Refining the Evolution of GasParticle Partitioning in Cooking Emissions

Oxidation via FIGAERO -CIMS Analysis

Supplemental Information
Ruizhe Sheh Song Gué#, Hui Wand, Ying Yu!, Zichao Wan, Rui Tart, Wenfei Zhd,

Zheng Cheh Shiyi Chenr, Zhijun WU, Shuangde L Yunfa Ched, Min Hu!

1 State Key Laboratory of Regional Environment and Sustainability, International Joint
Laboratory for Regional Pollution Control, Ministry dEducation (IJRC), College of
Environmental Sciences and Engineering, Peking UniveB&dying, 100871, China

2 Collaborative Innovation Center of Atmospheric Environment and Equipment Technology,

Nanjing University of Information Science®®chnology, Nanjing 210044, China

3 State Key Laboratory of Multiphase Complex Systems, Institute of Process Engineering,

Chinese Academy of Sciences, Beijing 100190, China
Corresponding author:

"Song Guo State Key Laboratory of Regional Environment and Sustainability, International
Joint Laboratory for Regional Pollution Control, Ministry of Education (IJRC), College of
Environmental Sciences and Engineering, Peking University, Beijing, 1008iig; Email:

songguo@pku.edu.cn

This PDF file includes

Supplementary text 36
Supplementary Tables R0

Supplementary Figures 566


mailto:songguo@pku.edu.cn

S1. OH exposure estimation method in the Go:PAM flow tube

Experimens apply OFR254 modef Go:PAM flow tube where OH radical serve as the main
oxidant. The OFR 254 modgenerate OH radical froneaction of OfD) radical and water vapor.

O(*D) radicals ar@eneratedby photolysis of ozoneThe reactions are listéd RSETRS3
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We estimate OH exposure in the flow tube using sempirical equationrecommended by

Peng et &las shown in the main texqS1represents thequation.
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In equationS1, [H20] standfor dimensionless water vapor mixing ratio in the flow tube that is
converted fronrelative humidity datall;same ans t ot al photon flux of
lamp at 254nmThe U 254 in the Go:PAM flow tube used in the experiments degermined by
comparison between photometer measurement and ozone blank experiment estimation, quantified

to be6.05 10 photons cni s*. [O3] is 0zone concentration in pp monitored by ozone analyzer.

tris retention time of the OFfRat is 55 second in current stu@HR is total OH reactivityn the

flow tube OHR is estimated based on VOCIPSR quantification ofjasphase organic compounds.

For compounds with certain elemental composition detected by VOCUS, we search organic species
in the National Cancer Institute (NCI) databts&nd molecules with samelementatomposition,

and summariz®H reactiorrate costants provided by EPI SUITE. We choosegeometric mean

of OH reactionrates provided by EPI SUITE as the rate coefficient corresponding to molecules
with same elemental composition detected by VOE®¥alidation on aplicability of equation

S1to our Go:PAM OFR is tested by sulfdioxideoxidation calibration experiment, using OH
exposure rsult from SQ decay anda simple chemistrynodef representing OH generation and

decay in flow tules.Reactions used the chemistry model are shown in Table Bhile comparison

Y



between OHexposuresrom equation S1, measured Sd&cay and chemistry model are shown in

Figure S1Wall loss of primary aerosois shown in Figure S2.
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Figure 2 Size dependence of particle wall loss rati@o:PAM during experiment

TableS1 Reactions and rate constant usetdox model calculation

Reaction

k(moleculeem s 1) **

(1) 0: = O(D) + Ol ')

(2) 5= OCP) + &

(3) OGP) + &= Os

(4) OFP) + @ =20,

(5) O@D) + No =OCP) + No

(6) O(D) + O, = OCP) +0.15G + 0.05Q(‘qy) + 0.802¢%,)
(7) O@D) + O3 = 1.5Q + OCP)

6.15x102(s?) *
6.81x103(s%) *
1.39x1014
8.0x10°15
2.6x101
401012
2.4x1010



(8) O(tp) + &2 =20, 1.6x1018

(9) Ou(*ey) + O3 = 20, +OCP) 3.8x10'15
(10) Qo(*op) + HO = G + H20 5.0x10°8
(11) O(*qp) + Ox(*c) = 1.10 + 0.90(*Hy) 2.8X10%7
(12) O(*Fg) + N2 = 0.1Q + 0.90(*q) + N2 2.1x10'%5
(13) O(*Fy) + H0 = 0.1Q + 0.90(cp) + N2 4.6X1072
(14) Ox(*Fy) + O3 = 1.43Q + 0.30 + 0.27Q(*qa) + 0.7*OCP) 2.2X101
(15) O¢D) + H,O = 20H 2.2x10°10
(16) OfP) + OH =H +Q 3.5X101
(17) H + Q= HO; 1.19x1012
(18) HG: + O(P) = OH + Q 5.8x101L
(19) HG: + OH = HO + 0 1.1x101°
(20)H+Q=0H+Q 2,901
(21)H+ HO,=1.80H + 0.07H+ 0.07G + 0.03H0 +0.030¢P) 8.0x101
(22) H + OH = HO 1.89x101
(23) OH + OH = HO 5.2x1012
(24) OH + OH = HO + O¢P) 1.5x1012
(25) OH + HO, = H,O+HO, 1.7X1022
(26) OH + Q= HO; + O; 7.3X104
(27) HG; + HO; = H,0, +0, 2.9X1012
(28) HG; + O3 = OH + 20 2.0X1015
(29) HO, + OFP) = OH + HQ 1.7X05
(30) HO, = 20H 4.78x10%(s?) *
(31) OH + SQ@=HSG; 8.04x1013
(32) HSQ + O = SGs + HO, 4.30x1013
(33) OfP) + SQ=SO; 3.10x104
(34) SQ + H0 =H,SOy 3.14x1015
(35) OfD) + H,=OH + H 1.1x10%0

*Estimatedrom UV spectra data the Go:PAM

**Rate constant data soufce

S2 VOCUS & FIGAERO sensitivity/volatility calibration

For VOCUS data quantification,enutilize authentication standard gas mixtrealibrate

the responsef 25VOCsin VOCUS with different composition and structu@alibrations were
S



performed every day after the experiments finished at standard concentration 1, 10, 20 50, and
100ppbv.The standard gas incluslé aromatic hydrocarns penzenetoluene m-xylene,
styrene1,2,3trimethylbenzenel,3,5trimethylbenzenenaphthaleng 5 terpenes and terpenoids

(i s o p r-minree-pirEhe b-baryophyllenenopinong, 5 carbonylcompoundsdcetaldehyde,
acrolein, acetone, methyl vinyl ketor8pentanongethyl acetatg 3 alcohols (nethanol 2-
propanol,1-butanol) 2 nitriles @crylonitrile,acetonitrile), and Balocarbonsdhlorobenzenel, 3
dichlorobenzene For speciesletectedvith same elementabmposition withany species among
the standard gas, we choose the sensitivith@tbmpound in the standard standmgtheir
sensitivity. For species detected having different elemental composition other than species in the
standard gasye divide speies into elemental categories by having certain elemental abundant in
the molecule (e.g. CH compounds, CHO compounds, CHON compdondshvenience. We
select the geometry mean sensitivity among compounds with same elemental category in the
standard gas tepresent theensitivity of compounds in the whole grolje sensitivity data are

used for OH exposure calculation

Quantification and volatility determination using FIGAEFREIMS are completed utilizing
calibration methoslemployed by Ylisirnié. Schematic/iew of calibrationprocesss shown in Fig
S2a). During sensitivity calibrationsensitivity of certain compound determined by gsiting
certain volumeof authentication standard solutiontoPTFE filter inside FIGAERO inlet, and
process one operation cycle with thermal desorption phasédalghoose acetonitrile as the
solvent for better solvation amekttingability on the filter In the experiment, e deposiB-5
different volume within the volume randel -20sL of standard solution with concentration
~leg/mL onto the filte, proceed the thermal desorption cyend count the target compound
iodide ion dunng the desorption procesensitivity of selected compound in CIMS is determined

by equatiors52
YO, 0O YiomMino © ® —— YOO (Eq. S3

In Equation S2, [R)/[I -] stands for averageormalizedsignal of selected compound during
the thermal desorption proceshose normalization based oeagent ion (iodide ion) signal
(IRI-I/TI -Dwiank for normalized signal during blank samplgsfor total volume of standard solution
deposited ireL, ¢ for standard solution concentrationsig/mL, T for room temperature in Kelvin,

S+



p for atmospheric pressure in Bap for carrier gas flow rate during thermal desorption in

m3/min, adrp for thermal desorption duration in minutés calibration of thé study, @p is 0.002
m3/min, andadro is 45min, longer thanSinin in experiment setuf he final sensitiviesare

given by Inear regressiobetweemormalized signdRI-]/[I -] and solutiordeposition volume V.

For volatile compounds such fasmic acid and acetic acid, calibration is completed by generating
standad gas from penetration tube, then process linear fit between normalized ion counts and

standard gas concentration.

For signals without corresponding standard compound and thus lackseinsittvity
calibration, we use-P VBS proxy to determine theensitivity. Briefly, we put compounds
detected by CIMS into-B VBS space using parameterization shown in Sectioif I&h, we
proceed kmeanslustering algorithm built iMATLAB ® on compounds in the-R VBS space,
divide these compounds into several groups as shown in Fiye®8.we distribute standard
compounds with known sensitivityinte VBS space, finding out each g
standard compound adaptikgiN classification modefrom clustering results. Finally, wset the
sensitivityof compounds having molecular formula different from all of the calibrated compounds
to geometry mean sensitivity of standard compounds in the same §hasge. results could help
improve characterization and quantification of species detected by CIMS by species-&nd in 2

VBS framework.

Volatility determination by FIGAERO is based on {ligear correlation between desorption
temperature while signal reaches its Jesblatility calibratiors is proceeded¢hoosing
polyethylene glycolPEGs)as standard compound. Calibratsareproceeded following
experiment setup in Fig. S2 b). Standard solution of AEGenerated by dissolve PEG standard
in acetonitrile thenatomized and deposited onto the fili€or other standard solutipwe used
same method aensitivitycalibrationto achieve relation between desorption peak temperature
Theresultempirical loglinear relation between peak temperature«&t room tenperature and

saturation vapor pressupgefrom PEGsare shown in Equation S3.

1T @k C@ Tixk + Y T#T (Eg. S3)
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FigureS3 FIGAERO-CIMS volatility and sensitivity calibration methaatroducedoy Ylisirnig A., et al.
(2021)thatis used in this article. dlustrationof the syringe deposition methotl) & c) lllustration of
thepolydisperse &monodispersedepositiormethod

TableS2 Sensitivity ofcalibrates used in CIMS sensitivity calibrati@ndl confidence intervia

Molecular

Species composition Sensitivity(ncpsppb?) **
PEG7 C14H300g w2 pT
PEGS8 C16H3409 pEISL pT
Malonic acid C3H404 Decomposition
Succinic acid CaHeO4 X8 pm
Glutaric acid CsHgO4 XL pm
Adipic acid CeH1004 L pm
Pimelicacid C7H1204 L pm
Suberic acid CsH1404 P& 8 pm
Azelaic acid CoH1604 XX & pT
Sebacic acid C10H1804 x88 pm
Dodecanedioic acid C12H2204 o8 pm
D-Camphoric acid Ci10H1604 Xy pm
Pinonic acid Ci10H1603 e pm
Citric acid CeHsOr not detected
1,2,4Tricarboxylic acid C7H1006 not detected
1,3,5Pentanetricarboxylic acic  CgH120e not detected
2-Hydroxy-1-cyclohexanone CeH1002 not detected
Hydroxyacetone C3HeO2 not detected
DL-Lactic acid C3HeOs @8 pm
DL-Glyceric acid C3HeO4 g pT
Erythritol C4H1004 pg 8 pm
2-D-Deoxyribose CsH1004 pd8 pm
Xylitol CsH1205 8 pm

%



Levoglucosan CesH100s5 o8 pm
Isosorbide mononitrate CeHoNOg o®§ pm
2-Nitrophenol CeHsNO3 p& 8 pm
4-Nitrophenol CsHsNO3 pH8 pm
4-Nitrocatechol CeHsNO4 X8 pm
Benzoic acid C7H6O2 not detected
Salicylic acid C7HeOs p&§ pm
Formic acid* CH20 X® & pm
Acetic acid* C2H402 188 pm

* Standard gas calibration generated by standard penetration tube

** Main text stands for sensitivity, superscript and subscripts stands for upper and I«
bound of1( confidence interval
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3. 2-D VBS spaing

2-D VBS framework is firstly developed by Donahue in 281The framework added
Distributionof gasphase and aerosphase organic compoundsafD VBS spaceare determined
from molecular elemental composition detected by-TdAS measurementParameterization

used in this article is according to Li et al., as shown in Equatidn S4
i ® & & O &0 ¢—0 O £ (Eq. &)

In Eq. S4, targeted saturation vapor concentratiis Getermined bglementatomposition
andsemiempirical parameterscnno, Ny, s are number of most abundant elemexttsospheric
in organic aerosolscAstand for reference carbon numbeynieansnflueanceof molecularsize
on volatility, bo, by, bs showseffect offunctional grougcontaining O, N, and S atomgdmeans
polar nonpolar interaction influence on volatility. Parameters used for compounds with different
molecular composition given by Li et al. are shown in Table S3.

Table S Elemental composition class and corresponding parasiet&q.S4

Elemental . - . - v ¥
€ w w w w w
Composition Class

CH 23.8 0.4861 - - - -

CHO 22.66  0.4481 1.656 10.7790 - -

CHN 2459  0.4066 - - 0.9619 -

CHON 24.13  0.3667 0.7732 10.07790 1.114 -

CHOS 24.06  0.3637 1.327 10.3988 0 0.7579

CHONS 28.5 0.3848 1.011 0.2921 1.053 1.316

S4. Non-targeted analysis utilizing m atrix factorization

analysis

For complexmass spectrometry data, mmggeted analysis is introduced to achieve



characteristis quantities of detected species with@liable direct prior compound and structure
information Basic concept and dapsocess path are shown in Figuré®Blatrix Factorizatn
approackshas beeiintroduced as crucial methods in Alangeted analysi®riefly, Matrix

Factorization is a dimension reduction approett approximatelgivide a target mn data

matrix X containing hundreds of variables(n) arfithnge throughundreds of timg@oints(m) into
p(unknown) different constant sources that varies with, tameshown in Equation Sbhe source

composition profile are shown in a p matrixF, while the time series of the source are in the m

p matrixG. Factorization teget is tocover the difference between data ma¥iand fitted matrix

R, minimizing the error matri>E toward the measurement uncertaimtgtrix 0 of input data.
n ¢¢ A n A Eq. S5

For a better factorization resultewomparedwo widely used factorizatioapproachegor
high-resolutionmass spectrometfactor analysiprocessedultilinear Engine2 Positive Matix
Factorization (ME2 PMF) andNon-Negative Matrix FactorizatiotNNMF)1%. ME-2 PMF is
proceeded by utilizinéggor Pr&® program SoFi developed by anonacet al.?>. NNMF is

proceeded biuilt-in algorithm inMATLAB ® 2%, To achieve better deconvolution uis and to

avoid possible background signal interference or physical unreasonable factorization results, we
alsoproceedhreedifferentdata pretreatmenimethodson inputmatrixes These includedirect
factorizationof full time series dataithout furtherselection angretreatment other thamasic

data pretreat methods developed Byichholz et al??, normalize time series dato maximum for
trend analysisand m@rticlephase only data farolatility & oxidative stateanalysis The Goodness

of PMF and NNMF resultare evaluated by global and local evaluation parameters. Global
evaluation parametenscludeQ/Qexp, root mean square error (RMSEXplained absolute
varianceRatioa, focusing @ performance on the whole data.deaical parameterscludetime

seriesof summedabsolute relative residual and unexplained variatidBM)Uamong all ion%* 22

Theseparameters are defined betow

1 B B — 0O &€ a n n a Eq. S6

B B
2-3% — Eq. S7

S10



Y60 QE o Eq. S8

301 0AT ADNEXEAA 530«4— ] Eqg. S9
AAOT O DIOAINETEA 5—BA—I— ] Eq. SIO
B ¥

To obtain a reasonable result, UEV are expected to be less tha@Z3%p are targeted to reduce

to near 1 For best factor numigwefirstly plot the relation between factor number and global

goodness parametechoosehefiturning poins © wher e goodness parameters
significantly slower after the point than befpwhich means the factor number is most efficient

Then we examine the time series of local goodness parameeters and j ust after fAturn
investigate ifadding factor number &te turning pointeading to significant developments of

factorization result. Next, we look at thermogram during thermargésn in FIGAERO

operation, and finally choose reasondhleorization results. Global and local parameters are also

used for determination of PMF&NNMF performance on proceeding factorizatiothus
choosingsuitablefactorization methodnddata pretreat method$or CIMS data processes

Spectra contrast angieare used to assign the similarity of factors, treating spectra of each factor

as vectors ifinear spacenake up byspecies concentratiéh?3 Determination of contrast angle

are shown in Equation S12:

Eq. SP

In EquationS12,a and b stands for spectra intensity differentfactors in MPF results. Two
factors would be considered not similad#30°%4. Thus, a good PMF result should output factors

with contrastangled>30° between every two factéés

Figures S7-S9 showchange othe global goodnegsarameters of M2 PMF and MATLAB®
NNMF while adding factor numberMATLAB ® NNMF performedbetterregardingglobal
goodness parameters not considering measurement uncertainty kwebr&MSE andhigher
Ratioyar especiallyat factor numberdelow 10 However while consideringelationship between

measurement uncertairayd factorization result biasingthe Q/Qy, parameterME-2 PMF
Si1



shows better performance. MEPMFaim at minimizdirstly the uncertainty of signal with lower
measurement uncertaingo the absolute relative residual time series of2 VIEMF showdetter
performanceghan MATLAB® NNMF at relevant factor numbeaf bothfactorization methods, as
Figures 30-S12 depictedThe two methods have comparable lmaly whendata pretreat

method are selectdd be normaliang the time series of detected ionsttomaximum valug

which mainly aiming at extracting changing patterasd thus expect to resolve volatildf
detected specieAmong data processeshile utilizing ME-2 PMF as the factorization algorithm,
as Figures S&S15 show,full time-series data shows slightly better perfoncatharparticle
phase only data amabvious advantage over time semesmalized to maximum point of each
detecteccompoundOn the contrary, MATLAB® NNMFmethod favorglata process adopting
normalizedfull time series than particlghase only and futime series, especially at duration
corresponding to measurement of primary cooking emissions, shown in Fjg+848. In
conclusion, we would prefer choosiMiE-2 PMF as factorization algorithm, seléall time series
data as main data pteeat methodactorizationin this article, while compairesults of particle
phase only data to volatility and partitioning results as refer@iatde S5shows contrast angté
between factors of M2 PMF best result§.he contrast angles are between every two factors are

larger thar80° (minimum 35}, showing reasonable results of MEPMF.

The factors obtainefilom PMFareclassifiedwith oxidative state andolatility. First,the 13"
factor is considered contamiridactor, namedractorUnknown The contamination factor
consists of 3 separated peaks at tosdiparatelesorption temperaturgsnplying thatit may
consist of three parts related to different interference. First part at low desorption temperature may
containinterference from FIGAERO inlet model shifting that may mix-ghase components
with aerosolphasewhich can beobservedat the first couple of seconds of particle phase.data
Nexttwo parts at higher desorption temperature may come from resiofusg mivolatile and
low-volatile residualsl2 interpretable factors are classified as 3 categadesidering its
volatility represented by FIGAERGIMS measured ggsarticle partitioning coefficient K
Factors mainly or even almost present in dassp are nameadblatile factorsfivxo, factors
abundant in both gas phase and aerosol phase factors aressall@dlatile factorsiiSVxo, and
mostly particle phase factors actassifiedlow-volatile factorsiLVxo0 . F ancohgeacts

volatility categories are further distinguisheatd numberedy its oxidative stateLower number

S12



in factor name such as Factor V1 and SV1 are related to primary components, while reaching
higher abundance at looxidativestates. Medium number factors, namely Fav®@irV1 and
SV2, correspond tmtermediateoxidative states, consist of firgeneration products. Facsowith

numberGB in their name represent highly oxidated products that relate togeukiration

oxidation.
Example Identification confidence Minimum data requirements
Level 1: Confirmed structure MS. MS2. RT. Ref std
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Figure $ Brief concept of noftargeted analysis in higlesolution mass spectrometry
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Table$4 Possible best factor number list of factorizatigorithmswith various data pr&reat method. Bold
number shows the best factor number among results in certain factorization e pnethod

Possible best factor

Full time series

Normalized full

Particle-phase only

time series
ME-2 PMF 6,10,1113,15 8,1113,15 8,9,12,14
®
MATLAB 6,10,15 711,15 6,9,12
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Figure 98 Detailed absolute relative residual time series of factorization results of full time series data
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Figure 9.9 Evolution of factordgasparticle mrtitioning coefficient k with enhancement aixidative stage
during oxidation procesand classification by its volatility

Table $ Spectracovarianceébetween 13 ME2 PMF factorgepresented bgontrast angkein degree

vi V2 V3 Vv4 V5 SV1 SV2 SVv3 LV1 LV2 LV3 Lv4 LV5S
V1 00 66.0 770 706 774 60.0 839 86.9 81.8 813 829 818 86.6
V2 66.0 0.0 653 142 559 756 79.0 779 776 689 731 716 74.9
V3 770 653 00 719 446 76.0 58.0 63.7 73.1 49.2 579 472 69.0
V4 706 142 719 0.0 56.2 779 789 754 820 713 719 727 723
V5 774 559 446 56.2 0.0 735 727 60.6 81.0 59.0 63.0 535 635
SV1l| 600 756 76.0 779 735 00 811 84.7 821 757 76.7 76.3 834
Sv2 | 839 79.0 580 789 727 811 0.0 485 732 508 33.0 52.1 52.7
SV3 | 869 779 63.7 754 60.6 84.7 485 0.0 778 650 39.3 494 46.3
Lvl | 818 776 731 820 810 821 732 778 00 742 704 784 799
Lv2 | 81.3 689 49.2 713 59.0 757 50.8 650 742 0.0 40.7 357 478
Lv3 | 829 73.1 579 719 63.0 76.7 33.0 393 704 40.7 0.0 39.2 30.9
Lv4 | 81.8 716 47.2 727 535 76.3 52.1 494 784 357 39.2 0.0 498
LV5 | 86.6 749 69.0 723 635 834 52.7 463 799 478 309 498 0.0
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S5.Gasparticle partitioning theme

Volatility and gaspatrticle partitioninghermodynamicef organic compounds detected BVWGERO-
CIMS are processed lmasphase and aerosphase concentratiobirect gasparticle partitioning

characteristicare showrby particlephase fraction §

"Or, h Eq. S13

Fooh
In Equation S13gi stands for particle phase concentration of substangemeansgas phase
concentrationPartitioning coefficient K, considering influence organic aerosol as maifigubstance

is defined in Equation 1

0f — Eq. SH

In Equation S4, ¢, means total particle concentratiéiy.andK,; can be derived from FIGAERGIMS
and othercorrespondingneasurement resulidetectionof certain ion (iodide adduct ion [Rbr hydrogen
extraction ion [RH]") corresponding to species R, partiplease thermal desorption duration and flow
rate&@b,colleciondur ati on amé&Q&,laerage SMREeasu particle
concentration gsmps shown in Equation EtS16

N j 2 ¥
Or J. 5 5 J. 5 Eq. S15

&

2 9
J. 5 5 o; Eq. Sb
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Eq. S15 and S16 can be used to classify PMF féator volatility angleby substitutingintensity of

certain compound [RI[I "] with intensityof one factorGasparticle partitioning in POA and SOwainly
follows absorptiormechanisrtf 26where speciesxistin aerosolphaseat liquid-solution state

Considering the mechanism of absorption partitionigs related to mass of total particle phase organics
com, shownin EquationS177, while K, only depends on properties of spediasd particle phase
composition. Asuminggasparticle partitioning of componenteaches its equilibriunpartitioning

coefficientKp,iis determined by organic aerosol composition asidtility of compound as shown in

Equation S&:
O o — Eq. S17
VI —_— Eq. SB

8
In Eq. SB, fom means fraction of organic part in aerosols, which is set to 1 in this studywmididhds
for mean molecular weight among all species in organic aerdspmpanssaturated vapor pressure of
component over liquid pure component surfagemeans activity coefficient in particle phagessuming
3r as close to unity, the volatility of componémian be determined from gaarticle partitioning of
componentlf we are able to classifthe exact structuréom possible reaction path during oxidation of
utilize estimatiormethod & volatility from correspondingompound detected by CIMsich as SIMPOL
& EVAPORATION?.2% We could also ado@D VBS approach listed in Section 88calculate
volatility of certain species, which may lead to larger biadatility of species i can be also determined
by thermogranfrom thermal desorption measurements of particle phase according to methods mentioned
in section S 3% which may be more accurate than partitioning method due to possible interference such
as thermal desorptiéh After the volatility has been obtaineattivity coefficientar can be briefly
determinedso as to account for composition influence ongsicle partitioning and possible kinetic
effects.
Gasparticle partitioning of organic species mayt reach equilibriunbecause of kinetic limitation&as
particle partitioning keticsconsist of gas phase diffusion, surface accommodation and pahade
diffusion processeghe kinetics are determined by gadsase diffusion coefficieridgy;, surfice
accommodat i omandgatieldHase diffusiontcoeflicient 3. Gas phase diffusion coefficient
of species in real atmospherean becalculatedrom elemental composition of selected spefries

Fullerts method:

2



[OFF — Eq. S19

In equation S19Mg, is in cn? s*, T and p is atmospheric temperature and pressure in Kelvin and Torr
m(i,A) means reduced molar mass of speic@®l ambient air in g/mol,\and Vx aremoleculardiffusion
volume of ambient air and selected speci@ghich can be directly estimated by elemental composition.
Most organic specigsvolvedin gasparticle partitioninchave diffusion coefficientvithin 102 to 10!
cn?stlevel3 Particle phase diffusioDp, areconnectegarticle phase viscosi; shown inEquation

S20 (StokesEinstein Equatiord}:
Op — Eq. 20

In Eq. 20, k is Boltzmann constant, T is partigihase temperatura,mean®ffective molecular
diameterin molecular diffusion, which are at the levelsafverald3® 3 Particlephase visosity can be
parameterizedy composition distribution in-® VBS spacéhat has been detailed discus$edGas
particle partitioning kinetic can thus be estimatediimg scale ofasphase diffusion and particfghase
diffusion. Gasphase angarticlephase diffusiorcharacteristitime scalel; and(}; are showrin

Equations S2B52%3%4 38

ty pQx Eq. S21

Qr B 1“0 0 f Eq. S22
38

f . . Eq. S3

0e —=° Eq. S2

Th Eq. S5

In Equations S2B25, j is particleradius d, is diameterandNp is particlenumberconcentratiorat
certaindiameterrange, measured by SMHSis correction factor adjustingurfaceaccommodation
relatedto Knudsemumber Kn ¥ is mean thermal velocity of specieComparisorbetweer};, (}; and
retention time in Go:PAMR(55s) give us insight into ggmarticle partitioning dynamgin the

experiment.
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S6. Additional results
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FigureS23 Primary andsecondary aerosol size & mass distribution evoluéibdiameter>90nm while
oxidation agencrease (a)stands for number distribution, (b) mass distribution of primary particles, (c)
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TableS6 Size and mass distribution parameters & quantities of primary and secondary cooking aerosol

OH radical OA Mass Size distribution Massdistribution Density
exposure (18 cnr concentration mode diameter(nm’ mode diameter(nm’  (gem -3)
5) (eghm
-* -* 1.00*
' 3.36
Primary 113.4% 289* 1.05%
14.1* 27.9* 1.02*
0.112 105 151.2* 279* 1.09**
21.7* 46.1* 1.03*
0.488 42.8 e - 1.09%
27.9* 53.3* 1.02*
0.971 87.0 e - 1.10%
28.9* 55.2* 1.06*
1.48 107 e - 111+
31.1* 61.5* 1.08*
1.86 144 e e 1 13%

* Particle size below 100nm, related to secondary aerosol formed from primary
oxidation and then OM vapor nucleation and growth

**Particle size over 100nm, related to primary aer@sa condensation

Primary Formic Acid oy exposure=4.88-10°(#-cm™)
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FigureS25 Time series of formic acid concentratiatdifferent oxidative statduring FIAGEROmeasurement
of flow tube experimentConcentratiorf formic acid and following specieds converted from signal
intensity utilizing methods in section S2
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Figure 26 Intensity tme series o€ontaminant factodnknownin PMF results at different oxidative g&a
during FIAGERO measuremedaitcles

Table ¥ Average composition artdp-20 most abundant specieskactor V1 from ME2 PMF results
FactorName: FactoV1

Average elemental composition:
C3.20H5.2402.71N0.0150.01
MW=87.27 0%=0.148

20 most abundant compounds in molecular composition

Molecules Intensity MW(g mol?) Possible species
CoH40; 0.79 60.02 Acetic acid
CsH402 0.58 72.02 Acrylic acid
CsH404 0.094 128.01 Hydroxy furoic acid
CsH1006 0.08 166.04 Arabic acid
CsHeO4 0.083 106.(8 Glyceric acid
CoH404 0.081 92.01 Hydroperoxy acetic acid
C3H40s 0.044 88.2 Pyruvic acid
CeH1202 0.037 116.08 Hexanoic acid
CsHeOs 0.029 90.03 Lactic acid
CeH1003 0.028 130.06 Oxo-hexanoic Acid
C4HeO4 0.0 118.(8 Succint acid
CoH40s 0.022 76.@ Glycolic acid
CsHgOs 0.020 116.04 Oxopenganoic acid
CsH1203 0.020 132.07 Hydroxy hexanoic acid
CsH.04 0.016 104.01 Malonic acid
CoH204 0.016 89.99 Oxalic acid
CsHsO3 0.016 92.(6 glycerol
C4H.03 0.014 100.@ Oxo-butenoic acid
CsH4O4 0.00&% 116.01 Fumaric acid
CsH1003 0.002 118.06 2-Oxo-Pentanoic acid

Table 8 Average composition andp-20 most abundant species in Facifl from ME-2 PMF results
Factor NameFactorSV1
Average elemental composition:
Cs.00H7.103.80N0.0150.01
MW=128.25 0%=0.402
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Molecular composition:

Molecules Intensity MW(g mol?) Possible species
CsH404 0.84 128.01 Hydroxy furoic acid
CoH204 0.28 90.00 Oxalic acid
CsHeO3 0.23 90.03 Lactic acid
C2H403 0.14 76.@2 Glycolic acid
CeH1003 0.14 130.06 Oxo-hexanoic Acid
CoH402 0.14 60.02 Acetic acid
C3H404 0.14 104.01 Malonic acid
CsHgO3 0.13 116.6 Oxo-pentatoniacid
CsH403 0.1 88.2 Pyruvic acid
CsHgOs 0.08 164.03 Dihydroxy glutaric acid
CsH100s 0.085 162.05 Hydroxy adipic acid
CeH1203 0.084 132.(8 Hydroxy hexanoic acid
C4HsO4 0.08L 118.8 Succinic acid
CeH1004 0.0&2 146.(6 Adipic acid
CsHgO4 0.060 132.04 Glutaric acid
C3HgOs 0.051 92.(6 Glycerol
CsHeO4 0.043 106.38 Glyceric acid
CsH1003 0.0% 118.06 Hydroxy valeric acid
CsHeOs 0.0 146.02 Ketoglutaric acid
CoH1604 0.0% 188.10 Azelaicacid

Primary FactorV1 OH exposure=4.88'l09(#~cm’3)
0.06 1 Soak 200 Ci Ramp Soak’ 200
| iso 00 | 1150
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Figure 27 Intensity time series of volatile primary emission factor V1 (presented remaidalglin gas
phase) in PMF results at different oxidativegstaluring FIAGERO measurement circles.
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FigureS28 Concentration time series of compound with elemental compositiGgH.4O; (probablyacrylic
acid representingolatile primary organics from thermal decomposition of glycgatldifferent oxidative
stage during FIAGERQmeasurement of flow tube experiment.
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Figure 29 Concentration time series of compound with elemental compositiosHab@; (probablyhexanoic
acid, representingolatile primary organicsnajority from thermaloxidationof primary longchain aliphatic
acids, minorityfrom photo-oxidation at different oxidative sge during FIAGERO measurement of flow tube

experiment.
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FigureS30 Intensity time series of semblatile primary emission factor SV1 @gsented remarkably in both
gas phase and aerosol phase) in PMF results at different oxidagigedsting FIAGERO measurement circles.
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Figure 81 Concentration time series of compound with elemental compositionldt0O- (probablyPalmitic
acid representindpng-chainsaturatedarboxylic acids asemivolatile primary markers of cooking emissijon
at different oxidative st during FIAGERO measurement of flow tube experiment.
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Figure 82 Concentration time series of compound with elemental compositiomgd§. (probably Oleic
acid, representing lorghain unsaturated acids as sesliatile primary markers of cooking emission) at

different oxidative stage during FIAGERO measurementoof fube experiment.

(4]

, C.HO -
Primary - 57474  OHexposure=4.88-10°(#-cm™)
0.8 Gas 1 Ramp 1 Soak 200 Gas Ramp I Souk 20
0.6 ! : 150 02 1150
' ' 0.15
0.4 ' i 100 f 100
g i i UL
2 02 i ! 50 50
g ' 0.05 S
g 0 0 0 %
= 00:00:00  00:15:00  00:30:00  00:45:00 8
g g
5 i 9 3 o 10 E 8
51 OH exposure=9.71-10°(#-cm™) ) OH exposure=1.86-10 "(#-cm™) = &
g 0.2 Ramp ' 201 Gas Ramp 1 Soak 200 g
&) =
0.15 150 02 150
0.15
0.1 100 1100
0.1
0.05 ‘: 50 0.05 ‘ 50
0 . i 0 el i
01:45:00  02:00:00  02:15:00  02:30:00 02:30:00  02:45:00  03:00:00  03:15:00

Elasped Time

FigureS33 Concentration time series of compound with elemental compositiogHafdz (possibly aconic
acid or hydroxy furoic acidrepresenting primary emissions from thermal oxidationdembmpositiohat
different oxidative stge during FIAGERO measurement of flow tube experiment.
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Figure 84 Concentration time series of compound with elemental compositiogHOg (possiblyoxo-
pentatonic acig) at different oxidative st during FIAGERO measurement of flow tube experiment.
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Figure 85 Intensity time series of volatile intermediate oxidatstateactor V2 (presented remarkably only in
gas phase) in PMF results at different oxidativgestduring FAGERO measurement circles.
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FigureS36 Intensity time series of volatile intermediate oxidatstatefactor V3 (abundanmostin gas phase)
in PMF results at different oxidative stage during FIAGERO measurement circles.
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FigureS37 Intensity time series of semblatile intermediate oxidaté state factoFactor SV2 §bundanboth
in gas phasand aerosol phayé PMF results at different oxidative geaduring FIAGERO measurement
circles.
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Figure 38 Intensity time series of semblatile intermediate oxidation product factor Fadtdfl (abundant
mostin aerosol phase) in PMF results at different oxidativgesthuring FIAGERO measurement circles.

Table 9 Average composition and te) most abundant species in Fact@fkom ME-2 PMF results
FactorName: Factow2

Average elemental composition:

Cas.68H7.9203.81N0.03%0.05
MW=126.87 0%=0.405

Molecular composition:

Molecules MW(g mol?') Relativelntensity Possible species
C2oH404 92.01096 0.69566 Hydroperoxyacetic acid
C3H404 104.011 0.291804 Malonic acid
C7H1204 160.0736 0.237051 Pimelic acid
C3H403 88.0155 0.224047 Pyruvic acid
CoH204 89.99531 0.21201 Oxalic acid
C2H402 60.02113 0.201705 Acetic acid
C7H120s 176.0685 0.18606 Hydroxy pimelic acid
CeH1003 130.063 0.171717 Oxo-hexanoic Acid
C7H1404 162.0887 0.152692 Dihydroxy heptanoic acid
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CeH1004 146.0579 0.147952 Adipic acid

CsH1203 132.0786 0.141303 Hydroxy hexanoic Acid
CsH.0» 72.02113 0.136328 Acrylic acid
C4H403 100.016 0.128605 Oxo-butenoicacid
CsHeOs 106.0266 0.116571 Glyceric acid
CsH1204 148.0736 0.09489 Dihydroxy hexanoic Acid
CH20s 61.99985 0.065981 -

C4HeOs 134.021 0.063952 Malic acid

CsHgOs 116.0468 0.061708 Oxo-pentatonic acid
C3HsS 105.9911 0.060226 -

CsHeOs 146.0215 0.056191 Oxo glutaric acid

Table 90 Average composition and teD most abundant species in Factor V3 from-BEMF results
FactorName: FactoV3

Averageelemental composition:

Cé.49H10.9003.9dN0.0150.01
MW=152.86 O%=-0.281

Molecular composition:

Molecules MW(g mol)  Relativelntensity Possible species
CeH1203 132.0786 0.516467 Hydroxy hexanoic Acid
CeH1003 130.063 0.400322 Oxao-hexanoic Acid
C7H1205 176.0685 0.337381 Hydroxy pimelic acid
C4H403 100.016 0.28861 Oxo-butenoicacid
CeH1004 146.0579 0.232466 Adipic acid
C2H402 60.02113 0.19557 Acetic acid
C3H404 104.011 0.191313 Malonic acid
C/H1204 160.0736 0.182699 Pimelic acid
C3H403 88.0155 0.177969 Pyruvic acid
C7H1405 178.0841 0.132052 Hydroxy hydroperoxyl heptanoic acit
C10H1603 184.1099 0.128191 Oxo-decanoic acid
CoH1604 188.1049 0.113297 Azelaic acid
CeH1204 148.0736 0.109202 Dihydroxy hexanoic Acid
C7H1206 192.0634 0.109095 Hydroperoky pimelic acid
C3H40- 72.02113 0.108079 Acrylic acid
CsHgO3 116.0468 0.099506 Oxo-pentatonic acid
CsHeOs 146.0215 0.095848 Oxo glutaric acid
C7H1203 144.0786 0.074596 Hydroxy heptanoic acid
CsH1003 118.0624 0.069336 2-Oxo-Pentanoic acid
C10H1606 232.0941 0.060075 Decan¢rioic acid

Table 9.1 Average composition and tef0 most abundant species in Factor SV2 from2MBEMF results
FactorName:FactorSV2

Average elemental composition:

C7.6dH13.703.8dN0.0050.00
MW=168.2905=-0.662

Molecular composition:

Molecules  MW(gmol 1) Relative Intensity Possible species
CoH1604 188.1049 0.505217 Azelaic acid
CoH1804 190.1205 0.44474 Hydroperoxylnonanoic acid
CeH1204 148.0736 0.404834 Hydropepxyl hexanoicacid
C10H1804 202.1205 0.394289 Sebacic acid
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CeH1203 132.0786 0.209654 Hydroxyl hexanoic acid

CeH1004 146.0579 0.162467 Adipic acid
CioH1603 184.1099 0.147793 Oxo-decanoic acid
CsH403 88.0155 0.137486 Pyruvic acid
C7/H1204 160.0736 0.13194 Pimelic acid
CsH1003 130.063 0.129637 Oxo-hexanoic Acid
CoH1404 186.0892 0.121187 Nonendioic acid
CoH1605 204.0998 0.100231 Hydroxy azelaic acid
CioH1803 186.1256 0.089287 Oxodecanoiacid
C10H1604 200.1049 0.073579 Decemlioic acid
CoH1603 172.1099 0.066601 Oxo-nonanoicacid
C7/H1205 176.0685 0.063406 Hydroxy pgmelic acid
C3H404 104.011 0.060367 Malonic acid
CsH405 100.016 0.054027 Oxo-butenoic acid
C7/H1405 178.0841 0.049281 Hydroxy hydroperoxylheptanoiacid
CsH1804 178.1205 0.048359 Hydroperoxy Octanediol

Table 92 Average composition and tef) most abundant species in Factor LV1 from-RIEMF results
Factor NameFactorLV1

Average elemental composition:
C4.617.3703.50N0.0050.00
MW=119.59 05=0.300

Molecular composition:

Molecules MW(gmol 1)  Relative Intensity Possible species
C3H403 88.0155 0.920802 Pyruvic acid
C3H404 104.011 0.329353 Malonic acid
CoH1605 204.0998 0.1666 Hydroxy azelaic acid
CeH1203 132.0786 0.062601 Hydroxy hexanoic acid
CoH1604 188.1049 0.049186 Azelaicacid
CeH1004 146.0579 0.039255 Adipic acid
C3H40, 72.02113 0.034696 Acrylic acid
C10H1603 184.1099 0.03121 Oxo-decanoic acid
CeH1003 130.063 0.028194 Oxo-hexanoic Acid
CoH1804 190.1205 0.026098 Hydroperoxy nonanoic acid
Ci10H1804 202.1205 0.024655 Sebacic acid
C7/H1204 160.0736 0.023498 Pimelic acid
CsH4O4 128.011 0.021765 Hydroxy furoic acid
CeH1204 148.0736 0.021387 Dihydroxy hexanoic Acid
C2H40: 60.02113 0.016833 Acetic acid
CoH1404 186.0892 0.015728 Nonendioic acid
CsHgOs3 116.0468 0.014809 Oxo-pentanoic acid
C4H403 100.016 0.013434 Oxo-butenoic acid
CoH1603 172.1099 0.013015 Oxo-nonanoic acid

Ci0H1803 186.1256 0.011866 Oxo-decanoic acid
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FigureS39 Concentration time series of compound with elemental compositiogHafdg (probably pyruvic
acid at different oxidative stage during FIAGERO measurement of flow tube experiment.
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Figure40 Concentration time series of compound with elemental compositiopHafdz (possibly
hydroperoxylaceticacid) at different oxidative stage during FIAGERO measurement of flow tube experiment.
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Figure41 Concentration time seried compound with elemental composition afHzoO3 (possiblyoxo-
pentatonicacids) at different oxidative stage during FIAGERO measurement of flow tube experiment.
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FigureS42 Concentration time series of compound with elemental compositiorHh$@s (possiblyhydroxy
heptanoicacid) at different oxidative stage during FIAGERO measurement of flow tube experiment.
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Figure 43 Concentration time series of compound with elemental compositionsd§Os (probablyhydroxy
palmitic acig at different oxidative stage during FIAGERO measurement of flow tube experiment.
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Figure 44 Concentration time series of compound with elemental compositiongdfQs at different
oxidative stage during FIAGERO measurement of flow tube experiment.
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Figure S15 Concentration time series of compound with elemental compositiogHh$@s (possibly oxe
nonanoic acids) at different oxidative stage during FIAGERO measurement of flow tube experiment.
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FigureS46 Concentration time series of compound with elemental compositiondfdOs (possibly oxe
decenenit acids) at different oxidative stage during FIAGERO measurement of flow tube experiment.

Figure 817 Concentration time series of compound with elemental compositiogHafdg (possibly oxe
butenoicacids) at different oxidative stage during FIAGERO measurement of flow tube experiment.
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