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Abstract. Toluene and other aromatics have long been(Volkamer et al., 2006). Most of the OOA is expected to be
viewed as the dominant anthropogenic secondary organisecondary organic aerosol (SOA), which is produced when
aerosol (SOA) precursors, but the SOA mass yields fromvolatile organic compounds (VOCSs) or semi-volatile organic
toluene reported in previous studies vary widely. Experi-compounds (SVOCs) are oxidized in the gas phase, form-
ments conducted in the Carnegie Mellon University envi-ing less volatile products that can then partition to the parti-
ronmental chamber to study SOA formation from the photo-cle phase. Thus, SOA is expected to comprise a significant
oxidation of toluene show significantly larger SOA produc- fraction of the atmospheric fine-particle mass. Air-quality
tion than parameterizations employed in current air-qualitymodels currently under-predict the concentrations of organic
models. Aerosol mass yields depend on experimental conaerosol in the atmosphere, especially in the summer and in
ditions: yields are higher under higher UV intensity, under urban areas (Volkamer et al., 2006; Goldstein and Galbally,
low-NOy conditions and at lower temperatures. The extent2007; Karydis et al., 2007), suggesting that we do not under-
of oxidation of the aerosol also varies with experimental con-stand anthropogenic SOA formation well.
ditions, consistent with ongoing, progressive photochemical Toluene (methylbenzene) and other light aromatics are
aging of the toluene SOA. Measurements using a thermodethought to be the dominant anthropogenic SOA precursors
nuder system suggest that the aerosol formed under high- an@andis et al., 1992; Koo et al., 2003; Vutukuru et al.,
low-NOy conditions is semi-volatile. These results suggest2006). The emissions of toluene in the US are approximately
that SOA formation from toluene depends strongly on ambi-1 TgCyr!, and seasonal variations are small (LADCO,
ent conditions. An approximate parameterization is proposed 999). In addition to being an important SOA precursor it-
for use in air-quality models until a more thorough treatmentself, toluene serves as a model system to study the formation
accounting for the dynamic nature of this system become®f SOA from other aromatic VOCs.
available. The ability of a precursor to form SOA is usually de-
scribed by a fractional aerosol mass yield — the mass of
aerosol formed divided by the mass of VOC reacted. The
1 Introduction aerosol mass yields from the photo-oxidation of toluene
reported in the literature vary widely. In general, earlier
Fine particles affect climate (IPCC, 2007) and human healthStudies (Stern, 1988; Izumi and Fukuyama, 1990; Forstner,
(Dockery et al., 1993; Davidson et al., 2005). The organic1996; Kleindienst et al., 1999, 2004; Hurley et al., 2001)
component of aerosol particles comprises about one half oféported smaller yields than more recent studies (Takekawa
the fine-particle mass on average (Kanakidou et al., 2005€t al., 2003; Ng et al., 2007), but a direct comparison is
Zhang et al., 2007). Recent work has shown that most of th@ften difficult because studies were conducted under dif-

organic-aerosol mass is oxygenated organic aerosol (OOAlerent conditions and with differ(_ant aerosol mass loadings.
Forstner (1996) measured a yield of 0.2% atgim3

) aerosol mass loading, Kleindienst et al. (1999) 1.6% at
Correspondence tdS. Pandis 8ugm3, Stern (1988) 2.5% at 30gm~3 and Hurley et
BY (spyros@andrew.cmu.edu) al. (2001) 2.5% at 5gm~3. In more recent studies, Ng
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et al. (2007) reported a yield of 11% at 28m~2 under  amount of liquid water in the aerosol seed also appears to
high-NO, conditions ([Tolueng}[NO]o~3.5 (ppbC/ppb), affect the aerosol mass yield, but the magnitude of this ef-
[Toluenep/[NO]o~1.5 (ppbC/ppb)) and an approximately fect remains uncertain (Edney et al., 2000; Hennigan et al.,
constant yield of 30% under low-NQOconditions. Ng et 2008; Volkamer et al., 2009). The organic aerosol yields do
al. (2007) suggested that the constant yield with aerosohot seem to be affected by acidities typically found in the
loading under low-N§ conditions implies that the SOA atmosphere (Ng et al., 2007).

formed can be represented as a single product with very low This work addresses a number of questions raised by the
volatility. Takekawa et al. (2003) found a yield of 20% at previous studies. Toluene photo-oxidation experiments are
283K and 97.gm~2 ([Toluene}/[NO]o~240 (ppbC/ppb),  performed under different conditions in order to:
[Toluenep/[NO]o~80 (ppbC/ppb)) and a vyield about

a factor of 2 smaller at 303K and &Sgm3 1. Investigate the discrepancy between the low yields mea-
([Toluene}h/[NO]o~208 (ppbC/ppb), [Tolueng] [NO]o~ sured in earlier studies (less than 3% for ambient condi-
69 (ppbC/ppb)). tions) and the higher values (10-30% for similar condi-

Differences in experimental conditions may cause these  tions) reported more recently.
differences in measured aerosol yields. For example, Hur-
ley et al. (2001) did not use seed aerosol in their exper-
iments, which can affect the losses of semi-volatile com-
pounds to the chamber walls (Kroll et al., 2007; Pathak et
al., 2007). Forstner (1996), Stern (1988), Kleindienst et 3
al. (1999), Takekawa et al. (2003) and Hurley et al. (2001)
conducted “classical” photo-oxidation experiments, starting
with a toluene/NQ mixture plus propylene or C¥DNO, ex- 4. Directly measure the volatility of the organic aerosol us-
pecting that propylene would enhance photochemistry by in- ing a thermodenuder system.
creasing OH concentrations. Song et al. (2007) have shown
that propy|ene does not enhance the concentration of OH 5. Characterize OrganiC aerosol formed under the different
in chamber experiments — it actually reduces them. More  experimental conditions for extent of oxidation.
recent studies of toluene photo-oxidation have used direct
OH sources: HOOH in low-NQexperiments and HONO
in high-NOy experiments (e.g. Ng et al., 2007). Takekawa et
al. (2003) did not add OH enhancers in their highN&x-
periments. Several studies have suggested that the SOA from
toluene is formed from further oxidation of initial toluene 5 paterials and methods
photo-oxidation products (Hurley et al., 2001; Takekawa et
al., 2003), implying that several oxidation steps are required2. 1  Experimental setup
before aerosol can be formed. The presence of multiple gen-
erations of oxidation products could well explain the vari- Batch experiments were conducted in the environmental
ability among various experiments. For example, using achamber of Carnegie Mellon’s Center for Atmospheric
more direct OH source such as HOOH or HONO may resultParticle Studies (CAPS). The chamber is a £2Teflon
in higher OH concentrations and therefore faster oxidationbag (Welch Fluorocarbon) suspended inside a temperature-
leading to more functionalized products with lower volatil- controlled room. Before each experiment, the bag was
ity, resulting in higher aerosol mass yields. cleaned with dry, clean air created by passing compressed

Temperature is also an important factor in determiningair through high-efficiency particulate air (HEPA) filters and
aerosol yields (Takekawa et al., 2003). Stern (1988) andactivated-carbon filters to remove particles and organic va-
Forstner (1996) conducted their experiments in an outdoopors, and through silica gel to remove moisture. For each
chamber without temperature control, resulting in averageexperiment, hydrogen peroxide 48,) was then introduced
temperatures as high as°4® These high temperatures are into the chamber by bubbling clean, heated air through a
expected to result in lower aerosol mass yields. In addition50/50 solution of HO, in water (Sigma Aldrich). Intro-
none of the studies mentioned above accounted for the losducing HO- into the chamber also introduced water vapor,
of condensable vapors to the walls of the chambers. Overesulting in modest variability in relative humidity between
the course of each chamber experiment, organic mass buildsxperiments (Table 1). Ammonium sulfate ((NRSOy,
up on the walls of the chamber by the deposition of parti- Sigma Aldrich, 99.99%) seed particles were created using a
cles. Organic vapors can then condense on this organic wattonstant-output atomizer (TSI, model 3075) and were passed
mass. This effect is expected to increase over the course dghrough a diffusion dryer and a neutralizer into the chamber.
an experiment, so it might be particularly significant for long Nitric oxide (NO) was added to the chamber for highsNO
experiments with slowly reacting VOCs like toluene. The (=NO+NQ,) experiments using a high-pressure gas cylinder

2. Propose and apply a method to correct aerosol mass
yields for the loss of organic vapors to the walls of the
chamber.

. Study the dependence of aerosol mass yields on UV in-
tensity, temperature and the level of NO

6. Suggest new parameters to be used in air-quality models
for aerosol yields from toluene and other small aromatic
compounds.
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Table 1. Experimental conditions and summary of results.

Aerosol Aerosol
Mas¥ Mas¥
Yield at Yield at
[OH]' Coa= Con=
[Toluenef [NOKI§ T§&g [H202]9 [Seedf  *10f  RH Lights 10ugm=3 20ugm=3 m/zad
Exp.  (ppb) (pb)  1C)  (pm)  @gm3) cm3 (%) (%) (%) (%) (%)
1 940 1300 20 49 61 3.1 13 30 8 12 6
2 380 720 20 72 64 3.5 13 100 16 21 9
3 950 570 20 91 113 2.6 21 100 11 17 9
4 190 320 18 87 50 1.9 15 100 28 37 10
5 180 270 12 57 42 1.1 12 100 32 44 10
6 200 430 31 85 36 2.4 5 100 19 26 11
7 380 <5 20 88 59 1.6 13 100 26 41 8
8 270 <5 11 40 57 1.0 16 100 29 40 8
9 180 <5 11 46 45 0.6 14 100 49 66 8
10 200 <5 32 42 60 1.2 4 100 23 31 14
11 570 <5 21 87 61 1.4 9 100 18 26 8
12 570 <5 21 45 47 1.6 9 100 20 26 8
13 180 330 11.6 99 62 0.8 22 100

@ Subscript 0 denotes initial condition (immediately before UV lights are turned on).

b NOy was initially present as NO, but was converted toN@thin minutes after the UV lights were turned on.

¢ Temperature averaged for the duration of the experiment. Temperature fluctuations during the experiment are f&s than 2

d H>0O, concentrations are not measured directly but are approximated fp@p idterference in a UV photometric ozone monitor.

€ Initial seed concentrations from SMPS measurements, using density of 1.72gdng (NH4)>SOy).

f OH concentrations were not measured directly but are approximated from the first-order decay of toluene observed in the PTR-MS.
9 Mass concentration and aerosol mass yield of SOA calculated from the AMS for case 2.

h Calculated from relative organic spectra from the AMS. Reported values are averaged for hours 1-3 of each photo-oxidation experiment.
The variation oim/z44 during this time period was minimal in all experiments.

I Experiment was not used for yield calculations due to poor AMS calibration that day. The calibration does ngf4ffersted for volatility
calculations.

of 0.01% NO in N (Valley National Gas). N@was pro-  porizer temperature was 60D to ensure complete vaporiza-
duced via the NO+@reaction and was not directly added to tion of the ammonium sulfate seed. The AMS provides three
the chamber. Toluene (Sigma-Aldrich, 99%) was introducedseparate quantities important to the SOA measurements: the
to the chamber via a septum injector in which clean air wasaerosol size distribution based on the vacuum aerodynamic
passed over the injected liquid toluene to vaporize and transdiameter, the total organic mass, and the ratio of organic to
fer it to the chamber. The walls of the temperature-controlledsulfate mass. The organic to sulfate ratio is the most pre-
room are lined with UV lights (General Electric model 10526 cise of these measurements and thus forms the basis for our
black). After the particles and gases were injected into theestimates of net SOA formation. Measurements of organic
chamber and allowed to mix, the UV lights were turned on mass using the AMS are not dependent on an assumed or-
to initiate photo-oxidation reactions and SOA formation. ganic density. The collected data were analyzed using the
Particle number and volume inside of the chamber werestandard AMS fragmentation table (Allan et al., 2004), with
measured using a scanning mobility particle sizer (SMPS a few modifications as follows: The particle mass appearing
TSI classifier model 3080, CPC model 3071 or 3010). In or-at mass-to-charge ration(2 39, entirely attributed to potas-
der to convert the SMPS volume measurements to mass corsium in the standard fragmentation table, was here attributed
centrations, an organic mass density of 1.4 gémas used  to organic material. The particles formed in these experi-
based on literature data (Ng et al., 2007). Particle mass wagents are not expected to contain potassium, and the time
also measured directly by a Quadrupole Aerosol Mass Spedrend of m/z39 clearly followed that of the organic signal.
trometer (Q-AMS, Aerodyne Research, Inc.). The Q-AMS Further, all nitrate observed by the AMS in these chamber ex-
alternated between operating in mass spectrum (MS) scarperiments is assumed to be due to organic nitrate; therefore,
ning mode and in particle time-of-flight (PToF) mode every the nitrate signal from the AMS was added to the organic
fifteen seconds (Jayne et al., 2000; Jimenez et al., 2003). Thaignal for aerosol mass yield calculations.
sample averaging time was set at five minutes, and the va-
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Concentrations of toluene were monitored using a proton- The SOA is assumed to be in equilibrium, and the parti-
transfer reaction mass spectrometer (PTR-MS, lonicon Anationing of organic compounds between the gas and particle
lytik GmbH). PTR-MS measurements of toluene were cor-phase can be characterized by an effective saturation mass
rected for ion-source intensity and humidity as suggestecconcentratiorC;. The fraction of a given compouridn the
by de Gouw et al. (2003) using their measured, compoundcondensed (particle) phase is given by Donahue et al. (2006):
specific parameter for toluene. Toluene measurements were P
calibrated in two d|ﬁereqt ways: 1) Offl|_ne, by compari- = (14— ) with Cop = ZC"&' o)
son to toluene concentrations measured via gas chromatogra- Coa ;
phy with a flame ionization detector (GC-FID, Perkin-Elmer ) _ )
AutoSystem XL; J&W Scientific DB-624 capillary column, where(C; is the concentration of compourdn the particle
30 mx0.530 mm) after preconcentration (Entech 7100A); Phase.
and, 2) Online, by comparison to the toluene volume injected . L
into the chamber. Online calibrations were preformed for2'2'1 Calculating the total SOA concentration in the
each experiment; offline calibrations were performed period- chamber

|qa_1lly, and they agreed well with o_nllne calibrations. A sen- Observations of the suspended particle mass concentration
sitivity factor (ppb toluene/normalized counts measured bymust be corrected for losses to the chamber walls. Wall

the PTR-MS) was thus calculated and applied to all experiqosqaq come in two forms: direct deposition of particles to
ments. The first-order decay of toluene was used to estimatg .\ alls. and mass transfer of condensable vapors to the

hydroxyl radlc;jal concentratlons.. d b walls — most probably onto previously deposited particles.
Ozone and NQ concentrations were measure y Deposition of particles has been addressed extensively be-

gas-phase analyzers (Monitor Labs model 8410, APl (crymp and Seinfeld, 1981; McMurry and Rader, 1985:
model 200A). Temperature and relative humidity were mea-pjo cq ot a1, 2008). Mass transfer of organic vapors to the

sured using thermistors and a commercial humidity SeNso(yalls has not received as much attention, and it is a more

(Vaisala). Initial hydrogen peroxide concentrations were esyq.in hroblem because it is not directly constrained by mea-
timated from interference in a UV photometric ozone ana-

. ) surements.
lyzer (Dasibi model 1008 PC). Table 1 summarizes the ex- The presence of inorganic seeds allows us to formulate the

penrr]nentzlal (_:Ignd|tf|ons of theaexpgrflmenti prehsented_Zer_e. problem in terms of the mass balance of inorganic and or-
The volatility of SOA produced from the photo-oxidation o4 nic material. The mass of the inorganic material changes

of toluene was analyzed using the thermodenuder system deg,\y e to deposition of particles to the walls, consequently,
scribed by An et al. (2007). The SOA generated in the cham-

ber passes alternatively through the thermodenuder, heateg[csus — ey (1)CSUS 3)
to a predefined temperature, or a bypass line. The aerosaf;  seed — "/ “seed
flow direction is controlled by two 3-way valves. Activated whereCSUS is the concentration of seed aerosol in suspen-
charcoal is used in the cooling stage to adsorb the organig; "o seed

d thereb id q . Particl dky, (¢) is the time-dependent rate constant for mass
vapors and thereby avoid recondensation. Particles are seplog e 1o particle deposition onto the walls (henceforth re-

through the same sam'plmgilln(.a to.an SMPS for measurement, o t5 as wall deposition constant). Similarly, the change
of the online particle size distribution and to the Q-AMS for ;. seed-particle mass on the walls is:

real-time measurement of the aerosol chemical composition.
The volatility is then determined by comparing the resid- i[C""a” = Ky (1)CSUS )
ual aerosol after the thermodenuder to the aerosol that wag: ~ S¢€ Wit seed

passed through the bypass.

The change in the suspended organic particle mass in the

SUS ja-
2.2 Quantifying SOA production chamberCgy’is:

d
The aerosol mass yield, is defined as the ratio of the con- E[Cg‘}f = —ky()CZx + P (5)
centration of aerosol formed, divided by the mass of VOC

reacted: wherek,, (1) Cgy is the loss rate of organic particle mass to
Con the chamber walls due to deposition aR&'Sis the net rate

= () of mass transfer of organic vapors to the suspended particles

ACtol (condensation — evaporation). In the above equation we im-

whereCoa is the total mass concentration of organic aerosolplicitly assume that the wall deposition constaptr) of the
in the system and\Cyo is the change in the mass concen- organic material is the same as that of the inorganic material,
tration of toluene. The objective of an experiment is thus toi.e. that organics and inorganics are internally mixed. This
measure the above two quantities and therefore the aerosalssumption will be addressed in Sect. 3.
mass yield.
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The change in organic particle mass on the wﬁﬁ" is the inorganic densityseeq the predicted seed aerosol mass

given by: in suspension throughout the experiment is

2 el = () CEs + pral (6) \

i C3H41) = preed 35510 0xg1 [ k1] ™
whereP"a! is the net rate of mass transfer of organic vapors 0

to the chamber walls. The methods to determiti#¥® and
pPWal from SMPS and AMS data are described in more detail
below. The goal is to determine the total organic aerosol con
centrationCoa=C&US+C 33!, so that we can use itin Eq. (1)
to calculate the corresponding aerosol mass yie‘@i‘\”and
¢l are ratios of the mass on the wall to the volume of the
chamber and therefore have units.af m=2. _ _ _ 3 _
The wall deposition constant depends on the particle siz&\" IN0rganic density Opseed=1.77 gl/cnm (dr3y ammonium
and charge distribution and the level of turbulence inside the>Ufate) and organic density pba=1.4 g/cn™ based on lit-
chamber. It is estimated semi-empirically here by fitting the erature data (Ng et al., 2007) is used to conyert aerosol vol-
observed wall loss before and after each experiment, using™€ © suspended aerosol mass concentrations. ,
measurements when the UV lights are turned off and wall. " the two limiting cases, the calculations are straight-
loss is the only process changing the total suspended particliorward. Neglecting condensation onto the walls (case 1),

wall (o\__
mass in the chamber. To account for wall loss throughout?  ()=0and

The suspended organic-aerosol mass concentration measured
by the SMPS is proportional to the difference between the
measured volumé/spps and the inorganic aerosol volume:
CSUS l)
COA(t) = poa (VSMPS(t) - ﬂ) 8
Pseed

the experimentk,, is interpolated linearly with time for the '
duration of the experiment. Conlt) = C255() +/kw(t)Cé‘f(t)dt Q)
2.2.2 Condensation of organic vapors to chamber walls 0

. here th is justthe i | of Eq. (6). Thi
To determineP%¥a! we assume that condensable vapors areW ere the second term is just the integral of Eq. (6). This case

not lost to the clean Teflon walls, but instead condense ont(PrOVideS alower limit for SOA formation, and it is by far the
' most widely applied in the literature. For case 2, the organic

E%T(;reosct:;t hs?ﬁ:;evr\‘lss\ﬁﬁ iﬁ?;ﬂ:gﬁg?!ﬁs :;Jh;'ﬁs?r;?nmfo sulfate ratio remains the same for the suspended and wall-

ing the problem with two limiting cases. Case 1 assumes thag;r;%s;tggt\[/)vaer:ﬁItehsebec?ulse t_here are no masz—'irhansfer “?]"

the condensable products only partition to the suspended par- particies In suspension and those on the

ticles, so there is no wall condensation aPtf'=0. Previ- Yﬁlrl]sé cienﬁsil::ijﬂs];sig??s%fszr;r:gggllimwzlligﬁ[? 'S ; or:)served
. N seed =V,

ggz’ \évfll,::;l?hseséf;;:gg?t\z;n?;rghégﬁgg:g;{?/\r,iﬁ)ﬁﬂfsleaiiE%S"the amount of organic aerosol formed can be calculated by

tion. Case 2 assumes that condensation to the particles %rHuIFiplying the ratio of suspendgq _organic aerosol to inor-

the walls is not slowed by any additional mass-transfer resis—.gll.azlsC seed aerosol by the total initial mass of seed aerosol.

tances, so the particles on the walls are in equilibrium with '

the organic vapors and behave exactly as if they were sus- COR®) s

pended. There is no obvious reason why particles depositegOA(t) = CS5S (1) Cseed? =0) (10)

to the chamber walls should completely lose contact with the see

vapors in the chamber, a conclusion supported by the precuwhere =0 corresponds to the time when the lights were

sor spiking experiments of Weitkamp et al. (2007). However,turned on, starting photochemistry and the formation of or-

we cannot rule out a mass-transfer limitation to the walls, andganic aerosol.

a conservative approach is to treat these two limiting cases,

while noting that the true behavior of the system may be2.2.4 Estimating SOA production from AMS data

somewhere in between. Mass transfer of organic vapors to ]

the walls P"2") in case 2 scales with the particle mass frac- " the AMS, C5(1) andCoee 1) are measured directly and

tion on the walls. Therefore, the limiting cases diverge angdo not need to be calculated. The ratio of suspended organic

uncertainty in the observed SOA production increases during"ass and suspended seed mass can thus be determined with-
an experiment. out the need to estimate the wall deposition constant. As-

suming that the particles are internally mixed, this ratio is
2.2.3 Estimating SOA production based on SMPS data  independent of the collection efficiency (CE) of particles in

the AMS, which is uncertain and can change over the course
Using &, (t) estimated as explained above, the initial inor- of an experiment. In the experiments conducted here, for ex-
ganic seed aerosol concentration measured by the SMPS aragnple, the CE of the particles increases when organics start

www.atmos-chem-phys.net/9/2973/2009/ Atmos. Chem. Phys., 9, 2988-2009
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Ry S— L [P A [ Liiiigg experiments, and the fraction of the organic signah&t44

] i is still expected to be correlated with the extent of oxidation
e of the SOA.
0] °* n 2.4 \Volatility of SOA
] oo i The volatility of the organic aerosol can be calculated from
%] .o® r changes infSUs=Cg7 /CSus  measured by the AMS, com-
] oo I paring f{5’ (Trp), the organic fraction of the aerosol after
I it was sent through the thermodenuder at temperatiige
to fbs;;angbypasQ, the organic fraction of the aerosol after it
Time (hours) since start of photolysis was sent through the bypass, maintained at a constant tem-

peratureThypass(room temperature). The mass fraction re-

Fig. 1. Evidence for sustained SOA production: time series mea-maining (MFR) after volatilization in the thermodenuder is
surements of the ratio of organic to seed mass as measured by thgyen py:

AMS for experiment 12.

Suspended Cp,/ Cgoey
.

0090 ee? e R e T

fi5(TD)

. . S bS;psasg Toypass
forming on the seed particles, presumably because the or-

ganic material reduces particle bounce on the vaporizer OPsing the organic fractiong**ather than the total organic
. : . : aerosol mass to calculate MFR removes the need for a wall-
the instrument. This variation of CE in the AMS and the

) . . loss correction and avoids the associated uncertainties.
associated uncertainty in the absolute mass measurement Is

why we do not use the AMS to calculafi for case 1. For 2 5 parameterizing aerosol yields
case 2, where the wall-deposited particles behave as if they
were suspended, the amount of aerosol formed can be caEven simple SOA systems involve 10's to 100’s of chemical
culated by Eq. (10). The SMPS measurement of the initialproducts, and often relatively small mass yields of aerosol
ammonium sulfate concentration is used for this calculationare important. This means that the compounds contributing
since it is not prone to uncertainties regarding the collectionto SOA formation may be numerous and also relatively mi-
efficiency and is thus deemed to be more accurate. nor reaction products. Furthermore, they may evolve over
Figure 1 show€g® /CSus measured using the AMS dur- time, and their physical properties, such as vapor pressures
ing a typical low-NQ, experiment (Experiment 12). The ini- and activity coefficients, are usually not known. Because of
tial ammonium sulfate concentration was 4gm 3. Af- this, we characterize SOA formation with an empirical ap-
ter 80 min of photo-oxidation, 126g m~3 of toluene had  proach known as the Volatility Basis Set (VBS), in which
been oxidized and’3% /CSUS ~1, so 47ugm~3 of SOA  products are separated based on their most relevant property
had been formed, and the SOA mass yield was 37% for this- volatility — given by C*. Equation (2) suggests that*
case. is simply the organic aerosol mass concentration at which a
given compound is found 50% in the gas phase and 50% in
2.3  Composition of organic aerosol —extent of oxidation  the particle phase. It is convenient to separate products into
. . A ._volatility bins that are regularly spaced by factors of 10 in
Relative spectra, the fractional cont_rlbutlons of the Organ'cc*-space (Donahue et al., 2006). The exact set depends on
fragment at eachn/zto the total organic mass, are calculated the problem at hand, and here we shall consider 4 bins rang-
from the Q-AMS data. T_he mass fragmentatz44 mostly ing from 1gm3 to 1000ug M3, because that is the ap-
corresponds to the Cplon (Alker) .et al., 2008) and can roximate range of SOA mass covered in these experiments.
therefore be used as a semi-empirical measure of the exte&/e can then describe an SOA forming reaction in terms of

of oxidation in the system. Aiken et al. (2008) have shown . . yieldsy; of productsP;. The product yieldsy; are
that the fraction of organic massratz44 can be used to ap- iated to thelaerosol yield b’y '

proximate the oxygen to carbon (O/C) ratio in the organic
aerosol. They found significant correlation between O/C and? = Z ;& (13)

m/z44 described by the following least-squares fit: i
3 whereg; is the mass fraction of bihin the condensed phase,
[m/z 44](ug m™>)

+0.0794 (11) as given by Eq. (2). The simplest case is one in which a sin-
Coa(ugm=3) gle reaction connects the precursor to first-generation prod-

This correlation was mostly derived from ambient measure-UCts With y|_e|dsai that do hot Cha”Qe over time. The product
ments in Mexico City, so the applicability to the data pre- concentrations?; are then just a simple product of the pre-

sented here is uncertain. However, it can still provide an es€Ursor coNSUMPLORA Cprec

timate of the O/C ratio of the organic aerosol formed in theseP; = a; ACprec (14)

MFR(Tp) = (12)

(O/C) = 3.82
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Fig. 2. Aerosol mass calculated from SMPS measurements for ex+ig. 3. AMS particle time-of-flight aerodynamic size distribution
periment 12, showing the modeled decay of inorganic seed, thdor experiment 12, averaged between 1 and 2 h after the onset of
slower decay of measured mass, and the mass of organic aerosphotolysis. The organic mass appears on the existing sulfate mode,
formed assuming no wall condensation (case 1) and wall condenthough shifted to smaller sizes. This suggests that the SOA con-
sation without additional mass-transfer limitations (case 2). Thedenses onto the seed particles but does not form a perfect mixture
shaded area represents the uncertainty in the wall loss correction. with them.

An example is the ozonea~pinene system (Presto and Don- increases. Far<0 the aerosol is entirely inorganic seed and
ahue, 2006). In this case, Odum et al. (1996) showed thalts evolution is entirely due to wall losses. The modeled inor-
one can simply observe the SOA mass yields as a functio@anic suspended aerosol mass (black dotted line) calculated
of SOA concentration in one or a succession of experimentsfrom Eg. (8) thus tracks the total suspended n@§8() for

obtainingY(COA) and invert these data using Egs. (1) and (2) t<0. When the UV—lIghtS are turned on, Inltlatlng toluene
to obtain thew;. This can be accomplished via nonlinear oxidation, the measured mass deviates from the modeled in-

least-squares fitting (Stanier et al., 2008). organic mass, consistent with net condensation of organic

However, when progressive oxidation (aging) occurs, asd€rosol and’gX#)>0 (Eq. 9).
with OH oxidation experiments such as the ones presented The suspended particles form a partial internal mixture:
here, the product distribution may not be constant, and thell particles consist of ammonium sulfate cores coated with
simple fit mentioned above may not be valid. The situa-toluene-derived SOA, but the organic to sulfate ratio is a
tion is more complicated when the aging is continuous, esfunction of the particle size. Three pieces of evidence con-
pecially when the precursor is relatively non-reactive and thefirm this. First, the particle size distribution measured by the
oxidation products are significantly more reactive, which is SMPS remains monomodal as it grows after oxidation com-
probably the case here. Several generations of products willnences, consistent with the mass transfer of organic material
emerge and change in concentration continuously over th&0 the pre-existing ammonium sulfate seed. The absence of
course of an experiment. Here, we approximate basis-set p& second particle mode suggests that nucleation does not oc-
rameters for this system for use in air-quality models until acur to a measurable extent. Second, the apparent sulfate sig-
more thorough treatment of these dynamic systems becomél in the AMS rises after SOA condensation commences,
available. These parameters do not capture the full dynamigonsistent with an SOA coating of the inorganic seed, lead-
evolution of the toluene SOA (the aging), but they do reasoning to increased particle collection efficiency. Third, the or-
ably reproduce the chamber data. ganics clearly appear on the existing sulfate mode, albeit
shifted somewhat toward smaller sizes. This is shown in
Fig. 3, which plots the AMS particle time-of-flight aerody-
3 Results namic size distribution for experiment 12 averaged between
1 and 2 h after the onset of photolysis. These time-of-flight
The increasing organic to ammonium sulfate ratio shown inspectra are consistent with condensational coating of the in-
Fig. 1 implies that organic mass is transferred to the susorganic seeds, which will scale with inorganic surface area
pended particles (those we measure with the AMS) throughand not mass. Because the organics appear to be coating the
out the experiment. The aerosol mass concentrations cakulfate, and not mixing with it, this also supports the hypoth-
culated from SMPS volume measurements for this experi-esis that the seed particles have little effect on the SOA mass
ment (Egs. 9 and 10) are shown in Fig. 2. Time is refer-yields, other than to prevent the “induction effect” caused by
enced to the onset of photolysis=0). The total suspended wall condensation before new particle formation sometimes
aerosol mass (black solid line) declines continuously due taobserved in “nucleation” (non-seeded) experiments (Kroll et
wall losses, even as the organic to ammonium sulfate ratial., 2007; Pathak et al., 2007).
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054 . e . NENE— Using the wall-loss corrected masses presented in Fig. 2
] o : and the decay of toluene measured by the PTR-MS (not
7 casez ¥ E shown), we can calculate the fractional aerosol mass yield

R E for these two bounding cases (Fig. 4). When presented as
' a function of Coa, the uncertainty resulting from the wall
A . correction is smaller. This is because neglecting wall con-
02] .-’&5‘@&& a densation results in smaller aerosol yields (y-axis), but also
] 28 case 1 conventional : in smallerCopa (x-axis). This is reassuring since traditional
1 03 ¢%® 3 air-quality models as well as newer formulations using the
00 , — T . — 5' basis-set approach (Donahue et al., 2006) essentially model
1 Coh m_3;0 the formation of agrosol as a _fl_Jnctlon of the tqtal organic
aerosol concentration. In addition, the uncertainty is even
smaller forCoa<10ug m~2, which is the more atmospheri-
cally relevant range of organic aerosol concentrations.

04

Ta

0.3

COA/Ale

Fig. 4. Aerosol yield for experiment 7 as a function of total aerosol
concentrationCpa, calculated from SMPS volume measurements,
assuming no interaction between vapors and particles deposited on The yield data for the case of no wall condensation (case 1)
the walls (case 1, circles) and facile interaction between vapors anéire presented in two different ways in Fig. 4. One (open

particles depo_sited on the walls (case 2, solid diamonds). Two d_if'circles) is consistent with previous studies: the total or-

ferent conventions are used for the case 1 aerosol mass calculatlog'aniC aerosol maSSOA(t)zCSf(t)+CE’)"2”(t) is used for the

using total organic mass on the x-axis (open circles, conventionalg o< mass yield calculations (Eq. 1) and as the dependent
method but inconsistent) and using only suspended organic mass_ . h . . . .

) . . Variable (x-axis). However, there is a logical flaw in this
on the x-axis (solid circles, suggested to be more consistent).

representation: neglecting wall condensation assumes that
there are no interactions between organic vapors in suspen-
The offset in the aerodynamic size distributions of OrganiCSion and the Organic Vapors deposited on the walls. There-
and inorganic material shown in Fig. 3 suggests #%t the  fore, while 2 (1) describes organic-aerosol mass that was
fraction of suspended organic mass to suspended seed maggsmed and should therefore be included in the calculation
does depend on particle size. The assumptionithas the  of mass yield, it is assumed to not affect the partitioning be-
same for ammonium sulfate and organics may thus introduc@ayior in the system and should therefore not be included on

some error in the mass yield calculations. If particle wall the x-axis. A consistent representation of this case would
loss is dependent on particle size, ammonium sulfate and or- cusy ol

_ContCon ; sus ;
ganics will be lost at slightly different rates. The wall loss plot Y__ ACyoc .25 gfunctlon OCOA_' Plotting the case 1
of organics is probably higher than that of ammonium sul-"2>> yield data in this way for experiment 7 results in case 1
fate since the aerodynamic size distribution of the organicsglrg:‘:‘:égg ;vailélfjc;n((\j/\?gls_sgog’r soﬂﬁit?rlirjrl?)s;ngt d?a:?ng;gdg(;r
is shifted to smaller sizes relative to that of ammonium sul-Note from Fiy 4 that the c?iffereqnce i ei'Eher of the case 1
fate, and smaller particles in this size range are expected to 9.

have higher wall-loss rates. This introduces a negative biaQ?oOIeIS and the case 2 model is small. The remaining analy-

. . . . . Sis will utilize the case 2 aerosol mass yields, which are not
in the organic aerosol mass yield calculations. Given that y

the difference in the mode diameters was less thamuith1 only more co_nsistem with eguilibrium thermodynamics but
(aerodynamic diameter; the difference is smaller in mobil-also with earlier studies (Weitkamp et al., 2007).

ity diameter) and that the depositional loss curve is relatively Figure 5 compares the aerosol mass yields in experiment 7,
flat in this size region (Pierce et al., 2008), we estimate tharcalculated from the SMPS data and the AMS data, assuming

the error introduced by assuming a comnigris only afew ~ wall-vapor equilibrium (Eq. 10). Note that these measure-

percent. ments agree very well for this experiment. However, the
agreement between yields calculated from SMPS data and
3.1 Quantifying SOA production those calculated from AMS data is not always this good. The

agreement in the yields as a function of time calculated from
Assumptions regarding the wall-loss correction represent thgyoth instruments is usually within 50%:; the agreement is bet-
largest uncertainty for quantifying the SOA production. To ter for yields as a function ofoa. However, in low-mass
illustrate this Uncertainty, the two extreme estimates of theexperiments in which total Organic aerosol |0ading a‘ﬁas
wall-loss corrected mass are shown in Fig. 2, where the ungre small, SMPS yields cannot be calculated reliably because
certainty in the wall correction is represented by the area bethey rely on calculating a small difference. In this system, it
tween these two curves. The area increases throughout the not advisable to use SMPS yield data when, after one hour
experiment as the uncertainty due to the wall-condensatiors photo-oxidationC3% is less than 1fg m-3 and fSSis
correction increases. Because of this increasing uncertaintjass than 0.3. In general, and particularly for smaller organic
with time, we focus on yield data for the first 3h of each aerosol loadings, the precision of the AMS data is expected
experiment. to be superior since the mass-yield calculations from AMS
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Fig. 5. Aerosol yields calculated from AMS data (solid circles) and Fig. 6. Reproducibility of experiments is better for AMS data (solid

SMPS data (open circles) agree well for experiment 7. Both yieldsymbols) than for SMPS data (open symbols). Experiments 11 (di-

calculations assume facile interaction between the vapors and thamonds) and 12 (circles) were conducted under very similar con-

particles deposited on the wall (case 2). ditions. All yield calculations assume facile interaction between
vapors and particles deposited on the walls (case 2).

data are based on the directly measured organic to sulfate
mass ratio, while the calculations from SMPS data rely on ~ °%73
computing the small difference between two number size dis-
tribution measurements. Furthermore, the mass yields calcu-

0.2 bbb b bl
Experiment 3

0.1+ . o1 :_
ino,= 0.18 min , m/z 44 ~ 9%

0.4

m/z 44 (% of Cy,,)

lated from the SMPS are strongly dependent on the measurec _ 03_5 0.0 FrreprrrprrrerIIATTT A
particle wall deposition constaky, (1), which introduces ad- ¢ 3| ° " =°*° " " \ -
ditional uncertainty and potential for error. Consider, for ex- § ] LA e “ 2
ample, experiments 11 and 12, which were run at very simi- ] s a0t :
lar conditions and are hence expected to give similar results 01 NP A\ -
(Fig. 6). The AMS yields calculated from these two exper- 3 Y o= 006 min™, miz44~6% |
iments agree well; however, the SMPS yields do not agree ~ °°- | S S A S S R S
well, especially in the later stages of the experiment. This ' Cos ™) .

difference might be due to the estimated wall deposition con-

stant:k,, of experiment 11 increased by almost a factor of 2 Fig. 7. Effect of UV intensity on aerosol mass yield for two high-
during the experiment, whilg, of experiment 12 changed NOy experiments. The yield in experiment 3 (high UV, solid trian-
by less than 10%, which is more consistent with other exper-gles) is higher than the yield in experiment 1 (1/3 UV, open trian-
iments. This high measurdg, in experiment 11 leads to an gles). Inset: %m/z44 does not change over the course of a long
overestimation of the wall loss and therefore an overestimaphoto-oxidation experiment such as experiment 3.

tion of the organic aerosol formed. Considering the superior

precision of the AMS data for this system, we use the aerosol

mass yields calculated from the AMS for the remaining anal- Figure 7 shows the effect of the UV intensity on the
ysis. Comparing experiments conducted under similar experaerosol yield under high-NQronditions: when all UV lights
imental conditions in this work (experiments 11 and 12) andare used (experiment 3) the aerosol mass yield is higher than
consistent with previous work (Pathak et al., 2007), we es-when one third of the UV lights are used (experiment 1). The
timate that our experimental error in aerosol mass yields iSNO, photolysis rate, measured in separate experiments, was

+10%. 0.18 mirr! when all UV lights were used and 0.06 mih
_ - when one third of the UV lights were used, thus the photol-
3.2 Dependence on experimental conditions ysis rate is proportional to the number of UV lights used, as

. o .expected. Even though less SOA is formed under the less

The yields measured in this study clearly depend on experiziive photochemical conditions (fewer UV lights used), the

mental conditions. In this section we shall compare exper-gh jevels (based on the observed toluene decay rate) are not

iments where a single parameter (e.g. temperature) varieggnificantly lower at lower UV intensity. Other factors (pho-

while other_ conditions remain the same or s_lmlllar. We a_retolysis of organic hydroperoxide intermediates, Hévels)

thus experlmentally determining partial derivatives of this may drive these changes. What is clear is that the toluene

complex yield surface. SOA system is sensitive to UV intensity. The photolysis
rate of 0.18 min! is more similar to atmospheric conditions
(0.53min ! at solar zenith angle°tand 0.21 min! at solar
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Fig. 8. Temperature effect on aerosol yield for low-NQop panel, Fig. 9. NOy effect on aerosol yield at 2T (top panel, Expt. 9: low

Expt. 9: 1PC, Expt. 10: 32C) and high-NQ (bottom panel, = NOx, Expt. 5: high NQ) and 32C (bottom panel, Expt. 10: low

Expt. 5: 1PC, Expt. 6: 32C) experiments. In both cases yields NOx, Expt. 6: high NQ). Yields from low-NG experiments (solid

are significantly higher at lower temperatures. diamonds) are higher than yields from high-fNéxperiments (open
diamonds).

zenith angle 79 Carter et al., 2005); hence all UV lights
were used in experiments 2 to 13. A summary of the aerosoferosol yields are lower under high-jN@onditions, sug-
mass yields at 12gm—3 and 20ugm—3 measured for the gesting that the products formed under highy\®nditions
different experiments is presented in Table 1. may be more volatile than those formed under lowxNON-
Figure 8 compares experiments conducted at differengitions. The NQ level appears to have a smaller effect at
temperatures. The aerosol yield data from experiments digher temperatures.
and 10 show the temperature dependence under low-NO
conditions: at 1Qtg m~2 organic aerosol loading aerosol 3.3 Composition of organic aerosol — extent of oxidation
yields are 120% higher at 1C (experiment 9) than at 3¢
(experiment 10). Experiments 5 and 6 show the temperaThe oxidation state of the organic aerosol, presented as the
ture dependence under high-N@onditions: at 1g.gm~3 percent of the organic signal due to massn#z44 (hence-
organic aerosol loading, aerosol yields are 80% higher aforth referred to as %44) is presented in the inset of Fig. 7 for
11°C (experiment 5) than at 3€ (experiment 6). Aerosol a long toluene photo-oxidation experiment (experiment 3).
yields are higher at lower temperature under both lowgxNO Note that the oxidation state of the aerosol does not change
and high-NQ conditions. This is consistent with equilibrium appreciably throughout the experiment. The same was ob-
partitioning of semi-volatile products. served in most other experiments presented in this study. In
Figure 9 compares the yields at different Nf@vels. At  experiments 1, 2 and 6, %44 increased slightly during the
11°C (top panel), the aerosol mass yield atudPm—2 or- first hour of photo-oxidation; but after the first hour, %44
ganic aerosol loading is 50% higher in experiment 9 (low remained constant in all experiments. This is in contrast to
NOy) than in experiment 5 (high NQ; at 20°C (not shown),  “simple” SOA cases such as terpenes + ozone (Zhang et al.,
the aerosol mass yield at 1@ m~3 is 30% higher in ex- 2006; Grieshop et al., 2007), where the oxidation state de-
periment 7 (low NQ) than in experiment 2 (high NQ; at  creases markedly &pa rises. Those simple cases are con-
32°C (bottom panel), the aerosol mass yield atom—3 sistent with the hypothesis that terpene ozonolysis produces
is 20% higher in experiment 10 (low N®than in experi- a stable distribution of products in which the more oxidized
ment 6 (high NQ). Thus, at all temperatures investigated, compounds tend to have lower saturation concentrations; in
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that case increasa@pa will result in a reduced %44. Con-
versely, in oxidized systems that are already dominated by
low-volatility material (for example diesel emission), %44 053
increases withCoa (Sage et al., 2007). The signature of a
fixed product distribution (i.e. ozone + terpenes) is thus often
a decrease in %44 with a large increas€gx while the sig-
nature of chemical aging (i.e. evaporated primary emissions)
is a sharp increase in %44 with a modest increas€dn. 1 Historical Parameters |

It appears that the toluene system may be a mixture of these 01-//\-
two phenomena. ; . ;

T T T T T T T
2 3 4 5 6789

Even though %44 does not change after the first hour of an 1 10, 100
experiment, there is significant variability in %44 between Conlbgm )
experiments, as noted in Figs. 7-9 and summarized in Ta- ~ *°y— ';sted o Porametors -
ble 1. The oxidation state of the aerosol, represented by %44, o5 9" N ” a
is higher for experiments conducted at higher temperature ] :
(Experiment 6 vs. 5 and experiment 10 vs. 9). This is con-
sistent with the notion that less oxidized compounds (lower
%44) have higher volatility, resulting in less net condensa- :
tion of these products to the aerosol phase. There isno clear ™ Historical Parameters |

trend in %44 in the low- versus high-N@xperiments of this 01 e 0N E
study. This is not inconsistent with the mass-yield data since 5//5
lower volatility (and therefore higher mass yields) can be ! R R R RN
caused by increased branching, not just increased oxidation Conlug m")
of the aerosol products. Aerosol formed under higher pho-
tochemical activity (more UV lights, experiment 3) is more Fig. 10. Summary of experimental data at°@D under low-NQ
oxidized (higher %44) than aerosol formed under lower pho-(top panel) and high-N©(bottom panel) conditions. The yield pa-
tochemical activity (experiment 1). This variation in %44 be- rameters consistent with these data (suggested new parameters) are
tween experiments indicates that the product distribution ofuch higher than those currently used in air-quality models (histor-
SOA formed from toluene photo-oxidation may depend cmlcal pa}rameters). Hlstorlcallorganlc z?lerosol yields (y-a}ms).and tptal
experimental conditions. The range of different %44 mea-organic aerosol _co_ncentratlon (x-a_X|s) used for th_e historical yield

. . o o curve were multiplied by an organic aerosol density of 1.4 g&m
sured I.n these eXpe.nmentS (6% t0 14%), f:orresponds to A better comparison with the experimental data, which were de-
approxmatg range in O/C of 0.3t0 0.6 using Eqg. (11), ‘?‘”drived from direct mass measurements.
they are within the range of %44 observed in the ambient

atmosphere+{3%—25%, Aiken et al., 2008).
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aerosol than in the bypass aerosol when the thermodenuder
3.4 \olatility of SOA temperature was 52, and about 10% higher when the tem-

perature was 3€. We plan to characterize the volatility of
\olatility measurements show that the aerosol formed Undebrganic aerosol formed from toluene photo-oxidation more
low- and high-NQ conditions is clearly semi-volatile. Un-  thoroughly in future work.

der high-NQ conditions, approximately 60% of the organic-

aerosol mass evaporates at@8nd 16.5s centerline resi- 3.5 Comparison to previous studies

dence time (experiment 13). Under low-N@onditions ap-

proximately 55% of the organic aerosol mass evaporates athe yields observed in these experiments are higher than
3%°C and 16.5 s residence time (experiment 8) and more thathose reported previously. Potential explanations for differ-
90% of the organic aerosol mass evaporatesd€52his be-  ences between older studies and the more recent studies were
havior is inconsistent with the suggestion of Ng et al. (2007)addressed in Sect. 1.1. Here we shall focus on the relatively
that the toluene SOA under low-N@onditions could be de- smaller differences between the present study and the recent
scribed by a single, non-volatile product. This illustrates thestudies of Ng et al. (2007, solid circles).

difficulty of interpreting yield data for this complex system.  The top panel of Fig. 10 compares the results from our
The observation that the aerosol is semi-volatile is consisiow-NOy experiments conducted at ZD and the low-NQ

tent with the presence of a yield-dependence on temperatur@xperiments conducted by Ng et al. (2007) at similar tem-
The product distribution of the SOA seems to change uporperatures. Quantitatively, the results from these two stud-
heating, as %44 is higher in the aerosol after the thermodies agree reasonably well. However, the qualitative behavior
enuder than in the aerosol after the bypass line. In experef aerosol yield with organic aerosol concentration is differ-
iment 8, %44 was about 20% higher in the thermodenudeent: the yields observed in this study increase steadily with
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air-quality models employing these new parameters will pre-
dict significantly more anthropogenic SOA, partially closing
the mass gap between model predictions and ambient obser-

Table 2. SOA mass yields using a four-product volatility basis set.

Saturation .

concentration vations (Volkamer et al., 2006).

(ngm=3) 1 10 100 1000

Historical® 0.01 0.03 0.075 0.25 4 Conclusions

Low NOy, 20°C  0.01 0.24 0.7 0.7

HighNQ,, 20°C 001 024 045 07 The SOA yields from the photo-oxidation of toluene are

higher than previously reported values. Though the SOA
* Historical parameters assuming OA density of 1génfLane et yields show variability consistent with complex toluene pho-
al., 2007). tochemistry, in all cases they are significantly higher than

current model parameterizations predict. The main differ-

ences between this study and previous studies which reported
aerosol concentration while the yields observed by Ng etjower yields are: first, experimental conditions such as tem-
al. (2007) are constant. perature, the levels of NO and N@nd the amount of UV

The bottom panel of Fig. 10 compares the results fromlights used, which affect measured SOA mass yields. Sec-

this study’s high-NQ experiments conducted atZD and  ond, the use of the AMS to calculate SOA mass yields.
the high-NG experiments conducted by Ng et al. (2007) un- Yields calculated from the SMPS are frequently not reliable,
der similar conditions. The yields reported in this study areespecially when organic aerosol loading and/or the ratio of
higher than those reported in the previous study. One differsuspended organic mass to inorganic mass is low. And third,
ence between these experiments is that, in the present studyie correction for the condensation of organic vapors to the
NOx is present mostly as Nfsince all NO is quickly con-  walls of the chamber. We are the first to apply this correction,
verted to NQ in a few minutes after the UV lights are turned which is more important in this dynamic, slowly reacting sys-
on. Therefore, while the experiments are conducted undetem. The correction is also more important for experiments
high-NG conditions, the conditions are low-NO for most of conducted without seed aerosol, and experiments conducted
the time, which may affect gas-phase chemistry. A mixturein smaller environmental chambers. We suggest yield pa-
of NO and NQ more closely resembles typical atmospheric rameters consistent with these data which should be used in
conditions; therefore, the experiments by Ng et al. (2007)air-quality models as an approximation of a more thorough
may capture this aspect of the system better. A further differtreatment of this dynamic system.
ence is that the average temperatures in the experiments of
Ng et al. (2007) were slightly higher and less controlled thanAcknowledgementsThis research was supported by the EPA
in the experiments reported here. Finally, the yields reportedSTAR program through the National Center for Environmental
by the previous study were not corrected for the condensaResearch (NCER). This paper has not been subject to EPAs
tion of organic vapors onto wall particles. Applying this cor- required peer and policy review, and therefore does not necessarily
rection is expected to result in higher organic aerosol yields'eflect the views of the Agency. No official endorsement should
Aerosol mass yields appear to be highly sensitive to experi-be |nferr§d. Lea Hildebrandt was support.ed by a National Science
mental conditions as well as corrections of the data for losse§°undation Graduate Research Fellowship.
to the chamber walls. Edited by: G. McFiggans

3.6 Aerosol yield parameterizations

N ) ) ) References
\olatility basis set (VBS) parameters consistent with the data
at 20C are presented in Table 2 for low-N@nd high-NQ  Aiken, A. C., DeCarlo, P. F., Kroll, J. H., Worsnop, D. R., Huff-
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