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Characteristics of Mn2+-catalysedoscillatlng reaction
between malonic acid and bromate ion have been
studied in different acid media. Dependence of time
of initiation (tin), time period (to) and life time (n.) on
concentration of sulphuric acid, orthophosphoric acid
and nitric acid and on their correspondlng normal
salts have been Investigated. The dependence of time
period, to and life time, rr.on the above acids are similar,
the time period, to, being gfven by an empirical equation
to

=

k [acid]»

The inhibitory role of Na3PO. and KN03 is reported
for the first time. The dependence of time of initiation on [KN031 is ~iven by the equation
tin = k [KN03P + C1
Further the time period of oscillation also increases
with increase of [Na3PO.l and is described by the
equation

TILL
recently chemical oscillations in BelousovZhabotinskii (B-Z) reaction were observed only
in sulphuric acid mediumv+,
Prasad
and coworkers reported
the occurrence
of chemical
oscillations in orthophosphoric acid- and nitric acid"
media as well and observed that the oscillations in
orthophosphoric acid medium differed" from those
in sulphuric acid medium. Oscillations are not
obtained in hydrochloric acid and perchloric acid
media'.
Thus the role of the medium especially
the anion of the acid, seems obvious. Hence
chemical oscillations were studied in different acid
media.
The dependence
of oscillatory
characteristics like time of initiation tin, time period to and
life time tL, on concentrations of sulphuric acid,
orthophosphoric acid, nitric acid, and their corresponding normal salts has now been studied and
the results reported in this note.
Potassium bromate (Baker analysed), manganous
sulphate
(S. Merck, GR), malonic acid (Riedel,
Extrapure), orthophosphoric acid (E. Merck, GR),
sulphuric acid (Basynth, analysed reagent grade),
nitric acid (BDH,AR), trisodium phosphate (BDH,
AR), potassium sulphate (BDH, AR), and potassium nitrate (BDH, AR) were used as such.
[On leave from Giridih College, Giridih, under Teachers'
Faculty Improvement Programme of UGC.

. p,.oce~u,.e- T~e reaction was followed potentiometrically
usmg bright Pt wire as indicator
electrode ·and SeE as reference. The two half cells
were ~o?-nected w~th the help of agar-agar salt bridge
contammg .potas.slUm sulphate, trisodium phosphate
and p,ot.asslUmmtra~e as c.onductIng salts in systems
contal.:ll~g s~phunc
<l:cId, orthophosphoric
acid
and nitric acid as media respectively.
The e.m.f.
of the. system was determined using direct reading
po~entIOmeter. To a solution containing malonic
acid and manganous sulphate in desired acid medium
equilibrated at .desired temperature to within +
0·05° was added potassium bromate solution also
equ~lib~ated at the same t~mperature.
The bright
Pt indicator electrode was Inserted in the reaction
vessel and e.m.f. recorded at varying time intervals.
The e.m.f. of the system was found to decrease with
time. A sudden rise of e.m.f. signalled the onset
of. ?scillatory state. The time elapsed between
mIxmg of all the components of the reaction and
the onset of oscillatory state is referred to as time
of initiation of oscillation, tin. The time interval
between two minima in the e.m.f. vs time plot gives
the time period of oscillation, to. The mean of the
first five agreeing time periods were taken. The
time interval between the onset of oscillation and the
last oscillation gives the life time of oscillation, tL•
The dependence of tin, to and tL on [H2S04], [H3P04],
[H~03]' K2.S0~],~Na3P04J and [KN03J were studied.
TIme of irutiation, tin, IS found to be independent
of [H2SOJ, and [K2SO]4' Dependence of tin on
[H3~04] shows ~ m~imum a~ about 2·85M (Fig. 1).
tin increases
WIth Increase In [Na3P04J. Increase
of [HN03J . leads to decrease in tin' Fig. 2 shows
~n to be. linearly
dependent on [KN03]2 obeying
the relation
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Fig. 1 -:- Dependence of tin on [H3PO.] {[KBr03] = 0·0441\1[;
[malonic acid] = 0'064M;
[MnSO.] = 0·0008M;
temp.
= 40·0 ± O'OSO}

81

I

r
INDIAN J. CHEM.• VOL. 17A. JANUARY 1979

4o,-------------------,

1600r-----------------,
4-l0

[H PO

3

I:

3.0

[HN0 ]
3

120·0

t:.

E

~c

+-

o
2-0 L0-0

-,L,-

10-0

-,-1-,--_---::--'--::--__

20-0
[K N0

J ~(M

3

30·0

80-0

+r:
40-0

c
E

2

~..J

) ~ 10

+

Fig. 2 - Plot of tin against [KN03P {[KBrOa] = O'044M;
[Malonic acid] = O'064M; [MnSO.] = 0-0008M;
[HNOa]
= 3'OM]: temp.= 40·0 ± O'OSO}
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Fig. 4 - Dependence of tt. on [Acid] {[KBrOa] = 0'044M;
[Malonic acid] = 0-064M;
[MnSO.] = 0'0008M;
temp.
= 40-0 ±O-OSO}
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Fig. 3 - Plot of log to against log [Acid] {[KBr03] = 0'044M;
[Malonic acid] = 0'064M;
[MnSO.] = 0'0008M;
temp.
= 40'0 ± O'OSO}

where k = 0·024 min mol-2 litre»: and C = 2·97
min.
Dependence of to on [H2S04], [HaPO,] and [HNOaJ
are similar.
The plots of log to against log [H2S04],
(ref. 4,8), log [HaP04] and log [HNOa] respectively
are linear (Fig. 3) satisfying the equations

to = k1[H2S04]-1.0
to = k2[H3P04]-2.5
to = k a [HNO a ]-0.75
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Fig. S - Dependence of tt: on [NaaPO.] {[KBrOa] = 0'044M;
[Malonic _acid] = 0-064M;
[HaPO.] = 2'67M;
[MnSO.]
= 0-0008M; temp.= 40·0 + O-OSO}

... (4)

where kl = 20·0 sec mol Iitre", k2 = 347·0 see mo12.5
litre-2•5 and k3 = 26·9 sec molMS litre-0•7s.
The time period. to. does not vary much with
~KNOa] .or [K2S04]
but increases
markedly
with
increase m [Na3P04],
the data obeying Eq. (5)

to = k'[N a3P04]2+C'

'" (5)
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In Eq. (5) k' = 31-1 see mol-2 litres and C'= 12·0
sec.
Dependence
of life time of oscillation,
tL• on
[H2S04],
[H3P04J
and [HN03J shows maxima in
ea~h case occurring at 1·0M in the case of sul ph uric
acid, 2·75M in the case of orthophosphoric
acid
and 3·5M in the case of nitric acid (Fig. 4). Life

/
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NOTES

time of oscillation is found to be independent of
[K2S042 and [KNOa]. But ti.. though remaining
nearly constant up to 0·4M Na3P04, decreases
drastically
when [Na3P04]
is increased further
(Fig. 5).
Dependence of tin on [KNOa] and [NaaPO(] clearly
sho~~ ~h~ir inhibito.ry ~ole in the reactions leading
to initiation of oscillations. N a3P04 also inhibits
reaction steps leading to complete reaction cycle
as increase in [Na3P04J increases the time period,
to' Further life time, tL, is maximum at optimum
acid concentrations.
It seems under extremely
divergent acid concentrations
one or the other
component reactions are inhibited.
The authors thank Prof. H.C. Mishra for facilities
and Dr G. S. P. Verma for helpful discussions. One
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Evidence for the direct reduction of potassium
bromate by cerous sulphate has been furnished by
potentiometric method, The reduction products vary
with medium chosen. In l'OM sulphuric acid medium
Br(IV), Br(III), Br(II) and Br- are the reduction
products. At higher acid concentrations, forrnation
of Br(lI) and Br- are inhibited whereas at lower acid
concentrations Br(IV) and Br(III) are not forrned.
None of these reduction products are obtained in the
presence of Cl- or in perchloric acid medium. Relevance of these observations to Belousov-Zhabotinskii
reaction is discussed.
tOn academic leave from Giridih College, Giridih, under
teachers' faculty improvement programme.

THE

oscillatory reaction in Belousov-Zhabotinskii
(B-Z) system consisting of potassium bromate,
malonic acid and cerous ion in sulphuric acid medium
(Belousov-Zhabotinskii
reaction) has received considerable attention-.
A plausible mechanism (FKN)
proposed by Noyes and coworkers=" assumes the
reduction of BrO; by Bra giving successively HBr02'
HOBr and Br2 followed by the bromination of
malonic acid as essential stages of reactions just
prior to tile onset of oscillations.
The mechanism
further assumes no direct reduction of Br0:i by
either Ces+ or malonic acid. However, oscillations
in B-Z system are observed even when the reaction
mixture does not initially contain bromideiont+.
Thus the substance responsible for reduction of Br0:i
is absent in B-Z system having no Br-. Hence the
FKN mechanism is unable to explain the initiation
of oscillation in such systems.
Further, the characteristics
of oscillations like
time of initiation, tin, time period, to and life time
of oscillations, tL depend on the nature of the
medium+". The Ce3+ or Mn2+ ion catalysed reactions
show life time maximum in 1·0M H2S04, Oscillations
do not occur outside the range of 0·25M to 3·0M
H2S04, Further oscillations do not occur in perchloric acid medium or in the presence of Cl" ion",
Thus the problem of reduction of bromate and the
role of medium seems obvious. Hence a detailed
study of reduction of bromate by cerous ion in
sulphuric acid solutions of various concentrations,
in perchloric acid medium and in the presence of
chloride ion has now been undertaken to identify
the possible reduction stages in these media.
Potassium
bromate
(Baker analysed),
cerous
sulphate (BDH, LR) and sulphuric acid (Basynth,
analysed reagent grade) were used as such.
Procedure - Potentiometric redox studies between
potassium bromate and cerous sulphate solutions
were undertaken
in sulph uric acid of various
concentrations,
in perchloric acid medium and
in sulphuric acid medium containing chloride ion.
The system containing potassium bromate solution
with a bright Pt wire constituted the half-cell of
the potential probe, the other being SCE. The
two half-cells were connected through K2S04!agaragar salt bridge. Potassium bromate and cerous
sulphate solutions kept in separate vessels were
equilibrated
at the same temperature
with an
accuracy of ± 0'05°.
Increasing volumes of cerous
sulphate solutions were added to a fixed volume
of potassium bromate solution and allowing the
solution to stand for 8-10 min. so as to complete
the reaction (Kasperek and Bruice? observed the
reaction between KBr03/and Ce3+ to be slow requiring some 3 to 4 min for its completion) and then
corresponding e.m.f. values were noted down. With
the addition of first few drops of cerous sulphate
solution unstable e.m.f. was obtained which required
some time to stabilize.
But after the addition of
about 1·0 ml of cerous sulphate solution (corresponding to one-fifth the volume required for the
first stage reduction) the e.m.f. recorded stable
values which were then plotted against the volume
of cerous sulphate solution added. The inflexion
points gave the stoichiometry of the redox reactions
and so the possible reduction steps of bromate.
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