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ABSTRACT

The kinetics of oxidation of benzoic p-methoxy and p-Chloro benzoic acid hydrazides by
Thaliium(IIT) in a mixture of perchloric and hydrochloric acid medium at a constant ionic strength has
been planned to study iodometrically.
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The increase in [H'] and [C1 ] decreases the rate of the reaction. The activation parameters were
also determined and a mechanism is predicted.
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INTRODUCTION

The chemical kinetics focuses primarily on the fundamental physical and chemical
processes that control the conversion of chemical to thermal energy in high-temperature,
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high-activation reacting flows. The approach taken is interdisciplinary, as it addresses the
interplay of chemical thermodynamics. The results of this research are of immediate interest
to Engineering and to study enzyme catalyzed reactions. The experience obtained in the
research laboratory prepares students and researchers to advance their careers in, chemical
kinetics, thermodynamics as well as in other fields including materials, nanotechnology, and
bioengineering in which there is also interplay of similar and/or analogous processes.

The study of oscillating chemical reactions has been dominated by the Belousov-
Zhabotinskii (BZ) reaction. It is also called the chemical clock, which is similar to the
biological clock. During the last 10 to 20 years, vitamin C, glucose, lactic acid, fructose,
amino acid, lactose, maleic acid and ethanol have been reported'” to be very important
reaction substrates in oscillation reactions; they also play an important role in the synthesis
of cell substances in life.

Other investigations have included those of the oxidation of captive oxalate’, the
reaction of phenyl Thallium dicarboxylate with tetramethyltin in methanol®, oxythallation of
norbornene derivatives in aqueous solution and in methanol’, the oxidation of aryl dialkyl
amines®, the Thallium (IIT) promoted hydrolysis of thiol esters’, and the Thallium (III)
oxidation of catechol in chloride containing media®. An interesting study of oxidation of
anilines by Thallium (III) acetate in aqueous acetic acid is also reported’.

The literature survey on oxidation of various organic compounds including
hydrazides by Tl (III) revealed that oxidation of hydrazides appears not to have received
much attention.

The objective of the present study is not only to develop method for the oxidation of
hydrazides to their corresponding carboxylic acids but also to determine order of reaction
and to propose the plausible mechanism of the reaction.

EXPERIMENTAL

The oxidation of carboxylic acid hydrazide by Thallium (III) is carried out in water
1,4-dioxan mixture (50% v/v). To ensure that the oxidation of 1,4-dioxan with Thallium (III)
under these experimental conditions is carried out without taking hydrazide. Repeated
experiments were performed. But it is confirmed that 1,4-dioxan does not undergo oxidation
with Thallium (III). The oxidation by Thallium (III) ion takes place slowly but proceeds with
a measurable velocity in HCl medium.
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RESULTS AND DISCUSSION

The reaction occurs rapidly in perchloric acid medium but in the presence of
hydrochloric acid, the rate is measurable. Therefore, the reaction was carried out in a
mixture of both the acids. The effect of reactants on the reaction was studied at constant
[HCI1] and [HC1O4] of 0.1 mol dm™ each and ionic strength of 0.6 mol dm™. Concentration
of oxidant was varied from 6.4 x 10 to 6.4 x 10~ mol dm™ keeping the [hydrazide] constant
at 1 x 10" mol dm™. Since, the pseudo first order rate constants were fairly constant
(3.6 + 0.1 x 10™*s™ for BAH at 25°C and 6.70 + 0.1 x 10™*s™ for p-Methoxy BAH at 25°C and
230 £ 0.1 x 10*s™ for p-Chloro BAH at 25°C, the order with respect to [oxidant] is unity.
The effect of [hydrazide] was studied between the concentration range from 1 x 107 to
1 x 10" mol dm™ keeping the [oxidant] constant at 3.0 x 10~ mol dm. The pseudo first
order rate constants increases with increase in concentration and the order with respect to
hydrazide is found to be fractional.

To study the effect of [H'] and [Cl], [oxidant], [hydrazide] and ionic strength were
kept as 3.0 x 10, 1 x 10" and 0.6 mol dm™, respectively. To vary [H'] and [CI"], HCIO,
and NaCl were used. Increase in [H'] from 0.13 to 0.60 mol dm™ decreases 10 k (s™') from
4.20 to 0.15 for BAH at 25°C and 74.20 to 1.05 for p-Methoxy BAH at 25°C and from 2.03
to 0.080 for p-Chloro BAH at 25°C. Increase in [C1] from 0.13 to 0.60 mol dm decreases
10* k (S) from 2.80 to 0.085 for BAH at 25°C and 7.35 to 1.05 for p-Methoxy BAH at
25°C and from 1.40 to 0.060 for for p-Chloro BAH at 25°C. The relative permittivity was
varied by changing the 1,4-dioxan content from 5 to 40% v/v. The rate was found to
decrease with decrease in relative permittivity.'®'"

Added acrylonitrile in the concentration range 0.5 to 2.5 vol. % by keeping
concentrations of oxidant, reductant, perchloric acid, hydrochloric acid and ionic strength
fixed did not produce any precipitate due to polymerization of the added acrylonitrile on the
pseudo first order rate constants indicating absence of free radicals.'">"* Since there is no
formation of free radicals in the reaction, the reaction proceeds with two-electron transfer
step. The Michealis-Menten plots of 1/k.s versus 1/[Hydrazide] were linear with an
intercept in support of the complex formation.

The rate law was verified by plotting 1/kqs against 1/[Hydrazide] and 1/kqs against
[H'], which were found to be linear. From the slopes and intercepts of these plots the values
of K. and Ky; were determined'* ">,

KK, [Hydrazide],,, [T1CL, ] e

Rate = - - -
(1+ K, [Hydrazide]) (1+ K [H']) (1+B,[CI']+B, [CI'])
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k K [Hydrazide],,,

Kobs = : T - — .. (2)
(1+ K, [Hydrazide]) (1+ K, [H']) (1+8, [CI"]+B, [CI']»)

The values of K. are given in Table 1 and those of Ky were found to be 13 and
16 mol' dm® for benzoic and p-Chloro benzoic acid hydrazides, respectively. The

electrophilic character of TICl,” among the thallium (III) chlorocomplexes is highest thus

making it the reactive species'®'®.

Table 1: Values of K. and k;
[HCI1] = 0.1 moldm™, [HCIO4] = 0.1 mol dm™
[TI"=3.0x 10 mol dm>, I = 0.6 mol dm™

_ Kc. (mol dm ®) 10% x ky (s
Hydrazide
15°C  20°C 25°C 30°C 15°C 20°C 25°C 30°C
BAH 59.09 5550 47.69 40.00 1.23 2.05 2.58 4.44

p-OCH; BAH 742 8.00 7.00 7.57 0.10 0.12 0.16 0.22
p-Cl BAH 16.66 1750 15.00 17.50 1.25 2.38 3.33 10.00

Activation parameters for selected hydrazides

. Ea AH# AGH# AS#
Hydrazide 1 1 il -1
(KJ mol™) (KJ mol™) (KJ mol™) (KJ mol™)
BAH 67.45 59.74 87.94 -94.64
p-OCH; BAH 41.74 36.78 97.69 -204.38
p-Cl BAH 68.49 71.82 98.80 -90.54

Relative reactivities of hydrazides

The order of reactivities of Benzoic and substituted benzoic acid hydrzides under

investigation is —
p—ClI BAH <BAH < p-OCH; BAH

Chlorine has electron withdrawing inductive effect but an electron-donating
mesomeric effect since it is in the para position.
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Mechanism
O H H oHH | O H H
1 | . 1 | I 151
R—C—N—N—H + TICl," == R—C—N—Il\I—H - s R—C—N—ITI—H
Tl Tl
Complex —TICl,”
_H+
0
Hj
R—C—N=N—H
:OH,
i T
H + RCOOH <—— R—(lt - R—?—kL\I:N—H
+ +
1 + H+ \l/

N, +2H +TICl, «<—2—H—N—N—H <—— N =—=N—H’
R = Alkyl group for acid hydrazides
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