ALLEN JEE (Main + Advanced) : Chemistry

Chemical Equilibrium

SOLUTIONS

EXERCISE - O

1. Ans. (B)
At equilibrium,
Rate of forward reaction = rate of backward reaction

2. Ans. (C)

A—B

kf
[Bl,, = k_b[A]

3. Ans. (D)

At equilibrium, measurable properties become constant, rr = r, and net rate of reaction is zero.
4. Ans. (C)

eq

_ke
“
5. Ans. (D)
Precipitation reaction, neutralisation reaction is irreversible reaction.
6. Ans. (B)
[HI]= 64 :1:0.25M
128x2 4
7. Ans. (C)
Equilibrium constant is independent of initial concentration of reactants.
8. Ans. (B)
A + B = C + D
Initial 4 mole 4 mole 0 0
Final 4-x 4-x X X

x = 2 (according to problem)

{volume is cancelled in expression of Keq}

2 (@

T’ @2’
9. Ans. (C)

Gas product concentration increases while that of solid reactant is constant.

K =1

eq
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10. Ans. (C)
A+3B=2G Kp =9 atm™?
SNEL N, K’ = (9)2
— — ‘__\ ; — 2
2 2
K’ = 3atm™?
11. Ans. (D)
2HI = H + I
_ o o
1-a > >
I:OLXP :
K, = %
_axP
e
aZ
P 4(1-a)

By taking root at both side

i ==

T 2(1-a)

12. Ans. (D)
Kc > 103 (Reaction proceeds almost to completion)
K¢ > 10-3 (Reaction hardly proceeds)

10-3 < K¢ < 103(Both reactant and product are present at equilibrium)

13. Ans. (C)
5.1
n =——=0.1 mole
NHH; T eg

Moles of NH,HS = 0.1
NH,HS(s) = NH3(g) + H,S(g)

Initial moles 0.1

Final at equilibrium 0.03 0.03

Moles 0.03 0.03
0.03 0.03

Ke=(35) % (%)

Ke = 107* M?

Kp = K¢ (RT) "
=10"* x (0.082 x 600)2
=0.242 atm?.
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14. Ans. (D)

(@X(s) = A(g) + C(g) K
p p

2P=40=P=20
KP1=20><20=400 mm?

Ys) = Al + C& K,
P P ‘

2P=60=P=30
K =30 x 30 =900 mm?

15. Ans. (D)
On addition of inert gas at constant temperature & pressure, 2nd reaction will be shifted in
backward direction.

16. Ans. (A)

S0,(8) + 20,(8) = SO,@) K, (1)

450,(g) = 450,(g) +20,(8); K,  -.(2)

Reaction (2) is obtained by reversing, reaction (1) and multiplying by 4.

So, K, =

(K,)*
17. Ans. (D)
Catalyst lowers the activation energy and reduces the time to attain equilibrium.
18. Ans. (A)
2NO = N2 + 02
o=10% 4-0.4 0.2 0.2 atequilibrium.
=3.6 0.2 0.2

For this reaction Ang = 0, so Kp = K¢

s o)
_[N,J[0,] _\0.25){025) 1

¢ INOP £3.6 j - (18)°

0.25
19. Ans. (C)
Q < K¢ = Reaction moves forward
20. Ans. (D)
At point A, Qp = tan 60°
Qr=1.732
Qr=Kp=1.732
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21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ans. (B)

Kp=0.800 atm = F;, = maximum pressure of CO; in the container to calculate maximum volume of
container the PCOZ = 0.8 atm and none of CO; should get converted into CaCO3(s).

So, V(0.800 atm) = (10 L) (0.2 atm)

So,V=25L

Ans. (C)

If total pressure decreases, reaction move in that direction where gaseous moles are more.

Ans. (B)

Nz + 3H, = 2NH3

Exothermic reaction, so low temperature is favourable also high pressure is favourable as Ang < 0,
reaction will proceed forward.

Ans. (C)

High Pressure & low temperature is favourable.

Ans. (A)

Yes, as pressure is increased, reaction will shift towards lesser number of gaseous moles.

Ans. (B)

On increasing pressure, reaction move in that direction where gaseous moles are produced less.
Ans. (C)

Addition of inert gas at constant volume doesn't effect equilibrium.

Ans. (A,B,D)

(A) Catalyst has no effect on equilibrium state.

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

(D) Equilibrium constant is independent of pressure.

Ans. (A,D)
PCls(g) p— PC13(g) + Clz(g)
Initial moles 1 1 0
Equ. moles 1-x 1+x X

=1 =0.004

~
=

1
K, = %{%} ~0.0004 M

Ans. (A,B,C)
NH4HS(s) — NH3s(g) + H2S(g)

Equ. partial pressure 0.2 atm 0.2 atm
Second Equ. partial pressure 0.5 atm P atm
Now,Kp=0.2x0.2=0.5xP = P=0.08

Ans. (A,B)

Ang=0
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32.  Ans.(ABC)

1
N20s5(g) —— 2NOz(g) + EOZ(g)

Initial partial pressure Po 0 0
Equ. partial pressure Po(1-a) 20 Py oP, and M-2D  M-2D
2 [5—1]-2D 3D
2
e ob, 3a
Total equilibrium pressure = Po(1-a) + 2 o Po + = Pl1 +7

33. Ans. (A,B,C)
K, =P

P, T Cy(e) T

Ky, =P, 9Pl = 0.2  (0.001)8 = 2 x 1025 atm?

Cly(g) " H;0(g)

0.2

PHZ(O)@ = Vapour pressure of ice.

34. Ans. (A,C)
PCls(g) — PCls(g) + Clz(g)

Initial moles 5 0 0
Moles at equilibrium 5-q X <
From question, (5-x) +x+x+4 = _48x112
0.0821x546
=x=3
o= 2 =06
5
and Kp = X-x(48)_ 1.8 atm
5-x\12

35. Ans. (A,B,C,D)
4HCl(g) + 02(g) —— 2Cl(g) + 2H:0(g)

Initial partial pressure 1.0 atm 0.25 atm 0 0.4 atm
On completion 0 0 0.5 atm 0.4 atm
Equ. partial pressure 4x x atm 0.5 atm 0.4 atm
2 2
K, =5x10" :w: x=5x10-
(4x)* xx

36. Ans. (A,B)
Le Chatelier’s principle

37. Ans. (A,B,C)
(A) increase in the rate of forward reaction. (B) increase in the rate of reverse reaction.
(C) a new reaction pathway to reaction.

38. Ans. (D)

Vapour pressure of a particular liquid system depends only on temperature.
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39. Ans. (B,C)
Cl(g) == 2Cl(g) TT P

40. Ans. (B,C)
Addition of insert gas at constant pressure shifts the equilibrium in the direction of increase in
moles of gases.
41. Ans. (A,B,D)
Decrease in pressure favors the reaction is the direction of increase in moles of gas and hence, B
should be monomer.
42, Ans. (A,D)
At 300K : G° = (-41) - 300 x (-0.04)
=-29 KJ/mol
Hence, the reaction is spontaneous in forward direction.
At1200K:G°=(-33)-1200 x (-0.03)
=+ 3 KJ/mol
Hence, the reaction is spontaneous in backward direction.
43. Ans. (B,C)
Theory based.
44. Ans. (A,B)
Theory based.
45, Ans. (A,B,C)
Theory based.
46. Ans. (A,B)

AG =2xAG

. CAG _
N204) £ N4

= K,=1

2

P
Now,AG=AG°+RT-InQ=0+RT - In %

N,0,

2
=RT-In 10 = positive
10

47. Ans. (A)
(A) Ang is positive so as pressure is increased, backward shifting will take place. Total pressure
even after shifting will remain same.
(B) Ang is negative so as volume is increased, backward shifting will take place. But Pfinal < Pinitial-

(C) No change but Pfina < Pinitia as volume has increased.

(D) Forward shifting will take place and Pfinal < Pinitiar.
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EXERCISE - S

0.5
05 +x
1.0

Ans. (0.20)
Alg) + 2B(g) — C(g)
In moles: 0.5 1
[Eqm] 0.5-x 1-2x
y =2y
Kc=1012= =>y=104M
y(2y)’

[Bleg=2y=2x104M
Ans. (0.36 or 0.37)

PCls — PCl3 +

Clz

+

D(g)
3.5
3.5+x
4

Ans. (a) 6.66 or 0.67, (b) 375.00, (c) 10.45 or 10.46, (d) 6.25

t=0 = -
10
Eqm 0.1-x X
XZ
Kc=10-2=
0.1-x
x2+102x-103=0
_ 1072 +410* +4x107
2x1
_ 107 +4/41x10™
2
_ 107+6.4x107
2
_ 5.4x107
2
=2.7x102M
(a) Kp = Kc(RT)mg
0.1642
c= 1
(0.0821x300)
(b) N204 \:
368 =0.4 mol
92
eqr 0.4 -x

Ny, =0.4-0.025=0.375

Ny, =0.05

2NO2

2X

2

=6.67x10°M=——M
300

[232]
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_ 2 ()
© 300 0.4-x
1200x2+2x-0.8=0

2+/4+3840 _ 60

X= = =0.025
2x1200 2400

X
c o=— =0.0625
(© 0.4

2

o
Kp=4Pr >
1-a
0.1642 =4 Py x —0'00390625
0.99609375
Pr=10.47 atm
(d) % disso = 6.25%
4. Ans. (i) 2, (ii) 1.20
)] A — nB
t=0 0.6 —
t=1 0.6-0.1 0.1n=0.2
=>n=2
2
[A] 0.3
i) (_d[A]) _0.1M
dt ),,; 1lhr

5. Ans. (2.40)
N204(g) =—— 2NO2(g)

300K 1 atm —
600 K 2 atm — Poc T (V,n)
After 2-04
dissociation. =1.6atm 0.8 atm
% dissociation =20%
Pr=2.40 atm
6. Ans. (3.44)
NH2COONH4 (s) = 2NHj3(g) + CO2(g)
at eqm Pr. — 2P P
New eqmPr. — 3P P-x
Kp = Kp
(2P)2-P =(3P)2(P-x)
iP =P-x
9
5
x=—P
9
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5
Py _4P-x_ 5P 31 31
(PT)oldeqm 3P 3P 3x9 27
ﬂ><3:3.44
27
Ans = 2><3:3.4-4-
27
Ans. (54.00)
H: + I, : 2HI;
t=0; 1.5 a —
At eqbm: 1.5 a-x a-x 2x
nlz _a—-X _ i
n 2x 18

= x=09a
_ M (1.8a)
" [H,][,] (0.6a) (0.1a)

moles at eqm

n, =0.6a; n; =0.1a; nur = 1.8a

127
But a = = 0.5 (Initial moles of 1)
2x127
= n, =0.3; n, =0.05num=0.9
Ans. (3.60)
2H,0(g) + 2Clz(g) —— 4HCI(g) + 02(g); Kp=12 x 108
t=0; @: 0.5 atm 2 atm 2 atm 2 atm
760
ateqm; 0.5 PCl, 2+4=6 2+1=3

(Vapour pressure remain same)

[As Kp is large so reaction goes to almost completion but as water is in excess, so Cl; is L.R.]

_ P xPy,  (6)*x3
’ PioxPa  (0.5) xPg

Py, =3.6 x 10-3 atm
Ans. (a) 400, 900, (b) 4: 9, () 72.15
(@  X(S) —— A(g) +C(g) K,
P P
2P=40=P=20
K} =20 %20 =400 mm?

[234]
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10.

y(s) B(g) + C(g) :

P P
2P=60=P=30
=30 x 30 = 900 mm?

(b)  X(s) —— A(g) + C(g) K; =400

X (x+y)
Y(s) == B(g) + C(g); K, =900
y (x+y)
K, =x(x +y) = 400 (1)
Ky, =y(x+y) =900 -(2)

eq(l) _ x_4
eq.(2) y 9
() eq.(1)+eq.(2)
(x+y) (x+y) =400+900

(x+y)= V1300
Piota = Pa+ P+ Pc=2(x +y)
=2 x \/1300 =72.15 mmHg
Ans. (4.00)
A(g) —— B(g) + Clg); K,
1 J— J—

1-x x+y) (x-y)
Ce@ ~—— D(@ + Blg; K
X-y y (x+y)
PV = nRT

atconstantV,T = pocn

A B C D
Pequ — 1’lequ — (1 - X)+ (X + Y)+ (X B Y)+ y

given 2=
initial ninitial 1

= l+x+y=2=(x+y)=1 -(1)

also given

€ _x-y_1 _3
B] x+y 5 = X 2y -(2)

from (1) & (2) =>x=0.6 &y=0.4

y
&: (X+Y)(X_Y) =4

Ko, (xev)EY)
(x Y)(l—x)

www.allen.in
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11. Ans. K, = LZ
' 20P,
N2(g) + 3Hz(g) —— 2NH3z(g); Ky
t=0; 9a 13a —
at eqgbm: (9a-x-y) (13a-3x-2y) = 2Py 2x=Po
Na2(g) +  2Ha(g) —— N:Hu(g); Ky,
t=0; 9a 13a —
at eqbm: (9a-x-y) (13a-3x-2y) = 2P y
ategbm
Protal = PN2 + PH2 + PNH3 + PN2H4
7Po=(9a-x-y)+2Po+Po+y
= a=0.5Pg
also P, =2Po=13a-3x-2y
= y= 1.5 Po
Soateqgbm = Py, =2.5Po; Py, =15Po
PH2 = ZP(); PNH3 = PO
1
K, =——
' 20P,
_ (15R) 3
% (2.5P,)(2P,)* 20P’
12. Ans. (a) 80, (b) 0.15, (c) 26.08 or 26.09
N204(g) =—— 2NO:(g);
att=0; 1 —
at eqbm; 1-a 2a
(a) Abnormal My = 2 x (V.D.)mixture = 2 x 42 = 84
Mass of mixture
(b) Man =
total moles
84 = 1x92 _ 92
l-a+2a 1+a
1+a= 2 =1+ i
84
a=0.095
(MW of N204 = 92)
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molesof NO, <100

(c) %NO2 ——
total moles in mixture

2a
l1+a
_ 2x0.095
 (1+0.95)

x100

x100=17.35%

13.  Ans. (0.11)
NH4HS(s) =—— NHs(g) + H:S(g)

t=0 — 0.5 atm —
Ategqm. — 05+P p
0.5+2P=0.84
2P =0.34
P=0.17 atm

Kp = PNH3' PHZS

=(0.5+0.17) (0.17) atm?
=0.67 x 0.1
7 atm?
=0.1139 atm?
14. Ans. (SrCl; . 2H;0)

Drying agent absorb moisture, so reaction should proceed in backward direction

i'e' QP > KP le PHZO(air) > PHZO(at egbm)

= Py o(at eqomy Should be least for most effective drying agent
_ 4
SrCly: 2H,0 = K, =(Pyo)” = Py geqom) = (6 x 10-12)1/4= 1.5 x 10-3
Na;HPO47H:0 = Kp = (P ) = Py o(eqom) = (243 x 10-13)1/7 = 4.75 x 10-3

NazS0s = Kp = (Py0)"" = Py gqum = (1024 x 10-27)1/10 = 2 x 10-3

for SrCl2 - 2H:0(s) = P,
15.  Ans. (10.00)

JO(eqbmy 1S least

NO2z(g) + NO(g) ~—— N20(g) + 02(g) ; Kc =1

moles initially a a
ategbm a-x a-x
~ XX
(a-x)(a-x)
= 1= =>a=2x=2x%x25=5

a—-Xx
:>(NO+NOz)mmal=a+a=2a=2><5=10

also [N20] = g =05

x=2.5

www.allen.in
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EXERCISE - JEE (Main) PYQ

1. Ans. (4)
AandB

AH
Slop for given group = R for exothermic slope of group will be positive.

2. Ans. (1)

On increasing volume, reaction move in that direction where more gaseous moles are produced.
3. Ans. (4)

2NO,(g) = N,04(g) is exothermic.

So,N,04(g) = 2N0,(g) is endothermic.

On addition of inert gas at constant pressure, reaction move in that direction where gaseous moles
are produced more.

4. Ans. (1)
The equilibrium constant is large suggestive of reaction going to completion and so no catalyst is
required.
5. Ans. (3)
A(s) = B(g) + C(g) Kp, = xatm”
At equilibrium P; P1+P;
D(s) = g + E(g) Kp, = y atm’
At equilibrium P1+P; P,
(PP +B,) =x (1)
(PP +P) =y -(2)

Add equation (1) & (2)
(PL+P)*=x+y
PL+P=/x+y
Total pressure=P; + P, + P, + P,
=2(P; + P,) =2,/x +y atm.
6. Ans. (2)
N, (g) + 3H2(g) = 2NH3(g) Kp

1
2NH;3(g) = Ny(g) +3H:(g) K
P

P, 3P,
Pl + 3P1 =P

P
Pl =Z

1 (P)BPL)?
- 2
KP (PNH3)
(Pup,)” = Kp X 27 x (Py)*
P 4
=27Kp x (%)

3.1,
_ 32Kp2P
NH; — 16
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7. Ans. (1)
AHO >0 T equation shifts back ward.

N is treated as inert gas in this case hence no effect on equilibrium.
8. Ans. (5)

Cl,=2Cl

Let mol of both of Cl; and Cl is x

B, —ixl:1
2x 2
P, i><1:1
P2 2
1 2
K Q=l=0.5:>5><10‘1
P 1 2
2
9. Ans. (6)
L 5.1g
Moles of NH4HS initially taken = ————
51g /mol
= 0.1 mol

volume of vessel = 2/
NH4HSsy —— NHs(g) + Hz25(g)

t=0 0.1 mol
t=w 0.1(1-0.2) 0.1x0.2 0.1x0.2

= partial pressure of each component

~ nRT 0.1x0.2x0.082x300
\% 2
=0.246 atm

=k, =P, xP, ;=(0.246)" =0.060516

p

=6.05x 107
=6
10. Ans. (2)
1 1
K = = =xx10"
T K, 2x10°
1 1 1
= x—=xx10°% = x107 =xx107®
J20 107 J20
J20 NG
=2.24
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11.

12.

13.

14.

Ans. (2)

2NO + 02 - 2NO
2 1 -
2-2x 1-x 2x
1.2 0.6 0.8

(ntotal)eq =1.2+06+08 = 2.6

Partial presence = mole fraction x (Protal)eq

5o
__\26) _ 1.925

()5
26)\2.6
Ans. (20)
AG® = -RT /n Keq
Given AG® = -9.478 K] /mole
T=495K R=8.314]mol™*
So -9.478 x 10° = -495 x 8.314 x /n Keq

/n Keq = 2.303

=/n10

So Keq =10

Now A(g) = B(g)
t=0 22 0
t=t 22-x X

[B] X
Keg= —== =10
7 el 22-x

orx=20

So millimoles of B = 20
Ans. (354)

N204(g) = 2NO,(g); Ang=2-1=1

Now, K, = K. (RT)*®
or, 600.1 = 20.4 x (0.0831 x T)"
. T=353.99K = 354K

Ans. (172)
2502(g) + O2(g) = 2503y
2

" psozg) ¢

[240]
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_43x43
45 % 45
=172.28 x 10-5 Pa!
=172.28 atm
=17228 x 10-2 atm
Ansis 17228

15. Ans. (2)

MQ#B®+%C@

Initial: P;0 0

x 530 Pa™

Ateq: P(1-a) P.a Pi%

Now, equilibrium pressure (p),

P =P; x (14—%)

P, = 1-a P
1+¢
2
P,=| —>|P
1+%
o
P.=|—2_|p
1+¢
1
'.'K:PCZXPB
PA
31
2
K=—>P
(2+0)2(1-0a)
16. Ans. (2)

H.0(g) —— Hz(g)

Po[1-a] Poa

P0[1+2}=1
2

1
5 02(g)

P.a

(1)

partial pr. at eq.

www.allen.in
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17.

18.

19.

A

p
H,0

POOL 1/2
[Poa)(zj

— =27 -2x10°
P[1-0a]

since a is negligiblew.rt1soPp=1land1-a~ 1

oo

——=2x10""
2
o3/2=23/2x 103
o= 23/2x2/3 x 10-3%2/3

a=2x10"72

% 0=2%

Ans. (4)

N,(g)+3H,(g)=2NH,(g); K, =4x10
N,(g)+0,(g)=2NO(g); K,=1.6x10"
Hz(g)+%02(g)¢ H,0(g); K, =1.0x107"

(i) + 3 x (iii) - (i)
5
2NH, (g) + 0,(g) = 2NO(g) +3H,0(g)
_k,xkj  1.6x10"7x(107")?
“ ko 4x10°

=%x 10 =4x10"*

Ans. (3)

The yield of SO3 at equilibrium will be due to :
B. Increasing pressure

C. Adding more SO;

D. Adding more 0>

Ans. (12)
x(g) = vy + g
Initial moles n - -
at equilibrium n- an on on
2

@ b

K = (1 +a 1)
P 1-a

1+a Py

39X By
1-a

(1)
..(ii)
..(iii)

[242]
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20.

Alg) = 2B(g); k, =1

Initial moles n -

at equilibrium x- an 2 an Ptotal = P2
20 o ?
K = 1+a P2
P2 1—oc><
1+a P2
1= 4ol xp,
1-o°
kPl — pl
kpz 4p,
3_P - pripp=12:1
1 4p,
x=12
Ans. (49)
PCl3 + Clz = PCls
0.2M (0.1+0.2)M 0.4M
Eqm. 0.2-x 0.3—x 0.4+x
(0.4+x) _
(0.2—x)(0.3—x)
=x=0.086

[PCL],, =0.486M =48.6x10°M

EXERCISE - JEE (Advanced) PYQ

Ans. (A, B, D)
(A) The expression for the enthalpy change is AH = CpAT
Hence, the enthalpy of the reaction is temperature-dependent.
(B) Equilibrium constant, K is independent of initial amount of calcium carbonate and is dependent
only on temperature.
(C) Equilibrium constant depends on temperature but it is independent of pressure.
(D) Presence of catalyst lowers the activation energy but, the enthalpy of reaction is not affected.
Ans. (8.92 or 8.93)
Fe*®(aq) + S*©(aq) = FeS(s) Kc=16x 10"

Initial 0.03m 0.1m
Final X (0.1-0.03)
=0.07

Reaction will be almost completed as K is very large.

So, 1.6 x 1017 =————
X X 0.07
x=8.928x10"1=yYx 10"

y =8.928
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3.

Ans. (8)

AtT: K: A(g) —— P(g)
t=0 6

t=0 6-X x =4 (from plot)

=  AtTiK: Kpl=g =2

At T, K: A(g) —— P(g)

t=0 6

t=0 6-y y = 2 (from plot)

= AtT: K: Kp :E_1
24 2

1
Now, AG) = -RT;In Kp =-RT:In >

= AG) =RT,In 2

AG{ =-RTiln Kp =-RT1/n2=-2RT;n2

Given: AG) - AG; =RT;In 2+ 2RT. I 2 =3RT,In2=RT,Inx

= x=23=8

JEE (Main) Practice Paper

Ans. (4)

From definition of chemical equilibrium, rate of forward reaction = rate of backward reaction.

Ans. (3)

From question
[CO, ][H,]
[CO][H,0]

_ [cojH,p

[CH,][H,0]

_ [Co,]H,T*
[CH,][H,OF
Now check each option.
As for option C.
Ki x K2 =K3

K1XK2

_ [CO,][H,]  [COI[H,T" _
[CO][H,0] [CH,][H,0]

[244]
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3. Ans. (3)
K
Keq-= K—tf)
K

1.5= W
K¢=1.125%x 1073
4. Ans. (3)
K, = K (RT)™™ ; Ang=0 Kp=Kc
(1) 2NOCI(g) = 2NO(g) + Cl;(g); Ang = 1
(2) N, (g) + 3H,(g) = 2NH3(g); Ang = —2
(3) Hz(g) + Cl;(g) = 2HCI(g); Ang =0
(4) 2S0,(g) + 0,(g) = 2503(g); Ang = —1
5. Ans. (2)

K
log=E + logRT =0
gg tlog

K
log=L = —10gRT
R, g

K
logK—z = log(RT) ™!

Kp = K¢(RT)™?
So, Ang should be -1.
(1) PCl3 = PCl3 +Cl, = Ang =1
(2) 250, + 0, = 2503 = Ang = —1
(3) N, +3H, = 2NH; = Ang = -2
6. Ans. (4)
CuS0,4.5H,0(s) = CuS0,4.3H,0(s) + 2H,0(g)
Kp = (PH20)2
K¢ = [H20]2
Kp = Kc(RT)A"s
Ang = 2
Kp = Kc(RT)?
7. Ans. (3)

K¢ depends only on temperature.
8. Ans. (3)

_ moles dissociated
~  initial moles

o= %5= 0.25
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9, Ans. (1)
2C0(g) = 2C0(g) + 02(8)
Initial 2
Final 2(1-0a)2a od

Totalmoles=2-2a + 2a + a = 2 + «

_ 40

%= 100

Total moles = 2.4
10. Ans. (3)

PCl; = PCl; + Cl,

Ppeiy-Pal,
p= P
PClg
Kp = 03x02 _ o,

0.6
(KP) =

=04

2><O.P3P>;12><O.2 - 01
5
Ppc, = 2.4
11. Ans. (1)
H; + I —— 2HI
t=teq (0.5-%) (0.5-x) 2X
_ [HIP
[H,1[L,]

12. Ans. (2)

A + 2B
Initial a 1.5a
a

At equilibrium

2C + D

2

-X 1.5a-2x 2X X

According to problem,
a-x=x

a
X==

2

Concentration of B at equilibrium

a a
—1.53—2)(7—2
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13.

14.

15.

16.

17.

18.

Ans. (2)

On reducing pressure, reaction moves in that direction where gaseous moles are produced more.

Ans. (3)

t =0 mole 1
t=a 1-a

1-o®
70%=9 -90?
160*=9

3 M,—-M
OL:Z:MOT(n—lO)
3_70-M,
4 M,(2-1)
3Mo= 280 -4M,
7Mo = 280
Mo =40
Ans. (2)

If product is removed, reaction moves in forward direction.

Ans. (3)

B

C2

Kr=9

liota = 7 atm

Addition of inert gas at equilibrium doesn't have any impact on equilibrium.

Ans. (3)
COz(s) = COz(g)

If temperature increases reaction will move in forward direction at it is endothermic reaction.

Ans. (3)
2NHj3(g) —
1mol=17 gm
1-2a

17

My= ——=12
1+2a

o= —
24

% dissociation = ZT“xloo = ZX%X 100=41.66%

3Hz()

3o

[VD]mix x 2 =My

www.allen.in
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19.

20.

Ans. (1)
lfAng =0, it does not have any effect
Ans. (3)

If total pressure decreases reaction shifts where gaseous moles are produced more.

SECTION-B

Ans. (16)
2505 == 2S0; + 0O
t=0 5 0 0
t=teg 5-4=1 4 2
_ [SO,T°[0,]
[SO,1,
V =2 litre
()" (%)
(%)’
Kc = 16
Ans. (3)
_ INH,T
NI, P
_ [NH,T
~ (0.036)x(0.15)°
(NH3)=5.9x107®

1

Kc:

1 380 1
7 X5 (PT—matm—iatm)

% dissociation = 50%
Ans. (1)

PCl5(g) = PCl3(g) + Cly(g)
2
o
Ke =1z *Pr
AtPr=4atm,a=0.1

2
Kp = —(01) X 4

1-(0.1)2
0.01 (0.2)2
So, —— X4=——""=XP;
0.99 1-(0.2)2
4 PT
99 24
96
Pr = ggatm = 0.97 atm = 1.00 atm
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5. Ans. (2)
C(s) +  CO,(g) =
Initial 0.5
Final 0.5-x

According to problem,
05-x+2x=0.8

x=0.3
(2x)? 4x?
P705-x ~ 05-x
4x(0.3)?
=———= 1.8atm=2 atm.
0.2

6. Ans. (53)
N,0, = 2NO,
(V.D)j
(V.D)f
n=2
46

— =1+«
30

_16
=30
%a =53.33% ~53%
7. Ans. (1)

=14+ (n— D«

2€0(g)

2X

NH,COONH,(s) = 2NH3(g) + CO,(g)

Initial 2P

2
Kp = (Pnns) " (Peo,)

K, = (2P)*(P) (1)
Now, in the second case, P; (initial) = 3P

NH,COONH,(s) = 2NH;(g) + CO,(g)

Initial 3 P
Kp, = (3P)*(P") ..(ii)
From (i) and (ii)

(2P)? (P) = (3P)? (P)

P

, _ 4P
P=3
Pr(new) 3P+P’ 3P+% 31
= = =—=1.14~1
Pr(old) 3P 3P 27
8. Ans. (1)
A(g) + B(g —— C(g) + D(g)
t=te, 4 4 2 8
.- L]
[A][B]
www.allen.in [249]
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10.

_ 2x8 _

= 1
4x4

€q

Now, 18 mole of D added, reaction backward

t=t'" 4+x 4+x 2-X 8+18-x

But K¢q remains same since it is temperature dependent
1= (2—x)(26-x)
(4+x)
16 +x* +8x =52 - 28x + x*
36x=36=>x=1
So,[A]=5,[B]=5,[C]=1,[D] =25
Ans. (50)
Initial number of moles of N,0, are 0.5 mol.

Out of this 79.3% decompose.

3
Moles of N,0, decomposed = 0.5 x 100 =0.3965 moles

The number of moles of N, 0, that remains at equilibrium are 0.5 - 0.3965 = 0.1035 moles.

The number of moles of NO, formed at equilibrium are 2 x 0.3965 = 0.793.

5 (0.793)2
il . . _ [Noz] _ 4 _
The equilibrium constant expression is K¢ = [N,0,] 01035 - 1.51
204 =22

The relationship between K, and K¢ is, K, = K.(RT)A"
For the given reaction,An=2-1=1

Hence, K, = 1.51(0.0821x405)* = 50.20 ~ 50

Ans. (1)
_ 20 _
Moles of CaCO5 = T00° 0.2
CaCOs3(s) = CaO(s) + CO2Ag)
Initial 0.2 moles

%decomposed = 75%

75
Moles of CaCO; decomposed = Too x 0.2=0.15

CaCOs3(s) = CaO(s) + CO2A(g)
At equilibrium 0.05 moles 0.15 moles 0.15 moles
nRT

Kp =Pco, =~
0.15x0.0821x1000
B 15

=0.821 atm ~ 1.00 atm
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1. Ans. (C)
Ba0,(s) = 2Ba0(s) + 0,(g)
AH = +ve - Endothermic

If temperature is increased, then reaction moves in forward direction and pressure will increase.
2. Ans. (C)

N, +3H, = 2NH; ... ... ... K,
2NH; =2 N, +3H, ......... Ki (1)
1
N, + 0, 2 2NO.......... K, -(2)
H, + %02 = H,0 ........ K3 -(3)
Multiplying equation (3) by 3
3H, + %02 = 3H,0 —— K3 -(4)
Adding (1), (2) and (4) we get the desired reaction
2NH; + %Oz = 2NO + 3H,0
3
K = Ko K3
f Kl
3. Ans. (B)
C,HsOH(#) + CH;COOH(#) = CH3CO0C,H, (£) + H,0(#)
a a
a a a a
a-— a-— — —
3 3
2 2 a a
3 3
a
373
K. =
"7 2
3 3
1
KC :Z
4. Ans. (C)

HgO(s) + 419(aq.) + H,0(¢) = Hgl?©(aq.) + 20H® (aq.)
[Hel°1[OHF
1
Reaction required to be shift in forward direction.
If [Ie] increases, the reaction shifts in forward direction.

Adding 0.2 M HCl will consume OH® ions from product side.

So, reaction will shift in forward direction.
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5. Ans. (ABCD)
As pressure increases equilibrium shift towards left, boiling point also increases and stream gets
easily liquefy. Decrease in pressure shifts the equilibrium towards right.

6. Ans. (ACD)
Low pressure and high temperature favours the reaction with Ang >0 & AH >0

7. Ans. (A)

AH

Kp = Ae RT
_ AH
1,01'1Kp =#fnA _ﬁ
l l l
y c mx
- _AH
- R
reaction is exothermic AH = - ve
m = +ve
nKp /
1/T

8. Ans. (ABCD)
If addition of inert gas takes place at constant volume, equilibrium remain undisturbed.
9. Ans. (A)

(1) 2X(g) = Y(g) +Z(g)

1 — —
lod lod
1-a - -
2 2
a o
272 "
Ke=—7"""— K
-z
o2
KC = : o= 2” KC
1- (p)
(2)X(g) = Y(& + Z(g)
1 _ -
1- a o o
1>»a Ke = a?
l-a=1 o =,/Kc
2- (s)
(3) 3X(g) = Y(g)+Z(g)
1 _ -
o lod
1-«a - -
3 3
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10.

11.

12.

13.

1> K =

o C—9
l-a=1 a=3x.,Kc
3- (q)

(4) 2X(g) = Y(g) +2Z(g)
1

a
1-«a - a
2
1> a Kc=a? %
o3
1-a=1 K¢ = >
a = (2K)'3
4 - (1)
Ans. (B)
For reaction Ang = 0 for Hyg + [2(g) =—— 2HI(y
- kp =k (RT)®
=k, =k =49
Ans. (C)

Ha(g) + DL = 2Hly
t=0 0.5 mole 0.5 mole —
Eq. (0.5-x) (0.5-x) 2x
Total moles = (0.5-x) + (0.5-x) + 2x
By PV = nRT
Px7=1x0.821x700
P=8.21atm
Ans. (B)

_ [m]
" [HIL]
2 2
so- () 7= X
0.5-x)(0.5-x) 0.5-x
3.5
X=—
9
35 1

moles (I;)=0.5- — = —
(I2) 5 "9

Ans. (A)
For Hl—— PHI xV = Ny . RT

Puix 7= (ZX%j x 0.0821 x 700

Pui = %><8.21 = 6.385 atm

www.allen.in
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14.

15.

16.

17.

18.

Ans. (D)

As pressure increases, reaction moves backward hence degree of dissociation decreases but k.
remains constant as all equilibrium constant depends only and only on temperature.

Ans. (A)

2S50; + 0, — 2S03; Ax=-ve

As temperature increases, for exothermic reaction, reaction moves backward, hence dissociation
of SO3 increases,

For exothermic reaction as temperature increases K. (equilibrium constant) decreases
Ans. (A)

As Fe3®is added in solution, reaction moves forward as per Le® chatelain's principle and red colour
20

of reaction depends due to formation of [Fe(NCS)] )

Ans. (8.00)
N; NHD:
H: NH:D
These will be present in D, HD =8
NH3
ND3
Ans. (4.00)
Alg) = B(g) + C(g) Ke,
1-x X+y X-y
Cle = D(g) + B(g) Ke,
X-y y y+Xx
X—y _l
X+y 5
5x-5y=x+y
2

T, V - const.

P« n

Niotal equilibrium = 2

x+y=1
2 3
Y75

Ko _ x+yly(l-x) _(1-x)y
o E-Y)x-y)x+y) (x-y)

K
K

<

=4

~

€
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19.  Ans. (16.00)

Hy(g) + L(g) = 2HI(g)
t=0 48x103 M
t = eq. X X 48 % 107 - x
2 2
X _gx10*
2
x=16 x 1074 M

[HI] =32 x 10* M
[I;] =[H] =8x107*

(32x107*) 32x32x10°®
c= ) 7 R 16
8x107* x8x10 64x10

20.  Ans. (8.00)

Pg:Pp=1:6 Letthe partial pressure of Beq. be Py

Ky, = (Po)’ (%j

K, = (6Po)’
K 3
no 8 64
K, 3\
2
K, _o4 =8
8K, 8
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