Chemical Equilibrium

1. The state at which concentration of reactants or
products do not change with time.

2.1t is attained when rate of forward reaction
becomes equal to rate of backward reaction.

3. A dynamic equilibrium, attained from either side.
Irreversible and reversible reactions
Irreversible reactions

. Unidirectional

Reversible reactions
. Both directional

. Go for completion . Never go for completion
. No equilibrium is attained

. A reaction is said to be
irreversible when either of the
product is settled down as
solid or escapes out as gas,
eg,

BaCl; +Na;S04—— BaSOy
(insoluble)
+2NaCl
CaCO3 —> Ca0+CO,T
Law of mass action : Guldbarg and Waage proposed
that, “The rate at which a substance reacts is directly
proportional to its active mass and the rate of a chemical
reaction is directly proportional to product of active masses of
reactants.”
Active mass :
Active mass of a reactant = Concentration of reactant x
activity coefficient
a=f xmolarity = y x molality

where f and v are activity coefficients. For dilute solution f

and 7 are unity. ’

a = Molarity = Molality

Formulation of law of mass action :

Consider a reversible reaction

mA+mB+... = mZ+nY+....

Attains equilibrium

AW N -
s W N =

. Otherwise the reaction is
reversible, e.g.,

CaCO3; == Ca0+CO; (in
closed container)

Rate of forward reaction o< (a4 )™ (ag )™

=Ky(aq)™ (ag)™
and Rate of backward reaction o< (az )" (ay)™.......
=Kp(az)" (ay)™
where K ; and K, are rate constants for forward and backward
reactions respectively.
At equilibrium,
Rate of forward reaction = Rate of backward reaction
Ky(ay Y™" (ag)™..... =Kp(az)™ (ay)™....

Ky _ (az)"(ay)™... ork. = 82)" (ar)™...

(1
Ky (ag)™ (ap)™... (aq)™ (ap)™... H
Since, a = f x molarity
ByEq.(1). K, =20 Uy (1™
Ua -[4AN™ -[fp - [BI™...
of Kk, YD Up)™ _ [Z1mryn..
)" ()™ [A1™M[B1™...
[21"ry...
or K, =—_—
C LA™ (B (2)

wl.xere [Z.], [Y], [4] and [B] are concentration of
respective species at equilibrium,

In case of gaseous

phases, a o< Partial pressure of gas, at
constant T’ ' ¥ s

Kp =P B)™...
(Pa)™ (Pg)™...
or Kp = Inz M [ny ). sz [L]An
(n4)" [ng]™... LRT
where Co An='[m| tmy+.]=[n +ny+..)
Whelje Pz,Py,P4 and Py are partial pressures of respective
species 234at equilibrium.
where K,,K¢ and K
active mas

.(3)

P are equilibrium constants in terms of
S, concentration and partial pressure respectively.
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NOTE: 1. Normally ‘ f* values are not given in numericals and thus K¢
and K p are evaluated and not K,.
2. Reaction Quotient Q for the reaction :
mA+myB+.....¥= mZ+ mY+......,can be written as
_ 21

[A)™(B)™.......
_ER
[P 1™ (P ™.
w_hen? [Z'],[Y], [_A], [B] are concentration at = 0 and
P; B ,P4 and Pg are partial pressures at £= 0.
The reaction Quotient helps in predicting the direction of
reactionie,is Q> Kbackward direction
Q <K forward direction
Q =K At equilibrium
Relation in between K p and K¢
Kp =K (RT)™ e
where An = No. of mole of product — No. of mole of reactant
For An, one should remember.
(1) Anmay be zero, +ve or —ve integers or fractions.
(2) Only gaseous phases are to be taken in account.
(3) IfAn=0,Kp =K¢ :
N2 (g)+3H2(g)=2NH3(g) An=-2
Hj (g) +12(g) = 2HI(g) An=0
CaCO;3 (s)==CaO(s) +CO3(g) An=+1
1

SO; (g) T—*SOz(g)+%02(g) fn=+3

(for gaseous phase reaction)

Units of K p and K¢
Unit of K p = (Unit of pressurc)A" = (atm)®"
Unit of K ¢ = (Unit of concentration)” =(mol litre1)A”
if An =0, no unit of Kp or K¢c.

Note : Now-a-days equilibrium constant is expressed as
dimensionless quantity by specifying the standard state of
reactants and products. For example standard state for pure
gas is 1 bar and the partial pressures are expressed with
respect to this standard e.g., a pressure of 2 bar in terms of
standard state is %E:—: ie, 2 a dimension less quantity.
Similarly for solution species, the standard state is 1 M.

Factors influencing equilibrium constant :

(1) Temperature
The variation of K¢ or Kp with temperature has been
expressed in terms of :

hx =R TR
K o[ -T1]
or 2.30310g,0—é=Ag [—ZTITTI A5)

[Integrated form of van’t Hoff isochore for two temperature
limits] -
or Ty e .(6)

(For one temperature limit]

an

where K is equilibrium constant; T represents t_emperamre;
AH?® is heat of reaction; A is frequency factor; R is molar gas
constant. _

Case I : For endothermic reaction AH ° = +ve andif T >T

K
Then by Eq. (5), log10 7(1 =+ve.. logio K2 >logio K1
1

or K> >K e .
ie, Equilibrium constant increases with increase in
temperature for endothermic reaction. )

Case II : For exothermic reaction AH°=—ve andif7» > Ty

Then by Eq. (5), :
log1o %:-ve or logjo K2 <logio Ky orK; <K
1

ie, Equilibrium constant decreases with increase in
temperature for exothermic reactions.

NOTE : Put R in the same unit in which AH °is given or desired.
(2) Stoichiometry of change

The numerical values of K¢ or Kp change with
stoichiometry, e.g.,

N3 +3H, = 2NH; %Nz +%H2 = NH;

L) K, = INH3 ]
N2 ][H, P 7 MNp1Y2H, P2
K¢, =[Kc, ) o)

(3) The mode of representing the change

The numerical values of Kp or K¢ also change with
method of representing equilibrium, e.g.,

(&

Nj +3H; == 2NHj; 2NH; = N, +3H,

Ko = NHT ke, < N2 1H, P
N2][H, ) P NH3)?
Ke, =é -(8)
3
By Egs. (7)and (8), Ke, =(Kc,)? =KL
G

(4) Units in which pressures or concentrations are expressed

(@) If An=0; Kp or K¢ values do not ch i
change in units of P or C. S

() If An#0; Kp or K¢
in units of P or C.

NOTE: When areaction takes place in more than one step, there can

be a relatior.\ship among the equilibrium constants of the
overall reaction and those of the step reactions.

Thereaction,  H;0, +2H* +20~ =1, +2H,0
[;][H,0)?
[H,0,][H* 1’7 )

values change with change

for whichK = takes place in the following

steps,
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[OH™ ][HOI]
1=
[H202]07]

[H;0]
[H* J[OH™]
__ [2][H,0]
Ky = —m
[HOI[H™ )[1™]
Multiplying equations for K, K and K 3, we see that,
K=K K K, ..(9)
Th_us, when a reaction takes place in more than one step,
the equilibrium constant of the overall reaction is equal to the
product of the equilibrium constants of each step.
Degree of dissociation and its use
2HI= H; + I
. De f dissociati — _Mole dissociated
gree of dissociation v(a) T — present
before dissociation

The use of ‘.’ should be made very cautiously.
The reactionratiois HI : Hy :15 ::2:1:1

H;0; +1” = OH™ +HOI; K
H* +OH™ = H,0; Ky =

and HOL+H* +I” =21, +H,0;

(i) eg. 2HI == H, + I,
Moleattr=0 1 0 0
Mole at equilibrium 1-x x/2  x/2
a= 1;- =x
(ll) 2HI = Hz + Iz
Moleatr=0 1 0 0
Mole at equilibrium 1-2x X x
a=2
(iii) 2HI = H; + I,
Mole att=0 a 0 0
Mole at equilibrium a-x x/2 x/2
o= f
(iv) 2HI = H; + 1,
Moleatt=0 a 0 0
Mole at equilibrium a—2x % x
: asl
) 2HI = H; + I
Moleatr=0 a 0 0
Mole at equilibrium (a—ax) i‘;l %

or a(l-x)

Numerical Chemistry

ax
oo=—=Xx
a

Select either of the case and derive K¢ or K p accordingly
as reported earlier, following step by step.

Factors influencing equilibrium concentrations

(1) Temperature. (a) An increase in temperature
for exothermic reactions decreases the concentration of
products at equilibrium and vice-versa.

(b) An increase in temperature for endothermic
reactions increases the concentration of products at
equilibrium and vice-versa.

(2) Pressure. An increase in pressure to an
equilibrium favours the reaction where number of mole or
volume shows a decrease and vice-versa.

(3) Addition of inert gas. (a) Addition of inert gas
to an equilibrium (if, An =0) has no effect.

(b) Addition of inert gas to an equilibrium (if, An#0)
has no effect, if addition is made at constant volume but
addition at constant pressure will favour the direction of
reaction where total number of mole at equilibrium show an
increase.

Equilibrium Constant and Standard Free Energy Change
AG=AG°+2.303RT log Q

where O represents the reaction quotient. At equilibrium,
AG=0and Q=Kp or K¢ as the standard state is referred in
terms of partial pressure or concentration.

Thus, the equilibrium constant X p is related to standard
free energy change (AG®) by the relation;

AG°=-2303RT logyo Kp

Also, AG°=-2.303RT log g K¢

Since, AG° can be obtained from independent
measurements, e.g., from thermal and spectroscopic data, it is
possible to calculate Kp. The AG® value for a spontaneous or
feasible reaction is always negative. From equation, AG® is
obtained in the same energy unit in which value of R is
introduced, provided, the equilibrium constant X p is just a
pure number or it is calculated by taking partial pressure in
atmosphere.

From equation we may conclude that

When AG°=-ve or K>1;

Forward reaction is feasible at unit concentration (or
partial pressure)

When AG°=+ve or K<,
Reverse reaction is feasible.
Also, is AG°=0 then K=1;
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® NUMERICAL PROBLEMS e

1.

State which one is homogeneous or heterogeneous ?

@) S eniitis == 8 Mool
) H,0() = HzO(V)

© H,0(s) = H,0())

d) CDiamond = CAmorphous

(e)  N2(g)+3Hz(g) == 2NH;(g)
(f) CuSO4(s) +3NHj () = CuSO, -3NH; (/)
(8) CaC0j3 (g) == Ca0 (s) +CO, (g)

. Write equilibrium constants for each ;

@) KCIOj3 (s) = KCl(s) + %oz

(b) Hj(g)+3Fe;03(s) == Hy0(g) +2Fe304(s)

(€) CaCy(s)+50,(g) == 2CaCO; (s) +2C0; (g)

(@) Ha (g) +12(g) = 2HI(g)

(¢)  N2(g)+3Hz(g) +=2NH;3(g)

(f) CH3COOH(/) + CH30H(l) = CH;COOCH; (1)
+H,0())

. If a mixture of 3 mole of H, and one mole of N is

completely converted into NH3, what would be the ratio

of the initial and final volume at same temperature and

pressure ?

Calculate the equilibrium constant for the reaction
Hj(g) +CO2(g) = H20(g) +CO(g)

at 1395 K, if the equilibrium constants at 1395 K for the

following are ;

2H,0(g) ==2H; +0,(g)

2C0,(g) ¥=2CO(g) +02(g)

Ky =2.1x10"13
K, =14x107"2

. The equilibrium constant of the reaction,

so3(g)‘——~s02(g)+%02(g)

is 0.15 at 900 K. Calculate equilibrium constant for
250, (g) +02(g) = 2503(8)

. Following two equilibria exist together

K K
24 =1 = B+C
Ky Ky
Show that equilibrium constant for overall reaction
j o LS
K7K4

. =2
. K¢ for the reaction, N, +3H, = 2NHj is 0.5mol

litre ™ at 400 K. Find Kp. Given R =0.082 litre atm
degree™ mol™',

For the reaction A + B < 3C at25°C, a, 3 litre vessel
contains 1, 2, 4 mole of 4, Band C respectively. Predict
the direction of reaction if :

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(a) Kc for the reaction is 10.
(b) K for the reaction is 15.
(c) K for the reaction is 10.66.

. At temperature 7, a compound AB;(g) dissociates

according to the reaction : 24B; (g) == 24B(g) + B2(g)
with a degree of dissociation ‘x” which is small compared to
unity. Deduce the expression for x’ in temms of the
equilibrium constant K p and the total pressure P.(ITT 1994)
In which case does the reaction go farthest to completion
:K=1;K=10'% K =107 and why?
The equilibrium constant K¢ for A(g) == B(g)is 1.1
Which gas has a molar concentration greater than17?
The equilibrium constant for the pol)merisaxio?, of
HCHO to CgH20¢ in agqueous solution is 6 x10—_ If
1M solution of glucose was to reach the equilibrium
according to : -
6HCHO = C¢H}20¢ K¢ =6x10—
find out the concentration of formaldehyde in solution.
In an equilibrium 4 + B == C + D; A and B are mixed
in a vessel at temperature 7. The initial concentration of
A was twice the initial concentration of B. Afier the
equilibrium has reached, concentration of C was thrice
the equilibrium concentration of B. Calculate K.
The K¢ for A5 (g) + B2 (g) == 24B(g)at100°Cis 50. If
one litre flask containing one mole of A, is connected
with a two litre flask containing 2 mole of B>, how many
mole of AB will be formed at100°C?
For a gaseous phase reaction,

A+2B = AB,,K¢ =0.3475 litre® mol™
at200°C. When 2 mole of B are mixed with one mole of
1,44’3 wEat total pressure is required to convert 60% of { in

2¢
For a gaseous phase reaction, 2HI = Hy +15, at
equilibrium 7.8 g, 203.2 g and 1638 .4 gofH,,I> and HI
respectively were found in 5 litre vessel. Calculate Kc.If
all the reactants and products are transferred to a 2 litre
vessel, what will be the amount of reactants and products
at equilibrium?
60 mL of H; and 42 mL of I, are heated in a closed
vessel. At equilibrium the vessel contains 28 mL HI.
Calculate degree of dissociation of HI.
In the dissociation of HI, 20% of HI is dissociated at
equilibrium.
Calculate Kp for Hi(g) = % Ha(g)+ %l: ).

The value of Kp for dissociation of 2HI <= H» +lhis

1.84x107, If the equilibrium concentration of H- is

0.4'(8_9 mol litre™, calculate the concentration of HI at
equilibrium,
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The Kp value for the reaction ; Hy +1, ==2H]I, at
460°C is 49. If the initial pressure of Hy and I is 0.5 atm
respectively, determine the partial pressure of each gas at
equilibrium. (Roorkee 1999)
One mole of Hy, two mole of I, and three mole of HI are
injected in one litre flask. What will be the concentration
of Hy, I and HI at equilibrium at 500°C? K. for
reaction ; Hy +1, ==2HIis45.9
0.96 g of HI were heated to attain equilibrium
2HI = Hj +I;. The reaction mixture on titration
requires 15.7 mL of N/10 hypo solution. Calculate
degree of dissociation of HI.
The degree of dissociation of HI at a particular
temperature is 0.8. Calculate the volume of 2M
Na;S;03 solution required to neutralise the iodine
present in a equilibrium mixture of a reaction when
2mole each of H; and | are heated in a closed vessel of
2 litre capacity.
The activation energy of Hy +1, === 2HI in equilibrium
for the forward reaction is 167 kJ mol™ whereas for the
reverse reaction is 180 kJ mole™'. The presence of
catalyst lowers the activation energy by 80 kJ mol™.
Assuming that the reactions are made at 27°C and the
frequency factor for forward and backward reactions are
4x107* and 2x107 respectively, calculate K¢.
A reversible reaction Hj(g)+12(g) =2HI(g) in
equilibrium has [H2]=0.5, [I2] =0.5and [HI]=1.23 in
one litre flask. If suddenly 0.6 mole of HI is removed,
find out the new equilibrium concentrations.
At 700 K, hydrogen and bromine react to form hydrogen
bromide. The value of equilibrium constant for this
reaction is 5 X 108. Calculate the mole of Hy, Bry and
HBr at equilibrium if a mixture of 0.6 mole of H; and
0.2 mole of Br5 is heated to 700 K. (Roorkee 1995)
A sample of air consisting of N, and O was heated to
2500 K until the equilibrium
N (g)+02(g) =2NO(g)
was established with an equilibrium  constant
Kc=2.1x% 1073, At equilibrium, the mole % of NO was
1.8. Estimate the initial composition of air in mole
fractionof N3 andO3. (IIT May 1997)
K¢ forCO(g) + H,0(g) == CO2 (g) +Ha(g)at 986°C
is 0.63. A mixture of 1 mole H,0(g) and 3 mole CO(g)
is allowed to react to come to an equilibrium. The
equilibrium pressure is 2.0 atm.
(i) How many mole of H are present at equilibrium ?
(ii) Calculate partial pressure of each gas at equilibrium
(Roorkee 1992)
An equilibrium mixture of
CO(g) +H,0(g) == CO2 (g) + Ha (8)

30.

31.

32.

33.

34.

35.

36.

Numerical Chemistry

present in a vessel of onc litre capacity at 815°C was

found by analysis to contain 0.4 mole of CO, 0.3 mole of

H,0, 0.2 mole of CO; and 0.6 mole of Hj.

(a) Calculate K¢ .

(b) Ifitisderived to increase the concentration of CO to
0.6 mole by adding COzto the vessel, how many
mole must be added into equilibrium mixture at
constant temperature in order to get this change ?

A mixture of one mole of CO; and one mole of H,

attains equilibrium at a temperature of 250°C and a total

pressure  of 0.1  atm for the  change

CO, (g) +Hz (g) ==CO(g)+H20(g). Calculate Kp if

the analysis of final reaction mixture shows 0. 16 volume per

cent of CO. '

At 700 K, CO, and H react to form CO and H0. For

this purpose K¢ is 0.11. Ifa mixture of 0.45 mole of CO,

and 0.45 mole of H; is heated to 700 K.

(a) Find out mole of each gas at equilibrium.

(b) When equilibrium has been reached, another
0.34 mole of CO5 and 0.34 mole of H; are added to
the reaction mixture. Find composition of mixture at
new equilibrium.

At a certain temperature, K¢ for

SO, (g) +NO; (g) =503 (g) +NO(g)

is 16. If we take one mole of each of all the four gases in

one litre container, what would be the equilibrium

concentrations of NO and NO,?

A mixture of SO3, SO, and O, gases is maintained at

equilibrium in 10 litre flask at a temperature at which K¢

for the reaction,

250, (g) +02(g) ==2503(g) is 100 mol™" litre. At

equilibrium.

(a) Ifno. of mole of SO3 and SO, in flask are same, how

many mole of O; are present ?

(b) If no. of mole of SO; in flask are twice the no. of

mole of SO;, how many mole of O; are present ?

At 627°C and one atmosphere pressure SO3 is partially

dissociated into SO, and 0, by

503(8)=—“502(g)+%02(g). The density of the

equilibrium mixture is 0.925 g/litre. What is the degree
of dissociation ?
The equilibrium constant Kp of the reaction :
280, +0; ==2S03

is900 atm " at 800 K. A mixture containing SO3 and02
having initial pressure of 1 atm and 2 atm respectively is
heated at constant volume to equilibriate. Calculate
partial pressure of each gas at 800 K at equilibrium.
The equilibrium mixture for

280, (g) +02(g) ==2503(g)
present in 1 litre vessel at 600°C contains 0.50, 0.12and
5.0 mole 0of SO, 05 and SOj3 respectively.
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37.

38.

39.

40.

41.

42.

43.

45.

47,

Kp
0 Vv =
rove o. (P+K

(a) Calculate K¢ for the given change at 600°C.
(b) Also calculate Kp.

(c) Hovy many mole of O, must be forced into the
equilibrium vessel at 600°C in order to increase the
concentration of SO3 to 5.2 mole ?

At 273 K and one atm, ‘a’ litre of N,O,4 decomposes to
NO; according to 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 ?
The Kp for the reaction N,04 <= 2NO, is 640 mm at
775 K. Calculate the percentage dissociation of N 204 at
equilibrium pressure of 160 mm. At what pressure, the
dissociation will be 50% ? (Roorkee 1997)
0.1 mole of N,O4(g) was sealed in a tube under
atmospheric conditions at 25°C. Calculate the number of
mole of NO, (g) present, if the equilibrium

N304(g) ==2N02(g), (Kp =0.14)
is reached after sometime. :
The degree of dissociation of N;O4 into NO, at one
atmosphere and 40°C s 0.310. Calculate its Kp at 40°C.

Also report the degree of dissociation at 10 atm pressure
at same temperature.

At 340 K and one atmospheric pressure, N,Oy4 is 66%

dissociated into NO;. What volume of 10 g N,Oy4

occupy under these conditions ?

N,04 dissociates as N,O4 == 2NO;. At 55°C and one
atmosphere, % decomposition of N,O4 is 50.3%. At
what P and same temperature, the equilibrium mixture
will have the ratio of NyO4 : NOz as 1:8?

An equilibrium mixture at 300 K contains N,O4 and
NO, at 0.28 and 1.1 atmosphere respectively. If the
volume of container is doubled, calculate the new
equilibrium pressure of two gases. (Roorkee 1991)

. At25°C and 1 atmospheric pressure, the partial pressures

in equilibrium mixture of gaseous N204 and NO, are
0.7 and 0.3 atm respectively. Calculate the partial
pressures of these gases when they are in equilibrium at
25°C and a total pressure of 10 atm.

An equilibifum mixture of N204 (0.98 mole) and NO;
(0.06 mole) in a 0.750 litre flask at 27°C is expanded
through an evacuated flask of 2.250 litre at 27°C. Wh_at
are the new concentrations of N2O4 and NO; in
equilibrium ?

) for PCl5 = PCl3 +Cly; where
P

@ is degree of dissociation at temperature when
equilibrium constant is Kp.

How much PCl must be added to a one litre vessel at
250°C in order to obtain a concentration of 0.1 mole of
Cly? K¢ for PClg == PCl3 +Cly is 0.0414 mol/litre.

48.

49,

50.

51.

52.

53.

55.

56.

57.
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At 540 K, 0,10 mole of PCl 5 arc heated in a % litre flask.
The pressure of the equilibrium mixture is found to be
1.0 atm, Calculate Kp and K¢ for the reaction,

(Roorkee 1998)

At some temperature and under a pressure of 4 atm. PClg

is 10% dissociated. Calculate the pressure at which PCl g

will be 20% dissociated, temperature remaining same.

(Roorkee 1996)

The degree of dissociation of 0.4 at 400 K and 1.0 atm for

the gascous reaction PCls = PCl3 +Cly. Assuming

ideal behaviour of all the gases, calculate the density of
equilibrium mixture at 400 K and 1.0 atmosphere.

(Atomic mass of P =31.0and Cl =35.5)

The equilibrium concentration of the reactants and

products for the given equilibrium in a two litre container

are shown below :
PCl3(g) + Clz2(g) == PCls(g)
2M M aM

(i) 1f2 mole of Cl; are added in the container, find the
new equilibrium concentration of each.

(ii) If the equilibrium mixture reported initially is
transferred into 4 litre vessel, what would be the
new concentrations at equilibrium ?

At 473 K, partially dissociated vapours of PCls are

62 times as heavy as H;.Calculate degree of dissociation

of PCl5s.

One mole of N, and 3 mole of PCls are placed in a

100 litre vessel heated to 227°C. The equilibrium

pressure is 205 atm. Assuming ideal behaviour, calculate

degree of dissociation of PCls and Kp of the reaction -
PCls = PCl; + Cl,

- One mole of N, is mixed with three mole of Hy ina

4 litre vessel. If 0.25% N , is converted into NH 3 by the
reaction.

N2(g)+3H,(g) ==2NH;3 (g)
calculate K. Also report K- for%Ng +%H2 = NH;.

NH3 is heated at 15 atm from 27°C to 347°C assuming
volume constant. The new pressure becomes 50 atm at
equilibrium of the reaction 2NH3 == N, +3H,.
Calculate % of mole of NH; actually decomposed. i

Ina mixture of N, and H, in the ratio 1 :3at30atmand
300°C, the % of NH; at equilibrium is 17.8. Calculate
Kp forN, +3H, ;‘-2NH3

A reaction carried out by 1 mole of N 2 and 3 mole of H,

shows at equilibrium, the mole fraction of NH 3as 0.012
at 500°C and 10 atm pressure. Calculate Kp. Also report
thf: pressure at which mole % of NHj in equilibrium
mixture is increased to 10.4.
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58.

59.

60.

61.

62.

63.

65.

66.

67.

At 450°C, the equilibrium constant Kp for the reaction
N, +3H, =22NH3 was found to be 1.6x107> at a
pressure of 200 atm. If N, and H, are taken in 1 : 3 ratio,
what is the % of NH3 formed at this temperature ?
Calculate K¢ for the reaction :

2H3(g) +S2(g) ==2H,S(g)

If 1.58 mole of H,S,1.27 mole of H, and 2.78x107* mole
of S, are in equilibrium in a flask of capacity 180 litre at
750°C.

What is the % dissociation of H,S, if 1 mole of H,S is

introduced into a 1.10 litre vessel at 1000 K ? K¢ for the
reaction :

2H,S(g) == 2H, (g) +S, (g)is1x1075.
At 90°C, the equilibrium, H; (g) +S(g) == H,S(s) was
established having K =6.8x1072. If 0.20 mole of
hydrogen and 1.0 mole of sulphur are heated to 90°C in
one litre vessel, what will be the partial pressure of H,S
at equilibrium ?
Calculate the per cent dissociation of H;S(g), if 0.1 mole

of H3S is kept in 0.4 litre vessel at 1000 K. For the
reaction 2H,S (g) = 2H; (g) + S (g) the value of K¢
is1.0x1075. (Roorkee 1994)
Kp for the reaction 203(g) ==30,(g) ; is 1.3x10%7
atm. How many O3 molecules are present in equilibrium
in 10 million cubic metres of air at 25°C and 720 mm Hg
pressure ?

At 1000 K, the pressure of iodine gas is found to be
0.112atm due to partial dissociation. Had there been no
dissociation the pressure would have been 0.074 atm?
Calculate K p for the reaction, I (g) = 21(g).

When S in the form of Sg is heated at 900 K, the initial
pressure of 1 atmosphere falls by 29% at equilibrium.
This is because of conversion of some Sg to S .Find the
K p forreaction. (Roorkee 1990)
For the reaction, CO(g) +2H; (g) == CH30H(g) ; H2
is introduced into a five litre flask at 327°C, containing
0.2 mole of CO(g) and a catalyst till the pressure is
4.92 atmosphere. At this point 0.1 mole of CH30H(g) is
formed. Calculate K¢ and Kp. (IIT 1990)

0.15 mole of CO taken in a 2.5 litre flask is maintained at
750 K alongwith a catalyst so that the following reaction
can take place.
CO(g) +2H,(g) ==CH3;0H(g)
Hydrogen is introduced until the total pressure of the
system is 8.5 atm at equilibrium and 0.08 mole of
methanol is formed. Calculate :
(1) Kp and K¢
(i1) The final pressure, if the same mole of CO and H,
as before are used but without catalyst so that the
reaction does not take place. (11T 1993)
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The value of Kp is1 X1 0~ atm™ at 25°C for the reaction;

2NO(g) +Cla (g) == 2NOClI(g).A flask contains NO at

0.02 atm and at 25°C. Calculate the mol of Cl, that must

be added, if 1% of the NO is to be converted to NOClI at

equilibrium. The volume of the flask is such that 0.2 mol

of gas produce 1 atm pressure at 25°C. (Ignore probable

association of NOtoN,03) (Roorkee 2001)

A graph plotted between logjo K¢ and 1/T is straight

line with intercept 10 and slope equal to 0.5. Calculate:

(i) pre-exponential factor A.

(ii) heat of reaction at 298 K.

(iii) equilibrium constant at 298 K.

(iv) equilibrium constant at 800 K assuming AH remains
constant in between 298 K and 800 K.

Kp for the reaction, N3 +3H, == 2NHj is 1.6x10™*

atm~2 at 400°C. What will be Kp at 500°C? Heat of

reaction in this temperature range is —25.14 kcal.

K for %Hz +%N2 <= NH; are 0.0266 and 0.0129

atm™' respectively at 350°C and 400°C. Calculate heat of
formation of NH3.
Equilibrium constant Kp for

2H,S(g) ==2H2(g) +S2(g)
is 0.0118 atm at 1065°C and heat of dissociation is
42.4 kcal. Find equilibrium constant at 1132°C.

Kp for the reaction, N +3H, ==2NHj3 at 400°C is
1.64x107*. Find K¢. Also find AG® using Kp and K¢
values and interpret the difference.
Calculate the value of log Kp for the reactions,

N2(g) +3H(g) = 2NH3(g)

at 25°C. The standard enthalpy of formation of NH; (g)
is —46 kJ and standard entropies of N, (g), H, (g) and

NH3 (g)are 191, 130 and 192 JK™! mol ™! respectively.

(R=83JK 'mol™!) (Roorkee 1999)
AG® for%Nz +%H2 = NHj is ~16.5KJ mol ™", Find

out Kp for the reaction. Also report K p and AG® for,
N2 +3H; =22NHj at 25°C.

The plot of log o Kp against % for the reaction :

502(g) +302(g) =503 (g)

is a straight line with slope = 4.95x10°. Calculate Kp at
25°C if standard entropies for SO (g), O3 (g) and
SOj; (g) are 248.2, 205.1 and 256.8 JK™! mol ™" at 25°C
respectively.

Show that 2.303 logyo K = 'ATI? + AST where K is

cquilibrium constant and AH° and AS® are standard
enthalpy and standard entropy change at temperature T.
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The heat enthalpy and standard free energy change for
the equilibrium :

Zn(s) + H20(g) == ZnO(s) + Hy (g)
are 224 KJ mol™! and 33 KJ mo]~! respectively at the
temperature 920 K. Calculate the temperature at which
equilibrium constant becomes greater than 1. Assume
AG° and AH remains constant.

Calculate the composition of A and B in an equilibrium
mixture following the reaction :

A<+=B (100 mole of equilibrium
AH°(inkJ) 2427 2544 mixture is present at 300 K)
AS°(inJ) 2464 2533

When 1-pentyne (4) is treated with 4 N alcoholic KOH at
175°C, itis converted slowly into an equilibrium mixture
of 1.3% 1-pentyne (4), 95.2% 2-pentyne (B) and 3.5% of
1,2-pentadiene (C). The equilibrium was maintained at
175°C. Calculate AG® for the following equilibria :

B=4 ; AG)=?
B=C ; AG)=?
From the calculated value of AGIo and AGS indicate the

order of stability of (4), (B) and (C). Write a reasonable

reaction mechanism showing all intermediates leading to

(4), (B) and (C).

For the equilibrium N,04 = 2NO,

(ngo‘)zggl(:lOOkJm]_]and (Ggoz)zgg=50k1mol_l

(i) When 5 mole/litre of each is taken, calculate the
value of AG for the reaction at 298 K.

(ii) Find the direction of reaction and concentration at
equilibrium (IIT 2004)

Consider the reaction A = B.The AH} for 4 and B are

—24.27 and -25.44 kJ/mol respectively. S° for 4 and B
are 246.4 and 252.3 JK~! mol™! respectively. What is
the composition of equilibrium mixture at 298 K ?

The density of an equilibrium mixture of N;O4 and
NO; at 1 atm is 3.62 g/litre at 288 K and 1.84 g/litre at
348 K. Calculate the enthalpy of reaction
N704 ==2NO,. Also calculate the entropy change
during the reaction at 348 K. A
Calculate the equilibrium concentration ratio of C to 4, if
2.0 mol each of 4 and B were allowed to come to
equilibrium 4 + B = C + D at 300 K. The AG® for the
change is 460 cal.

AG°=7777K) mol™' at 1000K for the reaction
%Nz(g)+%oz(g),—_~N0(g). What is the partial

pressure of NO under equilibrium at 1000 K for air at I atm
Pressure containing 80% N and 20% O3 by volume ?
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88 g chunk of dry ice and 30 g graphite were placed'in a
5 litre container and the mixture was heated to achieve
the equilibrium :

CO;,(g)+C(s) =2CO(g)
Calculate the value of K p at 1000 K if the density of gas
mixture is 18.3 g/litre. What is the value of K, at 1100K
if density of gas mixture is 18.9 g/litre. Also calculate the
enthalpy of reaction.
Following data are given for the reaction :

Ha(g) +552(8) = HaS (g)
T(K) 1023 1218 1362 1473 1667
logoKp 2.025  1.305 0902 0643 0257

Assuming AH° and AS° constant for the given range,
calculate AH® for the reaction in the range 1000 to
1218 K. Calculate AG® and AS*® at 1023 K.

Consider the equilibrium A(g) ==2B(g)+3C(g) at
25°C. When 4 is loaded into a cylinder at 10.0 atm and
the system is allowed to come an equilibrium, the final
pressure is found to be 15.76 atm. What is standard
Gibb’s energy change for the reaction ?

Given below are the values of AH® and AS® for the
reaction at 27°C.

302(g) +302(8)—> SO3(g)

AH°=-98.32kJ mol ™" and AS°=-95 JK™! mol™". Find
K p for the reaction.

For NH4HS(s) = NH; (g) +HaS(g), the obsenved
pressure for reaction mixture in equilibrium is 1.12 atm
at 106°C. What is the value of X p for the reaction ? .
Some solid NH4HS is placed in flask containing 0.3 atm

of NH3. What would be pressures of NH 3 and HyS when
equilibrium is reached ? )

NH4HS(s) == NH; (g) + HaS(g):  Kp=0.11
The equilibrium pressure of

NH4CN(s) = NH; (g) + HCN () 15 0.298 atm,
Calculate Kp. If NH4CN(») is
presence of NHj3 at 0.25 atm,
of HCN at equilibrium,

When 3.06 g of solid NH4HS is introduced into a
two-litre evacuated fask at 2TC, 0% of the solid
dccoxpposcs into  gascous  ammonia and - hydrogen
sulphide. (i) Caleulate Ke and Kp tor the reaction at
27°C. (ii) What would happen to the equilibrium when
more solid NH4HS is introduced into the flask ¥

(AT 190)

allowed to decompaose in
caleulate partial pressure

Ammonium carbonate dissociates ay
NH2COONH 4 (v) &= 2NU, (@) +Q0y (p)
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In a closed vessel containing ammonium carbamate in
equilibrium, ammonia is added such that partial pressure
of NH3 now equals to the original total pressure.
Calculate the ratio of total pressure now to the original
pressure.

95. What concentration of CO; be in equilibrium with

2.5x1072 mol litre ™" of CO at 100°C for the reaction ?
FeO(s) +CO(g) ==Fe(s)+CO2(g); K¢ =5.0
96. In the reaction, C(s)+CO;(g) =2CO(g), the
equilibrium pressure is 12 atm. If 50% of CO; reacts,
calculate Kp.
The amount of CO; in a gaseous mixture of CO, and CO
is determined by passing the mixture into an aqueous
solution that contains excess of Ba(OH),. The CO,
reacts yielding a precipitate of BaCO3but CO does not
react. This method is used to analyse the equilibrium
composition of gas when 1.77 g CO5 reacted with2.0 g
graphite in a 1.0 litre container at 1100 K. The analysis
yielded 3.41 g of BaCO3.Use this data to calculate K p at
1100 K for the reaction.
CO;(g)+C(s) ==2CO
A vessel at 1000 K contains CO, with a pressure of
0.5atm Some of the CO, is converted into CO on
addition of graphite. Calculate the value of X, if total
pressure at equilibrium is 0.8 atm. (Roorkee 1993)
99. At 817°C, Kp for the reaction between CO;(g) and
excess hot graphite (s) is 10 atm.
(a) What are the equilibrium concentration of the gases
at 817°C and a total pressure of 5 atm ?
(b) At what total pressure, the gas contains 5% CO; by
volume ? (Roorkee 2000)
The equilibrium attained in a closed container is
H,0 (/) = H,0(v) at 40°C. The aqueous tension of
water in container is 23 mm at 40°C. What is its Kp?
When 20 g of CaCO; were put into 10 litre flask and
heated to 800°C, 35% of CaCO3 remained unreacted at
equilibrium. Calculate K p for decomposition ofCaCO3.
102. At a certain temperature, Kp for dissociation of solid
CaCO3 is 4x 1072 atm and for the reaction,
C(s)+CO, ==2CO is 2.0 atm respectively. Calculate
the pressure of CO at this temperature when solid C,
Ca0, CaCO3 are mixed and allowed to attain equilibrium.
103. Would 1% CO, in air be sufficient to prevent any loss in
weight when M,CO3 is heated at 120° C?
M,CO3(s) = M70(s) + CO2(g)
Kp =0.0095 atm at 120°C. How long would the partial
pressure of CO, have to be to promote this reaction at
120°C?
104. In the preparation of quick lime from limestone, the
reaction is,
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CaCOj3 == CaO(s) +CO2(g)

Experiments carried out between 850°C and 950°C led to
set of Kp values fitting in empirical equation
Inkp =7.282- 200
If the reaction is carried out in quiet air, what minimum
temperature would be predicted from this equation for
almost complete decomposition of lime ?

Under what pressure conditions CuSOy4-5H;0 be

efflorescent at 25°C? How good a drying agent is
CuSOy -3H,0 at the same temperature ? Given

CuSOy -5H;0(s) == CuS0y4 -3H,0(s) +2H20(v)
Kp -1.086x10~* atm? at 25°C. Vapour pressure of

water at 25°C is 23.8 mm of Hg.
From the data given below derive which of the following
reactant is most effective drying agent at 0°C. Given

Py,0 =4.58 mm at 0°C.
(i) SrCly 6H,0(s) = SrClp-2H,0 (s) + 4H,0(g);
Kp =69x10"2am*
(ii) NapSO4-10H,0 (s) = NaSO04(s) +10H20(g);
Kp =4.08x10" atm'”
(iii) Na,HPO, - 12H,0 (s) == NayHPO4 - TH0 (s)
+5H20(g);
Kp =525%107"3 atm’

where T is absolute temperature.

For the reaction,

SnO; (s) +2H; (g) == Sn (/) +2H,0(g)
the equilibrium mixture of steam and hydrogen
contained 45% and 24% H, at 900 K and 1100 K
respectively. Calculate Kp at both the temperatures.

Generally should it be higher or lower temperatures for
better reduction of SnO, ?

For the equilibrium :

LiCl-3NHj (s) = LiCl-NH; (s) + 2NH3, K p =9atm’
at40°C. A 5 litre vessel contains 0.1 mole of LiCl- NH3.
How many mole of NH3 should be added to the flask at
this temperature to derive the backward reaction for
completion ?

The equilibrium : 2Na(g) = Na;(g) was attained at
1.013MPa and 1500 K. The mass % of Na(g) at

equilibrium was found to be 71.0. Calculate Kp of
reaction.

A small thermometer is broken in a closed room of
dimensions 6x5x3m® and the mercury shows the
equilibrium : Hg(/) = Hg(v) at 27°C. The atomic mass
of Hgis 200.5 and vapour pressure of Hg at 27°C is 0.002

mm. Is it dangerous to enter the room if safety limit t0
Hg(v) is 0.05 mg/m’ ?
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In an experiment starting with 1 mole C,H5OH, 1 mole
CH3COOHand 1 mole of water, the equilibrium mixture
on analysis shows that 54.3% of the acid is esterified.
Calculate K¢.

When C,HsOH and CH3;COOH are mixed in equivalent

proportion, equilibrium is reached when 2/3 of acid and
alcohol are used. How much ester will be present when
2 g molecule of acid were to react with 2 g molecule of
alcohol?

When o — D glucose is dissolved in water, it undergoes a
partial  conversion to B-D glucose to exhibit
mutarotation. This conversion stops when 63.6% of
glucose is in B form. Assuming that equilibrium has been
attained, calculate X for mutarotation.

Calculate K¢ for the reaction, KI+1, = Kl3. Given

that initial mass of KI is 1.326 g. Mass of KI5 is 0.105 g
and no. of mole of freeI; is 0.0025 at equilibrium and the
volume of solution is one litre. The solubility of I, in
water is 0.0013 M.

Sulphide ions in alkaline solution react with solid
sulphur to form polyvalent sulphide ions. The
equilibrium constant for the formation of S%_ and S§"
from S and S%~ ions are 1.7 and 5.3 respectively.
Calculate equilibrium constant for the formation of Sg_
fromS2™ and S.
To 500 mL of 0.150 M AgNO3 solution were added
500mL of 1.09 M Fe?* solution and the reaction is
allowed to reach an equilibrium at 25°C.
Ag* (ag.) +Fe?* (ag.) =Fe>* (ag.) + Ag(s)

For 25 mL of the solution, 30 mL of 0.0832 M KMnO4
were required for oxidation. Calculate equilibrium
constant for the reaction at 25°C.
For the reaction,
2Fe’* (ag.) +(Hg2)*" (ag.) =

2Fe?* (ag.) +2Hg?* (aq.)
K¢ =9.14x1075 at 25°C. If the initial concentration of
the ions are Fe’* =0.5M, (Hgy)™ =05M,
Fe2* =0.03 M and Hg?* =0.03 M. What will be the
concentrations of ions at equilibrium ?
0.1 mole each of ethyl alcohol and acetic acid are
allowed to react and at equilibrium, the acid was exactly

neutralized by 100 mL of 0.85 N NaOH. If no hydrolysis
of ester is supposed to have undergo, find K¢

The rate of formation of the complex [Fe(dipy)s ]2+ at
25°C following the reaction :
FeZt +3dipy == [Fe(dipy)3 P

is given as : rate = 1.45 x10"3 [Fe2* )[dipy)®
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The rate of disappearance of complex is given as :
rate =1.22 x10~% [Fe(dipy)3 I**

Calculate the stability constant of complex. dipy is
abbreviated for dipyridyl a chelating agent.
For the reaction Ag(CN)z ==Ag* +2CN7, the K¢ at
25°C is 4x1071%. Calculate [Ag* ] in solution which
was originally 0.1 Min KCN and 0.03 Min AgNO3.

(11T 1994)

The equilibrium constant for the reaction :
H3BOj3 +glycerine = (H3BOj3 +glycerine complex)
is 0.90. How much glycerine should be added to one litre
of 0.10 M H3 BO3 solution, so that 60% of the H3 BO3 is
converted to boric acid-glycerine complex?
For gaseous reaction 4+B = C, the equilibrium
concentration of 4 and B at a temperature are 15 mol
litre!. When volume is doubled the reaction had
equilibium concentration of 4 as 10 mol litre ™.
Calculate :
(@) K¢
(b) concentration of C in original equilibrium.
When NO and NO; are mixed, the following equilibria
are readily obtained;

2NO; ==N;04
NO+NO; ==N;0;3
In an experiment when NO and NO, are mixed in the
ratio of 1 : 2, the final total pressure was 5.05 atm and the
partial pressure of N,O4 was 1.7 atm. Calculate :
(a) the equilibrium partial pressure of NO.
(b) Kp for NO+NO, =N,0;. ,
Following two equilibria are established on mixing two
gases A and C.
(i) 34, (= Ag (g)
(i) 42(g)+C (g) = 4,C(g)
If A'zian.d Care mixed in 2 : 1 molar ratio, calculate the
fl(ll:ll'ltl::;?(‘:l ;(»_aftlal pressure of 43, C, 4,C and Kp for

ii). Given that the total pressure to be 1.4

atm and partial pressure of A¢ to be 0.2 atm at
equilibrium.

Kp =68 atm™!
and

Kp =1.6 atm 2

1 mole of 4 in 1 litre vessel maintained at constant T
shows the equilibrium :
A(g)=B(g)+2C(g) Kc,
C(g)=>2D(g)+3B (g) K¢,

If the equilibrium pressure is 1—63— times of initial pressure

4 .
and[C],,, = 6['4]‘""" calculate Kc, and K¢, .

26. Solid NH4l on rapid heating in a closed vessel at 357°C

develops a constant pressure of 275 mm Hg owing to
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partial decomposition of NH4I into NH3 and HI, but the
pressure gradually increases further (when the excess
solid residue remains in the vessel) owing to dissociation
of HI. Calculate the final pressure developed at
equilibrium K p for dissociation of HI is 0.015 at 357°C.
N and O combine at a given temperature to produce
NO. At equilibrium the yield of NO is ‘x’ per cent by
volume. If x=+K.a.b —@ where K is the
equilibrium constant of the given reaction at the given
temperature and a and b are the volume percentage of N,
and O respectively in the initial pure mixture, what
should be the initial composition of the reacting mixture
in order that maximum yield of NO is ensured? Also
report the maximum value of K at which ‘ x’ is maximum.
The standard Gibb’s energy change for the reaction :
24AB = 4, + B,
is 11.8 kJ at 230 K and 1 atm. Calculate degree of
dissociation of 4B at 230 K.
In a reaction at equilibrium ‘X” mole of the reactant A
decompose to give 1 mole each of C and D. It has been
found that the fraction of 4 decomposed at equilibrium is
independent of initial concentration of 4. Calculate X.
The heat of reaction at constant volume for an
endothermic reaction in equilibrium is 1200 cal more
than at constant pressure at 300 K. Calculate the ratio of
equilibrium constants Kp and K¢.
A vessel of 2.50 litre was filled with 0.01 mole of Sb,S3
and 0.01 mole of H,, to attain the equilibrium at 440°C as :
Sb,S3 (s) +3H, (g) ==2Sb(s) +3H,5(g)
After equilibrium the H,S formed was analysed by
dissolving it in water and treating with excess of Pb?* to
give 1.029 g of PbS as precipitate. What is value of K¢
of the reaction at 440°C ? (Atomic mass of Pb = 206)
Gas A (mol. mass 16) and gas B (mol. mass 4) are
confined into a vessel at partial pressure of 2 atm each at
27°C. The gases are then allowed to effuse out at 27°C
through a value till the pressure inside the vessel
becomes 2 atm after which the valve is closed and the
gases are heated to 127°C and allowed to react as
A+B=C Kp=0.1 atm™~!. Calculate the partial
pressure of C at equilibrium assuming C is not formed till
the effusing process is completed at 27°C.

133.

134.

135.

136.

137.

138.

Numerical Chemis!ry

A gas mixture of volumetric composition 45% CO, 50%
CO, and 5% N, was passed at 1380 K over a briquet of
ZnO, so that Zn vapours was produced according to the
reaction: ZnO (s) +CO(g) == Zn(g) +CO(g). Under
steady condition, the rate of input gas flow at STP is
0.224 dm?> min~". The rate of loss of mass of ZnO is
5x10~ mol min~!. P =770 torr. Find Kp at 1380 K
assuming ideal gas behaviour.
A certain gas 4 polymerises to a small extent at a given
temperature and pressure : n4 == (4),. Show that the
gas obeys the approximate equation :
PV =[l _ ﬂ}
RT pr-l
(41"
and V is the volume of the container. Assume initially
one mole of 4 was taken in the container.
Steam is passed over hot carbon to attain the following
equilibrium at 400 K.
C(s)+Hz0(g) ==CO(g) +H2(g).
The equilibrium constant X =1.34 (dimension less) and
the total pressure of the equilibrium mixture is 200 kPa.
What are the mole fractions of all substances in
equilibrium mixture ?
If equilibrium constant K¢ of the reaction :
2Ag(s) +21” +2H,0 =2Agl(s) + H, (g) +20H™
is1.2x10723 (dimension less) at 25°. If concentrations of
I” at equilibrium is 0.10 and pressure of H, gas at
equilibrium is 60 kPa, calculate the pH of solution at
equilibrium.
A gaseous substance 4B (g) reacts with solid 4 to form
AB (g) and the reaction attains equilibrium :
AB;(g)+ A(s) ==24B (g)
The initial and final pressure are 0.7 and 0.95 bar.
Calculate Kp. Also if the equilibium mixture is
expanded reversibly and isothermally till the equilibrium
pressure falls to 0.4 bar, calculate the volume percentage
of 4B (g) and AB; (g) at final equilibrium.
For the reaction : :
CH3COCH; (g) = C,Hg (g) +CO(g)
initial pressure of CH;COCHj; is 100 mm. The mole
fraction of CO(g) is 1/3 at equilibrium. What is K¢?

where
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. I I SOLUTIONS (Numerlcal Problems) I I -

1. (1) A system is said to be homogeneous if phase (P)=1.
A system with P2 2is heterogeneous.
(2) To determine phase follow the rules given below.

System Phase Explanation

S+8 =2 No. of solid in mixture give number
of Pie,P=2

S+L =1  Soluble systems lead to P =1
S+L =2 Insoluble system lead to P =2
L+L =2 Immiscible liquids lead to P=2
L+L =1 Miscible liquids lead to P =1
G+G =1  Allgases in a mixture giveP=1

GivenSystems a b ¢ d e f g

No. of phase 2.2, 2,21 2.3
. Homogeneous systemis: e .

Heterogeneous systems are : a,b,c,d,f, g

2. Note: 1. Write Kp for heterogeneous systems if gaseous phase is

present.
2. Write K¢ for homogeneous solution phase.
3. Write Kp or K¢ for homogeneous gaseous phase.
r 13/2
(@ Kp=[Po,]

®) Kp =[Py0)/ Py, = "::o x[P/EN]°
2

2 -3
© Kp =[Péo, 1 1P, )* =%.[L]

no,)* LEN
_ A . __[Hp?
@ K= " TERIn
I " R TOR 1 ): )
© R e " NP
[CH3 COOCH3 ]J[H 0]

® K ={ch,COORICH; O]
N, + 3H; = 2NH;

Initial mole 1 3 0 -
Final mole 0 0 2 (- complete conversion)
3T _ Initial mole
Ratio of initial and final volumes = Final mole
4
(+V ecn if P and T are constant) =—i=2

[H)2[0,]

. For 2H,0 ==2H; +0; K= H, 0] (1)
_[COP*[03]
For 2CO, +=2C0+0; K= ?0-2]—2' «(2)
[H,0][CO]
For CO, +H; ==H,0+C0 K =[C—<2)21T!ﬁ .3)
& 2
(2) K_z _[CO} [02], [H20]
Thus by B 5K, T (cooF  (Ha1P(031]

Kz _[COP[H,01% _ By Eq.(3)
X [COz] 2,
1.4x10 2) 288

o &= 2.1><1o"3

. For S03(g)==>502 (8)+3 02

K. o 15021002)"
6 7T(80;)
For  2S0; +0; ==2S0;

P Y il o)

[SO; ]2[02 ]

=0.15 ...(1)

__ [S0s3]
By reversing Eq 1), =— KC, -m

(503 )2

2
1) . |
Sl ( ) (5031201

K c
By Eq. (2)

Ko [_'_]2 = 44.44 mol ™! litre!
015

K,
. For 24 =1

K,
Ky _ [0
Ko, =—= —— (1)
C, K, [A]Z
For =B+C

_K3 _[B]IC]
Key =gt = (2)

For =B+C
ke <[BIC]
[
K, _K
By Eqgs. (1) x(2). K¢ =K, xK¢, "K_zxx—3
Kp =Kc (RT)™
Kp =0.5%(0.082x 400)2
Kp =4.648x10~* (atm)~2
A+B+3C
Before reaction,[A] =1/3, [B]=2/3, [C]=4/3

[C] _43x3x3_64
Thus, Q= —S——==7=10.66
g [A][B] P xix2 6

(@) Since K¢ = 10,thus Q must decrease to attain K¢ value
and thus, [C] must decrease or [4] and [B] should
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increase. Thus, reaction will occur in backward direction.
(b) Since K¢ = 15 thus Q must increase to attain K¢ value
and thus, [C] must increase or [ 4] and [B] should decrease.
Thus, reaction will occur in forward direction.

(c) O=Kc;thus, reaction is in equilibrium.

24B;(g)==24B(g)+B>(g)
Mole before dissociation 1 0 0
Mole after dissociation (1-x) x 12‘.

Total mole at equilibrium (Zn)= 1—x+x+’—£ = l+§

n n 2 An
Now, Kp =_52"(—"23)x[f_]
(nABz ) Zn
1
> 2
X (x)?
Kp= 2 5 X L
(I-x)" |14Z
2
3
Kp =% [‘.‘xis small, .. 1-x=1and l+’—2‘ = l]
2K
= 3’_"
or x P
The ratio M is maximum when K =10'° and thus,
~ [Rectant]
reaction goes farthest to completion when X = 10'°,
For A(g) ==B(g); Kc ={—ﬁ% =1.1=>[B]>[4]
If(B]=1; [4]=0.91 »
Casel 091<[A4]<1 Only[B]>1
Casell [4]>1 Both [4]and[B]>
CgHj206 = 6HCHO Ke=—L—
Initial conc. 1 0 6x10
Conc.ateq. (1-a) 60
6
K¢ =1 = () [1-o=1since K¢ is very
6x102 (1-a)
small]
or (60)® =1.67x107% or 6 log 6o =-22.78
or log 600 = -3.796
—4
or a=@‘8L=z.ssxlo"M
[HCHO) = 6 =1.59x10 ¢ M
A+ B= C+D
Initial concentration 2a a 0 0
Concentration at equilibrium (2a-x) (a-x) x x
Given, initially [4A]=2[B]=2a
Let concentration of B initially be a mol/litre.

XX
@e-n O

Given at equilibrium, [C]=3[B] .. x=3(a—x)

x= %;'i -2

Kc =

Numerical Chemistry

3a,3a

4 4
i =———-c=18
- ByEgs.(1)and (2), K¢ ( _E)(a_ﬁ)

4
14. A2(g) + B2(g)+==24B(g)

Initial mole 1 2 0
Final mole at equilibrium (1-x) (2-x) 2x

Total volume of both containers on joining becomes 3 litre.
Atequilibrium, [41=12%; [821=23%; [4B)= &

2
4x 50

(4B _ a2 _
[42](B2] 9(1-TI)(2;31) (2-3x+x%)

~Kc=

4x% =100-150x+50x2 or 46x* —150x+100=0
x=0.93and 2.326 which is not valid since x # 2
Mole of AB= 2x = 2(0.93)=1.86
15. A + 2B = 4B,
Initial mole 1 2 0
Mole at equilibium  (I1-x) (2-2x) x
Total mole at equilibrium = 1-x+2—2x+x=3-2x
Let pressure at equilibrium be P ;
KP = ﬂ_ X (L)M
ngx(ng)? \E

e (e
(1-x)2-20?7 LG-20)
__ x3-2)?
(1-x)(2-2x)% - P2
Giventhat, x=0.6 and An=-2
Kp =Kc (RT)M =03475% (00821x473)2  ..(2)
By Egs. (1) and (2),

0.3475x (0.0821x473)2 =

(1)

0.6(3-1.2)2
P%(1-0.6)(2-1.2)%
__0.6x(1.8)°
“P%(0.4)(0.8)>
P =181.5 atm

16. HI=H, + I,

1638.4 18 203.2
128 2 254
=128 39 0.8

Let volume of container be V litre
_39. 12.8 0.8
H,1=22 =1<.8. =20
[Hy)=52: (1) = 128, 11,1 = O3

k. <H2)l2] _ 39x08
¢ H2 2
VXV x (&Vs)

K¢ =0.019
For the given reaction An = Oand thus there will be no effect
on equilibrium concentration of reactants and products if
the matter is transferred to attain equilibrium in 2 litre
vessel.

Mole at equilibrium

=0.019
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17.

18.

19.

20.

Hy, + I, = 2HI Given,
Volumeat =0 60 42 0 e 2x=28
Volume atequilibrium (60 - x) (42-x) 2x . x=14

(60-14) (42-14) 28
Since at constant P and 7, mole o< volume of gas (By PV'=nRT).
Thus, volume of gases given can be directly used as
concentration. This can be done only for reactions having
An=0

Ky 28x28 _ 28
46x28 46
Now for dissociation of HI; 2HI = H; + 1,
Moleatr=0 1 0 0
Mole at equilibrium (1-a) al/2 al/2
where a. is degree of dissociation
o? 1
Kcl = _2 = —
4(1-a)? Kc

o _ (ﬁ)
2(1-a) 28
a=0.719 or 71.9%

1 1
HI = =H, + =I
~ 3 2 2 2
Initial Mole 1 0 0
Mole at equilibrium (1 -a) al2 al2

Where o is degree of dissociation and volume of container

is V litre.
172 1/2
o o
BB
PR C (1-0) T 2(1-a)
v
K= 02 =02
Kp=Kc=30"02) ¢ )
Kp =Kc =0.125
Given, Kp =184x1072
W —_ Kp =K¢ =1.84x1072
HI = H, + I

0.4789  0.4789
= [12]= 04789 mole litre™!
1

Concentration at equilibrium @
Since, given[H; ] = 0.4789

Conc. of HI at equilibrium is a mol litre™
_[H2]012] _ 0.4789x0.4789

K
¢ [HI? 22
aZ = 0.4789x 0.4789 (.'. KC =1.84x% 10—2 )
1.84%x1072
S a=3.53 :
or [HI]at equilibrium = 3.53 mole litre™
H + I, = 2H1
Initial pressure 0.5 0.5 0
Aleq. (0.5-x) (o.s2 -x) 2x
p= _(_2!)_ =49
(05-x)?
or X _7o0r 2x=3.5-7x or x=35

(0.5-x)

3.5
= —= 0.389
=79

Atequilibium :  Pfj, = 0.5-0.389=0.111 atm
P{, =0.5-0.389=0.111 atm
Py = 0.389% 2= 0.778 atm

21. Hy + I = 2HI

Initial mole 1 2 3
Mole at equilibium (1-x) (2-x) (3+2x)
Let volume of container be V litre.

[3+2x]2
e B LW
¢ T H0,] [l—_x ﬂ]
14 14
G+’
459= TR
2
4592 O+4x +122x
2-3x+x
x=0.684

[H]=1-0684 = 0.316 mol litre™!
[I2]=2-0684 =1.316 mol litre"
[HI] = 3+2(0.684) = 4.368 mol litre "

22. 2HI = H; + I
3 0.96

Moleatsr=0 128 0 0

or 7.5%1073 0 0

Mole at equilibrium (7.5 x 1073 - x) % %

Megq. of I; formed at equilibrium = Meq. of hypo used for

reaction mixture
™ 1000=157x L .. (‘—")ofl =1.57x1073
E 10 " \g)2="
—3
Mole of I formed = 1'57+'° =0.785x1073

% =0.785%x10"3

x=157x10"3
Degree of dissociation of HI
(oray) = Mole dissociated
Mole taken
_157x1072
7.5x1073

oy =0209 or 209%
23. Giveno for HI=0.8

2HI = H; + I
Before dissociation 1 0

Y

2

0
After dissociation (1-a) 3
2
K¢ = L = & -
4(1-a)?  4(1-0.8)2

(- K¢ =459)

(- ¥ =llitre)



24.

25.

26.

Now, H, + !; = 2HI
Initial mole 2 2 0
Mole after reaction  (2-x) (2-x) 2x

or

Thus, I left= 2-2=8mole= % X 2equivalent

55
or Na;S;0; required can be calculated by
Meq. of Na3 8,03 = Meq. of I, left
2V = % x2x1000

o V =1600mL = 1.6 litre
The lowering of activation energy by a catalyst occurs for
forward reaction as well as for backward reaction.
Thus, in presence of catalyst,
Energy of activation for forward reaction
(Eq, )=167-80 =87 kJ mol~!
Energy of activation for backward reaction
(Eq, )= 180-80 = 100 kJ mol ™!

Ky = A~ Ea/RT
; —E4,/RT
For backward reaction K, = A4je Ear

where 4;and A are frequency factors and E,, and E,;, are
energies of activation.

For forward reaction

Ky _ A1 Eo,/RT)+Eey/RT))
Ky Az :
_4x 1074 % e[(-87+IOO)/(8.314xlO"x300)]
2x1073
K¢ =2x 107! e+|3/(s.3|4xsoox|o")
Kc =368
Hy + I, = 2HI
Eq. conc. 05 05 123
[1.23)?
== =6.05
€ T 0.5%0.5

On removing 0.60 mole of HI the reaction will proceed in
forward direction
H, + I; = 2HI
New conc. 0.5 .05 0.63
Eq.conc. (0.5-X)(0.5-X) (0.63+2X)

0.63+2X)?
60.s=(o—(m)_7) or X=0.134
[I2]=[H2]=0.5-0.134 = 0.366
[HI] = 0.63+(2x 0.134) = 0.898
For the given reaction of H, and Br; to give HBr, the value
of equilibrium constant K¢ =5x10% and thus,

exceptionally higher value of K¢ suggests that reaction
goes almost to completion, i.e.,

Numerical Chemistry

H, + Br, = Z2HBr
Before reaction 0.6 02 0
At equilibrium 04 0 04
Thus, HBr = 0.4 mol
H; = 0.4 mol
Bry = 0.0
Note : However if as all the concentrations of Br, is needed at

equilibrium, it may be calculated as follows. Notice that[Br, ]is
in significant.

2HBr = H; + Bn
0.4 0.4 0
(0.4 -2x) 04+x) «x

1 (04+x)x _ 04xx
K¢ = s 2" 2
5%x10° (04+2x)° (0.4)
x=8x10"1° mol

27. N, + 0, = 2NO
Initial a (100 -a) 0
Final (@a-x) (100-a-x) 2x

; 2 _ 138
Zx _18 . -09
Given, 100~ 100 x
[NOJ?
Also, Kp=Kc=——
P=RC T IN;II02]
2 :
() =2.1x1073

~a=x)(100-a-x)
ok a=7%%; 100-a=21%
Note : Two values of ‘@’ are obtained as a = 79% and a=21%.
Note that air contains more N; than O, ; thus a = 79%.

28. (i) CO(g)+H,0(g) = COz(g)+Hz(g)
Initial mole 3 1 0 0
Moleatequilibrium (3-x) (1-x) 5 4 x
Total mole at equilibrium =3—x+1-x+x+x=4

2
Now, Ke=—=*
R e v
o X 0.63 ¢+ K¢ =0.63)
= U. Ko =0
3+x2 —4x
x=0.681

Mole of H, formed = 0.681
(i) Total pressure at equilibrium = 2 atm
Total mole at equilibrium = 4
Py = Py x mole fraction of that gas

Pco, =Py, = % = ——%841"2 =034 atm
Péo = (3_:)'P =116 atm
PI-’I;O = (l_:).P =0.16 atm
29. CO(g)+H20(g)==C0;(g)+H2(8)
Mole at equilibrium 04 03 0.2 06
® Ko <1C02)H2]_02x06 _

" [CO)[H,0] 04x03
(' An=0, .. Volume terms are not needed. )
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30.

31

32

(b) Now it is desired to increase the conc. of CO by 0.2 at
equilibrium by forcing CO, into equilibrium mixture.
Suppose amole of CO; are forced in vessel at equilibrium ;
by doing so reaction proceeds in backward direction, i.e.,
CO; + H; = CO + H0
Addition at initial equilibrium (0.2+a) 0.6 04 03
Moleat (0.2+2~0.2) (0.6-0.2)(0.4+0.2) (0.3+0.2)
new equilibrium a 0.4 06 0.5
_1 _[COI[H;0] _ 0.6x0.5
K¢ [COz][H;] ax04
a=0.75mol

CO2(g) +Ha(g) = CO(g) +H,0(g)
Moleatt=0 1 1 0 0
Moleatequilibium (1-x) (1-x) x x

Given that Vol. % of CO =0.16

Mole of CO=x
Total mole at equilibrium = 1-x+1-x+x+x=2
2= 2'—&‘; v x=0.0032
x2
Now, K Cc'= K P= 2
(1-x) -
(. An = 0,volume terms are not needed)
2
= _(00032)7 _ 1.03x10°%
(1-0.0032)?
(a) CO; + Hp == CO+H;0(Kc=0.11)
Moleat¢=0 045 045 0o 0
Mole at equilibrium (0.45 — x) (0.45 — x) x x
K¢ =011=—%X% —
¢ (0.45-x)*
(+ An=0, .. volume terms are not needed)
— X _=03317 - x=0.112
% a2

~ Mole of CO, =Mole of Hy = 0.45— 0.112=0.338 mol
Mole of CO = Mole of H,O= 0.112 mol

(b) CO; + H; = CO+H;0
Initial mole 0.45 0.45 0 0
Mole further added (0.45 + 0.34) (0.45 + 0.34) 0 0
Mole at new equilibrium (0.79 - x) (0.79-x) (1+x) (1+x)
Kc = =0.11.. x=0.197
(0.79-x)°

». Mole of CO; = Mole of H =0.79- 0.197= 0.593 mol
Mole of CO = Mole of H,O= 0.197 mol
S0 (g)+NO; (g)==503(g)+NO(g)

Moleatt=0 1 1 ! l
Moleatequilibriom ~ (1-x)  (1-%) x

Lex)(Lix ,
525)

2
a+x)” _16
(-x?

Kc =

¢+ K¢ =16)

485

(1+x)

(1-x)
Volume = 1 litre .
[SO2]=[NO;]=1-x=1-06= 0.4 mol litre”

[SO3]=[NO]=1+x=1+06=1.6 mol litre™!

3. 250, (g)+02(g) = 2503(g)
(503

¢ (502 1%[0;]

@@+ [SO3]1=[S0;] 1
By Eq. (1), 100=[—6‘ﬁor[oz]=m

moleof O _ 1
volume

3
=4orx===0.6
orx=g%

= (- V=10litre)
100

Mole of O, =I%6xw= 0.1

®) [S03]=2[S0;] \
By Eq. (1), 100= or [02]=150

[0:]
Mole of O, =-l%-0x10= 0.4

34. For equilibrium mixture, PV = %RT

Molar mass pixture = %7‘

$=0.9258/L, T=900K, P=1atm, R=0.0821

- 0.925% 0.(1)821 x900 _ 68.35
Experimental molar mass of SO3 = 68.35
Normal molar mass of SO3 = 80

Molar mass o

SO; = SO, + %02
Mole before equilibrium 1 0 0
Mole at equilibrium (1-a) o al/2

where a is degree of dissociation.
b el
Normal molar mass
No. of particles before dissociation, i.e., 1
1
Apparent molar mass =

No. of particles after dissociation, i.e., 1+ (a/2)
Normal molar mass 1+ 2 o 80

—_—=le ==

Apparent molar mass 2

2 6835
0=03408 or 34.08%
35. Consider the reaction,
2503 = 280; + 0p; Kp=—L
3 2 2 P 9003011

Initial pressure 1 0 2
Pressures leftat  (1-x) x 24+ X
—— 2

equilibrium
_ (Pso, )} (Po,)

Kp —
(Pso,)



36.

37.

38.

x2(2+5-)
1 2

900 (1-x)?
Since, K p of this reaction is small and thus, x <<< )
x?is negligible
1_¥@_ 22 &
900 (1-x)? (1-x)? 300 (1-x)
Atequilibrium ..,

. x=00236

Pso, =1-x=1-0.0236= 0.9764 atm
Psg, =x=0.0236 atm
Py, = 2+§ =2.0118 atm

2502(g) + 02(g) = 250,(g)
Mole at equilibrium 0.5 0.12 5.0
Volume = 1 litre
2 2
®  Ke-_1503] )

(S021°[02] (05)*(0.12)
K¢ =833.33 mol litre!
®) Kp =Kc (RT)* =83333x(0.0821x 873)""
=11.62 (atm)~!

(c) Now O3 is forced into the vessel in order to increase the
concentration of SOj to 5.2 mole litre™!.
Let amole of O be introduced in it to increase SO; to

5.2 mole. Thus, 0.2 mole of SO, and 0.1 mole of 05 will be
consumed to show forward reaction.

280, + O, = 2803
At equilibium 0.5 0.12 5
New equilibrium (0.5-0.2) (0.12+a-0.1) 52
(5.2
833.33= ——— a =034 mol
(0.02+a)0.3)
N>O4(g) = 2NOx(g)
Mole before equilibrium a 0
Mole at equilibrium (a-x) 2x
Given that original volume = % X existing volume at
equilibrium
Since, mole o< volume (atconstant Pand 7)

Initial mole = %50 x mole at equilibrium

a=%(u+x)

w25 o
x= 75 a=033a
Now, % decomposition (a)= X = % =0330r33%
N;0s = 2NO,
Mole before equilibrium 1 0
Mole at equilibrium (1-x) 2x
_ 4ax? P ]A"
Ke=t—= x[zn
_4xr 160

(I-x)(I1+x)

theMxﬂCthqW
)
4= 4x or 1-x2=x? or 22 =1
1-x
x*=1/2 or x=0.707=70.7%
_4x(05)° _p s
Also, 640= Tx 15 (if x=0.5)
P =480 mm
39. N>Oy = 2NO; [* Pe<0.1 .~ 1e<0.]
0.1 10 IfVand T |\ P=<0.14+ax
-0y “ are constant P=[(0.1+)/0.1]
2 1 2
_ () x[ P ] Kp =3
01-a) [0.1+a (0.1-a)
400°
=0.14
% (0.1-a)
a=0.017
NO> =0017x2=0.034 mol
40. N>Oy = 2NO,
Initial mole 1 0
Mole at equilibrium (1-0310) (@x0310)  (Givena=031)
=069 =0.62

Total mole at equilibrium = 0.69 + 0.62 = 131

e ()" 82

- (nn,0,)
(- An=1,P=1am)

=0.425atm
For dissociation at 10 atm pressure at 40°C
N0y = 2NO,

1 0
(l—t:) 2 (ais degree of dissociation)
Kp =Mx(£]“ - a’ (ﬂ)
(nn0,) \En (1-a)\l+a
or 0.425= a2 x10
(I-a%)
a=10.25%
41. N>O4 = 2NO,
Mole before equilibrium 1 0 (Leta be degree of dissocission)
Mole after equilibrium (1= ) a
Total mole at equilibium = 1+ = 1+ 0.66= 1.66
(- a=0.60)

1 mole of N1 Oy is taken, mole at equilibrium = 1.66
g mole of N3Oy is taken, mole at equilibrium

= 1.66x10
92

PV =XRT
m

=0.18

IXV = 0,18x0.0821x 340
V= S02litre
Thus, volume of 10 § N2O; under above condition is
5.02 litre.
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42. N,04 = 2NO,
Mole before equilibrium 1 0
Mole at equilibrium I-a 200
where a is degree of dissociation = 0.503

2
_ (mno,) x(_) _@)?( p Y
(nNy0,) \Zn (1 o)\ (1+a)
_ 4P 4%(0.503
Kp="22< (0503)" 2"':1.355
1-a 1-(0.503)
Now, N,04 =2NO, (at pressure P)
1 0
N(l x) 2x
Given, N204 =1=x%. 1 i s Bl
O, & 8 (- x-lo—0.8)
Using again at pressure P
Kp= 4x2 x P
1-x2
2
1.355= 4% (08)" xP
1-(0.8)%
P =0.19 atm
43. N,04 = 2NO,
Pressure at equilibrium 0.28 1.1
(Pro,)* _ (112
Kp=——"2l =2_""_=432atm
PN;O. 0.28

Now if volume of container is doubled, i.e., pressure
decreases and will become half, the reaction will proceed in
the direction where the reaction shows an increase in mole,
i.e., decomposition of N2 Oy is favoured.

N0y =

New pressure at equilibrium (szﬁ - P)

2NO,

(3+7)

where reactant N, O4 equivalent to pressure P is used up in

doing so.
1
[’2‘* _[0.55+2P)

B Lot P
[&2.8_19] [012-P]
2

Again, Kp =

P=0.045
Now, Py,0, =0.14-0. 045= 0.095 atm
Pno, atnew eq. = =0.55+2x%0.045

PNO = 0.64 atm
4. N,04 = INO;
Pressure at equilibrium 0.7 03
(PN01 ) 030)(703 =0.1286 atm

Ep® “Prno,
Now assume decomposition at 10 atm pressure
N,04 == 2NO2
Initial mole 1 0
Mole at equilibrium (1 -x) 2x

|
(nno,)* (P (2’) [ ]
e "(En‘) =n |T+n)

Kp
IN,04

§ 487
or  0.1286= M
(1-x%)
x=0.0565
; 2% 2% 00565 10
- = =1.07 at
Pno, =055 (1+00565) =
; 1-0.0565
=| —— = .93 t
Pno, [1+o.0565]x'° -
45, N204 += 2NO;
2
N0 (0007 _ 4 gy 103
[N;04]  0.750x0.98

if ¥ = 0,750+ 2.250 = 3 litre, i.e., volume increases and the
reaction will proceed in forward reaction, i.e.,
N;0; = 2NO;
(0.98 - x) (0.06 + 2x)
(0.06+ 2x)?
3% (0.98-x)

[N2O4]= %;lﬁ = 0317 mol litre™

4.90x107 = or x=0.029

[NO, )= 0_06&302_91(_2 =0.039 mol litre™

46. PCls = PCl3 + Cly
Initial mole | 0 0
Mole at cquilibrium  1-a o a

where o is degree of dissociation

Pcy, =[—]ga]><l’: Py, =[——Ifﬂ]xl’:
. 1-o
Py, =120
PCls [l+u]xp
axP axP]

KP=PPCI;>(PC'I;= l+a | 1+a

Pici, [I “JY p

) 1+
petlt
1-a
Kp
o= PiKp Hence proved,
47, l’C13 = PCly + Cly
Initial mole 0 0
Mole at equilibrium (u OI) 0l 0.l
0.1,01
K¢ = ‘ ! X
c a=0.1 (% volume is | litre)
1
or 00414 =00
( =0 I)
a= 03415 mol
48. PCly == PCly + Cly
Mole befuore dissoclation 0.1 0 ]

Mole after dissociation (0.1 = 1) \ \
Qiven, volume nfcun!uium '{ litre

Pl s s

Now, K¢ = [PCly )

. L
BT AR B
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Also, PV = nRT for the equilibrium mixture at 540 K_
1x 8= (0.1+x)x 0.082x 540

x=0.08
Thns,ﬁmnl?qs.(l)g:(x)(;(Z),o ..(2)
L x0.08 _ -2 -1
*8(0.1—0.08) 4x107“ mol litre
Also, Kp =Kc(RTY; An=+1
=4x1072(0.082x 540)=1.77 atm
PCls = PCl; + Cl,
Mole before dissociation 1 0 0
Mole after dissociation l-a a a
Given, @ = 0.1at 4 atm pressure
K,=MX[L]A"
npCyg Zn
-z [r P] u’ o SOl
(-a)ll+al g2 1 (o2
Kp =0.040 atm :
Athhmaisdm&;datﬁ.z,l(pmnainsconstamandthus,
kp=ta
- 1-a?
2
0.040=P><(0.2)2
1-(0.2)
P =0.96 atm
PCls = PCl; +Cl,
Initial mole 1 0 0

Mole 2t equilibrium (1 -0.4) 04 04
Tota.lmolcateqmlibnum 1-0.4+04+04=14

_ 2085

5T 14

From PV =¥ RT at equilibrium

m

w=ﬂ=__l>£@§5__._4sag/nm
V RT
PCl; + Cl; = PCls
2M 1M 4M

[PCI;][CI;] 2x1
Now 2 mole of Cl in 2 litre container are added, i.e.,.[CIZ.]
is increased by 1 M, which will direct the reaction is
forward. Thus,
PCI; +
2M
(2-a)

or Kc =

Cl,
IM+1 M
(2-a)
(4+a)
(2-a)?
2-_4+a
(2-a)?
Thus, new concentrations of reactants and products at
equilibrium are

= PCls
4M
(4+a)

or * a=0.5

Numerical Chemistry

[PCl3]=15M; [Cl2]1=15M; [PCls]=45M
(ii) If the initial equilibrium mixture is transferred in
4 litre vessel then,
PCl3 (g)+Cl2(g)—> PCls(g)
Conc. in 2 litre vessel

Co A s el (Initial volume is

4
2 doubled)
2

[SILSR S

L
Nl N —

This - will cause an decrease in pressure and thus,
equilibrium will shift in backward direction, ie., new
equilibrium conc.

(1+x) (%u) 2-x)

or 2(%+xz+%x)=2-x or 22 +4x—1=0

—41,’16—4 X (2)x(-1)
2x2
x=0225M
[PCl5]=2-0.225=1.775 M
[Cl1;]=0.5+0.225=0.725 M
[PCl3]=1+0.225=1.225 M
52. PCls == PCl; + Cl,
Mole before dissociation 1 0 0
Mole after dissociation 1-a o a
1
Normal molar mass
1
Exp. molar mass
Normal molar mass _ _Particles after dissociation
Exp. molar mass ~ Particles before dissociation
=1+a
Exp. molar mass = 62 x molar mass of H; =62x2

Since, o= Particles before dissociation

o< Particles after dissociation

2085 s o,
%2 l+a o =0.68150r 68.15%
53. N; +|PCls = PCl; + Cl,
Moleats=0 1 3 0 0

Mole at equilibrium 1 (B-x) x x
- Total mole present at equilibrium = 4+ x
Given, total pressure at equilibrium = 2.05

Now, PV =nRT (at equilibrium)
2.05%100= (4+x)x 0.0821x 500
x=109939

Mole dissociated

Nowde e of dissociation for P
gre: issociation for PClg = Total mole
=—==0.3313 or 33.13%

0.9939
3
Kp= "PCI;X"Ch x[i]”: xZ x[.z_'gé.]
npcl, Zn (3-x) |4+x
_ (0.9939)? [ 2,05

T (3-0.9939) " | 4509939
Kp =020
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54, N2(g) + 3Hz2(g) = 2NH;3(g)
Moleatt=0 1 3 0
Mole at equilibrium (1= x) (3-3x) p2

&)
4 4x2p?

(I—Tx)(a-Tax)3 B (1-x)(3-13v)?
0.25
100

By Eq. (1), K¢ =1.49x1075 litre? mol =2
Now for %Nz +%Hz == NH3; K¢, =.%
[N2]17°[Hz]
Kc, =J(Kc)=3.86x1073 litre mol !
55. 2NH; = 'N; + 3H,
Initial Mole a 0 0
Mole at equilibium  (a - 2x) x 3x
Initial pressure of NH; of a mole = 15 atm at 27°C
The pressure of a mole of NH3= P atm at 347°C
B_P . p=3lam

Ke =

(1)

Now, given x= and V =4litre

At constant volume and at 347°C mole e< pressure
a o< 31 (Before equilibrium)

a+2x =< 50 (After equilibrium)
at2c_ 50 SoX= 1,
a 31 62

% of NH3 decomposed = %x 100
2% 19a
== =61.3Y
s %100 - 61.3%
56. N, + 3H; = 2NH;
Mole before dissociation 1 3 0
Mole at equilibrium (1-x) (3-3x) 2x
Total mole at equilibrium = 4 —2x
and mole of NH3 at equilibrium = 2x
" % of NH3 in mixture = 17.8
2 _17.8 x=0302
4-2x 100
(nNH, ) " ( P )A"
3
nn, X(ny,) In

Now, Kp =

N )'2= 4x? (4-20)’
TUenG-%) \4-22)  p(-x)(-x)
Now, P=30atm and x=0302
Kp =729x107* atm™
s7. N, + 3H; == 2NH;
Mole before reaction 1 3 0
Mole at equilibrium l-x (3-3x) 2x
Given, mole fraction of NH3 = 0.012
2 _0.012
@-2)
x=0.0237

at P =10atm

489

=

__ (Awmy) (4-2x) i

P P X (P, ) (l—x)-P[(S—Bx)P]
(4-2x) (4-2)

__at-n)f ; (1)

P 1=x)3-3x)* P2
4(00237)2[4- 2(00237))

) (l—(10237)[3--3((10237)]3 x100

Kp =1.431x1075 atm™

Let mole % of NHj3 in equilibrium mixture be increased to

10.4 at pressure P.
2 __104
4-2x 100

or x=0.1884

4x? (4-2)°
(1-x)(3-3x)* - P?
[4%(0.1884)% ][4 - 2(0.1884))?

Now again using Eq. (1), Kp =

1.431x1075 = —
[1-0.1884][3—3(0.1884)]> x P
P =105.41 atm
58, N; + 3H, = 2NH;
Mole before equilibrium 1 3 0
Mole after equilibium (1-x) 3(1-x) 2x
Kp = @) (G-2)
(1-x)[3(1-x)]* x P2
2 2
Kp & 16X x“ X (2—x)
27(1-x)* x P2
o 16x10°5 =167 Q=x)

27(1-x)* x (200)2
2 (2-x)% _1.6x107° x27x(200)
(1-x)* 16
_ 16x1075 x27x(200)?
16

=200x 1073 x~+/27 =1.039

x(2-x)
(=8
x=10.301
- Mole of NH3 formed =2x0.301= 0.602
Total mole at equilibrium = 4 - 2x 0.301= 3.398

% of NH3 at equilibrium = gg—gg x100=17.76%

59. 2H;(g) + Sa(g) = 2H,S(g)
Mole atequilibrium 127 2.78x10~6 1.58
Volume of container = 180 litre

1.58)2
[HaS)? _ (Wn)
[H2)%[S;) (g)’(zmm)
180 180

Kc =
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__ (1.58)* x180
(1.27)* x(2.78x1079)
K¢ =1.002x108 litre mol ™!

60. 2H;8(g) = 2H;(g) +S2(g)
Mole before dissociation 1 0 0
Mole after dissociation (1-a) a %

Where o is degree of dissociation of H, S
Volume of container = 1.10 litre

Kc = [Hz]2[521=[1£.1]2[2xL1.1]

=1x1076
[H2S)? [l—_a 2
1.1
Assuming 1-a. = Isinceatis small because K¢ = 1076
o’ _io6
2(1.1)
a=13x10"7 =13%
61. Hz(g) + S(s) = H,S(g)
Mole before reaction 0.2 1.0 0
Mole at equilibrium  (0.2-x) (1-x) x
[HS] -2 x
Thus, K= or 68x107° =—>—
(H2] . 02-x)
x=0.013
Now, Pigg= 0.013x0.(])82lx 363 [fmm p= #]

Py,s = 0.387 atm
62. 2% _
63. Volumeofair=10x10%m? = 10x10% x10° litre=10'° litre

Volume of O3 =20% air= &;‘O‘—O‘ﬂ =20x10® litre
no, = 2Y = 120 20x108
RT 760  0.0821x 298
_ (no, ) il
(no, ) In
no, >>no, : Kp =1.3x10%
(no, )* X720
(no, )* x760x no,
2 (n0,)? X720 _ (7.74x107 )? x720
"=  760x1.3x10%7

=7.74x107

Now, Kp

In=ng, =

760xKp
no, =2.09x1072!
molecules of O3 = 2.09x1072! x 6.023x10%

=12.58x102

64. I(g) == 2i(g)
Initial pressure 0.074 0
Final pressure 0074-P) 2P
where I, equivalent to pressure P dissociates
0074-P+2P=0.112 or P=0112-0.074=0.038

Numerical Chemistry

_(P{)* _ (2x0038)
- A, ~(0074-0038)

65. Sg(g) = 4S;(g)
Initial pressure 1 0
Pressure of equilibrium  (1-0.29) (4x0.29)

0.71 4x0.29

Pressure of Sg reduces by 0.29 atm

Now, Kp =0.160 atm

Now, Kp=—2i—=2"2220 —255(atm)’

NOTE : It would have been better, if the physical state of S, have
also been reported as gaseous state.

66. CO(g) + 2H;(g) = CH;30H(g)
Initial mole 0.2 a 0
Mole atequilibium (0.2-0.1) (a-0.2) 0.1
Now total mole at equilibrium are = 0.1+a—0.2+0.1=a

Also, mole (n) = % . 0—&% =0.499

a=0.499
[cH0H) = &1; [co)= 02201 - O,

0
5 5
(Hy]= 0.499-0.20 _ 0.299

5 5
;o 01/5
[COJ[H2T>  01/5x%(0299/ 5)?

=27964 litre? mol 2
K¢ =279.64litre? mol 2
Kp =K (RT)* =279.64 x (0.0821x 600) 2
Kp =0.115atm™2
67. (i) Given,
CO(g) + 2H;(g) = CH3O0H(g)

Mole before reaction 0.15 a 0
Mole after reaction  (0.15 - x) (a—2x) x
and x=0.08
Total mole at equilibrium = Q15— x+a—2x+x
=015+a-2x

=0.15+a-0.16=a-0.01
Also total mole at equilibrium are obtained by n= —i—;’:

P =8.5atm
n= ﬁ%ss_o ¥ =2.51it. | atequilibrium
T =750K
n=0.345
a-0.01=0.345
a=0.355

At equilibrium : Mole of CO=0.15 - 0.08 = 0.07
Mole of Hy = 0.355-0.16 =0.195
Mole of CH3 OH = 0.08

Ere [CH;OH] ___008/25 -
I (2)e2)

=187.85 mol ~? litre?
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Also Kp=Kc RV
= 187.85% (0.0821x 750)™ = 0.08 atm™?
(i) If reaction does not take place, then
Mole of CO=0.15
Mole of Hy = 0.355
Totalmole=0.505 .. Px2.5=0505x0.0821x 750

P =12438atm

68. 2NO(g) + Cla(g) = 2NOCI(g)
Pressure at¢=0 0.02
0.02x 99 002x1
Pressure at eq. 00— P 5

Kp =—LPNoc P’ __(o2xao1)
(Aol (Pa,]  (099x002)% x P
P=0.102atm
For Cl; in vessel, using PV =nRT
0.102xV =nXRXT (1)
IXV=92XRXT (i)

=1x107

Fora gasin vessel,

By Eqgs. (i) and (ii),
mole of Cl; (n)at equilibrium = 0.0204

2 atm of NOreacts with 1 atm of Cl; (If¥, T are constant)

Q02x latm . 0.02x1 _
> 100 NOreact with X100 0.0001atm Cl»

Thus, 0.0001x¥ = ngy, _, XRT
By Eqgs. (ii) and (iii),
. ncy, Which have reacted = 2X 10~ mol
.. Total Cl, added = 0.0204 +2X 107 = 0.02042 mol
69. van't Hoff isochore is :

(i)

» AH
log1o K =logio 4-5303%%

~Ad=10"
_AH
2303R
AH =-2.303 cal mol™

2.303
2.303x2x298

K =1.004x10"°

2.303
logo K =10+ 55530 2 X800

& K =1.001x10"
70. van't Hoff equation for variation of Kp with temperature
can be written as,

(i) Thus, intercept=1logjp 4=10

(ii) Also, . slope=tan8=0.5=-

(iii) Also, logjo K =10+

(iv) Also,

AH[T -Ti]
RxTT

Kp, =16x107; Ty =6T3K, Kp, =7
T, = 713K, AH = -25.14x10” cal

— Kp,  _-25.14x10° [773—673]
. 0] =
810 o 2 773% 613

Kp, =1.462x10 % atm

K
2.303l0g 10 ’E% =
1

7.

72,

4.

75,

491

Ky _an[n-T
2.303‘01“01,-; -—R— TITJ

0.0129 _ Al [673— (»2.1]

230300810 75266 = 2 L673-623

Al = -12140cal = 12140 keal
X T =T
230310g 10 > = M[_z_ l]
)

R | "\T>
Kp _a24x10° 1405—1338]
2:303log10 17" === | Ta0sx 1338
Kn 212
. K"l

Kp =2.129%0.0118=0.025 atm
Ny +3H; = 2NH;,
An = T products = En reactants = 2-4 = =2
Kp =KeRD)™
1L.64x10™ = K¢ (0.0821% 673)72
o K¢ =0.5006 mol? litre™2
Now since AG*=-2303RT log o K
ItK=Kp
Then AG®=-2303%2x673 log)o (1.64x107%)
=+11.733 keal
ItK = K¢
Then AG®=-2.303%2x 673 log o (0.5006) = +931 cal
where AG® is the Gibb's energy change when all the
reactants and products are in the standard state. For
AG®=-2303RT log\o Kp, standard state means the
partial pressure of each as | atm. When AG® = -2.303RT
log g K¢, standard state means that concentration of each
is 1 mol litre™". So the values are different.
Na(g)+3H2(g) = 2NH;(g)
At equilibrium
-AG"= 2.303RT10g|o Kp

()
Also, AG®°= AH°-TAS®

(Given AH" for NH3 = —46kJ)

and AS Reaction =2XS;\-H) —S;;!—SXS:{:
=2x192-191-3x130=-197J
Also, T=273+25=298K

Thus, AG®=-92x10° -298x (~197) = 92000+ 58706
(AH"® for reaction = —46x 2kJ)
AG®=-33294)
Thus, from Eq. (1)
+33294 = 2.303% 298 x 8.3!0310 Kp . log 10Kp =5845
-AG®=2303RT log o Kp
=(=16.5x10" )= 2.303x8.314x 298 log 10 K p

16500
2.303x 8.314x 298

Kp =779.41 atm™!
Ny +3H; == 2NH,
Kp = (Kp)® = (7179.41)

logio Kp =

Also, K p, for
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78.

79.

Kp, =6.07x105 atm™
Also, —~AG] =2.303x8.314x 298log 10 (6.07x10% )J
=32.998kJ
AG) =-32.998 kJ
dinkp = A0
RT?
On integration InKp = -%w

or logio Kp =——OH°
810 *P ==330RT €
Thus, slope=—AH__ 4 3
ope =~ SAH — 4.95x10

AH®=-2303x8.314%x4.95x10% = -9.48x10% J
Also, AS®= S0, - S$o, —%xsz,z

=256.8— 248.2—%)( 205.1=-9395JK ' mol~!
AG®= AH°-TAS®
=-9.48x10* — 298 (-93.95) = -6.68x 10*
Now, AG°=-2303RTlogKp
-6.68x10* =-2.303x8.314x 298log K ,

Kp =5.1x10"
—AG°=2.303RTlogjo K, also AG°= AH°~TAS®
Thus, —(AH°~TAS® )=2.303RT log o K

0 Aso

= _AH°  AS°
or 2.303logo K = RT+ R

AG°=-2.303RT log K _
33=-2.303x8.314x10™> x920log K
K at920K =1.34x1072
. Ky _AHI[T2-T]
Now using, 2.3031log R _T] 7
if  K;=134x10"2 and K, =1; Tj = 920K, then,
1 _AH(T2-920
230 og s 0? R [Tz x920
T, =1078.5K

Thus, at any temperature above this temperature K will be
greater than 1.

AG®= AH°-T AS°® and G°= H°-TS
AG°=AG}p - AGy
=[25.44x10°- (300 253.3)]-[24.27x 10> (300 246.4)]
=—50550+ 49650 = —900J
AG°=-2303RTlog K p
-900=-2.303x300x 8.3141log K p
Kp =1434
[B]
Also, Kp=—==1434
(4]
[B)=1.434 and total of [ A]and [B] = 1+1.434 = 2.434
mole % of [B] in mixture = ;-‘:g: x100= 58.92

mole % of 4 in mixture = 41.08

81.

82.

Numerical Chemistry
KOH alc.

Ju—
—

Pentyne -1 Pentyne-2 + Pentadiene-1-2

A (8) ©
Ateq. 13 952 35

= [8IC]
By
95.2x3.5
=== = 256.
X 56.31
B+=4

_4]
K=t

Then from Eqs: (i) and Gi), Ky =11 =35 _~ 0013
eq.

Now, for

AG°=-2.303RT log o K
=-2.303x8.314x 448 log 0.013=16178]
=16.178 kJ
Stability order for 4 and Bis B> A.
Similarly for =C
_[C]_Keql4] _256.31x1.3
T[Bl (pp  952x952
AG®=-2303RT logo K
=2.303x8.314x44810g 0.037=12282] =12.282 kJ
Thus, stability order for B and Cis B> C.
The total stability order is B> C> 4.

CH; -CHj - CH, - C== cHXCHzk

[CH;CH,CH=C=CH;}—
[CH3CH,C==C—CHj3]

G0, =100k mol !
Gro, = 50k mol™!

AG® for reaction = 2xGNo, —Gx,0, = 2% 50~100=0

Now AG=AG°+2.303 RT log Q

AG =0+2.303x8.314x10™ x298log % =+399KkJ

=0.037

(i) N,04 == 2NO,;

conc.att=0 5 N

(ii) Since AG is +ve and thus reaction will not proceed in
forward direction.

Also for reverse reaction :
2NO; ==N;04
Moleatr=0 s 5
Mole at eq. (5-2) S+x)
AG°=-2.303RT log K¢
AGo = 0 S+x .
5-2)°
[NO2]ateq. =5-2.5=2.5M
[N204 Jut eq =5+1.25=625M
AG®= AH°-TAS® (D
AH" for feaction = AHp — AH =25.44—(=24.27)
=-1.17k)
AS° forreaction= Sy - S =252.3-246.4

=59J=59x10" KJ

s Ke=lor 1=

Thus,
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. Casel:

AGreaction ==1.17-(298x 5.9x107 )
=-1.17-1.76=-2.93kJ
Now at equilibrium : AG®=-2.303RT log K¢
~2.93=-2.303x8.314x10™? x 298 log K¢
Kc =3.26

Thus, =Kc =3.26

[B]
[4]
or the mixture contains [B]and [ 4] in the ratio 3.26 : 1
N204 == 2NO,

Pr=X% ~RT

dRT
PV kot o P

=3.62x0.0821x 288 = 85.6 (g =g/ litre)

Let a mole of N;O4 and (1-a) mole of NO; exist at
equilibrium
ax92+(1-a)x46=85.6 s a=086
[7Nn,0, 1= 0.86mole and [N, ] = 0.14 mole

Kp= &;—_’%%x[ﬂl =0.028atm at 288 K
Case II: mpyi, =1.8%0.0821%348="52.57
Let a’ mole of NO4 and (1-a”) mole of NO; exist at
equilibrium.
a’x92+(1-a’)x46=52.57
[nNzo‘ ] =0. |4[IIN01 ] =0.86

1
Kp = 0.86%0.86, [-] = 5283atmat 348K
014 L1

Now, 2.303log K"’ AH [_(-ZT]T—ZT]
5.283 AH[348—288]
0.0228 348 288
AH = 18196cal =18.196 keal
Also, —AG=2303RTlogKp
AG = -2.303% 2x 348 log 5.283=-1158.7 cal

Mmix =

a’'=0.14

2.303log

As = AH=AG _ 18196+1158.7_ 55 63 cq)
T 348
A+ P = C+ D
Atr=0 2 2 0 0
Ateq. 2-x) (2-x x x
[CID) _ € |..icl=[Dland[4]=[B
Kc=tr=——= [*[C]=[D]and[4]=[B]]
CTIAB] (41
Also, AG°=-2.303RTlog K¢ %

[cr
or 460=-2.303x2x300 log [AT

2
or log [T _ 3329 or
(4
€_
or [A] 0.68

€1 _ o464
(41

85,

86.

87.

493

AG®=-2303RT logjo K¢

& 7177%107 =-2,303% 8,314 % 100010g 0 K¢
K¢ =867x107*

INg + -;o, « NO

2
Initial pressure 08 0.2 0
X -
Final pressure (O,H - i) (0.2 2 ) X
8.67x107 = £

A2 (005"
(0s-3) (2-3)

x=3.47%10"% atm

At1000K : COy(g) + C(s) == 2CO(g)
Moloat#=0 Bu2 %-2.5 0
Mole at equilibrium (2=a) (25-a) 2a

mass of gaseous mixture = [(2-a)x 44]+(2a X 28)
=88-44a+56a = (88+12a)g

density of mixture = 88?2“ =18.3g/ litre

88+12a=5x18.3 * a=029

COz(g) + C(s) =

(2-029)  (25-0.29)
=171 =17

_[COP* _ 0.58x0.58 _ 2
K= T B
=393%1072 x (0.0821x 1000)

(An=2-1=1)

2CO

2x0.29
=0.58

Mole at eq.

Kp =K (RT)*

=3.23 atm

At1100K : —88’“512"' =189 ..

CO2(g) + C(s) =

(2-0.54) (25-0.54)
=1.46

- 1.08x1.08
K,=—=—22220
5x1.46 =016

Kp =0.16X0.08211100= 1443 atm
2303log AP _AH T =Ty

Kp, R Tl
230310g 1443 _ AH[IIOO 1000

323 2 |1100x1000

AH = 32936cal = 32.936 keal

K o
2.3031og 22 sz AH? [L]
P R nn,

or 2303(logK , —log K, ]=¥[T2T&"TTI]
142

2.303(1.305-2.025) = AH° [M]

a'=0.54

2CO

1.08
1.08

Mole at eq.

Also,

2 [1218x1023

AH®=21190.67cal = 21.19 keal

AG°=-2303RT log,o Kp
=-2.303% 2% 1023x 2.025
=-9541.6 cal = -9.5416 keal
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89.

90.

91.

92.

Also, AG°=AH°-TAS°
—9541.6=-21190.67-1023x AS®
AS°= 11649
1023
AS°=+11.38 cal
A(g) == 2B(g) +3C(g)
Initial pressure 10 0 0
Final pressure (10— P) 2p k)4

10-P+2P+3P=1576 . P=144
=10-1.44 = 8.56 atm
Pp =2x1.44 =288 atm
P- =3%1.44=432 atm
(4.32)° x (2.88)*
8.56
Also, AG°=-2303RTlogK p
=-2.303x8.314x 298x log 78.12= ~10799.8]
=-1.08x10* kJ

Kp = =178.12

2.303log g Kp = —AH° L AS®
0g10 K p RT+ R
98320 95
or 2.3031o, Kpe=atooel . . Jo
810 AP =g 314x300 8314
(Put AH®and Rin J)

Kp =1.44x10'? atm™1/2

NH4HS(s) = NH3(g) + H3S(g)
Pressure at equilibrium . P P
Total pressure at equilibrium = 2P = 1.12 atm
P=1.12/2 atm
Kp = Pu, X Pi,s
Kp= ‘_2'2 ><1-—2‘2 = 0.3136 atm?

For the dissociation equilibrium,
NH4HS(s) = NH3(g) + H;S(g)
Pressure before dissociation 0.5 0
Pressure after dissociation 0.5+ P) P
Let pressure equivalent to P atm is developed by NH3
and H, S on dissociation of NH4HS, when 0.5 atm of NH;
is already present.

Kp =P, X Piys =(05+P)Por  0.11= (0.5+P)P
P=0.1653
P&HJ =0.5+0.1653 = 0.6653 atm
Pi1,s = 0.1653 atm
NH4CN(s) === NH;3(g)+HCN(g)

Partial pressure at equilibrium 0 P P
Total pressure at equilibrium = 2P = 0.298 atm
P =0.149 atm

Also,Kp P, X Piien =0.149x0.149.= 0,0222 atm?

Now dissociation is rhade when, Pyy, = 0.25atm
NH4CN(s) = NH3(g) + HCN(g)

0.25 0
025+ P' P’

Initial pressure
Pressure at equilibrium

Numerical Chemistry

=P (P'+0.25)
0.0222= (P )? +0.25P
P'=0.0694 atm
93. NH4HS(s) == NH3(g) + H2S(g)
3_-591§ 0 0

3.06, 70 3.06 , 30 3.06x 30
51 100 i 100 51x 100

V=2litre; T=27C; An=2-0=2

~ _ 3.06x30 . 3.06x30
Kc =[NH3 JIH2S] = 53 10053 % 51x 100x 3

=8.1x1075 mol? litre™?
p =Kc (RT)A =8.1x107° x (0.082x 300)>
=4.90x1072 atm?
Addition of more NH4 HS on this equilibrium will cause no
effect because concentration of NH4HS is not involved in
formulae of Kp orKc.
94.  NH,COONH4(s) = 2NH;(g)+CO;(g)
Let pressure at equilibrium of CO; be P, then
Pnh, = 2P and total pressure at equilibrium = 3P
Kp =(2P)? xP=4P3 (1)
If NH3 is added and the pressure of NH3 after addition at
equilibrium is 3P, i.e., equal to initial pressure.
Kp =4P* = (B, ) xPto, = (3P)* X Péo,
Péoz = % P

Initial mole

Moleateq.

Given,

Also,

Thus, Total pressure in II equilibrium is = 3P + = dp= 391

Total pressure in II ethbnum 31P/9_31
Total pressure in I equilibrium =~ 3P 27
95. e ot
[CO]
5 _[COy]
251072
[CO; ] at equilibrium = 2.5x 1072 x 5

=12.5%10"2 mol litre™!

96. C(s) + COz(g) = 2CO(g)
Gaseous mole before dissociation - 1 0
Gaseous mole after dissociation - . ( S0 ) 2x350

100 100
- 0.5 1
Total mole=1.5and An=1

Total pressure given at equilibrium = 12 atm

-Gt E] -G

S v
P 15%035 16 atm
97. COz(g) + C(s) = 2CO
Initial mole L77 2 0
44 12
=0.040 0.167 0
Final mole 0.017

0.034
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* Mole of COz = mole of BaCO4
(CO; +Ba(OH); —» BaCO; +H,0)

341
o = 0017

10.034]
Kc = ! = 0,068

0.017

left ncoz =

Kp =0.068x (0.0821%1100)' = 6.14 atm

98. CO;(g) + C(s) === 2CO(g)
Initial prossure 0.5 0 0
Final pressure 05-pP) 0 2P
05-P+2P+=0.8 s P=03atm
Therefore, final partial pressure at equilibrium are
Péo, =0.5-0.3=0.2 atm
Péo =2P =2(0.3)= 0.6 atm
122 2
kp=Fco) _(06)°
Peo, 02
99. (a) The given equilibrium is,
COz(g)+C(s) = 2C0(g)

=1.8 atm

Initial mole |
Final mole (1-a) .
(nco)” ] (h) [_
Ke =S, T =0 LT+a
2
10= 20 or 10-1002 =202
1-o.2
2_10
30
]
=.|==0.577
=43

Thus, mole of CO3, at equilibrium= 1-a = 1-0.577 = 0.423
and mole of CO at equilibrium =20t =2x0.577=1.154
Total mole present at equilibrium = 0.423+1.154 = 1.577

At equilibrium, PV =nRT
. P=>5atm; n=1577, T=817+273=‘1090
S§xV =1.577x0.0821x1090 . V =28.22litre

-1
[CO) at equilibrium = 1:134 = 0.041 mol litre

2822
s e 0.423 -1
[CO;, ] at equilibrium = 28.22 = 0.015 mol litre
(b) For CO;(g) + C(s) = 2CO(g)
Initial mole 1 0
Final mole (1-a) 2a
Total mole at equilibrium = 1-a +92;z =l+a
i iy 5. .
Given 72100~ “T100
(nco)? x[ P ]'
i el [
(nco,)
(2x 95)2 rY
10= 100 X .’_Qi

‘(%‘J‘loo

P =0.145 atm

; Kp—(Pﬂp) 23 mm

CaCO3(s) = CaO(s) + COz(g)

Mole before dissociation %% 0 0
— 357 [20,651 [20, 651
Mole after dissociation [mxmj LlOO 100) [i00<700)

-1
Mole of CO; formed = L‘::—fé =13x10

PV =nRT

1.3x10~! -
Pco, = 1320 —x0.0821x1073 = 1.145 atm

Now, K p = P¢o, =1.145 atm
. Eq. 1 CaCO;(s) = CaO(s)+CO>(g)
Given, Kp =4x1072 = Pto,
Eq. II Also, C(s)+CO,(g) = 2CO(g)
2
Kp =——(P°,°) =20
Pco,

; . -2
Now both are at equilibrium and thus Pco, =4x10
which should remain constant, thus

2pulFY. o pe o100 2= et

4%1072
. For, M3CO3(s) == M,0(s) + CO (g)
COy is1%inair; - Plo, =%0><P.i,
_—1- =
= moxlatm 0.0latm

Also, for equilibrium K p = Pcg, = 0.0095atm

Given, P.’;Q2 =0.01 atm
Since, decomposition is carried out in presence of Pco, of
0.01 atm and Kp =0.0095 atm, thus, practically mo
decomposition of M,COy. Thus, 1% CO; is sufficient
to prevent any loss in mass.
If at all reaction is desired the Péo, must be lesser than

0.0095 atm as Péoz at cquilibrium cannot be more than
0.0095 atm,
Alternate solution :

For M3CO;5(5) == M3 0O(s)+ CO; (v)
L p
(im il )

K p = Pco, and the pressure of CO; ulrendy present in
1/100atm. Let the decomponition of M5 CO, produces the
CO; of pressure P, then
; wel ap

T
or 0.0095= P+ 0.010r P =-0,0008
The value of pressure comen negative and thus, it may be

concluded that M3 COy will not dissoclate in pressure of'
CO; of pressure 0.01 atm,
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104.

105.

106.

107.

InKp =7.282—8%° atT =1123K

In Kp =7.282—7.569
In Kp =-0.287

In Kp =7.282-6.950
In Kp =0.332; . Kp =139

Av.Kp = 0.751-;1.394 = 2.1245 =1.0725

Quiet air means, the state when the decomposition of
CaCO3 occurs in a way that the air surrounded to it
becomes saturated with a pressure of CO, equal to 1 atm (to
pushback the air) needed to attain equilibrium.

Thus, when K p 2 1, then reaction is spontaneous is forward
direction or at 950° C, the reaction occurs predominantly in
forward direction. Thus, for minimum temperature, putting
K p = lin given equation.

log Kp =7.282-8500 o 1ogq= 7.232—%0

T
T=116726 K or 894.26°C
An efflorescent salt is one that loses H; O to atmosphere.
For the reaction,
CuSOy4 - 5H; O(s) == CuSOy4 -3H;O(s)+2H, O(v)
Kp =(Pi1,0)* =1.086x107*
Pi,0 =1.042x1072 atm = 7.92 mm

Given Py,p at 25°C, (i.e., 23.8) > 7.92 mm and thus,

reaction will proceed in backward direction, i.e.,

CuSOy4 -3H, 0+ 2H;0(v) === CuSOy4 -5H, O(s)
Thus, CuSOy4 - 5H, O will not act as efflorescent but on the
contrary CuSOy4 -3H,0 will absorb moisture from the
atmosphere under given conditions. The salt CuSOy4 - 5H;0
will effloresce only on a dry day when the aqueous tension
or partial pressure of moisture in the air is lesser than 7.92

mm or if relative humidity of air at 25°C= -;% =0.3330or

< Kp =0.751at T=1223K

33.3%
For(i) Kp =(Pu0)* .

Pu,o =4Kp =¥69x107'2 =1.62x107 atm
For (ii) Kp =(Pu;0)"

Py, ='YKp ='Y4.08x10" =3.64x10 atm

For (iii) Kp = (Pi,0)°

Puyo =YKp =¥5.25%107'% =3.50x107? atm
All these reactant can be used as drying agent since their
Py,0 is lesser than V.P. of H; Oin atmosphere, i.e., 4.58 mm
or 6.02x 10> atm. The efficiency order is
SrCl, -6H,0> Na,HPOy, - 12H,0> NaS04 - 10H,0

Sn0; (s)+2H;, (g) = Sn(/)+2H,0(g)

Case1:900K 45 55

2
= (_si)__ =1.494

7 sy

Numerical Chemistry

Sn0; (s)+2Hz (g) += Sn(/)+2H,0(g)
Casell: 1100 K 24 76

_76x76 _
K =o4w4 10.03

K increases with temperature and thus reaction should be
endothermic. Thus, high temperature is preferred for
reduction of SnO;.

108. -+ LiCl-3NHj; (s) == LiCl-NHj3 (s)+2NHj3 (g)

; [Kp =9atm?]
LiCl-NHj (s)+2NH; (g) = LiCl-3NH3 (s)

[x» = am?]

Initial mole 0.1 a 0
Final mole at 0 (@a=-02) 0.1
equilibrium
Let initial mole of NH3 should be a to bring in
completion of reaction.

Ateq. Kp,

= = 1T.)r
(Pnny)
ﬂ'm’ =3atm
PV =nRT
3x5=nx00821x313
n=10.5837

(a-0.2)=0.5837
Initial mole of NH3 = a = 05837+ 02 = 0.7837 mol

_ 1
(P, )?

O |—

ie.,

109. 2Na(g) = Najz(g)
mass at eq. 7 29
mole at eq. % %
=3.087 =0.630
n 1 -1
Kp = Na, [L] __0630 x[l.OlS]
("Na)?2 LZIn (3087)2 L3717
=0.242M Pa™!
110. Volume of room = 6x 5x 3=90m? = 90x 10° litre
Hg(l) = Hg(¥) Kp =Fijg =%02=263x10 atm
-6 3
gy = p = 2T X0 _ g 6351072 ol
wig (v)=9.62x1072 x200.5=1.928g = _192_83
' 90x 10

=2.14x107° g/ litre
_2.14x107° x10°
1073

The value is higher than safety limit and thus dangerous t0
enter in the room.

mg/m? =21.4mg/m’

111. C2HsOH+CH3 COOH = CH3COOC, Hs +H20

Molebefore reaction 1 1 0 !

Mole at equilibrium (1 - x) (1-x) x 1+x
x (I+x)

¢ =[CH3COOC,Hs)[H0) |y _ x(i+n)
[CH3 COOH][C, H5 OH] (1-_::)(1_—_::) (1-x)
4 V
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Given that, x = 0.543 since 54.3% of acid is used up
4 Kc =4.012
112. Casel:
CHs OH+ CH3 COOH += CH3COOC; Hs +H,0
Molebefore reaction 1 1 0 0
Mole at equilibrium 1-x 1-x x x
. x=2
3
. Moleat [1-2 1-2 2 2
3 2 2
equilibrium ) ( 3) . 4
2,2
o 3 3_4
1.1
33

NOTE : Volume terms are eliminated as in problem 105.
Casell:  C;HsOH+ CH3COOH = CH;3COOC,H;s + H,0
Mole before reaction 2 2 0 0
Mole at equilibrium (2 - x) (2-x) x x
2
Kc=4=—% or .. 2 =2
2-x)? (2-x)
or x=133
113. o —D glucose = B-D glucose
At equilibrium 364 63.6

63.6
Ko =96_,,
¢ =g =L

Kl(ag.)+12(ag.) +=Kl3(aq.)
Molar mass KI =166
Moleat¢=0 1326 0 Molar massKI; = 420

166
[1.326 _ 0.105] 0.105
420 Jo.oou 420

L 166
00013 25x107*

=17738x107
_4
K [KI3] __ 2.5x10

[KO[2]  7.738x10~ x0.0013
(- volume of solution = 1 litre)

114.

Mole at
equilibrium

Kc =24.62
The free iodine should be in solid and solution state.
The I, in solution state, i.e., I (aq. )=00013M
Thus, I, in solid state = 0.0025-0.0013 = 0.0012mol

115. Given S(s)+8% == 82 K¢, =17
25(s)+ 8% = 8} Kc, =53
s2-
Ko, 814, (1)
(s*7]
s2-
K, = 551 54 -2)
(s1
Now for Sg_ +S(s) = Sg—
2_
2-
(s27]

and (1) .I.(_QL E?’:! K
B .2 b = =Kc
y Egs. (2) e [s;_l
Kc =311
116. Ag* (ag.)+Fe?* (ag.)wa Fe** (ag. )+ Ag(3)
Millimole 500 x 0.150 500 x 1.09
before reaction
=545
(545 - x) x x

or =75
Millimole (75-x)

after reaction -
mM = Meq. (both Ag*/Ag and Fe* /Fe’* have

valency factor unity) - )

PO i .
€T Ag Fe?)

= Millimole
Total Volume

+1_75-x
(ag*1=2=X

X - Conc.
K = 1000 .
e (75—1 545—:)
1000 A 1000 45
2+ 1 -X
(Fe™ 1= 600
34,__X
[Fe™ 1= Jo00
Now 25 mL of mixture requires 30 mL of 0832 M or
0.0832x 5N KMnOj4.
Fe2* is oxidized by KMnOy.
Milliequivalent of Fe>* left at equilibrium in 1000 mL
= Milliequivalent of KMnO,4 for 1000 mlL
- 30x0.083225x Sx lm=4992
. x=545-4992=458
458
Kc = 1000
(75—45.8)x(545—45.8)
1000 1000
_ 45.8x1000
29.2x 4992
5 Kc =3.1420
2Fe’"(aq.) + (Hg,)"'(ag.) == 2Fe™"(ag ) + 2Hg  (aq.)
Conc. 05 05 ™ A
before reaction
Conc. (0.5-a)
after reaction at eq.

Kc =914x10- = [FE PHg™ 1P
(Fe** P(Hg1 )™ )
9.14x10-5 = (0.03+a)’ (0.03+a)
0.5-a)%(0.5-a/2)
a = 0.0027
[Fe®* ]=0.5-0.0027 = 0.4973 A
(Hg3* )= a5- 29027 - qasmrar

[Fe2* = 0.03+0.0027 = 0.0327 Af
[Hg?* 1= 0.03+0.0027 = 0.0327 AF

545—-x=4992

Thus, by Eq. (1),

117.

05-a7) 003+a) (@W+a)




\M

118. - CH3COOH+C,HsOH += CH3;COOC,Hs+H,0

Before reaction 0.1 0.1 0 0
Atequilibrium  (0.1-x) 0.1-x) x x
Megq. of acetic acid left = Meq. of NaOH used
=100x0.85=85
Millimole of acetic acid left = 85 (. mono basic)
Mole of acetic acid left = 0.085
or (0.1-x)=0.085 or x=0.015

Now Kc - = (oo =
(0.1-x)>  (0.085)
For the reaction : Fel* +3dipy = [Fe(dipy); ]**
Torward = K 1 x[Fe2* ][3dipy)
=1.45x 10" [Fe?* J[3dipy)
Thackward = K 5 X [Fe(dipy)3 ]*
=1.22x 10~ [Fe(dipy)3 ]*

0.031

119.

K
At equilibrium r; =7, and K¢ = K_f
b

=[Fe(dipy) ]** /[Fe?* J[dipy)’
Also, stability constant of complex = Equilibrium constt. of
. Ky
tion = ——
reaction Kb
_ 1.45x10"
1.22x107*
2KCN + AgNO3; — Ag(CN); + KNO; + K*
0.1 . 0.03 0 0 0
(0.1-0.06) 0 0.03 0.03 0.03

[Ag(CN); 1=003M
Nowuse Ag(CN); = Agt + 2ON-

0.03 0 0.04
(0.03 -a) a 0.04 + 2a=0.04

Since, K ¢ is too small and dissociation of Ag(CN); is very
less and thus,
0.04+2a~0.04 and 0.03-a=0.03

[Ag(CN);1=0.03; [Ag* ]=a; [CN™]=0.04
_[Ag¥JICN"T* _ ax(0.04)
 [AR(CNX) 0.03
a=75x10""8
121. H3;BO;+glycerine == complex; K=

0.10 a 9
0.1-x)

=1.188 x10"7

120.

Now K¢

[Complex] o
[H3BO; J[glycerine]

whmx=60x%=0.06

If 60% of H3 BO; gives complex then[H3 BO3 ]left=40%
Giveii [Complex] _ 60

[H3BO3] 40
09=

(@-x) x

60
40[glycerine]

60 =
40%0.9 LoIM

Thus,

or [glycerine] or (a-x)=

Numerical Chemistry

x a=1,6T+x=167+0.06=173M
122. A+ B == C
Conc. at | equilibrium 15 15 4

. 15 15 4
Conc. when V is doubled 3 5 2

Since, on increasing volume, pressure decraus and
the reaction proceeds in the direction where it shows an
increase in mole, /.e., backward reaction.

() () (5-9)

'_25+x=1o

(volume is Vﬁz)
(volumeis 2V litre)

Conc. at I equilibrium

=3
%3

@ _ 53]
[A][B]=[1_54"§ 1_25+%] .(1)for I Eq.

=€l __a_
€ T[A4)B]  15x15
K are same
@=5)/2__a
10x10 ~ 15x15
—_45
Ke =15xts
For I equilibrium 2NO; = N;04
Py,0,
(Ro,)?
P,0, =1.7atm ByEq.(1); Pyo, =0.5atm
The equilibria are maintained using NO and NO, in the

Now, K¢ =

.A2) for1Eq,

a=45M
Now, =0.2 mol ™! litre!

123.

Kp= =68 A1)

ratiol:2
Forllequilbium NO + NO, = N,O3;
Initial pressure P 2P 0
Pressures at equi. (P-x) (@P-x-34) x
3.4 atm of NO; are used for I equilibrium to have
Ry,0, =1.7atm
At equilibrium (P-x) 0.5 x

¢+ Pno, is same for both the equilibria since both
reactions are at equilibrium at a time.)
Total pressure at equilibrium (Given 5.05 atm)

= Ao +Pio, +P,0, +Pu0,
=P-x+05+x+1.7
5.05=P+220
P=505-220 .. P=285am
2P-x-34=05
2x285-x-34=05
x=570-390 . x=1.80atm

Ao =2.85-1.80=1.05 atm

Now, Kp for NO+NO, = N,03;
Kp=— D0 180y
Po X pﬁoz 1.05x0.5
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124.

125.

342(g) = 46(g)

Kp =1.6atm™

Kp=16=

(PA, )3

=i,0—'= '
16 0.5atm

Also, pressure of 4 used for the formation of Ag = 0.6atm

For Ar(g) + c(g) - AzC(g)

t=0 2P

Ateq. 2P-P'-06 p- Pl P'

Also, for 342(g) = Ag(g)

=0 2P 0

Ateq. 2P-P' - 06 02
2P-P' -06=05

(since Py, ateq. is 0.5 for simultaneous equilibria)
Also, pressure of A3 +C+ A,C+ Ag
=(2P-P'-0.6)+(P-P')+P' +02=14
05+P+0.2=14
P=0.7atm
-0.6=0.5
P! =2x0.7-0.6-0.5
P'=03atm
~ Py, =05 atm Pc =0.7-0.3=0.4 atm,P4,c = 0.3 atm
Also, Kp for A (g)+C(g) = 42C(g)

2P-p!

A(g) < B(g) + 2C(g) andC = 2D + 3B(g)

1 0 0
l-a (a+ 3b) 2a-b 2a-b 2b (a+ 3b)
T moleateq. = l-a+a+3b+2a—-b+2b=2a+4b+1

Piitial *<1
Peq, o< 2a+4b+1

2a+4b+1—-l—§

Now,

(1)

AN oy

or 2a+4b=
[Cleg. =%[A]eq.
ix(l-a)

Also,
2a-b=

22a-9b= 4 o))
By Eqs. (1) and 2), a= 025,b= 0.167
yEqs [B][C] (a+3b)(h b)
Ke =143 (-a)
[0 25+(3%0. 167))[0.5-0. 167]2 =011
(- 0.25)
(DP[BY _ (2) 2 (a+3b)°
Ke. = 1 @a-b)
[2)(0 167] [o. 25+ (3x0. 167)] ~0.142
[0.5-0.167]

126.

127.

499
NH4l = NH; + HI (1)
P P
Forthls equilibrium 2P = 275
P=1375
Thus,Kp forEq. (1) =Pnu, XPu1 = 137.5x137.5..(2)
For 2HI = H; +1,
1 0 0

X X
-3 3 3

Kp=Kc= > = (0.015)?
401 -x)
x=02
i.e., degree of dissociation of HI is 0.2. Again since HI

decomposes, reaction (1) proceeds in forward direction, i.e.,

NH4l = NH3 + HI ..(3)
P+4) (P-a)

2HI = Hy+ 1 ...(4)

(P-a) % % [ a=02P]

Also, Kp for final equilibrium Eq. (3) or Eq. (1) is
Kp=(P+A)P-a)=(P+A)P-02P)
=137.5x137.5=(P+ A)0.8P)
P+A4=171.875
A=34375
a=02Px02=275
T NH; HI
Totalpressureatequnhbnmn—F—A-+P = a/2 =73
=2P+ A =2x137.5+34.375
=309.75 atm
N; +0; = 2NO
Initial Vol. % a b 0

Final Vol. % x
x=JK_a,b—K(aT+b) (D)

Also,
The ‘x’ is maximum only when condition of maximum are
fulfilled, i.e.,

& & _

% and %= 0
By partial differentiation of ‘x’ w.rt. ‘b’ keeping ‘a’
constant.

Hy I

&__Kb _K_JKb_K_ :

FromEq.(1), & ¥y A Y - L
By partial differentiation of ‘x* w.r.t. ‘6’ keeping ‘a
e & Ka _JKa_K
FromEq.(1), & T 4 Y =0..03)
By Eq. (2), K-a b-4b2

ByEq. 3), K-a-b=4a?

a=b

NO’I'I: Also, this is valid only when K < 4, because if a=b,Eq.
) yneldusw/ —-—-a(»/———)

JK>K12 or 4K > K2
or K@4-K)>0 or

If x is +ve
0<K<4



128. AG®°=-2.303RTlog o K p
11.8x10% = -2.303x 8.314x 230log 10 K p
Kp =2.09%x1073
Also, for 24AB == 4; + B,
1 0 0
(1-a)

(at 1 atm)

o a

2 2
2

Kp=—2L 5 or & =v2.09x1073

4(1-0) Al-a)

o=0.0837 or 837%

129. XA & D+ C

a(l-a) % "_;1.
Kc= a*o’ - o?.g¥*

p2 .xz[a(l—a)]‘ X (1-ay* 2

14
Since, o is independent of a 2-x=0 ..
Given that AE - AH =1200cal

where AE is heat of reaction at constant volume and AH is
heat of reaction at constant pressure.

x=2

130

b

Also, we have AH = AE + AnRT
- _—1200 _ _ .
AnRT=-1200 or  An=2Z0=-2  (R=2cal)
Now, Kp =Kc(RT)™
Kp _ (0.0821x300)% = 1.648x103
Kc
1.029x 1000
= = 10291000 _ g 6
131. Megq. of H, S = Meq. of PbS i
__86 _
Mole of H, S formed = 10002 0.0043
Also, Sb,S3 (s)+3H; (g) = 2Sb(s)+3H, S(g)
Initial mole 0.01 0.01 0 0
Final mole (0.01-x) (0.01-3x) 2x 3x
3r=0.0043; .. [HyS]= [%“é]u
and [H2]=[o.01-o.0043] M
25
H,S)?
Thus, K¢ = _[2_]3
[Hz2]
'0.0043]’
2.5 - -1
Thus, K¢ =—t S =043=43x10
[0.01—0.0043]
2.5

132. Let mole of A and B diffused out are ny and np

'

respectively. Initially they were present in the ratio P—“ =1

P
L/ m_a=‘[Z=1
ng my 16 2

Numerical Chemistry

Thus, mole ratio of n4 and ng goes out in the ratio 1 : 2,
Thus, mole of A and B are left after diffusion in the ratio 2 : |
Total pressure after diffusion is 2 atm thus,

Py left= % at27°C
Pp left= % at 27°C

Now, vessel is heated to 127°C, thus new pressures

becomes A
' g A4 16 0B
Pa=3%3=% (Pz rz)
r_2,.4_8
Pp=3%3%%

Now, A + B =C

Initial P 16 L 0
9 9

e [ ] -

Kp=01= e BT

P
[1_6_PI§_P] (16—9P)(8—9P)
9 9
or  81P=12.8-21.6P+8.1P?
or P2-1267P+1.58=0 P=0.126 atm
133. V=0224dm?®, P=lam, T=273K

Mole input per minute at eq.
_PV_ _1x0224 _ 4
RT ~ 00821x273 024110

ZnO(s) +CO(g)=Zn (g)+CO,(g)+N2(g)
99.941%0.45x107%  99.941x107x0.50  99.941x10~4x0.05
=4497x107* =49.97x10~* =4,997x107*
ZnO(s)+CO(g) == Zn(g) + CO2(g) + N2(g)
[44.97-5)x107* 5x107  [49.97+5]x10~ 4.997x107*
=39.97x10~* =54.97x107*
- Total mole in gaseous phase at equilibrium
=[39.97+5+54.97+4.997]x 10~ =104.937x10™*
1
NOW, Kp =*"Zn XIICOI x[._P_]
nco Zn
1
_54.97x107 x 5x 10~ x[ 770 ]
39.97x107* 104.937x107*

= 50.45“.“ sa—= "_‘m atm.

Initial Mole

Moleateq.

134. For the equilibrium :

nd == [4,]
Initially 1 0
Ateq. I-a «
n

Total mole at equilibrium = 1-¢t + &

n
X PV =nRT

Thus at equilibrium

p 1-a+% .

PV=[I-u+%]RT or == ()

RT v
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135.

Gives, ZL.)-(-DKe
T yrl
o
o Pl _(-Dke _ (TDXp
RT VvV yn vV i (1—0.)"
Vﬂ

o
"‘KC = ’ly

= l[]___(n_ 1n
VI ng-a)

[since ais small, . (1-a)" =1]

_1 l_(n—l)a
n

[l—a + E]
n
Eqgs. (i) and (ii) are identical.

Equilibrium constant K is given dimension less which
means that

(ﬁ)(@)
x < @)xGco) \ PP\ P

(ano)x(ac)  Puo
Pe

<

..(ii)

<l—

(forsolida=1)
1

The term a represents relative activity, i.e, a= % where P°

standard state pressure = 100 kPa for gases and P is partial
pressure of that gaseous component.
Thus for the equilibrium :
Q(s) + H20(g) = CO(g)+Hz(g)
1 1 0 (]
(1-x) (1-x) x x

1
xx | _Pr
B (1-x)x[P°x(l+x)]

2
__X 200
1.34= - x—_l[][)

Mole fraction of CO = mole fraction of

. x=0.633

136.

137.

138.

. H)?
i DG IOHT)
]

Py,
_12x107% x(0.1)? py,. < Pressure of Hy
- 60 2 100 kPa
100

[OH ]=V2x107% =4.472x107"
pOH=12.35
pH=1.65
ABy(g)+A(s) = 24B(g)
Initial pressure P 0 0
Pressure at eq. P~R 2P!
Given, P=07and P+P'=0.95bar -. P'=0.25bar

[OH™)? =

Pys, (0.7-0.25)
Let after reversible and isothermal expansion pressure of
AB, and AB be a and b bar respectively at equilibrium
b
= 0' 5 = —
Kp, 5 = z
a+b=04
b=0.27 bar
a=0.13 bar

Thus, mole % of 4B, = %x 100=32.5

mole % of AB = % x100= 67.5

Also

CH3COCH;(g) = CO(g)+C;Hg(g)
Initial mole a 0 0

ateq. (@-x) x x
“  Pea
100eca (Initial prressue is 100 mm)
Also given mole fraction of CO = —*_ = 1
a+x 3
x=a+x
or =4
Let pressure at equilibrium be P’, P’ o< g+ x
2 P'=a+8=3a
2 2
pr=3%100
2
and pressure of x = 50 mm

K= Peo X Py, _ 50x 50
Pcrycoch, 50

Then

=150 mm

=50 mm



5

10.

12.

. For 24+2B<+2C+2DK.=1/16 then K,

for
C+D+=A4+Bis ...

K Ky
For the reaction 2P ;‘—‘ [0} ;,—k R +§;K),K,,K5 and

2 4
Ky are 4x10%,2x10%,16x10% and 40 respectively.
The overall equilibrium constant is ......
In the reaction : C(s)+CO,(g) +22C0(g), the
equilibrium pressure is 6 atm. If 50% of CO, reacts then
Kp of the reaction is ......
The mole at equilibrium obtained during experiment for
the given reaction in 1 litre vessel are shown below the
reactants and products.
24(g)+B(g)=>3C(g)+3D
Mole at equilibrium 8 16 4 4
If reaction in forward direction is to be made, the initial
conc. of reactants and products should be such that
reaction Quotient should be less than.........
The rate of disappearance of 4 in the reaction at
equilibrium A4 = B is given by
~AA]_ 51072 4]~ 4x 10 [B]at 300 K
dt '

The equilibrium constant X s ......
K, =K. x [RT]A", for the reaction
200, (g)+2CaCO;3 (s) +=2CaC;y (s)+502(g ); An

Negative slope of the line drawn as In K vs. % for a

given reaction is —1. The heat of reaction is ...... cal.

. If AG® for a reaction is —8290.8 cal. The K for the

reaction 300 K is 10”. The value of nis :
The plot of In K vs. %shows an intercept of In a = 4. The

change in standard entropy for the reaction at
equilibrium is ...... cal.
What is the % dissociation of H;S, if one mole of HS is
i in 1 litre vessel at 1000 K, if K for the
reaction :
2H,5(g) == 2H (g)+S; (g)is 4x 1078
In a reaction at equilibrium, ‘x’ mole of the reactant, A
decompose to give | mole each of B and C. The
experimental studies suggest that the decomposition of 4
at equilibrium is independent of initial concentration of
A. Calculate ‘x’.
Given below are two reversible reactions:

A+B+= Z;, K, =24

B+C w2 2; K, =16

The equilibrium constant X . for the reaction

14

15,

16.

b

17.

18.

19.

20.

21.

22.

B

24,

25.

26

A+Y !-lZ+—C2-is .......

For a reversible reaction A = B,log o K =1.737 - 25—790

(in litre atm unit). The standard entropy, change to the
closest value in cal K™ is......
: . Kp An

For a reversible reaction T =(RT)"" at 300 K. If
4

K, | K. =14941.5(in litre atm unit) for a given reaction

then An for the reaction is...... (given log K, / K. =4.17

and log 24.93 = 1.39).

If pK, of HCN is 10 and of HCO3 is 9, the pK g, for the

given reaction is......
CO%” +HCN— CN™ +HCOj3

An for the reaction :

NH,4Cl(s) == NH; (v)+ HCI(g) is......
The variation of In K¢ vs.-Tl,- gives a straight line having
an angle of 45°, The value of heat of reaction in cal is......
Vapour density of N,O4 at temperature T X is 43.80.
The % dissociation of N;04 to NO; is......
For the reaction : AB(g)+=A(g)+B(g), the total
pressure P at which 4B is 50% dissociated is given by
P=axKp,.The value of a is......
Total number of present of equilibrium in the given
reaction are......

CuSO4 (s)3NH3 (/) === CuSOy - 3NH; (/)
5 mole of PCls are heated to attain the equilibrium at
constant volume ¥ and temperature T as :

PCls; ==PCl; + Cl, ; the degree of dissociation of PCls
is 0.2 at these conditions. Now 2 mole of N; are added to
maintain ¥ and 7. The total mole of gases present at new
equilibrium are.....
A one litre container was used to study the following
equilibria occuring simultaneously

CHa(g) + H0(g) == CO(g) + 3H;(g)

CO(g) + H:0(g) == CO4(g) + Hx(g)

If 10 mole of each CH, and H,0, were used and if 2 mole
of Hy0 reacts with CH, and CO separately, to attain
equilibria, then mole of H, formed are.....
For the reaction : 2CO(g) + O,(g) +=—2C0,(g)K.=0.75

Conc at eq. 4 3 a
What is the value of a?

The variation of In K vs. % gives a straight line having an

angle of 45°. The value of heat of reaction in cal is.....
For the equilibrium at temperature T
Na;HPO, 12H,0(s) = Na" HPO,-X H,0(s) + Y H,0(8):



Chemical Equilibrium 603
K, = 25%10™". If vapour pressure of H,0 at T X is Kp (in stm) the -
i S renchion,
5x107* atm, how many molecule of H,O are lost by 3. The valos of Ke (in M)
NazHPO4 - 12H,0 at equilibrium ? SO,CI (8) ¥>802(g) +Clo(g) o lompersture

27.

For an equilibrium reaction : 4 + 28 &==2C+ D; 4 and
B are mixed in a reaction vessel at 300 K. The initial
concentration of B was 1.5 times the initial concentration
of A Aﬂer the equilibrium, the equilibrium
concentrations of 4 and D are same, What is K, ?

.

365.4K is 3 x 107, The value of a 18 000
The values of K, and K ,, for the renction given below

are in the ratio 2 : 1, If degree of dissociation of X and A
are equal, then total pressure at eq. (1) and e, (2) are in

28. Vapour density of N;O, at temperature 7 K is 43.80. the ratio.
What is % dissociation of N,Oy to NO; ? X&==Y+Z, Kp,
29. Hot copper turnings are used to absorb O, in order to AF=20 Kn

produce inert gas atmosphere. At 500 K,
2Cu(s) + 3 Ox(g) == Cu0(),

the value of (K,)* is 2.5x10"*" atm. If R =008 and
Av.no. is 6x10%, how many molecules of O, are left at

38,

For the equilibrium N704 7= 2NO2; G,o, #nd

GRio, re 100 kI mol ™" and 50 ki mol ™" ut 298 K when

§ mole of each are taken initially than the approximate
value of Gibbs energy change for the above reaction inkJ
18 s

equilibrium in 1 litre container ? 39. The degree of dissociation of PCl 5 8t | atm and 400 K is
30. For the reaction AB(g) ==(g) + B(g), the total pressure 60%.  Assuming ideal behaviour the density of
P at which 4B is 50% dissociated is given by P = a x K. equilibrium mixture is approximately in glitre is ... 2
The value of a is..... 40. K, for NH4HS(s) == NHj(g)+H28(g) is 9 (atm)2
31. A certain gas 4 polymeriscs as "Ao"—(” Ju 1fn =2 and at TK. The total pressure at equilibrium at 7K is ...... .
degree of polymerisation is 20% then if reaction is 41, For the decomposition of NH4HS 7= NH3 + H28, if
carried out by taking 10 mole of A4, then total mole at Py
equilibrium are..... ' K, =nny, Xn x(—) ,then a is equal to ...... ;
32. Total number of phases present at equilibrium in the p = NHg T THA T\ T -
reaction 42. IfK, for LiCl-3NH3 (s) == LiCl-NH3 (s) + 2NH3 (g),
CuSO04(s) + 3 NHy(/) == CuSO43NH;(/) is 9 atm2.1 0.1 mole of LiCl- NH3 at equilibrium, the
33. For the reaction at 300 K, A(g)==B(g)+C(g), pressure of NH1 at equilibrium is ...... .
A, H°=-30K] mol~! and A,S°=—IOOJK" mol™!, 43. 2 mol SO; and 1 mol O, are heated in closed vessel to
then equilibrium constant X for the reaction is ..... ;‘:‘"; °q}l'f:)"?"“m :2802 (ﬁ )+02(g) =—=2803(g)
e equilibriu
34. The value of AG®, when K¢ =1 for a reaction in ) 4 1 m mixture shows a pressure of 5 atm and
gl requires 3 mol of KyCr07 in acidic medium for
equilibrium is ...... ; '
35, A vessel of 250 litre containing 0.01 mole of Sb,S3 was oxidation. What is K, in atm~'.
filled with 0.01 mole of H and reaction at 440°C, 44.

Sb,S3 (s) +3H2 (g) — 28b(s) + 3H,S(g)
was allowed to attain equilibrium. The HS formed was
just sufficient to react with Pb(NO3 )3 to give 1.19 g of
PbS. The value of K¢ at 440°C is ...... ;

Consider a reaction : 4B3(g) == AB(g)+B(g) in
equilibrium. The initial pressure and equilibrium
pressure are 100 and 120 torr respectively. The
equilibrium constant in torr is ... .

N e TmEa— I

I Four 2. Four 3. Eight 4. Eight 5. Four 6.Five 7. Three 8. Two 9. Six 10. Eight 11. Two 12. Two
10 Six 14, Eight 15. Three 16. One..17. Two 18. Two 19, Five 20. Three21. Two 22. Eight 23. Eight 24. Six
28 Two 26. Two 27. Four 28. Five 29. Six 30. Three 31. Nine 32. Two 33. One 34. Zero 35. One 3& One
37. Eight 38. Four 39. Four 40. Six 41. Two 42. Threc43. One 4. Five



Numerical Chemistry
l l 1

1. 1 OBJECTIVE PROBLEMS (One Answer Correct) | :

1. The rate for the 4, +C—— Product for which

mechanism is given below is 5.0 mol litre ' s~! when
the concentration of reactant 4, and C are 10 mol/litre
and 4 mol/litre respectively :

ol 10 -1
Step I 4, ;,_~2AK,=10 s
2

and K =107 litre mol ™' sec ™!
StepIl. A+C— AC
The rate constant for the change 4 +C — AC is :
(a)1.25x10™! (®)1.25x1073
(c)1.25x1072 (d)1.25
2. The equilibrium constant K, for Ag)— Bgyis1: 1.
The gas having its concentration at equilibrium greater
than 1 is :
(a) only 4
(b) only B
(c) both 4 and B
(d) both[A]and[B]if[4]>1 and only[B]if0.91 <4 <1
3. For the reaction in equilibrium

2NOCl(g) +=2NO¢,) +Clz‘g) if Pqy,

initial pressure of NOCI, then total pressure at equilibrium
is:

—i,whenPis

@3% (b)2P
©F @¥

4. The standard internal energy change during the course of
reaction at equilibrium at 300K : 24, + B, <= A2 By is:
(Given, K, =107"° atm % and AS°=5JK™")

(a) -63.93kJ (b) +63.93kJ

(c) +58.94 kJ (d) -58.94kJ
An aquatic species needs atleast 4 mg/litre O, for their

survival. The solubxhty ofO; in water at273Kand | atm

pressure is 2.21x10™ 3 mol litre ™. The partial pressure
of O, above water (in atmosphere at 273 K) needed for
survival of species is :
(a) 0.56 atm (b) 5.525 %107 atm
(c) 5.525atm (d) 0.056 atm

6. The equilibrium constants for the reactions are :

NO3(g) = NOg) +0(g) Kp, =6.0x107%
03 +NO(g) = NOy) +02¢)  Kp, =5.0x107%
The equilibrium constant forOz(g) +0(g)  O3(g) is:

(a) 8.3x10" ()1.2x107"
(©)3.0x107% (d)3.3x10%

5

7

10.

11.

12.

If K,, for HS=1.0x107"" and K, of Ba3(AsOy),,

Ag,S and Ag3AsO, are 7.70x107°',2.0x10™ and

1.0x107% respectively. The equilibrium constant for

the reaction :

3Ag2S(s) +Baj (AsO4)2(5) +3HY =

2Ag3AsO4;) +3HS™ +3Ba*is:
(b)3.0x1071%°

(a) 5.6x1071%4
(d) 4.63x107108

(c)5.6x107'%8

. Vapour density of N 204 at 60°C is found to be 30.6. The

degree of dissociation of N3Oy is :

(@) 10% (b) 20 %

(c) 40 % (d) 50 %

The dissociation equilibrium pressure of NH4HS () is
60 cm at 27°C. The total pressure at equilibrium when the
NH4HS is dissociated in presence of 45 cm of NHj is :
(a) 85 cm (b) 100 cm

(c) 105 cm (d) 75 cm

The rate of disappearance of 4 at two temperatures is
givenby: A+=8B

L —%:2“0‘2[/4]—4“0'3[3]::: 300K

I —%=4x10‘2[,4]-16x10"[3]a:4oo1(
The heat of reaction for the change is :

(a) 3.863 kcal () 6.93 kcal
(c) 1.68 keal (d)1.68x10% keal
The decomposition of HNO; represented below attains
equilibrium at a given P, and T. If we start
4HNO;3(5) = 4NO(y) +2H;0(,) +02()
with pure HNO3 having initial pressure P;, then at
equilibrium which one is not correct ?
1024(Po, )’ 1024(?02)

(a) K p = ———4 _—
(Peg. = 7Po,) (P -4Py, )4

1024(Po, )’ ( 1 )3
—_— x —
(Peg. = 7Po,)*  \P°
(d) All of these
Hot copper tumnings can be used as oxygen getter for

inert gas supplies by slowly passing the gas over the
turnings at 600 K.

ZC’U(,) +502(g)‘_

© K=

Cuz0¢); K, =7.5%10'° atm 2

The number of molecules per litre left after equilibrium
has reached are :
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13.

14.

15.

16.

17.

18.

(a) 2.17 (b) 2.17x10%
(c)3.61x10% (d)1.78 x10%

0.2 mole of NH4CI are introduced into an empty
container of 10 litre and heated to 327 to attain
equilibrium as NH4C|(,) #NH](g) +HC|(8);

K, =036 atm?2. The quantity of solid NH4Cl left is :

(a) 0.02 mol (b) 0.078 mol
(c) 0.095 mol (d) 0.035 mol
For the reaction :

2(:&804(,)#1:80(,) +2$02(8) +02(g);
K, =0.143 dimension less. If mole fraction of SO, is 0.4
at equilibrium, the dissociation pressure at equilibrium
(in mm) is :
(a) 868 mm (b) 40.3 mm
(c) 76 mm (d) 86.8 mm
The dissociation of N,04 is carried out at constant
volume and temperature T. The degree of dissociation o.
of N3Oy is : (Peg, and Py, are pressure at equilibrium
and initial pressure at equilibrium and initial pressure
before dissociation and assume ideal gas nature)

Peq _Plnl

(c) dependent of initial mass of N,O4

(d) all of the above

NO and NO; are mixed in a container at constant volume

to attain for the equilibrium :

2NO, ==N;04 NO+NO; = N03;
If partial pressures of Pyo, and Py,0, are 0.5 and 1.7 atm
i ilibri is 5.05 atm, the

respectively and equilibrium pressure 1s

initial pressure (atm) of NO would be :

(a) 2.20 (b) 2.85

(c) 3.20 (d) 3.85 .

The equilibrium constant K, for the reaction has the

following characteristics : . .

(a) K,,=K;, ifpmsmemexpmssedmbarormstandatd
state )

(b) K;, values rises exponentially with the constant, if
reaction is multiplied by the constant

(c) on increasing the temperature equilibrium is shifted
towards high enthalpy side whereas on decrea.smg
temperature, it is shifted towards low enthalpy side :

(d) all of the above

1
Which graph correctly represents for logio Kp vs. T
plots ?

19.

20.

21.

22.

(a) Exothermic reaction : logyoKp,

1V/T—
log10Kp \

(b) Exothermic reaction :

'Ww’é /

(c) Endothermic reaction :

logs0Kp.

(d) Endothermic reaction :

° 1 .
The intercepts and plots of graph of log 10 K p vs. Te:

T _AG® _AH°
() AG', AH ®) 3303723038

Y AH® o
©330r " 2308 P 230R’

If S° for N3,0,, N,0, NO, N02 and N204 are 45.7,
49.0, 48.2, 50.24, 57.24 and 72.77 cal respectively and
Nz +%oz =N,0; AH°=19.49kcal at 300 K

1

%Nz +302 ==NO;  AH°=21.60keal at 300K

%Nz +0; ¥==NO;; AH°=8.09kcal at 300 K

N2 +20; +£N304; AH°=2.19kcal at 300 K

For which AG® is more +ve :

(@) N2O () NO

(c) NO, (d) N204

Forthe reaction: 4B5(g) = AB(g) + B(g), the degree of

dissociation of 4B is negligible compared to unity, then
which one is not correct ?

_C'('l.2 _ K.q

(a)Keq._ 4 (b)(!— T
-|Ke _alxp
@a=y75 (d)K,,,,_Om)

In a reaction at equilibrium ‘x* mole of the reactant 4
decompose to give 1 mole of C and D. It has been found
that the fraction of 4 decomposed at equilibrium is
independent of initial concentration of 4. The value of

‘x'is:
()2

(a) 1
(©3 )4



27. Gasesare A2

23. A certain reaction has equilibrium constant 10 and 100 at

300 K and 400 K respectively. The ratio of AG°® at 300 K
and 400 K respectively is :
1
® %
1
(c) 2

b3
3

3
@3

24, The equilibrium constant X . for the reaction,

A(g)=—2B(g),
obeying the graph is :

@) 1.6 ®) 1.0
(c) 13 @4
25. The preparation of SO3 (g) by the reaction,
502(£)+302(8) =503 (2)
1‘ 50
« 40 Ty
3 3 T2
e 20 Ts
i 10
® =
P—-

shows the following figure in % yield against pressure at
different temperature then :
@ T3> >7
©nh=T2=T;

® L >T2>T;
@72 >N >T3

26. Which of the following is correct for the equilibrium

constant involving exothermic and endothermic change :

—_—

(@ f :e.mmc ®) 2| /"™ Endothermic

TN
|-

Exothermic

;:mtintwoeonuhasn

AT

300 K separated by a narrow tube of negligible volume
having valve in between. On opening the valve the

(c) :

31

32.

Numernical Chemistry
reaction A(2)+B2(g) =24B(g) attains
equilibium at 300 K. If K. =4 at 300 K, the
concentration of AB at equilibrium is :

@) 133 M b)2.66 M

(c) .66 M (d) 0.66 M

Two solid compounds A; and A4 in a container

dissociates at temperature 7' to show the equilibrium :
A(5)==A(g)+2B(g); K, =9x107
A(5)==C(g)+2B(g); Kp, =45x107

The total pressure of gases at equilibria will be :
(a) 1.5 atm (b) 0.45 atm
(c) 0.6 atm (d) 2 atm
10% of a mixture of 0.2 mole of N and 0.6 mole of H,
react to give NH3 according to the equation to give NH;
following the reaction equilibrium :
N2 (g) +3H;(g) = 2NH3(g)

at constant temperature. The ratio between the initial
moles and final mole is:
(a) 1.05 (®) 2.20
(c) 0.8 (d) 0.6
At a definite temperature, the equilibrium constant for a
reaction, A + B —=2C, was found to be 81. Starting
with 1 mole 4 and 1 mole of B, the mole fraction of C at
equilibrium is :

9 1
O ®

2 7
(© 1 d) T
Addition of 1 mole of N, is made to an equilibrium
mixture of PCl s in a piston fitted cylinder. Which of the
following is correct :
(a) No effect on equilibrium constant X, or K,
(b) The degree of dissociation of PCls decreases
(c) The volume of container does not change
(d) No effect on equilibrium concentration
Which of the following represent chemical equilibria on
mixing?
(a) 20 mL of 0.1 M HC1 + 20 mL of 0.1 M NaOH
(b) 20 mL of 0.1 M NH4OH + 20 mL of 0.1 M HCl
(c) 20 mL of 0.1 M AgNO3 + 20 mL of 0.1 M KC]
(d) 20 mL of 0.1 MK,CrO4+ 20 mL of 0.1 M Pb(NO3)2
Which of the following relation correctly represents the
equilibrium constant in terms of standard state for the
dissociation of :

280, (g) +0,(g) ==2803(g)

Partial pressure ateq. A B 5]
(in kPa)

2
WK, =—)

(R)? x(Py)
(R)?
(R)? x(Py)

®K, = %100
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35.

37.

39.

(Py)*

) x(Py)
(P3)?

(P)? x(Py)

Select the incorrect statement :

(a) Solubility of hydrated salts usually increases with
temperature

(b) Pw — Pr; AH =+ve

(c) Dissolution of water soluble gas is always
exothermic

(d) Le chatelier principle is not valid for solid-solid
systems

Select the incorrect statement :

(a) m.pt. of ice is lowered at higher altitute

(b) m.pt. of solid is raised at higher altitude

(c) Ice melts slowly at higher altitude

(d) Melting of ice takes place slowly on spraying NaCl at
same pressure

Select the incorrect statement :

(a) On dissolution 0.1 mole of CH3COONa in 10 mL
water in a beaker shows equilibrium

(b) Chemical equilibrium is attained only at constant P
or at constant V'

(¢) On dissolving CuSO4 in water a turbid solution is
formed which forms a transparent solution on
addition of little CH; COOH

(d)SbCl; in aqueous solution gives a transparent
solution

For the reaction,

©Kp,, =

DKp, =

X+Y+—3Z
if ot mole of each X and Y per litre are taken initially in
the container, which are correct at equilibrium :
(@) [X]+[Y]=0 (b) 3[X]+[Z]=3a
OXI-3lrl=a  @X]+[Z]=%

The oxidation of SO, by O3 to SO3 is an exothermic
reaction. The yield of SO; will be maximumif':
(a) temperature is increased and pressure is kept constant
(b) temperature is reduced and pressure is increased
(c) both temperature and pressure are increased
(d) both temperature and pressure are reduced
For the reaction,
Hj(g) +12(g) = 2HI(g),
the equilibrium constant X , changes with :
(a) total pressure
(b) catalyst
(c) the amounts of Hy and I, present
(d) temperature
Pure ammonia is placed in a vessel at a temperature
where its dissociation constant a is appreciable. At
equilibrium :
(a) K, does not change significantly with pressure
(b) a does not change with pressure

41.

42.

43.

45.

46.

47.

(c) concentration of NH3 does not change with pressure
(d) concentration of hydrogen is less than that of

nitrogen o
An example of a reversible reaction is :
(a) Pb(NO3 )2 (aq) +2Nal(ag) — Pbl (s)

+2NaNO3 (aq)

(b) AgNO3 (ag) + HCl(ag) — AgCl(s) + NaNO3 (ag)
(c) 2Na(s) + HyO(/) - 2NaOH(aq) + Hz (g)
(d) KNO3 (ag) + NaCl(aq) = KCl(ag) + NaNO3 (aq)
The reaction which proceeds in the forward direction is :
(a) Fe,03 +6HCI1=2FeCl3 +3H;0
(b) NH3 + H,0 + NaCl = NH4Cl + NaOH
(c) SnCl4 + Hg,Cl,; =SnCl; +2HgCl,
(d)2Cul +1, +4K* =2Cu?* +4KI
One mole of N,O4(g) at 300 K is kept in a closed
container under 1 atm. It is heated to 600 K when 20% by
mass of N ;04 (g) decomposes to NO- (g). The resultant

pressure is :
(a) 1.2 atm (b) 2.4 atm
(c) 2.0 atm (d) 1.0 atm

. For the chemical reaction 3.X (g) + Y (g) == X3Y(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
Consider a hypothetical equilibrium :
A(aq.) ==2B(aq.) +C(aq.)
Before the reaction, 4 and B were present such that mole
fraction of B is 1/3 as well as molar concentration of B is
M. At equilibrium the reaction mixture has mole fraction

of A equal to 1/2. The equilibrium constant of the
reaction can be given by :

27Mm3 28Mm3
o) =~ B

M2 oM?
©) 7 ) %8

Qne mole of 4 at pressure P in a closed container of 1
litre shows the following equilibria :

A@)T=B(g)+C(g) ; K,
C@=D()+B(g) ; K,
The pressure at equilibrium is 2P and % =2.1. The
ratio of ). bc i ; "
X, can be given by :

(@3:1 ®4:1
©2:1 d@1l:2
Consider a hypothetical reaction : A+ B =_cC;

K¢ =0.9.The mole of 4 added to 1 litre of 0.1 MB
60% of B is converted to Care : - o that



49.

51.

52.

53.

(a) 1.83
(©) 1.73

(b) 1.93
(d) 1.63

. For the given endothermic equilibrium, the heat of

reaction at constant volume is 1200 cal more than that of
heat of reaction at constant pressure at 300 K. The ratio
of equilibrium constants K, and K¢ for the above
equilibrium is :

(a) 3.6x10° (b)6.2x10°

(c)3.6x107° (d)1.64x1073

The concentrations of 4 and B are 3M and 4M
respectively in the state of equilibrium of
A(g)+2B(g) ==C(g). After the equilibrium is
attained, the volume of container is doubled so that
equilibrium is restablished and at this state [B Jeg. i8 3M.
The equilibrium constant K for the reaction is :

(a) 0.083 (b) 12

()4 (d) 0.25

. Equal volumes of 0.06 M AgNO; and 0.2 M KCN

solutions are mixed. Kc for the reaction
Ag(CN); (aq.) == Ag"* (ag.) +2CN " (ag.) is 1.6 x
107" at 25°C. The concentration of Ag*(aq.) in
solution is :

(a)3x1078 p (b)1.5%107 M
(€)1.5x1078 p (@)3x10720 M

Two solids 4 and C shows the following dissociation
equilibria :

A(s)==—=B(g)+D(g)

C(s)=—E(g)+D(g)

The pressure over excess solid 4 is 40 atm and over
excess C is 80 atm. The total pressure of the gaseous
mixture over the solid mixture is :

(a) 67.0 atm (b) 89.4 atm

(c) 134 atm (d) 178.8 atm

For the equilibrium : A(s)=—2B(g)+3C(g), the
concentration of B and C are x and y mole litre !
respectively at equilibrium. If concentration of C is two
times of y at equilibrium then what would be the value of
[B] at equilibrium?
(a) 2x

(c) &

(®)3x
d)==—

() 25

The colour of given reaction mixture is blue at room

temperature. On .

[Co(H,0)61* (ag.) +4C1~ ===[CoCI}  ](ag.)+6H,0
Pink Blue

cooling it becames pink, this indicates that :

(a) reaction is exothermic

(b) reaction is endothermic

(c) reaction shifts in forward direction on cooling
(d) none of the above

Numerical Chermestry

84, The activation energy for the forwad and backward

57.

59.

reactions are 10.303 and 8.0 k cal respectively at 00 K_
Assuming pre exponential factor same fox bot forward
and reverse reaction are same and B = Jeal, the
equilibrium constant for the reaction A == E is :

(a) 10 (b) 100
(c) 1000 @09.1
N0 is dissociated t0 33% and 40% at sotad pressure P,

P . P
and P, mpwlivdyamﬁnmmmoafﬁisr
(a) 2.0 (b) 1.55
25 @39
For the reaction at equilibrium :
2NOBr(g) —2N0(g) + Br2(g)
if Ppy, =§ne¢ﬁlﬂxﬁnﬂmﬂmkﬂh

K
ratioofTPiseqnalto:

1 1
@ ®3
© @3
500 mL vessel contains 1.5 Meachof 4, B,Caad D &

equilibrium. If 0.5 M each of C and D are taken out, the
value of K¢ for A+ B=—C +D1s:

@10 OH

©3 @3

For the reaction at S00 K, 24 + B —=2C : AG°=2 &J
mol~!. What is the valoe of K for the reaction
A+%B—>Cn500K_

(2) 0.786 (®) 0.527

(c) 0.22 (d) 0.46

N;0, dissociates o NO, for which equilibrim
constant (K,) is 0.2 at 300 K. Find out the fraction of
N304 dissociated at total pressure of 4 sm pressure
having 1 mole of Argon at equilibrium. Assume a being

small for solving the problem.
(a) 0.158 (b) 0.058
(c) 0.250 (d0.015

4 mole of SO3 shows dissociation equilibrium in 2 htre
flask as :

2803 =280, +0,
The equilibrium mixture requires 6.4 mL of 0.1 M
acidified KMnO, for the redox change. K. for e
reaction equilibrium is mol litre ™' is :
(2) 0.178 () 0.356
(c) 0.702 (d)0.0178

61. The AU®and AS® for the change :

24(g)=—=2B(g) +C(g)
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62.

are 30 ilibri
constan:( ;:: tﬁdret(t):?ioc:lils“ g RIS Thsegi
@ ® e

©e @e?

The equilibrium pressure of the reaction mixture :

< pam :?‘hﬂS(g) ¥ NHj(g) +H;5(g)

is P atm at tempera ibbs energy
change for the teacttil:: lzs‘K_ The standard Gibbs

(8 2RT[InP-In2]  (b)-RT[lnP -In2]
©) '—R.T [In2-1nP] (d)-2RTIn P
Variation of equilibrium constant ‘K> with temperature is
given by :
100
InK=4-2
. nK=4 T

The value of AS, (in cal) for the reaction : A =— B at
300Kis:

(@2 (b) 4

(©)6 @8

A 20 litre container at 400 K contains CO; (g) at pressure
0.4 atm and an excess of SrO neglect the volume of solid
(8r0). The volume of the container is now decreased by

65.

moving the movable piston fitted in the container. The
maximum volume of the container, when pressure of
CO,, attains its maximum value, will be :
(Given that : STCO3 (s) = SrO(s) +CO2 (g)
Kp,= 1.6 atm)

(a) 5 litre (b) 10 litre
(c) 4 litre (d) 2 litre
The equilibrium constants of the following are :

N, +3H; ==2NH3 K|

N, +0O; =—2NO K>

H, +%oz =—H,0 K
The equilibrium constant () of the reaction :

K
2NH; +§oz —=2INO+3H;0 ; willbe:

KiK;3 K2K3
® ® %
K2K3 K3K3
© v (d)Tl—



Numerical Chemistry

ot I

1. (a) Thestep Il is slow since I K| and K, are very high

[4]={[42]%10
r=K[A4][C]
=mex[C]
or 5= KJW))M
x K= =0.125

4x10
2. (d) Mathematical observation.

3. (8) 2NOCI = 2NO + Cl,
P—% P2 P/4

4. (b) AG°=-2303RTlogK ,

=-2.303x8.314x107>x300 log 107'°
=+57.44KkJ
AG®= AH°-T AS°®
+57.44 = AH°-300X 5x 1073
AH° = +58.94K]
Also, AH°=AU°+AnRTKJ
58.94 = AU°+(~2)x 8.314x10™> x 300, AU°= 6393k]
_221x107°
1
=221%x10" molatm™!

Now, O, required for survival = 4x 10~ g/litre

Now,

5. (d) Acc.toHenry'slawK, =<

=4x107 "3‘;’_3 mol litre™!
-3 _4x107
Now, 2.21x10 - T
- P =0.056 atm
[NOJ[O] _[NO;][02]
-8 Kr ="Jo,1 X% =0, 1N0]
w L 1 o [NO,] [03][NO]
" Kp  Kp, [NOJO] [NO2][02]
__[0s] _
[0][0:]
=1 =33x10¥
6)(10‘520 x5%1073%
[H*])[s*"] :
7. @) Kz“, =—W (i)
Kup,s =[Ag* 1[57] (i)
Kippeyaop, =[Ba”* 1’ (4507”12 (i)
K s o = (A8 1°[A507 ] (V)
2+ 43
K _[HS"P[Ba®* P )

(H*]?

By Eaqs. (i), (ii), (iii) and (iv) ,

X (Kgppg,s )’

| 2
X | ——
[K’phl:ma ]

=4.63x107108

1
K‘K-'Pu.;w. X Kz,.,

_7.70x1075! x 2.0x1074)?
(1.10x10715 )% x (1.0x10722 )2
N204 = 2N02

(- a)><92+axx46
(1+a)
NH‘HS(,) += NHj; +H,S
K,forNHHS ~ =PxP=P’

8. (d)

2x30.6= woo=0.5

9. (d
Also given2P=60cm
. P=30cm
K =30x30= 900cm’
NH4HS(;) == NH3 +H;S
P'+45 P
(P'+45)x P'=900
P'=15cm
P.=15+45+15=75cm

- - s:
10. (a) K==L =2X10" _sa300K

Kb  16x107

g - {8520

or AH = 3863.3 cal = 3.86 kcal
11. (d) 4HNO3(:) = 4N02(:) +2H2 0(3) +03;

5 " Presst;re at equ:)hbnum is Peg,
P;-4pP 4P 2P P
Py =P, —4P+4P+2P+P
P,-4P=P, - 1P =P, -P,;
(Pno, )" (P0)? Po,
(Prvo, )*

_ 1024(Po,)"  1024(Po,)’
(Peg.~P0,)* (P -4Po,)"
(Pno, )* X (Pu,0)*Po, 1

(Pino, )’ *°y
_@P x@PyxP 1
(Peg. =P, (P
__1024(po, )’ -
(Peg. = 7P0,)*  (P°)

P=Po,
Kp=

and Kﬂp =
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12. (3 Kp =(Po,)™"?
7.5%x10' = (pp, )12
Po, =1.78x1072
Now, PV = nRT
_178x1072 x1 _ 24
"= T600x 0.0821 - >61x10
. Number of molecules of O, left
=3.61x1072* x6.023x10%3 =2.17
13. (b) NH,4Cl== NH; +HCl
moleatt=0 0.20 0 0
mole at eq. (0.20-a) a a
Also,

Kp =Py, x Pycy = P2
P=JKp =036=0.6 atm

Now, NH; formed n = £¥ - _ 0.6x10

3 "= RT ~ 0.0821x 600

=0.122 mol

= mole of NH4 Cl decomposed
“» NH4Clleft=0.2 - 0.122 = 0.078 mol

14. (a) an04(_') == ZCIO(,) +2$02(x) +02(g)
. (Pso,)* P
Kp =(Pso, ) -Po, and Kp = 30 ) i
- (P°)
(P°=1atm)
(Pso, ) -Po, =Kp x(P°)? =0.143=0.143 atm
Let dissociation pressure be P atm, then
Pso, =Px0.4and Py, =Px0.6
- 0.143=(Px0.4)2 x Px0.6
P =1.14 atm = 1.14x760 mm = 867.96 mm
N;04 == 2NO;
moleatt=0 a 0
moleateq. (a—aq)
Pipi = # . Peg

15. (d)

2aa where,a is degree of dissociation.
_(a+aa)-RT
B 4

ﬂ"-‘.:——l or a'—'-—Paq'_Pl"i
Pini

Py (1+0)
P ]’=4a2P

_ (a0 [
Also, K,-(a_aa)" 2+a0 I-a?

Ky
*=\ar+K,

INO; == N304
Ateq. 0.5 1.7
NO + NO; === N;0; ’

Ateq. P-x 0.5 x  (where, Pisinitial pressure)
~ Eq.pressure=P-x+0.5+x+1.7
or 5.05=P+2.20
’ P =2.85atm
- Pe xPp

Py xPp

16. (b)

17. ) A+Be» C+D: Kp,

18. (a)

19.

20.

21.

22.

23.

25,

26.

©

(a)

(@

(®)

(b)

- (a)

(a)

()

F) xFPp)
Py xPs)
Kp,=(Kp)

nA+nB wknC+nD; Kp =

- 23‘0}; -
AH = ~ve
-AG°=2.303RT log K
-(AH°-TAS )= 2.03031!7‘2&1( P
logK, =

__AaH°
2303RT * 2.303K
AG® = AH°-TAS® g
AGH 0= 19.49-[48.2-45.7— T]>< 300x107

s T,
AG, = 21.60—[50.24-7'-—2-]x300x10"

=20.73 keal
AG}io, = 8.09-[57.24—1521-493]x300x 107

=12.47 kcal 5
AGf0,=2.19— [72.77- 45.7— 98.0]x 300x10™

=23.47 keal
AB; == A+B

1 o 0
1-a a a

. _Ca? st BT
- Ko =72 andK, =a [l+a]

=D +C
a(l-0) 4. ac
x
a2a2 aZaZ—x

e K¢= =
y2. Xz[a(x—a)]‘ X*(-ay ¥

v
Since; a is independent of a
2-x=0
x=2
AG‘;= -RThn K
AG, _ 300m10 _300_1_3

a8 400In 100 400°2" 8

At.eq.[B]=04M; [4]=01M

0.4x0.4
Ke==—"2""2,
S 0.1 16

The formation of SO, is exothermic and thus at high
temperature backward reaction will proceed to give
lower percentage yield.

- zAH° _AS°
InkK = RT + R
For endothermic change AH® = + ve

slope of In X vs ?l is negative.

For exothermic Me AH®= - v
slope of In X vs T is positive.
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27. @

28. (b)

29. (a)

30. ()

Ay +By ——24B

moleat =0 2 4 0

ateq. 2-x) (4-x) 2x

Total volume atequilibrium is 1+ 3=4 litre
5]

=4 = xz =
[2 X][‘* X] 8—6r+x?

4 4

4x? =32-24x+4x?

Ais) ¥=A4(g) + 2B
*P, 2P\ +2P,
A =C+ 2B(g)
*P, 2P +2P,
@A +2P)’ XA

Kp (2P +2P))’ xP,
ﬁ:
P,
B =2P,
Also, from K p, = P (2P, +2P, )%;

P =0.1atm and P, = 0.05atm
Total pressure = P; + P, +2P; + 2P,
=3(P, +Py)=3(01+005)

= Q45atm
N2 (g) + 3H; = 2NH;
Initial mole 0.2 0.6 Total mole present=0.8
Moleateg. (02-0.02) (0.6-0.06)
0.18 0.54 0.04

10% of the react i. e.,0.08 mole react. Let xmole of N,
and 3x mole of H; react, then
4x=0.08
x=0.02
Total mole at eq. = 0.18+0.54+0.04 = 0.76
Moleatz=0_0.80_ o5
Moleateg. 0.76

under similar conditions of P &7, this is also volume

A+fﬁ

31. (a)

32. (b)
33. (b)

35. (d

36, (d)

37. (b

38. (b)

39. (@)

40. (a)
41. (d)

4. (a)
43. (b)

4. (a)

Numerical Chemistry

|-

*. Mole fraction of C =

[N={

1

—

11
Addition of inert gas either at constt. P or V" does not
bring any effect on K. or K, values. Volume
increases and thus degree of dissociation of PCl;
increases.
PbCrO4 and AgCl are precipitated out. Salt of strong
acid + weak base shows hydrolysis equilibrium.

In standard state,
2
Pso,
[ Po )
Kp

BN
/ P

Also P°=100kPa or 1 bar in standard state.

White phosphorus is more reactive than red P and
possess more enthalpy.

Melting of ice takes place fastly on spraying salt at
same pressure.
SbCl3 + H20=

=KpxPpP°

SbOCl+ 2HCI

turbid

X+ ¥ =3

a a 0

(x-a) (x-a) 3a

- (@-a)-(0-a)=0=[X]-[¥]

Also, 3[X]+[Z]=3
Ya-a)+3a=

$0; +30; ==2503; AH =-ve;

Follow Le Chatelier principle.

K, depends only on temperature.

Follow solution 39.

An irreversible reaction is one in which either of the

product is precipitated or separated out as solid or
escaped out as gas.

Acid-base reactions occur spontaneously.
N,04 == 2NO,
1 0
1-0.20 2x0.20
Mole of N;O4 =1 mol

Dissociated N, O4 = llx—o“:;) =0.2mol

PNzo‘at300K—latm Py, 0, 8t 600 K = 2 am
", Total mole present at eq. = 1- 020+ 040= 120

A _m (at constant 7',¥)
Pom

2=l =

A "13 A =24am

The formation of product is favoured by increase in
for this reaction and change in temperature.
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4. (d A(aq.)==2B(aq.)+C(aq.)
mole fraction at r =0 % % 0
molarity t =0 M IM 0
Ateq. (M -x) M+2) «x

(Since mole fraction are in the ratio 2 : | for 4 and B thus
their molarity will also show same ratio)
Thus total mole at equilibrium

=2M -x+M+2v+x=3M + 2
Given mole fraction of A ateq, = + = 2M -x

Thus  [B]l=M+2_3M
4 2
M

a4
BIE
Neoww Ko <BIIC1_L2]14] om?
(4] ™ 28
4
4. () Ag) = B(g) + C(g)
Initial mole 1 0 0
final mole at eq. 1-x x+y x-y
C(g) = D(g) + B(g)
x 0 0
x=¥ y X+ y
y [_C_]=x—v=2
Given A" 1=x
x-y-2=0 ()
Also pressure «<mole (¥ and T are constant)
Thus, Pl
Pocl=x+(x+y)+(x=y)+y=l+tx+y
l+x+y=2 ... (i)
From (i) and (ii)
=3  and y=1
: =3 =3
_(x+y)(x-_v)
Therefore K -—_—_(l—.r)
_(x+y)_v
LT
G-
K _G-p? 4 &)
K2 (1-x)y _l(l_J)
4
47. (c) A + B =C Kc=09
atr=0 a 0.1 0 x=60%o0f0.10r0.06

at equilibrium  (¢-0.06) (0.1-0.06) 0.06
(a-0.06) 0.04 0.06

(9]

Ke =tans

513
006
0.9= Z=006)x 004
=3 _
O 13
or 1.8¢a-0.108=3
a=3108_ ) 93
1.8
48. d AH = AU + AnRT
¥ An=AH-AU __ 1200, __
T RT 2x300
Now R (RTY™ = (0.0821x 300)™2
C
=1.64x107
49. (a) A@g) + 8@g) — C
Concentrationatleq. 3 4 a
c T8

Ix4- =
Also if volume is doubled i.e., pressure decreases the
reaction will proceed in the direction where mole
increases, thus

A + 28 —C
when V= v 3 4 a
when ¥ =2V 1.5 2 2
Re-establishment of eq. 2 3 %‘0-5
a —-—
s (3-29)_@-n
2x32 36
or el e
6 48
48a-48=36a
12a =48
a=4
or I% a-1_1“-1 ol
36 "1 0.083
50. () AgNO; +2KCN — Ag(CN); +2K™ +NO3
Initially 006x¥ 02x¥V 0 0 0
Aftermixing - 0.08 x ¥ 0.06 V 0.12V 0.06 V
Thus, [AZCN)a|” = °‘gf,y =003M
-1_ 0.08xV
CN™ =220 =
[ ] » 0.04
Now Ag(CN)3 (ag.) == Ag"'+20N"
0.03 —_ 0.04
(0.03-a) a 0.04
Kc =16x107"° -w_f
[AS(CN); ]~
or 1.6x10°"° = ax(0.04)?
(0.03-4a)

a is very small as K¢ is very low 0.03 — a =0.03
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-19
Ths,  a=16X0°0 X003 5 0
(004)
1. (b) A(s) == B+D
Pp +PD =40
o 2P=40
or P =20atm
: K, =(P)* =20x20= 400
C(s) == E(g)+D(g)
Pg +Pp =80
s 2P =80
or P =40atm
& K, = 40x40=1600

Similarly,

For simultancous equilibrium A(s) == B+ D
P P+P
Cs)s<—E+ D
P PP
400= A x (A +P,)
1600= (A +Fy)
or F2-=% or P, =4p
Also, P (P +P)=400
P (P +4P)=400
5P =400
P, =8.94 atm

Total pressure ateq. = P +(P, + P, )+ P,
=2R +P)=2P +4P)
=10P =10x8.94=1894
A(s) =— 23(8)+3C(g)
Kc =[BP[CP =x*(»)’ ==y’
If concentration of C is two times to that of y at
equilibrium i.e., 2y then if concentration of B is B,

K¢ =[B2 172y
or PP =48 PP -

B)= 5™ 28
53. (b) Follow Le-Chatelier principle
Ky _ ge -10.303x10%/RT
5. (d) ===

$2. (d)

K,, Ae -8x10%/RT

= ~2303xX10%RT _ ,~2.303x10%/2x500
Kc=e23% -9
N204 — 2NO;
1 0
1-0.33 2x0.33
(2x0.33)> _ A
— 3 —
Ke=—0e1 *13

1
['.'Kp = (—:% x(é)]

55. (b)

Similarly for 40%

Numerical Chemistry
J(ax04? Py
Kp =56 "%
; A.
. ey
56. (b) INOBr(g) ¥ 2NO(g)+Br;(g)
2 /2
Ao, r E2
2P +La
PreZssump
o z

e,

po—— =

& "

87. (a) K¢ does not depend on concentration of reactants or
products.
K. =PUC]_1.5x1.5_,
€ TI4)(B)  1.5x1.5

24+B==2C AG°=2kJmole”’
A+-;a-.—'—-c AG®=1 kJ mole™!

Now, -AG°=2.303RT log K
-1000 =2.303 x 8.314 x 500 log K
K=0.786
N;04 =——2NO;
1 0

58. (a)

59. (a)

1-a 200
Zmole=1-a+2x+1
=2+a

() ! __4a?p
Kp= (1-a)[ra] i

(for Ar)

o<<<2
2 2
K,=¥=4’“‘2 X4 _02
a=0.158
2803 = 2502 +02
Initial mole 4 ] 0
Ateq. 4-x x x

2
S0, will show redox change with KMnO4
Mn”* +5¢ — Mn2*

60. (a)

+6
2e+ S — S**
=meq. of KMnOy4
=64x01x5=32
mole of SO, lteq.-3—22- 1.6
(n-factor of SO; =2)
x=16
. =[80:1%10,)
(03 1

meq. of SO,
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NG
K.= 2) \2x2 _\2 4
NG
2 2
=0.178 mole litre™!
AG°= AH® — TAS®
Also, AH®= AU® + AnRT
; AH®=30x10% +1x2x 300
=30600 cal
AG® = 30600—300x 100

=600 cal
-AG°=RThnK,

(V=2 litre)

61. (b)

-_600 -
Kp = e-AG°/RT =—¢ 2X300 — e—l

NH4HS(s) = NH; (g)+H;S(g)

2 2
AG°=-RTInK,=-RThnf_=—rTmE_
4 22
=—2RT[InP-1n2)
AG°=-RTIn K,
and AG°=AH®—TAS°=-RThK,
—AS®_AH®
nKp =R ~%T
. " 100
On comparing In X —4—7-
AS° _4
R
AS°=4x2=8cal
64. (a) SrCO;3 (s) == SrO(s)+CO2(g);
Kp =PCO; =1.6 atm
The reaction should favour forward direction as
Q<Kp,but since SrCO3 is not taken initially, reaction
cannot take place in forward direction.

63. (d)

515

SrO(s)+CO;, (g) == SrCO; ;
1
=—=0.625 atm

Kp it 0.625 a
Thus on increasing pressure, volume of container will
decrease till Pco, becomes 1.6 atm having same mole of
CO,.
The reaction will attain equilibrium till P = 0.625

_PV _04x20_ 8

Initial mole of CO; = RF="RT “RT

- nRT
Ateq. V= P
-8 «RT _5y
—RTX T 5 litre
3
65. (b) 2NH3; ==N, +3H; ; —‘-=M@- @)
K1 [NH;)
i [NOJ? .
N, +0; =—2NO ; Kyp=—-— .. (i
20 2 =N, (07] L
3
3H2+%Oz—>3H20; K;:% ... (iii)
[H2]°[02]
5 K
2NH; +§Oz +=2NO+3H,;0
x - [NOP’[H; 0P’
[NH; 1[0, 1%
By multiplying (i), (ii) and (iii),
Lk, xk3 =2 IH)* _[NOP [H 0]
Ky (NH;)2  [N20[02] [H, %[0, 32
_[NOJ? x[H,0* _
[NH;3 %[0, 1%
. 2
K= Ko )'(K3
K,
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® PREVIOUS YEARS PROBLEMS ©
1. For the reversible reaction : 6 For the reaction Nj(g) +3Hzg) = 2NHjg);
N2(g) +3H2(g) = 2NHj(g) at 500°C. The value of K, is AH = —ve, the correct statement is : (IIT 2006)
144x107, when partial pressure is measured in (a) Addition of catalyst does not change K but changes
atmosphere. The corresponding value of K, with AH.
concentration in mol LV is: (IIT 2000) (b) At equilibium, 2Gng, =GN, +3GH,- (G is Gibbs
() 1.44x107° 7 (0.082 x 500)2 energy)
(®) 1.44x1075 /7 (8.314x 773)2 (c) At higher temperature, the rate of forward and
-5 2 backward reaction increases by a factor 2.
(€) 144 X107 /(0.082 x 500) (d) At 400 K, addition of catalyst increase rate of
(d)1.44x107° 7 (0.082 x 773)2 forward reaction by 2 times and backward by
2. When two reactants 4 and B are mixed to give products C 1.7 times 4 -3
and D, the reaction quotient 0, at the initial stages of the 7. If Ag* +NH3 [Ag(NH3)]"; K;=3.5x10" and
@ is o ®)d B i [Ag(NH3)]" + NH3 <= [Ag(NH3)2]*; K =1.74x107
ecrease with time : P
() independent of time  (d) increase with time e f°““a“°“j°°s‘a“‘ of [Ag(NH;3 ) ] b Ex2000)
3. At constant temperature, the equilibdum constant (K p) (a) 6.08 10 (b) 6.08 <10
for the decomposition reaction. N;O4 = 2NO, is () 6.08x10™° (d) none of these

expressed by K, = 4x2p/ Q -x? ) where, P is pressure,
x is extent of decomposition. Which of the following
statement is true ? (ITT 2001)
(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 or x

. Consider the following equilibrium in a closed

container N204(g) == 2NOy). At a fixed
temperature, the volume of the reaction container is

- - halved. For this change, which of the following

< anhe

A

statements holds true regarding the equilibrium constant
(K p)and degree of dissociation (at): (11T 2002)
(a) neither X, nor a changes

(b) both X, and a change

(c) K, changes, but a does not change

(d) K, does not change, but @ changes

. The following equilibrium are given :

N, +3H; =—2NH;3; X
N, +0; =—2NO; K>
H, +%02 = H,0; K;
The equilibrium constant of the reaction :
2NH;3 +-25-02 = 2NO+3H,0
interms of X, K> and K3 is:
KiK> ®) KiK3
K3 K>
K2K3
K

(IIT 2003)

(c) d) X, K2K3

10.

11.

The value of log)o K for the reaction : A==8 , if
AH°=-54.07 kJ mol ™! at 298 K, AS°=10JK " mol ! at
298 K, R = 8.314 JK~! mol™! and 2.303x8.314x298 =

5705, is : (IIT 2007)
@35 (b) 10
(c) 95 (d) 100

. For the reaction SO;(g)+1/20,(g)~—=S03(g) if

Kp = K¢ (RT)™ where the symbols have usual meaning
then the value of x is : (assuming ideality)

[JEE (Main) 2014]
1
-1 —
@ ®)-3
©3 @1
The following reaction is performed at 298 K.
2NO(g) +02 (g) ==2NO0(g)

The standard free energy of formation of NO(g) is
86.6 kJ/mol at 298 K. What is the standard free energy of
formation of NO, (g)at298 K ? (K, =1.6 x10'2)

_ [JEE (Main) 2015]
(a) R(298) In (1.6 x10'%) — 86600
(b) 86600 + R(298) In (1.6 x10'2)
In (1.6 x10'2)

R (298)

(d) 0.5[2x 86600 — R(298) In (1.6 x10'2)]

The standard Gibbs energy change at 300 K for the
reaction 2A——=B+Cis 2494.2 J. At a given time, the

composition of the reaction mixture is [A]= %, [B1=2

(c) 86600 —
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and [C]= %The reaction proceeds in the :
[R=8.314J/K/mol,e =2.718]
(a) forward direction because Q> K.

(b) reverse direction because Q> K

(c) forward direction because Q<K

(d) reverse direction because Q<K

The % yield of ammonia as a function of time in the
reaction [JEE (Advanced I) 2015

N2(g) +3H;(g) == 2NH;(g), AH <0

at (P, T}) is given below :

If this reaction is conducted at (P, T3 ), with T > Tj, the
% yield of ammonia as a function of time is represented
by: '

[JEE (Main) 2015]

13.

(c) 1.182

(a (®)

% Yield
% Yield

(©) @

% Yield
% Yield

Time

The equilibrium constant at 298 K for a reaction
A+B+—=C +D is 100. If the initial concentration of
all the four species were 1 M each, then equilibrium
concentration of D (in mol L_l) will be :

[JEE (Main) 2016)
(b) 1.818
(d) 0.182

(a) 0.818
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.l | PSS | UJTIONS (Previous Year Problems) BEEEESS ".

1. ) K,=Kx(RT)™
An for the change = 2—- (1+3)=-2

Thus, K; =K. x(RTY™
i K =—Kp___144x107
(RT)?  (0.082x 773)2
2. (d) Atthe initial state if only reactants are used O = 0, but
from initial stage to attain equilibrium is continuously
increase with time till it because equal to X ..
3. (d) Kpisa characteristic constant for a given reaction and
changes only with temperature.
4. (d) For the reaction ; N3O4(g) = 2NOy(,)
40.%a?
K=——"_
¢ (a—aa)V M
where, a is initial mole on N, O4 in ¥ litre vessel and o
is degree of dissociation of N, Oy.
If volume is reduced to V72, the initial concentration of
a_2
N3 O4 becomes A
2
An increase in concentration of reactants leads to
forward reaction, i.e., the decomposition of Ny O4 to
have constant value of X ,.
2
s © K- DEL o
[N2][H2]
[NO)? .
Ky=— —— -.(i1)
2 " [N21[02]
- [H0] (i)
[H, ]2 [0, 11/2
__[NOJ [H,0P
" (NH3 )? [0,
By inspection of (i), (ii) and (iii)
K2xK3 _ [NOP  [Np)(HoP' [HpOF
K (N0 (NHy )P [T (0217
__INoP(H,0P _ o
" INH 1 (0,1
6. () AG=2Gnu,-Gn, —3%XGy,
and AG = 0 at equilibrium.
_3 _[Ag(NH3))*
7. (@) K;=35%x10" =[—3—£3—)]
[Ag™ ][NH3]
+
Ky =174x107 = (A8CH 2]
[Ag(NH;3 )" [NH; ]
N +
Ky =Ky Ky = 2SO 1
[Ag* J[NH;]
Chemical Equilibrium
13. (b) A+ _— C +
Concentrationat =0 1 1 1
Concentration at eq. 1-x 1-x I+x
€Dy _a+x)? _
*TTANB] (1—x)?
or +x_q0
1-x

D
1

I+x

-, Formation constant K 3 for
Ag* +2NH; == [Ag(NH; ),]*
K3 =3.5%107 x1.74x107
=6.08x107%

8. (b AG°=-2303RT log K

AH°-TAS°=-2.303RT log K

[~54.07x10° - 298 10]=-2.303x 8.314 x 298log K

57050
log K =02 =10

9. (b) An(gy= (Number of product molecules — Number of

reactant molecules) in gaseous state = 1— (l+ —;) = —%
AGy =2xG NO, -[2xGno +Go, ]

= 2Go, - 2GNo

=-1‘,AG} +Gho

=%[—RT1nKP]+G;0

10. (d)
(Go, =0]
G;Oz

- —;[—Rx2981n (1.6 x10'2 )]+ 86600
= 05[-R x2981n 1.6 x10'2 + 2x 86600]

11. (b) Q=_=_2=4

AG’ =-2303RTlog K¢

2494.2 =-2.303 x8.314 X300 log K¢
Kc =036
* 0> K thusbackward reaction.

12. (c) The combination of N, and H, to give NH; takes
place at slower rate if temperature is reduced to 473 K
(200°C) because fewer energetic collisions occurs
between molecules, however yield of NH; is 88%. On
the other hand the combination occurs at faster rate at
723 K (450°C) but the yield of NH3 is 15%. Actually it -
is the number of energetic collisions which really
matters to lead a chemical reaction and the rate of
reaction is reduced at low temperature (473 K). The
15% yield of NH3 is better at 723 K because
equilibrium is achieved earlier. The NH3 formed is
dissolved in water and is drained off as NH; (ag) from
the system so that unreacted N, and H; recombines
again to produce NHj in order to maintain constant
value of K .. Thus, all the N5 and H; are converted to
NH3 with a faster rate.
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l+x=10-10x

xX=—

11

[D]=1+x= |+1—9l-l 818

or

Now
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. X OBJECTIVE PROBLEMS (More Than One Answer Correct) :»

1. Select the correct statements :

2.

w

.

4.

s.

(8) An increase in pressure increases the boiling point of
liquid.

(b) An increase in pressure increases the melting point of
water.

(c) On spraying NaCl on ice, the melting point of ice is
lowered and it does not melt.

(d) 'Ihlc three phases of a substance exists at triple point
only.

Which are heterogeneous systems ?

(a) Ice = Water (b) Water = Liquid

(©) SRnombic = SMonoclinic(d) Chaimond == C Amorphous

Select the incorrect statements :

(@) Kp or K, are dimensionless if pressure or
concentrations are expressed in standard state.

(b) The numerical value of Kp changes with
experimental conditions, i.e. P, T and C at which
equilibrium is attained.

(c) Active mass of a reactant = concentration of reactant.

(d) Dissolution of NH3 in water obeys Henry’s law.

Select the correct statements :

(a) Volume of gas dissolved per unit volume of solvent
o< (P)° at constant T.

(b) Amount of gas dissolved per unit volume of solvent
o< P at constant T.

(c) Mole fraction of gas dissolved per unit of solvent o< P
at constant 7.

(d) Henry law is a special case of Nernst distribution law

A reaction Sg(z) ¥=4S3(g) is carried out by taking 2

mole of Sg(g) and 0.2 mole of Sy(g) ina reactlon vessel

of 1 litre. Which are correct if K, =6.30 X 1076

(a) reaction quotient is 8 X 107
(b) reaction proceeds in backward direction

(©) Kp =2.55 am®
(d) reaction proceeds in forward direction
The equilibrium is attained in a reaction as :

500K
N, +3H, a—.? 2NHj3; AH =-ve.
e

The yield of NH; can be predicted as :

. (a) the yield of NH3 is lesser (15%) at 500 K than at

. 200K (38%)
(b) the reaction equilibrium at 500 K attains equilibrium
earlier at 500 K than at 200 K
(c) the yield of NH3 can be increased by forcing a jet of
water in vessel
(d) the rate of forward reaction is faster at 500 K

12

7. Which are true for the reaction : 49 =22C+D?
(@If AH=0 ; K, and dissociation of A4, are
independent of temperaturc
(b) If AH =+ve ; K pincreases with temperature and
dissociation of Az increases
(c) If AH =—ve ; K, decreases with temperature and
dissociation of Azdecreases

2
3|_P
(d) Kp =40 [l+2a]

8. For given two equilibria attained in a container which are
correct if degree of dissociation of 4 and 4’are andat’.

-2
A(_‘-) -——‘28(3) +C(g); Kp, =8x10
, %
A(s) w——‘ZB(g) +D(g); KPz =2x10
ol [Cm T
Ky, |Ga+2a)] "o
() Pc/Pp=4
(c) Pg =2P; +2Pp
da>a

9. For the equilibrium at 298 K : N204) ‘—2N02(g) 5

G0, =100kJ mol ™! and Gro, =50kJ mol ™. If S mole

of N,O4 and 2 moles of NO, are taken initially in one
litre container then which statements are correct :
(a) Reaction proceeds in forward direction

() K¢ =1
(c) AG=-0.55 kJ,AG°=0
(d) At equilibium  [N,04]=4.89%4M  and

[NOz]=0.212M

10. Plots of log K vs. % plots shows an intercept of 2 on

Y-axis with a slope 0f 45° for the studied reaction. Which
of the following are correct assuming AH® and AS® as
temperature independent :
(a) AS°=4.606¢al

(c) AG°=-2.75 kcal

(b) AH®°=-4.606 cal
(d) K=1008

11. The rate of effusion of an equilibrium mixture in one litre

vessel of at 300 K 4, == 24 through a pin hole is 0.707
times of rate of diffusion of O, under identical
conditions of Pand T. Whlch of the following are correct
if at. wt. of 4 is 46 :

(a) mole ratio of 4/ 43 =0.643

(b) K. =25.16mol / litre

(c) AG"=-8.01x10%)

(d) molar mass of mixture = 64

For the gas phase reaction :

C,H4 +Hy ==C3H¢ (AH =-32.7 kcal) carried out
in a vessel, the equilibrium concentration of C;Hg4 can
be increased by :
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13.

14.

(a) Increasing the temperature

(b) Decreasing the pressure

(c) Removing some H,

(d) Adding some C,Hg

When NaNO3 is heated in a closed vessel, oxygen is

liberated and NaNO, is left behind. At equilibrium :

(a) addition of NaNO, favours reverse reaction

(b) addition of NaNO3 favours forward reaction

(c) increasing temperature favours forward reaction

(d) increa§ing pressure favours reverse reaction

The equilibrium, SO,Cl; (g) ==80,(g) +Cl, (g), is

atta.ined at 25°C in a closed container and an inert gas,

helium is introduced. Which of the following statements

are correct?

(a) Concentration of SO,,Cl, and SO,Cl, do not
change

(b) More chlorine is formed

(c) Concentration of SO is reduced

15.

16.

(d) More SO, Cl, is formed
For the reaction, PCls (g) — PCl3(g) +Cla(g). The
forward reaction at constant temperature is favoured by :
(a) introducing an inert gas at constant volume
(b) introducing chlorine gas at constant volume
(c) introducing an inert gas at constant pressure
(d) increasing the volume of the container
() introducing PCls at constant volume
For the reaction,
CO(g) + H20(g) = CO2 (g) +H2(8):
at a given temperature the equilibrium amount of
CO, (g)canbe increased by :
(a) adding a suitable catalyst
(b) adding an inert gas )
(c) decreasing the volume of the container
(d) increasing the amount of CO(g)

17.

18.

19.

20.

521

Which of the following are correct :

(a) A plot of log K, vs 7 is linear

(b) A plot of log [x] vstime is linear for al order reaction
(c) A plot of log P vs% is linear at constant volume

(d) A plot of P vs-:7 is linear at constant temperature

In a flask, colourless N0y is in equilibrium with NO;.
At equilibrium when the flask is heated at 100°C, the
brown colour deepens and on cooling it fades. Which
statements are correct :

(a) AH =+ve (b) AH =—ve

(c) AS=+ve (d)AS=-ve

For the reaction : X (g) =— nY (g),

the degree of dissociation is o, then which one is not
correct.

_n"a” n-ly., _1-n
(a)Kc—(l_a)mol litre
®) K =[&][_L__]""mn-l
P 1-alll-0+na
__no” n-ly, 1-n
©) K= d—o)n mol” " litre
(na)"[ P ]"" 1
K,= —_— n—
) Ky (1-o)[1-a+na o

The thermal dissociation equilibrium of CaCOj(s) is
studied under different conditions.
CaCOj3(s) == CaO(s) +CO,(g)
For this equilibrium, the correct statement(s) is (are) :
. [JEE (Advanced) IT 2013)
(a) AH is dependent on T
(b) K is independent of the initial amount of CaCO4
(c) K is dependent on the pressure of CO, at a given T
(d) AH is independent of the catalyst, if any
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. " SOLUTIONS (More Than One Answer COrrect) ".

. (ab,d,) On spraying NaCl on ice, m.pt. of ice is lowered and
at melts earlier.
2. (a,b,c,d) Heterogeneous have P > 1 ; two solids have two
phases.
3. (be,d) NHj show H-bonding with H, O.
4. (a,b,c,d)Distribution of gas occurs between gaseous and

solution phase.
Gas + H,0 = Solution
Phase | Phase IT
[s21' _02)* 4 56
5. (ac,d) = =8x107",K,.=6.3x10
=T T ¢

Kp =K. x(RT)™

=6.3x107® x (0.0821x 900)* = 2.55
Thus, reaction proceeds in backward direction since
0>K,.
6. (ab,c,d) All are facts about Haber’s process. For concept
of this reaction follow concepts of physical chemistry
by P.Bahadur, Prakash publications, Muzaffarnagar.

7. (ab,c,d) A, ==2C+D
1 0 0
1-a 2a «
2 3 p2
P 40° -P
K =(2u)2~ax[—] =
i Anl  (1420)2
K, L| for effect of
Use 2.303 logK [Tsz ] or effect o
temperature on K. ‘
8. (ab,c.d) A == 2Bg) +Cg)
20+ 20’ @
A; = 2B +D
20.'+200 o'

3
’ ! P
Kp, =0+ )zaxax[——( e ,)]

3
_ 132 oyt P
Kp, =(20+2) ax[(h,_'_m)]
Kp _o+2) o
Kp, [3m+zm']J °"
Also, o =(Ps) XPC
P _Kp _8x107?
o = (Pp )2 X Pp =_AL=220 -4
(P3)? DPD Kp 221072

Also, Pg =2x(Pc+Pp)
Kp>Kp, oo a>a
AG=AG° +2303RT log 0
AG°= ZXG;VOI —Cﬁ;zo‘ =2x50-100=0

9. (ab,c,d)

.. AG=0+2.303x8. 3I4x10'3x29slog?_0-055|d
<. AG =—-0.55kJ i.e., reaction proceeds in forward direction.

Also, AG°=0=2303RTlogK . K=1
Now, N;04 == 2NO,
5 2
5-19 (@+29)
2
1= 22 0106
(5-x)

10. (becd) AG°=-2303RTlogk,
AH°-TAS°=-2.303RT log K

230310 K =~ A4+ A5 siope= — A~ an 45
AH°=-2.303x2x1cal
—_AS° _
= —4.606 cal, Intercept = 555

AS°=2303x2x2=9.212cal
AG°= AH°-TAS°=-4.606—-298x9.212
=—2.75kcal

Im _ &: ,¥=Q7o7orM=64
v, VMux VM

Let a mole of A, be present in mixture, then
64= ax92+(100-a)x 46
100
A=a=39.13mole and 4, = 60.87 mole
(47 _(39.13
"] 6087
AG°=-2.303RTlog K
AG°=-2.303 X300 x8.31410g25.16 =—8.01 x10° J
(ab,c,d) Increase in C;H; means backward reaction
predominates. This can be done by increasing T,
decreasing P, lowering [H;], increasing [C,Hg]
according to Le-Chatelier pnnclple

13. (c, d) NaNO; (s) == NaNO, (s)+502,

11. (ab,c,d)

=25.16;

12,

»

AH = +ve for dissociation.
14. (a) No effect of addition of inert gas at constant volume.
However, if addition is made at constant pressure

answer will be (b). Both types are possible in closed
container.

15. (c,d,e) Follow effect of addition of inert gas at constant P
and Le-Chateliers principle.

16. () Forward reaction predominates if [reactants] is
increased.

17. (ac,d) Plots of log (a—x)vs time is linear for I order
reaction.
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N204 =22NO; ; AH=+ve
The reaction absorbs heat and N;O4 shows

decomposition. Also entropy increases due to the
formation of 2 mole of NO; by 1 mole of N2 O4.

19. (a,b)

18. (ac)

X(g) = nY(g)
1 0
1-a no
_ (no)"
S (1-a)

na. N
=_0% x| —2 | atm
e (l—a)x[l-a+na] s

mol"~! litre!™"

20. (a,b,d)
CaCO3(s) == CaO(s)+CO2(g)
AHT, —-AHT, = A(nCp YT
A(nCp)#1
- AH is temperature dependent.
Equilibrium constant is not dependent on amount of
CaCO; K remains constant with temperature since
Kp =Pl . Catalyst does not alter the heat of

reaction.
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COMPREHENSION BASED PROBLEMS

Comprehension 1: For the equilibrium :
NOz(g)=NO(g)+%02(g), one mole of NO, is

placed in a vessel and allowed to attain the equilibrium at
pressure 1 atm. Given that Pyq / Pno, at 700K and 800K are
0.872 and 2.5 respectively.
[1] K, at 700 K and 800 K in atm "2 for the given reaction
are respectively -
(a) 13.632 (b) 0.585,0.385 ¢

(c) 0.385, 1.30 (d) 1.30, 0.385
[2] Heat of reaction for the change is :

() 1.3632x10% J (b) 13.632 cal

() 13.632x10° cal (d) 13.632J
[3] K. for the given reaction at 700 K is :

(a) 0.02 (b) 0.01

(c) 0.03 (d) 0.04

Comprehension 2: Two solid compounds A and B
dissociate into gaseous products at 20° C as
(i) A(s) == 4'(g) +HS(g)
(i) B(s) == B'(g)+HS(g)
At 20°C pressure over excess solid 4 is 50 mm and that
over excess solid B is 68 mm.
[1] The dissociation constants of A and B in mm? are :
(a) 1156, 625 (b) 625, 1156
(c) 578,312 (d) 312,578
[2] Relative numbers of mole of A4’ and B’ in the vapour
phase over a mixture of the solids 4 and B are :

(a) 0.54 () 0.64
(c) 0.44 (d) 0.74
[3] The total pressure of gas over the solid mixture in mmis :
(a) 86.21 (b) 84.38
(c) 73.69 (d) 74.38
Comprehension3: 10 mole of NHj is heated at 15 atm

from 27°C to 347°C assuming volume constant. The pressure
at equilibrium is found to be 50 atm. The equilibrium constant
for dissociation of NH3 :

2NH; =N, +3H,; AH =91.94kJ

3
mbewﬁuenasxﬁmg)—
(PNn,)

[1] The degree of dissociation of NHj is :
(a) 61.3% () 20%
(c) 48% (d) none of these
[2] The equilibrium constant K, for the reaction is :

(atm)?

(a) 7.08 x102 (b) 3.06 102
(c) 7.6x102 (d)1.53x10?
[3] The volume of container in which gas is heated is :
(a) 16.42 litre () 821 litre
(c) 20 litre (d) 15 litre

[4] The increase in pressure and temperature on the reaction
in equilibrium favours :
(a) forward reaction in both cases
(b) less dissociation of NH3
(c) backward reaction and forward reaction respectively
(d) more formation of N, but less formation of H;

[5] The vapour density of mixture at equilibrium is :

(a) 6.97 (b) 2842
(c) 14.14 (d) 527
[6] The change in internal energy (in kJ) during the reaction
is:
(a) 91.94 kJ (b)81.63KJ
(c) 102.25 kJ (d) 8620 kJ
[7] The equilibrium constant for NH 3 at 247°C would be :
(a) 49.58 atm? (b) 4528 am?
(c) 54.98 atm? (d) 40.18 atm*

Comprehension 4 : For a reversible reaction at a
certain temperature when it is at equilibrium or equilibrium has
been attained whether physical or chemical, a change in certain
variables might change the state of equilibrium These
variables include pressure, volume, concentration aad
temperature. Due to these changes. a system under equilitrium
changes its state in such manner. i.e., the aquilibrium moves i
forward direction or backward direction. so thet the effect of
change is annuled. For a gascous phase endothermic
decomposition of phosphorus pentachloride. can be made
spontaneous by increasing concentration of PCls, lowering the
pressure and increasing temperature of the system.

{11 Which of the following reactions procesds in forward
direction with increase in temperature are :

() Hy(g) +12(g) == 2HI(g) + 3000 cal

(®) N1 (g) +02(g) == 2NO(g) - 43200 cal

(c) N2(g) +3H;(g) == 2NH; () + 22400 cal

(d) C(s) +02 (g) — 003 (g) + %4300 cal

[2] The equilibrium, solid == hqus = gas, will sait
in forward direction when :
(a) temperature is raised (b) no effect of emperanre

(c) temperature is lowered (d) pressure is increased
(3] The change in free energy for a reaction at oquabdrue, .8«

PCls(g)==PC3(g)+ Q3 (g). on addtion of an et

gas at constant pressure and them at comstat Vol

respectively are :

(a) decreases, no change  (b) increases, no change

(c) no change, no change  (d) no change, decreasss

Camprehension $:  Thermal devampasition of gaseous
X3 to gaseous X at 298 K takes place acvonding © Be
following equation :

X21(0)F=—=22X(g) )

The standard reaction Gidds emergy, A,G% of e

reaction is positive. At the start of the reaction, there & 08¢
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mole of X2 and no X'. As the reaction proceeds, the number of 42 2
moles of X formed is given by B. Thus, Bequilibri m: is the (C) equilibrium (d) “;\“hbn“m
nm;.t;r of moles of X formed at equilibrium. The reaction is 2~ Bequilibrium 4 - B quilibrium
t at .

;?es toot‘:ehaav: ti::::lt?;t total pressure of 2 bar. Consider the [2] The INCORRECT statement among the following, for

. -1 I this reaction, is : [JEE (Advanced) I12016]

(Given : R =0.083 L bar K™ mol ™)

S { (a) Decrease in the total pressure will result in formation
{1} The equilibrium constant K, for this reaction at 298 K, of more moles of gaseous X'

in terms of B equilibrium»>is:  [JEE (Advanced) I1 2016) (b) At the start of the reaction, dissociation of gaseous

8[52 o 852 X , takes place spontaneously
Oeg o Squlexin (b — im0 (©) Bequilibrium =0.7
=B equilibrium 4- p;umbﬁm d) Kc <1



III-=S°_L_""&§=III

NOz(x)v——‘NO(zH—Oz
P 0
P-P P
1] ) At700K

NN e NI

P=0281atm
P =0.47x0.81=0.38 atm

_(Po,)"? x(Pwo)
4 (Pro,)
038]"2
=[T] x038
(0.81-038)
P s .
Similarty, st 300K —— =25 ..

Also, P+MTIP—

P=074atm .. P=0.74x0.71=0.53atm
V2

[0_3—3] x0.53

Kp= [074 0.53]

AH[Tz Tl]

2] (c) Now, 2303 log—m-——R— T

130 _ AH[ 100 ]
2303108 5385~ 2 [800x700

AH =13.632x10° cal
Kp =K (RT™
0.385=K . x (2x 700)"/2
K. =0.0102mol"? litre V2

K

=0385 atm'/?

P=071P

=130 atm'”?

Bl ®)

Comprehension 2
{1] (b) For dissociation of A(s) == A'(g)+H,S(g)
Py +Pys=
P4 =25mmand Pyy,s=25mm (- 1:1ratio)
Kp, =Py X Piy,s = 25% 25 = 625 (mm)*
Similarly, for B(s) == B'(g)+H;S(g)
K, = Py X Pyp,g = 34x 34 = 1156 (mm)?

2] (2) For mixture showing an equilibrium simultaneously,
A(s) = A’ (2)+HyS:B(s) == B (g)+ Hy$
Pressure after dissociation x x y
: K, =x(x+y)adK,, = Wx+y)
Kp _x x_ 625
K, y y 15
- ¥ and T are same and thus, ratio of pressure is ratio
ofmle,l.e.,
e _ 625 _

ng 1156

x _ 625 =
; 1156 and x(x+ y)=625
x= 4 81mm and y=2738mm
Pr= +PB +ﬁ.;zs—x+y+(x+y)
= Xx+ y)=2(14.81+27.38)
=8438 mm
Comprehension 3
(1] (@ 2NH; =—=N,+3H,
10

0 0 at 300K
(10-2x) x 3x a620K

Pressure increase due to increases in temperature as
well as due to increase in mole.

Bl ® -

Initially PoT
15 <300
P <620
620

% P-%xls 31 atm of 10 mole of NH; at 620 K

Now, NH3 is dissociated to attain 50 atm at 620 K.
Thus, P o< nor 10 «<31
10+ 2x < 50
2%x=6.13
a=§xlm= 6.13x100
10 10
=M,[L]2
(mw,)?  LEn
wx[m]’
= 2 2 =
[10-613)2
=1.528 x 10° atm?
131 @ PV=nRT
15xV =10x0.0821x 300
-~ V=1642 litre
[4) (c) Increase in pressure favours the reaction showing
decrease in volume, ie., backward reaction and
increase in temperature favours endothermic reaction,
i.e., forward one.

15 @ v.l>.=ML";E

=613%

2 @ K,

2
«[__50 ]
10+613
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3.s7x|7+£_“,éxza+9-2'}x3xz
al3 613
2x[lﬂ7+ 2 + > x3]

(6] (b) AH = AU +AnRT
L AU =91940 - 2x 8,314 % 620 = 81630.6 J

M (8)2.30310g — P2 .°l°40[ -100 ]

=427

1.53x10° 8314 1620x 520
oK p, = 49.58 atm?

Comprehension 4

[1] (b) Endothermic reactions are favoured with increase in
temperature.
N2 + 03— 2NO; AH = +ve (Endothermio)
Increase in temperature will favour the change
showing absorption of heat.
At equilibrium, addition of inert gas at constant ¥ does
not change pressure, the condition. However addition
at constant pressure, the equilibrium get shifted to
right. No doubt AG® remains constant but AG decrease
as the reaction goes spontaneously in forward direction
to attain new equilibrium conditions.

Comprehension 5
1] (®) Given,

121

2] ()
Bl (@

Xa2(g) =2X(g)
Initial mole 1 0
At eq. (1-a) 2a
Where a mole of X ; are decomposed at equilibrium
Given 2a = B equilibrium

So a= Be_qm;bﬂun

Total mole at equilibrium = (1+a)= [l+ [B—;'L)]

(0)
()

(b)

(©)
@

m
Let # be total pressure u: wquilibrium
o) rl
Kp= f;:, ‘I.Eﬂ
My | i
§o K 2J =
S A B
L7
I- ;"] 14 3

bl 2
Kpm e ,a,,“[ Wey ] (¢ Py= 2ban)
A=y =Py

18 correct an on decreasing pressure resction procesds In
the direction where no, of gaseous molecules incresse /.¢.,
forward reaction,
in correet, No doubt AG/ I positive but since glven
dinkociution takes place ut 298 K and equilibrium Is
attained, At the start of reaction Qp < K 4 so dissociation
of X3 take placeo spontancously.
2
@p= [L&L] Y]

Px,

B2, 8x(0.7)
I8 Incorrect, K p= -—"li_ - >
a-pi,  a-(0.77
i correct,
Au AG" positive and AG°= - RT In Kp
80 K p should be loss than 1,
So K,<1
Kp = Kc(RT) M0
.= Kp
Ke =Rt
Kc<Kp So Ke<d

[Angy) = 1]
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each sub question given below a statement (S) and

explanation (E). Choose the correct answers from the
codes (a), (b), (c) and (d) given for each question :

(a) S is correct but E is wrong

(b) S is wrong but E is correct

(c) Both S and E are correct and E is correct explanation of S

(d) Both S and E are correct but E is not correct explanation
of §

1. S:
E:

2. S

3.8

.

4. S:

E:

S. S:

E:
:

6. S:
E:

7. §:

8 S:
. §:

9. §8:

Recent convention to represent K, is dimensionless.

The standard state of pure gas is | bar and the partial
pressure of reactants and products measured with
respect to this standard are used to determine K, for
the equilibrium.

A(g) +2B(g)—> C(g)

A reaction 2SO, + O; == 2S0;; has K, at 298 K

and 500K as4.0 x 10 and 8.5 x 10'° respectively.

The E, for the forward reaction is lesser than E, for

the backward reaction.

K., K, and K, are the equilibrium constant of a

reaction in terms of concentration, pressure and

mole fraction respectively.

The values of K. or K, or K, change with

temperature.

Vapour pressure of H,O is constant at given

temperature.

The equilibium H,O()) —— H,O(v) at a

temperature has K, = Py,0 and X, is constant at the

given temperature.

A dynamic equilibrium means a balance between

the tendency towards minimum and maximum

enthalpies.

The reaction having AH = — ve; occurs from high
enthalpy side to low enthalpy side and the reaction
AH = + ve; occurs from low enthalpy side to high
enthalpy side.

Melting of ice at 10°C is a reversible process.

Evaporation of water at 100°C and 1 atm pressure is

a reversible process.

The equilibrium in physical system is also dynamic

in nature.

The equilibrium ice = water is static in nature.

An increase in temperature disturbs,

Gas + Solvent == Solution, in backward

Gaseous molecules escape out of solution due to

increase in kinetic energy.

The mpt. of ice is lowered on increasing the

pressure, whereas m.pt. of solids other than ice is

raised upon increasing pressure.

12.

13.

14.

15.

17.

18.

19.

E : Ice show H-bonding and leads to the three
dimensional solid of more volume.

S : The red colour shown by [Fe(SCN)J** (ag) in a
reversible reaction between Fe’* and SCN™
Fe** (ag) + SCN™ (ag) == Fe(SCN)** (ag) deepens
if few more drops KCNS are added in equilibrium
mixture.

E: Addition of KCNS favours backward reaction.

S: Water boils at higher temperature in pressure
cooker.

E : Increase in pressure leads an increase in boiling
temperature.

S: Snow does not melt easily at mountains.

E: A decrease in pressure leads to an increase in
freezing point.

S: The solubility of gases always increases with
increase in pressure.

E : High pressure favours the change where volume
decreases.

S: The melting point of solid (except ice) increases
with increase in pressure

E: An increase in pressure favours the change where
volume decreases.

S: Addition of an inert gas at constant pressure to
dissociation equilibrium of PCls == PCl; +Cl;
favours forward reaction.

E: K, =vi-a (T—a) for the dissociation equilibrium of
PCls where a is degree of dissociation of PCls.

S: AG=AG°+2303RT logQ, where Q is reaction
quotient.

E : Qmay be greater or lesser than K . but equal to K ., if
AG =0.

S: The equilibrium constant K. or K p has the unit (mol

litre")A" or (atm)A" respectively.

E : The numerical value of K. =K, atAn=0.

¢ A catalyst does not influence equilibrium constant

of reaction but it simply helps in attaining the
equilibrium earlier.

: A catalyst increases both the rate of forward

reaction and backward reaction.

: The synthesis of NH3 in Haber's process needs

500°C and 200 atm pressure inspite of the fact that
reaction is favoured at high P and low T according
to Le Chatelier's principle.

: The high temperature is required to attain higher

energy of activation for the reaction because bond
energy of N3 and H; are high.
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20.

21.

22.

S: The equilibrium constant may show higher or lower

E

S

values with increase in temperature.

The change depends on the heat of reaction at
equilibrium.

The dissociation of PCls decreases on increasing
pressure.

An increase in pressure favours the forward
reaction.

When a soda water bottle is opened, the gas fizzes
out.

Sealed soda water bottle contains CO, gas
dissolved at high pressure. On releasing seal, the
pressure decreases and CO, comes out.

The solubility of a gas in water decreases with rise
in temperature.

Rise in temperature increases the kinetic energy of
gaseous molecules dissolved in water.

For every chemical reaction at equilibrium, standard
Gibbs energy of reaction is zero.

At constant temperature and pressure, chemical
reactions are spontaneous in the direction of
decreasing Gibbs energy. [IIT 2008])
The endothermic reactions are favoured at lower
temperature and the exothermic reactions are
favoured at high temperature.

: When a system in equilibrium is disturbed by

changing the temperature. It will tend to adjust itself
so as to overcome of the effect of change.
[IIT 2008]

Numerical Chemistry

ANSWERS (Statement Explanation Problems)

1. (c) Let partial of reactants and products are a, b, ¢ bar

2. (¢)

3. @

4. (c)
5. (¢)

(b)
(a)
©
©

respectively with respect to standard state, then
For A(g)+2B(g)—> C(g)

=a; Similarly, P4 =5 and P =c.

2
Thus, b is dimensionless.

K, decreases with temperature and thus, AH = —ve. Also,
AH =E;(f)—-E,(b) The negative value of AH is
possible only when E,; (b)> E,( f).
Consider areaction: ad = bB

b ,
k=18 g ()
[(4r Py
_ B _ (FrXp) (XY | pypea
(PR (Pr-X4)" (X4)
Kp=K;x(B)™*
Ke=Kpx(Fr )" =Kp(Rr)™"
Thus, eq. constant K., K ,or K, varies with temperature.
Explanation is correct reason for statement.
A+ B+ C+D;AH =+ ve, then
C+D+==A+ B; AH =-ve, i.e., a balance in enthalpies
is noticed at equilibrium.
Water = Vapour at b.pt. V.P. =760 mm.
Ice = Water shows dynamic equilibrium.
Explanation is correct reason for statement.
Ice —— Water

Vs >Vw
Thus, forward reaction occurs on increasing pressure, i.e.,
more ice will melt or m.pt. is lowered.

Solid = Liquid

Vs <V

Thus, more solid will be formed on increasing pressure.

Kp

or

10.
11.

12.

13.

14.
15.

16.

17.

18.
19.

20.

21.

22,
23.
24,

25.

(€))
()

(c)
(c)
()

(b)

Addition of KCNS favours forward reaction.
Boiling of a liquid occurs when its vapour pressure
becomes equal to atmospheric pressure.
Jce = water, increase in pressure leads to melting of ice
as it favours the change showing decrease in volume.
Gas + solvent = solution; Increase in pressure leads to
the change showing decrease in volume.
Solid = Liquid ¥ > Vg; follow answer 12.
Inert gas addition at constant pressure leads to an increase
in volume. To have K. constant ‘@’ must increase.
Q< K forward reaction
0> K backward reaction
Q=K ifAG=0
An=0
Kp=K.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
Ko _AH[BL-T] ..
2303l0g 7% = T% ifAH =—ve, Ko, < Ko
if AH = +ve,Ko, > K,
PCls == PCl3+Cl,
1 0 0

I-a a a

_|o? P

Kp= [m][m]
An increase in pressure will decrease @, to have K P
constant and thus backward reaction occurs.
Explanation is correct reason for statement.
Explanation is correct reason for statement.
AG°# 0at equilibrium .
AG = 0at equilibrium
Follow Le Chatelier’s principle.
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———— ' —————
Typel: Only One Match Is Possible (D) 4B;3(g)— 4.No effect on addition of
1 3
i Cian o 5 Ax(g)+ 5 By(g) small amount of reactant
Reaction Degree of dissociation ‘e’  Type ll: More Than One Match Are Possible
(Assume o << 1) 4. List-A List-B
A 2X@g)T=3N(g)+Z;) a. o= f-f,_cxa (A) loseKvs.%plots 1-5'°P°='Ag’

(B) Exothermic reaction 2. Intercept = -A%

B. 4X(e)==TY)+Z) b a=[x]"?
(C) Endothermic reaction 3. K> 1 if AH® is large and

C. X y=—
@) T Yg)+2Z4) a=$JK_C e
i 4. K<1if AH® s large and positive
D. 3X(g) T=Y(g)+Z4) d. a=[16yz7K€] ® ;‘,,;,‘,;’:‘3,,,‘33”““’"""""
6. K < 1 if AH® is small and negative
and AS® is large and negative
2. List-1 List-II
A,Sincal and A, H in 5. ListA List B
keal respectively (A)N, +3H, == 2NH; 1.HighP
A. mK:g-&TOO i 82 (B)2803 ==2S0, +03 2.Low T
i (C) Melting of ice 3. 88% yield at 200°C
B. mx=%-%° b .2 (D)N +0; ==2NO 4. 15% yield at 500°C
S.High T
C. an=4_1_‘;_°° —_ 6.Low P
o 6. List-A List-B
D. n K = 3— 4000 4 6.8 (A) N;(g)+3H;(g)= 2NH3; 1. K increases with
T * X AH =—ve increase in T
(B) N2(g)+0,(g)= 2NOy; 2. K decreases with
3. List-A List-B AH = +ve increase in T
(A) A(g)+B(g)= AB(g)  1.Addition of inert gas (C) PCls(g)== PCl3(g)+Cly(g); 3. No effect of P on
at constant P shows AH = +ve equilibrium
forward shift (D) A(g)+B(g)+== 2C(g)+D(g); 4. Addition ofinert gas
(B) 4;(g)+B; @g)— 24B(g) 2.Addition of inert gas at AH = +ve at constant P give
constant P shows more products
backward shift
(C) A(s)= B(g)+C(g) 3.No effect on addition of
inert gas at constant
PorV

] —WEER—e ]|

1. Ad; B—; C-b; D-a 4. A-12; B-36 C-45;
2. Ab; B—c; C-a; D-d 5. A-1234; B-56; C-1,5; D-S

3. A-2; B-3; C-4; D-l 6. A-2; B-13; C-14; D-14
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