UNIT # 07 (PART - 1)

CHEMICAL EQUILIBRIUM

EXERCISE # 1

1.

11.

12.

14.

15.

PCl,(gd === PCl,(qg) + Cl(g)
t=0 1 mol
t=o0 1-0.3 0.3 0.3

Total moles at equilibrium Qroonooon) = 1.3

2
R
. reaction is exothermic so an increasing
temperature it shift to backward (L0000 DIOMOL
OImooI0mIoooIon totooooiooioOoooomy
Péo _8°
K, = Pc02_4 = 16

Greater value of K. more is equilibrium favourable
to products.

. D0IOiooooo oo oot o oo tomn,

K

(1) CO + H,0 CO, + H,

(2) 2CO + 0, £~ 2CO,

(3) 2H, + 0, —£=— 2H,0

By subtraction (2) - (3) we get :
2H,0 + 2CO ——= 2CO, + 2H,
Dividing by (2) ;

H,0 + CO —— CO, + H,0

1/2
K )
K—K2

Changing concentration does not change K.

Q000 0oo00Iomk,, ttinoooomoonoa
PCl, —— PCl, + Cl

5

t=20 1M

2

t = o0 1-0.4 0.4 0.4
- 0.4x04
K. = 06 0.267
A(@ + B(g —— 2C(9)
t=20 3M 1M
B 1 1 2
t = o 3—§ 1—§ g

N Y
A

Pure solids of added do not change state of
equilibrium.

(DOIoOiDoltmoroom Do ool otr D00 o

18.

19.
20.

21.

22.

23.

25.

26.

27.

A + B ——&W]m C + D
a a
a(l-a) a(l-o)aa aol
o2

1—a) =9 =a=0.75
K. :1,52 3

1.5
(1) N, + 3H, =——= 2NH,
(2) N, + 0, —— 2NO
(3) H,+ %02 — H,0
(4) 2NH, + 202 —— 2NO + 3H,0
(5)  =1(2)+33) - (1)

3

ie. K, —Kf{—}fg

A +B — C +D
t=03n n 0 0
t=03n-x n-x X X

n
n—x=x—>x=§ 1e.[D]e=E
K :ﬁzb—i-x
¢ K, a-x

K, = K. (RT)! K. = 0.0
P ¢ ¢ (0.0821 700)

0.33 0.33 l
Ke~067 067 4

SO, + CO —— sO, + CO,
t=02M 2M 2M 2M
t =00 2+x 2 +x 2-x 2-x
N, + o, — 2NO
0.01M 0.02M 0.03M

0.03?

Ke =001 002 *°

Let a moles of O, be added (DHD:DOZ Ola 010
J00l00o0Iod

N, + 0, —
0.01-x 0.02+a-x
0.03+2x = 0.04
= x = 0.005
(0.04)*

2NO
0.03 + 2x

e, 4.5 =1015+a)0.005)
Moles of 02

dded=a 100 =~

a eada= a = 18




28.

29.

2NH3 \:_\ N + 3H2 32.

T=300 K 15 atm
T=573 K 15 573) at

- 300 °73) atm

15 573) [1 40.11 0.4
15 oy _
300( ) o) . = o .
250, == 280, + O,
P(1 p Pa

(1-a) o 5

37.
1+2]= p
PI1+ .
o
] era)(p2 Rt
P p21-¢?) (@+a)l-a)

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

08 O A O [ ) Y
QIoomoonoo0nDr U inorodrmomnod

—AH°
Slope of plot (UIOIOLIIN) :2.303R =1
= AH =-2.303 2 =4.606 cal.

CHEMICAL EQUILIBRIUM

EXERCISE # 2

1.

Greater value of K, more is extent

g _ o 10.
(&, D000 O0m oo oo ooy
(I K. = 0.01, (I K. =1, (1 K, = 10*
Ko=9-—2V g
(2/V)(2/V)
(1 s + s* —— §? K, =12
20 28 + s* — s} K, = 132
Subtracting (2) - (1)
P 132
= S+87—=5; K3=E=11 17,
K, = K. (0.0821 T)'
T=00s21 12~ 19K N
N, + 3H, == 2NH,
1 atm 3 atm
1-x 3-3x 2% 18.
4 - 2x =3 L
- 2ZX = = X =7
2 19.
oy
K, =7
(1/2)3/2) -
For dissocation of NH, (NH, (R nin)
1
!l=——=105 1.5°
K, K
N,0, — 2NO,
2(1 - 0.2) 2 0.4
Total pressure (JOI0L) = 1.6 + 0.8 = 2.4 atm
(VD), _n,
(VD) n, 21.
N,0, ——= 2NO,
=0 a
t = o0 a(l - a) 2a0
46 _allro) = 0.533
30 a - 4w

N,O = N,O + O

275 273 2
4 -x X -y X +vy
K. =25

N,O, +—— N,O + 0,
X -y y y + X
x+ty=25
X+ y)(x -

k-

4-x
solving vy =0.334 M
Hg (/) =—— Haglg) AG = 31 kJ/mol

To start boiling F‘Hg =K,

When AG = - RT In K,

31 10°=-8.31 298 InK,
K, = 10754
5 (0.02)
AG=-33 10"+ 8.314 298 lnﬁ
AG = - 60.5 kJ/mol
(ii) H, + I, P 2HI
05 05 )
7" X -x X
(2x)° A
T <z = 49
05 Y
—-xX
7 i 0.5
Total pressure (JUII0) P 27 0.0821 700

(iv) Partial pressure OIIOIO) of
HI = (2x) (0.0821) 700 = 6.385 atm

n 2n
AL = 3B 3
t=0 a
t=c0  a(l-a) ao(n/3) aa(2n/3)
D a[l-a+na] D-d

d a



23. Adding inert gas at constant volume does not 2¢. N, + 3H, == 2NH, as the reaction is
affect state of equilibrium ) - exothermic so more NH, will be obtained at lower
(000IDIDO0UrOIDOn0Mm Lo ool Do temperature.
omnon0onmonoH ON, + 3H, == 2nH, 000000000 0000

OrmOomooodI0i0100] 00Ny, DIo10i0ind
CHEMICAL EQUILIBRIUM EXERCISE # 3
COMPREHENSION # 1 3
1 3 2. AS ) (188.6) + 130.5 - 194
1. CaS0,.2H,0(s) —» CaS0,. - H,0(s) + - H,0(g)
vz 2 AG = AH - (298) AS = - 8314 298 In (P, )"
2
3
AH =_ (- 241.8) + (- 1575) - (- 2021) = P, =81 107 bar
2 Hg0
For 1 kg CaSO, ZHO*ﬂ 100 = 484 kJ
o 8~ 172 -
CHEMICAL EQUILIBRIUM EXERCISE # 4[A]|
1.(b) 2NH, == N, +  3H, 11. N,0, == 2NO,
3 atm 9 atm 1 atm P(1-0.25) 0.5 P, P,(1+0.25)=1.5
Q, =2/9 <K, [0.5P, 1.5
. shifts in forward direction (LU IO0I OIIOO0TIO0) P P,(0.75) Po= 1.25 atm
w0 o udw | ome o -0 LS
R ' ' ' 075 125
o (03)(03)4 K 12. N204 P 2N02 Po(l + a)=0.5
¢ - 2 c 2
0.2)0.4) P - a) 2P a P 4 667
N -
. shifts backward (JUOIIO0ITIO0) 4
14. PClL,+——=PCL+Cl,=»1.1 P=4 = P=7"— atm
7. N, + 3H, == 2NH, 1.1
0.036M  0.15M CM pa01) 01P,01p, K ~20P P 4
c? o170-1 09 90 997"
(0.036)(0.15)° B For 20% dissociation (20% (U0I0UIOIION)
8. N, + 0, — 2NO P, (1-0.2) 02P;] 0.2P'=12P) =P,
1
14-x 14-x 2x 0.04P, 4
) 0.8 99
L2 P PP 15. N, +  3H, == 2NH,
(1.4 -x) t =0 16 atm 48 atm
— 2 1
9. PC; —— PC, + Cl, t =016 - x 48 -3 x> e
64-2x 3
0.16 - x X X —~ x-8
%2 , 16°
L - K =
20.16—x 58 10 P 8(24)°
10. CIF, — CIFE + F, 16. N,O, —— 2NO, P(l1+a)=
1.47 - 92
2" X X P,(1-a) 2P o 1+ a=cs
- 3 4P00L2
147 " =0.14 = KP 1o



17.

19.

20.

21.
22.

30.

(iii)

32.

36.
39.

41.

43.

N,O, +—— 2NO,
=0 | a(l+a) 46: 8
= _—— g =—
amo a 30 15
t=c0  a(l - a) 2a0
NH,COONH,(g) === 2NH,(g) + CO,(g)
Initial equilibrium 2P p
= K, = 4P°, P =3P
Final equilibrium 3P p!
4p
= (3P’ P' = 4P° = P! oy
P 31 4P 3/P
Ratio (000I0) 2 === P '=3p+—=—"—
atio (HELH) 5757 9 9

Let n moles each of CO, & CaO be formed
(lIdco, U cao 0I0OIO n OIOI00IOM

0.04 0.821 = n(0.0821) (1000)
(P o) = 6.4 10%
CaCO,(s) == CaO(s) + CO,ag)
t=20 0.2 mol
t = 0.2 (1-0.75)0.2 0.75 0.2 0.75
K, = PCO2:> K,(15) = (0.2 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=0w0.3 0.6=0.3n => n=2
K _0.62
c 03
AlA] 0.6-0.5 o
Initial rate = = =0.1M hr
At 1
2x1072
At 300 K K=——"=>=5
4x10
4x1072
At 400 K ; K, = ————= 25
16 x10
oo Koo AH [L_L}
°8 K, 2.303x8.314 [ 300 400
0.313
= 0.313 atm K

¢~ (0.0821x298)!

C(s) + H,0(@ == CO(g) + Hya)
1.2-x X X
SPT
1.2-x
o — B~
a(l - 0.6) 0.6 a
06
Ke=g4° 15
AG = - 8314 298 In 1.5 J/mol
0

44.

46.

47.

PCl, —— PCl

5

P,(1-a) P,a
2
1.78 = Fo¢
1-a
Pl +a)=1
2085
s ]+
[lxzos.s}
d = l+a
0.0821x523
nA T— A
1-x —
PV ) X
— e+ =
RT *a
X
K ~ E ~ Xvn—l
¢ [1—)(}“ Cn(l-x)"
\Y%
n-1
Ke=Y
n(l —nx)

— n-1
nKC - nKCx XV

K

\Y
ﬂz _nK¢ " Ke
RT anl vn—l
PV [1 (n—1K }
P n-1
RT \Y
Alg) —— B(q)
1 -x X
Clg +=—— D(g)
X -y Y

l-x+x+x-y+2y-=

x +y =1

Cl

P a



CHEMICAL EQUILIBRIUM

EXERCISE # 4[B]|

1.(1)

(i)

CcCOo + 2H, — CH,OH
t=00.15 a 0
t =0 0.15-x a - 2x x = 0.08
Total moles finally(DmUDUDDUDHD)
= 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(DDDD DH[DDDD),[CO} = 0.07M,
[H,] = 0.195 M [CH,OH] = 0.08

0.08/2.5
0.195 Y (0.07
2.5 2.5
Total moles (JUI0I0) = 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
(U0~ O000IoOooiep Ulx, U7 13p M

KL=

N, + 3H, — 2NH, K,
9P-X-Y  13P-3X-2Y 2X
N, + 2H, — N,H, K,
9P-X-Y  13P - 3X - 2Y Y
9P-X-Y+13P-3X-2Y+2X+Y=7P, ... (1)
2X = P, .. (2
13P - 3X - 2V - 2P, . (3)
Solving x = P /2 Y—3P/2 P—P/2
K - (Py)”
PL " (4.5P, —0.5P) —1.5P,)(6.5P, —1.5P, —3P,)’
— P02 _ 1
(2.5P,)(8P,°) 20P,’
3
and K, = 5
20P,
NH,COONH,(s) = 2NH,(@ + CO,g)
2P P
3P = 0.116
, 0.116Y’
K, = 4P° = 4| = —

Let equilibrium concentration of C be a M.

{00 Omnonorinoiia m 04

4* 16
- g(a) -

on doubling volume all concentration are halved

K

and equilibrium shifts forward

{0 A U AR RO
0000dICiooomoo0 o omood

Uy

A P 2B+ C
3/2 - X 2+2X a/2 + X
Given : 2+2X=3 = X=1/2
or(5- )
Ke = 3—29) (2)
F 1) & (2 —1 2. @+ 1)
rom (1) & (2), 3~ o
32a = 27a + 27
ba = 27
a=>54
k=252 _ 555
(1)
N,O,(a) P 2NO,(g)
1-a 20
Average molar mass, Mamage (MDED Qraooorgo
. 1.8 0.0821 346
0000y = 7 =51.1
£= 1+ =0.8
511 a = o .

e )
2% I+ 2\1+a

B 402/(1 + o)? _ 402
P l-a/1+a 1-0a? ¢

Hy(g) + S(s) =—— H,S(q)
0.2 - x X
K,=K. =68 107

02 .- 68 107 = x=0012
PHZS = (x) RT = 0.012 (0.0821) (363)
CO,(g + C(g == 2CO(q) K, = 10atm
P,-x 2x
4x*
PO_X=10&PO+x=4
Let total pressure be P atm (D:D:DDDDD:D[P atm DD
P, =0.06P P, =094 P
(0.94P)°
K, = 10 :W = P =0.08 atm

K, = 1.1°/0.28 atm

On doubling volume (UIOUOIUOON OOOIOD)
N,O, == 2NO
0.14-x

(0.55+2x)* _1.1%
0.14-x  0.28

2

0.55+2x




10.

11.

12.

13.

2HI
1-0.8
K 04 04

¢ 0.2°

—— H, + I,

Let x mol of H, & I, react (D:D:DHZ DDIZ Ulx 00

[aomoodnod

(0.135 —x)?
(2x)?
I + 2Na,S. O -

2 27273

(0.135-x) 1.5 M

4 =

If V L of hypo are used (LOILIIOL U0v LIO000I00)

(0.135-x) 2=15V

Let initially a mole I, & (1.5 a) mol H, be present
(IDI0IIIMa 000, O .5 o) U0 H, 00000000G0]

H,(g) + L@ —— 2HI(g)
l15a-x a-x 2x
a-x 1 9 9y
ox 18 = a-9x =x
x = 9a/10
2(9a/10)) 81 4
Re = [(9;/ : 61
1.5a—)(a—9a/10)
(15235
CO +H,0 ——=CO, + H,
1-x  5-x X 1+x
XX 5 3 Solving x = 0.938
1-x)5-x)
T'mix _ MKF _
e = M, 1.16
_ 83.8
Solving, M average = 1162
71 1+ o
Mavg.
402
KP = 1 _ a?
K - P g3 g
¢  (0.0821)(1473) '
X(s) =—— Alg) + Clg) K, =400 mm?
Y(s) —— Bl(a) + C(g) K, = 900 mm?
v v+ x
x(x + y) = 400
y(x +y) =900
Mole ratio of A & B (A [IIB D]DD:DDDDDUDFi:
Y

Total pressure (UUIOIO)= 2 (x + v)

2Nal + Na,S,0,

IS

14.

18.

19.

20.

12.8x0.0821x1000
- 64

M average = 1642

803 P SO, + 1/2 O,
t=01
t=ol-a o o/2
80 1 /2 0.5
= _ 14 =
o o = o .

Similarly at 348K, M'/avg.=

92
M 'avg

P

log —2
K,
1

AH°

“2.303R

+

t=0 60atm
t=0  60-x

2x
80 —2x

=> K, =

2NO,
P-2x-y

NO +
P-2x-y

1

3.62x0.0821 x 288
At 288 K, M, =

=1+0L'2Kp,=

2

L
288

1

1.84 x0.0821x348

1

4¢.?

1—(1,‘2

1
348

2NH

20atm

20atm

2x

80

=— = 20k =80 -2x => x =—

(2]

10

22

{60—80
22

Jeo-

240 T
22

10° = -8.314 298 2.303 log K,

—_—
f—

2p-y



