CHAPTER

6 Chemical Equilibrium

Basic

1.

2.

3.

The reaction which proceeds towards completion
in the forward direction is

(a) Fe,O5+ 6HCl = 2FeCl; + 3H,0

(b) SnCl, + Hg,Cl, = SnCl, + 2HgCl,

(c) NH;+H,0 + NaCl = NH,Cl + NaOH

(d) 2Cul + 1, + 4K* = 2Cu*" + 4KI

The concentration of a pure solid or liquid phase

is not included in the expression of equilibrium
constant because

(a) solid and liquid concentrations are
independent of their quantities.

(b) solid and liquids react slowly.

(c) solid and liquids at equilibrium do not interact
with gaseous phase.

(d) the molecules of solids and liquids cannot
migrate to the gaseous phase.

For the reversible reaction, Ny(g) + 3H,(g) =
2NHj;(g) at 500°C, the value of K, is 1.44 x 107
when partial pressure is measured in atmospheres.
The corresponding value of K, with concentration
in mole litre ! is

@ 1.44x107 ) 1.44%107°
(0.082x500)72 (8.314x773)7
1.44x107 1.44%10°°
(€) — X0 (d)

(0.082x773)* (0.082x773)

EXERCISE | (JEE MAIN)

When two reactants, A and B are mixed to give
products C and D, the reaction quotient Q at the
initial stages of the reaction

(a) is zero.

(b) decreases with time.

(c) is independent of time.

(d) increases with time.

At constant temperature, the equilibrium constant

(K, for the decomposition reaction N,O, = 2NO,
2

. 4x°P
isexpressed by K, = 1x—2, where P=total pressure
—X

at equilibrium, x = extent of decomposition.
Which one of the following statements is true?
(a) K, increases with increase of P.

(b) K, increases with increase of x.

(c) K, increases with decrease of x.

(d) K, remains constant with change in P and x.

For the reaction CaCO;(s) = CaO(s) + CO,(g),
the value of Kpis

PCO
(a) P, (b) :
CaCO,
© [CaO][CO, ] (d) —co
[CaCO,] PCaOPC02



7.

10.

11.

XeF, + H,O = XeOF, + 2HF; equilibrium 12.

constant = K.

XeO, + XeF; = XeOF, + XeO;F,; equilibrium
constant = K,.

The equilibrium constant for the following

reaction will be: 13.
XeO, + 2HF = XeO,F, + H,0
K
(a) -t (b) K+ K,
K2
K
(© ?2 (d) K,-K,
1
14.

Kp for formation of ethane from hydrogen and
ethylene is 5.5 x 10'® atm™ and K, for formation
of ethylene from hydrogen and acetylene is 5 x
10% atm™" at 323 K. What is Kp for the reaction
between hydrogen and acetylene to form ethane at
323 K?

(a) 2.75 % 10* atm™
(¢) 9.09 x 107

(b) 1.1x1078
(d) 3.63 x107* atm?

For a reversible reaction A + B = C, if the
concentrations of the reactants are doubled at a
definite temperature, then equilibrium constant
will

(a) be doubled
(¢) be one fourth

(b) be halved
(d) remain same

K. ..
The value of =< the below for reaction is
P

1
CO(g) + 5 Os(g) = CO(g)

(a) J;_T (b) JRT

(c) 1/RT

(d 1

The equilibrium constant for the reaction N,(g)
+ O,(g) = 2NO(g) is K| and the equilibrium

constant for the reaction NO(g) = %Nz (g) +

%Oz(g) is K, both at the same temperature. The

value of K, and K, are related as 16.

(@) K, = [Ki) (b) K, =K’

© K= (Ki)

d) K=K’

15.

Equilibrium constants for some reactions are
given. In which of the following case does the
reaction go farthest to completion?

(a) K=10? (b) K=1072

(c) K=10 (d) K=1

For a reversible reaction, the rate constants for the
forward and backward reactions are 0.16 and 4 x
104, respectively. What is the value of equilibrium
constant of the reaction?

(a) 0.25x 10°
(c) 4x10°

(b) 2.5x%10°
(d) 4x10*

The following reaction has an equilibrium constant
K equal to 3.07 x 10~* at 24°C.

2NOB(g) = 2NO(g) + Bry(g)

The correct set of concentrations at which the

rate of forward reaction is greater than that of

backward reaction is

(a) [NOBr] = 0.06 M, [NO] = 0.015 M, [Br,] =
0.01 M

(b) [NOBr] = 0.15 M, [NO] = 0.025 M, [Br,] =
0.014 M

(c) [NOBr] = 0.18 M, [NO] = 0.012 M, [Br,] =
0.02M

(d) [NOBr] = 0.045 M, [NO] = 0.0105 M, [Br,] =
0.01 M

NO, is involved in the formation of smog and acid
rain. It is formed importantly as:

NO(g) + O5(g) = NO,(g) + O5(g); K¢ = 6.0 x 10**

The air over a metropolitan city contained
1.0 x 10° M-NO, 1.0 x 10° M-0,, 2.5 x 10*
M-NO, and 8.2 x 107 M-O,. These data suggest
that

(a) more of NO and O; tend to be formed.

(b) more of NO, and O, tend to be formed.

(c) more of NO, and Oj; tend to be formed.

(d) no tendency to change because the reaction is
at equilibrium.

For the reaction I,(g) = 2I(g), Ko = 1.0
x 107 mol lit”'. What volume of the vessel should
be taken so that at equilibrium 1 mole of I, and
0.5 mole of ‘T" are present at equilibrium?

(@) 25L (b) 0.04L

(c) 0.25L (d) SL



17.

18.

19.

20.

21.

22,

23.

The equilibrium constant for the reaction
3C,H, &= C(Hg is 4.0 at T K. If the equilibrium
concentration of C,H, is 0.5 M, then the
concentration of CsHg at equilibrium is

(a) 0.5M (b) 1.5M

(c) 5x107°M (d) 0.25M

The equilibrium mixture for the reaction 2H,S(g)
= 2H,(g) + S,(g) has 1 mole of H,S, 0.20 mole of
H, and 0.80 mole of S, in a 2 L vessel. The value
of K for the reaction is

(a) 0.16 M (b) 0.008 M

(c) 0.016 M (d) 0.032M

A gaseous mixture contains 0.30 moles of CO,
0.10 moles of H,, and 0.03 moles of H,O vapour

and an unknown amount of CH, per litre. This
mixture is in equilibrium at 1200 K.

CO(g) + 3Hy(g) = CHy(g) + H,0(g); Ko =3.9

What is the concentration of CH, in this mixture?

(a) 0.39M (b) 0.039M
(c) 0.78 M (d) 0.078 M
For the reaction 2NOCl(g) = 2NO(g)

+ Cl,(g), AH® = 18 kcal and AS® = 30 cal/K at 300
K. The equilibrium constant K;° for the reaction
at 300 K is

(a) " (b) e

) e’ (d) e

For the gas phase reaction 2NO(g) = N,(g) +
O,(g); AH=-43.5 kcal. Which one of the following
is true for the reaction N, (g) + O, (g) = 2NO(g)?
(a) Kisindependent of 7

(b) K decreases as 7" decreases.

(¢) Kincreases as 7T decreases.

(d) K varies with addition of NO.

The equilibrium constant for the reaction N,(g) +
0,(2) = 2NO(g) is 4.0 x 107 at 2000 K. In the
presence of a catalyst, the equilibrium is attained
10 times faster. Therefore, the equilibrium constant
in the presence of the catalyst at 2000 K is

(a) 4x107° (b) 4x107°

(c) 4x107* (d) Unpredictable
What is the approximate value of log Kp for the
following reaction?

N,(g) + 3H,(g) = 2NHj;(g) at 25°C.

The standard enthalpy of formation of NH;(g) is
—40.0 kJ/mol and the standard entropies of N,(g),

24.

25.

26.

27.

28.

H,(g) and NH;(g) are 191, 130 and 192 JK!
mol !, respectively.

(a) 0.04 (b) 7.05

(c) 8.6 (d) 3.73
If K, and K, are the equilibrium constants
for a reversible reaction at 7, K and 7, K
temperature, respectively (7, < T,) and the
reaction takes place with neither heat evolution
nor absorption, then

(a) K, > K, at high temperature.

(b) K, <K, at high temperature.

(c) K, =K, only at high temperature.

(d) K, =K, at any temperature.
From the following data,

() Hy® + COg = H0(» + COg):

Kook = 4-4

(i) 2H,0(g) = 2Hyg) + O,(2): Koo
=531x10"

(i) 2C0(g) + Oy(g) = 2C0y(g: Koo x
=224x%10

show whether reaction (iii) is exothermic or
endothermic or thermal.
(a) Exothermic

(c¢) Thermal

In the decomposition equilibrium of a certain
alkaline earth metal carbonate, the partial
pressure of CO, becomes a hundred fold when
the temperature is increased from 400 K to 500 K.
What is the mean value of AH®° for the given
range of temperature?

(a) 18.4 kcal/mol

(b) 13.84 kcal/mol

(c) 14.83 kcal/mol

(d) 10.83 kcal/mol

The equilibrium constants for the reaction A, =

2A at 500 K and 1000 K are 1 x 10" and 1 x 107,
respectively. The reaction is

(b) Endothermic
(d) Cannot say

(a) exothermic (b) very slow
(c) very fast (d) endothermic

The activation energies for the forward and
reverse elementary reactions in the system A =
B are 10.303 and 8.000 kcal, respectively at 500
K. Assuming the pre-exponential factor to be the
same for both the forward and reverse steps, the
equilibrium constant of the reaction at 500 K is

(a) 1.00 (b) 10.0
(c) 100 (d) 0.1



29. AG° for the reaction X + Y = C is — 4.606 kcal at 30. For a gaseous equilibrium 2A(g) = 2B(g) + C(g),
1000 K. The equilibrium constant for the reverse K has a value 1.8 at 700 K. The value of K for
q P C
mode of the reaction is the equilibrium 2B(g) + C(g) = 2A(g) at that
(a) 100 (b) 10 temperature is about
(c) 0.01 (d) 0.1 (a) 0.031 (b) 32
(c) 574 (d) 103.3
Application of Equilibrium Constant
31. The amounts of 0.8 mol of PCls and 0.2 mole of ~ 36. For the reaction H,(g) + I,(g) = 2HI(g), the value
PCl; are mixed in a 1 L flask. At equilibrium, 0.4 of equilibrium constant is 9.0. The degree of
mole of PCl, is present. The equilibrium constant dissociation of HI will be
for the reaction, PCls(g) = PCl,(g) + Cly(g) will (a) 0.5 (b) 0.33
be (c) 0.4 (d) 0.67
(2) 0.05 mol L™ (®) 013 mol L 37. At 444°C, HI is 30% dissociated. If initially 3
0 0 . , is » dissociated. If initially
() 0.013 mol L (d) 0.60 mol L moles of HI are taken, then the number of moles
32. One mole of pure PCl; is placed in an evacuated of HI at equilibrium is
container and maintained at 250°C. The (a) 0.9 (b) 2.1
equilibrium is established at total pressure of 2 (©) 0.45 (d) 1.8
atm. What is the partial pressure of chlorine at ’ '
equilibrium? 38. One mole of N,0O, (g) at 300 K is kept in a closed
N o container under one atm. It is heated to 600 K
PCls(g) = PCly(g) + Cly(g): Kp = 1.6 atm when 20% by mass of N,0,(g) decomposes to
(a) 0.4 atm (b) 0.67 atm NO,(g). The resultant pressure is
() 0.80 atm (d) 0.64 atm (@) 1.2atm (b) 2.4 atm
(c) 2.0 atm (d) 1.0 atm
33. Ffor. .“?el reaction fP glégg)_ = PCl() . dClz(g)’ 39. For the reaction N,O,(g) = 2NO(g), the relation
! fnclil.tla moles o 4P 5 18 hX, o 11s the degree between the degree of dissociation of N,0,(g) at
of « ¥ssc.)01at10n an li t ¢ total pressure at pressure, P with its equilibrium constant K, is
equilibrium, then B, . P~ is equal to )
(a) > by (@) a= 20 (b) o= —t
I+x o+ x 4+K,/P 4+ K,
o o K. /P 1/2 K 1/2
c) — d |2 — P
© 17s @ e © o [4+KP/P:| @ o [4+KP]
34. Ina 5.76 L vessel, 0.5 moles of H, gas and 0.5 40, At total pressure P, atm and P, atm, N,O, is
moles of I, vapours are allowed to react to form dissociated to an extent of 33.33% and 50.00%,
HI (g) at 447°C, then the total pressure of gases at respectively. The ratio of pressures P, and P, is
equilibrium would be (R = 0.08 L-atm/K-mol) (a) 3:8 (b) 2:1
(a) 20 atm (b) 10 atm (©) 8:3 d) 1:2
(¢c) Satm (d) 1atm
41. At0°Cand1atmpressure, 1 L of N,O,decomposes

3s.

In a closed tube, HI(g) is heated at 440°C up to
establishment of equilibrium. If it dissociates into
H,(g) and I,(g) up to 22%, then the dissociation
constant is
(a) 0.282

(c) 0.0199

(b) 0.0796
(d) 1.99

to NO, according to the equation N,04(g) =
2NO, (g). To what extent has the decomposition
proceeded when the original volume is 25% less
than that of existing volume?

(a) 0.67 (b) 0.33
(c) 0.25 (d) 0.75



42,

43.

44.

45.

46.

47.

Forty percent of a mixture of 0.2 mol of N, and
0.6 mol of H, reacts to give NH; according to the
equation

N (g) + 3Hy(g) = 2NH;(g)

at constant temperature and pressure. Then, the
ratio of the final volume to the initial volumes of
gases is

(a) 4:5 (b) 5:4

(c) 7:10 (d) 8:5

An amount of 4 moles of NH; gas is introduced

with a previously evacuated 1 L container in which
it is partially dissociated at high temperature as

2NH;(g) = Ny(g) + 3Hx(2)

At equilibrium, 2 mole of NHj;(g) remained. The
value of K- for the reaction is

(a) 1.5M> (b) 6.75M>

(c) 0.44M7> (d) 2.25M?

In a closed container maintained at 1 atm pressure
and 25°C, 2 moles of SO,(g) and 1 mole of O,(g)

were allowed to react to form SOs(g) under the
influence of a catalyst.

250,(g) + O,(g) = 2504(g)

At equilibrium, it was found that 50% of SO,(g)
was converted to SO5(g). The partial pressure of
O,(g) at equilibrium will be

(a) 0.17 atm (b) 0.5 atm

(c) 0.33 atm (d) 0.20 atm

One mole of ethanol is treated with one mole of
ethanoic acid at 25°C. One-fourth of the acid
changes into ester at equilibrium. The equilibrium
constant for the reaction will be

(a) 1/9 (b) 4/9

() 9 (d) 9/4

One mole each of A and B and 3 moles each of
C and D are placed in 1 L flask. If equilibrium
constantis2.25forthereaction A+ B=C+D, then
equilibrium concentrations of A and C will be in
the ratio

(a) 2:3 (b) 3:2

(c) 1:2 (d) 2:1

For the reaction XY,(g) = XY(g) + Y(g), the
reaction is started with initial pressure of XY,
600 mm Hg. The total pressure for gases at
equilibrium is 800 mm Hg. Assuming that volume
and temperature of the system remains constant,
the value of Kp is

48.

49.

50.

51.

52.

(a) 100 atm (b) 100 mm Hg
(c) 0.01 atm (d) 400 mm Hg

For the reaction A + B = C + D, the initial
concentration of A and B is equal, but the
equilibrium concentration of C is twice that of
equilibrium concentration of A. The equilibrium
constant is

(a) 4 (b) 9
(c) 1/4 (d) 1/9
I, + I' = I;". This reaction is set up in aqueous

medium. We start with 1 mol of I, and 0.5 mol of
I"in 1 L flask. After equilibrium is reached, excess
of AgNO; gave 0.25 mol of yellow precipitate.
The equilibrium constant is

(a) 1.33 (b) 2.66

(c) 0.375 (d) 0.75

The equilibrium constant for the mutarotation,
o-D—glucose = B-D-glucose is 1.8. What percent
of the a-form remains under equilibrium?

(a) 35.7 (b) 64.3

(c) 55.6 (d) 44.4

For the reaction,

2NOBr(g) = 2NO(g) + Bry(g),

. K .
the ratio ?P, where P is the total pressure of

e P .
gases at equilibrium and P, = — at a certain
temperature is 9

1 1
@ 3 ®) o

1 1
() 27 (d) 3
The progress of the reaction A = nB with time is
represented by the graph given below.
The value of n is
0.7

e
W

Conc./Mol.Lit'! —
(e}
(9S)

e
=

0 2 4 6 8
Time/Hour —

(@1
© 3

) 2
(d) 4



53.

The value of Kp for the reaction N,O4(g) = 2NO,
is 640 mm at 775 K. The percentage dissociation
of N,0O, at equilibrium pressure of 160 mm is

(a) 46.28
(©) 15.86

(b) 86.16
(d) 53.72

100 55. At T K, acompound AB,(g) dissociates according
(a) Nil (b) 50 to the reaction 2AB,(g) = 2AB(g) + B,(g), with a
degree of dissociation ‘x’ which is small compared
©) S0 d) 1042 with unity. The expression for ‘x” in terms of
J2 the equilibrium constant, K and the total pressure
54. At 127°C and 1 atm pressure, PCls(g) is partially Pis
dissociated into PCly(g) and Cl,(g) as PCls(g) = (a) K, (b) ( K, )1/3
PCls(g) + Cly(g). The density of the equilibrium p
mixture is 3.5 g/L. Percentage dissociation of PCls 2K\ K\"°
is (R=0.08 L-atm/K-mol, P =31, Cl = 35.5) (c) ( PP] (d) (7}’)
Heterogeneous Equilibrium
56. A quantity of 34 g sample of BaO, is heated to 60. Iron fillings and water were placed in a 5 L vessel
1000 K in a closed and rigid evacuated vessel of and sealed. The tank was heated to 1000°C. Upon
8.21 L capacity. What percentage of peroxide is analysis, the tank was found to contain 1.2 g of
converted into oxide? (Ba = 138) H,(g) and 54.0 g of H,O(g). If the reaction is
represented as 3Fe(s) + 4H,0(g) = Fe;04(s) +
2Ba0, (s) = 2Ba0(s) + O, (g); Kp = 0.5 atm 4H,(g), then the value of equilibrium constant is
(a) 20% (b) 50% (a) 0.2 (b) 0.04
(c) 75% (d) 80% (c) 0.008 (d) 0.0016
61. At 1000°C and a pressure of 16 atm, the
57. For the reaction NH,COONH,(s) = 2NH;(g) + equilibrium constant of the reaction
CO,(g), Kp = 3.2 x 107> atm”’. The total pressure CO,(g) + C(s) = 2CO(g)
of the gaseous products when sufficient amount of . . .
reactant is allowed to achieve equilibrium is is such that for every nine moles of CO, there'ls one
mole of CO,. For what pressure of the mixture,
(a) 0.02 atm (b) 0.04 atm is the ratio CO : CO, = 4 : 1? The temperature
(c) 0.06 atm (d) 0.095 atm remains 1000°C.
58. At a certain temperature, Kp for the dissociation (a) 40.5 atm (b) 81 atm
of solid CaCOs is 4.5 x 10 atm and for the () 33.75 atm (b) 6.7 atm
reaction C(s) + CO,(g) = 2CO(g), the K} value 62. At a certain temperature, the value of K for the
is 2.0 atm. The pressure of carbon monoxide at reaction: 2CO(g) = CO,(g) + C(graphite) is 0.1
this temperature, when solid carbon CaO and atm_l. What is the ratio of partial pressures of CO
CaCO, are mixed together and allowed to attain and CO, at equilibrium, taking the total pressure
equilibrium is to be 1.1 atm?
(a) 9:1 (b) 10:1
(a) 0.09 atm (b) 0.30 atm (© 1:10 (d) 1:9
(¢) 2.1 atm (d) 0.47 atm 63. For the equilibrium LiCl-3NH,(s) = LiCI-NH,(s)

59.

The value of Kp for the equilibrium NHHS(s)
= NH;(g) + H,S(g) at a certain temperature

and total 2 atm pressure at equilibrium
will be

(a) 0.25 atm? (b) 1.0 atm’

(c) 4.0 atm’ (d) 1.0 atm

+ 2NH;(g); Kp=9 atm” at 27°C. A 8.21 L vessel
contains 0.1 mole of LiCl.NH,(s). How many
moles of NH;(g) should be added to the flask at
this temperature to derive the backward reaction
for completion?
(a) 0.8

(c) 1.2

®) 1.0
@ 1.1



64. The reaction ZnO(s) + CO(g) = Zn(g) + CO,(g) 65. If 0.3 moles of hydrogen gas and 2.0 moles of
has an equilibrium constant of 1 atm at 1500 K. sulphur solid are heated to 87°C in a 2.0 L vessel,
The equilibrium partial pressure of zinc vapour in then what will be the partial pressure of H,S gas at
a reaction vessel if an equimolar mixture of CO equilibrium? (Given: R =0.08 L-atm/K-mol)
and CO, is brought into contact with solid ZnO at N o
1500 K and the equilibrium is achieved at 1 atm is Hy(g) +5(s) = H,S(g): Kc=0.08
() 0.68 atm (b) 0.76 atm (a) 0.32 atm (b) 0.43 atm
() 0.24 atm (d) 0.5 atm (¢) 0.62 atm (d) 0.48 atm
Le-Chatelier’s Principle
66. Consider the following equilibrium in a closed 70. The reaction MgCOs(s) = MgO(s) + CO,(g)
container. is in progress. If the number of moles of MgO in
N,0,(2) = 2NO,(g) the vessel is doubled at an instance,
At afixed temperature, the volume of the reaction (a) the reaction quotient Q is halved.
container is halved. For this change, which of (b) the reaction quotient Q is doubled.
the follgwmg statement holds true regarding (c) the moles of CO, present at equilibrium is
the equilibrium constant (Kp) and degree of halved
di i 9 .
1ssoc1.a lon (a) (d) the partial pressure of CO, in the vessel
(a) Neither K}, nor o changes. remains unchanged.
(b) Both K and o changes.
(c) Kpchanges, but o does not change. 71. When pressure is applied to the equilibrium
(d) Kp does not change, but o changes. system Ice = water, which of the following
h ill h ?
67. Which of the following hypothetical reactions is phenomenon witt happett
favoured by the increase of temperature as well as (a) More ice will be formed.
pressure? (b) Tce will sublime.
(@) A(s) +2B(g) = C(g) + D(g): AH = +ve (c) More water will be formed.
(b) A(s) +2B(g) = 2C(g) + D(g): AH =+ve (d) Equilibrium will not disturb,
(c) 2A(g)+ B(g) = 2C(g) + D(s): AH =+ve
(d) 2A(s) +2B(g) = 2C(g) + 2D(g): AH =—ve 72. The equilibrium SOCI,(g) = SO,(g) + Cly(g) is
68. In the system AB(s) = A(g) + B(g), doubling the atta}lned at .25.°C in a closed .I‘Igld container apd
quantity of AB(s) would htelium gils is 1ntrodgced. Which of the following
(a) increase the amount of A to double its value. statemments 1s correct:
(b) increase the amount of B to double its value. (a) Concentration of SO, is increased.
(c) increase the amounts of both A and B to some (b) More Cl, is formed.
extent. . (c) Concentrations of all change.
(d) cause no changes in the amounts of A and B. (d) Concentrations will not change.
69. In a system A(s) = 2B(g) + 3C(g), if the
concentration of C at equilibrium is increased by 73. When calcium acetate is dissolved in water, heat

a factor of 2, then it will cause the equilibrium
concentration of B to decrease by

(a) two times the original value.

(b) one half of its original value.

(c) 2 V2 times its original value.

(d) 8 times its original value.

is evolved. If the temperature is raised, then the
solubility of calcium acetate

(a) increases.

(b) decreases.

(c) is not affected.

(d) first increases and then decreases.



74.

75.

76.

77.

78.

79.

The Haber’s process for the manufacture of
ammonia is usually carried out at about 500°C. If
a temperature of about 250°C was used instead of
500°C then,

(a) no ammonia would be formed at all.

(b) the percentage of ammonia in the equilibrium
mixture would be too low.

(¢) a catalyst would be of no use at all at this
temperature.

(d) the percentage of ammonia in the equilibrium
mixture would be too high.

Densities of diamond and graphite are 3.5 and
2.4 g/ml, respectively. The increase in pressure
(at constant temperature) at the equilibrium in C
(Diamond) = C (Graphite) will

(a) favour the forward reaction.

(b) favour the backward reaction.

(c) have no effect.

(d) increases the equilibrium constant.

In a flask, colourless N,O, is in equilibrium with
brown coloured NO,. At equilibrium, when the
flask is heated at 100°C the brown colour deepens
and on cooling, it becomes less coloured. The
change in enthalpy, AH, for the system is

(a) negative
(c) zero

(b) positive
(d) undefined

For the chemical reaction 3X(g) + Y(g) = X, Y(g),
the amount of X,Y at equilibrium is affected by
(a) temperature and pressure.

(b) temperature only.

(c) pressure only.

(d) temperature, pressure and catalyst.

What will the change on increasing the pressure at
equilibrium water = water vapour?

(a) The boiling point of water will increase.

(b) The boiling point of water will decrease.

(c) The boiling point of water will not change.
(d) Boiling point is not related with pressure.

In equilibrium:

SCN(aq) + FeP(aq) = [Fe(SCN)*](aq)

Colourless  Yellow Deep red

If thiocyanate ions are added in equilibrium
mixture

80.

81.

82.

83.

(a) The solution becomes colourless.

(b) The yellow colour of solution deepens.

(c) The red colour of the solution deepens.

(d) Concentration of [Fe(SCN)]** ion will
decrease.

An aqueous solution of volume 500 ml, when the

reaction 2Ag*(aq) + Cu(s) = Cu*'(aq) + 2Ag(s)

reached equilibrium, the concentration of Cu*

ions was x M. To this solution, 500 ml of water is

added. At the new equilibrium, the concentration

of Cu?" ions would be

(a) 2x M.

(b) x M.

(c) between x and 0.5x M.

(d) less than 0.5x M.

PCly(g) = PCl,(g) + Cly(g). In the above reaction,
the partial pressure of PCl;, Cl, and PCls are 0.3,
0.2 and 0.6 atm, respectively. If partial pressure
of PCl; and Cl, was increased twice at the new
equilibrium, then what will be the new partial
pressure of PCly (in atm)?

(a) 0.3
(c) 24

(b) 1.2
(d) 0.15

In the equilibrium mixture Hy(g) + L(g) =
2HI(g), the mole ratio of gases are V2:42:10,

respectively. What would be the effect on the mole
ratio on adding 5 mole of He gas at constant
pressure?

(a) No change

(b) The new molar ratio becomes 1: 1 : 5.

(¢) The new molar ratio becomes 2 : 2 : 5.

(d) The new molar ratio becomes 2 : 2 : 52.

One mole of He (g, colourless) is added to
the equilibrium mixture containing N,O, (g,
colourless) and NO, (g, red-brown) present in

a cylinder piston arrangement maintained at
constant pressure and temperature. It will result in

(a) no change in colour of the equilibrium
mixture.

(b) lightening the colour of the equilibrium
mixture.

(c) darkening the colour of the equilibrium
mixture.

(d) no effect on the equilibrium composition.



84. Consider the formation of SO; according to the 85. For the given chemical equation 2X(g) + Y(g) =

reaction 2SO,(g) + O,(g) = 2S054(g); AH = —198 27(g) + 8 kcal, which combination of pressure
kJ. Which of the following may change the value and temperature gives the highest yield of ‘Z’ at
of equilibrium constant of the above reaction? equilibrium?

(a) Adding He gas to reaction vessel. (a) 1000 atm and 500°C

(b) Adding more of O, to the reaction vessel. (b) 500 atm and 500°C

(¢) Increasing the temperature. (¢) 500 atm and 100°C

(d) Doubling the volume of reaction vessel. (d) 1000 atm and 100°C




Section A (Only one Correct)

1.

The approach to the following equilibrium was
observed kinetically from both directions.

PtCl,> + H,0 = Pt(H,0)Cl; +CI’
At 25°C, it was found that

)

% =(3.9x10° s [PtCl,> - (2.1x 107
L mol 's ") [Pt (H,0) CI; 1[CI]
The value of K., (equilibrium constant) for the
complexation of the fourth CI™ by Pt (II) is
(a) 53.8 mol L! (b) 0.018 mol L™
(c) 53.8 L mol™! (d) 0.018 L mol™!

The complexion of Fe** with the chelating agent
dipyridyl has been studied kinetically in both the
forward and reverse directions.

Fe’* + 3 dipy = [Fe (dipy),]**

For this reaction, the rates of forward and reverse
reactions are (1.45 x 10" M_3s_1)[Fe2+][dipy]3 and
(1.22x 107* 57" [Fe (dipy);>"], at 25°C. What is the
stability constant of the complex?

(a) 1.77x 10° (b) 8.4x107'8
(c) 1.18 x 10" (d) 5.65x1071°

The rate constant for the forward reaction: A(g)
= 2B(g) is 1.5 x 107 57" at 300 K. If 107> moles
of ‘A’ and 100 moles of ‘B’ are present in a 10 litre
vessel at equilibrium, then the rate constant of the
backward reaction at this temperature is

(@) 1.5x10° M5! (b) 1.5x 10 M5!
(c) 1.5x10 " M s7! (d) 1.5x102M 7!
CuSO, . 5H,0(s) = CuS0,.3H,0(s) + 2H,0(g),
K for this equilibrium is 1.0 x 10~ atm® at 25°C.

What is the maximum pressure of water vapour
(moisture) in the atmosphere, below which the
pentahydrate is efflorescent?

(a) 7.60 mm (b) 0.01 mm
(¢) 0.076 mm (d) 760 mm
Ammonia at a pressure of 10 atm and CO, at a
pressure of 20 atm are introduced into an evacuated
chamber. If K, for the reaction NH,COONH,(s)

= 2NHj;(g) + CO, (g) is 2020 atm’, then the total
pressure after a long time is

10.

EXERCISE Il (JEE ADVANCED)

(a) less than 30 atm
(¢) equal to 30 atm

The value of K, for the process: CuSO, - 5H,O(s)
= CuS0,-3H,0(s) + 2H,0(g) is 1.21 x 10 * atm?
at certain temperature. If aqueous tension at
that temperature is 40 torr, then at what relative
humidity of air will CuSO,- 5H,0 effloresces?

(a) Above 40.8% (b) Below 40.8%
(c) Above 20.9% (d) Below 20.9%

(b) more than 30 atm
(d) unpredictable

The value of K for the reaction: Hy(g) + I,(s) =
2HI(g) is 6.4 X 10* atm. On close observation, it
is found that the partial pressure of iodine present
in vapour state is 1.6 x 10* atm, at the same
temperature. The value of Kp for the reaction:
H,(g) + I(g) = 2HI(g) is

(a) 0.25
(c) 1.024x 1077

(b) 4
(d) 9.76 x 10°

For the reaction H,(g) + I,(g) = 2HI(g), the rate
law expression is

1 d[HI
(@) —5% — K [HIP -~ K, [H,][L,]
o) - % 'd[gn] _ K[HI
C KL
1 d[HI
© -3 - K - &gy
1 d[HI
(d) —5% =K1K71[H2][Iz]

At 200°C, PCl; dissociates as PCls(g) = PCl,(g) +
Cl,(g). It was found that the equilibrium vapours
are 62 times as heavy as hydrogen. The percentage
dissociation of PCls at 200°C is

(a) 34.1% (b) 70.3%

(c) 40.5% (d) 68.1%

Under what pressure must an equimolar mixture
of Cl, and PCl; be placed at 250°C in order to
obtain 75% conversion of PCl; into PCls? Given
that PCly(g) + Cl,(g) = PCly(2); Kp=2 atm "

(a) 12 atm (b) 6atm

(c) 15atm (d) 30 atm



11.

12.

13.

14.

15.

16.

In the reaction N,(g) + 3H,(g) = 2NH;(g) + Heat.
One mole of N, reacts with three moles of H,. If
at equilibrium ‘x’ moles of N, combined, then the
value of ‘x’ in terms of Kp and the total pressure
of gases at equilibrium P is (x << 1)

3P 3K 8P
(@) ——— (b)
8 33K,
33K, 8 [K
) Ry
(©) 3P (d) 73

For the reaction X,(g) + Y,(g) = 2XY(g), 2 moles
of ‘X,” was taken in a 2 L vessel and 3 moles of
‘Y,” was taken in a 3 L vessel. Both vessels were
then connected. At equilibrium, the concentration
of ‘XY’ is 0.7 M. The equilibrium concentrations
of ‘X,”and “Y,” would be
(a) 0.65M,0.65M

(c) 0.25M,1.25M

(b) 0.30 M, 0.30 M
(d) 0.05M,0.25M

The equilibrium constant for the reaction N,(g) +
0,(g) = 2NO(g) is 0.09 at 3500 K. The fraction
of equimolar mixture of N, and O, converted into
NO is

(a) 0.13
(c) 0.30

(b) 0.23
(d) 0.357

At a certain temperature, the equilibrium constant
of the reaction N,(g)+ O,(g) = 2NO(g) is 0.0004.
Assuming air to be a mixture of four volumes
of nitrogen with one volume of oxygen, the
percentage of nitric oxide by volume, in the gas
produced by allowing air to reach equilibrium at
this temperature is

(a) 3.0%
(c) 0.04%

(b) 0.8%
(d) 8.0%

When a mixture of N, and H, in the volume ratio
of 1: 5 is allowed to react at 700 K and 10° atm
pressure, 0.4 mole fraction of NHj; is formed at
equilibrium. The value of K, for the below reaction

N,(g) + 3H,(g) = 2NH;(g)
(a) 2.6x 107 atm™ (b) 2.6x10*atm™
(c) 2.6 x 10 atm™> (d) 5.1x103atm™

An amount of 16 moles H, and 4 moles of N,
is confined in a vessel of volume one litre. The
vessel is heated to a constant temperature until
the equilibrium is established. At equilibrium,
the pressure was found to be 9/10th of the initial
pressure. The value of K- for the reaction N,(g) +
3H,(2) = 2NH(g) is

17.

18.

19.

20.

21.

(b) 6.07x 107
(d) 8.99x107°

(a) 8100
(c) 1647.75

An amount of 3 moles of N, and some H, is
introduced into an evacuated vessel. The reaction
starts at # = 0 and equilibrium is attained at 7 = ¢,.
The amount of ammonia at ¢ = 2¢, is found to be

N
w( 2)=E attztgland

w(H,) 3
4 :
t= 5 The only correct statement is

34 g. It is observed that

(a) w(Ny) +w(H,)+w(NH;) =118 gatt=1¢,

(b) w(N,) + w(H,) + w(NH;) =102 g at t =21,

(c) w(N,) +w(H,)+w(NH;)=50gatz=1/3

(d) w(N,) + w(H,) + w(NH;) cannot be predicted

Starting with 2 moles of SO, and 1 mol of O, in
1 L flask, the equilibrium mixture required 0.4
moles of MnO, for complete reaction in acidic
medium. The value of K for the reaction: 2SO,(g)
+0,(g) = 25054(g) is

(a) 2 (b) 0.5
() 0.25 ) 4

A quantity of 60 g of CH;COOH and 46 g of
CH,;CH,OH reacts in 5 L flask to form 44 g
of CH,;COOC,H; at equilibrium. On taking
120 g of CH;COOH and 46 g of CH;CH,OH,
CH,;COOC,H; formed at equilibrium is

(a) 44 ¢ (b) 2933 ¢
(c) 66¢ (d) 58.67 ¢

Two moles of an equimolar mixture of two
alcohols R;—OH and R,~OH are esterified with
one mole of acetic acid. If only 80% of the acid
is consumed till equilibrium and the quantities of
ester formed under equilibrium are in the ratio 3 : 2.
What is the value of equilibrium constant for the
esterification of R|,—~OH?

(a) 0.48 (b) 2.2

(c) 0.32 (d) 3.69

For the reaction 2NO(g) + Cl,(g) = 2NOCl(g),
NO and Cl, are initially taken in mole ratio of 2: 1.
The total pressure at equilibrium is found to be 1

atm. If the moles of NOCI are one-fourth of that of
Cl, at equilibrium, the value of K, for the reaction is

13 13
(a) % (b) 2_56
13 13
(© 51—2 (d) ﬁ



22,

23.

24.

25.

26.

27.

When S in the form of Sg is heated at 900 K, the
initial pressure of 1 atm falls by 30% at equilibrium.
This is because of conversion of some Sg¢(g) to
S,(g). The value of K for the reaction is

(a) 0.011 atm™ (b) 2.96 atm®

(¢) 1.71 atm® (d) 204.8 atm®

The Deacon reaction is the oxidation of HCI
by O, in the following reaction

1 1 1
HCl(g)+ 7 Oxg) = 5 Cli(g) + —H,0(g)

at a pressure of 730 mm and with an initial mixture
containing 8% of HCl and 92% of O,, the degree
of decomposition of the HCI is 0.08. What is the
equilibrium partial pressure of oxygen?

(a) 671.6 mm (b) 659.92 mm

(c) 537.28 mm (d) 670.43 mm

The equilibrium constant for the reaction: H;BO,
+ Glycerin = (H;BO; + Glycerin complex) is 0.90.
How much glycerin should be added to 1 L of
0.10 M-H;BOj; solution, so that 60% of the H;BO;
is converted to boric acid—glycerin complex?

(a) Infinite (b) 1.73M

(c) 0.10M (d) 227M

The process 2A(g) = A,(g) has Kp =8 x 108 atm™.
If ‘A’ atoms are taken at 1 atm pressure, then what
should be the equilibrium pressure of ‘A™?

(a) 0 (b) 2.5%107° atm

(c) 4x10*atm (d) 1.25%x107° atm
When CO,(g) is dissolved in water, then the
following equilibrium is established

CO,(aq) + 2H,0(1) = H;0"(aq) + HCO; (aq)

for which the equilibrium constant is 3.8 x 10", If
the pH of solution is 6.0, then what would be the
ratio of concentration of HCO; (aq) to CO,(aq)?
(a) 3.8x 107" (b) 6.0

(c) 0.38 (d) 134

For the equilibrium A(g) = nB(g), the equilibrium
constant Kp is related with the degree of
dissociation o, and the total pressure of gases at
equilibrium P is

(na)n 'Pn—l

@ o+ (o]

(n(x)nfl .P’Fl

®) (1-o).[1+(n-1)o]""

28.

29.

30.

31.

anfl Pnfl

© i+ (=)ol

no. P!

@ (1-a) " [1+(n-1)a]

The reaction A(g) + B(g) = C(g) + D(g) occurs
in a single step. The rate constant of forward
reaction is 2.0 x 107 mol! L s'. When the
reaction is started with equimolar amounts of A
and B, it is found that the concentration of A is
twice that of C at equilibrium. The rate constant
of the backward reaction is

(@) 5.0x10*mol ' Ls!
(b) 8.0x 10 mol' Ls!
(¢) 1.25x10°mol ' Ls™!
(d) 2.0x 10*mol ' L s™!

Find the concentration of manomeric dichloroacetic
acid in a CCl, solution which contains 0.0129 g of
the acid in 100 ml of solution. The dissociation
constant of the dimeric acid is 5.0 x 107, Assume
that the acids are unionized in CCl, solution.

(@) 5.0x10°*M (b) 2.5%x104M
() 1.0x10°M (d) 39x10*M

In an evacuated rigid vessel of volume V litre,
one mole of solid ammonium carbonate
(NH,CONH,) is taken and the vessel is heated
to T K. The equilibrium total pressure of gases is
found to be P atm. The percentage dissociation of
solid into NH;(g) and CO,(g) is

100RT RT
(@) KT ) B g
3PV 3PV
100P P
© 00PV % () 300PV %
3RT RT
For the equilibrium  SrCl,-6H,0(s) =

SrCl,-2H,0(s) + 4H,0(g), Kp= 8.1 x 1077 atm®
at 27°C. If 1.642 L of air saturated with water
vapour at 27°C is exposed to a large quantity of
SrCl,-2H,0(s), then what mass of water vapour
will be absorbed? Saturated vapour pressure of
water at 27°C = 30.4 torr.

(a) 12mg
(c) 9mg

(b) 6.67 mg
(d) 48 mg



32.

33.

34.

3s.

36.

Two systems PCly(g) = PCli(g) + Cly(g) and
COCl,(g) = CO(g) + Cly(g) are simultaneously in
equilibrium in a vessel at constant volume. If some
CO is introduced into the vessel, then at the new
equilibrium, the moles of

(a) PCl; increases.

(b) PCl; remains unchanged.

(c) PClI; decreases.

(d) Cl, increases.

In the system, LaCly(s) + H,O(g) + heat =
LaClO(s) + 2HCI(g), equilibrium is established.
More water vapour is added to disturb the
equilibrium. If the pressure of water vapour at new
equilibrium is double that of at initial equilibrium,
the factor by which pressure of HCl is changed is

(b) V2 times
(d) 4 times

(a) 2 times

(c) L times

V2

Indicate the correct answer out of the following
for the below reaction.

NH,Cl + H,0 = NH,OH + HCl

(a) The reaction is retarded by the addition of
KOH.

(b) The reaction is favoured by the addition of
NH,OH.

(c) The reaction is retarded by the addition of
hydrogen ion.

(d) The reaction is favoured by the addition of
hydrogen ion.

The two equilibria AB=A"+B and AB+B =

AB, are simultaneously maintained in a solution

with equilibrium constants K and K, respectively.

The ratio of A" to AB," in the solution is

(a) directly proportional to the concentration of B.

(b) inversely proportional to the concentration of B.

(c) directly proportional to the square of the
concentration of B.

(d) inversely proportional to the square of the
concentration of B.

Solid NH,HS dissociates into NH; and H,S at a
certain temperature, the equilibrium pressure is P
atm. If now, NH; is pumped into the system so
that its partial pressure becomes P atm, then what
will be the partial pressure (in atm) of H,S?

(@) 0.5P (b) 0.25 P
(c) 0.33 P (d) 0.67 P

37.

38.

39.

40.

41.

In a closed rigid vessel, the following equilibrium
partial pressures are measured, where N, = 100
mm, H, = 400 mm and NH; = 1000 mm. Now,
nitrogen is removed from the vessel until the
pressure of hydrogen at equilibrium is equal to
700 mm. The new equilibrium partial pressure of
N, is

(a) 11.94 mm (b) 200 mm

(c) 18.66 mm (d) 43.78 mm

Suppose the gas phase isomerization reactions:
A = B, A = C and B = C achieve equilibrium
simultaneously at a fixed temperature. The
equilibrium mole fraction of A in terms of
equilibrium constants, K, K, and Kj; (respectively) is

K 1
(a) K—‘ (b) ———
K, + K, 1+ K, +K,
1 1
© ——— (d)
K +K,+K, K +K,

Methanol (CH;0H) can be prepared from CO
and H, as

CO(g) + 2H,(g) = CH;0H(g); Kp=6.23 x 107 at
500 K.

What total pressure is required to convert 25%
of CO to CH;0H at 500 K, if CO and H, comes
from the following reaction?

CH,4(g) + H,O(g) — CO(g) + 3H,(g)

(a) 20.48 bar (b) 21 bar

(c) 10.24 bar (d) 5.12 bar

An amount of 1 mole each of A and D is
introduced in 1 L container. Simultaneously the
following two equilibria are established.
A=B+C: K-=10°M and
B+D=A:K.=10°M"

The equilibrium concentration of A will be

(a) 10°°M (b) 107°M

() 1072 M (d) 107*M

For a reversible reaction A l;i; B, the initial

molar concentration of A and B are « M and b
M, respectively. If x M of A is reacted till the
achievement of equilibrium, then x is

Ka-K,b Ka-K,b

(a) =227 (b)y =27
K +K, K -K,

© Ka-K,b (d) Ka+K,b
KK, K +K,



42.

43.

44.

45.

46.

For the given reaction 2A(s) + B(g) = C(g) +
2D(s) + E(s), the extent of reaction of B was found
to be 20% at 300 K and 24% at 500 K. The rate of
backward reaction

(a) increases with increase
temperature.

(b) increases with increase
decrease in temperature.

(c) depends on temperature only and decreases
with increases in temperature.

(d) depends on temperature only and increases
with increase in temperature.

in pressure and

in pressure and

Steam decomposes at high temperature according
to the following equation.

2H,0(g) = 2H,(g) + O,(g); AH° =240 kJ/mole
and AS° = 50 JK '/mole

The temperature at which the equilibrium constant
(Kp°) becomes 1.0 is

(a) 48K
(c) 480 K

(b) 4800 K
(d) impossible

A;G° for the formation of HI(g) from its gaseous
elements is — 2.303 kcal/mol at 500 K. When the
partial pressure of HI is 10 atm and of I,(g) is
0.001 atm, then what must be the partial pressure
of hydrogen be at this temperature to reduce the
magnitude of AG for the reaction to zero?

(a) 1000 atm (b) 10000 atm
(c) 100 atm (d) 31.63 atm

When o-D-glucose is dissolved in water, it
undergoes a partial conversion to B-D-glucose.
This conversion is called mutarotation and it
stops when 64.0% of the glucose is in the B-form.
Assuming that equilibrium has been attained,
what is AG® for the reaction o-D-glucose = B-D-
glucose, at this experimental temperature?

(a) — RT log;(1.6) (b) — RT log,(1.78)
() — RT log,(1.78) (d) — RTlog.(1.6)
At chemical equilibrium, a reaction is

(a) spontaneous in forward direction.
(b) spontaneous in backward direction.

47.

48.

49.

(c) spontaneous in both direction.
(d) spontaneous in neither direction.

Rate of disappearance of the reactant ‘A’ in the
reversible reaction A = B at two temperatures is
given as

—% =(20x10° s [A] - (5.0 x 10 s [B]
(at 27°C)

—% =(8.0x102s ) [A] - (4.0x 107 s [B]
(at 127°C)

The enthalpy of reaction in the given temperature
range is

_ 2.303x8.314x300x400

(a) 100 -log(50)J/mol
(b) _ 2.303x8.314x300x 400 log(5) J/mol
100
© 2.303x8.314x300x400 log(50) J/mol
100
(d) 2.303><8.311(4)10><300><400 log(5) J/mol

A certain gas ‘A’ polymerizes to a very small
extent at a given temperature as nA(g) = A (g).
The reaction is started with one mole of ‘A’ in a
container of capacity V. Which of the following is

PV e s
the correct value of RT at equilibrium?

n—1).K n—1).K
(@) 1- (V# (b) %
nK nK
1- ¢ d 1- <
© 1755 @ 1-==

PCl; (molecular mass = M) dissociates into PCl,
and Cl, as PCls(g) = PCl;(g) + Cly(g). If the total
pressure of the system at equilibrium is P and the
density is ‘d” at temperature 7' K. The degree of
dissociation of PCls may be represented as

PM PM
L by L

@ JRT ®) JrT
dRT dRT
art d) &80

(c) I3 (d) I3



50.

51.

52.

53.

54.

A 250 ml flask and 100 ml flask are separated
by a stopcock. At 350 K, the nitric oxide in the
larger flask exerts a pressure of 0.4 atm, and the
smaller one contains oxygen at 0.8 atm. The gases
are mixed by opening the stopcock. The reactions
occurring are as follows.

2NO + 0, 2NO, = N,0,

The first reaction is complete while the second one
is at equilibrium. Assuming all the gases to behave
ideally, calculate the K} for the second reaction if
the total pressure is 0.3 atm.

(a) 3.5atm™ (b) 0.87 atm™

(c) 0.07 atm™ (d) 7.0 atm™

If “a’is the fraction of ammonia present by volume
in an equilibrium mixture made from one volume

of N, and three volumes of H, and P is the total
pressure, then

a

a

(a) E(XP (b) (]—a)z o P
a a

© Grap @ e er

At 525 K, PCls(g) is 80% dissociated at a pressure
of 1 atm. Now, sufficient quantity of an inert gas
at constant pressure is introduced into the above
reaction mixture to produce inert gas partial
pressure of 0.9 atm. What is the percentage
dissociation of PCls(g) when equilibrium is
re-established?

(a) 97.3%
(©) 65.6%

(b) 80%
(d) 4.7%

For the reaction: CuSO,.3H,O(s) = CuSO,.
H,O(s) + 2H,0(g); AH =3360 cal. The dissociation
pressure is 7 x 107> atm at 27°C. What will be the
dissociation pressure at 127°C (In2 = 0.7)?

(@) 9.8 x 107 atm (b) 1.4x 1072 atm
(c) 1.4x 107 atm (d) 9.8 x 1072 atm

Carbon monoxide in water gas reacts with steam
according to the following reaction.

CO(g) + H,O(g) = CO,(g) + Hy(g); K., =0.3333

If two volumes of water gas (containing 1:1 of
CO and H,) are mixed with five volumes of steam,
then the volume ratio of the four gases present at
equilibrium is

55.

56.

57.

58.

59.

60.

(@ l:1:1:1
(c) 1:15:1:5

(b) 1:3:1:1
(d 1:9:1:3
If for the equilibria NH,COONH,(s) = N, + H%
+ CO + 0,, the value of Kp at 800 K is 27 x 2V

and the equilibrium pressure is 22 atm. The value
of Ais

(a) 21 (b) 22
(c) 11 (d) 12
Solid ammonium carbamate dissociates as:

NH,COONH,(s) = 2NH;(g) + CO5(g). In a closed
vessel, solid ammonium carbamate is in equilibrium
with its dissociation products. At equilibrium
ammonia is added such that the partial pressure
of NHj; at new equilibrium now equals the original
total pressure. The ratio of total pressure at new
equilibrium to that of original total pressure is

(a) 1:1 (b) 27:31

(c) 31:27 (d) 3:4

The value of equilibrium constant for the following
reaction at 300 K and constant pressure is

A(g) + B(g) = C(g) + D(g) + E(g); AE® = 30 kcal
and AS° =100 cal/K.

(@) ¢ 0 *

1

(c) ¢ (d —

e
A¢G°are 30.426 kJ/mol for trans-1,2-dichloroethene
and 22.112 kJ/mol for cis-1,2-dichloroethene, at
27°C. The molar ratio of trans to cis isomers at
equilibrium at 27°C, is [In28 = 3.33]
(a) 10:3 (b) 3:10
(c) 28:1 (d) 1:28
The equilibrium constant for the reaction CO(g)
+ H,O(g) = CO,(g) + Hy(g) is 3.0 at 500 K. In a
2.0 L vessel, 60 g of water gas [equimolar mixture
of CO(g) and H,(g)] and 90 g steam is initially taken.
What is the equilibrium concentration of H,(g)?
(a) 1.75M (b) 3.5M
(c) 1.5M (d) 0.75M
The equilibrium NH,HS(s) = NH;(g) + H,S(g) is
achieved at the equilibrium pressure of ‘X’ bar at
T K. The value of A,G° for the reaction is
(a) —RT InX (b) 2RT InX
(¢) —2RT (InX —1n2) (d) —2RT In(2X)




Section B (One or More than one Correct)

1.

2.

3.

4.

When NH,HS(s) is vaporized in an empty

vessel and maintained at 20°C, the equilibrium

is established NH,HS(s) = NH;(g) + H,S(g)

and the total pressure of gases at equilibrium

is 0.4 atm. When NH,HS(s) is vaporized in the

presence of NHj(g) in the same vessel at 20°C,

the partial pressure of NH;(g) at equilibrium is

0.5 atm. Which of the following is/are correct

statement(s)?

(a) At second equilibrium, the final partial
pressure of H,S(g) is 0.08 atm.

(b) In second experiment, the initial pressure of
NH;(g) was 0.42 atm.

(c) In the presence of NH;(g), the extent of
dissociation of NH,HS(s) is decreased.

(d) At second equilibrium, the mole fraction of
H,S(g) is 0.5.

Which of the following reaction(s) have Kp = K?

(a) Hy(g) +1,(2) = 2HI(g)

(b) Ny(g) + Oy(g) = 2NO(g)

(c) 2NO(g) + Cly(g) = 2NOCl(g)
(d) 250,(g) + O,(g) = 2504(g)

For dissociation of a gas N,O5 as N,Os(g) =
1 L
2NO,(g) + EOZ(g). The reaction is performed

at constant temperature and volume. If D is the
vapour density of equilibrium mixture, P, is initial
pressure of N,Os(g) and M is molecular mass
of N,Os, then the correct information(s) at the
equilibrium is/are

(a) the total pressure of gases at equilibrium is

o

2D
(b) the degree of dissociation of N,O4(g) is
M-2D
3D
(c) the partial pressure of N,Os(g) at equilibrium
. 5D=M)-P,
3D

(d) the partial pressure of O,(g) at equilibrium is
(M-2D)-P,

3D
Which of the following is/are correct statement(s)?

(a) The dissociation of CaCO; is suppressed at
high pressure.

(b) The apparent molecular mass of PCly shows
lower value on dissociation.

5.

6.

7.

8.

9.

10.

(¢c) Low pressure is favourable for melting of ice.
(d) Combination of hydrogen atomsto form hydrogen

molecule is favourable at high temperature.
What is/are true about equilibrium state?

(a) Catalyst has no effect on equilibrium state.

(b) Equilibrium constant is independent of initial
concentration of reaction.

(c) The reaction ceases at equilibrium.

(d) Equilibrium constant is independent of pressure.

A chemical system is in equilibrium. Addition of a

catalyst would result in

(a) increase in the rate of forward reaction.

(b) increase in the rate of reverse reaction.

(c) anew reaction pathway to reaction.

(d) increase the amount of heat evolved.

A cylinder fitted with a movable piston contains

liquid water in equilibrium with water vapour at

25°C. Which operation results in a decrease in the

equilibrium vapour pressure?

(a) Moving the piston downwards a short distance.

(b) Removing a small amount of vapour.

(¢) Removing a small amount of the liquid water.

(d) Dissolving salt in the water.

The condition suitable for forming atomic chlorine

from molecular chlorine is

(a) Low temperature (b) Low pressure

(¢) High temperature (d) High pressure

The position of equilibrium will shift in the given
direction by the addition of inert gas at constant
pressure in which of the following case(s)?

(a) Ny(g) + 3F,(g) = 2NF;(g); forward direction
(b) COCl,(g) = CO(g) + Cl,(g); forward direction
(c) CO(g) + 2Hy(g) = CH;0H(g); backward
direction

(d) 2C(s) + O,(g) = 2CO(g); backward direction
Two gases A and B, one being the dimer of the
other, are at equilibrium. Decreasing of pressure at
constant temperature or increasing of temperature
at constant pressure favours the formation of more
of B. The reaction could not be represented by

(a) 2A = B + q calories
(b) 2A = B — q calories
(c¢) 2B = A —q calories
(d) 2B = A + q calories



11.

12.

13.

14.

The equilibrium constant for some reactions are
given below against each of the reaction.

(i) 2N, + 50, = 2N,05; K=5x 107

(i) N, +0,=2NO; K=2x10""
(i) N, +20, =2NO,; K=1.5x10"%
Which of the following statement is correct?
(a) The least stable oxide is NOy

(b) The most stable oxide is NO-
(c) The stability order is N,O5 > NO, > NO

(d) The stability order is NO, > NO > N,Oy 15,
For the gaseous reaction: CO + H,0 = CO, + H,,

the following thermodynamical data are given.

AHC3 =—41.0 kI mol™;

AS®300x =—0.04 kJ K™ mol™

AH® 500 =— 33.0 kI mol ™

AS° 500 =—0.03 kJ K™ mol™

Assuming partial pressure of each component is 1

bar, the direction of spontaneous reaction is/are

(a) forward at 300 K.

(b) forward at 1200 K.

(c) backward at 300 K. 16.
(d) backward at 1200 K.

van 't Hoff equations show the effect of
temperature on equilibrium constants K and Kp.

Kp and K varies with temperature according to 17.

which of the following relations?

Ky, __AH | T-T,
(@) log—=——"—|———=
K, 2303R| TT,
K, _
(b) log—tr =2 | LT
K, 2303R| TT,
K _
(c) log—== AU |\T,-T,
K. 2303R| TT,
K, _
(d) log—== AU |\T,-T,
K. ~2303R| TT,

For a chemical reaction at the state of equilibrium,
which of the following statement(s) is/are correct?

(a) None of the variables like temperature,
pressure or volume appear to change.

(b) Reaction system has maximum stability with
minimum energy content.

(¢c) Addition of catalyst disturbs the point of
equilibrium.

(d) Addition of inert gas at equilibrium for
constant volume system will move the
equilibrium in the direction, where more
number of moles of gases is present.

Solubility of a solute in a solvent (say, water) is
dependent on the temperature as given by S =
A.eRT where AH is the heat of reaction: solute
+ H,O = solution. For a given solution, variation
of log S with temperature is shown graphically.
The solute should be

log S
T —
(a) CuSO4-5H,0 (b) NaCl
(¢) Sucrose (d) CaO

At chemical equilibrium, the

(a) enthalpy of system is minimum.

(b) entropy of system is maximum.

(c) free energy of system is minimum.

(d) free energy of system is zero.

At —10°C, the solid compound Cl,(H,0)g is in
equilibrium with gaseous chlorine, water vapour
and ice. The partial pressure of the two gases in
equilibrium with a mixture of Cl,(H,0)5 and ice
are 0.20 atm for Cl, and 0.001 atm for water vapour.
The processes may be represented as follows.

(i) ClL(H,0)5(s) = Cly(g) + 8H,0(g); K,

(i) Cl(H,O)4(s) = Cly(g) + 8H,O(s); K,
Identify the correct statement among the following
regarding the processes.

(a) The value of K, is 2.0 x 10 atm’.

(b) The value of K, is 0.2 atm.

(¢) The vapour pressure of ice is 0.001 atm at
263 K.

(d) Process (i) must be exothermic.



18.

19.

20.

21.

In an evacuated vessel of capacity 112 L, 4 moles
of Ar(g) and 5 moles of PCly(g) were introduced
and the temperature is maintained at 273°C. At
equilibrium, the total pressure of the mixture was
found to be 4.8 atm.

(a) The degree of dissociation of PCls(g) into
PCl;5(g) and Cly(g) is 0.6.

(b) K, for the reaction: PCls(g) = PCl(g) + Cl(g)
is 2.7 atm.

(¢) Atequilibrium, the total moles of gases are 12.

(d) On removing Ar(g) from the equilibrium
mixture at constant pressure and temperature,
the extent of dissociation of PCl; will increase.

In a vessel of 1.0 L capacity, O,(g) at 0.25 atm
pressure and HCI(g) at 1.0 atm pressure are allowed
to react in the presence of liquid water at 57°C.

4HCl(g) + O,(g) = 2Cl,(g) + 2H,0(g); Kp = 5.0 x

10" atm™.

The volume occupied by liquid water is negligible
but it is sufficient at achieve equilibrium with water
vapour. The vapour pressure of water at 57°C is
0.4 atm. Select the correct statement(s) regarding
the equilibrium mixture.

(a) The partial pressure of water vapour at any
stage of reaction is 0.4 atm.

(b) The partial pressure of Cl,(g) at equilibrium is
0.5 atm.

(c) The partial pressure of O,(g) at equilibrium is
5.0 10 *atm.

(d) The partial pressure of HCI(g) at equilibrium
is 2.0 x 107 atm.

In the following equilibrium N,O,(g) = 2NO,(g),
when 5 moles of each is taken and the temperature
is kept at 298 K, the total pressure was found to
be 20 bar. Given A;G°[N,0,(g)] = 100 kJ/mol;
AG°[NO,(g)] = 50 kJ/mol.

(a) Kp for the reaction is 1.0 bar.

(b) AG® for the reaction is zero at 298 K.

(¢) Under the given condition, the reaction is
mainly occurring in backward direction.

(d) The mixture taken is at equilibrium.

A gaseous substance AB,(g) converts to AB(g)
in the presence of solid A as AB,(g) + A(s) =
2AB(g). The initial pressure and equilibrium
pressure are 0.7 and 0.95 bar, respectively. Now,
the equilibrium mixture is expanded reversibly

22,

23.

24.

and isothermally till the gas pressure falls to 0.4
bar. Then, which of the following statements is
correct?

(a) The volume percent of AB(g) at final
equilibrium is nearly 27%.

(b) The volume percent of AB,(g) at final
equilibrium is nearly 32.5%.

(c) Kp for the equilibrium is 5/9.

(c) The ratio of equilibrium pressure of AB,(g) at
initial and final equilibrium is more than 2 but
less than 3.

An amount of 1 mole of PCly(g) and 1 mole
of PCls(g) is taken in a vessel of 10 L capacity
maintained at 400 K. At equilibrium, the moles of
Cl, is found to be 0.004.

(a) K for the reaction: PCly(g) = PCli(g) +
Cl,(g) is 0.0004 M.

(b) Kjpfor the reaction: PCl;(g) + Cl,(g) = PCls(g)
is 0.0004 x (0.082 x 400) atm.

(c) If PCly(g) is added to the equilibrium mixture,
AG at the new equilibrium becomes greater
than the AG at old equilibrium.

(d) After equilibrium is achieved, the moles of
PCl; are doubled and moles of Cl, are halved
simultaneously, then the partial pressure of
PCI; remains unchanged.

A reaction at 300 K with AG® = —1743 J consists
of 3 moles of A(g), 6 moles of B(g) and 3 moles
of C(g). If A, B and C are in equilibrium in 1 L
container, then the reaction may be (In 2 = 0.7,
R=28.3 J/K-mol)
(a) A+B=C

() 2A=B+C

(b) A=B+2C
(d) A+B=2C

The equilibrium between gaseous isomers A, B
and C can be represented as follows.

A(g) = B(g); K, ="

B(g) = C(g); K, =0.4

Clg) = A(g); K53=0.6

If one mole of A is taken in a closed vessel of

volume 1 L, then

(a) [A] + [B] + [C] = 1 M at any moment of
reaction.

(b) concentration of Cis 1.2 M at equilibrium.

(c) the value of K is 1/0.24.

(d) isomer A is thermodynamically least stable.



25. Consider the equilibrium HgO(s) + 41 (aq) + (a) Addition of 0.1 M-HI(aq).
H,0(l) = Hgl,* (aq) + 20H (aq), which changes (b) Addition of HgO(s).
will decrease the equilibrium concentration of (c) Addition of H,O(l).

2—
Hgl," (aq)? (d) Addition of KOH(aq).

Section C (Comprehensions)

Comprehension |

Equilibrium constants are given for the following reactions at 27°C.
SrCl,- 6H,0(s) = SrCl, - 2H,0(s) + 4H,0 (g); Kp = 2.56 x 107" atm*
Na,HPO,- 12H,0(s) = Na,HPO,- 7TH,0(s) + 5H,0 (g); Kp = 2.43 x 10" atm®

Na,S0,-10H,0(s) = Na,S0, (s) + 10 H,0(g); Kp = 1.024 x 1077 atm"’
The vapour pressure of water at 27°C is 0.04 atm.

1. Which is the most effective drying agent at 27°C? 3. At what relative humidity will Na,HPO,.7H,O(s)
(a) SrCl,2H,0 (b) Na,HPO,-7H,0 deliquescent when exposed to the air at 27°C?
(c) Na,SO, (d) All, equally (a) Below 75% (b) Above 75%

2. At what relative humidity will Na,SO,.10H,0(s) (c) Above 7.5% (d) Below7.5%

be efflorescent when exposed to the air at 27°C?
(a) Below 50% (b) Above 50%
(c) Above 5% (d) Below 5%

Comprehension Il

An amount of 0.20 moles of CO taken in a 2.463 L flask is maintained at 750 K along with a catalyst so that the fol-
lowing reaction can take place CO(g) + 2H,(g) = CH;OH(g). Hydrogen is introduced until the total pressure of the
system is 7.5 atm at equilibrium and 0.1 mole of methanol is formed.

4. For the reaction, Kj is 6. What is the final pressure if the same amount of

(a) 0.16 atm > (b) 6.25 atm > CO and H, as before used, but with no catalyst so
) ) that the reaction does not take place?

(c) 0.04 atm (d) 1.56 atm

5. Forth on. Ko is [Given: (2,463 = 6.07 (a) 18.75 atm (b) 10.0 atm

. For the reaction, K is [Given: (2.463)" = 6.07] () 15.0 atm (d) 12.5 atm

(a) 6.07 M7 (b) 607 M2
(c) 151.75 M7 (d) 2428 M

Comprehension 111
In the esterification reaction,
C,H;0H(l) + CH;COOH(]) = CH;COO0C,Hs(1) + H,O(1)
an equimolar mixture of alcohol and acid taken initially, yields under equilibrium, the ester with mole fraction = 0.333.

7. The equilibrium constant is 8. What fraction of the alcohol would be esterified
(a) 10 (b) 4 if t.he initial mole fraction of the alcohol is 0.333?
(c) 100 ) 16 [Given: V12 =3.45]
(a) 0.15 (b) 0.85
(c) 0.28 (d) 0.72



If in this esterification, initially equal moles
of alcohol and acid are taken. At equilibrium,
unreacted alcohol and acid, on treatment of
sodium, produced H, which occupied 44.8 L at
0°C and 1 atm. The percentage esterification of
acid and alcohol is

(a) 25%
(©) 50%

(b) 33.3%
(d) 66.7%

Comprehension IV

At 444°C, HI undergoes dissociation to the extent of 22.22% at equilibrium

10.

11.

What is the equilibrium constant of the reaction
2HI(g) = H,(g) + I,(g) at 444°C?

(a) 50 (b) 0.02

(c) 0.143 (d) 3.14

What is the percentage dissociation of HI at 444°C
if the experiment is started with one mole of HI(g)
and one mole of I,(g)?

(a) Less than 22.22%

(b) More than 22.22%

(¢c) Equal to 22.22%

(d) Nothing can be said

12. What is the percentage dissociation of HI at

444°C, if the experiment is started with one mole
of HI(g) and 1 mole of He(g)?

(a) Lessthan 22.22%

(b) More than 22.22%

(¢c) Equal to 22.22%

(d) Nothing can be said

Comprehension V

Le Chatelier performed an experiment in science academy. He introduced excess of solid NH,HS into a closed
5.0 L vessel containing NH; gas at a partial pressure of P mm and at temperature 300 K. Due to it, dissociation of the
solid takes place and at equilibrium, he measured the partial pressure of NH; gas equal to 625 mm and the total pressure
of gases equal to 725 mm.

13.

14.

15.

The value of P is

(a) 725 (b) 625

(c) 525 (d) 100

The value of Kj, for the reaction NH;(g) + H,S(g)

= NH,HS(s), is
(a) 6.25x 10* mm?
(¢) 1.6x 107 mm™

(b) 1.6x 10° mm™
(d) 4.53%10° mm>

What would have been the partial pressure of
NH,;, if excess solid NH,HS had been taken in an
evacuated vessel of the same volume at the same
temperature?
(a) 1000 mm
(¢c) 500 mm

(b) 750 mm
(d) 250 mm

16. The minimum mass of NH,HS(s) needed to

establish equilibrium in the same evacuated vessel
at the same temperature is

(@) 250%x5
0.0821x300 °
250x5x%51
(b) —————¢
0.0821x 300
250 x 551
(c) g
0.0821x 300 x 760
250 x5
(d)

0.0821x300% 760 °




Comprehension VI

For the system A(g) + B(g) = C(g) + D(g), AH for the forward reaction is —24.942 kJ/mol. The activation energies
of forward and backward reactions are in the ratio of 2 : 3. Assume that the pre-exponential factor is the same for the
forward and backward reactions (A;=A; =1).

17. What is the equilibrium constant for the reaction 19. Which of the following statement is correct at 27°C?

at 27°C? (a) The rate constant of forward reaction is e**.
4 -4 L

(a) e (b) e (b) The rate constant of forward reaction is ¢ ',

(©) e'’ (d) e (c) The rate constant of backward reaction is e*°.
18. What is the ratio of rate constant of backward to (d) The rate constant of backward reaction is ¢ ",

forward direction at 27°C?

(a) ¢* (b) ¢

(©) e (d) e

Comprehension VII

The degree of dissociation of NHj in a vessel V| (initially evacuated) at 7 K at an equilibrium pressure of 50 atm is same
as that of SO; (g) at a total equilibrium pressure equal to K, for

2S04(g) = 2S0,(g) + O,(g)

A vessel V, (capacity 100 L and maintained at 7 K) initially contains equimolar mixture of NH;, N,, H, and Ne. The
total mass of the mixture containing four gases is 0.134 kg. At equilibrium, N, was found to be 52.24% by mass.
(Ne =20).

20. The degree of dissociation of NH; at 7' K in the 22. The total pressure of gases at equilibrium in the

vessel of volume V| is vessel V, is
(a) 0.33 (b) 0.50 27008 2700 % 8
t b t

(©) 0.67 d) 0.75 @) 5 am ®) \Zany A
21. The value of Kp for the reaction: 2NH;(g) = N,(g) 2700 % 81 2700 % 81

+3H,(g) at TK is © Vasxasy ™ @ 3sxasy ™

(a) 2700 atm? (b) 2500 atm?

(¢) 3.7x 10 atm? (d) 4.0 x 10 atm?
Comprehension VIII

In a vessel, the equilibria N,(g) + 3H,(g) = 2NHj;(g) and N,(g) + 2H,(g) = N,H,(g) are achieved simultaneously. Ini-
tially, the vessel contains N, and H, in molar ratio of 9 : 13. The equilibrium pressure is 7P, in which due to ammonia,
the pressure is P, and due to hydrogen, the pressure is 2P,

23. The value of K, for the reaction N,(g) 24. The value of Kp for the reaction Ny(g) + 2H,(g) =

+ 3H,(g) = 2NHj;(g) is 20 p? N,H,(g) is 20 2
® 20 5 ® =5 (@) 20 B () =
1 3 1 3
d ——
(c) 20 Poz (d) 20 Poz (C) 20 Poz (d) —20 Poz




Section D (Assertion—-Reason)

The following questions consist of two statements.
Mark the answer as follows.

(a)

(b)

(©)

@

If both statements are CORRECT, and Statement
I is the CORRECT explanation of Statement I.

If both statements are CORRECT, and Statement
I is NOT the CORRECT explanation of
Statement I.

If Statement I is CORRECT, but Statement II is
INCORRECT.

If Statement I is INCORRECT, but Statement 11
is CORRECT.

Statement I: For the reaction A(g) = B(g),
equilibrium moles of A and B are, respectively, ‘a’
and ‘b’ in 1 L container. If 5 moles of A and 3
moles of B are added, then reaction must move in
forward direction.

Statement II: Even if the amount of reactant
added to a system at equilibrium is more than the
amount of product added at the same time, the
equilibrium can shift in any direction.

Statement I: Total number of moles in a closed
system at new equilibrium is less than the old
equilibrium if some amount of a substance is
removed from the system (reaction: A(g) = B(g)).

Statement I1: The number of moles of the substance
which is removed, is partially compensated as the
system reaches to the new equilibrium.

Statement I: A net reaction can occur only if a
system is not at equilibrium.

Statement II: All reactions occur to reach a state
of equilibrium.

Statement I: A catalyst does not influence the
value of equilibrium constant.

Statement II: Catalyst influence the rates of both
forward and backward reactions by the same
factor.

Statement I: Le Chatelier’s principle predicts that
an increase in temperature favours an endothermic
process.

10.

Statement II: An endothermic process is one that
absorbs heat and hence, tends to minimize the
temperature increase.

Statement I: For a gaseous reversible reaction, Kp
can be equal to or less than or even greater than
the value of K.

Statement II: The relation between Kp and K.
depends on the change in the number of moles
of gaseous reactants and products as well as
temperature.

Statement I: The system N,0,(g) = 2NO,(g) is
said to be at equilibrium when the intensity of
brown colour does not change with time.
Statement I1: N,O,(g) is colourless while NO,(g) is
coloured.

Statement I: On cooling in a freezing mixture, the
colour of the following mixture turns to pink from
deep blue for the reaction:

Co(H,0);*(aq.)+4Cl (aq.)—

Blue

CoCI> (aq.)+6H,0(1)

Pink
Statement II: The reaction is endothermic.

Statement I: NaCl solution can be purified by
passing excess of hydrogen chloride gas through
NaCl solution.

Statement II: Increase in chloride ion concentration
in the solution results in the precipitation of NaCl.

Statement I: Decrease in volume of the system
at constant temperature at equilibrium results
increase in molar concentration of all the gaseous
components involved in the reaction A(g) + B(s)
= 3C(g).

Statement II: Decrease in volume of the system
at constant temperature at equilibrium results
increase in moles of A(g) and decrease in moles
of C(g) but no change in the moles of B(s) in the
reaction A(g) + B(s) = 3C(g).




Section E (Column Match)

1. Match the columns. 2. Match the columns.

Column I Column II Column I Column II

(A) Q=K (P) Reaction is near to completion.

(A) Hy@) + 1) =2HI(g)  (P) Kp=K(RT)

(B) Q<K,,  (Q) Reaction is not at equilibrium. (B) Ny(2) + 3Hy(g) (Q) Kp=Kc (RT)
(©) Q>K,,  (R) Reaction is fast in forward = 2NH;(g)
direction. (C) PCly(g) = PCly(g) (R) Kp=Kc (RT)?
(D) K., >>>1 (S) Reaction at equilibrium. + Cly(g)
(D) NH,HS(s) = NH;(g) (S) Kp=Kc
+H,S(g)

3. Match the columns.

Column I Column II

(A) Hy(g) + L(g) = 2HI(g) (P) Unaffected by inert gas addition.

(B) CaCOs(s) = CaO(s) + CO,(g) (Q) Forward shift by rise in pressure and backward shift by inert gas

addition.

(C) Ny(g)+3H,(g) = 2NH;(g) (R) Unaffected by increase in pressure.

(D) PCls(g) = PCl;(g) + Cly(g) (S) Backward shift by rise in pressure and forward shift by inert gas

addition.

4. Match the columns.

Column I Column II

(A) 2NH;(g) = Ny(g) + 3Hx(g) (P) Extent of reaction will not increase with increase in pressure.

(B) 2HI(g) = H,(g) + I,(g) (Q) Concentration of product will increase with increase in

temperature.
(C) 2(CH;COOH)(g) = (CH;COOH),(g) (R) Increase in volume will increase moles of reactant.
(S) Introduction of inert gas at constant pressure will shift the

equilibrium in the product side.

5. Match the columns.

Column I Column IT
(A) 2NH;(g) = Ny(g) + 3Hx(g) (P) Introduction of hydrogen gas at constant volume shift equilibrium
back.

(B) PCls(g) = PCly(g) + Cly(g)
(C) 2HI(g) = Hy(g) + Ix(g)

(D) NH,HS(s) = NH;(g) + H,S(g)

(Q) aincreases on increasing temperature.

(R) On adding inert gas at constant volume, equilibrium state does not
change.

(S) On increasing the pressure, concentration of all reactants increases.

(T) o is independent of equilibrium pressure.




6. For an endothermic reaction: 4A(g) + B,(g) = 2A,B(g)

Column I

Column II

(A)

(B)

©

(D)

CorTlc. Q

Conc. Q

Conc.

Conc.

\

III

—_—

Change — time

Change — time

Change — time

S —
—

Change — time

(P) Increase in temperature.

(Q) Increase in pressure.

(R) Addition of A,B at equilibrium.

(S) Addition of inert gas at constant pressure.

(T) Increase in volume.




7.

Match the columns.

Column I

Column IT

(A) PCly(g) = PCly(g) + Cly(g)
(B) 2NO4(g) = N,0, (2)

(C) Hy(g) +1,(g) = 2HI(g)
(D) Ny(g) +3H,(g) = 2NH;(g)

(P) Kp> K at 300 K.
(Q) Kp<Kcat 300 K.
(R) Pisincreased, reaction moves to right side.

(S) Inert gas added at constant volume, equilibrium will not be affected.

(T) Inert gas added at constant pressure, equilibrium will shift right.

8. Match the following for the reaction: 2A(g) = 3B(g) + C(s); AH = —ve.

10.

Column I

Column I1

(A) Increase in total pressure at equilibrium.
(B) Increase in volume at equilibrium.
(C) Addition of He(g) at constant pressure.

(D) Increase in temperature at constant volume.

(P) Increase in moles of A.
(Q) Increase in moles of B.
(R) Increase in moles of C.
(S) Increase in molar concentration of A.

(T) Increase in molar concentration of B.

For the reaction CaCO;(s) = CaO(s) + CO,(g); Kp = 2.463 atm at 900 K. The reaction is performed in a rigid
vessel of 15.0 L capacity maintained at 900 K, starting with the following amounts of CaCOs(s) (given in
Column I). Match the correct information given in Column II for the amount given in Column I.

Column I Column IT

(A) 100 g (P) 50% dissociation of CaCOj,

(B) 50¢g (Q) 100% dissociation of CaCOj,

(C) 25¢ (R) Addition of small amount of CO,(g) may result shift of equilibrium in backward direction.

(S) Addition of 10 g of CaCO;(s) may result in increasing moles of COx(g).

Match the columns.

Column I (Reactions)

Column IT (Effect on addition of water)

(A) A(aq) = 2B(aq) + H,0()
(B) 3A(aq) = 2B(aq)
(C) 2A(aq) + Hy0(1) = B(aq)
(D) 2A(aq) = 3B(aq)

(P) Moles of ‘A’ increases.
(Q) Moles of ‘B’ increases.
(R) Molar concentration of ‘A’ decreases.

(S) Molar concentration of ‘B’ decreases.

Section F (Subjective)

Single-digit Integer Type

1.

The percent dissociation of H,S(g) if 0.1 mole of
H,Siskeptin 0.4 L vessel at 1000 K for the reaction
2H,S(g) = 2H,(2) + Sy(g); K= 1.0x 10°.

COF,(g) passed over catalyst at 1000°C comes to
equilibrium 2COF,(g) = CO,(g) + CF,(g). Analysis

of the equilibrium mixture (after quick cooling to
freeze the equilibrium) shows that 500 ml of the
equilibrium mixture (STP) contains 300 ml (STP)
of (COF, + CO,) taking the total pressure to be 10
atm. The value of K}, for the reaction is



The dissociation constant of PCly is 8 atm at
273°C. What pressure (in atm) will be developed
when 62.55 g of this substance is vaporized at
273°C in 4480 ml vessel originally full of chlorine
gas at 0°C and 1 atm pressure?

A mixture of equimolar quantities of ethyl alcohol
and acetic acid is prepared. Immediately after
mixing, 10 ml of mixture was neutralized by 10
ml of N-NaOH. When the mixture reaches the
equilibrium, 10 ml requires 5 ml of N-NaOH for
neutralization. What is the equilibrium constant
for the formation of ester?

The degree of dissociation of HI at a particular
temperature of 0.8. Calculate the volume (in litre)
of 1.6 M-Na,S,0; solution required to neutralize
the iodine present in an equilibrium mixture of
a reaction when 2 moles each of H, and I, are
heated in a closed vessel of 2 L capacity.

It was found that when 1.0 mole of dichloroacetic
acid and 4.0 moles of amylene were heated together
at 363 K to equilibrium state, 0.5 moles of ester
were formed and the total volume of the mixture
was 700 ml. In another experiment, 1.0 mole of the
acid was heated at the same temperature with some
moles of amylene and the equilibrium mixture now
occupied a volume of 720 ml. If the amount of ester
at equilibrium is 0.6 mole in the second experiment,
then how many moles of amylene was taken initially?
Amylene is one of the pentene.

The minimum mass (in g) of CaCOj; required to
establish the equilibrium:

CaCO4(s) = CaO(s) + COx(g), K-=0.05M
at a certain temperature in a 1.0 L container is

To 500 ml of 0.9 M-AgNOj; solution was added
500 ml of 1.0M-Fe’* solution and the reaction is
allowed to achieve equilibrium at 25°C.

Ag" (aq) + Fe’ (aq) = Fe™ (aq) + Ag (s)

For 30 ml of the solution, 25 ml of 0.06 M—KMnO,
was required for oxidation of Fe*" present. The
equilibrium constant (in M) for the reaction at
25°Cis

A vessel of 2.5 L was filled with 0.01 mole of Sb,S,
and 0.01 mole of H, to attain equilibrium at 440°C as
Sb,S5(s) + 3H,(g) = 2Sb(s) + 3H,S(g)

After equilibrium, the H,S formed was analysed
by dissolving it in water and treating with excess

of Pb*" to give 1.19 g of PbS as precipitate. The
value of K- of the reaction at 440°C is (Pb = 206)

10.

11.

12.

13.

14.

15.

At 25°C, 560 g of deuterium oxide, D,O (d = 1.10
g/ml) and 504 g H,O (d = 0.997 g/ml) are mixed.
The volumes are additive. Fifty percent of the H,O
reacts to form HDO. The value of K- at 25°C for
the reaction H,O + D,0 = 2HDO is

The following equilibria are established on mixing
two gases A, and C.

3A5(g) = Ag(g); Kp=1.6 atm ™2
Ay(g) + C(2) = A,C(g); Kp="x"atm™'

When A,(g) and C(g) are mixed in 2 : 1 molar
ratio, the total pressure of gases at equilibrium is
found to be 1.4 atm and partial pressure of Ay(g),
0.2 atm. The value of ‘4x’is

A 8.28 g sample of IBr(g) is placed in a container
of capacity 164.2 ml and heated to 500 K. The
equilibrium pressure of Br,(g) in the system is 4.0
atm. The value of Kp for the reaction

21Br(g) = I,(g) + Bry(g) is (Given: Atomic masses
are [ =127, Br=80)

When 1.0 mole of H,(g) and 3.0 moles of I, vapours
are allowed to react, ‘x” moles of HI(g) is formed
at equilibrium. Addition of a further 2.0 moles of
H,(g) gave an additional ‘x’ moles of HI(g) at new
equilibrium. The value of equilibrium constant for
the reaction H,(g) + I,(g) = 2HI(g) is

When N,Os(g) is heated to 600 K, it dissociates
as NyOs5(g) = N,O5(g) + Oy(g); Kc = 2.5 M.
Simultaneously, N,O;(g) decomposes as N,O;(g)
= N,0(g) + O,(g). When initially 4.0 moles of
N,Os(g) is taken in a 2.0 L flask and allowed to
attain equilibrium, the equilibrium concentration
of O,(g) is found to be 2.5 M. The equilibrium
concentration of N,O(g) (in M) is

NH4HS(s), NH;(g),

HS(g). He(g) He(g)

at equilibrium |

Y
Fixed SPM, which allows only He(g) to cross it.

The entire system is at equilibrium at 300 K. The
volume of each chamber is 82.1 L. The total
pressure in left chamber is 4 atm and in right
chamber, 2 atm. NH;(g) and H,S(g) are obtained
only from the dissociation of NH,HS(s). The
value of Kp (in atmz) for the reaction NH,HS(s)

= NHj(g) + H,S(g) is




Four-digit Integer Type

1.

The equilibrium: p—xyloquinone + methylene
white = p—xylohydroquinone + methylene blue,
may be studied conveniently by observing the
difference in colour between methylene blue and
methylene white. One millimole of methylene blue
was added to 1.00 L of solution that was 0.24 M in
p—xylohydroquinone and 0.012 M in p-
xyloquinone. It was then found that 4.0% of the
added methylene blue was reduced to methylene
white. What is the equilibrium constant for the
above reaction? The equation is balanced with
1 molecule of each of the four substances.

The theoretically computed equilibrium constant
for the polymerization of formaldehyde to glucose
in aqueous solution is 6.4 x 10" M. If 1 M
solution of glucose were taken, what would be
the equilibrium concentration of formaldehyde in
milligram per litre?

A container of capacity V' L contains an
equilibrium mixture that consists of 2 moles each
of PCls, PCl; and Cl, (all as gases). The pressure
is 30.3975 kPa and temperature is 7' K. A certain
amount (‘x” mole) of Cly(g) is now introduced
keeping the pressure and temperature constant,
until the equilibrium volume becomes 2V L. The
value of ‘90x’ is

The standard reaction enthalpy of the reaction
Zn(s) + H,0(g) = ZnO(s) + Hy(g) is + 223 kJ/
mol and the standard reaction Gibb’s functions
is +33 kJ mol™" at 1520 K. Assuming that both
AH® and AS° remain constant, estimate the
minimum temperature (in Kelvin) above which the
equilibrium constant becomes greater than one.

The diamonds are formed from graphite under very
high pressure. Given that the densities of graphite
and diamond are, respectively, 2.4 and 3.6 g/cm’
and are independent of pressure. A;G° values for
graphite and diamond are zero and 3.0 kJ/mol,
respectively. If the equilibrium pressure at which
graphite is converted into diamond at 25°C is P
bar, then the value of 0.01P is

For the equilibrium NiO(s) + CO(g) = Ni(s) +
CO(g), AG°(cal/mol™") = — 5320 — 5.6T (K). The
temperature (in Kelvin) at which the gaseous

mixture at equilibrium contains 400 ppm of CO
by mole is [In10 =2.3, In2 = 0.7)

Assume that the decomposition of HNO; can be
represented as

4HNO;(g) = 4NO,(g) + 2H,0(g) + O4(2)

and that at a given temperature of 400 K and
pressure of 30 atm, the reaction approaches
equilibrium. At equilibrium, the partial pressure
of HNOjs(g) is 2 atm. The value of K (in M?) for
the reaction at 400 K is (R = 0.082 L-atm/K-mol)

Gaseous nitrosyl chloride (NOCI) and N, are taken
in a flask, sealed and heated to some temperature
where the total pressure would have been 1.0 bar
had not the following equilibrium been established

2NOCI(g) = 2NO(g) + Cl,(g)

But the actual pressure was found to be 1.2 bar.
Now, into the equilibrium mixture, some Cl,
gas was introduced at constant volume and
temperature so that the total pressure would
have been 8.3 bar had no further reaction
occurred but the actual pressure was found to
be 8.2 bar. The equilibrium constant K (in bar)
for the decomposition reaction under the given
experimental condition is (Answer by multiplying
the Kp value with 10)

Three ideal gases A, B and D were taken in a vessel
of constant volume in molar ratio of 1 : 2 : 3,
respectively, causing the following reaction.

A(g) +2B(g) = C(g)

After a long time, when the equilibrium is
established, the total pressure was 5/6th of the
initial total pressure. At this point, the volume was
reduced to half and a catalyst was added starting
the following reaction.

2C(g) + D(g) = 2F(g)

If at the second equilibrium, moles of A and C are
equal and the ratio of equilibrium total pressure
at second equilibrium to the equilibrium total
pressure at the first equilibrium is ‘x : 100°, then
the value of ‘x’is



10.

An amount of 0.2 mole of each A,(g) and B,(g) is
introduced in a sealed flask and heated to 2000 K
where the following equilibrium is established.
Ax(g) + By(g) = 2 AB(g)

At equilibrium, the moles of AB is 0.3. At this
stage, 0.1 mole of C,(g) is added and a new

introduced into this container so that the above
equilibrium is maintained at a total pressure of
2.25 atm. Vapour pressure of Br,(1) at 27°C is 0.25
atm. Assume that volume occupied by the liquid is
negligible (R = 0.082 L-atm/K-mol, Atomic mass
of Br =80).

equilibrium is also established as follows. 14. Ina10.0 L container, an equilibrium was established
As(2) + Cy(2) = 2 AC (2) between SO;, SO, and O, gases, by starting with
: : o SO; only. The density of equilibrium mixture was
At the new equilibrium, the moles of AB becomes 9
0.24. What is the equilibrium constant for the found to be 16 g/litre at a temperature of
second reaction? . . 0.0821
o ) . .4 If the degree of dissociation of SOj; is 40%, then
11. At 27°C, the rate of forward reaction at.tlme tise the value of Kp (in atm) for the reaction 2SO4(g)
times greater than that of reverse reaction for the — 250 0O :
. . — 2(8) + O05(g) 1s
reaction A + B = P. The magnitude of free energy ) ) )
change involved at that time (in cal) is 15. Equimolar mixture of two gases A, and B, is
s ens s taken in a rigid vessel at constant temperature 300
12. An amount of 5.0 mOI,eS each of ‘A’, ‘B’and D’ is K. The gases achieve equilibrium as follows.
added to a 1.0 L container.
A(2)+B(g) = C(e); Ke=4x 10" M! A(8) = 2A(2). Kp=xam
A(g) + D(g) = E(g); Kc= 10" M By(g) = 2B(g). Kp =y atm
If at equfllbrlu’r.n, the moles of ‘B’ is ‘x’, then the As(g) + By(g) = 2AB(g), Kp=2
value of ‘150x’ is
13. For the reaction Bry(l) + Cly(g) = 2BrCl(g); Kp If the initial pressure in the c'o.ntz.uner' was 2 atm
=1 atm. In a closed container of volume 164 L, and the final pressure at equilibrium is 2.75 atm
initially 10 moles of Cly(g) are present at 27°C. in which the partiali pressure of AB(g) is 0.5 atm,
What minimum mass (in g) of Br,(I) must be ththe value of y: x is (y > x)
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Answer Keys Exercise Il

Section A (Only one Correct)

L© 2@ 3@ 4@ 5@ 6@ 7.0 8@ 9 () 10. (a
11. (a) 12. (d) 13. (a) 14. (b) 15. (a) 16. (b) 17.(b) 18. (a) 19. (d) 20. (d)
21. (b) 22.(b) 23.(d) 24.(b) 25 (b) 26.(c) 27.(a) 28 (b) 29.(d) 30.(c)
31, (a) 32.(c) 33.(b) 34 (c) 35 (d) 36.(b) 37.(a) 38. (b) 39.(c) 40. (a)
41. (a) 42. (a) 43.(b) 44. (a) 45. (c) 46. (d) 47.(d) 48. (a) 49. (b) 50. (a)
51. (b) 52.(a) 53.(b) 54 (d) 55 (a) 56.(c) 57.(b) 58 (d) 59.(a) 60. (c)

Section B (One or More than one Correct)

1. (a), (b), (¢) 2. (a), (b) 3. (a), (b), (¢) 4. (a),(b) 5. (a),(b),(d)

6. (a), (b), (c) 7. (d) 8. (b), (¢) 9. (b), (¢) 10. (a), (b), (d)

11. (a), (b) 12. (a), (d) 13. (b), (c) 14. (a), (b) 15. (d)

16. (a), (b), (c) 17. (a), (b), (c) 18. (a), (c) 19. (a), (b), (c), (d) 20. (a), (b)
21. (b), (¢) 22. (a), (d) 23. (¢) 24. (a), (c), (d) 25. (c), (d)
Section C

Comprehension | Comprehension V

L.(o 2.(d) 3. (0 13. (¢) 14. (b) 15. (d) 16. (¢

Comprehension Il Comprehension VI

4. (a) 5.() 6. (d)
Comprehension Il
7. (b) 8 (b) 9. (d)
Comprehension IV
10. (b) 11. (a) 12. (¢)

17. (¢) 18. (d) 19. (d)
Comprehension Vi

20. (¢) 2I1.(a) 22.(c)
Comprehension Vil

23. (a) 24. (d)
Section D (Assertion — Reason)
1. (d) 2. (a) 3.(a) 4. S5 (@ 6.() 7.0 8. (¢ 9. (@) 10. (¢)

Section E (Column Match)

I.A-S;B—>Q,R;C—-Q;D—>P
A—-S;B->R;C—>P;D->Q
A—-PR;B>S;C—->Q;D—>S
A—-PQS;B—>PQ;C—>R
A—-PQR,S;B>QR,S;C—>PQ,R,SST;D—>Q,R
A—-S T, B>R;C—->Q;D—>P
A—-PST,B->QR,S;C—>S;D—->Q,R,S
A—-PST,B->QR;C—>QR;D—>PS

9. A-PR;B>Q,R;C—>Q,S

10 A->Q,R,S;B—>PR,S;C—>PR,S;D—>Q,R,S

Section F (Subjective)

e Aol

Single-digit Integer Type

L@ 2@ 30 40 5@ 66 7.06) 86 9 () 10. @
1. (6) 12. (4) 13.(4) 14. (1) 15. (1)

Four-digit Integer Type
1. (0480) 2. (0015) 3. (0600) 4. (1784) 5. (0180)
6. (0532) 7. (0032) 8. (0032) 9. (0170) 10. (0018)

11. (2400) 12. (0250) 13. (0800) 14. (0016) 15. (0008)




HINTS AND EXPLANATIONS

EXERCISE | (JEE MAIN)

Basic

t—t

10.

11.

12.

13.

FeCl; will produce Fe(OH); and HCl on hydrolysis.

[Solid] or [Pure liquid] = n_ wiM = d =
Density V wld M

Molar mass
Thus, it is independent from their quantity.
An,=2-(1+3)=-2
_ An_ -2
K,=K.(RT)™, =K (RT)
K, 1.44%107

T (RT)Z (0.0821x773)

c

At the initial stage means time after start of
reaction, not at ¢ =0.

Equilibrium constant is a function of temperature
only.

1.P

co,
=P

1 coy

K,=

Required reaction may be obtained by subtracting

the first reaction from second and hence, K = —=.
1

C,H,+H,=C,Hg K, =5.5x10"% atm™!
C,H, + H,=C, H;; K, =5x 10* atm ™'
~ CyH,+ 2H, = C, Hg;

Kiequirea = KKy = 2.75x 10% atm™

K., 1s independent from concentration.

K (L
K,=K.(RDY,= ra =(RTY¥,= (RT) )

r = JRT

Ky =(K) "= — = KKy =1
VK
Greater the value of K,
reaction.
_ K, 016
“ K, 4x10*

greater is the extent of

=4x10°

15.

16.

17.

18.

19.

20.

21.

22,
23.

For r; > r, means the net reaction in forward
direction, the reaction quotient Q should be less
than K.

[NO,J[0,] (2.5x107*)x(8.2x107) _ 505
[NOJ[O5]  (1.0x107°)x(1.0x107%)

x 10° < K.
Hence, the net reaction is in forward direction.

0=

(0.5)2
) 0.5
UL 1022200 Syast

K .=
TN C)
A

H H
_ 1G] 6]3 4= el g] = [C4H]=0.5M
[C,H,] (0.5)
02Y) (0.8
H.PS,] 2 ) * 2
Ke= 222 = 5 =0.016 M
[H,S] ( 1 )
2
_ [CH,]H,0] _ [CH,]x0.03
¢ [COI[H, T’ ' 0.3%(0.1)°
= [CH,] =0.039 M
AG®=AH° - T.AS°=-RT.In K,°
or, 18 — 300 x i:—i x 300 x1In K °
1000 1000 ?

o_ o_ 15
or,anp =-15=K°=e¢

N,(g) + O,(g) = 2NO(g); OH = +43.5 Kcal

For endothermic reactions, K, increases with the
increase in temperature.

K., 1s independent from catalyst.

For the given reaction, AH® = 2 x (-40) =-80 KJ
and AS°=(2x192)— (191 +3x 130)=-197 J/K
Now, AG®=AH® - AS°=-2.303 RT log K°,
(—80x1000)—298 x (-197) _
(—2.303x8.314x298)

- log K, = 3.73




24. AH°=0 = K, is independent from 7 27.

25. From (i) and (ii),

On increasing temperature, K, is increasing and
hence, the reaction is endothermic.

2CO(g) + Oy(g) = 2C0O4(g) 28. AH =¢a;—¢ea,=10.303 - 8.000 = 2.303 kcal
1 y ~2.303x10°
K — - . —AH/RT — 2x500  —
2000 (4.4)2 %531%10-1° Now, K ) e 1xe 0.1
= 97310 29. AG°= 2.303RT-log K
Kig00=2.24 x 107 ) T 08 Beq
On increasing temperature, K, is decreased and or, -4.606 = -2.303 x 2 x 1000 x log K,
hence, AH® = —ve. 1000
= K,=10
26. MCO4(S) = MO(S) + CO,(g): K, = Fro, . 1
K, AHC(1 1 For reverse reaction, K’ = 0 0.1
Nowhne TR T
! b 30. Kp=K..(RT)*
or. 2303 x log 100= 25 (L _ L or 1.8 = K, x (0.0821 x 700 = K= 0.031
2 1400 500 1
= AH® =18424 cal Hence, for reverse reaction, K’ = o 31.93
c
Application of Equilibrium Constant
2
31 orl6=""2 =2
- X 3
PCl; = PCl, + Cl
0.8 mole 0.2 mole 0 = Py, = ——xP =08atm
Equilibrium 0.8 — x 0.2+ x X o
Hx=02 33. PCl; = PCl; + Cl
0.4 02 X mole 0 0
U 22 e
PCLICI ( ) ( ) Equilibrium  x(1 — o) X o X o
Now,KC=[ CLIChL] L1 L) _0133m
[PCL] (06)
1 X-a ) a
E P = P =P = —
P x(1+ o) P I+a
32.
PCI, = PCl, +Cl, 34. H,(g) + L(g) = 2HI(g)
I mole 0 0 As An, =0, moles of system is not changing.
Equlhbrlunl (1 — x) mole X mole X mole nRT B (05+05)X 0.08%720 T
Equilibrium N N N 4 5.76
partial ——XxP X P X P
pressure 1+x 1+x 1+x
(P=2 atm) 3. 2HI(p) = Hy®) + L(g
(x. P)(X,P) 2 p Equilibrium 1 - 0% a
K = \U+x 1+x _ Y 2 2
P
=0.78 =0.11 =0.11

) 1—x°
P

(1—x.
1+x



K= w =0.0199
(0.78)
oo
36. K= 22 =-S0a=04
(1-@) 9
30
37. =3-3x— =21
"1 100
38. N,O, = 2NO,
1 mole 0
Final 1-0.2 2x0.2
=0.8 mole =0.4 mole
Now, b I b

= P,=2.4atm

A = -
mT,  mT,  1x300 1.2x600

39. N,O, = 2NO,
Equilibrium 1-o 20
2
2
, e, i
K = Ro, \l+a _4a”-P
! Pnyo, (l—aop) 1-a?
I+«
K%
o= |—£2P
1+K7
4p
2
40. K,= 4o f = Constant
-«
1\ 12
. 4><(3) x P _4x(2) X P, P 8
' N 1V P 3
R
3 2
41. N,O, = 2NO,
Initial mole a 0
Mole at Equilibrium a—x 2x
From question, (a+x)x R a= o= 1
100 a 3

42. N, + 3H, = 2NH,
0.2 mole 0.6 mole 0
S 40
Equilibrium 0.2-0.2x 100 0.6-0.08x3 2x0.08
=0.12 =0.36 =0.16
Vﬁnal _ Nfinal _ 0.64 _ i
. Vinitial ~ Minitiar~ 0-80 5
43. 2NH; = N, + 3H,
4 mole 0 0
Equilibrium 4 - 2x X 3x
=2 =1 =3
sLx=1
(1)
N,JH,P? 17\
Now, K= (N, I 22] _1 12 - 6.75 M2
[NH;] (2)
1
44. 250, + O, = 2S04
2 mole 1 mole 0
Equilibrium 2 -2 x >0 1- 1 1
100 2
=1 =0.5
l0.5
" Py =2 x1=02atm
225

45. CH,COOH + C,H,OH = CH,COOC,H; + H,0

1 1 0 0
Equilibrium
1 1 1 1
4 4 4 4
_3 3
4 4
1.1
K= ;‘ _1



46. At equilibrium, [4]=[B] and [C]=[D] and hence

[CI[D] _[CT __[C]
k= CDI_LCl el 555
[AIB] [P  [4]

=15= @ = z
(1 3
47. XY, = XY +7Y
600 mm 0 0
Equilibrium (600 — x) mm xXmm  xmm

From Question: (600 — x) + x + x =800 = x = 200

XX
Kp= —— =100 mm H
P= 600—x) &
48. A + B = C + D
Initial cM cM 0 0
Equilibrium (c-x)M  (¢-x)M xM xM

From Question: x=2X (¢ —x) = x= %c

B X.X B
(c—x)(c—x)
49. At equilibrium, mole of I" = mole of Agl (yellow)
precipitate
=0.25
I, + I = Iy
1 mole 0.5 mole 0
Equilibrium 1 —x 0.5-x x
=0.75 =0.25 =0.25
s x=0.25
(0.25)
1
LK== ——2—— =133
(0.75) (0.25)
[ X [
1 1
50. o — D — Glucose = b — D — Glucose
a 0
Equilibrium a—x X

51.

52.

53.

54.

55S.

K=_2

=18=>x= 251
a—X 14

47X 100

.. % of o — D — Glucose remained =
a

=35.7%

2NOBr = 2NO + Br,
P, 0 0

Equilibrium Pj,—2x 2x x=

P =(Py—2x)+2x + x=P;+ x

=P=>P0=87P

2P\ P
K- 2x)Pxx \ 9 9 P
(P, —2x)° (8P 213)2 81

9 9

A = nB

0.6M 0

Equilibrium 0.6 —x nx
=03 M =0.6
Sox=03

2 2
k=20l g 20 L
1-a I-a V2

Mo = dRT _ 3.5x0.08x 400

mix N 1 =112

Mpey, =M i, _208.5-112

= =0.8616
(n-1)-M,,  (2-1)xI112

Now, o=

2AB, = 2AB +
1 0

oo}
]

Equilibrium 1 - x X

D= O




2

F { %2'P]

1+§ 1+V

K, 2
1+ 5

x-P
2(1—x)2(1+’2‘)

x> P (21@)%
> =S>x=|——

P

Asx<<l,K,=

Heterogeneous Equilibrium

56.

57.

58.

59.

60.

2Ba0,(s) = 2BaO(s) + O,(g)
34 mole =0.2
170

Equilibrium  0.2x X

fd

2

x

—x0.0821x1000
8.21

Now, K, = Py = 0.5=

=x=0.1

. % of BaO, decomposed = % x 100 = 50%

AV
N C(32x107 )7
K,=Q2p)p=P= [T =0.02

. Total pressure =2P + P =0.06 atm

CaCO;(s) = CaO(s) + CO,(g);

K,=4.5x% 102 atm

C(s) + CO,y(g) = 2CO(g); K,=2.0 atm

On adding, CaCO;(s) + C(s) = CaO(s) + 2CO(g);
Kp=9x107atm’

or P’ =9x10? = Py =0.3 atm

+ (122
k=0l =[ /2J =0.0016

4 54
[H,0] s

COxg) + C(s) = 2CO(g)
Given: a mole 9a mole
Required: 5 mole 4bh mole

62.

63.

LiCLNH;(s) + 2NH;(g) = LiCL3NH,(s); K, =

2 2
(9a><16) (%XP)
10a 5b

Now, K = =
> p
@ x16 (b x P
10a 5b
= P=40.5 atm
2CO = CO, + C(s)
Equilibrium X atm y atm

From question, x+ y=1.1and % =0.1
X
Cx_10

y 1

Any reaction of heterogeneous equilibrium
may complete with respect to solid or pure
liquid, maintaining equilibrium with gaseous
components.

1

9 atm?
0.1 mole a mole 0
Equilibrium
0 (a—0.2) mole 0.1 mole
, 1
Now, K= —— = Py, =3 atm
NH,
_ (a—0.2)x0.0821x 30
8.21

sLoa=1.2

64. ZnO(s) + CO(g) = Zn(g) + Co,(g); K, =1 atm

a atm 0 a atm

Equilibrium a—x X a+tx




P P 0.3 mole 2 mole 0
zn " fco, x(a+ x) o
K,= N =1= P Equilibrium (0.3 — x) mole (2—x)mole xmole
co -
X
and (a—x) + x+ (a+x)=P,=1atm H.= % =0.08 = 0.022
Sx=0.24 /2
% 0.08 %360
65. H,(g) + S(s) = H,S(g) Now, Byg =~ """ =0.32 atm
Le-Chatelier’s Principle
66. K, is a function of temperature only. On reducing 76. N,O,+= 2NO,
the volume, equilibrium will shift backward and On increasing temperature, the reaction will shift
hence, o will decrease. forward and hence, AH = +ve.
67. Increase in temperature favours endothermic 77. Catalyst has no effect on equilibrium.
direction and increase in pressure favours the
direction of decreases in volume (moles of 78. Equilibrium will shift towards water. In order to
gases). maintain equilibrium, the temperature should be
increased.
68. The molar concentration of AB(s) will not change
on changing its amount and hence, equilibrium 79, Addition of reactant will shift the equilibrium in
will not be affected. forward direction.
69. K=[BJ[C]’ = Constant 80. If equilibrium were not disturbed, [Cu®];, ., = g .
B] But ilibri ill shift backward, it
Now, [BP[CT = [BP.... x (2[C])} = [B _ ut as equilibrium will shi ackward, its
[BILCT = [Bl e > (LCD Bl 22 concentration will decrease further.
. . Pocy. - P
70. MgO is solid. 81. Kp = PGy TCh = constant
B,
71. Increase in pressure will shift the equilibrium in I Pl —2x P
the direction of decrease in volume and hence, pcly; = <X Ly,
more water will form. and P4 =2x Po
72. There is no effect of adding inert gas constant then P =4 x Bog
volume. ’ ’
82. An,=0,h ffect.
73. Exothermic reactions are unfavoured by increasing e eneeno etiee
temperature. 83. Equilibrium will shift towards NO,.
74. At250°C, N, gas will not react. 84. K, isa function of temperature only.
75 Vbiamond < Vraphite 85. For forward reaction (exothermic), temperature

On increasing pressure, equilibrium will shift
toward diamond.

should be low. As mole of gas is decreasing, the
pressure should be high.




EXERCISE Il (JEE ADVANCED)

Section A (Only one Correct)

1.

K. for the reaction in backward direction

K _ -3 -1
_ & _2DAOLmolS 536461 mot
K, 39%1075

Stability constant,
K, 145x10"
K, 122x107

=1.1885x10"

LT

YK, 4]
- 1.5x107 _ (100/10)
K, (107 /10)
=K,=15x10" m's!

For pent hydrate to be efflorescent, 0 < K,

or, Pl-io <10*atm?
= B0 < 10~2atm = 7.6 mm

Qp = PRy, X Peo, =107 x20=2000 atm® < K,

Hence, the reaction should shift forward. But as
solid NH,COONH, is not present initially, the
pressure will remain at 30 atm.

0p<Kp=Pio<K,

2
(ﬂxﬂ) <121x107
760 < 100

-~ RH.<209%

Hy(g) + Iy(s) = 2HI(g) ; K, = 6.4 x 10 * atm
I(s) = I,(g); K, = 1.6 10 * atm

6.4x107
~Hy(@)+ 1, (g =2HI(g); Kp =——— =
2(8) + 1 (g) (8); Kp 16x10~

Net rate of reaction of HI,
1 4[HI]
2 dt

=1, —r; = K_[HI]* =K, [H, ][, ]

yo Mo—M _2085-124
C(n=1)-M (2-1)x124

0.681

10.

11.

12.

PCl,(g) + Cl,(g)—=PCl(g)

Initial partial P, P, 0
pressure
Equilibrium
partial
pressure

P,—0.75P, P,—0.75P, 0.75 P,

~025P,  -0.25P,

Focy,

Now, Kp =———
Bocy, X Fey,

_075P,
0.25 P, x0.25 P,

= Py,=06atm

.. Initial total pressure of mixture =2P; =12 atm

N, (g)+3H,(g)=——=2NH;(g)

Initial moles 1 3 0

Moles at 3-3x 2x
equilibrium

Total moles of gases= (I — x) + (3 — 3x) + 2x
=4-2x

Equilibrium partial pressure
3-3x P 2x
4-2x 4-2x

2
4_2x

3
(l—x XP)(3_3XXP)
4-2x 4-2x
4 ><(4—2x)2 4x7 x16
27(1-x)* P? 27 % P?
3K,

e 7K, P> 3P
- 64 8

Initial moles 2 3 0

I-x X P
4-2x

X P

Now, Kp =

Final moles



2
[Xy]= 2207 Now, Kp=— 2" 2
5 (4-x)(16-3x)’
Xy]= 22 —0.05M
s [Xs]= s 17. If reactants are taken in stoichiometric amount,
then their mass ratio does not change at
and [Y,]= 3=x_ 025M any stage of reaction. For 3 mole N,, there
5 should be 9 mole H, Hence, at any stage,
13. 1\12 + 02 = INO mN2+mH2+mNH3 =3><28+9><2=102gm.
Equilibrium moles I-x 1-x 2x
2 18. 280, + O, = 2SO
(2x) 2 2 3
0.09=—"—"7— ..
(1-x)(1-x) Initial moles 2 1 0
—x=013 Moles at equilibrium  2-2x  1-x 2x
14. N, + O, = 2NO From question n,, SO, = n,, MnOj .
Initial moles 4a a 0 or, 2-2x)x2=04x5
Equilibrium moles 4a—x a-x 2x =x=0.5
2 2 (2x)* -
Now, 00004 = —ZX¥) _ 4x c= - =2M".
(4da-x)a—-x) 4a-a (2-2x)"x(1-x)
= 2 =0.02 19. CH,COOH + C,H;OH = CH,C00C,H; + H,O
a
. Per cent of NO = i—xxl()o =0.8% Caosel 60, 46_ 0 0
a 60 46
15. N, + 3H, &= 2NH; Moles at 1-x l-x 44 X
Initial moles 1 5 0 Equ. X = 38 =0.5
Moles at equilibrium  1-x 5-3x 2x
Case 11 0 0
Total moles = (1 —x) + (5 -3x) +2x=6 - 2x ase @:Zmole ﬁzlmole
60 46
From question, =04
6-2x Moles at 2—y -y y y
6 Equ.
= Xx==
7
XX y-y
2 2 Ké’ = =
o) 3x(6—2X) 1= (=) 2-p)-(-y)
(1-x)x(5-3x) P 5
=2.6x10"" atm™ =y=3
16. N, + 3H, = 2NH, - Mass of CH,;COOC,H; at equilibrium
Initial moles 4 16 0 = 2 X 88 =
Moles at equilibrium 4-x 16-3x  2x 3
Total moles = (4 — x) + (16 — 3x) + 2x =20 — 2x 20. R,OH + CH;COOH = CH;COOR; + H,0

From question, 20 x% =20-2x

=x=1

1 1

I-(x+y)

Initial moles 0 0

Equ. moles 1-x x x+ty



R,OH + CH;COOH = CH;COOR, + H,0 0.06

Initial moles 1 | 0 0 Now, Koy =09 = 0 00y % (a—0.06)
Equ. moles l-y 1l-(x+ty) y x+y =a=173M
From question, x + y=0.8 and > = 3 25. 2A(2) = Ay(g): Kp=8x 10" atm™
y 2 »
- x=048and y =032 Initial Fatm 0
partial
Now, K| = X-(x+7) = 0.48x0.8 =3, pressure
(1-x)1-(x+y)] 0.52x0.2 Partial 0 0.5
pressure on atm
2NO(g) + Cly(g) = 2NOCl(g) complete
Initial partial pressure 2P, P, 0 reaction

Equ. partial pressure 2P, —2x  Py—x 2x Equilibrium = 2xatm 0.5 -

partial x=0.5
From question, (2P, —2x) + (Py—x) + 2x=1 pressure atm
=3P,-x=1 ()
1 Now, 8x10° = O—'f
and 2x = Z(PO -X) 2) P

1 = P,=25x10"atm
From (1) and (2), Py=9x and x = %

107 x[HCO;
2. K,=38x107 L xHCO:]

(2x)? 13 5 [CO,]
p= 3 =——atm _
(2P, —2x)*(By —x) 256 N [HCO5] _ 0.38
[CO,]

Ss(g) =4 S,(9) 27. A(g) = nB(g)
Initial partial pressure I atm 0 Initial mole 1(say) 0
Equ. partial pressure 1-0.3 4x%x0.3 Equilibrium mole |-« no

=0.7atm =1.2atm Totalmoles=1-a+na=1+an-1)
4 n
" Kp= (1627) = 2.96 atm’ . [HO?(‘;‘_UP}
' Now K, =2 =
| 1 | P, [1—06 . P}
HCl(g)JrZOz(g)—%EClz(g)JrEHzO(g) I+a(n-1)
8 92 __ (" P
Initial partial pressure 730 x — 730X — T (l-a) —_nr
nitial partial pressu 100 100 (I-a)-[l+a(n-1)]
=584mm  =671.6mm  28. A+ B= C+D
Equilibrium partial pressure  58.4 — 58.4 x 0.08 Initial moles a a 0 0
Equilibrium moles a-x a-x x Xx
671.6—% From question, [4]=2[C]=a-x=2x = a=3x
=670.432 mm Now, K, = K XX

K, a-x)-(a—x
H; BO; + Glycerin = complex b a )

-3
Initial concent. 0.1 aM 0 - 2x1077  x-x
Equ. Concert 0.1 -0.06 (a—0.06)M 0.06 M K, 2x-2x
=0.04 M ~ K,=8x10-3mol' LS




29.

30.

31.

32.

33.

34.

35.

(CLLCHCOOH), = 2Cl,CHOOH

Initial Conc. W 0
100 /1000
=5x10*M
Equ. Conc. 5x10%—x 2x
(2x)*

Now, K, =5x10%= —=2
e (5x10™* = x)

=x=195%x10"
- [CLCHOOH] =3.90 x 10* M

NH,CONH,(s) = 2NHj;(g) + CO,(g)
Initial moles 1 0 0
Equ. moles l-o 20 o
From question, 3o = rr
RT
.. Percentage dissociation of solid = 100 %
_100-PV "

3RT

_ /4 _ -7 _
PBi,0,eq = (Kp) " =(8.1x107) =0.03 atm

304
Fi,0,¢q> actual = Ero 0.04 atm

.. Mass of water vapour absorbed
~(0.09-0.03)x1.642
0.0821x300
=0.012 gm

Addition of CO will shift second reaction
backward. Decrease in Cl, will shift the first
reaction forward.

Pi,0(8)  By,0(g)x2

2 Ty
Bicieg  Bicigsnew

x18

= Pya = V2 X Pyci ()

(g), new

Ionic form of the reaction is

NH} +H,0—==NH,OH + H"

_[47]B7] and K. = 4821
1 2~ _
[4B] [AB][B]

[47] _ K

=—-[BP
[4By] K,

i

36.

37.

39.

40.

NH,HS(s) = NH; (g) + H,S(g)

. P P
Equ. partial pressure Eatm Eatm
New Equ.partial pressure Patm P atm
Now, £><£= PxP’
2 2
=P =025P
N, + 3H, = 2NH,

Equ. 100 mm 400 mm 1000 mm

partial

pressure

Newequ. 100—a+x 400+ 3x 1000 -2x

partial =700 mm =800 mm

pressure

s x =100 mm

1000° 00°

Now, Kp 8

T 100x400° P, x700°
2

= Py, =11.94mm

1= @» K, = g
(] (]
Now, y, =14 _ [4]
[A]+[B]+[C]  [A]+ K [A]+ K[ 4]
1
- I+ K, +K,

CO and H, are initially in 1 : 3 mole ratio, as they
are formed by 2nd reaction.

CO + 2H, = CH,OH

Initial moles 1 3 0
Equilibrium moles 1-0.25 3-0.25x2 0.25
=0.75 =25
Total moles=0.75+2.5+0.25=3.5
-2
Now, Kp=—22 (i) - 6.23x107
0.75%(2.5) 3.5

.. P=10.24 bar

A = B+ CK=10°
Initial moles 1 0 0

Equilibrium moles 1 -x+y x—-y x

B+ D= A; K,=10°
X 1 1
Equilibrium moles x—y 1-y 1+ypy-x



41.

42,
43.

44.

45.

46.

47.

As K, >> 1, we may assume x = 1
+y-x) _ y
(x=y)1-y) (A=y)-1-y)
As K, << 1, we may assume y << 1
KoV
(A=-y1-y)
S[Al=1-x+y=y=10°M

Now, K, =

y

A = B

Initial aM bM
Equilibrium (a-x)M (b+x)M

K
Now, Keq =—Ll= _b+x

K, a-x

_ Kja-K)b
K, +K,

AG®°=-2.303RT -1In Kp°
AH® — T - AS°

or -2.303x8.314 x T'x In 1.0 =240 x 10° — T'x 50
<. T=4800 K
AG°=-2303RT-In K,,
= -2.303x 10’ =-2.303 x 2 x 500 X In K,
o Ky =10
I§
Now, K, =~
By, xR,
R 10
Py x(0.001)"

. Py, =1000 atm

AG° = —RT-ln@ = —RT-lng =—RT-Inl.78
[a] 36
There is no net change at equilibrium.

2x107°
2x107

8§x1072
and K__ at 127°C, K, = =
« 27 4x107

1 1
Now, lnﬁzﬂ ———

or, 2303 log 22 = ﬂ(L _L)
300 400

4 R
o AH=2.303 % 8.314 x 1200 log(5) J/mol

K, at27°C, K, =

20

48.

49.

50.

51.

nA = A,
Initial moles 1 0
Equilibrium moles 1-x X
n
(x/n)
Y, n—1

Now, K. = v, __xV

(l—x)" (1-x)"-n

V
x-pn

=~ (as x <<1)
n

Now, total moles = (1 — x) + X l+x (1_1)
n n

:1+n-K1C.(l—n):1+(1—”)'1KC
|4 n |4
o= M_Mmix _ M_Mmix _ M -1
- (n_l)'Mmix - (2_1)'Mmix - Mmix
M _PM
_(dRT)  dRT
P
0.4%x250 100 0.8x100 80
nNO=—=— n02=—=—
RT RT RT RT
2NO + 0, —2NO,=N,0,
Initial moles @ 80 0 0
RT
0010«

Final moles 0 -X
RT RT 2

. 30 100 x 0.3x350
From question, —+—-x+—-=——7—
RT RT 2 RT
50
X=—"
RT

Now, K, of second reaction

X -1

PN204 5 —0.3
=—= 5 %] 0.3x350

PNOz (100 —x RT

RT
=3.5atm
N, + 3H, = 2NH,

Initial moles 1 3 0
Equilibrium moles I-x 3-3x 2x

From question, ,



52.

53.

54.

55.

2a
= X=—
l+a
2 -2
Now, Kp = 20 3'( : )
(1-x)(3-3x)" \4-2x
_4x-(4-2x)
27(1-x)*- P?
2.(261).(4_44]
2x-(4-2x) 1+a l+a
OI’, K = =
VP DT(-x) P 2a )
V7 (1= .p
l+a
_ 32a
27 -(1-a)*- P
L4,
" (1-ay
2
o -P
K =
r 1-o?

(03> x1 o x0.1
= 2= 2
1-(0-3* l-«

= a=0.973
Kp=P*
11
Now, lnﬁzﬂ =
N P _3360(1 1)
T (%1073 2 (300 400

= P,=14x107atm

CO(g) + Hy(g) = CO4(g) + Hy(g)
Initial 1 5 0 1
1-x

1-x 5-x X

Now, K, =+-_xd+0)
73 (1-x)-(5-x)

Equilibrium

1
=>x=—
2

NH,COONH,(s) = N, + 3H, + CO + %oz

Equilibrium

partial

pressure 22 3x22 22 22
5.5 55 55 2x55

=4 =12 =4 =2
Now, K, =4x(12)’ x4x(2)"? =27x(2)"?

56.

58.

59.

60.

NH,COONH,(s) = 2NH;(g) + CO,(g)
2P, P,
New Equ. partial pressure 3P, P,
Now, Kp =(2F)*-Fy=(3R)*- P

Equ. partial pressure

= P=il’>0
9
P+ P
Now,30+ =£
35, 27

AH® =AE° + An, - RT

— (430) + (3— 2) x ——x300 = +30.6 K cal
1000

Now, AG® ~ RT - In K., = AH® - T AS®
or, - 2% 300 x In K, = 30.6 x 10 - 300 x 100
=In K, =

trans = Cis; AG®=22.112-30.426=-8.314K]J

Now, AG® = —RT-1n ¢
[trans]
8314 % 10° = 8.314 % 300 xIn L")
[trans]
[Cis] 28
" [trans] 1

CO(g) + HyO(g) = CO(g) + Hy(g)

Initial moles 2 5 0 2
Equilibrium
moles 2-x 5-x X 2+ x
Now, K,y =3.0= 240
2-x)(5-x)
=x=1.5
2+x

o [Hy]=——=175M
[Hy]= =]

NH,HS(s) = NH;(g) + H,S(g)

{ bar { bar
2 2
- AG®=—RT-1n K,°
- _RT 1n(§§) — 2RT(Inx~In2)



Section B (One or More than one Correct)
1. NH, HS(s) = NH;(g) + H,S(2)

Equ. partial pressure 0.2 atm 0.2 atm

Second Equ. partial pressure  0.5atm P atm
Now, Kp,=0.2x02=0.5xP = P=0.08
2. Ang=0
1
3. N,Os(g) = 2NO,(g) + 502 (g)
Initial partial
pressure P, 0 0
Equ. partial
P,
pressure P(l-ay 2aP, %
M-2D M-2D
and o = =

(5—1)21) 3D
2
Total equilibrium pressure = Py(1 — ) + 2 ot Py +

oF, 3a
2 °(+2)

Le Chatelier’s principle
Theory based
Theory based

A

Vapour pressure of a particular liquid system
depends only on temperature.

*®

Cly(g) = 2Cl(g) rT Pl

9. Addition of insert gas at constant pressure shifts
the equilibrium in the direction of increase in
moles of gases.

10. Decrease in pressure favors the reaction is the
direction of increase in moles of gas and hence, B
should be monomer.

11. A,G°:NO, > N,05 > NO

12. At 300K : AG° =(-41) - 300 x (-0.04)
=-29 KJ/mol

Hence, the reaction is spontaneous in forward
direction.

At 1200 K : AG° =(-33) — 1200 x (-0.03)
=+ 3 KJ/mol

Hence, the reaction is spontaneous in backward
direction.

13. Theory based.

14. Theory based.
15. S=dA.e MR

=Ins=In A—ﬂ
RT

Positive slope represents that AH = negative.

16. Theory based.

17. sz = PC]z(g) = 0.2 atm
Kp = Poy, gy B o0 = 0-2%(0.001)° = 2x107*° atm”

Fi,0(e = Vapour pressure of ice.

18. PCly(g) = PCly(g) + Cly(g)
Initial moles 5 0 0
Moles at equilibrium  5—x X X
From question, (5—x)+x+x+4= _48x112

0.0821x546
=x=3
L a=2=06
5
and K, = ﬂ(ﬁ) =1.8atm
S5—x \12
19. 4HCl(g) + O5(g) = 2CLy(g) + 2H,0(g)
Initial partial 1.0atm 0.25atm 0 0.4 atm
pressure
On completion 0 0 0.5atm 0.4 atm
Equ. partial 4x atm x atm 0.5atm 0.4 atm
pressure
2 2
Ky =5x107 = (0.5)°(0.4)

(4x)* x x
=x=5x10"*

20 AG°=2%A,G°\0, (5~ A;GN,0,() =0

=K =1
2

o PNOZ
Now, AG=AG°+RT:-In Q=0+ RT-In

N,0,
2
=RT -ln& = positive.
10



21. AB, (g) + A(s) =2 AB(g) 22. PCl4(g) = PCl,(g) + Cl,(9)
Initial partial 0.7 bar 0 Initial moles 1 1 0
pressure Equ. moles 1-x 1+x X
Equ. partial (0.7 — x) bar 2x bar ~1 ~1 —0.004
pressure
Secqnd equ. y bar 0.4-y) © K= 1x0.004 o 1) 0.0004 M
partial pressure bar 1 10

From question, (0.7 — x) + 2x =0.95 23. AG°=-RT -InK,°
=x=025 — 1743 = 8.3% 300 x In K°
_ (x)P (057 5 L Kp=2
PT07-x)" 045 9 . .
24, K, = =—
N2 - K
Now, S_(04-y) K,xK; 0.24
9 y As An,=0,[4] + [B] +[C]=1 M
=y=013 25. Addition of water will shift the reaction in the
.. At second equilibrium, the volume per cent of direction of increase in mole of ag species.
AB, = wx 100 =32.5%
0.4
Section C (Comprehensions)
Comprehension |
1. For SrCl, - 2H,0(s), Py o =(2.56 x 10" 2. For Na,SO,(s), 10H,0(s) to be efflorescent, Py
=0.004 atm <0.002 atm
For Na,HPO, - TH,0 By o = (243 x 103" or (0'04 (RH ) <0.002
=0.003 atm 100
For Na,SO,(s), Py, = (1.024x 10°27)/10 = R.H.<5%
=0.002 atm 3. Na,HPO, - TH,0(s) to be deliquescent, By >
0.003 atm
As Py,o is minimum for Na,SO(s), it is the best REH
dehydrating agent. or, (0.04 X 1'00') >0.003
= R.H.>7.5%
Comprehension Il
0.1 75\ o
4. CO(g) + 2H,(g) = CH;0H(g) Now, K, = WX 03) = 0.16 atm
1x(0. .
Initial moles 0.2 a(say) 0 0.1)
Moles atequ. 0.2 -—x a—2x X K 0.16
—01  22-02 =01 5. Ko=—"F—= —=607TM"
=0. =a-0. =0. (RT)™ (0.0821x750)
7.5%2.463
Total moles=0.1 + (¢-0.2) + 0.1 =—————
(@-02) 0.0821x 750 6. p=02H0IX008IXT0_ 5 500,

=a=0.3

2.463




Comprehension 11

7. C,H;OH + CH;COOH = CH;COOC,H; + H,O
Initial moles
a a 0 0
Equilibrium moles

a—Xx a—Xx X X

From question, X 20333= 1
2a

3
2
= Xx=-a
3
XX
N ,K =—=4
O R = =) (a—x)

8. C,H,OH + CH,COOH = CH,COOC,H; + H,0

Initial moles

- 2 0 0
3 3
Equilibrium moles
a 2a
——Xx —Xx X X
3 3
XX
N K, =4=
R O Y
——x || ==-x
3 3
= x=0.2833a
.. Fraction of alcohol reacted = i} =0.85
a

9. Solution of 0.7 = 2 x100 = 66.67%
a

Comprehension IV

10. 2HI(g) = Hy(g +L(g 11. In the presence of 1,(g), the extent of dissociation
Initial moles 1(say) 0 0 of HI will decrease.
Equilibrium 12.  Addition of He(g) will not affect thequilibrium.
moles 1-0.2222=0.7778 0.1111 0.1111
= 0.1111><0.12111 _ 1 0.0
(0.7778) 49
Comprehension V
13. NH,HS (s) = NH; (g) + H,S (2) 15. Py, = By,s =y Kp =250 mm
Initial partial pressure P mm 0

Equilibrium partial pressure (P + x)mm x mm
From question, P+ x=625and (P + x) + x =725
- x=100 and P =525

14. Kp=(P+x)- x=625x 100 mm’

- Kp (required) = KL =1.6x107 mm >~

P

16. Minimum mass of NH,HS (s) needed.

@XS.O
760

=————x5lgm
0.0821x300




Comprehension VI

A,
17. K, =L MR =
b

18. =—=¢
Kf eq

—(-24.942x10%) 10

8.314 %300

3
AH = Ea;~ Ea,= Ea;~ S Fa; = Eaj=2 (-AH)

Now, K :Af-e‘E"f/RT Cxe 8314300  — ,~20
b

and K, = ¢’

Comprehension VII

1 2

20. 280; = 2850, + O, 2xP? 50
o a Now, KP:3 X[ (5 = 2700 atm?
Equilibrium moles l-«o o B (1) 3
, 3
az . g KP
(1-a) ONH, == N, + 3H,
2 .
N Initial moles 2 2 2
3 Moles at
21. INH, = N, + 3H, equilibrium 2-2x 2+ x 2+ 3x
Equilibrium o 20 10 = 134x0.5224 _35
moles -« 3 > 28
Sox=0.5
1 1 _ 3 2
=3 =3 =1 Now, K, = 2700 = —2'55 (()?;'25) x(g)
P 2700 x 813 atm
2.5%(3.5)
Comprehension VIII
N, + 3H, = 2NHjy K, and P, ;=(OP-x-y)+ (13P-3x-2y)+2x +y
Initial partial =7P
pressure 9P 13pP 0 P
ey . . -0 d P= 10
Equilibrium partial y an )
pressure 9P—-x-y 13P-3x-2y 2x
2
N, + 2H, = NpH; K, I R S
d .p3 5P, a 2
Initial partial Py, - A, 70 (2P, ) 20P;
pressure oP 13P 0
Equilibrium partial . Kp (required) = 20 Poz
pressure OP—-y—x 13P-2y—-3x y
3,
. P, P -
From question, Py, =2x=F = x= 5 24 K. =N 2 3
R R B Sh > 20R}
By, =13P-3x-2y =2k, N, ““H, x(2F)) 0

2




Section D (Assertion—-Reason)

1. Direction of shifting of equilibrium will depend 7. Theory based
on relative values of a and b. L . .
o 8. Exothermic direction is favoured on lowering
2. Equilibrium opposes the changes. temperature.
3. Theory based 9. NaCl(s) = Na*(aq) + Cl (aq)
4. Theory based )
10. On decreasing the volume, moles of A(g) as well as
5. Theory based B(s) will increase.
6. K,=K.-(RT)
Section E (Column Match)
1. Theory based 9. Feo, =Kp=2463atm
An
2. Kp=Kc(RT)™ . Neo. at equilibrium = —03X15__ 5
. 2 0.0821x900
3. Le Chatelier’s principle
(A) % of CaCO; decomposed
4. Le Chatelier’s principle _ % «100 = 50% (Eqn)
5. Le Chatelier’s principle ’
(B) % of CaCO; decomposed
6. Le Chatelier’s principle 0.5
=—-x100=100% (Eqn)
7. Le Chatelier’s principle 0.5
8. Le Chatelier’s principle (C) % of CaCO; decomposed =100% (non-Eqn)
10. Le Chatelier’s principle
Section F (Subjective)
Single-digit Integer Type
1. 2H,S(g) = 2H,(g) + S(2); K, = 10"° = Veor, =500-2x200 =100 ml
Initial moles 0.1 0 0 200
Equilibrium . Hence, Feg, = Fo, = 300 x10=4 atm
moles 0.1-x X —
2 _ 100 x10=2atm
=0.1 R T500"
Now, 4x4
, X K,=—=4
XTX— 1 2
Ke =107~ 122X(0_4) 62.55 4.48
(0.1) ' 3. Initial: np. =——=0.3 and ny, =——=0.2
=x=2%10" 5 208.5 2 224
,3 N
. Percentage dissociation = 2x10 x100 = 2% PCl; = PCl,  + C
Initial moles 0.3 0 0.2
2. Veg, =500-300 =200 ml =V, Equilibrium moles 0.3 —x X 0.2+x



Now, =x=02

_x(02+x) ( )4 ): x(0.2+x) RT .. Final pressure = (0.5+x)x0.0821x 346
77 03-x) \05+x) (03-x) V¥ 448
=T7atm
X(0.24x)  0.0821x 546
or, 8§ = X
03-—x 4.48

NaOH is used to neutralize acetic acid. From the given data, half of the acid taken is neutralize.
CH,COOH + C,H;OH = CH,COOC,H; + H,0

Initial moles a a 0 0
Equilibrium moles a-— ¢ a-— 4 a4 a
2 2 2 2
a
27
v Ky = PR 1
P X P
2

2HI = H, + I,

Equilibrium moles 1-0.8 0.4 0.4
=0.2
= O.4><02.4 —4
(0.2)
Now, H, + I, &= 2HI
Initial moles 2 2 0
Equilibrium moles 2-x 2-x 2x
1 (2x)*
@747 2-02-x)
=x=04

Now, n, of I, =, of Na,S,0;

or, (2 - x)x2=Vx(1.6x1)

=V=2L
Cl,CHCOOH + C;H,, = CL,CHCOOC;H,,
I: Initial moles 1 4 0
Equilibrium moles I-x 4-x x=0.5
II: Initial moles 1 a 0
Equilibrium moles -y a-y y=0.6
Now, K, = 0.5 x0.7 = - x0.72
4 0.5%3.5 0.4%x(a—-0.6)

=a=5



11.

12.

Nco, at equilibrium = 0.05 9. Sb,S5(s) + 3H,(g) = 2Sb(s) + 3H,S(g)
. Minimum mass of CaCO; needed = 0.05 x 100 Initial moles 0.01 0.01 0 0
=ogm 1.19
Equ. moles 0.01 —x 0.01-3x 2x 3x=——
Ag'(aq) + Fe?(aq) = Fe™(aq) + Ag(s) 238
o _ -3 _ -3
Initial 550009 500x1.0 =210 =210
moles 0 -333
1000 1000 Now. K =Ox107) _,
=045  =0.50 S (5x107Y
Equilibrium
moles 0.45-x 0.50-x X X 10. H,0O + D,0 = 2HDO
Now, n,, Fe’* =n,, MnO; Initial moles 28 28 0
Equ. moles 28 -14=14 28-14=14 2x14=28
or, (O'So_x)x30><l: 25><0.06><5 (287
1000 1000 CTTaxia” 4
= x=025 X
Ky = X —sM™!
(0.45-=x)(0.5-x)
3A,8) = Aq@. K, =1.6atm™
Initial partial pressure 2P,
Equilibrium partial pressure 2Py—3a-b
Axg) + C(® = AC(, K, =xatm™
Initial partial pressure 2P, P, 0
Equilibrium partial pressure ~ 2P,—b—-3a P,-b b
From question, ¢ = 0.2,
P
A 1622 16
= Py, =0.5=2F -3a-b
and 2Py—3a-b)ta+(P,—-b)+hb=14
= P;=0.7and b=0.3
Now, K. = b __03
P2 (2Py-3a-b)(Py—b) 0.5x.4
=1.5atm™
Initial partial pressure of IBr (g) 13. Hy(g) + L(gg=2HI(g)
_ 8.28 y 0.0821x 500 I: Initial moles 1 3 0
207 01642 S
N Equilibrium
2IBr (g) = I(g) + Bry(g) moles 1-x 3_X x
Initial partial pressure 10 0 0 2 2
Equilibrium partial II: Initial moles 3 3 0
pressure 10 - 2x x x=4 Equilibrium
_4x4 moles 3-x 3-x 2x

Tt



2 2
Now, K. = (x) = (2x) From question, [O,]= Xty 2.5
GG |
2 2 =x+y=5
3 — —
= Xx== And K. :2.5:(x y)xSXl:(S 2y)><5xl
2 ! 4—x 2 (y=1 2
s K =4 =y=2
14. N,O(g) = N,O;(g) + O,(g); K- =2.5M
205(2) 205(2) 2(8); K¢, - [N,0]= g 1M
Initial
moles 4 0 0 15. Inleft chamber, P, =2atm
Equilibrium ‘
_ _ + 4-2
moles 4-—x xX-y x+y o Pap, =P = 5 —1atm
N,0;(g) = N,0(g) + Ox(g); K
205(8) ,0(g) »(2) G L K, =1x1=1 atm?>
x 0 0
Equilibrium moles x — y y x+y
Four-digit Integer Type
1. P-xyloquinone + M.W = P-xylohydroquinone + From question, 2 +y) + 2 —-y) + 2 + (x — y)
M.B. =2X%x6
Initial 0.012M 0 024M 10°M or, x—y=06
conc. 5 and K. = 2><2Xl:(2—y)><(2+x—J/)XL
Equ. 0.012+ 4x10°M 0.24-4 . 4 2 7 (2+y) 2r
con. 4x10° x10° 107 ——
100 -
) org- B8 2
x 107 (x—4) 3
=0.012 =0.24M 0.96x 107 m 4. K3 =1=AG°=0
0.24x0.96x10™° ° 3
g DR 4g0 = AT 2330 g
= Peq T 0.012%x4 %10 AS° (223—33)(103)
1520
2. 6HCHO = C¢H,,05; K, =6.4x10" , ,
5. Graphite = Diamond; AG® = (3.0 - 0) kJ/mol;
Initial conc. 0 1M P, =1bar
Equ. con.  6x I-x=1M AG=0 pP,=p
Now, K,y =64x10= — 1 Now, A (AG)=AV-AP
[HCHO] or, (AG—AG°) = (Vpi, — V) (P, — P))
= [HCHO]=5x10*M 2 D
_ o |[Lte 12 -6 105
5 10% x 30 gL or, (0-3.0%x 10%) [(3‘6 2.4)><1o ][PZ 10° ]
=15mg/L
me v Py=1.8x10° Pa=18x 10* bar
3. PCl; = PCl; + (I, .
. o Feo, 10
Initial equ. moles 2 2 2 6. Kp= P - 200
Moles on adding Cl, 2 2 2+ x o
Final Equ.moles 2+y 2-y 2+x-y Now, AG®=-5320-5.6 T=-RTIn K,



7.

6
=2xTxIn —
400

n T=532k
4HNO; (g) = 4NO, (g) + 2H,0 (g) + O, (g)

Initial

partial

pressure P 0 0 0
Equ.

partial

pressure Py —4x 4x 2x X

From question, P, —4x =2 atm
and (P, —4x) + 4x + 2x + x =30 atm
o Py=18 atm and x =4 atm

4 2
Now, K]) = % =2204tm3
—4a4Xx
o
K 20
and K, =—2 2 =32M°

c

(RT)™: (0.08x400)°

Initial: Pyo = Py bar and Py, = (1 - P,) bar
2NOCI = 2NO + (1,

Initial partial pressure P, 0 0
Py—-2x 2x x=12-1.0
=0.2
Par. pre. on adding Cl, P,—2x 2x x+(8.3-1.2)
New Equ.partial pre. P,—2x+2y 2x-2y7.1+
X=y

Eqn. partial pressure

From question, y=8.3 -8.2=0.1
B (2x)* x x B (2)(—2y)2 X(7.1+x-y)

Now, K, = 5= 3
(F, =2x) (Fy —2x+2y)
2 2
: 0.4 ><O.22 _02 ><7.22 =B =05
(B-04) (R -02)
and K,=3.2
Initial equilibrium:
A + 2B = C
Initial partial pressure P, 2P, O
Equ. partial pressure P,—x  2P,—2x X
From question, (P, — x) + (2P, — 2x) + x + 3P,
5
= —X6F
6 0

P,
or,x= 2

10.

11.

Second equilibrium:
A+

Initial partial pressure 2P, 4P, 0
2Py—y 4Py—-2y y-2z
2C + D = 2F
y 6P, 0
6Py—z 2z

Equ. partial pressure

Equ. partial pressure ~ y—2z
From question, 2Py, —y =y — 2z

Now for the first reaction,

K - by _ y=2z
PP —x)(2P, -2x)> (2P, — y)(4P, —2p)*
0o~ X 0 — <X 0o~V 0 <)
1 1 3 P,

—=————=y==Pandz=—"
or, B2 @R —-2yp 20 2

Total equilibrium pressure:
First equilibrium = 5P,

Second equilibrium = (2P, — y) + (4P, — 2y) +
y—2z) + (6P) — 2) + 2z

A, + B, = 2AB
Initial moles 0.2 0.2 0
Equ. moles 02-x 02-x 2x=03

=0.05 =0.05
2
d 0.05x0.05

After adding C,:

A, + B, = 2AB
Initial moles 0.2 0.2 0
Equ. moles 02—-y—-z 02—y 2y=0.24

=0.08—z =0.08

A, + C, = 2AC
Initial moles 0.2 0.1 0
Equ. moles 02-z-y 0.1-z 2z

2
Now, K, =36=(0'¢=>z:0.06
(0.08-2)%0.08
(012
€472 0.02%0.04
AG=AG°+RT.In Q=-RT. In
K.
A RT I [Product]

b [Reactants]



12.

13.

14.

K
»[Product] “RT.In
K ;[Reactants] Iy

=RT. In

=2x300xIn %:72400 cal
e

A + B= CK=4x10"

Initial moles 5 5 0

Equ.moles 5-(x+y) 5—-x Xx

A + D= CK,=10"

Initial moles 5 5 0 15.

Equ. moles 5-(x+y) 5—-y y

As K, and K, are very large, (x + y)=5 (1)

K _
and KLy X STy x_, )
2 S=x vy y

From (1) and (2), x = ?

. Moles of B at equilibrium =5 - x = g

Br, (I) + Cl, (g) = 2Br Cl(g); K, =1 atm
Initial
moles  x 10 0
Equ.
moles =0 10-x 2x
Br, (I) & Br, (g); K,=0.25 atm
Initial moles y 0
Equ. moles =( y
From question: »x0.082x300 =025=y= >
164 3
and (10 —x+2x)x0.082 %300 900 x= 10

164 3
~. Minimum mass of Bry(I) = (x + ») X 160 gm =
800 gm
250, = 280, + O,
1 (say) 0 0
1-04=06 04 02

Initial moles
Equ. moles

oM, = 1x80
1.2
px 80
PM ﬁ
Now,d= ——=>16=———"—
RT 0.0821x 22
0.0821
= p=2l6atm
2
00102, 206

P(0.6) 1.2

A, = 2A; K, =xatm
Initial partial pressure 1 atm 0
Equ. partial pressure 1 —(x +z) 2x

B, = 2B; K,=y atm

Initial partial pressure 1atm 0
Equ.partial pressure 1 —(y +z) 2y
A, + B, &= 2AB;K;=2
Initial partial
pressure 1 1 0

Equ. partial

pressure l-(x+z) 1-(y+2) 2z=0.5
(1
From question, [l —(x + z)] + 2x + [l - (y + 2)] +
2y +2z=2.75
S x+y=0.75 2)
2
Now, K3 = (0.5 =
(0.75-x)(0.75-y)
= x=0.25or 0.50
y =0.50 or 0.25
2y
Ky 1-(y+2) 2y x(0.75-x) 1 o 8
K (2x) (2x)x(075-y) 8 1
1-(x+2)
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