Chemical Equilibrium -~

-

SOLUTION OF CHEMICAL EQUILIBRIUM

EXERCISE # 1

A-1.

A-2.

B-1.

PART — | (9T - 1)

K 2x10*
Keq‘Kb = 5x10° 4

n=o5, = 0.25
0.25

Active mass (\fsha g&q ) = 5 = 0044 M.
() 2502(g9) + O2(9) — 2SO0s(9)
Initial mole a b 0

a—2x b—x 2X

a b2 a

2 4 2

But according to question.
No. of mole of SOz = No. of mole of SOs .

=a—2x =2x.
a = 4x.
a
X=—.
4
Now, Kc = IS0
[SO,%[0,]
But No. of mole of SOz and SO: are equal at eq. so.
_ 1
[O2]
1 1
Ozl =—; Ozl =— .
[0 == [02] = ==
But [O2] = mole of O, at eq _ 1
10 100 °

So No. of mole of Oz :% =0.1.

[Znsozjz
2 v
()  Ke=—222l = 2
[SOZ] [02] nsoz 9 n02
v v
4 _4xV _4x10 _
Kc = o) "o, = e =100 0.4.
v
(@) 2S02(g) + O2(g) = 2SO0s(g)
IR § AT a b 0
a—2x b—x 2X
a b2 a
2 4 2
AP Ue & AR
SO, B! ATl I = SOz BT Al =T
—a—-2Xx=2X

Kc = 100 mole lit.

(According to data given)

Kc = 100 mole lit.

(A T aael & 3IER)
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Chemical Equilibrium ﬂ—

a =4x.
a

4
[SO5]°
C — —2
[SO,]°[0,]
AP T IR SOz TAT SOz B JId &1 IRIER & | e,

1
C —_——
[O,]
- 1. =1
[O2] = o [O2] = 100 °
ﬁﬁb—v{[oz]:w W 0, & A -1
10 100
A O & A FE&l :%:0.1.
2
[ZnSOZJ
2 V
()  Ke=—28l - d
[802] [02] n502 “ n&
\Y V
Kec = L; No :ﬂ:ﬂ:o_4.
no, 2 Ke 100
V
B-2. Ax(g) + B2(g) = 2AB(g) Kc=16
a a 0
a-x a-—-x 2X
2
()16
(@a-x)
4a
X= —
6
nr =2a
a
% A2 = = x100 =@
2a 6

i 2]
B-3. Kc= —LVJ -_V] _ _v=s6L

R

B-4. A2(g) + Ba(g) =— 2AB(Q)
Moles ategm 2-x 4-x 2x
4x?
A R AT Ke= ————
(2—x)(4-x)
= =32 1.33 mole
24
[AB(g)] = 2132 — 066 M
C-1. 2H20(g) — 2H2(g) + O2(g)
t=0 n n n

teq. (n-vy) (n+y) (n+y/2) nr=(3n+y/2)
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Chemical Equilibrium

C-2.

C-3.

D-1.

so (39f0), Ko = (PHz(g))gq.-(Pozz(g))eq. _(n+ y)22 (n+y/2) P
(PHZO(g))eq. (n-y)* @Bn+yl/2)

N20s = 2NO:

1 mole 2 mole (at equilibrium) (/9 W)

Pt = 9atm.
Pno, = %x 9 = 6atm
1
Pn,0, = 3> 9 = 3atm
(PNO )2 6x6
Kp = 2/ = =12 Ans.
Py,0, 3
N2(g) + 3H2(g) ==  2NHs(g) (An < 0)
1mol 3 mol 0
1-x) (3—3x) 2X
Peg =1 atm, T =400 K
ko= _INHP _ @92 _ 4
N2] [Hp® (3-3%)°(-x) 27
X2
2 =1 = X = (1 = X)2
(1-x)
- (=304 - (= 3B
2 2
_3+2.24 _3-224
X = orx =
2
x=22% —o60 or, x=218
2 2

X2—-3x+1=0

—  x=0.38 (since x cannot be greater than 1) (Ff x & A1 1 & IT & & DB 2 |)

[NHs] = 0.38 x 2 = 0.76
N2 (g) + 3H2(g) == 2NHs (9)

Att=0 a b 0
t=tegq (@—Xx) (b—3x) 2X
_a-x _b-3x _2x
[NZ] ¥ v ] [HZ] - vV ’ [NHS] - vV
2 2
_ v _ 4x%V?
Ke = 3= 3
a-x\(b-3x (a=x)(b-3x)
Vv \V

Total no. of moles at equilibrium (A1 TR FIAT @ Gl F&T) =a+ b —2x

(An < 0)(P, T, V given)

_ (a=x) _ (b=3x) _
P ]=—————. P, P,]=—* .P, [P = —
[NZ] a+b-2x [HZ] a+b-2x [NH3] a+b-2x
2
2X P
_ [PNH3]2 _ [a+b—2x' j
[Py, 1R, T a-x ) pl[-30PT
a+b-2x) a+b-2x
4x?. p?
_ (arb-2x> _ (a+b-2x)°4x°
P (@a-x){0-3x)° P?*@-x)(b-3x)°
" (a+b-2x)*
®
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Chemical Equilibrium

D-2. A(@ = B(@ + C(9)
Initial 1 0 0
At. Eq (1—x) X X
- X X X
conc. — = =
1 1 1
2 -2
Ko=| X |-Ki _15x10° _ 1
—-x b 3x1072 2
x2 _ 1, _1
== X==.
1-x 2 2
1 1
Al=1-=—==
[A] 2%
[B] :% : Kp = Kc (RT)™ :% x (0.082 x 300)t;  Kp = 12.3 atm.
1
Cl= =
[C] >
&al. A@<=— B() + C()
IR™ | 1 0 0
qH W) (1—x) X X
it 1=x X 3
1 1 1
2 -2
Ke = X :ﬁzl.leo .
1-x] K, 3x1072
X2 _ 1. _1
—==; X==.
1-x 2 2
1 1
Al=1-===
[A] 2" 3
[B] :% ; Kp = Kc (RT)™ = % x (0.082 x 300)t;  Kp = 12.3 atm.
1
C = —
[C] >
D-3. (i) CO(g) + 2H2 (g) —= CHzOH (g)
0.15 a
0.15-x a-—-2x X = x =0.08
015-x+a—-2x+x =0.5 PV =nRT
a—2x =0.35 - _82x25 _
0.082 x500
0.08
Ke = 5 = 20000 -583
0.07 (0.35 343
2.5 2.5
Kp=58.3 x (RT)2=—20°___ = 383 _ ¢35
(0.082x500)>  41x41
(i) Total pressure will remain 8.2 atm as catalyst reduces only time taken to achieve equilibrium, does not
affect equilibrium condition / concentrations.
FA I 8.2 atm T /W Al IIRSG ARIERT B W< HA | FH Tl AT Bl HF B QM| q
A= Rerfa/arsdr &1 wafaa T8 s |
N _ (037 _
E-2 SO2(g) + NO2(g) == NO(g) + SOz(g) Qc = 0047 56.25
0.04 0.04 0.3 0.3 Here, Qc < Kchence reaction will proceed in
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Chemical Equilibrium

F-3.

H-2.

H-3.

0.04-x 0.04-x
2
K. = (0.3+x) _ =
(0.04-x)
x = 0.006

0.3+x 0.3+x

S0z2(g) + NO2(g) == NO(g) + SOs(g)

0.04 0.04 0.3 0.3
0.04-x 0.04-x 0.3+x 0.3+x
2
Ke :(0'3—“()2 =81
(0.04—x)
x =0.006

Hz (g) + CO2 (g) == H20 (g) + CO (9).
2H20 (g) == 2H2(g) + O2(g) Ki=2.1x 10
2C02(g) = 2CO(g) + O2 (g) K2 = 1.4 x 1012

% eq. (2) — %eq. Q)

/\ g

forward direction to reach at state of equilibrium

_ (03 _

Qe = (0.04)2
J&l, Qc < Ke®, gafery ififshan | ara=en
BT U B B foIv 3y feem # 7fy &l |

56.25

(1)
(2)

CO2 (g) - H20 (g) = CO (g) + % 02 (g) - He —% 02 (9).

COz (g) + Hz (9) == H20 (g) + CO (9).
> lea. @ - ed. (V)]

1/2 _12\V/2 1/2
K[&j (&] (ﬂ] W s

2.1

Ky 2.1x10713

CaCOs —= CaO(s) + CO2(g)

0.2—x X X
Kp = PCOZ = 1

PV
x = mole of CO2 (CO2 & HIel) = -

Remaining mass of CaCO3 (CaCOs &1 3§ eadm) = (0.2 — x) 100g.

AGNOs(s) === Ag(s) + NOx(@) + > Ox(0)

p1 p1/2
Total pressure (% &19) = (given &A1 =1 )
2P
‘. pl = ? .............. (A)

p 1/2 2
1/2 3/2
Kp = Pno, *Po, :plx(glj :WP

N20s = 2NO:

1 0
1-.25 .50
75 .50 Ntotal = 1.25
75 50

P, = —— ; P, = | ——
N2O4 [1.25] NO, [1.25]

Pvo. )? 2

_(Pxo,)” _ (50/1.25)° _ .50x.50 —4 5266,
(Pv,0,) (75/1.25) 1.25x.75 15

At pressure 0.1 atm (0.1 atm T19 W),
N20s — 2NO:
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Chemical Equilibrium

1 0
(1-0) 2a

Ryo, :(1‘—“] x01 |

1+a
2
[0
Kp = 1+0L—;
( _(XJXO.l
1+a

0.1x 402
2

0.266 =

1-a

0.665 = (1 + 0.665) 02 .

_ [ 2a
PN02 - (mj X 01

_ 402 x0.1
(1+a)(1-a)

= o = 63.25%.

-2. 2AB: (g) = 2AB (g) + B2 ()
t=0 a 0 0
a(1—a) (aa) @
Totalmole:a[l—a+oc+%] @
Pas _al-a)x2 | o ; _ aox2 o
2 a(2+oc) a2+a)
Pe, = a(2+(x) { }
. (M °) (327)
e J
2+P
o <<1.
1/3 1/3
Koz &P (&j ie.x= [&]
2 P P
Bol. 2AB2(g) — 2AB (g) + B2 (9)
t=0 a 0 0
a(l—a) (ac) @ (Here o = x)
Eg?[‘:ﬁ?rf=a[1—oc+oc+%] @
PAB — 8(1—OL)X2 x P : = aox?2 x P
2~ a2+a) a(2+a)
7]
_ 2 _ a
Pe, = a2+a) {2+0,:| P
2

2 2
(Za xPj (ZOL ij
Kp = +a +0

2
2(1—oc)><P
2+P
o <<1.
3
Kp :ﬁ,
2
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Chemical Equilibrium ﬂ—

I-3. N204(g) == 2NO2(g)

a(l-o) 2ao

(i) Mobs = 38.33 x 2 = 76.66
a(l-a)x92+ 2aax 46

(i) 76.66 =
a(l+a)
a=0.2
(iii) % of NO2 = —22%_ 100 = 33.33%
a(l+a)

I-4. Ss(9) = 4S2(9)
timet=0 latm 0
At. eq. (1—x) 4x
Pressure of eq. 1 —0.29 4 x 0.29.
4
kol (Ps,) _ (4x0.29) _
Ps, 0.71
Kp = 2.55 atms.
B, Se(g) — 4S:2(9)
HHIt=0 latm 0
qH R (1-x) 4x
q¥ UX <19 1-0.29 4 x 0.29.
& 4
Kp = (Psz) _ (4x029)*
Ps, 0.71
Kp = 2.55 atmé.

J1. SO2(g)+ %OZ:SO:«: @)

AH° = — 98.32 KJ/mole = — 98.32 x 102 J/mole

AS°® = —95.0 J/mole°K

AG® = AH° — T AS° = — 98.32x10% — [298 x (— 95)] =—98.32 x10°2 + 28.310x10°
AG°=-70.01x103

AGP® =-2.303 RT log Kp

—70.01x10% = — 2.303%x8.312x298 log Kp

70.01x10% = 5.705%10° log Kp

12.27 =log Kp

Kp = 1.86 x 10'? (atm)?

J-2. Equation 3iffRaT (jii) = — [2 x (i) + (ii)]

1 1
K2 K, (4.4)2x5.31x10710
- T1 K{ = reaction (iii) is exothermic. (ifafshan (i) Semerd 8)

", K2o00 (iii) = =9.7 x 107

K-1. (i) In this case np is equal to nr
This reaction will not be affected by increase of pressure.
(i) CO2(g) + C(s) = 2CO(g)
In this reaction, moles of gases on product side (np = 2) is more than that on reactant side (nr = 1). This
reaction will be affected by increase in pressure. Increase in pressure shifts the equilibrium in that
direction where there is less no. of moles gases. In this reaction, increase in pressure will cause the
reaction to go into the the left direction.
(iii) 4ANH3(g) + 502(g) — 4NO(g) + 6H20(qg)
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Chemical Equilibrium ﬂ—

K-3.

K-4.

L-1.

L-2.

M-1.

The reaction would be affected by increase in pressure because np is different from nr.

Increase in pressure shifts the equilibrium in left direction because n; is less than np.

(iv) C2H4(g) + Hz(g) == C:2Hs(Q)

The reaction would be affected by increase in pressure. Increase in pressure will shift the equilibrium
towards right because np is less than ny.

(i) 59 aRRAfY & np T N THH B |

JAfATHAT TR @ 9e TR DS Y9E &l BT |

(i) CO2(g) + C(s) == 2CO(9g)

39 Afafean ¥ Sare @ /g A9 (np = 2) fhaeRs @ /g "1 (ne = 1) 3 e Af¥F B g1 Tg
Afforar g9 g™ R ywWifad Bl | ArRITaRen R 19 de™ wR Afafrar s e # wfa el g1 o N @
Al & T HH B I8 AMfHA 9 9o W Uy I # Iy FRa 7 |

(iii) 4NH3(g) + 502(g) —= 4NO(g) + 6H20(g)

I8 AR @ IgM W FAIMAA BN FifH np, N A 37 B, FAfY @ Jo™ IR AfAfhar g fem 4 wfa
B & | D Nr, NpH PH B |

(iv)  CaHa(g) + Hz(g) == C2Hs(9)

g Affrar g9 9™ W yarfed &8RN | <9 e WR rfufoear o e # Wiy #Rel B | F=ifd np, ned B B

(NH4)(NH2CO2) (s) = 2NHs (g) + CO2(qg)

2P P
Total pressure (el <19) = 2P +P = 0.3
P =0.1 atm
Ko =(2P)2 P =4P3 =4 x 10 atm?
A(9) = B(9) + C(9) Ke=4
1 2 2
0.5 1 1 Qc=2< Kc
(1+x)°
05-x 1+x 1+x 4=
0.5-x
x =0.162 [A] =0.338 [B]=[C]=1.162
Ko = (Pu,0)°
P .
R.H. <% (P4,0in torr)
NazHPO4 .12H20(s) — Naz2HPO04.7H20 (s) + 5H20 (g) Kp = 31.25x10-18
K= (Py,0)°

(Py,0)° = 31.25x10°13
(Py,0) = (3125)5 x (10-15)1°
(Pu,0) =5%x10°°

A(s) == A'(9) + H25(9) B(s) == B'(9) +H25(9)
A(s) = A'(g) + H2S(9) P =50 mm = Pu,s = Pa=P/2=25mm
B(s) = B'(g) +H2S(qg) P =60 mm = Pu,s = Pe=P/2=30mm

() Kp, = (25)* = 625 mm?
Kp, = (30)? = 900 mm?
(ii) Ratio of moles is same as that of partial pressure so (HIe &1 JUTd ARMH IMET & AU S T ),

A(s) &= A(Q)  + H2S(g)
P]_ P1+ P2
B(s) =— B'(g) + H2S(g)
P2 P2+ Pl
KP1 =Pa X PHZS = Pl(Pl + P2) ......... (|)

/\
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Chemical Equilibrium ﬂ—

KP2 = PB' X PHZS = PZ(Pl + P2) ......... (")
Ko _h_ 25
Ke, P, 36

(iii) total pressure (@ T¥) = P1+ P2 + (P1t+ P2) = 2(P1 + P2)
(i) + (i) = (P1+ P2)?

?Kpl +Kp2 =P1+ P2

Pr=2x( Kpl +Kp, ) =79.33 mm.

M-2.  For | equilibrium 2NO2 — N204

P
Kp=—12%_ =68 o (1)
(P'n,0,)

Pn0, = 1.7 atm By Eq. (1) ; P'no, = 0.5 atm

The equilibria are maintained using NO and NO: in the ratio 1 : 2
For Il equilibrium NO + NO2 —=— N203
Initial pressures P 2P 0
Pressures at equi. (P-x) (2P —x—3.4) X

3.4 atm of NO2 are uesed for | equilibrium to have Py, =1.7 atm
At equilibrium (P-x) 0.5 X

(- P'no, is same for both the equilibria since both reactions are at equilibrium at a time.)
Total pressure at equilibrium (Given 5.05 atm)
= Pnot Pno,t Pno,* Pino,
=P-x+05+x+1.7

505=P +2.20
P=5.05-2.20
P =2.85 atm

2P -x-3.4=0.5
2x285-x-3.4=05
x=5.70-3.90
x =1.80 atm
Pno=2.85—1.80 = 1.05 atm

Now Kp for NO + NO2 =— N203

Ke=— N0 180 _g,5 0
P'Nnox Pno, 1.05x0.5
Sol. 19/9 & fol@ 2NO2 = N204
Kp = FiN—zoazzs.s o (1)
(P'n,0,)
Pn,0, = 1.7 atm By Eq. (1) ; Pno, =0.5atm
1:2% 3gurd § NO T NO, &1 TR 1= Hgferd I8dl 2 |
e & forg NO + NO; — N203
UR™fdh I P 2P 0
T R Q19 P-x) (2P —x-3.4) X
P'n,0, =1.7 atm YTl &= ¥ | 971 # NO2% 3.4 atm <19 1 SUGT EIal & |
T W) (P-x) 0.5 X

(- P'no, 3IF1 A H w | & gafery <l aifffhard ve & wae | wR )
AR W g A (A gan & 5.05 atm)
= PNno*+Pno, *P'n,0, 7P N0,
=P-x+05+x+1.7
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Chemical Equilibrium

A-3.

A-4.
Sol.

A-5.

B-1.

B-2.

B-3.

505=P+2.20
P=5.05-2.20
P =2.85atm

2P-x-3.4=0.5
2x285-x-34=05
x=5.70-3.90
x =1.80 atm
Pno=2.85-1.80 =1.05 atm

I Kpd foll NO + NO2 = N203

Pno, ~ 1.80
Ke=p T1.05x05 =3.43 atm™

0*P'no,

PART — Il (| - II)

_no. of moles of O, _96 1

Molar conc. = = — =—x-=15M
volume (in litre) 32 2
0, ® Hdl @ T _96 _ 1
ATeR ATl = —2 . == x = =15M
MU (efier ) 2 2

At equilibrium rates of backward and forward reactions become equal.
AR R I AR U ifAfharel @ aX SRR & el ¥ |

These will be formed N2 NHD2

Hz NHz2D
D2 HD =8
NH3s
NO3
g fAffa 8- N2 NHD:
H2 NHz2D
D2 HD =8
NH3
NO3s
K,
—
AST B Ko=f1 = Dex
2 K2 a—X
a-x b+x X = i Therefore, (A) option is correct.
Ki+Ks
s9ferg, (A) fAeed @& 2
A+B=—— C+D
3n n 0 O t=0
(3n—x) (n—x) X X t = teq.
(n—x) =X
n
n = 2x X= =
2

Kc :ﬁ:w =16
[A] 01

/\
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Chemical Equilibrium ﬂ—

B-4. A +B —— C + D
IR Initial 1 1 0 0
AT UR At equili. 1-x @A-x X X
c= m =9
[A] [B]
X . X _
@-x?

ordl  x2=9+9x2-18x
orar  8x?—18x+9=0
_ 3 3
X== or =
2 4
Hence, among the given options, the option (C) i.e., 0.75 is correct.

I fad T fAeedi § 9 fdwe (C) i 0.75 |81 7|

B-5. N2 + 0. — 2NO
Initial 2 moles 4moles
AtEq. 2- = 4- 1 2x1 =1 mol
2 2 2

Molar concentration of NO at equilibrium = 2—15 =04

Bol. N2 + 02 S— 2NO
TR 2 91 4 AT
AR W o 1 a4t ox L =19
2 2 2
WWNoa%tha?sz L 2 =0.4
(0.2)2 (0.8]
2 ) 2
2 1
B-6. Kc= (1) = 021%{3 =0.04 x 0.4 = 0.016
2
C-2. N2(g) + 3H2(g) =— 2NHs(g)
. P =
At equilibrium 3 P , 3 + P +Pyy, = 2P
(7T TR)
2P 2P
_2 P _ 3 3 _ 1 4 4
Puk, = —— Kp=—3_3 ==~ 2 =  Kp=
o ” ?Pxp3 P> 3 "7 3 p2
C-3.  2S02(g) + 02 = 2S03(q)
Kp = 4.0 atm=2
3
o)
(80,)°(0,)

Given that at equilibrium the amount of SOz and SOsis the same so
faam T 8, W1 9R SO, AT SOz &Y AT A B | 3

(sos)?

B YN [02] =21 =0.25 atm.
(S02)°(0,) !
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Chemical Equilibrium

C-4.  Ax(g) + 2B2(g) == 2C2(9)
Pa2=0.80 atm., Ps2= 0.4 atm.
Total pressure of the system = 2.8 atm. 5. Pc2 =28-0.8-04=1.6
P 2
Kp= ——t—= a.6) 5 =20
PAzXPBZO'SX(O'4)
, , b Px ¢ xP
C.5 Kp:PPCI3><P Cl _ (a+b+c) (a+b+c)
P'PClg a
(a+b+c)
_ bcP
T a (a+b+c)
C-6. 2NO2 — 2NO(g) + 02(g)
K = (Pno)(Po,)
p= —107 Tl
(Prno,)?
given (f&a1 =1 &)
Poz2 = 0.25; Pno = 0.5
2
100 = ©5) (02.25)
(Pno,)
2
(Prozy2 = (05 (025)
100
Pnoz = 0.025
C-7. PCls = PCls + Clz
1 0 0 Initial mole
1-07 Ly’ o7 Conc. at equilibrium
5 5 5
Total mole of PClz = 0.7
Concentration = 0.14
_ X2 _0.7x0.7_ 49
Kc = = =4
(1-x)V  0.3x5 150
Ans. PCls = PCls + Clz
1 0 0 URE A
97 27 o7 |RI R Al
5 5 5
PCl; & %o At = 0.7
Ar=dl = 0.14
_ x> _0.7x0.7_ 49
Kc = = =—
(1-x)V  0.3x5 150
D-2.  2H20 (g) + 2Cl2 (g) == 2HCI (g) + Oz (g)
Kp =0.03 T =427°C =700 K
Kp = Kc(RT)?
Ke = Ke { 0.03 }
RT 0.082x 700

Kc =5.23 x 10
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Chemical Equilibrium ﬂ—
D-3.  Using (ST &Xd 8Y) Kp = Kc (RT)*
so (39feT), log ::—P = Ang log RT

C

so (g49fem), Ang = —1.

2
E-1.  SOs(g) + CO(g) = SO: (g) + CO2(g) 9 :@ f;(j
2 2 2 2
2+X 2+X 2-X 2-X x=1
n(so,) 1
Neg=3+3+1+1=8 n(SOs3) + n(CO2) =4 n(CO) :E <1
Therefore, (D) option is correct.
g3fery, (D) fdwea el 8 |
E-2. N2 + 3H2 == 2NHs, Kp =4.28 x 10-° atm
P 2
Reaction Quotient, Qp = N, == 3 5 =3
Py, (PH2)®  1x(2)° 8
Qr > Kp, .. Reaction will go Backward.
Bl N2 + 3H2 == 2NHs, Kp =4.28 x 10-° atm
: R 32 9
arfaferar Tomd, Qp=— 2= y>
M WETR eI
Qr > Ke, . fufshar uga feem & iy x|
E-3. From given information, Q = tan 75° = oile GF [l g >Ke= 3

conc. of n-butane
so backward reaction

TS G B AFE SKe= B

Sol. & IE] B IMUR W, Q = tan 75° =
© ™% By " N-T B FEd

I rfafsrar ggm feem & oRef |

E-4. When Q > Kc, the reaction will proceed in backward direction to attain equilibrium.

9 Q > K, if¥fshan = wiftd & forg uear faem & i

_[cP _ @313)°

E-5. = = =
© [AI?[B] (2/3)%(1/3)
Q <Kc

The reaction will proceed in forward direction to attain equilibrium.

srfafspar sy foem & 2R dom 9= <enfug B |

__[C] D]
(Al Bl
5. Qc™ with time (973 & w791)

E-6. Qc

F-2.  SO(g) +% 02(g) = SOs(g) Kp = 4x10-3
SO = S02(g) + ~ O2(q) Kp= L
2 Kp

1
K'y =
P (4><10_3)
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Chemical Equilibrium

F-3.

G-1.

H-1.

H-2.

H-3.

H-4.

2503 — 2S0: + 02(g)

2 2
K" = (K'p)? { - 3} =[10°°} = 6250 =625x 102 6.25 x 10* atm.
4x10™ 4
0] 2NO + 02 = 2NOz2

(i) NO2 + SO — SOs3 + NO
(i)  2S0s == 2S0:+ 0,
Now, =2 (ii) = (i) + (iii)

S0, Ke, x Ke, =1UK?%,

3

C2HsOH (¢) + CH3COOH (¢)—— CH3COOC:zHs (¢) + H20 (¥).

a a 0 0
0.33a a—0.33a 0.33a 0.33a
B (0.33a)x(0.33a) _ Ke = 1/4.
(0.67a) x(0.67a)

Kc = [CO2] = 0.05 mole/litre

so moles of CO2 = 6.50 x 0.05 moles = 0.3250 moles
CaCOs — CaO + CO2

1 mole of CO2 = 1 mole of CaCOz

0.3250 moles of CO2 = 0.3250 moles of CaCOsz = 0.3250 x 100 g of CaCOs = 32.5 gm of CaCO3

Kc = [CO2] = 0.05 mole/litre

gafely CO, @ A = 6.50 x 0.05 moles = 0.3250 moles
CaCO3 — CaO + CO2

CO2 ®T 1 mole = CaCO3z &1 1 mole

CO2 ®1 0.3250 moles = CaCOz &I 0.3250 moles = 0.3250 x CaCO3z &I 100 gm = CaCOs &1 32.5 gm

C(s) + CO2(g) = 2CO(9)

P-P/2 = :% =12

P2
ERIEN Kp = =2P=2x8 =16 atm.
so ( ) P P12 atm

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

9 IdE &) Ar=dl 98] g Sidid ol SaIg &l Argdl ReR W&l B |

NH2HS(s) = NHs(g) + H2S(g)
P P

2P=1.2

P=06

Ko = P2 = (0.6)2 = 0.36 atm?

NH4HS(s) = NH3(g) + H2S(g)

Since flask already contain NHs(g), the equilibrium pressure of NHs and HzS will not be equal.

fFh ToIRd H NHs(g) T8t & & IURd & 3AfTY NHs @ HoS & AT &9 o T8 281 |

PNH, =2+ Ph,s
= Ke = (pnm,) X (PH,s) =3
= (Pr,s +2) (P,s)=3
Pis +2Pys —3=0

2+J4+12 _ —2+4
PH,s = = 5 =1,-3

PH,s =1 atm
pNH3 =2 +1 =3 atm
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Chemical Equilibrium ﬂ—

I-2. 2S03(g) —= 2S0:2(g) + 0O2(9g)
t=0 a 0 0
t=teq. a(l-a) ao a(%}

Total mole at eq. (A7 TR Hal Ael) = a(l+%}

_ 1-a _|2(1-a) . _ a _ [ 2a
Pso.=| ———| Po= x P ; P = Po = x P
SO [1+(a/2)j ° {2-&-&} ° SO, (1+((x/2)j ° (2+ch °

_ al2
O _[1+(q/2)j Po

402 (P°)? X( o jxpo

K (2+)? 2+a |: 0(3P° :|
P = 41— 2 = e —
[(2+§])2 x(Py)? 2+ a)(1—a)?
(1- ) 92+ 20.x 46
I-3. N204 — 2NO2 Mmix = 1+a
92
l1-a 20 Mmix = 1+a
D__46 . 1+ ). Therefore, (A) option is correct. 3Ta: (A) fawen T8 B |
d ~ 46/(1+a)
I-4. QZ[E} ; a=[2—] ; (Ej:owl.
d d d
o :ﬂ . o= M y o= E —_ 1
(n—"1)d ; q ; 5 ;
!
o
The point at which o = 0. (8 fi5 59 W =02 1)
D —
d
{2_1} =0 : So (3<), (E] =1
d d
M M
5. (VD)mix= —mix=__ M
(VD)mix = =55 =3 (1+a)
S0, as o increases (VD)mix decreases. (SRA—9¥ o 9 (VD)mix BT [)
o2
1-6. Kp = > P = a?P.
l1-a
so (g9fer), o~ %’ .
7. SOs(g) = SO(g) ++ 02(q) My = 2:970:082x1000 _
2 1.23
o
1-a (04 g Mmix = OL.MSOZ +E'MOZ +(1_ a)MSO3
2 1+2
2
1+== @ g = &
2 60 2 60
2
[0 = —
3
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Chemical Equilibrium ﬂ—

8. o=-2-9
(n—1)d

1

n= =

2

[-9. PCls(g) = PCIs(g) + Cl2(g)

1 0 0
1-0.5 0.5 0.5
At equilibrium total mole 991 &R § A4 =1-0.5+05+0.5=1.5
Mmix = Mo = — Minitia
1+(n—1a
0= 208.5 — 208.5 _ 208.5 =139 g
1+(2-1)x0.5 1+05 1.5
Density = weight _Pmo _ __2x139 _ _ 4 535 g/L
RT 0.0821x 800
Teeg = = PMo __ 2x189 4535 )1
Vv RT 0.0821x 800
110, do=-— 2 n=1+1=15
1+(n—"1a 2
_ 40
1+0.50
1+050 =22
35
05a=1.14-1
0.5a0 =0.14
o =0.28

J-1.  From thermodynamics. (SSRIfU®! A)

J-2. Hz(g) + I2(g) =— 2HI(9)
log K2 = _AH 1 1, 50 _  AH 1 1
0g 4= ——— [———|; g —=———— | ———
Ky 2303R | T, T, 66.9 2.303R [ 623 721
After calculation negative value of AH is obtained. (T | AH &1 FUTcHE A WISl 81T & |)

J-3. T MKt = Endothermic SSATIIS!

~AH F_i}
J-7. logKz/logki= 2303 [ T2 T1
AH = Positive g1 ®

K-1.  On adding any reactant equilibrium shifts in forward direction, so amount of product increases.

I JaRel R fhd) ifieRe & fam )R 9/ 3y feen § Wrar 8, safely Sdre &1 9131 dedl 2 |

K-2.  On adding inert gas at constant pressure effect on equilibrium will be similar to as if volume of container
has been increased.

B fad g9 ) Afhy 9 ffam ) 9= S feen | faxenfod gar & S f 919 & SiIad @l 9o WX Bidl
=

K-3.  Addition of inert gas at constant volume has no effect on equilibrium concentrations.

Sol. frad smgad R ura ¥ aifhy 9 e @ 9= 31ave] IR BIS 99d 8] el 2 |

K-4.  High temperature will favour backward reaction as reaction is exothermic. While on increasing pressure
reaction will shift in direction higher density.
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Chemical Equilibrium ﬂ—

Sol. =g AUHH uvd AWfhAr § AEE B Rife JAfWfHAr SHE ' 9 TN g8 WX AWfhar ST g9
el feem & g 8l |

K-5.  For constant volume, reaction quotient (Q) will remain constant.
For constant pressure, reaction quotient (Q) will remain constant when Ang = 0.

Sol. ¥ MGA W, IMAfHAT [oniw (Q) Fad W 7 |
FAF I19 W, JfAfHar Tone (Q) i = 8 919 Ang = 0.

K-6.  For any physical equilibrium on increasing pressure equilibrium shifts in the direction of higher density.

Sol. & f Yifdes A= R IE oM F AR ST U9 drell S F SRR BT B |

K-7.  2A(s) + 3B(g) — 3C(g) + D(g) + Oz
If pressure on system is reduced to half its original value then equilibrium will shift in forward direction to
increase no.of moles of gas to compensate reduction of pressure.
.. Amounts of C & D will increase.

Bal. 2A(s) + 3B(g) — 3C(g) + D(g) + O2
IS T3 @ @ Bl IRAGD A BT M B A S AT A= 371 3 fewn 3 afa wh | w=ifed arai ot
HeE e B |
5. C AT D &Y AT deil B |

19.355 mmHg % 100
55.3

L-1.

L-2. Kp, =4 x 104 = (PHZO)2
Pi,o =2 %1072
Kp, =243 x 1071° = (Py,0)°
Py,0=3 x 1072
Kp, =6.4 X107 = (Py,0)°
Py,o0=4 x 1072
Orderof V.P. c>b>a

(V.P. T shH c>b>a)

and same asforRHc>b>a
(RH® fog 99 ¢ > b > a)

L-3.  Kp=(Py,0)*=4x10"*atm
Py,0= 2 x 102 atm = 2 x 102 x 760 torr = 15.2 torr

% relative humidity = Z2Mal pressure 40 _ 192 _ 400 - 67.85%
Vapour pressure 22.4
% SR amdar = oo 9 LLKIL I 100 = 22 - % 100 = 67.85%
qe 22.4
M-1. AB— A*+B- AB + B- — ABz>

o _
Ki = [A ][B ] KZ = [ABZ ]

[AB] [AB][B7]

_. [AB][B~ [A"]
Ka/Kz = (A1l ]w :m . [B? = [A7] =K 1
[AB] ~ [AB; ] 2 [AB, ] Kz [BT

Therefore, (D) option is correct. (34fT, (D) fAwea a& £ )
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Chemical Equilibrium

M-2. AB — A* +B- AB + B- —AB:>
ax-y y (yx (a=x=y)y-x X
_ Yy=x) _ X
Ki= @a-x-y) Ko = @a=x=y)y-x
{ y(y =) }
(a-x-y)
Lk =X = Koy (y—x)2
K2 7 (a-x-y)y-x) , X
M-3.  Clz (g) will get consumed and PCls will furnish Clz in the first reaction.
Sol.  Clz(g) @ @@ gFft T PCls UM S1fAfhar § Cl, &1 3G B |
PART — Il (HTRT - 1)
1. (A)Ang=2-4=-2 and (Teim) Kp = Kc (RT)%n9
(B)Ang=2-1=1 and (<721) Kp = Kc (RT)""9
(C)Ang=2-1=1 and (<72) Kp = K¢ (RT)A"9
(D) Ke is not defined. (Kp aR¥INT &1 fdhar < | |)
2. (A) Ang is +ve so as P is increased, backward shifting will take place. Total pressure even after shifting will
remain same.
(B) Ang is —ve so as V is increased, backward shifting will take place. But Pfinai < Pinitial.
(C) No change but Prinal < Pinitiat @S Volume has increased.
(D) Forward shifting will take place and Pinal < Pinitial.
Sol.  (A) Ang &FTcH® & SHfely P 9o R Srfufshan uea faem & rufia & | <ifh Phinal = Pinitial.
(B) Ang FUTTcH® § AT V g™ WR AfAfhar uwa fden # swifia @ft | aifds Phnal < Pinital.
(C) ®Ts URac T8l B8N Wb Piinai < Pinitial F1{ch AT 98 AT 2 |
(D) 3t e #H ufd B AT Phinal < Pinitial.
EXERCISE # 2
PART — | (HIIT - 1)
1. A+D —AD; K1
AD +D — AD2; Kz
AD; + D — ADs3; K3
A+3D — ADs3; K
As we know that K = K1 .K2 .K3
Or, logK = logKi + logKz + logKs
2. 203(g) =— 302(9g) Kp =4 x 1014 po2 >> pos
3
p
K:% poz + Pos =8 = Po2 = 8 atm.
03
83
4x10M=—— p%03=11.3 x 10”7 Therefore, (B) option is correct.
Po,
Bal. 203(g) = 302(9g) Kp =4 x 1014 poz >> pos
3
p
Kp = 22 poz + Pos =8 = Poz =8 atm.
03
3
ax101=3" p203= 11.3 x 107 Taferg, (B) vy ad § |
Po,
®
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Chemical Equilibrium ﬂ—

3. S (s) + S* (ag) = S2% (aq) Ki=12
2S (s) + S% (aq) = Ss? (aq) K2 =132
Now (31d), S22 (aqg) + S(s) = Ss?" (aq) Keq = % = % =11
1
4, 2A2B(g) = 2A2(g) + B2(Q) Ke=P
4(1 - o) 4o 20 Zn:4+2a
4o 20
[ 2 Xp) [4+2a Xp)
Kp = \4T2¢ : =p = 203=(1-a)(4+20)
[4(1—(1) j
———~xP
4+2a

208 = (1 + a? — 20) (4 + 200)
203 =4 + 20 + 4a? + 203 — 8o — 402

_2
a__
3

6. Kp = 0.800 atm = Pco, = maximum pressure of CO: in the container to calculate maximum volume of
container the Pgo, = 0.8 atm and none of COz should get converted into CaCOs(s).

SO V(0.800 atm) = (10 L) (0.2 atm)
SO V=25L
& Kp = 0.800 atm =Pco, = UH &I &G A" URBfAd ox1 & fog ar § CO: &1 Iif¥dad <1,

Pco, = 0.8 atm @1 IS M CO2, CaCOs(I¥) H uRaftia =&l &+l =ifey |
g9afeT? V(0.800 atm) = (10 L) (0.2 atm)

safg V=251
7. LaCls(s) + H20(g) + heat—— LaCIO(s) + 2HCI(g)
2 2
K, = Phcl _ _PHai Phci =2 Phc
PH,0  2PH,0
Bl LaCls(s) + H20(g) + T —— LaClO(s) + 2HCI(g)
PA o2
Ko = PHcl _ _Phal Phcl =2 Pral.
PH,0  2PH,0
8. H20(/) == H20(g)
Ke = (Py,0)

When neon is added at constant pressure, we have to increase volume of the container. So more water
will evaporate to mantain equilibrium.

(Frad T R FReiA M W) o & oad ¥ gfg Jaeds &, $9iel A Ifid &R+ & oy &R 3ffds®
S BT arsdigd B 2 oA )

K:  AH® 1 1
9 log —=—— | =-=
Ky 2303R|T; T,
og X2 = 597.4x10° [ 1 1
0.0118 2.303x8.314 [ 1300 1200

log Kz =—2 +log (0.0118) = —3.928 = Ko =1.18 x 10
Therefore, (A) option is correct. (39feTg, (A) fdwea & 2 1)
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Chemical Equilibrium
10. (A) False —

Pu,0 femains same but pressure in container = Py o+ Piner.

(B) True — Equilibrium will have B, o= vapour pressure.
(C) False — Temperature of system will change but relative humidity remains same.
(D) False — Pu,0g) doesnot remain same on changing temperature.
Sol. (A) NI — Pu,0 I RECT & fdbeg T BT <16 =Py o+ Pinen
(B) 9T — W W 8 Ry o= W 6
(C)sm@ — g &1 arg uRafid s favy smufere siean sraRafda i |
(D) 3T — ag gRads W Ph,o0) F8H & vEar B 1
11. On increasing temperature though reaction equilibrium shifts in the backward direction but for rate of
reaction to be higher, higher temperature is required and particle 500°C is found to be optimum
temperautre.
Sol. T F¢M WR Wl & Affha & A= uza Qe H uif¥d 81 & Uy AfWfhan @ fa 9™ & forg S=

TIIAT ISP & | dR<Ifdebal

13.  Since inert gas addition has no
ol

# 500°C AT9H FIH Tdel IR TR R |

effect at const. volume.

Tf fha 19 B fe W) FEd s W) I8 yMe T8 g 2

14, N2 (g) + 02(0) = 2NO(9)
1mole 2mole 3mole
2
Kc = ﬂ = [gj i
1x2 2
Let a mole of Oz is added, Then,
N2(g) + 02(9) = 2NO(g)
1mole 2mole 3mole
t=0 1 (2 +a) 3
(1—x) (2 +a)—x (3 +2x)
INO] {—3*”} =004 ; (3+2x) =4,
100
2x =1, x =0.5.
= B+207 9
(1-x)2+a—-x) 2°
C = L = g
0.5[(1.5)—a] 2
__ 16 _9
0.5(1.5+a) 2
=32 —15+4q]
4.5
711=15+a
a=101 _561
18
Bal. N2 (g) + 02(g) = 2NO(g)
19Tt 29T 3491
2
1x2 2
AMI®S O, & a Al ey &d &, @
N2(g) + 02(9) = 2NO(9)
19Tt 29T 341
t=0 1 (2 +a) 3
(1—x) (2 + a)—x (3 +2x)
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Chemical Equilibrium

15.

16.

3+2x
100

(3+2x)?
(1-x)(2+a—-x)
(@2

0.5[(1.5)—a]
1.
0.5(1.5+a)
_ 35 _
=45 - [1.5 + a]
711=15+a
101

a=— =561
18

[NO]:[ } =004 ;

S
-

(3 +2x) = 4.

Equilibrium partial pressure of H20(g) = (24 x 10-18) = 2 x 102 atm = 1.52 torr

HO(g) &1 A7 Aif¥H 19 = (24 x 10-18) = 2 x 10-3 atm = 1.52 torr

A(s) =— B(9) + C(9)

t=0 - 0 0
ateq. - X+ty X

KP1 = Pg-Pc
40 = (X + y)(X)
40 = 10x
X =4 atm
y =6 atm

‘ Kp, = Pe-Pe

= (10) (6)
Kp = 60 atm

AG2 = —RTInK>
=—(2)(300)(2.303)log60
=—(2)(300)(2.303)(1.78)
= 2488 cal/mol

PART — Il (91T - II)

B(g) + E(9)
0 0
(x+y) y

Homogenous reactions are those in which reactants and products are present in same phase.

AN rfifsharsti # e Re don Sdre FHH YTaken H§ SUfRed B & |

A+ B— C + D

t=0 2a a 0 0
t=teq 2a—-Xx a-—-x X X

a
a—x=x:>x=§

a.a
= Ke = 2 2 =1
(ZEz’t—gjxE 8
2 2
1
= —=3 Ans. 3
Kc
Hz(g) + I2(g) = 2HI(9)
[HI? , _
= f[Ha] = I
7 Halz] THe] =[]

/\
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Chemical Equilibrium ﬂ—

2
= A [HI2 = Kc x [12]?
[12]
2
or —[HI]2 =Kc or M:\/@:J@:7
[I2] [I2]

4, N2Os(g) = 2NO2(g) + 1/2 Ox(g)
initial RS 600 0 0
eq. 600 (1—a) 12000 3000

600 (1 — o) + 12000 + 300a = 980
= a=04

5. Ni(s) + 4CO(g) —= Ni(CO)4(qg)

P P
For backward reaction (4@ 1faferar & fom)
Qp 2 Kp

P
%%
1 -3

— >0.125 atm

P3
P3 <8 atm?
P <2 atm

Ptota = 2 Pt = 4 atm.

6. LiCl. 3NHz (s) = LIiCl. NHz (s) +2NH3(g) Kp=9 atm? = p?nn3
0.1 a = Pz = 3 atm
no. of moles of NHz at equilibrium = __3x5 . 0.5844
0.082x313

For 0.1 mol of LiCl NHz to convent 0.2 mol of NHs must be needed.
Total number of mol of NHs req. = 0.7844
Answer :0.7844 x 100 = 78.44
After rounding of Answer is 78.
Bal. LiCl. 3NHs (s) == LIiCl. NHz (s) +2NHs (g) Kp=9 atm? = p?nn3
0.1 a = pPnHz = 3 atm
AR TR NH3 B AieT G =——°__ = 05844
0.082x313
0.2 A1t NHz WT #_+ & fofg 0.1 AT LiCI NHs &Y 3aeesar g1 |
3Taead NHz &1 Gl Alel 61 = 0.7844.
3TN 0.7844 x 100 = 78.44

After rounding of Answer is 78.

fAdweaw quiie # gRads & g SR 78 B |

7. (a) decrease (b) increase (c) decrease (d) increase (e) increase (f) no change (g) increase (h) increase (i)
no change (j) no change
(@eucar 8l (b) FeA Bl (C)FEAH Bl (d)FeA@EI () TeaT B |

(f) ®1$ aRac =€t (g) et &1 (h)deam &1 (i) P uRad= =& (j) B aRad= =&

8. X(s) = A(g) + B(s) + C(g)
p1+ p2
Y(s) == D(g) + A(9) + E(s)
p2 P2+ p1
(p1 + p2)p1 = 500 ...(D)
(p1 + p2)p2 = 2000 (i)
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Chemical Equilibrium

0

©q (i)
g— :% = pz2 = 4p1
2

pr = (p1+ p2) + p1 + p2
=10+40+ 10 + 40 =100 atm

p_T :@ =4 atm
25 25
9. _ D-d
(n—1)d
92 _40
o= 2 =015
(2-1)-40
10. N204(g) — 2NO2(g)
922 =(1+a) x 61.33
_ 92
lto= ——
61.33
a=0.5
11. NH2 COONHa4(s) — 2NHs(g) + CO2(g)
2Po Po Kp = (2Po)2 x Po = 4P®
3Po P’ Kp = (3Po)? x P = 9P.2.P
P’ =% Po
Pl _3Potgh 31
pi 3P, 27
PART — IIl (| - 11I)
2. Equilibrium const. is temp. dependent only.
T 9 Rerid ®ad dm i) AR &Rar 2
3. At equilibrium all properties solution (i.e. chemical composition of eq. mixture) becomes constant.
AR R e & 99 o1 (i |9 8101 &1 e w6ieH) a8 9 B
|
4, 2NH3 — N2 + 3H2 Ky =—
Ki
N2 + O2 — 2NO K‘2=K2
3 x (H2 +% 02 — H20) Kz = (Ks)3
3
2NHs + 2 0p = 2NO + 3H:0 = Ko x(Ks)
2 Ky
k 1
5. log —¢=log —
Kp (RT)
:>kp:kc(RT) = An=1
6. For Ke = Kc
®
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Chemical Equilibrium
at point — A
Q- [Product | _
[Reactant]

Kc=4

So, Q have minimum value at point A.
(B) at point [N204] = [NO2] = 0.1 M

_ [NO,* _0.1x0.1 _

Q [NJOs] 01
Q<K

0.1

So, reaction proceeds left to right

(©) Ke=Q

Bel. (A) N204s —— 2NO2
fdg —AW
0= [STUTg |

(st |

at point [D & F].

Kc=4

AT, g A TR Q &1 <AaH A9 A<l 81 |
(B) 39 fd=g W [N204] = [NO2] = 0.1M

_ [N _ 0ax01 _

= = 0.1
Q [N2O4 | 0.1
Q<Ke ;
I Tffhar a9 | ST IR SRR &1 SR |
(C) Ke=Q [D der F] fag R |
8. A + B — C + D
1-x 1-x X X 9
— — = = t=eq
5 5 5 5
Kc to question
Kr =9 Kb Ke LS
Kp, 1
2
Kc = (K/5)2:g L:3
1—x 1 1-x
)
x=3-3x
4x =
x=3 =075
4
Al = 22> =5 x 102 mole L1[B] = [A] =975 - 15 x 102 mol L
5x100 500
9. For given reaction Ang =0
f& T aifaforar & forg Ang = 0
10. For given reactions Ang = +ve, AH = —ve, high temperature & low pressure favours forward reaction which

increases number of moles.

Bl & T afafra & faU Ang = +ve, AH = —ve § | S=@ A9 den 1 I19 o afwfeanr & forw orgaa Rerfa @

S Al B G geTd © |

11 10am=pR], =

—2

Py o= 102 atm n:% _1(1—X25_1o-3
2 300
12

AN Resonance”®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
ADVCEQ - 24



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Chemical Equilibrium ﬂ—

12. (A) Ke = (Py,0)°
=0.4 x 103 =4 x 10 atm?
(PHZO)equi =2x107atm

=2 x 102 atm
=2 x102x 760 = 15.2 torr

(B)  Relative humidity = i:i x 100 = 100% (If V.P. = 15.2 torr)
© WhenPy, 6> (Ry,0)equi Packward shift so at 24 torr pressure reaction shift backward.
(D) In dry atmosphere and open container reaction shift completely in forward.

g (A Kp = (Py,0)* = 0.4 x 103 = 4 x 10~ atm?
(PHZO)equi =2x107atm
=2 x 102 atm
=2 x 1072 x 760 = 15.2 torr
B)  emiftd amdar = i:i x 100 = 100% (3 I 319 = 15.2 torr)

(C) S Pyo>(Py0)equ T2 =M # SURIT B ST 24 R <9 W rfdfshan gee fem # |
(D) Y IYAvSA dAT ol U H AfAfrar gol wu | oy fawm # gnf |

13. Hz(g) + I2(g) — 2HI (9)
(A) For changing pressure volume has to be changed, though number of moles of HI(g) do not get
changed but its concentration will get changed.
(B) Temperature change will change Kp and hence concentration.
(C) Volume change will change concentration, not the number of moles.
(D) Same equilibrium will be attained from either direction.
(E) Catalyst does not change equilibrium concentrations.
Sol. Hz(g) + I2(g) —— 2HI (9)
(A) T19 95 & foIU 3MIAE g€ UST 3R 3MIAT d8a WR HI(g) ® A=l dadd SIRAN 9ol & $9d
Al B G TRl gaer |
(B) ATYATE d&e™ R Kp 9&e1 SR AT HI(g) 31 Ar=al Wl a5d SR |
(C) 3MIaH §&a TR HI(g) B AT=dl 8ol SRR 9ol 81 9@ Al & [l 98l ggei |
(D) fo=iy Y foem & 981 |y ora=en wenfid grf |

(E) SORG X AF=dl el 9&al Al |

Peci, (9 %Pen, @ _ (e, ())ea. X (Ncl, (g))eq
Pecl, (g) V' x (Mg, (g))eq.

and on adding inert gas at constant pressure effect on equilibrium will be similar to as if volume of
container has been increased.

Pecl, (@ %P, @ _ (e, ())eq X (N, (g))eq

14. According to Ke =

Sol. Ke & AR =
Peci; (g) V% (Npcy, (g))eq.
fad <9 ) Afpy 9 fam ) 9= S feen # foxenfog e & S f 919 & 3iad &l 9o WR Bl
g
16. (A) As reaction is endothermic therefore it will go in the forward direction hence moles of CaO will
increase.

(B) With the increase or decrease of volume partial pressure of the gases will remain same.
(C) Due to the addition of inert gas at constant pressure reaction will proceed in the direction in which
more number of gaseous moles are formed.
Sol.  (A) T & sifafehan SR & R I8 o faen # 8 s¥fely CaO & wrai # gfg sl |
(B) IMITH & e AT de-1 & AU A BT 3Nifd 19 A & B |
(C) srfaforar # fgd g9 wR 3ifhy A e & &Rl sififar S fden # 2l 8 o'l 9 & Aidl @ |

SgTeT BIehl ' |
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Chemical Equilibrium ﬂ—

17. (A) Backward shifting will take place. (B) Forward shifting will take place.
(C) Backward shifting will take place. (D) Forward shifting will take place.
Sol. (A)u¥g faem # wRya 8Fm| (B) 3w fa=m # sruf¥ra &
(C) uwg feem # spifra &rm| (D) 3r feom # spifa &rm |
PART = IV (|3 - IV)
1. Solublity of gas is favourable at high pressure and this process is exothermic hence solubility will be more
at low temperature.
Sol. 3= T@ W 19 & fAogd gl B, 3R I8 ufthar Somedt ¥ | saferw oH am wR g9l faerar aifdre &R
2. Since density of gold decreases after melting therefore it is favourable at low pressure and high
temperature.
Sol. fYEe™ & 9I€ |IM BT O HH BN AT HH @ TAT AfAS A0 596 Y e 8T |
3.* Number of moles will remain unchanged but due to decreased volume pressure will get increased and
also the concentrations.
Sol. Al @ TR FAM IeWl IR AT H BHAI & BROT Bl &9 9¢ SR Ud A 1 9¢ SR |
4. Slope (gTo) - —AH° _ 230 _ -50
23 R  23x2
5. Using equation (FHI®RYT &1 SYAN Hd 8Y), logK = — ARSI oy
23RT 23 R
: . Ky AH (1 1
. log—2 =2 " | =~
6 Using equation (FHI®ROT &1 SUAN H< gY), 0g-- W R[Tl sz
EXERCISE # 3
PART — | (HTTT - 1)
1. Equilibrium is affected by pressure and temperature but not by catalyst.
TA. ORI W 9 9 d¥ $HI YA TSl B Afb SARS Bl 8l |
-5
2. Ke = Kc (RT) =  Ke= —&___144x10 "
(RT)A"Y  (0.082x773)"
_ _[C] D]
3. QC - T -
(Al [B]
. Qc with time (7T & 72r)
4, (D) With change of pressure, x will change in such a way that K, remains a constant.
g4, (D) ¥ # uRady & A1 x 39 dvg uRafda gar § & Ke faa <& |
5. N204 (g) == 2NO..

moles t=0, 1 0
moles at eq. 1-a 20

1+a
Let total pressure at eq. = P.
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Chemical Equilibrium ﬂ—

2
or Kp = 4o = X P.
1-a
When volume is halved, P is double.
a will change as Kp is independent of pressure change.

Bl N204 (g) = 2NO.
ATt =0, 1 0
JrTaRT TR HI 1o 20

2
[12(1 xPj a2
Kp = (1+a) = OL2><P.
7_axp 1-a
1+a
AT ATITERAT R §A &9 = P.
2
Bl Ke =% x P,
1-a

ST ST ST BN, P ST B |
o gREfiT 8 Hifd Ke g9 gRadd 9 @ 2 |

7. (A) AH2 — AH1 = Cp (rxn) (T2 - Tl)

and C, depends on temperature. Hence enthalpy also depends on temperature.

(B) CaCOs3i) = CaO¢s) + COz(g) Kp = (Pco2 )at equlibrium

For a given reaction.

Keq. depends only on temperature.

(C) Keq depends only on temperature.

(D) Enthalpy of reaction is independent of the catalyst. Catalyst generaly changes activation energy.
Sol. (A) AH2 — AH1 = Cp () (T2 — Ta)

Cp YA W R H=ell B 8 T ) aa R iR vl |

(B) CaCOs3i) = CaO¢s) + CO2(g) Kp = (PCOZ e w

fafhar & foIg Keq ®adl amod R iR &xar @

(C) Keq ®ad dIYAN TR R o= B |

(D) JfAfhar & T SARS & UHId | Gad sl & | AMEAC: SORS AlhIY SHoll § gRadd Sl & |

8. Paragraph-1
Xz (g) = 2X(9)
Initial mole 1 0
t = teq. (1—0L) 20
Given 2o = Bequilibrium
SO o = ,Bequilibrium
2
Total mole at equilibrium = (1 + o) = (1+ (%]
ﬂeq.
- - 2 p - z_ﬂeqp - z_ﬂeqp
R [ el [ I
Px2 . ﬂeq. total 2 ﬂeq total 2 ﬂeq total
2
2
Px(g) = ﬂptotal = l: ﬂeq } PTotaI
14 Pea 2+ Peq
2
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Chemical Equilibrium

2
2
(PX)2 {Z‘_ﬂ;q X Ptotal :|
So Kp = = =
(PX2 ) 2- ﬁeq.

(2+ Beq,)

Kp = ﬂeq. X Protal = {—ﬂeq ]

x P,

total

4- ,Bezq. 4- ﬁezq
So Ans.is=B
IgevE-1
X2 (9) = 2X(g)

UR™S Ad 1 0
t = teq. (1—(1) 20,
fear 820 = B

o o = P
2

WW@ﬁa:(l+a):(l+(%J

L Pea

2 p = ﬂp = ﬂp
L & total 24 ﬁeq total 24 ﬂeq total
2

2
Px@ = |:ﬂp = { ﬂeq :lpTotal

Px2

1. ﬁeq total 24 :Beq

2
2 2feq,
m _ LH};XP@}

(2+8q)

A Kp =

432 8/
Kp = ﬂeqé X Protal = P eq2 3 Ans.is=B
4= Beg 4= Peq

(A) Correct statement.

As on decrease in pressure reaction move indirection where no. of gaseous molecules increase.

(B) Correct statement

At the start of reaction Qe < Kp so dissociation of Xz take place spontaneousely.

832 8x(0.7)
(C) Incorrect statement as Kp = ﬁeqz = ( )2
4-Peq  4-(07)

> 1, but
(D) Correct statement.
0
As| AG>0 |g AG® = —RTINKP
AG®> 1, So Kp should be less than 1.

So K<1

Kp - Kc(RT)™9 (RT > 1)
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Chemical Equilibrium ﬂ—

KC:K_P
RT
Kc < Kp SoKc<1

Sol.  (A) W&l B : SA—9Y &@ HH BIAT SAT @ AMWfhar IR fvjeil &1 @@ 3 gig & R Jedl ©
(B) & B : IfAfHaT o YHT H Qp < Kp 37T X &1 fadIe wa: yafia &ran 2 |
84, _ 8x(07)

(C) TTod U e Kp = . -
4-foq  4-(0.7)

>1,

(D) W& B :

0
s e | AG >0 |g AGO=-RTINKP
AG®> 1, 31d: Kp &1 919 19 &H 8191 =12V |

a7 K<1
Kp - Kc(RT)4e:- (RT > 1)
_Ke
RT
Kec < Kp SoKec<1

PART = II (W31 - 1)
JEE(MAIN) OFFLINE PROBLEMS
1. In this reaction the ratio of number of moles of reactants to products in same i.e., 2 : 2, hence change in
volume will not alter the number of moles .
Bd. 39 Akl 4§, JIW$HG aq SRl 3 Ald G B AU FHT Bl B, A 2 : 2 B G A
TRad+ & Al B e FEifad T el B |

1 3 1 K
3. Kp=Kc (RT)2:An =1 - |1+=|=1- ==-—=, —¢ = (RT)¥2,
o= Ke (RT) (1+3] =1- 3 = ®D
4, The conversion of SO2 to SOz is an exothermic reaction, hence there is no need to increase the

temperature. There is also a decrease in volume or moles in product side. Thus the reaction is favoured by

low temperature and high pressure. (Le-Chatelier’s principle). _
8. SO ®I SOz # WUV T SRl AMfhAT &, 3 39D oy 9 9 &I BIg aIDHl el & | Yfb

IRIFT AfAfHAT § I @ IR (SR 31R) A AT Al I | H BHI 81 &l & | 37 efl—3rarferg a4

® IER 1 A vaq S <19 39 I & o ergde <=m B |

5. C[N204] =48 x 10—2 mol L—l, C[NOZ] =12 x 10—2 mol L1
2 -2 _3
.- [NO,]” _1.2x10 ><1.22><10 — 03 x102=3 x 10- mol L-
[N204] 4.8x10”
[P4010(8)]
6. Pa(g) + 502(9) == P4010(g) Ke=—2—2"—
© PO
7. CO(g) + Cl2(g) == COCI2(g)
K _ 1
An =1-2=—-1; Kp=K(RT)* . P _RTI=—
n ’ p C( ) Kc ( ) RT
. _ INoP 4
8. N2(g) + O2(g) =— 2NO(9) ; = =4x10
(9) (9) (9) TN
1 1 _ N, V20,152 1 1 1 100
NO(g) == = N2(g) += O2(g); Ke = —2 2l - = = ==—-=50
(g) S~ 95 (g) 2 (g) c NOJ \/E \/4><104 2><1072 2
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Chemical Equilibrium

9. Kp = Ke (RT)A An=3-2=1.
Kp = Kc (0.0821 x 457)1 . Kp > Ke.

10. Cl2(g) + 3F2(g) — 2CIF3(g) ; AH=-329 kJ. Favourable conditions:
(i) Decrease in temperature, (i) Addition of reactants, (iii) Increase in pressure i.e., decrease in volume.
Bal. Cla(g) + 3F2(g) = 2CIF3(g) ; AH=—-329kJ. 3TJdha URRfT |

(iy ama & &, (i) e e R, (i) /9 # gfg a1 maas H & |

11. NH4HS(s) = NHz(g) + H2S(Q)
Initial presens 0 0.5 0
At equi. 0 0.5+x X
Total pressure = 0.5+ 2x = 0.84 x =0.17 atm
Kp = PNH3 XPHZS = 011 atm2
el NHsHS(s) == NHs(g) + H2S(0)
IR § 9 0 0.5 0
g 1R 0 0.5+x x
@l &9 = 0.5 +2x = 0.84 x =0.17 atm
Kp = PNH3 XPHZS = 011 atm2
12. Given : PCls(g) == PClIs(g) + Cl2(q)
t=0 1 0 0
teq 1—x X X
Total number of moles=1-x+x+x=1+X
Thus partial pressure of PCls = [L] P.
1+x
gd. f@mgme: PCls(g) == PCls(g) + Clx(g)
t=0 1 0 o
teq 1-—x X X
T ATA AT =1 —X+X+X=1+X
3t PClz &1 3MiR1% <14 =[—] P.
1+x
13.  SOs(g) == SO(g) + %Oz(g)
1/2
BOalOl " o =49x102 . 0
[SOs]
SOs3(g) +1/2502(g) ==S0s3(9) e (ii)
[SO3] — W' — 1 —_
——3 - =Kc= —— For 2S02(g) + O2 2S0s3
[8021[02]1/2 4.9 ><10‘2 (g) (g) S (g)
& =Ke? = 1 = 10000 =416.49
[SO,]%[0,] 49x49x10*  24.01

14. c=a+b

15. X = 2v yd

/\ g
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Chemical Equilibrium

20 2 [1—0. j
Kp, _(1+a ™ " l+a 2
Kp, l1-a o« pn o
1ro l1ra 2 1o
1 = 4PT1 . i = i
9 P, Pr, 36
16.  CO,(g) + C(s) == 2CO(g)
0.5 atm
0.5-p 2p
Total pressure (@ 19)=0.5-P +2P =0.8
P=0.3
K. = Péo _ (2P _ (0.6)
P P, (05-P) (05-0.3)
Kp =1.8
17. N2 + O2—— 2NO K=4x10"*
1 1 1 1
NO —> =N, +=0, K=—=__-__ =50
27 2 K Jax10
18. Ko = Kc (RT)™™
1
Ang = —E
19. AG=AG°+RTInQ
=2494.2 +8.314x 300 In 4
= positive g-ITHdH
AG = RT(n9
K
Since, AG is positive so, Q > K, so reaction shifts in reverse direction.
IfH AG gFIAS 8, 39fey Q > K, 3ra: rfwferan fauRa faem # fazenfag & |
20. A iy B =~ cC + D
t=0 1 1 1 1
teq 1-x 1-—x 1+x 1+x
2
1
- (+X)2 = 100 - IX_gg
(1-x) 1-x
= 1+x=10-10x = 11x=9
= =2 =  Dl=1+> =
11 11
21. (A & B)
AH 1

/MK = /NA— —x=
R T

Slope (&) = — %H; AH = -ve

[D] = 1.818
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Chemical Equilibrium ﬂ—
JEE(MAIN) ONLINE PROBLEMS

4, MT“:1+(2—1)a:1.2.
MOb
= |\/|Ob = 2 and d= w: 1x92 =3.116 g/L
1.2 RT 1.2x0.082x300
5. On increasing pressure, reaction shifts in the direction of increasing density. Water has higher density than

ice. So reaction shifts in forward direction.

. <9 ger W AMfhY 9 feen d favenfia 8rf | Siel o 937 Sl BT °cd 9% B o § ST Bl ¢ |

gafery srfAforar ey faem # facenfaa &RMY |
6. XY(s) = X(9) + Y(9)
At eq. P P
Total pressure = 2P = 10 bar
=P=5
Now, Kp = (Px)(Py) = P2 =25
Sol. XY(s) == X(9) + Y(9)
| W P P

@l <19 = 2P = 10 bar
=P=5
319, Kp = (Px)(Py) = P2 =25

7. Addition/ removal of a solid component from an equilibrium system causer no shift in equilibrium (Both Q &
K remain unaffected)

Sol. Y @F § B I ™ A1 Mdes ) 99 § P faveo 8 8 81 (@1 Q 91 K ST mHifdd vEd

2 1)

8. Volume T P { reaction proceed in which direction where number of gases mole increases.
e TP | ifafirar S &R SRR Bl ® 59 &R 99 & Arell o) dw@m gt B |
2NO2(g) = 2NO(g) + 02(q) Ang=(2+1)-2=1

9. CO +Cl COCl2 V =5L
Mol 2 3
Mol At eq. 1 2 1
AR R AT

1 2 1
conc. = = =
( Jea E E E

1
__5 _5
Ke = 12 2" 2.5
el
5 5
10. Ax(g) =— 2A(Q)
1 0
1-1x & 2x E
100 100
0.8 0.4
S08 122
Pa. =75 1753
0.4 _1
Pa=o ¥1=3
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Chemical Equilibrium

k= (Pa)’ _ U3xU/3
(Pa,) 2/3

L
6

AGP® = -2.303 x 8.314 x 320 logio % = 4763 J/mole

11. 2NO2(g) —— N204(g)

AH = ()

By addition of an inert gas at constant pressure, volume increases, so reaction moving in backward
direction and decomposition of N2O4 increases.

Sol.  2NO2(g) —> N204(g)
Q9 R

faare gear B

12. (2) =3 x(=(2))
3
L Ko = [iJ = Kz = Ki3
Ky

13. ke/k, = (RT)""

(1) Ang=0 ;
(2)Ang=2-1=1 ;

(A Ang=2-4=-2 ;

14. NHHS —— H,S +
0.1(1-0.3) 0.03
ko= 003,003
3 3

Kp = Kc (RT)A

AH= ()

|>\—
©
11
[EEN

~ X
o

©

(RT)! = (24.62)"

c

~ X

= (RT) = (24.62) 2= 1.65 x 10
C

NH3s
0.03

=10 x (0.0821 x 600)? = 0.242

15. 2NH3 = N2 + 3H2 K'p = P

Prota =P = PN2 + PH2 aF PNH3

P
PN2 =Z

3P
PHZ :T

PY(3PY’
1 (4)L 4
k - 2
P (PNHs)

3

32p? 1/2

PNH3 = (kP)

1

=)

N9 ™ W T dedl 2, 3 ifafshar g foem # favenfug 8l & dm N2O4 &1
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Chemical Equilibrium

16. A+2B —
initially conc. a 1.5a
at eq. a-x 1.5 a-2x
at equilibrium a—x = 1.5a —2x
0.5a=x
a=2x
ke = (2x)*(x) CAxEx
(@a—x)(1.5a—2x)*>  (x)(x)?
Sol. A+2B —
UR™e Higdl a  1.5a
¥y i) a-x 1.5 a-2x
qH WX a—x = 1.5a —2x
05a=x
a=2x
ke = (2x)%(x) _AX%x
(a—x)(1.5a—2x)*>  (x)(x)?
17. A(s) = B(9) + C(9)
P1 P1+ P2
D(s) =C(@ + E(9)
P1+P2 P2

kp, = Pi(PL +P,)

Kp, =P, (P +P5)

ke, +kp, = (P, +P;)?
x+y=(P1+P2)2

PL+P, =Xty
2(PL+P,) =2{x+Yy

Protager = Pe + Pc + PE

= 2(P+Py)=2x+y

2C+D
2x X
=4
2C+D

2x X
=4

ke, = x atm®
ke, =y atm?

®
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