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(i) Steady-State Hypothesis. The ‘assumptions involved in the steady-state hypothesis is
4 concentration of reactive intermediates can be assumed to be constant. If ‘C; is the reactive

i

mermediate, then
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[Ci] = Constant
dic) _ s
dt
Note that steady state approximation can only be applie.d to Shomlived(
species). The following steps are used to calculate the rate law in termg of Sfab[,(;r ",
(a) The differential rate laws are written down for each specieg. Py

(b) The differential rate laws of reactive intermediates gy, ut eqyy
concentration of reactive intermediates are calculated ip terms of SlAblesm k
Do

in Step (b) are SUbs:_'*: that

nly in termg of stable Specie . SIEP

(c) Steady-state concentrations of intermediates calculated

expression so that the rate laws can be written o
| and products).

(iii) Kinetics of Chain Reactions (Steady State Treatment
treatment, the concentration of active intermediate species is cons

iRl _
dt

). According 0 g,
tant at any ms‘ﬂntu

where R is active chain carrier,

Consider the following general chain reaction, in which 4 js reactant, R js x,
carrier, P is the product and o is the

number of chain carriers produced by the ¢
propagation step : '
k
1. Chain initiation A **l—) R
LT k
2. Chain propagation : R+ A ——z—-) P+ R or
k
3. Chain lermination : R —~3—> destruction
The rate of formation of chain carrier cha
d[R) A
“dr = k1Al = k(o - 1) [R] (4] - ky R ‘
According to steady-state treatment to R, or
d[R) _ =
at =0
or ki [A] = &y (o0 - DIRIA] - k3[R] = 0
R = “*@il_[i]‘_é_ Con
(- 0)A + &

The termination (destruct
vessels, or with other molecule
If &

W
: : ) oo with B
10n) of chain carriers may be due to collision wal
S 1n gas phase
w = Velocity constant for wall reaction

kg = Veloc“)’_ constant for gas phase reaction. May
Then, ky =k, + k, o
8
R - — 3 kl [A] . X to s
(- AT+ &, & ke
The rate of overall reaction js given by step 2 the,

& < bR @
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¥ alue of [R]. we get
ing
pait
dx ki ky [A)
—_—= . (2)
dt k(1 - a) [A] + k, + ke
The chain length of a reaction is defined a5 the number of cycles (or links)
paif !t;‘ftc mediate species can participate in between its formation step and termination
tive
fjm aticallys
#M:lh‘m Chain length = Rate of. o‘v.cre_lll reaction
Rate of initiation reaction
_ ki ky ()
ki[A] k(1 - o) [A] + &, + ke)
ky [A]
= .. (3
k (1= al TA] + k, + k, =0
yalyss of equation (1) %
(R] :

k(- AT+ K, + £
cese . When o = 1, then
ky [A]
ky + kg
R] = Rate of formation of R
~ Rate of destruction of R
Such reactions are called nonbranched or stationary chain reactions.
Case 2. Explosion Limits. When o > 1 i.e., more than one chain carriers are produced in

sinpropagation step, such chain reactions are called branched or non-stationary chain reactions.
ycntical situation arise, when

k(1-0) [Al + k, + &k, =0
1 ky (1 - o) [A]=' — (kw + k)
Then, [R] = =
Since, overall reaction rate = k [R] [A]
Hence, overall rate = oo

[R] =

That is, reaction proceeds so rapidly that explosion results. In other words, the reaction
“ayletes within fraction of a second. Such explosions are called isothermal explosions.

The chain carrier destruction rate, k,, depends on the diffusion of R (chain carriers) to the
ad s rapid at Jow pressure. When at a particular pressure,
(Rate of destruction of R on walls) = (Rate of formation of R)

. Then, no explosion occurs. This gives lower explosion limit, which depends on the size and
1l of reaction vessel. _

As the pressure increases, the diffusion of R to wall decreases, hence k,, decreases, while

e destruction of R due to collisions in gas phase) increases. If pressure increase is continued

Astage that (k, + k) counter balances k; (1 — @) [A], i.e.,

W thktk (- @)l =0 B

[R]:oo

wl
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, is i d first explosion limit. With cq .

will occur. This 18 calle .

n wi is negligible) and the term (k,, + k, + k (1 ju(:?;"‘“:
A,

increases, giving a second explosion Jimit. Above this pressure, reaction Proceeds il f:_

The third pressure limit is due to thermal effects.

B ]

Hence explosio
pressure, kg predominates (kw

Reaction Rate —»
Explosion

Sieady Reaction
Explosion
Steady Reaction

1st limit : 2nd limit 3rd limit

Total Pressure ——»

Fig. 4.8. Variation of reaction rate with pressure for branching chain reaciions,

(iv) Examples of Chain Reactions. 1. Thermal Reaction between Hyi,
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