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Abstract. HO, concentration measurements are widely ac-NO addition and OH detection, interference from these RO
complished by chemical conversion of Hi@ OH includ-  species are suppressed to values below 20 % relative to the
ing reaction with NO and subsequent detection of OH byHO, detection sensitivity. The Hconversion efficiency
laser-induced fluorescence. R@adicals can be converted is also smaller by a factor of four, but this is still sufficient
to OH via a similar radical reaction sequence including re-for atmospheric HQ concentration measurements for a wide
action with NO, so that they are potential interferences forrange of conditions.

HO, measurements. Here, the conversion efficiency of var-
ious RQ species to HQ s investigated. Experiments were
conducted with a radical source that produces OH and HO
by water photolysis at 185 nm, which is frequently used for1 Introduction

calibration of LIF instruments. The ratio of BCand the

sum of OH and H® concentrations provided by the radi- The measurement of hydroperoxy radical (y)@oncentra-

cal source was investigated and was found to be #.8@2.  tions is important for the understanding of the photochemical
RO, radicals are produced by the reaction of various organicdegradation of atmospheric trace gases and the formation of
compounds with OH in the radical source. Interferencessecondary air pollutants such as ozone (€layson-Pitts
via chemical conversion from RQadicals produced by the and Pitts Jr.2000. HO, is mainly produced by radical chain
reaction of OH with methane and ethane (H-atom abstracreactions, starting with the reaction of CO or volatile organic
tion) are negligible consistent with measurements in the pasttompounds (VOC) with photochemically produced hydroxyl
However, RQ radicals from OH plus alkene- and aromatic- radicals (OH). Itis also formed by the photolysis of carbony!
precursors inc|uding igoprene (ma|n|y OH-addition) are de-COI’T'IpOUﬂdS, OZOI']O')/SiS and the reaction of the nitrate radi-
tected with a relative sensitivity larger than 80 % with re- cal (NGs) with organic compounds (e.gseyer et al.2003
spect to that for H@for the configuration of the instrument Kanaya et al.2007).

with which it was operated during field campaigns. Also Because of the small radical concentrations in the atmo-
RO, from OH plus methyl vinyl ketone and methacrolein sphere within the range of some ten parts per trillion per vol-
exhibit a relative detection sensitivity of 60%. Thus, pre- ume (pptv) (e.gMonks, 2005 Kanaya et a|.2007, Lelieveld
vious measurements of HQ@adical concentrations with this et al, 2008 Hofzumahaus et gl2009 high instrument sen-
instrument were biased in the presence of high Rfdlical  sitivities are required for the detection of HHMatrix Isola-
concentrations from isoprene, alkenes or aromatics, but wertéion Electron Spin Resonance Spectroscopy (MIESR) is the
not affected by interferences in remote clean environmenonly known technique being capable of specific H@ea-
with no significant emissions of biogenic VOCs, when the surements in the atmosphere, but requires relatively long in-
OH reactivity was dominated by small alkanes. By reduc-tegration times (30 min)Mihelcic et al, 1985 1990.

ing the NO concentration and/or the transport time between Laser induced fluorescence (LIF) allows a more sensitive
HO, detection, at integration times of about 1 min. It ap-
plies chemical conversion of HQo OH at reduced pressure

Correspondence tad. Fuchs and detects OH by LIF (see revieMeard and Pilling2003.
BY
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is used by Peroxy Radical Chemical Amplifier (PERCA) fully detected in the H@-mode of this instrument. R{radi-
(Cantrell et al, 1984 Hastie et al.1991; Clemitshaw et a.  cals were produced by the reaction of OHHarnbrook et al.
1997 Burkert et al, 2001, Sadanaga et aR004 Mihele and  (2011), so that radical species from the same organic precur-
Hastie 2000 Green et al.2006 Andrés-Heri@andez et aJ.  sor were not necessarily the same aSdwards et al(2003.
2010 and Peroxy Radical Chemical-lonization Mass Spec- It is generally believed that ROradical conversion via
trometry (ROxMas, PerCIMSHanke et al.2002 Edwards  Reactions R3), (R4) and R1) in the detection cell of LIF
et al, 2003 Hornbrook et al. 2011), in order to achieve instruments for HQ measurements is negligiblel¢ard and
high measurement sensitivities for HOAIl indirect tech-  Pilling, 2003. Experimental investigations in the laboratory
nigues (LIF, PERCA and ROxMas/PerCIMS) make use offor C1—C4 alkyl peroxy radicals and results from field cam-
the conversion reaction between pH@nd NO, in order to  paigns Stevens et al.1994 Mather et al. 1997 Kanaya
produce OH. Possible loss of OH by formation of nitrous et al, 200% Creasey et al.2002 Ren et al. 2004 Fuchs
acid (HONO) can be suppressed by lowering the pressure iet al, 2010 did not hint towards a significant interference.

the measurement systems. For example, for the instrument characterized here, it was
shown that the upper limit for an interference from methyl
HOz + NO — OH 4 NO; (R1)  peroxy radicals (CHO,) is 5 % (Weber 1998 Holland et al,
2003. The reason for the suppression of OH formation from
OH+ NO+ M — HONO + M (R2)

CH30; radicals is the slow rate of ReactioR4) at the low-
pressure condition in the instrument. Only a small fraction
of CH3O is eventually converted to OH within the reaction
time of a few milliseconds between the injection of NO and
detection by the laser beam. Moreover, ReactR4) com-
petes with the formation of nitrite in the presence of high NO
concentrations (ReactidR5). However, the potential for an
interference from organic peroxy radicals from alkenes, aro-
matics and OVOCs was not experimentally studied assuming
that these R@radicals would behave like small alkyl peroxy

M is any collision partner, mostly oxygen and nitrogen.
Organic peroxy radicals (R are present in the atmo-
sphere at similar concentrations as HRO;, is mainly pro-
duced in the reactions of OH z@nd NG with organic com-
pounds. Reactions of VOCs with OH take place either via
H-atom abstraction or addition of OH leading to two differ-
ent types of RQ radicals Atkinson and Arey2003. RO,
radicals react with NO at nearly the same rate a3 HO

RO, + NO — RO + NO, (R3)  radicals. _ _ _
So far, only few intercomparisons of H@oncentration
RO + O, — R'CHO + HO, (R4) measurements from different instruments have been per-
formed at atmospheric conditions. The pH@omparisons
RO + NO — RONO (R5)  in ambient air between LIF and MIESRIatt et al, 2002

and between LIF and PerCIM3Rén et al. 2003 exhib-

In HO, detection systems that apply chemical conversionited high correlations and good absolute agreement without
HO, produced by ReactiorRd) can undergo further conver- hints towards significant interferences. Recently, however,
sion to OH (ReactioR1). This is utilized by PERCA and Ren et al.(2008 reported a change of the calibration fac-
ROxMas/PerCIMS instruments, and one specialized LIF in-tor of the LIF instrument. This may possibly require revi-
strument, ROXLIF Fuchs et a].2008, in order to measure sion of the comparison results. Good agreement was also
the sum of HQ and RQ (=ROy). PERCA instruments can- found for measurements from ROxLIF and MIESR in cham-
not distinguish between HOand RQ. ROxMas/PerCIMS  ber measurements, during which HH@H3z0, and GHs502
instruments, however, modulate the chemical conditions inwere specifically measuredriichs et al.2009. However,
their instruments, in order to measure eitheryRor HO, unexplained differences were observed between three LIF
only. The HG@ measurement mode requires good suppres-instruments in the international comparison campaign HOx-
sion of the RQ to HO, conversion.Edwards et al(2003, Comp (Fuchs et a].2010, when measurements were taken
for example, achieved a suppression to less than 15 % in thein ambient air and in chamber experiments. Although the
PerCIMS instrument for R@species that were produced by data from different instruments were well-correlated, the lin-
the reaction of Cl with various hydrocarbons. However, this ear regressions showed sometimes differences that exceeded
required large changes in concentrations of reactants, so théte combined estimated measurement errors and exhibited an
the modulation between HOand RQ measurement mode unexplained water vapor dependence. The results from this
took 30 min. In order to achieve a faster switching of the campaign point to potential interferences in the calibration or
measurement modes within 1 midprnbrook et al.(2011) measurement techniques.
lowered the reactant concentrations in theH@ode. The Therefore, we investigated (1) the yield of radicals in the
new method that improves temporal resolution offers goodcalibration source that produces OH andH@dicals by wa-
discrimination between H®and various alkyl peroxy rad- ter photolysis at 185 nm and (2) the potential for an interfer-
icals, but RQ from the reaction of OH with large alkanes, ence from various R@radical species in Hconcentration
alkenes (including isoprene) and aromatics are partially omeasurements. RQadicals are produced by the reaction of
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Fig. 1. Schematic drawing of the experimental setup. Peroxy radicals are converted to OH in their reaction with NO, which is injected into
the gas expansion downstream of the inlet nozzle, in the low pressure detection cell. The air is exposed to pulsed laser radiation at 308 nm
and the resulting fluorescence from OH is detected in the direction perpendicular to the laser and gas beam. For experiments done here, a
is sampled from a calibration source, which provides either OH angl ld&xlusive HQ or HO, and RQ radicals.

Qrganlc compounds Wlth,OH in the gallbratlon source. An Table 1. Properties of the instrument regarding the Hi&tection.
interference from R@radicals would impact H®concen-

tration measurements in the past, when high loads of VOCs
including isoprene were present such as during the field cam-

Config. 1  Config. 2

paigns ECHO Kleffmann et al, 2005 Dlugi et al, 2010 Inlet orifice/mm 0.2 0.4

and PRIDE-PRD2006Hofzumahaus et al2009 Lu et al, sample flow rate/sipm 0.28 11

2011). [NO]/lOl cm™ . 1-40 5-100
Distance nozzle- detection/cm 10
Distance NO additior- detection/cm 5.5

. . Conversion reaction time/ms ohs 2.7

2 Detection of HO, radicals Cell pressure/hPa 35
Laser rep. rate/kHz 8.5

HO, radicals cannot be detected directly by LIF. However, Laser power/mwW 35-40

they can be chemically converted to OH, so that the de- Laser beam diameter/mm 8

tected OH concentration represents the sum of @ OH 1o accuracy of the calibration/% +10

(=HOy) in the sampled airHard et al, 1984 Heard and
pi||ing, 2003_ A description of our LIF instrument has been 2 Configuration during previous field campaigADetermined from experiments here.
given byHolland et al.(2003. The main instrument param-
eters are summarized in Tableand a schematic drawing
of the detection cell is given in Fid.. The instrument per- ~Systems), approximately 10 cm downstream of the tip of the
formed measurements in two configurations: In the first con-inlet nozzle (Fig.1). OH is excited on a single rovibronic
figuration, 0.28 slpm (liter per minute at 1 atm ancd®@) of  transition @11(3) line of the A% — X211(0,0) transition).
air is drawn into a detection cell at low pressure of 3.5hPaThe resonance fluorescence is measured by gated photon
through a conically shaped inlet nozzle (Beam Dynamics)counting using a time delay, in order to discriminate the OH
with an orifice of 0.2mm. Configuration 2 differs in the fluorescence from the instantaneous laser stray light.
orifice size of the inlet nozzle (0.4 mm), so that 1.1slpm is Chemical conversion of HEto OH is accomplished by its
drawn into the detection cell. The latter instrument configu-reaction with NO (ReactioR1). Different flows of NO were
ration was used in past field campaigns and for experimentinjected into the sampled gas. During the ECHO and HOx-
in the simulation chamber SAPHIR irilich. Comp campaigns, 4sccm (1sccm=TBanin—! at 298K

The air stream in the detection cell is crossed by a shorand 1 atm) of pure NO were added through a ring made of
laser pulse at 308nm (25ns duration, 8 mm diameterglass tubing with small holes, surrounding the gas expansion.
8.5kHz repetition rate, 25 mW average power at 308 nm),During the PRIDE-PRD2006 campaign, 1sccm of NO was
which is provided by a Nd:YAG pumped dye laser sys- injected by a glass tube with a small orifice that reached into
tem (Navigator Spectraphysics and Intradye Laser Analyticakhe gas expansion. The concentration of NO was chosen that
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the HG, conversion efficiency is larger than 90 % within the the phototube. The concentration of OH radicals produced
travel time of the sampled gas between NO addition and laseby the calibration source can be calculated as:
excitation (distance here: 5.5cm). No significant difference
was found in this work between using the glass ring or glasgOH]g = [O3] M (1)
0 3

tube for NO addition. The NO was always purified in a car- ®o, [02] 00,
tridge that was filled with Ascarite (sodium hydroxide-coated ®on and o, are the quantum yields for OH ancsOThe
silica) prior to addition. Ascarite removes gaseous ”itrousabsorption spectrum of oxygen is highly structured in the
acid (HONO), which can be photolyzed to OH by the 308 Nnm gchymann-Runge bands around 185nm. Therefore, the
laser radiation and leads to an artificial laser-generated OH5jye of the absorption cross sectiar,, is specific for
signal. With purification of NO the interference can be ne- every mercury lamp and depends on the special design of
glected. the radical sourceHofzumahaus et gl1996 Cantrell et al,
1997 Creasey et al.2000. The absorption cross section
of water, on,0, does not show distinctive structures and is
well-known (Hofzumahaus et gl1996 Cantrell et al. 1997,
3.1 The radical source Creasey et al2003. The quantum yield of ozone in 1 atm of

air is assumed to b&o, =2, supported by the experimental
In order to calibrate the sensitivity of the LIF instrument, study byWashida et al(1971). For OH, the quantum yield
a radical source provides accurately known radical concenis generally assumed to be one based on spectroscopic con-
trations. This is accomplished by the photolysis of watersiderations.
in air at 1 atm using 185 nm radiation of a low-pressure dis-
charge mercury lampAschmutat et a).1994 Schultz etal. 3.2 OHand HO yields in the radical source
1995 Heard and Pilling2003:

3 Calibration of the detection sensitivity

Photolysis of water molecules at 185nm has only one en-

HO+ hv - OH+ H (A = 1849 nm) (R6) ergetically and spin-allowed dissociation channel, leading

o ‘to OHEIT) +H(2S) with both fragments in their electronic
Characterization measurements reported here are done Withyound states (ReactioR6). The photo-dissociation pro-
the calibration source described in detail Hplland et al. - cess occurs in the first absorption band of water and is ex-
(2003. Typical radical concentrations are710°cm™2, but perimentally and theoretically one of the best understood
can be lowered by a factor of 100 by reducing the intensityoyatomic photo-dissociation processEsgel et al, 1992.
of the radiation, when the light passes an absorption cuvettg)son photon absorption, the excitead® molecule decom-
filled with N2O (not done here). Humidified synthetic air of poses rapidly in less than an internal vibrational period.
highest purity (99.9999 %) flows through a 60 cm long glassypity quantum yield is therefore expected for OH from Re-
tube (inner diameter 1.9 cm) at a high flow rate of 20 LTin  4ction R6). OH radicals are produced almost exclusively in
(laminar flow). The radiation of a mercury lamp crosses thetheir vibrational ground state and most of the excess energy
air approximately 6 cm upstream of the inlet nozzle of the (1 5gev) from the photo-dissociation is transferred into
instrument, which sticks into the glass tube. The transportransiation of the H-atoms. The highly energetic H-atoms

time of the radicals produced by photolysis (Reaci®f)is  can undergo several chemical reactions or loose their energy
approximately 20 ms, before the gas flow reaches the tip ofyy cojiisions with other molecules:

the inlet nozzle. Radical loss inside the radical source does

not play a role, since only a small part of the entire flow is H* + H,O — OH + Hz (R9)
sampled from the center of laminar flow. The absolute rad-

ical concentration provided by the calibration source can pd* + 02 > OH+ O (R10)
related to the amount of ozone that is simultaneously formed

by the photolysis of oxygen at 185nm in the air flods¢ tM—H+M (R11)
chmutat et a].1994 Schultz et al.1995: H+ O, +M— HOy + M (R12)

O, +hv - 0+0 (R7) . ) ]
Because ReactioiR(L1) quickly removes excess energy, it

O+0,+M —> O3+ M (R8) is generally assumed that the H-atoms from water photoly-
sis are completely converted to H{ReactionR12). How-
Here, this is accomplished indirectly by observing the light ever, ReactionsR9) and R10) are energetically possible, if
intensity measured by a CS-I-phototube, which was cal-the H-atoms carry translational energy greater than 0.7 eV
ibrated against ozone production. Spectral characteris{Bajeh et al. 2001 Zhang et al.2000, which is the case at
tics of the phototube and an interference filter (185nm,185nm. In order to investigate the relevance of OH forma-
FWHM =27.5 nm) in front of the phototube ensure that only tion from ReactionsR9) and R10), the HQ partitioning in
radiation which is relevant for the photolysis is detected bythe calibration gas is measured, when humidified synthetic
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air is irradiated by 185nm at 1 atm, room temperature and - T
30 % relative humidity. The experiment is performed in two 1.0F
steps. First, an amount of 60 ppmv CO is added as an OH [
scavenger, in order to convert all OH to Li@ithin the res- I
idence time £20 ms) between photolytical generation and 0.8

intake into the detection cell. I

T

(@)

(@]
1

OH + CO + O, — HO, + CO, (R13)

In this mode, the sum of OH and HOs measured. OH
that is produced by water photolysis (Reacti®®) and Re-
actions R9) and R10 is converted to H@ and is measured [ CD,
in the detection cell together with Hproduced by Reac- . ]
tions R11) and R12. Overall, this calibration mode has 0.21 ]
an HG yield of 2 independent of ReactionrRY) and R10).
Second, 0.1 % deuterated methane 4B used as an scav- ool . . .
enger, which ultimately removes OH in the calibration gas. 11:40

L 1 n
12:00
time

1

12:20 12:40

OH + CD4 + 02 — CD30; + HDO (R14) Fig. 2. Relative HQ signals if either CO or CRhis used as an

In this mode, HQ is formed by ReactionsR(11) and R12), OH scavenger in the calibration source. Symbols show individual
only. If the competing Reaction&0) and R10) play a role, measurement points, solid Iines fjenote average values and dashed
H atoms are converted to OH and the yield of Hébm Re- lines represent & standard deviations of measurements.
action R12) is diminished, accordingly. Products of the OH-
scavenging ReactiorR(4) will not interfere, because the
deuterated CBO> radicals cannot be converted to hydrogen-
containing HQ radicals, which would be detectable at the
probing laser wavelength. Overall, the calibration mode with
CD4 has an expected HOyield of one, if ReactionsR9)
and R10 are negligible, or less less than one, if H-atoms
are removed by ReactionR9) or (R10).

Figure 2 shows an example of signals from one experi-
ment, when either CO or Cis added to the humidified air

in the calibration source. The ratio of the signals gives the . .
ratio of HO, to HOy radicals produced in the radical source. &' SO that radicals are only produced by photolysis of the
hydrocarbon. No significant radical production from hydro-

The experiment was repeated four times on different days. b hotolvsi Id be d db
The mean of the ratio is 0.590.02, meaning a ratio of quan- Ca7Pon photolysis could be detected by LIF.

tum yields for OH and H@of one in the photolysis of water ~ Different types of reactions can occur: (1) Readicals
in air. This result proves that the assumption of equal OH@n be produced via H abstraction in the case of alkanes

and HQ production in the photolysis of water at 185nm is €ading to alkyl peroxy radicals. (2) For other organic com-
justified. pounds like alkenes OH addition leads to the formation of

B-hydroxyalkyl peroxy radicalsAtkinson and Arey2003.
3.3 HOy and RO, yields of the radical source If RO, radicals are the only radical product, the source yields
equal concentrations of R@&nd HGQ. However, the yield of
The radical source can be operated to provide only k- RO, radicals can differ from unity, if other product chan-
icals by adding 60 ppmv CO to the synthetic air, in order to nels compete with R©formation in the reaction of OH and
convert OH to HQ quantitatively (ReactioR13). Thisway  the hydrocarbon. For example, it is known that part of the
the source provides HOradicals with a quantum yield of products of benzene with OH is H@prompt HQ) and only
two (HO.-mode) in contrast to a yield of one without the ad- 35 % is RQ (Nehr et al, 2011).
dition of an OH scavenger (H@mode). Therefore, the HO
concentration in the H®mode is twice as large as the OH 3.4 Calibration of detection sensitivities
concentration defined in EqL)

In a similar way, specific R@radicals can be generated by For calibration of OH, H@ and RQ sensitivities,C;, the
scavenging all OH radicals with a hydrocarbéiuéhs etal.  radical source is operated either in the HOHO,- or RC-
2008 Qi et al, 2006 Hornbrook et al.2011). Thisis called mode. Sensitivities defined here and throughout this report
the RQ:-mode mode of the calibration source. Again, the always refer to sensitivities of the Hezell, when NO is

concentration of organic compounds is chosen, so that all OH
is consumed within the time between production of OH in the
radical source and sampling by the instrument (OH reactiv-
ity approximately 300s!). Since hydrocarbons were added
upstream of the photolysis region of the radical source, pho-
tolysis of these hydrocarbons at 185 nm may oc@eners
etal, 1978 Giroux et al, 1989. In order to test for effects of
photolysis on experiments conducted here, the fluorescence
signal was measured, when hydrocarbons were mixed in dry
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added into the detection cell. The fluorescence signal mea4 Experimental results for detection sensitivities
sured by the LIF instrument in the three operational modes

of the radical source are: 4.1 OH and HO; detection sensitivities
SHo, = CHo, $Ho, [OH]o + CoH ¢on [OH]g (2) In order to investigate the HOand OH detection sensitiv-
ities, the instrument sampled from the calibration source in
= (Cro, + Con) [OHIo the HO- and HQ-mode of the radical source. We define the
s, —C / OHln = 2C OH 3 relative HQ detection sensitivity of the instrumeid,o,, as
HO2 HOz P, [OFllo Ho [OFllo @) the ratio of the calibration factors for HGand OH (Eq.8)
Sro, = CHo, #i0, [OHlo + Cro, ¢ro, [OHIo (4) that can be calculated from measurements using Ex)s. (
2 and @). This gives the H@ conversion efficiency weighted
= (CHO2 1+ 96) + Cro, (1 — 8)) [OH]o by the ratio of the inlet transmission efficiencies for f&hd
OH:
DHO,, qb’Hoz andg/|,, are the HQ yields in the three modes c
of the radical source angbx andgro, the yields of OHand ¢y, = 122 — YHO, €HO, 9)
RO; inthe HQ- and RQ-mode, respectively, as discussed in Con YOH €OH

the previous section. The concentration [QK calculated  Fyrthermore, we determine the influence of NO on the OH
from Eq. (). é is the yield of prompt H@in the reaction of  getection sensitivity as:

organic compounds with OH without the formation of RO
on the time scale of the transport time in the radical source,,  _ Con (NO) (10)
(20 ms). CoH (NO = 0)

In order to calculate the HfOdetection sensitivity, only
one measurement with the radical source in the;i@de  o56nding on the NO concentration for the two different in-
is required. In contrast, the OH sensitivity of the pi@8- |4 '\n771es (reaction times) tested here. For high NO con-
tection cell can be calculated from the difference betweenygnations relative detection sensitivities are approximately

measurements with the radical source in the;Hand HQ- oo nsiant at a value larger than one. The dashed vertical line
mode and the R@sensitivity from the difference between j, rig 3indicates the NO concentration, at which the LIF in-

measurements in the Hoand RQ-mode: strument (with the 0.4 mm nozzle) was operated during field
campaigns in the past. Measurements show that the HO

Figure3 showsano, (upper panel) andon (lower panel)

_ 2SHo, — SHO,

Con = 2 [OH]o () conversion in the detection is nearly complete for this NO
concentration.
CHo, = SHO, (6) The OH sensitivity, which is shown in the lower panel of
2[OH]o Fig. 3, is nearly independent of the NO concentration within
2 Sro, — Sto, (1 + 8) the range tgsted here and decreases only slightly for large NO
Cro, = (7) concentrations.

2[OHlo (1 — §)

In a simple model, the sensitiviti€y can be expressed as 4-2 RO, detection sensitivities

a product of three generic parameters:
P g P The potential for an OH signal caused by the conversion of

Ci = yi € Bon Wwith i = OH, HOz, RO, (8) RO, to HO, via Reactions R3) and R4) and subsequent
conversion to OH is investigated for various R@dicals.
Like for HO, we define the relative R{etection sensitivity
as the ratio of calibration factors for R@nd HGQ (Eq. 8),
cyvhich can be calculated from measurements using Ejs. (
and ©):

y; represents the fraction of radical specighat are trans-
mitted through the instrument inlet; denotes the yield of
OH after the sampled radical speciebas passed the dis-
tance from the gas inlet (nozzle) to the detection volume, an
Bown is the internal detection efficiency of OH in the detec-
tion volume. Among these parametersand oy are influ- _ Cro, _ YRO, €RO, 11
enced by the injected NO. More specifically,accounts for *ROz = CHo,  YHO, €HO, (1)
NO-dependent ReactionRY) to (R5), which determine the

fraction of OH that reaches the detection volunagrepre-
sents the loss of OH by HONO formation for sampled O

The experimental determination of the relative Rfetec-
H tion sensitivity is only possible, if the yield of prompt HO

(ReactionR2), while it represents the efficiency of chemical IS Known € in Eg. 7). aro, represents the value of the in-

conversion to OH for sampled peroxy radicals. In principle, {erference from R@radicals. It always refers to the HO
Bon is influenced by NO-dependent quenching of the OH detection sensitivity of the instrument that is achieved for the

fluorescence, but this effect is small for the NO concentra-S&Me operational conditions.
tions used in this work.
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0.0tL - o ) L] 0.4 mm) were used, in order to vary the reaction time for the con-
103 10™ 10'8 10'® version in the cell. Reaction times determined from the,HON-
NO / cm™3 version efficiency were used for model calculations and were var-

ied according to the uncertainty of the reaction tim#).025 and
Fig. 3. Relative OH sensitivity (lower panel) and HQupper panel)  £0.5ms (dotted lines). The vertical dashed line indicates the work-
conversion efficiency to OH depending on the NO concentration ining point for the instrument with 0.4 mm nozzle in the past.
the detection cell. Measurements (symbols) are compared to cal-
culations using MCMv3.1 (lines). Two inlet nozzles with different

orifices (0.2 and 0.4 mm) were used, in order to vary the reaction Mcw;lé)[ 5 n‘oz;Iel T : LT T ]
time for the conversion in the cell (0.18 and 2.7 ms). Dotted lines 1.0 meas. 0.2 nozzle| ! 1soprene.
give results from sensitivity runs of the model varying the reaction L MCM 0.8 pozzle ||
time by+0.025 andt-0.5 ms, respectively. The vertical dashed line 0.8 1 ]
indicates the working point for the instrument with the 0.4 mm noz- r ! 1
zZle in the past. :
3 0.6 - { i
5 .
In this work, values for the relative detection sensitivity for 0.4 i -
various peroxy radicals were determined. Results are sum- i
marized in Table2 and examples of the measurements are [ A
shown in Fig.4 for methane, Fig5 for isoprene and Fig6 i !
for benzene. ool . o . ‘
Alkyl peroxy radicals are produced by the reaction of an 10" 10'3 10™ 10 106
alkane with OH in the radical source. Initial H-atom ab- NO / cm™

straction is followed by the reaction of the alkyl radical with

02 (Atkinson and Arey 2003 producing alkyl peroxy rad-  Fig. 5. Same as Fig4, but for RG radicals produced by isoprene
icals. The relative detection sensitivity for methyl peroxy and OH.

radicals, which are produced in the reaction of methane with

OH, is below the limit of detection of the instrument for the

configuration of the instrument with the 0.2 mm nozzle for Relative detection sensitivities are investigated for two
the range of NO concentration tested here (open circles irother alkyl peroxy radicals, ethyl peroxy and cyclohexyl per-
Fig. 4). For the larger orifice, however, a small interfer- oxy radicals, from the reaction of OH with ethane and cyclo-
ence of 0.04:0.04 is measured for the NO concentration, hexane, respectively, for two configurations of the detection
at which the cell was operated in the field (filled circle at cell (Table2). For the configuration using the 0.4 mm orifice,
dashed vertical line). Measurements exhibit a maximum ofthe relative detection sensitivity of 0.870.03 is small for
nearly 0.1 at smaller NO concentrations. This behavior wasethyl peroxy radicals, but it is significantly larger for cyclo-
reproduced in several experiments. hexyl peroxy radicals (0.4& 0.14). It is reduced to values
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Table 2. Measured and calculated relative detection sensitivities of differeatdp@cies in the H@detection cell for two inlet configura-
tions. Modeled values are calculated from the ratio of conversion efficiencies that are achieved fmdRaQ (oz{w2 = :S—gz) assuming
YRO, = YHO, (EQ.11). The sensitivity applies for R@xthat is produced in the reaction of organic precursors with OH gnd O

Orifice 0.4 mm Orifice 0.2mm
[NO]=1.3x 10" cm—3 [NO]=1.2x 10" cm=3

Precursor aRo, (exp.) “éioz (model) aRo, (exp.) “éioz (model)
Methane 0.04:0.04 0.04 —0.01+0.02 0.00
Ethane 0.0A40.03 0.18 0.0%-0.02 0.00
Cyclohexane 0.480.14 10.13 0.03+0.00 10.08
Ethene 0.8%0.05 0.85 0.1A40.03 0.08
Propene 0.95-0.03 0.83 0.15-0.03 0.08
Isoprene 0.7%0.05 0.67 0.120.02 0.07
MVK 0.60+0.06 20.26 0.24+0.11  20.08
MACR 0.58+0.04 0.38 0.14-0.02 0.00
Benzene 0.86-0.11° 0.78 0.140.17 0.08

2 MCMv3.1 does not include decomposition of the cyclohexoxy radR:MCMv3.1 does not include all reaction paths of theR@dical from MVK.
¢ Value does not include 65 % prompt H@rmation in the radical source.

T T R |
MCM 0.2 nozzle
meas. 0.2 nozzle
MCM 0.4 nozzle
meas. 0.4 nozzle

T T from ethene, propene and isoprene, respectively. The val-
benzene ues are significantly reduced (0.£0.03, 0.15+0.03 and
0.1240.02) for the configuration with the 0.2 mm nozzle.
7 Figure5 shows the dependence of the relative detection sen-
| sitivity on the NO concentration in the detection cell for RO
radicals from isoprene plus OH, emphasizing the NO de-
pendence of the relative detection sensitivity. The high rel-
ative detection sensitivities suggest a fast conversiofi-of
hydroxyalkoxy radicals to HQ This means that Rradi-
cals from isoprene produced a strong interference signal for
HO,; measurements by the LIF-instrument in the past.

| il Relative detection sensitivities for ROradicals from
! - : A MVK and MACR are shown in Tabl@. They are smaller
10" 107 NéO” L 1o® 10" than that measured for ethene and propene for the configura-

/ em tion used in field campaigns (0.4 mm nozzle), but are still sig-

nificant (MVK: 0.60+ 0.06, MACR: 0.58+ 0.04). They are
reduced to values within the range of values for other alkenes
(MVK: 0.24 +0.11, MACR: 0.14£ 0.02), if the smaller ori-
fice (shorter reaction time) is used.

The reaction of benzene with OH is an example for prompt
within the range of the limit of detection of the instrument formation of HGQ within the transport time of the calibra-
for the configuration with the 0.2 mm orifice for both radical tion gas in the radical sourcé ¢ 0 in Eq.7). The forma-
species. tion of HO; in air is fast (2.2 ms)Bohn and ZetzsgH999),

The major pathway of the reaction of OH with alkenes much shorter than the travel time of air between photoly-
is its addition to the carbon atoms of the double-bondsis and sampling by the instrument. A yield of 65% rec-
forming a B-hydroxyalkyl radical, which then reacts with ommended in literature based on product studies in the EU-
O2 to form the corresponding-hydroxyalkyl peroxy rad- PHORE chamberBloss et al. 2005ab) is taken for calcu-
ical (Atkinson and Arey 2003. Relative detection sen- lations using Eq.4). We investigated recently the yield of
sitivities were measured for radicals for the peroxy radi- prompt HQ formation by directly observing the HGorma-
cals from the OH reaction with ethene, propene and iso-ion and found good agreemetghr et al, 2011). Here, the
prene. All of them show a high relative detection sensitiv- relative detection sensitivity for RQOradicals from benzene
ity (Table 2) for the configuration with the 0.4 mm nozzle plus OH was found to be approximately 0.9 for high NO con-
with 0.8540.05, 0.95+:0.03 and 0.7 0.05 for radicals centrations for the two configurations with the different inlet

QRroz

o

o
e

I

0.0

Fig. 6. Same as Fig4, but for RQ radicals produced by benzene
and OH. Measurements take 65 % of prompti@rmation in the
radical source into account.
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nozzles (Fig6). Itis approximately 0.85 at the working point 0.2 nozzle

of the 0.4 mm nozzle used in previous field campaigns. The 1.0 M ’ -
relative detection sensitivity decreases with decreasing NC 5 - — -
concentration and is smaller than 0.1 for the 0.2 mm nozzlei 0.8 _

at the lowest NO concentration tested here. o B _

. L oC _
4.3 Water dependence of H@ and RO, detection 0.6 Cros

sensitivities

0.4 nozzle
1.0 *‘ﬂ* iy
The measurement intercomparison for H@y different LIF 5 L o\t\._.\.__
instruments during HOXCOMP revealed discrepancies that © 0.8 i
were apparently correlated with the atmospheric water vapor™
(Fuchs et al.2010. This result was surprising, because all © i el
instruments had corrected their measurements for the knowt  0-6 Croa| |
influence of OH fluorescence quenching by water vapor. Re- i ‘ ‘ ‘ ‘ ‘ ‘
sults from this campaign must therefore be considered as  1-0T

a hint to a so far unknown water-related interference. For

this reason, the water vapor dependence of our LIF detectior 0.8 a 1
sensitivity for HQ was reinvestigated (Fig). 8 060 B
In the upper panels, the calibration factors for Hand gr’ T 1

RO; are shown, both of which decrease with increasing wa- —  , i
ter vapor concentration in the same way. The trend is com- r 1
pared to calculations that give the reduction of the sensi- o ]

tivity due to fluorescence quenching by water vapor using Z 8.2 nozzie| 1
quenching constants from literatuddgard and Henderson 0.0L . . L ! . ——
2000. Calculations and measurements are in good agree 60 02 04 06 08 10 1.2
ment. This proves once more that the correction factor that H0 / %

was applied to measurements from this LIF instrument durjg 7 pependence of the interference from Readicals pro-

ing HOXCOMP accounts for a dependence of the instrumenty,ced by isoprene and OH on water vapor (lower panel) at high
sensitivity correctly. The relative detection sensitivity for the NO concentrations (0.2 mm nozzle:x3101°cm~3, 0.4 mm noz-
isoprene peroxy radicals does not show any significant trendle: 4x 104 cm~3). Experiments were carried out for two combi-
with the water vapor mixing ratio for both inlet nozzles. This nations of reaction times (orifice diameters) and NO concentrations.
suggests that water vapor does not influence the overall ROSymbols show individual measurement points and lines are average

to OH conversion at the conditions in our measurement in-values (solid, dashed) andrIstandard deviations (dotted) of mea-
strument. surements. In the upper two panels the water vapor dependence

of measured detection sensitivities for pi@o,, and RG from
isoprene Cro,, (scaled to one dry conditions) is compared to cal-
5 Discussion of detection sensitivities culations that give the reduction of the instrument sensitivity due to
fluorescence quenching by water vapor (black lines).
5.1 OH and HO, detection sensitivities of the LIF

instrument
version 3.1 (MCMv3.1Saunders et gl2003 Jenkin et al.

The relative detection sensitivities for HGncreases with 2_003, in order_ to simuIaFe the radical conversion. The ini-
NO and is approximately constant for high NO. In this case,tial concentration of H@is set to 1x 108 cm~2 for model
the HQ, conversion to OH is comp|eteif$% — 1in Eq.9). calculations. The results of the model are independent of
The plateau value has a value of greaterchan one BFigp-  the initial concentration, because the much larger concentra-
per panel), which can be explained by different transmissiortions of the major reactants (NOzPare virtually constant
efficiencies for HQ and OH (Eq.9). The HG inlet trans-  and radical-radical reactions play no role at the given con-
mission efficiency is approximately 45 % larger than that for centrations and time scale. The ratio of the calculated OH
OH for the 0.2mm nozzle and 15 % larger for the 0.4 mm concentration after the reaction time, which is determined as
nozzle. A larger inlet transmission efficiency for li@han  described below, and the initial H@oncentration gives the
for OH is expected because of the generally smaller reactivHO2 conversion efficiencyno, in Egs. 8) and @). The ra-
ity of HO, towards surfacesMihele and Hastig1998 Fuchs tio of inlet transmission efficiencies determined for measure-
et al, 2008. ments at high NO concentrations is used to scale the results
Measuredrro, values are compared to calculated values©of model calculations, since the model does not include inlet
using the framework of the Master Chemical Mechanismloss reactions.
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The reaction time for radical conversion in the detectionfield (0.4 mm nozzle, [NO]=1.% 10 cm~3). Therefore,
cell is determined by fitting the modeled H@urve to the  a substantial part of the alkyl peroxy radicals can be con-
measured data in Fi®, upper panel. This reaction time is verted to alkoxy radicals within the reaction time deter-
used as model input for all other model calculations. A reac-mined from investigations of the HQconversion efficiency
tion time of 0.18+ 0.025 ms for the 0.2 mm nozzle and a re- (2.7 ms). Alkoxy radicals react via one or more pathways
action time of 2.4 0.5ms for the 0.4 mm nozzle is deter- (Atkinson 1997k Orlando et al.2003: (1) reaction with
mined (errors are estimated from sensitivity runs). The valueoxygen, (2) decomposition, (3) isomerization, (4) reaction
for the 0.2 mm nozzle is similar to previous resulgeper with NO.
1998, but the reaction time for the 0.4 mm nozzle is much  Model calculations (Fig4) that were performed to calcu-
longer. Airis sampled by supersonic expansion in both casedate the RQ conversion efficiency for methyl peroxy radi-
so that similar travel times in the detection cell may be ex-cals agree with measurements for the short reaction time of
pected. the 0.2 mm nozzle showing that R@onversion is negligi-

Model calculations reproduce the NO dependence of theble. For the longer reaction time with the 0.4 mm nozzle
measured relative HOdetection sensitivities (Fig). Also model calculations predict an increase of the,Rnver-
the NO dependence of the OH detection efficiency (Bjg. sion efficiency with increasing NO concentrations, because
lower panel) is well-described. The small decrease at higtof the faster conversion to HO The small maximum in the
NO concentrations can be explained by OH loss in its reacimeasured R@detection sensitivities at lower NO cannot be
tion with NO forming HONO (ReactioRR2). reproduced by model calculations using one reaction time.

The sampled air cools down significantly when it is ex- The reason for the discrepancy between measurements and
panded from ambient pressure to the low pressure in the meanodel calculation is not clear. One may speculate that part
surement instrument. Previous experiments with a nozzlef the sampled gas has a much longer residence time than
orifice of 0.75 mm showed a large reduction of the rotationaldetermined from measurements of the Henversion ef-
temperature of OH in the probing laser beantg 207K ficiency due to e.qg. recirculation in the background volume
(Holland et al, 1995. When an orifice diameter of 0.2 mm of the detection cell, so that a description of measurements
or 0.4mm is used, the rotational temperature is found towith a single reaction time may not be sufficient. However,
be equal to room temperature indicating that the expandegince CHO; is the most prominent radical for a wide range
gas has come into thermal equilibrium with the surroundingof atmospheric conditions, the important point is that there
sheath gas, when it reaches the laser beam. This was al$®no significant interference from methyl peroxy radicals for
shown for another LIF instrument 40-50 mm downstreamconditions at which the instrument was operated in the past.
of a flat inlet nozzle with a 0.2 mm orificeCgeasey et al. The relative detection sensitivity for larger alkyl peroxy
1997). In order to estimate the influence of a temperatureradicals may be greater than that for methyl peroxy radicals,
gradient on the peroxy radical conversion along the line fromsince the reaction of alkoxy radicals, formed in the reaction
the NO injection point to the detection volume, we have alsoof alkyl peroxy radicals with NO, with @is faster by a fac-
performed model calculations at a reduced temperature ofor of 4 to 6 @Atkinson and Arey2003 Orlando et al.2003.
230 K. The difference to model results for 295K is small Again, neither reaction rate constants nor the importance of
(<20%). This is also the case for all other model calcula-decomposition and isomerization are well-known. Model
tions that are performed, in order to calculate;ROnversion  calculations of the conversion efficiency for ethyl peroxy and
efficiencies below, indicating a negligible effect of tempera- cyclohexyl peroxy radicals approximately agree with mea-
ture on the conversion reaction schemes (as far as they agirements (Tabl&). A larger discrepancy is only observed

known and included in MCMv3.1). for cyclohexyl peroxy radicals, when the 0.4 mm nozzle is
used. A large relative detection sensitivity of 048.14 is
5.2 Interference from alkyl peroxy radicals measured, but model calculations predict only a small con-

version efficiency of 0.14. This may be due to fast produc-
The high NO concentration in the detection cell ensurestion of HO, from decomposition of the cyclohexoxy radi-
that alkyl peroxy radicals react exclusively with NO form- cal that competes with the ring maintaining reaction with O
ing alkoxy radicals (ReactiorR3). The rate constant (Aschmann et al1997 Orlando et al.2000, but HO, pro-
of this reaction is similar for different RO (typically duction from this reaction has not been investigated so far.
9x 10 2cm=3s! at 298K) @Atkinson and Arey 2003.  The yield of other ring-opening decomposition products was
In addition to alkoxy radicals alkyl nitrates can be formed, estimated to be nearly 0.50 for atmospheric conditigxss (
but their yield is not well-knownAtkinson and Arey2003. chmann et aJ.1997 similar to the relative conversion effi-
Studies show that the vyield is increasing with increasingciency measured here. MCMv3.1 lacks any decomposition
number of C-atoms in the peroxy radical and with increas-of the cyclohexoxy radical, so that it is not expected that
ing pressureAtkinson and Arey2003 Zhang et al.2004). the calculated conversion efficiency of the cyclohexyl radi-
The lifetime of peroxy radicals is approximately 1 ms for cal agrees with measurements.
conditions, at which the detection cell was operated in the
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Results obtained here agree with previous investigations _0 N
for our LIF instrument \Veber 1998 Holland et al, 2003. O OH

An upper limit for an interference from methyl peroxy rad-

icals of 0.05 was measured using the 0.2mm nozzle. Po- i + NO

tential interferences from small alkyl peroxy radicals in the

HO, detection were also investigated for other LIF instru- OH

ments and found to be negligible in agreement with results .O/\/ *+ NO,

obtained here Kanaya et al(2001]) investigated the detec-

tion sensitivity of an LIF instrument for ethyl peroxy radi- decomp'./ \: 02

cals. A relative detection sensitivity of 0.05 was found. The

potential for interferences from;ECy alkyl peroxy radicals

were also experimentally investigated for another LIF instru- Q7CH2 + 4y C/OH o?\/OH + HO,
ment byRen et al (2004 and found to be negligible. 2=

5.3 Interference from B-hydroxyalkyl peroxy radicals l + O2

Similar to alkyl peroxy radicals3-hydroxyalkyl peroxy rad- .CH, + HO
icals can undergo conversion reactions leading finally to o~ 2

the formation of HQ in the detection cell. As an exam- . .

ple, Fig.8 shows the reaction sequence fohydroxyalkyl Fig. 8. Reaction schgme of the radical sequence of ﬁme_
peroxy radical from ethene plus OH. They react with NO hydroxyalkyl peroxy radical prod_uced by the_reactlon of_OH Wlth
forming g-hydroxyalkoxy radicals with a reaction rate con- etheng. Thes-hydroxyalkoxy radical .formed in the reaction with
stant that is similar to those of alkyl peroxy radicagkin- NO either decompqses or reacts W-mz  contrast to othep-
son and Arey2003. f-hydroxyalkoxy radicals can react hydroxyalkoxy species which exclusively decompose.

with O, or can decompose or isomerize. However, in con-

Fras_t to alkoxy peroxy radical;, decomposition and isomer-g 4 |nterference from RO, produced by isoprene + OH
ization appear to be the dominant pathways, except for the and its oxidation products + OH

HOCH,CH,O radical (from ethene plus OH), for which de-

composition and reaction with£zan be competitiveAtkin-  The fate of peroxy radicals from isoprene and OH is subject
son 19973. Decomposition rate constants were determinedyf recent theoretical and experimental investigatidtesters

to be on the order of T0to 10°s™* (Atkinson 1997ab; Or- etal, 2009 da Silva et al.2010. If NO is present, the re-
lando et al, 1998 Vereecken et al.1999. Decomposition  action pathway is similar to that of an alkene, but four dif-
leads to the formation of a hydroxyalkyl radical, which then ferent hydroxyalkyl peroxy radicals can be forméau and
reacts rapidly and sqlely with £forming a carbonyl com- Zhang 2004 Ghosh et al.201Q Greenwald et a).2010),
pound plus HQ (Atkinson, 1997h Orlando et al. 2003. g of which are favored (yield: 0.97). They can be con-
Compared to the slow alkoxy +Qeaction (e.g., for CEO),  verted to HQ in a radical reaction sequencBeeters et al.
which inhibits the overall R@to OH conversion for simple (2009 suggest that the hydroxyalkyl peroxy radical may also
alkyl peroxy radicals in our detection cell, decomposition of undergo a 1,6-H-shift with subsequent decomposition and
B-hydroxyalkoxy radicals is extremely fast. Therefore, the tormation of HGQ instead of reaction with NO. This prompt
lifetime of the 8-hydroxyalkoxy radical is much shorter than o, formation may be of importance under low NO con-
the reaction time in thg fjetection cell for the 0.4 mm Nnoz- jitions. Another theoretical study Imja Silva et al(2010

zle, so that they are efficiently converted to fH{@\s a con- suggests a high yield of HGrom unimolecular decomposi-
sequence, the reaction with NO limits the conversion effi-jjon of the hydroxyalkyl peroxy radical to HOn the absence
ciency, so that a strong interference is observed for high Nyt NO. No NO is present in the radical source, so that these
concentrations that decreases with decreasing NO in contraggaction pathways would change the ratio of ROHO; to-

to assumption made in the past. wards HQ (Eq. 7 with § > 0).

In the MCMv3.1 decomposition of thg-hydroxyalkoxy Lines in Fig.5 show relative conversion efficiencies of
radical is lumped with the subsequent reaction of the hydroxq, radicals from isoprene to HCrom model calculations
yalkyl radical with Q. Due to the reduced density 0@ 5jng MCMv3.1, which does not include the recently sug-
the detection cell, calculations using MCMv3.1 may not ac-gested prompt HEformation from the hydroxyalkyl per-
curately describe the conversion efficiency. In addition, inletOxy radical. Conversion efficiencies of the four peroxy radi-
transmission efficiencies fgi-hydroxyalkyl peroxy radicals s that are formed in the reaction of isoprene with OH are
may be different from that for H9) Despite these limita-  ejghted averages with weights accounting for the formation
tions calculated conversion efficiencies approximately matd'yields of the peroxy radical species assumed in MCMv3.1.
relative detection sensitivities as shown in Table Although the reaction mechanism neglects details of the
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conversion of the hydroxyalkoxy radicals to bCralcula-  is significantly larger (0.60) inconsistent with this reaction
tions reproduce roughly the observations. The agreement ischeme. Calculations using MCMv3.1 (Taldlegive even
better for the 0.2 mm nozzle, whereas measurements seem smaller conversion efficiencies, since the mechanism does
be shifted towards smaller NO concentrations for the 0.4 mnmot include all of the conversion paths that lead to fast for-
nozzle. However, one has to keep in mind that calculatednation of HG.
conversion efficiencies need to be weighted by the ratio of the In contrast to MVK, OH can add to MACR (yield: 0.43)
inlet transmission efficiencies for R@nd HGQ to be com-  or can abstract an H-atom (yield: 0.57Tu@zon and Atkin-
pared to measured relative detection sensitivities (EJ}. son 199Q Orlando et al.1999. H-abstraction leads to the
They are approximately 10 % larger for the 0.4 mm nozzle atformation of an acyl peroxy radical that reacts with NO to the
high NO concentrations than calculated conversion efficien-1-methylvinyl radical and cannot be converted to H@thin
cies. This indicates that inlet transmission efficiency for per-the reaction time in the HOdetection cell. The hydrox-
oxy radicals from isoprene may be slightly larger than thatyalkyl peroxy radical that is formed, if OH adds to MACR,
for HO;, for this nozzle. Moreover, results for methyl peroxy follows the reaction path of other hydroxyalkyl peroxy rad-
radicals indicates (see above) that the description of the ROicals, so that HQ is formed quickly. Therefore, it is rea-
conversion with one reaction time may not be sufficient. sonable that the relative detection sensitivity for peroxy rad-
Measured relative detection sensitivities are larger tharicals (0.58+ 0.04, Table?) from the reaction of MACR with
calculated conversion efficiencies at low NO concentrationsOH for the configuration with the 0.4 mm nozzle is within
for both inlet nozzles. The difference of 0.08 can be re-the range of the yield of hydroxyalkyl peroxy radicals (0.43)
garded as an upper limit for potential prompt Hé@rma- (Tuazon and Atkinsorll99Q Orlando et al.1999. Also cal-
tion (Eq. 11) in the radical source as suggestedRgeters  culations of the conversion efficiency using MCMv3.1 (Ta-
et al. (2009 andda Silva et al(2010 within the time be-  ble2) give a relative R@ conversion efficiency that is similar
tween formation and detection of R@adicals (20 ms). This to the yield of hydroxyalkyl peroxy radicals for this configu-
upper limit would be consistent with the limit of the rate con- ration.
stant for the 1,6-H-shift given biyeeters et a(2009, which
converts to a lifetime of 120 ms, but does not fit to results ob-5.5  Interference from RO, produced by benzene + OH
tained byNehr et al.(2011), who investigated prompt HO . L
formation on a time scale of one second. However, the sam&!€asured detection sensitivities for RGom benzene plus

authors lowered recently the estimate for the rate constant t&" agrees approximately with calculated conversion effi-
0.1s°! (Peeters and Mulle2010). In this case, the 1,6-H- Ciencies using MCMv3.1.  Equations)(and (1) with
shift would be too slow to be observed in experiments con-8= 0.65 are used to determine the relative detection sensitiv

ducted here. The decomposition rate giverdaySilva et al.  'y: SO that prompt H@formation in the radical source does

(2010 for direct decomposition of the hydroxyalkyl peroxy not add to the relative detectioq sensitivity of the peroxy radi-
radical (lifetime of several minutes) is too small to play a role €&l Error bars of data are relatively large (Fay. because of
in these experiments. the small RQ concentration compared to H@om prompt

The two major atmospheric oxidation products from the HO2 formation in the radical source. .
degradation of isoprene with OH are MVK and MACR, both ~ OH adds to benzene forming the hydroxycyclohexadienyl
of which can be further oxidized by OH. The fate of RO radical, which reacts predominantly WItthD’l. air (Nehr
radicals from MVK and MACR plus OH are not well-known, €t &@l- 2011). Products are phenol plus HQyield: 0.53,
Like for alkenes OH can add to the C = C double bond at two Y0lkamer et al. 2009 and RQ radicals, part of which most
positions for MVK, so that two hydroxyalkyl peroxy radical lIkely decomposes to epoxides and piield: 0.12,Bloss

species are formed. Both react with NO forming hydrox- €t @l- 2005D. Only 0.35 of the products in the reaction of
yalkoxy radicals, which further decompose. The hydrox- benzene with OH is a bicyclic peroxy radical which behaves

yalkoxy radical that is formed, if OH adds at the terminal similar to hydroxyalkyl peroxy radicals. 'After regction with
CHp group of MVK (yield: 0.64), decomposes via two chan- NO products decompose and react with felding HO,
nels (Tuazon and Atkinsonl989, so that three conversion very fast, SO that 'Fh_e flrst_reactlon step b_ecomes limiting to
paths are possible. Two of them are similar to the reactiori"® conversion efficiency in the HQietection cell. There-
chain that follows the path described above for alkenes, sdore: the RQ radical species from benzene plus OH can be an
that a fast conversion to HOs possible. However, decom- mterferepce for HQ measurement§ for conditions at which
position products of the third channel do not lead to a fastRCz radicals from alkene plus OH interfere.

HO, production. For this reaction paffuazon and Atkin-

son (1989 measured a yield of 0.64 (referred to the entire

reaction of MVK from product studies). Consequently, only

the remaining part (36 %) can lead to a fast conversion of

RO, to HO, in the detection cell via the other two reaction

channels. The relative detection sensitivity for R@dicals
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6 Implication for atmospheric HO» concentration and RQ is converted to H@ in the conversion reactor in
measurements by LIF the RQ,-mode of the system. The R@onversion efficiency
in the reactor is mainly determined by the rate constant of
Investigation of relative detection sensitivities of the LIF in- the reaction of R@with NO, so that effects described here,
strument described in the previous section show that D do not impact RQ measurements. However, since condi-
be a significant interference for H@oncentration measure- tions were chosen for a high HQonversion efficiency in
ments. Experiments indicate that a large fraction of,RO the HQ, detection cell downstream of the conversion reac-
radicals from alkene plus OH reactions including isoprenetor, HO, concentration measurements in the JH@ode of
and from aromatics plus OH reactions are detected for conthe instrument are affected by similar R@iterferences as
ditions, at which the instrument was operated during fielddescribed above. In the H@neasurement mode RQ@adi-
campaigns in the past. Interferences fronpR&@dicals iden-  cals are not converted in the conversion reactor, but can be
tified here (mostlys-hydroxyalkyl peroxy radicals), can be converted to OH in the HOdetection cell as shown above.
significantly reduced, if the NO concentration and/or the re-Therefore, the instrument is not sufficiently capable of sepa-
action time in the detection cell is decreased. Although therating between H@and RQ radicals from alkenes and aro-
HO; detection sensitivity becomes smaller at the same timematics. In the future, it is planned to install a separate, HO
operation of the instrument at lower NO concentration anddetection cell, which will be operated at optimized condi-
with shorter reaction time is feasible. In this case, the;HO tions (low NO concentration and shorter reaction time). This
sensitivity is only reduced by a factor of four (FB), butthe  will allow separating H@ and RQ radical concentrations
relative RQ sensitivity is smaller than 0.2 for most of RO by subtracting the signals of the RQand HGQ-channel of
species studied here (Tal This value for the H@ sen-  the instrument. H@ comparison measurements of ROXLIF
sitivity will be still sufficient for detecting H@ for a wide  with measurements by MIESR in the paBtichs et a].2009
range of conditions in the atmosphere. is expected to be unaffected by interferences from R@-
HO, measurements that we performed with our LIF in- cause only methyl peroxy radicals and ethyl peroxy radicals,
strument in past field campaigns and in simulation cham-which are not efficiently converted in the H@etection cell,
ber experiments need to be revised, depending on the abunvere involved. This expectation is consistent with the good
dance and mix of R@ species present during the distinct correlation and absolute agreement between ld@d RG
campaigns. The interference by R@ generally expected concentration measurements of both instruments observed
to be negligible for remote and marine environments, wherefor the two technigues.
methyl peroxy radicals are the dominant R&€pecies. How- Although NO concentrations and reaction times in the de-
ever, significant interferences in HH@neasurements are ex- tection cell are different for other LIF instruments, it is likely
pected in the presence of high concentrations of alkenes anghat these instruments also suffer from the interferences dis-
aromatics, as is typically found in urban and forested en-covered here. All LIF-instruments make use of the conver-
vironments. In principle, speciated R@easurements are sion of HO, via reaction with NO reach HEOconversion ef-
required to correct for the interference, but such measureficiencies that are greater than Ote@rd and Pilling2003.
ments do not exist. A detailed analysis of the consequencess shown above, the HOconversion efficiency is closely
for past field measurements is beyond the scope of this paconnected to the ROconversion efficiency for ROspecies
per and will be discussed elsewhere. For example, a sigfrom alkene- and aromatic-precursors and can reach similar
nificant impact of the interference is expected for the re-values for large NO concentrations. After publication of the
cently published HQ measurements performed during the discussion paper of this study two groups (Max Planck In-
PRIDE-PRD2006 campaign in the Pearl River Delta, Chinastitute for Chemistry, MPIC, and University of Leeds) re-
(Hofzumahaus et g12009. Model calculations suggest that ported in Interactive Comments to the paper that their LIF
the measured H&Oconcentrations contain an interference by instruments suffer from the same interference observed here,
RO; of at least 30 % during daytime, depending on the chem-if instruments are operated at conditions with a high,HO
ical mechanism used for the calculation of theJRSpecies  conversion efficiency. They also investigated R@dicals
(Lu etal, 2017). This also suggests that the unknown radical from larger alkanes=C3) that were not investigated here
recycling, proposed biofzumahaus et a(2009 to explain  and found an interference.
the observed OH, must be even larger, if thegtOncentra- HO, concentration measurements of three LIF instruments
tions are smaller than assumed befdre ét al, 2011). were compared during the HOXCOMP campaign in 2005
An LIF instrument similar to the one for HOdetection  (Fuchs et al.2010. Measurements were partly conducted
was recently developed for alternating measurement gf HO in ambient air and partly at the atmosphere simulation cham-
and RQ radicals Fuchs et a].2008. This instrument uti-  ber SAPHIR. Since the measurement place was influenced
lizes the conversion of Rradicals to HQ as described by biogenic emissions, most likely RO@adicals from iso-
above (ReactionB3, R4) in an additional conversion reactor prene and its reaction products were present during ambient
that is mounted on top of a detection cell that is similar to theair sampling and may have corrupted FH@oncentrations
HO, detection cell characterized here. The sum of OHpHO that were reported for the three instruments. However, the
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interference would likely appear in a difference in the slope — The reaction of R@Q with NO limits the conversion ef-

from unity in the correlation plot rather than in an offset ficiency for interfering RQ radical species in contrast
for two reasons: (1) Heand RQ concentrations are often to assumptions made in the past that the reaction of
highly correlated Mihelcic et al, 2003, (2) measurements alkoxy radicals with @ suppresses the conversidto(-

of all instruments were most likely affected in a similar way. land et al, 2003. This is due to the fast reaction of
Thus, the interference would not be distinguishable from cal- B-hydroxyalkoxy radicals with @

ibration errors. This is also the case for those experiments in
SAPHIR during which RQ radicals were produced. It is
possible that some of the day-to-day variability observed in
the slope of the correlation may have been caused by interfer-
ences from RQ@radicals. However, half of the experiments
in SAPHIR were conducted without the addition of organic Consequently,
compounds. Therefore, it is likely that major results of this
campaign are not related to an interference fromp Raali-
cals.

— Interferences from these RGspecies can be signifi-
cantly reduced €0.2), if the reaction time and/or the
NO concentration in the detection cell is reduced at the
expense of a reduced H@etection sensitivity.

Heconcentration measurements from previ-
ous field campaigns during which this LIF instrument was
deployed give rather the sum of H@nd some fraction of
RO, than HQ alone. Generally, the interference by RO
radicals would be small in clean remote environments, when
7 Summary and conclusions small alkanes dominate the OH reactivity, but would be most
likely larger in polluted environments. This is also the case
HO, concentration measurements are widely accomplishedor areas that have large biogenic emissions, because RO
by chemical conversion of HOto OH including reaction radicals from isoprene and its oxidation products are effi-
with NO and subsequent detection of OH by laser-inducedciently converted in the detection cell. The impact of inter-
fluorescence. Réradicals can be converted to OH via a sim- ferences from R@is highest, if the oxidation rate of pollu-
ilar radical reaction sequence including reaction with NO, sotants such as alkenes including isoprene is high (high VOC
that they are potential interferences for fideasurements. and OH concentrations) but NO concentrations are small as
It was believed that this reaction path does not play a rolefound e.g. during the PRIDE-PRD2006 campaigua ét al,
for LIF instruments. Here, ROdetection sensitivities rel- 2011). For this campaign, model calculations suggest that
ative to that for HQ were measured for ROradicals from  the measured Hgconcentrations contain an interference by
various organic precursors such as alkanes, alkenes includingOz of at least 30 % during daytime. The unknown radical
isoprene and aromatics. They were produced by the reactiofecycling, proposed bidofzumahaus et a(2009 to explain
of VOCs with OH in a radical source that produces OH andthe observed OH, however, must be even larger, if the OH
HO, by water photolysis. The ratio of OH and H@on- source from HQ is smaller than assumed before.
centrations in the radical source were determined in a sepa- Results of investigations done here implicate that the
rate experiment, in order to avoid uncertainties from potentialdetection of HQ via chemical conversion with NO and
discrepancies of the ratio from unity. Major results of thesesubsequent detection of OH needs to be revisited. Running
investigations are: the LIF instrument at much lower NO concentration and/or

) shorter reaction time for HOto OH conversion will provide
— The ratio of HQ to the sum of HQ and OH concentra- g gjgnificantly improved suppression of interferences from
tions produced by water photolysis at 185 mm in air is RO, (less than 0.2). Although the HGsensitivity of the
0.50+0.02. instrument will be reduced at the same time, this should

— The interference of H9measurements from RGpro-  allow useful studies of the atmospheric chemistry at most
duced by the reaction of OH with small alkanes via H- tropospheric conditions. Further characterization of inter-
atom abstraction tested here (methane and ethane) f§rences for a wider range of RCspecies and redesign
within the range of a few percent for the LIF instru- _of the instrument may b_e required, in order to minimize
ment operated at conditions used in field campaigns innterferences from Rgradicals.

the past in agreement with results reported from other_ i i
groups. Edited by: M. D. Andés Herbndez

— The interference from ROfrom OH plus alkenes or
aromatics (OH-addition) is larger than 0.8 for the LIF
instrument operated with these conditions.

— Interferences from R@radicals produced by the reac-
tion of isoprene and its oxidation products, MVK and
MACR, with OH are 0.8 and 0.6, respectively, for the
LIF instrument operated with these conditions.
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