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The kinetic parameters of the reaction ~teps of th e osc illati on cycle and the parameters of modified 
oscillation reactions of the Hclauso\'- Zhabotin~kii (HZ) type with oxalic ac id, tart aric acid, a nd 
hypophosphite ions were compa red with predictions o f Edel son ' s analysis based o n the mechanism 
of the classical HZ reaction. 

Noszticzius and llodiss l di~covcred a ccriul1l-cataly ~ed I:ctercgcneaus o~cillaticn rcacticn of the 
BZ type with oxalic acid as subs trate during removing b romi ne from the reacti on solutio n by 
bubbling hydrogen . Similarly, we found for the fir st time meil la tions in a completely inorga nic 
system of the BZ type with hypophosphite ions as substrate1

, with tartaric acid 3 , and oxalic acid 4. 
These substrates, in contrast to those in the c la ssica l BZ reac tion . do not form brominated deri­
va tives which by reacting with the o xidised form of the catalyst would form Br - io ns. The latter 
are considered to be an intermediate product of principal importance in the oscillation reaction s . 
Noszticzius attributes a decisive role in the reacti o n mecha nism of heterogeneou s oscillation reac­

tions to bromine6 . 

Recently Edelson 7, starting from a modified mechanism of the BZ reactionS, 

evaluated the relative importance of the individual reaction steps of the oscillation 

cycle and their influence on the basic reaction parameters. The aim of the present 

work is to compare the connexion between the kinetic parameters of the reaction 

steps and those of the oscillation reactions with the predictions of Edelson's analysis. 

Although the kinetics of some reactions of the studied substrates with bromine, 

Mn(llI) and Ce(IV) ions was already described 9
.
lo , it was necessary for the purpose 

of our wOlk to investigate it under the conditions characteristic for the oscillations. 

EXPERIMENTAL 

The chemicals used were of reagent grade and tr.e so l~ti cns were prerarcd fl ( m recis tillcd \later. 
A solution of Mn(lll) ions was prepared by reduclic n cf permanganate with an excess cf Mr ~04 
in the medium of 5M-H 1S04. The reaction ~olution was bubbled with pure nitrcgen. 

The oscillation reactions took place in a tempered gla ~ s ve~se l c f 20 ml holding caracity, frc m 
which volatile products were transferred by bubbling nitrogen into a polarcgraphic Kalc u~.ek 

" cell, filled with 1·5M-H 2S04 . Here, the concentration of bromine, the only electroactive ~ubstance, 
was determined continually at a potential of -0'6 V agaimt Hg/ Hg2S04 electrode (M.S.E.) filled 

Collection Czechoslovak Chpm. Commun. (Vol. 48] (1983] 



3224 SevCik, Adamcikova : 

with 1 M-HzS04. The rate of flow of nitrogen was maintained constant by using a UPLS type 
universal flow meter. In this way, the solution was stirred and its oversaturation was prevented. 
The experimental details were given previously4 . 

The kinetics of oxidation of oxalic acid, tartaric acid. and hypophosphite ions was followed 
polarographically by recording the dependence of the I imiting diffusion current of bromine at 
- 0,6 V against M.B.E. The oxidation of these substrates with the oxidized form of the catalyst 
was followed at - 0,2 V (M.B.E.), which corresponds to the limiting diffusion current of Mn(JJJ) 
and Ce(IV) ions in 1·5M- H 2S04. The kinetics and the oscillations were followed on an OH 105 
type polarograph (Radelkis. Hungary). 

RESULTS 

On the basis of the preceding work, we found the conditions under which the systems 
with oxalic or tartaric acid or H2PO~ ions oscillate, the initial reactant concentration 
beiljg , the same in each case. With Mn(ll) as catalyst at a concentration of 3.10- 3 

mol/I, the initial concentrations were 8 . 10 - 3 mol/ I Br0 3", 0·03 mol/I substrate, and 
1·5 mol/ I H 2S04 at 20°C, rate of flow of nitrogen 600 ml/ min, and reaction volume 
10 ml (Fig. 1). 

When the system was cataly~ed by cerium, no oscillations in the presence of tartaric 
acid' were observed. The initial concentrations in the presence of oxalic acid or hypo­

phosphite ions were 0·02 mol/l Br03, 0·1 mol/I substrate, 2.10- 3 mol/l Ce(I1I) , 
and ~'5 mol /I H 2 S04 at 20°C, rate of flow of nitrogen 60011l1 /min , and reaction 

volume 10 ml. 
The following parameters of the oscillation reactions were considered as charac­

teristic: the period of oscillations (PO) - the time interval between two succ~~sive 
maxima of the bromine concentration; the amplitude (A) - the difference between 
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FIG. 1 

Oscillations in the presence of Mn(lI) (current : in arbitrary units) . 8. 10- 3 m ol/ I 'BrO), 3 . 
. 1O- 2' mo11/ substrate, 3.10- 3 mol/I Mn(II), 1·5 mol/I H2 S04, 20°C, 600 ml Ni pe: min a 

tarta 'r/t ' acid; b hypophosphite ions; c oxalic acid 
l i:! ; 
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the maximum and minimum polarographic current during the oscillation ; the induc­

tion period (lP) - the time after which the sys tem start s to oscillate ; and the critical 

concentration (Ck) of bromine corresponding to the minimum polarographic cur­
rent (Table 1). 

We found that the noncatalysed oxidation of the substrate with BrO; ions at con­
centrations used in the oscillation reactIOns proceeds very slowly. After 60 mill, the 

concentration of BrO; ions drops by7% during the reaction with oxalic or tartaric 

acid and by 5% during the reaction with H 2PO;- ions, the reaction so lution being 
bubbled with nitrogen. 

Redox reactions of bromine with the substrate were rollowed in so lutior.s of 0·03 
m'ol/I substrate, 2·5. 10 - 4 mol/ I Br2, and 1 ,5 mo l/ I H2S04 at 20c e. The late con­

stant of the pseudo first-order r eaction with H 2PO ;- ions, "I" was evaluated from the 
linear dependence In (10/1) = r(I), where 1 denotes the limiting diffusion CUHent 
of bromine. The second-order rate constant , k, was calculated from the linear de­

pendence or "p on the concentration or H 2PO ;- ions. In the case or slower reaction s 
or bromine with oxalic and tartaric acids , the ra te comtant was calculated as in reLII . 

In the case of the reaction s or the oxidized rorm or the catalyst with the substrate, 

the measured first-order rate constants are given (Table II) , since the reactions are 
of fractional order with re spect to the substrate concentration. For the reaction with 

oxalic acid, the lower limit of the ra te constant for Ce(IV) and Mn(lIl) was deter­

mined . 

DISCUSSION 

O scillations of the concentration of bromine in the studied reaction system s indicate 

that the rates of the formation and consumption of bromine 

BrO; + reduced catalyst Br2 + ox. catalyst (1) 

Br2 + substrate Br- + product (2.1) 

Br2 removed by streaming nitrogen (2.2) 

are different for most of the reaction time; they are equal only at the minimum or 

maximum of the bromine concentration. The drop in the bromine concentration due 
to the nitrogen streaming at 600 ml/min resembled a kinetic first-order equation with 
a reaction half-time of 32 s and a rate constant k 2.2 = 2,16 . 10- 2 S - I. The rate of 

nitrogen flow was so high that the bromine concentration decreased relatively rapidly 
even without contribution of reaction (2.1). Owing to the limited rate of transrer of 
bromine, the maxima and minima in the second cell are shifted in time by 40 s. 
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The o scillation cycle is finished by the regeneration of the catalyst: 

Ox. catalyst + substrate -> red. catalyst + products (3) 

Since the quantity of bromine produced in one oscillation cycle may be larger than 

would follow from the kinetics and stoichiometry of reaction (1). the role of the 

substrate is not restricted to the following regeneration of the reduced form of the 
catalyst. According to the experimental results, both bromine and the catalyst oscillate 

synchronou sly and when their concentration is a maximum, the rates of production 

and consumption of bromine are equal to each other. 

According to Edelson's analysis 7 , the oscillation period in the case of classical BZ 
substrates is most strongly influenced by the rate of formation of their enol form and 

TAIlLE J 

Parameters of oscillation reactions. Experimen tal data for Mn(IJ) as in Fig. 1. for Ce(IlI) 0·02 11101 / 1 
BrO;. 0·1 mol / I substra te. 0·002 mol!1 Ce(III). 1·5 mol/I H 2S04 , 20°C. 600 ml/min N2 

------- .. -.---- - - - -
lP. s No of osc il. 

Substrate - -----.. - - . . --.... - - - .. --- - - --------- .- - --- ----- ------- -
Mn(lI) Ce( lII) Mn(lI) Ce(l Il) Mn(ll) Ce(lII) Mn(lJ) Ce(lll) Mn(Il) Ce(lII) 

------ --- - - -------- -,-- ~--.--~----------

C2H20 4 360 200 20 86 45 -0 45 16 12 
C4 H6 Ob 555 5 100 17 
H2POi I 350 405 54 300 1600 10 

TAIlLE II 

Kinetic parameters for reactions of substrates with Mn(HI). Ce(IV). and Br2 .1·5 mol / I H 2S04 , 

about I. 10 - 3 mol / I Mn(lII). 1.10- 3 mol / I Ce(lV). 2'5.10- 4 mol / I Br2• 3 . 10- 2 mol/I 
substrate 

k. s - t 

Substrate 
Mn(lll) Ce(IV)" Br2 

C2Hz0 4 ~O' I ~0'12 2·3.1O - 3b 

C4 H6 0 6 5·1 . 10- 3 6'5. 10- 4 1·8.1O - 3b 

H2P02' 2-8. 10- 3 7.4. 10- 4 0'5C 

a 0-1 11101 /1 substrate; b.c second.order rate constants; b evaluated according to ref.! 1 
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of the subsequent bromination. In OUI case, however, the substrates cannot form bro­

mo derivatives . .Instead of removing bromine from the reaction system chemically, 

it is removed by a physical process. The rate constant of its reaction with 0.031\1-
-H 2PO Z ions suggests that about 59~~ of the bromine formed in every cycle is re­

moved by nitrogen streaming at a rate of 600 ml/min. In the case of 0'03M oxalic or 

tartaric acid, the same rate of flow is sufficient to remove nearly all the produced 

bromine. 

The reaction rate of bromine with H 1 PO Z ions, oxalic and tartaric acid are in the 

ratio of 284 : j·3 : 1 and the corresponding o scillations periods in the presence of 

Mn(lI) as catalyst are 1 350, 360, and 555 s. Also with Ce(lll) as catalyst, the oscil­

lation period with H 2POZ ion s was longer than with oxalic acid. On the other hand, 

the higher is the reaction rate of the substrate with the oxidized form of the catalyst , 

the shorter is the oscillation period. No o scillations were observed in the system with 

0· 11\1 tartaric acid containing Ce(IlI) ions , the rate constant of the first-order reaction 
of Ce(IV) with tartaric acid being as low as 6·5 . 10 - 4 

S - I. 

The oscillation amplitude of bromine at constant rate of flow of nitrogen can be 

considered as a measure of the concentration changes of bromine in the leaction 

system . According to Edelson 1 , reactions leading to the formation of Ce(IV) through 

8r02' radicals have the greatest influence on the amplitude of Ce(IV) concentration. 

We used always the same initial concentration for the given catalyst, hence the oxi­

dation rate of its reduced form by the Br01 . radical should be al so the same. Ac­

cording to Edelson 7 , the amplitUde (A) depends al so on the rate of the reaction of the 

oxidized catalyst with the substrate. According to the theory, this dependence is in­

direct; according to the experiments, the amplitude decreases in the order oxalic 

acid> tartaric acid> H 2 PO; ions with Mn(ll), and oxalic acid> hypo phosphite 

with Ce(lII). 

The same trend was observed at an increased rate of flow of nitrogen, namely 

1 100 ml/min, whereby the concentration of bromine in the reaction solution was 

decreased with a half-time of 18 s. The increased rate of flow caused a diminution 

of the induction period in the reaction of tartaric acid with Mn(lJ) ions from 5 100 

to 2 700 s, and an increase of the induction period in the reaction with hypophosphite 

ions from 300 to 1 575 s. In the former case, a higher concentration of bromine is 

established than in the latter, so far as the induction period is concerned. 

Edelson's analysis was applied to the mechanism of the classical BZ reaction with 

malonic acid 7 . A constant concentration of certain reactants was assumed, whereby 

the oscillations became well reproducible with a constant period and amplitude. 

Under our experimental conditions, we observed a decrease both of the reactant con­

centrations (BrO~ ions and substrate) and of the total concentration of all bromine 

compounds in the system. The studied group of substrates is distingUished by the fact 

that removal of the bromine formed is necessary for the oscillations to take place. 
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This may be the reason why the analysis based on the mechanism of the classical BZ 
reaction does not give adequate estimates of the parameters of the oscillation reactions 
under study. 
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