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The carbonate ion inhibited aqueous decomposition of ozone was studied by the stopped-flow method at
25.0( 0.1 °C in 0.5 M NaClO4. It was shown that the rate of decomposition sharply decreases and reaches
a limiting value by increasing the carbonate ion concentration. A detailed kinetic model was developed for
the interpretation of the results. The corresponding set of rate constants was calculated by simultaneously
fitting kinetic traces obtained at the absorption maxima of O3 (260 nm), O3

- (430 nm), and CO3- (600 nm).
It was confirmed that the inhibition is mainly due to the removal of two dominant chain carrier radicals, OH
and O3

-, via the following reaction steps: CO3
2- + OH f CO3

- + OH-, k ) (1.0 ( 0.1) × 108 M-1 s-1,
and CO3

- + O3
- f CO3

2- + O3, k ) (5.5 ( 0.5) × 107 M-1 s-1. The kinetically less significant reactions
of other transient species are also discussed in detail. The mechanism gives proper description of ozone
decay, the formation and subsequent disappearance of ozonide ion and carbonate ion radicals, as well as the
concentration change of other intermediates over the pH range 10.7-12.8. The model predicts that ozone
decomposition occurs in a simple first-order process at high CO3

2- concentration, in agreement with the
experimental data.

Introduction

The extreme oxidizing power of ozone is frequently utilized
in practical applications, such as water and wastewater treatment,
disinfection, bleaching, and advanced oxidation technologies.1,2

Ozone can directly or indirectly react with the substrates in these
processes. In the direct oxidation, typically first ozonides are
formed which undergo decomposition into various radicals in
subsequent reaction steps. Indirect oxidation reactions are
associated with the decomposition of ozone, which can be
approximated by the following simple stoichiometry:

Nevertheless, the decomposition is a complex, radical chain
reaction, and the actual oxidizing agents are the radicals formed
in this process.3-15 Quite often the alternative paths of the
oxidation occur simultaneously, and their relative significance
can be controlled to some degree by selecting appropriate
experimental parameters. It is essential to clarify how reactive
intermediates are generated in these reactions and how their
concentrations can be optimized under specific conditions.
Promoters, including irradiation with UV light and/or inhibitors,
provide a convenient way to adjust the concentrations of the
reactive species in the reaction mixtures.6,8,13-17

Carbonate ion is one of the most efficient inhibitors of ozone
decomposition and it is used to stabilize ozone solutions in
industrial applications.16 Because of the relatively high CO3

2-

content of natural waters, the effect of carbonate ion on ozone
lifetime is also a subject of interest in water treatment technolo-
gies. Despite extensive studies in this field, only formal

descriptions of the carbonate inhibition have been reported
before. Several attempts were made to identify the most
important inhibition steps,8,13 but a mechanism accounting for
all the details has not been developed so far.

In earlier studies, the carbonate inhibition was attributed to
scavenging the hydroxyl radical:8,13,17

Because OH is one of the most significant chain carriers in
aqueous ozone decomposition, its removal certainly affects the
kinetics of ozone decay. However, model calculations indicated
that reaction 2 alone is not sufficient for the interpretation of
the carbonate ion effect.9 Additional reaction steps had to be
considered in the model to account for the fate of the reactive
CO3

- radical. It was concluded that the main reaction of this
species occurs with the O3- radical,9

The rate constants for reactions 2 and 3 were reported in
previous literature.18,19The inclusion of these reactions as well
as several minor reaction steps into the model led to a proper
description of the general features of carbonate ion inhibition.9,10

Nevertheless, the conclusions of the model calculations required
further confirmation on the basis of systematically designed
kinetic experiments.

The results presented here are based on a series of new
stopped-flow (SF) experiments over an extended pH and
[CO3

2-]tot range. The main objectives of this work were to test
experimentally the validity of the previously proposed kinetic
model for carbonate inhibition,9 to identify the most significant
reaction steps, and to provide a suitable set of rate constants
for simulating the kinetic traces. Recently we have reported a
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detailed mechanism (NFG model) for the noninhibited ozone
decomposition.12 It was consistent with the experimental
observations and gave excellent estimates for the measured
lifetimes of ozone over the pH range 10.4-13.2. Thus, the NFG
model was used as a basis for further model development in
the present study.

Experimental Section

Reagents.Ozone solutions were prepared and handled as
described before.11,12The decomposition of ozone was triggered
by mixing slightly acidic ozone stock solutions with NaOH
solution containing Na2CO3 (Fluka, analytical grade) at ap-
propriate concentration levels. The total carbonate ion concen-
tration of the reaction mixtures, [CO32-]tot, was varied between
1.0 × 10-5 and 4.0× 10-3 M. The ionic strength was set to
0.5 M with NaClO4 (Fluka), which was recrystallized from
water. The ozone concentration was around 10-4 M. The pH,
defined as-log[H+] throughout this paper, was calculated from
the acid, base, and sodium carbonate concentrations of the
reactants. The literature values for the equilibrium constants
were corrected to an ionic strength of 0.5 M. The decomposition
was studied in the pH range 10.7-12.8.

For the preparation of all stock and sample solutions, water
was doubly deionized and ultrafiltered in a MILLI-Q RG
(Millipore) purification system (RH2O g 18 MΩ cm) and finally
freshly distilled in an all-glass still.

All experiments were made at an oxygen concentration of
∼7.5× 10-4 M, which was measured with a Biolytik oxygen-
detection system.

Methods. Kinetic measurements were performed on an
Applied Photophysics DX-17 MV sequential stopped-flow
spectrometer with 10 mm optical path. For rapid-scan measure-
ments an Applied Photophysics photodiode array detector was
connected to the same SF apparatus. The dead time of the
instrument was determined to be 1.1( 0.1 ms by using the
DCIP-L-ascorbic acid method.20 The background absorbance
was set to 0.000( 0.001 using a 2.0× 10-4 M HClO4 (I )
0.5 M NaClO4) solution as a reference. The entrance and exit
slit widths of the monochromator were set such that photo-
chemical decomposition of ozone had negligible contribution
to the observed kinetic process.12 The reactants were mixed in
a 1:1 ratio.

The decomposition was monitored at 260, 430, and 600 nm,
and 25.0( 0.1 °C. At these wavelengths ozone, the ozonide
ion,4,12,13,21,22 and carbonate ion23 radicals have maximum
absorbance, respectively. Nine subsequent measurements (three
at each wavelength) formed one series. The three traces obtained
at a particular wavelength were averaged. The corresponding
traces were reproducible within(0.005 AU. Each series of the
measurements was made within 5 min after preparing the ozone
stock solution and without refilling the SF syringes. This
protocol was used to minimize ozone loss from the samples
and to ensure that the kinetic traces at the three wavelengths
corresponded to the same initial ozone concentration. Ozone
decomposition in the drive syringes of the SF instrument was
negligible and the ozone concentration was constant within
(1.5% in a series.

Data Fitting. The time scales of the kinetic curves were
corrected with the dead time of the SF apparatus, and the number
of the experimental data points (typically 400 points per trace)
was reduced to one-fourth by smoothing each trace with a spline
algorithm. Calculations were made with the modified data sets
by simultaneously fitting 32 traces, altogether using ap-
proximately 3500 data points. The traces included 22 curves at

260 nm from the 10.4-12.8 pH range, five curves at 430 nm
at pH 12.5 and 12.8, and five curves at 600 nm at pH 11.5 and
12.2.

In the fitting procedure, the kinetic model was represented
by an ordinary differential equation system (ODE). It was
assumed that each reaction step is elementary. The ODE was
integrated with the program package ZITA24 by using the GEAR
algorithm,25 and the concentration-time profiles were calculated
for each species. Molar absorbances taken from the literature
or determined in our earlier studies were used to calculate the
absorbance in each point (see Table 1). The rate constants were
estimated by minimizing the difference between the measured
and calculated absorbances.24 Further details on the data fitting
are given in the Discussion.

Results

The shape of the experimental kinetic traces and the
decomposition rate of ozone strongly depend on the pH and
carbonate ion concentration. Typical kinetic curves are shown
in Figure 1.

In the absence of carbonate ion and at high pH the SF traces
at 260 nm show composite kinetic features (Figure 1a, inset).
After a sharp initial decrease, the absorbance slightly increases
and remains constant for several minutes. Under such conditions
the superoxide ion radical, O2-, is formed in relatively high
concentration (∼10-5 M).12,13 Thus, the superposition of the
spectral effects due to ozone decomposition and the formation
of O2

- produces the characteristic minimum in the kinetic traces.
The decrease in pH and the increase in [CO3

2-]tot have
practically the same effect on the kinetic curves. As the pH is
decreased and/or [CO32-]tot is increased, the sharp minimum
disappears and the final absorbance approaches zero. This trend
clearly indicates that the O2- production becomes less significant
at low pH and high carbonate ion concentration. For example,
at pH <12.0 or at pH 12.8 and [CO32-]tot > 1.5 mM the final
absorbance is zero. At the same time, the half-life of ozone
increases by lowering the pH and, in agreement with previous
reports,13 reaches a limit as a function of [CO3

2-]tot. The smaller
the pH, the smaller carbonate ion concentration is required to
reach the limiting value (Figure 2).

To a certain extent very similar trends are observed for the
formation and subsequent decay of the O3

- radical. The yield
of this species decreases by decreasing the pH and increasing
[CO3

2-]tot (Figure 1b).
The formation and decomposition of a third intermediate, the

CO3
- radical, could be monitored at 600 nm over the whole

pH range studied.8,13 Its maximum concentration corresponds
to only a slightly higher absorbance change (0.006 AU) than
the experimental error of the absorbance measurements. Nev-
ertheless, the kinetic traces are fairly reproducible and clearly
show the formation of this species (Figure 1c). The concentration
of CO3

- varies with the initial ozone concentration, pH, and

TABLE 1: Molar Absorption Coefficients (in M -1 cm-1)
Used in the Calculations

species at 260 nm at 430 nm at 600 nm ref

O3 3135 0 0 11
O2

- 2000 0 0 4
O3

- 0 2000 0 4
HO2

- 164 0 0 11
H2O2 13.9 0 0 11
OH- 0.027 0 0 11
OH 405 0 0 4
HO2 500 0 0 4
CO3

- 0 0 1860 23
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CO3
2- concentration in a complex way. Higher [CO3

2-]tot or
higher initial ozone concentration yields a higher CO3

- con-
centration. The rate of CO3- decay is accelerated by increasing
the pH.

In earlier studies, noninhibited ozone decomposition at pH
>12 was interpreted in terms of a simple rate law which was
first-order with respect to both O3 and OH-.13,26,27 In less
alkaline solution the rate expression was extended with a second-
order term with respect to O3.8 It was shown recently that these
expressions are of limited use and a simple rate law could not
be derived for the interpretation of the kinetic traces in the pH
range 10.4-13.2.12 The complex kinetic feature of the reaction
vanishes when the carbonate ion concentration is increased. At

260 nm, simple first-order kinetic traces were observed when
the limiting value of the ozone lifetime was reached.

Discussion

The Kinetic Model. In alkaline solution, ozone decomposi-
tion is triggered by a direct reaction between O3 and OH-, and
the overall process proceeds via a series of propagation steps.
Recently we have identified the most important chain carrier
radicals and proposed a minimum set of reactions for the
interpretation of the kinetic results in the absence of catalysts
and inhibitors.11,12 Although some of these steps may prove to
be negligible in the presence of carbonate ion, the NFG model
was accepted without modifications in the present study. The
corresponding rate constants were included in the calculations
with fixed values as given in Table 2.

The kinetic model for carbonate inhibition was constructed
by following the protocol described in our previous reports.11,12

First, the NFG model was extended with appropriate reaction
steps taken from the literature (Table 3).6,18,19,30-34 Earlier
reported rate constants for some of these reactions differ by
more than an order of magnitude. In part, this may reflect that
their values were determined under significantly different
experimental conditions. A further source of the noted discrep-
ancies could be the use of simplified kinetic models for the
evaluation of the experimental data. Because of strong kinetic
coupling among various reaction steps, the simplifications could

Figure 1. Experimental (b) and calculated (-) traces for carbonate
ion inhibited ozone decomposition (t ) 25 °C, I ) 0.5 M NaClO4,
[O3]0 ) (5.8 × 10-5) - (1.1 × 10-4 M). (a) Ozone decay recorded at
260 nm: (1) pH 10.7, [CO32-]tot ) 5.0× 10-5 M (unit time, 10 s); (2)
pH 12.8, [CO3

2-]tot ) 3.0× 10-3 M (0.1 s); (3) pH 11.5, [CO32-]tot )
5.0 × 10-5 M (2.5 s); (4) pH) 11.8, [CO3

2-]tot ) 4.0 × 10-3 M (2.5
s). Inset: Kinetic trace in the absence of added carbonate ion, pH 13.2
(0.2 s). (b) The formation and disappearance of O3

- at 430 nm,
pH 12.5: (1) [CO3

2-]tot ) 1.0 × 10-5 M (unit time, 0.2 s); (2)
[CO3

2-]tot ) 5.0× 10-4 M (0.5 s); (3) [CO3
2-]tot ) 1.0× 10-3 M (5.0

s). Inset: Kinetic trace in the absence of added carbonate ion, pH 12.5
(0.2 s) (c) The formation and disappearance of CO3

- at 600 nm, pH
11.5: (1) [CO3

2-]tot ) 4.0 × 10-3 M; (2) [CO3
2-]tot ) 1.5 × 10-3 M;

(3) [CO3
2-]tot ) 5.0 × 10-4 M.

Figure 2. Half-life of ozone vs [CO3
2-]tot at pH 12.5 (O) and 10.7

(b). [O3]0 ) (5.2 × 10-5) - (1.3 × 10-4) M, t ) 25 °C, I ) 0.5 M
NaClO4.

TABLE 2: The NFG Model for Aqueous Ozone
Decomposition12

reaction rate constant ref

O3 + OH- ) HO2
- + O2 kA1 140 M-1 s-1 12

HO2
- + O3 ) O3

- + HO2 kA2 5.5× 106 M-1 s-1 6
O2

- + O3 ) O3
- + O2 kA3 > 3.0× 108 M-1 s-1 12

O3
- + OH ) O2

- + HO2 kA4 2.0× 1010M-1 s-1 12
O3

- + OH ) O3 + OH- kA5 8.3× 109 M-1 s-1 12
OH + O3 ) HO2 + O2 kA6 2.5× 107 M-1 s-1 12
O- + HO2

- ) O2
- + OH- kA7 3.2× 109 M-1 s-1 12

O- + O2
- (+ H2O) ) O2 + 2OH- kA8 1.8× 108 M-1 s-1 12

O3
- ) O2 + O- kA9 5.0× 103 s-1 12

(log K ) -5.7) k-A9 2.6× 109 M-1 s-1 12
HO2 + OH- ) O2

- (+ H2O) kA10 1.0× 1010M-1 s-1 a
(log K ) 9.0) k-A10 10 s-1 b
H2O2 + OH- ) HO2

- (+ H2O) kA11 1.0× 010M-1 s-1 a
(log K ) 2.1) k-A11 7.6× 07 s-1 b
OH + OH- ) O- (+ H2O) kA12 4.0× 1010M-1 s-1 28
(log K ) 1.9) k-A12 5.4× 108 s-1 b
H+ + OH- ) (H2O) kA13 1.0× 1011 M-1 s-1 29
(log K ) 13.77) k-A13 1.7× 10-3 Ms-1 b

a Assuming diffusion control.b Calculated from the forward rate
constant and the equilibrium constant.
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easily yield improper rate expressions and biased estimates for
the kinetic parameters. To avoid this problem, a comprehensive
data treatment was used in the present study, and all relevant
rate constants with respect to carbonate inhibition were evaluated
simultaneously.

With the exception of step B1, the kinetic role of each step
in Table 3 was analyzed by sensitivity analysis. The rate constant
of the tested reaction was systematically varied up to the
diffusion controlled limit (1010 M-1 s-1) and the kinetic traces
were simulated in every case. When the shapes of the kinetic
curves were not affected even at the highest value of the rate
constant, the given step was considered to be kinetically
unimportant and was rejected from the model. Such reactions
are B10 and B11. Step B1 is a simple proton-transfer reaction
which accounts for the speciation of carbonate ion as a function
of pH. In the case of simple acids and bases, these reactions
are diffusion controlled and, in agreement with previous
considerations,10 kB1 ) 5.0 × 109 M-1 s-1 was used for the
forward reaction. The reverse rate constant was replaced with
kB1/KB1 in the calculations.

After determining the basic set of reactions, the kinetic traces
were simulated by using the literature rate constants for each
step as listed in Table 3. Because the agreement between
measured and calculated traces was not satisfactory, the rate
constants were systematically varied until a better fit was
obtained. In this way a relatively good initial set of parameters
was obtained for the curve fitting. An attempt was made to
estimatekB2 - kB9 by using a combination of numeric integration
and least-squares fitting method. The rate constants for the
kinetically dominant reaction steps could be fitted with a
relatively small error (<10%). The uncertainty of other rate
constants was much larger, and their values could be changed
within a relatively wide range without significantly affecting
the goodness of the fit. The most likely values for these
parameters were determined by simulations.

The noted ambiguity of several rate constants is due to
experimental limitations which did not allow us to select
appropriate conditions for the determination of each parameter.
In thermally induced ozone decomposition, the initial concentra-
tion of the reactive intermediates cannot be varied and the
concentration dependencies of the reaction rate can be studied
only for a few components. As a consequence, the kinetic traces
do not carry enough information for the rate constants of those
reaction steps which play a minor role in the overall reaction.
It should be added that these steps may become dominant under
specific conditions where the chain carrier radicals are generated
at relatively high concentration levels.

In most cases, the rate constants reported here agree with
the literature data within an order of magnitude. In general, the
agreement with earlier results seems to be acceptable, in
particular if we consider that many of the rate constants reported
earlier were determined in pulse radiolysis experiments.19,30,32

In those kinetic studies the reactive intermediates were produced
at several orders of magnitude higher concentration levels than
in thermal decomposition of ozone, and the actual composition
of the reaction mixtures was also different from the ones used
here. These factors may account for even more significant
deviations between the literature data and our results. The only
exception is reaction B8, for which a∼103 times higher value
was found than before.32 The source of this discrepancy is not
apparent. Clearly, the differences in the experimental conditions
cannot account for such a large deviation in the rate constants.
As will be discussed in detail, according to our calculationskB8

needs to be on the order of 108 M-1 s-1 to obtain a reasonable
fit of the experimental data. The model predicts the trends of
the experimental kinetic traces reasonably well with the rate
constants given in Table 3. The agreement between measured
and calculated kinetic traces is illustrated in Figure 1.

The model proposed here confirms previous conclusions and
leads to a better understanding of the carbonate ion inhibited
ozone decomposition. As suggested before,8,13 reaction B2 is
one of the most important steps in the mechanism. However,
the removal of the OH radical alone is not enough to retard the
decomposition when the pH is increased. According to our
recent results, a mechanistic changeover occurs in the decom-
position from pH 10.4 to 13.2. In very alkaline solution, pH
>12.5, about 70% of ozone is consumed in reactions A1 and
A2, and O3

- becomes the main chain carrier species instead of
OH. According to the NFG model, O3- is generated in reaction
sequence A1-A3, and the reactions of the hydroxyl radical do
not contribute directly to the formation of this species, rather it
slightly decreases [O3-] via steps A4 and A5 (Table 2). Thus,
scavenging only the OH radical by carbonate ion should not
affect, or even increase, the concentration of O3

-. The kinetic
traces at 430 nm show quite an opposite trend as a function of
[CO3

2-]tot (Figure 1b). To account for carbonate inhibition at
high pH and for the removal of O3-, the inclusion of step B3
into the model seems to be essential though this reaction has a
smaller effect than B2. Step B3 affects the overall reaction in
a complex way. It removes a reactive intermediate, at least in
part accounts for the decay of the carbonate ion radical, and
regenerates ozone.

With steps B2 and B3, the model gave satisfactory interpreta-
tion of the main trends observed experimentally in the kinetic

TABLE 3: Extension of the NFG Model for Carbonate Ion Inhibited Ozone Decomposition

rate constant (in M-1 s-1)

reactiona calculated literature refb

HCO3
- + OH- ) CO3

2- (+ H2O) kB1 5.0× 109 c 5.0 × 109 10
(log K ) 3.47)d k-B1 1.7× 106 e 1.0 × 106 f
CO3

2- + OH ) CO3
- + OH- kB2 (1.0( 0.1)× 108 (2.0-4.2) × 108 17, 23

CO3
- + O3

- ) CO3
2- + O3 kB3 (5.5( 0.5)× 107 6.0 × 107 18

CO3
2- + O- (+ H2O) ) CO3

- + 2OH- kB4 <1.0× 107 g 1.0 × 107 31
HCO3

- + OH ) CO3
- (+ H2O) kB5 <2 × 107 g (8.5 × 106) - 4.9 × 107 30, 33

HCO3
- + O2

- ) CO3
- + HO2

- kB6 (4.0( 1.5)× 106 g (1.0- 2.0) × 106 34, 31
CO3

- + O2
- ) CO3

2- + O2 kB7 (8.7( 0.4)× 107 (4.0 × 108) - (1.5 × 109) 32, 31
CO3

- + H2O2 ) HCO3
- + HO2 kB8 (7.6( 0.7)× 108 8.0 × 105 32

CO3
- + HO2

- ) CO3
2- + HO2 kB9 <1.0× 108 g 6.0 × 107 32

2CO3
- + 2OH- ) 2CO3

2- + H2O2 kB10 7.0 × 107 h 31
CO3

- + O- (+ H2O) ) CO3
2- + H2O2 kB11 1.0× 107 31

a Reactions under the dashed line were rejected from the model.b References are given for the lower and upper literature value.c Assuming
diffusion control.d Original value is corrected forI ) 0.5 M NaClO4. e Rate constant is given in s-1. f k-B1 ) kB1/KB1. g The rate constant is estimated
on the basis of simulations.h Rate constant is given in M-2 s-1.
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traces and lifetimes of ozone. However, the calculated concen-
tration profiles for CO3

- were not fully consistent with the
experimental data. At the characteristic spectral band of CO3

-,
λmax ) 600 nm, the model predicted an about 4 times larger
than measured absorbance which never dropped to zero at the
end of the reaction. Very similar problems were observed with
the kinetic profiles for O2-. The disappearance of the sharp
minimum in the kinetic traces at 260 nm indicates that O2

- is
formed below the detection limit at high carbonate ion concen-
trations. In contrast, calculated final concentrations of the
superoxide radical were on the order of 10-6-10-5 M, which
would correspond to absorbances up to 0.01 AU.

The discrepancies could be eliminated by including reactions
B4-B9 in the model. Superoxide radical is produced in the
reactions of OH, O3-, O- (steps A2, A4, A6), and quenching
any of these species would reduce the O2

- concentration. B2-
B7 are such reactions. Although B4, B5, and B6 also produce
CO3

-, these steps need to be considered to calculate the proper
concentration profiles for O2-. Steps B8 and B9 are essential
to remove the carbonate ion radical, but they also produce HO2,
which immediately deprotonates to O2

- in the entire pH range
studied.

Because of the large deviation ofkB8 from the literature
value,32 the validity of the rate constant obtained by the least-
squares fitting method was tested by sensitivity analysis. When
the literature value was used forkB8, 8.0 × 105 M-1 s-1, a
nonzero final absorbance was calculated at 600 nm, i.e., the
model predicted that the carbonate ion radical exists at observ-
able concentration levels for an extended period of time. This
result contradicts the experimental observations. Because step
B8 becomes the main reaction channel for quenching the
carbonate ion radical in the final stage of the decomposition,
the calculated kinetic profiles for CO3- are sensitive tokB8.
Model calculations confirmed that complete removal of CO3

-

within the time scale observed experimentally requireskB8 to
be around 8× 108 M-1 s-1. This conclusion is in line with the
results obtained by the fitting procedure. With the rate constants
listed in Tables 2 and 3, an appropriate balance could be set
between the competing and kinetically strongly coupled reaction
paths and the experimental kinetic traces could be reproduced
reasonably well.

A Simplified Model. As it was discussed before, ozone
lifetime reached a limiting value at high carbonate ion concen-
tration and simple first order-kinetic traces were observed at
260 nm. This feature of the system can be interpreted by
assuming that the main chain carrier species are completely
quenched by carbonate ion in the limiting region. As a
consequence, the chain length of the decomposition is reduced
to the shortest possible reaction sequence, and kinetic coupling
between the remaining propagation steps is completely elimi-
nated. Under such conditions, a simplified model is suitable
for the interpretation of the data in which the rate-determining
step is reaction A1. Subsequent propagation steps A2, A9, acid-
base reactions A10-A12, quenching the OH radical in B2, and
the B3 feed-back reaction are considered to be very fast. Thus,
a steady-state approach can be used for HO2

-, O3
-, OH, and

CO3
- and standard derivation yields the following rate law:

Under the conditions applied here, [OH-] . [O3], the rate
law is consistent with experimental observations and predicts
first-order decay for ozone,

wherekobs) 1.5k1[OH-]. As expected, the plot of the measured
pseudo-first-order rate constant,kobs, as a function of [OH-]
gives a straight line with zero intercept (Figure 3).

From the slopek1 was calculated to be 173( 9 M-1 s-1.
This value compares very well withk1 ) 140 M-1 s-1 reported
for the NFG model (Table 2). The primary importance of this
result is that it provides additional information for the initiation
step. Values reported earlier fork1 are in the range of 40-140
M-1 s-1.6,8,10,12,13To some extent this variation reflects how
the feed-back reactions and kinetic coupling between the
propagation steps were considered in the evaluation of the
experimental data. Perhaps, the kinetic studies at high carbonate
ion concentration provide the best estimates so far fork1 because
the kinetics of the system is substantially simplified under these
conditions. In our ongoing studies we attempt to find other
inhibitors of ozone decomposition which will act similarly
toward carbonate ion. Kinetic studies in the presence of efficient
radical scavengers are expected to confirm the conclusions
reported in this paper.

Summary. The kinetic model reported in Tables 2 and 3 is
consistent with the experimental data under a variety of
experimental conditions. It is capable of reproducing the
concentration vs time profiles not only for ozone but also for
several transient species, such as O3

-, O2
-, and CO3

-. Accord-
ing to a recent report, the carbonate ion radical may efficiently
compete with the hydroxyl radical in the degradation of
pollutants in waters containing carbonate ion.35 The model
presented here can be used as a basis for the evaluation of the
kinetic role of these radicals in oxidation reactions of ozone
and may contribute to a quantitative interpretation of the
chemical principles of advanced oxidation processes.
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d[O3]

dt
) -1.5k1[O3][OH-] (4)

Figure 3. Pseudo-first-order rate constant,kobs, for carbonate ion
inhibited decomposition of ozone as a function of [OH-]; t ) 25 °C,
I ) 0.5 M NaClO4.
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