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The effect of acetone on temporal oscillations and spatio-

temporal patterns occurring in the ruthenium-catalyzed

Belousov-Zhabotinsky (BZ) reaction was investigated in a

closed batch system. The periods of temporal oscillations and

waves significantly decrease with increasing acetone concen-

tration. At low concentrations of acetone (0.01-0.05 M), regu-

lar wave patterns are observed with prolonged lifetime of both

temporal oscillations and waves. However, for higher concen-

trations (0.10-1.00 M acetone), the duration of the oscillatory

phase is shortened and irregular patterns are formed. The pho-

tosensitivity of waves of the Ru(bpy)2+
3 -catalyzed BZ reaction

remains the same for all acetone concentrations. The results are

discussed in terms of proposed reaction mechanism.

1 Introduction

aDepartment of Chemistry, Faculty of Science, Mahidol University, Rama

6 Road, Bangkok 10400, Thailand. Corresponding author e-mail: on-

uma.khe@mahidol.ac.th
bInstitut für Experimentelle Physik, Otto-von-Guericke-Universität,

The main feature of the BZ reaction is the oxidation of an

organic compound, such as malonic acid, by bromate under

acidic conditions in the presence of a metal ion catalyst, e.g.,

ruthenium.1–3 This reaction can exhibit both temporal oscil-

lations and spatial pattern formation in the form of chemical

waves, which occur when the system is far from its thermo-

dynamic equilibrium state.4,5 The typical reactor employed for

studying the chemical oscillations is a closed batch reactor, in

which all of the reagents are mixed under continuous stirring

without addition of reagents or removal of the reacting solu-

tion.4 Since the reactants are consumed, the system has a lim-

ited lifetime of the oscillations. The reaction lifetime is also

limited by the accumulated Br2, which is known to inhibit the

BZ reaction.4 Br2 can be removed by stirring the reaction solu-

tion or by bubbling an inert carrier gas.6 Another method to re-

move the Br2 is by addition of ketones, such as acetone, methyl

ethyl ketone, methyl propyl ketone, or methyl isobutyl ketone,

to the BZ reaction.7–9

Acetone is one of the most widely used compounds as a Br2

remover for the BZ reaction. For example, it was employed

in the BZ system with an organic compound that is not readily

brominated, i.e., oxalic acid.10 In such systems, the amount of

Br− is controlled by Br2 hydrolysis. In the original BZ reac-

tion employing malonic acid, increase of the acetone concen-

tration extended the time for reaching the crucial concentration

of bromomalonic acid, leading to enhancement of the induc-

tion period.7–9 Less malonic acid reacts with Br2 with the ad-

dition of acetone, which results in an increase in the number
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of oscillations. However, the oscillation period remained the

same for acetone concentration in the range 0.00-0.059 M.7–9

Acetone was also employed for removal of Br2 in the bromate-

hypophosphite-acetone-dual catalyst system.11,12 In this sys-

tem, hypophosphite was used instead of malonic acid to avoid

the generation of CO2 bubbles, which interfered with the obser-

vation of waves. The main catalyst used was Mn(II) with either

Ru(II) complex, cerium(IV) or ferroin as the second catalyst.12

Ru(bpy)3SO4 was employed as a secondary catalyst in the pho-

tosensitive system. The system gave long lasting oscillations

and waves (more than 6 hours).11 The system is ideally suited

for studying pattern evolution, since it produces long duration

of patterns for more than 6 hours, no accumulation of gas, and

photosensitivity.11,12 A disadvantage of the system, however,

is the relatively long wavelength of waves, which prevents the

development of large numbers of waves when Petri dish is em-

ployed.12

Although many BZ systems with acetone have been investi-

gated previously, the range of acetone concentration was rela-

tively small (0.00-0.12 M).8–12 In this research this range is ex-

tended to 1.00 M to observe the effect of such large of acetone

on the period of both temporal oscillations and waves. Here we

employ only one catalyst, i.e., the light sensitive Ru(bpy)2+
3 ,

which is simpler than the dual catalyzed BZ system.12 We are

interested in the dynamic parameters, such as period and life-

time and also the photosensitivity of spatio-temporal patterns,

which is important in the study and control of wave dynam-

ics in the long term. The experimental results are discussed

based on the concepts of chemical kinetics and the FKN mech-

anism.1–3,8–10

2 Experimental section

2.1 Temporal oscillations

The temporal oscillations were studied under closed batch

condition. The starting reagents were 0.05 M sodium bro-

mate (Fluka 99%, Switzerland), 0.20 M malonic acid (Fluka

98%, Switzerland), 0.50 M sulfuric acid (Fluka 96%, Switzer-

land) and 1.0×10−4 M tris(bipyridine)ruthenium(II) sulfate.

Ru(bpy)3SO4 was obtained by precipitation from Ru(bpy)3Cl2

(Alfa Aesar 98%, USA).13,14 Concentrations of acetone (Em-

sure 98%, Germany) were 0.00, 0.01, 0.05, 0.10, 0.50 and 1.00

M, respectively. Vapor pressure of acetone at 25◦C is 0.282

atm.15 The final volume of the BZ reagents was 50 ml, which

was transferred into a beaker (100 ml) wrapped with aluminium

foil to protect from ambient light. The beaker was capped with

a cork plug (see EIS 1). The volume of space over the BZ so-

lution is 25 ml. The beaker was placed in a thermostated water

jacket, maintained at 25.0 ± 0.2◦C. The evaporation of ace-

tone was estimated from Raoult’s Law and the ideal gas law.

We found that the calculated evaporation was about 0.01% of

total acetone, which is relatively small. Therefore, under this

physically closed system, the evaporation would not lead to any

significant loss of acetone.

The solution was stirred with a magnetic bar at a constant

rate of 300 rpm. The temporal oscillations were simultaneously

followed with a combination platinum ring indicator electrode

with a silver/silver chloride reference electrode (InLab Redox
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Pro, Mettler Toledo, Switzerland) and a combination bromide

ion selective electrode (HI 4102 bromide combination elec-

trode with a silver/silver chloride reference electrode, Hanna

Instrument, Japan). The internal double junction filling solu-

tion of both reference electrodes was 1 M KNO3 to avoid chlo-

ride ions that can inhibit the oscillations.16,17 The electrodes

were connected to a dual channel pH meter (HI 4212, Hanna

Instrument, Japan). The pH meter was connected to a com-

puter via USB connector. The experimental data were recorded

using the HI 92000 Windows compatible software.

2.2 Spatio-temporal patterns

In the study of the spatio-temporal patterns, the catalyst

Ru(bpy)3SO4 was immobilized in a silica-gel matrix to avoid

hydrodynamic perturbations.18 The mixture of Ru(bpy)3SO4,

H2SO4 and H2O was added drop wise, under continuous stir-

ring, to 2 ml of waterglass solution. Then 3 ml of the solu-

tion was pipetted into a Petri dish (6.99 ± 0.01 cm). After

gelation, the gel was neutralized by covering with 6 ml of 0.1

M H2SO4 solution for 30 minutes and subsequently washed 3

times with H2O. It was kept covered with H2O before starting

the experiment to prevent desiccation. The thickness of the gel

was 0.61 ± 0.02 mm (measured with a micrometer). The BZ

solution (10 ml), consisting of NaBrO3, malonic acid, H2SO4,

and H2O was poured on top of the gel. The volume of air space

over the BZ solution is 21 ml and the calculated evaporation

of acetone is about 0.03%. The concentrations, after pseudo-

equilibrium between liquid and gel, were 0.05 M NaBrO3, 0.20

M malonic acid, 5×10−4 M Ru(bpy)3SO4, and 0.50 M H2SO4.

The acetone concentrations were the same as for the study of

the temporal oscillations in Section 2.1. The temperature was

controlled by using a temperature control unit, in which water

from a thermostat was circulated through a coil of copper tub-

ing. The temperature was maintained at 25.0 ± 0.2◦C. Chem-

ical waves were observed in transmitted light by a CCD cam-

era.13,14 The illuminating light was filtered by a bandpass filter

(310-530 nm) and the illumination intensity was measured by

using a photometer (Newport, 1815-C) placed at the location

of the Petri dish. The ambient (dark) light intensity was 0.12

µW/cm2. Normally, the light intensity was fixed at 47.0 ± 0.5

µW/cm2. However, in one experiment the light intensities were

varied at 10.3, 30.6, 50.9, and 78.2 µW/cm2, respectively, when

investigating the effect of illumination for different concentra-

tions of acetone.

3 Results

3.1 Temporal oscillations

When the BZ chemicals are mixed, the color of the solution

alternately changes from orange to green (reduced to oxidized

state of the Ru(bpy)2+
3 catalyst); and temporal oscillations are

observed for the potentials of both the Pt electrode and the bro-

mide selective electrode respectively. Typical temporal traces

of the oscillations of the BZ reaction without acetone observed

with these two electrodes are shown in Figs. 1a and 1b, re-

spectively. Initially, the minimum values of the Pt potential de-

creases and then after 30-40 min remain almost constant. The

time when the minimum value starts to be almost constant is
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defined as tb. After this time, the system shows regular oscil-

lations of potentials at the Pt and bromide selective electrodes

(see the inset of Fig.1). The interval between data points in the

inset is 1 s. The amplitude of temporal oscillations decreases

with time and the system finally reaches its equilibrium, when

the oscillations ceases.

The period of the temporal oscillations (Tto), oscillation life-

time (Lto), and oscillation number (Nto) can be determined

from the potential data of the Pt electrode. Tto, which is the

main dynamical parameter of oscillations, is defined as the time

interval between two consecutive peaks. The threshold value of

0.6 × (Vmax - Vmin) + Vmin is employed for the peak potential,

where Vmax and Vmin are the maximum potential and minimum

potential of each peak. Because Tto decreases with time, the

characteristic value of Tto is averaged after tb, as established

in the time interval 45-55 min. For example, Tto of the exper-

imental data in Fig. 1 over the time interval 45-55 min is 63

± 1 s. Lto is defined as the time interval between the start and

the cessation of oscillations. The oscillations are considered to

cease, when the amplitude of the potential is less than 2% of

the amplitude at tb. Lto of the recipe without acetone in Fig. 1

is 491± 13 min. However, since Tto is not constant in time, Tto

and Lto are not sufficient to characterize the overall dynamics

of oscillations. Another parameter that describes the oscilla-

tion dynamics is Nto, which is the number of oscillation peaks

counted from the start to the end of oscillations. Nto for the

system without acetone is 756 ± 21 (mean and range of two

experiments).

The effect of acetone on the temporal oscillations of the bro-

Fig. 1 Temporal trace of oscillations observed in the

ruthenium-catalyzed BZ reaction without acetone at the Pt electrode

(a) and a bromide selective electrode (b). Initial concentrations: 0.05

M NaBrO3, 0.20 M malonic acid, 1.0×10−4 M Ru(bpy)3SO4, and

0.50 M H2SO4. The inset shows expanded scale of both potentials.

The time interval between data points is 1 s.
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Fig. 2 Effect of acetone concentration on the temporal oscillations of

bromide concentration, for (a) 0.00, (b) 0.05, and (c) 0.50 M acetone.

Fig. 3 Effect of acetone on (a) oscillation period Tto, (b) oscillation

lifetime Lto, and (c) oscillation number Nto, as a function of acetone

concentration. Initial concentrations: 0.05 M NaBrO3, 0.20 M

malonic acid, 1.0×10−4 M Ru(bpy)3SO4, 0.50 M H2SO4. Each data

point is mean of 2 experiments.

1–?? | 5

Page 5 of 13 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



Fig. 4 Effect of acetone on the duration time of the three segments of

an oscillation cycle (see inset). The filled circles, filled triangles and

filled squares are the times of segment AB, BC and CA, respectively.

Each data point is mean of 2 experiments.

mide concentration is shown in Fig. 2. The bromide con-

centration for each acetone concentration can be calculated

from a calibration curve between potential V (in mV) and bro-

mide concentration [Br−] (in M) with V = 51.85 ± 1.54 ×

(log(1/[Br−])) - 131.93 ± 4.79 (r2 = 0.99). The amount of

bromide significantly decreases with increasing acetone con-

centration. Figure 2 shows that for 0.05 M acetone the lifetime

of the oscillations is the longest. From the insets, one can see

that the oscillation period Tto decreases with increasing acetone

concentration.

Figure 3 is a plot of Tto (a), Lto (b) and Nto (c) as a func-

tion of acetone concentration. Tto decreases with increasing

acetone concentration, steeply at the beginning and becoming

linear with increasing concentration. Addition of small amount

of acetone (0.01- 0.05 M) to the BZ reaction extends the life-

time of oscillation Lto and also increase the number of oscil-

lations Nto. However, Lto and Nto decrease, when the acetone

concentration is increased (0.10-1.00 M). From the experimen-

tal results in Fig. 3, the longest lifetime of oscillation and the

highest number of oscillations is observed for the acetone con-

centration of 0.05 M.

The effect of acetone on the profile of an oscillation cycle is

depicted in Fig. 4. The concentration of Br− as a function of

time for the condition without acetone is used as an example for

characterizing the duration of the various processes of a single

oscillation (see inset of Fig. 4). The temporal oscillations in

one cycle can be divided into 3 processes. The first step (AB)

is the decrease of [Br−] from level A to level B, at which the

concentration of Br− sharply decreases to level C (step BC),

due to the oxidation of the catalyst. Subsequently, Br− is re-

generated and its concentration increases back to level A (step

CA). We found that the duration of step AB decreases with in-

creasing acetone concentration, whereas the durations of BC

and CA are approximately constant in the range of low acetone

concentration, up to 0.50 M.

3.2 Spatio-temporal patterns

In this section, the effect of acetone on the dynamics of waves

in the ruthenium-catalyzed BZ reaction is investigated. A sum-

mary of spatio-temporal patterns observed under addition of

acetone is presented in the series of images in Fig. 5. The wave

formation can be qualitatively divided into two types, the pre-

dominantly regular (Figs. 5a-5c) and irregular (Figs. 5d-5f)

wave patterns. These chemical waves appear spontaneously af-
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Fig. 5 Spatio-temporal patterns of regular waves (a-c) and irregular waves (d-f) under the variation of acetone concentration: (a) 0.00, (b)

0.01, (c) 0.05, (d) 0.10, (e) 0.50, and (f) 1.00 M. Initial concentrations: 0.05 M NaBrO3, 0.20 M malonic acid, 0.50 M H2SO4, 5.0×10−4 M

Ru(bpy)3SO4. Symbol + indicates the measuring point for period determination. Arrows indicate locations where wave fronts break.

Numbers are time in second.
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ter pouring the BZ solution on to the gel (see first column of

Fig. 5). The oxidation waves of Ru(bpy)3+
3 appear as bright

fronts on a dark background. For 0.00 - 0.05 M acetone (Figs.

5a-5c), the target patterns and small wavelets with open ends

develop into spiral-shaped waves (see second column). The

spiral waves annihilate each other and finally only the higher

frequency spiral dominates (third and fourth columns). This

rotates until a front breaking occurs at the location indicated by

an arrow (fifth column). Such breaks finally invade most of the

observation area (sixth column).

With further increase of acetone concentration (0.10-1.00

M), the formation of waves becomes different (see series of

images of Figs. 5d-5f) as compared to the previous conditions

(0.00-0.05 M). Many small wave segments with open ends de-

velop initially (see first column) to form small rotating spirals

and eventually irregular wave patterns consisting of many small

spiral waves (see second column). The irregular wave patterns

become regular with time, when the higher frequency spirals

dominate. Subsequently, the dynamics of wave formation is

similar to the first group of wave patterns.

The lifetime of waves (Lsto) is defined as the time interval be-

tween first appearance of the wave and the aging of wave fronts,

which is the time when the area of the front breaking is ca. 5

mm2. Lsto for 0.00, 0.01, 0.05, 0.10, 0.50, and 1.00 M acetone

is 268±7, 276±5, 346±8, 260±6, 235±6, and 227±6 min, re-

spectively. The longest lifetime was observed, for acetone at

the concentration of 0.05 M. This result is consistent with the

experimental finding for temporal oscillations (see Sec. 3.1).

The wave period (Tsto) is defined as the time between the

Fig. 6 Comparison between the period of waves Tsto (filled squares),

and the period of temporal oscillations Tto (open squares), as a

function of acetone concentration. Each data point is mean of 2

experiments.

Fig. 7 Wave period Tsto in the photosensitive BZ reaction with 0.00

M (filled squares), 0.05 M (filled circles), and 0.50 M acetone (filled

triangles). Initial concentrations: 0.05 M NaBrO3, 0.20 M malonic

acid, 0.50 M H2SO4, 5.0×10−4 M Ru(bpy)3SO4, and acetone. Each

data point is mean of 2 experiments.
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passages of two successive wave fronts passing a preselected

measuring point (see crosses in the third column of Fig. 5). It

was determined from the mean of 5 measuring points. Tsto was

evaluated in the time interval 45-55 min, similar to the calcu-

lations for temporal oscillations (Sec. 3.1). For example, Tsto

in Fig. 5a, in time interval 45-55 min, is 40 ± 2 s. The effect

of acetone on Tsto in comparison with Tto is shown in Fig. 6.

The period of both waves and temporal oscillations decreases

with increasing acetone concentration. However, the period of

the waves is much smaller than that of temporal oscillations.

Finally, the photosensitivity of chemical waves was investi-

gated for various acetone concentrations. The variation of Tsto

with light intensity is shown in Fig. 7. Tsto increases linearly

with increasing light intensity for all acetone concentrations.

The slope of the line is an indicator of the photosensitivity of

the system, which is almost the same for all concentrations of

acetone. Therefore, the addition of acetone has only a slight in-

fluence on the photosensitivity of the system. It may be noted

that for a given light intensity, the wave period decreases with

the increasing acetone concentration.

4 Discussion

The experimental results are discussed based on three processes

of the FKN mechanism: process A—the decrease of Br− to a

critical concentration, the generation and consumption of Br2

via the bromination reaction; process B—the autocatalytic re-

action; and process C—the regeneration of Br−.1–3 A summary

of the effect of acetone on the wave period (Tsto) and period

of temporal oscillations (Tto) is shown in Fig. 6. Tsto and

Tto significantly decrease with increasing acetone concentra-

tion. This can be explained by considering the fact that the

increase of acetone concentration decreases the concentration

of Br− (see the decreasing of peaks amplitudes in Fig. 2a-2c).

As the amount of Br− is diminished, the system needs a shorter

time to remove Br− via the process A, and consequently the

period is shortened.

The major role of process A in this context is confirmed by

the results in Fig. 4, where the acetone effects on the duration

of each oscillation process is investigated. The durations for

AB, BC, and CA in the inset of Fig. 4 correspond to the du-

rations in the processes A, B, and C of the FKN mechanism,

respectively. The oscillation period is the sum of these three

time intervals. One sees that increasing the acetone concen-

tration causes a decrease of the duration AB (filled circles in

Fig. 4), whereas durations BC (filled triangles) and CA (filled

squares) remain quite constant. Apparently, acetone strongly

influences and shortens only the time interval AB (process A

in the FKN mechanism). The results agree well with previous

works.8,10

The corresponding reaction mechanism is proposed accord-

ing to Table 1. In our system, a mixed organic substrate (mal-

onic acid and acetone) is presented. Therefore, the competitive

consumption of Br2 via the bromination of both malonic acid

(R7) and acetone (R10) in process A is involved. The enoliza-

tion of malonic acid and acetone is represented by R5-R6 and

R8-R9, respectively. The bromination reactions occur via the

enol form, which is the more favored form for a reaction with

Br2.20
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Table 1 Process A of the FKN mechanism including a mixed organic substrate malonic acid and acetone

Reaction Rate constant Reaction rate Ref.

R1 BrO−3 + Br− + 2H+ → HBrO2 + HOBr k1=2.0 M−3s−1 k1[BrO−3 ][Br−][H+]2 19

R2 HBrO2 + Br− + H+ → 2HOBr k2=2×106 M−2s−1 k2[HBrO2][Br−][H+] 19

R3 HOBr + Br− + H+ → Br2 + H2O k3=2.3×109 M−2s−1 k3[HOBr][Br−][H+] 19

R4 Br2 + H2O → HOBr + Br− + H+ k4=2.0 s−1 k4[Br2] 19

R5 MA → MAENOL k5=3×10−3 s−1 k5[MA] 19

R6 MAENOL → MA k6=200 s−1 k6[MAENOL] 19

R7 Br2 + MAENOL → BrMA + Br− + H+ k7=1.91×106 M−1s−1 k7[Br2][MAENOL] 19

R8 AC + H+ → ACENOL + H+ k8=8.3×10−5 M−1s−1 k8[AC][H+] 10

R9 ACENOL + H+ → AC + H+ k9=21.3 M−1s−1 k9[ACENOL][H+] 10

R10 Br2 + ACENOL → BrAC + Br− + H+ k10=1.03×107 M−1s−1 k10[Br2][ACENOL] 10

Abbreviations: MA≡CH2(COOH)2, MAENOL≡(HOOC)CH=C(OH)2, BrMA≡BrCH(COOH)2, AC≡CH3COCH3, ACENOL≡CH2=COHCH3, BrAC≡BrCH2COCH3

The results in Fig. 3 show that adding a small amount of

acetone (0.01-0.05 M) can prolong the lifetime of temporal os-

cillations (Lto) and increase the oscillation number (Nto) (in-

crease of Lto and Nto in Fig. 3b and 3c for 0.01 M ≤ [acetone]

≤ 0.05 M). In the presence of the competitive consumption of

Br2 it can be expected that the removal of Br2 (source of in-

hibitor Br−) is enhanced and therefore the oscillation lifetime

is prolonged. However, this is valid only for a certain range of

acetone concentration. Let us consider the effect of acetone on

the oscillations as a whole from the results for lifetime Lto and

oscillation number Nto in Fig. 3b and 3c, respectively. Adding

a small amount of acetone (0.01-0.05 M) enhances both Lto and

Nto. On the other hand, further increasing the acetone concen-

tration (0.10-1.00 M) results in a decrease of Lto and Nto. This

finding indicates a disadvantage, because adding large amounts

of acetone (>0.05 M) makes the system deficient of Br2 and

consequently Br− to create favorable conditions for oscilla-

tions. It suggests that a balance between the production of Br2

and its consumption is important to get the longest lifetime of

oscillations.

The curves in Fig. 6 indicate that the period of the tempo-

ral oscillations Tto under stirring (open squares) is longer than

the period of the unstirred wave pattern Tsto (filled squares) for

all acetone concentrations, although their trends are the same.

To explain this result, one should focus on the stirring effect,

because it constitutes a major difference between temporal os-

cillations (stirred system) and waves (unstirred system). In an

additional study, the effect of the stirring rate on the temporal

oscillations in the used recipe excluding acetone was investi-

gated (ESI 1). There is a linear relation between Tto (unit of s)

and stirring rate (unit of rpm):

Tto = 0.05±0.01 *stirring rate + 45.50±3.02 (r2 = 0.94).

This relation suggests that Tto under the non-stirred condi-

tions equals 45.50 s. The value is close to the unstirred Tsto in
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the recipe without acetone (40±2 s). Based on this linear rela-

tion, at the stirring rate of 300 rpm, which corresponds to the

stirring rate in Fig. 6, Tto is equal to 60.50 s. This value is con-

sistent with the oscillation period Tto = 63±1 s found without

acetone (Fig. 6). Therefore, the period of temporal oscillations

is larger than that of waves because of the stirring effect. Since

the system is physically closed, the produced Br2 gas, evapo-

rating and accumulating above the BZ solution, can be redis-

solved into the solution. The redissolving of Br2 is enhanced

by stirring, as shown in supplementary result (EIS 1), where the

concentration of inhibitor Br− increases with increasing stir-

ring rate. It is thus plausible that the concentration of Br− in

the temporal oscillation (stirred) is larger than that of the wave

formation (unstirred). Consequently, for temporal oscillation

the system takes longer time to remove Br− via the process A.

Therefore, the period Tto is larger than Tsto.

In this work we have observed irregular patterns in the BZ

system, when using high acetone concentrations (0.10-1.00 M),

as shown in the second column of Figs. 5d-5f. These irregular

patterns may occur due to inhomogeneities in the system.21 We

suspect that BrCH2COCH3, which is a product from the bromi-

nation of acetone and poorly soluble in H2O (the solvent of the

BZ solution), may cause such inhomogeneities in the system.

As the produced BrCH2COCH3 is poorly dissolved in H2O, it

forms an emulsion in the BZ solution. It can sink in the BZ

solution because its density (1.634 gcm−3) is higher than that

of H2O. Moreover, it can produce Br− via the reaction shown

as follows11:

Ru(bpy)3+
3 + BrCH2COCH3→ Br− + other products R11.

The BZ solution with variation of acetone concentration was

investigated additionally for detecting BrCH2COCH3 in each

condition (ESI 2). The BrCH2COCH3 content was detected

by using a 1H-NMR spectrometer. For the BZ solution with a

small amount of acetone (0.05 M), no characteristic peak of

BrCH2COCH3 is observed. However, peaks appear at 3.90

(ppm, 2H) and 2.38 (ppm, 3H) in case of a large amount of ace-

tone (0.10 and 0.50 M) (see EIS 2). Therefore, BrCH2COCH3

is observed in the BZ solution with high acetone concentration.

When the BZ solution is pipetted onto the catalyst gel sur-

face, BrCH2COCH3 sinks and covers the gel surface. This

causes the inhomogeneity on the surface. Moreover, it pro-

duces inhibitor Br− locally via the reaction with Ru(bpy)3+
3

(R11). This may result in the breaking of wave fronts and the

occurrence of many small wave segments with open ends. Such

wave segments subsequently transform into the irregular wave

patterns. However, the detailed mechanism has not been inves-

tigated in this work.

As shown in Fig. 7, the wave period (Tsto) increases lin-

early for all acetone concentrations, when the light intensity

increases. For the Ru(bpy)2+
3 -catalyzed BZ reaction, the illu-

mination mainly affects the Ru(bpy)2+
3 , which leads to the pro-

duction of Br−.22,23 The amount of Br− increases with the en-

hancement of the illumination intensity.22–25 As a result of the

increment of Br− production the system takes a longer time to

remove Br− via the process A. Therefore, Tsto increases with

increasing of the light intensity. Moreover, the photosensitivity

of the system represented by the slopes of the graphs in Fig. 7

is constant for all concentrations of acetone. This suggests that
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addition of acetone does not interfere with the photosensitivity

of Ru(bpy)2+
3 -catalyzed BZ reaction.

5 Conclusion

Our experimental results demonstrate that the periods of tem-

poral oscillations and waves are significantly shorter, when the

acetone concentration is increased. Our detailed study about

the effects of acetone on the duration of each oscillation pro-

cess shows that acetone is involved in the process A of the FKN

mechanism. In this process, the competitive consumption of

Br2 via the bromination of both malonic acid and acetone plays

an important role regarding the lifetime of temporal oscillations

and waves. Adding small amounts of acetone (removal of in-

hibitor Br−) improves the lifetime. However further increasing

the acetone concentration (deficient of Br−) results in the de-

crease of the lifetime. This suggests that a balance between the

production of Br2 and its consumption is important to achieve

the longest lifetime of temporal oscillations and waves. The

study on the effect of acetone on the photosensitivity of waves

in the Ru(bpy)2+
3 - catalyzed BZ reaction shows that acetone

does not affect the photosensitivity of this system. Therefore,

this system should be useful for long term study and control of

the wave dynamics by light. The results of the effect of ace-

tone on the wave patterns show that the regular wave patterns

are formed for addition of small amount of acetone, whereas ir-

regular ones are observed on adding larger amount of acetone.

NMR data suggest that the inhomogeneity on the catalyst gel

surface is caused by bromoacetone which is responsible for the

breakup of the chemical wave fronts, resulting in the occur-

rence of the irregular wave patterns.
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