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The ultraviolet absorption spectrum of acetylperoxy radical was remeasured in the 195-280 nm range.
Acetylperoxy radicals were generated by laser flash photolysis of Cl2/CH3CHO/O2 mixtures. The absorption
cross sections were calibrated against the ethylperoxy radical, generated in the flash photolysis of Cl2/C2H6/
O2 mixtures. The acetylperoxy spectrum is bimodal, with a strong maximum at 207 nm,σ ) 6.67× 10-18

cm2 molecule-1, and a weaker maximum near 240 nm,σ ) 3.21× 10-18 cm2 molecule-1. Newly obtained
cross sections were used along with absorption-time profiles, obtained over a range of radical concentrations,
to determine a rate constant for the acetylperoxy self reaction at 298 K, 2CH3C(O)O2 f 2CH3C(O)O+ O2,
of k1 ) (1.36( 0.19)× 10-11 cm3 molecule-1 s-1, and to determine the rate coefficients for the acetyl- and
methylperoxy cross reactions at 298 K, CH3C(O)O2 + CH3O2 f CH3C(O)O+ CH3O + O2 and CH3C(O)O2
+ CH3O2 f CH3C(O)OH + HCHO + O2, of k4a ) (8.8 ( 1.5) × 10-12 cm3 molecule-1 s-1 and k4b )
(1.0(0.5)× 10-12 cm3 molecule-1 s-1, respectively. New cross sections are reported for CH3O2 and HO2
and the absorption spectrum of CH3COCl is presented.

Introduction

Following the discovery of the role of peroxy radicals in
balancing the photostationary state of NOx/O3 in polluted
environments, extensive studies of oxidative degradation pro-
cesses of hydrocarbons in the atmosphere have been under-
taken.1 Acetylperoxy radicals, in particular, are known to be
formed in the photooxidation of higher carbonyl compounds
(i.e., acetaldehyde, acetone, methyl vinyl ketone, methylglyoxal,
etc.) and, hence, are important in many atmospheric photooxi-
dation processes. CH3C(O)O2 is also a precursor to peroxy-
acetyl nitrate (PAN), which acts as a temporary reservoir and
transporter for NOx within cooler regions of the troposphere.2,3

Furthermore, thermal decomposition of PAN is believed to be
a significant source of nighttime peroxy radicals, which take
part in the important RO2 + NO3 nighttime chemistry.4 Finally,
peroxy radical self and cross reactions become important in NOx-
free or clean environments. For example, the cross reaction
between acetylperoxy radicals and HO2 is thought to be
responsible for the significant organic acid buildup in the
troposphere.5,6 Yet, despite its atmospheric importance, the
spectrum and kinetics of the acetylperoxy radical are not well
established.
The UV absorption spectrum of the acetylperoxy radical was

first determined in a modulated photolysis study by Addisonet
al.7 Cl2/CH3CHO/O2/NO2mixtures were photolyzed to generate
the radicals and the formation of PAN was observed. The
CH3C(O)O2 spectrum was obtained by correcting the composite
spectrum for contributions due to PAN and by subtracting the
components due to CH3O2. In two newer studies, the acetyl-
peroxy radicals were produced by flash photolysis of Cl2/
CH3CHO/O2 mixtures. Basco and Parmar8 did an absolute
calibration by measuring the amount of chlorine dissociated in
the flash. Moortgatet al.9 measured the absorption cross
sections relative to the absorption cross section of HO2 at 210
nm. Although the general shapes of the three spectra are the
same, the magnitudes of the two maxima are not in agreement.
The best available acetylperoxy spectrum is the Moortgatet
al.9 data rescaled (downward 21 and 14%, respectively) to

account for a subsequent redetermination of the HO2 cross
section at 210 nm, as recommended by two recent organic
peroxy radical reviews.10,11 However, since Moortgatet al.9

used computer simulations, which utilized the erroneously high
HO2 cross sections, to fit absorbance traces and to concurrently
optimize both the CH3C(O)O2 cross section and the CH3C(O)-
O2 self reaction rate constant, such a simple rescaling is not
adequate.
Determinations of the kinetic parameters for the acetylperoxy

system have been based on concentration profiles calculated
from measured absorbances using the available cross sections.
Hence, discrepancies in the CH3C(O)O2 cross sections have, in
part, also created large differences in the calculated reaction
rate constants. CH3C(O)O2 is not the only absorbing species
present during such measurements; CH3O2 and HO2 radicals
grow in as CH3C(O)O2 decays. CH3C(O)O2 radicals self react
quickly according to reaction 1. The resulting CH3C(O)O
radicals then undergo rapid thermal decomposition12,13to yield
methyl radicals, which add O2 to produce CH3O2:

Besides self reacting, the two peroxy radicals also react with
each other via

The methoxy radicals, CH3O, generated in reaction 4a further
react with the excess O2 via

to form HO2 radicals. And finally, HO2 radicals also undergo
self reactions and reactions with CH3C(O)O2 and CH3O2:X Abstract published inAdVance ACS Abstracts,February 15, 1996.

2CH3C(O)O2 f 2CH3C(O)O+ O2 (1)

CH3C(O)O+ M f CH3 + CO2 + M (2)

CH3 + O2 + M f CH3O2 + M (3)

CH3C(O)O2 + CH3O2 f CH3C(O)O+ CH3O+ O2 (4a)

CH3C(O)O2 + CH3O2 f CH3C(O)OH+ HCHO+ O2

(4b)

CH3O+ O2 f HO2 + HCHO (5)

4038 J. Phys. Chem.1996,100,4038-4047

0022-3654/96/20100-4038$12.00/0 © 1996 American Chemical Society

+ +

+ +



Addisonet al.7 analyzed their modulated absorption curves
as a function of time to obtain the rate constantsk1 ) (2.5(
1.0) × 10-12 cm3 molecule-1 s-1 andk4 ) 3.0 × 10-12 cm3

molecule-1 s-1 (k4 ) k4a+ k4b). Basco and Parmar8 calculated
a largerk1 value of (8.0( 1.5)× 10-12 cm3 molecule-1 s-1

from second-order fits of decay traces obtained near 200 nm.
Rate constants ofk1 ) (1.7 ( 0.4)× 10-11 andk4 ) (1.4 (
0.3)× 10-11 cm3 molecule-1 s-1 and a branching ratio ofR )
k4a/k4 ) 0.48 at 298 K were deduced from the computer
simulations of Moortgatet al.9 A strong temperature depen-
dence in the CH3C(O)O2 + CH3O2 branching ratio was noted
by Moortgatet al.9 and led to a further study14 of the products
and branching ratio between 223 and 333 K. The temperature
dependence of the cross reactions was determined to beâ )
k4a/k4b ) 2.2× 106 exp(-3870/T), yieldingR ) â/(1 + â) )
0.83( 0.17 at 298 K in contradiction to their earlier measure-
ment. Since our work began, another flash photolysis experi-
ment15 was initiated to studyk4. The CH3O2 radical precursor,
CH4, was added to the photolysis mixtures of Cl2/CH3CHO/O2
and the radical concentrations were monitored by UV absorp-
tion. Preliminary reports givek4 ) (7.6( 3.8)× 10-12 cm3

molecule-1 s-1 at 298 K usingR ) 0.48.
In an attempt to resolve the existing discrepancies in the

absorption spectrum of acetylperoxy radical and in the kinetic
parameters, especially the CH3C(O)O2 + CH3O2 branching ratio,
a new laser flash photolysis experiment was constructed and
employed. A new ultraviolet absorption spectrum of acetyl-
peroxy radical is reported in the 195-280 nm range. The rate
coefficients for the acetylperoxy self reaction and cross reaction
with methylperoxy were determined at 298 K from absorption-
time profiles using the newly obtained cross sections.

Experimental Section

For all experiments described here, CH3C(O)O2 radicals were
generated by laser flash photolysis of Cl2, using the 351 nm
XeF line of a Lambda Physik LPX-300 excimer laser, in the
presence of CH3CHO and O2 via the reactions

Methylperoxy radicals, CH3O2, evolved as secondary products
of the rapid self reaction of acetylperoxy radicals according to
reactions 1-3. In some experiments, CH4 was added to the
photolysis mixtures and CH3CHO was reduced in order to
generate initial CH3O2 radicals and thereby enhance the reaction
flux through the cross reaction channels, reactions 4a and 4b.
This initial CH3O2 is formed from the reactions

The respective precursor concentrations were adjusted according
to their rate constants with Cl to ensure that complete conversion
to CH3C(O)O2 and CH3O2 occurred. (See Results.)

The light intensity from a deuterium (D2, Hamamatsu) probe
lamp passing through the photolysis cell was monitored, before
(I0) and at known times after the flash (It), at specific
wavelengths. Attenuation of this light beam upon production
of absorbing radicals was used to calculate the absorbance at
that wavelength (λ) as a function of time with the equation

The absorbances were converted into cross sections,σλ(i),
using the Beer-Lambert relationship

wherel is the pathlength and [i]t is the concentration of a single
absorbing species,i, at time, t. Once measured, the cross
sections of acetylperoxy, along with the Beer-Lambert equation
for a multiabsorber system,

were used to convert absorption-time profiles to absorber
concentration-time profiles (n is the number of absorbers). A
simulation program was thereafter employed to fit the measured
absorbances and to simulate concentration-time profiles, thus
deriving information on the kinetics of the radicals involved.
The apparatus used in these experiments is shown in Figure

1. A rectangular quartz cell of 40 cm length was used, and
photolysis was performed from the side by expansion of the
output from the pulsed excimer laser with a set of cylindrical
mirrors. The light from the D2 lamp was passed lengthwise
through the cell and was folded by internal White optics,
resulting in eight passes with a total path length of 326 cm,
before it entered a 0.5 m monochromator (Acton Research
Corporation, grating with 300 lines mm-1 blazed at 300 nm),
which was equipped with both a photomultiplier tube (PMT,
Hamamatsu) and a gated photodiode array detector (EG&G
Princeton Applied Research). The entrance slit of the mono-
chromator and the slit between the monochromator and the PMT
were fixed at 0.5 mm, resulting in a PMT resolution of about
3.3 nm. The photodiode array resolution, calculated as the full
width at half-maximum FWHM of the 282.4 nm line of the Zn
lamp, was 1.0 nm. All experiments were conducted at or near
298 K.
The gated photodiode array detector was used to measure

relative cross sections over the entire spectral region between
195 and 280 nm within a small time window. The gate timing
of the photodiode array measurements, or the time during which
light impinged on the diode array, was established by preset
pulses sent by the delay generator with typical duration times
of ∼10 µs. Measurements consisted of the coaddition of
multiple scans (∼5000) taken both immediately before (Io) and
over the time period between 1 and 11µs after the laser pulses
(It). The wavelength scale was calibrated with an accuracy of
∼0.2 nm with the output from a Zn lamp.
Single wavelength absorption measurements, used to deter-

mine both absorption cross sections and rate constants, were
carried out as a function of time using the PMT. The output of
the PMT, a small dc signal, was amplified, digitized, and
transferred to a personal computer for analysis. As with the
photodiode array measurements,I0 was obtained by averaging
the PMT signal immediately before the laser pulse. TheIt values
were typically recorded between 0 and 4 ms after the laser flash
with a 5µs resolution and between 4 ms and 2 s after the laser
flash with a 50µs resolution. The final absorption-time profiles

CH3C(O)O2 + HO2 f CH3(O)OOH+ O2 (6a)

CH3C(O)O2 + HO2 f CH3(O)OH+ O3 (6b)

CH3O2 + HO2 f CH3OOH+ O2 (7)

Cl2 + hν f 2Cl (8)

Cl + CH3CHOf CH3C(O)+ HCl (9)

CH3C(O)+ O2 + M f CH3C(O)O2 + M (10)

Cl + CH4 f CH3 + HCl (11)

CH3 + O2 + M f CH3O2 + M (3)

Absλ,t ) -ln[It/I0] (A)

σλ(i) ) Absλ,t /(l[i]t) (B)

Absλ,t /l ) ∑
n

σλ(i)[i]t (C)
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usually consisted of averaged signals of three or four sets of
500 laser pulses. When relative wavelength measurements were
made, the wavelength was alternated after each set of 500
flashes.
The Cl2, O2, N2 bath gas and in certain experiments CH4,

C2H6, or gaseous CH3CHO were introduced through calibrated
mass flowmeters. For higher acetaldehyde concentrations, an
additional regulated flow of N2 was bubbled through liquid
CH3CHO which was contained in a temperature-controlled
vessel. The CH3CHO temperature and N2 flow were varied to
attain a suitable CH3CHO concentration. With total pressures
of ∼400 Torr and flow rates between 4000 and 5000 sccm, the
residence time in the cell was about 5-6 s. The repetition rate
of the laser was greater than or equal to the residence time,
thus ensuring that the photolysis products formed in one laser
flash were flushed out and that a fresh gas mixture was flowed
into the cell before the next laser flash. The stated purities of
the compounds used were Cl2, 99.95% in a 1.0% mix in
99.999% N2; O2, 99.99%; N2, 99.999%; CH3CHO, 99%; CH4,
99.995%; and C2H6, 99.95%.

Results

In this work, several parameters were obtained: the UV
absorption cross sections of CH3C(O)O2, the rate constant for
the self reaction of CH3C(O)O2, and the reaction rate constant
of CH3C(O)O2 + CH3O2 along with its branching ratio. During
the course of this study, the spectra of CH3C(O)Cl, CH3O2, and
HO2 were also measured.
Absorption Cross Sections. Absorption cross sections of

CH3C(O)O2 were measured using both the PMT and the gated
photodiode array systems. For each of these measurements,
the initial radical concentration and therefore the initial decay
rate were minimized by photolyzing only small amounts of Cl2.
Cl2 concentrations of (2-3) × 1016 molecule cm-3 were
employed and typically [Cl]i ) (2-3) × 1013 molecule cm-3

were produced per laser pulse. CH3CHO concentrations were
kept high, about (1-3) × 1017 molecule cm-3. O2 addition to
CH3C(O) was ensured by maintaining high O2 concentrations
of about (8-9) × 1018 molecule cm-3, and the maximum
CH3C(O)O2 radical concentration was achieved within<1 µs.
Preventing significant buildups of CH3C(O) is important since
it is known to have large cross sections with a maximum of
about 3.8× 10-17 cm2 molecule-1 at 216 nm.8 High O2

concentrations also minimized the CH3C(O) + Cl2 reaction
forming acetyl chloride (CH3C(O)Cl). An absorbance spectrum
of this product, displaying a maximum near 240 nm, was
recorded by Basco and Parmar;8 however, cross sections were
not reported. Since CH3C(O)Cl is a stable molecule which
would continue to absorb even after the radical concentrations
had been greatly reduced, its existence could lead to errors in
the kinetic analysis. The significance of CH3C(O)Cl absorption
in this system depends on the magnitude of the CH3C(O)Cl cross
sections relative to those of the peroxy radicals. For this reason,
UV spectra of 0.9-1.6 Torr samples of pure CH3C(O)Cl were
measured in a static system using the photodiode array detector.
Results given in Figure 2 show that CH3C(O)Cl absorbs only
weakly in the wavelength range of interest, with a maximum
of 1.30× 10-19 cm2 molecule-1 at 241 nm. CH3C(O)Cl cross
sections, given as squares in Figure 2, were also calculated from
the absorbance spectrum of Basco and Parmar8 and were
normalized to our value at 240 nm. Under our experimental
conditions, no evidence of either CH3C(O) at short time scales
or CH3C(O)Cl at long time scales was observed.
To avoid doing complex spectral subtractions of secondary

absorbing species, CH3O2 and HO2, it was necessary to measure
the CH3C(O)O2 spectrum immediately upon formation. O3,
produced in reaction 6b, also absorbs in the wavelength region
of interest, but its concentration and hence its contribution to
the total absorbance was negligible throughout the time period
analyzed. The ability to record the entire spectrum in a very

Figure 1. Schematic diagram of the instrument used in the CH3C(O)O2 absorption cross sections and kinetic experiments.
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short time interval (1-11µs) was achieved by the combination
of using a relatively large setting for the entrance slit of the
monochromator and the gated photodiode array detector. On
average, only about 0.5% of the CH3C(O)O2 decayed during
this short measurement time interval, and therefore significant
concentrations of secondary absorbers were not produced during
the measurement. The shape of the spectral feature was
calculated with eq A.
The UV absorption features were also mapped out in 10 nm

intervals through repeated determinations of Absλ,0 /Abs240nm,0
with the PMT system. The absorbance values at timet ) 0
were obtained by extrapolating second order fits of the measured
absorption-time profiles, extending out to times of∼1 ms, back
to zero time. Because of secondary chemistry, fits of these
absorption-time profiles (as such) cannot be used to derive
information about the decay rate of CH3C(O)O2. However, they
can be used to determine the initial CH3C(O)O2 absorbance.
At t ) 0, no absorbing products have yet been formed and the
extrapolated absorbances are only due to CH3C(O)O2.
Calculating the absolute UV absorption cross sections of

CH3C(O)O2 from either the photodiode array or the PMT
absorbance values requires knowledge of the concentration of
CH3C(O)O2 present at the time of the measurement. The
CH3C(O)O2 concentration depends on the Cl atom concentration
formed in the photolysis flash, which in turn is determined by
the Cl2 concentration and the laser intensity. Due to the
difficulty in accurately measuring the absolute laser intensity,
the Cl atom concentrations (and therefore the CH3C(O)O2
concentrations) were instead calibrated against the ethylperoxy
radical, which was generated in separate flash photolysis
experiments of Cl2/C2H6/O2mixtures. CH3C(O)O2 and C2H5O2

absorption measurements were made back-to-back at 240 nm
with the PMT, and initial absorbances were calculated by the
extrapolation technique described above. Care was taken to
maintain the same Cl2 concentrations and relative laser power
in the two measurements, so that the Cl atom concentrations
and, hence, the initial peroxy radical concentrations were equal,
[CH3C(O)O2]0 ) [C2H5O2]0. Small corrections (usually<3%)
were made when changes in Cl2 concentration and/or laser
power did occur. By solving eq B for [C2H5O2]0 and
[CH3C(O)O2]0, setting these equations equal, and rearranging,
the equation

is derived for calculating the absorption cross section of
CH3C(O)O2 atλ ) 240 nm, where Abs240nm,0(CH3C(O)O2) and
Abs240nm,0(C2H5O2) are the extrapolated absorbances att ) 0
in the CH3C(O)O2 and C2H5O2 systems, respectively. The
C2H5O2 cross section recommended by Lightfootet al.10

(σ240nm(C2H5O2) ) (4.36( 0.22)× 10-18 cm2 molecule-1) is
preferred over the 4.8% lower value of Wallingtonet al.11

because its derivation included a more recent measurement
performed in this laboratory.16 Since the publication of the
reviews, Maricq and Wallington17 completed another study on
C2H5O2 cross sections in which they foundσ240nm(C2H5O2) )
4.6 × 10-18 cm2 molecule-1, a value 5% higher than the
Lightfoot review. A value ofσ240nm(CH3C(O)O2) ) (3.21(0.32)
× 10-18 cm2 molecule-1 was determined.
The single wavelength PMT absorption values and the

photodiode array spectrum were normalized to the absorption
cross section value determined at 240 nm and are displayed in
Figure 3. As is observed in Figure 3, the ratioR ) σ210nm/
σ240nmmeasured with the photodiode array detector is smaller
than that from the PMT. Further investigations suggested that
this ratioR determined with the photodiode array detector was
dependent on the initial radical concentration. Photodiode array
measurements were conducted in which the initial radical
concentrations were stepwise reduced from 3× 1013 to 7 ×
1012 molecule cm-3, by decreasing the Cl2 concentration and/
or limiting the laser power. The ratioR calculated from the
resulting spectra increased with decreasing radical concentration,
approaching the ratio measured with the PMT. Extrapolating
a plot of these ratios versus radical concentration back to zero
initial radical concentration resulted in a ratio of 2.02, exactly
equal to the PMT measured ratio. Test measurements of the
C2H5O2 spectrum, which has smaller cross sections in the low
wavelength region, did not reveal a similar problem. These
experiments suggested that large changes in the light intensity,
occurring at short wavelengths, where the intensity from the
D2 lamp is drastically reduced, caused a nonlinearity problem
in the photodiode array detector, resulting in erroneously low
absorbances. Unfortunately, avoiding the nonlinearity hindrance
by reducing the radical concentration results in a much noisier
spectrum. To maintain the better signal-to-noise level, the
photodiode array spectrum shown in Figure 3 was corrected by
dividing it into smaller wavelength ranges and then recalculating
the cross sections, scaling them to the PMT measurements in
the same wavelength range. The final spectrum is given as the
solid line in Figure 4 and the cross sections are reported in Table
1.
Error Analysis for the CH 3C(O)O2 Cross Sections. In

calculating the statistical error in the CH3C(O)O2 cross sections,
the errors associated with the parameters in eq D were first
considered. An error limit of 5% was used forσ240nm(C2H5O2),
based on the errors quoted in ref 16. The signal-to-noise ratios
obtained from the averaged absorption profiles are sufficiently
high such that errors in the extrapolations of these curves are
expected to be 2-3% at 240 nm, increasing to 5% at 200 and
280 nm. Including the small errors (e1%) associated with the
fluctuations in the laser power and Cl2 concentration, statistical
errors of 6% and 8% are calculated for the cross sections at
240 nm and at 200 and 280 nm, respectively. This error does
not include systematic errors which may have evolved as a result
of problems in the apparatus, the complete Cl atom to peroxy
radical conversion, or secondary chemistry. Taking these into
account, the total errors on the CH3C(O)O2 cross sections are
estimated to be 10% at 240 nm and 15% at 200 and 280 nm.
Determination of the Rate Constants for the CH3C(O)O2

Self Reaction and for the CH3C(O)O2 Cross Reaction with

Figure 2. UV absorption cross sections of CH3C(O)Cl measured near
298 K. This work is shown as the solid line; squares represent cross
sections calculated from the absorbance spectrum of ref 8 and
normalized to our value at 240 nm.

σ240nm(CH3C(O)O2) )
Abs240nm,0(CH3C(O)O2) σ240nm(C2H5O2)

Abs240nm,0(C2H5O2)
(D)

Absorption Spectrum and Kinetics of CH3C(O)O2 J. Phys. Chem., Vol. 100, No. 10, 19964041

+ +

+ +



CH3O2. To determine the CH3C(O)O2 self reaction rate
constant, it was first necessary to deduce the CH3C(O)O2
concentrations over a particular reaction time period. Although
the initial radical concentrations were easily obtained by
extrapolating measured absorbance profiles back tot ) 0 and
by substituting these values into eq B, the derivation of
CH3C(O)O2 concentrations at times> 0 was slightly more
complex, as a result of the presence of other absorbing species,
namely CH3O2 and HO2.
The concentrations ofn absorbers can be calculated as a

function of time from absorbance measurements made atn
different wavelengths, if the equations generated from the
appropriate substitutions into eq C are linearly independent. The
values of the CH3C(O)O2, CH3O2, and HO2 cross sections at

the wavelengths 210, 225, and 240 nm are unique, thus
satisfying this criterion. An equation written generally as

Figure 3. Comparison of the absolute (uncorrected) CH3C(O)O2 absorption cross sections determined with the PMT (points) and the photodiode
array (line).

Figure 4. Comparison of the absolute CH3C(O)O2 absorption cross sections measured here (solid line) and those of ref 7 (squares), ref 8 (circles),
and ref 9 (triangles). The ref 9 spectrum, reduced 17.5%, is given as the black diamonds. The absorption cross sections reported here were corrected
for a nonlinearity in the photodiode array detector, as described in the text.

TABLE 1: Absorption Cross Sections of CH3C(O)O2 in
Units of 10-18 cm2 molecule-1

wavelength, nm σ wavelength, nm σ

195 3.75 240 3.21
200 5.34 245 3.20
205 6.46 250 3.04
207 6.67 255 2.89
210 6.47 260 2.53
215 5.53 265 2.25
220 4.36 270 1.75
225 3.49 275 1.32
230 3.10 280 1.13
235 3.13
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was generated at each of the three wavelengths, and the
concentrations of each absorber were calculated by simulta-
neously solving the three equations.
The absorption profiles, used in eq E, were obtained with

the PMT in photolysis experiments performed on gaseous
mixtures which can be divided into three categories according
to the hydrocarbon concentration(s) used. In the first set of
experiments, designated as “low CH3CHO” data sets, CH3CHO
was the only hydrocarbon initially present and its concentration
was (3-30) × 1014 molecule cm-3. CH3CHO was again the
only hydrocarbon initially present in the second set of measure-
ments, called “high CH3CHO”, but in these measurements the
concentrations were about 2-3 orders of magnitude larger or
(2.1-3.5)× 1017molecule cm-3. CH3C(O)O2 and CH3O2 were
simultaneously produced in the third set of measurements by
adding CH4 to the usual Cl2/CH3CHO/O2 photolysis mixtures.
Since H abstraction from CH4, via reaction 11, is∼660 times
slower than from CH3CHO at 298 K, CH3CHO concentrations
were kept low, (3-200) × 1014 molecule cm-3, to further
enhance the CH3O2 production. CH4 concentrations were
relatively high, (2-7)× 1018 molecule cm-3. The Cl2 and O2
concentrations were typically (4-5) × 1016 and (0.6-1.0)×
1019molecule cm-3, respectively, throughout all measurements,
yielding radical concentrations of (2-5)× 1013molecule cm-3.
The newly measured absorption cross sections for

CH3C(O)O2 were utilized in eq E, along with CH3O2 and HO2
cross sections also measured with our flash photolysis/PMT
system. The CH3O2 and HO2measurements were made relative
to C2H5O2, and the cross sections were calculated in the same
manner as previously described for the CH3C(O)O2 cross
sections. Because the reactions

were recently shown to be very rapid at room temperature,18

k12 ) (1.5( 0.2)× 10-10 cm3 molecule-1 s-1, and therefore
potentially problematic to CH3O2 cross section determinations,
special care was taken to ensure that the CH4 concentration was
sufficiently high. Measurements conducted with various initial
CH4 concentrations (ranging from 8× 1017 to 2× 1018molecule
cm-3) yielded virtually identical cross sections, indicating that
the Cl+ CH3O2 reaction was negligible under our experimental
conditions. The remeasured cross sections of CH3O2 and HO2
are listed in Table 2. Examples of typical measured absorption-
time profiles and the corresponding concentration-time profiles,
derived from the absorption-time profiles, the cross sections
in Table 2, and eq E are shown in Figure 5.
A concentration decay profile of CH3C(O)O2 as a function

of time reflects not only the self reaction loss of CH3C(O)O2,
but also losses due to cross reactions. It is therefore not
adequate to simply perform a second order fit on the
CH3C(O)O2 decay curve to determine the self reaction rate
constant. Instead, the FACSIMILE program of Harwell,19which
uses numerical techniques to solve differential chemical reaction
equations, was employed. Each FACSIMILE input file con-
sisted of the three absorbance profiles measured at 210, 225,
and 240 nm, the initial gas concentrations (i.e., Cl2, CH3CHO,
and O2), initial CH3C(O)O2 radical concentrations (calculated
from simple fits of the CH3C(O)O2 concentration profiles), the

chemical mechanism and associated rate constants given in
Table 3, the cross sections given in Table 2, and the wavelength
specific absorbance equations (i.e., eq E). Selected parameters,
usually one or more rate constants, were allowed to vary while
the FACSIMILE program simultaneously fit the three absor-
bance profiles from 0 to 4 ms. As seen in Figure 5b, the
CH3C(O)O2 concentration is nearly zero at 4 ms, indicating that
most of the CH3C(O)O2 chemistry is over within that time
period.
The rate constantsk1, k4a, and k4b were allowed to vary

simultaneously during initial fits, while all other parameters were
held constant. Excellent fits were achieved with the “low
CH3CHO” data sets, andk1 ) (1.36 ( 0.02) × 10-11 cm3

molecule-1 s-1, k4a) (8.4( 0.2)× 10-12 cm3 molecule-1 s-1,
and k4b ) (8.2 ( 0.2) × 10-13 cm3 molecule-1 s-1 were
determined by averaging the fit results. The errors given here
represent the standard deviation of the various measurements.
Absorbance fits at wavelengths 210, 225, and 240 nm and the
corresponding CH3C(O)O2, CH3O2, and HO2 concentration
simulated using the fitted parameters are compared to the
measured absorbances, and calculated concentrations from a
typical “low CH3CHO” data set in Figure 5.

Figure 5. Examples of typical (a) measured absorption-time profiles
and (b) concentration-time profiles calculated from the absorption-
time profiles in (a). “Low acetaldehyde” conditions were used; [O2]i
) 5.7× 1018 molecule cm-3 and [Cl2]i ) 5.0× 1016 molecule cm-3.
The solid lines are simulated by FACSIMILE from parameters obtained
in the absorption data fitting.

TABLE 2: Absorption Cross Sections of CH3C(O)O2,
CH3O2, and HO2 Measured Here and Used in the
FACSIMILE Fits and Simulations in Units of 10 -18 cm2

molecule-1

wavelength, nm σ(CH3C(O)O2) σ(CH3O2) σ(HO2)

210 6.47 1.97 4.19
225 3.49 3.50 2.94
240 3.21 4.12 1.24

Abst/l ) σ(CH3C(O)O2)[CH3C(O)O2]t +
σ(CH3O2)[CH3O2]t + σ(HO2)[HO2]t (E)

Cl + CH3O2 f CH3O+ ClO (12a)

Cl + CH3O2 f CH2O2 + HCl (12b)
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Analysis of the “high CH3CHO” data sets yielded slightly
different values,k1 ) (1.51( 0.03)× 10-11, k4a) (5.3( 2.4)
× 10-12, andk4b ) (1.0( 0.4)× 10-12 cm3 molecule-1 s-1,
with larger errors. Deviations from the measured absorbance
curves were observed at times greater than about 1.5 ms, and
acceptable fits were not attained with the simulations. Refitting
the “high CH3CHO” data sets up to only 1 ms resulted in better
fits and an average rate constants ofk1 ) 1.37× 10-11 cm3

molecule-1 s-1, k4a) 8.3× 10-12 cm3 molecule-1 s-1, andk4b
) 9.1 × 10-13 cm3 molecule-1 s-1, in good agreement with
the “low CH3CHO” data sets. Secondary chemistry between
CH3CHO and CH3C(O)O2 or some product of the CH3C(O)O2
decomposition was suspected in these “high CH3CHO” mea-
surements, and attempts were made to refit these data, incor-
porating the reactions

TheK15(eq) was held fixed at 1× 10-17 cm3 molecule-1 (a
value determined in ref 22) and the rate constants were allowed
to vary during the fits; initial values,k13 ) 1.2 × 10-16 cm3

molecule-1 s-1, k14 ) 1.5× 10-13 cm3 molecule-1 s-1, k15 )
1.0 × 10-15 cm3 molecule-1 s-1, and k-15 ) 100 s-1, were
estimated from literature.22-24 Even though the agreement
between the measured and FACSIMILE generated absorbance
profiles at 210 nm was not perfect, the fits were greatly
improved by the addition of reactions 14 and 15. The optimized
fitted values werek14 ) 2.0× 10-13 cm3 molecule-1 s-1, k15
) 3.8 × 10-15 cm3 molecule-1 s-1, and k-15 ) 380 s-1.
(Note: Because the fits were still not acceptable, these optimized
parameters could be incorrect and, therefore, should be viewed

with caution.) Sincek13 is so slow, it was undetermined by the
data and is therefore unimportant in this system. Other reactions
of CH3CHO or the radical CH3CH(OH)O2 may explain the
remaining discrepancy in the fits, but further investigations were
not made here. Instead, the rate constants obtained from the
“high CH3CHO” data fits were not incorporated into the reported
cross reaction rate constants.
For FACSIMILE fits performed on data sets with CH4 added,

k1 was held at a constant 1.36× 10-11 cm3 molecule-1 s-1 and
only k4a and k4b were allowed to vary.k1 should be better
determined by the “low CH3CHO” data, since the ratio of the
CH3C(O)O2 radicals lost by self reaction to those lost by CH3O2

cross reactions is initially larger in the “low CH3CHO” data
sets than in systems with added CH4. As before, the initial
CH3C(O)O2 and CH3O2 concentrations were determined by
fitting the respective concentration profiles (derived from eq
E) back to time) 0. Best fit values ofk4a ) (9.1 ( 2.1)×
10-12 cm3 molecule-1 s-1 andk4b ) (1.2( 0.6)× 10-12 cm3

molecule-1 s-1 were determined from these data.
Sensitivity Analysis. The errors given fork1, k4a, andk4b

thus far reflect only the variation in these parameters as
calculated by the FACSIMILE program. They do not take into
account possible uncertainties in the input cross sections used
to calculate the radical concentrations or in the “known” rate
constants. To better understand which of these input parameters
are the most influential in determiningk1, k4a, and k4b,
FACSIMILE runs were performed in which a particular rate
constant or set of cross sections (see Table 4) was systematically
varied within estimated error limits and a typical “low
CH3CHO” data set was refitted. The error limits of the rate
constants were taken directly from the references given in Table
3 when possible. In cases where the branching ratio and rate
constants were determined in separate studies, the error limits
were calculated from the reported errors of each value. The
effects of errors in the CH3C(O)O2 + CH3O2 rate constants on

TABLE 3: Reaction Mechanisms and Rate Constants Used in FACSIMILE Fits and Simulations (First Order Rate Constants
in Units of s-1; Second Order Rate Constants in Units of cm3 molecule-1 s-1)

2CH3C(O)O2 f 2CH3C(O)O+ O2 varied
CH3C(O)O+ M f CH3 + CO2 + M 2.2E+5 estd
CH3 + O2 + M f CH3O2 + M 9.2e-13 ref 20, 390 Torr, 298 K
CH3C(O)O2 + CH3O2 f CH3C(O)O+ CH3O+ O2 varied
CH3C(O)O2 + CH3O2 f CH3C(O)OH+ HCHO+ O2 varied
CH3C(O)+ O2 + M f CH3C(O)O2 + M 5.0E-12 estd from ref 1
CH3O+ O2f HCHO+ HO2 1.9E-15 ref 20
CH3O2 + CH3O2 f CH3O+ CH3O+ O2 1.2E-13 ref 10
CH3O2 + CH3O2 f HCHO+ CH3OH+ O2 2.5E-13 ref 10
CH3C(O)O2 + HO2 f CH3C(O)OOH+ O2 1.0E-11 refs 10, 14
CH3C(O)O2 + HO2 f CH3C(O)OH+ O3 0.4E-11 refs 10, 14
HO2 + HO2 + M f H2O2 + O2 + M 2.3E-12 ref 20, 390 Torr 298 K
HO2 + CH3O2 f CH3OOH+ O2 5.8E-12 ref 10
Cl + CH3CHOf CH3C(O)+ HCl 6.6E-11 ref 21
CH3C(O)+ Cl2 f CH3C(O)Cl+ Cl 1.0E-11 ref 21
Cl + CH4 f CH3 + HCl 1.0E-13 ref 20

TABLE 4: Sensitivity Calculations for k1, k4a, and k4b in Units of 10-11, 10-12, and 10-13 cm3 molecule-1 s-1, respectivelya

rate constant or cross sections varied error range k1(+,-) k4a(+,-) k4b(+,-)

2CH3C(O)O2 f 2CH3C(O)O+ O2 (0.2E-11 -,- 9.57, 7.23 4.71, 13.5
2CH3O2 f CH3O+ CH3O+ O2 (0.2E-13 1.38, 1.38 8.54, 8.54 8.47, 8.26
2CH3O2 f HCHO+ CH3OH+ O2 (0.3E-13 1.38, 1.38 8.54, 8.54 8.68, 8.26
CH3C(O)O2 + HO2 f CH3C(O)OOH+ O2 (0.4E-11 1.41, 1.37 9.09, 8.00 8.77, 8.13
CH3C(O)O2 + HO2 f CH3C(O)OH+ O3 (0.3E-11 1.41, 1.37 8.98, 8.12 8.47, 8.16
2HO2 + M f H2O2 + O2 + M (0.6E-12 1.38, 1.38 8.54, 8.54 8.26, 8.26
HO2 + CH3O2 f CH3OOH+ O2 (0.8E-12 1.38, 1.38 8.77, 8.54 8.47, 8.26
absolute CH3O2 cross sections (10% 1.31, 1.39 9.01, 5.43 27.6,-
absolute HO2 cross sections (10% 1.42, 1.35 8.98, 8.07 8.68, 8.14
absolute CH3C(O)O2 cross sections (10% 1.55, 1.18 7.71, 5.86 -, 41.4
all absolute cross sections (5% 1.49, 1.34 10.1, 8.90 10.9, 8.52

a Typical data set refitted with one reaction rate constant or one set ofσ varied within given error limits.

CH3CHO+ CH3C(O)O2 f CH3C(O)OOH+ CH3CO (13)

CH3CHO+ CH3Of CH3OH+ CH3CO (14)

CH3CHO+ HO2 T CH3CH(OH)O2 (15)
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k1 were not evaluated since these rate constants depend onk1.
Uncertainties in the absolute scales of the CH3O2 and HO2
spectra of 10% were estimated from the maximum deviations
between the cross sections measured here (Table 2) and the
literature values.10,11,17,25 (See Discussion.) Possible errors due
to incomplete Cl to radical conversion or unknown radical losses
yielded an estimated uncertainty in the absolute scale of the
CH3C(O)O2 spectrum of 10%. Finally, the effect of a C2H5O2

calibration error was examined by varying the absolute cross
sections of all absorbers(5%. The original fitted parameters
for the particular “low CH3CHO” data set used werek1 ) 1.38
× 10-11, k4a ) 8.54× 10-12, and k4b ) 8.26× 10-13 cm3

molecule-1 s-1, and the results are shown in Table 4.
The sensitivity calculations show, quite clearly, thatk1 is

unaffected by the stated changes in the rate constants, indicating
that errors in these rate constants will have little or no influence
on the determination ofk1. k1 is sensitive to changes in the
cross sections, and these fluctuations define the real error in
the k1 determination. A value ofk1 ) (1.36( 0.19)× 10-11

cm3 molecule-1 s-1 is hence concluded from this analysis. The
largest variations ink4a and k4b coincide with changes in the
fitted k1, suggesting thatk4a andk4b are sensitive to changes in
both the varied rate constant or cross sections andk1. Since
the variations ink4aandk4b given in Table 4 are not independent
of errors in k1, real errors in these rate constants cannot be
assigned from this sensitivity analysis. Averaging the “low
CH3CHO” and “CH4 added” results yieldsk4a) (8.8( 1.5)×
10-12 cm3 molecule-1 s-1 andk4b ) (1.0( 0.5)× 10-12 cm3

molecule-1 s-1, where the quoted errors are the calculated
standard deviations of measurements from both sets.
The possibility that our CH3C(O)O2 spectrum contains

contributions from CH3O2 was also considered by adjusting the
relative cross sections of CH3C(O)O2. If the CH3C(O)O2 had
partially self reacted to form CH3O2 at the time of our
measurements, then the shape of our CH3C(O)O2 spectrum
would be altered; the shorter wavelength feature of the
CH3C(O)O2 spectrum would be too low, the longer wavelength
feature would be too high, and thus ourR) σ210nm/σ240nmratio
would be too low. The magnitude of error in this ratio would
depend on the amount CH3C(O)O2 lost. For the sake of
comparison, two runs were performed withR) 2.5, theσ210nm/
σ240nm ratio of the Moortgatet al.9 data, and eitherσ240nm )
3.21× 10-18 (this work) orσ240nm) 3.01× 10-18 (Moortgat
et al.9 data rescaled down 17.5%). FACSIMILE was unable
to fit the data using either set of parameters, suggesting that
the 2.5 ratio is incorrect or that another parameter should
simultaneously be changed in order to compensate. Due to the
tremendous number of possible combinations, sensitivity tests
with multiple parameter changes were not performed.
A generalized sensitivity analysis of all data sets obtained

with added CH4 was not possible because the fluxes through
the various channels, and hence the sensitivities to these
channels, varied with the initial CH3C(O)O2/CH3O2 concentra-
tions. For measurements in which the CH3O2 concentration is
low, the results should resemble those shown in Table 4,
calculated in the absence of CH4. As the CH3O2 concentration
increases, the relative flux through reaction 4 will increase, while
that through reaction 1 will decrease. At the same time, the
absolute flux through the cross reaction channel will decrease
because the CH3C(O)O2 concentration is being reduced. In
addition, the influence of the CH3O2 self reactions will increase
with the CH3O2 concentration and the fitted parameters,k4aand
k4b, will become more sensitive to the values (or errors) of the
CH3O2 self reactions.

Discussion

Absorption Cross Sections. A comparison of the
CH3C(O)O2 spectrum obtained here and the previously mea-
sured spectra is shown in Figure 4. Also shown in Figure 4 is
the Moortgatet al.9 spectrum scaled down 17.5%. (The scaling
factor is an average of the recommended corrections given by
the two recent peroxy radical reviews.10,11) At wavelengths
greater than 225 nm, our data are in reasonably good agreement
with the averaged review data and the data of Addisonet al.7

Large deviations in the shape and magnitude (as much as 19%
at 207 nm) are noted when our data and those of Addisonet
al.7 are compared at wavelengths less than 225 nm, however,
suggesting that the longer wavelength agreement between these
two data sets is perhaps fortuitous. The absolute cross sections
and relative peak heights of Basco and Parmar8 are notably
different from ours. (It should be pointed out that the position
of the shorter wavelength peak and its cross section are not
exactly clear in the Basco and Parmar8 paper; in the text, the
absorption maximum is cited to occur at 207 nm, while in their
Figure 6, the spectrum is shifted toward longer wavelengths.
Shown here are the values taken from their figure.) Even though
our data most closely resembles the rescaled Moortgatet al.9

spectrum, the ratiosR ) σ210nm/σ240nm still differ. Identical
sources of CH3C(O)O2, namely the photolysis of Cl2 in the
presence of CH3CHO and O2, were employed in every study,
so discrepancies between the data sets cannot be attributed to
any systematic errors in the radical production mechanism.
Addisonet al.7 did add NO2 to the photolysis mixtures in

order to scavenge the CH3C(O)O2 and 95% yields of PAN were
reported. The absorption cross sections of PAN used in the
spectral subtraction were determined in the same laboratory,
but were not cited in the paper. The PAN data were said to be
substantially confirmed by previously reported values of
Stephens26, which has since proven to be 20-30% too high.27

Such an error would have a considerable effect in the
CH3C(O)O2 spectrum, particularly in the short wavelength
region, where the PAN cross sections are the largest.
A calibration error might explain the difference in the absolute

scale of the Basco and Parmar8 spectrum, but this will not
account for the disparity in ratio of the peak heights. The
apparent mislabling of the wavelength axis in their Figure 6
does create some uncertainty in the calculation of the peak height
ratio; however, this uncertainty is too small to justify such a
large difference. The presence of CH3O2 in their measurement
could have resulted in a cross section at 240 nm that is too
large. Calculations indicate that their initial CH3C(O)O2 radical
concentration was an order of magnitude larger than ours,
meaning that the decay rate of CH3C(O)O2 to produce CH3O2

was faster in their experiments. It is therefore possible that their
CH3C(O)O2 spectrum contains some contribution of CH3O2.
Although rescaling the spectrum of Moortgatet al.9 does

correct for the calibration error in initial CH3C(O)O2 concentra-
tions, it does nothing to rectify the erroneously high HO2 cross
sections which were input parameters in the computer simula-
tions of absorbance profiles. Furthermore, the CH3O2 cross
sections used by Moortgatet al.9 also appear too high. The
recommended CH3O2 cross sections10,11are 5-8% lower than
those employed by Moortgatet al.9 The effect of using incorrect
cross sections in the simulations can best be understood by
examining eq E (also used in Moortgatet al.9 simulations). The
contribution of any one absorber to the total absorption (Absλ,t)
is dependent on the product of the absorber’s cross section and
concentration; hence, the largest effects of incorrect cross
sections will occur at wavelengths at which the cross sections
of the particular absorber are large and over the time periods
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when its concentration is large. Theσ(HO2)’s increase with
decreasing wavelength, suggesting that errors inσ(HO2) might
become important at shorter wavelengths. The overall influence
of incorrectσ(HO2) on the simulations is expected to be small,
however, since the HO2 concentrations are low throughout the
experiments and the shape of the absorbance profiles are
primarily determined by CH3C(O)O2 and CH3O2. At wave-
lengths shorter than about 225 nm, the absorbance profiles
closely resemble rapid second order decay curves of
CH3C(O)O2 sinceσ(CH3C(O)O2) . σ(CH3O2). Errors in the
σ(CH3O2) at these wavelengths are, therefore, not expected to
introduce large errors in the simulations. At longer wavelengths
though, the CH3O2 cross sections are larger than the
CH3C(O)O2 cross sections; the shapes of the absorbance profiles
are strongly dependent onσ(CH3O2) and actually appear to
initially increase as the CH3O2 concentration increases. Simula-
tions of the measured absorbance profiles conducted at longer
wavelength, usingσ(CH3O2) values which are too high, are
expected to result inσ(CH3C(O)O2) values which are too low.
Due to the complexity of the fitting scheme, no attempt was
made to resimulate the data.
Another possible problem in the Moortgatet al.9 work might

have arisen from insufficient time resolution of their absorbance
traces. Although it is not stated in their paper, it appears from
the plots that the time resolution of their measurements was on
the order of 50µs. If the time resolution of the measurement
is inadequate, the shape of the rapidly decreasing absorbance
profiles at shorter wavelength will be distorted and the
extrapolation to zero time will be incorrect. (Note: our data
acquisition was a factor of 10 faster and hence should have a
smaller error associated with it.) Of course the curvature in the
absorbance trace depends not only on the wavelength of the
measurement, but also on the initial CH3C(O)O2 concentration.
Initial radical concentrations of Moortgatet al.9 were around
1.1× 1014 molecule cm-3, a factor of 2.2-5.5 larger than the
concentrations used here.
Finally, examination of Moortgatet al.9 absorption traces

reveals that negative dips directly follow the flashes and that
absorbances do not reach an immediate maximum. The length
of their flash pulse (not stated in their paper) is assumed to be
much longer than our laser flash and perhaps the detector does
not fully recover from the influence of the flash lamp.
Determinations of the initial CH3C(O)O2 concentrations might
be affected by the long delay in the signal recovery.
Rate Constants: k1, k4a, and k4b. As was demonstrated by

the sensitivity analysis, correct cross sections of all absorbers
are critical to the determination of accurate rate constants. In
the hopes of eliminating systematic differences resulting from
monochromator resolution, path length, etc., the CH3O2 and HO2
cross sections were remeasured along with the CH3C(O)O2
rather than being taken from the literature. The CH3O2 cross
sections measured in this work are 10% lower than the
recommended values of Lightfootet al;10 however, they clearly
lie within the range of data used in arriving at this recom-
mendation (σ240nm ranged from 4.03 and 4.97× 10-18 cm2

molecule-1). Our values are only 7% lower than the Wallington
et al.11 recommendations. Since the reviews were published,
two new CH3O2 spectra have been reported17,25with σ(240nm)
) 4.40 and 4.22× 10-18 cm2 molecule-1, which support our
lower values. The HO2 data measured here are in excellent
agreement with the recommended values of Lightfootet al.,10

varying less than 1% at 210 nm, but are about 8% lower than
the recommended cross sections of Wallingtonet al.11 It should
be pointed out, however, that the Wallingtonet al.11 recom-
mendation included several older data sets which have noted

experimental flaws and excluded three measurements from 1991,
which had not yet been published.
The CH3C(O)O2 self reaction rate constantk1 determined in

the analysis of the “low CH3CHO” data sets is in perfect
agreement with that obtained from the “high CH3CHO” data
sets when the latter data sets are only fit to 1 ms. Secondary
chemistry between CH3CHO and products of the CH3C(O)O2
decomposition seems likely in the "high CH3CHO" measure-
ments and explains the deviations in the fits at times greater
than 1 ms.
Thek4a andk4b obtained from the “low CH3CHO” data sets

are lower than those from measurements with added CH4 by a
factor of 1.1 and 1.5, respectively. Although the errors on the
“low CH3CHO” values are smaller, fits of these experiments
are not expected to be as sensitive to the cross reaction rate
constants as fits of the experiments with added CH4. Since
CH3O2 is regenerated in reactions 2 and 3, there is no net change
in CH3O2 concentration due to reaction 4a andk4a is solely
determined by changes in the CH3C(O)O2 concentrations, after
the loss due to the dominating self reaction is accounted for.
Reaction flux calculations conducted with typical “low
CH3CHO” conditions have shown that reaction 4a only becomes
competitive with reaction 1 at times greater than 1.5 ms and at
that point the reaction flux through reaction 4a is small. Also,
even though reaction 4b is derived from changes in both CH3O2

and CH3C(O)O2 concentrations, the rate constant is relatively
small and reaction 4b remains a minor channel throughout the
entire reaction time period. Initial production of CH3O2 by the
addition of CH4 increases the flux through the cross reaction,
and hence, the sensitivity to the cross reaction rate constant is
expected to be greater.
The large error associated with the CH4 added data was

unanticipated, but can perhaps be explained by changes in the
relative CH3CHO and CH4 concentrations, and thus the ratio
of initial radical concentrations, during the course of the
measurements. Small changes in the absorbance profiles could
have been masked in the noise of the individual data sets of
500 laser pulses used in the final averaging. In the “low
CH3CHO” sets, the initial CH3C(O)O2 concentrations only
depend on the Cl concentration (and laser power) and slight
changes in the CH3CHO concentration, which is in excess over
the Cl, would have no effect.
Due to the limitations of each of the data sets (both with and

without CH4) discussed above, neither set was preferred over
the other and the final rate constantsk4a andk4b were derived
from averaging both the “low CH3CHO” and “CH4 added”
results. Ourk4 ) (9.8( 2.0)× 10-12 cm3 molecule-1 s-1 does
fall within the error limits of the most recent measurement by
Lesclauxet al.,15 k4 ) (7.6 ( 3.8) × 10-12 cm3 molecule-1

s-1. It should be noted, however, that the branching ratio
employed by Lesclauxet al.15 was assumed to bek4a/k4 ) 0.48,
as determined earlier by Moortgatet al.9 A branching ratio of
k4a/k4 ) 0.90 ( 0.24 was obtained in this study in good
agreement with the most recently quoted value ofk4a/k4 ) 0.83
( 0.17 by Horie and Moortgat.14 Different CH3C(O)O2 cross
sections were used in the older works of Addisonet al.,7 Basco
and Parmar,8 and Moortgatet al.,9 and thus agreement between
the rate constants determined in this work and theirs is
coincidental at best. Different cross sections would mean
different concentration profiles and, therefore, different rate
constants, indicating that comparisons between our rate constant
and those of the above-mentioned works, as such, are not
meaningful.
Using the temperature dependence of the relative cross

reaction rate constants of Horie and Moortgat14 â ) k4a/k4b )
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2.2× 106 exp(-3870/T) and ourk4 ) (9.8( 2.0)× 10-12 cm3

molecule-1 s-1, the temperature dependent rate constants can
be calculated:

These equations are valid only over the temperatures (263-
333 K) used in ref 14 and with the valuek4 ) 9.8× 10-12 cm3

molecule-1 s-1, assumingk4 is independent of temperature as
suggested in ref 9.

Conclusions

A laser flash photolysis experiment was used to measure the
ultraviolet absorption spectrum of acetylperoxy radical in the
195-280 nm range. The spectrum is bimodal, with a strong
maximum at 207 nm,σ ) 6.67× 10-18 cm2 molecule-1, and
a weaker maximum near 240 nm,σ ) 3.21 × 10-18 cm2

molecule-1. CH3O2 and HO2 cross sections were remeasured
as a part of this study at several wavelengths within the range
mentioned above. The valuesσ240nm(CH3O2) ) (4.12( 0.41)
× 10-18 cm2 molecule-1 andσ210nm(HO2) ) (4.19( 0.42)×
10-18 cm2 molecule-1 were obtained. A rate constant of (1.36
( 0.19)× 10-11 cm3 molecule-1 s-1 was determined for the
acetylperoxy self reaction at 298 K, using the newly obtained
cross sections, absorption-time profiles, and the FACSIMILE
program. Rate coefficients ofk4a ) (8.8( 1.5)× 10-12 cm3

molecule-1 s-1 andk4b ) (1.0( 0.5)× 10-12 cm3 molecule-1

s-1 were similarly determined for the acetyl- and methylperoxy
cross reactions. The resultingk4 is in good agreement with the
recent measurement of Lesclauxet al.,15 and the branching ratio
(0.90) is close to that reported by Horie and Moortgat.14
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Note Added in Proof. While examining the literature for
the manuscript, several printing errors were noted in Section
III. B.3sAcetylperoxy radicals of the recent Lightfootet al.10

review. First,σ(205 nm) for ref 1 in Table III.12 should be
deleted; no such measurement exists. Three cross sections of
ref 2 are in error; the corrected values should beσ(205 nm))
6.99, σ(207 nm)) 8.37, andσ(230 nm)) 4.97. Finally,
σ(207 nm)) 8.37× 10-18 of ref 2 is missing from the plot in
Figure III.11. Since the acceptance of this work, the authors

have become aware of a similar study submitted recently toJ.
Phys. Chem.by Maricq and Szente. The UV cross sections of
CH3C(O)O2 and the CH3C(O)O2 + CH3O2 rate constants (k4)
presented here and in the Maricq and Szente work are in
excellent agreement, and the CH3C(O)O2 self-reaction rate
constants (k1) agree within the error limits. An unexplained
discrepancy exists, however, between the branching ratios of
k4 determined in the two studies.
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