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The title reactions were investigated using pulsed laser photolysis combined with pulsed laser induced
fluorescence detection of GB to determine the rate coefficients for @t NO, — products (3) and CtD

+ NO, — products (5) as a function of temperature and pressure, and to estimate the yielg (@hGkthus
the yield of CHC(O)OH) from the reaction of OH with C}€(O)CH; (2) at two different temperatures.
Reaction 3 has both bimolecular and termolecular components: a simplified falloff parametrizatiéewith
= 0.6 givesk), = (3.2 + 1.3) x 10°2(T/297) %3 cnf s~ andkj, = (4.3+ 0.4) x 10 (T/297) 12 cne 571
with CH3NO; the likely product. The rate constant for the bimolecular reaction pathway to forg®GH
NO (3a) was found to be 1.9 107 cm™2 s™%. The low- and high-pressure limiting rate coefficients for
reaction between Ci® and NQ to form CHONO, (5b) were derived a&d, = (5.3 + 0.3) x 1072YT/
297y *4cmf s~ andkg, = (1.94 0.05) x 10 *{(T/297) 19 cm?® s%, respectively. Although the final result is
associated with some experimental uncertainty, we find thati€fbrmed in the reaction between OH and
CH;C(O)CH; at ~50% yield at room temperature and 30% at 233 K.

1. Introduction south Atlantic® We note also that even at room temperature
our analysis indicated that40% of the reaction may proceed
via channel 2a.

The estimation of the branching ratio to g&{O)OH based
on the shape of the temperature dependence of the overall rate
coefficient is clearly not unambiguous. Therefore, in the present
study, we have carried out a series of experiments to confirm
the presence of reaction pathway 2a and to quantify its
contribution to the overall reaction of OH with GE(O)CH;
at different temperatures. As neither g3{O)OH or CH; can

A combination of field measurements and modeling studies
has recently highlighted the important role of acetone {CH
(O)CH) in the chemistry of the upper troposphere, where it
can contribute significantly to the concentration of {07 The
major sink of CHC(O)CH; in the upper troposphere is
photolysis, though the reaction with OH contributes signifi-
cantly; in the lower troposphere this is reversed, and reaction
with OH is the major sink:

CH,C(O)CH, + hv — CH,C(0)+ CH, (1) be detected by laser induced fluorescence (see below), we chose
to scavenge any CHormed in reaction 2 with N@to generate
CH,C(O)CH, + OH— products (2) CH30O (which can be detected by pulsed laser induced fluores-

cence (PLIF)). Detailed experiments of the temperature and

In a recent publicatidhwe have shown that the overall rate Pressure dependence of the reactions ot @l CHO with
coefficient, k,, for reaction of OH with CHC(O)CH; does not NO, were carried out to provide kinetic and mechanistic
display normal Arrhenius behavior, but that the temperature information necessary to analyze the {CHormation and decay
dependences; = 8.8 x 10712 exp (—1320M) + 1.7 x 10714 in this system. The reaction of GB with NO, has recently
exp (4231 cn® s71, can be explained if the reaction proceeds been identified as an important source of{0MO; in the lower
via two pathways, one of which has a positive activation barrier Stratospheré? although accurate estimation of the source
and the second an apparent negative activation barrier. Wwestrength was made difficult owing to the lack of kinetic data
hypothesized that this was due to a change in reaction for this termolecular reaction at the appropriate pressure and
mechanism at low temperatures, where the initial step is temperature, which is remedied in the present experiments. In
electrophillic addition of OH to form an association complex, addition, we note that radicatadical reactions of the type GH
AC, of formula (CH;).C(OH)O, that can dissociate to form + NOz and CHO + NO, which have more than one reactive
acetic acid and the methyl radical (2a). At higher temperatures channel are of particular interest from both kinetic and dynamic

the reaction proceeds via H-atom abstraction (2b). standpoints! An improved coverage of experimentally acces-
sible parameter space (in this case, rate coefficients as a function

CH,C(O)CH,; + OH— AC — CH,C(O)OH+ CH;  (2a) of temperature and pressure) is needed to aid and exploit
theoretical advances in the description of such reactions.
— CH,C(O)CH, + H,0  (2b)

. 2. Experimental Section
We further speculated that reaction 2a could represent a

significant source of CEC(O)OH in the upper troposphere The experiments were carried out using the method of pulsed
(where cold temperatures favor its formation), and help explain laser photolysis combined with pulsed laser induced fluorescence
recent observations of this species at high altitudes over the(PLP—PLIF). Details of the experimental setup have been
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presented in a recent publicatidBriefly, CH30, generated in photolysis reactor. The quantum yield for OH formation at 351
suitable precursor photochemistry initiated by the pulsed 193 nm was taken to be uniythe absorption cross section used
or 351 nm radiation of an excimer laser, was excited at 292.8 was 1.83x 1071° cn? 1415

nm (34 152 cm?, A%A; — X2E, v3' = 4)!2 and its red-shifted Detection of absorption between 205 and 370 nm using a
emission was detected with a photomultiplier (PMT) screened 0.5 m monochromator equipped with a 1024 pixel diode array
by an interference filter with maximum transmission at 330 nm camera and a Plamp as analysis light source enabled the
and a bandwidth at half-maximum of 5.5 nm. The filter concentrations of HONO, C4€(O)CH;, and NO impurity to
effectively shielded the PMT from scattered light from both be measured simultaneously. Optical density measurements
the excitation laser (292.8 nm) and the photolysis laser (351 or between 205 and 370 nm were converted to concentrations of
193 nm). The tunable excitation radiation was provided by NO, HONO, and CHC(O)CH; by least-squares fitting to
frequency doubling the narrow-band emission from a dye laser reference spectra that had been obtained in the same setup (NO
(Rhodamine B), which was pumped at 532 nm using the secondand CHC(O)CH®) or to a literature spectrum (HON®'. For
harmonic of a Nd:YAG laser operating at 10 Hz. The {CH NO, a non-BeerLambert relationship between the measured
excitation spectrum, measured by scanning the dye laser betweemptical density and the NO concentration was observed, due to
291 and 295 nm, showed qualitative agreement with that spectrally unresolveg-bands. This was taken into account when
presented by Wantuck et @ Time-resolved ChD profiles were calculating the NO concentration.

measured by variation of the delay between the photolysis laser The analysis of the C#D profiles thus obtained required
and the excitation laser, both running at 10 Hz. In practice, the kinetic data for the reactions of both @kith NO, and CHO
Nd:YAG laser was triggered with a constant delay, and the with NO; at the pressures and temperatures of these experiments.
excimer laser delay incremented relative to it after every laser 2.2. CH; + NO, — Products, CHzO + NO, — Products.
pulse. This way a complete profile, consisting of 200 data points, In a second set of experiments we conducted a detailed study
was constructed in 20 s, and 20 scans were usually averaged tof the reactions of Ckland CHO with NO,:

improve the signal-to-noise ratio. Generally-120 data points

were also collected before the excimer laser pulse, which gives CH; + NO, —~ CH;0 + NO (3a)

the background 292.8 nm scattered light intensity. A few percent

of the excitation laser emission was beam split to a photodiode, CH; + NO, + M— CH;NO, + M (3b)

and the signal obtained was used to normalize the fluorescence

signal for pulse-to-pulse fluctuations in the intensity. CH;0 + NO, —~ HCHO + HONO (5a)
The experiments were carried out at pressures between 10 CH,0 + NO, + M— CH,ONO, + M (5b)

and 200 Torr of Ar (measured by 10, 100, and 1000 Torr
capacitance manometers) and at temperatures between 223 and
356 K (determined by a J-type thermocouple inserted into the
reaction volume). In a single experimens bath gas was also
used. The total flow rate was regulated using calibrated mass CH,C(O)CH, + hv(193 nm)— 2CH, + CO (6)
flow controllers and varied between 40 and 4503qi®TD)

min~* (sccm) depending on the total pressure. Acetone was \We note that Chlis vibrationally excite# in vs when formed
stored as either a 5% or 5%o. mixture in Ar and introduced into from acetone photo]ysis at 193 nmg(: 1:2:3=0.73:0.14:
the system via a flow controller. HONO was generated in situ .13). The rate coefficient for vibrational deactivation by Ar is
by the reaction of HCI with NaNg@crystals (see below); CH 6.8x 10 13cmBs L At the lowest pressure of these experiments
ONO was introduced into the reactor from a 5% mixture in a (10 Torr), this corresponds to a relaxation lifetime~o# us,

10 L blackened glass bulb via a Teflon needle valve,M@s which is much shorter than the lifetime of Giue to reaction

In these experiments, GHadicals were generated by the 193
nm photolysis of acetone (6), which forms two giadicals!®

prepared as described below and storeg&s dilution in Ar, with NO, (see below).

in a blackened glass bulb. The dilute M@ mixture was The sensitivity of the setup to GB was determined by the

introduced into the reactor via mass flow controllers. photolysis of CHONO at 351 nm (7). Measurement of the laser
2.1. OH + CH3C(O)CH3 — CH3z + CH3C(O)OH. The

experiments can be broadly divided into two sets. In one set CH;ONO + hv(351 nm)— CH;O + NO 7

we probed the generation of GE(O)OH in reaction 2a, by
monitoring the formation of its coproduct, GHvia a conversion fluence using a calibrated Joulemeter, and the concentration of
reaction to CHO, which can be detected using PLIF. CHsONO, measured by optical absorption, allowed the amount
of CH3;O generated in the laser-irradiated volume to be
OH + CH,C(O)CH, — CH,C(O)OH+ CH;  (2a) calculated. The CEDNO concentration in these experiments
was derived by least-squares fitting of the optical absorption
CH; + NO, —~ CH,0 +NO (32) between 300 and 360 nm to a reference spectrum measured
using the same absorption cell. The cross section at the
photolysis wavelength (351 nm) was determined to be %31
107 cn?, which is in good agreement with literature valdés.
HONO + (351 nm)— OH + NO () The quantum yield for CED formation at wavelengths close
to 350 nm has been determined as approximately dhity.
was not detected. Relatively high concentrations of up 6 10 2.3. Chemicals.CH3;ONO was synthesized by the dropwise
cm~3 OH were generated in order to maximize the concentration addition of 50% HSO, to an aqueous solution of NaN@nd
of CHz and consequently that of GB. The concentration of  CH3zOH, and carried in a stream of He into a cold trap-ai8
OH generated this way was calculated from the 351 nm laser °C. HONO was prepared in a dynamic flow system by passing
fluence (measured with a calibrated Joulemeter) and the HCI over a stirred bed of NaNQOcrystals. HONO made this
concentration of HONO, which was determined by optical way contains high levels of NO impurifyNO, was prepared
absorption in a 174 cm absorption cell located upstream of the by mixing pure NO with a large excess ob,Qvhich was then

In these experiments, OH was formed in the 351 nm (excimer
laser) photolysis of HONO (4) as described previodshyt
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Figure 1. CH3O profiles in the 193 nm photolysis of GB(O)CH; in )
the presence of various excess concentrations of Mk temperature Figure 2. Plot ofk's andK's versus [NQ] at 200 Torr of total pressure
was 233 K and the total pressure was 200 Torr Ar. A, [NG- 2.84 and at 233 and 298 K. The data joined with the dashed line have not

x 104 cm3; B, [NO;] =4.40x 10 cm3; C, [NO,] = 6.13 x 10 been corrected to take into account the dimerization 06.NO
cm 3 D, [NO2] = 9.24 x 104 cm3.

contributes significantly. Reactions of Gkh the absence of
removed by vacuum distillation. The N@repared this way ~ NO; (i.e., self-reaction or with acetone) are negligibly slow,
typically had a NO impurity of 1%. NO, purchased at 99.5% and would in any case be expected to display a pressure and/or
purity (Matheson), was passed through a silica gel column at temperature dependence. Also, the simultaneous formation of
—78°C to remove higher oxides. Ar and;Linde 99.999%)  O-atoms formed in the photolysis of N@as considered as a

were used without further purification. potential source of error. However, although x 10 O-atoms
] ) cm~23 (both O¢D) and OPP)) are generated in the laser pulse
3. Results and Discussion (for experiments with high Ng), the fate of OP) will be

3.1. CH; + NO; and CH3O + NO.. The above reactions  reaction with NQ rather than with Cklor CH;,C(O)CHs. The
were studied simultaneously by photolyzing acetone at 193 nm O('D) generated could react with GB(O)CH; to form OH
in the presence of N© Experimental conditions were chosen radicals, though the fact that data obtained in Ar andgNe

so that NQ was in great excess over the ©tddical. Typically, the same results suggests that any secondary chemistry related
acetone at concentrations ®fL x 1014 cm3 was dissociated 0 O('D) formation has no significant influence on the €t

with a laser fluence of0.5 mJ /cm to give initial CHs CH30 profiles. At present we have no explanation for this
concentrations of [Cklo ~ 3 x 101 cm™3, calculated using an ~ apparent nonzero loss rate for €l the absence of NCbut
acetone cross section of 2. 10718 cn? 20 The NG note that it is small, and probably does not significantly influence
concentration was varied betwee®.2 and 1.2x 105 cm 3, the derivation of the rate coefficients féu.

Under these conditions the self-reaction of Lkadicals is The accuracy of the rate coefficients obtained in this study

negligible, and reactions of GHor CH;O with secondary was enhanced by measuring the concentration of iNptical
products or impurities (e.g., NO) are insignificant. The time- absorption in the 174 cm cell. Measurements of absorbance were
dependent CED concentration profile is given by converted to concentrations by least-squares fitting to a reference
y spectrum (316365 nm) measured in the same setup and with
'3 Y _ . the same instrumental resolution. The reference spectrum
[CH;O, zm(e ' — e )[CH, @ showed good agreement with the spectrum previously deter-
mined in this laboratory? In addition, NQ was monitored after
the reaction vessel by its absorption of the broad band emission
of a light-emitting diode (LED, 418440 nm) over a 44 cm
path length. An effective cross section was established relative
to absorption in the 174 cm cell, which allowed us to check
that no NQ was lost in transit through the thermostated reaction
vessel. The 174 and 44 cm absorption cells were at room

wherek'; is equal tok[NO2].

Time-dependent C§D profiles obtained in this manner and
for different initial [NO] are displayed in Figure 1. The variation
in the maximum height of the G4 signal with [NQ] is due
to quenching of the fluorescence by NO'he CHO profiles

were fit to eq i to obtairk's andk's for a given temperature, X . =le
pressure, and bath gas. The individual rate coefficienend temperature. The optically determined Nedncentration in the

ks are obtained by plotting's andK's versus [NQ] as shown 174 cm cell was then corrected for pressure and temperature
in Figure 2 for data obtained at 200 Torr and at 233 and 298 K. differences between the absorption cell and the reaction vessel
We note that forks the intercept does not deviate from zero to obtain its concentration. At temperatures of 262, 297, and
within statistical uncertainty. However, the data ferdisplay 326 K the concentration of NOs known to within 5%. At the

a positive intercept of between 1100 and 2206, svith no lowest temperatures of this study 233 K, a further correction to
systematic dependence on either the temperature or pressure ghe NO: concentration had to be made due to its dimerization
the experiment. The lack of variation with pressure rules out 10 N2Oa.

that diffusion from the reaction zone (usually a maximum of

~200 s'1) or an effect related to vibrational excitation of ¢H 2NG, = N0, (8,-8)
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TABLE 1: Rate Coefficients for CH3; + NO, — Products?
temperature (K)

pressure (Torr) 233 262 297 356
10 456 4.254+0.07 3.84+-0.09 3.43+0.10
4.09
20 52 467+0.12 4.41+0.20 3.95-0.10
472
50 5,97 5774+0.14 5.10:0.07 4.50£0.09
5.3% 5.01+ 0.1
100 6.5P 6.25+0.17 5.24+£0.16 4.72+:0.12
5.84
200 6.8 6.124+0.16 5.49+-0.13 4.92+-0.14
6.0

aRate coefficients in units of 18* cm?® s7%. P Data corrected for
NO, dimerization usingks = 5.2 x 102° exp(6782T) cn¥. ¢ Data
corrected for N@ dimerization usingks = 5.2 x 1072° exp(6643T)
cmi.22 For T = 262 K, the correction was of the order of just 1% and
was therefore not carried outValue obtained in Mbath gas. Errors
are statistical only @).

TABLE 2: Rate Coefficients for CH3O + NO, — Products?
temperature (K)

pressure (Torr) 233 262 297 356
10 127 8.67+0.02 5.56+0.07 3.22+0.06
11.4
20 15.9 11.64+0.02 7.46+0.18 4.48+0.06
14.4
50 20.00 15.8+0.02 10.8-0.01 6.57+0.08
18.1¢ 11.0+ 0.10'
100 22.6 18.04+0.03 13.2+0.2 7.64+0.11
20.1
200 25.3 19.04+0.03 15.1+0.2 9.48+ 0.16
22.3

2Rate coefficients in units of 182 cm® s™%. P Data corrected for
NO, dimerization usingks = 5.2 x 102° exp(6782T) cn®. ¢ Data
corrected for N@ dimerization usingks = 5.2 x 1072° exp(6643T)
cmi.?2 For T = 262 K, the correction was of the order of just 1% and
was therefore not carried outValue obtained in Mbath gas. Errors
are statistical only @).

Initially the recommended equilibrium constakg = 5.2 x
10720 exp((6643+ 250)T) cm?, was used? At the highest N@
concentrations employed ([ND= 1 x 105 cm™2 and at 223
K (Kg = 1.25 x 10716 cm?® molecule?) the correction applied
is ~25%, which reduces te5% at NG = 2 x 10 cm3.

Using the recommended forward and backward rate coefficients

for (8,—8),22 we calculate that the relaxation time to reach
equilibrium between N@and NOy is <1 s even at the lowest
pressures (10 Torr) and the lowest N€oncentrations. The
residence time for the flowing gas mixture in the cooled part
of the reactor is>4 s. The correction for dimerization of NO
removes the curvature present in plotskbiversus [NQ] at
low temperatures as seen in Figure 2.

Data obtained foks andks at various pressures between 10

and 200 Torr and at various temperatures between 223 and 35
K are listed in Tables 1 and 2. The rate coefficients obtained
for ks andks were found to be independent of the excimer laser

fluence and thus initial [Ck] when varied over a factor of 3,

and independent of the flow rate and residence time of the
flowing gas mixture in the reaction vessel. The data also showed

no dependence on the time resolution used to measure t@ CH

profile, which suggested that sufficient data points were gathered

to determine the rate of the rapid part of the {OHormation
at short times.
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Figure 3. Falloff curves for CHO + NO,. The data at 262, 297, and
356 K were fitted simultaneously to eq ii as described in the text. The
rate constants at 233 K were corrected for the dimerization of tdO
form N,O4. The open squares were corrected usfgg= 5.2 x 1072°
exp(6643T) cn?; the solid squares were corrected uskg= 5.2 x
1072° exp(6782T) cnr.

4
6
5
I3 ]
mE 4-:
Q 4
= 4
'2 1 233K
= 3 262K
=] 97K
v 97KN,
o 35
2 O Yamada, 298 K
X Biggs, 298K
T T T T T — 1 5
16 17 18 1
10 10 10 10
-3
Mcm]

Figure 4. Falloff curves for CH + NO,. The data at 262, 297, and
356 K were fitted simultaneously to eq ii as described in the text. The
solid lines are described Wten:= 0.6,k = 3.18 x 102 cnf 571, ke
=434x 101cm¥s L, n=0.3,m=1.17, andkss = 1.91 x 10712

cm?® s~ The rate constants at 233 K were corrected for the dimerization
of NO, to form N;O4 using 5.2x 10-2° exp(6782T) cm?. Low-pressure

flow tube measurements in He are also shown: Yanmm=adef 30;
Biggs = ref 26. To allow direct comparison, the data obtained in He
grave been assigned an equivalent pressure of Ar to reflect the relative
third-body efficiencies of these bath gases.

coefficients at each pressure and temperature) for each reaction
was fitted simultaneously to falloff curv&sdescribed by

ifzg7 ™M

t+ (klpge) ™o )

k(M,T) = (Fcenap (ii)

The temperature- and pressure-dependent rate coefficients arevherekg is the low-pressure termolecular rate coefficidatis

also plotted in Figure 3 (for the reaction of @bl with NO,)
and Figure 4 (Chl+ NO,). The complete data set (i.e., all rate

the limiting high-pressure rate coefficiegent = exp(T/f),
which describes the temperature-dependent broadening of the
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falloff curves, and Biggs, 298 K, He

McCaulley, 220 K, He
McCaulley, 250 K, He
McCaulley, 298 K, He

220K
250K

297K

Od4»X

00,557 M1)|
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i

3.1.1. CHO + NO.. For the reaction of CED with NO,, a ] 390K
minor, bimolecular channel (5a) has been measured along with 413K
the pressure-dependent association reactiot? Bbthat work, oy
ksa Was measured dgAT) = 9.6 x 10712 exp(—1150) cm? @

s™1, albeit with relatively large errors associated with both the g

preexponential factor and the temperature dependence. For this -~

reason the present data was fitted to an equation of the kgrm

= ksT) + ksp(M,T). Note that neglecting the bimolecular

component (5a) would result in only small changes in the fits,

as its contribution to the overall rate coefficient at the higher

pressures of this experiment is small. The maximum effect is 1072

found at high temperatures and low pressures, &sgksp ~

0.1 at 10 Torr and 356 K, ang0.01 at 10 Torr and 233 K.

Potential energy surfaces showing the energetics of the various

reaction pathways have been given by Biggs &f al. i
Our initial calculations showed that the data at 356, 297, and 1 i

@ McCaulley, 390 K, He
QO McCaulley, 473K, He
1  Frost, 295K, Ar

< Frost, 390 K, Ar

I T T
262 K could be well reproduced, but the fit overestimated the 1()16 1017 1()}8 1()19
measured rate coefficients at 233 K. This is apparent in Figure 3
3, which displays the rate constant corrected as above for the M{cm™]

dimerization of NQ using the recommended equilibrium Figure 5. Comparison of present data for @b+ NO, with literature.

constant (open squares). By fitting to the data at 262, 297, andThe solid lines were calculated from the present parametrization of
356 K only, we obtain the fits in Figure 3, which are described the termolecular componerfEgn= 0.6,ko = 5.3 x 1002 cmP s, ke,

by f= (5714 112),ko = (6.5+1.1) x 102 cmP s, k,, = = 1.86 x 10 cm® st, n = 4.36,m = 1.87) plus the temperature-
(1.86+ 0.06) x 10711 cm® s71, n = (3.42+ 0.36), andm = dependent bimolecula_r component as measured by McCau_IIey et al.
(180 -+ 0.14). A small adjustment to the temperature depen- FECER ™ B2 PIRS, Tth h o O T ned an eaivalent
dence of the equ'“b”uTg constant for the dlmerlzatlon ofNO pressure of Ar to reflect the relative third-body efficiencies of these
to NoO4 (Kg = 5.2 x 10722 exp(6782T) cmd) brings our 223 K bath gases.

data back in line with this parametrization of the rate coefficient

(solid squares in Figure 3). Note that this valuekgfis well information concerningks. They obtainedk%, = 2.6 x
within the quoted error limits for the temperature dependence 10-2%(T/300)*°cmf s~1, which compares well with the present
of the equilibrium constant. determination ofn = 4.4. A further low-pressure, flow tube

The value off obtained converts to values Bfen;Of 0.66 at study was conducted by Biggs et #.who monitored CHO
223 K, decreasing to 0.55 at 356 K, reflecting the expected profiles to extract botl andks. Frost et af8 carried out flash
increase in the broadening factor as the temperature decreaseghotolysis experiments, using the photolysis of JONO as
Note that the temperature dependencégf; was not forced CH30 source at pressures similar to those of the present study,

in the fitting routine but was allowed to vary freely. Ffentis and at 295 and 390 K.

held at 0.6, irrespective of the temperatefeye obtaink, = The results obtained in those experiments generally show
(5.3 0.3) x 102 cnmf s7, ko = (1.864 0.05) x 10711 cni® good agreement with the present parametrization of the rate
s, n = (4.36+ 0.36), andm = (1.87 & 0.15); i.e., onlyn, coefficients. The data close to room temperature are in good

which describes the temperature dependence of the low-pressureagreement at all pressures; especially the flash photolysis data
third-order rate constant, is significantly changed, although there of Frost et a8 agree particularly well. The present parametriza-
is no discernible difference in the quality of the fit. tion of the rate coefficients is in good agreement with that
In Figure 5, we compare our results with previous determina- obtained by Biggs et afS who derivedky = (5.3 £ 0.2) x
tions of the pressure and temperature dependence of the ratd0-2° cnf s andk, = (1.43 £ 0.03) x 10711 cm?® s~ with
coefficient. The solid lines are the calculated overall rate Feen fixed at 0.6, by analysis of their own data at room
constantks, which was obtained using the parametrization of temperature along with those of Frost ef&&nd McCaulley et
the termolecular component (in Ar) as described above, plus al?®
the bimolecular component as described by McCaulley €t al. The low-pressure data of McCaulley e€aht 220, 250, 390,
The temperatures were chosen to match the available literatureand 473 K are also correctly reproduced. Some deviation is
data. The data that were obtained in He have been correctecbbserved for the data of Frost et?dlat 390 K. The reason for

for the relative third-body efficiencies of He and At.(He) = this is unclear, and we can only speculate that it is related to
0.07 andB(Ar) = 0.12) as determined in the experiments of the use of a different C#D precursor system than in the present
Frost et ak’ experiments.

McCaulley et af® measured the rate coefficients between  Although by far the most important loss process forzOH
0.6 and 4.0 Torr of He anfil= 220-473 K using a low-pressure  in the atmosphere is reaction with,Oa combination of
flow tube and detection of C3D with LIF. They also used the  observations of CEDNO; in the lower stratosphere and upper
reaction CH + NO, — CH3O to generate C§D, but did not troposphere and modeling studieébave led to the conclusion
attempt to analyze the rise of GB at short time to gain that ~50% of the observed GJONO, is formed in reaction
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5b, with a further 50% provided by a minor channetlQ~> of (for 1100-1400 K). For the termolecular channel they quote a
the overall rate coefficient) in the reaction of methylperoxy high-pressure second-order limit & = 1.66 x 10 *(T/
(CHz02) with NO. The model used evaluated kinetic data on 1000) %6 crf s~* between 300 and 1400 K, which yields a value
the reaction CHO + NO,,22 which returns a value dfsp, = 2 of k¥ = 3.4 x 101 cm? s! at 298 K, in reasonable

x 107t cm?s7* for T = 215 K and 100 Torr. The value &, agreement with the present result. For the low-pressure, third-

at the same temperature and pressure from the present data ig;qer limit they obtained? = 6.9 x 10-34(T/1000)6 cn? s
3 x 10 *cm?Ps™L Use of the present data to assess the sources,hich gives a value of 9?ig< 1028 ¢ 51 at 298 K.

of CH3;ONO, would therefore significantly reduce the extracted
branching ratio for an additional channel to §&MNO, formation
in the CHO, + NO reaction.

3.1.2. CH; + NO». The data for this reaction were treated in
a manner identical to that described abovekorThat is, we
fit the data at 233, 262, 297, and 356 K to eq ii with an
additional bimolecular componeri,. In this case we initially
assumed that the bimolecular channel (3a) does not have a stron
temperature dependeneso thatks = ks, + ksp(M,T). Potential
energy surfaces showing the energetics of the various reaction,
pathways have been given by Biggs et%lhe present data _ _ . -
are displayed in Figure 4 (note that the data at 233 K have been We derive a bimolecular, prelslsure-lnlefpendent rate coefficient
corrected for N@ dimerization as described above). The &t 298 K ofksa = 1.9 x 107+ cnm? s™* and note that our
simultaneous fit to all the data yields= (682 + 468), ko = parametrization of the r.eactlon reproduces the low-pressure data
(2.64+ 1.7) x 10728 cf 5L, ke = (4.24+ 0.36) x 10~ 1L cm? of Yamada et af° and Biggs et af If we extrapolate our results
sL,n=—(0.47=+ 0.64),m= (1.12+ 0.12), ancksa= 1.96 x to 1 Torr, we obtain a ratitigy/ks = 0._23 g_t 298 K, increasing
101 cmB s L Feenris thus seen to decrease from 0.71 at 233 to 0.31 at 223 K. These values are S|gn|f|ca}ntly higher than the
K to 0.59 at 356 K. IfFcentis held at 0.6, irrespective of the ~Measurements of McCaulley et & whose yields of CENO,
temperaturé? we obtaink, = (3.18 + 1.3) x 102 cnf s, were between 4% and 7%. Some of thI.S dlscrepanqy will be
ko = (4.34+ 0.4) x 10 cmd 'L, n = (0.30+ 0.6),m= related to the use of He as bath gas in the experiments of
(1.17+ 0.1), andksa = 1.91 x 10711 cm® s°L. Also plotted in McCaulley et al., which is a less efficient third-body collisional
Figure 4 are data obtained at low pressure by Yamada®t al. quencher (by a factor of0.6 for CHO + NO,) than Ar.
and Biggs et af® Investigations of the reaction of,8s with NO, at 300 K2 with

Yamada et a¥ obtained a value oks, = 2.5 x 10-11 cr? detec’_[ion of GH5NO, and NO prodgcts from the termoI(_ecuIar _
sLat 295 K in flow tube experiments at 295 K and at pressures and bimolecular pathways, respectively, have resulted in a ratio
of 1 Torr with direct detection of Ckusing photoionization of termolecular to b|mo!ec_ular c_omponentsa@t).zs between
mass spectrometry. Within the quoted error limits, this is in O-7 @nd 2.1 Torr of He, in line with the present results forsCH

good agreement with the present extrapolation to 1 Torr (see T NO2 When extrapolated to low pressures.

Figure 4). Nitromethane (GMO,) was not observed in those The difference between the present observations of a strong
experiments, indicating that channel 3b was not important at pressure dependence in the reaction ob@Hd NG and the

that pressure. This observation disagrees with the results ofliterature data may reflect the fact that the previous measure-
McCaulley et al3! who measured yields of GINO, of 0.04 at ments were not carried out over extended pressure ranges, and
298 K and a total pressure of 0.5 Torr of He, increasing to 0.07 that the effect at low pressures is partially disguised by the
at 1 Torr of He. They found no temperature dependence of the presence of the fast, pressure independent bimolecular reaction,

The present data indicate that the reaction betweena®id
NO; displays a pronounced pressure dependence, and that the
termolecular reaction pathway is important even at low pressures
and dominant at pressures greater the20 Torr of Ar. Note
that, in the present experiments, the product(s) of the termo-
lecular channel was (were) not detected. By analogy with
&revious low-pressure studies of the reactions of alkyl radicals
ith NO,, we assume that GINIO, is formed, though we cannot
rule out stabilization of CEDNO* to form CHONO at the
higher pressures and low temperatures used in this study.

CH3NO; yield at 1 Torr between 223 and 298 K. (3a). There are no temperature-dependent rate coefficients for
In further flow tube experiments at pressures oftD Torr ~ CHs + NO; at low pressures (close to 1 Torr) available. The

of He, with LIF detection of CHO to follow the CH kinetics, ~ global fits to our data were of the forig = ksa + kap(M,T)

Biggs et aP® derived values foks andks. They foundks to be and were thus forced to return a temperature-independent rate

independent of pressure between 1 and 7 Torr, with a rate constant foks, which was found to be 1.9% 107 cm® s,
constant of (2.3t 0.3) x 1011 cn® 5L, Although the resultat ~ The applicability of this assumption was tested by carrying out
1 Torr is in good agreement with the present data set, the lackexperiments at two temperatures, 297 and 255 K, at constant
of a pressure dependence is not commensurate with the preserRressure (20 Torr). In such experiments, a variation in the rate
study, which revealed a pronounced pressure dependence agonstant forks, with temperature will be manifest as a change
room temperature. A partial explanation for this difference may in the height of the CkD signal as the efficiency of Gi®

be related to the use of a low-pressure flow tube to determine formation changes. The experiments were carried out back-to-
the kinetics of a fast process (GH NO,) and a significantly back and in swift succession so that experimental parameters
slower process (C#D + NO,) simultaneously. Close examina-  such as the fluence of both the photolysis laser and the excitation
tion of the data presented by these authors shows that the rawaser remained largely unchanged. The profiles obtained at each
data are not accurately described by the fit to eq i, and that thetemperature were scaled for changes inC{)CH; and thus
resulting scatter in the plot &f versus [NQ] encompasses rate  CHz due to density changes as the gas mixture was cooled. The
constants between 3.3 and 1x51071! cm? s~L. This may be concentration of N@in the absorption cell was monitored, and
related to problems with spatial resolution in the flow tube when its concentration in the reaction vessel was calculated as usual.
attempting to measure first-order decay rates of close to 2000The data were then simulated using the parametrized rate
s 1and to heterogeneous loss of €&hd/or CHO on the flow constants given above fég andks. For both temperatures, not
tube walls. Glazer and Tro# determined values foks, and only the shape but also the height of the profiles were well
ksp in shock-tube studies at 960400 K at pressures between reproduced whekz, was held at 1.9< 10711 cm? s71, which

1 and 30 atm. They determindg, = 2.16 x 10711 cm? s71 rules out astrong temperature dependence kg, Within
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TABLE 3: Experimental Conditions for the Investigation of Reaction 22

expt T CH:C(O)CHs HONO NO NO OH o¢P)
11 233 9.7x 10% 2.0x 10" 1.6 x 104 6.8 x 10%3 1.3x 1012 2.3 x 102
13 233 3.9x 10% 1.8x 10" 2.0x 10% 9.2 x 10 1.2 x 1012 2.9 x 10
15 233 8.2x 10% 2.5x 10" 3.3x 10" 1.2x 101 1.7 x 1012 4.8 x 1012
6 297 7.0x 101 1.4x 10" 2.6 x 10% 9.8 x 10" 9.4 x 101 3.9x 10%
7 297 7.4x 1015 1.5x 10¥ 1.6 x 10¥ 8.2 x 10%3 1.0 x 1012 2.4 x 10%?
8 297 3.4x 101 1.5x 10" 1.6 x 10 8.8 x 103 1.0x 1012 3.9x 10%

aTemperatureT) in K. Concentrations in cn?. All experiments at 20 Torr of total pressure. OH andR)(concentrations are based on the
measured laser fluence at 351 nm and on the absorption cross sections of HONOaedpéCtively, at this wavelength (in both cases a quantum
yield of unity is assumed.). The N@oncentration at 233 K has been corrected for dimerization to foy@y kéize of the correction was 10%).
The NO concentration listed is that observed by optical absorption. This is incremented in the numerical simulation by the same concentration as
OCP), as both are formed in the dissociation of NO

experimental uncertainty, we can place an upper lImE®&T ] e Expl.6
= —300/T for the temperature dependencekef 51
3.2. OH + CH3C(O)CH3 — CH3 + CH3C(O)OH. This
reaction was investigated by photolyzing HONO in the presence
of CH3C(O)CH; and NQ and by following the formation and
decay of CHO by LIF. The main aim of these experiments
was to quantify the branching ratio to @krmation in reaction
2, and thus an absolute determination ofs{OHvas necessary.
For this reason, directly prior to the experiments, the sensitivity
of the LIF detection scheme to GB was measured. This was
carried out by 351 nm photolysis of a known concentration of
CH3;ONO at a known laser fluence (typically20 mJ/cm) and,
most importantly, in the presence of the same concentration of
acetone to be used in the studies of the ®ldcetone reaction.
It was found that the sensitivity to GB was severely degraded
in the presence of(3—7) x 10 cm3 of acetone due to
fluorescence quenching. Such high concentrations o§GzH
(O)CHs were necessary to ensure that a high pro_portion of the time [us]
OH formed reacted with the GI(0)CH and not with HONO Figure 6. Formation and reaction of G in the 351 nm photolysis
or NO,. Optical me_a_surements of both acetone anc@O of HONO/CH;C(O)CHy/NO, mixtures at 20 Torr (Ar) and 297 K. The
revealed no reactivity between these two molecules. AlSO, experimental conditions for each experiment can be taken from Table
variation of the CHONO concentration made no significant 3. Solid points are experiment 6; open symbols are experiment 8. The
change in the sensitivity to GJ&, implying that at concentra-  solid curves are the result of the numerical simulation using the reactions
tions of ~1 x 10 cm3 the CHONO did not significantly listed in Table 4 (apart from those labeled “other”).

quench the CkD fluorescence. The dye laser and excimer laser reaction scheme, which is listed in Table 4. The reaction scheme
fluences were constantly monitored to enable corrections to theyses the data for the reactions of £ahd CHO with NO,
calibration factor for the CD concentration to be made if  measured as part of the present study. The simulations are able
necessary. to reproduce the general features of thesOHormation and
Altogether six experiments were carried out at 233 and 298 decay and the change in shape and concentration as experimental
K, using various reactant concentrations. The experimental parameters such as the initial N@nd acetone concentration
conditions are listed in Table 3. Note that, with the exception are changed. Although weak, the gBisignals and their time
of OH and O¢P), all concentrations were determined by optical dependence are clearly good indicators of the formation and
absorption measurements. &Hprofiles from such experiments  reaction of CH in this system. The slight discrepancy between
are shown (for 297 K) in Figure 6. Due to the low signal, 200 the measured rate of formation of the g&Mand the modeled
scans over:20 min were made to improve the signal-to-noise value is presumably due largely to errors associated with the
ratio, with each data point normalized to the excitation laser calculated total loss rate of OH due to reaction withsCHD)-
fluence. A correction to each profile was also made to account CH;, NO,, and HONO.
for HONO fluorescence following excitation at 292.8 nm. In If we initially make the assumption that Ghs formed only
experiments with no CkC(O)CH present, we observed a rapid in the title reaction, we can estimate branching ratos=(k»J/
drop in background signal directly after the excimer laser pulse, k,) to CHs formation by adjustingx (see Table 4) until the
followed by a further slow decrease over several milliseconds. curves best fit the data points. The best fits were obtained with
Analysis of the time dependence of this signal showed that it a branching ratiax(297 K) = (0.5 £ 0.15), where the errors
was due to the immediate removal of HONO by the 351 nm simply reflect the variability of the fitted branching ratio between
laser pulse and then by reaction of HONO with OH. We the three experiments. At 233 K the branching ratio obtained is
conclude therefore that HONO fluoresces weakly@80 nm a = (0.34 0.1). These values are also subject to large potential
following excitation at 292.8 nm. Normally this weak signal systematic errors related to the estimation of radical concentra-
would not be significant, but due to the low @Bl signals in tions (both OH and CkD) by fluence measurements, although
these experiments, a correction to thesOHprofile had to be  this error is somewhat reduced by the fact that the same
applied to account for it. Joulemeter at the same laser wavelength was used to estimate
The solid lines through the experimental data are simulated both OH and CHO concentrations. Large errors are also
CH30 profiles, generated by numerical simulation of an assumed associated with the indirect method of determining the; CH
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TABLE 4: Reaction Scheme Used To Model the CHO Profiles in the OH + CH3;C(O)CH3 + NO, Experiments

k(233 K) k(297 K) note
Reactions of OH

OH + CH3C(O)CH;— CH3C(O)CH, + H,0O (1.3x 1079 (1.7 x 10 B¥)a a

OH + CH;C(O)CH;— CH; + CH3;C(O)OH (1.3x 1091~ o) 1.7x 1081 - ) a

OH+ HONO — H,0 + NO; 3.4x 101 4.8x 10712 b

OH+ NO, + M — HNO; + M 3.4 x 10712 1.2x 10712 b

OH+ NO+ M —HONO+ M 9.3x 10718 4.1x 1013 b

Reactions of Alkyl Radicals

CH3;C(O)CH, + NO,— products 1.6< 101 1.6x 101 c
CH;C(0O)CH, + NO — products 2.6x 1071 26x 101 c

CHs + NO,— CH3;O + NO 191x 104 191x 1041 this work
CHz; + NO; + M — CH3NO; + M 3.43x 1071 2.54x 10711 this work
CH; + NO+ M— CH3NO + M 2.8x 10712 1.4x 1012 d

Reactions of CED

CH30 + NO, + M —CHzONO, + M 1.69x 1011 7.62x 10712 this work
CH30 + NO,— products 6.9 10 20x 107 e

CH;0 + NO + M — CH;ONO + M 11x10% 51x 1072 b

CH3z0 + NO—HCHO + HNO 3.8x 10712 3.0x 10712 f

Other

O+ NO,—NO + 0O, 1.1x101 9.7x 102 b
CH;C(0)CH0O — CH;CO + HCHO 2x 10° 2 x 10° g
CH;C(0)CHO + NO, + M — CH3C(O)CHONO, + M h
CH3CO + NO,—CH; + CO, + NO 25x 107! 25x 1071 i

aTemperature-dependent rate coefficient from Wollenhaupt &tal.emperature/pressure-dependent rate coefficients calculated for 20 Torr
using JPE? parametrizationS Data at room temperature only from Sehested &here are no measurements of this parameter at low temperatures.
dData for the low-pressure third-order rate coefficient provided by Davies ¥tvwas used to calculatie at 20 Torr of Ar.¢ McCaulley et al.,
19852° fMcCaulley et al., 1996 9 Jenkin et aP> measured a decomposition frequency>df x 10° s~ at 298 K and 700 Torr of B which
broadly agrees with the estimation of BaldWinf 8 x 10° s™1. The value used is corrected for the pressure of 20 Torr in the present experiments.
h Assumed to be the same as £LH+ NO, + M — CH3ONO, + M. ' Value obtained at room-temperature offlyand assumes immediate
decomposition of the initially formed GJ&0O, product to form CH and CQ.

concentration and the need to calculate the partitioning of OH are no measurements of this constant. The fate of alkoxy radicals
to a number of reactants such as £0O)CH;, NO,, HONO, in the atmosphere is either reaction with oxygen, decomposition
and NO, although this error is reduced somewhat by making or rearrangemerf® For (CHs),C(OH)O the rearrangement
optical measurements of all of the species. pathway is precluded as this is accessible only to longer chain
The trend in branching ratio with temperature is contrary to alkoxy radicals. There are also no H-atoms on the carbonyl
that expected if Cklis formed in reaction 2a via an association C-atom that can be abstracted by reaction withabd the fate
complex, the stabilization of which should be more favorable in the atmosphere (where N@ not available at the concentra-
at low temperatur@. This result can be understood if the tions employed in the laboratory work) will probably be
decomposition of the vibrationally excited association complex, decomposition.
[(CH3)2,C(OH)O], proceeds either partially or completely via One further explanation for the present observation of a
formation of an alkoxy radical: decreasing Cklyield with decreasing temperature, which we
have already touched upon, is that the bimolecular rate coef-
OH + CH,C(0)CH; — [(CH;),C(OH)O] — ficient for the reaction of Ckl+ NO; is significantly lower at
(CH,),C(OH)O (9) 233 K than at 298 K, meaning that more €ld converted to
CH3NO; and less is transformed to detectablesOHsee above).
where (CH),C(OH)O is the a-hydroxyisopropoxy radical, Neither the present data on the £H NO, reaction at pressures
which can either decompose via—C bond fission to form of 10 Torr or more nor the literature data have accurately
CH3C(O)OH + CHjs or react with NQ to form a nitrate: established the temperature dependendegpfThe reaction of
NO; with H-atoms has some similarity with the bimolecular
(CH,),C(OH)O+ M — CH; + CH,C(O)OH+ M (10) component of the reaction of Ghvvith NO; as both reactions
may be considered O-atom transfer to form NO and a further

(CH,),C(OH)O+ NO, + M — oxygen-containing radical:

(CH,COMONG, + M (11) H + NO,— OH + NO (12)
As the decomposition rate of the alkoxy radical will be

strongly dependent on temperature (decreases with decreasing This reaction has a rate coefficient describedkiy= 4.0 x
temperature), it is reasonable to assume that the competition1071° exp(—=340/T) cm® s122 and thus displays a weak
between reactions 10 and 11 will favor nitrate formation at low temperature dependence. We therefore examined the effect of
temperatures, and the apparent yield of;@#ll decrease. On fitting all the data in Figure 4 téz = ks{T) + ksp(M,T), where
the basis of the known concentration of NG ~2 x 104 cm—3 ksT) = 4.5 x 1071 exp(—=250/T) cm? s™1. These parameters
and an estimated rate coefficient for reaction 14-dfx 10711 were chosen to reproduce the room-temperature rate coefficient
cm® s71, we estimate a loss rate of (GHC(OH)O of ~8000 of 1.9 x 101 cm® s71 for ks, but remain within the limits we
s 1 due to reaction with N@ The decomposition frequency of  set for the variation with temperature given above (i.e., less
(CH3).,C(OH)O at 20 Torr would have to be of a similar than—300/T). The global fits thus obtained are not significantly
magnitude to compete, though, as far as we are aware, therdifferent from those obtained with a temperature-independent
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Figure 7. Schematic diagram illustrating the reactions studied and considered in the present work. The species in brackets is the association
complex, which may have some characteristics of a vibrationally excited alkoxy radical. The numbers adjacent to the arrows represent the reaction

numbers as given in the text.

rate coefficient okza= 1.9 x 1011 cm? s~1. However, at low
temperatures and 20 Torr, the ratiokaf/ks increases to almost
0.7 and the conversion of GHo CHsO is less efficient. This
results in an underestimation of the branching toz;Gitlow
temperatures.

Finally, we also consider the possibility that €idan be
formed in reactions of the acetonyl radical (§3O)CH,)
formed in the abstraction reaction of OH with gE{O)CHs
(2b):

OH + CH,C(0)CH, — CH,C(O)CH, + H,0  (2b)

The acetonyl radical is knowfito react with NQ (13) and
NO (14):

CH,C(O)CH, + NO, — CH,C(O)CH,0 + NO (13a)
CH,C(0)CH, + NO, + M— CH,C(O)CH,NO, + M

(13b)
CH,C(O)CH, + NO + M — CH,C(O)CHNO + M  (14)

The a-carbonylalkoxy radical CEC(O)CHO formed in
reaction 13a is expected to decompose reétily form the
acetyl radical and HCHO (15). The fate of the acetyl radical in
these experiments is reaction with N form CH;CO, which
will unimolecularly decompose to form GHadicals:

CH,C(O)CH,0 + M — CH,CO + HCHO+ M (15)
CH,CO + NO, — CH,CO, + NO (16)
CH,CO, + M — CH, + CO, + M 17)

Any CHjs radicals formed in this sequence will react with
NO; to form CHNO, and CHO which would result in an
erroneous estimation of the yield of Glffom reaction 2.

The results of Sehested et?alindicate that the reaction
between CHC(O)CH, and NQ does not have a significant
reaction pathway to form the-carbonylalkoxy radical under
their experimental conditions (1000 mbar of total pressure,
mainly Sks), implying that the reaction proceeds predominantly
via a termolecular pathway to form GE(O)CHNO, (13b).

However, this might not reflect the situation at 20 Torr, and
to estimate the potential formation of @Mia this mechanism,
we carried out numerical simulations of the reaction scheme in
Table 4, in this case including the reactions designated “other”
and assuming a worse-case scenario in which the reaction of
CH3C(O)CH, with NO, always generates GB(O)CH0, i.e.,
kizdkiz = 1. A detailed reaction scheme of this chemistry and
other reactions studied as part of the present investigations is
given in Figure 7. We found that the variation in the CH
signal with experimental parameters could not be simulated by
assuming CH formation in reactions of C§C(O)CH, only.
Generally the formation of CHfrom reactions 2b, 13a, and
15-17 and the conversion of GHo CH;O was delayed by
400-500 us relative to the observed signal, even if the
decomposition of CkC(0O)CHO was assumed to bex 10°
s™1 (as measured at atmospheric pressure). This is due to the
need for two reactions with N{Gone by CHC(O)CH, and one
by CHs;CO) to form the CH radical (see reaction scheme in
Table 4). The results of this simulation (Figure 8) clearly show
that CH; cannot arise solely from secondary reactions of the
CH3;C(O)CH; radical. We therefore conclude that €id formed
directly in the reaction of OH radicals with GB(O)CH; and
with a yield of~50% at room temperature, though the indirect
nature of the present experiments does not allow us to place a
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