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Oscillations with lactic acid- acetone as mixed substrate at d1fferent concentrations 
of reactants and temperature have been observed and the effect or these on induction 
period bas been studied. It bas been observed that the onset time can be reduced by 
proper choice or the concentration. 

A large number of organic substrates gives oscilla
tiOns with acidic bromate with appropriate 
catalysts, like Celli, Mnll or Fell etc.1 - 8 • In 

malonic acid sy&tem, when Celli or Mn11 catalyst 
are used, induction period bas been observed, and 
the critical concentration of bromomalonic acid is 
responsible for the oscillatory behaviour. Edelson' 
made some studies on induction period in B- Z 
oscillations. Burger and Kor(h 8 studied B-Z 
systems and observed that chemical oscJ!latlons start 
only after the concentratiOns of BrMA reaches a 
critical value. Rastogi and Prasad 0 studied the 
onset of chemical oscillations in malonic acid 
syf>tem catalysed by Mn11 and the mechanism of this 
reaction has been proposed by Noyes et a/.10• The 
B- z reactions with mixed substrate tartaric acid -
acetone were first reported by Rastogi et a/. 11• 

Much attention, however, has not been paid to the 
studies on induction period using other organic 
compounds as mixed substrates. In this paper, we 
report data on initiation time of Iache acid- acetone 
mixed substrate system and its dependence on 
different concentration parameters. 

Experimental 

The reaction was started by adding KBr08 solu
tion to the mixture of the other components and the 
experimental temperature was 35•. The potential 
of platinum electrode coupled to a calomel electrode 
(concentration of KCI solution, 2.5 x IO-• M) through 
KN08 salt-bridge was measured on a Systronics 335 

of rise in e.m.f. was taken as time of initiation (also 
called mduction period), 1ln· 

Results and Discussion 

The values of induction period at different con
centrations of the various components have been 
shown in Table 1. The concentrations of the 
components, when not varied, were as follows : 
[Lactic acid]= 6.0 X w-sM, (Acetone]= 1.36M, 
[H9 SO,.]= I.5M, [Mn11J= 1.5x IQ- 8 M, [Pyrothos
phate]=2.0xi0-11M, [KBr08 ]=6.0xi0- 11 M. The 
dependence of 11a on temperature is given in Table 2. 

TABI.It 1-D.KP:SNDKNCB OJ! T1n AT DIJ.Ii'BR.~NT CONCBN• 
TRATJONS OJ! VARIOUS COMPONKNTS 

Component Conon. T1n in 

KBtO, 

Lactic aold 

mol dm-• min 

2.0xto-• 
4.0xl0-• 
6.oxw-• 
8.oxw-• 

lO.Oxto-• 
16.0x10-• 

1 ox 10-· 
2.0X 10- 1 

!l.OxiO-• 
5.ox to-• 
7.0x to-• 

to.ox to-• 
HI.Oxl0-1 

Ili.ox w-• 

so.o 
H.O 
liO.O 
57.0 
60.0 
68.0 

92.0 
80.0 
62.0 
55.0 
uo 
85.0 
30.0 
26.0 

digital pH meter followed by continuous recording 1\Inso. o.25x w-• 
0 50 X w-• 
l.Oxto-• 
us x w-• 
2 5x w-• 
!l.Ox 10-• 
5.oxto-• 
8 ox w-• 

72.0 
600 
58.0 
490 
42 0 
28.0 
22.0 
20.0 
18.0 

on x-t recorder (omniscnbe). The experiment was 
repeated at several temperatures. 

Initially the e.m.f. was found to be decreased 
with time. A sudden rise of e m.f. signalled the 
onset of oscrllations. The time elapsed between 
the starting of the reaction and the first occurrence 

JICS-2 

1o.ox w-• 
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(Table 1 contd.) 
l.li 48.0 
2.0 29.0 
2.5 17.0 
8.0 10.0 
9.5 6.0 
1..0 A.O 
u 1.0 

leeton a 0.94 M 79.0 
0.68 M 68.0 
1.96 M 48.0 
2.04 M 87.0 
9.72 M 81.0 
MOM 25.0 
4.08M 20.0 
5.44 M 12.0 

Pyrophosphate 0.5x to-• 48.0 
2.0 x to-• 48.o 
a ox to-• 52.o 
!l.Ox10-• 55.0 
6.0 X 10-• 65.0 
8,0 X to-• '15.0 

TABI.B 2-DSPBNDII:NCB O:i' Tta ON TICMPII:llATURB 

Temp. T1a 
X m~ 

803 
808 
313 
818 

70 
49 
28 
19 

The onset time(s) depends on the concentration 
of the reactants in a systematic manner. From the 
appropriate plots, the following expressions were 
obtained, 

1 1 1 2 2 
1in -15.0x 106 [KBr08 ]+ 106 

456.7 
1in [LA]O•e I 

T, - 6l.Ox to• -14 o to• 
ln- [H.SO&J . X 

T. 100.0 
ln=(MnU]O•Ill 

,! = 1.46x IO-'(Acetone]+1.7x to-' 
-'ID 

Tan=2.6x IO'[Pyrophosphate]+23.5 x 101 

(l) 

(2) 

(3) 

(4) 

(5) 

(6) 

The pyrophosphate is used to alter the reduction 
potential of Mom- Mn11 couple. The onset time 
also depends on temperature according to equation, 

I E 
log Tau =A- 2.303 RT 

where, E is the energy of activation for the reaction, 
the value of which works out to be 16.5 kcal mol- 1 

(69.0 kJ mol-1 ). 
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The results show that the induction period can 
be decreased by appropriate control of the reactant 
concentration and the oscillations can be produced 
almost instantaneously. 

The importance of the presence of acetone in 
causing and controlling these reactions must be 
emphasised. Acetone can react in the following 
ways, 

(a) CH8 COCH8 + HOBr-
CH8COCH1Br+H,O 

(b) CH8COCH8 +Br1--
CH8COCH11Br+Br-+Hi' 

The 'inert Br' in these reactions is CH8COCH 11Br in 
which the oxidation number of bromine is formally 
+I. 

The proposed mechanism for the lactic acid is as 
follows, 

HOBr+CH8CH(OH)COOH-
CH8CHO+C01+H10+H++Br-

Mn9 ++CH8 CH(OH)COOH--i> 
CHaC!H(OH) +C01 +Hi- +Mns+ 

2CH8CH(OH)--+CH8CH1(0H) +CH8 CHO 
CH 8 CH.(OH) +Mn8+ --+ 

CH8CH(OH)+Mn~++H+ 

and the overall reaction is 

HOBr+2CH8 CH(OH)COOH+2Mn8 +---. 
2CH8CH0+2C01 +H10+3H++Br-+2Mnst 
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