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ABSTRACT: We developed a parametrizable box model to empir-

higher-volatility

ically derive the yields of semivolatile products from VOC oxida- , T 9es products s

tion using chamber measurements, while explicitly accountjnq+ﬁar'>32?;¥§ia:2§+0Hk>< > <

the multigenerational chemical aging processes (such as the gas- e roucts

phase fragmentation and functionalization and aerosol-phase oligo-
merization and photolysis) underedgént NQ levels and the loss _— Fiting o chamber

of particles and gases to chamber walls. Using the oxidation of || eemeers ﬂ?;?;"i”"“”

isoprene as an example, we showed that the assumptions regargding. ..eanone st procucts
the NQ-sensitive, multigenerational aging processes of VOC 1Qxin ae

dation products have large impacts on the parametrized profuCttingrato for ragmentation
yields and SOA formation. We derived sets of semivolatile progiiighi . """
yields from isoprene oxidation undeemint NQ levels. HOW- .. cigomerizton time scate

ever, we stress that these product yields must be used in conjunc-

tion with the corresponding multigenerational aging schemes in

chemical transport models. As more mechanistic insights regarding SOA formation from VOC oxidation emerge, our box model
can be expanded to include more explicit chemical aging processes and help ultimately bridge the gap between the proces
based understanding of SOA formation from VOC oxidation and the bulk-yield parametrizations used in chemical transport

models.

SOA mass

time (hours)

INTRODUCTION gained from laboratory studies: This discrepancy between

Many volatile organic compounds (VOCs) oxidize in the atmd'® implementation of detailed chemical mechanism and the
sphere to produce lower volatility products that form secondap® Of simpled parametrized yields in models have so far
organic aerosols (SORY. Laboratory studies have shown that been overlooked. Here, we presented a new way to parametrize
the oxidation pathways of VOCs are sensitive to ambignt N¢he product yields from VOC oxidation using chamber mea-
levels, and that the molecular complexity and aging of VOgirements, taking isoprene oxidation as a csgaemple.
oxidation products have large impacts on the yields aWfe showed that the explicit accounting of chemical aging and
formation time scales of SE&A>® Many current chemical chamber wall-loss processes changed the parametrized yields
transport models simulated the SOA formation from VOC oxi-
datior_l using parametrizgd yields .derived_ from simple empiri¢alceived: January 20, 2018
theories?® At the same time, an increasing number of thosevised: June 14, 2018
same models are implementing complex chemical aging pracepted: July 20, 2018
cesses based on new mechanistic insights on SOA formatiamlished: July 20, 2018
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and volatility distribution of products, which will in tustla  oxidation state (represented by 28HIC) ?° continued to
the SOA simulation in chemical transport models. increase during an 18-h experiment under loweNili-

The volatility basis set (VBS) framework, which expands dions! indicating the formation of highly oxidized (and poten-
the two-product mod&l,is a widely used empirical approach tially less volatile) molecules containing one or more peroxy,
for modeling SOA formatioit*® Under the VBS framework, hydroxyl, or carbonyl function grots2® However, in
a VOC precursor oxidizes to produce semivolatile and intethamber experiments under high-KH@hditions, SOA mass
mediate volatility (SV/IV) products, which are lumped intocontinued to increase even after all the isoprene has reacted.
n (typically between 4 and 8) bins ofedive volatility = The mean oxidation state of SOA was higher than that of low-
(represented by bins of eetive saturation vapor concen- NO, experiment and remained nearly constant during an 18-h

tration, C*;, i = 1 to n).%%*® These SV/IV products then experiment under high-N@onditions.
partition into the aerosol phase according to their respectiveSeveral model studies have tried to incorporate these new
volatility. To date, most studies parametrized duotive stoi-  mechanistic insights gained from chamber experiments to

chiometric mass yields)(of the SV/IV products bytting to improve the simple VB&product scheme!%?*2° One way
smog chamber measurements LﬂEjI‘ﬂj?S to do this was to allow the generation-one VBS products to
n further oxidize and undergo functionalization/fragmentation at
& = . 1 assumed branching ratios. This approach allowed the for-
ROG ., ! 1+ o mation of higher-generation oxidation products with evolving
Con @) volatility proles>*° In so doing, the great complexity of the

where was the aerosol mass fraction (AMF), which was theultigenerational aging of tho_usands of oxidation products was
bulk yield of SOA mass from a reacted VOC precursor metduced and represented with a small set of lumped VBS
sured in the chamberROG was the reacted VOC precursor Products. To date, models using such VBS-plus-aging schemes
mass, and Co was the total SOA mass formed (adjusted fohave used products yields empirically obtaineefrdrand
particle wall-lossf;* was the eective saturation vapor con- added subsequent multigenerational aging proce -
centration of products in the volatility biandCo, was the ~ €ver, if multigenerational aging was not included during the
total SOA mass. Typically, a series of experiments were pefametrization of product yields, then it could bias the
formed by injecting dérent initial amounts of the VOC product yleI(js that serve as initial concentrations for subse-
precursor into a chamber to be oxidized, and the values ofiuent chemistry. Consequently, there is strong potential for
were calculated using the measured time series of the SH)& VBS-plus-aging schemes to overestimate*SOA.
mass and the reacted VOC mass. The product yields in dif-In this study, we constructed a box model that included
ferent volatility bins (, i = 1 ton) were then determined by Multigenerational chemistry of isoprene oxidation and the
tting to the resulting series ofalue§>*’ losses of gas and particles to chamber walls. We then ran the

A frequently overlooked fact is that the yields empiricallpox model with derent chemical aging scenariost tthe
Obtained fromtting eq 1were theory_speci It was assumed measured_tlme series of SOA mass Concentra_tlons from cham-
that (1) all wall-losses of particles during the measuremeR€r experiments under elient NQ level. In this way, we
were accounted for prior to thting; (2) no SV/IV gases investigate th_e ects of chemical aging an_d gas wa_II losses on
were lost to the walls; (3) the volatility of SV/IV products canthe parametrized yields and SOA formation from isoprene.
be lumped into one single, static set of VBS products, which
allowed no evolution of their volatility by chemical aging; and METHODOLOGY
(4) the gas/aerosol partitioning of the SV/IV products fol- Chamber Experiment Results from Xu et af- We used
lowed the absorptive partitioning theory. Recent laboratothe time series of SOA mass concentrations in the isoprene
results have shown that these assumptions pertaiaing to oxidation experiments by Xu et alhich were conducted in
may not apply*2° For example, SV/IV gases might be lostthe Pacic Northwest National Laboratory (PNNL) dual 13.6 m
to chamber walls during the experiments, leading to a factoré on environmental chambers withedent initial concen-

2 to 10 underestimation of the product yields, especially whémations of isoprene and N@'he chambers wereshed with

the seed-to-chamber surface area ratio was relativ&iy’low, pure air prior to each experiment and no seed particles were
although SOA mass yields may not eeted by vapor wall-loss used. UV lamps initiated the photochemical reactions. A pro-
if the SOA formation was governed by fast quasi-equilibriutan transfer reaction mass spectrometer (PTR-MS) measured
growth on seed particiés. the concentrations of isoprene and two of its major oxidation

More importantly, the product yields parametrizedefjoln ~ products, methacrolein (MACR) and methyl vinyl ketone
were based only on the total SOA mass formed, with littl@MVK). A scanning mobility particle sizer (SMPS) measured
relevance to the changes of volatility distribution due to agirige aerosol size distribution between 14.1 and 710.5 nm every
either within or beyond the chamber experiment time scalmin. SOA mass concentrations were calculated from the aerosol
(typically a few hours). In reality, the SV/IV products fromvolume concentrations meastmethe SMPS, assuming particle
VOC oxidation undergo mutigenerational aging processes tlignsities of 1.3 g ¢f(experiment 2) and 1.4 g ¢
were highly sensitive to N@ithin the time scale of the cham- (experiments 6 and 8). We analyzed results from three
ber experiments and also beydndeading to signiant experiments with dérent initial NO/isoprene ratios0, 3.0,
changes in volatility and thus SOA yields. For example, underd 7.3 (experiments 2, 6, and 8 in Xu*®ttalexamine the
low-NQ, (HO,-dominant) conditions, chamber experiments ofimpact of NQ. In experiment 2, the N@oncentration was
isoprene oxidation showed that SOA mass began to declinelow the detection limit (1 ppb) throughout the experiment,
once all isoprene was consummethis decline of SOA mass such that organic peroxy radicals JRaainly reacted with
may be due to the photolysis of hydroperoxides in the aeroddD,; this was referred to as ‘®D,-dominarit experiment.
phase, or the evaporation of SOA mass once gas-phase clomexperiments 6 and 8, NO was injected into the chambers
pounds were reacted awat the same time, the mean SOA and RQ radicals may react with H®O, and NQ. We referred
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Figure 1.Schematic of the box model describing the multigenerational chemistry of isoprene oxidation leading to SOA formation.

to experiments 6 and 8 ‘datermediate-NOmixed and (quanti ed by a branching ratio B (2) some products
“high-NQ, mixed experiments, respectively. Measurementfunctionalized to form generation-two products in a volatility
from the other ve experiments in Xu et'akere used for  bin that is one lower (fromy@o G,;sy, i = 2,3,4) (branching
validation Supporting Informatiosl). ratio BR,,J with a 15% mass increase due to the added oxygen;
Box Model for SOA Formation from Isoprene Oxi- and (3) 10% of the product formed highly volatile gages (G
dation. We constructed a parametrizable box model to simwhich no longer contribute to SOA formation. Generation-two
late the oxidation of isoprene and the subsequent multigenepgioducts were also assumed to undergo similar aging processes
tional chemistry of the gas and aerosol products. Our bda form generation-three products. The higher generation
model was built on the framework of the Model for Simulatingroducts were lumped into the generation-two products to
Aerosol Interactions and Chemistry (MOSAI@hich wasa  reduce computation cost.
discretized-size-bin model originally developed to describe thd he rate of mass growth for SOA particles of diaDygter
chemical and microphysical evolution of inorganic aeroso{ﬁe i volatility bin( dSOA ©,)
Here we included a multigenerational aging scheme for iso- dt
prene oxidation using the maal VBS aging scheme devel- of generatiopgases in th# volatility bin was calculated as
oped by Shrivastava et’afigure land Table Sishow the  follows®®
gas- and aerosol-phase reactions and gas-particle mass transfer

) due to diusive condensation

pathways in the model. Isoprene reacts with OH (reaction R1, dSOA@) _ = M;

rate constark, = 1.0x 10°2° cn?® moleculé! s°1)°? to pro- a 2 Dgap%‘-s Giex % g 1i t(K“ 3 @

duce generation-one semivolatile gas prody¢ts<a to 4)

in four e ective saturation vapor concentration Bsi(= 1 whereG; andC*;; were the gas phase concentration and satu-

t04):0.1,1, 10, and 109 nP* at yields ; (i = 1 to 4), respec-  ration vapor concentration of organic prodyctespectively.
tlvely. Some |ntermed|ate-v0[at|l|ty perUCtS with saturation was the partic|e surface tension (00§foﬁ Mi was the
vapor concentrations betweef510° g nP° may potentially  molecular weight of the organic species iif t@atility bin
oxidize to form SOX. However, the maximum SOA con- (assumed to be uniformly 250 g%ngaswaS the diusion
centration measured during the experiments by Xtveasl. coe cient of the organic species in air (set to a constant of
<25 g nv3 thus there will be large uncertainty when inter-0.05 cri s>1),*” Rwas the universal gas consthntas the
preting the yields for products with saturation vapor concefemperature (K), was the particle density (1 g°émn ; was
trations exceeding®L@ nv3, as less than 3% of those productsthe mole fraction of th# volatility-bin species in the particle
partitioned into the particle phashiote that the generation-one phasef(Kna) was the correction factor for noncontinuum
products here refer to the lumped semivolatile products in thgnditions §l).%®

VBS framework; they do not directly correspond tocspesti We further assumed that species in the condensed phase
generation products from isoprene oxidation, such as MACRay undergo either one or two types of chemical transfor-
MVK, or isoprene hydroxy-hydroperoxides (ISOPOOH). mation: (1) slow oligomerization of the semivolatile SOA to

We assumed that the generation-one products may red@gtm nonvolatile, nonabsorptive SOA (NVSOA) on a time
with OH (reaction R2, rate constdat= 2.0x 10°* cn? scale (59 of 20 F° or a time scale of 10 rifr( rst order
molecule! s°%)3** to form generation-two products (&= 1 rate constark; = 1/ 4g); and/or (2) all condensed organics
to 4) with one of three chemical transformation branches: (Ignay photolyze to form highly volatile species (beyond the SV/
some products fragmented to form generation-two products i range), with an assumed photolysis frequedey 2R x
the highest volatility bin (from;Gto G,, i = 1 to 4) 10°® 1% Aerosols were assumed to be internally mixed
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semivolatile species was turned on'Moa-aging scenario.
Keeping the wall-loss of semivolatile gases turned on, we fur-
ther experimented with érent congurations of multigenera-
tional chemistry in the gas-phase by setting the branching
ratios for fragmentation and functionalization (BBRn)
to (0.25, 0.65), (0.5, 0.4), or (0.75, 0.15), respectively. In addi-
tion, we experimented with elient congurations of particle-
phase chemistry: slow oligomerization of semivolatile SOA
to form NVSOA, as well as inclusion/exclusion of SOA
photolysis.

We tted our box model to the observed time series of SOA
masses under drent levels of NQusing a two-step proce-
dure, using the generation-one product yieldaq tunable
parameters. First, for each chemical scenario, we varied each of
the four generation-one product yields betwedrtd ac™
with 40 logarithmic increments, performirty=4@ 560 000
model realizations. For each model realization, we ran thej
model to oxidize isoprene (OH concentration was constrainedzg
by the measured isoprene decay rate) assuming the gas phage

BR

0.75 (H)/0.5 (M)/0.25 (L) and BR,,.= 0.15 (H)/

0.4 (M)/0.65 (L), respectively

gas-phase chemical transformation
same as the gas phase chemistry in

no chemical aging of the generation-one
semivolatile from isoprene oxidation

same as in non-aging_noGL
FragH_OligS_P/FragM_OligS_P/FragL_OligS_P

FragH_OligS_P/FragM_OligS_P/FragL_OligS_P

to produce generation-two products with,,
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within each of the 50 size bins. The particle size changesdueto ¢ o 2 s e 8
di usive condensation/evaporation and Brownian coagulation E E 3 5 5
were simulated using the moving-section apfféach. SE g @ e
We explicitly accounted for the loss of particles and reactive E 2 =738 S S
gases to the chamber walls in our box model. The loss of = E E E E
. . . [}
particles to the chamber walls was characterized by a size- z ©9 g 3
dependent,rst-order deposition raféWe tuned this particle § = = =
deposition rate in our box model to match the particle number i i f)
concentration and size distribution measurements from a sepa- S 5 5
rate ammonium sulfate particle deposition experiment by Xu o g
et al* We assumed the deposition of semivolatile organic gases 5 ﬁ @ "
to chamber walls to be irreversibté’ The rst-order deposi- g E~S <2 S o
) . : . & = -
tion frequency of a semivolatile gas was calculated as a function g gjn < 2 235
of the eddy diusion coecient in the chamber and the mass = s63 285 £ 2% 5!
accommodation coeient of the semivolatile gas on the“all. = £ 2 ES 9598 g
In turn, the mass accommodation @ent of a semivolatile 8 ° .922/\. 2»2’; ~5(<3z x 't
gas on the wall was a function of its vol&filinich we tuned E o S T, S LDy,
for the PNNL chamber. Further details about the particle and S & | 823% .gUQ . gggg
gas wall-loss calculations are given iilthe 23 Q ESQ;‘ 5§ o 2358
Chemical Scenarios and Fitting ProcedureWe designed 55 5 %ng %ﬁ‘ g;;'égé
. . . . . [ o 3] =2 = (o8
model experiments with eleven chemical scenarios, each with a S g £ %Tg.g\g 52 Sg & >g
di erent combination of chemical aging processes in the gas £ = ¢ @gég §§ @4353;52
and particle phases and wall-loss treatrfiehts. 1describes © S 5 EE $S E5 E@g scu
the chemical scenarios (scenarios 1 to 11). The sifiNtest, s c8«Es5 g% g;@. £o.>
aging_noGL scenario assumed that no chemical transfor- g g ﬁ 5 o2 2 2 ﬁ EX ;_:‘33
mation took place in either the gas or particle phase beyond g 2ET8T 3 g %93 Lo
the production of the generation-one products, and that no E g 982 3 S50 <—>3§ Np LI
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same as the gas phase chemistry in

3The particle wall-loss module was turned on for all chemical scenarios.

chemistry of that scenario and gas wall-loss turned on for &3 T

short period of initialization timg € 0.75, 1, and 3 h for = o T
experiments 2, 6, and 8 in Xu et eéspectively). By these .S 2 I g’
t, times, the SMPS could measure the aerosol size distributio ; g S
between 14.1 and 710.5 nm in the chamber. thmmwvard, -5 ” = s' o
we assumed that the SMPS-observed aerosol size distributio e i > i
at t, served as de facto aerosol seeds, which were inert al % e oy [ &u
would not subsequently evaporate or chemically age. We theE 8 | o 25 o5 2=
used the simulated gaseous product concentratignasat 5 85 5094 o._ S
initial conditions and restart the model ftptn simulate the c Ef IT® TE ¥
isoprene oxidation chemistry using the consistent chemicaf £ ¢ 2 S g Z=
scenario and; values. We computed the sum-of-squared dif- 3

ferences between measured and simulated time series of SQA

concentrations from the initialization tirge to the end of o h
experiment (18, 18, and 14 h for experiments 2, 6, and 8 in Xu2 2 e 3
et al® respectively). The model realization with the least o aN® & 5
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Figure 2.0Observed (black) and simulated time series of SOA mass and the isoprene concentrations (green) foy-dobeni@nHO
(b) intermediate-NQ and (c) high-NQmixed experiments conducted by Xu’eThé simulated time series of SOA mass thatttessthe
observations under drent chemical scenarios are shown. The correlatiaiette between the observed and simulated time series are shown

in parentheses.

Table 2. Best-Fit Chemical Scenarios and Product Mass Yields for th®bi@inant, Intermediate-NQ and High-NQ
Mixed Experiments, and Comparison with the Yields in the Literature Used by Chemical Models

C (gmd)
experiments (chemical scenarios) 0.1 1 10 100

HO,-dominant experiment (FragH_OligS_P) X685 5.52x 10°4 2.82x 10° 6.44x 10°2
HO,-dominant experiment (Non-aging) 6260°* 2.65x 10°2 1.73x 10%2 2.43x 10°
intermediate-NOmixed experiment (FragL_OligS) 3680° 3.68x 10° 1.80x 10° 2.50% 10°
intermediate-NOmixed experiment (FragL_OligF) 1:800° 2.61x 10°4 1.80x 10°3 2.18x 10°
high-NQ mixed experiment (FragM_OligS) 3680°° 3.68x 10% 3.68x 10% 2.44x 10%
high-NQ mixed experiment (FragM_OligF) 3:680°5 3.68x 10°° 3.68x 10°° 2.34x 10°
literaturé

HO,-dominant experimént 0.0 6.00< 10°3 2.00x 10°2 1.00x 10°2
intermediate-NOmixed experimeht 0.0 3.10< 10° 1.75x 10°2 1.00x 10°2
high-NQ, mixed experimeht 0.0 2.00< 10°4 1.5x 10°2 1.00x 10°2

SProduct
modelg*

gields in the literature were derived assuming no chemical agjmyg toyeq 1and were used by the WRF-Chem and PMCAMx

sum-of-squared @rence was selected to indicate the best-
generation-one product yields for that spechemical
scenario.

RESULTS AND DISCUSSION

Yields of Semivolatile Products from Isoprene Oxida-
tion for HO,-Dominant Experiment. We began by investi-
gating the SOA formation from isoprene oxidation for th

as formic acid, acetic acid, glycolaldehyde, and hydroxyace-
tone?’ In the aerosol phase, oligomers (mostly dimers) have
been detected in similar experiméfitse hydroperoxides in

SOA may photolyze, or the gas-phase compounds may frag-
mentize and the corresponding SOA mass evaporate to the gas
phase, which both could result in the observed fast decay of
SOA mas$® Given these observational constraints, we experi-
gnented with chemical scenarios including multigenerational gas

HO,-dominant experiment, guided by the mechanistic insighfe€mistry and aerosol-phase oligomerization and photolysis.

indicated by previous chamber studi&xperiments showed
that OH-oxidation of isoprene produced ISOPOOH as th
major rst-generation product under Hddminant environ-
ments.® Oxidation of ISOPOOH by OH mainly produced
isoprene epoxydiols (GBHC(CH3)OCHCH,0H, hereafter

Figure #a) shows the measured time series of SOA mass
&luring the H@-dominant experiment in Xu et'as well as
the simulated time series of SOA mass that thedtthe
measurements assumingeidint chemical scenaridsble 2
compares the generation-one product yields obtained from the

IEPOX) by functionalization. IEPOX reacted with OH to form tting under dierent chemical scenarios. The beagainst
organic peroxides and polyols, as well as smaller products smgasurements was obtained assuming nonaging of the gaseous
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Figure 3.Simulated product mass distributions under sgdeimical scenarios undeedint NQ conditions. For H@dominant experiment:

(a) the Non-aging scenario and (b) the FragH_OligS_P scenario; for intermegdiaiged@xperiment: (c) the FragL_OligS scenario and

(d) the FragL_OligF scenario; for high;N@ixed experiment: (e) the FragM_OligS scenario and (f) the FragM_OligF scenario. For each
simulation, the product masses=t,, at time when SOA mass peaked, and at a time near the end of the experiment are shown. The white bars
represent the gas phase concentrations in each volatility bin. The green bars represent aerosol phase concentrations when SOA mass peaked
green) and near the end of the experiments (light green).

and aerosol products (Non-aging scemari®.,95). A goodt simulation times beyond the experiment, the simulated SOA
was also obtained under the FragH_OligS_P scerreario ( mass under the FragH_OligS_P scenario decayed slower than
0.94), which assumed multigenerational gas-phase chemisitigt simulated under the Non-aging sceffaine 2showed

with BR5= 0.75 and BR,.= 0.15, slow SOA oligomerization that the generation-one semivolatile product mass was mostly
( oig = 20 h), and SOA photolysis. Chemical scenarios witm theC* = 10 g 2 bin for the FragH_OligS_P scenario
lower fragmentation branching ratios were unablethe but mostly in theC* = 100 g nv° bin for the Nonaging
measurements. The high;BRalue in our best-scenario is  scenario.

somewhat contradictory to the experimental indication of To understand the dirences between the Non-aging and
organic peroxides and polyols (both highly functionalized) d&ragH_OIligS_P simulations, we examined the simulated prod-
the major products from IEPOX oxidation in the EiXperi- uct mass distributions under the two chemical scenarios at
ments.® However, we stress that the fragmentation branchintg, t = 5 h (when SOA mass peaked), znd 8 h (end of the

ratio, as implemented in our box model, representsciive experiment), respectivelyiqure 8, b)). In the FragH_O-

ratio for the overall fragmentation of the lumped, multidligS_P simulation, initially the semivolatile gases were mostly
generation VBS products. In addition, the high bB&s in the higher volatility bins due to the larger yields=Byh,

may compensate for the oligomerization of SOA and/or tha fraction of the semivolatile product mass was moved to the

lower volatility range in our VBS framework. Ct=10 ¢ 3 bin by gas-phase functionalization. During the
The simulated evolutions of SOA mass under the two bedgtter part of the FragH_OligS_P simulation {8 h), SOA
t scenarios were @rent igure a)). Betweert, (0.75 h) mass decayed due to the loss of semivolatile gases to chamber

and the time when measured SOA mass peaked (5 h), thalls, but this decay was relatively slow due to the oligomeri-
FragH_OligS_P simulation @nédstimated the observed SOA zation of semivolatile SOA to from NVSOA. The loss of SOA
mass while the Non-aging simulation overestimated the obserwegiss via photolysis of aerosol-phase products was less impor-
SOA mass. During the remainder of the experiment and ftant, as evidenced by a sensitivity simulation using the best-
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yields of FragH_OligS_P scenario with photolysis turned ovolatility bin. The product yield@ = 10 g n™® were sub-
(Figure SB In contrast, under the Non-aging scenario, SO/Astantially higher for the FragLigSIscenario in the intermediate-
was formed at the beginning of the simulation by condensatitfO, mixed experiment than that for the FragM_OligS scenario in
of semivolatile products. To suppress wall-loss of gases, ntbethigh-NQ mixed experiment. This resulted in higher overall
of the generation-one product mass was distributed in tH#OA production from isoprene oxidation under intermediate-
highest volatility binQ* = 100 g n®). This mass distri-  NO, conditions than under high-N@bnditions Figure &)
bution of products was relatively stable with respect to timand3(e)).
because no chemical aging took place. As a result, during thémpacts of the Rate of Oligomerization on Product
latter part of the simulation, organic mass was more rapidly lo&elds. We took the chemical scenarios that test-the
to the walls compared to the FragH_OligS_P simulation, antieasurements for the H@ominant and mixed experiments
SOA mass quickly decayed. and accelerated the oligomerization, such that semivolatile

Our analyses above showed that including the multigene@©A oligomerize to form NVSOA on a time scale of 11 min.
tional gas-phase chemistry and aerosol-phase reactions exphie- best-t results for these three additional chemical sce-
itly during the tting changed the parametrized product yieldsharios (FragH_OligF_P, FragL_OligF, and FragM_OligF;
and the simulated SOA mass evolution over a long time-scaegnarios 9 to 11 rable )} are shown ifrigure ZandTable 2
even for H@-dominant experiment where the chemistry wasVe found that the FragH_OligF_P scenario did nhtte
relatively simple. observed time series of SOA mass for thgdd@inant

Yields of Semivolatile Products and SOA from Iso- experimentr(= 0.51). For the intermediate-N@nd high-
prene Oxidation for Mixed Experiment. In isoprene photo- NO, mixed experiments, the simulations assuming fast oligo-
oxidation experiments with NO injected into the chambersnerization produced bettetting results with the observed
MACR were found to be the mairst-generation products time series of SOA mass than those assuming slow oligomeri-
leading to SOA formatibh. The peroxy radical of MACR zation, especially during the decaying stage of SOA mass. This
(MACRO,) may react with NO, forming products that further is consistent with experimental evidence indicating more exten-
fragmented into volatile spec{guch as hydroxyacetone and sive oligomerization in mixed experiments thanjalbt@inant
methylglyoxal) and resulted in inent SOA formaticti>® experimentS. Figure &, f) showed that fast oligomerization
Alternatively, MACROmay react with NOto form meth- resulted in most of SOA mass being moved to NVSOA for the
acryloylperoxynitrate (MPAN), which could be further oxi-mixed experiments. The assumption of faster SOA oligome-
dized and functionalized to form 2-methylglyceric acid (2:*MG). rization increased the besproduct yields at* = 0.1 and
Thus, fragmentation and functionalization reactions can hate g n3 for the intermediate-NQnixed experiments, which
large impacts on the SOA yields in the mixed experiments, asuppressed SOA formation during the early stages of the exper-
their relative contributions depend on the NOjN@tio. iment by increasing gas wall-loss. The bpsbduct yields
Oligomerization with three and four monomer units werdor the high-NQexperiment did not change sigantly when
observed during mixed experimefitSOA photolysis was di erent oligomerization rates were applied. This was likely
not observed to be sigoant in mixed experimehtsGiven because the high-NOx experiment was conducted for a shorter
these experimental constraints, we simulated with multigenepafiod of time, such that there was in#nt observational
tional gas-phase chemistry usingreint combinations of constraint on the SOA mass evolution at longer time scales
fragmentration/functionalization branching ratios, as well d&igure %c)).
aerosol oligomerization tothe measurements. Impact of Gas Wall-Loss on YieldsWe investigated the

Figure 2o, c) showed the measured time series of SOAmMpacts of gas wall-loss to the generation-one product yields by
mass, as well as the simulated time series thattdshe conducting a simulation for B@ominant experiment with
measurements for the intermediatg-&l@ high-NQmixed no gas/aerosol phase aging and no loss of gases to walls
experiments, respectively. For the intermedigtevied (Non_aging_noGL scenario) but found the model unable to
experiment, the simulation with;8R0.25 and BR,.= 0.65 t the observed time series of SOA masgiie a), r =

tted the measurements best (FragL_OligS scera®®3). 0.67). The simulation underestimated SOA mass during the
For the high-NQmixed experiment, bestwas found with rst 10 h but grossly overestimated the measured SOA mass at
BRyag= 0.5 and BR,.= 0.4 (FragM_OligS scenarie, 0.86). longer times, as semivolatile gases was retained in the model.
These tting results indicated that higher initial NO concen-By accounting for the wall-loss of reactive gases during the
trations led to more fragmentation of isoprene oxidation prod{ting of product yields using chamber SOA measurements,
ucts, which corroborated the experimental evidence of enhantieel parametrized overall semivolatile organic mass yield was
fragmentation and delayed SOA formation under higher initisdcreased from 4.3% to 6.7%, which will in turn enhance the
NO level$? Sensitivity simulations using the Non-aging scesimulated atmospheric SOA concentrations in chemical trans-
nario were unable to reproduce the observed evolution of S(uart model§?**
mass. This was consistent with the observation that, for mixedSimulated Atmospheric SOA Concentrations Using
experiments, SOA mass started to increase only after nearlyOalt Best-Fit Chemical Scenarios and Product Yields
isoprene was consumedhich indicates that SOA were and Implications for Chemical Transport Models.
composed of second and/or later generation products. We simulated atmospheric SOA concentrations from isoprene

Table 2compares the bedtgeneration-one product mass oxidation by applying our besthemical scenarios and semi-
yields for intermediate-NNGand high-NQ mixed experi- volatile product yields under etient NQ levels, the results
ments. The two mixed experiments both produced most of tlege shown ifrigure 4 To simulate atmospheric SOA concen-
generation-one product mass ircthe 100 g nv° bin. This trations, we turned ahe gas and particle wall-loss calcula-
was because SOA mass formation was delayed in the preséiocs in our model and set a dilution rate of 6% per hour to
of NQ,, such that thetting suppressed initial SOA formation represent the dilution of gas and particle concentrations due to
by forming generation-one products mass in the highestixing with ambient dir.
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Figure 4.Simulated concentrations of atmospheric SOA from isoprene oxidation using tocindmigtal scenarios/product yields under
di erent levels of NO(a) the HO-dominant experiment; (b) the intermediate-Med experiment; and (c) the high;Mixed experiment.

Under HQ-dominant conditions, the simulated atmospherdue to uncertainty in the thermal stability of the oligoriérs,
ic SOA concentrations using the besten-aging scenario/  which will be explored in a future work.
yields were higher than that of the FragH_OIligS_P scenario/ We presented above a new way to parametrize the yields of
yields during therst 26 h. In chambertting under the  semivolatile products from VOC oxidation (using isoprene as
Non-aging scenario, the loss of SOA mass at long simulatian example), while explicitly accounting for the multigenera-
time was mostly gas and particle wall-loss. Thus, the simulatieshal chemical aging processes underetit NQ levels and
atmospheric SOA concentrations would be higher when thie loss of particles and gases to chamber walls. We found that
gas and particle wall-losses were turnédcounting for multi-  the assumptions regarding the multigenerational aging processes
generational chemistry in the gas phase and oligomerizatidrdve large impacts on the parametrized product yields. It is
photolysis in the aerosol phase (FragH_OligS P scenaritherefore important that the SOA formation mechanisms
slowed SOA formation rate in tmst few hours and decreased implemented in chemical transport models be driven by product
the peak SOA mass. After tigt 26 h, much of the semivolatile yields that were derived from consistent SOA formation
SOA have oligomerized to NVSOA in the FragH_OligS_Ppathway assumptions. The details of many multigenerational
scenario, such that the decay rate of SOA mass slowed and laigimg processes leading to SOA formation (such as gas-phase
SOA concentrations was sustained. fragmentation/functionalization, aerosol-phase oligomerization,

In the presence of NQinitially the simulated atmospheric and photolysis), are still poorly understood and need to be
SOA concentrations were similar regardless of the assumptibatier constrained in the laboratories. As more mechanistic
of SOA oligomerization rates. Beyond tkel5 h or so, the  insights regarding SOA formation from VOC oxidation emerge,
SOA concentrations remained relatively constant in the fastir box model can be expanded to include more explicit chemi-
oligomerization scenarios, while the SOA concentrations foal aging processes and help ultimately bridge the gap between
the slow oligomerization scenarios gradually decreased. Tihis process-based understanding of SOA formation from VOC
was because fast oligomerization transformed most of the semidation and the bulk-yield parametrizations used in chemical
volatile SOA mass to NVSOA after only 15 h, such that lessansport models.
organic mass was lost to fragmentation. Thus, the rate at which
SOA oligomerize have large impacts on the fate of atmospheric ASSOCIATED CONTENT
SOA. At present, it remains dult to determine what oligo- * Supporting Information

merization rates are appropriate for isoprene oxidation producfhe Sypporting Information is available free of charge on the

under dierent levels of NOXu et af. conducted thermal  Acs pyblications websiteDOI: 10.1021/acs. est.8b00373
denuder measurements to quantify the volatility of SOA from

isoprene oxidation. However, we were unable to use those Details about the calculations otidive condensation/
measurements to constrain the choice of oligomerization rates evaporation of semivolatile species (Section S1), the
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