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Wavelength dependent photodissociation of CH3OOH
Quantum yields for CH3O and OH, and measurement

of the OH + CH3OOH rate coefficient
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Abstract

Methyl hydroperoxide, CH3OOH, has been synthesised with >99.5% purity, confirmed using UV absorption spectroscopy and high-pressure
liquid chromatography (HPLC) followed by post-column derivatisation. The UV absorption cross-section for CH3OOH was measured and for
<325 nm was in good agreement with the literature. Laser-flash photolysis combined with laser-induced fluorescence (LIF) spectroscopy has
been used to measure both OH and CH3O photofragments following the photolysis of CH3OOH in the wavelength range 223–355 nm. Using the
previously measured unity quantum yield for OH at 248 nm as a reference, the LIF signals immediately following photolysis were used to measure
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wavelength dependent quantum yields for OH and CH3O, taking into account changes in laser pulse energy and absorption cross-secti
quantum yields for both species were unity within experimental error. The rate coefficient for the reaction of OH with CH3OOH (R1a) to genera
CH3O2 + H2O products was measured at 295 K to bek(R1a)= (9.0±0.2)×10−12 cm3 molecule−1 s−1, considerably higher (by about a factor of tw
than previous values measured by Vaghjiani and Ravishankara [G.L. Vaghjiani, A.R. Ravishankara, J. Phys. Chem. 93 (1989) 1948
Niki et al. [H. Niki, P.D. Maker, C.M. Savage, L.P. Breitenbach, J. Phys. Chem. 87 (1983) 2190–2193].
© 2005 Elsevier B.V. All rights reserved.

Keywords: Wavelength dependent photolysis; Kinetics; Peroxides; Hydroxyl radicals; Laser-induced fluorescence; Atmospheric chemistry; HOx radicals; Methoxy
radical; Rate coefficient

1. Introduction

The majority of oxidation in the atmosphere is initiated by
the hydroxyl radical, OH. Two of the largest losses of OH are by
reaction with CO and CH4, which generate the peroxy radicals,
HO2, and CH3O2:

OH + CO → H + CO2 followed by

H + O2+M → HO2+M

OH + CH4→ CH3+H2O followed by

CH3+O2+M → CH3O2

Peroxy radicals in the atmosphere are removed either by reac-
tion with O3, NO or by self- and cross-recombination reactions,
with the latter being the dominant pathway in clean air, forming
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peroxides:

HO2+HO2→ H2O2+O2

HO2+CH3O2→ CH3OOH + O2

Peroxides are, therefore, indicators of chemical proce
in the troposphere, as they are formed from peroxy radi
which are the result of oxidation of VOCs by OH, NO3 or O3.
Hydrogen peroxide is also an efficient oxidant in cloud drop
converting SO2 into sulphuric acid, H2SO4 [3]. Peroxides act a
reservoirs of other oxidants, as they are photolysed by sun
near-UV wavelengths, releasing radicals:

H2O2+hν→ OH + OH, λthreshold= 556 nm

CH3OOH+hν→ CH3O + OH, λthreshold= 618 nm

followed by CH3O + O2→ HO2+CH2O

1010-6030/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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However, if peroxides react with OH or are lost by rainout or dry
deposition to the surface, they become a sink for free radicals:

OH + H2O2→ products

OH + CH3OOH → products (R1)

Peroxides have been measured in the troposphere and free-
troposphere using a variety of instruments on ground-based and
aircraft platforms[4–7]. Measurements are common for H2O2
and CH3OOH, but quite rare for the more complex organic per-
oxides. In clean air, typical H2O2 concentrations vary from a
few hundred parts per trillion (ppt) up to ca. 1 part per billion
(ppb), but concentrations up to several ppb are not uncommon
in more polluted air. For the organic peroxides, with CH3OOH
constituting the majority, concentrations are typically 50% of
H2O2 [5].

As mentioned above peroxides can act as both sources and
sinks of OH. During the Southern Ocean Photochemistry Exper-
iment (SOAPEX 2), held at Cape Grim, Tasmania in 1999,
photolysis of H2O2 and CH3OOH constituted on average 4%
and 2%, respectively of the total OH production, whereas the
reaction OH + CH3OOH constituted 5% of the total loss of OH
[8]. In the boundary layer, the photolysis of peroxides is a rel-
atively minor source of OH, as OH production is dominated
by ozone photolysis to generate O(1D) atoms, followed by the
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OH + CH3OOH → CH3O2+H2O (R1a)

→ CH2OOH + H2O (R1b)

where CH2OOH is unstable and rapidly falls apart (on a
microsecond timescale, see Section3.3 for further discussion)
to regenerate OH:

CH2OOH + M → CH2O + OH + M

Only two kinetics studies of reaction(R1) have
been performed. Niki et al.[2] determined a value of
k(R1) = k(R1a)+ k(R1b)= 1.0×10−11 cm3 molecule−1 s−1 in an
FTIR end-product analysis chamber experiment at 298 K, where
k(R1) was measured relative to OH + C2H4 and OH + CH3CHO.
The branching ratiok(R1a)/k(R1b) was found to be 1.3±0.26.
Vaghjiani and Ravishankara[1], who monitored the temporal
behaviour of OH,18OH and OD using laser-induced fluores-
cence (LIF) in the presence of CH3OOH, obtained a value
of k(R1) = (5.38±0.44)×10−12 cm3 molecule−1 s−1 and a
branching ratio ofk(R1a)/k(R1b)= 2.52±0.36.

In the present study we have synthesised CH3OOH, and using
a combination of UV–vis absorption spectroscopy and high-
pressure liquid chromatography (HPLC) have shown that sample
is very pure. The photolysis of CH3OOH at a range of wave-
lengths is studied by measuringboth the OH and CH3O radical
p hich
i rely
d the
s s the
m
U to
m
c .

2

2

l-
a ydro-
g by
V u-
t
t posed
t ns-
f uid
e dried
w f the
e are
d
T oved
b as a
m ,
r g
C as
m

eaction of O(1D) with water vapour. However, in the upp
roposphere (UT), the concentration of water vapour is m
maller, and convective transport of H2O2 and CH3OOH may
nject significant concentrations in the UT, leading to a sig
ant source of OH following photolysis, although a signific
raction of H2O2 may be scavenged in clouds by washout[9].
uring the PEM-Tropics, a mission over the South Pacific,

olysis of peroxides was found to be a major source (35%
H during convective events[10–12]. However, OH levels wer
ot enhanced significantly because of the increased sink
eaction with transported CH3OOH.

For both peroxides, the absorption cross-sections dro
apidly at wavelengths above the actinic cut-off at 290 nm
hotolysis still represents a significant loss process for
pecies. The photochemistry of H2O2 has been the focus
any experimental and theoretical studies[13–17]. The ultra-

iolet absorption spectrum of H2O2 is continuous over th
egion 106–350 nm[14], indicating a short-lived and pure
issociative excited state, with an OH quantum yield of
easured for >222 nm[15]. However, the absorption cros

ection and photodissociation quantum yields for CH3OOH
ave been the subject of fewer studies. Vaghjiani and R
ankara[14,15] have determined the absorption cross-sec
f CH3OOH between 210 and 360 nm and have measure
uantum yield for OH formation to be 1±0.18 at 248 nm
nder bulb conditions. Similarly, Thelen et al.[18] showed

hat CH3OOH exclusively photofragments to form CH3O and
H after excitation at 193 and 248 nm under molecular b
onditions.

The reaction between OH and CH3OOH has two potentia
roduct channels:
f

-

e

hotofragments using laser-induced fluorescence, from w
t is shown that under all conditions the excited state is pu
issociative, giving a quantum yield of one. The purity of
ample and the monitoring of both products are important, a
ost likely contaminant in the synthesis of CH3OOH is H2O2.
sing laser-flash photolysis followed by time-resolved LIF
onitor decays of OH in the presence of a range of CH3OOH

oncentrations, we have measuredk(R1a) at room temperature

. Experimental

.1. Preparation of methyl hydroperoxide, CH3OOH

Methyl hydroperoxide, CH3OOH, is not commercially avai
ble. Consequently, it was prepared by the methylation of h
en peroxide, closely following the procedure described
aghjiani and Ravishankara[1]. Attention is drawn to the ca

ion given during the description of this procedure[1], regarding
he potential explosive nature of residues when they are ex
o air. The resulting CH3OOH in the aqueous phase was tra
erred into diethyl ether (DEE) using continuous liquid/liq
xtraction over a number of hours. The ether solution was
ith sodium sulphate and then concentrated by boiling of
ther at 308 K. The two potential impurities in the sample
iethyl ether, the solvent used to extract the peroxide, and H2O2.
he former has a large vapour pressure and is readily rem
y pumping on the peroxide sample in dry ice; the latter h
uch smaller vapour pressure than CH3OOH and is, therefore

eadily separated by the distillation of CH3OOH. The resultin
H3OOH was transferred to∼1 g sample bottles (only 1 g w
ade at a time) and stored in a freezer at−18◦C.
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The purity of the CH3OOH was determined using reverse
phase high-pressure liquid chromatography with post-column
derivatisation via the peroxidase enzyme fluorescence method
of Lazrus and co-workers[4,19]. Separation on a C-18 reverse
phase column is followed by derivatisation to form the stable
dimer of p-hydroxyphenylacetic acid (p-HAA) by addition of
the reagent horseradish peroxidase in buffered potassium hydro-
gen phthalate. The pH was then raised to convert the dimer
into its fluorescent anionic form allowing quantification by flu-
orescence. The analytical technique is able to separate H2O2
from CH3OOH and higher organic peroxides (producing dis-
tinct chromatographic peaks), and CH3OOH was observed to
be >99.5% of the peroxides present in the sample, with H2O2
and CH3OOCH3 being the minor constituents.

Prior to use, the CH3OOH in the sample bottle was transferred
to a vacuum line and subjected to several freeze–pump–thaw
cycles before being transferred either to an absorption cell
(10 cm in length) or to a 5 l bulb for dilution in helium for imme-
diate use in photodissociation and kinetics experiments. UV–vis
absorption spectra were recorded with a laboratory spectrometer
(Perkin Elmer Lambda 900).

2.2. Photolysis and kinetics experiments

The apparatus used is a slight modification of the slow flow,
laser-flash photolysis/LIF technique, which has been previously
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region was∼1.5 cm in diameter. Perpendicular to the plane con-
taining the laser beams were two convex lenses (f = 4.0 cm),
mounted inside the reaction cell, and used to image the OH
or CH3O fluorescence. The lenses were arranged to image the
reaction zone through an iris to match the diameter of the probe
laser, and through the long-pass filter onto a photomultiplier
(PMT, EMI 9813). The PMT signal was integrated with a box-
car averager (SRS), which was adjusted to exclude the first 50 ns
of the signal following the photolysis laser pulse, and digitised
before transfer to a personal computer for subsequent data anal-
ysis. The delay between the photolysis and probe lasers was
changed by a delay generator (SRS 535) under computer con-
trol, and the temporal evolution of OH or CH3O following the
photolysis was recorded at∼100 delays, with each data point
averaged over four–eight laser shots.

Mass flow controllers (MKS) were used to adjust the flow
of CH3OOH and helium, the buffer gas used. The pressure in
the photolysis cell was measured using capacitance manometers
(MKS) and adjusted between 10 and 400 Torr by throttling the
exit valves on the cell. The total flow rate, combined with a
pulse-repetition-frequency of all the lasers of 5 Hz, ensured a
fresh sample of gas was photolysed by each subsequent laser
pulse and the cell was maintained at 295 K. Helium (BOC, CP
grade, 99.999%) was used from the cylinder without further
purification.
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escribed[20]. Photolysis of CH3OOH was achieved in on
f four ways: (i) by the 248 nm output from an excimer la
Lambda Physik, Minex); (ii) by the frequency-doubled o
ut; or (iii) the frequency-doubled and sum-frequency m
utput from a Nd:YAG (Spectron, SL803) pumped dye la
Spectron, SL4000), using an appropriate dye; and (iv) the
armonic of the Nd:YAG laser for photolysis at the longer wa

ength of 355 nm. Photolysis at 248 nm was used as a refe
avelength (see below) and the laser beam at this wavel
ounter-propagated the laser beam of the other photolysis
engths through the reaction cell, which was a six-way cr
he spatial cross-sections of the photolysis laser beams (2
r other wavelengths, used alternatively) were controlled u

rises so that they defined the same volume in the reaction
he output energy from the Nd:YAG pumped dye laser was

cally a few mJ per pulse, and the pulse energy of the exc
aser was adjusted to give a comparable amount of photo
t 248 nm. The energy of the lasers was determined by
ging the output of an energy meter (Gentec EDL 200)

ypically 50 laser pulses. The OH photofragment was pro
sing off-resonant LIF via theA2�+ (v′ = 1)←X2�i (v′′ = 0),
1(1) transition at 281.913 nm, and the CH3O photofragmen
robed using off-resonant LIF via theA2A1 (v′CO = 3)←X2E1
v′′CO = 0) transition at 292.8 nm[21,22], both in combinatio
ith a 305-nm long-pass filter (Schott WG-305). The pr
avelengths were generated using the frequency-double
ut from a Nd:YAG (Spectra Physics, Quanta-Ray GCR
umped dye laser (Spectra Physics, Quanta-Ray PDL-3,
amine 6 G for 281.9 nm and Rhodamine B for 292.8 nm).
robe beam was unfocussed and entered the reaction cell a
ngles to either of the photolysis lasers, and the beam-ov
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. Results and discussion

.1. UV–vis absorption spectrum of CH3OOH

Typically, 20 Torr of CH3OOH was transferred from the va
um line into the 10 cm absorption cell, which was placed

he UV–vis spectrometer. However, it was difficult to posit
he absorption cell exactly in the same place between run
xample, between using a cell containing CH3OOH and an
mpty cell), and hence a small but discernable baseline
resent, especially at longer wavelengths above 320 nm w

he emission lamps in the spectrometer change, and he
as only possible to measure absorption cross-sections
10−21 cm2 molecule−1, corresponding to (I− I0)/I0∼0.005.
ig. 1shows an absorption spectrum of CH3OOH measured ove

he range 225–360 nm together with that measured by Vag
nd Ravishankara[14], andTable 1lists the measured cros
ections. The spectra agree within 30% in the range 225–32
ut beyond 325 nm our values become too high, ascribed
aseline problem mentioned above. Forλ < 325 nm, the goo
greement with the literature, taken together with the high p
>99.5%) measured using the HPLC method, gives us c
ence that our sample is indeed CH3OOH.

However, our values forσCH3OOH are unreliable abov
20 nm and inTable 1no values are given above this wa

ength.

.2. Photodissociation quantum yields

Examples of time-profiles of OH and CH3O radicals fol-
owing the photolysis of CH3OOH are given inFigs. 2 and 3,
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Fig. 1. Filled squares: UV absorption spectrum of CH3OOH recorded using
∼20 Torr of CH3OOH in a 10 cm cell. Open circles: absorption spectrum mea-
sured by Vaghjiani and Ravishankara[14]. The measured quantum yields for
CH3O (open triangles) and OH (open diamonds) were also used to calculate the
cross-sections at specific wavelengths (see text for details).

respectively. Vaghjiani and Ravishankara[15] and Thelen et al.
[18] showed that the 248 nm photolysis of CH3OOH gave exclu-
sively CH3O and OH with a quantum yield of one. We have used
this result as our reference and assign the LIF signal at 248 nm for
both species as equivalent to a quantum yield of one, in order to
compare with the signal at other wavelengths. The time-profiles
were fitted to the following exponential decay:

[RO] = [RO]0exp(−k′(R1)t) (E1)

where [RO]0 is the initial radical concentration, R = H or CH3,
andk′(R1) is the pseudo-first-order rate constant for the loss of
RO, given by:

k′(R1) = k(R1)[CH3OOH]+ kdiffusion (E2)

Table 1
UV absorption cross-sections for CH3OOH at 295 K

Wavelength (nm) This work Vaghjiani and
Ravishankara[14]

σ (10−20 cm2 molecule−1)

210 22.7 31.2
220 14.0 15.4
230 8.40 9.62
240 5.27 6.05
250 3.42 3.98
260 2.25 2.56
2
2
2
3
3
3
3
3
3
3
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w

Fig. 2. OH LIF signal observed following the photolysis (att = 0) of CH3OOH at
355 nm (open circles, 3.6 mJ per laser pulse) and 248 nm (filled squares, 0.52 mJ
laser pulse), recorded at a total pressure of 74 Torr helium.

with kdiffusion representing the diffusive loss of RO out of the
overlap region between the two laser beams. For the pho-
todissociation quantum yield experiments typically 10 mTorr
of CH3OOH was photolysed in the presence of 75 Torr of He
(although the pressure of each was varied in some experiments),
and the time-profiles were only recorded out to a few tens of
microseconds as only [RO]0 is required. Time-profiles were
recorded for a variety of photolysis wavelengths, and in every
case, the time-profile for the reference wavelength of 248 nm was
also recorded within 5 min. The energies of the photolysis laser
pulses were adjusted, using neutral density filters, to maintain a
similar LIF signal radical at 248 nm and the other wavelength,
as shown for OH and CH3O in Figs. 2 and 3, respectively. The
rise-time was very rapid compared with the decay rate, and the
initial concentration att = 0 (which is proportional to the initial
LIF signal) was obtained by fitting a falling exponential function
to the data and extrapolating tot = 0. The ratio of the quantum
yields at the two wavelengths is linked to the ratio of the two

F
a a total
p

70 1.47 1.70
80 0.956 1.09
90 0.624 0.691
00 0.429 0.413
10 0.307 0.239
20 0.200 0.137
30 a 0.079
40 a 0.047
50 a 0.027
55 a 0.021

a We do not report values above 320 nm due to the presence of a baselin
iated with the difficulty in positioning the absorption cell precisely in the s
lace between background and sample runs, which is exacerbated at
here the source lamps in the spectrometer change.
o-

m
ig. 3. CH3O LIF signal observed following the photolysis (att = 0) of CH3OOH
t 248 nm (open circles, 4.9 mJ) and 282 nm (filled squares, 1.52 mJ) at
ressure of 52 Torr helium.
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Table 2
Quantum yields for OH and CH3O following photolysis of CH3OOH

Wavelength (nm) Quantum yield for CH3O Quantum yield for OH

223 0.81±0.12 a

236 1.05±0.16 0.95±0.14
248 1 1
282 1.09±0.16 a

304 1.00±0.15 0.95±0.14
355 a 1.19±0.18

The values are all scaled to a value of unity obtained for OH at 248 by Vaghjiani
and Ravishankara[15] and Thelen et al.[18].

a Not measured.

initial concentrations, [RO]0, by the expression:

φRO,λ

φRO,248
= [RO]λ

[RO]248

N248

Nλ

σ248

σλ

(E3)

whereN is the number of photons per laser pulse (determined
from an average of≥50 shots) andσ is the absorption cross-
section, which is listed inTable 1. The rate of electronic quench-
ing of the OH or CH3O fluorescence is the same at the two
wavelengths, as the conditions of pressure and composition
are identical, and hence this effect cancels in Eq.(E3) and is
not required. At the reference wavelength of 248,φRO,248= 1.0
[15,18], and therefore, Eq.(E3) reduces to:

φRO,λ = [RO]λ
[RO]248

N248

Nλ

σ248

σλ

(E4)

from which φRO,λ was calculated from the ratio of the initial
LIF signals at the two wavelengths, the measured laser-energies
and the tabulated cross-sections obtained by Vaghjiani and Rav-
ishankara[14]. The quantum yields for both OH and CH3O
obtained in this manner are summarised inTable 2. The uncer-
tainty in the value ofφRO,λ is estimated as 15%, and is mainly
due to the error in [RO]λ/[RO]248, reflecting the ability to main-
tain a constant spatial overlap of the photolysis and probe laser
beams for the two photolysis wavelengths. With the exception
of φOH at 223 nm, the quantum yields measured in this work are
u

a
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F
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C

Fig. 4. Decay of OH LIF signal following the photolysis (att = 0) of 16.4 mTorr
CH3OOH at 100 Torr total pressure (helium). The solid line is linear least-
squares fit of Eq.(E1) to the data. Note the considerably longer times on the
x-axis compared withFigs. 2 and 3.

do not appear important. The quantum yields were insensitive to
a change in total pressure in helium up to 400 Torr, suggesting
that collisional quenching of the electronically excited CH3OOH
does not compete with dissociation to form OH and CH3O.

3.3. Measurement of the rate coefficient for the reaction
OH + CH3OOH

OH radicals were generated by the 248 nm photolysis of
CH3OOH using He as the buffer gas, at a total pressure of
100 Torr. The 248 nm pulse energy was∼1 mJ so that the OH
concentration was kept below 1011 molecule cm−3, whereas
the concentration of CH3OOH was varied over the range
2–25 mTorr (6.5–81×1013 molecule cm−3), to ensure pseudo-
first-order conditions. Time-profiles of OH were recorded over
much longer time-periods compared with the photolysis experi-
ments so that the decay of OH by reaction with CH3OOH could
be followed. A typical OH decay is shown inFig. 4, with the
loss of OH primarily due to reaction(R1):

OH + CH3OOH → CH3O2+H2O (R1a)

→ CH2OOH + H2O (R1b)

If the decomposition of CH2OOH to give OH + CH2O is very
rapid on the timescale of the OH decay (see below for further
discussion of this point), then measuring the decay of OH will
o n
i

[

k

A tial
b n
i the
t th
V c-
t d
nity within experimental error. Rearranging Eq.(E4)gives:

σλ

σ248
= [RO]λ

[RO]248

N248

Nλ

1

φRO,λ

(E5)

nd hence

λ = [RO]λ
[RO]248

N248

Nλ

1

φRO,λ

σ248 (E6)

ig. 1 also shows the values ofσλ calculated using(E6) for
oth OH and CH3O plotted on the same graph as the meas
bsorption cross-section, and is an alternative way to show
OH andφCH3O are very close to one at all wavelengths stud
he other dissociative pathways:

H3OOH+hν→ CH3OO + H, λthreshold= 324 nm

H3OOH+hν→ CH3+HO2, λthreshold= 403 nm

H3OOH+hν→ CH3OH +O(1D), λthreshold= 314 nm
t

nly yield information on reaction(R1a). The OH concentratio
s given by:

OH] = [OH]0exp(−k′(R1)t) (E1)

′
(R1) = k(R1)[CH3OOH]+ kdiffusion (E2)

ll OH decays were found to follow purely exponen
ehaviour, as shown by a fit of(E1) to the data also show

n Fig. 4. The rise-time of the OH is instantaneous on
imescale of the decay (see alsoFig. 1), and in agreement wi
aghjiani and Ravishankara[1], we see no evidence for produ

ion of vibrationally excited OH. Values ofk′(R1) were obtaine
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Fig. 5. Plot of the pseudo-first-order rate constantk′(R1) vs. the concen-
tration of CH3OOH, from which the linear least-squares gradient yields
k(R1a)= (9.0±0.2)×10−12 cm3 molecule−1 s−1 at 295 K.

in this manner for a range of CH3OOH concentrations, and are
shown inFig. 5. The gradient ofk′(R1)versus [CH3OOH] yielded
k(R1a)= (9.0±0.2)×10−12 cm3 molecule−1 s−1, at 295 K, with
the errors representing both 95% confidence limits of the best
linear-fit and the uncertainty in determining [CH3OOH]. The
small intercept inFig. 5 is consistent with the value ofkdiffusion
representing diffusion of OH out of the probe laser beam.

Identification of the gradient ofFig. 5 as k(R1a) hinges on
the CH2OOH formed in channel(R1b) falling apart to reform
OH on a timescale that is short compared with the observed
decay of OH. In the study of OH + CH3OOH by Vaghjiani
and Ravishankara[1], the lifetime of CH2OOH with respect
to decomposition at 205 K and in 50 Torr He was estimated to
be <20�s, based on a comparison of modelled and measure
OH decays. At 295 K the rate of CH2OOH decomposition to
reform OH (and CH2O) will likely be faster, and hence the
assumption that the measurement of OH loss in our experimen
yields k(R1a)= (9.0±0.2)×10−12 cm3 molecule−1 s−1 seems
justified. To determine the rate coefficient for the overall
OH + CH3OOH reaction,k(R1a)+ k(R1b), and the branching ratio,
requires measurement of both channels, and was performed b
Vaghjiani and Ravishankara[1] using isotopic substitution of
the OH reagent (16OH, 18OH and16OD).

Our value fork(R1a) is over a factor of two greater than
the value ofk(R1a)= (3.85±0.42)×10−12 cm3 molecule−1 s−1

obtained by Vaghjiani and Ravishankara[1]. Initially, diethyl
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method with post-column derivatisation (using the peroxi-
dase enzyme fluorescence method of Lazrus and co-workers
[4,19]) revealed that it contained a large amount (57%) of
H2O2. The rate coefficient for OH + H2O2 iskOH+H2O2 = 1.7×
10−12 cm3 molecule−1 s−1 [13], and hence the presence of sig-
nificant H2O2 contaminant provided an explanation for the
lower value obtained fork(R1a). However, once the synthesis and
extraction/purification of CH3OOH had been perfected, >99.5%
of the peroxide present in the sample was CH3OOH (measured
using HPLC); and the higher value ofk(R1a) was obtained.

In a chamber experiment using FTIR end-product anal-
ysis, Niki et al. [2] indirectly measuredk(R1) relative to
OH + C2H4 and OH + CH3CHO, and obtained a value of
k(R1) = 1.0×10−11 cm3 molecule−1 s−1 at 298 K. Niki et al.
[2] also determinedk(R1a)/k(R1b)= 1.30±0.26 (compared with
2.52±0.36 determined by Vaghjiani and Ravishankara[1]),
and sok(R1a)= 5.65×10−12 cm3 molecule−1 s−1, which is 60%
lower than our value. Although the experiments of Niki et al.
were performed in air, rather than helium, Vaghjiani and Rav-
ishankara[1] showed that the presence of O2 did not change
the rate coefficient. The reason for our higher value ofk(R1a)
is unknown. The experiments of Vaghjiani and Ravishankara
were very carefully performed, with concentrations of CH3OOH
determined immediately prior to admission of the reaction cell
using a UV absorption cell (although the UV absorption spec-
trum and cross-section for CHOOH and HO are similar).
W c-
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b , loss
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w and
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2 pre-
v r the
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d ting
t
e

ther, the solvent used in the preparation and ex
ion of CH3OOH, was considered as a potential c
aminant because its rate coefficient with OH is hig
kOH + DEE= 1.3×10−11 cm3 molecule−1 s−1 [23–25]). How-
ver, this explanation is ruled out on the basis that D
oes not contribute to the observed absorption spectrum
10 nm [26] and that the use of several freeze–pump–t
ycles when making up dilute sample bulbs of CH3OOH should
emove DEE effectively. The results of some of our ea
ttempts to prepare CH3OOH and measurek(R1a) are instruc

ive at this point. Preliminary attempts to synthesis CH3OOH
ed to lower values ofk(R1a) being measured, for example,
ow as 3×10−12 cm3 molecule−1 s−1, but subsequent ana
is of the preliminary sample of CH3OOH using the HPLC
d

t

y

-

e

3 2 2
e did not determine [CH3OOH] immediately before our rea

ion cell in this manner, and hence although our sample
roven to be extremely pure (>99.5%) we cannot rule out s
ecomposition, and hence loss of CH3OOH, in the sample line
etween the storage bulb and the reaction cell. However
f CH3OOH would result in a smaller value ofk(R1a)compared
ith the true value. It is acknowledged, however, that dec
osition of CH3OOH on the walls of the sample lines co

ead to the formation of an impurity that reacts with OH con
rably faster than does CH3OOH, but given that the measur
ate coefficient is∼10−11 cm3 molcule−1 s−1, the concentratio
f impurity compared to CH3OOH must be significant. We d
ot investigate the use of different materials for the flow-l
sed to introduce the CH3OOH into the reaction cell and so th
ossibility cannot be ruled out.

. Conclusions

Methyl hydroperoxide, CH3OOH, was synthesised using
ethylation of H2O2, and its purity found to be >99.5% usi
V spectroscopy and HPLC with post-column derivatisa
sing the peroxidase enzyme fluorescence method. CH3OOH
as photolysed over the wavelength range 223–355 nm

aser-induced fluorescence was used to detect both OH
H3O photofragments. Using a reference wavelength
48 nm, for which the absolute quantum yield for OH had
iously been determined to be unity, we have shown, fo
rst time, that the quantum yield for both OH and CH3O pro-
uction is unity across this range of wavelengths, indica

hat dissociation is the exclusive fate of CH3OOH following
lectronic excitation, even at 355 nm. Photolysis of CH3OOH
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at 248 nm was used as a source of OH to study the kinet-
ics of the OH + CH3OOH reaction, and the rate coefficient
for formation of CH3O2 + H2O products was determined to be
k(R1a)= (9.0±0.2)×10−12 cm3 molecule−1 s−1 at 295 K. The
value is considerably larger than previously measured values,
the reasons for which are unknown.
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