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The rate constant for the reaction of the OH radical with hydroxyacetone was measured between 2 and 5
Torr and over the temperature range of 280-350 K, using a discharge-flow system coupled with resonance
fluorescence detection of the OH radical. At 298 K the rate constant was found to be (3.02 ( 0.28) × 10-12

cm3 molecule-1 s-1, in excellent agreement with several previous studies. A positive temperature dependence
was measured over the temperature range 280-350 K, described by the Arrhenius expression k ) (1.88 (
0.75) × 10-11 exp[-(545 ( 60)/T] cm3 molecule-1 s-1, in contrast to previous measurements of the temperature
dependence for this reaction and suggesting that the atmospheric lifetime of hydroxyacetone may be greater
than previously estimated. Theoretical calculations of the potential energy surface for this reaction suggest
that the mechanism for this reaction involves hydrogen abstraction through a hydrogen-bonded prereactive
complex similar to the OH + acetone reaction, with a calculated barrier height between -1 and 1 kcal mol-1

depending on the level of theory.

Introduction

Hydroxyacetone is produced in the atmosphere from the OH-
initiated oxidation of methacrolein with an estimated yield of
43-47%.1,2 Methacrolein is a major product of both the OH
and the O3-initiated oxidation of isoprene, the dominant biogenic
hydrocarbon emitted by deciduous trees and various other types
of vegetation.3-5 Atmospheric concentrations of hydroxyacetone
measured during the BERLOIZ campaign in Germany were
highly correlated with concentrations of methacrolein and with
the photochemical age of the air mass, suggesting that the
primary source of hydroxyacetone is the photochemical oxida-
tion of isoprene.6 In addition, recent measurements of isoprene
and 2-methyl-3-buten-2-ol, as well as their first-, second-, and
third-generation photooxidation products above a ponderosa pine
plantation found that the diurnal cycles of the second generation
isoprene oxidation products (hydroxyacetone, glycolaldehyde,
and methylglyoxal) were similar to their precursors.7 However,
mixing ratios of hydroxyacetone and glycolaldehyde exceeded
the mixing ratios of their precursors on days with high CO and
were correlated more strongly with CO than with their biogenic
precursors, suggesting that anthropogenic sources of hydroxy-
acetone were also important.7

Given the abundance of isoprene throughout the troposphere,
an accurate knowledge of the chemistry of hydroxyacetone is
required in order to fully assess its contribution and the
contribution of isoprene oxidation to the chemistry of the
troposphere. In the atmosphere, reaction with OH is thought to
dominate the loss of hydroxyacetone, with photolysis of only
minor importance:8

The reaction of hydroxyacetone with the OH radical is
thought to proceed mainly by abstraction of a secondary H-atom
(reaction 1a). The main radical product CH3C(O)CHOH reacts
with O2 rapidly in the atmosphere leading to the formation of
HO2 and methylglyoxal, which can be an important photolytic
source of HOx:9,10

Butkovskaya et al. reported that the yield of methylglyoxal
decreases from 82% at 298 K to 49% at 236 K while the yields
of formic and acetic acids increase from about 8% to about
20%.10 Formic and acetic acids are thought to be formed by
the O2 addition to the primary radical CH3C(O)CHOH followed
by decomposition of the peroxy radical:
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OH + CH3C(O)CH2OH f CH3C(O)CHOH + H2O
(1a)

OH + CH3C(O)CH2OH f CH2C(O)CH2OH + H2O
(1b)

OH + CH3C(O)CH2OH f CH3C(O)CH2O + H2O
(1c)

CH3C(O)CHOH + O2 f CH3C(O)CHO + HO2

(2a)

CH3C(O)CHOH + O2 f [CH3C(O)CH(OH)OO]
(2b)
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There have been relatively few measurements of the rate
constant for the reaction of hydroxyacetone with the OH radical.
Dillon et al. recently measured the rate constant at 60 Torr over
the temperature range 233-363 K and observed that the rate
coefficient displayed a negative temperature dependence.11 They
reported a rate constant of (5.95 ( 0.50) × 10-12 cm3 molecule-1

s-1 at room temperature that is approximately a factor of 2 larger
than previous measurements.8,10,12,13

This paper presents measurements of the rate constant for
the OH + CH3C(O)CH2OH reaction at 2 and 5 Torr and over
the temperature range of 280- 350 K, using a discharge-flow
system coupled with resonance fluorescence detection of the
OH radical. Theoretical calculations of the potential energy
surface for this reaction at various levels of theory are also
presented to provide some additional insights into the energetics
of this reaction.

Experimental Methods

The discharge flow system used in this study is similar to
those described in detail elsewhere.14 A schematic of the system
is shown in Figure 1. The main body of the flow system consists
of a 100 cm long, 2.5 cm i.d. Pyrex tube connected to an
aluminum detection cell. All surfaces exposed to radicals were
coated with halocarbon wax (Halocarbon Corporation) to reduce

heterogeneous loss of OH radicals. Helium (Indiana Oxygen
99.995%) was added as the main carrier gas through a MKS
1179 flow controller to provide an average flow velocity of 10 m
s-1. A mechanical pump (Leybold D16B) downstream of the
detection zone was used to evacuate the flow system. The
temperature in the reaction zone was regulated by circulating
heated silicon oil or cooled ethanol through the outer jacket of
the flow tube, and the reaction temperature was measured by
using a thermocouple inserted into the reaction zone. Pressure
was measured in the middle of the reaction zone with an MKS
Baratron capacitance manometer.

OH radicals were produced by the H + NO2 f OH + NO
reaction. Hydrogen atoms were generated by a microwave
discharge of H2 (99.999% Indiana Oxygen) in the presence of
helium. Excess concentrations of NO2 (approximately 6 × 1013

cm-3) were injected into the flow tube 2 cm downstream of the
H atom source. OH radicals were detected by resonance
fluorescence using the A2Σ+(ν′)0) f X2Π (ν′′)0) transition
near 308 nm. The excitation radiation was produced by a
microwave discharge of water vapor in the presence of helium.
The OH A-X fluorescence near 308 nm was detected by a
photomultiplier tube (Hamamatsu H 6180-01) located perpen-
dicular to the radiation source. A 10 nm band-pass, 20%
transmissive interference filter (Esco products) centered at 308
nm was placed in front of the photomultiplier tube to isolate
the fluorescence. The OH detection sensitivity was approxi-
mately 1 × 10-8 counts s-1 cm3 molecule-1 with a background
signal of 200-300 counts s-1 resulting in a minimum detectable
OH concentration of approximately 1 × 109 molecules cm-3

(S/N ) 1, 10-s integration).
Heterogeneous loss of OH onto the reactor wall was oc-

casionally observed with addition of hydroxyacetone to the
reactor, as some experimental pseudo-first-order decays of OH
were nonlinear, leading in lower than expected signals of OH
as the reaction time was increased and resulting in large positive
intercepts (greater than 10 s-1) on the second order plots. The
loss is thought to occur when OH undergoes heterogeneous
reaction with hydroxyacetone adsorbed to the walls of the
reactor. This behavior has been observed previously in the OH
+ acetone and the OH + acetic acid reactions.15,16 The addition
of oxygen (approximately (2-5) × 1015 cm-3) or careful
conditioning of the walls of the reactor with OH radicals
minimized the hydroxyacetone-catalyzed loss of OH on the wall
of the reactor, resulting in linear and reproducible first-order
decays and intercepts in the second-order plots of less than 10
s-1. The addition of oxygen to the flow reactor appears to inhibit
the heterogeneous loss of hydroxyacetone on the wall of the
flow reactor, but did not affect the measured second-order rate
constant, as measurements made with added oxygen were
consistent with measurements without added oxygen.15,16

Hydroxyacetone (Aldrich, > 95%; Fluka >95%) was pumped
on for 2-4 h to remove water and other volatile impurities,
and additionally purified by using several freeze-pump-thaw
cycles. Two different methods were used for determining the
concentration of hydroxyacetone in the flow reactor. In the first
method, dilute mixtures of hydroxyacetone in helium were
manometrically prepared by distillation of the purified mixture
into a calibrated 5.5 L evacuated reservoir and diluting it with
helium to a pressure of approximately 770 Torr. Mixtures with
hydroxyacetone fractions of 0.4-0.6% were flowed into the
reactor through a movable injector (3 mm o.d.) coated with
halocarbon wax, and the concentration of the hydroxyacetone
was determined by measuring the pressure drop in the calibrated
reservoir over time.

[CH3C(O)CH(OH)OO] f HCOOH + products
(3a)

[CH3C(O)CH(OH)OO] f CH3COOH + products
(3b)

Figure 1. Schematic diagram of the discharge-flow system, showing
both the reservoir system and the UV absorption system for measuring
the concentration of hydroxyacetone in the flow system (see text).
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The second method for determining the hydroxyacetone
concentration in the reactor used UV absorption at 254 nm.8

Helium was bubbled through a trap containing the purified
sample of hydroxyacetone and injected into the system im-
mediately after passing through a 10 cm long absorption cell.
Helium flows of 40 sccm were used to maintain a pressure of
250 Torr in the absorption cell. Radiation from a low-pressure
mercury lamp (11SC-1, UVP) was directed through the absorp-
tion cell and measured by a photodiode (UDT-555UV, OSI
Optoelectronics). The mercury lamp and the housing in which
it was enclosed were continuously purged with N2 for temper-
ature stabilization. A 254 nm interference filter (fwhm ) 20,
Acton Research Corporation) was placed directly in front of
the detector, and an absorption cross section of (5.54 ( 0.1) ×
10-20 cm2 molecule-1 at 254 nm as reported by Orlando et al.8

was used to calculate the concentration of hydroxyacetone
flowing into the reactor.

Pseudo-first-order conditions were maintained during all
experiments. The OH concentrations were kept below 3 × 1011

cm-3 while the concentration of hydroxyacetone was varied
between 3 × 1012 and 24 × 1012 cm-3. Unfortunately decom-
position of hydroxyacetone at higher temperatures and hetero-
geneous loss of OH radicals onto the reactor walls below room
temperature did not allow measurements to be made above 350
K or below 280 K. Klotz et al. measured hydroxyacetone in
ambient air by a wet chemical technique and noted that
hydroxyacetone was found to disappear completely when
subjected to a temperature of 100 °C for only a few seconds.17

Computational Methods

Geometry optimizations for the OH + hydroxyacetone
reaction system were performed with the Gaussian 03 series
of programs18 on the Indiana University IBM Power4/Power
PC970 AIX Libra cluster system. Geometries for the
reactants, hydrogen-bonded adduct, and hydrogen abstraction
transition state were optimized by using Becke’s three-
parameter hybrid method employing the LYP correction
functional (B3LYP) in conjunction with 6-31G(d,p) and
6-311++G(2d,2p) basis sets, and by using second-order
Møller-Plesset perturbation theory (MP2) in conjunction
with the 6-31G(d,p) and 6-311++G(2d,2p) basis sets.
Frequencies for all species were also calculated at each level
of theory. Single point energy calculations on both the
B3LYP/6-311++G(2d,2p) and MP2/6-311++G(2d,2p) op-
timized geometries were also done by using fourth-order
Møller-Plesset perturbation theory with single, double, triple,
and quadruple excitations (MP4(SDTQ)), using the 6-
311++G(2d,2p) basis set.

Experimental Results

Figure 2 shows a series of pseudo-first-order decay plots for
the OH + CH3C(O)CH2OH reaction in the presence of varying
concentrations of hydroxyacetone. The pseudo-first-order rate
constant for a given hydroxyacetone concentration was calcu-
lated from a weighted fit (based on the precision of each
measurement) of the slope of the logarithm of the OH
fluorescence signal versus reaction distance, and corrected for
axial diffusion and OH radical loss on the injector under the
plug-flow approximation:19

Here D is the OH diffusion coefficient in He (0.145T2/3/PTorr

cm2 s-1), υ is the average flow velocity (9-14.0 m s-1), and
kinjector is the loss rate of OH on the movable injector (<10 s-1),
which was measured in the absence of the reagent. Figure 3
shows typical plots of the pseudo first order rates versus
hydroxyacetone concentration at 298 K and 2 and 5 Torr.
Corrections for axial diffusion were generally less than 5%.
Second-order rate constants were obtained from a weighted
least-squares fit of the measurements at each temperature. Table
1 shows the measured values at each temperature, with quoted
errors of twice the standard deviation from the weighted fit.

The rate constant for the OH + hydroxyacetone reaction at
298 K and 5 Torr, using prepared reservoir mixtures of
hydroxyacetone, was found to be (3.02 ( 0.28) × 10-12 cm3

molecule-1 s-1, in excellent agreement with the room temper-
ature values reported by Dagaut et al.,13 Orlando et al.,8

Chowdhury et al.,12 and Butkovskaya et al.10 However, it is a
factor of 2 lower than the room temperature rate coefficient of
(5.95 ( 0.50) × 10-12 cm3 molecule-1 s-1 reported by Dillon
et al.11 Dagaut et al.13 determined the absolute rate constant of
the reaction of hydroxyacetone with OH at 298 K using a flash
photolysis resonance fluorescence technique and obtained a rate
constant of (3.0 ( 0.3) × 10-12 cm3 molecule-1 s-1. In a relative
rate study, Orlando et al.8 measured a value of (3.0 ( 0.7) ×
10-12 cm3 molecule-1 s-1 at 298 K and 1 atm using methanol

k1 ) kdecay
1 (1 +

kdecay
1 D

υ2 ) - kinjector (I)

Figure 2. Pseudo-first-order decays of OH for the OH + hydroxyac-
etone reaction at 298 K and 5 Torr. The hydroxyacetone concentrations
are in units of 1012 molecules cm-3.

Figure 3. Second-order plots for the OH + hydroxyacetone reaction
at 298 K and 2 and 5 Torr. The solid line is a weighted least-squares
fit to the data (see text).
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and ethanol as reference compounds. The loss of hydroxyacetone
and the reference compounds were quantified by using FTIR
spectroscopy. Chowdhury et al.12 reported a value of (2.8 (
0.2) × 10-12 cm3 molecule-1 s-1 using laser photolysis with
laser-induced fluorescence detection of OH radicals. Butk-
ovskaya et al.10 reported a value of (3.17 ( 0.22) × 10-12 cm3

molecule-1 s-1 for the OH + hydroxyacetone reaction at 298
K using a turbulent flow reactor at 200 Torr and detection of
OH by chemical ionization mass spectrometry. Butkovskaya et
al. also measured the rate constant for the OD + hydroxyacetone
reaction, reporting a value of (4.08 ( 0.31) × 10-12 cm3

molecule-1 s-1, resulting in a secondary kinetic isotope effect
of 0.78 ( 0.10, similar to that observed for the OH + acetone
reaction.20 Dillon et al.11 used a pulsed photolysis laser-induced
fluorescence technique to determine the rate constant for the
OH + hydroxyacetone reaction over the temperature range
233-363 K at 60 Torr. Concentrations of hydroxyacetone were
determined by UV absorption at 184.9 nm downstream of the
reactor, using a measured cross section of σ184.9nm ) (5.43 (
0.08) × 10-18 cm2 molecule-1.

The measurements of the rate coefficients for the OH +
hydroxyacetone reaction as a function of temperature are shown
in Figure 4. In this figure, the rate constants measured in this
study using the reservoir system to determine the hydroxyac-

etone concentration are shown as the solid red circles, and
exhibit a positive temperature dependence. A weighted least-
squares fit of the data as a function of temperature yields the
following Arrhenius expression for the rate constant between
280 and 350 K and 2-5 Torr:

The measurements of the rate constant for this reaction by
using UV absorption at 254 nm with the absorption cross
section reported by Orlando et al.8 (solid blue stars in Figure
3) at 318 K and 350K are in good agreement with those
obtained in this study by using the reservoir system. These
results are in contrast to the results of Dillon et al., who
reported a negative temperature dependence at 60 Torr
described by the expression k ) (2.15 ( 0.30) × 10-12

exp[(305 ( 10)/T] cm3 molecule-1 s-1.11

Discussion

The source of the discrepancy between the measurements
reported by Dillon et al. with the measurements reported here
is unclear. One possible source of error in the measurements
reported here is the uncertainty associated with the determination
of the concentration of hydroxyacetone in the reactor and its
potential loss on surfaces.11 However, the agreement of the
measurements reported here by using two different methods for
introducing and measuring the concentration of hydroxyacetone
into the reactor with different residence times, concentrations,
and surface areas suggests that loss of hydroxyacetone on the
glass walls of the reservoir or the absorption cell is not
significantly affecting the measured rate constants. Unfortu-
nately, the concentration of hydroxyacetone cannot be measured
at the exit of our experimental system. However, the linearity
of the pseudo-first-order decays also suggests that significant
loss of hydroxyacetone on the walls of the reactor, which would
increase as the reaction distance increases since hydroxyacetone
is added through the movable injector, is not affecting the
measured rate constants.

As discussed by Dillon et al., one possible explanation for
the factor of 2 difference between their measurements near room
temperature and the previous measurements is an error in the
measured absorption cross section of hydroxyacetone at 184.9
nm used to calculate the concentration of hydroxyacetone in
their experiments. However, Dillon et al. report measurements
of the absorption cross section at 254 nm relative to their
measurements at 184.9 nm that were in excellent agreement
with the value reported by Orlando et al.8,11 We performed
similar measurements at room temperature by setting up a
constant flow of hydroxyacetone through the absorption cell
described above and measured the absorption at 185 nm relative
to 254 nm by exchanging the 254 nm bandpass filter with one
centered at 185 nm (Acton Research Corporation). Measure-
ments of the transmission of radiation at 254 nm through the
185 nm filter were made by using a flow of nitrogen containing
26% nitrous oxide that absorbs more than 99% of the photons
at 184.9 nm and less than 0.1% at 253.7 nm. After correcting
for the transmission of 254 nm radiation, measurements of the
absorption at 185 nm were approximately a factor of (80 ( 10)
times greater than that at 254 nm, which is within 20% of the
ratio of the absolute cross section measurement of Dillon et al.
at 184.9 nm (σ184.9nm ) (5.43 ( 0.08) × 10-18 cm2 molecule-1)

TABLE 1: Summary of Experimental Results for the OH +
Hydroxyacetone Reaction

T (K)
[hydroxyacetone]

(1012 molecules cm-3)
kII (10-12 cm3

molecule-1 s-1)
pressure
(Torr)

reservoir system
280 4.61-25.2 2.72 ( 0.48 5
288 6.60-18.8 2.98 ( 0.50 5

5.40-20.7 2.99 ( 0.36 3
298 2.70-23.3 3.02 ( 0.28 5

5.59-21.2 2.81 ( 0.38 2
317 4.83-24.4 3.54 ( 0.42 5
322 5.35-21.1 3.31 ( 0.41 5
334 4.94-13.7 3.81 ( 0.70 5
342 2.00-19.2 3.99 ( 0.34 5

5.70-20.0 3.80 ( 0.62 2
347 5.10-22.2 3.93 ( 0.52 5

absorption cell (254 nm)
318 2.79-41.1 3.11 ( 0.39 5
350 4.09-26.2 3.83 ( 0.54 5

Figure 4. Arrhenius plot for the OH + hydroxyacetone reaction. The
data from this work include measurements where the hydroxyacetone
concentration was determined from the flow from a calibrated reservoir,
as well as measurements where the hydroxyacetone concentrations were
determined by using absorption at 254 nm (see text). The solid line is
a fit to the data reported here.

k ) (1.88 ( 0.75) × 10-11

exp(-545 ( 60
T )cm3 molecule-1 s-1 (II)
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relative to that measured by Orlando et al. at 254 nm (σ254nm )
(5.54 ( 0.1) × 10-20 cm2 molecule-1).8,11 As a result, it appears
unlikely that an error in the measured absorption cross section
at 184.9 nm can account for the factor of 2 difference in the
reported rate constant at 298 K between the measurements of
Dillon et al. and the results reported here and the previous
measurements described above.

Other potential sources of error discussed by Dillon et al.
include reactive impurities or photolysis products of hydroxy-
acetone, such as formaldehyde, that could enhance the observed
rate and affect the observed temperature dependence, although
it appears that these interferences have been minimized through
the use of purified samples and low laser fluences.11 However,
Dillon et al. estimated that it would only take a 10-20%
aldehyde impurity to account for a factor of 2 increase in the
rate constant.11 Dillon et al. did observe nonexponential behavior
in their pseudo-first-order decays of OH at longer reaction times,
which they attributed to secondary production of OH from the
alkyl radical products of the reaction, or from H atoms produced
from the 248 nm O3-CH4 photolytic OH source leading to OH
formation from the H + O3 f OH + O2 reaction.11

Recycling of OH radicals at long reaction times could lead
to an underestimation of the overall rate constant for the OH +
hydroxyacetone reaction. In the presence of O2, Butkovskaya
et al. observed the production of OH radicals from the OD +
hydroxyacetone reaction, resulting in a reported yield of
approximately 10% at 298 K.10 This formation of OH radicals
may be the result of the addition reaction of the CH3C(O)CHOH
radical product with O2 and subsequent decomposition of the
resulting peroxy radical to form OH and either formic or acetic
acid (reactions 3a and 3b). The observed OH yield was
consistent with the observed acid yield.10 Similar measurements
of the OH yield from the OD + hydroxyacetone reaction as
part of this study were unsuccessful due to high concentrations
of OH radicals produced from water impurities in the microwave
discharge. The small production of OH from this mechanism
would lead to slower observed pseudo-first-order decays and a
slower observed rate constant for the OH + hydroxyacetone
reaction. However, kinetic simulations suggest that under the
conditions of the experiments reported here the production of
OH by this mechanism would reduce the observed rate constant
by approximately 10% over the temperature range studied,
which is within the error of these measurements. In addition,
the agreement of the rate constant measured with and without
added oxygen also suggests that this OH recycling mechanism
is not significantly interfering with the measured rate constant,
as the production of OH by reactions 3a and 3b should be slower
under low concentrations of O2.10 As a result, the source of the

discrepancy between the measurements reported by Dillon et
al. with the measurements reported here is unclear.

There have been several theoretical studies of the mechanism
for the OH + hydroxyacetone reaction. A detailed ab initio study
by Gallano found several hydrogen-bonded prereactive com-
plexes corresponding to each product channel, with stabilization
energies ranging from -3.4 to -4.8 kcal/mol relative to the
reactants at the CCSD(T)//BHandHLYP/ 6-311++G(d,p) level
of theory, with the most stable complex corresponding to
reaction 1a.21 Gallano also found transition states energies
corresponding to each channel ranging from -1.1 to 4.4 kcal/
mol, with the lowest energy transition state corresponding to
hydrogen abstraction from the methylene group (reaction 1a).21

Dillon et al. found stabilization energies for the prereactive
complexes ranging from -1.6 to -5.7 kcal/mol relative to
reactants at the CCSD(T)//B3LYP/6-311(d,p) level of theory,
and transition state energies for each channel ranging from 3 to
5 kcal/mol relative to reactants with the lowest transition state
energy corresponding to reaction 1a.11 These theoretical results
are consistent with the product studies by Butkovskaya et al.10

that suggest that the reaction proceeds mainly by hydrogen
abstraction from the methylene (CH2OH) group (reaction 1a).

To provide additional insight into the potential energy surface
for this reaction, the structures of the reactants, hydrogen-bonded
complex, and hydrogen abstraction transition state for reaction
1a were initially optimized at both the B3LYP/6-31G(d,p) and
MP2/6-31G(d,p) levels of theory, and further optimized at the
B3LYP/6-311++G(2d,2p) and MP2/6-311++G(2d,2p) levels
of theory. Single point energy calculations at the MP4(SDTQ)/
6-311++G(2d,2p) level of theory were done on both the MP2/
6-311++G(2d,2p) and B3LYP/6-311++G(2d,2p) optimized
geometries. For simplicity, only the hydrogen-bonded complex
and transition state for hydrogen abstraction from the methylene
group is considered here, as it is the most stable prereactive
complex and will contribute the most to the thermal equilibrium
population. The optimized transition state at each level of theory
was confirmed to correspond to the prereactive complex and
products by following the intrinsic reaction coordinate (IRC)
in both the forward and backward directions in addition to an
analysis of the vector of the imaginary frequency.

The relative energies along with the spin eigenvalues (S2)
for the reactants, prereactive complex, and the corresponding
transition state at the higher levels of theory are summarized in
Table 2. Contamination of the wave function from higher spin
states at each level of theory is minimal, as the expected value
for S2 for each is within 5% of the exact value of 0.750 for a
pure doublet. Frequencies for the reactants, stabilized complex,
transition state, and products were calculated at both the B3LYP/

TABLE 2: Energies, Zero-Point Energies (hartrees), and Zero Point Corrected Relative Energies (kcal/mol) for Hydrogen
Abstraction in the OH + Hydroxyacetone Reaction

B3LYP/6-311++G(2d,2p) MP4/6-311++G(2d,2p)// B3LYP/6-311++G(2d,2p)

energy ZPE S2 Erel energy ZPE S2 Erel

OH -75.76432 0.00848 0.752 -75.61413 0.00848 0.757
HAC -268.46853 0.08900 0 -267.86612 0.08900 0
COM -344.24205 0.10031 0.752 -4.0 -343.49089 0.10031 0.756 -4.9
TS -344.23829 0.09888 0.754 -2.5 -343.48321 0.09888 0.759 -1.0

MP2/6-311++G(2d,2p) MP4/6-311++G(2d,2p)// MP2/6-311++G(2d,2p)

energy ZPE S2 Erel energy ZPE S2 Erel

OH -75.59737 0.00871 0.757 -75.61413 0.00871 0.757
HAC -267.79622 0.09022 0 -267.86635 0.09022 0
COM -343.40451 0.10192 0.756 -5.0 -343.49136 0.10192 0.756 -4.9
TS -343.38799 0.09702 0.778 2.3 -343.47640 0.09702 0.778 1.3
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6-311++G(2d,2p) and MP2/6-311++G(2d,2p) levels of theory,
and these frequencies were used to calculate the zero point
energy (ZPE) at the corresponding level of theory.

As can be seen from this table, the calculated stabilization
energy of the prereactive complex is similar for the higher levels
of theory used in this study, varying from 4.0 kcal mol-1 at the
B3LYP/6-311++G(2d,2p) + ZPE level of theory, to 5.0 kcal
mol-1 at the MP2/6-311++G(2d,2p) + ZPE level of theory.
The optimized geometries for the prereactive complex and
reactants are similar at these levels of theory, and as a result
the MP4(SDTQ)/6-311++G(2d,2p) + ZPE calculated energies
of the complex at the B3LYP and MP2 optimized geometries
are also similar (4.9 kcal mol-1). The zero-point corrected
stability of the prereactive complex calculated at the MP4(SDTQ)/
6-311++G(2d,2p)//MP2/6-311++G(2d,2p) level of theory (4.9
kcal mol-1) is similar to the stabilization energy of 5.68 kcal
mol-1 calculated by Dillon et al. for the same complex at the
CCDSD(T)/6-311G(d,p)//B3LYP/6-311G(d,p) level of theory,11

as well as the value of 4.6 kcal/mol-1 calculated by Galano for
the same complex at the CCSD(T)//BHandHLYP/6-311++G(d,p)
level of theory.21 The results presented here are also comparable
to the value of 4.6 kcal mol-1 calculated for the OH + acetone
reaction at the B3LYP/6-311++G(2d,2p) level of theory.15,22

In contrast, the calculated energy of the transition state relative
to the reactants does depend on the level of theory, ranging

from -2.5 kcal mol-1 at the B3LYP/6-311++G(2d,2p) + ZPE
level of theory to +2.3 kcal mol-1 at the MP2/6-311++G(2d,2p)
+ ZPE level of theory (Table 2). The difference in the calculated
barrier height at the different levels of theory is partly due to
the difference in the B3LYP and MP2 optimized geometries of
the transition state (Figure 5). The B3LYP/6-311++G(2d,2p)
optimized transition state corresponds to a point earlier along
the reaction coordinate, as the distance between the OH oxygen
and the methylene hydrogen is longer (1.790 Å) at this level of
theory compared to that for the MP2/6-311++G(2d,2p) opti-
mized geometry (1.400 Å). Calculated energies for each
optimized transition state and reactants at the MP4(SDTQ)/6-
311++G(2d,2p) + ZPE level of theory varied from -1.0 kcal
mol-1 for the B3LYP/6-311++G(2d,2p) optimized transition
state geometry to 1.3 kcal mol-1 for the MP2/6-311++G(2d,2p)
optimized transition state geometry. The calculated energy of
the transition state of -1 kcal mol-1 relative to reactants at the
MP4(SDTQ)/6-311++G(2d,2p)//B3LYP/6-311++G(2d,2p) +
ZPE level of theory is similar to the value of -1.1 kcal mol-1

calculated by Galano at the CCSD(T)//BHandHLYP/6-
311++G(d,p) level of theory.21 In contrast, the calculated energy
of the transition state of +1.3 kcal mol-1 relative to the reactants
at the MP4(SDTQ)/6-311++G(2d,2p) //MP2/6-311++G(2d,2p)
level of theory is similar to the estimated barrier height of
approximately +3 kcal mol-1 calculated by Dillon et al. at the

Figure 5. A schematic representation of the mechanism for the methylene H-abstraction channel for the OH + hydroxyacetone reaction. Energies
are those calculated at the MP4(SDTQ)/6-311++G(2d,2p)//MP2/6-311++G(2d,2p) level of theory (see text). Both the MP2/6-311++G(2d,2p)
and B3LYP/6-311++G(2d,2p) optimized geometries for the complex and transition state are shown for comparison.
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CCSD(T)//B3LYP/6-31G(d,p) level of theory.11 Similar differ-
ences in calculated barrier heights at different levels of theory
have been seen previously for the OH + acetone reaction. At
the B3LYP/6-311++G(2d,2p) level of theory the calculated
barrier height relative to reactants is -1.1 kcal mol-1.15 In
contrast, the CBS-QB3//B3LYP/6-311G(d,p) transition state
energies for the OH + acetone reaction of Yamada et al.
determined by using the IRCmax method resulted in a barrier
of approximately +2 kcal/mol, similar to the experimental
activation energy.23

An overall barrier height and activation energy for the OH
+ hydroxyacetone reaction that is smaller than that for the OH
+ acetone reaction is not surprising as the energy of the
transition state in the OH + hydroxyacetone reaction is likely
lower than that for the OH + acetone reaction due to the
weakening of the C-H bond in hydroxyacetone from the
presence of the hydroxyl group.11 In addition, entropic factors
may also favor the OH + hydroxyacetone reaction compared
to the OH + acetone reaction, as no rotational degrees of
freedom are lost in the transition state for the OH + hydroxy-
acetone reaction resulting in a higher density of states.11 These
factors can account for the larger rate constant for the OH +
hydroxyacetone reaction compared to the OH + acetone
reaction.11

A schematic of the potential energy surface for the OH +
hydroxyacetone reaction calculated at the MP4(SDTQ)/6-
311++G(2d,2p)//MP2/6-311++G(2d,2p) level of theory is
shown in Figure 5. These energies correspond to H abstraction
from the -CH2OH group (reaction 1a) through the prereactive
complex involving the attractive interaction between the H atom
in the OH radical and the O atom of the hydroxyl group in
hydroxyacetone. Similar to the reactions of OH with acetone,
acetic acid, and nitric acid, the first step of the mechanism
involves the formation of excited OH-HAC* complex which
can dissociate to reform the reactants, react to form the products,
or be collisionally stabilized to form the thermalized OH-HAC
complex. The thermalized complex can be collisionally activated
to form the excited complex or react to form products.15,16,24-27

It is possible that the observed difference in the temperature
dependence reported here at 5 Torr for the OH + hydroxyac-
etone reaction with that observed by Dillon et al. at 60 Torr
may be due to an unusual pressure dependence for this reaction.
Brown et al. observed that the rate constant for the reaction of
OH with nitric acid showed a different temperature dependence
at low pressure compared to high pressure.24,27 This unusual
dependence on pressure and temperature is likely a result of a
competition between the reactions of the excited complex with
collisional stabilization and the reactions of the stabilized
complex with collisional excitation. Additional measurements
of the temperature dependence of the OH + hydroxyacetone
reaction at different pressures are needed to resolve the
discrepancy in the measured temperature dependence for this
reaction.

The observed temperature dependence reported here is also
in contrast to the calculations of Galano, who predicted a
negative temperature dependence for the OH + hydroxyacetone
reaction using conventional transition state theory.21 Although
the room temperature rate constant calculated in this study is
in excellent agreement with the room temperature rate constant
reported here, the calculated negative temperature dependence
likely arises from the assumption that the energy of the lowest
lying transition state is below the energy of the reactants.
However, as discussed above there is a large uncertainty
associated with the barrier height for the lowest lying transition

state, similar to the range of predicted transition state energies
for the OH + acetone and OH + acetic acid reactions.15,16

Clearly additional theoretical calculations are needed in order
to resolve these discrepancies.

Conclusions

Measurements of the rate constant for the OH + hydroxy-
acetone reaction at 298 K and 5 Torr are in excellent agreement
with several previous studies.8,12,13 However, the measurements
reported here are a factor of 2 lower than the value at 298 K
recently reported by Dillon et al.11 A positive temperature
dependence for the OH + hydroxyacetone reaction was also
observed in contrast to the negative temperature dependence
observed by Dillon et al.11 The reasons for these discrepancies
are unclear.

Theoretical calculations of the potential energy surface using
geometries optimized at both the B3LYP/6-311++G(2d,2p) and
MP2/6-311++G(2d,2p) levels of theory, with additional single
point energy calculations at the MP4(SDTQ)/6-311++G(2d,2p)
level of theory, suggest that the barrier for the lowest lying
transition state is between -1 and 1 kcal mol-1. Although this
small barrier height is consistent with the temperature depen-
dence reported here, additional measurements and theoretical
studies are needed to help resolve the discrepancy in the
measured temperature dependence for this reaction. The ex-
perimental results presented here suggest that the atmospheric
lifetime of hydroxyacetone relative to reaction with OH may
be longer than previously estimated, especially at temperatures
relevant to the upper troposphere.
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