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Absolute rate coefficients for the title reaction, HOHOCH,CHO — products (R1), were measured over

the temperature range 24362 K using the technique of pulsed laser photolytic generation of the HO radical
coupled to detection by pulsed laser induced fluorescence. Within experimental error, the rate coddficient,

is independent of temperature over the range covered and is givie2dp—362 K) = (8.04 0.8) x 10712

cm® molecule s™1. The effects of the hydroxy substituent and hydrogen bonding on the rate coefficient are
discussed based on theoretical calculations. The present results, which extend the database on the title reaction
to a range of temperatures, indicate that R1 is the dominant loss process for @80OHhroughout the
troposphere. As part of this work, the absorption cross-section of HOBB at 184.9 nm was determined

to be (3.85+ 0.2) x 1078 cm? molecule?, and the quantum yield of HO formation from the photolysis of
HOCH,CHO at 248 nm was found to be (78 1.5) x 1072,

1. Introduction measurements at room temperature énfyvhich differ by up
) o ) to a factor of~2 in the values ok; obtained®

Glycolaldehyde, HOCKCHO, is formed in significant yields Recent experimental work has shown that the reactions of
during the atmospheric oxidation of the most important bio- 5 ragicals with partially oxidized hydrocarbons such as, for
gemcally emitted non-methane hydrocarbon, isoprene. As example, acetoré or acetaldehyd® can display a complex
isoprene accounts for about 50% of the total emissions of yonerature dependence resulting from competition between
biogenic species globallyit can have a large impact on several  yiract and indirect abstraction mechanisms. In addition, the rate
issues of tropospheric chemistry, including the formation 9f O ¢ efficient for reaction of HO with hydroxy substituted acetone
and the abundance of hydroxyl radicals. HOCHO is also  ; o "HOCHC(O)CHy) displays a distinctly different temper-
formed in the HO-initiated oxidation of ethene, where its yield 5o dependence to its non-substituted analogue, which was

increases significantly with decreasing temperature and amount§yyerpreted in terms of formation and stabilization of pre-reaction
to ~0.7 at upper tropospheric temperatu#é$OCH,CHO has complexed?

been obse;]rvedb in the pIa_n(:tz?jry _kt)r(])ut?_dary _Iayer,gw_here S The present study extends our research in the low-temperature
presence has been associated wi logenic emiss oxidation of partially oxidized organics to explore the temper-

bLorTlallss gurni_r(;g.Tge obsgrvation .Of h.ighthcor}centratiecl)ns of ature dependence &f, both experimentally and theoretically,
short-lived oxidized organic Species In e Iree and Uupper 5,4 gain further insight into the detailed mechanism of

troposphereimplies that an understanding of the low-temper- reactions of HO with bifunctional species. We also present

ature oxidation of these compounds is important. measurements of the UV absorption spectrum of HQCHO

In common with other carbonyl compounds, the most (210-335 nm, 184.9 nm) and quantum yield data for its
important gas-phase atmospheric sinks of HQCHO are photolysis at 248 nm.

reaction with HO (R1) and/or photolysis (R2), with the HO sink

expected to dominate. 2. Experimental Methods
HO + HOCH,CHO — products (R1) The experimental studies of (R1) were carried out using
pulsed laser photolysis (PLP) with pulsed laser induced fluo-
HOCH,CHO + hv — products (R2)  rescence (PLIF) detection of HO. All experiments were

conducted under pseudo-first-order conditions, with the con-
centration of the excess reagent, [HOLH O], determined by
on-line optical absorption methods. A schematic diagram of the
apparatus is presented in Figure 1.

*To whom correspondence should be addressed. E-mail: crowley@ 21.WvV Cross-Sectlons. and Concentr.atlon Measurements
mpch-mainz.mpg.de. of HOCH,CHO. Absorption cross-sections of HOGEHO

# Permanent address: Soreq Research Center, Yavne 81800, Israel. were determined in three types of experiments. In the first, the
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The existing kinetic database on the reaction of HO with
HOCH,CHO is however restricted to a set of relative rate
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(downstream of the reaction cell, see Figure 1) where extinction
at 184.9 nm was measured using a low-pressure Hg lamp as
analysis light source and a 184.9 nm interference filter (fwhm

Monochromator . = 5 nm) to remove longer wavelength emissions. In this setup,
micro-wave lamp . . . .
~| (outof plane) ]~ two photodiodes (one measuring transmitted light, one as
ﬁ y reference) were used to monitor absorbance at 184.9 nm. A
P small correction was made for the presence of stray light at
J,"'* 253.7 nm £&8% of the intensity of the 184.9 nm line) that
gy e 0 S transmitted the interference filter. Additional small corrections
J ‘\ (1=43.8 cm, % = 184.9 nm) were made for molecular density changes due to the difference
il oo ik i lly less than 1%) and temperature between the
A [ J| E e in pressure (usually
Absorption J I e \, PDI1 cells.
Celll — x‘; PD2 i 2.2. PLP-PLIF Technique. Details of this setup have been
A P"u e published previouslyt and only a brief description is given here.
(1=30.8 cm) it The experiments were carried out in a jacketed reactor of volume
~ 500 cn? (see Figure 1), which was thermostatted to the
a | excimertaser ¥y desired temperature by circulating a cryogenic fluid through the
i 248/ 351 nm outer jacket. The pressure in the cell, monitored with 10, 100,
2 il anci and 1000 Torr capacitance manometers, was typically held
x—] constant at 60 or 250 Torr, using He op Bs bath gas. Gas
Deuterium Lamp flow rates, regulated using calibrated mass flow controllers, were

Figure 1. PLP-PLIF/RF experimental setup. J, Joule-meter; PMT, Detween 400 and 2700 é(STP) mim* (sccm), which ensured
photomultiplier; Box-Car, Box-Car charge integrator; MCS, multichan- that a fresh gas sample was available for photolysis at each laser
nel scaler; AM, aluminum mirror (movable), FC, flow controllers; Pen pulse and prevented a buildup of products.
Ray, low-pressure Hg Pen-Ray lamp. IF1/2, 309 and 184.9 nm  F|ygrescence from HO was detected by a photomultiplier tube
:inntgg?r:?i?c;eteﬂgﬁrgc;ieosr?i?tl\/:slyf;losvlj1 and PD2, photodiodes. Dashed (p\iT) screened by a 309 nm interference filter and a BG 26
9 ’ glass cut off filter following excitation of the & (v = 1) —
absorption spectrum between 210 and 335 nm was measured<’Il (v = 0), Qu: (1) transition at 281.997 nm. The detection
using a 30.4-cm-long Pyrex absorption cell fitted with heated limit in the absence of HOCKCHO was found to be-10° cm™3
quartz windows (360 K). The collimated output from a fora SN =1 (20 scans)
deuterium lamp provided analysis light that transversed the 2.3. Generation of HO RadicalsWhen conducting absolute
absorption cell before being focused onto the entrance slit of a ate constant studies of HO reactions, it is always good practice
0.5 m monochromator (B&M Spektronik BM50, equipped with  to use more than one source of the radical, so that systematic
a 300 lines/mm grating blazed at 300 nm) and dispersed onto®rrors associated with, for example, secondary reactions of the
a diode-array detector (Oriel INSTAspec 2). The wavelength- radical precursors can be identified. In the present experiments,
dependent attenuation of radiation by undiluted, static samplesHO decay profiles often displayed unexpected kinetic behavior,
of HOCH,CHO was measured, and [HOGEHO] was calcu- which led us to use a total of three different generation schemes.
lated from its pressure (10 Torr capacitance manometer). TheThese were the photolysis of.8, at 248 nm (R3), the
wavelength-dependent cross-sections were calculated from thePhotolysis of @ in the presence of CH(R4—R6), and the

Beer—Lambert law: phOtOlySiS of HOCHCHO itself (R?)

0; = OD,/[HOCH,CHO]l (i) H,O, + hv (248 nm)— 2 HO (R3)
wherel is the optical path length (30.4 cm) and QB the O, + hv (248 nm)— o(lD) +0, (R4)
optical density, defined as QB= In(low/1(»). lo andl are the
transmitted light intensities in the absence and in the presence O(*D) + CH, — HO(X?II, v > 0) + CH; (R5a)

of HOCH,CHO, respectively.

A second set of experiments using static HQCHO
samples was carried out using the same optical absorption cell 2 _ 2 .
but using the 184.9 nm line from a low-pressure Hg lamp as HO(XIL, v > 0) + CH, —~ HO(XIL, v = 0) + CH,  (R6)
analysis light. In these experiments, the monochromator was HOCH,CHO
purged with N to allow efficient transmission of the 184.9 nm

—H+ CH,0 (R5b)

light, which was detected by20 adjacent pixels of the diode + hv (248 nm)— HO + CH,CHO (R7)

array (a result of low instrumental resolution). Cross-sections

were calculated as described above. These schemes and the limitations/potential complications
In a third set of experimentsigsonmwas determined in a  associated with each one are described in detail in section 3.2.

flowing system, with the HOCKCHO diluted in N. In these In previous experiments, for example, in studies of the

experiments, the gas flow first passed through a 892 cm, reactions of HO with acetorié we used the 351 nm photolysis
multipass absorption cell equipped with a deuterium lamp and of HONO as HO source.

the monochromator/detector described above to simultaneously

detect light intensity at wavelengths betweef10 and 325 HONO + hy (351 nm)— HO + NO (R8)
nm. This enabled the concentration of HOLHIO to be

derived by comparison to the complete reference absorption However, the HONO source contains some N@purity,
spectrum, measured, for example, as described above. The wholand OP) generation from the 351 nm dissociation of N©
gas flow then passed through a 43.8 cm Pyrex absorption cellan unavoidable byproduct of this method of HO production.
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Exploratory experiments using this source showed significant 10F

HO generation via the reaction of ®) with HOCHCHO, I A - Bacher ~ — Magneron-Orleans
which, by analogy to CECHO, is expected to have a rate T Magneron-Mainz —— This work

coefficient of ~5 x 10713 cm® molecule! s™1 at room 08
temperaturé? For this reason, we do not report valueskef r
obtained using this source.

2.4 ChemicalsHOCH,CHO was obtained by gently heating g 06
its crystalline dimer (Aldrich) ta~30—60 °C using a water bath. E ]
The gas phase above the crystals was either stored as a pure or f L
diluted sample in pre-evacuated, darkened Pyrex bulbs or eluted = 04}

o

into the reactor in a flow of He or Nwhereby its concentration
was varied by slight variation of the water-bath temperature. L
H,O, (Peroxid-Chemie GmbHy80 wt%) was concentrated to 02+
>90 wt% by pumping away water. JD,/H,0, mixtures were I
obtained by mixing DO with concentrated D, and then i
repeating the pumping process. Anhydrous HN@s prepared 0.0 B
by distillation of mixtures HSO, (>90 wt%) with KNGs. Na,
He, and Q (all Messer 5.0, 99.999%), GHMesser, 99.995%)
were used without further purification.

wavelength [nm]

0.04
3. Results and Discussion I

3.1. Absorption Cross-Sections for HOCHCHO. Pure
HOCH,CHO samples were prepared by heating its thoroughly
degassed dimer and allowing the monomer thus formed to
expand directly into a pre-evacudt® L bulb until a pressure
of 0.5-0.6 Torr was reached. Subsequently, this bulb was
conditioned by allowing it to stand for at least 30 min. Then,
prior to the optical measurement, it was evacuated and filled
again to~0.4 Torr. HOCHCHO was dosed into the optical
cell | = 30.4 cm), and values dfand |y were recorded for
eight pressures between 0.0805 and 0.355 Torr. The absorption
spectrum betweers210 and 335 nm, calculated using eq (i),
is displayed in Figure 2A where it is compared to previous
determinations from this and other laboratories. There is clearly
very good agreement with the two spectra reported by Magneron
et al.? which were obtained in two distinct experimental set-
ups and using different HOGBHO samples. At 282 nm, close [HOCH,CHO] (10'*molecule cm™ )
to the maximum absorption, an unweighted, least-squares fit jgyre 2. The UV-absorption cross-sections of HOEHHO. (A)
of the data at this wavelength yields a cross-section of (94  Diode-array spectrum betweer210 and 335 nm obtained in this work
0.10) x 1072° cn? moleculel, where the errors areo?2 and by Bacher et &land Magneron et &l(B) Beer—Lambert plot of
statistical. This value is in excellent agreement with the values optical density at 184.9 nm versus concentration of HGCHD using
0f 6.93 x 1072°and 6.99x 1020 ci? molecule's, reported in direct concentration 'measurements in static sample_s (sol_id circles) and
Magneron et al®,but is higher by about 30% compared to the by Teference to a diode array spectrum of a flowing mixture (open
corresponding value of (5.3% 0.8) x 1072° cn? molecule? circles).
determined by Bacher et &lThe errors reported by Bacher et

al. are estimated as 15%; Magneron et al. do not report errorsand the resulting good linearity of the plot of OD versus
close to the absorption maximum. Bacher et al. indicate that, concentration. Consideration of possible systematic errors leads
due to the potential presence of®lvapor, their measurements ys to present a final value of (3.8% 0.2) x 1078 cn?

may represent a lower limit. moleculel.

The good agreement with the two results reported in  Having established the cross-section both at 184.9 nm and
Magneron et al., one of which was obtained in a separate between 210 and 335 nm, we conducted consistency tests in
laboratory, and both of which were carried out by different which a diluted, flowing sample of HOGIEHO in N, was first
personnel using different experimental set-ups, gives us confi- passed through the multipass optical ce#=(892 cm) before
dence in the accuracy of our cross-sections. flowing into a second optical cell & 43.8 nm) in which the

In a further set of experiments, the cross-section of HQCH  optical density at 184.9 nm could be determined on-line (see
CHO at 184.9 nm was determined by measuring the extinction section 2 for details). The open circles in Figure 2B display the
of 184.9 nm radiation by pure samples of HOLHHO at data obtained, whereby the concentration was calculated not
pressures between 0.06 and 0.47 Torr. The data are plotted infrom the pressure but from the diode-array spectrum. The good
Figure 2B and display the expected linear relationship betweenagreement in the two datasets (within combined error limits)
optical density and concentration as defined by eq (i). The cross-provides further support for the accuracy of our absorption
section derived from the slope of this plot wad.84.9 nm)= spectrum.

(3.85 £ 0.03) x 10718 cn? molecule’, where the errors are In all kinetic experiments (see below), concentrations were
20, statistical only. The low statistical errors reflect precise determined optically at 184.9 nm using the downstream, single-
measurement of thky/l ratio by least-squares fitting methods wavelength system as this allowed [HOGHHO] to be

0.03

0.02

optical density (per cm) at 184.9 nm

0.01

0.00 R R R . 1 . R R . I
0.0 0.5 1.0
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measured simultaneously with the measurement of an HO decay
profile. The value ofoigs.onm = (3.85 £ 0.2) x 10718 cn?
molecule® taken from the direct determination at this wave-
length was used to calculate [HO@EHOQ].

3.2. Kinetics of HO+ HOCH ,CHO. The PLP-PLIF studies
were all carried out under pseudo-first-order conditions with
[HOCH,CHO] > [HQ]. Despite this, in some instances, non
monoexponential decays of HO were observed, presumably due
to secondary reactions inherent to the scheme of HO generation.
We thus present and discuss the data from each of the three
HO generation schemes used separately.

3.2.1. Photolysis of D, at 248 nm.The photolysis of HO,

at 248 nm (R3) has been routinely used to generate HO radicals

in this and other laboratories, though its use is usually limited
to temperatures above 250 K due to its low vapor pressure.
H,O, + hv (248 nm)— 2 HO (R3)

A further limitation encountered in this study was the
photolysis of HOCHCHO at 248 nm, which has a significant
absorption cross-section at this wavelength (see above). HO
decay profiles obtained following the photolysis of,®3/
HOCH,CHO mixtures at high laser fluence were not monoex-
ponential but were affected by secondary HO formation from
radical fragments (e.g., HCO and @BH) resulting from
HOCH,CHO photolysis. This problem was overcome by work-
ing with low laser fluences (typically 42 mJ cn1?), which
necessitated the use of high,® concentrations 10
molecule cm?) to generate sufficient concentrations of the HO

radical. The disadvantages associated with working under these
conditions are the restriction of the accessible temperature range

to T > 273 K to avoid condensation of,@, and an enhanced
rate of loss of HO in the absence of HOZEHO owing to its
reaction with HO; (kg &~ 2 x 10712 cm® molecule s71).10

HO + H,0,— H,0 + HO, (R9)

Representative HO decay traces thus obtained are plotted in

Figure 3A, which exemplify the strictly monoexponential decays
obtained when suitable conditions were chosen. The decay of
HO is then described by

[HO], = [HO], exp{ — (k' + d)t} (i)
where [HO] is the HO concentration (molecules cfhat time
= t after the excimer laser pulsk, is the first-order decay
coefficient (s1) and is equal tdg[HOCH,CHQ], andd (s™?)
accounts for diffusion of HO out of the reaction zone and
reaction of HO with HO,. The slope of plots ok’ versus
[HOCH,CHO] (see, e.g., Figure 3B) yields the bimolecular rate
coefficient, k;. Data were obtained at several temperatures
between 275 and 344 K using this source of HO, with the
resulting values ok; obtained varying from 7.5 to 8.8 10712
cm® molecule? sL. The results obtained at each temperature
are listed in Table 1.

At low fluences, the resulting low HO concentrations and
hence low conversion of HOGIBHO ensures that secondary
loss of HO, for example, with itself or with products can be
disregarded fully. This could be confirmed by showing that the
variation of the photolysis laser fluence, and thus radical
concentrations, by a factor ef3 had no measurable influence
on the HO decay coefficient.

Experiments were also carried out using the photolysis of
D,0, as a source of DO. DO decay profiles (detected by
excitation at 286.7 nm) were strictly exponential even at high

HO signal (arb. units)

10.00

100
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A

0.10

0.01

time [107 5]

3000 F
2500 |

2000 |

k(")

500 [

[HOCH,CHOJ (10" molecule cm™ )

Figure 3. (A) Representative HO decay profiles obtained using the
photolysis of HO;, in the presence of varying amounts of HOEH
CHO, illustrating the monoexponential nature of the decay over up to
3 orders of magnitude decrease in signal. The HGZHHO concentra-
tions (in units of 16* molecule cm?®) were 0, 0.56, 1.04, 1.87, and
2.95 (going from the uppermost to lowermost trace). (B) Plok'of
versus [HOCHCHO], the slope of which yields the bimolecular rate
coefficientk; according to eq (ii). The error bars on the HOLHIO
concentration are statistical{only and do not take into account errors
in the absorption cross-section of HOGEIHO at 184.9 nm. Error bars
on k' are obscured by the symbols.

laser fluence, suggesting that the source of non-monoexponential
behavior in the HO, experiments at high laser fluence was the
release of the hydroxyl group from a radical fragment of
HOCH,CHO. The DO traces were analyzed as described above
for HO, and the rate coefficients obtained at three temperatures
between 278 and 337 K are also listed in Table 1.

3.2.2. 248 nm Photolysis ofs@H,. Reactions (R4 R6), the
248 nm photolysis @in the presence of CH(see section 2),
served as an alternative HO generation scheme with He as the
bath gas. The role of methane, present-at6 x 106 molecule
cm~3, is twofold, serving both as scavenger of'D) and
guencher of vibrationally excited HO (R6). Under the present
conditions, the formation of vibrationally relaxed HO is
complete within~20 us1516

The relatively high absorption cross-section afa 248 nm
allowed very low precursor concentrations fG< 5 x 102
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TABLE 1: Summary of Rate Coefficient Data Obtained in 500 F

This Work - A
T(K) HO (DO) source k2
240  QJCH,+ hv (248 nm) 8.02£ 0.19
243 QJ/CH, + hv (248 nm) 8.06t 0.20
245  HOCHCHO+ hv (248 nm)  7.80k 0.14 -
248  QJCH, + hv (248 nm) 8.40+ 0.16 E
250 Q/CHy + hv (248 nm) 8.0+ 0.18 £
253 QJ/CH, + hv (248 nm) 8.12+ 0.33 =
254 HOCHCHO + hv (248 nm) ~ 8.02t 0.68 2
255 QJ/CH, + hv (248 nm) 7.89 0.24 =
258 QJCH,4 + hv (248 nm) 8.28+ 0.24
263 QJ/CH, + hv (248 nm) 8.14+ 0.18
268 QJCH,4 + hv (248 nm) 8.26+ 0.19
274 QJ/CH, + hv (248 nm) 8.15+ 0.23
275 HO, + hv (248 nm) 7.59+ 0.16
278 DO, + hv (248 nm) 8.89+ 0.23
280 QJ/CH, + hv (248 nm) 8.04+ 0.35
280 HO, + hv (248 nm) 8.8+ 0.7 (N, 250 Torr) 0.0 0.5 10 15 20 25 30
289 QJ/CHy + hv (248 nm) 7.86t 0.19 ime (10°
296  h0,+ hv (248 nm) 7.54+ 0.08 ime (10°s)
296 QJ/CH, + hv (248 nm) 7.94+ 0.19
297  HO,+ hv (248 nm) 7.9+ 0.16
297 D,O; + hv (248 nm) 8.84+ 0.20
297  HOCHCHO+ hw (248nm)  7.89t0.15
298  HO,+ hv (248 nm) 7.2+ 0.5 (N, 250 Torr)
299  HO,+ hv (248 nm) 8.4+ 0.7 (N, 250 Torr)
298 HO; + hv (248 nm) 7.74+ 0.13
300 QJCH, + hv (248 nm) 7.58£ 0.25 -~
304 QJ/CH, + hv (248 nm) 8.1 0.24 i
311 QJCH, + hv (248 nm) 8.08+ 0.25 =
316 QJ/CH, + hv (248 nm) 7.69 0.17 j
324  HO,+ hv (248 nm) 7.92+ 0.05
324  QJCH,+ hv (248 nm) 7.59 0.19
332 QJCH,4 + hv (248 nm) 7.69+0.14
337 DO, + hv (248 nm) 8.68+ 0.17
338 HOCHCHO + hv (248 nm) 7.74+ 0.19
338  QJCH,+ hv (248 nm) 8.46+ 0.28
338  HO,+ hv (248 nm) 8.4+ 0.7 (N, 250 Torr)
339  HO,+ hv (248 nm) 8.32+ 0.14 ol
343 QJ/CH, + hv (248 nm) 8.03+ 0.31 O e b e e
344 HO, + hv (248 nm) 8.32f 0.09 0.0 02 04 0.6 08 1.0 1.2
= gourmpmm  semos

Figure 4. (A) Representative HO decay profiles obtained using the
248 nm photolysis of @CH, in the presence of varying amounts of
HOCH,CHO. The dotted lines are monoexponential fits to the data
according to eq (ii). The solid lines are biexponential fits according to
eq (iii). The HOCHCHO concentrations (in units of ¥0molecule
cm®) were 0.97, 3.48, and 8.33 (going from the uppermost to
lowermost trace). (B) Plot oK't (see text for derivation) versus
[HOCH,CHO], the slope of which yields the bimolecular rate coefficient
ki according to eq (ii). Statistical error bars on the HQCHO
concentration are obscured by the symbols. The error bai$ are
estimates as rigorous propagation of errork’iif is not possible if the
molecule cm3) and low laser fluences to be employed and two exponential terms are coupled.

hence minimized any undgsired secondary chemistry resulting ¢ kio = 1.5 x 10710 cm® molecule? s110 result in HO
from HOCH,CHO photolysis. Furthermore, the reagentsadd production rates of>200 s, which may be compared to

CH, have sufficiently high vapor pressures to enable HO \eaqured decay constants of between 500 and 5000Aa
generation at low temperatures and react rather slowly W'g‘ HO, aditional, potential source of H atoms is the reaction of;CH
especially at l?"" E?mperatures WIkHO + O3) ~ 3 Xlslcr with O3 to form CHO + O,, and subsequent decomposition of
cm? m°|er|_€l S andl(l)<(HO + CHy) ~ 1 x 1071 cm? “hot” CH30 to HCHO and H. The factor o&10 lower rate
mqleculg s 1 at 230 K! .Represe_ntat!ve HO decay profiles  qefficient for CH + Os compared to H+ Oz and quenching
using this scheme are displayed in Figure 4A. In contrast to ¢ pot CHO will however probably make this reaction
those obtained using 8, photolysis, the decays were fre- insignificant.
quently (but not always) biexponential, with indications of 5" nrevious experiments examining the kinetics of HO with
secondary HO formation at long reaction times. A plausible 5conols using the same HO souféethis undesired OH
explanation of this behavior is the reaction of H atoms, formed generation was not encountered as much higher laser fluences
in a minor channel (20%j of reaction R5, with @ were used, resulting in complete removal afddring the laser
H+0O,—HO+ O, (R10) pulse. In t_hose experiments, use of high fluences was possible
because, in contrast to HOGEHO, the alcohols do not absorb
05 concentrations of£10'2 molecule cm® and a rate coefficient  light at 248 nm. The observation that monoexponential decays

2 Units of 1072 cm® molecule* s™. The errors account for statistical
errors (&) both in determination ok’ and in the concentration of
HOCH,CHO. They do not contain systematic errors in, for example,
the determination of the HOGBHO concentration caused by error in
its cross-section. The errors reported for rate coefficients derived using
Kinit (Os/CH,4 experiments) are not rigorously propagated due to coupling
of the A andB terms (see text for details). The errors reported for the
experiments carried out inJ\ire larger due to more noisy HO signals.
Except where indicated, the experiments were carried out using 60 Torr
He as bath gas.
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were (sometimes) observed at high temperatures may be due
to scavenging of the H atom by HOGEHO, which is expected
to have a large barrier and become sufficiently efficient to
compete with H+ Oz only at highT.

Since the kinetics of this secondary HO source is also pseudo-
first-order ([Q3] > [H]), expression (iii) may be fit to the data:

A

10.00

1.00
[HOJ, = A exp(~Bt) + C exp(-Dt) (iii)

HO signal (arb. units)

whereA = [HO]o — C, B =k + d, C = [H]o{K10/(ka — kn)},

D = kqi[03] + d' andk, andk;, are equal tk’ + d andk'1p +

d (the first-order coefficient for H atom diffusion), respectively.
This expression always fit each dataset well, yet due to
experimental noise and coupling with the other exponential term
at low [HOCH,CHOY], the desired parametdd, could not be
independently extracted. This is compounded by the fact that
reactions (R5) and (R6) are completed shortly 21us) after
time-zero. For these reasons, we have extracted the initial decay
constantK'init, via (iv).

0.10

0.01

time (IO'4 s)

K. ~K+d=(AB+ CD)/(A+ C) (iv)

'init
This is a valid approximation provided that the loss rate of
OH is much larger than the production rate, ile> k'1p and
[OH]o > [H]o. As the initial HO decays were close to
exponential over a large proportion of their decay (see Figure
4A), this condition is clearly fulfilled. The solid lines in Figure
4A show the fits to the biexponential expression (iii), while the
dotted lines indicate the result if the simpler, monoexponential
expression (ii) is used. Expression (i) often systematically
underestimateld though the exact correction factor, presumably
dependent on the concentration of, @aried from 0 to 10%. A
plot of Kt versus [HOCHCHOQ] is given in Figure 4B, and
all data obtained using this HO source are listed in Table 1.
The rate coefficients thus obtained (24862 K) are seen to be
in good agreement with those obtained using th®+source
(in the common temperature regime) and the simpler kinetic

KorB (104s1)

analysis, providing justification of this procedure. Variation of [HOCH.CHO] (10" molecule em’ )
the laser fluence over a large range had no significant effect onrigure 5. (A) Representative HO decay profiles obtained using the
values ofk'ini; obtained. 248 nm photolysis of HOCKCHO as HO source. The lower decay

3.2.3. Photolysis of HOCKHO at 248 nmA third source trace was obtained at a laser fluence of 26 mJ%and a HOCH-
of HO utilized in these experiments was the direct photolysis CHO concentration of 2.7% 10 molecule cm® and is fit to eq ().
of HOCH,CHO at 248 nm, which has a minor channel forming The upper HO trace was obtained at a factor@D higher laser fluence

. and [HOCHCHO] = 3.48 x 10 molecule cm?® and is fit to a
HO and (presumably) C}HO (R7). Monoexponential HO biexponential expression (iii). Error bars d&h are statistical (2);

decays could be obtained using this source only if low laser statistical error bars on the HOGBHO concentration are obscured
fluences were used, as exemplified by the lower HO trace in by the symbols.

Figure 5A. Because of the relatively low HO concentrations

obtained, the signal was rather more noisy than those obtained~140 kJ mof?! energy in excess of that needed to form HCO
using the other HO sources described above. As the laser fluenceand HOCH from HOCH,CHO.

was increased, the HO concentration scaled accordingly, but As the experimental procedure for determining the rate
the decays became progressively biexponential as shown by thecoefficient involves variation of [HOCKCHO], individual HO
upper HO trace in Figure 5A. The cause of the apparent decay profiles were fit to either equation (ii) or (iii) depending
secondary HO formation is clearly related to the presence of on whether the HO profile was mono- or biexponential.

high concentrations of radical fragments from HOCHO In contrast to those experiments described above, in which
photolysis, which is expected to generate, for example, HCO, O; was photolyzed in the presence of &khe photolysis of
HOCH,, and CHCHO (see section 3.4). Similar effects could HOCH,CHO produces HO instantaneously (within the laser
be obtained by keeping the laser fluence constant, but varyingpulse duration 0&20 ns) and biexponential decays obtained
the concentration of HOC}HO, whereby monoexponential using HOCHCHO photolysis could be analyzed to give
HO decays were obtained at low HOEGEHO only. The sufficiently decoupled parameteBsandD. As the majority of
reactions of thermalized radicals such HCO, HQC&hd CH- the experiments were conducted at low fluence, perturbations
CHO among themselves are expected to lead to stable productérom monoexponential decays were observed only at long
such as CO, HCHO, C#H, diols and dicarbonyls, but reaction times, and values kifobtained from monoexponential
pathways to HO are not obvious and may involve nonthermal- fits to the data were generally only between 0 and 5% lower
ized species. In this context, we note that a 248 nm photon hasthan the parameteB (or D) from the biexponential fits. The
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. . . . Figure 7. Comparison of the present dataset with relative rate
Figure 6. Arrhenius plot of all data obtained in the present study  cqefficients at room temperature. The error bars on the relative rate

identifying the different schemes to generate HO and DO (solid 14 gre not shown for the sake of clarity. The dotted lines above and
triangles). Over the temperature range covered and within the experi- pajow the present result indicate overall uncertainty)(Zhe rate

mental scatter of_ this st_udy, the rate _cogfficient is independent of .,efficients obtained in units of 1€ cr® molecule® st (corrected
temperature and is described by the solid ling,at 8.0 x 1072 ¢ for updates in the rate coefficients for HO with the reference compound)
molecule™* s™. and as reported recently by IUPAQre as follows. Niki 1987:k; =
(9.40 & 0.90) relative to acetaldehyde; Bacher 2604:= (12.4 +
dependence of eithé3 or D on the concentration of HOCGH 1.6) relative to acetaldehydk; = (10.3 4+ 0.7) relative to propene;
CHO was inspected and seen to vary linearly with [HQCH  Baker 2004 k; = (12.20+ 2.0) relative to 1,2-butanediok = (8.0
CHO]. Either this parameter (¢f) was plotted versus [HOGH % 1.7) relative to 2-methyl-3-butene-2-ol; Magneron 2065= (10.8
CHO] to obtaink; as shown in Figure 5B. The rate coefficients =+ 0.8) relative to diisopropyl ethek; = (13.3+ 1.5) relative to diethyl

. . . . ether,k; = (10.9 4+ 0.9) relative to 1,3-dioxolandg; = (13.8+ 1.7)
obtained by this method between 245 and 338 K are listed in g|4tive to acetaldehyde. For comparison, we also show the theoretical

Table 1. result of Galan# and the temperature dependence of the rate coefficient
Within experimental uncertainty, the measured rate coef- for reaction of HO with CHCHO 12

ficients were found to be independent of the variation of the

laser fluence (see above), any of three HO generation schemesn Figure 7. The caption to Figure 7 includes the complete set

and bath gas pressure (60p/Torr <250) and its identity (He of literature values ok;. Immediately apparent from this figure

or Np) and indeed, independent of temperature. The lack of a is the large scatter in the relative rate measurements which reveal

temperature dependence is illustrated in Figure 6 where thedifferences of a factor ofc2. Some of this scatter is certainly

complete dataset is plotted in Arrhenius formidf) = A exp- related to the use of a total of seven different reference
(—E/T). Over the temperature range studied, the rate coefficient compounds, for some of which the rate coefficients with HO
(units of cn? molecule® s71) is given byk;(240-362 K) = are probably insufficiently accurately known. On the other hand,

(8.0£ 0.8) x 102 cm? molecule® s~ where the uncertainty  three studies have derivégrelative tok(HO + CH3;CHO) yet
contains an estimate for systematic errors, predominantly thereturn values oki/k(HO + CH3CHO) that vary between 0.63
error in o1g4.9nm Which directly impacts the values obtained. + 0.06 (Niki et al?), 1.034 0.13 (Bacher et dl), and 0.92+
Figure 6 also displays rate coefficients for the reaction of DO 0.11 (Magneron et &). Such scatter in the relative rate

with HOCH,CHO, which are consistently higher (by10%) measurements is a strong indication that secondary reactions
than those for HO, with data at 278, 297, and 337 K indicating that form or remove HOCKCHO or the reference compound,
an essentially temperature-independent rate coefficienBad or which result in detection interferences may play a role. In

x 10712 cm?® molecule’® s71. A slightly higher value for the  this context, we note that Bacher et al. made large adjustments
rate coefficient of DO with organics is consistent with measure- to their relative decay rates0%) to take into account the
ments with reactions of HO with, for example, gbH,” effects of photolysis and wall loss of HOGEHO in their
methanég and butané? where the 5-10% enhancementinrate  studies and increased the errors on their rate coefficientf1.1
coefficient are related to shifts in zero point energies of transition 0.3) x 10711 cm® molecule’® s71 to reflect this uncertainty.
states’® Importantly, the DO data serve to confirm the inde-  Relative rate measurements can have advantages over absolute
pendence ok; on temperature and also rule out the possibility methods (such as, for example, PLP-PLIF) if the reactants are
that we are underestimating the true rate coefficient due to rapid difficult to obtain as pure samples. The presence of reactive
regeneration of HO radicals from, for example, decomposition impurities can then result in absolute rate coefficients that are
of radical fragments containing the-©H entity. too high, especially if the rate coefficient investigated is small.
In the present work, accurate kinetic data on the reaction of As the present dataset returns one of the lowest valuds of
HO with HOCH,CHO have been obtained over a range of measured to date, this is clearly not the case. The determination
temperatures for the first time. We now compare our results to of the concentration of the excess reagent is frequently the main
the previous, relative measurements of the rate coefficient atsource of error in absolute (or direct) kinetic studies carried
room temperature, which are plotted along with the present dataout under pseudo-first-order conditions. The present experiments
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utilized in-situ absorption spectroscopy to determine the con- Theoretical work® has shown that the HOGBO radical may
centration of HOCHCHO and thus required accurate absorption decompose to C& CH,OH with a rate coefficient of 30000
cross-sections. As described in section 3.1, the good agreemens in air at one atmosphere pressure at 298 K. This translates
between our spectrum and those measured in other laboratorieso a lifetime of~1 ms for HOCHCO in our experiments at 60
strongly implies that our concentration is known to better than Torr He, assuming the decomposition is already in its low-
10% and cannot be the reason for the low values of the rate pressure regime at one atmosphere. The alternate decomposition
coefficients obtained. In this context, we note that use of the channel to form HO+ CH,CO is endothermal by at least 120
cross-sections of Bacher et &the only case where the literature  kJ/mol and therefore not thermodynamically feasible. No
cross-sections disagree, woutdduce our rate coefficients accurate information is available on the thermal stability of the
further by ~30%. other possible organic radicals, HOCHCHO and QCHO,

We may also consider the potential role of dimer formation though itis hard to envisage that a decomposition channel may
by HOCHZCHO as a route to deriving a rate coefficient that is exist that releases HO radicals, as even the thermochemica”y
too low. Our observations that dilute gas-phase HQTHO most advantageous route OGEHO — HO + CH,CO can be
samples are stable for several hours at low pressures (e.g., les§sStimated to be endothermal by about 100 kJ/mol. Note also
than one Torr) is confirmed by the literatti€jmplying that th_at the good agreement between the rate coeff|C|ents_ (_)btal_ned
re-dimerization of monomeric HOGIEHO at low pressures at ~ With HO and DO confirms that such effects were negligible in
room temperature is not significant. This may be seen in Figure OUr €xperiments. . )
2B, which displays a perfectly linear plot of optical density at ~ Thus, although we cannot rigorously explain the poor
184.9 nm versus HOGIEHO concentration. As the monomer/ greement between our dataset, and the rather scattered set of
dimer ratio is quadratic in [HOCKCHO], evidence of dimer ~ room-temperature rate C(_)efficients obtained by relative rate
formation would be provided by a reduction in the slope of mMethods, there are indications that the relative rate methods may
this plot at high [HOCHCHO], which is clearly not observed. ~ Overestimatéq. Despite this, we note that our room-temperature
We must however also recall that, whereas our optical measureesult of (8.0+ 0.8) x 1072 cm® molecule™* s™ agrees with
ments of [HOCHCHO] are always conducted at room temper- the value of (8.0+ 1.7) cn? molecule* s™* of Baker et af:
ature, the reaction vessel can be as cool as 240 K, which would@nd, within experimental uncertainty, with the values of Niki
favor dimerization. In this case, the linear plot kifversus ~ €tal’ ((9.4+ 0.9) x 10~*2cn® molecule™ s™) and the average
[HOCH,CHO] at low temperatures provides strong evidence Number presented by Bacher et®alpage 184 of their
against a substantial fraction of HOGEHO being in the form ~ Manuscript) of (1.1 0.3) x 107! cn® molecule* s™*. The
of dimers. We are unaware of an equilibrium coefficient for latest [IUPAC recommendation, considering all data prior to the
dimerization of HOCHCHO to help confirm our qualitative ~ Present result, lies a4 (298 K) = (1.1+ 0.3) x 107 cn®
observations. molecule™ s7*.

Having failed to identify a likely source of systematic error Figure .7 includes a plot of the rate coefficients for_the r_eaC“F’”
in our studies that would result in determination of a rate of HO W'th CHsCHO, acetalglehyde, also determlneq in this
coefficient that is too low, we tumn to the relative rate laboratory in the same experimental setup. The reaction of HO

measurements. As mentioned above, the large scatter in theWIth CHsCHO has a larger rate coefficient thinand displays

relative rate measurements is a strong indication of secondary;’l negative ;Jlependenpe on ter?pgérélslture, which is rel_ated tc|> the
reactions that form or remove HOGEHO or the reference or(rjnahtlon olprle-rezctlofn ﬁomp ex In ?l_rit(e)cer?theﬁgnmenta
compound. Both Bacher et &hnd Magneron et al.using metal and theoretical study of the reaction of HO with HOLHO)-

or glass reactors, correct their data for unknown “dark” reactions CHS’ we have shown how h_ydroxy substitution (i.e., comparison
that remove significant amounts of HO@EHO on the time- W'thﬁ.CH"‘C(O)Chb) results in a Igrge thangemgné of tge rati
scale of their experiments, which are typically on the order of tcé)ri icient at all tef“pe;‘?“ﬁres investigated an rga enz the
hours. On the other hand, Baker efakport negligible wall temperature region in which a negative temperature dependence
loss rates in their Teflon reactor. Although the relative rate data is observed. These observations are the opposite of what we

: - . observe for CHCHO and HOCHCHO.

are generally corrected for wall loss, this correction factor is . AN : . .
usually determined in experiments without light and may be a CI—-:— 8 gaa::g %Orgx'r}:i%hggnéoe”ﬁ rt?]ithIg:tL?rfelgoo;N :I: l:e(;gtli-\llit
lower limit to the true wall loss if the wall reactivity is enhanced described above pa theoretical study of (R1) has been unde rtalzlen
by the presence of UV-light or by products of photochemistry 33 Theoretic:';ll Considerations%‘or HO+ HOCH.CHO )
that adsorb to the wall. In this respect, the relative rate studies . e _ 2 ’

3.3.1. Site-Specific Rate Coefficienthere are several ther-
of Bacher et al. and Magneron et al. report carbon balancesmod namically possible product channels in the reaction of HO
significantly less than unity. In contrast, the present experiments, y yp P

in which decays of HO are measured over a few milliseconds, with HOCH,CHO:
are essentially wall free, and such effects can be ruled out.

A further, major difference between the relative rate measure- HO + HOCH,CHO— HOCH,CO + H,O  (R1a)

ments and the present direct study is the bath gas identity and —HOGHCHO + H,0
pressure. Whereas all of the relative rate measurements were (R1b)
conducted at 1 atm pressure of air, the present rate coefficient — «OCH,CHO + H,0

was obtained at pressures of 60 Torr in He or 250 Torbath (R1c)
gas.

The thermal dissociation (to form HO) of the initially formed Product studies®2! have shown that the reaction proceeds
radical product of R1 (e.g., HOGEO or HOCHCHO would mainly (80—85%) via abstraction at the aldehydic-& bond
result in an underestimation &f in the present experiments if  (R1a), with~15—20% abstraction at the GHyroup (R1b).
it were sufficiently rapid. The presence of, @ the relative The most recent theoretical wotkwhich predicts a negli-
measurements would reduce or remove this effect by scavenginggible contribution<0.5% for channel R1c, concurs with this
these radicals before they could dissociate back to HO. distribution. The reaction of HG- acetaldehyde, differing only
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in the absence of the hydroxy substituent, also proceeds nearly(+0.31), donating its electrons to the oxygen in the hydroxy

exclusively (95%) by abstraction of the aldehydic3+ group; the—CH,OH group is less suited than-aCHs group to
adjust the electron distribution toward the electronegative
HO + CH,CHO— products (R11)  carbonyl oxygen after abstraction of the aldehydic hydrogen.

Hence, the presence of two oxygen atoms in the small,
(R1la) hydrogen-poor hydroxy-substituted aldehyde is the main reason
for the slowdown of the abstraction rate. All gquantum chemical

— H,0 + CH,CO

The overall rate coefficient at 298 K for the HO HOCH,- calculations were performed using the Gaussian-03 quantum
CHO reaction, 8< 1072 cm?® molecule? st as measured in ~ chemical packag®.
this study, is lower than for HQ- CH;CHO (k3 = 1.5 x 10711 Quantum chemical calculations with canonical variational

cm? molecule® s71).12 1t follows that the lower rate coefficient  transition state theory calculations (CV¥BCT) including small-
for glycolaldehyde must be mostly due to a decrease in the curvature tunneling correctioffsshow abstraction of the alde-
abstraction rate of the aldehydic hydrogen compared to acetal-hydic H to be dominant, with a 90% contribution in the total
dehyde. i.g kiza= 0.95x 1.5 x 10711 = 1.4 x 107 cm?® rate coefficient at 298 K, corresponding kg, = 6.5 x 10712
molecule! s~ andkia=0.80x 8 x 10712= 6.4 x 10" *2cm® cm? molecule! s™2, in good agreement with the considerations
molecule* s~ above. In contrast, variational TST calculations with multidi-
As the strength of the €H bond of the abstracted hydrogen mensional tunneling corrections (VTSMT)36 predict that
correlates well with the rate of abstracti®n?’ examining the abstraction of the aldehydic hydrogen is a less important
bond strengths in these molecules can elucidate the reasons fochannel, with 39% contribution at room temperatures, lagd
the observed difference. The correlation holds provided the = 1.19 x 107! cn® molecule! s™1 and a total rate coefficient
product radicals are considered to have no or a similar type of k; = 3.8 x 10711 cm?® molecule’? s, which is nearly 5 times
resonance stabilization (e.g., vinoxy stabilization) and when the higher than measured in this work.
abstraction reaction enthalpy is not affected by other effects such  vjrtyally no site-specific data are available on H-abstraction
as significant changes in H-bonding. On the basis of a large yith -hydroxy-carbonyl substituents. It is well-known that
number of bond strength calculations combined with experi- _hydroxy substitution increases the rate coefficient significantly
mental rate data, we have derived a predictive correlation for e g ethanol versus etharf)n agreement with the lowering
the site-specific H-abstraction at 298 K for substituted hydro- of the calculated €H bond strengths. This supports a higher
carbong’®?® Note that the existence of such a predictive _apstraction rate coefficient for the-CH,OH methylene
correlation does not necessarily imply causaifty! Given a hydrogens in glycolaldehyddus(298 K) = 8 x 1013 cm?
C—H bond strengthD, in kcal/mol, calculated at the B3LYP-  pojecule? s per hydrogen, compared teCHs hydrogens
DFT/6-31G(d,p) level of theory, the site-specific H-abstraction iy acetaldehyde (2.5 10-13 c® molecule s2 per hydrogen)
rate can be predicted within approximately a factor of 2 with 54 acetone (3 1074 cm® molecule’ s~1 per hydrogen).

the following equation: CVT—SCT calculations by Galano et %lpredicted a 10%
_ P B contribution in the total rate coefficient for R1b at 298 K,
log[kyy,(298 K)] = —0.0032®° + 0.386D 19'392(v) corresponding téy, = 7.4 x 1013 cm?® molecule? s, slightly
below the value ok, derived from the experimental data. These

for hydrogen atom abstraction where the product radical is @uthors also find the importance of channel (R1b) moderately
stabilized only by hyperconjugation. For product radicals also increasing with increasing temperatures to, for example, 20%
stabilized by resonance delocalization of the radical electron @t 500 K. The VTSTMT calculations of Ochando-Pardo et
other formulas apply, differing mainly in the size of the last &l-* predict however that abstraction of th€H,OH methylene

constant for different types of resonances. The correlation is hydrogens is dominant, with a 60% contribution at room
derived from experimental rate data and therefore already temperatures, resulting in a value kap = 2.33 x 10~ cm®
includes effects of H-bonding and tunneling and variational Molecule™ s™%. This value is much higher than the total rate
effects known to strongly affect the reactions of oxygenates with coefficient measured experimentally in this study.
OH22:83233B3LYP-DFT/6-31G(d,p) and B3LYP-DFT/6-3HG- 3.3.2. Temperature and Pressure Dependence;oflTke
(2d,p) calculations show a marked increase of about 2.25 kcal/experimental data shows, within its statistical uncertainty of
mol in the C(O)-H bond strength upon hydroxy substitution about 10%, a temperature-independent rate coefficient:of 8

of the —CHs group in acetaldehyde. Applying the predictive 10-'2cm?® molecule’* s~ over the temperature range considered,
correlation using these bond strengths, we obtain aldehydic 240-362 K. The CVT-SCT calculations by Galano et %l.
H-abstraction rate coefficients of 2:0 1071 cm?® molecule® find two reaction ensembles with different behavior: a linear,
s™1 for acetaldehyde and 7,4 10-12 cm?® molecule s for negative T-dependence for reactions starting from reactants or
glycolaldehyde, in good agreement with both the absolute and reactant complexes with the internal H-bond of glycolaldehyde
the relative site-specific rate coefficients derived from the intact and a concavely curved T-dependence going through a
experimental total rate coefficient and product distribution. The maximum at 280 K for conformers where the &¥H---O=C
reason for the increased difficulty in abstracting the aldehydic intramolecular H-bond is absent. Summing the contributions of
H-atom can perhaps best be illustrated by a population analysisthese reaction groups based on their relative (T-dependent)
mapping the charge distribution in the molecule. We thus used populations leads to a negative overall T-dependence. At about
the CHelpG schenéfor matching charges to the electrostatic 285 K, the predicted rate coefficient matches the experimental
potential. In acetaldehyde, the carbon in th€&Hs group is still ki = 8 x 10712 cm?® molecule® s™1. Over the experimental
negatively charged<0.24) and can transfer some of its excess temperature range of this work, the predicted rate coefficients
electrons to the carbonyl oxygen when the aldehydic hydrogen change by a factor of 2.7, well beyond the experimental scatter,
becomes unavailable as an electron donor for the carbonyland such a variation in reaction rate should have been
oxygen after abstraction. In contrast, the carbon in-ti@H,- experimentally observed. VTSIMT calculations by Ochando-
OH group in glycolaldehyde is already positively charged Pardo et af® show a similar negative T-dependence for 00
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T < 350 K. There is a clear discrepancy between the observed 10
T-dependence and the available theoretical studies.

The layout of the potential energy surfé¢ef the HO +
glycolaldehyde reaction is similar to that of other H®
oxygenate reaction's;32.37.:38and the general behavior &(T)
for these systems with an initial pre-reactive H-bonded complex
formation followed by a H-abstraction TS is well documented.

If the barrier to H-abstraction is sufficiently higher than the
energy of the reactants, one finds a positive T-dependence except
at the lowest of temperatures (due to tunneling); H@cetone

is a typical example. We have shown recently that virtually no
pressure dependence is expected for such a sy8ténihe
barrier to H-abstraction is below the energy of the reactants,
the increasing importance of redissociation at increasing tem-
perature will result in a negative temperature dependence of
the overall rate coefficient, further enhanced by variational and 0
tunneling effects; for example, the H® acetaldehyde system

has these properties. For these latter systems, one expects a clear
pressure dependengeWe performed exploratory RRKM-

Master Equation ana|ysis on a temp|ate System using typ|ca| Figure 8. Plots of initial HO signal obtained in the phOtOlySiS of either
molecular parameters as found in quantum chemical studies toH#OCHCHO or HNG; at 248 nm.

examine the behavior of the temperature dependence in between ) ) .
these distinct cases. We found that specific intermediate barrier 1O Source. To characterize this source, we conducted experi-
heights slightly above the energy of the free reactants can MeNts to determine the quantum yield of HO formation from
generate an overall temperature-independent behavior over 419CHCHO photolysis relative to HO formation from HNO
fairly wide temperature range, similar to that measured for the Photolysis at the same wavelength. The experiments (at a total
title reaction. For the set of data we used, we found less than Pressure of 60 Torr He) were carried out back-to-back and the

1% change in the overal(T) between 300 and 500 K, and initial HO signal from photolysis of a known concentration of
only 6% change between 250 and 750 K. Beyond these HOCHCHO was compared to the HO signal from photolysis
temperature limits, the rate coefficient again showed a clear ©f @ known concentration of HN{at the same wavelength and

temperature dependence. The barrier height needs to be withirft (e same laser fluence-§%). The initial HO signal were
a fairly tight margin to generate the T-independe(): varying obtained by kinetic analysis of HO decays to derive the signal

the barrier height with 0.25 to 0.5 kcal/mol down or up generates @tt = 0- The relative signal heights are given by
smooth negative or positive T-dependencesk@n, respec-

® HNO,
O HOCH,CHO

Initial HO signal (arb. units)

/

| S S S T S S S S |

1 1.5

(38

concentration of photolyte (1015 molecule om™ )

tively, in agreement with the available data on other HO signal(GLY) _ E,F,®¢, [HOCH,CHOJ0%%, vi)
oxygenate reactions. The transition state tightness for H- signal(HNQ) 48
abstraction relative to initial complex-formation affects the gnal(HNG) EZFZ(DHNOS[HNOJOﬁNos

required barrier height as well as the width of the T-range where

T-dependence is negligible; variational and tunneling effects where signal(GLY) and signal(HNgpare the initial HO signal

in the respective TSs likewise influence the needed barrier heightfrom photolysis of HOCHCHO or HNG;, respectivelyF; and

and the extent of the observed effect. For all cases examined,E2 are the laser fluences, arfeh and F, are HO detection

we found no pressure dependence. efficiencies and depend on several experimental parameters such
From these exploratory RRKM-ME calculations, we conclude @S beam and optical geometries, dye laser intensity, photomul-

that there is a distinct possibility that the barrier height for the tiPlier settings etcdcLy and ®uno, are the primary quantum
glycolaldehyde+ OH reaction is located in the small energy Yields for4I;|O forrrzl?glon from HOCBCHO and HNQ, respec-
region where negative- and positive-temperature dependenciedively, o5 vand oo are the absorption cross-sections of
cancel out, resulting in a nearly T-independé(T). The HOCH,CHO and HNQ at 248 nm. As the laser outpulwas
observed lack of pressure dependence is also in agreement wit$table to~2—3% during back-to-back experiments, and the
our theoretical expectations for systems with such barrier heightsdetection sensitivity) does not change as long as HN&nd
and suggests that the barriers to H-abstraction cannot beHOCHCHO do not significantly quench the HO LIF signal,
significantly below the energy of the free reactants. The available €d (Vi) can be rearranged to

theoretical kinetic results on glycolaldehyde OH are in

disagreemen;[jwith éhengggerri]mental data, show(ijng a negat(ijve signal(GLY)/[HOCHCHO]  ®g 055
temperature dependen€e®® This suggests an underestimate : = 28
barrier height, although the existence of multiple reaction signal(HNQ)/HNO] cDHNOs'O'Z*NOa
channels and a clear impact of variational and tunneling effects

makes it hard to estimate which parameter change is needed to The parameters on the left-hand side of the equation are
bring theory and experiment in agreement. Further experimentalderived from the slopes of a plot of initial signal versus the
work extending the temperature range, combined with theoretical concentration of the photolyte as shown in Figure 8. The
work exploring the detailed impact of specific parameters in concentrations of HOCKHO and HNQ were measured at

the models, is needed to address the current discrepancies. 184.9 nm in the 43.8 cm absorption cell, using cross-sections
3.1. Quantum Yield for HO Formation in the 248 nm of oy’ = 3.85 x 10718 cn? molecule'® from this study and
Photolysis of HOCH,CHO. As part of our kinetic study of  ola% = 1.84x 10~ cn? molecule'? from a separate study in

R1, the photolysis of HOCKCHO at 248 nm was used as the this Isaboratory“.0

(vii)
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Using oa1y= 2.41 x 10°2° cn? molecule? (taken from Product studies and theoretical calculations have indicated
Magneron et af), oin, = 2.00 x 1072° cm? molecule® that the major initial organic reaction products are the HQCH
(taken from Burkholder ot 4 andq)a‘,‘fos = 0.95 (taken from CO radical (80%) and the HOCHCHO radical (20%). Reactions
Turnipseed et &), we derive a value Oﬂ)éisy = (7.0+ 1.5) of these organic radicals with,@nd further reactions of the

x 1072 The errors on the quantum yield are obtained by PErOXy and alkoxy radicals subsequently formed lead to the
propagating estimated errors 5% on the absorption cross-  formation of CO, CQ, HCHO, HC(O)CH(O), and H® As both
section of HNQ and HOCHCHO at 248 nm and 10% errors HCHO and HC(O)CH(O) are photodissociated efficiently to
. . HO;, in the presence of £ the reaction of HO with
in [HNO3], [HOCH,CHO], and ®Z, . By comparison, the oM ) . . N
statistical error on the gradients of Ifigure 8 is negligible. HO?_{%EH%JIST&?%WSUHS m_thaettfrc:rmattlon Of~d1 Hth

The results obtained indicate a minor (7%) channel to form per H ost. By comparison, the net h@roduction

HO in the 248 nm photolysis of HOGEGHO. Other possible in the photolysis of HOCKLHO s 2.75 per HOCKCHO lost

dissociation channels and, where appropriate, their approximateIf we consider only formation of HCO and GBH (R2b). Thus,

. . in terms of HX production and taking the relative lifetimes
thermodynamic, threshold wavelengths are given below (note . .
. . . . into account, the HO and photolysis loss channels may be
that reaction R2c is approximately thermoneutral):

regarded as roughly equivalent.
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