Chapter:
Chemical kinetics
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SPEED OF A REACTION

Chemical savvy says that reaction occurs when
molecules or atoms come in contact (or collide
together).

Some reactions are very fast Others are very slow
2H; y + 0, —>2H,0, 4 Fe , + 30, ,,—> 2Fe,0,,

Reaction rate vs. Temperature

Rxn In general, the rate of a reaction
doubles for every 10° increase of
rate
temperature.
Temp

KINETIC MOLECULAR THEORY

» Kinetic Molecular Model

« Collision Theory - explains factors which
influence the speed of a chemical reaction.
» Basic idea:
* In a reaction, there must be a chemical changes
- For chemical change to occur
. Reactant bonds are broken
. Product bonds are formed

Factors influence reaction rate:

Rate « [Collisiun- Orientation » Activation] & Catalyst
frequency of molecules Energy
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COLLISION FREQUENCY

« 1. Collision Theory - A collision must occur

. Collision frequency influence the rate of a reaction
- rate « collision / time
4 particle system 6 particle system 8 particle system
—> 4 collision 4eand2® 4 @ and4m
@ >—< o —> 8 collision —> 16 collision
, L
e —'m
e _® o] ﬁ =}
® =
el @ /
.' ' .
o= —
P | In general: n * n = number collisions
D 2
o~ Z = collision frequency = z * [A] [B]

STERIC FACTOR

« 2. Orientation Factor - For collision to lead to products, the
orientation of the molecules must be correct for bonds to
break

i@--er w . E 9

Before collision Collision After collision
(a) Effective collision

Before collision Collision After collision
(b) Ineffective collision
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ACTIVATION ENERGY

« KMT- According to the Kinetic Molecular Theory, any
molecule in motion possesses kinetic energy (1/2 mv?).
Faster the motion, the more likely reactants will fragment
upon collision.

« Consider the Car Analogy:

— Cars will not disintegrate by itself. However at low
speeds, collision between car will cause little to no
damage. But at high speeds, there will be major

P
&

E,.. - ACTIVATION ENERGY

-If the k.E. is large enough, then upon collision molecules will
vibrate so vigorously as to break bonds which can lead to new

products.
-Energetically, there must be some minimum collision energy that
must be exceeded before a reaction occurs.

Arrhenius Suggested that molecules must possess a minimum
amount of K.E. in order to react. In other words, energy must be
available to the reactant for the reaction to occur

Qe 3 —

Activation energy

r
| Reactants "
L
i A H {Enthalpy)
. Products

Time

Relative Amount of Energy in Molecules
ua»unn???ﬂ

SVANTE AUGUST ARRHENIUS
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REACTION COORDINATE DIAGRAM

Consider the following reaction coordinate diagram in which
NOCI is decomposed to NO and CI..

The reactant NOCI has a certain initial energy. In order for
products to form, an activation barrier must be overcome,
this activation barrier is a the energy of the transition state,
or the activated complex.

ctivated Complex: The
_ intermediate specie that
E, Activation Energy: e B e el is forms or produced

The minimum energy
and conditions
necessary for reactant
to be converted to
products.

“ [intermediate].

In the end, the NO and
Cl, products formed is
f'{‘:? more energetic than
“  NOCI, the reaction is
endothermic. H (+)
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REACTION RATE ANDE__,

The rate of a reaction is directly correlated to the height of
the activation barrier. The higher the E, , the slower the
reaction. Reactions with very low Eact, tend to go very fast

In the reaction coordinate
diagram:

Rxn A is endothermic with
a highE,_,.

Rxn B is exothermic with
a lowerE,_, and

Rxn C is exothermic with
averylowE,,

This reaction is very fast.

.
-

A Reactonpogress B Hoacton progress c Reaction progross

The number of molecules with the minimum kinetic energy
large enough to initiate a reaction is related to temperature.

MAXWELL-BOLTZMAN DISTRIBUTION

Recall from the gas laws that an energy profile for molecules can
be describe by the Maxwell-Boltzman distribution diagram.

As the temperature
goes up, the population
of molecules with more
energy also increases.

,-Ea/RT
\ Em:t aCc @ f

The increase of temperature yields to more molecules
exceeding the E,, , the minimum energy required fto
overcome the activation barrier for a reaction to occur.

act

Energy
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ARRHENIUS EQUATION

Savant Arrhenius (1889) - Expressed the three factors responsible
for a reaction into an equation (Arrhenius Equation).

Factors influence reaction rate:

Rate - [Cnllisiun - Orientah’on—‘ * | Activation
frequency  of molecules| |Energy

—

A - pre-exponetial term Eact = e -E¥RT)

therefore, Rate = A e F¥/iT] « [Concmm}] = k [Ret] *
Where, K - rate constant = A e {E&/RT]

K = A e -E/RT]
InK=InA - E,/RT

InK = -E/R(T) + InA
y m x

GRAPHIC REPRESENTATION: ARRHENIUS EQUATION

InK:_i_a.-::'-_+ A plot of In Kvs 1/T
yields
Where: In [A] m =-E /R
Ea - Activation Energy m yields E_,
R =8.314 J/molK T

T = Absolute Temp I

A = Collision freq. factor |

Note that as the magnitude of E,_, (1),

the K becomes smaller, or the rate
constant is smaller. InK « - E,

(minus E)
The reaction rate decreases as the
~ energy barrier increases
E. large, K also large For the graph:
E,.. small, K also small LnK'=Ea[l - 1|
K RIT TiI
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Order of Reaction

The order of a chemical reaction with respect to
each reactant is defined as the exponent to which
the concentration term of that reactant, in the rate
law, 1s raised. The overall order of the reaction is
defined as the sum of the exponents to which the
concentration terms in the rate law are raised.
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Molecularity of
Reaction

The molecularity of a reaction is defined as
the number of reacting molecules which
collide simultaneously to bring about a
chemical reaction. In other words, the
molecularity of an elementary reaction is
defined as the number of reactant
molecules taking part in the reaction.
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Difference between
Molecularity and
Order of Reaction

It is the number of Rk s the sum of power of the
reacting species concentrating terms on

undergoing simultaneous  which the rate of reaction
collision in an elementary  actually depends

or simple reaction.
It can be calculated by It is determned
simply adding the expermentally only and
molecules of the slowest cannot be calculated
step.

It is aways a whole it may be a whole number,

number, le 1,2 3 elc zer0, fractional, positive or
. __hegative

It 1s applicable only for It 1s applcable for both

elementary reactions. elementary and compilex

it is independent of i depends on the pressure

pressure and temperature.  and lemperature

For simple reaction, t can  Even the order of a simple

be obtained from the reacton may not be equal 10
stoichiometry of the the number of molecules of

equaton the reactan's
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Calculation of Order
of Reaction

(a) lntcgn_lt.ian Method. In this method. known q;mu;ﬁcg of the reactants are mixed and the
progress of the reaction is studied by analysing the portions of the reaction mixture withdrawn after

regular intervals of time. The experimental data so obtained is substituted in the various kinetic
integrated equations for the reactions of first. second . third arder, etc.

As this method involves the trial of different equations, it is usually referred to as the it
and trial method.

The Kinetic equation which gives the constant value of & (specific reaction rate) evidently

will correspond to the correct order of the reaction under examination. The kinetic equations for the
reactions of various orders are as under :

(a) For the reactions of first order.
2-303 a
k= : log g |

:ti_un which gives constant value of k.

=
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Fractional Change
Method

(5) Half-Life period Method. In this method, the time (T=t 2) required to complete half of

the reaction is determined and experiment is repeated with different but equal initial concentrations
of the reactants,

If the time (T) required to complete half of the reaction is found :

(N to be independent of initial concentration (@) of the reactants, then the reaction is of
Sfirst order:

(ii) to be inversely proportional to the initial concentration (a) of reactants, then the
reaction is of second order.

(iii) to be inversely proportionul 1o the square of the initial concentration (a) of the
reactants, then the reaction is of third order.

In general, the time (T) required to complete half of the nth order reaction may be writtenas :

]
T o n=|
o

Let us consider two experiments with initial concentrations @, and a,. Let T, and T, be th
times required to complete half of the change.

l
Tlx mn=1 and T3 % n-1
ﬂl il

-1
T, (ﬂzJ”
or -T2 . ﬂ'l
2
Taking logarithm, we have
T,

I I
log T =(n—1)log —~

2 =] {ltl o

logT, /T,
loga, / a

or n—I| =

logT, ~logT,
" loga, - loga,

log T, -log T, r

n=1+
loga, - log o, ‘

where. ! is the order of reaction. \ | =
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Differential Method
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Dilution/Isolation
Method

~ (e) Ostwald's Isolation M, :
tion of order of reacti ethod. This method w
ﬂ,rminﬂ action for m s developed by Ostwald in 1902 for

; any reactant
. e are taken in large excess so that their cnncemmtﬁmm- In this method, all the reactants except
NS remain constant thr
oughout the course of

ction. Thus, the order of th :
grea i ’ ¢ reaction is determined with
ywhich is taken In'small amount) in each case respect to the isolated reactants (i.e.,

The experiment is repeate ; ¢ |
. obtained by the sum of thr; ind?vl?ﬂ Isolating each reactant inturn, The total order of the reaction
o \dual orders, when each reactant is taken separately in small

‘For instance, in the reaction,

nA+ nz_B + r:lC + oevieinnne. ™ Products,

if the reaf:tants B and C are taken in large excess the order of reaction will be given by n,, if
Cand A are taken in large EKCGSS,_thE order of reaction will be equal to n, and if Aand B are taken in
large excess, the order of reaction will t:na_nJ and so on. Hence, the true order n of the reaction is

e g

given by, ; ; :
n=n F P F iieareninns
1 2 3 i

This method gives correct order of reaction in many instances but complications have been

experienced in many others.
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Let us cons:der a zero order reaction of the type, 251

A — Products

por this reaction,

& Ha—x)° =k

Thus, 7
.(5-8)

where, a is the initial concentration of A and ( i
[ a —x) is the concentrati i
ration after time ‘1’ secs.

o dx =k » dt intigrating this equation

=kt + 1
' | | -(59)
where, | is the integration constant,

Wwhen ¢ = 0, x is also equal to zero. Under these conditions

0=kx0+1
or =0
Taking I = 0, the equation (5-9) becomes
x = kt
x
0 T '}- s . (510)

This equation (5-10) is a general rate equation for the zero order reactions. As is evident

from this equation, the rate constant for a zero order reaction is independent of the concentration of

the reactant in the system.'

" 2. The units of the rate constant (k).are those of conce

under’s

() Photochemical interaction betw

Characteristics of reactions of zero order.

1. The concentration of the product increases linearly with time.
ntration x time ™!

Examples of reactions of zero order, The typical examples of zero order reactions are as

een H, and Cl, in presence of sunlight.

" Sunlight

Clig —* 2HCl(g)

on the surface of gold under

H2(g)
high pressure.

(i) Decomposition of HI

Au

2HI,, — Hyy* o

(iti) Decomposition of ammonia overt

2NH3(g) —_— Ng(g) ¥ SHE(L’-)

he surface of tungsten.
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(iv) Decomposition of phosphine on the surface of molybdenum or tungsten, :
pressure. | *hig

2PH, —— 2P+ 3H,

(v) Reaction between acetone and iodine is found to be of zero order in respect of

H1—
CH,COCH, +l, —— CH,COCH, I +HI

iOdine‘

(vi) Reaction between NO, and CO at 200° C is said to be of zero order with respect to o

NO,+CO — NO +CO,,.

5-9.2. Reactions of First Order

A reaction of first order is one inwhich the rate of reaction is determined by the Variatjoy
of one concentration term only.

Consider a general reaction of first order,
A — "Products

Suppose a is the initial concentration of the reacting substance A in gm. moles per litre
Let x gm. moles/litre of A decompose in an interval of time 7. Now remaining concentration of A js
(a—x) gm. moles per litre.

According to the law of mass action, the rate of the reaction at any time ¢ is proportional to
the concentration of A at that instant. Thus, we have , ‘

LA
i (a—x)
C_i}: - ]( 2
or - (a—x) : S(511)

where, P is called the reaction velocity and k is generally known as rate constant or specific
reaction rate.

The equation (i) is also referred to as differential form of rate equafion for the reactionsof
first order.

Since, it is difficult to estimate the extremely small changes in concentratiof ::n
infinitesimally small intervals of time, it is desirable to use integral calculus so as to obtaln
equation involving measurable quantities.

Rearranging the equation (5-11), we have

dx
a-x
On integrating it , we get

i 512)
Cix — J- kdf 4 "'(
Y =0

= kdt

X=X

—

a
x=0

Scanned with CamScanner




r=1

5k[f]!=0

x=X

[.‘xn(a-ﬂ\') ] x=0

) F AT k (t—90)

a
B
or ma-—.\'
| a
f=—1In
o I (513)
2303
or k = 0810 g — x [because, in x =2-303 log,, x]
230 2 -
or . B gy (5-14)

The equation (5:14) is referred to as integrated from of rate equation for the reactions

of first order.

The equation (5-14) is also known as kinctic equation for the reactions of first order oF
tions of first order. This is also, sometimes, referred to as the

simply rare equation for the reac

equation for the unimolecular reactions.

Second form of First order rate equation. In certain instances. the initial concentration
is not known definitely due to the reason that the starting time of the reaction is uncertain. So the
need arises t0 obtain an alternative expression oy integrating within the limits as shown below :

X=X3 =t ;
dv_ j ket : (D
1=1, :

a-x
=X
where, x, and x, are the moles of A decomposed in time #, and £, respectively.

On simplifying the equation.(7), We get,

" (a-x3) = k(t;—1)
I a->xy) | ‘
W RS In e .(5.15)
(!3-’!1) ([]f_-:;_l)
70’* i - \ _
or k = ;__').9.1-]05 _(_f_"_r X)) (5.16)
(tr =) (¢~ X2)
7.3
o k=7, 30310 - (51T
(rl' "fl) C: .
' Aat time and f5. respectively.

Wher _
e,C, and C. represent the molar concentrations of the reactant
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Characteristics of reactions of first order.
1 The value of k should remain the same all along the reaction of first order. |f th,

concentration of the reactant is determined at different intervals of time and these valyeq
(concentrations and times) are substituted in the rate equation (5-14), then value of £ obtaineq

should be the same.

2 Effect of change in concentration units on the value of k. Let the new unit be

e

times the first, then

; 2.303 [ ma 2-303 | a
= 0 = —lo
t g m(a—-x) ! 5 (a—x)

This expression is the same as the original expression of reactions of first order, So 3
change in concentration unit will not alter the velocity coefficient.

3 Time required to complete a definite fraction of the reaction of first order is
independent of initial concentration.

Consider the case when half the original amount of A has decomposed in the time hpie.,

"E"‘OS
v—z = a
Then,
2-303 a
k= IO"
) ! a-—Xx
_ 2.303 | a
- l‘zl % a-0-5ua
2-303l
or t,, = I og2
2-303x0-301
or t!/2= P
0693 .
k (518)

In other words, t,,, is independent of initial concentration (a) and depends only on the
specific reaction rate (k).

4, Units of the first order rate constant (k).
2-303., .«
k= log
! a-x
moles/ litre <
——=time™!, (519

Dimensionally, £ =time—! log .
° moles/ litre

Hence, & has the dimension of reciprocal of time or time—' . When expressed in seconds, the

units of £ is sec™".
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problem 5-10. What is the half- b

life :
conslant’ A= 1-5 per hour. period of the radioactive element whose decay
(Chennai, 1997)
golution. Half-life period, ¢, =9’.§E
| 12 7
_ 0693 0693
1-5 hr= 1-5 X 60 min
= 2772 min.

592 Reactions of Second Order

A reaction of second order is one in whi
rich the rate of reaction i j
i ) ; on is determined by the '
of WO con.a::r?!raifr:fifl: et ec’ ::IS- In th? reactions of second order, the rate of the reaction i‘: deteingez
oy the variation centration of two reactants or the square of the concentration of a single

reactant. The reactions of second order are of two types :

(1). R:Zacfmns in which .!he rfzte of reaction is determined by the square of the
cancentration of the same reactant (i.e., single reactant). Such a reaction is represented in the

general way as -
2A ~ — Products

or A + A — Products

2) Reactions in which the rate of reaction is determined by the change of two

concenitration terms of different reactants.

In general, such a reaction is represented as :
A + B — Products |
Case 1. Consider a general reaction,

B e Products
or A+A——-——PProduc‘ts |
oles/litre.Let x gm. moles/litre decompose

ncentration of A in gm- M
oles/litre at time .

SUpbose ais theinitial co
of Awill be (a—x) gm.m

ntime £, Then, the concentration |
| action of second order is proportional

n, the rate ofthere :
This is expressed mathematically as

According to the law of mass actio
i' e! (a___x) (a——x)‘

to the concentrations of A at that instant ,
under :

e "
it (_a'.—x) -

or g « (a—X)
d ()
or g = )‘1:(1:1—---.36)2 .
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where el is the reaction velocity and k is rate constant for reaction of second order.
T dr

This equation is known as differential form of rate equation Jfor reactions of second org,

Rearranging the equation (i) and then integrating it, we'have

¢ dx I
_ k dt .
2 = (i
[0 (a-x) e 4 )
! x=X t=1I
Thus, I:a—x} =k[f ]
' x=0 =0
1 1
or -— =kt
a-x a
x
or a(a-x) kt
1 X
or k—?x —_a(a—x)
1 by
k= T X ala-x) w(3:22)

This equation is called integrated form of rate equation for reactions of second order.

Case 1. Consider a general reaction,
A + B — Products

Suppose a and b are the initial concentrations in gm. moles/litre of the reactants A and B,
respectively. Let x gm. moles/litre of A and B decompose in time #. Then, the remaining
concentrations of A and B will be (a—x) and (b—x) gm. moles/litre, respectively.

According to the law of massaction, the rate of the reaction of second order is proportional
to the concentrations of A and B at that instant , ie, (a—x) (b—x) . The rate is expressed
mathematically as : | .

dx e '
()

@) (=) or  r=k(a—x) ()

dx . ; ; .
where . — is the reaction velocity and & is referred to as the rate constant for the second order.

T dt
This equation is known as differential form of rate equation for reactions of second order.

On separating the variables in the equation (i) , we get
as _' = kdt - : (i)
(a-x)b-x)

Scanned with CamScanner



Scanned with CamScanner




-y
Characteristics of Reactions of Second order. =

(N The value of k should remain the same all along the reaction of secony orde
satituting the values of a,x,and ¢ in the rate equation (5-22) or a,b, x and 1 in the rate CQuat
10

giriny
(5:23), we obtain a constant value of k indicating that the reaction is of second order.

) Effect of change in concentration units on the value of k. Let the neyw unit be
times the initial unit. Then, .

| X i
o

ala—x) m

mx

1
oo 5
- L ma x m(a-x)

1
The new value of k is — times the original value.
: n

3) Time required to complete a definite fraction of the reaction of second order i
inversely proportional to the initial concentration.

" Let us consider the case when half of the reactants decompose in time fipie, x=12q=
0-5 a. Then, the equation (5-22) is reduced to the form, >

1 0-5a 1 1
fe= tya X ata-0-5a) “hp Y a
1
or i e B
1
or by =
4) Units of the second order rate constant (k).
k= —
al La—x
_ . 1 moles/ li "3
Dimensionally, k= — ' lftre
moles moles/ litre
—sec.
litre

= |itre moles™! sec—!.

. ' : the
Examples of reactions of Second order. Some typical instances of the reactions of
second order are :

. § fon 0
1. Hydrolysis of Ethyl acetate by an alkali. This is also referred to as saponificai®” /
ester. The hydrolysis of ethyl acetate by an alkali is represented by the equation,

CH,COOC,H;+NaOH ~ ——— CH,COONa + C;H,OH
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y of reaction rates may be given as under :
() Fora chemical reaction to take place, the collisions between the reacting molecules
occur, ust

(@) Al

the collisions between the reacting molecules do not lead to the formation of th
Products, _ C

(iir) Only those collisions result in a chemical reaction
the collidi

(i.e., product forrnatlon) N Which
INg molecules POSsess a certain minimum amount of energy known as threshold eney
Threshold energy is defined g the minimum energy which must be associated with the molecyle
so that their mutyql collisions resul in product formation. On the other hand, the activatiop ener
is defined as the excess energy that the reacting molecules acquire to attain the threshold energy in
order to undergo chemicql reaction.
Activation energy (E or E)) = [Threshold energy —Energy possessed by the molecules)
(iv) The colliding molecules m

ust be properly oriented if th
take place. Prop

€r orientation is necessary for product formation.

¢ chemical reaction is to
5-14-1. Mathematicai treatment of collision

theory for a bimolecular reaction
The rate of a bimolecular reaction

is given by :
dx
e (539
where, z is the number of binary collisions Per second between two identical molecules in | m] ofa
gas and E is the energy of activation of the process,
' According to the kinetic theory of gases, the reaction velocity is related to the concentration
by the relation :
dx 2
R, =
e
dx ,
or ik k n? .(5:39)
where, k is the specific reaction rate and », is the: concentration of the reactant.
From the equations (5-38) and (5-39), we have
kn* = ze—ERT
4
=—5 ,—ERT ..(540)
or k a2 €

The value of z is known from the sim

ple Kinetic theory of gases. It is twice the number of
collisions per ml. per sec. because

two molecules are involved in each collision.

1/2 '
T 4]
z= 4;12 0‘2( M ez : ,‘ e )
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CHEMIL,AL ININETICS .
_—...-F-"__
£h the molecy],, diame _ _ -
n substituti era ; —

e—ERT
or k=27 e—ERT
RT 172
where, Z=40’ ( M_] “ (5:42)

er ml. of the gay_;

If the chemical reaction i

; : nvo :
Z is obtained by the relation - Ives two different molecules, then i

e value of collision number -

.(543)

Z=g? {SERT(M‘ +M,) 1"
M, M,

- where, M, and M, are th A8 i ; ' ' :
1 2 ¢ molecular masses i v
cesctaiite, and o is the mean of the collision diameters of the two

The equation (5:42) is known
p g : .
. . as hle math emanca{ statement of .ffmp!e collision theory of -

5-14.2, Comparison of Collision Theory Equation with Arrhenius Equétion
Let us compare the collision theory relation with Arrhenius equation,

() Collision Theory relation :

k=ZeERT | (Eq.542)
(i) Arrhenius equation : o
e B a5
Form these two .equations, we have ,
7 o—ERT=A g ERT . _ ; it .
' : (548)
e oo 4 onis idéntical with Arn;henius equation if A=Z.

Thus, collision theory equati
heory of Reaction R
0 oretical expre

ior, specific react
We have three quantitites that are not kn]g;’ ;hl;r;zlloging compar
diameter (o) and the activation enersy (E)- :

i [ i n rates'
simple collision theory of reacti

ates _
ssion with the experimental values.
ion rate constant (), the collision
isons are made in order to test the

3-14.3. Test of the Collision T

, ing the the
There are several ways of comparing
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- " PHYSICAL CHEMISTRy
o~ T - = -‘ i e of activation epe
(D Calculatioy, of the rate constant (k). From the known f‘f;?:]il;nt and a value of ¢ 0%1);Si§[)1
o Obtained from Arrhenius equation for Ieniperatite C(-)te ); the value of the raté Constang
diameter (o) from kinetic theory (equation of viscosi ); r,imental bl
k can be calculated and hence, compared with the exp

: L erimental value of rate Constant
(2 Calculation of energy of activation (E). Ij‘rom.the exp(c) Sbiaines - kinetictheo
(k) obtained at 5 temperature and the collision diameter

ar i .
the value of energy of activation (E) can b? evaluated and thus, compareq With the
value obtaineq from the temperature coefficient.

3) Calczdation of

collision diameter (o). From the experimental Values{ _Ofﬂ];e ?Cti\/atign
energy (E) and rate constant (k), the value of collision diameter (o) can be fo
ther

Ound ang
€N compared with the yajye obtained from kinetic theory of electron dlffr_actmn_
diameter, 5 !

S-14.4, Failures of Collision Theory of Reaction Rates

Althoy

gh the simple col)
reactj
1

ision theory of reaction rates satisfactorily explains a Number of
chemica

: : e suc I3
! ons, yet it conspicuously fails in 4 number of cases such as unde :
(1) Incase of very rapiqg reactions involving chain mechanism, there are numerg
Wwhereij i

erein
(2 The bimolecyl
() The Polymerisation of1:3

tween ethyl alcohol and aéetic anhydride vapours takes place at arate
which is slower by a fa

ctor of 105 than the value calculated from the simple ¢ollisiop
theory, | b

.deviations from the simnl~ _ 4.
from it is modified ac .
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EPW‘/___‘WETH:S\

React = Acti I
ants == Activated complex

with the reactants. The p

)

represented as :

otential energy of activated complex is maximum.

T i g _
e astivaied complex decomposes to give the products. It is schematically

Reactants =— Activated complex —— » Proaucts

(v.!). The activation energy of reaction, on the basis of transition state theory, is defined
as the additional energy which the reactant molecules must acquire to form the activated complex.

5-16.1. Mathematical (Thermodynamic) Treatment' of Transition State Theory

Consider a bimolecular reaction between the reactants A and B.

According to transition state theory, we have

. A+B =— Z¢ — 5 Products
(Reactants) (Activated complex)
The equilibrium constant (K*) for the formation of activated complex is expressed as
” .
K*= = : T NI )
[4](8] - | o
or z*=K*[A][B] (i)

ansition state theory, the rate of reaction is the number of activated
' tential barrier in a unit time. This, in turn, is equal to the
ultiplied by the frequency at which the activated complex .

In accordance with tr

complexes, which pass over the po
concentration of activated complex m

would decompose to give products.

It is expressed niathematically as: |
| E&-— =[Z*] x Rate or ffequency of dissociation of activated complex (i)
dr '
From the equations (if) and (iif), we get ;
(V)

. . - - . d 1
j{”_= K*[A] [B] X Rate or frequency of dissociation of activated complex
dt
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The activated complex undergoes decomposition only if enough vibrational energy (E, )
is supplied to the system as as to cause the atoms to vibrate with certain critical frequency, leading
to bond rupture. This frequency is given by the relation : ;

E
Frequency of dissociation of activated complex ='—;:—b‘ : ‘ -(v)

where, E ;, = Average vnbratlonal energy at temperature T and A = Planck's constant

But E,=kyT : (k, is the Baltzmann constant)
Since  kz=R/N : | |
E,=RT/N | - )

where, N = Avogadro's number
R = Gas constant
T = Absolute temperature

-From the equations (v) and (vi), we obtain

Frequency Of_d_IIISSOClatl_OnfRTfN.h’ et dE s il e 81 1 LSRN - (vil) -
: . . .
: E;=K"[A][B]RT/N}: Eh o s ST e S TU e S L)
We know that :
Rate for conversion of reactants into products is expressed by the relatieri,
¢ i :
TR AllB] @ =
—-=k[A][B]

Substituting for %in the equation (5-47) , we have

KAB]-K" (AIBIRTNA :
o k=KRTNh 54

‘The relatlon (5-48)is the mathematical statement of transition state theOry '

From chemical thermodynamics, it is possible to correlate the equnllbnum constant (K*)
with-free energy AG? using the relation, fimes, :

AG*=—RT logK* ' ‘ L 549)

where, AG* = Free energy of activated coinplex

2 g A j ;
or log K== f’f ; (5:50)
But AG* = —TAS”.
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