
S.No.                CONTENTS Page

 1. Introduction 33

2. Rate of reaction 33

3. Rate law or Rate expression 36

4. Order of reaction 36

5. Mechanism of reaction 37

6. Molecularity 38

7. Pseudo first order reactions 38

8. Study of different order reactions 41

9. Collision theory of chemical reactions 47

10. Factors affecting rate of reaction 49

11. Exercise-I (Conceptual Questions) 54

12. Exercise-II (Previous Years Questions) 64

13. Exercise-III (Analytical Questions) 70

14. Exercise-IV (Assertion & Reason) 72

C
H

E
M

IC
A

L
 K

IN
E

T
IC

S

E

NEET SYLLABUS
CHEMICAL KINETICS : Rate of a reaction (average and instantaneous), order and molecularity of a reaction; rate

law and specific rate constant, integrated rate equations and half life (only for zero and first order reactions);

concept of collision theory (elementary idea, no mathematical treatment). Activation energy, Arrhenious equation;

factors affecting rate of reaction; concentration, temperature, catalyst.



OBJECTIVES

After studying this unit, we will be able to :

• define the average and instantaneous rate of a reaction.

• write the rate of reaction in form of change in concentration of reactants or

products.

• compare elementary and complex reactions.

• compare molecularity and order of a reaction.

• describe rate constant

• explain the dependence of rate of reaction on concentration, temperature and

catalyst.

• derive integrated rate equations for zero, first and nth order reactions.

• determine rate constants for various reactions.

• describe collision theory of reaction rates.

"Kinetic research conducts to the knowledge of philosophical truth, and fomrs the mind

to philosophical enlargement and accuracy of thought, more happily than almost any other

investigation in which the human intellect can be employed"

Alexander Tilloch
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Pre-Medical : ChemistryALLEN

CHEMICAL KINETICS

2.0 INTRODUCTION
Chemical Kinetics is the branch of physical chemistry which deals with the study of rate of reactions, the
mechanism by which the reactions proceed and factors affecting rate of reaction.
On the basis of rate, chemical reaction are broadly divided into three categories :-
(a) Very fast or instantaneous reactions : Generally these reactions involve ionic species and known as

ionic reactions. These reactions take about 10-14 or 10-16 seconds for completion. So, it is almost impossible
to determine the rate of these reactions.
Examples :
AgNO3  +  NaCl  ®  AgCl   +   NaNO3

  (white ppt)
BaCl2  +   H2SO4  ®  BaSO4  +   2HCl

  (white ppt)
HCl  +  NaOH  ®  NaCl   +   H2O

(b) Very slow reactions : These reactions proceed very slowly, may take days or months to show any
measurable change at room temperature.
Examples :
l Rusting of iron.
l Reaction between H2 and  O2 to  form H2O at ordinary temperature in absence of catalyst.

l CO + 2H2  
at room temperature¾ ®¾¾¾¾¾¾  CH3OH

(c) Moderate or slow reactions : This type of reactions proceed with a measurable rates at normal
temperature and we can measure the rate of these reactions easily. Mostly these reactions are molecular
in nature.
Examples :
l Decomposition of H2O2

2H2O2 ® 2H2O  +  O2

l Decomposition of N2O5

2N2O5 ® 4NO2 +  O2

l Hydrolysis of ester
CH3COOC2H5 + NaOH ® CH3COONa + C2H5OH

l Inversion of cane sugar in aqueous solution
l Reaction of NO with chlorine

NO  +  Cl2  ® NOCl2
2.1 RATE OF REACTION

Rate of reaction is defined as the change in concentration or pressure of reactant or product per unit time.

It is always a positive quantity.

Rate of reaction = 
Change in concentration of reactant or product

Time taken in change  
D

= ±
D
C

r
t

Where DC = change in concentration in a small interval Dt

[+] sign is used when we refer for product concentration.

[–] sign is used when we refer for reactant concentration.

For gaseous reactions r = ± 
P
t

D
D

 (unit  of  rate  =  pressure  time–1)

and r = 
1

RT
 × 

P
t

Dé ù±ê úDë û
  (unit of rate = M time–1)
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Pre-Medical : Chemistry ALLEN
Types of Rate of Reactions :-

(A) Average Rate of Reaction

The rate of reaction over a certain measurable period of time during the course of reaction is called

average rate of reaction. It is denoted by r .

For a reaction A ¾¾® B

raverage = 2 1

2 1

[A] [A] [A]
r

t t t

æ ö- D
= = -ç ÷- Dè ø

Where [A]1 = Concentration of reactant A at time t1,

[A]2 = Concentration of reactant A at time t2.

(B) Instantaneous Rate of Reaction

The rate of reaction at any particular instant during the course of reaction is called instantaneous rate

of reaction.

For a reaction A ¾¾® B

Mathematically ; Instantaneous rate = tD ®0
lim  (Average rate)

D ® D ®

D Dæ ö æ ö= - =ç ÷ ç ÷D Dè ø è ø
inst

t 0 t 0

[A] [B]
r lim lim

t t  or   ( ) ( )
inst

d[A] d[B]
r

dt dt
= - = +

Hence, Slope of the tangent at time t in plot of concentration with time gives instantaneous rate of

reaction.

Instantaneous rate of reaction =
D ®

Dæ ö± = ±ç ÷è øDt 0

C dC
lim

t dt d[A]

qdt

[A]

t (time)

2.2 RATE OF REACTION IN THE FORM OF STOICHIOMETRY OF A CHEMICAL REACTION

Let  us  consider  a  reaction  :  m1A + m2B ® n1P  +  n2Q

Where, Rate of disappearance of A = – 
dt

]A[d

Rate of disappearance of B = – 
dt

]B[d

Rate of appearance of P = 
dt

]P[d

Rate of appearance of Q = 
dt

]Q[d

æ ö æ ö= - = - = =ç ÷ ç ÷è ø è ø1 2 1 2

1 d[A] 1 d[B] 1 d[P] 1 d[Q]
Rate of reaction

m dt m dt n dt n dt

l Rate of reaction is always positive; negative sign represents decrease in concentration of reactant.

Units of Rate of Reaction

Unit of rate of reaction = mol L–1 time–1 i.e.  (mol  L–1 s–1 or  mol  L–1 min–1 or  mol  L–1 h–1)
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Illustration 1. For the reaction : 2N2O5  ®  4NO2 + O2. If the concentration of NO2 increases by 1.6 × 10–2 M
in 4 s. Calculate the following -
(i) rate of formation of NO2 (ii) rate of formation of O2

(iii) rate of disappearance of N2O5 (iv) rate of reaction

Solution. (i) Rate of formation of NO2 : 
[ ] -

-´
= = ´

2
2 3d NO 1.6 10

4.0 10 M / s
dt 4

(ii) Rate of formation of O2 : 
[ ] [ ] - -= = ´ ´ = ´2 2 3 3d O d NO1 1

4 10 1.0 10 M / s
dt 4 dt 4

(iii) Rate of disappearance of N2O5 :   
[ ] [ ]

dt
NOd

2
1

dt
ONd 252 =

-
 = 3104

2
1 -´´ = 2.0 × 10–3 M/s

(iv) Rate of reaction =
[ ]æ ö

-ç ÷è ø
2 5d N O1

2 dt  = 
2
1

 × 2 × 10–3 =  1.0  ×  10–3 M/s

  or 2d NO1
4 dt

é ùë û  = 
1
4

 ×  4  ×  10–3 =  1.0  ×  10–3 M/s

                            or  2d O

dt

é ùë û  =  1.0  ×  10–3 M/s

Illustration 2. Express the rate of reaction for the following changes :
(a) 2HI ®  H2 + I2
(b) 2SO2 + O2 ®  2SO3

Solution. (a) Rate of reaction = 
æ ö
ç ÷è ø

1 d[HI]
–

2 dt
= 

d H
dt
[ ]2  = 

d I
dt
[ ]2

(b) Rate of reaction = 
-æ ö- = =ç ÷è ø

2 2 31 d[SO ] d[O ] 1 d[SO ]
2 dt dt 2 dt

1. The rate of a reaction is expressed as :

[ ] [ ] [ ] [ ]æ ö æ öD D D D
+ = = - = -ç ÷ ç ÷D D D Dè ø è ø

1 C 1 D 1 A B
2 t 3 t 4 t t

Then reaction is
(1)  4A +  B  ® 2C + 3D (2) B + 3D ® 4A + 2C
(3)  A  +  B  ® C  +  D (4) B + D ® A  +  C

2. In the reaction, A + 2B ® 6C +  2D if  the  initial  rate  ( ) [ ]A
t

D
-

D
 at  t  =  0  is  2.6  ×  10–2 M s–1, what will

be the value of ( ) [ ]B
t

D
-

D
 at  t  =  0  ?

(1) 8.5 × 10–2 M  s–1 (2) 2.6 × 10–2 M  s–1 (3) 5.2 × 10–2 M  s–1 (4) 7.5 × 10–2 M  s–1

3. In the following reaction, how is the rate of appearance of the underlined product related to the rate of

disappearance of the underlined reactant ( ) ( ) ( ) ( ) ( )1
3 2 2BrO aq 5Br aq 6H aq 3Br 3H O aq- - ++ + ® +l

(1) ( ) [ ]-é ùD Dë û- =
D D

3 2BrO Br
t t

(2) ( ) [ ]23 BrBrO1
3 t t

-é ù DD ë û- =
D D

 (3) ( ) [ ]23 BrBrO 1
t 3 t

-é ù DD ë û- =
D D

  (4) None of these
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Pre-Medical : Chemistry ALLEN
2.3 RATE LAW

The experimental expression of rate of reaction in terms of concentration of reactants is known as rate law.

In this expression the rate of a reaction is proportional to the product of molar concentration of reactants

with each term raised to the power or exponent that has to be found experimentally.

In a chemical reaction :- aA + bB ¾® Product

The rate law is :- Rate   µ   [A]x[B]y

The values of exponents x and y are found experimentally which may or may not be same as stoichiometric

coefficients.

Above relationship can be written as :-

Rate = k[A]x[B]y

Where k is a proportionality constant known as rate constant.

Rate constant :

In a chemical reaction –

n1A + n2B ® m1C + m2D

according to law of mass action

Rate = k[A]n1[B]n2

but according to rate law (experimental concept)

Rate = k[A]x[B]y

if [A] = [B] = 1 mol/L

then, Rate = k

Rate of reaction at unit concentration of reactants is called as rate constant or specific reaction rate.

Rate constant does not depend on concentration of reactant but it depends on temperature and catalyst.

2.4 ORDER OF REACTION –

The sum of powers of concentration of reactants in rate law expression is known as order of reaction.

For the reaction aA + bB ® Product

Rate law is Rate = k[A]x[B]y

Here x = order of reaction with respect to A

y = order of reaction with respect to B

x + y = n (overall order of reaction)

l Order of reaction may be zero, positive, negative or fractional.

l Order of reaction is an experimental quantity.

Units of rate constant :

Rate = k[A]n

[ ] [ ]n n

r unit of rate
k

unit of concentrationA
= =

1

n

mol
time

L
mol
L

-´
=

é ù
ê úë û

l  Unit  of  k  =
1 n

1mol
time

L

-
-é ù ´ê úë û

l  For  gaseous  reaction  unit  of  k  may  be  =  (atm)1–n ×  time–1
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2.5 MECHANISM OF REACTION :

(a) Elementary reactions :
Those reactions which completes in single step and which have exponents in rate law equal to
stoichiometric coefficients of the reactants.

If A + B ¾® Products ; is an elementary reaction
then rate law will be –
Rate = k[A][B]

l Zero order reactions can never be elementary reactions.
l For elementary reactions fractional order is not possible.

(b) Complex reactions :
Those reactions which complete in multisteps. For these reactions a mechanism is proposed.
l For complex reactions the overall rate of reaction is controlled by the slowest step which is

called as rate determining step (R.D.S.).
l In rate law expression rate of reaction depends on concentration of reactants of slowest step

which must be free from intermediate.
l If R.D.S. contains intermediate, its value is solved using Keq of fast step (assumed as reversible)

Example-1

2NO2Cl ¾¾® 2NO2 + Cl2

Experimentally, the rate law is Rate = k[NO2Cl]
The mechanism of the reaction is given as –

(i) 2 2NO Cl NO Cl (slow step)¾¾® +

(ii) 2 2 2NO Cl Cl NO Cl (fast step)+ ¾¾® +

So the rate law from slowest step Rate = k[NO2Cl]
In this way the predicted rate law derived from two step mechanism agrees with experimental
rate law.
Example-2

2NO(g) + 2H2(g) ¾¾®  N2(g) + 2H2O(g)

experimentally the rate law is,  Rate = k [NO]2[H2]
The mechanism of the reaction is given as –

(i) ����������
f

b

K
2 2K

2NO N O (fast step)

(ii) N2O2 + H2 ¾¾®  N2O + H2O   (slow step)

(iii) N2O + H2  ¾¾®  N2 + H2O  (fast step)

The Rate law from slowest step is :
Rate = k[N2O2] [H2]

The rate law expression should be free from intermediate species N2O2.
From fast reversible step –

kf[NO]2 = kb[N2 O2]

\ = 2f
2 2

b

k
[N O ] [NO]

k

and rate law becomes

æ ö= ç ÷
è ø

2f
2

b

k
Rate k [NO] [H ]

k

therefore, Rate = k'[NO]2[H2]
This derived rate law agrees with expemental rate law.
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2.6 MOLECULARITY

Total number of molecules, atoms or ions (reacting species) participating in an elementary reaction is called

as molecularity of reaction.

l Molecularity is a theoretical quantity.

l Molecularity can be an integer (1, 2 or 3) but it cannot be zero or negative or fractional.

l In elementary reaction molecularity is equal to its order.

l In complex reaction molecularity of each step of mechanism is defined separately.

l Total molecularity of complex reaction is meaningless.

l In complex reactions generally molecularity of slowest step is same as order of reaction which can be

considered as molecularity of reaction. (Except when slowest step contain intermediate)

l Maximum value of molecularity or order is 3 because chances of effective collision of more than three

molecules is very rare.

2.7 PSEUDO FIRST ORDER REACTION

A chemical reaction in which value of order of reaction is one but molecularity is more than one are known

as pseudo unimolecular/pseudo first order reaction.

Example-1

Hydrolysis of ester in acidic medium.

+
+ ¾¾¾® +H

3 2 5 2 3 2 5CH COOC H H O CH COOH C H OH

Rate = k [CH3COOC2H5][H2O]

Water is in excess then its concentration remain constant during the reaction and [H2O] is taken as constant

therefore,

Rate = k' [CH3COOC2H5] where  k'  =  k  [H2O]

Example-2

Inversion of cane sugar.

+
+ ¾¾¾® +H

12 22 11 2 6 12 6 6 12 6C H O H O C H O C H O
Canesugar Glucose Fructose

Rate = k [C12H22O11][H2O]

Water is in excess then its concentration remain constant during the reaction and [H2O] is taken as constant

therefore,

Rate = k' [C12H22O11] where  k'  =  k  [H2O]

l Reactant taken in excess can't affect order of reaction.

l In certain complex reaction product is also considered in order calculation.

l Order of reaction is determined experimentally.
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Illustration 3. Give  the  following  data  for  the  reaction  :  A   +   B   ®  Product.

Experiment No. [A] [B] ROR (mol  L–1s–1)

1 1 2 4

2 2 2 4

3 2 4 16

What is the rate law equation ?

Solution. We know that  rate  law is  given  by  :  r  =  k[A]x[B]y ................................(1)

put the values of experiment No. 1 and 2 in equation 1, we get

4 = k[1]x[2]y ................................(2)

and 4 = k[2]x[2]y ................................(3)

Now, Equation (2) is divided by (3), we get

1 =
x

2
1

÷
ø

ö
ç
è

æ
i.e.,  x  =  0

Now, put the values of experiment no. 2 and 3 in equation (1), we get

4 = (2)x (2)y .................................(4)

16 = (2)x (4)y .................................(5)

Equation (4) is divided by (5), we get

y

2
1

4
1

÷
ø

ö
ç
è

æ= i.e.,  y  =  2

So, order of reaction with respect to 'A' is 0 and with respect to 'B' is 2 and the rate of reaction

is   r  =  k[A]0[B]2  =  k[B]2 i.e.,  order  of  reaction  =  2

Illustration 4. The decomposition of dimethyl ether leads to the formation of CH4, H2 and CO and the reaction

rate is given by :

Rate = k[CH3OCH3]
3/2

The rate of reaction is followed by increase in pressure in a closed vessel and the rate can also be

expressed in terms of the partial pressure of dimethyl ether i.e.,

Rate = k
3 3

3/2
CH OCH(P )

If the pressure is measured in bar and time in minutes, then what are the units of rate and rate

constant?

Solution. CH3OCH3 ® CH4 + CO + H2

Rate = k[CH3OCH3]
3/2 = k

3 3

3/2
CH OCH(P )

Unit of rate = bar min–1

Unit of  k = 
3 3

3/2
CH OCH

Rate
(P )

 = 
bar

bar

min
/

-1

3 2  = bar–1/2 min–1
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Illustration 5. For a reaction ; 3A ® Products, it is found that the rate of reaction doubles if concentration of A

is increased four times, calculate order of reaction.

Solution. Rate = k[Reactant]n   if [Reactant] = a ; rate = r1

r1 = k[a]n    if [Reactant] = 4a; rate = 2r1

2r1 = k[4a]n ;  
1
2

=
1
4
L
NM

O
QP

n

 Þ n = 
1
2

Illustration 6. For the decomposition,  N2O5(g) ®  N2O4(g) + 1/2 O2(g), the initial pressure of N2O5 is 114 mm and

after 20 s the pressure of reaction mixture becomes 133 mm of Hg. Calculate the rate of reaction

in terms of (a) change in atm s–1and  (b) change in molarity s–1. Given that reaction is carried out

at 127°C.

Solution. N2O5(g) ® N2O4(g) + 1/2 O2(g),

Initial pressure P 0      0

Pressure at t = 20 s (P – P') P'    P'/2

Given P = 114 mm

After 20 s, total pressure = (P – P') + P' + (P'/2) = 133 mm

Þ P'/2 = 19 mm  P' = 38 mm

Thus rate of reaction in terms of change in pressure = 38/20 = 1.9 mm s–1

      = 
1.9
760

 atm s–1 = 2.5 × 10–3 atm s–1

Also we have PV = nRT or
n
V

 = C = 
P

RT

\   change in concentration in 20 second = DC = 
P '
RT

 (change in pressure)

     = 
38

760 00821 400´ ´.
 = 1.52 × 10–3 M

\  rate of reaction in terms of change in concentration = 
152 10

20

3. ´ -

 = 7.61 × 10–5 M s–1

1. A2 + B2 ® 2AB; R.O.R. = k[A2]
a[B2]

b

[A2] [B2] Rate of reaction [Ms–1]

0.2 0.2 0.04

0.1 0.4 0.04

0.2 0.4 0.08

order of reaction with respect to A2 and B2 are respectively :

(1) a =1, b=1 (2) a=2, b=0 (3) a=2, b=1 (4) None

2. For a reaction the initial rate is given as : R0 =k[A]0
2[B]0 by what factor, the initial rate of reaction will increase if

initial concentration of A is 1.5 times and B is tripled ?

(1) 4.5 (2) 2.25 (3) 6.75 (4) None of these

3. For A(g) + B(g)® C(g); rate = k[A]1/2[B]2, if initial concentration of A and B are increased by factor of 4 and 2

respectively, then the initial rate is changed by the factor :-

(1) 4 (2) 6 (3) 8 (4) None of these
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2.8 STUDY OF DIFFERENT ORDER REACTIONS :

(A) Zero order reactions
Reactions in which rate of reaction remains independent of concentration of the reactant are said
to be zero order reactions.
l Zero order reactions are relatively uncommon but they occur under special conditions. Some

enzyme catalysed reactions and reactions which occur on metal surfaces are a few examples
of zero order reactions.

Example: (a) H2(g)  +  Cl2(g) hn¾¾¾®  2HCl(g)

(b) 2NH3(g) Pt
D¾¾®  N2(g) + 3H2(g)

(c) Reaction between Acetone and Bromine.
(d) Dissociation of HI on gold surface.
(e) Adsorption of gases on metal surface :- At low P, rate of adsorption is

proportional to surface area covered which is proportional to P or
concentration of gas hence order is 1 whereas at high P, complete surface
gets covered by gas & rate becomes independent of P & concentration hence
order  is  0.

Differential Rate Equation

A ¾®¾  Product

t  =  0 a     0
t  =  t  s (a–x)     x

–
dt

]A[d
 = k[A]0

0dx
k[A]

dt
=

Calculation of Rate Constant
Let us take the reaction

A ¾®¾  Product

– 
dt

]A[d
 = k[A]0 =  k

– d[A] k dt=ò ò
– [A]t =  kt  +  C

at  t  =  0 [A]t =  [A]0
– [A]0 =  k  ×  0  +  C

C = – [A]0
On substituting the value of C

– [A]t =  kt  –  [A]0

[ ] [ ]= -t 0A A kt

  y    =  c – mx

 [Integrated rate equation]

Slope = – k

t

[A]t

[A]0 – [A]t =  kt

k = o t[A] – [A] x
=

t t
   

Slope = k

t

x

x kt=

x = Amount of reactant that will change in product.
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l For zero order reaction, rate of reaction is equal to rate constant

Unit of rate constant
k  =  mol  L–1 s–1 =  unit  of  rate  of  reaction.
Half-life period – The time in which half of the initial amount of reactant is consumed.

At t  =  t1/2 , 0
t

[A]
[A]

2
=

\ 0
1/ 2 0

[A]
k t [A]

2
= - or 0

1/ 2

[A]
t

2k
=

The half life period for a zero order reaction is directly proportional to the initial concentration of

the reactants.

Time for completion of reaction

[A]t = [A]0 – kt

For completetion [A]t =  0

k=
t
]A[ 0

[ ]0
100%

A
t

k
=

Graphical representation

           
t1/2

[A]0

(B) First order reactions

Reactions in which the rate of reaction is directly proportional to concentration of reactant.

Example : (a) 2N2O5 ¾®¾  4NO2 +  O2

(b) NH4NO2 ¾®¾  N2 + 2H2O

(c) CH3COOC2H5 +  H2O H+
¾¾¾®  CH3COOH + C2H5OH

(d) 2Cl2O7 ¾®¾  2Cl2 +  7O2

(e) 2H2O2 ¾®¾  2H2O  +  O2

(f) 2N2O ¾®¾  2N2 +  O2

(g) All radioactive decay

Differential rate equation

A ¾®¾   Product

t  =  0 a    0

t  =  t  s (a–x)    x



Z:
\N

O
D

E0
2\

B0
AI

-B
0\

TA
RG

ET
\C

H
EM

\E
N

G
\M

O
DU

LE
-4

\2
.C

H
EM

IC
A

L K
IN

ET
IC

S\
01

-T
H

EO
RY

.P
65

43E

Pre-Medical : ChemistryALLEN

– 
dt

]A[d
= k[A] ( )dx

k a x
dt

= -

Calculation of rate constant

–
[ ]

[ ]
d A

k dt
A

=ò ò

–ln[A]t = kt + c  ...........(i)

At t = 0; [A]t =  [A]0 \ C = – ln[A]0
Putting the value of C in equation (i)

–ln[A]t =  kt  –  ln[A]0

[ ] [ ]= -t 0ln A ln A kt

       y  =  c – mx

ln
[ ]
[ ]

0

t

A
kt

A
= ...........(ii)

a
kt ln

a x
æ ö= ç ÷

-è ø
Slope = – k

t

ln(a – x)

2.303 log10

[ ]
[ ]

0

t

A
kt

A
=

K = o

t

2.303 [A]
log

t [A]

from equation(ii)

kto

t

[A]
= e

[A]

[ ]
[ ]

[ ] [ ]- -= Þ =t kt kt
t 0

o

A
e A A e

A
Wilhelmy equation [A]t

t

Unit of rate constant [k = time–1]

Half-life Period : The time in which half of the initial amount of reactant is consumed.

At  t  =  t1/2 ;   x = a/2 ; a–x = a/2

t1/2 = 
1 a

n
k a / 2

æ ö
ç ÷
è ø

l or t1/2 = 
k
2nl

= (log 2)2.303
k

or k
693.0

t 2/1 =

Half-life period for first order reaction is independent of the initial concentration of reactant.

Time for 3/4th of the Reaction (t3/4) : The time in which 3/4th of the initial amount of reactant

is consumed.

At  t  =  t3/4 ;   x = 3a/4 ; a–x = a/4
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t3/4 = (log 4)2.303
k

 = 1/2
2.303

×2 log2 = 2× t
k

t3/4 for first order reaction is independent of the initial concentration of reactant.

Interval Formula
2

1

12 xa
xa

log
tt

303.2
k

-
-

-
=

where x1 and  x2 are the amount consumed at time t1 and  t2 respectively.
Time required for the completion of definite fraction of the first order reaction is independent
of the initial concentration of the reactant.
Graphical Representation

• • 

a

t1/2    •  

Slope k
2.303=

(C) GENERAL INTEGRATED RATE EQUATION (nth order kinetics)

( ) ( )n 1 n 1

1 1 1
kt

n 1 aa x
- -

é ù= -ê ú- -ë û
 [ ]n 1¹

If  t  =  t1/2
     ;

a
x

2
=

Therefore ( )

n 1 n 1

1/2

1 2 1
kt

n 1 a a

- -é ùæ ö æ ö= -ê úç ÷ ç ÷
- è ø è øë û

( )
( )

-

-

é ù-
= ¹ê ú- ë û

n 1

1/ 2 n 1

1 2 1
kt n 1

n 1 a
  ;    1/2 n 1

1
t

a -µ

(i) Second order reactions
Hydrolysis of ester by alkali (Saponification)
CH3COOC2H5 + NaOH ¾® CH3COONa + C2H5OH

H2 + I2 ¾ ®¾  2HI

2HI ¾ ®¾ H2 + I2
2NO2 ¾ ®¾ 2NO + O2

2NO2 + F2 ¾ ®¾ 2NO2F

NO + O3 ¾ ®¾ NO2 + O2

2Cl2O ¾ ®¾ 2Cl2 + O2

For  second  order  :  n  =2   ( ) ( ) ( )
1 1 1 1 1

kt
2 1 a x a a x a

é ù= - = -ê ú- - -ë û

Half life 1/2

1
t

ak
=            

1
/a

t1/2slope=
k

1
(a-x)

t 1/a

slope= 1
k
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(ii) Third order reactions

2NO + O2 ¾ ®¾ 2NO2

2NO + Cl2 ¾ ®¾ 2NOCl

2NO + H2 ¾ ®¾ N2O + H2O

2FeCl3 + SnCl2 ¾ ®¾ 2FeCl2 + SnCl4

for  third  order   n  =  3    ( ) ( ) ( )
é ùé ù= - = -ê úê ú- - -ë û ë û

2 2 2 2

1 1 1 1 1 1
kt

3 1 2a aa x a x

Half life =1/ 2 2

3
t

2a k
          

1
/a

2

t1/2slope=k
1

(a-x)2

t 1/a2

slope= 3
2k

Examples of fractional order reaction
Reaction Order
H2 + Br2 ¾¾® 2HBr 1.5

CO + Cl2 ¾¾® COCl2 2.5

COCl2 ¾¾® CO + Cl2 1.5

CH3CHO ¾¾® CH4 + CO 1.5

CHCl3 + Cl2 ¾¾® CCl4 + HCl 1.5

Illustration 7. 90% of a first order reaction was completed in 10 hours. When will 99.9% of the reaction
complete ?

Solution. 1

2.303 a
k = log

t a - x
, a = 100,  x = 90, t = 10

So =1

2.303 100
k log

10 10
= 2.303 × 10–1 hour–1

Now for  99.9% completion  :  a  =  100 and  x  =  99.9

=
1

2.303 100
t log

k 0.1
= -

´
´ 1

2.303
3

2.303 10
 = 30 hours

Illustration 8. 20% of a first order reaction was completed in 5 min. When will 60% of the reaction complete ?
Solution. t = 5 min , a = 100, x1 = 20

k = 
1

2.303 a
log

t a x

æ ö
ç ÷-è ø

 = 
2.303 100 2.303 5

log log
5 80 5 4

=  = -
2.303

[log5 log4]
5

k= -é ùë û
2.303

0.6989 0.6020
5

= é ùë û
2.303

0.0969
5

 = 0.0446

Now x2 = 60

k = 
2

2.303 a
log

t a x

æ ö
ç ÷-è ø

t = 
2.303 100

log
0.0446 40

 = -é ùë û
2.303

log5 log2
0.0446

 = 
2.303

0.3979
0.0446

´  = 20.55 min.



Z:
\N

O
D

E0
2\

B0
AI

-B
0\

TA
RG

ET
\C

H
EM

\E
N

G
\M

O
DU

LE
-4

\2
.C

H
EM

IC
A

L K
IN

ET
IC

S\
01

-T
H

EO
RY

.P
65

46 E

Pre-Medical : Chemistry ALLEN
Illustration 9. For the first order reaction, half life is 6 min. Calculate the rate constant of the reaction ?

Solution. =1/2
1

0.693
t

k  Þ =1
1/ 2

0.693
k

t =
0.693

6
= 0.1155 min–1

Illustration 10. A first order reaction is 90% complete in 40 min. Calculate the Half life of the reaction.
Solution. a = 100,  x = 90

k1 = 
-

2.303 a
log

t a x
= 

2.303 100
log

40 10
 = 

2.303
40

 = 5.757 × 10–2 min–1

t1/2 = 
-=

´ 2
1

0.693 0.693
k 5.757 10

 = 12.03 min.

Illustration 11. In a second order reaction both the reactants have equal initial concentration, the time taken
for 60% completion of reaction is 3000 s. What will be the time taken for 20% of the reaction?

Solution. ( )
=

-2

1 x
k

t a a x  , Let a  =  1,

k2 = ( )-
1 x
t 1 x  = 

æ ö
ç ÷-è ø

1 0.6
3000 1 0.6  = ´

1 0.6
3000 0.4

 = 
1

2000

So time  for  the  20% completion  is  :

t = ( )-2

1 x
k a a x  = ´

0.20
2000

0.80
 = 500 s.

Illustration 12. If the initial concentration of reactants are doubled then half life becomes half. Calculate order
of the reaction ?

Solution.
( )
( )

( )
( )

n 11 1 n 1
2 21 2 1

1 1 1
2 22 2

t t
a 2a

t a t a

- -æ ö æ ö= Þ =ç ÷ ç ÷
è øè ø

2 = (2) n–1 Þ n  –  1  =  1  Þ n  =  2
so, the order of the reaction will be 2.

1. Which of the following expressions is correct for zero order and first order reactions respectively (where
a is initial concentration) ?

(1) 1/2 1/2

1
t a; t

a
µ µ (2) 0

1/2 1/2t a; t aµ µ (3) 0
1/2 1/2t a ; t aµ µ (4) 1/2 1/2 2

1
t a; t

a
µ µ

2. For the zero order reaction, A ®B + C; initial concentration of A is 0.1 M. If [A] = 0.08 M after 10 minutes,
then it's half-life and completion time are respectively :
(1) 10 min; 20 min (2) 2 × 10–3 min;  4  ×  10–3 min
(3) 25 min, 50 min (4) 250 min, 500 min

3. For an elementary reaction, X(g) ® Y(g) + Z(g) the half life period is 10 min. In what period of time the
concentration of X will be reduced to 10% of original concentration?
(1) 20 min (2) 33 min (3) 15 min (4) 25 min

4. A  first  order  reaction  is  75% completed  in  100 min.  How long  will  it  take  for  it's  87.5% completion?
(1) 125 min (2) 150 min (3) 175 min (4) 200 min

5. The rate constant for a first order reaction which has half life 480 s is :-
(1) 1.44 × 10–3 s–1 (2) 1.44 × s–1 (3) 0.72 × 10–3 s–1 (4) 2.88 × 10–3 s–1
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2.9 COLLISION THEORY OF CHEMICAL REACTIONS

This theory was given by Max Trautz and William Lewis. According to it, for a reaction to occur there must

be collisions in between reacting molecules. Total number of collisions per second in unit volume is called

collision frequency(z). Generally its value is very high for gaseous reactions (1025 to 1028 collisions/sec-cm3).

But only a small fraction of these collisions are capable to convert reactant into product. These collisions

are called as effective collisions.

For effective collision following two conditions must be satisfied at a time :

(a) Reacting molecules must posses a minimum amount of energy.

(b) Proper orientation of collision

• Threshold energy  : The minimum energy which must be possesed by reacting molecules for a chemical

reaction to occur.

• Activation energy : The minimum extra amount of energy required by reactant molecules for converting

into products.
Activated
complex

Activated
complex

T
hr

es
ho

ld
 

en
er

gy

E
(f) a

Progress of reaction Progress of reaction

P

P

D
H

=
-v

e

DH
=

+
veR

R

E
ne

rg
y

E
ne

rg
y

E
(b

)
a

E
(b

)
a

E
(f) a

T
hr

es
ho

ld
 

en
er

gy

P.E.

P.E.

Exothermic reaction Endothermic reaction

1. Ea(f) = Activation energy for forward reaction

2. Ea(b) = Activation energy for backward reaction

If not specified in questions then consider Ea for forward reaction.

( ) ( )a ba fH E ED = -      ;   p RH H HD = -

ACTIVATION ENERGY MAINLY DEPENDS UPON :
(i) Nature of reactant : For different reactants, number of bonds and bond energies are different, therefore

activation energy will also be different.

Reactions which have less Ea, take place at faster rate.

(ii) Presence of catalyst : Catalyst provide an alternative path of reaction mechanism for the reaction.

• In presence of catalyst threshold energy decreases, activation energy decreases and rate of reaction

increases.

• In presence of negative catalyst (inhibitor) threshold energy increases, activation energy increases, rate

of reaction decreases.

Inhibitor 

absence of catalyst

catalyst

T.E''

T.E.

T.E'Ea
E''a

E a'

E
ne

rg
y 
¾
®

Progress of Reaction
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(b) Orientation :

A

B

A

B

A A
B B

A A
B B

Activated
complex

(transition state)

Products

A
A

B B

B B

A A

B

A A

B

No Product

Case-I : Proper orientation

Case-II : Improper orientation

Reactant

Reactants

• Limitations :
(i) This theory is mainly applicable for gaseous reactions and also for solutions in which reacting

species are molecules.
(ii) This theory is mainly applicable for simple bimolecular reactions but fails for complex reactions.
(iii) It considers molecules to be hard sphere and ignore structural aspect of molecules.

l Activated complex is most unstable complex formed in the transition state with effective collision.
l On increasing temperature Ea for reaction does not decrease but number of active molecules which are crossing

the energy barrier increases therefore rate of reaction increases.

l According to Arrhenius ; rate of reaction 
aE

RTe
-

µ Ea = Activation energy

R = Gas constant
T = Temperature (in K)

Illustration 13 The Ea for an exothermic reaction A®B is  80 kJ mol–1. Heat of reaction is 20 kJ mol–1.  Ea

for the reaction B®A will be ?
Solution DH = Ea(f) –Ea(b) Þ –20 = 80 –Ea(b)

Ea(b) =  100  kJ  mol–1

Illustration 14 For the reaction A + B �������� C + D the activation energy is  32 kJ mol–1. For the reverse
reaction the Ea is  58  kJ  mol–1. Determine  (i) Nature of reaction (ii) DH

Solution DH = Ea(f) –Ea(b)

DH = 32 – 58
DH = –26 kJ  mol–1 (exothermic)

Illustration 15 For an endothermic reaction
(1) Ea > DH (2) Ea < DH
(3) Ea = DH (4) any one of the above

Solution Ans. (1)
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Illustration 16 For an exothermic reaction

(1) Ea > DH (2) Ea <DH (3) Ea =DH (4) any one of the above

Solution Ans. (4)

Illustration 17 An exothermic chemical reaction is occuring in two steps as follows

(i) A + B ® X (slow) (ii) X® AB (fast)

the process of reaction can be best described by

(1) x
A+B AB

E

t

 (2) A+B
AB

E

t

(3) xA+B
AB

E

t

 (4) xA+B
AB

E

t

Solution Ans. (3)

2.10 FACTORS AFFECTING RATE OF REACTION :

1. Nature of reactant :

(a) Physical state of reactant :

            increasing  order  of  rate  of  reaction  – Solid  <  liquid  <  gas

(Intermolecular attractive force decreases which provides more freedom for collisions)

(b) Physical size of particles (if reactant is solid) :

1
Rate of reaction

physical size
µ µ  surface area

(c) Chemical nature of reactant : For different reacting species number of bonds broken and

their bond energies are different. Therefore requirement of activation energy is also different.

Now reactions having less value of activation energy will take place at faster rate.

2. Concentration of reactant : Rate of reaction µ concentration of reactant

3. Pressure : Effect of pressure on Rate of reaction is negligible when reactants are solid or liquid. But

if reactants are in gaseous state then  rate of reaction increases on increasing pressure because number

of effective collisions increases.

4. Temperature : On increasing temperature rate of reaction increases whether the reaction
is exothermic or endothermic. When temperature increases  KE of molecules increases, number

of activated molecules increases thus rate of reaction increases.

Relation between rate constant and Temperature :-

(a) Generally it is found that for every 10 °C rise in temperature Rate of reaction becomes 2 to

3 times.

Temperature coefficient (m) : It is defined as ratio of rate constant of a reaction at two different

temperatures  which  will  be  differ  by  10  °C.

D+m = = = = m T /10T 10 2 2

T 1 1

k r k
2 to 3 ;

k r k

If temperature of reaction is not specified then consider 25 °C.

(If m is  not  given  consider  it  as  minimum 2)
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MAXWELL AND BOLTZMANN ENERGY DISTRIBUTION CURVE

This area shows
fraction of additional
molecules which
react at (t+10)

Energy of
activation

This area
shows fraction
of molecules
reacting at t

Kinetic energy

Fr
ac

tio
n 

of
 m

ol
ec

ul
es

(t+10)

t

(b)  Arrhenius equation
-= a /E RTk Ae ....(1)

A = Arrhenius constant / pre-exponential factor / Frequency factor

Ea = Activation energy

R = gas constant

T = Temperature (Kelvin)

• k increases with increase in temperature

If T ® ¥ ;  k  =  A

•
k
A

= aE /RTe-  = fraction of molecules having energy ³ Ea

aE /RTe-  = Boltzman factor

On taking logarithm for equation (1) on both sides.

-= + aE /RTln k ln A lne

2.303 log10k = 2.303 log10A – aE
RT

log k = log A–10 10

E
2.303RT

a

y = c – mx
....(2)

log K10

1/T

slope=- E
2.303R

a

• Ea of reaction can be determined by measuring rate constant at two different temperatures

At temperature T1 :

= - a
10 1 10

1

E
log k log A

2.303RT .....(3)

At temperature T2 :

= - a
10 2 10

2

E
log k log A

2.303RT .....(4)

Equation (4) – Equation (3) gives -

æ ö- = -ç ÷
è ø

a
2 1

1 2

E 1 1
logk logk

2.303R T T

-æ ö= ç ÷
è ø

2 a 2 1
10

1 1 2

k E T T
log

k 2.303R T T
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• From arrhenius equation - -= a /E RTk Ae

lnk = lnA – aE
RT

æ ö= + -ç ÷
è ø

l l
ad d d E

( nk) ( n A)
dT dT dT RT  ( )1aE d

0 T
R dT

-= -  ( )2aE
T

R
-=

=l
a
2

d E
nk

dT RT  differential form of Arrhenius equation

5. Presence of catalyst : In presence of catalyst Ea of reaction decreases and rate of reaction increases.

6. Exposure to radiation : Rate of some reactions also increases when reaction are carried out in the

presence of radiation. (only for photochemical reaction)

e.g. formation of HCl

( )2 2H Cl 2HCl very slow reaction+ ¾¾®

( )h
2 2H Cl 2HCl exp losiven+ ¾¾¾®

l PHOTO CHEMICAL REACTION

Reactions which occur in presence of light are photochemical reaction i.e., reaction which do not occur in dark.

Example : (i) H2 + Cl2 hn¾¾¾®  2HCl (ii) Photo synthesis (iii) Vision

l In photochemical reaction, each molecule of the reacting substance absorbs one quantum (single photon)

of radiation and is activated to form the product.

l For every reaction, a certain amount of energy is required.

l Higher the intensity of light greater will be the rate of reaction.

l For these reactions, the value of DG may be positive or negative.

l Temperature have no significant effect.

Mechanism : Cl2 +  hn ¾® Cl2* (activated molecule)

Primary step of reaction : Cl2* ¾® Cl + Cl

Secondary step of reaction : H2 + Cl ¾® HCl  +  H

Cl2 + H ¾® HCl + Cl

Final step of reaction : Cl + Cl ¾® Cl2
l Quantum yield (or quantum efficiency) :

The quantum efficiency yield (f) of a photochemical reaction may be expressed as

f =
Number of molecules reacted or product formed

Number of photons absorbed

l Application of Photochemical Reaction

(i) In photography (ii) In photo printing (iii) In photosynthesis

(iv) In vision (v) In electronic industries (vi) In many polymerization reactions.
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Illustration 18 A reaction whose temperature is increased from 10 0C to 50 0C then increase in rate of reaction
will be–

Solution. We know that on increasing temperature by 100C the rate of reaction becomes 2 to 3 times.
Note : If the value of temperature coefficient is not given then we will take 2.

10 °C— 20 °C = 2 times
20 °C— 30 °C = 22 times
30 °C— 40 °C = 23 times
40 °C— 50 °C = 24 times

= 16 times
Illustration 19 For a reaction, temperature coefficient = 2, then calculate the activation energy (in kJ) of the

reaction.
Solution. Let T1 =  25  °C ,  T2 =  35  °C

æ ö-
= ç ÷

è ø
a2 2 1

1 1 2

Ek T T
log

k 2.303R T T

Given : Temperature coefficient = 
2

1

k
k  =  2

T1 = 25 + 273 = 298 k, T2 = 35 + 273 = 308 k, R = 8.314

æ ö= ´ ç ÷´ ´è ø
aE 10

log2
2.303 8.314 298 308

Ea = 52.897 kJ
Illustration 20 An exothermic reaction A ¾¾® B has an activation energy of 17 kJ mol–1 of A. The heat of the

reaction is 40 kJ. Calculate the activation energy for the reverse reaction B ¾¾®A.
Solution. For the reaction A ¾¾® B.

Activation energy Ea = 17 kJ
DH = – 40 kJ
DH =Ea(f) – Ea(b)
Ea(b) = 17 – (–40) = 57 kJ

Illustraion 21 For first order gaseous reaction log k when plotted against 
1
T

, gives a straight line with a slope of

–8000. Calculate the activation energy of the reaction.
Solution. Arrhenius equation k = Ae–Ea/RT

= - ´aE 1
logk log A

2.303R T

when curve is plotted between log k and 
1
T

, a straight line is obtained. Slope of this line = - aE
2.303R

Then, aE
2.303R

 = 8000  or Ea = 8000 × 2.303 × 1.987 = 36608 Cal

Illustration 22 If  temperature of  a reaction is  increased from 10°C to 100°C then how many times rate of
reaction will become?

Solution 29 times
Illustration 23 If temperature of a reaction is increased from t1 to  t2 then rate of reaction becomes ?

Solution ( ) ( )
T/10

2 1t t /10 D-
m Þ m  times ; T /10

new oldr r (µ)D= ´

Illustration 24 A reaction is carried out at 10°C. If temperature is increased by 50°C then how many times
rate of reaction will become?

Solution 32 times
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1. For an endothermic reaction where DH represents the enthalpy of reaction in kJ mol–1, the minimum value for

the energy of activation will be

(1) less than DH (2) more than DH

(3) equal to DH (4) zero

2. The activation energy of the reaction, A + B ® C + D + 38 kcal is 20 kCal, what would be the activation

energy of the reaction, C + D ® A + B

(1) 20 kCal (2) – 20 kCal

(3) 18 kCal (4) 58 kCal

3.
0

0

35

34

k
1

k
> , this means that

(1) Rate increases with the rise in temperature (2) Rate decreases with rise in temperature

(3) rate does not change with rise in temperature (4) None of the above

4. The plot of ln k versus 1/T is linear with slope of

(1) aE
R

- (2) aE
R

(3) aE
2.303R

(4) aE
2.303R

-

ANSWER KEY

Que. 1 2 3
Ans. 1 3 3

Que. 1 2 3
Ans. 1 3 3

Que. 1 2 3 4 5
Ans. 2 3 2 2 1

Que. 1 2 3 4
Ans. 2 4 1 1

BEGINNER'S BOX-3

BEGINNER'S BOX-4

BEGINNER'S BOX-1

BEGINNER'S BOX-2
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EXERCISE-I (Conceptual Questions) Build Up Your Understanding

RATE OF REACTION

1. Consider the chemical reaction :
N2(g)  +  3H2(g) ¾® 2NH3(g)
The rate of this reaction can be expressed in terms
of concentration of N2(g), H2(g) or NH3(g). Identify
the correct relationship amongst the rate
expressions.

(1) Rate = 
2 2 3d N d H d NH1 1

dt 3 dt 2 dt

é ù é ù é ùë û ë û ë û- = - =

(2)  Rate  =  
2 2 3d N 3d H 2d NH

dt dt dt

é ù é ù é ùë û ë û ë û- = - =

(3)  Rate  =  
2 2 3d N d H d NH1 1

dt 3 dt 2 dt

é ù é ù é ùë û ë û ë û= =

(4)  Rate  =  
2 2 3d N d H d NH

dt dt dt

é ù é ù é ùë û ë û ë û- = - =

2. In the formation of sulphur trioxide by the contact
process 2SO2 (g) + O2(g) ® 2SO3(g); the rate of
reaction is expressed as

– 2d[O ]
dt

=2.5 × 10–4 mol  L–1 s–1

The rate of disappearance of (SO2) will be
(1) 5 × 10–4 mol  L–1 s–1

(2) –2.25 × 10–4 mol  L–1 s–1

(3) 3.75 × 10–4 mol  L–1 s–1

(4) 50.0 × 10–4 mol  L–1 s–1

3. In a catalytic reaction involving the formation of
ammonia by Haber's process N2 + 3H2 ® 2NH3

the rate of appearance of NH3 was measured as
2.5 × 10–4 mole L–1 s–1 The rate of disappearance
of  H2 will be –
(1)  2.5  ×  10–4 mol  L–1 s–1

(2) 1.25 × 10–4 mol  L–1 s–1

(3) 3.75 × 10–4 mol  L–1 s–1

(4) 5 × 10–4 mol  L–1 s–1

4. Which of the following statement is correct for a
reaction X + 2Y ® Product
(1) The rate of disappearance of X = twice the rate

of disappearance of Y.
(2) The rate of disappearance of X = ½  rate of

appearance of products
(3) The rate of appearance of products = ½  the

rate of disappearance of Y
(4) The rate of appearance of products = ½  the

rate of disappearance of X

5. For the reaction, N2O5 ¾® 2NO2 +  ½  O2

Given 2 5
1 2 5

d[N O ]
K [N O ]

dt
- = , 2d[NO ]

dt
=K2[N2O5]

2d[O ]
dt

=K3[N2O5]

The relation between K1 ,  K2 and  K3 is  –
(1) 2K1 =  K2 =  4K3 (2) K1 =  K2 =  K3

(3) 2K1 =  4K2 =  K3 (4) None

6. Rate of formation of SO3 according to the reaction
2SO2+O2 ® 2SO3 is 1.6 × 10–3 kg min–1 Hence
rate at which SO2 reacts  is  :–
(1) 1.6 ×  10–3 kg  min–1

(2) 8.0 × 10–4 kg  min–1

(3) 3.2 × 10–3 kg  min–1

(4) 1.28 × 10–3 kg  min–1

7. For a general chemical change 2A+3B ® products,
the rate of disappearance of A is r1 and of  B is
r2.  The  rates  r1 and  r2 are related as :–
(1) 3r1 =  2r2 (2) r1 =  r2

(3) 2r1 =  3r2 (4) r1
2 =  2r2

2

8. In a reaction N2(g) + 3H2(g) ¾¾® 2NH3(g) the
rate of appearance of NH3 is 2.5× 10-4mol L-1s-1.
The Rate of reaction & rate of disappearance of H2

will be (In mol L-1 sec.-1)
(1) 3.75 × 10–4, 1.25 × 10–4

(2) 1.25 × 10–4, 2.5 × 10–4

(3) 1.25 × 10–4, 3.75 × 10–4

(4) 5.0 × 10–4, 3.75 × 10–4

9. Which of the following statement is not correct for
the  reaction:  4A +  B  ® 2C + 2D

(1) The rate of disappearance of B is twice the rate
of appearance of C

(2) The rate of disappearance of B is one fourth
the rate of disappearance of A

(3) The rate of formation of D is one half the rate
of consumption of A

(4) The rate of formation of C and D are equal

10. For gaseous reaction, rate = k [A] [B].  If volume

of container is reduced to 
1
4

 of initial, then the

rate of the reaction will be....... times of initial:-

(1) 
1
8

(2) 8 (3) 
1

16
       (4)  16
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11. 2A(g) + B(g) ��������  Product is an elementary reaction,

If pressure is increased three times of the initial

pressure, the velocity of forward reaction will be

------ of the previous velocity:-

(1) 9 times (2) 27 times

(3) 
1
9

 times (4) 
1
27

 times

RATE LAW / ORDER / MOLECULARITY

12. The rate of certain hypothetical reaction
A + B + C ® products is given by

r=
d A

dt

- é ùë û =K
1

2Aé ùë û
1

3Bé ùë û
1

4Cé ùë û   The order of the

reaction –

(1) 1 (2) 
1
2

(3) 2 (4) 
13
12

13. Which of the following rate law has an overall order
of 0.5 for reaction involving substances x,y and z ?
(1) Rate = K (Cx) (Cy) (Cz)
(2) Rate = K (Cx)

0.5(Cy)
0.5(Cz)

0.5

(3) Rate = K (Cx)
1.5 (Cy)

–1(Cz)°
(4) Rate = K(Cx)(Cz)° / (Cy)

2

14. A chemical reaction involves two reacting species.
The rate of reaction is directly proportional to the
concentration of one of them and inversely
proportional to the concentration of the other. The
order of reaction is –
(1) 1 (2) 2
(3) Zero (4) Unpredictable

15. For the reaction H2(g)  +  Br2(g) ® 2HBr(g), the
experimental data suggests, Rate = K [H2] [Br2]

½.
The order for this reaction is –

(1)  2           (2)  
1

1
2

(3) 1    (4) 
1

2
2

16. Select the rate law that corresponds to the data
shown for the following reaction A + B ® C

Exp. [A] [B] Initial rate
1. 0.012 0.035 0.10
2. 0.024 0.070 1.6
3. 0.024 0.035 0.20
4. 0.012 0.070 0.80

(1) Rate = K [B]3 (2) Rate = K[B]4

(3) Rate = K[A][B]3 (4) Rate = K[A]2[B]2

17. In a certain gaseous reaction between X and Y,
X + 3Y ® XY3 The initial rates are reported as
follows –

[X] [Y] Rate

0.1 M 0.1 M 0.002 Ms

0.2 M 0.1 M 0.002 Ms

0.3 M 0.2 M 0.008 Ms
0.4 M 0.3 M 0.018 Ms

–1

–1

–1

–1

The rate law is –
(1) r = K[X][Y]3 (2) r = K[X]°[Y]2

(3) r = K[X][Y] (4) r = [X]°[Y]3

18. Select the law that corresponds to data shown for
the following reaction 2A + B ® C + D :-

Exp. [A] [B] Initial rate
(mol L min )

1. 0.1 0.1 7.5×10

–1 –1

–3

2. 0.3 0.2 9.0×10
3. 0.3 0.4 3.6×10

4. 0.4 0.1 3.0×10

–2

–1

–2

(1) Rate = K [A]2[B] (2) Rate = K[A][B]2

(3) Rate = K[A][B]3 (4) Rate = K[A][B]

19. For a hypothetical reaction ; A + B ® C the
following data were obtained in three different
experiments :–

[A] [B] Rate of reaction
(mol  L )–1 (mol L ) (mol L min )

0.01 0.01 1.0 × 10
0.01 0.03 9.0 × 10

0.03 0.03 2.70 × 10

–1 –1 –1

–4

–4

–3

The rate law will be :–
(1) r = K[A]2[B] (2) r = K[A][B]2

(3) r = K[A][B] (4) None of these

20. Calculate the order of the reaction w.r.t. A and B:

[A] [B] Rate 

(mol  L )–1 (mol L )

0.05 0.05 1.2 × 10
0.10 0.05 2.4 × 10

0.05 0.10 1.2 × 10

–1

–3

–3

–3

(1)  1  and  0 (2)  1  and  1
(3)  0  and  1 (4) None
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21. For a chemical reaction A + B ® product, the order

is one with respect to each A and B. Value of x
and  y  from the  given  data  is  :–

Rate [A] [B]
(mol L s )

0.40

–1 –1

0.10 0.20 M
x 0.05 M 

0.80 0.40 M y

0.05 M

(1) 0.20, 0.80 (2) 0.80, 0.40
(3) 0.80, 0.20 (4) 0.40, 0.20

22. Time  required  to  complete  a  half  fraction  of  a
reaction varies inversely to the concentration of
reactant then the order of reaction is –
(1) Zero (2) 1
(3) 2 (4) 3

23. The rate law for the single step reaction
2A + B  ® 2C,  is  given  by  –
(1) Rate = K[A][B] (2) Rate = K[A]2[B]
(3) Rate = K[2A][B] (4) Rate = K[A]2[B]°

24. For a reaction of the type A + B ® products, it
is observed that doubling the concentration of A
causes the reaction rate to be four times as great,
but doubling the amount of B does not effect the
rate. The rate equation is –
(1) Rate = K [A][B]
(2) Rate = K [A]2

(3) Rate = K[A]2[B]
(4) Rate = K[A]2[B]2

25. Point out incorrect statement.
(1) Rate law is an experimental value
(2) Law of mass action is a theoretical proposal
(3) Rate law is more informative than law of mass

action for developing mechanism
(4) Rate law is always different from the expression

of law of mass action.

26. For an elementary process 2X + Y ® Z + W, the
molecularity  is  –
(1) 2 (2) 1
(3) 3 (4) Unpredictable

27. For a reaction A + B ® products, the rate of the
reaction was doubled when the concentration of
A was doubled, the rate was again doubled when
the concentration of A & B were doubled the order
of the reaction with respect to A & B are:–
(1) 1, 1 (2) 2, 0
(3) 1, 0 (4) 0, 1

28. For the reaction A + B ® products,    it is found

that the order of A is 1 and the order of B is 
1
2

.

When the concentration of both A and B are
increased four times, the rate will increase by a
factor of :–
(1) 16 (2) 8 (3) 6 (4) 4

29. The rate law for a reaction A + B ® product is
rate = K[A]1[B]2. Then which one of the following
statement is false :–
(1) If [B] is held constant while [A] is doubled, the

reaction will proceed twice as fast
(2) If [A] is held constant while [B] is reduced to

one quarter, the rate will be halved
(3) If [A] and [B] are both doubled, the reaction

will proceed 8 times as fast
(4) This is a third order reaction

30. For a chemical reaction A ® B, the rate of reaction
doubles when the concentration of A is increased
8 times. The order of reaction w.r.t. A is :–

(1) 3 (2) 
1
2

(3) 
1
3

(4) Zero

31. The specific rate constant of a first order reaction
depends on the :–
(1) Concentration of the reactant
(2) Concentration of the product
(3) Time

(4) Temperature

PSEUDO FIRST ORDER REACTION /
MECHANISM OF REACTION

32. Following mechanism has been proposed for a
reaction  2A + B  ®  D  +  E
A + B ®  C + D .........(slow)
A + C ® E .........(fast)
The rate law expression for the reaction is –
(1) r = K[A]2[B] (2) r = K[A][B]
(3) r = K[A]2 (4) r = K[A][C]

33. The chemical reaction 2O3 ®  3O2 proceeds as
follows

O3 
��������  O2 + O  ............. (fast)

O  +  O3 ®  2O2 ............. (slow)
The rate law expression should be –
(1) r = K[O3]

2 (2) r = K[O3]
2[O2]

–1

(3) r = K[O3][O2] (4) Unpredictable
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34. The hypothetical reaction A2 + B2 ® 2AB follows

the mechanism as given below –

A2 
�������� A + A ............. (fast)

A  +  B2 ®  AB + B ............. (slow)
A + B ®  AB ............. (fast)
The order of the over all reaction is –
(1) 2 (2) 1 (3) 1½ (4) Zero

35. The rate for the reaction
RCl + NaOH (aq) ® ROH  +  NaCl  is  given  by
rate = k1[RCl].  The  rate  of  the  reaction  is  –
(1) Doubled on doubling the concentration of NaOH
(2) Halved on reducing the concentration of RCl

to half
(3) Decreased on increasing the temperature of

reaction
(4) Unaffected by increasing the temperature of the

reaction

36. For reaction NO2 + CO ®  CO2 + NO, the rate
expression is, Rate = k[NO2]

2

The number of molecules of CO involved in the
slowest step will be –
(1) 0 (2) 1
(3) 2 (4) 3

37. The rate law of the reaction A + 2B ® product

is given by 
[ ] [ ] [ ]=

2d P
K A B

dt
. If A is taken in large

excess, the order of the reaction will be –
(1) Zero (2) 1
(3) 2 (4) 3

38. The  acid  hydrolysis  of  ester  is  –
(1) Psuedo Ist order reaction
(2) Bimolecular reaction
(3) Pseudo unimolecular reaction
(4) All

39. In the sequence of reaction

A 1K¾¾¾®  B 2K¾¾¾®  C 3K¾¾¾®  D  ;
K3 > K2 > K1, then the rate determining step of
the reaction is :–
(1) A ® B (2) C ® D
(3) B ® C (4) A ® D

40. The reaction mechanism for the reaction P® R
is as follows :–

P 1
K

����������
 2Q(fast)  ;  2Q + P  2K¾¾¾®  R(slow)

the rate law for the main reaction (P ® R) is
[where K1 is an equilibrium constant]
(1) k1[P][Q] (2) k1k2[P]
(3) k1k2[P]2 (4) k1k2[a]

41. The reaction 2A + B ® P, follows the mechanism

2A ��������  A2 (fast)

A2 + B ® P (slow)
The order of the reaction is :–
(1) 1.5 (2) 3 (3) 1 (4) 2

42. For the reaction 2NO + Cl2 ® 2NOCl  the following
mechanism has been proposed

NO + Cl2 ��������  NOCl2 (fast)

NOCl2 + NO ®2NOCl (slow)  the rate law for the
reaction is :-
(1) Rate = K[NO]2[Cl2] (2) Rate = K[NO][Cl2]

2

(3) Rate = K[NOCl2] (4) Rate = K[NOCl]2

ZERO /  FIRST /  nth ORDER REACTIONS

43. The rate constant is numerically the same for three
reactions of first, second and third order
respectively. Which one is true at a moment for
rate of all three reactions if concentration of
reactants is same and greater than 1 M.
(1) r1 =  r2 =  r3 (2) r1 >  r2 >  r3

(3) r1 <  r2 <  r3 (4) All

44. K for a zero order reaction is
2 × 10–2 mol  L–1 s–1. If the concentration of the
reactant after 25 s is 0.5 M, the initial concentration
must have been.
(1) 0.5 M (2) 1.25 M
(3) 12.5 M (4) 1.0 M

45. The decomposition of N2O5 occurs as,
2N2O5 ® 4NO2 +  O2, and follows first order
kinetics; hence
(1) The reaction is bimolecular
(2) The recation is unimolcular
(3) t1/2 a a°
(4) t1/2 a a2

46. The accompanying figure depicts the change in
concentration of species X and Y for the reaction
X ® Y as a function of time the point of intersection
of the two curves reperesents.

C
on

ce
nt

ra
tio

n

X

Y

Time

(1) t1/2

(2) t3/4

(3) t2/3

(4) Data are insufficient to predict
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47. If the first order reaction involves gaseous reactants

and gaseous products the unit of its rate is –
(1) atm. (2)  atm -  s
(3)  atm  –  s–1 (4) atm2 s2

48. Plot  of  log(a  –  x)  vs  time  t  is  straight  line.  This
indicates that the reaction is of –
(1) Second order (2) First order
(3) Zero order (4) third order

49. The rate constant of a first order reaction is
4  ×  10–3 s–1. At a reactant concentration of
0.02 M, the rate of reaction would be–
(1) 8 × 10–5 M  s–1 (2) 4 × 10–3 M  s–1

(3) 2 × 10–1 M  s–1 (4) 4 × 10–1 M  s–1

50. In a first order reaction the concentration of the
reactant is decreased from 1.0 M to 0.25 M in
20 min. The rate constant of the reaction would
be  –
(1) 10 min–1 (2) 6.931 min–1

(3) 0.6931 min–1 (4) 0.06931 min–1

51. In a first order reaction the a/(a – x) was found
to be 8 after 10 minute. The rate constant is

(1) 
( )´2.303 3log2

10
(2) 

( )´2.303 2log3

10
(3) 10 × 2.303 × 2log3 (4) 10 × 2.303 × 3log2

52. 75 % of a first order reaction was found to complete
in 32 min. When will 50 % of the same reaction
complete –
(1) 24 min (2) 16 min
(3) 8 min (4) 4 min

53. A first order reaction has a half life period of
69.3 s. At 0.10 mol L–1 reactant concentration,
the rate will be –
(1) 10–4 M  s–1 (2) 10–3 M  s–1

(3) 10–1 M s–1 (4) 6.93 × 10–1 M s–1

54. For a first order reaction A ®  products, the rate
of reaction at [A] = 0.2 M is 1× 10–2 mol L–1min–1.
The half life period for the reaction is –
(1) 832 min. (2) 440 s
(3) 416 min. (4) 14 min.

55. 99 % of a first order reaction was completed in
32 min. when will 99.9 % of the reaction
complete ?
(1) 50 min. (2) 46 min.
(3) 49 min. (4) 48 min.

56. The half life for the first order reaction
N2O5 ® 2NO2 + ½   O2 is 24 hrs. at 30°C. Starting
with 10 g of N2O5 how many grams of N2O5 will
remain  after  a  period  of  96  hours  ?
(1) 1.25 g (2) 0.63 g
(3) 1.77 g (4) 0.5 g

57. What is the half life of a radioactive substance if
87.5% of any given amount of the substance
disintegrate in 40 minutes ?
(1) 160 min (2) 10 min
(3) 20  min (4) 13 min 20 sec.

58. For a given reaction of first order it takes 20 minute
for the concentration to drop from 1 M to 0.6 M.
The time required for the concentration to drop
from 0.6  M  to  0.36  M will  be  :
(1) More than 20 min
(2)  Less  than  20  min
(3) Equal to 20 min
(4) Infinity

59. A first order reaction is carried out with an initial
concentration of 10 mol per litre and 80% of the
reactant changes into the product. Now if the same
reaction is carried out with an initial concentration
of 5 mol per litre for the same period the percentage
of the reactant changing to the product is.
(1) 40 (2) 80
(3) 160 (4) Cannot be calculated

60. In the following first order reactions,
A + Reagent ® Product, B + Reagent ® Product
Calculate the ratio of K1 / K2, 50% of B has been
reacted, when 94% of A has been reacted –
(1) 4.06 (2) 0.246
(3) 2.06 (4) 0.06

61. The reaction L ® M is started with 10 g/L. After
30 minute and 90 minute, 5 g/L and 1.25 g/L
are left respectively. The order of reaction is
(1) 0 (2) 2
(3) 1 (4) 3

62. The doubling the initial concentration of a reactant
doubles t½  of the reaction, then order of the reaction
is–
(1) 3 (2) 2
(3) 1 (4) 0

63. The half life period for catalytic decomposition of AB3

at 50 mm is found to be 4 hrs and at 100 mm it is
2 hrs. The order of reaction is –
(1) 3 (2) 1
(3) 2 (4) 0



Z:
\N

O
D

E0
2\

B0
AI

-B
0\

TA
RG

ET
\C

H
EM

\E
N

G
\M

O
DU

LE
-4

\2
.C

H
EM

IC
A

L K
IN

ET
IC

S\
02

-E
XE

RC
IS

E.
P6

5

59E

Pre-Medical : ChemistryALLEN
64. The rate constant for a reaction is

10.8 × 10–5 mol  L–1 s–1 The reaction obeys –
(1) First order (2) Zero order
(3) Second order (4) All are wrong

65. A substance 'A' decomposes in solution following
the  first  order  kinetics  flask  I  contains  1  L  of
1M. solution of  A and flask II  contains.  100 ml
of 0.6 M solution. After 8 hr. the concentration
of A in flask. I become 0.25 M, what will be the
time for concetration of A in flask II to become
0.3 M.
(1) 0.4 hr.
(2) 2.4 hr.
(3) 4.0 hr.
(4) Unpredictable as rate constant is not given

66. The rate constant (K) for the reaction 2A + B ®
product, was found to be   2.5 × 10–5 L mol–1 s–1

after 15 s,   2.60 × 10–5 L mol–1 s–1 after 30 s
and  2.55 × 10–5 L mol–1 s–1 after 50 s. The order
of reaction is

(1) 2 (2) 3 (3) Zero (4) 1

67. The rate constant for a second order reaction is
8 × 10–5 M–1 min–1

 : How long will it take a
1M solution to be reduced to 0.5 M.
(1) 8.665 × 103 min (2) 8 × 10–3 min
(3) 1.25 × 104 min (4) 4 × 10–5 min

68. A graph between t1/2 and concentration for nth order
reaction is a straight line. Reaction of this nature
is  completed  50%  in  10  minutes  when
concentration is 2 mol L–1. This is decomposed
50%  in  t  minutes  at  4  mol  L–1, n  and  t  are
respectively

t ½

conc.

(1) 0, 20 min. (2) 1, 10 min.
(3) 1, 20 min. (4) 0, 5 min.

69. In the first order reaction, 75% of the reactant
disappeared in 1.388 h. Calculate the rate constant
of the reaction :–
(1)  1  s–1 (2) 2.8 × 10–4 s–1

(3) 17.2 × 10–3 s–1 (4) 1.8 × 10–3 s–1

70. In the case of first order reaction, the ratio of time
required for 99.9 % completion to 50 % completion
is :–
(1) 2 (2) 5 (3) 10 (4) None

71. From different sets of data of t1/2 at different initial
concentrations say 'a' for a given reaction, the
[t1/2 ´ a] is found to be constant. The order of
reaction is :–
(1) 0 (2) 1 (3) 2 (4) 3

72. The reaction
2N2O5(g) ® 4NO2(g)  +  O2(g)

is first order with respect to N2O5.
Which of the following graph would yield a straight
line :–

(1) ( )2 5N Olog P  v/s  time  with  negative  slope

(2) 
2 5

1
N OP -  v/s time

(3) 
2 5N OP  v/s time

(4) ( )2 5N Olog P  v/s  time  with  positive  slope

73. Which of the following statement is not correct for
the reaction whose rate is r = k (rate constant)
(1) rate of reaction is independent of concentration

of reactant
(2)  t1/2 of reaction is not depends upon

concentration of reactant
(3) rate constant is independent of concentration

of reactant
(4) this is zero order reaction

74. Which of the following curves represents a Ist order
reaction :–

(1) log (a-x)

t

(2) log (a-x)

1/t

(3) t ½

a

(4)  1  & 3  both

75. The following data were obtained at a certain
temperature for the decomposition of ammonia
p (mm) 50 100 200
 t1/2 3.64 1.82 0.91
The order of the reaction is :–
(1) 0 (2) 1
(3) 2 (4) 3
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76. A reaction is found to have the rate constant

x s–1 by what factor the rate is increased if initial
concentration of A is tripled
(1) 3
(2) 9
(3) x
(4) Remains same

77. Which is incorrect :–
(1) Half life of a first order reaction is independent

of initial concentration
(2) Rate of reaction is constant for first order

reaction
(3) Unit of K for second order reaction is

mol–1 L  s–1

(4) Half life of zero order is proportional to initial
concentration

78. Hydrolysis of ester in alkaline medium is :–
(1) First order reaction with molecularity one
(2) Second order reaction with molecularity two
(3) First order reaction with molecularity two
(4) Second order reaction with molecularity one

79. The expression which gives 
1
4

th life of Ist order

reaction is :–

(1) 
K

2.303
log

4
3

(2) 
2.303

K
 log  3

(3) 
2.303

K
log

3
4

(4) 
2.303

K
 log

4
3

80. The rate constant of a zero order reaction is
0.2 mol dm-3h-1. If the concentration of the reactant
after 30 minutes is 0.05 mol dm-3. Then its initial
concentration would be :-
(1) 6.05 mol dm-3 (2) 0.15 mol dm-3

(3) 0.25 mol dm-3 (4) 4.00 mol dm-3

81. A  reaction  is  of  first  order.  After  100  minutes
75 gm of the reactant A are decomposed when
100 gm are taken initially, calculate the time required
when 150 gm of the reactant A are decomposed,
the initial  weight taken is  200 gm :-
(1) 100 minutes (2) 200 minutes
(3) 150 minutes (4) 175 minutes

82. For which of the following, the unit of rate and
rate constant of the reaction are identical :-
(1) First order reaction
(2) Zero order reaction
(3) Second order reaction
(4) Fractional order of reaction

83. 2A®Product, follows the first order kinetics. If the

half l ife period of the react ion at

[A]Initial = 0.2 mol L–1 is 20 min. then the value

of rate constant would be:-

(1) 4 s–1 (2) 20 s–1

(3)  4  lit.  mol–1 min.–1 (4) 0.034 min–1

84. Correct statement about first order reaction is:-

(1) tcompletion = finite

(2) t1/2 µ  
1
a

(3)  Unit  of  K  is  mole  lit–1 s–1

(4) t1/2 ×  K  =  at  constant  temperature

COLLISION THEORY AND FACTORS AFFECTING
RATE OF REACTION

85. According to collision theory of reaction rates –

(1) Every collision between reactants leads to

chemical reaction

(2) Rate of reaction is proportional to velocity of

molecules

(3)  All reactions which occur in gaseous phase are

zero order reaction

(4) Rate of reaction is directly proportional to

collision frequency.

86. Activation energy of a reaction is –

(1) The energy released during the reaction

(2) The energy evolved when activated complex

is formed

(3) Minimum extra amount of energy needed to

overcome the potential barrier of reaction

(4) The energy needed to form one mole of the

product

87. The minimum energy for molecules to enter into

chemical reaction is called.

(1) Kinetic energy (2) Potential energy

(3) Threshold energy (4) Activation energy

88. The rate constant k1 of a reaction is found to be

double that of rate constant k2 of another reaction.

The relationship between corresponding activation

energies of the two reactions at same temperature

(E1 &  E2) can be represented as

(1) E1 >  E2 (2) E1 <  E2

(3) E1 =  E2 (4) E1 =  4E2
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89. At room temperature the reaction between NO and

O2 to give NO2 is fast while that between CO and
O2 is  slow it  is  due  to  –
(1)  CO is  smaller  in  size  than  that  of  NO
(2) CO is poisonous
(3) The activation energy for the reaction

2NO + O2 ® 2NO2 is less than
2CO + O2 ® 2CO2

(4) NO2 is poisonous

90. Chemical reaction occurs as a result of collision
between reacting molecules. Therefore the reaction
rate  is  given  by
(1) Total number of collisions occuring in a unit

volume per second
(2) Fraction of molecules which possess energy less

than the threshold energy.
(3) Total number of effective collisions
(4) Temperature

91. An endothermic reaction A ®  B have an activation
energy 15 kCal/mol and the heat of the reaction
is 5 k cal/mol. The activation energy of the reaction
B ® A  is  –
(1) 20 kCal/mol (2) 15 kCal/mol
(3) 10 kCal/mol (4) Zero

92. A large increase in the rate of a reaction for a rise
in temperature is due to –
(1) Increase in the number of collisions
(2) Increase in the number of activated molecules
(3) Lowering of activation energy
(4) Shortening of the mean free path

93. Rate of which react ions increases with
temperature
(1) Of any reaction
(2) Of exothermic reaction
(3) Of endothermic reaction
(4) Can't be predicted

94. The rate of a chemical reaction doubles for every
100C rise in temperature. If the temp is increased
by 600C the rate of reaction increases by :
(1) 20 times (2) 32 times
(3) 64 times (4) 128 times

95. According to the arrhenius equation a straight line
is to be obtained by plotting the logarithm of the
rate constant of chemical reaction (log k) against.
(1) (T) (2)  log  T

(3) 1
T (4) log 1

T

96. Which plot will give the value of activation energy.

(1)  k  v/s  T (2) 1
k  v/s  T

(3)  lnk  v/s  T (4) lnk v/s 1
T

97. Given that k is the rate constant for some order

of any reaction at temp T then the value of

®¥T
lim logk _________.

(1) A@2.303 (2) A

(3) 2.303 A (4) log A

98. From the following data; the activation energy for
the reaction (Cal/mol) H2 +  I2 ®  2HI

T (in K) 1/T(in K ) log k–1
10

 769 1.3 × 10 2.9

 667 1.5 × 10 1.1

–3

–3

(1) 4 × 104 (2) 2 × 104

(3) 8 × 104 (4) 3 × 104

99. The rate constant, the activation energy and the

arrhenius parameter of a chemical reaction at 250C
are  3  ×  10–4 s–1;  104.4  kJ  mol–1 and
6.0 × 1014 s–1 respectively, the value of the rate

constant as T® ¥ is.
(1) 2 × 108 s–1 (2) 6 × 1014 s–1

(3) Infinity (4) 3.6 × 1030 s–1

100. For an endothermic reaction where DH represents
the enthalpy of the reaction in kJ/mol ; the
minimum value for the energy of activation will be
(1) Less than DH (2) Zero

(3) More than DH (4) Equal to DH

101. The rate of reaction increases to 2.3 times when

the temperature is raised from 300 K to 310 K.
If K is the rate constant at 300 K then the rate
constant  at  310 K will  be  equal  to  –
(1) 2 k (2) k

(3) 2.3 k (4)  3  k2

102. If concentration of reactants is increased by 'x' then

the k becomes –

(1) 
k

ln
x

(2) 
k
x

(3)  k  +  x (4) k



Z:
\N

O
D

E0
2\

B0
AI

-B
0\

TA
RG

ET
\C

H
EM

\E
N

G
\M

O
DU

LE
-4

\2
.C

H
EM

IC
A

L K
IN

ET
IC

S\
02

-E
XE

RC
IS

E.
P6

5

62 E

Pre-Medical : Chemistry ALLEN
103. If the concentration units are reduced by n times

then the value of rate constant of first order will

(1) Increases by n times

(2) Decreases by factor of n

(3) Remain constant

(4) Decrease 1/n times

104. Which is used in the determination of reaction rates.

(1) Reaction Temperature

(2) Reaction Concentration

(3) Specific rate constant

(4)  All  of  these

105. The rate constant of a first order reaction depends

on the :–

(1) Concentration of the reactant

(2) Concentration of the product

(3) Time

(4) Temperature

106. For the decomposition of N2O5(g) it is given that–

2N2O5(g)®4NO2(g) + O2(g) activation energy = Ea

N2O5(g)®2NO2(g) + 
1
2

O2(g) activation energy = Ea'

then

(1) Ea = 2Ea' (2) Ea > Ea'

(3) Ea < Ea' (4) Ea = Ea'

107. For a reaction in which case the activation energies

of forward and reverse reactions are equal :–

(1) DH  =  0 (2) DS  =  0

(3) The order is zero (4) There is no catalyst

108. The energy of activation of a forward reaction is

50 kCal. The energy of activation of its backward

reaction is:–

(1) Equal to 50 kCal.

(2) Greater than 50 kCal.

(3) Less than 50 kCal.

(4) Either greater or less than 50 kCal.

109. An exothermic reaction X ® Y has an activation

energy 30 kJ mol–1. If energy change (DE) during

the reaction is – 20 kJ, then the activation energy

for the reverse reaction is :–

(1) 10 kJ (2) 20 kJ

(3) 50 kJ (4) – 30 kJ

110. Which of the following plot is in accordance with
the arrhenius equation :–

(1) log k

T

(2) log k

1
T

(3) log k

1
T

(4) k

1
T

111. The rate of reaction increases by the increase of
temperature because :–

(1) Collision is increased

(2) Energy of products decreases

(3) Fraction of molecules possessing energy ³ ET

(Threshold energy) increases

(4) Mechanism of a reaction is changed

112. For a certain gaseous reaction rise of temperature
from 25° C to 35° C doubles the rate of reaction.
What is the value of activation energy :–

(1) 
10

2.303R 298 308´ ´

(2) 
2.303 10
298 308R

´
´

(3) 
0.693R 10
290 308

´
´

(4) 
0.693R 298 308

10
´ ´
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113. The activation energy for the forward reaction X ®Y

is 60 kJ mol-1 and DH is –20 kJ mol-1. The activation
energy for the backward reactionY ®  X is:-

(1) 80 kJ mol-1 (2) 40 kJ mol-1

(3) 60 kJ mol-1 (4) 20 kJ mol-1

114. For producing the effective collisions, the colloiding
molecules must posses:-
(1) A certain minimum amount of energy
(2) Energy equal to or greater than threshold energy
(3) Proper orientation
(4) Threshold energy as well as proper orientation

of collision

EXERCISE-I (Conceptual Questions) ANSWER KEY

Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ans. 1 1 3 3 1 4 1 3 1 4 2 4 3 3 2
Que. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Ans. 3 2 2 2 1 3 3 2 2 4 3 3 2 2 3
Que. 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Ans. 4 2 2 3 2 1 2 4 1 3 2 1 3 4 3
Que. 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Ans. 1 3 2 1 4 1 2 2 4 4 2 4 3 2 1
Que. 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75

Ans. 3 4 3 2 3 1 3 2 2 3 3 1 2 4 3
Que. 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

Ans. 1 2 2 4 2 1 2 4 4 4 3 3 2 3 3
Que. 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105

Ans. 3 2 1 3 3 4 4 1 2 3 3 4 3 4 4
Que. 106 107 108 109 110 111 112 113 114 115 116

Ans. 4 1 4 3 3 3 4 1 4 3 2

115. The half life for a reaction is --------of temperature:-
(1) Independent
(2) Increased with increase
(3) Decreased with increase
(4) Increased or decreased with increase

116. The activation energy for a chemical reaction
depends upon :-

(1) Temperature

(2) Nature of reacting species
(3) Concentration of the reacting species
(4) Collision frequency
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AIPMT 2006
1. For the reaction

2A + B ® 3C  +  D
Which of the following does not express the reaction
rate ?

(1) 
d C1

3 dt

é ùë û- (2) 
d B

dt

é ùë û-  (3) 
d D

dt

é ùë û  (4) 
d A1

2 dt

é ùë û-

2. Consider the reaction
N2(g) + 3H2(g) ® 2NH3 (g)

The correct equality relationship between 
3d NH

dt

é ùë û

and 
2d H

dt

é ùë û-  is :

(1) 
3 2d NH d H1

dt 3 dt

é ù é ùë û ë û= -

(2) 
3 2d NH d H2

dt 3 dt

é ù é ùë û ë û+ = -

(3) 
3 2d NH d H3

dt 2 dt

é ù é ùë û ë û+ = -

(4) 
3 2d NH d H

dt dt

é ù é ùë û ë û= -

AIPMT 2008

3. The rate constants k1 and  k2 for two different
reactions are 1016 e–2000/T and 1015  e–1000/T,
respectively.
The temperature at which k1 = k2 is

(1) 
2000

K
2.303

(2) 2000 K

(3) 
1000

K
2.303

(4) 1000 K

4. The bromination of acetone that occurs in acid
solution is represented by this equation

CH3COCH3(aq)+Br2(aq) ¾® CH3COCH2Br(aq)+H+(aq)+Br–(aq)

The kinetic data were obtained for given reaction
at different concentrations.
[CH3COCH3] [Br2] [H+] ROD of Br2, Ms–1

0.30 0.05 0.05 5.7 ×  10–5

0.30 0.10 0.05 5.7 ×  10–5

0.30 0.10 0.10 1.2 ×  10–4

0.40 0.05 0.20 3.1 ×  10–4

Based on these data, the rate equation is :
(1) Rate = k[CH3COCH3] [Br2]
(2) Rate = k[CH3COCH3]Br2][H

+]2

(3) Rate = k[CH3COCH3][Br2][H
+]

(4) Rate = k[CH3COCH3][H
+]

AIPMT 2009

5. For the reaction, N2 + 3H2 ® 2NH3, if

[ ]3d NH

dt
=  2  ×  10–4 mol  L–1s–1, the value of

[ ]- 2d H

dt
 would be :-

(1) 1 × 10–4 mol L–1 s–1 (2) 3 × 10–4 mol L–1 s–1

(3) 4 × 10–4 mol L–1 s–1 (4) 6 × 10–4 mol L–1 s–1

6. For the reaction A + B ¾® products, it is observed
that :-
(a) on doubling the initial concentration of A only,

the rate of reaction is also doubled and
(b) on doubling the initial concentrations of both

A and B, there is a change by a factor of 8 in
the rate of the reaction.
The rate of this reaction is given by :-
(1) rate = k[A][B] (2) rate = k[A]2[B]
(3) rate = k[A][B]2 (4) rate = k[A]2[B]2

7. In the reaction
BrO3

–(aq) + 5Br–(aq) + 6H+ ® 3Br2(l) + 3H2O(l)
The rate of appearance of bromine (Br2) is related
to rate of disappearance of bromide ions as
following :-

(1) 
[ ] [ ]2d Br 3 d Br
dt 5 dt

-

=

(2) 
[ ] [ ]2d Br 3 d Br
dt 5 dt

-

= -

(3) 
[ ] [ ]2d Br 5 d Br
dt 3 dt

-

= -

(4) 
[ ] [ ]2d Br 5 d Br
dt 3 dt

-

=

8. Half life period of a first-order reaction is 1386 s.
The specific rate constant of the reaction is :-
(1) 5.0 × 10–2 s–1 (2) 5.0 × 10–3 s–1

(3) 0.5 × 10–2 s–1 (4) 0.5 × 10–3 s–1

AIPMT 2010

9. The rate of the reaction
2NO + Cl2 ® 2NOCl is given by the rate equation

rate = k[NO]2[Cl2]
the value of rate constant can be increased by :
(1) Increasing the concentration of NO
(2) Increasing the concentration of the Cl2
(3) Increasing the temperature
(4) Doing all of these

EXERCISE-II (Previous Year Questions) AIPMT/NEET & AIIMS (2006-2018)
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10. For the reaction N2O5(g) ¾® 2NO2(g) + 
1
2

O2(g)

the value of rate of disappearance of N2O5 is given
as 6.25 × 10–3 mol L–1s–1. The rate of formation
of NO2 and O2 is given respectively as :-
(1) 1.25 × 10–2 mol  L–1s–1 and

6.25 × 10–3 mol  L–1s–1

(2) 6.25 × 10–3 mol  L–1s–1 and
6.25 × 10–3 mol  L–1s–1

(3) 1.25 × 10–2 mol  L–1s–1 and
3.125 × 10–3 mol  L–1s–1

(4) 6.25 × 10–3 mol  L–1s–1 and
3.125 × 10–3 mol  L–1s–1

11. During the kinetic study of the reaction,
2A + B ® C + D, following results were obtained:-
Ex. [A](mol L–1) [B](mol L–1) Initial rate of
No. formation of

D(mol L–1min–1)
I 0.1 0.1 6.0 × 10–3

II 0.3 0.2 7.2 × 10–2

III 0.3 0.4 2.88 × 10–1

IV 0.4 0.1 2.40 × 10–2

Based on the above data which one of the following
is correct ?
(1) rate = k[A][B]2 (2) rate = k[A]2[B]
(3) rate = k[A][B] (4) rate = k[A]2[B]2

12. For an endothermic reaction, energy of activation
is Ea and enthalpy of reaction is DH (both of these
in kJ/mol). Minimum value of Ea will be :-
(1) Equal to zero (2) Less than DH
(3) Equal to DH (4) More than DH

AIIMS 2010

13. For a first order reaction, the value of rate constant
for the reaction

A(gas) ¾® 2B(gas) + C(solid)

(1) 
0

0 t

P1
ln

t P P
æ ö
ç ÷-è ø

(2) 
0

0 t

P1
ln

t 2P P
æ ö
ç ÷-è ø

(3) 
0

0 t

2P1
ln

t 3P P
æ ö
ç ÷-è ø

(4) 
0

0 t

P1
ln

t 3P P
æ ö
ç ÷-è ø

AIPMT Pre. 2011

14. Which one of the following statements for the order
of a reaction is incorrect ?
(1) Order can be determined only experimentally
(2) Order is not influenced by stoichiometric

coefficient of the reactants
(3) Order of reaction is sum of power to the

concentration terms of reactants to express the
rate of reaction

(4) Order of reaction is always whole number

AIPMT Mains 2011

15. The unit of rate constant for a zero order reaction
is :-
(1) s–1 (2) mol L–1 s–1

(3) L mol–1 s–1 (4) L2 mol–2 s–1

16. The hal f li fe o f a subs tance in a certa in
enzyme-catalysed first order reaction is 138 s. The
time required for the concentration of the substance
to fall from 1.28 mg L–1 to 0.04 mg L–1 :-
(1) 276 s (2) 414 s
(3) 552 s (4) 690 s

17. The rate of the reaction 2N2O5 ® 4NO2 + O2 can
be written in three ways
- 2 5d[N O ]

dt
 = k[N2O5]

2d[NO ]
dt

 = k'  [N2O5]

2d[O ]
dt

 = k" [N2O5]

The relationship between k and k' and between k
and k" are :-
(1)  k'  = k ;  k"  = k (2)  k'  = 2k ;  k"  = k
(3) k' = 2k ; k" = k/2 (4) k' = 2k ; k" = 2k

AIIMS 2011

18. For a first order gas phase reaction–
A(g) ® 2B(g) + C(g)

Let  Po be  initial  pressure  of  A  and  Pt the total
pressure at time 't'. Integrated rate equation is–

(1)
o

0 t

2.303 P
log

t P P

æ ö
ç ÷-è ø

    (2) 
o

0 t

2.303 2P
log

t 3P P

æ ö
ç ÷-è ø

(3) 
o

0 t

2.303 P
log

t 2P P

æ ö
ç ÷-è ø

(4) 
o

0 t

2.303 2P
log

t 2P P

æ ö
ç ÷-è ø

AIPMT Pre. 2012

19. In a zero-order reaction for every 10° rise of
temperature, the rate is doubled. If the temperature
is increased from 10°C to 100°C, the rate of the
reaction will become:
(1) 64 times (2) 128 times
(3) 256 times (4) 512 times

20. In a reaction A + B ® Product, rate is doubled when
the concentration of B is doubled and rate increased
by a factor of 8 when the concentrations of both
the reactants (A and B) are doubled, rate  law for
the reaction can be written as:
(1) Rate = k[A][B] (2) Rate = k[A]2[B]
(3) Rate = k[A][B]2 (4) Rate = k[A]2[B]2
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21. Activation energy (Ea) and rate constants (k1 and
k2) of a chemical reaction at two different
temperatures (T1 and T2) are related by :

(1) ln
æ ö= - +ç ÷è ø

2 a

1 2 1

k E 1 1
k R T T    (2) ln

æ ö= -ç ÷è ø
2 a

1 1 2

k E 1 1
k R T T

(3) ln
æ ö= - -ç ÷è ø

2 a

1 1 2

k E 1 1
k R T T    (4) ln

æ ö= - -ç ÷è ø
2 a

1 2 1

k E 1 1
k R T T

AIIMS 2012

22. For a reaction r = k(CH3COCH3)
3/2 the unit of rate

of reaction and rate constant respectively are :-

(1)  mol  L–1s–1, 
1

2mol
- 1

2L s–1

(2) mol–1 L–1s–1, 
1

2mol
-

 
1
2L

-
s–1

(3)  mol  L–1s–1, 
1

2mol
+

 
1
2L s–1

(4) mol Ls, 
1

2mol
+

 
1
2L s

23. t1/2 v/s 2

1

a
 is a straight line graph then determine

the order of reaction is :-
(1) Zero order (2) First order
(3) Second order (4) Third order

NEET-UG 2013

24. A reaction having equal energies of activation for
forward and reverse reactions has :-
(1) DH = DG = DS = 0 (2) DS = 0
(3) DG = 0 (4) DH = 0

25. What is the activation energy of a reaction if its rate
doubles when the temperature is raised from 20°C
to 35°C ? (R = 8.314 J mol–1 K–1)
(1) 15.1 kJ mol–1 (2) 342 kJ mol–1

(3) 269 kJ mol–1 (4) 34.7 kJ mol–1

AIIMS 2013

26. Energy of activation of forward reaction for an
endothermic process is 50 kJ and enthalpy change
is 20 kJ then activation energy change for backward
reaction will be :-
(1) 30 kJ (2) 20 kJ
(3) 70 kJ (4) 50 kJ

AIIMS 2014

27. In Ist order reaction A(g) ¾® 2B(g) + C(s) ; if
Pi is the initial pressure and Pf is the final pressure
of mixture after time t then rate constant is :-

(1) k = 
æ ö
ç ÷è ø

i

i f

2.303 2P
log

t 3P – P

(2) k = 
æ ö
ç ÷è ø

i

i f

2.303 P
log

t 2P – P

(3) k = 
æ ö
ç ÷è ø

i

i f

2.303 P
log

t P – 3P

(4) k = 
æ ö
ç ÷è ø

i

i f

2.303 P
log

t P +P

28. If in a Ist order reaction 75% of reaction completes
in 4 h. Then how much time is required to complete
87.5% of reaction ?

(1) 32 h (2) 6 h (3) 8 h (4) 16 h

AIPMT 2015

29. The activation energy of a reaction can be
determined from the slope of which of the following
graphs ?

(1) v / s.T
In k

T
(2) In k v/s.

l

T

(3) 
T l

v/s.
In k T (4) In k v/s. T

30. When initial concentration of a reactant is doubled
in a reaction, its half-life period is not affected. The
order of the reaction is :-
(1) First
(2) Second
(3) More than zero but less than first
(4) Zero

Re-AIPMT 2015

31. The rate constant of the reaction A ® B  is
0.6 × 10–3 M sec–1. If the concentration of A is 5
M, then concentration of B after 20 min is :-

(1) 0.36 M (2) 0.72 M

(3) 1.08 M (4) 3.60 M
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32. For a first order reaction rate constant is given as

log
41.2×10

k =14 –
T

, then what will be

the value of temperature if its half life period is
6.93 × 10–3 min
(1) 100 K (2) 1000 K
(3) 720 K (4) 327 K

33. For a reaction 2N2O5 ® 4NO2 + O2 ;
Initial concentration of N2O5 is 7.2 mol L–1 and after
20 minute [NO2] is 2.4 mol L–1, then what will be
the rate of decomposition of N2O5 in
mol L–1 min–1

(1) 0.06 (2) 0.03 (3) 1.3 (4) 2.4

34. For a reaction A ® B half life period is 50 min.
If reactant concentration is halved then half life
period is 25 min. Calculate order of reaction ?
(1) 0 (2) 1 (3) 2 (4) 3

NEET-I 2016
35. The rate of a f irst -order react ion is

0.04 mol L–1s–1 at 10 s and 0.03 mol L–1 s–1 at

20 s after initiation of the reaction. The half-life

period of the reaction is :

(1) 24.1 s (2) 34.1 s

(3) 44.1 s (4) 54.1 s
36. The addition of a catalyst during a chemical reaction

alters which of the following quantities ?
(1) Entropy (2) Internal energy
(3) Enthalpy (4) Activation energy

NEET-II 2016
37. The decomposition of phosphine (PH3) on tungsten

at low pressure is a first-order reaction. It is because
the
(1) rate is independent of the surface coverage
(2) rate of decomposition is very slow
(3) rate is proportional to the surface coverage
(4) rate is inversely proportional to the surface

coverage

AIIMS 2016
38. For a reaction :-

3 2 26H 5Br BrO 3Br 6H O+ - -+ + ¾¾® +

If rate of consumption of 3BrO-  is x mol L–1s–1. Then

calculate rate of formation of Br2:-

(1)
x

3
(2) 

2x

3
(3) 

x

4
(4) 3x

39. On increasing temperature from 200K to 220K,
rate of reaction A increases by 3 times and rate of
reaction  B  increases  by  9  times  then  correct
relationship between activation energy of A and B
is :-

(1) EA = 3EB (2) 3EA = EB

(3) EB = 2EA (4) EA = 2EB

40. The slope of aE

2.303R

-
 is obtained by the plot of:-

(1) log k v/s logA

(2)  log k v/s T

(3) log k v/s 
1

T

(4) k v/s 
1

T

41. For a first order reaction rate constant is
1 × 10–5 s–1 having Ea = 1800 kJ/mol. Then value
of lnA at T = 600K is :-

(1) 151.7 (2) 349.3

(3) 24.7 (4) 11.34

42. Half life of a radioactive decay of C14 is 5730 years.

How much time it will take so that 25% of C14 was

found in sample?

(1) 5730 years (2) 11460 years

(3) 22920 years (4) 930 years

NEET(UG) 2017

43. Mechanism of a hypothetical reaction

X2 + Y2 ® 2XY is given below :

(i) X2 � X + X(fast)

(ii) X + Y2 ® XY + Y (slow)

(iii) X + Y ® XY (fast)

The overall order of the reaction will be :

(1) 2 (2) 0

(3) 1.5 (4) 1

44. A first order reaction has a specific reaction rate

of 10–2 s–1. How much time will it take for 20 g

of the reactant to reduce to 5 g ?

(1) 138.6 s (2) 346.5 s

(3) 693.0 s (4) 238.6 s
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45. For a first order gaseous reaction A ® 2B + C,

if initial pressure is P0 and total final pressure of

mixture becomes Pt after time t. The rate constant

is :-

(1)
0

0 t

2.303 2P
k log

t P P
=

-

(2) 
0

0 t

2.303 2P
k log

t 3P P
=

-

(3) 
0

0 t

2.303 2P
k log

t P P
=

+

(4) 
0

0 t

2.303 2P
k log

t 2P P
=

+

46. When Fe+2 reacts with Cr2O7
–2 in acidic medium

then Fe+3
 and Cr+3 are  formed.  If  rate  of

disappearance of Cr2O7
2– is  x  then  the  rate  of

appearance of Fe+3 will be :-

6Fe+2 + Cr2O7
–2 + 14H+ H+

¾¾¾® 6Fe+3 + 2Cr+3 + 7H2O

(1) x/6 (2) 3x (3) 6x (4) x/3

47. For a first order reaction : 2A(g) ® 2B(g) + C(g),

the initial pressure is P0 and after time t, total

pressure of reaction mixture becomes Pt. The rate

constant is :-

(1) 
0

0 t

2.303 P
k log

t P P
=

-

(2) 
0

0 t

1 P
k ln

t 3P 2P
=

-

(3)
0

0 t

1 P
k ln

t 2P P
=

-

(4) 
0

0 t

1 2P
k ln

t 3P P
=

-

48. In the reaction 2A ® B, the concentration of A

decreases from 0.8 M to 0.4 M in 10 min. The

rate of appearance of B is :-

(1) 0.02 M min–1 (2) 0.04 M min–1

(3) 0.08 M min–1 (4) 0.2 M min–1

NEET(UG) 2018
49. The correct dif ference between f irst- and

second-order reaction is that

(1) the rate of a first-order reaction does not depend
on reactant concentration; the rate of a second-
order reaction does depend on reactant
concentrations.

(2) the half-life of a first-order reaction does not
depend on [A]0; the half-life of a second-order
reaction does depend on [A]0

(3) a first-order reaction can be catalyzed;
a second-order reaction cannot be catalyzed.

(4) the rate of a first-order reaction does depend
on reactant concentrations; the rate of a
second-order reaction does not depend on
reactant concentrations

50. When initial concentration of the reactant is
doubled, the half-life period of a zero order reaction

(1) is halved (2) is doubled

(3) is tripled (4) remains unchanged

AIIMS 2018
51. For a unimolecular reaction A ® B has rate

constant K1 and for another unimolecular reaction
C ® D has rate constant K2. If half life of first
reaction is half of half life of second reaction then
find Ea1 – Ea2 will be :-
(1) –RTln2 (2)  RTln2

(3)
RT

n2l
(4) 

1

RT n2l

52. For zero order reaction relation between 1
2

t  and

1
4

t  is :-

(1) 1 1
2 4

t 2 t= (2)  1 1
2 4

t 1.5 t=

(3) 1 1
2 4

1
t t

2
= (4) 1 1

2 4

1
t t

3
=

53. For two zero order reaction having same rate at
certain temprature; If Ea1 – Ea2 = 2RT

Then find 1

2

A
n

A

æ ö
ç ÷
è ø

l :-

(1) +2 (2)  –2 (3) 
2

n2l
(4) 2ln2
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EXERCISE-II (Previous Year Questions) ANSWER KEY
Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ans. 1 2 3 4 2 3 2 4 3 3 1 4 2 4 2
Que. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Ans. 4 3 2 4 2 2,4 1 4 4 4 1 2 2 2 1
Que. 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Ans. 2 2 1 1 1 4 3 4 3 3 2 2 3 1 2
Que. 46 47 48 49 50 51 52 53 54 55 56 57 58
Ans. 3 2 1 2 2 1 1 1 1 1 3 1 1

54. For a first order reaction t80% is 60 min. Calculate

t1/2 :-

(1) 25.7 min (2) 25 min

(3) 20 min (4) 257 min

55. The rate of first order reaction are 0.4 M min–1

and 0.04 M min–1 at  10  min  and  30  min

respectively. Then half life of reaction is :-

(1) 6 min (2)  4 min

(3) 8 min (4) 13 min

56. Two diferent reactions at 300 K having same

pre-exponential factor. The activation energy of first

reaction is more than that of second reaction by

5.75 kJ. Then find 
2

1

K

K  :-

(1) 1000 (2)  10,000

(3) 10 (4) 1

57. For a reaction, activation energy is 83 kJ calculate

ratio of 
37 C

27 C

K
n

K
°

°

l  for above gaseous reaction :-

(1) 1 (2)  2

(3) 3 (4) 4

58. For a Ist order reaction what will be the time required

to reach concentration from 1.28 M to 0.04 M if

t1/2 is 138 s :-

(1) 690 s (2) 138 s

(3) 69 s (4) 27.6 s
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EXERCISE-III (Analytical Questions) Check Your Understanding

1. For the reaction
A + 2B ® Product,

the differential rate equation is :-

(1) 
-

- = = 21 d[A] d[B]
k[A][B]

2 dt dt

(2) = = 21 d[A] d[B]
k[A][B]

2 dt dt

(3) 
-

= - = 2d[A] 1 d[B]
k[A][B]

dt 2 dt

(4) = = 2dA 1 d[B]
k[A][B]

dt 2 dt

2. The rate of reaction between two reactants A and
B decreases by a factor of 4, if the concentration
of reactant B is doubled. The order of the reaction
with respect to reactant B is :
(1) –1 (2) –2 (3) 1 (4) 2

3. For the non-stoichiometric reaction
2A + B ® C + D, the following kinetic data were
obtained in three different experiments, measured
at 298 K.

Initial Conc.
(A)

Initial Conc.
(B)

Initial rate of
formation of C

(mol L–1s–1)

0.1M 0.1M 1.2 ×10 –3

0.1M 0.2M 1.2 × 10–3

0.2M 0.1M 2.4 × 10–3

(1)
2dc

k[A][B]
dt

= (2) 
dc

k[A]
dt

=

(3)
dc

k[A][B]
dt

= (4) 
2dc

k[A] [B]
dt

=

4. The following mechanism has been proposed for
the reaction of NO with Br2 to  form NOBr  :

NO(g) + Br2(g) �������� NOBr2(g)
NOBr2(g) + NO(g) ® 2NOBr(g)
If the second step is the rate determining step, the
order of the reaction with respect to NO(g) is :
(1) 2 (2) 1 (3) 0 (4) 3

5. Higher order (>3) reactions are rare due to :-
(1) shifting of equilibrium towards reactants due to

elastic collision
(2) loss of active species on collision
(3) low probability of simultaneous collision of all

the reacting species
(4) increase in entropy and activation energy as

more molecules are involved.

6. For a first order reaction :–
(1) The degree of dissociation is equal to (1–e–kt)
(2) The pre-exponential factor in the arrhenius

equation has the dimension of time–1

(3) A plot of reciprocal of concentration of the
reaction v/s time gives a straight line

(4)  1  & 2  both

7. Azo isopropane decomposes according to the
equation :–

(CH3)2CHN = NCH(CH3)2 (g) 
0250 290 C-¾¾¾¾¾® N2(g) + C6H14(g)

It is found to be a first order reaction. If initial pressure
is Po and pressure of the mixture at time t is Pt then
rate constant k would be :–

(1) k=
2.303

t
log

o

o t

P
2P P-

(2) k=
2.303

t
log

o t

o

P P
P
-

(3) k=
2.303

t
log

o

o t

P
P P-

(4) k=
2.303

t
log

o

o t

2P
2P P-

8. A reagent undergoes 90% decomposition in
366 min. According to first order reaction, it's half
life is :–

(1) 366 x 100 
n 2
90

æ ö
ç ÷
è ø

l

(2) 366 
n 2
n 10

æ ö
ç ÷
è ø

l

l

(3) 
1

366
(4) 183

9. Which of the following statement is false :-
(1) A fast reaction has a large rate constant and

short half life
(2) For a first order reaction, successive half lives

are equal
(3) For a first order reaction, the half life is

independent of concentration
(4) The half life of a reaction is half the time required

for the reaction to go for completion

10. The reaction
CH3COOC2H5 + NaOH ®CH3COONa + C2H5OH is :-

(1) Bimolecular reaction (2) II order reaction
(3) Both (1) & (2) (4) None

11. Correct expression for the first order reaction is:-

(1) Ct =  C0 
k t1e (2) Ct 

k t1e =  C0

(3) ln 
C

0
C

t
 =  –  k1t (4) ln 

C
t

C
0

 =  k1t
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12. The rate of first order reaction is 1.5 × 10–2 mol

L–1 min–1 at 0.5 M concentration of the reactant.
The half life of the reaction is
(1) 7.53 min (2) 0.383 min
(3) 23.1 min (4) 8.73 min

13. In a first order reaction, the concentration of the
reactant, decreases from 0.8 M to 0.4 M in
15 min. The time taken for the concentration to
change  from 0.1  M to  0.025 M is
(1) 7.5 min (2) 15 min
(3) 30 min (4) 60 min

14. The rate equation for the reaction 2A +B ® C
is found to be : rate= k[A][B]. The correct statement
for this reaction is that the
(1) rate of formation of C is twice the rate of

disappearance of A.
(2) Half life is a constant
(3)  unit  of  k  must  be  s–1

(4)  value  of  k  is  independent  of  the  initial
concentrations of A and B

15. The half-life of a radio isotope is four hours. If the
initial mass of the isotope was 200 g, the mass
remaining after 24 h undecayed is :
(1) 3.125 g (2) 2.084 g
(3) 1.042 g (4) 4.167 g

16. For a first order reaction A ¾® B the reaction
rate at reactant concentration of 0.01 M is found
to be 2.0 × 10–5 mol L–1s–1. The half life period
of the reaction is :
(1) 220 s (2) 30 s (3) 300 s (4) 347 s

17. For reaction aA ® xP. When [A] is 2.2 mM, the
rate was found to be 2.4 mMs–1. On reducing
concentration of A to half, the rate changes to
0.6 mMs–1. The order of reaction with respect to
A  is  :
(1) 1.5 (2) 2.0 (3) 2.5 (4) 3.0

18. The  t1/2 of a reaction is halved as the initial
concentration of the reactant is doubled. What is
the order of reaction ?
(1)  1 (2)  0 (3)  2 (4)  3

19. The rate of a chemical reaction doubles for every
10°C rise of temperature. If the temperature is
raised by 50°C, the rate of the reaction increases
by about :-
(1) 32 times (2) 64 times
(3) 10 times (4) 24 times

20. For a first order reaction, (A) ® products, the
concentration of A changes from 0.1 M to 0.025M
in 40 min. The rate of reaction when the
concentration of A is 0.01 M is :-
(1) 1.73 × 10–4 M/min (2) 1.73 × 10–5 M/min
(3) 3.47 × 10–4 M/min (4) 3.47 × 10–5 M/min

21. Arrhenius equation may be written as :–

(1) 
d

dT
(ln k) = – 

Ea
RT

(2) 
d

dT
(ln k) = – 2

Ea
RT

(3) 
d

dT
(ln k) = + 2

Ea
RT

(4) 
d

dT
(ln k) = 

Ea
RT

22. An endothermic reaction with high activation
energy for the forward reaction is given by the
diagram :

(1) 
P

ot
en

tia
l e

ne
rg

y

Reaction coordinate

(2) 

P
ot

en
tia

l e
ne

rg
y

Reaction coordinate

(3) 

P
ot

en
tia

l e
ne

rg
y

Reaction coordinate

(4) 

P
ot

en
tia

l e
ne

rg
y

Reaction coordinate

23. A reactant (A) forms two products :

A 1k¾¾® B, Activation Energy Ea1

A 2k¾¾® C, Activation Energy Ea2

If Ea2 = 2 Ea1, then k1 and k2 are related as :-

(1) k1 = 2Ea / RT
22k e (2) k2 = 1Ea / RT

1k e

(3) k2 = 2Ea / RT
1k e (4) k1 = 1Ea / RT

2k e

24. The rate of a reaction doubles when its temperature
changes from 300 K to 310 K. Activation energy
of such a reaction will be
(R = 8.314 JK–1 mol–1 and log 2 = 0.301)
(1) 53.6 kJ mol–1 (2) 48.6 kJ mol–1

(3) 58.5 kJ mol–1 (4) 60.5 kJ mol–1

EXERCISE-III (Analytical Questions) ANSWER KEY

Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans. 3 2 2 1 3 4 1 2 4 3 2 3 3 4 1
Que. 16 17 18 19 20 21 22 23 24
Ans. 4 2 3 1 3 3 3 4 1
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EXERCISE-IV (Assertion & Reason) Target AIIMS

These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses.

(A) If both Assertion & Reason are True & the Reason is a correct explanation of the Assertion.

(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion.

(C) If Assertion is True but the Reason is False.

(D) If both Assertion & Reason are false.

Directions for Assertion & Reason questions

1. Assertion : The rate of the reaction is the rate

of change of concentration of a reactant or a

product.

Reason : Rate of reaction remains constant

during the complete reaction.

(1) A (2) B (3) C (4) D

2. Assertion : The molecularity of a reaction is a

whole number other than zero, but generally less

then 3.

Reason : The order of a reaction is always whole

number

(1) A (2) B (3) C (4) D

3. Assertion : Formation of HI is a bimolecular

reaction.

Reason : Two molecules of reactants are involved

in this reaction.

(1) A (2) B (3) C (4) D

4. Assertion : If in a zero order reaction, the

concentration of the reactant is doubled, the half-

life period is also doubled.

Reason : For a zero order reaction, the rate of

reaction is independent of initial concentration.

(1) A (2) B (3) C (4) D

5. Assertion :- In a first order reaction the rate

constant double on doubling the initial

concentration of the reaction.

Reason :- The rate constant varies directly with

the concentration of the reactants in a first order

reaction.

(1) A (2) B (3) C (4) D

6. Assertion :- Rate of reaction double when

concentration of reactant is double if it is a first order

reaction.

Reason :- Rate constant also double.

(1) A (2) B (3) C (4) D

7. Assertion : For a first order reaction t1/2 is

independent of the inital concentration of reactants.

Reason : For a first order reaction t1/2 is twice

the  t3/4.

(1) A (2) B (3) C (4) D

8. Assertion : Acid catalysed of ethyl acetate is a

first order reaction.

Reason : Water does not take part in the reaction.

(1) A (2) B (3) C (4) D

9. Assertion : Half life period is always independent

of initial concentration.

Reason : Half life period is directly proportional

to rate concentration.

(1) A (2) B (3) C (4) D

10. Assertion : In a reversible endothermic reaction

activation energy of the forward reaction is higher

than that of the backward reaction.

Reason : The threshold energy of the forward

reaction is more than that of the backward reaction.

(1) A (2) B (3) C (4) D

11. Assertion : The reaction having low value of

activation energy are generally fast.

Reason : Temperature coefficient for reaction

having low activation energy is large.

(1) A (2) B (3) C (4) D

12. Assertion :- Two different reaction can never have

same rate of reaction

Reason :- Rate of reaction always depends only

on frequency of collision and Arrhenious factor

(1) A (2) B (3) C (4) D

13. Assertion :- Rate constant of reaction depends

on concentration of reactant.

Reason :- On changing concentration, rate of

reaction always increases.

(1) A (2) B (3) C (4) D



Z:
\N

O
D

E0
2\

B0
AI

-B
0\

TA
RG

ET
\C

H
EM

\E
N

G
\M

O
DU

LE
-4

\2
.C

H
EM

IC
A

L K
IN

ET
IC

S\
02

-E
XE

RC
IS

E.
P6

5

73E

Pre-Medical : ChemistryALLEN

EXERCISE-IV (Assertion & Reason) ANSWER KEY

14. Assertion :- On increasing the temperature by

10°C, rate constant almost doubles.

Reason : On increasing temperature by 10°C,

collision frequency doubles.

(1) A (2) B (3) C (4) D

15. Assertion :- On increasing temperature rate of

reaction always increases.

Reason :- For any reaction equilibrium always

shifts in forward direction on increasing

temperature.

(1) A (2) B (3) C (4) D

Que. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ans. 3 3 1 2 4 3 3 3 4 3 3 4 4 3 3
Que. 16

Ans. 3

16. Assertion : Catalyst increases rate of reversible

reaction.

Reason : It increase the Ea for forward reaction

but decreases the activation energy for backward

reaction.

(1) A (2) B (3)  C (4)  D
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