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Complex Oscillations in the Bromate-Oxalic Acid—Acetone-Manganese(ll)-Sulfuric Acid
Reaction in Batch
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Two characteristically different patterns of oscillations were observed in the bremmedtic acid-Mn?t—
acetone-sulfuric acid reaction in a stirred batch reactor depending on the method of mixing of the reagents.
One of the patterns is a mixture of high- and low-amplitude oscillations, while in the other case a regime of
high-amplitude oscillations is followed by a sequence of low-amplitude ones. In both cases, the acetone
concentration can control the length of the induction period and the number of small- and high-amplitude
oscillations.

1. Introduction liberation of bromine and bromoacetone to the laboratory
o _atmosphere and the pressure increase dugf@®ation. The
Complex oscillations and chaos have been observed inioa| volume of the solution in the cuvette was 3 mL. The
chemical oscillating systems such as B2, modified BZ cuvette containing a 3 5 mm Teflon-coated cylindrical stirring
systems by using Mt and an organic substrate other than ¢ \yag placed inside a jacketed cuvette holder having a water-
malonic acidi® and fully halogen-based s%/items such as hoyered magnetic stirrer. The stirring rate used was @50
bromat'&|0d|deﬁ and chlorltebromatglodlde.' ... rpm) or high &1100 rpm). At high stirring rates, no vortices
_Inthis paper, we present another kind of complex oscillation jngjye the cuvette could be seen. This means that the high
in the system bromateoxalic acid-Mn(ll) —acetone-sulfuric stirring rate does not increase very much the loss of bromine

SCl%éthemzlck/j agg(ton:g to Lemovet.brqunll{lglez. ﬂ:t lNaSh shown or other volatile species to the gas phase compared with the
y —evax an amgova and Noszticzl at when low stirring rates. The temperature was maintained atQ0

using oxalic acid as the organic substrate in a BZ system, it is by a circulating bath

necessary to remove bromine by some way such as flow (in a .
CSTR), bubbling a gas, or reacting with some additional W0 methods of mixing the reagents were used.

substance like acetone. Method 1. The reagents were thermally conditioned in the
Our original intention was to observe the oscillating chemi- circulating bath before being pipetted by a fast delivering digital
luminescence produced by bromatexalic acid-Mn(Il)— pipet (Transferpette). Three different solutions of reagents were

acetone-sulfuric acid in batch reported by Weitt. What we prepared: (A) 0.42 M sodium bromate; (B) 8.0 M acetone;
discovered is that this system is a very hard one to work with (C) 1.875 M sulfuric acid, 0.1875 M oxalic acid, and 0.0039
because it is difficult to reproduce. Later we noticed that the M MnSQ,. After turning on the stirring, equal volumes (1 mL
reason for this nonreproducibility was that this system, at low of each) of the solutions A followed by B and then C were
acetone concentrations, is sensitive to the stirring rate. In added to the cuvette. The time between each addition was
addition, we observed a remarkable pattern of oscillations that approximately 2 min. After this, the cuvette was closed with
alternate high- and low-amplitude oscillations with some degree an inflatable rubber ball. Only a high stirring rate in the cuvette
of reproducibility, i.e., in the sequence and the number of each was applied when using method 1.

kind of oscillations. This pattern can be classified as a transient  \jethod 2. Four different solutions were prepared: (A) 0.28
period doubling behavior determined by the acetone concentra-\; sodium bromate: (B) 5.766.24 M acetone; (C) 0.25 M

tion. oxalic acid; (D) 0.0104 M MnS@with 5.0 M sulfuric acid. A
_ _ 100 mL beaker, stirred by a glass-coated magnetic stirring bar,
2. Experimental Section 2 cm long, at 600 rpm, was placed in a thermostated bath at 20
The analytical-grade chemicals NaBrQRiedel-deHag), °C, 20 mL of s_o_lutlon A was added, and th_e temperature was
MnSOy-H,O (Merck), oxalic acid and §1,04-2H,0 (Riedel- allowed to equilibrate. After that, both solutions B (5 mL) and

deHdm), H,SOs (Reagen), and acetone (Merck) were used C (10 mL)were simultaneously added. The temperature usually
without further purification. Laboratory water was distilled and Went up to~24°C because of some dilution exothermic effect.
further deionized. After 140 s, the temperature was equilibrated again and 5 mL
Experiments were carried out in a Suprasil standard quartz Of solution D was added. The temperature went up:23 °C,
cuvette using a UV-vis diode array spectrophotometer (HP and the mixture was left in the beaker with continuously stirring
8452_A) The cuvette ltha 1 Cmoptica] path (He”ma 100- for additional 195 s. After that, 3 mL was plpetted to the

QS) and was closed with an inflatable rubber ball only to prevent cuvette, and the cuvette was closed in the same way as before.
Only a low stirring rate in the cuvette was applied when using

* E-mail: faria@iq.ufrj.br. method 2.
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Figure 1. Time series using method 1 to mix reagents. [Bi@= Figure 3. Time series using method 2 to mix reagents. Experimental
0.14 M, [H:SOy]o = 0.625 M, [MnSQJo = 0.0013 M, [oxalic acid] = conditions are the same as in Figure 1. [acetprefa) 0.54, (b) 0.60,

0.0625 M, [acetong]= (a) 0.60, (b) 0.66, (c) 0.72, (d) 0.75, (e) 0.78, (c) 0.66 M. Curves were shifted by some arbitrary offset so as to not
(f) 0.80, (g) 0.84, (h) 0.87 M4 = 310 nm.T = 20 °C. Curves were superimpose.

shifted by some arbitrary offset so as to not superimpose. the induction period is more sensitive. As in method 1,
increasing the acetone concentration will decrease the induction
period and increase the number of high-amplitude oscillations.
Small-amplitude oscillations start after 4000 s, almost indepen-
dently of the induction period size.

4. Discussion

The reduction of the induction period when the acetone
concentration was increased agrees with the idea that the
presence of Brinhibits oscillations, as has been pointed by
. ] other author8-1214 This consideration is based on the very
7%%26/8 2000 well-known fact that acetone reacts with bromine to produce
bromoacetone and consequently reduces the@rcentration.

As this oscillating system contains some volatile species, such
as acetone itself and products of the reaction such as bromine
and bromoacetone, the two different patterns of oscillations we
obtained can be the consequence of the greater facility of method
2 to lose some amount of the volatile components. This can
be accomplished by the large solution surface in the 100 mL
beaker together with the greater increase of the temperature after
mixing the reagents, compared with method 1, which is done
fully in a cuvette.

, i As can be seen from Figure 10 of the Noszticzius andigo
0 1%‘?%6/3 2000 papert! bromate and oxalic acid can react slowly without a
metallic ion catalyst in 1.5 M sulfuric acid (pH —0.18). In
r5;{sing method 2 to mix the reagents, we have bromate, oxalic
jacid, and acetone mixed at an estimated pH of 1.4, during 140

O

Absorbance (arb. offset)
] gg
oy

o

Absorbance (arb. offset)

Figure 2. Reproducibility using method 1 to mix reagents. Each curve
represents one separated experiment. Curves from each experiment we
shifted by some arbitrary offset so as to not superimpose. Experimental

conditions are the same as in Figure 1. [acetpre]a) 0.72, (b)= s. As bromate usually reacts following rate laws having a
0.78 M. second-order dependence onTHP16we consider that the direct
3 Results reaction between bromate and oxalic acid should not be the main

reason for the different patterns of oscillations observed when
In Figure 1, we can see the appearance of oscillations with using method 1 or 2.
high and low intermixed amplitude as a function of initial The kind of oscillation we observed for method 1 may suggest
acetone concentration in the range of 66087 M. At the the presence of two fundamental frequencies of oscillations. One
low range of the acetone concentration (6-6075 M), we see of them is the high-amplitude oscillation which dominates at
that low-amplitude oscillations predominate. As the acetone high acetone concentrations, and the other one is the low-
concentration is increased, the induction period decreases ancdamplitude oscillations which dominate at low acetone concen-
high-amplitude oscillations start to predominate ([acetone] trations. Despite the complexity of the solution that contains
0.78-0.84 M). At acetone concentrations greater than or equal bromate, oxalic acid, acetone, Mn(ll), and sulfuric acid, this
to 0.87 M, no low-amplitude oscillations were observed. The system should not contain two intervening oscillating systems,
exact sequence of low- and high-amplitude oscillations and its as in the case of chloritetoromate-iodate, which presents the
number is not exactly the same, but some reproducibility was typical behavior of chlorite-iodate or bromateiodate oscilla-
observed as can be seen in Figure 2 for two different acetonetion systems, depending on the experimental condiffoitge
concentrations. conclude that the complexities arise from the presence of the
Using method 2, the oscillation pattern changes from the organic substrate (oxalic acid) and manganese ions by analogy
intermixed high- and low-amplitude oscillations to a separated with the BZ system containing manganese and malonic acid,
train of high-amplitude oscillations followed by a separated train which exhibits complex behavior, tdo.
of small-amplitude and irregular oscillations (Figure 3). Inthis  What is new in the present case is the capability of the system
mixture method, the influence of the acetone concentration overto show intermixed or separated high- and low-amplitude
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oscillations, depending on the experimental conditions. Clas- presence of two limit cycles is a fundamental property of this
sification of this behavior is difficult because of the batch nature BZ reaction with oxalic acietacetone mixed substrate.

of the experiment. However, some possibilities can be con-

sidered. The first of them is the presence of two limit cycles  Acknowledgment. We thank Prof. J. A. P. Bonapace for
separated by a saddle point as proposed by Masetkotdbal. helpful discussions and critical readlng of the manuscript. This
explain the birhythmicity and compound oscillations in the Work was sponsored by Conselho Nacional de Desenvolvimento
BrO;~—ClO, —I~ system. By using their topological model, ~Ciéntfico e Tecnolgico (CNPq), Fundg de Amparo a

we can explain the presence of two separated trains of Pesquisa do Estado do Rio de Janeiro (FAPERJ), Faodase
oscillations obtained with method 2 (Figure 3). In this case, Bonifacio (FUIB), and CEPGUFRJ. We thank Dr. C. Cipriano
we can suppose that the system starts to oscillate as it followsfor the HP 8452A and the Labofato de Espectroscopia
one limit cycle that grows up until it gets closer and closer to Resolvida no Tempo-LERT for the plotter facilities.

a saddle point that will make the system jump to another
different limit cycle. Unfortunately, the batch experiment does i o
not allow us to verify if hysteresis is present to allow a decision é&gmm'tz' R.A.; Graziani, K. R.; Hudson, J.L.Phys. Chem 977
between the topological models presented by Masetko et al. in ™" 5y Tymer, 3. 5.; Roux, J.-C.; McCormick, W. D.; Swinney, HPhys.
their paper (Figure 8Il and Figure 8Ill). Otherwise, the results Lett. 1981, 85A 9.
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