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The kinetics of the Belousov-Zhabotinsky (BZ) oscillatory reaction was ana-
lyzed. With this aim, the time evolution of a reaction mixture composed of malonicacid,
bromate, sulfuric acid and cerium(III) was studied at 298 K. Pseudo-first order kinetics
with respect to malonic acid as the species undergoing decomposition with a corre-
sponding rate constant, k= 7.5x10= min'l, was found.

Keywords: kinetics, non-linear dynamics, oscillatory reaction, Belousov-Zhabotinsky
reaction.

INTRODUCTION

In the literature,!~7 reaction mixtures composed of an organic substrate,
bromate, sulfuric acid and a metallic catalyst, which show oscillatory behavior, are
referred to as Belousov-Zhabotinsky (BZ) reactions mixtures. The most stud-
ied”-11 and by far the best characterized is the malonic acid, bromate, sulfuric acid
and cerium(IIl) reacting system. This system was also analyzed in this study.

As was explicitly stated by one of the best known scientists in this field, Endre
Koros,” the species in the BZ system consisting of malonic acid, bromate, sulfuric
acid and cerium(Ill), can be classify into three distinct groups: (a) the reactants
(BrO3~and malonic acid), (b) the recycling intermediates (e.g., Br—, BrO2, HBrO2,
Ce#) and (c) the final products (e.g., CO2, brommalonic acid). In the mentioned re-
action system, the concentrations of recycling intermediates exhibit temporal con-
centration oscillations, whereas the concentrations of the reactants and the final
products exhibit a corresponding stepwise evolution. The stepwise decreasing of
the reactant concentrations means that the rate of decomposition periodically
changes and that in this reaction system there are at least two kinetic states.

However, bearing in mind that this system can be considered as the decompo-
sition of malonic acid, as well as that decomposition reactions are often first order
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with respect to the reactant undergoing decomposition, we decided to analyze the
kinetics of the overall reaction as a pseudo-first order reaction with respect to
malonic acid.

EXPERIMENTAL

The kinetics of the Belousov-Zhabotinsky oscillatory reaction was analyzed in a well stirred
closed reactor (magnetic stirrer of 700 rpm) at a constant temperature 7'=298+0.5 K (25 °C). The time
evolution of the reaction was monitored potentiometrically, using a Pt-electrode and a bromide
ion-sensitive electrode. Both electrodes were connected to a Ag/AgCl reference electrode by a sulfate
bridge.

All experiments were carried out with constant values of the initial concentrations of potas-
sium bromate, sulfuric acid, potassium bromide and cerium(Il): [KBrOs], = 6.2x10"> mol/dm?,
[H,S04], = 1.0 mol/dm?, [KBr], = 1.5x10"% mol/dm?, [Ce5(SO4)3]o=2.5x 1073 mol/dm?>. The initial
malonic acid concentration, [CH,(COOH), ], was varied from 8.0x10"3 to 4.3 x10-2 mol/dm?.

The introduction of 1 ml of cerium(I1I) sulfate solution to 50 ml of the standardized mixture of po-
tassium bromate, sulfuric acid, potassium bromide solution was taken as the inital moment of the reaction.

RESULTS AND DISCUSSION

With the aim of analyzing the BZ reaction of malonic acid decomposition in
the presence of bromate, sulfuric acid and cerium(I1l), numerous experiments were
performed where only the initial concentration of malonic acid was varied. The
emergence of the oscillation evolution and the increasing number of oscillations
with increasing initial malonic acid concentration can be seen in Fig. 1. Also, with
increasing initial malonic acid concentration, a shortening of the preoscillatory pe-
riod, 71, and a prolongation of the time elapsed from the beginning of the reaction
until the end of an oscillatory evolution Tend, were found.

However, in all experiments the type of oscillogram is permanent. Hence, un-
der the considered conditions, it could be supposed that the malonic acid concentra-
tion at the end of reaction is approximately constant, independent of the initial
malonic acid concentration. With this assumption and the fact that decomposition
reactions are often first order with respect to the reactant undergoing decomposi-
tion, the kinetic analysis could be begun by considering the overall process as
pseudo-first order with respect to malonic acid. In other words, if both assumptions
are valid, the equation

d[CH(COOH),]/dt = —=k[CH2(COOH);]
as well as the integrated form of this equation,
Tend = — (1/k) In[CH2(COOH)3]eng + (1/k) In[CH(COOH)1 ]
where [CH>(COOH);]end and [CH2(COOH); | denote the concentrations of malo-

nic acid at 7 = T¢pq and ¢ = 0, must be satisfied.

Indeed, the obtained results obey the last equation under considered condi-
tions very well (Fig. 2). Thus, it is shown that the malonic acid decomposition can
be analyzed as a first order reaction with respect to malonic acid.
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Fig. 1. The potentiometric traces of the BZ reaction, obtained from the Pt-indicator electrode, in
order of increasing [CH2(COOH),]o (in mol/dm?): a) 8x107; b) 9x107; ¢) 1.2x107%; d) 1.6x107%;
€) 2.2x10°%; 1) 3.2x107%; g) 4.3x10°%; [KBrO3]o = 6.2x 102 mol/dm?>; [H2S04]o = 1.0 mol/dm?,
[KBr]o = 1.5x10™ mol/dm?, [Cex(SO4)3]0 = 2.5%107 mol/dm?, T=29840.5 K.
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Fig. 2. The time elapsed from the beginning of the reaction until the end of an oscillatory evolution,

Tonds @s a function of [CH,(COOH),]; (|[CH,(COOH), ], in mol/dm3). The concentrations of the
other species were the same as in Fig. 1.

The obtained pseudo first order rate constant k=7.5 x 10-3 min~! for the over-
all process at 298 K (25 °C) has the expected value. A comment has been made in the
literature that this reaction can be analyzed as a kind of monomolecular reaction. 12

The same method has already been applied to two other well-known oscilla-
tory reactions.!3-16 In Refs. 13—15, where the Bray-Liebhafsky oscillatory reaction
was analyzed, it was shown that hydrogen peroxide decomposition in the presence
of'potassium iodate and sulfuric acid can be considered as a first order reaction with
respect to hydrogen peroxide, whereas in Ref. 16, where the Briggs-Rouscher reac-
tion was analyzed, it was shown that hydrogen peroxide decomposition in the pres-
ence of potassium iodate, perchloric acid, malonic acid, sulfuric acid, manganese
sulfate and starch, can be considered as a first order reaction with respect to hydro-
gen peroxide as the reactant undergoing decomposition.

CONCLUSION

The postulated method, based on the assumption that the decomposition of
any species can be considered as a pseudo-first order reaction with respect to itself,
can even be applied to reactant decomposition in an oscillatory reaction system
where the reactant decomposition has a cascade time-evolution.
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U3BOJ

BEJIOY COB-KABOTHMHCKHN OCHHUIIATOPHA PEAKIINJA. KWHETHKA PA3JIATABA
MAJIOHCKE KHUCEJIMHE

CIIABHULA BJIAI'OJ EBUR,! HATAIIA [IEJAR,! CITOBOITAH AHUR® n JbUIbAHA KOJIAP-AHUR?

! Dapmayeyiticu darcyaitieits, Bojeode Citieite 450, 11000 Beozpad u *axyaitieiti sa ususiy xemujy, Citiyderiticiu
wipz 12-16, u. up. 137, 11001 Beozpao
Ca mmbeM Ja ce aHanu3upa KuHeTuka benoycoB-2KaGoTHHCKE ocnmiIaTOpHE pea-
KIyje, IpOyYaBaHa je BpeMeHCKa eBoJIyIHja peakKIMOHe CMellle KOja ce cacTOjU Off MAaJIOHCKe
KucenuHe, cyMrnopre kucenune u nepujyma(lll) va 298 K. Habena je kureTnka nceygo-mpeor
pefa y ofHOCY Ha MaJIOHCKY KHCEJIMHY Kao BPCTy Koja Iofjlexe pasjlaramy U ogrosapajyha
KOHCTaHTa Op3HKe, k = 7.5%107 min™,

(IIpmvbeno 26. anpuma 2000)
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