Svante August Arrhenius
(1859 -1927)

Svante August Arrhenius was

a Swedish scientist. Arrhenius
was one of the founders of the
science of physical chemistry.
He focused his attention on the
conductivities of electrolytes.
He proposed that crystalline
salts dissociate into paired
charged ions when dissolved
in water, for which he received
the Nobel Prize for Chemistry
in 1903. He also proposed
definitions for acids and bases.
He formulated the concept of
activation energy.
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I@ Learning Objectives

After studying this unit, the students will
be able to

* define the rate and order of a reaction,

» derive the integrated rate equations for
zero and first order reactions,

» describe the half life period,
» describe the collision theory,

» discuss the temperature dependence of
the rate of a reaction, and

» explain various factors which affect the
rate of a reaction.
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INTRODUCTION

We have already learnt in XI standard that
the feasibility of a chemical reaction under
a given set of conditions can be predicted,
using the principles of thermodynamics.
However, thermodynamics does not
provide an answer to a very important
question of how fast a chemical reaction
takes place. We know from our practical
experience that all chemical reactions take
some time for completion. Reaction speeds
ranging from extremely fast (in femto
seconds) to extremely slow (in years). For
example, when the reactants BaCl2 solution
and dilute H, SO, are just mixed, a white
precipitate of BaSO, is immediately formed;
on the other hand reactions such as rusting
of Iron take many years to complete. The
answers to the questions such as (i) how fast
a chemical change can occur and (ii) What
happens in a chemical reaction during the
period between the initial stage and final
stage are provided by the chemical kinetics.
The word kinetics is derived from the Greek
word “kinesis” meaning movement.

Chemical kinetics is the study of the rate
and the mechanism of chemical reactions,
proceeding under given conditions of
temperature, pressure, concentration etc.

The study of chemical kinetics not only
help us to determine the rate of a chemical
reaction, but also useful in optimizing
the process conditions of industrial
manufacturing processes, organic and
inorganic synthesis etc.

In this unit, we discuss the rate of a
chemical reaction and the factors affecting
it. We also discuss the theories of the
reaction rate and temperature dependence
of a chemical reaction.
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7.1 Rate of a chemical reaction:

A rate is a change in a particular
variable per unit time. You have already
learnt in physics that change in the
displacement of a particle per unit time
gives its velocity. Similarly in a chemical
reaction, the change in the concentration
of the species involved in a chemical
reaction per unit time gives the rate of a
reaction.

Let us consider a simple general reaction

A——B
The concentration of the reactant
([A]) can be measured at different time
intervals. Let the concentration of A at two
different times t, and t, , (t,>t ) be [A ] and
[A)] respectively. The rate of the reaction
can be expressed as

— [Change in the concentration
of the reactants]

Rate=
(Change in time)
| C-(AJ[AD [ AA]
i.e., Rate= (t1) = ( AL j (7.1)

During the reaction, the concentration
of the reactant decreases ie. [A)]<[A]
and hence the change in concentration
[A,]-[A,] gives a negative value. By
convention the reaction rate is a positive
one and hence a negative sign is introduced
in the rate expression (equation 7.1)

If the reaction is followed by measuring
the product concentration, the rate is given

A[B]} . o
by ¢ | Since [B,]>[B,], no minus sign

is required here.
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Fig 7.1 change in concentration of A and B for the reaction A——B

Unit of rate of a reaction:

. unit of concentration
unit of rate =

unit of time

Usually, concentration is expressed
in number of moles per litre and time is
expressed in seconds and therefore the
unit of the rate of a reaction is mol L's™” .
Depending upon the nature of the reaction,
minute, hour, year etc can also be used.

For a gas phase reaction, the
concentration of the gaseous species is
usually expressed in terms of their partial
pressures and in such cases the unit of
reaction rate is atm s™.

7.1.1 Stoichiometry and rate of a reaction:

In a reaction A——>B , the
stoichiometry of both reactant and product
are same, and hence the rate of disappearance
of reactant (A) and the rate of appearance of
product (B) are same.
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Now, let us consider a different reaction

A——2B
In this case, for every mole of A, that
disappears two moles of B appear, i.e., the
rate of formation of B is twice as fast as the
rate of disappearance of A. therefore, the rate
of the reaction can be expressed as below

+d[B] 2( -d[A]]
dt  “\ dt

Rate =

In other words,

dt 2 dt

For a general reaction, the rate of the
reaction is equal to the rate of consumption
of a reactant (or formation of a product)
divided by its coeflicient in the balanced
equation

XA + yB——IC + mD

Rate— ~14[A]_ -1d[B] _1d[C] _ 1 d[D]

x dt oy dt I dt m dt
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7.1.2 Average and instantaneous rate:

Let us understand the average rate
and instantaneous rate by considering the
isomerisation of cyclopropane.

A 780 K =/\

cyclopropane propene

The kinetics of the above reaction is
followed by measuring the concentration
of cyclopropane at regular intervals and the
observations are shown below. (Table 7.1)

Table 7.1 Concentration of cyclopropane
at various times during its isomerisation at
780K

Time (min) [cyzzizzi’cga)ne]
0 2.00
5 1.67
10 1.40
15 1.17
20 0.98
25 0.82
30 0.69

— A [cyclopropane]
At

Rate of the reaction=

The rate over the  -(0.69-2) molL’
(30-0) min

entire 30 min

= 1.;)—31= 4.36 X 10~ molL 'min”"'

It means that during the first 30 minutes
of the reaction, the concentration of the
reactant ( cyclo propane) decreases as an
average of 4.36 x 10” mol L' each minute.
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Let us calculate the average rate for an
initial and later stage over a short period.

—(2.0-14
(Rate)initial = L
W (10-0)
_06_ 6x 10° mol L' min™
10
(Rate)later _ -(0.69 - 0.98)
stage (30'20)

0.29
=—""=29%107 mol L'min"

From the above calculations, we come
to know that the rate decreases with time
as the reaction proceeds and the average
rate cannot be used to predict the rate of
the reaction at any instant. The rate of the
reaction, at a particular instant during the
reaction is called the instantaneous rate.
The shorter the time period, we choose, the
closer we approach to the instantaneous
rate,

AsAt— 0;
-A[cyclopropane]  -d[cyclopropane]

At dt

A plot of [cyclopropane] Vs (time)
gives a curve as shown in the figure 7.2.

Instantaneous rate at a particular instant ‘t’
-d [cyclopropane]
dt
the slope of a tangent drawn to the curve at

is obtained by calculating

that instant.

In general, the instantaneous
reaction rate at a moment of mixing the
reactants is calculated from the slope of the
tangent drawn to the curve atmoi ', the rate
calculated by this method is called initial
rate of a reaction.
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Fig 7.2 Concentration of cyclopropane vs time - graph

Let us calculate the instantaneous
rate of isomerisation cyclopropane at
different concentrations: 2 M, 1M and 0.5 M
from the graph shown in fig 7.2, the results
obtained are tabulated below.

[cyclopropane] L
mol I Rate mol L 'min
2 6.92 x 10 2
1 3.46 x 10 2
0.5 1.73 x 10 2

Table 7.2 Rate of isomerisation

7.3 Rate law and rate constant:

We have just learnt that, the rate of the
reaction depends upon the concentration of
the reactant. Now let us understand how the
reaction rate is related to concentration by
considering the following general reaction.

XA + yB —— products
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The rate law for the above reaction is
generally expressed as

Rate = k [A]"[B]"

Where k is proportionality constant
called the rate constant. The values of m and
n represent the reaction order with respect
to A and B respectively. The overall order of
the reaction is given by (m+n). The values
of the exponents (m and n) in the rate law
must be determined by experiment. They
cannot be deduced from the Stoichiometry
of the reaction. For example, consider the
isomerisation of cyclopropane, that we
discussed earlier.

The results shown in table 7.2 indicate
that if the concentration of cyclopropane
is reduced to half, the rate also reduced to
half. It means that the rate depends upon
[cyclopropane] raised to the first power

ie, Rate=k[cyclopropane]

Rate
[cyclopropane]

=k

4/2/2019 11:13:48AM‘ ‘



| Y T[] ® CH ||

Table 7.3 Rate constant for isomerisation

38.40 X10” =k [1.3]"[2.2]" _ (2)

For experiment 3
Rate, =k [NOJ"[O,]"

76.8 x 10> =k [2.6]"[1.1]"

..(3)
692x102 | 2 3.46 x 10 2 (@) _, 3840x10° _ Kk[1.3]"[22]"
(1) 19.26 x107  k[1.3]"[1.1]"
346x1072 | 1 3.46 x 10 2 , ( 2,2)"
L
1.73x102 | 05 3.46 x 10 2
2=2" ie., n=1

Let us consider an another example, the
oxidation of nitric oxide (NO) Therefore the reaction is first order with

respect to O,

2NO(g) + O,(g)—> 2NO, (g) G)_, 768x 107 k[2.6]"[L.1]"

Series of experiments are conducted )] 1926 x 107 k [1.3]"[1.1]"
by keeping the concentration of one of the 26\
reactants constant and the changing the 4= (Ej

concentration of the others.

4=2" ie.,m=2 ®

Therefore the reaction is second order
with respect to NO

The rate law is Rate, =k [NOJ’[O,]

1 1.3 1.1 19.26 The overall order of the reaction = (2 + 1) =3
Differences between rate and rate constant

2 1.3 2.2 38.40 of a reaction:

3 2.6 1.1 76.80

Rate = k [NOJ"[O,]"

For experiment 1, the rate law is

It represents the
speed at which

B i . Iti
Rate, =k [NOJ"[O, ] | the reactants are rlos aortionali
19.26 X10” =k [L.3]"[L.1]" ..(1) converted into Eonlztant v

products at any
instant.

Similarly for experiment 2

Rate, =k [NOJ"[O, "
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. Rate of a Rate constant of a

5 reaction reaction

2 | Itis measured as | It is equal to the
decrease in the | rate of reaction,
concentration of | when the
the reactants or concentration
increase in the of each of the
concentration of | reactants in unity
products.

3 | It depends It does not
on the initial depend on
concentration of | the initial
reactants. concentration of

reactants.
7.4 Molecularity:

Kinetic studies involve not only
measurement of a rate of reaction but
also proposal of a reasonable reaction
mechanism. Each and every single step in a
reaction mechanism is called an elementary
reaction.

An elementary step is characterized
by its molecularity. The total number of
reactant species that are involved in an
elementary step is called molecularity of that
particular step. Let us recall the hydrolysis
of t-butyl bromide studied in XI standard.
Since the rate determining elementary step
involves only t-butyl bromide, the reaction
is called a Unimolecular Nucleophilic
substitution (S') reaction.

Let us understand the elementary
reactions by considering another reaction,
the decomposition of hydrogen peroxide
catalysed by I".

2H,0, (aq)—2H,0(]) + O,(g)

It is experimentally found that the
reaction is first order with respect to both
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H,0, and I",which indicates that I" is also
involved in the reaction. The mechanism
involves the following steps.

Step:1

H,0,(aq) + I'(aq)——H,0(/)+ OI'(aq)

Step:2
H,0,(aq) + Ol'(aq) — H,0())+ T'(aq) + O,(g)

Overall reaction is
2H,0,(aq)——2H,0(l)+ O,(g)

These two reactions are elementary
reactions. Adding equ (1) and (2) gives the
overallreaction. Step 1 istherate determining
step, since it involves both H,0, and I', the
overall reaction is bimolecular.

Differences between order and

molecularity:
Order of a Molecularity of a
8_ reaction reaction
[%7]
1 | Itis the sum of It is the total
the powers of number of

concentration reactant species

terms involved in | that are involved
the experimentally | in an elementary
determined rate step.

law.

2 | It can be zero (or) | Itis alwaysa
fractional (or) whole number,
cannot be zero
or a fractional

number.

integer

3 | Itis assigned for a | It is assigned
overall reaction. | for each
elementary step

of mechanism.
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. Example 1 I

Consider the oxidation of nitric
oxide to form NO,

2NO(g) + O,(g)— 2NO,(g)

(a). Express the rate of the reaction in
terms of changes in the concentration of
NO,O, and NO,.

(b). At a particular instant, when [O,] is
decreasing at 0.2 mol L's™ at what rate is
[NO, ] increasing at that instant?

Solution:
a) Rate= i d[NO] — d[o, ] _ l d[NO,]
b) -d[0,] _ 1d[NO,]
dt 2 dt
M: 2X M — 2 XO.2 mol LASA
dt dt
® — 0.4 mol L's”

Evaluate yourself 1

1). Write the rate expression for the
following reactions, assuming them as
elementary reactions.

i) 3A + 5B, ——4CD
i) X, +Y,—2XY

2). Consider the decomposition of N,O;(g)
to form NO,(g)and O,(g). At a
particular instant N,O; disappears at a
rate of 2.5x10”mol dm”s” At what rates
are NO, and O, formed? What is the
rate of the reaction?

. Example 2 I

1. What is the order with respect to each
of the reactant and overall order of the
following reactions?

(a). 5Br'(aq)+ BrO; (aq)+ 6H' (aq)
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—53Br(l) + 3H,0()
The experimental rate law is
Rate = k [Br ][BrO, J[H' T’

(b). CH,CHO(g)——CH,(g) + CO(g)

the experimental rate law is
3

Rate = k [CH,CHO]?

Solution:

a) First order with respect to Br~, first
order with respect to BrO;™ and second
order with respect to H'. Hence the
overall order of the reaction is equal to

1+1+2=4

b) Order of the reaction with respect to
acetaldehyde is % and overall order is

also 3
2

. Example 3 I
®

2. The rate of the reaction
X + 2y — product is 4 x 10°mol L's™
, if [x]=[y]=0.2 M and rate constant
at 400K is 2 x10%s”, What is the
overall order of the reaction.

Solution :
Rate =k [x]"[y]"
4x10°mol L's" = 2 x 102s™ (0.2mol L")" (0.2mol L")™
4 x10”mol L's™
2x107s™
0.2(mol L") = (0.2)""™ (mol L")

=(0.2)" " (mol L*)" "

n+m

Comparing the powers on both sides

The overall order of the reaction n+m=1

Evaluate yourself 2

1). For a reaction, X+ Y-——product;
quadrupling [x] , increases the rate by a
factor of 8. Quadrupling both [x] and [y],
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increases the rate by a factor of 16. Find the
order of the reaction with respect to x and
y. what is the overall order of the reaction?

2). Find the individual and overall order of
the following reaction using the given
data.

2NO(g) + Cl,(g)—— 2NOCl(g)

Initial »
. Initial rate
- concentration
5
g 35
’5 = -1 -1
s, 8| NO NOCI mol L''s
5 E
1 0.1 0.1 | 7.8x10°
2 0.2 0.1 |3.12x10"
3 0.2 0.3 9.36 x10™

7.5 The integrated rate equation:

Wehavejustlearntthat therate of change
of concentration of the reactant is directly
proportional to that of concentration of the
reactant. For a general reaction,

A —— product
The rate law is

—d[A]
Rate= —= k [A]
dt

Where kis the rate constant, and x is the
order of the reaction. The above equation is
a differential equation, M , 80 it gives the
rate at any instant. Howevetr, using the above
expression, we cannot answer questions
such as how long will it take for a specific
concentration of A to be used up in the

reaction? What will be the concentration of
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reactant after a time ‘ t ’?. To answer such
questions, we need the integrated form of
the above rate law which contains time as a

variable.

7.5.1 Integrated rate law for a first order
reaction

A reaction whose rate depends on
the reactant concentration raised to the first
power is called a first order reaction. Let
us consider the following Cl, first order
reaction,

A —— product
Rate law can be expressed as

Rate =k [A]

Where, k is the first order rate constant.

-d[A] _ |
dt = kIA]
= Mz k dt
[A] (1)

Integrate the above equation between
the limits of time t=0 and time equal to t,
while the concentration varies from the initial
concentration [A,] to [A] at the later time.
'[[A] -d[A]
[

oo~

(An[A])} = k(v),
-In[A]- (-In[Ag])=k (t-0)
-In[A]+In[A,]= kt

ln(M) =kt
[Al (2

This equation is in natural logarithm.
To convert it into usual logarithm with base
10, we have to multiply the term by 2.303.

2.30310g(%) =kt
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Fig: 7.3 A plot of In[A] Vst for a first order reaction, A —— product with initial
concentration of [A]=1.00 M and k=2.5x10"min" .

2.303 [A,]
k= 1 0 3
® r Og( [A]J © ®
Equation (2) can be written in the form y=mx + ¢ as below
In[A,]-In[A]= kt

In[A]= In[A, ]kt
= y=c+mx

If we follow the reaction by measuring the concentration of the reactants at regular time
interval’t, a plot of In[A] against ¢’ yields a straight line with a negative slope.From this, the
rate constant is calculated.

Examples for the first order reaction

(i) Decomposition of dinitrogen pentoxide

N,05() — 2NO,(2) + 0,(®)

(ii) Decomposition of thionylchloride; SO,Cl, (1) —— SO,(g) + Cl,(g)
(iii) Decomposition of the H O, in aqueous solution; H,0,(aq) —— H,0(1) + %Oz (g)

(iv) Isomerisation of cyclopropane to propene.

213
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Pseudo first order reaction:

Kinetic study of a higher order reaction is difficult to follow, for example, in a study of
a second order reaction involving two different reactants; the simultaneous measurement of
change in the concentration of both the reactants is very difficult. To overcome such difficulties,
A second order reaction can be altered to a first order reaction by taking one of the reactant
in large excess, such reaction is called pseudo first order reaction. Let us consider the acid
hydrolysis of an ester,

CH,COOCH, (aq) + H,0 (/) —“— CH,COOH (aq) + CH,OH (aq)
Rate = k [CH,COOCH, ] [H,0]

If the reaction is carried out with the large excess of water, there is no significant change
in the concentration of water during hydrolysis. i.e.,concentration of water remains almost a
constant.

Now, we can define k [H,O] = k' ; Therefore the above rate equation becomes

Rate = k' [CH,COOCH, |
Thus it follows first order kinetics.
7.5.2 Integrated rate law for a zero order reaction:

A reaction in which the rate is independent of the concentration of the reactant over a
wide range of concentrations is called as zero order reactions. Such reactions are rare. Let us
® consider the following hypothetical zero order reaction. ®
A —— product

0.75

0.5

[AlinM

0.25

0 10 20 30 40 50 60
Time (in mins)

Fig 7.4 : A plot of [A] Vs time for a zero order reaction A—— product with
initial concentration of [A] =0.5M and k= 1.5x10"mol'L'min™

214
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The rate law can be written as,
Rate =k [A]’

~d[A]_
o<W (+1A1'=1)

= —d[A] =k dt

Integrate the above equation between
the limits of [A,] at zero time and [A] at
some later time 't

—j[[:]d[A] ~ k[ dt

H[A41) = k(2
[A,]{A]= kt

e [Aul1A]

Equation (2) is in the form of a straight
line y=mx +c¢

le., [A]= Kkt+[A]

= y=c+tmx

A plot of [A] Vs time gives a straight

line with a slope of *k and y - intercept of
[Ao]-

Examples for a zero order reaction:

1. Photochemical reaction between H, and L
H, (g)+Cl, (g) —*—2HCl(g)

2. Decomposition of N O on hot platinum
surface

1
N,O(g) =——= N,(9) + 502 (2)

3. Iodination of acetone in acid medium is
zero order with respect to iodine.

CH,COCH, + I, —"ICH,COCH, + HI

Rate = k [CH,COCH, ] [H"]
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General rate equation for a n™ order

reaction involving one reactant [A].

A—— product

Rate law % = k[A]"

Consider the case in which n#l,

integration of above equation between

[AjJand [A] at time t=0 and t=t

1 1
Fa— = (H-l)kt

respectively gives AT [A]
0

7.6 Half life period of a reaction:

The half life of a reaction is defined
as the time required for the reactant
concentration to reach one half its initial
value. For a first order reaction, the half life
is a constant i.e., it does not depend on the
initial concentration.

The rate constant for a first order
reaction is given by

o 2303, A
t [A]
A
att=1,, ; [Al=! A
2.303 [A,]
k= log——2
¢ A
% [ 0%
k= 2;303 log2
b
= 2.303x0.3010  0.6932
t t
P P
. _ 06932
hok
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Let us calculate the half life period for a

zero order reaction.

Rate constant, k = w

at =1, ; [A]:[AO%

g -
tl

L 2:303 log( @)
tys, 20

2.303
Lo, = K 10g(5) (2)

Find the value of k using the given data

= 2.303 log( 100)

Coone 10
B
2.303
A k= log10
k= [2t0] 8 hours o8
1
% i = 2.303
¢ = [Ag] 8 hours
B2k

Hence, in contrast to the half life of a
first order reaction, the half life of a zero
order reaction is directly proportional to the
initial concentration of the reactant.

More to know

..................................................................... .

Half life for an n™ order reaction involving
reactant A and n # 1

P
2 (n-Dk [4,]"

. Example 4 I

(i) A first order reaction takes 8 hours
for 90% completion. Calculate the
time required for 80% completion.
(log 5=0.6989 ; logl0=1)

Substitute the value of k in equation (2)

2.303
ton = 53037 108(5)
8 hours

tg, = S8hours x 0.6989
te, = 5.5%hours

. Example 5 I

(ii) The half life of a first order
reaction x —> products is
6.932x 10*sat 500K - What
percentage of x would be
decomposed on heating at 500K
for 100 min. ("= 1.06)

Solution:

Given t,, =0.6932 x 10%s
To solve * when t=100 min,

Solution:
olution [AO]_[A]XIOO:?
For a first order reaction, [A]
2303 [A,] We know that
k= log (1) , 0.6932
t [A] For a first order reaction, t Y=

Let [A,]=100M _0.6932
When  6.932x 10°
t=t,, ; [A]=10M (given that t, , =8hours) k=10"s"
t=ty,, ; [A]=20M

216
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SOREY
t [A]
10°s? x 100 x 60 s = In (

0.06= In (Mj

[A]
M _ ,0.06
[A]
Bl 6
[A]

= l—L x 100 %
1.06

=56 %

[A]

[A]

|

. Example 6 I

reaction.

Show that in case of first order
reaction, the time required for 99.9%
completion is nearly ten times the time
required for half completion of the

Let
[A,]=100;

when t =t ;

p o 2303 log([Ao]j

t [A]
2.303 100

tog.90, = Tlog E
2.303

tog.90, = ——10g1000
2.303

Log.90, = K 3)
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[A]=(100-99.9)= 0.1

—

99.9% — K

t

99.9% =

togg0, =10 ty

2

Evaluate yourself:

(1) In a first order reaction 4—— products
60% of the given sample of A decomposes
in 40 min. what is the half life of the

reaction?

(2) The rate constant for a first order
reaction is 2.3 X 10%s”
concentration of the reactant is 0.01M .
What concentration will remain after 1

hour?

(3) Hydrolysis of an ester in an aqueous
solution was studied by titrating the
liberated carboxylic acid against sodium

If the initial

hydroxide solution. The concentrations ®

of the ester at different time intervals are

given below.

mol L

Time (min) 0 30 60 90
Ester
concentration | 0.85 | 0.80 | 0.754 | 0.71

Show that, the reaction follows first

order kinetics.

217

7.7 Collision theory :

Collision

Theory was

proposed

independently by Max Trautz in 1916 and
William Lewis in 1918. This theory is based
on the kinetic theory of gases. According

to this theory, chemical reactions occur as

a result of collisions between the reacting

molecules. Let us understand this theory by
considering the following reaction.

A,(g) + B,(g)——2AB(g)
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Fig 7.5 progress of the reaction

If we consider that, the reaction
between A, and B, molecules proceeds
through collisions between them, then the
rate would be proportional to the number of
collisions per second.

Rate oc number of molecules colliding
per litre per second (collision rate)

The number of collisions is directly
proportional to the concentration of both
A,and B,.

Collision rate o« [A,][B,]
Collision rate = Z [A, ][B, ]
Where, Z is a constant.

The collision rate in gases can be
calculated from kinetic theory of gases.
For a gas at room temperature (298K) and
1 atm pressure, each molecule undergoes
approximately 10” collisions per second, i.e., 1
collision in 10 second. Thus, if every collision
resulted in reaction, the reaction would be
complete in 10” second. In actual practice this
does not happen. It implies that all collisions
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are not effective to lead to the reaction. In order
to react, the colliding molecules must possess
a minimum energy called activation energy.
The molecules that collide with less energy
than activation energy will remain intact and
no reaction occurs.

Fraction of effective collisions (f) is

given by the following expression
£q

f=eRT

To wunderstand the magnitude of
collision factor (f), Let us calculate the
collision factor (f) for a reaction having
activation energy of 100 kJ mol™ at 300K.

100%103J mol”!
8.314J K~! mol! x 300K

f=e
f=e"=4x10"

Thus, out of 10" collisions only four
collisions are sufficiently energetic to
convert reactants to products. This fraction
of collisions is further reduced due to
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Fig 7.6 - Orientation of reactants - schematic representation

orientation factor i.e., even if the reactant
collide with sufficient energy, they will not
react unless the orientation of the reactant
molecules is suitable for the formation of
the transition state.

The figure 7. 6 illustrates the importance
of proper alignment of molecules which
leads to reaction.

The fraction of effective collisions (f)
having proper orientation is given by the
steric factor p.

= Rate =p x f x collision rate

_Ea
ie, Rate=px e x Z [A,][B,] ..(1)
As per the rate law,
Rate =k [A,] [B,] -(2)

Where k is the rate constant

On comparing equation (1) and (2), the
rate constant k is ¢

—Ea

k=pZeﬁ
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7.8 Arrhenius equation - The effect
of temperature on reaction rate

Generally, the rate of a reaction
increase  with
However, there are very few exceptions. The
magnitude of this increase in rate is different
for different reactions. As a rough rule, for
many reactions near room temperature,

increasing temperature.

reaction rate tends to double when the
temperature is increased by 10°C.

Activity

..................................................................... .

Let us understand the effect of
temperature on reaction rate by doing
this activity.

i. Take two test tubes, label them as A

and B

Take 5 ml of cold water in A, add a
drop of phenolphthalein indicator and
then add Magnesium granules.

1l

iii. Repeat the above with 5 ml of hot

water in test tube B.
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iv. Observe the two test tubes.

v. The observation shows that the
solution in test tube B changes to pink
colour and there is no such colour
change in test tube A. That is, hot water
reacts with magnesium according to
the following reaction and there is no
such reaction in cold water.

Mg +2H,0——Mg* + 20H + H, T

= -

R

A B

vi. The resultant solution is basic and it is
indicated by phenolphthalein.

A large number of reactions are
known which do not take place at room
temperature but occur readily at higher
temperatures. Example: Reaction between
H, and O, to form H,O takes place only
when an electric spark is passed.

Arrhenius suggested that the rates of
most reactions vary with temperature in
such a way that the rate constant is directly

proportional to ’(%} and he proposed

e
a relation between the rate constant and

temperature.

kZAe_[IT%J (1)

‘ ‘ XII' U7 kinetics - Jerald Folder.indd 220

220

Where A the frequency factor,
R the gas constant,

E, the activation energy of the reaction
and,
T the absolute temperature (in K)

The frequency factor (A) is related
to the frequency of collisions (number
of collisions per second) between the
reactant molecules. The factor A does not
vary significantly with temperature and
hence it may be taken as a constant.

E,is the activation energy of the
reaction, which Arrhenius considered as the
minimum energy that a molecule must have
to posses to react.

Taking logarithm on both side of the
equation (1)

Ink = InA + lne-(%j

Ink= lnA{ E, ]
RT
Ink= lnA{EaJ(l)
RAT (2)

y=c+tmx

(- Ine=1)

The above equation is of the form of a
straight line y = mx + c.

A plot of Ink Vs % gives a straight

Ea

line with a negative slope ——=. If the rate

constant for a reaction at two different
temperatures is known, we can calculate the

activation energy as follows.

Attemperature T =T, ; the rate constant
k=k,

Ink, = lnA-( E, j
RT,

1

.(3)
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Attemperature T =T, ; the rate constant
k=k,

Ink, = lnA-( B, ]
RT, (4)

(4) -(3)
lnkz-lnk1=-( "‘ : j
R T,

Sk
)= 531
o - 57
oo 1) s
k- = { o ]

This equation can be used to calculate
E, from rate constants k, and k, at

temperatures T, and T,

. Example 7 I

The rate constant of a reaction
at 400 and 200K are 0.04 and 0.02 s
respectively. Calculate the value of

activation energy.

Solution
According to Arrhenius equation

ool K2 E, (T,-T,
%% )T 2303k 1T,

T,=400K ; k, =0.04s"
T,=200K ; k, =0.02s"
loa| %:04 5T _ E, ( 400K —200Kj
8l 0.025" ) 2303 x 8314 JK ol | 200K x 400K
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log (2)= v ( 1 J
2.303 x 8.314 JK 'mol™ | 400K

=log(2)x 2.303 x 8.314 JK'mol™ x 400K
E, = 2305 J mol”

. Example 8 I

Rate constant k of a reaction varies
with temperature T according to the

following Arrhenius equation

E (1
logk=log A3 | —
R 2.303R(T)

Where E, is the activation energy.

1

When a graph is plotted for logk Vs =
a straight line with a slope of -4000K

is obtained. Calculate the activation

energy

Solution

E (1
logk = log A- 1 —
S 2.303R(Tj

y=c+mx

E

a

2303R
E,=-2303Rm

E, =-2.303x8.314J K™ mol” x (—4000K)
E = 76,589] mol”
E, = 76.589 kJ mol™

Evaluate yourself

For a first order reaction the rate
constant at 500K is 8 X 10™*s™ . Calculate the
frequency factor, if the energy of activation
for the reaction is 190 kJ mol™ .

221
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7.9 Factors affecting the
reaction rate:

The rate of a reaction is affected by the
following factors.

1. Nature and state of the reactant
2. Concentration of the reactant
3. Surface area of the reactant

4. Temperature of the reaction

5. Presence of a catalyst

7.9.1 Nature and state of the reactant:

We know that a chemical reaction
involves breaking of certain existing bonds
of the reactant and forming new bonds
which lead to the product. The net energy
involved in this process is dependent on the
nature of the reactant and hence the rates
are different for different reactants.

Let us compare the following two
reactions that you carried out in volumetric
analysis.

1). Redox reaction between ferrous
ammonium sulphate (FAS) and KMnO,

2). Redox reaction between oxalic acid and
KMnO,

The oxidation of oxalate ion by
KMnO, is relatively slow compared to the
reaction between KMnO, and Fe* . In fact
heating is required for the reaction between
KMnO, and Oxalate ion and is carried out
at around 60°C.

The physical state of the reactant also
plays an important role to influence the rate
of reactions. Gas phase reactions are faster
as compared to the reactions involving solid
or liquid reactants. For example, reaction of
sodium metal with iodine vapours is faster
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than the reaction between solid sodium and
solid iodine.

Let us consider another example that
you carried out in inorganic qualitative
analysis of lead salts. If you mix the
aqueous solution of colorless potassium
iodide with the colorless solution of lead
nitrate, precipitation of yellow lead iodide
take place instantaneously, whereas if
you mix the solid lead nitrate with solid
potassium iodide, yellow coloration will
appear slowly.

7.9.2 Concentration of the reactants:

The rate of a reaction increases with
the increase in the concentration of the
reactants. The effect of concentration is
explained on the basis of collision theory
of reaction rates. According to this theory,
the rate of a reaction depends upon the
number of collisions between the reacting
molecules. Higher the concentration,
greater is the possibility for collision and
hence the rate.
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Activity

1. Take three conical flasks and label them as A, B, and C.

2. using a burette, add 10, 20 and 40 ml of 0.1M sodium thiosulphate solution to the flask
A, B and Crespectively. And then add 40, 30 and 10 ml of distilled water to the respective
flasks so that the volume of solution in each flask is 50ml.

3. Add 10 ml of 1M HCI to the conical flask A. Start the stop watch when half of the HCI
has been added. Shake the contents carefully and place it on the tile with a cross mark as
shown in the figure. Observe the conical flask from top and stop the stops watch when
the cross mark just becomes invisible. Note the time.

4. Repeat the experiment with the contents on B and C. Record the observation.

Flask | Volume of Na,S,0, Volume of water | Strength of Na,S,0, Time taken ( t)
A 10 40 0.02
B 20 30 0.04
C 40 10 0.08
Draw a graph between ! Vs % is a direct measure of rate of
concentration of sodium thiosulphate. A reaction and therefore, the increase in the
® graph like the following one is obtained. concentration of reactants i.e Na,S,0;, ®

increases the rate.

0 0.02 0.04 0.08
Concentration(M)

7.9.3 Effect of surface area of the reactant:

In heterogeneous reactions, the surface areas of the solid reactants play an important role
in deciding the rate. For a given mass of a reactant, when the particle size decreases surface
area increases. Increase in surface area of reactant leads to more collisions per litre per second,
and hence the rate of reaction is increased.For example, powdered calcium carbonate reacts
much faster with dilute HCI than with the same mass of CaCO, as marble

223
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Activity

...........................................................................................................................................................

A Known mass of marble chips are taken in a flask and a known volume of dilute HCl is
added to the content, a stop clock is started when half the volume of HCl is added. The mass
is noted at regular intervals until the reaction is complete. Same experiment is repeated with
the same mass of powdered marble chips and the observations are recorded.

Reaction
CaCO,(s) + 2HCI (aq) ——> CaCl,(aq) + H,O (/) + CO,(g)

Since, carbon dioxide escapes during
reaction, the mass of the flask gets lighter as e
the reaction proceeds. So, by measuring the
flask, we can follow the rate of the reaction.

A plot of loss in mass V's time is drawn and
it looks like the one as shown below.

Mass
[Ty
\de,e
%,
73
2
3

For the powdered marble chips, the
reaction is completed in less time. i.e., rate Time

of a reaction increases when the surface
area of a solid reactant is increased.

7.9.4 Effect of presence of catalyst:

So far we have learnt, that rate of reaction can be increased to certain extent by increasing
the concentration, temperature and surface area of the reactant. However significant changes
in the reaction can be brought out by the addition of a substance called catalyst. A catalyst
is substance which alters the rate of a reaction without itself undergoing any permanent

chemical change. They
may participate in the
reaction, but again | [ ______ _ __ _ __ _ __ _ ________.
regenerated and the end
of the reaction. In the

presence of a catalyst,
the energy of activation
is lowered and hence,

E, Without
catalyst

T

E_With
catalyst

Potential energy —

greater number  of

molecules can cross
) N
the energy barrier and Reactants
change over to products, Products
thereby increasing the Reaction progress =

rate of the reaction.

\4
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Activity

..........................................................................................................................................................

Take two test tubes and label them as A and B. Add 7 ml of 0.1N oxalic acid solution, 5
ml of 0.1N KMnO, solution and 5 ml of 2N dilute H,SO, in both the test tubes. The colour
of the solution is pink in both the test tubes.

Now add few crystals of manganese sulphate to the content in test tube A. the pink
colour fades up and disappears. In this case, MnSO, acts as a catalyst and increases the rate

of oxidation of C,0,”” by MnO,

’ = Chemical kinetics in pharmaceuticals

T Chemical kinetics has many applications in the field of pharmaceuticals. It is used

~- to study the lifetimes and bioavailability of drugs within the body and this branch

of study is called pharmacokinetics Doctors usually prescribe drugs to be taken at

different times of the day. i.e.some drugs are to be taken twice a day, while others

are taken three times a day, or just once a day. Pharmacokinetic studies is used to determine the

prescription (dosage and frequency). For example, Paracetamol is a well known anti-pyretic and

analgesic that is prescribed in cases of fever and body pain. Pharmacokinetic studies showed that

Paracetamol has a half-life of 2.5 hours within the body i.e.the plasma concentration of a drug

is halved after 2.5 hrs. After 10 hours (4 half-lives)only 6.25 % of drug remains. Based on such

studies the dosage and frequency will be decided. In case of paracetamol, it is usually prescribed
to take once in 6 hours depending upon the conditions.

B Chemical kinetics is the study of the rate and the mechanism of chemical reactions,

proceeding under given conditions of temperature, pressure, concentration etc.

B The change in the concentration of the species involved in a chemical reaction per

unit time gives the rate of a reaction.

B The rate of the reaction, at a particular instant during the reaction is called the

instantaneous rate. The shorter the time period, we choose, the closer we approach
to the instantaneous rate,

B The rate represents the speed at which the reactants are converted into products at

any instant.

B The rate constant is a proportionality constant and It is equal to the rate of reaction,

when the concentration of each of the reactants in unity

B Molecularity of a reaction is the total number of reactant species that are involved

in an elementary step.

B The half life of a reaction is defined as the time required for the reactant concentration

to reach one half its initial value. For a first order reaction, the half life is a constant

225
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1.

i.e., it does not depend on the initial concentration.

According to collision theory, chemical reactions occur as a result of collisions

between the reacting molecules.

Generally, the rate of a reaction increase with increasing temperature. However,
there are very few exceptions. The magnitude of this increase in rate is different

for different reactions. As a rough rule, for many reactions near room temperature,
reaction rate tends to double when the temperature is increased by 10°C .

According to Arrhenius, activation energy of the reaction is the minimum energy

that a molecule must have to posses to react.

The rate of a reaction is affected by the following factors.

1. Nature and state of the reactant
2. Concentration of the reactant

3. Surface area of the reactant

4. Temperature of the reaction

5. Presence of a catalyst

For a first order reaction A——B
the rate constant is y min®. If the
initial concentration of A is 0.01M , the
concentration of A after one hour is
given by the expression.

a) 0.01 ™ b) 1x107 (1 —e*"o")

c) (1 x107 ) e d) none of these

. A zero order reaction X —Product,

with an initial concentration 0.02M has
a half life of 10 min. if one starts with
concentration 0.04M, then the half life
is

a) 10s b) 5 min ¢) 20 min

d) cannot be predicted using the given
information

. Among the following graphs showing

variation of rate constant with
temperature (T) for a reaction, the one
that exhibits Arrhenius behavior over
the entire temperature range is
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a)
Ink
1/T
b)
log k
1/T
c)
Ink
/T
d) both (b) and (¢)

4. Forafirstorderreaction A—— product

with initial concentration x mol L | has
a half life period of 2.5 hours. For the
same reaction with initial concentration

(g) mol L' the half life is
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a) (2.5 X 2)hours

b) (Ej hours
2

¢) 2.5 hours

d) Without knowing the rate constant,
t,, cannot be determined from the
given data

. For the reaction, 2NH, — N, + 3H,

, if ~d[NH, ] =k, [NH, ],
dt
d[cll\:Z] =k, [NH,], d[iz] =k, [NH, ]
then the relation between k .k, and k, is
a) k=k, =k,
b) k,=3k, =2k,
) 15k=3k, =k,
d) 2k,=k, =3k,

. The decomposition of phosphine (PH,)

on tungsten at low pressure is a first
order reaction. It is because the (NEET)

a) rate is proportional to the surface
coverage

b) rate is inversely proportional to the
surface coverage

c) rate is independent of the surface
coverage

d) rate of decomposition is slow

3
. For a reaction Rate = k[acetone]/2 then

unit of rate constant and rate of reaction
respectively is

a) (mol L%*),(mol% % s*)

b) (mola/2 Ly2 s*),(mol L*sA)
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c) (mol% % s*),(mol L*s*)

d) (molLs*),(mol% L%s)

. The addition of a catalyst during a

chemical reaction alters which of the
following quantities? (NEET)

b)Activation
energy

a) Enthalpy

c) Entropy d) Internal energy

. Consider the following statements :

(i) increase in concentration of the
reactant increases the rate of a zero
order reaction.

(ii) rate constant k is equal to collision
frequency A if E, =0

(iii) rate constant k is equal to collision
frequency Aif E =

o

(iv) a plot of ln(k)vsT is a straight
line.

1
(v) aplotof In(k)vs (E) is a straight
line with a positive slope.
Correct statements are

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

a) (ii) only
¢) (ii) and (v)

10.In a reversible reaction, the enthalpy

change and the activation energy in
the forward direction are respectively
— k] mol™ and y k] mol™. Therefore ,

the energy of activation in the backward
direction is

a) (y—x)kJ mol™
b) (x+ y)J mol”
c) (x—y)kJ mol®
d) (

x+ y)x 10 ] mol™

4/2/2019 11:16:57AM‘ ‘



Bl SEEEE

11.What is the activation energy for a
reaction if its rate doubles when the
temperature is raised from 200K to
400K? (R = 8.314 JK'mol™)

a) 234.65 k] mol"K™
b) 434.65 k] mol ' K™
c) 434.65 J mol 'K
d) 334.65 ] mol’K™

12. A — > 7\ ; This reaction
follows first order kinetics. The rate
constant at particular temperature
is 2.303 x 107 hour™. The initial
concentration of cyclopropane is 0.25
M. What will be the concentration

of cyclopropane after 1806 minutes?
(log 2 =0.3010)

a) 0.125M b) 0.215M

¢) 0.25 x 2.303M d) 0.05M

13.For a first order reaction, the rate
constant is 6.909 min'.the time taken
for 75% conversion in minutes is

a>(§jlogz b)(%)logz
TENCRNIEND

14.In a first order reaction x——>y; if
k is the rate constant and the initial

concentration of the reactant x is 0.1M,
then, the half life is

o) w(Ery
o2

15.Predict the rate law of the following

d) none of these

reaction based on the data given below
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2A+B —— C+ 3D

Reaction [A] [B] Initial rate
number | (1iny | (min) | (M s)

1 0.1 0.1 X

2 0.2 0.1 2x

3 0.1 | 02 |ax

4 0.2 0.2 8x

a) rate= k[A][B] b) rate= k[A][B]
o) rate=k[A][B]
d) rate= k[A]"[B]”

16. Assertion: rate of reaction doubles when

the concentration of the reactant is
doubles if it is a first order reaction.

Reason: rate constant also doubles

a)  Both assertion and reason are true
andreasonisthe correct explanation
of assertion.

b) Both assertion and reason are
true but reason is not the correct
explanation of assertion.

c) Assertion is true but reason is false.
d) Both assertion and reason are false.

17.The rate constant of a reaction is
58 x 107 s*. The order of the reaction is

b) zero order

d) Third order

a) First order

¢) Second order

18. For the reaction

1
N,O.(g)——2NO,(g) + EOZ(g) , the
value of rate of disappearance of N O,
is given as 6.5 x 10” molL's”. The

rate of formation of NO, and O, is given
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respectively as

a) (3.25 x 107 mol L_IS_I) and
(1.3 x 107 mol Ls™)

b) (1.3x 107 mol L*s4) and

(

(

19) (1.3 x 10™ mol L434) and
(3.25 x 10* mol L's™)

d) None of these

3.25 x 10° mol L4s*)

19. During the decomposition of H O, to

give dioxygen, 48 g O, is formed per
minute at certain point of time. The rate
of formation of water at this point is

a) 0.75 mol min™
b) 1.5 mol min™
¢) 2.25 mol min™

d) 3.0 mol min™

20. If the initial concentration of the reactant

21.

is doubled, the time for half reaction
is also doubled. Then the order of the

reaction is

a) Zero b) one
¢) Fraction d) none
In a homogeneous reaction

A——>B+ C+ D, the initial pressure
was P and after time tit was P. expression

for rate constant in terms of P,, P and t
will be

2 k= (2.303) log 2P,
t 3p, P
2.303 2P
k = 1 0
®) ( t ) Og{ P, _P]
O k= (2.303) log 3p, P
t 2P,
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@) k= (2.303)1Og 2P,
t 3p 2P

22.1f 75% of a first order reaction was

completed in 60 minutes , 50% of the
same reaction under the same conditions
would be completed in

a) 20 minutes b) 30 minutes
¢) 35 minutes d) 75 minutes

23.The half life period of a radioactive
element is 140 days. After 560 days , 1 g
of element will be reduced to

O
ol

24.The correct difference between first and
second order reactions is that (NEET)

a) A first order reaction can be
catalysed; a second order reaction ®
cannot be catalysed.

b) The half life of a first order reaction
does not depend on [A ]; the half
life of a second order reaction does
depend on [A ].

c¢) The rate of a first order reaction
does not depend on reactant
concentrations; the rate of a second
order reaction does depend on
reactant concentrations.

d) The rate of a first order reaction does
depend on reactant concentrations;
the rate of a second order reaction
does not depend on reactant
concentrations.

25. After 2 hours, a radioactive substance

th
becomes (E) of original amount.

229
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Then the half life ( in min) is
a) 60 minutes b) 120 minutes

¢) 30 minutes d) 15 minutes

Answer the following questions:

1.

10.

Define average rate and instantaneous
rate.

Define rate law and rate constant.

Derive integrated rate law for a zero
order reaction A—— product,

Define half life of a reaction. Show
that for a first order reaction half life is
independent of initial concentration.

What is an elementary reaction? Give
the differences between order and
molecularity of a reaction.

Explain the rate determining step with
an example.

. Describe the graphical representation of

first order reaction.

Write the rate law for the following
reactions.

(a) A reaction that is 3/2 order in x and
zero order in .

(b) A reaction that is second order in
NO and first order in Br..

Explain the effect of catalyst on reaction
rate with an example.

The rate law for a reaction of A, B and 3C
hasbeenfoundtobe rate= k [A]2 [B][L]/2
. How would the rate of reaction change
when

(i) Concentration of [L] is quadrupled

(ii) Concentration of both [A] and [B]
are doubled

(iii) Concentration of [A] is halved
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11.

12.

13.

14.

15.

16.

17.

18.

(iv) Concentration of [A] is reduced to
1
(A ) and concentration of [L] is

quadrupled.

The rate of formation of a dimer in a second
order reaction is 7.5 X 10° mol L's™ at
0.05mol L' monomer concentration.
Calculate the rate constant.

For a reaction x+ y+z—— products
the ratelaw is given by rate=k [« ]% [y ]%
what is the overall order of the reaction
and what is the order of the reaction with
respect to z.

Explain briefly the collision theory of
bimolecular reactions.

Write Arrhenius equation and explains
the terms involved.

The decomposition of ClL,O, at 500K in
the gas phase to Cl, and O, is a first order
reaction. After 1 minute at 500K, the
pressure of Cl,O, falls from 0.08 to 0.04
atm. Calculate the rate constant in s™.

Hydrolysis of methyl acetate in aqueous
solution has been studied by titrating
the liberated acetic acid against sodium
hydroxide. The concentration of an ester
at different temperatures is given below.

Explain pseudo first order reaction with
an example.

Identify the order for the following
reactions

(i) Rusting of Iron

(ii) Radioactive disintegration of ,, U**

(iii) 2A+ 3B—— products; rate= k[A]% [B]2

19.

A gas phase reaction has energy of
activation 200 k] mol™. If the frequency

factor of the reaction is 1.6 x 10" s
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. Calculate the rate constant at 600 K.
(6—40.09 = 38% 10—18)

20. For the reaction 2x+ y——L find the
rate law from the following data.
[x] [yl rate
(min) (min) (Mss™)
0.2 0.02 0.15
0.4 0.02 0.30
0.4 0.08 1.20

21.

22.

23.

24.

25.

26.

27.

28.

How do concentrations of the reactant
influence the rate of reaction?

How do nature of the reactant influence
rate of reaction.

The rate constant for a first order reaction
is 1.54x1073s!. Calculate its half life
time.

The half life of the homogeneous gaseous
reaction SO,CL, > SO, + Cl which obeys
first order kinetics is 8.0 minutes. How
long will it take for the concentration of
SO,Cl, to be reduced to 1% of the initial
value?

The time for half change in a first order
decomposition of a substance A is 60
seconds. Calculate the rate constant.
How much of A will be left after 180
seconds?

A zero order reaction is 20% complete
in 20 minutes. Calculate the value of
the rate constant. In what time will the
reaction be 80% complete?

The activation energy of a reaction is 225
k Cal mol" and the value of rate constant
at 40°C is 1.8x10” s™. Calculate the
frequency factor, A.

Benzene diazonium chloride in aqueous
solution decomposes according to the
equation C. H.N,Cl — C H.Cl+ N, .
Starting with an initial concentration of

‘ ‘ XII' U7 kinetics - Jerald Folder.indd 231
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10 g L', the volume of N, gas obtained
at 50 "C at different intervals of time was
found to be as under:

t (min): 6 | 12 | 18 |24 | 30 |

Vol. of N, |19.3]32.6|41.3 [46.5/50.4|58.3

(ml):

29

Show that the above reaction follows the
first order kinetics. What is the value of
the rate constant?

. From the following data, show that the
decomposition of hydrogen peroxide is
a reaction of the first order:

t (min) 0 10 20

V (ml) 46.1 29.8 19.3

30.

Where ¢ is the time in minutes and V is
the volume of standard KMnO, solution
required for titrating the same volume of
the reaction mixture.

A first order reaction is 40% complete
in 50 minutes. Calculate the value of
the rate constant. In what time will the
reaction be 80% complete?
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Open the Browser and type the URL given (or) Scan the QR Code. You can see a webpage
which displays the java applet called reactions and rates. You can click it and you will get a
window as shown in the figure. This applet contains three modules which can be selected by
clicking the appropriate tab (box1).

Select single collision tab (tab 1) to visualise collision between two molecules. You can visualise
the progress of the reaction (box 5) by varying the temperature using the slider (box 2). You
can visualise that the raise in temperature, will raise the energy of the system and allows the
reactants to cross the energy barrier to form products. You can repeat this simulation with
more molecules in the many collisions tab (box 1).

You can also perform virtual kinetic experiment, using rate experiments mode. Choose the types
reacting molecules and their stoichiometry using the options provided (box 2). The number of
reactant and product molecules at a given time will be displayed in panel (box-3). You can see
the effect of temperature on reaction rate by varying the temperature (box 4).
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ANSWERS

UNIT-I

Choose the correct answer

1. b)ALO,nH,0 2.¢)s0O, 3. c)MgCO,—>MgO + CO,

4. b)ALO, 5.a)Al

6. d) Carbon and hydrogen are suitable reducing agents for metal sulphides.
7. ¢) A-iv, B-ii, C-iii, D-i

8. d)Electromagnetic separation

9

. b)Cu(s) + Zn*" (aq)—— Zn(s) + Cu**(aq)

10. ¢) sodium 11. b) Infusible impurities to soluble impurities
12.¢) Galena 13. a) Lower the melting point of alumina
14.a) Carbon reduction 15. a) Silver

16. c) Displacement with zinc 17. ¢c) Mg

18.b) van Arkel process  19.  d) Both (a) and (c)
20.d) In the metallurgy of gold, the metal is leached with dilute sodium chloride solution
21.b) Impure copper 22.b) AG" Vs T

0
23.¢) (AG )is negative 24.b) ALO, +2Cr —— Cr,0, + 2Al
AT

25.b) The graph for the formation of CO, is a straight line almost parallel to free energy axis.

UNIT-2
Choose the correct answer:

1. ¢) basic
Na B,0, + 7H,0 == 2NaOH + 4H,BO,

Strong base Weak acid

234
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2. d) accepts OH  from water ,releasing
proton.
B(OH), + H,0 = [B(OH), | +H'
3. b) B,H,
nido borane :BH,
aracno borane : B H_

B.,H, is not a borane
4. a) Aluminium
5. ¢) four

There are two 3c — 2e bonds i.e., the
bonding in the bridges account for 4
electrons.

6. ¢) Lead
7. c) sp” hybridised
8. a)+4

Example : CH_, in which the oxidation
state of carbon is +4

9. d) (Si0,)"

R

|
10. b) —§—o—

R
11. a) Me,SiCl
12. d) dryice

dry ice - solid CO, in which carbon is
in sp hybridized state

13.a) Tetrahedral
14.d) Feldspar is a three dimensional silicate
15.b) K, [AlE, |
AlF, + 3KF — K, [AIE |
16.a) A-b,B-1,C-4,D-3
17.d) Al,Cu,Mn,Mg
Al-95% , Cu-4% , Mn-0.5% , Mn-0.5%
18.b) graphite
19.a) Metal borides
20.a) Al<Ga<In< Tl

‘ ‘ Answers.indd 235

stability of +1 oxidation state decreases
down the group due to inert pair effect

UNIT-3
Choose the correct answer:
1. a) Nessler’s reagent

2. d) ability to form pm—pnbonds with
itself

d) 1s*2s* 2p° 3s* 3p°

b) P,(white) and PH,

b) Nitroso ferrous sulphate
a) H PO,

a) H,PO,

b) 2

a) 6N

e e R O

10.d) Both assertion and reason are wrong.
The converse is true.

11.b) F,

12.b) HF > HCI > HBr > HI

13.d) NeF,

14.c) He

15.¢) XeO,

16.¢) SO,”

17.a) HI

18.d) Cl,>Br,>F, > 1,

19.d) HCIO < HCIO, < HCIO, < HCIO,
20.¢) Cu(NO,), and NO,
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UNIT-4

Choose the correct answer:

I.
2.

b) in case of Sc, 3d orbital are partially filled but in Zn these are completely filled
a) Cr
Cr= [Ar]3d’4s'

. a)Ti
¢) Ni**
. a) 5.92BM
Mn*" = 3d’contains 5 unpaired electrons
n=>5;..= yn(n+2)BM
.=+/5(5+2) =/35=5.92BM
b) Ti**

Ti** contains no unpaired electrons in d orbital, hence no d-d transition.

c) their ability to adopt variable oxidation states

. a) VO," < Cr,0,"< MnO,

5 6 7
{/Q; < érz 0,< l\j[n O, greater the oxidation state, higher is the oxidising power

. d) brass

Brass contains 70% Cu + 30% Zn

10.b) (NH,) Cr,0.

2K,Cr,0, —52K CrO, + Cr,0, + G) 0,

(NH, ), Cr,0,——Cr,0, +4H,0 + N,

3
KClO, ——KCl + (gj 0,

Zn(ClO,),——ZnCl, + 30,

11.b) Carbon dioxide

5(CO0) "~ +2MnO,” + 16H' —2>2Mn*+ 10CO, T + 8H,0

2
2

12.b) Na,Cr,0, is preferred over K,Cr,O, in volumetric analysis

13.b) Mn*

MnO, + 8H" +5¢ ——>Mn”*"+ 4H,0

14.a) Na,SO, , SO, , Cr, (504)3
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15.

16.

17.

18.

19.

20.

21.
22.
23.
24.
25.

‘ ‘ Answers.indd 237

Na,$,0, +2HCl——>2NaCl+ SO, T+ s | +HO

(A) (B) yellow ppt

K,Cr,0, + H,80, + 350, —XK,SO, + Cr,(S0,), + H,0
(€)

a) BrO, ,MnO,
2MnO, +Br + H O—— 20H + 2MnO, + BrO,"
c)3
K,Cr,0, + 6KI+ 7H,SO, —4K SO, + Cr,(S0,), + 7H,0 + 31,
¢) 0.6

+2 +3

7+ +4
MnO, + FeC,O,——> Mn*" + Fe’* +2CO,
5e” acception 3¢ release

5 moles of FeC,0, = 3 moles of KMnO,
1 mole of FeC,0, = (g) moles of KMnO,

1 mole of FeC,0,

0.6 moles of KMnO,

a) MnO,, Cl, , NCI,
MnO, +4HCl——MnCl, + Cl, T + H,0
(4) (B)
NH, + 3Cl, —>NCl, + 3HCI
(C)
¢) All the lanthanons are much more reactive than aluminium.

As we move from La to Lu, their metallic behaviour because almost similar to that of
aluminium.

b) Yb**
Yb*" - 4" —no unpaired electrons - diamagnetic
d)3

a) Both assertion and reason are true and reason is the correct explanation of assertion.

c) +4
a) Np, Pu,Am
a) La(OH), is less basic than Lu(OH),

237
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UNIT-5

Choose the correct answer:

l.

‘ ‘ Answers.indd 238

In the complex [M (en)2 (Ox)}Cl For the central metal ion M**

The primary valance is =+3

The secondary valance =6

sum of primary valance and secondary valance = 3+6 = 9
Answer : option (d)

The complex is | M(H,0), CI |Cl,

1000 ml of 1M solution of the complex gives 2 moles of CI” ions
1000 ml of 0.01M solution of the complex will give

100 ml x 0.01M x 2CI”
1000 ml x 1M

= 0.002 moles of Clions

Answer : option (b)

Molecular formula: MSO,Cl. 6H,0 .

Formation of white precipitate with Barium chloride indicates that SO, ions are outside
the coordination sphere, and no precipitate with AgNO, solution indicates that the CI”
ions are inside the coordination sphere.Since the coordination number of M is 6, CI” and

5 H,O are ligands, remaining 1 H,O molecular and SO,” are in the outer coordination
sphere.

Answer : option (c)
[ﬁe (H,0). N+OT 50,

+1 and +1 respectively

Answer : option(d)

Answer : option(d)

Answer : option(d)

Answer : option(c)
Ti* (d’ = 0BM)
Co™ (d7spin free = t2g5,6g2 ;n=3; u= 3.9BM)
Cu™ (d9L0w spin = t2g6,6g3 sn=1; u= 1.73ZBM)

Ni** (dsLow spin = t2g6,e *sn=2; u= 2.44BM)

g

Answer : option(b)

The electronic configuration t2g3 ,eg2

[3%x(-0.4)+2(0.6) A,

238
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[1.2+1.2]A,=0
9. Answer : option(a)

In all the complexes, the central metal ion is Co’*, among the given ligands CN™ is the
strongest ligand, which causes large crystal field splitting i.e maximum &,

10. Answer : option(b)

en en 1\11
g () -
Cl ////I/ ‘ \\\\\ Cl ////I ‘ \\\\\N N//I//I, ‘ ‘\\\\\\\CI
Co’. “co™ "Co.
RNl R
en f en

cn

Inactive Active forms ( enantiomorphs)

Complexes given in other options (a), (c) and (d) have symmetry elements and hence they
are optically inactive.

11. Answer : option(d)

Climy,, —  wWNHs HaNviy,,, Wl

CI/Pt\NH3 CI/ \NH3

12. Three isomers. If we consider any one of the ligands as reference ( say Py), the arrangement
of other three ligands ( NH,, Br and CI') with respect to (Py) gives three geometrical
isomers.

13. Answer : option(c)

(a)coordination isomers
(b) no isomerism ( different molecular formula)
(c) «~NCS, <« SCN coordinating atom differs : linkage isomers

14. Answer : option(a)

For [MA4B2 ]n+ complexes-geometrical isomerism is possible
[ Co(NH,), Br, |CI

— ionisation isomers
| Co(NH,), Br Cl |Br

15. Answer : option(d)
Option (a) and (b) — geometrical isomerism is possible
Option (c) - ionization isomerism is possible
Option (d) - no possibility to show either constitutional isomerism or stereo isomerism

16. Answer : option(c)

(a) Fe** (b) Fe** (c) Fe®
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17. Answer : option(d)

[Fe (en), T+ (PO43_)
18. Answer : option(c)
(a) Zn™ (dlo = diamagnetic)
(b) Co™ (d6Low spin=t, ‘e’ ; diamagnetic )
(c) Ni** ( *Low spin=>t, °,e * ; paramagnetic )
(d) [Ni(CN) 4]2_(dsp2 ; square planar, diamagnetic)
19. Answer : option(c)

[ Co(NH,),(C1), ]
20. Answer : option(d)

V¥ (t,%e, s CFSE=3 x (-0.4)A,=.2A,)

Ti* (t,%ve,” s CFSE=2 X (-0.4)A,=40.8A, )

Statements given in option (a) ,(b), and (c) are wrong.
The current statements are

(a) since, the crystal field stabilization is more in octahedral field , octahedral complexes
are more stable than square planar complexes.

(b) (FeE, Fe* —d°High Spin—t, *,e * )
(S
° CFSE=4 x (-0.4) + (0.6)x2+P

2+ 6 . 6 0
[Fe (CN) T_ Fe™ —d” Low Spin —t, 5€, )
6 CFSE =6 x (-0.4) + 3P

UNIT-6
Choose the correct answer:

1. c) both covalent crystals

2. b) AB,

8
number of A ions = == g =1
number of Bions =| — |=| —|=3

2 2

simplest formula AB,

3. b)1:2
if number of close packed atoms =N; then,
The number of Tetrahedral holes formed = 2N
number of Octahedral holes formed =N
therefore N:2N = 1:2
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6.

¢) molecular solid

lattice points are occupied by CO,
molecules

. a) Both assertion and reason are true

and reason is the correct explanation of
assertion.

¢)8and 4

CaF, has cubical close packed arrangement

Ca?* ions are in face centered cubic

7.

arrangement, each Ca?* ions is
surrounded by 8 F~ ions and each F~
ion is surrounded by 4 Ca** ions.
Therefore coordination number of Ca?*
is8and of F is4

b) 6.023 x 10*

in bcc unit cell,

2 atoms =1 unit cell

Number of atoms in 8g of element is,

® Number of moles =

8—g4: 0.2 mol
0 g mol

1 mole contains 6.023 x10* atoms

0.2 mole contains (0.2 X 6.023 x 10> atoms

|

lunit cell
2 atoms

) % 0.2 X6.023 x10%

6.023 % 10% unit cells

8.

‘ ‘ Answers.indd 241

a) 8

in diamond carbon forming fcc. Carbon
occupies corners and face centres and
also occupying half of the tetrahedral
voids.

N N, : :
?C + 7 + 4 C atoms inTd voids

HAHE
8 2
d) MN,

if the total number of M atoms is n,
then the number of tetrahedral voids

241

=2n

1
given that (d;J " of tetrahedral voids
are occupied t.e., El> X 2n are occupied
3

by N atoms

2
M:Nﬁn:(;}n

£

3:2= M,N,
10.b) 15.05%

let

the number of Fe*" ions in the crystal be x
the number of Fe** ions in the crystal be y
total number of Fe**and Fe*" ions is
X+ y

given that x+ y=0.93

the total charge =0
x(24)+(0.93—x)(+3)—2=0
2x+2.97-3x-2=0

x=0.79

Percentage of Fe’*

(0.93-0.79)
=| ~———%1100=15.05%
(0.93)
11.¢) 6
. 0.98x10™

= _—0.54
r. 1.81x10™

it is in the range of 0.414 - 0.732,
hence the coordination number of each
ion is 6

3
12.d) (g] X 400pm
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\/§a=r++2r,+ r.,
Cs Cl Cs

[JE

7] 400 = inter ionic distance

100
13.a) | 0.414
for an fcc structure ri =0.414

Yy
given that r . = 100pm

_ 100pm
r 0414
14.¢) 32%

packing efficiency = 68%
therefore empty space percentage =
(100-68) = 32%

15.b) 848.5pm

let edge length =a

\/Ea:4r
_ 4% 300

TR

a=600x1.414
a=848.4 pm

T
16.b) (EJ

17.a) excitation of electrons in F centers

18.¢) [lazﬁa:LaJ

2 4 242
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sc:>2r=a:>r=§

bcc:>4r=\/§a:>r=%

fcc:>4r=\/§a:>r=%=%

2)\ 4 '\ 22
19.d)[§)a

if a is the length of the side, then the
length of the leading diagonal passing
through the body centered atom is J3a

Required distance = [g] a

.a) 915 kg m-3

n XM
a’N

A

p:

for bec
n=2

M=39

nearest distance 2r = 4.52

_ 4r _2x4.52x107

- = =521x10"
J3 J3
~ 2% 39
(5.21% 10*0)3 x (6.023x10)
p=915Kgm®
NA

21.b) equal number of anions and anions

are missing from the lattice

22.c) Frenkel defect

23.d) Both assertion and reason are false
24.b) FeO

25.a) XY,
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UNIT-7
Choose the correct answer:

1. option (c)

o

[A]: [Ao ]eJkt

In this case

k=xmin” and [A;]=0.0IM =1 x 10°M
t = 1 hour = 60 min

[A]l=1 x 107 (%)

2. option (c)

n—l_l
forn# 1 t

2
@& L (1) k[A, ] ®
1

2k [A,]
%2k
t% o [AO]—(I)
given

[A,]=0.02M ; t, = 10min

[A,]=0.04M ; ty =1

substitute in (1)
10 min o0 0.02M ———(2)

t, 00.04M ——3
% (3)

Yy 0.04M

10min 0.02 M

t, = 2 X10min = 20 min
A

243
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3. option (b)
k=A e{%J

weems (1)

this equation is in the form of a straight line equatoion

y=c+mx

1
a plot of Ink vs (;j is a straight line with negative slope

4. option(d)

For a first order reaction
0.693

t, =
Lok

t % does not depend on the initial concentration and it remains constant (whatever may

be the initial concentration)

t ., =2.5hrs
Y

5. option(c)

o e
[ - i - (g)k[ )

(3k;3@=@

15k, =3k, =k,

6. option(c)
Given :
At low pressure the reaction follows first order, therefore

Rate Oc[reactant ]1

Rate o (surface area)

At high pressure due to the complete coverage of surface area, the reaction follows zero
order.

Rate oc[reactant]0

Therefore the rate is independent of surface area.

244

‘ ‘ Answers.indd 244 @ 4/2/2019 11:12:20AM‘ ‘



‘ ‘ Answers.indd 245

rate = k[A]n
-d|A
rate = ﬁ
dt
117
unit of rate = 22"~ — mol L's®
s
mol L's™
unit of rate constant = M = mol"™ L"'s”
(mol L’ )

in this case

rate = k[Acetone]%
-3

=3

mol V) 121

RN

8. option(b)

A catalyst provides a new path to the reaction with low activation energy. i.e., it lowers
the activation energy.

option(a)

In zero order reactions, increase in the concentration of reactant does not alter the rate.

So statement (i) is wrong.
{i]
k=Ae'™

if E,=0  so, statement (ii) is correct, and statement (iii) is wrong
k=A¢’
k=A

wieme (5]

this equation is in the form of a straight line equatoion

y=c+mx

1
a plot of Ink vs (;) is a straight line with negative slope

so statements (iv) and (v) are wrong.

245
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10. option(d)

(Ea), = (x +) kJ mol’!

(x+ y)kJmol®
(x+ y)x 10’ Jmol™
11. option(c)
T =200K ; k=K,
T,= 400K ; k =k, = 2k,

k) 2303E (T, -T
I e
1 1 2

(2 klj 2303 E, ( 400 K 200K )
log

k | 8314] K'mol* | 200K x 400K

1
E - 0.3010 X 8.314 J mol™ x 200 x 400

) 2.303 x 200 ®
E =434.65] mol”

12. option(b)

Lo

2.303 x 107 hour4=( 2303 )log(o'zsj

1806 min [A]
2.303 x 10" hour™ x1806 min | _ ' [0.25
2.303 [A]
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(18066:;10'2) _ logL%]

0.301= log(%J

Al

log2= log(%]

A
atni

[A]= (%} =0.125M

13. option(b)

(32 oo ]

[A,]=100; [A]=25

£.909 = (2.303) log( 100)
t 25

2.303

t=| —— |log(4

® 6.909) og(4) ®

1

t=| - |log2’
3) o8

t= gjlo 2
 |los

14. option(c)

[A,]=0.1; [A]=0.05
o] L L
t% .
k=| — [In(2)
t1

. _ln(2)
Lok
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15. option(b)

16.

17.

‘ ‘ Answers.indd 248

rate, = k[0.1] [0.1]" ——(1)
rate, = k[0.2] [0.1]" ——(2)

T

2x _ k[o.2] [o.1]"

x k[oa] [o]"

2_x: 2" n=1

X

rate, = k[0.1] [0.2]" ——(3)
rate, = k[0.2] [0.2]" ——(4)

e

8x _k[0.2]'[0.2]"

2x k[o.2] [o1]"
§= 2" som=2
2

", rate = k[A]1 [B]2

option(c)

18. option(c)
Rate= AP0 (1)INO.]_24[0)]

dt 2 dt dt
Given that
d|N.O
M: 6.5 x 10° mol L''s™
dt

d|NO

[dt 2]=2>< 6.5 x 107 =1.3 x 10* mol L'*s™
d|o 5%107

[dtZ]: 6.5x10 = 3.25 X 10® mol L's™

19. option(d)
H,0,—H,0 + 0,

Rate= =
dt dt dt

no of moles of oxygen =(g] = 1.5 mol

. rate of formation of oxygen = 2x1.5 = 3 mol min"

20. option(a)

For a first reaction, If the
concentration of reactant is
doubled, then the rate of reaction
also doubled.

Rate constant is independent of
concentration and is a constant
at a constant temperature,

option(a)
The unit of rate constant is s

and it indicates that the reaction
is first order.

®
For a first order reaction ' Y, is independent of
initial concentration .i.e., .. n# 1; for such cases
t,, o !
I o (1)
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2= (2)"
21 — (2—n+1)
n=0

21. Answer : option(a)
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Initial a 0
Reacted at time t X X
After time t (a —x) X
Total number of moles = (a + 2x)
aaP
(a+2x)aP
a B
(a + 2x) P
e (P-P,)a
2P

A

Lo (2.303)102(;[ o]

t [A]
e (2.303)1Og L)

t a—Xx
ke (2.303) log a

t 3P, —P

2P,

ke (2.303) log 2P,

t 3P, —P
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22. Answer : option(d)5

t75% = 2tSO%

t., 60 .
toy, = (%} = (7J = 30min

23. Answer : option(d)

1
in140 days = initial concentration reduced to (E] g

in 280 days = initial concentration reduced to —j g
: I : 1
in 420 days = initial concentration reduced to | — | g

in 560 days = initial concentration reduced to —) g

24. Answer : option(b)

For a first order reaction
o 0.6932
A k
For a second order reaction
t ~ 2n—1_1
% (n1)k[A,]"

n=

[\

214
t - - -
% (2'1) k [Ao ]2_1
1

YT K[A,]

25. Answer : option(c)

At
2 4

.4t ,=2hours

%
t%: 30 min

2

‘ ‘ Answers.indd 250
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Answer the following:

10 solution

11.

‘ ‘ Answers.indd 251

Rate= k[A][B][L]? (1)
(i) when [L]:[4 ]

Rate= k[A[ [B][4L] >

Rate= 8 ( (AT [B]L]” ) ..... @)

Comparing (1) and (2) ; rate is increased by 8 times.
(ii) when [A]=[2A]and[B]=[2B]

Rate= k[2A[ [2B][L]>
Rate = S(k[A]Z [B][L]" ) ..... 3)

Comparing (1) and (3) ; rate is increased by 8 times.
A

(iii) when [A]= [ﬂ
Rate= k[ﬂ [B][L]"

Comparing (1) and (4) ; rate is reduced to % times.

(iv) when [A]= Hand [L]= [4L]

Rate= k[ﬂ [B][4L]"

Comparing (1) and (5) ; rate is reduced to 8/9 times.

solution

Let us consider the dimerisation of a monomer M
2M—> (M),

Rate= k[M][1
Given that n=2 and [M] = 0.05 mol L!
Rate =7.5 X 10° mol L!s’!

251
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_ Rate
[M]
5
I — 7.5><1()2 _
(0.05)

3 molLs™

12. Solution
rate=k [xﬁj [ y]@

overall order = E+ l =2
2 2

i.e., second order reaction.

Since the rate expression does not contain the concentration of z , the reaction is zero order
with respect to z.

15. Solution:
A
L 2303 log [A,]
t [A]
2.303, [0.08]
= ——Iog
I min [0.04]
® k=2.303 log 2 @®
k=2.303x0.3010
k= 0.6932min"

L[ 0:6932)
60

k=1.153%x10" s~

k

19. Solution
k=A e{%)

13 4 | 8.314JK mol™ x600K
k=1.6 x10"se JKmol

k=1.6 x10%s* ¢{*V
k=1.6 x10"s* x3.8x10™"
k=621x107%"

252
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20. Solution

rate= k[x] [y]"

0.15=k[0.2] [0.02]" ——(1)
0.30=k[0.4] [0.02]" ——(2)
1.20=k[0.4] [0.08]" ——(3)

[0.2] [0.02]
k=37.5mol'Ls”

23Solution:

We know that, t

1/2

=0.693/ k

t,,= 0.693/1.54x 10° 5" = 450 s

24 .Solution:

‘ ‘ Answers.indd 253

We know that,

k=0.693/t

1/2

k =0.693/ 8.0 minutes = 0.087 minutes™

253

For a first order reaction,

[ 2303 log [A,]
ko7 [A]

2.303 100
t= — 1o

0.087 min 1
t=52.93min

25 Solution:
i) Order of a reaction = 1; t,, = 60 ;

seconds, k=7

2.303
t

We know that, k=

1/2

k:&: 0.01155 s™
60

ii) [A,]=100% t=180s,k =0.01155

seconds™, [A] =?

For the first order

_ 2303, [A,] ®
t [A]

0.01155= 220 log 100
180 [A]

0.01155x180 _, (100

reaction

k

2.303 o8 [A]

0.9207 = log100 —log [A]
log [A]= log100-0.9207
log[A]=2-0.9207
log[A]=1.0973

[A]= antilog of (1.0973)
[A]=12.5%

26 Solution:
i) Let A =100M, [AO]—[A] =20M,

For the zero order reaction

[
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20M ) . E
= = 1Mmin a
: log A=logk+| —%—
(20“““1 & 8 [ 2.303RT]
Rate constant for a reaction = 1Mmin™

ii) To calculate the time for 80% of
completion

k =1Mmin", [A ] = 100M, [A ]-[A] =
80M,t=7¢

22500

log A= log(1.8x105)+(

2.303x1.987x313

log A= log (1.8) =5+ (15.7089)

log A = 10.9642

Therefore, A = antilog (10.9642)
A, ]HA] SOM A = 9.208 x10"collisions s™
— O — — 1
t= ( k ] B (1Mmin'1) = 80min 28.Solution:
For a first order reaction
27 Solution: A
Here, we are given that k= 2.303 log [[ Ao]]
E =22.5 kcal mol" = 22500 cal mol"
T =40°C =40 + 273 =313 K 2.303 V.
k= log
k=1.8x10"sec! t V.-V

)

Substituting the values in the In the present case, V_ = 58.3 ml.
equation The value of k at different time can be
calculated as follows: ®
: v v v 2.303 o V.
t (min) . .V, : g V.-V,
6 19.3 58.3-19.3 =39.0 2 b log( o =0.0670 min™
2 303 58.3
12 32.6 58.3-32.6 =25.7 log ? =0.0683 min™
2 303 58.3
18 413 58.3-41.3 = 17.0 log | = 00685 min’
2 303 58.3
24 46.5 58.3-46.5=11.8 log _8 = 0.0666 min™

254
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Since the value of k comes out to be nearly constant, the given reaction is of the first

order. The mean value of k = 0.0676 min™!

29.Solution:

2303, [A]
EEERTN

e (2.303)1%(&]
t v,

In the present case, V =46.1 ml.

k

The value of k at each instant can be calculated as follows:

2.303 V.
t (min) \ k= —— [log| —=*
: t V,
2.303 46.1
10 29.8 k= —log(—j = 0.0436 min"!
10 29.8
2.303 46.1
20 19.3 k=——log| —— | = 0.0435 min
20 19.3

Thus, the value of k comes out to be nearly constant. Hence it is a reaction of the first

order.
30. Solution:

A
i) For the first order reaction k= 2.3t 03 log [[ Ao]]

Assume, [AO] =100 %, t =50 minutes

Therefore, [A] = 100 — 40 = 60

k =(2.303 / 50) log (100 / 60)

k =0.010216 min™*

Hence the value of the rate constant is 0.010216 min™!
ii) t = 2, when the reaction is 80% completed,

[A] =100 - 80 =20%

From above, k = 0.010216 min™!
t=(2.303/0.010216) log (100 / 20)

t=157.58 min

The time at which the reaction will be 80% complete is 157.58 min.

255
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PRACTICALS

I[-ORGANIC QUALITATIVE ANALYSIS

Note the Odour of the organic
compound.

(ii) Bitter almond odour
(iii) Phenolic odour

(iv) Pleasant
odour

fruity

S.no Experiment Observation Inference
Preliminary tests
1 | Odour: (i) Fish odour (i) May be an amine

(ii) May be benzaldehyde
(iii) May be phenol
(iv) May be an ester

Test with litmus paper:

Touch the Moist litmus paper
with an organic compound.

(i) Bluelitmus turns red

(ii) Red litmus turns

blue

(iii) No colour change is
noted

(i) May be a carboxylic acid

or phenol

(ii) May be an amine

(iii) Absence of carboxylic
acid , phenol and amine

Action with sodium

bicarbonate:

Take 2 ml of saturated sodium
bi carbonate solution in a test
tube. Add 2 or 3 drops (or a
pinch of solid) of an organic
compound to it.

(i) Brisk effervescence

(ii) No brisk
effervescence

(i)

acid.

(ii) Absence of a carboxylic

acid.

Presence of a carboxylic

Action with Borsche’s reagent:

Take a small amount of an
organic compound in a test
tube. Add 3 ml of Borsches
reagent, 1 ml of Conc HCl to it,
then warm the mixture gently
and cool it.

yellow or orange or red
precipitate

Presence of an aldehyde or

ketone

organic analysis.indd 256
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5 | Charring test: Charring takes place with | Presence of carbohydrate
Take a small amount of an | Smell of burnt sugar
organic compound in a dry test
tube. Add 2 ml of conc H,SO,
to it, and heat the mixture.
Tests for Aliphatic or Aromatic nature:
6 | Ignition test: (i) Burn with sooty (i) Presence of an aromatic
Take small amount of the flame compound
organic compoun(.1 ifl a Nickel (ii) Presence of an aliphatic
spatula and burn it in Bunsen (i) Burns with non compound
flame. sooty flame
Tests for an unsaturation:
7 | Test with bromine water: (i) Orange - yellow (i) Substance is
Take small amount of the colou‘r of . unsaturated.
organic compound in a test bromine water 1s
tube add 2 ml of distilled water decolourised
to dissolve it. To this‘solution (ii) No Decolourisation | (i) Substance is saturated.
add few drops of bromine water takes place
and shake it well.
(111) Decolourisation (111) Presence Of an aromatic
® with formation of amine or phenol.
white precipitate.
8 | Test with KMnO, solution: (i) Pink colour of (i) Substance is
Take small amount of the KmnO, solution is unsaturated.
organic compound in a test decolourised
tube add 2 ml of distilled water (i) No Decolourisation | (i) Substance is
to dissolve it. To this solution takes place L
add few drops of very dilute
alkaline KmnO, solution and
shake it well.
TEST FOR SELECTED ORGANIC FUNCTIONAL GROUPS
Test For Phenol
9 | Neutral FeCl, test: (i) Violet colouration is | (i) Presence of phenol.
Take 1 ml of neutral ferric seEn
chloride solution is taken in a (i) violet . blue | (ii) Presence of a-naphthol
dry clean test tube. Add 2 or colouration is seen
3 drops (or a pinch of solid) (iii) Presence of 3— naphthol
oforganic compound to it. If no | (iii) green colouration is
colouration occurs add 3 or 4 seen
drops of alcohol.
257

‘ ‘ organic analysis.indd 257

4/2/2019 11:15:16AM‘ ‘



Bl SEEEE

TEST FOR CARBOXYLIC ACIDS

10

Esterification reaction:

Take 1 ml (or a pinch of solid)
of an organic compoundin
a clean test tube. Add 1 ml of
ethyl alcohol and 4 to 5 drops
of conc. sulphuric acid to it.
Heat the reaction mixture
strongly for about 5 minutes.
Then pour the mixture into a
beaker containing dil. Sodium
carbonate solution and note the
smell.

A Pleasant fruity odour is
noted.

Presence of carboxylic group.

Test for aldehydes.

11

Tollen’s reagent test:

Take 2 ml of Tollen’s reagent in
a clean dry test tube. Add 3-4
drops of an organic compound
(or 0.2 g of solid) to it, and
warm the mixture on a water
bath for about 5 minutes.

Shining silver mirror is
formed.

Presence of an aldehyde

12

Fehling’s test:

Take 1 ml each of Fehling’s
solution A and B are taken in
a test tube. Add 4-5 drops of
an organic compound (or 0.2g
of solid) to it, and warm the
mixture on a water bath for
about 5 minutes.

Red precipitate is formed.

Presence of an aldehyde

Test for ketones

13

Legal’s test:

A small amount of the
substance is taken in a test tube.
1 ml sodium nitro prusside
solution is added. Then sodium
hydroxide solution is added
dropwise.

Red colouration.

Presence of a ketone.

Test for an amine.

‘ ‘ organic analysis.indd 258
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14

Dye test:

Take A small amount of an
organic substance in a clean
test tube, add 2 ml of HCI to
dissolve it. Add few crystals of
NaNO,, and cool the mixture
in ice bath. Then add 2 ml of ice
cold solution of B-naphtholin
NaOH.

Scarlet red dye is
obtained.

Presence of an aromatic

primary amine

Test for diamide

15

Biuret test:

Take A small amount of an
organic compound in a test
tube. Heat strongly and then
allow to cool. Dissolve the
residue with 2 ml of water.
To this solution Add 1 ml of
dilute copper sulphate solution
and few drops of 10% NaOH
solution drop by drop.

Violet colour is appeared.

presence of a diamide

Test for carbohydrates

16

Molisch’s test:

Take A small amount of an
organic compound in a test
tube. It is dissolved in 2 ml of
water. Add 3-4 drops of alpha
naphthol to it.Then add conc
H,SO, through the sides of test
tube carefully.

Violet or purple ring is
formed at the junction of
the two liquids.

Presence of carbohydrate

17

Osazone test:

Take A small amount of an
organic compound in a test
tube. Add 1 ml of phenyl
hydrazine solution and heat the
mixture for about 5 minutes on
a boiling water bath.

Yellow  crystals  are
obtained

Presence of carbohydrate

Report:

The given organic compound contains /is

(i)
(ii)
(iii)

organic analysis.indd 259

Aromatic / aliphatic
Saturated / unsaturated

functional group
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List of organic compounds for analysis:

1. Benzaldehyde 5. Benzoic acid 9. Aniline_
2. Cinnamaldehyde 6. Cinnamic acid 10. Salicylic acid
3. Acetophenone 7. Urea
4. Benzophenone 8. Glucose
REASONING

3. Action with sodium bicarbonate:

Carboxylic acids react with sodium bi carbonate and liberate CO,. Evolution of
carbon dioxide gives brisk effervescence.

2R-COOH + 2NaHCO, ——2R-COONa+CO, T+H,0

4. Action with Borsches reagent:

Borsches reagent is prepared by dissolving 2,4-dinitrophenylhydrazine in a solution
containing methanol and little of conc sulphuric acid.

Aldehydes and ketones react with borsches reagent to form yellow, orange or red
precipitate (dinitro phenylhydrazone)

Aliphatic carbonyl compounds give deep yellow precipitate.
Aromatic carbonyl compounds give red precipitate.

2,4-dinitrophenyl hydrazine can be used to qualitatively detect the carbonyl group
of an aldehyde or ketone. A positive result is indicated by the formation of an yellow or
orange-red precipitate of 2,4-dinitrophenyl hydrazone.

O,N O,N
R R
\ H \ H
H H

Aldehyde 2,4 dinitrophenylhydrazine Aldehyde 2.4 dinitrophenylhydrazone
(Yellow or orange)

02N O2N
R R
\ H \ H
C=0 + H,N—N NO, ————»  C=—=N—N NO,
R/ R/

Ketone 2,4 dinitrophenylhydrazine Ketone 2,4 dinitrophenylhydrazone

(Yellow or orange or red)

260

organic analysis.indd 260 @ 4/2/2019 11:15:17 AM‘ ‘



| T T ®

5.Charring test:

When carbohydrates are treated with concentrated sulphuric acid, dehydration of
carbohydrates results in charring.

Cy(H,0) ——>xC + yH,0

6. Ignition test

Aromatic compounds burn with a strong sooty yellow flame because of the high
carbon-hydrogen ratio. Aliphatic compounds burn with non-sooty flame.

7. Test with bromine water:

In this test, the orange-red colour of bromine solution disappears when it is added
to an unsaturated organic compound.

\ / Br Br
/C —_— C\ + Br Br > C ©
unsaturated Orange-yellow Colour less
compound

8. Test with KMnO, (Baeyer’s Test )

In this test, pink colour of KMnO, disappears, when alkaline KMnO, is added to
an unsaturated hydrocarbon. The disappearance of pink colour may take place with or
without the formation of brown precipitate of MnO,.

2KMnO4 + HO —— > 2KOH + 2MnO, + 3(0)

\ / (|)H (|)H

/C:C\ + H,O + (O) > C C
unsaturated

Colour less
compound

9. Neutral FeCl, test:
Phenol reacts with ferric ions to form violet coloured complex.
Aqueous solution Naphthols do not give any characteristic colour with neutral

ferric chloride. But alcoholic solution of o and P naphtholsgiveblue-violet and green
colouration respectively due to the formation of binaphthols.

261
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10. Esterification test:

Alcohols react with carboxylic acids to form fruity smelling compounds called
esters. This esterification is catalysed by an acid such as concentrated sulphuric acid.

& 0
| H50, |
R—C—OH + HO—R —» R C o) R' + H,0
A
Carboxylic acid Alcohol Ester

(pleasent fruity odour)

11. Tollen’s reagent test:

Aldehydes react with Tollen’s reagent to form elemental silver, accumulated onto the
inner surface of the test tube. Thus silver mirror is produced on the inner walls of the
test tube.

R-CHO + 2| Ag(NH,), [OH—— 2Ag{ + R-COONH, +H,0 + 3NH,

Aldehyde Metallic silver

Tollen'sreagent e i

Tollen’s reagent preparation:

Tollen’s reagent is ammoniacal silver nitrate. It is prepared as follows. About 1 g
of silver nitrate crystals are dissolved in distilled water in a clean dry test tube. To this
aqueous solution of silver nitrate, add 2 ml of dilute NaOH solution to it. A brown
precipitate of silver oxide is formed. This precipitate is dissolved by adding dilute
ammonia solution drop wise.

12. Fehling’s Test

Fehling’s solution A is an aqueous solution of copper sulphate.

Fehling’s solution B is a clear solution of sodium potassium tartrate (Rochelle salt)
and strong alkali (NaOH).

The Fehling’s solution is obtained by mixing equal volumes of both Fehling’s solution
A and Fehling’s solution B that has a deep blue colour. In Fehling’s solution, copper (II)
ions form a complex with tartrate ions in alkali. Aldehydes reduces the Cu(II) ions in the
Fehling’s solution to red precipitate of cuprous oxide(copper (I) oxide).

RCHO + 2Cu* + 50H° —— Cu,0y + RCOO™ + 3H,0

Aldehyde

(Cuprous oxide)

Red col
Fehling's solution (Red colour)

Note: Benzaldehyde may not give this test as the reaction is very slow.

262
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13. Sodium nitroprusside Test

The anion of the ketone formed by a alkali reacts with nitroprusside ion to form a
red coloured complex.this test is not given by aldehydes.

CH,COCH, —%—»CH,COCH,” +H,0
[Fe(CN), NOJ* + CH,COCH,”  —[Fe(CN), NO.CH,COCH, |

sodium nitro prusside (Red coloured complex)

14. Azo-Dye Test

This test is given by aromatic primary amines. Aromatic primary amines react with
nitrous acid to form diazonium salts. These diazonium salts undergo coupling reaction
with B-naphthol to form orange coloured azo dye.

QNHZ + HNO, + HCl ———> QN=N—CI

aniline benzenediazonium chloride
benzenediazonium chloride
[-naphthol Azo dye
(Orange red )

15. Biuret test

On strong heating Diamide (like urea) form biuret, which forms a copper complex
with Cu?* ions from copper sulphate solution. This copper —biuret complex is deep violet
coloured.

o] HoN e NH,
0
A, e AL -
HoN NH, -NH3 HoN HoN / \
urea
(Excess) biuret
[0) NH2 H2N O

[Cu(Biuret)4]** complex
(violet colour)
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16. Molisch’s test:

Disaccharides, and polysaccharidesare hydrolysed to Monosaccharides by strong
mineral acids. Pentoses are then dehydrated to furfural, while hexoses are dehydrated to
5-hydroxymethylfurfural. These aldehydes formed will condense with two molecules of
a-Naphthol to form a purple-coloured product, as shown below.

o' ”°V®\/
o' .

-3H,0
5-(hydroxymethyl)furfural

¥ SN pol
H;0" Q Ho_ [\
HO\/U\?O +2 ; HO /\ ﬂ» (0] ¢
0 -H,0 o H;0*
5-(hydroxymethyl) o-naphthol CO
furfural
OH
OH

A purple dye

17.0sazone test:

Phenyl hydrazine in acetic acid, when boiled with reducing sugars forms Osazone.
The first two carbon atoms are involved in this reaction. The sugars that differ in their
configuration on these carbon atoms give the same type of Osazone. Thus glucose,
fructose and mannose give the same needle type yellow crystals.

H._ 0 H\C%N—NH—Q

i |
H—T—OH C|3=N—NH—©
HO—Clt—H HoN HO—T_H

\

e — T
H—C—OH phenyl hydrazine H— T —OH

CH,0H ligel

Glucosazone

Glucose (Yellow crystals)
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II-VOLUMETRIC ANALYSIS

1. Estimation of Ferrous Sulphate (Fe**)
Aim :

To estimate the amount of ferrous sulphate dissolved in 750 ml of the given unknown
solution volumetrically. For this you are given with a standard solution of ferrous
ammonium sulphate (FAS) of normality 0.1102 N and potassium permanganate solution
as link solution.

Principle:

During these titrations, Fe’*ions (from ferrous salts) are oxidised to MnO, ions and
MnO, ion (from Mn**) is reduced to Mn** ion.

Oxidation  : 5Fe’ ——5 Fe™ + 5¢”
Reduction : MnO, + 8H" +5¢ —— ll\/Ir]12++ 4H,0
Pink colouriess
Overall reaction = speae | NpO -4 §HT ——5Fe™ + Mn® + 4H,0
Short procedure:
S.no Content Titration-I Titration-II
1 Burette solution KMnO, KMnO,
2 Pipette solution 20 ml of standard FAS 20 ml of unknown FeSO,
3 Acid to be added 20ml of 2N H_SO, (approx) 20ml of 2N H_SO, (approx)
4 Temperature Lab temperature Lab temperature
5 Indicator Self-indicator (KMnO,) Self-indicator (KMnO,)
6 Bocl et Appearancsa of permanent Appearange of permanent pale
pale pink colour pink colour
7 Equivalent weight of FeSO, = 278

Procedure :
Titration-I

(Link KMnO,)Vs (Standard FAS)

Burette is washed with water, rinsed with KMnO A solution and filled with same
KMnO, solution up to the zero mark. Exactly 20 ml of standard FAS solution is pipetted
out into the clean, washed conical flask. To this FAS solution, approximately 20ml of 2N
sulphuric acid is added. This mixture is titrated against KMnO, Link solution from the
burette. KMnO, is added drop wise till the appearance of permanent pale pink colour.
Burette reading is noted, and the same procedure is repeated to get concordant values.
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Titration -1

(Link KMnO, )Vs (Standard FAS)

2 20
3 20

Calculation :
Volume of KMnO, (link) solution (V) = ---------- ml
Normality KMnO, (link) solution (N,) = N
Volume of standard FAS solution (V) = 20 ml
Normality of standard FAS solution (N,) = 0.1102 N

According to normality equation: V. x N, = V_x N,
V, x N,
Vi
Normality of KMnO, (link) solution (N) = X N

N, =

Titration-1I
(Unknown FeSO,) Vs (Link KMnO,)

Burette is washed with water, rinsed with KMnO, solution and filled with same KMnO,
solution up to the zero mark. Exactly 20 ml of unknown FeSO, solution is pipetted out into
the clean, washed conical flask. To this FeSO, solution approximately 20ml of 2N sulphuric
acid is added. This mixture is titrated against KMnO, Link solution from the burette. KMnO,
is added drop wise till the appearance of permanent pale pink colour. Burette reading is noted
and the same procedure is repeated to get concordant values.

organic analysis.indd 266 @ 4/2/2019 11:15:28 AM‘ ‘



| T T[] ® CH ||

Titration -11

(Link FeSO,)Vs (Unknown FeSO, solution)

1 20
2 20
3 20
Calculation :
Volume of Unknown FeSO, solution \% = 20 ml
Normality of Unknown FeSO, solution N, = !N
Volume of KMnO, (link) solution v, = ml
Normality KMnO, (link) solution N, = X N
According to normality equation: V. x N, = V_ X N,
N, = V, x N,
Vl
N = Y N
® The normality of unknown FeSO, solution = N ®

Weight calculation:

The amount of FeSO, dissolved in 1 lit of the ) ) )
= (Normality) x (equivalent weight)

solution
The amount of FeSO, dissolved in 750 ml of .the Normality x equivalentweight x 750
solution =
1000
Y X278 %3
N=——7-—
4
= g
Report :
The amount of FeSO, dissolved in 750 ml of the solution = g
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2. Estimation of Ferrous Ammonium Sulphate (FAS)

Aim:

To estimate the amount of ferrous ammonium sulphate (FAS) dissolved in 1500 ml of

the given unknown solution volumetrically. For this you are given with a standard solution of

ferrous sulphate (FeSO, )of normality 0.1024 N and potassium permanganate solution as link

solution.

Principle:

Oxidation

Reduction

Overall reaction

Short procedure:

: 5Fe* ——>5Fe + 5¢

: 5Fe* + MnO, + 8H" ——5F¢’" + Mn*" + 4H,0

: 5F¢” + MnO, + 8H"——5Fe™ + Mn* + 4H,0

s.no | Content Titration-I Titration-II

1 Burette solution KMnO, KMnO,

2 Pipette solution 20 ml of standard FeSO, 20 ml of unknown FAS

3 Acid to be added | 20ml of 2N H SO

cid to be adde ml o ,SO, (approx) 20ml of 2N H,SO, (approx)

4 Temperature Lab temperature Lab temperature

5 Indicator Self-indicator (KMnO, ) Self-indicator (KMnO, )

6 End point Appearance of permanent | Appearance of permanent
pale pink colour pale pink colour

7 Equivalent weight of FAS = 392

Procedure :

Titration-1
(Link KMnO,)Vs (Standard FeSO, )

Burette is washed with water, rinsed with KMnO, solution and filled with same FGSO4
solution up to the zero mark. Exactly 20 ml of standard FeSO, solution is pipetted out into

the clean, washed conical flask. To this solution, approximately 20ml of 2N sulphuric acid
is added. This mixture is titrated against KMnO, Link solution from the burette. KMnO, is
added drop wise till the appearance of permanent pale pink colour. Burette reading are noted,

the same procedure is repeated to get concordant values.
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Titration -1

(Link KMnO,)Vs (Standard FeSO,)

20

Calculation :

Volume of KMnO, (link) solution = ml
N
= 20 ml

Normality of standard FeSO, solution N = 0.1024 N

Normality KMnO, (link) solution

<z <
Il

Volume of standard FeSO , solution

5]

According to normality equation:

According to normality equation: V. x N, = V_x N,

V, x N,
Vi
Normality of KMnO, (link) solution (N) = X N

1

N, =

Titration-1I
(Unknown FAS) Vs (Link KMnO, )

Burette is washed with water, rinsed with KMnO .y solution and filled with same KMnO,
solution up to the zero mark. Exactly 20 ml of unknown FAS solution is pipetted out into the
clean, washed conical flask. To this FAS solution approximately 20ml of 2N sulphuric acid
is added. This mixture is titrated against KMnO, Link solution from the burette. KMnO, is
added drop wise till the appearance of permanent pale pink colour. Burette reading is noted
and the same procedure is repeated to get concordant values.
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Titration -I1
(Link KMnO,)Vs (Unknown FAS)

2 20
3 20
Calculation :
Volume of Unknown FAS solution \'A = 20ml
Normality of Unknown FAS solution ~ N, = !N
Volume of KMnO, (link) solution vV, = ml
Normality KMnO, (link) solution N, = N
According to normality equation: V. X N = V_ X N,
N = V, x N,
1
V,
® 1 ®
N = Y N
The normality of unknown FAS solution = Y N

Weight calculation:

The amount of FAS dissolved in 1 lit of the = (Normality) x (equivalent weight)
solution
The amount of FAS dissolved in 1500 ml of the  Normality x equivalentweight x 1500
solution 1000

Y X 392 x 1500
1000

= &

Report :
The amount of FAS dissolved in 1500 ml of the solution = g
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3. Estimation of oxalic acid

Aim:

To estimate the amount of oxalic acid dissolved in 500 ml of the given solution

volumetrically. For this you are given with a standard solution of ferrous ammonium sulphate
(FAS) of normality 0.1 N and potassium permanganate solution as link solution.

Principle:

During these titrations, oxalic acid is oxidized to CO, and MnO, ions (from KMnO, ) is reduced

to Mn*" ion.

MnO, + 8H' +5¢" ——> Mn*"+ 4H,0

Pink colourless

Oxidation

MnO, + 8H" +5¢"——> Mn’ + 4H,0

Pink colourless

5(COOH), + 2MnO,” + 6H" ——10CO, + 2Mn*" + 8H,O

Reduction

Overall reaction

Since one mole oxalic acid releases 2 moles of electrons, the equivalent weight of oxalic
106

acid

Short procedure:

= T = 63 (oxalic acid is dihydrated)

s.no | Content Titration-I Titration-II
1 | Burette solution KMnO, KMnO,
2 | Pipette solution 20 ml of standard FAS 20 ml of unknown oxalic acid
3 | Acidtobeadded | 20mlof 2N H,SO,(approx) | 20ml of 2N H,SO, (approx)
4 | Temperature Lab temperature 60 - 70 °C
5 Indicator Self-indicator (KMnO, ) Self-indicator (KMnO 4)
6 | End point Appea'rance of permanent Appea.rance of permanent
pale pink colour pale pink colour
7 | Equivalent weight of oxalic acid =63
Procedure :

Titration-I

(Link KMnO,)Vs (Standard FAS )

Burette is washed with water, rinsed with KMnO, solution and filled with same KMnO,

solution up to the zero mark. Exactly 20 ml of standard FAS solution is pipetted out into the
clean, washed conical flask. To this FAS solution, approximately 20ml of 2N sulphuric acid
is added. This mixture is titrated against KMnO, Link solution from the burette. KMnO, is
added drop wise till the appearance of permanent pale pink colour. Burette reading is noted

and the same procedure is repeated to get concordant values.
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Titration -1

(Link KMnO, )Vs (Standard FAS solution)

1 20

2 20

20
Calculation :

Volume of KMnO, (link) solution
Normality KMnO, (link) solution
Volume of standard FAS solution
Normality of standard FAS solution

According to normality equation:

V,xN, =V, xN,

Normality KMnO, (link) solution N, =

Titration-1I1

z <
o

z <
il

(Unknown oxalic acid ) Vs (Link KMnO, )

ml
N
20 ml
0.1 N

Burette is washed with water, rinsed with KMnO, solution and filled with same KMnO .\
solution up to the zero mark. Exactly 20 ml of unknown oxalic acid solution is pipetted out
into the clean, washed conical flask. To this oxalic acid solution approximately 20ml of 2N

sulphuric acid is added. This mixture is heated to 60 - 70°C using Bunsen burner and that
hot solution is titrated against KMnO, Link solution from the burette. KMnO, is added drop
wise till the appearance of permanent pale pink colour. Burette reading are noted, the same
procedure is repeated to get concordant values.
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Titration -11
(Link KMnO, )Vs (Unknown oxalic acid)

1 20
2 20
3 20

Calculation :

20 ml
!N

<
1

—

Volume of Unknown oxalic acid solution

Normality of Unknown oxalic acid solution
Volume of KMnO, (link) solution
Normality KMnO, (link) solution N, = N

< =z
I
2

[

According to normality equation:

V,xN, =V, xN,

® N = V, xN, ®
1 V1

Normality of Unknown oxalic acid solution N, = N

Weight calculation:

The amount of oxalic acid dissolved in 1 lit

of the solution =(Normality) x (equivalent weight)

The amount of oxalic acid dissolved in 500 vy %63 %500

ml of the solution ~ ;00
3 x 63 x 500
- 1000
= 8
Report :
The amount of oxalic acid dissolved in 500 ml of given the solution = g

@
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4. Estimation of sodium hydroxide
Aim:

To estimate the amount of sodium hydroxide dissolved in 250 ml of the given unknown
solution volumetrically. For this you are given with a standard solution of sodium carbonate
solution of normality 0.0948 N and hydrochloric acid solution as link solution.

Principle:

Neutralization of Sodium carbonate by HCl is given below. To indicate the end point, methyl
orange is used as an indicator.

Na,CO, + 2HCl——>2NaCl + CO, + H,0

Neutralization of Sodium hydroxide by HCI is given below. To indicate the end point,
phenolphthalein is used as an indicator.

NaOH + HCl—— NaCl + H,O

Short procedure:

$.no Content Titration-I Titration-II
1 Burette solution HCI ( link solution) HCI ( link solution)
; ; 20 ml of standard Na CO, | 20 ml of unknown NaOH
2 Pipette solution ) A )
solution solution
4 Temperature Lab temperature Lab temperature
Indicator Methyl orange Phenolphthalein

Colour change from straw
yellow to pale pink

7 | Equivalent weight of NaOH =40

6 | End point Disappearance of pink colour

Procedure :
Titration-I
(Link HCI ) Vs (standard Na,CO,)

Burette is washed with water, rinsed with HCl solution and filled with same HCl solution up to
the zero mark. Exactly 20 ml of standard Na,COsolution is pipetted out into the clean, washed
conical flask. To This solution 2 to 3 drops of methyl orange indicator is added and titrated
against HCl link solution from the burette. HCl is added drop wise till the colour change from
straw yellow to pale pink. Burette reading is noted and the same procedure is repeated to get
concordant values.
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Titration -1

(Link HCI ) Vs (standard Na,CO,)

1 20

2 20

20

Calculation :

Volume of HCI (link) solution V. = ml
Normality HCI (link) solution N, = N
Volume of standard Na,CO, solution V., = 20ml
0.0948 N

—

2
Normality of standard Na,CO, solution N,
According to normality equation:
According to normality equation: V. x N, = V_x N,
N, =
Vi
Normality of HCI (link) solution(N)) = X

V, x N,

Titration-11

(Unknown NaOH ) Vs (Link HCI)

Burette is washed with water, rinsed with HCI solution and filled with same HCI solution up
to the zero mark. Exactly 20 ml of unknown NaOH solution is pipetted out into the clean,
washed conical flask. To This solution 2 to 3 drops of phenolphthalein indicator is added and
titrated against HCI link solution from the burette. HCI is added drop wise till the pink colour

disappears completely. Burette reading is noted and the same procedure is repeated to get

concordant values.
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Titration 11

(Link HC1 ) Vs (Unknown NaOH solution)

1 20

2 20
3 20

Calculation :

20 ml

<
I

—

Volume of Unknown NaOH solution
Normality of Unknown NaOH solution
Volume of HCI (link) solution
Normality HCI (link) solution

< z
[l

[ S}

ml

z
I
Z

According to normality equation:

V,xN, =V, xN,

V, xN,

N, =
\Z

Normality of Unknown HCI solution N, = Y N

Weight calculation:

The amount of NaOH dissolved in 1 lit of the

oo = (Normality) x (equivalent weight)

The amount of NaOH dissolved in 250 ml of the  Normality x equivalentweight x 250

solution 1000
_ Y x40x250
1000
_ x40 x 250
1000

Report :
The amount of NaOH dissolved in 750 ml of the solution

Il
aQ
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5. Estimation of oxalic acid

Aim:

To estimate the amount of oxalic acid dissolved in 1250 ml of the given unknown solution

volumetrically. For this you are given with a standard solution of HCI solution of normality

0.1010 N and sodium hydroxide solution as link solution.

Principle:

Neutralization of Sodium hydroxide by HCI is given below. To indicate the end point,
phenolphthalein is used as an indicator.

NaOH + HCl—— NaCl + H,O

Neutralization of Sodium hydroxide by oxalic acid is given below. To indicate the end point,

phenolphthalein is used as an indicator.

2NaOH + (COOH),——>(COONa), +2H,0

Oxalic acid

Short procedure:

Sodium oxalate

s.no Content Titration-I Titration-II
Oxalic acid (unk
1 Burette solution HCI (standard solution) xa %C e ( mml ey
solution)
20 ml of NaOH link
2 Pipette solution ot = 20 ml of NaOH link solution
solution
4 Temperature Lab temperature Lab temperature
5 Indicator Phenolphthalein Phenolphthalein
Di f pink
6 End point \sappearafice of pii Disappearance of pink colour
colour
7 Equivalent weight of oxalic acid = 63
Procedure :

Titration-I

(standard HCI )Vs (link NaOH)

Burette is washed with water, rinsed with HCI solution and filled with same HCI solution up
to the zero mark. Exactly 20 ml of NaOH is pipetted out into the clean, washed conical flask.
To This solution 2 to 3 drops of phenolphthalein indicator is added and titrated against HCI
solution from the burette. HCl is added drop wise till the pink colour disappears completely.

Burette reading is noted and the same procedure is repeated to get concordant values.
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Titration -1

(standard HCI ) Vs (link NaOH)

1 20

2 20
20

Calculation :

Volume of NaOH(link) solution V, = 20ml
Normality NaOH(link) solution N = 2N
Volume of standard HCl solution Vv, = ml
Normality of standard HCl solution =~ N, = 0.1010 N

According to normality equation:

V, xN, =V, xN,

® 0.1010 ®
N1 = x . =
20
Normality NaOH (link) solution N, = X N

Titration-1II
(Unknown oxalic acid ) Vs (Link NaOH)

Burette is washed with water, rinsed with oxalic acid solution and filled with same
oxalic acid solution up to the zero mark. Exactly 20 ml of NaOH solution is pipetted out into
the clean, washed conical flask. To This solution 2 to 3 drops of phenolphthalein indicator is
added and titrated against oxalic acid solution from the burette. oxalic acid is added drop wise
till the pink colour disappears completely. Burette reading is noted and the same procedure is
repeated to get concordant values.
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Titration -11
(Link NaOH )V's (Unknown oxalic acid solution)

1 20

2 20
20

Calculation :

ml

= N
20 ml

Volume of Unknown oxalic acid solution

<
I

Normality of Unknown oxalic acid solution

—_

< =z
I

[\

Volume of NaOH solution

Normality NaOH solution

Z
I
Z

According to normality equation:

V, xN, =V, xN,

V, xN,

N, =
Vi

Normality of Unknown oxalic acid solution N, = N

Weight calculation:

The amount of oxalic acid dissolved in 1 lit of

the solution = (Normality) x (equivalent weight)

The amount of oxalic acid dissolved in 1250 _ Normality x equivalentweight x 1250

ml of the solution 1000

B Y X63x1250

- 1000

3 x 63 x 1250

- 1000

= g
Report:
The amount of oxalic acid dissolved in 1250 ml of the solution =g
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Conductivity &L SGISHSMe0T
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Coordination number SI6M6T0T66T600T
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