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Mechanism of the OH-Initiated Oxidation of Hydroxyacetone over the Temperature Range
236—298 K
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The mechanism of the gas-phase reaction of OH radicals with hydroxyacetog@(@BHOH) was studied

at 200 Torr over the temperature range 2268 K in a turbulent flow reactor coupled to a chemical ionization
mass-spectrometer. The product yields and kinetics were measured in the presend®e sintulate the
atmospheric conditions. The major stable product at all temperatures is methylglyoxal. However, its yield
decreases from 82% at 298 K to 49% at 236 K. Conversely, the yields of formic and acetic acids increase
from about 8% to about 20%. Other observed products were formaldehydear@peroxy radicals HO

and CHC(O)Q.. A partial re-formation of OH radicals (by10% at 298 K) was found in the OH
hydroxyacetone+ O, chemical system along with a noticeable inverse secondary kinetic isotope &fgct (

kop = 0.78+ 0.10 at 298 K). The observed product yields are explained by the increasing role of the complex
formed between the primary radical @E{O)CHOH and @ at low temperature. The rate constant of the
reaction CHC(O)CHOH+ O, — CH3C(O)CHO+ HO; at 298 K, (3.0+ 0.6) x 102 cm?® molecule! s71,

was estimated by computer simulation of the concentratine profiles of the CHC(O)CHO product. The
detailed mechanism of the OH-initiated oxidation of hydroxyacetone can help to better describe the atmospheric
oxidation of isoprene, in particular, in the upper troposphere.

1. Introduction OH + CH,C(O)CH,O0H — CH,C(O)CHOH+ H,0  (la)
Hydroxyacetone (HAC, CEC(O)CH,OH) is produced in the — CH,C(O)CH,0 + H,0

atmosphere mainly from the OH-initiated oxidation of isoprene, (1b)

the main non-methane hydrocarbon in the troposphere. HAC is — CH,C(O)CH,OH + H,0

a product of the OH reaction with methacrolein (S+C(CHs)- 2 2 (1c)

CHO), which is one of the primary carbonyl compounds formed
in the isoprene oxidatioh? Convectively lifted isoprene has  In air, the CHC(O)CHOH radical from the main channel (1a)
been suggested as a potential source ofy HOthe upper reacts with oxygen to give supposedly methylglyoxal (MGL)
troposphere (UT§# which influences the ozone budget. The and HQ:®
assessment of the H@ormation potential of isoprene in the
UT requires knowledge of the detailed mechanism of the CH,C(O)CHOH+ O, — CH,C(O)CHO+ HO,  (2)
isoprene oxidation, in particular, the kinetics and mechanism
of the title reaction at the low temperatures of the UT. The major
removal process of HAC is the reaction with OH radicals,
photolysis being found of minor importane&he rate constant
of this reaction was recently measured in the range of temper-
atures covering those of the WHowever, the branching ratio
of the OH + HAC reaction and the mechanism of further CH C(O)CHZO_’ CH.CO+ CH.,O (3)
oxidation steps in air were not studied. 3 3 2

The structure-reactivity relationship of Kwok and Atkinsén Acetyl radical reacts with oxygen forming acetylperoxy radical
predicts that the bulk of the reaction (91%) proceeds by (APR):
abstraction of a secondary H-atom (1a), and the contributions
from the two other possible abstraction pathways are 5% (1b) CH,CO + O, (+M) — CH,C(0)00 (4)
and 4% (1c):

Reaction 2 was studied by Jenkin etflvho determined a 100

+ 5% yield of HG, and suggested an equal yield of MGL. The
primary radical from (1b) promptly decomposes to acetyl radical
and formaldehyde as found in the study of the oxidation of
acetoné

The atmospheric transformations of APR are well defifi€d,
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Hydroxyacetone (Fluka>95%) was introduced into the
reactor upstream of the tip of the movable injector along with
a He flow (70 sccm) passing through the trap containing a liquid
sample. The sample was additionally purified in several thaw
and pump cycles. HAC concentration was measured on-line by
UV absorption spectroscopy using a lightlat 254 nm from
a Hg lamp. The OH radicals signal was calibrated by measuring
the consumption of N®in reaction 7 by introducing small
concentrations of N@into the main reactor as previously
described? The concentration of F-atoms was determined by
chemical titration in their fast reaction with acetaldehyde or
methanol. The following compounds were used for calibration
purposes: acetaldehyde (Fluka, 99.9%); methanol (99%); pro-
Figure 1. Experimental setup: 1, ion source; 2, ion molecule reactor; pyne (Sigma—AIdrich,>98%); acetic acid (Fluka, glacial 9-9'9%);
3, temperature controller; 4, “turt’)ulizer"; 5, i’nje’ctor; 6, resistance; 7,’ formic acid (Riedel-deHag 98-100% extra pure)._Thelr ﬂ(_)w
cooling bath: 8, discharge tube; 9, microwave discharge; 10, sampling ates were measured by the drop of pressure in a calibrated

cones; 11, temperature sensor; 12, mass analyzer; 13, UV lamp; 14, volume using manometrically pre-prepared mixtures in He. The
absorption cell; 15, resistance; 16, UV detector. O, concentration in the reactor was determined mass-spectro-

) ) ~metrically by flowing a known concentration of ,0nto the
The aim of the present work was to determine the branching yeactor.

ratio for reaction 1 and the mechanisms of reactions 2 and 5at 2 2 CIMS Detection. Gas mixtures from the TER were
temperatures relevant for the UT by direct detection of reaction sampled through a Teflon cone into the femolecule reactor
products in the presence of molecular oxygen using chemical (MR). The IMR was a stainless steel tube located perpendicular
ionization mass spectrometry in the temperature range-236 to the chemical reactor. The pressure of the Ar carrier gas in
298 K. In addition, the UV absorption spectra of HAC has been the IMR was about 1 Torr. The primary Aions and electrons
re-determined in support of measurements of HAC concentra- yere generated in the ion source by a heated filamertw@s

{ /
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tions that were required in this study.

2. Experimental Section

2.1. Chemical Reactor.The experiments were conducted
using a high-pressure turbulent flow reactor (TFR) coupled to

chemical ionization mass-spectrometer (CIMS) The scheme of

continuously introduced into the IMR downstream of the ion
source. The primary SF negative ions were produced by
attachment of thermalized electrons togSFragment ions,
mainly F- and Sk, were also observed in the §&pectrum,
their intensity being about-35% of that of Sk.

OH radicals and N@were detected as OH(m/e 17) and

the experimental setup is presented in Figure 1. The reactorNO,~ (m/e 46) ions formed by electron transfer from SF3

was operated at Reynolds number-R&300 and a pressure of
200 Torr with the typical flow velocity of Ncarrier gas of 18
m/s. A detailed description of the experimental setup and
validation of the flow conditions were presented in a previous
work from this laboratory!

A movable injector served as a pre-reactor to produce OH
radicals in reactions

(6)
()

with F- and H-atoms generated by a microwave discharge in
the R/He or H/He gas mixtures in a quartz tube concentrically
connected to the injector. To examine the products of the
reaction of HAC with F-atoms, a fHe mixture was used
without introduction of HO in the injector. Tank grade;Fand

H. (Alpha Gas 2) were used without further purification. NO
was obtained by keeping a mixture of NO with Quring 24 h
followed by pumping out the oxygen through a liquid tap.
After that NG diluted in He ¢~1 and 12% mixtures) was stored
in glass flasks. The maximal distance from the injector tip to
the orifice of the inlet cone of the iefmolecule reactor was
50 cm, which corresponded to a reaction titrie the TFR of
about 30 ms. The preliminary flow testshowed that at Re:
2300 the minimal distance at which the turbulent mixing
provided accurate measurements of the reaction rates was 3 ¢

F+ H,0— OH+ HF

H + NO,— OH + NO

HO; radicals were detected ate 140 using the known ion
molecule reactio*

SFK, + HO, —[SF,:O,]  + other products

Acetylperoxy radicals, CEC(O)OO, could be detected ate
75 as CHCO;™ ions, as was previously determin®dCO, was
detected as C§ ions (e 60) using the ior-molecule reaction:
16

0, +C0O,—CO; + 0,

where Q™ ions were produced by adding a small quantity of
ozone to the Sfflow:

SR, +0,—0, +SF,

HAC and other organic compounds were detected both in
negative mode, using reactions withe¢SFand fragment ions,
and in positive mode, using proton-transfer reactions (PTR) from
H3O™ ions and their water clusters. To producgH ions, HO
vapor was flowed into the IMR downstream of the ion source
along with Sk. In the absence of reactants, the major positive
ions observed in the IMR weres8" and their water clusters
H3O*+(H20)y,, with n = 1-3. Using HO*(H,0), ions, organic

mProducts with proton affinity (PA) greater than that of®

165 kcal mof?, can be detected by proton-transfer reac-

In the present study this distance corresponded to a reaction. =~ "*7 o
time of ~2 ms. Kinetic measurements in several chemical HONS™>""

systems showed that the appearance of primary products at =~ "

reaction time as short as 2 ms was in good agreement with theHsO" *(H;0), + M — MH"+(H,0), + (n — m+ 1)-H,0
calculated time profile&!-12 m=<n
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TABLE 1: Mass Numbers of Organic Molecules Observed TABLE 3: UV Absorption Cross Sections for
in PTR Mode Hydroxyacetone

CHs- MH* MH*- MH*- A static dynamic 1  static dynamic A  static dynamic

molecule PA massCO" M_oq™ MHT HyO (Hx0), (H20)3 (nm) 294K 328K (nm) 294K 328K (nm) 294K 328K

H20 165 18 19 37 55 73 240 2.09 277 4.70 5.08 314 0.187 0.259
CH2O 170 30 31 49 67 241 2.26 278 4.56 4.95 315 0.160 0.245
CHsOH 180 32 33 51 69 242 243 279 4.41 4.77 316 0.130 0.238
CHsCCH 179 40 41 59 77 243  2.60 280 4.24 4.62 317 0.0954 0.227
CHsCHO 184 44 43 45 63 81 244 275 281 4.05 4.43 318 0.0765 0.200
HCOOH 177 46 47 65 83 245 293 282 3.87 4.26 319 0.0737 0.177
CH;COOH 187 60 43 43 61 79 97 246 3.13 283 3.70 4.09 320 0.143 0.164
CH3C(O)CHO 72 43 73 91 109 247 331 284 3.51 3.92 321 0.138 0.149
CH3C(O)CH,OH 74 43 57 75 92 110 248 3.48 285 3.32 3.78 322 0.130 0.139

249 3.65 286 3.13 3.60 323 0.123 0.142
250 3.82 2.79 287 2.93 3.40 324 0.111 0.136
. 251 4.01 3.06 288 2.71 3.18 325 0.0980 0.130
TABLE 2: Mass Numbers of Organic Molecules Observed 252  4.16 3.34 289 2.48 2.94 326 0.0865 0.132

in Negative Mode 253 430 358 290 228 273 327 0.0764 0.120

2 Proton affinity in kcal mot? from ref 18.

molecule mass (M)~ (M) ~HF  (M_p)-(HF) 254 4.42 382 291 2.08 254 328 0.0728 0.106

255 456 4.08 292 191 237 329 0.0721 0.0986
HCOOH 46 45 65 85 256 472 439 293 174 219 330 0.0706 0.0953
CH;COOH 60 59 79 99 257 4.86 467 294 158 203 331 0.0697 0.127
CH3C(O)CHO 72 71 91 111 258 4.99 492 295 143 185 332 0.0663 0.127
CHsC(O)CHOH 74 73 93 113 259 508 511 296 1.28 1.67 333 0.0591 0.116

) 260 516 530 297 115 151 334 0.0547 0.113
Table 1 presents the compounds observed in the PTR regime261 5.23 545 298 1.02 1.34 335 0.0566 0.106

in the present study. 262 531 557 299 0919 120 336 0.0647 0.101

In negative mode, spectra of HAC, formic and acetic acids 263 536 568 300 0829 107 337 0.0656 0.0985

- . . . . 264 539 575 301 0.787 0974 338 0.0713 0.0994
exhibit a series of lines, which can be assigned to the products 565 540 579 2302 0700 0877 339 0.0767 00963

of the reactions with SF and/or F: 266 543 585 303 0.621 0.772 340 0.0852 0.106
267 543 586 304 0.553 0.685 341 0.0935 0.110

SF, + RH—R + SF,+ HF 268 543 585 305 0.501 0.617 342 0.0965 0.113

269 541 582 306 0460 0.553 343 0.0999 0.121

_ 270 535 576 307 0417 0485 344 0.103 0.129

—R (HF) + SK 271 526 559 308 0374 0430 345 0102 0.138

272 522 558 309 0.334 0.383 346 0.0998 0.137
F +RH—R +HF 273 5.14 5.49 310 0.294 0.348 347 0.0981 0.137
274 503 539 311 0.257 0.312 348 0.0945 0.140
R+ HF + M —R™(HF) + M 276 483 519 913 0211 0263 350 00803 0.134
The R (HF); clusters were observed in the spectra of formic o (1072 cn? molecule™).
and acetic acids as well. The corresponding mass numbers are
given in Table 2. Weak signals afe 39 and 59 were observed light below 230 nm. The spectrum was measured by two
in the formic acid spectrum, which were assigned toHF methods. In the static method, the light intensity was measured
and F+(HF), ions formed in the IMR. For HAC, the observed when the cell was filled with a certain concentration of HAC,
m/e 59 peak can originate from GBO,™ ion favored by a large  whereas in the so-called dynamic method it was measured when
electron affinity of the CHCO, radical (3.3 eV) and/or  a fixed flow of HAC was passed through the cell at a fixed
HOCH,CO™ ion. The HAC negative spectrum also contains pressure. The UV spectra were obtained at eight pressures
weak lines atm/e 92 and 112 attributed to #8140, -HF and ranging from 1 to 2.5 Torr for the static method, and at four
CsH4O,+(HF), ions. The negative spectrum of acetaldehyde pressures ranging from 0.7 to 1.3 Torr for the dynamic method.
consists of a single line at/e 43 that can correspond to the  |n addition, measurements were performed at two temperatures
CH,CHO"™ ion produced in the reaction with'& to test the sensitivity of the cross-section to ambient conditions.
2.3. Hydroxyacetone Absorption Cross-Sectionin the The results are presented in Table 3. The standard deviation
present study, accurate measurement of HAC concentration was,aq |ess than 5% over the wavelengths between 250 nm and
necessary to determine the product yields and kinetic isotope300 nm, and larger than 10% at wavelength greater than 300

effects in reaction 1. Comparison of the HAC concentrations o the mayimum absorption cross-section is around 267 nm,
measured by absorption spectroscopy and by titration using a

: . which is in agreement with the value of 266 nm reported by
known concentration of F-atoms, showed a systematic under-orlanolo ot aP However. our maximum values were about 13%
estimation of [HAC] by spectroscopic method applying ealue 0 ) ’ .

at 254 nm from the only previous measurement of the HAC and 20_/0 less tha_n that of these_ authors, respectively for the
absorption cross-section in the 23540 nm rangé.To ascertain ~ dynamic and static Omethods (Flgurle 2). ThE54) values

a cross section, we remeasured the UV absorption spectrum ofoPtained are (in 1¢° cm? molecule™): 4.42 for the static
HAC in the 240-360 nm range. The setup used for absorption method at_294 K, 4.31 for the static method at 328 K and 3._82
measurements was described previo#&Briefly, a UV—visible for dynamic method at 328 K. We see that the change with
spectrophotometer (Chromex 2501S) equipped with a 1800 temperature is within the error limits of the measurements. This
grooves/mm grating and a 1024 element diode array detectorvalues can be compared with(254) = 5.54 x 10720 cn?
(Princeton Instrument) was used. The output fromadbnp molecule® reported by Orlando et al. and measured with an
was passed through a 100 cm long and 2.5 cm i.d. absorptionuncertainty of about 20%. A value of(254) = 4.42 x 1020

cell and focused onto the entrance slit of the spectrometer. Tocn? molecule’, which corresponded well to the results of
reduce photodecomposition, a filter was used to cut off the UV chemical titration, was used in the present study.
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pooean negative series 59/79/99), formic acid (PTR peaks 47/65/83 and
7 00E-20 o~ Dynamic negative peaks 39, 45/65/85), methanol (PTR peaks 33/51/69)
R N B . W and MGL (PTR peaks 43, 91/109; peak 73 coincides with the

heaviest observed #0*(H,O); cluster ion). The peaks at/e
59, 71 and 91 in negative mode can be attributed to MGL. The
assignment of the peaks 92 and 93 is not clear, as these peaks
(and that atr/e 73) belong to the spectrum of HAC and can be
a result of subtraction of the large intensities due to the reactant.
The peak atm/e 75 in negative mode corresponds to the
Y CH3C(0O)O0 ion formed in reaction 45 Also, the peak ai/e
B 140 belonging to the HEradical was observed in negative mode
=0 20 250 280 0 w20 40 580 (not shown in the spectrum). Thus, the observed spectra
Figure 2. Absorption cross sect\iwc::zn?“cr‘):r;iydroxyactone measured using confirmed production of MGL and HOfrom (1), and
o p formaldehyde and C4#CO from (1b). In addition, they show
dosi?aza:‘mdloc e(t3 g? alf)zgg dK Si;agﬁofzr? ioﬂoﬁe;gzgzh:rhe spectrum from evidence for format_ion of acetic and formic acids. The diﬁerence
between the negative spectra from the-HAC + O, reaction
" - and that from the OH+ HAC + O, reaction was the strong
CHOH | a0 2 PTR product spectrum decrease of the acetylperoxy radical peakvat75; the relative
intensities of the MGL and acids peaks remained unchanged.
- This indicates that acetic and formic acids originate mainly from
the major channel (1a). The yields of the detected products
L determined at different temperatures are presented in the next
Wo HOOOMH'  CH,COOHM.  cHooCHON. section.
oo @ WO wo WO O 3.2. Product Yields in the OH 4+ CH3C(O)CH,0OH + O,
System.(a) CO,. CO; signal intensity from the OH HAC +
O, reaction was measured using thetHNO, reaction as a
source of OH radicals and not F H,O, because water
significantly reduced the detection sensitivity to £GC0O,
calibration was accomplished using a measured flow of a 3%
am F (P COy/He mixture. During the calibration, the same HAC and O
concentrations were maintained in the reactor as during the
measurement of the G@ignal from the reaction. Unfortunately,
m the signal of CQatnve 60 overlapped with a minor peak from
HAC and was sufficiently stable only at room temperature. First,
OH kinetics were monitored in the absence and in the presence
of HAC and Q with [HAC] = 2.6 x 10 and [OHp = 7.2 x
10" molecule cm?. This allowed a determination of the amount
of OH consumed by HAC:A[OH], = ([OH]o — [OH]x)
In((OH]x/[OH]7)/In([OH]+/[OH]o) = 4.5 x 10 molecule cm?3,
where [OH} and [OH} are the final OH concentration at
Product spectra in negative registration regime from thé FIAC reaction time without and with HAC in the reactor, respectively

reaction (dotted) and OH HAC reaction (solid). The observed peaks (see ref 20 fo_r derl\_/athn of this expression). With account .Of
were assigned using Tables 1 and 2. Intensities are in counts per secon®H regeneration (vide infra), the consumed OH concentration

5,00E-20

4,00E-20

3,00E-20

2,00E-20

Absorption cross section (cm® molecule’)

1,00E-20

0,00E+00

CH,COOH.H*
i CHOH".

CH30H.H"

F.HF

HCO,

39

H 45
Y .‘Ithl;i.a_lml b sl b s Bhh . H
% W B 40 46 H %5 e 6 o 75 & & 0 6 W

Figure 3. (a) PTR product spectrum from thet=HAC reaction. (b)

(cps). becomesA[OH], = 4.9 x 10 molecule cm®. The CQ signal
from the reaction was measuredtat 29 ms with [Q] = 1.2
3. Results and Discussion x 10" molecule cm?®. The average C&product concentration

wasA[CO;] = (5.7 & 1.2) x 10 molecule cm?®. This value

3.1. Product Spectra.The reaction of HAC with F-atoms  was obtained from sixteen discharge-aff measurements of
was used to monitor product mass spectra. This reaction givesthe signal. The average yieldA§CO,)/A[OH], = 11.7+ 2.8%.
presumably the same products as reaction 1 but with larger (b) CH;C(O)CHO. The yield of MGL from the successive
branching ratios for the channels (1b) and (1c) that allows more reactions 1a and 2
reliable detection of the products from these minor channels.
In addition, in our experiments it is easier to generate larger OH + CH,;C(0O)CH,0H — CH,C(O)CHOH+ H,O
concentrations of F-atoms than OH radicals for qualitative (1a)
observations. Figure 3 presents mass spectra acquired from F
+ HAC + O reaction in PTR (a) and in negative (b) regimes

at T = 298 K. A negative spectrum from OH HAC + O, . S . . .
reaction is also shown for comparison. The concentrations were'Vas determined by calibrating MGL using the OH reaction with

[HAC] = 1 x 10 [0;] = 1 x 10%, [F]o = 6 x 10 and propyne in excess of Qwith the known MGL yield of 53+

- y - ] o — 21

[OH]o = 4 x 10" molecule cm?®. These spectra present a 3%:

difference betweer_1 the discharge on and @scharge off measure- oy | CH,CCH + 0O, — CH,C(O)CHO+ other products
ments. The negative spectra are normalized by the maximum 8
peak intensity atm/e 59. The following products can be

determined according to Tables 1 and 2: formaldehyde (PTR There are two available values for the rate constant of the OH
peaks 31/49/67), acetic acid (PTR peaks 43, 61/79/97 and+ CH3;CCH reaction at 298 K: 5.% 107122land 2.9x 10712

CH,C(O)CHOH+ 0, — CH,C(O)CHO+ HO, (2)
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TABLE 4: Measurements of the Yields (in %) of Methylglyoxal, ®(MGL), and Formaldehyde, ®(CH,0), in the OH +
CH3C(O)CH,0H + O, System (PTR Regimé&)

d(MGL) A[CH:0] A[CH;0]
T (K) AP0 Alge AIMGL] m/e 109 Alg m/e31 Alss m/e 49 ®(CH,0)
[CHCCH] = 240; A[CH:sCCH] = 3.81; [HAC] = 330; A[OH], = 3.93
208 2462+ 82 3871t 347 3.15 80.k-11.1 487+ 109 0.38 177 28 0.35 9.2+ 2.0
263 3567+ 315 2.90 73.8:10.1 440+ 68 0.34 199+ 23 0.39 9.4£1.7
237 2374+ 443 1.93 49.1 105 546+ 78 0.42 2514 53 0.50 11.8+ 2.4
[CH3CCH] = 234; A[CH:sCCH] = 1.65; [HAC] = 287; A[HAC] = 1.69
298 209+ 10 338+ 32 1.41 83.6£11.0 151+ 18 0.19 82+ 11 0.17 10.7: 1.7
273 318+ 28 1.28 76.0-9.8 152+ 12 0.20 85+ 7 0.17 11.0+ 15
253 261+ 28 1.09 64.7: 9.2 140+ 24 0.18 106k 25 0.22 11.8:2.4
236 225+ 18 1954+ 35 0.82 48.7+ 9.9 1744 24 0.22 114+ 24 0.23 13.4£ 2.4

a Concentrations are in ¥dmolecule cm?. APl andAly denote a change of the signal (in cpsh#@é M with switching on the discharge in
the propyne and hydroxyacetone reactions, respectively. See text for description of theCBIECCH + O, chemical system used for calibration
of MGL and F+ CH3;OH + O, system used for calibration of GA.

cm? molecule? s71.23 Taking the average value of 4:310~12 molecule cn® was used for calculation of the MGL yield for
cm® molecule' s, the characteristic reaction time for OH all temperatures. The results are presented in Table 4. The
CHsCCH reaction is about 10 ms. The experiments were average CHC(O)CHO yield is about 82% at room temperature
conducted at = 30 ms with [CHCCH] = 2.3 x 103 and [O)] and drops noticeably with lowering temperature to about 49%
~ 2 x 10' molecule cm?® which ensured completion of &t 237 K, indicating formation of other products.

reaction 8. The mechanism suggested for the global reaction 8 (© CHZQ- The S|gng| of fprmaldehyde was monitoredate
included regeneration of OF22which is why the sensitivity 31 and 49 in PTR regime simultaneously with the measurements

to MGL was found from the consumption of propyne in reaction °f MGL vield described above. Calibration of formaldehyde
8: A[MGL] = 0.53A[CHsCCH]. Two experiments were was made using the reaction of F-atoms with methanol, which

carried out to quantify the MGL signal from the OH HAC gives a 100% yield of formaldehyde in a large excess af O

+ O, system. In the first one, an accurate calibration of the F + CH,OH — CH,OH + HF 41% (9a)
OH signal was made, the initial OH concentration from the F
+ H,0 source was determined to be 48.0' molecule cni3, — CH,;0 + HF 57% (9b)
The MGL yield from reactions 1 and 2 was determined taking
a ratio of the formed MGL to the OH reacted with HAC, CH,OH + O, —~ CH,O + HO, (10)

A[MGL]/ A[OH];, with A[OH]; determined as in the previous
paragraph from the OH known rate constants of the reaction
and wall loss. The consumption of propyne in reaction 8
measured atve 41 in the PTR regime was (3:8 0.3) x 10!
molecule cm?3; the error limit is the standard deviation of the
six discharge oroff signal measurements. The signal of MGL
in PTR regime atr/e 109 from reaction 8 was 2462 82 cps,
giving a sensitivity of 8.13x 10" molecule cm?®/cps. Then,
propyne was changed for hydroxyacetone ([HAE€}.3 x 1013
molecule cm?), keeping the same OH and oxygen concentra-
tions and the signal atve 109 from the reaction with HAC
was measured to be 3821347 cps. The OH consumption by

HAC in reaction 1 was estimated to BOH], = (3.9+ 0.4) (d) CH;COOH and HCOOHThe yields of acetic and formic

3 !
x 107 rgloleculehcm giving the MG;‘ %/lelc.i of ?0% at.298fK acids were determined from signal detection in negative mode,
(see Table 4). The measurements of the signal intensity of MGL monitoring CHCOOH atm/e 79 and 99, and HCOOH awe

from reactions 1 and 2 in the PTR regime were repeatdd=at ~ gg The reaction time was= 28 ms, and concentrations were
263 and 237 K and also presented in Table 4. The signal of [HAC] = 2.64 x 103 [OH]o = 3.40 x 10t and [Q)] = 1.7 x
HAC atm/e 75 was monitored during the cooling of the reactor. 6 molecule cm2. The calculated consumption of OH radicals
It was stable down td ~ 230 K; at lower temperature an abrupt by HAC was 3.1x 10 molecule cm®, whereas the measured
drop of intensity was observed. For other compounds, such asyac consumption was somewhat higher, 44.0'* molecule
NO,, CH,CHO, CHCOOH, and HNQ, we did not observe & -3 The signals were calibrated using pre-prepared 1.5%
change of signal intensity in the 29823 K range. However,  iytires of CHCOOH and HCOOH in He. The calibration was
this behavior set the lower temperature limit-e233 K for the carried out with the same HAC and,®@oncentrations in the
experiments with HAC. reactor as those used in the course of the reaction. The results
In the second experiment, MGL was calibrated in the same of the measurements are presented in Table 5. Two sets of the
manner, but the MGL yield in the hydroxyacetone system was obtained yields correspond ta[acid]/A[OH]; and A[acid]/
determined aA[MGL]/ A[HAC]. Reaction occurred with [HAC] A[HAC]. The last column presents an average value. For acetic
= 2.9 x 108 and [Q] = 2.7 x 10 molecule cm?. During acid, averaging was also done for the two measured signals.
the cooling, the MGL and HAC signals were monitored. The From Table 5 one can see that the yields of formic and acetic
HAC consumption measured with an accuracy of about 10% acids are very similar and that they noticeably increase with
was 1.64, 1.58, 1.72 and 1.80 10! molecule cm?® at T = the decrease of temperature.
298, 273, 253 and 236 K, respectively. As the change did not (e) HO, and CHC(O)OO.To measure the yields of radical
exceed the error limits, a mean value of (1:69.08) x 101 products, proper kinetic conditions must be chosen to minimize

CH,O + O,— CH,0 + HO, (11)

The branching ratio for reaction 9ksa ko, = 41:5724 Reaction

10 is relatively fastkio = 6 x 10712 cm~3 molecule® s71,
whereas reaction 11 witky; = 2 x 10715 cm~3 molecule®

s 1 needed [@] > 4 x 10 molecule cnt® for completion.
Initial concentration of F-atoms was determined by chemical
titration by CHOH. The CHO yield was determined as
A[CH20O)/A[OH]; in the first experiment and aA[CH>0]/
A[HAC] in the second experiment (the same as for MGL
measurements). The measured concentrations and the yields
obtained at different temperatures are given in Table 4.
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TABLE 5: Measurements of the Yields (in %) of Formic Acid, ®(FA), and Acetic Acid, ®(AA), in the OH + CH3;C(O)CH,0OH
+ O, Chemical System (Negative Modé)

A[FA] D(FA) A[AA] A[AA] D(AA)° D(AA)°
T(K) m/e 65 D(FA)P D(FA)° m/e 65 me79 m/e 99 me79 m/e99 D(AA)®
[OH]o = 3.40; [HAC] = 264; A[HAC] = 4.42; A[OH], = 3.06;
295 0.249 8.14 5.82 7812 0.237 0.316 6.58 8.75 74138
273 0.416 13.6 9.73 11220 0.356 0.406 9.34 10.6 10402.4
253 0.614 20.1 14.3 17229 0.487 0.489 12.1 12.2 129222
236 0.805 26.3 18.8 22637 0.581 0.634 18.1 19.7 1892.6

aConcentration are in tdmolecule cm3. ® A[FA]/A[OH];; ¢ A[FA)/A[HAC]; ¢Average values;® Average for two formic acid masses.

TABLE 6: Measurements of the HO, and CH3C(O)OO Yields (in %) in the OH + CH3C(O)CH,OH + O, Chemical System at
298 K&

[HAC] (O3] [OH]o [OH], Al A[HO,] ®(HO,) Alys A[APR]P D(APRY
450 2.4x 10 8.3 5.2 653+ 50 4.3 82+ 13 408+ 20 0.13 2.5+ 0.7
400 1.2x 10 2.4 1.9 175+ 15 1.7 88+ 13 46+ 8 0.055 2.9£0.9
295 2.5x 10 6.5 2.4 402+ 20 2.1 86+ 10

aConcentrations are in ¥omolecule cm?®. P APR denotes acetylperoxy radical.

important. Table 6 presents the conditions and results of three
8x10" a) OH+O, similar measurements @b(HO,) = A[HO,])/A[OH]; done at
298 K. The obtained average yield is 859%.
exto! - Acetylperoxy radicals (APR) formed from successive reac-
tions 1b and 4 were quantified by their signal from the fast F
+ acetaldehyde reaction giving 65% of gED radicals> 83%
«g 4x10" of which being converted to APR in the presence ¢f!©
o . F+ CH,CHO— CH,CO + HF 65% (12a)
2x10™
E — CH,CHO+HF  35%
g2 12b)
\E 0 &-6-610-6ro-g© T oT—6&—§—=©
k] 0 5 10 15 2 % 30 CH,CO + O,(+M) — CH,C(0)00 83% (4a)
®
‘g 8x10' 2 b) OH + CH,C(O)CH,0H + O, — OH + other products 17%( ap)
c
3 6x10" - Aaa, Special care should be taken to avoid possible influence of the
/A’A T A OOCHCHO radical formed in reaction 13a, which has the same
A\A mass as APR:
4x10" 4
R _x20 CH,CHO + O,— OOCH,CHO (13a)
© O~0-0—0-£
2104 /P 0—0—0—0—0 — OH + other product
Procticiian)
o1+ The rate constants akg = 4.1 x 102 andk;3= 1.9 x 10713
0 5 10 15 20 25 30 cm® molecule? s71 26 and the concentration of Qluring the
Time (ms) calibration was about ¥ 10" molecule cm3, so that reaction
Figure 4. Concentration-time profiles of OHm), HO, () and CHC- of the vinoxy radical with @ could not no_t|ceably cont_rll_)ute
(0)OO0 () radicals in the absence of HAC (a) and with [HAE]4.2 to the signal atn/e 75, whereas acetyl radicals were efficiently
x 10" molecule cm? (b). transformed into the peroxy form. For example, to calibrate the

signal shown in Figure 4, reaction with acetaldehyde was held
their losses. Figure 4b shows the temporal dependence of HO with [CH;CHO] = 3.4 x 10%, [O;] = 1.2 x 10 and [F}, =
and CHC(O)OO radical signals at 0 = 2.4 x 10 and (4.4+ 0.2) x 10" molecule cm?® att = 16 ms. Fluorine atoms
[HAC] = 4.2 x 10" molecule cm3. Calibration of HQ was were titrated by acetaldehyde. The APR signal during the
made using its reaction with NO, converting H@ NO.. calibration wasAlzs = 7415 + 70 cps, and the obtained
Formation of HQ in the absence of HAC is caused by the sensitivity S(APR)= [F]-(kiz2dki12)* (Kagka)/Al7s = (3.2 £ 0.4)
reaction of Q with H-atoms produced in the discharge from x 10’ molecule cm?® cps™. The signal observed from the OH
water impurities and varied from experiment to experiment. reaction with HAC,Alzs = 408 cps, corresponded tfAPR]
With the G, concentration used, this reaction is complete within = 1.3 x 10'° molecule cn3, which gives®(APR) = A[APR]/
1 ms and the observed H@ecay is due to reaction with OH,  A[OH], = 2.4 + 0.7%. This result and the one from another
self-reaction and wall loss. Reaction of H-atoms with added experiment are presented in Table 6. The obtained yields for
HAC cannot compete with reaction with,Chence, the H® all the products are summarized in Table 7.
profile from reaction of HAC with OH in the presence of O 3.3. Rate Constant of the Methylglyoxal Forming Reac-
corresponded to the difference between the profiles in the tion. The rate constant of the reaction of the £LHO)CHOH
presence and in the absence of HAC. The,H@Ilds were radical with G (2a) was estimated from numerical simulation
calculated from the difference in HQignal intensities at ~ of the kinetic profiles of methylglyoxal formation in the +
8 ms for which secondary reactions and wall losses were notHAC + O, system at different concentrations of oxygen.
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TABLE 7: Summary of the Product Yields (in %) in the OH + Hydroxyacetone+ O, System

T(K) CHC(O)CHO CHO HCOOH CHCOOH cQ HO, CHsC(0)0; OH
298 82+ 11 10+ 2 7+2 8+2 1243 85+ 12 3+1 10+ 3
273 76+ 10 11+ 2 1242 10+ 2 14+ 3
263 74+ 10 9+2 18+ 4
253 65+ 9 1242 17+3 1242 21+ 3
236 49+ 10 13+2 23+ 4 19+ 3 25+ 5

TABLE 8: Scheme of the Reactions Used to Model the OD (OH} HA + O, Chemical System in the TFR

Na kb reaction Na kb reaction
14a 100 F+ HAC — CHsCOCHOH+ HF 17 15  CHC(O)OO+ CHsC(0)OO— 2CHs + 2CO, + O,
14b 40 F+ HAC — CH,COCH,OH + HF 11.4 CHC(0)OO+ HO, — CH3C(O)OOH+ O,
14c 40 F+ HAC — CH;CO + CH,O + HF 40 CHCOCHOH+ HO, — products
1Da 3.8 OD+ HAC — CH;COCHOH+ HOD 13.2 OH(OD)+ CH;COCHO— CH;CO + CO + H,O(HOD)
1Db 0.14 OD+ HAC — CH:CO+ CH,O + HOD 0.34 H+ Oy(+M) — HO,
1Dc 0.14 OD+ HAC — CH,COCH,OH + HOD 80 H+ HO, — OH + OH
la 2.9 OH+ HAC — CH;COCHOH+ H,O 2.1 HQ + HO, — H,O, + O,
1b 0.11 OH+ HAC — CH:CO+ CH,O + H,0O 110 OH(OD} HO; — H,O(HOD) + O,
1c 0.11 OH+ HAC — CH,COCH,OH + H,0 4.4 OH+ OH(+M) — H0;
2a 2.8 CH3COCHOH+ O, — CH;COCHO+ HO, 18 OH(OD)— loss
2b 0.1 CH;COCHOH+ O,—~ HCOOH+ OH + CH,CO 1z HO, — loss
2b 0.14 CH;COCHOH+ O,—HCOOH+ CH; + CO, 7 140 H+ NO, — OH + NO
2c  0.1F CH;COCHOH+ O,— CH;COOH+ OH + CO 6.4  OH(OD)+ NOx(+M) — HNO3(DNOs)
2c 0.14 CHs;COCHOH+ O, — CH;COOH+ H + CO, 3 OH(OD)+ NO(+M) — HONO(DONO)
4a 3.4 CHCO+ O, — CH3C(0O)O00O 18 8.5 H@+ NO— OH + NO,
4b 0.7 CHCO+ O,— CH,O+ OH+ CO 1 CH; + Oy(+M) — CH30;
5b 0. CH,COCHOH+0, — 2CH,O+CO+0OH 30 CH; + HO, — CH30 + OH
5d 0. CH,COCHOH + O, — CH,O + CH,OH + CO, 120 CH; + OH(+M) — CH;OH
15 50 CHC(0)OO+ OH(OD)— CH;s + CO, 4+ HO,(DO) 9.6 CHOH + O,— CH,0 + HO:
16 21 CHC(0)0O+ NO — CHs + CO, + NO,

aNumber in the text® Rate constants (in units of 1& cm® molecule® s™%) were taken from the NIST kinetic databésexcept the specified

cases: ¢ This work; ¢Fitted value, € Analogy to CHCHO + O, reaction.

0%

F+CHC(O)CH,0H +0,
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Figure 5. Methylglyoxal time profiles in the F- HAC + O, reaction
at different Q concentrations: [@) = 1.4 x 10 (W), 2.8 x 10 (O)
and 6.5x 10" (a) molecule cm?. Initial concentrations were [HAC]
= 1.5 x 10 and [F]= 5.4 x 10'* molecule cm?3.

Reaction with F-atoms as a source of £LO)CHOH radicals

Rate constants for third body reactions are for 200 Torr.

constant typical for F-atoms reaction with small oxygenated
molecules (ethanol, acetone, etcky = 1x 10710 cm?
molecule’! s, was taken for initiation reaction 14. The
sensitivity analysis at= 10 ms showed that MGL concentration
is sensitive only td, andk,4. In relative measurements of MGL
signal intensities, onlie,is responsible for the change of MGL
concentration with oxygen. The best fit of the three profiles
(solid curves) was obtained witksa = 2.8°38 x 10712 cm
molecule! s71. Dashed curves in Figure 5 show the deviation
caused byfgg% change ok, corresponding to the indicated
error limit. For simplicity, the result can be expressedkas=
(3.0 £ 0.6) x 1012 cm® molecule® s1. The rate constant
obtained is lower than that for the H abstraction by f@@m
some carbon-centered hydroxy radicals, e.g., from@HOH
(k= 1.9 x 10~ cm?® molecule? s or from GHsCHOH

= 2.6 x 10 cm?® molecule’! s71).27 Perhaps, the presence of
the carbonyl group hinders formation of hydrogen bonding
between H-atom of hydroxyl group ant,.O

3.4. Mechanisms of the Secondary Reactions with O

was preferred because it is expected to be faster than reactiortiaving obtained the yields of nearly all the possible products,

with OH, making it easier to investigate secondary oxidation
processes:

F + CH,C(O)CH,OH — CH,C(O)CHOH+ HF (14)
CH,C(O)CHOH+ 0, — CH,C(O)CHO+ HO, (2a)

Figure 5 presents the MGL formation curves for three oxygen
concentrations, 1.4, 2.8 and 6<510'3 molecule cm?3, measured
with [HAC] = 1.5 x 10 and [F}h = 5.4 x 10 molecule cm?.
Identical results were obtained by monitoring MGLmafe 91
and 109. Theky, value was fitted in calculation using the

we can build the mechanisms of the reactions of the primary
radicals from reaction 1 with molecular oxygen. Formation of
MGL in reaction 2a by H-atom abstraction is a typical pathway
of Oy interaction with RCHOH radicals producing aldehydes:

CH,C(O)CHOH+ 0O, — CH,C(O)CHO+ HO, (2a)

The most intriguing question is formation of equal amounts of
formic and acetic acids. Formation of acetic ac@hnotbe
explained by OH addition to the carbon of the carbonyl group
in HAC followed by elimination of CHOH radical, because

reaction scheme reported in Table 8. In the scheme, a rateCH3COOH is produced in the B HAC reaction as well. A
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possible explanation is the addition of @ the primary radical
followed by decomposition of the peroxy adduct:

CH,C(O)CHOH+ O, — [CH,C(O)CH(OH)OQO]
[CH,C(O)CH(OH)OO]— HCOOH+ products (2b)

— CH,COOH+ products
(2¢)

The CHC(O)CHOH radical can exist in two tautomeric forms:

0 O/H

| | _

c o c o
N H3C/'\CH/

1 2

Addition of O, to structurel can form formic acid in the two
following pathways:

(@}

—» H,C=C=0+OH+HCOOH (2b)

1+0,

0
Il OH
—» CH;+CO,+ HCOOH

e
H3C/:C—CH (@b

0—o0

This can occur either through a six-centered transition state with
decomposition to CKCO, OH and HCOOH (pathway 2b) or
through a four-centered transition state with decomposition to
CHas, CO, and HCOOH (pathway 2h Reaction of the second
structure with oxygen leads to formation of acetic acid. In this
case, also, two pathways are possible:

(|)H
H3C—/C \C¢O
d | —»> CH;COOH + CO+OH
\o"“'H Qc)
2+0,
OH o
7 ,
HC— T—g\H —> CH;COOH+CO,+H  (2¢)
0—0

Butkovskaya et al.

hydroxylic hydrogen by the oxygen molecule is hindered by
the intramolecular hydrogen bonding present in the two tau-
tomers. This can explain the lower rate constant of reaction 2a
compared to those of {reactions with CHOH, CH;CHOH

and GHsCHOH producing aldehyde and HODecrease of
temperature increases the importance of the complexes, leading
to enhanced production of formic and acetic acids.

To decide which pathways occur, the yield of £€an be
compared to the yields of the acids. The final products of the
two minor channels of reaction 1 must first be considered.
Channel 1b yields CyD and acetylperoxy radicals. The latter
can give CQin the reaction with OH, NO (if H- NO, reaction
is used to generate OH radicals), or in its self-reaction:

CH,C(0)0O+ OH— CH, + CO,+ HO,  (16)

CH,C(0)0O+ NO—CH, + CO,+NO,  (17)

{18)

However, OH and, accordingly, NO and g&{O)OO0O concen-
trations were always so very low that all these reactions could
yield no more than 0.2% of COThe CHC(O)CH,OH radical
from (1c) forms an adduct with Owhich can be stabilized or
decompose:

CH,C(O)CH,OH + O, — [OOCH,C(0)CH,0H]

CH,C(0)00+ CH,C(0)0O0— 2CH, + 2CQ, + O

[OOCH,C(0)CH,0H] — OOCH,C(O)CH,OH (5a)
— 2CH,0 + CO+ OH (5b)
— CH,CO+ CH,O + HO,
(5¢)
— CH,0 + CO, + CH,OH
(5d)

The first two decomposition paths (5b) and (5c¢) can result from
the hydrogen bonding of the hydroxyl hydrogen with the
terminal attached oxygen; (5b) is about 9 kcal niomore
exothermic and seems more probable. Moreover, if the yield
of formaldehyde from (1b) is equal to the measured yield of
the acetylperoxy radicals, about 3%, formation of two,OH
molecules in reaction 5b well explains the total formaldehyde
yield of about 10% if reactions 1b and 1c occur with ap-
proximately equal probabilities. In other words, branching
fractions of about 3% can be assigned to the two minor channels
(1b) and (1c) of the title reaction on the basis of the yields of
CH3C(0O)O; and CHO. A CO, molecule can be eliminated in
(5d). Although this channel is the most energetically profitable
decomposition pathway, it should pass through the four-centered
transition state corresponding to the interaction of the terminal

The temperature dependence of the branching ratio of reactionoxygen with the carbonyl group. In the presence gfte CH-
2 can be explained by the fact that (2a) proceeds by hydrogenOH radical will react to give CkD and HQ, suggesting that

abstraction either from structufieor from structure, which is
more efficient at higher temperature, whereas formation of
R—0, complex by addition to carbon results in the decomposi-
tion with elimination of the acid molecule (i.e., lower temper-
ature favoring complex formation and higher temperature

the CHO yield from (5d) is the same as from (5b), i.e., about
7%. Hence, production of GGrom the minor channels cannot
exceed 3-4% compared to the measured yield of about 12%.
It can be concluded that formation of the acids is accompanied,
at least partly, by formation of COFrom another side, the

favoring abstraction). Indeed, the rate constant of the analogousacids formation can be accompanied by re-formation of OH, as

hydrogen abstraction reaction

CH,OH + O,— CH,O + HO, (15)
decreases with the decrease of temperatiee= 8.6 x 10712
and 2.2 x 10712 cm® moleule? s1 at 300 and 215 K,
respectively®). In case of reaction 2a, abstraction of the

suggested by (2b) and (2c).
3.5. OH Re-formation. The OH re-formation in reaction 1
was examined using the isotope reaction,

OD + CH,C(O)CH,0OH + O,— products+ HOD + (01%)

where OD radicals were obtained in the4/BDNO, — OD +
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Figure 6. OH re-formation in the OD+ HAC reaction (see text). Figure 7. First-order rate constants for the OK)(and OD @)

. L reactions with HAC as a function of HAC concentration.
NO reaction. In our study, the kinetics of the OH appearance

in reaction 1D is complicated by the presence of OH due to values were found to Hey, = k. = 1.1 x 10-13 cm? molecule't
water impurities in the flow through the discharge. Figure 6 s1, giving the value of the OH re-formation “yield” of 0.94-

shows the OD and OH time profiles measured with initial _ :
. (kop + kag)/kz + 0.03 kap/ks + 0.03 ksp'ks = 0.082. Comparison
= 1 = 0
concentrations [OR]= 3.3 x 10" and [OHp = 4.6 x 10 of this fraction of the OH re-formation with the GQield of

3 i 3
?noéeflﬂi Cf(;{s %Ooqg‘zﬂltéag‘;?as ?;:’ths/r;?@:’srgilfr: éOlthe 12% suggests an approximate branching between the channels
: , resp Y. 9 ’ (2b):(21) and (2c):(28 of about 0.7.

initial OH concentration is normalized to the initial OD ) i )
concentration. The different decay kinetics for the two radicals 10 determine OH re-formation at low temperatures, a simpler
is obvious. Two effects can be responsible for this difference, @nalytical method was used. Having obtairlecandkip, we
if the rate constant of OH reaction is lower than that of OD Kinetic equations in the pseudo first-order conditions with respect
reaction kor/kop < 1. As a rule kow/kop is close to unity, but 0 HAC:
noticeable inverse KIEs have been observed for a number of
reactions (e.g., OH- acetone, nitric acid, methanett#i®!l It OH + HAC — products other than OH & Bk,
must be taken into account that, except for the secondary
reactions with @ (reactions 2b, 2c, 4b and 5b), OH can be OH + HAC — OH + other products Sk
reproduceq in two secondary reactions taking place in the reactor op + HAC — products other than OH @ B)kyp
when NQ is used to generate OD:

OD + HAC — OH + other products  3+k,p

H+ NO,— OH+ NO (7)
OH,OD—loss  Kges

HO, + NO— OH + NGO, (29)
Heref denotes the branching fraction of all channels producing
Concentration of N@in the reactor corresponds to the nonre- OH, so tha{y = ®(OH)o, + ®(OH)no,, Where these two terms
acted NQ from the injector, about X 102 molecule cm?, denote OH formation yields in the reactions with @nd in
and H-atoms can be produced in'{2€oncentration of NO is  reactions 7 and 18, respectively. In our conditions the second
approximately equal to the initial concentration of OD. Reaction term was negligible. The assumption made in writing this kinetic

19 in not important if [NO] is less than ¥dmolecule cm?, scheme is that the characteristic time of the secondary reactions
which is fulfilled in our study. The role of reaction 7 depends with O, is much smaller than the characteristic time of reaction
on O, concentration due to the competing reactior-HD, and 1. This can be achieved using sufficiently high@é@ncentration.

can be neglected at [p> 10" molecule cm?. Hydroxyl radical losses in reactions with N@nd NO and wall

The KIE was determined by measuring the OD and OH |oss are included ifkoss The solutions of the system are
decays in the pseudo-first-order conditions at different HAC

concentrations (Figure 7). OH measurements were conducted [OD] = [OD] & o 1HACI Hhosd
at low background © concentrations and low OH initial 0

concentrations to minimize the re-formation effects. The rate _ . —((1—p)ke'[HAC] +kiosa-t

constants obtained akpy = k; = (3.17 4 0.22) x 102 and [OH] = ([OH], — y-[OD]o)e +

kop = kip = (4.084 0.31) x 10-2cm® molecule! s71, giving [OD]Oef("lD'[HAC]Jrk‘“g't
korn/kop = 0.78+ 0.10. Thek; value is in good agreement with

earlier measurements of (389 0.5) x 1071253031 The dotted wherey = B0I(1 — f — 0) and 0 = kip/ki. The latter
curve in Figure 6 shows the calculated OH kinetics correspond- expression can be rewritten as

ing to k; = 3.2 x 10712 cm® molecule’® s~1, without OH re-

formation reactions, i.e., the difference of the actual OH decay [OH] + y-[0D] 1-8
(solid squares), and this curve is the OH reproduction. The solid  In 4 = - Kip' [HAC] + Kgedt
curves were calculated from the full reaction scheme reported [OH], + 7+[OD], 0

in Table 8. The rate constants for reactions 2b and 2c were
assumed to be equal according to the yields of acids. EqualWhen OH and OD kinetics are measured separately, we can
probabilities were also assumed for (5b) and (5d). The fitted write



6842 J. Phys. Chem. A, Vol. 110, No. 21, 2006 Butkovskaya et al.

[OD] TABLE 9: Measurements of the OH Re-formation (in %) in
In [0D], = —(kip[HAC] + Kyt = —p,-t the OH/OD + Hydroxyacetone+ O, Systen#
0
[(OH] T (K) Kioss P2 ps ®(OH)
OH 1-p 298  30.8+2 799+31 647t25  95+22
In [OH], | o koo [HACT + kfosg't =Rt 27241  1855t4.1 134245  10.9+2.7
_ 26.9+2  1155+21  91.2+29  10.7£25
from which follows 273 27.2+1 213+9.0 153.3+95 13.6+26
263  26.9+2  133.3£65  97.046.4  17.8+4.3
_ (P27 Kosd = 0°(PL ~ Kosd _ ) s P1 ™ Koss 253  30.8+19 1297419  914+23  20.9+33
B= b~k = b, — k 27241  258.1+55 171.6£63 21.7+3.4
2 Toss 2 Toss 236 26.9+1 51.8+51  450+43 24.8+44
wherepy, p; are respectively the slopes of the plots of In(JOH)/ 2721 223.6£3.6 160.8:80  24.5:6.1
[OH]o), In([OD]/[OD]y) vs reaction time in the presence of HAC, 2 kossiS the rate constant of the hydroxy! radical losses in the absence

and kipss the slope of the plots of either In([OH]/[Ok)] or In of HAC; p, and p; are the slopes of the plots of In([JOH} y[OD])
([OD]/[OD],) vs time in the absence of HAC. An example of and In([OD]) vs reaction time, respectively (see text for the definition

such a measurement at 298 K with [HAE]1.2 x 103, [O5] o]‘ y fand calculationdoftb(OH)), bp; value is the slope of In([OH])
= 1.6 x 1015 molecule cm? and initial concentrations [Og] ~ P'OL from separate decay measurement.
= 3.7 x 10 and [OD} = 3.1 x 10 molecule cm? is shown 1
in Figure 8. The star symbols correspond to the decay in the OH,0D + CH;C(O)CH,OH
0_
0,0 -
24
Q 054
T 3
X T=298K
g 1.0 W5 0 % % B D
S,
¥ 2 o
= 154 T
<
20 f 2
0 o
=
Time (ms) S ] T=263K
Figure 8. Separate kinetic measurements of () &nd OH ©O) decay g
in reaction with HAC. Upper line«) corresponds to the OH losses in ‘1‘( 5 10 15 20 25 30
the absence of HAC.
absence of the reactant, giving the first-order rate con&fant o1
= 31 s'L. The slopes obtained are given in the upper row of n
Table 9. The calculated fraction of the reproduced OH is 9.5%,
which agrees well with the value from rate constant fitting in 21
the numerical simulation. However, most of the measurements o
were performed with simultaneous generation of OH and OD. T=236K
In this case, the expression fértakes the form I I o T RTae
B= (P2 = 7*Pa) + (¥ = L)Kiss Time (ms)
Py — Kioss Figure 9. Dependence of In([OD]/[OR] (M) and In(({[OH]+ y[OD])/

) ([OH]o + y[OD]o)) (2) on reaction time in the simultaneous OH and
wherep; is the slope of the plot of {{[OH] + y[OD])/([OH]o OD + HAC reactions. The upper dependences at 298 K for In([OD]/
+ y[OD]o)} vs reaction time. Becauseis a function ofp, the [OD]o) (O) and In([JOH]/[OH}) (x) were measured in the absence of

latter equation was solved numerically by fittiggusing the HAC.
data processing program (EXCEL). Figure 9 presents the OH
and OD kinetics in reaction with HAC measured at 298, 253
and 236 K with [HAC]= 1.2 x 10'3 [O,] = 1.6 x 105
molecule cm® and initial concentrations [Old}= 3.7 x 10

in the OH-initiated oxidation of hydroxyacetone&% each at

T = 298 K). Moreover, the oxidation mechanism changes with
temperature: a decrease from 298 to 235 K increases production
- A 3 yields of acids to~20% each whereas the formation yield of
and [ODp = 3.1 x 10" molecule cm®. The slopes and  {hoyigivoxal decreases. These results could have implications
calculated fraction of OH re-formation obtained at different regarding the role of isoprene as a potentially significant,HO

temgeratﬁres are given in Table 9. The room-temperature Valulesprecusor in the upper troposphere (UT), because hydroxyacetone
confirm the previous measurements and give an average valugg g gxidation product of isoprene. Isoprene can be lifted to

of ®(OH) = 10.2%. The OH yield increases with the decrease yho T by deep vertical convective floid. This has been

of temperature and reaches 25% at 236 K. This increase qqonfirmed by a single observation of isoprene by PTRMS

correlates with the yields of the acids (see Table 5). at 10-12 km over tropical forest? Rather high concentration

values €& 1 ppbv) were measured. The use of our results in

models would lead to a lower H@roduction rate from isoprene
The results obtained revealed that the along with aldehydesoxidation compared to that calculated from the data available

(MGL and formaldehyde) formic and acetic acids are produced so far only at 298 K. A fraction of methylglyoxal, an efficient

4. Atmospheric Implication
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source of HQ through photolysis, has to be replaced by acids Group of the Mass Spectrometry Society of Japan, Maruzen Company:

(CH3COOH and HCOOH), which produce less Ky degra-

dation. Another consequence of our results is that the OH-

initiated oxidation of isoprene could significantly contribute to
CH3COOH formation observed in the UT (e.g., see refs-33

35). A simple box model calculation including the sequence of
reactions of OH with isoprene (a), methacrolein (b), hydroxy-

acetone (c), and acetic acid (d) wkh= 1 x 10710 k, = 3 x
101 k=5 x 10 28 andkq = 2.2 x 102 20¢cm?® molecule®
s 1 was carried out. The product yields taken were isoprene
0.23 methacrolein, methacrolein 0.45 hydroxyacetorieand
hydroxyacetone~ 0.20 acetic acid (this work). Accounting for

a typical residence time in the UT of 15 days, a quasi stationary
concentration ratio, acetic acid/isoprene, of about 0.4 was g,

Tokyo, 1987.

(14) Elrod, M. J.; Ranschaert, D. L.; Schneider, Nnf.J. Chem. Kinet.
2001, 33, 363.

(15) Butkovskaya, N. I.; Kukui, A.; Le Bras, @. Phys. Chem. 2004
108 1160.

(16) Dotan, I.; Davidson, J. A.; Strait, G. E.; Albritton, D. L.; Fehsenfeld,
F. C.J. Chem. Physl977 67, 2874.

(17) Midey, A. J.; Arnold, S. T.; Viggiano, A. AJ. Phys. Chem. A
2000 104, 2706.

(18) NIST Chemistry WebbopkStandard Reference Database 69;
NIST: Gaithersburg, MD, 2005.

(19) Mu, Y.; Mellouki, A.J. Photochem. Photobiol. 2000 134, 31.

(20) Butkovskaya, N. I.; Kukui, A.; Pouvesle, N.; Le Bras, G Phys.
Chem. A2004 108 7021.

(21) Hatakeyama, S.; Washida, N.; Akimoto, H.Phys. Cheml986
173.

obtained, indicating that isoprene must be considered as a (22) veung, L. Y.; Pennino, M. J.; Miller, A. M. Elrod, M. J. Phys.

potentially important source of acetic acid in the UT.
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