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Several substrates have been employed in different
oscillatory systems. A serious limitation is the low
solubility in water. This has been overcome by em-
ploying aqueous-organic mixed media in the iodate-
system as well as the uncatalyzed and catalyzed
[Ce(III) or Ferroin] systems. The present paper deals
with the study of fifteen new substrates in the brom-
ate—Mn (II) oscillatory system employing agqueous-orga-

nic mixed media.

BHITO KMCMOJL30BaHO HECKOJIbKO CYSCTPaTOB B Pa3/IMYHHX OCLMJIIIA~
pyomux chUcTeMax. Cepbe3HHM Or'PaHUYEHHMEM HABJSIETCH HUX NJOXasi
pacTBOpMMOCTL B BoAe. 3ITO YyAaJOCh MNpeogaNleTb, HCHONbL3YS
CMemlaHHNEe BOAHO-OpraHM4ecCKHe CcpedH, KaK B KaTaJIMTUYEeCKUX
(Ce(III) mam PeppouH), Tak ¥ B HEKATAIUTHYECKHX MOABTHHX CHU-
cTeMax. B HacTosmen cTaTbe O6CYXAal0TCH MCCJeAOBaHWS NSATHaA-
LUaTH HOBHX cy6cTpaToB B 6poMaT-Mn(II) ocuummpylomMx cucTeMax

B CemaHHHX BOJHO-OpPraHH4YeCKHUX cpefaX.

INTRODUCTION

The Belousov-Zhabotinsky reaction is one of the most exten-

sively studied oscillatory system [1, 2]. Several substrates
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have been employed in the bromate system with the inclusion of
the metal ion or in the absence of the metal ion [3]. The oscil-
latory behavior in the uncatalyzed system of a large number of
polysubstituted aromatic compounds has been reported [4]. The
oscillatory characteristics of several new substrates in the
Ferroin-catalyzed bromate system were also reported [5]. A novel
aspect in the bromate Mn(II)/Co(III) system is the removal of
bromine by bubbling hydrogen [6] during the measurement. Exten-
sive investigation of the bromate and iodate systems by the po-
tentiometric follow up [7-9] has provided vital information
about the course of the reaction. The effect of addition of
small amounts of different organic solvents to the bromate-Mn(II)
system [10] with malic acid as substrate has been studied.

The oscillatory characteristics of a system depend con-
siderably on the nature of the substrate employed. The study of
an interesting compound as substrate has often been rendered
unfeasible because of its low solubility in agueous medium. This
difficulty has been overcome by employing mixed media contain-
ing an organic solvent of nearly twenty percent by volume. The
behavior of several new substrates has been studied in mixed
media in the iodate-hydrogen peroxide system as well as the
bromate system with or without the inclusion of the metal ion
(=(III) or Ferroin) [11-13]1. The use of mixed media in the study
of oscillatory systems brings within the scope of measurement
a large number of new substrates in the bromate and iodate sys-
tems. These include polysubstituted aromatic compounds and com-
pounds containing active methylene groups, respectively. The
oscillatory behavior of fifteen new substrates in the bromate-

-Mn(II) system are discussed‘in the present communication.

EXPERIMENTAL

Triply distilled water was used to prepare all the solu-
tions. All the chemicals used were of AnalaR reagent grade. The
addition of the last constituent (thermostated potassium brom-
ate) to the well stirred mixture of all the other constituents

kept at 32 = 0.1 °C triggered off the oscillations. In all the
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experiments, the total volume of the solution was kept constant
at 25 ml. The potential oscillations were recorded on a Siemens
Compensograph using a platinum indicator electrode coupled to
a saturated calomel electrode through a potassium nitrate salt

bridge.

RESULTS AND DISCUSSION

The concentration conditions employed for different sub-~
strates are presented in Table 1. The oscillatory characteris-
tics corresponding to these substrates are given in Table 2.
The concentrations of the constituents could not be maintained
the same for the various substrates owing to their reactivity
not being the same. However, a comparison of the reactivity of
substrates reflected in the oscillatory characteristics would
be meaningful ifvthe concentration of constituents are also
taken into account while making the comparison (Fig. 1).

A comparison of the oscillatory behavior of the substrates
can be made for substrates which are structurally related among
themselves. The substrates 1 to 4 (Table 1) differ in the func-
tional group in position 1, the two hydroxy groups in position
2 and 4 being common to all the four substrates. The difference
in the reactivity of the four substrates to electrophilic sub-
stitution is reflected in the oscillatory characteristics. The
time per oscillation gradually increases from 0.5 min for 2,4-
dihydroxybenzaldehyde to 1.70 min for 2,4-dihydroxybenzophenone.
The amplitude decreases gradually from 250 mV to 60 mV. This is
due tc a gradual decrease in the reactivity of the substrate
from the disubstituted benzaldehyde to the disubstituted benzo-
phenone. The substituents in position 1 are electron-withdraw-
ing in nature, which decreases gradually in the order -CHO,
—COCH3, —COC2H5 and -COCGHS. The hydroxy groups in 2 and 4 po-
sitions are common to all the four substrates and their pres-
ence increases the reactivity of the molecule for attack by the
electrophile. The overall effect is a gradual decrease in the
reactivity of the substrate from 1 to 4 and is reflected in the

oscillatory characteristics as discussed above.
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Fig. 1. Oscillatory profile of 2',4'~dihydroxyacetophenone un-
der different concentration conditions. Temp.: 32T0.7 °C.
Effect of variation of [§i2804]: [MnSO4} = (.005; [KBrO31 = 0.1 M,
[ Substrate ] = 0.02 M; {H2804}:(1) 1.2 M, {(2) 1.5 ¥4, (3) 2.0 M.

Effect of variation of [MnSO4] : [KBrOB] = 0.1 M; [HZSO4] = 1.5 M.
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The reactivity of p-vanillin is found to be more than that
of o-vanillin as evident from the smaller induction time (0.1
min) and smaller time per oscillation (0.7 min). The amplitude,
however, is smaller (200 mV) for p-vanillin. Veratric acid is
a better substrate compared to veratronitrile. There are 23
oscillations in 82 min with veratric acid as substrate, where-
as with veratronitrile there are 5 oscillations in 45 min. The
amplitude is also large (340 mV) for veratric acid. Both asar-
aldehyde and asaronic acid are good subtrates giving large am-
plitude oscillations. Asaraldehyde is more reactive towards
bromination as indicated by the smaller time per oscillation
(0.5 min). It can be judged from the potential range that asa-
ronic acid gives double oscillations, initially oscillating in
bromine as well as in the Mn(III)/Mn(II) couple (0.56 V to 1.03
V vs. SCE) and subsequently in Mn(III)/Mn{(II) ratio alone (0.91
V to 1.05 V vs. SCE). Syringic acid is also found to be a good
substrate in this system with oscillations of large amplitude
(550 mV vs. SCE). The reactivity of the other substrates are
reflected in their respective oscillatory parameters.

The reactivity is a resultant of the electronic effects
caused by the presence of the different functional groups. The
use of mixed solvents would enable the study of scores of new
substrates since the limitation of getting them into the solu-
tion phase would no longer be an impediment.

The alteration of the oscillatory parameters on the addi-
tion of an organic solvent [10] has been attfibuted to complex
formation between the organic solvent and the Mn(II) catalyst.
It has been suggested that the organic solvent molecules com-
pete with the substrate molecules to coordinate with the Mn(II).
2504+
complexing between Mn(II) and the solvent or the organic sub-

However, under the experimental conditions with 1-2 M H

strate would not be favored. Besides, the interaction involving
the solvent and bromine must be taken into consideration as
revealed by our experimental results.

The behavior of gallic acid in the Eerroin catalyzed brom-

ate system in different mixed media has been studied [13]. The
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oscillatory characteristics in pure agueous and aqueous-aceto-
nitrile mixed media are as follows. The oscillatory profile in
the mixed medium is characterized by a smaller induction time
and time per oscillation compared to that in the pure aqueous
medium. However, the amplitude is smaller. Further, in the mixed
medium the base and peak potentials are higher. The presence of
acetonitrile accelerates the reaction by reducing the time per
oscillation to about half the value and at the same time redu-

cing the number of oscillations and the total time.

: Tind Ttotal No. of Time/osc. Potential
Medium oscill range
: (min) (min) : (min) V{vs SCE)
Agueous 0.6 45 37 1.2 0.86-1.06
Aqueous-acetonitrile 0.1 6 10 0.39 0.93-1.07

(20% Z)

Similarly in the uncatalyzed system also, with gallic acid
as the substrate, the induction time (0.1 min) and time per os-
cillation (0.61 min) are smaller in agqueous acetonitrile medium
than those (1.2 min and 0.79 min, respectively) in pure agueous
medium [12]. Spectrophotometric measurements with bromine sclu-
tion indicate that the optical density of bromine is different
in pure aqueous and mixed media. The values of optical densi-

ties for two concentrations of bromine are as given below:

[Brz] (M) Pure agueous 20% acetonitrile
-3

2.5x10 0.35 0.20

5x1073 0.75 0.56

The decrease in the optical density in the presence of
acetonitrile is presumably due to the interaction between the
organic solvent and bromine. The concentration of free bromine
in the mixed medium is less compared to that in pure aqueous

medium.
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Since there is interaction between the added solvent and

bromine as is evident from the spectrophotometric measurements,

it can be concluded that the alterations are due to the follow-

ing two factors. Interaction between oxidized and reduced forms

of the metal ion and the organic solvent as well as that be-

tween

the solvent and bromine, resulting in a change of the

overall rates of the reactions involved in the system.
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