Chemical Equilibrium -

Bl Exercise-1

w Marked Questions may have for Revision Questions.

= fRifed ye JERm a7 e B

PART -1 : SUBJECTIVE QUESTIONS
-1: fATaT® YT (SUBJECTIVE QUESTIONS)

Section (A) : Properties of equilibrium, active mass

Gus (A) - IR @) fRwaR, |fea seme

A-1. Inareaction A+ B — C + D the rate constant of forward reaction & backward reaction is ki=2 x 104 M
secland ks = 5 x 1075 M sec™* then the equilibrium constant (k) for reaction is expressed as :
A+B —C+ D fafran & forr a1 rffhar wd uea Afdfsban &1 971 adaied wae: ki= 2 x 104 M sec™?
Td kp = 5 x 105 M sec k, 8 T4 aifaferan & for ama fRaais (k) @r g ?

Ans. 4

K 2x10™

Sol. Keq:K_b 5 5)(1075 =4

A-2.»  What is the active mass of 5.6 litres of Oz at S.T.P.?
S.T.P. R 02 5.6 <ilcX &I Afhd SIH T 87
Ans. 0.044 M.

| _26 I
Sol. n= 524 =0.25

0.25

Active mass (Afshd S&IHT) =56

Section (B) : Homogeneous equilibrium : K¢ in gaseous system
GUS (B) : AN A 3ra=e : IRfi o3 # Kc

B-1.w= A mixture of SO3, SOz and O2 gases is maintained at equilibrium in 10 litre flask at a temperature at which
Kc for the reaction, 2S02(g) + O2(g) — 2S0s(g) is 100 mol litre. At equilibrium.

(a) If no. of mole of SOz and SO: in flask are same, how many mole of Oz are present ?
(b) If no. of mole of SOs in flask are twice the no. of mole of SO2, how many mole of Oz are present ?
S03, SO23IR 02 T & fAs7 1 &l AU W= 10 ofier TR § AR TR @1 ST ¥,

2S02(g) + O2(g) — 2S0s(g) & oIy KcaT 719 100 Aret L oflex & 1 99 W

(a) TIR® H SO3 MR SO, & FAM HIel &1 d O & #Arell & AT fbael 8 ?

(b) IS TIRD H SOz ® Al DI F&T SO Aldl DI G&AT H N & dl 02 & b Arat IuRerd 81?
Ans. (a)0.1(b)0.4

= 0.044 M.

Sol. (a) 2S02(g) + O2(9) — 2SO0s(Q) Kc = 100 mole™ lit.
Initial mole a b 0
a—2x b—x 2X
a a a . .
> b 2 > (According to data given)

But according to question.
No. of mole of SOz = No. of mole of SOs .
—a—2x=2x.
a = 4x.
x=2
4
[SO41?
[SO,T?[0]
But No. of mole of SOz and SO: are equal at eq. so.

Now, Kc =
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Chemical Equilibrium -

_ 1
C —_— —
(O]

1 1

Ol =—; =

(0] = - [02] =

But [02]:m°|e of O, at eq :i_
10 100

So No. of mole of O2 :% =0.1.

(Znsoz Jz
(b) Kc = [SOs° v
[SO2F°[02]  (ngo, )2 (Mo,
v | v
4 4xV _ 4x10
KC— n02 b no2 —K ——100 —04
v
S G) 2S02(g) + O2(g) = 2S0s(g) Kc = 100 mole™ lit.
URW H AT a b 0
a—2Xx b—x 2X
% b—% % (A T el B IFRIR)
AfF ued & IgER
SO, & Hid |1 = SO3 B Al F&=AT
—a—2x=2x
a = 4x.
a
X=—.
4
2
34, Kec = —[8023]
[SO,]°[O,]
Afps A IR SOz T2AT SO, B HIel F&AT SRMER 8 | 37,
1
o
_ 1. _ 1
[OZ] —K ’ [02] _ﬁ E
ﬁﬁm[opw W O, HHACA _ 1
10 100

3d: Oz P Al H¥=T :%:0.1.

[Znsoz ]2
(b) Ke = [SOs° v
2
[SO,1°[02]  (ngo, V2 (1o,
V \Y
Kc = L nozzﬂ:ﬂ: 0.4.

V)
v
B-2.  The equilibrium constant of the reaction, Az (g) + B2 () —=2 AB (g) at 100°C is 16. Initially equal moles
of A2 & B2 are taken in 2L container. Then find mole % of Az in equilibrium mixture.
100°C WR AfAfhaT A2 (g) + B2 (g) —= 2 AB (9) & fo¢ | ReRrie 16 8 | UR™ H &l ek & FallReb H
A;d B, & §9F 2 Al folg Y €, 990 W Az Al URerd S a7 |

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

Chemical Equilibrium -

0,
Ans. 100%
6
Sol.  Axg) + Bag) = 2AB(g) Kc=16
a a 0
a—-Xx a-—-x 2X
2
29 _ 16
(@a-x)
4a
X=—
6
nt = 2a
a
% As = 3 x100 =220
2a 6

B-3.  For the reaction 3A(g) + B(g) — 2C(g) at a given temperature, Kc = 9.0. What must be the concentration
of (C) at equlibrium, if a mixture of 2.0 mol each of A, B and C exist in equilibrium?
R ™ a9 w® Iffhar 3A(g) + B(g) = 2C(9) & o1 Kc=9.0 8| I AR W, A, B 721 C 4% &
2.0 #ret &1 %1 SuRerd ® @9, 9/ R (C) &) A=l a1 8 a1fey |

Ans. 1/3M

i 2]
Sol. v 9= V] _v-sL

BB 5] 18]

4 mole
B-4.» @

1 litre

at 27°C 3 litre
at 27°C

The gas Az in the left flask allowed to react with gas B2 present in right flask as
A2(g) + B2(g) = 2AB(Q) ; Kc =4 at 27°C.

What is the concentration of AB when equilibrium is established?

4 mole
B,

1 litre

at 27°C 3 litre
at 27°C

IR U A2 N S U H B2 N © 91 fhaT aRal ®
Aa(g) + B2(g) == 2AB(g) ; 27°CTU WKc=47% |
I AT WU 89 UR AB &1 ATl &1 g8t ?

Ans. 0.66
Sol. A2(g) + B2(g) = 2AB(Qg)
Molesategm 2-x 4-—x 2x
4x2
IR W AT Koz ————
(2-x)(4-x)
= X =32 _ 1.33 mole
24
[AB(g)] = 2133 ~ 066 M
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Chemical Equilibrium

Section (C) : Homogeneous equilibrium : Kp in gaseous system
U (C) : G 9 3ra=en : iy o § Ko

C-1.». n mole each of H20(g), Hz2(g) and O2(g) are mixed at a suitable high temperature to attain the equilibrium

2H20(g) —==2H2(g) + O2(g). If y mole of H20(g) are the dissociated and the total pressure maintained is
P, calculate the Kp.
AT 2H0(g) — 2H2(g) + O2(g) T &= & forg Sfad ama wR H20(g), Hz(g) T O2(g) 9&® & n Al

e 9T B 1 3R H20(g) & y At fAAIfSra 81 8 don &l S19 P 9911 &1 91l © a9 Kp &1 0T 317 |
P(n+y/2)(n+y)?

Ans. 5
Bn+y/2)(n-vy)
Sol. 2H20(g) = 2H2(g) + O2(q)
t=0 n n n
teq. (n-vy) (n+y) (n+y/2) nr=(Bn+y/2)
2
so (3ARMW),  Kp= (PHz(g))eq.-(Pozz(w)eq. _ (n+y)22 (n+y/2) P
(PHZO(g))eq. (n-y)* (Bn+y/2)
C-2.  The moles of N204 and NO:2 at equilirbrium are 1 and 2 respectively total pressure at equilibrium is 9 atm.
Find Kp for the reaction N204(g) =— 2 NO2(qg).
AR R N2024d NO2 & Al A%l 19 2 3| I 990 R @l <@ 9 atm & a1 3ifAfshar N20s(g) = 2
NO2(g) @ foIg Kp SiTd @I |
Ans. Kp=12
Sol.  N20s=— 2NO:
1 mole 2 mole (at equilibrium) (A9 WR)
Pt = 9atm.
2
Pno, = Ex9 = 6atm
_1 9=3
PN204 —§X = 3atm
(PNO )2 6x6
Kp = 2= =12 Ans.
N,O, 3
C-3.=» 1 mole of N2 and 3 moles of Hz are placed in 1L vessel. Find the concentration of NHs at equilibrium, if the
equilibrium constant (Kc) at 400 K is % M2
Nz (9) + 3H2(g) == 2NHs(g)
1Lurs § 14 Np @1 3 |l He SuRRerd g | af 400 K A9 R |arma=el (Ke) Reris %M—Z%‘, qr g W
NHz! sl ST HIfTY |
Nz (9) + 3H2(g) == 2NHs(g)
Ans. [NH3]=0.76 M
Sol. N2(g) + 3H2(g) —=  2NHa3(g) (An<0)
1mol 3 mol 0
1-x) (3-13x) 2X
Peq =1 atm, T=400 K
Ke= _INHI® _ @)% _ 4
N2] [Hl® (3-3%)°(L-x) 27
2
X =1 = x=(1-x)? = X?-3x+1=0
(1-x)
N X:3¢\/29—4 - « = 3¢2J§

/\
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Chemical Equilibrium -
(o3+t224 _3-224

= x = 0.38 (since x cannot be greater than 1) (JfH x & A9 1 § ST 721 & DT B |)
[NH3] =0.38x2=0.76
Section (D) : Relation between Kp and K¢
GUS (D) : Kp TAT Kc B AT TFE=~T
D-1.  Calculate the expression for Kc and Kp if initially a moles of N2 and b moles of H: is taken for the following

reaction. N2 (g) + 3H2(g) ==2NHs (g) (An< 0)(P, T, V given)
IS IR F N2 & a®iet 921 H2 @ b Arel afAfshar # o T 81, a1 Ke @2 Kp @ forl aieie forRedy |
N2 (@) + 3H2(g) == 2NHs(g) (An<o)(feam g P, T,V)
Ans. Ke= 4x%V? - Kp = (a+b—2x)2.4x2
(a-x)(b-3x)° P?(a-x)(b-3x)°
Sol. N2 (@) + 3H2(g) == 2NH: (g) (An < 0)(P, T, V given)
Att=0 a b 0
t=teg (@a—x) (b—3x) 2X
[N2] =¥, [H2] = b_VSX , [NH3] :2V—X
27)( 2
Ko= v _ 4x?v?
‘S 3 3
[ﬂ](b—ij (a=x)(b-3x)
v v
Total no. of moles at equilibrium (A= TR AIAl @& Gl &) = a+ b — 2x
_ (a=-x) _ (b-3x) _ (2x). P
[PNZ]_a+b—2x' P, R, T a+b-2x Py Pn, 1= a+b—2x
( 2x PJZ
_ [Pun, I _ a+b-2x
[Py, 1P, I ( a-x j o [(b—Bx)P T
a+b-2x) a+b-2x
ax?. p?
_ (atb-2x* _ (a+b-2x)%4x?
P4_(a—x)(b—3x)3 P2(a-x)(b-3x)°
(a+b-2x)*

D-2» 1 mole of a gas ‘A’ is taken in a vessel of volume 1L. It dissociates according to the reaction
A(g) == B(g) + C(g) at 27°C. Forward and backward reaction rate constants for the reaction are
1.5 x 1072 and 3 x 1072 respectively. Find the concentrations of A, B and C at equilibrium. Also find K, and
Ke.
TH IR A D LA BT Llek B U H ofd B | U8 27°C W AR A(g) = B(g) + C(g) & ATIR
faafora el 8 1 sififhar & foro otw qen wciia erfafthar ReRri® waer 1.5 x 1072 g 3 x 102 8 | /9 W
A, BT C &I AdTg SITd &1 | Kp @20 Ke BT ATF ST BRI |

Ans.  [Aleq = [Bleq = [Cleq = 1/2 M, Kp = 12.3 atm, Kc = 0.5 M (unitless).

Ans. [A]eq = [B]eq = [C]eq =1/2 M, Kp=123atm, Kc=0.5M (3_4’—'—5: ?—%ﬂ)

Sol. Al = B(@ + C(9)
Initial 1 0 0

At. Eq (1—x) X X

1-x X X

conc. — — -

1 1 1
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Chemical Equilibrium

2 -2
Kczix_}ﬁzﬁ -1

1-x] K, 3x1072
X2 _1 w=1
1-x 2 2
1 1
Al=1-===
[A] 2=
[B]:% : Kp=Kc(RT)A":%><(0.082><300)1; Ke = 12.3 atm.
1
Cl= =
[C] 5
gal. A(@<=— B(@ + C(9)
URA § 1 0 0
qH R (1—x) X X
Hregar 1=x X X
1 1 1
Kol x> |_ K _15x107°
1-x] Kp 3x1072
X2 _1. _1
1-x 2’ 2
1 1
Al=1-===
[A] 5" 3
[B]:% : Kp=Kc(RT)A"=%x(0.082x300)1; Kp = 12.3 atm.
1
Cl= =
[C] 5

D-3.»= 0.15 mole of CO taken in a 2.5 litre flask is maintained at 500 K along with a catalyst so that the following

reaction can take place;CO(g) + 2Hz2(g) = CHsOH(Qg).

Hydrogen is introduced until the total pressure of the system is 8.2 atm at equilibrium and 0.08 mole of

methanol is formed.Calculate :
0] Kp & Ke ;

(i) the final pressure if the same amount of CO and H2 as before are used, but with no catalyst so

that the reaction takes place on its own.

IARG B A1 500 K TR 2.5 e & FRb § CO & 0.15 Arat forw 7w & arfds fe=iferlRaa srfwfosan zenfiq
B §d; CO(g) + 2H2(g) = CH3OH(g) ™ W EIESIo $I ofd dF SIoll o[l & o d& (& 9 & o
T19 8.2 atm (W™ W) 3R AT & Al &I W& 0.08 A (= W) fAffa & wie | sia #=i—

() Kp 3R Ke -

(ii) gz 3iftd T19 T H1 IfQ CO TN Ho & STIART H ol i1 A1 U8l @& aRMER & a1 g SIRD

BT SN o] fhdT 81 arfd JAMAHAT T 8 9D |

Ans. () Ke=2290 _ 583 mor2 2 Ke= 283 =0.035atm? (i) P =8.2 atm
343 41x 41
Sol. (i) CO(g) + 2H2 (g) == CHsOH (g)
0.15 a
0.15-x a-2x X = x =0.08
0.15-x+a—-2x+x =0.5 PV=nRT
a-2x =035 = 8225
0.082x500
0.08
Ke=— 25 =20000 _ g 3
0.07 X(O.SS ]2 343
25 (25
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Chemical Equilibrium -

Kp=583x (RT)2=— 203 =583 _go35
(0.082x500)>  41x41

(ii) Total pressure will remain 8.2 atm as catalyst reduces only time taken to achieve equilibrium, does not
affect equilibrium condition / concentrations.

FA T9 8.2 atm A B AfP ISRG ARG B WG B | FH Tl FFI DI HF B QM| A
= Rerfd/arsar & y9rfad J8l R |

Section (E) : Reaction quotient and Its applications

QU (E) : AMHAT Ol TAT TS ATHATT

E-1.= A mixture of 1.5 mol of N2, 2 mole of H2 and 8 mol of NHz is introduced into a 20 L reaction vessel at 500
K. At this temperature, the equilibrium constant, K. for the reaction
N2(g) + 3H2(g) — 2NHa(g) is 1.7x 102,
Is the reaction mixture at equilibrium? If not what is the direction of the net reaction?
500 K @79 &% U 20 L &Fal & 13 § N2 & 1.57 Aldl, He & 1.92 e U NHs & 8.13 & Il &1 fAsmor foran

STTaT B | 31WfHAr Na(g) + 3Ha(g) — 2NHs(g) & forg K &1 /19 1.7x 102 & | a1 Sififshar—fasor |rg & 272
afe =81, a1 aeget sifafhanr @t feenm @ grf 2
Ans.  The reaction is N2(g) + 3Hz2(g) = 2NHs(Q)

Qe = [NH31? _ 8x8x20x20
c= =
[N2]H,]® gxzxzxz

=54 102

As Qc = K¢, the reaction mixture is not in equilibrium.
As Qc > K¢, the net reaction will be in the backward direction.
Ans. affear Na(g) + 3Ha(g) = 2NHs(g) B |

Qe = [NH31? _ 8x8x20x20
e = =
N ]H, ] %xzxzxz

b Qe = Ke , AMfpar—sor ag # & 2 |
TfP Qc > Ke, F7g0t Afifehar ue= fenm § 2l |

=54 x 107

E-2. At 460°C, Kc = 81 for the reaction, S0O2(g) + NO2(g) = NO(g) + SOs3(Q)
A mixture of these gases has the following concentrations of the reactants and products :
[SO2] =0.04 M [NO2] =0.04 M
[NO]=0.30 M [SOs] = 0.3 M

Is the system at equilibrium? If not, in which direction must the reaction proceed to reach equilibrium. What
will be the molar concentrations of the four gases at equilibrium?
460°C W 3fAfhaT SO2 (g) + NO2 (g) = NO(g) + SO3(g) & T Kc =81 8| 3 I & Tdp fAsor #
fhaTeR® dr fhamea &1 fF=ferlRad Arsar 2 :
[SO2] =0.04 M [NO2] =0.04 M
[NO]=0.30 M [SOs] = 0.3 M
w1 o™ a9 R 2| IR 761, @ 9 R uga & forg Afifehar S fazn § =@ ey | wr R AR
TG @ AleR a1 80 |
Ans. [SO2] =0.034 M ; [NO2] =0.034 M ; [NO] = 0.306 M ; [SOs] = 0.306 M
_ (037

Sol.  SO2(g) + NO2(g) = NO(g) + SOs(Q) Qc = 0.047 =56.25
0.04 0.04 0.3 0.3 Here, Qc < Kc hence reaction will proceed in
0.04-x 0.04-x 0.3+x  0.3+x forward direction to reach at state of equilibrium
2
Ke = (0.3+x) > = 81
(0.04-x)
x = 0.006
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Chemical Equilibrium -

& SO2(g) + NO2(g) = NO(g) + SOs (g) Q. = ((00'03:; = 56.25
0.04 0.04 0.3 0.3 TEl, Qe < Ke®, STy S1MAfshar Ay srawer
0.04-x  0.04-x 0.3+x  0.3+x DI AT HRA B g o fawm F Afa A |
Ke = (o.3+x)22 _ 81
(0.04-x)
x = 0.006
Section (F) : Properties of equilibrium Constant
Qs (F) : 9 ReRie @1 fadwamd
F-1. Explain the effect of the following on the equilibrium constant.
(i) Concentrations of the reactants are doubled (i) The reaction is reversed
(iii) Catalyst is added to the reaction (iv) Temperature is increased.
g fFaaie w® 9 @ uwe @ e feig?
(i) foraTeR®T B Al G dY &F R | (i) Schoi e @1 fauRd w1 W |
(i) Tfafhar & SRS fAe™ W | (iv) aoHE # gfE |
Ans. (i) No change (i) 1/k

(iii) No change

(iv) Change the equilibrium constant
Ans. (i) ®I$ gRdaH T2 (i) 1/k

(i) P IRads &1

(iv) I i & aRafida @war 2 |

F-2.  The equilibrium constant for the reactions N2 + O2 —— 2NO and 2NO + O — 2NO: are K1 and K2
respectively, then what will be the equilibrium constant for the reaction N2 + 202 — 2NO?
AfAFHAT N2 + 02 == 2NO T2 2NO + Oz — 2NO. & 9 Idi® HA: K d Ko & | 3rfafsan
Nz + 20— 2NO; & forg @ fadie 1 e

Ans. For the required reaction, K = K1 x K.

Ans. 393gd FfAfhaT & forw = K = Ky x Ka.

F-3.» Calculate the equilibrium constant for the reaction : Hz(g) + CO2(g) — H20(g) + CO(g)

at 1395 K, if the equilibrium constants at 1395 K for the following are
2H20(g) = 2H2(g) + O2(g) Ki1=2.1x10"
2C0O2(g) = 2CO(g) + O2(g) K2=1.4x 10712,

1395 K TR Ha(g) + CO2(g) = H20(g) + CO(9)

SR AT & forg am ReRid @ oET &1 | afe 1395 K iR =1 sifdfssansit & forg ara Reriss ¢ -
2H20(g) = 2H2 (9)+ O2(g) Ki1=2.1x10"
2C0O2(g) = 2CO(g) + O2(g) K2=1.4x 101

Ans. 2.58

Sol. H2 (g) + CO2 (g) == H20 (g) + CO (g).
2H20 (g) = 2H2(g) + O2(g) K1=2.1x 101 (1)
2C02(g) = 2CO(g) + O2 (g)K2=1.4x 1072 ..(2)

> ed. (- 2eq (1)
CO2 (g) - H20 () == CO () + 5 02() —Hz =2 02 (9)
€O (g) + Hz (9) = H:0 (g) + CO (9)
> lea. @ -eq. (U]

1/2 _12\2 1/2
K= & = % :(EJ = 2.58. Ans.
Ky 2.1x10~ 21
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Chemical Equilibrium -
Section (G) : Homogenuous Equilibrium (liquid system)

Qe (G) : GARMY AFY 3R (%9 o & for)

G-1»= The homogeneous reversible reaction, C2HsOH(/) + CH3COOH({) — CH3zCOOC:zHs(¢) + H20(¥) is

studied at various initial concentrations of the reactants at constant temperature. Calculate initial acid and
alcohol moles.

Moles of acid Moles of alcohol Moles of ester

per litre (initial) per litre (initial) per litre at equilibrium
0] 1 1 0.667
(i) X X 8/3

frag au R fraere # It uRfe arEdel R te 9aeh Sohaeiia ifafher CHsOH(/) +
CH3sCOOH(f) = CH3sCOOC:Hs(¢) + H20(¢) =R faaR ®IRTT | 37 9 Teblgd &l URMME (Hie Ufd ofieR)
AT=AT S BISTY?

A B HIe TehIid & Ad TR & A

gfa oflex (IR™®) gfa ofiex (IRM™®) [ R Ufd efiex
0} 1 1 0.667
(i) X X 8/3

Ans. X=4

Section (H) : Heterogenuous equilibrium
gue (H) : A ar/g sE=en
H-1.»= Write the expressions for equilibrium constant Kc and Kp and classify in Homogeneous and
Hetereogeneous equilibrium :
=1 arfaforaneti & fag Ke @ Ke 91 Rexial & @ioie foiRed, don w9t 9 fawarh | # avfigd Sife
() N204(g) = 2NO2(g)
(i) 3Fe(s) + 4H20(g) == Fes0a4(s) + 4H2(g)
(iii) NH4HS(s) = NHaz(g) + H2S(g)
(iv) CH3COOH(¥) + C2HsOH(Y)=—— CH3COOC:Hs(¢) + H20(¥)
v) MgCOz3(s) = MgO(s) + CO2(qg)
(Vi) 2H2S(g) == 2H2(g) + S2(9)
(vii) S02(g) + NO2(g) = SOs(g) + NO(9)
(viii)  NH4NO2(s) == N2(g) + 2H20(¢)

. 2 P 2
Ans. (i) Homogeneous equilibrium FHRN A™=T Ke = INO, 1 Kp = o, )
[N2O4] (Py,0,)
§ i : [Ho] (Py,)*
Ans. (i) Hetereogeneous equilibrium fas9r i |/ Ke = —2— Kp = —2—
[H0] (Pr,0)

Ans.  (iii) Hetereogeneous equilibrium fasqr T |1 Kc = [NHz] [H2S] Kp = (PnH,) (PH,S)

Ans. (iv) Homogeneous equilibrium FHRT /=T

[CH3;COOC,H5] [H,0]
Ke = (. COBF] [CFIOH but Ke is not define for liquid system (@ & & forw Ke gR9IRYG =81 )

Ans. (V) Hetereogeneous equilibrium fasqr i |1 Kc = [CO] Kp = (Pco,)

: 2 Pu)? (P
Ans. (Vi) Homogeneous equilibrium FHRT AT Ke = L[E’Z] Kp = M

[H2S] (P,s)

. P P

Ans. (viij  Homogeneous equilibrium FaRf AT Ko = 591 INO] Kp = (so,) (o)
[SO,]INO;] (Pso,)(Pno,)

Ans. (vii)  Hetereogeneous equilibrium w9 A= Kc = [N2] Kp = (Pw)

H-2.  For the reaction: CaCO3 — CaO(s) + CO2(g); Kp = 1 atm at 927°C. If 20g of CaCOs were kept in a
10 litre vessel at 927°C, then calculate percentage of CaCOsremaining at equilibrium :
JfAfhar CaCOs == CaO(s) + CO2(g); Kp = 1 atm & oy 927°C R K, = latm & | IfT 927°C R & 10
Sfier U § CaCOs &1 20g foran SR, 99 AreTaReNl R 99 8¢ CaCOs 31 Uirerdar a1 srii?
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Chemical Equilibrium

Ans. 50%

Sol.  CaCOs = CaO(s) + COx(g)
0.2—x X X
Kp = PC02 :1
x = mole of CO2 (CO2 & Hrei) = %

Remaining mass of CaCO3 (CaCOs; &1 ¥1¥ §&gA ) = (0.2 — x) 100g.
H-3. For the given reaction at equilibrium :
AgNO3(s) — Ag(s) + NO2(g) + %Oz(g)

If total pressure at equilibrium is P, then calculate Kp for the given reaction.

g ) e arfafeear fo i 32—
AGNOs(s) == Ag(s) + NOx(g) +  Ox(0)
Ife A W B g9 P B A Q1 18 AR & fag Ke aR&fera ST |

2 32
Ans.  Kp=—=2_P
3302

Sol.  AgNOs(s) = Ag(s) + NOx(g) + %Oz(g)

p1 p1/2
Total pressure (e <19) = (given e m ®)
2P
‘. pl = ? .............. (A)

1/2 2
/
Kp = F’Nozxp%>22=plx[3j =@P

Section (l) : Degree of dissociation (a) and vapour density
Gus (1) : fIASH B AT (o) TA I TEAE

I-1. N204 is 25% dissociated at 37°C and one atmosphere pressure. Calculate (i) Kp and (ii) the percentage

dissociation at 0.1 atmosphere and 37°C.

qrg 37°C 9T @ 1 atm TR N20s, 25% A= &ram 8 | 01 &1 | (i) Kp G2 (i) 37°C 9 0.1 atm 1§ W

gfererd faer |
Ans. (i) 0.266 atm (ii) 63.25%
Sol. N204 — 2NO:

1 0
1-.25 .50
.75 .50 Ntotar = 1.25
_( .75 . _( .50
Ao, _(1.25] ’ Po, = (1.25]
Pvo, ) 2
_ (Pvo,)” _ (50/1.25)* _ .50x.50 -4 _ 0266
(Py0,)  (75/1.25) 1.25x.75 15
At pressure 0.1 atm (0.1 atm T¥ W),
N20s — 2NO:
1 0
(1-a) 2a
_(1-a . _ [ 2a
Pn,0, —(1+a] x01 Pyvo, = (—Haj x 0.1
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Chemical Equilibrium -

2
[ﬂxo&} )
_ 1+a . _ 4a°x0.1
Aiarc e — P Ara)(i—a)
[ ‘“Jxo.l (ro)i-a)
l+a
2
0.266 = 21X4%°
1-a
0.665 = (1 + 0.665) o . - o = 63.25%.

[-2.=. At temperature T, the compound AB: (g) dissociates according to the reaction; 2AB2 (g) — 2 AB(g) +
B2(g).With a degree of dissociation x, which is small compared with unity.Deduce the expression for x in
terms of the equilibrium constant, Kp and the total pressure, P.

T du R, Afs AB: (g) & TS ifafhr & gwR faAifra BT 8, 2 AB2 (g) = 2 AB(g) + B2(g) I}
fodo @ A3 x 8 S 6 18 P AN H BH 2| x B A9 ReR® K I A 9 PP UG H A

P |
1/3
Ans. Xx= {ﬁ}
P
Sol. 2AB2(g) = 2AB (g) + B2 (9)
t=0 a 0 0
a(l-a) (ac) @
TOtal mole:a[]__a+a+% ] a[22+a]
AB, :8(1——0(,)X2 x P ; Pag = aox?2 x P
a(2+a) a(2+a)
5]
_ L2 T «
e _{2+a} xP.
2
2
( 20 XPJ ( o xP]
Kp = 2+a 2+0;
(Mxpj
2+P
o << 1.
3 1/3 1
Kp = ﬂ; O‘z[ﬁj i.e.x= (ﬁ]
2 [} P
&l 2AB2(g) = 2AB (9) + B2 (9)
t=0 a 0 0
a(l-o) (aa) @ (Here a. = x)
vgania:a[l_aJraJr%] a[22+cx]
s, = 20902 a2 o
a(2+a) a(2+a)

_ 2 _ o
Pe, = a+a) |:2+0L} )
2

2 2
o xP o xP
_\(2+a 2+
Ke =

(2(1—(1)@}2
2+P
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Chemical Equilibrium -

a<<l1.

3 1/3 1/3
=P as(2e] at xo(2e)

2

I-3. Vapour density of the equilibrium mixture of NO2 and N204 is found to be 38.33. For the equilibrium
N204(g) = 2NO2(Qg).

Calculate :
(i) abnormal molecular weight. (i) degree of dissociation.
(iiif) percentage of NOz in the mixture. (iv) Kefor the reaction if total pressure is 2 atm.
AT N204(g) = 2NO2(g) & folt NO2 @ N2O4 & g 8101 &1 a9 ¥+ 38.33 U1 STl @
71 @Y IO BT
(i) TR SMfPadh R (ii) faars= @t A
(i) fsmo1 & NO2 @Y ufereraan (iv) sfafsran & foag Ke, I gt <19 2 atm
Ans. (i) 76.66 (i) 0.2 (iii) 33.339%  (iv) 1/3
Sol.  N204(g) == 2NO2(g)
a (1l-o) 2ao

(i) Mobs = 38.33 x 2 = 76.66
a(l- o) x92 +2a0 x 46

(i) 76.66 =
a(l+ o)
a=0.2
(i) % of NO2 = 2aa. x100 = 33.33%
a(l+a

2
200
2 [1+ a * 2)
(v) Kp = PN = =0.33
pN204 1-a 2
1+a
I-4. When sulphur in the form of Ss(g) is heated at 900 K, the initial partial pressure of Ss(g) which was 1 atm
falls by 29% at equilibrium. This is because of conversion of some Sg(g) to Sz(g). Find the K, for reaction,

Ss (9) == 432 (9)
900 K TR 319 R &l Sg(g) & ®U # ¥ fdhar Siar 8, dl Ss(g) &7 Mf¥® q@ 1 atm I gchr AT W

29% ®¥ B ST & | U Ss(g) & S2(g) # gRac & HRor B 2 | 3fAfhan, Ss (g) == 4S2 (g) & U Kp

EIGECNE
Ans. 2.55atm?®
Sol. Ss(g) —=— 4S2(9)
timet=0 latm 0
At. eq. (1—x) 4x
Pressure of eq. 1 —0.29 4 x 0.29.
Ko = (Ps, )4 _ (4x029)*
Ps, 0.71
Kp = 2.55 atm?3.
Bel. Ss(g) — 4S2(9)
THIt=0 latm 0
N R (1—x) 4x
A R g9 1-0.29 4 % 0.29.

4
P. 4

KP:( s,) _ (4x0.29) .
Ps, 0.71

Kp = 2.55 atm?.
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Chemical Equilibrium -

Section (J) : Thermodyanamics of equilibrium
GUs (J) : I IJTRAT YR HHTIfd!

J-1.

Ans.

Sol.

J-2.

Ans.

Sol.

For the reaction, S0z (g) + 1/202(g) = SO0s3(g)

AHC9g = —98.32 kJ/mole, AS®9s = —95.0 J/mole-K. Find the K; for this reaction at 298K. (Given that 10-%" =
1.86)

ifafar & fog, SO2 (g) + 1/202(g) = SO3(9)

AHC205 = —98.32 kJ/mole, AS%ss = —95.0 J/mole-K & 1298 K W 1fafhan & ford Kp ST &) |
(feam ar & : 1027 = 1.86)

Kp = 1.86 x 10%2 atm~?
S02 (g) + %02 —> Sos (g)

AH° = —98.32 KJ/mole = — 98.32 x 10° J/mole

AS° = — 95.0 J/mole°K

AGO = AHO — T AS® = — 98.32x10% — [298 x (— 95)] = — 98.32 x10° + 28.310%10°
AG°=—70.01%x10°

AG° =-2.303 RT log Kp

—70.01x10°% = — 2.303%8.312x298 log Kp

70.01x10°% = 5.705%10° log Kp

12.27 = log Kp

Ky, = 1.86 x 102 (atm)¥?

From the following data :

(i) Hz2(g) + CO2(g) == H20(g) + CO(q) ; K2o0ok = 4.4

(i) 2H20(g) = 2H2(g) + O2(q) ; Kzo00x = 5.31 x 10710
(iii) 2CO(Q) + O2(g) = 2CO0O2(Q) ; Kook = 2.24 x 10?2

State whether the reaction (jii) is exothermic or endothermic?

=1 gaeli | ¢

(i) Hz(g) + CO2(g) == H20(g) + CO(g) ; Kaoook = 4.4

(i) 2H20(g) = 2H2(g) + O2(q) ; Kzo000x = 5.31 x 10710
(iii) 2CO(Q) + O2(g) = 2CO02(Q) ; Kook = 2.24 x 10?2

rfafera (jii) Seed & a1 SNy ® ?

— reaction is exothermic. (3rfAfshar (iii) Soerdt 8)
Equation 31fRifaT (iii) = — [2 x () + (ii)]

1
KI K, (4.4)%x5.31x1071°
- T1 K{ = reaction (jii) is exothermic. (rafshar (iii) Somerd 2)

=9.7 x 107

*. K2o00 (jiiy =

Section (K) : Le-chatelier's principle

Gus (K) : AN—3mafery Rigra

K-1.

Ans.

Which of the following reactions will get affected by increase of pressure? Also mention, whether change
will cause the reaction to go into the right or left direction ?

=1 afwfoha R I 9o &1 59 UeR | uWE Bar @ a1 g8 W gdrel & srfesar | uRad= e fawm
@ &) # A1 yvg fewn @ &iR) # grm?

(i) CHa(g) + 2S2(g) == CS2(g) + 2H25(9)

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

(iii) 4NHzs(g) + 502(g) = 4NO(g) + 6H20(Qg)

(iv) C2Ha(g) + Hz(g) == C:2He(9)

(i) unaffected; no shift (i) affected ; left direction.
(iii) affected ; left (iv) affected ; right

(i) swwifad ; @18 uRacs =81 (i) wwrfaa ; SR f=m

(iiii) wfaa ; IR feem (iv) wTfaa ; SRfY faem

/\

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

Chemical Equilibrium -

Sol. (i) In this case np is equal to nr
This reaction will not be affected by increase of pressure.
(if) 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) 4NHs(g) + 502(g) == 4NO(g) + 6H20(Qg)
The reaction would be affected by increase in pressure because np is different from n.
Increase in pressure shifts the equilibrium in left direction because n: is less than np.
(iv) C2Ha(g) + Hz2(g) == C:2He(9)
The reaction would be affected by increase in pressure. Increase in pressure will shift the equilibrium
towards right because np is less than ny.

g () 59 gRRAfY & np o nFH = B |
Ffafhar W T 9gM W B 991G &I B 2 |
(i) CO2(g) + C(s) == 2CO(9)
59 AfAfhar § S @& IR A (np = 2) PaTeRs & IRfF AA (0 = 1) B (e Af¥F B | T
AfAfpaT <9 ggM W yIfdd ERft | ArgTaRen W QW 9o WX Iifwfhar S9 fwn # ufq exc 21 o' W™ B
Al &) G B9 B I AMfhAT 9 ggM W) Uy fIen # ufay el 2|
(iii) 4NH3(g) + 502(g) == 4NO(g) + 6H20(Qg)
g AfAfHaT S 9gM W FHIfd B F&ifd np, n A ST B, SAY Q@ g™ WR AfAfhar ey fem § Wiy
B & | RPN, NpH PH B |
(iv) C2Ha(g) + H2(g) == C2Hs(g)
g Afafehar g9 9gM W yaifed &M | &9 g8 WR Afffhar o fwm | wfy #R< B | RIS np, ned BH B

K-2.  Using Le Chatelier's principle, predict the effect of
(i) decreasing the temperature and (ii) increasing the pressure on each of the following equilibria :
(a) N2(g) + 3H2(g) == 2NHz3(g) + Heat (b) N2(g) + O2(g) == 2NO(g) + Heat

() H20(g) + Heat =—= Hz (g) +% 02 (q) (d) 2CO (g) + Oz (g) = 2CO: (g) + Heat

f—wmdfery g &1 ST oxd g3 =1 fafed uee 9m1 w® <1 & uWe &1 99smsy —
(i) TTIHE ¥ HHT TR T (i) <9 H gfg W)

(a) N2(9) + 3H2(g) == 2NHs(g) + &&= (b) N2(9) + O2(g) == 2NO(g) + &=

(c) H20(g) + &% — H2 (g) + %Oz (9) (d) 2CO (9) + Oz (9) == 2CO2 (9) + &=
Ans. (i) When decreasing temperature

(a) Forward (b) Forward (c) Backward (d) Forward

(i) Increasing the pressure

(a) Forward (b) No change (c) Backward (d) Forward
Ans. (i) 59 T99E § S B B |

(a) 3a (b) 31 (c) gza (d) 311

(i) e ¥ gfg Bl € |

(a) 3a (OEIEREEEREE] (c) gza (d) 3t

K-3.  The decomposition of solid ammonium carbamate, (NH4)(NH2CO2), to gaseous ammonia and carbon

dioxide is an endothermic reaction.

(NH4)(NH2CO2) (s) — 2NHzs (g) + CO2(g)
(a) When solid (NH4) (NH2COy) is introduced into an evacuated flask at 25°C, the total pressure of gas at
equilibrium is 0.3 atm. What is the value of Kp at 25°C ?
(b) Given that the decomposition reaction is at equilibrium, how would the following changes affect the
total quantity of NHz in the flask once equilibrium is re-established ?

(@) Adding CO2 (i) Adding (NH4) (NH2COy)

(iii) Removing CO:2 (iv) Increasing the total volume
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Chemical Equilibrium -
v) Adding neon (at constant volume) (vi) Increasing the temperature.
3 MY PEtAe 1 /Y I 3R Fre-es MRITss ¥ fAued Uh UbR &1 SR ififhar 2—
(NH4)(NH2CO2) (s) == 2NHs (g) + CO2(qg)
(@) 25°C R faifid 9a® d§ 9@ 3 (NH4)(NH2CO2) &1 STell Wil & a1 9/ R 19 &1 $od a9
0.3 atm BT 8 | 25°C R Kp BT HF BT ?
(b) T fear a1 & o fdaea Aifafhar arg eazen # 8, 91 W afe f=fafed aRads f&d o a1 o
H NHz &1 G A3 1R T 997G TS |
(i) CO, STe™ W (ii) (NHa) (NH2CO2) 8Te W)
(iii) CO, F=pIRId A W) (V) A dFIH TeM W
(v) feid STeM R (RURRY madH)  (vi)  OTUshH §eM WR
Ans. (a) 4 x 107 (b) (i) decrease (ii) no change (iii) increase (iv) increase (v) no change (vi) increase
(@) 4 x 1072 (b) (i) Tear & (i) @1 uRad+ w21 (i) gga1 8 (iv) 981 & (v) BIs uRadd =21 (vi) 9gdT B |
Sol.  (NH4)(NH2COz2) (s) = 2NHs (g) + CO2(9)
2P P
Total pressure (e <19) = 2P +P = 0.3
P =0.1 atm
Kp = (2P)?P =4P®*=4x 103 atm?®

K-4. Following equilibrium is established at temperature T.

Ag) == B(@ +C(9)
ateq. 1M 2M  2M.
If volume of the vessel is doubled then find the equilibrium concentration of each species.

(Given that : \J40 = 6.324)
ferforRaa ™= &1 g T 9= wRfid fhar Sirer 2 |

A(Q) == B(@) +C(9)
IR W IM 2M  2M.

IS ural BT YA G DR QAT S q9 b RISl Bl A Alscll Sl DIfoTg |

(feam ar 8 40 = 6.324)
Ans. [A]=0.34M, [B]=1.16 M, [C] =1.16 M.

Sol. A(Qg)=— B(g) + C(g) Ke =4
1 2 2
0.5 1 1 Qc=2< Kc
2
05-x 1+X 1+X 4= 1%)
0.5-x
X = 0.162 [A] = 0.338 [B] = [C] = 1.162

Section (L) : Vapour pressure and Relative Humidity
QU (L) : 919 9 qT IMferes 3k
L-1.= Equilibrium constants is given (in atm) for the following reaction 0°C :
NazHPO4.12H20(s) =— Na2HPO4.7H20(s) + 5H20(q) Kp=2.43x 10713
The vapour pressure of water at 0°C is 4.56 torr.
At what relative humidities will Na2HPO4.12H20(s) be efflorescent when exposed to air at 0°C ?
0°C R o1 arfafshamsti & forg Argmazen fadis (atm #) faar a1 © -
NazHPO4.12H20(s) == Na2HPO4.7H20(s) + 5H20(g) Kp=2.43 x 10713
0°C R T &1 914 G 4.56 TR 2 |
§9 0°C R NazHPO4.12H20(s) BT a1 # a1 BI$T, A1 5 3MMUferd aeadr iR Scgeadd sIM?
Ans.  below 50% (50% 1)

Sol.  Kp= (Ry0)°

Pu,0 :
R.H. <r;6 (Py,0in torr)

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

Chemical Equilibrium -

L-2. Equilibrium constant for the following equilibrium is given at 0°C.
NazHPO4.12H20 (s) == NazHPO04.7H20(s) + 5H20(g) Kp=31.25 x 107
At equilibrium what will be partial pressure of water vapour :
fr=foRaa, R M, 0°C R AR NaHPO4.12H20 (s) == NazHPO4.7H.0(s) + 5H.0(g) &1 | Rerid
Kp=31.25x 10723 § | AT S1a%AT WR T BT AifH 3§ o7 BT
Ans. 5x102%atm.
Sol. NazHPO4 .12H20(s) == Naz2HP0O4.7H20 (s) + 5H20 (g) Kp = 31.25x10713

Ke= (Pyo)°

(Pn,0)° = 31.25x107%*

(Ph,0) = (3125)Y x (107%)**
(Pu,0) =5x107°

Section (M) : Simultaneous equilibria

QU (M) : FHETOP AT JIU AR

M-1.= Two solid compounds A and B dissociate into gaseous products at 20°C as
() As) == AY(g) + H25(g) (i) B(s) == B(g) + H2S(9)
At 20°C pressure over excess solid A is 50 mm and that over excess solid B is 60 mm find :
(a) The dissociation constant of A and B

(b) Relative no. of moles of A’ and B' in the vapour phase over a mixture of solid A and B.

(c) Show that the total pressure of the gas over the solid mixture would be 79.33 mm

31 3 Afe A o1 B IRy Sarel § 20°C 9™ R 4 yaR faafa g 21

() A(s) == AY(g) + H2S(g) (i) B(s) == B'(g) + H25(9)

20°C d1Y WR 37fIqd S A® HUR &9 50 mm B d 3MAFT 3 B & $HUR 60 mm 8 dl F1d BT
(a) AT B &1 faae Reria

(b) 3T AT B& AT & HUR A i § A' 1 B' & JATHD Al

(c) 7g W REEy & 39 34 AT & FW I & G a9 79.33mm B |
= 2 = 2 =
Ans. (a) Kp =625mm?, K, =900 mm (b) =

Sol.  A(s) = A'(9) + H2S(g) B(s) = B'(g) +H2S(g)
A(s) = A'(g) + H2S(g) P =50 mm = Pu,s = Pa=P/2=25mm
B(s) — B'(g) +H2S(q) P =60 mm = Pu,s = Per=P/2=30 mm

(i) Kp, = (25)? = 625 mm?
Kp, = (30)* = 900 mm?
(ii) Ratio of moles is same as that of partial pressure so (HIel &1 U ARTH I & AU & FAM ),

Als) == A + H25(g)
P1 Pi+ P2
B(s) =— B(g) + H25(g)
P2 P2+ P1
KP1: Pa X PHZS = Pl(Pl + Pz) ......... (l)
KPZ = Pgp' X PHZS = PZ(Pl + Pz) ......... (ll)
Koo P o2
Ke, P, 36

(iii) total pressure (@ §1¥) = P1+ P2 + (P1+ P2) = 2(P1 + P2)
(i) + (i) = (P1+ P2)?

prl +Kpz =P1+ P2

Pr=2x( Kpl +Kp, ) = 79.33 mm.
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Chemical Equilibrium -
M-2.  When NO & NO: are mixed, the following equilibria readily obtained;
2NO2 == N204 Kp = 6.8 atm™
NO + NO2 — N20s Kp =7
In an experiment when NO & NO2 are mixed in the ratio of 1 : 2, the total final pressure was 5.05 atm &
the partial pressure of N2O4 was 1.7 atm. Calculate
(a) the equilibrium partial pressure of NO.
(b) Kp for NO + NO2 — N203
T4 NO Ta1 NO &1 fialrd ® o doft & =1 araaren wonfid 2 2 |
2NO2 = N204 Kp = 6.8 atm™
NO + NO2 = N20s Kp =7
TH TAT H S NO A NO. ®1 1:2 % Igurd # et & @1 gt 31f~a9 @ 5.05 atm 1 ST 8 | N2Oa B
¥ 9 1.7 atm 81 ST 8, 0T $HR1—
(a) NO &1 ATgraRe JAiRTe T4
(b) NO + NO2 — N.Os31fufthar & forwK,

Ans. (a) 1.05 atm, (b) 3.43 atm™
Sol. For I equilibrium 2NO2 =— N204
N
Kp=—"2%_ =638 e (1)
(Pn,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 i NO2 — N20s3
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,o, =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,+ Pno,t Pino,
=P-x+05+x+17

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

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

Now Kp for NO + NO2 — N20s3

Kp =— _ N0 180 - 343atm
PNox Pno, 105x05
Sol. 19/ & fa@ 2NO2 == N204
Kp= MO N0 = 6.8 e (1)
(Pn,0,)
Pn,0, = 1.7 atm By Eq. (1) ; P'no, = 0.5atm
1:2% 3gurd § NO T2 NO2 o+ WR AR |dferd I8dl © |
| & forg NO  + NO, = N203
UR®($ ST P 2P 0
N IR 91 (P —x) (2P —x-3.4) X

P',0, =1.7 atm UIal &%+ &g 197 § NO2 @ 3.4 atm 16 &I SUaIT &Il & |
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Chemical Equilibrium -
qH ) (P-x) 0.5 X
(~+ P'o, 3F1 AR H A9 & gafog < sifdfhand ve & wHe | wgn)
AR R g A (R ganm & 5.05 atm)
= PNnot+Pno, *P'n,0, 1P N,0,
=P—-x+05+x+ 1.7
5.05=P+2.20
P=5.05-2.20
P =2.85 atm
2P -x-3.4=05
2%x285-x-34=05
X =5.70-3.90
X =1.80 atm
Pyo= 2.85—1.80 = 1.05 atm

3d Kp @ folg  NO + NO2 — N20s

PNn0,  1.80
K =PyoxPyo, 1.05x0.5 =3.43atm™

PART -1l : ONLY ONE OPTION CORRECT TYPE
T - Il : B b Hel fddhed YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Properties of equilibrium, active mass, homogeneous & heterogeneous equilibrium
(theoritical)

Gue (A) : IR &) faRvan, afha geme, SR 7o iy 9 saxen (Qgifos)

A-1. A reversible reaction is one which

(A) Achieves equlibrium state (B) Proceeds in both directions
(C) Does not occurs at all (D*) Both (A) and (B)

TH oA Sifdfshar & S

(A) AT YA U DRl © | (B) T4 faem # wify @=cll & |
(C) arfdfhar H¥= =21 Il | (D*) (A)Td (B) &1

A-2.» A chemical reaction is at equilibrium when
(A) Measurable properties becomes constant  (B) The rates of forward and backward reactions are

equal

(C) Net rate of reaction is zero (D*) All are correct

TS RS Al Arasel R & o ¢

(A) o= o1 a8 9 © (B) 31 Afafshar & &= e uwd IfAfhan @ &) FHM B B |

(C) rfaferan @t &= =T Bl B | (D*) SRIFT T
A-3. Molar concentration of 96 g of Oz contained in a 2 litre vessel is :

(A) 16 mol/litre (B*) 1.5 mol/litre (C) 4 molllitre (D) 24 molllitre

2 &ilex U H SURed 96 I O, & W=l &1 B8R |

(A) 16 #rct/efiex (B*) 1.5 Hrat/eilex (C) 4 HAralfeiex (D) 24 HAre/eiiex
Sol.  Molar conc, =10 ©Of moles of Op _96 ,1_, gy

volume (in litre) 32 2
_0, & Hidl B w96 1 _

T,  AloR Arsdl= s AR =5 X5 =15M
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Chemical Equilibrium

A-4.%. Find correct graph reagarding equlibrium state :

conc. ‘ 7: con

(A) time

ma'cr\'@ﬂa%mm“ra;ﬁ%l

(A)

Ve
NHY (B)

<

time

e

conc. ‘ E

time (D*) All of these

L

T (D) SWRIGd a4

Sol. At equilibrium rates of backward and forward reactions become equal.
Sol.  A™I W I AR UzH rfAfHATe @ SR SRTER B Wl ¥ |

A-5m

N, + H, == NH

4

Cc

N, + D, = ND,

b

Initially the reactions in the container a & b are at equilibrium when the products & reactants are put
together in a container ¢ then at the equilibrium the total number of different chemical species are :
U™ H ad bua H AMHIN 9 WX 2| 99 U ¢ H SAE qU1 AERS QNI B Uh A1 I@d g a9

A R A= e WRIS (species) @ G A& 5—

(A) 5
Sol. These will be formed

gl I faffa gii—

Section (B) : Homogeneous equilibrium : K¢ in gaseous system

|7

N2 NHD>
H2 NH2D
D2 HD
NHs

NO3z

N2 NHD>
H> NH2D
D2 HD
NHs

NO3z

€) 6

WUs (B) : GHFNYT WY 3awer : Iy a5 & Kc

B-1.= In areversible reaction A=—

2

(b) 8

B, the initial concentration of A and B are a and b in moles per litre, k1 and

k2 are rate constants for forward & backward reactions respectively and the equilibrium concentrations are
(a—x)and (b + x) respectively; express x in terms of ki, k2, a and b.

B ¥, A JYT B & URMA®S Ar<d’ a dam b A1d Ufd ofiex 8, ki T ko 3T

Th Iapaviiy Ififehar A =—

afufshan @ geg arfwfshar & f%«ﬂq R Fudie g dun 9= Arsa’l HASE (@ - X) T (b + X) B 1 X BT ka, ke, @

Tl b, d US] H I BT |
kla—kzb

kla k2b
ki + ko

(A%)

(B)

ky —kz

(©)

kla kzb

kla+ k2b
ki + ko

(D)

N\ Resonance”’
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Chemical Equilibrium -

K,
Sol. AS— B Ko=Xa = brx
2 K2 a—X
a-x b+x X = Ka=Kb Therefore, (A) option is correct.
K +Ky

gafay, (A) fdwen W& = |

B-2.= The reaction A(g) + B(g) — C(g) + D(g) is studied in a one litre vessel at 250°C. The initial
concentration of A was 3n and that of B was n. When equilibrium was attained, equilibrium concentration
of C was found to the equal to the equilibrium concentration of B. What is the concentration of D at
equilibrium?
250°C W arffhar A(g) + B(g) == C(g) + D(g) &1 Th <ilex 1= | Fegg= fhar oar 21 A & uR™®
AT 3n TAT B &1 n off | 19 AT WA Bl 8, C & AR 9=dl; B &1 G/ Arsdl & 99 il 18 |

I R D B Alsdl =T 87

(A*¥) n/2 (B) (3n — 1/2) (C) (n—n/3) (D) n
Sol. 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

B-3.= The figure show the change in concentration of species A and B as a fuctional of time. The equilibrium
constant Kc for the reaction A(g) =— 2B (@) is:

I 0.4M
2 0.3M
©
= 0.2M|
g 0.1M
3 T Time—»
(A*) Ke>1 (B) Ke<1 O Ke=1 (D) data insufficient

Ry T o § A1 B @& Ir=dl § uRddd @ 99T ® Bod @ 9 fewrm W B fifkar & forw
A(g) = 2B (g) AT 3raxeN ReRTH K BT 719 §

0.4M

0.3M

0.2M }---7

0.1M |5

Ty —>
(A%) Ke > 1 (B)Ke< 1 (C)Ke=1 (D) Sifrs AT B |
Sol.  Ke=BL_©@4° _ g
[A] 0.1

B-4. K¢ =9 for the reaction, A + B — C + D, If one mole of each A and B are taken, then amount of C in
equilibrium is :

(A) 1 (B) 0.25 (C% 0.75 (D) None of these
Affpar, A+B=—C+Da falt Kc.=9 & I ATAT BUAS & U& Al foral Sal & a1l =1 | C @l
A= T 2
(A) 1 (B) 0.25 (C* 0.75 (D) 79 | BIg T2
Sol. A+ B — C+ D
YR Initial 1 1 0 0
TR UX At equili. 1-x @A-% X X
- [C1 B _g4
[A] [B]
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Chemical Equilibrium -
X . X _
@-x?
orar x?=9+9x?>-18x
orar  8x?-18x+9=0
3 3

Xx== or=
2 4

Hence, among the given options, the option (C) i.e., 0.75 is correct.
o fad ¥ fAeedi § & fAde (C) 1 0.75 98 7|

B-5.  The equilibrium N2(g) + O2(g) —= 2NO(qg) is estabilished in a reaction vessel of 2.5 L capacity. The
amounts of N2 and O: taken at the start were respectively 2 moles and 4 moles. Half a mole of nitrogen
has been used up at equilibrium. The molar concentration of nitric oxide is :
25L &wal & ura § AfAfhar § N2 (g) + Oz (g) == 2NO (g) &1 I 1fid &1 8 | R § N2 T2 O
DI Al TG A HEL: 2HS TAT 4 AIA © | R W ARGION B A ATA BT SUAN B ST BT © | SIS D

ATRATES DI AR Flsdl s8I ¢

(A) 0.2 (B*) 0.4 (C) 0.6 (D) 0.1
Sol. N2 + 02 =— 2NO
Initial 2 moles 4dmoles
AtEq 2- = 4-1 2x1 =1mol
2 2 2
Molar concentration of NO at equilibrium = 5 3 E =04
Bal. N2 + Oz — 2NO
qR™ 2 A 4 A\
A W P 4-1 2x1 =190
2 2 2
WWNOﬁWWzZ & - =04

B-6.  An equilibrium mixture for the reaction 2H>S(g) = 2H2(g) + S2(g) had 1 mol of H2S, 0.2 mol of Hz and
0.8 mol of Sz in a 2 litre flask. The value of Kc in mol lit? is :
fAfHaT 2H2S(g) == 2H2(g) + S2(g) ® AT AT § UH 2 llex Tk § 1 #led H2S, 0.2 Arel He @21 0.8

AT S SURYT B | Ke BT A At eilex 1§ 2

(A) 0.08 (B%) 0.016 (C) 0.004 (D) 0.160
(o.zjz (o.sj
2 ) 2 3
2
Sol.  Ke= [1J = %x[%j = 0.04 x 0.4 = 0.016
2

Section (C) : Homogeneous equilibrium : Kp in gaseous system
WUE (C) : AT IR 3T : g 73 7 Ke
C-1. Whatis the unit of Kp for the reaction ?
CS2 (g) + 4H2 (9) == CHa (g) + 2H2S (9)
AR & g Kp @1 3HTS qamall ?
CS2 (9) + 4Hz (9) == CHa (9) + 2H2S (9)
(A) atm (B*) atm= (C) atm? (D) atm™

C-2» Nz and Hz are taken in 1 : 3 molar ratio in a closed vessel to attained the following equilibrium

N2(g) + 3H2(g) == 2NHas(g) . Find K for reaction at total pressure of 2P if By, at equilibrium is%

4 4p?
B*) — C) — D) none
(B) (©) 3 (D)

1

(A) 37
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Chemical Equilibrium -

Sol.

C-3=

Sol.

Sol.

C-5»n

AT N2(g) + 3H2(g) = 2NHs3(g) U< &R1 & ford T 98 Ui d No @2 Hz 1 1: 3 AleR AU H o
2| Affhar & fod a1 @ 2P 8 @1 Kp 91d a1 AR Pszwgél

1 4 4p? :
n L (B —= ©) == (D) P1é T
3P 3P 3
N2(g) + 3H2(g) == 2NHs3(g)
P
At equilibriumg P , % +P +Py, = 2P
(™ W)
2P 2P
_2 P _ 3 3 _ 1 4 _ 4
PaH, =—5— Kp="=5—2—= = — Kp =
A TP P23 - T3 p?

The equilibrium constant, Kp for the reaction 2S02(g) + O2(g) =— 2S0s3(g) is 4.0 atm™ at 1000 K. What
would be the partial pressure of Oz if at equilibrium the moles of SO2 and SO3 are the same ?
2S02(g) + 02(g) = 2S0s(g) & ford Kp &1 A9 1000 K R 4.0 atm™ & | AR 3f@RAT § O, PT 3% I/

F1d P Afe SO2 Td SO & AT G &1 ?

(A) 16.0atm (B*) 0.25 atm (C) 1 atm (D) 0.75 atm
2502(g) + O2 =—2S0s3(Qg)
Kp = 4.0 atm™2
3
Kp = (5023)
(S0,)7(03)

Given that at equilibrium the amount of SOz and SOzis the same so
e a1 B, AR WX SO, AT SOz H /AT WA B | fa:

(sos)?

528 o4 [0z =1 =0.25 atm.

(S02)°(02) y

For the reaction

Az(g) + 2B2(9) = 2C2(9)

the partial pressure of Az, B2 at equilibrium are 0.80 atm and 0.40 atm respectively. The pressure of the
system is 2.80 atm. The equilibrium constant Kp will be

(A*) 20 (B) 5.0 (C) 0.02 (D) 0.2

Az(g) + 2B2(9) == 2C2(9)

AR W A:Td B, &1 37R1% &9 0.80 atm TG 0.40 atm 2, Il e & o) 1 <@ 2.80 atm &1 @1 9=

e Ky &1 99 /T 819

(A% 20 (B) 5.0 (C) 0.02 (D) 0.2
Az(9) + 2B2(9) == 2C2(9)
Pa2=0.80 atm., Ps2= 0.4 atm.
Total pressure of the system = 2.8 atm. 5. Pc2 =28-08-04=16
P 2
Kp= — 2 = (.6) = 20

PAZXPSZ 0.8 x (0. 43

PCls — PCls + Clz in the reversible reaction at equilibrium the moles of PCls, PCls and Cl. are a, b and ¢
respectively and total pressure is P then value of Kpis :

A R UHh IShAYR AMfHAT PCls = PCls + Cl2 § PCls, PCls @1 Clz & Al %991 a, b @1 ¢ & qen
FHA IE PE Al K ®1 A4 7 & -

bc b " bc.P c
) ;'RT ®) (a+b+c)'P € a (a+b+c) © (a+b+c)’

/\
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Chemical Equilibrium

Sol.

C-6.=

Sol.

C-7.

Ans.

Ans.

b c
Px xP
_P'PCI3xP'Cl, _ (a+b+c) (a+b+c)
P P'PCls a
(a+b+c)
- bcP
a (a+b+c)

A sample of pure NO2 gas heated to 1000 K decomposes : 2NO2(g) — 2NO(g) + O2(g). The equilibrium
constant Kp is 100 atm. Analysis shows that the partial pressure of Oz is 0.25 atm. at equilibrium. The

partial pressure of NO2 at equilibrium is:

YE NO2 I & T &1 1000 K IR T &R+ R 8 71 gaR fagfed e 8, 2NO2(g) = 2NO(g) +
O2(g). AT=Ia=en fiars Ke 100 atm. B | fIgeiyor &1 W= gar @ell f& A/ O, &1 31if¥% 19 0.25

atm. 2 | 9/ W) NO2 &1 31if3rh g9 &1 8 -

(A) 0.03 (B) 0.25
2NO2 = 2NO(g) + O2(g)

2
Ko = (Pno) (P;)z)
(Pno,)
given (f&am =T 8)
Poz2=0.25; Pno = 0.5

_ (0.5 (0.25)

100 =
(Pno,)?
(Proa)? = (0.57 (0.25)
100

Pno2 = 0.025

(C*) 0.025 (D) 0.04

The reaction, PCls = PCls + Cl: is started in a five litre container by taking one mole of PCls. If 0.3 mole
of PCls is there at equilibrium, concentration of PCls and Kc will respectively be :

PCls & 1 HId & @b Uid oilex & Uil # 3iffhar PCls — PCls + Clo @& UR#™ fdhar wiar g1
Ife A1 R PCls & 0.3 A 81, Al PCls @) A=l g Ke HH: 74 81

(A%) 0.14, % (B) 0.12, %
PCls — PCls +
1 0
1-0.7 0.7
5 5

Total mole of PClz = 0.7
Concentration = 0.14

x> 0.7x0.7 _ 49

Kc = = S—
(1-x)V _ 0.3x5 150
PCls = PCls +
1 0
1-0.7 0.7
5 5
PCls & &a A = 0.7
AT = 0.14

_ x> _0.7x0.7 _ 49
Kc = = ==
(1-x)V  0.3x5 150

(C)0.07, 22
100

Cl2

0

07
5

o ©

49
D) 20, —
©) 150

Initial mole

Conc. at equilibrium

URMRIS A
TR IR ATl

/\
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Chemical Equilibrium A\
Section (D) : Relation between Kp and K¢
QU (D) : Kp TAT Kc & He ¥R
D-1.= At 527°C, the reaction given below has Kc =4
1 3
NHs (9) == 3 N2(9) + - Ha(9)

What is the Kp for the reaction ?

(A) 16 x (800 R)? (B) [%j_z (C*) 4 x 800 R (D) None of these
Afafpar & fog, 527°C W Ke =48, @
NHs () == 2 Na(g) +3 Hz(0)
afaforar & forg Ke @7 8117 2
(A) 16 x (800 R)? (B) [803 R]_z (C*) 4 x 800 R (D) T & P T

D-2.  The value of Kpfor the reaction, 2H20(g) + 2Cl2(g) — 4HCI(g) + O2(g) is 0.03 atm at 427° C, when the
partial pressure are expressed in atmosphere then the value of Kc for the same reaction is :
427°C R IfAfhaT 2H.0(g) + 2Cl(g) == 4HCI(g) + O2(g) & foTT Kp &1 &9 0.03 atm & <19 31ifdrd <79
P1 IYATSAIT &4 H Fq PR © 9 39 AAHAT & ¢ Ke 1AM 2
(A¥) 5.23 x 104 (B) 7.34 x 10~ (C)3.2x103 (D) 5.43 x 10
Sol.  2H20 (g) + 2Cl2 () = 2HCI (g) + Oz (Q)
Kp =0.03 T =427°C =700 K
Kp = Kc(RT)!
Ko =Ke :{ 0.03 }
RT 0.082x 700
Kc =5.23 x 10

K . . . .
D-3.» IogK—p + log RT = 0 is a relationship for the reaction :
Cc

ﬁ?ﬂ@ﬁ%%%ﬁmlog% +log RT=0 &1 |

(A) PCls == PCls + Cl2 (B*) 2S02 + O2 — 2S03
(C) Hz + I = 2HI (D) N2 + 3H2 — 2NH3
Sol.  Using (ST &Rd gY) Kp = Kc (RT)A

so (g9fem), log E—P = Ang log RT
©
so (g4fem), Ang = 1.

Section (E) : Reaction quotient and Its applications

QU (E) : AR olics T 6D AR
E-1.» 2 mole each of SOs, CO, SOz and CO:z: is taken in a one lit. vessel. If Kc for
S0O3(g) + CO(g) == SO2(g) + CO2(g) is 1/9 then
(A) total no. of moles at equilibrium are less than 8 (B) n(SO3) + n(CO2) = 4
(C) [n(SO2)/n(CO)1 <1 (D*) both (B) and (C).
S0z, CO, SO, @M1 CO2 & UAH & 2 Aldd Bl UH ollex & i | forar oiam 81 I} SOs(g) + CO(g) —
S0(g) + CO2(g) & folg Kc=1/9%8 a9
(A) I R G Al B A& 89 FHH BN | (B) n(SOs) + n(CO2) = 4
(C) [n(SO2)/n(CO)1 <1 (D*) S (B) G2 (C).
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Chemical Equilibrium -

2
Sol.  SOs(g) + CO(g) = SO2 (g) + CO2(g) 9 =@f§]
2 2 2 7
2+X 2+X 2-X 2-X x=1
n(SO,)
Ng=3+3+1+1=8 N(S0:) +Nn(CO2) =4  mnco)y _% <1

Therefore, (D) option is correct.

sfery, (D) faded T €1

E-2. A reaction mixture containing Hz, N2 and NHs has partial pressure 2 atm, 1 atm and 3 atm respectively at
725 K. If the value of Kp for the reaction, N2 + 3H2 — 2NHs is 4.28 x 107 atm=2 at 725 K, in which
direction the net reaction will go :

(A) Forward (B*) Backward
(C) No net reaction (D) Direction of reaction cannot be predicted
725 K 0=, U&% AfAfshar fAsor #§ Hp, No 921 NHs & 31if¥% <@ #en 2 atm, 1 atm @2 3 atm 8 If} 725 W,

AfAFHAT N2 + 3H2 = 2NHs & folg Kp &7 919 4.28 x 10° atm2 8 a9 gRvm sifafshar fea fe=m & «fg

B |
(A) o1 faem & (B*) ueg faem #
(C) forelt 71 f=m # =0 (D) rfafehar @t fa=m &1 A &l IR S /el 2 |
Sol. N2 + 3H2 = 2NH3, Kp=4.28 x 10™° atm=
=2 2
Reaction Quotient, Qp = — 2 = = - =
PNZ (PHz) l>< (2) 8
Qr > Kp, .. Reaction will go Backward.
Bol. Nz + 3H2 — 2NH3, Kp=4.28 x 107° atm=
: R 32 _9
arfafrar qoTid, Qp=——2 = A
Qe Py, (PHy)®  1x(2)° 8
Qr > Kp, - Jfufpa ueg faem 9 afd S|
E-3. = CH3

|
For the equilibium CHs—CH2—CH2—CHs(g) = CHS—CID—CHs(g) equilibrium

H
constant is found to be 1.732 at 298 K. Now if in a vessel at 298 K, a mixture of
these two gases be taken as represented by the point P in the figure, predict
what will happen
(A) Immediately, above equilibrium will be setup
(B) Above reaction will go in the forward direction till it attains equilibrium
(C*) Above reaction will go in the backward direction till it attains equilibrium
(D) Nothing can be said

conc. of iso-butane

conc. of n-butane

E-3= C|3H3 E
qrey CH3—CH2—CH2—CH3(g);\CHs—(I:—CHs(g) ® fU 208K W A™ & P
H
fradie & @M 1.732 8| 99 I} Ua 9 99 # 298 K, R for R # g P @
FE A e e N i e A

(A) T, ST AT AT 81 SR |

(B) SWRIad rfwfshar 1M fen § |rgma=en urd g9 d& 9 |
(C*) SWRIad AfAfshar wiig fEen # Argma=en ur< 8 & g |
(D) BB &I BBl S Febell |
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Chemical Equilibrium -

conc. of isobutane
> Ke = \/§
conc. of n-butane

Sol. From given information, Q = tan 75° =

so backward reaction
Sol. & E WA B AMR R, Q = tan 750 == AT B o NE)
N-=T H AFEd

I afafehar geg feem § SR |

_ INHgP?

E-4.  The reaction quotient Q for N2(g) + 3H2(g) — 2NHs(g) is given by Q m
2 2

. The reaction will

proceed in backward direction, when

ArfAfHaT, Na(g) + 3H2(g) = 2NHs(g) @ forg aifafesan Tonies Q =1 aiwtas g1 = S 2—
Q:M rfafrar gear faem # 8 STe—

N2 IH
(A) Q=Kc (B) Q < Kc (C* Q>Kc (D)A=0
Sol.  When Q > Kc, the reaction will proceed in backward direction to attain equilibrium.

9 Q > K, ffshar |ra uiftq & forg uea fa=m 4 arf |

E-5. For the reaction,

2A+B — 3C at 298 K, Kc =49

A 3L vessel contains 2, 1 and 3 moles of A, B and C respectively. The reaction at the same temperature
(A*) must proceed in forward direction (B) must proceed in backward direction

(C) must be equilibrium (D) can not be predicted

afiferar, 2A+ B —=—=3C & folg 298 KR Kc=49% |
Th LD U H A, BTl C B HAI: 2, 1 71 3 Hiel SURL 8 | FHF a9 W= AfAfhar 8rifi—

(A*) 31 feem 4 (B) uzw faem #
(C) 9™ R (D) st/a =& foar s ddan
Sol _ [P _ @3
' [A[B] (2/3)°(1/3)
Q<Kc

The reaction will proceed in forward direction to attain equilibrium.

sfafspar o fem & Bt den 9= <enfd 8 |

E-6. When two reactants, A & B are mixed to give products C & D, the reaction quotient Q, at the initial stages
of the reaction :
(A) is zero (B) decrease with time
(C) is independent of time (D*) increases with time

59 & AfAPHD AT B AOH § AR S 8 o1 Scaie C 9 D g9a1 8 | AfAfhar & uRfWe sravensti #
JAATHAT T[ONd Q BN :

(A) 3 (B) I & 1Y T
(C) 97 WR iR F81 (D*) 9 @& 1A 97
_ [C] [D]
S I- - 1
ok QT

- Qc? with time (73 & a791)

Section (F) : Properties of equilibrium Constant
@Ue (F) : 9 ReRrie @) fadraamd
F-1. At a certain temperature, the following reactions have the equilibrium constant as shown below :
S(s) + 02 (g) == SO02(g); Ke1 =5 x 10%2
2S(s) + 302 (g) = 2S03(g); Kc2=10%
What is the equilibrium constant K for the reaction at the same temperature ?
2502(g) + O2 () = 2S0s(g)
(A) 2.5 x 107 (B) 4 x10% (C* 4x1077 (D) None of these
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Chemical Equilibrium -

faf¥ad am w, = afafhaet @ for i 9™ ReRris & 749 il W™ 2 -
S(s) + 02 (g) = SO2(g); Ke1 =5 x 10%2
2S(s) + 302 (g) = 2S03(g); Kc2=10%°
A FHME T R SR ® fore Arg ReRri® Ke &1 A 9arsd ?
2S02(g) + O2 (g) == 2S0s3(g)
(A) 2.5 x 107° (B) 4 x 102 (C* 4x 1077 (D) 379 | BIS &I

F-2.» The equilibrium constant of the reaction SO2(g) + ¥202(g) SOs3(g) — is 4 x 103 atm=Y2. The equilibrium
constant of the reaction 2S03(g) —— 2S02(g) + O2(g) would be :
AfAfhar SOa(g) + 1202(g) == SOs(g) &1 Ag ReRid 4 x 102 atm128 |
AfAfFaT 2S03(g) == 2S02(g) + O2(g) & fory AT ReRi® B

(A) 250 atm (B) 4 x 10° atm (C)0.25x 10%atm  (D*) 6.25 x 10 atm
Sol.  SOx(g) + % O2(g) = SOs(g) Kp = 4x10°3
SOs — SOa(g) + %Oz(g) K'p = K_lp

1
Ky =
i [4x10_3j

2 2
K" = (K'p)? :{ 7 110_3} ={1Of°} = 6250 = 625 x 10 6.25 x 10* atm.
X

2503 — 2S0:2 + 02(q)

F-3.= Equilibrium constant for the reactions,

2NO + 02 =— 2 NO: is Ke,
NOz + SO, — SOs + NO is K¢, and
2S03— 2S02+02 is Kc, then correct reaction is :
st & fofy Aramasen Reris
2NO + 02 — 2 NO2 Ke, 2
NO2 + SO, — SOs + NO Ke, ®;
qA 2SOs = 2S0:+ 0 Ke, & 9 J&l T4 & :
(A) K¢, =K, x K, (B%) Kc, xKg, xK%, =1
(A) K, =Kg, x K¢, =1 (D) Kc, xK?c, xKg, =1

Sol. (i) 2NO + 02 =— 2 NO:
(i) NO2 + SO2 — SOs3 + NO
(iii) 2S03 — 2S0:2+ 02
Now, =2 (ii) = (i) + (iii)

S0, Ke, x K, =1/K%,

Section (G) : Homogenuous Equilibrium (liquid system)

U (G) : AN AFY 3awer (59 o3 & fom)

G-1.=» When alcohol (C2HsOH (¢)) and acetic acid (CH3COOH (¢)) are mixed together in equimolar ratio at 27°C ,
33% of each is converted into ester. Then the Kc for the equilibrium

C2HsOH(¢) + CH3COOH (/)= CH3COOC:2Hs (¢) + H20(¥) is :

9 GedTerd (C2HsOH(/)) dem THifie®d a7 (CHsCOOH(/)) B 27°C WR Jod AleR U H Yo w1l fAfdm
B W 33%UJR) TR} H gRafda 8 S 81 ™9 CoHsOH(¢) + CHsCOOH () —> CHsCOOC:Hs(/) +
H20(/) & folg Kc® :
(A) 4 (B*) 1/4 ©9 (D) 1/9
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Chemical Equilibrium

Sol.  C2HsOH (¢) + CH3COOH (/)= CH3COOC:Hs (¢) + H20 (¥).

a a
0.33a a—0.33a

ke = (0-333)x(0.33a) _

(0.672)x(0.67a)

0 0
0.33a 0.33a

Kc = 1/4.

Section (H) : Heterogenuous equilibrium

U (H) : favaria |G/ ara=en

H-1.=» What is the minimum mass of CaCOs (s), below which it decomposes completely, required to establish
equilibrium in a 6.50 litre container for the reaction: CaCOs(s) — CaO(s) + CO2(g); Kc = 0.05 mole/litre

for=1 arfafshar CaCOs(s) == CaO(s) + CO2(g) ; Kc = 0.05 mole/litre & fog T& 6.50 <fiex o # ™I
LA HRA P AaeIH CaCOs(s) HT <ATH SHH a1 8RN 59 &AW I8 Yoiaqan faafed &1 s g2
(A*) 3259 (B) 24.6 g (C)40.9¢g (D)8.0g

Sol. Kc = [COz] = 0.05 molellitre

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

1 mole of CO2 = 1 mole of CaCO3

0.3250 moles of CO2 = 0.3250 moles of CaCO3z= 0.3250 x 100 g of CaCOs = 32.5 gm of CaCOs

gel. Kc = [CO2] = 0.05 molellitre

3aflt CO2 @ Hidd = 6.50 x 0.05 moles = 0.3250 moles

CaCOs— CaO +

CO2

CO2 @1 1 mole = CaCOs @I 1 mole
CO2 @1 0.3250 moles = CaCOs &1 0.3250 moles = 0.3250 x CaCOs &I 100 gm = CaCO3 &l 32.5 gm

H-2. In the reaction C(s) + CO2(g) = 2CO0O(qg), the equilibrium pressure is 12 atm. If 50% of CO: reacts then

atm

Kp will be :
rfAfrar C(s) + CO2(g) — 2CO(g), # A T 12 atm & | IfT 50% CO- fhar o=ar ® a1 K, 8171
(A) 12 atm (B*) 16 atm (C) 20 atm (D) 24
Sol. C(s) + CO2(g) = 2CO(g)
P_P/2 P =37P =12

so (g4fery) Ke = P £

(P/2)

2P=2x8 =16 atm.

H-3.w». Solid ammonium carbamate dissociate to give ammonia and carbon dioxide as follows
NH2COONHa4(s) = 2NHz(g) + CO2(qg)
which of the following graph correctly represents the equilibrium.
3T JAIFIH PIdAT AT BIdR M TAT BE-TSRIIIgS 4 AHGIU & ATAR a1 ©
NH2COONHa4(s) — 2NHz(g) + CO2(qg)
AT BT USRI TR a1l Fal WH 791 § | did1 g 2

NH,COONH,(s)

BMI M —T—T———1
NG ka1
borord T T T T T
= 6M J-}—1 oMb oL L.
| 3 ! = T
g 5M I 1 NH,COONH,(s) 3 sMp————1 1
<M b £ I 1 1 1 INHy(Q)
g B S AMF A=A =+ = — ==
A 1 COL9) B) S (I I I
SaMF——9-T-r-r--
N S B
2MPAT AT T oo )
M- 1L
T
1 1 1 1 |
1 2 3 4 5
Time(sec.)
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Chemical Equilibrium

NH,COONH,(s
8M T T - T T 4(l ) 8M
™= ™
SGM '5 6M
ESM é 5M
s 4M ~ aMb
%) € e
(€8 am ®)§ 2y
2M 2M
iM 1M
Time (sec.) Time(sec.)
Sol. Gas product concentration increases while that of solid reactant is constant.

T IAE & grsdl ded) & Sdfd SIF Ide &1 grsdl Rer vEdl 2 |

H-4. For NH4HS(s) — NHs(g) + H2S(g) reaction started only with NH4HS(s), the observed pressure for

reaction mixture in equilibrium is 1.2 atm at 106°C. What is the value of K, for the reaction ?
NHsHS(s) = NHas(g) + H2S(g) 31fhar, dad NH4HS 3 & UR™ Bich 2 | aifafshar fasor & o\

TR 106°C W 1.2 atm € U<l &Iam 2 | ifffshar & ford Kp &1 |49 a1 8 ?

(A) 1.44 atm?

(B*) 0.36 atm?

(C) 0.16 atm? (D) 3.6 atm?

Sol. NH4HS(s) == NHs(g) + H2S(g)

P
2P =12
P=0.6

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

H-5.w=.  Consider the decomposition of solid NH4HS in a flask containing NHs(g) at a pressure of 2 atm. What will
be the partial pressure of NHs(g) and H2S(g) after the equilibrium has been attained?

Kp for the reaction is 3.

NHs(g) 30 U® TelRdh # 2 atm @ W o NH4HS &1 faged & g | 9/ ®iIfid 89 I NHs(g) den
H2S(g) & 31ifTe <9 a1 81 ? ififhar & fog Ke =3

(A) PNH, = 6 atm, PH,s = Y5 atm
(CY PNH; = 3 atm, PH,s = 1 atm
NHsHS(s) == NHa(g) + H2S(g)

Ans.

(B) pnh, = 1.732 atm, py,s = 1.732 atm
(D) pnn, = 1 atm, pys =3 atm

Since flask already contain NHz(g), the equilibrium pressure of NHz and H2S will not be equal.

Tfh TaRD H NHs(g) Tt 9 & SURIT & $AfeIg NHs @1 H2S & |1 &9 §91F a1 & |

PNH, = 2 PH,s

= Kp = (Pnn,) X (PH,s) =3

= (PH,s *+2) (Phs)=3
pﬁzs +2pys —3=0

214

_ —2+4+12
PH,s = >
PH,s = 1atm

pNH3 =2+1=3atm

=—=1,-3
2

Section (1) : Degree of dissociation (o) and vapour density
Qs (1) : fAAo™ & A6 (o) TA I TN

equilibrium pressure P is:

I-1. For the dissociation reaction N204(g) — 2NO2(g), the degree of dissociation (o) in terms of K, and total
Kp Kp
(B¥) a= ©C) a=,[]-— (D) None of these
4p+K, 4p

4p +K
<A>a=fp“’
Kp
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Chemical Equilibrium

[-2.3

Sol.

[-3.=

Sol.

/\g

faaifora arfafshan N2Os(g) == 2NO»(g) & forg, faAe &1 A3 (o) BT Hod AT I P Tl Kp & TRl 4

ERIERE
(A) a=

4p+K o K " Kp . .
/ Kp” (B)a—/4p+pr ©€) a= 42 (D) ETH & PIg el

The degree of dissociation of SOz is o at equilibrium pressure Po. Kp for 2503(g) = 2S02(g) + O2(g) is:
AT &M@ Po W SO: @ fAdeH &1 AT a & a1 2S03(g) = 2S02(g) + O2(g) & T K, &1 A1 &

(A) [(Poo®)/2(1 — a)] (B*) [(Poa®)/(2+a)(1 — 01)?]

(C) [(Poc?)/2(1 — )3 (D) None of these (37 & P15 w81
2S03(g) = 2S02(g) + 02(9g)

t=0 a 0 0

t=teq. a(l-a) ao a(%]

Total mole at eq. (A W Gel Hdl) = a(1+ %)

[ 1-a _2(1-a) . o o _ [ 2a
Pso. = = — [ =
S0, [1+(a/2)j Po { 2+ o } xPo Pso, (l+(a/2)j B8 [2+aj X Po

_ al2
02_[1+(a/2)J £

2/p0\2
4o (Pg X[ a ij"
(2+a) 2+a

K apo
P = i 2 = B —
A=), ()2 2+a)1—a)

[2+a)?

In the dissociation of N204 into NOz, (1 + a) values with the vapour densities ratio(%j is as given by :

[o-degree of dissociation, D-vapour density before dissociation, d-vapour density after dissociation]
N204 &1 NO2H IS, (1 + o) 919 & |1 1] &+icd T (%] 71 & gr1 fer omar &

[o-faaTo @Y A, DA™ 9 Uge ary o9, d-fade & ueErd ary e@]

! f f f
(1+) (1+) \ (1+) \ (1+a)
(A%) / (B) © (D)

L b == 2= -
d d d d
(1-a) 92+20.x46
N204 — 2NO2 Mmix = 1+a
92
l1-a 200 Mmix = 1+a
b_-_4 1+ o). Therefore, (A) option is correct. 3d: (A) fdwea F81 2 |
d  46/1+a)

In the above question, o varies with% according to :

Gqﬁaﬁuwﬁﬁﬂ$w%$wuatrﬁiﬁagﬁm%|

f ! f  E—
(A) (B (©) \ (D)

D — D — D —
d d d

B—»
d

/\
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Chemical Equilibrium

Sol. GZ{H} : o= 2_1] : [Ej:q+1
d d d
_Db-d _D-d (D
o= (n—1)d ; a——d ; o= 3 -1

The point at which o= 0. (98 a5 /9 W =073 )

she

So (ar), (%] =1

Q‘U

I-5.a  For the reaction N204(g) —= 2NO2(g), if percentage dissociation of N2O4 are 20%, 45%, 65% & 80%,

then the sequence of observed vapour densities will be :

AfAFHAT N2 O4(g) == 2NO2(g) & forg, AfE N2O4 F1 e faaIs= Hwe: 20%, 45%, 65% AT 80% B o

AR R VAT 919 g@ &1 rghH T B
(A*) dz2o0 > das > des > dso
(C) d2o = das = des = dso

Mmi M
SOI. (VD)miX = ;"X =m

s0, as o increases (VD)mix decreases. (S-S o 9 (VD)mix T [)

(B) dso > des > das > dzo
(D) (d20 = das5) > ( dss = dso)

I-6. The degree of dissociation of PCls (o)) obeying the equilibrium, PCls = PCls + Clz, is approximately

related to the presure at equilibrium by (given a << 1) :

AT PCls == PCls + Cl> &I 9Ieid &=+ dTell PCls & Ao @ A (o), 99 TR &€ & 91T o

UpR A G9fed & (e . B, a<< 1) :
(A) o oc P (B*)ococ% (C)aocp_lz

OLZ

Sol. Kp = 5 P = o?P.
1-a

so (g9fem), az\/g.

(D)ococp—4

1

I-7. At 727°C and 1.23 atm of total equilibrium pressure, SOs is partially dissociated into SO2 and Oz according
to SO3(g) = SO2(g) + 1/202(g). The density of equilibrium mixture is 0.9 g/litre. The degree of

dissociation is:

727°C R §d 919 16 1.23 atm 8, SOs 3AR® w9 § SOz d21 02 § =1 iffifshar SOs(g) = S0-(g) +
1/202(g) & IFAR faNfSa grar 2 | @ fs101 &1 '@ 0.9 gllitre B | faASH &) A5 & -

(A) 1/3 (B9)2/3 () 4 (D) 1/5.
Sol. SOs(g) = SO(g) +% 02(g) Muix = %leooo - 60
o
G'MSOZ +— 'MO + (1— G’)MSO
l-a a z Mmix = 2 2 *
2 1+¢
2
1+ g = @ g = @
2 60 2 60
_ 2
a -_— —
3
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Chemical Equilibrium -

[-8.

Sol.

Sol.

[-10.

Sol.

Consider the following hypothetical equilibrium 2B(g) — B2(g). If d is observed vapour density and D is

theoretical vapour density, then degree of association (o) will be :
/1 Freufe sfafosa 2B(g) — Bo(g) & forg, afe d Uferd a9 w9 den D dgi~e 9™ 9@ ® @

TP TS B X (o) BFf—

_(D-d _ 2D-d oo _o 2D _
a:(r?—_;)jd
n=

2

The degree of dissociation is 0.5 at 800 K and 2 atm for the gaseous reaction PCls — PCls + Cla.
Assuming ideal behaviour of all the gases.
Calculate the density of equilibrium mixture at 800 K and 2 atm.

I~ fAfsar PCls — PCls + Clo® for 800 K @21 2 atm TR fadis &) &% 0.5 8 | I1 &1 oyl ardgR
A gU 800 K <211 2 atm TR | {33707 &1 O+ =iTd BIfoTg—
(A¥) 4.232 g/L (B) 6.4 g/L (C)8.4g/L (D) 2.2 gL
PCls(g) —= PCl3(g) + Cl2(q)

1 0 0
1-0.5 0.5 0.5
At equilibrium total mole ¥ W §ol Al = 1-0.5+0.5+0.5=15
Mimix = Mo = —Vinitial

1+(n— 1)
,- 2085  _2085 _2085
1+(2-1)x05 1405 15
Weight _ Pmg _ 2x139
" RT  0.0821x 800

Rl =¥ =PMo __ 2x139  _ 4535 g1

=139¢

Density = =4.232 g/L

RT 0.0821x800

SOs(g) == S0(g) +3 0:(0)

If observed vapour density of mixture at equilibrium is 35 then find out value of a
afe am W 807 &1 UEe g g9 3581 Al o ® AM Bl IOFET HIT |
(A*) 0.28 (B) 0.38 (C) 0.48 (D) 0.58
) :L n=1+ 1 =15
1+ (n—1)a 2
40
1+0.5a

1+ 050 =29
35

050=114-1
0.50.=0.14
o =0.28

Section (J) : Thermodyanamics of equilibrium
QU (J) : ARG IqRAT YR HHTIfId!

J-1.

Sol.

The correct relationship between free energy change in a reaction and the corresponding equilibrium
constant K is

U AR 3 gad SHoll aRaad dol AR ArareRe Fadie K & dr9 981 I 86T ¢

(A") —AG°=RTInK (B)AG=RTInK (C)-AG =RTInK (D) AG°=RT InK

From thermodynamics. (SSFIfd@ )
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Chemical Equilibrium -

J-2. For the reaction Hz(g) + 12(g) == 2HI(9g)

Ke = 66.9 at 350°C and Kc = 50.0 at 448°C. The reaction has

(A) AH =+ ve (B*) AH=-ve

(C) AH = zero (D) AH sign can not be determined

o1 afAforam Ha(g) + 12(g) == 2HI(g) @& foTT 350°C W Kc = 66.9 T 448°C TR K¢ = 50.0 &, ifafswar &

fow W 2

(A) AH=+ve (B*) AH=-ve

(C) AH =T (D) AH & fIg &1 ual =181 o T A
Sol.  Ha(g) + l2(g) == 2HI(g)

log Kz = _AH F"%. géizAH{iﬂii

Ki 2303R|Ty T, 66.9 2.303R [ 623 721

After calculation negative value of AH is obtained. (FIVFT | AH &1 FUTIcHd ATH UT< Il 2 |)

J-3.= The equilibrium constant for the reaction Bro. — 2Br at 500 K and 700 K are 1 x 10%and 1 x 10°
respectively. The reaction is :

(A*) Endothermic (B) Exothermic (C) Fast (D) Slow

500 K @21 700 K 4R 3ifHfshar Br. — 2Br & fog =g fFadie saen: 1 x 1070020 1 x 107° 8 a9 ifafshan
I |

(A*) SETTE (B) SeATardy (C) (D) ¢

Sol. T T"Kc? = Endothermic TSt

J-4. An exothermic reaction is represented by the graph :

A
(B) ‘ : (C*)%; (D) None of these

InKp
InKp

l'

(A)

1T

1T
TP SSIEY) rfAfshar B e # P g1 ysfRid fhar S |adr © ¢

A
N4
v I £
< s . )
(A) (cH E (D) 5 & B¢ T
1/T 1T
J-5. An endothermic reaction is represented by the graph :
A A
<
v I <
A~ (B*) ©€) £ / (D) None of these
—> >

1T
Wewﬁﬁsﬁir@maﬁﬁwﬁﬁﬁmwzﬁmw%mww%:

A A
w e © % / (D) ¥ & P
> T
1T 1T
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Chemical Equilibrium -

J-6.=. The value of AG® for a reaction in aqueous phase having Kc= 1, would be:
STl Sra=erT § AfAfohar & v AG® &1 A9 oI a1 AR Ke= 18 -

(A) —RT (B) -1 (Mo (D) + RT
J-7. The effect of temperature on equilibrium constant is expressed as (T2 > T1)
Iog& Sl LI NN For endothermic reaction false statement is
K, 2303|T, T,

AR A TR G99 B 9 BT (T2 > Ta) Iog& = AL Ly e e # wwmE
K, 2303|T, T

Afafpar & ford TTed ®eA ¥ -

(A*) {Ti_Ti} = positive gTHD (B) AH = positive g-IcH®

2 1
(C) log K2 > log K1 (D) K2 > Ky

—AH { 1 . 1}
Sol. logKz/logki= 2303 [ T2 T
AH = Positive gTcH®

Section (K) : Le-chatelier's principle

Gus (K) : A—-vdfery g
K-1. For the reaction CO(g) + H20(g) — CO2(g) + Hz(g) at a given temperature the equilibrium amount of
CO2(g) can be increased by :

(A) adding a suitable catalyst (B) adding an inert gas
(C) decreasing the volume of container (D*) increasing the amount of CO(g)
fag v ama w IfAfhaT CO(g) + H20(g) == CO2(g) + H2(g) & folg |/ TR CO2(g) &1 AT &I, 981 Fhd
gl
(A) SUF SORSD R (B) arfsha 17 fAetrax
(C) UTsl & AT Bl HSTHY (D¥) CO(g) @ ATAT DI TGTH
Sol. On adding any reactant equilibrium shifts in forward direction, so amount of product increases.

T 3R R el IfeR® o e ) 9w 3w 9 & Ay 2, saferv Sdre &1 a3 9l 2

K-2.w. Given the following reaction at equilibrium N2(g) + 3H2(g) — 2NH3s(g). Some inert gas at constant
pressure is added to the system. Predict which of the following facts will be affected.
(A) More NHs(g) is produced (B*) Less NH3(g) is produced
(C) No affect on the equilibrium (D) Kp of the reaction is decreased

e R & TE AT Na(g) + 3H2(g) = 2NHs(g) ReR 319 W §B ifhg 19 &1 e # fiemn
ST 2 | udl oy fb 9§ e deu wifad g R

(A) NH3(g) eifte Scifed 2iar & (B*) NHs(g) ®H ScUIfed BIdl &
(C) 9™ R PIg J9E &1 gedl © (D) 3rfafshar &1 Kp e
Sol. On adding inert gas at constant pressure effect on equilibrium will be similar to as if volume of container

has been increased.

Bl Id g9 ) afhy I fiam ) 9= S feen | favenfud 8 & Sk 5 o @ ofae @Y 9@ UR Il
=

K-3. The equilibrium, SO2Cl2(g) = SO2(g) + Clz(g) is attained at 25°C in a closed container and an inert gas,
helium, is introduced. Which of the following statement(s) is/are correct.
(A) Concentrations of SOz, Clz and SO2Clz are changed (B*) No effect on equilibrium
(C) Concentration of SO2 is reduced (D) Kp of reaction is increasing
25°C TR AR SO2Clo(g) = S02(g) + Cl2(9) ¥ & a< U # Ua fAfdpy i Sifergw fema 21 A= # 9
DI HAT T © ?
(A) SO2, Cl, @I SO.Cl, @1 Arsar yRafia g 8 (B*) A1 TR BIs URd &l BT B |
(C) SO, @ |T=dl HH & I | (D) fAfshar &1 Kp ¢ STl 2 |
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Chemical Equilibrium -

Sol.  Addition of inert gas at constant volume has no effect on equilibrium concentrations.

Sol. foud muds W ura § sifeha T e O AR g%l WY BIs YHg T8l Uedl § |

K-4.=. Densities of diamond and graphite are 3.5 and 2.3 g/mL.

C (diamond) — C (graphite) AH = —=1.9 kd/mole
favourable conditions for formation of diamond are
(A) high pressure and low temperature (B) low pressure and high temperature
(C*) high pressure and high temperature (D) low pressure and low temperature
ER TAT IBIgE &1 T HHL: 3.5dA 2.3 g/mL B |
C (RN = C (Iw1se) AH = —-1.9 kJ/mole
R & Ao & ford smawas uRserfa &R -
(A) =@ @ e = am (B) /1 <19 2 ST d™
(C*) S=a T[@ dAT S=d Y (D) /=1 g19 e /1 am
Sol. High temperature will favour backward reaction as reaction is exothermic. While on increasing pressure

reaction will shift in direction higher density.

Sol. STa dUHHE UIT AWfhAT § AP BN Hifh AMAHAT SHEMW B TA W dem WX AfAfpAT S= wHw
aren feen § sfya 8rf |

K-5. Introduction of inert gas (at the same temperature) will affect the equilibrium if :
(A) volume is constant and Ang = 0 (B*) pressure is constant and Ang # 0
(C) volume is constant and Ang = 0 (D) pressure is constant and Ang= 0
e 9 (A a9 W) fem ® 9= gwifad g afe
(A) 3mIaH fId %8 3R Ang# 0 (B*) T/ furd @ 3R Ang = 0
(C) 3maae 9 9d B &R Ang = 0 (D) T@ f79d @ @R Ang=0

Sol. For constant volume, reaction quotient (Q) will remain constant.

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

Sol. |AM IMIAA W, AMfHAT oNe (Q) fFrad = B |
|AM IE 4R, AfAfHAT IoTid (Q) A 2 & 9 Ang = 0.

K-6.w=. For an equilibrium H20(s) = H20(¢) which of the following statements is true.
(A) The pressure changes do not affect the equilibrium
(B*) More of ice melts if pressure on the system is increased
(C) More of liquid freezes if pressure on the system is increased
(D) The degree of advancement of the reaction do not depend on pressure.

TS A Ho0(s) = H0(¢) & forT, ST HeF W& ® ¢
(A) <19 IRTTT | ARG TR BIs YHG eI Sl 2 |

(B*) Ife e W S ggal &, dl 9% 3Af¥s e B |
(C) Ife P W 9 gl &, A 59 3IfH ST 2 |

(D) ffshan @1 gfg &1 A3, @ ¥R 81 Sl 2 |

Sol. For any physical equilibrium on increasing pressure equilibrium shifts in the direction of higher density.

Sol. &t ft Wi I WR T g1 W AR SATQT TF dloll {3 § SRR Il ¢ |

K-7.  Areaction in equilibrium is represented by the following equation —
2A(s) + 3B(g) = 3C(g) + D(g) + O: if the pressure on the system is reduced to half of its original value
(A) The amounts of C and D decreases (B*) The amounts of C and D increases
(C) The amount of B and D decreases (D) All the amounts remain constant

ATERAT § TH S7Afshar 1 gaR uslRia @ il 2 |

2A(s) + 3B(g) = 3C(g) + D(g) + 02 AfE T &1 T4, $HS ARAAD AM BT AT IR A Y 7@
(A) C AT D &1 A1 § HH 8RM | (B¥) Cdenm D& AN H gfg B8R |

(C) BTAT D &1 A5 H HHY 817 | (D) ¥ft 7 g o+ @

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

/\g

Chemical Equilibrium

Sol. 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.
2A(s) + 3B(g) — 3C(g) + D(g) + O2

Ife 99 & S B IGfdd T BT ST B T IR O G faven 31y feen § wifg & i | wife 9l &)

T S © |
- CdUr D P A gga B |

Section (L) : Vapour pressure and Relative Humidity

GuUg (L) : I 19 <oA1 Imufdre ke

L-1. What is the relative humidity of air at 1 bar pressure and 313 K temperature if partial pressure of water in
air is 19.355 mmHg.for any data use the table given below :

(in mmHgQ)

V.P. of H20

25.2

31.8

42.2

55.3

71.9

92.5

(in K)

Temp.

298

303

308

313

318

323

1 bar @ TN 313 K 19 WX AR ATl RIT 811 od a1 H STl $1 AP &6 19.355 mmHg & | fHdl
ff offws @ forg e Aol ogaa & |

(mmHg) | H20 &1 919 <Td 25.2 31.8 42.2 55.3 71.9 92.5
(K) ™ 298 303 308 313 318 323
(A*) 35% (B) 25% (C) 75% (D) 5%
Sol. 19.355 _mmHg ;00
55.3
L-2. (a) CuS04.5H20(s) = CuS04.3H20 (s) + 2H20 (g) Kp = 4 x 10~* atm?
(b) Na2S04.10H20(s) = Na2S04.5H20 (s) + 5H20 (g) Kp = 2.43 x 1078 atm®
(c) Na2S203.5H20(s) =— Na2S203.2H20 (s) + 3H20 (g) Kp = 6.4 x 10~° atm?®
What is order of partial pressure of water vapours at equilibrium and relative humidity respectively.
AT TR ST & AiRIH 6 AT AMUfES M BT el hH BF
(A*Y)c>b>a Partial pressure (B) c<b<a Partial pressure
c>b>a Relative humidity c>b>a Relative humidity
(C) a>c>b Partial pressure (D) a>c>b Partial pressure
a>c>b Relative humidity a<c<b Relative humidity
(A c>b>a JMR® TE (B)yc<b<a 3f¥r® a9
c>b>a JMUfE® &l c>b>a MfE® amdar
(C)a>c>b % qE (D)a>c>b NP I@
a>c>b IMfE® s a<c<b QmMfE® amdar
Sol.  Kp =4x10"=(Py0)?
Py,0 =2x 107
Kp, = 243 x 1079 = (P, o )°
Py,0=3x 107
Kp, =6.4%x107° = (Py0)°
Py,0= 4 x 1072
Orderof V.P. c¢c>b>a
(V.P.®1 %A c>b>a)

and sameasforRHc>b>a
(RH @ fog 999 ¢> b > a)
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Chemical Equilibrium -

L-3.@ CuS04.5H20(s) — CuS0..3H20(s) + 2H20(g) Kp =4 x 107* atm?
and vapour pressure of water is 22.4 torr at 298 K. Then find out realative humidity
AfAFBAT CuS04.5H20(s) = CuS04.3H20(s) + 2H20(g) & foTT Kp = 4 x 10 atm? & e 298 K W Tel

BT 919 T 22.4 torr & a1 ATUfEID IMTedl ST HIfoTu—
(A) 74.46% (B) 78.46% (C*) 67.85% (D) 70.46%
Sol.  Kp=(Py,0)?=4x10"atm

Py,0= 2 x 107 atm = 2 x 107 x 760 torr = 15.2 torr

% relative humidity = 28! Pressure g = % = x 100 = 67.85%

Vapour pressure

% s ardar = TP 9 100= 152 - 5 100 = 67.85%
T a| 22.4

Section (M) : Simultaneous equilibria
Gus (M) : HAEIOS AT JIad W
M-1.  The two equilibria, AB(aq) — A'(aq) + B7(aq) and AB(aq) + B-(aq) — AB:2(aq) are simultaneously
maintained in a solution with equilibrium constants, Ki: and Kz respectively. The ratio of concentration of A*
to AB2 in the solution is :
(A) directly proportional to the concentration of B~ (aq.).
(B) inversely proportional to the concentration of B~ (aqg.).
(C) directly proportional to the square of the concentration of B~ (ag.).
(D*) inversely proportional to the square of the concentration of B~ (aq.).
U fded | |1 99, AB(ag) — A*(aq) + B(aq) T AB(aq) + B(ag) — AB; (aq) S9a dra Reries
HAR: Ky AT K2 B, U 1F i 2 | e § A* 9 AB &) |T=diail &1 TUId © :
(A) B~ (ag.) @1 HI=dl & FHIGUI 81T 2 | (B) B~ (aq.) @ WI=dl & SHATIURI 81T 2 |
(C) B~ (aq.) @I AF=dl & a9 & WHGURH 8l & | (D*) B~ (ag.) &1 A=dl & a9 & JSHAMURN Il & |

Sol. AB— A"+B" AB + B — AB>"
= [ATB] Ko= LAB2 1
[AB] [AB][B"]
sae [ABIBT]  [AT] .
_[ATIBT] —— _ 2 2 AT K 1
= The A8, ] T[ABy ] - (B = ] K '[B—T

Therefore, (D) option is correct. (3Hfe, (D) fdwea | € |)

M-2. In the preceeding problem, if [A*] and [AB27] are y and x respectively, under equilibrium produced by
adding the substance AB to the solvents, then K1/K: is equal to

SWRITT U3 #§ i [AY] T2 [AB2 ] ¥ y T x &, e T ugred AB ¥ fdais # g <enfod gar & a4
Ki/Kz fhdd axTeR &

2 2
(&) Liy-x? () L&) (€ YY) © Lx-y)

[Note: Use the information of the preceeding problem]
[AIT : SWIT T ! I B ST B §Y)

Sol. AB — A*+B- AB+ B —> ABs;
ax-y y (yx (ax-y)y=x X
y(y—x) X
Ki= @-x-y) K2= @-x—-y)(y-x)
{ y(y =) }
(a-x-vy)
Ky X Ky

- X @0 —

-y - v)2
Kz =@ x-y)y-x) =% O™

Ky
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Chemical Equilibrium -

M-3.  The reactions PCls(g) — PCls(g) + Cl2(g) and COClz(g) —= CO(qg) + Clz2(g) are simultaneously in
equilibrium at constant volume. A few moles of CO(g) are introduced into the vessel. After some time, the
new equilibrium concentration of
(A) PCls will remain unchanged (B) Cl2 will be greater
(C*) PCls will become less (D) PCls will become greater
PCls(g) == PCls(g) + Clz(g) T2 COClz(g) == CO(g) + Clz(g) JFAfHIY v ur= & fFd M= W TP

| A W | HB 9T 9% UF § B A1 CO(g) e 2 | ¥ W |rsar Br

(A) PCls 3mRafiid = | (B) Cl> 91 81" |
(C*) PCls 98l & &H 8 ST | (D) PCls Ugel & 9¢ ST |
Sol.  Clz (g) will get consumed and PCls will furnish Clz in the first reaction.

Sol.  Clx(g) @ @d grft g PCls U™ IfAfhar § Clo &1 G R |

PART - Il : MATCH THE COLUMN

HIT - 1l : PicH BT FAferd BITY (MATCH THE COLUMN )

1. Match the following : (Assume only reactants were present initially).
Column-I Column-II
(A) | N2(g) + 3H2(g) = 2NHs(g) (t = 300°C) (p) | Ang>0
(B) | PCls(g) == PCls(g) + Clz(g) (t = 50°C) (@) | Kp<Ke
(C) | C(s) + H20(g) = CO(g) + H2(q) n Kp not defined
(D) | CHsCOOH(?) + C2HsOH ()= CHsCOOC:zHs(¢) + H20(¢) | (S) | Pinitia > Peq.

=1 @1 ghferd ST : (AT daa IR™ H fhaeRS IulRed 2 ).

HicTH-I HicH-11
(A) | N2(g) + 3H2(g) = 2NHs(g) (t = 300°C) (P) | Ang>0
(B) | PCls(g) == PCls(g) + Cl>(g) (t = 50°C) (@ | Kp<Kec

Kp aR¥aT =1&1 fhar <
FHdl 8

(D) | CH3COOH(¥) + C2H30H (¢) == CH3COOC:zHs(¢) + H20(¢) | (S) | Purfus > Pam
Ans. (A-q,s);(B-p);(C-p);(D-r)

(C) | C(s) + H20(g) == CO(g) + H2(9) (1)

Sol. (A)Ang=2-4=-2 and (dem) Kp = Kc (RT) "
(B)Ang=2-1=1 and (2m) Kp = Kc (RT)""9
(C)Ang=2-1=1 and (g2m) Kp = Kc (RT)""9
(D) Kp is not defined. (Kp aR¥IRT F&1 fdhar S e |)
2. Match the following :
Cogm-| Column-II
(Assume only reactant were present initially)
A) _For the eqU|I|br|u_n_1 I\_IH4I(s) — NHs(g) + HI(Q), if pressure is ® | Forward shift
increased at equilibrium
(B) _For the eqwhbm_;m _Nz(g) + 3H2(g) = 2NHs(g), volume is (@ | No shift in equilibrium
increased at equilibrium
© For the gqumbnum H20(g) + CO(g) = H_z.(g). + CO2 (9), ) | Backward shift
inert gas is added at constant pressure at equilibrium
D) For the equilibrium PCls(g) — PCls(g) + Cl2(g), Clz is ) Final pressure is more than
removed at equilibrium. initial pressure
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Chemical Equilibrium -

i | VR
(AT B UR™ § Daa haeR Suled B 1)
1 I NHal(s) == NH HI(g) & fofg, afe |9 w T9
(ay | LTS NS @)+ HI@ @ fee (0 | o feem
o1 ™I N2 (g) + 3H2(g) — 2NHs (g) & forg, |rg W mgas = H eg fRemme T8
(B) | &1 Jery AT & @ | g 2
/1 9= H:0 CO(g) = H CO: (9), Fgd s@ w
© | o o P B | v e
5 fo=1 |1 PCls (g) == PCls(g) + Clo(g) & forg, wma R Clo & afa T, URM® I9 A
(®) TSI STl ® | ©) | s v
Ans  (A-1;(B-1;(C-q);(D-p)
Sol. (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 Pfina < Pinitial.
(C) No change but Psinal < Pinitial @S Volume has increased.
(D) Forward shifting will take place and Pfinai < Pinitial.
Sol.  (A) Ang &FTH® & Ay P 9e™ WR ififthar uea feem # smufRya &rft | Afdd Phna = Pinitial.
(B) Ang UG & ST V 9o WX ifAfshar uzar feen § mufiyd 8 | «If$h Pinal < Pinital.
(C) ®1E gRadT &l BN T Phinal < Pinitia F1{dh ITT ¢ 9T 2 |
(D) 3 feem # IRYA B AT Piina < Pinitial.

Bl Exercise-2
w Marked Questions may have for Revision Questions.

» fafed wea R 99 e B |
PART -1: ONLY ONE OPTION CORRECT TYPE
R - | Pacl UP el fddhed UPHR (ONLY ONE OPTION CORRECT TYPE)

1= If K1, K2, Kz are equilibrium constant for formation of AD, AD2, ADs respectively as follows A + D — AD,
AD + D — AD3, AD2 + D — ADs. Then equilibrium constant 'K' for A + 3D —— AD:s is related as
Ifd AD, AD2, ADs & A0 & ford arg fRardis woen: Ky, Ko, Ks 8
A+ D —>AD, AD + D — AD2, AD2 + D — ADs. @9 A + 3D — AD:; & fordl \r9 fgdis 'K' &

BN
(A) Ki+Kz+ Ks=K (B*) logK1 + logK2 + logKs = log K
C)Ki+Kz =Ks+K (D) log K1 + logK2 = logKs + log K

Sol. A+D=—AD ;K1
AD +D — AD:; K2
AD2 + D — ADs ; K3

A+3D — ADs3;K
As we know that K = K1.K2.Ks
Or, logK =logKi + logK2 + logKs
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Chemical Equilibrium -
2= A 10 litre box contains Oz and O: at equilibrium at 2000 K. Kp = 4 x 10 atm for 203(g) — 302(Q).
Assume that Py, >> P, and if total pressure is 8 atm, then partial pressure of Oz will be :
2000 K R 10 eleX & gt H O3 3R O, ar=Imasel # & | 203(g) — 302(g) & o7y Kp= 4 x 10 atm 2|
a1 {5 Py, >>Po, &, I Bl <19 8 atm &1 1 O3 B Aifb <19 a7 B

(A) 8 x 1075 atm (B*)11.3x 107 atm  (C)9.71x 10®atm (D) 9.71 x 1072 atm
Sol.  203(g) = 302(9) Kp =4 x 10" po2 >> pos
3
p
Kp= gz poz + Poz =8 = Poz = 8 atm.
Po,
83 .
4 x 10" =—— p203=11.3 x 107 Therefore, (B) option is correct.
Po,
Bol. 203(g) — 302(g) Kp =4 x 10 po2 >> pos
3
p
Kp = 22 poz + Pos =8 = Po2 =8 atm.
Po,
3
4x104=2" p203= 11.3 x 107 gl (B) Rivey wd § |
Po,
3. Sulfide ion in alkaline solution reacts with solid sulfur to form polysulfide ions having formulae S2?-, S3%-,

Ss2~and soon. S (s) + S% (ag) = S2* (aqg) K1 = 12 & 2S (s) + S? (ag) = Ss* (aq) K2 = 132. What is
the equilibrium constant for the formation of Sz?~ from S>>~ and S?

(A% 11 (B) 12 (C) 132 (D) None of these

&R fIeas #§ SuRUd Achiss MEET o) fhar SN Hobigs | &RId 8, dl Ulell Gehlss MR Sp?, Sa?,
Ss2 afe 99 1 S (s) + S% (ag) = S»* (aq) K1 = 12 91 2S (S) + S (agq) =— Ss* (aq) K2 = 132, @
S AAT S ¥ Sa2 g9 & ford Argra=en fuais w1 &R |

(A%) 11 (B) 12 (C) 132 (D) 379 | BIg &I
Sol. S (s) + S* (ag) — S2* (aq) Ki=12
2S (s) + S* (ag) = Ss* (aq) Kz =132
Now (319), S2% (aq) + S(s) = S3* (aq) Keg = % = % =11
1

4x If for 2A2B(g) — 2A2(g) + B2(g), Ko = TOTAL PRESSURE (at equilibrium) and starting the dissociation
from 4 mol of A2B then :
(A*) degree of dissociation of A2B will be (2/3).
(B) total no. of moles at equilibrium will be (14/3).
(C) at equilibrium the no. of moles of A2B are not equal to the no. of moles of B:.
(D) at equilibrium the no. of moles of A2B are equal to the no. of moles of Az.
afd 2A:B(g) = 2A:(g) + B2(g), & o8 K, = ol I19 (AT W) T21 A:B & 4 Al 9 Ao UR™ Bl 2,
a—s[_
(A%) A2B & faaIoIs @1 /=1 (2/3) 817 |
(B) 9T W F{ol Al BT G (14/3) Rl |
(C) 9™ R AB & HIddl & AT, B, @ Alddl & G & _1&% Fal & |
(D) IR TR AB & Al & &1 A ® ATl & A& & F9H B8Rl ¢ |
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Chemical Equilibrium -
Sol.  2A:B(g) = 2As(g) + Bo(g) Ke=P
4(1 - a) 40 20, Zn=4+20c

[ 4o pr ( 20 ij

Kp = 4+2a 4+220c -p
4(1—a)XP
4+2a

203 = (1 + a?—20a) (4 + 2a)

208 = 4 + 20 + 402 + 20° — 80 — 402

= 20 = (1 —a)? (4 + 20)

_2
a__
3

5= Attainment of the equilibrium A(g) — 2C(g) + B(g) gave

the following graph. Find the correct option. 10k-------
(% dissociation = fraction dissociated x 100)

A
(A) At t = 5 sec equilibrium has been reached and K¢ = 128 8
(mol/litre)? Concentration | =/ N\
(B) At t = 5 sec equilibrium has been reached and % (mole/litre) 6 C ,
dissociation of A is 60% A .

(C* At t = 5 sec equilibrium has been reached and % '
dissociation of A is 40% B .
(D) None of these

5a 4 T A(g) == 2C(g) + B(g) ® ATRITERRAT Bl AT PR Bl

AT 2 G fame DI 2? ] 10K-------

(% fare = faufsa gMsa x 100) A

(A) t = 5 APHvS W HRIERAT < Bl 8 a1 Ke = 128 Cl Ny .

(et /MeR)2 R | (ﬁﬂj{g@ sk - - Ao

(B) t = 5 AHUS W ATAGRAT U Bl & T A & fIA1fSa %, G :

60% 2 | af of--- - :

(CH t=5APTs W ATITGRAT YT Bl & dA1 A B RAafra %, B :

40% % | :

. t=5sec §HI—
(D) 37H ¥ Bl 7ol
6. A 10 L container at 300 K contains CO2 gas at pressure of 0.2 atm and an excess solid CaO (neglect the

volume of solid CaO). The volume of container is now decreased by moving the movable piston fitted in
the container. What will be the maximum volume of container when pressure of CO:2 attains its maximum
value given that CaCOs (s) = CaO(s) + CO2(q) Kp = 0.800 atm

(A)5L (B¥)25L ©1L (D) The information is insufficient.

300 KW 10 L & U #, 0.2 atm W CO2 I qU1 M AT § 39 CaO w1 2| (319 CaO &1 mga+d
T (negligible) SNfTQ) | 39 9rE &1 maa+ wIfaeie fiRes (movable piston) & gRT &H A1 wT&T fHar o
AHAT T | U BT ATHIH AFAT RIT ERN g CO, BT [ FABT SMABAT A YTl HR o |

feam @ € f&  CaCOs (s) = CaO(s) + CO2(g) Kp = 0.800 atm
(A)5L (B¥) 25L (©1L (D) TSR AT 3 |
Sol.  Kp = 0.800 atm = Pgp, = maximum pressure of COz2 in the container to calculate maximum volume of

container the Pco, = 0.8 atm and none of CO2 should get converted into CaCOs(s).

SO V(0.800 atm) = (10 L) (0.2 atm)
SO V=25L

g Kp = 0.800 atm =Pco = U &1 AHIH AGT- URbferd X+ & fg o § CO. &1 afdpaw <,
Pco, = 0.8 atm @i ®Ig 41 CO2, CaCOs(¥¥) # uRafcid <&l &=t =iy |
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Chemical Equilibrium -

gafete V(0.800 atm) = (10 L) (0.2 atm)
gafel V=25L

7.5 In the system, LaCls(s) + H20(g) + heat — LaClO(s) + 2HCI(g), equilibrium is established. More water
vapour is added to restablish the equlibrium. The pressure of water vapour is doubled. The factor by which
pressure of HCI is changed is:

@ # LaCls(s) + H20(g) + ™1 — LaClO(s) + 2HCI(g), A= Mfid Bra1 & | 97 &1 g: fid &3
% oY &R oAy @1 AT S § 99 Seary 1 g1 U1 8l Wl 8 | HCl 61 89 69 e & gRI

gRafda g ?
(A) 2 (B*) 2 ©) B (D) \5
Sol. LaCls(s) + H20(g) + heat—— LaClO(s) + 2HCI(g)
2 2
Kp = PHci _ _PHal Phci =2 Prcl
Ph,0  2PH,0
Bal. LaCls(s) + H20(g) + &1 —— LaClO(s) + 2HCI(g)
2 2
Kp = Phcl _ _PHal pth\E =3
Ph,0  2PH,0
8. Some quantity of water is contained in a container as shown in figure. As neon is
added to this system at constant pressure, the amount of liquid water in the vapour-.—%
vessel ) _»I"" I
(A) increases (B*) decreases i
(C) remains same (D) changes unpredictably
Th UF (FeR) H HB A H oid -1 83N ' o = fm d <wiin @ g 7
fod <9 R 39 e § [eiE 19 ol S 8, & 93 3 9 Sd @1 A= s —
(A) St B | (B*) Teh 2 | ST —
(C) 9 Y& © | (D) uRad &1 B TaT 8l o Fhd 2 |
Sol. H20(/) — H20(9g)
Kp = (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 g9 W RIA fAam ® o3 & mIas # gfE Maedd &, sHfely a9 Wiftd &7 & fog &Rk aifds
ST B g B R AR [)

9. The equilibrium constant for, 2H2S(g) — 2H2(g) + S2(g) is 0.0118 at 1300 K while the heat of
dissociation is 597.4 kJ. The standard equilibrium constant of the reaction at 1200 K is :
1300 K @19 TR |10, 2H2S(g) — 2H2(g) + S2(g) & forg Argmazen Rerie 0.0118 & wEfd faaisH ot
S 597.4 kJ & 1200 K IR A96 A1 ReRia 8
(A*) 1.180 x 10~ (B) 11.80 (C) 118.0
(D) cannot be calculated from given data &3 T a@wel | uRefera &1 fhar 1 Adwar 2 |
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Chemical Equilibrium -

K (o]
Sol. log _Z:L i_i
Ki 2303R|T, T
og _Ke = 507.4x10° [ 1 1
00118 2.303x8.314 [1300 1200

logK2=—2+log (0.0118) = —3.928 =  Ky=1.18x 104
Therefore, (A) option is correct. (39feTg, (A) fdwea |2 £ 1)

10. For reaction, assuming large volume of water.
H20(/)== H20(g) : at temp. T K
Choose correct options :
(A) On introduction of an inert gas at constant temperature pressure in the container remains same at
equilibrium.
(g*) For this system % relative humidity always remains 100% at constant temperature at equilibrium
(C) If steam at temperature ‘2T’ is passed into given system, after equilibrium is attained relative humidity
changes.
(D) Tghis is a special case of equilibrium where pressure of H20(g) remains same always due to unique
structural feature of H20.
AfAfFaT H20(0) == H20(g) & folg d¥ T K ©)R Sl &1 ifddh e A9d g9
HE BT BT AT DIfOTG—
(A) Frad am = afba I B ® 9= &1 <9 FEE @ 2 |
(B*) 39 Fdm & oy % Smiféies saar We9 fud amg W W WX 100% & R |
(C)If 2T a™ R 9¥ & A W Fe § yaiftd fFar SR @ 9/ Rfid 89 & u9drq mifde smear

gRafda gt 21
(D) I 9T &I (& faRre Refd & W8l H0 @ Sifgcdi S eid o & dRUT H20(g) &1 I@ dad a9
& B |
Sol.  (A) False — Pu,0remains same but pressure in container = Py o+ Pinert.
(B) True — Equilibrium will have B, o= vapour pressure.
(C) False — Temperature of system will change but relative humidity remains same.
(D) False — Ph,0g) doesnot remain same on changing temperature.
Sol. (A) N — Py,0 S &l § fdheg WIS BT < =P, o+ Pinen
(B) ¥ — R R B Py o= 9 T
(C)sga — 4@ &1 amu gRafia grm fag smufdres smear smuRafda 8rf |
(D) g — A9 uRecH W Po) FHIM TE & B |
11. In the Haber process for the industrial manufacturing of ammonia involving the reaction,

N2(g) + 3H2(g) = 2NHz3(g) at 200 atm pressure in the presence of a catalyst, a temperature of about
500°C is used. This is considered as optimum temperature for the process because

(A) yield is maximum at this temperature

(B) catalyst is active only at this temperature

(C) energy needed for the reaction is easily obtained at this temperature

(D*) rate of the catalytic reaction is fast enough while the yield is also appreciable for this exothermic
reaction at this temperature.

TR UhH H I & NEfie Ao & foy U SaR® @1 SuRafd # 200 atm g9 W arfafshan

N2(g) + 3H2(g) = 2NHs(g) & @1 500°C q19 &I I ITAN IR & | [ & fofg I8 a9 e 9
T B D

(A) 39 A9 TR AfeT ffdmad el B |

(B) Bad gl AU R IR AfhT B ¥ |

(C) 9 19 WR JIMAHAT & A% B9 & oIy HF Sl Bl AMaLIHT Bl 7 |

(D*) SAIRT sifAfhar Mg 7 J B B, =+ 39 amw W, Swad aifvfhar & forg afer f oafa 2 8
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Chemical Equilibrium -

Sol. 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.  AUAM FE™ W Wel & AMHAT &1 AR v fazn # fid Bl & Wy AWhar &1 i ger & forg S=
ATIH RIS © | aRAfddal 3 500°C AYHAM e e il T 2 |

12.»  Addition of water to which of the following equilibria causes it to shift in the backward direction?
71 4 9 fo| 99 3 9 @1 M & SR I8 ueg AfAfear @ iR a8 Sy 2
(A) CHsNH:2 (aq) + H20 (/)— CHsNHs® (aq) + OH"(aq)
(B) AgCl (s) == Ag" (aq) + CI" (aq)
(C) HCN (aqg) + H20 (/)= HsO" (aq) + CN~ (aq)
(D*) [Cr(dien)2]** (aq) + 3H20 (¢) + 3CI- (aq) = [Cr (H20)sClz] (aq) + 2 dien (aq)

13.  Consider the reactions
(i) PCls(g) == PCls(g) + Cl2(g) (il) N20O4(g) == 2NO2(9g)
The addition of an inert gas at constant pressure
(A*) will increase the dissociation of PCls as well as N204
(B) observed molecular weight of PCls increases at equilibrium.
(C) Concentration NO: increases at equilibrium.
(D) will not disturb the equilibrium of the reactions

A g aPfea B R

(i) PCls(g) == PCls(g) + Cl2(g) (ii) N204(g) =—> 2NOx(g)

af fod g9 W Sifha I el SR d—

(A*) PCls Td N204 @1 faaISiH 9¢ SR | (B) 9 W PCls &1 Ufard TR T |

(C) 9 ©R NO &I Ar=dl de | (D) SIWfHaT & AFY WR B YN &1 US|

Sol. Since inert gas addition has no effect at const. volume.

g I fhg T @ e ® F9d mas R di 999 T8l 81T & |

14, An equilibrium mixture [N2(g) + O2(g) == 2NO(g)] in a vessel of capacity 100 litre contain 1 mol Nz, 2
mol Oz and 3 mol NO. Number of moles of Oz to be added so that at new equilibrium the conc. of NO is
found to be 0.04 mol/lit.:

UH 100 &fex ga9 H AramaRet [Na(g) + Oz (g) = 2NO (g)] # 1 mol N2, 2mol O @ 3 mol NO 8 | af¥ O2
P T A SIS O™ o Y AR H NO @) drsar 0.04 molllit. 8 S 81 @ 02 ® T WIs T A S

P |
(A¥) (101/18) (B) (101/9) (C) (202/9) (D) None of these. 79 ¥ ®Ig &1
Sol. N2 (g) + 02(g) = 2NO(9)
1mole 2mole 3mole
Kc :@ :(gj .
1x 2 2
Let a mole of Oz is added, Then,
N2 (g) + 02(9) = 2NO(9)
1mole 2mole 3mole
t=0 1 (2+a) 3
(1—x) (2 + a)—x (3+2x)
[NO]J :[3;02"} =004 (3 +2x) = 4,
2x =1, x = 0.5.
Ko = (3+2x) -9
(1-x)(2+a-x) 2
KC = L = 2 .
0.5[(1.5)-a] 2
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Chemical Equilibrium -

15.

Sol.

16. =

05(1.5+a) 2
_ 35 _
= a5 [1.5+ a]
711=15+a
a=11-561
18
N2 (g) + 02(9) = 2NO(9)
197 28T 381
Kc :@ :(g) i
1x2 (2
AP O B a i AR o 8, @l
N2 (g) + 02(9) = 2NO(9)
197 28T 381
t=0 1 (2 + a) 3
(1—x) (2 + a)—x (3 +2x)
1 3+2x | _ . -
[NO] —{ 100 } =004 ; (3 + 2x) = 4.
_ (3+2x)2 :g
T U—x)@2+a-x) 2°
Kc = L = g i
0.5[(1.5)—a] 2
= 16 -9
05(15+a) 2
_ 35 _
SR [1.5 + a]
711=15+a
a=19 _5461
18

CaCl2.6H20(s) = CaClz(s) + 6H20(g) Kp = 6.4 x 10717 atm®

Excess solid CaCl..6H20 & CaCl. are taken in a container containing some water vapours at a pressure of
1.14 torr at a particular temp.

(A) CaClz(s) acts as drying agent under given condition.

(B) CaClz(s) acts as hygroscopic substance given condition.

(C*) CaCl..6H20(s) acts as effluoroscent substance.

(D) Mass of CaCl..6H20(s) increases dueto some reaction.

CaCl2.6H20(s) — CaClz(s) + 6H20(g) Kp = 6.4 x 107Y7 atm®

CaCl,.6H20 @ CaClz 319 Tfiad ! Yo [ARked ™ d 1.14 torr & W SiardT™ gad U Ui H oid @
(A) & 72 aRRfT § CaCla(s) U foiciaoR® @& w4 § BRI 6T 2 |

(B) & € uRReftral # CaClz(s) Td IMaanime! Ul & ©U # B Hdl ¢ |

(C*) CaClz.6H20(s) Stheer yard &1 &1 Fxal 2 |

(D) BB AMHAT & BRI CaClo.6H20(s) HT TFAM I ¢ |

Equilibrium partial pressure of H2O(g) = (24 x 107%8) = 2 x 10 atm = 1.52 torr

H20(g) &1 =T 3116 g9 = (24 x 107%8) = 2 x 10~ atm = 1.52 torr

A(s) — B(g) + C(g) Kp = 40 atm?

X(s) == B(9) + E(9)

Above equilibrium is allowed to attain in a closed container and pressure of B was found to be 10 atm.
Calculate standard Gibb’s free energy change for X(s) — B(g) + E(g) at 300 K (take R = 2 cal/K/mol)
A(s) — B(g) + C(g) Kp = 40 atm?

X(s) == B(9) + E(9)

/\
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Chemical Equilibrium -

SRIF AT B TH g< 91 | 1 9 &1 S 8 don B &1 ™ 10 atm 9T 197 |
300 K W 1fafssar X(s) = B(g) + E(g) & o wmie fred gaa ot aRacd= s @ (Aifvg R = 2
cal/K/mol)
(A) 3.5 Kcal/mol (B) 3 Kcal/mol (C*) 2.5 Kcal/mol (D) 2 Kcal/mol

Sol. A(s) == B(9) + C(9) X(s) == B(9) + E(9)
t=0 - 0 0 t=0 - 0 0
ateq. - X+y X t=eq. — x+vy) y

Kp, = Ps-Pc
= (x+y)(x)

40 = 10x
X =4 atm
y =6 atm
Kp, = Pe-Pe
= (10) (6)
Kp = 60 atm

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

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE
HIT - Il : bl Ud f§—quii® AM YHR (SINGLE AND DOUBLE VAL UE INTEGER TYPE)

1. How many of the following reactions are homogenous reversible reactions ?
=1 # & foan sfafsa Farh Sopaeia sifafean 2 2
(1) CH3COOH(¥) + C2HsOH(¢)=—= CH3COOC:zHs(¢) + H20(¢)
(2) Ha(g) + CO2(g) == CO(g) + H20(9)
(3) CO(g) + Cl2(g) = COClz(g)
(4) NHiHS(s) == NHs(g) + H2S(g)
(5) CaCOs(s) == CaO(s) + CO2(qg)
(6) N2(g) + O2(9) == 2NO(9)
(7) CO2(g) + C(s) == 2CO(g)
(8) SO2(9) + NO2(g) = SOs(g) + NO(g)

(9) NO(g)+% Bra(/)=— 2NOBI(g)

Ans. 05
Sol. Homogenous reactions are those in which reactants and products are present in same phase.

AR SrfAfharsi # IfeRe den Sde A9 yraven ¥ SuRed 8 B |

2. A(g) + B(g) == C(g) + D(g) above equilibrium is established by taking A & B in a closed container. Initial
concentration of A is twice of the initial concentration of B. At equilibrium concentrations of B and C are
equal. Then find the equilibrium constant for the reaction, C(g) + D(g) = A(g) + B(Q).
A(g) + B(g) = C(g) + D(g) SIRITI AT P g U § A TUT B B odhR wf1fua far Siar 81 A &1
TR AEdl B @ YRS ArFsdl & g1 & | 9/ R B dU1 C &1 drsan 99[ g, a1 e afdifsan,

C(g) + D(g) = A(g) + B(g) & faw w1 fAadics S I |

Ans. 3

Sol. A +B— C+ D
t=0 2a a 0 0
t=teqq 2a—X a-—-x X X

a
a=X=X=X= 2

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVCE 46
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 Q-



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

Chemical Equilibrium -

a a
ae 1
= KC:L:_
a) a 3
2a—— |x—
1
= —=3 Ans. 3

Ke

3= If 0.5 mole H:z is reacted with 0.5 mole Iz in a ten-litre container at 444°C and at same temperature value of
equilibrium constant Kc is 49, the ratio of [HI] and [I2] will be :
If§ 444°C W 0.5 Hp, 0.5 A |, & A1 10 ofiex ura # {531 o=a1 ® q21 9rg Rdis Ke &1 919 9911

A W 49 7, Al [HI] T [I2] &1 gura /1 81

Ans. 7
Ans.  Ha(g) + I2(g) == 2HI(g)
_ _[HIP e
= N if [Hz2] = [I
[H1112] e
2
= b [HI2 = Ke x [12]
[12]
2
or %:KC or M:\/@:m:?
(1] [l2]
4, For the reaction, N20s(g) = 2NO2(g) + 1/2 O2(g), calculate the mole fraction of N2Os(g) decomposed at

a constant volume & temperature, if the initial pressure is 600 mm Hg & the pressure at any time is 960
mm Hg. Assume ideal gas behaviour. If answer is x then report 10x.

N20s(g) — 2NO2(g) + 1/2 O2(g) f¥fhar & ford fd A9 q2m <1 R N2Os(g) & Al UHIST @1 IO
%R0 | IS URMS <19 600 mm Hg & T f&dl 999 R 19 960 mm Hg & | #MT 31eel I agR g | af
JMUHT ST X8 a9 10X & ©U § IR o/ |

Ans. 4
Sol. N20s(g) =—= 2NO2(g) + 1/2 O2(g)
initial IRM™™® 600 0 0
eq. 600 (1—a) 1200a. 300a
600 (1 — ) + 1200 + 3000 = 980
= a=04

5» Consider the equilibrium
Ni(s) + 4CO(g) == Ni(CO)4(g) ; Kp = 0.125 atm=.
If equal number of moles of CO and Ni(CO)4 (ideal gases) are mixed in a small container fitted with a
piston, find the maximum total pressure (in atm) to which this mixture must be brought in order to just
precipitate out metallic Ni ?
1 AT @1 AT bty
Ni(s) + 4CO(g) == Ni(CO)4(g) ; Kp = 0.125 atm™S.
af ve fiRes gad T Bic 9 H CO AT Ni(CO)4 (377eel 140) & Al &1 AW G o [Aida fear sman
2, d1 98 JIOHdH FHol I6 (atm ¥) A SR, 79 R a1fcasd Ni &1 3@erael e UR™ 819 o[l © |
Ans. 4
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Chemical Equilibrium -

Sol.  Ni(s) + 4CO(g) —= Ni(CO)a(g)
P P
For backward reaction (qea 3rfafssan & forg)

Qp = Kp

Pk
P4 p

ig >0.125 atm™
P

P3 < 8 atm?®

P <2atm

Prota = 2 Pt = 4 atm.

6.a Kp is 9 atm? for the reaction: LiCl.3NH3(s) = LiCl.NHs(s) + 2NHs(g) at 40°C. How many moles of
ammonia must be added at this temperature to a 5 litre flask containing 0.1 mole of LiCl. NHs in order to
completely convert the solid to LiCl.3NHs? Multiply the obtained answer by 100. Round off the answer to
the nearest integer.

rfafhar LiCl.3NHs(s) — LiCl.NHs(s) + 2NH3(g) & for& 40°C a9 WR Kp, 9 atm? 8 | 39 & fohas At
0.1 AT LICL.NHs g 5 eflex Uil # 9 19 W Sl o difed il gUf w9 ¥ 814 &I LiCl.3NHs # uRafia
PR S| 3O TR Bl 100 H PN HRA & U Abead Jolid H QIfoIg |

Ans. 78 mole
Sol.  LiCl. 3NH3 (s) == LIiCl. NHz (s) +2NHs (g) Kp =9 atm? = p°nus3

0.1 a = pnHz = 3 atm
no. of moles of NHs at equilibrium = 35 0.5844
0.082x313

For 0.1 mol of LiCl NHs 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. 3NH3 (S) = LIiCI. NHz (s) +2NHz (g) Kp =9 atm? = p?h3
0.1 a = pnuz = 3 atm
3x5

I R NHz & i 9T =———— = 0.5844
0.082x313

0.2 A1 NHs 0Tl &=+ & fofg 0.1 A1l LiCl NHs &1 maedaar 8 |
ATGeIH NHs Bl Bl Hiel G941 = 0.7844.

¥R : 0.7844 x 100 = 78.44

After rounding of Answer is 78.

fwcan qurfe § uReds & gearg SR 787 |

7=  Consider the reaction, 2Cl2(g) + 2H20(g) —= 4HCI(g) + O2(g) ; AH°= + 113 kJ
The four gases, Clz2, H20, HCI and Oz, are mixed and the reaction is allowed to come to equilibrium. Each
operation is to be considered separately. Temperature and volume are constant unless stated otherwise.
Report the number of operations in the left column which lead to increase in the equilibrium value of the
guantity in the right column.

(a) Increasing the volume of the container Number of moles of H20
(b) Adding Oz Number of moles of H20
(c) Adding O2 Number of moles of HCI
(d) Decreasing the volume of the container Number of moles of Cl2
(e) Decreasing the volume of the container Partial pressure of Clz
(f) Decreasing the volume of the container Kc

(9) Raising the temperature Kc

(h) Raising the temperature Concentration of HCI

(i) Adding He Number of moles of HCI
() Adding catalyst Number of moles of HCI
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Chemical Equilibrium -

Ans.
Sol.

Ans.
Sol.

arfarfepan 2Cla(g) + 2H20(g) == 4HCI(g) + O2(g) ® foTy AHC = + 113 kJ

IRI AT Clz, H20, HCI T2 O &1 faf¥a #=a & den ififhar araraRen oR o O 8 | UAD Ufshal &
IS HET T ® | O19 9 MId- ReR & Sadd wed d uRafda &==1 &1 7 drell 9 | 91 3R A T wfe™
S UHH B I8 AR IATSY Sl IR AR Biew H & TS AA B 9= 949§ gfg i g

(a) UM BT AMIAT §@M TR H.0 & Al Bl e
(b) O fiatraT STt & H.0 & Al Bl et
(c) O fAamaT ST ® HCl & A1l @ |
(d) UTH HT AMIAT TS W Clo® Hrdll @ |
(e) UTH &1 AT TS W Cl, &1 371%™

(f) T3 ®I MITH "™ W Kc

(g) 9 ¥ gfg Kc

(hy a9 % gfg HCI &) ATt

(i) He fiaman = HCI & el @ |
() SRS A SIran @ HCI & Hiddl @ |
5

(a) decrease (b) increase (c) decrease (d) increase (e) increase (f) no change (g) increase (h) increase (i)
no change (j) no change

(@@ gl (b) deaizl ()Eeaizl (d)Iearal  (e) dean B |

(f) o1 uRads =&l (g) gea1 21 (h)Sear 81 (i) BI$ IRad= 72 (j) B uRad= =&

For given simultaneous reaction :

=1 srfafomansii & forg :

X(s) == A(g) + B(s) + C(9) Kp, =500 atm?

Y(s) = D(g) + A(g) + E(s) Kp, = 2000 atm?

If total pressure = x, then write your answer after dividing by 25.

I JT I x B A SUAT STR 25 I AT wr qfve—

4
X(s) = A(9) + B(s) + C(9)
p1 + p2
Y(s) == D(g) + A(9) + E(s)
P2 P2+ p1

(p1 + p2)p1 = 500 0]
(p1 + p2)p2 = 2000 ...(i)

0)
eq. m
pp _1 _
E —Z = p2 = 4pl

pr=(p1+ P2) + p1 + p2

=10+ 40 + 10 + 40 = 100 atm
pt _100
25 25

=4 atm

/\
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Chemical Equilibrium -

9. For equilibrium N204(g) — 2NO2(g) the observed vapour density of N204 is 40 at 350 K. Calculate
percentage dissociation of N204(g) at 350K.
A N204(g) = 2NO2(g) & foTT 350 K TR N2O4 &1 UfEId a9 &-7c@ 40 & | 350 K TR N204(g) &I faare=
gfrerad &1 TOET BT |
Ans. 15
Sol. o= _P~d
(n—1)d
92 40
a= 2 =015
(2-1)-40
10. The vapour density of N2O4 at a certain temperature is 30.67. The % dissociation of N204 at this
temperature is :
v Af¥Ed A W N20s &1 a9 8@ 30.67 8 | 39 A9 TR N204 &1 % 39 2 :
Ans. 50
Sol.  N204(g) = 2NO2(9)
922 = (1 + a) %X 61.33
92
l+toa= ——
61.33
a=0.5
11.= Solid ammonium carbamate dissociates to give ammonia and carbon dioxide as follows:
NH2COONHa (s) = 2NHs (g) + CO2(qg)
At equilibrium, ammonia is added such that partial pressures of NHs at new equilibrium equals the original
total pressure (at previous equilibrium). If the ratio of the total pressures now to the original total pressure
is a/b then report a + b.
3 MIFTTH FEffe & fade 9 M 9 FHSssiase 9 TeR ¥ 9941 © ¢
NH2COONHa (s) — 2NHs (g) + CO2(qg)
AR R A Aa™ W™ NHs &1 iR$ 39 ([ 999 W) §d 9d a9 (RB™S 9/ ) §d S6) &
RER 81 O[T 2 | IfQ FoI I A IIKAAD Bl &6 B AGUIT /b § Tl U1 SI® a+ b F AfAY |
Ans. 58
Sol.  NHz2 COONH4(s) = 2NHz(g) + CO2(qg)
2Po Po Kp = (2Po)2 x Po=4P.3
3Po P’ Kp = (3Po)2 x P’ =9P2.P
P’ =% Po
pf 3P +gPy 31
P, 2
PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
AT -1l : U I1 U 9§ IS 98l fdvey IR
Section : (A)
1. Which of the following is correct about the chemical equilibrium ?

(A*) (AG)Tp=0

(B*) Equilibrium constant is independent of initial concentration of reactants
(C*) Catalyst has no effect on equilibrium state

(D) Reaction stops at equilibrium
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Chemical Equilibrium

IS A B U BIY U FEl § ¢
(A*) (AG)1Pp=0

(B*) 9= ReRi® &1 AF ANGRGT @ URMME Arsdl & w@dd g 2 |

(C*) I JARAT TR SSRP BT BIS YN -2l Il 2 |
(D) I/ W AT B S 2 |

2. For a reaction N2 + 3H. — 2NHj3, the value of Kc does not depends upon :
(A*) Initial concentration of the reactants (B*) Pressure
(C) Temperature (D*) catalyst
AFAFHAT N2 + 3H2 — 2NH: & oIy Ke &1 A fwR =& & ©
(A*) IABRDT B IR™S F=al R (B*) T@ W
(C) d™ R (D*) SBR® W
Sol. Equilibrium const. is temp. dependent only.
B 9™ ReRid dael a9 W AR $Rar B |
3. Which of the following statement/s is/are correct :
(A*) At equilibrium, vapour pressure of solution and refractive index of eq. mixture becomes constant.
(B*) Equilibrium can be attained in both homogenous and heterogenous reaction.
(C*) Approach to the equilibrium is fast in initial state but gradually it decreases.
(D*) Equilibrium is dynamic in nature
1 3 9 PN/ P B HE BB
(A*) I R faead &1 919 9 q1 9 fAsor &1 sadie Fad 8 9 2 |
(B*) |= den fawArh M1 rfwfhanell # W venfua 8 e 2 |
(C*) UR™ H{ A TP Uga &I fehar daar A 81l g fobg a8 § dR—4R I8 geil ol 2 |
(D*) 9= yefa | wfrefier g 2 |
Sol. At equilibrium all properties solution (i.e. chemical composition of eq. mixture) becomes constant.
IR R e & 9 o7 (i A AT @1 e Sied) a8 9 #
4 Equilibrium constant for following reactions respectively Ki, Kz and Ks
o= arfforanett & forg /g fRadie swHen Ka, Ko @2 Ks g |
N2 + 3H2 == 2NHs K1
N2 + O2 — 2NO Kz
Ha + %02 —H,0 Ka
2NHs + %Oz — 2NO + 3H,0 Ka
Which of the following relation is correct.
1 & 9 P e 98 R
3 3
(A Ky = K2XK)™ gy K, = Ky x KoK (C*) Ko =K4_X'§1 (D¥) Ka = K2X(Ks)”
Ka (K3) Ky
Sol.  2NHs — N + 3Hz K, =L
K1
N2 + O2 — 2NO Ky =Kz
3% (Ha +% 02 — H20) K; = (Ka)®
3
2NHs + %Oz — = 2NO + 3H:0 Ka :%&
1
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Chemical Equilibrium -

5x»

Sol.

Sol.

Sol.

If log E—Cflog R_lT = 0, then above is true for the following equilibrium reaction
p

Zﬂ%’log:z—cflog %zO,ﬂHﬁHﬁﬁﬂﬁﬂﬁWWSﬁ%mGuﬁzﬁ | AEl 87
(Y

(A*) NH3(g) = % N2(g) + % H2(g) (B*) CaCOs(s) = CaO(s) + CO2(g)

(C) 2NO2(g) = N204 (9) (D) Hz(g) + 12(g) = 2HI(g)
k 1

log —£=log —
Kp (RT)

= kp = ke (RT) = An=1

The reaction for which, Ke = Kc is satisfied

o= 4 Q@ o sfdfhar & oy, Kp=Ke® -

(A*) A(9) + 2B(g) == 3C(9) (B) A(s) = B(9)
(C*) 2A(9) = B(9) + C(9) (D) A(s) + B(g) = C(s) + 2D(9)
For Kp = Kc

N204(g)== 2NO2(g), Kc = 4. This reversible reaction is studied graphically as
shown in figure. Select the correct statements.

(A) Reaction quotient has maximum value at point A

(B*) Reaction proceeds left to right at a point when [N204] = [NO2] = 0.1 M

(C*) Kc = Q when point D or F is reached :

(D) None of these

Concentration

N204(g) = 2NO2(g), Kc = 4 € | 39 SopAg AfAfhar &1 9% w9 § 1egg+ foban
T g o fam § e = g | 98 $2E1 B 9T By

(A) ifafrar Tories g A &R 31frsaH & |

(B*) aifaferar 99 9§ SR suf¥a et @ 9 U& fag W [N204]=[NO2]= 0.1 M
(C*) g D3R F R K= Q BN |

(D) 37T ¥ ®IS el
(A) N20s — 2NO: Ke=4
at point — A
_ [Product] _
| [Reactant] -

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

| [NO, T _0.1x0.1 _

= 0.1
[NO,] 0.1
Q<Kec
So, reaction proceeds left to right
© Ke=Q at point [D & F].
(A) N20s = 2NO: Ke=4
fdg —A®
Q :—I: ] =0
[

1T, g A TR Q &1 <JFa¥ A U<l 81T |

/\

Resonance®

Educating for better tomorrow

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

Chemical Equilibrium

(B) 39 fag W [N204] = [NO2] = 0.1M

Q

_ [NO, T* _ 0.1x0.1

=0.1

Q<Kc

[NOo,] 01

areT: rfafshar 9t 9 SRi 8k SRR B WAl |
(©) Ke=Q [D der F] fag W |

8. If reaction A + B — C + D, take place in 5 liter close vessel, the rate constant of forward reaction is nine
times of rate of backward reaction.
If initially one mole of each reactant present in the container, then find the correct option/s.

fwfspar, A+ B —= C + D,

5fler 95 U A Bl ©, o WAl $1 &R Fudie uve oA #1 9 Y1 S ©, I IS hareRS
@ TP A Ui § SuRed 81 a1 |l fdded/fadedi BT @ B |

[C]I_3 _
Ax) == 2 B*) log Kp = log K
()[B]1 (B*) log Ke = log Kc
(C*) [D]eq = 15 x 102 mole L™ (D*) Keg= 9
Sol. A + B — C + D
1-x 1-x X X _
— — = = t=eq
5 5 5 5
Kc to question
_ _Kg _9
Kr =9 Kb Ke=—4==
b 1
2
Kc = (K/5)2=g A =3
1-x 1 —X
)
X=3-3x
4x =
x=2 =075
4
[A] = 222 =5 x 102 mole L4[B] = [A] c=27 - 15x 102 mol L
5x100 500
9. Consider the following equilibrium 2AB(g) —— Az(g) + B2(Q)

The vapour density of the equilibrium mixture does not depend upon

(A*) Temperature
(C*) Volume of contain

(B*) Initial concentration
(D*) Pressure of equilibrium mixture

AT Th AT, 2AB(g) —— A2(g) + B2(g) B |
AT RS BT 99 g9@ R T8 $RaT B

(A*) dU I®
(C*) UTa & 3MIA W
Sol. For given reaction Ang=0

(B*) URf™& Arsdl W
(D*) I fAs01 & q9 W

f& T afafbar & forg Ang=0

10. Vapour density of equilibrium PCls(g) = PCIs(g) + Cl2(g) is decreased by

(A*) increasing temperature
(C) increasing pressure

(B*) decreasing pressure
(D) decreasing temperature

AT, PCls(g) — PCls(g) + Clz(g) &1 919 &-d ¥cdl © :

(A*) Y M W (B*) S WEM W
(C) 9 9N W (D) 919 HEeM W
Sol. For given reactions Ang = +ve, AH = —ve, high temperature & low pressure favours forward reaction which

increases number of moles.
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Chemical Equilibrium -

el

11=

Sol.

12.

Sol.

& T A & fTY Ang = +ve, AH = —ve g | S=a A9 den 1 q19 31 fdifshan & foy argda Rafa @
ST Al B T 9T R |

CuS04.5H20(s) —— CuSO04(s) + 5H20(g); Kp = 10720 (atm)®. 102 moles of CuS04.5H20(s) is taken in a

2.5L container at 27°C then at equilibrium [Take : R = % litre atm mol=t K]

(A) Moles of CuSO4.5H20 left in the container is 9 x 1072

(B*) Moles of CuS04.5H20 left in the container is 9.8 x 1073

(C) Moles of CuSOQs left in the container is 1073

(D*) Moles of CuSOa left in the container is 2 x 10™

CuS04.5H20(s) = CuS04(s) + 5H20(g); Kp = 10710 (atm)®. 27°C W 2.5L T& U # CuSO04.5H.0(3)

% 102 Hra ford oI € a1 9y W [fafog: R :%Iitre atm mol™ K]

(A) s § Y 99 CuSO4.5H0 & Hiet 9 x 1073 & |
(B*) UTs % 99 99 CuS04.5H,0 & #Iel 9.8 x 1037 |
(C) urs ¥ 99 99 CuSO+® Hiel 1037 |

(D*) Ul H AY 99 CuSOs B AlA 2 x 1047 |

10 atm = Prio = Pyo=10%atm. n=— ==/ —===107

CuS0.4.5H20(s) —— CuS04.3H20(s) + 2H20(g) Kp = 0.4 x 102 atm?
Which of following statement are correct :
(A) AG®=—RT In Pyowhere Py o= Partial pressure of H20 at equilibrium.
(B*) At vapour pressure of H20 = 15.2 torr relative humidity of CuSO4.5H20 is 100%.
(C* In presence of aqueous tension of 24 torr, CuSO4.5H20 can not loss moisture.
(D*) In presence of dry atmosphere in open container CuSO4.5H20 will completely convert into
CuS04.3H20
CuS0.4.5H20(s) = CuS04.3H20(s) + 2H20(g) Kp = 0.4 x 10-% atm?
71 3 9 DY HUF FE B ¢
(A) AG® = —RT In P o STEl By o= AT TR H0 &I iR <19 |
(B*) a9 g19 Hz0 = 15.2 €R W CuS04.5H20 &1 Sufae 3 100% & |
(C*) STeila d1d 24 ©R &1 SURATY H CuS04.5H.0 T+ &1 & el |
(D*) gl UTF H Y argAvSd bl SURART H CuS04.5H20, CuS04.3H0 # Toi U & gRafid &1 e 2 |
(A) Kp = (Pu,0)°
=0.4 x 102 =4 x 10~* atm?
(PHZO)equi =2x1072 atm

=2 x 1072 atm
=2 x 1072 x 760 = 15.2 torr

(B) Relative humidity = 122 x 100 = 100% (If V.P. = 15.2 torr)
© WhenPy,0> (Py,0)equi Packward shift so at 24 torr pressure reaction shift backward.
(D) In dry atmosphere and open container reaction shift completely in forward.

(A) Kp = (Py,0)° = 0.4 x 10° = 4 x 107 atm?
(P,0)equi= 2 % 102 atm

=2 x 102 atm
=2x 1072 x 760 = 15.2 torr

(B) JMUfee Jrean = i:; x 100 = 100% (3fs a9 S19 = 15.2 torr)

(C) S Py0>(Ru,0)equ T2 o & smifia & g9y 24 €R <19 W arfdfebar veeg feem # €l |
(D) h IGAvSA dAT Yol T H AfAfhar qol wu 9 o fIwm # Brf |

/\
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Chemical Equilibrium -

13. 1 mole each of Hz(g) and I2(g) are introduced in a 1L evacuated vessel at 523K and equilibrium
Hz(g) + I2(g) — 2HI (g) is established. The concentration of HI(g) at equilibrium :
(A*) Changes on changing pressure.
(B*) Changes on changing temperature.
(C*) Changes on changing volume of the vessel.
(D*) Is same even if only 2 mol of HI (g) were introduced in the vessel in the begining.
(E*) Is same even when a platinum gauze is introduced to catalyse the reaction.

1L & fyaffoa o & Ha(g) 9o 12(g) & Th—Td At ford Wi € dem 523 K R fore1 | zenfia 2 2 |

Ha(g) + I2(g) — 2HI (g) 9= 4R HI(g) & |isdl :

(A*) g9 gRad= & uRafta grft |

(B*) a1v uRadH & gRafia & |

(C* U & Imgas W uRad= & uRafia gt |

(D*) d9 Y A Y&l B, 99 URF H U § HI(g) ® 2 Hd B o W B |

(E*) @@ W §919 <&l 2, 99 Affhar &1 SART a7 & oy ta wifesd I (Srer) &M & forn S 2
Sol. Hz(g) + I2(9) = 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 Ke 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) T9 SSe B fAIU MG SGa IS 3R IMAT 95 GR HI(g) 1 Arsdl 9ad IR 9ol & 59

AIdl B G TEl gGeA i |

(B) TT9H §ge™ TR Kp 95 STRIT ST HI(g) &1 Arsar H g ST |

(C) MIdd &a= W HI(g) 1 ATl 9&a1 SR Wel €1 9 Aldl ) Gl el daei |

(D) forsiy Y foem & 981 |y sra=en venfid &1 |

(E) SORP AR AR el 9gel Al |

14. For the reaction : PCls (g) —— PClz (g) + Cl2(g)

The forward reaction at constant temperature is favoured by
(A) introducing chlorine gas at constant volume (B*) introducing an inert gas at constant pressure
(C*) increasing the volume of the container (D*) introducing PCls at constant volume

Jfffshar & forg : PCls (g) = PClz(g) + Cl2(g)

Rer A W o fwfhar & fog e Rafd @ -

(A) FAf¥ad T R FaRE 3N gaed &¥= W (B*) fAREd g9 R by i garfd e )
(C*) U & AT Bl d81 W (D*) fR=@ s R PCls Ya1fdd a)1 W

Pecl; (9) *Pel, () _ (el (g))eq X (e, (g))eq.

Sol.  According to Kp =

Peci, (g) V' x (Mpcy (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.

Sol.  Ke® IR = Pecl; (9) *Pet, (9) _ (e (g))eq. X (Nc, (g)eq
Peci (g) V' x (Npc, (g))eq.

Id g9 ) afhy I e ) 9= Sl feen | favenfud 8 & S 5 o @ ofae &1 9@ UR Il
=
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Chemical Equilibrium -
15.» Which of the following reaction will shift in forward direction. When the respective change is made at

equilibrium:
(A*) N2(g) + 3H2(g) —— 2NH3(g) increase in pressure at eq.
(B*) H20(s) = H20(¥) addition of inert gas at constant volume
(C*) PCIs(g) == PCiIs(g) + Cl2(g) addition of inert gas at constant pressure
(D) H2 + 2 — 2HI increase in temperature
ﬁwﬁéaﬁmﬁaﬁmvﬁfﬁmﬁmﬁwﬁwﬁﬁﬁ?ﬁmmwmqﬁaﬁ?ﬁﬁmﬁ:
(A*) N2(g) + 3H2(g) == 2NHs3(q) IR R TN g W
(B*) H20(s) = H20(¢) o emaas R eifhg 9 e w®
(C*) PCls(g) — PCls(g) + Cl2(q) fraa g wR afsy T fem w
(D) Hz + .= 2HI qY ge™ W

16. 2CaS04(s) = 2Ca0(s) + 2S02(g) + O2(g), AH>0

Above equilibrium is established by taking some amount of CaSOu4(s) in a closed container at 1600 K.
Then which of the following may be correct option.

(A*) moles of CaO(s) will increase with the increase in temperature

(B) If the volume of the container is doubled at equilibrium then partial pressure of SO2(g) will change at
new equilibrium.

(C* If the volume of the container is halved partial pressure of O2(g) at new equilibrium will remain same
(D*) If two moles of the He gas is added at constant pressure then the moles of CaO(s) will increase.

2CaS04(s) =— 2Ca0(s) + 2S02(g) + O2(g), AH>0
GWEWCaS@(s)a%agwwaﬁwwwﬁ1600Kwéﬁww?rm§|aaﬁwﬁﬁaﬁﬂw
BT L B

(A*) CaO(s) ® Hict 9 & de- & A1 d9ed & |
(B) IfE ORI R U & FAT & G X & a9 99 AR TR SO2(g) HT 3ifId <6 g1 SR |
(C*) afe 9T= HT AT SR B & AT T AT W O2(g) BT 3MfH [ FHH -7 |
(D*) afe He I & <1 Al I @ R e § @@ CaO(s) & Al 9 S |
Sol. (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) v f aiffsrar St @ =1 g2 o feen # 8rft s|afow CaO @ Al # gfg i |
(B) I & HeH AT 984 B A1l A9 BT 3Mfd <€ FAN BT 8 |
(C) smfiforan # f9d g9 W ifha T ™ & dRor sififehar 89 fden # 2t 8 o'l 9 & Al @ |
SATET B B
17. The dissociation of phosgene, which occurs according to the reaction
COCl2 (g) == CO(g) + Cl2(9)
Is an endothermic process. Which of the following will increase the degree of dissociation of COCI2?
(A) Adding ClI2 to the system (B*) Adding helium to the system at constant pressure
(C) Decreasing the temperature of the system (D*) Reducing the total pressure

B &l e = afifhar & ergaR 8
COCl (g) — CO(g) + Cla(g), 51 & T HHEN UshA =1 COClL & fado @ 7 1 § fhas gri

I |
(A) e 7 Cl, e ) (B*) ReRr 3@ W fam # Bifermw &1 fiam w®
(C) o @& A9 & HH B W (D*) F I BT HH B W
Sol.  (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) ueg feenm # srufyd B8Mm| (B) 31 f=m # smifia g1Fm |
(C) uea faem # srufyd grm | (D) 31w faem # R B |
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Chemical Equilibrium -
PART - IV : COMPREHENSION
HRT - IV : TG (COMPREHENSION)

Read the following passage carefully and answer the questions.

1 srgeeT @1 eFYds ufed den wEEl @ SR SN |

Comprehension # 1
Le chatelier's principle
If a system at equilibrium is subjected to a change of any one of the factors such as concentration,
pressure or temperature, the system adjusts itself in such a way as to nulify the effect of that change.
Change of pressure : If a system in equilibrium consists of gases, then the concentrations of all the
components can be altered by changing the pressure. To increase the pressure on the system, the volume
has to be decreased proportionately. The total number of moles per unit volume will now be more and the
equilibirum will shift in the direction in which there is decrease in number of moles i.e., towards the
direction in which there can be decrease in pressure .
Effect of pressure on melting point : There are two types of solids :

€)) Solids whose volume decreases on melting, e.g., ice, diamond, carborundum, magnesium nitride and
quartz.
Solid (higher volume) — Liquid (lower volume)
The process of melting is facilitated at high pressure, thus melting point is lowered.

(b) Solids whose volume increase on melting, e.g., Fe, Cu, Ag, Au, etc.
Solid (lower volume) —— Liquid (higher volume)
In this case the process of melting become difficult at high pressure; thus melting point becomes high.

(c) Solubility of substances : When solid substance are dissolved in water, either heat is evolved
(exothermic) or heat is absorbed (endothermic).
KCl + ag — KCl(aq) — heat
In such cases, solubility increase with increase in temperature. Consider the case of KOH; when this is
dissolved, heat is evolved.
KOH + ag — KOH(aq) + heat
In such cases, solubility decrease with increase in temperature.

(d) Solubility of gases in liqguids : When a gas dissolves in liquid, there is decrease in volume. Thus,
increase of pressure will favour the dissolution of gas in liquid.

ITWE # 1
—emdfeg g
Ife A R e ey @ Arsdn, S19 310ar 9ig # 9 BIs BRG B YR HR Al 6T WA B 59 TWE
FIRUT BN b 98 UG HH NYAT FHG PR D |
TN P IR : It v RY (e 9= ® 8 a1 <@ A 9Rads gRT 9t egudl @ Arsare gWifad @
Fodl 21 99 o™ & g9 # gfg el €, @1 as § +ff S rgua | ot 8RN, uf g1 stIad Al @
qd G139 D 8 TR qA1 AR S QR H SR Siel b Al Bl A1 $H Bkl 8 i 99 fawn
# &l mgad H HHAl &1 oIl © |
AP R TE T 9T : FAMGS: ]I YHR & 319 B 2 |

(a) o1 @ Ifd R R S gcdl § SaIe’Yl 9%, BRI, HIEIRVSH, HHIREH, AISEI8s dell @
o ([T ) —— %a (=1 emaas)
S & R T DI UhdT el 81 Ol 8, $9felY Teid gl ¢ |

(b) o1 @ Iferd -1 W 3MIaH 9¢dl & | SaI. Fe, Cu, Ag, Au, ST |
o (9 amgae) — <4 (ST ga+)
59 Rfd 3 S=a 3@ W T &1 UHH RS 1 ST 8, SHY T1d 96T 3 |

(c) Uil & faear : o9 o 7 o usTed ®Y wiel S € o A1 1 S eI (STerd)) gl § s S
NI RIS
KCl + aq — KCI (STeii) — &1
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Chemical Equilibrium -
39 gpR P aRRARET § @9 gem W fIoaar gedl 81 (KOH & Rafy 4, 59 I8 goldl 8 d@ HA
frspIfyd Bl 2 1)

KOH + STl —— KOH(STl1d) + &1
391 gRRerfet &, qrowe & gfg @& a1 o &0 g 2 |

(d) gal # Y P Rear o9 g9 # T B oy e Sar @ o) oA # & Bt B o <9 # afg @ w9

¥ At B fergdr sedt B

1. A gas 'X' when dissolved in water heat is evolved. Then solublity of 'X' will increase :
(A) Low pressure, high temperature (B) Low pressure, low temperature
(C) high pressure, high temperature (D*) high pressure, low temperature
e X 99 oA H e Sl @ a1 S Aseiia @kt R 99 X @ forar e w g
(A) ®H 16, =g dIY WX (B) 9 T16, ¥ dU WX
(C) 8= T, J=d di4 W (D*) S=a 14, HH dU W)
Sol. Solublity of gas is favourable at high pressure and this process is exothermic hence solubility will be more

at low temperature.

Sol. 9= T W A P! fdoiddr decdl 2, IR I8 Ufshal SR g | SHfolY BH Il W) S9! faoaadr 1fds 31 |

2. Au(s) = Au(¥)
Above equilibrium is favoured at :
(A) High pressure low temperature (B) High pressure high temperature
(C*) Low pressure, high temperature (D) Low pressure, low temperature

Au(s) = Au(¥)
SWIg a1 & foy =1 aRRerfaai srgaa el @

(A) 3= 19, HH U U (B) S=a <14, S=d AU WX
(C*) 9 <19, 8= A9 W (D) | TMd, HH U WX

Sol. Since density of gold decreases after melting therefore it is favourable at low pressure and high
temperature.

Sol. fige™ & 918 | B G9cd HH 81T AN HH <19 qAT S A9 569 Y 3gde eI |

3.* For the reaction, % N2(9) + %Oz(g) — NO(9)

If pressure is increased by reducing the volume of the container then :
(A*) Total pressure at equilibrium will change.

(B*) Concentration of all the component at equilibrium will change.

(C) Concentration of all the component at equilibrium will remain same
(D) Equilibrium will shift in the forward direction

R, %Nz(g) + %Oz(g) —— NO(g) @ farg,

IfE T & AFAT H FH BR I@ Pl IGMAT ST B 9 ¢
(A*) 9 R @l <19 gRafidd s8R (B*) IR W |l J@I@i & Arwdr gRafda gl
(C) 9rg WR | 3aTdl &I ATwdl F9F M (D) 9T, 31 &= &l 8k S

Sol. Number of moles will remain unchanged but due to decreased volume pressure will get increased and
also the concentrations.
Sol. WA B G&AT FAM & W] T 4 $H & BRY {A @ 96 SR T Arsard 41 9 TR |
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Chemical Equilibrium -

Comprehension # 2
Effect of temperature on the equilibrium process is analysed by using the thermodynamics
From the thermodynamics relation

AG°=-230RTlogk ... (2) AG® : Standard free energy change

AG® = AH°-TAS® .. (2) AHC : Standard heat of the reaction.
From (1) & (2)

— 2.3 RT logk = AH® — TAS® AS° : Standard entropy change
—  Jogk= AR AS® 3)

23RT 23 R
Clearly if a plot of log k vs 1/T is made then it is a straight line having slope = 2_§H;
and Y intercept = AS®
3 R

If at temp. T1 equilibrium constant be ki1 and at temperature T2 equilibrium constant be k2 then :
The above equation reduces to:

(o] 0

—~  logkKi= -2 A" 4)
23 R T, 23 R
(o] (o]

—  logKp= -2 - )

+
23 R T, 23 R
Substracting (4) from (5) we get
K> A H (1 1
= log—= = —_——=
K; 230 RlT; T,
From the above relation we can conclude that the value of equilibrium constant increases with increase in

temperature for endothermic reaction but value of equilibrium constant decreases with the increase in
temperature for exothermic reaction.

ATHVT # 2
TR 3ARA] R A9 & YU DI SHENIID! b gRT NI fha1 S & |
SHTS T H—
AG°=-230RTlogk ... 1) AGP : FIFd ad Soll gRacde
AGP=AH° —TAS® ... 2 AHP : JIAfHAT B 99H ST
(1) @11 (2) &
— 2.3 RT logk = AH° — TAS® AS® : 99® Trerd aRad+
—  logk= -AH ,.As® ?)
23RT 23 R
WwﬁuﬁwwIogkamlﬁﬁmma‘fagw?ﬂ%ﬁw#ﬁmmmz2‘§H;
AT Y I WUg = S
23 R
I AU T R AIaRel] ReRTe ki dT AU T, 0 ARIaell ReRie ko 81 A SWRIgd FHIax0 71 w9 #
foret <1 wl © -
—  logKi=-_— A A 4)
23 R T, 23R
—~  logKp= -2 A 5)

23R T, 23R
(5)¥ A (4) P HeR W log 2 - A [i_iJ

K, 230 R(T, T,
o1 g @ B9 sy Marad © 6 argawen ReRie &1 49 dvdE 4 ghg 9 SRy Affhar & for
ggal & g argaRen Reri® &1 a9 Hwed Afifshar & for)y a™ 9g™ 4 gedn 7|
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Chemical Equilibrium -

4, If standard heat of dissociation of PCls is 230 cal then slope of the graph of logk vs % is:

Ifg PCls & ford wMas fagiis w1 230 cal 81 A1 U1 Iogkﬁ%‘ﬂ%?ﬁ AL gl B

(A) +50 (B*) — 50 (C) 10 (D) None &1§ =&t
Sol.  Slope (1) = AR - 20 g
23 R 2.3x2

5. For exothermic reaction if ASo < 0 then the sketch of logk vs % may be :

uﬁm«%@raﬁmzﬁﬁmﬁmoﬁaﬁlogkaw%a%quz‘rm:

logk logk \ logk
logk
(D) T

(A) 1T (B%) 1T (©) T
AH° AS

Sol.  Usi tion (AHIHROT HT IYAIT IR §Y), logKk = —————+ ==
) sing equation ( gY), log N oo =
6. If for a particular reversible reaction Kc = 57 at 355°C and Kc = 69 at 450°C then :
(A)AH<O (B*) AH>0 (C)AH=0 (D) AH whose sign can’t be determined
afe e fR=a Sepweig aifafear & fo’l 355°C W Ke = 57 doI 450°C &R Kc = 69
(A) AH<0 (B*) AH >0 (C) AH=0 (D) AH RSra@T forg ar =& o dad B |
K o
Sol.  Using equation (F#1h=oT HT YA X §Y), log—= = A R [i—ij
K; 230 R(Ty T,

Comprehension # 3
Answer Q.7, Q.8 and Q.9 by appropriately matching the information given in the three columns of
the following table.

Equilibrium is a state in which there are no observable changes as time goes by. When a chemical reaction has
reached the equilibrium state, the concentrations of reactants and products remain constant over time and there
are no visible changes in the system. However, there is much activity at the molecular level because reactant
molecules continue to from product molecules while product molecules react to yield reactant molecules. If a
change is applied to the system at equilibrium, then equilibrium will be shifted in that direction in which it can
minimise the effect of change applied and the equilibrium is established again under new conditions.

Column-1 Column-2 Column-3
_1 I
(I) | 2NHsg = Nz + 3Hz@ | (i) | Homogeneous (P) IFo= > & Protalatequiiorium = 1 atm,
Kp<1
(1) | N20a@) 2NO2g (i) Ke > Ke (T = 298K) Q) On increasing temperature, yield of

reaction increases

. . On increasin ressure, vapour
Degree of dissociation is g P b

(1) | 2031 == 302 (i) | ot affected by pressure (R) gensny of equilibrium  mixture
ecreases
(IV) | 2Hlg) == Hag) + l2(g) (iV) | Mineoritical > Mexperimental (S) Products are paramagnetic in nature

ITWT #3
R @ T 9d & A9 prawl H IuAR FI P SUYT T W FAA BR T Q.7, Q.83IR Q9P I

Sised

AR TS Ul Al B R 99 oA @ 9 $ls Ui gRadd el BT 2| Sl Ud e ik
ATITERAT YTl PReA 2, AT SMAPRS TAT IURT B AFEAR AHI D A1 Fd B 8 q1 J81 97 H g uRaa
TE BT 2 | gEM, Bl MMVah WR WR 37 fHArRiedr ekl & Fifdh AMBRS 3] FRIR IS 377] 911 & SIdid
IR 3] a1 e AMBRS AR &1 Al & & | Ife I § TF W IR ugad sl &, a1 A9/ S9 Qe 4
faenfia B i uRad= &1 99Ta <YAa9 TYa 81 9o a1 a1 g 1 aRRefRl & s enfua g 287
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Chemical Equilibrium

/\B

Plert-1 DIeH-2 HIer-3
_1 _
() | 2NHsg == No+ 3t | () | ¥ (p) | T80T 5 TP m s Lam,
Kp<1

(1) | N20a(g) = 2NO2() (i) | Kp> Kc (T =298Kk) (Q) | U so™ w, iffshan B @l g B |
(1) | 20s1) — 3029 (ii) mﬁﬁﬁgl TR | T R, W [0 P A A e
(IV) | 2HIg) == Hz(g) * l2@9) (iV) | Megrrm > M (S) | SwE IgFEPR TG B B 2|
7.*_  Incorrect combination is

Tad AT 8

(A) (1) () (p) (B) (1N (i) (Q) (C*) (1) (i) (Q) (D¥) (V) (iv) (S)
8._ Correct combination is

L A =

(A) (V) (i) (Q) (B (M (i) (S) (€) () (v) (R) (D) (1) @iii) (S)
9.*  Correct combination is

TqE A &

A) (1) (i) (R) (8% (1) (iv) (S) (C) (I (iv) (Q) (D¥) (V) (iii) (P)

~
-
J

PART -1 : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

I - | : JEE (ADVANCED) / IIT-JEE (fU®el auf) & yes

* Marked Questions may have more than one correct option.

* fyfead U o 9§ e 98 fAdey arel y= § -

1. For a chemical reaction 3X(g) + Y(g) = X3Y(g), the amount of X3Y at equilibrium is affected by
(A*) temperature and pressure (B) temperature only

(C) pressure only

(D) temperature, pressure and catalyst [JEE-1999, 2/80]

fooft xarafae s & fIw 3X(g) + Y(g) == XsY(g), 9FI TR XsY & HATAT YHIAd B9 |

[JEE-1999, 2/80]

(A*) A9 3R T4 (B) ®adl ATq (C) Baet q@ (D) dTU, &9 AR IIRB
Sol. Equilibrium is affected by pressure and temperature but not by catalyst.
el AT R TE g q1Y BT Y9G ISl & Afbd SRS Bl Tl |
2. For the reversible reaction, N2 (g) + 3Hz2(g) — 2NHs at 500°C, the value of Kp is 1.44 x 10~° when
partial pressure is measured in atmospheres. The corresponding value of Kc, with concentration in mole
litre !, is
500°C W f&dl ISapAvi Sfffdhar N2 (g) + 3H2(g) — 2NHz: & forg, afe <nifdre <@ &1 atm # =41 WITQ o1
Kp &1 AT 1.44 x 10°° 8 A1 Kc &1 |G A9 &1 81 IfS A=l Aiedd/<fiex # g8 | [JEE 2000, 1/35]
1.44x107° 1.44x107° 1.44x107° 1.44x107°
A B) C) (D% =22
(0.082 x500) (8.314x773) (0.082x773) (0.082x773)
-5
Sol.  Kp = Ke (RT)™™ = Ke= —b__ 1410
(RT)*"9  (0.082x 773)
3. When two reactants, A & B are mixed to give products C & D, the reaction quotient Q, at the initial stages

of the reaction. [JEE-2000, 1/35]
(A) is zero (B) decrease with time
(C) is independent of time (D*) increases with time

/\
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Chemical Equilibrium -

Sol.

Sol.

Sol.

9 T AfPHe AT B AU H AR W0 ® O S@ie C 9 D §9a1 & | AfAfhar & uRMe eravensii #

If¥fhar ot Q & | [JEE-2000, 1/35]
A3 (B) TFI & 1Y T
(C) 97 WR iR 981 e (D*) |9 & AT IS
_ _[C] [DO]
O A B

~. Qc with time (@9g & |12)

At constant temperature, the equilibrium constant (Kr) for the decomposition reaction N2Os —— 2NO: is

2

expressed by Kp = (?1)( ZP)) , Where P = pressure, x = extent of decomposition. Which one of the following
-X

statements is true? [JEE 2001, 1/35]

(A) Kp increases with increase of P (B) Kp increases with increase of x

(C) Kp increases with decrease of x (D*) Ke remains constant with change in P and x

AfR=ga au R e feea afdfbar NoOs —— 2NO, & forg dramaRen ReRrid (Ke) @1 39 UHR UalRid
ERISISIRARGE (4x® P) St P =g, x = Rges &), AefRad § § Sar 599 9 2|

2

(1-x%)
[JEE 2001, 1/35]
(A) TE 99 ® A1 Kp gl 8 | (B) X ¥ & W1 Kp 93T ®
(C)x &9 BF & A1 Kp dgal & | (D*) P 3R X & uRadd & |1 Kp ReR &aT ® 1

(D) With change of pressure, x will change in such a way that Kp remains a constant.

(D) <@ # gRadE & 1Y x 39 a¥e gRafia &l 8 o Ke fad 2 |

Consider the following equilibrium in a closed container [JEE 2002, 3/90]

N2 04 (g) = 2NO2(g)
At a fixed temperature, the volume of the reaction container is halved. For this change, which of the
following statements holds true regarding the equilibrium constant (Kp) and degree of dissociation (o)?

(A) neither Kp nor a changes (B) both Kp and a change
(C) Ke changes, but a does not change (D*) Kp does not change but a changes
g5 ura | Rea FAfaled Irg ® AR a0 [JEE 2002, 3/90]

N2 Os (g) — 2NO2(g)
foey fefod qm w ififar o &1 emgas emem ox fewm Sar ' 39 uRads & forw wwamaRen Rerid
(Kp) @ fAAIS @1 AT (o) BT (& THEY) SEA U DT BT Tl BlT—
(A) 9 @ Kp aRRafciad 8 51 & « (B) Kp 3R o g1 uRafta &ri
(C) Kp gRafdd, o smaRafda (D) Kp 3maRafiid, o aRafda
N204 (g) = 2NO:..
moles t=0, 1 0
molesateq. 1-a 20

or Kp = x P,

When volume is halved, P is double.
o will change as Ke is independent of pressure change.
N204 (g) = 2NO.

At =0, 1 0
JrRITaRT TR A 1-a 20

/\
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Chemical Equilibrium -

_ 2
1 o p 1—a
1+a
WHWWWW@HWZP.
2
a1 Kp = 4“2 x P.
1-a

9 AT JATET B, P G B |
o gRafia B @ife Ke g9 gRacds A @d s © |

7.* The thermal dissociation equilibrium of CaCOs(s) is studied under different conditions.
CaCOs3(s) = CaO(s) + CO2(g)
For this equilibrium, the correct statement(s) is (are) : [JEE(Advanced) 2013, 3/120]

(A*) AH is dependent on T

(B*) K'is independent of the initial amount of CaCO3s

(C) K is dependent on the pressure of CO2z at a given T

(D*) AH is independent of the catalyst, if any

CaCO; (3% & SHIY faues & arreaRen &1 ey fAfy= smaxemeli # fdar |

CaCOs3(s) == CaO(s) + CO2(g)

39 TR b ford, e U /8 ¢

(A¥) AH , QIOETH &R R BRar 2 |

(B*) ArvaRen ReRi® (K), CaCOs & R E d151 W iy =181 oxar 2 |

(C) K, FrId Iva™ TR CO, & T WX ¥R oxell B |

(D*) AH, SBR® RFR 8l) W R T8 *=ar g | [JEE(Advanced) 2013, 3/120]
Sol. (A) AH2 — AH1 = Cp (rxn) (T2 - Tl)

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

(B) CaC03(s) ﬁ CaO(s) + COZ(g) Kp = (PCOZ )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 (rxn) (T2 - Tl)

Cp T TR AR oAl B 3 T |l aae W R el |

(B) CaCO3i) = CaOs) + CO2(g) Kp = (Pcoz Yam w

ifafrar & fog Keq dae aod W R &= ®

(C) Keq ®ad droad TR AR &=ar 2

(D) s & Tl SRS & YA ¥ Ga Bl © | MG SRS AlhA0 Holl H YR BT & |

Paragraph 1
Thermal decomposition of gaseous Xz to gaseous X at 298 K takes place according to the following
equation :

X2(9) 2X(9)
The standard reaction Gibbs energy, A:G°, of this reaction is positive. At the start of the reaction, there is

one mole of X2 and no X. As the reaction proceeds, the number of moles of X formed is given by B. Thus.
Pequiibrium iS the number of moles of X formed at equilibrium. The reaction is carried out at a constant total
pressure of 2 bar. Consider the gases to behave ideally. (Given : R = 0.083 L bar K-* mol?)

ITHT 1
298 K ®R IRfIg (gaseous) X &1 g X # HwAT—3meed (thermal decomposition) fr=ferRad a+iavor

X2(9) 2X(9)
® ATAR BT © | 9 IIMAfHAT & AFG AfAfshan s il (standard reaction Gibbs energy), AG®, SHTH®

2| AP & IR H X BT 1A & 91 X 1 B | - I AfAfhar gedl B, [fia X & Al 31 =
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Chemical Equilibrium -
BERT &1 WK 8| 39 UPR, ARERN R Fffd X & AGl &1 T Sequiibium © | SATHAT 2 bar & ReR g
T W B AR 2| AE o B I eneet egagr ot 71 (A & : R = 0.083 L bar K2 mol™)

8. The equilibrium constant K for this reaction at 298 K, in terms of Sequilibrium , IS
[JEE(Advanced) 2016, 3/124]

298 K R 39 31T BT Lequiibium & TG § ATRIGRAT ReRT® (equilibrium constant) Ky &1 2197

(A) 8B§quilibrium (B*) 8B§q2uilibrium (C) 4B§quilibrium (D) 4Béqzuilibrium
2- Bequilibrium 4- Bequilibrium 2- Bequilibrium 4- Bequilibrium

Sol. Paragraph-1
Xz () == 2X(9)

Initial mole 1 0
t = teq. (1—(1) 200

Given 2a = Bequilibrium
SO o = ﬁequilibrium
2

Total mole at equilibrium = (1 + o) = (1+(%]

1 ﬁeq.
— 2 2- ﬂeq 28 ﬂeq

=|—% Pow | = | 57— Pota | = | 7 Pioal
F’X2 1+:Beq. ota |:2+ﬁeq ota 2+ﬂeq ota
2

2+/3eq

2
Px@) = ﬂp = |: ﬂeq :IPTotal

2Brq T

2 % l:)total
Px {2 +
sokp= X 121 fe

(Pxz) 2— foq ]
[( ) Ptotal

2+ feg

4 2 8 2
Kp = :Beqz. X Protal = ﬁeqz
4- ﬁeq. 4- ﬁeq

So Ans. is=B
B IToE-1

URMS A 1 0
t = teq. (1—(1) 200
m%:Z(X:BW
3 a = _ﬂw

2

Wq‘\’iﬁoatﬁﬂ:(1+a):(1+(%]

1- ﬁeq.
— 2 2- ﬂeq 2- ﬂeq

Px,~ —ﬂeqptotal = |:mptotal:l = |:mptotal:|
2

1+
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Chemical Equilibrium

Sol.

Sol.

2
Px(g) = &Pmm ={ 'Beq :lPTotaI

1+ ﬁ;q 2+ feq

2
2 2feq,
(PX) - {2+,6’qeq_ * P@a}

Id: Kp = (PX )
? 2-fea_,p
(2+8) °
45 832
Kp = :Beqz. X Protal = ﬂeqz
4- ﬁeq. 4- ﬁeq

The INCORRECT statement among the following, for this reaction, is

Jd: Ans.is=B

[JEE(Advanced) 2016, 3/124]

(A) Decrease in the total pressure will result in formation of more moles of gaseous X
(B) At the start of the reaction, dissociation of gaseous Xz takes place spontaneously

(C*) ,Bequilibrium =0.7
(D) Kc<1

39 rfufehar & ford 99 & & o %o
(A) B T & "eol & URIMH WHd I X & Afde Al a9
(B) afaforar @& uR™ § IRfrg Xo &1 fado= w@a: wafda (spontaneously) graT @

(C*) ﬂequilibrium =0.7
(D)Ke<1
(A) Correct statement.

[JEE(Advanced) 2016, 3/124]

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

(B) Correct statement

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

2
_ 8hq
(C) Incorrect statement as Kp = >
44 ﬂeq
> 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)2 (RT > 1)

K(::K_P
RT
Ke < Kp SoKec<1l

(A) T8 B2 : TA—OI T1d HH B I & 3TWshAT IR 370pai &1 =1 H gl &1 TR% dedl @
(B) W& T2y : IIMWAfHAT BT YT H Qp < Kp 37: Xo H1 Ao w@ah: yafela &I g |

8p2, _ 8x(0.7)

(C) Tad HUF Fifh Kp = =

4-p% 4-(0.7Y

(D) WEl BA :

0
s | AG >0 | g AGO=_RTINKP

AG®> 1, 31 Kp T A9 19 &Y 8F1 91V |

o | K<1

/\
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Chemical Equilibrium -
Kp - Kc(RT)e (RT > 1)

KC:K_P
RT
Kc < Kp SoKec<1

PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
HIT - Il : JEE (MAIN) / AIEEE (U5l a8l) & e

1. Change in volume of the system does not alter the number of moles in which of the following equilibriums
o= & foa am & v s aRad | Hrell &) e g9ifad et 8 ® | [AIEEE 2002, 3/225]
(1*) N2(g) + O2(g9) == 2NO(g) (2) PCls(g) == PCls(g) + Clz(g)
(3) N2(g) + 3H2(g) == 2NHs(g) (4) SO:Clz(g) == SO(g) + Cl2(9)

Sol. In this reaction the ratio of humber of moles of reactants to products in same i.e.; 2 : 2, hence change in

volume will not alter the number of moles .
g, 39 Affar ¥ affedel aq IRl @ Al G d1 U FHH BT B, i 2 0 2 21 o SmaH
gRad+ & Al B WA v e Bl B |

3. For the reaction CO (g) + (1/2) Oz (g) = CO2(9), Kc/Kp is : [AIEEE 2002, 3/225]
T urazen # ferfaRaa aifffsan & fag CO (g) + (1/2) 02 (g) == CO2 (), Ke /Kp? :
[AIEEE 2002, 3/225]

(1) RT (2) (RT)™ (3) (RT)™2 (4% (RT)Y2
= AN . = — 1 = — E = _1 . K_C: 1/2
Sol. Kp =Kc (RT)A"; An =1 (1+ 2} 1 5 5 ) K, (RT)Y= .
4, Consider the reaction equilibrium

2502(g) + O2(g) = 2SO0s(g) ; AH®° = — 198 kJ.
On the basis of Le Chatelier’s principle, the condition favourable for the forward reaction is :
[AIEEE 2003, 3/225]
(1) lowering of temperature as well as pressure
(2) increasing temperature as well as pressure
(3*) lowering the temperature and increasing the pressure
(4) any value of temperature and pressure.
=1 arfafshar = R AR &)
2502 (g) + O2(g) = 2S03(g) ; AH° = — 198 kJ.
i—emifoy g & SR WR 31 Sif¥fhan & forg srgde a=m erfl : [AIEEE 2003, 3/225]
(1) 19 TAT |19 HH RD (2) AT AT S dSIDY
(3*) AT B RSB AR TG TTHY (4) U G TE @ fHA W AE W
Sol.  The conversion of SOz 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. SOz &l SOz H HURY U HHAEMY! AAfhar €, 3 3@ fU a9 93 o1 $IS AaegHar 781 © | Afd
IWRIG ffAfhar § IE B MR (SR $R) T AT Al I &A1 H HHI 81 W& 8 | 3 eh—erarfer g
® ATAR 1 A9 UaHq I=a S99 MWk & oIy argder g2 8l |

5. For the reaction equilibrium, N204(g) — 2NO2(g) the concentrations of N2O4 and NO: at equilibrium are
4.8 x 1072 and 1.2 x 102 mol L™ respectively. The value of K. for the reaction is [AIEEE 2003, 3/225]
AFfAforar A @ oY, N204(g) = 2NO2(g) IIaRel W N204 3R NO, & HT=dT¢ HA%: 4.8 x 1072 iR
1.2 x 102 mol L' g | 1fafshar & fog Ke &1 A9 &1 - [AIEEE 2003, 3/225]
(1)3.3x10°mol L (2)3x 10 mol L (3*)3x10°%molL?*  (4)3x10°mol L

Sol.  Cp,o0,1=4.8x107?mol L™, Cpp,; =1.2x 102 mol L™

N0, 1.2x1072x1.2x107°
[N2O,] 4.8x1072

= 0.3%x102=3x%x103mol L

Cc
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Chemical Equilibrium -

6. What is the equilibrium constant expression for the reaction : [AIEEE 2004, 3/225]
P4(s) + 502(g) = P40 (s) ?
afAforar & fow 9™ @1 59 geR gelRid & - [AIEEE 2004, 3/225]
P4(s) + 502(g) = P40 (s) ?
(1) Kc = [P4O10)/[P4] [O2]® (2*) Kc = 1/[O2°
(3) Kc =[0Oz2° (4) Kc = [P4010]/ 5[P4] [O2]

— [P4014(s)]
Sol.  Pas(g) +502(g) = P4010(9) Ke=—"—"——
) ’ e Po(S)0,(Q)]°

7. For the reaction, CO(g) + Cl2 (g) —= COCI2z(g) then Kp/Kc is equal to : [AIEEE 2004, 3/225]
CO(g) + Cl2 (g) == COCl (g) 3rfdferar & forg, Ko/ Ke &1 A A BT [AIEEE 2004, 3/225]
a* U/RT (2) 1.0 (3) \RT (4) RT
Sol.  CO(g) + Clz(g) == COClx(g)
K 1
An =1-2=-1; Kp=K(RT)"" .. L_RrRNI=-=
n ’ P C( ) Kc ( ) RT
8. The equilibrium constant for the reaction,N2(g) + O2(g) — 2NO(g) at temperature T is 4 x 10™. The

value of K¢ for the reaction, NO(g) =— % N2 (g) + %Oz (g) at the same temperature is:

[AIEEE 2004, 3/225 & JEE(Main) 2012, 4/120]
N2 (g) + O2 (g) = 2NO(g), 3 31fafhan & forg am T W A9 [Hadaie 4 x 104 ' = aifafsar & forg

JHM A9 TR Ke BT A 81 [AIEEE 2004, 3/225 & JEE(Main) 2012, 4/120]
1 1
NO(g) == S N2(9) + 5 0O2(9)
(1) 2.5 x 102 (2) 0.02 (3) 4 x 10 (4*) 50
2
Sol.  Na(g) + O2(g) = 2NO(g) ; o= NOI__ 4 g0
[N21[O5]

1 1 : N,1Y2[0,12 1 1 1 100

NO(g) =—= —N += 02(0); Ke = = = = =——=50
@ == 3 N2(g) += O2(9) c INO] Ko Jaxio® 2x102 2
9. For the reaction, 2NO2 (g) == 2 NO(g) + 02(g),

(Kc = 1.8 x 10°° at 184°C)
(R =0.0831 kJ/(moal.K))
When K; and K¢ are compared at 184°C it is found that : [AIEEE 2005, 3/225]
(1) Whether Kp is greater than, less than or equal to Kc depends upon the total gas pressure
(2) Kp = Kc
(3) Kp is less than Kc
(4*) Kp is greater than Kc
Jifaferar & forg, 2NO2 (g) == 2 NO(g) + O2(g),
(184°C R Kc=1.8x107)
(R =0.0831 kJ/(mol.K))
184°C W Sq Kp QAT Ke &1 AT &I g A1 I8 91 11 1 - [AIEEE 2005, 3/225]
(1) Kp BT A Ke 9 31f8e, 9 T FAM 81 Fhdl © a1 I8 T4 & Gl ad IR R a=a1 g |

(2) Kp = Ke
(3) Kp &1 A KeH &H T |
(4*) Kp &1 919 K9 1fd 2 |
Sol.  Kp=Kc (RT)A An=3-2=1.
Kp = Kc (0.0821 x 457)! . Kp > K.
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Chemical Equilibrium -

10. The exothermic formation of ClIFzis represented by the equation Cl2(g)+3F2(g) =— 2CIF3(g); A\H =-329 J

which of the following will increase the quantity of CIFs in an equilibrium mixture of Clz, F2 and CIFs.
[AIEEE 2005, 3/225]

(1*) Adding F2 (2) Increasing the volume of container

(3) Removing Clz (4) Increasing the temperature

CIFs @ SoTerdt fmior @ aiavor f= gefRfa 2 -

Cl2(g) + 3F2(g) = 2CIF3(g); ArH = =329 J.

Clp, F2 3R CIFs® U& I fAsor # f751 § & @11 CIFs @ 7131 &1 9g1gm—  [AIEEE 2005, 3/225]

(1*) F2 fem w® (2) U BT AMIAT I W

(3) Clz fFrspIRYa w1 W (4) TYHN g™ W

Sol. Clz2(g) + 3F2(g) — 2CIF3(g) ; AH=—-329 kJ. Favourable conditions:
(i) Decrease in temperature, (ii) Addition of reactants, (jii) Increase in pressure i.e., decrease in volume.
. Cly(g) + 3F2(g) = 2CIFs(g) ; AH=—-329kJ. 3gd aRRf |

(i) I H T, (i) AfEHE FAm W, (i) I9 9 gfg a1 eI | &

11. An amount of solid NHsHS is placed in a flask already containing ammonia gas at a certain temperature at
0.50 atm pressure. Ammonium hydrogen sulphide decomposes to yield NHz and H2S gases in the flask.
When the decomposition reaction reaches equilibrium, the total pressure in the flask rises to 0.84 atm?
The equilibrium constant for NH4HS decomposition at this temperature is : [AIEEE 2005, 4v2/225]
3 NH4HS &1 & A1 &1 TaiRd | v@ 11 & forad [AR@d am dem 0.50 atm g€ W Smifar 49 g |

TR ¥ IHIIH BIgsIoE dobigs NHz 3R H.S 19 # fufeq aiar 8 | o9 fAges afdfsar o= &) 3R
TEAdl & Ol FIRD H Bl @ 0.84 atm TP d¢ ST = | SHI a9 R NHsHS fages & forg amamawen

Reri® I : [AIEEE 2005, 4Y4/225]

(1% 0.11 (2) 0.17 (3) 0.18 (4) 0.30
Sol. NH4HS(s) == NH3(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 =Pun, xPy,s = 0.11 atm?,
Bal. NH4HS(s) = NH3(g) + H2S(Q)

UR™ ¥ &9 0 0.5 0

N W) 0 0.5+x x

fel S9=0.5+2x=0.84 X =0.17 atm

Kp = PNH3 XPHZS =0.11 atm?.

12. Phosphorus pentachloride dissociates as follows in a closed reaction vessel.
PCls(g) = PCls(g) + Cl2(q)
If total pressure at equilibrium of the reaction mixture is P and degree of dissociation of PCls is X, the
partial pressure of PClz will be : [AIEEE 2006, 3/165]
T g5 IAMAhIT T ¥ BRERA U<idaiRTss 4 gar faaifea 8 8 ¢
PCls(g) = PCls(g) + Cl2(q)
Ife arfAfshan fAsor &1 A= W Ha g™ P 2 a2 PCls @1 faAo @1 dife x & a1 PCls &1 3Mif¥1e &9 81
[AIEEE 2006, 3/165]

(1%) (X%JP @ [12_—")() P @3) (XLH] P ) [%) p
Sol.  Given: PCls(g) == PCIs(g) + Cl2(g)
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
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Chemical Equilibrium -
gd. f@gms: PCls(g) == PCls(g) + Clz(g)

t=0 1 0 0
teq 1-x X X
F[A AT G =1 —x+X+X=1+X
37t PCla @1 3if3rep arsr:(ij P.
1+x

13. The equilibrium constant for the reaction, SO3(g) = SO2(g) +% 02(g) is Kc = 4.9 x 1072. The value of
Kc for the reaction 2S0O2(g) + O2(g) = 2S0s3(g) will be : [AIEEE 2006, 3/165]
fareT SffFaT, SOs(g) == SO2(g) +% 02(g)

% Rl IraRen ReRid Ke = 4.9 x 1028 | AfAfshar 2S02(g) + O2(g) == 2S0s(g) & o’ K BT 7149 &81I |

[AIEEE 2006, 3/165]
(1*) 416 (2) 2.40 x 1073 (3) 9.8 x 102 (4) 4.9 x 1072

Sol.  SOs(g) == SOa(g) + %Oz(g)

[SO,J[0,]2

= = -2 i
50,] Ke=49x10> L. 0]
SO3(g) + /25 02(g) == S03(g) e (i)
59l _c= 1 For250s(g) + Os(g) =250
150,110,12 = T orio? 2(9) + O2(g) ==—=2S03(9)
2
SO oz= Lo 10000 4649
[SO,]°[0,] 4.9x4.9%10 24.01
14. For the following three reactions a, b and c, equilibrium constants are given:
() CO(g) + H20(g) == CO2(g) + H2(g); Ki
(b) CHa(g) + H20(g) == CO(g) + 3H2(g); K2
(c) CHa(g) + 2H20(g) == CO2(g) + 4H2(g);  Ks
Which of the following relations is correct ? [AIEEE 2008, 3/105]
=1 = ifafssanati a, b de ¢ @ forg 998 | Rerie Ay U € -
(a) CO(g) + H20(9) == COx2(g) + H2(9); Ki
(b) CHa(g) + H20(g) = CO(g) + 3H2(9); Kz
(c) CHa(g) + 2H20(g) == CO2(g) + 4H2(q); Ks
o Tl § | PN 98§ ? [AIEEE 2008, 3/105]
(1) K2 Kz = Kz (2%) Kz = KiKz (3) Ks K2® = K2 (4) K1 Ky =K3
Sol. c=a+b
15. The equilibrium constants Kp, and Kp, for the reactions X — 2Y and Z — P + Q, respectively are in

the ratio of 1 : 9. If the degree of dissociation of X and Z be equal then the ratio of total pressures at these
equilibria is [AIEEE 2008, 3/105]

X == 2Y @ Z =P + Q Jffpamsii & forg soer: wrmaeen Reriopl K, @2 K, & d19 1:9 &
JUE B | AR X T2 Z & fIAre & AN aRER B, A 59 ArAERR drell AMGhAel § o q|i & 4

U B
[AIEEE 2008, 3/105]
M1:1 21:3 31:9 (4% 1:36
Sol. X = 2Y Z = P + Q
1-a 20 1-a a a
2a 2 o a
_[1+aPT1j _ [1+aPT2j (1+aPT2j
K, =~——— 2 K, =
Py l-a, P2 l-a,
[l+oc le [1+a sz
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Chemical Equilibrium -
2
20, 1-a
gz[mpﬂ § (mpnj

Kp, l1-a o o
—P —P —P
(l+a TZJ [1+Q sz (1+0c sz

P, 36

16. A vessel at 1000 K contains CO,, with a pressure of 0.5 atm. Some of the CO,, is converted into CO on the

addition of graphite. If the total pressure at equilibrium is 0.8 atm, the value of K is :
[AIEEE 2011, 4/120]

1000 K W T urdl § CO, & forge! & 0.5 atm 8 | AbIse e ® §B CO,, CO H uRafdd & ol & |
Ife A W Bl @ 0.8 atm B A1 KHT A1 2 [AIEEE 2011, 4/120]
(1*) 1.8 atm (2) 3 atm (3) 0.3 atm (4) 0.18

Sol.  CO,(g) + C(s) == 2CO (g)
0.5 atm
0.5-p 2p

Total pressure (g g1¥)=0.5-P+2P =0.8
P=0.3
K =P - (2P _ (06)

P Py, (05-P) (0.5-0.3)
Kp,=18

17. The equilibrium constant (Kc) for the reaction N2(g) + O2(g) — 2NO(g) at temperature T is 4x 10™. The
value of K¢ for the reaction NO(g) =— % N2(g) +% 0O2(g) at the same temperature is:[AIEEE 2012, 4/120]

rfAfhaT Na(g) + O2(g) = 2NO(g) @ forg T dU R A1 ReRi®d Ke &1 A 4x 104 7| S U W

afufan, NO(g) == %Nz(g) 5 %Oz(g) @ fIT Ko T A9 21 [AIEEE 2012, 4/120]
(1) 0.02 (2) 2.5 x 102 (3) 4 x 10 (4*) 50.0
Sol. Nz + O2—— 2NO K=4x10"*
1 1 1 1
NO —> =N, +=0 K=—=—=—"=50
2572 VK Jax10™
18. For the reactionSO, g, +%02(g) = S04, if Kp = Kc(RT)* where the symbols have usual meaning then
the value of x is : (assuming ideality) [JEE(Main) 2014, 4/120]
Srffehan, soz(g)+%oz(g) T=S034 P T Kp = Ke(RT)* B Sdfd We Gad R A 3ef wed 8 dl
JATERIHUAT A Y X BT AF BT - [JEE(Main) 2014, 4/120]
1 1
(1)-1 (29 -3 ® 3 @1

Sol.  Kp=Ke (RT)™®

1
Ang = —=
9T

19. The standard Gibbs energy change at 300 K for the reaction 2A — B + C is 2494.2 J. At a given time,

the composition of the reaction mixture is [A] :%, [B] = 2 and [C] :%. The reaction proceeds in the :

[R =8.314 J/K/mol, e = 2.718] [JEE(Main) 2015, 4/120]
(1) forward direction because Q > Kc (2*) reverse direction because Q > Kc
(3) forward direction because Q < Kc (4) reverse direction because Q < Kc
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Chemical Equilibrium -
300 K TR AfAfhar 2A == B + C & dHa fIsst Srolf 2494.2 J = | Ry ¢ wwar § afdfhan fAsor &1 woeq

[A] =% ,[B]=23R[C] = %% | arfaferan srifra 8l ® @ [R = 8.314 J/K/mol, e = 2.718]

[JEE(Main) 2015, 4/120]
(1) 3 fa=m # F9ifd Q > Ke (2*) fawda feenm # w®ifd Q > Kc
(3) 3 fa=m # F9ifdh Q < Ke (4) fauda feem # «=9ifd Q < Ke
Sol. AG=AG°+RTInQ
=2494.2 + 8.314 x 300 In 4
= positive gD

AG =RT/n Q
K

Since, AG is positive so, Q > K, so reaction shifts in reverse direction.

gfh AG gTHS 8, 39fey Q > K, 31ah: ifwfran fauRa faem # favenfug &

20. 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) will be :
[JEE(Main) 2016, 4/120]

qUA 298 K WR, Udh 3fAfhar A+ B —=C +D & for¢ 9™ Reri® 100 B | I} IR wrsar w4 ari
TS # A IS B 1 M Bll, O D B /R Arsar (mol L1H) @t ¢ [JEE(Main) 2016, 4/120]

(1) 0.818 (2*) 1.818 (3) 1.182 (4) 0.182
Sol. A + B = cC + D
t=0 1 1 1 1
teq 1-x 1-x 1+x 1+x
2
1
- (”)2 = 100 - X_gg
(1-x) 1-x
= 1+x=10-10x = 11x=9
=  x=2 —~  [D]=1+2 =  [D]=1818
11 11
21. Which of the following lines correctly show the temperature dependence of equilibrium constant, K, for an
exothermic reaction ? [JEE(Main) 2018, 4/120]
Th S Afdfhar & fog 799 | @19 W Y@ aRieRi®, K, @ " ) Rar &1 98 w0 9 uelfa
HIAT & 7 [JEE(Main) 2018, 4/120]
InK A
A
|~
A . 5 L1
0,094, .~ T(K)
“D
(1) Cand D (2) Aand D (3*)Aand B (4)BandC
(1) CaanD (2) AT D (3*) AT B (4)BTeaC
Sol. (A &B)
AH 1

/MK = /nA— —x—
R T

Slope (@Td) = — %H; AH = -ve
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ONLINE JEE-MAIN
1. At a certain temperature, only 50% Hl is dissociated into Hz and Iz at equilibrium. The equilibrium constant
is: [JEE(Main) 2014 Online (09-04-14), 4/120]
2Hlg) == Hag + l2(9
e A R A/ R Bad 50% HI, Hz2 3R 1 7 fvfiora 8 g | 9= Reri& &1 /9 8-
[JEE(Main) 2014 Online (09-04-14), 4/120]

2H|(g) = H2(g) + |2(g)

(1) 1.0 (2) 3.0 (3)0.5 (4*) 0.25
2. What happens when an inert gas is added to an equilibrium keeping volume unchanged ?
[JEE(Main) 2014 Online (12-04-14), 4/120]
(1) More product will form (2) Less product will form
(3) More reactant will form (4*) Equilibrium will remain unchanged

A @A Tl G BT aRafd @+ arell Rafd # v e1fhy 19 Sree R a1 89 2

[JEE(Main) 2014 Online (12-04-14), 4/120]
(1) rfs fhar ol U B | (2) B4 a1 wat U B |
(3) rfd@ sifAfsrar &M | (4*) =1 3raRafid <& |

3. For the decomposition of the compound, represented as NH2COONH4(s) — 2NHzs(g) + CO2(g) the
Kp = 2.9 x 107° atm?. If the reaction is started with 1 mol of the compound, the total pressure at equilibrium
would be : [JEE(Main) 2014 Online (19-04-14), 4/120]
Arfafshar NH2COONHa(s) = 2NHs(g) + CO2(g) ¥ qftd difies & fdgise & fo Kp = 2.9 x 1075 atm®

2T 2 | afe Iffshar &1 Affe & 1 81d 9 IRA fHar S o1 A 3/a%el § Adhel a6 Bl A1 arl—

[JEE(Main) 2014 Online (19-04-14), 4/120]
(1) 1.94 x 102atm (2% 5.82x102atm  (3) 7.66 x 102atm  (4) 38.8 x 102 atm

4, Gaseous N,0, dissociates into gaseous NO, according to the reaction N,O,(g) = 2NO,(g) at 300 K and
1 atm pressure, the degree of dissociation of N,O, is 0.2. If one mole of N,O, gas is contained in a vessel,
then the density of the equilibrium mixture is : [JEE(Main) 2015 Online (10-04-15), 4/120]
(1*) 3.11 g/L (2) 4.56 g/L (3) 1.56 g/L (4) 6.22 g/L
= NLO,, /T NO, # 1ffifsra N,O,(g) = 2NO,(g) & JIJIR A= gar &1 300 K @9 9 1 atm &9
TR N,O, & I @ #1371 0.2 8 | If< 1 91dd N,O, 3199 5 3 SuRerd & a1 a9 38101 &1 a9cd 81 -

[JEE(Main) 2015 Online (10-04-15), 4/120]

(1*) 3.11 g/L (2) 4.56 g/L (3) 1.56 g/L (4) 6.22 g/L

Sol. %:1“2—1)0‘:1.2.

Ob

o2 PM _ 1x 92

= Moy = — and = —= =3.116 g/L
1.2 RT 1.2x0.082x300
5. The increase of pressure on ice — water system at constant temperature will lead to :
[JEE(Main) 2015 Online (11-04-15), 4/120]

(1) a decrease in the entropy of the system (2) an increase in the Gibbs energy of the system

(3) no effect on the equilibrium (4*) a shift of the equilibrium in the forward direction

f9d a9 R 9% — W 99 W I@ ¥ gfg W B8R0 :  [JEE(Main) 2015 Online (11-04-15), 4/120]

(1) e @t gt § & (2) Frer @1 frew o 9 gig

(3) AT WR DI§ Y9G TEI (4*) w= oy feen & fawenfya grm
Sol.  Onincreasing pressure, reaction shifts in the direction of increasing density. Water has higher density than

ice. So reaction shifts in forward direction.

B T ger W AWHAT I fQzm § fAvenfia gl | STEl TF@ 97 S BT B9 9% Bl oAl § Sed 8l © |
sqferg arfafshan o faem # faenfia &l |
6. A solid XY kept in an evacuated sealed container undergoes decomposition to form a mixture of gases X

and Y at temperature T. The equilibrium pressure is 10 bar in this vessel. Kp for this reaction is :
[JEE(Main) 2016 Online (10-04-16), 4/120]
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Chemical Equilibrium -

T o XY B Fafd gad g ura 3§ @ R faufed gle) X den Y Al &1 T amsd W Hsor a9 2
39 U H 9 S 10 9R & | 39 31ffhar & v Ke & @ [JEE(Main) 2016 Online (10-04-16), 4/120]

(1*) 25 (2)5 (3)10 (4) 100
Sol. XY(s) == X(g) + Y(9)

At eq. P P

Total pressure = 2P = 10 bar

=P=5

Now, Kp = (Px)(Py) = P2=25
Sol. XY(s) == X(g) + Y(9)

g WY P P

fl <19 = 2P = 10 bar
=P=5
319, Kp = (Px)(Py) = P?2= 25

7. The following reaction occurs in the Blast Furnace where iron ore is reduced to iron metal :
Fe203(s) + 3CO(g) = 2Fe(¢) + 3C0O2(g)
Using the Le Chatelier’s principle, predict which one of the following will not disturb the equilibrium ?
[JEE(Main) 2017 Online (09-04-17), 4/120]
(1*) Addition of Fe20s  (2) Removal of CO2 (3) Removal of CO (4) Addition of CO2
1 e aren wEt & Bt @ R SRR s Ui BIaR IR g 91T © |
Fe203(s) + 3CO(g) = 2Fe(¢) + 3C0O2(g)
STfery W &1 SUAN SR gY sy 5 9 # 9 o 9 a1 fvenfad T8 o |
[JEE(Main) 2017 Online (09-04-17), 4/120]
(1*) Fe:03 @ a1 (2) COz @1 Mdresm (3) CO &1 a1t (4) CO2 @1 i
Sol.  Addition/ removal of a solid component from an equilibrium system causer no shift in equilibrium (Both Q &
K remain unaffected)

Sol. 9™ dF ¥ o9 Bl ™ A1 fdem ® 99 § 3 faenua 2 8 81 @ Q 9 K a1 JmmHfad Yed
2

8. In which of the following reactions, an increase in the volume of the container will favour the formation of
products ?
=1 arfaforaneti & 9/ fodd o3 & s W gfg SR 999 # gdd ue?
[JEE(Main) 2018 Online (15-04-18), 4/120]
(1) 4NHs (g) + 502 (g) = 4NO (g) + 6H20 () (2*) 2NO2 (g) = 2NO (g) + Oz (9)

(3) 302 (g) = 20s (g) (4) Hz (9) + 12 (9) == 2HI (9)
Sol.  Volume T P | reaction proceed in which direction where number of gases mole increases.
A T P { ifafhar S iR SR &Kl & 579 iR I @& Al &1 91 9gdl 2 |
2NO2(g) = 2NO(g) + 02(9) Ang=(2+1)-2=1
9. At a certain temperature in a 5 L vessel, 2 moles of carbon monoxide and 3 moles of chlorine were

allowed to reach equilibrium according to the reaction,

CO + Cl, == COCl:
At equilibrium if one mole of CO is present then equilibrium constant Kc for reaction is :

[JEE(Main) 2018 Online (15-04-18), 4/120]

U f gU AW R, 5L & UF H 2 Ald B dAMadigs aol 3 Al AR $1 IAfBRG ax1e 1 gaR
JA AR R AR ST R,

CO + Cl, == COCl:
IR W ARG CO T TH Al IURYT &1 a1 A &1 ara ReRrias (Kc) 81T

[JEE(Main) 2018 Online (15-04-18), 4/120]
(12 (2% 2.5 3)3 44
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Chemical Equilibrium

Sol.

10.

Sol.

11.

Sol.

Sol.

CO +Clz COCl2 V=5L
Mol 2 3
Mol At eg. 1 2 1
I R A
1 2 1
COoNC.)e — — —
( )eq c = c
1
-5 _5_

Ke = 1 2 2° 25

v

5 5

At 320 K, a gas Az is 20 % dissociated to A(g). The standard free energy change at 320 K and 1 atm in J
mol is approximately : (R = 8.314 JK mol™ ;In 2=0.693 ; In 3 = 1.098)
320 KW, T&h I/ Az &1 20 %, faTIfSra 8= A(g) 9a1 81 320 K @2 1 atm &R J mol™* # #9& Jad Joll
gRadH ™I 8 — (R =8.314 JK2 mol; In 2= 0.693 ; In 3 = 1.098)

[JEE(Main) 2018 Online (16-04-18), 4/120]

(1) 1844 (2) 2068 (3) 4281 (47) 4763
A2(g) —— 2A(9)
1 0
1-1x & 2% ﬂ
100 100
0.8 0.4
.8 2
= 2= 1==
Pr, 12 **7 3
SN0 S =
=17 %153
K = (Pa)? _ 1/3x1/3 _ 1
o= = =1
(Pa,) 2/3 e

AG° = -2.303 x 8.314 x 320 logio % = 4763 J/mole

The gas phase reaction 2NO2(g) — N204(g) is an exothermic reaction. The decomposition of N20a4, in
equilibrium mixture of NO2(g) and N20a4(g), can be increased by :
[JEE(Main) 2018 Online (16-04-18), 4/120]
(1*) addition of an inert gas at constant pressure.
(2) lowering the temperature
(3) increasing the pressure
(4) addition of an inert gas at constant volume.
I wraRer AT 2NO2(g) — N204(g) Th HOTT—&d) AT 2 | NO2(g) T2 N20a(g) & ™ fstor 3 N2O4

F1 fquea 791 & 9¢ 9ol & —

(1*) fgd S99 W TP by TN STe |
(3) 9 P g9 WA

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 N20O4 increases.

2NO2(g) —> N204(g) AH= (=)

Fad T@ W Al 9 FAam W AT dedl B, o ANk uw™ fawm A favenfud Erlt 8 dem N2Os &1

IERISREECSIR

(2) IMT BT BH B A
(4) 9T 3mas R TS 3ifha 1 STed ¥
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Chemical Equilibrium -
12. Consider the following reversible chemical reactions :

1 Sopaeia st wR faar o

Ax(g) + B2(q) Kﬁl 2AB(@) ... 1)

K
6AB(g) =——= 3Ax(Q) + 3B2(Q) ... (2)
The relation between K1 and Kz is : [JEE(Main) 2019 Online (09-01-19), 4/120]
KiTd K. & dr §de &: [JEE(Main) 2019 Online (09-01-19), 4/120]

(1) KiKz = % (2%) K2 = K12 (3) KiK2= 3 (@) Kz = K

Sol.  (2)=3x (=(1))

3
L Ke= (iJ = K2=K;8
Ky

13. The values of Kp/Kc for the following reactions at 300 K are, respectively : (At 300 K, RT = 24.62 dm? atm
mol)
300 K &R, 71 aifafhamsii & forg Ke/Ke @ A9 & 89 (300 K TR RT = 24.62 dm? atm mol2)
N2(g) + O2(g) =— 2NO(g)
N204(g) === 2NO2(g)
N2(g) + 3H2(g) == 2NHs(g)
[JEE(Main) 2019 Online (10-01-19), 4/120]
(1) 1,4.1 x 102 dm=3 atm=! mol, 606 dm® atm?mol—
(2%) 1,24.62 dm?® atm mol?, 1.65 x 102 dm=° atm—2maol?
(3) 24.62 dm® atm mol~* 606.0 dm® atm? mol=?, 1.65 x 10~ dm® atm=2 mol?
(4) 1,24.62 dm?® atm mol=, 606.0 dm® atm?mol~2

Sol.  kplk, = (RT)"™

k
(1) Ang =0 : - 4
Ke
k
(2)Ang=2-1=1 : k—p = (RT)! = (24.62)*
@
k
B)Ang=2-4=-2 k—" = (RT) 2= (24.62)2=1.65 x 103
©

14. 5.1 g NH4SH is introduced in 3.0 L evacuated flask at 327°C. 30% of the solid NH4SH decomposed to NHs
and HzS as gases. The K; of the reaction at 327°C is (R = 0.082 L atm mol~K-%, molar mass of S=32 g
mol~, molar mass of N = 14 g mol™) [JEE(Main) 2019 Online (10-01-19), 4/120]

5.1 91 NHaSH &1 327°C R 3.0L & U Rad fhd T TR H Srefl ofial 81 30% 39 NHaSH, NHs den
H.S =91 # *uefed 81 T 8 | 327°C W 39 AfAfhar &1 Ky 2: (R = 0.082 L atm molt K%, AleR g9 S

=32 M molt, AreR &A™ N = 14 g mol™Y) [JEE(Main) 2019 Online (10-01-19), 4/120]
(1) 4.9 x 1072 atm? (2) 0.242 x 10* atm® (3) 1 x 10~ atm? (4%) 0.242 atm?
Sol. NHsHS —> H2S + NHs3
0.1(1-0.3) 0.03 0.03
ko= 003 003
3 3

Kp = Kc (RT)A"
=10~ x (0.0821 x 600)? = 0.242

15. Consider the reaction, N2(g) + 3H2(g) == 2NHzs(g). The equilibrium constant of the above reaction is Kp.
If pure ammonia is left to dissociate, the partial pressure of ammonia at equilibrium is given by (Assume
that PNH, << Ptotal at equilibrium) [JEE(Main) 2019 Online (11-01-19), 4/120]
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Chemical Equilibrium -

freforfaa srffifshar @ fa=mR SIfSTE: N2(g) + 3H2(g) = 2NHs(g)
Swdad Affhar &1 ar ReRrid Ke 2| Afe fiygg smiftan o1 [AAifsa e fean siran 8, a1 |ar=amawen w
AT BT iRIe I T : (A AT ARG Wy, << Protal)

[JEE(Main) 2019 Online (11-01-19), 4/120]

33/2y1/2p2 3312122 KY2p2 KL/ 2p2
1% p 2 p 3 p 4 P
()—16 ()—4 3) 1 (4) 5
Sol.  2NHs == N2+ 3H2K'p = ki
P

PTotaI =pP= PNZ +PH2 +PNH3

P
F)N2 B Z

3P
F)H2 = T

PY(3PY’
1 _ 44
k - 2

P (P
3

32p? 1/2

e =55 ()
16. In a chemical reaction, A + 2B K: 2C+D, the initial concentration of B was 1.5 times of the

concentration of A, but the equilibrium concentrations of A and B were found to be equal. The equilibrium
constant (K) for the aforesaid chemical reaction is : [JEE(Main) 2019 Online (12-01-19), 4/120]

Th Tl AR, A + 2B =t== 2C+D #, B @ URfE wrwdl A #) 1.5 1 i «fd A den B &

AT ATEA I)IER TS TS | SWRId ifafhar & fag wmr Reria (K) &1
[JEE(Main) 2019 Online (12-01-19), 4/120]

(1) 16 21 (3) 1/4 4% 4
Sol. A+2B — 2C+D
initially conc. a 1.5a
at eq. a-x 1.5 a—2x 2X X
at equilibrium a—x = 1.5a —2x
0.5a=x
a=2x
_ (2%)%(x) CAXCX
(@a—x)(1.5a—2x)*  (x)(x)?
Sol. A+2B — 2C+D
URM™F Fedl a  1.5a
q R a-x 1.5 a-2x 2X X
N R a—x = 1.5a —2x
0.5a=x
a=2x
(2%)%(x) CAXCX

T (@a=x)(1.5a—2xP (X)X
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Chemical Equilibrium

17.

Sol.

Two solids dissociate as follows
A(s) ==—=B(9) + C(g) ; Kp, = xatm?
D(s) ===C(9) + E(9) ; Kp, = yatm?

The total pressure when both the solids dissociate simultaneously is :

T o A geR faafra = 2
A(s) ==B(g) + C(g) ; Kp, =xatm’

D(s) ==C(g) + E(g) ; Kp, = yatm?

Tq I o9 T & A1 faafa g @ gt <19 8em

Q) yx+y atm

A(s) = B(9) + C(9)

P1 Pi+ P2
D(s) ==C(g) + E(9)
P1+P> P2

kp, =Py(P, +P,)
kp, =P, (P, +P;)
ke, +kp, = (P +P;)?
x+y:(Pl+P2)2
PL+P, =Xty
2(P +P,) =2x+y

Protager = Pe + Pc + Pe

(2) (x +y) atm

[JEE(Main) 2019 Online (12-01-19), 4/120]

[JEE(Main) 2019 Online (12-01-19), 4/120]
(4%) 2(,/x + y) atm

(3) X2 + y? atm

kp, = x atm?

ke, =y atm?
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