=

a b~ W N

Supplement of

Seasonal Variation of Oxygenated Organic Molecules (OOMs) and its
Contribution to Secondary Organic Aerosol (SOA) in Urban Beijing

Yishuo Guo et al.

Correspondence to: Chao Yan (chao.yan@helsinki.fi)

1/22



10
11
12
13
14

15
16
17
18
19
20

21

22
23
24
25

26

27
28
29
30
31
32
33

34
35
36
37
38

39

Section S1. Estimation of OOM Volatility

Detailed structure information of OOMs in real atmosphere is still unknown, therefore, the volatility of each OOM
molecule was estimated based on a parameterization using numbers of different atoms (Donahue et al., 2011). For the
oxidation products from monoterpenes, previous studies show that except from hydroxyl (-OH), carbonyl (-C=0) and
carboxyl (-C(O)OH) groups, hydroperoxide (-OOH) also takes a large portion (Trostl et al., 2016;Stolzenburg et al.,
2018). Then by assuming that all nitrogen atoms exist as organonitrate groups (—ONO,), the saturation mass
concentration of OOM molecule at 300 K can be given as follows (Trostl et al., 2016):

(nO — 3nN) - nC
nC + nO — 3nN
where nC, nO and nN are the numbers of carbon, oxygen, and nitrogen in each molecule respectively, and bC=0.475,

log1(,C*(300K) = (25 —nC) - bC — (nO — 3nN) - bO — 2 * [ ] -bCO —nN - bN
b0=0.2, bCO=0.9, and bN=2.5. For oxidation products from aromatics, the work of Mingyi Wang et al. shows that they
possess more -OH and -C=0 groups as well as less hydroperoxides, and that their estimated saturation concentrations
suggested by Donahue et al. (Donahue et al., 2011) match well with the experiment ones (Wang et al., 2020). Therefore,
for those non-monoterpene OOMs, the estimation from Donahue et al. was applied:
log1,C*(300K) = (25 — nC) - bC — nOggs - bO — 2 * <%) +bCO
nC + nO¢f

where nC, nO.r and nN are the numbers of carbon, effective oxygen and nitrogen in each molecule separately, and
bC=0.475, bO=2.3, and bCO=-0.3.

The temperature dependence of C* is given by the Clausius-Clapeyron equation (Epstein et al., 2010;Donahue et al.,
2012), which we can be approximated as:

AHyap 1 1

RIn(10) Goo ™7
where the evaporation enthalpy AHy,p, can be linked with log;oC*(300K) according to the following equation:

logloc*(T) = lOglOC*(300K) +

AHyap[k] mol™'] = —5.7 - log;,C*(300K) + 129
After the temperature related saturation concentrations were calculated, OOMs were then grouped into different bins
based on the volatility basis set (VBS) (Donahue et al., 2006), and further classified as ELVOCs (extremely low volatility
organic compounds), LVOCs (low volatility organic compounds), SVOCs (semi-volatile organic compounds), IVOCs
(intermediate volatility organic compounds) and VOCs (volatile organic compounds) according to their volatilities

(Donahue et al., 2012).

Section S2. Simulation of OOM Net Condensation Flux

An aerosol growth model was used to calculate the OOM net condensation flux onto particles (Trdstl et al.,
2016;Stolzenburg et al., 2018). This model is based on the VBS distribution mentioned above, and each VBS bin is
regarded as a single surrogate species with the averaged mass and concentration.

The condensation flux, @; ,, of low volatile OOMs at each moment can be simulated as:

i,p B

Dip = Np-0ip-KkipFip
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where Ny, 0; 5, Kj , and F; , are the particle number concentration at a given size (p), the particle-vapor collision cross-
section between each VBS bin (i) and a given particle size (p), the deposition rate of OOM vapor at the particle surface,
and the driving force of condensation respectively. oy, is derived from the particle diameter d;, and vapor diameter d;
as:
Oip = 11/4(dp + di)2
The deposition rate of OOMs, k;,, depends on the center mass velocity of particle and vapor v;,, the mass

accommodation coefficient a; ,, and the non-continuum dynamic factor f;
ki,p = QjpVip Bi,p

[8RT . . e . .
where v; , = o 18 the average velocity for Maxwell’s velocity distribution law. y; , is the reduced mass and is
Lp
M;Mp,
defined as MMy
The driving force of condensation is defined as:
— 0
Fip =C(Si—aip)

where C?, S; and ai"p are the saturation vapor concentration, saturation ratio and particle phase activity of each VBS bin,
S5

!

respectively. The excess saturation ratio ip

=S, — ai"p is the key diagnostic for condensation. a; , accounts for particle

mixture effect with Raoult term X ,y; , and curvature effect with Kelvin term K; ; as:

ai,,p = Xi,pYi,pKi,p
where X , is the mass fraction of organic compounds of each VBS bin (i) in the condensed phase at given particle size
(p), and v;, is the mass based activity coefficient in the condensed phase. In this study, yj, = 1 was used with the

40'pMi
RTppDp

assumption of ideal solution. The Kelvin term, K, = exp ( ), is related to surface tension o, molar weight M;

and density pp,.
For OOMs with relatively higher volatility (i.e., C;{>0.1 pg m™), their partitioning between the gas and condensed
phase will likely reach equilibrium when the condensation and evaporation of OOMs are approximately equal. Then the

fraction of species i in condensed phase, f¢"

, can be described by the aerosol partition theory (Seinfeld and Pandis, 2016)
as:
aer __ 1 — Ciaer

R N -

where Cj, C;, C§%, and C*®" are the effective saturation concentration of the OOMs vapor in each VBS bin, total mass
concentration of species i in the gas and condensed phase, total mass concentration of organic aerosol, and mass
concentration of species i in the condensed phase.

The seasonal variations of OOM condensation fluxes for low volatility OOMs (ELVOCs and LVOCs) and high
volatility OOMs (SVOCs, IVOCs and VOCs) are shown in Fig. S12 (A) and (B) respectively. It can be found that,
compared with low volatility OOMs, the condensation flux of high volatility OOMs is minor, and the net flux of them
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onto particles are zero over a period of time. Consequently, the rate of OOMs condensing onto particles could be
approximately estimated based on the condensation of ELVOCs and LVOCs.

According to the above model, the condensation flux is mainly influenced by the oversaturation of OOMs and the
surface area of aerosols (Arease,). Since ELVOCs and LVOCs undergo almost irreversible condensation (Ehn et al.,
2014), their gas phase concentration is nearly the same as their oversaturated concentration. Therefore, we further looked
into the relationship between condensation flux and ELVOC and LVOC concentration ([ELVOCs+LVOCs]) times
Areaaero. Results in Fig. S13 show that they have perfect linear correlation in all four seasons. The slope in the figure
represents the ability of ELVOCs and LVOCs forming SOA through condensation, to be more specific, the amount of
SOA produced through condensation by unit concentration of ELVOCs and LVOCs (1 pg/m®) under unit aerosol surface
concentration (1 m?m?) in an hour. This condensation ability of ELVOCs and LVOCs is quite stable during the year
(6.3-8.4 m*m™-h). And its influencing factors are possibly particle composition, concentration of gaseous vapors and

the interaction between vapors and particle surface.

Section S3. Definition of Characteristic Accumulation Time

The characteristic accumulation time (AccTime), which is introduced for roughly comparison of SOA formation rates
from OOM condensation among different seasons, is defined as:
[SOA]
[CondenFlux]givoc+Lvoc

where [SOA] is the mass concentration of SOA in ug-m, and [CondenFlux]ervoc Lvoc is the mass condensation flux of

AccTime =

OOMs in pg-m>-h"!, and therefore, AccTime is in the unit of hour.
In real atmosphere, there are various SOA sources. So this AccTime should not be interpreted as that SOA is entirely
formed from OOM condensation within this characteristic time, but only a straightforward estimation of how fast SOA

is formed if its source only comes from OOM condensation.
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Figure S2. Left panel: Concentration of total OOMs in four seasons under different atmospheric conditions during daytime (08:00-
16:00). The abbreviations “C” and “P” represent clean and polluted condition respectively. Clean and polluted conditions are divided
by PM, s with a value of 75 pug/m>. Sunny and cloudy day are distinguished by brightness parameter (Dada et al., 2017) with a value
of 0.5. The percentages are fractions taken up by each condition in each season. Right panel: Concentration of total OOM:s in four
seasons under different atmospheric conditions during nighttime (20:00-04:00 next day). The abbreviations “C” and “P” represent
clean and polluted respectively. Those two conditions are divided by PM s with a value of 75 pg/m3. The percentages are fractions

taken up by each condition in each season.
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Figure S3. The ratio of hydrogen number to carbon number (H/C) against the corresponding ratio of effective oxygen number to
carbon number (Ocst/C) for (A) winter CHO OOMs, (B) winter CHON OOMs, (C) winter CHON, OOMs, (D) summer CHO OOMs,
(E) summer CHON OOMs, and (F) summer CHON, OOMs. The size relates to the concentration of each OOMs molecules. CHO
OOMs are those only contain carbon, hydrogen and oxygen atoms. CHON OOMs and CHON, OOMs are those contain additional
one and two nitrogen atoms respectively.

50 Winter Spring Summer Autumn
" | [l 25th-75th T
] sth-95th 1.
4.8 4 — Median A
= Mean _ - A
4.6- '
m B
5 4.4 7
@
C )
4.2 . -
4.01
3.8
In Ex In | Ex In | Ex In | Ex
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164 TABLES

165 Table S1. Median values of UVB, temperature (Temp), relative humidity (RH), O3, NO, NO,, condensation sink (CS), organic
166  aerosol (OA) and secondary organic aerosol (SOA) in four seasons. Please note that note that UVB only includes daytime values
167 from 08:00 to 16:00.

Median Values VB~ Temp  RH O3 NO NO: Cs SOA OA
Wm?)  (°C) (%) (ppbv) (ppbv) (ppbv) (s  (ng/m’) (pg/m’)
Winter 0.133 0.4 27 14.2 2.6 207 0.023 1533 7.28
Spring 0.467 12.9 27 311 1.3 146  0.018 6.80 2.79
Summer 0.536 286 76 44.9 0.6 8.9 0.020 1343 8.29
Autumn 0.176 12.1 65 7.2 10.0 28.3 0.023  11.14 5.1

168
169 Table S2. Mean, standard deviation (Std), median, 25 and 75 percentiles (25" and 75") of total OOMSs concentration in four seasons
170  under different atmospheric conditions during daytime (08:00-16:00).

Season Condition Mean (cm?)  Std (cm?®) Median (cm3) 25" (em?) 75" (cm®)

Clean & Sunny 3.0 x 107 1.7 x 107 2.8 x 107 1.5 x 107 4.0 x 107

. Clean & Cloudy 2.1 x 107 1.1 x 107 2.0 x 107 1.1 x 107 2.6 x 107
Winter

Polluted & Sunny 5.8 x 107 1.5 x 107 6.0 x 107 4.6 x 107 7.0 x 107

Polluted & Cloudy 5.2 x 107 1.9 x 107 4.8 x 107 3.6 x 107 6.9 x 107

Clean & Sunny 7.9 x 107 4.1 x 107 7.5 x 107 4.5 x 107 1.0 x 108

Spring Clean & Cloudy 6.5 x 107 5.3 x 107 4.3 x 107 2.6 x 107 9.2 x 107

Polluted & Sunny 2.1 x 108 4.1 x 107 2.0 x 108 1.8 x 108 2.4 %108

Polluted & Cloudy 1.7 x 108 1.3 x 107 1.8 x 108 1.6 x 108 1.8 x 108

Clean & Sunny 2.4 x 108 6.1 x 107 2.4 x 108 2.0 x 108 2.7 x 108

Summer Clean & Cloudy 1.5 x 108 6.7 x 107 1.5 %108 9.3 x 107 2.0 x 108

Polluted & Sunny 2.7 x 108 5.4 x 107 2.6 x 108 2.3 x 108 3.0 x 108

Polluted & Cloudy 1.9 x 108 8.2 x 107 1.5 x 108 1.2 x 108 2.8 x 108

Clean & Sunny 9.2 x 107 5.6 x 107 9.3 x 107 4.5 x 107 1.2 x 108

Autumn Clean & Cloudy 9.4 x 107 3.7 x 107 9.1 x 107 6.7 x 107 1.2 x 108

Polluted & Sunny 2.1 x 108 4.1 x 107 2.2 %108 2.1 x 108 2.4 x 108

Polluted & Cloudy 1.6 x 108 4.2 x 107 1.6 x 108 1.3 x 108 2.0 x 108

171
172 Table S3. Mean, standard deviation (Std), median, 25 and 75 percentiles (25" and 75™) of source-classified OOM concentrations in
173 four seasons.

Season OOMs Type  Mean (cm?®) Std (em™®) Median (cm?) 25th (em™®)  75th (ecm™)

IP OOMs 2.4 %106 1.8 x 10° 1.9 x 10° 9.6 x 10° 3.2 x10°
Winter MT OOMs 1.4 x10° 8.6 x 10° 1.1 x10° 7.3 x10° 1.8 x 10°
Aromatic OOMs 1.0 x 107 6.2 x 10° 8.7 x 108 5.3 x 10° 1.4 x107
Aliphatic OOMs 1.1 x 107 7.7 x 10° 8.9 x 106 4.6 x 106 1.4 x 107
IP OOMs 5.2 x 109 4.5 x10° 3.8 x 10° 1.9 x 10° 6.8 x 10°
Spring MT OOMs 4.2 %106 2.6 x 106 3.5 x10° 2.3 x10° 5.3 x10°
Aromatic OOMs 2.8 x 107 1.9 x 107 2.4 x 107 1.4 x 107 3.5 x 107
Aliphatic OOMs 2.5 x 10’ 2.2 x 107 1.9 x 107 9.7 x 10° 3.3 x 107
IP OOMs 5.5 x 107 3.3 x 107 5.3 x 107 2.7 x 107 7.8 x 107
Summer MT OOMs 8.5 x 108 2.8 x 10° 8.4 x 108 6.6 x 10° 1.0 x 107
Aromatic OOMs 4.7 x 107 2.0 x 107 4.7 x 107 3.2 x 107 6.2 x 107
Aliphatic OOMs 4.3 x 107 1.7 x 107 4.3 x 107 3.2 x 107 5.3 x 107
IP OOMs 8.3 x 10° 6.8 x 10° 7.4 x 10° 3.1 x10° 1.1 x 107
MT OOMs 5.1 x 10° 3.1 x 10° 4.9 % 10° 2.6 x 106 7.1 x 10°
Autumn

Aromatic OOMs 3.0 x 107 1.7 x 107 2.8 x 107 1.7 x 107 4.1 =107
Aliphatic OOMs 3.4 x 107 2.3 x 107 3.2 x 107 1.5 x 107 4.9 x 107

174

13/22



175

176
177
178

179
180

181
182

Table S4. Nighttime OH radical and NO; radical concentration from previously studies in Beijing.

Measurement Site Time Period  Radical Conc (cm™) Reference Used Radical Conc (cm™)
OH radical
Wangdu, Beijing, rural 2014 June 5x10° (Tan et al., 2017)
Huairou, Beijing, suburban 2016 Jan.-Mar. 2-4x%x10° (Tan et al., 2018) 3 % 10°
Peking University, Beijing, urban 2017 Nov.-Dec. 1-4x10° (Maetal., 2019)
NO:s radical
Peking University, Beijing, urban 2016 May-June 3 - 7 x 108 (calculated) (Wang et al., 2018) 5x 108

Table S5. Estimated nighttime loss rate of precursor VOCs from OH radical or NO3 radical (LoSSvoc-radical). Kvoc-radical 1S the reaction
rate of VOC with OH or NOj radical.

VOC Type KvOC-radical (cm® s7) Reference Used Radical Conc (cm™) LossvocC-radical (s7)
OH radical
Aromatics 1.2x1012-57 %10 3.6 x107-1.7 x 107
Aliphatics 4.6x1017-2.4 %1012 IUPAC 1.4 %1011 -72 %107
Monoterpenes ' 52-93 x 101 MCMv3.3.1 3x10° 16-28% 107
ol 10 (Atkinson and Arey, 2003) ) ) 5
Isoprene 9.7x10"-1.2x10 2.9-3.7x10
NO;s radical
Aromatics <3.0x107-1.9x%x 101 <1.5%x10%-4.5x107
Aliphatics 1.1 x 107 1.3 x 1016 IUPAC 25%x109-6.5 x 10°
Monoterpen 2.5-7.7x 1012 MEMv3.3.1 5 10° T 13-3.9x 107
onoterpenes S - (Atkinson and Arey, 2003) 2T u
Isoprene 5.3-7.0x10 2.7-3.5x10

Table S6 Fractions of typical IP OOM molecules in total IP OOMs.

Formula Winter Spring Summer  Autumn
CHO
C4HRO7 4.58% 0.63% 0.07% 0.53%
CsHso4  [NISISOVNNNIOHEN 2.69% [INIGHIGN
C5HBO5 4.70% 6.03% 0.94% 2.74%
C5H806 7.90% 5.03% 0.29% 1.54%
C5H1005 0.22% 0.33% 0.20% 0.20%
C5H1006 0.38% 0.79% 0.22% 0.93%
C5H1206 0.85% 0.58% 0.03% 0.45%
CHON
C4H705N 7.16% 6.27% 1.95%

C4H706N  [10:75%  DNIB68%  5.70% 7.64%
C4H707N 1.95% 1.54% 0.58% 1.02%
C5H904N 0.57% 0.51% 0.53% 0.85%
C5H905N 7.10% 4.43% 1.20% 7.86%
C5HIOG6N  [10:76% INISA0N  4.90%
C5H90O7N 1.78% 2.57% 3.33% 2.07%
C5H1106N 2.24% 2.59% 6.40% 2.54%
C5H1107N 0.64% 0.52% 0.26% 0.26%
C5H1108N 0.65% 0.41% 0.13% 0.29%
CHON,
C4H8O7N2 1.23% 3.11% 0.08% 3.10%
C5H1007N2  [8102% 5.75% 0.50% 7.46%
C5H1008N2 | 8.41%
C5H1009N2 NaN NaN 0.89% 0.57%
CHON;

C5H9010N3 2.42% 1.76% 2.34%

Table S7 Fractions of typical MT OOM molecules in total MT OOMs.

Formula Winter Spring Summer  Autumn
CHO

C10H1404 2.3% 1.2% 1.4% 1.8%

C10H1405 2.7% 2.2% 2.3% 1.9%

C10H1406 NaN 1.0% 2.9% 1.5%

14 /22



183
184

CI10H1407 1.2% 1.3% 0.9% 0.5%

CI0H1604 2.3% 1.5% 1.7% 2.8%

CI0H1605 2.7% 1.3% 2.8% 2.6%

CI0H1606 1.5% 1.5% 2.2% 1.4%

CI0H1804 2.2% 1.5% 1.2% 2.1%

CI0H1805 0.6% 0.6% 0.9% 0.8%

CHON

CIOH1306N 1.4% 1.0% 0.6% 1.3%
CIOH1307N 1.8% 1.7% 1.6% 1.6%
CIOH1308N 1.0% 1.1% 1.0% 0.9%
CIOH1309N 0.6% 0.7% 0.8% 0.4%
CIOH1506N

CIOH1507N

CIOH1508N

CIOH1509N 2.5% NaN 2.5% 1.3%
CI0H1706N

CIOH1707N

CIOH1708N 2.6% 2.0%
CI0H1709N 0.4% 1.4% 1.5% 0.8%

CHON;,

CI0H1208N2 0.7% 0.4% NaN 0.3%
CI0H1209N2 0.7% 0.4% 0.3% 0.3%
CI0H12010N2 0.3% 0.2% NaN 0.2%
CI0H1408N2 0.7% 0.8% 0.9% 0.8%
CI10H1409N2 2.3% 1.1% 1.2% 1.4%
CI0H14010N2 0.9% 1.0% 1.2% 0.9%
CI10H1608N2

CI10H1609N2 3.1%
C10H16010N2 3.1%

Table S8 Fractions of typical aromatic OOM molecules in total aromatic OOMs.

Formula Winter  Spring Summer Autumn (Garr;l(z)l;g)et al, (Mogf;;ls? al.,
CHO
C5H405 0.10%  029%  0.17%  0.18% x x
C5H406 0.17%  0.16% NaN NaN v x
C5H605 0.72% 0.68% x v
C5H706 0.73%  044%  038%  0.17% x x
C6H604 NaN 0.76%  0.43%  0.80% d \
C6H605 0.81%  026%  0.37% \ \
C6H804 \ \
C6H805 v v
C6H806 NaN 041%  0.31% 0.27% v v
C6H8O7 0.54%  024%  026%  0.11% d \
C7H804 0.54%  0.64% \ \
C7H805 \ \
C7H806 0.33%  0.24%  0.12% 0.10% v v
C7H1003 0.16%  0.09%  0.12%  0.38% \ x
C7H1004 v v
C7H1005 v v
C7H1006 0.18%  0.29%  0.66% 0.44% v v
C7H1007 0.11%  0.08%  0.18% 0.27% v v
C7H1008 0.08%  0.08%  0.08% 0.07% v v
C7H1206 026%  020%  0.16% 0.05% V \
C7H1207 0.12%  0.12% NaN 0.07% \/ \
C8H1003 030%  0.10% NaN 0.16% o e eriment x
C8H1004 | 0.72% 042%  051% | 0.77% y P N
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C8H1005 Y

C8H1203 024%  0.08%  0.08%  0.27% x

C8H1204 N

C8H1205 V

C8H1206 0.73%  0.66%  0.71%  0.56% v

C8H1207 NaN 0.19%  022%  0.11% v

C8H1208 NaN 0.15%  0.17%  0.15% v

C8H1406 NaN 0.13%  023%  0.01% \

C8H1407 NaN 0.07%  0.10%  0.11% Y

C9H1204 NaN 0.18%  0.45%  0.51% x

C9H1205 0.72%  051%  0.70%  0.44% x

C9H1206 NaN 0.19%  0.43%  0.45% Y

C9H1207 024%  0.15% = 0.67%  0.08% x

C9H1403 0.28% 0.19% 0.55% no C9 aromatic X

C9H1404 0.85% 0.61% 0.67% hydrocarbon x

CYH1405 0.64%  0.87% experiment V

C9H1406 0.46%  033%  0.65%  0.34% \

C9H1407 NaN NaN 026%  0.11% \

C9H1606 NaN 0.09%  020%  0.10% x

C9H1607 NaN 0.08%  0.10%  0.12% v

C10H1402 NaN 0.01% 0.02% 0.02% X no C10 aromatic

hydrocarbon

CI0H1403  0.16%  0.05%  0.03%  0.11% x experiment
CHON

C5H504N 041%  028%  0.19%  0.34% N

C5H505N 032%  020%  0.09%  0.19% v

C5H507N 0.48%  043%  029%  0.11% x

C5H708N NaN NaN 0.75% @ 0.21% d

C6H506N 038%  022%  0.09%  0.14% N

C6H703N 0.42% NaN 0.06% x

C6H704N 0.69%  0.48%  031%  0.73% x

C6H705N 0.66%  031%  0.13%  0.39% \

C6HTO6N x

C6H707N 023%  0.19%  0.58%  0.35% x/

C6H708N 0.28%  0.18% NaN NaN \

C6H908N 038%  027%  0.44%  0.24% x

C6H9O9N NaN NaN 0.19% NaN v

C7H705N 025%  0.14%  0.14%  027%

C7H706N 047%  0.15%  0.28%  0.29%

C7H707N 026%  0.14% NaN NaN

C7H708N 017%  0.17%  0.13%  0.07% .

C7H709N 0.15%  0.14%  0.17%  0.06% no NOy experiment

C7H905N 0.77%  035%  0.21%  0.49%

CTH906N no tolueqe + NOy

CTH9OTN experiment

C7H908N 0.34% [ 1.01% 112% " 0.27%

C7H909N 0.09% NaN 0.15%  0.05%

C7H9010N NaN NaN 0.17%  0.06%

C7HI108N = 0.50%  0.49% = 071%  0.27%

C7HIIO9N  0.16%  021%  022%  0.18%

C8HY05N 028%  026%  027%  0.36%

C8HY906N 030%  0.22%  0.20%  0.25%

C8HY907N 034%  038%  0.22%  0.14%

C8HY908N 0.09%  020%  0.09%  0.04% .

C8H909N 0.18%  0.15%  0.16%  0.8% DO Xylene experiment

C8HI1O5N  0.41%  0.18%  0.14%  0.27%

C8H1106N

C8H1107N
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185
186

187
188

C8H1108N

C8HIIO9N  025%  0.34%  021%  0.14%

C8HIIO0ION  020%  0.16%  0.13% NaN

C8HI308N | 0.58%  0.65% [0:89% " 0.51%

C8HI309N  NaN NaN  037%  0.10%

C8HI30ION  0.07%  0.10%  0.17%  0.06%

CO9HI105N  0.13%  0.14%  0.11%  0.14%

C9HI106N  031%  023%  0.17%  0.19%

C9HI107N  035%  038%  027%  0.15%

CY9HI1108N  0.16%  0.24%  020%  0.08%

CO9HI109N  0.14%  0.19%  NaN 0.12%

CY9HI10I0N  0.06%  0.32%  0.13%  0.04%

C9HI305N  029%  0.13%  0.15%  0.24% no C9 aromatic
C9H1306N hydrocarbon
CY9H1307N experiment
C9H1308N

CY9HI309N ~ 043%  049%  040%  0.18%

C9HI30I10N  0.12%  0.19%  0.18%  0.12%

COHI508N | 0.51%  0.72% IR 0.51%

C9HI509N  0.14%  023%  036%  0.15%

C9HI5010N  NaN  0.20%  0.18% NaN

CHON,

C8HI1008N2  0.11%  0.11%  0.05%  0.10%

C8HI1009N2  NaN NaN 0.19% NaN
C8HI10010N2  0.24%  0.18%  023%  0.16%
C8H1001IN2  0.07% 0.07% 0.10% 0.03%  no xylene experiment
C8HI2010N2 [ 0.22% _ 0.48%
C8HI2011N2  0.04%  NaN 0.15%  0.07%
C8HI2012N2  0.08%  0.04%  0.05%  0.03% no NOy experiment
CO9HI208N2  0.14%  0.14%  0.15%  0.05%

CO9HI209N2  NaN = 048%  025%  0.16% .
COHI20I10N2  0.22%  0.24%  026%  0.14% 0 L2 SR
COHI201IN2  0.06%  NaN  0.12%  0.04% ORI
COHI4010N2 [ 0.27% | 0.58% [0000% " 047% |  xperiment
CO9H14011N2  0.03%  0.10%  0.16%  0.10%

Sum 5499% 5031% 53.93% 48.51% J— —

Table S9 Fractions of DBE<4 and DBE>4 compounds for nC<9 and nC>10 aromatic OOMs in four seasons.

OOM Type Winter Spring  Summer Autumn
nC<9 aromatic OOMs
DBE<4 83% 80% 83% 84%
DBE>4 17% 20% 17% 16%
nC>10 aromatic OOMs
DBE<4 34% 32% 41% 33%
DBE>4 66% 68% 59% 67%

Table S10 Fractions of typical aliphatic OOM molecules in total aliphatic OOMs.

Formula Winter Spring Summer  Autumn
CHO
C6H1004
C7TH1204 1.05% 1.23% 1.16%
C8H1404 0.50% 0.73% 0.55% 0.92%
C9H1604 0.41% 0.67% 0.51% 1.04%
CHON
C5H706N
C6HO90O6N
C6H1105N 0.84% 0.97%
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190

CoHI106N  [NEISGVNSO7 NGOG NS
C7H1105N 1.08% 0.52% 0.34% 0.96%
C7H1106N
C7H1305N 1.06% 0.50% 0.51%
C7H1306N
C7H1307N 0.30% 0.46% 0.47% 0.30%
C8H1306N  [SIGY IO
C8H1505N 0.87% 0.27% 0.40% 0.83%
C8H1506N 1.13%
C8H1507N 0.27% 0.52% 0.68% 0.25%
C8H1705N 0.59% 0.25% 0.17% 0.75%
C9H1505N 1.01% 0.25% 0.17% 0.38%
COHISO6N  [H1L51%  INSIG6VaNINRC o7
C9H1705N 0.67% 0.29% 0.36% 0.94%
C9H1706N 0.86% [ 1.46% IN220%W 135%
C9H1707N 0.20% 0.92% 0.47% 0.36%
C10H1705N 0.44% 0.19% 0.18% 0.74%
C10H1706N 1.05% 1.08%  1.28% 7% ™
C10H1905N 0.54% 0.22% 0.25% 0.74%
C10H1906N 0.48% 1.14% 1.04% 0.86%
C11H1906N 0.27% 0.32% 0.42% 0.51%
CHON,
C4H8O8N2 1.07% NaN 0.88% 0.54%
C5H8O8N2 1.04% NaN 0.77%
C6H1008N2
C6H1009N2 0.77% 0.83% 0.81% 0.57%
C6H1207N2
C7H1208N2 1.15%
C7H1209N2 0.37% 0.59% 0.45% 0.41%
C7HI407N2
C7H1408N2 0.38% 0.36% 0.35% 0.39%
C8H1408N2 1.10%
C8H1607N2
C8H1608N2 0.25% 0.59% 0.35% 0.32%
C9H1608N2 1.14% 1.03%
C9H1807N2 0.65% 0.22% 1.07%
C10H1808N2 0.76%
C10H2007N2 0.97% 0.41% NaN 0.55%
C11H2207N2 0.27% 0.19%
C12H2407N2
C13H2607N2
C14H2807N2 0.07% 0.13% 0.10% 0.16%
CnHznOfgz (=6 1415%  775%  1.68%  9.74%
Table S11. Volatility of each C,H»,07N> OOM molecule in winter.
Formula Volatitliy Volatility Type
CsH1207N; 3.33
C7H1,0/N, 2.91 voc
CsHi607N; 2.48
CoH13507N; 2.05
CioH2007N2 1.61
C11H2O7N; 1.16 SVOC
C12H2407N; 0.72
Ci13H2607N> 0.26
C14sH2507N, -0.19
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193
194

195
196

197
198

199
200

Table S12. Concentrations of aromatic and aliphatic OOMs in Beijing and other Chinese megacities.

Measurement Site Time Period Aromatic OOMs (ecm™)  Aliphatic OOMs (cm™) Reference
2019 Jan.-Feb. 1.0 x 107 1.1 x 107
. 2019 Mar.-Apr. 2.8 x 107 2.5 %107 .
Beijing, China 2019 July-Aug. 4.7 x 107 43 x 107 This study
2019 Oct.-Nov. 3.0 x 107 3.4 x 107
Hong Kong, China 2018 Nov. 8.1 %107 9.7 x 107 2022, Nie et al.
Shanghai, China 2018 Nov. 3.2 x107 3.0 x 107 2022, Nie et al.
Nanjing, China 2018 Nov. 2.5 %107 3.7 x 107 2022, Nie et al.

Aliphatic OOMs

Ce-3Hs-1204

CsH1106.8N Cs.7H7.1106N
CoH 1707 8N CsH1106N
Ci10H;s0sN

CsH12010N2 Co-10H10-1808N

Table S14. Median concentrations of ELVOCs, LVOCs and SVOCs of total OOMs in four seasons.

Table S13. Common aromatic and aliphatic OOM molecules in this study and reported in Liu et al. (Liu et al., 2021).
Aromatic OOMs

Season ELVOCs (cm™) LVOCs (cm™) SVOCs (cm™)
Winter 1.4 x 10° 9.4 x 10° 5.3 x 10°
Spring 8.6 x 10° 2.0 x 107 1.5 x 107
Summer 1.3 x 107 4.0 x 107 8.4 x 107
Autumn 9.6 x 10° 2.8 x 107 2.9 x 107
Table S15. Volatility distribution of source-classified OOMs in four seasons.
Season OOMs Type ELVOCs + LVOCs SVOCs IVOCs + VOCs
IP OOMs 42.1 % 56.3 % 1.6 %
. MT OOMs 100.0 % 0.0 % 0.0 %
Winter .
Aromatic OOMs 77.5 % 13.4 % 9.1 %
Aliphatic OOMs 54.7 % 382 % 7.1 %
IP OOMs 25.2 % 56.2 % 18.5 %
Spring MT OOMs 95.7% 43 % 0.0 %
Aromatic OOMs 69.3 % 21.2% 9.6 %
Aliphatic OOMs 38.2 % 50.5 % 11.3%
IP OOMs 33% 922 % 4.5 %
Summer MT OOMs 70.9 % 29.1 % 0.0 %
Aromatic OOMs 73.8 % 20.8 % 54 %
Aliphatic OOMs 17.8 % 71.5% 10.7 %
IP OOMs 15.8% 48.1 % 36.1 %
Autumn MT OOMs 93.6 % 6.4 % 0.0 %
Aromatic OOMs 66.7 % 21.6 % 11.7 %
Aliphatic OOMs 30.0 % 62.0 % 8.0 %
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