
CHAPTER-1V

Oxidation cf O-Chioro aniline

Results :

4. Results:

The results of the kinetics of oxidation of O-chloro

aniline by potassium bromate in sulphuric acid medium is 

reported here. All reactions are carried out in pseudo 

first order conditions. Appropriate concentrations of potass­

ium bromate, O-chloro aniline and sulphuric acid were taken 

to prepare the reaction mixtures. The 5 ml reaction mixtures 

is aliquoted periodically and titrated by usual iodometric 

method. Experiment were designed to study the following 

parame t er s.

1. Over all order of the reaction and order

with respect to each of the reactants

2. Effect of sulphuric acid concentration

on velocity of the reaction.

3. Effect of temperature and evaluation

of thermodynamic parameters.

4. Effect of salt.

End product analysis and free radical test.

6. Sto i ch i onie try.



-• . 1 ! ’c to mi !ia i; i on of order of reaction :

Order of roue t i on vith respect to hr ornate vas deter­

mined by isolation method. The concentration of po t as s i u;n 

brohia tc v/a s varied f ro;n 2.5 x 10 ' hi to 12.5 x 10 0 a i at
_ O

constant concentration of 5 x 10 M! O-cli loro aniline. The
n

r e a c t i on va s studied at 2 0 'C + 0. 1 7 Movever, o r d e r v. i th

r e s p c c t 10 0- cli 1 o r o a n i 1 i no coa lfd not be dote rmin ed b y iso 1 a-

t i o n i nc the d , decause coi i e e n t r r t ion o f O-C’n 1 o r o i i 1 ino i s

is It i r Me r t h .in lironatc. t !e n c e , Co apar cdole colle­an t ra tion of

b r oi ia L e am 1 ■ '-eh 1 e r o - a n i i no ’-a r e sel e cted to d a t c r: i i n e t ho

o v e r a 1 1 o r: or o f t! i e r e a c t i on . Fo r t It i s p u r p o s e b r omate con-

cent r a. t ion V a s dent onns t a n t ( ! x 1 0
O
M !) . vdi i 1 e c a n c e n t r a t i on

_ O

0 - M 1 o !i 1 o r o ;l n i 1 i n - r v, a s v a r i e d f roa -! x 10 MM to 7 x 10 MM ■

-1.2. 1 rof f cc t of o o t a s s i urn bro: an t e v a r i a t i o n :

The ., rr i ation of eoncen trot i o n o f hr ornate a t c o n s t a n t

s u b s l r a L c c o n ce n t ra tio n ( 5 x
n

o ) at 3 0 . a r e ; i ve n i n

t It e t a die i !o. 1.2. 1. The plot o f 1 o d i J a - x ) v e r s u s t i me t)

i s s t r a i :d 11 1 inc, shove in f i ;; Mo .M2 . 1 . It i s t eon t t a t

t!ie va. 1 u e s o f I: are cons t a n t . Th i s s h o vs that, t h c r e i s no

effect 0 f V a r i at ion of ’or o;na t c concc nt init ion on t he va 1 u a o f

There f ore order vr i t h respect to brotnu te is one.



4 2 2 Effect of Variation of O ch i oro - ani Iine 

Concentration

The concentration of O chloro aniline was varied 

-2 -2from 4 xlO M to 7 x 10 M keeping the concentration of bro-
2

inate constant ( 1 x 10 M) . The results are included in the

table No.4.2.2. A plot of logj^fa-x) versus time (t) is stra­

ight line ( ?ig.No.4.2.2). The values of k increase with the 

concentration of O-ch loro-aniline. However the ratio k/ (Cl­

eft loro Aniline J is fairly constant, which shows that first
22

order with O-chloro aniline. By differential met hod it is 

also seen for the calculation of order is one (Table Mo.4.2.3 

Graphical value of order is one (Fig.No.4.2.3.).

It is also confirmed by the graph of log versus

log^Co. Fable No. 4.2.4 . The graph is straight line having 

slope approximately equal to one. (Fig.No.4.2.4). This cle­

arly indicate that order with respect to O-chloro aniline is 

one.

4.3 Effect of sulphuric Ac_i cl_ on Reaction ra_te_:

The reaction was studied in strong Acidic medium. 

The concentration of sulphuric acid was varied fro/n 4 N to

O N. 1 t is seen that as the concentration of Acid was increase1-



the values of rate constant increase, while the O-chloro ani­
line and bromate concentrations was kept constant. The 

results are given in the table No.4.2.5. and the values of 

k are given by the graph of logj^la-x) versus time (t) ( Fig. 

No. 4.2. 5. ) . The order with respect to Acid is one plot of
-tologjQ k versus log^jCo. Slope equal one Fig. No.4.2.9. . Table

No. 4.2.9.

4.4 Effect of temperature on reaction rate_and_

calculation o f thermodynamic parameters.

The reaction was studied at four different temperat­
ures ( 298 ?C, 303°K.308 °I< and 313°K). The results are given

in the table No.4.2.6. Graphical representation of log j^a-x 

versus time (t) is shown in Fi g. No . 4.2.6 . From the values of 

specific reaction rate kr at different temperatures, it is 

seen that temperature coefficient of reaction is 2.02.

93From the Arrhenius equation given in Chapter No.3 

The energy of activation Ea, and frequency factor A was cal­

culated, for this loglok versus was ploted. F i g . No . 4.2 . 7 .
T

Table No.4.2.7 which is straight line, Ea was obtained from 
the slope. This value was found to be 13.17 K cal mole * .

This above value of Ea was used to calculate the

frequency factor A.



The gr.aph of 1 ogj0 K/T versus "'as p 1 o tted 'vh i ch is 
straight line. Table No . 4.2 . 7 . Fig No . 4 . 2.8 Which was usee!

-p Kto calculate A H /a S and a O' f ro;n the usual relations
which are used in Chapter No.3.

The values of energy of activation Eq. , frequency 
factor (A), entropy of activation (AS) enthalpy of activation 
(Aid) and free energy of activation are given in the table 
No.4.2.8.

4.5. Free radical detection and end product Analysi_s_:

The absence of free radical was shown by the aerylo- 
30nitrile ' test, which gives no precipitate to the reaction 

mixture. In a reaction mixture one ml of acry1 onitrile was 
added, but there is no formation of precipitate takes place, 
which indicates the absence of free radical.

End product identified was to be chloroderivative
, . 40 10.of quinone

4.6 Salt Effect :

It is found that there is no salt effect on the reac­
tion rate. The salts used were sodium sulphate, Potassium 
sulphate and rnangnesium sulphate.



4.7 St i och i o:ne try :

5±

To determine the s t i och i orne t r y of bromate and
-2

O-chloro aniline, the reaction mixture was of 2.5 x 10 M 

bromate and 1 x 10 ‘1 O-chloro aniline. The blank and back 

readings were taken and the difference of these two were used 

to find out the stoichiometry. It is found to be 1:1 for

bromate and O-chloro aniline.



Table No. 4.2.1

Variation of Concentration of Oxidant

[O-Chloro Aniline] = 5 x

[Sulphuric Acid] = 5N
[ Sodium Thiosulphate]= 2x10

r
Temperature = 30

(KBrCL ) 

-2 J 
10 M

-3M

[ Po tas s i uin 2.5 5 7.5 10.0 12.5

Brornate ]
1 0 " 3m

time(min) (a-x) (a-x) ( a - x ) ( a - x ) ( a - x )

0 9.6 18.5 27.8 36.7 45.3
5 8.4 16.5 24.4 32.8 40.2

10 7.3 14.5 21.4 28.3 35. 1

15 6.5 12.7 18.8 24.9 30.3

20 5.8 11.3 16. 7 22.0 27.6

25 5.2 10. 1 14.8 19.7 24.9

30 4. 7 9. 1 13.3 17.5 22.5

35 4.2 8.2 12.2 16.0 20.2

40 3.8 7.4 11.2 14.5 18.0
45 - 6.8 10.2 13.4 16.5

50 3.2 6.4 9.4 12.5 15.5

60 2.9 5.8 8.2 11.0 14.0

5 5 - 6. 1 8.8 11.7 14.3

K graphically

Permin)

2.303xl0~2 2 . 3 0 x 1 0 ~ 2 2.303x10"2 2.30x10" 2 2.303x10

K Sec"1 3. 838x10®4 3.838x10"4 3.8 3 8 x 1 0 " 4 3. 838x10'4 3. 838x 10"'



Table No. 4.2.2
Variation of Concentration of substrate

53
[O-Chloro Ani1ine]

[ Po t a s s i urn Br oina t e ] = 1 x 10 ~ 2i\5

[ S u1p h u ric Acid] = 5 N
Q

[Soudiuni Thiosulphate] = 2x10 M
(Temperature ) = 30°C

[ O-Chloro Ani 1 
10 “i.1

i ne]
4 5 6 7

Time(min) ( a - x ) { a - x ) (a-x) ( a - x ’

0 36. 1 36 . 1 36.0 36.0
5 32.8 32.0 31.3 30.6

10 29.4 28 . 3 26.8 25.6
1 5 • 26.4 24. . 5 23.0 21.5
20 24.0 21.9 20.2 18.0
2 5 21.7 19.5 18.0 16.0

30 20.0 17.5 15.8 14.3
35 18.3 16.0 14.0 12.8
40 17.0 14.6 13.0 11.5
4 5 15.6 1 3. 4 12.0 10.6
50 14.5 12.4 11.0 9.8
55 13.6 11.7 10.2 9.2
60 12.7 11.0 9.5 8.6

K graphical Iy 
(Fermin1

1 .7 7 2x 1 0-2 2. 3 0 3 x 1 0 ~ 2 2.590xl0~2 3.243x10

K Sec'1 2.9 5 3 x 1 0 ~ 1 - .1cj e o o i nO . o u A I U 4.316x10'4 5.405x10



Table No.. 4. 2. 3

Order with respect to O-Chloro Aniline

O-Ch loro Aniline]
1 0 " TY1

( dc)
(df)

l°S10Co log „(-dc) 
1U( dt)

4.0 0.7857 - 1.3979 -0.1047

5.0 0.9166 -1.3010 -0.03778

6.0 1 . 1 -1.2219 +0.04139

7.0 1 . 222 -1.1549 +0.08715

Table No.4.2., 4

[ O-Chloro Aniline]
- 9

10 M

K loSl0K loglf)C0.

4.0 1 ., 7 7 2 x 1 0 ~ 2 -1.7515 - 1 .3979

5.0 2.3 0 3 x 1 0 ~ 2 - 1 .6377 -1.3010

5.0 2.590x 1 O'2 - 1.5867 -1.2219

7.0 3.243x10~ 2 - 1 -4890 -1.1549



Table No. 4.2.5

Effect of Sulphuric Acid Concent rat ion

[ Potassium Bromate]
[ O-Chloro Aniline]
[ Sodium Thiosulphate] * 
Temperature =

1x10 A t id
25x10 M

2 x 1 0 -3., ivl
30°C

Sulphuric Acid]
(N)

4 5 6 7 8

Time (Mi n) (a-x) (a-x) ( a - x ) (a-x) ( a - x )

0 36.3 36.8 36.8 36. 5 36.4
5 34.0 32 . 5 31.9 29.7 29.0

10 30.8 28.5 27.2 24.5 22.4
15 28.0 24.8 23.2 20.2 18.4
20 25.4 22.0 20.2 17.5 15.5
25 23.0 19.5 17.9 15.0 13.6
30 21.0 17.5 16.0 13.4 12.2
35 19.4 16.0 14.5 12.0 11.3
40 17.8 14.8 13.3 11.0 10.5
45 16.6 13.6 12.3 10.5 10.0
50 15.5 12.7 11.6 10.0 9.5
55 14.5 11.8 11.0 9.5 9.0
60 13.6 11.0 10.4 - -

k graphically 1 .
( Pe rini n )

772x10' 2 - 2 2.215x10 2.878x10' 2 - 2 3.57x10 4.064xlO”2

K Sec'1 2. 953x10' 4 -43.691x10 4.796x10' 4 -45.95x10 6.775x1 O'4



Tab 1e No.4.2.6 

Effect of Temperature

[ Potassium Promate]
[ O.Ch1 oro Ani 1ine j 

[ Sodium Thiosu1phatej 

[ Sulphuric Acidj

1 x ft? M 
5x10“2 M 

2x1 0~3 ivl 

5N

5 b

Temperature 25 30 35 40

OC

T ime (a x) J a: x j I a ~ x)' ---------------------ta-x

' 0 38T 4“ “ 3 7 T 9 3779"' ---------------------37:9

5 3 5.2 33.2 31.3 2 9.4

10 31.8 29 0 26.0 22. 6

28.9 25.6 2 1 . 6 17.4

20 26. 1 22.2 18.5 13.6

25 24. 0 19.9 16.3 11.2

30 ■ 21.9 17.8 14.1 9 . 5

35 20.0 16.1 12.5 8. 3

40 1 8 . 5 1 4. 6 1 1 . 4 7.4

4 5 17.0 13.5 10.6 6. 7

50 15.9 12.5 9.8 6.4

5 5 15.0 11.7 9.2 6. 1

60 14.2 11.0 8.8 -

K graphically 1.783x 1 0 “ 2 2.407xl0-2 3.476xl0~2 5.076x10

(pe rmin)

K Sec 2.9 7 1 x 1 0 0 4 4.011xl0~4 4.011x10 0 ~ 4 8.46xl0~4



5 i

Table No.4.2.7

Temp
°K

1 1 A 3j x 10 K log 1()K I°g10X/T

298 3.355 1.783x10“ -1.7488 • -4.2230

303 3.301 2.407xl0"2 -1.6188 -4.0999

308 3.246 3.476x1 O’2 - 1.4589 -3.9474

313 3 .19 5 5.046x10"2 - 1.2970- -3.7925



C
fi

C
O

-

2.
09

63

5.
04

6  x
 10

3.
47

6 x 
10

30
3

31
3

20
.4

50
5.

44
5x

10
7 

-2
7.

16
53

4=
 K 

ca
l m

ol
A

ct
iv

at
io

n
Fa

ct
or

 Activation
 

(A
) Se

c"
1 £S ^e.

u.

Fr
eq

ue
nc

y Entro
py

 of
 Free en

er
gy

 of

12
.1

56
2

13
.7

1
1.

94
95

2.
40

7 x 
10

 ''
1.

78
3 x

 10
29

3

4=
=

H
17 

1 oui itO
A

i‘B
2

pe
r m

in
. Tanp

er
at

ur
e Energy

 of
 

En
th

ap
y o

f
sV

 
co

ef
fic

ie
nt

 Activat
io

n 
A

ct
iv

at
io

n
tv

_T
em

pe
 ra

t u
re

 
T (°

Ta
bl

e N
o. 4.

2.
8



Table No.4.2.9

Order with respect to Acid.

[Sulphuric Acid]
N

K Log10K bo 
i

O 
i

1iiiiii

4 1.772 X 10 2 -1.7515 0.6020

5 2.215 X lo'2 -1.6546 0.6990

6 2.878 X
- ?

10 " -1.5409 0.7782

7 31-5 70 X io'2 -1.4473 0.8450

8 4.064 X
10-2 -1.3911 0.9030
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FIG. 4-2-4 — VARIATION OF SUBSTRATE 

PLOT OF Log10k VERSUS Ug10C0

a

-1-4

6 a

CO N C •
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F IG- 4 *2 * 6 — EFFECT OF TEMPERATURE.

[o-CHLORO ANILIN

[B ROM ATE] = 0-01 M 

[n2S04] = 5 N

TEMPERATURE = I = 298°K

II = 3 0 3° K

EJ = 0*05 M
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