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The reactions of iodine monoxide radical, IO, with alkyl peroxide radicals, RO2 (R ) CH3, C2H5, and CF3),
have been studied using cavity ring-down spectroscopy. The rate constant of the reaction of IO with CH3O2

was determined to be (7.0( 3.0) × 10-11 cm3 molecule-1 s-1 at 298 K and 100 Torr of N2 diluent. The
quoted uncertainty is two standard deviations. No significant pressure dependence of the rate constant was
observed at 30-130 Torr total pressure of N2 diluent. The temperature dependence of the rate constants was
also studied at 213-298 K. The upper limit of the branching ratio of OIO radical formation from IO+
CH3O2 was estimated to be<0.1. The reaction rate constants of IO+ C2H5O2 and IO+ CF3O2 were determined
to be (14( 6) × 10-11 and (6.3( 2.7) × 10-11 cm3 molecule-1 s-1 at 298 K, 100 Torr of N2 diluent,
respectively. The upper limit of the reaction rate constant of IO with CH3I was<4 × 10-14 cm3 molecule-1

s-1.

1. Introduction

The atmospheric chemistry of IOx radicals has attracted
attention for their potential effect on the catalytic destruction
of ozone1-4 and on particulate formation5-9 in the marine
boundary layer (MBL). The IO radical affects the concentration
of ozone in the troposphere, because it is involved in the ozone
depleting cycle through reactions with HO2, NO2, and IO itself.
Model calculations show that 15-40%10 and up to 50%11,12of
the troposphere ozone loss could be explained by such iodine
chemistry, although there are still many unknown parameters,
e.g., the rate constants for radical reactions. Peroxy radicals,
RO2 radicals, could be candidates for consumers of IO, since
RO2 radicals have been measured in the MBL at mixing ratios
of 40-80 pptv.13 Recently, Bale et al. reported the rate constant
of IO with methyl peroxy radical, the most abundant peroxy
radical, at room temperature under 2.5 Torr He diluent using a
discharge-flow tube.4

In this paper, we have measured the rate constants of IO+
CH3O2 at 213-298 K and 30-130 Torr total pressure of N2

diluent using cavity ring-down spectroscopy (CRDS).14-16 The
reactions of IO with C2H5O2 and CF3O2 have also been studied.

The reaction of IO with CF3O2 was recently studied by Bale et
al.,4 which is important for laboratory kinetic study of IO radicals
such as IO+ CH3SCH3.17

2. Experimental Section

The CRDS apparatus used in the present study has been
described elsewhere.18 The system employs a photolysis laser
(Spectra Physics, GCR-250) and a probe laser (Spectra Physics,
MOPO-SL, spectral resolution 0.2 cm-1). After the photolysis
laser pulse beam traverses a glass tube reactor, the probe laser
pulse beam is injected nearly collinear to the axis of the
photolysis laser through one of two high-reflectivity mirrors.
The cavity ring-down mirrors (II-VI Co. or Research Electro-
optics, 7.8-mm diameter and 1-m curvature) have a specified
maximum reflectivity of 0.9997 and are mounted 1.04 m apart.
Light leaking from the end mirror is detected by a photomul-
tiplier tube (Hamamatsu Photonics, R212UH) through suitable
band-pass filters (Edmund Optics). The length of the reaction
region is 0.40 m. Temporal decay of the light intensity is
recorded using a digital oscilloscope (Tektronix, TDL-714L,
8-bit resolution) and transferred to a personal computer. In the
presence of an absorbing species, the light intensity within the
cavity is given by expression 4

whereI0 andI(t) are the light intensities at time 0 andt, τ is the
cavity ring-down time with photolysis beam,τ0 is the cavity
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CH3O2 + IO f CH3O + OIO ∆H4 ) -30.7 kJ mol-1

(1a)

f CH3O + IOO ∆H4 ) -11.1 kJ mol-1

(1b)

f CH2O2 + HOI ∆H4 ) -6.5 kJ mol-1

(1c)

f CH3OI + O2 ∆H4 ) -171.8 kJ mol-1

(1d)

C2H5O2 + IO f products (2)

CF3O2 + IO f products (3)

I(t) ) I0 exp(-t/τ) ) I0 exp(-t/τ0 - σncLRt/LC) (4)

9861J. Phys. Chem. A2006,110,9861-9866

10.1021/jp0619336 CCC: $33.50 © 2006 American Chemical Society
Published on Web 07/20/2006



ring-down time without photolysis laser light (typically 5µs),
LR is the length of the reaction region (0.40( 0.01 m),LC is
the cavity length (1.04 m),c is the velocity of light, andn and
σ are the concentration and the absorption cross section of
absorbing species, respectively. A value ofσIO ) 5.9 × 10-17

cm2 molecule-1 at 435.63 nm, which was determined by the
same spectral resolution in the present study, is used to calculate
the absolute concentration of IO.17 We assume that the error in
the estimation of the absolute concentration of IO is within 20%,
considering the uncertainties in extrapolation for the [IO]0

concentration as well as those of pressure, mass flow rates,
reaction path length, and fluctuation of photolysis laser power.
By varying the delay between the photolysis and probe laser
pulses, the concentration of IO is monitored as a function of
delay time. Each ring-down trace is digitized with a time
resolution of 20 ns. The digitized traces are transferred to a
computer and averaged over 16 or 32 runs to calculate the ring-
down rate,τ-1. The validity of using of cavity ring-down
spectroscopy for kinetic studies derives from the fact that the
lifetimes of the products generated by photolysis are much
longer than the associated cavity ring-down times.19

Ozone is produced by irradiating an oxygen gas flow with
the 184.9-nm output of a low-pressure Hg lamp (Hamamatsu
Photonics, L937), and its concentrations are measured upstream
of the reaction tube by monitoring the absorption at 253.7 nm
(σ ) 1.15 × 10-17 cm2 molecule-1)20 using a separate low-
pressure Hg lamp as a light source. Typical concentrations of
O3 and O2 are 1.6× 1013 and 3.2× 1017 molecule cm-3,
respectively. The 266-nm output of the Nd3+:YAG laser is used
to dissociate O3 to give O(3P) + O2. Although appreciable
amounts of O(1D) are produced, they are electronically quenched
to O(3P) within 0.2µs in our experimental conditions.20 Hence,
no reactions of O(1D) with any other species occurred.

The reaction cell, consisting of a Pyrex glass tube (21-mm
i.d.), is evacuated by the combination of an oil rotary pump, a
mechanical booster pump and a liquid N2 trap. The temperature
of the gas flow region is controlled over the range 213-298 K
by circulation of ethanol with a cooling circulator (Thomas, TRL
70 SLP). The difference between the temperatures of the sample
gas at the entrance and exit of the flow region is measured to
be <1 K. The pressure in the cell is monitored by an absolute
pressure gauge (Baratron, 622A). A slow flow of nitrogen
diluent gas is introduced at the ends of the ring-down cavity,
close to the mirrors, to minimize deterioration caused by
exposure to the reactants and the products in the cell. The total
flow rate is adjusted (typically 2000 sccm) so that the gas in
the cell is replaced completely within the 0.5-s time intervals
between photolysis laser pulses.

Sample gases for CH3I, C2H5I, and CF3I are prepared in a
glass gas bulb with N2 diluent. Then, the mixture gas is injected
into a glass reaction cell by mass flow controllers (STEC, SEC-
E40). Concentrations of these compounds in the reaction cell
are calculated by the flow rates. All reagents are obtained from
commercial sources. CH3I (>99.5%) is obtained from Sigma
Aldrich, and C2H5I (>99%) is obtained from Wako Pure
Chemicals, which are subjected to freeze-pump-thaw cycling
before use. CF3I (>99%, Apollo Scientific), N2 (>99.999%,
Teisan Co.), and O2 (>99.995%, Teisan Co.) are used without
further purification.

3. Results

Reaction of IO with CH3O2. IO is formed by the reaction
of O(3P) with CH3I.21

Following reaction 5b, CH2I is consumed by the reaction of O2

to generate another IO.22

Using the branching ratios for reactions 5a and 5b reported
by Gilles et al.,21 the total yield of IO from the reaction of CH3I
with O(3P) in the presence of O2 was estimated to be (0.6(
0.2) at 298 K.22

Another possible source of IO is the reaction of I atoms with
O3 from the photodissociation of CH3I at 266 nm. However,
IO generation from I+ O3 was minor in our experimental
conditions because of the low O3 concentration (below 2.5×
1013 molecule cm-3) and relatively small rate constant. We
estimated the reaction rate of IO formation from I+ O3 to be
<30 s-1.

CH3O2 radicals were generated by reactions 7 and 8 under
an excess amount of O2 (>1017 molecule cm-3) within a few
microseconds in our experimental conditions.

Radical concentration of IO was monitored at 435.63 nm,
which is the band head of the A2Π3/2 r X2Π3/2 (3, 0)
transition.23 The inset of Figure 1 shows the cavity ring-down
spectrum of IO. The signal baseline was taken at 435.00 nm, a
region in which there is no IO absorption. The IO concentration
profile was measured between 0.1 and 8.0 ms after the
photolysis laser pulse. Figure 1 shows a typical decay profile
of the IO concentration with CH3I of 1.2 × 1015, O2 of 3.2 ×
1017, and O3 of 1.6× 1013 molecule cm-3 at 298 K in 100 Torr
total pressure of N2 diluent. A simple pseudo-first-order analysis
was not applicable to the present kinetic analysis, because
CH3O2 decreases by reactions and diffusion loss. Therefore,
numerical models were compiled using the chemical equations
listed in Table 1 in order to derive the rate constants of IO+
CH3O2.

In our experimental conditions, IO was consumed mainly by
the reaction with CH3O2 via reaction 1, since 10-100-fold
excess amounts of CH3O2 over IO were used. The diffusion
loss rate from the detection region was determined to be (200
( 50) s-1 from the best fits of simulation for several decays
and was used for all other simulations. The self-reaction of IO
also contributes to the decay of IO,24 but the contribution should
be minor because of the relatively low concentration of IO. The
initial concentrations of CH3 and I, [CH3]0 and [I]0, were derived
by the following equations;

The absorption cross sections,σCH3I ) 1.0 × 10-18 cm2

molecule-1 andσO3 ) 9.4× 10-18 cm2 molecule-1, were quoted
from the NASA recommended values.20 R ) (0.6 ( 0.2) is
quoted from the reported total yield of IO for reactions 5a and
5b at 298 K.21 [IO]0 was obtained by extrapolation of the
experimentally observed decay of the concentration of IO tot0.
To confirm the procedure, we compared the extrapolated values

O(3P) + CH3I f IO + CH3 (5a)

f CH2I + OH (5b)

CH2I + O2 f IO + HCHO (6)

CH3I + hν266 nmf CH3 + I (7)

CH3 + O2 + M f CH3O2 + M (8)

[CH3]0 ) [I] 0 )
σCH3I

[CH3I][O] 0

σO3
[O3]

(9)

[IO]0 ) R[O]0 (10)
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with those obtained by simulation. The simulation results
reproduce the obtained decay time profiles of IO. The discrep-
ancy between two estimated [IO]0 was within 10%. We include
this uncertainty to the error to finalk. Concentrations of CH3O2

were experimentally changed by using different concentrations
of CH3I and O3, and by changing the dissociation laser intensity.

The effects of the secondary reactions were carefully checked.
For example, IO-catalyzed iodine atom recombination could
affect the analysis by undergoing the following reactions.25,26

Bloss et al. reported the rate constants of reactions 11 and 12

to be 1.7× 10-10 and 2.1× 10-10 cm3 molecule-1 s-1 at 295
K and 760 Torr, respectively.26 As for reaction 11, we adjusted
the rate constant for the pressure difference of N2, that is, (1.7
× 10-10) × (100 Torr/760 Torr)) 2.2× 10-11 cm3 molecule-1

s-1 for our simulations assuming that reaction 11 is in pure third
order up to the pressure used. However, we found that the
calculated decays of IO were not sensitive to reactions 11 and
12 but sensitive mostly to reaction 1. Even if we used the value
1.7× 10-10 cm3 molecule-1 s-1 for the rate constant of reaction
11, no change was observed in the calculated IO decay. The
reaction of CH3O2 with I atom may also occur in our system,
although no formation of IO from CH3O2 + I was previously
observed.22 Because the rate constant of CH3O2 + I has not
been reported, we used the value 3.7× 10-11 cm3 molecule-1

s-1, which was the reported rate constant for CF3O2 + I.27 For
the reaction of IO with CH3I, the upper-limit value of the rate
constant of IO with CH3I was derived to be very small, 4×
10-14 cm3 molecule-1 s-1, by changing the concentrations of
CH3I and the laser intensity. Hence, the reaction of IO with
CH3I did not affect the kinetics of IO+ CH3O2.

We found experimentally thatk1 had no dependence on the
concentration of CH3I in the range (1.0-6.0)× 1015 molecule
cm-3, nor on the photodissociation laser intensity in the range
35-58 mJ pulse-1. These results indicate thatk1 is independent
of the initial concentrations of CH3 radicals and I atoms. With
best-fit procedures,k1 was obtained to be (7.0( 1.4) × 10-11

cm3 molecule-1 s-1 at 100 Torr total pressure of N2 diluent as
shown in Figure 1. We recommend the value (7.0( 3.0) ×
10-11 cm3 molecule-1 s-1 considering the all uncertainties of
σIO, R, estimation of [IO]0, measurements in pressure, mass flow
rates, and reaction path length, and simulation fittings. It is noted
that no significant pressure dependence ofk1 was observed
within 30% of error bar range for the total pressures of 30, 70,
100, and 130 Torr. Therefore, the present value ofk1 could be
applied to atmospheric modeling.

We also conducted the experiments at lower temperatures.
Figure 2 shows a typical time profile of IO at 213 K. When
analysis of the temperature dependence ofk1 was performed,
temperature-dependent reactions in Table 1, e.g., CH3I + O(3P),
were taken into account. At lower temperatures, O(3P) is also
consumed by the reaction with O2. Therefore, the initial
concentrations of CH3 and I were estimated by the simulations
without using eqs 9 and 10. The rate constant,k1 for 213-298
K at 100 Torr, shows a weak positive temperature dependence
(see Table 2 and Figure 3). Arrhenius analysis resulted in the

Figure 1. A typical decay time profile of IO in the presence of CH3O2

at 298 K and 100 Torr total pressure of N2 diluent. [CH3I] ) 1.2 ×
1015, [O3] ) 1.6 × 1013, [CH3]0 ) 2.3 × 1013 molecule cm-3. The
thick curve is the result of simulations (see text for details). The inset
shows the cavity ring-down spectrum of IO measured from photodis-
sociation of the mixture of O3/O2/CF3I at 266 nm.

TABLE 1: Reactions Used in Kinetic Simulation for IO +
CH3O2 at 298 K and 100 Torr Total Pressure of N2 Diluent

reaction

rate constant
(cm6 molecule-2 s-1 or

cm3 molecule-1 s-1 or s-1) ref

CH3I + O(3P) f IO + CH3 7.8× 10-12 21
f OH + CH2I 2.4 × 10-12 21

CH2I + O2 f IO + HCHO 4.0× 10-13 22
CH3I + OH f CH2I + H2O 7.4× 10-14 20
I + O3 f IO + O2 1.2× 10-12 20
IO + CH3O2 f products best-fit parameter this work
2 IO f OIO + I 3.3 × 10-11 26

f 2I + O2 8.2× 10-12 26
f others 4.1× 10-11 26

I + IO f I2O 2.2× 10-11 a
I2O + I f I2 + IO 2.1× 10-10 26
IO + O f I + O2 1.4× 10-10 41
CH3 + O2 + M f CH3O2 + M 4.4 × 10-31 20
2CH3O2 f 2CH3O + O2 1.3× 10-13 42

f others 2.1× 10-13 42
CH3 + CH3O2 f 2CH3O 2.0× 10-11 4
CH3O + O2 f HO2 + HCHO 1.9× 10-15 20
CH3O2 + CH3O f products 1.0× 10-12 20
HO2 + IO f HOI + O2 8.4× 10-11 20
HO2 + I f HI + O2 3.8× 10-13 20
IO + CH3O f products 4.0× 10-11 43
I + CH3O f products 8.5× 10-11 43
I + CH3O2 f products 3.7× 10-11 b
I + CH3 f CH3I 1.0 × 10-11 44
I + I + M f I2 + M 1.0 × 10-32 45
O + O2 + M f O3 + M 5.9 × 10-34 20
diffusion rate 200 this work

a Pressure correction was performed. See text for details.b Same
value for the reaction of I with CF3O2 was assumed. See text for details.

IO + I + M f I2O + M (11)

I2O + I f I2 + IO (12)

Figure 2. A typical decay time profile of IO in the presence of CH3O2

at 213 K and 100 Torr total pressure of N2 diluent. [CH3I] ) 2.8 ×
1015, [O3] ) 2.2 × 1013, [CH3]0 ) 3.0 × 1013 molecule cm-3. The
thick curve is the result of simulations. The thin curve is the result of
simulations at 298 K for comparison.
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activation energy of 1.4( 0.6 kJ mol-1 and a preexponential
factor of 1.3× 10-10 cm3 molecule-1 s-1.

Product Branching Ratios.Formation of OIO radical from
reaction 1a was investigated by trying to detect the CRDS signal
of OIO at 549.1 nm. OIO formation from 266/355-nm irradiation
of CH2I2/O2/N2 mixtures was successfully confirmed with our
CRDS method, as shown in the inset of Figure 4. OIO was
produced from reaction 6 followed by the self-reaction of IO.
We also observed the same signal intensity of OIO from 355-
nm irradiation in the presence of O3 ([O3] ) 1.6× 1013 molecule
cm-3), which means that the reaction of OIO with O3 was not
important in our experimental conditions. Then, we attempted
to detect OIO under the following condition: [CH3I] ) (1.0-
2.4)× 1015, [O3] ) 1.6× 1013, and [O2] ) 3.2× 1017 molecule
cm-3 at 298 K and 100 Torr total pressure of N2 diluent. The
dissociation laser intensity at 266 nm was 53 mJ pulse-1.
However, we could not find any evidence of OIO signals from
reaction 1a. Expected time profiles of OIO from the reaction
of IO with CH3O2 with the branching ratios of 0 and 0.1 were
shown in Figure 4. From our detection limit of OIO, which

was derived using the reported absorption cross-section of OIO
at 549.1 nm,23 the upper limit of the branching ratio of reaction
1a was determined to be<0.1.

Reactions of IO with C2H5O2/CF3O2. For IO + C2H5O2

experiments, IO was produced from the reaction O(3P)+ C2H5I
with the IO production yield of 0.1-0.2 at 298 K.28,29The initial
concentrations of C2H5, I, and O were estimated by the following
equations;

The factorâ ) (0.15 ( 0.05) is the reported branching ratio
for IO formation from O+ C2H5I.28 The rate constant of C2H5O2

+ IO was also determined using the kinetic simulations with
the chemical reactions listed in Table 3. The best-fit procedure
results ink2 ) (1.4 ( 0.6)× 10-10 cm3 molecule-1 s-1 at 298
K, 100 Torr total pressure of N2 diluent. The quoted uncertainty
is derived considering all of the uncertainties ofσIO, â,

TABLE 2: Temperature Dependence of the Rate Constant
for IO + CH3O2

temperature (K)
rate constant

(10-11 cm3 molecule-1s-1)

213 5.4( 1.1
233 5.8( 1.2
253 6.0( 1.2
273 6.2( 1.2
298 7.0( 1.4

Figure 3. Temperature dependence of the rate constant of IO+ CH3O2.

Figure 4. Simulated time profiles of IO (broken curve) and OIO with
YOIO ) 0.1 (thick curve) andYOIO ) 0 (thin curve). [CH3I] ) 1.2 ×
1015, [O3] ) 1.6 × 1013, [CH3]0 ) 2.3 × 1013 molecule cm-3. The
inset shows a reference spectrum of OIO (including I2) from the
irradiation of 266 nm of a mixture of CH2I2/O2/N2.

TABLE 3: Reactions Used in Kinetic Simulation for IO +
C2H5O2 at 298 K, 100 Torr Total Pressure of N2 Diluenta

reaction

rate constant
(cm6 molecule-2 s-1 or

cm3 molecule-1 s-1 or s-1) ref

C2H5I + O(3P) f IO + C2H5 7.0× 10-12 29
f HOI + C2H4 2.8× 10-11 29

IO + C2H5O2 f products best-fit parameter this work
C2H5 + O2 + M f

C2H5O2 + M
1.5× 10-28 20

2C2H5O2 f 2C2H5O + O2 4.0× 10-14 42
f others 2.4× 10-14 42

C2H5 + C2H5O2 f 2C2H5O 2.0× 10-11 b
C2H5O2 + C2H5O f products 1.0× 10-12 b
C2H5O + O2 f

HO2 + CH3CHO
1.0× 10-14 20

IO + C2H5O f products 4.0× 10-11 b
I + C2H5O f products 8.5× 10-11 b
I + C2H5O2 f products 3.7× 10-11 c
I + C2H5 f C2H5I 1.2 × 10-11 44
diffusion rate 200 this work

a Reactions concerning I and IO listed in Table 1 were included in
simulation.b Same values for CH3O2 and CH3O were assumed.c Same
value for the reaction of I with CF3O2 was assumed.

TABLE 4: Reactions Used in Kinetic Simulation for IO +
CF3O2 at 298 K, 100 Torr Total Pressure of N2 Diluenta

reaction

rate constant
(cm6 molecule-2 s-1 or

cm3 molecule-1 s-1 or s-1) ref

CF3I + O(3P) f IO + CF3 3.7× 10-12 21
f others 7.5× 10-13 21

IO + CF3O2 f products best-fit parameter this work
CF3 + O2 + M f CF3O2 + M 2.9 × 10-29 20
2CF3O2 f 2CF3O + O2 1.7× 10-12 42
CF3 + CF3O2 f 2CF3O 4.0× 10-12 4
CF3O2 + CF3O f products 1.0× 10-10 46
CF3O2 + I f products 3.7× 10-11 27
2CF3 f C2F6 1.0× 10-11 47
CF3 + IO f I + CF3O 6.4× 10-12 48

f others 9.6× 10-12 48
CF3O + IO f products 4.0× 10-11 b
CF3 + I f CF3I 1.5 × 10-11 49
diffusion rate 200 this work

a Reactions concerning I and IO listed in Table 1 were included in
simulation.b Same value for CH3O was assumed.

[C2H5]0 ) [I] 0 )
σC2H5I

[C2H5I][O] 0

σO3
[O3]

(13)

[IO]0 ) â[O]0 (14)
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estimation of [IO]0, measurements in pressure, mass flow rates,
and reaction path length, and simulation fittings. The concentra-
tion of C2H5I was varied between (1.0-3.2) × 1015 molecule
cm-3 and dissociation laser intensity was changed between 34-
59 mJ pulse-1.

For IO + CF3O2 experiments, IO was produced from the
reaction O(3P) with CF3I with an IO production yield of 0.83
at 298 K.21 The concentration of O3 was varied between (0.7-
1.6)× 1013 molecule cm-3. The dissociation laser intensity was
changed between 13-41 mJ pulse-1. By using the kinetic
simulations with the chemical reactions listed in Table 4, the
rate constant of IO+ CF3O2 was determined to be (6.3( 2.7)
× 10-11 cm3 molecule-1 s-1 at 298 K, 100 Torr total pressure
of N2 diluent, as shown in Figure 5.

4. Discussion

Product Branching Ratios for IO + CH3O2. A weak
positive temperature dependence for reaction 1 may suggest that
direct abstraction of O or H atoms from CH3O2 may occur:

The upper limit of the branching ratio of reaction 1a is
determined to be<0.1 as described above. IOO radical from
reaction 1b would be expected to decompose to I+ O2 at the
present pressure and temperature conditions.

There are some reports on CH3O formation from the analogous
reaction of ClO with CH3O2.30-32 The rate constant of CH3O
formation from the reaction of ClO with CH3O2 shows a positive
temperature dependence.30 The activation energy of the reaction
of ClO with CH3O2 was reported to be 0.9( 0.3 kJ mol-1 by
Helleis et al.,30 which is close to the present value of the reaction
of IO with CH3O2, 1.4( 0.6 kJ mol-1. Therefore, the reaction
path (1b) or (1b′) is most likely. Concerning reaction 1c, direct
H-atom abstraction by IO with a rate constant on the order of
10-11 would not be likely.33 Hence, reaction 1c would not occur.
It is, however, noted that the dominant formation of HOBr in
the reaction of BrO with CH3O2 was reported.34

Bale et al. suggested that one of the most likely products is
CH3OI in reaction 1.4

Formation of CH3OCl from the analogous reaction of ClO with
CH3O2 was reported experimentally36-38 and theoretically.39 If
reaction 1d were dominant, a negative temperature dependence
of the rate constant would be expected, because this reaction
could proceed via the CH3OOOI complex.37,39,40

However, the present results, that is, positive temperature
dependence of the rate constants, indicate that reaction 1d is
not dominant. We conclude that the most likely reaction paths
are 1b and/or 1b′.

Comparison of the Rate Constants.The obtainedk1 value
at 298 K is in excellent agreement with that of Bale et al.,4 (6.0
( 1.3) × 10-11 cm3 molecule-1 s-1 at 2.5 Torr He diluent.

The order of the rate constants of IO+ RO2 is C2H5O2 >
CH3O2 > CF3O2. As discussed above, the most likely reaction
path in reaction 1 is formation of IOO and/or I+ O2 via the
attack to O atom in CH3O2 by IO. A similar reaction mechanism
may occur in the reaction of IO+ C2H5O2 and IO+ CF3O2.
The order of the electron density of the terminal O in RO2 is
C2H5O2 > CH3O2 > CF3O2. Hence, the reactivity of RO2 toward
IO could be determined by the electron density. This argument
could not apply to the reaction of IO+ HO2, because the
dominant reaction product is HOI+ O2 with H-atom abstraction
by IO.

The rate constant of the reaction of IO with CF3O2 determined
in the present study is somewhat larger than that of Bale et al.,
(3.7 ( 0.9) × 10-11 cm3 molecule-1 s-1.4 This discrepancy
might be explained by the unknown pressure dependence of
the reactions (e.g., IO+ CF3O), since the pressure conditions
of ours and that of Bale et al. are significantly different (100
Torr of N2 vs 2.5 Torr of He).

In our previous study of IO+ CH3SCH3, the 266-nm
photodissociation of CF3I was used as a source of IO in the
presence of O3 and O2.17 We now found that the formation of
CF3O2 from the third-body reaction of CF3 + O2 + M may
affect the IO decay under the conditions of our previous work.

The larger the number density of M used, the more CF3O2,
which reacts with IO, was generated.

Conclusion

The reactions of iodine monoxide radical, IO, with alkyl
peroxide radicals, RO2 (R ) CH3, C2H5, and CF3), have been
studied using cavity ring-down spectroscopy. The rate constant
of the reaction IO+ CH3O2 was determined to be (7.0( 3.0)
× 10-11 cm3 molecule-1 s-1 at 298 K and 100 Torr of N2
diluent, which could apply to atmospheric modeling in the
marine boundary layer. The most likely products of reaction 1
are I atom and/or IOO; hence, the reaction of IO with CH3O2

has the potential to affect iodine chemistry in the troposphere
in a way leading to tropospheric ozone depleting.

Figure 5. A typical decay time profile of IO in the presence of CF3O2

at 298 K and 100 Torr total pressure of N2 diluent. [CF3I] ) 2.5 ×
1015, [O3] ) 1.6 × 1013, [CF3]0 ) 1.1 × 1013 molecule cm-3. Thick
fitting curve is the result of simulations (see text for details).

CH3O2 + IO f CH3O + OIO ∆H4 ) -30.7 kJ mol-1

(1a)

f CH3O + IOO ∆H4 ) -11.1 kJ mol-1

(1b)

f CH2O2 + HOI ∆H4 ) -6.5 kJ mol-1

(1c)

CH3O2 + IO f CH3O + I + O2 (1b′)

CH3O2 + IO f CH3OI + O2

∆H35 ) -171.8 kJ mol-1 (1d)

CH3O2 + IO f [CH3OOOI] f CH3OI + O2 (1d)

CF3 + O2 + M f CF3O2 + M (15)

IO + CF3O2 f products (3)

Reactions of IO with RO2 J. Phys. Chem. A, Vol. 110, No. 32, 20069865
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