CHEMISTRY -Chemical Equilibrium @:
SOLUTIONS

TOPIC

CHEMICAL EQUILIBRIUM

CHEMICAL
EQUILIBRIUM
Exercise-01
1. PCl(g) === PCl,(g) + ClL(g) t=0 3M M
t=0 1 mol t= oo 3_£ 1_3 2
t=w 1-0.3 03 03 3 3 3
Total moles at equilibrium (IE; 1] dy eky)=1.3 (%)2 1
K=77""F"~ = —
2 c (8/)(2 4
JaT. (%3)(23)
2. Ke = 1/ - 64 15. Pure solids of added do not change state of
4 reaéon is exothermic so an increasing equilibrium.
. | | X | | | - (- -
temperature it shift to backward (VHf@ ;k m"ek{kih 18 g\eyk’ j(’ B M’SLFkk o |fJo§rr+ ugh dirg
g vri rki c<u ij ;g 1'p "k e &;xmA) . a
a(l-a) a(l-a)ao  aa
Pl _8° :
7 PSP, 4 -16 S =9=0=075
co, (1-a)? .
8. Greater value of K. more is equilibrium favourable 1.52
to products. 19. K¢ = 152 =1
(Ke dk vikd eku gku ij IE; mRikn dh ij gkxkA) 20. (1) N, + 3H, =—— 2NH,
11. (1)CO+H,0 === CO, +H, ) N, +0, == 2NO
1 —_\
(2) 2cO + 0, —X . 2cO, @) H,+ 570, == H,0
5
(3) 2H2 + 02 K, ZHZO (4) 2NH3 + EOZ —— 2NO + 3H20
By subtraction (2) — (3) we get : (5)  =1(2) +33) - (1)
[N K K3
2H,0 + 2CO == 2CO, + 2H, e K, =%
Dividing by (2) ; 1
H,0 + CO == CO, + H,0 2L A+B — C+D
1/2 t=03n n
K:[ﬁJ t=o0w3n-x n-xX X X
Kz ] .
12.  Changing concentration does not change K (IK/erk X =X=>X=5 e[Dly = 35
ifjoru 1jCk_ ifjoErr ugh girk g) 0y K _Ky _bix
PCl, = PCl, + Cl, © K, a-x
t=0 1M L 0.03
23. K =K_(RT K. =
t=ow 1-0.4 0.4 0.4 = K (RT) ¢ (0.0821x 700)
_04x04 _ 0.33x 0.33 1
KC —T— 0267 25 K - -
¢ 0.67x0.67 4
14. A9 + Bl =—— 2Cg
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26. SO, + COw== S0,+CO,
t=02M 2M 2M 2M
t = o0 2+X 2 + X 2-X 2-X 29.
27. N, + 0, — 2NO
0.01M 0.02M 0.03M
_ 0.03° _
Ke =0.01x 0.02 = *°
Let a moles of O, be added (ekuk[O, dld eky feyk;
X5 0
N, + O — 2NO
0.01-x 0.02+a-x 0.03 + 2X 32.
0.03+2x = 0.04
= x = 0.005
_ (0.04)
‘e, 45%10.015+ a)(0.005)
Moles of O,
_ _1o1
added= a « 100 = 18
28. 2NH, ——= N, + 3H,
T=300 K 15 atm 37
15
T=573 K %(573) atm
1. Greater value of K. more is extent
(K. dk etu vikd rk ek=k vfkd)
(I) K, = 0.01, (I K, =1, () K, = 10°
2
2. KC=9=% ; V = 6L 7
(2/V)’(2/V)
3. (1) s + 8§ —— §7? K, = 12
20 28 + 8?7 —— 87 K, = 132
Subtracting (2) - (1)
132
= S+87—= 58} Ky=75 =11
4. K, =K,(0.0821 x T)! 10.
T “00821 - 12 - 19 K
N, + 3H, == 2NH,
1 atm 3 atm
1-x 3-3x 2X
1
= 4 - 2x =3 = X -E
_ar
“ = w2)arey 17,
6.  For dissocation of NH,(NH, d fo;ktu d fy,)
1
Ki=K—P= 0.5 x 1.5° -
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0-

15

%(573) [1+a)=4011 =a=04
280, —— 20, + O,
P P Pa

(1) a 2

o
P|:1 +E:|: PO
(Pzaz)(ng poc

K - - 5
PTP21-0?)  R+o)l-af

By adding inert gas at constant pressure reaction
shifts to increase number of gaseous molecules ..
to left.

fu;r nic 1j vid; xI feylu 1j vidd;k xih;
v.k dh cMh g;h B[k db vig ifrlFkfir gkrh g)

Slope of plot (XkQ dk <ky) = 2_3AO|_;OR =

1

= AH® = - 2.303 x 2 = 4.606 cal.

Exercise-02

N,O, — 2NO,
2(1 -0.2) 2104
Total pressure (Y NkC) = 1.6 + 0.8 = 2.4 atm
(VD) _n,
(VD), ",

N,O, == 2NO,
t=20 a
t=o0 al - o) 2aa
ﬁ = a1+ o) = 0.533
30 a = a = U.
NO, == NO, + 0O,
4 - X X -y X +y

K, = 2.5
N,O, == N,0 + O,
X -y y y + X
X+y=25
X+ y)x -
XEYx-y) o
4-x

solving y = 0.334 M
Hg (/) == Hg(g) AG® = 31 kJ/mol

To start boiling P,=K

g
When AG®° = - RT In K,
31 x10° = -8.31 x 298 In K,

P
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KP = 10—5.44
(0.02)
18. AG=-33x 10° + 8.314 x 298 x In 31
AG = -60.5 kJ/mol
19. (i) H + I, == 2H
05 05 ,
7 - X - X X
(2x)*

= 49

Z
(iv)  Partial pressure (Vkf*kd nkc) of
HI = (2x) (0.0821) x 700 = 6.385 atm

05_ Y
7
Total pressure (Y nNkc) P, =——x 0.0821 x 700

COMPREHENSION # 1

1 3
1. Cas0,.2H,0(5) > CaSO,. > H,0(9 + H,0(0)

AH® == (- 241.8) + (- 1575) — (- 2021)

N | w

)

172

For 1 kg CaSO,.2H,0 = « 100 = 484 kJ

1) 2NH, ——= N, + 3H,

3 atm 2 atm 1 atm

Q,=2/9 <K,

. shifts in forward direction (VX fn*lk e foLFkfir)
6. CH, + 2H,S —= CS, + 4H,

t=0 0.2M 0.4M 0.3M 0.3M

0.3)(0.3)*

o 03031 |

¢ (0.2)0.4) ¢

. shifts backward (1" foLFkfir)
7. N, + 3H, == 2NH,

0.036M 0.15M CM

2

N 0.29

(0.036)(0.15)°
8&. N, + 0O — 2NO

14 -x 14 -x 2X

2x)?
= (—)2= 1.7x10°
(1.4 -x)

21.

23.

26.

10.

11.

12.

N n 2n
A s g B + ?C
t=0 a
t=0  a(l-a) aa(n/3) ao(2n/3)
D a[l-a+na] D-d

Adding inert gas at constant volume does not affect
state of equilibrium

fus;r vk;ru 1y vid; xb d ;kx 1j DIE;koLFk
iikfor ugh gkrt g)

N, + 3H, == 2NH, as the reaction is exothermic
so more NH, will be obtained at lower temperature.
N, + 3H, == 2NH, D;kd V@ k m'ek{kih
g vri futu rki 1j vikdNH, TKr gkxnA

Exercise-03

3
AS =7 (188.6) + 130.5 - 194

AG = AH’ - (298) AS® = - 8.314 x 298 In (P,, *”
= PH20 = 8.1 x 107 bar

5 3 2

0.16 - x X X
2

—~— X _58x10?

0.16 -x
CIF, — CIF + F
1.47 - x X X

2

———=0.14
=147-x°
N,O, == 2NO,
P,(1-0.25) 0.5 P, P,(1+0.25)=1.5

[0.5P,F 1.5
o - — PO = atm
P,(0.75) 1.25

_ 025 15

0.75 1.25
N,O, — 2NO, Pl + a)=0.5

4Py

Pyl - a) 2P a Ea =0.667
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14.

15.

16.

17.

19.

20.

21.
22.

30.

(i1
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PCl,=—=PCl+Cl,=»1.1 P=4 =P

0

A
“1q am

0.01P, P, 4 t
09 90 gom
For 20% dissociation (20% fo;ktu d fy,)
Pl (1-0.2) 0.2P' 0.2P'=12P}=P.
0.04P] 4
0.8 99
3H, ==2NH,
48 atm

P,(1-0.1) 0.1P, 0.1P, K, =

N, +
t =0 16 atm
2X
64 -2x
= X

t=o 16 —x48 - 3x 2X=

1
"3
=8

16°
8(24)°

K, =

N

N,O, ——  2NO, P(l+a)=5
92

Py(1-a) 2P o l+a=_-

_4Pya?

l1-a

KP

N,0,

\:\ 2NO2

al+o) 46 8

a 30 *715
2aa

t=0 a mol
t=0 a1l - a)

—_ N
A S—

NH,COONH (g) 2NH,(g) + CO,(9)
Initial equilibrium 2P P
= K, = 4P% P_=3P

Final equilibrium 3P Pt
= (3P P* = 4P = P'=-——

4P 3/P

T :ﬂ p1=3p =

P, 27 T 9 9
Let n moles each of CO, & CaO be formed
(elukCto, 0 cao iR;d dneky cu g
0.04 x 0.821 = n(0.0821) (1000)

Ratio (VUIKI)

(Py,o)° = 6.4 % 10%

CaCO,s) == CaO(s) + CO,Lg)
t=20 0.2 mol
t= o 0.2 (1-0.75)0.2x 0.75 0.2x 0.75

K, = P.o.= K,(15) = (0.2x 0.75) (0.0821) (1000)

At equilibrium  [A] = 0.3 M[B] = 0.6 M
Initally [A] = 0.6 M
A — nB
t=00.6 0
t=000.3 0.6=0.3n = n=2
_0.6°
Ke =703

(i)

32.

36.
39.

41.

43.
44.

46.

www.aviral.co.in

. AlA] 0.6-0.5 L
Initial rate =——=—"—=0.1 M hr
At 1
2x1072
At 300 K ; K= ————= =5
4x10
4x1072
At 400 K ; K2=—_4=25
16 x10
og Koot [1 1]
9 %, T2.303x8.314 | 300 400
0.313
K, = 0.313 atm K. _—(0.0821><298)1
C(s) + H,0(g) —— CO(g) + H,9)
1.2—-x X X
2
X _ -341107
1.2-x
o e B
a(l - 0.6) 0.6 a
K =20 15
cT04
AG® = - 8.314 x 298 In 1.5 J/mol
0
PCl, —— PCl, + Cl,
P,(1-a) P Po
2
1.78 _ Poo”
1-a
P(l+a)=1
~208.5
LC I
l><208.5
d = l+a
0.0821x523
nA \:‘ A
X
1-x —
n
PV X
— = - X+ —
RT
X
C omv VT
¢ ri—xT" n@@-x)"
\
XVn—l
c= n(l -nx)
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(i

—_ n-1
nKC - nKCx = XV

co + 2H, — CH,OH
t=00.15 a 0
t = 0 0.15-x a - 2X x = 0.08

Total moles finally\vlr e dy eky)

= 0.15 + a - 2(0.08)

=a-0.01

8.5 (2.5) = (a — 0.01) (0.0821) (750)

a = 0.355

Hence at equilibrium(vri IE; 1j),[CO] = 0.07M,
[H,] = 0.195 M [CH,OH] = 0.08

0.08/2.5
0.195V(0.07
2.5 2.5
Total moles (dy eky) = 0.15 + 0.355 = 0.505
P(2.5) = (0.505) (0.0821) 750
P = 12.43 atm

Let initial pressure of N, be 9P and of H, be 13P
(ekukCh, dk ikjfEtkd nkcCdp o[H, dk 13P gA)

Cc

N, + 3H, — 2NH, K,,
9P-X-Y  13P-3X-2Y 2X

N2 t 2H2 \:\ N2H4 KP2
9P-X-Y  13P -3X -2Y Y
OP-X-Y+13P-3X-2Y+2X+Y=7P, .. (1)
2X = P, .. (2)
13P - 3X - 2Y = 2P, .. (3)

Solving x = P,/2 Y = 3P /2 P =P /2

- (Py)? i
P1 = (4.5P, —0.5P, —1.5P,)(6.5P, —1.5P, — 3P,)
_ I:’02 _ 1
 (2.5P,)(8P,°)  20P,>
3
and K, _20P02
3.(a) NH,COONH,(s) == 2NH,(g) + CO,(9)
2P P
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47.

Uy
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Ag —— Bg + Co
1-x X X-y
Cop —— D + EO
X-y y y
l-x+x+x-y+2y=2
x+y=1
X = 5
Ty=—: 5X - 5y =X ; %zz
Exercise-4(B)

3P =0.116

. (0116
K, =4P° =4 3

Let equilibrium concentration of C be a M.
ekukCe dh IiE; Bilerka m g)

2
R
on doubling volume all concentration are halved
and equilibrium shifts forward
(vk;ru nxuk dju 1 B0 Biderk vida gk thrh
g rik Bke; 10N folFkfir gk thrk g)

K

A = 2B + C
3/2 - X 2+2X a/2 + X
Given : 2+2X =3 = X=1/2
or(573)
K. = 2
C 3_;‘) ( )
F 1) & (2 —1 a. @+1)
rom (1) & (2), =7
32a = 27a + 27
5a = 27
a=54
K. =M= 28.8
(1)
N,O,(9) = 2NO,(9)
1-a 20

Average molar mass, M

M, vkl r ekyj

average

_1.8% 0.0821x 346 _

&0; eku) 1 =51.1
—92 =1+ = 0.8
511 - ¢ T %7
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10.
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_40Y/(L+a)P  4d® K = K (RTE
P 1-a/l+a _l—a2 r e T P( )
Hy9) + S(s) —— H,S(g)
0.2 -x X
K, = K. = 6.8 x 107
X - 6.8x10° X = 0.012
0.2-x = -
P,s = (X) RT = 0.012 (0.0821) (363)
CO,(g + C(g) =—— 2CO(g) K, = 10atm
PO—X 2X
4%?
PO_X-lO&PO+x-4
Let total pressure be P am €kuk dy nkc[P atm Q)
P =0.06 P P, =0.94P
K, =10 (0.94P) P =0.08 at
= = = 0. atm
P 0.06P
K, = 1.1?/0.28 atm
On doubling volume (Vk; ru nxuk dju ij)
N,O, == 2NO,
0.14-x 0.55+2x
(0.55+2x)* _ 1.1
0.14-x 0.28
H @ —— H, + 1,
1-0.8 0.4 0.4
0.4x 0.4
Ke="027 °

Let x mol of H, & 1, react (ekukCH, o[1, d[X eky
f@;k djr g

4= (0.135 —x)?

(2x)?
I, + 2Na,S,0, — 2Nal + Na,S,0,
(0.135-x) 1.5 M
If V L of hypo are used (;fn gkbik d¥ LLd;Dr
g,)

(0.135 - x)x2 =15V
Let initially a mole I, & (1.5 a) mol H, be present

(ekuk TKJER eld eky(l] 0 (1.5 a) eky H, mEfLRr gkr
9

H,(g) + L@ —— 2HI(g)
l1.5a-x a-x 2X
a—x 1
ox =E = 9a - 9x = X
X = 9a/10

11.

12.

13.

15.

www.aviral.co.in

[2(9a/10) 81x 4
KC = 9a = 6% 1 =54
(1.5a—j(a—9a/10)
10
CO+ HO—— COo, + H,
1-x  5-x X 1+X
_XA+X) - 7 350lving x = 0.938
(1-x)(5-x)
Imix MKr
= o= 1.16
I'Kr Mavg.
Solving, M rage = 83.8
olving, M average =~
1
Mavg.
B 40
KP - 1 _az
K =B _ 53, 10"
c 7 (0.0821)1473) - ©
X(s) == A(g) + C(g) K, = 400 mm?
Y(s) == B(g) + C(g) K, = 900 mm’
y y +X
X(x +y) = 400
y(x +y) = 900
. 4
Mole ratio of A & B (A 0[B dk eky vmkr):izg
y
Total pressure (Y nkC)= 2 (x + y)
M average < 12:8%0-0821x1000 _
average = 642 =
so, —— S0, + 1/20,
t=0 1
t=ow l-a a of2
80

— =1+ 0o/2 = a=05

64

3.62x0.0821x288
At288 K, M, = 1

42
I\/?_2=l+a =K, = a2

avg.

1.84x0.0821x348
1

Similarly at 348K, M'/avg.=
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92
M'avg

| K,

18. N

t=0  60atm 20atm
t=0 60X

2x_
80-2x

www.aviral.ac.in

=1l+d = Kp2=

1
E' 2 303R | 288 348}
1

20atm 2X

80
— = 20x=80-2X => X =—

402
2

l1-a

22

=K, =

2

P

K,= K2
1
K,= -
Kl

20. 2NO, —

P-2x-y
NO + NO,
P-2x-y 2p-y

www.aviral.co.in

3
20_240}
22

]

19. -16.5x10°=-8.314 x 298 x 2.303 log K,

let initial pressure of NO be p and of NO, be 2p
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