Class-XI Chemistry

EQUILIBRIUM

LAW OF CHEMICAL EQUILIBRIUM AND EQUILIBRIUM CONSTANT

X/

Law of Mass Action or Law of Chemical Equilibrium

The law of mass action is given by Guldberg and Waage.

According to them at a given temperature rate of reaction is proportional to product
of active masses of reactants at that instant raised to the powers which are
numerically equal to the number of their respective molecule in the stoichiometric

equation describing the reaction.

Derivation of Equilibrium Constant
Consider a reversible homogeneous reaction which has attained equilibrium state at
particular temperature:
A+B C+D
Let the active masses of A, B, C and D be [A] [B] [C] & [D] are respectively.

According to Law of Mass Action
rate of forward reaction o [A] [B]
rate of backward reaction o [C] [D]
Rf = Kf [A] [B] Rp = Kp [C] [D]
Where Kfand K}, are forward and backward rate constants respectively.

At equilibrium

Rf = Rp
Ke[A] [B] = Kp [C] [D]
Kp _ [C]D]
Kp  [A][B]
_ [clip]
Ke = [A][B]
Kr
K. = o
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K¢ is known as equilibrium constant K. has a definite value for every chemical
reaction at particular tempera true.
For a general reaction

m1A + mB +m3C niM +npN +n30

rp o [A]™1[ B]™2[C]™=

rr = Ke[A]™2[ B]™2[C]™s [K¢ = forward rate (velocity) constant]

Ty o [MP'[ NJ*[0]"

rp, = Ky [M]"2[ N]"2[0]"s [K}, = backward rate (velocity) constant]

At equilibrium rf=ryp

Ke[A]™ [ B]™2[C]™s = Ky[M™:[ N]J™2[0]™3
_ K¢ _ [M]"1[ NJ"z[0]"3
€7 Kp [ A]M1[ BM2[C]™3

The equilibrium constant, at a given temperature, is the ratio of the rate constants of

forward and backward reactions.

& Possible Value of K

[0 <K<

WhenK=1 [Product] = [Reactant]
When K> 1 [Product] > [Reactant]
When K< 1 [Product] < [Reactant]

As K 7 stability of products T stability of reactant 4 time to attain equilibrium J
toc 1/K

Stability of reactants and products
2X0 (g) —> X2(8) +02(8); Kq=1x 1024
2X0 (g) —> X2(g) +202(g); Kp=25x 1010
K1 > Ky So the stability of X07 >XO

For reactants, stability increases when value of K decreases.

For products, stability increases when value of K increases.
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(more is the value of equilibrium constant, more is the formation of product means
more is the stability of product.)

Time taken to attain equilibrium increases when value of K decreases.

Forms of Equilibrium Constant
There are two forms.

(i) Concentration form (K¢) (ii) Partial pressure form (Kp)

Partial Pressure: The individual pressure exerted by the gases substance of the total
pressure is called partial pressure of the gases substance.

Closed vessel

Gaseous A B C D
moles n,mol  nmol n,mol  n,mol

total

Moles of substance [ Moles of substance

Partial pressure = Pootal

= Mole fraction |

Total moles Total moles

= mole fraction X Piytq]

let n{ +np +n3+ng4 =N

Pa="P Pp =R P =R, B =R

PA+ PB +Pc + Pp = Ptotal
When the reactants and products are in gaseous state then partial pressure can be
used instead of concentration. At a definite temperature, as the partial pressure of a
substance is proportional to its concentration in the gas phase.

miA+ mpBniC+npD
If partial pressure of A, B, C and D at equilibrium are Pp, Pg, P and Pp respectively,

then

_ (P)"1x(Pp)"2
(Pa)™1x(Pg)™m2

Kp

Relation Between Kp and K¢
This relation can be established for reaction not involving liquids because kp is not

defined for liquids.
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Consider a reversible reaction
miA + mpB nqC + nyD

[C]"t[D]"2

Ke = Tapm g

Ko = (Pc)"1 (Pp)"'2
p =
(Pa)™1(Pg)™2

For an ideal gas PV = nRT
P= %RT: active mass x RT

n = number of mole and V = Volume in liter

So % = molar concentration or active mass
P=][ ]RT
at constant temperature P oc [ ]
Pp =[A]RT, Pg=[B]RT, Pc=[C]RT, Pp=[D]RT
[C]"1(RT)"1[D]"2(RT)"2
S0 Ko = Tamrmymix sim ryme
K = [C]*1[D]"2 (RT)"1+N2
P [ A™1[ B]Mz T (RT)M1*M2

Kp = K¢ (RT)(n1+n2)—(m1+m2)
An = (ng +n3)—(mq +mp)
= total number of gaseous molecules of products - total

number of gaseous molecules of reactants.

Kp = Kc(RT)A"e

CALCULATION OF EQUILIBRIUM CONSTANT

(@) Hp(g + I2(@® —>  2HI(g)
Initially a b 0
At equilibrium (a-x) (b-x) 2X
_ _ [HI]2 _ (2)()2 _ 4x2
Ke=Ke = [H[l;]  (a-x)(b-x)  (a-x)(b—%)

(2x)?% 5

@arb)Z _ 4x?
(euD? _a=x 5\ b-x o T (a—x)(b-X)
szxplz_(a+b P)(a+b P)

K, =
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So Ke=Kp (An=0)
(b) 2NO (g)—> N2(g) + 02(8)
Initially a 0 0
At equilibrium  (a-x) x/2 x/2

_ [N2][02] _ x/2xx/2 _ x> —

7 INO]2 T (a-x)2  4(a-x)%2 Kp(An =0)

(c) CH3COO0H () + C2H50H(p)— CH3CO0C2Hs5( ) + H20(p)
Initially a b 0 0
At equilibrium (a-x) (b-x) X X

K. = [CH5CO0C,Hs][H0] _ x2
¢ 7 [CH3COOH][C,HsOH] ~ (a—x)(b—x)

Kp should not be given for this reaction

(d) PCl5 (g)— PCI3(g) + Clz2 (&)
Initially a 0 0
At equilibrium (a-x) X X
(a=x) XX
Active mass v
.o Poalicl, _ 6 __x?
€7 pcsl T &P T @y
K. = PpcsXPal :(ﬁp)x(ﬁp) __ x*r _ x%P
p PrCl; GHP (a+x)(a-x)  a?-x?
(e) N2(g) + 3Hz(g8) —> 2NH3(g)
Initially a b 0
Atequilibrium  (a-x) (b-3x%) 2X
: (a—x) b-3 2
Active mass a—vx ( VX) (Tx)
K.= [NHg|2 _ &2 __ ax?v?
€ TINIH P T EHE3T (a-0)(0-33)°
(pNH3)® [af;ffzx]z 4x?(a+b—2x)>

p= 3 [ (@OP 1, (b=30P 13 (1_N(h_213p2
pNZX(pHZ) [(a+b—2x)][(a+b—2x)] (@=x)(b=3x)°P




