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IChemicaI Equilibrium

Section (A) : Equilibrium and its properties

Introduction :

Equilibrium is a state in which there are no observable changes as time goes by. When a chemical
reaction has reached the equilibrium state, the concentrations of reactants and products remain constant
over time and there are no visible changes in the system. However, there is much activity at the molecular
level because reactant molecules continue to from product molecules while product molecules react to
yield reactant molecules. This dynamic situation is the subject of this chapter. Here we will discuss
different types of equilibrium reactions, the meaning of the equilibrium constant and its relationship to the

rate constant and factors that can disrupt a system at equilibrium.

Types of chemical reactions

\/

IRREVERSIBLE REACTION
The reaction which proceed
in one direction only
(a) Precipitation reactions e.g.

NaCl (aq) + AgNO,(ag) — NaNO,(ag) + AgCI}

(b) Neutralization reactions e.qg.

HCI (aq) + NaOH(aq) — NaCl(s) + H,O
(c) Reactions in open vessels with one
of the gaseous product

v

REVERSIBLE REACTION
Reactions which proceed in

both the direction. These are
possible only in closed vessel e.g.
(a) N,(g) + O,(g) == 2NO(g)

(b) PCI(g)==PCl (g) + Cl,(9)

Types of chemical reactions

Irreversible reaction

Reversible reaction

(b)

(c)
(d)

The reaction which proceeds in one direction (forward
direction) only.

Reactants are almost completely converted into products.
Products do not react to form reactants again.

Do not attain equilibrium state.
Such reactions are represented by single arrow {—}
Examples —

Precipitation reactions e.g.

NaCl(aq) + AgNOs(aq) — NaNOs(aq) + AgCl
Neutralization reactions e.g

HCI(aq) + NaOH(aq) — NaCl(aq) + H;O

2KCIO: () —2— 2KCI(s) + 30,(q)

Reactions in open vessel -

Even a reversible reaction will become irreversible if it is
carried out in open vessel. Ex.
CaCQjs(s) CaO(s) + COu(g)

NH,HS(s) NH3(g) + H25(g)

—_
B S

QOpen
vessel

—_—
_

(b)

The reaction which proceed in both the direction under the same
set of experimental conditions.

Reactants form products and products also react to form
reactants in backward direction. These are possible in closed
vessels .

Attain the equilibrium state and never go to completion.
Represented by double arrow (=== ) or (=)

Examples —

Homogeneous reactions- only one phase is present

(i) Gaseous phase—

Ha(g) + hig) —— 2HI(g)

Na(@) + Oa(g) 2NO(g) [Birkland eyde process (HNO3)]
Na(g) + 3Ha(g) 2NHz(g) (Haber's process)

(ii) Liquid phase——=

CH; COOH(l) + C:HsOH(l)
Heterogeneous reactions— than one phases are present
CaCOs(s) CaQ(s) + COq)

NHsHS(s) ——= NHa(g) + H:S(g)

—
_

CHsCOOC Hs(ly+ H20(l)

Closed
vessel

State of Chemical equilibrium :

State of equilibrium means the balance of driving forces i.e. the factors taking the reaction in forward
direction and the backword direction are balancing each other.
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The equilibrium state represents a compromise between two opposing tendencies.
° Molecules try to minimise energy.
° Molecules try to maximise entropy.

In areversible reaction like—

B Bk

Reactants =s——— Products

Initially only reactants are present. R1 and Rz combine to form P1 and P2. As soon as P1 and P2 are
formed, they start the backward reaction. As concentrations of R1 and Rz decrease rate of forward
reaction decreases and rate of backward reaction increases. Ultimately a stage is reached when both the
rates become equal. Such a state is known as “ Chemical Equilibrium” or “state of Equilibrium”.

At equilibrium :
(i) Rate of forward reaction (rf) = rate of backward reaction (ro)
(i) Concentration (mole/litre) of reactant and product remains constant with respect to time.

+ (R +R, > P, +P) 4
Forward reaction (r,) /Reactant
rate Concentration
Backward reaction (r,) Product
(P, +P, >R +R;)
'I'|me; Timr;
Equilibrium r,=r, Equilibrium
/.Reactan% [R,] and [R,] EProcluct
Concentration i Concentration
Froduct ;[P.] and [P] Reactant
Time Time
Equilibrium Equilibrium
Types of equilibria on the basis of process
Physical Chemical
Equilibrium Equilibrium
Equilibrium in physical Equilibrium in chemical
process is called physical process is called chemical
equilibrium. equilibrium.
For example For example
phase changes like H,(g) + Cl{g) == 2HCI(g)
H,O(l)==H,0(g) ;
Solvation like
NacCl(s) = NaCl{aq)

Types of equilibria on basis of physical state

Page| 2



_CHEMISTRY FOR JEE CHEMICAL EQUILIBRIUM

L 4

v v

Homogeneous equilibrium Heterogeneous equilibrium

When all reactants and products When more than one phase are

are in same phase present

H2(g) + Cl2(g) = 2HCI(g) 3Fe(s) + 4H20(g) = Fes0u4(s) + 4H2(g)
—_ —N

S0O2(g) + NO2(g) <= SO03(g) + NO(g) 2Naz202(s) + 2H20(¢Y)<—— 4NaOH + O2(g)

Characteristics of chemical equilibrium :

] The nature and the properties of the equilibrium state are the same regardless of the direction from which
it is achieved. It can be achieved from both direction.

° Equilibrium is dynamic in nature.

It means that reaction has not stopped. It appears that no change is occuring but But both the opposing
reactions are proceeding at the same rate. So there is no net change.Thus equilibrium is not static in
nature.

° A catalyst can alter the rate of approach of equilibrium but does not change the state of equilibrium. By
using catalyst, the equilibrium can be achieved in different (more/less) time, but the relative
concentrations of reactants and products are same irrespective of the presence or absence of a catalyst.

] Equilibrium can be observed by constancy of some observable properties like colour, pressure,
concentration, density, temperature, refractive index etc.which may be suitable in a given reaction.

® At equilibrium, free energy change AG =0

® Equilibrium state can be affected by altering factors like pressure, volume, concentration and temperature
etc.(Le chateliers Principle).

] System moves toward an equilibrium state spontaneously even if it is disturbed. It will return to original
state.

Ex-1. Consider the following cases :

Hotl, I
= 2Hl Fumace =T Rod T 2TZ Level of water
_____ becomes

Equilibrium state has — == ="= 4 constant
(I) been attained (IT) (IIT) H20(0)
The flow of energy in case (I) is same as that in—
(111 (2) 111 (3) Il and III (4) None

Sol. (4) None, Because in IT and III, the flow of energy or matter is taking place only in one direction. While in

equilibrium state, the flow of energy takes place in both directions equally. Thus (I) is a dynamic

equilibrium while states in II and III are called steady state (static equilibrium).
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Law of mass action : [By Guldberg and Waage]

Rate at which a substance reacts * [Active Mass of the substance]

Wtof substance (gram)
Molar wt. x Vol.(Litre)

Active Mass = Molar concentration i.e. Moles/Litres =
Itis represented in square brackets i.e. [ ] e.g. [A], [N2] etc.

The rate of a chemical reaction at a particular temperature is proportional to the product of active masses
of reactants raised to the powers of their stoichiometric coefficients.

Ex. aA + bB —- products

Rate of reaction a [A]2 [B]°
Rate = k [A]? [B]®,
where K is the rate constant of the reaction.

Solued Examples

Ex-2. Four vessel each of volume V = 10 Lilres contains

(1) 16 g CHa4 (2) 18 g H20 (3)35.5gCl2 (4) 44 g CO2
Which container will contain same molar concentration and same active mass as that in (1)?
16 18
Sol. (1) = [CH4=16x10=01Mm (2) = [H0]=18x10=0.1 M
35.5 44
(3) = [Cl]= 110 =0.05 M (4) =[Oy =44x10 =01 M

Hence, (2) and (4) has same molar concentration as that in (1).

Equilibrium constant (K) :
For a general reaction

aA +bB ¥=cC + dD,
Forward reaction rate rr = ki [A]2 [B]®°,
Backward reaction rate r, = ko [C]¢[D]¢,
At equilibrium  rf=rp

ke [A] [B]° = ko [C]¢ [D]°

The concentrations of reactants & products at equilibrium are related by

K¢ [Cr D"
Ky - ko = [AF" BF
@) Kc is a constant and is called the equilibrium constant in terms of concentration.

where all the concentrations are at equilibrium and are expressed in moles/litre.

[PCl,]  [Cl,]
eg.  PCls(g) ¥ PCl (g) + Cl(g) > ke=  [PCL]
INH, J*
e.g.  Nag) + 3Ha(g) T 2NHs(g) = Ke= NI M
1 1 [HI]
g 2Hag)+ 21(g) T HI(Q) A

Solved Exvamples

Page| 4



_CHEMISTRY FOR JEE CHEMICAL EQUILIBRIUM

L 4

Ex-3. In areaction A (g) + B (g) = C (g)+ D(g) , A, B, are mixed in a vessel at temperature T. The initial
concentration of A was twice the initial concentration of B. After the equilibrium is reached, concentration
of C was thrice the concentration of B Calculate Kc.

Sol. Let concentration of B initially is ‘a’ mole/litre
A + B~=C + D => An=0

att=0 2a a 0 0

att=teq 2a—X a-xX X X

Given that

3 [C] [O]
x=3@-x) = x=4a Ke = (Al [B]
Bl
4
e =) ) 9

K = (2a—x)(a-x) = Ke = 4 4 N Ke=5=18

O Kp — Equilibrium constant in terms of partial pressure. Itis defined for the equilibrium reaction which

contains at least one gaseous component.
e.g. aA(g) + bB(g) - cC(g) + dD(g)

Pl [Pl
ko= T [P2]

where various pressures are the partial pressures of various gases substancs.

—— Solued Examples

Ex-4. Calculate the expression for Kc and Kj if initially a moles of N2 and b moles of Hz is taken for the following

reaction.
N2(g) + 3Hz2(g) == 2NHs (g) (An < 0)(P, T, V given)
Sol. N2 (g) + 3H2(g) == 2NHs (g) (An < 0)(P, T, V given)
Att=0 a b 0
t=teg (@—-X%X) (b—=3%) 2X
a—x b-3x 2x
N = V H] = V INHs] = V

)
\
[a—x][b—Sx}3 4x*V?
AT | B —_
Ke = \Y \Y _ (a—x)(b-3x)
Total no. of moles at equilibrium = a + b — 2x

(a—x) (b-3x) (2x). P
Pel_a+b-2x P, (Lo a+b-2x p P, ] - a+b-2x

2 2
a+b-2x

P [[ﬁj P}[MT
Kp = |:|:)r\12][|:>|—<2]3 — a+b-2x) a+b-2x
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4x*. P?

(@a+b—2xy
. (@a—x)(b-3x)* (a+b-2x).4x*
" (a+b-2x)* _ P*(a-x)(b-3x)’

Kp =

O Relation between K, & Kc

PV = nRT or, P=VRT
n
P =CRT where C =V = (moles per litre)
Pc=[C]IRT; Po=[D]RT; Pa=[A]RT ; Ps=[B]RT
[CF(RTYDI'(RT)"  [CI'[OF
- ko = [AT(RTYBP(RT) _ [A]'[B] (RT)(+0) - (@+b)

Kp = Kc(RT)An

Where An = (¢ + d) — (a + b), calculation of An involves only gaseous components.

= An = sum of the number of moles of gaseous products — sum of the number of moles of gaseous

reactants. An can be positive, negative, zero or even fraction.

CaCOs (s) = CaO (s) + CO2(g)
An =1 (because there is only one gas component in the products and no gas component in the reaction)

= Kp = Ke.(RT)

Unit of Equilibrium contants :

o Unit of Kpis (atm)n
o Unit of K¢ is (mole/Lit)> = (conc.)®
Note: O In fact, equilibrium constant does not carry any unit because it is based upon the activities of

reactants and products and activities are unitless quantities. Under ordinary circumstances, where
activities are not known, above types of equilibrium constant and their units are employed.

O For pure solids and pure liquids, although they have their own active masses but they
remain constant during a chemical change (reaction). Therefore, these are taken to be unity for
the sake of convenience.

e.g. CaCOa(s) = CaO(s) + CO2(9)

Kc =[ CO2], Ke = Peo,

Sotued Evamples

Ex-5. Calculate kp and Kc if initially a moles of PCls is taken

PCls (g) = PCIs(g) + Cl2(g)

Sol. PCls (g) = PCIs(g) + Cl2(g)
Att=0 a 0 0
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Att:teq (a—X) X X
a—_x X X
[PCls]= V | [PClsl= V, [CL]=V

ol
e

Total no. of moles=a—-x+x+x=a+x

(a—-x)P x . P x . P
, [PCIQ]: a+X

[PPC\S]: a+X [PPC\.J]: a+ X

xP )y xP
(a+x}' (a+x}

a-x Pj x2P
Kp = ( a+Xx —a’-x°

° Calculating equilibrium concentrations

The concentration of various reactants and products can be calculated using the equilibrium constant
and the initial concentrations.

Sotued Examples

Ex-6. 1 mole of N2 and 3 moles of Hz are placed in 1L vessel. Find the concentration of NHs at equilibrium, if

4
equilibrium pressure is 1 atm and the equilibrium constant at 400K is 27
Sol.  Nz2(g) + 3H2(g) =— 2NHs(g) (An<0)
1mol 3 mol 0
1-x) (3-3x) 2X
Peq =1 atm, T =400 K
[NH,]? (2x)? 4
ke = NoT [HF _(3-3x)°(1-x) _27
X2
(1—x)4=1 = X = (1 —x)? > X2—-3x+1=0
3+/9-4 3+45
= X = 2 = x= 2
3+2.24 3-2.24
x= 2 or x= 2
524 076
x= 2 =262 or, x= 2
= x = 0.38 (since x cannot be greater than 1)

[NH3] =0.38 x 2= 0.76

Characteristics of equilibrium constant & factors affecting it :

] Equilibrium constant does not depend upon concentration of various reactants, presence of catalyst,

direction from which equilibrium is reached
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] The equilibrium constant does not give any idea about time taken to attain equilibrium.
] K depends on the stoichiometry of the reaction.
o} If two chemical reactions at equilibrium having equilibrium constants K1 and K2 are added

then the resulting equation has equilibrium constant K = K1 . Kz
Equation constant

A(g) = B(9) K
B(9) = C(9) Kz
On adding A(g) == C(g) K=Ki.Kz
1
o If the reaction having eq. constant K1 is reversed then resulting equation has eq. constant K,
A(9) + B(g) =— C(g) + D(g)
1
Onreversing, C(g) + D(9) S A(g) +B(g) K= K
o} If a chemical reaction having equilibrium constant Ki is multiplied by a factor n then the resulting
equation has equilibrium constant K = (K1)", n can be fraction
eq. D2(g) = 2A(0) Ki
S
Multiplying by 2 , 2 D2(g) :A(g) K= (K2 = ‘/E

— Solued Examples

Ex-7. The value of K. for the reaction, N2(g) + 202(g) = 2NO2(g) at a certain temperature is 400. calculate
the value of equilibrium constant for.

(i) 2NO2(g) ¥ N2(g) + 2 O2(g) ; (ii) 1/2 N2(g) + O2(g) ¥ NO2(g)

Sol. Equilibrium constant (Kc) for the reaction N2 (g)+ 202(g) ¥— 2NO2(q) is
INO,J?
ke = N0 T _ 400

[N,I[O,]" 1

(i) For the reaction 2NO2(g) ¥ N2(g)+ 202(g) , K'c = INO.I* _ K,
1
K'e= 400 = 0.0025 mole litre-2
(ii) For the reaction 1/2 N2(g) + O2(g) ¥ NO2(q)
[NO,]
K’c= N,1"*[O.] = ‘/E = K’ = V400 = 20 litre~¥2 mole—112
° Equilibrium constant is dependent only on the temperature.

It means kp and ke will remain constant at constant temperature no matter how much changes
are made in pressure, concentration, volume or catalyst.

O However if temperature is changed,
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k, AH
k, _ 2303 R

i

log T T ; AH = Enthalpy of reaction

If T2>Tithen K2 > Ky provided AH = +ve (endothermic reaction)
K2 < K1 if AH = —ve (exothermic reaction)

In the above equation, the unit of R and AH/T should be same.

° Relation between equilibrium constant & standard free energy change.

AG° = - 2.303 RT log K
Where AG° = standard free energy change

T = Absolute temperature,
R = universal gas constant.

— Selued Evamples

Ex-8. From the following data :

() H2(g) + CO2(g) = H20(g) + CO(qg) K2o000k = 4.4
(i) 2H20(g) = 2H2(g) + O2(g) K2o00k = 5.31 x 10710
(iii) 2CO(g) + O2(g) = 2C0O2(qg) K1oook = 2.24 x 10%2

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

Sol. Equation (i) = — [2 x (i) + (ii)]
1 1

K2 K, (4.4 x5.31x10"°

K2000 i) = =9.7 x 107

K T Tk ¥ = reaction is exothermic.

Section (B) : Calculation of Kr & Kcin homogenous equilibrium

Homogeneous liquid system : Formation of ethyl acetate :
The reaction between alcohol and acid to form ester is an example of homogeneous equilibrium in liquid
system.

—
CH3COOH(l) + C2HsOH(l) =—— CHsCOOC:Hs(l) + H20()

[CH,COOC,H; 1[H,0]
ke = [CHzCOOHI[C,H5OH]

— Selued Evamples

Ex-9. In an experiment starting with 1 mole of ethyl alcohol, 1 mole of acetic acid and 1 mole of water at T°C,
the equilibrium mixture on analysis shows that 54.3% of the acid is esterfied. Calculate the equilibrium
constant of this reaction.

Sol. CH3COOH(l) + C2HsOH(l) S CHsCOOC:zHs(l) + H20())
Initial 1 1 0 1
At equilibrium 1 —x 1-x X 1+x
1-0.543 1-0.543 0.543 1+0.543
1 x 543
(54.3% of 1 mole = 100 = 0.543 mole)

Hence given x = 0.543 mole

Page| 9



_CHEMISTRY FOR JEE CHEMICAL EQUILIBRIUM

L 4

[ester]lwater] 0543 x1.543
Applying law of mass action : Kc = [acid][alcohol] = 0.457x0.457 = 4

Section (C) : Reaction quotient
Applications of Equilibrium constant :

o Predicting the direction of the reaction
Reaction Quotient (Q)
At each point in a reaction, we can write a ratio of concentration terms having the same form as the
equilibrium constant expression. This ratio is called the reaction quotient denoted by symbol Q.
It helps in predicting the direction of a reaction.
[C° [DF*

a b
The expression Q = (A" [B] at any time during reaction

is called reaction quotient.The concentrations [C], [D],
[A], [B] are not necessarily at equilibrium.

3
=
f_j ......... -
g t
C Equilibrium
é reached
&
<]
@
0 Time >
° The reaction quotient is a variable quantity with time.
° It helps in predicting the direction of a reaction.
0 if Q > Kc reaction will proceed in backward direction until equilibrium in reached.
0 if Q < Kc reaction will proceed in forward direction until equilibrium is established.
o) if Q = K¢ Reaction is at equilibrium.

[ N
eg. 2A(9) +B(9) = C(9) + D(9)
Qc = Reaction quotient in terms of concentration
[CIID]
Qc = [AFBI

[Ce,[Dleq

ke = VAL

ea [Here all the conc. are at equilibrium]

— Solued Eramples

1
Ex-10. For the reaction NOBr (g) =— NO(g) + 2 Br2 (g)

Kp = 0.15 atm at 90°C. If NOBr, NO and Brz are mixed at this temperature having partial pressures 0.5
atm, 0.4 atm and 0.2 atm respectively, will Br2 be consumed or formed ?

[P, ] "Rl (0.2 [0.4]

sol. Q= [Resl - 10501 -g36
Ke =0.15
Qr > Kp
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Hence, reaction will shift in backward direction
Br2 will be consumed

o Predicting the extent of the reaction
Negigble I e
reaction 100 1 10°
_[Product]. nardly Boroacart ek pests
d product
k = [Reactant] proceeds e

Case-l : If K is large (k > 103) then product concentration is very very larger than the reactant ([Product]
>>[Reactant]) Hence concentration of reactant can be neglected with respect to the product. In this case,
the reaction is product favourable and equilibrium will be more in forward direction than in backward
direction.

Case-ll : If Kis very small (K < 1073)

[Product] << [Reactant]
Hence concentration of Product can be neglected as compared to the reactant.
In this case, the reaction is reactant favourable.

Sotued Examples

Ex-11. The Kp values for three reactions are 10> , 20 and 300 then what will be the correct order of the
percentage composition of the products.

Sol. Since Kp order is 105 < 20 < 300 so the percentage composition of products will be greatest for
Kp = 300.

Section (D) : Degree of dissociation (a)
It is the fraction of one mole dissociated into the products.
(Defined for one mole of substance)
So, a =no. of moles dissociated / initial no. of moles taken
= fraction of moles dissociated out of 1 mole.

Note : % dissociation = a x 100

2
Suppose 5 moles of PCls is taken and if 2 moles of PCls dissociated then a = ©=04
Let a gas An dissociates to give n moles of A as follows-

—_—
An(@) = nA(9)
t=0 a 0
X
t=teg a—x n.x a=2 = X = ad

a—aa=a(l-a) naa
Total no.of moles=a—-aa+naa

=[1+(n-21a]a

Significance of n

sum of stoichiometric coefficient of product
sum of coefficient of reactants

n=
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(i) for PCls(g) == PCls(g) + Cl2(q) (n=2)

3 1
(ii) for 2NHs(g) =— N2(g) + 3H2(g) (n=2+ 2=2)
iy  for 2HI(g) == Hz(g) + I2(g) (n=1)

— Solued Evamples

Ex-12. Calculate the degree of dissociation and Kp for the following reaction.

PCls(g) <— PCls(g) + Clz(g)
t=0 a 0 0
t=t a—Xx X X

Since for a mole, x moles are dissociated

X
Sol. For 1 mole, & moles = a are dissociated
X=aa
—
PCls(g) =— PClx(g) + Cl2(g)
At t=teq a—aa aa aa

Total no. of moles at equilibrium=a+aa=a(1+a)

a(l-a) P a a . P a o
Peo, - a(1+a) Prc, - @ (1+0) Po, - @ (1+a) p
( oaP
1+ a
(1—01]'3 ol .2P
Ke= \1+0 Ke = 19" (Remember)
Observed molecular weight and Observed Vapour Density of the mixture
molecular weight of A (g) aM,

Observed molecular weight of Ax(g) = total no. of moles at equilibrium _ a(1+(n-1)a)

Mth
Mops = L1+ (N—="1)a]

where Mw = theoritical molecular weight (n = atomicity)
M,
_[M+(n-Da] M

Mmixture = A = Molar mass of gas An

Vapour density (V.D). : Density of the gas divided by density of hydrogen under same temp &
pressure is called vapour density.

M,
@) D = vapour density without dissociation = 2
IVlmix
d = vapour density of mixture = observed v.d. = 2
b
d=1+(n-1)a
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where Mt = Theoritical molecular wt. Mo = observed molecular wt. or molecular wt. of the mixture at

equilibrium.

Note : Itis not applicable for n = 1 [eg. Dissociation of HI & NOJ.

— Solved Evamples

Ex-13.
NO: if 100g of N2O4 were taken initially.

N204(g) = 2NO2(g)
Mmix =2 x 38.3 = 76.6

Sol.

The vapour density of a mixture containing NO2 and N20g4 is 38.3 at 33°C calculate the no. of moles of

My, 92
Mmx = 112 = 1+a = q=02
N204 S 2NO2
t=0 a 0
t=t a—aa 2aa
2x100x0.2
no. of moles of NO2 =2aq = 92 =0.435

Section (E) : Heterogenous Equilibrium

For pure solid and pure liquid, active
throughout the reaction

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

PCOA

>, Ke =[CO2(g)]
WCa003
Mcaco3

Kp =

moles

mass is taken to be unity i.e. 1 as they remain constant

density CaCO,

v M

[CaCOs(s)] = Volume =

[CaO(s)I[CO,(9)]
[CaCO,4(s)]

K=
K.[CaCO,(s)]
[CaO(s)]

Ke = [CO2(g)]

= [CO2(g)]

H20(l) == H20(g)
Kp =, Kc = [H20 (9)]

Caco, = constant

[For pure solid and pure liquid active mass is taken as unity i.e. = 1]

— Solued Eramples

Ex-14. In areaction C(s) + CO2(g) = 2C0O(9g),
Calculate Kp.

Sol C(s) + COz2(g) = 2CO(g)
t=0 a 0

the equilibrium pressure is 12 atm. If 50% of CO2 reacts.
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a -2
t=teq a- 2 2
Peq = 12 atm
1 2 1 2
XCOZ:§'XCO:§ : P002:§x12:4 : Pcozgx]_z:g
8x8
Ke= 4 =16

O EQUATION INVOLVING IONS: :
Equilibrium involving ions always take place in aquous medium . In case of expression of Kc concentration

of ion is taken.
1

Ag*(aq.) + Cl(aq.) =— AgCI(s) Kc= [Ag'lICI']

Section (F) : Thermodynamics of Equilibrium
For a general reaction, mA + nB ~— pC + gD, AG is given by-
AG = AG®+ 2.303 RT log10Q
where AG = Gibb's Free energy change

AGO = Standard Gibb's Free energy change

Q = reaction quotient
Since, at equlibrium, Q = K
Here K is thermodynamic equilibrium constant replacing K¢ or Kp

(@) (ap)

K= (@)" (@) ; Here ax denotes the activity of X.
In fact, ‘ax’ is the ratio of the activity of substance at equilibrium and its activity in standard condition. That
is why it is unitless and K is also unitless.

Note : (i) Themodynamic equilibrium constant is unitless since activity is unitless.

(i) For pure solids & pure liquids, activity is unity.
(i) For gases (ideal behaviour), the activity is its partial pressure (in atm).
(iv) For components in solution, activity is molar concentration.
At equilibrium, AG=0

= AGP® = - 2.303 RT logioK
Now since, AGO = AH? — TAS®
where AH° = Standard enthalpy change of the reaction

AS° = Standard entropy change

= - 2.303 RT logioK = AH? — TAS®
AH° 1 AS°®
= logioK =— 2-303  RT 4+ 2.303R
1 AH° AS®

If plot of In k vs Tis plotted then it is a straight line with slope = — R and intercept = R
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0 T or /T — 0 T or1IT —
Endothermic reaction Exothermic reaction
—AHP AS°

Slope = 2.303R = tanp y intercept = 2.303R

If at temperature T1, equilibrium constant is K1 and at Tz, it is Kz then ;
-AHe 1 ASP®
logioks = 2:303R _Ti ;. 2.303R

—-AH° i AS®
log1oK2 = 2.303R | T + 2.303R

[Assuming AH® and AS° remains constant in this temperature range.]
Subtract eq. (i) from (i) we get Vant Hoff equation-

[ﬁ} AHe {i_iJ
log K, - 2.303R T, T

Note : O AH should be substituted with sign.
O Unit of AH/T and gas constant R should be same.
O For endothermic (AH > 0) reaction value of the equilibrium constant increases with the rise in
temperature
O For exothermic (AH < 0) reaction, value of the equilibrium constant decreases with increase in
temperature
Condition for Spontaneity : AG <0 for spontaneous process or reaction.
Since, AG =AH -TAS
= AH-TAS <0 = T > AH/AS
* AG > 0 for non-spontaneous process or reaction.
* AG = 0 for equilibrium.
Solued Examples
Ex-15. Variation of equilibrium constant K with temperature T is given by van't Hoff equation,

AH®

ogK = log A 2303 RT

A graph between log K and T-! was a straight line as shown in the figure and having 6 = tan-! (0.5) and
OP = 10. Calculate :
(a) AH° (standard heat of reaction) when T = 300 K,

(b) A (pre-exponential factor),
(c) Equilibrium constant K, at 300 K,
(d) K at 900 K if AH° is independent of temperature.
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(b)

(€)

(d)

L 4

AH°

|Oglo K= |OglO A— 2303 RT

It is an equation of a straight line of the type y = ¢ + mx
AH°

Slope ‘'m’ = tan@ = 2303 R

AH°

_ 2.303 x8.314

0.5 AH° =9.574 J mol-

Intercept ‘c’ = logio A = 10 A =101
9.574
log K = 10 — 2-303x8.314x298 K =9.96 x 10°

Ky AH J1_ 1
K,)_2303 R [T, T,

K, 9.574 {1_1}
log 9-96x10° = 2.303x8.314 (298 798

On solving K2=19.98 x 10°

log

Ans. (a) 9.574 J mol™; (b) A =10%; (c) 9.96 x10°; (d) 9.98 x 10°

Section (G) :

Le-chatelier's principle

External factors affecting equilibrium :

Le Chatelier's Principle:

If a change is applied to the system at equilibrium, then equilibrium will be shifted in that direction in which
it can minimise the effect of change applied and the equilibrium is established again under new conditions.

] Effect of concentration : If the concentration of a component is increased, reaction shifts in a direction

which tends to decrease its concentration. e.g. In the following example.

Note :

N2 (9) +3H2(9) <~ 2NHs(9)
[reactant] T Forward shift

[Product] T Backward shift

If concentration of reactant is increased at equilibrium then reaction shifts in the forward direction

If concentration of product is increased then reaction shifts in the backward direction

The addition of any solid component does not affect the equilibrium.
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° Effect of volume :

O If volume is increased, pressure decreases hence reaction will shift in the direction in which

pressure
increases that is in the direction in which number of moles of gases increases and vice versa.

O If volume is increased then, for

Ang > 0 reaction will shift in the forward direction

Ang < 0 reaction will shift in the backward direction

Ang = 0 reaction will not shift. eg. Hz(g) + 12(g) == 2HI(g) (No effect)
Explanation :
(i) Ang > 0, eg. PCls(g) == PCIls(g) + Cl2 (g)

(ng,) § (Negy,)
V \Y
(nF‘C\5 ) 1

Qc = v = Qc =V for Ang>0 [0 = moles]
On increasing V, Qc, decreases.
Now, for Qc < Kc reaction will shift in forward direction.

Thus, if, Volume T Qc ¥ (Forward shift)
Volume + Qc T (Backward shift)
- —_—
(i) Ang < 0, eg. Nz2(g) + 3H2(g) <~ 2NHs(g)

5

Y
{(nwz )} {(nm )F
Qc = v v = Qc * V2 for Ang<0
v T oc T (Backward shift)y V ¥ Qc ¥ (Forward shift)
® Effect of pressure :

On increasing pressure, equilibrium will shift in the direction in which pressure decreases i.e. no. of moles
in the reaction decreases and vice versa.
i P *no. of moles

(i) For Ang=0 > No. effects

(i) For Ang > 0, PCls(g) = PCls(g) + Cl2(qg)
(Xpe,P)- (Xe,P)

Qp= (Xpe,- P) = Qpr * P [X = mole fraction]
p i ; Qp J’; (Forward shift) [P = Total pressure at equilibrium]
p T ; Qp T ; (Backward shift)
(i)  ForAn<o0, eg. Na(g) + 3H2(@) == 2NHs(g)
[(X, ) )] 1
Qp = [( Xy,)- PI(Xy, ) PP _ Qe x P2
Pt ; Qet ; (Forward shift) ; P1; Qrt ; (Backward shift)
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Ex-16.

Sol.

L 4

Effect of catalyst :

Due to catalyst, the state of equilibrium is not affected i.e. no shift will occur as catalyst lowers the
activation energy of both the forward & reverse reaction by same amount, thus altering the forward &
reverse rate equally and hence, the equilibrium will be attained faster i.e time taken to reach the
equilibrium is less.

Effect of inert gas addition :

() At constant volume : Inert gas addition has no effect at constant volume
(i) At constant pressure : If inert gas is added then to maintain the pressure constant, volume is
increased. Hence equilibrium will shift in the direction in which larger no. of moles of gas is formed

() Ang > 0, reaction will shift in the forward direction

(ii) Ang < 0, reaction will shift in the backward direction

(i) Ang = 0, no effect
Effect of temperature :
0] Exothermic reaction : The reaction in which heat is evolved
A(Q) +B(g) = C(g) + D(g) + Heat AH=-ve
eg. N2(g) + 3H2(g) = 2NHs(g) + Heat

TT = K will decrease (from vant’ hoff equation)

K AR (11
_ 2303 R\T, T,

log K,
ﬁ
log K- <0 = log Ki —log K2>0
= log K1 > log Kz
= Ki> Kz

Reaction will shift in backward direction.

T L= K will increases.
Reaction will shift in forward direction.

(i) Endothermic reaction : energy consumed.
A(@) +B(@) < C(g) +D(g) —Heat  --AH=+ve
TT=«T= Forward ; TV = k¥ = Backward

The volume of a closed reaction vessel in which the equilibrium, 2S02(g) + O2(g) S 2S03(g) is halved,
Now

(1) The rates of forward and backward reactions will remains the same.

(2) The equilibrium will not shift.

(3) the equilibrium will shift to the right.

(4) The rate of forward reaction will become double that of reverse reaction and the equilibrium will shift
to the right.

(4) In the reaction, 2S0:(g) + O2(g) ¥ 2S03(g)

In this reaction three moles (or volumes) of reactants are converted into two moles (or volumes) of
products i.e. there is a decreases in volume and so if the volume of the reaction vessel is halved the
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equilibrium will be shifted to the right i.e. more product will be formed and the rate of forward reaction will
incerases i.e. double that of reverse reaction.

Application of le chatelier’s principle : Practical equilibrium situations :
° Vapour Pressure of Liquid :

It is the pressure exerted by the vapours over it's liquid when it is in equilibrium with the liquid. Vapour
pressure of water is also called aqueous tension.

N ) _ PH'O _ i
H20 (/) ~— H20 (g) ; Kp= ™°=constant at fixed temperature

Hence V.P. of liquid is independent of pressure, volume and concentration change.
e.g. at 25°C, vapour pressure of water 24 mm of Hg

Partial pressure of H,O vapours
Vapour pressure of H,O at that temp.

Relative Humidity =

° Formation of diamond :
. — .
C (graphite) ~— C (diamond) — Heat; AH =+ ve
! !
Density Low Density High
Volume High Volume Low

Formation of diamond is favourable at high pressure and high temperature

® Melting of ice:
—_
HO(s) ~— H20 (¥) ; AH =+ ve
! !
Density Low Density High
Volume High Volume Low

Melting of ice is favourable at high temperature and high pressure.

® Boiling of water :
H0()  ~— H20(g)

! i
Density High Density Low
Volume Low Volume High
On incerasing pressure, equilibrium will shift in the direction in which volume is decreasing i.e. backward.
Hence, on incerasing pressure, the boiling point increases.

] Formation of ammonia by Haber’s process :

N2(g) + 3H2(g) ~— 2NHz (g) AH =-22.4 Kcal/mol.

(i) The reaction will shift in the forward direction at low temperature, but at very low temperature the rate
of reaction becomes very low; thus moderate temperature is used for this reaction.
(i) At high pressure, reaction will shift in forward direction to form more product.

] Manufacturing of SOz by contact process

_
2S0a(a) + Oa(a) 2S0Oa(a) + 45 2 kcal
7 X7 7
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High pressure (1.5 to 1.7 atm), Low temperature (500°C), Higher qunatity of SOz and O: are favourable
conditions for the formation of SOa.

Manufacturing of NO by Birkeland—Eyde process
N2(g) + O2(g) ~— 2 NO(g) — 43.2 kcal

O No effect on change of pressure
O High temperature (1200 °C to 2000 °C), High concentration of N2 and O are favourable condition
for

the formation of NO.

Solued Examples

Ex-17. The equilibrium constant of the reaction at 25°C

CuS04.5H20 (s) =~ CuS04.3H20(s) + 2H20(9)
is 1.084 x 10~* atm?. Find out under what conditions of relative humidity, CuS0O4.5H20 will start loosing
its water of crystallization according to above reaction. (Vapour pressure of water at 25°C is 24 mm of

Hg).
2
Kp= (PHzO) so PHQO — 1.084 x1 0_4

Sol. =1.041 x 102 atm 8 mm of Hg
O Ifin a room, pressure of water is greater than 8 mm of Hg then CuS04.3H20 will absorb water from
air and will form CuS04.5H20 & will keep absorbing until partial pressure of H20 becomes 8 mm of Hg.
O If Pao o 8 mm of Hg then CuS04.5H20 will loose water of crystallization and reaction will move in
forward direction.

8

i.e. If relative humidity < 24 < 33.33%
then CuS04.5H20 will loose water of crystallization.
Simultaneous Equilibrium :
If in any container there are two or more equilibria existing simultaneously involving one or more than
one common species. Then in both/all equilibrium the concentration of common species is the total
concentration of that species due to all the equilibria under consideration.

e.g. A(s) S X(g) + Y(9)

t=0 a 0 0
t=teq a-—t t t+u
—_

B(s) ~— Z(9) + Y(9)
b 0 0
b-u u u +t
Kei=t(u+t)
Kez=(u+t)u

Solued Examples

Ex-18. 102 g of solid NH4HS is taken in the 2L evacuated flask at 57°C. Following two equilibrium exist

simultaneously
—_
NHsHS (s) ~— NHz(g) + H2S (g)
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1 3
NHs (g) = 2N2(g) + 2 H:(g)
one mole of the solid decomposes to maintain both the equilibrium and 0.75 mole of H2 was found at the
equilibrium then find the equilibrium concentration of all the species and Kc for both the reaction.
102

Moles of NHsHS = 91 =2

Sol.
NH4HS (s) = NHz(g) + H:S (g) Ke,
2 0 0
1 1-x 1
3
NH3(g) == Na(g) + 2 Ha(g) e,
X 3
1-x 2 2
3x 1
Given that moles of Hz = 2 = 0.75 => X = 2
10-x)_1
Ka=2 2 8 [Since V = 2 L]
(SXJ:*./Z(X Yo 3 3/2 1 1%
\4) \4) (8] (8]
[1_)( T (3)"2 N )i
Kcz = 2 = 4 - 64 1 16
MISCELLANEOUS SOLVED PROBLEMS (MSPS)
1. A vessel contain 5 mole of A & 10 mople of B, total pressure of vessel is 18 atm. Calculate the Pg & Pa
5 10
Ans. Pa=9+10 x18=6 pPg=15 x18=12
2. What should be the relationship between Kz and K, if the equilibrium constant of the reaction given below
are K1 and Kz respectively ?
1
2502(g) + 02(g) S 2505(g) SO2(g) + 2 Oz(g) T SOs(g)
(1) K2 =K1 (2) K2 = \/E (3) Ka=Ks (4) 2K2 = K1
1
Ans.  2SOx(g) + O2(g) == 2S0s(g) + 2 O2(g) ==>S0s(g)
[SO,) [SOs]
K, = [SO,F[O;] «, = [S0;1[0;]
Therefore, Kz = ‘/E
3. What should be the value of Kc for the reaction 2SOz + Oz) S 2S03(g). If the amount are SOs3 =
489, SO2 = 12.8 and O2 = 9.6 at equilibrium and the volume of the container is one litre ?
(1) 64 (2) 0.30 (3) 42 (4)8.5
Ans.  2S0a(g) + Oa(g) == 250s(g)
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[SO,F*
Kc = [SO.FIO,] Concentration in gram mole/litre, therefore
48
[SOs] = 80x1 (Where 80 is molecular weight of SO3)
128
[SO2] = 64 x1 (Where 64 is molecular weight of SO2)
9.6
[O2] = 32x1 (Where 32 is molecular weight of O>)

5

80
2%

Thus, Kc=* 84 / 132 ) -¢30

If 0.5 mole H: is reacted with 0.5 mole Iz in a ten-litre container at 444°C and at same temperature value
of equilibrium constant Kc is 49, the ratio of [H] and [l2] will be :

1 1
(1)7 @7 (3) \ﬁ (4) 49
Ha(g) + la(g) == 2HI(g)
[HIF

Ke = [Malll] if [Hz] = [12]

[HIf
ke= L [HI]? = Ke % [I2]2

[HIP [HI1]

or = [.1 Kc or [I—Z]z\/Kiz\/E=7

1.1 mole of A mixed with 2.2 mole of B and the mixture is kept in a 1 litre at the equilibrium A + 2B =—
2C + D is reached. At equilibrium 0.2 mole of C is formed then the value of K¢ will be :

—_—

A + 2B - 2C + D
Initial mole 1.1 2.2 0 0
At Eq. 1.1-x 2.2-2x 2X X
1.1-0.1 22-0.2 0.2 0.1
1 2 0.2 0.1
1 2
Active mass 1 1 0.2 0.1
[CI*[D] 7X£xl 1
10 10 10 _ '
Ke = [A][B]2 - 1x2x2 — 1000 - 0.001

For the reaction A + 2B =~ 2C + D, initial concentration of A is a and that of B is 1.5 times that of A.

Concentration of A and D are same at equilibrium. What should be the concentration of B at equilibrium
?

a a 3a
1) 4 () 2 (3) 4 (4) All of the above
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Ans. A + 2B < 2C + D
a 1.5a 0 0 No. of initial mole
(a—x) (1.5a - 2x) 2X X No. of moles at equilibrium
Concentration of A and D are same at equilibrium.
ax =X
2x=a
a
x= 2
Therefore, concentration of B = 1.5 (a) — 2(a/2)
[B]=0.5a
a
[B] = 2
7. In the reaction, N2 + O2 =— 2NO, the moles/litre of N2, O2 and NO respectively 0.25, 0.05 and 1.0 at
equilibrium, the initial concentration of N2 and O will respectively be :
(1) 0.75 mol/litre, 0.55 mole/litre (2) 0.50 molel/litre, 0.75 mole/litre
(3) 0.25 molel/litre, 0.50 mole/ litre (4) 0.25 molel/litre, 1.0 mole/litre
Ans. N + 02 =— 2NO 2x = 1.0 mole/litre
a b 0 x = 1.0/2 molel/litre = 0.50 mole/litre
(a-x) (b—x) 2x

Ifa—x=0.25b-x=0.05
[N)]=a=a—-x+x=0.25+ 0.50 = 0.75 mole/litre

8. Value of Kc at 300°C for N2 + Oz S 2NO is 9 x 10~ and equilibrium amounts of N2 and Oz are used.
The concentration of NO at equilibrium will be
(1) 0.0148 a (2) 0.296 a (3)0.148 a (4) 0.0296 a
Ans. N + 02 — 2NO Kc=9x 10
a a 0 Initial mole
(a-—x) (a—x) 2X Mole at equilibrium
[NOT 4x?
ke = N=1I0:1_(a ~X) _gx 104
2X
a-X-— \/Qx'IO’4 =3x 102
2x =0.03 (a—x)
2x =0.03x = 0.03a or 2x =0.03a—-0.03 x
2x+0.03x=0.03 a or 2.03x=0.03 a
x =0.0148 a Therefore 2x = 0.0296a
9. One mole PCIs is heated in a closed container of one litre capacity. At equilibrium 20% PCls is not
dissociated. What should be the value of K¢ ?
1) (3-2)1 (2) 3.2 3)2.4 (4) 42
Ans. PCls S PClzs + Clz (20% is not dissociated, i.e., 80% is dissociated)
1 0 0
(1-0.8) 0.8 0.8

Page| 23



_CHEMISTRY FOR JEE CHEMICAL EQUILIBRIUM

10.

Ans.

11.

Ans.

12.

Ans.

13.
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[PCLIICL,] 0.8x0.8
ke= [PCLI - 02 =3

In the reaction, PCls<—Clz, the amount of each PCls, PClz and Cl2 is 2 mole at equilibrium and total
pressure is 3 atmosphere. The value of Kp will be

(1) 1.0 atm (2) 3.0 atm (3) 2.9 atm (4) 6.0 atm
PCls =<— PClzk + Clz
2 2 2

Total mole of equilibrium =2+ 2+ 2 =6 mole
and total pressure (P) = 3 atm

Peci,Pal,
Kp = W
2 2 2
(pPC|3):6x3:1 7 (pmz):gx3:1 7 (pPC|5)6:X3:1
1x1
AKe= 1 latm

How many moles per litre of PCls has to be taken to obtain 0.1 mole Clz, if the value of equilibrium contant
Kcis 0.04 ?

(1) 1.15 (2) 0.25 (3) 0.35 (4) 0.05
PCls(g) S PCl(g) +  Ch(g) Herea="?
Initial mole a 0 0 V=1 litre
Mole at a—Xx X X Kc =0.04
equilibrium
x? 0.1x0.1

Ke= (@-x)V _ V(@-x)
0.1x0.1 1
a—x= 1x004 =4-025
a=a—-x+x=025+0.10=0.35

At 227°C, 60% of 2 gram moles of PCls gets dissociated in a two litre container. The value of K, will be

(1) 450 R (2) 400 R 3)50 R (4) 100 R

PCls S PCl;  +  Ch Initial mole

2-12 12 12

2 2 2 Mole at equilibrium
x2 12x12

Ke = V(a-x)_-2(2-12)

12x12
Ke=2%080=09

Kp=Kc x (RT)!=0.9 x (R x 500) = 450 R

The reaction, PCls =— PCls + Clz is statrted in a five litre container by taking one mole of PCls. If 0.3
mole of PCls is there at equilibrium, the total mole and concentration of PCls and Kc will respectively be
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49 23
(1) 0.70, 0.14, 190 (2) 0.30, 0.12, 100
23 49
(3) 0.10, 0.07, 100 (4) 0.05, 20, 150
Ans.  PCls - PCls +  Ch
1 0 0 Initial mole
1-07 0.7 0.7
5 5 5

Conc. at equilibrium
Total mole of PCls = 0.7

Concentration = 0.14
2

X 0.7x0.7 49
ke= (1-X)V _ 03x5 _150

14. When sulphur in the form of Sg is heated at 900 K, the initial pressure of 1 atm falls by 29% at equilibrium.
This is because of conversion of some Sg to Sz. Find the value of equilibrium constant for this reaction.

Sol. Se(g) ~— 4S2(g)
Initial pressure 1 atm 0
Eq. Pressure  (1-x) atm 4x atm
But x =0.29 atm

Ps=1-x =1-029=0.71 atm
Ps. = 4x = 4 x 029 = 1.16 atm

(PS;)*  (1.16)"
Kp= PSe = 071 =255 am?

15. The K, for the reaction, N2Os =— 2NO:2 is 640 mm at 775K. Calculate the percentage dissociation of
N204 at equilibrium pressure of 160 mm. At what pressure the dissociation will be 50% ?
Sol. Suppose number of moles of N2O4 taken = 1 mol

Degree of dissociation = a
N0y 2NO>
Initial moles 1 mol 0
At Eq. (1—x) mol 2a mol
Total number of moles at equilibrium=1-a+2a=1+a
(1-0a)
Let P be the total pressure at equilibrium, then = Poo, = (1+0) P

2a
PNOz :(1+G) x P

2a x P
. La-o
PNOz |:1 - P} 402
NG N 4o
szpNZO“: 1+ a :(1+0',)(1—C()XP
Substituting Kp = 640 mm and P = 160 mm
4¢?

640= 1-9° x 160
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a=0.707 ot 70%
For 50% dissociation, a = 0.5, Substituting the value of Kp and a in equation (i)
4(0.5)*
ea0= 1-(05F ,p P = 480 mm

16. At 540 K, 0.10 mol of PCls are heated in a 8.0 L flask. The pressure of the equilibrium mixture is found to
be 1.0 bar. Calcualted K, and K. for the reaction.

Sol. PCls - PClz + Clz
Initial moles 0.1 0 0
At. Eq. 0.1-x X X

Total number of moles at equilibrium = (0.1 —x) + X + x = 0.1 + X
But total number of moles,

PV 1 bar x8L
n= RT =0.083 L bar mol™ K7 x540K_ g
0.1+x=0.18
x = 0.08

0.1-0.08
[PClsl= 8 M=25x103M

0.08
[PChl= 8 M=0.01M

0.08

[Clg] = 8 M=001M
[PCLICL,]  0.01x0.01
Ke = [PC|5] = 25x107 =4 x 1072

Kp = Ke (RT)® = 4 x 102 x (0.083 x 540) = 1.79 bar

17. The Kp value for the reaction Hz + I =— 2HI at 460°C is 49. If the initial pressure of Hz and Iz is 0.5 bar
respectively, determine the partial pressure of each has at equilibrium.
Sol. Hz + I2 = 2HI
Initial pressure (bar) 0.5 0.5 0
Eq. Pressure (0.5-x) (0.5-x) 2X
(PH| )2 (2X)2
Kp = PHz x P'z = (05 - X)(05 - X)
(2x)*
49 = (0.5 —x)?
2X

7= (05-%) or x = 0.389

Ph. = 0.5 - x = 0.5 0.389 = 0.111 bar
P.=0.5-x=0.5-0.389=0.111 bar
Pri = 2x = 2 x 0.389 = 0.788 bar
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When 3.06 g of solid NH4HS is introduced into two litre evacualted flask at 27°C, 30% of the solid
decomposes into gaseous ammonia and hydrogen sulphide.

(i) Calculate Kp and K, for the reaction at 27°C.

(i) What would happen to the equilibrium when more solid NH4HS is introduced into the flask ?

(i) NH4HS(s) = NHs(g) + H2S(g)

3.06x 30
mass of NH4HS decomposed = 100 -0.018 g
0.918
Moles of NH4HS decomposed = 51 =0.018
Moles of NH3z formed = 0.018 Moles of H2S formed = 0.018
0.18 0.018
[NH3] = 2 =0.009 M [H2S] :T: 0.009 M
[NH;1H,S]  0.009x0.009
ko= [NHHS] - 1 =8.1x 10

Kp = Kc % (RT)A" = 8.1 x 1075 x (0.083 x 300)2 = 5.02 x 102 bar?
(i) Since conc. of solid NH4HS remains same no matter how much of it is present, addition of solid NH4HS
would not distrub the equilibrium.

At certain temperature, the equilibrium constant (Kc) is 16 for the reaction,

SO2(g) + NO2(g) == SOs(g) + NO(g).
If we take one molw each each of all the four gases in 1 L container, what be comcentration of NO and
NO: at equilibrium ?
SOz(g) + NO2(g) == SOs(g) = NO(g)
Suppose x moles of SO2 react with x moles of NO:z to form x moles of SOs and x moles of No to attain
equilibrium. The equilibrium concentration, therefore woud be

[SO2] = (1 —x) mol L2 [NO2] = (1—x) mol Lt ;

[SOs] = (1 + x) mole L2; [NO] = (1 + x) miole L™

[SO,IINO]  (1+x)(1+x)
ke = [SO:INO,] - (1-x)(1-x) = 16

(1+x)? (1+x)
(1-x) _ 16 or (1-x) =4

3
1+x=4—-4x or5x=3 or x =2 =0.6 mole

[NOz] = (1 - x) = (1 - 0.6) = 0.4 mol L
[NO]=(1+x)=(1+0.6)=1.6mol L

At 340 K, Kp for the reaction, N204 () — 2NO2(g) is 0.8 bar. Calculate the per cent dissociation of N2O4
at 340 K and a total pressure of 1 bar.

(Puo, )’

Kp = (Pro,) = 0.8 bar

Pue, + Puo, =1 bar
Let P“Oz be x bar

PNzoa =01 _x)Ybar
\ 7
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21.

Sol.

22.

Sol.

L 4

X
K, = (1-%)

x2
0.8 = 1-X or x2+0.8x-0.8=00rx=0.58
Puo, - 0.58 bar and Puo, = (1-0.58) = 0.42 bar

Since each mole of N204 on dissociation producess 2 moles of NO2, the initial pressure of N204 (PNan)
is given as
1 058
p° N204 = Puoiy 2P0, 042+ 2 =071 bar
1
2 Pno, 0.29

n=PMNOy  100= 0.71 x 100 = 40.8%

Percent dissociatio

1

Nitrogen and hydrogen react to form ammonia as per the reaction, 2 N2(g) + 3/2H2(g) = NHs (9)
When the mixture of the three gases is in equilibrium predict whether the amount of ammonia increases
or decreases if

(i) The pressure on the system is increased,

(ii) The temperature of the system is raised,

(iii) The concentration of hydrogen is increased.

(i) When pressure is increased, equilibrium shifts to that direction in which pressure decreases i.e. in the
direction in which the number i of moles of gases decreases. hence, the reaction shifts in the forward
direction and thus the amount of NHs increases.

(i) As the forward reaction is exthormic, increases of temperature will shifts the equilibrium in the back
directiuon (endothermic direction) and thus the amout of Nh2 decreases.

(iii) On increasing the concentration of Hz the equilibrium will shifts in the forward direction and thus the
amount of NHs increases.

An endothermic reaction, A(g) + 2B(g) 2C(g)
is in equilibrium at a certain temperature. can we increase the amount of C by
(i) adding catalyst (i) Increasing pressure (iii) Increasing temperature

No, because catalyst does not distrub the equilibrium state

(ii) Yes, because increase in pressure will shift the equilibrium in forward direction as the number of moles
of products is less than that of reactants.

(iii) Yes, because increase in temperature would shift the reaction in the forward direction 9endothermic
direction)
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