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Abstract

The kinetics of the reaction of the hydroxyl radical (OH) with methanol (1, rate coeffikj¢@atind ethanol (2, rate coefficiekt), has
been studied as a function of temperatufe=£ 235-360K andl' = 227-360 K, respectively) by using laser photolysis of a suitable
OH-precursor to generate OH and laser-induced fluorescence to detect it. The rate coefficients for reactions (1) and (2) are given by the
following expressions (in cAmolecule1s™1): k1(T) = (3.6 £ 0.8) x 10712 exp(—(415=+ 70)/T) andko(T) = (4.3 +0.7) x 10712
exp(—(85+35)/T), respectively, where the uncertainties include the precision of the fit to the Arrhenius expression and estimated systematic
errors -20°). Our results are consistent with H-atom abstraction taking place primarily at the methyl site of methanol and at the methylene
site for ethanol. The atmospheric implications of these reactions are also discussed.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction OH + CH30OH — H>0 + CH>OH

o . AHjgg = —99.6 kI mol ! (1b)

Methanol and ethanol appear to be ubiquitous in the at- _ ) ) )
mosphere. They are released due to the usage as fuels (espdN€ possible exothermic pathways in Reaction (2) are:
cially, ethanol), additives to fuels, and in paints, as well as
H + CoHs0H — H H

from biomass burning and from damaged plants. Methanol © :_CZ sOH — ZO;L C2Hs0,
and ethanol are removed from the atmosphéaetheir re-  AHz9g = —56.3kImol” (2a)
action with hydroxyl radicals, OH. The reaction of OH with

alcohols is also a crucial step in their combustion. OH + C2HsOH — H0 + CH3CHOH,

o _ 1
OH + CH3OH — products (1)  AHyg=—110kJmol (2b)
OH + C2H50H — products 2 OH + C,H50H — H,0 + CH2CH,OH
Reaction (1) can proceed by two exothermic channels; the A Hsgg = —63 kI mor (2c)
H-atom abstraction from the OH-group or the H-atom ab- 11,4 enthalpies of these reactionsH,g are taken from
straction from the methyl groufd,2]. Meier et al.[3].
OH + CH30H — H»0 + CH30, Previouslyk; has been measured at 298 K by using abso-

lute technique$4—6] and relative method§'—10]. The rate
coefficientski 5 andkyp have been also calculated using ab
initio methods[11]. The kinetic studies ok, are less nu-

AHj5gg = —62.4kIJmol? (1a)
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Even though the temperature dependencégolnd k; tions were determined both before entering and after leav-
have been studied &t > 298 K, they are not well character- ing the reaction cell by UV absorption at 185 nm (using a
ized at tropospheric temperaturgs11,13-18] For exam- pen-ray Hg lamp and a 50-cm length cell held at 298 K).
ple, k1 has been measured only at 260K by Greenhill and The methanol absorption cross section at 185 nm was mea-
O'Grady[19] and at 240 K by Wallington and Kurylg20], sured to be(6.3 + 0.1) x 10-1°cr? molecule’®, in good
andkz has been measured at 255 and 273 K by Greenhill andagreement with the literature val{@2]. The methanol con-
O’Grady[19] and at 240K by Wallington and Kuryl20]. centrations in the reaction cell were calculated from the
This lack of data at temperatures relevant to the atmospheremeasured concentrations in the absorption cells after ac-
has led to large uncertainties in the recommended values ofcounting for the temperatures and pressures in the reactor
k1 andks. and absorption cells. Reactant concentrations ranged from
In this work, we report the temperature dependence of (0.9 — 23) x 10®molecule cm® for CH3OH and (0.3 —
k1(235-360 K) andky(227-360K) at temperatures relevant 3.9) x 10 molecule cmv® for CoHsOH. The gas mixture
for the atmosphere. containing the alcohol, the OH photolytic precursor, and
the bath gas at a total pressure of 26-51 Torr was flowed
through the cell at a linear flow velocity of 7-22 cmis

2. Experiments Since the laser repetition rate was 10 Hz, the gas mixture
within the detection volume, defined as the volume pro-

The apparatus and procedures employed in the current ki-duced by the photolysis beam that could be interrogated
netic study have been previously described in deil. by the probe laser beam, was replenished between laser
The experiments involve excimer laser photolysis of mix- pulses.
tures of an OH precursor, reactant, and He followed by
laser-induced fluorescence detection of the OH radical. A 2.1. Chemicals
jacketed Pyrex reaction cell with an internal volumecaf
200 cn¥ was used in all experiments. The temperature inside  Helium buffer gas (99.999%) was used without purifi-
the cell was held constani-(L K) by circulating through a  cation. Methanol (Fisher Scientific, 99.9 %) and ethanol
jacket heated ethylene glycol above room temperature and(Sigma—Aldrich, >99.5 %) were degassed by repeated
cooled methanol below room temperature. freeze-pump-thaw cycles. Hydrogen peroxideQp, was

Photolysis of HO, ((0.6 — 4.3) x 10 molecule cnt3) concentrated (>90%) by bubbling a small flow of He through
or HNOs ((0.7 — 1.6) x 10 moleculecnT®) at 248nm  a 60% solution prior to use. Nitric acid was synthesized by
was used to generate OH radicals. The photolysis light the reaction of sulfuric acid with NaN$and collected in
source was a KrF-excimer laser with fluences in the range a glass bubbler. This bubbler was kept in a salt/ice bath at
of (1.9-6.0) mJcm?per pulse in the reactor. The initial 260K to decrease HN§vapor pressure and, hence, make it
OH concentration, [OH] was estimated by using the mea- easier to control the nitric acid concentration in the reaction
sured fluence (and hence the number of photons?gar cell.
pulse,N), the absorption cross-section of the precursor at
the photolysis wavelengthr (), the quantum yield for OH
production from the precursor at this wavelengph)( and 3. Results and discussion

concentration of the precursor ([precursor]):
All experiments were carried out under pseudo-first or-

[OH]o = Nou¢x[precursor] () der conditions in OHJROH] > 1000[OHD; [ROH] is the
The quantum yield for OH in b0, and HNG at 248 nm methanol or ethanol concentration). Under these conditions,
were taken to be 2 and 1, respectivgB]. The calcu- the OH temporal profiles followed the pseudo-first order rate
lated [OH} ranged from 3 x 10©moleculecn® to law given by:

4.2 x 10" molecule cn®. OH radicals were excited in IN[OH]; = In[OH]o — K/t (4)

the A2X+ « X2IT vibronic band (282nm) by using the

doubled output of a pulsed dye laser pumped by a Nd:YAG where,

laser. The laser-induced quor_espence was imaged onto the;{l( — k;[ROH] + K} (5)

photocathode of a photomultiplier tube (PMT) after pass-

ing through a bandpass filter (peak transmission at 310 nmk; is the measured pseudo-first order decay rate coefficient

with a bandpass o£10 nm, FWHM). The PMT signal was  andk; is the second-order rate coefficient for the reaction

averaged with a gated charge integrator and recorded by aof OH with methanol { = 1) or ethanol { = 2). k; is the

computer. pseudo-first order rate coefficient obtained in the absence of
In most experiments, alcohol concentrations were deter-the alcohol and is essentially the sum of the first-order rate

mined from gas flow rates measured using calibrated masscoefficients for the reaction of OH radical with its photo-

flow meters and the total pressure inside the reaction cell. chemical precursor and impurities, and the OH diffusion out

In some experiments at 298 and 259 K, methanol concentra-of the detection zonef = (80 — 660) s1). The values of
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Fig. 1. OH temporal profiles registered in the photolysis of several 3
H,0,/CH3OH/He mixtures atl’ = 244K, in varying concentrations of [ROH]/ molecule cm

CH3OH (a) 0; (b) 0.26; (c) 1.34 and (d) 2.32 (i10'® molecule cnt3). . . . .
20H () 0: (B) © @ ( ) Fig. 2. Pseudo-first order rate coefficief, vs. alcohol concentration

at two temperaturesl’ = 285K for methanol A) and ethanol @) and

, . . T = 360K for methanol £) and ethanol ©).
k; were extracted from the linear least-squares analysis of

Eqg. (4) Some examples of the measured temporal profiles

of OH at 244K in the presence of various concentrations of rate coefficientk:(T) andkx(T) include only the precision
CH3OH are shown irfig. 1 In all cases, the measured OH  (+20) of the fit of k] versus [ROH] data t&q. (5) Fig. 2
profiles were exponential, confirming that the loss rates of shows such plots for the reactions of OH with methanol and
OH were pseudo-first order in [OH]. ethanol at 285 and 360K.

Tables 1 and Zist the measured values kf andk,, and Our measured values &f andk, were not affected by
the experimental conditions employed. At each temperature,changes in the residence time of the gas mixture in the re-
k1(T) andkz(T) were obtained from the slopes of the plots action cell, fluence of the photolysis laser or total pressure.
of K andk’, against the concentration of the alcohoh Two different OH precursors (D, and HNQ) were used
linear least-squares analyses. The quoted uncertainties of that 7 >~ 298 K and the initial OH concentration was varied

Table 1
Summary of the rate coefficient for the OGHCH3OH reaction and the experimental conditions employed in the present study
TK) p [Precursor]x 107%* E)_sagnm [OH]p x 10711 v (cmsl) [CH3OH] x 10035 &} (s71) (ke(T) £ 20)2 x 1013
(Torr) (molecule cnt3) (mJcnr2per pulse) (molecule cnm3) (molecule cnT3) (cm® molecule1s1)
235 50 0.7 4 0.5 7 4.4-18 2562-10709 622.93
235 51 6.9 3 0.4 8 2.6-23 826-3087 6.48 1.23
244 36 2.4 5 2.1 9 2.6-23 2273-16232 6#3.05
251 36 2.1 3 11 9 1.0-13 1059-15848 729.33
259 35 2.6 3 1.5 11 1.7-14 1649-12762 7410.42
259 32 3.7 6 4.2 8 2.2-22 5543-16558 6.85% 0.59
261 41 12 3 0.9 9 2.9-13 831-10555 6.4 0.49
273 35 3.1 4 2.4 10 2.1-15 2300-11830 750.17
273 34 4.3 4 2.8 10 1.0-13 2824-15634 7510.10
285 37 3.8 3 2.1 11 2.0-18 2676-16489 8:5@.36
298 26 1.9 5 1.5 22 0.9-12 1451-11912 9.1 0.39
298 26 25 5 2.0 22 1.6-%1 2163-10863 9.18 0.52
298 31 2.6 6 3.0 9 2.4-%2 2073-10930 8.14+ 1.13
298 50 0.6 4 0.4 9 2.7-14 2776-12232 8#49.70
298 36 3.4 3 2.1 11 0.9-14 1597-13838 9#470.17
298 43 18 3 11 9 3.9-14 3883-13186 8.690.72
315 36 2.9 3 1.6 12 2.2-11 2811-11712 9563.14
330 35 2.8 3 15 12 1.7-12 2565-13722 18.3.27
345 38 2.9 3 1.6 13 1.7-12 2847-12285 113.54
360 36 2.3 3 14 13 1.4-8.8 3375-12620 13.9.62
360 36 2.0 3 1.0 11 2.0-8.8 3339-10589 12.3.46

The bath gas was He.
aUncertainties ink; (T) represent only the precision of the fit.
b OH precursor was HN@instead of HO,.
¢Methanol concentrations were determined by UV absorption measurements.
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Table 2

Summary of the rate coefficient for the GHC;HsOH reaction obtained and the experimental conditions employed in the present study

T(K) pr [Precursor]x 107*  Ey_sagnm [OH]p x 1071 v (ecmst) [CoHsOH] x 10718 k) (s71) (ka(T) * 20)2 x 10%2
(Torr) (molecule cn3) (mJcnT2per pulse) (molecule cnT3) (molecule cr3) (cm® moleculets™1)

227 40 0.9 3.2 0.5 7 0.5-3.0 2519-10300 2:8®.23

243 41 14 4.1 1.0 8 0.7-3.8 2577-11771 34D.10

260 41 1.7 3.6 11 8 0.5-2.9 2201-9798 32M.11

273 41 2.3 3.6 15 9 0.4-2.7 1937-8944 3:24€.08

285 41 2.6 3.8 1.8 9 0.8-3.8 3314-10156 32®.10

298 40 13 1.9 0.5 9 0.4-2.4 2174-8747 3.#50.24

298 40 8.4 25 0.4 9 0.9-3.9 3654-13028 3.670.12

298 40 7.9 0.5 0.4 9 1.1-3.4 4098-10892 2.990.15

300 41 24 3.7 1.6 9 0.7-2.6 3293-9310 34#9.04

315 41 25 3.2 15 9 0.4-3.2 3987-10702 320.10

330 41 3.0 3.2 1.7 9 0.5-2.5 2495-9287 3:H®.11

330 41 2.2 3.8 15 10 0.5-2.8 2443-9899 339.06

345 40 2.3 33 14 11 0.5-2.7 2500-10460 343D.22

360 40 21 35 13 11 0.5-2.6 2785-9987 3#6M.11

The bath gas was He.
a80H precursor is HN@ instead of HO,.
b Uncertainties in k(T) represent only the precision of the fit.

by a factor of seven for methanol and a factor of four for and the IUPAC recommendatiofig3]. The recommended
ethanol (sedables 1 and 2 None of these changes influ- value is the average of seven direct studiegq98 K) =
enced the measured rate coefficients. These tests indicat8.9 x 10-13cm®moleculels™1) [5,6,13-15,19,20] The
a negligible contribution of secondary chemistry involving rate coefficientk;(298 K) reported by Kldpffer et al[9]
OH, its precursor, or photolytic products of the precursor is higher than that reported in this work, possibly due
and alcohols, and lend confidence to our measured valuesto the indirect method used. On the other hand, the rate
When HNG; was used as a precursor of OH radical below coefficientk; (298 K) measured by Hégele et §13] and
298 K, the OH temporal profiles were not exponential. We by Meier et al.[14,16] is lower than our reported value.
do not have a good idea as to what caused such temporallhe room temperature rate coefficiem(298K), from
profiles. We suspect that ethanol reacted with HN@ the this work is in good agreement with most previous stud-
walls, which led to this behavior. In any case,was mea- ies [5-7,10-12,17,18fnd with the recommended value,
sured below 298 K by photolyzing only3@,. ko(298K) = 3.2 x 102 cmPmoleculets™? [2]. It is

The estimated systematic uncertainties ar@«): +£2% worth noting that the room temperature valuekpandk;
in total pressure2% in flow rate, and less than 1% in reported by Meier et al. are lower than those from all the
temperature. The uncertainties in the alcohol concentrationrecent studies.
in the stock mixture and the UV absorption cross-section of  The Arrhenius plots ok;(T) andkz(T) measured in this
methanol also contribute to the systematic errors. Thus, thework are presented ifigs. 3 and 4respectively. The Ar-
overall uncertainty in the concentrations of the alcohols in rhenius parameter&@ndE,/R) were obtained by weighted
the reaction cell is estimated to Be6% at the 95% confi-  linear least-squares analysis ofkg)and Inky) versus 1T.
dence level. The obtained temperature dependence expressidasaoid

A summary of the results obtained in this work is ko (in cm® molecules™1) are:
presented inTables 3 and 4 The weighted, according 15
to the precision of the measurement; (= 1/5?), av- ky(T) = (3.6 £ 0.8) x 107" exp(—(413+70)/T)
erage of the rate coefficients at 298K kg(298K) = _ —12 .
(9.3 £ 1.1) x 10 3cmPmolecule s for the reaction ko(T) = (4.3£0.0) > 107" exp(—(85+ 39/T)
of OH with methanol andky(298K) = (3.1 &+ 0.4) x where the uncertainties iA and in Ez/R are twice the
10~12cm? moleculets7t for the OH+ ethanol reaction;  standard deviation of the fits at the 95% confidence limit
the quoted errors aré-20. The uncertainties include the (oa = Aoina andog,) plus the contribution of the estimated
estimated systematic errors cited abokables 3 and 4lso systematic uncertainties noted earlier. The rate coefficients
list the results from the previous studies and the NASA/JPL k;(298 K) andk,(298 K) extracted from the Arrhenius ex-
[2] and IUPAC[23] recommendations (all errors quoted by pressions(©.0+1.5) x 1013 cm? molecule ! s~1 for Reac-
the authors). Our value d&(298K) is in good agreement  tion (1) and(3.2+0.6) x 10-12cm® molecule * s~ for Re-
with most of the previous studies reported in the literature, action (2)) are in excellent agreement with those measured
within their quoted uncertainty limit$4—8,12,15,19,20] at that temperature, indicating that the kinetics of these re-
Also ourki(298K) is in excellent agreement with the rate actions are well described by the corresponding Arrhenius
coefficient recommended by the NASA/JPL evaluatif#t]s expression.
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Table 3
Comparison of the rate coefficient for the GHCH3OH reaction obtained in this work with literature values
T (K) pr (Torr) k1(298K) x 1013 A x 1012 Ea/R (K) Techniques References

(cm® molecule1s™1) (cm® molecule1s™1)
235-360 26-51 9.3 1.1 3.6+ 0.8 4154 70 LP/LIF? This work
298 3 10.1+ 1.0 - - DF/LIP [4]
296 + 2 150 10.6+ 1.0 - - FP/RA [5]
298 20-200 10.6t 1.0 - - FP/RE [6]
292 760 9.5+ 1.0 - - Relative method [7]
300+ 3 735 10.8+ 0.8 - - Relative method [8]
300 760 12 - - Relative meth®d [9]
298 760 9.0+ 0.8 - - Relative method [10]
300-3000 - 7.6 - - Ab initio [11]
295-420 10 7.8 15 12.0+ 3.0 810+ 50 LP/RE [13]
300-1020 0.6-1.8 7.7 116 3.0 798+ 45 DF/LIF & MS®&9 [14,16]
293-866 700 9.43 h h LP/LIF [15]
260-803 100 8.6 8. 1.9 664+ 88 FP/RA [19]
240-440 25-50 8.6% 0.47 4.8+ 1.2 480+ 70 FP/RF [20]

8.9 6.7 600+ 300 JPL [2]
240-300 9.3+ 14 3.1 360+ 200 IUPAC [23]

The uncertainties in ouk;, A and Ez/R are +£20, and include estimated systematic uncertainties. Uncertainties in the literature values are those quoted

by the authors.

2l aser photolysis/laser-induced fluorescence.
b Discharge flow/laser-induced fluorescence.
¢Flash photolysis/resonance absorption.
dFlash photolysis/resonance fluorescence.

€ Uncertainties not stated by the authors.

f Laser photolysis/resonance fluorescence.

9 Discharge flow/laser-induced fluorescence or discharge flow/mass spectrometry.
N ky(T) = (5.89+ 0.07) x 10720 7285exp(+-4444/T).

The temperature dependences faqr and k» reported and 4. Only two kinetic studies of reactions (1) and (2)
in this work are compared with those from the litera- have been performed below room temperature, and even
ture in Figs. 3 and 4 respectively. In these figures, the those were at just a few temperatuif@®,20] Thus, the
previous measurements carried out at only room temper-temperature dependence for both rate coefficients below
ature are not included for clarity. Previous determinations 298 K was not well established. Our data below 298K
of the Arrhenius parameters fdq and ko show signif- help in definingk; and ky for atmospheric purposes. The
icant scatter in the values & and Ez/R (see Tables 3 uncertainty ofk; and k; at a given temperatureT) is

Table 4

Comparison of the temperature dependence of the rate coefficient for the @HsOH reaction obtained in this work with literature values

T (K) pr (Torr) k2(298K) x 1012 A x 1012 Eo/R (K) Techniques References
(cm®molecule1s1) (cm®*moleculels1)
227-360 40 3104 4.3+ 0.7 85+ 32 LP/LIF* This work
296+ 2 150 3.74+ 0.36 - - FP/RA [5]
298 20-200 2.62- 0.36 - - FP/RF [6]
292 3.0+ 0.3 - - Relative method [7]
298 + 4 760 3.88+ 0.11 - - Relative method [10]
295 760 3.1+ 0.5 - - Relative method [12]
300-1000 1 1.76 4410 274+ 90 DF/LIF & MSd-e [3,16]
300-1000 1 2.06 5.16 1.0 274+ 90 DF/LIFd.e [17]
293-750 700 3.26: 0.14 - . LP/LIF (18]
255-459 100 3.70 125 2.4 360+ 52 FP/RA-d [19]
240-440 25-50 3.3% 0.23 7.4+ 3.2 2404+ 110 FP/RE [20]
3.2 7.0 235+ 100 JPL [2]
270-340 3.2+ 0.5 4.1 704+ 200 IUPAC [23]

The uncertainties in oukz, A and Ez/R are £20 and include estimated systematic uncertainties. Uncertainties in the literature values are those quoted

by the authors.

2L aser photolysis/laser-induced fluorescence.
bLaser photolysis/resonance absorption.

¢ Laser photolysis/resonance fluorescence.

d Uncertainties not stated by the authors.

¢ Discharge flow/laser-induced fluorescence or discharge flow/mass spectrometry.
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Fig. 3. Arrhenius representation fég obtained in this work T = 235-360K) and those of literature dat&>) Experimental data (this work),—() fit
of our data to the Arrhenius expression; (—) our recommendation and error limit3; JPL recommendation and error limifg]; (---) Hagele et al.
[13]; (---) Meier et al.[16]; (@) Hess and Tully{18]; (M) Greenhill and O’'Grady19]and @) Wallington and Kurylo[20].

expressed, according to the format used in the NASA/JPL (2354 100)K based on the data of Hess and Tyllg] and
evaluations, in terms di{298 K) andAEg/R [2]. The pre- Wallington and Kurylo[20].
vious recommendation for the uncertainty in the room tem-  The temperature dependence kafT) andky(T) and the

perature rate coefficierity(298K) was f(298K) = 1.2. upper and lower uncertainty limits previously recommended
The recommended valuEa/R = (6004 300) K for k; by the NASA/JPL evaluations are represented by dotted
was based upon the studies of Greenhill and O'Griddy lines (cited as JPL recommendation and error limits) in

and Wallington and Kuryl¢20] in the temperature range of ~ Figs. 3 and 4 respectively[2].The uncertainty limits for
240-400K. In the case of Reaction (2), the previous rec- Reaction (2) are larger, even at room temperature, than those
ommendation of(298 K) was 1.3 and th&,/R value was  for Reaction (1) because of the scatter in previous data. By
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Fig. 4. Arrhenius representation fép obtained in this work T = 227-360K) and those of literature dat&>) Experimental data (this work);—() fit
of our data to the Arrhenius expression; (—) our recommendation and error limit3; JPL recommendation and error limit8]; (---) Meier et al.
[17]; (@) Hess and Tully{18]; (M) Greenhill and O’Grady[19]; (¢) Wallington and Kurylo[20].
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combining our extensive measurements with previous data,had little effect on the measured rate coefficient. In contrast,

we recommend: the deuterium substitution in the methyl group greatly sup-
pressed the rate coefficients, confirming the dominance of
k1(298K) = 9.0 x 10~ *3cm® molecule* 72, H-abstraction from the methyl group in GBH. Such an
with £(298K) = 1.15 isotope effect was also observed by Hess and Tabjand
by Greenhill and O’Gradj19] in OH reactions with CROH
and, and CHOH. Greenhill and O’Grady measured the rate co-
efficients for the OH reaction with methanol-at 293 K,
k2(298K) = 3.2 x 10~ *?cm®* molecule *s™*, while Hess and Tullj15] measured the temperature depen-
with £(298K) = 1.1 dence between 293 and 866 K. Hess and T[alb} observed
that the ratio of the rate coefficients for OH with @bH
We recommendA = 3.6 x 10-*2cn®molecule’s™, to that of OH with CQXOH decreased sharply above 625K

Ea/R = 415K andA E5/R of 100K for Reaction (1) and  and attributed it to an increase in the relative importance of
A = 43 x 10 2cm®molecule*s™1, E5/R = 85K and abstraction from the hydroxyl site at higher temperatures.
AEa/R of 75K for Reaction (2). Our recommended tem-  Yields of CH;O from Reaction (1a) have been measured
perature dependence kf(T) andkx(T) and their upper and by several groupfs,13,14]to be from 0.11 to 0.25 at room
lower Uncertainty limits are represented by a solid line in temperature, consistent with the measured y|e|d fosGH
Figs. 3 and 4respectively (cited as Our recommendation at 298K, (075 + 0.08), by Meier et al.[16]. Thus, the
and error limits). These values #fand Ea/R can be used  main pathway (about 75%) for the reaction of OH with
to calculatek; andk; at any temperature between 200 and methanol at room temperature is the abstraction of a hydro-
350K. The uncertainties in the rate coefficierf(é',), can gen atom from the Chigroup. The methoxy radical y|e|d

be calculated using the expression: has been observed to increase with increasing temperature
AE, (1 1 [13] and ab initio calculations indicate that at high temper-
F (M) = f(298exp R <? - @)' (6) ature (>1500K) more than 90% of the reaction proceeds

via abstraction of hydrogen from the hydroxyl gro[id].
As in previous recommendations, the data from Hagele et al. Thus, the linear Arrhenius behavior we observe over the at-
[13] and Meier et al[14,16]were not used in deriving the  mospheric temperature range is to be expected.
above recommendation, since their studies were restrictedto Hess and Tully{18] also observed a non-Arrhenius be-
temperatures greater than 298 K. As can be seétigs. 3 havior for the reaction between the hydroxyl radical and
and 4 the data from Greenbhill and O'Gradl§9] are outside ethanol between 294 and 750 K. These authors observed a
the range of all previous measurements and, hence, weralecrease in the measured rate coefficients for OH loss be-
excluded. Our results better define the behaviok;ofind tween 520 and 600K, whilst at temperatures lower than
ko under atmospheric temperatures and greatly decrease th&20 K and higher than 600K the rate coefficients presented
uncertainties irky(T) andkx(T). a positive temperature dependence. They attributed the de-
Recently, Jodkowski et aJ11] calculated the rate coeffi- crease ok, between 520 and 600K to the thermal decom-
cients for the reaction channels (1a) and (1b) at temperaturesposition of CHCH,OH, produced by H abstraction from
between 300 and 3000 K using ab initio methods and sug-the CH; group (Reaction (2c)), which regenerated OH (and
gested thak; should follow a three-parameter expression CyHj). In the present study of the OHethanol reaction, no
of the typeAT" exp(—E4/RT), similar to that used by Hess curvature in the Arrhenius plot fé® was observed, confirm-
and Tully [15]. The Arrhenius plots observed by Hess and ing that one channel is dominant between 227 and 360 K.
Tully for k1(293—-866 K)[15], showed a strong curvature in The a-radical, CH§CHOH, was detected and quantified,
the studied temperature range and, hence, they used a thre.75 + 0.15), at room temperature by Meier et 8,16].
parameter expressioky(T) = (5.89+ 0.07) x 10-20 7265 Thus, the main pathway for the reaction of OH radical with
exp(4441) cm® molecule* s~1. However, over the narrow  CoHsOH at room temperature seems to be the H-abstraction
temperature range (235-360 K) studied in our work, the Ar- from the methylene group (Reaction (2b)). In the tropo-
rhenius plot fork; does not show significant curvature. The sphere, the reaction of OH with ethanol produces mostly
lack of curvature is not surprising since the reaction almost CHsCHOH.
exclusively proceedsia H-abstraction for the Cglgroup Typical methods for calculating specific site reactivity
over the small atmospheric temperature range studied here(i.e. those of Atkinsori24]) display a stronger temperature
Rate coefficients for the reaction of OH with gBIH and dependence for abstraction from a methyl group versus
OH with CD3OH have been measured by at least three dif- a methylene group. Presumably this is due to the greater
ferent groups, McCaulley et g4], Hess and Tully15], and stability of the more highly substituted radical product
Greenhill and O'Grady{19]. McCaulley et al.[4] studied of a methylene group. The activation energy obtained in
the kinetics of OH and OD radicals with GBH and sev- this work for ky (Ea = 3.5kJmolecule?) is higher than
eral deuterated methanols (gBID, CD;OH and C3OD) at that for ko (Ea = 0.7 kJmoleculel). This observation is
298 K. They observed that deuteration of the hydroxyl group consistent with H-atom abstraction occurring primarily at



244

E. Jiménez et al./Journal of Photochemistry and Photobiology A: Chemistry 157 (2003) 237-245

the methyl site of methanol and at the methylene site for Thus, the reaction of OH with £50H will also contribute

ethanol.

3.1. Atmospheric implications

As mentioned in the Introduction, methanol and ethanol

to PAN formation in polluted environments and due to the
reasonably long lifetime of PAN, particularly at colder tem-
peratures, makes it an important agent for transporting NO
on regional and global scales. If the H atom of the3CH
group is removed, the fate of the producedsCiH,OH rad-

are released into the atmosphere by vehicles, biomass burnical in the atmosphere is expected to be the formation of 2

ing, etc. Because they do not significantly absorb in the ac-

tinic window of > > 320 nm, photolysis of these compounds

HCHO and HQ@, and thus to more HQ The abstraction of
H from the alcohol group should lead to the same products

is much slower than their reaction with OH (Reactions 1 and as that from H removal from the methylene group.
2). Using the rate coefficients measured here, one can bet-

ter define the lifetimes of C#OH and GHsOH. The life-
times of methanol in the presence 0&110° cm~2 of OH
(tcHson = 1/k1[OH]) are about 2 weeks at 298 K and ca. 18

days at 227 K. Under similar conditions, ethanol would have

a lifetime of ca. 4 days. Clearly, methanol is longer lived than
ethanol and is more likely to reach the upper troposphere.

The product of Reaction (1) under tropospheric condi-
tions, CHOH, leads to H@ and HCHO in the troposphere.
Formaldehyde also leads to the production of Ha the
sequence of reactions:

HCHO+ hv (% < 360nm — HCO+ H @)
HCO + 0 — CO+ HO, (8)
H+0;+M — HOp + M )

Even though a fraction of HCHO photolyzes to give
H, + CO and a fraction of it reacts with OH, the net reac-
tion of CH3OH degradation in the troposphere is to produce
HO, (HO, and OH). Note that the formation of GB
would also lead to HQand HCHO in the atmosphere, just
as CHOH does.

The main channel for the Ok CoHsOH reaction (75%
at room temperaturg3,16]) seems to be the formation of
the a-radical, CHHCHOH, which can lead to acetaldehyde
(CH3CHO) and HQ in the presence of © Photolysis of

acetaldehyde in the atmosphere leads partly to HCO and

CH3CO radicals.

CH3CHO+ hy — HCO+ CHs (10a)
(10b)

The reaction of HCO with @ produces H@ (Reaction

— CH3CO+H

(8)) and methyl radical in the presence of oxygen produces

methylperoxyl radicals, CkOo:
CH3+ 0O +M — CH30, + M (11)

On the other hand, GO radicals formed in the photolysis
of acetaldehyde (Reaction (10b)) or by reaction with OH,
CH3CHO+ OH — CHsCO+ H»0 (12)
can form peroxyacetyl radical and peroxyacetyl nitrate
(PAN) via reactions:

CH3CO + Op — CH3C(0)O, (13)

CH3C(0)O, + NO, <> CH3C(0)OONG,(PAN) (14)
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