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Abstract
Oscillatory behaviour in the redox potential of the tiron/ 
BrO3/H2SO4 system is reported for the uncatalyzed, the 
cerium (IV) as well as the ferroin catalyzed systems. The effect 
of temperature, the rate of decrease in [tiron] were investigated 
for the catalyzed and uncatalyzed systems. Pentabromoacetone, 
a reaction product, was isolated from the reaction medium.

Introduction
The most commonly known oscillatory reaction, the 
Belousov-Zhabotinskii reaction, occurs when malonic
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acid is added to an aqueous bromate acid solution 
containing a cerium salt as catalyst [1]. The colour of 
the mixture changes periodically from yellow to colour­
less. Measurements of the electrical potential of the 
working solution show oscillations, reflecting oscillation 
in intermediate product concentrations. Chemical oscil­
lations have equally been produced with organic sub­
strates other than malonic acid [2], More recently, it has 
been found that many aromatic compounds could pro­
duce oscillations even without a catalyst [3].
A detailed mechanism was first proposed by Field et al. 
[1] which was modified later to adapt it to new systems 
[4], The thermodynamical aspects of these reactions 
have been reviewed [5].



Chimia 38 (1984) Nr. 1 (Januar) 9

Our choice of tiron as organic substrate was prompted 
by our interest in the effect on the oscillatory pheno­
menon of benzene ring substituents other than those 
previously reported [3]. We found that it could produce 
oscillations in a BrO 3/aqueous sulfuric acid solution. 
The purpose of our study was to investigate differences 
between the uncatalyzed system, systems catalyzed by 
either cerium (IV) or ferroin by means of potentiometric 
measurements and to compare the effects of temperature 
on these systems.
A reaction product, pentabromoacetone, was isolated 
and identified. We then investigated the fate of the 
organic product: the consumption rate of tiron was 
measured by HPLC (high-performance liquid chromato­
graphy) using an electrochemical detector. The kinetic 
rate constant for the reaction was calculated for the 
three afore-mentioned systems at different temperatures 
and the corresponding activation energies were deter­
mined.

Experimental
The redox potentiometric measurements were obtained by 
means of a platinum electrode and a mercury (II) sulfate 
reference electrode. A thermostatted and magnetically stirred 
glass reactor was used, the total volume of solution was always 
50 ml.
Liquid chromatography: A Beckman 112 single-piston pump 
equipped with an Altex 210 injection valve, an Altex Ultra- 
sphere-ODS 5 ^m (250 x 4.6 mm) reversed-phase column was 
used; the flow rate of the eluent was 0.8 ml/min. The detection 
system consists of a Metrohm 656 electrochemical detector with 
detecting cell and electrode and a Metrohm 641-VA detector 
for adjustment of the polarisation potential and for measure­
ment of the current. In our experiments, a polarisation poten­
tial of + 800 mV was applied.
Reagents: Tiron, KBrO3 (p.a. Fluka), Ce(SO4) • 4 H2O, H2SO4 
(p.a. Merk), ferroin solution was prepared by the action of 
FeSO4 on orthophenanthrohne.
The elution solvent for HPLC was prepared by dissolving 5g of 
(NH4)2SO4 (p.a. Merck) in 11. of aqueous CH3COOH 5 x 10 “ 2 
M and then degassed using ultrasound.

Results
For the uncatalyzed system A, for the cerium (IV) 
catalyzed system B and for the ferroin catalyzed system 
C, [tiron] = 2.22 x 10’2 M, [BrO]] = 7 x 10"2 M 
and [H2SO4] = 1.5 M. For systems B and C, [catalyst] 
= 5 x 10"4M.
In all experiments, tiron was added to the acidic bro­
mate solution. The solution immediately turns to a dark 
red colour which slowly dissappears. A white precipitate

is slowly formed, the chemical composition of which was 
found to be pentabromoacetone.

Redox potentiometric measurements. Effect of temperature 
Fig. 1(a), 1(b) and 1(c) exemplify the temporal oscillations 
of the redox potential for systems A, B and C; typical 
values are given in table 1. In all three systems, one 
notices a short induction period followed by a jump in 
potential of about 170 mV. This is followed by a second 
longer induction period, the duration of which varies 
from 11 minutes for B to 30 minutes for C at 35.5 °C. 
The number of oscillations and their frequency increase 
in the cerium (IV) and ferroin catalyzed systems. As for 
other chemical oscillators, the induction period decreases

Fig. 1 (a-c): For uncatalyzed system A (1 a), for Ce (IV) 
catalyzed system B (1 b) and for ferroin catalyzed system C (1 c), 
[tiron] = 2.2 x 10“2 M. [BrO]] = 7 x 10“2 M, [H2SO4] 
= 1.5 M;for B and C, [catalyst] = 5 x 10“4M.T = 35.5°C.

Table 1: Tiron/BrO3/H2SO4 system. Influence of the catalysts on the oscillatory phenomenon for T =• 35.5 °C. 
Concentrations A, B, C as for fig. 1.

System 1st tlnd.

|min|

2nd tind.

|min|

Number of 
oscillations

Period of 2nd 
oscillation 
|min|

Amplitude of 2nd 
oscillation 
|mV|

A 5,4 23,2 3 1.4 130
B 4,7 11,3 23 0,45 180
C 5,4 30,5 164 0,3 108
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with increasing temperature and In l/tind is a linear 
function of 1/T [6] where tind is the total induction 
period and 25 °C ^ T ^ 45 °C. The Arrhenius equation 
is used to calculate the corresponding activation ener­
gies. These values are listed in table 2 and are of the 
same of order of magnitude as those usually found for 
chemical oscillators [6], Both without catalyst (A), and 
with cerium (IV) (B), similar activation energies are 
observed although the induction period for A is twice 
that of B. Activation energy is highest for the ferroin 
catalyzed system for which the induction period is also 
the longest.

Table 2: Temperature dependence of the induction period. Acti­
vation energies for systems A, B, C, concentrations as for fig. 1.

System
|kJ • mol 1

A 73
B 75
C 84

temperature. The samples were immediately diluted 100 
to 200 times with the elution solvent to stop the reaction 
and a volume of 20 pl was injected into the column. The 
same operation was repeated under conditions A, B and 
C for 21 °C < T ^ 42 °C. In the catalyzed and uncata­
lyzed systems, [tiron] reaches the limit of detection 
(about 10 % of initial concentration) during the induction 
period for C, near the beginning of the oscillatory 
phenomenon for A and during the oscillations for B. 
The apparent rate constants kt for the decrease in [tiron] 
where k1 is the slope of the straight line In [tiron] = f(t) 
have been calculated, the reaction therefore obeys a 
first-order rate law. From these rate constants k1 and 
using the Arrhenius equation, we calculated activation 
energies of 70 kJ mol-1 for systems A, B and C 
respectively. We then collected all the values In kY = 
f(l/7) for A, B and C into a single plot (fig. 2) from which 
an activation energy of 70 kJ mol “1 was found as above. 
It therefore seems unlikely that the “catalysts” act as such 
for the consumption of tiron.

Formation of pentabromoacetone (PBrA)
The reaction medium tiron/BrO 3/dilute sulfuric acid 
brings about the formation of PBrA with or without a 
catalyst and also for reagent concentrations out of the 
range of the oscillatory conditions. PBrA occurs in the 
crystalline form in the reaction vessel. Different methods 
were used to determine the structure of the white pre­
cipitate. Melting point: 78 °C (litt.: 73.2 °C [7]).
UV: Amax: 261 nm (in CC14)
NMR: 5 = 6.8 ppm
IR: 1760 cm “1 (C=O vibration with halide substituents) 
Mass spectrometry: 452 (HBr2CCOCBr3); 279 
(-COCBr3);251 (-CBr3)201 (-COCBr2H; 173(-CBr2H) 
Elementary analysis: C3HBr5O (452.6)
Calc. C 7.96 H 0.22 Br 88.28 %
Found C 8.05 H 0.4 Br 88.18 %
The yield of PBrA cannot be measured accurately since 
the product crystallizes over a period of days in the 
reaction medium and the quantities of PBrA have small 
absolute values.

Study of the decrease in tiron by HPLC
Preliminary tests to detect tiron by UV spectroscopy 
proved it was practically impossible to use this method 
for quantitative analysis because so many different 
chemical species in the reaction medium absorb at the 
absorption wave-length of tiron. We therefore chose the 
HPLC method coupled to an electrochemical detector. 
A linear relationship was found between the peak heights 
and [tiron]. The following method was used to analyse 
[tiron]: samples of 50 to 100 pl were withdrawn from the 
beginning of the reaction until the nearly total diss- 
appearance of tiron. Time intervals for sampling were 
chosen so as to have about ten samples per experiment 
and varied from 1 to 5 minutes depending on reaction

Fig. 2: Arrhenius plot for tiron consumption (systems A (A), B 
(•) C (■), concentrations as for fig. (1).

Because of the many reactions involved in the oscillatory 
phenomenon, we cannot as yet give a satisfactory inter­
pretation of the above results. Our aim is therefore to 
further investigate the fate of the organic reagent both 
by analytical and by physicochemical techniqes.
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