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CHEMICAL EQUILIBRIUM

Topic-2
Relationship between Kc and Kp, Le-Chatelier’s principle, its application and
numericals.

LONG ANSWER QUESTIONS

1. Deriverelationship between Kcand Kp?
Ans:

RELATION BETWEEN Kp AND K¢

For ageneral equation,
aA +bB =—=cC+dD
Where, a, b, c and d are coefficients of the reacting substance

Kp = (Po)° (o) / (Pa)® (Pe)”

From gas equation
PV =nRT => P=n/VRT

So, Pa =[A]RT’ Ps = [B]RT
Pc = [C]RT; P, = [D]RT
Hence, Kp = ((CIRTS(D]RT)?/ ([AIRT)?/ (|B]RT)"

Or, Kp =] [C]d[D]d/ [A]B[B]b x (RT)[(c+d)_(a+b)]
Where Ang = {(C + d) - (a+ b)} = Change in the numbers of gaseotls oles

Hence, Kp = Ke.(RT)™

When  An=0; K=K
An>0; Ky > K¢
An<O; Kp < K¢

Note: Similarly we can find equilibrium constant (Kx) in terms of mole fraction and can
find out its relation with K, and K.
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2. At 27°C K, valuefor reaction is0.1 atm, calculateits K¢ value. ?

Solution:  Kp=K(RT)™"
An=1
Ke=Kp/RT=0.1/0.82x300=4x 103

Solid NH4l dissociates according to thereaction at 400 K

NHal (s) == NH3(g) + HI(g) ; K, = 16 atm. In presence of catalyst HI
dissociatesin Hy and 1, as 2HI == H; + |,. If partial pressure of H; at thistemp is 1 atm
in the container when both the equilibrium exist simultaneously, calculate K, value of
second equilibrium (for the dissociation of HI).

Solution:  NH4l(s) == NHs(g) + HI (9) Kpp =16
2HI =—H,+ 1,
P-x X/2 . x/2 Kp=7?
Herex/2 =1 am
X =2am
P(P-2) =16
P=51

3. A vessdl at 1000 K contains CO, with a pressure of 0.5 atm. Some of the CO; is
converted into CO on addition of graphite. What isthe value of Kp if the total
pressure at equilibrium is 0.8 atm?

Solution: COxg) + C( ——> 2CO(g)
0.5

2n
or, 0.5-n 0.5+n=0.8
n=0.3

Kp = (2x0.3)%/ (0.5-0.3) = 1.8 atm
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4. Given that the equilibrium constant for thereaction, Hyg) + I 2 = 2HI g iS50
at 700K . Calculatethe equilibrium constant for thereaction?

Hlg == L2 Hyg) + U2 I3

Solution: We have Hz(g) + |2(g) _ 2H|(g)

K =[HI]?/ [HJ][l] = 50

The new equilibriais

Hi@ == [Ha""[121"* / [HI] = 1K,

=1/V50=42/10=0.141

5. Onemoleof N, ismixed with 3 molesof H, in a 4 litre container. |f 25% of N, is
converted into NH3 by the following reaction

Nzg + 3Hzg = 2NH3y). Calculate K¢ and K, of the reaction.
(Temperature=227°C and R = 0.08231).

Solution:  We have Nyg) + 3Hzg) = 2NH3()
Percentage N, reacted, 25%
x=0.25

Now, (a—x) =1-0.25=0.75

b-3x=3-075=2.25
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=1.48 % 107 L% mol™
Now, K, =Kc. (RT)"" = 1.48 x 10™ x [0.0821] x (227 + 273)

1.48 x 107° / {0.082 x (500)}>

=8.78 x 107°

6. Explain Lechatelier principle with suitable examples?
Ans:

L echattelier’sprinciple and itsapplication to industrial processes;

The effect of change of pressure, concentration and temperature on equilibrium was
studied by Henry Lewis Lechatterlier in 1885 and F. Brawn. So this is called
L echattelier- Brawn Principle or smply Lechattelier’ s principle.

If asystem at equilibrium is subjected to a stress, the system shifts the equilibrium in
such away to reduce or nullify the stress.

Effect of concentration: Increase in concentration of reactants or decrease in
concentration of products favours the shift of equilibrium towards products side and
rate of forward reaction is increased.

Increase in the concentration of the products or decrease in the concentration of
reactants favours the shift of equilibrium towards the reactant side and rate of
backward reaction is increased.
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Effect of pressure:
Pressure has no effect on equilibrium if Av or An=0, (ny=ny).
EQ: Hyg + 29 & 2Hl(g)
Pressure has effect on equilibrium if Av#0 or Anz0, (ng= n;). When pressure
increases, equilibrium shifts in a direction of decrease of volume or towards less
mole number and vice vessa.
EQ: N + 3Hzq) & 2NHg)
When pressure increases, equilibrium shifts towards right and forward reaction rate
increases.
Pressure does not show any marked effect on equilibrium reactions taking place in
the solution phase or in the solid phase.
Effect of temperature: increase of temperature of the equilibrium system favours
endothermic reactions, and decrease of temperature of the equilibrium system
favours exothermic reactions.

Effect of Catalyst: Catalyst has no net effect on equilibrium. It helps the system to
attain equilibrium at a faster rate by increasing the rate of forward as well as
backward reaction to the same extent.
Eg:(1) Synthesis of ammonia by Haber’s process:

N + 3H2(g) 2= 2NH3(g) +heat H=-920K.J

Favourable conditions for high yield of NHz:

High pressure: 200atm, Catalyst: Fe as catalyst

Low temperature: 773 K, Promoter: small amount of molybdenum or Al;O; and
K-0.

(2) Manufacture of H,SO4 by the contact process.

2802(9) + Oz(g) = 2803(9) + Heat; H=-189 K.j

Favour able conditionsfor higher yield of SOs.

I) Highpressure :15-1.7 am.
ii) Low temperature: 673 k
i) Catalyst : V2,05 or platinised asbestos
N + OZ(F 2NO() — heat
i) High temperature ii) No effect of pressure
Melting of ice:
H20(3)+ heat — H-O
1) high temperature i) high pressure
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7. Explain the affect of temperature and Concentration on equilibrium?
Ans:

Effect of Concentration

L et us have a general reaction,
aA +bB =—=cC+dD

at a given temperature, the equilibrium constant,
Ke=[C]D]"/ [A]1B]"

again if a, B, y and 6 are the number of mole of A, B, C and D are at equilibrium
then, Kc = [v]°[8]*/ [o]Ip]°

If any of product will be added, to keep the K constant, concentration of reactants will

increase i.e. the reaction will move in reverse direction. Similarly if any change or

disturbance in reactant side will be done, change in product’ s concentration will take

place to minimise the effect.

Temperatur e Effect

The effect of change in temperature on equilibrium cannot be immediately seen because
on changing temperature the equilibrium constant itself changes. So first we must find
out as to how the equilibrium constant changes with temperature.

For the forward reaction, according to the Arrhenius equation,

K, = A; R
And for the reverse reaction, = AH=ET-E"
ek}
[p :|2 SHE S I Exothermic
| 7.68=1077) °
l'<Izn = ["-ﬂ“] - 2\ 2 =y 134 atm'1 R o I Tk H
[p[m]]"[p[sr]] (5.26%10%2)%(1.59x 107 4 s
It can be seen that Feaction Coordinate
[E.-E. 01 1] = AH=FE'_E®"
K—T=E 3 |‘T__T’|Or mK_T:'Ear_EaT' i_i E_:
K K F . T L Endothermic
Fl
R ______________ié_H=+ve
For any reaction, AH = E5 — E4 Reaction Coordinate
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R = Reactant, P = Product

From the equation,

logK /K1 = AH®/ 2.303R (1T, — UT,) itisclear
that

(@) If AH® is +ve (endothermic), an increase in temperature (T, > T1) will make K, > Ky,
i.e., the reaction goes more towards the forward direction and vice-versa.

(b) If AH is-ve (exothermic), an increase in temperature (T, > T1), will make K, < K
i.e., thereaction goesin the reverse direction.

(i) Increase in temperature will shift the reaction towards left in case of exothermic
reactions and right in endothermic reactions.

(i1) Increase of pressure (decrease in volume) will shift the reaction to the side having
fewer moles of the gas; while decreases of pressure (increase in volume) will shift the
reaction to the side having more moles of the gas.

(111) If no gases are involved in the reaction higher pressure favours the reaction to
shift towards higher density solid or liquid.

NUMERICALS

1. At 444°C, 15g mole of hydrogen is mixed with 5.2g mole of |1, vapour. When
equilibrium was established, 10g mole of HI was formed. Calculate the
equilibrium constant for the reaction?

Sol. H2(g) +12(g) = 2HI
a b 0

a—x b-x 2X

2%y
EIE . (?J
Hells] (3= [b-+]

N

W b

K =

o,
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=4x%/ (ax) (bx) =4 x 52/ 10 x 0.2 =50

2. Thedegree of dissociation is0.4 at 400K and 1 atm for the gaseousreaction

PCls == PCl3 + Cl,

Assuming ideal behaviour of all the gases, calculate the density of
equilibrium mixture at 400K and 1 atm pressure.

(Atomic mass of P =31 and Cl = 35.5)

Sol. PC|5 =PC|3+C|2
at=0 1 0 0
at egm. 1-04 04 04

Total no. of moles after dissociation=0.6 + 0.4+ 0.4

Now,V =nRT /P=1.4x0.082 x 400/ 1 = 45.92 litres

So, density = Molecular weight / Volume = 208.5/ 45.92 = 4.54/ litre
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3. When 3.06g of solid NH4HS isintroduced into a 2 litre evacuated flask at 27°C,
30% of the solid decomposed into gaseous ammonia and hydrogen sulphide?

(i) Caculate K for reaction at 27°C.

(i1) What would happen to the equilibrium when more solid NHsHS is
introduced into the flask?
Sol. Moles of NH4HS introduced into flask = 3.06 / 51 = 0.08

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

0.06 (1 —x) 0.06x 0.06x

asx = 30%, so, x =0.3

So0,0.06 x 0.7 0.060.30 0.6x0.3

So, Kc = [NH3][H29]

0.018 x 0.018 = 3.24 x 107
Addition of NH4HS) does not change position of equilibrium.

4. Determine K for thereaction ¥2N,(g) + ¥20,(g) + ¥2Br,(g) —> NOBr(g) from the

following information (at 298°K)?

K= 2.4 x 10% for 2NO(g) —> Na(g) + Ox(g) ;

K'c= 1.4 for NO(g) + ¥Bry(g) —> NOBIr(Q)

Sal. N2(g) + O2(g) —> 2NO(g)

K/ = 1K.= 124 x 10%°
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(i) ¥2N2(g) +¥202(g ) NO(g)

i 1 = . -15
< , K= ,’ﬂx’ll:l = 0645510
J =

(if) NO(g) + ¥2Bro(g) NOBr(g) = 1.4.
(i) + (ii) givesthe net reaction:
Yala(g) + ¥205(g) + ¥2Bra(g) o NOBr(g)

K = [ND] ; [NDBF] _ |[NDB|r] |

[0 [NO[Er]  [MJE[0.)F[Br)E

=K x K =06455x 10" x 14 =9.037 x 107

5. Theheat of reaction at constant volume for an endothermic reaction in
equilibrium is 1200 cal morethan at constant pressure at 300K . Calculate the

ratio of equilibrium constant K, and K.
Sal. Given that AE — AH = 1200 cal
Also we have
nRT =-1200
or An=-1200/2 x 300 = -2 (R = 2cal K™ mol™)

Now, Kp=Kc(RT)*"
Kp = K¢ (0.0281 x 300) = 1.648 x 10°°
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6. ;’Ohevalueof Kp, if thevalue of Kcis2x103for H, (g) +2 (g) <> 2HI (g) at
27°¢c?

Sol: Kp = Kc [RT]™"
Hy + 1, « 2HI

@ (@ (9

An = [ (no. of moles of gaseous products) — (no .of moles of gaseous reactants)]

= [2-(1+])]
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