SHIVALIK BEHROR

MEDICAL/IIT-JEE PRE-FOUNDATION
CLASS XII Appearing
(LESSON V™ (Chemical Kinetics)
» SUBJECT- CHEMISTRY (Varun Sir, Mob. 9784067297)
» Chemical Kinetics is the branch of chemistry that deals with rate of a reaction,

the reaction meachanism and factor affecting the rate.
» The word kinetics is derived from the Greek word “Kinesis” in nt.
» Thermodynamics tells only about the feasibility of a reaction.
» Chemical kinetics tells about the rate of reaction.

> Classification of Reactions :—

Three types on the basis of time of completion Wfast and moderate

Reaction.

catalyst.

2. Fast Reaction :- These rea

ion completes‘ry fast in fractions of second.

3. Moderate Speed Reattion : se Yeactions complete in few minutes or hours, neither

too fast nor too slo

0 O, in the of light, decomposition of diazomethane,
» eatalytic hydrolysis of ester.

version of cane sugar.

oderate reactions are used to study in chemical kinetics.

» Rat€ of Reaction :- The rate of reaction is the change in the concentration of any one

of the reactants or products per unit time.

concentration

rate of reaction =

time




» Average rate of a Reaction (ry ):-

increase in Concentration of P

Rate of appearance of P =

time taken

A[P]
[y =+ ——
av At

deccrease in Concentratio

Rate of disappearance of R =

time taken

Where r,, = average rate of reaction
-ve sign = Concentration of Rea

+ve sign = Concentration of produc

A[C] = Change in concentration

of R

A[ ] = Change in cogcentration of Product
' &ant

Change in

At = Change
[ 1= atio
» Unit of Rat
concentratlon
ion =
tlme
ol lit~1

SecC

Rate of Reaction = Mol lit™* sce™

Special Point :- In gaseous reactions, when the concentration of gases is expressed in

terms of their partial pressures, then the units of the rate equation will be atm sec™.




» Instantaneous rate :— The rate at a particular moment of time that is instantaneous

rate.
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[I.rm'f:.!.'!m.'u_'uu.q and-average rate of a reaction ]

ion in terms of different Reactants and Products —

» Expressingghe

Ex. :- 1 & Stoichiometric coefficient

I+ Cl,

\I
%57 _ 4 d@as) _ . d(Cly)

d dt dt
Rat@ofdisappearance of PCls = - ¢ )

dt
d (PCl3)
dt
d (Clp)
dt

Rate of appearance of PCl; = +

Rate of appearance of Cl, = +




Ex.:-Hg(l) + Clx(9) = HgClysy € Stoichiometric coefficient

1 1 1
(o AMgl _ _ACL]  _ AlHeClo]
At At At
Rate of disappearance of Hg = - %
w

Rate of disappearance of Cl, = - m

Rate of appearance of HgQCl, = + %

Ex.:-2HI(g) > Ha(g) + 12(9)

2 1 1 < Stoichiometric Ggeffigient
r:_l_A[HI] = +A[HZ:| :+M
2 At At At
Rate of disappearance of HI = - %
Rate of appearance of H, = + AlH,]

At
]

Rate of appearance of I, = + 2

EX. - 5Br (aq + Br 3(AN Mg + 3H20()
r] A _—

. 1A[B ro 31 _ 1 A[Brp] _ N 1 A[H20]
T 5 At At 3 At 3 At
Ques he jon R = P the concentration of a reactant changes from 0.03M

inutes. Calculate the average rate of reaction using units of time

both i and seconds.

03M > 0.02M
(R1) (R2)
=0 t, = 25 Min.
Average Rate = - 2Rl = _[R2)~ Rl
At ta— 1ty




— [€02)— (.03)]

Average Rate =
25—-0
_ -0 _ L 01
25 25
1 .04 4 - . -
= =— == =4x10*mol lit* min*
25 x 100 100 104
0 4 2
T 25x60sec 104 x 60 "~ 30x 104
2 .666 o
=—— === =666 x 107
3x10 10

= 6.66 x 10° mol lit* sec™
Ques :- In a reaction 2A - products, the concentration of
0.5 mol I'* to 0.4 mol I'" in 10 minutes. Calculate the ratg d

C

2A - Product

Ans :-

0.5 mol I'* > 0.4 mol I
(A1) (A2)
t,=0 t, = 10 min

Average rate = - 1A[A] _ -1 [A;—Aq]

2 At 2 -t
-1 (4—.5) _ -1 )

T2 10-0 2 \

=1 - 5%10° mol
20

Ques :- The decomposit in"CCl, at 318 K has been studied by

,Os in the solution. Initially the concentration
r 184 min. It is reduced to 2.08 mol I™.

ccording to the equation :-

2> 4NOy(g) + Ox(0)

a average rate of this reaction in terms of hours, minutes and seconds.
e rate of Production of NO, during this period ?

2N,05(g) > 4NO»(g) + O2(9)
(N2Os): > (N:0s)2
t, =184 min

2.08 mol L™

IS

t; = 0
2.33mol L*




1 (N205)
2 At

— ~1 [(N205)2— (N205)1]
2 tr—1t1

Average Rate = -

_ —1(2.08-2.33)
2 184-0
_-1_-25 _ 25

2 7184 368
=.000679 mol I'* min™

Average Rate (in Min.) = 6.79 x 10 mol I'* min™

= 0.000679 x 60 =.04076

Average Rate (in Hour ) = 4.076 x 10 mol I hour™
— 0.000679 — 679 _ = 113.16 X 10_7
60 6x 10
Average Rate (in Sec.) =1.1316 x 10® mol™ Seg’*

-1 A(N;O 1 A(NO
r:_(zs) — . 1A@Oz) _ o
2 At 4 At

r_l A(NO»)

4 At
292 _ gxr=4 ; \

roduct of the active masses of the reacting substances.
+ - Product
o () (B)"
r'= K(A)* (B)°

acttve masses = molar concentration
(A) = Active mass of A
(B) = Active mass of B
K = rate constant (or velocity constant)
r = rate of reaction




g f§vg :— Power equal to it’s stoichiometric coefficient in LMA reaction
When (A) = (B) = 1 molar
rate (r) = K

Rate of reaction at Unit concentration of reactants is called rate constant or specific

rate reaction.

Rate law or rate equation or rate expression :- The representation of,
Of reaction in term of concentration of the reactants is known as r W.
aA+bB -  Product

a, b =» Stoichiometric coefficient

Rate expression — rate a (A)* (B)’

Where exponents x and y may or may not be equal ichiOmetric coefficient
(a & b) of the reactants.

Rate = K (A)* (B)’ %
—dR) _

A Y AT 2) A — (1)

Eq. 1 is known as differential tion,\-‘{ate law or rate expression.

Th of powers of the concentration of the reactants in the

all®® the order of the reaction.

+bB >  Product
ate law r = K (A)* (B)”
rder with respect to reactant A = x
Order with respect to reactant B =y
Total order of Reaction =x +y
+» The order of reaction may be defined as the number of molecules whose

concentrations determine the rate of the chemical reaction at a given temp.




Ques :- Calculate the Overall order of a reaction which has the rate

expression.
(a)Rate = K(A)% (B)g
(b)Rate = K(A)z (B)~1

1 3
Ans :- (a) Rate = K(A)z (B)2
Order with respect to reactant A =%

Order with respect to reactant B = %

Total order of Reaction = % +

N W

4 .
=— =3 = 2 (i.e. seconel or

3
(b) Rate = K(A)z (B)™!
Order with respect to reactant %
B =

rder reaction.
rate o (Concentration)"

dx

— =K (Concentration)"




C trati i
== 227 = K (Concentration)"

time

(Concentration )1

time x (Concentration )%

K = (mol lit 1) sec™

Order of reaction

n = 0 (Zero order)
n =1 (First order)
n = 2 (Second order) (mol lit™)
n = 3 (Third order) (mol lith)* se

it ! sec™ = mol ™ lit** sec™

ol lit *)? sec™ = mol™ lit*? sec™

Ques :- Identify the reagtio r from eagh of the following rate constant.
(Y k=23x10" L |\ 1) k=3x10"sec™
Ans:- (i) Seconghorder (ii) First order

Ques : e camversion of the molecules x to y follows second order kinetics. If
th ntrati is increased to three times, how will it affect the rate of
?
-> y  n=2(Second order)
ate o (x)? Rate = K (x)*

If concentration of x is increased three times.
now x = 3X
Rate =K (3x)?  =k9x? Rate =9 x K (x)?
Rate of reaction will become 9 times, Hence the rate of formation of y will increase

9 times.




» Molecularity of reaction :- The number of reacting species (atoms, ions or

molecules) taking part in an elementary reaction (simple reaction) which must collide
simultaneously in order to bring about a chemical reaction is called molecularity of a
reaction.
Ex. :- NH;NO, - N, + 2H,0

Molecularity =1

2H]I - H, + |,

Molecularity =2

2NO+0, > 2NO;

Molecularity =3

+¢* Molecularity is defined only for elementar st a S.

+¢ There is no meaning of Molecularity fégcomplexqreacti6ns occurring in more

than one step) reactions.

» Molecularity of Complex Reactions :- tiOAS occur in two or more steps.

Each Step is an elementary reaction. The of various elementary reactions

generally differ from one agot

+ The overall rate IS c%olled by the slowest step in a reaction

called the oWerall ratéyof reaction is controlled by the slowest step in a

reaction d th ing step.

> Distinction\tw

rity and order of a Reaction :-

Order of a reaction Molecularity of a reaction
1. It is the sum of powers raised 1. It is the number of molecules of
on concentration terms in the reactants taking part in elementary
rate expression. step of a reaction.

N

. Order of a reaction is an

N

. It is a theoretical concept.
experimental value, derived
from rate expression.

3. Order of a reaction can be zero. |3. Molecularity can neither be zero
fractional or integer. nor fractional.

4. Order of a reaction may have 4. Molecularity can never be negative.
negative value.

5. It is assigned for overall 5. It is assigned for each elementary
reaction. step of mechanism.

6. It depends upon pressure, 6. It is independent of pressure and
temperature and concentration temperature.

(for pseudo order)




Pseudo order Reactions :— When one of the reactant is present in excess, the rate of

reaction does not depend upon the concentration of that reactant these type of
reactions known as Pseudo Order Reaction.

Example of Pseudo unimolecular reactions:—

1. Acidic hydrolysis of ester

CH3;COOC,Hs + H,O0 _H',  CgH1206 + CeH1206
rate = K (CH3;COOC;Hs) order =1
2. Inversion of Sugar Q

CioH201; + H,O > CeH1206 + CsH 1206

glucose  Fructose
rate = K(C1,H»,01) order =1

Differential Rate equations :-
Ex. aA +bB - product

rate == = K(A)" (B)"

Ques :- A reaction is firgto [ and&ond order in B.

1. Write differenti aN

2. How is the M reasing the concentration of B three times ?
3. Howist % en concentration of both A and B is doubled ?

uct

B
AYN(B)?

(i) If B is tripled
r=K (A)! (3B)?
r=K (A)! (9B)?




r=9k (A)! (B)

rate of reaction 9 times.

(iii) In both (A) & (B) are doubled
r=K (2A)" (2B)
r=Kx2(A)" x 4(B)?
r=8k(A)" (B)

rate of reaction 8 times.

» Zero Order Reaction :— If rate of reaction depend on Zero po

Reactant, then it is known as zero order reaction.
R -> P

[Rlo=C

Substituting the value of C in the equation [1]
[R] =-kt+[R]o

Kt=[R]o - [R]




k=Bl )

Equation (2) is integrated rate equation of zero order reaction.

> Half life period :— The half life of a reaction is the time in which the concentration of

a reactant is reduced to one half of its initial concentration. it is represented as tu,.

for zero order reaction

t=t, [R] = 1/2[R]0
= Rlo (R
t
[R]o -210

K 2
t%
o %
2xt1
2
= 2

t,, for a zero order reaction is digectly propo*)nal to the initial concentration of the
0 a

i
the rat

reactants and inversely p constant.

1
t1/2 a [R] 0 t E

Variation in the ntr time plot for a zero order reaction :-

= -kt + [R]o

C

Intercept = [R]°

Concentration of R ———»

0 Tirme —




Graph between rate of reaction and concentration :-
r = k(R)°

Rate

T

Graph between half life period & initial concentration :-

(X
2k

»
»

Concn —»

t, = Y = MmX

slope =%K

ty,

— [Rlo

Ex. 2NHi(@)  1130K  oNj(g) + 3H(g)

Pt Cataly: f \
2H]I

of reaction depend on First power of concentration of

first order Reaction.

B[R] _
Tt = Kt

1 —_ -
@d[R] = -kdt
Integrating both side
1 - -
| = d[R] = -K [dt

IN[RI=-K+C oo (1)




C = Constant of integration
t=20 [R] = [Rlo
[R]o = Initial Concentration of Reactant
Put these value in above equation (1)
In[Rlop=-kx0+c
C=In[R]o
Substituting the value of C in the equation (1)
In [R] =-kt+In [R]o
Kt = In[R], - In[R]

[R]o
Kt=In—
[R]
y 4
R
K=23% og
t [R]

Equation (2) is integrated rate gquation of first order reaction.

Half life Period :— \
For first order reac\

t=ty, [ Y[R]s

K = 2303 N
; og [1;]0

_ 2.303x.3010
k

for first order reaction t,, is independent of (R).




» Graph :— A plot between In(R) and t for a first order reaction.

R
K= l |n&
¢ MR
R
Kt= In—2

[R]
kt = In[R], — In[R]
In[R] = -kt + In[R],

P 4

Intercept = In [R]°

\Y

lope =-K

\ Intercept =In [R]o
n

k = -slope

Concentration of R ——*

=]

Time —

2.303

log — T Slope = ——




Ex. Hydrogenation of Ethene
Natural and artificial radioactive decay.
Ex.:-228Ra>  3He + %42Rn
Decomposition of N,Os and N,O
Expression for the rate constant for reactions of first order from concentrations

kt = In[R]o — In[R]

In[R] = In[R], — kt

Attimet; -

Ln[R]; = In[R]o — kt;

At time t,

Ln[R], = In[R]o — kt,
Subtracting equation 2 from equation 1

In[R]: — In[R]z = [In[R]og- kta] — [In[R]o — Kt]

of the reactant at two different times :-
R
K= z In B Q
t [R]

Quies :- The initial concentration of N,Os in the following first order reaction
N,Os(g) = 2NO,(g) + %0,(g) was 1.24 x 102 mol L™ at 318k. The concentration
of N,Os after 60 minutes was 0.20 x 10?2 mol L™ . Calculate the rate constant of

the reactant at 318K. (log 6.2 = .7924)




Ans :- To be given
Order = First
(N20s)

(R):
1.24 x 102 mol L

60 min. R (N205)

(R)2
0.20 x 102 mol L*

t, = 60 min.
K=?
_2.303 [R]1
k= ty—t Iog [R]2 Q

_2.303 1.24x 1072
(60—0) 20x 1072
_2.303 I 1.24

- 100 — log 6.2 =.7924
_2.303
T 60

— 2.3(())3 X 7924 - 1.824 =0\

find the half life of the reactiah. \

Ans :- To be given \

Order = Ei tx
X

log 6.2

ate constant K=5.5 x 104 Sec™*

693 x 1014
5.5
_6.93x1013
5.5

=1.26 x 10" sec.




Ques :- Show that in a first order reaction, time required for completion of
99.9% is 10 times of half life (t,) of the reaction.

Ans :— Order = First

Suppose [R]o =100

[R]=100-99.9 =0.1
lo @
9TR

2.303
K=

2.303

3x2.303

3x2.303

t

t 30000
t1 3010
2
t
=—=9.96
t1
2
t
—=10

log -

og 10°

og 10

100

t=lOXt1/2




Ques :- A first order reaction has a rate constant 1.15 x 10° sec™* . How long will
5 gm of this reactant take to reduce to 3gm.
Ans :- To be given

Order = First

K=1.15x 10" sec™

[R]o =59

[R]=3g
t=?

2.303 [R]

- o
K= - log R
{= 2303 1 [Rlo

- T 9
t= 2.303 lo 5

1.15x 103 E)
2.303 x 1000
t= 2303x1000 1001 67
115

t= 228y 223
1

1.15
- Ti % ompose SO,CI, to half of its initial amount is
I s. [fithe

1.15

decomposition is a first order reaction .calculate

stant of the reaction.

693
t,= —
%7K

693
k=22

t1

7

693

k=22




k =0.01155
k=1.15x 102 min*

> First Order reaction for numerical purpose :-

_ 2.303 _a
K= — log —
k = Rate constant a = initial concentration
t =time X = product for some time

Ag —— B

» Integrated rate equation of first order react%%state -

Initial Pressure P, 0
After t —time P;- X X X
Pressure \
Total Pressure (Py) = N

Pt
Initial Pressuge a

Final

Quies :- The following data were obtained during the first order thermal
decomposition of N,Os(g) at constant volume :-
2N20s > 2N204(g) *+ Oz




S.R. time(sec) total pressure (atm)

1 0 0.5

2 100 0.512

Calculate the rate constant.

Solu :- 2N;05(g) 2N304q) + Oy
Initial Pressure P,

Pressure after tume t (Po— 2P)
Total Pressure after time t
Pi=(Py—2P)+2P +P
Pi=Pg+P
P=P;— Py

Pressure of N,Os after time t (N,Os) = Py

= Po—2 (Pi—Py)
= PO = 2Pt + 2P0
= 3P0 = 2Pt

K/

This (N205)0 o Py (NZ 0— Pt

Po = 0.5 atm
3Py— 2P,

P;=0.512 atm

o 0.5
g 3x.5—2x.512

0.5
1.5-1.024

K = 02303 log ~—

K =.02303 log 1.050
K =0.02303 x 0.0212
K = 0.000488 K =4.88x 10 sec™




> Arrhenius equation :-

rate constant

\

frequency factor
or
pre-exponential factor

k =A

activation energy

|

Ea
RT =— — kelvin termperature

v \
\ the gas consant

mathematical
guantity, e

KA‘
A = Arrhenius factor or frequency factor p tial factor.

K = rate constant

R = gas constant

InK = InA - Ea
RT

Fa _ InA — InK

RT

Ea A

_ = |n —

RT K

5 -230310g2

RT K

E. = activation ener

Aius equation :—

oth sides of equation

(.. log mn =log m + log n)
(..logm" = nlog m)

(.Inge=1)




Ea A
=log -
2.303 RT K
Ea _
2.303 RT logA —logK
log K= — —2__ +]ogA
98 == 30rT 9
y=-mx+c
Y
E
log K el = - ——
2.303 R
T
_> —_— X
T

> Arrhenius equation for T; & T, temp. (temp:

Arrhenius equation K = Ae - E—i

Taking natural logarithm of both sides'®

E
InK = InA + Ine - —
RT

InK = InA - =2 _ |
RT
InK = InA - L
RT
INK; 2InAs = N ..o (3)

tiop, (4) — equation( 3)
K, - InKy = (|nA-}fTa2)—(|nA-lfTal)

Ea

K E
In=2 = InA - — - InA +
RT, RT,

Ky, _ Ea Ea

K, RT; RT,

K Ea , 1 1




R = 8.314j mol-1 Ea = activation energy

K; & K, =rate constant T & T, = temp.
Ques :- The rate constants of a reaction at 500K and 700K are 0.0
0.07sec™ respectively. Calculate the value of Ea.

Ans :- To be given

K E T,—T
To = 500K log K_i = 2.3033 R ( TZ1 T21 )

0.07 E
T>=700K log 002 2303 xa8.3

K, =0.02 sec™
K, = 0.07 sec™

Ea=7?

R =8.14 j mol™

o = 54+1R2.303 x 8314 x 35

E 200
\ Ea=18231.4J
Ques :- The ra fw reaction doubles for an increase of 10k in
f
en

absolute te , C
K2 =2K

Ans :-

ulate Ea.

Iog&: Ea (Tz—Tl)
K; 2303R " T; T,

. _ 2K _ Ea 308—298
T, =298 +10 = 308K log K = 2.303x8.314 ( 308 x 298 )
K, =K log2=—=2 x>

2.303 x8.314 ~ 308 x 298
K, = 2K 3010 = —=2 10

2.303 x 8.314 X 300 x 298
R =8.314 jk™* mol™




Ea

I
-~

_.3010 x 2.303 x 8.314 x 308 x 298
Ea =

10
.693 x 8.314 x 308 x 298
Ea =
10
_ 5.7616 x 91784 _ 528822.69
10 10

= 52882.26 Jmol™*
Ea = 52.9 kJmol™

> Temperature Coefficient :-
for most of the reactions, the rate of reaction increase

O
every 10°C rise in temp. This rate of increase facto WINNg
coefficient.

Temperature Coefficient = % =2 t®
i

Eieray al

—

This aren shows

acthvation  [raetion of additiomnal

misleiles whilkeh
react al (i+10]

i+ L]

This area
shows [raction
al minleciiles

resic g il o

ooy of molesobes

|

Fimetie enermy -

tio&nergy Concept —
Hag * logg —> 2Hl )
IS reaction can take place only when a molecule of hydrogen and a molecule of

lodine collide to form an intermediate. It exists for a very short time and then breaks
up to form two molecules of hydrogen lodide.




H | Heeeo: | H—|
R
H | H--- 1 H— I

Intermwediate
Activated Q
complex

bR

Acthvation

ene |'_|_J:!.'

R
Potential energy
-4

H, + 1, For S B 0
Reaction coordinate v
N

The energy required to form this§ intermediate, called activated complex (C) is known

as activation energy. (Ea\

Exotharmic Endoih
xomherm .E""'.: E.,, ® Threshaold Enengy
Hy = Enthalpy or Enargy
T of reactants
Erany H, = Enthalpy or Enengy
of product

(E. ), = Activabon energy for
forward reaction

1 | J (E,). = Activabon anergy for
backward reaction

Progress of reachon Progress of reaction

(Ea); = Activation energy for forward reaction
(Ea), = activation energy for backword reaction
The minimum amount of energy which the colliding molecules must possess to make

the chemical reaction to occur, is known threshold energy.




» Effect of catalyst :- A catalyst is a substance which increases the rate of a reaction

without itself undergoing any permanent chemical change.
Ex. 2KCIO; MnO, Positive Catalyst 2KCI + 30,

»
>

The word catalyst should not be used when the added substance reduces the rate of

reaction. The substance is then called Inhibitor. o
>
¥ Lk L “  Reactlon pathe r .
e Lol =il
Energy il
- AT LA reEn
| wirh
=il -l
) | B}
R N W . N
- frascluei=
I':" H o), II: 1l
+* Lower the value o \% y féter will be the rate of a reaction.
+¢ A catalyst doestot changg Gibbs energy (AG) of a reaction.
s It catalys sp us reactions but does not catalyse non spontaneous

doe$ not change the equilibrium constant (equilibrium State) of a

attanining the equilibrium faster.

» Collision theory of chemical reaction :- The number of collisions per second per unit

volume of the reaction mixture is called collision frequency (Z).
For a bimolecular elementary reaction

A+B —> Products

_ Ea
Rate = Zxge RT




Z g = Collision frequency of reactions A & B.
+¢ All collisions do not lead to formation of products. The molecules which have
sufficient energy and proper orientation collide to give product. Such collision

are called effective collisions.
+¢ The proper orientation of reactant molecules lead to product formation where as
improper orientation makes them simply bounce back and ucts are

formed.

To account for effective collisions, another fal P*Q.ca the

probability or steric factor is introduced. It takes | 0 tthat in a

collision, molecules must be properly oriented.
= £
Rate = PZge - —
Thus, in collision theory activation energyaandgpropes orientiation of the

Molecules together determine the for'an efféctive collision
and hence the rate of a chemical rea 1’
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