18

CHEMICAL KINETICS

FACT/DEFINITION TYPE QUESTIONS

1.

The term —dc/dt in a rate equation refers to :

(a) the conc. of a reactant

(b) the decrease in conc. of the reactant with time

(c) the velocity constant of reaction

(d) None of these

The rate law for the single- step reaction 2A + B——2C,
is given by:

(a) rate=k[A].[B] (b) rate=k[A]%[B]

(c) rate=k[2A].[B] (d) rate=k[A]%[B]°

Rate of which reaction increases with temperature :

(a) of any type of reactions

(b) ofexothemic reactions

(¢) ofendothemic reactions

(d) of none

In a slow reaction, rate of reaction generally .......... with
time:

(a) decreases

(b) increases

(c) sometimes increases and sometimes decreases.

(d) remains constant

The rate of a chemical reaction tells us about,

(a) thereactants taking part in reaction

(b) the products formed in the reaction

(¢) how slow or fast the reaction is taking place

(d) None of the above

For thereaction2A+B —3C+D

which of the following does not express the reaction rate ?

dB d[D
O o e
1dA 1d[C
Consider the reaction
N, (g) +3H, (g) > 2 NH; (g)

The equality relationship between % and _diHo]

dt
is
d[NH3] _ 2d[H,]
@ T T3 a

10.

11.

12.

d[NH3] 3 d[H,]

(b) +

dt 2 dt
© d[NH3] __d[H;]
¢ dt dt
dNH3]  1d[H,]
d) d 3 dt

For thereaction2A+B —»3C+D
which of the following does not express the reaction rate ?

d[B d[D
o & © &

1 d[A 1d[C
© T @ 3

Which of the following reaction does not occur fastly ?

(a) Precipitation of AgCl by mixing aqueous solutions of
AgNO; and NaCl.

(b) Burning of gasoline

(¢) Rustingofiron

(d) Burning of LPG for cooking

Chemical kinetics is a study to find out

(a) the feasibility of a chemical reaction

(b) extent to which a reaction will proceed

(c) speed of a reaction

(d) All of the above

Rate of a reaction can be defined as

(a) therate of decrease in concentration of any one of the
reactants

(b) therate of increase in concentration of any one of the
products

(c) therate of decrease in concentration of any one of the
reactants or the rate of increase in concentration of
any one of the products

(d) thesum ofrate of decrease in concentration of all the
reactants or the rate of increase in concentration of all
the products

The rate of reaction

(a) increases as the reaction proceeds

(b) decreases as the reaction proceeds

(c) remains the same as the reaction proceeds

(d) may decrease or increase as the reaction proceeds



296
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

CHEMICAL KINETICS

EBD_7207

The unit of rate of reaction is

(@) mole/dm? (b) mole/pound

(c) mole/dm3 sec (d) mole/cm?

In the rate equation, when the conc. of reactants is unity

then rate is equal to

(a) specific rate constant

(b) average rate constant

(c) instantaneous rate constant

(d) None of above

The rate of reaction between two specific time intervals is

called

(a) instantaneous rate (b) averagerate

(c) specificrate (d) ordinaryrate

Instantaneous rate of a chemical reaction is

(a) rate of reaction in the beginning

(b) rate of reaction at the end

(c) rate ofreaction at a given instant

(d) rate of reaction between two specific time intervals

At the beginning the decrease in the conc. of reactants is

(a) slow (b) moderate

(c) rapid (d) None of above

The average rate and instantaneous rate of a reaction are

equal

(a) at the start

(b) attheend

(¢) inthe middle

(d) when two rate have time interval equal to zero

The rate of reaction depends upon the

(a) volume (b) force

(c) pressure (d) conc. of reactants

For the following reaction: NO,(g) + CO(g) — NO(g) +

CO,(g), the rate law is: Rate = k [NOZ]Z. If 0.1 mole of

gaseous carbon monoxide is added at constant temperature

to the reaction mixture which ofthe following statements is

true?

(a) Bothk and the reaction rate remain the same

(b) Both k and the reaction rate increase

(c) Both k and the reaction rate decrease

(d) Onlyk increases, the reaction rate remain the same

Which one of the following statements for the order of a

reaction is incorrect ?

(a) Order can be determined only experimentally.

(b) Order is not influenced by stoichiometric coefficient
of the reactants.

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

(d) Order of reaction is always whole number.

The rate of the reaction 2NO + Cl, —— 2NOCI is

given by the rate equation rate =k [NOJ? [CL,]

The value of the rate constant can be increased by:

(a) increasing the concentration of NO.

(b) increasing the temperature.

(c) increasing the concentration of the CI,
(d) doing all of the above
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Order of reaction can be

(@ o0 (b) fraction

(¢) whole number (d) integer, fraction, zero

Units of rate constant of first and zero order reactions in

terms of molarity M unit are respectively

(@) sec!, Msec™! (b) sec!, M

() Msec™!, sec! (d) M, secl.

A reaction involving two different reactants can never

be

(a) bimolecular reaction (b) second order reaction

(c) first order reaction (d) unimolecular reaction

3A — B+ C, it would be a zero order reaction when

(a) the rate of reaction is proportional to square of
concentration of A

(b) therate ofreaction remains same at any concentration
of A

(c) therateremains unchanged at any concentration of B
and C

(d) the rate of reaction doubles if concentration of B is
increased to double

For the following homogeneous reaction,

A+B—E5C

the unit of rate constant is

(@) sec! (b) sec ! mol L!

() sec! mol'L (d) sec! mol2 L2

Order of reaction is decided by

(a) temperature

(b) mechanism of reaction as well as relative concentration
of reactants

(¢c) molecularity

(d) pressure

Velocity constant k of a reaction is affected by

(a) change in the concentration of the reactant

(b) change of temperature

(c) change in the concentration of the product

(d) None of the above

The rate constant for the reaction

2N,05——>4NO, + 0, is3.10 x 1075 sec | If the rate is

2.4 %1073 mol litre ! sec™! then the concentration of N,O

(in mol litre 1) is :

(@) 004 (b) 08

() 007 d 14

A zero order reaction is one whose rate is independent of

(a) the concentration of the reactants

(b) thetemperature of reaction

(c) the concentration of the product

(d) the material of the vessel in which reaction is carried
out

The rate law for a reaction between the substances A and B

is given by Rate =k [A]" [B]™

On doubling the concentration of A and halving the

concentration of B, the ratio of the new rate to the earlier

rate of the reaction will be as

@@ (m+n)

(b) (n—m)

(C) 2(n -m) (d) 2(m+n)
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In the reaction 2A +B — A, B, if the concentration of A is 43.

doubled and that of B is halved, then therate of the reaction will:
(a) increase 2 times (b) increase 4 times

(c) decrease 2 times (d) remain the same

The order of a reaction, with respect to one of the reacting
component Y, is zero. It implies that:

(a) thereaction is going on at a constant rate

(b) the rate of reaction does not vary with temperature

(c) the reaction rate is independent of the concentration ~ 44.

of Y
(d) therate of formation of the activated complex is zero
Ifthe rate of a gaseous reaction is independent of pressure,
the order of reaction is:
(@ 0 b) 1
© 2 d 3
If the rate of the reaction is equal to the rate constant, the
order of the reaction is
(@ 3
(© 1

(b) 0
@ 2

In areaction, when the concentration of reactantis increased  45.

two times, the increase in rate of reaction was four times.
Order of reaction is :

(a) zero (b) 1

(© 2 @ 3

For the reaction 4 + 2B — C, rate is given by R = [4] [B]?
then the order of the reaction is

(@ 3
(© 5 d 7

The unit of rate constant for a zero order reaction is

(@ molL!s! (b) Lmol s

() L?mol 25! (d) s!

Which one of the following reactions is a true first order
reaction?

(a) Alkaline hydrolysis of ethyl acetate

(b) Acid catalyst hydrolysis of ethyl acetate

(¢) Decomposition of N,O 47.

(d) Decomposition of gaseous ammonia on a hot platinum
surface
For a reaction A+ B —— C + 2D, experimental results

were collected for three trials and the data obtained are 48.

given below:

Trial | [A], M | [B], M | Initial Rate, M s~
1 0.40 0.20 5.5x%10"
2 0.80 0.20 5.5x10"
3 0.40 0.40 22x10°

The correct rate law of the reaction is

(a) rate=k[A]’ [B]? (b) rate=k[A] [B]?

(c) rate=k[A][B] (d) rate=k[A][B]°

The rate law for the reaction

XA +yB —— mP +nQis Rate=k [A]°[B]d. What is the
total order of the reaction?

(@ xty) (b) (m+n)

(©) (ct+d) (d) xy

What is order with respect to A, B, C, respectively
[A] [B] [C] rate (M/sec.)

0.2 0.1 0.02 8.08x 1073
0.1 0.2 0.02 2.01x1073
0.1 1.8 0.18 6.03x 1073
0.2 0.1 0.08 6.464 x 1072
(@ -1,1,32 (b) -1,1,12
(¢) 1,3/2,-1 d) 1,-1,32

Select the rate law that corresponds to the data shown for
the following reaction :

A+B——C
Expt. No. (4) (B) Initial Rate
1 0.012 0.035 0.10
2 0.024 0.070 0.80
3 0.024 0.035 0.10
4 0.012 0.070 0.80

(@) Rate=k[BJ? (b) Rate=k[B]*
(c) Rate=k[A][B]? (d) Rate=k[A]*[B]?
The order of a reaction with rate equal to k[A]>2 [B] 12 is

1
a) 1 __
(a) (b) 5
3
o) -2 d) 2
(© 5 (d)
For the reaction,

+
CH,;COCH; +1, EELMEN products
The rate is governed by expression

dx i
— = kfacet H
" [acetone][H™" ]

The order w.r.t. I, is:

(@ 1 (b)y 0

() 3 d 2

The rate constant of a reaction is 3.00 x 103 L mol~! sec™!.
The order of this reaction will be:

@ o0 (b) 1

() 2 d 3

During the kinetic study of the reaction, 2A+B — C+D,
following results were obtained:

Run [A](molLfl) [B](molLfl) Initial rate of
formation of
D (mol L 'min_")
L 0.1 0.1 6.0x10°
10 0.3 0.2 72x107°
1 03 0.4 2.88x 10"
v 0.4 0.1 2.40 % 10

Based on the above data which one of the following is
correct?

(@) rate=k [A] [B]
(c) rate=k[AJ[BJ

(b) rate=k[A][B]
(d) rate=k[A] [B]?
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For the reaction H,(g) +Br, (g) — 2HBr (g), the experimental
data suggest, rate = k[Hz][Brz]l/z. The molecularity and
order of the reaction are respectively

3 33
(a) 275 (b) >
© L1 @ 1 %

The chemical reaction 205, ——30, proceeds as follows:

03— 50, +0; 0+0;—32% 70,

expression should be

@ r=kO,P (b) r=k[O5P[0,]"

© r=K[0J0,F (@ r=[0][0,P

Nitrogen monoxide, NO, reacts with hydrogen, H), according
to the following equation:

INO(g) +2H,(g) — N,(g) + 2H,0(2)
Ifthe mechanism for this reaction were,
2NO(g) + H,(g) > N,(g) + H,0,(2);
H,0,(g) +H,(g) >2H,0(g); fast
Which of the following rate laws would we expect to obtain
experimentally?

(a) Rate= k[H203] [H,] (b) Rate= k[NO]z[Hz]

(¢) Rate=k[NO] [Hz]2 (d) Rate=Kk[NO][H,]

Which of the following is not a first order reaction ?

(a) Hydrogenation of ethene

(b) Natural radioactive decay of unstable nuclei

(¢) Decomposition of HI on gold surface

(d) Decomposition of N,O

The plot that represents the zero order reaction is :

i\ \
@ mf\\\ @)[m\\\

the rate law

slow

t—> t—>
) 4
@)[m/// (& In[R]
—— =

The plot of concentration of the reactant vs time for a
reaction is a straight line with a negative slope. The reaction
follows a rate equation

(a) zeroorder (b) first order

(c) second order (d) third order

The half-life of a reaction is inversely proportional to the
square of the initial concentration of the reactant. Then the
order of the reaction is

@ 0 (b) 1
© 2 (d 3
The rate equation for a reaction,
N,O——> N, +1/20,

is Rate = k[N,0]? = k. If the initial concentration of the
reactant is ¢ mol Lit~!, the half-life period of the reaction is

a
== b) —t =ka
@ 0=y Ol
k
© t=y @ ==

2 2
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Half life of a first order reaction is 4s and the initial
concentration of the reactant is 0.12 M. The concentration
of the reactant left after 16 s is

(a) 0.0075M (b) 0.06M

(¢) 0.03M (d 0.015M

Thereaction A — B follows first order kinetics. The time
taken for 0.8 mole of A to produce 0.6 mole of B is 1 hour.
What is the time taken for conversion of 0.9 mole of A to

produce 0.675 mole of B?
(2) 2 hours (b) 1hour
(¢) 0.5hour (d) 0.25hour

The rate of a first order reaction is 1.5 x 102 mol L~! min~! at

0.5 M concentration of the reactant. The halflife of the reaction

is

(@) 0.383min (b) 23.1min

(¢) 8.73min (d) 7.53min

The rate constant for a first order reaction whose half-life, is

480 seconds is :

(@) 2.88x 103 sec! (b) 2.72x 103 sec’!

() 1.44x 1073 sec! (d) 1.44sec!

The rate constant of a first order reaction is 6.9x10s7".

How much time will it take to reduce the initial concentration

to its 1/8t value?

() 100s (b) 200s

() 300s (d) 400s

A reaction proceeds by first order, 75% of this reaction

was completed in 32 min. The time required for 50%

completion is

(a) 8min (b) 16min

(¢) 20min (d) 24min

Point out the wrong statement:

For a first order reaction

(@) time for half-change (t,/,) is independent of initial

concentration

change in the concentration unit does not change the

rate constant (k)

(c) time for half-change x rate constant =0.693

(d) theunit ofk is mole ! min™!

t1 can be taken as the time taken for the concentration of a
4

(b)

reactant to drop to % of its initial value. If the rate constant

.. t .
for a first order reaction is &, the % can be written as

(@) 0.75/k (b) 0.69/k

(¢) 0.29/k (d) 0.10/k

In a first-order reaction A — B, if k is rate constant and
inital concentration of the reactant A is 0.5 M, then the half-
life is

log2 log2

a b

@ k ®) k~0.5
In2 0.693
el 4 22

© @ sk
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Consider the reaction, 2A + B — products. When
concentration of B alone was doubled, the half-life did not
change. When the concentration of A alone was doubled,
the rate increased by two times. The unit of rate constant
for this reaction is

(@ s! (b) Lmol!s!

(¢) nounit (d) mol L Ts1,

The decomposition of N,Os occurs as

2N,05 —— 4NO, + O, and follows Ist order kinetics,
hence:

(a) thereaction isunimolecular

(b) thereaction is bimolecular

© tod

(d) None of these

In a first-order reaction A — B, if k is rate constant and
inital concentration of the reactant A is 0.5 M, then the half-
lifeis

log2 log2
(a) (b)
k k0.5
In2 0.693
it 4 =22
© % @ 5

For a first order reaction, a plot of log (a — x) against time is
a straight line with a negative slope equal to

—k
(@) 2303 (b) —2.303k
2.303 __Eq
© = @ "3303r

In a reaction 4 — Products, when start is made from
8.0 x 1072 M of 4, half-life is found to be 120 minute. For the
initial concentration 4.0 x 102 M, the half-life ofthe reaction
becomes 240 minute. The order of the reaction is :

(a) zero (b) one

() two (d 05

The value of rate constant of a pseudo first order reaction

(a) depends on the concentration of reactants present in
small amount.

(b) depends on the concentration of reactants present in
excess.

(c) is independent on the concentration of reactants.

(d) depends only on temperature.

In the Haber process for the manufacture of ammonia the

following catalyst is used

(a) Platinized asbestos

(b) Iron with molybdenum as promoter

(¢c) Copper oxide

(d) Alumina

What is the activation energy for a reaction if'its rate doubles

when the temperature is raised from 20°C to 35°C?

(R=8.314Tmol 1K)

(@) 269 kJmol!

(¢) 15.1kImol!

(b) 34.7kJmol!
(d) 342kJmol!

74.

75.

76.
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A reaction having equal energies of activation for forward
and reverse reaction has :

(@) AG=0 (b) AH=0

(¢) AH=AG=AS=0 (d AS=0

In an exothermic reaction if AH is the enthalpy then activation
energy is

(2) morethan AH (b) less than AH

(¢) equalto AH (d) none of the above

. 1 . . .
In the Arrhenius plot of In k vs s a linear plot is obtained

with a slope of -2 x 10% K. The energy of activation of the
reaction (in kJ mole™!) is (R value is 8.3 J K~! mol 1)

(@ 83 (b) 166

() 249 (d) 332

The rate of reaction is doubled for every 10°C rise in
temperature. The increase in reaction rate as a result of
temperature rise from 10°C to 100°C is

(@ 112 (b) 512

(c) 400 (d) o614

Plots showing the variation of the rate constant (k) with
temperature (7) are given below. The plot that follows
Arrhenius equation is

! ) !
(a) (b)
T— T—
(© (d)
T— T—

If the activation energy for the forward reaction is 150 kJ

mol ! and that of the reverse reaction is 260 kJ mol~!, what

is the enthalpy change for the reaction ?

(@) 410kJmol™! (b) —110kJ mol™!

(¢) 110kJmol™! (d) —410kJmol™!

Activation energy of a chemical reaction can be determined

by

(a) evaluating rate constant at standard temperature

(b) evaluating velocities of reaction at two different
temperatures

(c) evaluating rate constants at two different temperatures

(d) changing concentration of reactants

In respect of the equation k= Ae Ea'RT iy chemical

kinetics, which one of the following statements is correct ?
(a) A isadsorption factor

(b) E, is energy of activation

(¢) R is Rydberg’s constant

(d) kis equilibrium constant
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Rate of a reaction can be expressed by Arrhenius equation

as: f— g Ea!RT

In this equation, £, represents

(2) the total energy of the reacting molecules at a
temperature, T

(b) the fraction of molecules with energy greater than the
activation energy of the reaction

(¢) theenergy below which all the colliding molecules will
react

(d) the energy below which colliding molecules will not
react

The minimum energy required for the reacting molecules to

undergo reaction is :

(a) potential energy (b) kinetic energy

(c) thermal energy (d) activation energy

The reason for almost doubling the rate of reaction on

increasing the temperature of the reaction system by 10°C

is

(a) the value of threshold energy increases

(b) collision frequency increases

(c) the fraction of the molecule having energy equal to
threshold energy or more increases

(d) activation energy decreases

The slope in Arrhenius plot, is equal to:

E E
a) — a -4
@) 2.303R ®) R
R

©) (d) None of these

2.303E,

The activation energy for a reaction is 9.0 kcal/mol. The

increase in the rate constant when its temperature is

increased from 298K to 308K is

(@) 63% (b) 50%

(c) 100% d) 10%

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

(a) <50kcal

(b) either greater than or less than 50 kcal

(¢) 50kcal

(d) >50kcal

A catalyst

(2) increases the rate of reaction by decreasing AG of a
reaction.

(b) increases the rate of reaction by increasing AG of a
reaction.

(c) increases the rate of reaction by decreasing activation
energy of the forward reaction.

(d) increases the rate of reaction by providing an
alternative pathway via an intermediate with lower
activation energy.

Which of the following statements best describes how a

catalyst works?

90.

91.

92.

93.
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(a) A catalyst changes the potential energies of the
reactants and products.

(b) A catalyst decreases the temperature of the reaction
which leads to a faster rate.

(c) A catalyst lowers the activation energy for the reaction
by providing a different reaction mechanism.

(d) A catalyst destroys some of the reactants, which lowers
the concentration of the reactants.

In terms of the ‘Collision Theory of Chemical Kinetics’, the

rate of a chemical reaction is proportional to

(2) the change in free energy per second

(b) the change in temperature per second

(c) the number of collisions per second

(d) the number of products molecules

According to collision theory, which of the following is

NOT a true statement concerning a catalyst?

(@) A catalyst changes the temperature of reaction.

(b) The mechanism of a reaction will change when a
catalyst is added.

(c) A catalyst provides a different activation energy for a
reaction.

(d) A catalyst changes the speed of a reaction, but not the
equilibrium constant.

Which of the following influences the rate of a chemical

reaction performed in solution?

(a) Temperature

(b) Activation energy

(c) Presence of a catalyst

(d) All of the above influence the rate

How can be activation energy for a reaction be determined

graphically?

(@) Plotkversus T, the slope of the line will be equal to £,

(b) Plot 1/[A], versus ¢, the slope of the line will be equal
to £

(¢) Plotin[A] versust, the slope of the line will be equal
to—E,

(d) PlotIn kversus 1/T, the slope of the line will be equal
to—E /R

The Arrhenius equation expressing the effect of temperature

on the rate constant of the reaction is

Ea
) k=27

(a) k = e—Ea/RT

E
k=1 2 _ A.-E./RT
(© %e T (d k=Ae

In Arrhenius plot, intercept is equal to

Ea
(@ R

(¢ Ink (b) log;ja

A chemical reaction was carried out at 300 K and 280 K. The
rate constants were found to be k; and k, respectively.
then

(@) k;=4k,

(© k,=0.25k,

®) InA

) k,=2k
A k,=05k
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97. For a first order reaction, the plot of log K against 1/T isa

98.

99.

100.

101.

102.

103.

104.

105.

straight line. The slope of the line is equal to

E, 2.303

(a) _? (b) N EaR
a _Ea

© ~5303 @ 5303R

Collision theory is applicable to

(a) firstorder reactions (b) =zeroorder reactions

(¢) bimolecularreactions (d) intra-molecular reactions

According to the collision theory of reaction rates, the rate

of reaction increases with temperature due to

(a) greater number of collision

(b) higher velocity of reacting molecules

(c) greater number of molecules having the activation
energy

(d) decrease in the activation energy

Which of the following has been used to explain the subject

of chemical kinetics

(a) Collision theory of bimolecular reactions

(b) The activated complex theory

(c) Arrhenius equation

(d) All of these

A catalyst increases rate of reaction by

(a) decreasing enthalpy

(b) decreasing internal energy

(c) decreasing activation energy

(d) increasing activation energy

Activation energy of the reaction is

(a) theenergyreleased during the reaction

(b) the energy evolved when activated complex is formed

(¢) minimum amount of energy needed to overcome the
potential barrier

(d) the energy needed to form one mole of the product

In a reaction, the threshold energy is equal to

(2) activation energy + normal energy of reactants

(b) activation energy - normal energy of reactants

() normal energy of reactants - activation energy

(d) average kinetic energy of molecules of reactants

The temperature dependence of rate constant (k) of a

chemical reaction is written in terms of Arrhenius equation,

k=A.c¢ Fa Activation energy (E,) of the reaction can be
calculated by plotting

1 1
(@) kuvs. log T (b) logk vs T

1
(¢) logkws. m (d kvs.T

Consider an endothermic reaction X — Y with the
activation energies Ei and E; for the backward and
forward reactions, respectively. In general

(a) thereisnodefinite relation between Ey and E¢

106.

107.

108.

109.

110.
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(b) Ep =Eg
(¢) Ey >E¢
(d Ey <Eg

The energies of activation for forward and reverse reactions
for A, + B, = 2AB are 180 kJ mol~! and 200 kJ mol™!
respectively. The presence of a catalyst lowers the activation
energy of both (forward and reverse) reactions by 100 kJ
mol~!. The enthalpy change of the reaction (A, + B, —
2AB) in the presence of a catalyst will be (in kJ mol~1)

(@ 20 (b) 300
() 120 (d) 280
For the exothermic reaction A + B — C+ D, AH isthe heat

of reaction and E, is the energy of activation. The energy of
activation for the formation of A+ B will be

(@ E, (b) AH
() E,+AH (d) AH-E,
In most cases, for a rise of 10K temperature the rate constant

is doubled to tribled. This is due to the reason that
(@)
(b)

collision frequency increases by a factor of 2 to 3.

fraction of molecules possessing threshold energy
increases by a factor of 2 to 3

©
(d)

Consider Fig. and mark the correct option.

Activation energy is lowered by a factor of 2 to 3.
none of these

Activated complex

Products

Energy —>

Reactants

Reaction coordinate —>
(@) Activation energy of forward reaction is E, + E, and
product is less stable than reactant.
(b) Activation energy of forward reaction is E, + E, and
product is more stable than reactant.
(c) Activation energy of both forward and backward
reaction is E; + E, and reactant is more stable than
product.
(d) Activation energy of backward reaction is E, and
product is more stable than reactant.
Activation energy of a chemical reaction can be determined
by
(@)
(b)
©
(d)

determining the rate constant at standard temperature.
determining the rate constants at two temperatures.
determining probability of collision.

using catalyst.
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According to which theory activation energy and proper
orientation of the molecules together determine the criteria
for an effective collision ?

(2) Arrhenius theory

(b) Activated complex theory

(c) Collision theory

(d) Both(a)and(c)

STATEMENT TYPE QUESTIONS

112.

113.

114.

Concentration —p

Consider the following reaction :

4NH;(g) +50,(g) —) 5 4NO(g) + 6H,0(g)

(i) Rate of reaction with respect to NH; will be

_ 1 A[NH;]
4 At
. . . _1A[O;]  1A[H,0]
(i) For the given reaction 5 AL 6 At
i For the i , _1A[NH3] _1A[NOJ
(iii) For the given reaction 1 At 1 At
(iv) For the given reaction,
_ _TA[NH3]  1A[O,]
Rate= =37 5 o
_ 4A[NO] _ 6A[H,0]
At At

Which of the following is the correct code for the statements
above.

(@) TTTT (b) TFTF

(c) FTFT (d) TFFT

Which of the following statement(s) is/are correct?

(1) Rate of reaction decreases with passage of time as the
concentration of reactants decrease.

For a reaction

pP+qQ—— 1R +sS

(i)

Rate= k[P]*[Q]¥ wherex=pandy=q

Rate law is the expression in which reaction rate is
given in terms of molar concentration of reactants with
each term raised to some power, which may or may not
be same as the stichiometric coefficient of the reacting
species in a balanced chemical equation.

(@) (i)and (i) (b) (i)and (ii)

(¢) (i) and (iii) (d) (@) only

Study the following graphs and choose the correct option

(iii)

Ly [R]) T
P)
5
£ Cofres
: :
SopfeNap
U L] i
t4 -tz t Time —»

(1) in fig. a, A represents average rate and B represents
instantaneous rate

115.

116.

117.

118.

(i)
(iii)
(iv)

in fig. b, D represents average rate and C represents

instantaneous rate

fig. a, A represents instantaneous rate and B represents

average rate

fig. b, C represents average rate and D represents

instantaneous rate

(a) (i)and (ii) arecorrect (b) (ii) and (iv) are correct

(¢) (i)and (iv) arecorrect (d) (ii)and (iii) are correct

Choose correct option based on following statements. Here

T stands for true statement and F for false statement.

(1) Molecularity is defined as the number of reacting

species taking part in a complex reaction,

Molecularity helps in understanding the mechanism

of reaction.

Reactions with the molecularity three are very rare and

slow to proceed.

Complex reactions involving more than three molecules

take place in more than one step.

(&) TTTF (b) TFTF

(c) FTTF (d) FTTT

Read the following statements

(1) Order of reaction can be fractional or zero.

(i) Molecularity of a reaction can be fractional but cannot
be zero.

(i) Slowest step in the complex reaction is considered as
arate determining step.

(iv)

%

(i)
(iii)
(iv)

Units of rate constant for second order reaction are
mol Ls1.

Order is applicable to elementary as well as complex
reactions whereas molecularity is applicable only for
elementary reactions.

Which of the following is the correct code for the statements
above ?

(a) TTFFT (b) TFTFT

(c) FFFTIT (d) FTTFF

Consider the following statements with respect of zero order
reaction

(1) The rate of the reaction is independent of reactant
concentration

Therate of the reaction is independent of temperature
The rate constant of the reaction is independent of
temperature

The rate constant of the reaction is independent of
reactant concentration

Choose the correct statement(s).

(@) (i) only (b) (i)and (ii) only

(c) (iii)and (iv) only (d) (i) and (iv)only

Which of the following statement(s) is/are correct ?

(1) Fora zero order reaction concentration [R] vs time (t)
gives a straight line plot

(i)
(iii)

(iv)

(i) For a first order reaction log % does not vary linearly
with time.

Inversion of cane sugar is a pseudo first order reaction.
(i) and (iii) (b) (i) only

(ii) and (iii) (d) (iii) only

(iii)
(@)
©
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119.

120.

121.

122.

At high pressure the following reaction is of zero order.

N, (g)+3H,(g)

Which of the following statements are correct for above
reaction?

(1) Rate of reaction = Rate constant

(ii)
(iii)

1130K
Platinum catalyst

2NH; (g)

Rate of reaction depends on concentration of ammonia.

Rate of decomposition of ammonia will remain constant
until ammonia disappears completely.

(iv) Further increase in pressure will change the rate of
reaction.

(@) (i), (iii) and (iv) (b) (i), (ii) and (iii)

(¢) (ii)and (iv) (d) (), (ii) and (iv)

Consider the following statements:

(1) Increase in concentration of reactant increases the
rate of a zero order reaction.

Rate constant k is equal to collision frequency A if
E,=0.

Rate constant k is equal to collision frequency A if
E,=.

(iv) Ink vs T is a straight line.

(v) Ink vs 1/T is a straight line.

Correct statements are

(@ () and (iv) (b) (ii) and (v)

(c) (iii) and (iv) (d) (ii) and (iii)

According to collision theory, not all collisions between
molecules lead to reaction. Which of the following
statements provide reasons for the same ?

(i)
(iii)

(1) Thetotal energy of the two colliding molecules is less
than some minimum amount of energy.

Molecules cannot react with each other unless a
catalyst is present.

(i)
(iii)) Molecules that are improperly oriented during collision
will not react.

Molecules in different states of matter cannot react
with each other.

(@ (i) and (ii) (b) (i)and (iii)
(c) (i) and (iii) (d) (i) and(iv)
Consider the following statements

(1) Rate constant for every physical and chemical change
gets doubled with 10°C rise in temperature

(iv)

(i) On taking log both side Arrhenius equation will
become

Ea
logk=———+1logA
g RT g

(i) The energyrequired to form activated complex is known
as activation energy

Which of the following is the correct code for statements

above?

(@ TTT

(¢) FTF

(b) FIT
(d) TFT

123.

124.

Read the following statements.
(i) e Ea/RT corresponds to the fraction of molecules that

have kinetic energy greater than E,.
E, can be calculated as follows

(i)

logﬁ =

E, |T,-T
ky 2303R| T,T,
Catalyst can alter a reaction both ways means it can
either decrease on increase rate of reaction
A catalyst always decreases the activation energy of
the reaction but does not alter Gibb’s energy.
A catalyst does not alter equilibrium constant rather, it
helps in attaining the equilibrium faster.
Which of the following is the correct codes for above
statements ?

(iii)
(iv)
W)

(&) TTTFF (b) TFFTT
(c) TFFTF (d) FTFTT
The following statement(s) is (are) correct :

(1) Anplotoflog kp versus 1/T is linear
(i) A plot oflog [X] versus time is linear for a first order
reaction, X — P

A plot of log p versus 1/T is linear at constant volume
A plot of p versus 1/V is linear at constant temperature
(1) only (b) (i) only

(i) and (iv) (d) (), (ii) and (iv)

(iii)
(iv)
@)
©

MATCHING TYPE QUESTIONS

125.

126.

Match the columns
Column-I Column-II

(A) Mathematical expression for rate (p) rate constant

of reaction

Rate of reaction for zero order

reaction is equal to

Units of rate constant for zero

order reaction is same as that of

Order of a complex reaction is

determined by

A-(q),B=(p).C—(s),D-(r)

A-(1),B=(p),C-(s).D—-(q)

() A-(q),B-(5),C-(p),D-(r)

(d A-(p),B-(q),C—(s),D-(r)

Match the columns

Column-1

Zero order reaction

First order reaction

rate law

®B) (@

© (r) order of slowest
step
rate of reaction

D) (s)
(@)
(b)

Column-II

L mole™! sec™
mole L1 sec™
sec™!

1
1

(A)
®B)
©
(@)
(b)
©
(d)

()
@
Second order reaction ()
A—(q),B-(1),C-(p)
A—(q),B-(p).C—(r)
A-(p),B-(q).C—(1)
A-(p),B-(1),C-(q)
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127.

128.

129.
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Match the columns
Column-I

(A) The decomposition
of gaseous ammonia
on a hot platinum
surface

(B) Thethermal
decomposition of HI
on gold surface

(©) Allnatural and
artificial radioactive
decay of unstable
nuclei

(D) Inversion of cane sugar (s) Firstorder reaction.

@ A-(r),B=(p),C-(s),D—(q)

(b) A—(r),B—(s),C—(q),D—(p)

© A-(q),B—(s),C—(p),D—(r)

(d A-(q),B-(p),C—(s),D-(p)

Match the columns.

Column-II
(p) Zero order reaction

(q) Pseudo first order
reaction.

(r) Zero order reaction at
high pressure

Column-I Column-IT

(A) Catalyst alters therate (p) cannot be fraction or zero
of reaction

(B) Molecularity (q) proper orientation is not

there always.
by lowering the activation

enrgy
is same as the first

(C) Second halflife of first (r)
order reaction

(D) Energetically favourable (s)
reactions are sometimes
slow

(a) A— (q)v B- (I'), C- (S)a D- (p)

() A-(r),B-(s),C—(p).D—-(a)

() A=(),B=(p),C—(s),D-(a)

(d A-(p),B-(1),C-(s),D-(q)

Match the columns
Column -1 Column - 11
[Ro]-[R]
(&) k=== () k=23005
ty2
2.303 R
B) k= Tlog% (q) Rate constant for zero
order reaction
(C) Value of k for first ® k= Rlo.
order reaction when
t= tland[R]:%
5 2
(D) Value of k for zero (s) Rate constant for first
order reaction when order reaction
[Rlp

@ A-=(s),B-(q),C-(p),D-(1)
(b) A-(q),B-(s),C~(p),D-(r)
© A-(q),B-(p),C-(s),D-(1)
(d) A-(q),B=(s),C=(p).D-(V

130. Match the columns

Column - 11
(p) Effective collisions.

Column-I
(A) Number of collisions per
second per unit volume
of the reaction mixture.
(B) Fraction of molecules
with energies equal to
or greater than E|

(©) Molecules for which

(q) Collision frequency

() o Ea/RT

Rate= 7 ABe_Ea /RT

shows significant deviations
(D) Collision in which molecules
collide with sufficient K.E.
and proper orientation.
@ A-(q),B—(1),C—(s),D-(p)
() A-(),B-(q),C~(.,D(p)
(© A=(q),B—(5),C~(r),D-(p)
(d) A—(q),B—(1),C—(p),D—(s)

(s) Complex molecules

131. Consider the energy diagram of a reaction : B — 4, on the

basis of given diagram select the correct code for matching
Column-I and Column-II.

Progress of reaction

Column-I Column-II
(A) X-4 (p) Enthalpy of reaction
B X-B (q) Energy of transition state
© A-B (r) Activation energy of
forward reaction
D) X (s) Activation energy of
backward reaction

@ A-(s),B-(1),C-(q).D-(p)
(b) A-(q),B-(1),C—(p),D—(5)
(© A-(),B-(s),C-(p).D-(q)
(d) A-(s),B-(1),C-(p).D-(q)

CRITICAL THINKING TYPE QUESTIONS

132. In the following reaction, how is the rate of appearance of

underlined product related to the rate of disappearance of
the underlined reactant ?

BrOj3 (aq) + 5Br (aq) + 6H" —— 3Br, (1) + 3H,0(])

d[Br,] _ d[Br ] d[Br,] _  3d[Br ]

@ =5 dt ® =T
© d[jrz]:_g dBr] ) dBn] S dBr]
t 5 dt dt 3 dt
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133. For the reaction A+ B —— C + D. The variation of the
concentration of the products is given by the curve

Y
I\
Conc SR
W
X
Time
@ Z (b) Y
© W d X
134. Therate ofthe reaction 2N, 05 — 4NO, + O, can be written
in three ways :
—d[N,Os]
———=—===k[N,O
m [N20s]
d[NOy] _ .
——===k’" [N,O
m [N20s]
dfOa] _,
—===k”[N,O
it [N20s]
The relationship between k and k' and between k and k"
are:
(@ k'=2k;k'=k (b) k'=2k;k"=k/2
() k'=2k;k"=2k d) k'=k;k"=k
135. CHCl; +Cl, ——CCl, + HCI
Rate law for above reaction will be
1
Rate = k[CHCI;][Cl,]?
On the basis of information provided which of the following
option will be correct ?
(@) Rate law for any chemical reaction can be predicted
accurately by looking at balanced chemical equation.
(b) Rate law for a chemical reaction has to determine
experimentally.
(c) Either determined experimentally or obtained from
balanced chemical reaction, rate law will be same.
(d) None of the above is correct.
136. The reaction of hydrogen and iodine monochloride is given
as:

H,(g) +2ICI(g) —>2HCl(g) + 1, (g)

Thereaction is of first order with respect to H,(g) and ICI(g),
following mechanisms were proposed.
Mechanism A:

H,(g) +2ICl(g)——>2HCl(g) + I, (g)
Mechanism B:

H, (g) +ICl(g)——> HI(g);slow
HI(g) + ICl(g) —— HCI(g) + 1, (g); fast

137.

138.

139.

140.

Which of the above mechanism(s) can be consistent with
the given information about the reaction?

(a) A and B both (b) Neither Anor B

(¢) Aonly (d) Bonly

The hypothetical reaction A, +B, ——>2AB; follows

the following mechanism A, — 55 s A A,

A+B, % S AB+B, A+B_8 L AR.

The order of the overall reaction is

(@ 0 (b) 1
(¢ 2 (d 32
The initial rates of reaction

3A + 2B + C —— Products, at different initial
concentrations are given below:

Initial rate, [Al,M  [B],M  [C],M
Ms1

5.0x1073 0010 0.005 0010

5.0x1073 0010 0.005 0015

1.0x 102 0010 0010 0010

1.25%1073 0.005 0.005 0010

The order with respect to the reactants, A, B and C are
respectively

(@ 3,2,0 (b) 3,2,1
(© 2,2,0 d 2,1,0
The rate law for the reaction 2X + Y — Z is Rate =

k[X][Y]. The correct statement with regard to this relation

is

(a) therate of the reaction is independent of [X] and [Y]

(b) for this reaction t,, is independent of initial

concentrations of reactant

(c) the rate of formation of Z is twice the rate of

disappearance of X

the rate of disappearance of X is equal to rate of

disappearance of Y

The bromination of acetone that occurs in acid solution is

represented by this equation.

CH;COCH; (aq) + Br, (ag) = CH;COCH,Br (ag) + H' (aq)
+Br~ (aq)

These kinetic data were obtained for given reaction

concentrations.

(d

Initial Initial rate,

Concentrations, M disappearance of
Br,, Ms!

[CH; COCH;] [Br,] HY]

0.30 0.05 0.05 5.7x107

0.30 0.10 005  57x107°

0.30 0.10 0.10 1.2x10%

0.40 0.05 020  3.1x10*

Based on given data, the rate equations is:
(a) Rate=k[CH,;COCH,][H"]

(b) Rate=k[CH;COCH;][Br,]

(¢) Rate=k[CH;COCH;][Br,] [H]?

(d) Rate=k[CH;COCH,][Br,][H']
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141.

142.

143.

144.

145.

146.
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Consider a reaction aG + bH — Products. When
concentration of both the reactants G and H is doubled, the
rate increases by eight times. However, when concentration
of G is doubled keeping the concentration of H fixed, the
rate is doubled. The overall order of the reaction is

(@ 0 b) 1

() 2 d 3

Diazonium salt decomposes as

C¢H;N;CI™ — C¢HsCl+ N,

At 0°C, the evolution of N, becomes two times faster when

the initial concentration ofthe salt is doubled. Therefore, it
is

(@)
(b)

a first order reaction

a second order reaction

(c) independent of the initial concentration of the salt
(d) azero order reaction

Consider the following reaction at 25°C:

(CH,),COH(/) + HCl(ag) — (CH,),CCI() + H,0()

The experimentally determined rate law for this reaction
indicates that the reaction is of first order in (CH,),COH
and that the reaction is of first order overall. Which of the
following would produce an increase in the rate of this
reaction?

(a) Increasing the concentration of (CH,),COH

(b) Increasing the concentration of HCI

(¢) Decreasing the concentration of HCI

(d) Decreasing the concentration of (CH,),CCl

The following data pertains to reaction between 4 and B :

S.No. [4]molL! [B]lmolL~! Rate(molL!time™)
1 1.0x102  20x102 20x10*
2 20x102%2 20x102  40x10*
3 20x102%2  40x102 80x10%

Which of the following inference(s) can be drawn from the

above data ?

() Rate constant of the reaction is 1.0 x 1074,

(i) Ratelaw of the reaction is : rate=k/A4][B]

(iii) Rate of reaction increases four times on doubling the
concentration of both the reactants.

Select the correct answer using the codes given below :

(@) (i), (i) and (iii) (b) (i)and (ii)

(¢) (i) and (iii) (d) (iii) only

The decomposition of ammonia on tungsten surface at 500 K

follows zero order kinetics. The half-life period of this

reaction is 45 minutes when the initial pressure is 4 bar. The

half-life period (minutes) of the reaction when the initial

pressure is 16 bar at the same temperature is

(@ 120 (b) 60

(c) 240 (d) 180

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 reaction ¢, , is

(@) 53.72min (b) 50.49min

(c) 4845min (d) 4645min

147.

148.

149.

150.

If half-life of a substance is 5 yrs, then the total amount of
substance left after 15 years, when initial amount is 64 grams
is

(a) 16 grams (b) 2 grams
(¢) 32grams (d) 8grams.
In a 1st order reaction, reactant concentration C varies with

time fas:
(@)

(b) log C decreases linearly with ¢

% increases linearly with ¢

(¢) C decreases with I
t

(d) log C decreases with 1
t

For the first order reaction
C,H,40(g) > CH4(g) + CO(g) ,the initial pressure of

C,H,0(g) is 80 torr and total pressure at the end of 20
minutes is 120 torr. The time needed for 75% decomposition
of C,H,0 would be :
(a) 20 minutes
(¢) 80 minutes

(b) 40 minutes
(d) 120 minutes

Which of the following graph(s) is/are correct for a zero
order reaction?

T
0 :

5

=2

Time —

P

gE
(i) 55

S
Time —

T
(i) &

&

Time —

53

E=a

o = 1 =_,

. % % slope =—k
(iv) § ‘g
B
Time —

(a) (i) and (iii) (b) (i), (i) and (iii)
(c) (i), (iil) and (iv) (d) (@i)and (iv)
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151. The integrated rate equations can be determined for
(a) zero order reactions
(b) first order reactions
(¢) second order reactions
(d) Both (a) and (b)

152. 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 :

(a) 256times (b) 512times
(c) 64times (d) 128times

153. For a first order reaction A—P, the temperature (T)

dependent rate constant (k) was found to follow the
1

equation log k=— (2000) T + 6.0, The pre-exponential factor

A and the activation energy E , respectively, are

(@) 1.0x10% s 'and 9.2kJmol!

(b) 6.0s7!' and 16.6 kI mol™!

() 1.0x10°s! and 16.6 kImol!

(d) 1.0x10%s7! and 38.3 kImol™!

154. The activation energies of two reactions are E; and
E, (E, > E,). If the temperature of the system is increased
from T, to T,, the rate constant of the reactions changes
from k; tok; in the first reaction and k, to k; in the second
reaction. Predict which of the following expression is
correct?

k; ko k; ks
1 __<z — > =
ki k ki ko
© Wk @ T
1 X2 1 2

155. A graph plotted between log k vs 1/T for calculating
activation energy is shown by
(@ logk / () logk

T —> 1/T —>
(c) logk J (d logk JL
T —> /T —>

156. The rate constant, the activation energy and the arrhenius
parameter of a chemical reaction at 25°C are 3.0 x 10~4s1,
104.4 kJ mol! and 6.0 x 10!4 57! respectively. The value of
the rate constant as T — oo is
(@) 2.0x10!8g71 (b) 6.0x 104571
(c) Infinity (d) 3.6x1030s7!

157. Collision theory is used to explain how chemical species

undergo a reaction. Using this theory and the kinetic
molecular model, which of the following does NOT influence
the rate of a chemcial reaction?

158.

159.

160.

161.

307
(a) The temperature of the system
(b) The geometry or orientation of the collision
(c) The velocity of the reactants at the point of collision
(d) All of the above influence the rate
The activation energy for a hypothetical

reaction, A — Product, is 12.49 kcal/mole. If temperature is
raised from 295 to 305, the rate of reaction increased by
(@) 60% (b) 100%

() 50% (d) 20%

A reactant (A) froms two products :

A L} B, Activation Energy E a)

A—X2_,C, Activation Energy E a5
IfEa2 =2 E“l’ then k; and k, are related as :
@ k= keFaRT () Ky = kel !RT
© Ky = dkpePVRT @) kg = 2kpeBa2 KT

Which of the following graph(s) represents exothermic
reaction?

(A) Activated complex

T

>

N

o)

=

H | Reactants

Products
Reaction coordinate —

B) Activated complex

T

>

20

[}

is Products

Reactants
Reaction coordinate —

© Activated complex

T

&

2

H | Reactants Products

Reaction coordinate —

(@ (A)only (b) (B)only
(¢) (C)only (d) (A)and(B)

Which of the following statements is not correct for the

catalyst?

(a) It catalyses the forward and backward reaction to the
same extent.

(b) TItalters AG of the reaction.

(c) Itisa substance that does not change the equilibrium
constant of a reaction.

(d) It provides an alternate mechanism by reducing

activation energy between reactants and products.
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162. Consider the reaction A f B. The concentration of both the
reactants and the products varies exponentially with time.

Which of the following figures correctly describes the [A]
change in concentration of reactants and products with T
time? 8
. d :
T S [B]
.2
£ Time —>
@ ¢
3 [Al 163. During decomposition of an activated complex.
Time —> (i) energy is always released
[B] (i) energy is always absorbed

(iii) energy does not change

(iv) reactants may be formed

(@) (i), (1) and (iii) (b) (i) and (iv)

(c) (ii)and (iii) (d) (i), (iii) and (iv)
164. Which of the following statements is incorrect ?
Time —> (a)

(b)

Concentration —>

Energy is always released when activated complex
[B] decomposes to form products.

(b) Peak of the energy distribution curve corresponds to
the most probable potential energy.

(c) Peak of the energy distribution curve corresponds to
the most probable kinectic energy.

©

Concentration —>

[A] (d) When the temperature is raised maximum of energy
distribution curve moves to higher energy value and
broadens out.

Time —>
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HINTS AND SOLUTIONS

FACT/DEFINITION TYPE QUESTIONS
1. ®) 2. b 3. @
6. @

4. (@) 5. (0)
diC]

In the given options will not represent the

reaction rate. It should not have —ve sign as it is product.

1dC
since Ida show the rate of formation of product C

which will be positive.

If we write rate of reaction in terms of concentration of
NH; and H,,then

Rate of reaction = — ——==——
2 dt 3 dt

d[NH3] 2 d[H;,]
R 3 dt

In the given options — will not represent the

dc]
d

reaction rate. It should not have —ve sign as it is product.

1dC

since I d show the rate of formation of product C

which will be positive.
Rusting of iron is a slow change.
The feasibility of a chemical reaction can be predicted
by thermodynamics. Extent to which a reaction will
proceed can be determined from chemical equilibrium.
Speed of a reaction i.e. time taken by a reaction to
reach equilibrium, can be predicted by chemical kinetics
12. @) 13. (¢) 14. (a) 15. (b)
17. (¢) 18. @)
The rate of a reaction is the speed at which the
reactants are converted into products. It depends
upon the concentration of reactants. e.g for the
reaction

A + B—— Product; r < [A][B]
k remains constant at constant temperature and CO
does not effect the rate of reaction.

order of reaction may be zero, whole number or
fractional.

2NO(g)+Cly(g) = 2NOCl(g)

Rate=k[NOJ*[CI]

The value of rate constant can be increased by
increasing the temperature.

Order of reaction is equal to the number of molecules
whose concentration is changing with time. It can be
zero or in fractions or an integer.

li). (©

11. (0
16. (¢
19. @

20. (a)
21. @

22. (0

23. @

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

@

@

b)

©
b

b
b

@

©

@

For a zero order reaction.

rate =k[A]° i.e.rate =k

hence unit of k= M.sec™!

For a first order reaction.

rate=k [A]

k=M.sec”!/M = sec!

The reaction involving two different reactant can never
be unimolecular.

Forreaction 3A — sB+C
Ifit is zero order reactionr =k [A]°, i.e the rate remains
same at any concentration of 'A'. i.e independent upon
concentration of A.
k = (mol lit 1)!"" time~!. For given reaction
n=2. .. k=mol ! litsec”!
The order of a chemical reaction is given by
concentration of reactants appearing in the lowest
step.
Velocity constant ‘k’ is characteristic constant of a
reaction and depends only on temperature and catalyst.
Given dx/dt=2.400 x 10 mol litre ! sec™!
k=3.10 x 107 sec™!
For first order reaction
2N,05—>2NO, + 0,
dx
= k[N,Os]
or 2.4x1075=3.0 %107 [N,04]

24x107

s =0.8 mol. litre™!

or [N;051= 3.0x10™

. dx
For zero order reaction, 7 =k [reactant]0
t

Thus the rate of zero order reaction is independent of
concentration of reactants.
Rate, = k[A]" [B]™; Rate, =k [2A]" [/2B]™

. Ratey _ K2A]"[%B]" _ 2 [ 2 0 g
Rate; — k[A]"[B]™

2A+B — A,B
r, = k[A]?[B] (i)

B
When, [A]=[2A], [B] = b}

2[B]

, =k[2A]2[§}=k4[A] :

(++ n=HAPB])

.. Rate of reaction is increased two times.

= k2[A][B]= 2r,



310
34.

3s.

36.

37.

38.

39.

40.

41.

42,

43.
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CHEMICAL KINETICS

Let us consider a reaction,

xX+yY——> aA+bB

rate = [X]*[YP

It is given that order of reaction w.r.t. component Yis
Zero.

Hence, rate = [X]*

i.e., rate becomes independent of the concentration of Y.

rate o [Pregetant |

ie,rate=k
So, the order of reaction will be zero.

o=k A]n

ifn=0

r=k[A]

or r =k thus for zero order reactions rate is equal to

t h e
rate constant.

Since rate of reaction becomes four times on doubling
concentration of reactant, it is second order

reaction.

Order is the sum of the power of the concentration

terms in rate law expression.

Hence the order or reactionis=1+2=3

Rate=k[A]’

Unit of k =mol L~ sec”!

1
NzO—)Nz +502

dx 1
— o« [N,O
dtOC[ »,0]

i.e. order of reaction = 1

From the first set of data (i) and (ii) it is observed that
on keeping concentration of [B] constant and on
doubling the concentration of [A] rate does not
changes hence order of reaction with respect to A is
ZEr0.

From the second set of data (i) and (iii) it is observed
that rate becomes 4 times on doubling the concentration
of [B] keeping [A] constant hence order with respect to
[B] will be2

rate=k[A]° [B]?

Order is the sum of the powers to which the
concentration terms are raised in the rate equation.
Ifrate =k[A]*[B]Y [C]*

From first two given data

8.08 x 1073 =k [0.2]%[0.1]¥ [0.02]
2.01 x 103 =k[0.1]*[0.2]Y [0.02]*
Divide (1) by (2) we get, 4=2%(1/2)Y
Similarly, from second and third data
9 9)=3

2y+2z=1 .

From first and fourth data 4%2=8=23
2z=3. S0 z=3/2,y=-1,x=1

(D)
o (2)

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

@

@
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©

@

b)

©
©

©

Let therate lawbe r =k [A]¥[B]Y
0.10 _ [0.024]*[0.035]7

Divide (3) by (1 =
wide@ by (D 0.10  [0.012]*[0.035]Y
1=[2]%,x=0

Divide (2) by (3) 0.80 _ [0.024]*[0.070]*

0.10  [0.0247*[0.0351"

L 8=Q),y=3

Hence, rate equation, R =k[A]°[B]? =k[B]?

Given r=k[A]*? [B]"12

Order=3/2-1/2= Rl 1
2 2

The order w.r.t. 1, is zero because the rate is not

dependent on the concentration of I,.

As we know that, units of rate constant.

= (unit of conc.)!™” (unit of time) !

= (mol L)1 (sec) !

On comparing these units with the given units of rate

constant, we get

(mol L1 (sec)™! = L mol ! sec™!

= L™ mol' sec™! =L mol! sec™

On comparing the powers, we get

n-1=1=n=2

So, reaction is of second order.

In case of (I) and (III), keeping concentration of [A]

constant, when the concentration of [B] is doubled,

the rate quadruples. Hence it is second order with

respect to B. In case of I & IV Keeping the

concentration of [B] constant. when the concentration

of [A] is increased four times, rate also increases four

times. Hence, the order with respect to A is one. hence

Rate = k [A][B]

1

.. 3 o
The order of reaction is 3 and molecularity is 2.

0;— 5,0,+0; 0+0; — 520,

k= 192190 1y Rate—1 [04][0] put [O] from (1)
[O5]
_KI04IK[O;]

[05]

Note intermediates are never represented in rate law
equation.

= k[0;3]°[0,]""

Thermal decomposition of HI on gold surface is an
example of zero order reaction.
For zero order reaction,
rate, r =k[R]°
dR
= d
= R=kt+R,
where R, is the concentration of reactant at time t = 0.
Thus [R] increases with time
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54. (a) Plotsofconc.[A] Vstime,t "
1
61. Al=[A [—)
Zero T First T T (C) [ ] [ ]0 2
T order — order . .
) \ 1 1 , where [A],, =initial concentration
[4] o0 (4] Second (4] Third
2 order order n
[ — [ — = l:l[lj n:3
. 8 2/
! Hyp=—"""+ — = 100sec
1 6.9x10
We know that ty,, oc _an,l T=nxtyy=3x100=300 sec.
ie.n=3 62. (b) Given: 75%reaction gets completed in 32 min
Thus reaction is of 3" order. 2.303 a 2.303 100
56. (a) Forazeroorder reaction Thus, k= log (a—x) YD) 08 (100 —75)
a
hip = = 2303 1064 =0.0433 min"!
5. @ t,=4s T=16s Now we can use this value of k to get the value of time
T 16 required for 50% completion of reaction
n=—=—=4 (- T=nxt,)
hip 4 : 2.303 a 2.303 . 100
t= log = og—
v ool k (a—x) 0.0433 ° 50
[4]=[A4], [—] :0.12><[— =—==0.0075M 2303
2 2 16 == log2 =16min
Where [A], = initial concentration and [A] .0'0433 . o |
— concentration left after time t 63. (d Unitofk for I8 order reaction is (Time)~
58. (M A — B Fora firstorder reaction 2.303 1 2303 4
. 4. t)g =———log—="""log—
Given a=0.8 mol, (@—x)=0.8—0.6=0.2 6. © fya=—loegyy = oy
2.303., 0.8
k= Tlogo—2 or k=2.303log4 = 2'103 (log 4—-1og3) = %(2105;2 —log3)
againa=0.9, a—x=0.9-0.675=0.225
2. 2
= ﬂ(z x0.301-0.4771) = 029
2.303 0.9 k k
k=—"log——
t 0.225 65. (c) Forafirst order reaction
2.303l0g4 = 228100 4 f= 23004
t a—x
Hence =1 hour when =1,
59. () For a firstorder reaction, A — products ’
2.303 a
r k= log
r=kAlor k=—— t, a-all
[A]
5 or 2.303 log? In2
— 1/2 = — = —
:>k:1.5><10 —3x102 k k
0.5 66. (b) Sincedoubling the concentration of B does not change
0693 0.693 half'life, the reaction is of 1st order w.r.t. B.
Further, 4, = T =— = 23.1 Order of reaction with respect to 4 = 1 because rate of
3x10 reaction doubles when concentration of A is doubled
. 0.693 keeping concentration of B constant.
60. (c) For first order reaction, k = ; . Order of reaction = 1 + 1 =2 and units of second
172 order reaction are L mol ! sec™!.
where k = rate constant 67. (¢) Halflifetime (t,,) for " order reaction is given by,

1, = halflife period = 480 sec.

_0.693

— -3 cop—]
430 1.44 x 10~ sec

1—
typ ocla]™"
where n is the order of reaction and a is concentration
of reactant.
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CHEMICAL KINETICS

As decomposition of N,Os follows 1st order kinetic.
So,

:>t1/20C[a]17 Dtl/zocao

For a first order reaction

2.303

or t==— lo 21—2'3
K g

03
log(a —x
L g(a—x)

-1 _ -1
(t72) _(a_2\n . @_(4“0 2Y" n=2
(f2)2 \q 7240 (8x1072 '

In Haber’s process, ammonia is manufactured from N,
and H, using iron as catalyst with molybdenum as
promoter at high temperature and pressure

Fe,O3 (catalyst)

N2+3H2 Mo (catalytic promoter) 2NH3
k E, (1 1)
10g—2= 2 L———)
ki 2303R \Ty T,
fppe B [1 1
08T 2303x8314 | 293 308
E 15
0.3 -

T 2.303x8.314 - 293 %308

B = 0.3x2.303x8.314x293x308
a_ .
15

=34673 JTmole™!
=34.7 Jmole™!

AH= Eaf _Eab =0

The activation energy depends upon the nature of
chemical bonds undergoing rupture during chemical
reaction and is independent of enthalpies of reactants
and products.

K= Ae_EaRT

Ink=In A—E,/RT

ForInkvs 1/T

In A = intercept
—E./R=slope=-2x10*K

- E;=8.3x2x10*Jmol!

=16.6 x 10*Jmol ! or 166 kJ mol !

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

b

@

b
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b
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Astherate of reaction get doubled for every 10°C rise
in temperature. Hence the increase in reaction rate as a
result of temperature rise from 10°C to 100°C is equal
to=2%=512

As per Arrhenius equation (k = de Z«/RTY | the rate
p q

constant increases exponentially with temperature.
For a reversible reaction,

AH=E, (forward) - E, (backward)
AH=150-260=-110kJ mol™!

We know that the activation energy of chemical

r e a c t i 0 n

o k E T, -T

is given by formula =—2-_—a |2 1| where
ky 2303R| T,

k, is the rate constant at temperature 7 and k, is the
rate constant at temperature 7, and £ is the activation
energy. Therefore activation energy of chemical
reaction is determined by evaluating rate constant at
two different temperatures.

In equation k= Ae Ea/RT ; A =Frequency factor
k= velocity constant, R = gas constant and £, = energy
of activation

In Arrhenius equation k= Ae Ea/RT | ,is the energy
of activation, which is required by the colliding
molecules to react resulting in the formation of
products.

When the temperature is increased, energy in form of
heat is supplied which increases the kinetic energy of
the reacting molecules. This will increase the number
of collisions and ultimately the rate of reaction will be
enhanced.

Arrhenius equation is given by
k= Ao~ Ea/(2303RT)

Taking log on both sides, we get

E
OB OB T S 303RT

1
Arrhenius plot a graph between log k£ and T whose

—"a

1 i .

SOPEIS 5303k

2'30310gk_2:E_a L-T
k TT,

. k_2_9.0x103{308—298}
8k, 2.303x2| 308x298
ky

%2 163k, =1.63k;
kg
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87.
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k, —k;

1
163k, -k,
|

Increase in k; = x100

x100 = 63.0%

AH = Eqpy = Eqp)

Thus energy of activation for reverse reaction depend
upon whether reaction is exothermic or
endothermic.

Ifreaction is exothermic, AH = —ve, Ea(b) > Ea( )

Ifreaction is endothermic, AH = +ve Ea(b) < Ea(f)
89. (¢) 90. (¢) 91. (a) 92. @

k = Ae Ea/RT

E
Ink=InA— =%, interceptis In A.
RT

The rate constant doubles for 10° C rise in temperature.
For 20° C rise, the rate constant will be 4 times
ok =4k, ork, =0.25K,

E 1
—Ac E/RT Jogk=logA- —2 — —
k=Ae & T 3R T
. . . -E
Equation of straight line slope = a_ |
d & P 2.303R

Applicable to bimolecular reactions.

All the statements are correct (see text).
Activation energy is lowered in presence of +ve
catalyst.

Threshold Energy = Energy of activation + Internal
energy
E, 1

— 7Ea/RT 10 k: 10 A_ —
k=Ae g EATI3BR'T

1
Plot of log k Vs. T

Straight line Slope = £
2.303R

Enthalpy of reaction (AH) =E, —E

for an endothermic reaction AH = +ve hence for AH to
be positive

a

a gb) 2.(H)
Presence of catalyst does not affect enthalpy change
of reaction AHg =E; —E =180-200=-20kJ/mol
For the exothermic reaction the energy of products is
always less than the reactants. If E, is the energy of

activation for the forward reaction, the energy of
activation for backward reaction is E, + AH

108. (0 Fora 10K rise in temperature, collision frequency

109.

@

increases merely by 1 to 2% but the number of
effective collisions increases by 100 to 200%.
110. (b) 111. (c)

STATEMENT TYPE QUESTIONS

112. (b) For the given reaction

113.

114.

115.

116.

117.

118.

119.
120.

121.
122.

Rate

@

@

@
W)
@

@

@
b

)
b)

4NH;(g) + 50, (2)—2) 4NO(g) + 6H,0(g)

_ -1A[NH;] _-1A[0,] 1A[NO] 1 A[H,0]
4 At 5 At 4 At 6 At

For given reaction x and y may or may not be equal to
p and q respectively.

Average rate depends upon the change in
concentration of reactants or products and the time
taken for that change to occur. Average rate cannot
be used to predict the rate of a reaction at a particular
instant as it would be constant for the time interval for
which it is calculated. So, to express the rate at a
particular moment of time we determine the
instantaneous rate. It is obtained when we consider
the average rate at the smallest time interval say dt (
i.e. when it approaches zero).

Molecularity is defined as the number of reacting
species taking part in an elementary reaction,

Molecularity cannot be fractional or zero. Correct units
of rate constant for second order reaction are mol ! Ls!.
For zero order reaction, rate of reaction as well as rate
constant are independent of reactant concentration.

[R]y

For a first order reaction logE varies linearly with

time as shown below.

=| =
o |

= =

slop = £/2.303

on
=}

Time —>

According to Arrhenius equation, k = Ae Fa/RT

. whenE;=0,k=A
Also Ink vs /T is astraight line with slope =—E,/R.
.. Statements (ii) and (v) are correct.

Rate constant gets doubled with every 10°C in
temperature for chemical change only not for physical
change.
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123. ()

124.(d)

CHEMICAL KINETICS

Correct formula for calculation of E, 1S

k, E, |:T2_Tl:|

log—= =
k; 2303R| T|T,

The word catalyst should not be used when the added
substance reduces the rate of reaction. The substance
is then called inhibiter.

The relevant expressions are as follows.

AH 1
log Kp - +1
log [X] =log [X], +kt
P/T = constant (V constant)
PV =constant (T constant)

MATCHING TYPE QUESTIONS

125. (a)
130. (a)

126. (b)
131. ()

127. (a) 128. (c)  129. (b)

CRITICAL THINKING TYPE QUESTIONS

132. (0)

133. ()
134. (b)

135. (b)

136. @

1d[Br] 1d[Br,]

5 dt 3 dt
_d[Br]_ 3dBr ]
Tt 5 dt

The curve Y shows the increase in concentration of
products with time.

Rate of disappearance of reactants = Rate of appearance
of products

_1d(N;05) _ 1d(NO,) _ d(0,)
2 dt 4 dt  dt

1 1
Ek(Nzos) = Zk'(Nzos) =k"(N,0s5)

kKK,
2 4

k
k'=2k, K'==
2

Rate law has to be determined experimentally as Cl, is

. 1 o .
raised to power o in rate law whereas its stichiometric

coefficient in balanced chemical equation is 1.

As the slowest step is the rate determining step thus
the mechanism B will be more consistent with the given
information also because it involve one molecule of
H, and one molecule of ICl it can expressed as
r=k[H,][ICI]

Which shows that the reaction is first order w.r.t. both
H, &ICL

137. @

138. @

139. (N)

140. (a)

A2 +B2 —>2AB;
A, —— A+ A (Fast);
A+B, ——> AB +B (Slow)

Ratelaw = k[A][B, ] put value of [A] from Ist reaction

since A is intermediate (k[A,]=A

.. Rate law equation = K\/k[A,][B,]

.. Order :l+1:3
2 2

From 1%t and 2" sets of data - no change in rate is
observed with the change in concentration of ‘C’. So
the order with respect to ‘C’ is zero.

From 1%t and 4t sets of data

Dividing eq. (4) byeq. (1)

1.25x1073 {0.005}"

5.0x1073 0.010
or 0.25=(0.5)% or (0.5)2=(0.5)%
Sox=2

The order with respect to ‘A’ is 2 from the 15t and 3
sets of data dividing eq. (1) by eq. (3)

5.0x1073 _[o.oos}y
1.0x1072 [0.010

or (0.5 =(0.5) = y=1
The order with respect to ‘B’ is 1

So the order with respective the reactants A, B and C
is2,1andO0.
None of the given options is correct.
The given reaction is : 2X+Y ——Z
diX] _d[Z]
C2dt dt

.. Rate of formation of Z is half of the rate of
disappearance of X.

-d[X] —d[Y]

C2dt dt

Rate of disappearrance of X is not equal to rate of
disappearance of Y.

Rewriting the given data for the reaction

N
CH,COCH;(aq) + Br, (ag) ——>
CH,COCH,Br(aq) + H" (aq) + Br™ (aq)
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S.  Initialconcent Initialconcentr Initialconcentr
-ration of
CH;COCH;

No.

Rateof
disappearance

of Br, inMs™

144. ()

-ationof H*
inM

-ation of Br,
inM
inM
ie.— i[Br2 ]or%
dt dt

N S

0.30
0.30
0.30
0.40

0.05
0.10
0.10
0.05

0.05
0.05
0.10
0.20

57%x107°
5.7%107°
1.2x107*
3.1x107

141. @

142. (a)

143. (@)

Actually this reaction is autocatalyzed and involves
complex calculation for concentration terms. 145. @)
We can look at the above results in a simple way to
find the dependence of reaction rate (i.e., rate of
disappearance of Br,).
From data (1) and (2) in which concentration of
CH;COCH; and H' remain unchanged and only the
concentration of Br, is doubled, there is no change in
rate of reaction. It means the rate of reaction is
independent of concentration of Br,.
Again from (2) and (3) in which (CH;CO CH;) and
(Br,) remain constant but H* increases from 0.05 M to
0.10 i.e. doubled, the rate of reaction changes from
5.7x107 to 1.2 x 107% (or 12 x 1075), thus it also
becomes almost doubled. It shows that rate of reaction
is directly proportional to [H']. From (3) and (4), the
rate should have doubled due to increase in conc of
[H"] from 0.10 M to 0.20 M but the rate has changed
from 1.2x 10~* to 3.1x10~*. This is due to change in
concentration of CH;COCH; from 0.30 M to 0.40 M.
Thus the rate is directly proportional to [CH; COCHs,].
We now get
rate =k [CH;COCH,]![Br,]°[H*]!

=k [CH;COCH,][H'].
Overall order = sum of orders w.r.t each reactant.
Let the order be x and y for G and H respectively

146. ()

147. @

[G]mole | [H]mole

1

rate(mole
Exp.No. i 1
litre™ litre™ litre™ time™ ")
1 a b r

2a 2b 8r

2a b 2r

148. O)

*+ For (1) and (3), the rate is doubled when conc. of
G is doubled keeping that of H constant i.e.,

rate c[G] .. x=1
From (2) and (3), y=2
.. Overall order is 3.

149. (b)

As doubling the initial conc. doubles the rate of
reaction, order =1

d[4]

Ratelaw : _ 22 _ or gpxr g
g MATLB]

Doubling [4], rate is doubled. Hence 2¥ =2, x =1
Similarly y=1; _% = k[A4][B]
t

rate 2.0x1074 B
[A1IB] 1x1072 x2x1072
(rate), _ k(2[AD(2[b])
(rate); k[A][B]
For a zero order reaction,
t1/2 oc ag (initial concentration or initial pressure)

(t12)1 o< Py
(t1/2)2 oc Py

(tl/2)2 P (tl/z)z
(tl/z)l '

1

_le
4

P’ 45

(t1p)2 = %x45 =180 min

Given initial concentration () =2.00 M; Time taken
(£)=200 min and final concentration (a—x)=0.15 M.
For a first order reaction rate constant,

2.303 a 2.303, 2.00
k= log = log
t a-x 200 0.15
= 2303 0301+ 0.824) =129x10 2 min"".
200
Further
(1) 0.693 0.693 5372 mi
= = =53.72min.
V2T 129x1072
t,, =5 years, T'=15 years hence total number of half

life periods = 1?5 =3.

64
)’

.. Amount left = =8g

Slope = - k/2.303

logC

t—>

Let x torr of C,H,O decompose after 20 min. Then,
80—x+2x=120; x =40 torr = 50% of initial pressure.
Hence ¢, = 20 min. For 75% reaction, fraction left

o251 (1)

100 4 \2
No. of halflives = 2. Time needed for 75% reaction.,
2x20=40min
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150. (@)
151. @

152. (b)

153. @

154. (b)

155. (b)

CHEMICAL KINETICS

The integrated rate equations are different for the
reactions of different reaction orders. We shall
determine these equations only for zero and first order
chemical reactions.

- (M) (100—10)

;00 =2\ 10 J=oL 10 J 99— 512 (where 2 is
°C

10

temperature coefficient of reaction)

logk =log 4-

a
2.303RT D)

1
Also given logk=6.0— (ZOOO)F ...

On comparing equations, (1) and (2)
logd=60= 4=10%s"!

Eq =2000 .
2303 R >
=E,=2000x2.303 x 8.314=38.29 kimol !
We know more will be activation energy lesser will be
rate constant. Thus if E; > E, then k;< k,. As
temperature increases, it will effect both rates in similar
way.

and

1
A graph plotted between log k& VS? for calculating

activation energy is shown as

f
log k \

T —>

from Arrhenius equation

E
logk =logA —2—
g g 2.303RT

156. () T,=T(say), T;=25°C=298K,

157. @
158. (b)

159. (c)

160. (a)

E,=104.4kImol' =104.4 x 10° Jmol™!
k=3 %1074 ky=2,

logl2 o _fa |1 1
ki 2303R|T, T,

ky 104.4x10°J mol ™! {1 1}

lo 7 1 NP
3x10™ 2.303%(8.314 J K " 'mol ") L298 T

1
As T— 0,——0
T

ky  104.4x10° J mol™!

o =
g3><10_4 2.303x8.314x298

log ky 4=18.297,—k2 4=l.98><1018
3x10™ 3x10™

ky = (1.98x10') x 3x107) = 6 x10!*s7!

For 10°Crise of temperature the rate is almost doubled.

k= a0 (0
-E, /RT ..

k2 = A2€ @i (11)

On dividing eqn (i) from eqn. (ii)

k _ A4

E_A_Z(Eaz —Eal)/RT ........ (iii)

Given £, = 2E,
On substituting this value in eqn. (iii)

E, /RT
k1:k2A><e a

161. (b) 162. (b) 163. (b)  164. (b)



