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Chemicg] Kinetics

Iy l
Chemical R
I/I' Kinetics

hemical reaction
C Greek word 'Kinesis'

Substances with well defined properties means movement

are converted by chemical reactions into
other substances with different properties

e  The Branch of physical Chemist

rate of reaction and correlate m
kinetics.

ry which deals with the rate of reaction, factors affecting
echanism of the reaction with rate law is called chemical

° Thermodynamics tells only about the
tells about the rate of a reaction.

for example, thermodynamic data indicate that diamond shall convert to graphite but in reality

the conversion rate is too slow that the change is not perceptible at all. Therefore most people
think that diamond is forever.

Rates of Reactions

feasibility of a reaction whereas chemical kinetics

The rate of a reaction mean the speed with which the reaction takes place. This is expressed
either in terms of decrease in the concentration of a reactant per unit time or increase in the concentration
of a product per unit time. Hence the rate of a reaction may be defined as follows :

The rate of reaction is the change in the concentration of any one of the reactants or products
Per unit time i.e., |

Decrease in the concentration of a reactant
Time interval

Rate of reaction =

Increase in the concentration of a product
[y Time interval

or

Units of the Rate of Reaction L ;
Since concentration is usually expressed in molesflitre and the time is taken in seconds or

Minutes, the unit of the rate of reaction is moles litre™ sec™ (mol L' s™') or moles litre™" min™"
(mOI L_1 min—1)

In case of gaseous reactions, pressures are used in place of molar concentrations. As pressures
¢ expressed in atmospheres, therefore the units of the rate of reaction are atm min-' or atm s~ etc.
he relationship between partial pressure of a gas in reaction mixture and its molar concentration follows
ro : .
m the relationship PV = nRT
n_ P
V RT

Where partial pressure,

ie.

)

p _No. of moles of the gas _ ., pressure

Total no. of moles

Consmmm e T TR
_c,Onh'A'L | -y h oo
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Reaction Rates
Consider the reaction, |
2 NO(g) + O,(9) = 2 NO,(9)

We can specify the rate of this reactio

one the gases. However, it is convenient t0 co i
our rates and rate equations in terms of concen

in mol/L. .
We might try to write the rate vario

dINO, ]
d
_dio,]
or as —

dt
But these are not the same because each molecule of O, gl\{eS two m.olt?’cules of NO,. To aris
at an unambiguous definition of reaction rate, we define the “reaction velocity,” v, as

_1dNO,] __di0;] __1dNOI (1)

—_—— =

V=
2 dt dt 2 dt

This is unambiguous. The negative sign tells us
take care of the stoichiometry. Any one of the three

he rate of change of the partia| Press
ressures into concentrations, sq e W‘}llres i
|

n by telling t

nvert these P
ns, where squareé brackets, [ ], mean COnCemrwme
‘ ation

usly as,

that species is being consumed and the fractions
derivatives can be used define the rate of the

reaction.
For a general reaction,
aA + bB —> cC +dD : ] -(2)
the reaction velocity can be written in a number of different but equivalent ways,
__AdA]__1dB]_1dC]_1dD] .

a dt bdt ¢ d ddt
| . A? in ourd previous -e%xam;_)le, the negative signs account for material that is being consumed M
\ e reaction and the positive signs account for material that is being formed in the reaction. The

’1 stoichiometry is preserved by dividing the rat -
e .
. ctoichiometric coefficient. 9 of change of concentration of each substance by 18

"".: Rate of reaction is not uni
| t uniform. It goes on decreasing from moment to moment due to 42

g in the concentration(s) of reactant(s) wi

1 . |th the pro r .

b vs time curve. Thus, the rate defi gress of reaction i.e., with ti jow by &
| 1 : : ined . .., with time as shown be ,

| | interval considered. above s actually the average rate of reaction durind the tI
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'ywhere dc is the infinitesimal change in the concentration of the reactant or product during the
|| time interval dt after time t i.e., between t and t + dt.

: ma
. s|ma| S o Fs . .
inﬂnute 4 being infinitesimal small, the rate of reaction may be assumed to be constant (uniform) during
e interval . .
this Unit of concetration

Unit of rate of reaction = = = "=

mole litre=! time-!

Unit of rate of reaction

The rate of reaction at any time t may be determined by plotting concentration (of reactant or
vs time and drawing a tangent at the point P of the curve corresponding to time t at which rate

Pr‘:du;;) gdetermined. The slope of the tangent gives rate of reaction at the required time.
is 10
‘ T _—d[—R—]=tan9
R] dt
P
t time—> t time—>

Fig.
(R] = concentration of reactant and [P] = concentration of product)
Rate at the time t = slope of tangent = tan®

lllustration |
In a reaction the concentration of a reactant (A) changes from 0.200 mol litre~" to 0.150 mol

litre' in 10 minutes. What is the average rate of reaction during this interval ?
Solution | ; :
AIA] = [Alg — [Alinta
= [0.150 - 0.200]
= - 0.050 mol litre™
At = 10 minutes
Average rate of reaction

—A[A] 0.050 ek
Y =—2z=0U. =~ min
At 10 0.005 mol litre

Pecomposition of N,O, is expressed by the equation,

N205 —_— 2N02 + 1/202 | .
N e thecsar:am time interval, rate of decomposition of N,O, is 1 .t8 x 1|(??
Olutig, 4 9f formation of NO, and O, during the same interval

e_1 min—1’ What Wl”

Ifin 5 mol litr

he rata .
ate expression for the decomposition of N,O IS
-0 1ANO,]_, 4l0,]
gali 2o At S—
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So M:ZM::ZX 1_8x10—3
At At 4
= 3.6 x 10 mol litre-! min™
and AlO,] =1A[N205] 215548103
At 2 At 2
= 0.9 x 10 mol litre™! min™’
A AN,Os ositive
Rate is always positive and hence = — Af is taken p .
lllustration 5 plls '
If the decomposition of nitrogen (V) oxide 2N, Oy — 4NOZ'+ 2 ollowing a first order kinetieg
(i) Calculate the rate constant for a 0.04 M solution, if the instantaneous rate is :

1.4 x 10% mol L' 7" _ i
(ii) Also calculate the rate of reaction when the concentration of N,O;%is 1.20 M.

(i)  What concentration of N,O; would give a rate of 2.45 x 10° mol L-'s ?

‘( Solution
(i) As the given reaction is of first order, therefore,

Rate = K[N,O]

s

| _ rate _1.4x10”°
% ~or k=71N0,] 004

[M = conc. in rhol L]

= 3.5 x 105" ‘ by
. (ii) Now if the concentration of N,O, is 1.20 M, fhen ‘
rate = kIN,O] -
=35 x 105 x.1.20 = 4.2 x 10 mol L™ s™

(i) ~ To obtain concentration of N,O, when the rate is 2.45 % 10-5 mol™' s7', We note that

25 e _ Rate _2.45x107
‘l\ 1 [Nzo5] = k - 3.5)(10_5 = 0.7 mol L™ or 0.7 M

‘ Factors Affecting the Reaction Rate

The rate of any particular reaction depends upon the following factors - s
(i) Concentration o ) faster®
f The Reactants : Greater the concentrations of the reactants,e el

the reaction. Conversel
_ : y, as the concentration decrease:
reactions also decreases. ‘ 8 ot therroactants (.
% ii Tem . ost?
- ey o the :ae;:stu::‘. T:‘e rate of reaction increases with increase of temperatu’® ]na’tTJre. "
bt - the rate of reacti . er
] ction becomes nearly double for 10 K risé ©f temp” it

’

4 el
|18 (ili)  Presence of Catalyst : ction wnh"tJ
| : i

itself being consumed A catalyst generally increases the speed of a ré st nelP

aftain e, Suilkrgm In.the rez?ction. In case of reversible reactions: 2 cat
(iv)  Surface Area of The :::kw without disturbing the state- of equilibrium-

smaller is the particle ctants : For a reaction involving a solid reactant or

size, . .
g »e., greater is the surface area, thé faster ° f{@
‘ o n(ﬂo“‘ ;’

P R e e
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v) Presence of Light : Some reactions do not take place in the dark but take place in th
e in the

presence of “gh.t €.g., H, + Cl, - 2HCI. Such reactions are called “photochem; I
Now we shall discuss the quantitative effect of concentration and tempe rtn'cal reactions”.
of reaction. The study of quantitative effect of concentration on the raﬁergfure on ine rate
to the introduction of a number of new terms such as order of reaction, s Teea.;.;’[lon i
rate (rate constant) and molecularity of reaction. It also leads to the stud pofc mocao
of the reactions. These different aspects are discussed in the followingysectr:)izhamsm

Rate LaW _ , ,
The mathematical relationship between the rate of reaction and the conce

i ntration of the
 known a8 the rate equation or rate law. reactant

According to this law the rate of the reaction is directly proportional to the active concentration

of reactant.
For Example :
A —— Product
Rate « [A]"
Rate = k [A]"

here : n = order of the reaction
k = Proportionality constant known as rate constant.
If concentration of A is unity i.e., [A] = 1M

then

this rate is called specific rate and the rate constant is called specific rate constant

The value of rate constant depends on :

(i) Nature of reactant

(i)  Temperature

(i)  Catalyst.

Rate constant for any reaction cannot be predicted by theoretically but must be determined
eXperimentally

For Example
s
Experimental rate expression

Reaction ;
. CHCI, + Cl, —> CCl, + HCI Rate = K[CHCL] [CL,]%
2. CHCOOC,H, + H,0 —— CH,COOH + C,H;0H Rate = k[CH,COOCH,]

J nA + n,B —— product

according to rate law -

R=K[A]" ]

Tk R __dc/dt
[A]"[B]"  [A]"[B]"
_ Concentration « 1
time (Concentration)"

Where -
M:=n & n, = order of the reaction

~ Mol litre™' sec™
(Mol litre~'y» = (mol litre=*)™" sec™

om0t Of k = (mol litre™)" sec”| —
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Molecularity and Order of a Reaction

(i) Molecularity of a Reac'tion ; Td 5
stoichiometric chemical reaction is calle

he total numbers of reactant molecules involyeq i the .
; acti . a
ecularity of a reaction lan%d

or

: es) taking part i
The number of reactant species (atoms, 10NS, or molecules) g partin an elementary -

is called molecularity of reaction.
For Example : '
H,+1l,— 2HI
2R, 3021, === 4HI

1 1
—2-H2 + E|2 — Hl
that means molecularity of the reaction never ¢

the reaction.

hanged with changing the balance equation

PCl, —— PCl, + Cl, Unimolecular
2HI —— H, + |, Bimolecular
2CO + O,— 2C0O,  Trimolecular

Note :

(i) It is a theoretical value.

(i) It never be zero, fractional and negative.

(iif) It is always a whole numbers ,
(iv)  Molecularity can be equal or more then order of reaction

(v) It cannot be greater than three because more than three molecular may not mutually
collide with each other i
(iv) - for the complex reaction such as chain reaction, polymerization molecularity cannot b¢

predictable because these are multistep reacti : : '
: 2 eaction lecularty
obtained very high. : P and for multistep reaction mo

(ii) Order of a Reaction : It is the
ii) O : sum of ' ' #
expression Is called the order of that chemical reapc(:;,;?\rs 7L A eten o s n o e
for a reaction '

A+B—p
rate law = k[A] [B]
order (n) = x + y

1.e, the order of the reaction ig

rate determini the total numbe, * in
Acc;rrlcljri]r?gsttei-(sbw Step of the reiEICtiorr:)umber °f reactant molecules actively participate "

O Kinetic theo ¥
one step of chemical reaction g n ?Ol'::-cularity is the number of

simultaneously in on

A co yl_ e step, molecuIarity rar Iry S Propable
. _complicated reactigy, ha Cly exceedg thre
Involved in its mechanism, S no Molecy| =
For example, the re

following three steps : 77 2NO 4 2H

3 S N R nceé
L NO+NO — N 2H,0, takes place in the s¢d

: O, (f
11, NO, + H, — NG +z :ﬁaSt and reversible) S

M. NO + H —s N 4+ 1y 2" (Slow
o SRR 2 ;;.«"‘ZE'\""*"”Wi H20 (fast\ )

e M
Molecules colliding simuﬂa”eouz,%de
that more than three molecules ©

s arity of jtg b . o sl
action ‘ own but molecularity of each of th

o

Scanned by CamScanner



— AT NYSICa] Chemistry-lV)
g mOIGDl:'dft'lyo?lheaCh Step INVolveq ijn mechanism g 2ie each
ords the molecu L .e.reaetnon Under consideration we sjm lys : step is bimolecular, 8¢ as
regd sach step involved in it is bimolecyar. Ply say that the
an

However, there is another vigy also-
iaken t0 be equal to the number of mol aco
is

- Mplicated reaction
ing into contact and colliding simultanegysly o 'oNs of reactant(s)
com .

and/or intermediates

etermining step of the
For example, the reaction ROH + Hgj

substitution reaction.

L ROH+H == Ro4y, s

&t

Il R"+CF——R—(J

Here the step Il is the slowest step and hence the .

d.s. the molecularity of which is one.
Note :
(i) It is an experimental valye.
(i) It may be zero, fractional and negative.

(i)  Order is applicable to elementary as well
applicable only for elementary reaction.

(iv)  For complex reaction, order is given by the slowest step and generally molecularity of the
slowest step is same as the order of the overall reaction.

(V) Order and molecularity is always same for elementa

For Example :

) 2H,0,— 2H0 + O,

as complex reaction whereas molecularity is

ry (simple reaction).

Mechanism -

Step - | HO, —— HO +[0]  (slow)

Step - || [O] [O] —— O, (fast)
dx

Gk [H,0,] [First order]
() 2NO, + F,— 5 2NOF

Mechanism -
Step - | NO, + F, —— NO,F + F (slow)
Step - || NO, + F—— NO,F - (fast)

dx
R Tt k[NOZ][Fz] [Second order]
€actiop of Various Order

: . ; tions of one
'm reaction g said to be zero order is its rate is not affected by changes in concentra
ore r

; actants.
®actants .e., the rate is proportional to the zeroth power of the concentration of the re
Mathematicayy, |

O Zero order reaction

A —> P
att:o

(a - x) X T ST PV
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: o
According to rate law | ,
L K[A] =K
dt

Integrate equation :

J'dx=fkdt

x:kt+C
whent=0, thenx=0

(")
Put this condition in equation (ii)

c=0 v m;
then x =kt
X
or k= -Tt- (NJ
Half Life for Zero Order Reaction -
when t = t,,S
X = al2
- al2
(] then Kk==—
o %
| > t% % )
. . 3 . AL 3
| At t=t, (which is the time required by the reactant to decompose 75%) x = —a
| _ 3a _
l L= Tko =15 tuz
Thus, b or

tmoca

Characteristics of Zero Order

: Reaction
| : Rate of ion is i
I ORZ:tLO_OLder reaction is independent to the concentration of reactans
Rate

T
he Concentratig of g Concentration

X Zero ord ; . é 3
. kt=y < Ad - ] € reaction linearly decreased with time
[Al] = [AO] ok kt t
[A]
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3, The prokc:uct concentration in zero order reaction linearly increased with time
=X )
X
Slope =k
_ t
4. The half life of a zero order reaction is directly proportional to the initial concentration of
reactants.
5. Two half lives are required for 100% completion of a zero order reaction.
kt = x
(= X
= X (D)
Lo 2
% 2K
4
k=%, ()
putting the value of k in equation (i)
X
=—X2t‘
a %

we know that
x = 100
a = 100
100
t o — T~ 2t1
100% 100" Y

—2t,

t100%

Examples :
(1) Photochemical reaction between hydrogen and chlorine

H,(g) + Cly(g)—=—2HCl(9)

(i)  Decomposition of N,O on hot platinum surface
1

v NZO—__—)N2 +§Oz

(i)  Decomposition of HI on the gold surface
2HI——H, +1;
(W) DecompOSition of NH3 in presence of molybdenum or tungsten is a zero order reaction
Ei ONH, —" >N, +3H,
'St Order Reaction
term 0'? reaction is said to be of first order if its rate is determined by the change of one concentration
nly
A— Products
att=20 a 0
E— at t (a-x) X
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according to rate law :

dx ;
5 [A]

dx  dx —kat

.

dt (a-x)
Integrate equation :
> dXx
= |kdt
J(a—x) f

-n{a-x)=kt+¢c

when t=0, thenx=10

then ¢c=-na

Put the value of ¢ in equation in (i)
-n(@-x)=kt-Ina

or kt=lna-In(a-x)

or kt=In —
a

2 ¥YE e T Www.edung :
Gt oo ot T LCUUNCIa s imen
TP RE RGeS ErAS i dodes 4 e

=




The halt lite ot tirst order reaction i T 7
% lon independent to the initjal concentration of reactant
0.693
ty =——n
k
tl,,
- —a—»
3. The average life of a first order reaction is inversely proportional to k and is 1.44 times
of the half life of the reaction.
T 1
avg :E— = 1 44 t./=
4. Radioagtivity is a first order reaction but its rate is independent to all the factors which
effect first order kinetics because there is no chemical bonding in the nucleus.
5. The half life of a first order reaction decreased with increasing temperature but half life

of radioactivity independent to temperature.
Example of the Reactions of First Order

1. Decomposition of Nitrogen Pentoxide : The compound, nitrogen pentoxide, is a volatile
solid which decomposes in the gaseous state as well as in the form of its solution in an
inert solvent like carbon tetrachloride, chloroform etc. according to the equation.

1
N0, — N,0, > 2NO, +-0,
2NO,
(i) When the reaction is carried out in the solution, N,O, and NO, remain in the

solution and the volume of oxygen gas collected is noted at different intervals of
time. It is obvious that Volume of oxygen gas collected at any time (V) left

« Amount of N,O, decomposed (x) i.e.,
X oc V,
Volume of oxygen gas collected at
(i) infinite time (V,,) (which is done by ; «« Amount of N,O; initially taken (a)
heating the reaction vessel)
acV,
i.e., Substituting these value in the first order equation viz.

2.303 a
= log
t a-—x

2.303 V,
= lo =
We get k : g V.-V,

k

> The constancy in the value of k proves the reaction to be of the first order,
COmposition of Hydrogen Peroxide

The decomposition of hydrogen peroxide in aqueous solution (catalyst by the presence of finely

d- 5 . ! P
"198d platinum) take place according to the equation

1
H,0, — H,0+-0,

PRCER s
et g T X S Bt e = . v
>0 hctu AT Y P R S A B v N e R I M s s e
L US I Waheita s aanina AdiinalanameliEmailiz clinnartmant imalai s aea e e Ty S |
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_— \:nemis

The Kinetics of this reaction may be studied either o t'?fe i methom
. oting its volume at different intervals of y; Sarl,
collecting the oxygen gas produced and noting I B Mme) g
use of the fast that H,O, solution can be titrated agains 4 + 1NUS by wjt

or |
. H i H r
amounts of the solution (usually 5 cc) at regular intervals of time rating againgt th

hq
solution, the amount of H,0, present can be found every time. It is obvious that for ¢

€s
of the reaction solution withdrawn,

ma &
he Same KMng

Volume of KMnO, solution used Initial concentration
before the commencement of the o« of H,0, (a)
reaction i.e. at zero time (V)

ie, aaxV,

_ Amount of H,0O,
Volume of KMnO‘{SOlunon Used} present at that

at any instant of time (V,) instant ie. (a—-x)
ie., (@-x)«cV,

Substituting these values in the first order equation, we get

k= 2.303 log a
t a-x
(22303 v,
or t V

t

The decomposition of hydrogen peroxide, as tested by this equation, is found to be of the fis
order. 7 ;

Pseudo Unimolecular Reactions

Consider the fo’IIowing acid-catalysed reactions -

| (1) Hydrolysis of ethyl acetate

i H+ )

| . . ylaccetate Acetic acid Et%ylalscohol
": (ii) Inversion of cane-sugar '
» CipHpO0,+ H,0 M

| : 12,2 1T TSy C5H1206 + C,anO6

| ‘ Glucose Fructose

Both the above reactions are bj
it is observed that i tars fo

For the first reaction, Rate of reaction o |

CH
and for the second reaction, Rate of reac[ﬁonaCO[ngHs] only
oC




(<
; tion acetic acid is one of th
n this reac _ e product, the amount of which
. : : can be found by titrati
ndard NaOH solution. But being an acid-catalysed reaction, the acid present origina:la;/ I:rs‘

againstt salso reacts with NaOH solution. Hence a little careful though
it A i 8 Ciforart o gh reveals that for the same volume

of reaction
NaOH solution i ,
Volume. Of' ) .used in } « Amount of acid present only as catalyst
the beginning 1.€. at zero time (V;) (as no CH,COOH is produced at t=0 (1)
Volume of NaOH s.olutlon used} . | Amount of acid present as catalyst
at any instant of time t (V;) + amount of CH,COOH produced -+<(if)

Combining results (i) and (i), we find that

Amount of CH;COOH produced
at any instant of time

}"C (Vi = Vo) ...(ii)

gut amount of CH,COOH produced} {Amount of CH,COOC,H;
oC

at any instant of time that has reacted (x)

Hence x < (V, = V,)
Further
Volume of NaOH solution used after the reaction Amount of acid present as

has taken place for a long time, say 24 hours or s0, b o { catalyst + Max. amount (v)
called infinite time (V,,) of CH,COOH produced

Combining results (i) and (v), we find that
Max. amount of CH,COOH produced « (V,_ — V)
But Max. amount of CH,COOH produced
« Initial concentration of CH;COOC,Hy ..(vi)
Hence, a o (V_ — V)
From equations (iv) and (vi), we have
(a—x) o (V, = Vo) = (V, = Vo)
or (@a—x) < (V,— V)
Substituting the values of a and (@ — x) from equations (vi

.. (vii)

) and (vii) in the first order equation,

we get
2.303 a
= log——
i t ga—x
2.303 Vv, — Vo

v 2,200,
o k=T 9y -y,

(b) Inversion of Cane Sugar (Sucrose)
Optical Rotation Method

C,,Hx011t H,O — CgHi206 + CeHi2Og
((+):66:57) BB ()
dextro — rotatory laevo —rotatory
In this reaction by the hydrolysis of dextro-rotatory sucrose produces a mixture of glucose

(de -
Xtro-rotatory) and fructose (laevo rotatory). As laevo rotation of fructose is more therefore the resulting

mi ;
Xture ig laevo rotatory.
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: x or X (=" :
& Similarly, angle of rotation at « time

o\
oV
N |
Ny,

3

erem in
time using polarimeter. e
Say angle of rotation at the start of experim A

Angle of rotation at any time t =1,

Angle of rotation at « time = r_

Now, Angle of rotation at any instant of time = (r, = 1)) oc amount of sucrogg hydfolyhj

= (r, - r,) = initial conc. of sucrose (a)

or awx (rn -r)
Ths, (2= %) & (f, ~ 1) ~ (r, - r)
o« (r,—r)

Hence, k = 2.303 logfo ~ "
AR
Second Order Reaction t

A reaction is said to be sec

ond order if its reaction rate is determined by the variation of 1
concentration terms.

A+ B — Products

or  2A— Products
Case-l : When A = B

£ A + B —— P
: at t=0 a a 0
| at t (a-x) (ax) X
8 According to rate law
] dx
| o KAl B
| i =k(a - X)?
£ |
i ok
§ (@-xf = dt -0
§ Integrateq €quation - '
? I dx i
} (a-x)? =[kat
| i
(a-x) ~Kt+c | : g
when t =, P ’ e
then x.=0Q,
1
c=—
a
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A o s

put the value of ¢ in equation (ii)

=kt +—
(a—Xx) a (iv)
AR ]
(a-x) (a)
i)
t\a(a-x) (v)
Half Life
when t=1,
a
then. X =75

foadtos1 S
o %" kla-al2 a

or t, =l_<1&{
Case-ll : When A = B ,

| A + B — Products
ati" =nt =0 a b 0
at t - (a—x) (b—x) X
“According to rate law :

dx
—d—t-_= k(a—x)(b—X)

dx

m:kdt ()]

Integrated eciuation :

dx _
el R

1 In(a—x)
(@a-b) (b—x)

when t =0,
then Xx=0

=kt+c - ...(ii)

1 a .
c= In : ...(iii

1 (@a-x) _ i
G oon) la-b) b
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‘""::::Eﬁlﬂg |
__1 ln(a—x)_ 1 a ,
(@-b) (b-x) (a-b) b

_ 2.303 b(a - x)
= ta—on a(b—x)

Examples :
(i) Hydrolysis of ester by an alkali

CH,COOC,H; + NaOH——sCH,COONa + C,H;OH
(i)  The decomposition of NO, into NO and O,
2NO,——2NO +0,
(i)  Conversion of ozone into oxygen at 100°c
20,—30,

nth Order Reaction
A — Product
Rate law is
dx

5 = KAP = k@-xr

K, :(n 11)t [(a :()"" _a"1“:| where n>2

k is expressed in the unit of conc.(™ time-".
t,, of nth order reaction is .

2
"Nk @y where (n > 2)
° If concentration is changed to m times, new rate will be m" times.
. Unit of the rat
Order Equatlon e . lif
-life
_ , constant Equation for half -li
: X
i k TS mol dm= g™ a
2k
1 k = 2[3112 = (a _ X)112] 12 s
2 t mol™“dm=—3/2g-1 i
1 ‘
1 k=-In| 2 B
3 ko2l=41 1 v
2 t GT)”Z— 2 dm3’2m0|—1lzs-1 -
2 k=t XD :
ta(a - x) dm® mol-'g-" b
3 k=_2aX-x* k-a
2ta(a P x)z dem O|‘2S—1 2 3
: 2ka?
t(n—1) W*F d,.nsn-:sn,]oanS~1 ‘ on-1_4 1
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inods TOT Determination the Order of a Reaction

~he order of a reaction is never known before hand, thought majority of reactions are first order
o cecond order. )
The following methods are commonly used for determining the order of a reaction.
thod of Integration
sor any reaction :
rate(r) < &
ifr and r,are the rates at two different reactant concentration c, and c,

L (c)

r_-_-LE—} n = order of reaction

4. Me

Then

taking logs both the sides -

7 c,
In2=nin==%
r C,

| _In(5/x) |

| In(c,/cy)i

2. Half Life Method
A general expression for the half life, (t,). is given by -
t-ﬁ xa—n:

it and {, are the half lives of a reaction at two difierent initial concentration a, and &g,
o1
f_ (3)
L \a
taking logs :

nZ-(@n-1in3
3 2,

I

N Int,/t, |
‘Ina/a,|

or n=

3. The use of Integral Rate Expression
We have already demonstrated this method in solving problems for reactions of various orders.
If the plot of Inc versus t is a straight line, the reaction is first order.
Similarly, the integrated expression for the second order reaction can be utilized graphiceally 10
3S certain if the reaction is second-order, and so on.
4. Determination of order with respect to each reactants (Ostwald’s isolation method)
i In this method all the r:"aactants except one are taken in large quantities so that concentrations
constant through all this change.
o i:]'i:us the orde.ar of the reaction is determined with respect to the isolated reactant which is not
arge quantity.
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for example,
aA + bB + cC —— Product

So rate should be :

rate =kC}, - Cg - Cg

ion rate is given wj
taken in large amount than C then reaction g Wwith respey o
(1) If Aand B are ta
()
rate = kC¢ ' ‘ .
(ii) If B and C are taken in large amount then A and order is determined with respect o)
i and C a |
i
rate=kCj (il

(i)  IfAand C are taken in large amount then B then reaction rate is given with feSpect tg ¢

rate =kCj G | (i)
the total order of the reaction will be sum of orders obtained in each experiments.
Order=a+b+c
Temperature Coefficient

“Temperature coefficient of a chemical reaction is defined as the ratio of rate constants of ]
reaction at two temperatures differing by 10°C”.

. Temperature coefficient = M »2to3
T

where k. is the rate constant at temperature TK and k
(T+10)K. This ratio generally falls between 2 and 3 which me
the rate becomes two or three folds for every 10°C rise in te
Arrhenius Equation’

10 1S the rate constant at temperature

ans for most of the chemical reactions,
mperature.

temperature T -
According to Arrhenius increasing temperature rate j

NCreases pre-exponentially -

(i)
where E_ = Activation energy :

A = Arrhenius parameter of Pre-exponentially factor
or frequency factor or Arrheniys Coefficient

kK = rate constant : :

The unit of Arrhenius Parameter is the unit of rate Constant because L= is a unit less quantit)
o
Taking logs of equation ()
E.%
InNk=InA- ==
n nA RT

Eﬂ
log k = log A — _2-3\03RT
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T Intercept =InA 1~ Intercept = log A
E, E
In k Slope =_T?— log k Slope=~_5a
| . | 2.303R
T

T
integrated equation (iii) between temperature T, and T, when the corr

. ' esponding rate const
" k. respectively and assuming that E_ is constant over this temper o
2

ature range, we obtaj
; k , n
are k1 k2 - Ea _1_._._1_.
o9 T 2303R[T, T, |
-
gz =—Ea_ |Te=Th
o |%9%, T 2:303R| T,T, | )
3 This is the integrated Arrhenius equation thus, knowing the rate constant at two different
temperature, the energy of activation E_ can be easily determined.
[ )

Reactions on the basic of influence of temperature can be classified into give types-

T T 1

Rate Rate Rate

Temperature —» Temperature —

Temperature —
(Normal reaction)

Explosive reaction Biological reaction

Rate /\/\ rRate

Temperature — 2NO + O, - 2NO,

Oxidation of carbon The only reaction with negative
¢ temperature coefficient

The Collision Theory of Reaction Rates
e According to collision theory, a chemical reaction can take place only by collision of
molecule to each other.

Rate o numbers of colliding molecules per litre per second.

More the concentration of reactant, more will be the possibilities of collision, hence more
will be the rate of the reaction

So, Rate o product of concentration of reactant

Every collision does not lead to product formation. A collision will be successful of colliding

reactant molecules have minimum value of energy i.e., Activation energy.
Howe
Vv

. . ; iafi the
Sy ©F not every collision lead to reaction even if energy requirement is satisfied because
idin

9 reactant molecules must be a certain relative orientation.
Therefore the main three necessities for a reaction to proceed are :
((:?) iouiSiO'n between the reactant molecules
; (i Ctivation energy

Lk Qnentation of molecules
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Suppose a bimolecular reaction proceeds a5 - ; R
A+A->P

or A+B-oP

Rate of reaction
d[P]

YR
i N
—p = Al ~1)

If the concentration of reactants are unity then rate of reaction is equal to the rate Constant |
diP]
o o - -0
According to the collision theory this rate constant depends upon collision :
k =2q
here Z = number of collision per mol per second
q = fraction of activated molecules

- (3)

number of activated molecules
number of total molecules

q'_"

n’ 2
q= —=e E./RT
n

here E, = Energy of Activation.

So  |k=ze®]

Collision number (Z) is calculated by the following process :

According to kinetic theory of gasses the total number of collision per second of all n-molecules
that are contained in 1 cm®*of gas is -

.(5)

2, = %ﬁﬂdznzﬁ

..(6)

Here : d is the distance between the centre of the spheres when the collision occur, also called
mean collision diameter

n = number of molecules per cc of gas

C = average velocity of each molecule

- |BKT | )
- [ , -0

Here k = boltzmann constant

m = mass of each molecule
from equation (6) and (7)

——ond® |22 n? i _
Za 2\/_7t i A .
kT : ; ' :
= 2n%d? nE
Zpa =20 ,/m | (8)
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ponding expression for the frequency Z,, between unlike molecule, A & B of mass m,

The corres i
and Mg respeCtiVEIy Na and ng are unity then
8nkT
_Aq2
Zyp = dis n @
MaMg
where p is reduced mass = ———mA my (10)
dyg is known as collision cross reaction
A =221 % ' : (1)
AB 2 | |
from eq.(9) and (10)
Mo =
- ZAB=d2AB\FnkT[EA—-‘:——B—:| : sl 12)
mAmB

So rate of reaction
[Collision between like molecules]

d[P] B e E/RT = d2un 4nkT o E/RT
dt m

[Collision between unlike molecules]

' (14)
d[P] “E,/RT _ 42 My +Mp | gB/RT
at. =k=2Z,z-€ = d?as, |B7kT ——

; : ius equatlon
Comparing the theoretical equation of collision theory with Arrhen!

According to collision theory

k = ZgE:/RT
In gem—l‘rélly the Arrhenius equation.
L kepemm
vZSIO. s if z "'=_ A then both equation are same. e

T I02) Sl
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. oceed but they do not guaranteg th
ic Factor ical reaction to prof a
e lision must occur in order for 8 chemIC,mproper orientations, they do not react evep though
Collision es have | octive collisions, another factor P, callgq Sterie

e |
i i [liding molecu p
a reaction will occur. If co sount for € ' ‘ :
they may possess sufficient. energy. To a - having proper onentatlon for conversions of reactants o

factor is introduced. The fraction of collisio
products is called steric factor, P
-E, IRT ?
K PZple Activated Complex Theo
i te Theory or Transition State Theory or ' S b'ry

v T: Eyring, Polanyi and Evans in 1935. Accofrcti;]ng totiva:ed ceo?nr}; lelmolecular

‘ : ' e ac X,
reactior:thZt:r::l?\fri mo);ecgles takes place thrqugh the formation O

A+B —— [AB] —— Products

Reactions Transition state

iy energy that must be absorbed by the reactants in thejr

s . onal
The activation energy, E, is the additiona .
ground states to allow them to reach the transition state. If they do possess sufficient energy to reach

the transition state, the reaction can proceed.

. !
| E, forward © e
. Q.=
S reaction >0
C 25
© @
k= ry w
g HReactants AH
o | . 4 reaction l Products
(a) Reaction coordinate
>
£ £, reverse
$ | E, forward reaction
®| reaction '
= ‘ Products
o T T
C Nr-t’-':action
Reactants — ==

(b) Reaction coordinate

Fig. : Potential energy diagram (a) for exothermic reaction, (b) endothermic reaction

Y of crossing energy barrier
b4 . . . )
concentration of activate complexes at the top of energy bame’

: ier
Rate of reaction | x probability Qf crossing the barré
il KT N 2 Pl
= —X . T[ka)HZS
) (Zﬂmj *Orx \h\
kT
=C* —..

A 8 e (1)
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KT _ Universal frequency with dimension of time™'. Its value d
e Uni | ePends only on temperatyre,

e of formation of activated complex = Rate of decomposition of activated complex
Ra .

ks CA CB = C' -—'-1—'

(ks = Specific reaction rate, C, and C, are the concentration of A and B respectively)
c' kT

ks - CA CB h (2)

on applying law of mass action to the following equilibrium

A+B = [AB[

K = G (K* = equilibrium constant)
CACB
On substituting the value of C* in equation (2), we get
KT s
kg =—-K -(3)

From statistical mechanics, the value of equilibrium constant can be written in terms of partition
function as
. q -AEq IRT
K'=——-e
0ads ~(4)
where, @', q, and q, are partition functions of the activated complex and reactants A and B
respectively, AE, = heat of activation.

On substituting the value of K* in equation (3), we get

ke = kKT q | e0E/RT

...(5
| h™ 9.0 (5)
Eyring’s Equation

The equation of the theory of absolute reaction rate can be expressed in terms of thermodynamical
functions instead of partition functions.

KT .
ks =_h__e AH'/RT |

eAS'fR
: The above equation is known as Eyring's equation.
fansmissijon Coefficient

It is not

Possibi necessary that every activafed complex is converted into the products. To allow for this
iy,

Itis convenient to introduce a transmission coefficient K in equation (5)
k, = kKT o o~0Eo IRT
< h Q.05
°°mp|exor Many reactions the value of transmission coefficient is unity. It means that”evi%’
. the w
reactiOn«s_ eComes a product, However, the value of K is less than unity in the follo

1;

activated
types of

. . o another.
Reactions in which there is a change from one type of electronic state !

Bimolecular atom recombination in the gas phase.

S oy The reverse decomposition of atomic molecules.
' AN cases the value of K is greater than unity due to quantum

mechanical tunnelling:

a1 201021 RS
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ith Arrhenius cquauvn
Comparison of Absolute Reaction Rate Theory With

Arrhenius equation is given as
k. = Ae~= IRT g ’ (6)
. nown as the “frequency factor’. However the Physic y

k : "
where, ‘A', the pre exponential factor is d. But the physical significance of ‘A’ can be €Xplaingy

significance of the frequency could not be explaine
using Absolute Reaction Rate (ARR) theory.

Consider equation (5)
_kT, q

h QaQs i
Replacing AE, by E_, energy of activation, we get

-AEIRT
s = —_—e

kg = KT o 9 -ERT

h quB ¢ ’ .
On comparing-the above equation with equation (6), the value of ‘A’ can be obtained as
A=l | A7)
h g.0s :
From thermodynamics,
2nm, kT)*2
= e 3 ! (8)
(2nm,KT)*> g
e — o R 9)
- _[@n(m, +mg kT2 82 kT]
- h? h? i S g ..(10)

where, | is the moment of inertia and its value is given as

l=o? [\m"\mﬂ }
d m, +mB

where, o is the mean diameter of the activated complex. Substituting the values of QG Q* and
I in equation (7) we get . 73

(2n(m, +mg)kT)*2 --SM
KT x wh*
A= h?
w (2nm kT )2
\_

h3

o)

[8n(mA+mB) J )

Nm +Nm )kTN 112 )
\ ;
NmA Nm %)

M, +M,
|8 2
A ( T M, M, RTJ G
where, Nm = M and R = Nk |

This equation for A indicates its Physmal sngnlflcance

(1)
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- inetics
e Kin
gnzy

05 es are the homogenous biological catalyst, Basically the enzymes are all proteins
E”,Z);:d with non-protein substances known as co-enzyme or prosthetic group.
ec0Cia

e assoc :

talyst is defined as a substances which increases the rate of reaction witho
A c: and can be recovered as such at the completion of the reaction.
hand
any ©

The phenomenon of increase in the rate of a reaction with the help of a catalyst is known as

but they

ut undergoing

catal)’SiS.
Kinetics © . . ’ d o 5
In 1913, biochemist Michaelis and menton proposed a mec anism for the kineti
catalyzed reaction. .
According to this mechanism an enzyme substrate complex is formed
product is formed in the second step.

f Enzyme Catalyzed Reactions

¢s of enzyme -

in the first step and

Step-1 :

E+S —:lﬁ ES Complex ' (Fast)
Step-2 :

ES— 3P+8S : (Slow)

where E = Enzyme ;

S = Substrate
ES = Enzyme substrate complex
P = Product

The rate of product formation according to this mechanism is -
Rate = k, [ES]

_ (1)
Applying stéady state approximation

dES

B eI -k, ESI- K, ST =0 @)

S [E] cannot be measured experimenfélly. The equation between the free and the bound enzyme
'S given by the enzyme conservation equation : '

[E] = [E] + [ES]

[E] = [E]] - [ES]

(3)
Where [EO] =

Total enzyme concentration putting the value of [E] in equation - (2)

dE
[TtS] =k {B] - [ESS] -k, [ES] -k, [ES] = 0

=ki[EoJ[S] - k,[ES][S] : k,[ES]-k,[ES]=0
K[Eo]IS] = k,[ES][S] + k,[ES] +k,[ES]

[Es]=_KilEIlS] (4)
Ki[ST+k, +k,

- PUtt; :
tting the value of [ES] in equation (i)

Rate = _Kis[E]IS]

.(5)
,' k'l[S] + kz + kg
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Dividing numerator and denominator by k,

K, [E,l[S]

[S]+ ko Ky
K

Rate =

ks[E,][S]

Rate =
ate [S]+K.

kK, + Kk,

where K = = constant = Michaelis constant
1

Note that k_ is not an equilibrium constant.
Equation (6) is known as the Michaelis - menton equation when all the enzyme hag reacted wjt,

substrate at high concentration, the reaction will be going at maximum rate. No free enzyme wj remain

so that
[E,] = [ES]
Hence from equation (1)
Rosx = Vinax = K; [EJ] -(7)
The Michaelis-menton equation can now be written as
= Vmax[S]
Rate = —max - .-(8)

Ka +[S]

| Two cases arrises :
N (@) if K <<[S], then

il Rate = —Vmax[S]
[{ ; [S]
i Rate = V__ = constant (zero order reaction) -(9)
£3-1 ! ]
I (b)  if K_>>[S], then
| Vires[S] : '
e Rate = =L (first order reaction) ..(10)
i (c) ifK_ =I[S], then
i ‘I 1
| Rate = = Vv, (1)
i
11 1
(]
\; ; 4 Vmax--——_-‘_ ——————
i r=V,.. (zero order)

| ] r=1y
: Rate 2 Vmax[T T T T2 |

— R =V, [SVk, (first order)

1

1 [S] =k,

Substrate concentration —s
Fig. : Kinetics of An Enzyme - Catalysed Reaction ‘ mber
The constant k, is callgd t_he tumover number of the enzyme. The turnover number is the M
of molecules converted in unit time by one molecyle of enzyme. - e
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