressure development in the vessel after

520 sec will be :

(a) 1.875 atm (b) 0.2155 atm (¢) 0.4618 atm (d) 4.618 atm

A fresh radioactive mixture containing short lives species A and B. Both emitting a-particles
initially of 8000 a-particles per minute. 20 minutes later, they emits at the rate of 3500
a-particles per minute. If the half-lives of the species A and B are 10 minutes and 500 hours
respectively, then the ratio of activities of A : B in the initial mixture was :

(a)4:6 : ™M6:4 (c)3:4 d3:1

In order to determine the volume of blood in an animal, a 1.0 mL sample of solution of 10°
dpm of ;H? is injected into the animal blood stream. After sufficient time for circulatory
equilibrium to be established, 2 mL of blood is found to have activity to 10 dpm. The volume of
blood in animal is :

(a) 199 mL (b) 198 mL {c) 200 mL (d) 20 mL

The ratio of activities of two radio nuclides X and Y in a mixture at time t = O was found to be
4 : 1. After two hours, the ratio of activities become 1 : 1. If the t ,, of radio nuclide X is 20 min
thent,,, [in minutes] of radio nuclide Y is :

(a)y 10 - (b) 20 (c) 30 (d) 40

Find the age of an ancient Egyptian wooden article (in years) from the given information.
(i} Activity of 1 g of carbon obtained from ancient wooden article =7 counts/min/g

(ii) Activity of 1 g carbon obtained from fresh wooden sample =15.4 counts per min/g

(iii) Percentage increase in level of C'* due to nuclear explosions in past 100 years is 10%
(iv) ty,, of <G = 5770 years

{a) 5.770 x 10° (b) 16.87 x 10° . (c) 2488 (d) none of these

The isotopes 2**U and 2**U occur in nature in the weight ratio 140 : 1. It is assumed that
initially they were found in equal weight. If half life (t,,,) of 238 = 45x10% and t,,, of

5 = 5 10° year respectively then the age of earth is (log7 = 0.846;1og 2 = 0.3)
(a) 4.02x10° year (b) 2.01x 109year (c) B72x 10° year (d) None of these
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PASSAGE \1) o

Two consecutive irreversible first order reactions can be represented by

kl kz
A— B —DC

The rate equation for A is readily integrated to obtain
(41, =[Alp. ™ and [B), = AN [ohe _ ooty
2~ M ’

R : e _ R e e
' B

1. At what time will B be present in greatest concentration?

: k, 1 k 1 ky
a In— ¢ In = d) None of these
()kz_kl (b)kl—kz % ()kz—kl %, (d) :
2. When k;, =157 and k, = 50 s7'; select most appropriate graph
A 3
i’ C) S [C)e
@ & ®§
(Bl ©
[A) Bk [A)
t (sec) - t (sec) -
A !
- Cl _ _ - B
© 3§ [8h @ 3 [y
Ca ' [A);
t (sec) C . t{sec) -

3. If k; and k, both are almost same then which graph is most suitable : _ -
(a) graph A ~ (b) graph B " {c) graph C (d) graph D
4. Select the correct statement for given reaction : :
(a) A decreases linearly
(b) B rises to a max. and then constant
(c) B rises to a max. and then falls
(d) The slowest rate of increases of C occuring where B is max.
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FASSIGE 2_ -

Arrhenius studied the effect of temperature on the rate of a reaction and postulated that rate
constant varies with temperature exponentially as k = Ae ~£e/RT This method is generally used
for finding the activation energy of a reaction. Keeping temperature constant, the effect of
| catalyst on the activation energy has also been studied.

1. The pre-exponential factor in the Arrhenus equadon of a first order reaction has the units-

(a) mol L's™? (b) L mol~s™! (c) s7* (d) dimensionless
2. If x is the fraction of molecules having energy greater than E,, it will be given by-
(a) x= -—% (b) Inx= —i—,‘;_ (€) x =e/” (d) Any of these

3. If the rate of reaction doubles for 10°C rise of temperature form 290K to 300K, the activation
energy of the reaction will be approximately:
(a) 40 keal mol™  (b) 12 keal mol™?  (c) 60 keal mol™ {d) 70 kcal mol™

PASSAGE 3.
9,
!

! An important parameter of a photochemical reaction is the quantum efficiency or quantum .

yield (¢) which is defined as
| _ moles of the substance reacted

‘ : moles of photons absorbed

r

} Absorption of UV radiation decompose acetone according to the reaction

(CH;),CO0 %5 C,H, +CO

1. The quantum yield of the reaction at 330 nm is 0.4. A sample of acetone absorbs
monochromatic radiation at 330 nm at the rate of 7.2x 107 Js™ (Given: N, = 6x 10%;

h =6.6x 10" in S.I. unit). The rate of formation of CO(mol/s) is :

(a) 2x 1078 (b) 8x 107 (c) 8x 1077 (d) none of these
2. If quantum yield in 0.8 then rate of formation of C,Hg (mol/s) is :

(a) 2x 1078 (b) 1.6 x 1077 (€) 16 x 10~° (d) 8x 107°

‘F rassace 4 JJI
Radioactive disintegration is a first order reaction and it’s rate depends only upon the nature
of nucleus and does not depend upon external factors like temperature and pressure. The rate

|
| of radioactive disintegration (Activity) is represented as
i dN

de
[ Where A = decay constant; N = Ny of nuclei at time t; N, = inidal no. of nuclei



The ahove equation after integration can be fepresented as
2.303 N,
k= - logj —=

N

U 237

1. Halflife period of U%¥ is 2.5x 10° years. In how much time will the amount of
remaining be only 25% of the original amount?
(a) 2.5x 10° years  (b) 1.25x 10° years  (¢) 5x 10° years (d) 10° years

2. Calculate the half-life period of a radioactive element which remains only 1/16 of it’s original

amount in 4740 years : e

(a) 1185 years {b) 2370 years (c) 52.5 years {d) n'gn’e of these
3. What is the activity in Ci (curie) of 1.0 mole of Plutonium-239? (t,,, 3.»2/4,000 years)

(a) 1.49 Ci (b) 14.9 Ci (c) 5.513x 10" Ci  .(d) None of these

'PASSAGE 5_ ~

Size of nucleus was obtained by the equation r = RyA"?, where r is the radius of nucleus of
mass no. A and R, is a constant whose value is equal to 1.5 x 10™** metre.

(Given 1 amu =1.66x 107%* g)

1. What is the density of a nucleus of mass number A?
() —;fn(l.S x 10715)3 A (b) 1.17 x 107 g/em®(c) 1.17 x 1077 kg/m3(d) None of these

2. Nucleus radius of ¢C'? is 3x 107'° metre What is density ratio of d¢/dyyo?
(a) 1.76 x 107 (b) 1.76 x 10** (c) 17.6x 107 (d) 17.6 x 10"

e .

" ONE OR MORE ANSWERS IS/ARE CORRECT

1. Select the correct statement(s):

(a) Rate constants are never negative

(b) Partial orders are never negative

(c) Molecularity and order of reaction both are equal for elementary reactions

(d) Order of reaction may be change with change in practical conditions (temp. and pressure)
2. Select the correct statement(s) :

(a) The rate of reaction decreases with decrease in temperature

(b) The rate of reaction is uniform in zero order reaction

{¢) The rate of reaction depends upon the surface area of the solid reactants

(d) Average and instantaneous rate of reaction defined for micro and macro-scopic time

interval respectively

&=F
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3.

Select the correct statement(s) :

(a) The rate law of the elementary reaction; 24 —> B+ C, must be r = k[A]?

(b) The rate law for the complex reaction

A+B —— C, might not be r = k[A][B]

(c) If the partial orders differ from the coefficients in the balanced reaction, the reaction must
be complex

(d) If the partial orders are equal to corresponding coefficients in the balanced reaction, the
reaction must be elementary

Select the correct statement(s):

(a) Every substance that appears in the rate law of reaction must be a reactant or product in
that reaction .

(b) If we know the rate law of a reaction; we can deduce 1t s mechanism must be

(c) If the reaction has rate r = k[A] [B]¥? then reaction may be elementary

(d) A zero order reaction must be a complex reaction

Select the correct statement(s) :
(a) WhenT > worE, »0thenk=A
(b) A positive catalyst can change AH of the reaction
(¢) A mixture of reactants may be thermodynamically unstable but kinetically stable
(d) A negative catalyst increases the activation energy of the reaction
Consider a reaction A + B — C, in which both reactants are in the same phase may be
(a) unimolecular elementary reaction
(b) Exothermic
{c) Heterogeneous
(d) Photochemical
In the following gaseous phase first order reaction
Alg)—2B(g)+C(g)
initial pressure was found to be 400 mm of Hg and it changed to 1000 mm of Hg after 20 min.
Then
(a) Half life for A is 10 min
(b) Rate constant is 0.0693 min
(¢} Partia!l pressure of C at 30 min is 350 mm of Hg
(d) Total pressure after 30 min is 1150 mm of Hg
Identify the true statement(s)
(a) A catalyst is chemically unchanged at the end of a reaction
(b) A catalyst may appear in the kinetic rate equation of the reaction
(c) A catalyst will not affect the composition of an equilibrium-mixture
(d) A catalyst cannot cause a non-spontaneous (AG > 0) reaction to proceed

-1

For the reaction A B following graph is given,

kzsec

k; = 4x 1072 sec”'. Which is/are correct statement (s) (In 2=07, In 8/7=0.14)
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10.

11.

12.

13.

14.

20
L] L N B
conc.
M) I
YY A A

time (insec) —»

(a) Equilibrium constant is 4.0

(b) Time taken for the completion of 50% of equilibrium conc. of B is 14 sec.

(c) Time taken for the completion of 10% of initial conc. of A i§ 2.8 sec.

{d) Rate constant of backward reaction is 102 sec ™!

Select the correct statement(s) :

(a) a-particles are simply helium atoms

(b) y-rays travel with higher speed as compare to o- particle and have higher ionization power
as compare to p-particle '

(¢) Aloss of B-particles results in the production of isobars

(d) B—particles are considered as the best bombarding particles

Select the correct statement(s) : _

(a) In the reaction 4, U** + on’ —— Ba' +2 ;n! + x, produced x is 6%

(b) In the reaction ,,Na2® +z — l;aMg"‘3 + on', the bombarding particle z is deuteron

(c) Very large amount of energy is produced during nuclear fission and nuclear fussion

(d) In a fission reaction, a loss in mass occurs releasing a vast amount a energy

Select the correct statement(s):

(a} SI unit of radioactivity is becquerel (Bq)

(b} 1Ci=3.7x10" Bq

(@) 3Li" + H' — ,He* is (P, &) type reaction

(d) The half-life of a particular radioactive isotope is a characteristics constant of that isotope

Select the correct statement(s) :

(a) Onbombarding , N nuclei with o-particle, the nuclei of the product formed after release
of proton would be 407

(b) Decay constant does not depend upon temperature
(¢) Nuclide and it's decay product after a-emission are called isodiaphers
(d) Half-life of radium is 1580 years. It's average life will be 1097.22 years

In the decay process

—$ -+

A% B E ¢ X op

(a) A and B are isobars
(b) A and D are isotopes
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(c) B, C and D are isobars

“(d) A and C are isotones

15. In electron capture (radioactive process)

16.

(a) a neutron is formed (b) a proton is consumed

(¢) yray emission takes place (d) X-ray emission takes place
Select the correct statement (s) for position emission by unstable nucleus:
(a) X-ray emission takes place (b) A neutron is formed

(<) R of daughter nucleus increases * {d) A neutron is consumed

17. Select the correct statement (s)

(a) Mass number remains constant when positron emission takes place
(b) One neutron converts into proton in B (_Ye) emission process 7
() Activity of a radioactive substance double when temp. increases from 300 K to 310 K

(d) Isodiaphers formed when one alpha particle emitted and isotopes formed when 2 beta
particles emitted
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. MATCH THE COLUMN

Column-1 and Column-i1 contains four entries each. Entries of Column-I are to be matched with
some entries of Column-II. One or more than one entries of Column-} may have the matching with
the same entries of Column-Il.

N ]

1. Column-Y Column-IT

(A) Unit of k is always equals to (P} 1/time
(B} Unit of k in zero order (Q) M/time
(C) Unit of k in first order (R) Time ! M
{D) Unit of k in second order (S) Unit of A (pre-exponental factor)
2. : Columun-I T . . o Column-11
(A) Molecularity of a reaction (P) 0, 1 Possible
(B} Order or reaction (Q) 1, 2 Possible
(C) The dissociation of H,0, (aq) is (R) First order reaction
(D) Hy(g) +Chye) hv JHCI is {S) Zero order reacdon
3. ;L - Colum;l-l (Curve) k ‘ Ct;lti_nm-ll (Curve)
(A) C Vst (abscissa) for zero order (P) unity
(B) log C Vs t (abscissa) for first order (Q) zero
(C) [—;d—tc) Vs C for zero order (R} -k
—dc¢ k
D)In] — 1 d S) ~——
(D) n(dt)\/s n C for first order (S) 2303
4 Column-1 U N Column-H
", Linear plots (with non zero slope) ! {Order)
(A) In[— ‘.ﬂﬂJ vs. In [A] () 2
dt
(B) log, k vs. 2. @ 2
T 2
(©) logty,, vs. log [A], (R) O
(D) :%[?—] vs. [A)? () 1

[A]= Reactant concentration at Hime ‘t’
k = rate constant
T = Absolute temperature
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Column-II -

(A) log[Blwvst e,

® i -
(B) [Alvst :

Q /

1
(C) — st
(Al (R} k
1
(DYInk vs —
T &) '
6. commmi [ columnm '
(A) Isotones (P) ,oPa®* and 4 Th**
(B) Isobars (Q) (C'% and (,CM
(C) Isotopes . .—TR) 1K™ and GF"?
(D) Isodiaphers T (S) 14Ar® and ;,K*°
R e e ey g e e e =
7. Column-I I f* Column-II

(A) o-emission (P) Change in mass no.
(B) B-emission (Q) No change in atomic no. and mass no.
{C) y-emission (R) Atomic no. decreases

(D) B* (Positron) emission (5) Atomic no. increases
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Each question contains ST TE] 1 (Assefnon) and STATEMENTZ (Reason)

Examine the statement :efully } d mark: the correct answer accordmg;to the mstrucnons
given below : A R P S

(A) If both the stateménts .are TRUE and S'EA‘I‘EMENTZ 1s the correct explananon of '
STATEMENTY e ~
(BY If both the statements are 'I‘RUE but STATEMENT2 is NOT the correct explanauon of
STATEMENT1 DA ‘
(C) If STATEMENT- 1 is TRUE and STATEMENT2 is FALSE
' (D') If STATEMENT 1is FALSEuand STATEMENTZ ls TRUE . i
1. STATEMENT- : Moleculanty hias no meamng for a complex reaction . "
STATEMENT-2 : ) M’bleculanty deﬁned only for RDS } L
2. STATEMENT— Am elementary reacnon gannot have fractlonal order. ‘

gt ;
STATEM:ENT-z :. Storch1ometr1c coefﬁc1ents‘tn an elementary reaction can be fractmnal
3. STATEMENT-1 3 Corite 1‘zero order reaction is' constant,
: o order reacnon A ~—-—> B, successwe half 11fe of reaction
¥

STATEMENT-z !
F ‘ decreas‘és w1th the progress of the JTedction.’ o
4, STATEMENT—I 5 Ac1d X 'talysed hydrolysis of esters is; pseudo ﬁrst order reaction;
o STATEMENT- Watér ‘15 wpre3ent in excess. in- gwen reaction.
5. STATEMENT- H Th rder of react:on caiy ‘have fracnonal valué.

STATEMENTZ : For elementary reacnon the parnal orders are determmed by the
‘ reactlon storchlometry :

6. STATEM}ENT—I : Catalyst can increase that, rate constant to.d Iarge extent
STATEMENT 2: By usmg suitable catalyst, we. can 51gn1ﬁcantly increase yield. -
7. STATEMENT-1 : For each 10°C srise of temperature the kis néarly double :
STATEMENT—Z Energy wise: d1stnbutlon of molecules in a gas sample is an exponentlal
e func!tlon of témperature so e Fe /A g ‘doubled. - - ‘
8. STATEMENT—I : Product can' form only when the requrred onentatmn and energy
> :.“"condmons are met. -, R

B STATEMENT-

. All:col i 1ons between f‘reactants y1eld the des1red product o
9. STATEMENT—I : The ot of k versus 1/T.is. linear. -
3 STATEMENT:2 } k= = ApTRABT) ) |
,10.; \ _STATEMENT-I : Forvexothermm reaction equ111br1um constant decreases with i increase in
: temperature
STATEMZEN’I'—Z : For exotherrmc reacnon rate constant decreases with decrease in
temperature -

1 lf STATEMENT-] If the activation energy of reaction is zero, temperature will have no effect ..
on the rate constant..

STA'I'EMENT:Z :  Lower the activation energy fasten is the reaction.
12. STATEMENT-1: Active complex is an intermediate product. :
STATEMENT-Z : Actlve complex is nnstable w1th high v1brat10nal energy

coey T
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13. STATEMENT-1: The pre-exponential factor A has the same units for all reactions.
STATEMENT-2 : ¢ /% has no unit. :
14. STATEMENT-1: y-rays have very high penetrating power.
STATEMENT-2 : y-rays are electromagnetic radiations of high energy.
15. STATEMENT-1: Nuclide ;;A1% is less stable than ,,Ca®.
STATEMENT-2 : Nuclide having odd number of protons and neutrons are generally
unstable.
16. STATEMENT-1: Disintegration of ; H® (tritium) is accompanied by p-emission.
STATEMENT-2 : Tritium has high n/p ratio.

17. STATEMENT-1: The life of radioactive object (organic origin) can found with the help of
carbon dating. Coe

STATEMENT-2: C" is a o and p-emitter.

18. STATEMENT-1: Neutrons are the best bombarding particles.
STATEMENT-2 : Neutrons are neutral particles.
19. STATEMENT-1: - Nucleus does not contain free electrons, yet it emit beta-particles
STATEMENT-2 : At high n/p ratio, one neutron supposed to give 1 protofl and 1 e” ().
20. STATEMENT-1 : Rate of disintegration of thorium increases with the increase in moles of
thorium.
STATEMENT-2 : Rate of disintegration does not depend upon temperature, pressure

e = e i g

O SUBJECTIVE PROBLEMS

1. The rate of decomposition of NH,(g)at 10 atm on platinum surface is zero order. What is rate .
of formation (in M min™') of H,{g), if rate constant of reaction 2NHy,, — Ny(g) + 3H; (g)is
2.0Mmin~! ? :

2. 5A — Product

In above reaction, half-life period is directly proportional to initial concentration of reactant.
The initial rate of reaction is 400mollit™ min™". '

Calculate the half-life period (in sec) when initial concentration of reactant is 200 mol lit:‘l.jv

3. In an elementary reaction A(g) + 2B(g) — C(g) the initial pressure of A and Bare P, = 0.40
atm and P, = 0.60 atm respectively. After time T, if pressure of C is observed 0.1 atm, then find " *
r; (initial rate of reaction) :

r, (rate of reaction after timet) )

4. The rate of decomposition of NH,(g) at 10 atm on platinum surface is zero order. What is rate
of formation (in M min~!) of H,(g) if rate constant of reaction 2NH;(g)— N,(g) + 3H, ()"
is 2.0 M min™! '

5. Carbon monoxide reacts with O, to form CO,: 2C0(g) +0,(g)—> 2C0,(g)
information on this reaction is given in the table below.

the value of A



10.

11.

12,

13.

14,

15.

[CO] mo)/L [0,1mol/l. | Rate of reaction (mol/L. min)
0.02 0.02 4% 10°°
0.04 0.02 1.6x 107"
0.02 0.04 8x107°

What is the value for the rate constant for the reaction in proper related unit ?

Half-life for the zero order reaction, A(g) - B(g) + C(g) and haif-life for the first order reaction
X(g) > Y(g) + Z(g) are equal. If completion time for the zero order reaction is 13.86min, then
calculate the rate constant (in hr™') for the reaction X(g) — Y(g) + Z(g).

For any acid catalysed reaction, A —_, B

Half-life period is independent of concentration of A at given pH. At same concentration of A
half -life time is 10min at pH = 2 and half-life time is 100min at pH = 3. If the rate law
expression of reaction is r = {A]*[H*]” then calculate the value of (x + ¥).

For a reaction, A = B equilibrium constant is 1.66 and kg, = 0.166hr 1.

Calculate the time (in hoeurs) when concentration of Bis 80%of its equilibrium concentration.
(Given : In 25 = 3.20)
For a reaction A == B equilibrium constant is 1.66 and Ksorivara = 0.166hr ™

Calculate the time (in hours) when concentration of B is 80% of its equilibrium concentration.
(Given: In 25=3.20)
3B

A s 8C ; at time ¢ = O (initial mole) of A is 1.

Overall h:l?]ife of the reaction is 15 days then calculate the number of mole of C after 45 days
in terms of 10 if the ratio of k; : ky: ky is 2 : 2 : 3

lodine-131 is a radioactive isotope. If LOmg of '*' I has an activity of 4.6 x 10'Bq. What is the
half -life of *'1 (in days) ? : '

The average life of a radioactive element is 7.2min. Calculate the time interval (in min.)
between the stages of 33.33% and 66.66% decay

A, B and C are isodiaphers while C,D and E -are isobars. Calculate the difference of protons
between A and E 3°A— > B—C— 3D E

-Given : Isodiaphers and isobars are formed in successive o and B-emission respectively.

In the given radioactive disintegration series
232 208
Calculate value of (n + 2)

Where value of n is number of isobars formed in this series, suppose there is successive
emission of B-particles.

In the given radioactive disintegration series
Fu— P

Calculate difference between number of o and number of p particles emitted in this series,
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___Level K

- Passage~1 1. ‘(S)m Tz,

- Passage-2 1. {c) 2
Passage-3 1
Passage-4 1. {¢) 2.
Passage-5 1. (b) 2.

One or More Answers is/are Correct

PROBLEMS IN CHEMISTRY §

e

1. (acd) 2 (abe) 3 (abe) 4 (d) 5. {acd 6 (bed 7(abed) 8 (abcd .
9.(abecd)10. () 1. (acd) 12, (a,c,d)_ 13. (abe) 14. (be) 15 ({a,b) 16 {cd)
17. (a,b) "
Match the Column
1. A S; B> Q; C—oP; D> R
2. A-Q; B P Q C-R; DS s
3. A-R; B—S§; C-0Q; D P .
4, A->P QS B-oP QGRS CoP, QR D-oP :
5. AP B- R; T CHQ Dos
6. A-S; B P; C-oQ; D->R nn
7. AP R; B—§; C->0Q; D—R
Assertion-Reason Type Questions .
1. (C) 2. (C) 1) 4. (A) 5 (B) 6 (O 1. (A) 8. (C) 3. (D) 10. (B)
M.(B) 12.(D} 13.(D) 14.(A) 15 (B) 16.(A) 12.(C) 18 (A) 19. (A}  20. (B)
Subjective Problems
S T =] ¥ » 1 .o
1. 6 2 3 i3 . 6 .5 5 %;' & 2 ﬁg 6 -8 6 10, 1
M8 125 12 w7 w3 oAb ES TG wro
. . . , . e A, STy . B
) o lﬁ m @ il O sl




Hlnts und Solunons

39. (a) CHyCOOQC Hglaq) + HO()

-4

Levetd

4. (d) Rate of reaction Ht
' — CH,COOH C,H0H
__1d[A]_d{B] _1dIc] sCOOH(ag) + C,H;OH(aq)

2 dt dr 3 dt r = KneH;504

=R.O.R. in presence of

\ ) \ (K peg JHCI
k[AT” _ kolA) _ k5l A ' H,50, > R.O.R. in presence of HCI
2o 40. (©) 1; = k[AJ2[Bl;r, = k[2A)2[28) = 8 1
3‘=kz=—3’i 41. (¢} {A], =[A) - kt =1 - 0.001 x10 x 60
=04 M
k
7. @Ky = s _ Conc. of products as per rate law {B], = 0.001 x10 x 60 = 0.6 M

k, Conc. of reactants as per rate law’
stoichiometry of reaction is required.

0.29 5 a
8. (0K, ,atl400= ————0= 263 =10 ;K at . - _a _
© Keq 1.1x1078 “« 43. {c) x=kt 50 {3y 7 and T

1
tyyg=—
Y27 5% 0.001

42, (d)tygoe = % =émin=100 sec.

3

Foull B

1500 = 9.28 x10%; Value of K, .is reduces
with rise in temperature so reacton is

=500 secand T =1000 sec

exothermic. . 45. (¢} x=01-008=0.02M; .
11. (c)x:kt k= x 002 =2 x 10‘3Mmm1
a 05 t 10
£ completion = % =—=5min
01 ) [Aly 0.1 .
a - t1,2=——--————_3—25mm
20. (a)tl,z=E=k'.a;log(t,,2)=logk'+loga 2K 2x2x10
23. myc=2-F . 4 _ldn_1dP ? completian 2ty =50 min
V RT dt Vdt RT dt 50 K 2303, Ca
28B. (¢) Order w.rt. A=1;order w.r.t. B=1 - ® =Ty 8 CA

1 d(AB) |
ROR. = —— =k,[A}[B]; c
2 a7 2.303x1 = 2.303 log (?ﬂ-;]

A

12 %(2.5x107%) = k, (0.1X0.1)

c
e ~% 10
k, =1.25x1072 Ca
29. (b)'};.a% ) of appearance  of AB(g), Co= }_= o1
=k,[AJ[B) 10

rate after 1 min , =k-C4

= -2 '
ky =2.5x10 = 2.303x0.1 = 0.2303M min™
81. (d) For elementary reaction molecularity of

reaction = order of reaction. 51. (d) Reaction is second order; k =107 L/mol.

1 21 min.
34. (@)ty,, = R [TH_] _% _d‘[ii] _k[A]?



=10"*x3x(0.5
i (0.5)?
=7.5%x107°M min™
-5
75407, o x1078Ms™!
60
52. (0 k=220, g( a ]
t a—x
2.303 100 2.303
k=——log|—| =
32 1 16
_2:303x16 (5)9}:48 min
2.303 0.1
0.693
55. (d)k; =
Wk 30
a 2 1 1
ky = = = -
2y, 2ty by, 30
ki 0693 40— 0.603
kp 30x1
57. (d)A—— 3B; Pr =P+ 2x
After time P, -x 3x
x;———-PT_PO k=t Fo_
2 -t \Py-x
After long time O 3P,

P P
sl 3
X=—2 k== _ e

2 "t |P, (3P -P,
3 6
3P P /3
P_=3p 3Pr =Py k= ln ©
a0 o] X = 6 " &__P_T
2 2
0.693

58. (a)k=-—""--033h"
2.1

Let t be the time for 90% decomposition,
S0 a=100%x=90or (a—x)=10

k_23031g[ a J
t a—x

2.303 (100
==""lo

—); t=6978hr
0.33 10

Ny, No, taken = % = 0.1;

as per given no. of moles of N,0 produced

.64, (@kt=m%0

—0.1x20

100

Vol. of N,O produced at STP

=0.09x224=2016L
60. ()

k= 2'::03 log (g} (CHz), N, —— C,H, + N.;,
r

t=0 200; t

200-x X X

as per given 200 + x = 350

2.303 200
k= log
t 200 -150

k=5.77 x107* sec™!
61. (k= lln{'in;’"o] =£h{ro rm)
t fo — Tt t hoty
P 1H(M]
70 16.5+11
k= o when solution is optically inactive

n="0

kzlm[%_—rg]

t O-r,

h12 1 (44+11]
“In :

70t 11

E:%xl.é; t =160 min

70
1 [ 11 }
n-1 Atrkl Aon—l
R L |
ktge=——f 2 = (1
*n- I{AUH} @

1 8!1—1
ktog7s =1 e
0

fosrs _ 8" -1
tos 2Y1-1

"x =150

63. (c) kt =

; kx60=ln@
75

t

= k= Llm®0

60 75

kx5><60=ln@;300xi.
1 60
]n@—l @ 1118—0—032
75 n %



optical rotation observed after 5 hrs
=584+2=60

66. (Ji@i_ k.Cp 929m_2k,c,‘

= 2x2x103 x2=8x10"" M5!

67. (b) PE.

{reaction coordinate)
R.C.

E, is always greater than AH

70. (c) First step is slow (reguire large activation
energy) second step is fast (less activation
energy) and overall reaction exothermic, so
product energy level should be less as
compare to reactants,

71. (d) Slow step require larger activation energy
and product level is always more than
reactant energy level in endothermic

reaction.
2/3
k. k 2
75. (d) k= [JTS-%) ; E=glEq + Eqy ~ Eq)]
= §[180 + 80 - 50] =140 kJ/mol

76. () A KT = aye P/

Az _ e(Eaz-sa, VRY

A

10 = Exp (?:;9] R = 2cal/K-mol

n10=2%
7
300

“ 2303

0.693

82. (b) k'1(3M)=“"§6‘5 2A320p =

in Katazo ;EL[L_ _1_]
kizoey RITW T2

2303RTT; | ks
Ty ~Ty ki

0.693

E, =

- 2303x8314 404, 39010g 4
20 x1000 .
=55.14 kJ/mol
83.314 75
87. (&0 Kk =Ae R"sm, ky =Ae TS,
Kp _ oy [3.314 X 1000]
ky '8.314 x 500
= exp(2) = 738
104. (d) Isotones have same no. of neutron;
17 -9=8B-8
B=16
Isobars have same mass no.
A=B=16

no. of neutrons 16 -8 = 8
113.(d) , U5 + g0 — X" 4+ 50 4+ 30t
(3®-1)
3-1
= 100 x 242 = 24200 MeV
122.(c) A=}N

6.023x 3.7 x10'° = 3.7 x10°N

116. () Egpy = 200

N =6.023 x10° atoms
1 mole or 6.023 x10%atoms =100 g of X

6.023 x10°% atoms

- 100
6.023 x10%°

124. (d) Four half-lives (Total time = n x half-life so,
n = 4) hence 0.0625

x6.023x10% =101 ¢

125. (d) A= 0.693 _ 1072 min7};
69.3
_dN
=g =£°- =10,000
T

129. (b) Equal fraction decay in equal periods of
time, fraction of sample remaining after

3 days = (0.9)° =0.729

131.(d) Ne_%o_g
N A
:=11n(’—qﬂ) - =379 g
» la 0.693

= 17313.6 year

LI



W

133. (d)¢ for 20% left ‘ 143.(d) W, = initial wt.; W = wt. after 20 days

2.303 1 2.303 w
= t, = lo . = Yo |.
YT %1 T0s . hy==log w, )
Ins
== _ _ 2, < 2303 log (_W_OJ
‘ t Wp
t for 50% left C
1 2303, (W,
1. g =g =223 e | Wa
= t, y In2 | AT hp " g w,
.tz " so 3, =0.6237
2_A
2 =043 693
t, 1 5 g =—o—=1.11da
! s Cr2ds = G ea37 v
ty,=0431¢, . - 144.(c) Given (ng)y = 8 x{ny) 43 (1), = 2x (n)y
184. ()¢ = 102 T 5770 ) 120, Aeoa 22303 TNy (Np) |
0693  r 0693 30 ~ Aa A ™D Wl
t= >770 %x2x0.693 =11,540 years (1
0.693 . In 16
135. (c) BK — ffca  + % ‘70693 0.693
Atpresent 25x10° 7.5x10° mole 50 10
mole of {JK consumed =7.5x10°® mole = 50 min
initial mole of “’K was ( 7.5+ 25 x10®  145.(b) as per given N _ o — A N for max. no. of
mole . dt :
1. (10x10°) 1.3x10° naclel; |
t==—In == xIn(4) = . ek U SR _a
A [zsno-ﬁ} mz @ : a0 e=hN, N=—
9 0 9
7 1.3x10° x2=2.6x10 yr[nitial rctivice 146. (c) Atoms of Slx; ~0.05
138. (b) Total ime = nt, ,,; n = 5; -t actvity Atoms of R
2" or Atoms of (Sr+ Rb) 1.05
Initial activity = 0.01 x 2° = 0.32,,C; atoms of Rb )
A, , o Initial no. of atoms of Rb 1.05 -
139.() A= lﬂ[‘*) " Present no. of atoms of Rb
: 2.303
- 0.693){200:1“[2140) t= . log (ng/n)
“Eisa 535 2.303
= t,,, =100 min, = 0-693 % 4.7 x10'° log (1.05)
141.(c) | A= 1 In _100_ =3.28 x10° year
10 100 -25 .
Ly 147.(a) AN, = AN,
t== m(_&) (- rate of disintegration are same)
A N . N N
10 4 x10% TR
t= 4 x ].l{ ) J Ng A,
ln(fj L 10 _2
. 3 7 =2
¢ 518‘19 148.(b) N =N,.¢™; where N = Parent remaining
142. (b) iz =43 tya=Tn2 3 (p) ‘

and N, = Initial parent = Parent remaining

t
0 = TlnZ; t=4In2 (p) + daughter formed (d)
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prm——— e nen et nnam s Saeen - g e e 25 e e

P=(p+d).é'“or1nM=M
! P
t=lln[1+gj
A P
0.693 N2
149.(b) A=Ay + hy; A= apd L=<
®h=hrha 22 0%, 98

A, = 0.00063 year?; A, = 0.03087 year '
1150. () g,Po™® — Pb*? + ,He!
— gBi?*+ _e°

Pb2!* to reach max. no. of nuctei

1 A
to.. = In =L
max. | ll - 7“2 7‘-2
= 247.5 sec
where 2, = 0.693; Ay = 0.693
183 161
teveiz
. X 2
1. @ K= = Ll
k,  [CoHgl
107 5
CHy]=——=10"M
[CH,1 =5

1.57 x107% (10 %)?
k, 1
= k, =1.57 x10" L mol™ 57"
3. (O =k0.01]"[0.011°=6.93x10°  ..(0)
r, =k[0.02° [0.01)° =1.386 x 107° ...(ii)
r, = k[00.21°10.02]° =1.386 x 107 ...(iii)
From data a=1; b=0;
overall order =1; k = 6.93x10™* sec™?

6.93x107* = 1 mﬁ;o.693=lnﬁ
50x60 A, A,
= A, = 0.0625

rate of reaction = 6.93 x107™* x 0.0625
=4.33x107° Ms !
n_Pa P, 0.1x(0.4)
n P,.PA  04x1?
1
" 25

4. ()

@2 1
60O H=ees ™ [(1 —(1/4)]

£y = (t1/2)2 In 1
0.693 1-34)"

6, 1 In@
8><0.125ﬁ1 602
0.602
7. (b) A+ B —C + D
=0 1 1
t 1-x 1-x X x

r=k(A]V*[B]"?
dx /2 /2
=k -x**1-x¥

I
or _q:i =k(1 - x)
dt '

1 1
= t=-In ;

k [1 - x)

2.303 1
t = ————log (—J
2.303x10 0.1

=100 sec
8. (c)
(a) False because (t,,, ) = ¢ /1,201
(b) False if[C] = [A] then at that time [B] <[D]

(c) True tygp0= % (for zero order)

(100%h =ﬂ_ﬂ=%x V3 -
(troow) ap ki 1 1/+3
1
(d)[A], =[A)y -k or[A], = O.S—ﬁt :
[C], =[Clo—kyt or[C], =1 -+
if{A] =[C], | |
ie 0.5—%r =1 ,@ or(«/_—%)t =0.5
V3

t = — min.
4

b

0.693

k
_0.693
2.772x107

= 250 sec
Since volume is changing therefore half-life
should be defined on the basis of moles, so
moles of A remaining after 250 sec. Also
final volume of the container

9, (a) t1/2 =

n
VoY ey 0054015
n]- 0.1 :
= 4 litre
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Fmal concentration of A _%?
=0.0125M
10. (¢} A— 2B+C
t=0 B, 0 ¢
t P=-x 2x x
tow 0 p) A )

Pm=3P,-or}3'i=%;Pi+2x=ﬂ

_ p: —.Pr'
2
Asweknowk-z—s—oél ( P )
P-x
2.303 2P,
so k= log
t 3P, -P)

11. (d)Let n is the moles of reagent ‘R’ when R is
reacted with A at imet =0

A — B + C

t=0 n 0 0
att nt-x rad Ix
att —w Q 2n 3n

n
Sn=n,= n=-2
5

n—n
n+d4x=m= x=-1

¢ - 2:303 Iog( n ]
t n-x

so k=2 In [-L—]

3 Sy -m)) .
12. (b) Alg) — 2B(g) + C(g)
Let inidal pressure Py 0 0
After 10 min. (P -x) i 4 x
After long time {t »w) 0 i P

as per given (Py — x}+ 2x + x + vapour
pressure of H,0 =188
Py + 2x =160 and 3P, + 28 = 388
50, Py=120and x =20 torr

k=lln[ p"']
t \Pp-x

= —1—ln[1—20-J._-—x(1n4+1n3
10 100, 10

= 0.02 min

18. ) k=239, (rm -—-ro]
[ A

In 10)

1 z1.2hr!

R e R mem s ——

2.303 ( -11
= log

=1.35x10"2 min~!,
when solution is optically inactive r, = 0;

—ln( 45) = 103.7 min
ko \-11
14. (c) Overall rate constant

=k=k +ky + k3 =6.93x10

b= 0.693 i

6.93x10"

After half-life, Py + P, + Pp = 4 atm

=100 sec;

Ps k200
Pa+Pc+Py. ky+k,+k; 693
Py
=1.154 atm
k] k2
15. d) A . —— 2B; A e C
G-Xx-Yy 2 gy-x-y b4
i1?1—(]‘1""%)[!"{] % 2:—:=-i—x
h_x
ko y
ky=ky=x=y
(ky + kp)t =1n 20

4

2x693x10’3x50—1n;—

i

=lAl =2F =g -x-y=a/2 (- x=y)

. x = ay/4. Total moles in container
G -x~y+2x+y=ay+x =125¢q,
% increase in moles=> 25, So final pressure
=2x1.25=25 am

16. (d) 1 mole of A will form 2 moles of B and C
after completion of reaction when 75% A
converted into B and C then total no. of
moles = 0.5+ 2x1.5=3.5 moles

kg
cisX = transX

(4]
2

17. (@)
b
Inftial  a o Km,__.k,, 3"‘:’ =3x107?
attimet a-x x
ateqm a-x, x,



HEMICAL KINETICS AND NUCLEAR CHEMISTRY

given

(kf+kb)=121nz

or (3x107°+ 3><1o“*)=M
t =210 sec
A (Eg-x)
18. (b) k=AetH: Ag R _pe RT2
Eq - ﬁ_u_(Ea —16) =}_i,"1 =80 kJ/mol
500 400

19. (c) For parallel reaction
_ kiEq + KkoE,,
a ky + k,
10— %100 + 4 x1072 x120
1072 +4x 1072

E, =116 kl/mol

20. (&)  k=Aet/ED

.. Effective overall energy of activation
1

—Eqy - EEa(S)

E =Eqp—Eqn *+ 5

=60—50+l><40—1x10
2 2

= 25 kJ/mol
21, (d) A et -4,
Az _ (Bey—Eay VRT
Al

By /RT
¥

1200 1200
10% = Exp 2In10 ="~
{ RT } 2T

={_690_}K
4.606
k' E;l1 1 .
22, In—L =1 — -
(b k, R {Tl TJ (l)

mkl LB L 10
ke R\T T,

Solving we get (iD~(),

mﬁ_lnﬁ=(uj 1.1
k, Iy R T T,

(for equimolar formation of B and C, kj = ky)
In ﬁ =(8314J (Tz—300)
kz 8.3 14 300 x Tz

In 2= (1000) (—109}

300 xT,
T, =378.74K
slow
24. (DA+B -f;—_\ IAB; S0 E f, is high and E ., is
ast

low. k; << ky; So, E, for this step is very high
and next step is low and overall reaction is
exothermic.

25. (a) Activation energy
Ei=Ey=Ey=Ey .
Eyp = Eygy = Eapy = Eypy ® Eay
= Eup ~ Escpy ~ By

Ey f} = Hy (slow steps so larger)
Ey

26. (c) e RT x100=3.8 x10 ;¢ AT =3.8x107®
JEe g (3.8 x107%);
RT

R=8314and T =300
E, =100 kj/mol

' A
27. At =In |22
® “[A]
0.693

= -36— 90 11’1 = AO =Ax8
o =%=%§—§ x 30 = 3.46 x 10* atoms
28. (a)attme X — Y; Mg — % =1;n0 =§£;
ny-x x  x 7 7
0.693 -10 -1
= —"—_6,939( 10° = 10 “years
_2.303 log[ Wy }
A Wy — X
2.303
=100 log (8) >

= 2.079 x10'° years

.29, (C) Mgt OT A=Ay + Zhy =1.8x107° +2x107°

=2x107
Average life (T,,) = _li

1

=m2":50 sec
X .



30. (o)

20
TI?" + ,He*

B’ — g
=n xhaif-life .
moles of substance left after n halves

total time

_ 1mt1a12r?101es _ 2_24 Z0125
moles of He produced
=2-0.125=1.875
Pressure developed due to
1.875 x 0.0821 x 300
100
= 0.4618 atm

He =

31. (d) Letinitial activities of A and B are Agand B,

¢ after 2 half-lives of activity of A will

. Ag
reimain —%)

4

Ag + By = 8000 and also % + By = 3500
(we can assume that activity of B remains
constant due to larger half-life)
50 % = 4500; A, = 6000; B, = 2000;

Ay _ 6000 _3

B, 2000 1

32. (a) No change in activity of sample during
establishment of circulatory equilibrium,

Let volume of blood is V mL, so total vol.

=(V + 1}mL after injection of sample. .
2 ml sample has activity of 10 dpm, so
. (V+1) mL sample has activity of
- 10 . :
—x{V+1
2 V+1
Since rate is constant so

E><(V+1) 1000; V = 199m_L

A
33, (o) ﬁ:i; é{ﬁ]j
A
?\.y'“hx=']‘-].n ( OJy ><i
£ () A,

(?L — At —ln( ] (t1/2) = 30 min.
34. (a) Corrected C!* content :
Let initial C** count = A;
Ag+ Ay10=15.4; A, = 14

== loga—4=5 770 x10° years; ¢ = 122
7 . A
=f1/z; t = 5770 years
35. (a) For U2 pt = h{ﬁ} .
ny
For U .t = m[ﬁJ
n;
n, mn
HA, = ln —0 xi ;
(adak =k (”1 ﬂf)}
1 1
n - t =In (140)
{0‘5x109 4.5x109] 140)

t =4.02x10° year

CLevet3 T T
Passage-1
1. (b) For max. con. of B;
£1£B_] =050t :_1 ]1'1ﬁ
ky~ky kg

3. (o) from if k, >> k; then major portion of B
formed will dissociate and if k; =k, then
relatively larger accumulation of B at the
max. concentration.

Passage-4 ,

2. (a) 1= lJn; here n = no. of halves;
No \x .
LN
Ny 10 \x

=n=4

“Total time =n xt,,,
=4740 =4 xt,,;
ty, =1185 years

3. —El!=?LXN = 0'693xanA
dt t1/2
dN 0.693

" dt 24,000 x 365 x 24 X 60 x 60
x1x6.02x102 dps or 14.9Ci

Passage-5
1. (b)r=R,AY?
' Volurne of nudes (4/3)
o _=—n a.s ><10‘“‘)3 Am?
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Ax1.66x107% kg
4/37(1.5x1075) A
=1.17 x10" kg/m*

ST m
density d = v

2. (b)

12x1.66 x10°%
dc =

T W3)x3.14x(@x105)
=1.76 x10" kg/m?
dy,0 = 1000 kg/m’
de _1.76x10Y
du,0 1,000

Mass
Volume

=1.76 x 10"

One or More Answers is/are Correct

9, {a,b,cd)
_Be_16_, .4 gk _4x10
Ae 0.4 ky, Ky
=k, =107
1 x,

=;ln2:1);t35x =14 min ;
5x1072 27 T
b Y x 1 16
0a T 102 x,-x 5x102  1.6-0.2
=1°°1 —2:20x0.14=2.8
15. (a,b)
~ 1P+ ¥ 5f n+ Xerays
17. (a,b)

1p 5L n+ . e(positron) ; hn—] P+ 9 e (Beta)
Activity =2N, Decay constant A does not
depend upon temperature.

By the emission of a-partlcle isodiaphe 4r
formed. -

By the emission of p -particle, isobars formed.

Subjective Problems
4. 2NH; —» N, + 3H,

E_ ld[NHa] 1d[N2]
dt 2 dt . 2 dt
1 d{H,]
== ——2- = k[NH,]°
2 dt- [NH,]
dH,] =3 =3x2=6
dt
X X
. K+ Kt =In—% =In —n"% :
9 f-+. ») o x, —0.8x,
(K;+Kpt =In =In5=16;

K
L -K=K,=01t=6hrs. -
K, |

232-208

14. Number of a-particle = =="=_=""=¢

4
Z,=Z,-2x+y
(where x = number of . and y = number of B)
82=90-12+y
y=4
Series
gP B >;+1Q B >?+2R B. ‘Z+3S
" Total number of iscbars = 5
- n=5 son+2=7
15. Number of «- pamde o= Eis—igﬂ =7
Z2 =2 - -2x+y
- (where x = number of a and y = number of f§}
82=92-14+y
y=4
Number of o partu:le-number of B pamde) 3

A
B 32T




ELECTROCHEMISTRY

Electrolytic Cell

< Electrolysis : Chemical changes in electrolyte solution
by passage of electric current, resulting into deposition of
metals or liberation of gases at electrodes is known as
electrolysis.

+ Electrolytic Cell : This cell converts electrical energy
into chemical energy. The entire assembly except that of
the external battery is known as the electrolytic cell.

Anode (+) ;
g - Cathode (-)

‘el — Electrolyte

Elt.ecirol;lic-ceu
Quantitative Aspect of Electrolysis

Faraday’s laws of electrolysis :

+ First law of electrolysis : Amount of substance deposited or liberated at an electrode is
directly proportional to amount of charge passed (utilized) through the solution.
WeQ
W=ZQ=Zxixt
Actual charge utilised in process
Charge passed through battery

W =weight liberated/deposited, Q = charge in coulomb, i = current, t = time
Z =electrochemical equivalent, 1 Faraday = 96500 coulomb
+ Second law of electrolysis : When same amount of charge is passed through different
electrolyte solutions connected in series then weight of substances deposited or dissolved at
anode or cathode are in ratio of their equivalent weights.i.e., W, /W, = E, /E,
Wl _ El
W, E,

Current efficiency = x 100




Product of Electrolysis

S.No. - Electrolyte Anode Pmduct Cathode Pfoduct
1. |NaCl (Molten) with Pt electrode Cl,(g) Na(l)
2. |[NaCl (aq) with Pt electrode Cl,(g) " Hu{(g)
8. |Na,SO,(aq) with Pt electrode 0,(®) H,(g)
4. |NaNO;(aq) with Pt electrode 0,(g) H,(g)
5. |AgNO;(aq)with Pt electrode 0,(g) Ag (s)
6. |CuSO,(aq)with inert electrode 0,(g) _ Cu(s)
7. [CuSO,(aq) with copper electrode Cu dissolve ' Cu(s)

Galvanic Cell
This cell converts chemical energy into electrical energy.

L - 11 T 0 T e Wi e D L L2 s

Cathode of Cu!”

Anode of Zn
{+ve electrode)

{-ve electrode)

Fig. Zinc rod immersed in ZnSO , behaves as anode and copper rod immersed in CuSO,4 behaves as
cathode,

+ Anode half cell reaction : :
Zn (s)— Zn? (aq) + 2¢~ (oxidation)

+ Cathode half cell reaction :

Cu? (ag) + 2~ — Cu(s) (reduction)
<« Over all process :
Zn (5) + Cu?* (aq) — Cu(s) + Zn** (aq)

In galvanic cell like Daniel cell; electrons flow from anode (zinc rod) to the cathode (copper
rod) through external circuit; zinc dissolves as Zn 2+. cu? ion in the cathode cell picks up two
electron and become deposited at cathode. ’

Salt Bridge

It is U-shaped tube contains saturated solution of inert electrolyte like KCI, KNO,, NH,Cland
NH,NO, etc. in agar-agar gel.

& Cation and anion of inert electrolyte have same mobility.

< lons of inert electrolyte do not mix with electrolytic solution present in the half cell.

= lons of inert electrolyte do not participate in electrochemical change.



Function of Salt Bridge
~+ It complete the electrical circuit.
# It maintained the two half cell electrically neutral by the flow of ions.
Representation of a cell (IUPAC conventions) : Let us illustrate the convention taking
the example of Daniel cell.
(i) Anodic half cell is written on Ieft and cathodic half cell on right hand side.
.+ Zn{(s))ZnS0,(aq)||CuSO, (aq)}|Cu(s) -
" (ii) Two half cells are separated by double vertical lines and it indicate salt bndge or any type
of porous partition.
" (iii) EMF (electromotive force) may be written on the right hand side of r.he cell.
(iv) Single vertical lines indicate the phase separation between electrode and electrolyte
solution.

Zn(s) | Zn**(aq) || Cu *2 (ag) | Culs)
=) )
Anode ’ : Ca;::ade

E e = Eopuus) +ERP(RHS) i Ecat =Eopqns) + Erpcrus) 3 Ecen =Ere(rus) —Erpcuis)
Nernst's Equation
2.303RT

Ecell' =‘E::.ell -T'IOSQ

a 0.0591

At 298 K temp. Ecett =Ecen — logQ ; where Q is reaction quotient.

'

Cell Thermodynamics
*-(i) AG =-nFE
(i) AGO=-nFEL,
: ' nxE,
. (iii) Equilibrium constant (K), logk =—_— ¢l
- (ii) Eq (K) g 0.0591
(1v) Temp. coefficient of cell = (GE)
. oT Jp
(v) Enthalpy of reaction inside the cell, AH = nFE + nfT (2?}
P

'(vi) Entropy change inside the cell, AS = = nF [g’;‘:)
P

Concentration Cell .

. Anode and cathode both are formed by same substance so E el = 0, such type of cell is known as
concentration cell. Concentration gradient may arise either in electrode material or in electrolyte.
Thus there are two types of concentration cell.

<+ Electrode gas conc. cell :

Pt, H,(g)|H* (C)|H,(g), Pt

P atm P3 atm
0.0591 i P
og —
2 P,

Ecn =



#+ Electrolyte conc. cell :
Zn (s)]ZnSO? (C,)||ZnS0,(C3)|Zn(s)

Eg!{l = 0.0591 logg—: : -
Y
Different TyBg,of Electrode
S.No. Name of Electrode ' Anode Cathode
1. |Hydrogen electrode Pe(s)| H, (g)| H (ag) H* (aq)|H,(g){ Pt (s)
0.0591, [H*)? o 00591, Py
Egp =Egp - > log szl Epp =Egp ~ > log [H+32
2. Metai—m;tal ion electrode M (s}|M*"(ag) : M*™(aq) | M (s)
Egp =Eop - 0. 0591] g(M*"] ERP‘ =E;p a 0.0:91 log [M1+n]
3. |Calomel] electrode Hg (1), Hg,Cl, (s} | Cl™ (ag) Cl7(ag) | Hg,Cl,(s), Hg (D
Eop =Eop - 0‘02591 log [Cll']z Epp =Egp - 9.0592 log[Ci~1?
4. |Redox electrode Pt(s)|Fe**(aq), Fe**(aq) - | Fe**(aq), Fe**(aq) | Fe(s) ol
fi}_‘? ES, - 0.0;391 o 5212 Enp —EC _0.01591.10 EEZ:Q
5. |Metal insoluble salt anic.m Ag (s)| AgCl(s)| Cl™ {aq) Cl™(aq) | AgCl(s)| Ag(s)
electrode | | .Eop =E3P 3 0.01591 Io [C:._] Egp = E;P _0.0591 jog[C1"}

Batteries
Electrochemical cells can be used as batteries. Batteries are of two kinds :
« Primary battery : Where the reaction occurs only once and can not be reused once it
becomes dead over the course of time. For examples, dry cell (Leclanche cell), Mercury cell.

« Secondary battery : Which can be recharged by passing current through it in the opposite
direction so that it can be used again. For example, lead-acid battery, Nickel-cadmium cell.

Fuel Cells

Fuel cells are the galvanic cells that convert the energy of combusnon of fuels (e.g., hydrogen,
methane, methanol, etc.) directly into electrical energy.

Fuel cells are more efficient thermodynamically, and more of the energy of the reaction can be
made available for useful work provided that the supply of reactants is maintained.

Methanol, ethanol, hydrazine, formaldehyde, carbon monoxide can be used as fuels in fuel cells
apart from hydrogen.
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Corrosion

When the metal exposed to some environment it gets converted to its oxides. The oxidative
deterioration of metal is known as corrosion.

Example : Rusting of iron, tarnishing of silver, development of green coating on copper and
bronze etc.

LT

Oxidation Fe(s) —> Fe (aq) + 2¢~
" Reduction 0,(g) + 4H" (ag) + 4~ — 2H,0(1).
. Atmospheric oxygen oxidised Fe**
2Fe? (aq) + 2H,0(1) + %Oz(g) 3 Fe,05(5) + 4H" (ag)

Hydrated feric oxide (Fe, 0, - xH,O(s)) is known as rust.

<+ Factors which enhance corrosion :
(i) Presence of impurities in the metal.
(ii) Presence of moisture.
(iii) Presence of electrolyte.
+ Prevention of corrosion : .
(i) * Barrier protection by oil/grease layer, paints or electroplating.
(ii) Sacrificial protection by coating the metal with more electroposmve metal.

Conductance ‘
+ Conductance (G):It is defined as the reciprocal of the electrical resistance i.e., G = 1/R. It
measures the ease with which the current flows through a conductor.
Unit : Siemen, Sor Q7.

+ Specific resistance or resistlvity (p) : The resistivity or spec1fic resistance is defined as
the resistance m ohm of a conductor havmg length equal to 1 cm and area of cross-section
equal to 1 cm ?

R« % orR = p% where p = specific resistance, ! =length of conductor

A =area of cross-section of the conductor,

Unit : ohm cm. w
@ Speclﬁc conductance or conductivity (k): It is define as the reciprocal of specific
resistance. '
ie., k=1 L Rr-pl k=gxl
p A _ A
k=GxG"
G’ ;% , where G* = cell constant

Whenl=1cmand A=1em?; k=G -
Thus conductivity is the conductance of one centimeter cube or conductance of one cm
cube of the solution of an electrolyte.
Unit : O lem ™, Sem L.
+ Molar conductivity (AM) The conducting power of all the ions produced by dissolving 1.
mole of an electrolyte in solution.
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-~

Mathematically, Ay =kxV
Ay (Sem? mol™) = kx %99 (M = molarity)

Variation of conductivity and molar conductivity with concentration :
For weak and strong electrolytes

& Conductvity decreases with concentration.
« Molar conductivity increases with decrease in concentration.

1
0

*m

™.

_ ™~ Strong electrolyte
] . {NaCl}
Al

} A

|

Waak electrolyte

B —

Kohlrausch’s Law -

According to this law, at infinite dilution, when the dissociation is complete, each ion makes a
. definite contribution towards molar conductivity of the electrolyte irrespective of the nature of the
other ions present. : '

The inolar conductivity of an electrolyte at infinite dilution is the sum of the ioni¢ conductivities
of the cations and the anions each multiplied by the number of jons present in one formula unit of
the electrolyte e.g., A, B,. o

The equivalent cond{mtivity of an electrolyte .at infinite dilution is the sum of the equivalent
conductivities of the cations and anions. :

Ay (A,B,) = XAy (AY) + YNy, (B)
NS (AB,) =2 (AT )+ A2 (B

Application :
(a) Determination of equivalent/molar conductivities of weak electrolytes at
infinite dilution ' '
A2, (CH,COOH) = A%, (CH,COONa) + A}, (HCI) — Af, (NaCl) - A}, (NaCl)
{b) Determination of degree of dissociation (c) and equilibrium constant (K) of
an electrolyte at a given dilution

o = Molar conductance at concentration C _ Ay
Molar conductance at infinite dilution  AS,
HA = H'"+ A~
Initial conc. c - .0 0.
Conc. at equilibrium C~-Ca Ca Ca
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: .
) 3
K, = Co® = A?w ‘ot
1-a AM
A

(c) Determination of the solubility of a sparingly soluble salt
Since the solution is saturated at infinite dilution A, = A%, and molarity = solubility.

. AO _ kx 1000
M = N

molarity

Solubility (S) = X* 10000
AM

For sparingly soluble salt A, B, : Solubility product K @ =X'y7.8%

Conductometric Titration
Titration in which end point can be determined by measuring conductance at each addition of
the titre solution (for burette) is called conductometric titration.
Titration of HCl(aq) with NaOH (aq) (Strong base.Vs Strong acid)
HCl(aq) + NaOH (aq) — NaCl{aq) + H,0 (1)

onductance

End point
rd

J Volume .of NaOH added)

Titration of CH;COOH (aq) with NaOH(aq) (Weak acid Vs Strong base)
CH;COOH (aq) + NaOH (aq) — CH,COONa + H,0(I)

Conductance

L Volume of NaQH . added!



10.

11.

A cell reaction would be spontaneous if the cell potential and A,G are respectively :
(a) positive and negative (b) negative, negative

{c} zero, zero (d} positive, zero

Which of the following statement is correct?

(a) Cathode is —ve terminal in both, galvanic and electrolytic cells

(b) Anode is +ve terminal in both, galvanic and electrolytic celis

{c) Cathode and anode are —ve terminal in electrolytic and galvanic cell.

(d) Cathode and anode are +ve terminal in electrolytic and galvanic cell.
Electrolytes when dissolved in water dissociate into ions because :

(a) They are unstable.

(b) The water dissolves it.

(c) The force of repulsion increases.

(d) The force of electrostatic attraction is broken down by water.

The electric charge required for electrode deposition of one gram-equivalent of a substnace is :

{a) one ampere per second (b) 96500 coulombs per second

(c) one ampere for one hour (d) charge on one mole of electrons

The amount of an ion liberated on an electrode during electrolysis does not depend upon :
(a) Conductance of the solution (b} Current strength

(c) Time L (d) Electrochemical equivalent of the element
How many electrons are there in one coulomb of electricity?

(a) 6.023x10% (b) 1.64x 107 (©) 6.24x 10" (d) 6.24x 107

How many coulombs are provided by a current of 0.010 mA in the calculator battery that can ,
operate for 1000 hours? o o
() 1.0 (b) 10 () 0.010 (D 36

How many minutes are required to deliver 3.21 x 10% coulombs using a current of 500 A used

in the commercial production of chlorine?
(a) 8.3 . (b) 5.3x10* (c) 6420 (d) 107

Passage of a current for 548 seconds through a silver coulometer results in the deposition of

0.746 g of silver. What is the current (in A)?

(a) 1.22 ) 1.16 (c) 1.07 (d) 1.00

Electrolysis can be used to determine atomic masses. A current of 0.550 A deposits 0.55 g of a

certain metal in 100 minutes. Calculate the atomic mass of the metal if eq. wt. =mole. wt./3

(a) 100 (b) 45.0 (c) 48.25 (d) 144.75

Beryllium occurs naturally in the form of beryl. The metal is produced from its ore by

electrolysis after the ore has been converted to the oxide and then to the chloride. How many

grams,of Be(s) is deposited from a BeCl, solution by a current of 5.0 A that flows for 1.0 h?

(Atomic weight: Be=19) .
(a) 0.840 (b) 1.68 {c) 1.42 (d) 1.08
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12.

13.

14.

15,

16.

17.

18.

19,

20.

21.

22,

23.

24.

25.

How many minutes will it take to plate out 5.0g of Cr from a Cr;(80,)4 solution using a
current of 1.50 A? (Atomic weight : Cr = 52.0)

(a) 254 (b) 30 g : (c) 152 ‘ (d) 103

Calculate the current (in mA) required to deposit 0.195 g of platinum metal in 5.0 hours from
a solution of PtClz' : (Atomic weight: Pt = 195)

(a) 310 ' (b) 31 (c) 21.44 (d) 5.36

How many Faradays are required to reduce 0.25 g of Nb (V) to the metal?

{Atomic weight : Nb= 93g) ‘

(a) 2.7 x 107 (b) 1.3x 1072 (c) 2.7 x 1072 (dy 7.8x 107

One gm metal M* was discharged by the passage of 1.81 x 102 electrons. What is the atomic
weight of metal?

(a) 33.35 (b) 133.4 (c) 66.7 (d) None of these
Total charge required for the oxidation of two moles Mn,0, into MnO2™ in presence of
alkaline medium is : ' :

(a) 5F (b) 10F . {c) 20F {d) None of these

The electrolytic decomposition of dilute sulphuric acid with platinum electrode, cathodlc

reaction is :
(a) Reduction of H*  (b) Oxidation of S03 (c) Reduction SO2~  (d) Oxidation of H,0

Which one of the followmg metals can not be obtained on electrolysis of aqueous solution of
its salts ?

(a) Mg (b) Ag (c) Cu @ Cr :
A solution of potassium sulphate in water is electrolysed using inert electrodes. The products
at the cathode and anode are respectively.

(@) H,, 0, (b) O, H, (c) 0,, Na (d) None of these

The passage of current through a solution of certain-electrolyte results in the evolution of
H,(g) at cathode and Cl,(g) at anode. The electrolytic solution is :

(a) Water (b) aq. H;S0, (c) aq. NaCl (d) aq. CuCl,
When an aqueous solution of H,80, is electrolysed, the product at anode is :
(@ H (b) OH- . (c) sOF () 0,

An aqueous solution of Na,SO, in water is electrolysed using Pt electrodes.The products at
the cathode and anode are respectively :

(a) Hy, SO, (b) O,, NaOH (c) H,, 0, (d) 0,, SO,

The electrolysis of a solution resulted in the formation of H,(g) at the cathode and O,(g) at
the anode. The solution is :

(a) AgCl{(aq) (b) H,S0,(ag)

(c) highly concentrated NaCl({aq) solution  (d) CuCl, (aq)

I mercury is used as cathode in the electron51s of aqueous NaCl solution, the ion discharged at
cathode is :

(a) H* (b) Na”™ (c) OH™ (@ Cl”

A dilute aqueous solution of CuSO,, is electrolyzed using platinum electrodes The products at
the anode and cathode are :

(a) 0,, H, (b) H,0, {c) 0,,Cu (d 8,08, H,



26.

27.

28.

29,

30.

31.

32.

33.

34.
35.

36.

37.

38.

o _...h._m,.k_,.i,ir ) . a— 3..97M

What products are formed during the electolysis of concentrated aqueous solution of sodium
chloride?

(D Cl,(g) at anode (i) NaOH as electrolyte (I} H,(g) at cathode

(a) T only (b) I and IT only (¢) I and 11T only (d) L, 1I and I
Which of the following aqueous solution produces metal after electrolysis ?

(a) K,Cr,0, (b} KMnO, (c) CH;COONa (d) CuCly-

How much time is required for complete decomposition of 4 moles of water using 4 ampere?
(a) 3.86x 10° sec  (b) 1.93x10% sec (¢} 96500 sec (d) 48250 sec

An aqueous solution containing 1 M each of Au®, cu?, Ag', Li" is being electrolysed by '
using inert electrodes. The value of standard potentials are :

Ez,;*mg =0.80V, Eéu+/Cu =0.34V, and E;u3+/Au =1.50V, E;Uu =-3.03V,
With increasing voltage, the sequence of deposition of metals on the cathode will be :
{a) Li, Cu, Ag, Au (b Cu, Ag, Au (¢} Au, Ag, Cu (d) Au, Ag, Cu, Li

If 0.50 L of a 0.60 M SnSO, solution is electrolyzed for a period of 30.0 min using a current of
4.60 A. If inert electrodes are used, what is the final concentration of Sn# remaining in the
solution? [at. wt. of Sn = 119]

(a) 0.342 M (b) 0.544 M (c) 0.389 M. (d) 0.514 M

A 100.0 mL dilute solution of Ag* is electrolyzed for 15.0 minutes with a current of 1.25 mA
and the silver is removed completely. What was the initial [Ag* T?

(a) 2.32x 107! ®) 2.32x 107 © 2.32x 107 (d) 1.16x 107*

A 250.0 mL sample of a 0.20 M Cr** is electrolyzed with a current of 96.5 A. If the remaining '
[Cr*1is 0.1 M the duration of process is : '

(a) 25 sec (b) 225 sec (c) 150 sec {(d) 75 sec

The element indium is to be obtained by electrolysis of a molten halide of the element. Passage
of a current of 3.20 A for a period of 40.0 min results in formation of 3.05 g of In. What is the

‘oxidation state of indium in the halide melt? (Atomicweight: In=114.8)

(@) 3 b) 2 (© 5 (d) 1

An electrolysis of a oxytungsten complex ion using 1.10 A for 40 min produces 0.838 g of
tungsten. What is the charge on tungsten in the material? (Atomic weight: W =184)

(@ 6 (b) 2 _ (c) 4 (d 1

In the electrolysis of aqueous NaCl, what volime of Cl;(g) is produced in the time that it takes
to liberate 5.0 liter of H,(g)? Assume that both gases are measured at STP

{a) 5.0 (b) 2.50 () 7.50 (d} 10.0

How many grams of Cr are deposited in the electrolysis of solution of Cr(NO5); in the same
time that it takes to deposit 0.54 g of Ag in a silver coulometer arranged in series with the

.Cr(NO,); cell? (Atomic weight : Cr = 52.0; Ag = 108)

(a) 0.0866 (b) 0.0288 (c) 0.173 (d) 0.220

In the electrolysis of aCuSO,, solution, how many grams of Cu are plated out on the cathode in
the time that it takes to liberate 5.6 litre of O,(g), measured at STR at the anode?

(a) 31.75 (b) 14.2 (c) 4.32 (d) None of these

Ammonium perchlorate, NH,ClO,, used in the solid fuel in the booster rockets on the space
shuttle, is prepared from sodium perchlorate, NaClO ,, which is produced commercially by the



398

39.

40.

41.

42,

43.

45.

46.

47.
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electrolysis of a hot, stirred solution of sodium chloride. How many faradays are required to
produce 1.0 kg of sodium perchlorate?
: NaCl + 4H,0 — NaClO, + 4H,
(a) 40.3 (b) 183 (c) 31.6 (d) 65.3
In the commercial preparation of aluminum, aluminum oxide (Al 203) is electrolyzed at
1000°C. How many coulombs of electricity are required to give 54 kg of aluminum? Assume
following reaction takes place at cathode :
Al* +3¢- —3 Al .
(a) 17.3x 10° (b) 3.21x 107 (c) 1.82x 10* (d) 57.9x 107
When molten lithium chloride (LiCl) is electralyzed, ]ii_:hiﬁm metal is formed at the cathode. If
current efficiency is 75% then how many grams of lithium are liberated when 1930 C of
charge pass through the cell ? (Atomic weight: Li=7)
(a) 0.105 (b) 0.120 () 0.28 (d) 0.240
Sodium metal is produced commercially by the electrolysis of molten sodium chloride and
chlorine is produced as a by product. How many litres of chlorine at 1.8 atm and 27°Cwill be
produced if a current of 1.0x 10? A is passed through NaCl (1) for 9.65 h?
(a) 2463 (b) 460 (c) 1800 (d) 1231.6
H,(g)and O,(g), can be produced by the electrolysis of water. What total volume (inL) of O,
and H; are produced at STP when a current of 30 A is passed through a K,SO, (aq) solution
for 193 min.?

rd

(a) 20.16. (b) 40.32 {c} 60.48 (d) 80.64
The cost of 2 Rs/kWh of operating an electric motor for 10 hours takes 10 amp at 110 Vis :
(a) 79200 Rs (b) 22000 Rs (c) 220 Rs (d} 22 Rs

A1 M solution of H,80, is electrolyzed. Select right statement with products at anode and
cathode respectively : '
Given : 2507 —58,0F + 2 E°=-201V

H,0() — 2H" (ag) + 1/20,(g) + 2¢™; E°= ~1.23V

(a) concentration of H,80, remain constant; H,, 0,

(b) concentration of H,80, increases; O,, H,

() concentration of H,SO, decreases; O,, H

{d) concentration of H,SO, remains constant; szog', Hy _
Cadmium amalgam is prepared by electrolysis of a solution of CdCl, using a mercury cathode.

How long should a current of 4 A be passed in order to prepare 10% by wt. Cd in Cd—Hg
amalgam on cathode of 4.5 g Hg? (atomic wt. of Cd = 112)

(a) 400 sec (b} 215.40 sec {c) B61.6 sec (d) 430.8 sec
Use of electrolysis is in :

(a) Electrorefining (b) Electroplating

(c) Both (a) and (b) (d) None of these

When a solution of AgNO, (1 M) is electrolyzed using platinum anode and copper cathode.
What are the products obtained at two electrodes?

Given : E° =+ 0.34voly; E° =+1.23volt; E?

cu?*|cu 04, H¥|H50 H¥Hp, = T 0.Qvolt;
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EAg *|Ag =+ 0.8volt

(a) Cu —> Cu? at anode; Agt —— Ag at cathode

(b) HZO — 0, at anode; Cu?* —— Cu at cathode

(c) H,0 —> 0, at anode; Ag' —— Ag at cathode

(d) NO; —— NO, at anode; Ag* —— Ag at cathode

Which of the following statements is correct about Galvanic cell ?

(a) It converts chemical energy into electrical energy.
(b) It converts electrical energy into chemical energy.

* (c) It converts metal from its free state to the combined state.

(d) Tt converts electrolyte into individual ions. ‘ -
E°for Cl,(g) + 22 —> 2Cl (aq) is 1.36 V; E°for CI” (g)—>1/2C12(g)+e s
(a) 1.36 V : (b) -1.36V {c) 0.68V {(d) 0.68V

‘When two half-cells of electrode potential of E, and E, are combined to form a cell of

electrode potendal E5, then .
(whenny,n, and nj are no. of electrons exchanged in first, second and combined half-cells) :
(@) E; =E, - E, (b) Es _Eimy + Egny

o f3

Eyny —Epn,

n3

The function of a salt bridge is to =

(C) -E3= (d) E3 =E1+E2

‘(a) maintain electrical neutrality of both half cells

(b} increase the cell potential at the positive electrode

(c) decrease the cell potential at the negative electrode

(d) eliminate the impurities present in the electrolyte

Saturated solution of KNO, with agar-agar is used to make ‘salt bridge’ because

(a) size of K™ is greater than that of NO3 3

(b} velocity of NOj is greater than that of K*

{c) velocities of K* and NOj are nearly the same

(d) both velocity and sizes of K™ and NOj ions are same

A salt bridge contains :

{a) A saturated solution of KCl and agar-agar

(b} A saturated solution of KNO, and agar-agar

(¢) A saturated solution of NH,NO; and agar-agar

(d) All of these ‘

The nature of curve of E,; vs. log K, is: .

(a) straight line (b) parabola (¢) hyperbola {d) elliptical curve

Consider the following equations for a cell reaction :
A+B=C+D; E°=xvolt, K, =K,

2A+2B=2C+2D; E°=yvol, K, =K,

R 1
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then : .
(a)x=y,K1 :Kz . g . (b)x=2y,K1=2K2
(© x=y,K{ =K, : (d) x* =y, K =K,
56. Which graph correctly correlates E. . as a function of concentrations for the cell
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Zn(s) + 2Ag* (aq) —> Zn* (aq) + 2Ag(s), ESy =156V

g
Y-axis : E .y, X-axis : logw[zrl ]
[Ag™]
1.56V
- ®
-10 0 1.0
156V :
( — * ) 1.56V
10 0 1.0 710 0 10

The Nernst equation E = E° - RT/nF ]nQ indicates that the Q w111 be equal to equilibrium
constant K, when :

(a) E=E° (b) RT/nF =1 © E=zer0 @ E°=1

The cell reaction 2Ag™ (aq) + H,(g) — 2H* (aq) + 2Ag (s), is best represented by :

(a) Ag(s)| Ag™ (aq) || H (aq) | Hy(g) | Pt(s) (b) Pt(s)| Hy(g) | H' (aq) || Ag* (ag) | Ag (5)
(c) Ag(s) | Ag™ (aq) || Ha(g) | HY (aq) | Pt(s) (d) Ag*(aq) | Ag () || Hy(g) | H (ag)

The cell reaction Hg,Cl,(s) +Cu(s) — Cu® (aq) + 21~ (aq) + 2Hg (1), is best repreéented
by : : : o '

(a) Cu(s) | Cu**(agq) || Hg ,Cl,(s) | Hg (1)

(b) Cu(s)| Cu*?(aq) || Hg (D) | HgCly(s)

(c) Cu(s) | Cu**(ag) || Cl™ (aq) } Hg ,Cl, (s) | Hg (1) | Pt(s)

(d) Hg,Cl,(s) | Cl™ (aq) || Cu*?(ag) | Cu(s)

The cell reaction Cr,02 (ag) + 14H"* (aq) + 6Fe?* (ag) —> 6Fe* (ag) + 2Cr3+ (aq) + 7TH,0 (1),

" is best represented by :
- (&) Pt(s)| Fe**(aq), Fe* (aq) || Cr207‘ (aq) ‘cr* (ag) | Pt(s)

61.

(b) Pt(s) | Cr,02" (aq), Cr**(aq) || Fe* (aq), Fe*2(ag) | Pt(s)

(c) Fe** (aq) | Fe* (aq) || Cr,02% (aq) | Cr* (ag)

(d) Cr,07 (ag) | Cr 3 (ag) || Fe** (aq) | Fe* (aq)

Select the correct cell reaction of the cell Ag(s) [ Ag™ (aq) |] Cu® (aq) | Cu(s):
(a) 2Ag () + Cu(s) —» Cu**(aq) + 2Ag* (ag)

(b) Cu(s) + 2Ag* (ag) —> Cu?* (ag) + 2Ag (s)
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(c) 2Ag (s)+Cu ** (aq) —> Cu(s) + 2Ag* (aq)
(d) Cu® (aq) + 2Ag* (ag) — 2Ag (s) +Cu(s)
Select the correct cell reaction of the cell Pt(s) | Cl,(g) | Cl™ (aq) [| Ag’;(aq) | Ag (s):
(a) Cl;(g) + Ag* (aq) —— Ag (s) + 2C1" (aq) '

(b) Cl,(g)+ Ag (s) —> 2C1™(aq) + Ag* (ag)

() 2C1™ (aq) + 2Ag™* (aq) —> 2Ag (s} +Cl,(g)

(d) AgCl(s} — Ag™ (aq) +ClI” (ag)

Standard electrode potential of SHE at 298 K is :

(a) 0.05V (b) .10V (c) 0.50V {(dooov

The e:m.f. of the following galvanic cells :

(a) Zn|Zn? (2 M)||Cu® (IM)|Cu () Zn|zn?* (0.1 M) ||Cu® (1 M)|Cu

(c) Zn}zZn® (1 M)||Cu® (0.1 M)|Cu (d) Zn|Zn? (0.1 M}||Cu® (0.1 M)|Cu

are represented by E, E,, E, and E, respectively. Which of the following statement is true?
(@) E, >E, >E3>E, (b) E; >E, »>E, > E,

() E;>E, =E, >E,; (d} E; >E, =E, >E;4

Based on the cell notation for a spontaneous reaction, at the anode :
Ag(s)| AgCl(s} |CI™ (aq) || Br™ (aq) [Br, (1) | C(s)

{a) AgCl becomes feduced (b) Ag becomes oxidized
(c) Br~ becomes oxidized (d) Br, becomes reduced

Given the listed standard electrode potentials, what is E° for the cell :
4Bi0* (aq) + 3N ,H? (ag) —> 4Bi(s) + 3N, (g) + 4H,0(1) + 7H" (aq)
N,(g)+ 5H" (ag) + 4¢- — N,Hi(aq), E°= -0.23V
BiO* (aq) + 2H" (aq) + 32~ —— Bi(s) + H,0(l), E°=+0.32V

(a) +0.55 (b} +0.34 (c) +1.88 " (d) +0.09
What is the standard electrode potential for the reduction of HClO?

HCIO(aq) + H* (ag) + 26~ —— Cl™ (aq) + H,0(D)

Given : cr¥(ag) — Cr* (ag) + e, E°=041V
HCIO(ag) + H' (aq) + 2Cr# (aq) —» 2Cr* (aq) + C1™ (aq) + H,O(D, E°=1.80
(a) 1.39 (b} 1.54 (c) 1.22 {d) 0.90

The E° for the following cell is +0.34 V. In(s) | In{(OH); (aq) || SbO3 (ag) | Sb{s).
Using E° =—10V for the In (OH);| In couple, calculate E° for the SbO3| Sb half-reaction :

(a) -1.34 {b) + 0.66

(c) +0.82 : (d) -0.66 ,

From the following half-cell reactions and their potentials, what is the smallest possible
standard e.m.f. for spontaneous reactions? '

POY (aq) + 2H,0(1) + 22- — HPO% + 30H (ag); E°=-1.05V
PbO,(s) + HO() + 27 — PbO(s) + 20H (aq); E°=+0.28V
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103 (aq) + 2H,0() + 4¢” —> 107 (aq) + 40H (ag); E°=+0.56V

(a) +0.00 (b) +0.74 (¢} +0.56 (d) +0.28
Determine which substance is the best reducing agent in Q. no. 47 :

(a) HPOS" (b) PO (©) IO~ (d) 103
Which substance is the best oxidizing agent in Q. no. 47?

(a) 103 (b) 10~ (c) PbO (d) POT

Consider the following half-cell reactions and associated standard half-cell potentials and
determine the maximum voltage that can be obtained by combmatlon resulting in
SPONtaneous processes :
AuBr; {aq) + 3e” —— Au(s) + 4Br™ (ag); .E°=-0.86V
fu (ag) + e~ —— Eu?* (aq); E°=-043V
Sn* {aq) + 2¢” —> Sn(s); E°=-0.14V

107 (aq) + HO() +2¢ —> 1 (ag) + 20H (aq); E°=+0.49V
(a) +0.72 (b) +1.54 {c) +1.00 (d) +1.35
The position of some metals in the electrochemical series in decreasing electropositive
character is Mg > Al > Zn > Cu > Ag. What will happened if copper spoon is used to stirred a
solution of aluminium nitrate ?
(a) The spoon gets coated with alumlmum.
(b) An alloy of aluminium and copper is formed.
(c) No reaction oceurs ‘
(d) The solution starts turning blue
Zn can displace :
{a) Mg from its aquecus solution (b) Cu from its aqueous solution
(¢) Na from its aqueous solution (d) Al from its aqueous solution
Based on the following information arrange four metals 4, B, C and D in order of decreasing
ability to act as reducing agents :
() Only A, B and C react with 1 MHCI to give H 2(g)
(I} When C is added to solutions of the other metal ions, metallic B and D are formed
(Il) Metal C does not reduce A™.
@C>A>B>D BYC>A>D>B (c) A>C>D>B d A>C>B>D
When an aqueous solution of CuSO, is stirred with a silver spoon then :
(a) Cu* will be formed {b) Ag™ will be formed

(c) Cu?" will be deposited (d) None of these

- Based on the following information arrange four metals, A, B, C and D in order of i increasing

ability to act as reducing agents :
(I) Only C react with 1 M HCl to give H,(g)

(1 When A is added to solution of the other metal ions, metallic I is formed but not

BorC
(a) D<A <C <B (b) A<D<C<B (¢) B<D<A<C () DP<A<B<C
In the reaction :
4Fe(s) + 30,(g) — 4Fe* (aq) + 60% {ag)

T
P
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which of the following statement is incorrect ?
{a) A redox reaction : {b) Fe is reducing agent

* (€) O, is an oxidizing agent (d) Fe is reduced to Fe**
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Which of the following is displaced by Fe ?
(a) Ag (b) Zn (c) Na (d) All of these
The standard potential at 25°C for the following half reactions is given :
Zn?* + 2% ——7Zn;E®=-0.762V
Mg +2¢”— Mg ;E°=-2.37V
When Zinc dust is added to the solution of MgCl,.

{(a) ZnCl, is formed (b) Mg is precipitated

{c) Zn dissolved in the solution (d) No reaction takes place

The element which can displace three other halogens from their compound is :
(@ F b) Cl . (d) Br (d)y 1

Using the standard half-cell potendal listed, calculate the equilibrium constant for the
reaction :

Co(s) + 2H* (ag) — Co?* (aq) + H,(g) at 298 K
C02+ (aq) + 22° — Co(s) E°=-0.277V

(a) 2.3x 10° (b) 4.8x10* (c) 4.8x 107 (d) 4.8x 10"
The E°at 25°C for the following reaction is 0.22 V calculate the equilibrium constant at 25°C :

7 H,(g) + 2AgCl(s) — 2Ag(s) + 2HCl(aq)
(a) 2.8x 107 () 5.2x 108 (c) 5.2x10° (d) 5.2x 103
Electrode potential of the half cell Pt(s)| Hg (1) | Hg ,Cl,(s) | C1” (aq) can be increased by :
(a) Increasing [C17] (b} Decreasing [C]™]
(¢) Increasing Hg ,Cl,(s) (d) Decreasing Hg (D)
The equilibrium constant for the following general reaction is 10%. Calculate E° for the cell at

298 K.
2X,(s) + 3Y % (ag) — 2X3" (ag) + 3Y(s)

(a) +0.105V (b) +0.2955V . (c) 0.0985V (d} —0.2955V
A solution containing H* and D* ions is in equilibrium with a mixture of H, and D, gases at
25°C. If the partial pressures of both gases are 1.0 atm, find the ratio of [D*1/[H*]:

(Given : ES*/D; =-0.003V)

(a) 123 (b) 1.12 (©) 0.11 (d) 1.0
The E° at 25C° for the following reaction is 0.55 V. Calculate the AG°in kJ :
4BiO* (ag) + 3N,HE — 4Bi(s) + 3N,(g)+ 4 H,0(1) + 7H*
(a) -637 (b) —424 (c) -106 {(d) - 3185
Use the following E° for the electrode potentials, calculate AG® in kJ for the indicated

reaction : .
5Ce** (aq) + Mn?*(aq) + 4H,0() — 5Ce* (ag); + MnOj(aq) + 8H" (ag)

MnO; (aq) + 8H* (aq) + Se~ — Mn** (ag) + 4H,0(l); E°=+151V
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Ce** (agq) + ¢- — Ce** (ag) E°=+1.61V
(a) -9.65 (b) -243 (c) -48.25 (d) -35.2
Consider an electrochemical cell in which the following reaction occurs and predict which
changes will decrease the cell voltage :
Fe (ag) + Ag* (ag) — Ag(s) + Fe* (aq)
(1) decrease the [Ag*] (I1) increase in [Fe®'] (HD) increase the amount of Ag
(a) I (b) Il and M {cy I . {(d) Iand 11
Consider the following equation for an electrochemical cell reaction. Which of the following
changes in condition will increase the cell voltage?
H,(g) + PbCl,(s) — Pb(s) + 2HCl(aq)
() dissolve concentrated HCIO, in the cell solution

(II) increase the pressure of H,(g) (fI) increase the amount of Pb(s)
(a) 11 (b) T and 11 {(¢) Il and 111 (d) 11
The standared electrode potential for the following reaction is +1.33 V. What is the potential
at pH = 2.0?
Cr077 (aq, 1M) + 14H" (aq) + 6e~ — 2Cr** (ag, 1M) + 7H,0(D)

" (a) +1.820V (b) +1.990V (c) +1.608 V (d) +1.0542V

The standard electrode potential for the following reaction is —~0.57 V. What is potential at
- pH=12.0?

’ TeOF (aq, 1M) + 3 H,0(1) + 4e™—> Te(s) + 60H™ (aq)

(a) -0.17 v ®) +021V (o) ~0.39V @ +1.95V

Co|Co® (C,) |{Co™ (G, ) |Co; for this cell, AG is negative if :

(a) C, >C, b ¢, >C, (aC =¢C, (d) unpredictable

What will be the emf for the given cel}?
Pt|H, (g, P,)|H* (aq) || H, (g, Py)|Pt

‘RT, P RTI'. P, RT , P,
a) — In— b) —in-—L ¢} —In—= d) None of these
(a) F "5 (h) oF . (©) F'p (d)
For the electrochemical cell Pt(s)|H,(g)|H* (1M)||Cu? (1M)|Cu(s), which one of the

1 aim
following statements is true ?
(a) H, liberated at anode and Cu is deposite at cathode.
(b) H, liberated at cathode and Cu is deposite at anode.
(¢) Oxidation occurs at cathode.
{d) Reduction occurs at anode.
In a concentration cell the same reactants are present in both the anode and the cathode
compartments, but at different concentrations. Calculate the emf of a cell containing 0.040 M.
Cr* in one compartment and 1.0M Cr® in the other if Cr electrodes are used in both.
(a) 0.028 vV (b) 0.249Vv (c) 0.083V (d) 0.125v
A 1.0 M solution of Cd* is added to excess iron and the system is allowed to reach
equilibrium: What is the concentration of Cd?'?

. Cd* (aq) + Fe(s) —> Cd(s) + Fe? (aq); E°=0.037
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(a) 0.195 (b) 0.097 {c) 0.053 {d) 0.145

The measured voltage for the reaction with the indicated concentrations is 1.50 V. Calculate E°.
Cr(s) + 3Ag* (ag, 0.10 M) ——» Ag{s) + Cr® (aq, 0.30 M)
(a) 1.35 (b) 1.40 () L.65 (d) 1.55
Calculate the standard voltage that can be obtained from an ethane oxygen fuel cell at 25°C.
C,He(g) +7/20,(g) — 2C0,(g) + 3H,0(1); AG°®=-1467 k)
(a} +0.91 (b) +0.54 {c) +0.72 {d) +1.08 .
I,(s) |17 (0.1M) half cell is connected to a H (aq) |H, (1 bar)|Pt half cell and e.m.f. is found

-to be 0.7714 V. lf.EIz“_ =0.535V, find the pH of H'|H, half-cell.

(a) 1 : (b) 3 © 5 ) 7
What is the SRP for $%|CuS|Cu half-cell?

. . - -35 o —
Given : K,P(CUS) =10 and Ec“hmu =034V

(a) 1.034V (b 1.0V (¢} -0.694V (d) 0.694V
Given the following standard electrode potentials, the K, for PbBr, is :
PbBr,(s) + 22~ —— Pb(s) + 2Br~(aq); E°=-0.248V
Pb? (aq) + 2~ —> Pb(s); E°=-0.126V
(a) 7.4x 107 (b) 4.9x107% (¢) 5.2x107° (d) 2.3x 10713
The standard free energy change for the following reaction is —210 kJ. What is the standard

cell potental?
2H,0,(aq)} — 2H,0(1) + 0,(g)

(a) +0.752 (b) +1.09 {c) +0.420 (d) +0.640
104. At equilibrium : ’
(@) ELy =0, AG®=0 © ) Egp =0,AG =0
(c) both are correct (d) none is correct
105. The E° at 25°C for the following reaction at the indicated concentrations is 1.50 ¥ Calculate

the AG in kJ at 25°C:
Cr(s) + 3Ag* (aq, 0.1 M) — Ag(s) + Cr®* (aq, 0.1 M)

(a) ~140.94 ) -295 (c) -212 (d) —422.83
106.If E ;Nm is 1.69 V and E:u3+ Ja 15 1.40 V then E; . s+ Will be::
(a) 0.19 V (b) 2.945V (©) 1.255V (d) None of these

107.

Consider the following standard electrode potentials and calculate the equilibrium constant at
25°C for the indicated disproportionation reaction : .
3Mn? (aq) —» Mn(s) + 2Mn* (aq)

Mna’*(aq) +e == Mn? (aq); E°=151V
Mn*(ag) + 2¢2° —>» Mn(s);  E°=-1.185V
(a) 1.2x 107 (b) 2.4x 1073 (©) 6.3x107%2 (d) 1.5% 1072
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. A galvanic cell is composed of two hydrogen electrodes, one of which is a standard one. In
which of the following solutions should the other electrode be immersed to get maximum
e.m.f. :

(a) 0.1 M HCI (b) 0.1 M H,S0, (c) 0.1 M NH,OH (d) 0.01 MHCOOH
Ag|AgCl|Cl™ (C,)]|Cl™ (C, )| AgCl| Ag for this cell AG is negative if :
(a) C,=C, (b} C; >C, () C, >C; (d) Both (a) and (c)

By how much is the oxidizing power of Cr,07" | Cr* couple decreased if the H* concentration
is decreased from 1 M to 10 M at 25°C?

(a) 0.001V (b) 0.207 V () 0441V {d) 0.414V
The temperature coefficient of a cell whose operation is based on the reaction

Pb(s) + HgCl;(ag) — PbCl,(ag) + Hg(l) is :

(ﬁj =1.5x 104 VK" at 298 K
T ),

The change in entropy tin J/K mol) during the operation is :

(a) 8627 (b} 57.9 (c) 28.95 . (d} 14.475
112, Thennodynamlc efficiency of a cell is given by :
nFE o
A (a) — (b) — (c) - AH (d) nFE
113. Calculate the value of equnhbnum constant (K ) for the reaction :
Zn* (aq) + 40H" (aq) = Zn(OH)? (ag)
Given : ' Zn2+(aq) + 2~ —> Zn(s), E°=-0.76V
Zn{OH}Z (aq) + 2¢~ — Zn(s) + 40H (aq); E°=-1.36V
’ 2. 303R—FT =0.06
(a) 10" (b) 2x 10'° (c) 10%° (d) none of these
114. Which of the following statement is false for fuel cells ?
(a) They are more efficient (b) They are free from pollution
(c) They run dll reactants are active (d) Fuel burned with O,
115. When a lead storage battery is charged it acts as :
(a) a fuel cell (1) an electrolytic cell
{c) a galvanic cell (d) a concentration cell
116. The metal that forms a self-protecting film of oxide to prevent corrosion is :
{(a) Na (b) Al (c) Cu (d) Au
117. Rusting of iron is catalyzed by which of the following ?
(a) Fe - () Zn (0 0, (d) H*
118. Which of the following is a highly corrosive salt ? .
(a) Hg,Cl, (b) HgCl, (c) FeCl, (d) PbCl,
119, The Zn acts as sacrificial or cathodic protection to prevent rusting of iron because :
(a) Egp of Zn < Egp of Fe (b) Egp of Zn > Egp of Fe

(c) Egp of Zn = Eqp of Fe (d) Zn is cheaper than iron
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120. In electrochemical corrosion of metals, the metal undergoing corrosion !

(a) acts as anode (b) acts as cathode
{¢) undergoes reduction (d) None
121. When an acid cell is charged, then :
(a) Voltage of cell increases (b) Resistance of cell increases
(c) Electrolyte of cell dilutes (d) None of these ‘
122, Electrolytic conduction is due to the movement of :
(a) electrons (b) ions
{c) atoms (d) electrons as well as ions
123. Molten sodium chloride conducts electricity due to the presence of : .
(a) Free electron (b) Free ions . . !
(c) Free molecules (d) Atoms of sodium and chlonne
124, Pure water does not conduct electricity because it :
(a) is neutral (b) is readily decomposed
(c) is almost totally unionized (d) has a low boiling point
125. The relation among conductance (G), specific conductance (x) and cell constant (I/A)is:
[ A [ S
(a)GﬁKA M) G=x l (C)GK«‘A (d) G =xaAl

126. If x is specific resistance (in S~ em) of the electrolyte solution and y is the molarity of the

solution, then A,, (in S cm 2mol™) is given by : e
1000x ¥ 1000

a) T—-- b 1000— d

(a) y (b) (¢) —— T (d) 1 000

127. Equivalent conductance can be expressed 1n terms of spec1f1c conductance (K) and

concentration (N) in gram equivalent per dm=> as:
K x 1000 kKx N
a) kx N - b)) ————— C ‘
(a) (b) N (c) 1000
128. Resistance of a decimolar solution between two electrodes 0.02 meter apart and 0.0004 m? in - -
area was found to be 50 ohm. Specific conductance (k} is : :
(a) 0.18m™ () 1Sm™ (¢} 10S m™ (d 4x10*sm™
129. Resistance of 0.1 M KCl solution in a conductance cell is 300 ohm and conductivity is °
0.013 Scm'1 The value of cell constant s :

() < x N x 1000

(a) 3.9cm” () 39m™? (¢} 39m™ (d) None of these
13Q. Ionisation constant of a weak acid (HA) in terms of A%, and A,, is: D
®° 2

(a) K, = L ®) K, =— C:,\m oo

(Am AOO) Am(Am - Am) B .
2

(0 K, = ——C—(A—)W (d) None of these A

AL (AT, —AL) ‘

131. When a concenirated solution of an electrolyte is diluted?
{a) its specific conductance increases
(b) its equivalent conductance decreases



() its specific conductance decreases and equivalent conductance increases
{d) both specific and equivalent conductance increase
132. Molar conductivity of a solution of an electrolyte AB; is 150 Scm?mol™!. If it ionises as
AB; — A* 4 3B, its equivalent conductivity will be :

(a) 150 (in Scmzeq"l) (b)Y 75 (in Scmzeq‘l)
(¢) 50 (in SemZeq!) © (d) 80 (in Scm2eq™)

133. Equivalent conductivity of Fe, (SO, ), is related to molar conductivity by the expression :
(@) Aeq = A (b) Ay =A,/3 (€) Aeq =34, (d) Agq =Ap/6

134. The limiting equivalent conductivity of NaCl, KCl and KBr are 126.5, 150.0 and151.5S cm?
eq', respectively. The limiting equivalent ionic conductance for Br™ is 78S cm2eq™. The
limiting equivalent ionic conductance for Na* ions would be :
(a) 128 ‘ (b) 125 (c) 49 (d) 50

135. The specific conductance of a saturated solution of silver bromide is x Sem ™. The limiting
ionic conductivity of Ag" and Br~ ions are x and y, respectively. The solubility of silver
bromide in gL~ is : (molar mass of AgBr = 188)

"k x 1000 K xx1000x188 o x+y 1000

a —— b 188 c
@ x-y ()x+yx © x+y K 188

136. The resistance of 0.1 N soludon of formic acid is 200 chm and cell constant is 2.0 em ™. The
equivalent conductivity (in Sem?eq™!) of 0.1 N formic acid is : '
(a 100 - (b) 10 () 1 (d) none of these

137. A conductance cell was filled with a 0.02 M KCI solution which has a specific conductance of
2.768% 1072 ohm ™" cm . If its resistance is 82.4 ohm at 25°C, the cell constant is :

(a) 0.2182cm (b) 0.2281 em™ (c} 0.2821 em™ (d) 0.2381 cm ™
138. The ionic conductivity of Ba* and CI” at infinite dilution are 127 and 76 ohm ' cmZeq™
respectively. The equivalent conductivity of BaCl, at infinity dilution (in ohm'cmZeq?)

would be :

(a) 203 - (b) 279 () 1015 . (d) 139.5
139. Unit of ionic mobility is :

(a) mv1ls! ) m?v32sl (c) m? vlg (dm32vs!

140. A%, can be obtained :

(a) by extraplotation of the graph A and +/C to zero concentration
(b) by known values of A* of AgNO,, HCl and HNO,
(c) both (a) and (b)
{d) None of these i

141. The conductance of a salt solution (AB) measured by two parallel electrodes of area 100 cm?
separated by 10 cm was found to be 0.0001 Q. If volume enclosed between two electrode
contain 0.1 mole of salt, what is the molar conductivity (Sem?mol™) of salt at same

concentration : -
(a) 10 (b) 01 {c 1 (d) none of these



142. The conductivity of a strong electrolyte :
() Increases on dilution (b) Decreases on dilution

(c) Does not change with dilution (d) Depends upon density of electrolytes
143. The increase in equivalent conductance of a weak electrolyte with dilution is due to :

(a) Increase in degree of dissociation and decrease in ionic mobility

(b) Decrease in degree of dissociation and decrease in ionic mobility

(¢) Increase in degree of dissociation and increase in ionic mobility

(d) Decrease in degree of diSsociation and intrease in ionic mobility
144. Strong electrolytes are those which :

(a) Conduct electricity (b) Dissolve readily in water
(c) Dissociate into ions at high dilution (d) Completely dissociate into ions
145. The electric conduction of a salt solution in water depends on the :
(a) Size of its molecules . (b) Shape of its molecules
(c) Size of sqlvent molecules {d) Extent of its ionization
146. A graph was plotted- between molar conductivity of various electrolytes (NaCl, HC! and
NH,OH) and v/C (in molL™). Correct setting : ~a

Molar conductivity
a1 //

(a) I(NaCD, I(HCD), IMI(NH ,OH)
(b) I(HCY), TI(NaCl), HI(NH,OH)
(c) I(NH,OH), I1(NaCl), II(HCI)
(d) 1(NH,OH), I(HCD), HI(NaCl)
147. Which of the following is arranged in increasing order of ionic mobility ?

(a) I” <Br” <ClI” <F (b) F” <Cl” <Br~ <I"
(@ F <I” <ClI” <Br~ {(d) F~ <Cl” <I” <Br~
148. HNO;(aq) is titrated with NaOH(aq) conductometrically, graphical representation of the

titration as :

: :
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149. Which of the following plots will obtained for a conductometric titration of strong acid against
a weak base?
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150. Conductometric titration curve of a equimolar mixture of a HCl and HCN with NaOH{aq)is :
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1. In the Hall process, aluminum is produced by the electrolysis of molten Al,Q ; by the following
reactions. How many second would it take to produce enough aluminum by the Hall process to
make a case of 24 cans of aluminum soft-drink, if each can uses 5.0 g of Al, a current of 9650
amp is employed, and the current efficiency of the cell is 90.0%:

(a) 203.2 (b) 148.14 (c) 333 (d) 6.17

2. 108 g fairly concentrate solution of AgNO3 is electrolyzed using 0.1 F of electricity. The weight
of resulting solution is : )

(a) 94 g (b) 116 g {c) 964 ¢ (d) None of these

3. The electrolysis of acetate solution produces ethane according to reaction :

2CH,C00~ — C,Hg(g) + 2C0,(g) + 2¢7

The current efficiency of the process is 80%. What volume of gases would be produced at 27°C
and 740 torr, if the current of 0.5 amp is passed through the solution for 96.45 min?
(a) 60L (b) 0.60 L (c) 1.365L {(d) 091 L

4. A layer of chromium metal 0.25 mm thick is to be plated on an auto bumper with a total area
of 0.32m? from a solution containing CrO%? What current flow is required for this

electroplating if the bumper is to be plated in 60s? The density of chromium metal is
7.20g/cm?.
(a) 4.9x10%A (b) 1.78x 10°A (@) 53x10%A (d) 10.69x 10°A

5. 100 mlL of 0.05 M CuSO,(aq) solution was electrolyzed using inert electrodes by passing
current till the pH of the resulting solution was 2. The solution after electrolysis was
neutralized and then treated with excess Kl and formed I, titrated with 0.04 M Na,S 205
Calculate the required volume (in mL) of Na,5,0; :
(a) 112.5 mL (b) 100 mL (c) 125 mL (d)} None of these

6. If the equilibrium constant for the reaction H* (aq) + OH ™ (aq) == H,0(D is 10'? at certain
temperature then what is the E° for the reaction, 2H,0(D) + 26~ = H,(g) + 20H (aq)

_ 2.303RT
" F

Given =0.066

(a) 1.230V (b) -0.858V () -0.80V (dy -0.8274V
7. A fuel cell develops an electrical potential from the combustion of butane at 1 bar and 298 K
C,Ho(g) + 6.50,(g) —> 4C0O,{g) + 5H,0(); A,G°=-2746 k}/mol
What is E° of a cell?
(a) 474V (b) 0.547 V {c) 437V (d) 1.09V
8. The cell Pt|H,(g, 0.1 bar)|H" (aq), pH = X||CI™ (ag, 1 M)|HgCl,|Hg|Pt,
has e.m.f. of 0.5755 V at 25°C. The SOP of calomel electrode is —0.28V, then pH of solution
will be :
(a) 11 {b) 4.5 (c) 5.5 (d)} None of these -
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9.

10.

11.

12.

13.

14.

15.
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For a cell reaction 2H,(g) + O ,(g)—— 2}1,0()) A,S;% = - 0.32 kJ/K. What is the value of -
AfHSog (H,0, 1R

Given:  O,(g)+ 4H"(aq) + de™ —- 2H,0(1); E°=1.23V

(a) —285.07 ki/mol (b) -570.14 kJ/mol.
(c) 285.07 &kJ/mol {d) None of these

What is the potential of an electrode which originally contained 0.1 M NO3; and 0.4M H'
and which has been treated by 80% of the cadmium necessary to reduce all the NO3 to NO(g)

at 1 bar?

Given: NO3 +4H™ + 3¢” ——s NO+2H,0; E°=0.96V; log 2= 0.3

(a) 0.84 Vv (b) 1.08V
(e) 123V (dy 1.36V

The standard reduction potential of normal calomel elecirode and reduction potential of

- saturated calomel electrodes are 0.27 and 0.33 volt respectively. What is the concentration of

Cl” in saturated solution of KCI?
{a) 0.1 M {b) 0.01 M (c} D.001 {d) None

Determine the potential of the following cell :
Pt|H,(g, 0.1 bar}|H" (ag, 10™ M)||MnO, (ag, 2.1 M),
Mn*(aq, 0.01 M),H' (ag, 0.01 M) | Pt )

Given: E° =151V

MnOF| Mn 2t
{a) 1.54V (b) 1.48Vv {c) 184V {d} none of these
Copper reduces NO; into NO and NO, depending upon concentration of HNO, in solution.
Assuming [Cu® 1= 01M, and Pyo = Pya, =107" bar. Ar which concentration of HNO,,
thermodynamic tendency for reduction of NOj; into NO and NO, by copper is same?

jou = F 0.34 volt, E-Nogmo =+ 0.96volt, ENO§|N02 =+ 0.79volt]

(@ 10'% M (b) 10 u @10 M (@ 102y
For the cell, Pt|Cl,(g, 0.4 bélr) ICl™ (ag, 0.1 M}||C]l " (aq, 0.01 M) |Cl,(g, 0.2bar)| Pt

The measured potential at 298 K is:
(a) 0.051V (b) -0.051V {c) 0.102V (d) 0.0255V

The chlorate ion can disproportionate in basic solution according to reaction,
2C103 == ClO; +Clo;

{Given : Eé’uH

What is the equilibrium concentration of perchlorate ions from a selution initially at 0.1 M in
chlorate ions at 298 K?

Given: E° =0.36Vand E° =033V at 298 K

clog| ciog Clo3 |l

(a) 0.019 M (b) 0.024 M {c) 0.1 M (d) 0.19 M



16. Acell aiagram shown below contains one litre of buffer solution of HA(pK, = 4) and NaA in

17.

18.

19.

20.

21,

22,

both compartment. What is the cell cm.[?

I MR R R T A A

i
- < Halg) : 1bar

i w—— Halg) :1har

A {ag, 0.1 M) HA {aq, 1 M)
and and

NaA (uy, 1M} NaA {ag, 1 M)
(a) 0.03V ) 0.06V . {0 -0.06V (d) None of these
Given the cell : Cd(s) |Cd(OH),(s)|NaOH(ag, 0.01 M)|H,(g, 1 bar)| Pt(s)
with E_, =0.0V. If E(‘:’dﬂlod =—0.39V, then K, of Cd(OH,} is :
{a) 0.1 () 10713 (©) 107 (d)} None of these
Calculate the e.m.f. (in V ) of the cell :

Pr|H,(g) | BOH(aq) |[HA(aq) |H, ()| Pt
Olbar 1M 0.1 M 1 bar

Given: K, (HA)= 107, K,(BOH)= 107"
(a) 0.30 V (b) 0.36 Vv {c) 093V (d) None of these

Calculate the potential of a half cell having reaction :  Ag,S(s) + 2~ <= 2Ag(s) + $* (aq)in
a solution buffered at pH = 3 and which is also saturated with 0.1 MH,5(aq):

[Given: K, (Ag,5) =107, K, K, =107']

(a) 1.18 (h} 0.19 (c) —0.19V (d) none of these

The conductivity of 0.1 N NaOH solution is 0.022 § cm ™' When equal volume of 0.1 N HCl solution
is added, the conductivity of resultant soludon is decreases to 0.0055Scm™. The equivalent
conductivity in Scm *equivalent™ of NaCl solution is :

{a) 0.0055 (b) .11 (c) 110 (d) None of these

In above question after formation of NaCl, further 0.1 N HC] is added, the volume of which is
double to that of the first portion added, the conductivity increases to 0.018 Sem ™. The value

of A.q (HCI) is [assume no change in conductivity of NaCl (aq)] :

(a) 330S cm?eq” (b) 305 S cmZeq™

(c) 4158 cm?eq™" (d) 3608 cm?eq™

Given the following molar conductivides at 25°C: HCI, 426 Q7" cm?mol™; NaCl,
126 Q' emZmol™; NaC (sodium crotonate), 83Q 'cm®mol™. What is the ionization
constant of crotonic acid? If the conductivity of a 0.001 M crotonic acid solution is
3.83x 10 Q'em™ ? :

{a) 107 (b) 1.11x 10°° (© 1.11x 107 (d) 0.01

43



23.

24,

25,

26,

27.

28.

Equivalent conductivity of BaCl,, H,S0, and HC, are x,, x, and x; Scm™leq™ at infinite
dilution. If conductivity of saturated BaSO, solution is x Sem™, then K,, of BaSO, is:

(@ —_ 590x ) 10°x?

(%1 + x5 — 2x3) (3 + x, ~2x,)°
(@) 25 10° x? @ 0.25x*

(x; + x5 — x3)° (x; + x5 —x3)*

The conductivity of 0.001M Na,SO, solution is 2.6x 10* Scm™ and increases to
7.0 x 107* Scm™!, when the solution is saturated with CaSO 4- The molar conductivities of Na*
and Ca® are 50 and 120Scm?mol ™, respectively. Neglect conductivity of used water.

What is the solubility product of CaSO,?
(a) 4x 107 (b) 1.57 x 1073
() 4x 107~ (d) 2.46x 10°°

The ionization constant of a weak acid is 1.6 x 10™° and the molar conductivity at infinite
dilution is 380 x 107 S m?mol . If the cell constant is 0.01 m™! then conductance of 0.01 M

acid solution is :
(a) 1.52x107°S§ (b) 1.52 S -

(© 1.52x 102 S (d) 1.52x 107 §

Three electrolytic cells X, Y, Z containing solution of NaCl, AgNO 3 and CuSQ, respectively
are connected in series combination. During electrolysis 21.6 gm of silver deposite at cathode
in cell ¥. Which is incorrect statement. '

(a) 6.35 gm copper deposite at cathode in cell Z

(b} 2.24 litre Cl, liberated at 1 atm and 273 K at cathode in cell X

(¢} 2.24 litre O, liberated at 1 atm and 273 K at anode in cell ¥

(d) 2.24 litre H, liberated at 1 atm and 273 K at cathode in cell X

During electrolysis of H,SO, (aq) with high charge density, H,S,0, formed as by product. In
such electrolysis 22.4 L H,(g) and 8.4 L.O,(g) liberated at 1 atm and 273 K at electrode. The
moles of H,S,04 formed is :

(a) 0.25 - ) 050 (c) 0.75 (d) 1.00
Zn(s) | Zn(CN)§ (0.5M), CN™ (0.01) || Cu(NH; )2 (0.5M), NH,(1M) | Cu(s)
Given: K, of Zn(CN),* =10'° | K; of Cu(NH3)3" =10",
o R - 2.303RT _ -
E, igpe2 =076V ; ECu+leu =034V, — =0.06 .

The emf of above cell is :
(a) 1.22 V () 1.10V ' (c) o098V (d) None of these
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pussoer 1

’ 1 : : H
‘ Zn(s) ———# | za2+ INNOjCLR* Cu(s).
L 11.(11\»:)5(1:\40@(11\»0k |

A Galvanic cell consist of three compartment as shown in figure. The first compartment |
. contain ZnSO,(] M) and LI compartment contain CuSO, (1 M). The mid compartment
contain NaNQ,(1 M). Each. compartment contain 1 L solution : !

E;nh,z’n =-076 EZ,. . =+034
1. The concentration of Zn 2 in first compartment after passage of Q.1 F charge will be:
(@ 1M ) 1.05 M () 1.025 M (d) 05 M
2. The concentration of NOj in mid compartment after passage of 0.1 F of charge will be :
(a) 0.95 M (b) 0.90 M (c) 0.975 M (d) 1.05 M
3. The concentration of SO4™ ion in III compartment will be :
(a) 1.05 M (b) 1.025 M (c) 095 M (d) 0975 M

POSSLGE 2

The cell potential (E ;, ) of a reaction is related as AG = — nF E;, where AG represents max.
useful electical work

i = no. of moles of electrons exchanged during the reaction
for reversible cell reaction d(AG) = (&, V)dp-- (A,S). dT

at constant pressure A(AG) = - (A, S)-dT |
.+ At constant pressure AG = AH T -AS ...(1) ‘
AG = AH + T(f{@—@] . (2)

ar /,

dE . .
(—--‘—C!‘-J is known as tempetature coefficient of the e.m.f of the cell
P
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+1. The temperature coefficient of the e.m.f. of cell, (%} is given by :
P

nF AS AS
(a) As - M = (© s (d) -nFE
2. At 300 X, AH for the reaction
Zn(s) + AgCl(s) — ZnCl, (aq) + 2Ag(s) is
~218 kJ/mol while the e.m.f. of the cell was 1.015 V. (%) of the cell is :
P

(a) ~4.2x 1074 vK™? {(b) -3.81x107%vK!
() 0.11vVK™? (d) 7.62x 10~ VK?
3. Coiculare AS for the given cell reaction in Q. no. 2 :

{a) —73.53J/Kmol (b) 83.53.J/K mol (c) 100J/K mol (d) none of these

"PASSAGE 3 ..
Molar conductivity (A ) is defined as conducting power of the ions produced by 1 mole of
an electrolyte in a solution. A, = -;where k is conductivity (in Sem2mol~! ) and C is molar

-

concentration (in mole/cm *) :
The molar conductivity of 0.04 M solution of MgCl, is 200 Scm3mol™ at 298 K. A cell with
electrodes that are 2.0 em 2 in surface area and 0.50 cm apart is filled with MgCl, solution.

1. Conductance of MgCl,, solution is :

(2) 8x 10738 (b) 325 (c) 0.0325 {d) None of these'
2. How much current will flow when the potential difference between the two electrodes is 5.0 V?
(a) 156.25 A (b) 0.16 A (c) 160 A (d) None of these
PASSAGE 4

In a hydrogen oxygen fuel cell, electricity produced. in this process H, (g }is oxidised at anode
and 0,(g) reduced at cathode.

Given : Cathode O,(g) + 2H,0(1) + 4~ —— 40H " (aq)
Anode H,(g) + 20H" (aq) —> 2H,O ([} + 2¢~ !
4.48 litre H, at 1 arm and 273 K oxidised in 9650 sec.

1. The current produced is (in amp) :

(a) 1 amp (b} 2 amp {c) 4 amp (d) 8 amp
2. The mass of water produced is :
(a) 7.2 gm (b) 3.6 gm {c) 1.8 gm (d) 0.9 gm

8. If current produced in fuel cell, use for the deposition of Cu*? in 1 L, 2M CuSO 4 (ag) solution

for 241.25 sec using Pt electrode. The pH of solution after electrolysis is :
(@1 - ()2 () 3 (d) 4



 PASSAGE

A saturated solution in AgX(K, =3x107'?) and AgY(K, = 107%2) has conductivity
0.4x10° 0 em ™. o
Given : Limiting molar conductivity of Ag™ = 60 Q lem?*mot™?

Limiting molar conductivity of X~ =90 0" em?mol ™!

1. The conductivity of ¥~ is (in Q™ em™): -
(a) 1.45x 1077 (b) 1.45x107°

(c) 1.45x107° : (d) None of these
2. The limiting molar conductivity of Y~ is (in Q™ em?mol™?):
(a) 290 (b) 2900 {c) 2.90 (d) None of these

-~ : . .
f\__/ ONE OR MORE ANSWERS IS/ARE CORRECT

1. If the e.m.f of a galvanic cell is negative, it implies that :
(a) the cell reaction is spontaneous
_(b) the cell reaction is non-spontaneous
(¢) the cell reaction is exothermic
(d) the cell is working in reverse direction
2. Select right statement(s) about electrolysis :
(a) Electric current is used to drive a non-spontaneous reaction
(b) AG is positive for chemical process during electrolysis
(c) Cations and anions are moved toward the anode and cathode respectively
{d) Over voltage is generally associated with evolution of O, gas

n7

3. If the half-cell reaction A + e —— A~ has a large negative reduction potentials, it follows

that :
(a) A is readily reduced (b) A is readily oxidised
(c) A~ is readily reduced (d) A is readily oxidised
4. Which of the following statement is correct? - '
If EC"UZ,,'Cu =034V and E;n2+18n =-0136V, E;+|H2 =-00V
(a) Cu?" ions can be reduced by H,(g) (b} Cu can be oxidized by H*
{¢) Sn? ions can be reduced by H; (d) Sn can be oxidized by Cu®
5. The oxidation potential of hydrogen half-cell will be negative if :
(@) p(H,) =1atm and [H*]1=1M (b) p(Hy)=latmand [H']=2M
(¢) p(H,)=0.2atm and (H*']=1M (d) p(H,)=0.2atm and (H'1=0.2M

6. Which of the following arrangeméht will produce oxygen at anode during electrolysis?
(2) Dilute H,S0, with Pt electrodes
(b) Fused NaOH with inert electrodes

"‘i



I

. R e e B L

(¢} Dilute H,SO, with Cu electrodes -
(d) Concentrate ag. NaCl with Pt electrodes ‘

When an aqueous concentrate solution of lithium chloride is electrolysed using .inert
electrodes : ' :

" (a) Cl, is liberated at the anode

10.

11.

12,

13.

14.

-fairly concentrate aqueous solution of :
. (a) K,80, (b) AgNO, (¢) H,80, (d) NaOH

(b) Liis deposited at the cathode .
(c) as the current flows, PH of the solution around the ¢cathode remains constant
(d) as the current flows, pH of the solution around the cathode increases

Oxygen and hydrogen gas are produced at the anode and cathode during the electrolysis of

During the ﬁurification of copper by electrolysis ;

(a) the anode used is made of COpper ore

(b) pure copper is deposited on the cathode ,

(c) the impurities such as Ag, Au present in solution as ions

-(d) concentration of CuSO, solution remains constant during dissolution of Cu

When a lead storage battery is discharged :

(a) SO, is evolved

(b) lead sulphate is produced at both electrodes

(c} sulphuric acid is consumed

(d) water is formed

Which of the following is characteristic of the cathode in a voltaic cell?
(a) It may gain weight during reaction B
(b) Electrons flow to it through the external circuit

(c) It is where oxidation occurs

(d) It received electrons from ions in solution

‘In an electrochemical process, a salt bridge is used :

(a) to maintain electrical neutrality in each solution

(b) to complete the external circuit so that current can flow for long time

(c) to mix the solution of anodic¢ and cathaodic compartment

(d) to supply voltage : . :

For a reaction in a galvanic cell the value of —AG® at certain temperature is not necessarily

equal to : 7 .
(a) nFE° (b) RTInK e} T-AS°— AH® (d) zero
Standard electrode potential of two half-reactions are given below :

Fe? ==Fe  E°=_0.44V
Fe* ==Fe* poe=i077V

If Fe*, Fe* and Fe are kept together :

(a) the concentration of Fe* increases (b) the concentration of Fe** decreases
(c) the mass of Fe increases - (d) the concentration of Fe** decreases

[
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17.

18.

19.

20.

21.

22,

Which of the following statements are correct regarding to galvanic cell?

(a) A reaction is spontaneous from left to right if E oy >0

. (b) A reaction occurs from right to left if E.y <0 o .
(c) If the system is at equilibrium no net reaction occurs '
(d) Eeep is temperature-independent ‘

Which of the following are concentration cells?

(a) Pt|H,(g)|HCl{H,(g)|Pt
3] Py A

(©) Zn(9)Zn*|Cu™ |Cu (d) Ag|AgCl i'ccr (ag) || Br~ (aq) | AgBr|Ag
1 2 1 2

. (b) Cd, (Hg)cd*|(Hg),Cd
. a]. (C) ﬂz

In electrolyte concentration cell :

(a) the electrode material and the solution in both half-célls are composed of the same .

substances
(b) only the concentrations of solutions of the same substances is different
() ESy =0 a
0.0591
n

(d) the Nernst equation reduces to By = —[ ]log Q at 25°C

The standard electrode potential of a metal-metal ion (Ag|Ag™ ) and metal-sparingly soluble
salt anion (AglAgClCl™) are related as :

°, =E° RT ) Eo e RT
(a) EAS+|A8 - ECl_lAgCHAg + F In KSP (b) EC1_|AgCl!Ag _-EAg+|Ag + F In Ksp

o e _ RT [Cl_] o o 3 RT Ksp
(C) ECl'lAgCHAg = EAg+|Ag F in —j_(_— (d) EClr|AgC]lAg _EAg+|Ag ? In [_CIT]

. P
Which of the following units is correctly matched?
(2) SI units of conductivity is S m™* :

~(b) SI units of molar conductivity is § emZmol

(¢) S unit of conductance is g1 \
(d) All of these :

Which of the following statements is/are correct? .

(a) The conductance of one- cm? (or 1 unit®) of a solution is called specific conductance

(b} Specific conductance increases while molar conductivity decreases on progfessive

&

dilution

(¢) The limiting equivalent conductivity of weak eiectrolyte cannot be determine é}-c.aét-ly-by-

extraplotation of the plot of A, against vc
(d) The conductance of metals is due to the movement of free electrons

Which is/are correct statement ?

‘() No corrosion takes place in vacuum’

(b) corrosion protecﬁng by electroplating

{¢) During rusting Fe,05 - xH,0 formed .

(d) In presence of electrolyte, corrosion takes place with greater rate

A dilute solution of KCl was placed between two Pt electrode 10 cm apart across which a
potential difference of 10 volt was applied. Which is/are correct statement (Given : molar
conductivity of K* at infinite dilution is 96.5 Sem?® mol ) ‘

+
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Which' is/are correct statement ?
(a) Jonic mobility of K* is 1073 cm 2 sec™? volt 1.
(b) The speed of K* is 1073 ¢m sec™!.

* (¢} Distance travelled by K* is 5x 10% sec is 5 cm.

23.

24.

25.

(d) The potential gradient is 1.0 volt em !,
Given : Pt(s) | H,(g)]0.1M NH,OH (aq) || 0.1M CH,COOH (aq) | Hy(g)| Pe(s)
1bar lbar

PK 4 (NHOH) = 5; pK,, (CH,COOH) = 5 -zi;’@ =0.06

Volume of 0.1M NH,4OH in anode half cell = 100 mL,
Volume of 0.1 M CH;COOH in cathode half cell = 100 ml,
Which is/are correct statement ?
(a) The emf of given cell is 0.48 v
(b) The emf of given cell is 0.36 V when 50 mL, 0.1 M NaOH added to cathode compartment
(¢} The emf of given cell is 0.36 V when 50 mL 0.1 M HCI added to anode compartment
(d) The emf of given cell is 0.192 V when 100 mL 0.1 M NaOH added to anode compartment
Given : Pt(s)|Cl,(g) | CI™(C,) || ClI™(C,){Cl,(g) | Pt(s
Py atm Py atm N
Identify in which of following condition working of cell takes place :
(@) Cy>Cyand P, =P, ‘ (M) P, >P andC, =C,
(©)Cy <Cyand P, =P, (d) P, <P and C, =C,
1000 mL 1M CuSO,(aq) is electrolysed by 9.65 amp current for 100 sec using Pt-electrode.
Which is/are correct statement ? :
(a) Blue colour intensity decreases during electrolysis.
(b) Blue colour intensity remains constant if Cu-electrode used.
(c) pH of solution is 8 after electrolysis.

(d) 28 mL of CH, at 1 atm and 273 K required to its combustion by Q,, liberated during
electrolysis. .

2 MATCH THE COLUMN

N

Column-I and Column-II contains four entries each. Entries of Column-I are to be matched with
some entries of Column-II. One or more than one entries of Column-I may have the matching with

the same

)

entries of Column-I1

o Conimat R e 0 Golwmncn™ T 7
(A) Dilute solution of HC! (P) O, evolved at anode
{B) Dilute solution of NaCl (Q) H, evolved at cathode
(C) Concentrate solution of NaCl - (R} Cl, evolved at anode

(D} Fairly concentrate solution of AgNO, (S) Ag deposition at cathode



—_————— 3}

- - — L —— ———— - Jp—— — —

Column-! I |' K Column-IJ ]
(A) If SOP of substance is exist between- (P) Oxidation of substance is not possible
~1.2310 -0.81V
(B) 1f SOP of substance is exist between ,(Q) Oxidation possible only in acidic medium
~0.81V t0 —0.40V '
(C) If SOP is less than -1.23 V (R) Oxidation possible in any medium
(D) If SOP is greater than -0.40 V . (8) Oxidation easily takes place
3. . Column-1 _] | ' Column-I1 (SRP)— - T 1
(A) F, + 2~ == 2F . (Py 0.54
(B) Cl, + 2" = 2CI° (Q) 1.09
(C) Bry + 2¢” == Br~ (R) 1.36
(D) I +2¢" === 2BI’ e 287 f
4. r i Column-I ] r . Column-TI
(A) Pt|Fe, Fe® , 1{P} Metal-metal jon half-cell
(B) Pt}H,|H" (Q) Gas-gas ion half-cell
(9] Pt|l—lg|I—Ig§+ . (R) Oxidation-reduction half-cell
() Pb|pb_s.o4iso§- o '_(S) Metal sparing soluble salt half-cell
5. i“ - Columa-I (Property) : l l Colqrf:n-—ll (Unit) h .. 1
(A) Conductance (P) Sm™!
{B) Conductivity @ s'm
(C) Molar conductivity ' ' (R) Sm?mol™
{D) Resistivity (B s
6. [ Column-I1 (Ien) : ] | Columa-1I (Molar Conduc_l;\:'i;y_)—h 1
(A) H' . "(P) 350
(B) Na* Q) 50
© Li* ®) 39
(D) Gs' . i L&) 77
7.1 Columnd ] r . column-H T h
' (A) Galvanic cell _ (P) Used in space craft
(B) Electrolytic cell . (@) No transformation of electrical energy

into chemical energy
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(C) Dead battery (R) Cell reaction is spontaneous ¢

(D) Fuel ceil (8) Cell reaction is non-spontaneous

C ASSERTION-REASON TYPE QUESTIONS -

Each question containg STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statements carefully and mark the correct answer according to the instructions
.. given below : . _
" (A) If both the statements are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1
(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT1 |
(C) If STATEMENT-1 is TRUE and STATEMENT.2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT.2 is TRUE
1. STATEMENT-1: EZ, is negative for electrolytic cell.
STATEMENT-2 : AG®is +ve for electrolytic cell.
2. STATEMENT-1: When 2 faraday of electricity is passed through 0.1 M H,50,(aq), 11.2
litre O, evolved at STP '
STATEMENT-2 : Molecular weight of oxygen is 32.
3. STATEMENT-1: Copper is dissoived at anode and deposited at cathode when Cu
. electrodes are used and electrolyte is 1 M CuS0, (aq) solution.
STATEMENT-2 : SOP of Cu is less than SOP of water and SRP of Cu is greater than SRP of
water.
4. STATEMENT-1: 1 coulomb electricity deposits 1 g-equivalent of a substance.
© STATEMENT-2 : 1 faraday is charge on 1 mole of electricity.
S. STATEMENT-1: If SRP of substance is — 0.3V, it's reduction is possible at cathode.
STATEMENT-2 : Reduction potential of water exist between 0 to —0.8274 V at 25°C.
6. STATEMENT-1 : If SRP of substance is -0.5 V then reduction of substance is possible only
in basic medium.
STATEMENT-2 : SRP of water is ~-0.8274 V and at reduction potential is zero at pH=7
7. STATEMENT-1: The voltage of mercury cell remains constant for longer period of time.
STATEMENT-2 : It is because net cell reaction does not involve ions.
8. STATEMENT-1: Lead storage battery is a galvanic cell without salt bridge.
STATEMENT-2 : A secondary cell is rechargeable cell,
9. STATEMENT-1: The SRP of three metallic ions A, B,C are -0.3,-0.5, 0.8 volt
respectively, so oxidizing power of ions isC > A4 > B. :
STATEMENT-2 : Higher the SR higher the oxidizing power.
10. STATEMENT-1: If SOP of substance is less than ~1.23 V and over voltage = 0 V, then it’s
, oxidation in it's aqueous solution is not possible at 298 K.
STATEMENT-2 : Standard reduction potential (SRP) of water is + 1.23 V.,
11. STATEMENT-1: We.cannot add the electrode potential in order to get electrode potential
. of third electrode if no. of moles of electrons exchanged are not same.,
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STATEMENT-2 : Electrode potential is an extensive property. o

12. STATEMENT-1: EJ; = O0for a chloride ion concentration cell.

STATEMENT-2 : For this concentration cell where E oy = RT In E’l_-_]‘-_“i

nF  [Cl" Jgys
dE - .
13. STATEMENT-1: if (-—E“T—‘f“—] 1 0 for a cell reaction then AS is positive.
[

'STATEMENT-2 : AS = nFT (;‘E]
dT /, .

14. STATEMENT-1: Molar conductivity increases with decrease in concentration for weak

electrolytes. _
STATEMENT-2 : No. of ions increases and no. of ions per unit volume decreases due to

dilution. - . ]

15. STATEMENT-1: Conductivity decreases with the decreases in CONtemrration both the weak '
and strong electrolytes. ) ~

No. of ions per unit volume linearly decreases in both electrolyie.

“-4-\

s . . -

-

' SUBJECTIVE PROBLEMS -
1. How many faradays are required for reduction of 1 mol C4HgNO, into CgHsNH, ?

2. What is the equivalent weight of 0, in the following reacuon, H,0 + 1202 + 2" —> 20H7?

3. The amount of electricity which releases 2.0g of gold from a gold salt is same as that which
dissolves 0.967 g of copper anode during the electrolysis of copper sulphate solution. What is
the oxidation number of gold in the gold state ? (At. wt. of Cu = 63.5; Au =197)

4. When a molten salt was electrolysed for 5 min with 9.65A current, 0.72g of the metal was
deposited.
Calculate the Eq. wt. of metal. .

5. During the electrolysis of a concentrated brine solution. Calculate the moles of chlorine gas . .
produced by the passage of 4F electricity. o

6. Calculate the cell potential {in V) if AG =-965kJ/mol and n =1.

7. If K, for the reaction p
Cu? (aq) + Sn* (ag) —> sn** (aq) + Cu(s)
at 25°C is represented as y 10° then find the value of y.
(Given : E_ s 5, =034V; Eg avgpee = 015Y)

8. If AG® for the half cell MnQZ|MnO, in an acid solution is xF then find the value of x.
(Given : E =125V) -

MnOzMn%* =15V;E MnO;IMn2* . _ .
9. If the equilibrium constant for the reaction Cd?* (ag) + 4NH;z(aq) == Cd(NH3)%* (aq) is 10°
then find the value of x. . ‘
' (Given : Ecdzch =-0.04V; Ec;d(NH-,-)ﬁﬂod ='-0.61V)

N




PROBLEMS IN CHEMISTRY

[Passage-lz 1. (o) 2. {a) 1 (d)‘
Passage~2: 1. (b) 2. (b 3. (a
Passage-3: 1. (o 2. (o)

Passage—4: 1. (& 2 (b 3 (B

Passage-5: 1. {(a) 2. (a)
L .

One or More Answers is/are correct

. (bd 2 @bd 3 @ 4 @d & b 6 @p 1 ad Bacd,

9. (abd) 10, (bcd) 11 (ab} 12. (a) 13 .(b,d) 14, (b 15. {a,bc) 16 (a,b,d)
17. (a,bc,d) 18.  (b) 19. {(a) 20. (a,cd). 21. (abedr 22 (abed 23 (a,b.ci 24. {(ab) -uf

25. (a,b,d)

Match the Column

1. A—-P, Q; B»P Q C—oQR; D—P, S

2. A-Q; -B-R; C—P; D—-§ R : FN
3. A->S; B R; C-oQ; D—>P -

4., A—>R; B—o Q; CH P DS

5. Ao S; B> P; C—=R; D->Q

6. A P; B Q; C-R; D—S§

7. A->Q, R; B—S; C-Q; D—»P QR

Assertion-Reason Type Questions )
1. (A 2 (B) 3. (C) 4. (D) 5. (A) 6 {0 1A 8. (B) g (A)  10. () .
M © 128 13 14 A 15 (C)

Subjective Problems

.6 28 33 46 52 61 16 &5 987 17

1. 3 12. 8 1. 4 14. 4 15. 7



~ Hints

Level1
6. (c)1F =96500C,

- - —_— —

23
C=6023 X].O =6.24X1018
96500
10. (c) 0.55 %3 0.55x100 x60
M 96500
= M =48.25g/mol
13. © _V£= I xt : 0.195 wd Sx 60 %60 xI’
E 96500 195 96500
I=21.44
15. (d) When 1 mole of ¢~ passed, wt. of substance
deposited .
1x6.023x10%
=————————= 3340 =eq. Wt
1.81 <102 g-eq

. atomic wt. of metal = 3.34 x3=10.03¢g
16. (c) 1 mole Mn 0, lose [6 - %) x3=10mole

€7; 50 total charge required = 2x10= 20 F

4 xt
28. Lett secb d; No. of faradays =
(b} 5 e use aradays 96500
No. of moles of H;0 = 4, no. of equivalents
of H,0 = 4 x2
4 xt —4x2
96500

= t =1.93x10°
29. (c) only Au®*, Ag* and Cu®" will deposit at

cathode.

Li will not deposit at cathode because SRP of
water is -0.8274 V so after Cu?*; H, will

evolve at cathode,

30.. (d)E X2 4.6 x30 x 60
M 96500

moles of Sn* reduced = 0.043
Initial moles of Sn?* = 0.5 x 0.6 = 0.30;
remaining moles of Sn2* =0.30 - 0.043
5n%*1=227 _o514m
0.5

,—— - o

and Solutions

32. (d) Initial moles of Cr** =0.25 x0.2= 0.05;

final moles of Cr** =0.25x0.1= 0.025
moles of Cr** reduced,
0.05-0.025= 0.025

. eq.0fCr®* reduced, 0.025 x 3= X255,
96500
t =75sec

34, @)W xnotxt . 0838

M 96500° 184

_40x60x1.0
96500

= n=6

38. (d)no. ofeq=no. of F = 2990 ;8. ¢53
122.5

W 1930 x0.75

40. (a) —=——-=""; W =0.105
@ 7 96500 gm

41. (a) equivalents of Cl, produced
. _ 1000  9.65 x 3600
96500

=360

moles of Cl, =180
-ART - 180 x 0.0821 x 300
P 1.8

so V=

=2463L

42. (c) No. of equivalent of H, produced = Eq. of O 2
_ Ixt  30x193x60

96500 96500
=3.6

vol. of O, and H, produced are
=3.6x5.6+3.6x11.2
= 60.48 litre

43. (&)1 watt=1J/sec; 1 kWwh =

VxI xt
1000
" Total kWh =107 x110 x10 x10 = 11
Total cost =11 x 2= 22Rs.
45. (b) 10 g Cd should present with 90 g Hg.

wt. of Cd required with 4.5 g of Hg at
cathode

=%g- x4.5= 0.5; (Cd?+ 2 — Cd)

(in hr)




146. (b) Ionic molar conductivity of H* is very high
and NH,OH is a weak electrolyte.

150. (d) Molar conductivity of H* and OH™ are very
high as compare to other ions.
Initially conductance of solution sharply
decreases due to consumption of free H'
then increases due to formadon of salt
(NaCN) and After complete neutralization
further sharply increases due to presence of

OH
Level 2 |
1. (b) No. of equivalent of aluminum, W _Ixnxt
E 96500
24 x5 w3 2650 x 0.9 xt
27 96500
t =148.14 sec

2. {c) AtAnode:
2H,0() — 4H'{aq) + O,{g) + 4¢
At Cathode : Ag*(ag) + e — Agls)

Eq. of O, evolved = Eq. of Ag formed = 0.1

01%32 01108

Total loss in wt. =

= 0.8+108=11.6
wt. of final soludon =108 -11.6 = 96.4¢g

. (I xm)xt
3. (d alents of CO duced =————
(d) Equivalents o 5 produce 96500

. 0.5x0.8 x96.5x60 =0.024

96500
moles of CO, {n =1) produced = §.024

moles of C,H, (n = 2) produced

= 0'0224 =0.012

Total moles of gases produced = 0.036
y . mRT _0.036x0.0821 x 300

R
760

= 0.91 litre
4. (d) Total volume of metal layer
=0.25x0,32x107
= 0.08x10° m®
Total wt. of chromium layer
=0.08 x7.20 x10% x10™ =576 g
576 1 x60
22 x6=
52 96500
1=10.69x10* A

S. (a) Initial m moles of Cu®* =5
m-eq. or m-moles of H' produced
=100x102 =1

= m-motes of Cu?* converted into
1

Cu===05
2
m-moles of Cu?* remaining in solution
=5-0.5=45
2Cu + 4 —— Cuyl, + 1,
and 1, + 2NaS,0; — 2Nal+ Na, 8,0
m-moles of Cu®* remaining = m-moles of
- Na,8;,0,
45=0.04xV .—-,.‘r/rV= 112.5mL
6. (b) 2H,0(D = 2H:(ag) + 20H (aq); AGY
2H* (a) + 26~ = H,(g); AGS
2H,0(D + 2¢” = H,(g) + 20H (aq); A,G3
AGS = AGS + AGS
-2xF xE®=~RT In 10726)~2xF x0

0.0266 log (10%)

=-0.858V
7. (d) To find n we break the cell reactien into two
half cell reduction
Anode :
13H,0(D—> 6.50,(8)+ 26H" (aq. ) + 26¢
Cathode :
4CO,(g) + 26H" (aq. )+ 26¢” — C Hyo(g)
+ 8H,0)
AGe (-2746) 1000 _
aF 26 x96500

8. (c) For normal calomel electrade Epp = Egp;

E°=

E°=-

. 2
o By =(0.28-0)- 2291 150 T
2 Py,
0.5755=0.28 + 0.0501 pH + 22521 100 0.1y

2
pH=5.5
9, (a) We know
2H,(g) — 4H' +4¢7; E=0.0V

0,(g)+ 4H*(aq) + 4" — 2H,0() ; E =1.23V

2H,(g) + O,(g) — 2H0(D ; Egy =1.23V
AG3gg = - nFE® = -4 x 96500 x1.23
=-474.78 kJ



AgHjop = A,Gsg +T. A,Sog
= (-474.78) + 298 x (-0.32)
= -570.14 kJ/mol

AsH3oq = —285.07 kJ/mol

10. (a) After addition of Cd and it’s oxidation into Cd2*.
NOj3(aq) + 4H" (ag} + 3¢ — NO(g) + 2H,0(D

01-x  04-4x

where x =0.08
[NC);] remaining = 0.02M; [H] remaining = 0.08 M
. 0.0591 1
Evosvo = EN05|N0 T3 log [NOZIH T
_ 0.9 2:0591 log 1 4
3 {0.02)(0.08)
=084V
11. (a) E° for normal calomel electrode = E° for saturated calomel electrode
033= 027—9-%10,;[(:1 P [dl=01M

12. (b) Anode @ H,(g)-~— 2H'(ag)+ 2"; E°=0.0V
Cathode : MnOj(aq) + 8H' (ag) + 5¢” — Mn®' (ag)+ 4H,0(; E°=1.51V
Eei = Erprus) — Erpuus) :
0.06 _ [Mn*!] J—[O—@EI oz PHZJ
5 [MnO,][H']? 2 [H*}
0.06 0.01 0.06 0.1
. T “( 5 %% 0.1 x(lO‘z)BJ 2 °© [(10‘3)2]
=148V
13. (c) 3Cu(s)+ 8H' + 2NO3 —> 3Cu®' + 2NO + 4H,0
Cu(s) + 4H' + 2NO3 —> Cu® + 2No2 +2H,0
Let concentration of HNO3 isX so[H'] =

= [1.51—

and[NO3] =X
EN05|N0 - ECu2+|Cu = Enoamoz - ECu2+|Cu ,
or - - ENO;{NO =EN03|N02
-3 -3
0.96- 00591, 107 g 00501 (103 ]
' x® x
. ' -9 0
S 0.62= 0059 1o 107 4 00591, 10
6 x10 2 x
. log x = 0.657 = 0.66 or x =10"%%6
V14. (a) Anode : : 2CI (aq) —> Cly(g) + 26
7 Cathode : Cly(g) + 26 — 2C1 (ag)
v Cellreaction: 2Cl (ag) + Cly(g) —> 2CI (ag)+ Cl,(g)
£, ' 0.06 \  [€1 Zns Pir, dinss .
RHS* (14 /LHS ( Ege]! - 0)

Er:e = 0F _
T2 [C1 Wus Py, s
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2
. 0060 (0.01 [

——] = 0.051V
0.2

H,0(D + ClO3(aq) —> ClO3(ag)+ 2H (a@)+ 2¢”
2H" (aq) + ClO3(ag) + 26 —-» 2C103(ag)+ H0M)

17
15. (a)

2C103(aq) -— ClO 2(aq)+ CloL{aq)
2 =033-036= —0.03, o _RT ln "

cell —

—OOSfQEQélogK or K=01

2Cl0; =Clo; +<:102
0.1-2x X
x? 1
(0.1 - 2x)? 10
5.16x =0.1
x=0.1/5.16 = 0.0193=1.9 x107
0.06 log [H':]RHS
1 (H Tis
Eoe = 0.06 [(pH); 115 — (PH)pngl
[A7]
H =pK, + log ——
{(Ptus=p og [HA]
1
=4+ log[a) = 5; (pH)RHS =4

: Ecan =0.06(5-4)=+ 0.06V
17. (© o _E

3 3.16x =0.1 - 2x

16. (b} Ey =

or

uis, ~ Eourjcaomnica

= EH+IH2 _ECd2+|Cd

0.06 . [Cd*]
_._.1 - s
2 B

or Eey =E° -
Eeet = 0, -, e
[Cd“"1[OH"]
ce]l =0.03 10 K

w

og Ky _0.39
K2 0.03
Kgp = 10" x (107142 =107%°
. Y2, JP
18. (a) Ecell = 0.06 +]2HS[ H2]LHS; . o<<l
2 H ]LHS[PHZ:IRHS
[OH 1=K, xC; [OH1=10
or [H+]LHS =101
[H lpys = VKq xC = 107
0.06 . (107" x01

E = 1
cel 2 08 (10—11)2

—==13

x1 =039V



H,S = 2H* + §&
CHTI8™

Ky Ky, =

[H,S]
=102 x 0.1 =1073¥[57%]
[S2]=1071% ‘
0.06, [5%]
=E° -——log ——
aghiag 2 K,
0.06, 1071
=0.80-—"1o
7 B 107%
0.06

Esrzmgzsms

=0.80 -

x33= -0.19V

20. (c) Normality of resultant solution

S0V 05N
VxVv

0.0055
AL =1
feq=1x—005

21. (b} Resultant conc. of NaCl =

=1108 cm®eq™
0.1xV

=0.025N

0.1x2V

and HCl= =0.05N

Ktotal =Kpnacl T Ky
N(NaCl). Aeq(NaCIJ

1000
NHCD. Agy (HCD)
" 1000
0.025x110 _ 0.05. Aeq(HCD)
1000 1000

18-275 =305 S cm? mol™?

Ksolution =

0.018 =

Agg(HCD) =
: !
22. (b) The molar conductivity of the dissociated
form of crotonic acid is
AL(HC) = A (HCD) + A, (NaG)— A, (NaCl)
= (426 + 83-126) Q' cm’mol ™
_ =383 ' em®mol™!
" The molar conductivity of HC,
x  3.83x10°Q7'em™!
An(HC) =7 = 0.001
= 38.307 em®mol™?
The degree of dissociation,
_ Ay(HC) _ (38.3Q" cm’mol™)
A,,ﬂ-IC) (3830 cmPmol .‘)
Ca®  (107%)(0.1)
T1-01

x 1000

=0.1

]

K, =

=1.11 x10°%
1-o :

®m

23. (c) A5 (BaSO,)=2A%,(BaSO,)
A34(BaSO ) = A% (Ba®* )+ A (SO5)
= Ag, (BaCly) + AZ (H,S0,) — AZ, (HCD)
Aoy (BaSO,) =Xy + x5 — X3
An = 2x; + x5 = X3)
for sparingly soluble salt
A == x1000
M
X
2x; + x5 — Xq)
500x
(x; + x93 — x3)
2.5x10°%x2
{x; + x, — Jrg)2
24. (a) Conductivity of Na,SO, = 2,6 x107*
1000 x 2.6 x 10~
0.001
= 2608 cm’mol™!
Am(807 )= A,(Na,SO,)— 21 (Na*)
= 260 - 2 x 50
=160S cm®mol™
Conductivity of CaSQ 4 solution
=7 x10™ - 2.6x10™*
=4.4x%107*S cm™
A, (CaS0,) = A, (Ca? ) + 2,,(S0%)

=120+ 160
= 2805 cm?mol™

1000 xx _ 1000 x 4.4 x107*
Am 280
=157 x10° M

5p = [Caz+] {Soz_]tota]

= (0.00157)(0. 00157 + 0. 001)
=4.0x 10*6

or M= %1000

K,=M*

A,(Na,50,) =

Solubility C =

2
25. ) K, =2 5 16x10° = 201 xa”
-a 1-a

~5
_ [L6x10 004
0.01

a = Am, A, =0.04 %380 x107*
Am

a ?

=15.2x10™ S m®mol!

K=Ay xC =15.2x107* x10% x1072
¢+ 1 m® = 1000 litre)
k=G.G" and G" =0.01m™, *



i: : where G" = L

52 4

,\.*::'7 -2
L golB2x1o? o
L 0.01
¢ 27, (8) xp, = Xo, + Xit,5,04

5 22 .4 _ 4 x8.4+ Ixn

_ 224 224

. 2=15+21=>n=0.25
7 .:‘ ;—éve_‘mam - V oo e T

.- Passage—1

1. (9, 2.(a), 3. (d)
Equivalent of Zn®* produced = 0.1 or

moles of Zn* = % = 0.05

+vecharge increases in first compartment so
due to interaction and maintain electrical
neutrality 2Zn?* move toward I
compartment and NOj; move towards first

compartment. Solution is always electrically
neutral so charge of 1 Zn?" is neutralized by

2NO3.
. [Zn?*]in first compartment

=1 +0—'3E=1.025M

Concentration of NO3 in second

compartment
=1-0.05=0.95M

In third compartment moles of Cu®
reduced

_005 0.025
2

Relatively —ve charge increased so SO ﬁ" and

Na' move toward opposite direction to
maintain electrical neutrality

(50 27] remaining — 1- &225 = 0.975M

Passage-2

1. (b) From equation 1 and 2, AS = d—((%gl

_dCnFE) o dE (dE] _AS

dr = d?or —_—

AS =
arj, nF

) 2. (b) From equation 2;

"

AdE
AH=TLF(——}' T—TLFECEH
dr ),

218 x1000 = 2 x 96500 x 300 (%)

P

- 2% 96500 % 1,015
[E'EJ =_-3.81x107*VK!
drj,

3. (@) AS=nF [E] =2 x96500 x—3.81 x107*
ar )/,
=-75.53J/mol-K

Passage-3

_ ApM
2. () k= A, C2 TR

_ 200004 _ 4,107 Sem™?
1000

k=G [—1) = 8x107° =G(°'—50]
. A 2

or G=0.0325, V=R = é

I=5x0.032 = 0.16 A

Subjective Problems
14. A% (HA) = A5 (HCD + Ay (NaA) - A (NaCl)
- 425+ 100125 = 4008 cm? mol ™
pH=4, [H']1=10"=0aC

woha 2000
A, 400
Cop -4
L= Ca)a _107(0.5) —107% pK, =4
-a) Q-0
o . 0.0591
15. E . / AgCl/Ag = Epgipg + 1 logK,
0.209 = 0.80+ 0.0591 logK ,

K, =10"% Let solubility of AgCl in
0.01 M solution is x
1071 = x(x + 0.01)
x=1078
-. Moles of AgCl dissolved in
10L=10"%x10=107
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Vapour Pressure : The pressure exerted by the vapour of liquid which are in equilibrium with
it at a given temperature.

4 Vapour pressure is not a surface phenomena.
% Vapour pressure increases with increase in temperature.

X = X(g)
Kp =Py
Kpy

Ky P R
where AH,,, is molar enthalpy of vaporisation (j/mol or cal/mol)

Raoult’s Law
(i) Liquid solution containing non volatile solute :
Vapour pressure of liquid solution « Mole fraction of solvent in liquid solution.
) PSo!ution o« X§o]vem
“Psotution = PSol\rent . XSo!vem
Where Pgy,... =Vapour pressure of pure liquid solvent, Xsotve: =Mole fraction of solvent.
For binary liquid solution ; X¢ ;e + Xsowen: =1

Relative lowering of vapour pressure = = Xeotute

(ii) Vapour Pressure of Solution containing volatile solute (B) and volatile
solvent (A) :

The equilibrium vapour pressure of a volatile component is linearly proportional to the ‘mole
fraction of that component in hquld phase .



A solution contains volatile solute (B) and volatile solvent (A) :
P, —PAXA and Py —PBXB
P = PA XA + PB XB

*.Where :
PA and P, are partial vapour pressure of A and B at given temperature.
P, = vapour pressure of pure A. ; Py =vapour pressure of pure B.
X, =mole fraction of A in liquid phase. ; Xj =mole fraction of B in liquid phase.

y 4 =mole fraction of A in vapour phase ; yg = mole fraction of B in vapour phase.
Partial vapour pressure of ‘ A'= mole fraction of ‘A’ in vapour phase x total vapour pressure.
Py =y P and Py =ygP

P,X,=y,P and PgX;=ygP

XA +XB =1
.‘)i.é:}i.g.!B_'P:l, y_":‘.}.!%—_-l
P, Pg P, P P
PaX P X
Yo ——ACA o oy = BLA
PyX 5 +PpXy PpXp+PpXp

Ideal Solutions
The solutions which obey Raoult’s Law are called ideal solutions. For ideality :
- Fsoune . solvent ™~ Fsolute.... solue  (F =[ntermolecular attractive interactions)

= F, Solvent ...... Solvent
AH . =0-; AV, =0
AS_ .. >0 ; AGy, <0
Examples : Benzene & Toluene, Hexane & Heptane, C,HgBr & C;Hl
Non-ideal solutions : The mixture which do not follow Raoult’s Law will be known as

non-ideal solutions.
Types of Real or Non-ideal Solutions

& Non-ideal solution with positive deviation.
" & Non-ideal solution with negative deviation.

Solution shows positive deviation ' Solution shows negative deviation
Prexp > (PaXy +P5Xyp) Prep <(PaXa +PgXg)
A----B<A""A . A----B>AH"A

B----B B----B
AH ;= +ve AH = -ve
AV =+ve AV, =-ve
AS i =tVve AS iy, = Ve
AG iy =—ve AG ;i =—ve
Ex. H,0+CH,CH Ex. H,0 + CH;COOH

H,0 +C,H;OH -+ CHCly4 + CH5;COCH,

CHCI, +CCl, H,0 + HNO,
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Azeotropic Solutions. During distillation, the mole fraction of more volatile component in
. vapour state is higher than that in liquid state. This makes distillation possible. However, there exist
some solutions for particular compositions of which the mole fraction of components in liquid and
vapour state is same. Thus, no distillation is possible, a mixture and it is termed as azeotropic
mixture. '
Azeotropes are binary mixtures having the same composmon in liquid and vapour phase and
boil at a constant temperature.
The solutions which show a large positive deviation from Raoult’s law form minimum boiling
azeotrope at a specific composition. ‘
The solutions which show a large negative deviation from Raoult’s law form maximum boiling
azeotrope at a specific composition.
Completely Immiscible Liquids ;: When they are distilled, r_hey distil in the ratio of thenr .
vapour pressure at that temperature, L
P=P,+P;
For vapour of pure liquid we can apply : P,V =nRT and P,V = nzRT
So, : P—"‘ )
Py ng
When A and B are distilled wt. ratio is given as Ys _ i}—'ﬂ
Wa Py-M,
Colligative Properties : Colligative Properties depend on the number of solute particles
irrespective to their nature.
< Relative lowering of vapour pressure
< Elevation of boiling point
» Depression of freezing point
< Osmotic pressure
Normal Colligative Propertles : When neither association nor dissociadon of solute
particles take place. '

0.0

-]

(i) Relatve Lowering of Vapour Pressure : = Xsotute
(ii) Elevation of boiling point : AT, =K,m
(iii) Depression of freezing point : AT, =K m
(iv) Osmotic pressure : 1 =CRT
(i) Relative lowering of Vapour Pressure :
PP _. __m
pe Solute n+N .
Where, n = mole of solute, N = mole of solvent
P°-P n
P N

P°—PJ . 1000
P M(ing/mol}
Where, M =molar mass of solvent.

Molality (m) =(



W — - =
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Ostvvald-Walker Method

Anhydrous CaCl
{dehydrating agent)

. Solution " Sofvent

Loss in wt of solution containers o P
Loss in wt of solvent containers o {P°-P)
gain in wt of dehydrating agent a P°

pP°-pP Loss in weight of solvent
"P°  Gain in weight of dehydrating agent
(ii) Elevation in Boiling Point : (iii) Depression in Freezing point :
ATb =Kbm ATf =Kfm
where AT, =T, -T, where AT, =T; -7
K, =Boiling point elevation constant K, =Freezing point depression constant
or ebullioscopic constant or cryoscopic constant
o2
RS RT;
b= Kf =
10001, 1000L,
L, = Latent heat of vapourisation per gram L, = Latent heat of fusion per gram
o2
___MRTy” K, o MRS
>~ 1000AHy,, /" 1000AH g,
AH,, = enthalpy of vapourisation per mole  AHp, = enthalpy of fusion per mole
M =molar mass of solvent {(in g/mol) M =molar mass of solvent (in g/mol)
T, = Boiling point of solvent T; = freezing point of solvent

(iv) Osmotic Pressure (n) : The hydrostatic pressure built up on the solution which just stops
osmosis. Alternatively, it may be defined as the pressure which must be applied to the
concentrated solution in order to stop osmaosis.

For dilute soluticns n =CRT = hpg

where C is the total molar concentration of all the free species present in the solution, h is
the height developed by the column of the concentrated solution and p is the density of the
solution in the column. .

On the basis of osmotic pressure, the solutions can be classified in three classes.

+ Isotonic solutions: Two solutions having same osmotic pressures are cold isotonic
solutions.

(This implies C, =C, at same temperature).



+ Hypertonic and hypotonic solution : When two solutions are being compared, then the
solution with hlgher osmotic pressure is termed as hypertonlc The solution with lower
osmotic pressure is termed as hypotonic.

<+ Abnormal Colligative Properties When solute particle associated or dissociated in
solvent. :

Actual moles of solute

‘Moles of solute without dissociation or association
_ Observed or experimental colligative properties,

Theoretical or calculated colligative properties
p°-p — i M golute <

i = Vant Hoff factor =

(i) Relative lowering of vapour pressure ; -
‘ L Nyolue t Myglvent . ‘e

(ii) Elevation of boiling point : AT, =i.K;m
(iii} Depression of freezing point : ATy =i.K;m
(iv) Osmotic pressure : m =i,CRT

For dissociation : i =1+ (n-1a - For association :i =1+ [l - 1)(1
' : n
o i-1 O 1-i
Degree of dissociation a = Degree of association « =
n-1 1-Vn

Where n = Total number of particles of solute after dissociation or association.

Henry Law _
This law deals with dissolution of gas in liquid i, e., mass of any gas dissolved in any solvent per
unit volume is proporticnal to pressure of gas in equilibrium with liquid.
® m=kxP ,
Where, m =mass of gas dissolved per unit volume.
k =proportionality constant.
P =pressure of gas.
(ii) P=Ky.Xgp
Where, P =Pressure of gas,
Ky =Henry’s constant
Xgas =Mole fraction of gas



FPROBLEMS IN CHEMISTRY

. The vapour pressure of a given liquid will decrease if :

(a) surface area of liquid is decreased

(b) the volume of liquid in the container is decreased

{c) the volume of the vapour phase is increased

(d) the temperature is decreased

. The normal boiling point of water is 373 K. Vapour pressure of water at temperature T is 19

mm Hg. If enthalpy of vaporisation is 40.67 kJ/mol, then remperature T would be

(Use : log 2=0.3, R: 8.3JK™* mol™):

(a) 250 K (b) 291.4K (c) 230K (d) 290K i

. A sample of liquid H,0 of mass 18.0 g is injected into an evacuated 7.6 L flask maintained at

27.0°C. If vapour pressure of H,0 at 27°C is 24,63 mm Hg. What weight percentage of the

water will be vapourised when the system comes to equilibrium? Assume water vapours

behaves as an ideal gas. The volume occupied by the liquid water is negligible compared to the

volume of the container:

{a) 1% (b) 10% (c) 18% (d) 20%

. Raoult’s law is obeyed by each constituent of a binary liquid solutdon when:

(a) the forces of atiractions between like molecules are greater than those between unlike
molecules '

(b) the forces of attractions between like molecules are smaller than those between unlike
molecules

(c) the forces of attractions between like molecules are 1dent|cal with those between unlike
molecules

(d) the volume occupied by unlike molecules are different

. For a binary ideal liquid solution, the total pressure of the solution is given as:

(@) Proeat =P‘;+(P;\' _PI;)XB (®) Pa =P};+(P4; ""pl;)XA

(€) Powat =Pg +(P5 —P1) X, (@) Py =P +(Ps =Ps) Xy

.” For an ideal binary liquid solution with P, > P,, which relation between X , (mole fraction of
A in liquid phase) and Y, (mole fraction of A in vapour phase} is correct ?

Y, X X
a) Y, <Y, M X,>X - A>ZA (d) ZA
@ <t e ©% % Y X
. An ideal solution is formed by mixing two volatile liquids A and B. X, and X are the mole
fractions of A and B respectively in the solution and Y, and ¥, are the mole fractions of A and

B respectively in the vapour phase. A plot of YL along y-axis against XL along x-axis gives a
A . A
straight line. What is the slope of the straight line ? : \

(b) i‘: (c) P, P, @ Py -
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14,
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16.

17.

18.

For a dilute solution, Raoult’s law states that :

(a) the lowering of vapour pressure is equal to the mole fraction of solute

(b} the relative lowering of vapour pressure is equal to the mole fraction of sotute

(c) the relative lowering of vapour pressure is proportional to the amount of solute in solution
(d) the vapour pressure of the solution is equal to the mole fraction of solvent

The solubility of a specific non-volatile salt is 4 g in 100 g of water at 25°C. If 2.0 g, 4.0 g and
6.0 g of the salt added of 100 g of water at 25°C, in system X, ¥ and Z. The vapour pressure
would be in the order:

{(a) X<Y<Z b)) X>Y>Z D Z>X=Y d X>Y=2

The boiling point of C ;H,, CH30H, CgH-NH, and C;H:NOQ, are 80°C, 65°C, 184°C and 212°C
respectively. Which will show highest vapour pressure at room temperature :

(a) C¢Hyg {(b) CH,0H (c) CgHsNH, (d) C4HNO,

6.0 g of urea (molecular weight = 60) was dissolved in 9.9 moles of water. If the vapour
pressure of pure water is P°, the vapour pressure of solution is: '
(a) 0.10P° -(b) 1.10 P° (c) 0.90 P° (d) 0.99p°

An ideal solution was found to have a vapour pressure of 80 torr when the mole fraction of a
non-volatile solute was 0.2. What would be the vapour pressure of the pure solvent at the
same temperature?

(a) 64 torr (b) 80 torr (¢) 100 ton;‘ (d) 400 torr

The vapour pressure of an aqueous solution of sucrose at 373 K is found to be 750 mm Hg. The
molality of the solution at the same temperature will be :

(a) 0.26 (b) 0.73 (c) 0.74 (d) 0.039

Estimate the lowering of vapour pressure due to the solute (glucose) in a 1.0 M aqueous
solution at 100°C : : ]

(a) 10 torr (b) 18 torr {c) 13.45 torr (d) 24 torr

Calculate the weight of non-volatile solute having molecular weight 40, which should be
dissolved in 57 gm octane to reduce its vapour pressure to 80%:

(a) 47.2 g (®) 5% () 106.2 g (d) Nome of these
Equal weight of a solute are dissolved in equal weight of two solvents A and B and formed very
dilute solution. The relative lowering of vapour pressure for the solution B has twice the
relative lowering of vapour pressure for the solution A. If M, and My are the molecular
weights of solvents A and B respectively, then:

(a) M, =M, (b) My =2x M, (©) M, =4Mg (d) M, =2M,

An ideal solution has two components A and B. A is more volatile than B, i.e., P, > Py and also
P; > P .If X, and Y, are mole fractions of components A in liquid and vapour phases, then:
(@ X, =Y, ® X, > YA Q) X, <V, (d) Data insufficient
At 25°C, the vapour pressure of pure liquid A (mol. wt. = 40) is 100 torx, while that of pure
liquid B is 40 torr, (mol. wt. = 80). The vapour pressure at 25°C of a solution containing 20 g of

each A and B is:
{a) 80 torr (b) 59.8 torr (c) 68 rorr (d) 48 torr

AT
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20.
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B PROBLEMS IN CHEMISTRY

Two liquids A and B from ideal solutions. At 300 K, the vapour pressure of solution containing
1 mole of A and 3 mole of B is 550 mm Hg. At the same temperature, if one more mole of B is
added to this solution, the vapour pressure of the solution increases by 10 mm Hg. Determine
the vapour pressure of A and B in their pure states (in mm Hg):

(a) 400, 600 (b} 500, 500 (c)} 600, 400 (d) None of these

Two liquids A and B have vapour pressure in the ratio P, : P; =1: 3 at a certain temperature.
Assume A and B form an ideal solution and the ratio of mole fractions of A to B in the vapour
phase is 4 : 3. Then the mole fraction of B in the solution at the same temperature is :

1 2 4 1
- = - d) -

Two liquids A and B have P, and P in the ratio of 1 : 3 and the ratio of number of moles of A
and B in liquid phase are 1 : 3 then mole fraction of ‘A’ in vapour phase in equilibrium with the
solution is equal to:

(a) 0.1 (b) 0.2 (c) 0.5 (d) 1.0

Based on the given diagram, which of the following statements regarding the homogenous
solutions of two volatile liquids are correct? '

Vprg

A g mole fraction
XA =1 XB 1
(1) Plots AD and BC show that Raoult’s law is obeyed for the solution in which B is a solvent
and A is the solute and as well as for that in which A is solvent and B is solute.

(2) Plot €D shows that Dalton's law of partial pressures is obeyed by the binary solution of
components A and B.

(3) FF + EG = EH; and AC and BD correspond to the vapour pressures of the pure solvents A
and B respectively.

Select the correct answer using the options given below:

(a) Only 1 (b) 2and 3 (¢} 1and 3 (d) All

Which represents correct difference when non-volatile solute is present in an ideal solution?

Vapour

Vapour
1 (8) Solution . I A 1
0 s Solvent | ! () (aH) Solution _(AH)Solvent
Solution l .
Solvent or Sotution
Solvent

———I—— Solution

B.PR.

(ny |
Solvent

(a) L, 11, 1II ) L, 11 {c) 1L, 1II @Ln
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24. Select correct statement :

(a) Solution has more molecular randomness than a pure solvent has, the entropy change
between solution and solid is larger than the entropy change between pure solvent and
solid

(b) Heat of fusion of solution and solvent are similar since similar forces of intermolecular
forces are involved

(c) Sugar containing solution freezes at a lower temperature than pure water

(d) All are correct statements

25. Select correct statement?

(a) Heats of vaporisation for a pure solvent and for a solution are similar because similar

intermolecuiar forces between solvent molecules must be overcome in both cases

(b) Entropy change between solution and vapotir is smaller than the entropy change between

pure solvent and vapour

(c) Boiling point of the solution is larger than that of the pure solvent

(d) All are correct statements

26. The vapour pressure curves of the same solute in the same solvent are shown. The curves are
parallel to each other and do not intersect. The concentrations of solutions are in order of:

| £ oy
P82 j
| & i
| B
3 :
| i,
i ——» Temperature(°C)
@I<l<ll by =1 =11 cl>I>1 (dI>11=>1

27. Boiling peoint composition diagrém of the liquid-vapour equilibrium for A and B is shown
figure. If a binary liquid mixture of A and B is distilled fractionally, which of the following
would be correct observation?

Vapou!

Liguid

Temperature

|
i
1
! ;
1Xs=1 % Composition Xg=1
{a) Composition of the still (residue) will approach pure liquid B
{(b) Composition of the distillate will approach pure A
(c} Composition of distillate and residue will approach pure B and A respectively
{d) Neither of the component can be obtained in pure state .
28. The boiling point of an azeotropic mixture of water—ethanol is less than that of both water and
ethanol. Then:
{a) the mixture will show negative deviation from Raoult’s law
(b) the mixture will show positive deviation from Raoult’s law
() the mixture will show no deviation from Raoult’s law
(d) this mixture cannot be considered as true solution
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34.

Formation of a solution from two components can be considered as :
(i) Pure solvent — separated solvent molecules, AH,

(ii) Pure solute — separated solute molecules, AH,

(iii) separated solvent and solute molecules — solution, AH,

Solution so formed will be ideal if : N
(a) AHSO[I‘I =A.H1 +AH2+AH3 (b) A-HS°1H=A.H]+AH2—AH3
(¢) AHg,, =AH; —AH, —AH, (d) AHgyy, = AH3 —AH, —AH,

Total vapour pressure of mixture of 1 mol X (P, =150torr) and 2 mol Y (P, = 300torr) is 240

‘torr. In this case:

(a) There is a negative deviation from Raoult’s law
(b) There is a positive deviation from Raoult’s law
(¢) There is no deviation from Raoult’s law

(d) Can not be decided

‘In a mixture of A and B, components show positive deviation when:

(a) A -B interaction is stronger than A — A and B - B interaction

(b) A —B interaction is weaker than A — A and B - B interaction

(c) AVmix <0, ASmix >0

(d) AVmix =0, ASmix >0

A liquid mixture having composition corresponding to point Z in the figure shown is subjected
to distillation at constant pressure. Which of the following statement is correct about the
process?

———— e . N

: r4

I Ta Tg:
'B. P.I
A B

i 100% Composition 100%
(a) The composition of distillate differs from the mixture

(b) The boiling point goes on changing

(¢) The mixture has highest vapour pressure than for any other composition

(d) Composition of an azeotrope alters on changing the external pressure

Which will form maximum hoiling azeotrope ?

(a) C¢Hg + C¢H,CH, solution (b} HNO; + H,0 solution

(c) C,H;0H + H,0 solution (d) n-hexane and n-heptane

Total vapour pressure of mixture of 1 mole of volatile component A (P; =100 mm Hg) and
3 mole of volatile component B (P; = 80 mm Hg) is 90 mm Hg. For such case:

(a) there is positive deviation from Raoult’s law

(b) boiling point has been lowered

(c) force of autraction between A and B is smaller than that between A and A or
between B and B

(d) all the above statements are correct

o PROBLERS IN CHEMISTRY RS
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The azeotropic mlxrure of water (B.P. = 100°C) and HCIl (B.E = 86°C) boils at about 120°C
During fractional distillation of this mixture it is possible to obtain :

(a) pure HCi (b) pure H,0

(c) pure H,O as well as pure HCI (d) neither H,O nor HCI

Azeotropic mixture of water and HCl boils at 381.5 K. By distilling the mixture it is possible to
obtain : .

(a) Pure HCI only (b) Pure water only

{¢) Neither HCl nor water : {d) Both water and HCI in pure state

An azeotropic mixture of two liquids has a boiling point higher than either of them when it:

(a) shows positive deviation from Raouit’s law ‘

. (b} shows negative deviation from Raoult's law

(¢) shows ideal behaviour

{d) is saturated

If two liquids A (P, =100 torr) and B (P, =200 torr) are completely immiscible with each
other (each one will behave independently of the other) are present in a closed vessel. The
total vapour pressure of the system wiil be: |
(a) less than 100 torr (b) greater than 200 torr

(c) between 100 to 200 torr (d) 300 torr

When a liquid that is immiscible with water was steam distilled at 95.2°C at a total pressure of
748 torr, the distillate contained 1.25 g of the liquid per gram of water. The vapour pressure of
water is 648 torr at 95.2°C, what is the molar mass of liquid?

(a) 7.975 g/mol (b} 166 g/mol () 145.8 g/mol (d) None of these
Water and chlorobenzene are immiscibie liquids. Their mixture boils at 89°C under a reduced
pressure of 7.7 x 10* Pa. The vapour pressure of pure water at 89°C is 7 x 10* Pa. Weight per
cent of chlorobenzene in the distillate is :

(a) 50 (b) 60 {c) 78.3 (d) 38.46
Which of the following is not a colligative property? )

(a) Vapour pressure (b) Depression in f.pt.

(c) Elevation in b.pt. (d) Osmotic pressure

The degree of dissociation of an electrolyte is « and its van't Hoff factor is i. The number of

ions obtained by complete dissociation of 1 molecule of the electrolyte is :
i+ 1 -1 +1+
() i ®i-a-1 () L== (d)‘__.E
a o l-a
One mole of a solute A is dissolved in a given volume of a solvent. The association of the solute
take place as follows:

nA = A,
If o is the degree of association of A, the van't Hoff factor i is expressed as:
_ o 1—a+g
(@i=l-a M i=1+— (c)i=—1—" di=1
n

The van’t Hoff factor i for an electrolyte which undergoes dissociation and association in
solvent are respectively: ’

(a) greater than one and less than one (b) less than one and greater than one

(c) less than one and less than one (d) greater than one and greater than one
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Which solution has the highest vapour pressure?
(a) 0.02 M NaCl at 50°C (b) 0.03 M sucrose at 15°C
(c) 0.005 M CaCl, at 50°C (d} 0.005 M CaCl, at 25°C

An aqueous solution is 1.00 molal in KI. Which change will cause the vapour pressure of the
solution to increase ?

(a) addition of water (b) addition of NaCl

(c) addition of Na,SO, (d) Addition of 1.0 molal K1

Four solutions of K,S0, with the concentrations 0.1 m, 0.01 m, 0.001 m and 0.0001 m are

available. The maximum vaiue of colligative property corresponds to :

{a) 0.0001 m solution (b) 0.001 m solution (c) 0.01 m solution (d) 0.1 m solution
Moles of Na,SO, to be dissolved in 12 mole water to lower its vapour pressure by 10 mm Hg
at a temperature at which vapour pressure of pure water is 50 mm is:

(a) 1.5 mole (b) 2 mole (c) 1 mole ) {(d) 3 mole

A very diluted saturated solution of a sparingly soluble salt X,Y, has a vapour pressure of 20
mm Hg at temperature T, while pure water exerts a pressure of 20.0126 mm Hg at the same
temperature. Calculate molality (m) at temperature T '

(@) 6.3x107* () 3.5x 1072 (c) 5x 1073 (d) None of these
When 1 mole of a solute is dissolved in 1 kg of H,0, boiling point of solution was found to be
100.5°C. K, for H,O is:

(a) 0.5 (b) 100 (c) 100.5 (d) 95.5

Chloroform, CHCl,, boils at 61.7°C. If the K, for chloroform is 3.63°C/molal, what is the
boiling point of a solution of 15.0 kg of CHCl; and 0.616 kg of acenaphthalene,
Ci2Hyo?

(a) 61.9 (b) 62.0 (v) 52.2 (d) 62.67

A compound has the empirical formula C;,HgFe. A solution of 0.26 g of the compound in 11.2
g of benzene (C¢H,) boils at 80.26°C. The boiling point of benzene is 80.10°C; the K, is
2.53°C/molal. What is the molecular formula of the compound?

(a) C4oH,,Feq (b} CipHgFe (¢} CH, Fe (d) CyH gFe,

A solution of 0.640 g of azulene in 100.0 g of benzene boils at 80.23°C. The boiling point of
benzene is 80.10°C; the K, is 2.53°C/molal. What is the molecular weight of azulene?

(a) 108 (b) 99 (c) 125 (d) 134

One molal solution of a carboxylic acid in benzene shows the elevation of boiling point of
1.518 K. The degree of association for dimerization of the acid in benzene is (K, for benzene
=2.53K kg mol™):

(a) 60% (b) 70% {c) 75% (d) 80%

The boiling point elevation constant for toluene is 3.32 K kg mol . The normal boiling point
of toluene is 110.7°C. The enthalpy of vaporisation of toluene would be nearly:

(@ 170kImol™" () 340kImol™  (¢) 51.0kJ mol™*  (d) 68.0 kJ mol
Which one of the following aqueous solutions will exhibit highest boiling point:

(a) 0.015 M urea (b) 0.01 M KNO, (¢) 0.10 M Na,SO, (d) 0.015 M glucose
Calculate the percentage degree of dissociation of an electrolyte XY, (Normal molar mass
=164) in water if the observed molar mass by measuring elevation in boiling point is 65.6:
(a) 75% (b) 25% (c) 65% {d) None of these
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If the elevation in boiling point of a solution of non-volatile, non-electrolytic and
non-associating solute in solvent (K, = x K. kg.mol™'}is y K, then the depression in freezing

point of solution of same concentration would be
K¢ of the solvent =z K. kg. mol ™)

2z .
(@ = m Z ©= @£
¥ X ¥ 2x
When a solution containing non-volatile solute freezes, which equilibrium would exist?
(a) solid solvent == liquid solvent (b) solid solute = liquid solution
{c) solid solute = liquid solvent (d) solid solvent = liquid solution

Bromoform has a normal freezing point of 7.734°C/m and it's K; =14.4°C/m. A solution of
2.60 g of an unknown in 100 g of bromoform freezes at 5.43°C. What is the molecular weight
of the unknown?

(a) 16.25 - (b) 162.5 (c) 100 {d) none of these
C¢H, freezes at 5.5°C. At what temperature will a solution of 10.44 g of C,H,, in 200 g of
CgHg freeze? K (CgHg) =5.12C/m

(a) 4.608C (b) 0.892°C (¢) 5.5°C (d) none of these
How much ethyl alcohol must be added to 1.0 L of water so that solution will not freeze at
—4°F? (K; =1.86°C/m)

(a) <20¢g (b) <10.75 g (c) <4945¢g (d) >4945¢g

The freezing point of a solution of 2.40 g of biphenyl (C;,H;,) in 75.0 g of benzene (C4Hg ) is
4.40°C. The normal freezing point of benzene is 5.50°C. What is the molal freezing point
constant (°C/m) for benzene?

(a) -5.3 (b) - 5.1 (c) -4.6 (d) - 4.8

A solution containing 1.8 g of a compound (empirical formula CH,0) in 40 g of water is
observed to freeze -at —0.465°C. The molecular formula of the compound is (K [ of water
=1,86kg Kmol~ 1y

(a) C,H,0, (b) C3H, () C,Hg0, (d) C4H,,04

Freezing point of the following equilibrium, liquid solvent = solid solvent is :
AH - AG AH AG AS

(a) TAS (b) AS © AS (d) H

Freezing point of a solution is smaller than that point of a solvent. It is due to :

(a) AH of solution and solvent is almost identical since intermolecular forces between solvent
molecules are involved

{b) AS of solution (between solution and solid) is larger than that of the AS of solvent

‘ (between solvent and solid)

(c) AS of the solution is smaller than that of the solvent

(d) AH of the solution is much higher than of solvent but AS of solution is smaller than that
of the solvent

When 36.0 g of a solute having the empirical formula CH,0 is dissolved in 1.20 kg of water,

the solution freezes at -0.93°C. What is the molecular formula of the solute? (K f =1.86°C kg

mol™)

{a) C,H,0 (b) C,H,0, (c) C,H,0, (d) C2H402
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Calculate the molecular weight of a substance whose 7.0% by mass solution in water freezes
at —0.93°C. The cryoscopic constant of water is 1.86°C kg mol™:

(a) 140 g mol™ {(b) 150.5 mol™?

(c) 160 g mol™’ (d) 155 g mol™!

Camphor is often used in molecular mass determination because

(a} it is readily available (b) it has a very high cryoscopic constant
(c) it is volatile ’ {(d) it is solvent for organic substances

For 1 molal solution of each compound minimum freezing point will be assuming complete
ionisation in each case:

(a) [Fe(H,0)cICl, (b) [Fe(H,0)4CliCl, -H,0

() [Fe(H,0),Cl,]Cl- 2H,0 (d) [Fe(H,0)5Cl;3]-3H;0

For 1 molal solution of each compound maximum freezing pomt will be assuming complete
ionisation in each case:

(a) [Fe(H,0)¢ICI, (b [Fe(HZO)SC'I]C],_-H 0

(¢) [Fe(H,0),Cl,]Cl- 2H,0 (d) [Fe(H,0),Cl;]-3H,0

PtCl, - 6H,0 can exist as a hydrated complex. Its 1 molal ag. solution has depression in
freezing point of 3.72. Assume 100% ionisation and K,(H,0)=1.86'C mol™ kg, then
complex is :

(a) [Pt(H,0)4]1Cl, ) [Pt(H,0),Cl,1Cl, - 2H,0

(c) [Pt(H,0),Cl;1Cl-3H,0 (d) [Pt(H,0),Cl,] 4H0

A complex is represented as CoClyxNH . Its 0.1 molal solution in water shows AT, = 0.558 K.
K, for H,0 is 1.86 K molality ™. Assuming 100% ionisation of complex and co-ordination
number of Co is six, calculate formula of complex:

(a) [Co(NH;)4]Cl, (b} [Co(NH,)sClICl,

(¢} [Co(NH,4),Cl,1Cl (d) none of these

The freezing point of equimolal aqueous solutions will be highest for:

. (a) C5H5NH3C1 (b) Ca(NO3)2 (C) La(NO3)2 (d) C6H1206

The freezing point of a 4% aqueous solution of ‘A is equal to the freezing point of 10% aqueous
solution of ‘B’. If the molecular weight of ‘A’ is 60, then the molecular weight of ‘B’ will be:
(a) 160 (b) 90 (c) 45 {d) 180

Depression in freezing point of 0.01 molal aqueous HCOOH solution is 0.02046. 1 molal
aqueous urea solution freezes at —1.86°C, assurming molality equal to molanty, pH of HCOOH

-solution is:.

{a) 2 (b} 3 (e} 4 (d) 5
When mercuric iodide is added to the aqueous solution of KI, then the:

(a) freezing point is raised (b) freezing point is lowered

(c) freezing point does not change (d) boiling point does not change

Dimer of acetic acid in liquid benzene is in equilibriurh with acetic acid monomer at certain
temperature and pressure. If 25% of the dimer molecules are separated out thén

(a) Freezing point of the solution reduces (b} Average molar mass of solute increases
(c) Boiling point of solution increases (d) Molar mass of solute decreases
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The temperature of a city was found to be -9.3°C. A car was used, whose radiator was filled
with 5 L of water. What quantity of antifreezing agent ethylene glycol were added to water of
radiator in order to use the car for travelling? (K, of water 1.86 K kg mol )

(a) 3200 g (b) 1670 ¢ (¢) 1550 g (d) 2100 g

The cryoscopic constant of water is 1.86 K kg mol . A 0.01 molal acetic acid solution produces
a depression of 0.0194°C in the freezing point. The degree of dissociation of acetic acid is:

{a) zero (b) 0.043 (c) 0.43 (d) 1

If Im solution of benzoic acid in benzene has a freezing point depression of 2.4°C.
Ky =5.12C mol™ kg) and boiling point elevation of 2.53°C (K, = 2.5%C mol™’ kg),
then select the correct statement/s :

Statement I : there is dimer formation when undergoing freezing

Statement II : there is no change when undergoing boiling

Statement III : reverse of I and II

Statement IV : dimer formation in freezing and boiling state

(@ LI (b) 11, 11 (c) 1L 1 (d) only I
82.

In a 0.5 molal solution KCl, KCl is 50% dissociated. The freezing point of solution will be
(K; =1.86 K kg mol™'X:

(a) 274.674 K {(b) 271.60 K {(¢) 273 K (d) none of these

A 1.0 g sample of Co(NH,CH ,CH ZNH2)3CI3 is dissolved in 25.0 g of water and the freezing
point of the solution is ~0.87°C. How many ions are produced per mole of compound? The K,
of water is 1.86°C/molal

(a) 2 ) 3 (© 4 (d) 5

An aqueous solution contains 3% and 1.8% by wt. urea and glucose respectively. What is the
freezing point of solution? (K, =1.86°C/m)

(a) -1.172°C (b) -2.27°C {(c) -1.5°C - {d) none of these
Phenol associates in benzene to a certain extent in dimerisation reaction. A solution
containing 0.02 kg of phenol in 1.0 kg of benzene has its freezing point depressed 0. 69 K.
Hence, degree of association of phenol dimerized will be : :
[K;(CgHg) =5.12K kg mol ]

{a) 0.63 (b 0.73 (c) 0.83 (d) 0.93
Assuming complete ionisation, the solution having maximum freezing point will be:
(a) 1 M Ca¥F, (b) 1.5 M Al,(SO,); (c) 2 M NaCl (d) 1 M AgNO,

In a 0.2 molal aqueous solution of a weak acid HX the degree of ionisation is 0.25. The freezing
point of the solution will be nearest to: (K; =1.86 K kg mol ™)

(a) ~0.26°C ) 0.465°C (c) -0.48°C (d) -0.465°C

An aqueous solution of 0.01 M KCl causes the same elevation in boiling point as an aqueous
solution of urea causes the depression in freezing point. The concentration of urea solution is:
(a) 0.01 M (b) 0.005 M~ C{c) 0.0Z M (d) 0.04M

When some NaCl was dissolved in water, the freezing point depression was numerically equal
to twice the molal depression constant. The relative lowering of vapour pressure of the

solution is : . _
(@) 0.117 (b) 0.034 {¢) 0.0585 (d) none of these
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90. Which one of the following statements is false ?
(a) The correct order of osmotic pressure for 0.01 M aqueous solution of each compound is
BaCl, > KCl > CH,COOH > sucrose .
(b) Isotonic solutions are those solutions which have the same osmotic pressure
(¢) Raoult’s law states that the vapour pressure of a component over a solution is proportional
A to its mole fraction in liquid state
(d) Two sucrose solutions of same molality prepared in different solvents will have the same
freezing point depression
91. 0.1 molal aqueous solution of an electrolyte AB; is 90% ionised. The boiling point of the
solution at 1 atmis:  (Kpy,op = 0.52 K kg mol™)

(a) 273.19K (b) 37492 K . (c) 3764 K {(d) 373.19K
92, Which of the following aqueous solutions has osmotic pressure nearest to pure solvent?
(a) Na,SO, (b) BaCl, . () Al,(S0,), (d) C;;H,,0,

93. 0.1M NaCl and 0.05M BaCl, solutions are separated by a semi-permeable membrane in a
container. For this system, choose the correct answer :
(a) There is no movement of any solution across the membrane
(b) Water flows from BaCl, solution towards NaCl solution
{c) Water flows from NaCl solution towards BaCl, soludon
(d) Osmotic pressure of 0.1 M NaCl is lower than the osmotic pressure of BaCl,
{assume complete dissociation)
94. Two agueous solutions, A and B, are separated by a semi-permeable membrane. The osmotic
_ pressure of solution A immediately begins to decrease. Which of the following statement is
T true ?
(a) The solvent molecules are moving from the solution of higher osmotic pressure to that of
lower osmotic pressure.
(b) The initial osmotic pressure of solution B is greater than that of solution A.
(c) Solvent molecules are moving from solution B into solution A.
(d) Both (a) and (b) are true statements.
95. Which one of the following pairs of solution can we expect to be isotonic at the same

temperature?
(a) 0.1 M urea and 0.1 M NaCl (b) 0.1 M urea and 0.2 M MgCl,
. {¢) 0.1 M NaCl and 0.1 M Na,SO, (d) 0.1 M Ca(NO,), and 0.1 M Na,SO,

-796. The empirical formula of a non-electrolyte is CH,O. A solution containing 3g L of thc;:(
compound exerts the same osmotic pressure as that of 0.05M glucose solution. The molecul#ft’
formula of the compound is :

(a) CH,0O (b) C,H,0, (©) C,H O, (d) C3H O,

. 97. Asemipermeable membrane used in the measurement of osmotic pressure of a solution allows

the passage of:
(a) solute molecules through it (b) solvent molecules through it
(c) both solvent and solute molecules (d) either solvent or solute
98. In the case of osmosis, solvent molecules move from :
(a) Higher vapour pressure to lower vapour pressure
(b) Higher concentration to lower concentration
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(c) Lower vapour pressure to higher vapour pressure 2
(d) Higher osmotic pressure to lower osmotic pressure

The osmotic pressures of equimolar solutions of urea, BaCl, and AIC, will be in the order :
(a) AlCl; > BaCl, > urea . (b) BaCl, > AlCl; > urea
(c) urea > BaCl, > AICl, (d) BaCl, > urea > AlCl,

. Which of the following solutions will have maximum osmotic pressure? Assume 90%

dissociation of each salt:

{a) decinormal aluminium sulphate

(b) decinormal barium chloride solution -

(¢} decinormal sodium sulphate solution

(d) solution of equal volumes of decinormal barium chloride and decinormal sodium silphate
solutions .

Consider 0.1 M solutions of two solutes X and ¥. The solute X behaves as a univalent electrolyte

while the solute Y dimerises in solution. Which of the following statements are correct

regarding these solutions?

(1) The boiling point of the solution of X will be higher than that of Y

(2) The osmotic pressure of the solution of ¥ will be lower than that of X

(3) The freezing point of the solution of X will be lower than that of ¥

(4) The relative lowering of vapour pressure of both the solutions will be the same

Select the correct answer from the option given below :

(a) 1,2 and 3 (b) 2,3 and 4

(&3 1,2and 4 (d) 1,3 and 4

If M ormar iS the normal molecular mass and a is the degree of ionization of K 3[Fe{CN)¢], then
the abnormal molecular mass of the complex in the solution will be;

(@) M_ma (2 +2a)7" (b) M porma (1 + 3a)™?

{c) M pormal 1+a)! (d) equal to M.

Equal volumes of 0.1 M urea and 0.1 M glucose are mixed. The mixture will have:

(a) lower osmotic pressure (b) same osmotic pressure

(c) higher osmotic pressure ~ (d) none of these -

A 5% (w/V) solution of cane sugar (molecular weight = 342) is isotonic with 1% (w/V)
solution of a substance X. The molecular weight of X is:

(a) 34.2 ‘ (b 171.2 - (c) 68.4 (d) 136.8

Insulin is dissolved i 111 a suitable solvent and the osmotic pressure (n) of solutions of various
concentrations (g/cm?) C is measured at 20°C. The slope of a plot of & agamst C is found to be
4,65 x 1072 The molecular weight of the msuhn (g/mol) is:

. (a) 3x10° (b} 9x 10°

(©) 4.5x10° _ (d) 5.16x 10°

An aqueous solution of sucrose (C;,H,,0,, ) having a concentration of 34.2 gram/litre has an
osmotic pressure of 2.38 atmospheres at 17°C. For an aqueous solution of glucose (C;H,,04)
to be isotonic with this solution, its concentration should be :

(a) 34.2 gram per litre ' (b) 17.1 gram per litre

(¢) 18.0 gram per litre : (d) 36.0 gram per litre



._45 T

107.
© 108.
109.
~110.

111.

112.

Which of the following experimental methods is adopted to determine osmotic pressure?
(a) Berkley-Hartely’s method (b) Beckmann’s method
(c} Landsberger’s method (d) bifferential method

Based upon the technique of reverse osmosis the approximate pressure required to desalinate
sea water containing 2.5% (mass/volume) KNO, at 27°C will be
(a) 10.5 atm (b) 21 atm (c) 12.2 atm (d) 6.09 atm

A 1% (wt/vol) KCl solution is ionised to the extent of 80%. The osmotic pressure at 27°C of the
solution will be: :

(a) 6.95 atm (b) 5.94 atm

() 2.71 atm (d) 3.30 atm

Osmotic pressure of blood is 7.40 atm, at 27°C. Number of moles of glucose to be used per litre
for an intravenous injection that is to have same osmotic pressure of blood is:

(a) 0.3 (b) 0.2 (c) 0.1 (d) 0.4

The relationship between osmotic pressures (ny, n, and 75 ) at a definite temperature when 1 g
glucose, 1 g urea and 1 g sucrose are dissolved in 1 litre of water is (assume i =1 for all):

(@) my > 7y >,y (b) my >my >my
(©) ny >my >y d} my >mg >my
van’t Hoff proved that osmotic pressure (n) is a colligative property. For an ideal solution,
. . . . W,RT
osmotic pressure () is helpful to determine that molecular mass of solute using Mz = —2 v
Tt.
Law can be show by the curve (C = concentration): '
C = constant C = constant

m T

@ I ) 1
— T T —T7

o] @ |
113.
114,

115.

T = constant T = constant
om |\ T .

—_—C — C

A solution containing 4.0 g of PVC in 2 litre of dioxane {industrial solvent) was found to have
an osmotic pressure 3.0 x 10~* atm at 27°C. The molar mass of the polymer (g/mol) will be :

(2) 1.6x 10* (b) 1.6 x 10° (©) 1.6x 10° (d) 1.6x 10>

The osmotic pressures of 0.010 M solutions of KI and of sucrose (C ;H,,04; } are 0.432 atm
and 0.24 atm respectively. The van't Hoff factor for KI is :

(a) 1.80 (b) 0.80 () 1.2 {(d 1.0

What is the correct sequence of osmotic pressure of 0.01 M aq. solution of :

1) A12(504)3 (2) Na3P04

(3) BaCl, . {4) Glucose

(@) my >my >y >y ) rg>my >my >y

(©) mg >7y > >Wy @ n>my >0, >m,
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1.0 molar solution of the complex salt, CrCl, - 6H,0, displays an osmotic pressure of 3RT.
0.5 L of the same solution on treatment with excess of AgNO solution will yield (assume o = 1) :
(a) 0.5 mole of AgCl (b) 1.0 mole of AgCl (c) 1.5 mole of AgCl (d) 3.0 mole of AgCl

A 0.010 g sample of Cr(NH,),(S0,)Cl is dissolved in 25.0 mL of water and the osmotic
pressure of the solution is 59.1 torr at 25°C. How many moles of ions are produced per mole of
compound? _ .

(a) 1 b) 4 (c} 2 (d) 3

Which of the following aqueous solutions should have the highest osmotic pressure?

(a} 0.011 M AlCl, at 50°C ’ {b) 0.03 M NaCl at 25°C

(¢) 0.012 M (NH,),50, at 25°C (d) 0.03 M NaCl at 50°C

X,Y,(i = 5) when reacted with A;B;(i = 5) in aqueous solution gives brown colour. These are
separated by a semipermeable membrane AB as shown. Due to osmosis there is:

05 M 001 M @

(a) brown colour formation in side X (b) brown colour formation in side ¥
(¢) formation in both of the sides Xand ¥  (d) no brown colour formation

Which of the following curves represents the Henry’s law?
' fog m log m
(a) I / (b) ]
T ——TlogP I —— logP
logm| - ‘ log m
(© [ (@ “
log P I —— IogP

According to Henry’s law, the solubility of a gas in a given volume of liquid increases with

increase in:
{a) Temperature (b) Pressure
(¢} Both (a) and (b)- (d) None of these

At 300 K, 40 mL of 04 (g) dissolves in 100 g of water at 1.0 atm. What mass of ozone dissolved
in 400 g of water at a pressure of 4.0 atm at 300 K?

(a) 0.1g (by 1.2 ¢

() 0.48 g (d) 48¢
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1 kg -of water under a nitrogen pressure of 1 atmosphere dissolves 0.02 gm of nitrogen at
293 K. Calculate Henry’s law constant :
(a) 7.7 x 10* atm - (b) 7.7x 10° atm

. (©2x10%am (d) 2x 1072 atm

124.

According to Henry’s law, the partial pressure of gas (P, ) is directly proportional to mole
fraction of gas in liquid solution, B, = Ky . Xy, where Ky is Henry’s constant. Which is
incorrect ?

(a) Ky is characteristic constant for a given gas-solvent system

(b) Higher is the value of K, lower is solubility of gas. for a given partial pressure of gas

(¢} Ky has temperature dependence

125.

(d) Ky decreases with increase of temperature

At 760 torr pressure and 20°C temperature, 1 L of water dissolves 0.04 gm of pure oxygen or
0.02 gm of pure nitrogen. Assuming that dry air is composed of 20% oxygen and 80% nitrogen
(by' volume). The masses (in g/L) of oxygen and nitrogen dissolved by 1 L of water at 20°C
exposed to air at a total pressure of 760 torr are respectively :

(a) 0.008, 0.016 (b} 0.016, 0.008
(c) 0.16, 0.08 : (d) 0.04, 0.02



. ‘Two beaker A and B present in a closed vessel. Beaker A contains 152.4 g aqueous solutdon of urea,
containing 12 g of urea. Beaker B contains 196.2 g glucose solution, containing 18 g of glucose”
Both solutions allowed to attain the equilibrium. Determine wt. % of glucose in it’s solution at
equilibrium :

(a) 6.71 (b) 14.49 {c) 16.94 (d) 20

. Two components A and B form an ideal solution. The mole fractions of A and B in ideal
solution are X, and Xp, while that of in vapour phase, these components have their mole

fractions as Y, and Y. Then, the slope and intercept of plot of ?-— Vs, 1 il be:

A A
(=] [+] <] o Q@
()P*‘ L2 Tt/ W s W Sk N N M @ po-pg, Fa
Py Py Py P; Py Pg -P, Py

. At 48°C, the vapour pressure of pure CS, is 850 torr. A solution of 2.0 g of sulphurin 100 g of
CS, has a vapour pressure 844.9 torr. Determine the atomicity of sulphur molecule:

(a) 1 (b) 2 c) 4 (d) 8

. An ideal solution contains two volatile liquids A (P° =100 torr) and B (P° = 200 torr). If

mixture contain 1 mole of A and 4 mole of B then total vapour pressure of the distillate is:
(a) 150 (b) 180 (c) 188.88 (d) 198.88

. The vapour pressure of two pure liquids A and B, that form an ideal solution are 100 and
900 torr respectively at temperature T. This liquid solution of A and B is composed of 1
mole of A and 1 mole of B. What will be the pressure, when 1 mole of mixture has been
vaporized?

(a) 800 torr (b} 500 torr (c) 300 torr (d) None of these

. Which of the following represents correctly the changes in thermodynamic properties during
the formation of 1 mole of an ideal binary solution :

+ E A Grix ‘ + :E A Giix
(a) Jmor 0 ( T2 Sein (b) Jmo! 0 k & Fimie
_1 & Hte _t T A Smi
mole fraction mole fraction
+§ TA Smn «f Tas
{c) Jmor' 0 k 8 Hnix (d) Jmor 0 . A Grix
- E A G ‘ - E A Heix

mole fraction ~ mole fraction
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7.

10.

11.

12.

13.

14.

15.

16.

17.

A saturated solution of XCl; has a vapour pressure 17.20 mm Hg at 20°C, while pure water

vapour pressure is 17.25 mm Hg. Solubility product (K,) of XCl; at 20°C is:

(@) 9.8x 1072 (b) 10°° (c) 2.56x 10°° (d) 7x107°

A certain non-volatile electrolyte contains 40% carbon, 6.7% hydrogen and 53.3% oxygen. An

aqueous solution containing 5% by mass of the solute boils at 100.15°C. Determine the

molecular formula of the compound (K}, = 0.51°C/m):

(a) HCHO (b) CH,OH (¢) C,H.OH (d) CgH,,05

A 0.10 M solution of a monoprotic acid (d = 1.01 g/cm?) is 5% ionized. What is the freezing

point of the solution? The mol. wt. of the acid is 300 and X £ (H30) =1.86°C/m:

(a) —-0.189°C (b) ~0.194°C (c) =0.199°C (d} Nome of these

An aqueous solution boils at 101°C. What is the freezing point of the same solution?

(Given : K; =1.86°C/m and K, = 0.51°C/m)

(a) 3.647°C (b) -3.647°C - {c) -0.364°C {d) None of these

An industrial waste water is found to contain 8.2% Na,PO, and 12% MgSO, by weight in

solution. If % ionisation of Na,PO, and MgSO, are 50 and 60 respectively then it’s normal

boiling point is [K, (H,0) = 0.50 K kg mo}™']:

(a) 102.3°C (b) 103.35°C - () 101.785°C (d) None of these

Ratio of % of 10 g AB; and 14 g A,B per 100 g of solvent in their respective, solution (AB,
b .

and A,B both are non-electrolytes) is 1 mol/kg in both cases. Hence, atomic wt. of A and B are

respectively : _ '

(a) 100, 40 (b) 60, 20 - (©) 20, 60 (d) None of these

The freezing point of a solution containing 0.2 g of acetic acid in 20.0 g benzene is lowered by

0.45°C. Calculate the degree of dimerization of acetic acid in benzene. K ¢ for benzene is 5.12

Kmol™ kg : : ,

(a) 0.527 (b) 0.80 (c) 0.945 (d) None of these

If boiling point of an aqueous sotution is 100.1°C, what isits freezing point? Given, enthalpy of

fusion and vaporisation of water are 80 cal g™ and 540 cal g™! respectively:

(a) 0.361°C {(b) -0.361°C {c} -3.61°C {d) None of these

100 g of CgH;,0, (ag.) solution has vapour pressure is equal to 40 torr at certain temperature.

Vapour pressure of H,O(l) is 40.8 torr at same temperature. If this solution is cooled to

—0.93°C, what mass of ice will be separated out? (K; =1.86 kg mol 1)

(a) 95.5g () 45¢g (c) 455 g (d) 478 g

1.0 g of a monobasic acid HA in 100-g water lowers the freezing point by 0.155 K. If 0.75 g, of
same acid requires 15 mL of N/5 NaOH solution for complete neutralisation then %, degree of
ionization of acid is (K, of H,0 =1.86 K kg mol™):

(a) 20% (b) 25% (c) 40% {d) 50%

0.1 M KI and 0.2 M AgNOQ, are mixedin 3: 1 volume ratio. The depression of freezing point of
the resulting solution will be [K ; (H,0) =1.86 K kg mol *1:

(a) 3.72K (b) 1.86 K (c) 093K (d) 0.279 K



18.

19.

20.

21,

22.

23.

T ' ‘ 457

I£0.1 M H,50, (aq. ) solution shows freezing point ~0.3906°C then what is the K, for sto 4?
(Assume m =M and K(,0y =1.86 K kg mol™ H

(a) 0.122 (b) 0.0122 (©) 1.11x 107 {d) None of these

A living cell contains a solution which is isotonic with 0.2 M glucose solution. What osmotlc
pressure develops when the cell is placed in 0.05 M BaCl,, solution at 300 K?

{a) 1.23 atm (b) 3.69 atm {c) 6.15 atm (d) None of these
What is the osmotic pressure of 0.2 M HX (aq.) solution at 300 K?

(Given : K3y =8x% 107)

(a) 4.926 atm (b} 0.5024 atm {c} 5.024 atm (d} None of these

A solution contain 8 g of a carbohvdrate in 100 g of water has a'density 1.025 g/mL and an
osmotic pressure of 5 atm at 27°C. What is the molar mass of the carbohydrate?

(a) 387 {(b) 374 {c) 3740 (d) None of these
Study the following figure and choose the correct options. Assuming complete dissociation of
electrolyte:

4 |
L s
0.05 M aq. i 0.10 M agq.
Alx(SOg)z solution i MgCly solution
M

(a) There will be no net moment of any substance across the membrane

(b) MgCl, will flow towards the Al,(SO,); solution

(c) Al,(80,)}), will flow towards the MgCl, solution

(1) The n (osmotic pressure) of 0.1 M MgCl, is higher than the = of 0.05 M Alz {80,4);

The total vapour pressure of a 4 mole % solution of NH3 in water at 293 K is 50.0 torr, the
vapour pressure of pure water is 17.0 torr at this temperature. Applying Henry’s and Raoult’s
laws, calculate the total vapour pressure for a 5 mole % seolution:

(a) 58.25 torr (b) 33 torr " (c) 42.1 torr (d) 52.25 torr

24.-25. The vapour pressure of two pure liquids A and B which form an ideal solution are 500 and

24,

25.

800 torr respectively at 300 K. A liquid solution of A and B for which the mole fraction of A is
0.60 is contained in a cylinder closed by a piston on which the pressure can be varied. The
solution is slowly vaporized at 300 K by decreasing the applied pressure.

The composition of vapour when first bubble formed is:

(@ y4s=06;y5 =04 (b) y, =048, y5 =0.52

(€) y, =052 yp =0.48 (dy y, =05 yp =05

What is the composition of last droplet of liquid remaining in equilibrium with vapour?
(@) x, =0.6; x5 =0.4 M) x, =0.5; x; =0.5
(© x4, =07;x53 =03 (dy x4 =0.3; x5 =0.7
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PASSAGE 1.

Lowering of vapour pressure is determined by Ostwald and Walker dynamic method. It is
based on the principle, when air is allowed to pass through a solvent or solution, it takes up
solvent vapour with it to get itself saturated at that temperature

1 and II are weighted separately before and after passing dry air. Loss in mass of each set,
gives the lowering of vapour pressure. The temperature of air, the solution and the solvent is
kept constant.

. P Pt .
— o f Uquid | " [ Pure | 7 _f Anhy, CaCly dry air
dry air solution molst alr solvent rmora molst alr

| LI}

1. Loss in mass of solvent (w ) will be proportional to:

(a) P°~P (b) P —pe © %’; (&) PxP°
2. Gain in mass of anhydrous CaCi, is proportional to:
(a) P (b) p*° {(c) P-P° (d) pe-P
3. i is equal to:
o qua
(a) — (b) — (c) — @ Zu
Wy + wy Wy +wy W, = wy Wi

4. Dry air was passed through 9.24 g of solute in 108 g of water and then through pure water.
The loss in weight of solution was 3.2 g and that of pure water was 0.08 g. The molecular
weight (g/mol) of solute is nearly :

(a) 50 (b) 62 (c) 70 (d) 80

PASSAGE 2

A dilute solution contains ‘x’ moles of solute A in 1 kg of solvent with molal elevation
constant K,. The solute dimerises in the solution according to the following equation. The
degree of association is (a} is:
24 = A,
1. The van't Hoff factor will be:
(@) i=1-20 (b)i=1-% (c)i=1+_% di=1+u
2. The molecular weight observed will be:

(a) greater than actual molecular weight (b) lesser than actual molecular weight
(¢) equal to the actual molecular weight (d) cannot be predicted by the data given



3. The degree of association is equal to:

(Kpx — AT) ®) Q=M ') a=2+2AT" d a= AT
AT, .2 Kyx Kyx 2Ky x

(a) a=

C ONE OR MORE ANSWERS IS/ARE CORRECT

1.

Which of the following statement(s) is/are correct, if intermolecular forces in liquids A, B and
C are in the order of A <B <(C?

(a) B evaporates more readily than A
(b) B evaporates more readily than C
(c) A evaporates more readily than C
(d) all evaporate at same rate at constant temperature,

. When non-volatile solute is added to a pure solvent, the:

(a) vapour pressure of the solution becomes lower than the vapour pressure of the pure solvent
{b) rate of evaporation of solvent is reduced
{(c) solute does not affect the rate of condensation
(d) . none of these
The total vapour pressure of a binary solution is given by
" P=(100X, + 260 X;) mm Hg
where, X, and X are the mole fractions of components A and B. This indicates that the:

(a) vapour pressure of solution is less than the pure B component

(b) vapour pressure of solution is more than that of pure A component

{c} vapour pressure of pure A is 100 mm Hg and that of pure B is 260 mm Hg

(d) the vapour pressure of pure A and B are 260 mm Hg and 100 mm Hg respectlvely

Which of the following is correct for an ideal solution?

(a) AH,;, =0and AV, =0 (b) AV, =0and AS_;, >0

(¢) AH_;, >0and AS;, >0 (d) AG,,, =0and AS_;, >0

For a non-ideal solution with a negative deviation:

(a) AH ;, =—ve (b) AV, =—ve . (c) AS, =-ve (d) AG, =-ve

A binary solution of liquids A and B will show positive deviation from Raoult’s law if it fulfils .

the following condition:

(@) Py >X,P7 and Py > XgPy

{b) The intermolecular forces of A-B<A-A,B-B

(c) AH mixing is positive

{d) AV mixing is negative

Which of the following statements is/are correct about acetone and trichloromethane

mixture?

{a) mixtures of acetone and trichloromethane shows positive deviation from Raoult’s law

(b) the forces of attraction acting between molecules of acetone and trichloro-methane in a
mixture are greater than those acting between the molecules in pure acetone

(c) pure acetone can be obtained by the caref-ul fractional distillation of any mixture of
acetone and trichloro-methane

(d) when acetone and trichloro-methane are mixed, the enthalpy change is negative



10.

11.

12,

The azeotropic solutions of two miscible liquids:

(a) can be separated by simple distillation

(b) may show positive or negative deviation from Raoult’s law

(c) are supersaturated solution

(d) behave like a single component and boil at a constant temperature

For exact determination of molecular mass through colligative properties measurement:
(a) solute must be volatile

(b) solution must be very dilute

{c) solution must be formed by similar nature of substances

(d) solute must not be dissociated or associated

For the depression of freezing point experiment. The correct statement(s) is/are:

(a) Vapour pressure of pure solvent is more than that of solution

(b} Vapour pressure of pure solvent is less than that of solution

{c) Only solute molecules solidify at the freezing point

(d) Only solvent molecules solidify at the freezing point

The cryoscopic constant value depends upon:

(a) The molar mass of the solute in the solution

(b) The molar mass of the solvent in the solution

(c) The enthalpy of vaporisation of the solvent

(d} The freezing point of the solvent

Consider 0.1 M solutions of two solutes X and Y. The solute X behaves as univalent electrolyte,
while the solute Y dimerises in solution. Select correct statement(s) regarding these solutions:
(a) The boiling point of solution of X’ will be higher than that of Y’

{(b) The osmotic pressure of solution of ‘Y’ will be lower than that of X

(c) The freezing point of solution of X’ will be lower than that of ‘Y’

. (d) The relative lowering of vapour pressure of both the solution will be the same

13.

14.

15.

Consider following solutions:

(I) I M glucose (aq) (I) 1 M sodium chloride (aq)
(II) 1 M acetic acid in benzene (IV) 1 M ammonium phosphate (aq)
(a) all are isotonic solutions (b) 1M is hypotdnic of L II, IV

" (c) 1, II, IV are hypertonic of III (d) IV is hypertonic of I, II, III

Which of the following statements is (are) incorrect?

(a) 0.1 M KCl solution will have the same osmotic pressure as 0.1 M glucose solution

(b) 0.1 M KCl solution will have the same boiling peint as 0.1 M urea solution

(c) 0.1 m glucose and 0.1 m urea are isotonic

(d) 0.1 m MgCl,, solution will have less relative lowering of vapour pressure than 0.1 m NaCl

Consider following solutions:
0.1 m C,HNH%Cl™; 0.1 m KCl; 0.1 m Glucose; 0.1 m Na,C,0,-10H,0

(a) the solution with highest boiling point is 0.1 m Na,C,0,-10H,0

(b) the solution with highest freezing point is 0.1 m glucose
(c) 0.1 m CgH NH,Cl and 0.1 m NaCl will have the same osmotic pressure

{d) 0.1 m glucose solution will have the lowest osmotic pressure
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O MATCH THE COLUMN

il

Column-I and Column-II contains four entries each. Entries of column-I are to be matched
with some entries of.column-II. One or more than one entries of column-I may have the

matching with the same entries of column-1L.

1. I . Column-1

{A) n-hexane + n-heptane
(B) Acetone + chloroform
1(C} Chloro-benzene and bromo-benzene

{(D) Ethanol -+ water

o Column-1I

e - -

(P) Can be separated by fractional diétillatioh '

(Q) Maximum boiling azeotrope
1

(R) Cannot be separated by fractional
distillation completely

(S8) Minimum boiling azeotrope

2-[ :Column-I
(A) m; : 0.1M glucose; nr, : 0.1 M urea
{(B) m : 0.1M NaCl; n, : 0.1M Na S0,

i
[(C) m; : 0.1M NaCl; =, : 0.1M KCl

Column-I¥ ’
Cm e . —me o om ] aad

(P) =, and =, are isotonic

(Q) No net migration of solvent across the’
membrane

(R) =, is hypertonic to n,

(8)_m, is hypotonic to n,

[(1_))_ m; : 0.1 M CuS0O,; 1y & 0.1 M sucrose

3.1 Colum'n-l
{A) 0.1 MAI,(50,),
'l(B} 0.1 M AIPO,

;(C) 0.1 M urea
(D O01MMegCl, |

Colutimi—ll o
(P) Solution with highest boiling point
(Q) Var't Hoff factor is greatér than 1
(R) Solution with lowest osmotic pressure
1(S)_Solution with lowest freezing point

i
4. Column-I

(Solute)
[(A) AlCl, if 0. = 0.8
(B) BaCl, ifa =0.9
i(C) NasPO, if a = 0.9
D) K, [Fe(CN))if o = 0.7

(P) i=34
Q) i=28
(R) i =3.8
() i=3.7 _

. Column-II 7 ¢

(Van't Hoff factor, i)

S. Column-I
(A) Elevatdon of B.P.
i(B) Osmotic pressure
!(C) Relative lowering in V.P.
i(p) Depression of F.P.

Column-II

(P) Colligative property
(Q) Ebullioscopic constant
(R) Berkeley-Heartley

{S) Ostwald and Walker method
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& . ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statement carefully and mark the correct answer according to the instructions
given below:
(A) If both the statements are TRUE and STATEMENT-2 is the correct explanation of
STATEMENT-1

(B) If both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
- STATEMENT-1
(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE .
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRIIJE'j

1. STATEMENT-1: An increase in surface area increases the rate of evaporation.
STATEMENT-2 : Stronger the inter-molecular. ‘attraction forces, faster is the rate of
_ evaporation at a given temperature.

2. STATEMENT-1: An ideal solution obeys Raoult’s law.
STATEMENT-2 : In an ideal solution, solute-solute as well as solvent-solvent, interactions

are similar to solute-solvent interactions.

3. STATEMENT-1 : I[f aliquid solute more volatile than the solvent is added to the solvent, the
vapour pressure of the solution is greater than vapour pressure of pure
solvent.

STATEMENT-2 : Vapour pressure of solution is equal to vapour pressure of solvent.
4. STATEMENT-1: AV,; and AS_;, for an ideal solution is zero.
STATEMENT-2 : A._.Binteraction in an ideal solution are same as between A... A and B...B.
5. STATEMENT-1: Elevation in boiling point will be high if the molal elevation constant of
the liquid is high.
STATEMENT-2 : Elevation in boiling point is a colligative property.
6. STATEMENT-1: The boiling point of 0.1 M urea solution is less than that of 0.1 M KGl
soluton,

STATEMENT-2 : Elevation of boiling point is directly proportional to the number of moles
of non-volatile solute particles present in the solution. |

The observed molar mass of acetic acid in benzene is more than the
normal molar mass of acetic acid.

STATEMENT-2 : Molecules of acetic acid dimerise in benzene due to hydrogen bonding.

8. STATEMENT-1: Addition of ethylene glycol to water lowers the freezing point of water,
' therefore, used as antifreeze substance.

STATEMENT-2 : Ethylene glycol is soluble in water.
9. STATEMENT-1 : Osmotic pressure is a colligative property.
STATEMENT-2 : Osmotic pressure developed in a column due to osmosis.

10. STATEMENT-1 : Osmosis involves movement of solvent molecules from its lower.
concentration to its higher concentration.

STATEMENT-2 : Solutions having the same osmotic pressure are called isotonic solutions.

7. STATEMENT-1

..



| DILUTE SOLUTION

11.

12.

13.

14.

15.
16.
17.

18.

19,

' 20.

. - - —

STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1

- STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

- STATEMENT-2 :

STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2
STATEMENT-1

STATEMENT-2
STATEMENT-1

 STATEMENT-2

C SUBJECT IVE PROBI.EMS

-

4

Isotonic solutions must have the same molar concentration.

Solutions which have the same osmotic pressure are known as isotonic
solution.

Isotonic solutions do not show phenomenon of osmosis.
Isotonic solutions have same molar concentration at same temperature.

When dried fruits and vegetables are placed in water, they slowly get
swelled.

It happens due to the phenomenon of osmosis.
Reverse osmosis is used to purify sea water.

Solvent molecules pass from concentrate solution to pure solvent through
semipermeable membrane if high pressure is applied on solution side.

All solutes becomes more soluble in water at higher temperature
Solubility of solute depends upon temperature.

Henry’s law is always applicable for gases.
Raoult’s law is a special case of Henry’s law.
Increasing pressure on pure water decrease its freezing point.
Density of water is maximum at 273 K.

The molecular weight of acetic acid determined by depression in freezing
point method in benzene and water was found to be dlfferent

Water is polar and benzene is non-polar.

If red blood cells were removed from the body and piaced in pure water,
pressure inside the cell increases.

The concentration of the salt content in the cells increases.
Azeotrope is a binary mixture formed by ideal solutions.
Azeotrope boils with unchanged composition.

1. The vapour pressure of two pure liquids A and B are 5 and 10 torr respectively. Calculate the
total pressure of the solution (in torr) obtained by mixing 2 mole of A and 3 mole of B.

The vapour pressure of two pure liquids A and B are 50 and 40 torr respectively. If 8 moles of A
is mixed with x moles of B, then vapour pressure of solution obtained is 48 torr. What is the

2.

value of x.

vapour phase.

. The vapour pressure of a liquid solution containing A and Bis 99 torr. Calculate mole % of Bin

(Given : P, =100 torr ; P, = 80 torr)

If 30 g of a solute of molecular weight 154 is dissolved in 250 g of benzene. What will be the
boiling point of the resulting solution ?

{Given : Ky(cerg) = 2.6Kkgmol‘ )



S.

N

10.

Calculate elevation in boiling point for 2 molal aqueous solution of glucose.
(Given : Kp(y,05 = 0.5K kg mol™)

Calculate depression of freezing point for 0.56 molal aq. solution of KCL
(Given : Ky (y,0y = 18K kg mol™).

What is the maximum value of van't Hoff factor for AlCl, ?

A solution containing 500 g of a protein per litre is isotonic with a solution containing 3.42g
sucrose per litre. The molecular mass of protein in 5x 10%, hence x is.

ks

. An aqueous solution of urea has a freezing point of -0.515°C. Predict the osmotic pressure (in

atm) of the same soludon at 37°C.
(Given : K ;(y,q) = 1.86K kg mol 1) '

0.2M aq. solution of KClI is isotonic with 0.2M K,SO, at same temperature.
What is the van't Hoff factor of K,SO, ?
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-* . ‘One or More Answers is/are Correct

v

1. (b} 2. {(abc) 3. (abc) 4. {a,b,d) 5. (a,bd) 6 {(abcy . 7. (bd) 8. (bd)

.8 (bd) 10. (ad) 1, (bed) 12. {abe) 13. (becdd 14 (abd) 15 (abcd)

Match the Column

1. A= P; B— QR; C— P; D— R, S
2. AP Q; B— §; C-o P QO D> R
3. AP, QS; B> Q; C—o R; D> Q
4. A P; B> Q; Co S; D> R
5. AP Q; B—o P, R; C—» P, R; D> P

Assertion-Reason Type Questions

1O w30 6 D) B s B 10 ®

PRt

SAL DY 120 (A 13 (A) UM (B) ' 18, () 20, (D)

Subjective Problems

1.8 2 2 3 4 :.;.‘:"'t'r'r.;'




Hints

Level 1
2. (b) Given P, =19 mm Hg, P, =760 mm Hg;
AH,,, = 40670 J/mol
Applying Clausius-Clapeyron's equation
lOg & = AHHP Tz — Tl
P, 2303xR | TiT,
760 _ 40670 (373-T,
19 2303 %83\ T, x373

or log

on solving, we get T, =2914 K
3. (a) Inidal wt. of HO()=18 g;

[24.63] 76
760

n = ———————— .01
H20 0.0821 x 300
% wt. of H,O vaporised = %&E x100

= 1%

9. (d) Soluton X is unsaturated so v. pr. will be
more, solution Y and Z are saturated so v. pr.
of Y =v. pr. of Z and 2 gm of solute would be

present in form of solid in system Z.

pe—p pe-p n
11. (d)?—=x,°lme or P ChaN
0.1
= 0.01; P=099P°

0.1+9.9

13. (c) Given P, =750 mm Hg
-+ 373 K is boiling point of water.

Thus, P; =760 mm Hg

(P" - P] 1000
ms= x
P thvm
10 x1000 0.74

750 18

14. (c) Normal boiling point of water is 100°C,

hence
P°{H,0) = 760 torr; M(H,0)=18 g/mol

[P"—P] 1000
m= x

= P =746.5, AP =13.45 tomr

and Solutions

15. (b)_P,:[%] Pe,w=?,
Mogue =40, w=1148, M e =114
Pe-P wxM, wn
Ps - Msulmc xW
P°—(80/100)P° wx114
(80/100)P°  40x57’

(for very dilute solution)

DYV
N, Ng
= Mg =2M ,

17. (c) We know that

YA = PAOXA or .LA. = —P‘: -
total X A P total
Pi>P, SO Yos1 o Yi>X,
XA
18. (a) Molesof A = 20 0.5;
] 40
moles of B = 20 = 0.25

80
0.5 =0.67, xp=0.33

¥AT 05+ 025
Py = PSX , + PSX,
= 100 x0.67 + 40 x0.33 = 80 torr
19. (a) Since, P = X ,P{ + XpPg, we have

1 3
Pg+ Pg =550 mm Hg;
[1+3) A (1+3J B &

1 Y. 4 ). .
P P2 = 560 mm H
(1+4] "+(1+4J B mm T

That is, 0.25 P4 + 0.75 Py = 550 mm Hg;
020 P + 0.8 Py = 560 mm Hg
Solving for P; and Py, we get;

P; = 400 mm Hg and P = 600 mm Hg




Pix Prx
20. (a =& = CALA d =878,
().YA P Vg P
Ya_Py X4 . i—-lmx X4
Ys P; Xp 3 3 (I-x4)
x iorx 1
475 s
1 1 3
21. (a8 x,= = —; Xg=-—;
@xa=1773 = 3 7y
YA _jf_;: X4
Yo Py Xp
Ya =lxl
-y, 3 3
= 1 or =L
B 9 T

26. '(a) Elevation in boiling point « concentration of
a solution. Thus, the order of concentration
of solutionis I < I < II1,

34. (A Pyey = Plx, + Pgxg;
=100 x%+ 80 x%:- = 85 mm Hg

P, = 90 mm Hg; ‘

Actual v. pr. is greater than ideal
solution v. pr. so +ve deviation from
Raoult’s law.

35. (d) From an azeotropic mixture the components
cannot be separated at boiling point because
it is a constant temperature boiling mixture.

39. (o) For two immiscible liquid;
Py =P PH20_748 648 = 100

Wa _PiM,, ,, 125 648x18
Wy pem, 1 100
= 1458
40. @Wa_Pa My _ 07 1125
W py My 7 18
= 0.625
%Lx100=2‘62—5x100
W,y + Wy 1.625
= 38.46
42, (a)i:]_-g-(n—l)g_ SO n=LH.
. o
c —a)+ & o
43. (Qi=— 0 j=-1_q+2
C n

45. (¢) For high v. pr. concentration of solute
should be low and temperature should be
high.

49, (0 mi=

51.

52,

54.

55.

57.

60. (b) AT =2.304; m= 1-4_4

61.

pe-p 1600

3

% —
Msolvent
{20.0126 - 20) x 1000 ,

20 %18 g

7m=

m=5x107

(d) ATb =Kb.m = 3.63 X%

x 1000;

T, =617 + 0.968

= 62.67°C
(d T,=80.26, AT,=0.16;
016 = 253 x M x 1000; M =~ 367

. that is almost molar mass of C,H,Fe,.

(d) AT, (normal) =K,ym =2.53x1 = 2.53K;
ATb(ohs) 1 518 _
T AT, cor) 253

=1—(1—1J o a=08
n

0
Msatvent ¥ R % Ty(solvent .

b) AH, = ;
® Vap- 1000 x K},
_ 92x8.314 x(383.7)7
v 1000 x 3.32
= 33.91 kJ/mol = 34 kJ/mol
(a) Xy, = X* + 2
Initially 1 0 0
at equilibium 1-« [+3 2a

Total no. of moles =1-a +a + 2a =1 + 2u
_ Normal molar mass =~ 1+ 2a 164

Observed molar mass’ 1 65.6

a=0.75%a=75%
2.304

0.16;

n solulc

m= »x 1000

solvent

0.16= 26, 1000
M

) ne e, = 0.18;

58
m=218 11000 = 0.9
200
AT; =5.12x0.9 = 4.608;
Ty =5.5-4.608 = 0.892°C



62,

67.

73.

74.

75.

76.

77.

78.

79.

80.

(@) —4°F = -20°C; ATy =20°C

ATf=Kf.m = m=—2£=1075
1.86

mass of C,H;OH required
= 10.75x46 = 4945¢g .
36 1

AT, =K;.m = 0.93=1.86x " x—,
(d) ATy =Ky M 12

M=60 and 30xn=60;, . n=2
so compound is C,H,0,.

(b) ATf =Kf x molality xi;
0.558=186x0.1xi'ori=3

Thus complex is [CoCl xNH,].Cl,. Since
co-ordination number of CQ is six, thus
complex is [CO(NH,);ClICl,.

(d) Depression in- freezing point, AT, =iKm.
The value of van't Hoff factor (i) is minimum
for the glucose, which is a non-electrolyte.
Hence, aqueous solution of glucose has
highest freezing point.

(a) Molality of solution should be same
M, =M,;
4 . 1000 10 N 1000
60 96 M, 90
)] ATy =Kp.m = 1.86=K; x1
= K((H,0)=1386
for HCOOH; 0.02046=1.86 x0.01(1 + o);
a=0L so{H']=a = 107%; pH=3
(a) The reaction when Ki is added in Hgl,
Hgl, + 2KI —> K,Hgl, == 2K* + Hgi3
Since, number of ions decreased, so freezing
point increases.
(b)Y AT, =mKd
ATy, = mKyj

or My =160

Mow =7

i, S0 M, increases
(c) To use car; ATy = T; -T;=9.3K

.'.ATf=Kfm = 93=18m = m=5

-~ number of moles of ethylene glycol added
to 5 L of water of radiator = 5x 5= 25
or 25x62 = 1550 ¢g .

(b) Given K; =1.86 K kg mol ™!, m = 0.01,

AT; =0.0194°C

L AT, =i Kpm; —i%d
1.86 x 0.01
or i=1.043 or o =0.043

83. (c) AT; =K, mi;

0.87 = 1.86 xi x( 1 Xmoo} i—4
3455 25
84.. (2) AT = K, [”1 8 xlOOOJ; '
solvent

3,18
AT, =186160 180 1000} = 1.172
f 95.2 :

Tf _Tf =1172°C;
85. (b) ATf =Kf' mi =

i:l—a+g
2

Ty =-1.172°C
i=0.633
= a=073

87. (d i=l+a = 125
ATy =K;mi = 1.86x0.2x125

or ATf =0465 or Tf =-0.465°C

) ) ; ATy -
B9. @AT; =K, mi = mi = ——=2
KA
_ f
i=2 s0o m=1 .
P°-P_ in _.n_ixmM,
P  in+N N 1000
=2><1><58.5 0.117
1000

91. (d)i=1+30c = 1x3x09= 3.7;
AT, =i Kp.m = 0.52x0.1x3.7 = 0.19
© Ty=Ty+ 0.19 = 373+ 0.19 = 373.19

102.(b) KIFe(CN)s] = 3K + [Fe(CN),I*

Art=0 1 0 0 ,
After ionizaton {1- a) 3o o I=il+3a
Since, i= EW.:L;
Mabnonnal
LI 1+ 30 — Mnormal
1 Mabnonml
100
104.(0) my =1y, —— x 1000 _ 1 1000
342 100 X 100

= X =684

105. (d)




W RT n RT
MT=—X—— 0Of —=—
M Vv cC M
slope—ﬂ'[
M
0.082 x 293
or =—_3——_3
465 %107 x10
= 516 x10% g

109.(b) n =i.C.RT
= 1.8><( ! x-—}——]x24.63

745 0.1
= 594
111.(c) m =iCRT; Where, i =1 for each of the
solution
7o 1

molecular mass of solute’
M, > M; > Ta

urca lucose  SUcrose
60) fgoy (342)

Wp xR xT 4 x0.0821 x 300

P

113. (b) My =

() 15 v o 2
=1.6 x10°

114. (a)i = Nurmber of particles in KI solution

Number of particles in sucrose solution
© (Kl solution)  0.432 atm
7 (sucrose solutiom) T 024am
115. (d) 7 =iCRT; i =5for Al,(SO,),
i = 4 for Na,PO,,
i = 3 for BaCl,, i =1 for glucose

1.80

So osmotic pressure of :
Glucose < BaCl, < Na;PO, < AlL;(SO,);
116. (b) n =iCRT,i =3=1+(n-1) a;
For the salt « =1, hence n =3
[Cr(H,0)sCIICL, HyO + 2AgNO,
— [Cr(H,0)sCIF" + 2AgCI(s)
0.5 L of 1m salt = 0.5 x 2 = 1.0 mole of AgCl

119. (d) Only solvent molecules can passed through
' SPM so only dilution is possible.

120. (a) Henry’s law is m = K - P; where, m =mass of

gas absorbed by given volume of the
solvent.

P = pressure of gas;
. logm=IlogK + log P

122, (d)40 mL O, dissolve in 100 g water at 300 K .

and 1 atm

40 x 4 mL O, dissolve in 400 g water at 300
Kand 1 atm

m P so (40 x4} x4 mL O dissalve in
400 g water at 300 K and 4 atim

, 4 %640 x1072
ng, dissolved = ————— =
5 0.0821 x 300
or mass of O; =4.8g
Level 2 h -
1. (b) Mole fraction of urea in it’s solution
12 -
60
_E 1404 = 0.025
60 18
Mole fraction of glucose
18
= 180
= _1:8”_ . 1783 = 0.01
180 18

Mole fraction of glucose is less so vapour
pressure above the glucose solution will be
higher than the pressure above urea
solution, so some H,0 molecules will

- transfer from glucose to urea side in order to
make the solutions of equal mole fraction to
artain equilibrium, let x moles H,0
transfered

0.2 0.1

T 02+78+x 01+99-x

now mass of glucose solution
= 196.2-4x18 = 1242

x100 = 14.49

x=4

wt. % of glucose = 18
124.2

2. (b)r P =P.X,
P, =PpX,
(P, and P; = v. pr. of pure A and B)
and Y, = Pa
Py + Py
o PiXa
) PX, +P(1-X,)
= ¥, =%
XoPy—Pgl)+ Py
L Ll (m-Rm) m o1
YA PA PA XA



=] o o

So, slope of P—'i and intercept = PL*_‘O_&?.
A P,
3@ P=Pon o, W
P N W xN
850 - 844.9  2x76
844.9 M x100
252

M=252; n=—=8
32

atomicity of sulphur is 8

4. () P=Pyx,+Pgxg = 100 x%+200x%

= 180 torr
¥ s{composition of A vapour phase) = PaXa
p
D1,
180 9 9

For ‘condensation y , = X4 ¥5 = X3
Ptoral =P;‘x}‘\ + P8x§;
Pota =100 x% + -g- % 200 = 188.88 torr

5. (0) Letng mole of B present in 1 mole of mixture

that has been vaporized. Thus, y; = nTB

Mole fraction of B in the remaining liquid

phase will be xg = 1- 1y
xp = 22T )
Py -P;
[- P=P7 + Py - Pr)Yxg]
P Pyx
and =2 = BB ...{2)
Y8=p P ¢
After substitution of values of x and y5 in
(1} and (2) ‘
<
we get 1 —ng = PP ..(3)
Py - Pr
and Ny = Q-ng)Py @
P
or ng = PB
P+ Py
4] o
so 1-—t8_ PP
P+P; pg-pr

. = P=yP-Pp =,f100x900

= 300 torr

6. (c) For an ideal solution AH ;, = 0 and ASmi; is
_always positive so AG,;, is negative.
7. (&) -mi=F=f, 1000 .
B p M soivent
4= (17.25-17.20) x 1000; m=0.04
17.2x18
for dilute solution molality ~ molarity or S;
K, = 275" =~ 7x107 .
8. (d)Moleratioof C:H:0is1:2:1 soempirical
formula is CH,0
m= ATy => 0.15 0.294;
K, 0.51
0.294 =22, 1090,/ 180
M 950

(CH,0),=180 or 30xn=180 orn=~6;
. molecular formula is C¢H;,0y.
. (c) Mass of 1 litre of solution =1010 g;

mass of solvent =1010-300x0.1 = 980 g

m= 0.1 = 0.102; i
0.98

h-J

AT =Kpmi =(1+a)K;m
AT =1.05 x1.86 x 0.102 = 0.199°C;
T; =0 -0.199 =-0.199°C
AT, 1 ATy
- =

10. m=—=2
®) Kp 051 K
1 A'I'f
0.51 1.86

AT; =3.647 or T;=-3.647°C
11. (¢) For NagPO,, i=1+3a =1+3x05
= 2.5; for Mg80,,i=1.6
100 g solution contains 8.2 g Na,;PO, and
12 g MgSO,, '
AT, =Ky m.i =
K l[effective no. of moles of (Na;PQ, + MgS0,)
b wt. of solvent (in g)

X 1000]

82 05+12 16
AT, =0.50| 164 120 x1000» ¢
, 79.8
=1.785°C e
T, =100 + 1.785 = 101.785°C
12. (b) AT, =K, [ﬂﬂ“t—e x -—] x 1000
Wsulvent solute



.
1000 ><'10

=——— T = My, =100
100 x M 4, A%

similarly M,z =140
100=M, + 2-Mg

and = 140=2.M, + Mp;

- M, =60 and M, =20

13. (c) Given  w=0.2g, W =20g, AT =0.45;

1000 x K¢ xw
ATf o et e
M xW
or 0.45 = 1000 x5.12x 0.2
20xM

M (observed)=113.78

Now for 2CH,COOH = (CHSCOOH)Z

Before association 1
After association 1- o a/z

where a is the degree of association.

Mnotmal =1—0’.+E'
. M observed 2
60

“1-a+2; @=0.945
. 113.78 2

14. (b) Given AHj, =80 cal g'l,
AH oy, = 540 cal g™t

We know, ATb—Kb xm

Also = i..__
1000 x AH
ATy _ Ky
ATy Ky
RT¢ 1000 x AHy,
1000 x AHW,],. RT}

ATy TE xAH;,
ATy TP xAH,
0.1 373x373x80
ATf 273 x 273 x 540

ATy =0.361 30,
T; =-0.361°C
15. (d) Molality of solution = ©-—F « 1‘;{&

40.8 - 40 » M

40 18
1000 g water present with 45 g glucose or
100 g solution has 4.31 g glucose and 95.69
g H,0. Final molality is 0.5, 1000 g solvent
contain 90 g glucose or 4.31 g glucose

0.25

present with % x4.31=47.88 g H,0 wt.

of ice formed = 95.69 - 47.88 = 47.8g

—add____ . 1000;
Mg xWy 20
M4 {observed) =120

Normal molecular mass of acid can calculate ’

16. (b) ATy =K x

as
milli-equivalents of acid =milli-equivalents
of base
(for HA and NaOH, N = M)
075 1000 =15x1
acid 5
= - M acid (Normary = 150
[ = 1— 1.25
120
i=l+a = 0.25
% o =25
17. (d) Kl(aq) + AgNO,(aq) — Agl(s)d
+ KNO,(ag)
KI + AgNO; —> KNO, + Agll
Initial : 0.3 mole 0.2 mole = —
Final : 0.1 mole — 0.2 0.2
Total moles of solute ions ={0.1+ 0.2)x2(- i =2)
[Solute] = 0—6 M
4
AT; =K, — 96
4
0.6

18. (b)ATf
i=2.1

first step of H,S0, is strong so
H,80, ——> H' + HSOy;
0 C -
HSO; == H® +S0%
ol - a) Ca Co
_Cl-o)+Ca+Co+C
C

=Kpmi = 0.3906 =1 x1.86 x0.1,

= 2.1;

a=01
Now, HSO; == H* +50%"
Cl-a) (Co+C) Ca
€+ a)xCa
27l -a)
1.1x0.1 x0.1
0.9

=0.0122
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19. (a) n=(C, —i,C;)}RT
= (1 x0.2-3x0.05)0.0821 x 300
= 1.23 atm

5
20. (0) o =210

= 0.02;

i=Q+a) = 1.02
n=i.C.R.T

= 1.02x0.2x0.0821 x 300
= 5.024 atm

21. (b) 8 g of carbohydrate is present with 100 g of
water in solution

or 108 g solution contains
carbohydrate;
108

solution =m
n =1 xR xT
v

8 g of

%1072 litre

1'0:;5 «1000 x 0.0821 x 300 = 5;

X

: E
M
M =374 g/mol
23. (a) The given data are
P nrer =17.0 torr;
P,y (4 mole % solution)
=Py, + Pryares = 50.0 torT
Xyuy =0.04 and  x,. =0.96
Now according to Raoult’s law;
P, P

water — X water

water
=0.96 x17.0 torr =16.32 torr
Now Henry’s law constant for ammonia is
P
K (NHg) = NHy _ 33.68 torr
Xny . 004
Hence, for 5 mole % solution, we have
Py, =Ky(NH3) Xy,

= 842 torr

43

= (842 torr) (0.05) = 42.1 torr
P

water = P water wﬂter

=(17 torr) (0.95)=16.15torr -

Thus, P,ml (5 mole % solution)
= Pty + Puuster =42.1 + 16.15=58.25 torr
24. (DYP=Pux,+Pyxy
=> 500 x0.6+ 800 x0.4

= 620 torr
<Fa _, 300
Y45 620
= 0.48; y, =0.52
25. () B =500; Py = 800 torr
T T T Constant B
=06 g
. Pr.
|
Fa
|
P
Pure Pura.
! A

i Mole haction

When most of the liquid has vaporized
x, = 0.6 (given) would be y , = 0.6

Pix,
Yas=
Px,+Pi(1~x,)
- o 500. x,,

SOOXA + 800 (1 ~ x,)
- x, =070, xp=030



Types of Solid

S. No. Crystalline solids Amorphous solids

1. |They have a defined crystal shape. They do not have a defined geometrical shape

2, Long-range order Short-range order

3. |They have sharp melting points They do not have sharp melting points.

4. |Enthalpy of fusion is definite Enthalpy of fusion is not definite

5. |They are hard and rigid solids. They are comparatively soft and not very rigid.

6. |Possess definite crystal system (cubic, tetragonal,|Crystal system absent ; no regular repeating unit
hexagonal, octahedral, etc.)
They are true solid They are pseudo solid

8. |They split into two pieces when cut with a sharp-|They cut into two pieces with irregular surfaces
edged tool ; newly generated surfaces are plain and |when cut with a sharp-edged tool.
smooth.

9. iThey are anisotropic (refractive index and electrical | They are isotropic. (physical properties are same
conductivity are different in different directions) |in all directions)
(e. g., NaCl, CsBr, CaF, and ZnS (e. g., Rubber, plastic and glass)
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Types of Crystalline Solids

Dipole H-bond

Type of solid Intermolecular forces Propertiés Examples
ionic Ion-ion forces Brittle, hard high melting NacCl, KCi, MgCl,
Molecular Dispersion forces/Dipole-|Soft, low melting non-conducting H,0, Br,, CO,,CH,

Covalent network

Covalent bonds Hard: High melting

C-Diamond, Si0,

Meitallic

Variable hardness and melting point

Metallic bonds
: conducting

Na, Zn, Cu, Fe

Crystal System

Unit Cell Parameters
Crystal Systems Bravais Lattice
Intercepts Crystal Angles
1. |Cubic Primitive, face centeréd, body centered |a=b=c a=f=y=90°
2. |Orthorhombic Primitive, face centered, body centered,|la=b=¢c a=pf=y=90°
end centered
3. |Rhombohedral |Primitive a=b=c a=f=7+90° !
4. |Monoclinic Primitive, end centered 1 azh=zc @ =7y =90°,p=90°
5. [{Triclinic Primitive . axb=c azpzy=90°
6. |Tetragonal Primitive, body centered a=b=#c a=p=y=90°
7. |Hexagonal Primitive a=b=c a=B=90°y=120°

Some Formula

. . . . ZxV . . . .
(i) d= ZM3 ; (i) Packing fraction = 2 Yatom ;  (ii) Void fraction = 1 - Packing fraction ;
o Unit cell
(iv) C.No. =No. of first neighbours n .
where d = density ; M = Atomic weight of element ;
N, = Avogadro’s number ; a = Edge length of cube.
Cubic System
S.No. Property Simple Cubic Lattice | BCC Lattice | FCC Lattice
1. |Atemicradius (r),a =edgelengthofcube |, _2 re g_J_§ e a_ﬁ
2 4 4
2. |No of atoms per unit cell (2) Z=1 Z=2 Z=4
3. |Co-ordination No. (C.No.) 6 8 12
4, |Packing fraction (P.F.) 0.52 0.68 0.74
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Types of Pécking

SNo| . ¢ fi’ropert'y‘;:.f' R
1. |Co-ordination No. (C.No.) 12 12
2. [No. of atoms per unit ceil (z) z=6 z=4
3. |Packing fraction (P.F.} P.F.=0.74 P.E.=074
4. |Type of packing ABAB...... ABCABC ......
Types of Vouds
S. No. Name of Void " FyoidfFephere Co-ordination Number {C.No.)
1. [Triangular void 0.155 3
2. |Tetrahedral void 0.225 4
3. |Octahedral void ' 0.414 6
4. |Cubic void 0.732 8
Radius Ratio
S.No. Limltmg radlus ratio( “‘“’") ‘— ) !;_ C.NoL o Shape
' - famw E : .
1. <0155 2 Linear
2. 0.155—0.225 3 Planar triangle
3. 0.225— 0.414 4 Tetrahedral
4. 0.414— 0.732 6 Octahedral
5. 0.732—0.999 8 Like body central cubic
Types of lonic Structure
S.No. Name of Structire, ¢~ | - ‘. ‘°* ' Location of Particle
1. |Rock salt {AB)NaCl B~ : cep lattice ; A* : Octahedral void
2. |Zinc blende (ZnS) §2" : cep lattice ; Zn?* : Alternate tetrahedral void
3. |CsCI Cs* : Cube centre ; ClI™ : Corner of cube
4. |Fluorite structure (CaF,) Ca?* : fec lattice ; F™ : Tetrahedral void
5. |Antifluorite structure Na,O 0% : fee lattice ; Na* : Tetrahedral void




Bragg's Equation

2dsin® = nA
n =1 First order reflection ; n =2 Second order reflection ; 0 = angle of reflection.
d = distance between planes ; A = wavelength of x-ray

Defects
Point Defects
1
v
Stoichjometric Non-stoicl}iometric
v v v }.
Schottky Frenkel Metal Metal
(ion-pair missing) (Dislocation of ions) excess deficient
v ¥ .
Anionic Vacency Extra cajtonin  Cationic vacency

(electron present in anionic interstitial site defect

vacency)

(1) Stoichiometric defects

< Vacancy: When constituent particle missing, then vacancy defects occurs.

<+ Frenkel : The defect in which an ion is displaced from its regular position to an
interstitial position creating a vacancy. Such defect is known as frenkel defects or
dislocation defect.

% Schottky : Defect in which a pair of one cation and one anion of equal valence is missing
from an ionic crystal leading to a pair of vacant sites. Such defect is known as schottky
defect,

(2) Non-Stoichiometric defects :

+ Metal excess defect : The defect occurs due to anionic vacancies or due to the presence
of extra cations at the interstitial site.

+ Metal deficiency defect : The defect occurs due to absence of positive ions from lattice
site or extra interstitial negative ions.

Electrical Properties

The solids can be conductors, insulators or semiconductors.
% Conductors conduct electricity through movement of electrons {metals) or ions {electrolytes).
% The atomic orbitals of metals form molecular orbitals which are so close in energy that they
form bands. If the gap between the filled valence band the next higher unoccupied conduction
band overlaps, the electrons can jump and are called conductors. If this gap is more, the
electrons can not jump and the substance behaves as an insulator. :
< In semiconductors, this gap is small. For example, silicon and germanium. Their conductivity
can be increased by adding impurity (doping) which can be electron rich or electron deficient.
- When increase in conductivity is due to the electron-rich impurity, it is called n-type
semiconductor.
< When the increase in conductivity is due to electron-deficient impurity, the conductors are
called p-type semiconductors.

B
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Magnetic Properties

S
o

2,
o

Paramagnetic : Substance weakly attracted in magnetic field and magnetized in same
direction is known as paramagnetic substance:

Diamagnetic : Substance weakly repelled in magnetic field is known as diamagnetic
substance

Ferromagnetic : Substance attracted very strongly by magnetic field is known as
ferromagnetic substance.

Antiferromagnetic : Substance in which oppositely located domains cancel out each
other’s magnetic moment is known as Antiferromagnetic substance. '

Ferrimagnetic : Substance in which magnetic moment of domains are arranged in parallel
and antiparallel directions in unequal numbers is known as ferrimagnetic substance.
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"1. Which of the following statement is true for ionic solids?
(a) lonic solids are soluble in non-polar solvent
(b) Under the electric field cations and anions acquire translatory motion in opposite
directions
{€) Structural units have strong electrostatic force of attraction
(d) Structural units have dipole-dipole interactions
2. Which one is called pseudo solid ?

(a) CaF, (b) Glass (c) NaCl (d) All
3. Solids which do not show the same physical properties in different directions are called:
(a) Pseudo solids (b) Isotropic solids
(c) Polymorphic solids (d) Anisotropic solids
4. Graphite is an example of :
(a) Ionic solid {(b) Covalent solid
{c) vander Waals’ crystal - {d) Metallic crystal
5. Amorphous solids are:
(a) isotropic and supercooled liquids (b) anisotropic and supercooled liquids
(c) isoenthalpic and superheated liquids (d) isotropic and superheated solids
6. Crystals which are good conductor of electricity and heat are known as :
{a) Tonic crystals (b) Covalent crystals
(c) Metallic crystals (d) Molecular crystals
7. The bond length and bond angles in molecules in the solid state are calculated by:
(a) X-ray diffraction technique (b) neutrons bombardment
(c) protons bombardment (d) none of these
8. The unit cell with parameters a =f=y=90°and a=b = cis :
‘(a) Cubic (b) Triclinic (c) Hexagonai (d) Tetragonal
9. Triclinic crystal has the following unit cell parameters :
(@aa=b=c;o=p=y=90° M®la=bzc;a=f=y=90°
(QQazb#c;a»P=y=90° da=bzc;a=p=90°y=120°
10. If all three interfacial angles defining the unit cell, are equal in magnitude, the crystal cannot
be:
(a) rhombohedral (b) cubic {c) hexagonal {(d) tetragonal
11. In a Hexagonal crystat :
(@A a=p=y=90%a=b=c M) a=B=y=90%a=bsxc
(Qa=B=y=90%a=zb=c () a=p=90%y=120%a=b=c
12. Orthorhombic crystal has the following unit cell parameters :
(@a=b=c;o=p=y=90° b)a=bzc,a=0=y=90°
(Qa=bzc,a=p=y=90° (dya=b=zc;0=p=90°y=120°

13. Which of the crystal systems contains the maximum number of Bravais lattices?
(a) Cubic (b) Hexagonal (¢} Triclinic (d) Orthorhombic
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The most unsymmetrical and symmetrical systems are, respectively :
(a) Tetragonal, Cubic (b) Triclinic , Cubic

(c) Rhombohedral, Hexagonal (d) Orthorhombic, Cubic
The crystal system of a compound with unit cell parameters,
a=0328om, b=0.328nm,c =0.527nmm and a ==y =90°is :

(a) Cubic " (b) Tetragonal (¢) Monoclinic (d) Rhombohedral
In the primitive cubic unit cell, the atoms are present at the:

(a) corners of the unit cell {b) centre of the unit cell

{¢) centre of each face of the unit cetl {d) one set of faces of the unit cell

In the body centered unit cell, the lattice points are present at the:
(a) corners of unit cell only -

(b) corners and centre of unit cell

(c) corners and centre of each face of the unit cell

(d) corners and at one set of faces of unit cell

In the face centered unit cell, the lattice points are present at the:

{a) corners of unit cell only (b) corners and centre of the unit cell

(¢) corners and face centres of the unit cell (d) face centres of the unit cell

The effective number of atoms per unit cell in a simple cube, face centred cube and body
centred cube are respectively:

{a) 1,4,2 (b) 1,2, 4 (c) 8, 14,9 (dy 8, 4,2

What would be the effective number of atoms per unit cell in end centered cubic unit cell, if
this type of unit cell exist in nature ?

(a) 1 ) 2 (c) 3 (d) 4

In the body centered cubic unit cell and simple cubic unit cell, the radius of atom in terms of
edge length (A) of the unit cell is respectively:

a a a a a a V3a a
(«’=1)2,2‘/E (b)JE’2 (C)z\/i’z (d) 2’3
In the face centered cubic unit cell, the radius of atoms in terms of edge length (a) of unit cell is:
(a) a/2 ) a/v2 (€ a/22 (d) 3a/4
The fraction of volume occupied by atoms in a primitive cubic unit cell is nearly:
(a) 048 (b) 0.52 (c) 0.55 (d) 0.68
The fraction of volume occupied by atoms in a body centered cubic unit cell is:
(a) 0.32 (b) 0.48 (c) 0.68 (d) 0.74
The fraction of volume occupied by atoms in a face centered cubic unit cell is:
{a) 0.32 {b) 0.48 () 0.68 (d) 0.74
Which of the following crystal lattice has the minimum empty space?
(a) Simple cubic (b} Body centred cubic
(¢) Face centred cubic (d) Simple tetragonal
Which of the following has the smallest packing efficiency for atoms of a single type?
(a) Body centered cubic (b) Face centered cubic
(¢} Simple cubic {d) None of these

Polonium crystallizes in a simple cubic structure. The edge of the unit cell is 0.236 nm. What is
the radius of the polonium atom:
(a) 0.144 nm (b) 0.156'nm (c) 0.118 nm (d) 0.102 nm
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Lithium crystallizes as body centered cubic crystals. If the length of the side of unit cell is 350
pm, the atomic radius of lithium is:

(a) 303.1 pm - (b) 606.2 pm (c) 151.5 pm (d) 123.7 pm

Gold has a face centered cubic lattice with an edge length of the unit cube of 407 pm. The
diameter of the gold atom is:

(a) 576.6 pm (b) 287.8 pm (¢) 352.5 pm (d) 704.9 pm

The neon atoms has a radms of 160 pm. What is the edge of the unit cell of a face centered
structure of neon? _

(a) 490 pm (b) 320 pm (c) 453 pm (d) 481 pm

What are the number of atoms per unit cell and the number of nearest neighbours in a simple
cubic structure? :

(@ 1,6 (b) 4,12 () 2,8 (d) 2,6

What are the number of atoms per unit cell and the number of nearest neighbours in a face
centered cubic structure? ,

(@ 4,8 (b) 2,8 (© 2,6 (d} 4, 12

What are the number of atoms per unit cell and the number of nearest neighbours in a body
centered cubic structure?

(a) 4, 12 ' b) 1,6 (€) 2,8 d 2,5

Each edge of a cubic unit cell is 400 pm long. If atomic weight of the element is 120 and it’s
density is 6.25 g/cm®. The crystal lattice is : (use N4 = 6 x 10%%)

(a) primitive (b) body centered  (c) face centered (d) end centered
Tungsten has an atomic radius of 0.136 nm. The density of tungsten is 19.4 g/cm>. What is the
crystal structure of tungsten? (Atomic weight: W = 184)

(a) Simple cubic (b) Body centered cubic

{c) Face centered cubic (d) None of these

The density of argon (face centered cubic cell) is 1.83 g/cm? at 20°C. What is the length of an
edge a unit cell? (Atomic weight : Ar = 40)

(a} 0.599 nm (b) 0.569 nm ~ () 0.525 nm (d) 0.551 nm

The density of nickel (face centered cubic cell) is 8.94 g/cm > at 20°C, What is the diameter of
the atom? {(Atomic weight: Ni = 59) .

(a) 0.124 am (b) 0.136 nm () 0.149 nm (d) 0.110 pm

The density of krypton (face centered cubic cell) is 3.19 g/cm®. What is the radius of the
atom? (Atomic weight: Kr = 84)

(a) 0.198 nm (b) 0.221 nm (¢) 0.206 nm {(d) 0.225 nm

The face centered cubic cell of platinum has a length’ of 0.392 nm. Calculate the density of
platinum (g/cm?) : (Atomic weight : Pt =195) '

(a) 20.9 (b) 20.4 (c) 19.6 . (d) 21.5 7
The body centered cubic cell of chromium has a length of 0.288 nm. Calculate the density of
chromium (g/cm?); (Atomic weight : Cr = 52.0)

(a) 6.80 () 7.60 {c} 6.60 (d) 7.23

An element crystallizes in a face centered cubic lattice and the edge of the unit cell is 0.559
nm. The density is 3.19 g/cm®. What is the atomic weight?

(a) 87.6 ®) 79.9 . {c) 855 . (d) 83.9
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The element crystallizes ina body centered cubic lattice and the edge of the unit cell is 0.351
nm. The density is 0.533 g/cm®. What is the atomic weight?

(a) 12.0 (b) 6.94 (c) 9.01 {(d) 10.8
An element X (At. wt. = 80 g/mol) having fcc structure, calculate no. of unit cells in 8 gm of X:
(a) 04x N, (b) 0.1xN, (c) 4x N, (d) none of these

Molybdenum (At. wt. =96g mol™") crystallizes as.bcc crystal. If density of crystal is
10.3 g/cms, then radius of Mo atom is (use N, =6 x 10%):
(a) 111 pm ‘ (b) 314 pm (c) 135.96 pm ~ (d) none of these

What is the coordination number of an atom for an element crystallizing with a cubic lattice?
Calculate the corresponding coordination number for the simple, fcc and bec lattices:

(a) 12 sc; 12 fec; 8 bee (b) 6 sc; 14 fcc; 8 bec

(c) 8 sc; 12 fee; 6 bec (d) 6 sc; 12 fec; 8 bee

Which of the following layering pattern will have a void fraction of 0.260?

(a) ABCCBAABC (b) ABBAABBA (c) ABCABCABC (d) ABCAABCA

The most malleable metals (Cu, Ag, Au) have close-packing of the type :
(a) Hexagonal close-packing

(b} Cubic close-packing

(c) Body-centred cubic packing

(d) Malleability is not related to-type of packing

‘The co-ordination number of a metal crystallising in a hexagonal close-packed structure is:

(a) 12 ®) 4 (08 | (d 6

If the ratio of coordination no. of A to that of B is x : y, then the ratio of no. of atoms of A to
that no. of atoms of B in unit cell is:

(@ x:y ®) y:x © x*:y @ y:x?

The atomic radius of strontium (8r) is 215 pm and it crystallizes w1th a cubic closest packing.
Edge length of the cube is:

(a) 430 pm (b} 608.2 pm (c) 496.53 pm {d) none of these

By X-ray diffraction it is found that nickel (at mass = 59 g mol™!), crystallizes with ccp. The
edge length of the unit cell is 3.5 A. If den51ty of Ni crystal is 9.0g/ cm?. Then value of
Avogadro’s number from the data is :

(a) 6.05x10% (b) 6.11x10% . (o) 6.02x 10% (d) 6.023x 107
Stacking of square close packed layers give rise to:

{a) bee structure (b) fee structure

{c) Simple cubic structure ) (d) hcp structure

In a hexagonal close packed (hep) structure of spheres, the fraction of the volume occupied by
the sphere is A. In a cubic close packed structure the fraction is B. The relation for A and Bis :
(a) A=B

(b) A<B

(A>B 7

(d) A is equal to the fraction in a simple cubic lattice.
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The unit cell present in ABCABC, closest packing of atoms is:

(a) hexagonal (b) tetragonal

(c) face centered cube (d) primitive cube

The number of atoms present in a hexagonal close-packed unit cell is :

(a) 4 ‘ (b) 6 (©8 (d) 12

The unit cell present in ABAB, closest packing of atoms is:

(a) hexagonal ’ (b) tetragonal

(c) face centered cube (d) primitive cube .
The numbers of tetrahedral and octahedral holes in a hexagonal primitive unit cell are :
(a) 8, 4 (b} 6, 12 @21 {d 12,6

Which one of the following schemes of ordering closed packed sheets of equal sized spheres do
not generate closest packed lattice?

{a) ABCABC (b) ABACABAC "~ (c) ABBAABBA (d) ABCBCABCBC

In the closest packing of atoms, there are: -

(a) one tetrahedral void and two octahedral voids per atom

(b) two tetrahedral voids and one octahedral void per atom

(¢) two of each tetrahedral and octahedral voids per atom

(d) one of each tetrahedral and octahedral void per atom

Which of the following figures represents the cross-section of an octahedral site?

ssEioe % '
(9 (d) :
O

In which of the following pairs of structures, tetrahedral as well as octahedral holes are found?

(@

(a)} bee and fec 3 ‘ (b) hep and simple cubic

(¢) hep and ccp ‘ (d) bec and hep

The number of octahedral void in bee structure is : .
(@0 1 - (c} 2 4 o

An ionic compound is expected to have octahedral structure if r, /r, (r, <r,) lies in the range
of:

(a) 0.414 t0 0.732 - ‘ {b) 0.732 to 0.82

(c} 0.225 t0 0.414 ‘ (d) 0.155 to 0.225

An ionic compound is expected to have tetrahedral structure if r, /r:

{a) lies in the range of 0.414 to 0.732 (b) lies in the range of 0.225 to 0.414
(c) lies in the range of 0.155 to 0.225 (d) is more than 0.732

An jonic compound is expected to have body centered type cubic unit cell if r. /r:

{a) is greater than 0.732 ' (b) lies in the range of 0.414 to 0.732
(c} lies in the range of 0.255 to 0.414 (d) lies in the range of 0.155 to 0.225

In the closest packing of atoms A (radius : r,), the radius of atom B that can be fitted into

tetrahedral void is: . _ .
(a) 0.155r, (b 0.225r, (c) 0.414r, (d) 0.732r,
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In the closest packing of atoms A (radius : r,), the radius of atom B that can be fitted

octahedral void is:
(a) 1.155r, (b) 0.225r, {c) 0.414r, (d) 0.732r,

. How many nearest neighbours are there in an atom or ion for an octahedral hoie of a closed

packed structure?

T (@) 4 (b) 6 (© 8 (d) 12
. How many “nearest” and “next nearest” neighbours, respectively, does potassium have in bec
lattice ? . ¥
(a) 8,8 (b) 8, 6 (©) 6,8 (d) 6,6

72.

73.

. In the closest packing of atoms:

(a) the size of tetrahedral void is greater than that of octahedral void

{(b) the size of tetrahedral void is smalter than that of octahedral void

(¢) the size of tetrahedral void is equal to that of octahedral void

(d) the size of tetrahedral void may be greater or smaller or equal to that of octahedral void
depending upon the size of atoms

In the ionic compound AB the ratio r Sy Ty is 0.414. Indicate the correct statement of the

following:

(a) Cations form close packing and anions exactly fit into the octahedral voids

{b) Anions form close packing and caticns occupy precisely haif of the tetrahedral voids
(c) Anions form close packing and cations occupy precisely all the octahedral voids

(d) Anions form close packing and cations fit into the octahedral voids loosely

In the unit cell of KCl {(NaCl type), Cl~ ions constitute ccp and K™ ions fall into the octahedral
holes. These holes are:

(a) one at the centre and 6 at the centres of the faces

(b) one at the centre and 12 at the centres of the edges

.- () 8 at the centres of 8 small cubes forming the unit cell

74,
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(d) none of these -

Which is incorrect statement ?

(a) In NaCli structure, tetrahedral voids are unoccupied
{b) In ZnS structure, octahedral voids are unoccupied

.(c) In CaF, structure, all tetrahedral voids are occupied

(d) In Na,0 structure, all tetrahedral voids are unoccupied

If the radius of the anion in an ionic solid is 200 pm, what would be the radius of the cation
that fits exactly into a cubic hole?

(a) 146.4 pm (b) 82.8 pm () 45 pm (d) None of these

The CsCl type structure is exhibited by alkali halides only when the radius of the cation is large
enough to keep touching its eight nearest neighbour anions. Below what minimum ratio of
cation to anion radii (r* /r~) this contact is prevented?

(a) 0.225 ) 0.414

(c) 0.632 (d) 0.732

MgO crystallizes in a cubic type crystal system. The ionic radii for Mg ** -and 0%~ are 0.066 and

0.140 nm respectively. One can conclude that the Mg?* ions occupy:

- (a) a cubic hdle in a simple cubic structure

(b) every tetrahedral hole in a close packed structure



78.

79.

80.

81.

82,

' 83.

84.

85.

86.

87.

(¢) an octahedral hole in a cubic close packed structure

(d) every other tetrahedral hole in a close packed structure -

The unit cell of diamond is made up of:

(a) 6 carbon atoms, 4 atoms constitute ¢cp and two atoms occupy half of octahedral v01ds

(b) 8 carbon atom, 4 atoms constitute ccp and 4 atoms occupy all the octahedral voids .

(¢) 8 carbon atoms, 4 atoms form fcc lattice and 4 atoms occupy half of the tetrahedral voids
alternately T

(d) 12 carbon atoms, 4 atoms form fec Jattice and 8 atoms occupy all the tetrahedral holes

In diamond, the coordination number of carbon is: ' s

(a) four and its unit cell has eight carbon atoms

(b) four and its unit cell has six carbon atoms

(c) six and its unit cell has four carbon atoms

(d) four and its unit cell has four carbon atoms

Predict coordination number of the cation in crystals of the followmg compounds

1. MgO : r, =0.65 A, r, =1.40 A, 2. MgS: r, =0.65 A, r, =1.84A

(a) 6, 4 (b) 4,6 (c) 3,4 S (d) 6,8

In a cubic unit cell, seven of the eight corners are occupied by atoms A and centres of faces are
occupied by atoms B. The general formula of the compound is :

(a) A;Bg (b) A,B;, (c) A;B,, (d) Ay4B;

CaS exists in a cubic close packed arrangement of $ ions in which Ca®' ions occupy 1/2 of
the available tetrahedral holes, How manyCa® and $2~ ions are contained in the unit cell?

(@ 1,1 ®) 2,4 (©) 4,4 @42

In the spinel structure, oxides ions are cubical-closest packed whereas 1/8th of tetrahedral
voids are occupied by A2+ cation and 1/2 of octahedral voids are occupied by B> cations. The
general formula of the compound having spinel structure is:

(a) A,;B,04 (b)) AB,O, () A;B,0, (d) A,B,0,

If the anions (A) from hexagonal closest packing and cations (C} occupy only 2/3 octahédral
voids in it, then the general formula of the compound is:

(a) CA ‘ (b) CA, (0) C,A, (d) CjA,

In a solid, oxide ions are arranged in ccp, cations A occupy (1/ 8)th of the tetrahedral voids and
cations B occupy (1/4)® of the octahedral voids. The formula of the compound is:

(a) ABO, . (b) AB,O, (c) A,BO, (d) AB,O,

In a face centered cubic arrangement of A and B atoms whose A atoms are at the corner of the
unit cell and B atoms at the face centers. One of the B atoms missing from one of the face in
unit cell. The simplest formula of compound is: :
(a) AB; ‘ (b) AgBs (c) A,Bg (d) ABys

An alloy of copper, silver and gold is found to have copper constituting the ccp lattice, If silver ..

atoms occupy the edge centres and gold is present at body centre, the alloy will have the
formula:

(a) CuyAg,Au (b) Cu,Ag,Au (c) Cu,AgiAu {d) CuAgAu
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Which of the following statements is correct in the rock-salt structure of an jonic compound?
(a) Co-ordination number of cation is four and anion is six

(b) Co-crdination number of cation is six and anion is four

(c) Co-ordination number of each cation and- anion is four

(d) Co-ordination number of each cation and anion is six : .
Which of the following statements is correct in the body centered type cubic structure of an
ionic compound? ‘ .

(a) Co-ordination number of each cation and anion is two

(b) Co-ordination number of each cation and anion is four

" (c) Co-ordination number of each cation and anion is six
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(d} Co-ordination number of each cation and anion is eight

Which of the following statements is correct in the zinc blende type structure of an ionic
compound?

(a) Co-ordination number of each cation and anion is two

(b) Co-ordination number of each cation and anion is four

(c) Co-ordination number of each cation and anion is six

(d) Co-ordination number of each cation and anion is eight

Which of the following expression is correct in case of a sodium chloride unit cell (edge length,
a)? !

@r +r,=a o ®r+r,=a/2

& r+r,=2a ' ' (dr. +r, =+/2a

In an ideal closest rock salt structure (edge length, a), which of the followmg expressions is
correct?

(a) r, =v2a _ L O =2
) r, =as2+2 - , (d) r,=a/4
Which of the following expressions is correct in case of a CsCl unit cell (edge length, a)?
(a)r+r =a ®) r, +r, =a/2
© 7, +r, =+3as2 dr, +r,=a/2
In NaCI the centres of two nearest like- charged 1ons are present at a distance of:
(a) = aJ_ - _ (b) _2. a
. J§ - 1
‘(C)TG' : (d)7_-2~2&, |
In sodium chloride erystal, the number of next nearest neighbours of each Na ions is:
(@) 8¢l ions ‘ {(b) 12 Na* ions
(c) 12Cl” ions - : ' (d) 24 Cl™ ions

In an ionic compound A" X, the radii of A" and X~ ions are 1.0 pm and 2.0 pm, respectively.
The Volume of the unit cell of the crystal AX will be :

(@ 27pm® (b) 64pm?

(c) 125pm? L (d 216pm*
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97. The coordination number of cation and anion in fluorite CaF, and. anti-fluorite Na,O are"’

respectively: _
(a) 8:4and6:3 (b)y 6:3and 4: 4
(c)B:4and 4:8 (d 4:8and'8:4

98. Select the incorrect statement in a CsCl crystal:
‘(a) Cs* forms a simple cubic lattice, Cl~ forms a simple cubic lattice
{(b) ClI™ occupies body centre of Cs* '
(c) Cs* occupies body centre of CI~
(d) It is impossible for C1~ to occupy body centre of Cs* because the body centre void of Cs is
smaller than Cl~ ion size
99. The radius of a divalent cation A% is 94 pm and of divalent anion B2 is 146 pm. The
compound AB has :
(a) Rock salt structure {b) Zinc blende structure
(c) Antifluorite structure . {d) Caesium chloride like structure
- 100. A binary solid {AB) has a rock salt structure. If the edge length is 400 pm, and radius of cation
“is 80 pm the radius of anion is:
(a) 100 pm ‘ (b} 120 pm
{c¢) 250 pm (d) 325 pm
101. For a solid with the structure shown in Fig., the coordination numbets of the points A and B,
respectively, are

LR

P " » .
102. An ionic compound AB has fluorite type structures. If the radius B~ is 200 pm, then the ideal
radius of A* would be:

(a) 82.8 pm (b} 146.4 pm (c) 40 pm (d) 45 pm
103. In which of the following structures, the anion has maximum coordination number ?
' (a) NaCl (b) ZnS - (c) CaF, (d) NaZO

104. CsCl has bee structure with Cs* at the centre and Cl™ ion at each corner. If r e is 1 69 A and .,

Fey- 15 1.81 A, what is the edge length of the cube?
(a) 3.50 A , (b) 3.80A
(c) 4.04 A : (d) 450 A
105. CsBr has bcce type structure with edge length 4.3 pm. The shortest inter ionic distance in
between Cs* and Br™ is: _ .
(a) 3.72 pm () 1. 86 pm () 7.44 pm (d) 4.3 pm
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- If the radius of CI” ion is 181 pm, and the radius of Na* fon is 101 pm then the edge length of

unit cell is:

(a} 282 pm . (b) 285.71 pm

(c) 512 pm (d) 564 pm

Ammonium chloride crystallizes in a body centered cubic lattice with edge length of unit cell
equal to 387 pm. If the size of Cl~ ion is 181 pm, the size of NH} ion would be:

(a) 116 pm . (b) 154 pm

(c} 174 pm - : (d} 206 pm

Salt AB has a zinc blende structure. The radius of A** and B% ions are 0.7 A and 1.8 A

respectlvely The edge length of AB unit cell is:

(@) 25A (b) 5.09 A

© 54 : (d) 5.77 A

Transition metals, when they form interstitial compounds, the non-metals (H, B, C, N) are

accomodated in :

(a) Voids or holes in cubic-packed structure (b) Tetrahedral voids

(c) Octahedral voids . (d) All of these

In diamond, each carbon atom is bonded to four other carbon atoms tetrahedrally. Alternate

tetrahedral void occupied by carbon atoms. The number of carbon atoms per unit cell is :

(a) 4 ' (b) 6

(c) 8 (d) 12

Which of the following statements for crystals having Schottky defect is not correct?

(a) Schottky defect arises due to the absence of a cation and anion from the position which it
is expected to occupy

(b) Schottky defect are more common in ionic compounds with high co-ordination numbers

(c) The density of the crystals having Schottky defect is larger than that of the perfect crystal

(d) The crystal having Schottky defect is electrical neutral as a whole

Which is correct statement ?

(a) When temperature increases then number of defects decreases

(b) Schottky defect occurs when radius of cation is smaller

(c) Frenkel defect occurs when radius of cation is smaller

{d) None of these

Which of the following statements for crystals having Frenkel defect is not correct?

(a) Frenkel defects are observed where the difference in sizes of cations and anions is large

(b) The density of crystals having Frenkel defect is lesser than that of a pure perfect crystal

(c) In an ionic crystal having Frenkel defect may also contain Schottky defect

(d) Usually alkali halides do not have Frenkel defect

When anion leaves the normal lattice site and electron occupies interstitial 31tes in its crystal

lattice, it is called:

(a) Schottky defect (b) Frenkel defect

{c) Metal excess defect {d) Stoichiometric defect
Which of the following defects does KBr show?

(a) Frenkel - ‘ (b) Schottky

(c) Metal excess » (d) Metal deficiency.
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Dopping of AgCl crystals with CdCl, results in: -

(a) Schottky defect (b) Frenkel defect
(¢) Substitutional cation vacancy (d) Formation of F-centres

NaCl shows Schottky defects and AgCl Frenkel defects. Their electrical conductivity is due to the:
(a) motion of ions and not the motion of electrons

{b) motion of electrons and not the motion of ions

{c) lower coordination number of NaCl

(d) higher coordination number of AgCl

Which one of the following crystals does not exhibit Frenkel defect?
(a) AgBr (b) AgCl :
() CsCl (d) ZnS

Select the incorrect statement:

(a) Stoichiometry of crystal remains uneffected due to Schottky defect

(b) Frenkel defect is usually shown by ionic compounds having low coordination number
(c) F-centres generation is responsible factor for imparting the colour to the crystal

(d) Density of crystal always increases due to substitutional impurity defect

In diamond, carbon atom occupy fee lattice points as well as alternate tetrahedral voids. If
edge length of the unit cell is 356 pm, then diameter of carbon atom is:

(a) 77.07 pm (b) 154.14 pm

(c) 251.7 pm : (d) 89 pm

When NaCl is dopped with 10~° mole % of SrCl,, what is the no. of cationic vacancies?

(@) 10 x N, (®) 107 xN,

(c) 2x 107 N, (d) None of these

The composition of a sample of Wustite is Feg ;0. What is the percentage of iron present as
Fe* in total iron? )

(a) 15.05% o {b) 25%

(c) 35% ' - (d) 45%

A certain sample of cuprous sulphide is found to have composition Cu, S, because of
incorporation of Cu?* ions in the lattice. What is the mole % of Cu®* in total capper content in
this crystal? :

{a) 99.8% ) 11.11%

{c) 88.88% (d) None of these
Ferrimagnetism is in :

@TTT17 : ® T

@ttt . (d) none of these

Fe,0, is ferrimagnetic at room temperature but ‘at 850 K it becomés :
(a) diamagnetic (b) ferromagnetic

{c) non-magnetic ' (d) paramagnetic



10.

11.

. When heated above 916°C, iron changes its bee crystalline form to fec without the change in

the radius of atom. The ratio of density of the crystal before heating and after heating is:
(a) 1.069 (b) 0.918 (c) 0.725 (d) 1.231

TIAI(SO, ), - xH,0 is bee with ‘@’ =1.22 nm. If the density of the solid is 2.32 g/cc, then the
value of x is (Given: N, = 6x 10%3; at. wt. : Tl = 204, Al = 27, S = 32).

(a) 2 (b) 4 ' (c) 47 (@) 70~
In an atomic bee, what fraction of edge is not covered by atoms?
{a) 0.32 (b) 0.16 (c) 0.134 {d) 0.268

The packing efficiency of a simple cubic crystal with an interstitial atom exactly fitting at the
body center is: ‘
(a) 0.48 (b) 0.52 (c) 0.73 {d) 0.91

An atomic solid crystallizes in a body centre cubic lattice and the inner surface of the atoms at
the adjacent corner are separated by 60.3 pm. If the atomic weight of A is 48, then density of
the solid, is nearly: ‘

(a) 2.7 g/cc (b) 5.07 g/cc (c) 3.5 g/ce (d) 1.75 g/cc

Sodium (Na = 23) crystallizes in bec arrangement with the interfacial separation between the
atoms at the edge 53.6 pm. The density of sodium crystal is:

(a) 2.07 g/cc (b) 2.46 g/ec (c) 1.19 g/cc (d) none of these

The density of solid argon (Ar = 40 §/mol) is 1.68 g/mL at 40 K. If the argon atom is assumed
to be a sphere of radius 1.50 x 10~ em, what % of solid Ar is apparently empty space?

(use N, = 6x 10%%) .

(a) 35.64 (b) 64.36 (©) 74% (d) none of these

A body centered cubic lattice is made up of hollow spheres of B. Spheres of sclid A are present
in hollow spheres of B. Radius of A is half of radius of B. What is the ratio of total volume of
spheres of B unoccupied by A in a unit cell and volume of unit cell?

7/3n 73 7.
(a) 2 (b) 128 | © > (d) none of these

. First three nearest neighbour distances for primitive cubic lattice are respectively (edge length

of unit cell = a):

(a) a,2a, v3a (b) V3a, 24, a (©) a,+/2a, 2a (d) a,/3q, 2a
First three nearest neighbour distances for body centered cubic lattice are respectively:
(2) V24, 4, 3a ®) 7"_2— a, V3 © £§“’-,a,ﬁa @ %, a,V/3a t

Given : The unit cell structure of compound is shown below.




12.

13.

"14.

15.

The formula of compound is :
(a) AgB,C (b) AB,C4 (c) A,B,C (d) ABC
The density of a pure substance ‘A whose atoms are in cubic close pack arrangement is 1 g/cc.

If all the tetrahedral voids are occupied by ‘B’ atom, what is the density of resulting solid in
g/cc. [Atomic mass {(A) = 30 g/mol and atomic mass (B) = 50 g/mol]

(a) 3.33 (b} 4.33 (c) 233 (d) 5.33

In a planar tetra-atomic molecule, XY, X is at the centroid of the equilateral triangle formed
by the atoms, Y. If the X—Y bond distance is 1 A, what is the distance between the centres of
any two Y atoms?

(@ /434 ® V2 A
© V3A , d) 1/v2 A

How many unit cells are present in 5.0 gm of crystal AB (formula mass of AB = 40) having rock
salt type structure? (N, = Avogadro’s no.)

. N
(ay N, _ (by =4
(c) 4N, (d) none of these
The density of CaF, (fluorite structure) is 3.18 g/cm”®. The length of the side of the unit cell is:
- f{a) 253 pm (b) 344 pm
" () 546 pm . : . (d) 273 pm

16.

17.

18.

19.

20.

A crystal of lead (HI) sulphide has NaCl structure. In this crystal the shortest distance between a
Pb®* fon and $% ion is 297 pm. What is the volume of unit cell in lead sulphide?
(a) 209.6x 107** ¢m? (b) 207.8x 10 c¢m?

() 22.3x 1072 cm? (d) 209.8x 1072 ¢m

CdO has NaCl structures with density 8.27 g/cc. I the ionic radius of 0%~ is 1.24 A, determine
ionic radius of Cd**: .

(a) 1.54 . © (b)) 11A

© 194 @ 154

KCl crystallizes in the same type of lattice as does NaCl. Given that Ma® /r =0,50 and
Tt / re. =0.70, calculate the ratio of the side of the unit cell for KCI to that for NacCl:

(a) 1.143 (b) 1.224

(c) 1.414 (d) 0.875

Ferrous oxide has a cubic structure and edge length of the unit cell is 5.0 A. Assuming the
density of ferrous oxide to be 3.84 g/cm?, the no. of Fe?* and 0% ions present in each unit cell
be: (use N, =6x 10%%):

(a) 4Fe® and 40% (b) 2 Fe? and 20%

{c) 1Fe** and 10%* (d) 3Fe® and 40%

If an element (at. wt. = 50) crystallises in fcc lattice, with a = 0.50 nm. What is the density of
unit cell if it contains 0.25% Schottky defects (use N, = 6x 1023)?

(a) 2.0 g/cc - (b) 2.66 g/cc

() 3.06 g/cc . (d) none of these
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21.
22,
23,

24,

25.
26.

27.

An element X (atomic weight = 24 gm/mol) forms a face centered cubic lattice. If the edge
length of the lattice is 4x 107 ‘cm and the observed density is 2.40 x 10® kg/m?, then the

percentage occupancy of lattice points by element X is: (Use N, =6x 10%%):
(a) 96 (b) 98

_{c) 99.9 {d) none of these

In fcc lattice, A, B, C, D atoms are arranged at corner, face center, octahedral void and
tetrahedral void respectively, then the body diagonal contains:

(a) 24,C, 2D : (b) 24, 2B, 2C

(c) 2A,2B,D ' (d) 24,2D

The distance bet\x)\_zeen an octahedral and tetrahedral void in fec lattice would be:
(a) v3a ®) %

0 32 o 12

A,B molecules (molar mass = 259.8 g/mol) crystallises in a hexagonal lattice as shown in
figure. The lattice constants were a = 5 A and b = 8 A. If density of crystal is 5 g/cm” then how

many molecules are contained in given unit cell? (use N, =6x 10%)

H20° T '

b

]

L A80°

{a) 6 ) I {c) 3 ' C{dy 2 ‘
Graphite has h.c.p. arrangements of carbon atoms and the parallel planes are 3.35 f\ apart.
Determine density of graphite: '

(a) 2.46 g/cc (b) 0.41 g/ec (c) 1g/ce (d) 1.41 g/ce

How many effective Na* and Cl~ ions are present respectively in a unit cell of NaCl solid (Rock

salt structure) if all ions along line connecting opposite face centres are absent?.

7 77 7
a) 3,3 b) -, 4 c) —, - d) 4=
(a) (b) 2 | (©) 3.3 (d) 5
A crystal is made of particles X and Y. X forms fee packing and ¥ occupies all the octahedral
voids. If all the particles along one body diagonal are removed then the formula of the crystal
would be: ' '

(@) XqYs M) XY, © XY * (d) none of these



28.

29,

. 30.

31.

32.

Select right expressionifor determining Packing fraction (B E) of NaCl umt cell (assume ldeal),
if ions along an edge diagonal are absent:

. 5
gn(r++r_3) : gﬂ[—z'r3+4r_3j
(a) PR.=2— (b} P.F. =
16v2 r3 16J2 r3
4 5 3 4 7 3
‘§TE -2-1" +r "3"‘1'{ 21‘ +r X
(¢ PFR.=r—o"— — - (d) P.F.==> 22 ./
16v2 r3 ' 16V2 2

A crystal is made of parucles X, Y and Z. X forms fcc packing. ¥ occupies al] the octahedral
voids of X and Z occupies all the tetrahedral voids of X. If all the particles along one body
diagonal are removed then the formula of the crystal would be:

(a) XYz, | Cb) X,YZ,. (c) XgY,2s (d) XY, 2,

A crystal is made of particles A and B. A forms fec packing and B occupies all the octahedral
voids. If all the particles along the plane as shown in figure are removed, then, the formula of
the crystal would be:

C A A
L e :
B |

o e

| Ak |

’/: ”l |

Bl--4---- ' '

) . '

| 7 A

By /B '
A A

(a) AB h ®) ASB-, (c) A;Bs .(d) none of these

In the rock salt AB, if C introduced in tetrahedral voids such that no distortion occurs. Then
formula of resultant compound is :

(a) ABC (b) ABC, - () A4B,C (d} ABCy .
Given:length of side of hexagonal unit cell is 170_;—) pm. The volume of hexagonal unit cell is
(in pm3) :

{a) 8x10° - (b) 1.5x 10° (c) 64x10°8 " (d) 36x 10°
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wassane 1)

Packing fraction of a unit cell is defined as the fraction of the total volume of the unit cell
occupied by the atom(s).
. . Zx 4 3

_ Volume of the atom(s) present in a unit cell _ 3
- Volume of unit pell T 4
and % of empty space =100 - P.F. x 100 -
where Z = effective number of atoms in a cube

r =radius of an atom 5

a = edge length of the cube

P.F.

W

1. % of empty space in body centered cubic unit cell is nearly:
(a) 52.36 (b) 68 (©) 32 (d) 26
2. Packing fraction in face centered cubic unit cell is:
(a) 0.7406 (b) 0.6802 (c) 0.5236 (d) None of these

—— e ¢ o —— e e e L
PASSAGE 2.
Density of a unit cell is represented as
_ Effective no. of atom(s) x Mass of a unit cell _Z.M.

Volume of a unit cell N,

where, mass of unit cell = mass of effective no. of atom(s) 6r ion(s).
M = At. wt./formula wt.
N, = Avogadro’s no. = 6.023 x 102

a = edge length of unit cell

1. silver crystallizes in a fcc lattice and has a density of 10.6 g/cm 3. What is the length of an edge
of the unit cell? - :
{a) 0.407 nm {(b) 0.2035 nm (c) 0.101 nm (d) 4.07 nm

2. An element crystallizes in a structure having fee unit cell of an édge 200 pm. Calculate the
density, if 100 g of this element contains 12 x 10%* atoms:
(a) 41.66 g/cm?> (b) 4.166 g/cm? (¢) 10.25 g/cm® (d) 1.025 g/em?

3. The density of KBr is 2.75 g/cm . The length of the edge of the unit cell is 654 pm. To which
type of cubic crystal, KBr belongs?
(a) simple cubic _ (b) bee {c) fec (d) none of these
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A spinel is an important class of oxides consisting of two types of metal ions with the oxide
ions arranged in ccp layers. The normal spinel has one-eighth of the tetrahedral holes
occupied by one type of metal ion and one-half of the octahedral holes occupied by another
type of metal ion. Such a spinel is formed by Mg?*, A1* and 02", The neutrality of the

crystal is being maintained.

. The formula of the spinel is:
(a) Mg,Al0, (b) MgAl,0, (¢) Mg,AlL,O4 (d) none of these
2. Type of hole occupied by Al** jons is:
(a) tetrahedral (b) octahedral (c) both (a) and (b) (d) none of these
3. Type of hole occupied by Mg?* ions is: _
. (a) tetrahedral (b) octahedral (c) both (a) and (b) (d)} none of these
4. If oxide ion is replaced by X ~#3, the number of anionic vacancy per unit cell is:

P g
PASSAGE 4

(a1 (b) 2 @3 (d) 3/4

s ¥y

Ionic lattice has two major peints defects, (1) Schottky (2) Frenkel defects. Schottky defects
oceurs due to the cation-anion pair’s missing from the lattice sites. Frenkel defects occurs when
an ion leaves its lattice site and fits into an interstitial space. The neutrality of the crystal is
being maintained and we considered all losses from interstitial positions.

Which defect decreases density of the crystal?
(a) Frenkel defect (b) Schottky defect (c) Both (a) and (b) (d) None of these
Structure shown here represents:

Cation : A*
Anion : 8™
(a) Schottky defect (b) Frenkel defect
{c) Metal excess defect {(d)} None of these
Structure shown here represents;
Cation : A*
Anion : B™

(a) Schottky defect (b) Frenkel defect (¢} Both defects {(d) None of these
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I Doping means introduction of small amount of impurities like phosphorus, arsenic or boron
: into the pure crystal. In pure silicon, there are four valencies used in bonding with other four
adjacent silicon atoms. When a silicon crystal is doped with a group-15 element (with five
valence electrons) such as B As, or Bi, the structure of the crystal lattice remains unchanged.
Out of the five valence electrons of group-15 doped element, four electrons are used in normal
covalent bonding with silicon while fifth electron is delocalised and thus conducts electricity.

Doping a silicon crystal with a group-13 element (with three valence electrons) such as B, Al,
Ga or In products a semiconductor with three electrons in dopant. The place where fourth
electron is missing is called an electron vacancy or hole. Such hole can move through the
crysta] like a posmve charge gmng nse of elecmcu'y

/

1. No. of valence electrons in silicon are: ol
(a) 3 . (b) 4 (c} 5 / (d) 6
2. Silicon that has been doped with group-15 elements is called: -
{(a) p-type semiconductor -(b) n-type semiconductor
(c) electron vacancy or hole {d) none of these
3. Silicon that has been doped with group-13 elements is called: -
(a) p-type semiconductor - (b) n-type semiconductor
(c) electron vacancy or hole (d) none of these

Fnisns: D .

Metatllic Gold crystallise in fec lattice and the length of cubic unit cell is 407 pm.

!
| (Given : Atomic mass of Gold =197,N; =6x10%)

1. The density if it have 0.2% schottky defect is (in gm/cm?3) :
(a) 4.86 ) 9.72 (c) 19.48 - (d) 19.44
2. The distance between next neighbours is :

(2) 407 pm b) 4072 ) 397 (@ 40743

72 2

PASSAGE y_

In diamond structure, carbon atoms form FCC lattice and 50% tetrahedral voids occupied by
carbon atoms. Every carbon atoms is surrounded tetrahedrally by four carbon atoms with
bond length 154 pm, Germanium, silicon and grey tin also crystallise in same way as diamond.

(Ny=6x10%) o
1. The mass of dlamond unit ceIl is : ‘
(a) 96 amu (b) 96 gm (c) 144 amu (d) 144 gm

2. The side length of diamond unit cell is (in pm) : . _
(a) 154 (b) 1422.63 (c) 711.32 - ' (d) 355.66



3. The density of diamond unit cell is (in gm/cm3) :

-

o e e L e A i ——E_E . b s s e - e o e

" (a) 28.48 (b) 0.0556 (c) 0.445 (d) 3.56

1.

Select the correct statement(s}:

(a) Co-ordination no. of an atom at a lattice point in simple cubnc arrangement is 6
(b) Co-ordination no. of an atom at octahedral site is 8

(¢) Co-ordination no. of an atom at a lattice point in hcp arrangement is 6

(d) Co-ordination no. of an atom at octahedral site is 6

Packing fraction of an identical solid sphere is 74% in:

{a} simple cubic structure (b) fec structure

(c) hcp structure (d) bec structure

. In fec structure octahedral sites are present at:

(a8) edge centers {b) face centers © boﬂy centers  (d) corners
If the radius of Na* is 95 pm and that of CI” ions is 181 pm then:
(a) Co-ordination no. of Na™* is 6 (b} Co-ordination no. of CI~ is 8

(¢) Length of the unit cell is 552 pm (d) Length of the unit cell is 380 pm -

Select the correct statement(s):

(a) The co-ordination number of each type of ion in a CsCl crystal is twelve

(b) A metal that crystallizes in a bee structure has a co-ordination number of twelve
{c) A unit cell of an ionic crystal shares some of its ions with other unit cells

(d) The length of the unit cell in NaCl in 552 pm (given thatr, , =85pm and ry- =181 pm)

The hep and cep structure for a given element would be expected to have:

(a) the same co-ordination number (b) the same density

(c} the same packing fraction (d) all of the above -

Select the correct statement(s) for the rock-salt structure (NaCl) :

(a) The tetrahedral sites are smaller than the octahedral sites

(b) The octahedral sites are occupied by catlons and the tetrahedral sites are empty

" (c) The radius ratio (r,/r,) is 0.225

(d) The radius ratio (r, /r;) is 0.732
Select the correct statement(s):
(a) The ionic erystal of AgBr may have Schottky defect
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(b) The unit cell having crystal parameters,’a =b # ¢, a = = 90°, y = 120° is hexagonal

(c) In ionic compounds having Frenkel defect the ratio r*/r~ is high
(d) The co-ordination number of Na* ijon in NaCl is 6

Which of the following represents the closest packed arrangement of uniform solid spheres:

(a) simple cubic unit cell (b) body centered cubic unit cell
{c} face centered cubic unit cell . {d) hcp unit cell
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10.

11.

‘Select the correct statement(s):

(a) A cubie system possesses a total of 23 elements of symmetry

(b) A cubic systemn contains centre of symmetry, planes of symmetry as Well as axes of symmetry
(¢) For triclinic systema# b #cand o = B =y = 90° R

(d) The total no. of Bravais space lattice belonging to all the seven crystals are 14

Select the correct statement(s):

" (a) Co-ordination no. of Cs* and Cl~ are 8, 8 in CsCl crystal

12,

13.

14.

15.

16.

17.

(b) If radius ratio (r, /r;) < 0.225 then shape of compound must be linear
(c) 1f radius ratio (r, /r,) lies between 0.414 to 0.732 then shape of ionic compound may be
square planer (Ex. PtCl2™)

(d) If radius ratio is less than 0.155 then shape of compound is linear

Select the correct statement(s):

(a) CsCl changes to NaCl structure on heating

(b) NaCl changes to CsCl structure on applying pressure

(c) Co-ordination number decreases on applying pressure

(d) Co-ordination number increases on heating

Select the correct statement(s):

(a) A NaCl type AB crystal lattice can be interpreted to be made up of two individual fcc type
unit lattice of A* and B~ fused together in such a manner that the corner of one unit
lattice becomes the edge centre of the other

(b) In a fec unit cell, the body center is an octahedral void

{¢) In an scc lattice, there can be no octahedral void

(d) In an scc lattice, the body center is the octahedral void

In a AB unit cell (Rock salt type) assuming A* forming fee:

(a) The nearest neighbour of A™ is 6B™ ion (b) The nearest neighbour of B~ is 6A™ ion

{c) The second neighbour of A* is 1247 (d) The packing fraction of AB crystal is %

Amorphous solids:

{a} do not have sharp melting points

(b) are isotropic

(¢} have same physical properties in all directions

(d) are supercooled liquids

Which is/afe correct statement about zinc blende structure ?
(a) The number of first neighbours of §%~ is 4

(b) The maximum distance between Zn?* is _‘lzﬁ, where ‘@’ = edge length of unit cell

(c) If all tetrahedral voids occupied by Zn?* then C.N. of S%~ is 8.
(d) If all tetrahedral voids occupied by Zn*" then C.N. change from 4 : 4 to 8 : 8.
Compound X,Y have antifluorite structure. Which is/are correct statement ?

(a) The minimum distance between X ™ is %5 where ‘@’ = edge length of unit cell
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(b) The co-ordination number is 8 : 4
(c) If X* removed from alternate tetrahedral void then CN is 4 : 4.
(d) If X* removed from alternate tetrahedral void then CN is 4 : 8
18. Which is/are correct statement ?
(a) Packing fraction in 2D-hcp is 0.785 (b) Packing fraction in AAA ..... is 0.52
(c) Packing fraction in ABAB ..... is 0.74 (d) Void fraction in ABCABC ....... is 0.26
19. Which is/are correct statement ?
(a) In simple cubic close packed arrangement no octahedral void present at edge centre.
(b) In fcc unit cell octahedral void and tetrahedral void are vacant.
(c) Packing fraction : simple cubic unit cell < bec unit cell < fec unit cell
(d) Size of void: cubic void > octahedral void > tetrahedral void
20. Given: Radius of A%* =100 pm ; Radius of C* =240 pm ; Radius of B>~ =300 pm ; Radius of
D~ = 480pm Which is/are correct statement ?
(a) Coordination number of A% in comp AB is 4
(b) Coordination number of A?" in comp AB is 6.
(¢) Coordination number of C* in comp CD is 6
(d) Coordination number of C* in comp CD is 8.

——

r\dﬁ MATCH THE COLUMN

Column-I and Column-II contains four entries each. Entries of Column-I are to be matched
with some entries of Column-II. One or more than one entries of Column-1 may have the
matching with the same entries of Column-IL

1. ]]'_ Column-1 " ( B . Column-II 1'

) | .

(A) Tetragonal and Hexagonal (P) are two crystal systems

(B) Cubic and Rhombohedral (Q) have cell parameters

a=>b=cand a =p = 90°= y are different
{C) Monoclinic and Triclinic (R azb=c
(D) Cubic and Hexagonal (§) a=b=c
T T e I TP O ——

2, r Column-1 | . Column-II

(A) If radius ratio (P) Co-ordination no. is 8

x=| < |<0.155

Ta

(B) If0.225<x <0.414 {Q) Co-ordination no. is 4
(C) 1f0.414 < x <0.732 (R) Co-ordination no. is 6
(D) If0.732<x <1 (S) Co-ordination no. is 2



(A)
(B)
Q@
D)

(A)
(B)
@
(D)

(A)
(B)
(€

)

(A)
(B)

<
(D)

- e e e s

Column-I
(Shape of Compound)
Linear
Triangular planar
Square planar
Octahedral

Column-I
Rock salt structure
Zinc blende structure
Fluorite structure

Anti fluorite structure

™
|
'
|

Column-1

Co-ordination no. of Sa%* and F~ in
fluorite structure

C.No. of Zn? and 8% in zine
blende structure

C.No. of Cs* and CI™ in CsCl (bec
type) structure

C.No. of Li* and 0% in antifluorite
structure

Column-I
[Bravais Lattice(s)]

Primitive, face centered, body cen-
tered, end centered

Primitive, face centered, body cen-
tered

Primitive, body centered

Primitive only

|

{Co-ordination No.)
(P}
Q)
(R}
(S

[V R N @

C.oi-un;\.-ll
(P) general formula is AB

Q)
(R)
()

general formula is AB,
general formula is A,B

general formula is AB,

S A

Column-I1

(P) 84

Q) 88

(R) 4,8

8 4,4

Column-1I
{Crystal System)

(P) Cubic

{(Q)} Orthorhombic

(R)
(S8) Tetragonal

Hexagonal

I 50T ety
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10.

D

; Column-1

)

-

Magnetic moment in a paramag-
netic substance
in

moment a

(B} Magnetic

ferramagnetic

in a

9

Magnetic moment
antiferromagnetic

moment in a

(D)

Magnetic
ferrimagnetic

Column-l (Structure)

Rock salt (NaCl)
(B) CsCl

(C) Zinc blende (ZnS)

(D) Anti ﬂuonte (Na 2O)

Column-I (Ideal structure)

{A) Rock salt
(B) Zinc hlende
{C) Fluorite
(D) CsCl

s |

(‘olumn-l (Structure) i

(A) Rock salt

(B) Zinc blende

(C) Fluorite

(D) And fluorite (Na,O0)

) ™

N - 501

—————— g

Column-I

NAAE AN
bvtitd
brttd
bttt

Column-iI (Edge Iength of unit cell}

]

(P)

Q@

(R}

(8)

r o T T

]
(P) a= (rCau'on + J'-:\nicm)
Q@ ,- 4
‘ J§

—!5 (rCnLion + Fanion )
v

(rCntion + Fanion )

®R) g-

(8) a= z(rCnnon + rAmon)

— -

| . Column-11 [Paclung fractmn)
P 0.729
(Q) 0.756
(R) 0.793
(8) 0.748

T .
Column-II (Voids occupied) ;

et — e ——— . ———r

(P) 100% tetrahedral voids occupied by cation
(Q) 100% tetrahedral voids occupied by anion
(R} 100% octahedral voids occupied by cation
(S) 50% tetrahedral voids occupied by cation



4. [ Column-I (Void representation) ll Column-II (Name of void) "
1'4 il ‘
: * o .
@ |°] %7 vold (P) Tetrahedral void
i
Void . |
(B) ¢ (Q) Octahedral void |
(O30 I ° o " (R) Cubic void
a .
[ > °
(D) o Void (S) Triangular void

-

ASSERTION-REASON TYPE QUESTIONS

Each question contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).

Examine the statements carefully and mark the correct answer according to the instructions

given below:

(A) If both the statements are TRUE and STATEMENT:2 is the correct explanation of
STATEMENT-1

(B) if both the statements are TRUE but STATEMENT-2 is NOT the correct explanation of
STATEMENT-1

(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE

(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE

- STATEMENT-1 : In any ionic solid [MX] with Schottky defects, the number of positive

and negative ions are the same.
STATEMENT-2 : Equal number of cation and anion vacancies are present.
STATEMENT 1 : Amorphous solids are isotropic:

STATEMENT 2 : Amorphous solids lack a regular three-dimensional arrangement of

atoms.



| SOLID STATE

3. STATEMENT-1: Diamond is a covalent solid.
. STATEMENT-2 : The Co-ordination number of each carbon atom in diamond is 4.
4. STATEMENT-1: In NaCl structure, Na* ions occupy octahedral holes and CI™ ions
occupy ccp.
STATEMENT-2 : The distance of the nearest neighbours in NaCl structure is a/2 where a
' is the edge length of the cube. .
5. STATEMENT-1: For fluorite structure, the F~ ions occupy tetrahedral void and Ca 2
ions in ccp
STATEMENT-2 : The radius ratio of fluorite structure is 0.414.
6. STATEMENT-1: In the body centered cubic type structure of CsCl the arrangement of
Cs* is present in central octahedral void.
STATEMENT-2 : In CsCl, the Cs* ion at body centered position and Cl™ at corners.
7. STATEMENT-1 :  Electrical conductivity of semi-conductors increases with increasing
temperature.
STATEMENT-2 : With increase in temperature, number of electrons from the valence
bond can jump to the conduction band in semi-conductors.
8. STATEMENT-1 : FeO is non-stoichiometric with Fe ¢ ¢50.
STATEMENT-2 : Some Fe? ions are replaced by Fe®* as 3Fe?* =2Fe>" to maintain
electrical neutrality.
9. STATEMENT-1 : The number of tetrahedral voids is double the number of octahedral
voids.
STATEMENT-2 : The size of the tetrahedral void is half of that of the octahedral void.
10. STATEMENT-1: Due to Frenkel defect there is no effect on density of a solid.
STATEMENT-2 : Ions shift from lattice sites to interstitial sites in Frenkel defect.
11. STATEMENT-1 : Antiferromagnetic substances become paramagnetic on heating to
high temperature.
STATEMENT-2 : Heating results in spins of electrons becoming random.
12. STATEMENT-1 : Ionic crystals have the highest melting point.
STATEMENT-2 : Covalent bonds are stronger than ionic bonds.
( SUBJECTIVE PROBLEMS
1. In seven. possible crystal system how many crystal system have a =f?
2. Inseven possible crystal system how many crystal system have more than one Bravais lattice ?
3. How many effective no. of atoms present in BCC unit cel} ? !
4. In solid X atoms goes to corner of the cube and two alternate face centre. Ca]culate effective

o

number of atom of X in unit cell ?
Find the distance (in pm) between the body centered atom and one corner atom in an element

{a=2.32pm)

s

ey



s

The structure of MgO is similar to NaCl. What is the co-ordination number of Mg?
How many number of formula units in a unit cell of CaF, ?
What is the co-ordination number of sodium in Na,0? :
Density of Li atom is 0.53g/em?. The edge léngth of Li is 3.5A. Find out the number of Li
atoms in a unit cell. (N, = 6.0x 105 mol™!, M = 6.94¢ mbl'l)
10. What is the co-ordination number of Ci~ in CsCl structure ?
11. In cubic system how many atoms arrangement exist in nature ? ,
12. The ionic radiiof A* and B~ are 1.7 A and 1.8 & respectively. Find the co-ordination number of
oAt o ' '
i If edge fraction unoccupied in ideal anti-fluorite structure is x. Calculate the value of Z. Where
x . . .
0.097

v ®N o

[y

1

14. Ilonic solid Na*A~ crystallise in rock salt type structure. 2.592 gm of ionic solid salt NaA
dissolved in water to make 2 litre solution. The pH of this solution is 8. If distance between
cation and anion is 300 pm. Calculate density of ionic solid (in gm/cm?).

(Given : pK,, =13,pK,(HA) =5,N , = 6x 10%3)
15. Calculate the value of -i% Where

Z = Co-ordination number of 2D-square close packing
+
Co-ordination number of 2D-hcp
) +
Co-ordination number of 3D-square close packing
+
Co-ordination number of 3D, ABCABC ...... Packing
+
Co-ordination number of 3D, ABAB ....... packing
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.0 2 3 4. & (a B {c) 7 (@ 8 (d 9 (€ 0. ()
1. (d 12 {c} 13 (d 14 (& 15 (b)) 16. {a 17. {b) 1B {c) 18. (a) 20. (b)
2. (d} 22 (c) 23 (b) 24 {c) 25 (d) 26. (c) 27. {c} 2B (c} 29. (c) 30. (D)
M, (e 32 {a 33 {d 34 () 35 (b) 3B (b) 37 (c} 38 (3 39. (a 40. (d)
4. (d) 42, (d) 43. (b)) 44 (d) 45 (c) 46. (d) 4. (c} 48 (b) 49. (a) 56. (b)
§1. (b) 52 (b} 53 (c) B54. (a) 5. (c) 66. (b) 57. (a) &8 (&) 59. (c) §0. (b)
6%. (d) 62 (c) 63 (a) 68 (a) 65 (b) 66 {a) 67 (b) 68 (c) 69 (b) .711. {b)
(b} 72 () 73 {(b) 74 (d) 75 (a) 76 (d) 77. {c) 18 (c} 79. (a) 80. (a)
81. (c) 82 {c} 83 (b) 84 (c) 85 {(a) 86 (c) 87. (c) 88 (d) 89 (d 90. (b)
91, (b} 92. (¢} 93 (c) 94. (a) 95 (b) 96. (d) 97. {c) 98 (d) 99 (a) 100. (b)
101, (c) 102. (d} 103. (d) 104. (c) 105. (a) 106. (d) 107. (b) 108. (d) 109. (d) 110. (c)
111, {c) 112 (¢} 113 (b) M4 (c) 115 (b) 116. (c} MN7. (a) 118 (c) 118, (d) 120. (b)
121. (b) 122. (a) 123. (b) 124. (c) 125 (d}

1. (b) 2. (o) 3. (o) 4. {c 5. {(d) 6. (c) 1. (b 8. (d) 9. (a) 10 {c)
1. (b 12 ) 13 () 14 (d 15 (c) 16. (a} 7. (b) 18. (@ 19. {(a) 20. (b
2. (@ 22 (&) 23 (d) 24 (d} 26 (o) 26 (@ 27 (b) 28 (b} 28 (&) 30 (&)
by 32 (B
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Passage-1: 1. (c} 2. (a.) ‘1'
Passage-2: 1. (@ 2. (a) 3 i
Passage-3: 1. (b 2. (b 3. j
Passage—4: 1. (b) 2. b 3 I
Passage-5: 1. (b) 2. (b} 3. :
Passage-6: 1. (d) 2 (a) " ‘
.Passage-'?: ‘1. (a) 2. (d) 3

One or More Answers is/are correct

1. (ad) 2 (be) 3 (a0 4 (a¢) 5 (¢ 6. (a0 7. {ab} 8. (abd)
9. (c,d) 10. (a,becd}) 11. (acd) 12 ({(ab) 13. (a,bc} 14 {ab,.c) 15 (ab,cd} 16 (ab.c)
17. (a,c) 18. (a,b,c,d} 19. (a,bc,d} 20. {a,c)
Match the Column
1. A= R; B— P; C-+ P, R; D-P Q
2. AoS; B—Q; C—oQ, R; D> P
3. A> R, B—S§; C—0Q, D—P
4. Ao P; B-» P; CoS; D—>R
5. Ao P B— S; C-o0Q; D—R
6. A-Q; B—= P; C-oS; D-s R
7. A P; B— R; CoQ; D—S
8. A5 S; B— R; C—-Q; D=Q
9, A5 R; B §; C—oQ; DoP
10. AP B— S; Co0Q; D-aP
11. A>Q; B—Q; C-o P D> R
Assertion-Reason Type Questions
1. (A) 2. (A) 3. (B) 4. (B) 5. (C) 6. (D) 1. (A) B. (A) 8. -(C) 10. (A}
11. (A} 12, (C)
Subjective Probiems
.5 24 32 .42 52
1. 3 12, 8 13. 3 14, 4 18 4




.i;evel1_ o S
44, (d) Effective no. of atoms in a unit cell = 4

No. of atoms = 8 %N,
80

No. of unit cell= Na x 1
10

4

45. () Usea® = z [ﬂ)
. PN,

a=314pm ,r=if-9—=> 135.96 pm

51. (b) The cep structure generates fec unit cell

So, J2a=4r
a=608.2pm
Z.M 4 x 59
52. (B)p=—" = Npjs————
PPN & AT 9.0)B5x10%)
=6.11 x10%

59. (c¢) Spheres of any two adjacent layer should
not be repeated cn each other.

81. (c) Effective no. of atomsof A =1 -% = %

Effective no. of atoms of B =6 x-lé = 3

Ay 5B, or general formula is A; By,
83. (b) Effective no. of 0" in a unit cell

=8 xl +6 xl=4
8 2
Effective no. of A%* inaunitcell= 8 x% =1

Effective no. of B** in a unit cell = 4 x % =2
- general formula is ABZO4
84, (c) Effective no. of Ain a unitcell=6
Effective no. of C in a unit cell = 6 x% =4
So, general formula is CyA;
87. (¢) Effective no. of Cu in a unit cell
=8x 1 + 6 x 1 =4
8 2

Hints and Solutions

Effective no. of Ag in a unit cell=12 x% =3

Effective no. of Au in a unit cell =1
So, general formula of compound is
Cu,AgsAu

100.(b)a=2(* +r’} = 400=2(80+r,)
r, =120

102.(d) In ideal fluorite type structure; cation is
present in tetrahedral void

So, E_g205

fa

104.(c) V3a=20" + 1)
_ 2x(1.69+1.81)
a 1.732
= =4.04 A
105.(a) V3a=2(" +r7)
e o= 3.72pm

=

119. (d) Density of crystal always increases due to
substitutional impurity defect.

120. (b) V3a=4(2r)
121.(b) . 2Na* replaced by one Sr**;

1 mole of NaCl contain 107 mole of Sr2*

- no. of cationic vacancies =1077 x N,
122. (a) Three Fe?* replaced by two Fe*

total loss of iron = 0.07 mole

So, mole of Fe** present in Feg ;0

=2x0.07
9% of Fe* in total iron content

0.07

=2x =15.05
+ 093

123. (b) Two Cu* replaced by one Cu?*
Total loss of Cu = 0.2 mole
So, mole of Cu?* present in Cu, ¢S = 0.2

. % of Cu?* in total copper content

= 02 x100
1.8

=11.11



Level 2 _ o
2x 56 4 x 56
1. (b)p; = ;P2 =
! (ﬂ]g S
3
PL_, 0018
P2
2. () 2.32= 2xM

6 x10% (1.22° x1072
= M=1264 = x=47
3. (c) Edge not covered by atom =a — 2
also in bee, 4r=4/3q
Therefore, edge not covered
o V3 (223
2 2
= Fraction of edge not covered by atoms

2-43

=———0134

4. (c) In a simple cublc crystal a=2r
Let the radius of the interstitial atom in
simple cubic structure be x, then

20r+ x)=+3a=+3x2r
So, x=+3r-r = 0.732r
s 2 n0.732m2
Packing fraction = -3 3 3

' ary -

‘:? 7 [1 + (0.7325°]
8r3

= % [1+(0.732* =0.73

5. (d) Given a — 2r = 60.3 and for beg, 4r =3
= a——f’ia=60.3 = a=450pm

. 2x48
Dy ) = A 107 x @5F <107
=1.75 g/ce
6. (c) a-2r=53.6pm (D)
also 4r=+/3a
V3

= a-22g=53.6
2

536><2

= = 400 pm
23 UP

2x23
6.023 x10% x 4% x107%

Density (p}=

=1.19 g/cc
7. (b) Vol. of all atoms in 1.68 g of Ar

_1.68 x6x10% x 3 272x(1503

x107)
=0.3564
Vol. of solid Ar =1 cm®

% of empty space =(1 - 0.3564) x 100
= 64.36

8. (d) Effective no. of atoms of B present in a unit

cell=2
Total volume of B unoccupied by A in a unit
cell
=2x— (R3 rP)xn
B 77;R3

F by

3

Volume of unit cell =q

3
4R 64 5
=> |—=| ===R V3a=4R
[JEJ 30 ( )
7nR?
Desired ratio = 3 _ 7my3
64 R3 64
W3
& . o
. B
9. @ F 3
) ; X
A E
AB=a (nearest)
BD =+/2a {next-nearest)
CE =+/3a (next-next-nearest)
A D
10. (c}- 5 g
\%
AB = % (nearest)
AC=a {next-nearest)
CD =2z (next-next-nearest)



11. (a) Atoms of three layers (ABC) are present in
fee unit cell generated by cubic closest

packing.
12. (b) Let volume of fcc unit cell = V
4xM,
PAa=—7 5
N,V
BxM
Pe = —2
N,V
Pa_ M, 30 _
PB 2M.B 2 X 50

P—A
=2 =333 ¢g/ce
Ps 0.3 g/

Total density p, + pg =4.33 g/cc

BE _ cos 30°=£
BC 2

Distance between the centres of two B atoms
=2xBE=+3A
14. (d) 4 formula unit of AB is present in a unit cell
-~ no. of unit cell = 4 X Na
40 4

= 0.025N,

315. (c)} Usep= Ma
N,.a

Z=4 M=40+2x19
a=2@"+r)
=2x297 pm
Volume of unit cell =
=209.6 x107* cm?
‘4 x128
6.023x10% ¢
= a=468x10" cm=4.68 A

16. (a)

17. (b) 827 =

= 2[r02_ + rcdz;]

= T =114

+r,o. 7
18. (a) -M—C =15
fa- ‘
. T, +T,_
and -2 or K d -12
fa- 7 To- 7
a_IHZZ(rK+ +rCl_)
@ 2‘(rNa* + CI’)
212,01 ga43
7 .

19, (a) Mass of unitcell=d xV
=(5%107%)° x3.84 x6 x10%
=288 a.m.u. _
Mass of formuila unit of FeO =56+ 16=7

a.m.u.
-.no. of formula unit = % =4

20. (b) Density crystal decreases due to Schottky
defects effective no. of atoms per unit cell in

given lattice

=4 [1 - ——0'25) = 3.99
100 |

B 50 x3.99

P 6 %107 (0.50 <1077
_ 50x3.99
T 6x125x0.1

p=2.66g/cm’®

ZM

21. (a) Theoretical density = 3
Nya

_ 4x24x107°
T 6x10% x(4x10710)
=2.5x10° kg/m*
Observed derllsuy <100
Ideal density

% occupancy =
3
_24x10° 100 - 96%
2.5x10°

23. (d) Octahedral void i)resent at the centre of cube
and tetrahedral void is present at (1/ 4P of

the distance along each body diagonal.
@ =2x distance between octahedral
and tetrahedral void.
Vol. of unit cell = 4% sin 60° x b
=173.2x107* em®
a=5A

24. (d)



Y

Mass of unit cell ‘
=173.2x107** x5x 6 x10%
=519.6¢g

No. of molecules present in given unit cell
_519.6

2598
25. (b) In hcp arrangement toral height

hz4x‘Pr
3

as per given
% - 2@1’:3.35?\ =3.35x10° em.

Volume of unit cell = 24 /213

3
=24+/2 (\E x% % 3.35 xlO"BJ

=2.93x10"% em®
Effective no. of atoms in hexagonal unit cell
=6
6x12
6023 x10% x2.93x1072
=0.41 g/cc
26. (a) No.of Na* =4-1=3

density =

No. ofCl‘:47(2x%]=3

27. (b) Along one body diagonal 2X atoms from 2
corners, one Y particle (at the centre of
cube) will be removed.

So, effective no. of X particles in a unit cell

=4_[2x1J:E
8 4

and effective no. of Y particles in a unit cell

=4-1=3

X:Y E:3

‘ 4
or 5:4

28. (b) Effective no. of Na* =4 - (1 +2x %J =§

ForCl™ =4J2a=4r
_ Vol. of effective no. of cations and anions
Vol. of unit cell

BE

29. (d) No. of X particles per unit cell = 4
No. of Y particles = 4

No. of Z particles = 8

Along one body diagonal 2X atoms from 2

corners, one Y particle and 2Z particles will

be removed.

So, effective no. of X particles in a unit cell
1 15

=4 - - x2=—
8 4

Effective no. of ¥ particles in a unit cell
=4-1=3
Effective no. of Z particles in a unit ceil
=8-2=6
X 1 Y: Z
15 3:6
4 .
5: 4. 8
30. (a) Effective no. Qf A particles are removed
. =4.§<J1-l-2><1=§
- 8 2 2
Effective no. of A particles present in a unit
cell
_4-3.2
2 2
Effective no. of B particles are removed
=2x 1 +1= 3
4 2
Effective no. of B particles present in a unit
cell :

palen = B
|
Ml

|
C ol

ol W

or 1:1

Péssage-1
‘ 2% i s

1 @P.F=—3_ =068
i

V3
% of empty space =100 - 0.68 x100 = 32

4>v:i o

2. @ P.F.=—3 __

(&

= 0.7406




Passage-2
4 x108
a® x6.023 x10%
. . a=4.07 nm
2. (a) Mass of 12 x10** atoms =100 gm
Mass of 6,022 x 102 atom

100
T 12x10%
=50.18

1. (a)10.6=

x 6.023 x10%

4 x%50.18 x10

P = 6.023 102 » (200 x10°°)

=41.66 g/ cm’

3. (c) By Hit and Trial : For fcc Z = 4 (4 pairs of
KBr) '
M=39+80=119

Passage-3

3. (A)1to3
c.c.p. generated f.c.c. and octahedral voids
= effective number of atoms in a unit cell

4. (a) 0% isreplaced by X**" so formula of spinel
is MgAl,X ; and deficiency by ane anion.

Subjective Problems

15. Z=4+6+6+12+12=40
Z 40
—_— = —= 4
10 10



'y
S ibintelnliinlsien s ——

SURFACE CHEMISTRY
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Terms Related to Adsorption and Absorption
« Adsorption : The accumulation of molecular species at the surface rather than bulk of solid

or liquid is known as adsorption.

+ Adsorbate : The molecular species or substance which accurnulates at the surface is known

as adsorbate.

- Adsorbent : The surface at which accumulation of adsorbate takes place is known as

adsorbent.
Ex : Water vapours (adsorbate) adsorb at the surface of silica gel (adsorbent).

* Desorption : The process of removing an adsorbed substance from adsorbent is known as

3

r3

desorption. When equilibrium established then rate of adsorption and rate of desorption are
equal. '

> Absorption : When atoms molecules or ions enter in bulk phase of solid or liquid is known

as absorption.
Ex. Water vapours absorbed by anhydrous CaCl,.

Sorption : When adsorption and absorption takes place simultaneously then phenomena is
known as sorption.

Ex. Dyeing of fabric

Characteristics of Adsorption

&
”
B
.
o

o

Adsorption is surface phenomena.

‘In adsorption surface energy decreases.

In adsorption entropy decreases.

When decrease in free energy takes place then adsorption takes place.



Types of Adsorption

(N

(2)

Based on concentration :

% Positive adsorption : If the concentration of adsorbate is more at the surface as compared
to its concentration in the bulk phase then it is called positive adsorption

% Negative adsorption : If concentration of adsorbate is less at the surface as compared to
its concentration in the bulk phase then it is called negative adsorption

Based on forces existing between adsorbate molecule and adsorbent :

<+ Physical adsorption : If the forces of attraction existing between adsorbate and
adsorbent are vander Waal's forces, then adsorption is called physical adsorption..

< Chemical adsorption : If the forces of attracton existing between adsorbate particles
and adsorbent are almost of the same strength as chemical bonds then adsorption is

called chemical adsorption.

Comparison between physisorption and chemisorption

S.No.

Physisorption

Chemisorption

1.

Low heat of adsorption usually in range of
20 - 40 kJ/mol.

High heat of adsorption in the range of
80 - 240 kJ/mol.

Forces of attraction are vander Waal's forces.

Forces of atiraction are chemical bond forces.

It is reversible in nature.

It is irreversible in nature.

It usually takes place at low temp and it decreases
with increasing temp.

It takes place at high temperature and it increase
with increasing temperature.

More casily liquefiable gases are adsorbed readily.

Gases which can react with the adsorbent show|
chemisorption. -

It forms multimolecular layers.

It forms monomolecular layer.

it does not require any activation energy.

It requires activation energy.

It is not specific.

It is highly specific.

It increases with increase the surface of area of
adsorbent.

It also increases with increase the surface area of|
adsorbent.

Facto

rs Affecting Adsorption

Nature of the gas : Easily liquefiable gases adsorb to greater extent.
Effect of nature of adsorbent : When adsorbent activated then extent of adsorption

increases.

Specific area of the solid : Greater the specific area of the solid, greater would be its
adsorbent power. By the activation of adsorbent, surface area increase and adsorption

increases. )

Effect of pressure of the gas : The adsorption causes a net decrease in pressure as the gas
gets adsorbed and thus the increase in pressure favours the process of adsorption.
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PROBLEMS IN CHEMISTRY

Adsorption Isotherm

Graph between extent of the adsorption (f-) & pressure (P) at a given temperature is called
m

adsorption isotherm. There are two types of adsorption isotherms
(i) Freundlich Adsorption isotherm :

Freundlich’s Equation X kx p¥n
. m

where x = mass of adsorbate adsorbs, m = mass of adsorbent, p = pressure

4+ At low pressure : X _kxP

m
+ At intermediate pressure : = = kx PY", wheren 21 A’\/ 1
m . e Slope = 1/n
4 At high pressure: Z - constant T 238
m .
' OA=iogk
logiiogk«r-l-logp }09%
m . n
ogp —>__ |

(ii) Langmuir Adsorption isotherm : According to Langmuir

- + There is adsorption of gas molecules on the surface of the solid.
< There is desorption of the adsorbed molecules from the surface of the solid.
% There is formation of unimolecular layer and so it is chemisorption

< A dynamic equilibrium is attained when rate of adsorption =rate of desorption.
x ap

m l+bp

Where ¢ & b Langmuir parameters.
Case-I At very high pressure

bp >>> 1,

x ap

a
— = — = constant
m bp

Case-II At'very low pressure =
bp <<<1

x .
—_— - ap
. m
Adsorption Isobar

‘Graph between extent of the adsorption (i) & pressure (P) at a given temperature is called
L) . m -

PRI

adsorption isobar.
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A physical adsorption isobar shows a decrease in x/ m as the temperature rises.

I3 —— e s —

[

1
|
Ix

\
I
I
|
|
|
m [
H \

L - (2) Physical adsorption T_:!
Physical adsorption isobar

The isobar of chemisorption shows an increase in the beginning and then decrease as the
temperature rises.

e ———

[ (b) Chemisorption T —
Chemical adsorption llsobar

Application of Adsorption
% Activated charcoal is used in gas masks to remove poisonous gases such as CH,, CO etc.
< Animal charcoal is used as decolorizer in manufacture of sugar.
«1Silica gel is used for removing moisture and controlling humidity.

% Some industrial processes take place in the presence of catalysts which are based upon
adsorption.

< Chromatographic punﬁcanon of compounds which is based upon adsorption.
% The jion exchange resins used for removing hardness of water are also based upon adsorption.

Catalyst
1. Catalyst : A substance which influence the rate of reactdon is known as catalyst provided it
remains unchanged in amount a well as in composition.
%+ Positive catalyst : The catalyst which increase the rate of chemical reaction is known as
positive catalyst. Fe act as positive catalyst in following reaction.

+ Negative catalyst : The catalyst which decrease the rate of chemical reaction is known as
negative catalyst. C,H;OH act as negative catalyst in following reaction.

CHCl, + 00—, cocl, + HCl

+ Auto catalyst : When one of product act as catalyst then such type of catalyst is known as
.auto catalyst. Mn* act as auto catalyst in following reactions
2MnOj +5C,0% +16H* — 2Mn* +10C0, + 8H,0

2. Catalyst promoters : Substance which increase the activity of catalyst is known as catalyst
promoters. Mo act as catalyst promoters in following reaction. ~ o



o N, +3H, —<32NH,;

.3. Homogenous catalytic reaction : If catalyst is present in same phase as reactant
then it is called homogenous catalytic reaction.

) 250,(g) +0,(g)—%8)_45950,(g)
" 4. Heterogenous catalytic reaction : If catalyst is present in different phase as reactant
. then it is called heterogenous catalytic reaction. :
| N,(g) + 3H,(g) —=2—2NH; (g)
5. Adsorption theory of heterogenous catalyst : The mechanism of heterogenous
catalyst involves the following steps : ‘
+ Adsorption of reactant molecules on the catalyst surface.
Occurrence of a chemical reaction through the formation of an intermediate.
Desorption of products from the catalyst surface.
» Diffusion of products away from the catalyst surface.

2, *,
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'Enzyme Catalyst
- Complex nitrogenous compound which are produced by living plants and animals is known as
enzymes. The characteristic features of enzyme catalyst are :
» They are highly efficient.
» They are highly specific in nature.
» They are highly active under optimum temperature.
They are highly active under optimum pH.
% There is increase in their activity in the presence of activators and coenzymes.
% They are 'influenced by inhibitors and poisons.

&
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Invertase
C12H30¢; + H{O———C¢H;3,04+CcH) 506
Glucose Fructose
C12H5501; + H0 — Malse 5 2G 6111206
Glucose

Diastase
(CgH 1005, +nH0 ——=—C,H,,0,,
Starch Maltose

CH;,0, —2m3€ ,2C,HOH + 2CO,
Glucose
Mechanism of Enzyme Catalyst .

Step 1 : Binding of enzyme to substrate to form an activated complex E + S —— ES
Step 2 : Decomposition of the activated complex to form products ES—— E + P

Colloids
" Depending on size of particles solution are divided into three classes In true solution
4 True solution : Size of particles is less than 1 nm.
+ Suspension : In suspension size of particles is greater than 1000 nm.
4+ Colloidal solution : In colloidal solution size of particles lies from 1 nm te 1000 nm.
" It consists two phase i.e., dispersed phase and dispersion medium.
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Dispersed Phase : It is the component present in small proportion and is just like a-solute in a
true solution. For example, in the colloidal state of sulphur in water, the former acts as a dispersed

phase.

Dispersion Medium : It is normally the component present in excess and is just like a solvent

in a solution.

The particles of the dispersed phase are scattered in the dispersion medium in a colloidal

system.

Classification of Colloids
1. Based on Physical State of Dispersed Phase & Dispersion Medium : -

Dispersed phase | Dispersion medium | Colloidal systém Examples

Gas - Liquid Foam or froth Soap sols, lemonade froth; whipped cream. |

Gas Solid Solid foam/Sol Pumice stone, styrene, foam, foam rubber.

Liquid "|Gas Aerosols of Liquids  |Fog, clouds, fine insecticide sprays. .

Liquid Liquid Emulsions Milk

Liquid Solid Gels Cheese, butter, boot polish, table jellies.

Solid Gas Aerosols of Solid Smoke, dust

Solid Liquid Sols Most paint starch dispersed in water, gold '
sol, muddy water, inks.

Solid Solid _|Solid sols Ruby glass, some gem stones.

2. Based on Interaction or Affinity of Phases :

(a) Lyophilic Colloids : The colloidal system in which the particle of dispersed phase have
great affinity for the dispersion medium, are called lyophilic

(b) Lyophobic colloids : The colloidal system in which the dispersed phase have no affinity
for the dispersion medium are called lyophobic.

Property Lyophilic sols Lyophobic sols

1. |Nature Reversible Irreversible |

2. |Preparation They are prepared very easily by shaking|They are difficult to prepare, Special
or warming the substance with|methods are used.
dispersion medium.

3. |[Stability They are very stable and are not easily| They are generaily unstable and get eésily'

. . |coagulated by electrolytes. coagulated on addition of electrolytes:

4, Charge Particles carry no or very little charge|Colloidal particles have characteristic
depending upon the pH of the medium. |charge (positive or negative) )

5. |Viscosity Viscosity is much higher than that of the|Viscosity is nearly the same as that of the
medium. medium

6. |Surface Tension Surface tension is usually less than that |Surface tension is nearly the same as that

: of the medium. of the medium. :




7. [Migration in electric|The particles may or may not migrate in|The colloidal particles migrate either

field an electric field. towards cathode or anode in an electric
field.
8. |Solvation Particles are heavily solvated. Particles are not solvated.
" 9. [Visibility The particles can not be seen under ultra|The particles though invisible, can be
) microscope. seen under ultra microscope.
10. |Tyndall effect Less distinct. More distinct.
11. |Action of electrolyte |Large amount of electrolyte is required | Small amount of electrolyte is sufficient
to cause coagulation. to cause coagulation.
12, |Examples Mostly organic substances e. g., starch,|Generally inorganic substance e, g., metal
gums, proteins, gelatin etc. sols, sulphides and oxides sols.

3. Based on Type of Particles of the Dispersed Phase

< Multimolecular colloids : The multimolecular colloidal particles consists of aggregate of
atoms of small molecules with diameters less than 10~°m or 1 nm.

) For example, a sol. of gold contains particles of various sizes having several atoms.
~ ¢ Macromolecular colloids : The macromolecular colloidal particles themselves are large
molecules. They have very high molecular weights varying from thousands to millions. These
substances are generally polymers. . -
For example, starch, cellulose and proteins, polyethene, nylone ete.
+ Associated colloids : Certain substances behave as strong electrolytes at low
- concentration but at higher concentrations these substances exhibit colloidal characteristics
due to'the formation of aggregated particles. These aggregated particles are called mlcelles
which are also known as associated colloids. .
Kraft Temperature : The formation of micelles takes place only above a particular
temperature called Kraft temperature.
Critical Micelle Concentration : Formation of micelle takes place above kraft temperature
and above a particﬂla_r concentration called the critical micelle concentration (CMC).
For soaps, the CMC is about 107 M to 107M .

4. Method of Preparation of Colloids :
- Mechanical Dispersion : In this method the substance is first finely powdered and a
- suspension is made by shaking the powdered substance with the dispersion medium. This
suspension is then passed through a colloidal mill where suspension is converted into
colloids. The colloidal solutions of rubber, ink, paints and varnishes are prepared by this
method.
< Electrical Dispersion (Bredlg s arc method) : In this method an electric arc is struck
between two metallic rods and kept under the dispersion medium. The particles of the metal
break away from the rods and disperse in the liquid. Colloidal solutions of Au, Pt, Ag, Cu and
such other metals can be prepared by this method.
- Peptization : The process in which freshly formed precipitate converts into a sol by the
addition of suitable electrolyte is known as peptization.
(a) Added electrolyte is known as peptizing agent.
(b) The peptization action is due to preferential adsorption of common ion.

%3
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EX. Agl+ AgNO, ——[Agl] Ag™: NOj
ppt  Peptising agent

Aglv  KI  —[Agl]T:K* | 5
ppt Peptising agent

@
+ Chemical method : ;
Double decomposition : As,04 + 3H,8 — As,5, +3H,0 X
Yellow sol ' - -
Oxidation : 2H,S + S0, — 2H,0 + ISSSl _ . i
- 0. e
Reduction 2AuCl; + 3SnCl, —> 3SnCl, + 25A1u .
0 -
Hydrolysis : FeCls + 3H20—> Fe(OH)+ 3HCI
Red sol

5. Purification of Colloidal Solution :

< Dialysis : The process of separating the particles of colloid from those of crystalloid, by
means of diffusion through a suitable membrane is called dialysis.. Its principle is based upon
the fact that colloidal particles can not pass through a parchment or cellophane membrane,
while the ions of the electrolyte can pass through it.

+ Electrodialysis : The ordinary process of dialysis is slow. To increase the process of
purification, the dialysis is carried out by applying electric field. This process is called
electrodialysis. The artificial kidney machine works on the principle of d1aly51s

6. Properties of Colloidal Solution :

(i) Physical Properties :
< Heterogeneity : Colloidal solutions are heterogeneous in nature consxsung of two
phases viz, the dispersed phase and the dispersion medium.

+ Filterability : Colloidal particles readily pass through ordinary filter papers. It is
because the size of the pores of the filter paper is larger than that of the colloidal
particles. I

Non-settling nature : Colloidal solutions are quite stable as the colloidal particles
remain suspended in the dispersion medium indefinitely. Thus there is no effect of
gravity on the colloidal particles.

& Colour : The colour of the colloidal solution is not always the same as the colour of the
substances in the bulk. The colour of the colloidal solution depends upon the following
factors : '

(i) Size and shape of colloidal particles.

(ii) Wavelength of the source of light.

(iii) Method of preparation of the colloidal solution.
(iv) Nature of the colloidal solution.

&y
e

(v) The way an observer receives the light.
+ Stability : Colloidal solutions are quite stable. Only a few solutions of larger particles
may settle but very slowly. '
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(ii) Mechanical Properties :
+ Brownian movement : It involves motion of colloidal particles in zig-zag paths. Itis
due to the moving molecules of the dispersion medium which are constantly coiliding
with colloidal particles.
(i) Itis not observed in ordinary suspension.
(if) It offers a visible proof of the random kinetic motion of molecules in a liquid.
(iif) It provides a direct demonstration of ceaseless motion of molecule as postulated by
kinetic theory.

(iv) It provide stability to colloidal sol by not allowing them to settle down.

+ Sedimentation : Under the influence of gravity, colloids tends to settle down very
slowly. This phenomena is known as sedimentation. It can be accelerated by
ultracentrifugation.

(iii) Optical properties : _
+ Tyndall Effect : The scattering of light by colloidal particles is known as tyndall effect.
The colloidal particles first absorb light and then a part of the absorbed light is scattered from
the surface of the colloidal particles. Maximum scattered intensity is being in a plane at right angles
to the plane of incident light. The path becomes visible when seen from that direction.
(iv) Electrical properties : Colloidal particles carry an electric chafge which is equal and
opposite to dispersion medium.

+ Electrophoresis : The movement of colloidal particles towards a particular electrode
in an electric field is known as electrophoresis. It provides information about the nature
of the electrical charge on the colloidal particle,

+ Electro-osmosis : When electrophoresis of dispersed particles in a colloidal system is
prevented by suitable means, it is observed that the dispersion medium itself begins to
move in an electric field. This phenomenon is called electro-osmosis.

Electrical charged sols

Positivaly charged sols Negatively charged sols

1. |Ferric hydroxide, aluminium hydroxide Metals such as Pt, Cu, Au, Ag, Sb,,S;, CdS Metals
. sulphides, e. g., arsenius sulphide

2. |Basic dyes such as methylene blue Starch, clay, silicic acid, gum, gelatin, charcol

3. [Haemoglobin Acid dyes, such as eosin, congo Red

¢ Electrical double layer : The surface of a colloidal particle acquires a positive or a
negative charge by selective adsorption of ions carrying +ve or —ve charges respectively. The
charged layer attracts counter ions from the medium which forms a second layer. Thus, an
electrical double layer is formed on the surface of the particles.



[Agl] I ;K

[Ag] Ag* ' NOy
[Fe(OH);] Fe*t @ 3cCI
+ 1 -
+ —_
Selective positive adsorption on solid ‘ . Solid Lo
+ —

Electro kinetic potential : The potential difference between the fixed charge layer and

diffused layer of opposité charge is called electro kinetic potential or zeta potential.

« Coagulation : The stability of the colloidal system is due to the existence of charged
particles. If the charges are neutralised or destroyed, then the colloidal solution gets
precipitated. This is called Coagulation or Flocculation. It can be done by
(i) adding electrolyte
(ii) mutual action of sols
(iii) persistent dialysis
(iv) By cooling
{v) By electrophoresis

Coagulation value : The minimum concentration of the electrolyte required in millimoles per

litre of solution to cause coagulation or flocculation is called coagulation value.

Hardy Schulze Rule : According to this rule the coagulating power of the active ion increases

with the valency of the active ion. _

Coagulating power of cations : A1* > Ba* or Mg? > Na* or K",

Coagulating power of anion : [Fe(CN)¢]*~ >PO3™ >80% >clI-

+ Isoelectric Point of Colloid : The hydrogen ion concentration at which the colloidal
particles are neither positively charged nor negatively charged (i. e., uncharged) is known as
isoelectric point of the colloid. :

+ Protective colloids : In presence of lyophilic colloids like starch no coagulation of
lyophobic colloids takes places and lyophilic colloids act as protective colloids. Greater
protecting power of a lyophilic colloid lesser would be gold number.

Gold Number : It is define as the minimum amount of the protective colloid in milligrams
which must be added to 10 mL solution of standard gold sol, which prevents coagulation on adding
one mL of 10% NaCl solution. . '

+ Emulsions : An emulsion is a colloidal solution of a liquid. It may be defined as a
heterogeneous system consisting of more than one immiscible liquids dispersed in one
another int the form of droplets _

Oil in water type emulsion (O/W) : In this emulsion, oil is the dispersed phase and water is
the dispersion medium. It is denoted by O/W or O in W. For example, milk (liquid fat dispersed in
water), vanishing cream, ete,  ° -

- Water in oil type : In this emulsion, water is the dispersed phase and oil is the dispersion

medium. It is denoted by W/O or W in O. For example, butter, cod liver oil, cold cream, etc.

°
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PROBLEMS IN CHEMISTRY §

Distinction between Two Types of Emulsions

Dye test : It involves the addition of oil soluble dye to the emulsion under experiment. If the o '
_emulsion acquires the colour of the dye.-readily, it is water-in-oil type emulsion and it the emulsion

remains colourless, it is oil-in-water type emulsion.
Dilution test : As a general rule, an emulsion can be diluted with the dispersion medium _

_ while the addition of the dispersed phase forms a separate layer. Thus, if an emulsion can be diluted

with oil, it is water-in-oil type.

Preparation of emulsion (Emulsification) : Emulsification is the process which involves
the preparation of emulsion. Generally, an emulsion is prepared by subjecting a mixture of the
immiscible liquid to a distinct layers upon standing. This substance which stabilizes the emulsion is
called emulsifier or emulsifying agent. The commonly used emulsifying agents are soaps, detergents

- and lyophilic colloids. Casein.

Function of emulsifier : The main function of emulsifier or emulsifying agents is to lower
the interfacial tension between oil and water and thus helps the intermixing of two liquids.

Demulsification : The process which involves the breaking of an emulsion into two separate
liquid layers is called demulsification. ) '

+ Gels : Colloidal system in which liquids are the dispersed phase and solid act as the
dispersion medium are called gels. The common examples are : boot polishes, jelly, gum
arabic, agar agar, processed cheese and silicic acid. -

When the gels are allowed to stand for a long time, they give out small quaﬁﬁﬂes of trapped
liquids with accumulate on its surface. This action of gels is known as Synresis or Weeping.

» Uses of Colloids
(i) Medicines
(ii} Dyes
(iii) Rubber industry
(iv) Formation of delta
(v) Purification of water
(vi) Artificial rain
(vii) Smoke precipitation
(viii) Sewage disposal
(ix) Cleansing action of soap and detergent
(x) InPhotography
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. The size of particles in suspension, true solution and colloidal solution varies in the order :

(a) suspension > colloidal > true solution
(b} true solution > suspension > colloidal

+ {c) suspension > colloidal = true solution
- (d) none of these '

6.

10.

A colloidal system has what size of particles?

(@) 10 m to 10™%m () 10°mto 107 m

©) 10°m to 10 m (d) 10°mto 10°m

Which are not purely surface phenomena?

(a) -Adsorption, surface tension (b) Surface tension, viscosity

(c) Adsorption, viscosity (d) Absorption, viscosity
. Adsorbed acetic acid on activated carbon is :

(a) adsorber {b) absorber

{c) adsorbent {d) adsorbate

Adsorption due to strong chemical forces is called :

{a) Chemisorption (b) Physisorption

{c) Both (a) and (b) {d) None of these

Adsorption of gases on solid surface is exothermlc because :

{a) free energy increases

(b) entropy decreases

(c) entropy increases

(d) interaction developed between gas and solid particles

The nature of bonding forces in adsorption are :

(a) purely physical such as van der Waals’ forces

(b) purely chemical

(¢) both chemical and physical are possible

(d) none of these .

Which one of the following is not applicable to chemisorption?

{a) Heat of adsorption‘is negative (b) It takes place at high temperature
(c) It is reversible : (d) It forms mono-molecular layer
Which one-of the following characteristics is correct for physical adsorption?
(a) It is very specific

(b) Adsorption on solids is irreversible

(c) Adsorption decreases with decrease in temperature

(d) Generally both enthalpy and entropy of adsorption are negative

Which of the following statement is not correct?

(a) Physical adsorption is due to vander Waals’ forces

(b) Physical adsorption is irreversible
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(c) Chemical adsorption increases with increase in temperature upto certain limit than
decreases B

(d) Enthalpy of adsorption | AH|) for a chemical adsorption is greater than that of physical
adsorption ‘

Which gas will be adsorbed on a solid to greater extent?

(a) Having non-polar molecule

(b) Having highest critical temperature

(¢) Having lowest critical temperature

(d) Having lowest critical pressure

Which of the following factors affects the adsorption of a gas on sohd'-’

- (a) Critical temperature (T,) (b) Temperature of gas

(c) Pressure of gas (d) All of these
Which gas is adsorbed to maximum amount by activated carbon?
(a) H;(g) (b) He(g) (©) CO(g) (d) COz(8)

The volume of gases NH,, CO, and H, adsorbed by one gram of charcoal at 300 K are in order
of:-

(2) H, >CO, > NH, ~ (b) NH;>H,>C0,

(€) NH, >CO, >H, (d) CO, >NH, >H,

Which of the following is used to adsorb water?

(a) Silica gel (b) Calcium acetate

{c) Hair gel {d) Anhydrous CaCl,

Absorption and adsorptions are respectively:
(a) surface phenomena, buik phenomena
(b) bulk phenomena, surface phenomena
{c) both are bulk phenomena

(d) both are surface phenomena

Adsorption is multilayer in case of:

(a) physical adsorption (b) chemisorption

(c) both (a) and (b) (d} none of these

Reversible adsorption is:

(a) chemical adsorptioin (b) physical adsorption

(¢) both (a) and (b) (d) none of these

The effect of pressure on adsorption is high if: _ ‘

(a) temperature is low (b) temperature is high

(c) temperature is very high (d) larger charcoal piece is taken

Sorption is the phenomenon:

(a) reverse of adsorption

(b) reverse.of absorption !

(¢) when adsorption and absorption takes place simultaneously -

(d) none of these

Which of the following adsorption isotherms represents the adsorption of a gas by a solid
involving multilayers of layers? (P, = saturation pressure)
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A plot of log( Jagamst log P for the adsorption of a gas on a solid gives a straight line with

slope equal to:

@- ® n | (©) log K @K
The heat evolved in chemisorption lies in the range (in kJ/mol) of :

(a) 80 to 240 ‘ . (b) 20 to 40

{c) 40 to 80 (d) 20 to 100

The heat evolved in physisorption lies in the range (in kJ/mol) of :

(a) 2040 (b)_40-100

(c) 100-200 {dy 200400

According to the adsorption theory of catalysis, the speed of the reaction increases becauzz :
(a) in the process of adsorption, the activation energy of the molecules becomes large
(b) adsorption produces heat which increases the speed of the reaction

(c) adsorption lowers the activation energy of the reaction

{d) adsorption increases the activation energy of the reaction

3.6 gram of oxygen is adsorbed on 1.2 g of metal powder. What volume of oxygen adsorbed
per gram of the adsorbent at 1 atm and 273 K?

(A) 0.19Lgt (b) 1Lg™

C) 2.1 Lg'1 (d) None of these

A catalytic poison renders the catalyst ineffective because:

(a) It is preferentially adsorbed on the catalyst

(b) It adsorbs the molecules of the reactants

(c) It combines chemically with the catalyst

(d) It combines chemically with one of the reactants

The catalyst used in the hydrogenation of oils is:

() Fe YN (c) Pt (d) V,0,
The function of zymase is to:

(a) Change starch into sugar

(b) Ferment glucose to alcohol and CO,

(¢) Change malt sugar into glucose ‘

(d) Change starch into malt sugar and dextrin

The conversion of maltose to glucose is possible by the enzyme:

(a) Zymase (b) Lactase

(c) Maltase (d) Diastase

Shape selective catalysis is a reaction catalysed by:

{a) Enzymes . (b) Ziegler-Natta Catalyst

() Zeolites : - (d) Platinum
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The process which is catalysed by one of the product is called:

(a) acid-base catalysis (b) autocatalysis

{¢) negative catalysis (d) homogeneous catalysis
An mhibitor is essentially:

(a) a negative catalyst (b) a heterogeneous catalyst
{c) an auto catalyst: (d} a homogeneous catalyst

A catalyst in the finely divided form is most effective because:

(a) less surface area is available

(b) more active sites are formed

(¢) more energy gets stored in the catalyst

(d) none of these

Identify the correct statement regarding enzymes:

(a) Enzymes are specific biological catalysts that normally works at high temperature
(b) Enzymes are normally heterogeneous catalysts decreases reaction rate

(¢) Enzymes are specific biological catalysts with low molar masses

(d) Enzymes are specific biological catalysts that are very specific in nature

A liquid leaves no residue when passed through the ultra-filter paper. The liquid is:

(a) a suspension {(b) oil (c) a colloidal sol (d) a true solution
Crystalloids differ from colloids mainly in respect of :

(a) Electrical behaviour (b) Particle nature

(¢) Particle size (d) Solubility

Surface tension of lyophilic sols is:

(a) lower than water (b) more than water

(¢) equal to water (d) none of these

Which one of the following is not used for preparing lyophilic sols?

(a) Starch (b) Gum

(¢) Gelatin (d) Metal sulphnde

Which one of the sols acts as protective colloid?

(a) As,5; . (b) Gelatin {c) Au (d) Fe(OH)4
Which one of the following is lyophilic colloid?

(a) Pt (b) Gum (c) Fog . (d) Blood
Small liquid droplets dispersed in another liquid is called: :

(a) suspension : (b) emulsion

{c) gel (d) true solution

Which of the following is an example of associated colloid?

(a) Protein in water (b) Soap in water

(c) Rubber in benzene {d) FeCl;-in H,0

Select the properties which are for lyophilic colloidal sols:

(a) viscosity same as that of the medium

(b) extensive hydration takes place

(¢) particles migrate either towards cathode or anode in an electric field
(d) particle cannot be detected even under ulramicroscope.

Fog is an example of colloidal system of:

" (a) liquid in a gas (b) gas in a liquid

(¢) gas in a solid : {d) solid in a liquid
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Colloidal solutions are not classified on the basis of :

(a) molecular size

(b) nature of the particles

(¢) surface tension value

(d) interaction between disperse phase and dispersion medium
All colloids:

{(a) are suspensions of one phase in another

(b) are two-phase systems

(¢) contain only water-seluble particles

{d) are true solutions

Which of the following is a lyophobic colloid?

(a) Gelatin ‘ (b) Sulphur

(¢) Starch (d) Gum arabic

Which of the following is not a gel?

(a) Cheese (b) Jellies {c) Curd , {(d) Milk

Cleaning action of soap occurs because:

{a) non-polar tails of soap molecules dissolve in grease ‘
(b) oil and grease dissolved into hydrophilic centres of soap micelles acid washed away
{c) hydrophilic head dissolve in grease

(d) grease dissolve in soap solution

Arsenous sulphide sol is prepared by passing H,S through arsenous oxide solution. The charge
developed on the particles 1s due to adsorption of:

(a) HY - (b s* (c) OH- (d) 0*
Bredig’s arc method cannot be used for the preparation of colloidal sol of : _
(a) copper (b) gold (c) silver (d) sodium
As,S 4 sol is:

. (@) positive colloid (b) negative colloid

(c) neutral colloid (d) none of the above
Which of the following electrolyte will be most effective in coagulation of negative sol ?

(A) KNO;, ' (b) K4[Fe(CN)¢]

(C) NazPO, (d) MgcCl,

The minimum amount of an electrolyte required to cause coagulation of a sol is called :
(a) Coagulation value (d) Gold number

(c) Protective value (d) None of these

The electrical charge on a colloidal particle is indicated by:

(a) Brownian movement {(b) electrophoresis

(¢) ultramicroscope . ° (d) molecular sieves

Colloidal particles in a sol can be coagulated by :

{a) heating (b) adding an electrolyte

(c) adding oppositely charged sol (d} any of the above methods

Peptization involves:

{(a) precipitation of colloidal particles

(b) disintegration of colloidal aggregates

(¢) purification of colloids

(d) impact of molecules of the dispersion medium on the colloidal particles
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Hardy-Schulze law states that:

{a} solution must have higher gold number

(b) disperse phase and dispersion medium must be of the same sign

(¢) micelles coagulate in presence of surfactants

(d) the ions carrying more opposite charge to that of sol particle are effective in coagulation
Given below are a few electrolytes, indicate which one among them will bring about the
coagulation of a gold sol quickest and in the least of concentration?

{a) NaCl (b) MgS0,

(C) Al,(504)3 (d) K,4[Fe(CN)¢]

The ability of an ion to brmg about coagulation of a given cclloid depends upon:

(a) its size

(b) the magnitude of its charge only

(¢} the sign of its charge alone

(d) both magnitude and sign of its charge

An emulsifying agent is a substance which? . g

(a) Stabilizes the emulsion o

(b) De-stabilizes the emulsion

_(c) Coagulates the emulsion

(d) Break the interfacial film between suspended particle and medium
Colloidal solution of gold is prepared by:

(a) colloidal mill

(b) double decomposition method

{c) Bredig’s method

{d) peptization

The formation of colloid from suspension is:

(a) peptisation {(b) condensation

(c) sedimentation (d) fragmentation

The method usually employed for the destruction of a colloidal solution is:

(a) dialysis (b) addition of electrolytes

(¢) diffusion through animal membrane (d) condensation .

Which of the following has minimum flocculation value for positively charged sol?

(A) CIr ' (b) SO%

©) POY (@ [Fe@E)"

Which of the following will have the highest coagulanng power for Fe(OH), colloid?
(a) POT (b) SOF (©) Ca* d) AI¥

Artifical rain is caused by spraying:

(a) Opposite charged collidal dust over a cloud

(b) Same charged collidal dust over a cloud

(c) Both ‘

(d) None of these

Colloids can be purified by :

(a) condensation (b} peptization
{c) coagulation (d) dialysis
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70. Dialysis can seperate, which of the following in addition to the glucose from the human blood?

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

{a) Sucrose (b) Fructose

() Alcohol (d) Proteins
Protective sols are:

(a) lyophilic (b) lyophobic

{c) both (a) and (b) " : (d) none of these

Electro-osmosis is observed when:

(a) dispersion medium particles begins to move in an electric field

(b) dispersed phase begins to move in an electric field

(c) both (a) and (b)

(d) none of the above _

On adding AgNO; solution into KI solution, a negatively charged colloidal sol is obtained
when they are in: )

(a) 50 mL of 0.1 M AgNO, +50mLof 0.1M KI

(b) 50mLof 0.1 M AgNQ, 4+ 50mLof 0.2M KI

(c) 50mLof 0.2M AgNO; + 50 mL of 0.1 M KI

(d) None of these _

A sol is prepared by addition of excess of AgNO3 solution in KI solution. The charge likely to
develop on colloidal particles is:

(a) positive (b) negative

(c) no charge (d) both charges

The gold numbers of protective colloids A, B, C and D are 0.04, 0.004, 10 and 40 respectively.
The protective powers of A, B,C and D are in the order:

(A) A>B>C>D (b) B>A>C>D

(C) D>C>A>B (d) D>C>B>A

In Brownian motion, the paths of the particles are:

{a) linear (b) curved

{¢) zig-zag (d) uncertain

Wriich one of the following is not represented by sols?

(a) Adsorption (b) Tyndall effect

(c) Flocculation . . {d) Paramagnetism
The Tyndall effect associated with colloidal particles is due to:

(a) presence of electrical charges (b) scattering of light
(c) absorption of light (d) reflection of light

Blue colour of the sky is due to:
(a) absorption of light by dust particles (b) reflection of light by dust particles

(¢) scattering of light by dust particles td) presence of clouds
The apparatus used to coagulate carbon particles from smoke is called:
(a) cottrel smoker (b) cottrell precipitator

(c) cottrell absorber (d) none of these
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\ PROBLEMS IN CHEMISTRY

Select correct adsorption isobars for chemisorption and physisorption respectively :

0
-

X .
(where — = extent of adsorption, T = temperature)
m

X X X
@m m ® m

T
) i '
T | T T

Which among the following statements is false?

(a) Increase of pressure increases the amount of adsorption

(b) Increase of temperature may decrease the amount of adsorption

(c) Adsorption may be monolayered or multilayered .

(d) Particle size of the adsorbent will not affect the amount of adsorption
Select incorrect statement;

{a) Lyophilic sols are reversible

{b) Lyophilic sols are self stabilized

(c) Lyophobic sols are obtained from inorganic materials

(d) Lyophobic sols particles are hydrated

Which one of the following statements is not correct in respect of lyophilic sols?
(a) There is a considerable interaction between the dispersed phase and dispersion medium
(b) These are quite stable and are not easily coagulated

(c) They carry charge

(d) The particles are hydrated

Alums purify muddy water by:

(a) dialysis (b) absorption (€) coagulation (d) ultrafiitration
Lyophilic sols are more stable than lyophobic sols because:

(a) the colloidal particles have positve charge

(b) the colloidal particles have negative charge

(¢) the colloidal particles are solvated

(d) there is strong electrostatic repulsion between the col]mdal particles

B
3=

. Arrange the following electrolytes in the increasing order of coagulation power for the

coagulation of As,S, sol:
K,50, CaCl, Na,PO, AICl,
M () am )
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12.
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14.

15.

16.
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. Equal volume each of two sols of Agl, one obtained by adding AgNO, to slight excess of KI and

another obtained by adding KI to slight excess of AgNO, are mixed together. Then:

(a) the two sols will stabilize each other .

(b) the sol particles will acquire more electric charge

(c) the sols will coagulate each other mutually

(d) a true solution will be obtained

Which of the following statements is not true about the oil-in-water type emulsion?

(a) Addition of small amount of water, no separate layer of water is formed .

(b) Addition of a small amount of oil soluble dye renders the entire emulsion coloured

(¢} Addition of oil results in the formation of two layers 7

(d) Addition of a small amount of an electrolyte increases the conductivity of the emulsion
Under the influence of an electric field, the particles in a sol migrate towards cathode. The
coagulation of the same sol is studied using NaCl, Na,SO, and Na,PO, solutions. Their
coagulating values will be in maximum for:

(a) NaCl (b) Na,SO, (c) NasPO, (d) same for all

Select incorrect statement:

(a) Micelles are macromolecular colloids

(b) The electrical charge on a colloid particle is indicated by electrophoresis

(c) Formation of micelles takes place above kraft temperature

(d) Formation of micelles takes place below CMC

Bredig’s arc method involves:

(a) dispersion of metal (b) condensation of metal

(c) dispersion as well as condensation (d) neither dispersion nor condensation

A freshly prepared Fe(OH), precipitate is peptized by adding FeCl, solution. The charge on
the colloidal particle is due to preferential adsorption of:

{a) Cl” ions (b) Fe* ions (¢} OH" ions (d) none of these

Select incorrect statement :

(a) Gold sol is multimolecular colloid

(b) Large number of atoms of a substance aggregate together and formed multimolecular
colloids ‘

{c) Metal sulphides are lyophobic colloids ' -

(d) Sulphur sol is multimolecular colloid and hydrophilic in nature

Associated colloids : _ e

(a) raise both the surface tension and viscosity of water

(b) lower both the surface tension and viscosity of water

{¢) lower the surface tension and raise the viscosity of water

(d) have greater concentration at the surface layer than the bulk of the solution

Below critical micelle concentration (CMC):

(a) the surfactant molecules of ions undergo association to form clusters

(b) the viscosity of solution increases abruptly

(c) substances like grease, fat, ete. dissolve colloidally

(d) salt behave as normal, strong electrolyte
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17.

18.

19.

20.

21.

22.

23.

25.

24,

During electro-osmosis of Fe(OH); sol:

{a) sol particles move towards anode

(b} sol particles move towards cathode

{c) the dispersion medium moves towards anode

(d} the dispersion medium moves towards cathode

Select incorrect statement;

(a) Soap and detergent lower the interfacial surface tension between oil and water

(b) Basic principle of peptization is reverse of coagulation

(c) Soap and detergent used as emulsifiers

(d) Lyophilic sols need stabilizing agent

Smoke precipitator works on the principle of :

(a) centrifugation (b) neutralization of charge on coiloids

{(c) absorption ) (d) addition of electrolytes

What is the correct sequence of the increasing coagulation value of the following electrolyte
for the coagulation of ferric hydroxide solution?

(1) NayPO, an xcl (1) K,S0, (V) K, [Fe(CN);]
@NV>I>H>1 MU>T>1> (@QI>0>H>V (IV>UHI>1>1
Which of the following is true in respect of chemical adsorption?

(2) AH <0, AS>0, AG>0 (b) AH <0, AS <0, AG <0
() AH >0, AS>0, AG <0 - (d) AH >0, AS <0, AG>0
For the graph below, select correct order of temperature?
P,
I T,

! =T, ‘

: Extent of —T,

| adsorption

| (x/M)

i

) Pressure (P) . |
(a) Tl >T2 >T3 (b) T2 >T3 >T1 (C) T3 >T2 >T] (d) T] =T2 =T3 .

Although, nitrogen does not adsorb on a surface at room temperature, it adsorbs on the
surface at 83 K. Which one of the following statements is correct ?

(a) At 83 K, there is formation of monolayer

{b) At 83 K, nitrogen is adsorbed as atoms

. (€) At 83 K, nitrogen molecules are held by chemical bonds

(d) At 83 K, there is formation of multimolecular layers

For the coagulation of 50 ml of ferric hydroxide sol. 10 ml of 0.5 M KCl is required. What is the
coagulation value of KCI? :

(a) 5 (d) 10 {c) 100 (d) None of these

100 mL of 0.6 M acetic acid is shaken with 2 g activated carbon. The final concentration of the
solution after adsorption is 0.5 M. What is the amount of acetic acid adsorbed per gram of
carbon? ‘

(a) 0.6 ¢g (b) 03 g (©)12g ‘ (d) None of these
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- No. of absorbed molecules of
H, =3x107° x6 x10%
=  18x10"7
Total no. of surface sites available
=54 x10' x 1000
= 54 x10'° cm?
No. of surface sites that is occupied by
adsorption of
10 19
H, = -— x54x10
100 -
= 54x10" - _
No. of surface sites occupied by one

molecule
54 x10%

2778107

30. (b) Final volume of gas, at 608 torr pressure
A

= 1.25 or ¥, =1250mlL

Volume occupied by gas = Volume of vessel
—Volume occupied by charcoal

=1000——1—€—,=990mL
1.6 :

Difference of volume is due to adsorption of
¥

gas by charcoal.

. Volume of gas adsorbed by charcoal
=1250-990
= 260 mlL .
Volume of the gas adsorbed per. gram of
charcoal I b

_ 260 _ 16,25 mL/g at 608 torr and 27°C.

Fmrt

_—



Hints

1
|
]

Level 1 N .
26. (c) Mass of O, per gram of adsorbent = 31)'—2 =3

No. of moles of O, per gram of adsorbent
3

32
Volume of O, per gram of adsorbent
=l N 0.0821 x 273
32 1
=210
67. (a) Fe(OH), is a positive sol. Hence, greater the
charge on cation, more is the coagulation

power.
75. (b) Smaller is the ‘gold number’ of protective
colloid, greater is its protective power.

'

Level 2 ] o
8. {(¢) The sols obtained in the two cases will be
oppositely charged so coagulate each other.

10. (a) The sol particles migrate towards cathode.
So they are positively charged. Hence,
anions would be effective in coagulaton.
Greater is the valence of effective ion,
smaller will be its coagulating value.

17. (¢) In electro-osmosis, the sol particles are
prevented from migradon whereas the
dispersion medium migrates in the direction
opposite to those of particles. Here, the
medium is negatively charged.

24. {c) Coagulation value

Number of millimoles of
_ " electrolyte required
Volume of colloidal solution (in litre)

= 10x05 1000 =100
50

25. (b) Mass of acetic acid adsorbed by 2 g charcoal
=100 x1073 x{0.6 - 0.5) x 60

= 06 X=9%_ 93
m 2

Solutions

26. (c)No. of sodium lauryl  sulphate
(CH;(CH,),;,80;Na*)in 1 litre solution
=107 x 6 x10%
=6 x10%
lauryl

No. of sodium sulphate per

mm® = 6 x10"
No. of cotloidal particles per mm® = 103
No. of molecular per colloidal particle

6 x10"
" 108
= 60
27. (a) Total surface area of carbon = % x107 ¢m?
r=10"% cm
Surface area of NH, = nr?
=22,107 em?
- 7
' ﬁ x 107
No. of NH, molecules adsorbed = —Z——
22 . 16
— x10
=2x10%
23
Vol. of NHj adsorbed at STP = 210 2 4
: 6 x10
=746L
28. (a) No. of molecules per gram of N, in
monolayer
23
J8x107 a5
22,400
=3.48 x10"°
Cross-sectional area of a molécule
=1.6 x10™!1% m?

~. Area covered by molecules per gram
=3.48 x 10" x1,6 x107'¥ = 5.568 m?
Surface area = 5.568 m%g"!
0.03 % 2.46x 107
0.0821 x 300
=3x1076

29. (<) Adsorbed moles of H, =



One or More Answers is/are Correct

1. (bd) 2. {b,c,d)
9. (ab) 10, (ab)
12. (b,c} 18, (b,c)

5. (a,b,c,d}

Match the Column

AP, S;
VA Q)
A (G
.A-> R;
A—> P, R;
A R
A2 P

SR RN

3. (a0

1. {a,b,c,d)

19. {c)

B— P,
B->»P;
B->»P;
B> P;
B-» B, R;
B—»P;
B— Q;

4. (ab,c}

W

ac) 6 (bed 7. (b 8. (bo)

iz {ab) 13. {(a,b,d} 14. (abc} 15 (ab.c,d 6. (bo
2. {ad) 21. (bcd} 22 (ac) 23 {a,c) 4.  (ab,c.d}

C— Q,R; D= Q

C—R; D-» S

C—R; D= 8§

C—S5; b= 0Q

C-»Q; Do S

C—>Q; D> S

C>Q,8; D> PR

Assertion-Reason Type Questions

L (A 2. A
1. (D) 12. (M)
1. (A) 22. (B)

Subjective Problems

3. {B)
13, (A

23. (C)

4. (D} - B (B)

4. (A) 15 (A} .

2. (A) 25 (B)

6. (D 7. A 8. (B) 8. (A} 10. (C)

16. (B) 17. (B) 18 (A} 19. (A 20. (B)
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L9258, STATEMENT-1 : Gold sol is multimolecular and hydrophobic in nature.
STATEMENT-2 : Gold sol is prepared by Bredig’s arc method.

e

1. How many colloidal systems exist in nature ?
‘2. How many colloidal systems exist in nature in which liquid is dispersed phase ?
3. How many colloidal systems exist in nature in which gas is dispersed phase ?
“ 4. What is the minimum diameter (in nm) of colloidal particles ?
.. 5. ‘For soaps critical micelle concentration (CMC) is 107 (min. ) to 107 (max.) mol/L. What is
the value of x ? '

%1,



11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :

-STATEMENT-2 :

STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :

-

STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :
STATEMENT-1 :
STATEMENT-1] :

STATEMENT-2 :

When SnO, is reacted with NaOH, then its sol particles are attradted
towards cathode.

When SnQ, is reacted with NaOH, then it gives SnO3~ which is adsorbed
by Sn0O,, so it is negatively charged sol. .

For coagulation of positively charged sols, [Fe(CN)¢]* ion has higher
coagulating power than that of PO, 802, Cl".

Because according to Hardy Schulze rule, higher is the valency of ions for
the oppositely charged sol particles, better will be the precipitation.
Dispersed phase particles of colloidal solution cannot pass through
ultra-filter paper. . 7

The size of colloidal particles are larger than the size of true solution
particles.

When a finely divided active carbon is stirred into a dilute solution of a dye,
the intensity of colour in the solution is decreased.

The dye is adsorbed on the solid surface.

Silica gel is used for drying air.

Silica gel adsorbs moisture from air.

Z5M-5 is a type of zeolites used as a catalyst in petrochemical industries.

Zeolites are microporous aluminosilicates three dimensional network
silicates in which some silicon atoms are replaced by aluminium atoms.

Lyophilic colloids are called as reversible sols.

Lyophilic sols are extensively hydrated.

A catalyst is more effective in finely divided form.

Finely divided form has more surface area.

Sky appears blue in colour.

Colloidal particles of dust along with water suspended in air scatter blue
light. :

The conversion of fresh precipitate to colloidal state is called peptization.

It is caused by addition of common ions.

Colloidal solutions are stable but colloidal particles do not settle down.
Brownian movement counters the force of gravity act on colloidal particles.
A colloid gets coagulated by addition of an electrolyte.

Coagulation depends on the valance and sign of the charge of the
coagulant ion.

Suspensions are visible to naked eye.

Size of suspension particles are smaller than collidal particles,

At pH of isoelectric point, the sol particles of amino acids neither move
towards anode nor towards cathode.

Because at the isoelectric point, the concentration of conjugate base and
conjugate acid of the Zwitter ions becomes equal and so one’s charge is
counterbalanced by other.



10.

 ASSERTION-REASON TYPE QUESTIONS

Each questions contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason).
Examine the statement carefully and mark the.correct answer according to the instructions

given below:

(A} If both the statemént are TRUE and STATEMENT-2 is the correct explanation of

STATEMENT-1

(B) If both the statements are TRUE and STATEMENT-2 is NOT the correct explanation of

STATEMENT-1

(C) If STATEMENT-1 is TRUE and STATEMENT-2 is FALSE
(D) If STATEMENT-1 is FALSE and STATEMENT-2 is TRUE

STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1 :
STATEMENT-2 :

. STATEMENT-1 :

STATEMENT-2 :

STATEMENT-1

STATEMENT-1 :
STATEMENT-2 :

STATEMENT-1

STATEMENT-1

STATEMENT-2 :
STATEMENT-1 :
STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :
STATEMENT-1 :

STATEMENT-2 :

For adsorption AG, AH, AS all have —ve values.

Adsorption is a exothermic process in which randomness decreases due to
force of attraction between adsorbent and adsorbate.

The extent of adsorption of CO, is much more higher than of H,.

CO,(g) has higher critical temperature and more van der Waals’ force of
attraction as compare to H,(g). :

In absorption, the molecules of a substance are uniformly distributed
throughout the body of other substance.

In some cases, both absorption and adsorption takes place simultaneously.

: More heat evolved in physisorption than in chemisorption.
STATEMENT-2 :

Molecules of adsorbate and adsorbent are held by van der Waals’ forces in
physisorption and by chemical bonds in chemisorption.

Colloidal solution is electrically neutral.

Due to similar nature of the charge carried by the particles, they repel each
other and do not combine to form bigger partcles.

: Soap and detergent are macro-molecular colloids.
STATEMENT-2 :

Soap and detergent are molecules of large size.

: Micelles are formed by surfactant molecules above the critical micelle

concentration (CMC).

The conductivity of a solution having surfactant molecules decrease
sharply at the CMC:

The micelie formed by sodium stearate in water has —CQQ~ groups at the
surface.

Surface tension of water is reduced by the addition of stearate.
Protein, starch are lyophilic colloids.
They have strong interaction with the dispersion medium.

Colloidal Agl is prepared by adding KI in slight excess to AgNO; solution,
the sol particles migrate toward cathode under electric field.

Colloidal particles adsorb ions and thus becomes electrically neutral.
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4, [ i Column-1
(A) Liquid dispersed in gas
(B) Gas dispersed in liquid
(©) Liquid dispersed in solid
(D} Liquid dispersed in liquid

5. { Colunin-I
(A) As,S, sol
(B) Sulphur sol
(C) Starch

'(D) Soap

——r——

6. [ " Column-
{A) Coagulation
(B) Electrophoresis

(C) Tyndall effect

(P) Foam
(Q) Emulsion
(R) Aerosol
(8) Gel

{—-P* Columnm-ll

(P) Lyophobic colloid
{(Q) Macromolecular colloid
(R) Multimolecular colloid
, (8) Associated colloid

(P) Due to presence of charge
(Q) Due to scattering of light
(R) Due to neutralization of charge

(D) Brownian
movemernt

(8) Due to impact of the molecules of the dis-
persion medium with colloidal particles

7.{ 7 cotummi V[ Column-i |

(A) Peptization

(B) Ultra centrifugation
-(C) Electrodialysis

(D) Bredig’s arc method

(P) Preparation of sols
(Q) Purification of sols
(R) Preparation of metal sols

(S} Movement of ions across the membrane in
presence of electric field
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24. Select correct statement(s)
(a) The role of a catalyst in a reversible reaction is to allow the equilibrium to be achieved
quickly
(b) Diffusion process is involved in mechanism of heterogeneous catalysis process
(¢) Hydrolysis of cane sugar is catalysed by H*
(d) Promotors enhance the activity of a catalyst
25. Select correct statement(s)
(a) Blood is a colleidal solution
(b) Alum is used in water purification
(¢) River water is a colloidal solution of clay
(d) Colloidal medicines are more effective due to large surface area
G MATCH THE COLUMN
Column-I and Column-II contains four entries each. Entries of Column-I are to be matched
with some entries of Column-Il. One or more than one entries of Column-I may have the
matching with the same entries of Column-II.
1. Column-1 Column-II
(A) Chemisorption ' 1 (P} Exothermic
(B) Physical adsorption 1(Q) Endothermic
. ! | )
(C) Desorption |(R) Removal of adsorbed material
|(D) Activation of adsorbent " |(S) Highly specific in nature
2. Column-I = I Column-II
(A) Chemisorption ! (P) Not very specific and decreases with|
; | temperature
(B) Physisorption 1 1 (Q) Specific and increases with temperature |
. i
(C) Desorption of a solute on liquid ‘ (R) Increases the surface tension of the
surface ‘ liquid i
(D) Adsorption of a solute on a liquid {(S) Decreases the surface tension of the
. surface . liquid _ I
3. Column-I l Column-II : l -
(A Milk (P)  Aerosol
(B) Dust (Q)  Emulsion
(C) Cheese . i R)  Gel
I.(p,),.,, ,fFIOth I ! L (S) ,fﬁj?rniii,

539
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13.
14‘
15.
16.
17.
18.
19.

20.

21.

22,

23.

Colloidal solution can be purified by: . A

(a) dialysis . (b) electrodialysis  (c) electrophoresis  (d) ultrafiltration

Coagulation of colloids can be achieved by:

(a) centrifugation (b) adding electrolyte (¢) change in pH (d) adding water

Which are the properties of sols? ’

(a) Adsorption (b) Tyndall effect

() Flocculation (d) Depression of freezing point

In the aqueous solution of soaps above CMC :

(a) the cations associate to form the aggregates

(b) the anions associate to form the clusters of colloidal dimension

(¢) the polar ends of the ions forming the clusters are directed towards water

(d} the non-polar (hydrocarbon) ends are directed towards water

Amongst the following which is/are correct statement about the metal sulphide sols?

(a) The sol particles are positively charged due to preferential adsorption of metal ions

(b) The sol particles are negatively charged due to preferential adsorption of sulphide ions

(¢} The cations of added electrolytes are effective in causing the coagulation of the sol

(d) The sol is unstabilized due to both the electric charge and hydration of the particles

Emulsion can be destroyed by: ,

(a) the addition of an emulsifier " (b) electrophoresis with a high potentdal

(¢) freezing (d) all of these

Which of the following statement is/are correct for electrophoresis?

(a) Colloids are uncharged particles and do not migrate towards the electrodes when electnc
field is applied

(b) In electrophoresis, solution migrates either to the anode or to the cathode depending on
the positively or negatively charged solution

(¢) Electrophoresis is useful for ﬁndmg the charge on a sol

{d} All of these

Select the false statement(s):

(a) Brownian motion and Tyndall effect are shown by true solutions

(b) Sorption process is combinations of adsorption and adsorption process

(c) Hardy-Schulze law is related with coagulation of a sol

(d) Higher is the gold number greater will be the protective power of a lyophilic colloid

Select correct statement(s) ) -

(a} Lyophobic colloids are used to protect lyophilic colloids

(b) Dehydrating agent is used to coagulate lyophilic sols

(c) Rubber is obtained by coagulation of latex

(d) Sometimes, the rainfall occurs when two oppositely charged clouds meet

In which of the followings, Tyndal effect is/are not observed?

(a) Sugar solution (b) Emulsions

{c) Urea solution . (d} Solution of proteins

Which of the following reactions are examples for heterogeneous catalysis?

(a) 2H,0, () —¥2E) _, 2H, 01} + 0,(2) *

(b) 250,(g)+0,(g)—£2— 250, (g) |

(¢) Hy(g) +C,H, (g)—), CH,COOH(aq) + C,H;OH(ag)

(d) CH,COOC,H; (aq) + H,0(1) —H4e8_, CH,COOH(aq) + C ,HOH(aq)



10.

11.

12,

statements are true?
(a) At low pressures, X varies proportionately with p
m

(b) At moderate pressures, X varies less than proportionately with p
m
(c) At high pressures, Z becomes independent of p
m .

(d) At high pressures, X varies more than proporﬁonately with p
m

Which of the following are multimolecular colloids?

(a) Sulphur sol (b) Starch {¢) Gold sol (d) Soap solution
Which of the following is not lyophilic?

(a) Gelatin sol (b) Silver sol

(¢) Sulphur sol {d) As,S4 sol

Which of the following is/are correct for lyophilic sols?
(a) Its surface tension is lower than that of water

(b) Its viscosity is higher than that of water

(c) Its surface tension is higher than that of water

(d) Its viscosity is equal to that of water

Select the correct statement(s): .-

{a) Benzene is dispersed phase in benzosols

{b) Lyophobic sols are irreversible and not so stable

(c) Lyophobic sol can be produce by double decomposition :
(d) When a solution of sulphur in alcohol is added in excess of water a sol of alcohol is formed .
When negatively charged colloid like As,S 4 sol is added to positively charged Fe(OH); sol m
stoichiometric amounts?

(a) Both the sols are precipitated simultaneously

(b) This process is called mutual coagulation

(¢) They becomes positively charged colloid

(d) They become negatively charged colloid

Colloidal gold can be prepared by:

(a) Bredig’s arc method () reduction of AuCl,

(¢) hydrolysis ' {d) peptization

The coagulation of sol particles may be brought about by:

(a) boiling (b) persistent dialysis

(c) adding electrolyte ) (d) adding oppositely charged sol

Select the correct statement(s) : .
(a) A solution is prepared by addition of excess of AgNO; solution in KI solution. The charge - -

likely to develop on colloidal particle is positive
(b) The effects of pressure on physical adsorption is high if temperature is low
(c) Ultra centrifugation process is used for preparation of lyophobic colloids
(d) Gold number is the index for extent of gold plating done

A

. If adsorption of a gas on a solid is limited to monolayer formation, then which of the following



5% -

T mamamen . T p——

PASSAGE 4,6 -+

A

Emulsions are normally prepared by shaking the two components together vigorously

although some kind of emulsifying agent usually has to added to stabilize the product. This

emulsifying agent may be a soap or other surfactant (surface active) species or a lyophilic

sol that forms a protective film around the dispersed phase.

Emulsions broadly classified into two types :

(i) Oil in water emulsions (O/W) : Oil acts as dispersed phase and water acts as dispersion
medium.

(ii) Water in oil emulsions (W/O) : Water acts as dispersed phase and oil acts as dispersion
medium. Dye test, dilution test may be employed for identification of emulsions.

1. Read two statements:
(1) Milk is an example of oil in water (O/W) type emulsion
(2) Cold cream is an example of water in oil (W/Q) type emulsion
(a) Only statement 1 is correct (b) Only statement 2 is correct
(c) Both are correct (d) None of these
2. Select correct statement:
(a) Water in oil emulsions are more viscous than the aqueous emulsions
(b) Electrical conductance of aqueous emulsions is less than that of oil emulsions
(¢) Deemulsification can be done by soap or detergent
(d) An emulsion can be diluted with H,0O then it is oil in water (O/W) type

ONE OR MORE ANSWERS iS/ARE CORRECT

1. Select the correct statement(s) :
(a) Physical adsorption is specific in nature
(b) Chemical adsorption highly specific in nature
(c) Physical adsorption is due to free valence of atoms
(d) Chemical adsorption is due to stronger interaction or bond formation
2. Select the correct statement(s):
(a) Adsorption is a non-spontaneous process
(b) Surface energy decreases during the process of adsorption
(¢) Adsorption takes place with decrease of entropy
(d) In general adsorption is exothermic process
3. Select the correct statement(s):
(a) Physisorption is favoured by low: temperature
(b) Chemisorption is favoured by very high temperature because the process is endothermic
(c) Chemisorption increases with increase in temperature owing to high activation energy
(d) Oxygen adsorbed by charcoal can be desorbed by lowering pressure and temperature



-

B ﬁjS:l-' :

1. On addition of one mL of solution of 10% NaCl to 10 mL of red gold sol in presence of 0. 025 g
of starch, the coagulation is just prevented. The gold number of starch is:
(a) 0.025 {b) 0.25 (c) 2.5 (d) 25
2. Which of the following statement(s) is/are correct? )
(a) Higher the gold number, more protective power of colloid
(b) Lower the gold number, more the protective power
(c) Higher the coagulation value, more the coagulation power
~ (d) Lower the coagulation value, higher the coagulation power
3. Gold number gives an indication of: '
(a) protective nature of colloids
(b) purity of gold in suspension
(¢} the charge on a colloidal solution of gold
(d) gram of gold per litre of solution

PASSAGE \ﬁ | +dﬂ.“"—m_—ﬂi

Coagulation is the process by which the dispersed phase of a colloid is made to aggregate
and thereby separate from the continuous phase. The minimum concentration of an
electrolyte in milli-moles per litre of the electrolyte solution which is required to cause the
coagulation of colloidal sol is called coagulation value.

Therefore higher is the coagulating power of effective ion, smaller will be the coagulation
value of the electrolyte. '

1

Coagulation value o y
coagulating power

The coagulation values of different electrolytes are different. This behaviour can be easily
understood by Hardy-Schulze rule which states.

“The greater is the valency of the effective ion greater is its precnp1tatmg power.” [

- e _-— e — e e
1. Whu:h one has the highest coagulatmg power7
(a) K* (b) Ca® © AI* (d) sn*
2. As,S, sol is negatively charged, capacity to precipitate it is highest in:
(a) K,80, () Na,PO, - (c) AlCl, (d) CaCl,
3. The ability of an ion to bring coagulation of a given colloid depends upon:
(a) the sign of its charge (b) magnitude of its charge
(c) both magnitude and sign {d) none of these
4. The coagulation of colloidal particles of the sol can be caused by:
(a) heating '

(b) adding electrolyte
(c) adding oppositely charged sol
(d) all of these '
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. In the given isotherm select the incorrect statement :

. Graph between log'(—)i] and log P is a straight line at angie 45° with lr-“
. m

rassace 1 00 - ]

A graph between x/m and the pressure P of the gas at a constant temperature is called
adsorption isotherm. Where x is the no. of moles of the adsorbate and m is the mass of the
adsorbent. Adsorption isotherms of different shapes have been experimentally observed.
According to Frundlich adsorption isotherm.

x/m=kpV"

where k and n are constant parameters depending upon the nature of the solid and gas.

e - . -t

(a) X epn along OA
m

®) Z «P® when point B is reached
m oo

. (9 X does not increase as rapidly with pressure along BC due to less
: m
surface area available for adsorption
(d) nature of isotherm is different for two gases for same adsorbent
.'"Adsorpu‘on isotherm of log (—{J and log P was found of the type; =~ p o - *l
m . :
This is true when : ::Iog(—;—) !
() P=0 . () P=1 | .
- _logP
©) 1, (d) 1_.
n n

intercept OA as shown.

X .
Hence, (—J at a pressure of 2 atm is :
m

(a) 2 () 4
(c) 8 (1

lpassneE m N o 1}
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. The protective power of the lyophilic colloids is expressed in terms of gold number, a term

introduced by Zsigmondy. Gold number is the number of milli-gram of the protective !
colloid which prevent the coagulation of 10 ml. of red gold sol. When 1 mL of a 10 per cent

solution of sodium chloride is added to it. Thus, smaller the gold number of lyophilic |
colloid, the greater is the protective power.
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27.

28.

29.

30.

A detergent (C,,H,;SO; Na* ) solution becomes a colloidal sol at a concentration of 10> M. On
', an average 10" colloidal particles are present in 1 mm?. What is the average number of ions
"aré contain in one colloidal particle (micelle)? [Given: N, =6x 10%]

(@) 6x107 b 10 (c) 60 . (d) None of these

One gram of activated carbon has a surface area of 1000 m2. Considering complete coverage

as well as monomolecular adsorption, how much ammonia at 1 atm and 273 K would be

*adsorbed on the surface of # g carbon if radius of a ammonia molecules is 107 cm.

[Given: N , =6x 10*°] .
(a) 746 L (b 0.33 L {c) 44.8 L (d) 235 L

At 1 atm and 273 K the volume of nitrogen gas required to cover a sample of silica gel,
assuming Langmuir monolayer adsorption, is found to be 1.30em3g ™! of the gel. The area

occupied by a nitrogen molecule is 0.16 nm 2. What is the surface area per gram of silica gel?

[Given: N, =6x 10%] |

(a) 5.568m?%g! (b) 3.48m? g™ (© 1.6m? g™ (d) None of these

10% sites of catalyst bed have absorbed by H,. On heating H, gas is evolved from sites and
_collected at 0.03 atm and 300 K in a small vessel of 2.46cm® .

No. of sites available is 5.4 x 10'® per em? and surface area is 1000 cm?. Find out the no. of
surface sites occupied per molecule of H,. (Given N , =6x 10%%)

(2) 1 (b) 2 (c) 3 (d) None of these

A sample of 16 g charcoal was brought into contact with CH, gas contained in a vessel of T -
litre at 27°C. The pressure of gas was found to fali from 760 to 608 torr. The density of
charcoal sample is 1.6g/cm?. What is the volume of the CH, gas adsorbed per gram of the
adsorbent at 608 torr and 27°C? * )
(a) 125 ml/g © (b) 16.25 ml/g (¢} 26 mL/g (d) None of these
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