Vidyamandir Classes Chemical Kinetics

ADVANCED KINETICS Section - 7

1. Parallel / Side Reactions (Elementary Reactions) :

k/vB
A
k‘c

dA
Rate of consumption of ‘A’in A——B : %

=-k[A] { Rate of Reaction =k, [A] =—%

Al

1

d[A]

Similarly, Rate of consumption of ‘A’in A——C: a i =—k,[A]
= Overall (net) rate of consumption of ‘A’ = dE{:‘] = dg?]L + dE;:‘] )
=k [A] - K,[A]
= % =k, +k)IAl =k [A] ceen i)
= The Overall reaction is also of the same order (here, I* order) withk_ . =k +k,

Check yourself that solution of (i) is :

[A]Z[A]O e—(kl +ko)t

Also, from the rate equation :

Substituting the value of [A] at(t) in the differential equation for [B] and [C] and integrating, we get :

t
- ki [A] ~(ky ko)t
[BI=[B], + |kj[Alje®1 7%t dt=[B]) + 120 (1—e ki +k2)
6[1 ’ ’ (k1+k2)( )

t
_ k,[A] ~(ky +ko)t
and  [C]=[C +Ik Alye Rkt ge o, 2o (1 o~k +ks
[CI=[C], | 2[Alg [Cly (k1+k2)( )

Also, if [B], and [C], = 0, we get : [BI_ K1
[C] k,

lllustrating the concept :

k,=107s" and k, =2 x 107s™". Find the overall half life of the reaction.
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SOLUTION :
=k +k,=3x 107"

overall —

0.693  0.693

k—— 3 5= 231sec. [Note : Reactions are of first order].
overall 3x10™

by =

2. Consecutive Reactions (Elementary Reactions) :

At sp—Fc

dlA

%=—kI[A] i)

%=+ k,[A]-k,[B] ... (i)
dic
%:+ k,[B] .o W(iii)

On solving the above differential equations, we get :
[Al=[A] e M . (iV)

k _ _
[B]=[A]y kz——lkl(e kit _e kzt) V)

k —kzt_k —klt
S . . (vi)

- 1
[Cl=[A]y [1 + Gk,

Note: » [A]+[B]+[C]= [A], [Assuming [B],=[C],=0]
[C] [C]

[A]

Concentration
Concentration

[B] o

t— t—>

ky/k, =10 ky/k, =0.5

d[B
» [B]is maximum when%zo
= K [Al=k,[B],,, e
d[B — _
Using (V), %:_kle klt +k26 k2t :0 = kle—k]t :kze—kzt
1 nk—2
k, —k; kg

= t=

k
(n-2 , [B] is maximum.

Thus, att=
2~k 1
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lllustration - 16 —0.15°! _ -1

Find the time at which concentration of B is maximum. Also, find the concentration of A, B, and C at this instant.
Take [A]l,= 1M

SOLUTION :

k—2= ! 0.1 =15/n3 sec.

[B]is maximum att= ! n /n
k,-k;  k 0.1-1/30 1/30

[A] L5 o0 = [Alpe ™
e 0x15tn3 _ en7) _pmts 1 g
33

=1x

When [B] is max : k [A] =k, [B], (%:0)
’ t

1 1 1 1
O[B]max. = [B]max. =—M

_— X ——=
10 343 3 NG

Also, [A] +[B] +[C]=[A],
4

T S S
33 B 3B

[C]

3. Reversible Reaction (Elementary Reactions) :

A—N g
ko

Net rate of consumption of ‘A’ = % =-k,[A] +k, [B]

Also, [A] +[B]=[A], = [B]=[A],—[A]

= YAL ATk (A) - TAD
% =—(k, +k,) [A] +k, [A],
Atequilibrium, % =0 = Kk [A]eq=k2 [B]eq
_[Blyg K,
ALy ko

Try yourself : Find [A] = ? and [B] = ?
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