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Abstract. Secondary organic carbon (SOC) concentrationseimdststate aerosol were measured in a serias of
pinene/NOx and one series Pfcaryophyllene/NOXx irradiation experiments. Thedégi of the inorganic seed
aerosol was varied while the hydrocarbon and NQxceatrations were held constant in each seriegpdrements.
Measurements were made for acidity levels and S@@eantrations much closer to ambient levels thah been
previously achieved fam-pinene, while there are no previous measurementS®@C increases due to acidity for
caryophyllene. The observed enhancement in SOCeotration linearly increases with the measured dyeln ion
concentration in air for each system. For the diomb of these studies, SOC increased by 0.04%pet H' m™
for a-pinene under two conditions where the organic @ardoncentration differed by a factor of five. epinene,
this level of response to acidic aerosol was aofacof eight lower than was reported by Suretl for similar
series of experiments for SOC from the photooxaatof isoprene/NOx mixtures. By contrast, SOC fr@m
caryophyllene showed an increase of 0.22% per miiaii®, roughly two thirds of the response in the isopren
system. Mass fractions for SOC particle-phase tsaer a-pinene decreased slightly with increasing aerosol
acidity, although remaining within previously sthtencertainties. Below 200 nmol'h®, the mass fraction d§-
caryophyllenic acid, the only identified tracer fdrcaryophyllene SOC, was constant, althofigbaryophyllenic

acid showed a substantial decrease for aciditiestgr than 400 nmol*Hn™.
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Introduction.

Secondary organic aerosol (SOA) formation and dyesmay be important factors for the role of ael®go
adverse health effects, visibility and climate ad — 4). Formation of SOA occurs when a parent volatile
organic compound is oxidized to create productsftran in a condensed phads).(The suite of major precursor
compounds is not fully known, though several preoucompounds are currently thought to contribatarbient

SOA ().

Recent work has shown that particle formation fisoprene (2-methyl-1,3-butadiene) as well as fraheo
biogenic hydrocarbons such aspinene (2,6,6-Trimethyl-bicyclo[3.1.1]hept-2-enahd3-caryophyllene (4,11,11-
trimethyl-8-methylene-bicyclo[7.2.0]Jundec-4-eneh c@ntribute significantly to ambient SOA8, (7) in areas where
biogenic emissions are strong. In addition, lalmsagxperiments have determined that aerosol ganwlity also
play a role in increasing SOA formation yields frbingenic hydrocarbon8 (- 13. However, these studies have
been conducted without a measure of the aerosditgcand most of them typically compared a sifgies| of
aerosol acidity to a base case level. As such,re opaantitative understanding of the role of p&etighase acidity

on SOA formation under most ambient conditions riesanavailable.

Surratt et al. 14) recently conducted a laboratory investigatiothefrole of acidity on isoprene SOA using
controlled levels of hydrogen ion air concentrasiofid’],,. Measured organic carbon mass concentrations were
found to correlate linearly with [fl; for acidic levels representative of atmospherieditions. Moreover,
concentrations of the major isoprene SOA prodtsethylthreitol and 2-methylerythritol, were afeoind to
increase with increased aerosol sulfate aciditgs€hresults suggested that particle-phase reactuhd contribute
to the increased isoprene aerosol yields and contpooncentrations. At the present time, there leen no

further studies of the effect of acidic aerosolSfDA tracer compounds from other biogenic hydrocasbo

However, that work left a number of issues forHertstudy, summarized as follows: 1) while isoprisrthe major
biogenic emitted into the atmosphere, other biaggersuch as monoterpenes and sesquiterpenes, risib e
substantially to ambient SOA. These compounds,enfdving lower emission rates, typically have fghbr

aerosol yields than isoprene. The effect of suldidity on monoterpene yields have only been nredsin a few
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studies. For example, Kleindienst et at3)(found that the SOA products from an irradiadepinene/NQ mixture
increased in a nonlinear fashion to about 40% temely high acidic sulfate levels, far higher thhose
representative of atmospheric acidity. There ardata available for acidity effects on any sesgpéres. Thus,
fundamental data on increases in SOA yields fromaterpenes and sesquiterpenes at representatiosiaric
acidity levels are needed. 2) Most measuremerttsecéffect of acidity on SOC yields have been natderganic
carbon concentrations one-to-two orders of mageitugher than that found in the atmosphere. Measemés by
Surratt et al. 14) were made only at a single organic mass levelstam effect of aerosol mass was not tested. 3)
For a single Aair concentration increasing the relative humielity decrease the Hconcentration in the aerosol
solution. At the present time, experiments havenlmmaducted at only a single relative humidity 6%@ Thus, the
effect of changing relative humidity on the SOAlgieefrom biogenic systems needs to be determinke.pfesent
paper considers the first two of these issues,edisas the influence of sulfate acidity on leveldhe organic tracer

compounds previously measured for biogenic SOA.

In this study, secondary organic carbon (SOC)iiméa from laboratory irradiations of representatBigand Gs
biogenic hydrocarbons (monoterpene and sesquiterpespectively). Mixtures af-pinene/NQ or 3-
caryophyllene/NQ were irradiated in a smog chamber in the presefiseed aerosol of varying acidity. The
chamber was operated in a dynamic mode under ¢omslitvhich permitted the SOA chemistry to remainstant
while the seed aerosol acidity could be changetésyatically. In additiong-pinene measurements were conducted
at two organic carbon mass concentrations (thus different organic-to-inorganic aerosol mass stloy varying

the amount of SOA generated.

Experimental Methods.

Secondary organic aerosol was generated in a 14f&et-volume, Teflon-coated reaction chamber. Thamber
used a combination of UV-fluorescent bulbs thatvjated radiation from 300-400 nm with a distributisimilar to

that of solar radiation to the extent that can dld@eved with UV bulbsX3). The reaction chamber was operated as a
continuous stirred tank reactor having a reside¢imee of 6 h, to produce a constant, steady-statesaédistribution

which could be repeatedly sampled at different serdsol acidities.
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To generate the biogenic reactants, two differppt@aches were used due mainly to the differerstilibles of the
liquids. Fora-pinene, air was bubbled through the thermostatietiluted liquid (> 99.5% purity) and then mixed
with other reactants in a 4 L heated inlet manifmidr to introduction into the chamber. By contrs
caryophyllene (> 99.5% purity) was continuoushetitped into a separate 250 mL heated glass manigfd) a KD
Scientific Model KDS100 syringe pump with a 2.5mharHilton Gastight syringe (Hamilton Co, Reno, NVjlan
swept into the chamber with air at a flow of 1 LnthiThe NO was added from a high pressure cylindemigh a
flow controller and was diluted with.Nbefore entry into the inlet manifold. Acidified amnium sulfate seed
aerosol was added to the chamber by nebulizingeddlgueous ammonium sulfate-sulfuric acid solutidine seed
aerosol stream then passed throu§¥Kaneutralizer (TSI, Model 3077, Shoreville, MN)daaquilibrated to a
computer-controlled relative humidity of 30% in ttleamber. To change the acidity of the seed akrbsoratio of
the two liquids was changed to produce a consensal sulfate concentration (ca. 3§ m®) across the range of
acidities used. After changing the seed aerodotisn, the photochemical mixture in the chambesabowed to
reach steady-state, typically by waiting more thaesidence times, prior to the beginning of thessguent sample

collection.

Concentrations ofi-pinene ang-caryophyllene in the inlet manifold and chamberev@easured using a gas
chromatograph with flame ionization detection (HettivPackard, Model 5890 GC). The NO and totalN@re
measured with a ThermoElectron (Model 8840, TheEneironmental, Inc., Franklin, MA) oxides of nitrexg
chemiluminescence analyz8remperature and relative humidity were measurel anit Omega Digital Thermo-

Hydrometer (Model RH411, Omega Engineering, Intan8ord, CT). The average temperature wasQ4

Aerosol samples were collected on 47 mm Teflo mambfilters (Pall Corporation, Ann Arbor, MI) for
determination of the aerosol hydrogen ion concépmmaer unit volume of air ( [H.;), expressed as nmol' >,
Aerosol produced in the chamber was collectedrateaof 8 L mift over a period of 4 h. Filters were extracted by
sonication for 30 min using 10 mL of distilled, deized water in a 50 mL polypropylene vial. Orloe ¢xtract
cooled to room temperature, the pH of each extvastmeasured with a Mettler-Toledo MP220 pH mesargian
InLab 413 pH electrode. The hydrogen ion concéiotra in air ( [H].,) were calculated by dividing the measured

aqueous concentration of hydrogen ion by the volofradr collected, as described by Surratt etls).(
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Measurements of particulate organic carbon werlopeed with an on-line thermal optical transmittarmarbon
analyzer using a parallel plate, carbon strip den@8unset Laboratories, Tigard, CI®) prior to aerosol collection
on the quartz filter within the instrument. Otlatails of operation for the carbon analyzer onpthetochemical
reaction chamber are described elsewh&se (The duty cycle for this measurement was 0.7i%h 0.5 h sampling
and 0.25 h analysis times, respectively). All gatate carbon concentrations measured duringriteevial of

aerosol filter collections were averaged for corgmar with the integrated measurements of aerosoitac

For analysis of SOC tracer compounds, chamberesfflwas collected at a rate of 16.7 L thfor 24 hours on
Teflon impregnated glass fiber filters precededasbon strip denuder. Each filter was ultrasohjoatracted

with 1:1 dichloromethane/methanol mixture after élglelition of 2Qug of cis-ketopinic acid (KPA) as an internal
standard. The resultant extracts were dried andatized withbis(trimethyl silyl)trifluoroacedimide (BSTFA)
containing 1% trimethylchlorosilane according te thethod of Jaoui et allY). After derivatization, all extracts
were analyzed by a ThermoQuest (Austin, TX) GC émiipo an ion-trap MS operated in the positive cicain
ionization (Cl) mode using the procedure of Jadwile(18). Due to a lack of authentic standards, conctatra
were calculated assuming a response factor of ueligyive to KPA. Compounds used as tracers, asasehe basis
for their identifications and properties, are désent by Kleindienst et al6j. Statistical analyses of measured

concentrations were performed using SAS v.8.0 (8A&8tute, Cary, NC).

Results.

Influence of acidity on SOC concentrationsinitial conditions and measured concentrationseziondary organic
carbon and [H,; of the aerosol produced are listedlmble 1 Measured [H,; ranged from 153 to 1010 nmol H
m* and 68 to 1230 nmol Hn'® for the first and second seriescepinene experiments, respectively. Likewise,
measured [H.; ranged from 112 to 1150 nmol i for the series o-caryophyllene experiments. In each series
of experiments, higher SOC levels were observétghier levels of acidic sulfate aerosol. For corigmar, field

measurements of aerosol acidity a$][H have been reported as high as 400 nniah (19).
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For the initial series adi-pinene irradiations (1.6 ppmC/100 ppbV NO), meadBOC concentrations ranged from
40.5 to 55.3ug C ni®. In general, higher SOC concentrations were detlewith increased levels of acidic sulfate
aerosol from the measured]i,. The SOC produced frompinene increased by factor of 1.37 over the
experimental range of seed aerosol conditionses isethe upper curve &ligure 1. The correlation between SOC
and [H.i is linear with an Rvalue of 0.817. Statistical parameters are gineFable 2 with a more detailed set
including error estimates being given in the SupipgrinformationTable S1 Under the conditions of this first
series, a one nmolfrincrease in [F.; led to a 0.0151g C m® increase in SOC. However, normalizing the
measured SOC concentrations to the SOC concemtifation the neutral seed aerosol acidity gives duliseeans

for comparing the effect of acidity with that frasther reactive conditions or even other hydrocasborhus, for
thea-pinene system in this series, the normalized SAC[H'],, shows a linear correlation with a slope of

0.00039. Thus, a one nmolfincrease in [F],, leads to a 0.039% increase in SOC for this system.

A similar analysis was performed for the secorpginene experimentipinene: 0.69 ppmC; NO: 120 ppbV) where
the irradiation produced a substantially reduce€€ ®0ncentration compared to the first series. énahsence of
acidic sulfate as seenTrable 1, the SOC produced in this system was reducedfagtar of five (8.0ug C ni®).
Under these conditions, the SOC increased by faétbr45 over the range of acidities employed. Agas seen by
the lower curve irFigure 1, the increase in SOC is linear with respect t§ JHwith an R value of 0.874. The SOC
concentrations can be normalized to the neutral @amum sulfate seed condition to show an increase®@f4% per
nmol H'm™>. On a normalized basis, both of these sets-pihene experiments show very similar increase30¢
(0.039% and 0.044%) as seen in the lower cunfggare 2. Thus, the fractional increase in SOC producetiése
a-pinene/NOXx systems appears to be independene@@T concentration over the range of aciditieedes
Moreover, it is seen that the relative increasB@T from then-pinene/NOx system is considerably lower than the

SOC increase from a similar isoprene/NOXx irradia(ie.04% vs. 0.32%4).

For B-caryophyllene, measured SOC concentrations rafiget9.97 to 34.Qug C mi®. As with thea-pinene
system, higher SOC concentrations were measurtbe ipresence of increased acidic sulfate aerodbi the

highest acidity tested leading to an increase i€ $0a factor of 3.4. Following the normalizatioropedure, the
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measured SOC from tifflecaryophyllene system showed a linear correlatiRfn=0.977) between the normalized
SOC and [H]ai, as seen iffigure 2. The slope of this relationship, 0.221% per nmbhif, is slightly smaller than
the 0.32% increase per unit nmol k™ determined for the isoprene SOC. However, ifilleie at the highest
aerosol acidity (1147 nmolHn®) is removed from this correlation, the resultifgpg equals 0.00305. Ate most
atmospherically relevant aerosol acidities thiseepnts a 0.30% increase in SOC per unit increasmol H m?,

which is nearly identical to the behavior of isapeehat was reported by Surratt et al.

Influence of acidity on measured tracer concentratins.Kleindienst et al.g) identified a series of nine
compounds, most of which were substituted dicarbo@agids, that could serve as tracer compoundS@€
generated from the photooxidationcepinene. The effect of acidic aerosol on the tracgrcentrations (or more
precisely on the sum of the concentrations) wasrdehed in these experiments. In the first serfas-pinene
experimentsg-pinene: 1.6 ppmC), the sum of the tracer concgatrsifora-pinene SOCX,-[tracers]) showed a
slight decrease with increasing aerosol aciditioasd inTable 1 For a unit increase in [, the measured
concentration ofi-pinene SOC tracersi§ (Zo-[tracers]) nt) decreased linearly by 0.00388 m® per nmol H m™.
The intercept of this relationship suggests theeetgd sum of the concentrations of the nine comgeformed in
the presence of fully neutralized seed aerosol ig {Ig Zo-[tracers] nT. The relationship indicates that the sum of
nine tracers should decrease by [ig5m* while the aerosol acidity increased from neuwad®0 nmol H m>, The
two features taken together indicate that the cafithe seed aerosol does not substantially émfte the formation

of these tracer compounds.

The metric used by Kleindienst et &) or associating the tracer concentrations to $@@ation was the mass
fraction (mf) obtained by dividing the sum of theasured tracer concentratiols-[tracers]) by the measured SOC
concentration for an individual experiment. Eepinene SOC in the first series of experimentsniass fraction of
the ninea-pinene tracer compoundsy Zo-[tracers]ug C*) showed a negative correlation with the observd,|.
The calculation shows that the mass fraction obtipgnene tracers decreased from 0.299 to 0.239 gg;[H

increased from 0 to 400 nmol %, However, these values are well within the avenagss fraction measured by
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Kleindienst et al.) of 0.231 + 0.111 (range of 0.081 to 0.370) forsahofa-pinene and NQ experiments in the

presence of neutral seed aerosol.

The measured concentrations of the tracer compaurttie second series afpinene experimentsi(pinene: 0.69
ppmC) are consistent with the above results. Tihe af the nine tracer concentrations was again siidjtly
influenced by the changes in acidity. The slopthif relationship was not significantly differdmm zero at the
90% confidence interval (c.i.), as can been sediable 1 While the absolute tracer concentrations increéasey
slightly with sulfate acidity, the mass fractiorcdeased slightly, although this decrease was alsesignificant at
the 90% c.i.. Furthermore, the minor variationhia mass fraction of the nimepinene tracers for an increase in
aerosol acidity from neutral to 400 nmol ki falls entirely within the range (0.11 to 0.3ig(S-[tracers]ug C")
reported by Kleindienst et alg)( While lower concentrations of SOC introduce &rgncertainties, especially with
regard to measurement of the tracer concentratindgesulting mass fractions, the overall agreeinetwween the
two experiments is excellent considering the figletfdecreased SOC concentration under neutralgawditions.
From the two series of experiments taken togetimdic sulfate aerosol is expected to have littfeat on the

calculated contribution af-pinene SOC to ambient SOC using the mass fraagppnoach.

For the series d3-caryophyllene/NO irradiations, the concentratiéfs-aaryophyllenic acid was used as the tracer
species. This compound was previously identifielhroratory and field samples by Jaoui et20, 27, and

recently used as a tracer compoundaaryophyllene SOGg( 7, 23. Concentrations ¢§-caryophyllenic acid in
these experiments are showrTable 1 (asZ tracers fo3-caryophyllene). The tracer did not show any diatfly
significant relationship with increasing aerosabl@g at the 90% c.i.. Moreover, the concentratifrthe tracer
compound decreased by nearly a factor of 10 athesseries of experiments. The mass fraction, se€igure 3,
was also determined and was not significantly ¢ated with the observed [H;, at the 90% c.i.. However, the
observed lower concentrationsfBtaryophyllenic acid with increasing seed aerosdality, along with the smaller
mass fractions at higher acidity suggests eithendtion off3-caryophyllenic acid is limited at higher aerosol

acidities or that particle phase destructiofp-@laryophyllenic acid may be enhanced at highét jHAdditionally,
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the neutral seed case in tBi€aryophyllene experiment produced a factor ofdhosver mass fraction -

caryophyllenic acid than was reported by Kleindtersal. ¢).

For the isoprene system which was previously stubieSurratt et al.14), the concentrations of the three tracer
compounds, 2-methylglyceric acid and the 2-metlrgte (2-methylthreitol and 2-methylerythritol),iche
evaluated in a similar manner. The mass fractfdhese three compounds has been used to estingate t
contribution of isoprene to ambient SO& T, 23. For the conditions in these experiments, the stithese three
tracers increased linearly with sulfate aerosaliachs noted by Surratt et al4). The intercept at zero [H,
represents the sum of the concentrations of theettracer compounds (0.184 Zs-[isoprene tracers] 1) that is
expected if the seed aerosol were fully neutraliieaugh this value is not statistically signifitigrdifferent from
zero and due largely to the uncertainties in theer measurements at the different acidities. Tagsrfraction of

the isoprene tracers is found to correlate positivéth the observed [H,;. The slope of the relationship (0.000222
+ 0.000071ug Zz-[isoprene tracerglg C*) indicates that the mass fraction of the isoptemeers increase is
expected to rise over the range of acidities exathiDespite this increase of mass fraction witkiagithe value
predicted for [H].; at 400 nmol Fl m® (0.142ug Zz-[isoprene tracerglg C%) falls within the range (0.108 to 0.201

g Zs-[isoprene tracerglg OCY; average = 0.14{dg =s-[isoprene tracerglg C?) reported by Kleindienst et ab)(

Discussion.

Changes in the inorganic seed aerosol in the presaay had no significant direct effect on the-ghase chemistry
in these series of experimentable Slin supporting information), although in the cas@-afaryophyllene an
increase in acetone was observed. As such, theaise in the SOC concentration is likely to arisky from acid-
enhanced particle phase reactions. Other confimpatchniques, such as MALDI-MS and LC-MS, whicvé
provided chemical evidence for oligomer or orgatfase formation have previously helped substantete-
enhanced SOC formation from isopre@8,24,14, were not part of this study. As noted by Sureagl. £5),
difficulty remains in isolating the reactions whidbminate the observed acid effect despite therebde
enhancements of these biogenic SOC products, eken additional analytical techniques are used. ;Thas

currently must rely on macroscopic techniques sichncreases in SOC or SOA.
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The observed enhancement in the SOQxfpinene upon increasing acidity of the inorganiedsaerosol is
consistent with the findings of Kleindienst et &B where aerosol acidity was generated from theqahddation of
SO.. Kleindienst et al. (2006), while measuring therganic sulfate, did not measure aerosol acidiya s
comparison can be made only by estimating aerasoity for those experiments. By assuming all meedsulfate
was sulfuric acid, hydrogen ion concentrationsiitikely ranged from nearly neutral in the absen€&0;, up to
approximately 1000 nmol Hn™ for the experiments in which S@/as added to the-pinene + NQ
photooxidations. While the dependence appears twhlinear, the results at a single acidity edtchat 400 nmol
H* m® gave a 33% increase inpinene SOC or a 0.0825% increase per unit nmiahl Thus, the effect of
aerosol acidity on SOC as estimated from Kleindiehsl. (2006) was roughly twice that measurethépresent
study. However, considering potential differencetagen the use of S@ generate aciditiy situinstead of the
use of acidic seed aerosol, as well as the oveliication in the assumptions in calculating aedasudity from
sulfate concentrations, these results are quitsistemt. Moreover, in the-pinene system, SOC concentrations

from Kleindienst et al.13) were a factor of 2 — 20 higher than those ingiresent study.

The results of this study suggest that factoraieriting aerosol acidity and neutralization may @lagle in
influencing SOC formation fam-pinene angd-caryophyllene as it does for isoprene. The exaedtsignificance of
these processes is currently unknown and would teebd explored through application of an air gyatiodel.
However, further examination may be necessarydtisfactory integration of the results of theseeistigations in
air quality models. For the conditions of thesearkpents, an increase in seed aerosol acidity freatral to 200
nmol H" m* could increase the-pinene SOC by 8%. The corresponding increasp-fmryophyllene SOC would
be 44%, which is smaller than that suggested fprene by the laboratory investigation of Surratle(14) from

which one might estimate an increase of 64% foisiae increase in aerosol acidity.

These results show that while SOC concentratiotrease when seed aerosols are more acidic, thieapifty of
the tracer technique of Kleindienst et &) for a-pinene ang@-caryophyllene is not greatly affected by these
findings for modest changes in acidity. While thare small changes in the tracer concentratiothsrass
fractions, these changes are not statisticallyifsigmt. Fora-pinene, the tracers levels do not increase atehigh

acidity, unlike isoprene, which suggests that tiw@ase im-pinene SOC may occur through reaction pathways

10
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that may not involve the tracer compounds, althahghncrease in SOC is very modest. For aciewgls below
200 nmol H m®, B-cayophyllenic acid increases by about 50% whidhiiy consistent with the SOA increase
over the same acidity range. This leaves the ntasidn constant over the range of weak acididigsseen in
Figure 3. However, as seen ifable 1 between 400 and 1150 nmol kii?, theB-cayophyllenic acid concentration
decreases by approximately a factor of ten whichabeses the mass fraction by an even greater aragaint as
seen irFigure 3. Thus, at higher aciditieB;cayophyllenic acid is probably a poor tracerfecaryophyllene given

the large changes in the mass fraction above 4@d Hfnm>.

The observed small changes in theinene tracers with increased acidity togetheh wie large change [
caryophellenic acid can be rationalized by congidethe compound structures for each type of trdeera-
pinene, most of the tracer compounds contributiigstntially to the SOC mass fraction are substitut
dicarboxylic acids which are already heavily ox@tizcompounds and are unlikely to react furthehaticidities
used. By contrasfi-caryophellenic acid ({zH1104; 20, 2 contains an unsaturated ring, that accordingeo t
observations of this study, may react at higheellewof acidity to produce a product undetectednayanalytical
methods used here. As such, this makes this condpaless than an ideal tracer, especially undengly acidic

conditions.

In addition, the changes in tracer concentratisasseall relative to the uncertainties in the traeehnique, which
suffers from considerable uncertainty due to thepsification of replacing the complex set of cheaticeactions
generating SOC with a laboratory-derived, singlkwd mass fraction. The mass fractions, calculas#g the sum
of tracer compounds rather than tracer profilesnfoonly employed in apportionment studies of primanyanic
aerosols) were determined from single hydrocarb@nitikadiations under a limited set of conditionsielXo the
complexity of tropospheric, radical-driven chemigadchanisms, the wide assortment of inorganic aganic
compounds introduced into the troposphere at vgrgmission rates, and the broad range of possible
meteorological conditions, there is necessarilysaarable error associated with using a singleadimass fraction
for each precursor. Much of this uncertainty igatty reflected in the significant standard deviaticeported by

Kleindienst et al.§) for the mass fractions of-pinene (48%)B-caryophyllene (22%), and isoprene (25%). Clearly,

11
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additional research is required to better undedstae chemical stability of the tracers and whetutitional

atmospheric sources are present.

While this study provides valuable information @mtbiogenic systems shown to form significant S@@irnbient
locations in the Southeast and Midwest U6.7}, two sets of conditions were studied éepinene, and a single set
for B-caryophyllene. In particular, as noted earlidoy@ader range of relative humidities will be neeegso more
completely understand the applicability of thesuts to SOC formation in the atmosphere. Furtkpegments
examining the influence of aerosol acidity on S@@fation at a range of atmospherically relevaratiet

humidities have been initiated in our laboratory.

Recent field studies have indicated that any irsgean ambient SOC due to ambient acidity are finlgheery

subtle. Peltier et al26) examining SOA downwind of power plant plumes otrer metropolitan Atlanta, GA, area
found no increase in water soluble organic compsuawen in the presence of moderately acidic aer8swilarly,
Zhang et al.Z7) in an examination of increases of SOA specighénPittsburgh area under acidic conditions found
at most a 25% increase in ambient SOA that coulattpduted to acid catalyzed effects. Since erissbf

biogenic compounds or the fraction of biogenic S@&e not specified in the study, it is difficult directly

reconcile these results to ambient measurementget#r, as suggested in this study where acididdewech

closer to atmospheric levels are used (and as mo&dously), any effects on ambient SOC due tooapheric

acidity are likely to be at most 25 — 50% and eatdrs of two or more.

The empirical relationships between SOC mass arabsakacidity derived from this study may prove fuséor
regional and global scale atmospheric models witthénlimitations described above. Including the atpof acidity
on SOC formation from isoprene in an air qualitydabhas recently been shown to decrease the g&fGr
between model predictions and observati@8. (These results suggest that inclusion of theiarfte of seed
aerosol acidity on SOC formation from other biogesources, especially frofircaryophyllene which exhibits a
relative increase much closer to that of isopraned,in areas where ambient aerosol has been slovendcidic,

could decrease the gap between model predictichslaservations.
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1 Table 1.Experimental conditions and measured secondary
2 organic carbon concentrations for laboratory biggien

3 hydrocarbon/NQ photooxidation experiments.

Reactant Products 4
Hydrocarbons [HC] [NOx] [H+] air [SOC] Z-Traceys
6
ppmC  ppbV  nmol ni® ug m® ug
7
a-pinene 1.6 100 153 40.5 10.8
157 42.7 11.28
313 39.1 11.9
" " 699 45.6 7.3¢
1010 55.3 8.70
11
a-pinene 0.69 120 68 7.99 1.60
12
" " 363 7.41 171
850 9.99 1683
" " 1230 11.6 1.76
B-caryophyllene 0.58 200 112 9.97 0.0595
204 14.7 0.0923
" " 467 21.3 0.0343
" " 1150 34.0 0.00561
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Table 2 Parameters of Linear Correlatiors [H'],, (nmol H m®).

[SOC] Normalized SOC [=-Tracers] Mass Fraction
System Hg C n?? [SOC]} / [SOCleutra Hg C [Z-Tracers] / [SOC]
Mg pg*cC*
a-pinene Slope: 0.01546 0.0003953 -0.00380 -0.0001521
(1.6 ppmC) Intercept: 37.431 0.9575 11.633 0.2981
a-pinene Slope: 0.00348 0.0004369 0.0000929 -0.0000572
(0.69 ppmC) Intercept: 7.0614 0.8833 1.6167 0.2224
B-caryophyllene  Slope: 0.02197 0.00220 -0.0000676 -0.0000059
(0.58 ppmC) Intercept: 9.3733 0.9395 0.08068 0.00635
Isoprene* Slope: 0.03905 0.00320 0.00925 0.0002216
(6.75 ppmC) Intercept: 10.632 0.8716 0.1837 0.05322

Values in italics are not significant at the 90%fodence interval. More complete statistical pastans of these

correlations are listed ifiable S2of the Supporting Information. *original datafndSurratt et al., (2007).
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Figure 1.Relationships between SOfig(C m?) and measured seed aerosol acidity}Hhmol m*) in the

photooxidation ofi-pinene (1.6 ppm® ; 0.69 ppm).
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Figure 2. Relationships between the ratio of the SOC conagatr at elevated acidity relative to the neutesdds
case (no units) and measured seed aerosol adidifl;(nmol m*) in the photooxidation af-pinene (1.6 ppm®@;

0.69 ppmCo), B-caryophyllene A) and isoprened(). Isoprene data from Surratt et al. (2007).
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Figure 3.Relationship between the mass fractiong-saryophyllenic acidig pgC®) and measured seed aerosol

acidity ([H"].r nmol m?®) in the photooxidation dd-caryophyllene 4).
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Supporting Information: Influence of aerosol acidity on the formation oé@edary organic aerosol from biogenic precursordgarbons.

by John H. Offenberg, Michael Lewandowski, Edward=@ney, Tadeusz E. Kleindienst, Mohammed Jaoui
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Table S1 Steady-state concentrations of gas-phase compound

Seed Acidity  AHydrocarbon  Ozone NO NOx-NO HCHO CH3CHO  Acetone Glyoxal Methylglyoxal ~ Pinonaldehyde

nmol H+ m" ppm C ppbV  ppbV ppbVv ppbVv ppbVv ppbVv ppbVv ppbVv ppbVv
a-pinene 153 1.5 39 6 66 26 2 22 3 4 14
1.6 ppmC 157 1.6 74 2 58 40 2 35 5 6 21
313 1.6 73 0 63 29 1 42 3 4 14
699 1.6 49 1 59 42 3 43 5 4 23
1010 1.6 73 1 62 40 3 34 5 5 23
a-pinene 68 0.55 1 199 3 14
0.69 ppmC 363 0.57 1 197 4 12 . . 4 4
850 0.56 1 178 3 31 . . 7 7
1230 0.56 1 150 12 19
B-caryophyllene 112 0.58 25 60 51 8 . . . 1
0.58 ppmC 204 0.58 24 61 51 9 . . . 4
467 0.58 29 63 54 7 . . . 7
1150 0.58 24 65 53 21
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Table S2 Parameters of Linear Correlatiorss [H+] (nmol H n®).

[SOC] Normalized SOC [=-Tracers] Mass Fraction
System [SOC]} / [SOCleutra [Z-Tracers] / [SOC]
Mg C m® Mg C m® Mg Hg*C?

a-pinene Slope: 0.01546+ 0.004215 0.0003953t 0.0001082  -0.00380% 0.00162 -0.0001521+ 0.0000410
1.6 ppmC Intercept: 37.431+2.442 0.9575+ 0.0622 11.633+0.931 0.2981+ 0.0236

R 0.8155 0.8165 0.6479 0.8211

p: 0.0357 0.0354 0.0998 0.0340
a-pinene Slope: 0.00348+ 0.000933 0.0004369 0.0001172 0.0000929 + 0.0000762 -0.0000572 + 0.0000285
0.69 ppmC Intercept:| 7.0614+0.7183 0.8833 + 0.0903 1.6167+ 0.0586 0.2224 +0.0220

RZ 0.8746 0.8742 0.4266 0.6679

p: 0.0648 0.0650 0.3368 0.1827

B-caryophyllene  Slope: 0.02197+ 0.00236 0.00220 +0.00024 -0.0000676 +0.0000283 -0.0000059 + 0.0000021

0.58 ppmC Intercept:] 9.3733+1.4917 0.9395+ 0.1498 0.08068+0.01786 0.00635+ 0.00131
RZ 0.9774 0.9773 0.7408 0.8015
p: 0.0114 0.0114 0.1393 0.1047
Isoprene* Slope: 0.03905 £ 0.00156  0.00320+ 0.0001271 0.00925 + 0.00243 0.0002216- 0.0000717
Intercept: 10.632+ 0.5561 0.8716 +0.04535 0.1837 + 0.8659 0.05322 +£0.02559
RZ 0.9968 0.9969 0.8729 0.8269
p: 0.0016 0.0016 0.0624 0.0906

Values in Italics are not significant at the 90% c. *original data from Surratt et al., (2007)
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Table S3. Identification of SOA tracer compounds associatétl precursor hydrocarbons.

Precursor
a-pinene
o-pinene
o-pinene
o-pinene
o-pinene
o-pinene
o-pinene
o-pinene
[-caryophyllene

T. E. Kleindiensta, M. Jaoui, M. Lewandowski, J®ffenberg, C. W. Lewis, P. V. Bhave, E. O.
Edney (2007) Atmospheric Environment 41 (2007) 88380. doi:10.1016/j.atmosenv.2007.06.045

R.Szmigielski, J.D. Surratt, Y. Go’'mez-Gonza’'lezyBn der Veken, I. Kourtchev, R. Vermeylen,
F. Blockhuys, M. Jaoui, T. E. Kleindienst, M. Lewdanwski, J. H. Offenberg, E. O. Edney, J. H.

Associated Tracer Compound

3-acetyl pentanedioic acid

3-acetyl hexanedioic acid
3-methyl-1,2,3-butanetricarboxylic acid

3-Hydroxyglutaric acid

2-Hydroxy-4,4-dimethylglutaric acid
3-(2-Hydroxy-ethyl)-2,2-dimethyl-cyclobutane-carlytig acid
Pinic acid

Pinonic acid

[B-caryophyllenic acid

Seinfeld, W. Maenhaut, and M. Claeys (2007) Geoighyfesearch Letters 34, L24811,
doi:10.1029/2007GL031338
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