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Chemical Kinetics

A reaction, 3X(g) = 2Y(g) + Z(g) takes place in
a closed vessel. What is the rate of formation of
Y (in mol L) if the rate of disappearance of X is
7.2x 103 mol L5712

(@ 3.6x107 (b) 4.8x107

() 24x107 (d 12x107
Consider a gas phase reaction which occurs in a
closed vessel

2A—>4B+C

The concentration of B is found to be increased
by 5 x 10 mol L™"in 10 seconds.

The rate of disappearance of A (in mol L' s 1) is
(a) 4.75x10* (b) 7.5x10*

() 1.25x10* (d 2.5x10*
Consider the reaction carried out at T(K)

A(g) +B(g) > C(g)

The rate law for this reaction is r = k[A]! [B]%
The concentration of A in experiment 2 and rate
in experiment 3 shown as x and z in the table, x
and z are respectively

Experiment (Al — Bl = Imtlal_rlat_el
mol L mol L (mol.L"'s™)

1 0.05 0.05 R

2 X 0.05 2R

3 0.20 0.10 z

For the reaction 2A +3B +%C — 3P, which

statement is correct ?
@) dn, :édnB =§dnc

dt 2 dt 4 dt
dny _dng _dne

dt dt dt
dn, 2dng _4dnc

dt 3 dt 3 dt
) dn, 2dng _3dnc

dt 3 dt 4 dt

For the reaction A + B ——> C + D. The
variation of the concentration of the products is

(b)

©

(@ x=0.10z=8R (b) x=0.05z=4R

(¢) x=0.10z=16R (d) x=0.20z=16R

A first order reaction has the rate constant of
1.15x1073 s7!. The time required toreduce 10 g
of reactant to 6 g is xx10? sec. What is the
approximate value of x?
(log5=0.7,10g3=0.48)

@ 22 (b)) 33 (¢ 44 (d) 11
The rate constant, k of a zero order reaction

W)zNH (8)N, (g)+3H,(g)isyx 10

mol L' s7!. The rate of formation of hydrogen
(inmol L™'s 1) is
(@ yx10* (b) 2yx10*

() 3yx10* (d) %xlof4

given by the curve ===‘ Tricky
Y
T -z
Conc
W
X
Time
@ Z DY (@© W @ X

A possible mechanism for the gaseous reaction
2H,+2NO — 2H,0 +N, is

Step 1:2NO = N o,

Step 2: N,O,+ H, - N O+ H,0 (slow)

Step 3: N,O + H2 - N2 +H,0

The rate law for this reaction is

(@ R=KNOP[H (b) R=Kk[NO][H
() R=Kk[NO]"[H,] (d) R=K[NOJ*[H,]
The rate law for the decomposition of hydrogen

d[H1]

2
iodide is BT k[HII". The units of rate
constant k are
(@ Lmol's™! (b) L' mol s™!

@ 12 mol /2 5!

(c) L?mol?s’!
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11.

12.

13.

14.

15.

16.

What is the concentration (in mol L) of the
product after 20 s in the following reaction.
Given that A — 3 B, rate=k[A]°

Time(s) Concentration of the
reactant (mol L)
0 0.1
15 0.05
20 0.1x
(@) 6.6x107 (b) 1.32 x107!

(c) 1.98x 107! (d) 2.2x1072

The rate constant for a zero order reaction A —
products is 0.0030 mol L~! s™!. How long it will
take for the initial concentration of A to fall from

0.10 M t0 0.075M? =‘==’ Tricky
L1 ]

(@ 10s (b) 20s

(c) 833s (d) 133s

For the reaction H,(g) + Br, (g) — 2HBr (g), the
experimental data suggest, rate = k[H,][Br,]"2.

The molecularity and order of the reaction are 17,

respectively
2 3 b 28 1,1 d) 1 1
(a) > 2 ( ) 2 < 2 (C) ’ ( ) - 2

For a chemical reaction t, , is 2.5 hours at room
temperature. How much of the reactant will be
left after 7.5 hours if initial weight of reactant

was 160 g? %2 Critical
Thinking

(a 10g () 40g (c) 80g (d) 20¢g

A following mechanism has been proposed for 18§,

areaction

2A+B—>D+E

A +B— C+D(slow)

A +C —> E (fast)

The rate law expression for the reaction is:

(@ r=k[AP[B] (b) r=Kk[A][B]

(© r=k[A] (d) r=k[A][C]

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

(a) 2303 (b) —2.303%
2.303 q - E,
© —% @ 3303 R

Rate constants in the following reaction are

Reaction 1 ; o catalystl | Pk =1s7!

19.

Objective Chemistry

Reaction 2 :

A—SE2 L p) k) = 0.1 L mol s

Reaction 3 :
A3 i = 0.01 12 mol %s!
The correct relations between the rate of the

reactions at 1 M of A are * Critical
n o Thinking
@ 1 =700"2 710
D I3
[ =-=,1 ==
® 1= 7
el

r =100z, 1, =
(© 1 3212770

_ _Dh
(d) n 101'2 ,13 10
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

*A critical
Thinking
(b) (n—m)

1
(d) H(mn)

The reaction 2A — 2B + C has a rate constant of
1.2 x 102571, Which of the following is correct?

@ (m+n)

(C) 2(an)

1
(@) Plotof[A]vs ";" will be straight line

1
[A]
(c) Plotofln[A] vs ¢ will be a straight line
(d) Plotof [A]vs ¢ will be a straight line
Which statement among the following is
incorrect?

(a) Unit of rate of disappearance is M s~ .

(b) Unit of rate of reaction is M s

(¢) Unit of rate constant k£ depends upon order
of reaction.

(d) Unit of rate constant k for a first order
reaction is M s~

(b) Plot of vs 2 will be a straight line
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20.

21.

22.

23.

24.

Forareaction 4 + B — P, the following data are

provided EET’ Tricky
Entry |[AlinM | [B]inM | il
rate (M/s)
1 0.02 0.02 | 2x1072
2 0.02 0.04 | 4x1072
3 0.02 0.04 | 8x1072

The rate constant for this reaction in standard
unit is
(@ 5 (b) 12
(c) 2.4x10* (d) 50
The rate law for the reaction below is given by
the expression k [A][B]
A + B — Product
Ifthe concentration of B is increased from 0.1 to
0.3 mole, keeping the value of Aat 0.1 mole, the
rate constant will be:
(@ 3k (b 9% © k3 @ k
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 of Y
(d) the rate of formation of the activated
complex is zero
Statement I : Molecularity is defined as the
number of reacting species taking part in a
complex reaction,
Statement Il : Molecularity helps in
understanding the mechanism of reaction.
(a) Both statement I and II are correct.
(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

Assertion : The order of a reaction can have

fractional value.

Reason : The order of a reaction cannot be

written from balanced equation of a reaction.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

25.

26.

27.

28.

29.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.

Match Column-I with Column-II.
Column-I

(A) Number of collisions
per second per unit
volume of the reaction
mixture.

(B) Fraction of molecules (q) Collision
with energies equal to frequency
or greater than £,

(C©) Molecules for which ()
o Ea/RT

Column-II
(p) Effective
collisions.

o Ea/RT

Rate= Z 4

shows significant
deviations

Collision in which,
molecules collide with
sufficient K.E. and
proper orientation.

@ A—(q),B-(),C(s),D-(p)

(b) A—(r),B—(q),C—(s),D—-(p)

(© A-(q)B-(s),C-(r),D-(p)

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

For a reaction, the rate constant is expressed as
k= Ae #00T ‘The energy of the activation is
(a) 40000 cal (b) 88000 cal

(c) 80000 cal (d) 8000 cal

A catalyst lowers the activation enegy of a
reaction from 20 kJ mol~! to 10 kJ mol~!. The
temperature at which the uncatalyzed reaction
will have the same rate as that of the catalyzed at
27°Cis

(D) (s) Complex

molecules

(@) —123°C (b) 327°C

() 327°C (d +23°C

Find the correct equation among the following.
E AE,

Ink-ln4=—% k=—%

@ ar © RT

(c) Ink+In4 =i (d) i= InA-Ink
RT RT

If benzene diazonium chloride undergoes first
order decomposition at T(K) with a rate constant
0f6.93 x 102 min~!, the time for completion of
90% ofthe reaction (in min) is (nearest integer)
(log2=0.30,10g3=0.477)

@ 15 (30 (33 @ 3
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31.

32.

33.

34.

3s.

36.

37.

B44

The time required for completion 0f 93.75% of a
first order reaction is x minutes. The halflife of it
(in minutes) is

(@ x8 (b) x2 () x4 (d) x3

A — products, is a first order reaction. The time
required to decompose A to halfits initial amount
is 60 minutes. The rate constant of the reaction
(inshis

(@) 1.05x 1072 (b) 1.15x 1072

(c) 1.25x10* (d) 1.92x10*

In the reaction, A — products, If the
concentration of the reactant is doubled rate of
the reaction remains unchanged. The order of
the reaction with respect to A is

(@ 1 (b) 2 (¢ 05 (d O

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 ®1 @©2 @ 3

For a reaction A —~13>B—~2 ,C

Ifthe rate of formation of B is set to be zero then

the concentration of B is given by :

(@) K\K[A] (b) (K, -K,)[A]

© K, +KyA]l @) K/K)[A]

In a reaction, 2A — products, the concentration

of A decreases from 0.50 M to 0.38 M in

10 min. What is the rate of reaction (in M s!)

during this interval?

(@) 0012 (b) 0024

(c) 2x1073 (d 2x10*

Assertion: The rate of the reaction is the rate of

change of concentration of a reactant or a

product.

Reason: Rate of reaction remains constant during

the course of reaction.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.

A reaction takes place in various steps. The rate

constant for first, second, third and fifth steps

are k;, k,, k; and k; respectively. The overall

ks (k 1/2
rate constant is given by k = —2| —-
k3 (ks

38.

39.

40.

41.

42.

Objective Chemistry

Ifactivation energy are 40, 60, 50 and 10 kJ/mol
respectively, the overall energy of activation (kJ/

mol) s : L Joughnut
(@ 10 (b) 20
© 25 (d) none of these

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

(@ 112 (b) 512 (c) 400
For the reaction system :

2NO (g)+05,(g) > 2NO,(g) volume is
suddenly reduced to halfits value by increasing
the pressure on it. If the reaction is of first order
with respect to O, and second order with respect
toNO, the rate of reaction will

(2) diminish to one-eighth of its initial value
(b) increase to eight times of'its initial value
(¢) increase to four times of its initial value
(d) diminish to one-fourth of'its initial value
For a zero-order reaction, the correct expression

d 614

for rate constant (k) at half-life time (¢, ,) is (R, =
initial concentration of reactant)
2.303 [Ro]
@ k= lo P
i y [Ro]
2
2. R
b) k= e log R
t [Ro]
1
[Ro]- E[RO]
© k=—2—
TP
2.303
(d) k= log [Ry]
(, —1)

For the reaction A+ B — C, the following data
were obtained

Exp Initial concentration Initial rate
[AIM [BIM (M min-"")
1. 01 0.1 1.0x107*
2. 01 03 9.0x107#
3. 03 03 2.7x1073

The order of reaction with respect to A and B
are respectively

(@ 1,2 (b) 2,1

() 15,15 d 0,3

For a reaction, the threshold energy is 75 kJ/
mole. Ifthe internal energy of the reactants is 20
kJ/mole, the activation energy (in kJ/mole) is
@ 55 (b) 20 (© 75 d 9
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43.

44.

45.

46.

47.

48.

49.

The graph obtained between In k (k = Rate
constant) on y-axis 1/T on x-axis is a straight
line. The slope of it is —4 x 10%. The activation
energy of the reaction (in kJ mol™')is
(R=8.3JK'mol™)

(@ 166 (b) 332 (¢) 765 (d) 382
For a reaction, activation energy (E,) = 0 and
rate constant

(k) =3.2x10%s7" at 300 K. What is the value of
the rate constantat 310 K
@@ 32x102s" (b)) 32x10%7"

© 6.4x10%s™" (d) 6.4x10%7"

The minimum energy a molecule should possess
in order to enter into a fruitful collision is known
as

(a) reaction energy (b) collision energy
(c) activation energy (d) threshold energy

In the Arrhenius plot of In &£ Vs %, 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 JK~' mol ™) £ Joughnut

(@ 8 (b) 166 (c) 249 (d) 332
A + 2B — C, the rate equation for this reaction
is given as Rate = K[A][B].

If the concentration of A is kept the same but

that of B is doubled what will happen to the

rate itself ?

(a) halved (b) the same

(¢) doubled (d) quadrupled

Assertion: The order w.r.t a reactant may be

negative.

Reason: In some cases, the rate of reaction

decreases as the concentration of the reactant

increases.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.

A chemical reaction was carried out at 300 K

and 280 K. The rate constants were found to be

k, and k, respectively. then

50.

51.

52,

53.

54.

55.

(b) k, =2k,
d k =05k,

@ k= 4k,
© k=025k

Statement I :e Fa/RT corresponds to the

fraction of molecules that have kinetic energy
greater than E .
Statement II : E, can be calculated as follows

logﬁ: E. |L-T
k, 2303R| TT,

(2) Both statement I and IT are correct.

(b) Both statement I and II are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

Rate constant k=1.2 x 103mol~ 1 L s™ ! and

E,=2.0x 10°kJmol~'. When T — o0

(a) A=2.0x10?kJmol !

(b) A=12x103mol 'Ls!

() A=12x10mol L !s"!

(d A=24x103kJmol !s!

Which of the following reactions is not of the

first order?

(a) Inversion of sucrose in the presence of acid

(b) Acid-catalyzed hydrolysis of ethyl acetate

(c) Hydrolysis of tertiary butyl halide using
alkali

(d) Oxidation of I"ion by S,0,% ion

In the reaction A — B+ C, rate constant is 0.001

Ms~!. If we start with 1 M of A then conc. of A

and B after 10 minutes are respectively.

(& 0.5M,05M (b) 0.6M,04M

(¢) 04M,06M (d 0.6MO.5M

At 30°C, the half life for the decomposition of

AB, is 200 s and is independent of the initial

concentration of AB,. The time required for 80%

ofthe AB, to decompose is (Given: log 2 = 0.30;

log3=0.48)

(a) 200s (b) 323s (c) 467s (d) 532s

In a reaction at 27°C, 1073% reactant molecules

manage to cross over the barrier of transition

state. The energy of these molecules in excess

of the average value will be (R =2 cal K-'mol™!):

& Joughnut

(b) 3.00 kcal mol'!
(d) 5.10 kcal mol!

(@ 6.91 kcal mol™!
(c) 4.15 kcal mol™!



56.

57.

58.

59.

60.

B46

For a reaction 4 — Products, a plot of log 7, ,
versus log a,is shown in the figure. If the initial
concentration of 4 is represented by a,, the order
of the reaction is

JToToq N A B

log a,—

(a one (b) zero (c¢) two (d) three

The rate constant, k for a first order reaction,

C,H,l(g) — C,H,(g)+ Hl(g) is xs 'at 600 K and

4xs'at 700K.

The energy of activation of the reaction (in kJ

mol ') is

(@) 4816 (b) 5816 (c) 3816 (d) 28.16

For zero order reaction, a plot of ¢, , versus [4],

will be

(a) a straight line passing through the origin
and slope =k

(b) ahorizontal line (parallel to x-axis)

(c) astraight line with slope —&

(d) astraight line passing through origin and

1
slope = %

Assertion : For cach ten degree rise of
temperature the specific rate constant is nearly
doubled.

Reason : Energy-wise distribution of molecules

in a gas is an experimental function of

temperature.

(a) If both Assertion and Reason are correct
and the Reason is a correct explanation of
the Assertion.

(b) If both Assertion and Reason are correct
but Reason is not a correct explanation of
the Assertion.

(c) If the Assertion is correct but Reason is
incorrect.

(d) Ifthe Assertion is incorrect and Reason is
correct.

For a zero order reaction A — product, a plot of

[A] (on y-axis) and time (on x-axis) gave a

straight line with slope equal to -3 x 103 M

min' and intercept equal to 2 x 1072 M (on y-

axis). What is the rate constant (in M min~!) of

this reaction?

61.

62.

63.

64.

65.

66.

67.

Objective Chemistry
(@ 3x103 (b) 5x107°
() 3x10* (d 5x10*

‘What will be the overall order of a reaction for
which the ralte ex?ression is given as

Rate= k[ A]2[B]?

(a) second order (b) first order
(c) zeroorder (d) third order
Consider the consecutive reactions :

E‘Ei’ Tricky
4 k=2x10"%"" B k=8x107557!
c k=3x10"3s"! D
The rate determining step of the reaction is :
(@) A—>B (b) C—>D
(¢ B>C d 4-D

In the reaction of formation of sulphur trioxide
by contact process 2SO, + 0O, = 2505 the
rate of reaction was measured as

d(o

% = —2.5><104‘m01 L71571 . The rate of
reaction is terms of [SO,] in mol L' s! will be:
(@ —125x10* (b) —-2.50x10*

() —-3.75x10* (d -5.00x10*

For the reaction, 2N,0, — 4NO, + O,, the rate
equation can be expressed in two ways

RINCH anoy)
dt dt
k and k' are related as:

@ k=K
d) k=4K

© k=2K
The reaction 2N,0, —— 2N,0, + O, is

(a) bimolecular and of second order

(b) unimolecular and of first order

(¢) bimolecular and of first order

(d) bimolecular and of zero order

For a reaction of order n, the unit of the rate
constant is :

(@ mol™L'™s (b) mol'™ L2ng!

(¢) mol!™ L+ls! (d mol"L!mg!
The activation energy of the reaction,

A +B— C+D+ 38 kcal is 20 kcal. What would
be the activation energy of the following
reaction.

=k[N,O5|and + =K'[N,05]

(b) 2k=K

C+D—->A+B
(@) 20kcal (b) —20kcal
(¢) 18kcal (d) 58kcal
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68.

69.

70.

71.

72.

73.

74.

The plot that represents the zero order reaction is:
[R] = Concentration

) )
@ [R] : ) [R] \

t—> t—>
1 0
© ® - @ [R]
= —
Which of the following will react at the highest
rate? *3 critical
Thinking

(a) 1moleofAand 1 moleofBina 1-Lvessel
(b) 2 moleof Aand 2 mole of B in a 2-L vessel
(¢) 3 moleofAand 3 mole of Bin a 3-L vessel
(d) All would react at the same rate

In the reaction, A +2B —— 6C + 2D, If the initial

rate — d[?] att=01s2.6 x 102 M sec!, what
d[B
will be the value of ” att=10?

(@ 8.5x102Msec! (b) 2.5x102Msec

() 52x102Msec’! (d) 7.5x102Msec’!

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 of
A

===’ Tricky
1]
(@) zeroorder (b) first order

(c) second order (d) third order
Thereaction L—— M is started with 10.0 g of
L. After 30 and 90 minutes 5.0 gand 1.25 gof L
respectively are left. The order of the reaction is
(@ 0 b) 1 (c) 2 @d 3
Rate of a reaction can be expressed by Arrhenius

equation as: k = Ae EalRT

In this equation, £ represents

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

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

(c) the energy below which all the colliding
molecules will react

(d) theenergybelow which colliding molecules
will not react

Match Column-I with Column-II.
Column-I Column-IT

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

75.

76.

77.

78.

B47

(B) Molecularity (q) proper orientation is
not there always.
(r) bylowering the

activation energy

(C) Second halflife
of first order

reaction
(D) Energetically (s) is same as the first
favourable reactions are

sometimes slow
(@ A-(q,B-(1),C—(s),D-(p)
(®) A-(r),B-(s),C—(p),D-(q)
(© A-(),B-(p),C—(s),D-(q)
(d A-(p)B-(r),C-(s),D-(q
A reaction rate constant is given by

=" Tricky

| [ ]
k=12 %10 25000/RT o ~1 Tt means

(2) log k versus log T will give a straight line
with a slope as —25000

(b) log k versus T will give a straight line with
slope as 25000

(¢) log k versus 1/T will give a straight line
with slope as—25000/R

(d) log kversus 1/T will give a straight line

The rate constant of a zero order reaction is

2.0x102mol L !s™!. Ifthe concentration of the

reactant after 25 seconds is 0.5 M. What is the

initial concentration?

(@ 05M (b) 1.25M
(c) 125M (d 1LoM
Consider the following statements:
"’# Critical
Thinking

I.  Increase in concentration of reactant
increases the rate of a zero order reaction.

II. Rate constant k£ is equal to collision
frequency 4 if £, = 0.

IMI. Rate constant k£ is equal to collision
frequency 4 if £ = oo.

IV. In &k Vs T is a straight line.

V. In k Vs 1/T is a straight line.

Correct statements are

(@ TandIV (b) IMMand V

(¢) IMandIV (d) I and III

A reaction which is of first order w.r.t. reactant

A, has a rate constant 6 min~!. If we start with

[A] = 0.5 mol L"!, when would [A] reach the

value of 0.05 mol L!

(2) 0.384min

(¢) 3min

(b) 0.15min
(d) 3.84min



79.

80.

81.

82.

83.

84.

85.

86.

B48

A first order reaction is half-completed in
45 minutes. How long does it need for 99.9% of
the reaction to be completed?

(a) 20hours (b) 10 hours

1
(©) 75 hours (d) 5 hours

The rate constant of a reaction is 0.0693 min .

Starting with 10 mol, therate of the reaction after

10min s

(@ 0.0693 mol min~!

(b) 0.0693 x 2 molmin~!

(c) 0.0693 x 5 molmin~!

(d) 0.0693 x (5)>mol min !

The time taken for 90% of a first order reaction

to complete is approximately

(a) 1.1 times that of half-life

(b) 2.2 times that of half-life

(c) 3.3 times that of half-life

(d) 4.4 times that of half-life

Statement I : Reactions with the molecularity

three are very rare and slow to proceed.

Statement II : Complex reactions involving more

than three molecules take place in more than one

step.

(a) Both statement [ and IT are correct.

(b) Both statement I and IT are incorrect.

(c) Statement I is correct but statement II is
incorrect.

(d) Statement II is correct but statement I is
incorrect.

A first order reaction is 50% completed in 20

minutes at 27°C and in 5 minutes at 47°C. The

energy of activation of the reaction is :

£ Joughnut

&

(a) 43.85kJ/mol (b) 55.14kJ/mol

(¢) 11.97kJ/mol (d) 6.65kJ/mol

For the first order reaction A — B+ C is carried

out at 27°C. If 3.8 x 10716 % of the reactant

molecules exists in the activated state, the E,

(activation energy) of the reaction is:

(a) 12kJ/mol (b) 831.4kJ/mol

(¢) 100kJ/mol (d) 88.57kJ/mol

The velocity of a reaction is doubled for every

10°Crise in temp. If the temp. is raised to 50°C

from 0 °C the reaction velocity increases by about

(a) 12times (b) 16times

(c) 32times (d) 50times

Which of the following statements is incorrect?

(@) Activation energy for the forward reaction
is equals to activation energy for the
reverse reaction

87.

88.

89.

90.

91.

92.

Objective Chemistry

(b) For a reversible reaction, an increase in
temperature increases the reaction rate for
both the forward and the backward reaction

(c) Thelarger the initial reactant concentration
for a second order reaction, the shorter is
its half-life.

(d) When Atisinfinitesimally small, the average
rate equals the instantaneous rate

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 ofthe molecule having energy
equal to threshold energy or more increases

(d) Activation energy decreases.

A catalyst lowers the activation energy of a

certain reaction from 83.314 to 75 kJ mol™! at

500 K. What will be the rate of reaction as

compared to uncatalysed reaction? Assume

other things being equal.

(a) Double (b) 28times

(c) 7.38times (d) 7.38x10°times

For a first order reaction A—— B the reaction

rate at reactant concentration of 0.01 M is found

to be 2.0 x107> mol L' s7!. The half life period
of the reaction is

(@) 30s (b) 220s (c) 300s (d) 347s

Therate ofa first order reaction is 1.5 x 102 mol L™!

min~! at0.5 M concentration of the reactant. The

halflife of the reaction is

(2) 0.383min (b) 23.1min

(¢) 8.73min (d) 7.53min

Thereaction A — B follows first order kinetics.

The time taken for 0.8 mole of A to produce 0.6

mole of B is | hour. What is the time taken for

conversion of 0.9 mole of A to produce 0.675

mole of B? g‘\Toughnut
(@) 2hours (b) 1hour
(¢) 0.5hour (d) 0.25hour

The rate of a reaction increases four-fold when
the concentration of reactant is increased 16
times. Ifthe rate of reaction is4 x 10 ®mol L~ !s™!
when the concentration of the reactant is4 x 10~*
mol L~ !. The rate constant of the reaction will be

L Joughnut

&

(@) 2x104mol2L12¢!
(b) 1x102s!

() 2x10“*mol "2L2g"!
(d) 25mol™!' Lmin™!
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93.

94.

95.

96.

97.

98.

The half life for the virus inactivation if in the
beginning 1.5% of the virus is inactivated per
minute is (Given: The reaction is of first order)
(2) 76min (b) 66min

(¢) 56min (d) 46min

For a chemical reaction A + B — Product, the
order is 1 with respect to A and B.

Ratemol L™'s™! | [A]mol L™! | [B]mol L™!
0.10 20 0.5
0.40 X 0.5
0.80 40 y

What is the value of x and y?

(a) 80and?2 (b) 40and4

(¢) 160and4 (d) 80and4

Integrated rate law equation for a first order gas
phase reaction is given by (where P, is initial
pressure and P, is total pressure at time t)

2P - P
@ =230 XlOg( >~ P)
' 7
© k=230, B
(2B-R)
© k=230 00 20
t (2 [} _Pl)
@ k=298 1d
(2 -R)

The rate constant of a reaction with a virus is
3.3 x 10~ * s~ L. Time required for the virus to
become 75% inactivated is

(@) 35min (b) 70min

(¢) 105min (d) 17.5min

The activation energy for a simple chemical
reaction A — Bis £, in forward direction. The
activation energy for reverse reaction

(@) is always double of £,

(b) isnegative of £,

(c) is always less than £,

(d) can be less than or more than £,

The rate equation for a reaction,
N,O——N,+1/20,

isRate = k[N20]0 =k. Ifthe initial concentration
of the reactant is @ mol Lit™, the half-life period
of the reaction is

99.

100.

101.

102.

103.

104.

B49
@ 1= (b) ) =ka
; 2k 2
k
© f=> d ==
E k 5 a

A student has studied the decomposition of a
gas AB, at 25°C. He obtained the following data.

p(mm Hg) 50 100 1200 | 400
Relative t, (s) |4 2 1 0.5

The order of the reaction is

(@ 05 (b) 2
© 1 (d) 0(zero)
The slope in Arrhenius plot, is equal to:

— Ea E a
@ ~3303% ® %

R
) ——— (d) None of these
2.303E,

The rate constant for a first order reaction whose
halflife is 480 sec, is :

(@ 1.44x103sec! (b) 1.44 xsec’!

() 0.72x1073sec! (d) 2.88 x103sec’!

The hypothetical reaction \‘\Toughnut

A, + B, ——2AB ; follows the following

- Fast
mechanism Ay — > 5>A+A,

A+By—% ,AB+B> A+B— 2L ,AB.

The order of the overall reaction is

(@ o0 b) 1 (© 2 (d 32

For an exothermic reaction, the energy of

activation of the reactants is

(a) equal to the energy of activation of
products

(b) less than the energy of activation of
products

(c) greater than the energy of activation of
products

(d) sometimes greater and sometimes less than
that of the products

The activation energies of the forward and

backward reactions in the case of a chemical

reaction are 30.5 and 45.4 kJ/mol respectively.

The reaction is :

(a) exothermic

(b) endothermic

(c) neither exothermic nor endothermic

(d) independent of temperature



105.

106.

107.

108.

109.

110.

111.

112.

In the presence of an acid, the initial
concentration of cane sugar was reduced from
0.20t0 0.10 M in 5 hours and from 0.2 to 0.05 M

in 10 hours. The reaction is of : “f‘ Tricky
L[]

(@) Zeroorder (b) Firstorder

(¢) Second order (d) Third order

A radioactive isotope having a half - life period

of 3 days was received after 12 days. If3g of the

isotope is left in the container, what would be

the initial mass of the isotope?

@@ 12g (b) 36g (o) 48g (d) 24g

For the exothermic reaction A +B — C +D,AH

is the 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 areversible reaction the energy of activation

ofthe forward reaction is 50 kcal. The energy of

activation for the reverse reaction will be

(a) <50kcal

(b) ecither greater than or less than 50 kcal

(¢) 5S0kcal

(d) >50kcal

Activation energy of a chemical reaction can be

determined by * Critical
Thinking

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

o= S0k mol” 1 then

(@)
(b)
©

(d)
A—B,AH=—10kImol |, E
E, of B> Awill be

(@) 40kJmol ! (b) 50kJmol !

() —50kJ mol! (d) 60kJmol!

Half life periods for a reaction at initial
concentrations of 0.1 Mand 0.01 M are 5 and 50
minutes, respectively. The order of reaction is
(@ 3 (b) 2 (© 1 d o
The activation energy for a reaction which
doubles the rate when the temperature is raised

from 298 K to 308 K is %89 Critical
Thinking

(b) 39.2kJmol™!

(d) 29.5kImol!

(@ 59.2kJmol!
() 52.9kJmol!

113.

114.

115.

116.

117.

118.

Objective Chemistry
t;/4 can be taken as the time taken for the
concentration of a reactant to drop to % of its

initial value. If the rate constant for a first order
reaction is k, the ;4 can be written as

& Joughnut
@ 075k ) 0.69/k
© 029k d 0.10/k

The half'life period for catalytic decomposition
of AB; at 50 mm Hg is4 hrs and at 100 mm Hg it

is 2 hrs. The order of reaction is

(@ 1 (b) 3 (c) 2 @d o

A reaction proceeds by first order, 75% of this
reaction was completed in 32 min. The time

required for 50% completion is %

Critical
Thinking
(a) 8min (b) 16min
(¢) 20min (d) 24min

For a reaction A + 2B — C, the amount of C
formed by starting the reaction with 5 moles of
A and 8 moles of B is

(a) Smol (b) 8mol

(¢) 16mol (d) 4mol

The rate of a first order reaction doubles when
the temperature changes from 300 K to 310 K.
The activation energy of the reaction (in kJ mol')
is(R=28.3JK ' mol™!,log2=0.3)

(a) 43.33 (b) 5333

(c) 63.33 (d) 7333

Consider the energy diagram of a reaction : B —
A. On the basis of given diagram, select the
correct code for matching Column-I and Column-II.

E —_—>
Ew

Progress of reaction

Column-I Column-1I
(A) X-A (p) Enthalpy of
reaction
B) X-B (q) Energy of

transition state
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119.

120.

121.

122.

123.

© A-B (r) Activation
energy of
forward reaction

D) X (s) Activation
energy of
backward
reaction

(@ A—(s),B-(r),C-(q),D-(p)

(b) A—(q),B-(1),C—(p),D-(s)

() A—(r),B—(s),C-(p).D—-(q)

(d A-(s),B-(r),C—(p),D-(q)

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

The rate coefficient (k) for a particular reactions
is1.3x10*M!s1at100°C,and 1.3 x 10> M 5"
"'at 150°C. What is the energy of activation (E,)
(in kJ) for this reaction? (R =molar gas constant

=8.314 JK' mol™) ﬁg‘\Toughnut
(@ 16 (b 0 (© 9 (@ 132
‘ Numeric Value Questions ‘

The following data was obtained for chemical
reaction given below at 975 K.
2NO(g) +2H,(g) = N,(g) +2H,0(g)
[NOJ [H,]

Rate
mol L! mol L1 mol L1s!
(A) 8x 105 8x 107 7%x107°
B) 24x10°  8x10°  2.1x10°8
©) 24x10°5  32x10°  84x10°%

The order of the reaction with respect to NO
is

2NO(g) +Cl,(g) == 2NOCI(s)

This reaction was studied at —10 °C and the
following data was obtained

run [NOJ, [CL], r,

1 0.10 0.10 0.18
2 0.10 0.20 0.35
3 0.20 0.20 1.40

[NO], and [Cl,], are the initial concentrations
and r is the initial reaction rate.

The overall order of the reaction is .
The rection 2A + B, — 2AB is an elementary
reaction. For a certain quantity of reactants. If
the volume of the reaction vessel is reduced by
a factor of 3, the rate of the reaction increases
by a factor of

124.

125.

126.

127.

B51

2NO+2H, - N, +2H,0
The above reaction has been studied at 800°C.
The related data are given in the table below

Reaction Initial Initial Initial rate
serial pressure pressure (%)/ (kPy/s)
number of H,/kP, of NO/kP,

1 65.6 40.0 0.135

2 65.6 20.1 0033

3 38.6 65.6 0214

4 19.2 65.6 0.106

The order of the reaction with respect to NO
is

I£75% of a first order reaction was completed in
90 minutes, 60% of the same reaction would be
completed in approximately (in minutes)

(Take : log 2 =0.30; log 2.5=10.40)

The rate constants for decomposition of
acetaldehyde have been measured over the
temperature range 700 —1000 K. The data has

3
been analysed by plotting In k vs %

graph.The value of activation energy for the
reactionis___kJmol ™.
(Nearest integer) (Given : R=8.31 JK-'mol ™)

f

Slope =-18.5
Ink \

10

»
'

—>

According to the folloTwing figure, the magnitude
of the enthalpy change of the reaction
A+B—>M+NinkJmol™

is equal to . (Integer answer)

A

x=20 kJ mol’j
y=45kJ m017]
z=15 kJ mol

!
AN

Reaction Coordinate

Energy
NP
A




128.

129.

For following reactions:

A—T9K _product

500K
catalyst

it was found that the E_ is decrease by 30 kJ/mol
in the presence of catalyst. If the rate remains
unchanged, the activation energy for catalysed
reaction is (Assume pre exponential factor is
same):

The activation energy of one of the reactions in
a biochemical process is 532611 Jmol~!. When
the temperature falls from 310 K to 300 K, the
change in rate constant observed is k,,, =
x x 107 ky,,. The value of x is :
[Given: In10=2.3 ,R=8.3JK 'mol']

Product

Objective Chemistry

130. For areaction, given below is the graph of In k

1 . .
Vs T The activation energy for the reaction is

equal to cal mol .
(Given : R=2 cal K-' mol™)

20

T

In K
10

001 23 45
Lo
—K)" -
T()
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Hints & Solutions

_1d[X]_1d]y]_d[7]

®) 3 dt -

2 dt dt
dly] 24d[X]
dt 3 dt

=48%x10%molL!S!
1d[A] 1d[B] d[A] 1 d[B

L
1 5x107°

— X

2 10

:%x 72%x1073
3

= =25x10*Ms L.

3.

(¢) According to therate law:-
When [A],=4 [A], and [B],=2 [B],
rate=r1=z=k [4A] [2B]?
=k x4 x4 x[A], [B],=16R.
And when [B] is kept constant, and [A], = x
=rate=r,=2R=2k (0.05) (0.05)
=k (0.10) (0.05)>=k (x) (0.05)?
Thus, x=0.10.
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4.

10.

(© Order=1,k=1.15x10358",C,=10,C,=6

2.303 C 2.303 10

St=—"—Tlog—= —310g—
k C, 1.15x10° 6
—44427=4.4% 10
Thus,x=4.4
(©) r=K[NH,]’=K=yx10*mol L's"!
Now, LlH] _
3 dt

d[H,]

=3r=3yx10*mol L !s!
(¢) Fora given reaction,
ldn, 1dng
T3 dt
dn, 2dng 4dnc
dt 3 dt 3 dt

(b) Thecurve Y shows the exponential increase
in concentration of products with time.

__2dnc
3 dt

rate= —

rate =

(d Stepl:2NO —/—— TN N, O,
Step 2 :N,0, + H, P N,0 +H,0 (slow)
Step 3 : N,O+H, —>N +H, O
As slowest step is the rate determining step.
So, rate of reaction will be given as,
Rate =k, [N,O,] [H,] ..(1)
From the equilibrium step,
[N, O,] =k, [NOJ? .(i1)
Now, substitute equation (ii) in equation (i), we
get
Rate =k, k, [NOJ*[H,]
Since k, k both are constants, putk , k, =k in
the above equatlon rate =k [NO]2 [H ]
(a) From the ratelaw,
mol L_ls_l)
units = 5~ =Lmol s,
(mol L_l)
© - d[A] 1 d[B]

dt 3 dt
(zero order reaction)

From the table, it is found that ; =158
[Aly _ o1 1
2ty 2x15 300
Now, [B],,—[B],= 3k (t,,—t,)
or [B]zo =

(close to option (c))

1:

3 20=2x10" mol L
00

11.

12.

13.

14.

15.

16.

17.

18.

(¢) Therate equation for zero order reaction,
[A],=[A],—kt or, 0.075=0.1-0.003t
or

0.025 25

t=(0.1-0.075)/0.003 = —=="-=833s
0.003 3

(a) Theorder ofreaction is % and molecularity

is2.
(d) Usingthe relation
[A]=[A],(1/2)" [n=number of half-lives]

T=nxt,

H =—"=3
ere, n 5

N’ 1
= 160x(—) =160x—=20
[A] ) xg =208
(b) From slow reaction

Rate=k [A] [B]

2.
@ ¢= $log a

a—x
2. 2.
T tz%loga— 30310g(a—x)
—k
log (a—x)= 2303t+10ga

(d) The unit of rate constant indicates the
order of reaction

(d[A])
=) far

= mol L s //mol> L "=mol! 2 [»!g!
n= 1,l<:s’1;n:2,k:mol’1 Ls;n=3,k=mol"
21241
Reaction 1 : 1st order, Reaction 2 : 2nd
order, Reaction 3 : 3rd order
r,=k[A] r,= 1(2[A]2 = 1(3[A]3
=1 =0.1x 12 =0.01x13
10 _on _ 1 _n
B 10 10 T100 100
= 100r3 = lOr3 = lOOr3
(©) Rate, =k[A]" [B]’”; Rate, = k[2A]" [/2B]™
_Rate,  k[2A]"[%B]™
~Rate;  K[A]"[B]"

_ [2]n [1/2]m: ono-m —Jn-m
(¢) K=12x102s"!; Thisisa 1st order reaction.
Hence, [A]=[A],e™; In[A] =In[A],—kt



19.

20.

21.
22.

23.

24,

25.

oo In[A] vs t is a straight line with negative
slope (k).

(d) 4 depends on order of reaction and unit of
k for 1st order reaction is s

@ 4+B->P
According to rate law expression

Rate = k[A]*[B]® (K is constant) ()
Taking ratio of (1) and (2) entry.

_4x 107 _ [0.041%[0.02]%
2x1072  [0.021%[0.02]*
2=02F = [2]' =2
Orderw.rt [B]=B=1
Taking ratio of (2) and (3) entry,

8x1072  [0.04]*[0.04
4x1072  [0.02]*[0.041%
Order w.r.t [A]

2]=[2]* = a=1=2x10"2 = k[A4]'[B]

2x102  2x1072x10* 100 50
0.02x0.02 4 2

(d) Rate constant is independent of concentration

(¢) Letus consider a reaction,

xX+yY——> aA+bB

rate = [XJ'[Y}

It is given that order ofreaction w.r.t. component

Yis zero.

Hence, rate = [ X]*

i.e., rate becomes independent of the

concentration of Y.

(d) Molecularity is defined as the number of

reacting species taking part in an elementary

reaction.

(b) The order of a reaction can have fractional

value. The order of a reaction can not be written

from balanced equation of a reaction because

its value changes with pressure, temperature and

concentration. It can only be determined

experimentally.

@ The fraction of molecules having equal or

more energy to E_ is obtained from Maxwell-

Boltzmann distribution curve. For complex

molecules, all collisions does not happen in proper

orientation. So, increase in concentration of the

reactant may not increase the rate of reaction for

such complex.

26.

27.

28.

29.

30.

31.

32.

Objective Chemistry

© k=de FalRT

a
=4
I 0000
<. E,=40000 x 2= 80000 cal

B, Ey 10 20
®) T, T, 30 T
s T,=600K=327°C
(d) The temperature dependence of the rate of
a chemical reaction can be explained by

Arrhenius equation, k= 4 ¢Z«/RT
Taking In on both side

lk—lAE“ Ea—lAlk
=hk=lnd--- = 2 -=hd-Ink
(c) for afirst order reaction ;

2.303 a
t= log
K a—x

Now, for 90% completion, a= 100 and a—x
=100-90=10.
2.303 100

=230 0% 33 min
6.93x102 © 10 _3323min

(¢) A — Products

=

=04,
t=tA=1-0.9375=0.0625
A =AM

or, In i =—kt
Ag

— kt=In [i—?]

1 1 2.77

or, k=—In| —|=——
X 0.0625 X
0.693 X
tyy =——=025x =—
5Tk Ty

(d A —— products; Ist order reaction

K= 0.693 _ 0.693 192x10~4s!
ty 60 x 60
2
@ r,=k[A]"andr,=k[2A]"
~ k[A]"=kQ[A]D"

r=r,
o, 2"=1
or, 2"=2°=n=0

It is a zero order reaction.
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33.

34.

3s.

36.

37.

38.

39.

40.

1

d tpxc—

a

1
We know that 7/, < ——
a

ie.n=3
Thus reaction is of 3" order.
(d) Rate of formation of B is

48] =K,[A]-K, [B]=0

dt
K [A
K,[A]=K,[B] = [B] = %
2

(d Rate ofreaction = %
t
Given, [A], ..., =0.50 M; [A]; ., =0.38M
dt =10 min = 600 sec
d[A]=0.12
Rate =212 05 104M s,
600

(¢) Rate of reaction does not remain constant
during the complete reaction because rate
depends upon the concentration of reactants
which decreases with time.

(C) k = A.C_Ea /(RT)
Effective overall energy of activation

1 1
Eq = Ea(2)*Ea(3)+5Ea(1)*§Ea(5)

45.
46.

=60750+%><407%><10=25kJ/m01

(b) Astherate of reaction get doubled for every
10°Crise 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

() r =k [0,][NOJ>. When the volume is

reduced to 1/2, the conc. will double 47.

. New rate =k [20,][2 NOJ*=8 £ [O,][NOJ
The new rate increases to eight times of its initial.
(¢) For zero-order reaction, integrated rate
equation is given as:

k=
t

k = rate constant

where, [R] = initial concentration and [R] = 49,

concentration at time (f)

When, =1, , ,then [R] =

[Ro]
2

[Ro] - l[Ro] S0.

Thus, k= 2
Y
Hence, option (c) is the correct answer.

41.

42.

43.

44.

[Ro]—[R] 48.

(@ When initial concentration of A is kept
constant and that of B is changed (tripled), the
rate of the reaction increases by 9 times.

Thus, the order of the reaction will be o with
respect to B.

When the concentration of B is kept constant
and that of A is increased by 3 times, the rate of
the reaction increases by 3 times too.

Thus, the order of the reaction is 1 with respect
to A.

(@ Threshold energy = Activation energy +
energy possessed by reacting species
75=E,+20 or, E,=75-20=55kJ/mol

() The equation for the corresponding graph
is -

InK = Ea+1nA
T TRT

a

where —% is the slope and In A is the

y-intercept.

Ea
= Slope=-—4x10*K = R

= E,=4x10*xR =4x10*x83
=332000J=332klJ.

() When E, =0, rate constant is independent

of temperature.

(d) The definition of threshold energy.

b k- o Ea/RT

Ink=InA-E /RT

Forln £ Vs 1/T

In 4 = intercept — E /R = slope =2 x 10*K

- E,=83%2x10¢ Tmol!

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

(¢) Rate=k[A][B]=R

R'=Kk[A][2B]

R _ Kk[A][B] _ k[A][B]

R’ Kk[A][2B] 2k[A][B]

=2R=R' i.e., rate become doubles.

(@ If on increasing concentration, rate of
reaction decreases then the order of reaction will
be negative.

(¢) The rate constant doubles for 10° C rise in
temperature.

For 20° C rise, the rate constant will be 4 times
Sk =4k, ork,=0.25k,

() Correct formula for calculation of E  is

L
k, ~ 2303R| T|T,




51.

52.

53.

54.

5S.

56.
57.

58.

59.

(b) k= Ae—Ea/RT
T — o, k=A
(d) Itisasecond order reaction, first order both
wrt S0 and I".
" r=k[S,01[I]
All other options are of first order reaction.
© [A] =[A]-kt=1-0.001x10x60=0.4M

[B]t =0.001x10x60=0.6 M
(¢) For I order reaction

(L2303 Ay 0693

T "%02q, MO N2TTY

L0693 0693 2303 1

T 200 T 200 Y
2303 1

=22 200log— — ~

= 503 855 =466.675 ~ 467 sec

(a) e Fa/RT 10739 =1073;
E,=2.303x2x300 x5 cal

=6.91 k cal mol™!

(b) Plot given is for zero order reaction.

E -
@) 1ogk—2:—a LN
k, 2303R| T; T,

N [4_,;)_ E, [700—600]
*Ux ) 7 2:303(8:314) L 700 x 600

E, 4
0.602 = (2.38><10 )
19.147

= E, =485483J=48.54kIH”48.16kl.
(d) For zero order reaction,

[A]=[A,] -kt ...0)

_ _ [Al] .
When t=1,,, [A]= — ...(10)
t=172

Slope :Zl_k
AT
From egs. (i) and (ii)
[A] [A]
5 [Agl =Kty =1, = 2%

Plot of #, , versus [A] will be straight line.

(a) Assertion is correct as for every 10 °C rise in
temperature, the specific rate constant, £ nearly
doubles. (Although it is not correct for all
reactions.

60.

61.

62.
63.

64.

65.

66.

67.

Objective Chemistry

@
(Al

slope = -K

[A]

time—»

A — product

Rate constant =k

K=—slope — (-3 x1073)=3 x 1073,
(@ The overall order of the reaction is =
1 3 4
— 4 —=—=
2 2 2
Given rate expression is for second order
reaction.

(¢) The slowest step determines the rate.
(d) Fromrate law

| 1dSO, _ dO, _ 1dSO;

2

2 dt a2 dt
880, __, dO,
dt dt

=_2x25x10%=-5x10%*mol L 's”!
() Rate of disappearance of reactant = Rate of
appearance of products

_1d[N,05] _1d[NO,]
2 dt 4 dt

1 1
Ek[NZOS] = Zk’ [NzOs]

k_K.

S= gk =2k

(¢) It is bimolecular first order reaction since
Rate oc [N,O]

(¢) Rate=k[A]" comparing units

(mol /L) k(mol

n
—j =k=mol(-" LO-D ¢!
L

Sec
@ E, =58

Energy

Reaction Co-ordinate
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68.
69.

70.

71.

72.

73.

74.

75.

®) [R]=[Rp]-k

(d) Since all have same concentration of
reactants, all would react at same time.

(¢) Rate ofreaction

Rate of disappearance / appearance
a Stoichiometric coefficient

YAl 1d[B]_, 6
dt 2 dt

__14[B] 5.2><10‘2:—M
2 dt dt

(a) Plotsofconc.[A] Vstime,t

Zero 1 First
T order — order
=
[4] o0
K3

t—> [ 4
1 1
T Second 2 Third
A A
14 order (4] order
[ 4 t—>

d After every 30 minutes the amount is

reduced to E therefore ¢, ,is 30 minutes. In 90

. | . T
minutes the amount is reduced to gl.e.—n . Here
2

n=3. True for 1st order reaction.

(d) InArrhenius equation k= Ae Ea /RT, E s
the energy of activation, which is required by
the colliding molecules to react resulting in the
formation of products.

(¢) A reaction cannot happen without the
involvement of the molecule ¢, , for 1st order
reaction is independent of concentration of the
reactant. Proper orientation during collision
leads to the effective collision resulting into
product.

(©  k=12x10"e200/RT ge

25000 1
T

o1 or

log k=log 1.2 x 10 -

N

uT
25000

Equation of straight line slope = R

76.

77.

78.

80.

81.

82.

83.

B57
(d Forazero order reaction

[R]p —[R]
t

Rate constant =k =

[R]y—0.5
25
a—-0.5=0.5;[R];=1.0M
(b) According to Arrhenius equation,
= Ae-EalRT
sowhenE =0,k=4
Also Ink vs 1/T is a straight line with slope=—
E/R.
.. Statements (ii) and (v) are correct.

@ = %log a

2x1072=

a—x

= wlogﬁ =0.384min.
6 0.05

© & —@ further

2. 303 100
0.693 693 100-99.9

2.303x45x%3 1
=————=7—hours,
0.693 2

0.693  0.693
© hn= T 00693

Reactant after 10 min = 5 mol

log

=10 min

dx
Rate (dtj =k[A]=0.0693 x 5 molmin~!

2303, 100
(Y tono, = 1
© foor == g 555 @

100
lo (Y]

£100-50
log10

log?2

2.303
I50% = i

loov, _

Dividing =~
150%

t90% = 3.3t50%
(a) Effective collision is the deciding factor for
complex reactions.

0.693

0.693 693

®) k(300) 20 k2(320): 5




84.

8s.
86.
87.

88.

89.

90.

91.

B58

2303 RTT k
a =St 2126022
(T,-Ty) k

2.303%x8.314
_Z200X0 IR 300x320 log 4 =
30x1000  <300x320 log 4 =55.14 ki/mol
E
3 1071

(©) e RT =38x—

100
L T
RT

E, =100 kJ/mol

(¢) Thereare 5 tens hence (2)°=32.

(@) E,(FR)=E,(BR.)E_can be calculated.
(b) 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.

ky Ae Fn/RT (E,
© T o ©

k| Ae Fal/RT
=E

Ea1 a

i

k
2.303log—2 =
kq RT

_(83314-75)x10° _,
8.314x 500

2
logk, 303 0.868
Taking Antilog; k,=7.38
(d) Given[A]=0.01M
Rate=2.0x 105 mol L' s7!
For a first order reaction
Rate = k[A]

~2.0x107°

[0.01]

0.693 ”
t,= 3 =347sec
1127 51073
(b) For a first order reaction, A — Products
r 1.5x1072

r=k[A] or k=mz>k=

Further, £, = 0.693 _ 0.693

k  3x1072
®) A — B Fora first order reaction
Given a=0.8 mol, (a—x)=0.8—0.6=0.2

=2x 107

=3x1072

=231

92.

93.

94.

95.

96.

97.

Objective Chemistry

2303, 0.8
=22 o —= =
| og 02 or k=2.303 log4
againa=0.9, a-—x=09-0.675=0.225
2. .
o 303 log 0.9
t 0.225

2.303
t
Hence =1 hour

(@ Rate oc «/Concentration

k

2.303log4 = log 4

=k +/Concentration
Rate
k= ENT)
(Concentration)
_ 4x10%  ax107®
4x107HY2  2x1072

=2x10"*mol2 L1251

(d) For the first order reaction for small finite
change

L L AAL ALA)LA)
NI Y,
=0.015 min!

0.693

127 0 015 min !
(@ r=K[A]'[B]!
0.1=K(20)! (0.5)!
0.40=K(x)' (0.5)"
0.80 =K(40)! (y)!
From (i) and (ii)
x=80
From (i) and (iii)
y=2
@ A — Bl + C@
P, 0 0

i

=1.5% min™!

=46.2 min =~ 46 min

()
.. (i)
...(iif)

P, —x X X
P =P, +x
P.—x=P,—P +P,=2P,—P
2303 P,

lo !
¢ S2p_p

t

k

0.693 .
b t,=——=2100s=35min

k
lrsy, = 28, , =2 % 35=T70 min
(d) The activation energy of reverse reaction
will depend upon whether the forward reaction

is exothermic or endothermic.
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98.

99.

100.

101.

102.

103.

As AH = E (forward reaction) — £ (backward

reaction)

For exothermic reaction

AH=—-ve

s —AH=E (H—E (b)

or £ ()= E (b)-AH; E ()< E (b)

for endothermic reaction

AH=+ve

s AH=E (H—E (b) or E ()= AH+ E (b)
E (£)> E (b).

(a) Forazero order reaction

G
1/2 2k

ty5 o (Pp)' "
®)'" (ijz(ﬂjl‘“
oot 12/ oo

1l—n
= 2:(5) S = (2!

= n-1=1 = n=2
(a) Arrhenius equation is given by
k= Ao Ea/RT

(b)

tiph _
(t1/2)2

Taking log on both sides, we get

logk=1logA—
ogh=log A= o ky
1
Arrhenius plot a graph between log k£ and T
whose slope is 73 03R
(a) k= 0693 _0693 _; 4ax1073s!
ti2

@ A,+B,——>2AB;
Ay, ——> A+ A (Fast);

A+By, ——>AB+B (Slow)
Rate law = 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:E
2 2

(b) Activation energy of reactant is less than
the energy of activation of products.

104.

105.
106.

107.

108.

109.

110.

111. ()

112.

(@ Exothermic because of activation energy
E,>E,

k== ;ky =—1In
e R R,

(© Givent,,=3
Total time T =12

1 02 1 0.2

—:k; =k,.
005 1 2

2 n
No. ofhalflives (n)= — —4:(;) :Ni

(]
Nt 3 31
‘ (zj TNTN 16 N

(¢) For the exothermic reaction the energy of
products is always less than the reactants. ITE,
is the energy of activation for the forward
reaction, the energy of activation for backward

reaction is £+ AH

(b) AH=E,(f)-E,(b)

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

Ifreaction is exothermic,

AH =-ve, E, (b)> E,(f)
Ifreaction is endothermic,
AH =+ve E,(b)<E,(f)

(¢) We know that the activation energy of
chemical reaction is given by formula

_kh__E, |1
ky  2303R| TiT,

constant at temperature 7, and k, is the rate

constant at temperature T, and E, is the

activation energy. Therefore activation energy

of chemical reaction is determined by evaluating

rate constant at two different temperatures.

@ A ——>B,AH=-10kJmol™!

It is an exothermic reaction.

(AH)
—§6 (a(f)()) 60kJ

(t2)y ()"
itl/z jz kazJ

G- ==

(c) Activation energy can be calculated from
the equation.

48 ¢

} , where k| is the rate

=>n=2



113. (0

114. (©)

B60

log K, -E, [1 1J

logK, 2303R\T, T,

log Ky 5 1,-308K 7, =208 K
log K

Given

_ L(L_Lj
2303x8.314(308 298
E,=52.9 kJ mol !

2.303
hia=—"—

log2

0 0
532" &k %3
(log 4—1log3) = %(210g2—10g3)

12303 4

2303
k

= —2'103 (2x0.301-0.4771) = —0']39

1 .
Ny o« ——— Where n is the order of
(p)

reaction

() e bl
2 oo/ 2702

n—-1=1;n=2
115. (b) Given: 75% reaction gets completed in 32
min

2.
Thus, k= ﬂlog a
t (a—x)

100
og
(100 —75)

_ 2303,

32
= %log 4 =0.0433 min"!

Now we can use this value of & to get the value
of time required for 50% completion of reaction

2.303 a 2.303 100
k (a—x) 0.0433 50
- 2303 log2 =16min
0.0433

116. d A+2B——C

1 mole of A reacts with 2 moles of B to give 1 mol
of C.
.. 5moles of Awould react with 10 moles of B to
give S moles of C.
But, only 8 moles of B are available
.. Bactsas a limiting reagent.
2 moles of B gives 1 mole of C
8 moles of Bwill give 1/2 x 8 =4 moles of C.

117.

118.

119.
120.

121.

122.

Objective Chemistry

, E, |11

®) logy == T T,

k;, 2303R|T, T,

E 1 1
log(2) = zo 2t
2.303x8.314[ 300 310

_ Fa (0.0001075)
19.15

= E_=53441.86 Jmol !

=53.442 kJ mol '~ 53.33 kJ mol !
(d Energyprofile diagram indicate the kinetic
and thermodynamic feasibility of reaction.

() AH= E,(f)-E,(b) =0
(b) According to Arrhenius equation

ogfeo Lo (1 1)
LT1 )

ki 2.303R

-3
log 1:3%10 E, [ 11 }

13x10% 2303x8314|373 423

i B 1]
2.303x8.314|373 423

E, =60 kJ/mol

(1) Rate=k[NOJ*[H,}

7x107=kx (8 x 10%)*(8 x 105y ..(1)

2.1x108=kx (24 x 103 (8 x 1073y  ..(ii)

Now dividing equation (i) by equation (ii):

X
7x107 _[ §x107 J
2.1x1078 (24x107°

-5
—=|=] =>x=1
3 \3

(3) General form of rate law,
Rate () = K[NOJ[CL,}’

Using for all 3 exp.

(r)0.18 =k[0.10]*[0.10}
(,) 0.35=£k[0.10]*[0.20}
(;) 1.40=k[0.20][0.20}
From reaction (i) and (ii),

N (i)
. (iii)

0.18 _[0.10] [0.10}
0.35  [0.107* [0.20)”
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1 _
0.18 (1Y (Y From the graph, SEa =—18.5
0.35 \2 2 2 10°x R

— = E =153.735=154kJ/mol
Order.w.r.t... [Clz]_“),} ! 127. (45) AH = Energy of products — Energy of
From reaction (ii) and (iii),

reactants
0.35 _ [0.107° [0.20)” |ZI§|;(42541;;/2;115 ST
X
140 [0.207° [0.20}” 128. (75)A T00K(K) | product
_, 035 :(ljx N (1)2 :(ljx A % Product
140 A2 2/ N2 Givenik, =k,

Order w.r.t. [NO], x=2
E E

Now, 7 =A[NOJ’[CL,]! M _ N
’ Ae RTi= Ae RT2

Overall order of reaction=2+1=3

123. 27) 2A+B,—2AB Eq _Eq
L T

Rate of reaction is r = k .[A]Z[Bz]

The conc. of A and B, will become 3 times as the Given, E,, =E, =30 =E, =E,, +30

volume of reaction vessel is reduced by a factor

of 3 and hence, the rate becomes 32 x 3 =27 Eq, +30 _ Eqy

times of initial rate. 700 500
124. (2) When initial pressure of NO increases by

a factor of 2 (2 x 20.1 ~ 40) then initial rate 129, (1) ln(k_2] :§(i_ij

increases by a factor of 4 (4 x 0.033 ~ 0.135). k) R\ L,

Therefore, order of reaction wir.t. NO=2.

=E,, =75kl /mol

125. (60) In ky :532611X( 10 )
2.303 100 I 8.3 310x300
= k IOg[loo_x%} where k,isat 310 K & k, is at 300 K
2.303 100 ky
t750, = ——log| — | =90 Inf —=|=69=3xIn10
T g[zs} (li
2.303 100 k
f60% = —102[—} In=% =1n10°
k 40 ki
t75%, _ 2log2 N 90 _2x03 k2=k1j;5 ImOT3 = k,=k,x103.Sox=1
t60% 10g25 t60% 04 130. (s)k:Ae a )
Taking In both sides;
90 x 4
o = = in. -E
= Teo% 60 min Ink=—2+IA
RT
126. (154) Ink=1nA - #XW y=mx+c
10°RT o E, 20
ope= — =——
B 108 E R 5
BRI g E, = 4R =8 cal/mol



