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An updated mechanism for the Briggs-Rauscher reaction
(also known as "Iodine Clock" reaction) has been inves-
tigated by the principal component analysis of the rate
sensitivity matrix. The analysis revealed that five re-
actions of the 15-step riodel were redundant. The results
of principal component and of rate-of-production anal-
yses together gave an insight into the basic processes

of the "Iodine Clock” reaction.

CoBpeMeHHbII MEeXaHU3M peakuuu Bpurca-Paymepa (H3BecTHON
TaKKe KakK peakuds '"'MOLHBIX 4acoB'") ObUJl uMccrenoBaH C MO-
MOl B0 npnuuunuanbﬂord KOMIOHEHTHOI'O aHajlu3a MaTpHIb
YYCTBUTEJIbHOCTH peaKuMu. AHAJIU3 [OLTBEpXkHaeT, 4YTo 5
peakuuit U3 15M-CTyneHUaTOH MOLENH MOXHO CUHUTATh U3 -
JMWHAMY . Pe3ynpTaTs aHanu3a NPUHUUMIHAIBHOIO KOMIOHEH=-
Ta W CKOPOCTU HOJIYUeHMUSs BMeCTe JawT Oojiee rnybokue

IPEACTABIECHUS O MEXAaHU3ME peakKUWM ''MOOHBX dYacoB'.

INTRODUCTION

The Briggs-Rauscher reaction [1] (oxidation of malonic acid
by Iog ions in acidic solution in the presence of Mn2+ and H202)
is often used in school demonstrations of oscillating reactions.
This is the famous "Iodine Clock" reaction. Knowledge of the

Briggs—-Rauscher reaction was summarized in the review of Furrow
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TUREHYI: BRIGGS-RAUSCHER REACTION

[2]. Two, almost identical mechanisms were proposed by Noyes
and Furrow [3] and by De Kepper and Epstein [4]. Later Furrow
developed further this mechanism [5] on the basis of new experi-
mental results. Recently he proposed [6] a new rate coefficient
for reaction I; to achieve a better agreement with the experi-
mental observations.

This updated mechanism of the BR reaction was now inves-
tigated by new computational methods for the analysis of com-
plex reaction mechanisms. These methods allowed the identifi-
cation of redundant species [7] and the investigation of the
importance and interaction of reactions by the principal com-
ponent analysis [8] of the rate sensitivity matrix [9]. The ap-
plication of sensitivity methods for the analysis of reaction
mechanisms was reviewed recently [10]. The calculations were
carried out by program package KINAL [11].

REDUCTION OF THE MECHANISM

The mechanism investigated here is given in Table 1.

The values of rate coefficients and their references are:

k, = 3.6x10° [5], k, = 0.0018/[H"1 31, k, = 5x10° (57,

k, = 1430x [TOJI[H'] [3], kg = 240 [51, k, = 0.3/[H"] [5],
k, = 4.2x10°x[10;1H" 3% (63, kg = 1.607x10° [3],

kg = 7.5x10° [31, k= 5x[H,0,] [5], ky;=1.0x10%[mn*"]
[31, k;, = 3.2210%x[H,0,3 [31, k5 = 3.9x107>x(RH] [3],
ki, =91 [31, ko = 9.1x10° [31.

The second column of Table 1 contains the traditional no-
tatién of reaction steps which has been used in the literature
of the Briggs-Rauscher [2] reaction. The mechanism was inves-
tigated in an open system, that is the concentrations of H202,
Io;, H+, H20, Mn2+, and malonic acid (RH) were fixed. A previ-
ously used [3,12] concentration set for the investigation of
the mechanisms of the Briggs—Rauscher reaction was applied:
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Table 1

Mechanism of the Briggs-Rauscher reaction. Reactions marked
by sign "o" are those which are important at reaction times

indicated (see text)

No. of reaction times

1. 1, HOIL + I"+ H » I, + H)0 000000000 O0O
2. 1) I, *HO >~ EOI + 17 + &8 o

3. I2 H102 + I + H +> 2 HOI O 000000 O0O0O0
4. 14 I'+10§+2H++H102+H01 oo o 6000
5. I_, HIO, + HOI ~ I +_1o; : 2 B'

6. I4 2 HIO2 > _HOI : IO3 + H

7. I5 HIO2 + IO3 + H » 2 .102 + Hzg 00000000 O0O0OO0
8. I_5 2 .I02 + HZO > HIO2 + IO; + H 00 0O

9. O2 2 .H02 > H202 + O2

10. Dy HOI + H,0, > I +0,+H' + H,0 0000

i1, Ml .102-+Mn2++-H2O-*HIOZ+Mn(OH)2+ 0 O0OO000O0CCOO0CQC O
12. M, Mn(om 40, .HO, +1n** 4 H,0

13. C3 RH ke enol Q0000000 O0O0OO0
14. C_; enol ~+ RH ©O0000O0O0O0GO0COO
15. C4 I2 + enol + I + RI + HY 0O 0 O0OOO0ODO0OO0OO0ODODO OO

[H,0,] = 1.1 M, [1031 = 0.019 M, [H'] = 0.057 M, [Mn?"1 =0.004 v,
and [RH] = 0.013 M, (171 = 10720 .

After 100 s the solution of the system was very close to
the limit cycle. Therefore, 100 s of the simulation. was chosen
to be the zero time of the investigation and the analysis
was made at the following times: 0.0 s, 10.0 s, 21.2 s (this
was the time when there was a minimum of (I ] and maximum of
lencll), 22.3 s (minimum of [I 1), 23.5 s (max1mum of [HIO ],

[.10,1, [.HO,], and [Mn(0H)2%]), 24.0 s (maximum of [HOI])
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27.1 s (minimum of [enoll, maximum of [I,]), 28.7 s (here [17]
= (171 /2), 31.7 s (ninimum of [HIO,], [.10,], and [Mn(oH)>*]
maximum of [I ]1), 48.3 s (minimum of [HOI]), 56.3 s (minimum of
[.H02]). The aim of the selection of reaction times was that
they had to include all characteristic times and they had to
cover a whole period.

Redundancy of species was investigated by the first method
described in [7], i.e. a species was considered redundant if
the omission of all of its consuming reactions had no signifi-
cant effect on the calculated concentrations of important
species. Our investigations revealed that the calculation of
the concentrations of Mn(OH)2+ and .H02 are not necessary for
the reproduction of 12 and I~ oscillations. All species except
these two redundant ones were considered in the objective func-
tioz of the principal component analysis. Threshold values were
10

surmarized in Table 1, indicated that step 4 was important only

for eigenvalues and 0.1 for eigenvectors. The results,

in the low [H102] stage, while reaction. steps 8 and 10 were im-
portant in the high [HIOzj stage. Reactions 5, 6, 9 and 12 were

Table 2

Comparison of solutions of the original and reduced models.
Concentrations are in M

‘Original RED1 RED2 RED3

Number of species 8 6 5
Number of reactions 15 11 10 8
tperiod 57.4 s 57.4 s 58.5 s 53.3 s

[I”] min. 9.16E-11 9.16E-11 8.69E-11 8.68E-11
[I”] max. 2.03E-05 2.03E-05 2.08E~05 1.96E-05
[I,3 min. 1.58E-07 1.77E-07 1.77E-07 1.77E-07
tIZJ max. 5.30E-05 5.32E-05 5.54E-05 4,.58E-05

238



TURANYI: BRIGGS-RAUSCHER REACTION

point of time

species | 1 2 3 4 5 § 7 8 9 10 11
I- 15/1(3.4) 1073 f1or31 [ 1340 | w1 | 151(34)
I3 1715

HOI (4N 3/10.1 321 3(4)n
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Fig. 1. The most significant producing and consuming
reactions (before and after the slash, respec-

tively) at different reaction times and the

concentration-time profiles of five iodine con-

taining species

redundant and their elimination yielded a reduced model

(RED1)

which gave almost identical solutions to that of the original
model. Step 2 was important only near the 8th reaction time

(28.7 s) and its further elimination (RED2) increase slightly

the period time. This model can be reduced further by assuming
an equilibrium concentration for the enol form (RED3). A com-

parison of the solutions of the original and the reduced models
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is seen in Table 2.

INSIGHT INTO OPERATION OF THE MODEL

A parallel study of the most important producing and con-
suming reactions of the species (see Fig. 1) and of the impor-
tance of reactions at different reaction times (given in Table
1) offered an insight into the operation of the model.

The operation of the Briggs-Rauscher reaction consists of
the cyclic repetition of two stages, characterized by low and

high HIO, concentrations, respectively.

2
Stage 1: I2 is converted into I~ by reaction 15 and I is con-
verted into HIO2 by reaction 4 (28.7 s - 57.4 s; 0 s - 22.3 s,
points 8-11 and 1-3).

Stage 2: The concentration of HIO2 is high and even more HIO2
is produced by reactions 7 and 11: HIO, -~ 2 HIO,. HIO2 prod-
uces HOI in an autocatalytic way by reactions 3 and 10. HOI is
converted into I2 by step 1. (22.3 s = 28.7 s, points 4-7).

7
4 n
I~ | ——2——= [HIOy

I | =————— | HOI

Fig. 2. A summary of the basic processes of the Briggs-

Rauscher reaction
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These reactions, summarized in Fig. 2, can be interpreted

as the cyclic transformations of four iodine-containing molecu-

les. These processes result in a sequence of peaks of the con-

centrations of HIOZ, HOI, 12 and I~ in each period, respective-

ly. The peak concentrations of these species are not equal, be-

cause the iodine content inherent in these compounds is in-

creased by reactions 4 and 7 and decreased by step 15.
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