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Abstract. Efforts havebeenspent orinvestigaing the isothermal evaporation dfpinene SOA particleat ranges otonditions
and decouphg the impacts of viscosity and volatility on evaporatibiowever, little is known about the evaporatlmehaviorof
SOA particles from biogeniorganic compounds other thakpinene In this study, wenvestigated thésothermalevaporation
behaviorof U-pineneand sesquiterpene mixture (SQTmix) SPdxticlesunder a series of relative humid{&H) conditions With

a set of imsitu instruments, weonitoredthe evolution oparticle sizeyolatility, and composition duringvaporationOur finding
demonstrates théte SQTmix SOA particles evaporated slower thatthmeneones at any set of Rig@xpresseavith the volume
fraction remaining (VFR))which is primarily due to their lower volatilityand possibly aided byhigher viscosity under dry
conditions We further applieghositive matrix factorizatiofPMF)to thermal desorptiodatacontaining volatility and composition
information.Analyzing the net change rasitNCRs) of eachPMF-resolved factgrwecanguantitatively compare how each sample
factor evolve with increasing evaporation time/RH.W&hsufficientparticulate watecontentwaspresenin eitherSOA system
the most volatilessamplefactorwasprimarily lost viaevaporationand changes in otheample factorsveremainly govermed by
aqueousgphaseprocesseslhe evolution okachsample factor of SQTmix SOA particlesmscontrolled by a single type of process,
whereas fof}-pineneSOA particlest wasregulated bynultiple processesAs indicated by the coevolution of VFR and NQRe
effect of aqueouphaseprocesses could vafyom one to another according particle type, sample factqorand evaporation

timescale.

1 Introduction

Atmospheric aidation of volatile organic compounds (VOCsganlead to a complex mixture of condensable organic vapors

spanning rangeof functionalities and structures, and hence volatiliti¢allquist et al., 2009)Partsof these organics contribute
to the mass concentration of secondary organic aerosol (p@airles Gasparticle partitioning is a dynamic processof
importance, influencinghe composition inthegas angarticlephaseas wellastheatmospheridifetime of SOA. For a long time,
gasparticlepartitioninghas beeronsideredsa nearinstantaneous proce@dum et al., 1996; Dwmhue et al., 2006)nder the
assumptionghat SOA particlesconsist mainly ofintermediategemivolatile compoundsand exists in a liquid stateRecent

measurementsuggesthat SOAparticlesconsist oflarge amourgt of organic compounds witlow or extremely lowvolatility
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(Cappa and Jimenez, 2010; Ehn et al., 2014; Mohr et al., 208 atparticles can adoptscoussemisolid or amorphous solid
staks (Virtanen et al., 2010; Pajunoja et,&013; Zhang et al., 2015l thisemerging evidencehallengethe abovementioned
assumptionswhich underle thetreatment of SOA vighe partitioningtheory Whenvolatilities of organic compoundsngefrom
intermediate to extremely lovolatile (Donahue etla 2012) theequilibrationtimescales ophasepartitioningspanfrom seconds
to hoursin liquid particleg(Shiraiwa and Seinfeld, 2012 viscous particledyulk diffusion limitationscan increasequilibration

timescaledo theorder of yeargLi and Shiraiwa, 2019)

Monoterpeng(CioH1e) are the most abundaterpeneemissions in boreal foregfTarvainen et al., 2007; Béck et al., 201dt)ving
SOA formation and growtim the atmospher@'Dowd et al., 2002; Jokinen et al., 20153 the most representative monoterpene,
Upinenehas been widely used to gener@@A as aroxy for boreal foresBOA. SOA yield studies using environmental chambers
have sug g-preneSOA partickes areldominated by seniatile organic compound®athak et al., 2007; Shilling et al.,
2008) But multiple studieswhichi nvesti gated the i spmendSOA padidles fer\a aapge ofelativeo n
humidity (RH) consistently demonstrated that SOA particles do not evaporate as rapidly as expected-votaséendrganic
mixtures (Vaden et al., 2011; Wilson et al., 2014; -¥liu u t i et al ., 2 0 1.7These indlidgsnduggest thet
importance of unaccountddw-volatility organic compoundsparticle phase reactions, andcous phase statg®aden et al.,
2011; Wilsonetal.,2014;¥d uuti et al ., 2 0 1whievdxblit distributiongoforganic componbsiaialy
determinethe extentto which particles evaporate at higRH, diffusion limitations attributedo particle viscosi significantly
hinderparticle evaporationnderdry conditiors. Recentstudies havalsoexploredthe oxidation and temperature dependence of
the evaporation dipinenederivedSOA particles For instance ricreasinghe oxygen to carbon rati®(C) of the initial particles
reduce the particle evaporatiorrate and possiblyinduces aqueousphaseprocesses which fornow volatility compounds
especiallyfor highly oxidized SOA particleBuchholz et al., 2019Pecreasing temperatucansuppresparticle evaporatioby
lowering the saturatiomaporconcentration§C*) of the SOA compoundand/or increasing particle bulk viscos{§hiraiwa et al.,
2017; Lietal., 2019)

Efforts have been spent émvestigatinghee v a p o r a-piriere®OA pafrticlds butthediversity of VOC emissions fronrees
andthe complexity of particulateconstituentscomplicatethe description of organic vapor partitionirig boreal fores Branch
enclosure measuremsmith boreal treespecieshave revealed thatOC emission profiles vary iterpene species amdtios,
dependenbn seasonfHakola et al., 2017)r degrees ofbiotichiotic stresgZhao et al., 2017a; Kari et al., 2019pnboratory
studi es have s h o-ineneddrizedSOA marigesa thosetleritedfrontjoxidizing sesquiterpenes (€24) or
actual(stressedscos pine emissiongeaturedistinct properties, interms of mass yield, volatilifyand molecular composition
(Faiola et al., 2018; Nsirnio et al., 2020)Given these observations, it is necessary to investigaevaporatiorbehavior of SOA
particles derived from terpee  pr e ¢ ur s o-piseneandreeen from meal rplanUemissidBsrrent measurements have
identified thatlargeamountsof farneseneand bisaboleneasre emittedrom boreal tree specigsiakola et al., 2017; Daelsson
et al., 2019xnnd thatheir derivedSOA are ofpotential climatesignificanceby influencing cloud formatiofMentel et al., 2013;
Zhao et al., 2017a)

To facilitate a better understandingtmbgenic organic vapguartitioningi n b o r e a-pinerieand asessterpeng mixture
were chosems precursort generate two different types of biogenic SOA particles for isothermal evaporation uadgeaf
RH conditionsat room temperaturelhe mixtureconsistsof farneseng and bisabolenes, which aeeyclic and monocyclic

sesquiterpenesespectivelyTheaim of this study igo compare thevaporatiorbehaviorof sesquiterpene derived SQéthat of
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U pinene derived SOA. For this, both the particle size changes as well as particle composition eveleticeasuredand their

differences and similaritiesill be discussed.

2 Methods
2.1Experimental setup

Two different types of biogenic SOA particles were generaiedl3 L oxidation flow reactor (OFRKang et al., 2007; Lambe
et al., 2011¥or isothermal evaporation experimeméking placeat a wide range of RH &5 °C. The experimental setup and
procedure were similar tour previous evaporation studi@éli-Juuti et al., 2017; Buchholz et al., 2019; Li et al., 204 a
detailed descriptiomf our experimentasetup can be found in ttf&upplementBriefly, the experimentatequence consisted of
biogenic SOA productiorfpllowed byparticlesize selectiomvith simultaneous dilution of the gas phaaed humiditycontrolled

isothermal particle evaporation.

EitherU-pinene (Sigm&Aldrich, 98%)or asesquiterpene mixtu(SigmaAldrich, mixture of isomerpwas introduceéhto aheated

N2 flow with a syringe pump systerfKari et al., 2018) Farnesene isomers (40%, acyclic) and bisabolene isomers (40%,
monocyclic) are the two dominant species in the mixtusesfuiterpersgfollowed by other unidentified sesquiterpeféksirnio

et al., 2020) The VOGcontaining flow was themixed with ahumidified flow of N> and Q. Overall, 5 L min* of total flow
containingVOCs (2541 261 ppb) andOs (13.0171 13.40 ppm)with RH of 41%1 44% was introduced into th©FR for

photooxidationat controlled temperature-25 °Q. Under the illumination of 254m UV lamps hydroxyl radicals (OH)were

C

produced from the reaction of water vapor withD)(which was generated from photolysis of @e p r o dpineneadd
sesquiterpene mixture (SQTmix) SOA with comparable oxidation conditions. The OH exposure ran@estiv@bx13* molec
cn1® as calculateavith the OFR mode{Peng et al., 2015; Peng et al., 20djich takes the external OH reactivity into account
The demental composition of SOA particles wasracterized by a higiesolution timeof-flight aerosol mass spectrometer (HR
ToRAMS, Aerodyne Research Inclt should be noted thatather than bypure photooxidation, SOAvas formed via both
ozonolysisand photooxidatioreactionsasOsz levelsof over 1 ppnwere usedForall evaporation expgénents of on&SOA system,

the aerosolmassconcertatiorin the OFRwasvery similar Assuminga particle density of 1.4 g cf) the massoncertatiorof
polydispersd}pineneand SQTmix SOArom the OFRwasestimated to be 399 16 and128+ 16 gn’, respectivelylt has

been found that compounds wiltf of 0.1 g = amd below dominate the SOA composition in a previous study using the same
type of SOA(Ylisirni6 et al., 2020)Even though the aerosolassconcentrationn the OFR inour studyis higher tharthe typical
ambient leveby oneorder of magnitude, sudtifferencewould not affect the gagarticle partitioning behavior of compounds

wi t h 0C*1 -%@xpenmentatonditions and results fohe SOA generatiorare summarized ifiable S1

ThegeneratedBOA wasintroduced into twgarallelnanometeaerosoldifferential mobility analyzersNandDMA, model 3085,
TSI) for particlesize selectionThe size selection proceako dilutedthe organic vaporky 2 orders of magnitudeith an open
loop sheath flovandthereby initiategarticle evaporatiorifo vary the RH in samps we humidifieddriedthe sheath flovef the
NanoDMAs. The desiredRH was set tmne ofthree conditions: dry (< 7% RH), intermedig#% RH) or high (80% RH).
Eventually, a narrowistribution of SOA particles with 80m electical mobility diametemwasfed (i) to bypass linewith varying
lengthsfor short evaporation measuremeaof up to 3 min,or (ii) to a 25 L stainlessteel residence time chambers (RTC) for

intermediateevaporationmeasurementef up to 40 min with 10 min intervalgyr (iii) to a 100 LRTC for long evaporation



measurementsf up to 7.5 hwith 1 hintervak. Prior to each particle evaporation experiment, the NanoDMAs, byylaisg and
105 RTCswereflushedfor at least 12 kith purified air at the desired RH of tfiglowing experiment.

2.2 Characterization of particle evaporation

Size changes of SOparticles due to evaporation wergeriodicallymonitored usinga scanning mobility particle sizer (SMPS,
model 3080, TSI)The extent of particle evaporation wasluated in the termaf volume fraction remaining (VFR). Assuming

particles are sphigal, VFR wascalculated as follows
110 &0y — @

whereD,oandDparethe particle size measuredt the starfi.e., as selected by the NanoDMAa)d after time t of evaporation,
respectivelyThe timeevolution of particle evaporation was illustrated by plotting VFR against residencég)rnivethe bypass
tubingorRTGCd ef i ned a s, afishowa priggre laTh® selected particle size was calibrated using dry ammonium

sulfate particles.

115 Thethemal desorption behavioand chemical compositioof particle samplesvere characterizedisinga chemical ionization
mass spectrometéCIMS, Aerodyne Research Incupled with a&custombuilt Filter Inlet forGases and AERSdIs (FIGAERQ
(Ylisirni6 et al., 2021)using iodideadduct ionizdbn (LopezHilfiker et al., 2014) The operation of FIGAER&IMS can be
found in theSupplementParticle samples @re collected for analys(§ right after size selectiorfrésh,avg.tr = 0.25 h due to
0.5-h collection timepand(ii) after isothermal evaporation in the RTRTC, avg.tr = 4.25h). After a30 min sample collection,

120 the collectegarticles were gradually desorbed witheated M flow of which the temperature wdistly rampedfrom 25 °C to
~200 °C within20min (desorption periodandthenmaintairedatabove 190C foranadditionall5min (soak periodjo evaporate
any residual organgdeft on the filter. The relatioship between the temperature thie maximum desorption signal ay of a
singlecompoundand itsC* was calibrated against a set of polyethylene glgoohpoundgPEG PEG 4i 8) (Ylisirni6 et al.,
2021)with known vapor pressuré¢Krieger et al., 2018)Thedesorptiontemperatur€Tqesory range is divided intthree volatility

125 ranges(i.e. semivolatile organic compounds (SVOC), lewelatility organic compounds (LVOCand extremely low volatility
organic compound€(VOC)) as defined byponahue et al. (2012)

The desorption temperatudependent change in the sum of the organic signadsthe temperature rangereferred to as sum
thermogram STG. The appearance of tH®I'G depends on the number of molecules collected on the FIGAERO filtehand
volatility distributionof thesample We are interesteith determiningf some compoundss the particle phasare lostor produced

130 during isothermal evaporation. To be abldrneestigate thiswe need to account fahanges irSTG due to different collected
sample masand the isothermal evaporatiohs it was not possible to determine the collected sample mass independently, we

normalizethe STG{) with thetotalion signal of each samp(é ):
YYoy —-. 2

In addition,we need to take into account how much material is expected to be removeddcbimdividual particledue to the

135 isothermal evaporation. We assume tiig removalis proportional to thehange in theverage VFR6 & 2 ) determined for

thecorrespondingvaporation timend can be described with the removal fadtandya):

0 — " 9 2 3)

h



where® "O'Y andw "OY ; are theaverage VFRduring the FIGAERO sampling time at fresh and RTC evaporation

stages|. is a parameter that describes the relative changjgriatweightedaveragemolecular weightNIW) of the particle
140 buk, 0w 5 TWw { ,and is a parameter that captures the relative change in average particle density,

S S G . These two parameters convert the isothermal evaparaffect from the volumetric base to the molecular

base

We scalethe normalized STG for the RTC samplé"Y'® “Y) with "Q expressedh Eq. (3) to obtain thescalel STG for
the RTC sampleY"Y'Q “Y):

145 "Y'Y@ Y YYR Y 37: 3 2 4
A more detailed justification for this approach can be foundigpendix A The values df andf which wereused for

the calclation of "Y"Y'Q Y are given in Tabl€1. Theratio of® "O'Y is proportional to the material loss per particlejsso
the resultingY"Y'Q .HenceY'Y'Q “Y and'Y'Y'® “Y can be compared quantitativélyigure 2a), andthe differences
betweenthem directly indicateif compoundswith a certain desorption temperatuaee lost, produced or remained unchanged

150 during the isothermal evaporatiofr.similar approach can be ustalinvestigatehe evolution ofPMF factorsas explained in
section 3.3.

Previously,Tmaxof the STG() was used to compatbke overall volatility between particle sampl@dlisirnio et al., 2021)Here,
the median desorptiotemperaturéTso, at whichhalf of thecumulativeSTG(T) signalis reachefiwasusedinsteadbecause it is a
more generameasure of theverall desorptiorbehavior. Typically, theses§ valueswere higher than themky values, as most

155 signalswere recordedt temperatres aboveT max
2.3Deconvolution of FIGAERO-CIMS data setwith Positive Matrix Factorization (PMF)

Sinceit was introduced byPaatero and Tapper (199#MF has been widely used to identifye contributionof different sources
of trace compoundi® ambient measuremer(idibrich et al., 2009; Zhang et al., 2011; Yan et al., 20@ye recently, PMHas
beenadaptedo analyzelaboratoryexperimentgor understaniohg chemical or physical aspects of systems of intdfastven et
160 al., 2012; Zhao et al., 2017b; Buchholz et al., 20R@jjardinga FIGAERO-CIMS data setPMF canseparat sample signals from
filter background and contaminatioBut more than thathis methodcanalsoidentify multiple factors which represent not only
isomeric compounds with different volatilities but also thermally decomposed products for eaEbllawing the procedure
outlined inBuchholz et al. (202Q)constant error values (CNerror) which are derived from the noise at the end of thermogram
scanswereapplied to all ions without further dowmeighing. The PMF results werealculatedusing the PMF Evaluation Tool
165 (PET 3.05) withoneto twelve factors andive fpeakrotations from-1 to +1. Additional infomationaboutthe PMF analysis is
describedn theSupplemenincluding justification for the selected solutidrhe PMF analyis wasapplied independentlpr each
precursor to sets of FIGAEROIMS samples. Each set represents particles from one SOA prediipoeieor SQTmiy, which
were collected at both evaporation stages (fresh and Rid&r dry and high RH condition¥wo types of blank measurements
were added to the data set: fileasurements of the clean FIGAERO filter without sampling from the setup. These blanks
170 chanacterize the overall instrument background. (i) Measurements of filters sampled directly after size selectioniddol80
with the DMA voltage set to ¥. These blanks represent the background due to, e.g., adsorption of remainpitagas

compounds woto the filter during the normal sample collection procedure.

5
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3 Results and Discussion
3.1Bulk volatility of SOA particles
3.1.1lsothermal evaporation behaviour of SOA particles

The sothermal evaporatiobehaviorof SOA particless illustratedby the VFR as a function ofz in Figurel. The evaporation

rate of dry SOA particles is the sloweahd the differences in surfiure?2) and factor thermogramgigure 3 andFigure 4)
between two evaporation stages are minor. The paeeporation rate became faster with increasing RH for both SOA systems.
When particulate water was present, the contribution of compounds in the SVOC range was reduced during freSigutages (
2). As shown in previous studi€¥li-Juuti et al., 2017; Buchholz et al., 2019; Li et al., 2019; Zaveri et al., 20@®iderable
kinetic limitations exist for the evaporation of volatile compds in this type of dry SOA particles due to the substantially high
viscosity. Particulate water reduces the viscosity and thus enhances particle evaporation with increabhey d®khparable
evaporation rates under intermediate and high RH conditiaygestithat particle evaporation can be approximated as a-liquid
l i ke process for bot h Betoadiition io this plasticizing effegartiautate Rater cOntehtOny) also
induce aqueouphase processes during isothermal evaporgBochholz et al., 2019; Petters et al., 20Z)r the investigated
SOAparticles, we observed strong evidence of such processes under high RH conditions {QHTHh86e are detailed gection

3.3.3 Quantifying the effects of particle viscosity and aquepliase processes on the SOA particle evaporation would require
developing detailed processes models considering particle phase chemistry, which is not the primary focus of this study.

At any set RH,the evaporation rate of SQTmix SOA partickeas slowerthan that ofpineneones,althoughboth SOA were
produced under comparable oxidation conditidBsch distinguishable evaporation patterns are most likely drivei) iye
distinct particulate volatility distributiongointly controlled by molecular weightand functionality, expressed bglemental
compositionas a proxy(Li et al., 2016) andor (ii) the possibledifferences inparticle bulk viscosities especiallynderdry

conditions.
3.1.2Thermal desorption behaviour of SOA particles

In Figure2, thethermal desorption behavior of particle samples which were collected atdreskr(= 0.25 h) and RTCavg.tr

= 4.25 h)evaporationstagesunder dry (RH < 7%) and high RH (RH 80%) conditicare displayed as normaliz&irG{)

CY'Y® "Y, solidline) andscaledones("Y"Y'Q Y, dashedine), respectivelyFigure2a, b) These two types &BTG()

together are hereinafter referriechs STGs for simplicity unless otherwise specifilte corresponding 3o andVFRaygare shown

in Figure2c, and thesampling periods for FIGAEREIMS thermograms are highlighted in colored aredsigure 1. For each

SOA system of interest, similar mass concentration of organic material after size selection was ensatiedrjoand high RH
conditions so that the volatility distribution of compounds in the condensed whaset significantly affecteds o r  -pirreee U
case, the mass concentration of or gani®andendryadd higmRH canfiise r s i

respectively. For the SQTmi x case, tihnderdryandrhigrsRHa@onditions.,g val u

Compared to th&TGs of fresh samplethe STGs othe RTCsamplesshifted to higher Taesorp Valueswith increases intso,
regardless ofthe RH conditions.When examining thearticle desorption profile§i.e., STGs), we notethat the removal of

compoundswvhich werethermally desorbed below 120 °@ndthe correspondinghanges in g, is more pronouncedetween
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fresh andRTC samplest high RHas compared to that under the dry condit®uchdifferencein the changes & TGsbetween

two RH conditionsagrees withour observation of faster particle evaporation satethe presence of watéeeFigurel).

Under dry conditionsa larger fraction oflLVOC and ELVOC (collectively(E)LVOC) contributal to the STGs of SQTmixSOA
particles with higher values of % whencompared tdJ}pineneparticles(Figure 2a, c) Consistent witithe changes in VFRyq
underdry conditions relativelyless increase insfand decrease the STG wereobservedn SQTmix SOA particleas well On
the other handsimilar STGswere observed for fresh samples at high RH, regardless of SOA particleAgperding tothe
evaporatiormodel simulationglescribedn a previousstudy usinga similar measurement set(p et al., 2019)a majority of
I/SVOC s expected to evaporate rapiditgm fresh particlesluring the firs88 7 30 min athigh RH. It should be noted thatding
the same evapor at i ovapotatioma €)1 MOCds expectedto behligible Therefore the VFRy, (tr =
0.25h) isapproximatelydetermined by theatio of (IVOC + SVOQ/(LVOC + ELVOC) in the initial particlesAs the FIGAERO
sampling periods last for 30 miit,follows thatunderhigh RH conditionsthe fresh particleslost a significant fractionof the
initially presentl/SVOC duringsamplecollection Thus, thesimilarity in STGsbetweenU-pineneand SQTmix SOA particles
suggedst that the (E)LVOC fraction in both SOA types has a similar volatility distribusiod/or thermal desorption behavior
Note that this does not mean that the s&ypes of compoundsrepresent in the twdifferent SOA typesFor the same reason,
the differencein Tso between twddifferent types of fresiparticles is lessnoticeablethanthe differencen VFRayg at high RH

(Figure2c, solid circles)
3.2PMF factors of SOA particles

Dependingonthe RH conditions 0iSOA precursorstheparticlesize andvolatility appear to evolvdifferently during isothermal
evaporationFigurel andFigure2). To better assess tkempositional andolatility changes of the investigated SOA patrticles,

we performed PMF analysego deconvolute the thermal desorption profilEach derived factor constitutes a group of organic
compounds witlvery similarft e mp dehavlordrhe PMF algorithm does nptescribe any meaning to the position of a value

in the dataset, i.e., theiekorpor desorption time values are only used to define the order of the data points. When volatility acts as
the primary factor driving the composition change in the particiapounds with similar desorption behavior correlate and are
grouped into factors. In each factor, compounds of similar volatility evaporate in a similar manner during the isothermal
evaporation so that the shape of the factor thermogram remains moreamristant between conditions. However, the occurrence

of aqueougphase processes may complicate the grouping of compounds especially for highly oxidized (@uoplesiz et al.,

2020) Compounds with somewhat different volatility may no longer be separated butragveuped together due to how they

are affected by the aqueopbkase. This can create changes in the appearance of the factor thermogram (e.g., broadening) anc
possiblyinducea nonnegligible shift in Fesop( O °Q@) Blependent on the extent of aquephsise processes. We provide more
details about the behavior of the PMF algorithm, how compounds are gramaea/hy the shape and characteristigsolmay

change in the Supplement (see Section S1.2.3).

Two types of fators were identified. Factors occurring in particle samples but predominantly in filter blank measurements are
defined as type B (fibackgroundo) factors. The sum ople type
types. But whilethis contributed10 - 60%to the total sum signaif the particle samples, it accounted for more than 80% of the
total sum signal in filter blank samples. Type B factors displayed either nearly constant or veryfsicadiothermograms-actors

which showed contributions in particle samples but not in filter blank samples were assumed to describe the colleeted particl
sampl e and thus def i ne dBuahbolztetyalp(2020Fhesesanspkefaciois webe)distinguishiedoirmrss. I n
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dominated by direct desorption of compounds (type V)tandedominated by products of thermal decomposition (type D). The
careful analysis of the sample factors in this study showed that we could not make such a strict distinction. Thus,dwe decide
use the terms background factor (type B) and sample factorFjyared point out which of the sample factors shows strong signs

of thermal decomposition products.

PMF solutiors with eightandtenfactors werechosen fotd-pineneand SQTmix SOA particles, respectively bothPMF results
five factors are assigned aamplefactorsandthe rest are considerédckground factor§.e., type B factors)In the following
discussion{Figure3 andFigure4), typeB factorsand the blank measuremeate omittedAll mass spectral profiles and all factor
thermogram®f all samples of each data sah be found ifrigure S3 and$4. Furthermorejon distributions and bulkroperties
are visualizedor each sample factam the form ofmodifiedKroll diagrams(Kroll et al., 2011)n FigureS10 and 3.1 by plotting
the average carbon oxidation state (OSc) versus the carbon number (Bpdimpingionswith the same carbon numhato a

grid with a 0.2intervalon the yaxis of OS¢the issuaf overlapping signals was avoided
3.2.10-pinene SOA particles

In total, five samplefactors AF1i 5, colored)wereidentified for U-pineneSOA particles as shown Figure3. For AF1i AF4,

average MW increasewith higherTso (i.e., lower volatility). Whilethesefactors weredominated by compounds widO 10, as
expected for a precursor composition aftfis, additional amounts of compounds w@h» 10 (i.e., dimers/oligomers) contributed

to the total signal oAF3 and especially to that dAF4 (see alsdrigure S10d). With increasingTso values, factordiadlonger

carbon chain lengths and higher oxygen contents, as indicated by their average molecular coniffusigevas no clear
association between OSc afgb for factorsAF1 - AF4, since the increase in carbon chain lengths is counterbalanced by the
simultaneous addition of oxygemd hydrogemumbers. Therefore, the decrease in volatility of type V fagtassmainly driven

by the increase in average MW.

For AF5, its bulk properties and composition distributidfigure 3 and Figure 5a) wereclosest to those chAF2 and AF3 with
compounds with MW« 200Da dominating their factor mass spectra. However, the thermal desorption beha&ies ofas
completely different with almost all of its signal occurring adsd»> 100°C and a continuous increase withshpuntil the ®ak
period starts. Many of the compounds assignedif®also showed contributions to other factors at lowegedrpvalues. It is very
unlikely that all thesevereisomeric compounds spanning 5 or more orders of magnitude in C* between the isomesidtfes
much more probable that those compounds with small MAFweredecomposition products of thermally unstable compounds

with larger MW and lower volatilitf D6 Ambr o et al ., 2018; Schobesberger et al
3.2.2SQTmix SOA particles

In a similar wayasfor U-pineneSOA particlesfive samplefactors (.e., SF1i 5, colored) wereidentified for SQTmix SOA
particles as shown irrigure4. ForSF1i SF4 lowervolatilities characterized byigherTsovalues again correladevith increasing
average MW but not with average O$arthermorethesefactorsmostly comprise compoursiwith C 015 (Figure S10b), as
expected for a precursor composition @gi4. Due to the prevalence of acyclic structureshiaCis carbon skeletons dfoth
farnesene and bisabolefile particular exocyclidouble bond), the investigatd SQTmixis moreprone toundergdragmentation,
compared withthosesesquiterpenedominated bycyclic structureg e . -garyoplyllene)Faiola et al., 2019)As these smaller

fragments can undergo oligomerization reaction, compounds @#H5 can also be oligomers (e.@ Ci4 compound as
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combination of twoC; fragment$. However ducidating thedetailedformation mechanisms of the observed compounds in

SQTmIixSOA particles goes beyond the scope of this study.

Like the AF5 factorin U-pineneSOA particlesthe SF5 factorin SQTmix SOA particles contains mainly small compounds with
MW < 200 Dadespitedisplaying a continuous increase signals atemperatureabove 100 °GFigure4). This, again, suggests
thatthermaldecompositioris the main source processien compounds ddF5 werebeing desorbed from the FIGAERter.

Consistently, the compositional profile 85 wasalsodominated by compounds with small carbon numbleigu¢e5b).
3.3 Evolution of PMF factors

As shown in the evapograffigure 1) and STGs(Figure 2), increasing RH enhandesvaporation rates of SOA particlasd
shifted particle volatility towards lower C*These observed changaere caused not only byecreasingarticle viscosies(Yli-

Juuti et al., 2017; Buchholz et al., 2019; Li et2019)but alsopossiblyby aqueougphase reactionsspecially for highly oxidized
particle samplegBuchholz et al., 2019Y o further investigatbow particulate water impacts particle evaporation processes here,
we need to analyze how the factor volatility and the relative contribution of each factor to the signal of each samphdgtbhange
isothermal evaporation and humidification. The volatility afreéactor can be characterizeditscharacteristic desorpvalues (the

25" 50" and 7% percentile desrption temperaturgof factor thermograniThe 50" percentile is equivalent tosdas used before,

while the 2% and 79" onesindicatethe width of afactor thermogram.

Due todifferentand uncertairmmouns of sample massit is challenging to investigatehangesn the contributionof factors

between two evaporation stag®s comparingheir absolute signaldy normalizing the sum signal ofsamplefactork to the

total signal(excludingbackground factorsjt the condition j"0;), we can account for the difference in sample mass. Note that

"0y, is not independertf the changén other factorsFor instance, ithe contribution of the most volatile factor decreases as it is
removed by isothermal evaporatifaster than other factqrshe™O; values of all other factors will increaske.would not be

possible to separateuch behavior from a absoluteincreasé&decreasein the contribution of a factore(g., due to a
formation'evaporatiordecompositioprocess in the particlebased othevaluesof Oy, directly. To avoid this issue, we introduce

the net changetio (NCR)using the same rational as for the scaled STG (see section 2.2). We define the NCR as the ratio betweer
the relative contribution of factdrat a given conditiof ("Oy,) andthat at the reference conditi¢i®©; ) scaled by thehanges

cause by the overall evaporation of the particles:

06} “3—:3 i)

- ‘ (5)
where™0, and"Q; are contribution ofa sample &ctor k to the total signalexcluding background factorsjneasured by
FIGAERO-CIMS at the conditior and reference condition, respectivaly’OY ; andw "OY ; arethe mean value of VFR
retrieved from SMPS measurementta conditionj and reference conditio ; andf . aresimilar tothe & and

f parametersised inEq. (4). It is not possible to capture the true initial state of particles, as particles start to evaporate directly

after size selection. The dry and fresh condition exhibited the least amount of isothermal evaporation and thus waghehosen as
reference casdlore details about the derivation of Ef) and the estimation of the parametess be found in thAppendiceB

and C, respectively



NCR represents theet effect ofchange ira factorwhich isa combination ofmaterial loss (i.e., evaporation, chemical reactions)
and production (i.echemical reactior)satagiven condition as compared to the reference condifitcdCR is 1, the Igs pathway

counterbalances the production one, or no change occurs. NCR values significantly small@akiag ibto account the possible
315 uncertainties and limitations of the methodolpegye consided 6 '¥ -0 0 "¥ beng significantly smalley suggests that the

loss pathwayutweighsthe production one, and vice versa. There are two possible loss pathways: evaporation of compounds or

transformation of compounds through chemical reactions. If the MC&naller thanl andsimultaneouslydecreases with

increasingsothermal evaporation (i,elecreasing VFR)it implies that the dominant loss mechanisray beevaporationOn the

other handcomplex behavior of the NCR with increasing isothermal evaporation (e.g., a decrease followed by an increase)
320 indicates that the main loss mechanism of the compounds is likely chemical transforiwgsnNCRIs clearly large than 1

(taking into account the possible uncertainties and limitations of the methodol@ygonsideh 6 '¥ ¢ 0 6 '¥ beng

significantlargel), it implies that the compounds are produced in the particle phase. In additi@trends inNCR values, the

shapeof the factor thermograms anteir inferred C* valuesalso give further insightsinto the possible production and loss

mechanismas discusstbelow.
325 3.3.1SQTmix SOA particles

Consistent with the small change in VFR (< 12% in volume), the particle composition in dry SQTmix SOA patrticles barelly change
(Figure5, red colors)with negligible shifts only in the NCR @FL. As seen irFigure5, for the factorsSFL, SF2 and SH, the
NCR decreastwith decreasing VFR, implyinthe contribution ofevaporatiorto the material lossAt high RH SFL and SH

were no longer preseafter isothermal evaporation in the RTC

330 As therangeof C* assigned to the characteristigeshp Of SFL is high enough to enable significant evaporation during the
experimental timescalef up to 4.25 hand its NCR exhibits a decreasing trend with evolving evaporation, we can conclude that
the decease in NCR dBFLis primarily driven by evaporation. In this casieeparticulate watemainly acceleratd the evaporation
as an effective plasticizelThe decrease dfICR for SF2 and SH4, which have volatilities in th&VOC and ELVOCrange
respectively waseven strongethanthat of SFL at high RH. Thisvas surprising as compounds in that volatility range are not

335 expected to evaporate significantly from particles withinhd & room temperaturéki et al., 2019) Hence this observation
indicatesthat in addition to evaporation, thesasanother loss mecham (i.e., aqgueouphase procesglriving the evolution of
SF2 andSH underhigh RH conditions.

When investigatinghe factorsSF3 andSF5, changes ittheir NCR were negligible under dry conditions, but significant increase
in their NCR wereseenat high RH Figure5). At the same timewe can se¢hat both of theefactors accoumid for substantial

340 amounts of the total particle compasit at high RH(Figure4). This clearly indicates that compounds3E3 or SF5 were not
only retained in particle phase due to their IB%vwvaluesin the range ofE)LVOC, but also formed ithe particle phase at high
RH. These processes must be relatively fast as the chamgigsndance and NORere already clear at the fresh stage (i.e., within
0.25h).

Exceptfor SFL, all factors showda distinct shift to highevalues of characteristicqdsorpunder high RH conditionas compared
345  to dry conditions This also indicates that thgesence of water content has a more complex impact on the particle composition
than simply enhancing the isothermal evaporation of volatile compothegorrelations induced by the aquephsise processes

are more important than the grouping solelyblatility class. I.e.compounds with a wider range of volatilities may be grouped
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into a factor if they are produced by the same chemical prod&sgrovide additional discussion about the possible reasons for
the changes of the factor thermogram shapéise Supplement (see secti®h.2.3.

We will further elaborate othe possible reasons ftreseobserved changaes NCR together withthosedescribed in the next

section forJpineneSOA particles in section 3.3.3.
3.3.20-pinene SOA particles

The response @TGto isothermal evaporation and humidification appeared very simil&kfareneand SQTmix SOA particles
(Figure2a, B. The investigatbn of the NCR values of PMF factors revedthat while the overall behavior is indeed similar,

therewere also some distinct differenc@schemical compositiobetweerthesetwo types of SOA particles

As expected from the isothermal evaporation measurements and the comparisonS@fGtheefore and after isothermal
evaporation in the RT@}pineneSOA particles shoadvery little change for the NCR under dry conditioR&y(ire6, red colors).
Under high RH conditionsAF1, AF2, andAF4 exhibited lower NCR value§NCR < 1)compared to the dry conditionBigure

6). However,a continuous reduction in NCR with decreasing VFR (to the point that no contribution of the factor is deteatable)
only observed foAF1. Similar to the case &FL, we concludd that the evolution oAF1 wasprimarily driven by the evaporation

process controlled by its average Which liesin the volatility range between SVOC and LVOC.

Theevolution of NCR with decreasing VRRasmore complexor AF2 andAF4 as compared with thé&br AF1: their NCR values
did not decrease with decreasing VFR but instead sdaw increase with decreasing VFR at high RH. Thodservationsmply
that theaqueougphasechemical transformatiowere the dominant processes affectihgevolutionof AF2 andAF4 at high RH
instead of simple evaporatioBuch chemical transformations could also cause the increases in the charactesistend the
factor thermogram width observed at high Rft(re3aandFigure6a), in particular forAF2 with Tsg increasng from 105°C to
135°C.

AF3 exhibitedan NCR > 1 in the fresh case under high RH conditishéch meansadditionalamountsof compoundgrouped

into that factomere formed in the presence of an aqueous phase in the particles. Note that many of the ions grolpaalismo
showed an increase in the absolute measured signal under high RH conditions after accounting for the different anemted of coll
sample masen the filter. With longer isothermal evaporation time, NCR dectefgeAF3, which means that some of the
compoundgrouped inttAF3 must haveevaporatedrom the particles or continued to react to form different products grouped
into other factors. The change of the factor thermogram ghapéoss of compounds with higher @hdlower Tgesorp in Figure

3 together with a minor shift in theharacteristic Jesorpin Figure6 suggest thatheremoval due to evaporation is the more likely
explanationHence, the evolution of NCR &F3 at high RH suggests complex behavior including the formation of compounds

at the particle phase but also the loss of some compounds mainly by evaporation.

Negligible changes in NCR oAF5 alone indicate minor changes in composition during evaporatiomderdry or high RH
conditions In addition, when considering thaE5 is (mainly) in the ELVOC range (séggure3), the isothermal evaporation of
compounds shouldotbe significant in the experimental timescale of up to 4L5let al., 2019)But wheninvestigatinghefactor
thermogramsKigure 3) in detail the changein the shape of the factor thermogram anekop (Figure 3) together impkd that
apart fromevaporation, water driven aqueepisase processes also aféstat least some of the compoundih extremelylow
C* which aregrouped intoAF5. Although bothAF5 andSF5 were dominated by products of therndaicomposition, it does not

indicate that their compositions are similfhile the mass spectra of ARvas dominated by ions with Cnum from 7 to 10, major
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ions inthe mass spectra of Skended to have Cnum of 6 or below (Figut®)SAs these two factors originated from tdifferent

385  SOA system, it is highly possible that they can behave differentlyimgigparticulate water. It is also important to remember in
this context that the products of any decomposition process may be similar or even identical, tnatyteym from completely
different parent compounds. Especially, very srfraljments (e.g., oxalic acid or acetic acid) carry very little information about

the original molecule they came from
3.3.3Interpretation of the evolution of NCRs

390  Overall, particulate water not only accelesatee evaporation of sample factors by redgcbulk diffusion limitations, but also
altersthe chemical composition of partislby inducing chemical aqueoghase processes (e.g., hydrolysis or oligomerization).
Accelerated evaporation primarily driven by the water plasticizing effiestobservedfor those sample factors with smallest
average MWand highest volatilityn both SOA systems (i.elpinene AF1 and SQTmix:SFL). On the other hand, changes in
NCR together witlchangesn the absolute abundance dodthe characteristic gEsorpfor other sample factorgery likely suggest

395 the presence of aqueepbase processes that generally modifyahm@position andolatility of the (remaining) SOA patrticles.

The factors affected by chemicalaquepub ase processes can be cl asdi fainead (&g ) (i)
factors with NCR >3 wunder the same c¢ondi Wwatesabike compondswhich are sfaldecunderrdsy ¢ o n
condtions butundergo chemical reactions in the presence of water. Likely agpbass reactions are the fragmentation
(hydrolysis) of organic (hydro)peroxid€srapf et al., 2016; Zhao et al., 2018; Qiu et al., 20drAccretion reactions. Examples

400 f or t hese WeedR SHMAFZ andAFD All these factors exhiled NCR values clearly 4, while theirvolatilities

werein the (E)LVOC range which makes a substantial isothermal evaporation @id&itvery unlikely.

The products of these aqueeuisase reactions will evaporate from the particle phase if their volatility is high enegglsroall

fragments from fragmentation reactions). Products with sufficiently low volatility will remain in the particle phase aibditgont

to the Aproducto factors. Such compounds with s wunfehctiosi ent |
405  but the majority is likely formed from accretion reactions such as (Haxidate reactions involving two or more carbonyls (i.e.,

(hemi)acetal formation, aldol condensation, and esterification), or (ii) reactions incorporating carbonytsrganit

hydroperoxides (i.e., peroxy(hemi)acetal formati¢oll and Seinfeld, 2008; Herrmann et al., 2015he predominat non

oxidative nature of these reactions is dictated by the fact that the average OSc of the particles does not increaseRIdder hig

conditions.

410 The #dAproducto fact or s SPB andSPFS @denalsxideifable by éhe fadt thdt thalmogthave no
contributiontothéotals i gnal under dry condi ti on $pinefieB@A (AF3) avpaay cantribugd A p r
to the particles under dry conditions and then sftban increase in contribution under high RH conditiofibis behavior is
probably linked to the SOA production inside the OMfich wasat~40%RH. For U-pineneSOA, compounds grouped ink-3
could be already produced inside the OFR either in the gas phase partiglephase processes. The absence/very small

415  contribution ofSF3 or SF5 under dry conditionindicates that the processes leading to their formati@ne too slow to produce

significant amounts during the short residence tprier to the particlesize selection.

Anot her difference between the two SOA types |lies wighh th
RH conditions. For SQTmigOA particles, the evolution of the NCR values of all faxteeismonotonic(i.e., either increasing

or decreasing with decreasing VERhis may indicate that the underlying dominant process is either a removal or a production
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420 process for each factdt.should be noted that multipless and productioprocessesay coexistfor a factor especially at high
RH where aqueoughase processes may playarélear i nstance, the removal of A&Fmpoun
or AF4 via chemical reactiowasdominant over any production process. But with increasing isothermal evaporation time at high
RH, the balance between these proceshdted slightly, leading to a small increase in NCRhie balance betweghe removal
and prodation of compoundsnay vary over time. This is probably the cause of the complex behavior of NCR valéd=2for

425  AF3andAF4 and may be coupled to the observed changes in factor thermogram shapes for these factors

Although there are multiple studies of isothermal evaporatiod-giheneSOA particles, very few studies provide molecular
information that is comparable to our approadt® Amb r o e tconducted FGRAEREXBVS measurements of particles
thatevaporatedn the filter after collectiomlthough theU-pineneSOA particlesin the studymay not be directly comparable to
the particles in our study, some of their findirsdpgare similarities witlthe interpretation of our PMF factoSor each ion, they
430 explain the observed isothermal evaporation behavior with a modtlining3 components with different apparent volatility: (i)
free monomers that evaporate from particles according to theirl@#s/6i) ELVOC compounds that do not evaporate from the
particles at room temperature but decompose upon heating to be detected as the siagtiiignreversible oligomershat
decompose into the corresponding free monomers with time olheat data set, mny individual ions show contributions from
multiple factors. AF1 and SF1 are predominantly containi
435  mostlyELVOC compounds that are detected as thermal decomposition produdiseTheavi or descri bed f or
is in line with the complex behavior of the PMF factadsich we associate with aqueopbhase processeBsD 6 Ambr o et
(2018)only applied their model investigation to partieleaporatiorat 50% RH and abovd,is impossible taleterminewhether
the particle phase processes affecting the reversible oligomers are linkegrastrece of particulate wat&lote that the appach
of D6 Ambr o e tdephlys a iorbydod i@l fitting,while our PMF analysis inspects the behavior of all ions in the data

440  set at once.

4. Atmospheric implications and conclusions

Thisisothermal evaporation study demonstsakat the SQTmiXSOA particles evaporate slower thBkpineneones. Additional
compositionalmeasurements with FIGAEROIMS enablel the separation of particulat®nstituentsy their volatilities. By
examining particle samples at two different evaporation stages (fresh vs. RTC), we @bskatirely less changes ins§ and
445  smallerdecreases ithe STGsof SQTmix SOA particlesjn comparisorwith U-pineneSOA particles This is in line with the
observation oslower evaporation ras@f SQTmixSOA particlesduringthe isothermal evaporatioGompared td}-pineneSOA
particles generated under comparable oxidation conditions, the overall less evaporatiomdf SQA canbe attributed toits

higher value of OSwhichis consistent withits lower volatility and possibly higher viscosity

To our knowledge, this is the first study investigating the volatility of SOA particles from a mixture of farnesene avidrzsab

450 which are acyclic andnonocyclic sesquiterpenes of atmospheric relevarfeer Upineng multiple studies of isothermal
evaporation at room temperature eXigadenet al., 2011; Wilson et al., 2014; YJiu u t i et al ., 2017, D
Buchholz et al., 2019; Li et al., 2019; Zaveri et al., 2020; Pospisilova et al., 2a24¢ver, even fothis single precursor system,
the formation conditions determine tis@thermal evaporation behavifrthe formed SOAand thus must be carefully considered
when comparing different studiekhe detailed composition of particles determines their volatility, viscosity, and behavior towards

455  particulate water. Generally, palés containing increasing amounts of higher oxidized compounds will exhibit lower volatility
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485

(Buchholz et al., 2019; Zaveri et al., 2020; Pospisilova e2@R1) but may be more likely to be susceptible to aquehase

reactiongBuchholz et al., 2019Unfortunately, not all previous studies provide an O/C, OSc value or similar proxy to estimate

the degree of oxidatigrwhich makes further comparisons difficult.

As the monoterpenwith the largest emissionglobally (Guenther et al., 2012)}pinene has commonly served as a model

precursor to generate biogenic S@Articles for laboratory studie®Results from these studiésive beerused to represent

properties of many other terpederived SOA particleseicludingisoprenederivedSOA) in aerosolclimate modelgO'Donnell

et al., 2011; Gordon et al., 201&ur study corroborates previous findings teasquiterpenderived particles are more viscous

(Saukko et al., 2012)ess hygroscopifPajunoja et al2015)and less volatil€Ylisirni6 et al, 2020) compared td}pineneSOA

particles.Since thanterplay of particle viscosity and volatiligjoesimpact the evaporation dynamicspdrticles future studies

should focus on particlesd er i ved from

t er p e n epingne te provide dettsr pavaméterizationt th a n

comprehensivelgonstraingasto-particle partitioning behaviasf different biogenic SOA patrticles.

We appliedPMFto deconvolute the FIGAERQIMS data by groupingesorbedrganiccompounds into severasample &ctors.

Suchstatisticalanalysis providesasefulsimplification, compared to the full mass spectra, for descrhmmgparticle composition

evolves during isothermal evaporation. In line with thi@or change in the VFR under dry conditiptiseerewaslittle difference

in the particlatecompositionbetween fresh and RTC sampl€s the other hand, thgresence of péiculate water dramatically

alteredthedry particle compositiomt high RH likely by acting both as a plasticizer for btdlrface diffusion and a catalyzer for

aqueougphase processels each SOA systenthe most volatile factowasprimarily lost via evaporatiowhen high content of

particulate watemwas present. As suggested by the change in NCR, the \datem aqueous processes mainly goeerthe

production antbr removalof other sample factorat high RH. Depending on the piate type, sample factorandevaporation

timescale, the effect of aqueous processes dmeildet production or net lgsshich is indicated by the coevolution pérticle

VFR andfactor NCR. Whileeachsample factoof SQTmix SOA particless largelycontrolled bya single type of procesthe

factorsof U-pineneonesevolveaccording tdhe complex and timdependent interplagf production and removgirocesses

The observed aqueopbhase processes are not unique to SOA particles fomibd OFR. Prevalence of ether groups has been

observed in ambient particlesith high aerosol liquid water conterguggestingabundantformation of (hemi)acetals from

carbonyls(Gilardoni et al., 2016; Ditto et al., 202@dditionally, the prevalencef terpenederived oligomerss well as carbon

chain length&iave beeffound to decreada cloudwater sampleas compared to particiample collected below cloudndicating

the possible presence of hydrolysis in clavater(Boone et al., 2015Although increasing evidence from laboratandfield

observationhave suggested thportanceof aqueougphase process such reactions are still underrepresenteithénexisting

modelsbecause oh lack of fundamental knowledg@IcNeill, 2015) While the aqueouphase processes of simptgpically

smallcarbonyl compounds have been well studied s§barHaan et al., 2009; Schwier et al., 2010; Yasmeen et al., 2010; Li et

al., 2011; Zhao et al., 2012; Zhao et al., 2013; Petters et al.,, Ad@@studies should investigate the pro@sssvolving complex

and larganolecules with multiple functional groups.
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Appendix A. Scaledsum thermograms of RTC samples

To investigate the changes in volatility of SOA particles, we need to compare the number of ions at each desorptiomgemperatu
between fresh (0.25 B, "Y)and RTC (4.25 hj) "Y) samples collected lpyn theFIGAEROfilter. The remainindraction

of all ions RF) observed at a given temperatureeach samplean be described as:

N'O Y ﬁ (A1)
YO Y - (A2)
wherel j “Y and0 ; “"Yare the number of ions at each desorption temperatueachtinitial stage, i.e., before any

isothermal evaporation occurred for the fresh and RTC samples, respectively. Notg that “Y and0 ;  "Y depend on the

collected sample amount in each case.
The total remaining fraction of ions across the whole range of desorption tempefstiPesié equal to:

B i

YO (A3)

B h R

YO ; B i (Ad)

B h hA

where0  and0 | are the sum of all ions over all desorption temperatures at the fresh and RTClstages. and

0 yp arethe same swatthe initial stage before any isothermal evaporation occurred for each sample.

In the absence of a reliable sensitivity calibration of the CIMS, the measured STG at a given desorption temperature
(CY"Y'O Y and'Y"Y'O "Y)is equivalent to the number of ions detected at this desorption tempebature (Y and( “Y).
To account for different amounts of mass loadings on the FIGAERO filter, we normalize the measunedhSthé total ion

signal of each samplé ( ):

YR Y : (A5)
h

YYR Y - (AB)

With Eq.(A2) ¢ (A5), the expressions for the normalized STGs can be converted to:

“Y"Y“p "y h - o) (A?)
AR o R

"Y"Y"Q "y R _ o) (A8)

AR O A

Due to experimental limitations, different amounts of sample were collected in the fresh and RTC cases. Thus, thel tttal signa
the corresponding initial stage is not equal either. However, the ratio befwed&handl j is independent of the amnt of
sample and can be expressed as:

Qy S (A9)

hA hh
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Comparing the normalized STG is not equivalent to the direct comparison bé#i@en “Y andY 'O "Y, since’Y O
and'Y'O; are not equal. We assume that the chang® i@ is determined by the isothermal aporation, which is

proportional to the change in theean value ofolume fraction remaining (VFRy). TheVFRagfrom the isothermal evaporation

experiment must be converted to the molar scale first:

©"OY ; LIS S Y ¢ W N ¢ S
R i h
YOs, O— —O— i (A10)
h
GOOY & Ah O A~ A A h
h hh = h = h

YOir O "H 3 H“ (A11)
whereb @ ; ,0®w  andd @ j arethe average molecular weight of the organic compoundsand ,”
and” | are the average particle density for the fresh, RTC, and initial stage, respectively.

Using Eq.(A10) andEg. (All), we can express the charigd/FRagbetween fresh and RTC samples as:

i i L o W (A12)

h h h i

Changes in the average molecular weidghteY ) of organic compounds and the average particle derisity )(during the

isothermal evaporation can be expressed using andf

& — (A13)

h

1 i (A14)

h

Rearranging EqA12) and using the definitions in EGA13) andEq. (Al14), we can express the changévifiO with the removal
factor,"Q

Q b I 2 (A15, Eq.(3) in main text)

f f
To remove the teritYy 'O in Eq.(A8), we multiple Eq(A8) with Eq.(A15) to calculate thecaledSTG (Y'Y'Q Y .

o]

YYQ Y O YYR YOQ ﬁﬁ > - (A16)
Eq. (A16) can be also expressed in the form in @&dL7) which is equivalent to Eq4) in the main text.

YYQ Y YYR Y 37: J 3 (A17, Eq.(4) in main text)
Now we can rearrange E@A7) andEq. (A16) as follows:

YO Y 2 F gytyp Y (A18)
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540 YO 'Y il HQ i 3Y'YQ Y (A19)

Using Eq.(A9), these can be simplifieak
Yo "y —" Y'Y Y (A20)
Yo 'y —b aYYQ Y (A21)

These two equations show that compafivigy "Y with YY'Q Y is equivalent to the direct comparison between
545 YO “YandY'O .

Appendix B. Calculation of net change ratio (NCR) for each PMBample factor

We want to investigate the evolution of each sample faotlaring isothermal evaporation by comparing its contribution to the

total particle composition at different conditignéresh vs RTC; dry vs. high RH). To account for different ante of collective

sample material on the FIGAERO filter, we normalize the measured sum of ions from &fg@ctg) to the total ion signal of
550 eachsampledl ; B 0 ) excludingthe contribution of background factors. The contributiba dactork ("Oy) to each

sample can be calculated as:

O h i (BY

B A 4
The remaining fraction of a sampl¥ (O j) can be calculateds follows:

YO i i (B2)

hh

555 wherel j is the total ion signal of each sampledl  j; is the total ion signal at the initial statee., before any isothermal
evaporation occurrefbr the collected sample. It should be noted that the valle of ; depends on the #lected mass at each

condition j.

In the same manner, the remaining fraction of a sample faetos conditiorj (Y "Q) can be defined as:

Ye — (83)

hh

560 wherel jj is the total ion signal of a factor k at the initial state. Simtddai  j;, the value ofy ;j alsodepends on the total

sum signal of a sampleat a conditior].

Expressingd  and0 j in Eq.(B1) with Eg.(B2) and Eq. (B3)yields:

O f ROk (B4)

ARO  h AR h

In the same manner as— expressed in Eq. (A9), the ratio betweéerR and0  is also independent ¢tie amount ofsample
h

565 b AR (B5)

hA hR

17



It is not possible to capture the true initial state of particles, as particles start to evaporate directly after sipe Shtedty and
fresh colition exhibited the least amount of isothermal evaporation and thus was chosen as the reference case. By comparin
Y@ of the other sample witN "Q , we could gain insights into the effect of increasing evaporation time and/or RH on each
sample factok. Here, we introduce the net change ratio (N@Rich is defined as the ratio betwettie remainingfraction ofa

570 samplefactork ata conditionj (Y'Oy) andthatat the reference conditioiY “Q ). The principle of NCR is comparable to the
scaling treatment applied to STG(T) of RTC samples (AppendiXiBd.NCR for a sample facté@rat a conditiorj (0 6 "¥) can

be expressed as follows:

56 "Y H“ (B6)

Using Eq. (B4) and Eq. (B5), we rearrange Eq. (B6) and présénty¢ as follows:

575 0 6% H“ a—h“ (B7)

Note that the value af 6 "¥ is not equivalent to the ratio abntribution of a factok between the conditiopand reference

condition, sinceY "0 j is not equal toY 'O ; . Similar to thescaledSTG approach, the change™ 'O is assumed to be

proportional to that in the VFR between two conditions (the conditisrthe reference conditior§imilarto Eq. (A12), theratio

of YO betweera conditionj andreferencecondition can be solved as

580 f g Fig  f i 2

h h h i i

(B8)
wherg ; andr ; capture changes in signakighted molecular WeigH) and particle densit&—:) between
a condition j and reference condition, respectively.

We replaceif‘ in Eq.(B7) with Eq.(B8) and then thé ¢ ¥ of a factork at a conditior) can be expressed with the following
h

equation:

585 8 ¥ ﬁ“ s—ﬁ":p ) (B9, Eq.(5) in main text)

Appendix C. Estimation of average molecular weight4 T+ o ) and average particle density{L . p) using PMF sample

factors

For converting the VFR from the volumetric scale to the molar one, valuesxof ; and” | are needed at the conditipn

For each sample factkiat a conditior), we calculate its signateighted average molar mass® j) and then dsnate its density
590 (" g)using its average O:C and Hv@lues(Kuwata et al., 2012)or those compounds groupatb factorsAF5 and SF5we are

uncertain about théegreeof thermal decomposition arbatif the decomposition products can be detected by the instrument. In

such case, we considiateither none or all othecompounds grouped intbese twdactors carundergo thermalecompogion

during desorptiorand wealso assumethat at least 50% of these thermalgbile compounds can be detected by the CIMS.

Eventually, we calculate the w  and” | as follows:
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Using thed @  and” 5 at each condition), we calculate the values d@f andf used for Eq(A17) or those of

@ . andf « used for Eq(B9), assummarized inTable G and Table C2, respectively Error bars of these parameters

account for the uncertaintyising from the calculation af @ ; and” j for factorsAF5 and SF5

600 Table C1. Ranges oparameters foscalingthe normalizedsum thermograms of RT@&ages
SOA Syst Fresh Conditi RTC 0&2p r
stem resh Condition —
Y Condition 6 &2 !
. Dry, Fresh Dry, RTC [0.85, 0.91] [0.99, 1.01] [1,1]
Upinene
High RH, Fresh  High RH, RTC [0.57,0.73]  [1.02,1.07] [1.01,1.01]
Dry, Fresh Dry, RTC [0.92, 0.95] [1.01, 1.03] [1, 1]
SQTmix
High RH, Fresh High RH, RTC [0.73, 0.82] [0.98, 1.03] [1, 1.01]
Table C2. Ranges oparameters focalculating thenet changeratio NCR) for each PMFsamplefactor
. L 6 &2
SOA System Ref. Condition ~ Condition j — 1 r
6 &2
Dry, RTC [0.85, 0.91] [0.99, 1.01] [1, 1]
U-pinene Dry, Fresh High RH, Fresh [0.77, 1.05] [1.01, 1.07] [0.99, 0.99]
High RH, RTC [0.56,0.60]  [1.03, 1.14] [1, 1]
Dry, RTC [0.92, 0.95] [1.01, 1.03] [, 1]
SQTmix Dry, Fresh High RH, Fresh [0.94, 1.07] [0.98, 1.33] [1.01, 1.01]
High RH, RTC [0.76, 0.80] [1.00, 1.31] [1.01, 1.01]
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Figure 1. Evapograms fot-pinene(turquoise) and SQTmix (orange) SOA partiakeslerdry (<7%), intermediateRH (40% RH
835 andhigh RH (80% RH conditions. The blue (fresh) and brown (RTC) areas indicate the corresponding sampling periods of
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Figure 2. SumthermogramgSTG) (a, b) average volume fraction remaining (V&R (c), andmediandesorption temperature
840 (Tso (c) for Upinene(turquoise) and SQTmix (orange) SOA particles dry RH < 7%;(a)) andhigh RH (RH 80%; (b))
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Figure 3. Five mainsample &ctors from areightfactor PMF solution fotU-pinene SOA particles. On the pané), factor

thermograms are shown with color bamatsthe abscissimdicating volatility classesOn the panefb), normalized factor mass

spectaare presented wittheir average molecular compositianolecularweight,and oxidation stat&he color code is identical
850 for both panels.
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Figure 4. Five mainsample &ctors froma tenfactor PMF solution forSQTmix SOA particlesOn the panel (a)factor
thermograms are shown with coloandson the abscissimdicating volatility classesOn the panel (h)normalized factor mass

855 spectaare presentedith their average molecular compositionplecularweight, and oxidation stat&he color code is identical

for both panels.
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