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Abstract. Oxidation flow reactors (OFR) are a promising complement to environmental chambers for
investigating atmospheric oxidation processes and secondary aerosol formation. However, questions
havebeen raised abouthow representativethe chemistry within OFRs is of thatin the troposphere. We
investigate the fates of organic peroxy radicals (RO2), which play a central role in atmospheric organic
chemistry,in OFRs and environmental chambers by chemical kinetic modeling, and compareto a variety
of ambient conditions to help define a range of atmospherically relevant OFR operating conditions. For
most types of ROy, their bimolecular fates in OFRs are mainly RO2+HO2 and RO2+NO, similar to chambers
and atmospheric studies. For substituted primary ROz and acyl ROz, RO2+R0; can make a significant
contribution to the fate of RO2 in OFRs, chambers and theatmosphere, but RO2+R02in OFRs is in general
somewhat less importantthan inthe atmosphere. At high NO, RO2+NO dominates RO fatein OFRs, as
in the atmosphere. At high UV lamp setting in OFRs, RO2+OH can be a major ROz fate and RO;
isomerization can be negligible for common multifunctional RO 2, both of which deviate from common
atmospheric conditions. In the OFR254 operation mode (where OH is generated only from photolysis
of added 03), we cannot identify any conditions that can simultaneously avoid significant organic
photolysis at 254 nm and lead to RO; lifetimes long enough (~10 s) to allow atmospherically relevant
RO, isomerization. In the OFR185 mode (where OH is generated from reactions initiated by 185 nm
photons), high relative humidity, low UV intensity and low precursor concentrationsare recommended
for atmospherically relevant gas-phase chemistry of both stable species and RO.. These conditions
ensure minor or negligible RO2+OH and a relativeimportance of ROz isomerizationin ROz fate in OFRs
within ~x2 of that in the atmosphere. Under these conditions, the photochemical age within OFR185
systems can reach a few equivalent days at most, encompassing the typical ages for maximum
secondary organic aerosol (SOA) production. Asmallincreasein OFR temperature may allow therelative
importanceof RO, isomerization to approach theambient values. To study heterogeneous oxidation of
SOA formed under atmospherically-relevant OFR conditions, a different UVsource with higher intensity
is needed after the SOA formation stage, which can be done with another reactorin series. Finally, we
recommend evaluating the atmospheric relevance of ROz chemistry by always reporting measured
and/or estimated OH, HO2, NO, NO, and OH reactivity (or at least precursor composition and
concentration)inallchamber and flow reactor experiments. An easy-to-use RO, fate estimator program

isincluded with this paper to facilitateinvestigation of this topicin future studies.
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1  Introduction

Laboratoryreactors are needed to isolateand study atmosphericchemical systems. Environmental
chambers have been a major atmospheric chemistry research tool for decades (Cocker et al., 2001;
Carter et al., 2005; Presto et al., 2005; Wanget al., 2011; Plattet al., 2013). Over the last few years,
oxidation flow reactors (OFRs, see Appendix A for the meanings of the acronyms) (Kang et al., 2007)
have emerged as a promising complement to chambers,and arebeing used to investigate atmospheric
oxidation processes, particularly volatile organic compound (VOC) oxidation and secondary organic
aerosol (SOA) formation and aging (Kanget al., 2011; Lambe et al., 2015; Hu et al., 2016; Palmet al,,
2016). These processes have air quality (Levy I, 1971), human health (Nel, 2005) and climate impacts
(Stocker et al., 2014).

The most important advantage of OFRs is their ability to achieve relatively high photochemical
ages (on the order of equivalent hours or days assuming an average ambient OH concentration of
1.5x108 molecules cm=3; Mao et al.,2009) in minutes instead of hours in chambers (Lambe et al.,2011).
Rapidagingis usually achieved by highly active HOxradical chemistry initiated by low-pressure Hglamp
emissions (185 and 254 nm) (Li et al., 2015; Peng et al., 2015). This allows shorter residence times in
OFRs thus reducingthe relativeimportance of gas and particlelosses towalls (Palmetal., 2016), which
canbe very importantin Teflon chambers (Cocker et al.,2001; Matsunaga and Ziemann, 2010; Zhang et
al., 2014; Krechmer et al.,2016). In addition, lower costs and small size (volumes of the order of 10 L)
of OFRs allow better portability. These, together with the ability to rapidly achieve high photochemical
ages, are advantageous for field applications. These advantages of OFRs have led a number of
atmospheric chemistry research groups (Lambe and Jimenez, 2018) to deploy them in field (Hu et al,,
2016; Ortega et al., 2016; Palmet al., 2016, 2017), source (Ortega et al., 2013; Tkacik et al., 2014;
Karjalainen et al.,2016; Link et al., 2016) and laboratory studies (Kang et al., 2011; Lambe et al.,2013;
Richards-Hendersonetal., 2016;Lim et al.,2017).

While the use of oxidation flow reactors is growing rapidly in the atmospheric chemistry
community, some researchers have raised two concerns with regard to OFRs: (1) the chemical regime
of OFRs may be unrealistic compared to the atmosphere and (2) OFRs are derivative of flow reactors
with a longtraditioninatmospheric chemistry, especially for chemical kinetic measurements, and thus
there is not much new to be discussed oranalyzedintheir chemistry. Whileitis true that OFRs follow
the tradition of flow tubes used in atmospheric chemistry, they attempt to simulate a much more
complex system all-at-onceand typically use much longer residence times, and thus many fundamental
and practical issues arise that have not been addressed before. The need to achieve longer effective
photochemical ages withina shortresidence time can, however, lead to the occurrence of undesirable
oxidation pathways.

To clarify this issue, a series of chemical kinetic modeling studies have been performed: Li et al.
(2015) and Peng et al. (2015) established a radical chemistry and oxidation model whose predictions
compare well against laboratory experiments and found that OH can be substantially suppressed by

external OH reactants (e.g. SO2, NOyx and VOCs externallyintroduced into thereactor); Peng et al. (2016)
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identified low water mixingratio (H20) and/or high external OH reactivity (OHRext, i.e. first-order OH loss
rate constant contributed by external OH reactants) as conditions that can cause significant non-
tropospheric VOC reactions (e.g. through photolysis at 185 and/or 254 nm); Peng and Jimenez (2017)
studied NOychemistryin OFRs and showed that high-NO conditions, where organic peroxy radicals react
more rapidly with NO than with HO2, can only be realized by simple NO injection in a very narrow range
of physical conditions, whose application toinvestigating intermediate-and high-NO environments (e.g.
urban area) is limited; Peng et al. (2018) thus evaluated a few new techniques to maintain high-NO
conditions in OFRs and found injection of percent-level N,O effective to achievethis goal.

WhileHOxand NOy chemistries have been extensively characterized in OFRs so far, organic peroxy
radical (RO2) chemistry has yet to be consideredin detail,as previous studies haveonly considered the
balance between RO2+NO vs RO+HO;. There has been some speculation that due to high OH
concentrations in OFRs, ROz concentration and lifetime might be significantly different from ambient
values, leadingto dominance of ROz self/cross reactions and elimination of RO isomerization pathways
(Crounse et al., 2013; Praske et al., 2018). Given the central role RO plays in atmospheric chemistry
(Orlando and Tyndall, 2012; Ziemann and Atkinson, 2012) and the rapidly increasing use of OFRs, RO;
chemistryin OFRs needs to be studied in detail to characterizethe similarities and differences between
their reactions conditions and those in the ambient atmosphere and traditional atmospheric reaction
chambers.

In this paper, we address this need via modeling. All major known fates of RO, in OFRs will be
investigated and compared with thosein typical chamber cases and in theatmosphere. This comparison
will provideinsights into the atmospheric relevance of RO2 chemistry in atmosphericsimulation reactors
and allow the selection of experimental conditions with atmospherically relevant RO2 chemistry in
experimental planning.

2 Methods

Due to a variety of loss pathways of ROz and a myriad of RO; types, ROz chemistryis of enormous
complexity. We detail the RO, productionand loss pathways of interestin this study, the approximations
used to simplify this complex problem, and steps toinvestigate it methodically. We briefly introduce the
base OFR design and the model, which are described in detail elsewhere (Kang et al., 2007; Peng et al,,
2015,2018).

2.1 Potential Aerosol Mass oxidation flow reactor (PAM OFR)

The concept of the base OFR design simulated in this study, the Potential Aerosol Mass (PAM)
reactor, was firstintroduced by Kang et al. (2007) The geometry of the most popular PAM OFR is a
cylinder of ¥13 L volume. The PAM reactor we simulateis equipped with low-pressure Hg lamps (model
no. 82-9304-03, BHK Inc.) emitting UV light at 185 and 254 nm. When both 185 and 254 nm photons
are used to generate OH (termed “OFR185”), water vapor photolysis at 185 nm produces OH and HO;.
Recombination of O, and O(3P), formed by O photolysis at 185 nm, generates 0O3. O('D), formed through
O3 photolysis at254 nm, reacts with water vapor and produces additional OH. 185 nm photons can be
filtered by installing quartz sleeves around the lamps. This converts the reactor into “OFR254” mode,
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where photolysis of O3, which must be initiallyinjected, is the only OH production route. The notation

“OFR254-X" is used to specify the initialamountof injected O3 (X ppm) in OFR254. Lambe et al.(2017)

and Peng et al.(2018) haveshown that initialinjection of N2O is ableto maintain up to tens of ppb NO

inboth OFR185 and OFR254. These modes are denoted “OFR185-iN,O” and “OFR254-X-iN20”, or more
generally “OFR-iN20”. In OFR254-iN,0, O(1D) generated from Oz photolysis reacts with N2O to generate

NO, while in OFR185-iN,0, O('D) is mainly supplied by N2O photolysis at 185 nm (Peng et al.,2018).

22 RO2 production and loss pathways

A singlegeneric RO; is adopted for modeling purposes, to avoid the huge number of RO; types
that would complicate effective modeling and analysis. In OH-initiated VOC oxidation, ROz is primarily
produced via VOC+OH - R (+H;0) followed by R+O2 = RO;, where R is hydrocarbyl or oxygenated
hydrocarbyl radical. Since the second step is extremely fastin air (Atkinson and Arey, 2003), the first
step controls the RO, production rate, which depends on OH concentration and OHRext: due to VOCs
(OHRvoc, see Appendix B for details). OHRvoc also includes the contribution from oxidation
intermediates of primary VOCs (e.g. methyl vinyl ketoneand pinonicacid). When the information about
oxidation intermediates is insufficient to calculate OHRvoc, OHR due to primary VOCs is used instead as
an approximant. RO, production through other pathways, e.g. VOC ozonolysis and photolysis, is not
considered, since all non-OH pathways of VOC destruction only become significant at low H,0 and/or
high OHRext (Peng et al., 2016). These conditions lead to significant non-tropospheric VOC photolysis
and thus are of little experimental interest.

Table 1 lists all known ROz loss pathways. Among those, RO, photolysis, RO2+NOs and RO2+03
are not included in this study, since they are minor or negligible in OH-dominated atmospheres,
chambers and OFRs for the followingreasons.

- The first-order ROz photolysisrateconstantis of the order of 102st atthe highest lamp setting in
OFRs (Kalafut-Pettibone et al., 2013) and of the order of 107 sl in the troposphere under the
assumption of unity quantum yield (Klems et al., 2015), while RO, reacts with HO; at>1 sl at the
highestlamp settingin OFRs and at~2x103 s in thetroposphere. Note thatin this study weassume
an average ambient HO2 concentration of 1.5x108 molecules cm3 (Mao et al., 2009; Stone et al,
2012) and RO2+HO; rate constant of 1.5x10°1* cm3 moleculels'1 (Orlando and Tyndall, 2012).

- When daytime photochemistry is active, NO3z is negligible in the atmosphere. In OFR-iN,O modes,
RO2+NO3 is negligible unless at very low H20 and high UV intensity (abbr. UV hereafter), which
resultin high Oz to oxidize NO; to NO3 and keep HO, minimized. However, very low H,O causes
serious non-tropospheric organic photolysis (Penget al.,2016) and thus these conditions are of no
experimental interest.

- Inthe atmosphere RO;+03 is thought to play some role only at night (Orlando and Tyndall, 2012).
Similar conditions may existin some OFR254 cases, ifa very largeamount of Oz is injected and H.0
and UV are kept very low to limit HOx production. These conditions are obviously not OH-
dominated and not further investigated in this study.

Of the RO fates considered in this study, RO2+HO2 and RO2+NO and RO2+R0O: have long been
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known to playa role in the atmosphere (Orlando and Tyndall, 2012). Recommended general rate
constants are available for RO;+HO2 and RO2+NO (Ziemann and Atkinson, 2012; Table 1), albeit with
some small dependencies on the type of RO; and a few deviations that are slightly larger but not
important for the overall chemistry (e.g. CH302 and C2H50; for RO2+HO2). We use these recommended
values for generic RO2 in this study. RO2+NO has two main product channels, i.e. RO+NO2 and RONO>,
whose branchingratios are RO2-structure-dependent (Ziemann and Atkinson, 2012). We do not include
these product channels in this study, since they have negligible impacts on the chemical scheme
described here. This feature results from two facts:i) we focus on the generic RO, and do not explicitly
consider the chemistry of products of the differentRO2 loss pathways;ii) thechannel producing RO and
NO; contributes littleto NO2 production (Peng et al., 2018). However, RO, self-/cross-reaction rate
constants are highly dependent on the specific ROz types and can vary over a very large range (10-17—
10710 cm3 molecule? s*1). Unsubstituted primary, secondary and tertiary RO, self-react at ~¥10-13, ~10™
and ~10'17 cm3 molecule? s, respectively (Ziemann and Atkinson, 2012). Rate constants of cross-
reactions between these RO; types alsospan this range (Orlando and Tyndall,2012). Substituted RO2s
have higher self-/cross-reaction rate constants (Orlando and Tyndall, 2012). RO2+RO2 of highly
substituted primary RO can be as high as ~10"1! cm3 molecule® s (Orlando and Tyndall, 2012). Very
recently, a few highly oxidized 1,3,5-trimethylbenzene-derived RO;s were reported to self-/cross-react
at~101%cm3 molecule!s'1 (Berndtet al., 2018). In the present work, we make a simplification to adapt
to the generic RO; treatment by assuminga singleself-/cross-reaction rate constantfor generic RO; in
each case. Three levels of RO2+R0O; rate constants, i.e. 1x10°13, 1x1011 and 1x1071% cm3 molecule? s7,
arestudiedin this paper.The firstlevel is referred to as “medium RO2+R0O2” as many other RO; can have
self-/cross-reaction rateconstantsas lowas 10°27cm3 moleculels1;thesecond level is defined as “fast
RO2+R0y"; the lastlevel iscalled “very fast RO2+R0>2.” No RO,+R0O; rateconstantlower than the medium
level is investigated in the current work, although there arestill alargevariety of RO, whose self-/cross
reactions areatlower rateconstants, sinceatthe medium level, RO;+RO; is already negligiblein all the
environments studied in this work, i.e. OFRs, chambers and the atmosphere (see Section 3.1.1). Since
there are only a few very specific examples for very fast RO2+R0O2 reported to date, we will not
systematically explorethis category but comparevery fastRO,+R02 as a sensitivity case with the other
two types of RO2+R0O; reactions.

Acyl ROz is considered as a separate RO; type (neither medium nor fast RO2+R0>) in this study
since its reaction with NO2 can be a major sink of RO2 in OFR (Peng and Jimenez, 2017). Thermal
decomposition lifetimes of the productof RO2+NO>, i.e. acylperoxy nitrates, can behours at laboratory
temperatures (Orlando and Tyndall, 2012; also taken into account in the current work, see Table 1),
while OFR residence times are typically minutes. Besides, acyl ROz react with many ROz at ~1011 cm?
molecule?® s (Orlando and Tyndall, 2012), similar to that of fast RO2+R0,. We thus assume acyl RO;
self-/cross-reaction rateconstantto be also 1x10-! cm3 molecule! s-1 to facilitate the comparison with
fastRO2+RO2 results.

In OFRs operated at room temperature, acylperoxy nitrates barely decompose, as their thermal
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decomposition lifetimeis typically ~1 h (Orlando and Tyndall,2012), while OFRresidencetimeis usually
a few minutes. In contrast, peroxy nitrates of non-acyl RO, do decompose on a timescale of 0.1 s
(Orlando and Tyndall, 2012; Table 1). As a consequence, the production and decomposition of peroxy
nitrates of non-acyl RO, reach a steady state in OFRs, which can be greatly shifted toward the peroxy
nitratesidein cases with very high NO2 (Peng and Jimenez, 2017;Peng et al.,2018).

RO,+0H (Fittschen et al.,2014) and ROz isomerization (Crounseet al.,2013) have recently been
identified as possiblesignificant RO, fates in the atmosphere. Reactions of the former type, according
to several recentexperimental and theoretical studies (Bossolasco etal.,2014;Assafetal., 2016,2017b,
2017a; Miiller et al., 2016; Yan et al., 2016), have similar rate constants (~1x10-1°cm3 molecule s1)
regardless of RO type. Therefore, the reaction rate constantof generic RO, with OH is assigned as 1x10°
10 cm3 molecule s'1, ROz isomerization reactivity is highly structure-dependent (Crounse et al., 2013;
Praske et al., 2018) and rate constant measurements are still scarce, preventing us from assigning a
generic ROz isomerization rateconstant. However, for generic RO, isomerizationis generally nota sink
but a conversion between two RO: (both encompassed by the generic one in this study), as RO2
isomerization usually generates an oxygenated hydrocarbyl radical, which rapidly recombines with O»
and forms another RO,. Therefore, ROz isomerization is notexplicitly taken into accountin the modeling,
but is consideredin the RO; fate analysis.

In summary, 6 pathways are included inthe RO; fate analysis of this study. The need to explore
these 6 pathways for a high number of OFR, chamber, and atmospheric conditions makes presentation
of results challenging. For clarity, we present the results in two steps. In the firststep, only well-known
RO; fates (reaction with NO2, HO2, NO and RO3) will be includedin the model. In the second step, the
results of the firststep will be used to guide the modeling and analysis of a more comprehensive set of
significant RO; fates.

23 Model description

The model used inthe present workis a standard chemical kinetic box model, implemented in the
KinSim 3.4 solver in Igor Pro 7 (WaveMetrics, Lake Oswego, Oregon, USA), and has been described in
detail elsewhere (Peng et al., 2015, 2018). Plug flow in the reactor with a residence time of 180 s is
assumed, since the effects of non-plug flow are major only in a narrow range of conditions of little
experimental interest and the implementation of laminar flow or measured residencetime distribution
substantially increases computational cost (Peng et al., 2015; Peng and Jimenez, 2017). The reactions
of ROz discussed in Section 2.2 are added to the chemical mechanism. A generic slow-reacting VOC
(with the same OH rate constantas SO;)is used as the external OH reactant. Its initial concentration is
determined by the initial OHRex: in each model case. Then as this proxy external OH reactant slowly
reacts, OHRex: slowly decays. This slow change in OHRex: represents not only the decay of the inital
reactant but alsothe generation and consumption of later-generation products that continue to react
with OH. The reason for this approximation has been discussed in detail in previous OFR modeling
papers (Peng and Jimenez, 2017; Peng et al., 2018). We exclude NOy species, which are explicitly
modeled, from the calculation of OHRext; thus OHRext only includes non-NOy OHRext hereafter. As OHRext
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is dominated by OHRvoc in most OFR experiments, we use OHRex: to denote OHRvocin OFRs (while for
ambient and chamber cases OHRvoc s still used to exclude the contribution of CO etc.). The outputs of
our model (e.g. species concentrations and exposures) were estimated to be accurateto within a factor
of 2-3 when compared with field OFR experiments; better agreement can generally be obtained for
laboratory OFR experiments (Li et al.,2015; Peng et al.,2015).

Another key parameter in the model is the HOx recycling ratio (B), defined in this study as the
number of HO2 molecule(s) produced per OH molecule destroyed by external OH reactants (Peng et al,,
2015).This ratio depends on the products of ROz loss pathways. The main product of RO2+HO; is usually
ROOH (Table 1), yielding no recycled HO;, while the main products of RO2+NO are RO and NOy, the
former of which can often undergo extremely fastH-abstraction by O; to form a carbonyl and HO,. We
used the fully chemically explicit (automated chemical mechanism generation based on available
knowledge) box-model GECKO-A (Aumont et al.,2005) to simulate OH oxidation of several simple VOCs
(e.g. propaneand decane) under various OFR conditions with zero-NO. We consistently find that ~0.3.
At the other extreme, where RO; is solely consumed by RO2+NO, the product RO yields HO, ata
branchingratiocloseto 1, B~1. Forintermediate cases, weassumethat may be interpolated as a linear
function of r(RO2+NO)/[r(RO2+NQO)+r(RO2+HO;)], where r(RO2+NO) and r(RO2+HO;) are the local
reactive fluxes of RO2+NO and RO2+HO:.

Inthe present work, we model OFR185, OFR254-70,and OFR254-7 (includingtheir -iN20 variants).
We specify the same temperature and atmospheric pressure (295 K and 835 mbar, typical values in
Boulder, Colorado, USA) as our previous OFR modeling studies (Li et al., 2015; Peng et al., 2015, 2016,
2018; Peng and Jimenez, 2017). The explored physical condition space follows that of our previous OFR-
iN20 modeling work (Peng et al.,2018). The only differences arethatin this study we alsoinclude cases
without any N2O injected (OFR185 and OFR254 only) and exclude OHRex:=0 conditions, which produce
no ROz. In detail, the explored physical condition space covers:H;0 of 0.07-2.3% (relative humidity of
2-71% at 295 K); UV photon flux at 185 nm (abbr. F185) of 1.0x10'1-1.0x10'4 photons cm? s?
[corresponding photon flux at 254 nm (F254) of 4.2x1013-8.5x10%>photons cm2s-1]; OHRext of 1-1000
s'1;N20 mixingratio (abbr. N,O hereafter) of 0 and 0.02—20%. All model cases arelogarithmically evenly
distributed except for N2O=0 and F254. The latteris calculated based on the F185—F254 relationship for
the lamps simulated here (Li et al.,2015).

For the classification of conditions, the same criteria as in the OFR-iN,O modeling study (Peng et
al., 2018) are adopted. In detail, high- and low-NO conditions areclassified by r(RO2+NO)/r(RO2+HO3).
Inthe currentwork, these reactive fluxes areexplicitly tracked in the modeling instead of approximated
asin previous studies (Peng and Jimenez, 2017; Peng et al., 2018). The terms “good,” “risky” and “bad”
areused to describe OFR operating conditions in terms of non-tropospheric organicphotolysis,and are
defined based on the ratios of F185 and F254 exposure (F185exp and F254¢p, i.e. integrated photon
fluxes over residence time) to OH exposure (OHexp), as presented previously (Pengand Jimenez, 2017;
Peng et al., 2018). Briefly, under a given condition non-tropospheric photolysis is of different relative
importancein the fateof each specific organicspecies:under good conditions, photolysis at 185 and/or
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254 nm is unimportant for almost all VOCs; under bad conditions, non-tropospheric photolysis is
problematic for most VOC precursors, since significant photolysis of their oxidation intermediates at
185 and/or 254 nm is almostinevitable; and risky conditions can be problematic for some but not all
VOCs. Note that good/risky/bad conditions refer only to non-tropospheric organic photolysisand notto
whether RO2 chemistry is atmospherically relevant. Table S1 summarizes our condition classification
criteria.
3 Results and discussion
In this section, the results are presented intwo parts,i.e. firstfor the simulations with well-known

pathways only, and secondly with all significant pathways, as proposed in Section 2.2. Then based on
the results and their comparison with the atmosphere and chamber experiments, we propose
guidelines for OFR operation to ensure atmospherically relevant RO, chemistry, as well as other
chemistries already discussedintheprevious studies (Peng et al.,2016, 2018),in OFRs.
3.1 Simulations with well-known pathways (RO2+HO2, RO2+R0O2, RO2+NO and RO2+NO>)

Due to significantly differentreactivities of non-acyl and acyl ROy, the results of these two types
of ROz are shown separately.
3.1.1 Non-acyl ROz

Inthis casenon-acyl ROz haveonly three fates,i.e. RO2+HO2, RO2+NO and RO;+R0;. The relative
importance of these three fates can be shown in a triangle plot (Figure 1). The figure includes data
points of OFR185 (including OFR185-iN20) and OFR254-70 (including OFR254-70-iN20), as well as
several typical ambientand chamber studies, includingtwo pristineremote area cases (P1and P2) from
the ATom-1 study (Wofsyet al.,2018), two forested area cases (F1and F2) from the BEACHON-RoMBAS
and GoAmazon campaigns, respectively (Ortega et al., 2014; Martinet al., 2016, 2017), an urban area
case(U) from the CalNex-LA campaign (Ryerson et al.,2013) and five typical chamber experiment cases
(C1—Cs) from the FIXCIT study (Nguyen et al., 2014). These typical cases shown in Fig. 1 bring to light
several interesting points:

- Inall ambientand chamber cases, medium and slower RO2+R0O2 contribute negligibly to the
RO, fate. This confirms a common impression that self-/cross-reactions of many RO radicals
do not significantly affect RO, fates.

- However, if ROz self-/cross-reacts rapidly, RO2+R0O2 can be the most important loss pathway
among RO2+R02, RO2+HO; and RO2+NO even in pristineregions with higher VOC (e.g. P1inFig.
1) compared to an average pristine region case (P2). Note that the P1 caseis still very clean
compared to typical forested and urban areas (Table 2).

- Forested areas located inthesame region as pollution sources arenotas “low-NO” as one may
expect (points F1 and F2 in Fig. 1). RO2+NO contributes ~20-50% to RO; loss, as NO and HO;
concentrations areon the same order of magnitude inthese cases.

- RO2+NO dominates over RO2+R0O; and RO2+HO; in almost all urban areas. Even in relatively
cleanurbanareas such as Los Angeles during CalNex-LA in 2010 (pointU in Fig. 1), average NO
is ~1 ppb, still sufficiently high to ensure the dominance of RO2+NO among the three pathways.
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- Various chamber cases in the FIXCIT campaign (low to high OHRex; lowto high NO; points Cxin
Fig. 1) are able to represent specific RO, fates that appear in different regions in the
atmosphere.

Onthese plots, points for bad conditions (in terms of non-tropospheric photolysis) are not shown
on these plots because of the lack of experimental interest. The triangle plots for OFR254-7 (including
OFR254-7-iN20) in the same form (Figure S1a,b) show no qualitative differences from the results of
OFR254-70, implyingthatinitial O3in OFR254 modes has only minor impacts on RO fate. We see this
result not only for well-known non-acyl RO; fate, but also for the aspects discussed in the following
sections. The similarity between OFR254 modes can be explained by the minor effects of a lower O3 on
HOx at relatively low OHRex (Peng et al., 2015). Cases at higher OHRex: often have stronger non-
tropospheric photolysis (Peng et al., 2016) and hence are more likely to be under bad conditions and
are not shown in Figs.1 and Sla,b. For simplicity, this similarity is notdiscussed further.

An importantfeature confirmedin Fig. 1 is that OFR-iN2O modes effectively realize conditions of
experimental interest with variablerelativeimportance of RO2+NO in ROz fate (Lambe et al.,2017; Peng
et al., 2018). Tuning initially injected N2O can achieve this goal (Fig. 2). Whileitis possible to reduce
RO2+HO; in OFR185-iN20 to negligible compared to RO2+NO by increasing N2O, this is not possible in
OFR254-70-iN20 dueto fast NO oxidation by thelargeamounts of O3 added in thereactor. Nevertheless,
OFR254-70-iN20 can still make RO2+NO dominate over RO2+HO2 in RO; fate. OFR and chamber cases
span a range of ~0—100% in relative importance of RO2+NO in RO; fate (Fig. 2), suggesting that both
chambers and OFRs areableto ensure the atmospheric relevance of RO+NO in RO fate.

Another important feature that can be easily seenin Fig. 1 is that medium rate RO2+R0O2 (and
hence also RO2+R02 slower than 10-13 cm3 molecule s-1) are of negligibleimportancein the fate of RO;
(Fig. 1a,c) in OFR185 (including OFR185-iN20), OFR254-70 (under most conditions, including OFR254-
70-iN20), chambers and the atmosphere. Thus, a very largesubset of RO, have only minor or negligible
contribution from RO2+R0O; to their fate. This is already known for ambient RO, fate (Ziemann and
Atkinson, 2012).The reason why thisis alsotruein OFRs is that while OH is much higher than ambient
levels, HO2 and NO (high-NO conditions only) arealso higher. One can easily verify that steady-state RO,
concentrations (see Appendix B for details) would not deviate from ambient levels by orders of
magnitude. The reactive fluxes of RO2+R0O2 in OFRs are thus not substantially different than in the
atmosphere, while RO2+HO2 and RO2+NO (high-NO conditions only) are both fasterin OFRs because of
higher HO2 and NO. The combined effect is a reduced relative importance of RO2+R0O; in RO; fate in
OFRs compared to the atmosphere. The only exception in OFRs occurs at very high VOC precursor
concentrations (OHRext significantly >100 s'1) in OFR254 (Fig. S2), where OH levels arenot substantially
suppressed due to largeamounts of Oz (Peng et al.,2015). As a result, ROz concentration is remarkably
increased by strong production and RO2+R0O; relative importance increases roughly quadratically and
becomes significant.

The generally lower relative importance of RO2+R02 in OFRs than in the atmosphere is more
obvious for the fate of RO2 with fast RO+RO; rate constants (Figs. 1b,d and 3). Although OFRs can
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reasonablyreproduce RO; fates in typical low-and moderate-OHRex: ambient environments (e.g. typical
pristineand forested areas;Figs. 1b,d and 3) and low-OHRex chambers, OFR185 cannot achieverelative
importance of RO,+R0; significantly larger than 50%, such as found in remote environments with higher
VOC (e.g. P1inFig. 1) and high-OHRex: chamber experiments (e.g. C2and CsinFig. 1; the distribution for
Cz is alsoshown in Fig. 3). In OFR254-70, a relative importance of RO2+R0O; as high as ~90% may be
attained (Fig.S3). However, this requires very high OHRext, which leads to medium (and slower) RO2+R0;
showing higher-than-ambient relative importance. In reality, fast RO2+R0; all involve substituted RO>,
which almostcertainly arise fromand coexist with unsubstituted RO (with slower self-/cross reactions).
Therefore, very high OHRex: in OFR254 is notreally suitablefor attainingdominant RO;+R02 conditions.
In OFR185, a higher OHRex: generally also results in a higher RO2+RO; relative importance because of
higher RO, production (Fig. S3). Nevertheless, higher OHRex: is more likely to lead to risky or bad
conditions (Fig. 3; Peng et al., 2016). It should be noted that although itis difficult to reliably achieve
RO2+RO2 with a relative importance larger than 50% in RO; fate in OFRs, the distributions of RO2+R0O>
relativeimportancein OFRs seems to be within a factor of 2 of those of field/aircraft campaigns (Fig. 3).

In the case of very fast RO2+R0O>, all features for fast RO2+R0O2 discussed above are still present
(Fig. S1c,d). The only major difference between the results for fast RO2+R02 and very fast RO2+RO; is
the significantly higher relativeimportance of RO;+R02 in RO fate in the latter case, whichis expected.
Insummary, the fast RO2+R0O; is not perfectly reproduced in OFRs in terms of relativeimportancein RO;
fate, but itis significant when this pathwayis alsoimportantin the atmosphere.

The HOx recycling ratio B (see Sect. 2.3) is one of the key factors determining HO2 in the OFR
model, yet it is not well constrained. Although we make reasonable assumptions for itin the model
input (see Section 2.3 for details), a sensitivity study to explore its effects is also performed here. For
RO; with the fastself-/cross-reaction rate constant, we perform the simulations with the HOx recycling
ratios fixed to a number of values from 0 (radical termination) to 2 (radical proliferation) in lieu of those
calculated under the assumptions described in Section 2.3. As expected, the contribution of RO2+R0,
to RO, fate increases monotonically between =2 and B=0 (Fig. S4), as the recycling of the competing
reactantHO; decreases. Nevertheless, the change inthe average RO,+R0; relativeimportance from =0
to B=2 is generally withina factor of 2. Thus, itstill holds thatthe RO2+RO; relativeimportancein OFRs
is generally lower than in the atmosphere. Only at B~0 may OFR185 theoretically attain a relative
importance of RO2+R0O; of ~70%, as in the P1 case (pristine, but relatively high-VOC, Figure S5). Note
that B=0 for all VOC oxidation (including oxidation of intermediates) is extremely unlikely. In OFR254,
even if RO2+RO2 may contribute up to ~“100% to RO2 fate at very high OHRext at =0, these conditions
still also lead to significant RO2+RO; in the fate of RO, that self-/cross-react more slowly, which is not
atmospherically relevant.

3.1.2 Acyl ROz

As described in Section 2.1, the generic acyl RO, modeled in this study has the same loss
pathways as ROz with the fast self-/cross-reaction rate constant, except for RO2+NO3, which can be a
significantacyl RO2 loss pathwayin OFRs as well as both chambers and atmosphere. When this reaction
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is included in the simulations of acyl ROy, itis a minor or negligible loss pathway of RO, at low N,O,
while it can be the dominant fate of acyl RO at high N2O (Fig. 4). In general, the RO2+NO; relative
importance increases with initial N2O. This is always true in OFR254-70-iN20O between N>0=0.02% and
N20=20%, while in OFR185-iN;0, the average relative contribution of RO2+NO, to RO; fate starts to
decrease at N20~10%, because RO2+NO regains some importance. This results from the HOy
suppression caused by high NOyand strong NO production athigh N2O. Strong NO production increases
its concentration and suppresses HOx under these conditions, limiting the conversion of NO to NO..
Becauseof the strong OH suppression by high NOyatN,0>10%, these conditions are notdesirable (Peng
et al.,2018).

The only difference between the simulations of acyl ROz and of the fast-self-/cross-reacting non-
acyl RO is the quasi-irreversible reaction RO2+NO;—>R0;NO; at room temperature, whose effects are
revealed by a comparison of the triangle plots of the RO, fates in each case (Figs. 1b,d and S6). RO2+NO;
is clearly dominantin acyl RO, fatein OFRs as long as RO2+NO plays some role (not necessarily under
high-NO conditions). In OFR185-iN,O, the relative importance of RO2+R0O; in the sum of the HO,, NO
and RO; pathways is reduced (Fig. S6a), compared to that of non-acyl RO, with the fast RO,+RO; (Fig.
1b), because RO2+NO; decrease acyl ROz concentration. Such a decrease is not significantin OFR254-
70-iN20 (Fig.S6b, compared to Fig. 1d), sincefor non-acyl ROy, itisalready stored in the form of RO2NO;
as ROy reservoir. In other words, the high initial Oz greatly accelerates NO-to-NO; oxidation, and shifts
the equilibrium RO2+NO2¢>R0O2NO; far to the righteven for non-acyl RO».

RO2+NOzis aninevitableand dominantsink of mostacyl ROz in high-NOx OFRs, though the extent
of this dominance differs substantially between the different OFR operation modes. In OFR254-70-iN;0,
RO2+NO makes a minor or negligible contribution to acyl RO fate because the required high Os very
rapidly oxidizes NO to NO; and leads to very low NO-to-NO; ratios (e.g. ~¥0.003-0.03; see Fig. S7). In
OFR185-iN20, the contribution of RO2+NO can be somewhat significant, with typical NO-to-NO; of
~0.03-0.4. (Fig S7). Urban NO-to-NO> ratios vary widely, for example (roughly, and excluding significant
tails inthefrequency distributions), 0.02—1 for Barcelona, 0.007-0.7 for Los Angeles and Pittsburgh (see
Fig. S7). Given these variations among different urban areas, RO2+NO and RO2+NO; for acyl ROz in
OFR185-iN20 can be regarded as relevant to urban atmospheres. Exceptions to the relevance of
OFR185-iN20 occur during morning rush hours (e.g. see the high NO-to-NO; tail for the Pittsburgh case
in Fig. S7), near major NO sources, and/or in urban atmospheres with stronger NO emission intensity
(e.g. Beijing, especially in winter; Fig. S7). In these cases, NO-to-NO; ratios may significantly exceed 1,
and RO2+NO may be the dominant acyl RO loss pathway. Such high-NO conditions appear difficult to
simulatein OFRs with the current range of techniques.

Acyl RO; are not the dominant type among RO2s under most conditions in OFRs, chambers and
the atmosphere, sincetheir formation usually requires multistep (atleast2 steps) oxidation via specific
pathways leading to an oxidized end group (i.e. aldehyde and then acylperoxy). However, simulations
using the GECKO-A model inurban (Mexico City) and forested (Rocky Mountains)atmospheres (Figure
S8) showthat acyl ROz canstill bea major (very roughly 1/3) component of RO, atages of several hours
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or higher. Therefore, acyl RO2 chemistryin high-NO OFR cansignificantly deviatefrom thatinan urban
atmosphere with NO dominating NOx, and can be relevant to an urban atmosphere with NO:
dominating NOx. On the other hand, a few theoretical studies suggested that H-abstraction by the
acylperoxy radical site from hydroperoxy groups closeto the acylperoxy sitein multifunctionalacyl ROz
may be extremely fast (Jgrgensen et al., 2016; Knap and Jgrgensen, 2017). If these theoretical
predictions are sufficiently accurate, these acyl RO2 may exclusively undergo intramolecular H-shift to
form non-acyl ROz or other radicals and prevent RO2+NO2 from occurring even atvery high (ppm-level)
NO2. However, this type of RO; is structurally specificand may not have strong impacts on the overall
acyl ROz chemistry.
3.2 Simulations with all significant pathways

Since RO, isomerization does notsignificantly affect the generic RO2 concentration, the two RO
fates that were recently found to be potentiallyimportant, i.e. RO2+OH and ROz isomerization, can be
discussed separately.
3.2.1 RO;+OH

In the troposphere, RO2+0OH is a minor (atlow NO) or negligible (at high NO) ROz loss pathway
(Fittschenet al.,2014; Assafetal.,2016; Miller et al.,2016), as its rateconstantis roughly an-order-of-
magnitude higher than that of RO2+HO; (Table 1) while ambient OH concentration is on average 2-
orders-of-magnitude lower than that of HO; (Mao et al., 2009; Stone et al., 2012; Fig. 5). We will not
discuss RO2+0H in the high-NO cases in detail. Simply put, the relative importance of RO2+0OH is
generally negatively correlated with input N2O in OFR-iN20, as NOx suppresses OH and the relative
importance of RO2+NO increases. Below, we focus on low-NO (actually, for simplicity, zero-NO)
conditions.

At N20=0, itwould be ideal ifan HO;-to-OH ratioidentical to the ambient values was realized in
OFRs. In OFR185 cases with medium RO2+R02, HO»-to-OH ratio around 100 occurs ata combination of
low H20 (on the order of 0.1%), low F185 (on the order of 101! photons cm2 s1), and medium OHRext
(10-100 s'1);and also atmedium F185 (~1012 photons cm2s1) combined with very high OHRext (~1000
s'1, Fig. S9). Under both sets of conditions, relatively high external OH reactants suppress OH, whose
productionis relatively weak, and convertsome OH into HO; through HOx recyclingin organic oxidation
(e.g. via alkoxy radical chemistry). Thereason why such an OH-to-HO; conversionis needed to attain an
ambient-like HO-to-OH ratio is that OFR185 is unable to achieve this via the internal (mainly assisted
by Os)interconversion of HOx. This inability is mostevident when F185 (1013-10%4 photons cm™2s1) and
H20 (on the order of 1%) are high and OHRex: is low (<~10 s1; Fig. S9). Under these conditions, OH
production by H20 photolysis is so strong that the HO»-to-OH ratio is lowered to ~1, since OHand H
(which recombines with Oz to form HO3) are produced in equal amounts from H;0 photolysis. As the
RO2+0H rateconstantis only roughly 1-order-of-magnitude higher than that for RO2+HO;, slightly lower
HO2-to-OH ratios (e.g. ~30) suffice to keep RO2+OH minor in this case. A combination of UV and H,0
that are not very high and a moderate OHRex: that is able to convert some OH to HO2 and somewhat
elevate the HO2-to-OH ratio results in minor relativeimportance RO2+OH (Figs.S9 and S10).

12



459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496

In OFR254-70, it is moredifficultto reach an HO;-to-OHratio of ~¥100, which can only be realized
ata combination of very low H,0 and F254 (~0.07% and ~5x10%3 photons cm™2 s°1, respectively) and very
high OHRext (¥1000 s-1). This is mainly due to high O3 in OFR254-70, which controls the HO
interconversion through HO2+03>0OH+202 and OH+03>HO0,+02 and makes both OH and HO, more
resilientto changes due to OHRext (Peng et al.,2015). Even without H,0 photolysis at 185 nmas a major
HO2 source, the HOx interconversion controlled by O3 in OFR254-70 still brings HO2-to-OH ratioto~1 in
the case of minimal external perturbation (see the region at the highest H,0 and UV and OHRext=0 in
the OFR254-70 part of Fig. S9). This ratio cannot be easily elevated in OFR254-70 because of the
resilience of OH to suppression for this mode (Peng et al., 2015).Thus, this ratiois relatively low (<30)
under most conditions (Fig. S9), and consequently (and undesirably), RO2+OH is a major RO fate in
OFR254-70.There is an exception atrelatively low H,0 and UV with very high OHRex: (Fig. S10), however
these conditions areundesirablein terms of non-tropospheric organic photolysis (Penget al.,2016).

Onlythe results of RO with the medium RO2+R0Oz are discussed in this subsection. Those of RO
with the fastRO2+R0O2 arenot shown as they arenot qualitatively different. In OFR185, for the fast-self-
/cross-reacting RO2, RO2+R0; is relatively important athigh OHRext (>~100 s-1; Fig. S3), while RO2+OH is
amajor RO fate atlow OHRex: (generally onthe order of 10 s-* or lower) and relatively high H,O and UV
(Fig. S10). These two ranges of conditions arerelatively far away fromeach other, and hence there is no
condition under which RO2+R0O; and RO2+0OH are both major pathways that compete, which simplifies
understanding RO fate. However, in OFR254-70, some conditions may lead to both significant RO2+RO;
(for the fast-self-/cross-reacting RO2) and RO2+0OH (e.g. H20~0.5%, F254~1x10!> photons cm2s-1 and
OHRext™100 s°1). Nevertheless, as long as RO2+OH plays a major role, these conditions do notbear much
experimental interestand thus do not need to be discussedin detail.

3.2.2 RO isomerization

ROz isomerizationis a first-order reaction. For this type of reactions to occur, RO, does not need
any other species butonly a sufficiently longlifetime againstall other reactants combined, as most RO
isomerization rate constants are <10 s-1. Radical (OH, HO2, NO etc.) concentrations in OFRs are much
higher than ambient levels and may shorten RO, lifetimes compared to those in the troposphere.
Possibly reduced RO lifetimes naturally raise concerns over the potentially diminished importance of
ROz isomerizationin OFRs.

In this section we examine generic RO lifetimes againstall reactions (calculated without RO>
isomerization takenintoaccount)in OFR (including OFR-iN20) cases (for the medium RO,+R0O; case) and
compare them with the RO; lifetimes in recent major field/aircraft campaigns in relatively clean
environments and a field campaign in an urban area (CalNex-LA), as well as a low-NO chamber
experiment (Fig. 6). Indeed, RO; lifetime in clean ambient cases and in chambers with near-ambient
radical levels aregenerally much longer thanthosein OFRs. The RO lifetime distribution of the explored
good and risky cases in OFR254-70 (including OFR254-70-iN,0) barely overlaps with the ambient and
chamber cases, whilein OFR185 (including OFR185-iN20), RO lifetimecan be as longas ~10s, whichis
longer than in urbanareas and roughly at the lower end of the range of ambient RO lifetime in clean
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environments (Fig. 6). The longestRO> lifetimein OFR185 occurs atvery low F185 (on the order of 1011
photons cm2s1)and H20 (~0.1%; Fig. S11), where HOx is low. In OFR254-70, for RO; to survivefor ~10
s, in addition to very low UV and H;0, high OHRe is also needed (Fig. S11). High-OHRex: conditions in
OFR254-70 cause OH suppression and a decrease in HOx concentration, and hence result in relatively
long RO2 lifetimes. However, the strong OH suppression is likely to give bad conditions (high contribution
of non-tropospheric photolysis).(Peng et al., 2016) Low-OHRex conditions do not lead to long RO>
lifetimes in OFR254-70 even at very low F254 and H»0, since Oz-assisted HOx recycling prevents a very
low HOy level even if HOx primary productionis low.(Penget al.,2015)

An RO; lifetime (without ROz isomerization included) of 10 s leads to a relative importance of
isomerization of 50% in the total fate (including all loss pathways) of RO, with an isomerization rate
constant of 0.1 s'1, which is a typical order of magnitude for isomerization rate constants of
multifunctional RO2 with hydroxyl and hydroperoxy substituents (Fig. 6; Crounse et al., 2013; D’Ambro
et al.,2017; Praskeet al., 2018). Although a 50% relativeimportance of isomerization under some OFR
conditions is still lower than those in relatively low-NO ambient environments and low-NO chambers,
this relative importance should certainly be deemed major and far from negligible as some have
speculated (Crounse et al., 2013). Other monofunctional RO, (with peroxy radical site only) and
bifunctional ROz with peroxy radical siteand a carbonyl group isomerizeso slowly (~0.001-0.01 s1) that
their isomerizationsare minor or negligibleloss pathwaysintheatmosphere, chambers and OFRs with
RO, lifetimes around 10 s (Fig. 6). Isomerizations of other types of multifunctional RO; (e.g.
multifunctional acyl RO2 with hydroxyl and hydroperoxy substituents at favorable positions) are
extremely fast (rate constants up to 10®s°%; Jgrgensen et al., 2016; Knap and Jgrgensen, 2017) and
always dominate in their fates in the relatively low-NO atmosphere and chambers and OFRs with RO2
lifetimes around 10's.

Inthe discussionaboutRO;isomerization above (as inthe RO2+0OH explorationin Section 3.2.1),
we only examine low-NO (or zero-NO for simplicity) conditions with medium RO2+RO;. In high-NO
environments, e.g. polluted urban atmospheres with NO of atleast ~10 ppb and high-NO OFRs in the
iN20 modes, RO; lifetime is so short that isomerization is no longer a major fate for any but the most
rapidly isomerizing multifunctional RO2 discussed above. NO measured in Los Angeles during the
CalNex-LA campaign (Ortega et al., 2016) was only ~1 ppb, which would to allow RO; to survive for a
few seconds andisomerize (Fig. 6), even inan urbanarea.

The OFR simulations for the discussions about RO2 isomerization are the same as those
conducted to study RO2+0H, i.e. the ones with the medium RO2+R0; and RO2+0OH included. For fast ROz
self-/cross-reaction cases, RO; lifetimes may be significantly shorter than for RO, with the medium self-
/cross-reaction rate constantat high OHRext (>~100 s°1)in OFR185 (Fig. S3). These high-OHRext conditions
are likely to be risky or bad (of little experimental interest) (Peng et al., 2016) and thus do not need to
be discussed further in detail. OFR254-70 (a zero-NO mode) does not generate good or risky (of atleast
some experimental interest in terms of non-tropospheric organic photolysis) conditions also leading to
low-NO-atmosphere-relevant RO; lifetimes (Fig. 6). RO, with faster self-/cross-reaction rate constants
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have even shorter lifetimes in OFR254-70 and will not be discussed further.
3.3  Guidelines for OFR operation

In this subsection wediscuss OFR operation guidelines for atmospherically relevant RO, chemistry,
with a focus on OFR185 and OFR254 (zero-NO modes). Since RO2+HO2 and RO2+NO both canvary from
negligible to dominant RO, fate in OFRs, chambers and the atmosphere (Figs. 1 and 2), these two
pathways are not a concern in OFR atmospheric relevance considerations. Neither is the RO2+R0O; a
major concern. Medium or slower RO2+R0O2 is minor or negligiblein the atmosphere and chambers, as
well as in OFRs, as long as high OHRe is avoided in OFR254 (Fig. S2). Fast RO2+R0; is somewhat less
importantin OFRs than in the atmosphere (Figs. 1b,d and 3), but is still qualitatively atmospherically
relevant, given the uncertainties associated with the HOx recycling ratios of various reactive systems
and the huge variety of RO, types (and hence RO2+R0O; rate constants).

Accordingly, we focus on the atmospheric relevance of RO2+OH and RO; isomerization, i.e. their
relative contributions close to ambient values. Under typical high-NO conditions, RO2+NO dominates
RO fate and RO2+0H is negligible. High NO also shortens RO; lifetime enough to effectively inhibit RO
isomerization. Both the dominance of RO2+NO and the inhibition of ROz isomerization also occurin the
atmosphere and in chambers, so high-NO OFR operation (typically NO>10 ppb) represents these
pathways realistically. Some care is, however, required with the RO;+OH and RO; isomerization
pathways atlow NO. Since RO2+HO; in OFRs is always a major RO; fate at low NO and RO2+RO; are
generally not problematic, RO2+OH and RO2+HO; can be kept atmospherically relevantas longas HO»-
to-OH ratiois closeto 100 (the ambient average). In addition, RO, lifetime (calculated without RO,
isomerization takenintoaccount)should be atleastaround 10s.

Practically, OH production should belimited to achieve this goal. Too strong OH production athigh
H20 and UV can elevate OH and HO2 concentrations, which shortens RO lifetime, and decreases the
HO2-to-OH ratioto ~1 (see Sect. 3.2.1). OH productionis roughly proportional to both H,O and UV (Peng
et al., 2015),so can be limited by reducingeither or both. However, H,O and UV have different effects
on non-tropospheric organicphotolysis. Ata certain OHRext, OH production rateroughly determines OH
concentration in OFRs. Reducing UV decreases both OH and UV roughly proportionally (Peng et al,,
2015), and hence changes in F185exp/OHexp and F254ep/OHexp are small (Peng et al., 2016); i.e. non-
tropospheric organicphotolysis does notbecomesignificantly worseif UVis reduced. By contrast, if H,O
is reduced without also decreasing UV, F185exp/OHexp and F254exp/OHexp both increase, signifying
stronger relative importance of non-tropospheric photolysis. Therefore, reducing UV is strongly
preferred as an OH production limitation method, and is effective in making both RO2+OH and RO;
isomerization moreatmospherically relevant.

To further explorethe effects of UV reduction on the RO2+0OH (Fig. 5) and ROz isomerization (Fig.
6) pathways, we divide our OFR case distributions into higher-UV and lower-UV classes, with the
boundary being the mid-level (in logarithmic scale) UV in the explored range. The distributions for
lower-UV conditions (solid lines in Figs.5and 6) areclearly closer to the ambient cases (i.e. HO2-to-OH
ratio closer to 100, smaller RO2+OH relativeimportanceand longer RO; lifetime).
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Since OFR254 is unable to achieve both conditions with atleast some experimental interest (i.e.
with sufficiently low non-tropospheric photolysis) and atmospherically relevant RO lifetime, we now
discuss preferable conditions for OFR185 only. As F185 close to or lower than 1012 photons cm2 s is
needed for RO; lifetime to be around 10 s or longer (Fig. S11), the OH concentration under preferable
conditions for atmospherically relevant RO, chemistry (~*10° molecules cm™ or lower) is much lower
than the maximum that OFR185 can physically reach (~101°-101!* molecules cm-3). Furthermore, lower
OH production leads to higher susceptibility to OH suppression by external OH reactants (Peng et al,,
2015), which can create non-tropospheric photolysis problems (Penget al.,2016). We thus recommend
as high H,0 as possibleto maintain practically high OH whileallowing lower UV to limitthe importance
of non-tropospheric organic photolysis.

The performance of various OFR185 conditions at high HoO (2.3%) is illustrated in Fig. 7 as a
function of F185 and OHRex:. The three criteria for the performance, i.e. RO; lifetime (calculated without
ROz isomerization considered), relative importance of RO2+OH and 10g(F254 exp/OHexp) (2 measure of
254 nm non-tropospheric photolysis, whichis usually worsethan that at 185 nm; Peng et al.,2016) are
shown. At F185 of ~1011-10%2 photons cm2 s'1and OHRextaround or lower than 10 s-1, all three criteria
are satisfied.Since UV (and hence OH production)is relatively low,a low OHRext (~10 s'1)is required to
avoid heavy OH suppression and keep conditions good (green area in the bottom panel of Fig. 7).
Nevertheless, risky conditions [log(F254exp/OHexp)<7; light red area in the bottom panel of Fig. 7] may
also bear some experimental conditions depending on the type of VOC precursors (specifically on their
reactivity toward OH and their photolability at 185 and 254 nm, and the same quantities for their
oxidationintermediates; Peng et al., 2016; Peng and Jimenez, 2017). Thus, higher OHRex: (up to ~100 s~
1) may also be considered in OFR experiments with some precursors (e.g. alkanes). In practice, the
preferred conditions may require F185 even lower than that our lowest simulated lamp setting (Li et al,,
2015).SuchalowF185 may be realized e.g. by partially blocking 185 nm photons using non-transparent
lamp sleeves with evenly placed holes that allowsome 185 nm transmission.

Under these preferred conditions, OH concentrationin OFR185 is ~10° molecules cm3, equivalent
to a photochemical age of ~1 eq. d for a typical residencetime of 180 s. This is much shorter than ages
corresponding to the maximal oxidation capacity of OFRs (usually eq. weeks or months; Peng et al,
2015) butitis similarto the ages of the maximal organicaerosol formation in OFRs processing ambient
air (Tkaciketal.,2014;Ortega et al.,2016;Palmetal.,2016). We show the maximal SOAformation case
in the OFR185 experiments in the BEACHON-RoOMBAS campaign in the Rocky Mountains (Palm et al,,
2016)as an example (Figs.5 and 6). Duringthe campaign, relative humidity was high (>60% in most of
the period), OHRex Was estimated to be relatively low (~15 s'1)in this forested area, and UV in the OFR
was limited in the case of the maximal SOA formation age (~0.7 eq. d). All these physical conditions
were favorablefor atmospherically relevant RO fate (Figs. 5 and 6). RO2+OH was minor inthis caseand
the relativeimportance of RO; isomerizationin ROz fatein the OFR was within a factor of ~2 of that in
the atmosphere for all RO, (regardless of isomerization rate constant) during the BEACHON-RoMBAS
campaign (Fig. 6). The effect of UV on the relativeimportance of RO, isomerization for this exampleis
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also illustrated in Fig. 6. In the sensitivity case with a lower age, a lower UV results in a larger
contribution ofisomerization to RO; fate, whilethe relativeimportanceof ROz isomerizationis lower in
a sensitivity case with an age 3 times of that of the maximal SOA formation. In an extreme sensitivity
casewith the highest UV in the range of this study (with an age of 4 eq. mo), ROz isomerization becomes
minor or negligiblefor all RO2 except extremely rapidlyisomerizing ones.

The discussionsaboveindicatethatthe atmospheric relevance of gas-phase RO, chemistry in OFRs
deteriorates as the photochemical age over the whole residencetime (180s)increases.Toreachlonger
ages, longer residencetimes (with UV being still low) can be adopted. However, OFR residencetimes >
10 min tend to be limited by the increasing importance of wall losses (Palm et al., 2016). As a result,
longer residence times can only increase photochemical age in OFRs up to about a week. This implies
that in OFR cases with ages much higher than that of maximal SOA formation (corresponding to the
heterogeneous oxidation stage of SOA), the atmospheric relevance of gas-phase ROz chemistry in the
SOA formation stage (before the age of maximal SOA formation) often cannot be ensured. However,
under those conditions typically new SOA formation is not observed, and the dominant process
affecting OA is heterogeneous oxidation of the pre-existing OA (Palmetal., 2016). If the heterogeneous
oxidation of the newly formed SOA is of interest, a two-stage solution may be required. Lower UV can
be usedinthe SOA formation stageto keep the atmospheric relevance of the gas-phase chemistry, while
high UV can be used in the heterogeneous aging stage to reach a high equivalent age. The latter
approachis viablesince heterogeneous oxidation of SOA by OH is slow and particle-phasechemistryis
not strongly affected by gas-phasespecies except OH, when OH is very high (Richards-Henderson etal,,
2015, 2016;Hu et al.,2016). This two-stage solution may be realized through a cascade-OFR system or
UV sources atdifferentintensities withinan OFR (e.g. spliced lamps).

Praskeet al.(2018) measured ROz isomerization rateconstants at296 and 318 K and observed an
increaseinthe rateconstants by a factor of ~5 on average. A 15 K temperature increasein OFRs would
lead to RO, isomerization being accelerated by a factor of ~3, while other major gas-phase radical
reactions have weak or no temperature-dependence (e.g. ~7%, ~5%, ~“6% and ~19% slow-downs for
isoprene+OH, toluene+OH, typical RO2+NO and RO2+HOy, respectively; Atkinson and Arey, 2003;
Ziemann and Atkinson, 2012). As a consequence, the relative importance of RO, isomerization in RO
fatein OFRs can be elevated and closer to atmospheric values (Fig. 6). Nevertheless, a 15 K increasein
temperature may alsoresultin some OAevaporation (Huffmanet al.,2009; Nault et al.,2018).Besides,
reduction of acylperoxy nitrate formation in OFRs, which may be useful to mimic some urban
environments where NO plays a larger rolein acyl RO fate (seeSection 3.1.2), is unlikely to beachieved
by increasing OFR temperature. The O-N bond energy of acylperoxy nitrates is ~28 kcal/mol (Orlando
and Tyndall,2012), which can betaken as an approximatereaction energy of their decomposition. Then
a 20 K temperature increaseresults in theequilibrium constant of acyl RO2+NO;¢>acyl RO2NO; shifted
toward RO2+NO2 by a factor of ~20. However, this shift is still too small relative to the equilibrium
constantitself. It can be obtained by a simplecalculation thatfor the generic acyl ROz in this studyinan
OFR at 318 K (20 K higher than room temperature) with NO2 of 1012 molecules cm3 (a relatively low
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level intypical OFR-iN20 experiments; Peng et al., 2018),~0.1% of the total amount of acyl RO, + acyl
RO2NO; will be presentin the form of acyl RO». Even if acylperoxy nitrate decomposition is x20 faster
than at room temperature and the formed acyl RO; can irreversibly react with NO and decrease
acylperoxy nitrate concentration, this effectis small: typically up to ~20% decrease in acylperoxy nitrate
and usually negligible changes in NO and NO». The minor effect is due to i) acylperoxy concentration
that is still very low, ii) NO concentration that is much lower than NO; and iii) acylperoxy nitrate
decomposition lifetimethatis still on the order of minutes.

As discussed above, high H;0, low UV and low OHRex are recommended for keeping the
atmospheric relevance of RO, chemistry in OFRs. These three requirements are also part of the
requirements for attaining good high-NO conditions in OFR185-iNO (the OFR185 mode with initial NO
injection; Peng and Jimenez, 2017).In additionto these three, aninitial NO of several tens of ppb is also
needed to obtaina good high-NO conditionin OFR185-iNO. Under these conditions, RO2+NO dominates
over RO2+HO2, and hence RO2+OH; UV is low, the photochemical age is typically ~1 eq. d, and ROz
lifetimecan be a few seconds. Therefore, these conditions area good fit for studying the environments
inrelatively clean urbanareas, such as Los Angeles during CalNex-LA (Ortega et al.,2016), where NO is
high enough that the dominant bimolecular fate of RO, is RO2+NO but low enough to maintain RO
lifetimes that allow mostcommon ROz isomerizations.

As RO; fate in OFRs is a highly complex problem and it can be tricky to find suitable physical
conditions to simultaneously achieve experimental goals and keep the atmospheric relevance of the
chemistry in OFRs, we provide here an OFR RO Fate Estimator (in Supplement) to qualitatively aid
experimental planning. The OFR RO Fate Estimator couples the OFR Exposure Estimator (Peng et al,,
2016, 2018) to a General RO Fate Estimator (also in Supplement, see Fig. S12 for a screenshot of its
layout). The OFR Exposure Estimator updated in this study also contains estimation equations for the
HO»-to-OH ratio in OFR185 (in OFR254, RO; fate is always atmospherically irrelevant at low NO, while
athigh NO, RO2+NO dominates and a detailed RO, fateanalysis is nolonger needed). In the General RO
Fate Estimator, all ROz reactantconcentrationsand all ROz loss pathway rate constants can be specified.
Thus the General RO; Fate Estimator canalso beapplied to the atmosphere and chamber experiments,
inadditionto OFRs. When applied to OFRs, the General RO; Fate Estimator is provided by the OFR ROz
Fate Estimator with quantities estimated in the OFR Exposure Estimator (e.g. OH and NO). RO
concentrationandfate arecalculated according to Appendix B inthe RO, Fate Estimators.

4  Conclusions

We investigated RO, chemistry in OFRs with an emphasis on its atmospheric relevance. All
potentially major loss pathways of RO;, i.e. reactions of RO2 with HO2, NO and OH, that of acyl RO, with
NO;, self-/cross-reactions of RO; and ROz isomerization, were studied and their relativeimportancein
RO, fate were compared to those in the atmosphere and chamber experiments. OFRs were shown to
be ableto tune the relativeimportance of RO,+HO; vs.RO2+NO by injecting different amounts of N2O.
For many RO; (including all unsubstituted non-acyl ROz and substituted secondary and tertiary RO3),
their self-reactions and thecross-reaction between them areminor or negligiblein the atmosphere and
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chambers. This is also the case in OFR185 (including OFR185-iN,0) and OFR254-iN2O, however those
RO; self-/cross-reactions can beimportantathigh precursor concentrations (OHRext>100s1) in OFR254.
For substituted primary ROz and acyl RO3, their self-/cross-reactions (including the ones with RO, whose
self-reaction rate constants are slower) can play an important role in RO, fate in the atmosphere and
chambers, and may also be major RO: loss pathways in OFRs, although they are somewhat less
importantin OFRs thaninthe atmosphere. Acylperoxy nitrates arethe dominantsink of acyl RO athigh
NOx in OFRs (particularlyin OFR254-iN2O where RO2+NO is negligible for acylperoxy loss), whileonly a
minor reservoir of acyl RO; in the atmosphere under most conditions exceptin urban atmospheres,
where RO2+NO and RO;+NO2 can both be the dominant acylperoxy loss pathway depending on
conditions. In chambers, most acyl RO, can be stored in the form of acylperoxy nitrates if NO; is very
high (hundreds of ppb to ppm level).

Besides the above-mentioned well-known pathways, RO2+OH and ROz isomerization may also play
animportantrolein RO fateand sometimes resultin atmosphericallyirrelevantRO, chemistryin OFRs.
Here we summarize the main findings about all the pathways and the related guidelines for OFR
operation:

- Under typical high-NO conditions, RO2+NO dominates RO, fate and RO; lifetimeis tooshort to
allow most RO; isomerizations, regardless of whether in the atmosphere, chambers or OFRs,
thus raising no concern about the atmospheric relevance of the OFR RO, chemistry.

- Under low-NO conditions, OFR254 cannotyield any physical conditions|eading to sufficiently
long RO lifetimefor its isomerization because of the high radicallevelsand theirresilienceto
external perturbations in OFR254.

- In OFR185 with strong OH production (and hence high OH), RO;+OH and RO, isomerization
may strongly deviate from that in the atmosphere [becoming important and negligible,
respectively, for relatively rapidly isomerizing RO> (rate constants on the order of 0.1 s1)].

- To attain both atmospherically relevantVOC and RO; chemistries, OFR185 requires high H,0,
low UV and low OHRex. These conditions ensure minor or negligible RO;+0OH and a relative
importance of RO, isomerization in RO, fate in OFRs within a factor of ~2 of that in the
atmosphere.

- Under conditions allowing both VOC and RO chemistries to be atmospherically relevant, the
maximal photochemical agethat can be reached is limited to a few eq. days.This age roughly
covers the period required for maximum SOA formationinambient air.

- To most realistically study much higher ages for SOA functionalization/fragmentation by
heterogeneous oxidation, a sequence of low-UV SOA formation followed by a high UV
condition (inthe same reactor orincascadereactors) may be needed.

- High H20,low UV and low OHRe: inthe OFR185-iNO mode canachieve conditions relevantto
clean urban atmosphere, i.e. high-NO but not sufficiently high to inhibit common RO:
isomerization.

Finally,RO2 chemistryis not only highly complex but also plays a central and instrumental rolein
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atmospheric chemistry, in particular VOCoxidation and SOA formation. For all experiments conducted

with atmospheric chemistry simulation apparatus (chambers, flow reactors etc.), an atmospherically

relevant RO, chemistryis crucial to meaningful experimental results. However, most literature studies

did not publish experimental data that are sufficient for estimating RO, fate. The FIXCIT chamber

experiment campaignis one of the few exceptions where comprehensive data were reported (Nguyen

et al., 2014) and used for the RO, fate analysis in the present work. We recommend measuringand/or

estimating and reporting OH, HO2, NO, NO; and OHRvoc (or initial precursor composition at least)

whenever possible, for allfutureatmosphericlaboratory and field experiments for organic oxidation to

facilitatethe analysis of RO, fate and the evaluation of its atmospheric relevance.

Appendix A: Glossary of the acronyms (except field campaign names) used in the paper

OFR oxidation flowreactor
VoC volatile organiccompound
SOA secondaryorganicaerosol
H.O water vapor mixingratio
OHRext external OH reactivity (dueto CO, SO, VOCs etc.)
PAM Potential Aerosol Mass, a specific type of OFR
OFR185 oxidation flowreactor usingboth 185 and 254 nm light
OFR254 oxidation flowreactor using 254 nm lightonly
OFR254-X OFR254 with X ppm Oz initiallyinjected
OFR-iN20 OFR with N2O initially injected
OFR185-iN20 OFR185 with NOinitially injected
OFR254-iN,0 OFR254 with N2Oinitially injected

OFR254-X-iN20

OFR254-X with N2O initially injected

OHRvoc

OH reactivity due to VOCs

F185, F254 etc.

UV photon fluxat185 nm, 254 nm etc.

N20

N20 mixingratio

oHexp, F185exp etc.

exposure (integral over time) to OH, F185 etc.

Appendix B: Steady-state approximation for generic RO2
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The production rate of a generic RO is almostidentical to the VOC consumption rate, since the
second step of the conversion chain VOC>R—>R0; is extremely fast. Therefore, the generic RO;
productionrate, P, can be expressed as follows:

P =2, k;c; - OH = OHRy, - OH (A1)
where OH is OH concentration and ¢; and k; are respectively the concentration and the reaction rate
constantwith OH of the i VOC. OHRvoc is the total OHR due to VOC and equal to Zikici by definition.

For the generic RO; loss rate, the reactions of RO, with HO2, NO, RO2, NO; (for acyl ROz only) and
OH are considered. Isomerization generally does not lead to a total RO2 concentration decrease and is
thus notincludedinits loss rate. Then the ROz loss rateis

L = kyo,RO; - HO, + kyg RO, - NO + 2k, RO, - RO, + kyo, RO, - NO, + ko RO, - OH (A2)
where ROz, HO2, NO, NO, and OH are the concentrations of corresponding species and ka (A= R0z, HO3,
NO, NO2 and OH) is the reaction rate constant of RO2 with A. For non-acyl RO, the term kyo, RO, - NO,
is notincluded; for cases with well-known pathways only (RO2+HO2, RO2+R02, RO2+NO and RO2+NO3;
see Section 3.1), the term ko, RO, - OH is excluded. ky(, needs to be given a value (which may be the
main levels of ROz self-/cross-reaction rateconstantsin this study, 1x1013 and 1x10"1* cm3 molecule® s’
1, or other values depending on the RO type).

At the steady state, P and L are equal. For an ambient/chamber setting, OH, HO,, NO, NO; and
OHRvoc are often measured or known. In this case, simultaneously considering Eqs.Al and A2 yields a
quadratic equation of RO, concentration (the only unknown). Then generic RO, concentration can be

easily obtained by solving this equation:

ROZ = (_K + \/KZ + 8kROZ " OHRVOC ) OH)/(4‘kROZ) (A3)

where K = ky;o,HO, + kyoNO + kyo,NO, + ko OH.
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Figure 1. Triangle plots of RO fate by RO2+HO2, RO2+RO2 and RO2+NO (without RO2+OH and RO:
isomerization considered in the model) for RO, with the medium self/crossreaction rate constant (1x10-
13 ¢m3 moleculels)in (a) OFR185 (including OFR185-iN,0) and (c) OFR254-70 (including OFR254-70-
iN20) and for RO2 with the fastself/cross reaction rate constant (1x10-11 cm3 molecule? s1) in (b)
OFR185 (including OFR185-iN20) and (d) OFR254-70 (including OFR254-70-iN20). Inclined tick valueson
an axis indicate the grid lines that should be followed (in parallel to the inclination) to read the
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correspondingvalues on this axis. The OFR data points are colored by the logarithm of the exposure ratio

between 254 nm photon flux and OH, a measure of badness of OFR conditionsin terms of 254 nm organic
photolysis. Several typical ambient and chamber cases (see Table 2 for details of these cases) are also

shown for comparison.
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Figure 2. Frequency distributions of the relative importance of RO2+NO in the fate of ROz (with medium
self/cross reaction rate constant and without RO,+OH and RO; isomerization considered) for OFR185
(including OFR185-iN20) and OFR254-70 (including OFR254-70-iN,0). Distributions for several different
N2O levels are shown. Only good and risky conditions (in terms of non-tropospheric organic photolysis)
are included in the distributions. Also shown is the relative importance of RO2+NO for several typical
ambient and chamber cases (see Table 2 for details of these cases).

30



1040
1041

1042
1043
1044
1045
1046
1047
1048
1049

C,/C, C C, C
035 _3 4 1 2 5
—— ATom-1 (Northern Pacific Ocean)

o 0307 BEACHON-RoMBAS (Rocky Mountains)
g —— SOAS (Forest in Southeastern US)
g 0257 —— Chamber (FIXCIT Exp. No. 17, high OHR,,,, low NO)
g 020 - Most high-NO conditions
g 015
%
S 0.10
i

0.05 —

0.00

0 20 40 60 80 100

0.35 —

030 —— OFR185 (good conditions)
® | — — OFR185 (risky conditions)
g 025" —— OFR254-70 (good conditions)
g 1 — = OFR254-70 (risky conditions)
§ 0.20 - lt Most high-NO conditions
(=]
g 015
C .
(]
&
e 0.10
L

0.05 —

0.00 —=— |

0 100
Relative importance of RO,+RO, (%)

Figure 3. Frequency distributions of the relative importance of RO;+R0; in the fate of RO, (with fast
self/cross reaction rate constant and without RO,+OH and RO; isomerization considered) for OFR185
(including OFR185-iN20), OFR254-70 (including OFR254-70-iN20) and a chamber experiment and in the
atmosphere (a couple of different environments). The OFR distributions for good and risky conditions (in
terms of 254 nm organic photolysis, see Table S1 for the definitions of these conditions) are shown
separately. Also shown is the relative importance of RO2+R0O; for several typical chamber cases (see Table
2 for details of these cases). The range of the RO2+R0O; relative importance for most high-NO conditions
is highlighted in cyan.
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Figure 4. Average relative importance of RO2+NO; in acyl RO; fate (RO,+OH and RO2 isomerization not
considered) in OFR185 (including OFR185-iN,O) and OFR254-70 (including OFR254-70-iN20). The
averages are calculated based on good and risky conditions (in terms of non-tropospheric organic
photolysis) only.
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Figure 5. Frequency distributions of (top) the HO2-to-OH ratio and (bottom) the relative importance of
RO2+0H in the fate of RO (with medium self/cross reaction rate constant) for OFR185 (including OFR185-
iN20), OFR254-70 (including OFR254-70-iN20) and a chamber experiment and in the atmosphere (a
couple of different environments). The OFR distributions for lower (F185<3.16x10%2 photons cm2 s1;
F254<5.95x10% photons cm™ s1) and higher UV (F18523.16x10'2 photons cm s'1; F254>5.95x10™
photons cm s1) are shown separately. Only good and risky conditions (in terms of non-tropospheric
organic photolysis) are included in the distributions for OFRs. Also shown are the HO2-to-OH and the
relative importance of RO2+0OH for OFR experiments with ambient air input in field studies.
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1065 Figure 6. (top) Same format as Fig. 5, but for RO lifetime (RO2 isomerization included in the model but excluded from lifetime calculation). (bottom) Relative contribution of

1066 isomerization to RO; fate as a function of RO isomerization rate constant in several model cases for OFR experiments in the BEACHON-RoMBAS campaign (Palm et al., 2016),
1067 in a chamber experiment and in two ambient cases. Isomerization rate constants of several RO, (Crounse et al., 2013; Praske et al., 2018) are also shown.
1068
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Figure 7. (top) RO; lifetime in the absence of isomerization, (middle) relative importance of RO,+0H in
RO, fate and (bottom) logarithm of the exposure ratio between 254 nm photon flux and OH as a function
of 185 nm photon flux and external OH reactivity for OFR185 at N,O=0 and H20=2.3%. Three lines
denoting conditions leading to OH of 3.16x108, 1x10° and 3.16x10° molecules cm3, respectively, are
added in each panel. The thick and thin parts of these lines correspond to good and risky conditions (in
terms of 254 nm organic photolysis (which is usually worse than 185 nm organic photolysis; Peng et al.,
2016) respectively.
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Table 1.Rate constants [in cm? molecule® s except for isomerization (in s'1)]/ cross section (in cm?) and
product(s) of ROz loss pathways. Only organic species are listed for product(s).

RO, loss pathway

Rate constant / cross section

Product(s)

RO,+HO, 1.5x1011a mainly ROOH for most RO,?
RO,+NO 9x1012a RO, RONO,b

Primary: ~10-132

Secondary: ~10-1>2

Tertiary: ~10172
RO,+RO, ertiary ROH+R(=0), RO+RO, ROOR®

Substituted: can be up to 2
orders of magnitude higher®

Acyl: ~10-11b
R02+N02 (|n OFRS) 7x1012¢ ROzNOZb
RO,+OH 1x10-10d ROOOH (for 2C4 RO,), RO

(smaller RO,)e

RO, isomerization

Autoxidation: ~103-102f
Other: up to 1068

generally another RO,

RO, photolysis

~1018 3t 254 nm"
~1021-101%in UVA and UVB"

mainly R, other
photochemical products

possible
RO,+NO; ~1-3x1012b RQP
R02+03 ~1017b ROP

a: Ziemann and Atkinson (2012);
b: Orlandoand Tyndall (2012);

¢: typical value within the reported range in Orlando and Tyndall (2012); thermal decomposition rate

constants of nitrates of acyl and non-acyl RO; are assumed to be 0.0004 and 3 s-1, respectively, also
typical values within thereported ranges in Orlando and Tyndall (2012);
d: valueused in the present work based on Bossolascoetal. (2014); Assafet al. (2016, 2017a); Miller

et al.(2016); Yan et al.(2016);

e Muller et al.(2016);Yan et al.(2016); Assafet al.(2017b,2018);

f:Crounse et al.(2013);

8: KnapandJgrgensen (2017);
h: Burkholder et al.(2015);

i: Klems et al.(2015).
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Table 2.Several typical ambient and chamber (the FIXCIT campaign) cases that are compared to OFR cases.

Type Label Case OHRyoc (s72) OH NO HO,
P, Pristine (Pacific Ocean, high RO,)? 1.9 0.39 ppt 1.9 ppt 11 ppt
P, Pristine (Pacific Ocean, typical)? 1 0.25 ppt 3 ppt 25 ppt
Ambient F; Forested (Rocky Mountains)® N/Ac 1 ppt 60 ppt 100 ppt
F, Forested (Amazon, wet season)d 9.6 1.2x10°% molecules cm3 37 ppt 5.1x108 molecules cm-3
u Urban (Los Angeles)e 25f 1.5x10° molecules cm3s 1.5 ppb 1.5x108 molecules cm3s
(o Exp. No. 25h 30.5 3x10° molecules cm-3 15 ppt 150 ppt
G Exp. No. 17" 116 1.2x108 molecules cm-3 10 ppt 50 ppt
Chamber - Exp. No. 26 32 2x107 molecules cm’ 35ppb 230 ppt
(FIXCIT) 2 P NO. . _ > PP PP
G Exp. No. 22h 147 2.3x10® molecules cm-3 430 ppb 4.3 ppb
Cs Exp. No. 16" 45.7 4x10°® molecules cm-3 80 ppt 8 ppt

a

c
d

e

f: estimated (Peng et al., 2016);
: typical ambientvalue (Maoet al.,2009; Stone et al.,2012);

8
h

: Wofsy et al.(2018) for the Atom-1 Campaign;
b: Fry et al.(2013), for the BEACHON-ROMBAS campaign;

: RO2 concentration was givenin Fry et al.(2013) (50 ppt), so that OHRvocis not needed for RO, fate estimation;

: personal communication fromDaun Jeong and Saewung Kim for the GoAmazon Campaign (Martinet al.,2016, 2017);

: typical casein the CalNex-LA campaign (Ryersonet al.,2013);

: data from Nguyen et al.(2014);

initial value.
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