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4. CHEMICAL KINEHCS
when one or more substance undergo a change which
results in the formation of a new product , called chemical
reaction

.

CHEMICAL KINETICS
,
is the branch of chemistry which

deals with the study of gates of chemical reaction
their mechanism and the conditions in which hate
can be altered .

ON THE BASIS OF SPEED

it VERY FAST REACTION : some reaction such as
ionic reactions occur very

fast e.g Agnos + Nacl → Ago + NANO}
ii) VERY SLOW REACTION : some reactions are

very slow i. e takes
months to years in eombletion

e.g. Rusting of iron in the presence of air and moisture
•

•

formation of coal and bebolium

iii) MODERATE REACTION i.Those reactions which are
neither very slow nor

very fast but takes place at moderate speed .

e.g inversion of cane sugar
921122011 + Hyo ↳ HI206 1- CGH 1206

Glucose fructose
ON THE BASIS OF NUMBER OF STEPS ⇒

COMPLEX REACTIONS

ELEMENTARY REACTIONS when a sequence of elementary
reactions gives us the product called

The reactions taking place complex reaction , each step in a
complex reaction is called elementary Rxh

.in one step are called slowest step is called rate
elementary reaction determining step.



RATE OF CHEMICAL REACTION :
It is the change in molar

concentration of species taking part in the chemical reaction
per unit time .

for the reaction A → B

Rate of disappearance of A
= Decrease in cone. do A = - A£A?-Time taken

Rate of disappearance of B

= Increase in conc. GB = + A£B÷Time taken

NOTE
The concentration of reactant

decreases
,
so it

represent by - resign , while
the conc . of product increases
so it represented by + ve sign .

¢

TYPES OF RATE OF REACTION :

AverageRatewM InstantaneousRaleweM
change in molar conc .

of reactant and product
change in molar cone of reactant
and product at a given

at a given interval of time instant of time .

R > P
Inst .Avs Rate of -

A¥=+a¥? Rate of reaction
-%¥=+%¥Reaction

RELATION BETWEEN RATE OF REACTION AND STOICHIOMETRY

•) AtB T C -117

Rate of Rxn -

dEdA÷= - ddEB÷= +dd¥ =
+%¥

• ) 2A→ c.+p
It is clear from stoichiometry of reaction
that the rate of disappearance of A
is twice the velocity of formation of C 8D



so
,
rate of reaction can be given as below

Rate of Rxn _£df¥- =
+d¥- = +dd¥-

e.g 5Bo
-

+ Broj + 6 H+ > 3By + 31120
eaq.) Caq.) Cag.) Cg , (e)

Rate of Reaction = -f- A£B¥ =

-

¥105? -t.AE#---J-An=BEd--JAIEI.

UN1TOfRATE0FREACTIOMwmmmnMtÉ
see orminor in,

⇒ Moll
" sector Moll-1min - I¥7 =

Moll-1

Or Moll-1 hot

consider a general reaction :

AA + BB→ cc

Rate of reaction ⇒ -2- ddEA3_ = -13%1-33=1-12%+1
rate of disappearace of A = - doffs
rate of disappearance of B = - ddlB÷
Rate of appearance of C = +dI¥

Q A -1dB → 3C +217 ,
the rate of disappearance of B is 1×10

'

moly!,
what will be

d) Rate of Rxh dis Rate of change in conc . q A andC

Aue Rate of disappearance B
,
- ddEB¥ = 1×10-2 Moll- Is-1

Rate qrxn = -1-d%¥=-tgdedBf- = -1}_d¥+=+1zd%¥
% Rate of RXU-l-zdgpf-n-tgxl.cl ✗ 10-2=0.5×10-2

Mol 1-Is-1

Iii ) Rate of change in cont 8A
- doggy = R. OR ⇒ 05×10-2 Md

1- IS- I



Rate of change in cone of C

tdd¥ =
3XR.OR ⇒ 3×0.5×10-2

1.5×10-2Moll- Is- I

FfACTORSAFFECTlNGRATEOFREACT10NÉunmnmmwÉ
• CONCENTERATION OF REACTANT

It is observed that rate
of reaction decreases with time . we know that initially
the conc . of reactant is maximum so the rate of change
in cone . is also maximum .

As the cone . of reactant decreases
when the rate of reaction also decreases

It means that the rate of reach
' is

directly proportional to the cone . of reactant .

• TEMPERATURE OF SYSTEM :
Generally , the rate of all

reactions approximately increases on increasing temp .
In other words

,
the rate of reaction also decreases

on decreasing temp . Generally , the rate of reaction mixture
increases two to three times on increasing temp . upto 20°C

•NATURE OF REACTANT :
In a chemical reaction old bonds

are broken and new bonds are formed
so
,
the reactivity of substance depends on

breaking and formation of specific bonds .

2h10 -10
,
→ 2NO

, Hast )

20 -102 → 2 CO2 C. Slow)

• EFFECT OF CATALYST :
catalyst

increase the rate of reaction
are those substance which

without undergoing any chemical
change in them.

It is considered that
presence of catalyst decrease
the activation energy of reactant
which increase the rate of 91 .



SURFACE AREA
Greater the surface area of reactant, higheris the rate of reaction . It is observed that if

reactant is a solid substance then rate of reaction depends
upon the size of its particles
e.g A piece of wood burns slowly but it burns rapidly
when cut into small pieces .

EXPOSURE TO RADIATION :
The rate of some reactions

increases rapidly in presence of radiation Luv and visible

Photons of UV and visible light having high energy
dissociates chemical bonds of reactants rabidly which
increase the Gate of reaction.

He-14
In dark

s 2h4 (slow) Hg -16,# 2Hce ( with 1
light

explosion

RATE LAW
Rate of Reaction is directly proportional to

the product of molas concentration of reactant and
each raise to the power their coefficient on which
rate of reaction actually defends .

AA + BB → Product Rale constant

✓ or specific Reactionactual
used ¥ ¥ rate

Rate of Rxn = KIA] ✗[BJP
↳ Rate law too any reaction can not be predicted
theoretically but must be determined experimentally

RATE CONSTANT :
rate constant is equal to rate

of reaction when concentration of each reactant

becomes unity .

ORDER :

It is the sum of powers ace . to rate law
expression .

Rate of Rxu = KCA ] ✗[B)
B
⇒ order = ✗+ B



characteristiesofraleconstanlmuuuwm.li
indicates the speed of reaction ,

Greater the value
of Kate constant

. faster is the reaction .

• 7 Every reaction has a particular value of rate
constant at a particular temperature .

•7 The rate constant for the same reaction differs
with temperature .

• ) The value of rate constant for a reaction does
not depend upon the concentration of reactant

•1 The unit of rate constant is dependent on the
order of reaction.

MOLECULARITY OF REACTION

The total number of atoms
,
ions or molecules of the

reactant which collide effectively to give product
is termed as its molecularity .
A → Product

, Molecularity =L ↳ NHU NO, → Nz-12110
2A → Product

, Molecularity =L ↳ qui→ Ha+Iz
A. + B→ Product

, Molecularity 2 ↳ g. No -102→ 2NO
,At Btc→ Product , Molecularity =3

Characteristic of Molecularity :

• Molecularity of a reaction is always an integer .
• It can not have a fractional or zero values ( a zero

molecularity implies that no effective collisions b/w
reactant molecule takes place i.e reaction doesn't

occur at all) .

• Molecularity can be judged by a balanced chemical
Ren

• for a complex reaction, molecularity has no significance
Ngos → 2^102+1=0, molecularity = I 2HI→ H2+I,

Mole . = z



ORDER OF REACTION

The order of a reaction is defined as the sum of bowers
to which the concentration terms are raised in sale
law equation .

A+2B → c +D

Rate law R : keaymqpggn ( experimentallydetermined . )

order w.TT A -_m
,
order w.at B-- n

Overall order of given reaction = Mtn

g. what is the order of reaction ?

Auf Rate law
,

R : KCA]k[B) 2

Order of reaction = 2£ 00 2.5

Characteristics of Order of a Reaction :

a)It represents the number of species whose concentration
affects the rate of reaction directly .

•7 Reaction order can be obtained by adding all the exponents
of the concentration terms in rate expression .

• 1 The stoichiometric coefficients corresponding to each
species in the balanced reaction have no effect on the
order of the reaction

•) The reaction order of a chemical teeaction is always

defined with the help of reactant concentration and
not with product concentration .

•) for a complex reaction , the slowest stets is rate determining
step .

Zero Order Reaction :

Rate : KCA]°µ
,
+U, 2 HCl : 2m20 → 2 Na -102

First Order Reaction :

Rate : KTA]
' 211202→ 2 Hat 02



Second Order Reaction

Rate = KEA]2

e.g C -10
, →

CO -10

2h10
,
→ 2NO-10

UNIT OF RATE CONSTANT

K= (Moll- 1)
' -n
Sec-1 K = Calm )

" - n
Sec-1

zero order A- 0
k=(mole-171-0sec- I ⇒ Moll-1 Sec-1

First order
n.sk :(mail)

' -•
sect ⇒ see-1

second order n=2 K :(Moll - 1)
'-2sec- I ⇒ moi' l

'
Sec -1

Half Order n - k k :(Moll-11¥ Sec-1 → Molk [ 112 Sec -1

9. Identify the reaction order

① k= 2.3×10-51 Motts -1 → Order =L

④ K = 3×10-4 s- I → order = I

Q . The conversion of molecules ✗ to Y follows second
order kinetics

, if concentration of ✗ is increased to

three times how will it affect the rate of formation doll ?
AE The reaction is ✗→ Y

Acc. to rate law

rate : KCX]2

If CXI is increased to I times , then

rate' = KEHR

rater = 9 KEHL

⇒ gxrale

Thus
,
rate of reaction becomes 9 times and hence rate of
formation of increases g- times .



Integrated Rate Equation
First Order

Those reaction whose rate depends Upon one
concentration term of reactant .

R→ p

Rate of Reaction ✗ er]
' Put value of I in eq①

_ddER÷= KER] - lnR= Kt + I
- lnR= Kt - ln Ro

-

d{J}- = k.dtlnro-lnR.tt
I. B.SC Integrating both Sides ) In Rpg = Kt
- fd{¥g=

kfdt-lnr-kt-I.IO#k9erahih&-ylvgRg-=tC3huuuconstant

to get the value of I UNIT = Molt 's - l

t = 0
,
R : Ro

t --2.3¥ log a- lnR. = I ate

c- T

T
q

'-

log
last d÷✓ ty

,

T

y > >

1-→ (a-x) → ( a-x]→

Zero Order Reaction
Those reaction whose rate depends

upon zero concentration terms of reactant .

R→ P

Rate of Reaction ✗ ERI



- doffed : K -R=Kt +I

- R : Kt - Ro
-der] : K.dk

I. B.SC Integrating both sides
Ro - R= Kt

-SDIRT : Kfdt R_R=ÑnuwM
- R ' Kt +I

Integration
constant

to get.- the value of. I -

+
-

't--0
,
R= Ro T %.

T

- Ro -

- I "

+→
i

ca-⇒→
>

"
"

(a-a) →
"

puttin equation 1

Half life of a Reaction :
The time in which the concentration

of a reactant is red iced to one half of its initial cone .
It is represented by tyz .

t-2.jo#eogRg- t.tk , A- RE}firstorder
tyz.az#engRpY-.X2tyz=0-EfIew)t--Ro-kR-
t.tl/ziR--Rktyi-R.-rE-sJY-a

Ta

g write general expression for half life period ofa reaction of nth order

AE ty, = 1-
[Rojh - i



PSEUDO FIRST ORDER REACTION

Reaction which are not trudy of the first order but under
certain conditions become reactions of first order are called

pseudo first order Reactions .

eg Acid catalysed inversion of cane sugar
421122011 1- H2O Gtf 206 -1 6111206

excess) Glucose Autose

Rale : KECKHas On]

Acid catalysed hydrolysis of ethyl acetate .

CH
,
COO ↳Hs + H2O Is CHZCOOH + ↳ Hs- OH

cexcess)
Rate : K [ CU, COO GH5)

Both of the above reactions are biomolecular but are found
to be the first order because water is present in such a

large excess that its concentration remains almost constant

during the reaction .

P.Y.cl
g. A reaction is second order writ a reactant . How is the

rate of reaction affected if the concentration of
reactant is NCERT ( 2009, 2012,2014)

( is doubled di> reduced to half

Anti. rate-rk.CA] &

EA] = La , rate
= Kona)2= 4kg2

= 4 times

(A) : tga , rate = K[az]& -
. G-Kal : Igth



g. A first order is found is have a rate constant

K--5.5×10-14 Seol . Find half life of the reaction .

AI Half life for a first order Reaction is NCERT

tyz = 06,9£ = %¥÷a = 1.26×10135

Q The half life for radioactive decay of
'tis 57304.

An archaeological artifact contained wood that had
only 80% of the C'4 found in living tree . Estimate
age of the sample NCERT

II. Radioactive decay follows first order kinetics

Decay [KI --0¥? = °¥÷
1- = 2¥ log {nA÷ : 2%1%-0×00969

= 1845 Year .

9 A first order reaction takes 20 minutes for 20%
decomposition . Calculate tyzrc log÷ = 0.0969)

Any K = 2.3+02 log ÷,
=

2320¥ log 1¥ = £3203T ✗ 0.0969

= 0-011158=11.258×10-3

ty, = 06,9£ =
0.693

11158 X lo -3

> 6%1 then
.

All the Best



→ Effect of Temperature on rate of reaction:-
The rate of reaction increases with increase in temperature

Arrhenius proposed an equation that related temperature
and rate constant for a reaction quantitavely

Acc . to Arrhenius Equation
* Intercept = log ,. A

K = Ae
- Ea/RT

where

K= rate constant of the R.in
. log,.kÉ¥p

A = Arrhenius factor / frequency
factors

/ pre exponential ifa tox

Ea= Activation Energy 11T

R = Universal Gas Constant

1- = Temp . in Kelvin E:b:* lnk-lnki-t-pa-q-E.gg
,

Taking In both sides '""

Er
,

-
-
E
:(Y÷;)lnk = InA e

- EalRT

lmk .= - E-a +1nA
r,

2.303 "↑0Gk÷=Ea_r(T¥; )
b• At temp Ti ,

enki = e.na -¥
,

-① 19k¥
,

-
- &ᵗ÷r( ¥7 )

lad At temb T2 9
where

luka = 1nA - Ea_
→⑨

Ea → Activation Energy
RI R→ Gas constant

operating ⑨ -①



Methods to Determine order of Reaction

is Graphical Method
In this method, rate of reaction

is plotted against the concentration .

Rate Rate Rate

Zero Order [A] [A) 2

EAT first order second Order

i Half life Method
In general half life period of(th ) of a reaction of nth order is related to

F-nitial concentration. of reactant

% tyz the

[A]
◦ (A)o 1/[A)◦

Zero order first order second order

Rate of catalyst in a chemical Reaction -
A catalyst is a chemical substance which alters the
rate of a reaction without itself undergoing
any permanent chemical change



1-

-

£ tamwim◦•+catalyst

Ñ
Energy of activation

¥8¥vÉwith catalyst

¥ Product

•

Reaction co - ordinate

catalyst provide. an alternate bath by reducing
the activation energy between reactants and products
and hence

, lowering the potential energy .
-A Collision Theory of chemical reactions

↳ Reaction occur due to collision of molecules

↳ All collisions are not effective

↳ Effective collisions are those
collisions in

which molecules collide with sufficient

kinetic energy ( called threshold energy
which

is equal to activation energy
+ energy

possessed by reacting species) and proper
orientation .



Collision Frequency
no . Of collisions bez second

ber unit volume of reacting mixture . It is

generally denoted by 2
consider the biomolecular reaction

At B → Product

Acc . to collision Theory .. .
Rate = ZAB e-

Ea/RT

where

ZAB = Collision frequency
of reactant A &B

Ea = Activation Energy

R = Universal Gas Constant

T = Temperature in absolute
scale

.

CONDITIONS FOR EFFECTYE COLLISIONS -

-• Molecules must collide with sufficient energy

called threshold energy
-• Molecules must be oriented properly in order
to break old bonds and form new bonds.

-Be another factor , P called
the probability or

steric factor is introduced to explain effective
collisions

so
,
hate = PZAD e-Ea/RT


