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CHAPTER - III 41

SECTION-I

3.1 KINETICS OF OXIDATION OF n-CAPnQIC ACID HYDRAZIDE ;

Preliminary experiments were performed in order to 

decide the suitable temperature and concentration of the 

reactants. It was observed that the reaction proceeds with 

measurable velocity at 40°C, when the concentration of 

n-Caproic acid hydrazide (n-CAH) was l.C x 10
Chloramine-T (CAT) was 1.0 x 10"3M and that of NaOH was

-21.0 x 10 'M. The kinetic data has been recorded in Table - 

3,1.1 given below :

TABLE 3. 1.1

[n-CAH J = 1.0 x 10~2M [NaOH] * 1.0 x 10“2M

[CAT^ = 1.0 x 10"3M [Na2S2°3*5H20^ = 5*0xl0~4M. Temp=40°C

Time (min) Vol.(in ml) of Na2S203 kxK^min"1

0 19.80 —

10 18.45 7.06
20 17. 25 6.89
30 16.10 6.90

40 14.95 7.02
50 14.05 6,86
60 13.00 7.01
70 12.15 6. 98
80 11.25 7.07

90 10. 60 6.94
100 9.85 6.98
120 8.60 . 6.95

3 -1Mean k x 10 min 6.97

8fi8t
Br
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A perusal of the above data closely shows that 

pseudo first order specific rate is almost constant. In 

this experiment the hydrazide concentration is in excess 

(10 times) over the CAT concentration.

1) EFFECT OF CHLORAMINE.T CONCENTRATION

It was necessary to determine the order of reaction 

w.r.t. CAT, keeping the concentration of n-Caproic acid 

hydrazide and that of NaOH unchanged in order to investigate 

the effect of CAT concentration on the rate of the reaction. 

For this purpose, the reaction was carried out at 5 

different concentrations of CAT by keeping the concentration 

of other reagents constant. Table 3.1.2 embodies the results 

of these kinetic runs. The values of first order rate 

constants (viz k) have been evaluated from the initial slope 

of the curves, shown in Fig 3.1.1 as well as calculated at 

different times by integration method, which are in good 

agreement with each other.

An examination of the data (Table 3.1,2) shows that 

when the hydrazide concentration is in excess, the pseudo 

first order rate constant (k) calculated in each case is 

almost constant. Hence, the rate of disappearance of CAT 

obeys the first order kinetics.
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TABLE 3. 1. 2

fn-CAH jQ = 1.0 x 10" 2m {^828203 : 5H20]o = 5 • Ox 10“,4m

[NaOH]o * 1.0 x ict2m Temp = 40°C

Cone, of CAT 
=* M x 10"3 0.5 „ 1.0 1.5 2.0 2.5

Time in (min) Vol, (in ml) of Na2S20g

0 9.40 19.80 30.00 39.70 48.00

10 8.70 18.45 27.95 37.00 44.70

20 8.10 17.25 26.00 34.55 41.75

30 7.60 16.10 24.20 32.15 38.90

40 7.10 14.95 22.55 30.00 36.35

50 6.60 14.05 21.05 28.00 33.80

60 6.10 13.00 19.60 26.25 31.40

70 5.70 12. 15 18.30 24.40 29.50

80 5.30 11.25 17.05 22.75 27.55

90 4.90 10.60 15.80 21.20 25.65

100 4.50 9.85 14.85 19.80 23.90

110 - - 13.80 - mm

120 - 8.60 - - mm

Mean : kxlowin’1 7.25 6.97 7,09 6.97 6.95
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In order to confirm the order of reaction w.r.t, 

CAT, the values of -dc/dt were determined by plotting the 

volume of Na2S203 (equivalent to CAT) against time for 

different initial concentrations of CAT and recorded in 

the table 3.1,3.

TABLE 3,1,3

Initial Cone, of 
CAT
C = M x 10"0

-dc/dt 
(by graph) log Cfe log (-dc/dt)

0,50 0.69 x 1Q~5 - 3.30 - 5,1611

1.00 1.345x Kf5 - 3.00 - 4.8712

1,50 2.00 x 10~5 - 2.823 - 4.6989

2.00 2.67 x 1CT5 - 2.698 - 4.5734

2,50 3.375x 10~5 - 2.6020 - 4.4717

The above values of -dc/dt and [CAT]Q i.e. CQ are 

substituted in the Van’t Hoff equation i.e,

1091-dcydt^ - logf-dCp/dtj.,

logfc^ - log [C0]2 

where n s= order of reaction.

The results have been recorded in Table 3,1,4
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TABLE 3.1.4

fr.AT]oxL03 (-dc/dt) x 10^ Ordur of ro.icllort(n)

0.5 0.69

1.0 ‘ 1.345-

1.0 1.345

1.5 2.CO

1.5 2.00 —

2.0 2.67 ——

o.C
M 2.67 —

2.5 3.375

0.96

0.97

- 1,00

1.05

The order of reaction w. r.t, [CATj has been 

evaluated from the plot of log -*dcg/dt Vs log CQ fig 3.1.2, 

where CQ is the initial concentration of CAT, which comes 

out to be 0.95. This confirms the first order behaviour of 

the reaction w. r. t. CAT.

2) EFFECT OF HYDRAZ1DE•(n-CAH) CONCENTRATION

In order to investigate the effect of hydrazide

concentration on the rate of oxidation of n-CAH, the hydrazide
«.o — o

concentration was varied from 0.5 x 10 “■*/! to 2.5 x 10 M, 

keeping the concentration of CAT and that of NaOH constant.

The results of these kinetic runs are recorded in Table 3.1.5- 

and depicted graphically in Fig 3.1.3
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TABLE 3.1.5

[CAT] = l.C x 10” 3m [Na2s20>3.5H20] S 5.0x10”,4m

[NaOHjs 1.0 x 10” 2m Temp = 40°C

Initial concen. 
n-CAH s M x 102

0f 0.5 1,00 1.50 2.00 2.50

Time in (min) Vol. (in ml) of Na0S2°3

0 19.80 19.80 19.80 19.70 19.70

10 18.95 18.45 17.65 16.75 15.70

20 18,15 17,25 15.70 14.05 12.75

30 17.40 16.10 13.80 12.20 10.25

40 16.80 14.95 12.70 10.40 9.00

50 16.00 14.05 11.65 8.90 6.65

60 15.10 13.00 10.35 7.35 5.25

70 14.85 12.15 9.40 6.30 4.10

80 14.20 11.25 8.15 5.35 3.40

90 13.80 10.60 7.20 4.30 2.80

100 12.95 9.85 6,20 4.05 -

120 11.90 8.60 5.30 - -

Mean
k x IQ3 nip"* 4.25 6.97 11.20 16.41 21.73

The result contained in Table 3.1.5 shows that the 

first order rate constant increases with increase in the 

initial concentration of hydrazides.



The plots of log 'C1 against time * t* (fig 3.1.3) 
are linear. The second order rate constant k2,

k = _ _ !li_ _ _
2 [Hydra zideJo

where = Second order rate constant
k^ = First order rate constant 

was found to be constant.
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TABLE 3,1.6

[n-CAHj = M x 102 k^ x 103min“^ k2 x 10^" min"^

0.5 4.24 8.48
1.00 6.96 6.96
1.50 11.20 7.46
2.0 16.41 8,20
2.50 21.73 8.69

Table 3,1.6 indicates first order dependenceof the 
rate on hydrazide concentration.

The order with respect to n-caproic acid hydrazide 
was determined by Van't Hoff differential method. The volume 
of Na2^2^3 (equivalent to CAT) was plotted against time for 
different initial concentrations of hydrazide. From these 
curves, the values of -dc/dt in each case was determined from 
the initial slope which gives the value of initial rate.
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These values are recorded in Table 3.1*7. The values of 
-dc/dt and [Hydra zide]Q i.e. Cc are substituted in the Van*t 
Hoff equation i.e.

log [-dc0/dt]1«-log [-dCp/dt jQ
log[co]x - log [C0J2

y
where n = order of reaction.

The results have been recorded in Table 3.1,8

TABLE 3.1.7

Initial ccnc. of 
n-CAH[C0] = MxlO2

dc i ~5- ~x 10 dt iog co log -dc/dt

0.5 0.85 - 2.30 - 5.0705
1.0 1.60 - 2.00 - 4.7958
1.5 2.35 - 1.823 -. 4.6289
2.0 3.13 - 1.698 - 4.5040
2.5 ■ 3.95 - 1.6020 - 4.4030

TABLE 3.1.8

Initial cone of 
n-CAH = MxlO2

-dc/dt x 10^ Order of reaction (n)

0.5
1.0

0.85-- 1
1.60---• 0.91

1.0
1.5

1.60--
2.35--

- — 0.94

1.5
2.0

2,35-—
3.13--

— ----- - 0.99

2.0 3,13--
2.5- 3.95--

X.UJ
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The 'n* values are fairly nearer to unity. The 

order of reaction w. r.t. [n-CAH] is also determined from the 

plot of log -dc/dt Vs log CQ (Fig 3.1.4) where C0 is the 

initial concentration of n-CAH, which comes out to be 0.99. 

This confirms the first order behaviour of the reaction 

w. r. t, n-Caproic acid hydrazide.

3) EFFECT OF SODIUM HYDROXIDE CONCENTRATION

In order to study the effect of alkali concentration 

on the rate of oxidation of n-CAH, the concentration of NaOH
9 o

was varied from 0.5 x. 10 M to 2,5 x 10*“hM by keeping the 

concentration of other reactants constant. The results of 

these kinetic runs are recorded in Table 3,1.9

TABLE 3.1.9

[n-CAH] s 1.0 

[CAT] = 1.0

x 10” 2M

x 10“3M

[Na2$>2^3] ~

T emp

,0 x 10”'

= 40°C

[NaOH] MxiO2 0.5 1.0 1.5 2.0 2.5

Time in (min) Vol. (in ml) of Na2S203

0 19.80 19.80 19.80 19.80 19.80
10 18.40 18.45 18,45 18.45 18.50
20 17.10 17.25 17.25 17.25 17.30
30 15.95 16.10 16.10 16.10 16.15
40 14.80 14.95 15.00 14.95 • 14.95 .
50 13.80 14.05 13.90 14.10 14.05
60 12.90 13. CO 13.00 13.05 13.05
70 11.85 12.15 12.15 12.90 12.30
80 11.10 11.25 11.35 11.25 11.40
90 10.35 10.60 10.60 10. 70 10. 65

100 9.70 9.85 9.85 9.70 9.90
120 8.30 8.60 8.55 8.30 8.60

Mean„ ,
kxl0Jmirf*'L 7.24 6.97 6.97 6.91 6.87
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It is observed from the above results (Table 3.1,9) 

that the rate of oxidation of n-Caproic acid hydrazide is » 

independent of sodium hydroxide concentration,

4) EFFECT OF CHLORIDE ION CQNC. UN THE RATE OF OXIDATION
OFn-CAH

To investigate the effect of addition of Chloride ion 

on the rate of oxidation of hydrazide (n-CAH), the

concentration of sodium chloride was varied from 0.CM to

4,0 x ICT^m, keeping all the other concentrations of 

reactants constant. The results of which are recorded in

Table 3,1,10 .

[CAT] = 1,0 x io“3m 

[NaOH]= 1,0 x 10**2M

TABLE 3.1,10
[Na2S203.5H20] ~ 5.0 x 10”4M 

Ternp=40°C [rv-CAHjf= 1. Ox 10 2M

[NaCl]=Mx 102 0.0 1.0 2.0 3.0 4.0

Time in (min) Vol. (in ml) of Na 2^2®3

6 19.80 19.70 19.80 19.80 19.70
10 18.45 18.30 18.40 18.30 18.25
20 17.25 17.05 17.00 17.00 16.85
30 16.10 15.75 15.65 15.70 15.60

40 14.95 14.80 14.60 14.45 14.40
50 14.05 13.60 13. 70 13. 40 13. 30
60 13.00 12.75 12.55 12.40 12.25
70 12.15 11.90 11,65 11.55 13.30
80 11.25 11.00 10. 80 10.65 10.45
90 10. 60 10.20 10.00 9.90 9.70

100 9,85 9.95 9.25 9.10 8.95
120 8.60 8.05 8.10 9.85 7.50

3
Mean kxlO min 6.97 7,28 7.56 7.75 7,67
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An examination of the above data shows (Table 3.1.10} 

that the effect of varying chloride ion concentration is 

negligible,

5) EFFECT OF CHANGE IN IONIC STRENGTH OF THE MEDIUM

To study the effect of change in ionic strength of the 

medium on the rate of the reaction, the concentration of 
Potassium Chloride is varied from 0.5 x 10" to 2.5 x 10"^M, 

keeping all the other concentrations constant, An 

examination of the results contained in the Table 3.1,11 

shows that the change in ionic strength (u) of the medium 

has marginal effect on the rate of oxidation of hydrazide.
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TABLE 3.1.11

[CAT] = 1.0 x 10" 

[n-CAH] = 1.0x10"

3M

2..M

[Na2S203.5H20] = 5,0 x 10" 

Temp = 40°C [Na0H>1.0 x

4M

10" 2M

[KClJ-rMxlO1 0.5 1.0 1.5 2.0 2.5

U 0.061 0.111 0,161 0.211 0. 261

Time in (min) Vol. (in ml) of Na2S2°3

0 . 19.80 19.80 19.80 19.70 19.80

10 18.45 18.40 18.30 18 , 20 18.25

20 17.25 17.00 17.00 16.80 16.85

30 16.10 15.65 15,70 15,55 15.50

40 14.95 14.60 14.45 14,40 14.30

50 14.05 13.70 13.40 13.30 13.20

60 13.00 12.55 12.40 12.30 12.25

70 12 .15 11. 65 11.50 11.35 11.30

80 11.25 10.80 10.60 10.50 10.45

90 10. 60 10.00 9.95 9.70 9.70

100 9.85 9.25 9.10 9.05 8.85

120 8.60 8.10 7.80 7,80 7.60

3 —Mean kxl0"Tnin 1 6.97 7.56 7.75 7.85 8.05

6) EFFECT OF TEMPERATURE

In order to determine the various energy parameters like 

Energy of Activation (Ea), Enthalpy of activation (Af/), 

Frequency factor (A), Free energy of activation (AG^) and 

Entropy of activation (As^), the reaction was studied at five 

different temperatures ranging from 35°C to 55°C. The results 

of these <inetic runs have been tabulated in Table 3.1.12 and 

depicted graphically in Fig 3.1,5.
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[n-s-Ari] ,= 1.0 

[CAT] s 1.0

x 10"2M 

x 10“3M
[Na2S203.5H20] 

[NaOH] * 1,

. = 5.0
,0xl0"2M

x 10-4m

Temp 35 °C 40°C 45°C 50° 55°C

Time (min) Vol. (in ml)l of Na9S203

0 19.80 19.80 19.80 19.80 19.80

5 - - 18.75 18.40 17.85

10 18.75 18.45 17.70 17.25 16.20

15 ‘ - - 16,60 16,20 14.80

20 17.90 17.25 15.95 15.50 12.80

25 - - 15.45 14.20 11.75

30 17.00 16.10 14.40 13.30 10.85

35 - - 14.05 12.40 9.60

40 16.10 14.95 13.00 11.35 8.55

45 - - 12.50 10.10 8.00

50 15.60 14.05 11.75 9.45 7.40

60 14.60 13.00 10. 80 8.40 6.10

70 13.95 12.15 9.50 7,65 5.10

80 13. 20 11.25 8.40 7,00 3.95

90 12.55 10.60 7.40 5.25 -

100 11.90 9.85 - - -

120 10. 65 8.60 - -

Mean kxl0~min 1 5.089 6.97 10.60 13.80 20,09

It is seen from the results that the specific rate 

has approximately doubled for 10°C rise in temperature.
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* plot of log k Vs 1/T as shown in Fig 3.1.6 is

found to be linear indicating that, the reaction obeys

Arrhenius relationship. The value of energy of activation(Ea)

evaluated from the slope of this curve comes out to be
13.89 K. cals mole.^ The Arrhenius equation has been used

directly to calculate energy of activation, the mean of
1which comes out to be 13.87 K.cals. moleT

k T TEa = log x 2.303 x R. [ =—-| J ...(1)
k2 Tl~l2

The value of energy of activation was used to 
calculate the frequency factor(A), and entropy of activation

jjf
&$r by the following equation

, . -Ea/RTkr = A x e '

and

A = e. (kT/h) x e

...(2)

(3)

Where (3) is valid for reactions in solution and kr 
is specific rate constant, k is the Boltzman constant, 'h' 

is the Plank's constant and 'e' is the constant having a 

value of 2.718, other symbols carry their usual meanings.

Entropy of activation was calculated by the equation

AS^ = 2.303 x R x log Ak|",R ...(4)



Enthalpy of activation,Awas calculated from the equation

kr . if x (5)

The plot of log [ J Vs 1/T shown in Fig 3,1.7, is

linear and from the slope of the straight line the enthalpy 
change (Al-f^) for the formation of the activated complex has 
been ca lculated, which was found to be 13. 23 K, cals mole*^

The free energy for the reaction AG^ was calculated by 
equation.

A</ = AH** - T AS^ (6)

The various energy parameters obtained, have been 
recorded in Table 3.1,13.
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TABLE 3.1,13

Temp
K°

Temp 
coeffi- 
cient

Energy of
activation
(Ha)
K.Cals mole

Frequency 
Factor (a)

-5 -1AxlO sec

Free energy Entropy 
of active- of acti-
tion(Ac/) vation 
K.Cal mole” (AS^)

e. u.

3l8v 6.00 23.14 - 32.16
313x ^>2,04 13.89 5.75 23.34 - 32.28
318<^)>1.96 13.55 6.01 23.48 - 32.23
323^yi.98 14.19 5.65 23.69 - 32.38
328 ^ 6.10 23.82 - 32.26

1.99 13.88 5.90 23.48 - 32.26

Enthalpy change (AH^) by graph = 13.24 K. cal mole' 
Energ of activation(Ea)by graph = 13.89 K. cal mole'
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1-8-

FIG. 311---- EFFECT OF CAT CONCENTRATION

[n-CA h] = K)x 102M

[NaOH]0=10xiO M

TEMP = 40°C
[CAT]=I-05X103M 

0 -3
11=10 x10M

UI=V5x 10 M 
-3

IV=20x10M
'V=2-5xlb3M

60 80
TIME iMIN)
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FI6, 313------EFFECTOFb-CAH CONCENTRATION
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[NaOH]0=TOxl02 M 
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FIG. 31-5 —EFFECT OF TEMPERATURE
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SECTION - II 63

K.IHET. ICS. _ QF _QXXDAT I ON..OF n-HEPTANOIC ACID HYDRA ZIDE (n-HAH)

Preliminary experiments were performed in order to 

decide the suitable temperature and concentration ranges of

the reactants.. It was observed that the reaction proceeds

with measurable velocity at 40°c and at concentrations of
n-HAH of 1.0xl0“2M, that of CAT » 1.0x10“ 3M and Na0H=1.0xl0“2M

The kinetic data is recorded in the Table 3.2.1 given below:

TABLE 3.2.1
[n-HAH] = 1.0xlQ“2M [Na2S203.5H20] = 5.0 x 10“

-3
[CAT] =1.0x10 M [NaOH] = 1.0 x 10"2M, Temp = 40°C

Time (min) Vol.(ml) of ^28203 , 773T-Ik x 10 mm

00 19.70
10 18.45 6,40
20 17.35 6.33
30 16.30 ’ 6.29
40 15.30 6.31
50 14.35 6.24
60 13.50 6.29
70 12.65 6.32
80 11.90 6.30
90 11.20 6.27

100 / 10.50 6.29
120 9.25 6.29
140 8.20 6,25
160 7.20 . 6.29

,3.-1Mean k x 10 mm ■ 6.29



An examination of the above data closely shows 
that pseudo first order specific rate is almost constant.
In this experiment the hydrazide concentration is in 
excess (10 times) over that of CAT concentration,

1) EFFECT OF CHLORAMINE-T CONCENTRATION

In order to investigate the effect of concentration 
of CAT on the reaction, kinetic runs were performed in 
which the concentration of CAT toas varied, whereas that 
of (n-HAHjand [NaOH] were kept constant. Using these 
experimental data the value of *k* was determined.
Table 3,2,2 embodies the results of these kinetic runs 
and for the sake of comparison the data of the Table 3.2.1 
has also been incorporated in it. The values of first 
order rate constant (k) have been evaluated from the initial 
slope of the curves, shown in Fig, 3.2,1, as well as 
calculated at different times by integration method, which 
are in good agreement with each other.
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TABLE 3.2.2

[n«HAH J s= 1,0 x 10” [Na2S203.5H20] = 5. 0 x 10“■ 4ivi

[NaOH J =1.0 x 10* 2M Temp s 40°C

Con
CAT

c. of «
= MX 10

0.5 1.00 1.50 2.00 2.50

Time (min) Vol, (in ml) of Na,2** 2^3

0 9.60 19.70 29,80 39.83 49.00

10 9.00 18.45 27.90 37.30 46.00

20 Q.45 17,35 26,20 35.05 43.30

30 7.95 16.30 24.55 32.90 40.75

40 7.50 15.30 23.00 30.85 38.40

50 7,00 14.35 21.00 29.00 36.10

60 6.60 13.50 20. 25 28.20 34,00

70 6,20 12. 65 19.00 25.50 32. 15

80 5.85 11.90 ’ 17.80 23.95 30. 30

90 5.50 11.20 16.75 22.60 28,50

100 5,20 10,50 15.70 21.25 26.85

120 4.60 ^ 9.25 13.80 18.80 23.80

140 4.10 8.20 12.15 - -

160 mm 7.20 - - -

wiea
3 «■» 1

n kxlO lain 6.23 6. 29 6.49 6.28 6.09

To deterwi ne the ox’der of react; i. w. r.t. CAT, the

Voi UfeS of -dc/dt were evaluated by plotting the volur.itf of

K- -
\ tK* ^0 O3 ( ecju i va It lit to CAT) oQo iliS t time for different initi.

: Ui i centrations of oxidant. These values are tabulated in th

I •'*> („* i 2/ • *L» 3
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TABLE 3.2. 3

Initial cone, 
CAT=C0 X103

X 105 log c0 ^ I- i J

0,5 0.5689 - 3.3010 ■» 5, 2464

1.0 1.145 - 3.u0 - 4.9411

1.5 1.725 - 2.8239 «• 4# 7634

2.0 2.287 - 2,6989 - 4.6406

2.5 2.893 - 2.6020 - 4.5386

Tne order of reaction w.r.t., CAT has been determined 

from the plot of L09 [-dc/dtj Vs Log Cc (Fig. 3,2.2) which 

comes out to be 0,98. This estaolishes the first order 

behaviour of the reaction w.r.t. CAT,

The above values of -dc/dt and [CAT]q i.e, CD 

substitured in the Van't Hoff equation i.e.

Log [-dc^dtJjL - Log [-dcQ/dt]2 

Log ** Log

where n =■ order of reaction.

The results have been recoi'ded in Table 3.2.4
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TABLE 3.2.4

[CA‘fJ0 x 103 (-dc/dt) x 10~* Order of reaction(n)

0.5

1.0

1.0

1.5

1.50

2.0

2.0

2.5

2) EFFECT OF HYDRAZIDE Ir-HAHl CONCENTRATION

In order to investigate effect of hydrazide 

concentration on the rate of oxidation of n-Heptanoic acid

hydrazide, the hydrazide concentration was varied fran
.20.5 x 10 “M to 2.5 x 10 M. Keeping the concentration of CAT

0.5689 

1.145

1.145 • 

1.725 ■

1.725 - 

2.875 -

1.01

1.01

0.98

2.2875

2.8928
1.05

NaOH constant, the results of these kinetic runs are tabulated 

in Table 3.2.5 and depicted graphically in Fig. 3.2.3.



68

TABLE 3.2.5

[CAT] S 1.0 X

[NaOH] = 1.0 x

10“\.

ict2m

[Na 5H,/)] =

Temp *

5,0 x 10“\j

40°C

[n-HAH]=Mx 102 0.5 1.0 1.5 2.0 2.5

Time (min) Vol. ( in ml) of hlci2^2^3

0 19.70 19.70 19.70 19. 70 19.70

10 19.05 18.45 17.95 17.40 16.85

20 ■ 18,50 17.35 16. 40 15. 35 14.40

30 17.90 16.30 14.90 13,55 12.50

40 17.35 15. 30 13.60 12.00 10.80

50 16.80 14.35 12.40 10.70 9.40

60 16.30 13.50 11.30 9.60 8.05

70 15.60 12.65 10.30 8. 60 6.90

80 15.30 11.90 9.40 7.60 6.00

90 14,85 11.20 8.60 6.85 5.20

100 14.40 10.50 7.85 6.10 4.50

120 13.60 9.25 6.50 4.95 -

140 12.80 8.20 5.45 «■»

160 - 7.20 - - -

Niean kxlO min 3.16 6.29 9.24 12.06 15.06

The results contained in Table 3,2.5 show that the 

first order rate constant increases with increase in hyarazide 

concentration. The plots of Log C. Vs time ' t* (Fig 3.2.3) 

are found to be linear. The second order rate constant k^.

I
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[Hydra zide^c

where k2 = Second order rate constant and 
k^ = First order rate constant.

k^ is found to be constant (Table 3.2.6), indicating the 
first order dependence of the rate on hydrazide concentration.

TABLE 3.2.6

[HAH J —M x 102 . _ 3 , — 1 k^xlO nun k^xiO^ min"^

0. 50 3.16 6.32
1.00 6.29 6.29

OlO♦ 9,24 6,16
2.00 12.06 6.03
2.50 15.06

«#*
6,02

The order w.r.t. n-Heptanoic acid hydrazide was also 
determined by Van't Hoff differential method. The values of 
-dc/dx. and initial concentrations of hydrazide (CQ) are 
given in the Table 3,2.7 and these values are substituted in 
the Van’t Hoff’s equation i.e.

L09 [-do/dtj^ - Log [-dc^dt],,
Log [C^ - Log [C0]2

The order of reaction was calculated which is found to be 
almost Unity (one).
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Tne volume of Na2S2°3 (equivalent to CAT) was plotted 
against time for different initial concentrations of hydrazide. 
From the curves, the value of -dc/dt, the initial rate, in 
each case was determined from initial slope as given in 
Table 3,2.8

TABLE 3.2.7

[n-HAH JoxlO‘'M -dc/dt x 105 Order of reaction (n)

0.50 0.58 0.981.00 1.16
1.00 1.16 1.04
1.50 1.76
1.50 1.76; 1.00
2.00 2.35
2.00 2. 35 1.02
2.50 2.95

TABLE 3.2,.8

frv-HAH] dc &
Log [-dc/dt]1 00C = Mx100

* dt~ x 1° Lo9 °o

0.50 0,58 2.30 - 5.23
1.00 1.16 2,00 - 4.94
1.50 1. 76 1.82 - 4.75
2.00 2.35 1.70 - 4.63
2.50 2.95 - 1.60 - 4,53

In order to confirm the order of reaction w.r.t. 
rv-Heptanoic acid hydrazide, from the plot of log [-dc/dt] Vs 
Log Cc (represented in Fig 3.2,4), the value of the order



w. r.t. n-HAH has been evaluated which comes out to be 1.01. 

This confirms the first order behaviour of the reaction 

w. r.t, (n-HAH),

3) EFFECT OF SODIUM HYDROXIDE CONCENTRATION
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In order to study the effect of alkali concentration on

the rate of oxidation of n-HAH, the concentration of NaOH was
„o „2

varied from 0.5 x 10 “M to 2.5 x 10 M, keeping the concent

ration of other reactants constant. The results of these 

kinetic runs are recorded in Table 3,2,9.

TABLE 3.2.9

[n-HAH J =1.0

[cat] =1.0

x 10*”

x 10“3M

[Na2S903 . 5H20j 

Temp =

= 5.0 x

40°C

icHV

[NaOH] = MxlO2 0.5 1.0 1.5 2.0 2.5

Time ( min ) Vol. (in ml) of Na232°3

0 19.70 19.70 19.60 19.60 19.70
10 18.50 18.45 18.50 18.45 18,45
20 17.40 17.35 17.30 17.30 17,30
30 16.35 16.30 16.25 16.30 16.20
40 15.40 15.30 15.30 15.20 15.20

50 14.45 14.35 14.40 14.30 14.25
60 13.60 13.50 13.45 13.50 13.50

70 12.75 12.65 12.60 12.60 12.55
80 12. CO 11.90 11.90 11.90 11.90
90 11.20 11.20 11.15 11.10 11.05

100 10. 70 10.50 10.00 9.40 9.40
120' 9.40 9.25 9.20 9.20 9.10
140 8.35 8.20 8.15 8.10 8.00
160 7.40 7.20 7.10 7.15 7.05

Mean kxlO3 rnin“^ 6.18 6.29 6.25 6.33 6.51
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Examination of the above results shows that, the 

effect of hydroxide ion concentration is negligible and hence 
the rate of reaction is independent of alkali concentration,
4) EFFECT OF CHLORIDE ION CQNC. UN THE RATE OF QXIflATICN OFOF n-HAH •

To investigate the effect of addition of chloride ion
on the rate of oxidation of n-HAH, the concentration of NaCl

-2was varied from 0. GM to 4.0 x 10 M, keeping all the other '
concentrations constant. The results are listed in the
Table 3.2,10

TABLE 3 .2.10
[n~HAHj * 1.0x10*2M [Na2S2°3 * 5H20-^ = 5,0 x 1CT4m

[CAT] s 1.0x10~3M [NaOH] * 1.0 x 10"2M Temp=40°C
[Nacl]=MxlG2 0.00 1.0 2.0 3.0 4.0
Time (min) Vol. (in ml) of Na2S2°3

0 19.70 19.70 19.60 19.70 19.70
10 18.45 18.50 18.35 18.45 18.40
20 17.35 17.40 17.20 17.30 17.20
30 16.30 16.40 16.10 16.20 16.05
40 15.30 15.45 15. 10 15.20 15.00
50 14.35 14.50 14.15 14.25 14. 00
60 13.50 13.70 13.30 13.50 13.10
70 12.65 12.90 12.45 12.55 12.25
80 11.90 12.10 11.70 11.90 11.45
90 11.20 11.40 10.90 11.05 10.70
loo 10.50 10. 75 10.20 9.35 10. CO
120 9.25 9.50 9.00 9.10 8.75
140 8.20 8.45 7.95 8. CO 7.70
160 7.20 7.50 7.00 7.05 6.70

3 —Mean kxlO min 1A 6.29 6.09 6.51 6.42 6.78

An examination of trie results contained in the above table
shows that the effect of chloride ion is negligible.
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5) EFFECT Of CHANGE IN IONIC STRENGTH OF THE MEDIUM

To study the effect of change in ionic strength of the 

medium on the rate of oxidation of hydrazide, the concentration

of potassium chloride is varied from 0.5xl0“\/! to 2*5 x 1Q“\|, 

keeping all other concentrations constant. The results of which 

are recorded in the table 3,2*11

TABLE 3.2.11

[n-HAH] * 1.0 x lCf^M

[CAT] * 1.0 x io“3m

[M<i2S2I-)3 

[NaOH] =

.5H20] = 5 

1.0 x 10“

.0 x 10“
2M T emp-

"A--------
M

40°C

[KC1] = MxlO1 0,5 1.0 1.5 2.0 2.5

li 0.061 0. Ill 0.161 0.211 0.261

Time (min) Vol, (in m 1) of Na0S 2^3

0 19.70 19.70 19.60 19.80 19.70
10 18,45 ~ 18.45 18.30 18.45 13.30
20 17.35 17,30 17.15 17.25 17.05
20 16.30 - 16.20 16.00 16.10 15.90
40 15.30 15.20 15.00 15.00 14.80
50 14. 35 14.25 14,05 14.05 13.75

60 13.50 13.50 13.10 13. 10 12.80
70 12.65 12.50 12.30 12.25 11.90
80 11.90 11.90 11.50 11.40 11.20

90 11.20 11.00 10.75 10.70 10.35
100 10.50 9.35 10.05 10.00 9.65
120 9.25 9.15 6.80 8.70 8.40
140 8.20 8.00 7.75 7.60 7.30
160 7.20 7.05 6.80 6.70 6.40

Mean K xl03min"*^ 6.29 6.52 6.69 6.87 7.16

A perusal of the data contained in this table; shows

that the change of ionic strength (m) of the medium has

marginal effect on the rate of oxidation of hydrazide.
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6) EFFECT OF TEMPERATURE

In order to determine the temperature coefficient, 

energy of activation (Ha), enthalpy of activation (AH^), 

frequency factor (a), free energy of activation (AG^) and 

entropy of activation (<AS^), the reaction was studied at five 

different temperatures ranging from 3b°c to 55°C. The results 

of these kinetic runs have been tabulated in Table 3.2.12 and

depicted graphically in Fig. 3.2.5.

TABLE 3.2.12

[n-HAHj = 1.0 x 10-2 r„M [Na 2S203.5H20] = 5.0 x 10~4m

[ CAT ] a 1.0 X 10~3m [NaOH] - I.uxICT^m

o O o o 0 o
T em p C 35 40 45 50 55

Time (min) Vol. (in ml) of ^a2^2^3

0 19.70 19.70 19. 70 19.70 19.70
5 - - 18.90 18.45 18.10

10 18.85 18.45 18,15 17.30 16.75
15 • - 17.40 16. 20 15.40
20 18.10 17.35 16.75 15. 20 14,30
25 - mm 16.10 14.30 13.20
30 17,35 16. 30 15.45 13.40 12.20
35 - - 14, 80 12.60 11.30
40 16. 60 15.30 14.25 11.85 10.45
45 - - 13. 70 11.15

f
9.70

50 15.95 14. 35 13.20 10,50 9.00
60 15.30 13.50 12.20 9.40 7.75
70 14.40 12,65 11.25 8.40 6.60
80 14. 10 11.90 10.40 7.65 5.75
90 13.80 11.20 9.60 6.80 5.00

100 13.00 10.50 8.90 6.00 4.40
.120 12.05 9.25 7.60 4, 85 •

140 11.10 8.20 - * -

loo 10. 30 7.20 - -

Mean kxlo'Auirf*^ 4.20 6.29 8,08 12..51 15.83
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|t is seen from the above results (Table 3.2.12) 
that the specific rate has approximately doubled for 10°C 

rise in temperature.

A plot of Log k Vs 'i/T as shown in Fig 3.2.6 is 
found to be linear showing that the reaction ooeys the 
Arrhenius relationship. The value of energy of activation(Ea) 
evaluated from the slope of this curve comes out to be 14.08 
K.Cals inoleT^ The Arrhenius equation has been used directly 

to calculate energy of activation, which comes out to be 
13,26 K. Cals mole."*^ On the basis of this value, the 
frequency factor (a) and entropy of activation (AS^) have 

been calculated.

k,x* 1Plot of Log Vs Y (pi9 3.2.7) gives a straight
line and from the slope of wiich the enthalpy change for the 
formation of activated complex ( AH^) has been calculated. 
The value of AH**, (13.20 K.Cal Mole”1) obtained from the 

graph has been used to calculate free energy of activation 
(AG^) by the equation given in Section-I of temperature 

effect.

The various energy parameters obtained, have been

recorded in Table 3,2*13
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TABLE 3.2.13

Temp
k°

Temp 
co-eff i- 
cient

Energy of 
activation(Ea)
K.Cals mole

Frequency 
factory (A)Ax 10“*^ sec"

Entropy 
of uctiva- ( <3 Gr ) tion^ K.cals. (^Sfj e. u,

308 ,6.48 23.04 -32.02
313 ^>1.96 13.18 7.05 23.16 -31.88
318 ^>1.90 12.89 6.18 23.41 -32.17
323^^>1.92 13.70 6.65 23.53 -32.06
328^ 6.05 23.76 -32.28

Mean 1.93 13.26 6.48 23.38 -32.08

Enthalpy change H*> by graph = 13.18 K.cal/mole*"^ 
Energy of activation(Ea)by graph- 14.08 K.cal/mole"1

(H STOICHIOMETRY :

The ratio of Chloramine-T to hydrazide was varied in the 
presence of sodium hydroxide and was equilibriated at 35°c for 
24 hours. The estimation of unreacted chloramine-T indicated 
that one mole of Chloramine-T was consumed for one mole of
hydrazine, The Stoichiometry was found to be 1:1 which can be 
represented as below :

2 p-CH3-C6H4S00NClNa + 2R CCNH NH^ ---- >
CAT Hydrazide

2p cH3—C6H4S0oNH2 ♦ R CCWH—NHC0R ♦ 2NaCl + N2 
PTS Bishydrazide
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(2) PRODUCT ANALYSIS ;

The knowledge of the products formed in a reaction, 
subjected to the kinetic study,is an important step in 
elucidation of the mechanism of a reaction. Therefore, it 
was necessary to identify the products formed in the 
reaction.

Detection of p-toluene sulphonamide has been done 
by paper chromatographic method. Benzyl alcohol saturated 
with water was used as the solvent. O.b % Vaniline in 1 ^ 
HCl solution in ethanol was used as the spraying reagent.

The oxidation product, bishydrazide was identified
by TLC with authentic samples prepared by the literature

1 2method. Nitrogen is detected by lime test. *
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FIG. 3-2-3 — EFFECT OFn-HAH CONCENTRATION
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