Number of paiis of molecules:

‘8:1° INTRODUCTION

Thermodynamics deals with the feasibility of a chemical change.
The free energy change, AG, of a reaction helps us to understand
whether the reaction will occur or not. Even though there may be
decrease in free energy but reactants do not always form the
_products instantaneously and actual rate of the reaction may vary
from extremely slow to very fast. Thermodynamics is concerned
only with initial and final states of reacting systems but offers no
explanation about the various stages through which the reactants
pass to reach the final state. This leads to following questions
concerning chemical changes.

(i) How fast do the chemical reactions go?

(i) How can the speed of the reaction change?

(iii) What intermediate steps, the reactants follow to reach the
final state of products, i.e., the mechanism of the reaction.

The branch of physical chemistry which deals with the rate at
which the chemical reactions occur, the mechanism by which the
chemical reactions take place and the influence of various factors
such as concentration, temperature, pressure, catalyst, etc., on the
reaction rates, is called the chemical kinetics.

Different chemical reactions occur at different rates. On the
basis of rates, the chemical reactions are broadly divided into
three categories:

{a) Very fast or instantaneous reactions: These reactions
are so fast that they occur as soon as the reactants are brought
together. Generally, these reactions involve ionic species and thus
known as ionic reactions. These reactions take about 107 to

107" scconds for completion. It is almost impossible to

determine the rates of these reactions. Some such examples are:

(i) Precipitation of AgCl when solutions of silver nitrate and
sodium chloride are mixed.

AgNO; + NaCl — AgCl + NaNO,

(i) Precipitation of BaSO, when solunons of barium chloride
and sulphuric acid are mixed.

BaCl, + H,S0, —> BaSO, + 2HCl

(iil) Neutralisation of an acid with a base when their aqueous
solutions are mixed.
HCl + NaOH ——- NaCl +H,0
Acid Base
(b) Very slow reactions: There are certain reactions which
are extremely slow. They may take months together to.show any
measurable change at room temperature. It is also difficult to
study the kinetics of such reactions.
Some examples are:
(i) Reaction between hydrogen and oxygen at room
temperature.
Room temperature

2H, +0, 2H,0 (Very slow reaction)

(ii) Reaction of atmospheric H, S on basic lead acetate.
Atmospheric
———> Blackening

White basic lead acetate paint
: H,8

of paint occurs very slowly
{due to formation of PbS.)
(ii) Reaction between carbon and oxygen.

Room temperature
C+0, ——— CO,

Carbon and oxygen are thermodynamically less stable than
CO, at 298 K, yet coke does not spontaneously catch fire in air
and remains unreacted even for years.

(iv) Reaction between carbon monoxide and hydrogen.

Room temperature

CO+2H, CH,OH

The reaction is thermodynamically feasible at 298 K but in
actual practice the reaction proceeds infinitesimally slowly:

{v) Rusting of iron occurs very slowly.

{¢) Moderate reactions: Between the above two extremes,
there are a number of reactions which take place at moderate and
measurable rates at room temperature and it is these reactions
which are studied in chemical kinetics. Mostly these reactions are
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molecular in nature. Some common examples of such type are
given below:

(i) Decomposition of hydrogen peroxide.
2H,0, — 2H,0+ 0,
(i)) Decomposition of nitrogen pentoxide.
2N,04 — 2N,0, + O,
(iii) Hydrolysis of an ester.
CH,COOC,H; + NaOH —> CH3COONa + CZI-150H

Ester Sodium acetate
(iv) Inversion of cane sugar in aqueous solution.
CiHp Oy + H0—— C¢H,;,04 + C4H,504

Cane sugar Glucose Fructose
(¥) Reaction between nitrogen dioxide and carbon monoxide.
NO, + CO—— NO+ CO, )
(vi) Reaction between ferric chloride and stannous chloride.
2FeCl,(ag) + SnCl, (aq.) —> 2FeCl,(aq.) + SnCl,(aq.)

(vii) Decolourisation of acidified potassium permanganate
with sodium oxalate.

(viii) Reaction between nitric oxide and chlorine.
NO+Cl, —NOCl,

The chemical reactions can be slowed down or speeded up by
changing conditions under which they occur. For example, very
slow reaction, CO + 2H, —> CH;OH , can be speeded up by
maintaining temperature around 400°C, pressure about 300
atmospheres and using a catalyst containing ZnO and Cr, O,. The
decay of food articles can be slowed down by preserving them in
refrigerators. There are two principal reasons for studying
chemical kinetics. ‘

() To predict the rate of a particular reaction under
specified conditions: The conditions can be adjusted to make
the reaction to go at a desired rate, either rapidly or slowly or
moderately. The field of chemical kinetics is useful in industry as
the conditions for maximum yields of industrial products can be
ascertained. »

(ii) To predict the mechanism of the reaction: The
intelligent guess regarding various eclementary processes
responsible for the formation of products can be made which
should be consistent with experimental data.

8.2 RATE OF REACTION (Average and
Instantaneous Rate)

We are all familiar with processes in which something changes
with time. Rate is usually expressed as the ratio of the amount of
change in some quantity to the time required to produce that
change.

Change in some quantity _AX
Rate =

Tlme taken for the change At

The term AX means X fnal — X initiy and At is the amount of
time elapsed. For example, a car driver starts his journey at 9.0
a.m. with odometer reading x miles. At 11.0 a.m. he reaches his

destination. The odometer reading at destination is y mxles The*

rate of his travel can be calculated as: V v
Rate = Adistance) _ distance -, — distance,,
A(time) time 7, — time
=272 =27 % mileshr!
11.0-90 2

The above example indicates that the car has been driven with
uniform rate but actually it has been driven sometimes faster and
sometimes slower depending upon the conditions of the road.
Thus, the overall rate is an average rate and the rate at which the
car was moving at any instant, ie., instantaneous rate was
changeable. '

The rate measured over a long time interval is called
average rate and the rate measured for an infinitesimally
small time interval is called instantaneous rate.

In a chemical change, reactants and products are involved. As
the chemical reaction proceeds, the concentration of the reactants- -
decreases, i.e., reactants are consumed and the concentration of
products increases, i.e., products are produced. The rate of °
reaction (average rate) is defined as the change of .
concentration of any one of its reactants (or products) per
unit time.

Average rate of reaction,

_ Change of concentration of one of the reactants or products

Time taken for the change
Consider a common hypothetical reaction,
A-—>B

The average rate of reaction may be expressed either in terms™ :
of decrease in concentration of A4 (reactants) or in terms of
increase in concentration of B (product).

Decrease in concentration of 4
Time taken

Average rate of reaction =

Increase in concentration of B

or Average rate of reaction = -
Time taken"

The concentrations of reactants or products are expressed as
number of moles per litte. The symbol for the molar
concentration consists of the formula of the substance enclosed in
bracket. The symbol [4] stands for the molar concentration of 4.
The symbol A[4], therefore, stands for the change in molar
concentration of 4.

The rate of decrease or increase in the concentratlon of
reactants or products may also be expressed in terms of change in
their concentration during the time interval, At, as:

Average rate of reaction = _'A_E?
or . Average rate of reaction = + 5’]

{A negative sign placed before a reaction rate symbol signifies
a decrease in concentration of the reactant with increase of time
and' a positive sign before the rate symbol signifies that the
concentration of the product increases with increase in time. The
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cencentratlon change may be posmve or negatwe but the rate of
reaction is. always positive. The minus. sign is. always written
when reqmred but the plus sign is usually not mentioned.) -

Figure 8.1 shows the change of concentrations of reactant (A) c

and product (B as the chemical reaction 4 — B progresses with

time, Let [A], and [A],z be the concentratlons of A at time. '

4 and Ly, respectxvely - .
&M=thuhj

and A= = .
‘ __ A4 4], (4],
" At -ty

Over the same time interval ¢, to ¢,, the concentration of B
changes from[B] iy W0[Bl,.

. _ABY_ [BL2 [BL1
VA Ch—h

Since, one mole of 4 produces one mole of B, the rate of
decrease in concentration of 4 should be equal to the rate of
increase in concentration of B. Thus,

Tav "';w
_A[4] _A[B]
At At

Reaction rate has' the units of concentration or “molarity

divided by time. Therefore; the units of rate of reactlon may be
expressed as:

mole/litre sec (mol L s")

o mole/litre min (mol L mm )
or mole/litre hour (mol LThh
or mole/litre day (mol L d")
or ) mole/litre year (mol L™ y™')

G.R.B. PHYSICAL CHEMISTRY Fon QQMPETITIONS

::::::8 |SOME SoLVED EXAMPLES\ §885:: .

"Example 1. In a reaction, the concentration of a reactam :
(A) changes from 0.200 mol litre™ 10 0. 150 mol litre™ in 10

minutes. What is the average rate of reaction durmg this
interval? : -

Solution: A*[A] =[Algna = [ALinitiai
=[0.150 - 0.200] = - 0.050 mol litre ™"

At =10 minutes

Average rate of r'eaction _~A[4] _ ~[-0.050]
' Y 10
0 050 .

o - 0.005 mol htre min'

Expressmn of Rate
Consider the following reaction between CO and NOz
CO+NO, —> CO, +NO

The equation shows that when one mole of CO reacts with one
mole of NO,, one mole each of CO, and NO are formed: The
average rate of reaction can be expressed either by decrease of
concentration of any one of the reactants (CO or NO,) or by the

increase in concentration of any one of the products (C02 or
NOY: o —

Thus,” -,A[CO] A[NQZ] A[CO?_] A[NO]

At - At At A
However, for the reaction, ~ '
' 2H,0, ———-)2H20+ 0,

it is observed that when 2 moles. of H,0, decompose, one.
mole of 02 is formed in the same time interval. The rate of
increase in the concentration of O,, therefore, is half that of the
disappearance of the concentration of H,0, in the same time
interval;

~So,

,"A{()z] __1AH0,]
« A2 M
In general, fora reaction,

mA+nB——asmC+mbD
the rate expressmn may be expressed as; B
1 A[D]

_ LAl 1 ABL_ 1 ACT_
n _Xt—_ n, At u;:: At _mz At
Thus, for the reaction,
. H, +1, = 2HI
. the rate may be expressed as: ‘
AH,] . A[l,]_1A[HI]

At At 2 Af

Note : In case of gascous reaction, pressure may be taken in place of concentration. Thus, rate will have the unit of atm sec™' or atm min ™",

PV =nRT  or P=[§]RT or
AIPL_alC]

At At

P=CRT

“RT or

Rate in [atm/sec] = Rate in [molarity/sec] X RT
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Similarly, for the decomposmon of N205 in CC14 medium,
the rate may be expressed as:

2N,0O5 — 4NO, + O,
_LAIN,Os] _1'AINO,} _ A[O,]
2 A 4 M At

Example 2. Decompos;twn of N,Os is expressed by the
eguation,

N,05 —> 2N02 + 140,

If during a certain time interval, the rate of decompasition of
N,O; is 1.8x.107* mol litre™ min™", what will be the rates of
Jormation of NO, and O, during the same interval? -

Solution: The rate expression for the decomposition of N, O; is

_AIN,05] _ 1 AINO,] _ 5. Al0;]
At 2 Ar A
So, ANO]_, AMNOs]_ 518107
A At
=3.6 x10~> mol litre™" min ™!
and 2Ol _TAMNO51 1,0, 1073
At 2 At 2 ,
=0.9 %107 mol litre™" min~"
(Rate is always positive and hence _él%o_s_] is taken

positive.)

Instantaneous Rate

‘In chemical kinetics, the rate at any particular instant, ie.,
instantaneous rate rather than the average rate over a time interval
has much more practical application and importance. It is defined
as the rate of change of concentration of any one of the
reactants or products over a very small interval of time.

If we take infinitesimal small inferval of time dt, it may be
assumed that the rate is uniform through this interval; then if dxis
amount of substance 4 transformed to B during this interval, the

. . — dx
rate of reaction at that instant is given as — d—t .

[In diffefential calculus, when Ar Becomes very small and

approaches zero, the ratio Az[;:] may be 'replaceé by the
derivative, M ,Le,
dt ‘
o = i, - 101
A0 Af dt

On the other hand, if the rate of reaction is expressed in terms
of the concentration of any of the products which goes on

increasing, then rate of reaction at particular instant = % .
In general, for a reaction,
mA +nzB———)m1C+sz
The instantaneous rate may be expressed as:
1d[4]__ 14d[B]_14IC] _
dt . dt

1 d[D]
dt

ny m m;

Experimental Determmat:on of Instantaneous Rate of
Reactlon

" In order to determine changes in concentration of reactants or
products, it is customary to take small portions of the reaction
mixture at suitable intervals of time and freeze them rapidly to
about 0°C as to stop the reaction. The concentration is then
measured with the help of a suitable method. In several cases,
concentration changes are measured by observing changes in
certain physical properties which are proportional to it such as
optical densities, electrical conductivity, optical rotation, etc. A
curve is plotted between concentration and time. A tangent is
drawn to the curve at the point corresponding to time interval ‘£,
The slope of this tangent gives the instantaneous rate of reaction.

" This is shown in Fig. 8.2 (a).

Instantaneous rate of reaction = Slope of curve
Intercept along ordinate Ay

- Intercept along abscissa A
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Since, the concentrations of the reactants keep on decreasing .

with time, the rate of reaction correspondingly decreases with
time. Thus, the rate of reaction will depend on the stage

considered during progress of the reaction. The rate of reaction is -

maximum at the -initial stage and decreases with time.
Theoretically, infinite time would be required for a reaction to
complete. But the reaction rate becomes so slow after a certain
time that for all practncal purposes, the reaction can be considered
to be completed It is evident from Fig. 8.2 (b) that the rate of
reaction is varying from moment to moment.

: T
o

E o
5 g
g &
5 3
g g
5 T
O

Time —
Fig. 8.2(a) Determination  Fig. 8.2(b) Variation of rate-

.of rate of reaction
Reaction Life Time

It is defined as the time taken by a reaction to proceed to 98%
of completion. The shorter the life time, the faster the reaction.
Reaction life times are used to compare the various reactions.
Reactions are also compared with half life periods. The half life
period is defined as the time during which the concentration of a
reactant is reduced to one-half of its initial value or the time in

which half of the reaction is completed. It is generally denoted by

t,;,. The shorter the half life period, the faster is the reaction.

Example 3. For each of the following reactions express
the given rate of change of concentration of the reactant or
product in terms of the rate of change of concentration of other
reactants or products in that reaction :
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(a) HyOy +2H* +31 ~ — 1, +2H,0; —-d[; ]=?;
. ,
_ﬂ_}{_].z?
dt : ,
(0) 16H * +2MnO; +10I ~ —— 2Mn** + 8H,0+ 51,;
_ MmO, ] _,
Code ,
(¢) ANH, + 50, — 4NO, + 6H,0 ; _4INHs]_,

-dt

Solution: We have,

() H,0, +2H* +31" —1; +2H,0

The equality in this case is: ,

_dH,0,]__1d[H']__1d07]_dl;]_ 1 dH,0]
3 dt a 2 a

dt 2 dt
_dIT]_,dH,0,]_ 3d[H']_,dIT3]_3dIH,0]

So, =
dt dt 2 dt d 2 dt
ond - T, dH,0,] _ 24dl17] ) dII;]_ d[H,0]
dt dt 3 4. dt dt
(b) 16H* + 2MnO; +10I" — 2Mn** +8H,0+5I,
The equality in this case-is:
_1dH']_ 1dMnO;]_ 1dlI]
16 d 2 da 10 dt .
_ 1dMn**]_1d[H,0] 1dII,]
T2 A& 8 & 5 a
SO,_d[Mnog]b_l,d[H*]:_i dil 1
dt 8 dt 5 dt
_diMn™] _1d[H,0] 2d[1,]
T4 4 & 5 dr

(c) 4NH, +50, — 4NO, + 6H,0

The equality in this case is:

_1dINH;]_ 1d[0,] _ 1dINO,] _1d[H,0]
4 dt 5 d& 4 dt 6 dt
_dINH;] __4d[0,]_dINO,] _ 2 d[H,0]

d S d  d& 3 ar

- ='Example 4. . The following reaction was carried out in
water: ‘

So,

Ch+2" — 1, +2C1~
The initial concentration of I~ was 0.25mol L' and the
concentration after |0minutes 0.23mol L' . Calculate the rate of
disappearance of I ~ and appearance of I,. L
Solution: A[I" ]=[1" lgua — [ Linigas
~ =023-025=-0.02mol L™
At=10-0=10min
_ADT]  (=002)
YA

=0.002mol L' min "’

Rate of appearance of I, = = — el =
ppe T2 m 2

=0.001mol L™ min~'

=1x10"2 mol L™ min~!

~““Example 5. The reaction between Cr,02~ and HNO, in an
acidic medium is:
CrO¥ +5H* +3HNO, —2Cr > +3NO; +4H,0
The rate of disappearance of Cr20§” is found to be
24 %107 mol L' 57 during a measured time interval. Find the

rate of disappearance of HNO, and the rate of appearance of
Cr** during this time interval.

Solution: The equality in this case is:
_AICr,077] 1 A[HNO,] _ 1 A[Cr™]
At 3 A 2 A

It is given that,

LACR07 T 4107 mot L 7!

At
So, - ﬂH—;})ﬂ =3%24x10% =72x10™* mol L™ 5”'
3+

and A[CA‘; ] 2x24x10* =48% 107 mol L 5~

HUKSTRATIONS OF OBJECTIVE QUESTIONS

1. For the reaction, 2N,05 —— 4NOQ, + O, rate of reaction is:
' " (AIIMS 2006)-

1 d d
(a) 357 IN,O5] (b) 2 m IN,Oq1

. 1d
¢) ——([N
© 4 dt[ 0.1
[Ans. (c)]
[Hint: For the reaction:
2N,05 — 4NO, + O, ;
_LdANO1_ | 1 dINOy]_dI0,] oo
2 a 4 dt dt
2. Observe the following reaction:

A(g)+3B(g)—> 2(g)
The rate of this reaction {j—{—fﬂ

d
(d) 4 % [NO, ]

is 3% 107> mol litre™!

min~', What is the yalue of :%gl in mol litre ™ min™!?
(EAMCET 2006)
(@) 3x 107 (b)) 9x 107 (o) 107 (@ 1.5%x107

[Ans. (b)]
mine; 44l _1dB]

dt 3 dt

—dB]_ 3{——_‘1[‘4]} =3x3x10°
dt . dt

=9% 10 mol litre” min™']
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3. For the reaction, 24 + B —> 3C + D, which of the
fellowmg does not express the reaction rate?

.~ |CBSE (Med.) 2006]
d[C] —d[B] d[[)] d[A]
b
(a) 3 dr (b @ © @  di
[Ans. (2)] ; - v
(Hint: - A1 —AB]_ ] d[C]_ ap]_ - Rae]
2 a dt 3 a dt
4. Consxder the reacuon Ng(g) +3H2(g)——>2NH3(g} The
[NH3] _ d[Hz]
B T S
) L . [CBSE (Med.) 2006] _
® d[NH31 1 d[H'z‘]vw ®) + 4[NH3] .2 d[Hz]. |
() L IINH;]_ 3] @ [NHa] d[sz]‘ )
S dt 2 dt dr
[Ans. " ()] S o o
[Hint: _ldm,]_ 1 d[NHa]]
: 3 dt 2 at

5. For a reactlon ;A — 2B rate of dlsappearance of A is

related to the rate of appearance of B by the expression:

. (AIEEE 2008)
~d[A4] d {B] ~d{A] 1d[B]
——=4— ) e =

@2 dr O
~di41 1 -
@=dl1_1diB] o -did]_ dIB]
dt 4 d dt dt
[Ans. ©)) '
[Hint: The reaction may be given as
A—> 4B
—d[4]_ +,'l 4(B]_ Rate of reaction.]
dt 4 dt

6. In a reaction of acidified hydrogen peroxide with potassium
1od1de the concentratton of iodine formed rises from 0 to
1075 mol dm™ in 10 seconds. What is the rate of reaction ?

C A [PET (Raj.) 2008]

(b) 10° mol dm™3s~!

(d)10* mol dm™3s™!

(2) 10™ ¢ mol dm™%s™!
©107° mol dm”™ 37!

[Ans. (a)]
[Hint: The reactlon is
2T + H,0, + 2H" — 12 + 2H,0
5 ‘
. Rate = + a1 1(1)0 =10"% mol dm™ %~ ]

83 LAWOF MASS ACTION
(Guldberg and Waage, 1864)

This law relates rate of reaction with active mass or molar
concentration of reactants.

“At a given temperature, the rate of a reaction at a
particular instant is proportional to the product of the active
masses of the reactants at that instant raised to powers which
are numerically equal to the numbers of their respective
molecules in the stolcluometrlc equation describing the
reactlon-.

Active mass = molar concentration of the substance - ‘
_ number of gram moles of the substance

volume in litres
wiM n

vV vV
where, w == mass of substance and ‘M’ is the molecular mass in

 gram, ‘n’ is the number of gram moles and ¥ is volume in litre.
"' _Example6. 4 g of hydrogen and 128 g of hydrogen iodide

are present in a 2litre flask. What are their active masses?
Selutien: Mass of hydrogen =4 ¢
Mol. mass of hydrogen =2

Volume of the flask = 2 litre

Active mass of hydrogen = 4 _ 1mol L™
‘ 2x2

Massof HI=128¢
Mol. mass of HI =128
Volume of the flask = 2 litre

Active mass of hydrogen iodide = 128
. 128x 2

=0.5mol L™

‘84 RATE CONSTANT

Consider a simple reaction 4 — B.

If C, is the molar concentration or active mass of 4 at a
particular instant, then
dx dx _

— o Cy OF —

dt dt’

where, k is a proportionality constant, called velocity constant
or rate constant or specific reaction rate.
At a fixed temperature, if C, =1, then

dx .
Rate = — =k e
y M

Let us consider a general reaction.
“aA + bB —s Product

| P i‘f o a b
Rate—(dt] [4)[B]

Rate = k[A]°[B]® ...(ii)
[B]= 1mol/litre, then
. Rate=f

Rate of a reaction at unit concentration of reactants is -
called rate constant,

The value of rate constant depends on:

(i) Nature of reactant

(ii) Temperature

(iii) Catalyst

When[A]=

Unit of Rate Constant

Rate constant has different units for reactions of different
order. General rule for rate of reaction may be given as:
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- n-1
. o) 1 ‘ 1 et
Unit of rate constant = | — — x time™
o - | unit of concentration
ro 1 n-1 o
= e X sec
| mol/ litre
- [litee]1® ' -1
R X sec
| mol :
- where, n = order of reaction.
Di" Rate of reaction " Reaction rate constant

1. | Itis the speed with which reac- | It is proportionality constant.
tants are converted into prod- | - -
ucts.

2. |Itis measured as the rate of de- | It is equal to the rate of reaction
crease of concentration of reac- | when the concentration of each
tants or the rate of increase of | of the reactants is unity.
concentration of products with ‘

time. , ,
3. | It depends upon the initial con- | It is independent of the initial
centration of reactants. concentration of the reactants.
It has a constant value at fixed
temperature,

85 COLLISION THEORY OF REACTION
RATE (Arrhenius Theory of Reaction
Rate)

(1) A chemical reaction takes. place due to collision among
reactant molecules. The number of collisions taking place per
second per unit volume of the reaction mixture is known as
collision frequency (Z) The. value of collision frequency is very
high, of the order of 10*° to 10?® in case of binary collisions.

(2) Every collision does not bring a chemical change. The
collisions that actually produce the products are effective
collisions, The effective collisions which bring chemical change
are few in comparison to the total number of collisions. The
collisions that do not form a product are ineffective elastic
collisions, i.e., molecules just collide and disperse in different
directions with different velocities. For a collision to be effective,
the following two barriers are to be cleared:

.

Energy Barrier ’ _ _
The minimum amount of energy which the colliding

molecules must possess as to make the chemical reaction to

occar, is known as threshold energy.

Fraction of molecules
capable of bringing
eftective collisions

Fraction of molecules —»

Energy,.vﬁ E.
Fig. 8.3

In the graph (Fig. 83), ‘E’ corresponds to minimum or
threshold energy for effective collision in a hypothetical reaction,

There is an energy barrier for each reaction. The reacting
species must be provided with sufficient energy as to cross the
energy barrier.

The minimum amount of energy required by reactant
molecules to participate in a reaction is called activation
energy. '
Actlvatmn energy = threshold energy — average kinetic

" energy of reacting molecules
Threshold energy = initial potential energy of reactant
molecules + activation energy.

A collision between high energy molecules overcomes the
forces of repulsion and brings the formation of an unstable
molecule cluster, called the activated complex. The life span of
an activated complex is very small. Thus, the activated complex
breaks either into reactants again or new substances, ie.,
products. The activation energy (E, ) depends upon the nature of
chemical bonds undergoing rupture and is independent of
enthalpies of reactants and products. The energy changes during
exothermic and endothermic reactions versus the progress of the
reaction are shown in Fig. 8.4,

Activated
complex

Activated
complex

Energy —»

Reactants
A+B

Progress of the reaction —»  Progress of the reaction —»
{Exothermic) {Endothermic)

Fig. 8.4 Activation energy of exothermic
and endothermic reaction

Thus, every chemical reaction whether exothermic or
endothermic has an energy barrier which has to be overcome
before reactants can be transformed into products. If the reactant
molecules have sufficient energy, they can reach the peak of the
energy barrier after collision and then they can go to the right side
of the slope and consequently change into products. If the

activation energy for a reaction is low, the fraction of effective -

collisions will be large and the reaction will be fast. On the other
hand, if the activation energy is high, then fraction of effective
collisions will be small and the reaction will be slow. When
temperature is increased, the number of "active molecules
increases, i.e., the number of effective colhsnons w111 mcrease
and the rate of reaction will increase.
Actwauon energy E E(actwated complcx) E(ground statc)
AH = actwauon energy of forward reaction »
"~ activation energy of backward reactxon.
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Orientation Barrier A ‘

Energy alone does not determine the effectiveness of the
collision. The reacting molecules must collide in proper manner
if the reaction is to occur. This has been shown in Fig. 8.5.

Rate of reaction 1s directly proportional to the numbcr of

effective colhsnons _
Rate = — & = collision frequency X fraction of
S : effective collisions
=Zx f S g

No product
formahon

Fig 8.5 Onentatton of collisions
Factors Affecting Rate of Reaction

(i) Nature of the reactants

(a) Physical state of reactants:
effect over rate of reaction.
Gaseous state > Liquid state > Solid state

This has ¢onsiﬂérable

Decreasing rate of reaction

Similarly, in a heterogeneous system, collision is not so
effective as in homogeneous system. Thus, reactions in liquid
phase or solution phase will be faster in comparison to
heterogeneous conditions when same concentratlons of the
reactants are taken.

{b) Physical size of the reactants:
increases with decrease in particle size. In powdered state rate of

- Among the ‘solids, rate

reaction is maximum because in powdered state, surface area is

‘maximunt

(¢) Chemical nature of reactants:
two reactions:
2NO(g) + 0,(g) —>2NO, (g) (i)
CH,(g) + 20,(g) — CO,(g) + 2H,0 .. (ii)
The first reaction is faster than the second because in the first
reaction only N=0Obond is to be broken whereas in the second
reaction four (C—H) bonds are to be broken.
Similarly, consider another exampie of two similar reactions:
2NO(g) + 0,(g) — 2NO,(g) .. (iii)
2CO(g) + 0,(g) —2C0,(g) e {IV)
. NO bond is weaker than CO bond, hence broken easxly Thus,
reactlon @ii) i is faster than (iv).

Consider the following

-(ii) Concentration of reactants - '

Let us consider the reaction:
A+B—C+D;
Rate = k [A][B]

Rate of the above reaction
decreases with the passage of time
because the concentration. . of
reactants 4 and B will decrease as
time passes on.

Let us consider the followmg
reversible reaction:

Time —»
Fig. 8.6

A+B=—C+D
Rate of forward reaction = £, {4][B]
- Rate of backward reaction = k,[C][D]
Rate of forward reaction decreases and that of backward

_reaction increases with passage of time. At ethbnum both the

rates become equal.
Rate of forward
reaction _
T ‘ Equilibrium
g
5 .
Rate of backward
reaction  *

Time —»
Fig. 8.7

(iii) Effect of temperature

The rate of reaction increases considerably with an increase in
temperature. The rates of many reactions are approximately
doubled or tripled for every 10°C rise in temperature. The
temperature coefficient of a chemical reaction is defined as the
ratio of the specific reaction rates of a reacnon at’ two
temperatures differing by 10°C.

ku»l(}

i = Temperature coefficient =
¢
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Let temperature coefficient of a reaction be ‘W when
temperature is raised from 7} to 7;; then the ratio of rate constants
or rate may be calculated as:

- (u) T2~ T10 _ , AT/I0
ky '

1

(kr,) AT
loglo il =—Ilog o1
le ’ 10

k 7 . AT
kr; antllog[ 0 log g p.}

Its value lies generally between 2 and 3.

When the temperature is increased, heat energy 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 suggested an equation
which describes £ as a function of temperature, i.e.,

k= de~EalRT

C = Intercept = logyg A

E
2303R

Siope =tan g =

10913 K ——»

”

1
T

Fig. 8.8

where, k — rate constant
A — a constant (frequency factor)
E_ —>energy of activation

At two temperatures T, and 75, takmg log of Asrhenius
equation, we get

loge kl =

and . loge ky=log 4 -Mloge ' o (i)

Subtracting eq. (ii) from eq. (1) and convemng the log to. the
base 10, we get

Iogl fl.:_ Ea T.? Tl Ig[o“‘;ig““ Ea' TZ Tl
%k, 2303R| TT, k, 2303R| T,T,

This equation can be used for calculation of energy of
activation.

G.R.B. PHysICAL CHEMISTRY FOR COMPETITIONS

Logarithmic Arrhenius equation is:
Ea T
2. 303R [ ]
Y=C +MX ‘
It is the equation of stralght line with negative slope On

plotting log , & against [1/T ] we get a straight line as shown in
Fig. 8.8. The graph gives two kinetic parameters. -

The slope gives activation emergy and intercept gives
frequency factor.

The dependence of rate constant on temperature for two
reactions is shown in the Fig. 8.9.

logyg k=logy 4

In the reaction (2), the modulus of slope is greater than that of
reaction (1), hence reaction (2) has higher activation energy. The
reaction (2) will be more sensitive to temperature change.

Reactions on the basis of influence of temperature are
classified into five types. These are shown in the graphs.

Temperature —»

Rate —»
Rate —»
Rate —»

-45°C
Temperature —»

{Normal reactions)  (Explosive reactions) (Biological reactions)

(@ (b) ©

Temperature —»

. (For 2NO + Oy — 2NO,)
T T The only reaction with
2 /\/ @ —ve temp. coefficient
(U © AR )
@| - o '
Temperature —» .- . Temperature —»
{Oxidation of carbon)
G T )

F|g 8.10

(iv) Presence of a posntwe catalyst »

The function of a positive catalyst is to lower down the
‘activation energy. The .greater the decrease in the -activation
esiergy caused by the catalyst, higher will be the reaction rate. In
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the presence of a catalyst, the reaction follows a path of lower
activation energy. Under this condition, a large number of
reacting molecules are able 1o cross over the energy barrier and
thus the rate of reaction increases. Fig. 8.11 shows how the
activation energy is lowered in presence of a catalyst.

Reaction path

] /\ without catalyst

\
/" Reaction AN
path with
‘catalyst

1
| . Energy of \
feaction

Potential energy —»

Reactants

The effectof a
catalyst is to lower
the energy of activation

Products

Collision number —»

Fig. 811 A catalyst changes the
" reaction path (Positive catalyst)

(v) Presence of negative catalyst

A negative catalyst increases the activation energy of reaction
by forming a new intermediate of h:gh energy, i.e., by changing
the reaction mechanism.

Due to increased activation energy, some active molecules
become inactive, therefore, rate of reaction decreases.

Increased 4 7N

activation Z \g—————— Catalyst

anergy present
Catalyst
absent

Potential energy —»

Reactants .

Products

Collision number —»
Fig. 8.12 Negative catalyst

Let* p’ denote presence of c_atal')kst and ‘@’ denote absence of

catalyst.
k, = de ' - (0)
k, = Ae"Fa'RT L)
Dividing eq. (i) by eq. (i), we get '
fkf_' _ e(Ea - EpJRT e OEIRT

a

Given: % 3R=8314JK mol™; T} =

| o

‘ .
k, 2.303RT
122388 WSoME SoLvep ExampLes) §32::

- Example 7. T he rate of a reaction triples when
temperature changes from 20°C to 50°C. Calculate energy of
activation for the reaction. (R = 8.314 JK 1 mot 1)

Solution:

The Arrhenius equation is,

log b K I
% Rx2303| T,T,

20+ 273=293K
1

and T, =50+273= 323K
Substituting the given values in the Arrhenius equation, -
E, 323293
log g 3=
8.314 x 2.303 | 323x 293
E = 2.303x 8.314 % 323x 293 x 0.477

@ , 30
=28811.8 T mot™!
=28.8118kI mol ™

. Example 8. In Arrhenius equation for a certain reaction,
the value of A and E,, (activation energy) are 4 x 102 sec™! and
98.6 kJ mol ™!

will have specific rate constant1.1x 107>

respectively. At what temperature, the reaction
sect?

Solution: According to Arrhenius equation,
k= de~Ea!RT
or logek=klogeA-§~“—lo‘gee
RT
or 2.303log g k=2.303log,, 4 —,E“—
- RT \
3. : i3, 98.6x 10
or 2.303 log (1.1x 107" )= 2.303 log (4 x 10" ) - 314 <7
B 98.6x 10°
© 8.314x2.303x16.56
=310.96K ’

Example 9. The rate constant is given by Arrhenius
equation,
k = Ao EalRT

Calculate the ratio of the catalysed and uncatalysed rate
constants at 25°C if the energy of activation of a catalysed
reaction is 162 kJ and for the uncatalysed reaction the value is
3501/

Solution: Letk_, and k,, be the rate constants for catalysed.
and uncatalysed reactions.
« ~ 3
2303 log g k., = 2303log,y 4 - 021 G

RT
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3
and  2303log, ky, =2.303 loglo y -3-5%:710— ... i)
| Subtractmg €q. (n) fromeq (1) ‘ a
. 3
log o o2 10 _(350-162)
k,m T 2303RT
3
= 18I0 595
2303 x 8.314 x 298

2o = .88 10
un
~ Example 10, Cdlculate the rate constant of a reaction at
293 K when the energy of activation is 103 kJ mol " and the rate
constant at 273K is 7.87x 1077 57!
(R=8314x10 kmol ' K )

Solution: The Arrhenius equation is,
k, E, |T,~i
logjg - = >t | 2L
k, 2303R| T\T,
k, =787x107 s7'; E, =103 kI mol™';
R=8314x10" Kimol™ K™ ;
=273Kand T, =293K
Substituting the values in Arrhenius equation,

Given:

k, ‘ 103x 20
log g — . 3 '
7.87x1077 " 2.303x 8.314x 107> x 293x 273
=1345
| £, =174x107 57!
- Examiple 11, .i+ 407 K, the rate constant of a chemical

reaction is 9.5%107° s and at 420K, the rate constant is
1.9%10™ 57, Calculate the Jrequency factor of the reaction.

Solution: The Arrhenius equation is,

log le f_z_ E, !
k, 2303xR| T,T,

k1—95x10_5 - k =1.9x10“‘ sl

Given:
 R=8314Imol” K,
T, =407K and T, =420K

Substituting the values in Arrhenius equation
o 19X 10* _ E, 420~ 407
B0 G 5x107° | 2303 8.314| 420x 407

- E, =757823 3 mol™

' E,
Applying now log &k, =log 4 — ——f—"
pplying Jog K&y = log 2.303KT,
log 9.5% 10~ = log 4 757823
; 2 303 x 8.314 x 407

G.R.B. PHysiCAL CHEMISTRY FOR COMPETITIONS

or log 4 . 757823 — =9.7246
9.5x107°  2.303x 8.314 x 407 ,

A= 504x105s

Example 12. The enetgy of activation for a reactzon is 100
kJ mol ™' . Presence of a catalyst lowers the energy of activation

by 75%. What will bé effect on rate of reaction at 20°C, other A

things being equal?
Solution: The Arrhenius equation is,
k= Ae Fa'RT
In absence of catalyst, k, = e 1OVRT
- In presence of catalyst, k, = Ae BIRT
So, Ky T 2303105 K2 2 T
ky P
or 230310g 2 = '753 -
' ki 8314x107 x 293
k, 75
or log 2 =
‘ ky  8314x1073 x293x 2303 .
or k_ 2.34x 107

ky : «
As the things being equal in presence or absence of a catalyst,

___ rate in _presence of catalyst
22 must be = 22D TAYE.
1 rate in absence of catalyst-
n k
ie., 2="2:2234x108
nook

ILUSTRATIONS OF OBJECTIVE QUESTIONS .

7. For a reaction E, =0 and k = 32x10“ ~! at 300 K. The
value of k at 310 K would be; -
(@)64x10* 57!
(€)32x10% 57!

®)32x10* s"‘
(d)32x10° st

[Ans. (b)] ,
[Hint: ‘ k=AeE'RT
k = A = constant

When E, =0, R
: © kypo = kg =32x10%57']

8. For a gaseous reaction, following data is given:
A Bk = 1015 20007

C 59,&'2:10148_1000;? Lo

‘ The temperature at which &, = &, is:

(@ 1000K  (b)2000K (c)868.82K (d)434.2K
[Ans. (d)] '
[Hi[lt: When k‘ = k2,
' 1015720007 _ 11410007
10= "7
_ 1000

2.303 log

' T=434.2K]'
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For N,(g) +3H,(g) — 2NH,(g) + 22 keal, E, for the

reaction is 70 kecal. Hence, the activation energy for
2NH;(g) — Ny(g) + 3H,(g) is:

(a) 92 kcal (b) 7T0kcal  (c)48kecal (d) 22 keal
[Ans. (a)] ~
‘ -22=70-E,
E, =92 keal ]

On introducing a catalyst at 500 K, the rate of a first order
reaction increases by 1.718 times. The activation energy in the
presence of a catalyst is 6.05 kJ mol ' The slope of the plot of
In k (sec™") against /7 in the absence of catalyst is:

(a) +1 (b) ~1 (c) +1000  (d)-1000
[Ans. (d)]
[Hint: Rate in presence of catalyst _ Antilog [ +AE ]
Rate in absence of catalyst 2.303RT
\ s Ea - Ep . ’ ’
1.718 = Antilog
2303 x 8.314 x 500
E,~E,=225K
E,=E, +225=6.05+2.25= 830 kJ mol™
= 8.3 kJ mol™
Ink=In4- L X 1
R T
Slope = —E, _—83x1000 _ ~1000]

R 8.3
For which of the following reactions kyo/kse would be
maximum?

(@Q4A+B——C; E,=50k]
Gy X +Y —2Z; E,=40KJ
©P+Q—>R; E,=60k]
(E+F —>G; E, =100kJ
[Ans. (d)]

[Hint: Increase in rate constant is maximum for the reaction
having maximum activation energy.]

The activation energy of exothermic reaction 4 —— B is
80kImol™. The heat of reaction is 200 kJmol™. The
activation energy for the reaction B — 4 (in kJ/mol) will

be: [PET (Kerala) 2007|
(a) 80 (b) 120 (c) 40 ~ (d) 200
(e) 280 o
[Ans. (e)]
[Hint: AH =E, - E,
-200=80-E,

E, =280 kI/mol ]

Which equation is true to calculate the energy of activation, if
the rate of reaction is doubled by increasing temperature from

LT KtoT, K? [CET (Gujarat) 2008]
(a) log o LI
k) 2303R| T T,

k E i 1
1 22 | = a e
R

() logyp = =~ [i - i}

2 2303\, T
E 11
d)logip2=——2—) — - —
(@ logyg 2.30313[7; TJ
[Ans. (d) ] .
k E, 11
int: We know, log| =2 | =—8—| — - —
[Hint: We know, og(kl} 2.303R|:T1~ TJ

When reaction rate becomes double then L3 will be equal to 2.

1
logyy2 = ) 5 [i - '1-} ]

The
" 2303R|T, T,

#6° MOLECULARITY OF REACTION

In general, molecularity of simple reactions is équal to the sum
of the number of molecules of reactants involved in the
balanced stoichiometric equation.

OR

The molecularity of a reaction is the number of reactant
molecules taking part in a single step of the reaction.

eg., PCl; —> PCl; +Cl, (Unimolecular)
2HI—>H, +I,  (Bimolecular)
250, + 0, —> 250, (Trimolecular)
NO+0, —>NO, +0,  (Bimolecular)
2C0+ 0, —>2C0, (Trimolecular)

2FeCl; + SnCl, — SnCl, + 2FeCl,(Trimolecular)

The minimum number of reacting particles (molecules,
atoms or ions) that come together or collide in a rate
determining step to form product or products is called the
molecularity of a reaction.

For example, decomposition of H,0, takes place in the
following two steps:

H,0, —> H,0+ % 0, (overall reaction)

Step 1: H,0, — H,0+[0] (slow)
Step 2: [0]1+[0]—> O, (fast)

The slowest step is rate-determining: Thus, from step 1,
reaction appears-to be unimolecular. '
Note: (i) Molecularity is a theoretical concept.
(ii) Molecularity cannot be zero, —ve, fractional, infinite and
imaginary. ‘ '
(iii) Molecularity cannot be greater than three because more
than three molecules may not mutually collide with each other.
There are some chemical reactions whose molecularity
appears to be more than three from stoichiometric equations, e.g.,
in
4HBr + O, — 2H,0+ 2Br,
2MnO; +16H* +5C,0; — 2Mn** +10CO, + 8H,0

In the first reaction, molecularity seems to be °S” and in the
second reaction molecularity seems to be ‘23°. Such reactions
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‘involve two or more steps; each step has its own molecularity not

greater than three, e. g., in first reaction,
HBr + O, — HOOBr
HOOBr + HBr — 2HOBr
[HOBr + HBr — H, 0+ Bry ]x 2

4HBr + O, — 2H,0+ Br,

Molecularity of each of the above steps is 2.

{a) Reaction between Br~ and H,0, in acidic
medium: The overall reaction is: '
2Br” +H,0, +2H" — Br, +2H,0
The proposed mechanism is:
HOBr+H* +Br~ —— Br, + H,0 (fast)

" Rate =k [Br™ J[H, 02 ][H+ ]
The reaction is trimolecular. -~ - ‘ '
(b) Reaction between NO, and F,: The overall reaction is:
2NO, +E, — 2NO,F
The proposed mechanism is:
NO, + E, —> NO,F+F
NO, + F—— NO,F V
, Rate = £ [NO, 1{F,; ]
The reaction is bimolecular.
(¢) Decomposition of H,0,: The overall reaction is:
2H,0, —>2H,0+ 0,
The proposed mechanism is:
H,0, —H,0+0
H,0, + 00— H,0+ 0,
Rate = k [}12()2 ]
’I'he reaction is unimolecular.

87 ORDER OF REACTION

Let us consider a general reaction:

(slow)
(fast)

(slow)
(fast)

my A+ myB + my;C — Product

Let active moles of ‘4", ‘B’ and ‘C’ be ‘o, “f’ and ‘¥’

respectively. Then, rate of reaction may be given as:
Rate = k[A]*[BP[CT

Sum of powers of concentration terms involved in ratelaw

expression is called order of reaction.
o+ + 7y =order
Wheno +8 +vy =my; +m, +my, then
Order of reaction = molecularity of reaction.

Order is an experimentally determined quantity. It may be equal
to zero, positive, negative, fractional and greater than three.
Infinite and imaginary values are not possible.

Examples:

dx : 2
- ==k [H,O
- FIH0:]

(observed from law of mass action)

Step 1: H,0, — H,0+[0] (slow)
Step 2: [0]+[0]—> O, (fast) -
Actual rate - %xt— =k[H,0,]
Thus, order of reaction is unity.
(ii) 2NO, +F, —— 2NO,F
Rate law from law of mass action:
dx 2
— =k [NO, I"[E
P INO, I"[F, ]
Experimentally observed rate law:
dx .
- ==k [NO, ]{E
= [NO, J[E,]
Slowest step is NO, + F, —— NO,F +[F]
Thus, order of reaction =1+ 1=2
(iii) CH,CHO—CH, + CO
The rate equation derived from experimental data is found to be
dx

— == = k[CH,CHO]'*
dt [CH,CHO]

The order of reaction is 1.5.

Some typical linear plots for the reactions of different
orders:

(a) Plots of rate vs concentrations [Rate = k{conc. )]

T Zero order T Ist order T 2nd order T 3rd order
< .

S < 1 N

5 g A A

= p— — t—

(b) Plots from integrated rate equations:

T Zero order T lst order T 2nd order T 3rd order
e @ s| )
o [ ] 5]
i of i o i
Conc. —» Conc.—» (ConcP—  (Conc)’—»

From the study of the kinetics of many simple reactions, it is
observed that for a large number of reactions, the molecularity
and order are the same. Some examples are given below to justify
this point.

1. Dissociation of N, Os,

N,0; —» N,0O, + 1 02
Order=1, Moleculanty =1

2. Dissociation of H,0,,

H,0, ——H,0+ % 0O,

Order = 1, Molecularity = 1
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3. Dissociation of HI,
2HI —— H, +1,
Order = 2, Molecularity = 2
4. Formation of NO,,
2NO + 0, —32NO,
Order = 3, Molecularity = 3

88 PSEUDO-ORDER REACTION

Reactions whose actual order is different from that expected
using rate law expression are called pseudeo-erder reactions,
e'g.(’i) RCl + H,0 —— ROH+ HCI
Expected rate law:

Rate = k [RCI][H, 0]
Actual rate law;

Rate = k" [RC1];

Water is taken in excess; therefore, its concentration may be
taken constant. The reaction is, therefore, pseudo first order.
Similarly, the acid catalysed hydrolysis of ester, viz.,

RCOOR’ + H,O+T—2 RCOOH + R"OH
follow first order kinetics:

Rate = k [RCOOR’ |

It is also a pseudo first order reaction,

The main differences between molecularity and order of
reaction are given below:

Expected order =1 +1=2

Actual order =1

Molecularity "Order of reaction . -

1. It is the total number of reacting
species (molecules, atoms or
ions) which bring the chemical

- change.

2. It is always a whole number.

3. Itisatheoretical concept.

4. It is meaningful only for simple
reactions or individual steps of a
complex reaction. It is meaning-
less for overall complex reaction.

1t is the sum of powers of molar
concentrations of the reacting
species in the rate equation of
the reaction.

It may be a whole number, zero,
fractional, positive or negative.

It is experimentally determined.

It is meant for the reaction and
not for its individual steps.

Example 13. The experimental data for the reaction,
24 + B, — 24B

is as follows:
[41 [B,] Rate
Espt. No, (mol LYy  (molL")  (molL's™)
1. 1 0.50 0.50 1.6x107
2. 0.50, 1.00 32x107
3., 100 1.00. 32x107

Write the most probable equation for the rate of reaction

giving reason for your answer.

ST 1001

Solution: From an examination of above data, it is clear that

-when the concentration of B, is doubled, the rate is doubled.

Hence, the order of reaction with respect to B, is one.

Further, when concentration of 4 is doubled, the rate remains
unaltered. So, order of reaction with respect to 4 is zero.

The probable rate law for the reaction will be

dx
- “MB AL =KBy]

Alternatively, Rate = k[ B, 1*

1.6x10™ = 4[0.5]*
3.2x107* = k11*
On dividing we get, a=1
: Rate=k[A]"[B,]' =k[B,]
‘Example 14.  For the reaction, -
A+2B—2C
the following data were obtained: ~

Initial concentrations (mol, L") , Initialvmcﬁon rates

Expt.
No. T (mol L! min™)
L. L0 1.0 0.15
2. 2.0 1.0 0.30
3. 3.0 1.0 - 045
4. 10 2.0 0.15
5. 1.0 3.0 0.15

Write down the rate law for the reaction.
Solution: Let the rate law be

- & Ay
= HAT(B]

By keeping the concentration of B constant in experiments (1),
(2) and (3) and increasing the concentration uniformly, the rate
also increases uniformly. Thus,

Rate<[A4], ie, x=1
By keeping the concentration of 4 constant in experiments

(1), (4) and (5).and increasing the concentration of B, the rate
remains the same.

Hence, y=0
CL dx
The rate law is - 7 =k[4]
. dt

Alternative method:
K[LOP[1.0)° = 0.15 Td)
K[20P[10) =030 .. (id)
- Dividing eq. (ii) by eg. (i),

por _oso_,

[1L0]F 0.15

From expt. (1),
From expt. (2),

So, x=1

Fromexpt. (1), ALOY[LO)Y =0.15. (D)
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: x Y = 4
Fromexpt. (4),  4[1.0]°[2.0)” =0.15 ... (iif) _l2x 103 12x10% mol2 L2 s~
Dividing eq. (iii) by eq. (i), » [0.010]
2.0 \ ~ Example 16. For the hypothetical reaction
C[Loy 24 + B - Products
~ So, , y=0 " the following data are obtained:
, Initial conc. of Initial conc. of .
Hence, the rate law is - & k4] Expt. No. (a) B) Ini:!:{ lraie‘
T at * (mol L) motrYy ~ melLTs
- Exaﬁiple 15, For the reaction, 1. " 0.10 ' 0.20 1 % 102
" 2NO + Cl, — 2NOd 2, 030 0.40 3.6x10°
at 300K, following data are obtained: 3 0.30 0.80 144 x16°
) Initial Concentration . 4. 0.10 0.40 '
L tvoi el - ‘6. 030 - 1.20 , ,
L 0.010 0.010 12x10™ Find out how the rate of the reaction depends upon the
- o, concentration of A and B and fill in the blanks.
2. 0.010 0.020 24 x10 Solution:. From expt. (2) and (3), it is clear that when
3 , 0.020 0.020 96x10~* concentration of 4 is kept constant and that of B is doubled, the -

Write rate law for the reaction. What is the order of the
reaction? Also calculate the specific rate constant.

Solution: Let the rate law for the reaction be
Rate = k[NOJ*[Cl,

12x 107 = K{0.010]°[0.010} ()
Fromexpt. (2), 24 x'107* = £[0.010}*[0.020]” ... (ii)

Dividing eq. (ii) by eq. (i),
24x107* _ [0.020)

1.2x10™*  [0.010)”
or _ 2=(2)

From expt. (1),

y=1

From expt (2),24x 107 = k[0.010]°[0. ozo]y . ()

From expt. (3), 9.6 X 10*4 = K[0.020][0.020” ... (i)
Dlwdmg eq. (iii) by eg. (ii),
9.6x107* _ [0.020)%
24%x107  [0.010]°
or ) 4=2F
x=2

Orderof reaction =x+ y=2+1=3
Rate law for the reaction is
Rate = k[NOJ*[Cl, ]
Consxdenng eq. (i) again,
12x107* = £[0.0101%[0. 010]

rate increases four times. This shows that the reaction is of
second order with respect to B.

Similarly, from expt. (1) and (2), it is observed that when
concentration of A4 is increased three times and that of B two
times, the rate becomes twelve times. Hence, the reaction is first
order with respect to 4.

Thus, the rate law for the reaction is:

Rate = [ 4][B]’

F!ll in the blanks: Substituting the values of expt. (1) inthe
rate equatlon
3% 107 = K{0.10][0.20]?
2 A
or k= —&0—— =75x10* L2 mol? 5!

[0.10][0.20
Expt. (4): Rate = A0.10][0.40]
~7.5%10* x 010 0.40 0.40
=12%10° mol L™ ¢!
Expt (5): Rate = £[0.20][0.60]>
=7.5x10% x 0:20x 0.60 % 0.60
=54x10° mol L} 7!
Expt. (6): Rate = £[0.30][1.20]°
=7.5%10* x 0.30x 1.20x 1.20
=324x10* mol L s7*
Example 17. The table given below gives kinetic data for

 the Jollowing reaction at 298 K

OCl™ +1~ —0I" +CI~
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Bge OCC] (1 [ow] 107X dlOTVar
No. moldm™ moldm™> moldm™> ., -3
1. 0.0017 0.0017 1.0 1.75
2. 0.0034 0.0017 1.0 3.50
3. 0.0017 0.0034 1.0 3.50
4. 0.0017 0.0017 0.5 3.50

What is the rate law and what is the value of rate constant?
Solution: Let the rate law be = A{OC1™ J*[I" }’[OH" J°
From expt. (1), 1.75 x 10~ = £{0.0017]*[0.0017)° [1.0]° ...)
From expt. (2), 3.50 x 10~ = [0.0034]*[0.0017)* [1.0]* ..(ii)

Dividing eq. (ii) by eq. (i),

3.50x 107" [0.0034T°
, 1.75% 107 [0.0017]"
or 7 2=2"
or x =1, 1.e.,first order w.r.1. OCI™

From expt. (l),l.?S x 107 = &[0.0017]*[0.0017]7 [1.0}* ...(D)
From expt. (3),
3.50% 10™* = £[0.0017]* [0.00341” [1.0}°...(iii)

Dividing eq. (iii) by eq. (i),

3.50x10™* _[0.0034]”
1.75x 107 [0.0017)

or 22

or y=1ie,firstorder w.r.t.1”

From expt. (1),1.75x 10™* = k[0.0017]*[0.0017]” [L.0}* ...(i)
From expt. (4), '

3.50x 10~ = £[0.0017]*[0.0017)” [0.5]* .(iv)
Dividing eq. (i) by eq. (iv),
1.75x 107 _ [1.0]°
3.50x 107 [0.5)°
or % =27
or 27t =22

z=~1ie,order w.r.t. OH is—1.

Rate law = w
[oH"]
R N, 4 .
From expt. (1) k=1'75 x 10 *[OH ]= 1.75 x107™ x1.0
, - oty 0.0017-x 0.0017
=60.55s""

o Example 18. The rate law for the reaction,
AL,0—2CL, +0,
at 200°C is fourid to be: rate = k[ClZO} .

(a) How would the rate change if [Cl,0] is reduced to
one-third of its original value?

(b) How should the [Cl,0)] be changed in order to double the
rate?

(c) How would the rate change if[Cl,O)is raised to threefold ’
of its original value?

Solution: (a) Rate equation for the reaction,
r=k[C1,00?

Clon 1

9

(b) In order to have the rate =2~ let the concentration of
Cl,Obex.

So, 2=k’ .. ()
We know that, r=k{C1,072 )
Dividing eq. (i) by eq. (ii), |
r_ kb
r  kC1,01?

x2

[C1,01
or x? = 2[C1,07*
or x=+/2[C1,0]
(c) New rate = k[3C1,0]? = 9%[C1,0)? = 9r
i.e.,nine times of the ongmal rate.

‘“-“Example 19. For a reaction in which A and B form C, the
foifowmg data were obtained from three experiments:

Let the new rz;te ber:so, 7 = k’[

or ; 2=

gpe . DemEET) b
1. 0.03 0.03 S 03x107
2. 0.06 0.06 12x107
3. 006' 009 27x107

b

What is tfte rate equatwn of the reaction and what is the value of
rate constant?

Solution: Let the rate equation be K[ A1°[BY’.
From expt. (1), 03x107 = k[0.03]"[0.03]” (@)
From expt. (2), 1.2x 107 = £[0.06]*[0.06]” e (i)
| 12x10™ [0.06][0.06]" |
0.3x107™*  [0.03]°[0.03)”

=2"x2 =4 ... (i)
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Similarly, from expt. (1) and expt. (3),

2*%x37=9 .. (iv)
Solving egs. (iii) and (iv),

x=0,y=2
Rate equation, Rate = k[B]2

Considering eq. (i) again,
_4
k= % =3.33%x102 mol™' Ls™'
[0.03]

14.

15

16.

17.

For the decomposition of HI at 1000 K (2HI — H, +1,),-

the following data were obtained:

I Rate of decomposition+ 7
fHI, M of HI(molL's™Y) - " :
0.1 2.75% 1078
0.2 11x 1078
0.3 24.75%x 1078
The order of reaction is: ’
(@)1 (b)2 (0 (@15
[Ans. (b)] -
[Hint: Rate = k [HI]"
11x107% =k [0.2]" (D)
275.x 105 = k [0.1]" ... (i)

Dividing eq. (i) by eq: (ii),
 4=2"n=2]
C0n51der areaction, 4 —— B + C.If the initial concentration

of 4 was reduced from 2 Mto 1 M in 1 hour and from 1 M to
0.25 M in 2 hours, the order of the reaction is:

@1 ®0 (02 @3
[Ans. (2)] -
[Hint: Half life of the given reaction is independent of initial

concentration, hence, it is a first order reaction.
1
typ o< 71 1

The rate of a gaseous reaction is given by the expression
k[AT[BT. The volume of the reaction vessel is suddenly

reduced to one half of the initial volume. The reactlon rate
relative to the original rate will be:

(a) 1/24 (b) 1/32 (c) 32 ‘ (d) 24
[Ans. ()]
[Hint: Rate =k [41[B]® )

When volume is halved, the concentration will become double.
Rate = k [24]7[2B]?
=32k [4)*B]®
= 32 X Original rate from (i) ] _
For a chemical reaction, 4 —— B, the rate of reaction
increases by a factor of 1.837 when the concentration of 4 is

18.

19.

20.

21.
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increased by 1.5 times. The order of reaction with respect to 4
18: '

(a)1 (b) L.5 (©)2 (d-1

[Ans. (b)] "

[Hint: Rate = k [A]" )
1.837 x Rate = k [1.54]" .. (if)

Dividing eq. (ii) by eq. (i),
1.837=1.5"
n=3/2 (solving by logarithmic method)]
The rate of the reaction,
34 + 2B — Products
is given by the rate expression:
Rate = k [4][B]*

If A is taken in excess, the order of the reaction would be:

()3 ()2 ©1 s
[Ans.  (D)]
[Hint: When A4 is taken in excess, its concentration will become

constant; the rate law may, therefore, be given as:

- Rate = k’[ BF Order = 2]
For areaction 4 + B —— C + D, if the concentration of 4 is
doubled without altering the concentration of B, the rate gets

.doubled. If the concentration of B is increased by nine times

without altering the concentration of 4, the rate gets tripled.

The order of the reaction is: (KCET 2006)

(a)2 (b) 1 ()32 d) 43

[Ans. (0)]

[Mint:  Rae=k[4]*[B]F )
2x rate = k[24]°[ B]? .. (iD)
3xrate=k[4]%[9B]F - .. (iii)

From eqs. (i) and (ii), a=1
From egs. (i) and (iii), B = 1/ 2
0rder—oc+B-1+—=— ]

Inversion of cane sugar in dllute acidis: [CET (J&K) 2007]

(a) bimolecular reaction

(b) pseudo-unimolecular reaction
(c) unimolecular reaction

(d) trimolecular reaction

[Ans. (b)]

[Hint:

H+
C2Hp0y, + H,0 — CGH,,04 + CeH, 1,04
Rate = & [C|,H,,0;, 1[H,0]
When water is in excess, its concentration will be constant.
Rate = k“[C,,H,, 0y, ]
The reaction is, therefore, pseudo first order or pseudo
unimolecular reaction.]
The bromination of acetone that occurs in ac1d solution is
represented by
CH3COCH3(aq )+ Br, (ag.)—> CH;COCH,Br (ag.)
+ H (ag.)+ Br™ (aq.)
These kinetic data were obtained for given reaction
concentrations:
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Initial concentraﬁons (M)

Initial rate of
[CHLCOCH,] | [Br] Y d:sappearance of

R : ) Br,, Ms™

0.30 0.05 0.05 57x167°

0.30 0.10 0.05 5.7x107°
0.30 0.10 0.10 1.2x10°*
0.40 0.05 0.20 3.1x107*

[CBSE (PMT) 2008|

Based on these data, rate equation is : -
(a) Rate = k[CH;COCH, ] [Br, ] [H'
(b) Rate = k[ CH,COCH, ] [Br, ] [H']
(¢) Rate = k [CH,COCH, ] [H']

(d) Rate = k[CH;COCH; ] {Bn, ]
[Ans. ()]

[Hint : Rate = k [CH,COCH, 1% [Br, ]P [H™* ]

5.7%10™ %= £[0.30]1% [0.051% [0.05]" ()
5.7%107 %= £[0.30]% [0.10]® [0.05]" ...(ii)
1.2x107*=k[0.30]% [0.101® [0.10]Y (i)
3.1x1074= k[0.40]°"{0.05]5 [0.207" V)

Dividing eq. (i) by eq. (ii),

T1P
1={={, ie, =0
H ve B

Dividing eq. (ii) by eq. (iii},

-1—=[~1-T, ie, y=1 |
2 12
Dividing eq. (i) by eq. (iv),
5.7%x107° {g]"‘ x[iy
31x107% |4 4
a=1
Thus, rate law will be

rate = k [CH;COCH, | [H* 11

89 REACTION MECHANISM

Knowledge about involved steps in a reaction, and to determine
which step is slowest or rate determining, is called mechanism.

The intelligent guess depending on the observed rates of
reactions about the series of steps (known as elementary
processes) leading to the formation of products is called the
reaction mechanism.

For illustration a few examples of reaction mechanisms are
given below: ‘

1. The reaction between H, and I, to form hydrogen iodide
was originally postulated as a simple one step reaction.

H, +I, =2HI
Rate = A[H, 1[1,]

But, the formation of HI has been explained on the basis of the
following mechanism:

I, —2I (fast)y ~ ..()
H, +1—H,I (fast) o (i)
H,I +1— 2HI (slow) ... (i)

Overall reaction: H, +1, — 2HL

2. The reaction of NO and Br, is known-to be of second
order in NO and first order in Br,.
2ZNO+ Br, — ZNOBr
Rate = k [NOJ?[Br, ]
The likelihood of three molecules (2 molecules of NO and 1

‘molecule of Br,) colliding simultaneously is far less than the

likelihood that two molecules will collide.
The mechanism is believed to be as under:

NO+Br, ——sNOBr,  (fast) ...(0)

444 )
NOBr, + NO — 2NOBr (slow) ... (i)

o A . ,
Overall reaction: 2NO + Br, — 2NOBr

The rate determining step involves 1 molecule of NO and 1

molecule of NOBr, . Thus, the expected rate expression should be, _

Rate=k” [NOBrz 1INO] v

However, NOBr, is a reaction intermediate and its

concentration at the beginning of second step cannot be directly
measured.

Concentration of NOBr, will be equal to
[NOBr, ] = " [NO}[Br, ]
If this is substituted in the above equation, we get
Rate = k' k” [NO)?[Br, ]
= k[NOJ*[Br, ]
3. Depletion of ozone takes place in the following steps:
Overall reaction:

20; — 30,
Step 1: 0; &==0, +[0] (fast)
(Equilibrium constant X )
x :
Step 2: +{0]— 20, (slow)
Rate = k[05 ][O] o (D)

Nascent oxygen [O] is not present in overall reaction; thus it
should be eliminated.

_[0,110] [05] .
=220 [0]= K, 3=
©I05] ol [O;] @
From egs. (i) and (ii),
Rate = k[0;]- K, Fﬁ'
0,

szc [03] {02]‘ '
=K[0,1°[0,]™
K=kxK,
Order=2-1=1



536 : G.R.B. PHYSlCAL CHEMISTRY FOR COMPETITIONS

‘810 REACTIONS OF VARIOUS ORDERS
(i) Zero order reactions

A reaction is said to be of zero order if its rate is independent
of the concentration of the reactants, 7. e., the rate is proportional

to the zeroth power of the concentration of the reactants.
For the reaction

ey o A — Products
to be of zero order,
& KA1 =k

dt

Some photochemical reactions and a few heterogeneous
reactions are zero order reactions. Such reactions are not
common. : ‘

Examples:

1. Photochemical reaction between hydrogen and chlorine;

hv
H,(g)+Cl,(g)—> 2HCl(g) —

. This photochemical reaction is zero order reaction. The
reaction is studied by placing H, and Cl, gases over water. The
rate of reaction is studied by noting the rate at which water rises
in the vessel due to dissolution of HCI formed. The rate of rise of

- water is the same as the rate of disappearance of H, and Cl,, i.e,
the concentration of the gases per unit volume in the gaseous
phase will not change with time, although the quantities will
change.

2. Decomposition of N,O on hot platinum surface:
N,O——> N, + —;- 0O,

Rate o<[N,0]° = £[N,01° = &
dN,0] _ k
o dt

3. Decomposition of NH; in presence of molybdenum or

tungsten is a zero order reaction.
2NH, —% N, +3H,

The surface of the catalyst is almost completely covered by
NH, molecules. The adsorption of gas on the surface cannot
change by increasing the pressure or concentration of NH;. Thus,
the concentration of gas phase remains constant although the

or

product -is formed. Therefore, this reactlon shows zero order -

kinetics.
Other examples of zero order are:
4. Decomposition of HI on the gold surface.
5. lodation of acetone in presence of H* ions,

H+
CH,COCH, +1, —>ICH,COCH, +HI

The rate equation of this reaction does not include [I,]
factor, i.e.,

- ;ﬂ = HCH,COCH, |[H*]

Characteristics of zero order reaction
(a) The concentration of reactant decreases linearly with time.

[4], =[4]o -

() The time required for the reaction to be complete Le.,
time at which [4]is.zero.

y _[4]p _ Initial concentration
Compltion " "k " Rate constant
(c) The units of k are mol L time™!

{(ii) First order reactions

A reaction is said to be of first order if its rate is determined by
the change of one concentration term only.

Consider the reaction,

A —> Products
- Let a be the conceniration of A4 at the start and afier time ¢, the

concentration becomes (a—x),i.e,x has been changed into .
products. The rate of reaction after time ‘# is given by the
expression

dx
— = k(@ — x
a0
or dr:4 Kdr
(a-x)
upon integration of above equation,
| a__ k| at
‘ (a—x)
or -log, (a—x)=kt+c
where ¢ is integration constant.
Whent =0, x=0,
: c=-log, a
Puttmg the value of ‘¢
—loge (a X)=kt—-log, a
or log, a-log, (a~x)=kt ‘
or fog 4 =
: “(a-x)
or k= 2303 log a
t (a—x)

This is known 45 the kinetic equation for a reaction of the first
order. The following two important conclusions are drawn from
this equation: ~

(a) A change in concentration unit will not change the
numerical value of k. Let the new unit be n times the first one.

So, k= 2.303 log, na
: ¢ n{a—x)
or k= 2303 log g a
‘ t - (a~x)

Thus, for first order reactions, any quantity which is
proportional to concentration can be used in place of
concentration for evaluation of ‘&’

(b) The time taken for the completion of same fraction of
change is independent of initial concentration. For example,
for half change,

x=0.52 and ¢ = tug
So, k= 2.303 log,q a__2303
Lz 052 1y,

logy 2
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- 0.693
)

06937 0 0 T
or fuz‘:T

Thus, t,,, is independent of initial concentration ‘”,

This time °#’ in which the initial concentration becomes half is
termed as half life period. Half life period of a first order
reaction is independent of the initial concentration of the reactant.

Since, the velocity constant is independent of concentration
and depends inversely on the time, the unit of & will be time ™
i.e.,sec”! ormin ™! or hour™'. The equation of the first order can

also be written in the following form when initial concentration is
not known: ‘

>

12,303 (a=-x)
= 0810
(t, - 1) (a-x;)

fa ~ %, ) is the concentration after time ¢, and (¢ -x, ) the
- concentration after time ¢, when ¢, >¢,.

When the log of the concentration of the reactant at various
intervals of time is plotted against the time intervals, a straight
line is obtained (Fig. 8.13). The slope of this line gives the value
2.303/k, from which k can be evaluated.

k

| ol
8
5
E
[J]
(&1
f
[»]
[ 47
g
-
Time —»
Fig. 8.13

Examples of first order reactions
1. Decomposition of H, 0, in aqueous solution.

H,0) —— H,0+ % 0,
2, Hydrolysis of methyl acetate in presence of mineral acids.
CH,COOCH, + H,0——5 CH,COOH + CH, OH
3. Inversion of cane sugar in presence of mineral acids.
CppHy Oy +H,0 '—Ac-id—> CsHy, 04 + C4Hy, O

4. Decomposition of ammonium nitrite in aqueous solution.
NH,NO, —— N, +2H,0
5. Hydrolysis of diazo derivatives.
C4H;N==NCI + H,0 — C4H,OH+ N, + HCI

Note: In case of gases, pressure can be used in place of concentration.

First order growth kinetics
It is used for population growth and bacteria multiplication,
eg.,. e e . -
Time  Population
0 a
dt (a+x)
Growth rate is directly proportional to present population.

dx
— O +
dt (@+x)

=k(a+x)

d .
el (D)

"It is ‘a differential equation of first order and first degree in

variable separable form, It may be solved on integration.
[ & —kfar+e
(a+x)

log, (a+x)=kt+c o (i)
Here, ¢ = integration constant
At t=0, x=0
y log, a=kx0+c¢
c=log, a .. (iii)

Substituting the value of ‘¢’ in eq. (ii), we get
log, (a+x)=kt+log, a

kt=-1lo a
€. (a+x)
2.303 a
k=--""1lo
t E10 (a+x)

This is the kinetics for first order growth kinetics.
Note: - (1) If volumes of reagents are given in volumetric analysis
then we use the following equation to determine rate constant:

30 V_ -V,
k=220 10, 2= to
t V.-V,

where, V= volume used at zero time,
V, = volume used at time ‘¢’
V., = volume used at infinite time
CaseI: When ¥, is not given, we use
2303, - V.

k= 1o
;OB V.-V,

CaselI: When ¥ is not given, then

2.303 ( Y,
k= ! 0
¢ 0810 v }

Nt

(2) I information is given in terms of angle of rotation of
optically active compounds, measured by polarimeter with
respect to time, then

2.303 o — I
k=" logi, { = °}
! To ™ 1
where, 1, = angle of rotation at zero time,
r; = angle of rotation at time ‘£°,
r., = angle of rotation at infinite time

537
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CaseI: If 5 is not given, then

k= 2';303 ]ng{ L } S

t .-
Case Il:  Ifr, is not given, then:
k= -’—2'103 logo {50‘}
AR

(3) If pressure is given in gaseous reactions, then we use the
following kinetic equation:

§ <2303 10810{ 2 }
¢ Dy—X
P, = pressure of reactant at initial stage,

{ po — x) = pressure of such a reactant at ‘¢’ time.
Values of ‘p,’” and ‘x’ can be calculated using the following

where,

examples:
A(g)— Bg) + C(g)+ D(®)
Att=0 0 0 0
Pressure afier time t (p,—X) X x x
Pressure after a long 0 Do Do Do

time or infinite time
Case I: If total pressure of reaction mixture is given in place of
pressure of reactant, then '
. P=(pp—x+x+x+x)
where, p, = pressure of vessel at time *¢°.
Case II: If pressure of vessel after a long time or infinite time is
given, then

P.=py+ Pt By

(iii} Second order reactions

A reaction is said to be of second order if its reaction rate is

determined by the, variation of two concentration terms.
The kinetics of*éecond order reactions are given as follows:
(a) When concentrations of both reactants are equal or two
- molecules of the same reactant are involved in the change, i.e.,
A + B —— Products
or 24 — Products
dx 2
e k(a-x)",
On solving this equation,
p=l. .
t a{a~—x)
where, a = initial concentration of the reactant or reactants and
x = concentration of the &eactant changed in time £.
(b) When the initial concentrations of the two reactants are
different, i.e., :
A + B — Products

X

Initial conc. a b
@ =k(a-x)}b—-x)
dt
2.303 b(a —x)
- = 0810
tHa~-b) a(b-x)

(a— x)and (b — x) are the concentrations of 4 and B after time
interval, ¢,

Characteristics of the second order reactions

(i) The value of & (velocity constant) depends on the unit of
concentration. The unit of & is expressed as (mol/litre) ' time ™
or litre mol ™ time™.

" . . I 035a |
i) Half life period (¢, )= —+ ———=—
@ : P (t2) k ax05 ka
Thus, half life is inversely proportional to initial concentration.
(iil) Second order reaction conforms to the first order when
one of the reactants is present in large excess.

Taking, k= 2.303 log o b(a-x) , if a>>> b then
_ t{a~b) a(b—x)
(a—x)=aand (a-b)=a
2.303 ba
Hence, k= lo
B0 a(b - x)
2.303 b
or ka=k"= lo
. PR L T

{(since, ‘a’ being very large, may be treated as constant after the
change). Thus, the reaction follows first order kinetics with

- respect to the reactant taken relatively in small amount.

- Examples of second order reactions

1. Hydrolysis of ester by an alkali (saponification).
CH,COOC, Hs + NaOH — CH;COONa + C,H;OH
2. The decomposition of NO, into NO and O,.
2NO, —3 2NO + O,
3. Conversion of ozone into oxygen at 100°C.
20, —>»30,
4. Thermal decomposition of chlorine monoxide.
2C1,0——2Cl, + O,

(iv) Third order reactions

A reaction is said to be of third order if its rate is determined
by the variation of three concentration terms.

When the concentration of all the three reactants is same or
three molecules of the same reactant are involved, the rate
expression is given as:

34 —> Products
A4 + B + C — Products
dx 3
—=k(a—-x
o (a-x)

On solving this equation,

1 x(2a-x)

¢ 2a%(a~x)?
Characteristics of third order reactions
1. Halflife period
_1 05a2a-05a) 1
k  242%(0.5q)°

0.5a x1.5a
k 22% x0.5a % 0.52
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_ 3
2%k
Thus, half life is inversely proportional to the square of initial
concentration.

2. The change in the unit of concentration changes the
numerical value of k.

3. The unit of k is expressed as (mol/litre) 2 time™ or
litre> mol ™ time™' .
Examples of third order reactions

1. Reaction between nitric oxide and oxygen.

2NO+ 0, — 2NO,
2. Reaction between nitric oxide and chlorine.
2NO + Cl, — 2NOCI
3. Reduction of FeCl, by SnCl,.
2FeCl, + 8nCl, — SnCi, + 2FeCl,

Expressions for rate constant for reactions of different
orders:

Reaction Order Rate law"eqn. Expression for rate const,

A — Products 0 Rate=#k =%[[A]Q—[A]]
- A

A—> Products | Rate=kf{A] k:wlog o
t [4]
24—Products 2 Rate=k[A4]? kﬁl L
1| [4] [4]e

‘ 303 BloiA4]

A+ B— _ f o 2303 o[ ol
Products 2 Nt = HANBI = T Bl (A4 B]

34->Products 3 26| {4 [41;

. 1|1 1 |
Rate = k[4]® k=—[——— }
Paralle! or Competing reaction

The reaction in which a substance reacts or decomposes in
more than one way are called parallel or side reactions,

ks
B
A
ks
C
—d[A
—i{—]=<k1 + 1) [A]= kg [A]

k, = fractional yield of B x k,,
k, = fractional yield of C x &,
If &y >> k, then,
A ~——> B main and
A —— C is side reaction

l 539

Let after a definite interval x mol/litre of B and y moV/litre of C
are formed.

x_h
y k
‘e d[B] /dIC]_k
dt | dt k&

Variation of concentration 4, B and C with time may be
graphically represented as,

B
T c
Conc. .
A
Time —».
Fig. 8.14
Examples:
OH
OH NO:
(Main)
. = OH
)
NN
(Side)
|
NO,
; ky I .
al, + HCI (Main)
(i) '
ky
C.HCl, (Side)

Consecutive reaction

This reaction is defined as that reaction which proceeds from
reactants to final products through one or more intermediate
stages. The overall reaction is a result of several successive or
consecutive steps.

A—B-—Candsoon
Examples: (i) Decomposition of ethylene oxide:
: k

(CH,),0—— CH,CHO

ky
CH;CHO——— CO+CH,

(ii) The pyrolysis of acetone:

Ketene



540 l

CH, =C=O———>%C2H4 +CO

Maxima
1
| ol
2
s
€
@

2 .
2 .
8 \__- B
A
" Time —»
Fig. 8.15

Variation of concentration of varicus substances during the
progress of reaction{A—> B - C}

&y ka.
A—> B —C

Let initially (¢=0), [B]=0 and %; <k, then maximum
concentration of [ B} may be calculated as,

k kg!k; - k2
[Blmax =[41o [7{1']
2

where, [ A]; = initial concentration of 4
Time in which B attains maximum concentration may be given

as,
2303 k,
t = log| —=
s g[»‘aJ

Concentration of [ 8] after time ‘#” may be calculated as,

'k [A]Q ~kyt kot
Bl =1 - 2
(B, =g e =™

Activation energy diagram of a composite reaction involves
more than one peaks and number of peaks indicate the number of
different types of activated complexes involved. The number of
valleys in the activation energy diagram indicates the number of
different types of reactive intermediates involved.

* — Activated complex

1 -» Intermediate

AH = +ve, endothermic
reaction

Energy -
‘ AHTE

Reaction coordinate —»

Fig. 8.16 Activation energy diagram
of a two steps composite reaction
Energy Diagram of two Steps Reaction

Let us consider a reaction of the type :
. A Step 1 B Step2 C

{Exothermic)
These are two possibilities in this reaction

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS ¥

First possibility :
Stepl 4 —— A" —>B

Step2 B——> B ——C

!

Potential
Energy

Cc

Reaction coordinate —»
Fig. 8.17

Activation energy of step 1 is greater than that of step 2 thus
step 1 will be slow and rate determining.
Second possibility :

!

Potential
Energy

C

Fiéaction coordinate —»
Fig.8.18

Activation energy of step 2 is greater than that of step 1 hence
step 2 will be slow and rate determining

Reversible Reactions
_ The reactions in which the products of chemical change react
together to form the original reactants, are called reversible
reactions. These are also called opposing or counter reactions.
‘Let us consider a reversible reaction in which both forward
and backward reactions are of first order.
ky

4AF—=8B

k2
Initial state (¢ = 0) a
Conc. at time (z) a-x x
Equilibrium conc. (a~x, x,

Jy + ey = 2'203 10810{ T }

811, METHODS FOR DETERMINATION OF
' ORDER OF A REACTION

The important methods used are the following:
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1. Method of integration (Hit and trial method)

The most simple method is the one in which the quantities
a,xand ¢ are determined and substituted in the kinetic equations
of various orders. The equation which gives the most constant
value for the specific rate constant (k) for a series of time
intervals is the one corresponding to the order of reaction. If all
the reactants are at the same molar concentrations, the kinetic
equations are: '

k= 2.303 log o : a , for first order reactions;
a—
i 1 1 - -
k=~|———~—1, forsecond order reactions;
ti@a—-x) a
1 1 1 . .
k= —— 5| for third order reactions.
2l (@a-x)* a

2. Graphical method

A graphical method based on the respective rate laws can also
be used.

If the plot of log (a—x) versus ‘¢’ is a straight line, the
reaction follows first order.

If the plot of

: versus ‘t’ is a straight line, the reaction
a—x

follows second order.
If the plot of

versus ‘1’ is a straight line, the reaction
(a-x)

follows third order.

In general, for a reaction of nth order, a graph of :
(a-x)""
versus ‘t > must be a straight line.
3. Half life method

A general expression for the half life, (¢,/, ), is given by

where, ‘n’ is the order of the reaction.

Starting with two different initial concentrations a, and a, for
the same reaction, the half lives are (#,,,), and (¢,5),
respectively are detetmined. As we know that, ‘

) =—— )
1 ,
and (hp)y < —— .. (i)
a, :
Dividing eq. (i) by eq. (ii), :
. (tiz =[ﬂ]“_l (i)
(tip) \a4 :

Taking logarithms on both sides,
log o (tya ) —logyg (112 )2 =(n—1)[log a; —log,g a;]
logy (22 ) —logyy (112 )2
(n-1)=
log ¢ a, —log4 aq,
; lo tn) —lo t
or nelt g0 (tiph —logyo (t2)2 @)

logg a; —logyg 4

Plots of half lives vs. concentration (¢, = a'”

8

T Zero order T Ist order T 2nd order T 3rd order
9 o o o
Conc.— - Conc.—» 1/ 1fa2

This relation can be used to determine order of reaction ‘n’.

4, van’t Hoff differential method

As we know that, the rate of a reaction varies as the »#th power
of the concentration of the reactant where ‘n’ is the order of the
reaction. Thus, for two different initial concentrations C, and C,,
equations can be written in the form

dc, dc

- kC and 2 — kc;’t
dt dt
* Taking logarithms,
dc, .
log g (-— 7) log,g k+n loglo C, (D)
and log o (— —di } log, k+nlog, C2 . (i)

Subtracting eq. (ii) from eq. (i),

log (— ac, ) lo _
10 at £10
ac, ) dC

1 et U Y } Y2

0L 10 ( at J ng( @ )

dCZJ': n (10310 Cl - lﬂglg C2)

or n= ‘ . e (i)
log,y €, —logy, C;
d C . . .
- % and — —5;2— are determined from concentration vs. time
graphs and the value of ‘n’ can be determined.

1o seS W SoME SoLveD ExaMPLES\ $882::

Example 20. Rate of a reaction A + B —— product, is
given as a function of different initial concentrations of A and B.

[4} » [B] Initial rate
(mol L) (mol L) (mol L™ min™)
0.01 0.01 0.005
002 0.01 0.010

0.01 0.02 0.0605




:
:
&
4
K}
%
i3
3
i
3
3
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Determine the order of the reaction with respect to A and wrt.
B. What is the half life of A in the reaction?

Solution: Let the rate of reaction be

Rate = k[ AT*[B]

From the data given, it is clear that by doubling the
concentration of 4, the rate also becomes double when B is kept
constant. Thus, the rate is directly proportional to concentration
of 4.

Rate<[A4], ie, x=1
Or the order of reaction w.rt. 41s 1. ,

When the concentration of A4 is kept constant and the
concentration of B is doubled, the rate does not change, i.e.,
y = 0 or the order of reaction w.r.t. B is zero.

Thus, reaction rate, — % = k[ 4]
Again = 0095 _ 6 5 min !
0.01

Half lifeof 4 = 2?{9—3 = % =1.386 min

- Example 21.  Thermal decomposition of a compound is of
the first order. If 50% of a sample of the compound is
decomposed in 120 minutes, how long will it take for 90% of the
compound to decompose?

Solution: Half hfe of reaction = 120 min
We know that,
o= 0693 0693 _ 500107 min~
Ly 1

Applymg first order reaction equation,

2.303 a
log 107

t=
: - X

vaa= 100, x=90or (a—-x)=10,

2.303 2303

So, t=—T" _.log,,l0= =399 min
5.77x1073

g
577x107°  O°

 Example 22. The decomposition of Cl,0, at 400K in the
gas phase to Cl, and O, is a first order reaction.

(i) After 55seconds at 400K, the pressure of Cl,0, falls from
0.062 to 0.044 atm. Calculate the rate constant.

(i) Calculate the pressure of Cl,O; after 100 seconds of
decomposition at this temperature.

Solution: (i) As pressure =< concentration,

k= 2.303 log P; (initial pressure)

t 10 P, (pressure after time ¢)

2303, 0062
55 Y0044

=62x107 s

Gy (ii) Again applying the first order kinetic equation,

2.30% * P; (initial pressure)
k= ” log

10 P, {pressure after time #)
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62x 1073 =239 log ;o 0.062
100

4

2x107 - '
or 6.2x107 X100 _ log 5 0.062 - log, (F;)

2.303
or 0.2692 = log o 0.062 - log,, (P,)
or log s (P, )=log,, 0.062~0.2692

=(2.7924 - 0.2692)

P, = 0.033 atmosphere
Pressure after 100 sec = 0.033 atm

Example 23. The half life of a first order reaction is 60
min. How long will it take to consume 90% of the reactant?

Solution: For the first order reaction

=269 _0693 155107 min!

Applying first order kinetic equation,
‘= 2.303 log a
k% a-x)
Given: a=100,x=90, i.e, (a—x)=(100-90)=10
C 2303
fm— T
11.55x107°
=199 min ;
" Example 24. A first order reaction has a rate constant of

Hence, log,, 10

15x107° s7'. How long will 5.0 g of this reactant take to reduce
t03.0g? A
Solution: Applying first order kinetic equation,
2.303 a
t= log g
k . (a—x)
Given:  k=15x10" sec™,a=5g,(a-x)=3¢
2.303 5
So, =" logy — = 34.07 sec
15x10° "3

" Example 25, Catalytic decomposition of nitrous oxide by
gold at 900°C at an initial pressure of 200 mm was 50% in 53
minutes and 73% in 100 minutes.

(a) What is the order of reaction?

(b) How much it will decompose in 100 minutes at the same
temperature but at an initial pressure of 600 mm? (IT 1990)

- Selution: (a) Using first order kinetic equation and
substituting given values,

In first case: k= 2.303 log o 200 _ 0.0131min ™"
53 200- 100

In second case: k= 2303 log 200 _ 0.0131min""
100 200~ 146

As the values of & come out to be the same in both cases, the
reaction is of first order.
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{b) As in the first order reaction, the time required for the
completion of same fraction is independent of initial
concentration; the percentage decomposition in 100 minutes
when the initial pressure is 600 mm will also be 73%.

.- Example 26. A4 substance reacts according to the first
order rate law and the specific reaction rate for the reaction is
1x1072 574, Ifthe initial concentration is 1.0 M.

(a) What is the initial rate?
(b) What is the reaction rate after 1 minute?
. Solution: (a) Initial rate of a first order reaction = kC

=1x102 x1.0=1x102 mol L™ s

(b) Concentration after 60 seconds is calculated by applying
first order kinetic equation,

_ 2.303 og 1
60 - (1-x)
3 2303
or 1x107% = 2= [~ log (1-
_ o [-log (1-0)]
-2
or §0x10°7 ~log (1-x)= 02605
2.303
log (1-x)=— 02605

=1.7395 :
(1- x)= antilog of (1.7395)= 05489 mol L™’
Rate of reaction after 1 minute =4 xC
=1x107 x 0.5489
=5489x 107 mol L' 57!

Example 27. A4 first order reaction is 50% completed in 30
minutes at 27°C and in 10minutes at 47°C. Calculate the reaction
rate constant at 27°C and the energy of activation of the reaction
inkJ mol 7.

Solution: For first order reaction &k = 0693
1y,
At27°C, kype = 0'633 = 00231 min "’
At 47°C, kypoc = 0693 _ 0693 min!
Now applying the following equation:
kl "Ea TZ - 2Fl A
log o —= .
k, 2303xR \ T, T,
0.0231 -E, 320300
or 0810 = )
0.0693 2.303x 8314 |320% 300 J
o —log,, 03333= L5 20
19.1471° 96000
E, =- _____19~14712: 96000, 10 03333

=-91906 % (~ 0.4772)
=43857Jmol™" =43.857kJ mol~!

4
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Example 28. In Arrhenius equation for a certain reaction,
the values of A and E , (activation energy)are 4 x 10" sec”! and
98.6 kJ mol ! respectively. If the reaction is of first order, at
what temperature will its half life period be 10 minutes?

(1T 1990)

Selution: According to Arrhenius equation,
k= deEalRT

E

or log k=log, 4 - =%
2 Ee RT

or 2.30310g,, k=2303log,, 4 — —=%
0210 210 RT

0.693

For a first order reaction ¢, =

- 0.693

So, “k sec™! (t;, = 10min = 600 sec)

-

=1.1x 107 sec”!

98.6% 10°

Hence, log (1.1x107 )= log (4 x 102 )=
g )=log ( ) 303X 8314 XT

T=31095K

Example 29. A second order reaction, in which both the
reactants have same concentration, is 20% completed in 500
seconds. How much time it will take for 60% completion?

Solution: The second order equation when both the
reactants have same concentration is
1 x
: t a(a—x)
If a=100, x=20, ¢=500seconds.
1 20
SO, k D o ——
500 100x (100~ 20)
When a=100, x=60, t=7
(ol
k 100x40

Substituting the value of k,
. 500x100x 80
= X
20

t = 3000 seconds

Example 30. A first order reaction is 20% complete in 10
minutes. Calculate the time taken for the reaction to go to 80%
completion.

60
100 x 40

or

Solution: Applying first order equation,
2.303 100
k= log 10
t (100-20)
_ 2303 log o 100 _ 0.0223 min"!
10 80
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Again applying first order equation,

(22303, 100
k ' (100 - 80)

_ 2303 100

S0 B0 g
=72.18 min

Example31. The decomposition of dinitrogen pentoxide
(N ,0; ) follows first order rate law. Calculate the rate constant
fiom the given data:

t = 800 sec [N,Os1=1.45mol L' =[4,]

) .
1=1600sec  [N,0s]1=0.88mol L' =[4,]
Solution: Applying the formula,

2.303 I 4,1

k= g o
(t —) [4,]
2.303 1.45
= O 10
(1600 — 800) 0.88
2 303

% 0.2169=6.24 x 107 sec

-Example32. The decomposmon of N, Qs according to the
equation,
N,05(g)—4NO,(g)+ 0,(g)
is a first order reaction. After 30 minutes from the start of the
decomposition in a closed vessel, the total pressure developed is
Jfound to be 284.4 mm Hg and on completion, the total pressure is
584.5mm Hg. Calculate the rate constant of the reaction.
(1T 1991)

Solution: 2N;05 —4NO, + O,

On decomposition of 2 moles of N,O;, 4 moles of NO, and 1
mole of O, are produced. Thus, the total pressure after
completion corresponds to 5 moles and initial pressure to 2
moles.

Initial pressure of N, O, py = -2 % 584.5=233.8mm Hg

After 30 minutes, the total pressure = 284.5 mm Hg

2N, 04 2 4NO, + O,
Pp—-2p ap P

or po +3p=2845
- or 3p=1284.5-233.8=50.7mm Hg
or p-?—%&)

Pressure of N,O; after 30 minutes = 233.8— (2 16.9)
= 200 mm Hg

2338 52%107 min™!
200.0

/
2.303

k= Io
30 210

ffff[EXample 33. The gas phase decampésition of dimethyl
ether follows first order kinetics.

CH,OCH,(g)— CH,(g)+ H,(g)+ CO(g) |

The reaction is carried out in a constant volume container at
500°C and has a half life of 14.5 minutes. Initially only dimethyl
ether is present at a pressure of 0.40 atm. What is the total
pressure after 12 minutes? Assume ideal gas behaviour.

(IIT 1993)
Solution: k= w = % = (). 047793 min

Let the préssure of dimethyl ether after 12 minutes be p atm.
Applying first order equation,

k= 2. 303 log,y 22 Po
- log 1o 04 =W=0,2490
2.303
or 04 =1.7743
P
or p=—2% 02254 atm
1.7743

Decrease in pressure, x = 0.4 —0.2254 =0.1746 atm

CH,0CH;(g) — CH4 &)+ Hz (g)+ CO(g)
Pp—X
Total pressure = p, + 2x
=0.4+2x0.1746
=1{).7492 atm

. Example 34. The half life of first order decomposition of
nitramide is 2,1 hours at 15°C.

NH,NO, (aq.)—> N,0(g) + H,0(l)

If6.2g of NH, NQ, is allowed to decompose calculate (i)time .
taken for NH,NO, to decompose 99% and (ii) the volume of dry

N,Oproduced at this point, measured at STP. (1T 1994)
Solution: (i) k=283 _0698_433p
’ t 1/2 2.1
Applying kinetic equation of first order reaction,
2.303 a
k= ~logy
: t (a—x)
2.303 100
or t= log o
0.33 (100~ 99)
=1396hrs
(ii) No. of moles of NH,NO, decomposed
=0.99x 52
- 62
=0.099

No. of moles of N, O formed = 0.099
Volume of N, O at STP = 0.099'x 22400 mL
=2217.6mL
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- Example 35. From the ﬁ)llowmg data for the reaction

between 4 and B:

o itial rat gt
Expr, [4] 18] Imttql rate (mol L )

No. (molL™y  (molL™) = a0y o 20K
m 2.5x107 30x107°  50x10™ 20x107
@ 50X10% 60x10°  40x107 |
kz) “1.0x107 1.6x 1072

6.0%107

Calculate the following:
(@) The order of the reaction with respect to A and with
respect to B,

" (i) The rate constant at 300K,
(iity The energy of activation and
(#v) The pre-exponential factor.
Solution: (1) Let the rate law be: .

Rate = K[ A [B]

(T 1994)

From expt. (1), 50x 107* =4[2.5x 107* " [3.0x 107} .. (i)
From expt. (2), 4.0% 107 =5.0x 10*I[6.0x 107 .. (i)
<107° .,

Dividing eq (ii) by eq. (1), ,———— =2".27 =%
50x107* o

From expt. (3),1.6x 1072 = k[I.O x 107 P[6.0x107° ] ... (i)

| .

Dividing eq. (iii) by eq. (i), 010 —px iy
. 40x1072

or ‘ ' x=2 and y=1

Hence, order w.rt. 4 is 2nd and order w.rt. Bis Ist.
Gy . Rate = k-[4]*[B]

Fromexpt. (1), 5x10™ = [2.5% 10#][3.0% 10" ]

5% 1074

=2.67x 10° L2 mol™ 5!
[2.5%107**[3.0x 107%]

or ki=

(iii) From Arrhenius equation,
20x107° _ E, w20
9 50x10*% 2303x8314 300x 320

E, = 2.303 X 8.31:0>< 300x 320 x log o 4

= 55333k mol ™

E

a

2.303RT

Io gm A - 55,333 —0.633
k- 2303><8314><300

(iv) Applying log ok =1logy 4 -
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or A 429%10°
| , kK
or A=429%x10° x2.67x 10
 =1.145x10®

Example 36. At a certain temperature, the half change
period for the catalytic decomposztw:z of ammonia were fazmd as
Sfollows:

Pressure (Pascals): 6667 13333 26666

" Half life period in hours: 3.52 1.92 1.0

Calculate the order of reaction.

Solution: -

n~1
= —] where, n is order of reaction

" From the given data,

352 (13333)" 7! .
it bt {a o initial pressure) .
192 \ 6667

=@

3.52

log —=Z
1o

=(n~1)log 2

=0.3010% (n - 1)
0.2632 = 03010 (1 — 1)
n=187=2

Similar calculations are made between first and third
observations. 7 comes equal to 1.908 (= 2).
Thus, the reaction is of second order.
. Example 37. On heating, arsine (AsH, )decomposes as:
- 24sH4(g)y—— 24s(s)+ 3H,(g)

The total pressure measured at constant temperature and
constant volume varies with time as follows:

t (min) 0 5 7.5 10

p/mmHg 760 . 836 866.4 896.8

Calculate the rate constant assuming the reaction to follow the
Jirst order rate law.

Solution: For first order, the rate equation is
Initially after time ¢ ;
2.303 og [4], _2.303 log Po
t [4] t p

given, p, = 760mm Hg.

k=

The decomposition reaction is:

2AsH3 () -->As(s) + 3H2 (&)

Po
L po-2x 3x

Total pressure, p, = py ~2x+3x=py +x
X=Pp: ~ Do

Pasu, =(Po —2x)=pg ~2p, +2py=3py = 2p,
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After S minutes, pagy, =(3x760)— (2x 836)

= 608 mm Hg
k—%l 08 10 7—60—004461'rnn
5 608
After 7.5 minutes, pygy, = (3% 760)~ (2% 866.4)
= 5472 mmHg
k=238 105 ° T80 _ 4 0438 min ™!
7.5 547.2
After 10 minutes, pag, = (3% 760)~ (2x 896.8)
=486.4 mmHg
k=238 100, 780 _ 00446 min
‘10 486.4

“Example 38. Cane sugar is gradually converted into

. dextrose and laevulose by dilute acid. The rate of inversion is
observed by measuring the polarisation angle, at various times,
when the following results are obtazned

Time(min) 0 10 20 30 40 100 oo
324 288 255 224 196 -61 -141

Show that the reaction is of first order. Calculate the value of t,
when the solution is optically inactive.

Angle

Solution: In case, the inversion of cane sugar is a first order
change, then
L= 2.303 log o [4] _ 2.303 log ¢ fo -r
t 4] ¢ fp = e
When, t =10, =324, r, =288, r.=-141
k= 2.303 log 4 324~ (-14.1)
10 28.8— (~14.1)
2
=% log 46 > = 0.008 min ™!
10
When, t =20, =324, =255 r =-141
k= 230310g 324-(-141) 23031 g46.5
20 255-(-141) 20 39.6
=0.008 min '
When, t =30, =324, r=224,r,=~141
‘ = 2.303 1029 324 - (-14.1) _ 2.303 log 19 46 5
: 30 224-(~14.1) 30 36.5
= 0,008 min '

Thus, the reaction is of first order as the value of & is constant.

The solution will be optically inactive when half of the cane
sugar is inverted.
, 0.693

tyn ———-—O'—z 86.6 min

k 0.008

- Example 39. 1 mL of methyl acetate was added to a flask

éontaining 20 mL of N/20 HCl maintained at 25° C. 2 mL of the .
reaction ‘mixture were withdrawn at different intervals and
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titrated with a standard alkali solution. The Jollowing results

were obtained:

Time (min) 0 75 119 183 oo

Alkali used (mL) 19.24 2420 26.60 29.32 4203

Show that the reaction follows first order kinetics. ‘
Solution: In case the hydrolysis follows first order kinetics, then

L= 2.303 log g (4], _2.303 log 4 Vo~V
[4] t V,~V,
When, t = 75min, V,, =42.03, V, =19.24, 7, =24.20
2.303 (42.03-19.24) _ 2303 2279
k=—>:logy, logyg
75 (42 03 -24. 20) 75 17.83
=0.00327 min "~ :
I= 119mir1 V. =42.03,V, =1924,¥, =26.60
2.303 (42.03-19.24) _ 2.303 . 2279
k= 0L 10 log o
119 (42 03~ 26. 6()) 119 1543

= (0.00327 min"~

Since, the values of k are constant, hence, it follows first order
kinetics.

... Example 40. The gaseous decomposition of ozone

20, - 30,
2
obeys the rate law r= — %_ = M
. dt (0,1

Show that the following mechanism is consistent with the

. above rate law:

Keq
03 — Oz,'*' O (fast)
k
0+0, —>20, (slow)

Selution: From the slow rate determining step
o A1
dt 3
From the fast reaction,
_[0,]]
R (U8
K., 1O
or - [O]= _M
. 0,1
Substituting the value of [O] in the above expression
__di0;] _kKyl057 KO,
dt [0,] [0, ]
Example 41. For the formation of phosgene from CO(g)

and chlorine,
- CO(g)+ClL(g)—COCL (g)
the experimentally determined rate equation is,

Is the following mecfgamsm consistent with the rate equation?

0] ch, == 20 (fast)
@) Cl+CO == COCl (fast)
@ity COCl+Cl, == COCl, +Cl (slow)



Selution:

get:
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Multiplying equation (ii) by 2 and adding (i), we

Cl, + 2CO== 2COCl
[cociy?
"~ [CL,][co?
[COCI] =(K)"? [C1,]1"*[CO] )

Slowest step is rate determining, hence,

Rate = K[COCI][C1, ] : )

From eqgs. (i) and (ii), we.get

Rate = kK V2[C1, 1V*[C1,1{CO]
Rate = k" [Cl,]**{CO]

Thus rate law isin accordance with the mechamsm

22.

23.

24.

25.

[Hint: k

A ﬁrst order reaction has half life of 14.5 hrs.
percentage of the reactant will remain after 24 hrs?
(a) 18.3% (b} 31.8% (c)45.5%  (d)68.2%

2.303 ( a ]
=" log
t a—Xx

0.693 2303, 100
145 24 (a-x)
{a—x) = 31.8%]

Half life of a first order reaction is 10 min. What % of reaction
will be completed in 100 min?

What

" [Ans. (b)]

On solving,

(@) 25% ) 99.9%  (c) 75% (d) 80%
[Ans. (b))
Hint: 0693 _ 2303 [ a ]

{112 a - x

0.693 2. 303 100
10 100 100 - x

x = 99.9%]
A certain zero order reaction has k = 0.025M s for the
disappearance of A. What will be the concentration of 4 after
15 seconds if the initial concentration is 0.5 M ?
(@)05M MHo32M (©)0.12M (d)0.06M
[Ans. (c)]
[Hint: x=kt=0025x15=0375M

Remaining cone. = 0.5~ 0.375 = 0.125 M]
A first order reaction:

2N, 0(g) — 2N, (g) + O,(g)
has a rate constant of 13x107" ¢ at 270°C and
4.5x107'% 7! at 350°C. What is the activation energy for this
reaction?
@15k
[Ans. (d)]

(Y E [1 1]
int: 1 lm A
[Hint: ~log [}q] 2.303R {T, Tj

® 30k (©68K  (d)120k

+26.

27.

28.

29.

’ 547

4.5%1071%) ° E, 11
log 7 | = - = | == -
1.3x10 2303x8.314x 107 [ 543 623
E, =120K]
The reaction of O, with chlorine atom is given as:
- 05(g) + Cl(g) — O,(g) + CI0(g);
Tk =52%10° Lmol™ s
ClO(g) + O(g) — Cl(g) + 0,(g);
key =2:6% 10" L-mol™ sec™

Which of these values is closest to the rate constant of the
overall reaction?

0;(g) + O(g) — 20,(g)
(@) 52x10° ' (b)2.6x10"°
(€)3.1x 10" (d)1.4 x10%°
[Ans. (a)]

[Hint: Lowest value of k&Shows that the step is rate determining. |
If a first order reaction takes 32 minutes for 75% compleétion,
then time required for 50% completion is:

[AMU (Medical) -

(a) 32 min (b) 16 min _ (c) 8 min (d) 4 min
[Ans. (b)]
‘Hint: k=222, { 4 J
H \a—X
When, 2 =100, x=75, =32
=230 g0 (IOOJ 0.0433 min~!
32 25
. . 0.693  0.693
Time for 50% completion {¢;,,) = —— = ———— = 16:min
r30% completion (f2) === = 5 o I
Rate constant-of a reaction is 175 litre ™ mol ™ se What is -
the order of reaction? JCET (7. v in0g]
. (a) First (b) Second  {c) Third (d Zero
[Ans. (c)]
-1
[Hint: Unitofk = i:htre] x sec”! - (1)
mol : .
Given unit of & = litre® mol™? sec™ ; ' . i)
Comparing the unit of litre,
‘ n-1=2
n=3]

The half life of a first order reaction having rate constant
k=17x10" sec” is:

K g (JIPMER 2006}
(@) 12.1hrs  (b)9.7hrs  (c) 113 hrs (d) 1.8 hus
[Ans. ()]
0.693 0.693
int: f,, = ——— = ——u— = 40764 =113 hrs
(Hints fo === = 1 10 e ]

At 500K, the half life period of a gaseous reaction at an initial
pressure of 80 kPa is 350 sec. When the pressure is 40 kPa, the
half life period is 175 sec; the order of the reaction is:

{PET (Kerala) 2097

(a) zero wl) three
(e) half '

(b) one (c) two

[Ans.  (a)]
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[Hint:

n-1=-1
n = 0 (zero order reaction))
31. 90% of the first order reaction is completed in 70 minutes. The
. velocity constant of the reaction is: [Comed (Karnataka) 2808

(a)0.0329 (b)0.329 (c)3.29 (d) 0.0293

- {Ans. (2)]
. IIIII

Examplel Ammoma and oxygen react at hzgher
temperature as,

(4NH,(g) + 50, (g) —> 4NO(g) + 6H,0(g)
in an e gerzmeizt the concentration of NO increases by
1.08x 107 mol litre™" in 3 seconds. Calculate:
(@), rate of reaction, (ii) rate of disappearance of ammonia,
(iii) rate of formation of water.

Solution: ;
(i) Rate =— l d[NH; ] _l d[Ozl= 1 d[NOJ] _ 1 d[H,0]
4 dr 5 dt .4 at 6 dt.
) .
‘Rate= Z M =9x10* mol litre™ sec™
(1)ﬂH—3—]- 4xrate=4x9x107*
- | =36 x10™ mol litre™! sec™
(i) .@=6xrate=6x9xw“‘
' t

-+ =54 %107 mol li’are_1 sec”! .
Example 2. Decomposition of N,Os(g)into NO,(g)and

O,(g)is a ﬁrs: order reaction. If zmtm{ concentration of.
. N,O4(g), ie, [N,Og]y is 0.03 mol litre™, what will be its

concentration after 30 minutes? Rate constant of the reaction. is
1.35x 107 57",

" Solution: . }c—go—:;l [AO]
L : t [A]
135% 107 = 2.303 o g.‘m 0.03 e
' 30x60 [4] :

[41=0.0235 mo litre™!

Example3. Rate . constant

: or the decomposition of
ethylene oxide into CH, and C

may be described by the

4
equation, log k (s™ )= 1434 - L22X10.

PHysiCAL CHEMISTRY FOR COMPETITIONS

2.303 a
log

[I-Iint : k=
a-x

- 2.303 100
= e lOg
70 100 - 90
=0.0329 min~ 1]
32 The half life period of a first order reaction is 1 min 40
. -seconds. Calculate its rate constant. {VITEEE 2008)
(2)6.93 %1073 min™! (b) 6.93x 1073 sec™!
()6.93x1073 (d) 6.93 x 10° sec
[Ans. (b)]

Hint: &k =

0693 m-693x10’ se¢ 1]
Ly 100

MISCELLANEOUS NUMERICAL EXAMPLEsé ’””,,_ Q

(a) What is the energy of activation of #s reactzon7
(b) What is the value of k at 670 K?
Solution: (a) We know that, :
E

logg k=log,, 4 - T303RT )]
log ok (s™')= 14.34-—5"3;1_04 ()
’ Comparing eq. (i) and eq. (ii), we get
2—3% = 125%10%

CE=125% 104 x 2.303 x 8.314 10'3
E =239.339kJ/mol

(b) Substituting the value of 7, i.e.,at. 670 K, in equatlon (i1),
we get,

i

1.25 % 10*

log k(s )=14.34 - ==43167

k=482%x107 57!

-Exampled4. A drug becomes ineffective - after 30%
decomposition. The original concentration of a sample was
S mg/mL, which becomes 42 mg/mL during 20 months.
Assuming the decomposition of first order, calculate the expiry
time of the drug in months. What is the half life of the product?

L 2303 { a 2303 5

Solution: = k= - lo = log.. __l

| - . gm(a-‘x] 20 0w (4.2,
=000872month™ :

Expiry time ¢’ ’ may be calculated as:

k-230310gm a_
a—-x

000872—@1 100 :
70

= 40.9 = 41 month
0.693
0.00872

Ly = = 79.4 month
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Example 5. Two reactions of the same order have equal
exponential factors but their activation energies differ by 24.9
kJimol. Calculate the ratio between the rate constants of thése
reactions at27°C. (R=831J K ~ mol l) (Dhanbad 1990)

Solution: We know that,
logy, k= logg A - ————
%10 . 08w 2.303RT
- S log,n k, = log,, A — £y
0, g0 K2 = 210 2 303RT
d log,, k;, = io A - _Ey
and STVES B Bio 2303RT
k E, -E
v 10g10 2 ( 1 2)
k) 2303RT
k) 24.9x1000
logo
k) © 2.303x 8.314 x 300
k2 9199% 10

1

Examplé 6. Pseudo first order rate for the reaction,
A+B—P

when stzld:ed in0.1 M ofstgwen by
dlA
- i

where, k=1.85x 10* sec™. Calculate the Vafué of second order

rate constant.

Solution: A+B—>P

d[A4] _
T
_di4]
dt
Assuming the reaction to be of second order, '

_di4] -,
=k
i [4](B]
d[‘“ K [A][01] . (i)
dt
Dividing eq. (i) by eq. (ii), we get

[ L85 10*
¥[0.1]

K =1.85%10 litre mol™ sec™
Example 7, The time required for 10% completion of a

first order reaction at 298 K is equal to that required for its 25%

completion at 308 K. If the pre-exponential factor for the reaction

is 3.56x 10° sec™!, calculate its rate constant at 318 K and also

the energy of activation. (T 1997}

185><104 x[4] ...V(i)’

} 549

Solutien: We know that,

At 298 K, x=10, a=100,

2.303 100

kygg = == log )5
=, sy | 0]

a=100,x=25,(a-x)=75

' 2.303 100} - -
ke = lo — .. (i
308 0 810 [ 75} (i)

At308K,

t, = t,,dividing eq. (ii) by eq. (i)
f‘éﬁ =273
kaog

log k3(}8 _.__.E__ _1.--.i
kps 2303R\T," T
log2.73=— 2 (_L - _1_)
2.303x8.3141308 298

E = 76.622kJ/mol
Similarly, we can solve for ks, which is equal to
9.22x 107 57",
Example 8. The rate constant of a reaction is 1.5 x 107 s

at 50°C and 45%107 s ar 100°C. Calculate the Arrhem’us _
parameter Aand E,. T (RTT 1998;

Solution:  log,, k_?' -_Ea (1 _1_)
kK 2303R\T, T, |
-4.5% 10’ ‘E, 1 1Y,
log 4 7= e
15x107 2303x83141323 373
. E,=22x10°T/mol
We-know that, S ,
, _ E
lo k=1lo A - ..
Bro B 080 A S S 03RT
' - 22x10t
log., (1.5%x107 )=1log;, 4 —
B ( Y= logi0 A = R 31X 323

A=542%10" 57!

Example 9. In hydrogenatzon reaction at 25° C, it is
observed that hydrogen gas pressure falls from 2atm to 1. 2 atm in

<50 min. Calculate the rate of reactzorz in molarzty per sec.
(R= 00821htre atm degree™ mol ~ )

Solutlon: Rate —i}i— 2- l 2
dt  50%60
 =2.666x 107" atms”'
PV = nRT N

P [\RT
- sec ?’Jsec



ksso,l

H“l‘z[ﬂ“l‘
V | sec sec | RT
2.666x 1074

0.0821x 298
=1.09 x 107 mol litre™! s~

Rate (molarity /sec) =

Example 10. A drop of solution (volume 005 mL) contains

'3~><‘ 1078 mole H ™ ions. If the rate of disappearance of the H *
ions is 1x 107 mol litre™! sec™ , how long would it take for H *
ions in the drop to disappear? '

Solution:
Concentration of drop = ——m—Ol:— x 1000
‘ V volume in mL
3x107

%1000 = 0.06 mol litre™

. conc. change

Rate ofglisappearance = —i
o time

0.06

time

Time =6 x 10~ sec

Example 11. A constant temperature and volume X
decomposes as,

/  1x107=

2X(g)—3Y(g)+2Z2(g)
Py is the partial presszcre of X
Observanon No. © Time {min) ‘ - Py (in mm Hg)
I/ . 0 800
2 ‘ © 100 © 400
3 200 200

.. (i) Whatis the order of the reaction with respect to X?
(ii) Find the rate constant.
(iii) Find the time for 75% completion of the reaction.
" (iv) Find the total pressure when pressure of X is 700 mm
- Hg (11T 2005}
Solution: (i) Data shows that half life of the reaction is
constant, i.e., 100 min; hence, it is a first order reaction.

(i) k= 0693 _ 0693 _ ¢ 93% 107 min™!

L
(ifi) 750,00, t50 =2X £y =2 100= 200 min
(iv) 2X(g)—3¥(g)+2Z(g)
t=0 800 0 0
d 800-2X - 3X 2X
Total pressure = 800~ 2X + 3X +2X =800+ 3X . ...(i)
800 — 2X = 700
, X =50
Total pressure = 800+ 3 x 50= 950 mm Hg

“Example 12. Suppose 50 bacteria are placed in a Slask
containing nutrients for the bacteria so that they can multiply.
A study at 35° C gave the following results:

G.R.B. PHysicAL CHEMISTRY FOR COMPETITIONS

Time (minute) 0 15 - 30 45 60
Number of bacteria 50 . 100 200 400 800

Skow that the rate of production of bacteria is of first order How
many bacteria will be there after 3 hours?

Solition: For bacterial growth, _
N\
k :.—--———'2'303 log o ( a J
1 \atx

3
At 15 minutes:  k=- 2303 log g (S—OJ
15 100

= 0.0462 min !

2303, ( 50 W
30. 1200

=0.0462 min !

2303 0819 (i()_) = 0.0462 min ™"
45 400

Same values of rate constants show that the process corresponds
to first order.

Let there be * n’ bacteria after 3 hrs.

o 2303 logm[ a ]
ot x

At 30‘minutes: k=~

At45 minutes: k= —

a+
0.0462=— 2393, 210 El
R n
n=204x%x10°

Example 13. A4 viral preparation was inactivated in a
chemical bath. The inactivation process was found to be of first
order in virus concentration, and at the beginning of the
experiment 2.0% of the virus was found to be inactivated per
minute. Evaluate ‘' &’ for the inactivation process.

Solution: a=100, a-x=98, ¢=60sec
a
4 2303 logs1g L a J
t a—x
/ .
L2303 —logyg -1—(-)9} =33%107" sec™
60 \ 98

" Example 14. T rans-1,2-dideuterocyclopropane (A) under-
goes a first order decomposition. The observed rate constant at a
certain temperature, measured in terms of disappearance of * A’
was 1.52x 107 sec™ . Analysis of products showed that the

reaction followed two parallel paths, one leading to
dideuteropropane (B) and the other to cis-1,2-dideutero-
cyclopropane (C). (B) was found to constitute 11.2% of the
reaction product, independently of extent of reaction. What is the
order of reaction for each path and what is the value of the rate
constant for the formation of each of the products?
B11.2%
Solution: A<
C 88.8%
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In case of parallel path reaction,
kp = k, X fractional yield of B

=152x10 x0.112=1.7x107 sec™
ke = k4 X fractional yield of C
=1.52x107 x 0.888=1.35x 107" sec™

The reaction will be first order for each individual path.

Example 15. In milk, at.37°C, lactobacillus acidophilus
has a generation time of about 75 minutes. Calculate the

population relative to the initial value at 30, 60, 75, 90 and 150

minutes.
Solution: For growth kinetics,
k=_23o310gm( a ]
¢ atx
= 2.303 log [No j
t N

Generation time = 75minutes; a=1, a+x=2

k=~ 2.303 logyg —1- = 0.00924 min "
75 1+1
© After 30 minutes,

0.00924 = - %3 log 1o (ﬂ‘l}

N

No

=1.319=1.32

Similarly, we may calculate after 60, 75, 90 and 150 minutes. -

Example 16.  Rate law for ozone layer depletion is,
d[0] _K[Os]
d [0,
Give the probable mechanism of reaction?
Solution: O, —— 0, + O (fast reaction)
(equilibrium constant X )

0; +0—>20, - (slow reaction, rate constant k)

Rate = k[0, ][0] - . ()
k, =100 ok 10,1
- [0s] [O;]

-putting the value in eq. (i)

From eq. (i), ‘
2 . 2
Rate=k-[0;]- K, 08d . g, 101 _ g [05]
[0,] [0, ] [0,]

=kx K,

Here,

. ‘Example 17. In hypothetical reaction A, + B, — 2485,
Jollows the mechanism as given below:

A, ——A+ 4
A+By, —> AB+B

( fast reaction)
{slow reaction)
A+ B3 AB ( fast reaction)

Give the rate law and order of reaction.

Solution:  Slowest step is rate determining.
Rate = k[ 4][B, ] )
Here, [ 4] should be eleminated. V -
_L4]l4] _ [41*
(4] [4,]

[4]= K. *[4,]"
From eq. (i), Rate = kK'/2[4, "*[B,]
=K[4,1"*[B,];
Order=1+1/2=3/2

. Example 18. Calculate order of reaction from the
Jfollowing data: '

2NH; —> N, + 3H, (reaction)

[K=ch:E

Pressure (mm Hg) 50 100 200
Half lives (min) 3.52 1.82 0.93
Solution: We know that,
nel+ log o (t1/2)1 —10g10 (t1/2 )2
logio pp —logy Py
logm 3.52log,, 1.82
log,, 160- logm 50
=195=2

Similarly, we may calculate for other set of conditions.

. Example 19. The chemical reaction. between mercuric
chloride and potassium oxalate proceeds as under:

2HgCl, + K ,C,0, — KCl+2C0, + Hg,Cly

the mass of Hg ,Cl, precipitated from dzﬁ%rem sos‘utzons ina
given time, at 100°C was as follows:

, ’ . ‘ y H;

B {gﬁf% @m» P’“i%‘

@) 0.0836 0.404. 65 00068"”
@ 00836 0.202 120 00031 °

(3) - 00418 0404 . 60 0.0032

- F);dwn;’t;t;.;;‘daté“calculate ;3;‘?;3;’ of ;hé reactzon. o
Solution: Rate k[HgC1,1*[K,C 04] ;

9?_@0 0836]%[0.404T; o (i)
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- 0.0031_ k[0.0836]%[0.202]°; ... (iD)
120 - _
w = k{0.0418]%[0.4047° ... (iii)
. 60 .
Dividing eq. (i) by eq. (ii), we get 4=2" B=2
Dividing eq. (i) by eq. (iii), we get 2=2%a=1

Thus, overall order =o +f =3

Example 20. The rate constant of the reaction A — B is
k=0.5, the initial concentration of A being 1 mol/litre.
Calculate the degree of conversion of substance ‘A’ within 1 hour
if the reaction is of zeroth, first and second order. How does the
‘degree of conversion depend on the order of reaction?

Solution: Zero order:

x=kt N .
x=05x1=0.5
First order: k=@logw a4
o t a—
_ k=0.5;t=_1h_r;a=1M
1 (1-x)
x=0.39
Second ordet: = 1 X
t a(a—x)
1 x
1 1(1-x)
x=0.33

- Example 21. Two first order reactions proceed at 25° C at

the same rate. The temperature coefficient of the rate of the first
" reaction is 2 and that of second reaction is 3. Find the ratio of the
rates of these reactions at 75°C.-

“Solution: For first order reaction, = KAY
r /r =k /k, = temperature coefficient

Let the rate of reaction for Ist at 25°C be R, and the rate of
reaction for IInd at 25°Cbe R,.

Also, R, =R,
. Rates of reaction
At 25°C R, R,
35°C o 2R, - 3R,
45°C (2R, (3YR,.
55°C Q2’R, (3)’R,
65°C (2)*R, ()R,
75°C 2R, (3R,
- R
.. Temperature coefficient for st reaction =23 =33 =2
: : kas  Ras

i.e.,for each 10°C rise in temperature, rate becomes 2 times.

G.R.B. PHYSICAL CHEMISTRY. FOR COMPETITIONS

Similarly, for 2nd reaction it becomes 3 times,
~ At75°C

rate of reaction for 2nd _ (3)5 R,
PR,
Example 22. The reaction, A + OH ~ — Products, obeys

rate law expression as:
—d[4]

- =7.5937 (- R1 =R,)
rate of reaction for 1st

= k[A][OH ]

If initial concentrations of [A] and [OH ~ ] are 0.002 M and -

0.3 M respectively and if it takes 30 sec for 1% A to react at 25°C -
calculate the rate constant for the reaction.

Solution:
A + OH "~ — Products
t=0 0.002 03
=130 [0.002 _ 0002 1} [.0.3 _ 0.002x 1]
100
Using k = 2.303 1og 10 b(a -x) ,
t(a-b) a(b-x)
0.3] 0,002 = 20021
2.303
“30x0002-03) P T 0.002x 1]
' ’ 0.002 [0.3 - Ti

k=1.12%x 107 litre mol ™ s~

Example 23. A4 hydrogenation reaction is carried out at

500K. If the same reaction is carried out in presence of a catalyst

at the same rate, the temperature required is 400 K. Calculate the

activation energy of the reaction if the catalyst lowers the

activation barrier by 20 kJ mol ™.
Solution: Arrhenius equation may be given as,

k= Ae FalRT

Let ks and kg, be the rate constants at temperatures 500 K
and 400 K (in presence of catalyst) respectively. E 5o, and E 4o, be
the activation energiés at temperatures 500 K and 400 K
respectively. .

(1T 2000) .

ksgg = Ae™ Fsoo/Rx 300 e (@)
.. (i)

Given, ks = k4o, (same rates in presence and absence of a
catalyst).

— —E400 /R x 400
ko = Ae

On comparing eq. (i) with eq. (ii),
Espo  _ Eaqgo
Rx500 R x400
Esoo _ Eago
5 4

or
or - E500 = T X5 (lll)

Given, E500 = E400 +20
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Substituting in eq. (iit), .
Eqo +20= Eg9 X 1.2

- 20
or ‘ E g =——=80k] mol'
w05

So, Espo =80+20= IOOkJmolf =

. Example 24. Some PH,(g) is introduced into a fask at
600°C containing an inert gas. PH 4 proceeds to decompose into
P,(g) and H,(g) and the reaction goes to completion. Total
pressure is given below as a function of time. Find the order of
the reaction and calculate the rate constant,

Time (sec) 0 60 120 oo
Pressure (mm Hg) 26240 27290  275.51 276.40
‘ (1T 2601
Solution: 4PH,(g) +Inert gas — P,(g) + 6H,(g) + Inert gas
t=0 r P .0 0 0
t=t (P-x) E x/4 6x/4 B
t=eo 0 P P/4 6P/4 P
Att=0, 26240=P+P D)
= 60860 27290 = Pp}is(leﬁ) -+ PP4(g) + PHz(g} + })l

276,40 = 5 +LLop
4 4
276.40x 4 =TP + 4P,
Atr=0, 1 26240=P+ P,
On solving egs. (ii) and (iit), we get
P =18.66 mm, P, = 243.74 mm

(i)
... (iii)

AE60°C: 272.90= (P~ x)+ P, + 3 +%
~‘f>2?2 90= 18.66— x +243.74 + 7:‘
’ x=14 mm
2303 ¢ ) 2303, 1866
k= log = log
: a—x) 60 " 1866- 14

k=232x107 sec

~ Similarly, at 120 sec k=2.30x 107 sec™ (do yourself ) '

Since, *.

order. _
Example 25. For the given reaction, A + B ——> Products

Jollowing data were obtained:

*values of ‘k’ are same, hence the reaction belongs to first -

[4e] - [Byl = Ry mol lire™ sec™
1. 01M 02 M 0.05
2. 02M 02M 0.10
3. 0lM. 01M 0.05

(i) Write the rate law expression.

{ii) Find the rate constant. {1IT 2604 (Memory baged)]

553
Let order with respect to 4 and B are o and P

respectlvely Rate law expression may be given as,
Rate =k A]*[B 1"

0.05= k{0.1]* [0.2]® .. ()
0.10= £[0.2]* [0.2] ® .. (ii)
0.05=k[0.1]* [0.1}® .. (i)

Solution:

7
Dividing eq. (i) by eq. (ii), we get

1 (1%
—=|—1  Le, =1
2 12

Dividing eq. (i) by eq. (iii), we get
1=[2]%,ie,p=0
Rate = k[4] [B]°
Substituting the value of o and § in eq. (i), we get
' 0.05=£[0.1}' [0.2]°

k=0.5 sec”!

Example 26. A+2B—>3C+2D

The rate of disappearance of B is 1x 107 mol litre -

1 sec

What will be the (i) rate of the reaction and (ii ) rate of change in

concentration of A and C? .

' reduced to 1/3rd of its original volume?

[CBSFE (Mains} 200%]
dlB
Rate=— l _[_]_
2 dt

=——[-1x 107
2[ ]

Solutien: (i)

=0.5% 1072 mol litre™? sec™

d[4
- (ii) _AAl __17dB) =0.5x 1072 mol litre™" sec™
d 2| dr o
{

1d[C] _ 14d[B]

3 dt 2 dt

dic

—[—]—5—-x( 1x107%)

dt o2

-1

=1.5% 107 mol litre ™" sec

. For the reaction, A + B ——> Products, rate

is given as, rate K[ A1[B}>.

How will the rate change zf volume of the reaction mzxture is
(BCECE 2006)

Solution: When volume  is reduced to 1/3rd then
.concentration will increase three times.

= K[ A][BY
r, = K[34113B}
From egs. (i) and (i), -

LG
.. (i)

LY
o 27
rn=27

‘. Rate will increase 27 times.
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Example 28. For first order reaction, if rate constant at

17°Cis 2.8%107° s~ and at 27°Cis 2.8 x 1074 571,

(i) Write the equation for calculation of activation energy.
(if) Calculate the activation energy: ‘
(R=83Jmol ' k™)

Solution. We kriow,

log k2 - fa | 1_1
Lki 2303R| T, T,

[AIPMT (Mains) 2608

log 28%107° B, {_1____1_}
g2.8><10"5 .'2.303><8.3 290 300
2.303 % 8.3 290 300
'Ea -
10
=166299.6 J mol ™!

= 166.3 kJ mol ™!

1. Chemical kinetics: It is the branch of chemistry which
deals with the rates of reactions, the factors which mﬂuence it
and the mechanism by which the reactions occur.

2. Rate of reaction: It is the speed with which the reactants
are converted into products. It may be expressed in terms of rate
of disappearance of any of the reactants or rate of appearance of
any of the products.

. The rate measured over a long time mterval is called the
average rate.

Decrease in conc. of reactant

Average rate of reaction =~ -
Time taken

+ Increase in conc. of product
Time taken

A —ve sign signifies a decrease in concentration of the reactant
and +ve sign indicates an increase in concentration of the
product.

" In general, for a reaction,

nA+n,B4+nCr..—o>mX +mY +myd+...

_lAd_ 1 AR 1AC
n, At n, At ny At
LAax 1 AY_1AZ
m At m, At my At

Average rate is not very useful as it does not remain constant
throughout its life span. It is more appropriate to express
instantaneous rate.

Rate of reaction with reference to a particular instant of time is .

called instantaneous rate of reaction. It is defined as the rate of
change of concentration of any one of the reactant or product
species over a small interval of time.

. dx dx
Rate of reaction = — _t or +—

. dt ,
Units of rate of reaction are conc. time™' , e. g.,mol L's™ or
mol L™ hr™!, etc.

3. Law of mass action: It was presented by Guldberg and

‘Waage in 1864, At a given temperature, the rate of areactionata

particular instant is proportional to the product of the active

SUMMARY AND IMPORTANT POINTS TO REMEMBER

" masses of the reactants at that instant raised to powers which aré

numerically equal to the numbers of their respective molecules in
the stoichiometric’equation descnbmg the reaction. Consider the
following general reacnon,

m Ay + mzAz + my A5 +...—— Products
Rate of reaction o [4, ]’"1'[,4 12[451™ ...

4. Rate constant: It is equal to rate of reactlon when
concentration of each reactant is unity, i.e., one mole litre™ .Itis ™
a constant for a particular reaction at a given temperature and also
known as specific rate constant or specific reaction rate.

Consider a general reaction, !

ad + bB +...—> Products
dx na b
—Z=KAY[BY ...
” [4]°[B]

If C,=Cy=1 or [A]=[B]=
Then, ' j{?{:k
’ dz

5, Collision theory of reaction rate: . A chemical reaction
occurs when the existing bonds of the reactants are broken down
and new bonds come inte existence in the molecules of products.
The basic requirement for a reaction to occur is that there should
be physical contact between reacting species, i.e., they must
collide with one another. Effective collisions whlch bring
chemical change are few inspite of large number of actual
collisions. For a collision to be effective, the following two
conditions must be satisfied:

(1) Reactmg species must possess - adequate energy to
overcome the energy barrier,

(i) Reacting molecules must be properly oriented at the tlme
of collision. '

The minimum amount of energy which the colhdmg partlcles

- must possess as to make the chemical reaction to occur is called

threshold energy. The excess energy (over and above the average
energy of the reacting species) required by the reacting species to
undergo chemical reaction is called activation energy (£, ).

Activation energy = Threshold energy — Average kinetic
energy of the reacting molecules-
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Every chemical reaction whether exothermic or endothermic
has an energy barrier which has fo be overcome before the

reactants can be transformed into products. The reacting.

molecules must have sufficient energy as to cross this energy
barrier. The effective collisions increase with increase of
temperature, i.e.,
temperature.

6. Factors influencing the reaction rate:
which influence the rates of reactions are;

(i) Nature of reactants: The reactants with weak bonds
react quickly whereas the reactions involving reactants with
strong bonds are slow. The molecular reactions are generally
slow while ionic reactions are fast.

(ii) Concentration of reactants: The rate of reaction
increases with increase in concentration of reactants as the
number of collisions increases.

(iii) Catalyst: Positive catalysts increase the reaction rate
by providing an alternative path involving lesser amount of
activation energy.

(iv) Temperature: The rate of reaction increases with an
increase in temperature. The number of effective collisions

- increases with increase of temperature. The rates of many
reactions are approximately doubled or tripled for every
10° C rise in temperature. The temperature coefficient is defined
as the ratio of specific reaction rates of a reaction at two
temperatures differing by 10°C

The chief factors

0 {value lies generally
between 2 and 3)

Temp. coefficient =

Arrhenius suggested an equation which describes & as a
function of temperature, i.e.,

k= Ae~EalRT

where, &k = rate constant, 4 = a frequency factor (constant),

E, =energy of activation, R = gas constant and 7' = temperature.

At two temperatures 7} and 75,

lo k). B [1_1
B3 172303k \ T, 1,

7. Molecularity and order of reaction:

(i) Molecularity of reaction: The minimum number of
reacting particles {molecules, atoms or ions) that come together
or collide in a rate determining step to form product or products is
called the molecularity of the reaction. The reactions are termed
as unimolecular, bimolecular or trimolecular, etc., depending
upon the number of reacting particles as 1, 2, 3, etc., in the rate
determining step. Simultaneous collisions involving more than

"three molecules ™ are very rare and hence reactions with
molecularity more than three are also rare.

NH,NO, —»N, +2H,0
NO+ Oy —»NO, + 0O,
2FeCl; + SnCl, — 2FeCl, + SnCl,

‘(Unimolecular)
{Bimolecular)
{Trimolecular)

~ In simple reactions involving one step only, the molecularity is
equal to-the sum of number of molecules of the redctants

rate of reaction increases with increase of

involved in the balanced equation. There are number of reactions
which are complex in nature and occur in several steps; the
molecularity of such reactions is determined by the slowest step.
Thus, molecularity depends upon the mechanism of the reaction.

(ii) Order of reaction: Rate equation or rate law is an
experimentally determined mathematical expression relating the

molar concentrations of the reactants to the actual reaction rate.

Consider a general reaction,
m A+ nyB + nyC +... > Products

The rate law or rate equation is’

Rate = - & = (AT [B) [CT?
dt

Order of reaction is the sum of the exponents (powers) to
which molar concentration terms are raised in the rate law.

Order of reaction =(x+ y+z+...) v )

The value of (x+ y+ z +... Yusually ranges between 0 and 2
and even 3. It may have positive, negative, zero and fractional
values. It is termed overall order. The reactions are classified as
zero, first, second, third order according as (x+ y+z+...)is
zero, one, two or three respectively. The order can be expressed
either in terms of the order of the specific reactant or in terms of
overall order of the reaction.

The reactions which obey a first order rate equation, although
they are not unimolecular, are said to be pseudo first order.

8. Reactions of various orders: In such reactions, the
concentrations of various reactants except one remain practically
constant during the course of reaction.

(i) Zero order reactions:. A reaction in which the rate is
independent of the concentration of the reactant molecules, i.e.,
the rate is proportional to the zeroth power of the concentration of
the reactants.

Cdx
’——-——kA =k
= [4]o

ie., the reaction velocity remains constant throughOﬁt the
progress of the reaction. The concentration decreases lmearly
with time.

4], =[4], - K

_[A4]y _Initial concentration
Feompleion = = T constant

The units of k are mol L™ time™.
~ (ii) First order reactions:
concentration of one reactant only.

dx

The rate depends upon the

=k A
Z [4]
2.303 a 2.303 14]
k= logyq = logp ~—°
t (a-x) ¢ [4],
f= time; a = initial concentration and (a — x) = concentration at

time £.

A change in concentration unit does not affect the numerical -
value of k. Thus, for first order reactions, any quantity which is
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proportional to concentration can be used in place of
concentration in the integrated equation.

The time taken for the completion of same fraction of change
is independent of initial concentration. When x=0.5a and
t=1ly, )

2.303 a 2.303 0.693
k= log o = log,, 2=
Y 05a 1ty Lz
, 069
12 P

Thus, #,,, is independent of initial concentration.

The equation. of the first order can also be written in the

following form when initial concentration is not known.
, . v p
o 2303 log, (a x ) _ 2303 - (41,
2 (1) *(a- xz) (1, -1) (41,
The unit of & is time ™. ‘

(iii) Second order reactions:
the concentration of two reactants,

Reaction rate depends upon

& AN[B]= kAT
_ 2.303 o b{a - x)
Ha—b) B oh—x)

[(a — x) and (b — x) are the concentrations of 4 and B after time
interval t.]

When concentrations of botlr the reactants are same,

k-—- x
t a(a—x)

- (x1s the concentration changed in time interval ¢)
Half life period, ¢, = —é; , i.e.,inversely proportional to initial
‘concentration. The units of k are litre mol ™ time ™.
(iv) Third order reactions: Expression for third order
reactions of the type ’
- 34 - Products
dx 3
—=kl4
FALC
_1 x(2a-x)
t 2a%(a-x)*
The units of & are L? mol 2 time™
9. Methods for the determination of order of a reaction:

(i) Initial rate method: A number of experiments are
carried out by varying concentration of a reactant w.r.t. which the
order is to be determined.keeping the concentrations of all other
reactants constant. The initial rate of the reaction at each
concentration is determined by concentration-time curves. The
order of the reactant is then calculated from the rates at various

concentrations. The experiments. are repeated with other
reactants in a similar way. Likewise, the orders w.r.t. all reactants
are determined. The overall order is the sum of the orders of all
the reactants.

(ii) Integration method: The quantltles ‘a,x and t are

determined and substituted in the kinetic equations of various

orders. The equation which gives the most consistent values for
the specific rate constant (k) for a series of time intervals is the
one corresponding to order of reaction.

2.303 ' .
k=w—1logy ( 2 for first order reactions
t - .
‘ 1 a ) .
k=~ for second order reactions
t a(a-x)}| ‘
Rate = & fc’r‘ zero order reactions 7

(iii) Graphical method:
is a straight line, the reaction follows first order.

If a plot of
Aa—x)

follows second order.

If a plot of

versus ‘¢’ is a straight line, the reaction -

versus ‘1’ is a straight line, the reaction
(a-x)°
follows third order.
(iv) Half life method: Starting with two different
concentrations @, and a;, for the same reaction, the half lives

(21,2 )y and (¢, ), are determined.

a n-1 i‘;\ -
ok _ (B2 or n=l+ log (12 )1
(ti2)2 & ' log a,

—log (¢,/2 ),
- log a4

n is the order of reaction.

(v) van’t Hoff differential method: For two different
initial concentrations C; and C, equations can be written in the

- form .

Lt
Codt

Taking logarithms of two eqﬁaﬁons and then subtracting

dc, dc,
log|-—=L|-1 Ed
Og( dtJ °g[ ,er

log C,

4Gy
dt

n=

had log C2

10. Mechanism: ~ An intelligent guess depending upon the
observed rates of reactions about the series of steps (known as

~elementary processes) leading to the formation of products is

called the reaction mechanism. The overall reaction is the

summation of all elementary steps. The slowest step is taken as
the rate determining step.

If the plot of log (a — x) versus ‘¢’
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Matrix Matching Problems:
. (According to the new pattern of IIT Screening)
[A} Match the reactions of List-I with their orders in List-II:

List-1 B . List-I1
V : H
"(a) C,H,,0,; + H,0 —— (p) Pseudo first order
CeHyp05 + CeH,,04

~ (b) CH,COOC,H; —2__ (q) Zero order
H™ orOH™ I A ’
: - CH,COOH+ C,H,OH
k
(©) Hy + Cl, —> 2HCI
(&) CH,C1+0H™ —
CH30H +CI”
[B] Match the reactions in Colump-I with the units of thelr rate
constant in Column-IL:
Colamn-1 Column-II
{Reactions) {Unit of k)
(a) SO,Cl, —> SO, +Cl,  (p)sec™
(b) CH;COOC,Hy + NaOH ml(q) min !

(r} Second order

(s) First order

CH,COONa + C,H;0H
(€) 2H,0, —> 2H,0+ 0, (1) Lmol ! min!
() H,0, + 2" + 2H" —  (s) Lmol ™ s™*
2H,0+1,

{C] Match the kinetic equationsef Columm-I with the units of
their rate constant in Column-11:

& Column-ll V

Column-I 7
(Kinetic equations) {Units of rate constant}
@x=kt (P) sec™!
(b)k—z—?ﬂlg ( a ) (q)Lmol'lsec
\a-x

M mol L' sec™! -

@ k=220 0g [ 2O () pamt sec!
, t{a-b) a(b - x)
[D] Match the half lives in Column~I with ﬂle orders in
Colamn-TI:
- Columa-l Cemmnfll
(Halflife) {Order)

(a) t,,, = constant (p) First order
Mt,xca (q) Pseudo first order

: 1
(C)jl 12 oK —
a_,
(d) tl 73 = p
where, a = Initial concentration of the reactant-
p = Initial pressure of the reactant

(r) Second order -

(s) Zero ofder

[E] Match the reactions of Llst-I with the increase in rate when
concentration is raised two times in List-1I;

List-I List-IT
{Reactions) (Increase in rate when
conc. of reactant is
doubled)
(2) CH,CHO —> CH, + CO (p) 2 times
(b) SO,Cl, —> SO, + Cl, (@) 21 times
(c) 2H,0, — 2H,0+ 0, (1) 2 times in acid medium

HOH
(d) CH,COOC,H; —> (s) 22 times in basic
CH,COOH + C,H;0H  medium '
[F] Match the List-I with Liwst-II and List-III:
List-1 List-II © List<IIH

(a) xis plotted aga- (p) Slope— -~ k/ 2 303 (u) Intercept =
inst ‘¢* in zero

order reaction

(b) log (a —x)is (q) Slope = 2k (¥) Intercept
plotted against 7 : =1a
*t” in first order
reaction
(©(a-x)'is () Slope=—k (w)Intercept
plotted against (when log is =Va®
‘£ in second natural)

order reaction
(d) (a-xYis (s) Slope = k (x) Intercept
- plotted against ' =logyp a

‘¢’ in second
" order redction

where, ¢ = Initial concentration of reactant
’ x = Extent of reaction in time ‘¢’ sec
[G] Match the List-1 with List-IL:

List- - - List-H
(a) Molecularity (mo
(b) Order @ 172
(¢) Temperature coefficient  (r) Between 2 to 3
(d) Activation energy for (s) 2
participation of all reactant
molecules

- [H] Match the Column-I with Column-II;

Calumn-1 Colamp-IT
* (Rate law). - (Order)

(a) Rate = k x Intensity of light(p) Second order
(b) Rate = k[A]'[BT (q) Zero order
(¢) Rate = k[AT*[B]/? (r) First order when 4 is

: e€xcess
(d) Rate = k[ A[B]! (s) Second order when B is

€XCEess
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[1] Match the Column-I with Column-II: -

Column-1 Column-1I
@ 4= 9%§ (p) Zero order
a (q) First order
by = :
(b} 1/2 2k
© 1= é (ry Average life

(d) 134 =21, (s} 75% completion

(t) 25% completion
‘[7] Match the Column-I with Column-II:

Column-1 Column-II

3v
(a) lyq = 3 X fya (p) 99% completion

(b) t3,5 =2X ty;9
(c) 6.909/k
(d) 2.303/k

(q) Zero order
(r) First order
(s) 90% completion

Here, ¢, = halflife -
fy s = 3/4th life
k = rate constant .
[K] Match the Column-{ with Column-1I:

Column-1 Column-II

(a) First order reaction  (P)Cy = 0.1M; t,, = 25 min
Cy= OOSM t;2 = 12.5min

(b) Second order reaction (qQ)Cy = 0.1M; t;,, =12min
Co=0.05M3;1,, = 24 min

(€) Zero order reaction  (r) Radioactive decay

(d) #,,, varies inversely to (s) Co =0.1M; 1, = 8 min

the concentration of the Cy = 0.05M;4,, = 8min
reactants

[A] (@), (b1, 5), (c—q), (d-1) -

[B] (a-p, @), (b-1, 5), (c-p, @), (A1, 5)
[C] (a-1), (b—p), (c—q, 8), (d—q, 5)

[D] (a-p, q), (b-s), (c-1, 5), (d-1, §)

[E] (a-q), (b-p), (c-p), (d-1, 5)

[F] (a—s—u), (b~p, 1—x), (c-8-v), (d—q-w)

[G] (3—3)9 (b—p: 9, S)’ (C-—I’), (d"P)
[H] (a—q), (b-p), (c-p), (d-1, 5)
(1] (a—q), (b-p). (c—q, 1), (d—q, 5)
[']] (a_’q}: (b—l‘), (C_pa I'), (d—I‘, S)
[K] (a1, 5}, (b—q), (c-p), (d—9)

[) PRACTICE PROBLEMS '

. For the reaction 4 — B, it was found that the concentration of
Bincreased by 0.3 mol L' in 2 haurs What is the average rate
of reaction?

[Ans. 0.15mol L hr]

. Inthe reaction X — Y, the initial concentration of X is 2.5
mol. L' and its concentration after 3 hours is 0.7 mol L.
What is the average rate of the reaction?

fAns. 6.0x107" mol L] )

. For the reaction 24 + B — C, the rate of formation of C is 0.25
mol L™ hr™. What is the rate of disappearance of 4 and B 7

fAns. 05mol LM ir' 0.25 mol L7 ir!]

. For each of the followmg reactions express the given rate of
change of the concentration of the reactant or product in terms
of the rate of change of concentration of the other reactants or
products in that reaction.

(i) N, + 3H, — 2NH;; _d_[dlj_ZLv
(i) H, + 40, - H,0; -i[:%-L?

d[NOCI]

=7

(i) 2NO +.Cl, — 2NOCY, P
(iv) CO+ NO, — CO, + NO; _g_[%g;g:,,
[Ans. (i)-d_@_?___y@z_h 3 d[NH,]
dt 2 4t

[Oz] 1d[H,] 1 dH,0]

(i) - - = ;
2 a4 2 4t

(i) d[N0C1] __dNO]_, d[Cly]

dt dt dt ’
(iv) - d[NOz] _ d[CO] _ d[CO,] _ dNO] ]

dt dt dt

. When ammonia is treated with O, at elevated temperatures,

the rate of disappearance of ammonia is found to be 3.5 x 1072

mol dm™ s™" during a measured time interval. Calculate the
rate of appearance of nitric oxide and water.

[Ans. [20] 35><1»:)'2 mol dm 57

5[%:—0—] =53x1072 mol dm™ s7']
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[Hint: Consider the following equation:
4NH; + 50, — 4NO + 6H,0
The equality in this case is
1 AINH;] _ 1 ANO] _ 1 A[H,0]
4 a4 a6 a
In a reaction, N,Og — 2NO, + 14 0,,
the rate of disappearance of N,Oy is 6.5x 107> mol L' 7!,

Compute the rates of formation of NO, and O,.
[Ans. M =125%x102 mol L 571,

rf[Oz 1_
dt

]

=3,125 %107 mol L 7]

For the reaction, ,
20, == 30,
was found to be 4.0 x 107 atms™

AO,].
At

_A[G;]

Determine the value of

in atms™' during this period of

time.
[Ans. 6.0x10*atms™]
The following reaction was carried out at 44°C:
N,05 — 2NO, + %0, :
The concentration of NO, is 6.0 x 107 M after 10 minutes of

the start of the reaction. Calculate the rate of production of

NO, over the first ten minutes of the reaction.

[Ans. 6.0%107* mol L™ min™']

The rate of a particular reaction doubles when temperature
changes from 27°C to 37°C. Calculate the energy of
activation for such reaction. (R = 8.314 J K™ mol™)

[Ans. 53.59 kJmol™]

The rate- constant of a reaction is 2x 1072 s at 300 K and

8x 1072 571 at 340 K. Calculate the energy of activation of the
reaction.

[Ans. 29.39kJ mol™ ]

For a chernical reaction the energy of activation is 85 kJ mol ™.
If the frequency factor is 4.0 x 10° L mol'l -1, what is the rate
constant at 400 K?

[Ams, k=3.19x1072L mol™ s

The energy of activation of a reaction is 140 kJ mol™. If its
rate constant at 400 K is 2.0x 1078 57, what is the value at
500 K?

[Ans. 9.06x107s™]

‘ Calculate the ratio of the catalysed and uncatalysed rate

constant at 20°C if the energy of activation of a catalysed
reaction is 20 kJ mol™ and for the uncatalysed reactlon is
75 kI mol ™.

fAns. 6.4 x10°]

The decu.nposition of methyl iodide,

2CiLl{g) — GHy(g) + L(g)
at 273°C has a rate censtart of 2.418 x 107 571, If activation
energy for the reaction is +179.9 kJ mol ™! , what is the value of

collision factor * 4" at 273°C?
[Ans. 39x10% 57
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15. v The reaction,
2N,0 — 2N,0, + O,

occurs in carbon tetrachloride. The rate constant is
2.35% 107 sec™ at 20°C and 9.15x 107 sec”™ at 30°C
Calculate the activation energy of the reaction.
[Ans. 100.343 kJ mol™'] :

16. For the inversion of cane sugar,

GoHp Oy + HyO — CoHyp O + CoHyn04,

at 27°C. The
activation energy of the reaction is 1.07 x 10° J mol™ . What is
the rate constant of the reaction at 37° C?
[Ans. 8.46 L mol™ sec™]

17. From the data given below for the reaction 24 + B — 3C at
298 X, find out the rate law expression for the reaction.

Expt. 141 iB]

the rate constant is 2.12x 10™* L mol™ sec™

_‘Rate of

No. (mol L) (mol ') formation of C
1. 0.10 o0 40x10"
2. 0.30 0.30 12x107
3. 0.10 0.30 40x10™ -
4. 020 0.40 8.0x 107
[Ans. Rate=k[A]] A
18. What is the rate law expression for the reaction,
Ad+B—>C?
The following data were collected from the experiments:
Expt. Imitialj4]  Initial|B] Rate of
No. (mol L) (mol ')  formation of C
1. 0.10 0.10 40x107*
2. 0:20 0.20 32x107
3. 010 0.20 1.6x 107

[Ans. Rate=Ai[AJ[BF]
19. The reaction,

2N,04 — 2NO, + 0,

was studied and the following data were collected:

Expt.  INOg < Reteefdiappeamnce of
" "No. . - .(molEY) (mnll;’l;in")
L S 113x 107 34 x 107
2 0.84 x 1072 25% 107
3. 0.62x 1072 18% 107

Determine (i) order the reaction (ii) the rate law and (iii) rate
constant for the reaction.

[Hint: Let the rate Iaw for the reaction be
Rate= k[N205 ]J:
34 x 107 = [1.13 x 1072 ¥
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25% 107 = £[0.84 x 1072 ¥
34x107°  [1.13x107)"
25x 107 [0.84 x 107%)*
1.36=[1.345]"
x=1
Order of the reaction is 1. Rate law = A[N,05 ]
o Rate _ 34x107
CN;O5] 113 %1072
20. For the reaction,
2NO + 2H, — N, + 2H,0,
the following kinetic data were obtained:

=30.08 x 10 min™]

Expt. =~ [H; ]_f : [NOL Rate of Sac_t;on
No. (mol ™) (mol L) (mol L. )
1. o1z o2 0.25x 107
2. 02 0.24 1.0x10™
... 024 024 20% 10

Determine the rate law and the rate constant.
[Ans.- Rate=k[H,][NOF; k =1.45x1072 L mol™ 57*]
21. Fillinthe blanks in the following table which treats reaction of
- a compound. 4 with a compound B, that is of the first order
with respect to 4 and zero order with respect to B:

Ihitial rate

Expt.  [4] Bl

‘Neo. = (mel L) mol L)  (mol L's™)
1 0.1 0.1 2.0x 1072
2 0.2 4.0%107?
3, 0.4 04
4 0.2 - 20x107

[Ans. (D)[4]=02 mol L
‘ (3) Rate = 8.0 x 107 mol gt
(H4]1=01mol L]

22. The reaction 2NO+ 0, — 2N02, follows the rétﬁ: law

= k[NOP[O,]. What is the order of the reaction? If
k=20x10" mol™ 12§, what is the rate of the reaction
when [NO] = 0.04 mol L™ and {O,]=0.2mol L?
{Ans. - Order of the reaction = 3; .
" Rate=6.4x10" mol L 57

23. From the foliowing data of initial concentrations and rates,

calculate the order of reaction ad — Products; and its rate
constant.

S [Almol L 0.1 0.2 © 04
Ratemol L' s 9x 107 36x 107 144 x 107
[Ans. Order of reaction =2 ’
Rate constant = 9.0 x 10~ mol™ L 57
24. For a reaction ad + bB — mM + nN, the rate of reaction is
V given as k\[AT[BY.
" Calculate the order of the reaction and the rate constant from
the given initial concentrations and the corresponding rates.

PHYSICAL CHEMISTRY FOR COMPETITIONS

[4]mol L0 . 01 0.1 0.2

[B]mol L™ 0.2 0.4 0.2

Ratemol L' 4x10*  16x10* 8 x 10*

[Ans. Order of the reaction = 3, k = 1.0 x 10" L> mol™? s}
25. The data given in the following table pertain to the reaction,

24+B—C.

Determme the form of the rate equation and the value of the
rate constant.

Initial concentration . ..

Expt. mol L) Initial rate
No. : : : (mol L"Ls‘l)
' 4 - = B
L 1x10% © 1x10?”
2 1x107 2% 1073
3. 1xi1e? 3% 107
4. 2x 107 3x107

[Ans. Rate=#k[4]}B] k=7x10%]
26. The following initial rate data were obtained for the reaction: .

2NO(g) + Brz(g) — 2NOBr(g)

Run {NO]JM’ BLlI/M Rate/Mmm

. .10 1.0

1.30x 1072
2 20 10 520x10°
3. 40 20 . 4.16x 107
Determine the reaction rate law and the value.of the rate
constant. (Dhanbad 1992)

[Ans. - % = k[NOP[Br,}; K =1.30x 107% mol™ 12 57!]

_ 27. The data below are for the reactlon of NO and Cl, to form

NOCI at 295 K.
Expt.  [CL] ' INO} Initial rate
. -Ne.  (@lL')  (melL") (melL*s™)
LT 005 0.05. 1.0x 107
22 0I5 005 3.0x107 .
3, 0,05 015 9.0x 107

(a) What is the order w.r.t. NO and Cl, in the reaction?
(b) Write the rate expression.
{c) Calculate the rate constant.
(d)’ Determine thie reaction rate when concentrations of Cl,
and NO are 0.2 M and 0.4 M respectively. (1T 1993)
fAns. (a) Order w.rt. NO =2; order w.rt. Cly=1
(b) Rate expression, r = \[NO]?[Cl, ]
(¢) k=8.0L% mol? s~
{(d) Rate= 0.256 mol L' s71)
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In the hydrolysis of propyl acetate in presence of dilute HCl in
aqueous solution, the following data were recorded:
Time from start (in minute) 60 356

% of ester decomposed 18.17 69.12

Calculate the rate constant of decémpesition and time in
which half of the ester was decomposed.

[Ams. 3.34 x 10 min™'; 207.6 min]
In a first order reaction the concentration of the reactant is

reduced to one-fourth of its initial value In 50 seconds.
Calculate the rate constant of the reaction.

[Ans. 2.77x 10725

For a first order reaction, the rate constant is 0.1 s, How
much time will it take to reduce the concentration from initial
value of 0.6 mol L t0 0.06 mol 1,1 7

[Ans. 23.0 second] ‘

A substance decomposes following first order reaction. If the
half life period of the reaction is 35 mmutes what is the rate
constant of this reaction?

[Ans. 1.98x 1072 min™']

For a certain first order reaction, it takes 5 minutes for the
initial concentration of 0.6 mol L' to become 0.2 mol L.
What is the rate constant for this reaction? [log 3 = 04771].
[Ans. 02197 min™}]

Find the two-thirds life (5 yof a first order reaction in which
k=548x107" sec™ (log 3= 0.4771;log 2 = 0.3010).

[Ans. 2.005 5]

[Hint: a

a-%a ]

A first order reaction has a specific rate of 107 sec™’. How
much time will it take from 10 g of the reactant to reduce to
7.5 g (log 2=0.3010; log 4 =0.6020 and log 6 = 0.7782)?
[Ans. 287.735]

In a reaction 5 g ethyl acetate is hydrolysed per litre in
presence of dilute HCI in 300 min. If the reaction is of first

order and initial concentration is 22 g per litre, calculate the
rate constant for the reaction.

[Ans. 4 =859x107" min']

Calculate the half life of the reaction 4 — B, when the initial
concentration of 4 is 0.01 mol L™ and initial rate is 0.00352
mol L} min ™t :
[Ans.
[Hint:

tyz = ———log,

. The reaction is of the first order.
1.969 min]-
Evaluate & from - =k[Al]

In a reaction, 4 — B + C, the following data were obtained:
¢ in seconds 0 900 1800
Concentrationof 4 50.8 - 197 7.62

Prove that it is a first order reaction.

[Hint: Calculate the value of £ in both cases by using first order

equation. ]

The first order reaction has k =1.5x 107 per second at

200° C. If the reaction is allowed to run for 10 hours at the
same temperature, what percentage of the initial concentration

39.
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48.
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would have changed into the product? What is the half life
period of this reaction?

[Aus. ), = 128.3 hours; 5.27%]
A first order reaction is 20% completed in 10 minutes.

Calculate (1) the specific rate constant of the reaction and (ii)
the time taken for the reaction to go to 75% completion.

[Ans. k=2232%107 min™;7=62.12min]

The rate constant of a reaction with respect to reactant 4 is 6
min ', If we start with [4]=0.8 mol L', when would [4]
reach the value of 0.08 mol L™'? . ‘
[Ans. 0.3838 min]

What will be the initial rate of a reactxon if the rate constant is
107 min™" and the concentration is 0.2 mol dm™ ? How much

of the reactant will be converted into the product n 200
minutes? e

[Ans, Initial rate = 2 x 107 mol L' s7%; 0.036 mol]
A substance 4 decomposes by the first order reaction. Starting

initially with [4]=2.00 M, after 200 minutes [A 1=025 4
For this reaction what is #,,, and &£ ?

[Ans. t,; = 66.66 min, k = 0.01039 min~']
The specific rate constant for the concentration of H; and I, to
form HI is 0.0234 mol ™' Ls™' at400° Cand 750 mol™' Ls™' at
500°C, Calculate the activation energy of the reaction

ICYE (Bl 197
[Ams. 107.9 keal]
For a certain reaction it takes 10 minutes for the initial
concentration of 2.0 mol L' to become 1.0 mol L™ and
another 10 minutes to become 0.5 mol L. Calculate the rate
constant of the reaction. sl PR
[Ans. 0.0693 min™']
The catalytic decomposition of H,0, was studied by titrating

it at different intervals with KMnO, and the following data
were obtained:

¢ {seconds) 0 600 1200

V of KMnO, (mL) 22.8 13.8 8.3

Calculate the velocity constant for the reaction agsuming it to

be a first order reaction.

[Ans. 84 x107 5]
[Hint: Volume of KMnO, used s concentration of H,0,
Hence, % = 2303 logyy %]

The half life of a first order reaction is 10 seconds. Calculate
the time for completion of 99.9% of the reaction.
[Ans.  99.7 sec = 100 sec]

A first order reaction is 40% complete after 8 min. How long

will it take before it is 90% complete? What is the value of the
rate constant? ‘

[Ans. & =0.06386 min™; ¢ = 36.06 min ]
The reaction SO,Cl, — 80, +Cl,, is a first order gas
reaction with k = 2.2x 107 s7! at 573 K. What per cent of

S0,Cl, is decomposed on heating at 573 K for 90 min?
[Ans. 11.2]
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The decomposition of AB(g)-> A(g)+ B(g), is first order
reaction with a rate constant k = 4 x 10~ ™! at 318 K. If AB
has 26664.5 Pa pressure at the initial stage, what will be the
partial pressure of AB after half an hour?

[Ans. 12981.7 Pa]

In the first order reaction A(g ) B(g)+ C(g), the initial
pressure of 4 is 11200 Pa and the total pressure at the end of
16 minutes is 14667 Pa. Calculate the half life period of
reaction.

[Ans. 30 min]

It was found that a solution of cane sugar was hydrolysed to
the extent of 25% in 1 hr. Calculate the time taken for the
sugar to be 50% hydrolysed assuming that the reaction is of
first order. .

[Ans. 2.408 hours]

A reaction is 20% complete in 20 minutes. How long will it
take for 80% completion 1f the order of reaction is (a) zero and

- (b) one?

[Ans. (a) 80.minutes (b) 144.27 minutes]
A second order reaction where a = b is 20% completed in 500
seconds. How long will the reaction take to be 60% complete?

[Hint: Apply
X . 20 . -1 1
= - = = mol” Ls
ta(g¢—x) 500100 x (100 - 20)] 200000
60 _ 60 x 200000 = 3000 seéon ds]
k><100><40 100 = 40

At a certain temperature, the half life periods of a reaction at

different initial pressures were as follows:

p (kPa) 100 66.67 3333
¢ (min) 105 235 950

Find out the order of the reaction.

[Ans, 3]

The time for half change for a gaseous reaction was measured
for various initial pressures and the following data were
obtained:

p(kPa) 266 40 53.3
¢ (min) 150 99.8 753
Find out the order of the reaction.

[Ans. 2]

Show that for a first order reaction the time required for 99%
completion is twice the time required for the completion of
90% of the reaction.

Show that for a first order reaction the time required to
complete 99.9% of the reaction is 10 times that required for
half the reaction.

Show that for a first order reaction, the time requlred for a

50% reaction is half that for 75% reaction :
The decomposition of an aqueous solution of ammonium
nitrite was studied. The volume of nitrogen gas collected at
different intervals of time was as follows:

Time (minutés) 10 15 20 oo

Vol. of N, (mL)  6.25 9.00 1140 35.05
From the above data prove that the reaction is of the first order.

[Hint: [A4], = volume of nitrogen at oo = 35.05
[A ]( = Vca: - V! ‘
when =10, = 2.303 35.05

og =0.0196
10 (35.05- 6.25)

60.

61.

62.

63.

’ 64.

o
th

[Ans.

200 kJ mol™.

when =135, k =0.0198

when =20, & =0.0196]

Optical rotation of sucrose in'1 N HCI at various times was
found as shown below:

Time (sec) 0 7.18 180 27.05 oo
Rotation (deg) +24.09 +21.7 +17.7 +15.0 -10.74

Show that the inversion of sucrose is a first order reaction.
[Hint: Initial concentration, [Al=p -7,
Attime 7, [A], =5 -1,
k=118x1075"]
The rate law for the decomposition of gaseous N,Oq
N,O5 — 2NO, + 40,
is observed to be:
_ 4iN;04]
dt

A reaction mechanism which has been suggested to be
consistent with this is:
K

= k[N2OS]

N,O; == NO, + NO, (fast)
kl ’ '
NO, + NOy; —> NO, + NO+ O, (slow)
ky
NO + NO; — 2NO, (fast)

Show that the mechanism is consistent with the observed law

Hint: 7= k,[NO,][NO; ],
_ [NO, J[NOs | [NO, = K[N.Os]
{N;0s] : [NO, ]

o =k KNLOs 1= E[N,O51]
Write the overall reaction and the rate law equation ﬁom the
following elementary steps

NOBr, + NO — 2NOBr

. Adding both the steps, we get overall reac:” i,

2NO + Br, — 2NOBr.
The second step is slow and, therefore, a rate determining step.
r=k’[NOBr, J[NO]

- W or [&031’2] = K[NO][Br’2]

[Hint:

[NOJ[Br, ]
r=k'K[NOF(Br,]] ;
The reaction, 2NO + O, — 2NO, proceeds in two steps. If

one elementary reaction is NO + O, — NO,, write the second
elementary reaction. Write the rate law of the reaction.

NO + NOj; - 2NO,, rate = k[NO]* [0, ] ]

At 380° C, the half life period for the first order decomposition
of H,0, is 360 min. The energy of activation of the reaction is
Calculate - the time required for 75%
decdémposition at 450° C. (117 1995)
{Ans.  20.39 min] )
Calculate the average rate of decomposition of N,O; by the
reaction,

2N,04(g )~ 4NO, (g) + O,(g)

-During the time interval-from 1 = 600s to ¢ = 12005 using the

following data:
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Time [N,Os] 71.  Let us consider the following mechanism: ;
600 s 124 x 1072 M CH,CN+H" — CH,CNH " (fast)
-2
1200s 093x10" M CH,CNH " + H,0 — Product (slow)
(£ = i IR -

Ans ' 5166 % 10 M 57 ] o " What would be the rate law?
[Ans. 5166 x [Ams. Rate = k[CH,CN][H,0][H" 1]
7. The thermal isomerization of cyclopropane occurs according

to the equation:

{a) Calculate the AH of the reaction. ' CH
{b) Calculate the emergy of activation for forward and 2
backward reaction. CH,
{c) The dotted line curve is the path in the presence of a
catalyst. What is the energy of activation for the

66. Consider the diagram for reaction:
Ay + By &= 248

CH, — CH, — CH=CH,

The specific reaction rate constant for this reaction at 499°C

forward and backward reactions in the presence of the  was 595 x 107 sec™ . What is the half life of the reaction?
catalyst? ) What fraction of the cyclopropane will remain after | hour at
4995°C?

[Ams. 1165s; 11.7%)]

T 140 73. A substance ‘4" was found to undergo two parallel first order
=130 reactions,

g B

3120 A< , ie,A-—->B and 4-C,

3110 ¢ .

2 100 with rate constants 1.26 x 10 s™" and 3.8 x 107 s7* respec-
ud

tively. What were the percentage distributions of Band C?
[Aps. 76.83% of Band 23.17% of C ]

e 1 X ) ati b 74, Two reactions proceed at 25°C at the same rate; the
Wh f n activation ener; in the . L.
. aetnclz of tehe 2;2?‘;%,) ! fvation. energy _ temperature coefficient of the rate of the first reaction is 2 and
- pr‘s st . that of the second reaction is 2.5. Find the ratio of rates of
(d) Will the catalyst change the extent of the reaction?

these reactions at 95°C.
[Ans. (a) AH =~10kJ/ mol; [Ams. 5 times]

Progress of reaction —»

(b) £y =30 kJ/mok; £, = 40 kJ/ mol; 78. The population of India in the year 1988 was 800 million.
(¢) E; =10kJ/mol; £, =20 kj/ mol; 20 kI /mol; Growth rate is 25 per thousand per year. What will be the
(d) no ] population in the year 2000 if the growth follows first order
67. Temperature coefficient, p= B of o reaction is kinetics?
Fpsec [Ans. 1075 million)
1.82. Calculate the energy of activation in calories. (R = 1.987 76. Half lives against initial pressure are given below. Calculate
cal degrec™ mol™). the order of the reaction.
o, p (mm) 750 -+ 500 250
{Ans.  10.924 kcal/mol] 1 ¢ (min) 105 235 950
68. For first order gaseous reaction, log £ when plotted against T Find out the order of the reaction.
gives a straight line with a slope of —8000. Calculate the [Ans. ,3] ) )
activation energy of the reaction. 71 for a given reaction at temperature 7', the velocity constant £,
[Ans. 36,6 keal] is expressed as:_moo o
69. The rate at 27° C of a chemical reaction increases 1000 times k=de (k" = Boltzmann constant)
when a suitable catalyst is introduced. Calculate the change in Given, R'= 2 cal K™ mol™". Calculate the value of energy of
the energy of activation that the catalyst has brought in. activation. Comment on the results.
[Ans. 4118 cal] [Ans. E=18x10"%ca|]
70. Dehydration of tertiary butyl alcohol follows a first order fHint: Compare the equation with Arrhenius equation
reaction, , k= AeE/RT D)
o 4~ 2T000K T "
(CH;);C— OH(g) — (CH; ), C=CH,(g) + H,0(g) k= 4e - (1)
) . 8 1 Ea _ 27000k’
the rate constant at 300° Cis 2.27 x 107" 57", Calculate the rate 2T
constant at 400° Cif the energy of activation for the reaction is
58 keal E, = 27000RK’
’ 2
[Ans. 4392x107°57'] = 27000 g x & = 27000 < (2)°

N 6023x10%



=18x10% ca

. ,"‘_Acnvatlon energy is low, therefore reaction will be fast.]

' . If the activation energy of a reaction is 80.9 kJ mol ™!, calculate
" the fraction of molecules at 400°C which have enough energy
- *.. to react to form the products.
U [Ans.
7 [Hint:

5.257 %1077 _
Fraction of total molecules which are active at a
- ‘temperature is given as,
' _k_ o Ea /BT
A .
k ~E,
log — = —%—
4 2303RT

, 300K, e v ; . .
o Reacﬂon ; ,qurgy’nf activation (kJ/mob)
1. Uncatalysed . 76
2. Catalysed 57
- Calculate by what factor the rate of catalysed reaction is
" increased?
{Ans. 2000] ,
; ' k ( AE o
. [Hint: Use: -2 =antil L ]
- [Hint: Use: 2= =antilog| =03kt )

80,

K [ -E, )
— = antilog
A 2.303RT

o - Substituting the values of E'and T we can solve the problem.]
9.

The followmg data were obtained for a given reaction -at

k = rate constant in presence of catalyst
k = rate constant in absence of catalyst
AE =76~ 57 =19 k] / mol]
The Arrhenius equations . for cis-trans isomerization of

- but-2-ene (CH; — CH=CH— CHj ) and but-2-ene, 1-nitrile

(CH3 — CH== CH-— CN) are,
k(s™')=10"* exp (-263.5 kI mol ' / RT)

k7' sy =10" exp (-214.5 kI mol™ / RT)

"+ Calculate the temperature at which k = & ™',

. [Hint: Use: long }
o : K,

: [Ans.
. The half life for a reaction between fixed concentration of
.. reactants varies with temperature as follows:

LoreC . 520 533 555 574

914 K]

.y, sec 1288 813 562 477

" Calculate the activation energy of this reactmn

[Ans. 86.47 kJ mol” ]

E_(1_1
2303R\T, T,
ky=0.693/1,
ky =0.693/ 1,

iog fi _E i—-1—\]
T2303R T, TQJ

,;~What percentage of reactant molecules will crossover the

%+ "energy bartier at 325 K? Heat of reaction is 0.12 kcal and
*3 - activation energy of backward reaction is 0.02 kcal.

83.

84.

85.

86.
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[Hint: Activation energy of forward reaction = .12 - 0.02

=0.10 kcal
Fraction of molecules which are active

I
. . kY
or which crossover the energy barrier L—A J = EIRT

B E
Jog, | | = - 2=
Oge(AJ RT

k . -E
— = antilog | —————
A [ 2303R T}
. ~0.10 x 1000
= antilog | —rm i e
2.303x 2% 325
= antilog [-0.06680] = 0.8574
Percentage of reactant molecules crossing over the barrier
= 0.8574 x 100 =85.74] "
In a milk at 37°C Lactobacillus acidophillus has a generation

time of about 75 minutes. Calculate the population relative to
the initial value at 30, 60, 75, 90 and 150 minutes.

[Ans. fovin 30 60 75 90
N/N, 132 174 2 2.30]
[Hint: In the case of population growth we have to use growth

kinetics.

g = 2303 Iog[ a )
! a+x)

= initial population
x = growth in population in time ‘£
Here,Ny=a; N =a+ x]
Two reactions of same order have equal pre-exponential
factors but their activation energies differ by 41.9 J/mol.

Calculate the ratios between rate constants of these reactions
at 600 K.

[Ans. 0.002]
[Hint: Use the relation,
E .
logy k =log)p 4 — ———— .
Blo & =080 4 T S 03RT ®
E
logyq , = logyg 4 ~ 1 . (i
0810 51 = 10810 4 7 5 303 % 8.314 X 600 @)
E
logyg ky = logye 4 ~ 2 . (i
B0 72 = 19810 4 7303 x 8.314 x 600 i
V E, - E,=41.95/mol . N )
Subtract eq. (iit) from eq. (ii} to determine the ratio.]
A decomposition reaction has following mechanism
2N,O5 — 4NO, + O, (overall)

N,O; = NO, + NO; (fast decomposition)
NO, +NO; —— NO+ NO, + 0, (slow)
NO + NO; — 2NO, (fast)
Determine rate law, is the mechanism corresponds to first -
order reaction.
—d[N;Os] _ 2kiky
. = N,O
[Ans o ko + ks [Ny 5]]
Rate constant of a reaction changes by 2% by 0.1°C rise in
temperature at 25°C, The standard heat of reaction is 121.6 kJ

mol ™. Calculate £, of reverse reaction.

[Ans. 24.7 ki/mol]
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E, [1_1
2303R\T, T,

[Hint: log (ﬁ-)
ki)

' 88,

log EE = £ (L _ 1 )
100 2.303x83141298 2981
E=1463x10° 1/ mol = 146.3 kJ/ mol
AH =E, ~E,
121.6 = 146.3 - E,
E, =24.7 kl/ mol]

87. Urea (NH,),CO can be prepared by heating ammonium

cyanate NH,OCN.
NH,OCN ——3 (NH2 »LCO
The reaction may occur by the followmg mechanism:
kl
NH + OCN™ &= NH3 + HOCN
[ =

! (fast, equﬂlbnum)

. . 3‘2 ) ‘
'NH, + HOCN — - (NH, ),CO

What is rate law predicted by this mechanism?

- (slow)

[Ans. Rate=-t kok, [NH4 JIOCN™ 1= K[NH, ] [OCN"]"]

For the reaction Nz{g)-i- 3H,(g)—— 2NH,(g). under
certain conditions of pressure and temperature of the reactants,
the rate of formation of NH; is 0.001 kg tr™'. Calculate the
rate of reaction for N, and H,.

[Ans. 176 x 107 kg hr']
[Hint: _ 4N, ] o ldH ] + 1 d[NH; ]
d 3 dt 2 dr -
ANH3]_ 6 001 kg hr! = 200131000 et
. 17 e
= 0.058 mol hr™!
ZANy ] _ 1 0,058 mol hr!
dt 2
=0.029 mol hr"!
=0.029 x 28 x 10~ kg hr™
=8.12x107" kg hrf‘
Similarly, - dH,] 1.76 107 kg hr ™' .

=7 OBIECTIVE QUESTIONS e

Set-1: Questions with single correct answer

Chemical kinetics, a branch of physical chemistry, deals with:

(a) heat changes in a reaction '

{(b) physical changes in a reactlon » 6.
(c) rates of reactions o

(d) structure of molecules :

The rate at which a substance reacts depends upon its:

(a) atomic mass (b) equivalent mass 7.
(¢) molecular mass (d)- active mass

The rate of a chemical reaction:

(a) increases as the reaction proceeds

(b) decreases as the reaction proceeds

(¢) may increase or decrease during the reaction

(d) remains constant as the reaction proceeds

For the reaction, N, + 3H, —— 2NH,, rate is expressed as: 8.
(a3 ANl _ _ dIHy] _ 3 dINH,]

dt dt 2 dt
by - N1 1] _ 1 d[NH]

dt 3 a 2 di
(©) - dN,] _ _ 3d[H,] _ 2d[NH;]

dt dt dt .
) - AN A, dINH;] -9

dt dt dt ‘
For the reaction, 2NO, — 2NO + O, rate is expressed as:
@) - LANO, ] _ 1 d[NO] _ 4[0,]
. 2 di 2 dt dt 10.
®) - 1d[NO,] _ _ 1d[NO] _ d[O,]

2 dt 2 dt dt

© - 2d[NO,] _ 2d[NO] _ d[o,]
dt dt dt

) _dINO,] _ d[NO] _ d[O,]
dt dt dt

The rate of reaction that does not involve gases, is not
dependent on:

(a) pressure " {(b) temperature

(c) concentration (d) catalyst

For the reaction, 4 + B — 2C + D, which one 1is.the
incorrect statement? ‘ :

(a) Rate of disappearance of 4 = Rate of dlsappearance of B
(b) Rate of disappearance of 4 = Rate of appearance of D

(c) Rate of disappearance of B = 2 x rate of apprarance of C ~

(d) Rate of disappearance of B = —; X rate of appéararice of C

In a reaction, 24, + B, —> 24,8, the reactant. 4 will
disappear at:
(a) half the rate that B will decrease
{b) the same rate that B will decrease
{c} double the rate that 4,8 will form
(d) twice the rate that 8 will decrease
In the reaction 34 — 2B, rate of reaction + ——dEJB] 1s equal to:
t .
[JEE (WB) 2808]
3d[4].
@ =~
the expression

d[A] 2d4]
3 di

INO— N, + 02,

(@) - d[A]

For the

_ 1 d[NOJ
2

(b) -

reaction,

‘represents:
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(a) the rate of formation of NO
(b) the average rate of the reaction

(c) the instantaneous rate of the reaction
(d) all ofthe above

The term ~ — in the rate expression refers to the:
at .

(a) instantaneous rate of reaction

{(b) average rate of reaction

(c) increase in the concentration of reactants
{d) <oncentration of reactants

According to collision theory of reaction rates:

(a) every collision between reactant molecules feads to a
chemical reaction

(b) rate of reaction is proportional to the velocity of the molecules

(¢} rate of reaction is proportional to the average energy of the
molecules

(d) rate of reaction is proportional to the number of collisions
per second

According to collision theory:

(a) all collisions are sufficiently violent

(b) all collisions are responsible for product formation

(¢) all collisions are effective

(d) only a fraction of collisions are effective which have
enough energy to form products

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 the above

The activation energy for a chemical reaction depends upon:
(a) temperature

{(b) nature of reacting species

{c) concentration of the reacting species

{(d) collision frequency

In a reaction, the threshold energy is equal to:

(a) activation energy + normal energy of reactants

(b) activation energy ~ normal energy of reactants

{c)} normal energy of reactants — activation energy

(d) average kinetic energy of molecules of reactants

The influence of temperature on the rate of reaction is
determined by;

(a) Nemst’s equation (‘b) Gibbs-Helmholtz equation
(c) Arrhenius equation (d) van’t Hoff equation
According to the collision theory of reaction rates, the rate of
reaction increases with temperature due to:

(a) greater number of collisions

(b) higher velocity of reacting molecules

(c) greater number of molecules having the activation energy
(d) decrease in the activation energy

The temperature coefficient of a reaction is:

(a) ratio of rate constants at two temperatures differing by 1°C
(b) ratio of rate constants at temperature 35°C and 25°C

(¢) ratio of rate constants at temperature 30°C and 25°C

(d) specific reaction rate at 25°

20. In general, with every 10°C rise in temperature, the rate of

21

22,

24,

’ (a) logyy —=

reaction becomes-approximately .......... .
(a) ten times (b) double
(c) half (d) one tenth
Activation energy of the reaction is:
{(a) the energy released during the reaction
(b) the energy evolved when activated complex is formed
{c) minimum amount of energy needed to overcome the
potential barrier
(d) the energy needed to form one mole of the product
The temperature coefficient of most of the reactions lies
between:
(a) 2and 3 {(b) land 2
(c) 2and 4 (d) 3and4
According to Arrhenius equation, rate constant of a chemical
reaction is equal to:
(a) Ae EelRT (b) Ack«/RT
©) AT (d) AeHTiEs
The correct expression for Arthenin~ - TS 1
effect of temperature on the rate constant is (7, > 7} )
(DY 2oa

ky E

— a T)Tz ]
ki 2303R|Ts-T, - -

-

(b) logy <2 = K __ {———TZ —h ]

k2303, | TT,
(¢) loge kb _E, {_—Tz -7 1
bR LT
(@ logg 22 = Ze) T
& 2303R| T,

In order to react, a molecule, at the time of collision, must
possess a certain amount of energy known as:

(a) free energy (b} kinetic energy

(c) threshold energy (d) internal energy

The activation energy of a reaction is zero. The rate constant
of the reaction: R T {Fhay el
(a) increases with increase of temperature

{b) decreases with decrease of temperature

(c) decreases with increase of temperature

(d) is nearly independent of temperature

The activation energy of a reaction can be lowered by:

(a) using a positive catalyst

(b) increasing temperature

(c) decreasing temperature

(d) increasing concentration of the reactants .

The activation energy for a hypothetical reaction 4 —— Product

is 12.49 kcal/mol. If temperature is raised from 295 to 305, the rate
of reaction increases by:

(a) 60% {b) 100%
(c) 50% (d) 20%
The plot between concentration versus time for a zero order

reaction is represented by: EAXL S JHHEGS
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31

32.

33.

34.

35.

36.

37.
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!

(a) {byInC

_— —

© C (d

B s el T

The rate of reaction increases with rise in temperature because
of : [Comed (Karnataka) 20{)8}
(a) increase in the number of activated molecules
(b) increase in the activation energy
{¢) decrease in the activation energy
(d) increase in the number of molecular collisions
Which of the following is a first order reaction?
(a) 2HI— H, + 1, (b) 2NO, —3 2NO + O,
{¢) ZNO+ Oy —— 2NO, (d) NH,NO, —— N, + 2H,0
Which one of the following is not a first order reaction?
ne
{a) CH;COOCH; + H,0 —— CH;COOH + CH,OH
{b) CH,COOC,H; + NaOH — CH,;COONa + C,H;0H
(¢) 2H,0) —> 2H,0+ O,
(d) 2N,0Oy — 4NO, + O,

~Rate expression of a chemical change is — —Z—: =k[A ]2[8 ner.

The order of reaction is: .
(a) 3 (h}y 2 ) 1 (d) zero
For a reaction, 24 + B —— C + D, the concentration of B is

kept constant and that of 4 is tripled the new rate of reaction
will be: .

(a) nine times (b) three times
(c} same (d) zero &2
The rate of the reaction, 4 + B + C —— Products, is given by

_M: 12 palf 3p /4
Rl ORUNC

The order of the reaction is:
(a) 172 (b) 13/12
() 1 (d) 2
Which of the following rate laws has an overall order of 0.5
for the reaction involving substances x, y and z?
(a) Rate=k[C,][C,]IC.]

(b) Rate = #[C,1*"[C,1"°[C, 1"
(¢) Rate= k[C,]°[C,T"'[C.]°
(d) Rate = #[C,][C,][C,T°

If the rate of reaction between A4 and B is given by rate
= k[ 4][BT*, then the reaction is:

38.

39.

40.

41.

42,

43.

44.

45,

46.

(a) first order in 4 (b) second order in B

(c) third order overall (d) all are correct

For the reaction 4 —— B, the rate of reaction is quardrupled
when the concentration of 4 is doubled; the rate of the
reaction is r = k[ A]"; the value of n is:

(ay 1 " (b) zero (c) 3 (@) 2

Select the rate law that corresponds to the data shown for the
following reaction: 4 + B —HC {CBsE 1994)

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

(a) rate = k[BT (b) rate = k[B]*
(c) rate = k[ 4][BY’ (d) rate = k[AT'[BT
For a chemical reaction, 4 — E, it is found that rate of -
reaction is doubled . when the concentration of 4 is increased
four times. The order of the reaétion is:
{a) 1 (b) 2
(c) 172 (d) zero
The rate of reaction, 4 + B —> Products, is given by the’
equation, r= k[ 4][B] If B is taken in large excess. the order
of reaction would be: (BIT 1992)
(a 2 - by 1
{(c) zero (d) unpredictable
The rate of reaction between 4 and B increases by a factor of
100, when the concentration of 4 is increased 10 folds. The
order of reaction with respect to 4 is:
(a) 10 (by 2 (cy 1
The rate law for the reaction, -

RCl + NaOH(ag.) —— ROH + Na(l
is given by, Rate = k[RCI]. The rate of reaction will be:
(a) unaffected by increasing temperature of the reaction
(b) doubled on doubling the concentration of NaOH
(c) halved on reducing the concentration of NaOH to one half
(d) halved on reducing the concentration of RCI to one half
A zero order reaction is one:
(a) in which reactants do not react
(b) in which one of the reactants is in large excess
(c) whose rate is uniform and not affected by time
(d) whose rate increases with time

The rates of a certain reaction at different time intervals are as
follows:
Time (second) 0 10 20

Rate 1.8x1072  1.82x107% 1.79%107 mol L's™!
The reaction is of: '

(a) zero order (b) first order

{¢) second order (d) third order

For which of the following, the units of rate and rate constant

() 20

‘of the reaction are identical?

{(a) First order reaction
() Second order reaction

(b) Zero order reaction
(d) Fractional order reaction

567
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47.
48

49,

50.

51.

52,

53.

- 54,

85,

56.

- 87,

58.

-{c) equal to 20 minutes

The unit of rate constant for a zero order reaction is:
(a) mol time™ (b) L time™
(¢) mol ! time™ (d) Lol time™
For a zero order reaction: (EARCET 1994;
(®) tyy o 1 d) 5 _12'
a a

The rate of the first order reaction, 4 — Products, is
7.5%x 10 mol L 57

2
@ typeca (©) fype=a

, when the concentiawon of 4 is 0.2 mol

L1, The rate constant of the reaction is:

(@ 25x107° 7! (b) 8.0x107%s™?
(c) 6.0x 107%™ (d) 3.75x 1073 7

If the concentration is expressed in mole per litre and time in
second, the units of rate constant for a first order reaction is:

(a) mol L'! sec™ (b sec™
{c) mol L' (d) mol™
“Which one of the following formula represents a first order
reaction?
2. 303 A 1 x

@ k=22L1og by =l

t [A]O t ala~-x)
()k_23(}31 a_ (d)k=2'30310g9~

a—x t - X

75% of a first order reaction was completed in 32 minute;
when was 50% of the reaction completed?

(a) 4min (b) 8min  (c) 24min  (d) 16 min_
The first order rate constant for the decomposition of N, Oy is
6.2x 107" 57, The half life period for this decomposition is:

‘ (MLNR 1591

(@) 1117.7s (b) 11175 ‘(c) 2234s (d) 1609s
The half life period of a first order reaction 1s:

- 0693 0.693 0.693 0.693
()—- (b)—— ()—‘ (d e

The specxﬁc rate constant of a first order reaction depends on:
{(a) concentration of the reactants

~ (b) concentration of the products

(c) time

(d). temperature

For a given reaction of first order, it takes 20 minutes for the
concentration fo-drop from 1.0 M to 0.6 M. The time required
for the concentration to drop, from 0.6 M to 0.36 M will be:
{(a) more than 20 minutes (b} less than 20 minutes

(d) infinity .

For the first order reaction 4 —— Product, the half life is 200

" seconds. The rate constant of the reaction is:

(a) 3.46x 107%™ (b) 3.46x 107 5™
(c) 3.46x 107%™ (d) 346x107° 5!
The = following data were obtained for the thermal

decomposition of nitrous oxide on finely divided gold:
t (minutes) 0 20 40 60 80

Concentration of N,O (mol L") 0.10 0.08 0.06 0.04 0.02

The order of reaction is: ,
(a) zero M) 1 (c) 2 d) 3

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

59.

60.
61.

62.

. 63,

64.

65.

66,

67.

68.

* dilute acid is 0.6931x 107 57!

The following data are for the decomposition of ammonium
nitrite in aqueous solution:

Vol of N, inem® 625 9.0 1142 1365 35.02
Titme (min) 10 15 20 25 o
The order of reaction is:
{a) 3 by 2 )1 {d) zero
[Hint: a=35.02,(a~-x)=3502-V,

2303 35.02
Apply, k= log ]

¢ (35.02-¥,)

In the first order reaction, the concentration of reactant

decreases from 1.0 M to 0.25 M in 20 minutes. The value of
specific rate is:

(a) 69.32° (b) 6.932 (©) 0.6932 (d) 0.06932

The half life period of a first order reaction is 10 minutes. The
time required for the concentration of the reactant to change
from 0.08 Mto 0.02 M is: 1T 199
(a) 10min  (b) 20min  (c) 30min  (d) 40 min

The rate constant for the hydrolysis reaction of an ester by
- The time required to change
the concentration of ester from 0.04 M to 0.01 M is: -

(a) 6931 sec (b) 4000 sec

(c) 2000 sec (d) 1000 sec

The rate of a gaseous reaction is given by the expression
k[A][B]. If the volume of reaction vessel is suddenly reduced
to one-fourth of the initial volume, the reaction rate relative to
the original rate will be: (1T 1992
(a) 1/16 (b) 1/8 {c) 8. ) 16

The velocity of a reaction is doubled for every 10°C rise in

‘temperature. If the termperature is raised to 50°C, the reaction

velocity increases by about:
(b) 16times (c) 32 times (d) 50 times

_k[A]l/Z[B]SIZ the

overall order of the reaction is: CEE (Bihar) 1992]
(a) 2 M) 172 {c) 372 @1

The rates of a certain reaction at different times are as follows:
Time (second) 0 10 20 30

Rate 2.8x 1072 2,78 x 10722.81 x 10722.79 x 107
(molL's™y 7

The reactlon is of:

(a) third order (b) second order

{c) first order (d) zero order

The second order rate constant is usually expressed as:

(a) 12 times

If the rate expressmn for a reaction is — a’

(a) mot L' 57! (b) mol™ L' 57

(¢) mol™ Ls™ (d) mol Ls™

The hydrolysis of ethyl acetate is a reaction of!
1 +

CH,COOC,H, + H,0 —— CH,COOH + C,H,OH

{(b) first order
(d) third order

(a) zero order
(¢) second order



69.

70.

71.

72.

7.

74.

75.

76.

77.

“Which of the following statements regarding molecularity of

-For a single step reaction, 4 + 2B —— Products,
~ molecularity is: ‘ ‘

CHEMICAL KINETICS

The inversion of cane sugar is represented by,
CaHp O + HyO —— CgH 506 + CoH 504

It 15 a reaction of:
(a) second order {b) unimolecular

(c) pseudo-unimolecular - (d) zero order

In a second order reaction, the time needed for the initial - 19
concentration of the reactant to reduce to half that value is:
(a) independent of the initial concentration

{b) proportional to the initial concentration

{c) inversely proportional to initial concentration

(d) proportional to the square of the initial concentration

[PMT (MP) 1993]

the reaction is wrong?
(a) It may be either whole number or fractional
(b) 1t is calculated from the reaction mechanism
{c) It depends on the rate determining step
(d) It is number of molecules of reactants taking part in a
single step chemical reaction
For the reaction, H2 {(g)+Bn(g)—> ZHBr(g) the reaction
rate is:
rate = k[H, ] [Br, 1* ‘
Which one of the following statements is true for this 83
reaction? ‘
{a) The reaction is of second order
(b) The molecularity of the reaction is 3/2
(c) The unit of k issec™
(d) The molecularity of the reaction is two
Molecularity of the reaction:
(a) is always a whole number
{(b) is never a whole number
(c) canhave a fractional value
(d) can be zero
the

(a).zero (b) three (c) two (d) one
The hypothetical reaction, 4, + B, — 24B, follows the
following mechanism:
Ay — A+ A
A+ B, —>AB+ B
A+ B—— AB
The order of the overall reaction is:
(a) zero (b). 1 (c) 2
The molecularity of a reaction is:

(fast)

(slow}

(fast)

[PMT (Pb.) 1991]
(d) 372

(a) same as its order : . 85.

(b) different from order
(¢) may be same or different as compared to order
(d) always zero

The chemical reaction, 20, — 30, proceeds as follows: 86.

03 —— 02 + O
0+ 0; —> 20,
The rate law expression should be:
(a) r=kO,7 (b) r= kO, F[0,T"
(c) r=KO,][0,] (d) r=[0,][0,]

{fast)
(slow)

78.

80.

81.

82.

84,

569
<
k'k”10:1[0,] _
[02]
Time required to decompose half of the substance for nth
order reaction is inversely proportional to:

[Hint: pe k’[03A][O] = K0, F[0,17']

()" () a"'
(¢) a"~ % d a*
. What is1 the order of the reaction which obeys the expression
L= 7{;"
(a) Zero (b)- Third
" (c) First (d) Second

"The order of reaction can be deduced from:

(a) experiment v (b) chemical equation

{c) rate constant ' (d) thermochemical equations
The order of a reaction may be determined by o

(a) differential method (b) initial réte method

(c) graphical method (d) all of these

A graph between time (¢) and the substance consumed at any
time is found to be a straight line passing through the origin.
This indicates that the reaction is of:

{a) second order (b) firstorder

{(c) zero order (d) fractional order

. A plot of log (a — x) against time ‘" is a straight line. This

indicates that the reaction is of:

(a) zero order (b) first order
{c) second order " (d) third order

For the reaction N,O;5(g)—— 2NO,(g)+ %Oz (g) the

value of rate of disappearance of N,O; is given as 6.25x 107

-1

mol L' ™. The rate of formation of NO, and O, is given

respectively as: [CBSE (PMT) 260§
(a) 625x10mol L''s™ and 625% 10 mol L's™!

(b) 125%10?mol L's™! and 3125x 107 mol L5~}

(¢) 625x 107 mol L'~ and 3125x 10 mol s~

(d) 125x10%mol L''s™ and 625X 10 mol L™'s™

[Hint: ~dNOs] _  1d[NOs]_ ,d0;]
»odr 2 dt dt
d[N,05] _ 2{—d[N205 1} 2% 625%10°
dt o dr

=125%102mol Ls™!
40,1 _ .1_{ ~ANOs 1| _ L 605 % 10‘3
dt 2 dt T2
=3125x 107 mol L's™ ]
The ratio of the time required for %th of the reaction of first

order to complete to that required for half of the reaction:
(@) 4:3 (b) 3:2

() 2:1 (dy 1:2

In pseudo-unimolecular reactions:;

- (a) one of the reactants is.present in large excess

(b) both the reactants have same concentration

(c) both the reactants are present in low concentration
(d) one of the reactants is less reactive
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87 ‘The reaction,

88.

89.

90.

91.

92.

93.

-

2N,05(g) — 4NO,(g) + Oy(g2),
is first order with respect to N,O;. Which of the following
graph, would yield a straight line? :
(a) log ( Pn,0 s }versus time with —ve s]ope

() (Pnyo, )"

(©) (pn, 0, ) versus time

(d) log ( Pn,0, ) versus time with +ve slope

Consider the fo]lowmg statements :

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

(ii) rate constant & is equal to collision frequency ‘ 4if E, = 0

(iif) rate constant & is equal to collision frequency 4 if £, = o

(iv)log, k vs T is a straight line

(v) log, k vs I/T is a straight line

Correct statement are :

(a) (i) and (iv)

(¢) (i) and (iv) -

(e) (i) and (v)

if we plot a graph between log & and — by AlThemus equatlon

versus time

(b) (ii) and (v)
(d) (ii) and (iii)

the slope is: [EAMCET ([txwg ) 2016}
E,

a) ~E_/R by +E,/R  (c) -

@ £, () +£,/R () 2303R() 2.303R

The rate of the reaction,

CCL,CHO + NO — CHCl, + NO + CO,
is given by the equation, rate = 4([CCl,CHO}[NO] If
concentratlon is expressed in mol / litre, the units of & are:
[PMT (MP) 1993]

(@) mol™? 12s™! )] mol L! s‘]
(¢) Lmol™ 57 d s” :
In a reaction, 24 + B —— 4, B, the reactant 4 will disappear

at: PMT (MP) 1993
(a) half the rate that B will decrease -
(b) twice the rate that B will decrease
(c) the same rate that B will decrease
(d) the same rate that 4,58 will form
The rate of the reaction, 2NO + O, —— 2NO,, at .25°C is
0.028 mol L' 5™, The experimental rate is given by
r= k[NO]*[0, ]
If the initial concentrations of the reactants are O, =0.040 ‘
mol L and NO = 0.01 mol L", the rate constant of the
reaction is: ’
(@) 70x 1072 Lmol™ 7' (b) 7.0x 107 12 mol™? 57"
(©) 7.0x10° > mol™? s (d) 7.0x10° L2 mol™ s~
[Hint:  0.028 = £[0.011[0.040]]
For the reaction, '
2NO + Cl, — 2NOCI,
the following mechanism has been proposed.
NO + Cl, ¥ NOC(Cl,
NOCl, + NO —— 2NOCl1
The rate law for the reaction is:

(slow)

[PMT (Kerala) 2010]

(fast) -

94.

95,

" 96.

97,
- 280, + O, &= 280, the rate of reaction was measured as

98.

99.

100.

(a) rate = k[NOJ*[CL, ]
(c) rate = ([NOCI, ] .
[Hint:

rate = k' [NOJ[NOCI, ] = k' K[NOJ[NO][Cl, ] = k[NOP(CI, ]

The rate of a reaction can be increased in general by all the
following factors except:

(a) by increasing the temperature

(b) rate = K[NOJ[CI, ]
(d) rate = A[NOCI]?

* (b) using a suitable catalyst

{(c) by increasing the concentration of reactants
(d) by an increase in activation energy
How will the rate r = £[SO, ][O, ] of reaction,
280, + 0, — 25805, .
change if the volume of the reaction vessel is tripled?

(a) Tt will be %rd of its initial value

(b) It will be 3 times of its initial value
(c). It will be 9 times of its initial value-

(d) twill be %th of its initial value

Radioactive disintegration is an example of:

(a) zero order reaction (b) first order reaction

(c) second order reaction  (d) third order reaction

In the formation of sulphur trioxide by the contact process,

_d[0,]
dr

The rate of reaction expressed in terms of SO, will be:

(a) 3.0x10* mol L' s () 6.0x10* mol L' 57!

© 1.5x10* molL's™? (d) 45x 10 mol L' s~

The rate constant for a first order reaction is 6.909 min

Therefore, the time required in minutes for the participation of

=3.0x 10 mol L' s,

~1

75% of the initial reactant is; [PET (J&K) 2009]
2 2 3. 3

a) Zlog2  (b) Zlog4 Zlog2  (d) Zlog4
()30_g ()3g (0)20g ()zog
For the reaction,

A+ 2B —C +D,%’:—] =k[ANB]?
the expression for d‘[jB] will be:

t
1, ..

(a) 2k[A}[BY () 5 HAIBY

(c) K[ A)[BY (d) K AJB/2F

Which of the following staternents is not correct for the

reaction,

444+ B —>2C + 2D?

(a) The rate of appearance of C is one-half the rate of
disappearance of 8

(b) The rate of disappearance of B is one-fourth of the rate of
disappearance of 4

(¢} The rate of formation of D is one-half of the rate of
consumption of 4

(d) The rates of formation of C and D are equal
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The overall rate of a reaction is governed by:

(a) the rate of the fastest intermediate step

{b) the sum total of the rates of all the intermediate steps

(c) the average of the rates of all the intermediate steps

(d) the rate of the slowest intermediate step

The rate constant of a reaction does not depend upon:

(a) temperature

(b) activation energy

(c) catalyst

(d) concentration of reactants and products

The half-life period of a first order chemical reaction is 6.93
minutes. The time required for the completion of 99% of the
chemical reaction will be : (log 2= 0301) {ATEEE 2909
(a} 230.3 minutes (b) 23.03 minutes

(c) 46.06 minutes (d) 460.6 minutes

For the chemical reaction x —— y, it is found that the rate of

reaction increases 2.25 times when the concentration of x is
increased 1.5 times. What is the order of reaction?

(a) One (b) Two (c) Three (d) Zero

[Hint: r=4k[x]" and 2.25r = k[1.5x}"

So, 225=(1.5)" ora=2]

The half life period of a reaction is constant for:

(a) zero order (b) first order

(c) second order {d) none of these

From different sets of data of #,, at different initial

concentrations say ‘e’ for a given reaction, the [#,,, x a] is

found to be constant. The order of reaction is:

{a) zero () 1 (c) 2 (d) 3

Diazonium salt decomposes as

CH N, CIm —— CH,Cl+ N,

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

initial concentration of the salt is doubled. Therefore, it is:
{MLAR 199

(a) a first order reaction

(b) a second order reaction

(c) independent of the initial concentration of the salt

(d) a zero order reaction

For the reaction, N,(g)+ 3H,(g)— 2NH;(g), under

certain conditions of temperature and pressure of the reactants,

the rate of formation of ammonia is 0.001 kg hr™'. The rate of

consumption of hydrogen under the same conditions is ...... kg

het

{a) 0.001 (b) 0.003 {c) 0.002 (dy 0.0015

The rate constant, the activation energy and the Arrhenius

parameter of a chemical reaction at 25°C are 3.0x107%s7,

104.4 kJ mol™ and 6.0x 10'* ™! respectively. The value of '
1T 1596

rate constant at T —— o= is:
(8) 2.0x 1087
{c) infinity
In the reaction

BrO; (ag.)+ SBr (ag.)+ 6H —— 3Br, (/) + 3H,0(/)
The rate of appearance of bromine {Br, ) is related to rate of

disappearance of bromide ions as following:
ICBSE (PMT) 2009]

(b) 6.0x 10" 57!
(d) 3.6x16°s™

111.

" (a) 472303 (b) A

112.

571
@ d[Brz] 3d[Br] ®) d[BrZ] _3d[Br]
5 dr . 5 4t
) d[Brz] N _5d[Br}] () [Brz] _5_ d[Br ]
3 dt 3 at

Given that k is the rate constant for some order of any reaction
at temp. 7. then the value of lim log k, (where, 4 is the
Arrhenius constant) is: Foe

{c) 2.3034 (d) log 4

The curve depicts the change in

concentration of species X and T
" Y as a function of time. The g |X
. point of intersection of the two  §

curves represents: £

5]

(@) 1y 2

®) 134 8\

(c) ty3 Time —~ -

113.

114.

115.

116.

117.

118. -

(d) data insufficient to predict

In gaseous reactions, important for the understanding of the™
upper atmosphere H,0 and O react bimolecularly to form two
OH radicals. AH for this reaction is 72 kJ at 500 K and £, is

77 kJ mol™'; then E,, for the bimolecular recombination of two
OH radicals to form H,Oand O is:
(@) 3 kJ mol™ (b) 4 kJ mol™
(¢)5kJ mol™ (d) 7kJmol™
From the following data, the activation energy for the reaction
(cal/mol} is:

H, + 1 —> 2H1

TK) 117 i o log K
~769 1.3%x 107 2.9
667 1L.5x 107 ¢ 1.1
(@) 4x10° (b) 2 10°
(c) 8x10* (d) 3% 104

The hydrolysis of an ester was camed out ‘separately with--
0.05 N HCl and 0.05 N H,S0,. Which of the following will be
true? '
(®) kuey > knys0, (b) ky,s0, > kucy
(€} kn,s0, = Zkye (d) ky,50, = Fuci
For an endothermic reaction, where, AH represents the
enthalpy of the reaction in kJ/mol, the minimum value for the
energy of activation will be:
(a) less than AH (b) zero
(c) more than AH (d} equal to AH
In the following first order competing reactions;

A + Reagent ——> Product

B + Reagent — Product

- The ratio of &, /k, if only 50% of B will have been reacted

when 94% of 4 has been reacted is: .

(a) 4.06 (b) 3.06 -
() 2.06 (d) 0.06

Two reactions A4 —» Products and B — Products, have rate
constants & , and k, at temperature 7" and activation energies
E, and E, respectively. If k4, >k, and E, <E, and
assuming that A for both the reactions is same, then:
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121
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(a) at higher temperatures £, will be greater than &,
(b) at lower temperatures £, and k, will be close to each
other in magnitude :
(c) as temperature rises, k ; and k5 will be close to each other
in magnitude
(d) at lower temperature &k > &
A substance undergoes first order decomp031t10n The
decomposition follows two parallel first order reactions as:
ky B ,
A< k,=126x10"s" and k, =3.8x107° 57!
i C .
The percentage distributions of B and C are:
(a) 80% B and 20% C (b) 76.83% B and 23.17% C
(c) 90% B and 10%C (d) 60% B and 40% €
Inversion of a sugar follows first order rate equation which can
be followed by noting the change in rotation of the plane of
polarisation of light in a polarimeter. If 7,7 and 7 are the

{otatlons att=oo,t=tandt =90 then first order reaction can
be written as:

@ k=11og, L2%  (b) k=2log, BT

; t non t Then
(©) k':lloge""”"r‘) (d) k=2 log, =
' t ooy t -

Rate of a chemical reaction can be kept constant by:
(BHU 1993)
(a) stirring the compounds
(b) keeping the temperature constant
{c) both (a) and (b)

- (d) none of the above

122.

123.

124.

125

The number of molecules of the reactants taking part in a
single step of the reaction tells about: (AMU 1992)
(a) molecularity of the reaction

(b) mechanism of the reaction

(c) order of reaction

(d) all of the above

Number of moles of a substance present in 1 litre volume is
known as:
(a) activity (b) molar concentration

(c) active mass {d) none of these

The inversion of cane sugar into glucose and fructose is:

(a) I order (b) Morder (c) lllorder (d) zero order
The unit of rate constant obeying the rate expression

r=k[AV[BT is

126.

T () mol?? litre™? time™!

(d} none of these

(a) mol™" litre?’? time

(¢) mol™" litre®"?

For the reaction,
N,O5 —> 2NO, + 1/20,,

_ d[NZOS] =.’%1{NZOS]

time™!

d[NO, ]
e = [ INLO
7 2[N;0s]

da[0,1
—*”[d;] = ka[N,Os ]

The relation in between k;, k, and £ is:

[PMT (MP) 193] -

127.

128.

129,

130.

131.

132.

133,

134.

 period for the reaction is:

() 2k = 4ky = ky (d) none of these
The rate constant is numerically the same for three reactions of

first, second and third order respectively. Which one is true for

the rates of the three reactions if the concentration of the
reactant is greater than 1 M7

(@ s=n=n ®) q>n>n

(Y <n<n (d) All of these

In the Q.Nd. 127, if the concentration of the reactant is less
than 1 M, then:

(@ 5=n=n (b)) 5>n>n

{c) y<n<n (d) all of these

In the Q.No. 127, if the concentration of the reactant is | M,
then:

(@ n=n=rn ®) 5 >n>n

@ r<n<n {d) all of these

For a first order reacuon A ~3 Product, the rate of reaction.
at[4]=0.2mol L' is 1.0x 1072 mol L™ min ", The half life

(a) 832s (b) 440s {c)y 416s. {d) 14s
The rate constant of a first order reaction, 4 —— Products, is
60 x 107 min™". Its rate at [ 4] = 0.01mol L' would be:
(IIT 1997)

(@) 60x 10‘6 mol L min ™ (b) 36x 107 mol L mm“
(c) 60% 1072 mol L™ min~' (d) 36 % 107" mol L'} min™"
For a first order reaction, the half life is independent of;

: (CBSE 1999)
(a) initial concentration
{b) cube root of initial concentration
(c) first power of final concentration
(d) square root of final concentration .
Activation energy of a chemical reaction can be determined
by: : (CBSE 1998)
(a) changing concentration of reactants
(b) evaluating rate constant at standard temperature
(c) evaluating rate constants at two different temperatures
(d) evaluatmg velocities of reaction at two different tempera-

tures

The experlmental data for the reactlon 24 ¥ 82 — 248, is:

Expt.No. - [4] iB;] Rate (mels ™)
L 050 050 Lex107
2. 0.50 1.00 - 3.2x 107
3. .10 1.00 32x107%

The fate equation for the above data is: (CBSE 1997)

135.

(a) rate = k[B, ] (b) rate = k[B,]

(c) rate = k[AP[BT (d) rate = k[ AT [B]

For the reaction 4 — B, the rate law is: rate = k[ 4 ]. Which of
the following statements is incorrect? |PMT (Pb.) 1998}

- (a) The reaction follows first order kinetics

(b} The 1,;, of the reaction depends on initial concentration

{c) kis constant for the reaction at a constant temperature

(d) The rate law provides a simple way of predicting the con-
centration of reactants at any time after the start of the re-
action

(11T 1999)
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141.

142.

CHEMICAL KINETICS

Cyclopropane rearranges to form propene:
A—— CH, — CH=CH,
This follows first order kinetics.
2714 % 107 sec™
0.29 M. What will be the concentration of cyclopropane after

The rate constant is

100 sec? [JEE (Orissa) 2009]
(a) 0.035 M (b) 0.22M
(c) 0.145M (d) 0.0018 M

The rate constant for the reaction,
N,05(g) — 2NO, &)+ Og(g)

is2.3% 107 ! Which equation given below describes the
change of [NZOS] with time [N,0O; ], and {N,0O;], correspond
to concentration of N,Oys initially and time ‘#*7(AIIMS 2004)

(a) [N,05]y =[N,05]; "
(b) log, Ta0sh
[N,0s],
(c) logq [N;O5], =logo [N;Os]y — A2
(d) [N;Os], =[N,Os], + &t
The reaction, X —— ¥ (Product) follows first order kinetics.

. In 40 minutes, the concentration of X changes from 0.1 M to

0.025 M, then the rate of reaction when concentration of X s
0.01 Mis: [HIT (S) 2004]
(a) 1.73% 107* M /min (b) 3.47% 107 M/min
(¢) 3.47x 107* M/min (d) 1.73 % 10™ M/min

In a first order reaction, the concentration of the reactant,
decreases from 0.8 M to 0.4 M in 15 minutes. The time taken
for the concentration to change from 0.1 M to 0.025 M is:

{3 30min () I5min  (¢) 7.5min  (d) 60 min
A substance undergoes first order decomposition. The
decomposition follows two parallel first order reactions as;

FaB k =126x% 10“‘,sec !
A
k,"C ko =38x107 se
The percentage distribution of 8 and C are:
[PMT (Kerala) 2004]
(b} 80% B and 20% C
{d) 90% Band 10% C

(a) 75% B and 25% C
() 60% B and 40% C
() 7683% B and 2317% C

For a reaction 2NH; —> N, + 3H,, it is observed that

L) vy ), 288 v, S0 - oy,
What is the relation between k; &, and &5 7

(€} 2k = 3. = 6k, (d) 6k =3k, = 2k,

In Arthenius equation k = Ae Fa fRT, factor e £« "7 is known

as’

. The initial concentration of cyclopropane is .

143,

144.

148,

(a) frequency factor

~{c) depends upon order

573

(b) -activation factor

(c) pre-exponential factor  {d) Boltzmann factor

Unit of frequency factor (4 )is:

{a) moles/lit (b) moles/lit/sec .

(d) no unit

For the reaction 4 + B —> C + D, the variation of the

concentration of the products is given by the curve:

T Y, z

5

®

g
- w

|8 - X

Time —
(@) x ®y (@ = D ow

Which graph shows zero activation energy?

1 r

@ g ®) g
Reaction Reaction —s

@, | @
Reaction — Reaction —

146.

147.

148.

- 149.

- 154,

Etpresiold ©an never be: ‘

(a) > By (b) > Ep

{c) <Ep (d) > Eyas well as > Ep

A reaction takes place in three steps; the rate constants are

k., k, and k,. The overall rate constant & = kl‘kﬁ . If energies
2

of activation are 40, 30 and 20 kJ, the overall energy of
activation is:

(ay 10 (by 15 {c)y 30 (d) 60
For hypothetical reaction 4 — B takes place according to
R ky

==, A4 +C-——>D(slow)
Rate law will be:
(@) k[4]C ] (b) kk[A] (©) k(A7 (@) kk[A4)C]

If concentration of redctant is ‘increased by ‘mr’; then &
becomes:

(@ & &k () kim (d) mk
ad + bB —> Pydx/dt = k[A]" -[BY. 1f conc. of 4 is

doubled, rate is doubled. If B is doubled, rate becomes four
tirnes. Which is correct?

@) —d[4] _ -d[B] ®) —d[4] _ —-2d[ B}
dt dt dt dt

© —2d4] _ —dIB] (d) None of these

S dt dt
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151,

152,

153.

154,

156.

157.

(a) 6x 1078 sec

" (a) rate = k[ O][O,]
“{c) rate = k[ O, ]2[02]"

© (c) rate = k[NH,OCN]
155.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

A drop of solution (volume 0.05 mL) contains 3 x 107 mole of
H*. If the rate constant of disappearance of H* is 107 mol litre™
sec™!, how long would it take for H* in the drop to disappear?
() 6x 107 sec

(d) 6x107"% sec
kl

(©) 6x 10710 sec

For the reaction, H, + 1, ‘—k— = 2HI. The rate law expression
2
® [ Tl } KH L]
2 dt 2
(b)[ 14 ]} Iy [HI]?
2 dt kz[Hz][Iz]/
1 d[HI
© [ E_d__]] k[H, J[L,] ~ k,[HIT
@ [ 1—[&-—1 ki [H, 1]

The chemical reaction, 205 - — 30, proceeds as;
O3 7= 0, + O (fast), O + O; — 20, (slow)

The rate law expression will be:

(b) rate = k[0,

(d) can’t be determined

For the reaction NHj + OCN —— NH,CONH,, the

) prbbable mechanism is,

NH, + OCN~ == NH,OCN
and NH,OCN — NH,CONH,
The rate law will be:

(a) rate = k[ NH,CONH, ]

(fast)
(slow)

(b) rate = k[NH, ] [OCNT
(d) none of these
For a 1st order decomposition,
ky ky !
A, — 4

k2
4,

overall £ will be given by:
(@ k=k +k +...+k,
() k=k Xk, x...xk,

For areaction 4 + 3B — P, Rate =

b) k=g +k, +...+k,)n
(d) none of these

~d[4]
dt

,the expression for

“the rate of reaction in terms of change in the concentration of
B,

—dlB] will be :

(a) KATLB] () KAT[3B)
(c) 3k[AT[B] (d) (M ATLB]
Which of the following statements is correct?
(a) Rate of reaction o< L

(b) At lower temp., increase in temp. causes more change in
the value of &

{c¢) Both (a) and (b) are correct
{d) None is correct

158.

159.

160.

161.

163.

164.

For X —Y; k=10"¢%T and for W —Z; k = 10'2 &' %97

at what temperature ‘T both reactmns will have same value of
i?

(a) 500K (b) 1S00K
4.606 2. 303
(€ —K (@) ——
500 5000

For a reversible reaction where the forward reaction is
exothermic, which of the following statements is correct?

. [JEE (WRB) 2019!
(a) The backward reaction has higher activation energy than
the forward reaction

(b) The backward and the forward processes have same
activation energy

(¢) The backward reaction has lower activation energy
(d) No activation energy is required at all since energy is
liberated in the process
For the reaction, 4 + 3B ——2C+D
which one of the followmg is not correct?
IEAMCET (Med.) 2010]
(a) Rate of disappearance of 4 = Rate of formation of D

(b} Rate of formation of C = % x Rate of disappearance of B.

(¢) Rate of formation of D = —;x Rate of disappearance of B

(d) Rate of disappearance of 4 = 2 x Rate of formation of C
24 — B + C, would be a zero order reaction when:
{CBSE (PMT) 2002]
(a} the rate of reaction is proportional to square of concentra-
tion of ‘A’

. {b) the rate of reaction is same at any concentration of ‘4’

(c) the rate remains unchanged at any concentration of ‘B’ and
GC?

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

. Units of rate constants for first and zero order reactions in
- terms of molarity M unit are respectively:

(AILEK 2002}
M sec™! (b) sec™, M '
() M sec”,sec”! (d) M,sec™

Following is the graph between log ¢,,, and log a (@ = initial
concentration) for a given reaction at 27°C. Hence, order is:

T_

logtys

(a) sec”!

loga —»

(a) 0 (b) 1 {c) 2 {d) 3.
Following is the graph between (a ~x)" and time ¢ for
second order reaction. 0 = tan ™' (1/2);04 = 2L mol™, hence
rate at the start of reaction will be:
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tmin —>
(@) 1.25 L mol™" min™ (b) 6.5 mol L" min~!
(c) 0.125 mol L™! min~" (d) 1.25 mol L' min~!

165. Graph between concentration of the product ‘x’ and time ‘¢ for
A — B is given ahead:

t —»
d[A] . .
The graph between — I and time will be of the type:
(a) Al () Al /
Tt Tdt
t— t—
TTdt Tdt
t— t—

166. Consider the chemical reaction,
N(g) + 3H,(2) — 2NH,(g)
The rate of reaction can be expressed in terms of time
derivative of concentration of N,(g), H,(g) or NH;(g).
Identify the correct relationship amongst the rate expressions:

({1T2002)
(a) rate = — d[Nz] = — l d[Hz] =+ l d[NH3]
. dt 3 dt 2 dt
(b) rate S d[Nz.] =-3 d[H,] =42 d[NH, ]
dt dt dt
(c) rate = d[N,] = 1 d[H,] = 1 d[NH;]
dt 3 dt 2 dt
(d) rate =~ d[N,] _ _d[H,] _ d[NH;]
. dt dt dt
167. For the reaction,
N,(g)+ 3H,(g)——2NH;(g), if
ATN] _ .
ﬂ?l =2X 10_4 mol L_IS_I, the value Qfﬂ]_ WO_llld be:
dt dr
[CBSE (PMT) 2009]

(@) 1% 107 mol L™'s™" (5)3x107* mol L's™!
(¢)4 x 107 mol L's~! (d) 6x 10~ mol Ls™!

168. Temperature dependent equation can be written as;

[JEE (Orissa) 2605]
(@Ink=lnd-ée®  (b)Ink=1n 4 + /%
()Ink=1n A4 -5 (d)all of these

169. Tf the rate of reaction 4 —— B doubles on increasing the
concentration of A by 4 times, the order of reaction is:

. [CET (J&K) 2005]
(a)2 )1 {c) 12 @4

170. For the reaction: 2N,05(g)—— 4NO,(g)+ O,(g) if the

" concentration of NO, increases by 5.2 X 107 M in 100 sec,

then the rate of reaction is: [PET (Kerala) 2005]
(@)1.3x10° Ms7!. (b)5x 104 M s~ '
(©)7.6x107* M s~ (@)2x10° Ms™!
(€)25x107° M s~

171, A first order reaction is 10% complete in 20 min. The time

taken for 19% completion is:
(@)30min  (b) 40 min
(e) 45 min
172.  An endothermic reaction with high activation energy for the
: forward reaction is given by the diagram: (AIEMS 2005)

f f
Potential
energy R
P

Potential
energy

Reaction —
coordinate

[PET (Keraia) 2605]
(c) 50 min (d) 38 min

Reaction —
coordinate

(a)

- (b)
t . t .
Potential ~ Potential
energy energy R
R

Reaction . — Reaction —>
coordinate coordinate

() (d)

173. For reaction a4 —> xP, when [4]= 2.2 m-M, the rate was

found to be 2.4 m M s™'. On reducing concentration of 4 to
half, the rate changes to 0.6 m M s™'. The order of reaction
with respect to 4 is: (ATIMS 2065)

(@) 1.5 (b) 2.0 (©)2.5 (d) 3.0
[Hint: Rate=k[A4]°

24=k[22]% ..(0)

0.6=k[L.1]% .. (i)
Dividing eq. (i) by eq. (ii),a=2 .. order = 2]

174. According to the law of mass action, rate of a chemical
reaction is proportional to: (AFMC 2605)
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176.

177.

178.

179.

180.

"k = Ae”5/R" In this equation, E represents:

" R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

(a) concentration of reactants
(b) molar concentration of reactants
(c) concentration of products
(d) molar concentration of products

. Consider the endothermic reaction X — Y with the activation

energies £, and E, for backward and forward reactions,
respectively. In general:

E, <E/

®E,>E,

(YE,=E,

(d) there is no definite relation between E rand E,

Which one of the following statersents for order of reaction is

not correct? HIT (S) 2665]
(a) Order can be determined experimentally

(b) Order. of reaction ' is equal to sum of powers of

concentration terms in differential rate law ~
(¢) It is-not affected by the stoxchlomemc coefficient of%the
reactants

(d) Order cannot be fractional

The rate constant of a reaction is found to be 3 x 107> mol L™
min "', The order of the reaction is: ICET (J&K) 2066]
(a) zero by 1 (c) 2 (d) 1.5

[Hint:  Unit of rate and rate constants are same for zero order
reaction.]

In the first order reaction, the concentration of the reactants is
reduced to 25% in one hour. The half life period of the reaction

is: [UGLT (Manipal) 2005}
(a) 2hrs (b) 4 hrs (c) 1/2hr (d) 1/4 hr
[Hint: k= 2303 log a

¢ a—Xx

k=wlog(loo} 2% 0.693
1 25
0.693 0.693 1
fyy == == lr]
k 2x 0693 2

-A substance reacts with initial concentration of a mol dm™

according to zero order kinetics. The time it takes for the
completion of the reaction is: (a’c = rate constant}
: i ra, CET (Karnataka; 20091

k a
(@) e (b) e (© }; (d) *a—
(e) ka
[Hint: x=kxt
t=2
k

" Time for completion of reaction (Whenx =g, Le,f = g— 1

Rate of a reaction can be expressed by Arrhenius equation as,

AIFEE 2006)
(a) the energy above which all the colliding molecules will
react

(b) the energy below which’ colhdmg molecules will not react
(c) the total energy of the reacting molecules at a temperature 7

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

(ATEEE 2005)

181,

. 182,

183.

184.

185.

186.

- [Hint:
" H’ the order will be one.

The rate constant of a first order reaction at 27°C is 107 min ™.
The temperature coefficient of this reaction is 2. What is the rate

constant (in min™") at 17°C for this reaction?

£ 006
(a) 107 (b) 5x107% (¢) 2x 107 (@) 107
[Hint: AT

P )

. 10_3 - (H)mno =2
kﬂ
-3
k= 107 _gs5x107

1
=5x 10" min™]
In a chemical reaction, two reactants take part. The rate of
reaction is directly proportional to the concentration of one of

them and inversely proportional to the concentration of the
other. The order of the reaction is: . {PMT (Raj.) 481,6}

(a) zero M) 1 ) 2 @ 4
According to Arrhenius equation, the rate constant (k) is
related to temperature (T )as: (VITELE Z087T)

B _E(1_1
wn(f)%l72)

Consider a reaction aG + bH — Products. When

concentration of both the reactants G and H are doubled, the

rate increases by eight times. However, when the

concentration of G is doubled keeping the concentration of H

fixed, the rate is doubled. The overall order of reaction is:
{(FIT 2607

(b) 1 ey 2 (d) 3
Order with respect to ‘G’ will two and with respect to

@0

Rate=k[G1[H]'
When concentration of both G and H are doubled, the rate will
increase eight times.]

The temperature dependence of rate constant (k) of a
chemical reaction is written in terms of Arrhenius equation
k= Ae”Ea'RT Activation energy (E, ) of the reaction can be
calculated by plotting: MEL D

(@) log k vsT(b) log kvs—(c) kvsT  (d) k vs—
T log T

Consider the 24 + B —> Products. When
concentration of B alone was doubled, the half life did not
change. When the concentration of 4 alone was doubled, the
rate increased by two times. The unit of rate constant for this
reaction is: {AIEEE 2067

(a) s - (by Lmol™ lg-1 {c) unitless (d) mol L7

reaction,
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[Hint: Concentration change in B’ does not change half life, it
means the reaction is first order with respect to B. When
concentration of only"A’ is doubled, the rate of reaction becomes
double, thus order with respect to 4 will also be one.
Overall order of reaction = 2
unit of rate constant = L mol 5™ |
In a first order reaction 4 —— B, if k is rate constant and

initial concentration of the reactant 4 is 0.5 M then half life is:

, [CBSE (Med) 2007}
_log2 log 2 In? 0.693
() k ()kJ_ ) ‘k ()-—05k

For the first order reactlon halflife is 14 sec, the time required
for the initial concentration to reduce to 1/8 of its value is:

[CET (J&K) 2007]
(a) (14) sec (b) 28sec (c) 42sec - (d) (14) sec

75% of a first order reaction was completed in 32 min, when

was 50% of the reaction completed?  {BHU (Mains) 2007]
(a8 2dmin  (b) 16min (c) 8min  (d) 48 min
For a zero order reaction, :
AP : ‘
4 Y, is: (k is rate constant) ] [BHU (Mains) 2007]
@) [A] ) 22 In2 c 1 @ In2
koo k4 [A1ok

The rate constants &, and k, for two different reactions are

1016 &= 2000/T apd 101%™ 1990/T respectively. The tempergmre
at which &y =k, is: [CBSE (PMT) 2€08]
(a) 2000 K- (b) w K ©1000K (d) 2000
_ 2.303
[Hint : 10 ¢ XOOO/T _ 10!6 ~ 2000/ T
& 20007 _ 10%5
g WoT T '1—0‘—6
& 10007 _ o1
log, e 10007~ Jog 107!
—lTOﬂ =2.303log;, 10‘
' =-2.303
_ 1000 K]
2.303

Under the same reaction conditions, initial concentration of
1.386 mol dm™ > of a substance becomes half in 40 seconds
and 20 seconds through first order and zero order kinetics

respectively. Ratio
0

and zero order (k) of the reaction is : (11T 2008)
(a) 0.5 mol™! dm? () 1 mol dm™
(¢) 1.5 mol dm™ (d) 2 mol™ ! dm?
[Hint : f!ézzwv Hiy =77
« k, 27 2k,
40=ﬂ93_’ 20= 1.386 _ 0.693
k, - 2ky  ky

20 _0.693/k _k
40 0693k, k,

ﬁ—} of the rate constant for first order Yy

193,

194.

195,
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- =05 ———5——=05mol" dm’]
kg mol dm™” sec : :

The decomposition of HI on the surface of gold is :

. [Comed (Karnataka) 2008]

(a) Pseudofirst order (b) zero order

(c) first order (d) second order

Consider following two reactions

A —> Product, - %?i] =k[Al,
o t )
B —— Product , d‘[f] ky[Blo
. k; and kz are expressed in terms of molarity (mol L') and
time (s') as: [BHU (Mains) 2008]
@s,Ms L (b)Ms"’ Ms“
s, Mg (dms s

If a plot of log,,C versus ¢ gives a straight line for a given
reaction, then the reaction is : (VITEEE 2008)"
{2) zero order (b) first order (c) second oder {(d) third order
[Hint:

logye C

" In first order reaction, log;,C' when plotted against time 7 then

196.

we get straight line. Slope of the line (2 303] gives the value of

rate constant.]
For a zero order reaction the plot of concentration of reactant
versus time is: (mtercept refers to concentration axis)
[PET (Kerala) 2008]
(a) linear with +ve slope and zero intercept
(b) linear with —ve slope and zero intercept
(c) linear with —ve slope and non zero intercept
(d} linear with +ve slope and non zero intercept |
{e) a curve asymptotic to concentratlon axis
{Hint :

~

~
~
2

Concentration—»

Time —»

Linear with negative slope and non zero intercept.]

197. T, of fifst order reaction is 10 min, Starting with 10 mol L™,

rate after 20 miin 1s
() 0.0693 mol L™! min~!
() 0.0693 x 2.5mol L' min~!

- (ATIMS 2008)
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198.

199.

200.
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(c) 0.0693 x 5mol L" ! min~ !
(d) 0.0693 x 10mol L ! min~"

[Hint : Remaining concentration of reactant after 20 min
=% x10=25mol L}
Rate = k x [Reactant ]
0,693

fya
0,693

X [Reactant]

X25=0.0693x25mol L min~ ']
For the decomposition of 4B at 600 K, the followmg data

were obtained 201,
) : Rate of decomposition of AB in -
. ~3 .
{AB] mol dm mol dm=3s™
0.20 2.75% 1078
040 1x10®
v 0.60 24.75% 1078
The order of the decomposition of ABis
[CET (Karnataka) 2009}

(a) 0 b1 {c) 2 (d) 1.5
For a reaction between 4 and B, the initial rate of reaction is
measured for various initial concentrations of 4 and B. The.
data provided are: (DCE 2009) 202.
. A B
Exp. Ne. . [ ] [ ] rate (mol L..ns..l)

1. 02M 03M- 5% 107

2. 02M 0.1M 5%107°

3. 04M 0.05M 7.5%107°
The overall order of the reaction is: {DCE 2009)
(a) one (1) {b) two (2) .

(c) two and a half (2.5) (d) between 1 and 2
For a first order reaction 4 —— P, the temperature (')
dependent rate conoiant (k) was found to follow the equation:

log k = —(2000) +60-

~ respectively, are

The pre exponential factor 4 and the activation energy £,
AT 2009)

(a) 1x10% s and 9.2 kJ mol™

() 657! and 16.6 kJ mol™
(¢) 1x10°s™" and 16.6 kJ mol™
(d) 1x10° s™" and 383 kJ mol ™
1
[Hint : logk = 2303 T
Comparing this equation with the given equation we get,
A4=10°s", E, =383k  mol™ ]
The time for half-life period of a certain reaction,
A - Product is 1 hour. When the initial concentration of the
reactant * 4’ is 2 mol L', How much time does it take for its
concentration to come from 0.50 to 0.25-mol L™ if it is a zero

order reaction? (AIEEE 2010)
(a) 0.25h (b) 1h (c) 4h (d) 0.5h
| n-1
[Hint : b [ﬁ}
L \&,
1 |f 05\
L \2)
t, =0.25 h]

Consider the reaction :
Cly(aq)+H,;S(ag) —— S(s)+ 2H (ag)+ 2C1" (aq)
The rate equation for this reaction is ;
Rate = £ [Cl,}[H,S] - i
Which of these mechanisms is/are consistent with this rate
equation? '

A CL+HS—— H +CI"+CI* +HS™ (slow)

CI"+HS —> H"+Cl +8
B. H,S+==H"+HS"
ClL+HS — 2CI" +H"' + S

(fast)
(fast equilibrium)
(slow)

_ (AIEEE 2010)
(a) neither AnorB -
{c) B only

“(b) Aonly
(d) both Aand B
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Assertion-Reason TYPE QUESTIONS

The questions given below consist of two statements each printed as

‘Assertion’ (A) and ‘Reason’ (R). While answering these questions
-ou are required to choose any one of the following four options:

(a) If both (A) and (R) are correct and (R) is the correct
explanation for (A).

(b) Ifboth(A)and (R) are correct but (R) is not the correct
explanation for (A).

(c) If (A)is correct but (R) is incorrect.

(d) If (A)is incorrect but (R) is correct.

. (A) The rate of reaction sometimes does not depend on con- .

centration.
(R) The order of reaction can be negative.

. (A) The rate of reaction increases generally by 2 to 3 txmes for
every 10°C rise in temperature.

(R) Increase in temperature increases the collision frequency.

. {A)Hydrolysis of ethyl acetate in presence of acid is a reaction
of first order whereas in presence of alkali, it is a reaction
of second order.

(R) Acid acts as catalyst only whereas alkali acts as one of the
reactant.

(A) The molecularity of the reaction,

H, + Br, — 2HBr is 2.

(R) The order of this reaction is 3/2.

{A) Positive catalysts lower the activation energy of the reac-
tion whereas heat of reaction remains same.

(R) Heat of reaction is equal to the difference between activa-
tion energies for forward and the backward reactions.

. {A) Positive catalysts increase the rate of reaction.

(R) Catalysts decrease the value of AG®.

-10.

11.

12.

13.

14.

(Ajk = A Ea!RT, the Arrhenius equation represents the de-

pendance of rate constant with temperature.
(R) Plot of log k against 1/7 is linear, and the activation en-
ergy can be calculated with this plot.

* (A) If the activation energy of a reaction is zero, temperature

will have no effect on the rate constant.
(R) Lower the activation energy, faster is the reaction.

. {A) Order with respect to any reactant or product can be zero,

positive, negative and fractional.

(R) Rate cannot decrease with increase in concentration of a
reactant or product.

(A) Formation of HI is a bimolecular reaction. =
(R) Two molecules of reactants are involved in this reactlon
(A) The order of the reaction,
CH,;CO0C,H + H,O = CH,COOH + CzHSOH
is 2.
{R) The molecularity of this reaction is 2.
(A) For: a4 + bB —— Product. The order of the reactlon is
equalto (a + b).
(R) Rate of reaction = k [4]°[BY’.
(A) The hydrolysis of methyl acetate by dil HCl is a pseudo
first order reaction.
(R) HCl acts as a catalyst for the hydrolysis.
(A) The order of a reaction can have fractional value.
(R) The order of a reaction cannot be written from balanced
equation of a reaction. (ATIMS 2008)
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CHEMICAL KINETICS

W/ // /4 ‘BRAIN STORMING PROABLEMS

J OBJECTIVE QUESTIONS | for |

IIT ASPIRANTS  §

1.

At what concentration of H,O,, the rate of the reaction will be

Step 1:

Step 2:.
(a) rate =k [NOP [H2]

" the reaction wﬂl be as:

. k
B —— Product,

Which of the following is correct?
(a) Molecularity of a.reaction can be fractional
(b} Zero order reaction never stops
{c) A first order reaction must be homogeneous
(d} The frequency factor ‘A’ "in Arrhenius equation
(k = AeEa'*T yincreases with increase in temperature
The rate constant of the reaction,
21r1202 (ag.}— ZHZO(I) +0,{g),
is 3x 107 min~".

2x 1074 Ms712
(@) 6.67x107° M
(c)4M
[Hint:

)2 M
(d) 0.08 M
Rate = & [H,0, ]

x {H,0,]

[H,0,1=4 M
The mechanism of the reaction,

is: .
. o - stow
2N0(g y+ Hz (g} Sl N, + H,0,

H,0, + H, % 2H,0

(b) rate = k [H,0,][H,] V
(c) on doubling the concentration of H,, keeping the
concentration of NO constant, the rate will become double -

(d) if the initial concentration of H, and NO is Cy, and after
“time ¢” the concertration of N is x, then

Rate = £(Cy — 2x)"
Slowest step is rate determining
-, Rate =k [NO]*{H,]
. On doubhng the concentration of H, without changing the :

[Hint:

. concentratlon of NO, the rate will become double.]
" The rate law for a reaction between 4 and B is given by:

Rate = & [A]'[B]"

On doublmg the  concentration of A and halving the "
concentratlon of B, the ratio of new rate to the earlier rate of

(@)n - (d2m-"

The reaction 4 —— Product, is zero order while the reaction

®27" <¢}2‘f o

is first order reaction. For what initial

concentration of A are the half lives of the two reactions
equal?
(a)(log, 4)M

02M  (©)2log2M (m2M

2><10'4—3X10_3 | L
60 S

2NO(g )+ 2H,(g) — Ny(g)+ 2H,0(g), - 8.

_(a) first order reactions

C16:

{Hint:  For zero order reaction,
' x=kt
a a .
— =k X by gy Ly by = — Y]
5 12 2T op A ]
For first order reaction,
' log, 2 .
Ly = —f: ) . R (1))
. .. a log,2
From eqs. (i) and (i), — =—%=
qs. (i) and (i1) YRR
Ca=log, 4 M]

Which of the following is pseudo-unimolecular ;eacti(')n?’
(a) 2H,0, —> 2H,0+ 0, -

" (b) CgHN,Cl + HOH —— CH,OH + N, + HCl

{¢) CH,COOC, H; + NaOH —— CH_,,COONa + C,H,0H
(d) 20; — 30,
The order and molecularity of the chain reactxon,

H,(g)+ Cly(g) 2, ol (g)
are: oo
(a)2,0 (M o,2 )y 1,1
A reactant { A ) forms two products: -

(@30
£y
A —> B Activation energy £,

- kz :
4 —— C  Activation energy £,

It £, = 2E, , then k, and k, will be related as:
@)k = ke E, IRT )y = Fal KT
() ky = Akye" T (d) ky = 2,2 T
Hint: | ky = AP

k1 - Ae—Eq/R'f

%= e +AE“‘W~QT

%-—- Fal Kl Since, E,, =2E,

k] E !R?"]

Collision thcory is satisfactory for:

(b} second order reactions

(c) bimolecular reactions (d) zeroth order reactions
Initial concentration of reactant for nth order reaction is ‘a’.

. Which of the following relatxons is correct abous #,,, of the

reactxon‘7

(a)In 12 = In {constant) — (n — 1) loge

(byIn t;;, =in n+ In (constant} - In a
(c} Lyylnn=In (constant}-!— In a

(d) Inf=nlnay-

-

.
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11.

12.
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[Hint: tyyq o F

1

tyy =k ——
i

Int,,= 11; k—(n—1)log, a]
Half lifé of a reaction becomes half when initial concentrations
of reactants are made double. The order of the reaction will be:

@1 (b)2 ©0 (D3
[Hint: til.?. m—%
@
1
lygoe—
a

where, n = order of reaction for second order reaction.]
Arrhenius equation is:
k= AcEIRT

Which of the following graphs represents the variation of rate

constant k against temperature 7' ? " (IIT 2010)
k k
T e T~
(a) (b)
k k
T— T =»
(© (d)

13,

14.

If a homogeneous catalytic reaction follows three alternative

" paths 4, B and C, then which of the following indicates the
relative ease with which the reaction moves?

f

ﬁotentia&
energy

. Reaction coordinate —»

@A>B>CHC>B>A4{)A>C>B(d)4d=B=C
The rate constant for the reaction,
2N,0; — 4NO, + O,

is 3% 107° sec™. If the rate is 2.4 x 107 mol litre™ sec™!,

then the concentration of N, Qs in mol litre ™" will be:
(@14 = (B2l (c)1.27 {d)0.8
Mint: ~ Rate =k [N,05]

15.

16.

17.

18.

19.

2.4 %107 = 3x107 [N,05]
IN,Os1=08M ]
Consider the following statements:

1. The rate of reaction is always proportional to the
concentrations of reactants.

2. The order of an elementary chemical reaction step can be
determined by examining its stoichiometry.

3. The first order reactions follow an exponential time

© course.

Of these statements:

(a) 1, 2 and 3 are correct

(¢) 2 and 3 are correct {d) 1 and 3 are correct

[Hint: Statemeént (1) cannot be correct because the rate of zero

order reactions does not depend on concentration of reactant.]

Two different first order reactions have rate constants k; and &,

at7; (& > k2 ). If temperature is increased from 7} to T, then

new constants become k3 and k, respectively. Whlch among
the following relations is correct? e

@k >ky=ky=ky Ok <kandk, <k,
Ok =ky=ky @k >k>k >k

In the reaction, 4 + B —— C + 1), the rate LﬁJ when

(b) 1'and 2 are correct

plotted against time ‘¢’ gives a straight line parallel to time
axis. The order and rate of reaction will be:
@Lk+1 (b0, k € LE+l (Dkik+1
In the Haber’s process of ammonia manufacture,
N,(g) + 3H,(g) — 2NHy(g)
the rate of appearance of NH, is:
d[NH;]

dt
The rates of the reaction expressed in terms of N2 and H, will
be:

‘ Rates in terms of H, B
(mol L™ sec™)
(a) 3x107
() 3x 107
© 1x 107
(d) 2x107

[Hint: L dINH, ] _

= 2% 107 mol L7 se

Ratesin term of N,
(mol L' sec™)

2% 107
1x 107
3x 107
2% 107

Rate = + - —dN>]_ 1 dIN, ]
2 ar dr 3 e
—d[H,]_ 3 CdINH;] T
dt 2 dt
3

=§x2x10’4=3x10‘4m01L" sec”!
-d[N;] _1d[NH;] 1
dt 2 dt
=1x 10" mol L sec™!]
A reaction 4 —> B, involves following mechanism:
k)
A4 —3 B
ky
B
k3
C 3D

x2x107*

Step 1: (fast)

Step 2: (slow)

Step 3:- (fast)
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The rate law of the reaction may be given as:
(a) rate = k[ A] (b) rate = k,[B]
(c) rate = ky[C] (d) rate = kky k3 [B][C]

20. For a gaseous reaction, the following data were recorded:

21.

Concentration inmol L™ | 0.1 } 0.05 | 0.025 | 0.0125
Half lifeinsec  © 30 0 299 | 301 | 30
The order of reaction is:

(a)second  (b) first (c) zero (d) fractional

The half life of second order reaction is:
(a) inversely proportional to the square of the initial
concentration of the reactants

(b) inversely proportional to the initial concentration of
reactants

{c) proportional to the initial concentration of reactants
(d) independent of the initial concentration of reactants

[Hint: fy; e - where, ¢ = initial conc., n = order

1, (second order) o< 1 ]
a

22. What names apply to chemical species corresponding .to

locations 1 and 2 on this reaction coordinate diagram?

Reaction progress ——»

Location1 Location 2 .
(a) Activated complex Activated complex
{(b) Reaction intermediate Activated complex -
(c) Activated complex Intermediate
(d) Reaction intermediate Intermediate

23, Consider this reaction:

 Mechanism I:

2NO,(g)+ O5(g)— N205(g)+ 0,(g) -
The reaction of nitrogen dioxide and ozone represented is first
order in NO,(g) and in O;(g). Which of these possible
reaction mechanisms is consistent with the rate law?

NO;(g) + NO,(g)— N,05(g) (fast)
Mechanism I1: O3(g)y= 0,(g)+1[0] (fast) -
- NO,(g)+[0] — NO, (slow)
NO;(g )+ NO,(g) — N,O;4 (fast)
(a) I only (b) 11 only
(c) Both Land I1 (d) Neither I nor II
[Hint: Mechanism I, Rate = k[NO, ][02}. Slow step is rate
determlmng
Mechanism II, Rate = k [NO,][0] - o)
x =101I0] (o [0:]
[0s] [0,]

NO,(g)+ 0;(g) —> NO;(g) + 0,(g ) (slow)

24.

25,

26.

27.

28.

'29.

30.
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From eq. (i), Rate = kK[NO, ][0 ][0, 1"
.. Both mechanisms show that reaction is first order with respect
10 NO, and O;.]

Use the experimental data in the table to determine the rate law
for this reaction:

A+B—> AB
Thpse data were obtained when the reaction was studied:
' A[4B] 4
[4] [B] mol L' sec
01M 0.1M C2x 107
02M 0.1 M 2x107
03M 03 M 1.8x 107

What is the rate equation for the reaction?
(a) Rate = k[ A][B] (b)Rate = k [T
(c) Rate = k [B] (d) Rate = k [B® .

In which of the following reactions, the increase in the rate of
reaction will be maximum?

E, Temperétlire rise
{a) 40 kJ/mol 200~ 210K
(b) 90 kJ/mol 300-320K
(c) 80 k¥/mol 300-310K

(d) All will have same rate
Which of the reactions represented in these diagrams will
show the greatest increase in rate for a given increase in

_temperature?
> o
o o
£\ gl P
(& P 0D ! R
I

Reaction (1) —

{a) Reaction I forward " (b) Reaction I reversed

(c) Reaction II forward {d) Reaction Il reversed

Which function of [X ], plotted against time, will give a

straight line for a second order réaction?
X —> Product

MIXT ©h[X]

Reaction (i) —

(@) [X] (d) —

[X 1

Decomposition of H,0, is a first order reaction. A 16 volume
solution of H,0, of half life 30 min is present at start. When
will the solution become one volume? ‘
(a) After 120 min (b) After 90 min
(c) After 60 min (d) After 150 min
What is the activation energy for the reverse of this reaction?

N,0,(g) — 2NO,(g)
Data for the given reaction is: AH =+ 54 kland E, = + 572
kI

(a)~54 k) (by+3.2kJ (c) +60.2 kI  (d)+111.2KJ
The reaction between chloroform, CHCl;(g) and chlorine

Cl,(g) to form CCl,(g) and HCl {g ) is believed to occur by '
thxs series of steps;
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31.

32.

33.

- 34,

35.

" (a) High T and large E,

Step 1: Cly(g) —>Cl(g) + Cl(g)

Step 2: CHCl,(g) + Cl(g) — CCly(g)+ HCl(g)
Step 3: CCly(g) + Cl(g) —> CCly(g)

If this réaction is first order in CHCl, and half order in Cl,,
which statement about the relative rates of stéps 1,2 and 3 is
correct?

(a) Step 1 is the slowest

(b) Steps 1 and 2 must both be slow

~ (©) Step 2 must be slower than step 1

(@ Step 3 must be the slowest

In the reaction,

3BrO” — BrO; + 2Br~

the value of the rate constant in the rate law in terms of

-§{Br07] is 0.056 L mol™ s™'. What will be the rate
{1

constant when the rate law is stated in terms of a'i [BrO;1?

(@)18.7x 102 Lmol™ s (b)37.4 x 102 L mol™' s
(¢) 0.0187L mol™! 57! (d)18.7% 107 L mol™ s~
_1dBro7]_dBro3]_ 1 d[Br ]

3 4 - a 2 @
T |

[Hint.

Required rate constant = % X 0.056 L mol™ s

=0.0187L mol ™ s7']

The dependence of the rate comstant for a reaction on
temperature is given by the equation k = de Za/%7 .

Under what conditions is the rate constant & the smallest”
(b) High T and small E,

(c) Low T and large E, (d) Low T and small E

The activation energy of a certain reaction is 87 kJ mol Lo

What is the ratio of the rate constants for this reaction when
the temperature is decreased from 37°C to 15°C?
{a) 5/1 (b)8.3/1 (c) 13/1 (d) 24/1
Consider this reaction, ’

2H,(g) + 2NO(g) — N,(g) + 2H,0(g)
The rate law for this reaction is: ’

Rate = k [H, ][NO)?

Under what conditions could these steps represent “the
miechanism? :

Step 1: 2NO \—i N,0,

.

Step2: N,0, + H, — N,0+ H,0
Step 3: N,O+ H, — N, + H,0 ‘

{a) These steps cannot be the mechanism under any

circumstances ¥

(b) These steps could be the mechanism 1f step 1is the slow
step

(¢) These steps could be the mechanism if step 2 is the slow

step
(d) These steps could be the mechamsm if step 3 is the slow
step

Propanone reacts with iodine in acid medlum accordmg to the
followmg equation: :

(aqueous alkaline medium at 80°C) -

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

|| ] HY I
H; — C— CH; + I~ CH; — C— CH21+ HI
These data were obtamed @men the reaction was studied:

‘ I v L1 " *H" M Relatlve
[CH, — C—CH, ], M [2],3;‘” Y, rate
0010 0.010 7| p.010 1
0.029 0.010 | .#0.010 2
,0020‘- 0.020 0.010 2
-',.oozo'-- 0.010 | 0.020 4

» Wh,at is 'the :ate equatmn for the reaction?

g |
(a) Rate = k [CH, — C— CH;] {12]

: , I
(b) Rate =k [CH; —C—CH,)*.

+ (¢)Rate =k [CHy — €— CH, ][, ][H"]
R e o

36.

3.

38.

39.

S o ,'
(d) Rate = k [CH; -~ C— CH, 1]

Arthenius equation & = 4e~%e/*T

If the activation energy of the reactmn is found to be equal to
RT,then: i

.{a) the rate of reaction does not depend upon initial

concentratlon :

.(b) the rate constant become& about 37% of the Arrhenius .

constant A

(c) the rate constant becomes equal to 73% of the Arrhenius
constant 4

(d) the rate of the reaction becomes mf}mte or zero

At 25°C the values of rate constant, aetwatlon energy and

Arthenius constant of areaction are 3 x 10 sec™, 129 kJ/mol

and 2 x 10" sec™! reéspectively.

The value of rate constant as T — o= is:

(a) zero ®)2x10%  (¢)3x10* (d)6x 10"
The observed rate of a chemical reaction is substantially lower

-than the collision frequency. One or more of the following

statements is/are true to account for this fact.
A. the reactants do not have the required energy.

_B. the partners do not collide in the proper orientation

C. collision complex exists for a very short time.
D. collision frequency over estimates the number of effective

collisions _ (ISAT 2010)
(a)A,Band C (b) A,Band D '
{(¢)B,CandD {d) A,Cand D
The reaction between NO and Cl, takes place in the followmg

"two steps:
k
L NO + Clzkv—:] NOCI,
2

fast



40.

41.

42.

43.

44,

() B, B+ B (fast)

1
(a) - (b) log ( Zk) T
(0 log (%] (@ logk

) ) k2o
{I. NOCl, + NO --——)SI 2NOCI
ow

" The rate law of overall reaction,

2NO + Cl, — 2NOCI
can be given by: . -
(a) rate = k [NOJ [Cl,] {(b) rate = L [NOJ[CL, ]~
{c) rate = k [NOCI][NO] ('d) rate = k [NO][CI;!]2

’
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respectwely 40, 50 and 60 kJ mol™ !, then the overall energy of
activation in kJ mol~ ! i ‘ [PMT (Kerala) 2008]
{a) 30 {b) 40 ()60~ (d)s0
(e) 150 ' '
[Hint: &=~k
: ' ‘3

Ae'é“w _ A& EVRT o 4 E2IRT

Which of the following reactions will have fractlonal order for

A, or B,?

(a) Ad,== A+ A4 (fast) (b)
A+ B, == AB+ B (slow)
A+ B+ AB (fast)

A2 == C(slow)
C+B,— D(fast)
D+ 4, === Products
{(d) All have fractional order

Ay + B=== 4B + A (slow)
AB ——3 Products (fast)
In which of the following, £, for backward reaction is greater

than £, for forward reaction?
E, = 50 keal

(a) A4 ey B AH = —10kcal
) E, = 50 keal
) 4 —— > B; AH = + 10 keal
E, = &0 keal .
() A ——w—> B; . AH=+.20kcal

(d) All of the above
[Hint: CAH =(E,), - (E };,

(E,), = (E, )j, — AH =50+ 10 = 60 keal]
For n th order reaction 12 depends.on (n # 1)

l3/a

(a) mmal concentration only
(b) ‘n’ only
(c) initial concentration and ‘»’ both
(d) sometimes ‘n’ and sometimes mmal concentratxon

[Hint:

For a second Qrder reaction, 24 —— Products,,a piot of log

t1;, vs log a (where, a is initial concentration) will give an
mtcrcept equal to which one of the following? (SCRA 2007)

Time for fractional change =< —— |

log 2 | fintercept
=logk
[Hint: Kinetic equation for
second order reaction is:

loga —»

log ty/, =~ log k - log a]
‘For areaction taking place i in three steps, the rate constants are

ky, k, and k. The overall rate constant & = L2, If the energy
. 3 -

‘of activation values for the first, second and third stages are

A RIS S s S5 S L

Ao EART
& EIRT _ {=Ei~Ey+ E5)/RT
E = El + E2 e

=40 + 50— 60 =30 kJ mol™]

45. For an exothermic reaction, following two steps are involved.

Stepl. A+B—> 1 {(slow)
Step 2. I—> AB (fast)
Which of the followmg graphs correctly rcpresent this.
‘reaction ?
s >, B > 1
j=% =] e
£s £3 'A+B
oo as AB
Reaction —» Reaction —»
coordinate ] coordinate
(a) : -
8 ] 1
£ £3 AB.
g g % o |A+B :
L6 8.

Reaction —» - Reaction —»
coordinate coordinate

{© (@

46. A reaction takes place in three - -steps w1th individual rate
constant and activation energy,

Rate constant Activation energy
Stepl - K E,, =180kJ/mol
Step2. - k, E,, = 80kJ/mol
Step3 ey . E,, = 50kJ/mol

: 2/3
overall rate constant, k = [%&J
i 3
—overall activation energy of the reaction will'be :
(a) 140 kJ/mol - {(b) 150 k¥/mol
{c) 130 kJ/mol (d) 120 kJ/mol

; 3
~Eg iRT | —E,, IRT

- A—Ea/RT de "7 e

[Hm 4o Ea o/ RT :

Egy + EVRT

=[de Fa” 7
5 ,
E, = S1Ea + By, = Eyy)

= %‘{13(& 80— 50]= 140 k/mol ] _



L@

G.R.B. PHvysicaL CHEMISTRY FOR COMPETITIONS

4. ()

2. (© 30 50 6. (b) 7. (b) 8. (3
9. 10. (a) 1. ¢ 12. {c) 13. () 14. (@) - 15. (¢) 16. (b)
7. () . 18, (b) 19. (b) 20. (b) 21. (o) 22. () 23. (¢) -24. (d)

25. (b) 26,0 27.(@ L 28 (®) 29. (b) . 30. (o) 31. (¢) 32. (¢)
33 () - 34.0 35. (@) . 36. () 37. (0 38. (a) 39. (@ 40. (3, ¢)
41, (a) 42. (c) 43. (d) 44. (a) 45. @) 46 () |

Integer Answer TYPE QUESTIONS
XYy zZw = 5 Ozone depletion takes place as :
e . [0%00 20,(8) — 30,(g)

This section contains 10 questions. The answer to |5 3 @ @ L Lk

* each of the questions is a single digit integer, ranging [® ® @ @ Step 1: 0:(g) — 0, {g)+ O(g) (fas)

from 0 to 9. If the correct answers to question numbers ig % % % Step2: Oy(g)+ [0]—‘—) 20,(g) (slow)
" X,Y,Zand W (say) are 6, 0, 9 and 2 respectively, then 8 00 . ofder of the reaction will be :

the correct darkenmg of bubbies will look like the ® % % % 6. Ifthe ¢;,, for a first order reaction is 0.4 min, the time of or

given figure : 0000 99.9% completion of the reaction is .............. min.

7. Consider followmg parallel first order reactions
. ' B, =4Mhrs)

1. In the reaction, 4 —— B when the initial concentration of A

reactant is halved, the half-life increases by a factor of eight, i Cty,=12 hrs)
. C
what will be the order of the reaction . i The half-life for the decay of 4 iS ... hirs.

2. Rate of a chemical reaction increases by 1024 times by 100°C The half-life period of a fi 4 ion is 1 hr. Whatis th
rise in temperature; the temperature coefficient of the reaction ,8‘- -he hall-file period o ? lrit order reac tion is 1 hr. . a‘; s the
will be: - » time in hour taken for 87.5% completion of the reaction?

9, The half-life of a reaction is doubled 'when the initial

3. Therate of a reaction at 10 sec mtervals are as follows " concentration is doubled. The order of reaction is :

: Rate : 10. For the reaction 4, + 2B ——3 248, the following data were
Time {sec) §  (mol L' sec™) observed : :
0 T 48x10% . '
- A8x10 Exp. No. 41 L IR o
10. : 479% 1072 * - (mol L' s™)

- - ..3 N

2 478 1672 ) L. .‘ 0.1. 0.01 L5x 10 3

| 0 »  481x 1072 2. -0.1’ 0.04 6.0x 10 3

* "What will be the order of the reaction? ... 02 0.01 3.0% 10

4. How many times of the half-life will require to complete 75% The overall order of the reaction will be :
of a reaction of first order? .

1. (4) 2. 3. (0) 4@ 5. (1) 6. @ 7. () 8. (3)

9. (0) 10. (2) '
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YV =e LinkeD COMPREHENSION TYPE QUESTIONS

e Passage 1 S

A collision between reactant molecules must occur with a certain
minimum energy before it is effective in yielding product molecules.
This minimum energy is called activation energy E,. Larger is the
value of activation energy, smaller is the value of rate constant.
Larger is the value of activation energy, greater is the effect of
temperature rise on rate constant k.

Potential energy —»

Collision number —

E , = Activation energy of forward reaction
Ey, = Activation energy of backward reaction
AH = E s - Eb

E, = Threshold energy

Answer the following questions:
1. Ifareaction, 4 + B —> C, is exothermic to the extent of 30
kJ/mol and the forward reaction has an activation energy of

249 ki/mol, the activation energy for reverse reaction in
kJ/mol is: '

(a)324 (b) 279 (c)40 {d) 100
2. For the followmg reaction at a particular tempcrature

according to the equations,

2N,0Os —> 4NO, + O,
1

A 2NO, + 0, —> N, 04

the activation energies are £, and E, respectively: Then: .

@E>E, OF<E (©F =26 @yEE =1
3. Ina hypothetical reaction, 4 — Y, the activation energies for

the. forward and backward reactions.are 15 and 9 kJ mol™
respectively. The potential energy of 4 is 10kJ mol~". Which
of the following is wrong?
(a) Threshold energy of the reaction is 25 kJ
- (b) The potential energy of B is 16 kJ
(¢) Heat of reaction is 6 kJ
(d) The reaction is exothermic
4. For two reactions, activation energies are £, and E_ ; rate
constants are k) and k, at the same temperature. If & > £,,
then:
@E, >Ea , OE,

=E,, (©E, <E, DE, 2E,

5. The rate constant of a certain reaction is given by
k= Ae"%'%T (where 4 = Arrhenius constant). Which factor
should be lowered so that the rate of reaction may increase?
@r »z = (@4 DE,

6. The activation energies for forward and backward reactions in

a chemical reaction are 30.5 and 45.4 kJ mol“ respectively.
The reaction is:
(a) exothermic
(b) endothermic
. {c) neither exothermic nor endothermm
- (d) independent of temperature .

e Passage 2

The energy profile dz‘agram Jor the reaésion ;

CO(g) + NO,(g) == CO,(g) + NO(g) S
is given below: ’

Energy

Reaction path —»

Answer the following questions: :
1. The activation energy of the forward reaction is:
- (@x (®) y (©x+y @x-y
2. The activation energy of the backward reaction is:

(@)x (b)y ©x+y (Dx-y
3. The heat of the reaction is: .
@x - (b) y ©x+y (dx-y

4. The th'reshold energy of the reaction is:
@x+y—-z (byx- y+ z @x+y+z (dx-y-z

o Passage 3

; Popuiatwn growth of kumans and bacteria jbllows first order
growth kinetics. Suppose 50 bacteria are placed in a flask containing
nutrients for the bacteria so that they can multiply. A study at 35°C
gave the following results : .
Time (minutes) - 0 15 30 45 60
Number of bacteria 100 200 400 800 1600
Answer the following questions:

1. The rate constant for the first order grow“th of bactena can be

calculated usmg

s . -
@k=2 ‘°g‘°La‘-lJ (b)fc:-?%%log( ; ]
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O @iet
Ia , t
2. Unit of rate constant for first order growth is:
~ (a)min”’ (b)ymin’ ©  (c)min  (d)unitless
3. The rate constant for the reaction is:
(a) 0.0462 min ! (b) 0.462 min ™"
(c)4.62 min~! (d) 46.2 min™!

4. The rate of growth initially is: '
(a) 4.62 bacteria per min (b} 23.1 bacteria per min
{c) 23.1 bacteria per sec (d) 0.231 bacteria per sec
5. At what time, there will be 6400 bacteria in the flask?
" (a) 150 min (b) 90 min  {(c) 160'min - (d) 120 min

e Passage 4

Order of reaction is an experimentally determined quantity. It
may be zero, positive, negative and ﬁacttonm’ The kinetic equation
of nth order reaction is:

1 1 1
Xt =- -
(ﬂ"l){(a—x)n_l an—l}

Half life of nth order reaction depends on initial concentration
according to the following relation:

bz o= prE

Unit of the rate constant varies with the order but general relation
Jfor unit of nth order reaction is: .

n—-1
Unitof k= { } X time™!
_ cone, .
. The differential rate law for nth order reaction may be given as:
—=kTAT
o [4]

' where, A denotes the reactant.
. Answer the following questions:
L The unit of rate and rate constant are same for a:

3. The half life for a zero.order reaction equals to: .

(a)-l-—’%

4, F or a reaction:
' I +0CIN — 107 + Cl‘
in an aqueous medium, the rate of the reaction is given by

2
a
(b) o

© %
a

diotj _ [ JIoC 7]

dt

[OH"]

The overall order of the reaction is: -
(a) -1
- 5. Inachemical reaction 4 ——> B, it is found that the rate of the

réaction doubles when the concentration of 4 is increased four
times. The order of the reaction with respect to 4 is:

a0

e Passage5

(b1

(b) 172

{(c) zero

{c)1

a
@ o

@2

(@2

Consider the réacz‘ion represented by the equation:
CH,Cl(g)+ H,O{g)— CH,OH(g )+ HCIg)

These kinetic data were obz‘azned for the g:ven ‘reaction

concentratwns
~ Initial conc. (M)
~Ficnon [H,0}
R %) 02
04 0.2
0.4 0.4

Initial rzte of an of

LCHCIMs™

1
2
8

1. The rate law for the reaction will be:

(a) r= k [CH,CI][H,0]
(c) r = k [CH,CI][H,0}

(b) r = k [CH,CI? [H20]
() r = k [CH,CI[H,01"

2. Order with respect to [CH,Cl] will be:

Answer the following questions based on these data:

{(a) zero order réaction (b) first order reaction @0 (b)1 (©2 @3
(¢) second order reaction (d) half order reaction 3. . Overall order of the reaction will be: A
2. The rate constant for zero order reaction is: (@0 M) 1 ©2 @3
@)k = Cy . (b) & = Co ~C, 4, Unitof rate constant will be: o
2t . {(a) sec™ (b) litre” mol ™ sec
(c) b= ln‘Co, -C, ) k =-.C£' ‘ (c) litre fm)l“i se.c,'1 ‘ (d) mol litre™ sec™ ' )
2t C, 5. If H,0 is taken in large excess, the order of the reaction will
where Cy; and C, are concentrations of reactants at respectxve be: : .
tlmes (ay 1 ®)o ©3 @2
l’amge 1 1. (@) 2. (3 3. (@) 4 @©) 5. (@ 6 (@
Passage 2. 1. (a) 2. (0) - 3. () 4. (©) ‘
Passage 3. 1. 0 2. () 3. (a) 4. (a) 5. (b)
‘Passage 4. 1 (@ 2. (b). 3@ 4. (b) 5. (b)
 Pamsage5. - 1. (0 2. 3.(d) 4. (b) 5. (a)

(by
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¢ SELF ASSESSMENT @

B

'ASSIGNMENT NO. 8

SECTION-I

Straight Objective Type Questions

This section contains 10 multiple choice questions. Each

question has 4 choices (a}, (b), (¢} and (d}, out of which only

one is correct,

. What is the order of reaction,

Ay + By —> 2487

Mechanism: ,
Ays=— A+ A4 {fast)
A+B, — AB'+ B (slow)
A+ B—> 4B (fast)
(a)2 (b) 1 ©% G374
. For a gaseous reaction, A{g) — Product, which one of the
following is correct relation among @ igﬁ nd de ?
dt’ dt dr -

dpP dc
(—— = Rate of reaction in atm sec™; =
dt ¢

... dn L L
molarity sec™; = = Rate of reaction in mol sec™)
2 -

@de_dn__dp o de_ 1di_ dP
dt dt - dt dt Vo dt dt
(c)fgf-i-éz-—‘—ﬂi (d) None of these

. The rate law for a reaction between the substances 4 and B is

given by the, rate =k[A][B]". On doubling the
concentration of 4 and halving the concentration of B, the

ratio of the new rate to the earlier rate of the reaction will be
as:

(a) ®)ym+n @ 2= m

2m+n (C)It—'m

A substance having initial concentration ‘a’ reacts according to
zero order kinetics. What will be the time for the reaction to go
to completion?

. a , k a’
-(a) T (b . © %
The rate constant for the reaction, .

2N,04(g ) — 4NO,(g) + O,(g)
is 3x107sec”!. K the rate of
2.4 x 107 mol litre™ sec™, then the concentration of N,Os in
mol litre™ is: . ‘

(a)y 14 (by 1.2 (c)0.04 (0.8

Half life of a reaction is inversely proportional to cube of
initial concentration. The order of reaction is:
(a)4 ()3 - ()5 (dy2
The oxidation of ammonia takes place as, '
"NH;(g)+ 30,(g) — ZN,{(g) +.6H,0(g)

@
a

= Rate of reaction in"

reaction is .

10.

(a) 1.4 mol L''s™

if the rate of formaﬁcn of N, 15 0.7 Mls , determine therate at
which NH; is consumed:

(5 0.7mol L's™!

(€)1.5mol L''s™ (d) none of these

Consider the reaction:
2H,(g)+2NO(g) —> Ny(g) + 2H20(g)
The rate law for this reaction is:

Rate = k [H, ][NOJ*
Under what conditions - could these steps represent the

mechanism? o
© Stepl: 2NO(g)==N,0,(g)
“Step2:  N,O, +H, — N,O+H,0 =~ =
Step3:  N,O+H, — H,0+N,

(a) These steps can never satisfy the rate law
(b) Step 1 should be the slowest step
(c) Step 2 should be the slowest step
(d} Step 3 should be the slowest step

Which of the following is not for zero order reaction?

12

(a-x)

{a—x) —

t —

© @

L E,=15kimol”;  AH=-70kJ mol™

IL E, =30kimol™; AH=-15kImol™

ML E, = 60kymol™';  AH =+20kJ mol”

1f above reactions are at same frequency factor then fastest and
slowest reactions are:

(a) I is fastest, I1 is slowest

(b} I is fastest, III is slowest -

‘(c) 11 is fastest, I1I is slowest -

(d) 11 is fastgst, I is slowest
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" SECTION-II

Multiple Answers Type Objective Questions

11.

12.

13.

14.

1.

' k
@t,=—
. T a

Which of the following graphs are correct?

"

12—

1/a —»
ey ' (d)
Here ‘a’ denotes initial concentration of reactants.

Arrhenius equation may be given as:
4 _E,

nd=Efa b) log 4 = log k + ——2—

@ =27 (®)log &Y S 303RT
“E &k dink _E,

log| —& | =~ d

()og[xr} D= = &r

Which of the following is/are correct for second order reaction?
{(a) 1,,, is inversely proportional to initial concentration

Jn_r 1

(b)kmt{(a—x) ail

()kzgﬂﬁo [ a }
t a—gc

For a Ist order reaction:
A —— B, with initial concentration = g
() 1y =28, -

- 0.693
©¢t,=

Select the correct statement for Arrhemus equation
k= Ae~EalRT

(d) 1, = k % 0.693

(a) ‘4’ may be termed as the rate constant at very- high
temperature
(b) ‘4’ may be termed as the rate constant at zero activation
_energy :
(c) E, is the activation energy of reaction
{d) k is rate of reaction at zero concentration

Assertlon-Reason ’Iype Questlons

This section contains 3 questions. Each questzon of this
section contains Statement-1 (Assertion) and Statement-2

16.

17.

18,

G.R.B. PHysicAL CHEMISTRY FOR COMPETITIONS

{Reason). Each question has‘following 4 choices (a); (b), ()
and (d), out of which only one is correct.

(a) Statement-1 is true; Statement-2 is true; Statement-2 is a
correct explanation for statement-1.
{b) Statement-1 is true; Statement-2 is true; Statement-2 is not
a correct explanation for Statement-1.
(c) Statement-1 is true; Statement-2 is false.
(d) Statement-1 is false; Statement-2 is true.
Statement-l If temperature does not affect the rate of
reaction, E, ’
) Because
Statement-2: Lesser is the activation energy, slower is the
rate.
Statement-1: In the reaction:
NO,(g)+ CO(g)— COz(g) +NO(g)
Rate = k[N03]

The rate of reaction does not depend on the concentratlon of

CO.

Because .
Statement-2: Carbon monoxide is involved in fast step.
Statement-1: The reciprocal of time in which 66% of the
reactant is converted to product is equal to the rate constant of
first order reaction.

Because

Statement-2: The rate constant for first order reaction
depends on initial concentration of reactants.

Mafrix—Mhtching Type Questions

19.

This section contains 3 questions. Each question contains
statement given in two columns which have to be matched.
Statements (a, b, ¢ and d) in Column-I have to be matched with
statements (p, q, r-and s) in Column-II. The answers to these
questions have to be appropnately bubbled as illustrated in the
following examples:

If the correct matches are (a- p,s) {b-q,1); {c-p,q); and {d-s),
then correct bubbled 4 X 4 matrix should be as follows:

P 494 8

eel
4000
((Jele
@ooe

Match the Column-I with Column-II:

Column-1 Column-11
" (a) Rate of reaction ~ (p) May be fractional
(b) Rate constant {q) Whole number

(c) Order of reaction (r) Independent of temperature
(d) Molecularity of reaction (s) Increase with temperature
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20. Match the Column-I with Column-1I: 21. Match the Column-I with Column-II:

Column-1 : Column-11 _ : Column-1

Column-11
(Order of reaction) (Graph) (a) First order - (p) Unit of k=sec.
! ‘ (b) Pseudo first order (q) Unit of k = dm®mol %!
(a) First order | @) 1 / () Third order @)ty 1V
(ax) ' '
R y— ' (d) Second order ()¢, = 1
_ a
(b) Second order @ 1 /
, 2
o tp—
(c) Third order ® , ;; \
| R -
1 et
(d) Zeroorder s) ? \
z a .
» B
.
1 (©) a3 @ 4@ 5@ 6. 7 @ 8 ©
9 © 10 (o) 11. (be) 12. (ab) . 13. (ab) 14. () ~ 15 (abe)  16. (¢

@ 18 @ 19. @9) 09 CpD) (@40 20 @DBDEDE) 2L @p)Op) (g @)



