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Kinetics of the Reaction of Terphthalic Acid and Peroxodisulphate Catalysed by Ag(1)
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Summary: The reaction of terphthalic acid with peroxodisulphate with and without the presence of
Ag(1) catalyst has been studied kinetically. The reaction rates have been found to show first-order de-
pendence on peroxodisulphate concentration. The reaction products have been identified and a free

radical mechanism is proposed.
Introduction

Peroxodisulphate is onec of the strongest
known oxidising agents. It has been used in the
oxidation of a large number of organic compounds,
especially organic acids whose kinetic studics have
been of interest to many workers [1-6]. The electron
spin resonance studies [2,4] of the reactions of or-
ganic acids with peroxodisulphate have shown that
they are mediated through free radicals leading to a
first-order law [1].

In a previous publication [6], we have
reported that the reactions of cinnamic acid and
acrylic acid with peroxodisulphate follow a zero-
order kinetics in acid and first-order in
peroxodisulphate concentrations. The reactions are
found to be sensitive to surface area; various sur-
faces such as glass wool, porcelain, glass rods,
BaSOs and glass beads were found to catalyse the
reaction to different extent. These featurcs arc
characteristic of the free radical chain reactions.
Besides, the electron spin resonance study by Nor-
man et. al[4] on acrylic acid, crotonic acid and
other similar organic acids indicate that their reac-
tions with peroxodisulphate are mediated by the
free radicals. For instance, the reaction of crotonic
acid has been found to proceed via the free radicals
of the type; HOCH (CH3CH) COO,
CH3CHCH(OH)COO" & (SO3) CH (CH3CH)
(COO". Similarly, the following radicals have been
detected in the case of acrylic acid HOCH(HCH)
COO" HCHCH (OH) COO™ (SOs) CH (HCH)
COO" and HCHCH(SO4)COQ". Peroxodisulphate
on the thermal decomposition forms sulphate radi-
cal anions, S04 which are capable of forming other
intermediate radicals on interaction with various
organic substrates in the system [6].

In order to gain further insight into the reac-
tion, the reaction of peroxodisulphate with
terphthalic acid with as well as without the
presence of AgNO3 catalyst have been studied and
the reaction products are indentified. A free radical
chain mechanism is proposed and the rate law has
been deduced.

Experimentation

The chemicals used in the present work were
of BDH AnalaR Grade except terphthalic acid
which was a highly pure sample supplied by Fisher
Chemicals. In order to make solutions in water,
terphthalic acid was converted to its sodium salt.
Redistilled water was used throughout the ex-
perimentation. The preparation of various solu-
tions, treatment of reaction vessels and the details
of kinetic studies have been described elsewhere
[5]. The residual peroxodisulphate estimation was
done as has been described by Vasudeva and Wasif

2].

The reaction products were analysed as fol-
lows: A serics of the reaction mixtures containing
0.IM terphthalic acid and 0.1 M potassium
peroxodisulphate were dissolved in distilled water
and heated with stirring on an oil bath at about
353K for ten half- life times. After acidifying, the
mother liquors were extracted with ether, dried
over MgSOj and then distilled. The resulting yellow
crystalline products contained no sulphur and did
not melt upto 613K. About 2.0g of this compound
was heated strongly with 5.0g of lime for one hour.
The mixture was cooled, acidified with dilute HCl
and extracted repeatedly with ether. The combined
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ether fractions were washed with NaHCO3 solu-
tion, dried over MgSO4 and ether removed., The
resulting yellow compound was not acidic in nature
and was found to melt at 337K. Recrystallisation
from petroleum ether, however, raised the melting
point to 344K. The compound was thus identified
as Dbiphenyl produced by decarboxylation of
biphenyl 4,4-dicarboxylic acid [(7.8].

Results

Table (1.A) includes the average rate, R, and
the rate constant, ko, of the uncatalysed reaction at
343K when peroxodisulphate concentration was
varied from (10 to 70)x10" mol. It is observed that
R varics linearly with peroxodisulphate concentra-
tion indicating a first order dependence of this
reaction on peroxodisulphate  concentration
whereas ko values are independent of the same
(Fig. 1.A). Similar behaviour is observed for the
reaction catalysed by Ag(1) at 313K when the con-
centrations of terphthalic acid (20x107 mol) and of
AgNO3 (5x10 mol) were kept constant. (See
Table 1.B and Fig. 1.B).

Table 2.A depicts the values of R and ko for
the uncatalysed reaction at 343K when terphthalic
acid concentration was varied from (10 to 70) x 103
mol and peroxodisulphate concentration was kept
constant (2x107 mol). Similarly the results obtained
for the reaction catalysed by Ag(1) at 313K, where
peroxodisulphate and AgNO3 concentrations were

Jour. Chem. Soc. Pak. Vol. 11 No. 2, 1989 131

kept constant at 20x10> mol and 5x10% mol,
respectively, have been shown in Table (2.B).
Clearly, both R and ko are independent of the sub-
stance concentration and the reaction, therefore,
follows zero-order kinetics in terphthalic acid con-
centration in both the catalysed as well as the un-
catalysed processes.
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Fig. 1: Dependence of the reaction rate on the con-
centrations of: (A)-peroxodisulphate at 343K (uncatalysed);

(B)-peroxodisulphate at 313K (catalysed) and (C)-Ag NOs at
313K

Table 1: Rates R, and rate constant, ko, data for the reaction of terphthalic acid with peroxodisulphate when the concentration of
terphthalic acid was kept constant at 20x10° mol,

A: The reaction at 343K without Catalyst.

10 20 30 40 50 60 70
10’R/mol dm™ 5’1 72 128 195 284 340 454 -
10° kofs™ 141 119 139 120 123 134 -

B: The reaction at 313K catalysed by Ag(1) ([AgNO3] =5x10"* mol)

10° [$20%]/mol 10 20 30 40 50 60 70
10"R/mol dm™ s°! 132 25 25 493 615 773 84.8
10° ko/s! 328 325 34.2 337 322 340 325
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Table 2: Rates R, and rate constant, ko, data for the reaction of terphthalic acid with peroxodisulphate when the concentration of
terphthalic acid was kept constant at 20x10™ mol.

A: The reaction at 343K without Catalyst.

10° [Acid}/mol 10 20 30 40 50 60 80
10’ R/mol dm™ s 181 181 180 170 18.0 18.0 18.1
10°kofs™ 329 332 320 22 27 U1 331
B: The reaction at 313K catalysed by Ag(1) ({[AgNO3] = sx10™ mol)

10° [Acid}/mol 10 20 30 40 50 60 70
10" R/mol dm s 220 240 222 2.6 222 220 239
10° kofs™! 42 25 .0 22 138 28 34.0

Table 3 shows the values of R and ko of the
reaction when A§NO3 concentration was varied
from (7 to 15)x10™ mol keeping the concentrations
of terphthalic acid and peroxodisulphate constant
at 20x10°3 mol. The reaction is found to follow first-
order kinetics in AgNO3 concentration (Fig. 1.C).

The concentration of peroxodisulphate at dif-
ferent intervals of time in the case of uncatalysed
reaction was analysed for several kinetic runs and
half-lives were calculated graphically. The values
are shown in Table 4.

Discussion

The Rate Law:

It is well known that peroxodisulphate
decomposes thermally in the absence of a reducing
substrate [1-3]). The rate constant for the decom-
position of peroxodisulphate under experimental
conditions similar to ours have been determined by
Vasudeva and Wasif [2]. For the reaction of
terphthalic acid with peroxodisulphate catalysed by
Ag(1), the reaction rate and the rate constant ko
can be expressed as,

-dC_ .2~
s,0
R: — 28
dt

2—- C
2%

Ko CS Ag*

Since the concentration of the catalyst,
Cag+, is kept constant during the reaction, the
above expression can be reduced to,

ko:k"’k“

For both the uncatalysed reaction as well as
for the reaction catalysed by Ag(1), k is the rate
constant of the thermal decomposition of
peroxodisulphate in the absence of substrate and ki
is the rate constant for the oxidation reaction.

In addition to the integration method, the
order of the reaction was also confirmed by other
methods: At various temperatures, the plots of log
against time at equal reactant concentrations were
found to be straight lines indicating that the order
of the reaction is independent of the change in the
temperature. The half-life for a first-order reaction
is supposed to be independent of the initial con-
centration: Table 4 shows that the half-lives arc al-
most independent of the acid concentration
indicating therefore that the overall order of the
reaction should be unity.
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Table 3: Rate, R, and rate constant, ko,
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data for the reaction at 313K of terphthalic acid with peroxodisulphate where the concentra-

: . . . . ol).
tion of AgNOs3 is varied and the concentrations of the reactants were kept constant ([S208.2]= [Terphthalic Acid]= 20x10-3 ™

10* [AgNO3}/mol 7 8 10 12 15
10’ R/mol dm™ 5™t 272 315 420 497 575
10° kofs™ 310 346 327 335 us

The energy of activation for the overall reac-
tion (uncatalysed) was determined by plotting log
Ko against 1/T. From the slope of the straight line
obtained in this plot, a value 113 KJ mol”! was
computed for the energy of activation.

Proposed Mechanism and Deduction of the Rate
Law:

Both uncatalysed and the catalysed oxidation
of terphthalic is found to have zero-order depend-
ence on the acid concentration and result in the for-
mation of biphenyl 4,4-dicarboxylic acid as reaction
product. Also, the reaction is found to be sensitive

The Reaction without a catalyst:-
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(4)

to the nature and area of the surface (see Introduc-
tion). A free radical chain mechanism for the reac-
tion may be thought to be operative,

The peroxodisulphate furnishes sulphate radi-
cal anion, S04 on thermal decomposition at its own
or in the presence of organic substrate. The S04
can attack the organic substrate directly or through
an intermediate radical. On the basis of the above
mentioned information, the following mechanism
seems to be the most probable as it supports the
kinetic results obtained for the reaction and also ac-
counts for the products formed.

(5)
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The Reaction Catalysed by Ag(1):-

k! ++
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Ag' + 5,052 1 Ag +50,77 +S0,"  (8)
+ -9 k! ++
Ag + SO4 2 g Ag ot S0 (9)
oo '
++ k3 +
Ag  + O e Ag o+ +co2 (10)
€00~ co0
® ‘
2 ky - 2- -@
5,05 *2 __ & o 0OC coo +50, + 50, (11)
00

Table 4: The calculated half-lives of the reaction of terphthalic acid with pcgoxodisulphate at 313K for various initial concentrations
of terphthalic acid. The concentration of $208-2 was kept constant at 20x10™ mol.

10° [Acid]/mol 10 20

t-1/2/min M5 337

329

35.1 353 345 32.6

On applications of the steady-state treatment
to the above mechanisms, a rate law of the type
proposed in equation (1) and (2) is obtained.
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