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The kinetics of the reaction between the HO, and CH,C(0)O, radicals has been studied in the gas phase at atmospheric
pressure between 253 and 368 K. Flash photolysis was used to produce the radicals which were detected by their absorption in
the UV. The two reactive channels for this reaction are CH;C{0)0,4+ HO,—-CH;C(0O)O0OH+0, (1a)and - CH,C(O)OH+0O,
(1b). The overall rate constant measurement gave a value of k; = (4.3 1.2) X 10~ exp[ (1040 + 100)/T] cm?® molecule~'s~*;
the branching ratio &,/ (k;.+ &, ) was found to be independent of temperature and equal to 0.33+0.07.

1. Introduction

Accurate kinetic data concerning the reactions of
different peroxy radicals, such as HO,, CH;0, and
CH-,C(0O)0O, are needed in order to understand the
complex role of these species as important inter-
mediates during the oxidation of organic com-
pounds in combustion systems and in the atmo-
sphere. Mutual and cross reactions between these
radicals are important terminating steps in the oxi-
dation chain of hydrocarbons and their role is par-
ticularly crucial in clean atmospheres where the NO,
concentrations are low [1].

Recent studies of the kinetics of the mutual re-
actions of HO,, CH;0, and CH,C(0O)QO, radicals
have been performed in this laboratory [2-5] as well
as the kinetics of the reactions of CH30, radicals with
HO, and CH,C(0O)0, [2,4,5]. In this paper, we re-
port the results of a kinetic study of the reaction of
HO-, with CH,C(0)0, radicals: the reaction rate
coefficient and the product channels for this reaction
were studied in the temperature range 258-368 K:

HO,+CH,C(0)0,—-CH;C(O)OOH+0,, (la)
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No kinetic data are available on this reaction, but
the product distribution was determined recently in
an FTIR study by Niki et al. [6], who estimated 75%
and 25% for the yields of reactions (1a) and (1b),
respectively.

In this work, flash photolysis kinetic spectroscopy
was used with radical concentrations monitored by
absorption in the UV.

2. Experimental

All experiments were carried out using the flash
photolysis apparatus described in detail elsewhere
[4]. Briefly, it consists of a 70 cm long thermostat-
ted Pyrex cell provided with a second outer evacu-
ated jacket. The flash is generated by discharching
two capacitors through external argon flash lamps.
The analysis beam from a deuterium lamp passes
twice through the cell and impinges onto a
monochromator-photomultiplier unit. Individual
experimental absorption curves were fed into a tran-
sient recorder and passed into a microcomputer for
averaging and further data analysis.

HO, and CH,C(0)0O,; radicals were produced by
the flash photolysis of Cl,/CH,CHO/CH;0H/O,/
N, mixtures according to the reaction sequence

Cl, +hv—2Cl, (2)
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Cl+CH;CHO-CH;CO+HCI, (3)
Cl+CH;0OH—~CH,OH+H(l, (4)
CH,CO+0,->CH;C(0)0;, (5)
CH,OH+0, -CH,0+HO,; . (6)

The gas mixtures were flowed through tne cell and
regulated by Tylan flow controllers. Air was used as
the carrier gas and the total pressure was kept con-
stant in all experiments at between 600 and 650 Torr.
The temperature of the cell was regulated with a
thermostat using ethanol or water as cooling or heat-
ing fluids.

The total peroxy radical concentration was mea-
sured relative to the absorption cross section of HO,
at 210 nm, which is fairly well established [3,4]. This
was achieved by using the same chlorine concentra-
tion and flash energy in each experiment to produce
the same initial peroxy radical concentration. The
exact concentration of CH,C(0O)O, radicals was
measured at wavelengths near 270 nm, using the re-
cently measured absorption cross sections [5] listed
in table 1. At 270 nm, the absorption of HO, is neg-
ligible in the present experiments. Knowing the total

Table 1
Cross-sections used in the kinetic simulations (10'* cm?
molecule™')
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Wavelength HO, ® CH;C(0)0," o,
(nm)

195 5.00 5.00 0.39
200 5.20 8.20 0.32
205 5.35 9.30 0.36
207 5.33 9.50 0.42
210 5.30 9.00 0.57
215 495 7.15 1.02
220 435 5.70 1.78
225 3.55 415 2.94
230 2.90 3.40 4.48
235 2.30 3.50 6.32
240 1.80 3.65 8.31
245 1.25 3.70 9.93
250 0.90 3.35 11.2

255 0.55 2.95 11.6

260 0.30 2.50 10.8

265 0.20 2.15 9.66
270 0.10 1.70 7.98
275 - 1.40 5.91
280 - 1.10 4.00

“» Ref. [5]. " Ref. [8].
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initial radical concentration from the HO, calibra-
tion run, the exact HO, radical concentration could
be calculated after subtraction of the known
CH,C(0O)0, concentration and the result was ver-
ified in simultaneous simulations with time profiles
recorded at various wavelengths.

Typical total initial radical concentrations of
1 % 10'* molecules cm ~* were used and the initial ra-
tio [HO; o/ [CH5C(0)0, ], could be controlled by
variation of the CH;OH and CH;CHO concentra-
tions respectively. The typical radical concentration
ratio was varied between 0.8 and 1.2.

Acetaldehyde (Fluka, 99.7%) and methanol
(Merck, Spectroscopic Grade purity 99.7%) were
purified by several freeze-pump-thaw cycles before
use. Oxygen, and nitrogen (I’Air Liquide purity
99.5% and 99.995%, respectively), synthetic air
(same purities ) and Cl, (I’Air liquide 2% in N) were
all used without further purification. The Cl, con-
centration was measured between experiments by
optical absorption at 330 nm, using o(Cly)=
2.56x 10 '* cm? molecule™! [7].

The composite transient absorption curves were
measured in the wavelength range between 207 and
270 nm. Decay traces were analysed via non-linear
least-squares (NL-LS), using numerical integration
of the system of differential equations [4]. Because
of the problem of overlapping spectra of the peroxy
radicals, a programme was used which enables sev-
eral decay traces, collected at different wavelengths
but under identical physicsal conditions (e.g. tem-
perature, pressure), to be simultaneously analysed.

3. Results

The kinetics of reaction (1) was studied near the
maximum of the acetylperoxy radical at 210 nm.
However, experimental results indicated that at
wavelength longer than 225 nm, there is an addi-
tional long-lived product detected by its increased
absorption at longer reaction times in agreement with
Niki’s results {6]. This species was identified as
ozone, after incorporating the O; absorption cross
sections from the recent measurements by Molina
and Molina [8] in the simulations. The behaviour
of the optical density time profiles was simulated at
various wavelengths between 210 and 270 nm by op-
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timising the overall reaction rate constant k, and the
branching ratio for O, formation. One set of exper-
iments at various wavelengths was performed at each
of the three temperatures.

Reactions (2) to (6) were assumed instantaneous
on the time scale of the radical decay. The NL-LS
computer simulation programme contained reac-
tions (1) and those reactions involving HO,, CH;0,
and CH,C (O )0, radicals, the rate constants of which
were measured in earlier studies [2-5]:

2CH,C(0)0, »2CH;C(0)0+0, , (7)

k;=2.8%10""2exp[ (530% 100)/ 7] cm? molecule !
s=! [5],

CH,C(0)0-CH,+CO,, (8)
CH,; +0,->CH;0,, (9)
2CH,0, - HCHO+CH,0H+0,, (10a)

-2CH;0+0,, (10b)

kip=(1.3£0.15)x 10~ Y exp[(365£40)/7T] cm?
molecule=' s~! [4],

CH,C(0)0, +CH,0,
~CH,C(0)0+CH,0+0,, (11a)
~CH;C(0)OH+HCHO+0, , (11b)

ki ;=(1.4£0.3)x10-"" cm® molecule~'s™' [5],
CH,0+0, - HCHO+HO, , (12)
CH;0, +HO, —products, (13)

ki;=4.4x10""exp(780/7T) cm?® molecule™! 5!
[4].

At 298 K, the overall absorbance decay was sim-
ulated at 210 nm. The best fit was obtained for
ky=k,,+k,=(1.3120.3)%x10~-"" cm® molecule~'
s~ ' as shown in fig. la, middle trace. The upper and
lower traces represent the limits 1.0x10~!' and
1.6 10~ "' ¢cm? molecule=!' s~

At this wavelength the O, absorption is weak and
it was verified that the other reaction products, i.e.
CH,00H, CH;C(O)OH and CH,C(O)OOH have
no significant contribution ta the optical density. Ex-
periments were thus performed at 210 and 245 nm
on a 40 ms time base and simulations included all
products except for CH,C(O)OOH for which the
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Fig. 1. Kinetic simulations of experiments done at 298 K. (a)
210 nm, with &, =(1.3+0.3) X 10~ "' cm” molecule~' s~ ' {mid-
dle trace). The upper and lower traces represent the limit
1.0x 10" and 1.6 x 10~"' cm® molecule~'s~'. (b) 260 nm, ef-
fect of the inclusion of O, formation with a branching ratio of
0.30 (middle trace), with the limits 0.35 (upper), 0.25 (lower)
and 0.0 (bottom).

cross-section is not known. It was clear in the sim-
ulations that O; was the major contributor to the to-
tal absorption at both wavelengths and that the ki-
netics were not affected by absorption by the two
organic acids.

As can be seen in fig. 1b, simulations of the ex-
periments at 265 nm show the effect of inclusion of
O; production in the system, where the fractional
contribution was 0.30 (middle trace), with limits
0.35 (upper) and 0.25 (lower). The isolated lower
curve represents a simulation where the O; contri-
bution was set to zero. The value of the branching
ratio was obtained from a NL-LS treatment at 210,
245 and 265 nm.

At 258 K, the overall reaction rate constant & is
much faster than that 298 K. The best fit was ob-
tained for k,=(2.7£0.5)x 10" cm® molecule~!
s—!. The fractional O; contribution was 0.36 +0.05,
as deduced from the simultaneous simulations done
at 245 and 260 nm. Finally at 368 K, the overall re-
action rate constant was obtained from simulations
done at 207 nm. The best fit was obtained for
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ki=(7.45£3.0)x10"'? cm® molecule~' s~'. The
O; contribution was investigated at 245 and 265 nm,
and an O, fraction of 0.39+0.05 was obtained.

The temperature dependence of the rate constant
for the overall reaction between HO, and
CH,C(0)O0, radicals is displayed in fig. 2 and can
be expressed in Arrhenius form as

ki=(43+1.2)% 10_'3exp[(1040i100)/T]
cm?®molecule's~' .

The branching ratio defined as k;,/(k.+kp) is
0.33+0.07 independent of temperature between 253
and 368 K within experimental uncertainty (fig. 3).
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Fig. 2. Temperature dependence of k. Error bars indicate the ac-
ceptable range of variation of &, values in the kinetic simulations,
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Fig. 3. Temperalure dependence of the branching ratio k,/
(kia+ky,). Error bars correspond to the range of variation of the
branching ratio values in the kinetic simulations.
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4. Discussion

This study constitutes the first measurement of the
rate constant of the reaction between HO, and
CH,C(0)0, radicals. Two product channels have
been distinguished on the basis of O5 formation:

HO,+CH,;C(0)0,-CH;C(0)0,H+0,, (la)
—CH;C(0)OH+0,. (l1b)

The products CH;C(O)OH and CH;C(0Q)O,H
had been observed in the Cl-initiated oxidation of
HCHO-CH;CHO mixtures by Niki et al. [6] who
estimated the relative contributions of reactions (1a)
and (1b) to be 75% and 25%, respectively, in fairty
good agreement with our results, within experimen-
tal uncertainties,

These two channels can be explained by the for-
mation of a common adduct intermediate, which may
decompose in two ways:

CH;C(0)0, +HO,
O
—H, —C—(HI—O—O—O—O—H (RO, H)
followed by cither
0]
RO4H-0, + H;—C—(HZ—O—O—H ,

which is the expected pattern for RO,+HQO, reac-
tions, or

ROH -—--> H3-Cii- C—?
0] O
; /
H @]
N/
0
———>03+H3—C-?=O
o]
i
H

This second pathway is made possible in this case
by the presence of the carbonyl group which allows
the formation of the C=0-H-O linkage. Such an in-
termediate is not possible for the analogous reaction



Volume 160, number 4

between HO, and CH;0,; radicals which therefore
does not produce ozone. In that case, a cyclic struc-
ture involving a C—H bond, as shown below, can ex-
plain the formation of formaldehyde and water which
were recently observed [9]:

H
\
0—
H
1

~0-0

HOz + CHs0z --->
--=> 02 + CH20 + H20

The particular mechanism involved in the for-
mation of O, in reaction (1) is not typical of reac-
tions between peroxy radicals (RC,+HO-) and in-
deed, in no other case to date, has ozone been found
as a product, but it should be looked for in the prod-
ucts of the reaction between HO, and other acyl-
peroxy radicals.

The rate constant for reaction (1)} can be com-
pared with that for similar RO,+ HQ, reactions:

HQO, +CH, 0, —»products (13)

ki3=3.5%10~'2 ¢cm® molecule™' s~!, £E/R=780 K
(4],

HO, + HOCH, O, = products, (14)

ki 4,=8x%10""2 ¢m?® molecule~' s~!, E/R=2170 K
[10].

The enthalpies are similar for the three reactions
(=~ —43 kcal/mol) and the rate constants have sim-
ilar values at 298 K with strong negative tempera-
ture dependences.

Hz2-C -0

5, Conclusion

The kinetics of the reaction of HO, radicals with
CH;C(0)0, radicals has been determined with
computer-aided simulation of experimental absorp-
tion traces generated in the flash photolysis of Cl,/

CHEMICAL PHYSICS LETTERS

18 August 1989

CH,CHO/CH;OH/O, mixtures. The results are
based on the knowledge of exact absorption cross
sections of the peroxy radicals produced in the
chemical system. The results show that ozone or-
ganic acids are produced. Consequently, this reac-
tion might be a possible source of CH;C(O)OH and
CH;C(0)0,H in remote regions of the troposphere
where the NO, concentration is lower than 10 ppt,
and where reactions between peroxy radicals pre-
dominate [1]. It can reasonably be anticipated that
all reactions of acylperoxy radicals with HO, are also
sources of organic acid and ozone and this should be
confirmed experimentally.
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