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Abstract. Recent theoretical calculations showed that re-1 Introduction

action with HQ could be an important sink for acetone

(CH3C(O)CHs) and source of acetic acid (GB(O)OH) Acetone, CHC(O)CH;, is emitted by vegetation, biomass
in cold parts of the atmosphere (e.g. the tropopause reburning, the oceans and industry-a85 Tgyr* (Jacob et
gion). This work details studies of HO+ CH3C(O)CHs  @al., 2002). The long lifetime of C§C(O)CH; near the sur-
(CH3)>C(OH)0OO0 (R1) in laboratory-based and theoretical face allows for transport out of the boundary layer (Atkin-
chemistry experiments; the atmospheric significance of Reson and Arey, 2003). In the cold, dry upper troposphere
action (R1) was assessed in a global 3-D chemical model(UT), CH3C(O)CHs photolysis may be an important initia-
Pulsed laser-kinetic experiments were conducted, for thdor of free-radical chemistry, leading to generation gfadd
first time, at the low-temperatures representative of theOH, the primary oxidant in the troposphere (Arnold et al.,
tropopause. Reaction with NO converted 440 OH for de- ~ 1986; Singh et al., 1995; McKeen et al., 1997; Wennberg
tection by laser induced fluorescence. Reduced yields of OHet al., 1998; Arnold et al., 2005). It was recently proposed
at T < 220K provided indirect evidence for the sequestra- (Hermans et al., 2004) that reaction with H(R1) initiates
tion of HO, by CHsC(O)CHg with a forward rate coefficient ~ degradation of CEHC(O)CH in the UT.

greater than % 10~12cm® molecule? s~1. No evidence for CH3C(O)CHz+HOz+M = (CH3),C(OH)O0+M  (R1)
Reaction (R1) was observed At> 230K, probably due to

rapid thermal dissociation back to H® CH3C(O)CHs. Nu- Using quantum-chemical and statistical rate calculations,
merical simulations of the data indicate that these experiHermans et al. (2004) studied the (R1) equilibrium (in real-
ments were sensitive to only (R1a) H@H3C(O)CHs com- ity an association and rearrangement), and derived an over-

plex formation, the first step in (R1). Rearrangement (R1b)all K1(T) = 7.8 x 10-28exp(7180r). The finer mecha-
of the complex to form peroxy radicals, and hence the atmo-istic details of the two-step (R1) process are unimportant
spheric significance of (R1) has yet to be rigorously verifiedwhen assessing atmospheric impact, but can lead to compli-
by experiment. cations in interpretation of laboratory data. The first4-1O
Results from new quantum chemical calculations indicateCH3C(O)CHs complex formation step (here denoted R1a),
that K1 is characterised by large uncertainties of at least arwvas identified in the theoretical calculations of first Aloisio
order of magnitude al’ < 220K. The large predicted val- and Francisco (2000) and then Hermans et al. (2005); exper-
ues from Hermans et al. lie at the top end of the range ofimental evidence for the (R1a) equilibrium has recently been
values obtained from calculations at different (higher) levelspublished by Grieman et al. (2011)

of theory. Atmospheric modelling studies demonstrated thatCH3C(O)CH3+ HO, = HO,eCH3C(O)CH3 (R1a)
whilst (R1) chemistry may be a significant loss process for
CH3C(O)CH; near the tropopause, it cannot explain obser-HO,eCH3C(O)CH3 = (CH3)>,C(OH)OO (R1b)

vations of CHC(O)OH throughout the troposphere. _ .
The complex is a 7-membered ring structure whereby HO

is bound between the carbonyl group and an H from a methyl
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group of CHC(O)CHs. Concerted addition of the termi-
nal O of HG to the carbonyl C, and H-atom transfer from
HO, to the carbonyl O (R1b) completes (R1). Hermans et
al. (2004) report that al' < 220 K, (R1) proceeds rapidly
(k1 > 1 x 10~ 2 cm® molecule ! s~1) with formation of sig-
nificant quantities of (Ch)2C(OH)OO as the reverse reac-
tion is slow ¢_1 <20s1). CH3C(O)CHs degradation is
completed by subsequent reactions of §E€(OH)OO. In
the UT this is mainly with NO (R2) and to a lesser extent
HO, and other radicals.

(CH3)2C(OH)OO+NO — (CH3)2C(OH)O+NO,  (R2)

The key features of (R1-R2) chemistry of interest in the
atmosphere or in this work are depicted on Fig. 1.

Using typical tropopause conditions &f= 200K, [OH]
=6 x 10°, [HO,] = 2.5 x 10’ and [NO] = 4 x 10°
molecule cnt3, Hermans et al. (2004) calculated an ef-
fective CHsC(O)CHs removal rate via Reactions (R1) and
(R2) of 6x107s™l. The predicted product of (R2),
(CH3)2C(OH)O, would decompose to form acetic acid
(CH3C(O)OH), and CH radicals which are converted to
HO, and HCHO. Following the well-characterised degrada-
tion of HCHO into HGQ the overall result of (R1) initiated
acetone degradation is therefore H@roduction (net +0.6
HOy per CHC(O)CHs destroyed, assuming UT chemistry
not NO limited). The loss of acetone via (R1-R2) was thus
predicted to compete with photolysis (R3, net + 3.2,HO
and reaction with OH (R4, net +1.2 HD

CH3C(O)CHz +hv — CH3z+ CH3CO (R3)

OH+ CH3C(0O)CH3 — CH2C(O)CHsz+H,0 (R4)

Large uncertainties remain however, and it is unclear%3x 10-16

which of (R1), (R3) or (R4) is the principal process for

CH3C(O)CH; degradation, and subsequent radical produc-

tion in the UT. Whilstk4(T) values are reasonably well-

established (Wollenhaupt et al., 2000), the Reaction (RS)Hoz

: Does acetone react with H@in the upper-troposphere?
(CH),C(OH)0, “T3>  CH,+ CH.C(0)OH
A (RIb)
HO,~CH,C(0)CH, -0, HOONO
CHCOCH, i3 + CH,C(O)CH,
+CH,C(O)CH;| (Rla)
HO,
+NO | (R8)
OH

Fig. 1. Depiction of the chemistry described in this manuscript. Re-
action with NO (RS, in red) was used to convert {@ OH for
detection by LIF in these laboratory experiments (Sect. 2.1). Com-
petition from HQ + CH3C(O)CHs leads to reduced OH yields,
from which kinetic and thermodynamic parameters for (R1) were
derived (see Sect. 3.1). Note: these experiments did not differenti-
ate between the reactions of atmospheric interest (R1-R2, in black)
and an alternative removal path for HCR1a followed by R12, in
green), important only in the laboratory.

value of K1(298 K) = 3.2x 10~ cm® molecule’?, nearly
two orders of magnitude smaller than reported by Hermans
et al. (2004). Cours et al. (2007) used quantum-chemical
methods to calculate different (from Hermans) intermolec-
ular geometries for the HEOCH3C(O)CH; complex, con-
siderably smaller forward rate-coefficients (200-298 K)
cm®molecule1s1), and consequently small
values for K1 at aroundT = 210K to indicate that (R1)
has no atmospheric relevance. Whilst differing in impor-
tant details, the results of all three studies indicate that
-CH3C(O)CHg interactions are inefficient at aroufid=

photolysis quantum yields recently reported by Blitz et 5qq K, in agreement with the only available laboratory inves-

al. (2004) are considerably smaller than earlier measure;
ments (Gierczak et al., 1998); the discrepancy is particu-k(298 K)<8x 10

larly large & an order of magnitude) at the low tempera-
tures of the UT. Meanwhile C4#C(O)CH; degradation via
(R1) has yet to be experimentally verified, and theoretical
estimates for the equilibrium constakt (the crucial pa-
rameter for assessing atmospheric impact) differ widely. In

igation by Gierczak and Ravishankara (2000), who reported
6cmP moleculets™t. The work pre-
sented in this manuscript details the first laboratory studies to
investigate H@-CH3C(O)CH; interactions at low tempera-
tures characteristic of the tropospause, together with new the-
oretical calculations on the (R1) equilibrium. The potential
for (R1) to impact on the chemistry of the upper-troposphere

a second publication (Hermans et al., 2005) demonstrate%as assessed in a global 3-D chemical model
that their calculations reproduced experimental results for '

the analogous reactions of H@ith HCHO (Veyret et al.,
1989) and CHCHO (Tomas et al., 2001). Hermans et

al. (2005) nonetheless acknowledged that their prediction® Methods

for (R1) still await experimental verification. From thermo-

chemical calculations (Benson, 2001) had previously iden-Sections 2.1 and 2.2 below present respectively the experi-
tified a stepwise addition and rearrangement mechanism fomental and the atmospheric modeling methods used in this
(R1), with the group additivity method used to estimate awork. Details of the quantum chemical methodology used to
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assess the uncertainties k1 (7)) are presented in the Sup- Precursor concentrations were determined optically by

plement. absorption ath =1849nm in a 43.8cm absorption cell
_ located downstream of the reactor (Dillon et al., 2005).
2.1 Laboratory experiments Literature values foroigsnm (CH3C(O)CHg)= 3.01 x

_ o 1018 cn? molecule (Gierczak et al., 2003) andgsnm
The experiments detailed in this work used Pulsed Laser PhO(CH3OH) — 6.65 x 10-cnm?molecule (Dillon et al.

tolysis (PLP) reaction initiation coupled to pulsed Laser In- 2005) were used to determine [@E(O)CHs] and [CHsOH]
duced Fluorescence (LIF) detection of OH. The experimen- ;o the Beer-Lambert law. Values of [NOJ, [8) [O2] and

tal set-up has been published previously (Wollenhaupt et al.[N ,] were calculated to an estimated accuracy:-a6 % from

2000; Dillon et al., 2006), and is described only briefly here. 1, or cylinder partial-pressures, calibrated mass-flow rates
Experiments were conducted in a 500°jacketed quartz and measurements @fand P. Total gas flow rates of 500—

reactor. Temperature was controlled by the circulation of 21000 cn? (STP) min ! ensured that a fresh gas sample was
cryogenic fluid through the outer jacket, and monitored with available for photolysis at each pulse.

a J-type thermocouple to an estimated accuraey2K. Re- Chemicals: liquid samples of GE(O)CHs
action was initiated by an excimer laser operating at 351 nm(Merck> 99 é%) and CHOH (LS Labor> 99.8%)
(XeF). Jge flrequency—do%btled eqnsizgn fr_oT a )’\(‘S}[YAG were subject to repeated freeze-pump-thaw cycles; NO
pumped dye laser was used to excite theAv = 1) < (Linde) was distilled by repeatedly removing the light

i(ggjﬁ)érgéééﬁ)cter?rgsrg%nHo\fvS: daettsftiggb)?/ znghzg?nrjlfilglﬁ-erbOiling fractions at 77 K and discarding the frozen residue as
. 0,
tube, which was shielded by 3@95 nm interference and BG the sample warmed; Nand G (Messer 5.0, 99.999 %), and

. o i .

26 (glass cut-off) filters, Cl, (Linde 2.0% in He) were used as supplied.
HO, was generated following 351 nm photolysis of G-

ing well-established Cl-atom chemistry (R5—R7). Laser flu-

2 . . . . _
ences ng mJ cnt were used in conjunction with [@ll= 115 general circulation model for atmospheric chemistry
1 x 10"*molecule cm® to generate an estimated initial chlo- ECHAMS/MESSy1 (henceforth EMAC), éikel et al.

2.2 Atmospheric modelling

B . 1 3

rine atom concentration of [C5 x 10 molecule cn3. 2005, 2006) was used to investigate the impact of (R1),

Cly+hv(351nm — 2Cl (R5) with particular focus upon C§C(O)CHz degradation and
CH3C(O)OH formation. EMAC was used with T42 spec-

Cl+4CH30OH — CH;OH+HCI (R6)  tral resolution, corresponding to 2.8 2.8 at the surface.

The vertical resolution was 90 layers, of which about 25
were located in the troposphere. The model dynamics was
Reagent concentrations, typically [gBIH] = 5x 104  weakly nudged (Jeuken et al., 1996; Lelieveld et al., 2007)
and [3] = 4 x 10 molecule cn were chosen such that CI  towards the analysis data of the ECMWF operational model
was converted within 50 us and at 97 % yield to A@hese  (up to 100 hPa) in order to realistically represent meteorol-
experiments did not employ direct H@etection, but relied 0gy in the troposphere. Important changes were made to
on its conversion to OH by the presence of NO at concentrathe model to account for recent improvements in the ki-
tions of (1-3)x 10" molecule cn3. netic/photochemical database for reactions ogCHD)CHg
and CHC(O)OH. Quantum yields for C¥C(O)CHz pho-
HO2+NO — OH+NO, (R8) tolysis were based on results from Blitz et al. (2004) as pre-
In the absence of C§C(O)CHg, the observed LIF profiles  ferred by IUPAC (Atkinson et al., 2006). In addition, rate
were therefore characterised by the formation of OH (R8,coefficients for CHC(O)OH formation and loss processes

~1 ms) followed by its slow decay via (R4) and (R9-R10). Wwere updated (see Table 1) to reflect recent laboratory data
on the reaction of H@with acetylperoxy radicals (Hasson et

OH+CHsOH— CH20H+H0 (R9) al., 2004; Dillon and Crowley, 2008; Jenkin et al., 2008) and
OH+NO+M — HONO+M (R10) several recent studies of the OH + gE(O)OH reaction, see
IUPAC (2011) and references therein.

CH3C(O)CH; was added in concentrations of up to
1.6x 10 molecule cnm? to this photolysis mixture. The
competition (see Fig. 1) between @E(O)CH; and NO for 3 Results and discussion
reaction with H@, and the impact upon observed yields of
OH, was used to derive kinetic parameters for (R1). Analy-Section 3.1 details the results from the laser-kinetic
sis of these experimental OH profiles was assisted by use dhboratory-based study of (R1), including derivations of
numerical simulation using the FACSIMILE program (Cur- a lower-limiting forward rate coefficient af = 207 K. In
tis and Sweetenham, 1987) using an appropriate chemicabect. 3.2 we present a discussion of the sensitivity of these
scheme (see Sect. 3.1.2). experiments and calculations. Section 3.3 details results

CH,OH+ 0, — HO, +HCHO (R7)

www.atmos-chem-phys.net/12/1339/2012/ Atmos. Chem. Phys., 12, 13354, 2012
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Table 1. Modifications to the chemical scheme used in the modelling studies.

Reactions included in SR1 (& SR2): k*

CH3C(O)OH + OH— CH30, 4.0x 1014 exp(8501")
CH3C(0)O; + HOp — CH3C(O)OH 0.41x5.2x 1013 exp(9801)
CH3C(0)0; +HOp — CH3C(O)OH 0.15¢5.2x 10713 exp(9801")
CH3C(0)O; + HOp — CHgO, + OH 0.44x5.2x10~13 exp(9801")
CH3C(0)0; + CHgO, — HCHO + HO, + CH30, 0.9x2x 1012 exp(5001)
CH3C(0)0; + CH305 — CH3C(O)OH + HCHO 0.%2x 10712 exp(5001")

CH3C(0)0; + CoH505 — 0.82CH0, + CH3CHO + 0.82 HG + 0.18 CHC(O)OH  4.4<1013 exp(10707)

Reactions only included in SR2:

HO, + CH3C(O)CHz — (CHz3)»C(OH)0O0 (R1) 5.k10 15 exp(1335.1")
(CHg)2C(OH)OO—HO, + CH3C(0)CH; (R-1) 6.5¢< 1012 exp(~4750/r) s~ 1
(CH3)2C(OH)O0 + NO— CH30, + CHzC(O)OH + NG, (R2) 2.7 10712 exp(3601")
(CH3)2C(OH)OO + HQ — (CH3)2C(OH)OOH + G (R13) 4x1011

* k in units of cn® molecule 1 s~1 unless stated otherwise; values taken from the IUPAC evaluations of Atkinson et al. (2004, 2006) and (for SR2) Hermans et al. (2004).

from incorporation of the largest published (Hermans et al., F ]
2004) values fok, (T) andK1(T) into a global 3-D chemical 04 P 125
model. — e oy ]

3.1 Results from laboratory studies

Evidence for reaction was only observed at the lowest tem-
peratures. Fairly complex chemistry controlled the OH pro-
duction and loss depicted in the OH profiles. Numerical
simulations (see Sects. 3.1.2-3.1.3 below) were therefore
used to obtain best estimates for experimentally derived rate 01l
(k1exp and equilibrium K1exp) constants, and to identify I
these quantities with either HACH3C(O)CH; complex for- g
mation (R1a) or the overall (R1) process. ol
0 500 1000 1500 2000
3.1.1 Evidence for reaction between H@and t/us
CH3C(O)CHz at T <230K

LIF Signal / arb.

Fig. 2. OH LIF profiles recorded following H® generation (R5—

In back-to-back experiments where unchanged reagent Corr7) in the presence of NO (1.0 molecule cn3) at 207 K and
centrations and laser fluences were used, time-resolved OB5 Torr. Black squares are data with [E(O)CHg] = 0; the black
LIF profiles were recorded prior to and following the ad- solid line is the numerical simulation used to calibrate the LIF sig-
dition of CH3C(O)CHs. Figure 2 displays a pair of typi- nal response. Blue circles are datapoints with §CkD)CHs] =
cal profiles recorded following generation of HQR5-R7)  7-5x10*molecule cnt3, and are associated with three numerical
in the presence of excess [NOJ] = 5.0 molecule cnt3 simulations: simulation using published theoretical valudg @ind
at T = 207 K. In the absence of GJ&(0)CH; (square dat- I_(l from (Hermans et a!., 2004) are depicted as the red dot—dashed
apoints), OH was formed on a timescake500 {is) con- line; the green dottgd Ilne.represemls— 0; the blue dasheq !lne

b . L . represents a simulation usikg1 =0 and a forward rate coefficient
sistent with the kinetics of HO®+ NO (R8). The cir- X _ 12 o3 1.1

. . 1(207 K) = 2x10~~“cm® molecule = s~ .

cles were recorded following addition of [GB(O)CH;] =
7.5x 10" molecule cn®, and are characterised by a dra-
matic reduction in the OH LIF signal. Such a change in . ) )
OH makes sense if G#€(0)CH; efficiently competes for the ~ impact of (R1-R2) if we are to obtain a reasonable estimate
HO,, so reducing the amount available for conversion (R8)for the efficiency of the HQ-CH3C(O)CHg interaction.
to OH. There are however a number of physical and chem- The effect of CHC(O)CHs upon physical processes
ical processes by which GE&(O)CH; may perturb the LIF  was assessed previously (Dillon and Crowley, 2008).
signal in these experiments; these must be isolated from th&lo changes to LIF intensity were observed following
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addition of CHC(O)CH; at concentrations up to 05
4 x 105 molecule cn®, demonstrating that changes to
fluorescence yields and/or detection efficiency of OH were
negligible. The changes in LIF signal observed in Fig. 2
therefore directly reflect changes to OH production and
loss chemistry due to G3C(O)CHz. Other parameters
such as photolysis/probe laser fluence and reagent concen-
trations were unchanged. Data obtained in the absence of
CH3C(O)CH; may thus be used to calibrate the experiment.

A semi-quantitative analysis of the data presented in Fig. 2
may be made by consideration of first-order rate constants
for HO2 removal (assumed equivalent to the observed OH
formation rate) and ignoring the thermal decomposition of ]
the product peroxy radical (settifg.; =0). In the ab- o0
sence of CHC(O)CHs, HO, is removed by reaction with 0 500 1000 1500 2000
NO at a rate ofcg[NO] = 2000s ! (useskg(200—400K) = t/us
3.45x 10~ 12exp(270r") cm® molecule 1 s~1 (Atkinson et

al., 2004). As a first approximation we attribute all £y 3 oOH LIF profiles recorded following H9 generation in the
of the reduction in observed OH~@0%) to the im-  presence of NO (1.6 104 molecule cnt3) at 228 K and 85 Torr.
pact of CHC(O)CHs via (R1). To compete with (R8), Black square datapoints were obtained with ECHO)CHs] = O;
the CHC(O)CH; must sequester HOat a rate given by the black solid line is the associated numerical simulation used to
k1exdCH3C(O)CHg] of several hundreds persecond, imply- calibrate the LIF signal response. Blue circles depict data obtained
ing that k1ex(207 K)> 1 x 10-22cm® molecule* st A at [CH3C(O)CHg] = 1.0 x 10®molecule cn3 and are associated
series of such back-to-back experiments was conducted’,"ith three numerical simulations. Results from simulations using
and the LIF signals observed were in inverse proportion totheoretical values ofy apdk_l from Hermans gt al. are depicted
[CH3C(O)CHg], indicating that this result is robust. Details 2S the red dot-dashed line. The green dotted line representd
of the experimental conditions used in these and other exglndlstlngwshabl_e fr_om simulations using pare_lmeters from, Cours

. . . ._“etal., 2007). As indicated by the blue dashed line, the data could be
periments are listed in Table 2. Note that an gxact analytlcafeasomIbly well reproduced using much smaller valuek pfsee
treatment of these datasets was not appropriate, as OH presecy 31 ).
duction did not commence at=0 (there is a short delay
whilst the precursor H®is generated).

Experiments conducted at somewhat higher temperatureg.1.2 Numerical simulations of the (R1) data
were characterised by much smaller changes in OH. For
example, Fig. 3 displays a typical pair of OH profiles ob- Numerical simulation of kinetic data using the FACSIM-
tained at’ = 228 K, wherein the addition of [C4C(O)CHs] ILE program (Curtis and Sweetenham, 1987) was used
= 1 x 10*®*molecule cn® resulted in an approximate 15% to assess the reactions of @E{O)CHs with the radicals
reduction in LIF intensity. Whilst some of this change in OH CI, HO, and OH. Experimentally determined values @f
could be due to (R1), the addition of GH(O)CHs to there- T, [CH3C(O)CHs], [CH30H], [NOQ], [O2], [CI>], together
action mixtures does impact on OH via other chemical pro-with calculated [CI] were used to initialise the simulations.
cesses, e.g. by removing OH directly (R4), or the precursofTable 3 lists the reactions and rate coefficients used to
Clradicals in (R11). simulate the kinetic behaviour of [CI], [H§ [OH] and
[(CH3)2C(OH)OO0]. The first task was to simulate the sim-
ple chemistry that occurs in the absence of3CKD)CHs.
In summary, the observations presented in Figs. 2-3 projl'he results of one such simulation are displayed as the black,

vide some evidence for the theoretical predictions of Her-S0lid line passing through the square datapoints on Fig. 2.

mans et al. (2004) of a significant forward rate coefficient 1€ OH production and loss processes are reasonably well-
with k1(200-210 K)~3 x 10-2cm® molecule 1 s~! and a characterised, and these datasets obtained in the absence of

strongly temperature dependent reverse process (R1). THeHsC(O)CHs were therefore used to define the LIF sensitiv-

lower limiting forward rate coefficient is clearly not consis- 'Y (fixing the relative positions of the LIF and [OH] y-axes
tent with the much smallet; ~ 10-16 cm? molecule L 51 on Fig. 2). The impact of any non-(R1) related effects of
predicted by Cours et al. (2007). To isolate and quantify the2dding CRC(O)CH may be identified in simulations us-
effects on observed OH that were attributable to (R1), andnd 1= 0 (the green dotted line on Fig. 2). This simula-

hence better constrain our estimatescand K, numerical tion (indistinguishable from simulations using valueskef
simulations of the datasets were conducted. and K7 from Cours et al., 2007) clearly underestimates the

impact of [CHC(O)CHg] = 1 x 10> molecule cnt2 on the

= =
o ~
T

LIF Signal / arb.
HO] /10" molecule cm?

=

—_
=
wn

Cl+ CH3C(0)CH3z — HCI+ CH3C(O)CH> (R11)
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Table 2. Experimental conditions and estimatiegxpand K 1exp parameters.

TIK  PfTorr [CHZOH? [NOJ® [0z]% [CH3CO)CH® nP  kf Kiexp

207 25 4.7 1.5 440 0,0.9-7.5 7 2.0 n/a
210 25 4.6 15 430 0,0.6-7.4 8 1.3 83
215 25 45 1.4 420 0,1.8-7.1 6 0.7 59
220 85 8.2 1.4 570 0,4.4-16.2 5 0.4 19
228 85 10.0 2.4 530 0,4.9-17.2 6<0.2 7.5

235 85 16 2.6 900 0,2.9-14.5 5 n/a n/a
273 85 17 3.3 450 0,2.6-12.4 6 n/a n/a
298 85 16 3.0 410 0,2.4-11.3 6 n/a n/a

2 all reagent concentrations in units of*fanolecule cn3; ® » = number of experiments at different [gB(O)CHs]; € lower limits tokq xp/10~22 cm® molecule™ s~1 calculated
assuming_3 =0; K1expin units of 10717 cmB molecule! estimates obtained by numerical simulation (see Sect. 3.1.3 for details).

observed OH profile (the blue circles), suggesting a good exThe black, solid line again represents a simulation with
perimental sensitivity, and that GB(O)CHs does indeed in-  [CH3C(O)CHg] = 0, which reproduced the experimental data
teract strongly with HQ at this temperature. Note that the well and was therefore used to fix the relative positions of the
small differences in the simulations with [GB(O)CH;] =0 LIF and [OH] y-axes. The results obtained in the presence of
(black solid line), and th; = 0 green, dotted line were prin- CH3C(O)CH; at T = 228 K could be simulated reasonably
cipally due to an increased OH removal rate via reaction withwell using k1exp=0 (e.g. the green dotted line on Fig. 3),
the added acetone (R4), and to a lesser extent scavenging demonstrating that within the experimental scatter, little or
the Cl precursor (R11). no interaction between HCand CHC(O)CH; was evident.
Data simulations incorporating (R1) chemistry (see Fig. 1)Similar re_sul_ts were obtaineq at all higher temperatures_(see
were less straightforward, with three crucial parame_Table 2), in line with the earlier experimental study by Gier-
ters k1(T), K1(T) and ko(T) to be estimated for sim- CZaK aljd Ravishankara (2000) who observed no reactive loss
ulation at each experimental temperature (207-298 K)Of HOz in the presence of C4€(O)Chs at 298 K.
There are to date no theoretical or experimental stud- In an investigation such as this, where numerical simula-
ies of (R2), (CH),C(OH)OO + NO, in the literature. tions were used to analyse the experimental data, there were
In this work, we have therefore adopted the expressiorseveral potential sources of error. Systematic uncertainties,
k2(200-300K) = 2.% 10 12exp(3600"), listed by Atkin-  both experimental and from the literature/estimated rate co-
son et al. (2004) for the reaction of NO with another efficients used for simulations almost certainly outweigh any
Cs peroxy radical, CHCH(O,)CHs. For the simula- experimental scatter (see Figs. 2-3). We estimate that im-
tions presented in Fig. 2 this expression give¢207K)  portant contributions derive from uncertainties {2in the
= 1.5x 101 cm® moleculets~1, which as Hermans et following parameters+5% in [CH3C(O)CHs]; £15% in
al. (2004) noted is the value reported for a number of per{NOJ; £ 2 Kin T; & 50% inkz ; 20 % inkg. Propagation
oxy + NO reactions at arounfl = 200K. Initial values of  of these potential sources of error does not however allow
k1(207 K) = 3.2x 10~ 2 cm® moleculet s~ and K1(207 K) us to reconcile the observed OH profiles with the theoretical
= 9.1x 107 B cm3 molecule! were taken from the calcu- predictions of Hermans et al. for the overall (R1) process
lations of Hermans et al. (2004). The resulting simulation (see e.g. the red dot-dash line on Fig. 3). Different chemical
of the data in Fig. 2 is displayed as the red, dot-dashedscenarios were therefore considered in an attempt to explain
line. This simulation slightly overestimates the impact of the experimental observations, and identify the processes in-
CH3C(O)CHs on the observed OH (blue circle datapoints). volved (R1 or just R1a).
A lower-limit k1exy(207 K) > 2 x 10-*2cm® molecule st
was obtained from a series of similar such simulations 0f3.1.3 Simulations varyingk1(T), K1(T) and k(T)
all the T = 207K data in which the dissociation process
(R1) was neglected. This and similar experimentally derivedsimylations using FACSIMILE were constructed whereby
lower limiting values ofk1exp(T) are listed in Table 2. different values oky(T), K1(T) andkx(T) could be tested
A similar methodology was used to simulate tliie= alongside the basis set of reactions listed in Table 3. As
228K data displayed in Fig. 3. In contrast to results ob-regardski, some constraint is provided by the lower-limit
tained at lowerT, there is little difference between the obtained at7 = 207 K. Considerably smaller values bf
data obtained without C¥C(O)CH; (black squares), and at were required to adequately simulate the data at higher tem-
[CH3C(O)CHg] = 1.0x 10 molecule cmi® (blue circles).  peratures if Herman&1(7) was used. Atl' = 228K for
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Table 3. Chemistry used in numerical simulations (Sect. 3.1.2).

Reaction

K2 RefP

Basic chemistry (used in all simulations):

Cl + CH30OH — CH,OH + HCI (R6)

Cl + CH3C(O)CH; — CH>C(O)CH; + HCI (R11)
CHy0H + O - HCHO + HO, (R7)
CH>0OH + Cb — CI + CICH,OH

NO + HO, — OH + NGO, (R8)

HO + HO» — HO) + Oy

HO, + CH30OH — HO»-CH30H
HO,-CH30H — HO, + CH30H

OH + CH3OH— CH,0H + H,O (R9a)
OH + CHzOH— CH30 + HyO (R9b)

OH + CH3C(O)CH; — CH,C(O)CHz + Ho0O (R4)
OH + NO + M— HONO + M (R10)

OH + HOy - HoO + O

CH,C(0)CH; + Op — O2CH,C(O)CH;
02CHC(0)CH; + NO — OCH,C(O)CHg
OCH,C(O)CH; — CH3CO + HCHO
CH3CO + O, — CH3C(0)O,

CH3CO + O, — OH

CH3CO + Ch — CH3C(O)Cl + Cl
CH3C(0)O, + NO — CHz + COy + NOy
CH3+02+M — CH30, + M

CHgz + Clp — CH3Cl + Cl

CH305 + NO — CH30 + NO,

CH30 + O - HO, + HCHO

CH30 + NO— HNO + HCHO

1.4x10~10 exp(—280/T)
1.5¢10~ 11 exp(-590/T)
5.6<109 exp(~1700/T)
2.7x10711

3.6<10 12 exp(2701)
2.2x 1013 exp(6007) + 1.9x 10733 [M] exp(980/T)

2.8x10~15 exp(18007) Christensen et al. (2006)
1.15¢<10%0 exp(-26981T) Christensen et al. (2006)
0.856.67x 101872 exp(1407) Dillon et al. (2005)

0.15x 6.67x10~1872 exp(140r) Dillon et al. (2005)

8.8<10 12 exp(—1320/T) + 1.7x 10~ 14 exp(423r)

kg = 7.4x1073Y(T/300)24 [N5], koo = 3.3x10~11(7/300)9-3; F; = 0.81
4.8x10~ 1 exp(250r)

7.2x10 13 exp (1301)

2.8x 10712 exp(3001")

>5x10"s71 Orlando et al. (2000)

0.95x 5.1x10" 12 ataroundr =213 K  Carretal. (2011)

0.05x 5.1x10"12 at aroundr =213 K  Carr et al. (2011)

2.8<10~ 1 exp(-47/T) Maricq and Szente (1996)
7.5x 1012 exp(290r)

kg = 1x10730(7/300)733 [N], koo = 1.8 x 10~12(7/300)-1

4.79¢10~12 exp(~240/T) Timonen (1988)

2.3x1012 exp(3601)

1.9x10°15

2.3%10°12(7/300) 07

Nesbitt et al. (1988)

CH30 +NO + M— CH3ONO + M 2.6x10729 (T/300)28[M]

(R1) and related chemistry

HO, + CH3C(O)CHz — (CH3)2C(OH)OO (R1) k1(T), varied This work
(CH3)2C(OH)OO— HO, + CH3C(0)CH;s (R1) k_1(T), varied This work
(CH3)2C(OH)OO + NG~ CHgz + CH3C(O)OH + NG (R2) ko(T), 2.7 x 10~12 exp(360I), varied estimate, see Sect. 3.1.2
(CH3)2C(OH)O0 + HG — (CH3),C(OH)OOH + & (R13)  4x10711 estimate

HO, + CH3C(O)CHz — HO»-CH3C(O)CH; (R1a) k1a(T), varied, see Sect. 3.1.3 Aloisio and Francisco (2000)
and Hermans et al. (2005)

Aloisio and Francisco (2000)
and Hermans et al. (2005)

HO,-CH3C(O)CHz + NO — CH3C(O)CHz + HOONO (R12) k1o(T), 2.7 x 1012 exp(360r), varied  estimate, see Sect. 3.1.3

HO,-CH3C(O)CHz — HO, + CH3C(O)CH; (R1a) k_14(T), varied, see Sect. 3.1.3

% in units of cn® molecule ! s=1 unless stated otherwisRyvalues taken from (IUPAC, 2011) unless stated otherwise.

example, a reasonable reproduction of the data was obthese constrained values bf, and varyingky within gen-
tained usingkiexp= 0 (green, dotted line in Fig. 3), or up erous uncertainty limits of up to a factor of three were not
to 4x 10 cm*moleculels~1. Such a strong tempera- able to reproduce th& =228 K data. In practice therefore,
ture dependence for the forward association process does notders-of-magnitude larger values kf; were required to
seem reasonable. The temperature dependence of an eqaidequately reproduce the experimental observations.
librium constant for such an association reaction is usually ) _ )

dominated by the barrier to the dissociation process (e.g. EXPerimentally constrained estimates Biexp(7) were
R1). All experimental datasets were therefore simulategOPtained by using thelznormallsed upper-limit values of
using k1 (T) = 3.3 x 10~ Y5exp(13357") cm® molecule 1 s~1 k1(T), k2(T) = 2.7x 10~ <exp(360I') as described above,

from Hermans et al. (2004) with the pre-exponential fac-@nd by manually adjusting_; until the data atT =
tor scaled to yield our lower limit value okie = 210, 215, 220 and 228K was best produced by simula-

2x10-2cmP molecule ! s~1 at 207 K. Simulations using tion. For example, the dash_ed blue line on Fig. 3 repre-
sents a reasonable reproduction df & 228 K dataset (the
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blue circles) usingk; = 1.1 x 10~ *2cm® molecule1s1, T /K
ko =1.3x 107 cmP molecule s and a value fork_q 300 250 200

-12 7 T T

of 15000s1. We can then calculate a value for the L e P
equilibrium constant 0K 1ex(228 K)= k1exgk—1exp= 7.5 % " e

1017 cm® molecule® via this method. It was possible to N i e N
obtain values for the equilibrium constant at four tempera-

tures below 230 K, which are listed in Table 2 and displayed
in van't Hoff format in Fig. 4. Also displayed on Fig. 4 are
lines representing1(7T) values from Hermans et al. (2004)
and Cours et al. (2007), neither of which are well-reproduced
by the results from this work. Striking however, is the coinci- e e
dence of the equilibrium constants derived in this work, with A

the predictions forkK15 from Aloisio and Francisco (2004), 0k g -
and the recent experimental determinations from Grieman et 35 40 45 50
al. (2011). The experiments presented in this work would be 1000/ T

sensitive t0K 14 if the forward reaction rate coefficiety

is similar to or greater than that used in the simulations, andkjg 4. van't Hoff plot used to compare determinations kf

if the resultant complexes can be irreversibly converted toand k;,). The red dot-dashed line and green dotted lines de-
other products. To address the first point, whilst there arepict the (R1) results from Hermans et al. and Cours et al. respec-
no literature values foki, available, a rate coefficient of tively. Also displayed are results for (R1a): from Aloisio and Fran-
k1a(200-230 K)>2 x 10~ 2cm3 molecule! s~ is reason-  cisco (2000K15(200-300 K) = 1.25¢ 10~2° exp(6790I") cm®

able for formation of such weakly bound complexes. By way Molecule™® (the black dashed line); from Hermans et al. (2005)
of comparison Christensen et al. (2006) measured forward<1a(200-300 K) = 1.25¢ 1029 exp(72487) cm® molecule™*

rate coefficients of around s110-1cn® molecule s~ (the purple dot-dashed line); and recent experimental results (green

. triangles) from Grieman et al. (2011). The blue square datapoints
for the equivalent HQ-CH3OH complex at such temper- . . X
atures, whilst a similarly large capture rate for OH by depict results from this work, which appear to descibg(T).
CH3C(O)CH; was reported by Talukdar et al. (2003). Note
also that at7 = 207K, a forward rate coefficient of at (k = 1.3 x 100 cnmPmoleculels! at around 220K).

least 2x 10~*2cm® molecule ' s™* was determined in this  \ypilst such simulations using (R12) adequately reproduced
work, and such processes are rarely, if ever, characterizefq sjze and shape of the observed OH profiles recorded at
by a strong temperature dependence. The complex is prey . 297K, we note that no literature data is available for
dicted to be short-lived, rapidly decomposing back t02HO ., A necessarily detailed experimental or theoretical in-
+ CH3C(O)CH; (or indeed undergoing rearrangement (R1b) yestigation of (R12) is beyond the scope of this manuscript.
to the peroxy radical) such that, in these experiments, thg g yever, theoretical predictions of the geometry of the;HO
only mechanism available for irreversible product formation CH3C(O)CH; complex seem to indicate that access by NO
would be by bimolecular reaction with one of the excessyg the radical oxygen site is not significantly sterically hin-
reagents. The complex is unlikely to interact with closed- gereq. Furthermore, the dispersal of reaction energy of the
shell molecules such as GBH or CHC(O)CHs, butgiven o oNO formation across the entire acetone-HOONO com-
the predictions of a weakly bound terminal O-atom may reacty|ey can reduce the impact of prompt redissociation of the
(R12) with the excess radical species NO. HOONO moiety. Hencé, can be tentatively estimated to
HO,eCH3C(0)CH3+NO— CH3C(O)CH3+HOONO(R12)  be comparable to that for the C3-R® NO reaction.
) ) ) A “3rd Law” fit of the approximateKi, values listed

The Reaction (R12) thus provides a means of removing, Taple 2, constrained by the calculated reaction entropy
HO, from the system, though in order to deplete OH in line (a4isio and Francisco, 2000; Hermans et al., 2005) yields
with observation, the HOONO product should not decom- K1a(215-228 K) = 1.25% 10-2exp(6703T). A tentative

pose (to OH + N@) on our experimental timescales of mil- - ggtimate of the enthalpy for complex formation is thvE 5
liseconds. A barrier of 83 kJ mot for thermal decomposi- _ —55.7 kJ mot L. Taking into account merely systematic er-
tion of HOONO reported by Fry et al. (2004) does imply a o5 from the experiments (see Sect. 3.1.2 above) and a con-
sufficiently long I|fet|m.e for thg HO_ONO at the temperature ggpyative-50 % ink12 we may similarly derive values in the
range (207-228K) of Interest in th's work. . range of—57.3 to—54.2 kd mot?® for A Hy,, indicating that
Estimates 0fK 1, derived from simulated OH profiles are he resylts derived here are in satisfactory agreement with

inversely proportional to the value éf used to set up the o predictions of Aloisio and Francisco (2001) &H14 =
simulation. Thus the values listed in Table 2 and depicted on_gg 5 jmotL.

Fig. 4 are only valid if (R12) proceeds (to non-OH products)
at a similar rate to that reported for GEH(O,)CHz + NO

u —- (R1a) Hermans et al. (2003) . -
10771 | <o (R1a) Aloisio & Francisco (2000) ’

K Jem? molecule’
\
\
[}
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3.2 Discussion — sensitivity of experiments and theory 3.2.2 Pressure effects

As was detailed in Sect. 3.1 above, the experimental ob-The published values dfi(T) from Hermans et al. (2004,
servations from this work support predictions of Hermans2005) are derived from transition state theory, and are conse-
et al. of an efficient HQ-CH3C(O)CH; interaction at low  quently high-pressure limiting values. It is unclear whether
temperatures. Numerical simulations of the data howevethe experiments from this work (e.@ =85 Torr (\;) at
are consistent with complex formation (R1a) only, the first 228 K) were conducted in conditions sufficiently close to the
step in the postulated removal mechanism for atmospheridigh-pressure limit. In the fall-off or low-pressure region,
CH3C(O)CHs. No evidence was found in this work (or an- slower formation of the adduct leads to reduced experimen-
other recent experimental study from Grieman et al., 2011)}al sensitivity. Again, this interference is important only in
for the subsequent rearrangement of the complex to form perinterpretation of laboratory data. The relevant parameter for
oxy radicals (R1b). In this section we consider why sensitiv-atmospheric modelling is the equilibrium constatt(T),
ity to (R1b) might have been lacking in these experiments. itself unaffected by, for example, low pressures that would
constrain stabilization of the complex or adduct, as well as
3.2.1 Unknowns in the chemistry thek_; back dissociation reaction rates.

Chemistry whereby H@Q the HQ-CH3zC(O)CH; complex  3.2.3  Uncertainties on the theoretical predictions
or indeed other radical products are converted to OH would
render the experiment blind to the reactions of interest, but itA third possible reason for the experiments insensitivity to
is difficult to assess the impact of such hitherto unknown re-(R1), namely thatk; was itself overestimated by theory,
actions. It is worth noting that the experiments conductedhas therefore more important implications for atmospheric
at T = 207K were characterised by large OH reductionschemistry. In new theoretical work, detailed here in the
upon CHC(O)CH; addition, indicating that such interfer- Supplement, we have conducted quantum chemical calcula-
ences were not dominant at this temperature. tions on the complex (R1a) and subsequent adduct forma-
Experimental concentrations of GB(O)CHs and NO tion (R1b) from HGQ + CH3C(O)CHs. Important results in-
were chosen such that the overall rate of (R1) given byclude that reaction enthalpies for complex formation (R1a)
k1[CH3C(O)CHg] was similar to, and could therefore im- were fairly similar across all methodologies, as were bar-
pact on, the rate of NO converting H@o OH (R8). Po- rier heights for adduct decomposition (R1b). Divergence was
tential scavenging of the intermediate complex by NO wasfound however across different levels of theory for the over-
not anticipated. Good experimental sensitivity to the overallall adduct formation exothermicity (R1), or for the adduct
(R1) can only be obtained if the rearrangement (R1b) pro-formation energy barrier from the complex (R1b). The rel-
ceeds at a rate fast enough to compete with (R12) in addiative energy of the adduct with respect to the separated re-
tion to the thermal decomposition processes. This is ceractants reduces quite significantly upon increasing the ba-
tainly open to question, not least because of large uncersis set from double to triple zeta quality, on average by
tainties associated withia, k1p and k12. The theoretical  4.3kJmotL. This implies a reduction in th&1(220K) of 1
data allows estimation of the critick], at the high pressure order of magnitude; uncertainties of this order were already
limit of ~270s 1 at 207 K and~860s ! at 220K, using the  indicated by Hermans et al. Our current best level of theory
CCSD(T)/aug-cc-p¥%oZ//B3LYP data, while values from  available, CCSD(T)/aug-cc-p¥Z//B3LYP/cc-pVTZ, sug-
Hermans et al. (2004) may be combined with the experimengests a well depth of 54.4 kJ mdl, 4.2 kJ mot ! below the
tal [CH3C(O)CH] of up to 1.7x 10 moleculecm®to es-  best G2Mc values of Hermans et al. Such an uncertainty
timate an overall H@ loss of around 3000 for (R1) at  in the adduct stability translates into a factor of ten uncer-
T = 228K (data displayed in Fig. 2). This latter is then simi- tainty in K1(220K). Hence, the values df; reported by
lar to the estimated (see Sect. 3.1.3 above) rate of scavengirtgermans et al. lie at the upper-end of a large drder of
of the complex by NO in (R12), which in turn is much faster magnitude) spread of calculated values, and may therefore
than the thermal rearrangement of the H-bonded complex t@epresent upper-limits. Consequently we have used Hermans
the adduct. It is conceivable therefore that the experiment®t al. parameters to assess the likely maximum impact of
are only sensitive t& 15 because peroxy radical formation is HO,-mediated CHC(O)CH;z depletion on the chemistry of
too slow compared to competitive reactions. However, it isthe atmosphere (see Sect. 3.3). The impact of the uncertainty
worth reiterating that the estimated rate constant (and proden the theoretically derived rearrangement Reaction (R1b)
ucts) of (R12) carry a large uncertainty also. Considerablyis less significant; while the new theoretical data suggests
lower NO concentrations characterise the UT, hence Reaca somewhat higher barrier with consequently slower adduct
tion (R12) would not interfere with any adduct formation in formation, this would not affect the impact of (R1) on the
the atmosphere. atmosphere. For experimental studies, a slowgdoes in-
crease interference of bimolecular reactions of the complex.
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Fig. 5. CH3C(O)CHz removal rates at 30N solstice initiated by: . o —] 19t
photolysis (R3) in green; reaction with OH (R4) in red; and in black
the reaction of interest (R1) usiikg and K1 parameters from (Her- 17
mans et al., 2004). See Sect. 3.3 for details. 8
. . 12L
3.3 Modelling studies
292
T T T T I

The modelling focused on the role of (R1) as an
CH3C(O)CH; degradation process in the UT and its po-
tential as a source of GJ€(O)OH, as postulated by Her-
man_s etal. (20_04)' The simulation SO, _Wh'clh has been exFig. 6. Vertical profiles of CHHC(O)OH (nmol mo’rl) from simu-
tensively described and evaluated previousick®l et al.,  |ations and observations. Asterisks and boxes represent the average
2006; Pozzer et al., 2007) was used as a point of referang the standard deviation (with respect to space and time) of the
ence. A further two simulations were performed using aug-measurements from a specific region (Tahiti) taken during the PEM
mented chemical mechanisms. In simulation SR1, the chem¥ropics-A campaign. On the right side the number of measurements
ical mechanism (Sander et al., 2005) was updated to accouffer the specific region is listed. The simulated average is indicated
for recent developments in peroxy radical chemistry (see Taby the line and the corresponding standard deviation with respect to
ble 1 for details). In simulation SR2 the chemical mecha-time and space by the dashed_ Iines._ The blue, red and green lines
nism was extended to include the reactions of interest fron{€Present model results from simulations SR1, SR2 and SO, respec-
this work: (R1), (R2) and the reaction (R13) of H@ith tively.

(CH3)2C(OH)OO0, a minor additional pathway for trapping

peroxy radicals formed in (R1).

T T
120. 160. 200.
pmol/mol

previous modelling study by Hermans et al. (2005) who cal-
(CH3)2C(OH)OO0+HO2 — (CHg)2C(OH)OOH+O2(R13)  ¢yjated 30 % of CHC(O)CHs degradation was due to (R1)

Note that the H@-CH3C(O)CHs complex was not explic- at the tropopause. As_was nqted in Sect. 1 however, the yield
itly treated in this work, as its reactions, e.g. the proposed® HOx from (R1-R2) is considerably smaller than that from
(R12) do not degrade GJ€(O)CHs. As was discussed in €ither photolysis (R3) or OH + C#€(O)Chs (R4); we there-
Sect. 3.2 above, large uncertainties remain in the magnitudére conclude that (R1) may make only a small contribution
of K1(T), the crucial parameter for determining atmospheric {© radical production in the UT.
impact. In this work the largest published valueskaf(Her- The contribution of (R1) to CkIC(O)OH formation, was
mans et al. 2004) were used in order to assess the likely maxsimilarly found to be greatest in the coolest regions. Up-
imum impact of (R1) on the chemistry of the troposphere. dating the chemical mechanism with new kinetic data re-

Figure 5 displays the calculated removal rate for sulted in reduced production rates and enhanced loss rates
CH3C(O)CHs at 30 North on 21 June 2000, based on the of CH3C(O)OH, thus dramatically decreasing its mixing ra-
results of the SR2 simulation. The largest removal rates du¢io and increasing the discrepancies between observation and
to (R1) are located in the UT (where the lowest temperaturesimulation. This is illustrated in Fig. 6 where we show a
conditions are found), with a maximum at around 100 hPacomparison of simulated values obtained using SO, SR1 and
where a similar rate to that of photolysis (R3) and reactionSR2 from this work, with observations, taken from the PEM-
with OH (R4) was calculated. This compares well with the Tropics-A campaign (Hoell et al., 1999). While simulation
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SO is in reasonable agreement with the observations, updence for the crucial second step of rearrangement to peroxy
dating the chemical mechanism (SR1) leads to a substarradical (R1b) is still lacking. Results from new theoretical
tially smaller CHC(O)OH mixing ratio throughout the tro- work demonstrate the large uncertainties inherent in calculat-
posphere. Figure 6 also displays the smaller (in absoluténg K1 at T < 220 K. Atmospheric modelling studies using
terms) but still significant change in modelled gEO)OH the largest reporteff; values demonstrated that whilst (R1)
upon inclusion of (R1) chemistry (the red line, SR2). The ef- may play an role in CEHC(O)CHs removal and consequent
fects are insignificant at low altitudes, and §E{O)OH ob-  CH3C(O)OH formation at the tropopause, it does not explain
servations (e.g. at 6 and 8 km) are not reproduced despite thebservations of CEIC(O)OH throughout the troposphere.
generous uncertainties quoted for both model and measure-
ment output. Note however that above 10 km more than 50 ¥Supplementary material related to this
of modelled CHC(O)OH mixing ratio may be attributed to article is available online at:
reaction of CHC(O)CHg with HO,. http://www.atmos-chem-phys.net/12/1339/2012/

The simulated rates of formation of GB(O)OH will de-  acp-12-1339-2012-supplement.zip
pend critically on the model levels of NGand organic pre-
cursors for the acetylperoxy (GE(0)Oy) radical. Thus,
the model output for NO, the levels of which determine
whether CHC(O)O;, reacts with NO or with HQ to form
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