CHEMICAL KINETICS

Objectives

e Order and molecularity

e Kinetics of first and second order reaction

e Pseudo unimolecular reaction

e Arrhenius equation



1.1 Chemical Kinetics

Chemical kinetics is the branch of physical chemistry which deals with a study of the
speed of chemical reactions. Such studies also enable us to understand the mechanism
by which the reaction occurs. Thus, in chemical kinetics we can also determine the rate
of chemical reaction.

From the kinetic stand point the reactions are classified into two groups:

a) homogeneous reactions which occur entirely in one phase b) heterogeneous reactions
where the transformation takes place on the surface of a catalyst or the walls of a con-

tainer.

1.2 Rate of reaction

The rate of reaction i.e. the velocity of a reaction is the amount of a chemical change
occurring per unit time.

The rate is generally expressed as the decrease in concentration of a reactant or as the
increase in concentration of the product. If Cthe concentration of a reactant at any time

t is, the rate is —9€ or if the concentration of a product be xat any time t, the rate would

dr
be%.
The time is usually expressed in seconds. The rate will have units of concentration
divided by time.
The concentrations are taken in gm-moles/litre, hence rate is moles/litre/second.
Factors influencing the rate of reaction
Rate of a chemical reaction is influenced by the following factors
(1) Temperature (ii) Concentration of the reactants (iii) Nature of reactants (iv) Catalysts
(v) Radiation
(i) Temperature
In most cases, the rate of a reaction in a homogeneous reaction is approximately doubled
or tripled by an increase in temperature of only 100 C. In some cases the rise in reaction
rates are even higher.
(i) Concentration of the reactants
At a fixed temperature and in the absence of catalyst, the rate of given reaction increases
with increased concentration of reactants. With increasing concentration of the reactant
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the number of molecules per unit volume is increased, thus the collision frequency is

increased, which ultimately causes increased reaction rate.
(iii) Nature of reactants

A chemical reaction involves the rearrangement of atoms between the reacting molecules
to the product. Old bonds are broken and new bonds are formed. Consequently, the na-
ture and the strength of the bonds in reactant molecules greatly influence the rate of its
transformation into products. The reaction in which involve lesser bond rearrangement

proceeds much faster than those which involve larger bond rearrangement.

(iv) Catalysts

The rate of a chemical reaction is increased in presence of a catalyst which ultimately
enhanced the speed of a chemical reaction.

(v) Radiation

The rate of a number of chemical reactions increases when radiations of specific wave

length are absorbed by the reacting molecules. Such reactions are called photochemical

reactions.

For example, chlorine may be mixed safely with hydrogen in dark, since the reaction
between the two is very slow. However when the mixture is exposed to light, the reaction

is explosive.

Hy+Cl, ™. 2HCI+ 188KJ

SKILL TEST
1. What do you mean by chemical kinetics?
2. What do you mean by rate of a reaction?
3. What is specific reaction rate or velocity constant (k)?

4. What are the factors that can change the value of K?

5 Chemistry-I



1.3 Order of reaction

The order is the number of concentration terms on which reaction rates depends. Thus,
if the rate of a reaction depends on the first power of the concentration of reactant, i.e.
Rate = KC!

Thus the reaction is said to be of the first order. When the rate is proportional to the
product of two reactant concentrations or the square of the concentration of a reactant,
the reaction is of the second order.

For example, the decomposition of hydroiodic acid

Rate = K C%,

Rate = K C%I ]
and the hydrogen - iodine reaction

H,+I, — 2HI

Rate = KCH2 C[2
Here both are second order reactions.

If the reaction rate is experimentally found to be represented by

dC
——=KC"
dt
The order of the reaction is .
If several reactants A, B, C, ....... etc are involved and it is observed experimentally
that the rate of the process is given by,
—a - KC /g CB CC .......

Then the order of the reaction would be n = a.+B+7y+.......
The reaction is said to be o ti order with respect to A, B th order with respect to B etc.
But there are reactions in which the order is fractional i.e. n = %, %etc.. For example,
dH,]
dt

3
the ortho — para hydrogen conversion, its rate is expressed by — K CH?

6



1.4 Molecularity of a reaction

The molecularity of a reaction is defined as the number of molecules or atoms which
take part in the process of a chemical change.

The reaction is said to be unimolecular, bimolecular, termolecular according to one,
two, or three molecules are involved in the process of a chemical change.

The term unimolecular was used for all first order reactions, the term bimolecular for

2nd order reactions etc.

SKILL TEST

1. What do you mean by the order of a reaction?
2. What is the molecularity of a reaction?
3. Can order of a reaction be fractional?

4. Is it possible for a reaction to have identical values for molecularity and order?

1.5 Zero Order Kinetics

A chemical reaction whose rate does not depend on concentration of reactants is called
a zero order chemical reaction.

The rate of the reaction can be written as

% = Constant

= d=-K

or,dx = Kdt

On integration, [dx = K [ dt

or, x = Kt + Z (Integration Constant).

Whent = 0,x =0Ohence Z =0

So, x = Kt

Or, K = );‘

A plot of xversus #should give a straight line passing through the origin as shown in the
figure and the slope of this straight line isK.

Example: Photochemical combination of Hyand Clpto formHCI.

7 Chemistry-I



—_—

Caccenimtianix)

Time fsec )t ——
Figure 1.1: Plot of concentration against t for a reaction

Hy, +Cl, ™ 2HCI

The rate of this reaction does not depend on concentration.

1.6 First Order Kinetics

A reaction of the first order is represented as

X—Y

where X is the reactant and Y the product. The rate of the reaction will be directly

proportional to the concentration i.e.,

dc
1.1 - —=KC
(.1 7

in which C is the concentration of the reactant at any time t and K is a constant, called

the velocity constant or specific reaction rate.
dc

Thus — — = K dt
Cc

On integration — [ % =K [dt



—Inc = kt + Z(Integration Constant).

If at the start of the reaction the initial concentration of the reactant is C, then we have
atr=0,C=¢C,

Substituting —InC, =Z

—InC=Kt—1InC,
In 9 = Kt
C
Or g =e Xt Or
(1.2) C=C,e X

The concentration C therefore diminishes exponentially with time.

We may also write
(1.3) Co—C=Co(l—e )

The rate equation may also be conveniently expressed in an alternative form, by ex-
pressing the rate in terms of the product. When x moles per unit volume of product Y
is formed from the reactant, the concentration of the reactant is(a — x), where a is the

initial concentration of the reactants. So

d
—E(a—x) =K(a—x)
d
d—); =K(a—x)
d
= —Kadt
a—x

On integration | % =K [dt
or, —In(a — x) = Kt + Z' (Integration Constant)
Whent =0,x =0, hence —Ina = VA
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—In(a—x) =Kt —Ina

In a =Kt
a—Xx
1 a
1.4 K=-1
14 t n(a—x)
(1.5) x=a(l—e K

The fractional extent of the reaction at any time t is
X

(1.6) S=(1-e ")
a

When the initial concentration ais not known but the concentrations at two intervals
t1 and t, are known, the rate equation can be derived. If x| and x,are the concentrations
of product at timet; and ,, the corresponding concentrations of reactants would be(a —

x1) and (a—x3). So

Kt; =1In and Kt; = In

a—xi a—xp
(1.7) K(t—1) =2
a—Xx)p

Characteristics
1) In a first order reaction C = C,e~X’, the reaction can not be complete because C would
become zero at infinite time.
a
a— C

what ever units are employed to express the concentrations e.g. moles/litre, gms/c.c etc.

2) The quantity T 7 (Q) is a ratio of concentrations, so, its value will be the same

It shows that the velocity constant K (= 11n-%) will have the dimension of reciprocal

time, Sec ! :
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3) The equation is In(a —x) = —Kt +1na

log(a—x) = — (K/2_303) t + loga

If log(a — x) is plotted graphically against time, it would give a straight line. So when
a plot constructed from experimental values of log(a — x) and tis found to be linear, the
reaction is of the first order. The slope of the line is —% from which the velocity

constant K can be determined.

brla-s —
Ve

Figure 1.2: Plot of log (a — x) against t for a reaction

4) The time required for half the reactant to change can be easily evaluated. Let tl/ be
2

the time required whenx = .

Thent; = L1n—2
en 1/2 Kna_a/2

1 a 2.303 log2  0.693
K/, K K

The period of half decomposition is thus constant for a given reaction and is independent
of initial concentration. The time required is called half value period or half life in case
of radioactive changes.

The time necessary to complete any definite fraction (@) of the reaction is independent

of the initial concentration in first order kinetics, for

2303, a

t
¢ K Oga—a¢

_ 2303 1
= =% logl_(p =constant.
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1.7 Second Order Kinetics

A reaction will be of the second order when the reaction rate would depend upon the
product of two concentrations.

Second order reactions are of two types

(i) The rate is proportional to the square of the same reactant concentration

(i1) The rate is proportional to the product of the two reactant concentration

(i) The rate is proportional to the square of the same reactant concentration

Let say, 2A — Products

(@—x)

If the two substances have the same initial concentration(a)and if x denotes the concen-

tration of the reactants which disappears in time t, then the rate will be

dx

% =K(a—x)?

=Kdt

(@a—x)?

On integration,

/(afxx)z:K/dz

L —Kr+ Z(Integration constant)

(a—x)

Whent=0, x=0 . 1=2

a

Substituting the value of Z

1 1
(1.8) —— =Kt
(a—x) a
Thus the velocity constant
X
1.9 K=—"—
(1.9) at(a—x)

Hence at any time t, the fractional extent of the reaction would be
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X 1

a _l—l—Kta

In a second order reaction, where the two initial concentrations are the same then from

1.9 the half value period is given by

X _ a/2 1

t = = =
1/2 ak(a—%) a.k.9/y ak
i.e. the time required for half the amount of reactant to undergo the change is inversely

proportional to initial concentration a, where as in first order reaction tl/ is constant.
2

(ii) The rate is proportional to the product of the two reactant concentration

Let say another type of reaction

A+ B — Product

(a—x) (b—x)
When the initial concentrations of the two substances participating are different, say a
and b, then the rate is given by,
dx
dt

where x is the amount of any reactant transformed in time t

K(a—x)(b—x)

dx
(a—xb—x)  Kdi
1 1 1
(a—b) [(b—x> - <HJ dr=Kd

On integration,

(aib) /(baﬁcx) a (aib) /(ad—xx) :K/dt
1

W [—In(b—x) + In(a — x)] = Kt + Z(Integration constant)
a—
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1 (a=x) _
Or (=g In =) — Kt+Z

whent =0,x =0 therefore ﬁ Iny =2

Substituting (aib) In EZ:Q — (alb) In§ =Kt

It may also be written as

2303 b(a—x)
(1.10) t= K(a—b) log alb—x)

b(a—x)

The plot of log =) against t for such a reaction would be linear. The straight line
would pass through the origin and from its slope Kz(.;g)’ the velocity constant would be
obtained.
(a— b(a—x)
1 1
a0 *Fa—y)
bla-x)
]JE 5 ...-"'.
alb—x| _.
t —_—
b(a—x)

Figure 1.3: Plot of log against ¢ for a reaction

a(b—x)
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1.8 Pseudo unimolecular Reactions

There are a number of reactions, which follow the first order kinetics though more than
one kind of reactants is involved in the reaction. Common examples are the inversion of

cane sugar or the hydrolysis of an ester in an acid medium.

Ci2H22011 +H20=2Ce Hy2 06

CH3;COO C;Hs +H,0 = CH3; COOH +C,;HsOH

These are truly second order reactions. Two substances water and cane sugar, or water
and ester participate, but the rate of reaction is experimentally observed to depend only
on the concentration of cane sugar or ester.

A second order reaction is governed by the equation (3) . If the concentration of one of
the participants is very large compared to that of the other, say b >> a, then b —x ~ band
a— b ~ —b,which is practically constant.

Hence, equation (3) reduces to

"1
OrK = ;lIn (afx)

That is, under these circumstances, the reaction will follow first order kinetics.

In these reactions water is present in such large excess, that even if the reaction is com-
plete, the concentration of water would virtually remain unaltered.
dc
- E =K Csugar CH20 = K/Csugar
Thus these reactions follow first order kinetics. This type of reaction is known as pseudo
unimolecular reaction.
Specific reaction rate

First order reaction K = (— %) ‘ C

moles per litre per sec __ -1
- = sec
moles per litre

For second order reaction K = (—%) ‘ C?

Hence dimension of K is

Hence dimension of K is litre mole™! sec™!
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In general, the units of K for a reaction of n th order would be given by,

moles/litre/sec
(moles/litre)"

= litre"" moles ! ™ sec™!

SKILL TEST

1. What is first order reaction? Give examples of first order reaction.
2. What is a second order reaction?
3. Comment on half life of a first order and second order reaction.

4. Is a first order or a second order reaction completed?

5. For a first order reaction one hour is needed for a change of concentration C to %

What is the time for the change from % to %‘?

6. What is the special characteristic of a zero order reaction?

1.9 Catalytic Reactions

Definition
Catalysis is the process of enhancing the rate of the reaction by means of a foreign

substance which remains unchanged in mass and chemical composition.

Classification

i) Homogeneous Catalysis

Homogeneous Catalysis is where the catalyst and the reactant constitute a single phase.
ii) Heterogeneous Catalysis

Heterogeneous Catalysis is where the catalyst and the reactant constitute separate phase.
Homogeneous Catalysis

Example

1) Nitric Oxide in the oxidation of carbon monoxide to carbon dioxide.

ii) H*ion acts as a catalyst in the hydrolysis of ester or sugar.
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Mechanism

Theory (Intermediate compound formation theory)

Substrate (S) reacts with the catalyst (C) producing an intermediate compound(X). The
intermediate compound then reacts to produce the product (P) along with the catalyst
(C). Moreover the intermediate compound also decomposes to produce the substrate
along with the catalyst.

Scheme

K
sS+Cc=x B pic

K>
Kinetics

The rate of reaction = rate of formation of the product

dcC
1.11 —P — K5C
(1.11) 7 3Cx

For the intermediate X, if we invoke the steady state postulate,

dC
jgzmqg—&Q—quo
Or (K, +K3) Cx = K;CsCe
Or
K CsCe
1.12 Cy =
( ) X K> + K3

Substituting the value of Cx in equation 1.11

dCp _ K3KCsCe

dt (K2 + K3)

(1.13) = KcCsCe

Comments

i) It is clearly shown that the rate is dependent on catalyst concentration(C¢). For a
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given concentration of catalyst

% =K/ Cs where K/ = KcCei.e. K/ is proportional to Cc.

ii) The constant K¢ is known as the “catalytic co-efficient” for the catalyst.
Characteristics

i) The catalyst remains unchanged in mass and in chemical composition at the end of
the reaction.

ii) A very minute quantity of a catalyst can produce an appreciable effect on the speed
of a reaction.

iii) A catalyst can not start a reaction but only increases its speed. The catalyst really
provides an alternative path for the transformation in which the require activation energy
is less. Lesser activation energy permits larger amounts of reaction in a given time.

iv) The catalyst does not affect the final state of equilibrium.

SKILL TEST
1. What is catalysis?
2. What is a second order reaction?
3. Give an example of solution phase homogeneous catalysis.

4. How does the catalyst influence the rate of the reaction?

1.10 Temperature and Reaction Rates

The Arrhenius Equation
Temperature has a profound influence on the reaction velocity. In homogenous thermal
reactions, for every ten degree rise in temperature, the velocity of reaction is doubled or

trebled. The ratio is called temperature coefficient.

K
Zlo ~2o0r3
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Arrhenius (1889) showed that the velocity constant (K) of a chemical process increases
exponentially with temperature for a large number of reactions. It was observed that the
plot of log K against gives a linear relation.

He, therefore, suggested empirically the relation as

dan_ E

daT RT?

or K = Ae E/RT (A = constant)

A is called the frequency factor or pre exponential factor.

E is called the activation energy of the reaction.

These two quantities have definite values for any given reaction. By measuring the

velocity constant K and K/ at two temperatures T and T/ respectively, we have,

E 1
logK——2'303R><?+logA
log K/ = — xi+1o A
N 115) A A

K E T/ —T
log — = —
K/ 2303R | TT/

Hence the activation energy E is easily obtained.

Alternatively, a plot of log K against % gives a straight line. The slope of such line gives
the value of ﬁ from which E is evaluated. The intercept of the line would also enable
one to find out the value of the frequency factor A.

Suppose Kj and K, are the velocity constants in the two opposite directions of a re-

versible process at temperature T.

E
InkK; = —ﬁ +InA; (Constant)

and In K> = — £2 +InA(Constant)

(Ey—Ey) A
ZRT‘ +1nA—;

. K
Subtracting, In o=
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Figure 1.4: Plot of log K against 1 /T for a reaction

But % = K, equilibrium constant of the reaction.

_ E-F, Ay
Hence InK = et + In x

where E| and E, are the activation energies of the two opposite processes.

dink _ _ (E2—E))
Hence ;77 = —
_E—E
~ RT?
: InK _ AH
But from Vant Hoff equation < T = r?

where AHis the heat change of the chemical process. Comparing the two expressions
we get, AH =E|—E;

Activation energy of a reaction: its significance

The average energy of the reactant is represented by E4 and that of the resultant byEp.
But if E, is greater than Ep the reactant A will not be straight way transformed to the
product B. There is a minimum energy level for the reaction denoted by Ex to which the
reactant molecule must be raised in order to enable it to undergo the chemical change.

The excess or additional energy (Ex — E4)which the reactant must acquire in order to
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Figure 1.5: Potential energy profile of exothermic and endothermic reaction

undergo transformation is the activation energy E1.
Molecules, having energy Ex or above are said to be in activated state and such molecules

only are fit for chemical reaction.
IfE, > E;, the reaction is evidently exothermic, where as ifE; < Ej, the reaction is

endothermic.

1.11  Collision Theory

The collision theory explains the mechanism of bimolecular reactions, but with uni-
molecular reactions the theory apparently fails. In the unimolecular reactions which are
also of the first order, only one molecule takes part in the reaction.

According to Lindemann hypothesis the molecules acquire activation energy through
collisions, but the activated molecules decompose only after some time has elapsed af-
ter the collision. That is, there is a time lag between the moment of activation and the
moment of decomposition. When this time lag is relatively large, there is every possi-
bility for most of the activated molecules being deactivated by subsequent collisions to
ordinary molecules. As a result, the rate of decomposition will not be proportional to

all the activated molecules but only to a fraction which survives the time lag. The ac-
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tivated molecules therefore disappears through two parallel processes, namely through
deactivation and through decomposition
iHA+A KA + A* Rate of activation % dt K1CA
({i)A*+A %2, 74 Rate of deactivation —d— = KrCsCf
(iii) A* K. B + C(Products) Rate of decomposition —% = K3C;
where A represents ordinary and A* activated molecules.
The rate of reaction of A is the rate at which products are formed
dc, dcC

e
Now, activated molecules are short lived and have a small concentration at any time dur-
ing the process. So from the steady state principle, the rate of formation of A*molecules

and the rate of their disappearance would be the same
KiC? = K>CaCy % +K3Cy%

KiC}?
K>Ca+ K3

K\ K3C}
(KzCA +K3)

Case 1: When rate of deactivation is very large compared with that of decomposition
1.e. when K>rCy >> K3

Cy*x =

.".Rate of reaction, — dCA = K3Cy*x =

acy _ Kiks .
dt - K> A
dCy

A _Klc
dt 4

which is the expression for first order kinetics.
Case 2: When concentration C4 is lowered considerably, the chances of deactivation by

collision decrease largely, thenK3 )) K>Cy, hence we have,

A k2
dt 1%4

Thus at low concentration the process would follow second order kinetics.
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1.12 Transition state theory

According to this theory, the two reactants say, AB and C first form a transition complex

A——B——C which then decomposes into A and BC.

Energy —

Feaction Co-ordinate ——

Figure 1.6: Potential energy profile of an exothermic reaction

The basic idea is that, we must some how force C to come so close to B that B becomes
undecided as to which atoms it now belongs to. This state of indecision as to B, being
simultaneously attached both to A and C, though some how loosely than before, is the
transition state, also called the activated complex. The energy necessary to push C to
approach B to form this transition state or activated complex is the energy of activation.

The observed rate of reaction would be equal to the net rate of formation of the activated

complex.
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SKILL TEST

1. What is activation energy?
2. What is threshold energy?

3. Draw the energy profile diagram of an exothermic reaction and label the activa-
tion energy for the forward and reverse direction and enthalpy of the forward and

reverse reaction.

4. How does such a curve change with the addition of a catalyst?

Review Questions

1. What is rate of a reaction? What is its unit?

Answer:

The rate of reaction i.e. the velocity of a reaction is the amount of a chemical

change occurring per unit time.

The rate is generally expressed as the decrease in concentration of a reactant or as
the increase in concentration of the product. If C is the concentration of a reactant
dc

at any time t, the rate is — %= or if the concentration of a product be xat any time t,

the rate would be%.

The unit of reaction rate is moles/litre/second.

2. What is rate constant? What is the unit of rate constant for nth order reac-
tion?
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Answer:

Let us consider a reaction,
X—Y

where X is the reactant and Y the product. The rate of the reaction will be directly

proportional to the concentration i.e.,

dc_

1.14 — =KC
(1.14) T

in which C is the concentration of the reactant at any time t and K is a constant,

called the velocity constant or specific reaction rate.

In general, the units of K for a reaction of n th order would be given by,

moles/litre /sec
(moles/litre)"

= litre"" moles ! ™ sec™!

3. What is order of a reaction? Give an example of fractional order reaction.
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Answer:

The order is the number of concentration terms on which reaction rates depends.

If several reactants A, B, C, ....... etc are involved and it is observed experimen-
tally that the rate of the process is given by,

The reaction is said to be o zh order with respect to A, B ¢h order with respect to
B etc.

Order is experimentally determined quantity. It may have whole number, zero and

even fractional value.

The example of fractional order reaction is ortho — para hydrogen conversion, its

3
dH] _ R
o =KCy~.

rate is expressed by —

. What is molecularity of a reaction?

Answer:

The molecularity of a reaction is defined as the number of molecules or atoms

which take part in the process of a chemical change.

The reaction is said to be unimolecular, bimolecular, termolecular according to

one, two, or three molecules are involved in the process of a chemical change.

. What is the difference between order and molecularity of a chemical reac-
tion?
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Answer:

Order of reaction

Molecularity of reaction

1. It is experimentally deter-
mined quantity.

2. It is obtained from the rate
of the overall reaction.

3. It may have whole number,
zero and even fractional
value.

4. It can not be obtained from
balanced or stoichiometric
equation.

5. It is equal to the sum of
the exponents of the molar
concentration of the reactants

in the rate equation.

6. It does not give any
information about the reac-

tion mechanism, though it

can give some suggestion.

1. It is theoretical concept.

2. It is calculated on the
basis of the rate determining
step.

3. It is always a whole number.

4. It can be obtained from
balanced equation of single
reaction.

5. It is equal to the minimum
number of species (molecule,
atom or ions) taking part in a
single rate determining step of
chemical reaction.

6. It reveals some fundamen-
tal facts about the reaction

mechanism.

6. What is pseudo unimolecular reaction? Show that the specific reaction rate
of a pseudo unimolecular reaction follows first order kinetics.
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Answer:

There are a number of reactions, which follow the first order kinetics though more
than one kind of reactants are involved in the reaction. These types of reactions

are called pseudo unimolecular reaction.

The example of pseudo unimolecular reaction is the inversion of cane sugar.

Ci2H22011 +H20=2Cg Hy2 06
A second order reaction, in which two reactants are different, is governed by the

equation:

1 b(a—x)
k= t(a—>b) na(b—x)

If the concentration of one of the participants is very large compared to that of the

other, say b >> a, then b —x =~ band a — b ~ —b,which is practically constant.

Hence, the equation reduces to

1
OrK/ = +1n (afx)

That is, under these circumstances, the reaction will follow first order kinetics.

. A reaction is found to be zero order. Will its molecularity be zero?

Answer:

No, Molecularity of a reaction can not be zero.
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8. Write down the Arrhenius equation. Explain the each term.

Answer:

Arrhenius (1889) showed that the velocity constant (K) of a chemical process
increases exponentially with temperature for a large number of reactions. It was

observed that the plot of log K against gives a linear relation.

He, therefore, suggested empirically the relation as

dan_ E

dT RT?

or K = Ae E/RT (A = constant)

Where, K = the velocity constant or specific reaction rate.
E = the activation energy of the reaction.

A = the frequency factor or pre exponential factor.

T = the absolute temperature.

R = the universal gas constant.

Arrhenius equation may also be represented in logarithmic form as,

1
X — +logA

log K = — E
EA T T30 R °T

9. Is afirst order or a second order reaction completed?

29 Chemistry-I



Answer:

In a first order reactionC = C,e X, the reaction can not be complete because C

would become zero at infinite time.

The rate equation of a second order reaction is K = — ( -

—2—~ whenx =a,t = oo.
at(a—x)

So a second order reaction also is not completed.

10. What is the special characteristic of a zero order reaction?

Answer:

The rate equation of a zero order reaction isK = %, where Cp is the initial

concentration and Cis the concentration at any timet.
When, C =0; t = %, which is a finite quantity.

So, the zero order reaction will be completed and rate of the reaction is indepen-

dent of the concentrations of the reactants.

Worked —Out Examples

1. At 25°C the half-life period for the decomposition of N,Os is 5.7 hr. and is
independent of the initial pressure of N,Os. Calculate (a) the specific rate
constant (b) the time required to go to 90% completion.
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Answer:

As half-life period is independent of initial i.e., concentration, so it is a first order

reaction, whose half-life period

0.693

hpp=—F—

K

or, K = %95 = 0883 h~1 = 0.1216hr !
1/2 .

Here K = %ln =

a—x

When 90% completed X = 0.9a

_ 1

or,t=18.94 hr.

. The catalytic decomposition of H,O,is followed by removing equal volume

samples at various time intervals and titrating them with KMnO4. The results

are
Time (min) 0 5 10 20
M. of | 46.2 37.1 29.8 19.6
KMnOy

Find out the order and determine the half-life.
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Answer:

Let us first see whether it is first order or not. For first order reaction

1
K =-In a
t a—x
Since it is the reactant (H202) that reacts with KMnQOy, so volume of KMnQy,

required at any time is proportional to concentration of H>O, present.

So initial volume V,, «< a
and volume required at time ‘t’ V; o< (a — x)

So, K = %ln %‘:; Here Vo =46.2 ml.

Putting t = 5| Vt=37.1ml K =0.043 min~!
mins.
Putting t = 10 | Vt=29.1 ml K =0.046 min~!
mins.
Putting t = 20 | Vt=19.6 ml K =0.043 min~!
mins.

Since constant values are coming, given data fit well in the first order rate equa-
tion. Hence, the reaction is of first order with average rate constant = 0.044 min !
Hencet,), = —8:83‘31 = 15.75 min.

. At 25°C the specific rate constant for the hydrolysis of ethyl acetate by NaOH
is 6.36 litre mole ' min~!. Starting with concentrations of base and ester of

0.02 moles/litre, what proportion of ester will be hydrolysed in 10 min.
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Answer:

K = 6.36 litre mole ™' min~". Unit of K indicates that the reaction is second or-
der. So
1
K=-.—"
t ala—x)

Given 6.36 = %.m or X = 0.011 moles/litre

0.011
80% of ester hydrolyzed 555 % 100 = 55%.

. At 378.5°C. the half-life period for the first order thermal decomposition of
ethylene oxide is 363 min and the energy of activation of the reaction is
52,000 cal/mole. From these data estimate the time required for ethylene
oxide to be 75% decomposed at 450°C.
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Answer:

If K is rate constant at 378.5°C then as the reaction is first order, so

0.693
K

363 =

or, K = 1.91 1073 min~!

From Arrhenius equation if Kj is rate constant at 450°C then

Ky E Th-Ti1 T =6515°A

m>2 ==,
Ky R T, T, = 723°A
K> 52,000 715
So,In 157555 = Tos7 X 155703

or, K, = 0.101 min ~!

If at 450°C 75% i.e. th of initial amount decomposes in time ‘t’ then as K =

a

1
rIn 2=

|=

So, 0.101 = %.ln or, t = 13.7mins.

a

N

So, 13.7 mins. will be required for 75% decomposition at 450°C.

. The specific rate constant for the second order neutralization of nitropropane
by a base is given by

3169
logK = 11.899 — T

Where concentration is in moles litre ! and time in minutes. Initial concen-
tration of both reactant is 0.005M. Calculate E and t; , at 25°C.
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Answer:

Arrhenius equation is InK = InA — %
or, logK = logA — %
Comparing logK = 11.899 — 3163 with it we get 2303R = 3163
or, E=2.303 x 1.987 x 3163 = 14.5 Kcal
3163 |

At25°C logK = 11.899 — or, K = 19.2 litre mole ' min~

298
Sotiy = gz = T9zxoocs = 104 min.
. The activation energy of a gas reaction is 30 Kcal / mole in the temperature

range 0° to 60°C. Calculate the approximate temperature co-efficient of the
reaction.

Answer:

The ratio K35 =C 1s approximate temperature co-efficient.

30x10° 308 —298
1.987 - 308298

K
From Arrhenius equation In 22°¢ =

So,%-SlS

. A certain first order reaction is 20% complete in 15 minute at 20°C. How long
will it take to complete 40% of the reaction at 40°C? [The energy of activation
= 23.03 K StateplaceCal / mole].

35 Chemistry-I



Answer:

From the given data rate constant at 20°C is

1 a -1
Krpoc = —In ———— = 0.015 min
15 a—0.2a
: : Kaooc . 23030 20
From Arrhenius equation In 551¢ = 587 X 3734393

or, K 400c =0.188 min-1

If ‘t’ is the time for 40% completion at 40°C then

_ 1
0.188 = 11n 4

or,t = 2.72mins
. The rate of decomposition of a gas was 7.25 in some unit when 5% had re-

acted and it was 5.14 in the same unit when 20% had undergone decomposi-
tion. Calculate the order.
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Answer:

Rate r = K.C" [n = order]

If Cy is initial concentration, then during 5% reaction C = 0.95 Cy and during
20% reaction C = 0.80 Cy.

Hence 7.25 = K (0.95C,)"

and 5.14 = K (0.80 C,)"

or, £33 = (o)

or, 1.4105 = (1.18)"

log 1.4105 __ o)

OL 7 = Tog1.18 —

Hence it is second order reaction.

Exercise

1. Deduce the expression for first order kinetics. Show that the time for half decompo-
sition of a first order reaction is independent of the initial concentration of the reactant.
2. Deduce the expression for second order kinetics where the two reactants are same.
Show that the time for half decomposition of a second order reaction is dependent on
the initial concentration of the reactant.

3. What is pseudo unimolecular reaction? By taking an example show that the specific
reaction rate of a pseudo unimolecular reaction follows first order kinetics.

4. What is homogeneous catalysis? Give an example of gas phase homogeneous cata-
lyst. Show that for homogeneous catalysis the rate of reaction is dependent on catalyst
concentration.

5. Write short notes on activation energy.

6. Deduce the expression for the rate of the bimolecular reaction by using collision
theory. Under what condition the reaction will follow i) first order kinetics ii) second
order kinetics.
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