Self Oscillatory Belousov—Zhabotinsky Systems 1863

STUDY OF SELF OSCILLATORY BELOUSOV-ZHABOTINSKY SYSTEMS
UNDER THE PERTURBATION OF EXTERNAL EMF

VenkatanarayanamyALAKSHMI , Natesan BLASUBRAMANIAN
and RenganathanaRIASWAMY *

Department of Chemistry, Indian Institute of Technology, Madras 600 036, India;
e-mail: ! rry@chandra.iitm.evnet.in

Received September 29, 199
Accepted September 5, 199

An examination of the current and potential oscillations in the self oscillatory Belousov—Zhabot
system under the application of external EMF is presented for the first time. The system in
Mn(ll) as the metal ion catalyst and malic acid/citric acid/malonic acid as the substrate. Ex
EMF shifts the oscillatory profile to the higher potential range by the magnitude of applied |
The amplitude of current oscillations increases with the magnitude of external EMF. The beh
of the system with and without a complexing agent (tetrasodium pyrophosphate) is rationali
terms of individual steps involved in the overall reaction.
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Oscillatory reaction in the Belousov—Zhabotinsky (B—Z) and Briggs—Rauscher (L
systems has been investigated employing different experimental techniqliee os-
cillatory behaviour of systems involving the dissolution of metal in a suitable mediun
also been presented and discu$ssdvell as a detailed investigation of the B~Z and B
systems employing the potentiometric followup of the reagfioA critical examin-
ation of the current and potential oscillations at different compositions of the ree
mixture provided valuable information regarding the course of the re&cTioa result-
ing conclusions have been discussed in the light of the generally accepted mecl
of oscillatory systenfs. Chaotic and aperiodic oscillations have been reported for
B—Z system with malonic acid as the substiate

In this paper we present the study of current and potential oscillations in self os
tory B—Z system under the application of an external EMF. The oscillatory beha
of the system with malic acid, citric acid or malonic acid as the substrate and Mn(
the catalyst is presented.

* The author to whom correspondence should be addressed.
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EXPERIMENTAL

Experiments were carried out under batch conditions. All the chemical used were of analytical
and used without further purification. Sulfuric acid, malic, citric or malonic acid, and catalyst
used from the stock solution. The solution was kept well stirred and thermostatted & B8C in
a polythene beaker. In this solution an external EMF of 100 and 200 mV was applied betwe
platinum foil electrodes from a DC power source. The addition of potassium bromate as the las
ponent triggered off the oscillations. Batch conditions were maintained whereas no extra com
was added during the experiment. The total volume of the solution including the last compone
kept constant at 25 ml in all experiments. Current and potential oscillations of the system w
corded simultaneously under the same experimental conditions Xytaacorder (Siemens Compen
sograph).

While potential oscillations were recorded between the platinum os@ective electrode and e
saturated calomel electrode (SCE), current oscillations were recorded between two platinum fo
trodes with the area of 80 mdrand an inter electrode distance of 5 mm.

RESULTS AND DISCUSSION

Malic Acid—Bromate System

The current and potential oscillations of malic acid—bromate system under the c
tions indicated in Table | are characterised by a frequency of 0.93. ffilre potential
response of the platinum electrode is given by the relative magnitude of the exc

TaBLE |
Current () and potential E) oscillatory behaviour of malic acid; system: 0.@5KBrOs, 1.0 m
H,S0O,, 0.05m malic acid, 0.0051 MnSQ,; temperature 3@ 0.1°C

Measuremen External Frequency of W Duration of

EMF oscillations Base value Peak value Amplitude oscillations
t ) number .

\% min min

E 0 0.93 0.780 V 0.940V 0.160 V 1.08 215
| 0 0.93 OpA 5 pA 5 pA 1.08 215
E 0.100 0.90 0.880 V 1.040V 0.160V 1.12 29.0
| 0.100 0.90 10pA 67.5 JA 57.5 pA 1.12 29.0
E 0.200 0.90 0.980 V 1140V 0.160 V 1.12 29.0
I 0.200 0.90 20pA 100 pA 80 pA 1.12 29.0
E (with 0.100 0.71 0.840 V 1.000V 0.160V 1.40 21.0
0.005m
TSPP)
| 0.100 0.71 2QA 70 A 50 pA 1.40 21.0
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current density and the concentration ratio of redox couples involved. Since the
of exchange current density of both Mn(ll1)/Mn(ll) and,Mr~ redox couples are com
parable (16 A cm™), the potential will be driven by the concentration ratio of t
redox couples. The potential range of oscillations 0.780-0.99€9SCE indicates con-
tribution from both the redox couplas. for Mn(ll)/Mn(ll) E° = 1.27 V and for
Br,/Br- E°= 0.82 Vvs SCE. The potential range of the right side shoulder observe
the oscillatory profile recorded with the platinum electrode at 0.780-0.8%5CE is

close to theE® value of Bi/Br~ redox couple. Apparently it corresponds to the contril
tion from BL/Br~ redox couple. The higher potential range of oscillations is driver
Mn(l1)/Mn(11) redox couple. This observation is further supported by the simultane
recording of potential oscillation by platinum and bromide selective electrode
shown in Fig. 1. The shoulder portion of the oscillations recorded with platinum
trode (Fig. 1a) exactly matches with the downward portion of the oscillations recc
with Br~ selective electrode (Fig. 1b). In case of current oscillations one canno
ferentiate the right side shoulder as in the case of potential oscillations. Howeve
is possible by means of the application of external EMF between the two plat
electrodes. External EMF increases the amplitude of the current oscillations by er
ing the production of bromine as well as the oxidised form of the metal ion involve
the following reactions.
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Fe. 1
Oscillatory behaviour of malic acid—bromate system. Concentration conditionsu K&80O3, 1.0 M
H,S0O,, 0.05m malic acid, 0.0051 MnSQ,. Potential oscillationsE) recorded using Pt electrode;
b Br selective electrodes SCE;c current oscillationslj monitored using two Pt foil electrodes
time t
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HBrO, + Br + H* = 2 HOBr 0
HOBr + Br + H* ——= Bp + H,0 @
HBrO, + BrG; + HY —— 2BrQ + H,0 (©)
BrO, + Mn™ + H* ——= HBrg, M+ )

The influence of external EMF on the amplitude of current oscillations as well
the amplitude of the shoulder is shown in Figs 2 and 3. Initially, the amplitud
oscillations is very large. However, the system stabilises after about five minute
its amplitude tends to decrease gradually. This contrasts with the behaviour of th
tem without the application of external EMF characterised by uniform amplitud
oscillations. In the case of potential oscillations, however, the application of an ex
EMF shifts the oscillatory profile by the magnitude of applied EMF. The influenc
complexing agent has also been studied. Addition of tetrasodium pyrophos
(TSPP) as the complexing agent stabilises both Mn(ll) and Mn(lll) to different ext
Therefore both base and peak potentials persist for a longer time which result
decrease of the oscillation frequency. The addition of TSPP increases the amplit

a
1.04 A
ped Y
0.96 U\M\ -
0.881 ‘ ‘ ‘ S
0 5 10 15 25
lOO - T T T |
b
I, pJA
80| .
60 ft -
Fic. 2
40 5 Oscillatory behaviour of malic acid—bromate sy
tem under the application of 100 mV extern:
20l EMF. Concentration conditions: 0.0b6 KBrOg,
1.0m H,SO,, 0.05m malic acid, 0.0051 MnSO,.
a Potential oscillationsE) recorded using Pt elec-
Oo 5‘ l‘o 1:5 2'5 trode vs SCE; b current oscillations!f measured

t, min between two Pt foil electrodes time t
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the shoulder which is predominantly controlled by/Br (Fig. 4). Due to the presenc
of TSPP, step 4 is suppressed and consequently steps 1 and 2 become predc
Increased production of bromine is in turn responsible for the increase of the rigk
shoulder amplitude.

Citric Acid—Bromate System

The current and potential oscillatory profiles of citric acid system under the conce
tions given in Table Il are characterised by a frequency of 1.87'nmiiheir potential
range of 0.600-0.840 Vs SCE indicates a mixed control by both the redox cour
Mn(l11)/Mn(Il) and Br,/Br—. The potential range of citric acid system is lower compa
to that of the malic acid system. This can be well understood in terms of the follc
steps involved in the overall reaction:

TasLE Il
Current () and potential &) oscillatory behaviour of citric acid; system: 0.05KBrO;, 1.0 m
H,S0O,, 0.05m citric acid, 0.0054« MnSQy; temperature 3@ 0.1°C

Measure- External Frequency of Wave Duration of
EMF oscillations Base value Peak value Amplitude oscillations
ment ) number .
\% min min
E 0 1.85 0.600 V 0.840V 0.240V 0.54 15.0
E 0.100 1.89 0.700 V 0.940V 0.240V 0.53 17.0
| 0.100 1.89 12.504A  67.5 PA 55 pA 0.53 17.0
E 0.200 1.89 0.800 V 1.040V 0.240V 0.53 17.0
| 0.200 1.89 30pA 100 pA 70 pA 0.53 17.0
150 —
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Current oscillatory behaviour of malic acid—bro- N K{ L‘ Il | JL‘ “ | ‘}l f h ' |
mate system under the application of 200 mV of 30 [ U ‘J f‘\\w\\\”\u\ﬁ\‘/\ R i KEE
external EMF. Concentration conditions: 0.Q5 \JV i | | Uy \1 [ Q\J ISR
KBrOg, 1.0m H,SO,, 0.05m malic acid, 0.0054 10 ! 1 Lod !
MnSO, 0 5 10 1522 ztsminzg
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S + B, — Bii$ + Br + H" (5)

S + MMt ——= M™ + H' + P, 6)

where S is substrate (malic, citric or malonic acid)3Bs brominated substrate and
is product.

Citric acid and malic acid do not undergo direct bromination. Citric acid is oxid
to acetone dicarboxylic acid, which can undergo facile bromination with its two a
methylene groups leading to the formation of pentabromoacetone as the final pr
Malic acid undergoes oxidation to oxalacetic acid. Its single active methylene grc
involved in the bromination stép Thus, in the citric acid system there is an enhan
consumption of bromine leading to decrease in the potential range of oscillation
application of external EMF has very similar effect to that for malic acid system.
prominence of the shoulder characteristic for bromine in the current profile is al
consequence of higher reactivity of citric acid (Fig. 5) compared to malic acid.

Malonic Acid—Bromate System

In the malonic acid system the frequency of potential and current oscillations und
concentrations indicated in Table Ill is the same (1.5 hiThe potential range of
oscillations 0.750-0.945 Vs SCE indicates mixed control by both the redox coup
Mn(l11)/Mn(Il) and Br,/Br~. The presence of active methylene group in malonic &
facilitated direct bromination unlike in case of malic acid and citric acid. The beha
of the system under the influence of external EMF is similar to that with the othe
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substrates. Thus, the conclusions already drawn on the nature of the processes

firmed by the behaviour of the system with malonic acid as the substrate.

CONCLUSION

The study of Belousov—Zhabotinsky system under the influence of external EMF
Mn(ll) as the catalyst and three different substrates provides valuable informatic
garding the course of the reactions. The application of external EMF shifts the pot

range of the oscillations to the higher potential range by the extent of magnitude

applied EMF. However, the amplitude of current oscillations increases with th
crease in the magnitude of applied EMF. The behaviour of the system can be |
stood in terms of individual steps involved in the mechanism of the overall reacti

TasLE Il

Current () and potential E) oscillatory behaviour of malonic acid; system: 0XBrOg, 1.0 m
H,S0O,, 0.05m malonic acid, 0.00 MnSQy; temperature 3& 0.1°C

Measure- External Frequency of W Duration of
EMF oscillations Base value Peak value Amplitude oscillations
ment ) number .
\% min min
E 0 1.49 0.750 V 0.945 VvV 0.195V 0.67 40
E 0.100 1.56 0.850 V 1.050 V 0.200 V 0.64 45
| 0.100 1.56 OpA 50 pA 50 pA 0.64 45
E 0.200 1.69 0.950 V 1.150 vV 0.200 V 0.59 40
I 0.200 1.69 25pA 80 pA 55 pA 0.59 40
T T
100 8
I, pA
80 i
60 | -
FGc. 5 40 ]
Current oscillatory behaviour of citric acid—
bromate system under the application of 200 m i
of external EMF. Concentration conditions:
0.05m KBrOz; 1.0m H,SO,, 0.05m citric ! ‘ ; :
X 0 5 10 15 20
acid, 0.005n MnSQ, t, min
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