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Abstract. The reactions of ozone with alkenes are an im-nised as a major source of organic acids and organic hy-
portant source of hydroxyl (OH) radicals; however, quan-droperoxides in the atmosphere (Horie et al., 1994; Becker
tification of their importance is hindered by uncertainties et al., 1993, 1990; Baker et al., 20024l et al., 1995;

in the absolute OH vyield. Hydroxyl radical yields for the Hewitt and Kok, 1991; Moortgat et al., 2002; Neeb et al.,
gas-phase ozonolysis of isoprene are determined in this pat997; Sauer et al., 1999; Simonaitis et al., 1991) and the
per by four different methods: (1) The use of cyclohexaneozonolysis of biogenic alkenes, typically terpenes, has been
as an OH scavenger, and the production of cyclohexanoneknown to form particulate products which serve as the pre-
(2) The use of 1,3,5-trimethylbenzene as an OH tracer, andursors to secondary organic aerosols (Donahue et al., 2007).
the diminution in its concentration, (3) A kinetic method in Finally, the reaction provides a direct means for the oxi-
which the OH yield was obtained by performing a seriesdation of unsaturated non-methane hydrocarbons (NMHC)
of pseudo-first-order experiments in the presence or absendbat competes with OH radical and NQadical initiated

of an OH scavenger (cyclohexane), (4) The OH and,HO processes which also give rise to intermediates that are of
yields were determined by fitting the temporal OH andHO atmospheric significance. For example, products of the
profiles following direct detection of absolute OH and H1O o0zonolysis of isoprene include methyl vinyl ketone (MVK),
concentrations by laser induced fluorescence at low pressumaethacrolein and formaldehyde. Since the reactions can oc-
(Fluorescence Assay by Gas Expansion- FAGE). The follow-cur throughout the night as well as during the day, their
ing OH yields for the ozonolysis of isoprene were obtained,importance is further enhanced. Intermediates arising from
relative to alkene consumed, for each method: (1) Scavozone-alkene chemistry in the gas phase are believed to in-
enger (0.25:0.04), (2) Tracer (0.280.03), (3) Kinetic study  clude a carbonyl oxide species, the Criegee intermediate
(0.27+0.02), and (4) Direct observation (0226.02), the er-  (C.l.), which can further react with tropospheric trace con-
ror being one standard deviation. An averaged OH yield ofstituents to form aerosols (e.g., C.I. + $0S0;— sulfate
0.26+0.02 is recommended at room temperature and atmoaerosols) (Asatryan and Bozzelli, 2008; Docherty and Zie-
spheric pressure and this result is compared with recent litermann, 2003; Donahue et al., 2007) or phytotoxic species
ature determinations. The H@ield was directly determined (e.g., C.l. + BO—hydroxymethylhydroperoxide) (Neeb et
for the first time using FAGE to be 0.26).03. al., 1997).

It has generally been accepted that ozone-alkene reactions
in the gas phase also give rise to the production of OH radi-
1 Introduction cals (Johnson and Marston, 2008). Although this proposition
has been questioned (Schafer et al., 1997), laboratory based

The gas-phase reactions of ozone with alkenes are impoexperiments (Kroll etal., 2001a, 2001b; Marston et al., 1998;
tant atmospheric radical sources, the main focus of this paMcGill et al., 1999; Paulson et al., 1997) have confirmed be-
per, but also p|ay other important roles in the Chemistry Ofyond reasonable doubt that OH radicals are indeed formed in
the Earth’s troposphere. The reactions have been recoghese reactions. Calculations indicate that the reactions are
not only the major tropospheric source of OH at night but
may even be the dominant source during the daytime where
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Fig. 1. Ozonolysis initiation: [3+2] cycloaddition of ozone to the alkene double bénddicates the excited intermediate.
Non-OH

Decomposition
products \

OH
Decomposition
products

*
R . R .
o M o)
>. o/ » > o/
R' R

Fig. 2. Stabilization or decomposition of the Criegee Intermediate.

affect the atmospheric chemistry of rural air (Paulson andof alkenes (between 11:00 a.m. and 03:00 p.m., GMT)
Orlando, 1996). was 2.3x10° molecule cnm®s~1. Even in the daytime the
Isoprene is emitted in large quantities by biogenic sourceXs+alkenes reactions represented an important a source of
and is sufficiently reactive to influence oxidant levels over OH comparable with thé (O'D) source (rate of OH produc-
large portions of the continental troposphere. Isoprene idion from ozone photolysis was 3:1.0° molecule cm® s~
emitted into the troposphere in greater quantities than anyor & comparable period) in urban areas (Emmerson et al.,
other non-methane hydrocarbon. The annual global voc2007).
flux is estimated to be 1150 Tg C, 44% of which is isoprene The mechanisms of gas-phase ozone-alkene reactions are
(Arneth et al., 2008; Guenther et al., 1995). Isoprene emiscomplex. The basis of the current understanding was pro-
sions generally only affect lower troposphere and bound-vided by Criegee and Wenner (1949) and has most recently
ary layer chemistry. Isoprene is only emitted during the been reviewed by Johnson and Marston (2008). The initi-
hours of daylight and has a short lifetime of approximately ation involves the concerted [3+2] cycloaddition of ozone
1.5 h (for [OH]=2x 10° molecule cn13) (Atkinson and Arey,  to the double bond of the alkene forming a cyclic 1,2,3-
2003) meaning that very little, if any, isoprene escapes fromirioxolane intermediate species (also known as the primary
the boundary layer. For example, Kesselmeier et al. (2000pzonide). The primary ozonide then rapidly decomposes to
measured vertical profiles of isoprene (and some monotergive a pair of Criegee Intermediates (C.l.) and carbonyl com-
penes) over pristine forest in Amazonia. The lowest mixing pounds (in the case of symmetric alkenes, only one C.I. and
ratios were found at the highest altitudes (500 m), and theone carbonyl compound are formed) (Fig. 1).
largest at the surface, the latter exhibiting considerable diur- The C.I. may then be collisionally stabilized or decom-
nal variation. pose. Itis this decomposition of the excited C.I. that can give
Ozonolysis is an important daytime source of OH. Dur- lise to OH radicals, in addition to other products (Fig. 2).
ing the TORCH campaign in summer 2003 (25 miles NE The decomposition products of the C.I. depend on the
of London), isoprene was the main biogenic NMHC con- substitution of the C.l.s. The simplest C.I. possible is
stituent with an average concentration of 0.1 ppb and a max®*CH,OO"®, which is formed during the ozonolysis of ethene
imum concentration of 1.3 ppb (Lee et al., 2006). During and terminal alkenes, or the C.I. may be either monosub-
this campaign the rate of OH production from ozonolysis stituted (RCHOQC®) or disubstituted (RRCOC®). It was
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Fig. 3. Martinez and Herron (1988), hypothesis of OH radical production from a 1,4-sigmatropic shift within the CI, followed by bond
fission.

Table 1. Previous measurements of the OH yield for the ozonolysis of isoprene.

Reference OHyield Technique
Aschmann et al. (1996) 0.27 Cyclohexane scavenger
Donahue et al. (1998) 0.50 LIF of OH at 5 Torr
Gutbrod et al. (1997) 0.19 CO scavenger
International Union of Pure 0.25 Recommendation (evaluated)
and Applied Chemistry (2005)
0.59 2-Butanol scavenger,
Lewin et al. (2001) 0.45 Trimethyl benzene (TMB) tracer
0.55 m-Xylene tracer
Master Chemical Mechanism 0.27 Value used by models
(MCM), Version 3.1
Neeb and Moortgat (1999) 0.26 Cyclohexane scavenger
Paulson et al. (1992) 0.68 Methylcyclohexane scavenger
Paulson et al. (1998) 0.26 Tracer pair
Rickard et al. (1999) 0.44 TMB tracer
Zhang et al. (2002) 0.25 Statistical-dynamical master equation

hypothesised by Martinez and Herron (1988) that OH radi-measurement of the OH yield from the reaction of ozone
cal production can result from a 1,4-sigmatropic shift within with isoprene. The indirect methods used were analysis
the C.I. followed by bond fission (Fig. 3). This isomerisation of the amount of product (cyclohexanone) produced in the
requires that the alkyl-substituent group is on the same sid@resence of an OH scavenger (cyclohexane) (Aschmann et
of the C.I. as the terminal O atom (syn conformation). al., 1996), studies on the consumption of a tracer species,
trimethyl benzene (TMB) (Rickard et al., 1999) and observ-

Due to the abundance of isoprene, the ozonolysis of iso- C N : :
P y ing the variation in the kinetics of isoprene removal in the

prene represents an important source of tropospheric hy-
droxyl radicals, although significant controversy remains presence/absence of an OH scavenger (Neeb and Moortgat,

over the relative role of OH production from the nascent (ex-lggg)' In subsequent experiments temporal profiles of OH

cited) versus stabilized C.I., and also over the absolute yieldélnd HO were measureq using the FAGE. techmque \.N'th OH
and HQ yields determined from numerical simulations of

(Kroll et al., 2001a, 2001b). Several studies of stable prod-

: ; the radical profiles based on the Master Chemical Mecha-
ucts from the ozonolysis of isoprene have been reported (e'griism (MCM) (Jenkin et al., 2003)
Kamens et al., 1982; Hasson et al., 2001). Table 1 summa- " '
rizes the studies which have reported OH yields, from which
it can be seen that the measured yields of hydroxyl radical§ Experimental

are extremely varied. Uncertainty in the absolute yields hin-

ders mechanistic analysis. HIRAC — All the studies were performed in HIRAC,

In this paper we report a determination of OH yields usinga cylindrical reaction chamber with internal dimensions
the Highly Instrumented Reactor for Atmospheric Chemistry 2000 mm (length) and 1200 mm (diameter) and a volume
(HIRAC) (Glowacki et al., 2007a). One of the major advan- of ~2.250n?, and a surface to volume ratio of5.8 n 1.
tages of HIRAC is the ability to directly measure absolute The chamber was constructed from grade 304 stainless steel
OH and HQ radical concentrations using the FAGE (Flu- to enable pressure and temperature variation and to allow
orescence Assay by Gaseous Expansion) technique (Hearthounting/access holes and instrumentation ports to be easily
2006). A variety of indirect techniques, as well as direct cut into the skin during manufacture. The HIRAC skin fea-
observation of OH, has been used to provide a consistertures a set of entry points or flanges. These flanges include
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CoHy, HIRAC chamber, and adding a sample of the hydrocar-

bon mixture such that a total chamber pressure-tfatm
(1000+10 mbar) was achieved. The mixing of reactants was

sufficiently (<70s) fast on the time scale of the reactions

o JHo2 f‘ozmi}ogpmducm o, studied. The rate of ©decay in the dark chamber in the ab-
,HO0H T HL00 oo ) iacE,on sence isoprene was measured before anq after seve_ral exper-
o, imental runs, and was found to be proportional tg][@vith
Kitwﬁ o, a unimolecular loss rate determined to %8.2x10°s1.

GO o Experiments were carried out at 288 K.
/\é; Ozone concentrations were determined by a conventional
: UV photometric Q analyzer (Thermo Electron Environmen-
Decorsposition tal instruments, Model 49C), which had a detection limit of
1.0 ppb, a standard sample flow rate of 2 L/min, a response
time of 20s with a 10s averaging time. The @nalyser

had been calibrated using a commercial ozone primary stan-
) ] ) ] dard (Thermo Electron Corporation 49i-PS) and an intercom-
various holes for placing windows for coupling to the FTIR parison with the FTIR was linear (Glowacki et al., 2007a,
beam, introducing gas chromatograph (GC) and trace—gagoo?b)_
gnalyser box sampling lines, four'500.mm access ports, tWo The hydrocarbons were detected by GC-FID (Flame lon-
in one side to set up the FAGE calibration or clean the chamygation Detection, Agilent Technologies 6890N) employing

ber and one on either end, and six smaller access flanges fof 30 m 0.32 mm i.d. column coated with 5% phenyl methyl
coupling HIRAC to the FAGE system or other instrumenta- gjjoxane (J&W, HP-5) and held isothermally at T€0

tion. HIRAC contains mounting points for four rotary feed- |, some experiments, the decay of isoprene was also
through fans. monitored by FTIR between 1500-1700Thand 800-
Pressures were measured using two types of pressurgsgcnrl. HIRAC contains a long path IR absorption fa-
gauges: Leybold Ceravac CTR90 (0-1000 Torr) and Leyboldgijity. IR radiation from a Bruker IFS 66 spectrometer was
Thermovac TTRO1 (Pirani type gauge). HIRAC was evacu-coupled into HIRAC using a set of transfer optics housed in
ated between experiments and the chamber could be pumpeghitrogen purged Perspex box. The windows for IR ingress
from ambient pressure te2.5x 103 mbar within~70 min and exit were wedged CaFnside HIRAC a multipass mod-
using a combination of a rotary pump (Leybold Trivac D40B) ified Chernin cell has been constructed which was optimised
backed roots blower (Leybold Ruvac WAU251) with a char- for 72 internal reflections giving an approximate path length
coal filled CatChpOt (BOC EdWardS, ITC300) tl‘ap to avoid of 144 m (G|0wacki et a|_, 2007b) On exiting the cham-
oil backflush into the evacuated chamber (Glowacki et al.,per the IR radiation was focused into an externally mounted
2007a). MCT detector connected to the spectrometer, also mounted
Reagent Preparation A mixture of isoprene and the rel- in the purged box.
evant hydroxyl radical scavenger/tracer was prepared in a Detection of OH and HO, using the FAGE technique
1L stainless steel mixing vessel and flushed into the HIRAC— A continuous sample of chamber airZ L min—1) was
chamber with a stream of nitrogen. Typical initial concen- drawn through a 0.8 mm diameter pinhole at the apex of a
trations in HIRAC were between 1-10 ppmv (volume frac- conical inlet, positioned close to the centre of the HIRAC
tion in ppm) of isoprene, 60-300 ppmv of cyclohexane andchamber. Following a free-jet supersonic expansion, the
from 1-10 ppmv of TMB. Typical initial ozone mixing ratios flow becomes subsonic and travels down a black anodized
ranged from ca. 0.5-8 ppmv. Ozone was generated withiraluminium flowtube (internal diameter 50 mm) into a flu-
the HIRAC chamber by a suspended mercury pen-ray lamprescence cell, located outside of the HIRAC chamber,
(Oriel Spectra-Physics, 6035) prior to the introduction of theand maintained at 1420.1 Torr by a rotary pump backed
alkene. All reagents employed were of analytical grade anctoots blower combination (Leybold Trivac D40B and Ruvac
underwent freeze-pump-thaw cycles before being used. SynywAU251). OH radicals were excited by a pulsed laser at ap-
thetic air (BOC, BTCA 178) was used as the bath gas in thesgroximately 308 nm (A= (v'=0) «X?2IT,(v"=0) Qs tran-
experiments. During experiments gas from HIRAC was sam-sition, 307.9953-0.001 nm), with detection of resonant fluo-
pled by various instruments; a known flow of synthetic air rescence perpendicular to both the probe laser and gas flows
was introduced to maintain the pressure-atatm. Through-  (Glowacki et al., 2007a). The 308 nm radiation was gen-
out the experiments, all four of HIRAC'’s fans were run at erated by a Nd:YAG laser (JDSU Q201-HD) pumped dye
50% of their maximum speed (1500 rpm, maximum speed idaser (Sirah Cobra stretch) operating at 5kHz pulse repeti-
3000 rpm) giving an approximate mixing time of 70s. tion frequency, with a pulse length ef40ns, pulse energy
Experimental procedure Experiments were carried out of >12,J and a spectral bandwidth of 0.693.010 cnt?
generating a known concentration of ozone within theat 308nm. The laser radiation was transferred to the

Fig. 4. Production of cyclohexanone from OH + cyclohexane.
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fluorescence cell by an optical fibre (length 10 m, core di- 1.2x10"° =
ameter 20Q:m=4 um), and after collimation, the laser beam
(10 mm diameter) crosses the gas flow 380 mm from the sam-
pling pinhole. In the FAGE technique a low pressure is
used to extend the lifetime of the OH fluorescence, allowing
the fluorescence to be recorded using gated photon counting
whilst discriminating against laser scattered light. The laser
scattered light was minimised by using a fluorescence cell
with baffled side-arms, consisting of a series of matt black
plastic rings separated along the arm by spacers, and by care
ful imaging of only a small excitation volume at the centre of
the cell onto the detector. A second, identical fluorescence
cell was located 380 mm further downstream, in which,HO s
was detected following its conversion into OH by reaction 004 , , , : , : :
with added NO (with a flow rate of 5sccm) . 00 5.0x10" 1.0x10" 1.5x10" 20¢10"

The laser power entering each fluorescence cell was typ- A[Cyclohexane] / molecule cm’”
ically 5-10 mW. The fluorescence signal passed through a
1/8” thickness UV grade fused silica window (providing the Fig. 5. Yield of cyclohexanone from OH + cyclohexane. Errors in
pressure seal), was collimated by two plano-convex 50 mnihe gradient are standard errors {bbtained in the regression anal-
diameter, 100 mm focal length (at 633 nm) lenses, positioned’Sis- Error bars are the associated errors from the GC calibration of
outside the cell, and then passed through a 308 nm interfeSyclohexane and cyclohexanone.
ence filter (Barr Associates, 308.75nm central wavelength,
5.0 nm bandwidth, 50% transmission). The fluorescence was
focussed onto the photocathode of a channel photomultiplieof cyclohexanone was used to determine the OH yiggh
(CPM, Perkin-Elmer C943P ca.-A0® gain) using optics  of the ozone reaction with isoprene; however it was first re-
identical to those used for collimation. All the optics were quired to verify the yield of cyclohexanone from OH initiated
coated with a 308 nm anti-reflective coating, the solid-angleoxidation of cyclohexane.
over which the OH flu_orescence was collected was approxi- The reaction of OH with cyclohexane produces cyclohex-
mately doubled by using a back ref_lect_or, whose focal lengthyone in (5&:5) % vyield (Atkinson and Aschmann, 1993:
was matched to that of the combination of the two plano-ghy and Atkinson, 1994). This reaction has been used by
convex lenses. Individual photons det.ected by the CPM Were\kinson and Aschmann to determine OH yields for a num-
processed by a gated photon counting (Becker and Hicklper of ozonolysis reactions. In order to determine the OH
PMS MSA 400A), and counted over an integration period yie|q, the yield of cyclohexanone produced from the reaction
of 252 ns, delayed by 450 ns from the laser pulse. The gairys oH with cyclohexane is required. The literature yield was

of the CPM was switched to zero during the laser pulse USygrified in two ways using two different OH sources:
ing a home-built gating system in order to further reduce

the background signal due to laser-scattered light (Creasey

et al., 1998). The signal was subsequently normalised for 1 The production of OH by isoprene ozonolysis. Low

laser power, as measured by a photodiode (New Focus-2032)  concentrations of cyclohexane were used so the loss of

mounted at the exit of the fluorescence cell. cyclohexane was comparable to the production of cyclo-
hexanone, as shown in Fig. 5 (red points), and allowing
the yield to be determined.

1.0x10" 4 e
8.0x10" — ﬁi%
6.0x10" o ) :ﬁ
4.0x10"

2.0x10"

A[Cyclohexanone] / molecule cm®

Gradient=0.514 + 0.012
Gradient=0.536 + 0.025

3 Results and discussion

3.1 Cyclohexane as an OH scavenger 2. The production of OH from methyl nitrite. The loss
of cyclohexane compared to the production of cyclo-
This method was first described by Atkinson et al. (1996, hexanone was again determined, as shown by the black

1989). The reaction of isoprene with ozone was performed points in Fig. 5.

in the presence of excess cyclohexane in synthetic air. The

concentration of cyclohexane (60-150 ppm) was sufficient

to scavenge-95% of the OH produced. The products of The average cyclohexanone yield from cyclohexane ox-
the OH radical reaction with cyclohexane (cyclohexanol andidation using the two sources of OH was found to be
cyclohexanone) were monitored as a function of time by a0.525+0.020, and is in good agreement with previous values
GC-FID which had previously been calibrated with known of 0.5 (Atkinson et al., 1996). The reaction of isoprene with
standards. The decay of isoprene relative to the productiomzone was performed in the presence of excess cyclohexane

www.atmos-chem-phys.net/10/1441/2010/ Atmos. Chem. Phys., 10, 14892010
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Table 2. OH yields for ozonolysis of isoprene using cyclohexane scavenger, errors quoted are standard errors obtained in the regression
analysis. Errors are determined from a propagation of errors from the cyclohexanone yield and the gradients inJig. 6 (1

Expt. No. Cyclohexane: Conditions [cyclohexanone]/  OH Yield
Isoprene Alisoprene]

Isoprene 3 ppm

1 (blue) 500:1 Ozone 3ppm 0.1360.018 0.248-0.035
Cyclohexane 1500 ppm
Isoprene 3 ppm

2 (black)  500:1 Ozone 3ppm 0.1326.025 0.252:0.041
Cyclohexane 1500 ppm

Isoprene 3 ppm
3 (green)  500:1 Ozone 3ppm 0.1360.030 0.266-0.057
Cyclohexane 1500 ppm

Isoprene 3 ppm
4 (red) 250:1 Ozone 3ppm 0.1380.019 0.255-0.036
Cyclohexane 750 ppm

Average 0.2530.042

1.0x10" 4 Table 3. Experimental conditions for 1,3,5 TMB scavenger study.
o 8.0x10” Expt. [OGs]/ [1,3,5TMB]/ [Isoprene]/
5 No.  ppm  ppm ppm
2 soxto” 1 1.02 321 9.10
2 2 2.10 3.12 3.00
% 3 2.23 6.04 351
S 4.0x10" 1 4 1.03 3.31 3.12
g L y= 0.1302+0.0018x 5 3.01 3.12 12.03
2 ‘T 6 310 297 6.12
3 20410° - . 7 199  2.89 6.01
2, y=0.1325+0.0054x 8 1.98 3.20 5.98
00 9 2.12 3.02 6.14

T T T T T T T T T T T T 1
0 1x10"°  2x10"°  3x10"°  4x10"  5x10"  ex10"  7x10"
Alisoprene] / molecule cm”

formation yields from ozone plus isoprene was then obtained

Fig. 6. Plot of cyclohexanone concentration with respect to that of from Eq. (1), and the results are summarized in Table 2.
change of isoprene to identify the OH yield, obtained under differ-

ent experimental conditions. 3.2 1,3,5-trimethylbenzene as an OH tracer

The principle of this method has been described by
Lewin et al. (2001); Rickard et al. (1999); these
experiments involve the ozonolysis of isoprene in
. the presence of a hydroxyl radical tracer, 1,3,5-
You = [cyclohexanong Alisopreng i X . i
[cyclohexanong A[cyclohexang rimethylbenzene (TMB), which reacts relatively quickly
(1)  with OH (k=(5.75:0.91)x10 L cm® moleculels?!
(Atkinson and Aschmann, 1989) but does not react
with ozone under the conditions of the experiments
The ratio of cyclohexane to isoprene was varied with no (k=(3+2)x10-?*cm?® molecule'* s~1) (Kramp and Paulson,
discernable influence on the OH yield. A typical plot of [cy- 1998) where the concentration of isoprene is always in excess
clohexanone] vsA[isoprene], is shown in Fig. 6. The OH of ozone. Hence the productkbs; tme [03]=2.2x 10~/ s71

(250-500 fold excess) in synthetic air. The yield of OH from
Og3 plus isopreneYon, was then determined from:

__[cyclohexanong Alisopreng
- 0.525

Atmos. Chem. Phys., 10, 1441459 2010 www.atmos-chem-phys.net/10/1441/2010/
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7.40x10" 1 Table 4. An example of the reproducibility of 1,3,5 TMB (3 ppm)
I . and Isoprene (6 ppm) GC injections.
7.30x10" - T Injection.  [1,3,5 TMB]/ [Isoprene] /
e } No. %108 moleculecm®  x 103 molecule cm3
o
e ‘ 1 7.38 14.76
g 7.20x10" ] 2 7.36 14.76
g I 3 7.37 14.75
= 4 7.38 14.74
E 7.10x10" 4 5 7.38 14.78
. 6 7.40 14.78
7 7.39 14.76
. 8 7.38 14.74
7.00x10" - y T y T T T T T — 9 7.38 14.76
0.0 50x10”  1.0x10"  1.5x10°  20x10"  2.5x10" 10 737 14.77

Alozone] / molecule em™

Fig. 7. Plot of concentration of TMB with respect to
the change of ozone concentration, the gradient is equal t

—kon+TmB[TMB]o ;
kOH+TMB[TMB]o+k0H+|SOPRENE[C5H8]o+k|ossﬁ' The error in each

point and the gradient represents. 1

OBA[Og]. The magnitude of the change in [TMB] is given by
f BA[Og], where f is the fraction of the OH formed that
reacts with TMB:

f __ rate of reaction OHTMB
— total rate of OH removal

] 2
7x10" ) — kon+TmMB[TMBIo
] L kor+me [TMBJo+kow-+1soPReNH CsHglo+kioss
6x10" .ﬁé . . .
. | ot Here we are assuming the concentration of the excess iso-
§ 5ot o prene does not change.
[] =
- 2
D 4x10" A -
<) ’ k [TMB]o
-4 TMB1o=[TMB]+ OHITME A[O. 3
E N . [ I ] kOH+TMB[TMB]0+kOH+ISOPRENdc5H8]0‘Hﬂossﬂ [Os] ( )
o 3107 4 g
c e . e e .
g n y=(0.996+0.055)x where [TMBY), is the initial concentration of TMB ank},
g #1077 3 is a first-order rate constant representing other loss processes
< ol e for OH, such as reaction with products. A plot of [TMB] vs.
1x10™ o e . . . . .
L A[O3z] will give a straight line with a slope of:
0 —kon+tme[TMB]o

—
0 1x10" 2x10" 3x10” 4x10" 5x10" 6x10"  7x10" B
4 kon+TMB[TMB]o + koH-+isoPReENE CsHsglo + kioss
A\[Ozone] / molecule cm

as shown in Fig. 7. Figure 7 shows that the precise mea-
Fig. 8. Change of ozone concentration relative to that of isoprene tosurements of the hydrocarbon are required in order to extract
identify the reaction stoichiometry, [cyclohexane]=1500 ppm. The the yield; the requisite reproducibility of the GC analysis is
error in each point and the gradient representsThe error inthe  demonstrated in Table 4.
ordinate axis is small compared to the symbol size. The parametep is the OH yield relative to ozone con-

sumption, whereas most previous reports quote the yield rel-

ative to isoprene consumption=Yon, the desired quantity
compared tokonTme[OH]=1060.951, when assuming here. To converB to «, it is necessary to simply divide by
that all the ozone (in this example 3 ppm) reacts with thethe reaction stoichiometryy[isoprene]A[ozone]. The sto-
excess isoprene and has an OH yield-0f25. ichiometries were measured in separate experiments under

OH yields were determined by monitoring [TMB], using “OH-free” conditions (in excess cyclohexane), and were de-

GC-FID, as a function of the change in 0zone concentrationtermined as the gradient a@f(O3) plotted againsi\[CsHg],
A[O3]. Isoprene was in excess over ozone, and the reacas shown in Fig. 8. For this study the stoichiometry was
tants were left long enough that the initial concentration offound to be 1.08-0.05.
ozone was equal ta[Og]. If the OH yield (relative to ozone For very small values oA[Og], kioss0 because product
consumption) for a given ozonolysis reactiorgisthe total ~ concentrations are very small and wall losses for OH are ex-
concentration of OH formed in an experiment is given by pected to be small compared to reaction with the alkene and
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Fig. 10. Profile of In(isoprene peak height) vs time using FTIR.

Fig. 9. Analytical treatment of experimental results using 1,3,5
TMB as an OH tracer. The gradient determines the OH yield as dis- ) o )

cussed in the text. Errors in the abscissa and ordinate axis are calciréne follows pseudo first order kinetics using a 10 fold ex-
lated from propagation of errors and are quotedasThe gradient ~ Cess of ozone over isoprene. The consumption of isoprene
error is the standard error obtained in the weighted regression analywas monitored using both FTIR and GC-FID methods, with
sis. The red plot is the experimentally determined valyé (f=0H the decrease in the isoprene signals described in all cases by
yield with respect to ozone consumptiar=OH yield with respect  gn exponential decay:

to Isoprene consumptionp/reaction stoichiometrye. In this case

the reaction stoichiometry equals 1 hepee:. The blue plotis gen-
erated using the recommended MCM v.3.10H yield and the black
plot is generated using the IUPAC recommended OH yield.

[isopreng,=[isoprenéyeXp(—k/opd)
The analysis is based on the following reactions:

TMB. For larger values oA[O3], the TMB and alkene terms isoprenet- Oz — productst- YoHOH (R1)

in the denominator of Eq. (2) decrease but are at least par-
tially compensated for by increasejgssdue to the reaction isoprene- OH— products (R2)
of OH with products. The fact that no curvature is observed
in plots of [TMB] vs. A[O3] (Fig. 7) indicates that the slope
of such plots is given by:

—kon+TvB[TMB]o
kon+TMB[TMB o+ koH+isoPrend CsHglo

and hence OH yields relative to ozone consumed are readil
obtained. Plots oA[TMB]/ A[O3] vs.

koH+Tme[TMB]o
kon+TmB [ TMB]o + kon+isorrend CsHslo k’ons= keff[O3] 4)

are linear, and reproducible, as shown in Fig. 9. The amount o .
of TMB and isoprene reacted were measured using GC-FID In the presence of sufficient concentrations of cyclohex-

with absolute concentrations determined using a multipoin@n€ © scavenge virtually all the OH, the isoprene is re-
calibration. The concentration of the ozone reacted was monoved solely by reaction with ozone, and the experimentally

itored using a commercial ozone analyser, which had redétermined effective rate constartons from the pseudo

cently been calibrated. From Figure 9, the gradient gave thdirst order dgcay (Fig. 10) is equal 1{@3+|SOPRENE{03].
OH yield, Yoi=0.25+0.01. When there is no cyclohexane present, isoprene decays more

quickly due to reaction (R2) (Fig. 10), ands increases.
From keff measured under these conditions the yield of OH
radicals is directly related thsf by:

This method was first described by Neeb and Moort-

gat (1999). Experimental conditions ensure the decay of isS0YoH = (keff — k03+1SOPRENB/ KO3+ISOPRENE (5)

cyclohexang- OH — products (R3)

Products formed in these reactions also react with OH rad-
icals, thus diminishing the consumption of the isoprene by
reaction 2 at later stages of the reaction, hence only the first

points of the isoprene decay (as shown in Figure 10) were

sed to determine the pseudo first order rate constat,
which is related to the bimolecular rate constaaf;, by:

3.3 Cyclohexane kinetic study
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Table 5. Experimental conditions for cyclohexane kinetic study.  Table 6. Rate Constants for the Reaction of ozone with isoprene.

Cyclohexane free Cyclohexane added OH yield ko3
Conditions conditions FTIR GC [(;m3 molecule! 3*1]
[03]=10 ppm [Q]=10 ppm 17 .
[Isoprene]=1ppm [Isoprene]=1 ppm 0.260.015 0.265:0.020 (1.23+0.02)x 10 this work
[Cyclohexane]=100 ppm (1.19£0.09)x 1017 Klawatsch-Carrasco et al. (2004)
[O3]=10 ppm [G3]=10 ppm —17 i
[Isoprene]=1ppm [Isoprene]=1 ppm 0.270.020 0.275:0.020 1.33x 10_17 Khamaganov and Hites (2001)
[Cyclohexane]=100 ppm 1.30x10 Neeb and Moortgat (1999)
{03]=5 pp]m [%1=5 ppm] 1.27x10°17 Treacy et al. (1992)
Isoprene]=0.5 ppm Isoprene]=0.5 ppm 0.285015 0.255-0.020 —17 .
[Cyclohexane]=100 ppm 1.22x 1918 Greene and Atkinson (1992)
[O3]=5ppm [O3]=5 ppm 9.6x10 Karl et al. (2004)
[Isoprene]=0.5 ppm [Isoprene]=0.5 ppm 0.266015 0.27%0.020
[Cyclohexane]=100 ppm
[O3]=7.5ppm [&]=7.5ppm . " . .
[Isoprene]=0.75ppm  [Isoprene]=0.75 ppm 0.266015 0.2653:0.020 Table 7. Experimental conditions for direct OH and H@etection.
[Cyclohexane]=100 ppm
Average Yield 0.2620.015 0.26%0.020 [OS] / [Isoprene] / OH Yield HQ Yield
0.27+£0.02 ppm ppm
8.2 1.05 0.2580.020 0.25#0.025
8.1 1 0.235:0.020 0.242-0.025
7.9 0.2540.027 0.25%0.025

whereYop corresponds to the yield of the OH radical formed

in the isoprene ozonolysis reaction. During the early stages 75 0.248:0.025  0.256:0.025
of the reaction, OH radicals will almost exclusively react 1 0.274:0.032 " 0.262:0.020
’ 6.2 0.2640.040 0.25%0.040

with isoprene or cyclohexane, if present. It should be also 5 ;
pointed out that the OH radical yield’gy) represents an 20
overall yield that also includes a possible contribution from 21
the reaction of the H@radical with Q.

0.265%0.056 0.2630.025
- 0.266-0.055
- 0.2680.025

Average Yield 0.25%0.022 0.2580.025

PR R RRRR

HO2+03 — OH+20; (R4) 34 Direct measurement of absolute OH and H@ con-

centrations in HIRAC using FAGE

with HO, radicals formed from the decomposition channels the capability of HIRAC to quantitatively measure OH rad-
of the excited Criegee intermediate &IBIO" in the presence  icq| concentrations and hence determine absolute OH yields
of O2. Another source of H@radicals are reactions of O |55 previously demonstrated for the reaction af+02-

with alkoxy radicals, which are formed in peroxy radicals ptene (Glowacki et al., 2007a), which is known to produce
reactions of the products formed in reactions 1-3. The oc-gy gngd acetaldehyde (Calvert et al., 2000; Rickard et al.,
currence of reaction (R4) is a potential complication to thelggg)_ A numerical model using the Master Chemical Mech-
determination of the OH radical yield obtained in this study. 5nism (MCM) and constrained using other measured param-
However, as shown in modelling s_ectlon below, in which the giers (F-2-butene], [Q]) as well as previously published OH
rate of production of OH from various sources is comparedyiemS from this reaction was able to reproduce the tempo-
(for example the ozonolysis of isoprene and reaction (R4)), 4| profile of measured [OH], ©and acetaldehyde to within
reaction (R4) is of minor importance. +10% (Glowacki et al., 2007a).

Our determination okosyisoprenemade in the presence An example of a time dependent OH concentration pro-
of excess cyclohexane is in good agreement with recent prefile following initiation of the G and isoprene reaction in
vious studies (Table 6). The OH yields determined by thissynthetic air bath gas is shown in Fig. 11a. The FAGE tech-
technique ar&/pn=0.265+0.020 using GC-FID to monitor nique was also used to make bi@easurements by means
the decay of isoprene, anpy=0.26G+0.015 using FTIR, of chemical conversion to OH with NO, followed by LIF
and are in good agreement with the value of 0.26 obtained byletection, and the corresponding H@rofile is shown in
Neeb and Moortgat using this method (Neeb and MoortgatFig. 11b. The HQ concentrations are much higher than OH
1999). This technique has been used by Neeb and Moort(factor of 3000 at the peak); this is an effect of their lifetimes,
gat to determined yields for propene, isoprene and isobutenthe model predicts a lifetime of 4.660 s and 1.27 s for
that compared well with yields measured by Atkinson andOH and HQ respectively (a difference of a factor of 3000).
Paulson. Also shown in these figures are model calculations for OH
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1450 T. L. Malkin et al.: Measurements of OH and #iflelds

1.6x107 1
1.4x10"
1.2x10" 4
1.0x10" 4 T4
iL

8.0x10° 4 4 l
[ L
6.0x10° -

4.0x10° 1 { E

2.0x10° 1

[OH]/ molecule cm™
s
.
=

0.0

T
1000

Time /s

4.5x1 010 _ 4.5x10" 4

4.0x10" o

3.5x10"

4.0x10" — [
3.5x10" 1 N

3.0x10" 1

3.0x10"
2.5x10" |

2.0x10"

[HO,]/ molecule cm”®

1.5x10"

1.0x10"

2.5x10"

5.0x10° 4

2.0x10"° 4

T T T T 1
0 100 200 300 400 500
Time/s

1.5x10"

[HO,] / molecules cm”

1.0x10'"°

5.0x10° 4

0.0 I'JI
0

| . | . 1 . |
500 1000 1500 2000
Time /s

Fig. 11. (a)Time dependent [OH] in HIRAC generated following the reaction gf@oprene, measured with the FAGE LIF instrument
(20 s signal averaging, red points). The error bars are propagation of errors from the signal calibration eite@lees donditions of this
experiment were: [g]=8 ppm and [isoprene]=1 ppm. The solid black line is a model calculation using the MCM and a yield of OH of
Yon=0.255. The blue dashed line is MCM model with OH yield of 0.324, the green dashed line is the MCM model with an OH yield of
0.216. (b) Time dependent [Hg] in HIRAC generated following the reaction of3® isoprene, measured with the FAGE LIF instrument
(10's signal averaging, only every third point is shown for clarity, blue points). The conditions of this experiment wgr& gj@n and
[isoprene]=1 ppm. The solid black line is a model calculation using the MCM v3.1 and a yield pbHD263+0.025. The error bars are
propagation of errors from the signal calibration cited @s The green dashed line is the H@eld of 0.316 and the red dashed line is the
HO,, yield of 0.210. Inset shows the first 500 s of the FHiEace; this is where the greatest affect on varying the Mi@ld occurs.
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Table 8. ROPA/RODA modelling abbreviation for compounds and radicals.

1451

Compound/Radical ROPA Prefix
Isoprene C5H8
Methyl Vinyl Ketone MVK
Methacrolein MACR
Criegee Intermediate C.L
Formaldehyde HCHO
0 —
-
o+ CH200E
O+
A
o MACROOA
O+
At
— o MVKOOA
OH
NN
]
|
OH ISOPBOOH
-0 =
o CH200B
’ :\c—(
O+
A
o- GLYOOC

OH

OH  (ISOPO)O

CH3CO3

MVKO2
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Table 8. ROPA/RODA modelling abbreviation for compounds and radicals.

Compound/Radical ROPA Prefix
OH

MACRO2

HO 0- 0 -0 OH 0
OH :

(ISOP)O
-0 e
S CH200B
HO
_\D—( 0\:
o GAOOB
0— CH30
o
|
OY\\\
o ACO3

and HQ using a box-model based on the MCM (Jenkin et OH yield (0.255£0.022) previously determined. An overall
al., 1997; Jenkin et al., 2003; Saunders et al., 2003) and inHOyyield contribution from CH2COOE can be calculated by
tegrated using FACSIMILE (MCPA software, Oxon, UK). 0.3x0.255+0.%0.255=0.127%0.022.
The subset of the MCM extracted for these simulations in- However, the MVKOOA and MACROOA intermedi-
cluded 201 species and 655 reactions. The mechanism igte form OH and H@ from distinctly different decom-
fully explicit for the isoprene chemistry and subsequent prod-position channels (Fig. 12) and therefore have their own
ucts. MCM v3.1 specifies that 27% of the Criegee interme-unique yield (MCM uses 0.255, this study determined
diates formed from the €>isoprene reaction yields OH, i.e. 0.263+:0.025, using MCM based model fit to HG-AGE
Yon=0.27. From Fig. 11a, it can be seen that the MCM de-data). An overall HQ yield contribution from the
rived model using this yield fits the experimental profiles of MVKOOA and MACROOA intermediate can be calculated
OH and HQ very well. Treating the OH vyield as a vari- by 0.3x0.263+0.20.263=0.132-0.025.
able fitting parameter, the model was run repeatedly and an The overall yield quoted (Table 7) is a combination of
iterative least squares procedure was used to optimise thiéhese 2 yields which are determined simultaneously using
OH yield through comparison with the OH FAGE data, from an MCM derived model as previously described; optimising
which a best-fit yield of ¥b4=0.255+0.022 was determined. each yield to the OH and HCOFAGE data with the assump-
tion that the HQ is formed 50% by the CH20OOE Criegee

HO; is a product of the decomposition of the excited j,i0 mediate and 50% by the MVKOOA and MACROOA
Crlggee mtermedlat(_e (C.HZOOE' MVKOOA, MACROOA), Criegee intermediates (Aschmann and Atkinson, 1994; Gros-
which can be seen in Fig. 12 and Table 8. The CH20O0E;

intermediate contributes to 0.5 of the excited C.I from the o etal., 1993; Jenkin etal., 1997).
ozonolysis of Isoprene. One of the decomposition routes of

the CH20OE intermediate yields an OH and an Hadi-

cal from the same channel (MCM predicts 0.27); hence the

HO, yield for the CH2OOE intermediate is equivalent to the
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Fig. 12. Full Isoprene ozonolysis chemistry with MCM based yields.

0.3x0.255 = 0.0765 -
0.2x0.255 = 0.0510 o 15¢10° 4
0.3x0.263 = 0.0789 5§
0.2x0.263 = 0.0526 2 19
Total 0.259 g s0dd']
z 0.0 — —= — —
o
g -5.0x10° ——OH +C5H8
“(;)’ ——OH + MVK
Following this approach, an overall yield of 3 -1.0x0°- oh A
YH02=0.127+0.132=0.2500.025 was determined. The 5 ;0 .
Rate of Production/Destruction Analysis (ROPA/RODA as é’ ., ——stvoos
discussed in Sect. 3.3.1) also classifies these excited Criege 2 %% ]
intermediates together. 5 -25x10°
The processes controlling the production and destruction : e a mo . e

of OH and HQ during the temporal evolution of the experi-
ment are now considered in detail.

Time /s

o Fig. 13. Rate of Production/Destruction Analysis (ROPA/RODA)
3.4.1 Model description for OH. The meaning for these abbreviations is given in Table 8.

The MCM subset extracted for these simulations included

201 intermediates and 655 reactions. MCM v3.1 speci-the OH yield (Fig. 11a and 11b); hence varying the OH yield
fies that 27% of the Criegee intermediate formed from theaffects the height and position of the maximum OH concen-
Os+isoprene reaction yields OH. The OH yield of ozonol- tration. Rate of Production and Destruction Analyses (ROPA
ysis of isoprene obtained from the data is sensitive to theand RODA) can be used to gain a better insight into the bud-
height and position of the peak OH concentration, as showrget of a given species, in this case the H@dicals, in a

in Figures 11a and 11b where the MCM derived model for particular environment by quantitative analysing the relative
OH yield=0.27 is compared with yields+20% (0.216 and  importance of different source and sinks.

0.324) and the H®@yield=0.263 is compared with yields Figures 13 and 14 show the Rate of Produc-
~=£20% (0.210 and 0.316). This gives support to the derivedtion/Destruction Analysis (ROPA/RODA) for OH during
OH yield from the variable fitting and the data collected andthe ozonolysis of isoprene (under the previous specified
utilised in the model. The temporal profile is very sensitive to conditions) and identify the main sources of OH production

www.atmos-chem-phys.net/10/1441/2010/ Atmos. Chem. Phys., 10, 14892010
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Fig. 14. (a)Percentage contribution of reactions to production of OH. The meaning for these abbreviations is given in(Bafler@entage
contribution of major reactions to the destruction of OH. The meaning for these abbreviations is given in Table 8.

as the decomposition of the Criegee intermediate andormaldehyde, which is a direct product of the ozonolysis of
reaction of @ with HO,. OH production by the reaction isoprene. For HQ (Figs. 15 and 16), the main sources are
of O3 with HO2 is only a major channel in these direct the destruction of the Criegee intermediate from isoprene
studies as such a high-8 ppm) concentration of £is used  ozonolysis and on longer timescales500s) the main

to drive the reaction of @with isoprene and limit the OH production channel for H®is the reaction of OH and
destruction channel of OH reacting with isoprene, henceformaldehyde. Unsurprisingly, the main H@estruction
the concentration of OH in the system is higher and easiechannels include the reaction withsGself reaction and the

to detect. The main destruction pathway for OH is thereaction of HQ with products from the reaction of OH with
reaction with isoprene; on longer timescales5Q0s) the isoprene including methyl peroxy radical (gBb).

main destruction pathway for OH becomes the reaction with
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R—— Table 9. OH Radical Yields in the Gas-Phase Reaction of Ozone
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g 140’ — : :

o 121077 —MeCRO2:HO2 Technique OH yield
3 1.0x10" ——OH + HCHO

(5]

2 8.0x1o:— oo Cyclohexane as a scavenger  Qt2604
E 60¢10° —ohooe TMB as a tracer 0.250.03
5 ‘z‘g}g vt Kinetic study 0.270.02
2 20x10° 4 . .

s 00.] Direct OH detection (FAGE)  0.250.02
7 s ]

3 'i'nggg_ Recommendet 0.26+0.02
S T

B -6.0x10" 4

§ -8.0x10° @ Calculated as an average of the 4 methods.

a

o)

I

small concentrations of ozone used this<iS%. Direct de-
termination of the OH yield using FAGE has the advantage
that the OH yield from the ozonolysis of isoprene is the only
Fig. 15. Rate of Production/Destruction Analysis (ROPA/RODA) Variable parameter fitting to the OH data, and that the profile
for HO,. The meaning for these abbreviations is given in Table 8. of the OH concentration is very sensitive to the OH vyield,
hence an accurate determinatigti0%) of the OH yield can

_ . be obtained.
4 Discussion OH yields obtained in this study for the ozonolysis of iso-

oo , . prene are in good agreement with earlier determinations by
The indirect scavenger, tracer techniques and kinetic stud.inson and co-workers, the more recent results of Paul-
gave the same result within error, with OH yields from the son and co-workers and Neeb and Moortgat. A set of OH
reaction of ozone with isoprene of 0:26.03, 0.25:0.04 yields that are consistent have now been determined in the
and 0.220.02 for TMB as a tracer, cyclohexane as a scav-¢, rrent paper using a number of methods: scavenger (cyclo-
enger and cyclohexane kinetic study respectively (see Tapayane) tracer (TMB), kinetic study and direct detection of
ble 9). These results are comparable to a majority of thégy (FAGE). Given the variety of the methods used, and the
previously published results (Table 1), which use indirect,yeement with many of the previously determined yields,
technlqugs and require some predetermination of factors Ofere is now further resolution to the discrepancies seen in
assumptions: the literature.

— The cyclohexane scavenger technique requires the yield There remain some discrepancies with the results of Lewin
of cyclohexanone product to be determined, in order tOEt _aI. (2001) and Rickard _et al. (1999). The reaction stoi-
obtain the OH yield for the @+ isoprene reaction. ph|qmgtry calculgted by Rickard et aI'. (1999.)’ (.%10)

is significantly higher than the reaction stoichiometry de-
— The TMB method requires the stoichiometry of thetO  termined in this study (1.@80.05). Rickard et al. (1999)
isoprene reaction to be determined to convert the OHobserved a correlation between the OH yield and the reac-
yield with respect to ozone to an OH yield with respect tion stoichiometry indicating that the excess consumption of
to isoprene. alkene may be linked to the fragment formed as OH is re-
leased from the Criegee intermediate. As previously men-

This introduces further errors in to the determined OH yields.tioned the formation of OH is thought to result from the de-

The disadvantage to the tracer technique is that each experéomposition of the Criegee intermediate, with the concomi-

ment only gives one point and a number of experiments undetant formation of a radical of the type GHCRC'. Little

different conditions are required for one plot (Fig. 6). With is known of the kinetics of these radicals, although it is ex-
the scavenger technique each run gives an OH yield, so apected that under conditions of this study they will react with
average of many experiments can be taken, reducing the ef9, to generate a peroxy radical of the tyt@,CH,CR=0.

fect of random error. The kinetic study has the complicationThese radicals are expected to react with other peroxy radi-

of only the first 5 points{250 s) of the reaction being used cals; however there is limited information is available about

as on longer timescales-6 min) products formed in these the kinetics of these radicals. In principle, the large stoi-
reactions also react with OH radicals, thus diminishing thechiometry for the reaction of ozone and isoprene observed in
consumption of the alkene by reaction (R3). It should beRickard et al. (1999), could result from the reaction between
also pointed out that the OH radical yielty) represents an  the peroxy radical and the alkene. However, peroxy radicals
overall yield that also includes a possible contribution from generally react slowly with alkenes, having large activation
the reaction of the H®radical with G, however with the  barriers (Rickard et al., 1999). The greater surface-to-volume

: T : I . . . !
0 500 1000 1500 2000
Time /s
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ratio of HIRAC (used in this study) and the reduced concen-ysis of alkenes can be a predominant source of OH in both
trations of ozone and isoprene compared to Rickard et alurban and rural environments (Emmerson et al., 2007; Lee
may account for the difference in the reaction stoichiometry;et al., 2006), it is important for the OH yield to be precisely

and possibly the difference in OH yields. determined for use in atmospheric models which may affect

) o L . policy making and protocols.
The atmospheric relevance in investigating the OH vyield

from ozonolysis of isoprene is to support the current recom- The first HQ yield was directly determined using FAGE.
mended OH yield already utilised by the MCM v3.1 (Jenkin The recommended HOyield from these experiments is
et al.,, 1997, 2003; Saunders et al., 2003) and by IUPAC0.258+:0.025. It is important to precisely determine the HO
(Atkinson, 2006). As isoprene is the main biogenic emissionyield due to the HQ cycle, also as the HPradical has a
(Arneth et al., 2008; Guenther et al., 1995) and as ozonol-concentration of one hundred times the level of OH and a
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chemical lifetime of about 100 s (where as OH has a chemi-Atkinson, R. and Arey, J.: Gas-phase tropospheric chemistry of bio-
cal lifetime of about 1 s in the clean troposphere and as low genic volatile organic compounds: a review, Atmos. Environ.,

as 10ms in polluted air), hence contributes to the oxidising 37, S197-5219, 2003.
capacity of local environment. Atkinson, R., Baulch, D. L., Cox, R. A., Crowley, J. N., Hampson,

R. F., Hynes, R. G., Jenkin, M. E., Rossi, M. J., Troe, J., and
IUPAC Subcommittee, : Evaluated kinetic and photochemical
data for atmospheric chemistry: Volume Il - gas phase reactions
5 Future Work of organic species, Atmos. Chem. Phys., 6, 3625-4055, 2006,
http://www.atmos-chem-phys.net/6/3625/2006/
The pressure and temperature dependence of the OH yielBaker, J., Aschmann, S. M., Arey, J., and Atkinson, R.: Reactions of
in the reaction of @ + isoprene has not previously been in-  stabilized Criegee intermediates from the gasphase reactions of
vestigated. Some low and atmospheric pressure studies have O3 with selected alkenes, Int. J. Chem. Kinet., 34, 73-85, 2001.
been pub“shed (Tab|e 1), however no agreement on the o|.$ecker, K. H., Brochmann, K. J., and Bechara, J.: Production of hy-
yield pressure profile has yet to be determined. A pressure drogen peroxide in forest air by reaction of ozone with terpenes,
dependant OH yield profile based on a statistical-dynamical Nature. 346, 256, 1990. _ _
master equation has been calculated by Zhang et al. (200 ecker, K. H., Bechara, J., and Brockmann, K. J.: Studies on the

. . Lo s formation of O, in the ozonolysis of alkenes, Atmos. Envi-
discussing the contribution of the prompt and stabilised C.I. ron., 27, 57-61, 1993.

channe!s on the QH yielq; it is apparept that ther.e is StiIICalvert, J. G., Kerr, J. A., Madronich, S., Moortgat, G. K., Walling-
much discrepancy in the literature OH yields especially over ton 1. 3. and Yarwood, G.: The Mechanisms of Atmospheric

a wide pressure range. It is important to understand the af- Oxidation of the Alkenes, Oxford University Press, Oxford,
fect of low pressures on the sensitivity for FAGE, to validate  2000.

the calibrations and OH concentrations measured on aircrai€reasey, D. J., Halford-Maw, P. A., Heard, D. E., Spence, J. E.,

field campaigns. and Whitaker, B. J.: Fast photomultiplier tube gating system for
photon counting applications, Rev. Sci. Instrum., 69, 4068-4073,
1998.
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