
CHEMICAL EaUILIBRIUM 

9.1 INTRODUCTION 
It is a well established fact that many reactions do not go to 
completion. They proceed to some extent leaving considerable 
amounts of unreacted reactants, i.e., the resulting mixture 
contains both reactants and products. When such a stage is 
reached in a course of reaction that no further reaction is 
apparent, it is said in chemical language that the reaction has 
attained the state of equilibrium where the composition of the 
system becomes fixed.·At equilibrium state both the forward and 

. backward reactions move with equal speeds, i.e., the rate of. 
disappearance of reactants is exactly equal to rate of the 
ilppearance of reactants from the products. The study of chemical 
equilibrium helps in the elucidation of the optimum conditions 
for the greater yields of the products in the case of those reactions 
which attain equilibrium in the course of reaction. . 

Chemical reactions can be classified as irreversible and. 
reversible reactions. 

Irreversible reactions: The chemical reactions which 
proceed in such a way that reactants are completely converted 
into products, i. e. , the reactions which move in one direction, i.e., 
forward direction only are ·called irreversible reactions. In such 
reactions, products do not react together to produce react.ants 
again, i. e. , the reaction does not move in backward direction. For 
example, when solutions containing equimolar concentrations of 
barium chloride and sodium sulphate are mixed, reaction occurs 
and practically whole of barium is precipitated as barium 
sulphate. 

BaCI 2 + Na2S04 ~BaS04 + 2NaCI 
ppt. 

The reaction between BaS04 and NaCl, i. e., backward 
reaction, is not possible under the experimental c.onditions. In 
such reactions the arrow (--+) is placed between reactants and 
products which indicates the direction of the chemical change. 
Some more examples of irreversible reactions are given below: 

I. (a) Thermal decomposition of potassIum chlorate, 
Mn02 

2KCI03 ----j 2KCI + 302 
Heat 

(b) Decomposition ofammonium nitrite, 

NfJ4N02 ~N2 + 2H20 

2. Precipitation reactions, 

(a) AgN03 + NaCI ~ AgCl + NaN03 . 

• (b) Pb(N03)2 + 2KI ~ PbI 2 + 2KN03 
3. Neutralisation reactions, 

H2S04 + 2NaOH~Na2S04+2H20 
Strong acid . Strong base 

4. Redox and com?ustion reactio'ns, 

(a) SnCI 2 +2FeC13 ~ SnCI 4 + 2FeCI 2 
(b)· 2Mg + 02 ~ 2MgO 

(c) 

Reversible reactions: The chemical reactions which take 
place in both directions under similar conditions are called 
. reversible reactions. In such reactions, the products also react 
with each other and produce reactants again. For example, when 
hydrogen is passed over heated magnetic oxide, metallic iron and 
water are produced. 

Fe304 + 4H2 ----j 3Fe + 4H20 

On the other hand, if steam is passed over powdered iron at the 
same temperature, magnetic oxide of iron and hydrogen are 
formed. 

3Fe + 4H20----jFe.30 4 + 4H2 
If the reaction is carried out in a closed vessel, it is found that 

in no case the reaction proceeds to completion. It is, thus, clear 
that either of the two reactions can take place independently if 
steam or hydrogen is, allowed to escape from system by carrying 
out the reaction in open vessel but if a closed vessel is used and. 
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nothing 'is allowed to escape both ,forward and backward 
reactions can take place in the vessel. ' 

Reactions which thus proceed in botb the directions and 
do 'not rea~h to completion are known as reversible reactions. ' 
The reaction proceeding from left to right ,is conventionally 
called the forward re_ction and the opposite one proceeding 
from right to left is called the reverse or backward reaction. In 
such reactions the arrow (-t ) or sign of equality (=) is replaced 
by two half arrows (, ') pointing the reaction in both the 
directions. This sign « ') represents the reversibility oLthe 
reaction. 

3Fe+4H20~Fe304 +4H2 

Some examples of reversible reactions are given below: 

CaC03 ~ CaO + CO2 

CH3COOH+C2H50H~CH3COOC2H5 +H20 

2Hl H2+I2 

PCIs ~ PCl3 + Cl 2 

N2 + 3H2 ~ 2NH3 

2S02 + Oz 2S03 

N2 + O2 ---->. 2NO 

NH4HS~NH3 + H2S 

CO2 + Hz ..------. CO + H20 

9.2 STATE OF CHEMICAL EQUILIBRIUM 
The most important characteristic property of a reversible 
reaction is that it always attains a state of chemical equilibrium. 
Consider a general reversible reaction in a closed vessel. 

A+B~C+D 

In the initial state only A and B are present both react with each 
other, i. e., rate of forward reaction is maximum as only the 
concentrations of A and B are involved (at the beginning, the 
concentrations of products C and D are nil). As soon as the 
products C and D are produced, the backWard reaction starts 
functioning. By the expiry of time, the rate of forward reaction 
decreases as the concentrations of A and B decrease while the rate 
of backward reaction increases as the concentrations of products 
C and D increase. Ultimately, a stage comes when the rate of 
forward reaction becomes equal to rate of backward reaction. . 
This state is called the equilibrium state. 

1 ,Equilibrium state 

~ila.{d ! 
'Q'?>c I d'- ..i...p(\ , I 

!be 'qp.v' , : TIme at which system ' 
~ <;' ! has reached equilibrium 

. TIme-

Fig. 9.1 

At equilibrium siate, 

Rate of forward reaction = Rate of backward reaction. 

It can be shown graphically as in Fig. 9.1. 
Thus, chemical eqUilibrium in a reversible reaction is the 

state at which both forward and backward reactions or two 
opposing reactions occur at the same speed. 

This state will continue indefinitely iUhe conditions such as 
temperature and concentration are not changed. At the state of 
equilibrium, the concentrations of reactan.ts and products in the 
reaction mixture attain a constant value and the concentrations do 
not change with time. 

When hydrogen gas and iodine vapours are heated in a closed 
vessel at a constant temperature 717 K, the two react to form 
hydrogen iodide. In the initial stage, the colour of the reaction 
mixture is deep violet due to the presence of large amounts of 
iodine. But as the reaction progresses, the intensity of the colour 
decreases as more and more iodine is converted into hydroge'" 
iodide. After sOl]letime, the intensity of the colour of the reaction
mixture becomes constant. The constancy of intensity of colour 
indIcates that concentration of both reactants and products have 
become constant and state of equilibrium has been attained. 

. The stage of the reversible reaction at which the 
concentrations of the reactants and products do not change 
with time is called the equilibrium state. 

Or 
The state in which the measurable properties of the system 

(such as pr~ssure, density, colour or concentration) do not 
undergo any further noticeable change with time under given 
set of conditions is said to be a state of equilibrium. 

The equilibrium state is dynamic and not static in nature. The 
reaction does not stop but both the opposing reactions are going 
on continuously with same speeds. At this stage, the number of 
moles of substances produced per second in the forward reaction ' 
is equal to the number of moles of substances which disappear 
per second in the backward reaction. 

Characteristics of Equilibrium State 
(i) Equilibrium state can only, be achieved if a reversible 

reaction is carried ouLin closed space. 
No product can leave nor any reactant from outside can enter 

the space. If the system is not closed, some of the. products may . 
escape and thus, the backward reaction will not occur. 

(ii) Chemical equilibrium, at a given temperature, is 
characterised by constancy of certain properties such as pressure, 
concentration, density or colour. 

(iii) Chemical equilibrium can be attained from either side, 
i. e. , from the side o~ reactants or products. 

2m~H2 +12 

or 

At equilibrium, each reactant and each product has a fixed 
concentration and this is independent ofthe fact whether,we start 
the reaction with the reactants or with the products . 

I 
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This reaction can be graphically represented as, 
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Fig. 9.2 

(iv) Equilibrium state can be attained in a lesser time by 
the use of a positive catalyst, i. e., the relative concentrations 
,of reactants and products' remain the same irrespective of 
the presence or absence of a catalyst. Thus,' a catalyst does 
not change the equilibrium state but it helps in attaining it rapidly. 

(v) It is dYnamic' in natunoj, i. e. , b()th-the reaction~ move with 
same speed. However,the r~action seems to have come to stand 
still because the concentrations of reactants and products do nQt 

'change. ; 
Reversible chemical reactions are classified into two types 

heterogeneous and homogeneous reactions. 
, Heterogeneous reactions: The reversible reaction in which 

more than one-phase is present. 

" CaC03 (s) ::;:::==:'= CaO(s) + CO2 (g) 

MgC03 (s)::;:::==:'= MgO(s) + cO2(g) 

, 2Naz0 2(s) + 2H20(1) 4NaOH(l) + O2 (g) 

,3Fe(s) + 4f120(l) ::;:::==:'=Fe304(S) + 4H2(g) 
, " 

Homogeneous reactions: The reversible reaction in which 
only one-phase is present, i. e., all the reactants and products are 
in the same physical state. 

H2 (g) +I2(g) 2H1(g) 

CH3COOH(l) + C2HsOH(1) ----" CH3eOOC 2Hs(l) + H2°(l) 

Homogeneous reversible reactions are further classified into 
three types: 

First type: When there is no change in number of 
molecules. Examples are: 

(iv 
(ii) , 

H2 +12 ::;:::==:'=2H1 

2NO::;:::==:'=N2 +02 

(iii) CH3COOH + C2HsOH::;:::==:'=CH3COOC2Hs + H20 

Second, type: When there is . an increase in number of 
molecules. 

Third type: 
molecules. 

PCl5 ::;:::==:'=PC1h +C1 2 
, 2NH3 ::;:::==:'=N2 +3H2 

When there is a decrease In number of 

N2 t 3H2 2NH3 

2S02 + O2 ::;:::==:'= 2S03 

9.3 THE LAW OF CHEMICAL EQUILIBRIUM 
(Applicati9n of Law of Mass Action) 

Consider a reversible homogeneous reaction which has attained 
equilibrium state at a particular temperature. 

A+B::;:::==:'=C+D 
Let the active masses of A,B, C and D be [A], [B], [C] and [D] 
respectively at equilibrium. 

According to law of mass action, 

Rate of forward reaction oc [A][B] 

or Rate of forward reaction kf [A][B] 

(where, k f is the velocity constant for forward reaction). 
Similarly, ' 

Rate of backward reaction ex: [C][D] 

or Rate of backward reaction kb[C][D] 

(where, kb is the velocity constant for backward rel;lction). 
At equilibrium, 

i. e., 

or 

Rate of forward reaction = Rate of backward reaction, 

kf [A][B] = kb[C][D] 

kf [C][D] 

kb [A][B] 

Since, kf and kb are both constants, the ratio kff kb is also a new 
constant say K c' i. e. , \ 

[C][D] 
Kc ... (i) 

[A][B] " 

Kc is known as equilibrium constant. Kc has a definite value 
for every chemical reaction at a given temperature regardless of 
the concentration of the reactants. 

Considering a more general homogeneous reversible reaction 
at a particular temperature which is under chemical equilibrium, 

or 

mlAI +m2A2 +~A3 + ... ::;:::==:'=nIBl +n2B2 +n3B3 + ... 
Rate of forward reaction k[ [AI ]ml [A2 ]m2 (A3 ]m3 •.• 

Rate of backward reaction = k b [Bl tl {B 2] "2 [B 3 t 3 ••• 

At equilibrium, 
kf [AI ]ml [A2 ]m2 [A3 ]"'3 ... = kb[BI ]nl [B2 t2 [B3 r3 ... 

kf [Bltl[B2t2[B3t3 ... =K 

kb [Ad m1 [A2]~[A3]"'3 .:. c 

... (ii) 

The equilibrium constant, at a given temperature,is the 
ratio of the rate co.nstants of forward and backward 
rea~tions. 

Or 
The equilibrium constant may be defined as the ratio. 

between the product of the molar concentrations of the 
products to that of the product of the moiar concentratio.ns of 
the reactants with each concentration term raised to a power 

. equal to stoichiometric coeffiCient in the balanced chemical 
equation. 
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The value of equilibrium constant is independent of the 
following factors: 

1; Initial concentrations of the reactants involved. 
2. The presence of a catalyst. 
3. The direction from which the equilibrium has been 

attained. 
4. The presence of inert materials. 
The value of equilibriUJ11 constant depends on the following 

factors: ' 

1. The mode of representation of the reaction: 
Conventionally, the concentrations of the products are put in the 
numerator and the concentrations oftbe reactants in denominator 
in the equilibrium law equation. Consider the reversible reaction, 

A+B C+D 

The equilibrium constant for the reaction, 

K = [C][D] 
c [AUB] 

... (i) 

Now, if the products are ,made reactants, i. e., the reaction is 
reversed, 

C+D A+B 
The equilibrium constant for the reaction is 

K' = [AUB] 
C [CUD] 

... (ii) 

The equilibrium constant, K;, is actually the reciprocal of 
Kc ' i.e., 

K,=_l_ 
C Kc 

2. Stoichiometric representation of the chemical 
equation:, (a) When a reversible reaction can be written with 
the help of two or more stoichiometric equations, the value of 
equilibrium constant will be numerically different in these cases. 
For example, the dissociation ofNOz can be represented as: 

2NOz .,..:......: Nz + 20z ... (i) 
I ' 

or NOz - Nz + 0z ... (ii) 
, ,2, 

. . ' [Nz][Oz]z 
For equatIOn (I), the value of Kc = z' , ... (iii) 

ENOz] 
[N ]1I2[0 ] 

For equation (ii), the value of K; = z z 
[NOz] 

... (iv) 

Thus, the two constants are related to each other as: 
K;=.[K;c, ... (v) 

In general, when a balanced' equation, having equilibrium 
constant K e' is multiplied by a certain value n, the equilibnum 
constant for the new equation wjll be equal to (Ke t. 

A +B C +D, Kc = [C][D] 
[A][B] 

nA+nB~nC+nD, it' :: [CY[Dt = (K )" 
C [At[Bt c, 

'(b) Consider the following chemical equation, 

Nz(g)+ 0z(g)+ Cil (g) 2NOCI(g) 

, [NOCl] 2 

Kc = [N2 ][02 ][Cl
z

] ... (i) 

Suppose the a\love equation is split into two as: 
[NO]z, 

N2(g)+ 02(g) 2NO(g); Kl = ..• (ii) 
[N2)[OZ] 

2NO(g) + Clz (g ) ~ 2NOCl(g); K =' [NOG]2 ... (iii) 
2 [No]2 [Clz] 

Combining above two equations, 

K x K - [NOf X [NOCI]z == [NOCI]
2 

= K 
I 2 - [NzUOz) [NOf[Clz] [N2][02][Clz] c 

Thus, when an equation (having equilibrium constant, K c) ';" 
written in two steps (having equilibrium constant k 1 and K2 )j--
then K c :: K I X K 2: ' 

3. U~e of partial pressures instead of concentrations: 
When the reactants and products are in gaseous state, the partial 
pressures can be used instead of concentrations at a definite 
temperature, as the partial pressure of a substance is proportional. 
to its concentration in the gas phase . 

Consider a general reversible homogeneous gaseous reaction 

m1A1 +miA2 +m3 A ).+... nlBI +n2BZ +n3B3 + ... 
Let the partial pressures of various reactants and products be 

pAl' pAz, pA3' ... , and pBI' pB2, pB3 , ••• respectively at 
equilibrium. The equilibrium constant for the reaction, 

Kp = (pBI tl(pB2)n2(pB3)n3 ... ...(i) 

( pAl )ml ( pAz)m2 (pA3 )m3 .. . 
.' '.' . 

The value of K c for the above reaction can be given as: 

K= [Btl n1 [B2r2[B3t3 ... 
c [Adm! [A z]in2[A 3)1113 ... 

F or an ideal gas, pV=nRT 

or, 'n p=-,RT, 
V 

= Active mass x RT 

. .. (ii) 

(wijere, n = number of moles and V = volume in litres. Thus, 
n I . . ) - = mo ar concentration or actIVe mass . 
V .' 

Substituting the values of partial pressures in eq. (i), 

K =. [BI tl (RT )nl . [B z )"2 '(R T t2 . [B3 r3 (RT )n3 .. . 

P [Ad"!} (RT )m! . [A 2]"'2 (RT )m2 .[A3 ]m3 (RT)m3 .. . 

or Kp 
HBtlnl(B'2rZ[B3)"3 ... }(RJ )nl +"2+ n3+'" 

{[A; )m} [A2 ]m2 [A3 )m3 .. .}(RT )mJ +mz +m3 + .. , 

or K = K . (RT )Ln 
p C (RT)Lnz 

I 
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Kc (RT )EJI- Em 

:::Kc(RT ),'111 

An ::: total number of molecules of gaseous products 

... (iii) 

total number of molecules of gaseous reactants. 
Three cases may arise: 

First case: When, An ° , 
Kp :::Kc (RT)o Kc 

Second case: When, An == + ve or An > 0, 

Kp >Kc 

Third case: When, An -ve or An < 0, 

Kp <Kc 

4. Temperature: Accbrding to Arrhenius equation, 

k==Ae-EJRT 
••• (i) 

where, k :::rateconstant, E::: activation energy, R :::gas 
constant, T ::: absolute temperature and e == exponential constant. 

k2 E [I I J 
log k; ::: 2.303R T2 - T

J 

... (ii) 

when, T2 > TJ 

for forw!'-d reaction, 

l( kh 1 [1 I J 
log -;;;: j == - 2.303R T2 - T

J 

... (iii) 

for backward reaction, 

log [:~) ~[~_J..] 
2.303R T2 Tl 

... (iv) 

Subtracting eq. (iv) from eq. (iii), we get 

log - ---[ khlk~ 'j (Ef Eb )[ 1 I] 
kfl/kbl 2.303R T2 Tl 

or (
K 21 /ili [1 1 ] 

log K: ; - 2.303R T2 - Tj 
... (v) 

where, /ili is the heat of reaction at constant volume and 
. K 1 and K 2 are the equilibrium constants of a reaction at 
temperatures Tj and T2 (Tz > Tj ). 

The effect of temperature can be studied in the following three 
cal"es: 

First case: /ili == 0, i. e. ,neither heat is evolved, nor absorbed. 

So, 1 log K 2 - log K I ::: ° 
or log K 2 log K I 
or K z K J 

. Thus, equilibrium constant remains the same at all 
-temperatUres. 

Second case: When, /ili = -+ veL e., heat is absorbed, the 

reaction is endothermic. The temperZture T2 is higher than TJ • 

Thus, ( 
I I ' . . - - liS negative. 

T2 Tj; 

So, log K 2 log K j = + ve 

or log K z > log K J 

or K 2 >KJ 

The value of equilibrium constant is higher at higher 
temperature in the case of endothermic reactions. 

Third case: When /ili - ve, i. e., heat is evolved, the 

reaction is exothermic. The temperature Tz is higher than Tl . 

Thus, (~ - J.. 'j is negative. 
Tz TJ 

So, log K 2 - log K J ::: - ve 

or log K 1 > log K 2 

or K J >K2 
The value of equilibrium constant is lower at higher 

temperature in the case of exothermic reactions. 

T--
(a) Endothermic reaction 

(Plots of log K versus T) 

Fig. 9.3 

Units of Equilibrium Constant 

T-
(b) Exothermic reaction 

The units of equilibrium constant vary in case of different 
reactions. 'K' has no units for a reaction in which total number of 
moles of reactants and products are the same. For example, for 
dissociation of nitric oxide, K c has no units. 

2NO~Nz +02 

K c will have units for a reaction in which the total number of 
moles of reactants and products are different. For example, for 
decomposition of PCI s, the K c has mol/litre units. 

PCl 3 + Cl z 
[PC1 3][C1 2 ] 

[PCls] 

In the formation of ammonia, 

N z + 3H2 ---->. 2NH3 

K = [NH3 ]z 
c [N2 ][H2]3 

K c has litre 2 mol-i units. 

In general; unit of K c [M]Ll.n 
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where, M . mol litre -I and!1n number of gaseous moles of 

product or products number of gaseous moles of reactant or 
reactants. 
Note: (i) The above relation can be used in homogeneous liquid system 

also 
!:>.n number of moles of product or products 

number of moles of reactant or reactants 
(ii) Similarly, the unit of Kp [atmjlln 

where, !:>.n number of gaseous moles of product or products 
- number of gaseous moles of reactant or reactants. 

9.4 REACTION QUOTIENT OR MASS 
ACTION RATIO 

Let us consider a reaction: 

A+B~C+D 

Q= [C ][D] 
[A][B] 

Q is denoted as Qc or Q p depending upon whether the 
concentration is taken in terms of moles per litre or partial 
pressures respectively. With the help of mass action ratio we cruy , 
determine whether the reaction is at equilibrium or not. . . 

(I) When, Qc K c or Q p K p. then the reversible reac:tion is 
. at equilibrium, i. e., the rate of forward and backward reaction 
becomes equal. 

(II) When, Qc < K c or Q p < K p then the reaction is not at 
equilibrium. The reaction will be fast in forward direction, i. e. , 
reaction has a tendency to form product/products. 

Rate of forward reaction> Rate of backward reaction. 
(III) When, Qc > K c or Q p > K p then again the reaction is 

not at equilibrium. The reaction will be fast in backward 
direction, i. e. , have a tendency to form reactant/reactants. 

Rate of forward reaction < Rate of backward reaction. 

0=0 
I 

(Reactant only) 

Reaction goes towards 
right. forming more products 

K 
·1 

0== 
I 

(Product only) 

:: ::::I_SOME SOLVED EXAMPLES\I:::::: 
Example 1. For the reactions, 

N2 +3H2~2NH3 

and 7iN2+7iH2~NH3 

write down the expression for equilibrium constant K c and K ~. 
How is K c related to K ~ ? 

Solution: For equation N 2 + 3H2~ 2NH3 , 

[NH3 ]2 
Kc ... (i) 

[N2 ][H2 ]3 

and for equation, ~N2 + 7i H2~ NH3 , 

K' [NH3 ] 

c [N2 ]112 [H2 ]312 

Squaring equation (ii), 

(K; )2 = [NH
3]2 3 

[N2 ][H2 ) 

Equations (i) and (iii) are same 
Thus, Kc = (K~)2 

or JK: =K; 

... (ii) 

... (iii) 

Example 2: The equilibrium constant for the reaction, 

N2 + 202 ~ 2N02 

at a particular temperature is 100. Write down the equilibrium 
law equations for the following reactions and determine the 
values of equilibrium constants: 

2NOz ~N2 + 202 " ••• (i) 

N02 ~ ~N2 +02 ... (ii) 

Solution: The eqUilibrium COBstant for the reaction, 

N2 + 202 ~ 2N02 

Kc = " [N02 ]2 2 = 100 , .. (a) 
[N2 )[°2] 

The equilibrium constant equation for reaction (i), 

K"I = [N2 ][°2 f ... (b) 
[N02 ]2 

This equation is reciprocal of eq. (a) 

So, K I = _1_ = _1_ = 1 x 10-2 

Kc 100 
The equilibrium constant equation for reaction (ii), 

]112 
K 2 = ... (c) 

[N02 1 
Comparing eqs. (b) and (c), 

K2 =.j""K; ~1O-2 10-1 0.1 

" Example 3. The value of K c for the reaction, 
N 2 (g)+3H2 (g) 2NH3(g) 

is 0.50 at 400"C. Find the value of K p at 400"Cwhen concfmtra

tions are expressed in mal litre -I and pressure in atmosphere. 

Solution: Applying the relationship, 
Kp = K c (RT)An 

Kc = 0.50, R = 0.082litre-atm deg -\ mol-I 

T(400+273)=673K,. lln (2 4)= 2 

Kp = 0.5(0.082 X 673)-2 

= 0.5(55.1 85r2 1.64 x 10-4 

I 



598 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

Example 4'. Determine K c for the reaction,. 

1 1" l' 
-N2(g)+ -02 (g) + - Br2(g) NOBr(g) 
2 2 2, 

from the following data at 298 K; 
· The equilibrium constants for the following reactions, 

2NO(g ) ~ N 2 (g) + O2 (g) 
• 1 

NO(g) + - Br2 (g) 
2 

and NOBr(g) 

are 2.4 x 1030 and 1.4 respectively. 

Solution: The net reaction is, 

~N2(g)+ ~02(g) t ~Br2(g) NOBr(g) 

oK = "" [NOBr]. 
o C(net) [N2 ]1/2 [02 ]112 [Br2 ]1/2 

Considering the given equations: 
2NO(g) ~ N:z(g) + 02(g); equilibrium constant = 2.4 x 1030 

, N2(g) + 02(g)"':""""'>' 2NO(g); equilibrium constant = I 0 
o • 2.4 X 103 

.!.N2(g) + I °2 (g) ~ NO(g); . 
22' 

Eq~i1ibrium constant [ 1 30 )112 
• 00 2.4 x 10 

= 0.6455 X 10-15 

o [NO] . = K:' =0.6455 X 1O-IS 

(N
2 

]1/2[Od /2 c. 

00 • 1 
NO(g) +-Br2 (g) ~NOBr(g) 

o 2 

[NOBr] =K"= 1.4 
,C • 

[NO] [Br2 

Multiplying both equations 

... (i) 

... (ii) 

~NO] x (NOB~] K~ x K~' 0.6455 x 10-15 x 1.4 
[N2 ]12[02 ]1/2 [NOl[Brd/2 

or . [NOBr] == K = 0.9037 X'1O-15 

. [N
2 

]1I2[021lf2 [Br2 ]1/2 c(ne!) 

= 9.037 X 10-16 

Example 5. . The equilibrium' constant,· K P' for the 
reaction 

2NH 3 (g) is 1.6 x 10-4 atm -2 at 400°C. 

What will be the equilibrium constant at 500°C if heat of 
o reaction in this temperature range is - 25.14 kcal? 

; . 

Solution: Using the relation, 

log KP2 =~[T2 Tl] 
K PI 2303R T21i 

Given, 0" 

Kpl 1.6 x 10-4
; All = - 25.14 kca:l; 

R=2xlO-3 kcaldeg-1 mol-I 

11 = 400+ 273 = 673 K, T2 = 500+ 273= 773 K 

log = -------::- ---KP2 - 25.14 [773 - 673.] 
(l:6 x 10-4 

) 2.303 x 2 x 10-3 773 x 673 

10 . K = 10 (1.6 X 10-4 ) _ 25.14 X 10
3 

x 100 
g P2 0 g 2.303 x 2 x 773 x 673 

= 3.7960 - 1.049 = - 4.8450 
KP2 1.429 x 10-5 atm-2 

Example 6.' The equilibrium constant for the reaction, 

H2{g)+ S(s)~H2S(g) 

is 18.5 at 925 K and 9.25 at 1000 K respectively. Calculate the 
enthalpy of the reaction. 

Solution: Using the relation, 

I K2 All [T2 -lIj 
og "K; = 2.303R 11 T2 

I 
9.25 All 75 

og-= x----
18.5 2.303 x 8.314 925 x 1000 

0.301 = All x 75 
2.303 x 8.314 x 925 x 1000 

or . . All:::: 71080.57 J mol-1 

OF O'BJEClIVEQUESTIONS 

'1. For the hypothetical reactions, the equilibrium constant (K) 

values are given: 
A~B;Kl =2;B~C;K2=4;C~D;K3=3 
The equilibrium constant (K ) for the reaction A ~ Dis: 

(a)48 . " . 
(e) 24 
[Ans. (e)] 

(b) 6 

LHint: The reaction A 
giv~ reactions. 

(c) 2.7 
o (PMT (Kerala) 20051 

(d)12 0 

D is obtained by adding the three 

2. 'If, in the reaction N20 4(g) ~ 2NOz(g), x is that part of 

N20 4 which dissociates, then the number of molecules at 
equilibrium will be: (KCET 2005) 
(a) I (b) 3 
(c)(l+x) . (d) (1+ x)2 

[Ans. (c)] 
[Hint: 

1=0 

Total number of molecules at equilibrium = 1 x + 2x = (I + x)] 
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3. A schematic plot of In K eq. vs 

t inverse of temperature for a 
reaction is shown in the figure. & 

The reaction must be: -::l 

(a) exothermic 
(b) endothermic 

Cl 
(AIEEE 2005) g 

(c) one with negligible enthalpy change 

1/T-

(d) highly spontaneous at ordinary temperature 
[Ans. (a)] 

[Hint: Ke = Ae-t:JfoJ RT 

Ali ° 
logK =logA ----

eq" 2.303 RT 
Y=C+MX 

Slope of the line will be positive, when, Ali 0 -ve, i.e., the 
reaction is exothermic.] 

4. Given: 
Nz(g) + 3Hz (g) ~ 2NH3(g); Kl 
Nz(g) + 02(g) ~ 2NO(g); K2 

H2(g) + ~ 0i(g) ~ H20(g); K} 
2 

The equilibrium constant for 

2NH3(g) + % 0z(g) ~ 2NO(g) +3HzO(g) 

will be: [CBSE (!Vied.) 20071 
" 2 3 

(e) K]K} (d) 
K2 K] 

"-

[Ans. (d)] 

[NH ]" [NOl2 

[Hint: K = 3 . K - . K 
I [Nz ][H2]3' 2-[N2 ][02]' 3 

The equilibrium constant for 
5' " 

2NH3(g) + :2 °2(g) ~ 2NO(g) + 3HzO(g) 

will be: 
2 3 K"K3 [NO] [H20] = 2 X 3] 

[NH3 f[02]5/2 Kl 

5. What is the equation for the equilibrium constant (K c) for the 

following reaction? (EAMCET 2U06} 
liT K 2 

A(g) + -B(g)~ - C(g) 
233 

[A ]112[B]1/3 [C]3IZ 
(a) Kc (b) Kc = --=--~ 

[C]3/2 

[Cf/3 
(c) K = -:-;-;;----;--;:;-

c [A]IIZ[B]1I3 

(Ans. (c)] 
[Hint: Coefficient goes to the power of respective active mass. 

[C ]213 
K - ] 

c - [A]1/2[Bf3 

6. For the following three reactions (i), (ii) and (iii), equilibrium 
constants are given: 

(i) CO(g) + H20(g)~ CO2(g)+ H2(g); Kl 

(ii) CH4(g) + H20(g) ~ CO (g) + 3H2(g); 

(iii) CH4 (g) + 2Hp(g) ~ COz (g) + 4Hz(g); K3 

Which of the following relations is correct ?(AmI':E Z008) 

(a)K3K; = K~ (b)K].fi[; K3 

(C)K2K 3 = Kl 

[Ans. (d)] 
[Hint: Reaction (iii) is obtained by adding (i) and (ii) hence 
K3 =K1 xK2] 

9.5 ACTIVATION ENERGIES FOR 
FORWARD AND BACKWARD 
REACTIONS 

In a reversible reaction, the molec1,1les of the reactants in the 
forward reaction and the molecules of the products in the 
backward reaction fonow the same path" and foim the salne~ 
activated complex. However, th~ activation energies of both . 
forward and backward reactions are different. Fig. 9.4 (a) and (b) 
show the activation energies, E a (f) and E a (b) respectively, for 
the forward and backward reactions for exothennic and 
endothennic reactions. Mathematically, E a (f) and (b ) are 
related to overall energy change, M, in the process as: 

M = E a (f) - Ea (b) = I:!H (At constant volume) 

, t 

Ep 
Products 

Progress of reaction -
If" 

Fig. 9.4 (a)" Activation 
energies for the forward and 
backward" reactions where 

forward reaction is 
exothermic 

For exothermic reaction, 

t 
~ 
Q) 
C 
W 

Er 
Reactants 

" Progress of reaction -:-

Fig. 9.4 (b) ,Activation 
energies for th$ forward 
and backward reactions 
where forward reaction 

is endothermic 

" Ea(f)<Ea(b) 

Thus, M is negative. 
tin the other hand, for the endothennic reaction, 

E a (f) > E a (b) 
Thus, M is positive 

Heat of reaction I1H = Activation energy of forward reaction 
" -Activation energy of backward reaction. \ 

" Example 7. " For the dissociation of gaseous HL the energy~ 
of activation is 44.3 kcal.! Calculate the energy of activation for 
the reVerse reaction. Given, I:!H for the formation ofl '7wle of HI 
from H2 and 12 is -=-1.35kcal. 

Solution: 

2HI(g) ~H2(g) +I 2 (g); Ea = 44.3kcal 

.. ", 

I 
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1 1 .----" - H2(g) + -I2(g) ~ HI(g); AH = 1.35kcal 
2 2 

or 

2HI(g) ~ H2(g) + I 2(g); AH = 2x 1.35 = 2.70kcal 

. AH E a (f) - E a (b) . 
2.70 44.3-Ea(b) 

Ea (b)= (44.3 - 2.70) 
= 41.60kcal 

Exam}1le 8. For a reaction X --? Y, heat of reaction is 
+ 83.68 kJ, energy of reactant X is 167.36 kJ and energy of 
activation is209.20kJ. Calculate (i) threshold energyJii) energy 
of product Yand (iiI) energy of activation for the reverse reaction 
(Y --?X). 

Solution: (i) Given, Ea (f) = 209.20 kJ 

AE + 83..68kJ 
Energy of teactant; X 167.36 kJ 

Threshold energy = Energy of reactant X + Activation energy 
for forward reaction 

167.36 + 209.20 = 376.56 kJ 
(ii) Energy of reaction, AE = Energy of product Energy of 

reactant 
Energy of product = 83.68 + 167.36= 251.04 kJ 

(iii) Activation energy for backward reaction 
= Threshold energy - Energy of product 
= 376.56 - 251.04 = 125.52 kJ 

9.6 STANDARD FREE ENERGY CHANGE 
OF A REACTION AND ITS 
EaUILIBRIUM CONSTANT 

Let AGO· be the difference in free energy of the reaction 
· when all the reactants and· products are in the standard state 
· (1 atmospheric pressure and 298 K) and Kc or Kp be the 
thermodynamic equilibrium constant of the reaction. Both are 
related to each other at temperature T by the following relation: 

. AGO =-2.303RT log Kc 
and AGO - 2.303 RTlog Kp. (in case of ideal gases) 
This equation represents one of the most important results of 

· thermodynamics and relates to the equilibrium constant of a 
reaction tp a thermochemical property. It is sometimes easier to 
calculate the free energy in a reaction rathet than: to measure the 
equilibrium constant. 

Standard free energy change can be thermodynamically 
calculated as: 

AGO == AHo - TAS ° 
Here, AHO = standard enthalpy change, 

AS ° standard entropy change. 
-RTloge K p = IJJ:lO-TASO . 

. ASO IJJ:lO 
log K =---

e p R RT 

10 K _ ASo IJJ:lO 
gJO p - 2.303R 2.303RT 

1 ._-T . 

Fig. 9.5 

(i) When, AGO = 0, then K c 1. 
(ii) When,AGo > 0, i.e.,+ve, thenKc < 1. In this case reverse 

reaction is feasible, i.e., less concentration of products at 
equilibrium state .. 

(iii) When, AGO < 0 • i.e., - \Ie, then K c > 1. In thiscase~-~ 
forward reaction is feasible showing thereby a large 
concentrations of products till the equilibrium is reached. 

Example 9. For the reaction, 

2NOCI(g ----" 2NO(g ) + Cl2 (g ), .... ,;; 

calculate the standard equilibrium constant at 298K. Given that 
the values of AHO and AS ° of the reaction at 298 K are 77.2 kJ 
mol -\ and 122JK -1 morl. 

Solution: Using the relation, 
AGO = mo - TAS ° 

= 77200 - 298 x 122 
= 40844 'J mo1-1 

... Let the equilibrium constant be K~. We know that, 

AGO = - 2.303RTlog K~ 

or log K~ = _ AGO = 40844 
2.303 x 8.314 x 298 2.303 x 8.314 x 298 

= 7.158 

KO 6.95 x 10-8 
c 

Example 10. AGO for 1 N z (g) + ~ H 2 (g) ---"'. NH 3 (g) 
2 2 

is -16.5.kJ mol-I. Find out Kp for the reaction at 25°C. Also 

report Kp and AGO for N 2 (g)+3Hz(g) 2NH3(g) at 
25°C. 

Solution: 
AGO (- 16.5 X 103 

) 
log Kp = - 2.303RT =- 2.303 x 8.314 x 298 

2.8917 

Kp = 779.41 
Kp for reaction N2(g)+3H2(g) 2NH3(g) is equal to 

(779.41): 6.07x10s 

.~\G = - 2.303 x 8.314 x 298 log 6.07 x lOs joule 

== - 32.998 kJ mol-I 
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9.7 EQUILIBRIUM CONSTANT 
EXPRESSIONS FOR SOME 
REACTIONS 

Case I: Homogeneous gaseous equilibria when, Iln = O. 
Synthesis of hydrogen" iodide: . The fonnation of hydrogen 

iodide from hydrogen and iodine is represented by the ,equation: 

H2(g) + 12(g)...-- 2HI(g) 

Let a start be made with' a' moles of hydrogen and' b' moles of 
I z. These are heated in a sealed bulb having a volume V litre by 
keeping the bulb'in a thennostat till equilibrium is established. If 
at equilibrium, x moles of each of Hz and 12 have reacted, 2x 
moles of HI will be fonned. , 

Thus, the active masses of various reactants and products 
present at equilibrium are: 

V 

[1
2

]';' (b-x) molL-1 

V 

[HI] 2x mol L-1 

V 
Applying law of mass action, 

'(2X 12 
V ) 4x 2 

Ko [H,][l,] (a~xl(b V xl (a x)(b-x) 

When, a = b = 1, x becomes degree of fonnation of HI and 

" K = 4x
2 

',,; c (1 x)2 

The equilibrium constant, K p' can also be calculated 
considering partial pressures of reactants and products at 
equilibrium. 

H2 (g) + I 2 (g) 

Initial no. of moles a b 
No. of moles at equilibrium. (a-x) (b x) 

Total number of moles at equilibrium 

(a - x) + (b x) + 2x (a + b) 

2HI(g) 

° 2x 

Let the total pressure of the system at equilibrium be P 
atmosphere. 

Partial pressure ofH2 , 
(a-x) 

PH 2 = (a~b) .p 

(b - x) 
P - P 

12 - (a + b) . 
Partial pressure ofl 2 , 

Partial pressure of HI, PHI 
2x --_.p 

(a+ b) 

(a - x)(b - x) 

Thus, 

This also follows from the relationship, K p 

Iln = 0, So K p = K c ' 

Kc(RT )'l.n. 

i. e., for all gaseous reactions of first type, K p and K care, 
identical. Both K p and K c have no units. 

. 4x2 

(a) Effect of pressure: The equation, Kc = ----, 
(a-x)(b-x) 

does not include the volume tenn; hence K c is independent of 
pressure. Thus, change of pressure will not alter the final state 
of equilibrium. 

(b) Effect of adding substances (Reactants or products): 
On adding H2 to the equilibrium mixture, the value of 

denominator of equation Kc = 4x2 
/ [(a - x)(b - x)] will 

increase. To maintain the constant value of K c' the value of 
numerator must also increase. This can happen f[more ofHli~_ 
fonned, i. e. ,hydrogen combines with iodine to fonn more of HI. 
Thus, the reaction moves' in a direction in which the added 
hydrogen is used up. A similar effect is observed when iodine is 
added to the equilibrium mixture. 

The reverse effect is observed when HI is added to . .the 
equilibrium mixture, i. e. , HI decomposes into Hz and 12 , 

(c) Effect of temperature: The fonnation of HI from 
H2 and 12 is an exothermic reaction, i. e., by increasing 
temperature, the value of equilibriJam constant, K c' decreases. 
Thus, the yield of HI decreases, i. e., high temperature is not 
favourable for greater yield of HI. 

(d) Effect of adding an inert gas: Addition of an inert gas 
to equilibrium mixture wij? make no effect on equilibrium state as 
in the first type of reactions, volume and pressure changes have 
no effect on equilibrium state. 

Case II: Homogeneous gaseous reaction when, Iln > O. 

Dissociation of PCl s : The dissociation of PCI 5 takes place 

according to the equation: 

PCIs(g) ~ PCI 3(g) '+ CI2(g) 

Let a moles of PCl 5 be taken in a closed vessel of volume V 
litre. It is heated and by the time equilibrium is established, x 
moles are dissociated into PCl 3 and C12 . One molecule of PCIs 
on dissociation gives one molecule ofPC1 3 and one molecule of 
C1 2 . Thus, x moles ofPCl 5 will give x moles of PC1 3 and x moles 
of C12 • 

At equilibrium, 
. (a - x) x x 

[PCls]=-- ,[PCI3 ]= ,[CI2 ]=-
V V V 

Applying law of mass action, 

[PCI 3 ][CI 2 ] 

[PCls ] 

x x -x 

(a-x) 

V 

(a-x)V 

When, a = 1, x becomes degree of dissociation and 

K ~--
c (l-x)V 

(units = mol ) 



602 . G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

Calculation of K p: Let the total pressure at equilibrium be 

P. Total number of moles at equilibrium 
=(a x)+x+x=(a+x) 

(
a - xJ . P,' x P 

PPC1s PPC13 ( )'; PCl z a+x a+x 
__ x_.p 
(a +x) 

(a - x )(a+ x) , 

(units = atm) 
(a) Effect of pressure: In this case, K c == x 2 I (a - x) V. If 

pressure is increased, the value of' V' decreases, i. e. , the value of 
denominator decreases. To maintain constant value of K c , x must 
also decrease. In other words, the dissociation ofPCl s decreases. 
Thus, the increase of pressure would suppress the dissociation of 
PCIs· 

(b) Effect of concentration: If PCls is added to the 
equilibrium mixture, the rate of forward reaction increases, i. e. , 
dissociation of PC Is increases. In case PCl 3 or Cl 2 is added, the 
rate of backward reaction increases. This shall decrease the 
dissociation of PCIs . 

(c) Effect of temperature: The dissociation of PCIs is an 
endothermic reaction. Thus, the value of equilibrium constant 
increases with increase of . temperature. It is thus concluded that 
dissociation increases with the increase of temperature. 

(d) Effect of adding an inert gas: When an inert gas is 
added at constant volume the equilibrium state is not disturbed. 
In case an inert gl\,s is added at constant pressure, the volume 
increases, To maintain the constant value of K c , x must also 
increase. Thus, the addition of an inert gas at constant pressure 
increases the degree of dissociation of PCl s. 

Case III: Homogeneous gaseous reaction when, t,n < O. 
Synthesis of ammonia: The formation .of ammonia from 

nitrogen and hydrogen is represented by the equation: 

N2 (g) +3H2 (g) ~ 2NH3(g) 

Let a start be made by mixing' a' moles ofNz and' b' moles of 
hydrogen in a closed vessel of V litre capacity. By the time 
equilibrium is established 'x' moles of nitrogen have combined 
with 3xmoles of hydrogen and produced 2xmoles of ammonia. 

A 'l'b' [N
2

] (a-x) t eqUll num, 
V 

[H
2
J=(b-3x) 

V 
2x 

[NH3 J=--v 

Applying law of mass action, 

K == [NH3]2 

c [N2 ][HZ]3 

_ (~r 
.(a;X)(b~3Xr (a - x)(b - 3x)3 

If a = land b 3, then, 

4x2V Z 

The effect of various factors at equilibrium is discussed here. 
(a) Effect of pressure: By increasing pressure; the volume 

term decreases. The value of x must increase to maintain the 
constant value of K c : In other words, the formation of ammonia 
increases with increase of pressure. 

(b) Effect of concentration: By increasing the 
concentration of either nitrogen or hydrogen in the reaction 
mixture, the rate of forward reaction increases, i. e., the fonnation 
of annnonia increases. 

( c) Effect of temperature: The synthesis of annnonia is an 
exothennic reaction. The value of equilibrium constant d~creases .. 
with increase of temperature. Thus, high tempeniture is _~=,~_~~ .. ~ .. _ 
f!lvourable for the synthesis of ammonia: . 

Calculation of K p : Let the total pressure at equilibrium be P. 

Total number of moles at equilibrium 

=(a-x)+(b-3x)+2x' (a+b-2x) 

2x 
P - xp· 

NH 3 - (a + b - 2x) , 
--'----"--'- x p. 
(a+b-2x) , 

(b-3x) P 
PH = X 

2 (a + b 2x) 

[ ]

2 
2x P 

(a+ b- 2x) 

[ J [ ]
3 

(a-x) P (b-)x) p 

(a+b-2x) (a+b-2x). 

4x2 (a + b 2x)2 

(a - x)(b - 3x)3 p2 

Case IV: Homogeneous liquid system: Formation of 
ethyl acetate: 

The reaction between .alcohol and acid to form ester is an 
example ofhompgeneous equilibrium in liquid system. 

CH3 COOH(l) + C2HsOH(l) ~CH3COOC2Hs(l) + H20(l) 

Let a start be made by mixing 'a' moles of an acid and 'b' moles 
of an alcohol. By the time equilibrium is established, x moles of . 
ester and 'x' moles of water are formed, i. e., x moles of acid and x 
moles of alcohol have been consumed. Let V be the total volume. 
At equilibrium, the active masses of reactants and products are: 

(a-x) (b-x) 
[CH3COOH]=,[CzHsOH1== , 

V V 
x x 

[CH3COOCzHs ] -and [H20]=-
V· V 

Applying law of mass action, 

K == [ester][water] 

c [acid] [a1cohol] 

x x 
x

VV 
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(a - x)(b - x) 

x 2 

If a = b = 1, then K c = " 
. (1- x)2 ' 

(K c has no units) 

This does not involve the volume tenn. Thus, K c is not 
affected by the change of volume. 

Case V: Heterogeneous equilibria: . 
Law of mass action can also be applied to the study of 

equilibria in which the substances are not in the same phase. 
Considering the decomposition of solid NaHC03 to produce 
solid Na 2C03, gaseous CO2 and H20. 

2NaHC03(s) ~ Na 2C03(s) + CO2(g) + H20(g) 
Applying the law of mass action, 

K' = [Na 2C03][C02][H20] 

c [NaHC03]2 

It involves two pure solids, N a 2 C03 and NaHC03. It is 
customary not to include the concentrations of pure solids in 
equilibrium expressions. 

-<!' K;[NaHC03]2 = [C02][H20] 
[Na 2C03] 

or Kc = [C02][H20] 

In tenns of partial pressures we have K p = Pco
2 

X PH
2
0' 

Similarly, in reactions in which a reactant or product occurs as a 
pure liquid phase, the concentration of that substance in the pure 
liquid is also constant. As a result, the concentrations of pure 
solid and pure liquid phases do not appear in the equilibrium 
constant expression. 

Many other examples of heterogeneous equilibria are 
available. Such as: 

1. Decomposition of CaC03 ' 
, CaC03 (s) ~ CaO(s) + CO2 (g) 

Kc =[C02 ] or Kp = Pco
2 

When CaC03 is heated in a closed vessel at a definite 
temperature, the' pressure or concentration of CO2 produced 
becomes constant irrespective of the amount of CaC03 taken. 

2. Reaction of steam on heated iron, 
~Fe(s) + 4H20(g) ~ Fe304(s) + 4H2(g) 

. K = [H2 ]4 orK'= PH 2 =4fj( 
c 4 P V"' p 

[H20] PH 20 

3. Reaction of steam on heated carbon,. 
C(s) + H20(g) ~ CO (g) + H2(g) 

K = [CO][H2] or K = Pco X PH 2 

c [H20]' P PH
2
0 

4. Dissociation of ammonium carbamate, 
NH2COONH4(s) ~ 2NH3(g) + CO2 (g) 

Kc = [NH3]2[C02]; K p = [PNH 3]2 X [ PC02] 

:: ::::I_SOME SOLVED EXAMPLES\I:::::: 

Example 11. For the following reaction, 
H 2(g)+ I2(g)~ 2HI(g), 

If initially 25 mL of H 2 and 20 mL of I 2 are present in a container 
and at equilibrium 30 mL of HI is formed then calculate 
equilibrium constant. [AIPMT (Mains) 2009J 

Solution: The given reaction is: 
H2(g) +I2(g) ~2HI(g), 

to 25 mL 20 mL 0 
t eq, 25-x 20-x 2x 

Give, 2x = 30mL :. x = 15mL 
Equilibrium constant may be calculated as, 

K = [HI]2 = [30]2 = 900 = 60 
c [H2 ][12 ] [10][5] 15 

----Example 12. In the reaction, 

H2 (g)+ 12 (g)~ 2HI(g) 
the amounts of H 2,12 and HI are 0.2 g, 9.2525 g and 44.8 g 
respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 

Solution: H2(g) +1 2(g) ~2HI(g), 

Applying law of mass action, 

K = [Hl]2 
c [H2 HI 2] 

Let the total volume be V litre, then 

So, 

[H ] = 0.2 = ~ . [I ] = 9.2525 = 0.0364 
2 2V V' 2 254V V 

[HI] 44.8 0.35 1 L-1 . 1 = -- = -- mo respectIve y 
128V V 

'K = 
(~v·35)2 = 0.35 x 0.35 = 33.65 

c 0.1 0.0364 0.1 x 0.0364 -x--
V V 

Example 13. 0.5 mole of hydrogen and 0.5 mole of iodine 
react in a 10 litre evacuated vessel at 448°C; hydrogen iodide is 
formed. The eqUilibrium constant, K c for the reaction is 50. 

(a) Calculate the 1,lumber of moles of iodine which remain 
unreacted at equilibrium . 

(b) What is the value of K p? 
Solution: (a) H2(g) + 12(g) ~ 2HI(g) 

Initial moles 0.5 0.5 0 
No.ofmolesatequilibrium (0.5-x) (0.5-x) 2x 

2 
K = 4x = 50 

c (0.5-x)(0.5-x) 

2x =Fo= 7.07 
(0.5 - x) 

2x = 0.5 x 7.07 - 7.07x 
or 2x + 7.07x = 0.5 x 7.07 

, 0.5x 7.07 039 1 x= = . mo e 
9.07 
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(b) No. of moles OfI2 at equilibrium == (0.5 . 0.39) 0.11 mole 
Kp ==Kc(RT ),"n 

As An 0 , K p == K c 50 

Example 14. 25 mL of H 2 and 18 mL of I 2 vapours were 
heated in a sealed glass tube at 465°C and at equilibrium 30.8 mL 
of HI was formed. Calculate the percentage degree of 
dissociation of HI at 465°C. 

Solution: Since, the number of moles in a gas under the 
same conditions of temperature and pressure are proportional to 
volumes (Avogadro's Law), the volumes in mL of gases may be 
used instead of concentrations in the case of reversible reactions 
in which there is no change in the number of molecules of 
reactants and products. 

or 

Given, 

So, 

2x 30.8mL 

x== 15.4 mL 

Vol. of H2 at equilibrium =(25.;.;; 15.4)= 9.6 mL 

VoL OfI2 at equilibrium (I8 -15.4) 2.6 mL 

[HI] 2 (30.8)Z 
Kc 38.0 

[H2 ][Iz] 9.6 x 2.6 

Consider the equation, 
2HI(g) ~ H2 (g) + 12 (g) 

Let the degree of dissociation be x 
2 

K' == __ x __ 
c 4(1-

or 
x 

38 6.1644 2(1 x) 

x = 0.245, i.e .• 24.5% dissociated 

Example 15. 3.2 mole of HI were heated in a sealed bulb 
at 444°C till the equilibrium state was reached. Its degree of 
dissociation was found to be 20%. Calculate the number of 
moles of hydrogen iodide, hydrogen and iodine present at the 
equilibrium point and determine the equilibrium constant. 

Solution: The dissociation of HI is represented by the equation,' 

2Hl(g) H2 (g) +I2(g) 
(I-x) x/2 x/2 

Degree of dissociation; x == 0.20 and initial concentration of 
HI, a == 3.2 mole. 

At equilibrium, 

No. of moles of HI a(l-x) 3.2xO.8 2.56 

No. of moles of H2 
a·x 

3.2x 0.1 0.32 
2 

a·x 
No. of moles of 12 == - == 3.2 x 0.1 == 0.32 

. 2 

K = x
2

. == 0.2xO.2 =00156 
c 2 . 

4(I-x) 4x 0.8x 0.8 

Also, K = [Hz ][12 ] == 0.32 x 0.32 
c [HI]2 2.56x 2.56 

0.0156 

Example 16. The equilibrium constant of the reaction, 

A 2 (g)+B 2 (g) 2AB(g) 

at 100°C is 50. If a one litrejlask containing one mole of A2 is 
connected to a two litre jlask containing two moles of B2• how 
many moles of AB will be formed at 373 K? 

Solution: . A2(g)+ B2(g) 
Initial no. of moles I 2 
No. of moles at equilibrium ~ 1 x) (2 x) 
(Total volume ~ 3 litre) 

Active masses 
(I-x) (2-x) 

3 3 
Applying law of mass action, 

[ABf (
2x
3 )2 

== -,-----'-,,---:;.,-----,-

2AB(g) 
o 
2x 

2x 

3 

Kc 
[A z][B21 C3 ~)(~; x) . (l-x)(2-x) 

or 

or 

or 

But, 
4x 2 

----=50 
(1 x)(2-x) 

4x 2 = (2 - 3x + x 2 )50 

2x2 = (2 3x + XZ )25 

23x2 

75± 
x= --'--------

2x 2.3 

x = 2.317 or 0.934 
The value of x cannot be more than 1, i. e., greater than the 

number of moles of A2 and hence x = 0.943. 

No. of moles of AB = 2x (2 x 0.934) 

1.868 

Example 17. The vapour density of N Z0 4 at a certain 
temperature is 30. CalCJ,llate the percentage dissociation of 
N 204 at this temperature. 

Solution: N20 4 (g) 2NOz(g) 

Mol. mass of N20~ == (28 + 64) = 92 

Vapour density, D = 92 = 46 
2 

Let the degree of dissociation be x 

Given, d = 30 

. Applying the relationship, 

x= D- d = (46- 30) = 16 0.533 
d 30 30 

Degree of dissociation 53.3% 

Example 18. 3 g mole of phosphorus pentachloride is 
heated in a flask of 4 litre volume. At equilibrium it dissociates to 
give 40% of phosphorus trichloride and chlorine. Calculate the 
equilibrium constant. . -. 
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Solution: Degree of dissociation =: 0.4 

PCl5 (g) ~ PCI 3 (g) + Cl 2 (g) 

a(I x) ax ax (at equilibrium) 

Given, a =: 3, x =: 0.4 and V = 4. 

So, at equilibrium, 

[PCI
5

] = 3(1 0.4) = 3 x 0.6 mol L-1 
4 4 

[PCI
3

] =: 3 x 0.4 mol L-1 
4 

[CI
2

] = 3 x 0.4 mol L-1 
.4 

Applying law of mass action, 

. K = [PCI 3 ][Clz] 3 x 0.4 x 3 x 0.4 = 0.2 mol L-1 
c [PCIs] 4x 3x 0.6 

Example 19. N 204 is 25% dissociated at 37°C and one 
atmospheric pressure. Calculate (i) K p and (ii) the percentage 
dissociation at 0.1 atmosphere and 37°C. 

Solutibn: (i) NZ0 4 (g) ..--2NOZ(g) 
Initial 1 0 
At equilibrium (I-x) 2x 

Total moles = (1 x) + 2x (l + x) 

Given, x =: 0.25 and P=:I atm 

2x -_.p 
(1+ x) 

PN20 = [1- 0.25J x 1 = 0.6 atm 
4 1 + 0.25 

(
2X 0.25'jx 1 O.4atm 
1+ 0.25 

0.4 x 0.4 

0.6 
0.267 atm 

(ii) Let the degree of dissociation of NZ0 4 at 0.1 atm be 'a.', 
. then, 

PN 0 = (~J x 0.1 and PNO =: 2a. x 0.1 
2 4 1 + a. 2 (1 + a. ) 

( 
2a.J2 X (0.1)2 

1 + a. 4a. 2 x 0.1 0.4a. 2 
Kp 

(~J' x 0.1 (1- a. )(1 + a.) (1- a. 2) 
I +a. 

or 0.267 0.4a.
1 

or 0.267 =: 0.667a. 2 

(1-0.. 2
) 

a. = 0.632 

Hence, dissociation ofNz0 4 63.2% 

~xample 20. 1.0 mole of nitrogen and 3.0 moles of PCl5 
are placed in 100 litre vessel heated to 227°C. The equilibrium 
pressure is 2.05 atm. Assuming ideal behaviour, calculate the 
degree of dissociation for PCls and K p for the reaction, 

PCls (g ) ~ PCl3 (g) + Cl2 (g) 

Solution: PCls (g ) ~ PC1 3 (g) + Ci l (g) 

Initial 3 0 0 
At equilibrium 3(l-x) 3x 3x 

(x = degree of dissociation) 

Total moles = 3(1 x) + 3x + 3x = 3(1 + x) 

1 mole of nitrogen is present, hence actual total number of 
moles at equilibrium 3(1 + x) + 1 

According to gas equation, 

PV=nRT 

Given, P =: 2.05 atm, V = IOOlitres, R = 0.082 

and T = (273 + 227) 500 K 

or 

So, n 2.05x 100 5 
0.082x 500 

3(l+x)+ 1= 5 

3x= 1 or X= 0.333 

Thus, 3(1 + x) + 1 =: 3 + 3 x 0.333 + 1 4 + 0:999 

At equilibrium, p = 3(1- x) x 2.05 
PCl s (3x+4) 

3x 
PPCJ

3 
=: PCI z := X 2.05 

(3x + 4) 

3x 3x 
---x 2.05 

9xZ x 2.05 

3(3x+ 4)(l-x) 

= 0.204 atm 

3 X (0.333)2 x 2.05 

(4 + 0.999)(0.667) 

Example21. For a gas reaction, 3Hz (g).+N 2 (g) 
2NH 3 (g), th~ partial pressures of H 2 and N 2 are 0.4 and 0.8 
atmosphere, respectively. The total pressure of the entire system 
is 2.8 atmosphere .. What will be the value of K p' if all the 
concentrations are given in atmospheres? 

Solution: i'~1 (g) + 3Hz (g) ~ 2NH3 (g) 

Partial pressures 0.8 0.4 [2.8 - (0.8 + 0.4) 1 .. 6] 
at equilibrium 

Applying law of mass action, 

K = (PNH3 )2 
p 3 

.. ( PN 2)(PH2 ) 

1.6 x 1.6 

0.8 x 0.4 x 0.4 x 0.4 

50atm-2 



'606 I " G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

Example 22. One mole of nitrogen and three moles of 
hydrogen are mtied in a 4 litre container. If 0.25 per cent of 
nitrogen is converted to ammonia by the following reaction: 

N 2 (g ) + 3H 2 (g) 2NH 3 (g) 
calculate the equilibrium constant (K c ) in coy/centration units. 
What will be the value of K for the following equilibrium ? . 

1 3 
2 N 2 (g) + 2 H 2 (g) NH 3 (g) 

Solution: N 2 (g) + 3H2 (g) ---'>. 2NH:i(g) 

At equilibrium (1 x) (3 3x) 2x(x == 0.0025) 

Active masses 
(1- 0.0025) (0.0050) 

4 4 4 

Applying law of mass action, 

K for the reaction, 

is equal to .,JK:;. 
~N2(g)+ 3 H2 (g)---'>. NH3 (g) 
22, 

K 

== 3.86 X 10-3 litre mol-l 

Example 23. In an experiment one mole of acetic acid and 
one mole of alcohol were allowed to react until equilibrium was' 
established. The equilibrium mixture was found to contain 2/3 
mole of ester. Calculate the equilibrium constant of tbe reaction. 

Solution': 

CH3COOH(l) + C2H50H(l) CR3COOC2H5(l) + H2°(l) 
Initial no. 1. 
of moles 

No. of 

moles at r 1 
,equilibrium \ ~} (1 ~) 
-Active 1 

-
masses 3V 3V 

V is the total volume in litres. 
Applying law ofinass action, 

[ester] [water] 
Kc 

[acidHakohol] 

2 2 x 
3V 3V 

1 1 
x 

3V 3V 

4 

0 O. 

2 2 

3 3 

2 2 

3V 3 V . 

Example 24. Ammonium hydrogen sulphide dissociates 
according to the equation: 

If the observed pressure at equilibrium is 1.12 atm at 380 K, what 
, is the equilibrium constant K p of the reaction? 

Solution: NH4 HS(s) ~NH3(g) + H2 S(g) 

PNH3 ";,, PH2S == ~ x 1.12 = 0.56 atm 
2 

K p = PNH3 X PH2S 0.56 x 0.56 == OJ 136 

Example 25. A vessel at 1000 K contains carbon dioxide 
with a pressure of 0.5 atm. Some of the carbon dioxide is 
converted to carbon monoxide on addition of graphite. Calculate 
the value of K p iftota/pressure at equilibrium is 0.8 atm. 

Solution: 

Initial 

cO2 (g) + C(s) 

OSatm 

2CO(g) 

Oatm 
At equilibrium (05 -x )atm 2x atm 
At equilibrium, the total pressure is 0.8 atm. 

Ptola! Peoz + Peo 
0.8 (0.5 x) + 2x:::: 0.5 + x 

or X"-" OJ atm 
Applying law of mass action, 

K :::: (Peo)2 (2 x 03)2 = 036 18atm 
p p 02 02 e02 

(IIT 1993) 

Example 26. A sample ofCaC03 (s) is introduced into a 
sealed container of volume 0.654 litre and heated to 1000 K until 
equilibrium is reached. The equilibrium constantfor t~e reaction, 

CaC03 (s) 

is 3.9 X 10-2 atm at this temperature. Calculate the mass ofCaO 
present at equilibrium. 

Solution: CaC03 (s) CaO(s) + CO2 (g) 

K p Peo2 
Let the number of moles of CO2 be.formed n 

xV 3.9 x 10-2 x 0.654 
n=-, --'=---

RT 0.082 x 1000 

3.llx 10-4 mol 

The amount of CaO(s) formed will also be 3.11 x 10-4 mol 

Hence, mass of CaO formed 3.11 x 10-4 x 56:::: 0.0174 g 

Example 27. The decomposition of ammonium carbamate 
at 3<fC is represented as: 

NH 2COONH 4 (s) ~ 2NH3 (g) + CO2 (g) 
The equilibrium constant K p is 2.9 X 10-5 attn 3 . . 

What is the total pressure of gases in equilibrium with 
NH 2COONH 4 (s) at 30°C? 

Solution: NH2COONH4(s) 2NH3(g) + CO2 (g) 

At equilibrium (1- x) 2x x 

Kp (PNH 3 i X Peo2 

2.9 x 10-5 
:::: (2x)2 X X = 4x3 
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x [2.9XIO-
Sf 3 

0.0194atm 
4 / 

Total pressure 2x + x 3x 3 x 0.0194 0.0582 atm 

Example 28. In an experiment starting with 1 mole of ethyl 
alcohol, 1 mole of acetic acid and 1 mole of water at IOCPC, the 
equilibrium mixture on analysis shows that 54.3% of the acid is 
esterified. Calculate the equilibrium constant of this reaction. 

Solution: 
CH3 COOH(l) + C 2HsOH(l) ~ CH3COOC 2H5 (l) + H20(l) 

Initial 1 1 0 1 

At Ix I-x x l+x 
equilibrium 

1- 0.543 1 0.543 

Given, x 0.543. 
Applying law of mass action, 

[ester] [water] 
Kc 

[acid][ alcohol] 

0.543 

0.543 x 1.543 = 4.0 
0.4571< 0.457 

1 +0.543 

Example 29. The equilibrium constant for the reaction, 
CH3COOH(l) + C2H50H(l)~CH3COOC2Hs (l) + Hp(l)' 
is 4. What will be the composition of the equilibrium mixture 
when one mole of acetic acid is taken along with 4 moles of ethyl 
alcohol? 

Solution: 
CH3COOH(l) + C2lL;OH(l) ~ CH3COOC2lL;(I) + H2°(l) 

Initial 1 4 0 0 

At equilibrium 1- x 4 x x x 

[esterJ[water] x 2 

Kc 4 
[acid] [akohol] (l-x)(4-x) 

x 2 = 4(1- x)( 4 x) 

4[45x+x2] 

= 16 2Ox+ 4x2 

or 3x2 20x + 16 = 0 

20± 20± 14.42 
x = -----''---.-- = ----

6 6 
x= 0.93 or 5.7366 

The value 5.7366 is not possible, he~ce x = 0.93 
Thus, the composition of mixture at equilibrium is 

[CH3COOH] = (1 0.93) = 0.07 mole 
[C 2HsOH] = (4 - 0,93),= 3.07 mole 

[CH3COOC2Rs] = 0.93 .mole 
[H20] = 0.93 mole 

~'OF08JECTIVEQUE$TIONS 

7. For the reaction, N2(g) + 02(g) ~ 2NO(g), the value of 

Kc at ;:;JO°C is O.L When the equilibrium concentrations of 
both the ,_:!c~'ints is 0.5 mol, what is the value of Kp at the 
same temperature'? . (KCET 200S) 
(a) 0.5 (b),O.1 (c) 0.01 Cd) 0.Q25 

. [Ans. (b)] 

[Hint: Kp = KARTi'" 

Since, t!.n 0, hence, Kp == Kc] 

8. A (g ) + 3B (g ) ~ 4C (g 1 initial concentration of A is equal 

to that of B. The equilibrium concentrations of A and Care 
equaLKc of the reaction will be: 
(a) 0.08 (b) 0.8 (c) 8 (d) 80 
(e) 1/8 
[Ans. (e)] 

[Hint: A(g) + 3B(g) ~ 4C(g) 
t 0 a a 0 

teq. a x a 3x 4x 

a - x == 4x given 
a 5x 

K == [C]4 [4X]4 256 = 8] 
c, [A][B]3 [4x][2x]3 32 

9. For a hypothetical reaction: 
4A(g) + 5B(g)...- 4P(g) + 6Q(g) 

The equilibrium constant K c has units: 
(a) mol L -1 (b) mol-1 L 
(c) (molL -1)-2 (d) unitless 
[Ans. (a)] 
[Hint: Unit of Kc (mol L -1 )illl 

= (mol L-1 i = mol L-1 
] 

.. 10. Starting with 1 mol of 02; 2 mol of S02' the equilibrium for 

the formation of 803 (g) was established at a certain 
temperature. If V is the volume ,of the vessel and 2x is the 
number of moles of S03 present, the equilibrium constant will 
be: 

2 
(a) x V 

(1-

(c) -"--.:...... 
2V 

[Ans. (a)] 

(b) 4x
2 

(2-x)(l-x) 
2 

(d) x 
(2-x)(1-x) 

[Hint: 2S02(g) + 02(g) ~ 2S03(g) 
to '2 1 0 

'Ieq, [2/X] [l;X] [~] 

,K = [S03 f = / V == x
2
V ] 

•. c [SOd[Oz] [2 V 2x J [1/ J (1 x)3 

11. For the reaction, H2(g) + 12(g) ".' 2ID(g), K = 47.6, if the 

initial number of moles of each reactant and product is 1 mole, 
then at equilibrium: [JEE (Orissa) 20061 
(a) [12 ]=[H2J;[I2 ]>[ID] (b) [12 ] < [H2 ];[I2 ] [ID] 

(c) [12 ] [H2 ];[I2] < [ID] (d) [12 ] > [Hz];[I21 = [ID] 
[Ans. (e)] 

[H2 ] '" [12 ] will be same at equilibrium, since. it is same at initial 
. state. 

[HI] 2 

Kc 
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Kc [12 ] 2 = [Hl1 2 

47.6 [12 ] 2 [Ill] 2 

. . [12] < [Ill]] 
12. In a closed vessel of volume V, a mol of nitrogen and b mol of 

oxygen are made to react to give nitric. oxide, according to the 
reaction: 

N 2(g) + O2 (g) ~ 2NO(g) 

If at equilibrium, 2xmol of NO are obtained, then: 
.[BV (Pune) 2006J 

4x2 I 
(a)K - x-

c - (a - x)(b x) V 

4x2 . 
-----xV 
(a -x)(b-x) 

2 X . 
(c) Kc = x V 

(a-x)(b-x) 

(d) Kc ~ (a _:~: x) 

[Ans. (d)] 
[Hint: 

t = 0 
N2(g) + 02(g)~ 2NO(g) 
abO 

(
b-xi 2x 

V V .J V 

4x2 

----] 
(a - x)(b -x) 

13. Equivalent amounts of H2 and 12 are heated in a closed till 
equilibrium is obtained. If 80% of the hydrogen, can be 
converted to HI, the K c at this temperature is: (V IT E E.E 2 Oil7) 
(a) 64 (b) 16 (c) 0.25 (d) 4 
[Ans. (a)] . 

[Hint: 
t= 0 

. teq. 

H2(g) + I2(g) ~ 21ll(g) 

110 
1 - 0.8 1 - 0.8 2 x 0.8 

V VV 

[ 
1.6 J2 

K = [Illf = V = 64] 
c[H2][I2] 0.2 x 0.2 

V V 
14. Equimolar concentration of Hz and 12 are heated. to 

equilibrium in a 2 litre flask. At equilibrium, the forward and 
backward rate constants are found to be equal. What 
percentage of initial concentration of Hz has reacted at 

. equilibrium? WMT C';;:n!ia) ZUOl1j 
(a) 33% (b) 66% 
(c) 50% (d) 40% 
(e) 20% 
[Ans. (a)] 

[Hint: H2(g) + 12(g) ~ 2Hl(g) 

to 0 
"l-x 1 x 2x 

teq. -
2 2 2 

2x 

I-x 

x 0.33 
% ofH2 reacted = 33 ] 

9.8 LE CHATELIER'S PRINCIPLE 

There are three main factors which can change the state of 
equilibrium in a reversible system. These are concentration, 
pressure and temperature. Le Chatelier, a French chemist, 

. presented a quaJitative principle known as Le Chatelier's 
principle which can . describe theeffect ..... ofchangein--
concentration, pressure and temperature on any reversible system 
whether physical or chemical. 

According to this principle, if a system at equilibrium is 
subjected to a 'change of concentration, pressure or 
temperature, the equilibrium shifts in the direction that tends 
to undo the effect of the change. 

Or 
If a system at equilibrium is subjected to a change of any 

. one of the factors su,-:h as concentration, pressure or 
temperature, the system adjusts itself in such a way as to 
aunul the effect of that change. 

(a) Change in concentration: If an additional amount of 
any reactant or product is added to the system, the stress is 
relieved as the reaction that consumes the added substance occurs 
more rapidly than its reverse reaction, i. e. , if any of the reactants 
is added, the rate of forward reaction increases and if any of the 
products is added, the rate of backward reaction increases. 

In general, in. a chemical equilibrium, increasing the 
concentrations of the reactants results in shifting the equilibrium 
in favour of products while increasing concentrations of the 
products results in shifting the equilibrium in favour of reactants. 

(b) Change in pressure: If a system in equilibrium consists 
of gases, then the concentrations of all the components can be 
altered by changing the pressure. When the pressure on the 
system is increased, the volume decreases proportionately. The 
t;)ta\ 11lJ.mber of moles per unit volume will now be more thari 
beforelAccording to Le Chatelier's principle, the equilibrium 
will shift in the direction in which there is decrease in number of 
moles, i. e., towards the direction in which there is decrease in 
volume. 

In general, an increase in pressure applied to a system at 
equilibrium, favours the reaction in the direction that 
produces smaller number of moles of gases and a decrease in 
pressure favours the opposite reaction. If there is no change in 
number of moles of gases in a reaction, a pressure change does 
not affect the eqUilibrium. . 

(c) Change in temperature: A chemical reaction 
(reversible) involves two opposing reactions, forward and 
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backward. If one reaction is endothermic, the other will be 
exothermic in nature. When heat energy is added by raising 
temperature, the system can relieve itself from the stress if the 
reaction which, absorbs heat moves faster, i. e., endothermic 
reaction is always favoured with increase of temperature. 

Conclusions: .. ' 
(i) Increase in concentration of any substance favours the 

reaction in which it is used up. 
(ii) High pressure is favourable for the reaction in which there 

is decrease in volume. 
(iii) A rise in temperature favours the endothermic reaction. 
(d) Role of catalyst: Positive catalyst increases the rate of 

both forward and backward reactions equally; the equilibrium 
will be attained in less time, i. e. , same amount of pre juct will be 
formed in less time. 

On the other hand, negative catalyst lowers the rate of both 
forward and backward reactions equally. Same amount of 
product will be formed in more time. 

Catalyst does not affect equilibrium cOnstant and heat of reaction. 

Summary of LeChatelier's Principle 

Effect of inert gas addition 
r'-, -~·",·''-:----'''''''----'------cI----'''''''--
! ," 'COndition . Effect 

J
1 

Li'v-o~'V'=Coristant II tJ.n= 0, +- veor -ve No effect 

I tJ.V '* 0, V '* Constant tJ.n = 0 No effect 

i tJ.V '* 0, V '* Constant 'I tJ.n> 0 Forward shift 
I tJ. V '* 0, V '* Constant ,tJ.n < 0 Backward shift 
r .... _«_'" 

where, An number of gaseous moles of product - number of 
gaseous moles of reactant 

Effect of temperato,re and pressure 

Effect of 
~!'Iature of reaction' increased 
" ' temperature 

1. Exothennic backward shift 
2. 'Exothermic bac:cwardshift 

' 3: Et;ldothe~c forward shift 
4. Endothermic forward shift 
5. Exothermic backward shift 
6. Exothermic backward shift 
7, Endothennic forward shift 
8. Endothermic forward shift 

Air, Side with " Effed of " 
fewer mole of increase in P 

.gas. 

0; neither no shift 
-ve; right forward shift 
-ve; right forward shift 
+ve; left backward shift 
+ve; left backward shift 
..eve; right forward shift 
+ve; left backward shift 
+ve; left backward shift 

Application of Le Chatelier's Principle 
(a) Formation ofOI: 

H2 (g) +I2(g) ~ 2HI(g) +3000 cal 
Effect ofconcentriltion: When concentration ofH2 orI2 is 

increas~d at eq~iiibriu:m,;,the ~ystem moves in a direction which 
decreases the, concentration, i. e., the rate of forward reaction 
increases thereby increasing the'concentration of81. 

Effect of pressure: As there is no;'Change in the number or 
moles in the reaction, the equilim.1um state remains unaffected by 
change of pressure. 

Effect of temperature: By increasing temperature, the 
equilibrium state shifts towards the reaction which -moves with 

absorption of heat. The formation of HI is an exothermic 
reaction. Thus, the backward reaction moves faster when 
temperature is increaSed. 

In short, we can say that the favourable conditions for greater 
yield ofE1 are: . 

(i) High concentrations ofH2 and 12 and 
(ii) Low tempenltur~ . 
(b) formation of qitric oxide: 

N2(g) + O2 (g) , ;. 2NO(g) - 43200 cal 
Effect of concentration:' ' When concentrationofN2 or 02 

is increasetl, the system moves in a direction in which N 2 or 0 3 is·," 
used up, i. e., rate of forward reaction increases thereby 
increasing the concentration of NO·. . . ',. 

Effect of pressure: In the formation: of nitric oxide, the 
number of moles remains the sam\l, i. e. , no c:hange in volume 
occurs. Consequently, the equilibrium state is not affected by any 
change in pressure. 

Effect of temperature: The formation of NO is endother
mic in nature. If the temperature is raised, the equilibrium shifts 
in the direction in which heat is absorbed. The concentration of 
NO will, therefore, be higher at higher temperature. 

Thus, favourable conditions;!or. gre,ater yield of nitric oxide are: 
(i) High concentrations ofN2 -an.d O2 and 

(ii) High temperature <,,' 
(c) Dissociation of pels: 

PCls (g) ~ PCl 3 (g) + 'cl 2 (g) -15000 cal 

Effect of concentration: When 'concentration of PCls is 
increased at equilibrium, the rate of forward reaction increases as 
to decrease the added concentration. Thus, more ofPCl3 and Cl 2 
are formed., ,',' 

Effecf,<:cof ,.pressure: The volume increases in the 
dissochition of PCls. When preS!,lure is lrn;.reased, the system 
moves in the directiOn in which 'there is decrease in volume. 
Thus, ·high pressure does not favour disso()iation of PC Is. 

Effect of temperature: The dissociation of PCIs is an 
, endothermic reaction. Thus, increase of temperature favours the 
dissociation. 

, Thus, favourable conditions for dissociation of PC Is are: 
(i) Higl, concentration of PCl s, 

(ii) Low pressure and 
(iii) High temperature. 
(d) Formation of ammonia: 

N2 (g) + ?H2 (g) 2NH3 (g); IlH =- 22.4 kcall mol 

(i) At high pressure reaction will shift in forward direction 
to form more product. 

(ii) When concentration of N2 and H2 is raised or 
concentration " of NH3 is lowered, then again the 
equilibrium shifts in forward direction to form more 
ammonia. 
If concentration of only one reactant is raised, then again 
the equilibrium shifts in forward direction till the other 
reactant is available for reaction. 
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(iii) The reaction shifts in forward direction at low temperature. 
But at very low temperature the rate of reaction becomes 
very low; thus moderate temperature is favourable for 
this reaction. 

9.9 APPLICATION OF LE CHATELIER'S 
PRINCIPLE TO PHYSICAL EQUILIBRIA 

(i) Solid Liquid ~ Gas 

When temperature is raised, the above equilibrium shifts in 
forward direction. 

(ii) Effect of pressure on boiling point: When pressure is 
raised, condensation of vapour takes place. Thus, vapour 
pressure is lowered. Now more heat is required to equate vapour 
pressure with atmospheric pressur:e as a resuit of which boiling 
point increases. . 

(iii) Effect of pressut:'e on melting point: There are two 
. types of solids: 

(a) 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 increases 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 substances are 
dissolved in water, either heat is evolved (exothermic) or heat is 
absorbed (endothermic). 

KCl + aq. ~ KCl(aq.) - heat 

In such cases, solubility increases with increase in 
temperature. Consider the case of KOH; when this is dissolved, 
heat is evolved. 

KOH+ aq. ---'" KOH(aq.) + heal 

In such cases, solubility decreases with increase In 

temperature. 

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

fUl1mATfONS OF OIJECTIVE QUESTIONS 

15. Consider the following reversible reaction at equilibrium: 
2B20(g) 2H2(g) + 02(g); I1H = + 24.7 kJ 

which one of the following changes in conditions will lead to 
maximum decomposition ofH20(g)? 
(a) Increasing both temperature and pressure 
(b) Decreasing temperature a~d increasing pressure 
(c) Increasing temperature and decreasing pressure 
(d) Increasing temperature at constant pressure 
( e) Increasing pressure at constant temperature 
[Ans. (c)] 

[Hint: Reaction is endothennic and t:.n> 0, hence, the 
fonnation of product will be favoured by increasing the 
temperature and decreasing the pressure.] 

16. The exothermic fonnation of ClF3 is .represented by the 
equation: 

CI2(g) + 3F2(g) 2ClF)(g); I1H = - 329 kJ 
Which of the following will increase the quantity ofClF3 in an 
equilibrium mixture ofClz, F2 and ClF)? 1,\1) '::. :;::d:,, 
(a) Increasing the temperature 
(b) Removing Cl2 
(c) Increasing the volume of the container 
(d) Adding F2 
[AIlS. (d)] 

[Hint: Equilibrium will shift in forward direction by increasing 
he concentration of reactant.] 

17. Which among the following reactions will be favouredat low 
pressure? 
ta) N2(g)+ 

b) H2(g) + 
tc) PCls(g) 
(d) Nig) + 3H2(g) 

[Ans. (c)] 

[Hint: On lowering the pressure, equilibrium favours the 
direction of higher volume.] 

18. At constant pressure, the addition of argon to: 
N2(g) + 3H2(g) ~ 2NH3 (g) 

will: 
(a) shift the equilibrium in forward direction 
(b) shift the equilibriumin backward direction 
(c) not affect the equilibrium 
(d) stop the reaction 
[Ans. (b)] 

[Hint: If volume is not constant, the addition of inert gas 
favours the direction where volume is increasing.] 

19. The equilibrium reaction that is not influenced by volume 
change at constant temperature is: ICE'! (.l&~~) 2llU(d 
(a) H2(g) + 12 (g) 2HI(g) 
(b) N2(g)+3Hz(g) 2NH)(g) 
(c) N204(g)~ 2N02 (g) 
(d) 2NO(g) + 02(g) 2N02 (g) 
[Ans. (a)] 

[Hint: When, t:.n 0, there is no effect of pressure and volume 
change on the equilibrium.] 

20. N2 (g) + 3Hz (g) 2NH3 (g ) + Heat 

What is the effect of the increase of temperature on the 
equilibrium of the reaction ? ~ j,( 'V! 2lj(17~) 
(a) Equilibrium is unaltered 
(b) Reaction rate does not change 
(c) Equilibrium is shifted to the left 
(d) Equilibrium is shifted to the right 
[Ans.(c)] . 

[Hint: The given reaction is exothemlic, therefore, the equilibrium 
will shift in backward direction by the increase of temperature.] 
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9.10 CALCULATION OF DEGREE OF 
DISSOCIATION FROM DENSITY 
MEASUREMENTS 

Degree of dissociation is defined as the fraction of one molecule 
dissociated. It is denoted by x or a.. Its value is always less than 1. 
When the value becomes equal to 1 ,it is said that the substance is 
completely dissociated~ 

The degree of dissociation in the case of second type of 
reactions (reversible) is determined by measuring density of 
reaction mixture at equilibrium. 

Consider the general reversible reaction, 

A ~nB 
Initial no. of moles 1 0 
No. of moles at equilibrium(l x) nx 

Total number of moles at equilibrium = (hi)+ nx 

= 1+ (n 1)x.· 
Let the initial volume be V litre. Thus, the volume at equilibrium 

=[I+(n-l)x]V .. 

Let 'd' be the observed· vapour density at a particular 
temperature when degree of dissociation is 'x' and D be the 
vapour density when there is no dissociation. Again, 

. . I· . 
Doc ... (i) 

v· 
and d ex }. 

or 

or 

or 

[1+(n-l)x]V 

Dividing eq. (i) by eq. (ii), 

D 
l+(n-l)x 

d 

D 
--l=(n l)x 
d 

D-d 
d 

x 

==(n-l)x 

D-d 
(n l)d 

M rn 
x:=; . 

(n -l)rn 

where, M = initial molecular mass 
rn = molecular mass at equilibrium. 

... (ii) 

... (iii) 

In the dissociation of PCIs, NH4 CI and N2 0 4 , the value of 
n = f. 

So, 

PCls ~ PCl 3 + Cl 2 

NH.}CI~NH3 +HCI 

N 20 4 ..,-2N02 

D d D-d 
x ---

(2 1) d d 

Calculation of Degree of Reaction using 
Pressure-Temperature Determination 

Let us consider the following gaseous reaction: 
PCIs(g) PCI 3 (g) + CI 2 (g) 

Initial pressure and temperature are P]and 7i. At i;:quilibrium, 
pressure and temperature are and Tz respectively. The volume 
of vessel is constant, equal to 'V'. 

PCIs(g) ~PCI3(g) + Clz(g) 11 V T P 

t 0 a· 0 0 a V T] PI 

t eq. a ax ax ax a+ax V Tz 
Initial state PI V == aRT, 
Equilibrium state P2V:=; (a + ax)RT2 

Dividing equation (i) by eq. (ii), we get 

21. At equilibrium: 

Tj 

P2 (1+ x)TZ 

(l+x)== 
T2P1 

. T1P2 - T2P1 . X == --'--'.,""",,-----='-'-
T2Pl 

QUESTIONS 

N20 4(g) ~ 2N02(g) 

... (i) 
... (ii) 

the observed molecular weight of N20 4 is 80 g mol- l at 

350 K. The percentage dissociation of NZ0 4(g) at 350 K is: 

(a) 10% 
(e) 13% 
[Ans. (b)] 

(b) 15% (c) 20% (d) 18% 

[Hint: Degree of dissociation may be calculated as, 

X= 
M 111 

(n - I)m 

92- 80 

(2 - 1)80 

12 
80 

0.15 

.. n = 2 (number of gas moles . 
produced by 1 mol reactant) 

(M 92, m =: 80) 

Percentage dissoeiation 0.15 100 = 15] 
22. The vapour density of PCls is 1·~)4.25 but when heated to 

230°C, its vapour density is reduced to 62. The degree of 
dissociation of PC Is at this temperature will be: 
(a) 6.8% (b) 68% . (c)46% (d) 64% 
[Ans .. (b)] . 

[Hint: The reaction is: 
'>.. PCls(g) PCl3(g) + CI2(g) 

n 2 
D - d 104.25 62 

u=--=----
(n - I)d (2 - 1) x 62 

0.68 
Percentage dissociation 0.68 x 100 =: 68% 1 
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MISCELLANEOUS NUMERICAL EXAMPLES4///';" 

Example 1. At a certain temperature, equilibrium 
constant (K c ) is 16 for the reaction: 

S02(g)+ N02(g)~ S03 (g)+ NO(g) 
if we take· one mole of each of the four gases in one litre 
container, what would be the equilibrium concentration of NO 
andN02 ? 

Solution: 

Initial concentration 
Equilibrium concentration 1 x 1 x 

or 

Applying law of mass action, 
K = UNO]. 

c [S02 ][N02 ] 

l+x =::4 or 1+,\:=4 ··4x 
I-x 

5x 3, i.e.,x= 3 0.6 
5 

1 + x 

16 

Cone. ofN02 at equilibrium (1- 0.6) 0.4 mole 

I + x 

Cone .. of NO at equilibrium = (I + 0.6) = 1.6 mole 

Example 2. At 817° C, K p for the reaction between 
CO2 (g ) and excess of hot graphite (s) is 10 atm. 

(a) What are the equilibrium concentrations of the gases at 
817°C and a total pressure of5 atm? 

(b) At what total pressure does the gas contain 5% CO2 by 
volume? tilT 20(0) 

or 

or 

Solution: (a) CO2 (g) + C(s) ~ 2CO(g); K p 10 atm 

Given: 
Let 
So, 

. Pco(g) + Pco2 (g) = 5 atm 
Pco(g) = x atm 

Peo (g) = (5 x)atm 
2 2 
K _ [Peo] x 2 

p- Peal (5-x) 

x 2 

10=--
(5 x) 

x 2 + 10x- 50 0 

On solving, we get 
x= 3.66 

Peo(g) = 3.66 atm 

or Mole fraction CO at equilibrium 73.2% (by volume) 

Peo2(g) = 1.34 atm 

or Mole fraction CO2 at equilibrium = 26.8% (by volume) 
(b) Let the total pressure be P atm 
Given, % CO2 (by volume) = 5 and % CO (by volume) = 95 

5 ! 95 
Peo = - x P 0.05Pand Peo = - x P 0.95P 

2 100 100 

K 10= [Pea]2 0.95P x 0.95P = 18.05P 
p Peo2 0.05P 

or P = 0.554 atm 

Example 3. At 700 K, CO2 and H 2 react to form co and 
H 2 O. For this process K c is O.II.if a mixture of 0.45 mole of CO2 
and 0.45 mole of H 2 is heated to 700 K. 

(i) Filld out the amount of each gas at equilibrium state. 
(if) After equilibrium is reached another 0.34 mole of CO2 

and 0.34 mole of H 2 are added to the reaction mixture. Find the 
composition of the mixture at the new equilibrium state. 

Solution: (i) CO2 (g) + Hz (g) ..-- CO(g) + H20(g) 
rial no. of moles 0.45 0.45 0 0 

. of moles at 0.45 x 0.45 x x x 
equilibrium 

Applying law of mass action, 

K = [CO][H20] = xxx = x
2 

= 
c ~Tr02T[H2J (0.45 x)(0.45-x) (0:45 xl " ..•. .,.-------~-

So, 
x 

0.33 
(0.45 x) 

" 
x = 0.11 

At equilibrium, [C02 ] = [H2 ] 0.34 mole 
[CO] = [H20] = 0.11 mole 

. (ii) CO2 + Hz ~ CO+ H20 
Initial moles· 0.34 + 0.34 0.34 +0.34 O.ll 0.11 

=0.68 =0.68 

At equilibrium 0.68 - y 0.68-y 0.11+y O.ll+y 

or 

or 
or 

K = [CO][H201 
c [C02 ][H2 ] 

(0.11 + y)(0.11 + y) = 0.11 
(0.68 y)(0.68 - y) 

O.ll + Y = 0.33 
0.68- y 

0.11+ y=0.33xO.68 0.33y 
y 0.086 

At equilibrium, [CO] = [H20] 0.11 + 0.086 0.196 mole 
[C02 ] = [H2 ] 0.68 - 0.086 = 0.594 mole 

. Example 4. A mixture of S03' S02 and 02 gases is 
. maintained in a 10 litre flask at a temperature at which the 
equilibrium constant for the reaction is 100 : . 

(i) If the number a/moles of S02 and,S03 in the flask are 
equal, how many moles of02 are present? 

(ii) if the number of moles of S03 in the flask is twice the 
number of moles 0fS02' how many moles of oxygen are present? 

Solution: (i) 2S02 (g) + 02(g) ~2S03 (g) 

At equilibrium, let the number of moles of each of S02 an'd 
S03 be nl and of oxygen n2 , i. e., 

[S02] "" !!.!. 
10 
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or 

[S03] == 
]0 

Applying law of mass action, 

K, [SO,!," (-\':if· "100 

[S02]2[02] (~Y(~) 
llO) 10 

n2 0.1 mole 

Oxygen = 0.1 mole 

(ii) Let the number of moles of S02 be == nl 

So, number of moles of S03 = 2nl 

Let the number of moles of oxygen be n2 

.n2 0.4 mole 

"' Oxyg~n 0.4 mole 

Example 5. At 250°C and 1 atmospheric pressure, the 
vapour density of pels is 57.9. Calculate (i) K p for the reaction, 

PCIs (g)..,.--- PCl3 (g) + el2 (g), 

at 250°C, (it) the percentage dissociation when pressure is doubled. 

Solution: (i) Mol. mass ofPC1 s 208.5 

Vapour density, D == 208.5:::: 104.25 
2 

Observed vapour de~sity. d:::: 57.9 

D fd
'" D-d 10425-57.9 

egree 0 IssoclatlOn, a :::: -- :::: -----
d 57.9 

=0.80 

PCls(g) ~ PCI 3 (g) + CI 2(g} 
At equilibrium 1 a a a 

(1- 0.80) 0.80 0.80 

Total number of moles :::: (1 + a) (l + 0.80):::: 1.80 

Partial pressure of PCls == 0.2 XII 
. 1.80 9 

Partial pressure ofPCl3 :::: 0.80 xl:::: ~ 
1.80 9 

Partia~ pressure of CI 2 

So, 
4/9x4/9 16 

= 1.78 
1/9 9 

(ii) Let the degree of dissociation be a when pressure is 2 
atmospheres. 

or 

or 

or 

At equilibrium 

(1-0. ) 
PPCl s :::: (1 + a) . P 

(I-a) 
---x 2 
(1+0.) 

_a_. p = a x2 
(1+0.) (1+0.) 

a a 
PCI == ·P=--x2 

2 (1+0.) (1+0.) 

. _a_x2x_a_x2 
(l + a) (1 + a) 

(l-a)x2 
(1+0.) 

0. 2 

------<2- = 0.89 
(I-a ) 

0. 2 == 0.89 0.890. 2 

1.890. 2 0.89 

0.89 

1.89 

0.==0.686 

. Thus,PCl s is68.6% dissociated . 

. ~anipJe 6,. For the reaction, 
. CO(g) + 2H2(g) CH30H(g) 

hydrogen gas is introduced into a five litre flask at 327°C, 
containing 0.2 mole of co (g) and a catalyst. until the pressure is 
4.92 atmosphere. At this point 0.1 mole ofCH 30H(g) is formed. 
Calculate the equilibrium constants K p and (ln 1'1"':; 

Solution: Let the number of moles of hydrogenintrodl.fCed 
be mmoles. . 

or 

or 

or 

or 

Total moles of CO and hydrogen:::: 0.2 + m 

Applying, PV = nRT 

P == 4.92atm, V == 5 litre, R·= 0.082, 

T == (273 + 327) 600 K 

4.92x 5 0.082x 600 x (0.2+ m) 

0.2 + m = 4.92 x 5 
0.082 x 600 

m= 0.3 mole 

CO(g) + 2H2(g) ~ CHpH(g) 
0.2-x 0.3 - 2x x 

0.2-0.1 0.3' 0.2 0.1 

0.1 0.1 0.1 

0.1 0.1. 0.1 
-

5 5 5 

(No. of moles 
at equilibrium) 

(Active masses) 
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Applying law of mass action, 
0.1 

__ -"--__ = 2500 mol ~2 L 2 

0~1 x (O~lr 
We know that, Kp K c (RT)/:'n,l1n 2 

K p = 2500(0.082 x 600)""2 or 

or K = 2500 = 1.0327 atm-2 

p 49.2x 49.2 

Example 7.. When sulphur in the form of S 8 is heated at 
900 K the initial pressure of 1 atm falls by 29% at equilibrium. 
This is because olcol1versiol1 of some S 8 to S 2' Find the value of 
equilibrium constant for this reaction. 

Solution: Sg(g) 4S 2 (g) 

Initial mole 
At equilibrium 

1 
1 x 

(1- 0.29) 

= 0.71 

Applying law of mass action, 

o 
4x 

(4x 0.29) 

1.16 

K = [ ]4 (1.16)4 = 2.5582 atm3 

P [PSg] 0.71 

Example 8. For the equilibrium, 
AB(g)--" A(g)+B(g), 

K p is equal tofour times the total pressure. Calculate the number 
of moles of Aformed.· 

Solution~ Let the total equilibrium pressure be = P atm 

Given, . K I' = 4P 

Let the start be made with 1 mole of AB(g ) and the degree of 
dissociation be x. 

AB(g) 
At equilibrium 1. x 

A(i) + B(g) 
x x 

Total moles at equilibrium = 1- x + x + x I + x 

Thus, 
. x 

Partial pressure of A = -- . P 
l+x 

. x 
P B = Partial pressure of B = -- . P 

P AB Partial pressure of AB 

l+x 

I-x _.p 
l+x 

Applying the law of mass action, 

So, 
x2 

4P -_.p 
I x 2 

or 4 4x2 =x2 

or 

or 

5x2 =4 
2 

x -
IS 

Hence, number of moles of A formed = 2 times initial 

moles of AB taken 

Example 9. 0.15 mole of co taken ina 2.5 litre flask is 
maintained at 705 K along with a catalyst so that the following 
reaction can take place: 

COI,g) + 2H2(g) CHPH(g) 
Hydrogen is in(roduced until the total pressure of the system is 

8.5 atm at equilibrium and 0.08 mole of methanol is formed. 
Calculate (i) K p and K c and (ii) the final pressure if the same 
amount of co and H 2 as before are used, but with no catalyst so 
that the reaction does not take place. : II r t \)1) ,; , 

Solution: (i) Let the total number of moles of gases be n aL_ 
equilibrium. 

Applying equation, PV nRT 
Given, P = 8.5 atm; V 2.5 L; 

R = 0.0821 atm L mol-I K-1 and T = 705 K 

n = 8.5 x 2.5 0>367 mol 
0.0821 x 705 ' 

CO(g) + 2H2(g) ---'" CH30H(g) 

Initial mole 0.15 (nH2 )0 0 

At equilibrium 0.15 x [(nH2 )0 - 2x] x = 0.08 

Number of moles of CO at equilibrium 

(0.15 0.08) = 0.07 mole 

Number of moles ofH2 at equilibrium 

total moles moles of CO - moles of CH3 OH 

= (0.367 0.07 0.08) 

= 0.2 17 mole 

Applying law of mass action, 
0.08 

[CH30H] _ 2.5 151.6mol-2 L2 

[CO] [H2 ]2 - 0.07 X l( 0.217)2 

2.5 2.5 

Now, K p = K c (RT )/:,"151.6 x (0.0821 x 705)-2 

or 

0.045atm-2 

(ii) SinGe, [(I1 H7 )0 2x] 0.217 

Rence, 

- (nH 2)0=0.217+2xO.08 

= 0.377 mole 

(/leoh 0.15 
Total moles (flO) 0.377 + 0.15 0.527 

170RT 0.527 x 0.0821 x 705 
Po =-V-= 2.5 

== 12.20atm 

Example 10. The equilibrium constant for the reaction, 

CO(g) + H 20(g)---" CO2 (g) + H2 (g), 
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at 986°C is 0.63. A mixture oflOlnole olwater vapour and 3.0 
mole of co is allowed to come to equilibrium. The equilibrium 
pressure is 2.0 atm. 

(i) How many moles of H 2 are present al eqllilibrium? 
(ii) Calculate the partial pressures of gases ill equilibrium 

mixture. : l i ~ ']'::; 

Solution: (i) In the given reaction, fj,n 0, hence, K C' K p 

CO(g) + H 10(g) ~ CO2 (g) + H 2(g) 
At equilibrium (3 x) (1 x) x x 

or 

Applying law of mass action, 

__ x_x_x __ = 0.63 
(3 x)(I- x) 

x 2 0.63(3 4x + x 1 
) 

0.37x2 + 2.52x - l.89 = 0 

+ 6.81x 5.1 0 

-6.81± x6.81-4x(-5. 
x = ... ----=-----------'-''--- = 0.68 mole Hz 

2 

(ii) Partial pressure of CO2 = partial pressure of H2 

= mole fraetion x total pressure 

0.68 03 = -- x 2 = . 4 atm 
4 

Partial pressure of CO(g) = (3 0.68) x 2 = 1.16 atm 
4 

Partial pressure of H" O(g) = (1- 0.68) x 2 = 0.16 atm 
- 4 

Example 11. The equilibrium constant K p for the 
reaction, 

2S02 (g ) + 02 (g) 2S03 (g) 
is 900atm-1 at 800K. A mixture containing S03 and 02 having 
initial partial pressure of I and 2 atm respectively is heated at 
constant volume to equilibrate. Calculate the partial pressure of 
each gas at 800K. . 

Solution: The system in the initial stage does not contain 
S02' S03 wiIl, thus, decompose to fonn S02 and 02 until 
equilibrium is reached. The partial pressure of S03 will decrease. 
Let the decrease in partial pressure be lx. . 

2S02 (g) + 02(g) ----'- 2S03(g) 

At equilibrium (2x) (2 + x) (1- 2x) 

Applying law of mass action, 
(l_2X)2 

K p =--,---
(2xt(2+x) 

900 -'-1_---.:._ 
8x2 

or . 1- 2x = 84.85 
x 

or x==O.01l5atm 
Thus, the partial pressures at equilibrium are: 

Pso} 2 x 0.0115 == 0.023 atm 

POl 2 + 0.0115 = 2.0115 atm 

PS03 = 1 2 x 0.0115 = 0.977 atm 

Example 12. What is the concentration of co in 
equilibrium at 25°C in a sample of a gas originally containing 
l.OOmoi of CO2 ? For the dissociation olC02 at 25°C, 

K c 2.96 X 10-92 . 

Solution: 2C02 (g) ~ 

Atequilibrium (\ 2x) 
Applying law of mass action, 

2CO(g) + 02 (g) 

(2x) (x) 

K:: :1[COI
2 

x x (2x-f =? 96 10-92 
c ~ _. x 
. [C02 (1- 2yt 

It can be assumed that 1 2x '" 1.0 as K c is very small. 

or 

So, 4x 3 = 2.96 x 10-92 

X l.95xlO-31 mol L-1 . 

[CO] = 2x 2 x 1.95 X 10 31 

3.90x 10-31 mol L-1 

Example 13. Ammonia is heated at 15 atmfrom 27°Cjo 
347°C assuming volume conslallt. Tile new pressure becomes 50 
atm at equilibrium. Calculate % ol NH 3 actually decomposed. 

Solution: Pressure of NH 3 at 27°C == IS atm 

Pressure of NH3 at 347 0 C P atm 

P 15 

620 300 
P 31 atm 

Let a moles of ammonia be present. Total pressure at 
equilibrium = 50 atm 

At equilibrium 
Total moles 

2NH3 (g) ~ Nz(g) + 3H2 (g) 

(a-2x) x 3x 
a - lx + x + 3x = a + 2x 

Initial number of moles Initial pressure 

Moles at equilibrium Equilibrium pressure 

a 

(a + 

19 
x -a 

62 

Amount of ammonia deeomposed = 2x 2 x 19 a 
62 

. 19x a 
% of ammo 111 a decomposed == x 100 

31 x a 

= 61.3 

19 
-a 
31 

Example 14. Calculate the per cent dissociation of 
H 2S(g )ifO.l mole ofH2S is kept il1 OAlitre vessel atlOOOKfor 
the reaction, 

2H2S(g)~ 2H2(g)+ S2(g) 

The value of K c is 1.0 X 10-6. . 

I 
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. Solution: 2H2 S(g) 

At equilibrium 

Molarconc. 

(OJ. x) 
(0.1 x) 

x 
x 

x!2 

0.4 0.4 0.8 

or 
0.8(0.1 

asx is very small; 0.1- x -? 0.1 

or 

1.0 X 10-6 

x3 8 X 10-9 

x=2x 10-3 

.' So, R~r cent dissociation 3 x 10-
3 

X 100 2.0 
0.1 

Example 15. The vapour density (hydrogen = 1) of a 
mixture containing N02 and N 204 is 38.3 at 26.7° C. Calculate 
the number of moles o.f NOz in 100 grams of the mixture. 

(i\I U\ R 19')J) 

Solution: N2 0 4 (g) ~ 2N02 (g) 

At equilibrium (1 x) 2x 

(d "';:1"') D d x . egree OJ.,l;!lssoclatlon := ---
.' •.... . .. (n - 1)d 

G· d"- '3' 8' 3' '~'" Mol. mass of 92 := 46 n 2 
.Jlven, - ., 2 2' 

So, x 46- 38.3 = 0.2 
38.3 

At equilibrium, amount ofN.i04 = 1 0.2:= 0;8 mol 

and amount of N02. 2 x 0.2 0.4 mol 

Mass of the mixture = Q.8 x'9~ :+'0.4 x 46 

73.6 + 18.4 := 92.0 g 

Since, 92 gram of the mixture contains = 0.4 mol N02 

So, 

100 gram of the mixture contains = 0.4 x 100 = 0.43 mol NOz 
92 

Example 16. At temperature T, the compound AB2 (g) 
dissociates according to the reaction, 

with a degree of dissociation, x, which is small compared with 
unity. Deduce the expression for x in terms of the equilibrium 
constant, K p and the total pressure, P mT 199-l) 

Solution: ·2AB2 (g) 

At equilibrium. (1- x) x x!2 

Total moles afequilibrium == 1 - x + x + x / 2 
2+x 

=--
2 

_2(1 x) p. 
p AB2 - (2 + x)' ,p AB 

2x 
-_.p; PB2 
(2+ x) 

~.p. 
(2+ x) , 

. ..[] 2( \ . 2x x \ 
2 --p --p 

K =(PAB) (PB2)= (2+x) 2+xJ_. 
p 2 . 2 

( PAB2) (2(1 X)pJ 

. l(2+x) 

(2 + x)(l-

As x is very small, (2+ x) -?2and(i- x) -? 1. 

So, Kp 
x 3p 

2 
2Kp 

..-. 

or x 3 

p 

or x (~pr3 
Examplel7. At 25°C and one atmospheric pressure, the 

partial pressures in an equilibrium mixture of N 2 °4 and NOz are 
0.7 and 0.3 atmosphere, respectively. Calculate the partial 
pressures of these gases when they are in equilibrium at 25°C and 
at a total pressure oflOatmospheres. CIILNR 19%) 

Solution: N2 04 (g) ~2N02(g) 

At equilibrium 0,7 0.3 atm 

K = ( PN02 )2 0.3 x 0.3 = 0.1285 atm 
p PN

2
0

4 
0.7 

Let the degree of dissociation of N20 4 be x when total 
pressure is 10 at:l10sphere. 

N20 4(g) --->. 2N02(g) 

At equilibrium (l-x) 2x 

Total number of moles 1- x + 2x = 1 + x 
(l x) 2x 

PN 0 = -- x 10; PNO =: -- )« 10. 
2 4 (1 + x) 2 .(1 + x) 

(~)2 X 102 
ll+x 40x2 

K p := 0.1285:= ( J 
~ xlO 
l+x 

Since, x is very small, (1- x 2 )-? 1 

So, x 2 0.1285 . ,,-'. 

40 
or x= 0.0566 
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= (1- x) x 10= 1- 0.0566 x 10= 0.9436x 10 = 8 93 atm 
PN 204 (1 + x) 1 + 0.0566 1.0566' 

2x 2 x 0.0566 0.1132 
PNO = --x 10= . x 10= -- x 10= 1.07 atm 

2 (l + x) . 1 + 0.0566 1.0566 

Example 18. At 450°C, the equilibrium constant, K p ,for 
the reaction, 

N 2(g)+ 3H2(g)~2NH3(g) 
was found to be 16 x 10-5 at a pressure of200 atm. If N 2 and H 2 

are taken in 1: 3 ratio what is % of NH 3 formed at this 
temperature? 

Solution: N2(g) + 3H2(g) ~ 2NH3(g) 

At equilibrium (1-x) (3-3x) 2x 

Total number of moles = 1- x + 3 - 3x + 2x = 4 - 2x 

_ (I-x) p. 
PNz - (4-2x) , 

= (3-3x) p. . .. = 2x P 
PH 2 (4-2x) , PNH 3 (4-2x)·· 

'. , 

or 

or 

(4~~XP r 
( 1- x .) (3 -3x )3 --'-p --p 

4 - 2x 4 - 2x . 

4x2 (4 - 2x)2 
=------~--~---

(1- x) x 27x (1- x)3 p2 

1.6 x 10-5 =~x- x
2
(2_x)2 

27 (1- x)4 X (200)2 

1.6 X 10-5 x 27 X (200)2 

16 

16 x 10-6 x 27 X (200)2 
't; 

16 

x(2-x)=iMxlO-:-3 xm=1.039 
(L';;;xi . 

or x;:: 0.30 
Moles of ammonia: foimed = 2 x 0.30 = 0.60 
Total moles at equilibrium = (4 - 2x)= (4 - 2x 0.30)= 3.40 

% of NH3 at equilibrium = 0.60 x 100 = 17.64 
. 3.40 

Jl:xampl~ 19. A mixture of S02 and 02 at 1 atmosphere in 
the ratio of 2: 1 is passed through a catalyst at 1170°C for 
attainment of equilibrium. The exit gas is found to contain 87% 
S03 by volume. Calculate Kpfor the reaction, 

S02 (g)+ .!.02 (g)~S03 (g) 
2 

Solutio .. : The volume of S02 and 02 at equilibrium 

= (100 - 87) = 13 mL 
. 2 

Volume of SOz = - x 13 = 8.67 mL 
3 
1 

Volume of oxygen = - x 13 = 4.33 mL 
3 

87 
Ps03 = 100 x 1 = 0.87 atm 

8.67 . . 
Ps02 = 100 xl = 0.0867 atm 

. 4.33 
P0

2 
= --- x 1 = 0.0433 atm 

100 

K = Ps03 = 0.87 
p x ( )112 (0.0867) X (0.0433)112 Ps02 '/ P02 

0.87 
= ------~---

(0.0867) x 0.208 " 

= 48.24 atm-1I2 

Example 20. N 204 dissociates as, 

N204(g)~2N02(g) 

at 55°C and one atmosphere % decomposition ofN 204 is50.3()I10~ 
At what pressure and same temperature, the equilibrium mixture 
has the ratio ofN 204 : N02 as 1: 8? 

Solution: 
Case I: N204(g)~2N02(g) 

At equilibrium (I- x) 2x 
. _ (1- x) x p.' 2x 

PN 204 .- (1+x) ,PN02 = (1+x) xP 

(~,pr 4x2P 

Kp = [:::p] (I-x') 

Given, x'= 0.503 and P = 1 . 

K p = 1.3548 atm ,. 

Case II: N20 4 ~2N02 
(1- x) 2x 

(I-x) 1 
----

2x 8 
Given, 

x= 0.8 
Let the new pressure be P atm. 

K = 4x
2 
P = 4 x 0.8 x 0.8 x P = 1.3548 

P (1.:.... x 2 ) (1 + 0.8 )(1- 0.8) 

p = 0.19 atm 

Example 21. At 627°C and one atmosphere S03 is 
partially dissociated into S02 and 02 by the reaction, 

S03 (g)~S02 (g)+ 1/ 2°2 (g). 
. The density of the equilibrium mixiure is 0.925 g L-1

• What is 

the degree of dissociation? 
Solution: Let the molecular mass of the mixture at 

, equilibrium be M mix' 

Applying the re1atirm, 

;,..; . = dRT =. 0.925 x 0.0821 x 900 
mix P 1 

=,68.348 
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or 

Molecular mass of S03 == 80 

Vapour density of S03 ,D 80 40 
2 

Vapour density of mixture, d 

Let the degree of dissociation be x. 
D- d 40- 34.174 

x==---
(n - l)d (~- I)X 34.174 

x 34% dissociated 

68.348 == 34.174 
2 

5.826x 2 
0.34 

34. 

i. e., S03 is 34% dissociated. 

Example 22. Density of eqllilibrium mixture ()f N 204 and 
N02 at I atm and 384 K is 1.84g dm -3 Calculate the 

equilibrium constant of the reaction. 

N~O~~2N(j2 

Solution: We know that, 

Pm==dRT 

I x m == 1.84 x 0.0821 x 384 

m=29x 2 

Vapour density (d)at equilibrium == 29 

Initial vapour density == M 12 = 921 2 == 46 

x = D - d == 46 29 0.586 
(n -I) d 29 

N 2 0 4 ~2N02 

o I 0 
1- x 2x (Total moles = I + x) 

I-x ' 2x 
PN204 = -1- x P; PNO; I x P 

+x '+x 

K = 4x
2
P = 4 X (0.586)2 xl 2.09atm 

PI:":? 1- (0.586i 

Example 23. For the reaction, 

NH3(g)~~ N 2 (g)+ 3 (g) 
,2 2 

show that degree of dissociation of NH 3 is given CIS: 

[ j
-I" 

a= 1+ 3.J3L-
4 Kp 

where, ' p' is equilibrium pressure. (f K p of the above reaction is 
78.1 atm at 400°C, calculate K (" 

Solution: 

NH3 (g) ~ ~ N2 + ~ H2 (g) Total moles 

t 0 0 0 

te'l' 1- a a/2 3a/2 l+a 

U +:)p ( a J Pi l2(1+a)P 
(P; ~ partial 

pressure) 

112 [ 3a pJ312 
2(l+a) 

=------='=-
I-a pJ 
l+a 

Solving fora. w~ get a = [1 + 3.J3 Lj- [/2 

4 Kp 

K c can be calculated by using K p = Kc (RT l" 
I 

K p 78.1; T 673K; Lln == I 

Example 24. The equilibrium constant K p for the 
reaction, 

N2 + 3H2 ~2NH3 
is 1.64 x 10-4 at 400°C and 0.144 x 10-4 at 500°C. Calculate the 
mean heat offormatiQn ofl moleofNH3!rom ~ts elements in this 
temperature range. 

K, lli [1 Solution: We know that, log -- = --- --
. . K I 2.303R Tl 

loa 0.144 =' lli (_1_ 
'" 1.64 2.303 x 1.987 x 10-3 673 

lli 25.14 kcal for 2 mole 

12.57kcal mol-I 

Example 25. When limestone is heated, qUicklime is 
formed according to the equation. 

CaC03 (s) ----" CaO(s) + CO2 (g) 

The experiment was carried out in the temperature range 
800- 900°C. Equilibrium constant K p follows the relation, 

log Kp = 7.282- 8500/T 

where. T is temperature in Kelvin. At lvhat temperature the 
decomposition will gi\'e CO2 (g) at 1 atm? 

Solution: K p = PCOl = 1 

8500 
10gKI' =7.282- r 

log 1 = 7.282 _ 8500 
T 

T == 8500 = 1167.26 K 
7.282 

= 894.26°C 

Example 26. Equilibrium constant for the reaction of 
iodine with propane according to the following equation was 
determined. 
Some results obtained at 545 K were as given ahead: 
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Initial Pr.essur.es (m1l1 Hg) Equilihr.ium Pr.essur.es (mm) i 

HI e3HsI 
_ .... _--- -- . 

23.9 505.8 0 1.80 1.80 

2.27 

Calculate equilibrium constant according to the following 
equation, 

Solution: 1st experiment: 
I2(g) + C3~(g) C3HsI(g) + HI(g) 

t=:O 23.9 505.8 0 0 
teq (23.9 1.8) (505.8 - 1.8) 1.80 1.80 

K = PC3H51 X PHl:= L8x 1.8 '= 2 9 X 10-4 
p . 

Pl2 X PC3H6 22.1 x 504 

Similarly, solve for second experiment. 

Example 27. At 817°C K p for the reactionbetHleen CO2 
and excess hot graphite to form 2CO(g) is 10. 

(I) What is the analysis (mole fraction) of the gases at 
equilibrium at 817°C and a total pressure of 4 atm? What 
is the partial pressure of CO2 at equilibrium? 

(it) At what total pressure will the gas mixture have 6% CO2 
by volume? . 

Solution: (i) CO2 (g) + C(s) 2CO(g) 

t·= 0 0 

1- a 2a 

Peq. (~Jp 
1+ a 

/ 2a J 
ll+ a P 

4a 2 p 4a 2 4 
K p ""'--2 ;10 

1 a 2 I a 

On solving, we get a = 0.62 
I-a 1- 0 62 

XC02 -- := . = 0.2345 = 23.45% (by volume) 
l+a 1 + 0.62 

xco = 0.7655= 76.55% (by volume) 
Peo2 = (0.2345 x 4.0) atm = 0.938 atm 

(ii) Let the-total pressure be P atm. 

'K :=10= [Peo]2 . 0.94xPx0.94xP 
p . 

Peo2 0.06 x P 

P 0.68 atm 

Example 28. Ammonia under a pressure of 20 atm at 
127°C is heated to 327°C in a closed vessel. Under these 
conditions NH 3 is partially decomposed to N 2 and H 1 according 
to the equation: . 

2NH 3 (g)--'-" N 2 (.g) + 3H2 (g) 
After decomposition at constant volume in a vessel the 

pressure increases to 45 atm, What is the percentage of ammonia 
dissociated?' . 

Solution: 
2NH3(g) ~ Nz(g) + 3Hz(g) 

t=O a 0 0 
n 
a 

P 
20 

teq. a - aa au 12 3aa 12 a + aa 40 

V 

V 

nRT axR x 400 

P 20 
nRT 

P 

a(l + a ) x R x 600 

, 45 

On dividing, we get I 
400x 45 

(1+ a )20 x 600 

0.5 

Percentage dissociation ofNH3 =50 

V T 
V 400 

V 600 

... (1) 

... (2) 

Example 29. When 3.06 g of solid NH4HS is introduced 
into a two litre evacuated flask at 27°e, 30% of the solid 
decomposes into gaseous ammonia and hydrogensulphide._ ... 
(i) Calculate K c and K p for the reaction at 27°e. (ii) What 
would happen to the equilibrium' when more solid NH 4HS is 
introduced into the flask? {; n ; 'e;,(;\;' 

Solution: NH4 HS(s) ~ NH3 (g) + H2 S(g) 

Moles ofNH4 HS = 3.06 = 0.06 
51 

Degree of dissociation ,= 0.3 
At equilibrium, . 

[NH3 (g)] 
0,3x 0.06 

2 
0.3 ~ 0.06 
2 

K =[NH ( )][H S( )]= 0.3 x 0.06x 0.3x 0.06 
c. 3 g . '2 g . 2x 2 

;, 8.1x 10-5 

.Nowapplying,· 
K p K c (RT)~" = 8.1 x 10-5 

X (0.Q82 X 300)2 

=0.049 
Since, NH4 HS is solid, so it causes no change in equilibrium. 

Example 30. At 540 K , 0.10 mole of PCl5 are heated in a 
8 litre flask. The pressure of equilibrium mixture is found to be 
1.0 at/no Calculate,K p and K c for the reaction. i '}'.;;} 

Solution: PCl 5 ~PCI3 + Cl 2 

At equilibrium (mole) (O.l-x) x x 

Total number of moles, n = (0.1 ~ x) + x + x (0.1 + x) 
PV=nRT 

Ix 8= (O.l+x)x 0.082 x 540 
or x = 0.08 

K = [PCI 3 ][CI2 ] = x
2 

C • [PCIs] (0.1 x)x 8 

0.08 x 0.08 4 x 10-2 mol L-1 

(0.1 - 0.08)8 

Kp =Kc(RT)~1I =Kc RT(~n=+I) 

4 x 10-2 x 0.082 x 540= 1.77 atm 

I 
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Example 31. At 817°C, K p for the reaction between 
CO2 (g )and excess hot graphite( s) is 10 atm. 

(a) What are the equilibrium concentrations of gases at 
817°C and a total pressure of 5 atm? 

(b) At what total pressure, the gas contains 5% CO2 by 
volume? (liT 2000) 

Solution: (a) CO2 (g)+ C(s)~2CO(g) 

Atequilibrium (S-x)atm xatm 

K = [CO]2 x 2 

p [C02 ] (5 x) 
2 

. 10= x 
5-x 

x 2 = 50-lOx 

+ lOx- 50= 0 

-lOi ~100+200 
x= . = 3.66 

2 

i.e., Peo = 3.66atm; Peo2 1.34 attn 

Concentration of CO = _---.,.3_.6_6 __ 0.041 mol litre -I 
RT 0,0821 x 1090 

Concentration ofC02= 1.34 = 0.015 mol litre-I 

. RT 0.0821 x 1090 

(b) CO2 (g) + C( s) ~ 2CO (g ) 

I'" 0 0 0 

1"'1" I a' 20. 

1- a. 20. 
Pi -P 

1 + a. 1 + a. 
P 

[l:a pr 
Kp = [I-a 1 . --p 

l+a 

... (i) 

5 I-a 
-
100 l+a 

a 0.95 

(
') 0 4 X (0.95)2 

.. From eq. 1, 1 x P 
. 1- (0.95)2 

P = 0.27atm 

Jj:xample 32. ThevalueofK p is Ix 10-3 atm-1 at 25°Cfor 

the "reaction 2NO(g) + Cl2 (g) ~ 2NOC1(g). A flask' 
contains NO at 0.02 atm and at 25°C. Calculate the mole ofCl2 
that must be added ifl % of the NO is to be converted to NOCl at 
equilibrium. The volume of the flask is such that 0.2 mole of gas 
produces 1 atm pressure at 2SOC. (Ignore probable association of 
NO to N P2)' (UT 2001) 

Solution: 

t= 0 

2NO(g)+ Clz(g) ~ 2NOCI(g) 

0.02 
0.02x 99 

100 

o 

p 

o 
0.02 x 1 

100 

(0.02 X 0.01)2 = 10-3 

(0.99 X 0,02)2 x P 

. p = 0.102 atm 

PV= nRT 

0.102 x V =n x R x T 

1 x V = 0.2 x R x T 

... (i) 

... (ii) 

From eqs. (i) and (ii), n 0.0204 (no. ofmoiesofCl 2 at 
equilibrium) 

Pressure of Clz involved in reactioll 
. """1 " 

= - x pressure of NOCI 
2 
1 0.02 

= - x 0.0001 atm 
2 100 

PV nRT 

0,0001 x V n x RT ... (iii) 

From eqs. (ii) and (iii), n 2 x 10-5 (moles of Cl 2 involved 

Initial moles ofC1 2 taken 0.0204 + 2 x 10-5 

= 0.02042 . 

Example 33. In the following equilibrium, 

N 204 (g) ---->. 2N02 (g) 

in reaction) 

when 5 moles of each is taken and the temperature is kept at 
298 K, the total pressure was found to be 20 bar. 

° ° Given: I:lG f Ni0 4 100 kJ, I:lG f N02 = 50 kJ 

(a) Find I:lG of the reaction at 298 K. 
(b) Find the .direction of the reaction. (111' lO1l4) 

[ PN02 f = 100 __ 10 Solution: Reaction Quotient -
PN 20 4 10 

000 

I:lG r~action 21:l G f N02 -I:lG f N2 0 4 

= 2x 50 100 0 

We know that, I:lG = I:lGo 2.303 RT log Qp 

o 2.303 x 8.314 x 298 log 10 

- 5705.8 J = - 5.705 k:J 

Negative value sho;ws that reaction will be in forward 
direction .. 
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SUMMARY AND IMPORTANT POINTS TO REMEMBER 
-~ •••. ".r&.~' " ~~ 

1. Irreversible 'and reversible reactions: Chemical 
reactions can be classified as irreversible and reversible 
reactions. The reactions which move in one direction only are 
called irreversible reactions. In these reactions products do not 
react to produce original reactants. In such reactions an arrow 
(-7) is placed between reactants and products. The chemical 
reactions which take place in both directions' under similar 
conditions are called reversible reactions. In such reactions 
products also react with each other to produce reactants again. 
The sign ( -c-- ) is placed between reactants and products. 

2. Chemical equilibrium: Chemical equ~librium iS,the 
most important chara:ct~ristic property of reversible reactions. It 
is, the state-at which both forward and backward reactions occur 
at the same sPeed. 

At equilibrium state, , 
Rate of forward reaction = Rateof,backward reaction 

At equilibrium state, the concentrations of tlie reactants and 
products do not change with time. The following are the 
characteristics of the equilibrium state: 

(i) It can be achieved only if the reversible rea,ction is carried 
out in a closed space. 

(ii) It is characterised by constancy of certain properties such 
as concentration, pressure, density, colour, etc. ' 

(iii) It can be attained from either side ofthe reaction. 
(iv) It can be attained in lesser time by use of a catalyst. 
(v) It is dynamic in nature, i. e., reaction does not stop, but 

both the forward and backward reactions move with the same 
speed. 

(vi) Change of pressure, concentration or temperature favours 
one of the reaction and thus shifts the equilibrium point in one 
direction. 

Reversible chemical reactions are classified into 1;wo types: 
(i) Heterogeneous reactions: The reversible reactions in 

which more than one-phase is present. 
(ii) Homogeneous reactions: The reversible reactions in 

which only one-phase is present. These are further classified into 
three types: ' 

(a) When there is no change in the number of molecules, 
i.e.;An O. 

(b) When there is an increase in the number of molecules, 
"i.e.,An +ve.' ' 

(c) When there is a decrease in the number of molecules, 
i.e.,An ve. 

3. Law of chemical equilibrium (Application of law of 
mass action): Consider the general homogeneous reversible 
reaction in which equilibrium has been attained at a certain 
temperature. 

mlA I +m2~2 +m3 A3 + ... ~nIBI +n2B Z +n3 B3 + ... 

Rate of forward reaction = Rate of backward reaction 
k/ [AI ]"'1 [A2 ]'112 [A3 ]'113 ... : kb [HI tl [B2 ]"2 [B 3 t 3 ... 

....:.::...~....::....~....::.......::..::..._~: k f ""K 
k C 

... } b 

or 

The equilibrium constant, K c' at a given temperature, is the 
ratio of rate constants of forward and backward ,reactions. It is 
also defined as the ratio between the molar concentrations of the 
products to the molar concentrations of the reactants with each 
concentration term raised to the power equal to stoichiometric 
coefficient in the balanced chemical equation. 

The value of equilibrium constant is independent of the 
following factors; , 
,> (i) Initial concentration of reactants, 

, (ii)Ihedir.ectionJ'rom which equilibrium has been attaine.d~_ 
(iii)The presence of a catalyst. 
(iv) The Pl'eSence of inert materials. 
The value of eqUilibrium constant depends upon the following 

factors: 
(i) The mode of reprt'sentation oft be r0action: Consider 

the reversible reaction, 
A+B.~C+D 

K : [C][D] 
c [A][B] 

The products are made the reactants; i. 'e., the reaction is 
reversed: 

C+D~A+~B· 

K' : [A][B] 
" [C][D] 

So, K; = :' 
c 

(ii) Stoichiometric representation of a chemical equation: 
The value Of equilibrium constant will be numerically different if 
the reaction can be written with. the help of two or more 
stoichiometric equations. 

or N02 (g) 

Thus, 

(1I2)N2 (g) + 02 (g); 

'K': fj( 
c V1\'c 

(iii) Use of partial pressures: When the reactants and 
products are in gaseous state, the partial pressures can be used 
instead of concentrations at a definite temperature. 

ml Al + m2 A2 + m3 A 3 + ... ~ nlBI + n2 B2 + n3 B 3 + ... 
( )nl ( ( 

K : ----'----=----=----
p ( )"'1 ( )m2 ( )m3 

PAl PA2 PA3' 

K p : K c (RT l',tJ 
where, An total number of molecules of products - total 

, number of molecules of reactants. 
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When, An = 0, K p = K c; 
An = + ve, K p > K c ; 

and An - ve, K p < K c; 
(iv) Temperature: The value of equilibrium constant 

changes with temperature. The values of equilibrium constants at 

wo diffcren:~~:~~7::S ;:e reb:?: lt7r ~;,t:o;, 
. When, All 0, i. e. , heat of reaction at constant 

voluI?e is zero, 

When, All == + 'ye, i. e. , endothermic reaction, 

K2 >K\ 
and when, All = - ve, i. e. , exothermic reaction 

K2 <K\ 
Units of equilibrium constant: Partial pressures .. are 

measured in terms of atmospheres. Therefore, units of K p will be 
(atm)JlJI. Since, concentrations are measured in terms of moles per 

litre, the llruts of K c are (mol ) 1::.11 • 

K p and K c will be pure numbers when, An = O. 
4. Equilibrium expressions for some reactions: 

(a) 

Initially a b 

2HI(g) 

o 
At equilibrium (a x) (b x) (2x) 

K = [HIf = _-'---"--_ 
,c [H2 ][I2 ] (a-x)(b x) (a -x)(b -x) 

(a - x)(b- x) 

So, 

(b) 

Initially 

Kc 
2NO(g) 

a 

At equilibrium (a x) 

o o 
xl2 xl2 

K =[N2 ][02] xl2xxl2 x2 

c [NO]2 

(c) 
CH3COOH(l) +C2HsOH(l) 

Initi:'llly a 

Atequil. (a - x) 
b 

(b-x) 

(a x)2 4(a - xi 

o 
x 

(a x)(b - x) 

(d) PCIs (g) -----'>. PCl 3 (g)+ Cl 2 (g) 

Initially a 0 0 
At equilibrium (a x) x x 

Active masses 
x x 

V V V 

" 

o 
x 

., 

x x 
-x- 2' 

"----"-:..::-...::..:::. = LL = __ x __ 

(e) 

Initially a 

(a-x) (a-x)V 

V 

[~,p)x(_x .pl 

" a+Xr ~:J+X ) (a+x)(a x) 

\a+x 

At equilibrium (a x) 

b 

(b- 3x) 
o 

2x 

Active masses 

" [(a+~X_2x)pr 
[ 

(a-x) ] _ ]3 
(a+b-2xt

P 
(a+b-2x)P 

4x2(a+b-2x)2 

(a -x)(b - 3x)3 p2 

5. Activation energies for the forward and backward 
reactions: Both forward and backward reactions follow the 
same path and from the same activated complex. However, the 
activation energies of both reactions are different. 

AE Ea (f)-Ea (b) 

For· exothermic reaction, Ea (f)<Ea (b},i.e., AE ve 

For endothermic reactiori, E a (f) > E a (b), i. e. , AE + ve. 

Threshold energy Energy of reactants + Activation energy 
of forward reaction 

Threshold energy Energy of products + Activation energy 
of backward reaction 

6. ' Standard free energy change of a reaction and its 
equilibrium constant are related to each other at temperature 
T by the following relation: 

AGO = - 2.303RT log K p 

AGO = Allo - TASO 

When, AGO ve, the value of equilibrium constant will be 
large positive quantity and when AGO is positive, the value of K 
is less than I, i. e., low concentration of products at equilibrium 
state. 

7. Degree of dissociation from density measurements: 
Degree of d~ssoci~tion in the case of reversible reactions in which 
there is increase iIi the number of molecules can he determined by 
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measuring density of the reaction mixture at equilibrium. Let d be 
the obserVed density at a particular temperature when degree of 
dissociation is x and D be the vapour density when there is no 
dissociation. 

D-d 
x = ; where, n is the number of molecules of products. 

(n - l)d 

8. Heterogeneous equilibria: Law of mass action can 
also be applied to the heterogeneous system. In such systems the 
concentrations of pure solids and liquids are not considered. in 
equilibrium expressions .. 

C(s) + H20(g) ~ CO(g) + H2(g) 

K = Pea x PH 2 or K = [CO][H2] 
P PH

2
0 . c [H20] 

i. e. ,concentration of C(s) is not taken into account. 
9. Le.Chatelier's principle:. It is a qualitative .principle. 

which can describe the effect of change in concentration, 
pressure and temperature on the reversible system whether 
physical or chemical. It is· stated as "If the system at equilibrium 
is subjected to a change of anyone of the factors such as 
concentration, temperature or pressure, the system adjusts itself 
in such a way as to annul the effect of that chang~" The 
following conclusions have been derived from this prinCiple: 

(i) Increase in concentration of any substance favours the 
reaction in which it is used up. 

(ii) High pressure is favourable for the reaction in which there 
is decrease in volume. 

(iii) A rise in temperature favours the endothermic reaction. 

Applications of Le Chatelier's Principle 
(i) Ice water system (melting of ice): 

Ice + Heat ~ Water 

It is an endothermic process and there is decrease in volume. 
Thus, the favourable conditions for melting of ice are: 
(a) High temperature and (b) High pressure. 

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

(iii) Formation of nitric oxide: 

N2 (g) + 02 (g) ~ 2NO(g) - 43200 calorie 

In this chemical reaction, there is no change in the number of 
molecules and heat is absorbed (endothermic). Thus, favourable 
conditions for greater yields of NO are: 

(a) High concentrations ofN2 and 02' 
(b) -Highteniperature ami 
(c) No effect of pressure and catalyst. 
(iv) N 2 (g) + 3H2 (g) ~ 2NH3 (g) + 22400 calorie: The 

reaction involves decrease in number of molecules and evolution 
of heat (exothermic). The favourable conditions are: 

(a) High concentrations ofN2 and H2, 
(b) High pressure and 
(c) Low temperature. 
To speed up the rate of reaction at low temperatun:;, a suita:ble 

catalyst is always employed. 
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'f:r0_~M%1'[I]W •. 
1. Match List I (Equations) with List II (Type of Processes) and (C)Hz(g)+lz(g) 2HI(g) (r) atm 

(s)(atm)-z 

2. 

select the correct option: 

List~1 List-II 
(Equations) (Type of Processes) 

(a)Kp>Q 

(b)6.Go< RTlogeQ 

(i) Non-spontaneous 

(ii) Equilibrium 

(c)Kp=Q 

. (d)T > 6.H' 
!lS 

(iii) Spontaneous and 
endothennic 

(iv) Spontaneous 

(A) a = (i); b (ii); c (iii)~ d (iv) 
(B) a = (iii); b= (iv); c= (ii); d (i) 
(C) a = (iv); b = (i); c (ii); d (iii) 
(D) a = (ii); b (i); c (iv); d=(iii) teBS.,.; (PMT) 2010] 

[Hint: When Kp > Q; rate offorward reaction> rate of backward 
reaction, i.e., process is spontaneous. 
When 6.Go < RT loge Q, 6.Go is positive, thus reaction is non 
spontaneous. 
When Kp = Q, reaction is at equilibrium. 
When TM > 6.H, 6.G will be negative only when 6.H = +ve, thus 
is spontaneous and endothermic.] 
Matrix-Matching Problems (For lIT Aspirants): 
[A] M!)tch the Column-I with Column-II: . 

Column-I Column-II ,-
2HI(g) (P) Unaffected by 

. inert gas addition 

CaO( s) + CO2 (g) (q) Forward shift by 
rise in pressure 
and backward 
shift by inert gas 
addition 

2NH3 (g) (r) Unaffected by 
increase ir. 
pressure 

PC13(g) + C12{g) (s) Backward shiftb,; 
rise in pres~ur" 
and forward !Shift 
by inert gas 
addition 

[B] Match the reactions in the C.Qlumn-I with the units of 
equilibrium constant in Coluinn~II: ,-

Column-I Column-II . 

(a) CaC03(s) 

(b)PCls(g) 

CaO(s) + COz(g) (P)mol L 

PCI J (g) + Clz(g) (q) Unitiess 

(d)Nz(g)+ 3H2(g)~ 2NH)(g) 

[C] Match the reactions of the Column-I with the factors in 
Column-II: 

Column-I 

(a) N2(g} + 3H2(g) ..-- 2NH3(g) 
(Exothermic) 

(b)2S02(g) + °2(g) 
(Exothennic) 

(c) N2 (g) + 02(g) 
(Endothennic) 

2S03(g) 

2NO(g) 

Column-II 

(p) Forward shift by 
rise in pressure 

( q) Unaffected by 
change in pressure 

(r) Forward shift by 
rise in temperature 

(d)PCI3(g) + Clz(g) 
(Endothermic) 

pels (g ) (S)F orward shift· by' 
lowering the 
temperature 

[D] Match the reactions of the Column-I with the relations in 
Column-lI: 

Column-I - Column-II 

(a)H2(g)'+ I2(g).--" 2m(g) (P)K p = Kc(RT) 

(b)N2(g) + 3H2 (g) 2NH3(g) (q)K p = Kc(RT)2 

(c)PCl5(g)~ PCI3(g)+ CI2(g) (r)K p K c(RT)-2 

(d)NH4HS(s) . NH3(g)+HzS(g)(s)Kp =Kc 

[E] Match the List-I with List-II:· 

L.ist-I List-If 

(a)Q= K 

(b)Q < K 

(c)Q > K 

(d)K >>> I 

(P) Reaction is nearer to completion 

(q) Reaction is not at equilibrium 

(r) Reaction is fast in forward direction 

(s) Reaction at equilibrium 

[FlMatch the List-I with List-fL 

. List-I List-U 
(KpIK,,,] •. (Reaction) 

(P)(RT r2 
(q)(RT )0 

(r) (RT i/2 
(s) (RT rl/2 
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1. (C)(a = iv);(b = i);(c = ii);(d iii) 

2. [A] (a-p, r); (b-p, r); (c-q); (d-s) 
[B] (a-p, r); (b-p,r); (c-q); (d-s) 
[C] (a-p, s); (b-p, s); (c-q, r); (d-p, r) 

[D] (a-s); (b-r); (c-p); (d:"'q) 
[E] (a-s); (b-q, r); (c--q);(d-p) 
[F] (a-p); (b-q); (c-s); (d-r) 

~,'"~-~~PRACTICE PROBLEMS. 
-~:::"-*:.:-':. -; 

..~ "·~·,.·,;·e . '.' -1~o:~j:'~T .~~;r ';~:': 

1. Kc for the reaction, NH3(g) ~ 1I2N2(g) + 3/2 H2(g), at 
298 K is 5.2 x 10-5

. What is the value of K c at 298 K for the 
reaetion, 

N2(g) + 3H2(g) 2NH3(g)? 

[Hint: K~ for reaction 1/2Nz(g)+3/2H2(g)~NH3 is~, 
Kc 

. 1 
I.e., 5 

5.2 x 10-

K e forthereaction,Nz(g)+ 3Hz (g) ~ 2NH3(g), will be= (K~)2 

=[ 1 .]23.7XI08] 
5.2 x 10-) 

2. The value of K p for the reaction, 

2HzO(g) + 2CI2(g) ~ 4HCl(g) + 02(g), 
is 0.035 atm at 400°C, when the partial press\lfes are expressed 
in atmosphere. Calculate the value of K c for the same reaetion. 
[Ans. 6.342 x 10-4 mol L- J] 

3. For the reaction, 
2S03(g) ~ 2S02(g) + °2(g), 

the equilibrium constant Kc = 2.52 X 10-2 at 27°C; calculate 

K p' (Given, R = 0.082 litre-atm deg-1 mol-I) 

[Ans. 61.99 x 10-2
] 

4. If Kp for the reaction, N2(g) + 3H2(g) ~ 2NH3(g), is 

1.64 x 10-4 atm -2 at 400°C. What will be the equilibrium 

constant at 500°C, if heat of reaetion in this temperature range 
is 105185.8joule? 
[Ans. 1.44 x 10-5 atm] 

5. For the reaction, NZ0 4 \g) 2NOz(g), K p = 0.157 atm at 
300 K. Calculate the value of Kc for the same reaction at the 
same temperature. 
[Ans. 6.38 x 10-3 mol L-J

] 

6. For the reaction, S02(g) + Yz 02(g) ...--c- S03(g), the value 
of Kc is 1.7 X 10 12 at 300 K. Calculate the equilibrium 
constants for the following reaetions at 300 K: 

2S02(g) + 02(g) 2S03(g) 
and S03(g) S02(g) + lf202(g) 

[Ans. 2.89 x 1024 ,5.88 x 10-13
] 

7. Determine Kp for the following reactions: 

(a) CO(g) + HzO(g) COz(g) + H2(g); 
. Kc 23.2 at 600 K 

(b) N20 4(g) ~ 2N02(g); 4.62 x 10-3 M at 298 K 

(c) 2S02(g) + 02(g) ~ 2S03(g); 
Kc == 2.8 X 102 M -1 at 1000 K 

[Ans. (a) 23.2 (b) 11.45 kPa (c) 0.0337 kPa] 

8. From the following data at 1000 K: 
COCI2(g) CO(g) + CI2(g); 

2CO(g) + 02(g) 2C02(g); 

K J = 0.329 

K 2 := 2.24 X 1022 

Calculate the equilibrium constant for the following reaction: 
2COCI2(g) + 2C0:i(g) + C12(g) 

[Ans. 2.43 x 102l] 

9. For the reaction, S02(g) + Y;02(g).,-- S03\g), Kp is 

32 (atm)-lIzat 800 K and Mf for the reaction is -187.9 kJ 

mol-I. Calculate its value at 900 K, if it is assumed that Mf 
remains constant over this range of temperature. 
[Ans. 1.387 atm-112

] 

10. The equilibrium constants for the reaction, 

N2(g) + 0z(g) 2NO(g), at 1727°C and 2227Q C are 

4.08 x 10-4 and 3.6 x 10-3 respectively. Calculate the enthalpy 

change for the reaction. (Given, R := 1.987 caL) 
[Ans. 43273 cal) 

11. Calculate the equilibrium constant (Kp) for the reaction, 

C(s) + CO2(g) 2CO(g), at 1300 K from the following 
data: C(s) + 2H20(g) ~ CO2 (g) + 2H2(g); 

[Ans. 

[Hint: 

Kp (1300 K) 3.9 atm 
H2(g) + COz(g) CO(g) + H20(g); 

Kp (1300K) 0.7 atm 

1.91 atm] 

[CO]2 K [CO]2[H20)2 x [Hd[C02 1 
[C02 l p(net) [H

2
12[C0

2
l" [H

2
0f 

=(0.7f x3.9] 

12. The standard equilibrium constant for the reaction, 
PCIs(g) ~ PC13(g) + C12(g), 

is 1.8 x 10-7 at 298 K. Calculate its I1Go value. 

[Ans. 38.49 kJ mol- 1
] 

13. For the equilibrium, Ag 2C03(s) ~ AgzO(s) + CO2 (g), 
equilibrium constants are 3.98 X 10-4 and 1. 41 x 10-2 

respectively at 350 K and 400 K. Calculate the standard 
enthalpy of decomposition. 
[AilS. 83.06 kJ/mol] 

14. The equilibrium constant for the reaction, 
Nz(g) + 3H2(g) ~ 2NH3(g), 

I 
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at 715 K is 6.0 X 1O~2. If in a particular reaction, there are 0.25 

mol L-1 ofH2 and 0.06 mol L- 1 ofNH3 present, calculate the 

concentration ofN2 at equilibrium. 
[Ans. [N2] =3.84 mol L- 1

] 

15. One mole of H20 and one mole of CO were heated in a 10 litre 
closed vessel at 1260 K. At equilibrium, 40% of water was 
found to react in the equation, 

H20(g) + CO(g) ~ H2(g) + CO2 (g) 

Calculate the equilibrium constant of the reaction. 
[Ans. 0.44] . 
[Hint: H20Cg) + CO(g) ~ C02Cg) + H2 Cg) 

(1- 0.4) (1- 0.4) 0.4 0.4 
(at equilibrium)] 

16. Two moles of PCIs were introduced in a 2 litre flask and 

heated at 600 K to attain equilibrium. PCl, was found to be 
40% dissociated into PCI 3 and C1 2. Calculate the value of KG' 
[Ans. KG = 0.267 mole L-1

] 

17. 0.1 mole of PC 15 is heated in a litre vessel at533 K. Determine 
the concentration of various species present at equilibrium; if 
the equilibrium constant for the dissociation of PCIsat 533 K 
is 0.414. 

18. 

19. 

[Ans. [PCIs ] = 0.0531 mol L- 1
; [PCI 3] = 0.0469 mol L- 1

; 

[CI2] = 0.0469 mol L-1 
] 

At 1000 K, the equilibrium constant, Kc, for the reaction, 

CO(g) + Clig) ~ COCI 2(g) 
is equal to 3.04. If 1 mole of CO and 1 mole of CI2 are 
introduced into a 1 litre box at 1000 K, what will be the final 
concentration of COCI2 at equilibrium? 
[Ans. [COCI2] = 0.568 mol L- 1

] 

Given, that KG = 13.7 at 546 K for 

PCIs(g) ~ PCI 3(g) + CI2(g), calculate what pressure will 
develop in a 10 litre box at equilibrium at 546 K when 1.00 
mole of PC Is is injected into the empty box? 
[Ans. P = 8.93 atm] 
[Hint: First detennine degree of dissociation, then evaluate the 

total pressure by applying, P =!!.. RT where, 11 = I + ex.] 
V 

20. In the following reaction, 
2HI(g) ~ H2(g) + I2(g) 

the amounts ofH2, 12 and HI are 7.8 g, 203.2 g and 1638.4 g 
respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 
[Ans. 0.019] 

21. Concentrations of two reactants A and Bare 0.8 ~ol L- 1 each. 

22. 

On mixing the two, the reaction sets in at a slow fate to form C 
andD. 

A+B~C+D 

At equilibrium, concentration ofC was found to be 0.60 mol 
L-1

. Calculate the· equilibrium constan!. 

[Ans. KG =9] 

IS moles of hydrogen rea~ting with 5.2 moles of iodine form 
109 mole of hydrogen.! iodide. Calculate the equilibrium 
constant of the reaction. 

[Ans. Kc = 50] 

23. In the dissociation of HI, it is found that 20% of the acid is 
dissociated when equilibriilmis reached, Calculate the value 
of K p for the equilibrium, 

2HI(g) ~ H2(g) + I 2(g) 
[Ans. Kp == 1.56 x 10-2] 

24. The equilibrium constant of the reaction, 
A +B~C+D 

is unity. What per cent of A will be transformed ifthree moles 
of A are mixed with 5 moles of B? 
[Ans. 62.5%] 
[Hint: At equilibrium, 

A + B ~ C+D 
(3 - x) (5 - x) x x 

x 
Find the value of x. % of A transformed == .::... x 100] 

3 
25. 2 moles of A and 3 moles of B are mixed and the reaction is 

26. 

carried at 400°C according to the equation, 
A +B~2C 

the equilibrium constant of the reaction' is 4. Find the 
concentration of C at equilibrium. 
[Ans. 2.4 mole] 
A combination of hydrogen and iodine is carried out by 
heating 60 mL of hydrogen and 42 mL of iodine in a closed 
vessel. At equilibrium 28 mLaf hydtoiodic acid is present in 
the vessel. Calculate the degree of dissociation of HI. 

[Hint: H 2Cg) + I2Cg) ~ 2HICg) 
At equilibrium (60 - 14) (42 -14) 28 mL 

or 

K = 28 x 28 ==~ 
c 46 x 28 23 

2HI(g) ~ H 2(g) + Il(g) 
1 - x x/2 .1'/2 (.\ is ·he degree of 

K' = .. /2 xx/2 =_ " 

C (I-xi . ,-x, .4 

x 

2(1- x 

23 
-- = 1.2817 
14 

x = 0.72] 

'iation) 

27. One mole ofH2, 2 moles of 12 and 3 moles of HI are injected 

in a one litre flask. What will be the concentration of H2, 12 
and HI at equilibrium when K c is 45.9? 
[Ans. [H2] = 0.316 mol L-1

, [10] = 1.316 mol L-1 

[HI] = 4.368 mol L-1 ] - ' 

[Hint: H2Cg) + I2Cg) ~ 2HICg) 
At equilibrium (1 - x) C2 - x) (3 + 2x) 

K _ (3 + 2xi _ 
c - - 45.9, 

(I-x)(2 -x) 

On solving, x = 0.684 mole] 
28. Four moles of hydrogen iodide were taken in a 10 litre flask 

kept at 800 K. When equilibrium was attained, the mixture 
was found to contain 0.42 mole of iodine. Calculate the 
equilibrium constant for dissociation of HI. 
[Ans. Kc = 1.76 x 10-2

] 

29. The equilibrium constant, Kc, for the reaction, 

H2(g) + 12(g) ~ 2HI(g) 
is 56.8 at 800 K. When the mixture was analysed, it was found 
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to contain 0.316 moUL HI at 800 K. What are the 
concentrations of H2 and 12 at equilibrium? (Assume that 
initial concentrations ofH2 and 12 were the same.) 
[ADs. [H2 ] = [12] = 0.0419 mol L-1

] 

30. At same temperature and under a pressure of 4 atm, PCIs is 

10% dissociation. Calculate the pressure at which PCIs will be 
20% dissociated, temperature remaining same. (lIT 1996) 
[Ails. 0.96 atm] 

31. The reaction of the formation of phosgene gas from CO and 
CI2 is as follows: 

CO(g) + CI2(g) ~ COCI2(g) 
In an experiment, starting with equimolecular CO and CI2 in a 
250 mL flask, the equilibrium mixture on analysis is found to 
contain 0.05 mole CO, 0.05 mole Clz and 0.15 mole COCI2. 
Calculate the equilibrium constant of the reaction. 
[ADs. Kc = 15 mol-1L] 

32. At 35°C and I atmospheric pressure, N20 4 is 27.2% 

dissoCiated into N02. What is the value of Kp under these 
conditions? 
[ADs. Kp = 0.3195 atm] 

33. Nitrogen and hydrogen are added to a 5 litre flask under 
pressure. The flask was sealed and heated. The equilibrium 
mixture contained 19.0 gofammonia, 0.16 g of hydrogen and 
304 g of nitrogen. Calculate the equilibrium constant, Kc, of 
the reaction: 

N2(g) + 3H2(g) ~ 2NH3(g) 

[ADs. Kc = 5.02 X 105 mol-2L2] 
34. An equilibrium mixture at 300 K contains N20 4 and N02 at 

0.28 and 1.1 atm pressures respectively. If the volume of the 
container is doubled, calculate the new equilibrium pressure of 
the two gases. (lIT 199'1) 
[HiDt: N 20 4 (g) ~ 2N02 (g) 

K = %oj = (1.1i = 4 32 atm p . 
%204) 0.28 

When the volume is doubled, the pressure becomes half and the 
system again adjusts to achieve equilibrium. 

N20 4 (g) ~ 2N02 (g) 

( 0.28 J (1.1 2 J ---x -+ x 
2 2 

(0.14 - x) (0.55 + 2x) 
2 

K = (0.55 + 2x) = 4.32 
p (0.14-x) 

x = 0.045 
PN 20

4 
= (0.14 - 0.045) = 0.095 atm 

PN0
2 

= (0.55 + 2 x 0.045) = 0.64 atm] 
35. At 21.5°C and a total pressure of 0.0787 atm, N20 4 is 48.3% 

dissociated into N02. At what total pressure will the per cent 
dissociation be 1O.0%? 
[ADS. 2.37 atm] 
[HiDt: First calculate the value of Kp ~nd then evaluate the 
pressure by applying, 

'( J2 0.2 p2 

K = 1.1 = 0 0959] 
p (0.9J p . 

1.1 

36. At 3000 K, chlorine gas dissociates into chlorine atoms in an 
equilibrium reaction for which K = 0.37. What is the 
concentration of chlorine atoms in a vessel that originally 
contained 1.0 mol L -I of molecular chlorine? 

[ADS. [el] = 0.54 mol L-1
] 

37. The equilibrium constant K p for the reaction, 

N2(g) + 02(g) ~ 2NO(g) 

at 1500°C is 120. IfNz and 02 at an initial pressure of 0.25 atm 
each are maintained at 1500°C till equilibrium is established, 
calculate the partial pressure.. of N2, 02 and NO in the 
equilibrium mixture. ' 

[ADS. PN z = POz = 0.04; PNo = 0.42 atm] 

38. Find K p for the following reaction, 

S02CI2(g) ~ S02(g) + CI2(g) 

If sulphuryl chloride decomposes to the extent of 91.2% at 
102°C and total pressure 1. atmosphere. 

[ADS. Kp = 4.94 atm] 

39. If carbon dioxide is 2% dissociated at 1800°C and I 
atmospheric pressure, 

2C02(g) ~ 2CO(g) + 02(g) 

Calcul~e K p for the reaction. 

[ADS. Kp = 4.12 X 10-6 atm] 

40. At a certain temperature, Kc for the reaction, 

POC13(g) ~ POCI(g) + CI2(g) 

is 0.30. If 0.6 mole ofPOCl3 is placed in a closed vessel of3.0 
litre capacity at this temperature, what percentage of it will be 
dissociated when equilibrium is established? 
[ADS. 68.5%] 

41. A reaction carried out by I mole of N2 and 3 moles of Hz 
shows at equilibrium the mole fraction of NH3 as 0:012 at 
500°C and total pressure 10 atmosphere; calculate K p' Also 
report the pressure at which mole percentage of NH3 in 
equilibrium mixture increased to 1004. 
[ADS. Kp = 1.431 X 10-5 atm-2

; P = 105.41 atm] 
42. The degree of dissociation of N20 4 into N02 at one 

atmosphere and 40°C is 0.310. Calculate its K p at 40°C. Also 
report degree of dissociation at 10 atmospheric pressure at the 
same temperature. 
[ADS. Kp = 0.425 atm; degree of dissociation = 0.1025] 

43. The vapour density of PCIs at 200°C and 252°C are 70.2 and 
57.2 respectively at one atmosphere. Calculate its value of 
dissociation constant at these temperatures. 
[ADS. Kp = 0.307, 1.19] 

44. Some solid NH4HS is placed in a flask containing 0.5 atm of 
NH3. What would be the pressures of NH3 and H2S when 

. equilibrium is reached? 

_ N.JI4HS(s) ~ NH3(g) + H2S(g); K p = 0.11 

[AilS. NH3 = 0.83 atm; H2S = 0.33 atm] ("'lL~R 1994) 

[Hint: 

At equilibrium x+ 0.5 x 

Kp = (x + 0.5)x = 0.11 J 
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45. Sn02(s) + 2H2(g) .,.-- 2HZO(steamj + Sn(s) 
For the above reaction find K P' if at 900 K, the equilibrium 
mixture contains 45% Hz by volume. 

[Ans. Kp 1.5] 

46. The equilibrium constant for the reaction is 9AO at 900°e. 

S2(g) + C(s) ~ CS2(g) 
Calculate the pressure of two gases at equilibrium, when 1.42 
atm ofS2 and excess ofC(s) come to equilibrium. 

[A,ns. == 1.28 atm; PS
2 

'" 0.14 atm] 
47. For the'reaction, 

. CaC03(s) ~ CaO(s) + CO;(g) 

K P 1.16atm at SOO°C. If20.0 g ofCaC03 were kept in a 10 
litre container and heated up to 800°C, what percentage of 
CaC03 would remain unreacted at equilibrium? 
[Ans. 34%] 

[Hint: K p Pco
2 
= 1.16 atm 

n= x V Ll6x 10 == O.132inol 
RT 0.0821 x IOn 

I .. I 20.0 I mba amount of CaC03 = -- == 0.2 mo 
100 

Unreacted CaC03 = 0.2 - 0.132 
= 0.068 mo\ 

0.068 
% unreacted CaCO, = -- x 100 34] 

. 0.2 

48. In the reaction, C(s) + CO2(g) ~ 2CO(g), the equilibrium 

pressure is 12 atm. If 50% of CO2 reacts, calculate K p-

[Ans. Kp 16 atm] 

49. A rnixture of 0.373 atm of NO(g) and 0.310 atm of 

CI2(g) is prepared at 500°e. The reaction, 
2NO(g) + Cl2(g) ~ 2NOCI, occurs. The total pressure at 
equilibrium is 0.544 atm. Determine Kp of the reaction. 

[Ans. Kp 50.08 atm- I
] 

50. For the reaction, 

3A(g)+B(g)~ 2C(g) 
at a given temperature, Kc is 9.0. What must be the volume of 
a flask if the mixture of 2.0 moles each of A, Band C is 
obtained at equilibrium? 
[Ans. V 6 litre 1 

51. At 700 K hydrogen and bromine react to form hydrogen 
bromide. The value of equilibrium constant for this reaction is . 
5 X 108

. Calculate the amount of Hz. Br2 and HBr 'at 

equilibrium if a mixture of 0.6 mole of H2 and 0.2 mole of 
bromine is heated to 700 K. (TIT 1995) 
[Hint: H2(g) + Br2(g) ~ 2HBr(g) 
Initial 0.6 0.2 

Since, equilibrium constant is very high the reaction will be 
complete and bromine is cO;Isumed. 
Thus, 0.2 mole of Br2 and 0.2 mole of H2 will be consumed to 
produce 0.4 mole ofHBr. This can be ¢alculated by applying law 
of mass action. . 

4x" 
Kor------

(0.6 - x)(0.2 x) 

x = 0.6 or 0.2 

The value of x cannot be more than 0.2 as Brz is a limiting 
reactant. Thus, when reaction is complete, 

H2 = (0.6 - 0.2) = 0.4 mol; Brz 0; HBr 0.4 mol 
At this point some HBr will dissociate. 

or 

or 

2HBr(g) H2(g) + Br2(g) 
At equilibrium (OA - 2x) (OA + x) (x) 

o.4x 

0.4 
2 x 1O-IO(since, x is very small) 

[Br2 ] = 2 x 10-10 mql; [H2 ]= 0.4 mol; [HBr] = 0.4 mol] 

52. One mole of H2 , two moles OfI2 and three moles of HI are 

injected in a 1 litre flask. What will be the concentration of 
H2 ,I2 and HI at equilibrium at 490°C? The equilibrium 
constant for the reaction at 490°C is 45.9. . 

[Ans. [Hz] = 0.316; [Iz] l.316; [ID] = 4.36 mol] 

53. Solid ammonium carbamate dissociates to give ammonia and 
carbon dioxide as follows: 

NH2COONH4(s) 2NH3(g) + CO2 (g) 
At equilibrium, ammonia is added such that partial pressure of 
NH3 now equals to the original total pressure. Calculate the 
ratio of total pressure now to the original total pressure. 
[Ans. 3li7] 

54. Two solid compounds A and C dissociate into gaseous product 
at temperature T as follows: 
(i) A(s)~B(g)+D(g) 

(ii) C(s)~E(g)+D(g) 

At 20°C, pressure over excess solid A is 50 atm ' that over 
excess solid Cis 68 atm. Find th", tote' nreSSUfC ~ gas"" 
over the solid mixture. 
[Ans. 84.38 atm] 

55. Variation of equilibriu' onstant K with temperature l' is 
given by van't Hoff eqL. In, 

log K 
1:Jf0 

log A - -'----
2.303RT 

A graph between log K and T -1 was a straight line as shown 
in the figure and having e == tan -1 (0.5) and OP = 10. 
Calculate: 

(a) 1:Jf0 (standard heat of reaction) when T == 298K, 
(b) A (pre-exponential factor), 

p 

o T-1 

( c) Equilibrium constant K at 298 K, 
(d) K at 798 K, if I1Ho is independent oftemperature. 
[Ans. (a) 9.574 J mol-I; (b) A = lOlO; (e) 9.96 x 109; 
(d) 9.98 x 109

] 
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56. 

/:;}f0 

[Hint: (a) log K. log A - 2.303RT 

It is equation of straight line of the type y = c + mx 
/:;}f0 

Slope'm' tan e = 
2.303R 

/:;}f0 
0.5=----

2.303 x 8.314 

!1H" = 9.574 J mor J 

(b) Intercept' c' = log A 10 

A = 10JO 

(c) logK=IO 9.574 
2.303 x 8.314 x 298 

K = 9.96 X 109 

(d) IOgl~~J 2.~R (;J -;J 
9.574 

log-~"---;;-
9.96 x 2.303 x 8.314 

K z =9.98xI09
] On solving, 

When 0.1 12 mole of NO and lS.22g of bromine are placed in 
a 1.00 L reaction vessel and sealed, the mixture is heated to 
350 K and the following equilibrium is established: 

2NO(g) + Br2(g) 2NOBr(g) 
If the equilibrium concentration of nitrosyl bromide is 0.OS24 
11, what is Kc? 

fAns. 106.74] 
[Hint: 

2NO(g) + Brz(g) 
t 0 0.1'2 0.1138 

18.22 
2NOBr(g); nBr = -- 0.1138 

2 160 o 

ESTIONS 

8et-1: Questions with single correct answer 
1. A reversible reaction is one which: 

(a) proceeds in one direction 
(b) proceeds in both directions 
(c) proceeds spontaneously 
(d) all the statements are wrong 

2. An example of reversible reaction is: 
(a) Pb(NO)h + 2NaI = Pblz + 2NaNO) 
(b) AgNO) + HCl AgCI +. RNO) 
(c) 2Na + 2H20 = 2NaOH + H2 
(d) KN03 + NaCI = KCl + NaN03 

3. Which one of the following is not a reversible reaction? 
(a) 2HI(g) = H2(g) + Iz(g) 
(b) PC!s(g) = PCI3(g) + CI2(g) 
(c). 2KCI03(s) = 2KCl(s) + 302(g) 

(d) CaC03(s) = CaO(s) + CO2(g) 
4. ·Which one is not correct for a reversible reaction? 

(a) The reaction is never completed 

teq [O.1l~-2X] [0.1l~8-X] 2,X 

2x 0.0824 

[NO] 0.112 - 2x 

0.112 - 0.0824 = 0.0296 M 

[Br
2

] = 0.1138 - 0.0824 '" 0.0726 M 
2 

[NOBd ~~=106.74] 
(NO]2[BrzJ [0.0296]2[0.0726] 

57. Solid ammonium carbamate is put into a closed container and 
allowed to come to equilibrium with the gaseous products at 
35°C, the total pressure is found to be 0.30 atmospheres. What 
is the value of K p for tbis reaction at 35°C? 
[Ans. 4 x 10-3

] 

58. K p for the equilibrium of, 

59. 

FeO(s) + CO(g) Fe(s) + COi(g) 
atlOOO°CisOA03, if CO(g),at a pressure·of·l.Oatm arid

. excess ofFeO(s) are placed in a container at 1000°C. What are 
the pressures of CO(g ) and CO2 (g) when the equilibrium is 
attained? 

fAns. Pco 0.713 atm; Pco
2 

= 0.287 atm] 

A mixture of 1.0 mole qf sulphur and 0.2 mole of hydrogen is 
heated at 90°C in a one litre flask. The equilibrium constant 
for the formation of hydrogen sulphide, 
HzCg) + S(s) ~ H2S(g) is 6.8 x 10-2

. Calculate the partial 

pressure ofH2S at equilibrium. 

fAns. PH
2
s 0.397 atm] 

[Hint: First determine the initial pressure of Hz by applying 

n 
Po = . RT = 5.953 atm] 

V 

(b) The reactants are present in the initial stage but after that 
the reactants and products are always present in the 
reaction mixture 

(c) At equilibrium only products are present 
(d) When the reaction is carried out in closed space, it attains 

equilibrium state after suitable time 
5. The law of mass action was proposed by: 

(a) Guldberg and Waage (b) Le Chatelier and Braun 
(c) Kossel and Lewis (d) van'tHoff 

6. The rate at which a substance reacts, depends on its: 
(a) activemass (b) molecular mass 
(c) equivalent mass (d) total volume 

7. Active mass is defined as: 
(a) number of g equivalent per unit volume 

. (b) number of g mol per litre 
(c) amount of substance in gram per unit volume 
(d) number of g mole in 100 litre 

8. 8.50 g ofNH3 is present in 250 mL volume. Its active mass is: 
(a) LOM L-1 (b) 0.5M (c) I.5M (d) 2.0ML-1 
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9. Theqry of 'active mass' indicates that the rate of a chemical 
'reaction is directly proportional to the: I PET (MP) 1990] 
(a) equilibrium constant (b) properties of reactants 
(c) volume of apparatus (d) concentration of reactants 

10. The state of equilibrium refers to: jPMT \ Ph.} 19931 
(a) state of rest (b) dynamic state 
(c) stationary state (d) state of inertness 

. n.. In a reversible chemical reaction equilibrium is said to have 
been established when the: 
(a) concentrations of reactants and products are equal 
(b) opposing reactions cease 
(c) speeds of opposing reactions become equal 
(d) temperatures of opposing reactions are equal 

12. A chemical reaction, A B, is said to be in equilibrium 
when: 
(a) rate of forward reaction is equal to rate of backward 

reaction 
(b) conversion of A to B is only 50% complete 

... (c) complete conversion of A to 'Bhastakenplace 
(d)' only 25% conversion of A to B has taken place 

13. The reaction between barium chloride and sodium sulphate goes 
to completion because: 
(a) barium sulphate is almost insoluble 
(b) the solubilityofbarium~hloride decreases 
(c) lattice energy of barium sulphate is very high 
(d) the reactIon is irreversible in nature 

14. What is the equilibrium constant expression for the reaction, 
P4(S) + 502(g)~ P40 JO (s)? 

(.Illmia \Jillia Islamin Engg. Ent. 2007; l'PSEE 2(07) 

(a) Kc [P40 IO ] (b) K = [P40 IO ] 

[P4 ] [02 ]5 c 5 [P4 ] [02] 

(c) Kc = [02 ]5 (d) Kc = 1 
[°2 

15. Equilibrium constant for the reaction, 
H2(g) + I 2(g) ~ 2Hl(g), is correctly given by the 
expression: 

16. Equilibrium constant for the reaction, 
2NO(g) + CI2(g) ~ 2NOq(g), is correctly given by the 
expressIOn: 

a K _ [NOClf 
() - [NO]2[CI2] 

[NOf + [CI2 ] 
(c) K 

[NOCI] 

(b) K = [2NOCl] 
[2NO] [CI2 ] 

(d) K [NOf[CI2 ] 

[NOCI]2 

17. For the system, 3A + 2B .,-- C, the expression for 
IJEE (\VB) 20071 equilibrium constant is: 

(a) [A]3[B]2 (b). [e] (c) =--.::-=--.c=-- (d) 
[e] [A]3[B]2 [e] [A][B] 

18. The equilibrium constants of the reactions, 
1 

S02(g) + -02(g).,-- S03(g) 
2 

and 2S02(g) + 02(g) ~ 2S03(g) 

. are K 1 and K 2 respectively. The relationship between 
K, and K2 is: 

(a) K, =K2 

(c) K,2 =K2 

19. The equilibrium constant for the given reaction is 100. 

N2(g) + 202 (g) ~ 2N02(g) 
What is the equilibrium constant for the reaction given below: 

1 
N02(g) 2 N2(g)+02(g) 

(a) 10 
(c) 0.1 

(b) 1 
(d) 0.01 

(EAMCET 2009) 

20. For 
Kc 

the reaction, 2N02(g) 2NO(g) + 02(g), 
1.8 x 10-6 at 185°C. The value of Kc at 185°C for the 

reaction; 
NO(g) + !.02(g),.....:.....::. N02(g) is: (MLNR 1993) 

(a) 0.9 x 106 2 (b) 1.95 x 10-3 

(c) 1.95 X 103 Cd) 7.5 x 102 

21. The equilibrium constant for the synthesis of HI at 490°C is 
50.0. The value of K for the dissociation of HI will be: 

(liT 1990) 
(a) 0.02 (b) 50.0 (c) 0.50 (d) 0:20 

22. Consider the following cquilibrium, 

1 
S02(g) + 202(g) S03 (g); 

K2 

2S03(g)~ 2S02(g)+ 02(g) 

What is the relation betwecn K\ and K 2? 
1 1 

(a)K\ = (b)K] ~(c)K] K2 
K2 'ljK2 

[PET (MP) 1993] 
1 

23. ·For the reaction AB(g)~ A(g)+ B(g1 AB is 33%, 
.clissoGiated ata,;tptal pressun: of?' Theryfor~, P is related to 
j( if bX·0-qe:~Qtt~~foI19wjngoptio.n>· .... 'JAl.\1iU (Med.) 2010] 
(a) P = K p (b) P == 3K p 

(c) P 4Kp (d) P 8K p 

[Hint: '. AB(g) A(g) +B(g) 

!!..X!!.. 
Kp ~=!!.. 

!!.. 8 
2 

P = 8Kp] 
24. For a system, A + 2B ~ e, the equilibrium concentrations 

are [A] = 0.06, [B] = 0.12 and ] = 0.216. The Kc for the 
reaction is: 
(a) 125 

(e) 4 x 10-3 
(b) 415 

(d) 250 
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25. The equilibrium concentrations of x, yand yX2 are 4, 2 and 2 
. respectively for the equilibrium 2x + y ~ YXz, The value 

of equilibrium constant, K (' is: (EAMCET 1990) 
(a) 0,625 (b) 6,25 (c) 0.0625 (d) 62.5 

'26. 4 mole of A are mixed with 4 mole of B when 2 mole of Care 
fOllned at equilibrium, according to the reaction, 

A+B C+D 
the equilibrium constant is: 

(a) ..fi (b) 2 (c) I 

. (CPMT 1992) 

(d) 4 

27. If the equilibrium constant of the reaction 2HI(g) ~ H2(g) 
+ 12 (g). is 0,25, the equilibrium constant of 
H2(g) + 12(g) ~ 2HI(g), under similar conditions, will be: 
(a) 4.0 (b) 3.0 (c) 2.0 (d) 1.0 

28. HI was heated in a sealed tube at 400°C till the equilibrium 
was reached. HI was found to be 22% decomposed. The 
equilibrium constant for dissociation, is: 

. (a) 1.99 (b) 0,0199 (c) 0.0796 Cd) 0.282 
29. For a reversible reaction if the concentrations ohhereactants 

are doubled at a definite temperature, then equilibrium 
constant will: (CPMT 1990; MLNR 1992) 
(a) also be doubled (b) be halved 
(c) become one-fourth (d) remain the same 

. 30. In a reversible gaseous system, molar concentrations (active 
. masses) of reactants and products are proportional to: 
(a) partial pressure 
(b) total pressure 
(c) amounts' of reactants and products 
(d) none of the above 

31. At 3000 K, the equilibrium partial pressure of CO2 , CO and 
O2 are 0.6, 0.4 and 0.2 atmospheres respectively. K p for the 
reaction, 

2C02 (g ) 2CO(g ) + O2 (g ) is : 
IBHU (Mains) 20101 

(a) 0.088 (b) 0.0533 (c) 0.133 (d) 0.177 
32. Equilibrium constant depends on: 

(a) the actual quantities of reactants and products 
(b) the presence of a catalyst 
(c) temperature 

. (d) the presence of inert material . 
33. For the reaction, H2(g) + 12(g) ..-- 2HI(g), the equilibrium 

constant, K P' changes with: 
(a) total pressure 
(b) catalyst 
(c) the amounts ofH2 and 12 taken 
(d) temperature 

34. 2HI(g ) ~ Hz (g ) + 12 (g) 
The equilibrium constant of the above reaction is 6.4 at 300 K. 
If 0.25 mole each of H2 and 12 are added to the system, the 
equilibrium constant will be: (CET Karnataka 2009) 
(a) 0.8 (b) 3.2 (c) 1.6 (d) 6.4 

35. 3.1 mol of FeCI3 and 3.2 mol of NH4SCN are added to one 
litre of water: At equilibrium, 3.0 mol of FeSCN2+ an" formed. 
The equilibrium constant Kc of the reaction: 

Fe3+ + SCN-~ FeSCN2+ 

will be : IBHU (Screening) 20101 
(a) 6.66x 10-3 (b) 0.30 
(c) 3,30 (d) 150 

[Hint: Fe3- + SeN ~ FeSCN:+ 

3.1 3,2 0 
OJ 0.2 3 

K = [FeSCN2
+ J 

c [Fe3+ ][SCN] 

3 

0.1 x 0.2 
150] 

36. K p and K ~ are the equilibrium constants of the two reactions, 
given below: 

~N?(g)+~H?(g)~ NH3(g) 
2 - 2-

N2 (g) + 3H2 (g ) ~ 2NH3 (g ) 
Therefore, K p and K~ are related by \AMU (PMT) 2009) 

(a) == K~2 (b) K p .JK;; 

37. In which of the following equilibrium K c and K p are not 
equal? rCBSE (PMT) 20)01 
(a) 2NO(g) ~ N1(g) + 02(g) 
(b) S02(g)+N02(g)~ S03(g) + NO(g) 
(c) H2(g)+I 2 (g) 2HI(g) 
(d) 2C(s) + 02(g) ~ 2C02(g) 

38. .select the COll'ect statement from the following: 
i( a) equilibrium constant changes with addition of a catalyst 
(b) catalyst increases the rate of forward reaction 
(c) the ratio of mixture at equilibrium does not change by 

catalyst 
(d) catalysts are active only in solution 

39. In which of the following, the reaction proceeds towards 
completion? (MLNR 1990) 
(a) K=! (b) K=10-2 

(c) K = 10 (d) K 103 

40. For the following reaction at 250°C, the value of K c is 26, then 
the value of K p at the same temperature will be: 
PCI3(g) + CI2(g) ..-- PCI5(g) (MLNR 1990; CBSE 1993) 
(a) 0.57 (b) 0.61 (c) 0,83 (d) 0.91 

41. In the reaction, PCI5 (g) ~ PC1 3(g) + CI2(g), the amounts 
of PC Is, PCl3 and Cl2 are 2 mole each at equilibrium and the 
'tota.l pressure is 3 atmospheres. The equilibrium constant, K p' 

is: (liT 1991) 
(a) 1 atm (b) 2 atm (c) 3 atm (d) 1.5 atm 

42. In which of the following K p is less than K c? 
(a) N2 0 4 (g) --->. 2N02(g) 

:(b) 2HI(g) ~ H2(g) + 12(g) 

(c) 2S02(g) + 02(g) ~ 2S03(g) 

(d) PC15(g) --->. PCl3(g) + CI2(g) 

43. For a reversible reaction, the rate constants for the forward and 
backward reactions are 2.3'8 x 10-4 ,tr,;j 8.15 x 10-5 

respectively. The equilibrium constant for the reaction is: 
(a) 0.342 (b) 2.92 
(c) 0.292 (d) 3.42 

44. The equilibrium constant, in a reversible reaction at a given 
temperature: 
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(a) depends on the initial concentration of the reactants 
(b) depends on the concentration of products at equilibrium 
(c) it is not characteristic of the reaction 
(d) does not depend on initial concentrations 

45. LO g mole of ethyl alcohol and 1.0 g mole of acetic acid are 
mixed. At equilibrium 0.666 g mole ofthe ester is present. The 
value of equilibrium constant is: [PET (MP) 1993) 

(a) ~ (b) ~ (c) 2 (d) 4 
4 2 

46. The equilibrium constant of the reaction, 
. CH3COOH(l) + CJIs0H(l) ;;--" CH3COOC2Hs(l) + H20(l) 

is 4. If one mole of each of acetic acid and ethyl alcohol are 
heated in presence of a little concentrated H2S04 , at 
equilibrium the amount of ester present is: [PET (MP) 1992] 
Ca) I mole (b) 2 mole 

2 I 
(c) mole (d) mole 

3 2 
47. It different quantities of ethanol and acetic acid are used in the 

following reversible reaction, 
CH3COOH(l) + C2HsOH(l)~CH3COOC2Hs(l) + H20(l) 
the equilibrium constant will have values which will be? 
(a) Different in all cases 
(b) Same in all cases 
(c) Higher in cases where higher concentration of ethanol is 

used 
(d) Higher in cases where higher concentration of acetic acid 

is used 
48. The reaction, 

2A(g)+B(g)~ 3C(g)+D(g) 
is begun with concentration of A and B both at initial value of 
1M. When equilibrium is reached, the concentration of D is 
measured and found to be 0.25 M. The value for the 
equilibrium constant for this reaction is given by the 
expression: tCBSE (PMT) 2010] 

(a) [(0.75)\0.25)] + [(l.OOi (LOO)] 

(b) [(0.75)3 (0.25)] [(0.50i (0.75)] 

(c) [(0.75)3 (0.25)] + [(0.50)2 (0.25)] 

(d) [(0.75)3 (0.25)]':;' [(O.75i (0.25)] 

[Hint: 2A(g) + B(g) ~ 3C(g) + D(g) 

0.50 

K 

0.75 

o 
0.75 

[C ]3[D J = (0.75ho.25) ] 

[Af[B] (0.50)2(0.75) 

o 
0.25 

49. The decomposition of N20 4 to N02 is carried at 280 K in 
chloroform. When equilibrium has been established, 0.2 mole 
of N20 4 and 2 x 10-3 mole of N02 are present in 2 litre 
solution. The equilibrium constant for the reaction, 
N20 4(g) ;;--" 2N02(g), is: 

(a) 1 x 10-2 (b) 2 x 10-3 

(c) Ix 10-5 (d) 2 x 10-5 

50. The unit of equilibrium constant, K c' for the reaction 
A +B ~ C would be: 

(a) mol- 1 L (b) mol L-1 (c) mol L (d) no unit 

51. For which of the following reactions does the equilibrium 
constant depend on the units of concentration? 

1 I 
(a) NO(g) --'>. 2 N2(g) + 2" 0 2(g) 

(b) C2Hs0H(l) + CH3COOH(l) ~ CH3COOC 2Hs(l) 

+ H2°(l) 
(c) 2HI(g) ~ Hz{g) + I2(g) 
(d) COCl1(g) ~ CO(g) + ClzCg) 

52. The units of K p in the following reaction are: 
N2(g) + 3H2(g) 2NH3(g) 

(a) atrn (b) atm-2 (c) atm2 (d) atm- 1 

53. The equilibrium of formation of phosgene is represented as: 
CO(g) + CI 2(g) ~ COCI2(g) 

The reaction is carried out in a 500 mL flask. At equilibrium 
0.3 mole of phosgene, 0.1 mole of CO and 0.1 mole ofCl2 are 
present. The equilibrium constant of the reaction is: 

(a) 10 (b) 15 (c).5 (d) 3 
54. In an equilibrium reaction, for which 6.G" = 0, the equilibrium 

constant K should be equal to: 

(a) zero (b) ~O (c) 1 (d) 2 
55. The equilibrium constant K p for the homogeneous gaseous 

reaction is 10-3
. The standard Gibbs free energy change t:.Go 

for the reaction at 27°C (using R = 2 cal K-1 mol-I) is: 
(a) zero (b) - 1.8 kcal 
(c) - 4.154 kcal (d) + 4.154 kcal 

56. At 500 K, the equilibrium constant for reaction 
cis-C2HzCl 2 trans-C2H2Cl 2 is 0.6. At the same 
temperature, the equilibrium constant for the reaction 
trans-CzH2Cl2 ~ cis-C2H2CI2 , will be: 
(a) 1.67 (b) 0.6 (c) 1.76 (d) 1.64 

. 57. Which one of the following oxides is most stable? The 
equilibrium constants are given at the same temperature: 
(a) 2N20 5 (g) 2N2 (g) + 502(g); K 1.2 x 1034 

(b) 2N,O(g) 2N2(g) + 02(g); K 3.5 x 1035 

- ~ 
(c) 2NO(g) ~ N2(g) + 02(g); K = 2.2 x 10 
(d) 2N02(g) --'>. N2(g) + 202(g); K = 6.71 X 1016 

58. In a chemical equilibrium, K c = K p when: 
ICEE (Bihar) 19921 

(a) the number of molecules entering into a reaction is more 
than the number of molecules produced 

(b) the number of molecules entering into the reaction is equal 
to the number of molecules produced 

(c) the number of molecules entering into the reaction is less 
to the number of molecules produced 

(d) none ofthe above 
59. In a general reaction, A + B ~ AB, which value of 

equilibrium constant most favours the production Of AB? 

(a) 9.0 x 10-3 (b) 3.5 x 10-3 

ec) 4.0 x 10-7 (d) 4.0 x 10-12 

60. During thermal dissociation of a gas, the vapour density: 
Ca) remains the same 
(b) increases 
(c) decreases 
(d) increases in some cases and decreases in others 
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61. The vapour density of fully dissociated NH4Cl would be: 
(a) less than half of the vapour density of pure NH4Cl 
(b) double of the vapour density of pure NH4CI 
(c) half of the vapour density of pure NH4CI 
(d) one-third of the vapour density of pure NH4Cl 

62. In the dissociation of 2HI ~ Hz + 12, the degree of 
dissociation will be affected by: 
(a) increase of temperature (b) addition of an inert gas 

(c) addition of H2 and 12 (d) increase of pressure 
63. In lime kilns, the following reversible reaction, 

CaC03(s) ~ CaO(s) + cO2 (g) 

proceeds to completion because of: (CPMT 1990) 
(a) high temperature 
(b) CO2 escapes 
(c) low temperature 
(d) molecular mass ofCaO is less than that ofCaC03 

64. The equilibrium constant for ~he reaction, 

CaC03(s) ~ CaO(s) + CO2(g), is: 

1 

[C02 ] 

65. For the reaction, C(s) + cO2 (g) ~ 2CO(g), the partial 
pressure of CO2 and CO are 2.0 and 4.0 atm, respectively, at 
equilibrium. The K p of the reaction is: (lIT 1992) 

(a) 0.5 (b) 4.0 

(c) 32.0 (d) 8.0 
66. Iron fillings and water were placed in a 5 litre vessel and 

sealed. The tank was heated to 1000°C. Upon analysis the tank 
was found to contain 1.1 g of hydrogen and 42.5 g of water 
vapour. If the reaction in the tank is represented by, 

3Fe(s) + 4H20(g) ~ Fe30 4(s) + 4H2(g) 
the value of equilibrium constant, K c' is: 

(a) 30 (b) 0.03 

(c) 3 (d) 0.003 
67. Ammonium hydrogen sulphide is contained in a closed 

vessel at 313 K when total pressure at equilibrium is found 
to be 0.8 atm. The value of K p for the reaction, 
NH4HS(s) NH3(g) + H2S(g) is: 

(a) 0.16 (b) 1.6 (c) 0.016 (d) 16 
68. Variation of K with temperature as given by van't Hoff 

:u~::n ;:n b, :~: '[;, :,1 
(b) log till [I I ] 

K1 2.303R T2 7J 

(c) log K1 2.:R [;2 ;] 
(d) none of the above 

69. Wh~-!! any system in equilibrium is subjected to a change in 
pre~re, conccntration or temperature, the equilibrium is 
shifted in the direction which tends to undo the effect of the 
change. This statement is known as: 

(a) First law of thermodynamics 
(b) Le Chatelier's principle 
(c) Hess's law 
(d) Ostwald's law 

70. Le Chatelier's principle is applicable to: 
(a) only homogeneous chemical reversible reactions 
(b) 'only heterogeneous chemical reversible reactions 
(c) only physical equilibria 
(d) all systems, chemical or physical, in equilibrium 

71. In the melting of ice, which one of the conditions will be more 
favourable? 
(a) High temperature andhigh pressure 
(b) Low temperature and low pressure 
(c) Low temperature and high pressure 
(d) High temperature and low pressure 

72. Solubility of a gas in liquid increases on: 
(a) additionofacatalyst (b) of pressure 
(c) increasing of pressure (d) increasing oftemperature--

73. When KOH is dissolved in water, heat is evolved. If the 
temperature is raised, the solubility ofKOH: 
(a) increases (b) decreases 
(c) remains the same (d) cannot be predicted 

74. The yield of product in the reaction, 
A2(g)+2B(g) C(g)+QkJ 

would be higher at: 
(a) low temperature and high pressure 
(b) high temperature and high pressure 
(c) low temperature and low pressure 
(d) high temperature and low pressure 

75. Manufacture of ammonia from the elements is represented by, 
• N2(g) + 3H2(g) -----' 2NH3(g) + 22.4 kcal 

The maximum yield of ammonia will be obtained when the 
process is made to take place: 
(a) at low pressure and high temperature 
(b) at low pressure and low temperature 
(c) at high pressure and high temperature 
(d) at high pressure and low. temperature 

76. In the reaction, 2S02(g) + 02(g) 2S03(g) + X cal, 
most favourable conditions of temperature and pressure for 
greater yield of S03 are: 
(a) low temperature and low pressure 
(b) high temperature and low pressure 
(c) high temperature and high pressure 
(d) low temperature and high pressure 

77. What is the direction of a reversible reaction when one of the 
products of the reaction is removed? 
(a) The reaction moves towards right hand side 
(b) The reaction moves towards left hand side 
( c) The reaction moves equally on both the sides 
(cD The reaction stops 

78 .. In the reaction, Nz(g) + 3H2(g) 2NH3(g), I1H = - 93.6 
kJ, the yield of ammonia does not increase when: 
(a) pressure is increased 
(b) pressure is decreased 
(c) temperature is lowered 
(d) volume of the reaction vessel is decreased 
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79. A cylinder provided with a pistOFl has some PCls which is in 
equilibrium with PCi} and C1 2. The system is compressed with 
the help of piston. Indicate the correct statement: 
(a) some more PCis wil1 decompose 
(b) the system remains unaffected 

(c) PCl} and Cl2 wil1 combine to form PCls 
(d) explosion occurs 

80. In the manufacture of nitric oxide, the forward reaction is 
favoured by: 
(a) high pressure (b) low pressure 
(c) high temperature (d) low temperature 

81. The reaction, 

C2H4(g) + H2(g) ~ C2H6(g); I'ili = - 32.7 kcal 
is carried out in a vessel. The equilibrium concentration of 
C2H4 can be increased by: 
(a) increasing the temperature 
(b) decreasing the pressure 
(c) removing some hydrogen; 
(d) al1 of these 

82. In an exothermic reaction, a 10°C rise in temperature will: 

[PMT (Bangalore) 1993] 
(a) decrease the value of equilibrium constant 
(b) double the value of equilibrium constant 
(c) not produce any change in equilibrium 'constant 
(d) produce some increase in equilibrium constant 

83. If K J! for a reaction, 
A (g ) + 2B (g ) ~ 3C(g) + D (g) 

is 0.05 atm at 1000 K, its K c in terms of R wil1 be: 

(a) 20000 R (b) 0.02 R (c) 5 X lO-s R (d) 5 x lO-s 
R 

84. Consider'the reaction, CaCO}(s) ~ CaO(s) + CO2 (g) 

in closed container at equilibrium. What would be the effect of 
addition of CaCO} on the equilibrium concentration of CO2 ? 

(AIIMS 1991) 
(a) Increases 
(b) Decreases 
(c) Remains unaffected 
(d) Data is not sufficient to predict it 

85. XY2 dissociates as: 

XY2(g)~ XY(g)+ Yeg) 
Initial pressure of XY2 is 600 mm Hg. The total pressure at 
equilibrium is 800 mm Hg. Assuming volume of system to 
remain constant, the value of K pis: (BHU 1992) 
(a) 5.0 (b) 100 (c) 200 (d) 400 

[Hint: XJ2(g) ~ XY(g) + Y(g) 
600 - x x x 

600 + x = 800 or x = 200 ] 
86. Which of the fol1owing reactions wil1 be favoured at low 

pressure? 
(a) H2(g) + 12(g) ~ 2H1(g) 

(b) N2(g) + 3H2(g) ~ 2NH}(g) 

(c) PCis(g) ~ PCi3(g) + Ci 2(g) 

(d) N2(g) + 02(g) ~ 2NO(g) 

87. According to Le Chatelier's principle, adding heat to a solid 
and liquid in equilibrium will cause the: (MLNR 1990) 

(a) amount of solid to decrease 

(b) amount of liquid to decrease 
(c) temperature to rise 

(d) temperature to fal1 
88. For the reaction: 

2A(g)+B(g)~ 3C(g)+D(g) 

two moles each of A and B were taken into a flask. The 
fol1owing must always be true when the system attained 
equilibrium: 

(a) [A] = [B] 
(c) [B] = [C] 

(b) [A] < [B] 
(d) [A] > [B] 

89. In a vessel containing S03' S02 and 02 at equilibrium, some 
helium gas is introduced so that total pressure increases while 
temperature and volume remain the -same. According to 
Le Chatelier's principle, the dissociation of SO}: 

(MLNR 1991) 
(a) increases (b) decreases 
(c) remains unaltered - Cd) changes unpredictably ----~ 

90. The equilibrium, S02CI2(g) ~ S02(g) + CI2(g) is 
attained at 25°C in a closed container and an inert gas, helium, 
is introduced. Which of the following statements is correct? 

(a) Concentrations of S02Ci2' S02 and Ci2 do not change 
(b) More Cl2 is formed 

( c) Concentration of S02 is reduced 
(d) More S02Ci2 is fonned 

91. The vapour density of un decomposed N20 4 is 46. When 
heated," vapour density decreases to 24.5 due to its dissociation 
to N02. The % dissociation ofN20 4 is: 

'(a) 40 (b) 57 

(c) 67 (d) 87 

. 92. K/Kc for the reaction, CO(g) + ~02(g) ~ CO2(g) is: 

(a) RT (b) _1_ (c).fiT (d) 1 

JRT 
93. For the reactions, 

A ~ B, Kc = 1; B ~ C, Kc = 3; C ~ D, K c = 5 
K c for the reaction A ~ Dis: 
(a) 15 (b) 5 (c) 3 (d) 1 

. ruint:[B]=l' ~=3' [D]=5 
LU. [A ] '[ B] , [C] , 

M~ltiplying all the three, [D] = 1 x 3 x 5] 
. [A] 

94. The equilibrium constant of the reaction, 
H2(g) + I2(g) ~ 2H1(g) is 50. If the volume of the 
container is reduced to one half of its original value, the 
equilibrium constant wil1 be: 
(a) 25 (b) 50 
(c) 75 (d) 100 

95. C(s) + H20(g) ~ CO (g) + H2(g) 
The above equilibrium when subjected to pressure: 

(a) remains unaffected 
(b) proceeds in the backward direction 
(c) proceeds in the forward direction 
(d) none of the above 

[PMT (Raj.) 1997.) 
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96. Reaction, A + B -----7 C + D + 38 kcal has activation energy 
20 kcal. Activation 
C + D -----7 A + B is: 
(a) 20 kcal 
(c) 18 kcal 

energy for the reaction, 
[PMT (Pb.) 1993] 

(b) -20 kcal 
(d) 58 kcal 

97. The equilibrium constant for the reaction, 
CaS04 ·5H20(s) ~ CaS04 ·3H20(s) + 2H20(g), 

is equal to: 

(a) [CaS04 ·3H20][H20f 

[CaS04 ·5H20] 

(c) [H20]2 

(b) [CaS04 ·3H20] 
[CaS04 ·5H20] 

(d) [H20] 
9S. One mole ofN20 4(g) at 300 K is kept in a closed container 

under one atmosphere. It is heated to 600 K when 20% by 
mass of N20 4(g) decomposes to N02(g). The resultant 
pressure is: 
(a) 1.2 atm (b) 2.4 atm (c) 2.0 atm (d) 1.0 atm 

99. The equilibrium constant for the reaction" 
N 2(g) + 02(g) ~2NO(g) is 4.0 x 10-4 at 2000 K. I~the 
presence of a catalyst the equilibrium is attained ten times 
faster. Therefore, the equilibrium constant in presence of the 
catalyst at 2000 K is: (MLNR 1994) 
(a) 4 x 10-4 • 

(b) 4Cl x 10-4 

(c) 4 X 10-2 

(d) difficult to compute without more data 
100. The equilibrium constant for a reaction, A + B ~ C + D'is 

I x 10-2 at 298 K and is 2 at 273 K. The chemical process 
resulting in the formation of C and Dis: 
(a) exothenuic 
(b) endothermic 
(c) unpredictable 
(d) there is no relationship between Ml and K 

101. The equilibrium constant for the reaction, A + B ~ C + D 
is 2.85 at room 'temperature and 1.4 x 10-2 at 698 K. This 
shows that forward reaction is: 
(a) exothermic 
(b) endothenn1c 
(c) unpredictable 
(d) there is no relationship between I'1H and K 

102. If Er and Er are the activation energies of forward and 
backward reactions and the reaction is known to be 
exothermic, then: 

(a) Er > Er 
(b) Ef < Er 
(c) E f = Er 
(d) no relation can be given between Er and Er 

103. K p for a reaction at 25°C is 10 atm. The activation energy for 
forward and reverse reactions are 12 and 20 kJ/mol 
respectively. The K c for the reaction at 40°C will be: 

(a) 4.33 x 10-1 M (b) 3.33 x 10-2 M 

(c) 3.33 X 10-1 M (d) 4.33 x 10-2 M 

104. Concentration of pure solid and liquid is not included in the 
expression of equilibrium constant because: 
(a) solid and liquid concentrations are independent of their 

quantities 

(b) solid and liquids react slowly 
(c) solid and liquids at equilibrium do not interact with 

gaseous phase 
(d) the molecules of solids and liquids cannot migrate to the 

gaseous phase 
105. For an equilibrium reaction involving gases, the forward 

reaction is first order while the reverse reaction is second 
order. The units of K p for forward equilibrium is: 

(a) atm (b) atm2 (c) atm-I (d) atm-2 

106. At temperature T, a compound ABo (g) dissociates according· 
t9 the reaction: • 

2AB2(g)~ 2AB(g)+B2(g) 
with a degree of dissociation 'x' which is small as compared to 
unity. The expression for K p' in terms of 'x' and total pressure 
'P'is 

(a) Px
3 

2 

(c) Px
3 

, 3 

2 
(b) Px 

3 

(d) Px
2 

2 
107. 40% mixture of 0.2 mole of N2 and 0.6 mole of H2 react to 

give NH3 according to the equation: 
N2(g) + 3H2(g) ~ 2NH3(g) 

at constant temperature and pressure. Then the ratio of the 
final volume to the initial volume of gases is: 
(a) 4: 5 (b) 5 : 4 
(c) 7: 10 ' (d) 8 : 5 

lOS. Two systems, 

PCIs(g) ~ PCI 3(g) + CI2(g) 

and COCI2(g) ~ CO(g) + CI2(g) 

are simultaneously in equilibrium in a vessel at constant 
volume. If some CO(g) is introduced in the vessel at constant 
volume, then at new equilibrium, the concentration of: 
(a) PCls is greater (b) PC13 remains unchanged 
(c) PCls is less (d) CI2 is greater , 

109. For the reaction, [Ag(CN}zr ~ Ag+ + 2CN-, the 
equilibrium constant Kc at 25°C is 4 x 10-19

; then Ag+ 
concentration in a solution which has 0.1 M KCN and 0.03 M 
AgN03 is:' 

(a) 7.5x lOIS (b) 7.5 x 1O- lg 

(d) 7.5 x 10- 19 

110. When NaNO} is heated in a closed vessel, oxygen is liberated 
and NaN02 is left behind. At equilibrium: 
(a) addition of NaN02 favours reverse reaction 
(b) addition of NaN02 favours forward reaction 
(c) increasing temperature favours forward reaction 
(d) decreasing pressure favours reverse reaction 

111. For the reaction, 
CuS04 ·5H20(s) ~ CUS04 ·3H20(s) + 2H20(g) 

which one is the correct representation? 

(~) K p = [ PH
2
0f (b) Kc = [H20]2 

(c) K p = K c CRT)2 (d) All of these 

112. Which one is the correct representation for, 
2S02(g) + 02(g) ~ 2S03(g)? 
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113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 
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(c) K = [ns03l
2 

x [ p ] -1 

p [nso)2[n01] Total mole 

(d) All of the above 
For the reaction, 

PCIs(g) ~ PCI3(g) + CI2(g) (lIT ]99]) 
The forward reaction at constant temperature is favoured by: 
(a) introducing inert gas at constantvoluI1)e 
(b) introducing chlorine gas at constant volume 
(c) introducing an inert gas at constant pressure ,. 
(d) none of the above 
In a flask colourless N20 4 is in equilibrium with browri 
coloured N02. At equilibrium, when the flask is heated to 
100°C the brown colour deepens and on cooling, the brown 
colour became less·coloured. The change in enthalpy tJf for 
the system is: (KCET ]993) 
(a) negative (b) positive (c) zero (d) not defined 
Le Chatelier's principle is not applicable to: 
(a) Fe(s) + S(s) ~ FeS(s) 
(b) H2(g) + I2(g) ~ 2Hl(g) 
(c) N2(g) + 3H2(g) ~ 2NH3(g) 
(d) N2(g) + 02(g) ~ 2NO(g) 
Densities of diamond and graphite are 3.S and 2.3 g/mL 
respectively. Increase in pressure on the equilibrium 

Cdiamond ~ Cgraphile: 
(a) favours backward reaction 
(b) favo'lrs forward reaction 
( c) has no effect 
(d) increases the reaction rate 
For tht: reaction, N2 + 3H2 ~ 2NH3 in a vessel, after the 
addition of equal number of moles of N2 and 'H2 equilibrium 
state is achieved. Which of the following is correct? 
(a) [H2l = [N2l (b) [H2l < [N2l 
(c) [H2] > [N2l (d) [H2l> [NH3l 
If pressure is applied to the equilibrium of solid ~. liquid, 
the melting point of the solid: 
(a) will not change 
(b) may increase or decrease depending upon its nature 
(c) will always increase 
(d) will always decrease 
If concentrations of N2, H2 and NH3 are I, 2 and' 3 
respectively, their concentration at equilibrium will be: 

N2 + 3H2 ~ 2NH3 
(a) (1- x) (2- 3x) 2x 

(b) (1- xl3) (2 - x) 2xl3 

(c) (I-x) (2-x) (3+x) 

(d) (I-x) (2-3x) (3+2x) 

A reaction attains equilibrium, when the free energy change is: 
(a) zero (b) positive and large 
(c) negative and small (d) negative and large 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

If340g of a mixture of N2 and H2 in the correct ratio gave a 
.20% yield ofNH3, the mass produced would be: 

(ii},-16 g (b) 17 g (c) 20 g (d) 68 g 
If the pressure ofN2 I H2 mixture in a closed apparatus is 100 
atm and 20% of the mixture then reacts, the pressure at the 
same temperature would be: 
(a) 100 (b) 90 (c) 8S (d) 80 
The equilibrium constants for the reaction, Br2 ~ 2Br, at 
SOO.K and 700 K are I x 10-10 and I x IO-s respectively. The 
reaction is: 
(a) endothermic (b) exothermic 
(c) fast (d) slow 
If the concentration ofOH- ions in the reaction:. 

Fe(OHh(s)~ Fe 3+(aq.) + 30Ir(aq.) 
is decreased by y;; times, then equilibrium concentration of 
Fe3

+ will increase by: [CBSE.(PMT) 2008) 
(a) 64 times (b) 4 times (c) 8 times (d) 16 times 
K; for A + B ~ C + Dis' 10 at 2SoC. If a container 
contains I, 2, 3 and 4 mol per litre of A, B, C and D 
respectively at 2SoC, the reaction shall: 
(a) proceed from left to right (b) proceed from right to left 
( c) be at equilibrium (d) none of these 
In the preparation of CaO from CaC03 using the equilibrium, 

CaC03(s) ~ CaO(s) + COi(g) 
K p is expressed as: 

log K p = 7.282 _ 8S00 
T 

For complete decomposition of CaC03 
celsius to be used is: 

the temperature in 

(a) 1167 
(c) 8S00 

(b) 894 
(d) 8S0 , ........ -

To the system,"'~ 

LaCI3(s) + H20(g) ~ LaCIO(s) + 2HCI(g) - hea~ 
already at equilibrium, more water vapour is added without 
altering T or V of the system. When equilibrium is 
re-established, the pressure of water vapour is doubled. The 
pressure of Hel present in the system increases by a factor of: 
(a) 2 . (b) il2 (c) 3 (d) 4 

For the chemical reaction~ 
. 3X(g)+ Y(g)~ X 3y(g) 

the amount of X 3Y at equilibrium is affected by: (lIT] 999) 
(a) temperature and pressure 
(b) temperature only 
(c) pressure only 
(d) temperature, pressure and catalyst 
In a SOO mL capacity vessel CO and CI? are mixed to form 
COCI2. At equilibrium, it contains 0.2 ~ole of COCI2 and 
0.1 mole of each of CO and C12. The equilibrium constant K 
for reaction, CO + CI2 ~ COCI2 is: (eBSE 1998) 
(a) S (b) 10 (c) IS (d) 20 
The partial pressures ofCH30H, CO and H2 in the equilibrium 
mixture for the reaction, 

CO + 2H2 ~ CH30H 
at 427°C are 2.0, 1.0 and 0.1 atm respectively. The value of K 
for the decomposition ofCH30H into CO and H2 is: P 

(lIT 1999) 
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(a) 'Ix 102 atm (b) 2x 1()2 atm- I 

(c) 50 atm2 (d) 5 x 10-3 atm2 

131. 8 mole of a gas AB3 are introduced into a 1.0 dm3 vessel. It 
dissociates as: 

2AB3(g)~ A2(g)+ 3B2(g) 
At equilibrium, 2 mole of A2 are found to be present. The 
equilibrium constant of the reaction is: (lIT 1997) 

Ca) 2 mol2 L-2 (b) 3 mol 2 L-z 

(c) 27 mol2 L -2 (d) 36 moe L-2 

132. At constant temperature, the equilibrium constant (K p ) for the 
decomposition reaction, 

133. 

134; 

N204~2N02 
is expressed by: 

Where, P pressure, x = extent of decomposition. Which one 
of the following statements is true? (lIT (Screening) 20001 

(a) K p increases with increase of P 
(b) K p increases with increase of x 

(c) K p increases with decrease of x 

(d) K p remains constant with change in P and x 

0'" ;der the reactions, 

N02(g)~ ~ N2(g) + 02(g) KI 
2 

N20 4(g) 2N02(g) K2 

Give the equilibrium constant for the fonnation ofNz0 4 from 
Nz and °2: . (DeE 2006) 

I 1 1 I K2 
(a)-x (b)-+-(c) (d)-

K j
2 K2 2K) K2 K] 

1 
[Hint: N02(g) 2 N2(g) + 02(g) K j 

.. N2(g) + 202(g) ~ 2N02(g) K = ~2 ••. 0) 
I 

.. 2N02(g)~N204(g) ... (ii) 

Adding eqs. (i) and (ii), 

N2(g) + 202(g)~N204(g) 

Phosphorous pentachloride dissociates as follows: 
PCI5(g)~ PCI3(g) + CI2(g). 

If total pressure at equilibrium is P and the degree of 
dissociation of PC Is is x, the partial pressure ofPCl 3 will be: 

(AIEEE 2006) 

(a) x \IP (b) r ~ \Jp ec) ( ~]p (d) x 
+1) \I-x lx I) I 

135. At t = 0 a vessel (volume 1 litre) contains 1 mole Nz, 3 mole 
Hz and 2 mole NH3 . The value of K c for Nz + 3H2 ~ 2NH) 
is 17.5 LZ mol-2

• Then: , 
tal LUI,,1 ~aseous weight at equilibrium is more than 68 g 
(b) total r.··m.:'er of moles (gaseous) at equilibrium are more 

than 6 moles 

136. 

dM. .. (0 
( ) 

IS +ve lor t E , 
c 'dt 

) where, M is average molar 

mass of the reaction mixture 
(d) total gaseous weight at equilibrium is less than 68 g 

A vessel (volume = 2 L) contains 60 g of water gas. When 
steam is passed through the vessel, the reaction, 

CO + H20~ COz + Hz occurs and equilibrium is attained: 

(a) n(Hz ) < I (at equilibrium) 
n(CO) 

(b) n(H2 ) + n(CO) = 4 (at any instant) 

dAf f . 
( ) - > 0 (where, M is average molar mass 0 gas mixture 
c dt 

before the attainment of equilibrium) 

(d) dM < 0 
dt . 

137. A vessel contains CO2 and CO with pressures 2 atm and 3 atm 
respectively at 27°C. At a temperature of 2727°C, the reaction 
2CO(g) COz(g) + C(s) occurs and equilibrium -is~~ 

attained. If the eqUilibrium pressure is 45 atm, then: 
(a) K p = 2/9 atm- 1 

(b) Pea: Pea) = 4: 5 at equilibrium 
(c) K p 16 atm- I 

(d) % dissociation of CO = 0.333 
13.8. A vessel (volume 8.2 L) contains Hz (g) at 2 atm pressure. 

, When H2S(g) at a pressure of 4 atm is introduced into the 
vessel, the reaction, 8Hz S(g) ~ 8Hz (g) +. S8 (s ) occurs at a 
temperature of 2000 K, It is found that: 

[ 
n (Hz) J [n(H 2S)] 
n(H2S) at equilibrium n(H2) at 1=0 

Ca) maximum weight of solid fonned is 32 g 
(b) maximum weight of solid fonned is 0.32 g 

(c) Kp =Kc RT 
(d) Kc = 256 

139. N2(g) and H2(g) are taken in a vessel in inass ratio of 7 : 1. 
The only reaction N2 + 2H2 --->. N2H4(g) occurs. Pressure 
due to NzH4 at equilibrium is 0.2 times of total pressure' P'. 
Then at equilibrium: 

(a) partial pressure ofN2 2P 115 
(b) partial pressure of Hz 8PI25 

(c) 2PNz PH z 
(d) PN) = 

140. In the equilibrium, S02CI2 ~ S02 + CI2 at 2000 K and 10 
atrn pressure, % Clz % S02 = 40 by volume. Then: 
(a) Kp = 2 atrn 

, n(S02Cl?) 1 'l'b . (b) - = - at eqUl 1 num 
n(S02) 4 

(c) Kp = 8atm 
(d) n(SOCI2 ) n(SOz)=n(CI2 ) 

141. A 20 litre box contains and O? at equilibrium at 202 K. 
Kp = 2x 10

14 
for 203 302' ~Assume that Po 2» Po) 

and total pressure is 8 atm; the partial pressure of 0 3 IS: 

(a) exactly 1.6 x 10-6 atm 

(b) s~fficiently less than 1.6 x 10-6 atm 
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(c) slightly more than 1.6 x 10-6 atm 

(d) very slightly less than l.6 x 10-6 atm 

142. For. the reactions, A B,B ~ C and C ~ D, 
equilibrium constants are K l' K 2 and K 3 respectively. What is 

. the value of equilibrium constant for A ,---" D ? 

(a) KI + K2 + K3 (b) KI x K2 X K3 
(c) K]K l I3 (d) None of these 

143. AO~UJ A2 + UJ 02;K = 5x 10
5 

BO (~J B2 + r ~I 02; K = 1.1 Ox 1012 

l2 \2; 

CO~U)C2 +UJ02; K 2.3x 101
8 

DO 1 Dz +(~J 02; K := 1.4 x 10
21 

Which oxide ismost s!able? 
(a) AO (b) BO (c) CO (d) DO 

144. Which graph will show equilibrium condition? 

Time-

i~_ 
(b)~L: 

Time----

(d) None of these 

145. For the reaction, N2 + O2 ~ 2NO equilibrium constant 
K c := 2. Degrees of dissociation of N 2 and 02 are: 

( ) I _1_ (b) _1_ I 
a 1+ 'I-fi I-fi' 1+ 

122 
(c) both are ----z::' (d) --

l+v2 'I-fi 

146. A ~ 2B,Kp; C~D+E ,Kp" If degrees of 

dissociation of A and C are same and K p 2K p', tlten the 

ratio. of total pressure pi p' ? 
(a) 1/2 (b) 113 (c) 114 (d) 2 

147. Equilibrium constants for four different reactions are given as: 
K j = 106

, K2 10-4, K3 := 10, K4 1. Which reaction will 
take maximum time to attain equilibrium? 

(a) KI 106 (b) K2 = 10-4 

(c) K3 = 10 (d) K4 = 1 
148. Solubility of a solute in water is dependent on temperature as 

given by, 

S = Ae-Mf 
IRT where, Mi = heat of solution 

Solute + H20(l) Solution; Mi ± x 
For a gioven solution, variation of log S with temperature is 
shown graphically. Hence, solute is: 

(b) NaCI 

(c) sucrose 

(d) CaO 

° II 

i 
log S 

1/T --

149. CH3 - C- CH3 (g) ~ CH3 CH3 (g) + CO(g) 
Initial pressure ofCH3COCH3 is IOOmm. When equilibrium 
is achieved, the mole fraction of CO(g ) is 113 hence, K pis: 
(a) 100 mm (b) 50 mm (c) 25 mm. (d) 150 mm 

150. In which of the following equilibrium, change in the volume 
of the system does not alter the number of moles? 

151. 

(AIEEE 2002) 

(a) N2(g) + 02(g) ~ 2NO(g) 
(b) PCls(g)..-- PC13(g)+C12(g) 
(c) N2(g) + 3H2(g) 2NH3(g) 

(d) S02CI2(g) ..-- S02(g) + CI 2(g) 
What are tlte most favourable conditions for the reaction; 

S02(g) +.!. 02(g) ~ S03(g); Mfo = - ve 2 . ..... . 

to occur? [DPMT 2002; JEE (Orissa) :'\oc"'1 
(a) low temp. and high press. (b) low temp. and low press. 
(c) high temp. and low press. (d) high temp. and high press. 

152. Consider the following reactions in which all the reactants and 
products are in gaseous state 

2PQ ~ P2 + KI = 2.5x 105 

PQ+~R2 ~ PQR K2 = 5x 10-3 

2 
The value of K 3 for the equilibrium: 

I p I I R .---->. PQR . - + +-..-- IS: 
2 2 2 2 [PET (Kerala) 20101 

(a) 2.5xlO~3 (b) 25xlO3 

(c) 10xlO-5 (d) 5x103 

(e) 5x 1.0-3 

[Hint: 

I. 
PQ+-R2 

2 
PQR 

1 
K3 --rXK2 

KI'~ 

5 x 10-3 

(2.5 x 

= lX'10~5l 
153. Consider the following equilibrium in a closed container, 

N20 4{g) ~ 2N02(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 (K p ) and degree 
of dissociation (ex )? (liT 2002) 
(a) neither K p nor 'ex' changes 
(b) both K p and 'ex' change 
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(c) K p changes but '0:' does not 
(d) K p does not change but '0:' changes 

154. For the reaction, PCI 3(g) + CI2(g) PCls(g), the position 
of equilibrium can be shifted to the right by: 

[PET (MP) 2004] 
(a) doubling the volume 
(b) increasing the temperature 
(c) addition of equimolar quantities ofPCl3 and PCIs 
(d) addition of Clz at constant volume 

155. The most favourable condition for th~ manufacture ofNH3 is: 
[CECE (SibaI') 2004] 

(a) high temperature and high pressure 
(b) low temperature and low pressure 
(c) high temperature and low pressure 
(d) low temperature and high pressure 

156. The chemical equilibrium of a reversible reaction is not 
influenced by: (KCET 2004) 
(a) catalyst (b) pressw'e 

(c) temperature (d) concentration _ ..... , .... 
157. Which of the following change will shift the' r~'i2tion"in' 

forward direction? 
Iz(g) ~ 2I(g); ARo + 150 kJ (AIlMS 2004) 

(a) Increase in total pressure 
(b) Increase in temperature 
(c) Increase in concentration of 1 
(d) Decrease in concentration of 12 

158. For the reaction, CO(g) + CI 2(g) 
K 

COCI 7 (g) , the ---E.. is 
• Kc 

equal to: 

(a) II RT (b) RT (c) ill 
(AIEEE 2004) 

(d) 1 

159. The equilibriwn constant for the reaction, 

160. 

161. 

Nz(g) + 0z(g) 2NO(g) 

at temperature T is 4 x 10-4
. 

The value of K c for the reaction, 

NO(g) ~ .!. N2(g) + I 02(g) 
2 2 

at the same temperature is: 

(a) 2.5 x 102 (b) 50 

(AlEEE 2004) 

(c) 4 x 10-4 Cd) 0.02 

2 moles of N2 are mixed with 6 moles of H2 in a closed vessel 
of one litre capacity. If 50% N2 is converted into NH3 at 
equilibrium, the value of K c for the reaction, 

(a) 4127 
(c) 1127 
(e) 9 

N2(g) + 3Hz{g) 2NH3(g) 

IPMT (Kerala) 2004] 

(b) 27/4 
(d) 27 

For the reaction, H2(g) + CO?(g) ..,-- CO(g) + H,O(g), if 
the initial concentration of [H2] [C02 ] and x mol/litre of H2 
is consumed at equilibrium, the correct expression of K pis: . 

? ;c 
(a) ---;;:-

(I 

IJEE (Orissa) 2005] 
J 

(d)~ 
1- x· 

162. Partial pressure of 02 in the reaction, 
2Ag20(s) ~ 4Ag(s) + 02(g) 

is: 

(a) K p (b)jK; (c) 

(DCE 2005) 

(d) 2K p 

163. Two moles of PCls are heated in a closed vessel of 2 litre 
capacity. When the equilibrium is attained 40% of it has been 
found to be dissociated. What is the value of Kc in mol/dm3? 

[PET (KeraJa) 201151 
(a) 0.532 (b) 0.266 (c)0.133 (d) 0.174 
(e) 0.25 

[Hint: PCls(g) ---'- PCI 3(g) + CI2(g) 
1=0 2 0 0 

2 - 08 0.8 0.8 --
2 2 2 

K =[PCI3 ][C12 ] 

c [PCls] 
0.64 = 0.266] 
2.4 

2 

164. For the reaction: 
2NOzeg) 2NO(g) + 02(g) 

. Kc = 1.8 X 10-6 at 184°C 
R = 0,0831kJ K-1 mol-1 

when, K p and K c are compared at 184°C it is found that: 
(AIEEE 2005) 

(a) K p. is greater than K c 

(b) K p is less than K c 

(c) K p = Kc 
(d) whether K p is greater than, ,less than or equal to K c 

depends upon the total gas pressure 

[Hint: Kp = Kc (RTl" 

Lln=3-2=1 

Kp = Kc (RT)l 

.. Kp >Kcl 

165. NH4COONH,(s) ---->. 2NH3(g) + CO,(g). If equilibrium 
pressure is 3.~tm for the abo~e reactio~ K p will be: 

1.66. 

(DPMT 2005) 
(a) 4 (b) 27 (c) 4/27 (d) 1/27 

[Hint: PNH 3 : Pe02 = 2 : I 

.. PNHJ = 2 atm: PC02 1 atm 
Kp = [ PNH) ]2[pC02] = 22 X 1 = 4] 

A + B ~ C + D. If initially the concentration of A and B 
are both equal but at equilibrium, concentration of D will be 
twice of that of A, then what will be the equilibrium constant 
of the reaction? [BHU (Pre.) 2005; JIPMER 20061 

4 9 I 
(a) 9 (I'» 4 (c) 9 (d) 4 

[Hint: A + B ~ C + D 
'/ = 0 a a () () 
t eq. a x a x x x 

x 2(a x) 

3x 2a 

K 
xxx =xxx=4] 

(a x)(a x) ~ x:: 
2 2 
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167. 15 moles ofH? and 5.2 moles ofI? are mixed and allowed to 
attain equilibri~m at 500°e. At eq~ilibrium, the concentration 
of HI is found to be 10 moles. The equilibrium constant for the 

168. 

169. 

170. 

formation of HI is: (KCET 2005) 
(a) 50 (b) 15 (c) 100 (d) 25 
[Hint: 

1=0 
teq. 

H2 + 
15 

15 - 5 

Iz 
5.2 

5.2 - 5 

~2HI 
o 
10 

K = [HIf =~-=50] 
c [Hz][I2] lOxO.2 

For the reaction: 2NOCl(g) ~ 2NO(g) + CI2(g), Kc at 
427°C is 3 x 106 L mol-I .. The value of K p is nearly: 

. (AIIMS 2005) 

(a) 7.5 x 10-5 (b) 2.5 x 10-5 (c) 2.5 X 10-4 (d) 1.75 x 10-4 

For the chemical equilibrium, 
CaC03(s) ~ CaO(s) + CO2 (g) 

!JJi~ can be detelmined from which one ofthe following plots? 
(AIIMS 2005) 

t 
0' 
u 

c.. 
Q) 

OJ 
.Q 

0' 
u 

c.. 
OJ 

OJ 
.Q 

1/T

(a) 

10gT

(c) 

/ 
T-

(b) 

/ 
1/T

(d) 

[Hint: CaC03(s) ~ CaO(s) + CO2(g) 

Kp = Peol 

According to Anhenius equation: 

K = Ae-MJ,"IRT 

!JJi" 
10gKp=logA- ,. 

2.303RT 

!JJi" 1 
loa P, = log A - --'_. -

'" CO2 2.303R T 

Y=C + MX 

... (i) 

Graph (a) represents (i) and its slope will be used to determine the 
heat of the reaction.] 
In gaseous reversible reaction, 

N2(g)+ 02(g)~ 2NO(g)+ Heat 
If pressure is increased, then the equilibrium constant would 
be: [UGET (Manipal, Medical) 2006) 

(a) unchanged 
(b) increased 
(c) decreased 
(d) sometimes increased, sometimes decreased 

171. If the equilibrium constant for the reaction, 

N2(g)+3H2(g)~ 2NH3(g) 
at 750 K is 49, then the equilibrium constant for the reaction, 

NH3(g) ~ ~ N2(g) + ~ H1(g) 

at the same temperature is: 

(a) 1149 (b) 49 (c) 7 
(e) 117 

[PMT (Kerala) 2006) 

(d) 49 2 

172. The equilibrium constant for the reaction, 

173. 

174. 

175. 

176. 

177. 

S03(J!)~ SO?(g) + ~ O;(g) 
,~ - 2-

isKc =4.9x 10-2. 

The value of K c for the reaction, 
2S02 (g ) + O2 (g ) ~ 2S03 (g ) 

will be: (AIEEE 2006) 

(a) 416 (b) 2.40 x 10-3 

(c) 9.8 X 10-2 (d) 4.9 x 10-2 

[Hint: S03(g) ~ S02(g) + ~ 02(g); Kc = 4.9 X 10-2 

2S02(g) + °2(g) ~ 2S03(g); Kc = [ 4.9 ~ 10-2 r 
= 416.5 '" 416] 

For a reaction, H2(g)+I2(g)~ 2HI(g) at 721 K, the 
value of equilibrium constant is 50. If 0.5 mol each of H2 and 
I? is added to the system, the value of equilibrium constant 
~i1l be: [VMMC (Safdarjung) 2006] 
(a) 40 (b) 60 (c) 50 (d) 30 
[Hint: . Equilibrium constant does not change on adding the 
reactant.] 
In the reaction, H2 (g) + 12 (g) ~ 2HI(g), in a 2 litre flask 
0.4 mole of each Hz and 12 are taken. At equilibrium 0.5 mole 
of HI are formed. What will be the value of equilibrium 
constant Kc? [PMT (Raj.) 2006] 
(a) 20.2 (b) 25.4 (c) 0.284 (d) ILl 
For the reaction, Hi (g) + 12 (g) ~ 2HI(g), the equilibrium 
constant K p changes with: (VITEEE 2007) 
(a) total pressure (b) catalyst 
(c) the amount ofH2 and 12 (d) temperature 
Given the equilibrium system, 

NH4Cl(s)~ NH;t(aq.) + Cl-(aq.) 
. (!JJi 0 = + 3.5 kcall mol) 

what change will shift the equilibrium to the right? 

(a) Decreasing the temperature 
(b) Increasing the temperature 

(VITEEE 2007) 

(c) Dissolving NaCI crystals in equilibrium mixture 
(d) Dissolving NH4NO, crystals in the equilibrium mixture 
The equilibrium constant (K p) for the decomposition of 
gaseous H20 : 

H20(g ) ~ H1 (g ) + ~ 0 1 (g) is related to degree of 

dissociation (CI. ) at a total pressure P is given by: 
[PMT (Kerala) 20071 
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< a 3p 1I2 
(a) K =-----;-:-;:- (b) Kp 
. p 0+0.)(2+0. 

a 312p2 
(c) K = -----;-:-;:- (d) Kp 

p (1- a )(2+ a 

a 2p 
(e) K p = ~ 

, -;2 

[Hint: H20(g) 

t=O o 

(1 0.)(2 + 

(1- a )(2 + a F2 

o 

178. The equilibrium constant for the reaction, ' 
2N02(g)~ 2NO(g)+ 02(g)is2x 10-6 at 185"C 

Then. the equilibrium constant for the reaction, 
4NO(g) + 202 (g ) ~ 4NOz (g) at the same temperature 
would be: [PET (Kerala) 2007) 

(a) 2.5 x 10-5 (b) 4 x lO-IZ (c) 2.5 X 1011 (d) 2 x 106 

(e) 5x lOS 
179. 1 mole ofH2 and 2 mole oflz are taken initially in a 2 L vessel. 

The number of moles Hz at equilibrium is 0.2. Then, the 
number of moles OfI2 and HI at equilibrium are: 

[PMT (Raj.) 2007] 

(a) 1.2, 1.6 (b) l.8, l.0 (c) 0.4,2.4 (d) 0.8,2.0 
180. The dissociation equilibrium of a gas ABz can be represented 

as, 
2AB2 (g) 2AB(g)+ Bz(g) 

The degree of dissociation is x and is small as compared to 1. 
The. expression relating the degree of dissociation (x) with 
equilibrium constant K p and total pressure Pis: < 

(a)(2Kplp)1I2 (b)K/P (c)2K/P' (d)(2K/P),13< 

rCBSE (PMT) 20081 

(Hint: 2AB2(g) ~ 2AB(g) + B2(g) 

to 2 0 0 

teq < 2x x Total moles 2+x 
Partial xP 

2x 
xP 

x 
xP pressure 2+x 2+x 2+x 

4 (2 + x)(l- x)2 

181. 

182. 

183. 

]84. 

(2 +x)z2, (I-x)';" 1 

K === Px
3 

P 2 
:. x 

In which of the following reactions, the concentration of the 
product is higher than the concentration of reactant at 
equilibrium? (K = equilibrium constant) (AIL'lS 2008) 
(a)A~B; K 0.001 (b)M~N; K 10 
(c) X ~ Y; K "" 0.005 (d) R ~ P; K 0.01 

1.6 mole of PC 15 (g) is placed in 4 dm3 closed vessel. When the 

temperature is raised to 500 K, it decomposes and at 
equilibrium 1.2 mole ofPCI5(g) remains. What is the K c value 
for the decomposition of PCIs(g) to (g) and CI 2(g) at 
500K? O\:<>falai ::;(!:q 
(a) 0.013 (b) 0.050 (c) 0.033 (d) 0.067 .' 
(e) 0.045 
Consider the following < statements regarding chemical 
equilibrium: 
1. For the gaseous reaction, the equilibrium can be establis!! :i 

in open vessel. 
2. The state of equilibrium is dynamic in nature. 
3. If temperature is kept constant, the colour of the reacting 

system changes with time. 
Which ofthe statements given above is/are correct? 

20(P9) 

(a) 1 < (b) 2 only 
(c) 3 only (d) 2 and 3 only 
The dissociation constants for acetic acid and HCN at 25°C 
are 1. 5 x 10-5 and 4.5 x 10-10 respectively. The equilibrium 
constant for the equilibrium: 

eN" +CH3COOH~ HCN + CH3COO-
would be : [eESE (PMT) 2(09) 

(a) 3x 104 (b) 3x 105 
(c) 3xlO-5 (d) 3xlO-4 

[Hint: Given 

(i) CH3COOH~CH3COO- +W KI === 1.5x 10-5 

K2 =4.5xlO- 10 (ii)< HCN~ W +CW 

(iii) W + Cw ~ HCN 
1 1 

Adding (i) and (iii) we get 

CH3COOH + CW~ CH3COO- + HCN 

K 1. 5 x 10-5 X --:----;-;::-
4.Sx 

= 3x 104
] 

185. One mole of N20 4 is heated in a flask with a volume of 0.1 
. dm3

. At equilibrium, 1.708 mole ofNOz and 0.146 mole of 
NZ0 4 were found 134°C. The equilibrium constant will be: 

(a) 250 mol dril-3 

(c) 200 mol dm-3 
(b) 300 moldm-3 

(d) 230 mol dm-3 

20(l9) 

186. What is the effect of a tenfold increase in pressure on K p in the 
reaction? 

N2(g)+ 3H2 (g) ~2NH3(g) 
At equilibrium: 



I 
642 I G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

(a) a tenfold increase 
( c) no change 

(b) a tenfold decrease 
Cd) equal to Kc 

Set-2: The Questions given below may have more 
than one correct answers 

1. Unit of equilibrium constant is: 
(a) (moIlL)1 -" (b) (moIlL)8n 

(c) (atm}811 .(d) all of these 
2. Which is/are correct? 

(a) 2.303 log K - 6.1[O/RT + !:J.so/R 

(b) !:J.GO = - 2.303RT log K 

(c) 2.303 log K = -!:J.H°/RT 2 + t:J,S°/R 

(d) 2.303 log K = (1/ RT )(!:J.H0 + !:J.SO) 

3. For the reaction, CaC03(s) -7 CaO(s) + COz(g), which is 
correct representation? 
(a) K p =(Pco

2
) (b) Kp=KcCRT) 

(c) Kc = (C02 )/1 (d) All of these 

4. Nz +02 ~ 2NO, K,{i) N2 + u·) O2 ~ NO, K2; 

2NO---'" N2 + 02' K 3; NO~ G) Nl + (±) °2 , K4 

... : Correct relation(s) between K j , K 2 , K 3 and K4 is/are: 

(a) K, x K3 = 1 (b) fK: x K4 = 1 

(c) .[K; X K z = I (d) none of these 

5. For the reaction, N20 4 ~ 2N02 , if degree of dissociation 
of N20 4 are 25%, 50%, 75% and 100%, the gradation of 
observed vapour densities is: 
(a) d t > d2 > d3 > d4 (b) d4 > d3 > d2 > dl 

(c) d, = d2 = d3 = d4 (d) none of these 

6. The equation, a = D d is correctly matched for: 
(n - l)d 

(a) A~nBI2+nC/3 (b) A nB/3+(2n/3)C 

(c)A-7(n/2)B+(nI4)C (d) A~(nI2)B+C 
7. For a reaction, nA A,l' degree of dissociation when A 

trimerises is: 

(a)2(d~D) (b)~(d~D}C)~(d d D
}d)2(D dd) 

8. For the reaction, 
PCIs(g) 

the forward reaction at constant temperature is favoured by: 
(a) introducing an inert gas at constant volume 
(b) introducing chlorine gas at constant volume 
(c) introducing an inert gas at constant pressure 
(d) increasing the volume of the container 
(e) introducing PCIs at constant/volume 

9. Which of the following will favour the formation of NH3 by 
Haber's process? 
(a) Increase oftemperature (b) Increase of pressure 
(c) Addition of catalyst (d) Addition of promoter 

10. Which of the following will not affect the value of equilibrium 
constant of a reaction? 
(a) Change in the concentration ofthe reactants 
(b) Change in temperature 
(c) Change in pressure 
(d) Addition of catalyst 

11. Which ofthe following statements is/are wrong? 
(a) At equilibrium, concentrations of reactants and products 

become constant because the reaction stops 
(b) Addition of catalyst speeds up the forward reaction more 

than the backward reaction 
(c) Equilibrium constant of an exothermic reaction decreases 

with increase of temperature 
(d) K p is always greater than Kc 

12. For the gas phase reaction, 

CzH4 + Hz C2H6;!:J.H° = 136.8 kJ mol-I 

carried out in a vessel, the equilibrium concentration of C2H4 

can be increased by: ISHU ~i\'h.:.'·' 2008l 
(a) increasing the temperature 
(b) decreasing the pressure 
(c) removing some Hz 
(d) adding some C2H6 

13. When NaN03 is heated in a closed vessel oxygen is liberated 
and NaN02 is left behind. At equilibrium, which are not 
correct? 
(a) Addition of NaN02 favours reverse reaction 
(b) Addition of NaN03 favours forward reaction 
(c) Increasing temperature favours forward reaction 
(d) Increasing pressure favours reverse reaction 

14. An increase in temperature increases which of the following? 
I. The rate constant of a reaction 
2. The ionic product of water 
3. The equilibrium constant of an exothermic reaction 
Select the correct answer using the code given below: 

(SCRA 2007) 
(a) 1 and 2 only 
(c) 2 and 3 only 

(b) 1 and 3 only 
(d) 1,2 and 3 only 

15. In the following question, more than one answers are correct. 
Select the correct answer and mark it according to the codes: 
Codes; IBHU (Mains) 20HI1 
(a) 1,2 and 3 are correct (b) 1 and 2 are correct 
( c) 2 and 4 are correct (d) 1 and 3 are correct 
Water gas, an industrial fuel, consisting CO and H2 in 
equimolar amounts is obtained by passing steam over red-hot. 
carbon in accordance with the" reaction: 

C(s)+ H20(g)~ CO(g)+ H2(g); 
!:J.H +l30.5kJ 

The yield of water gas can be increased by 
(1) -7 Reducing the total pre sure of the system 
(2) -7 Increasing pressure of steam 
(3) -7 Raising the temperature 
(4) -7 Introducing hot carbon 
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Assertion-Reason TYPE QUESTIONS 
The questions given below consist of two statenients each printooas 
'Assertion' (A) and 'Reason' (R). While answering these questions 
you are required to choose anyone of the following'rour: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) Ifboth (A) and (R) are correct and (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 

1. (A) K p can be equal to or less than or even greater than the 
valueofKc ' 

(R)K p -:: Kc (RT)!!.n 
Relation between K p and K c depends on the change in the 
number of moles of gaseous reactants and productl!. 

2. (A) For N2(g) + 3Hig) ~ 2NH3(g), the equilibrium 

constant is 'K'then for.!. Ni(g) + ~H2(g) ...----"NH3(g) 
2 . 2 

the equilibrium constantwill be JK, 
(R) If concentrations are changed to half the equilibrium 

constant will be halved. 
3. (A) A catalyst does not influence the values of equilibrium 

constant. . 
(R) Catalysts influence the rate of both forward and backward 

reactions equally. 
4. (A) The active mass of pure solid and pure liquid is taken 

unity. 
(R) The active mass of pure solids and liquids depends on 

density and molecular mass. The density and molecular 
mass of pure liquids and solids are constant. 

5. (A)FQrPCIs(g) ~ PCI3(g) + CI2(g). If more Cl2 is added 
the equilibrium will shift in backward direction hence, 
equilibrium constant will decrease. 

(R) Addition of inert gas to the equilibrium mixture at 
constant volume, does not alter the equilibrium. 

6. (A) At equilibrium flG ::; 0 
(R) flGo= -RTlogeKc at equilibrium. 

7. (A) At equilibrium flG::; 0 
(R) The Gibbs free energy of reactants and products decreases 

and become equal at equilibrium. 
8. (A) Equilibrium constant of a reaction changes on changing 

the stoichiometric coeffidents of the reaction. ' 
(R) The reactions: N2 (g) + 3H2 (g ) 2NH3 (g ) 

and.!. N2 (g) + ~ Hz (g ) ~ NH3 (g) have same equili-
2 2 

brium constant. 
9. (A) The Qc for the reaction: 

2802 (.g ) + O2 (g ) ,...--2:. 2S03 (g) is Qc = [SO] ]2 _ 

[S02] [Oz.; 

(R) When Qc -< Kc, the reaction is not at equilibrium at --l it 
will be fast in backward direction. . . 

10. (A)The equilibrium of[PCls(g)~ PCI3(g)+ Clz(g)] is 
not affected by changing the volume of container. ' 

'(R)K ::;[PCI3][CI2 ] 

c [PCls] 

Equilibrium constant K c does not depend on the volume 
of vessel. 

11. (A) The reaction: N2 (g)+ 3H2 (g) ~ 2NH3 (g) will shift 
in forward direction by increase in pressure. 

(R) On increasing the pressure, the equilibrium will shift in 
forward direction. 
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• Set-1 
1. (b) 2. (d) 3. (e) 4. (e) 5. (a) 6. (a) 7. (b) 8. (d) 

9. (d) 10. (b) 11. (e) 12. (a) 13. (d) 14. (d) 15. ,(b) 16. (a) 

17. (b) 18. (e) 19. (e) 20. (d) 21. (a) 22. (b) 23. '(d) 24. (d) 

25. (e) 26. (e) 27. (a) 28. (b) 29. (d) 30. (a) 31. (a) 32. (e) 

33. (d) 34. (d) 35. (d) 36. (b) 37. (d) 38. (e) 39. (d) 40. (b) 

41. (a) 42. (e) 43. (b) 44. (d) 45. (d) 46. (e) 47. (b) 48. (b) 

49. (e) 50. (a) 51. (d) 52. (b) 53. (b) 54. (e) 55. (d) 56. (a) 

57. (d) 58. (b) 59. (a) 60. (e) 61. (e) 62. (a) 63. (b) 64. (b) 

65. (d)· 66., (d) 67. (a) . 68. (e) 69. (b) 70. (d) 71. (a) 72. (e) 

73. (b) 74. (a) 75. (d) 76. (d) 77. (a) 78. (b) 79. (e) 80. (e) 

81. Cd), '82. (a) 83. (d) 84. (e) 85., (b) 86. (e) 87.-(a) 88. (b) 

89. (e) 90:;(a) 91. (d) 92. (b) 93. (a) 94. (b) 95. (b) . 96. (d) 

97. (e) 98~ '(b) . 99. (a) 100. (a) 101. (a) 102. (b) 103. (e) 104. (a) 

105. (a) 106. (a) 107. (a) 108. (e) 109. (b) no. (e) 111. (d) 112. (d) 

113. (e) 114. (b) 115. (a) 116. (a) 117. (b) 118. (b) 119. (d) 120. (a) 

121. (d) 122. (b) 123. (a) 124. (a) 125. (a) 126. (b) 127. (b) 128. (a) 

129. (b) 130. (d) 131. (e) 132. (d) 133. (a) 134. (a) 135. (e) 136. (b) 

137. (b) 138. (d) 139. (e) 140. (e) 141. (d) ·142. (b) 143. (d) 144. (e) 

145. (e) 146. (a) 147. (b) 148. (d) 149. (b) 150. (a) 151. (a) 152. (e) 

153; (d) 154. (d) 155. (d) 156. (a) 157. (b) 158. (a) 159. (b) 160. (a) 

161. (a) 162. (a) 163. (b) 164. (a) 165. (a) .166. (d) 167. (a) 168. (d) 

169-. (a) 170. (a) 171. (e) 172. (a) 173. (e) 174. (d) 175. (d) 176. (b) 

177. (d) 178. (e) 179. (a) 180. (d) 181. (b) 182. (e) 183. (d) 184. (a) 

185. (e) 186. (e) 

• Set-2 
1. (b, e) 2. (a, b) 3. (d) 

--" ~ 4. (a, b, e) 5. (a) 6. (b) . 7. (b) 8. (e, d, e) 

9 .. (b, e, d) 10. (a, b, d) 11. (a, b, d) . 12. (a, b, e, d) , 13. '(a, b, d) 14. (a) 15. (a) 

• p.-', '.', ':-,"-'" -,- ,. ,-,-- ,- .,', - , . 

['Jt~:::~ERTI()~ .. ~SON·~P.Q~~--------------t 

1. (a) 

, 9. (e) 
2. (e) 

10. (d) 

3. (a) 

U. (a) 

4. (a) • 5. (e) 7. (a) 8. ,(e) 
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l OBJECTIVE QUESTIONS ) for (lIT ASPIRANTS I 
1. Ammonium carbamate when heated to 20(J'C gives a mixture 

of NH3 and CO2 vapour with a density of 13. What is the 
degree of dissociation of ammonium carbamate? 

[eEE (Kerafa) 20041 
3 

(a) -
. 2 

(e) 5 
2 

(b) ..! 
2 

o 
II 

(c) 2 (d) 1 

[Hint: NHz C-ONH4 ~ 2NH3(g) + COz(g) 

. Molecular mass' 
Initial vapour denSIty D <:;: < . 2 

== 79 = 39 
2 

D -d 39-13 26 
0:=---= = 

(n I)d (3 -1) xI3 26 

here, n == number of moles of product formed by dissociation of 1 
mole reactant.] 

2. In the heterogeneous equilibrium: 
CaC03(s) ~ CaO(s) + COz(g) 

what would be the effect of addition of CaC03 on the 
equilibrium concentration of COz ? 
(a) Increases (b) Unpredictable 
(c) Decreases (d) Remains unaffected 
[Hint: Gaseous components are not present on both sides, 
hence, equilibrium will not be affected on addition ofCaC03 

Kp :;: Peo
2 

= constant (at constant.temperature)] 
3. For the reaction, r:h04(g) ~ 2NOz(g); if percentage 

dissociation of N20 4 are 25%, 50%, 75% and <I 00%, then the 
sequence of observed vapour densities will be: 

W~>~>~>~ ~~>~>~>~ 
(c) d1 dz "" d3 = d4 (d) (d! = d2 ) > (d3 == d4 ) 

Mint: Lesser is the percentage dissociation; greater is the 
vapour density.] 

4. . In a system: 
A(s) 2B(g)+3C(g) 

if the concentration ofC at equilibrium is increased by a factor 
of2, it will cause the equilibrium concentration of B to change 
to: 
(a) two times the original value 
(b) qne half of its original value 

(c) 2.J2 times the original value 

(d) I times the original value 
2.J2 . 

5. For the decomposition ofNH3 (g) in a sealed tube: 
. 2NH3(g) N2(g) + 3Hz(g) 

(a) K p does not change with pressure 
(b) concentration of Hz (g) is less than that of nitrogen 

(c) concentration of ammonia does not change with pressure -(d) K p changes significantly with pressure 
6. The equilibrium constant for the decomposition of water, 

I 
[HzO(g) ~ Hz(g) + "2 °z(g)] 

is given by: 

3 1/2 
(c) K = 0: P 

.J2' 

7. On heating a mixture of S020Z and CO, two equilibria are 
simultaneously established: 

SOzCI2(g) ~ SOz(g) + Clz<g) 
CO(g) + CI2(g) ~ COCI2(g) 

On adding more S02 at equilibrium what will happen? 
(a) Amount of CO will decrease 
(b) Amount ofS02Clz and COClz will increase 
(c) Amount of CO will remain unaffected 
(d) Amount of S02Cl2 and CO will increase 

8. Consider the reactions, 
(i) PCIs(g) ~ PCI3(g) + CI2(g) 

(ii) NZ0 4(g) ~ 2N02(g) 
The addition of an inert gas at constant volume: 
(a) will increase the dissociation ofPCl5 as well as NZ0 4 

(b) will reduce the dissociation ofPCls as well as NZ0 4 

(c) will increase the dissociation of PCl5 and step up the 
formation ofNOz 

(d) will not disturb the equilibrium ofthe reactions 
Mint: At constant volume, inert gas will not affect any of the 
eqUilibrium. ] 

9, Densities of diamond and graphite are 3.5 and 2.3 g/mL 
respectively. Increase of pressure on the equilibrit;m 

C (diamond) ~ C (graphite) 
(a) favours backward reaction(b) favours forward reaction 
(c) has no effect (d) increases the reaction rate 

10. A react\on at eqUilibrium involving 2 moles each of 
PCIs, PCl3 and Cl2 is maintained at 250°C and a total pressure 
of 3 atm. The value of K pis: 
(a) 2 (b) 3 (c) 4 (d) I 

Mint: PCls ~ PCl3 + Clz 
At equilibrium 2 2 2 

2 2 
X 3,PCl := - X 3 

6 2 6 

K = fJpc13 X PCl2 =1 XII] 
P PPCl s I 

11. In case of gaseous homogeneous reaction, the active mass of 
the reactant is given by the expression: 

I 
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(a) RT 
P 

[Hint: 

(b) RT 
(c) PV 

RT 
PV nRT 

n P 
v 

:. Active mass (mol L- l
) 

RT 

P 
RT ] 

(d) n RT 
V 

12. In the dissociation ofI2 (g) at 100'0' Kin i:1 ::::-"tdiner of 1 litre: 
12(g)~ 2I-(g); Kc:::: 10'-6 

Select the correct relation: 

(a)[I2]>W] (b)[I21<W] (c)[Iz]=[r] (d)[I2] ~W] 

[Hint: 

10'-6 

I :. / [I2 ]>[r]]" 

13. Acetic acid undergoes dimerisation, when dissolved in 
benzene 
" .-::r0 ... H~ 

2CH3 -COOH...-- CH3 - C~ /./C - CH3 
OH ... O~ 

Molecular mass of acetic acid is found 120. Which among the 
following relation is correct? 

(D dJ (D-dJ (a) a = 2 -d- (b) a :: 2 -;;-

(d-D) (c) a =2 -d-
2d 

(d)a ::::--D-d 
where, d = Observed vapour density 

D :::: Theoretical vapour density 
[Hint: For association of molecule 

d D d-D 
a=---

del II n) d(l- 1/ 2) 

14. The equilibrium: 
P4(g) + 6az(g) 4PCI3(g) 

is attained by mixing equal moles of. P4 and C12 in an 
evacuated vesseL Then at equilibrium: 
(aHa2l'> [PCl3] (b)[CI2] > [1>4] 
(C)[P4] > [Clz] (d)[PCI3] > [P4] 

15. In the reaction: A + B ...--.2C + D. The initial concentration 
of A and B are 1 M each. The value of K c is 10'8. What is the 
equilibrium concentration of A? . 
(a) 2 x 10-4 M (b) 2 X 104 M (~) 0'.0'0'5 M (d) 0'.0025 M 

16. For the reaction: 
A (g) + 2B(g 3C(g) + D(g );K p "" 0'.0'5 atrn at 1000 K 
The value of K c is represented by: . 

(a)5xlO-4R (b)5XIO-4 (c)5xIO'-5R (d)5XIO-
S 

R R 
[Hint: Kp = Kc(RT )6n 

K 
K =--p-

c (RT)6n 

17. Match the List-I (equilibria) with List-II (conditions) and 
. select the correct answer using the options given below~ __ 

List-I List-II 

P Hz(g) + Iz(g) 2HI(g) 1. High temperature 

Q. 2S0z(g) + 0z(g) ~ 2S03(g) 2. Low temperature 

R. 2NH3(g) ~ N2(g) + 3H2(g) 3. High pressure 

4. Low pressure 

5. Independent of 
pressure 

P Q 
(a) 1,3 2,3 
(b) 2,3 1,4 
(c) 1,5 -2~3 . 

(d) 2,4 1,5 

18. At constant pressure, the presence of inert gases: 
(a) reduces the dissociation of PC 15 
(b) increases the dissociation of PCJ s . 

R 

2,4 
1,3 
2,4 

1,3 

(c) does not affect the degree of dissociation of PC Is 
(d) steps up the formation of PC Is 
[Hint: PCls(g) PCI 3(g) + CI2(g) 
On adding inert gas, the equilibrium will shift towards higher 
volume direction.] 

19. Which of the following expressions is correct? 

(a)Kp=Kc(~:J6n (b)Kp=Kx(~)M 

(
p \M 1 (P )-lln+l 

(c)Kp ::::Kn Lnj (d)Kp =Kc Ln 

20. The most stable oxide of nitrogen will be: 
(a) 2NO(g) ...-- Nz(g) + 0z(g); K ::: 2.2 X 1030 

(b) 2N20(g) ~ 2Nz(g) + Gig); K = 3.5 X 1033 

(c) 2N20 5(g) ~ 2Nz<g) + 50z(g); K :: 1.2 X 10'24 
(d) 2N02(g) ~ N2(g) + 20z(g); K :::: 6.7 X 1016 

[Hint: Stability constant 1 
K 

:. Smaller is the value of equilibrium constant greater is the 
stability of oxide.] 

,ll. Equilibrium constant for two complexes are: 

A: K4[Fe(CN)6] 2.6 x 10'37 (for dissociation) 

B: K.3[Fe(CN)6] 1.9 x 1017 (for dissociation) 

(a) A and B are equally stable(b) A is more stable than B . 
(c) B is more stable than A (d) the predictable stability 

[Hint: Stability oc I ] 
Equilibrium constant for dissociation 

22. At the equilibrium of the reaction, NZ0 4(g) ~ 2N02(g), 
the observed molar mass ofN20 4 is 77.70' g. The percentage 
dissociation ofN20 4 is: 
(a) 28.4 (b) 46.7 (c) 22.4 (d) 18.4 
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[Hint: Mo M 
(j;=._--

(n 1)M 

92 77.7 

(2-J)x77.7 

% Dissociation:::: 18.4] 

0.184 

23. Consider the following statements: 
In the Haber method of synthesis of ammonia 
l. Increase of pressure favours the formation ofNH3 
2. Decrease of pressure produces more NH3 
3. Increase of temperature dissociates NH3 
4. Addition of inert gas favours the formation ofNH3 
Which of the statements given above are correct? 

(SeRA 2009) 
(a) 1 and 3 (b) 2and4 (c) 1 ~nd4 (d) 2and3 

24. For the decomposition of PCls (g) in a <;losed vessel, the 
degree of dissociation is (j; at totai pressure P. . 

PCls(g) ~PC13(g) + Ch(g); Kp 
Which among the following relations is correct? 

f K IK +P 
(a) a :::: ~Kp: P (b)a ~~ 

I (c)a::::~Kp+p (d)a= I 
vKp+P 

25. In the decomposition reaction of ammonia: 

26. 

2NH3(g) ~ Nz(g) + 3H2(g) 
2 moles of NH3 are introduced in the vessel of 1 litre. At 
equilibrium, I mole NH3 was left, the value of K c will be: 
(a) 0.75 (b) 0.70 (c) 1.75 (d) 1.70 
[Hint: 2NH3(g) ~ N 2(g) + 3H2(g) 

2 o 
.112 31 :; 

e 1.685 1.7] 

By which of the following relations, the equilibrium constant 
varies with temperature? 

(a) InK2 -lnKI :::: J Tz 
d (~J 

R TI T 

(b) lnK2 -lnKl == AHo J IITz d (ll J R IITI T2 
(c) lnKl lnKI - ~o fT~2 d (fJ 
(d) lnKz -lnKI _ AHo rllTI d(~\j 

R JlIT2 T 

27. For dissociation of a gas NzOs as: 

N20 5(g) ~ 2N02(g) + 1 02(g); 
. 2 

If 'D' is the vapour density of equilibrium mixture and Po is 
the initial pressure of N20 S (g), then its equilibrium pressure 
must not be (M is molecular mass ofN20 s): 

(c) PoM 
2D 

(b)J>oM 
3D-M 

(d) 2PoD 
M 

28. S03 (g ) is heated in a closed vessel. An equilibrium: 
2S03(g) ~ 2S02(g) + °z(g) 

is established. The vapour density of the mixture, in which 
S03 is 50% dissociated, is: 
(a) 26.5 (b) 35 (c) 42 (d) 55 

D d 
[Hint: a :::: ---

(n l)d 

0.5 == 40-d 
(2 -l)d 

d 26.5] 

29. When In K is plotted against ~ using the yan't Hoff equationE 

a straight line is expected with a slope equal to: 
(a)AHoIRT. (b)-:-AHoIR (c)!1HoIR (d)RIAHo 

30. ABz (g) dissociates as, 
AB2 (g )~ AB(g) + B(g) 

The initial pressure of AB2 is 600 mm Hg and total pressure is 
800 mm Hg. The equilibrium constant for the reaction will be: 
(a) 500 (b) 100 (c) 200 (d) 400 

31. For the gaseous reaction, 

C2H4 + H2 C2H6 , 

the equilibrium constant has the units: 
(a) mol 2 dm-J (b) drn3 mol- I (c) dm-3 mol- I (d) mol dm-3 

32. The equilibrium constant for the reaction: 

33. 

34. 

35. 

36. 

H2(g) + Br2(g) ~ 2HBr(g) 
is 67.8 at 300 K. The equilibrium constant for the dissociation 
ofHBr is: 
(a) 0.0147 (b) 67.8 (c) 33.90 (d) 8.349 

[Hint: Kdissociation =:= K 
formation 

A large positive value of !1Go corresponds to which of these? 
(a) Small positive K (b) Small negative]( 
(c) Large positive K (d) Large negative K 
[Hint: AGO - 2.303RT log Ke] 

What is !1Go for the following reaction? 

1 3 ---' H K 4.42 X 104 at 25°C "2 N2(g) + 2 Hl(g) ..-- N 3(g); p 

(a) 26.5 kJ mol-1 (b) -11.5kJ mol-1 

(c) - 2.2 kJ mol- I (d) 0.97 kJ mol- I 

For the following reaction: K :::: 1.7 x 107 at 25°C 

Ag+(aq.)+ 2NH3(aq.)~ [Ag(NH3>zt 
what is the value of !1GO in kJ? 
(a)-41.2 (b)-17.9 (c) + 17.9 (d;+ 41.2 

If EO 11 for a given reaction is negative, which gives the correct ce . 

relationships for the values of !1Go and K eq? 
(a) !1Go > 0, Keq. < 1 (b) AGo> 0, Keq. > I 
(c) AG~ < 0, Keq >1 (d) !1Go < 0, Keq < I 
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37. The free energy of formation of NO is 78 kJ mol-I at the 
temperature of an automobile engine (1000 K). What is the 
equilibrium constant for this reaction at 1000 K? 

1 I 
2 N2(g)+ 2 02(g)~ NO(g). 

, (a) 8.4 x 10-5 (b) 7.1 x 10-9 (c) 4.2 X 10-10 (d) 1.7 x 10-19 

38. 2S0z(g) + 02(g)~ 2S03(g) . 

39. 

Given,that the equilibrium constant fv! c"e rew::tion above has 
a value of 278 at a particular temperature, what is the value of 
equilibrium constant for the following reaction at same 
temperature? 

S03(g)~ S02(g)+ I02(g) 
. 2 

(a) 1.3 x 10-5 (b) 1.8 x 10-3 (c) 3.6 X 10-3 (d) 6 x 10-2 

In which of the following reactions, the increase in volume of 
the container will favour the formation of products? 
(a) C(s) + H20(g) CO(g) + H2(g) 

. (b) H2(g) + 12UD 2ID(g) 

'. (c) 4~3(g) + 502(g) ~ 4NO(g) + 6H20(l) 

(d) 302(g) ~ 203(g) 

40. Consider the reaction, whose K c =: 33, 
S02(g) + N02(g)·~ S03(g) + NO(g) 

If 0.1 mol each of SOz and NOz are placed in 1 L container, 
what is the concentration of SOz at equilibrium? 
(a) 0.003 M (b) O.oI5 M (c) 0.085 M (d) 0.097 M 

41. Reaction K 

~ N2 (g) + 02(g)~ N02(g) 
2 . 

2N02.(g)~ NZ04(g) 

Using above equations, Wlite down expression for.Kof the 
following reaction: .' '. 

. I . '. 
N2(g) + -02(g) ... ' 2 . Nz04(g) 

K2 
(b)_2 

K) K 2K 1 ... 

42. Cu 2+ ions react with Fe2
+ ions accordill.gto the following 

. reaction: 
eu 2+ + 2fe2+ 

At equilibrium, the concentration pf Cu 2+ ions is not changed 
by the addition of: 
(a)Cu 2+ (b) Fe2+ (c)Cu (d) Fe3+ 

43. Consider this equilibrium, for which Mf < 0, 

HgO(s) + 4r(aq.) + H20(l) ~ HgI~- + 20ll 

Which changes will increase the equilibrium concentration of 
HgI~- ? 

1. Increasing the mass of HgO( s) present." 
II. Increasing [r]. 

III. Adding I MHCl. 
(a) I only 
(c) II and III only 

(b) II only 
(d) I, II and III 

44. Which of the following do not change the value of K for a 
reaction? 
(a) Addition of catalyst 
(b) Increase in temperature 
(c) Increase in pressure 
(d) Removal of one of the products 

45. For which ofthe following reactions at equilibrium at constant 
temperature doubling the volume will cause a shift to the 
right? 
(a) NZ0 4(g) ~ 2N02(g) 
(b) CaC03(s) ~ CaO(s) + CO2(g) 
(c) 2CO(g) + 0z(g) ~ 2CO~(g) 
Cd) Nz(g) + 02(g)~ 2NO(g) 

46. In the reaction, 
NZ0 4(g) 2N02(g) if D and d are the vapour 

densities at iRitial stage and at eqUilibrium then what will be 

the value ofD at point A in the following graph? 
.d .' 

i 

(a) 0 

[Hint: 

o 
(f-

(b) 1.5 (c) I 

D d 
\1.=--.-

(n -l)d 

For the given reaction, n = 2 and \I. = 0 at A 
D-d 
--=0 
(2 -l)d 

D 
'd=lJ 

(d) 0.5 

47. A schelTIatic plot ofln Keq. versus inverse of temperature for a 
reaction is shown below: . 

i 
In Keq 

The reaction must be: 
(a) exothermic 
(b) endothermic 

1 
"T-

(c) one with negligible enthalpy change 
(d) highly spontaneous at ordinary temperature 
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din 1'3H 0 

[Hint: We ~ow that, dT RT 2 

In Keq, 

The plot has positive slope, hence I1H 0 will be negative,] 

48. The equilibrium: 
NH4HS(s) ~ NH3(g) + H2S(g), 

is followed to set-up at 1270 C in a closed vessel. The total 
pressure at equilibrium was 20 atm. The K c for the reaction is: 

(a) 0.092 M2 (b) 0.085 M2 

(c) 3.045 M2, (d) none of these 
. 20 

[Hint: pNH3 = pH2S = 2. atm 

Kp pNH3 x pH2S = 100 atm2 

Kp = Kc (RT )Al1 

100 =Kc x (0,(:)821 x 400)2 

Kc = 0.092 M2] 

49. 20% ofN20 4 molecules are dissociated in a sample of gas at 
270 C and 760 torr. Mixture has the density at equilibrium 
equal to: 
(a) 1.48 giL 
(c) 2.25 giL 

(b) 1.84 giL 
(d) 3.12 giL 

[Hint: The reaction is: 

N20 4 (g) ~ 2N02(g) 

20, 
n = 2 and a = - 0.2 

100 

D 46, initial vapour density 

d vapour density at equilibrium 

D d 
a= 

0.2 

(n l)d 

46-d 

(2 -l)d 

d 38.3 

Molar mass equilibrium = 2 x 38.3 = 76.6 

Pm = dRT Here, d = density of gas mixture 

d(mix) = Pm = lx76.6 =3.12 IL] 
RT 0.0821 x 300 g 

1. (d) 2. (d) 3. (a) 

9. (a) 10. (d) 11. (b) 

17. (c) 18. (b) 19. (b) 

25. (d) 2.6. (c) 27. (a) 

33. (a) 34. (a) 35. (a) 

41. (d) 42. (e) 43. (e) 

49. (d) SO. (b) 51. (b) 

4. (d) 

12. (a) 

20. (d) 

28. (a) 

36. (a) 

44. (a, e, d) 

50. The equilibrium constants K PI and K P2 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) 
(a) I : 9 (b) I : 36 
(c) 1 : I (d) 1 : 3 

[Hint: X 2Y Z -:;;=:::: P + Q 

to 0 o 0 

teq. 1- a 2a I-a a a 

[~p,r 
I+a 

[~p] 
1 + a I 

4 

1 1-

4a
2
p / a

2
p . . I· 2 

Kp2 l-a2 ~ 
1 = 4Pt 

9 ~ 

PI = 1 ] 
P2 36 

51. . Which of the following plots is correct about endothermic 
reaction? 

f 

i i 
In Kp In Kp 

I I 
-·11T -+ 11T -+ 

(a) (b) 

i i. 
In Kp In Kp 

I I 
11T --Ii- 11T -+ 
(c) (d) 

5. (a) 6. (b) 7. (d) 8.- (d) 

13. (e) 14. (e) 15. (b) 16. (d) 

21. (e) 22. {d) 23. (a) 24. (a) 

29. (b~ 30. (b) 31. (b) 32. (a) 

37. (a) 38. (d) 39. (a) 40. (b) 

45. (a, b) 46. (e) 47. (a) 48. (a) 
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Integer Answer TYPE QUESTIONS 

This section contains 10 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers. 
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure ; 

1. For the reaction: 
AB(g)~ A(g)+ B(g) 

AB'is 33% dissociated at a total pressure of p. Then, will 
be equalto: : . . . K p 

2. If the reaction A B, has AG' == 0, then its' equilibrium 
constant will be equal to : 

3. Consider the following reaction 
A+B~E K =6 . c 

2B+C~2D Kc==4 
What will be the equilibrium constant (K c) for the following 
reaction? 

A+D~E+C 

4. For the equilibrium ofthe reaction: 

NH4CI(s)~ NH3(g)+HCI(g) Kp = 8latm2 

Total pressure at equilibrium will be x times the pressure of 

NH3• 

The value of x will be ; 
5. Mixing 4 moles of A with 4 moles of B forms 2 moles of Cat 

equilibrium, according to the following reaction: 
A(g)+B(g) ~ C(g)+D(g) . 

The value of equilibrium constant is : 

1. (8) 

9. (I) 

2. (1) 

10. (8) • 

3. (3) 4. (2) 

6. A reaction at equilibrium involving 2 mol each of PCls , PCl3 ' 

Cl2 is maintained at 250°C and total pressure of 3 atm. The 
value of K p is : 

7. For the reaction: 
A(g)+ B(g )~C(g )+D(g) 

The ,initial concentrations of A and B are equaL The 
equilibrium concentration of C is two times the equilibrium 
concentration of A. The value of equilibrium constant is : 

8. N2 +02 ----" 2NO; KI 

..!.Nz +..!.02~NO; K2 
2 2 

2NO~N2+02;K3 

NO~..!.Nz +..!.02;K4 2 2 
KI XK 3=X; FtxK4 =y; ..[K;XK2=Z 

What will be the value of xyz? 
9. 4.5 moles each ofH2 and Iz are heated in a sealed 10 L vessel. 

At equilibrium, 3 mole of HI were found. The equilibrium 
constant for: 

H2(g)+ I2(g)~ 2HI(g)is : 
10. SOzCI2 and Cl 2 are introduced into a 3 L vessel. Partial 

pressure of S02CI2 and Clz at equilibrium'are 1 atrn and 2 atm 
respectively. The value of K p for the following reaction is 10. 

S02CI2(g)~ S02(g)+C12(g) 
The total pressure in atm at equilibrium would be : 

5. (1) 6. (1) 
• 

7. (4) 8. (1) 
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, • LINKED COMPREHENSION TYPE QUESTIONS • , .... 

• Passage 1 

Phosphorous penta chloride when heated in a sealed tube at 
700 K, it undergoes decomposition as, 

PCI5(g)~ PCI3(g)+CI2 (g); Kp 38atm 

vapour density of the mixture is 74.25. 
Answer the f!lllowing questions: 

1. The reaction is: 
(a) endothermic 
(b) exothennic 
(c) may be endothennic or exothennic 
(d) unpredictable 

2. Percentage dissociation of PC Is maybe giyenas: 
(a)4.04 (b) 40.4 (c) 44.0 (d) 0.404 

3. Equilibrium constant K c for the reaction will be: 
(a)0.66M (b)0.56M (c)0.46M (d)0.36M 

4. If pressure is increased then the equilibrium will: 
(a) be unaffected 
(b) shift in backward direction 
(c) shift in forward direction 
(d) cannot be predicted 

5. When inert gas is added to the given reyersible process then 
the equilibrium will: 
(a) be unaffected 
(b) shift in backward direction 
(c) shift in forward direction 
(d) cannot be predicted 

• Passage 2 

In Haber s process, (he ammonia is manufactured according to 
the follOWing reaction: 

The pressure inside the chamber is maintained at 200 atm and 
temperature at 500°C Generally, this reaction is carried out in 
presence of Fe catalyst. 
Answer the following questions: 

1. If K p for the giYen reaction is 1.44 x 10-5, then the value of K c 

will be: 

(a) 1.44 x 10-
5 

mol L-1 

(0.082 x 500r2 

(b) 1.44 x 10-
5 

mol L-1 

(8.314x 

(c) 1.44 x 10-
5 

mol 
{0.082x 

(d) 1.44 x 10-
5 

mol L-1 

(0.082 x 

2. The preparatiQn of ammonia by Haber's process is an 
exothennic reaction. If the preparation follows the following 

temperature pressure relationship .for its % yield. Then for 
temperature 1j , Tz and T3 the correct option is: 

1 
100 T3 

80 
T2 

"'C 60 (jj 
's:. 40 T1 
-;R 
° 20 

100 200 300 400 
Pressure (atm) -

(a)T3>T2>1j (b)1j>T2>T3 
(c) 1j = T2 T3 (d) nothing could be predicted 
[Hint: The % yield will decrease with rise in temperature, since 
it is exothermic.] 

3. 500°C is considered optimum temperature for Haber's process 
because: 
(a) catalyst has maximum activity at this temperature 
(b) energy required is easily obtained at this temperature 
(c) yield is maximum at this temperature 
(d) rate is fast enough while the yield is also appreciable at 

this temperature 
4. If K p for the reaction is 1.44 x 10-5

, then the value of K p for 
the decomposition of NH3, 

. 2NH3(g) ---->. N2(g) + 3H2(g) 
will be: 
(a) ~'-1.-44-X-.l-0--:-5 

(c)~' -~ 
1.44 x 10-5 

(b) (1.44 X 10-5 )2 

(d) 2.88 x 10-5 

5. 30 litre Hz (g) and 30 litry were taken for the reaction in 
Haber's process which yields only 50% of the expected 
ammonia due to r.eversibility of the reaction. What will be the 
composition of reaction mixture under the given condition? 

. NH3 N2 H2 
(a) 20L 20L 20L 

(b) IOL 25L 15L 

(c) 

(d) 

• Passage 3 

20L 

20L 
lOL 
25 L 

30L 
15 L 

When all the coefficients in a balanced chemical equation are 
multiplied by a constant factor 1, the equilibrium constant 
(originally K ) becomes KJ. Similarly, when balanced equations are 

added together, the equilibrium constant for the combined process is 
equal to the product of the equilibrium constants for each ·step. 

Equilibrium constant of the reversed reaction is numerically equal 
to the reciprocal of the equilibrium constant of the original equation. 

Unit of K p = (atmi!>n; Unit ofKc = [mol ]'~n 
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Answer the following questions: 
1. Consider the reactions: 

(i) CO(g) + H20(g) ~ COz(g) + H2(g);K] 
(ii) CH4(g) + HzO(g) ~ CO(g) + 3H2(g);K 2 

(iii) CH4(g) + 2H20(g) ~ COt(g) + 4H2(g); K 3 

Which of the following is correct? 

(a)K:j~=K]IK2 (b)K) =K(IK; 

(c)K)=K]K2 . (d)K 3 =K]..{K; 

2. The equilibrium constants for the following reactions at 1400 
Kare given: 

. 2H20(g)~ 2H2(g) + 02(g); K] ::: 2.1x 10-13 

2C{Jz(g) 2CO(g) + 02(g);K2 = 1.4 x lO-]2 

Then, the equilibrium constant K for the reaction, 
. H2(g)'+ C0:2(g) ~CO(g)+ H20(g) 
is: 
(a) 2.04 (b)20.5 (c)~ .. 6· (d) 8.4 

3. Given: 2NO(g) + 02(g).--------" 2N02(g);K1 . 

2N02(g) ~ NZ0 4(g); Kz 
2NO(g) + 0z(g) NZ0 4(g); K3 

Which of the following relations is·correct? 
(a)K) KIIK2 (b)K3=KIXK2 

(d)K3 == ~ 
VK2 

4. H3P04 is a tribasic acid, it undergoes ionization as: 
H3P04 ~ If" + H2P04; K] 

HZP04 H+ + HPO!-; K2 

HPO~- ~If" +PO~-;K3 

Then, equilibrium constant for the following reaction will be: 

H3P04 ~ 3If" + PO~-

(a) K]K2K 3 (b) K]K2 . (c) K]K) 
K3 K2 . 

5. Consider the two reactions: 

(d) K]KZ 

K2 
3 

XeF6(g) + H20(g) ~ XeOF4(g) + 2HF(g); K] 
xe04(g) + XeF6(g) ~ XeOF4(g) + X~3F2(g); K2 

Then, the equilibrium constant for the following reaction will 
be: 

Xe04(g) + 2HF(g) 
is given by: 

(a)K]IKi 

• Passage4 
Mass action ratio or reaction quotient Q for a reaction can be 

calculated using the law of IWlSS action, 

A(g) + B(g).--------" C(g)+ D(g) 

. [C][D] 
Q::: [A][B] 

The value of Q decides whether the reaction is at equilibrium or 
. not, 

At equilibrium, Q ::: K 
For non-equilibrium process,Q -:f. K 

when Q > K, reaction will favour backward direction and· whel1 
Q < K, it will favour forward direction, 

Answer the following questions: 
1. The reaction quotientQ for: 

N2(g) + 3H2(g) ~ 2NH)(g) 

, , b Q [NH3]2 Th· , '11· d ., 
IS given y = ) . e reactIOn WI procee In 

[Nz][H2 ] . 

backward direction, when: 
(a)Q=Kc (b)Q<Kc (c)Q>Kc (d)Q==O 

2. For the reaction: 
2A +B ~ 3C at 298 K,K c == 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 in equilibrium. 
(d) cannot be predicted 

3. Ina reaction mixture containing H2, N2 and NH3 at partial 
.pressure of 2 attn:, 1 atm and 3 atm respectively, the value of 
K p at 725 K is 4.28 X lO-5 atm -2. In which direction the net 
reaction will go? 

N2(g) + 3H2(g) 2NH3(g) 
(a) Forward . 

(b) Backward 
(c) No net reaction 
(d) Direction.cannot be predicted 

4. In the following reaction: 
2S02(g) + 02(g) ..-- 2S03(g) 

the equilibrium is not attained. The rate of forward reaction is 
greater than that of backward reaction. Thus, which of the 
following is the correct relation between K p and Qp? 
(a)Kp=Qp (b)Qp>Kp (c)Qp<Kp (d)Kp==Qp=l 

5. In the reaction: 
. PCI5(g) ~ P03(g) + CI2(g) 

. a graph is plotted to show the variation of rate of forward and 
backward reactions against time: 
Which of following is correct? 

1 2 
S as 
II: 

lime-

Q>K Q==K Q<K 
(a) 3 2 1 
(b) 1 2 3 
(c) 2 3 1 

(d) 2 3 
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• PassageS 

In a reversible chemical reaction, the rate of f01ward reaction 
decreases and that, of backward reaction increases with the passage 
of time; at equilibrium the rate of forward and backward reactions 
become same. 

Let us consider the formation of S03 in the following reversible 
reaction: 

.' 
2S03 (g) 

Following graphs are plottedfor this reaction: 
Graph 1 

g 
8 

Graph 2 

Passage 1. 

. Passage%. 

Passage 3. 

Passage 4. 

PassageS. 

<.i 
r:: 

8 

, 
. , , , , 

~~----~----~:A , , , 
-+-------16 

I 
.1 .. 

--~------------~:c , 
I , 
I , 

ta 4 
lime-

---Reactants 
_---- Products 

lime-

" 

•• (a) 2. (b) 

1. (d) 2. (b) 

1. (c) 2. '(d) 

1. (c) 2. (a), 

1. (a) 2. (c) 

Graph 3 

'0 
>CI) 

~~t 
CD 1a l 
CDC]) 
C]) ,~ 

It x 

Reaction progress 

Answer the following questions: 

'0 

'I ~~ ~o 
C]):::l 

,'5j "8 
C])~ 

. a) 0.. .... u.. 

1. In the graph (1), A, Band C respectively are: 
(a) S03' S02 and 02 (b) S03' O2 and S02 
(c) S02, 02 and S03 (d) 02' S02 and S03 

2. In the graph (1), the equilibrium state is reached at: 
(a) tl (b) t2 (c) t3 (d) t4 

3. The graph (2) tells us th~t: 
(a) the reaction is irreversible 
(b) the reaction is reversible 
(c) the reaction is exothermic 
(d) the reaction is endothermic 

4. The graph (2),tells us that: 
(a) equilibrium is never achievable 
(b) equilibrium is achieved after the concentrations of 

reactants and products become equal 
(c) equilibrium is achieved before the concentrations of 

reactants and products become equal 
(d) none of the above 

5. From the graph (3), it can be interpreted that: 
(a) equilibrium is achieved at X 
(b) reaction is nearer to the completion 
(c) ~G::= Oat X 
(d) all of the above 

3. (a) 4. (b) 

3. (d) 4. (c) 

3. (b) 4. (a) 

3. (b) 4. (c) 

3. (b) 4. (c) 

5. (c) 

5. (b) 

5. (d) 

5. (a) 

5. (d) 
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~ SELF AsSESSMENT~' 
ASSIGNMENT NO.9 

SECTION-I 
Straigbt Objective Type Questions 

This section contains 10 mUltiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 

. one is correct. 
1. By applying the law of mass action, the equilibrium constant 

K for the reaction: 
HA + H20~ HjO+ A- [CET(J&K) 20071 

(a)K [HA][H20] . (b)K = [HjO][A-] 
[H30+][A -] [HA][H20] 

(c)K= [HjO][H20] 
[A-][HA] 

(d) K [-HA ][A-] 
[H20][H30+] 

2. For the reaction, 
N2 (g)+3Hz(g) 

When temperature increases: 
(a) formation ofNH3 increases 
(b) formation ofNH3 decreases 

2NH3(g) + Heat 
[PMT (Ha.-yana) 20071 

(c) concentration ofN2 decreases 
(d) concentration ofH2 decreases 

3. For the reaction 1 g mole of CaC03 is enclosed. in 5 L 
container 

CaC03 (s) CaO(s) + CO2 (g) K p = 116 atm at 
1073 K then percentage dissociation of CaC03 is: 
(a) 65% (b) 100% (c) 6.5% (d) zero 

" 4. The activation energy for forward and backward reactions are 
50 kJ / mol and 40 kJ I mol respectively. If K, and K2 are the 
equilibrium constants of reaction at temperature 1\ and Tz 
respectively and T2 > 1\ then: 

(a) K, < K2 (b) KI = K2 (c) KI > K2 (d) K2 K? 

[Hint: MI = Ef - Eb 50, - 40 10 kJ I mol. In endothermic 
reactions, equilibrium constant increases with 'increase in 
temperature. ] 

5. Given, X(g)~ nY(g). 
If degree of dissociation is a, then Kc of the reaction in a 
vessel of 1 litre is: ' 

(a) nan (b) na (c) (nar (d) (nat 
I a I-a l+a I-a 

6. Consider the following equation in a closed container, 
N20 4(g) 2N02(g) 

at a fIxed temperature, the volume of the reaction container is 
halved, for this change, which of the following statement 
holds true regarding the K p and degree of dissociation 'a ': 
(a) neither K p nora changes 
(b) both K p and a change 
(c) K p changes but a does not change 
(d) K p does not change but a changes 

7. The reaction, A (g ) + B (g ) ~ C(g) + D(g) is studied in a 
vessel of one litre at 25(f' C. The initial concentration of A was 
3x and that of B was x. At equilibrium, concentration of C was 

found to be equal to the equilibrium concentration of B. What 
is the concentration of D at equilibrium: 

x 'I x 
(a)- (b)3x (c)x-- (d) x 
222 

SECTION-II 
Multiple Answers Type Objective Questions 

8. Equilibrium constant does not depend on: 
(a) catalyst (b) temperature 
(c) pressure (d) inert gas 

9. Which of the following reactions have K p < Kc? 

(a)H2(g)+I2(g)~ 2HI(g) ._ 
(b) CO(g) + CI2(g)~ COCI2(g) 
(c) 2BrCI(g)~ Br2 (g) + CI2(g) 
(d) N2 (g) + 3H2 (g) ~ 2NH3(g) 

10. Which of the following reactions are not affected by inert gas 
addition? 
(a)N2(g)+ 02(g)~ 2NO(g) 
(b) 2S02(g)+ 02(g)~ 2S03(g) 

(In a rigid container of constant volume) 
(c) PCI3(g) + CI2(g) ~ PCl5 (g) 
(d) CO(g) + 2Hz (g) ~ CH30H(g) 

11. Which of the following are not affected by pressure change? 
(a) CaC03(s)~ CaO(s) + CO2(g) 
(b)2NaN°2(s)+ 02(g)~ 2NaN03(s) 
(c) NH2COONH4(S)~ 2NH3(g) + COz(g) 
(d) C(s) + H20(g)~ CO(g) + H2(g) 

12. The reaction, 
2S0z (g) + 02 (g ) ~ 2S03 (g ) (Exothermic) 

will shift in forward direction by: 
(a) adding S03 at constant volume 
(b) increasing volume of container 
(c) adding S02 at constant volume 
(d) adding inert gas at constant volume 

SEcnON-IU 
Assertion-Reason Type Questions 

This section contains 5 questions. Each question contains 
Statement-I (Assertion) and Statement-2 (Reason). :pach 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
(a) Statement-l is true; statement-2 is true; statement-2 is a 

correct explanation for statement-I. 
(b) Statement-l is true; statement-2 is true; statement-2 is not 

a correct explanation for statement-I. 
(c) Statement-I is true; statement-2 is false. 
(d) Statement-I is false; statement-2 is true. 

13. Statement-I: The value of equilibrium constant depends on 
the stoichiometry of the equation. 

Because 
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Statement-2: The value of equilibrium constant does not 
change when the equation is multiplied or divided by a 
number. 

14. Statement-I: K p :::: Kc for all reactions. 
Because 

Statement-2: K p and Kc are interrelated by the equation 

Kp (RT)D.n. 
15. Statement-I: Catalyst does not change the position of 

equilibrium. 
Because 

Statement-2: Catalyst only changes the equilibrium time. 
16. Statement-I: Free energy of both reactants and products are 

minimum at equilibrium. . 
Because 

Statement-2: The free energy of reactants and products 
decreases with passage of time and become equal at 
equilibrium. 

17. Statement-I: Addition of inert gases at equilibrium will 
support the dissociation of PCls at constant temperature. 

Because 
Statement-2: The addition of inert gas at constant volume will 
not affect the equilibrium. 

SECTION-IV 
Matrix-Matching Type Questions 

This section contains 4 qJlestions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in List-I have to be matched with 
statements (p, q, rand s) in List-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 

p q r s 

a G ® 0 0 
b ®.e e G\ 
c G e0 (0 
d ® ® 0 0 

18. Match the List-I with List-II: 

List-I 

(a) A(g) B(g)+C(g) 

(b)A2(g)~ 2A(g) 

(d)N204(g)~ 2N02 (g) 

19. Match the List-I with List-II: 

List-I 
(Mathematical process) 

(a) Divided by n 

(b) Multiplied by n 

(c) Reaction is reversed 

(d) n-equations are added 

List-II 
. Ir--K--

(p)a::::.1 p 

VKp + 4P 

(q)a Jp ~~p 
Mre.ctant 

l+a 

(s) Forward shift on 
decreasing the 
pressure 

List-II 
(New equilibrium constant) 

(P)K n 

(q)~ 
K 

(r)Kl xK2 xK 3 x ... xKn 

(s) (K i 'n 
20. Match the List-I with List-II for the following reaction: 

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

List-I 

(a) Partial pressure of 
NH4 HS(s) 

(b)Kp 

(c) Total pressure at 
equilibrium 

(d) Kc 

List-II 

(P) PNH3 XPH2S 

(q) PNH3 + PH 2S 

(r) ( PNH 3 x PH2) (RT r2 

(s) Zero 

[ ,4~.-----------------I 
1. (b) 2. (b) 3. (c) 4. (a) 

9. (b. d) 10. (a, b) 11. (a, b, c) 12. (a, b) 

17. (b) 18. (a-q,r,s) (b-p,q,s) (c-q, r,s) (d-p,s) 

20. (a-s) (b-p) (c-q) (d-r) 

5. (d) 6. (d) 

13. (c) 14. (d) 

19. (a-s) (b-p) (c-q) (d-r) 

7. (a) 

15. (a) 

8. (a, b, d) 

16. (a) 


