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ABSTRACT

The kinetics of the reaction of OH radicals with hydroxyacetone has been investigated as a
function of temperature at (2.0 - 2.1) Torr total pressure of helium and over an extended
temperature range, T = 250 — 830 K, and as a function of pressure at T = 301 K in the
pressure range 1.0-10.4 Torr. The rate constant of the reaction OH + CH3;C(O)CH,OH —
products (1) was measured using both absolute (from the kinetics of OH consumption in
excess of hydroxyacetone) and relative rate method, k; = 4.7x1022xT**exp(1410/T)

3 1 -1
cm molecule™'s

at T = 250-830 K. The present data combined with selected previous
temperature dependent studies of reaction (1) yield ki = 4.4x102°xT*%exp(1110/T)
cm’molecule”s”, which is recommended from the present work at T = 230-830K (with
conservative uncertainty of 20% at all temperatures). k; was found to be pressure independent
in the pressure range from 1.0 to 10.4 Torr of He at T = 301 K. The present results are

compared with previous experimental and theoretical data.



1. INTRODUCTION

Hydroxyacetone (CH;C(O)CH,OH) is the simplest representative of hydroxyketones,
chemical species belonging to a large family of Oxygenated Volatile Organic Compounds
(OVOC) playing an important role in the tropospheric chemistry.! Hydroxyacetone (HAC) is
one of the most abundant OVOC in the atmosphere due to important biogenic emissions” and
in situ production in atmospheric oxidation of isoprene”” and its major OH-initiated oxidation
product, methacrolein.”® The atmospheric degradation of hydroxyketones is triggered by their
photolysis and reactions with atmospheric oxidants (OH, NO3,03;, Cl), mainly with OH
radical.' The understanding of the atmospheric chemistry of hydroxyketones requires
information on their major photo-oxidation routs, including kinetics of their reactions with the
atmospheric oxidants. Reactions of OH radicals with hydroxyketones proceed through a
complex kinetic mechanism leading to a non-Arrhenius behavior of the reaction rate
constant,”® and in this respect, are of great interest for the theory. The existing data base on
the reactions of hydroxyketones with OH is mainly limited to a number of relative rate
measurements at room temperature.' In our recent paper, we have reported the temperature
dependence of the rate constant for the reaction of OH with 3-hydroxy-3-methyl-2-butanone
in the temperature range 278-830K.’

The reaction of OH with hydroxyacetone

OH + CH;C(O)CH,OH — products (1)

8-14

has been quite extensively studied both experimentally®'* and theoretically.*'*'> Theoretical

calculations®"*1°

showed that reaction (1) proceeds through pre-reactive hydrogen-bonded
complexes

OH + HAC S OH.HAC* S OH+HAC — products
where OHeHAC* and OHeHAC denote excited and collisionally thermalized OH-
hydroxyacetone complexes, respectively. The reaction of hydroxyacetone with OH radical is
supposed to proceed mainly by H-atom abstraction from CH, group,'*"*">

OH + CH3C(O)CH,OH — CH;C(O)CHOH + H,O (1a),
two other reaction channels, corresponding to H-atom abstraction from CH; and OH groups,
being insignificant (< 1% at T = 298K):"’

OH + CH3C(O)CH,OH — CH,C(O)CH,0H + H,O (1b)

OH + CH3C(O)CH,OH — CH;C(O)CH,0 + H,0O (1c)

8-14

Despite the relatively large number of experimental studies of reaction (1),” ~ the value

of the reaction rate constant at room temperature, temperature dependence of the rate constant
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and its potential pressure dependence is still an open question. The results of earlier room

9-12

temperature measurements of K;”  in the pressure range from 10 to 750 Torr, employing both

1112 and relative rate'® methods, are consistent with each other and fall in the range

absolute
(2.5-3.5)x10" cm’molecule’s”’ with an average value of k; (£20) = (3.0£0.8)x10™"
cm’molecule™s™ at T = 298 K. In two subsequent temperature dependent studies of reaction
(1), negative and positive dependence of k; on temperature were reported by Dillon et al. at 60
Torr"” and Baasandorj et al. at 2-5 Torr of He,'* respectively. Besides, the value of k; at T =
298 K measured by Dillon et al."> was by a factor of 2 higher compared with other studies.
Finally, in the most recent temperature dependent study of reaction (1), Vu et al.® have
observed a transition in temperature dependence of k; from negative at T < 380 K to positive
at T = 410-500 K. Moreover, the authors observed a pronounced decrease of k; at total
pressures lower than ~45 Torr at T = 301 K. Based on the experimental observations, Vu et
al.® proposed a reaction mechanism, which, according to the authors, reconciles the disparate

1."* and those of Baasandorj et al.'* measured at low

k; high pressure data of Dillon et a
pressures.

The objective of the present low pressure study of reaction (1) was to measure the
reaction rate constant in an extended temperature range (250-830 K) and verify the possible
pressure dependence of k; at low pressures (1-10 Torr of He) in comparison with previous

experimental data and theoretical predictions.

2. EXPERIMENTAL

The experimental setup consisted of a discharge flow reactor combined with a modulated
molecular beam mass spectrometer.”'*"® We have used two flow reactors. The first one, used
at low temperatures (250 — 336 K), consisted of a Pyrex tube (45 cm length and 2.4 cm i.d.)
with a jacket for the thermostated liquid circulation (ethanol). The walls of this low
temperature reactor were coated with halocarbon wax in order to reduce the heterogeneous
loss of OH. The second, high temperature, reactor used at T = 310 — 830 K, consisted of an
uncoated electrically heated Quartz tube (45 cm length and 2.5 cm i.d.) with water-cooled
attachments (Figure S1, Supporting Information, SI).'®

Hydroxyl radicals were generated inside the movable injector in reaction of H atoms with
excess NO, ([NO3] ~ 10" molecule cm™), hydrogen atoms being produced in a microwave
discharge of Hy/He mixtures (Figure S1, SI):

H+NO, - OH+NO 2



ko= (1.47 £ 0.26) x 10™"° cm® molecule™ s™ (T = 195 — 2000)."

OH radicals were scavenged with an excess of Br, (added in the end of the reactor 5 cm
upstream of the sampling cone, as shown in Figure S1, SI) through reaction 3 and detected at
m/z = 96/98 (HOBr"):

OH + Br, = HOBr + Br 3)

ky=2.16x10" exp(207/T) cm’molecule™s™ (T =220 — 950).”

The absolute concentration of OH radicals was determined from the consumed fraction of
[Bry] upon OH conversion to HOBr in reaction 3: [OH] = [HOBr] = A[Br;]. The method
employed for OH detection and their absolute calibration was discussed in details in previous
papers from this group.?*?!

The hydroxyacetone was introduced into the reactor by flowing the bath gas (He) over
liquid hydroxyacetone and was detected by mass spectrometry at its parent peak at m/z = 74
(CH;C(O)CH,0H"). The water impurity in the gaseous samples of hydroxyacetone, directly
monitored at m/z =18 (H,O"), was always less than 2.5%. The absolute concentration of
hydroxyacetone was determined through injection of known amounts (0.2—1.0 uL) of HAC
into a helium flow in the reactor and recording its parent peak intensity at m/z = 74. The
integrated area of the mass spectrometric signal, corresponding to known total number of
HAC molecules injected into the reactor, allowed the determination of the calibration factor.
The impact of the possible loss of HAC on the walls of the reactor on the results of the
calibration experiments was considered as insignificant for the following reasons. Firstly, in
the kinetic measurements, hydroxyacetone was introduced into the reactor through the
movable injector (Figure S1, SI) and its kinetics could be directly monitored: we have not
observed any measurable loss of HAC on the walls of the reactor in the whole temperature
range of the study. Secondly, generally, calibration experiments consisted in several (4-5)
successive injections of HAC: the integrated area of the mass spectrometric signal of HAC
(normalized by the amount of HAC injected) from different injections were similar within
10%. In addition, the calibration factors determined before the kinetic measurements (that is
in the reactor not treated with hydroxyacetone and reaction products) were similar to those
measured at the end of the kinetic experiments. Finally, the relationships between the HAC
calibration factors and those of the non-sticky species (Br,, NO,) determined at high and low
temperatures (where the probable wall loss of HAC should be more effective) and in two

reactors with different surfaces were similar. Absolute concentrations of NO,, Br, and n-



heptane were calculated from their flow rates obtained from the measurements of the pressure
drop of their mixtures in He stored in calibrated volume flasks.

The purities of the gases used were as follows: He >99.9995% (Alphagaz), passed
through liquid nitrogen trap; H, > 99.998% (Alphagaz); Br, >99.99% (Aldrich); NO, > 99%
(Alphagaz); n-heptane >99% (Aldrich); Hydroxyacetone >95% (Alfa Aesar), degassed before

use.

3. RESULTS AND DISCUSSION

3.1. Rate constant of reaction (1): absolute measurements. The rate constant of the
title reaction was determined at total pressure of (2.0-2.1) Torr under pseudo-first order
conditions monitoring OH decays in excess of hydroxyacetone. Temporal profiles of OH
(Figures 1 and S2 (SI)) were fitted to an exponential function [OH] = [OH]oxexp(-Kk;'xt),
where [OH]y and [OH] are the initial and time-dependent concentrations of OH radicals,
respectively, and k;' = kX[HAC]+k, is the pseudo-first-order rate constant with ki
representing the wall loss of OH radicals, which could be measured in the absence of HAC in
the reactor. In these experiments, the initial concentration of OH radicals was in the range (1.5
— 3.5)x10"" molecule cm™; the ranges of hydroxyacetone concentrations are shown in Table

1.

Table 1. Summary of the Absolute Measurements of the Rate Constants of the Reaction OH +

Hydroxyacetone.

) Al T S (10" m[ol-lfcculle cm’®) (10" cm3rlr:ilecule'1s’1)
298 12 0.40-6.64 6.03
330 10 0.23-5.69 5.18
336 10 0.25-5.68 5.32
370 10 0.17-5.66 4.73
425 11 0.20-4.21 4.41
500 16 0.17-6.94 4.64
565 11 0.13-6.18 5.20
630 11 0.15-5.08 5.76
715 9 0.32-4.85 6.90
830 9 0.15-5.09 7.59

9 Statistical uncertainty on k; is < 5% and the total estimated uncertainty is approximately 15%.
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Figure 1. Examples of the kinetics of OH consumption in reaction with hydroxyacetone: T = 500
K.

The flow velocity in the reactor was in the range (1190-2190) cm s™. The consumption of
hydroxyacetone in reaction (1) was insignificant due to its sufficiently high excess over OH
radicals. The probable thermal decomposition of HAC at high temperatures of the study was
also explored. Firstly, we have not observed any visible consumption of hydroxyacetone on
the time scale of our experiments. The signals at m/z = 94/96, 96/98, 110/112 and 122/124,
corresponding to CH;Br, HOBr, CH,BrOH and CH;C(O)Br, respectively, which could be
formed in reactions of possible products of HAC decomposition in presence of Br,, were also
analyzed. The concentrations of these species were estimated to be lower than 10'' molecule
cm” at highest concentrations of HAC and highest temperatures of the study. Based on these
observations, the thermal decomposition of hydroxyacetone could be considered as
insignificant under experimental conditions of the study and not affecting the kinetic
measurements.

Examples of the second-order plots at different temperatures are shown in Figures 2 and
S3 (SI). The diffusion corrections,”” applied to all the measured values of k;' using diffusion

coefficient Do(OH-He) = 660 x (T/298)'* Torr cm > s ',* were generally within a few
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percent reaching up to 17% in several kinetic runs. One can note that in the experiments at T
= 500 K, the variation of the initial concentration of OH from 1.4 to 3.2x10"'"molecule ¢cm™
had no impact on the measured k;'. This indicates that the possible impact of secondary
reactions of OH radicals on the measurements of k; was insignificant due to their low initial

concentrations used.

400
300
&
x 200
100 € 830K
[0 630K
O 500K; [OH]g = 1.4x1011 molecule cm™3
@ 500K; [OH]g = 3.2x1011 molecule cm™3
ol ] ] ] ] ]

0 2 4 6 8
[Hydroxyacetone] (1013 molecule cm3)

Figure 2. Dependence of the pseudo-first-order rate constant (k;’) on the concentration of
hydroxyacetone at different temperatures. Error bars correspond to typical uncertainties (< 5%)
on the determination of k,'. For clarity, k;' data at T = 630 and 500K are Y-shifted by -20 and -45
s, respectively.

The absolute measurements of k; have been carried out in an uncoated quartz reactor,
except two temperatures, 298 and 336K, where Pyrex reactor coated with halocarbon wax was
used. In the quartz reactor, the intercepts of the linear plots, like those shown in Figure 2, ki,
were found to decrease with increasing temperature (from 60 to 10 s™ between 330 and 830K)
and to be significantly higher (particularly at low temperatures) compared with the rate of OH
decay measured in the absence of hydroxyacetone in the reactor (ky ~10 s, independent of

temperature). Similar behavior was observed in a Pyrex reactor coated with halocarbon wax:
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the intercepts observed at T = 336 and 298K were found to be about 20 s (Figure S3, SI) and
increased at lower temperatures. Baasandorj et al.'* reported a similar effect in their study of
reaction (1) in a reactor coated with halocarbon wax: upon addition of hydroxyacetone some
experimental pseudo-first-order decays of OH were nonlinear and large positive intercepts on
the second order plots were observed. The observation was tentatively attributed to the
heterogeneous reaction between OH radicals and hydroxyacetone adsorbed to the walls of the
reactor. In order to avoid the heterogeneous complications, the authors'* carried out the
measurements with addition of oxygen ((2-5)x10"> ¢m™) which appeared to minimize the
hydroxyacetone-catalyzed heterogeneous loss of OH. In the present study, we have not
observed significant influence of oxygen addition on the kinetics of OH, and the reaction rate
constant was determined from the slope of the linear fit to the experimental data (straight lines
in Figures 2 and S3), that is under assumption that heterogeneous contribution to the loss of
OH radicals is independent of hydroxyacetone concentration in the gas phase and considering
that the intercepts are relatively low compared with the measured maximum values of k;". The
lowest temperature in the absolute measurements of k; was limited to 298 K. It can be noted
that very close values of k; (see Table 1) were measured at T = 330K in the uncoated quartz
reactor (with intercept of = 60 s) and at T = 336K in the halocarbon wax coated reactor (with
intercept of = 20 s™'). The results of the absolute measurements of k; are displayed in Table 1.
The combined uncertainty on k; was estimated to be approximately 15% by adding in
quadrature the uncertainties on the absolute concentration of hydroxyacetone (~10%), on the
measurements of the flows (3%), pressure (2%), temperature (1%) and statistical error (<
5%).

3.2. Rate constant of reaction (1): relative measurements. Considering the potential
heterogeneous complications in the absolute measurements of the reaction rate constant, we
have conducted two series of the relative rate measurements with reactions of OH with Br,
and OH + n-heptane as a reference. In the experiments with OH + Br; as a reference reaction,
the initial concentration of OH radicals, [OH], was titrated by a mixture of Br, and HAC and

the concentration of HOBr was measured as a function of the [HAC]/[Br;] ratio:

OH + CH3C(O)CH,OH — products (1)

OH +Br,; = HOBr + Br 3)
The concentration of HOBr formed corresponds to the fraction of [OH], consumed in reaction
with Br:

[HOBr] = 3[Bry] x [OH],

k3 [Br2]+k1 [HAC] +kW



Rearrangement of this expression leads to:

[OH]o . __ k41[HAC] kw (I)
[HOBr] " k3[Brz]  k3[Bry]

In order to keep the contribution of the second term in equation (I) constant, the experiments
were carried out at a constant concentration of Br,. K;/k; ratios were derived from the plots of
([OH]o/[HOBr] - 1) as a function of the [HAC]/[Br;] ratio. In the experiments, HOBr was
monitored in both HAC -free system, corresponding to [OH]y, and in the Br, and HAC -
containing system, corresponding to the fraction of [OH], reacted with Br,. The
measurements were carried out at a total pressure of nearly 2 Torr of He in the reactor. Initial
concentration of OH radicals was in the range (2-6)x10'" molecule cm™, reaction time was
(0.02 — 0.05) s, concentrations of Br, and hydroxyacetone are shown in Table 2. Examples of
the experimental data are displayed in Figures 3 and S4 (SI). The values of ki/k; at different
temperatures were derived from the slopes of the linear dependences in Figures 3 and S4,
according to equation (I). Final values of k; (Table 2) were calculated with k; = 2.16x10™"
exp(207/T) em’molecule's™ which is well established in the temperature range 220 -950 K.
One can note that two linear plots in Figure 3, corresponding to the experimental data
obtained at T = 750 K with different concentrations of Br,, have similar slopes (i.e. provide

similar k;/k; ratios) and different intercepts in agreement with equation ().
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Figure 3. HOBr formed upon OH consumption by Br, + HAC mixtures at different temperatures. The error
bars represent typical uncertainties of the measurements (< 10%).

Table 2. Summary of the Relative Measurements of the Rate Constant of the Reaction OH +
hydroxyacetone with reaction OH + Br;, as a reference.

T(K)*
250
265
280
301
310
350
400
465
510
555
690
750

No./exp.b
10
11
11
8

12
11
12
10
12
9
20

[HAC] ¢
2.33-38.6
1.71-29.9
0.92-43.0
2.42-49.7
1.94-27.6
0.39-29.7
0.27-19.1
0.21-21.8
0.11-18.0
0.17-15.4
0.60-12.1
0.11-12.9

[Bra] © ky/ks
2.61 0.171
2.09 0.152
1.88 0.151
2.35 0.140
1.71 0.138
1.52 0.119
0.76 0.119
1.00 0.133
1.07 0.149
0.90 0.178
1.57 0.231
0.65-1.40 0.249

ki
8.45
7.17
6.83
6.02
5.81
4.64
4.31
4.48
4.83
5.58
6.74
7.09

“T =250-301 K: halocarbon wax coated reactor; T = 310-750 K: uncoated quartz reactor. ® Number of data

points. € Units of 10** molecule cm™. ?Units of 10™ cm®molecule™s™, estimated uncertainty on k; is nearly

20%.

11



In another series of experiments, the rate constant of reaction (1) was measured at two
temperatures, T = 290 and 320 K, and P = 2.1 Torr using the traditional relative rate method,
which consisted of the measurements of the consumption of hydroxyacetone and reference
compound, n-heptane, simultaneously present in the reactor, in reactions with OH:

OH + HAC - Products (1)

OH + n-heptane = Products (4)
The relative consumptions of HAC and n-heptane are defined by the rate constants of their

reactions with OH:

[HAC]o __ k1 [n—heptane]g
In [HAC] - ks X In [n—heptane] (H)

where the expressions under the logarithm are the ratios of the compound concentration in the
absence of to that in the presence of OH radicals for a given reaction time.

In the experiments, the initial concentrations of HAC and n-heptane were in the range (4
—6)and (1 — 2)x 10'2 molecule cm™, respectively. The concentration of OH radicals, formed
through reaction (2) with [NO,] 5x10"* molecule cm™, was varied being ~10"* molecule cm™
3 at maximum. Hydroxyacetone and n-heptane were monitored by mass spectrometry at their
parent peaks at m/z = 74 and 100, respectively. It was verified that there was no interference
between the mass spectra of these two species and that the products of their reactions with OH
did not contribute to these peaks. Secondary reactions of HAC and n-heptane with organic
radicals produced in reactions (1) and (4) are expected to be very slow at the low temperatures
of the study. The observed independence of the experimental results of the reaction time,
which was varied from 0.015 to 0.06 s, seems to support this assumption. It can also be noted
that the possible secondary chemistry initiated by oxygen atoms formed in the self-reaction of
OH radicals,

OH + OH - O + H,0O (5)
has a limited impact on the concentrations of HAC and n-heptane, because O-atoms are
mainly consumed in the fast reactions with OH radicals and NO, present in high

concentrations in the reactor:

0 +NO, = NO + 0, (0)
ke = 9.85x10"°T"*! exp(543/T) cm’molecule’s™ (T =220 — 950 K),**

O+0H - H+O0, (7)
k; = 1.8x10"" exp(180/T) cm’molecule’s™ (T = 136 — 515 K),”

H+NO, - OH+NO )
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The observed dependences of In([HAC]o/[HAC]) on In([n-heptane]o/[n-heptane]) are
presented in Figure 4. According to equation (II) the slopes of the straight lines in Figure 4
correspond to the k; to ks ratio. For the rate constant of the reference reaction (4) we have

used k4 = 3.75x107¢ 7" exp(101/T) cm’® molecule™ s recommended at T = 220 — 1300 K

with uncertainty of 15%.'® With k, calculated through this expression and k;/ky(+1c)
1.093+0.006 and 0.799+0.006 derived from the slopes of the straight lines in Figure 4, k; =
6.71x10™"% and 5.59x10™"? cm® molecule™ s’ at T = 290 and 320 K, respectively, with
estimated total uncertainty of 20%, including that on the rate constant of the reference

reaction.
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Figure 4. Dependence of In([HAC]o/[HAC]) on In(n-heptane]o/[n-heptane]) observed at P=2.1Torrand T =
290 and 320 K.

3.3. Rate constant of reaction (1): pressure dependence. The rate constant of reaction
(1) was measured at total pressure of helium between 1.0 and 10.4 Torr and T = 301 K. This
temperature was chosen for comparison with data of Vu et al® who reported the

measurements of K; at this temperature and pressures between 10 and 70 Torr. Relative rate
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methods, as described above, were applied in these measurements. The experimental data
observed with the reaction of OH with Br; as a reference are shown in Figure 5. One can note
that the results obtained at different pressures are similar in the range of the experimental
uncertainty. This results in very close values for Kk; at different pressures: 6.06, 6.02, 6.44 and
5.84x10™"? ¢cm®molecule's™ at P = 1, 2, 5 and 10.4 Torr of He, respectively, with estimated

overall uncertainty on k; of 20%.

4
3
0
o
L2
2
I
o L
1 Pressure (Torr):
7110
O 20
O 50
0 104
0 | ] | ]
0 10 20 30

[HACYJ/[Br,]

Figure 5. HOBr yield from OH radical titration with Br, + HAC mixtures at T = 301 K and different pressures.
The error bars represent typical uncertainties of the measurements (< 10%).

Similar and independent of pressure values of k; were measured in the experiments using
reaction of OH + n-heptane as a reference (Figure 6). The values of k;/ks = 0.965, 0.928 and
0.911 derived from the data in Figure 6 result in k; = 6.22, 5.98 and 5.87x10™"? cm’molecule”
'shat P=1.45, 3.25 and 7.6 Torr of He, respectively.

14
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Figure 6. Dependence of In([HAC]o/[HAC]) on In(n-heptanely/[n-heptane]) observed at different pressures
and T = 301 K. Partially shown error bars correspond to maximum uncertainty of 5% on the
measurements.

All the data obtained for k; at T =301 K and different pressures are displayed in Figure 7
in line with those reported by Vu et al.® The present measurements do not show any pressure
dependence in the pressure range from 1 to 10.4 Torr and are very close to k; data measured
by Vu et al.® at pressures 30-70 Torr of He. Although our data do not confirm a trend of
decrease of k; with decreasing pressure observed by Vu et al.® they do not exclude the
hypothetical dependence of k; on pressure at higher pressures if k; is in a low pressure limit in
the pressure range (1 — 10 Torr) of the present study. Unfortunately, the configuration of the
use of the electron impact ionization mass spectrometer in the present work did not allow
kinetic measurements at higher pressures.

It can be noted that in another low pressure study of Baasandorj et al.,'* the reaction rate
constant was also found to be independent of pressure between 2 and 5 Torr of He and to be
in good agreement with room temperature measurements of k; by Dagaut et al.” and Orlando
et al.'” at 750 Torr of synthetic air, Chowdhury et al.'' at 10-90 Torr of Ar and Butkovskaya

et al. at 200 Torr of N,.'” However, these data cannot be used as an argument against the

15



dependence of the rate constant on pressure, given the expected weak pressure dependence
and a relatively large scatter in the existing experimental data (up to a factor of 2 at room

temperature, as discussed below).
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Figure 7. Reaction OH + CH5;C(O)CH,0H: pressure dependence of the reaction rate constant at T = 301K.

3.4. Comparison with previous studies. The results of the previous and present
measurements of k; are shown in Figure 8. As one can see, the present study confirms
negative and U-shaped temperature dependences of k; reported previously by Dillon et al. (T
=233-363K)" and Vu et al. (T = 293-498K),”® respectively. The results of the three studies are
also in excellent agreement on the absolute basis. Both previous studies®™' of reaction (1)
were carried out using pulsed laser photolysis coupled with pulsed laser induced fluorescence
detection of OH radicals. Dillon et al."* reported k; = (2.15 +0.3)x10"%exp((305+ 10)/T)
cm’molecule’s™ at P = 60 Torr of He. Vu et al.® observed that, at a pressure of 50 Torr of He,
the rate coefficient obeys a negative temperature dependence for temperatures between 290
and 380 K, k; = (1.77+0.19)x 10" %exp((353 + 36)/T) cm’molecule’’s”, and a positive one, k;
= (1.1420.25)x10 'exp(-(378 + 102)/T) cm’molecule’’s™, in the temperature range 410-500
K. The values of k; reported by Dillon et al.,”> Vu et al.® and in the present work at T = 298 K
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are approximately a factor of two higher compared with those reported in earlier room

9-12 1 14 1 13 1 14

temperature studies’ ~ and by Baasandorj et al. ™ Dillon et al. ” and Baasandorj et al.”™ carried
out a detailed analysis of the possible errors due to the measurements of the absolute
concentrations of hydroxyacetone, including uncertainties on its absorption cross section,
presence of impurities and the regeneration of OH; nevertheless, the cause of the

disagreement between two sets of k; measurements remains unclear.
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Figure 8. Reaction OH + CH;C(O)CH,0H: temperature dependence of the reaction rate constant. AM:
absolute measurement, RM: relative rate method. The error bars for the present data correspond to
estimated 15 and 20 % uncertainty on the measurements of k; by absolute and relative rate method,
respectively; uncertainties on previous measurements are given as reported in respective studies. Lines
correspond to the fit with modified Arrhenius expression, k = AxT 'xexp(-E,/RT), of the data from the
present study (solid blue line), the present study combined with those of Dillon et al.”® and Vu et al®
(black solid line) with 20% uncertainty (dashed black lines) and to theory-based expression proposed by
Vu et al.® (red dashed line).

As one can see in Figure 8, the opposite trend in temperature dependence was observed
by Dillon et al.,"> Vu et al.® and in the present study compared to Baasandorj et al.,'* who
observed a positive temperature dependence of k; = (1.88+0.75)x10™'exp(-545+60/T)
cm’molecule’s™ at T = 280-350 K using a discharge-flow system coupled with resonance
fluorescence detection of the OH radical. The reason for this discrepancy also remains

unclear. Baasandorj et al."* hypothesized that the use of different pressures might be a source
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of the difference between their results at P = 2-5 Torr and those of Dillon et al."> at P= 60
Torr. Indeed, Vu et al.® observed a pronounced decrease of k; at total pressures lower than
~45 Torr at T = 301 K (Figure 7) and rationalized the pressure dependence of k; in the frame
of the reaction mechanism including the formation of a hydrogen-bonded pre-reactive
complex and its collisional thermalization at high pressures. However, the results of the
present study do not seem to support the pressure dependence of the reaction rate constant,
and in this sense, raise more questions than give answers. Firstly, we have not observed any
appreciable pressure dependence of k; in the pressure range 1-10.4 Torr (Figure 7). Secondly,
our low pressure data (at P ~ 2 Torr of He) for k; are in excellent agreement in the whole

1.1* and Vu et al.® measured at P = 60 and 50 Torr,

temperature range with those of Dillon et a
respectively. In our opinion, a relatively weak pressure dependence of ki, if exists, can be
masked by non-identified pressure independent systematic errors (up to a factor of 2 at room
temperature) in some of the available studies.

A fit to the present data with modified Arrhenius expression, k = AxT"xexp(-E./RT),
provides (blue line in Figure 8):

ki =4.7x102xT**exp(1410/T) cm’molecule™s™ at T = 250-830K.
If our data are combined with those of Dillon et al."* and Vu et al.,® one gets (black solid line
in Figure 8):

ki = 4.4x102°xT*Sexp(1110/T) cm’molecule's™ at T = 230-830K.
The dashed black lines in Figure 8 correspond to + 20% deviation from this expression,
showing that all temperature data from these three temperature dependent measurements of k;
fall into this range. Based on this and considering very good agreement between the k; data
from Dillon et al.,"” Vu et al.® and present study, obtained under different experimental
conditions and with different experimental methods, we would recommend the above
expression for k; to use in the temperature range 230—830 K with independent of temperature
20% uncertainty. Interestingly, the temperature dependence of k; described by this expression
is almost indistinguishable from that corresponding to the theory-based expression k; =
5.3x102°xT*%xp(1100/T) cm’molecule's™ (red dashed line in Figure 8) which was proposed
by Vu et al.® to represent their high-pressure k; data and those of Dillon et al."> over the
combined range 230-500 K. It can be noted also that the results of theoretical study of
Galano," reporting k; = 5.29x10xT**exp(1623/T) cm’molecule’s” at T = 280-500K,
reproduce quite well the temperature dependence of k; (Figure 8) observed by Dillon et al.,"
Vu et al.® and in the present study, although with the absolute values of k; approximately

twice smaller.
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The present study, as one can see in Figure 8, strongly supports two™'* of three previous
temperature dependent measurements of k;. However the reason for the disagreement with

9-12

. . . 14 .
earlier room temperature studies” ~ and that of Baasandorj et al.”” remains unclear and even

9-12,14 and

somewhat mysterious, given the very low scatter of k; measurements for both lower
higher (refs. 8,13 and present work) values of k; reported at T = 298 K. The reaction of OH
radicals seems to be a rare case where almost all the data for the reaction rate constant were
determined using the absolute measurements (except one room temperature study'® and the
present work). It seems that an in-depth study (even if only at room temperature) employing a
relative rate method for the measurements of k; at high pressure would be helpful to verify
once again the pressure dependence of k; and for the arbitration between the low and high

values of the rate constant at T <350K.

CONCLUSIONS

In this work, we examined the kinetics of the reaction of OH radicals with hydroxyacetone
using a discharge flow reactor combined with an electron impact ionization mass
spectrometer. The total rate constant of the reaction, k; = 4.7x107*xT>*exp(1410/T)
cm’molecule™s”, was determined using both relative rate and absolute methods in the
temperature range 250-830 K. The present data combined with selected previous temperature
dependent studies®'? of the reaction (1) yield k; = 4.4x10°xT*%exp(1110/T) cm’molecule™'s”
' which is recommended from the present work at T = 230-830K (with conservative
uncertainty of 20% at all temperatures). The U-shaped temperature dependence of k; observed
in the present work at 2 Torr total pressure of He is in excellent agreement with two previous

studies®"?

of reaction (1) at P = 50-60 Torr in contrast to the positive temperature dependence
observed by Baasandorj et al.'"* at T = 280-350 K and P = 2-5 Torr. In addition, the present
measurements provide by a factor of 2 higher value of k; at T = 298K compared with those
reported in earlier room temperature studies.”'? The reasons for these disagreements remain
unclear. The present results do not support the hypothesis that the divergence between low

and high pressure temperature dependent studies is due to dependence of k; on pressure.”
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