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Chemical Kinetics

TOPIC 1

Rate of Chemical Reaction,
Rate Expression

0_1 Mechanism of a hypothetical
reaction X, +Y, I 2XY is given
below [NEET 2017]

(i) X, ==X+ X(fast)
(i) X+Y, O-  X¥ Y(slow)
(i) X+Y > XY(fast)

The overall order of the reaction

will be

(a)l (b)2
(c)o (d)1.5
Ans. (d)

We know that, slowest step is the rate
determining step.
O Rater (r) =K,[X][Y,] (1)
Now, from equation. (i), i.e.

X, - 2X[fast]
[XF

RERPA

[X1={K D% 12 - ()
Now, substitute the value of [X] from
equation. (i) in equation. (i), we get
Rate (r) =K, (K o) "2 [%, 172 [Y,]
=K[X,1"1Y,1

0 Order of reaction =% +1 =g =15

02 In areaction, A+B - Product, rate

is doubled when the concentration
of Bis doubled and rate increases
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 [CBSE AIPMT 2012]
(a)rate =k[ABI?  (b)rate =k[AI*[B]?
(c)rate =k[AIB]  (d)rate =k[A]*[B]

Ans. (d)

Let the order of reaction with respect to
Aand Bis xand yrespectively. So, the
rate law can be given as

R =KkAT[BY i)
When the concentration of only B is
doubled,
the rate is doubled, so

R, =KAT[2B]Y =2R  ..{ii)
If concentrations of both the reactants A

and B are doubled, the rate increases by
afactor of 8, so

R" = k[2A][2B) = 8R
O Kk2*2Y[AT[BY =8R
From Egs. (i)and (ii), we get
2R _[A)[2BY
R [AFIBY
2=2""0y=1
rom Egs. (i)and(iv), we get
8R _2*2/[AT[BY

i)
.iv)

O

or 8=2"2
R [AT[BY
Substitution of the value of y gives,
g=2%2'
4=2%
(2 = (2
g x=2

Substitution of the value of xand y in Eq.
(i) gives,
R =k[AF[B]

For the reaction,
1
NZOS(Q)D-» 2NO, (¢ E02(9)

The value of rate of disappearance
of N2|O5 is given as 6.25x10™° mol
L™'s ™. The rate of formation of NO,
and 0, is given respectively as
[CBSE AIPMT 2010]
(a) 6.25x107°mol L's™!
and6.25x 10™°mol L7's™
(b) 1.25x10?mol L's™
and3.125x10°mol L's™

04

(c) 6.25%x 10 molL's™
and3.125x10°mol L's™
(d) 1.25x10?mol L's™
and6.25x 10 mol L's™
Ans. (b)
Key Idea Rate of disappearance of
reactant =rate of appearance of product

or
_ 1 d [reactant]

Stoichiometric coefficient dt

of reactant
1

=+

Stoichiometric coefficient

of product d[product]

dt

For the reaction,

N,0(0) B 2NO,(gh - 0ylo)
—dIN,O.] L1 d[NO,] _ . 2d[0,]

dt 2 dt dt
0 d[NG, ] :_zd[NZOS]

dt dt

=2x6.25x10mol L s™
=12.5%10" mol L' s™
=1.25%107% mol L' s
d[0,]_ _dINGg] 1
dt dt 2
_6.25x107° mol L'
2
=3.125%x107 mol L”'s™

During the kinetic study of the
reaction,2A+B L. & D,
following results were obtained

Initial rate of

Run A/molL”" B/molL™" formation of
D/molL " min”

[ 0.1 0.1 6.0x107°

I 0.3 0.2 7.2x1072

1f 0.3 0.4 2.88x 10"

Y 0.4 0.1 2.40 x 1072



Based onthe above datawhichone

of the following is correct?
[CBSE AIPMT 2010]

(a)Rate =k [AJ*[B]
(b) Rate =k [A] [B]

(c)Rate =k [A?[B]?
(d)Rate =k[A] [B)?
Ans. (d)

Let the order of reaction with respect to
Aisxand withrespecttoBisy.Thus,

rate = k[A]* [B]Y

(xand y are stoichiometric coefficient )
For the given cases,

I. rate =k(0.1)* (0.1 =6.0 x107°
Il. rate=k(0.3)" (02) =7.2x107?
Il rate=k(0.3)* (0.40)" =2.88 x10™"'
IV. rate=k(0.4)" (0.1 =2.40 x107*
Dividing Eq. (1) by Eq. (IV), we get

%g %g 52:10 B
- g8

O
On dividing Eq. (1) by Eq. (Ill), we get

0. 3@ %g 7.2x107
2.88x10
@%Q
or -
4

39 -BH
O =2
Thus, rate law is,

rate = K[ AT [BT
= K[A][BY

In the reaction,
BrO5(ag)+5Br ~(aq)+6H" [

3Br, (1)+3H,0(/)
the rate of appearance of bromine
(Br,) is related to rate of
disappearance of bromide ions as
following.
[CBSE AIPMT 2009, 2000]
(a)d[Brz] __3dBr]
dt 5 dt
(b)d[Brz] __54dBr]
dt 3 dt
(o) B2] 8 dlBr]
dt 3 dt
(g 18R] _ 3 dlBr]
dt 5 dt

Ans. (a)

Rate ofappearanfe/disappearance

=+ X
stoichiometric coefficient

[reactant or product]

time taken
For the reaction,
BrOz(aq) +5Br~(ag) +6H" O 3Br, ()

+3H,00)
Rate of appearance of bromine(Br,)
- ld[BrZ]
3 dt

Rate of disappearance of bromide ion
(Br7)

or

1

5
d(B,)_ 348
i 5

For the reaction,

N, +3H, b 2NHg,if

d[NH3]
dt

value of

=2x10™ mol L's ™, the

H,]
would be
dt [CBSE AIPMT 2009]

)3%10 ™ mol L' s™
)4 %10 mol L' s™
)6 %10 mol L' s™
)1x10™ mol L g™

For the reaction,
N, +3H, 0> 2NH;

Rate:—d N :—ld[Hz] :+ld[NH3]

dt 3 dt 2 dt

+1d[NH3]

3 dt 2 dt

x2 x10™* mol L™

=3
dt 2

3%x10™ mol L's™
For the reaction,

A+B [ products,itis observed
that

[. On doubling the initial
concentration of A only, the
rate of reaction is also doubled
and

[l. On doubling the initial
concentrations of both A and
B, there is a change by a factor

of 8in the rate of the reaction.
[CBSE AIPMT 2009]

The rate of this reaction is, given
by
(a)rate =k[ AJ?[B]
(b)rate=k[A ][B]2
(c)rate =k[A)*[B)
(d)rate =k[AllB]
Ans. (b)
For the reaction,
A+ B [ Products

On doubling the initial concentration of A
only, the rate of the reaction is also
doubled, therefore

Rate O[A]' i)
Letinitial rate law is
Rate=Kk[AlBY (i)

If concentration of Aand B both are
doubled, the rate gets changed by a
factor of 8.
8 xrate =k[2A][2B) (i)
[+ Rate O[A]"]
Dividing Eq. (iii) by Eq. (ii), we get
8=2x2¥
4=
(27 =(2)
g y=2

Hence, rate law is, rate = k[A] B

E The bromination of acetone that

occurs in acid solution is
represented by this equation
CH;COCH;(aqg)+ Br,(aq) O-
CH5COCH,Br{ag)+ H" (ag)+Br ~(aq)
These kinetic data were obtained
forgivenreaction concentrations.

Initial concentrations, M

[CH,COCH,] [Br,] [(H"]
0.30 0.05 0.05
0.30 0.10 0.05
0.30 0.10 0.10
0.40 0.05 0.20

Initial rate, disappearance of Br,,,
Ms™!

5.7x107°

5.7x107°

1.2x107

3.1x107
Based on these data, the rate
equationis [CBSE AIPMT 2008]
(a)rate =k [CHsCOCH,][H"]
(b)rate =k [CH,==COCH;][Br,]
(c)rate =k [CH;COCH;][Br, TH' ]
(d)rate =k [CHsCOCH3] Br, TH"]



Ans. (a)

Let the order of reaction wrt CH;COCHj,
Br, andH" are x, y and z respectively.
Thus,

Rate(r) =[CH;COCH,J*[Br, ' [H" ]
6.7 x 107° =(0.30)*(0.05)¥(0.05)7  ..{i)
5.7 x107° =(0.30)*(0.10)(0.05)* ..{ii)
1.2% 107 =(0.30)* (0.10)” (0.10)7 ..jii)

3.1x 107 =(0.40)* (0.05) (0.20Y
From Egs. (i)and (ii)

G

From Egs. (i) and (iii)
z=1
From Egs. (i)and (iv)
x=1
Thus, rate law O[ CH;COCH;1'[Br, 1°[H" ]’
= k[CH,COCH,TH"]

iv)

Consider the reaction,
N,(g)+3H,(g) O- 2NH;(g)
The equality relationship between

d[NH d[H
[ 3]and— [z]is
dt
[CBSE AIPMT 2006]
(a) A INHs] _ 1 dLH,]
dt 3 dt
(b)+ I INHs] _ 2d [H]
dt 3 dt
(C)+d[NH3] _3dlH,]
dt 2 dt
(d)d[NHs]_ d[H,]
dt dt
Ans. (b)

For the reaction,
N,(g) +3H,(g) = 2NH;(g)
The rate of reaction wrt
y, = - dNe]
dt
[Rate of disappearance]
The rate of reaction with respect to

TRLGY

3 dt
[Rate of disappearance]

The rate of reaction with respect to

NH, = 1 dINH;]
2 dt

[Rate of appearance]

Hence, at a fixed time

dIN, 1 _ _1dlH] _ | 1d[NH;]
dt 3 dt 2 dt
or +d[NH3]:—gM
dt 3 dt
or 4+ dINHT_ _2d[N,]
dt dt
For the reaction,
20+B L. 3& D

which of the following does not

express the reaction rate?
[CBSE AIPMT 2006]

d[C] d[B]
(a)—ﬂ (b)‘?

d[D] d[A]
(C)T (d)_?dt
Ans. (a)

For the reaction,
20+B & 36 D
The reaction rate is written as follows:
The reaction rate with respect to
__1dlA]
2 dt

The reaction rate with respect to

g _d1B]
dt

The reaction rate with respect to

The reaction rate with respect to

D:M
dt

Hence, the answer (a)is not correct
expression torepresent the rate of the
reaction.

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
this reaction with respect to
reactant Bis  [CBSE AIPMT 2005]

(a) -1 (b)-2
(c)1 (d)2
Ans. (b)
A+ B - Product
Rate, r O[A]* [BYY 1)

The rate decreases by a factor 4 if the
concentration of reactant B is doubled

T oAy sy i)
4

From Egs. (i)and (ii)
4=HH
ie

y=-2
Hence, order of reaction with respect to
Bis-2.

12 3A[ 2B, rate of reaction +%
is equal to [CBSE AIPMT 2002]
@S T2dl

2 dt 3 dt
(C) —lM (d) +2M
3 dt dt
Ans. (b)
Forreaction,
3A-2B
Rate = _1diAl
3 dt
[Rate of disappearance]
__ 1d[B]
=4 __-"-
2 dt
[Rate of appearance]
o L dB]_ _2d0A)
dt 3 dt

EZ’)A (b B8 Cltwouldbeazero

order reaction, when
[CBSE AIPMT 2002]

(a) therate of reaction is proportional to
square of concentration of A

(b) the rate of reaction remains same at
any concentration of A

(c) therate remainsunchanged at any
concentration of Band C

(d) therate of reaction doubles if
concentration of Bisincreased to
double

Ans. (b)

For reaction,

3A- B+C
Ifitis zero order reaction, then the rate
remains same at any concentration of A
OX K [A0] (A0 =11
dt
It means that for zero order reaction,
rate is independent of concentration of
reactants.

or

For the reaction,

2N,0. > 4NO# 0, rateand
rate constant are1.02 x10™ and
3.4x107° s respectively, then

concentration of N205 at that time

will be [CBSE AIPMT 2001]
(a)1.732 (b)3

(c)102 x107" (d)3.4 x10°

Ans. (b)



2N,0, — 4NO, +0,
d[N,0
M:k[ﬂNZOB]
t
102107 =34 x10° s x[N,0, ]

_1.02x10" _
3.4%10°

u (N0, ] 3

E The experimental data for the
reaction2A+B, - 2ABis

Exp. [A] [B,] Rate (Ms™)
1. 050 050 16107
2. 050 100 3.2x107
3. 1.00 100 3.2x107

The rate equation for the above
datais [CBSE AIPMT 1997]
(a) rate =k [B,] (b) rate =k [B,]

(c) rate =k [A]? [B]? (d) rate =k [A]? [B]
Ans. (a)

Consider the following rate law equation,

X = a1 (8,1
dt

16x 107 =K[0.501" [0.50]" ..(})
32x107 =K[0.60]™ [10]"  ..(ii)
3.2x107* =k[100]™ [10]"  ..{ii)
By dividing Eq. (iii) by (i) we get,
3.2x107 _ k[1.00]" [1.0]"
3.2x107"  k[0.50]™ [1.0]"

1=2" or 29=2"

0O m=0
By dividing Eq. (i) by (i)
3.2x107 _ [0.50]™ [1.0]"

16x107"  [0.50]™ [0.50]"
2=2" or2'=2"
0 n=1
Hence rate,
Hx O

Epmy K[AI°[B,1'=K[B,]

TOPIC 2

Order and Molecularity

E The rate constant for a first order
reaction is4.606 x10™ s™". The
time required to reduce 2.0 g of

the reactantto 0.2 g is
[NEET (Sep.) 2020]

(a)200s (b)500's
(c)1000's (d)100s
Ans. (b)

For afirst order reaction,

Rate constant (k) =4.606x 107 % 5™
Initial amount (a,) =2g
Finalamount(a)=0.2 g
So, time required,
_2.303 a
=2"""]og -4
K a
_ 2308
4.606% 107"

t

X Iogi =500s
0.2

17 The half-life for a zero order
reaction having 0.02 M initial
concentration of reactant is 100 s.
The rate constant (inmol L' s ™)
for the reaction is [NEET (Oct.) 2020]

(a)1.0x107 (b)2.0x107"
(c)2.0x107 (d)1.0x107?
Ans. (a)

Forazero order reaction, t = %(ao -a)

_1 .09, _
O t50—;x70[.att50,0—00/2]
0 k=_90 002M

2xt., 2x100s

=1x107%Ms™' =1x10 ™ *mol L™"s™

18 Afirst order reaction has a rate
constant 0f2.303x107° s, The
time required for 40 g of this
reactant to reduce to 10 g will be
[Given thatlog,, 2=0.3010]

[NEET (Odisha) 2019]

(b)301s
(d)602s

(a) 230.3s
(c)2000s
Ans. (d)

For first order reaction,

Given : k=2.303x107°s7,
a=40g,a-x=10g

On substituting the given values in Eq. (i),

we get
_ 2.303 40
_7|0g7

2.303%107° 710

=10%l0g22 =2 x10° xlog?2
=2x10° x0.3010 =602

Alternative method

For first order reaction,

. 20893
1/2 K
_ 0693 _
el =5 Samios
Also, ., =2t
0 t,e,, =2%301=602s

19 If the rate constant for a first order
reaction is k, the time (t) required
for the completion of 99% of the

reaction is given by
[NEET (National) 2019]

(b)t=4.606/k
(d)t=0.693/k

(a)t=6.909/k
(c)t=2.303/k
Ans. (b)
Key Idea For first order reaction,
_2.303 a

t=""log——
K a-x
where, a =initial concentration,a — x =
final concentration.
Let the initial concentration(a) =100
After timet, final concentration
(a—x)=100 -99=1

We know that, t= 2'303|OQL
K a-x
On substituting the given values in above
eqn. we get
t= 2303 Iogm _2.303 log 102
K 1 K
_ 2303 x210g 10 _4606
K K

Thus, option (b)is correct.

20 The correct difference between
first-and second- order reactions is
that [NEET 2018]

(a) afirst-order reaction can be
catalysed; a second-order reaction
cannot be catalysed

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

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

(d) 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

Ans. (b)
For first order reactions, the rate of

reaction is proportional to the first
power of the concentration of the

reactant.
For,A- B
Rate = —M =k[A]
dt
[where, k =constant]
_0.693

Half-life (t,)



[0 Rate of first order reaction depends
upon reactant concentrations and half
life does not depend upon initial
concentration of reactant, [A],.

For second order reactions, the rate of
reaction is proportional to the second
power of the concentration of the
reactant.

For,2A - B

Rate = K[ AT
) 1
Half-life (t;,) = ——
/2 KAL
0 Rate of second order reaction
depends upon reactant concentration
and half life also does depend on[A],.

When initial concentration of the

reactant is doubled, the half-life

period of a zero order reaction
[NEET 2018]

) is tripled

) is doubled

) is halved

) remains unchanged

Ans. (b)

Forzero order reaction,

o _IRY,
/2 2k

where, [R], = Initial concentration of the
reactant.

k =Rate constant.
Thus, t;,, for zero order reaction is
directly proportional to the initial
concentration of the reactant.

ty OLR],

0 For zero order reaction, when the
concentration of reactant is doubled, the
half-life (t,,,) will also get doubled.

(a
(b
(c
(d

A first order reaction has a specific
reaction rate of 1072s™". How much
time will it take for 20 g of the
reactant to reduce to 5 g?

[NEET 2017]
(a)238.6's (b)138.6s
(c)346.5s (d)693.0s
Ans. (b)
For afirst order reaction,
Rate constant (k) 2303 log a
t a—-x

where, a =initial concentration
a — x =concentration after time t’
t =timein sec.
Given,a=20g,a-x=5g, k=1072

- 2303 log %= 1388's

t
1072

Alternatively,
Half-life for the first order reaction,

2 k
Two half-lives are required for the
reduction of 20 g of reactantinto 5 g.
20gm”2 10gm2 5g.
O Totaltime=2t,,
=2 x693=1386s

23 The rate constant of the reaction

A - Bis0.6 x10~° mole per second.
If the concentration of Ais5 M then

concentration of B after 20 min is
[CBSE AIPMT 2015]

(a)1.08 M (b)3.60 M
(c)0.36 M (d)0.72M
Ans. (d)

Key Concept Forazero order reaction
unit of rate constant is mole per second.
Hence, we can easily calculate
concentration of B after 20 min by the
following formula,

x =Kt
X =Kt =0.6 x107° x20 x60=0.72 M

24 The rate of a first-order reaction is

0.04 molL™" s™" at 10 sec and 0.03
molL™" s™" at 20 sec after initiation
of the reaction. The half-life period

of the reaction is
[NEET 2016, Phase 1]

(a)34.1s (b)44.1s (c)b4.1s (d)24.0s
Ans. (d)

Given, order of reaction=1

Rate of reactionat10s=0.04 mol L™'s™
Rate of reactionat 20s=0.03molL™'s™!
O Half-life period(t;,,) =7

We have the equation for rate-constant’

K in first order reaction.
_ 2303 A, _2.303 0.04
k=""lJlog—="—"1o
t A, 105
_2.303 o
105
k=0028s"
We know that,
0893 _ 0693

k 00287733915
=04.14s=24.1s

0.03
0.124

172

The decomposition of phosphine
(PH)on tungsten at low pressure is
a first-order reaction. It is because
the [NEET 2016, Phase Ii]

(a) rateis proportional to the surface
coverage

(b) rateisinversely proportional to the
surface coverage

(c) rateisindependent of the surface
coverage

(d) rate of decompositionis very slow

Ans. (a)

3

ZHZ

This is an example of surface catalysed

unimolecular decomposition.

For the above reaction, rate is given as
kap

T+ap

PH, Y P

Rate =

where, p = partial pressure of absorbing
substrate.

At low pressure, ap<<1 or Rate =kap
So, (ap + 1) can be neglected.

hus, the decompoasition is predicted to
be first order.

26 When initial concentration of a

reactant is doubled in a reaction,
its half-life period is not affected.
The order of the reaction is
[CBSE AIPMT 2015]

(a)zero
(b)first
(c)second
(d)more than zero but less than first
Ans. (b)
Forazero order reactiont,, is directly
proportional to the initial concentration
of the reactant[R],

ty, OLRl
Forafirst order reaction

= 2303, [Rly
t [R]
[R]
at  ty, [R] =?D

So, the above equation becomes
K = 2.303|O [Rly
tio [Rl, /2

2308 _  o_ 2.103 X 3010

tyy = log?2

- .693
L
i.e., half life period is independent of

initial concentration of a reactant.

E Which one of the following

statements for the order of a

reaction is incorrect?
[CBSE AIPMT 2011]



(a) Orderisnotinfluenced by
stoichiometric coefficient of the
reactants

(b) Order of reaction is sum of power to
the concentration terms of
reactants to express the rate of
reaction

(c) Order of reaction is always whole
number

(d) Order can be determined only
experimentally
Ans. (¢)

Order of reaction may be zero, whole
number or fraction number.

28 Half-life period of a first order
reaction is 1386s. The specific rate
constant of the reaction is

[CBSE AIPMT 2009]

(b)0.5x107%s™
(d)5.0x107% s

(a)5.0x107s™
(c)0.5x107°s™
Ans. (¢)

Specific rate constant,
K= 0.695 _0.693

ty, 1386
=05x107°s"

29 The reaction of hydrogen and
iodine monochloride is given as
H,(g)+2ICl(g) — 2HCl(g)+1,(g)
This reaction is of first order with
respect toH,(g)andICl(g),
following mechanisms were
proposed
Mechanism A

H,(g)+2ICl(g) — 2HCl(g) +1,(g)
Mechanism B
Hz(g)+ICI(g) > HCligd Hlg),
slow
Hilg)+IClig) 3- HCIg) 1,(g). fast
Which of the above mechanism(s)
can be consistent with the given
information about the reaction?
[CBSE AIPMT 2007]
)Only B
)Both Aand B
)Neither A nor B
)Only A
Ans. (a)
In the reactions which take place ina
number of steps, the slowest step is
known as the rate determining step.
Hence, rate of reaction always depends
on slow step.

Hy(g)+ICl(g) B- HCI(gh HI(g)

(a
(b
(c
(d

is first order reaction with respect toH,
and ICI. Thus, the mechanism B will be
more consistent with the given
information.

30 If 60% of a first order reaction was
completed in 60 min, 50% of the
same reaction would be completed
in approximately (log 4 = 0.60,

log5=0.69) [CBSE AIPMT 2007]
(a)50 min (b) 45 min

(c)80 min (d)40 min

Ans. (b)

From first order reaction,
Rate constant,

k=2'303|og10 a
(a-
k1=2'303 log a, )
4 ;=X
k=250 0g %2 i)
t, a, =X,
X :Qaw,ﬁ =60
100
50
X, =——a,,t, =7
2700 22
From Egs. (i)and (i)
2.303 a, _2.303 a
log = log
t; a, =X ty Qy =X,
2.303Iog a4 :2.303log
60 @1 _ 60 o @ t,
175570
100 a,
d —ﬂa a
H? "700H
2.303 100a, _2.303 100a,
log = log
60 40a, t, 50q,

1 100 _ 1 100

—log—=—log—
60 ° 40, ° 50
6010g 129
t = 50
’ |Og@
40
_60(log 10 -log 5)
(log 10 —log 4)
_60(1-0.69) _60x0.31
(1-0.80) 0.40

=15 x31=46.5 =45min

31 Inafirst orderreaction, A - B,
if k is rate constant and initial
concentration of the reactant A is

0.5 M, then the half-life is
[CBSE AIPMT 2007]

a)0.693 (b)log2
0.5k k
log2 In2

(c) (d)—
k+/0.5 k

Ans. (d)
For first order reaction,
Rateconstant,k=2'303|og a
t (a=x)
2.303 a all
t, = log 9 %:,
12 p 9 .0 ZE
2
_2.303 _In2
=—""log?2 or =——

k

For a first order reaction, A - B,

the reaction rate at reactant
concentration of 0.01M is found to
be 2.0x 107° mol L's™. The half-life
period of the reaction is
[CBSE AIPMT 2005]
(b)30's
(d)347s

(a)220s
(c)300s
Ans. (d)
For first order reaction,
A B
rate =k x[A]
Rate=2.0x107° molL's
[A]=0.01M
S0, 2.0x107° =k x0.01
_2.0x10°
== "~ s
0.01
=20x107°s"
For first order reaction,

. 20693
172 K

_ 0893
20%x107°
=346.5 =347 s

k

E The rate of first order reaction is
1.5x 102 mol L min™ at 0.5 M
concentration of the reactant. The

half-life of the reaction is
[CBSE AIPMT 2004]

(a)0.383 min (b)23.1min
(c)8.73 min (d)7.53 min
Ans. (b)

For the first order reaction,

[x O

Rate BEH: k[A]

[A]=concentration of reactant
k =rate constant
Given that,
9 =15 %1072 mol L min’!
dt
k="7?

and [A]=0.5M
O 15x1072 =k x05



= 15x107

O
0.5
=3 %1072 min™
For first order reaction,
) . 0693 _ 0693
half-life period, t,,, = =
1/2 K 3% 10_2
=23.1min

34 If the rate of a reaction is equal to

the rate constant, the order of the

reaction is [CBSE AIPMT 2003]
(a)2 (b)3 (c)0 (d)1
Ans. (¢)

Rate of reaction is equal to the rate
constant for zero order reaction.
Let us consider the following
hypothetical change.

AL B C
Suppose this reaction is zero order, then
rate O[A]°
0 rate = k[A]° =k

3_5 The reaction, A - Bfollows first

order kinetics. The time taken for
0.8 mole of A to produce 0.6 mole
of Bis 1h. What is the time taken
for the conversion of 0.9 mole of A

to 0.675 mole of B ?
[CBSE AIPMT 2003]
(@)0.25h(b)2h  (c)Th (d)0.5h
Ans. (c)
Rate constant of first order reaction
K= 2.303 log (A)g

; mW

or k=""""xlog,;, — 1)
910 02

(because 0.6 mole of Bis formed)

Supposet, hour are required for
changing the concentration of A from
0.9 mole to 0.675 mole of B.

Remaining mole of A=0.9 -0675 =0.225

. (22308, 0 09 I
t 0225
From Egs. (i)and (ii)
2303, 08 _2303 08
——log,y —= 10g1g
i 02 0225
2303l0g,y4=22% 0,4 O t,=1h

1

36 For afirst-order reaction, the

half-life period is independent of
[CBSE AIPMT 19991

(a)initial concentration
(b) cube root of initial concentration

(c)first power of final concentration

(d) square root of final concentration

Ans. (a)

t,,, of n" order reaction 0——
Gn—]

where, a =initial concentration of

reactant
n=order of reaction
Ot,,, for first order reaction(n=1)

ty, U=
g
1
or tho DTJ
a
So, for afirst order reaction half-life is

independent on initial concentration of
reactants.

5 The plot of concentration of the

reactant versus time for a reaction

is a straight line with a negative
slope. This reaction follows

[CBSE AIPMT 1996]

a)zero order rate equation
)first order rate equation
)second order rate equation
) third order rate equation
Ans. (b)

For first order reaction, we know that

log [A]=- i
2.303

b
c
d

+log [A],

On comparing it with the equation of
straight line,

i.e. y=mx+c
Plot of log [A] versus time

[ straightline

slope = i (negative)
2.303

log [A]

slope (m) = m

—>t

38 A substance A decomposes by a

first order reaction starting initially
with [A] =2.00 m and after 200 min,

[A] becomes 0.15 m. For this
reactiont,,, is

(a)53.49 min (b)50.49 min
(c)48.45 min (d) 46.45 min
Ans. (a)

[A];=2.0m, [A]=0.15m, t=200min

@=1

[CBSE AIPMT 1995]

For first order reaction
Ay = Initial concentration
A =Final concentration

2303, [Al,

log—Y%

[A]
_2.303 2.0
=—"""1o

200 0.15

Rate constant, k =

=2:303 (134 200 ~l0g 15)
200

= 2‘3%3 x(2.3010 =1.1761)

_2.303x 11249
200
=0.01295 min™'

Now, half life, t,,, =@

_ 0.6932
0.01295
=53.50 min

TOPIC 3

Activation Energy, Arrhenius
and Collision Theory, Factors
Affecting Rate of Reaction

5 For areaction, A - B, enthalpy of

reaction is — 4.2 kJ mol ' and
enthalpy of activation is 9.6 kd mol
. The correct potential energy
profile for the reaction is shown in
option. [NEET 2021]

A

Reaction progress

o
m
b

B

Reaction progress

(© A B

Reaction progress



Reaction progress
Ans. (b)

The enthalpy of reaction is negative,
- 4.2 kJ mol™". The reaction is an
exothermic reactioni.e. the energy of
product B, is less than the energy of
reactant A. So, the potential energy
profile for the reaction is

9.6 kJ mol™!

1—4.2 kJ mol ™!

Reaction process

E The slope of Arrhenius plot

@n k vs% @of first order reaction is

-5 x10%K. The value of E, of the
reaction is
[Given, R=8.314 JK "mol ']

[NEET 2021]
(a)41.5kd mol™"  (b)83.0 kd mol ™!
(c)186 kd mol™"  (d)-83 kd mol™!

Ans. ()
Arrhenius equation,
K= AgEa/RT

nk=inA-to @;Q
R
-E, . .
e is the slope of Arrhenius plot

@n kvs l@
T
InAisthe intercept
Slope =-5x10°K
R=8.314JK" mol

5:-5 x10°K
R
5

So, -

O E, =5x10° xR =5x10° x8.314
=4157 x10° J mol ™' =41.5 kJ mol ™

In collision theory of chemical
reaction, Z,5 represents
[NEET (Oct.) 2020]

(a) the fraction of molecules with
energies greater than £,

(b) the collision frequency of reactants,
AandB

(c) steric factor

(d) the fraction of molecules with
energies equal to £,

Ans. (b)

From collision theory of chemical
reaction, Arrhenius equation.
We get, k=Axe Fo/fT

where, k =rate constant,

~E4/RT . )
a =fraction of molecules with

e
energy greater than E, atT K. (option-(a))
A =Arrhenius factor or frequency factor
=PxZ,p

when, P =steric factor (option-(c))

Z, =collision frequency of reactants, A
and B

=number of effective binary collisions
between Aand Bin one second in unit
volume (option-(b)).

Hence, option(b)is the correct.

For a reaction, activation energy

E, =0and the rate constant at

200K is1.6x10% s™'. The rate

constant at 400 K will be

[Given that gas constant

R=8314JK " mol ']

[NEET (Odisha) 2019]
(b)1.6 x10°%s™
(d)3.2x10%s™

(a) 3.2x10%s™
(c) 1.6 x10%s™
Ans. (b)

Key Idea Rate constants at two

different temperatures is given by
Arrhenius equation as follows :

k Op 10
g i:i ! ‘iETz >T,
Kk, 2303R Eﬁ Lo
Given, E, =0, T, =200K, k; =16x10°s™
T, =400K,

R =8314JK™ mol™
According to Arrhenius equation,
ad ad
|oqﬁ:E7‘] [ —iD
K 2303RH, T,
On substituting the given values in above

equation, we get
k, 0
log =
16x10°
0O kK 0O

logBi.meB H:U

K
2 =10" =]
16x10

o1 _ 10
2303x8314 200 400H

k, =16 x10° 57" at 400K
Thus, option(b)is correct.

E Which one of the following

statements is not correct?
[NEET 2017]
(a) Catalyst does not initiate any
reaction
(b) The value of equilibrium constant is
changed in the presence of a
catalyst in the reaction equilibrium

(c) Enzymes catalyse mainly
biochemical reaction

(d) Coenzymesincrease the catalytic
activity of enzyme

Ans. (b)

Forareversible reaction, it accelerates
the speed of forward as well as
backward reaction to the same extent.
Hence, it does not disturb the
equilibrium, i.e. does not change the
equilibrium constant of the reaction but
helps to attain the equilibrium faster.

E The addition of a catalyst during a

Energy —-

chemical reaction alters which of

the following quantities?
[NEET 2016, Phase I]

(a)Internal energy
(b) Enthalpy
(c)Activation energy
(d)Entropy

Ans. (¢)

A catalyst is a substance which alters
the reaction rate but itself remains
unchanged in amount and chemical
composition at the end of the reaction. It
provides a new reaction path with a
lower energy barrier (lowering activation
energy).
Activated complex
B without catalyst

Activated complex with catalyst
Lowest energy

of activation
provided by the
catalyst through new
reaction pathway

Reactants
Ep

Progress of reaction —-

45 The activation energy of a reaction

can be determined from the slope

of which of the following graphs?
[CBSE AIPMT 2015]

(@) InKvsT (b)@vsT
(c)InK vs ! (d)Lvsl

T InK T
Ans. (¢)

By Arrhenius equation

K :Ae—EG/RT
where, E, = energy of activation
Applyinglog on both the side,

nk=na-Eo ()
RT
E "
or logk=- 9 +logA ..(ii)
2303RT



Compare the above equation w.r.t.
straight line equation of y = mx + c.

Thus, if a plote oflnkvs? is a straight

line, the validity of the equation is
confirmed.

Slope of the line = _ET?U

Thus, measuring the slope of the line,
the value of

E, can be calculated.

E,
slope = ——~

Ink

1T

E What is the activation energy for a

reaction if its rate doubles when
the temperature is raised from
20°C to 35°C?
R=8.314Jmol 'K™') [ NEET 2013]
) 342 kJ mol™
) 269 kJ mol™
)34.7 kd mol™
)15.1kJ mol ™!
Ans. (¢)
Given, initial temperature,

T,=20+273=293K
Final temperature,

T, =35+273 =308K

R =8314Jmol™ K™

Since, rate becomes double on raising
temperature,

.
0 nL=2r, or =2
h

(
(a
(b
(c
(d

Asrate constant, k O r
K

O 2
kW
From Arrhenius equation, we know that
-7, 0
|Og ﬁ - _ EG U1 TZ 0
ko 2303ROTT, O
_ E, (293 -3080
log2=- 0O
2.303 x 8314 %93 %3080
o - |
03010 = -0 b
2.303 x 8314 %93 %308
O
£ =0.3010 % 2.303 x 8.314 x 293 x 308
¢ 15
= 34673.48 J mol™!

=34.7kJmol™

47 In azero order reaction for every

10°C 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

[CBSE AIPMT 2012]

(a)256 times
(c)B4 times
Ans. (b)
For 10°rise in temperature, n=1

S0 rate=2" =2' =2

When temperature is increased from
10°C to 100°C, change in temperature

(b)512 times
(d)128 times

=100-10=90°C
i.e. n=9
So, rate =2° =512times

Alternate method with every 10° rise in

temperature, rate becomes double,

soL':zﬁmo“Toﬁzz9 =51
r

2times.

48 For an endothermic reaction,
energy of activationisE , and

enthalpy of reaction is AH (both of
these in kd/mol). Minimum value of
[CBSE AIPMT 2010]

E, willbe
(a)less than AH
(b)equal to AH
(c)more than AH
(d)equal to zero
Ans. (¢)

Key Idea In endothermic reactions,
energy of reactants is less than that of

the products.
Potential energy diagram for endothermic
reactionsis
Ea
Eq
Potential P
Energy IAH
A Y

Progress of the reaction ——»

where,
E, =activation energy of forward

reaction
activation energy of backward reaction

AH = enthalpy of the reaction.
From the above diagram,
E,=E, +AH

Thus, E,>AH

49

50

The rate constants k, and k, for
two different reactions are
1076 [~2000/T o0 41075 [p~1000/T

respectively. The temperature at
which k; =k, is[CBSE AIPMT 2008]

(a)1000 K (0) 2299
2.303

(c) 2000 K ()220
2.303

Ans. (d)

Given, k=10 @72000/T

k, =10 71000/

On taking log of both the equations we
get

log k, =16 — 2000
2.303T
1000
lo =15-
Ik 2.303T
Atk, =k,
152000 _.._ 1000
2.303T 2.303T
_ 1000
2.303
The activation energy for a simple

chemical reaction, AL BisE, in
forward direction. The activation

energy for reverse reaction
[CBSE AIPMT 2003]

(a)can be less than or more than E,
(b)is always double of £,

(c)is negative of E,

(d)is always less than E,

Ans. (a)

The energy of activation of reverse

reaction is less than or more than energy
of activation (E, ) of forward reaction.

a A H=(E,)r —(Ey)g

Because it depends upon the nature of

reaction.

If(E,)r>(E,)g, reactionis endothermic
or(E, ) <(E,)g. reactionis exothermic

The temperature dependence of rate
constant (k) of a chemical reaction is
written in terms of Arrhenius equation,
k = Ae E/RT  Activation energy (E*) of
the reaction can be calculated by

plotting [CBSE AIPMT 2003]
1 1
a)logkvs — b)logkvs ——
(a)log T (b)log ogT
(c)kvsT (d)kvs—1

logT



Ans. (a)

Arrhenius equation k = Ae
*

Ink=Ina £~
RT

—-E*/RT

(E* =energy of activation)
E*

2303 RT

Compare this equation with the straight

line equation,

i.e.

or logk=logA-

y=mx+c

where ‘nis slope and’c’is intercept

Hence, £~ can be calculated with the
help of following slope

*

T log A
3| -m —E__
log k P 0 =" 5308 R

—) %

When a biochemical reaction is

carried out in laboratory from

outside of human body in the

absence of enzyme, the rate of

reaction obtained is 10~ times,

then activation energy of the

reaction in the presence of enzyme

is [CBSE AIPMT 2001]
6

(a) —

RT

(b) Pisrequired

(c) different from E,, obtained in
laboratory

(d) cannot say any things

Ans. (¢)

When a biochemical reaction is carried

out in laboratory from outside of human

body in the absence of enzyme, then rate

of reaction obtained is 107 times than

activation energy of reaction in the

presence of enzyme. It is different from

E, obtainedin laboratory because for a
given chemical reaction.

k=Ae 5" (Arrhenius equation)
Also activation energy have different

value in absence or presence of
enzyme.

53

Activation energy of a chemical

reaction can be determined by
[CBSE AIPMT 1998]

evaluating rate constant at standard

temperature

evaluating velocities of reaction at

two different temperatures

evaluating rate constants at two

different temperatures

changing concentration of reactants

Ans. (¢)

Activation energy can be calculated by
using Arrhenius equation. The Arrhenius
equation is

kh _ E ETQ -T 0

ki 2303R T, B

lo

where, k; and k, =rate constants at two
different temperatures, i.e.T, andT,
respectively.

E, =Activation energy

R = Gas constant

So, activation energy of a chemical
reaction can be determined by
evaluating rate constants at two
different temperatures.

In a reversible reaction, the energy
of activation of the forward
reaction is 50 kcal. The energy of
activation for the reverse reaction
will be [CBSE AIPMT 1996]
(a)< 50 kcal

(b) 50 kcal
(c)eithergreaterthanorlessthan50 kcal
(d)>50 kcal

Ans. (¢)

The activation energy of areverse
reaction decide whether the given
reaction is exothermic or endothermic,
so, the energy of activation of reverse
reaction is either greater or less than
50 kcal. In case of exothermic reaction,
the activation energy for reverse
reaction is more than activation energy
of the forward reaction and in case of
endothermic reaction, the activation
energy for reverse reaction is less than
activation energy of the forward
reaction.

55

A chemical reaction is catalysed by
a catalyst X. Hence, X

[CBSE AIPMT 1995]
reduces enthalpy of the reaction
decreases rate constant of the
reaction
increases activation energy of the
reaction
does not affect equilibrium constant
of the reaction

Ans. (d)

Although a catalyst speeds up the
reaction but it does not shift the position
of equilibrium. This is due to the fact
that the presence of catalyst reduces
the height of barrier by providing an
alternative path for the reaction and
lowers the activation energy. However,
the lowering in activation energy is to
the same extent for the forward as well
as the backward reaction.

(a)
(b)

(c)
(d)

For exothermic reaction, the
energy of activation of the
reactants is [CBSE AIPMT 1994]
equal to the energy of activation of
products

less than the energy of activation of
products

greater than the energy of activation
of products

sometimes greater and sometimes
less than that of the products

Ans. (b)
The plot of activation energy versus

reaction coordinates is given below for
exothermic reaction.

Activation T ?
energy ! L% E
T ;" (Ea)p
Reactant IArH :
Y Y_ Product

— Reaction coordinates

Itis clear from the above plot that the
activation energy of reactant is less than
the activation energy of products.



