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INTRODUCTION

In Chemical kinetics there are two types of
reaction

» Elementary reaction (Single step reaction)

» Complex reaction (Many step reaction)



Complex reaction follows two mechanisms
» Equilibrium approximation

» Steady state approximation



KINETICSOF COMPLEX REACTIONS

The study of chemical kinetics becomes highly complicated due

to occurrence of complex reactions which involve more than one
step. Important among such reactions are the following

categor ies.
» Opposing or reversible reactions
» Consecutive reactions
» Chain reactions

The well known example of chain reaction is Hydrogen &

Brominereaction
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Hydrogen & Brominereaction isthetype of complex reaction.

M echanism of thisreaction followed by three steps
Chain initiation
Chain propogation
Chain termination

Kinetics of thisreaction mechanism studied by Steady state

approximation



d[HBr] _4[Hy][Bry]
dt  [Bry)+4[HEr]
MECHANISM OF THE ABOVE REACTION

Hglig)"l—BfE(g) —:‘EI‘EI‘

1. Br> il 2 Br mnititation
2. Br+H» 12 HBr + H propagation
3. H+Bnm li HBr + Br propagation
4. H+ HBrki H»> + Br imnhibition
5. 2 Brli Br> breaking



According to steady state approximation rate expression of
HBr, H, Br, expressed in equation I, Il & Ill from above
reaction mechanism

d[}fﬂ = ko [Br][Ha] + k3 [H][Br2] - kg [H][HBr]

I.

d[Br]

L~ =0=2k[Bra] - ka [Br][Ha] + k3 [H][Bra] + k4 [H][FIBr] - 2 ks[Br]2

I11. % =0 = ko [Br][H2] — k3 [H][Br2] — k4 [H][HB1]

NOTE: Steady state meansrate of formation=rate of disappearance
For the formation we involve positive (+) sign for the rate constant and

reactant concentration and negative (-) sign involve for the rate constant and
reactant concentration in above equation |, Il & 11



dH] _

d [Br]
dt 1 (Brol =k [Hol [Brl - kg [H] [Bry] +ky [H] [HBr] - ks Bri2=0 «-9)

From equation (3)

kg (Hy) [Br] = kg [H] [Bry] + k4 [H] [HB]
From equation (4), we also have,

ko [Hy) [Br] = ky [Brol + kg [H] [Brg] + k4 [H] [HBr] - kg [Br]?
From equations (5) and (6), we have

ks [H] [Bry] + kg [H] [HBr] = ky [Bry] + kg [H] [Bro) + ky [H] [HBr] - kg [Brl?
k1 [Brg] = ks [Br]?

k
[Br}? =;§ [Br,]

ky 192
[Br] = EJ [Bral™ (7)

Substituting the value of [Br] from equation (7) in (3), we get



- Substituting the value of [Br] from equation (7) in (3), we get

Ry 12 -
or ky . (E] [Bry)*“[Hy) - kg [H] (Brg] - k4 [H] [HBr] =0
_ _ il 1/2

or {kg [Brg] +k4 [HBI']] [H] = ky [k5] [Bry]*< [Hy)

ky \1/2

hy (%—1) [Bry) /2 [H,]
H =— LL PV ————— (8)
3 [Brg] + k4 [HBr]

Substituting the values of [H] and [Br] from equations (8) and (7) in equation (3), we get the
rate expression for formation of hydrogen bromide. This is given by,

ki \1/2
| 112 ko ('kl ) (Brgl /2 [H)
dHBrl _, (R} g e ) 4y 8 [Br,|
gt 9 [ i 2 " hy[Bry +ky[HBr] 2

ky \1/2
kg(ﬁ) (Bry] Y2 [Hy)

ke [Bry) + kg [HBr] - 00




ke (%‘ jm [Br,] 2 [H,]

ky [Brol + k4 [HB1]

[H] =

Substitute equation (7) & (8) in the equation (3) given below

d [HBr]
dt

= kg [Br] [Hy) + ks [H] [(Bry] - k [H] [HBx]



Substituting the values of [H] and [Br] from equations (8) and (7) in equation (3), we get the
rate expression for formation of hydrogen bromide. This is given by,

kl 1/2 1
1 S AN T kZ(‘g) [Brgl (81
il 2'(1:5 o) Btk = ey e B
ky\1/2
by ] BB
~hy. 5 . [HBr]

kg [Brg) + ky [HBr]



z, 1/2
= ky (—IJ [Bry] V2 [Hy] {1+

ks . [Bry ky . [HBr] }
ks

ks [Bro) + ky [HBr] kg [Brg] + k4 [HBr]

ky. [Bry] +ky [HBr] + kg . [Bro] - ky [HBr]}
k3 [Brz] + k4 [HBI']

T,
- ﬁ] i [HZ]'{k [BZk?i'[frz[]HB 1}
3 LPral + R4 L HDr

1/2
=ky. —-—] . [Bryl V2 [HQ]{




kl 1/2 "
2ko . |-=| [Brgl? [Hol
d[HBr] (ks} Y
dt = kg[Bry]l k4 [HBI]
kg [Bry] | kg [Bryl

kl 1/2 ,
%ko . |—|  [BrolY2 [Ho)
d[HBr] (ks} i
dt ks [HBr]
14 ke Bryl
d [HBr] k [Hyl [Bry)'2
dt , [HBr]
1+k '__[Brgl‘

k=2 kﬁ (kl/k5)1/2 and k' = k4/k3.



THISISTHE RATE EXPRESSION OF
HYDROGEN BROMINE

d [HBr] _ k [H2] [Brglm
dt , [HBr]
1+k . Br,]
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