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Functional relationship between SOA yield and SOA mass concentration of mixed organic gases. The dotted line represents
the VBS model fitting curve" with the grey area indicating a 15% uncertainty in the model. Grey vertical dashed lines with
letters %p! «-pinene” x! m-xylene" i! isoprene" m! myrcene& mark the maximum SOA mass used to produce single pre-
cursor VBS models %dapted from Ahlberg et al. %2017&&! %a& mixed oxidation of m-xylene and «-pinene” %b& mixed
oxidation of m-xylene and isoprene” %& mixed oxidation of m-xylene and myrcene" %l& mixed oxidation of m-xylene"

a-pinene and myrcene” % & mixed oxidation of m-xylene" a-pinene" myrcene and isoprene
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Wang (2021)

Ko Bl AAE LW B N C=C 8, —Jr T
Xof S TR B T AR AR R, 4 b 5 BOE £ 1) AT Bk
Y BOE I, B A 3E S G L 53— O T R 2 A A
BLAARAE LUK B 3 55 08 4k, TE 08 & M AR o
6] 7 ), B 4G 28 AT LR 55 , A7 B TR SOA Ji it
Ha K ( Waring et al., 2011; Salvador et al., 2020;
Ylisirni6 et al.,2020) , |40, Vivanco et al. (2011,
2013) .Emanuelsson et al.(2014) & B 5 A\ R H4E &
TEA HLY (AVOCs) i & M [, BVOCs iE & KL )
A/BVOCsiR & A A Az B U 0™ A 8 &, O HLAE
B E] P (10 min ) 35 3] dg R WORRL AR, e J5 o 2k —
B FREWN, -T2 5 MR A 80 E A
S AR e A BORL ) R R R, R R R A
& (Voliotis et al.,2022a;Shao et al.,2022) , X} FT1%
2 X A IVOC, fF 58 R R & K & b A 2k s &
B0 R M 77 AR B R R SOA 7 8 (H 2 B T
A PR b7 S BIL AR A B D I, % 7 5 o AR

(B A A M F A5 4 (2021) \Li et al.(2021))

(a) Promotion or (b) inhibition of organic gas mixing (adapted from Li et al.(2021), Hu and

/N (Hatfield and Huff Hartz,2011; Amin et al.,2013;
Vizenor and Asa-Awuku,2018)

TR G A7 A2 B R )7 ) K s A AR, T
—EFEE e SOA BJE B, 94N Chen and Jang
(2012b) % B — HJE 4 (DMS) fili 55 % — ) SOA
P, DMS % AL AE 96 JE MU IR (H,S0,) , H,S0,
) B BAZAE I 20 DMS U 56 T 57 0 A
PRV BE, [N, DMS Sl S AR BRI P 7 ) A
W e A MLAE & W A AR R ¥, Newland et al.
(2015) % B DMS 5 5 & —J 1T 4= 1) Criegee 1 [i]
& (Cls) Z [a] /9 o i 1% 1 & T SO, (Kuo et al.,
2020) . DMS £ A LY, ALK & L HLR K
(SO,) MfEHT, B AF y VOC 52 3 S A 2 I 1 52 Wi
i 4 Chen and Jang (2012a) % 3 i v & (1 55 ) — M
S 57 v B R RN B R (MISA) 77 SR 36 i,
AF TR E Y CH,(0)S(0) H H HEH . b
R EE DT RIS SOA P R | TR X & A
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o R B 5 A kR 2 ) A R R VR L 7 A B & v ]
YA EAE R a0k 45 Kk A HLA) (SVOCs) B¢ TVOCs
Bk A ki 46, ff SOA 7= & J} & ( Friedman and
Farmer,2018; Voliotis et al.,2022a) ,

2) 4 R0

RA KR SOA JIE i 52 2 4 1 7] LA 43 2y
OH Jif [k 01 7™ W) 3 B W6 07 10, i & 46 S 0 — M 5
a- PRI TE A OH, I /b o-9R M 28 48 A0 A= 1Y v S Ak
SHHY (HOMSs) |, J5 # 48 5 1% I Ak 7 Wy il A
F %5 (RO, ) Al 5 HOMs J Jif , s /b UL AH 7 7,
X P B A 7E McFiggans 25 #F 7% o § 1 Uk 1
(McFiggans et al.,2019; #1252~ M1 £ H 5 , 2021) ,
Li et al. (2022¢) 5 H—F(, % BVOC( 1k — %) M
AVOC( FRFIXT — H 28 ) 1R & 7 4= SOA 1y 1) il &%
WL G5 R AR AR 25 b R A OH B R AR HT
/> AVOC BYTE#6. Bk OH % B&4b, Chen and Jang
(2012b) & B 5 ) —J 55 DMS IR & I, 5 % — 0 M
HAH W 58 4 R AR R A A %, 0 RO,
NO, .OH #1 O,, ¥t/ DMS %Lk Az , il il i B AH
HIE B 2 (MSA) 1Y 77 A=, 1 35 B AR DMS Ui i ™
o [FAFERY, Kari et al. (2019) IEH] T &7 R &
R A DR VRN B (GDD R FE R AR &
] o-JR M SOA By ™ 32, 15 I AL 3h 4 HE s 1) A1 HL
SRS R BEECE T - M 1 SN %
A8, A= LR i 28 U R IVOCs, B AR ~URL 23 BC A HT
Al HOMs g /b, 1 il SOA JE i, B 7= ¥ ¥ B
R

PR, 1R S P A7 A VI T b ) A A 2800, Ak
SyBC I A2 Ak 5 7 P AR AR T G ) B IR A R R
SOA H A i, T 480 A6 77 15 B A FH 2 % SOA Ak Ji 11
I D7 BTRR . 22 BOE 5Tk T AORE Ay BCAE D, X T
T R A A T 2 TR T R B3 A e it 4
AN 5 2% 553 0 aili b W8 S [6) 44 & o (al = 4
3 5], AT A H B 48— i AL
1.2 BREMEEX SOA W& &0

HATX TR G KR SOA iy i %€ F =L T
TR i) A AL R B, 32 B 4k HE ( Oxygen-to-
Carbon Ratios, 0/C) Fll & Bk Lkt ( Hydrogen-to-Carbon
Ratios ,H/C) S5 LR LR K x . IREGER PR
KL 53 TC A2 P AR A 35008 00 49y 4R A 2 B8 0%
XFFARLAr BCAE T, Chen et al. (2019) % BLIK il
B R BE DT AR AT U 2w A AL S Y AR
AL, 07 3 J 6 A A SO R 1 5 e i T AL
TRt R R FE T LB 22 1 35 S8 A HL IR IS . Flores et
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al. (2014) B & O AL a-JR M  F 88 0 FI 6 — H O,
KB SOA Wy EALRE B &, O/C 1§, H/C Se i
JEI BR R ER, X BRR WA EE
AR, SO AT R P AR R R L Dk T AN S 4 Ak
Y= RERAR H/C B BT B TR |
Z 55 SVOCs 3l izt UKL 43 B A IV e, JOURE ) TR
A, JF B i ARl ¥ e O/C i, H/C
%, 3 5 B A LA HLAR 45 18— 2 (Jaoui and Ka-
mens, 2003 ; Kristensen et al., 2016) , 5% & L A&~
), - PR J 55 VOCs R4 AL TP i SOA  O/C it A
TR B AR K P Y ] ) BESR L PERE TR
Yy JocAE S A B G R (5E R AL, W4 5 S LR R
Ao XF YA EAE R DE SR B o3RI TR G 4 AR
PR ] PR A8 RN, B H/C R, O/C
FEAAL AL Wb o WS — 2 oy 7R T
BRIR G IR R I B AT RIS o- IR M Bl
AL — BN, - TR B B 1 —CIR BRI
TR A AR R B S ~ 10 FBR K> 10 #9358 B A,
o- PR M AU I AR v R BB TR D RE AL AT C-C
B RRAIE L Cs ~ C LB Yy, BORLAH — R AL A5
RAR SO, 0 5 Ak S I A e A T R 4 I
ALY 5 0k S A S A A T A A T L R
12 55 I B LA TR A5 R A2 BTHR 1 Bk %> 10 Y N K
O3 T IIE R, I He o9 M A0 AR Y 1y SORH EURL
HH AR B 58 SUP= W nT RE & TG R R R B R EUE A
R, 9 0 2 B e sk 1) C,, Hyy NO, L T C,, Hy, O
5 CHyN,0,S WIS o34 5 13 I F2R H iy =
JCIR A R & 928 U7 ) (Shao et al.,2022) o 55—
J5 THG AR FURL 4 A0 TR B2 B 46 B5 2 fo 0 fi, B K
SOA 1E m/z=44 fl m/z=43 (REWER L BE
PLAE I (OA) B ik &, 3 H. o m/z=44 Fl m/z=43
M5 W48 7 3R FBR I | 23 9] 327 i A Ak R
K VA BARARAL 2 48 1 1 00 S L 43 (Ng et al.,
2010; Choi et al.,2017; Docherty et al.,2018) . 4
4N, Voliotis et al.(2022a) K & &1 % VOCs 1 1~
B IR SOA Y fo, R, fi /o o= YR M 1A
AR T (3 A B ) X BT SRR K, (A 7
BT C, oA, A S AR B ) C i o
5 a-JRI AL = WA R, 2R S 5 R TR A A
Z SOA £, /f BT B IR A K R A HLAAMR A
o= A P Ve B o R LR AR A ALY 2 S
— P BV BEIL , X A ML) B 6] R & C,H, 0 F
CH, 5t 1 /9 7* ) vh i 48, T A F| T 765 COOH #
C=OZL A 1y ¥ b v & £ (Kang et al.,2011) . 4545
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S i o3 M e B AR G 1A 2 v AR ) AR AR TE RS R R Y
Z B e Hh B 77 W AT DL RN, 7E B W OH
I RE AL A T R R . B, TVOCs
(anaE+ ke ) 7 AR A B e (C5H,,0) 5 VOC
(I 1.3 5-=H28) A AL 2 ¥ (CoH,,0) [ i A=
A% C,,H, NO,(Li et al.,2022b; Wang et al.,2021)
X SERH HLAE Y ) 77 [ A 5 B0 HOMs (48 )5t
=6) Mk, 75 A PLAFE A . SOA JE i v ie
HAE A (Zhang et al., 2017; Jaoui et al., 2021),
Heinritzi et al. (2020) 32 1 7 R % —IF 7 o-JR 15 &
A TP HLEE, & 4 Fir s o S U RE
it RO, K4k a-iE M HOM T B, 24 5 % 0
FEAEWS B U Co 28 0 T80/, B 2 B AR A%
Ry b X A8 SN AR B AE AR E 1Y Cls
(SCIs) B91E | . Forester and Wells(2011) & BlLiRE
BWRPIETE a-Fr il BE S Cls AH A FI B AR AL
SCIs, & H: X 43§ JOBE s/ OH 77 A, il 742 7 Wy 1) 1
RS A H 2 Cls 547 HLAUA Y B Byl A A 3 52 18
i, Cls B9 & AL /E A A B B ( Newland et al., 2015;
Kuo et al.,2020) ,
1.3 BRAWHEX SOA #XR M

SRR W R o A 5 B — K R AR, AT
e R B S BORAE . — T T AT e R R
K22 70 3L B8 2 73 B AL (VIDMA ) I 4, I H) ] 78 %
U 2 o B R A AR B 2» B (VER (T) ) 3R AE (Hvh
VER(T)= (D,/Dy.,)", Dy 3275 00 BT W& 14
IR OB AREC B A2, D 71 15 il 28 K S5 1Y B 28 UKL
ANECE 1) (Watne et al.,2017) , Emanuelsson et al.
(2013) WF9E & ¥ AVOCs (7% I £ 45) 5 BVOCs( a-
JRIESE) 77 A ) SOA K VFR (343K) B & Ak T 1

A Bl ol

I AEPR R A A I VOCs LA K% OH 2 i RE 1%
A= U E VER (343K) 1 ORI FRAIGIR & REEHY
PRV, BT, IR E WA Ty s (KRR
50% FUA T 23 VA FR 43 50T 1 I BE ) R AE JURL ) #5 &
P, Typro s 3 WURL) IR 45 M 52 000RH DG, (H rp 45 0 &2
F8) AL A 5 A 2 A TR S SR L SOA 5
il 4 A TR 5 T2 B SOA 1Y Typg s (HAXAH2E 1.0 K,
PRI & 14 & v UKL 9 19 45 & P AH i ( Emanuelsson
et al.,2014) , %5 —J5 M log,,C" 5 O/C H&5 Wk
THE SOA MIE L. 5 o- IR G 545 H MR &1k &
FH L, o PR I S8 AL 7 I Y log,, C ™ B/ 5 R ME AR,
F2 LA A A BURLAR T S N A 5 AR R Ao
ALK O/C BAR(0/C<0.5) /Y™ 9y, 48 K L4y
MA—H (log,,C" =1~3), XMW LW AR VOCs [a]
(AR HAE AT 5% i SOA 1) % (K 4% & 1% (Du et al.,
2022 Voliotis et al.,2022a,2022b) , i Iit, 7] 1 SOA
RS EAE AR, 55— VOC H AL
i), 525K & VOCs HALIE il SOA 73 R =il /2,
RIA% R Al B RE AL AR SR A, 3x 7T DA ke SO IS Y
FE M, DT TR 5 TG A~ 22 18] 9 b 1 23 TE B L B s
A i AR, ) N s 0 5 4R RE 1T e AT 1k 5 0 1 4%
KW, HTH MY SOA JE 1) % Uik & , Lopez-
Hilfiker et al. (2015) . Voliotis et al., (2021) 5% T
- N 55 48 Y B S AL S UKL W) ) 4 T R B
TRG I M SOA 15 S M A T W5 7 iy 142 4 43 J31) 64k
Z ), FERE I PR IE 45 Sy R G AR A& ob R A R R
I L = 45 A 1 s o AL G W) S ARIE R S
O/C WM B 5a 4, I, IR A& R SOA Mk
PES BRI IE A B B R, &Y i 5
Tk R HEAL i — P IR RIE S SOA M L1k

{ N
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Fig.4 Interference mechanism of isoprene in the oxidation chemistry of a-pinene (from Heinritzi et al.(2020)
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1.4 BAMEREY SOA XM

I B Je 6 AL n] DU R (I 77 AR B O
PE YR ( BrC) X %5 JiE ( Siemens et al.,2022) , T 7E
RARZ o AR A HL AR B I A\] LS e 05
Tl 7= e R 0 75 B SOA YW B EfE . B,
M TR a- IR ISR A K &R BrC 1B
B, VA T =R A TR R WO R 5 B (Liu
et al., 2016a; Jaoui et al., 2008) ., Jit & W W & %X
(MAC) 8 Bafv Jii 5 SOA FIr & WY WG Wy it , w] L £
AWK IBOLE RN, ET S BEGERR D
AR P IR A P, SOA 1) MAC {1 A [m) B2
Mg, W T BrC M, 5K A TE], Li et al.
(2021) P g T 1E -+ —BeFn 3.5-= B OR R HOR &
K Z 1 MAC A K4 3% K8 205 nm DL K 210 ~ 250
nm IR 5 7K R B MAC [HHERE /I, G AVOCs /=
B SOA WG U 55 o |y ] 1 IR G AR RS 2k
PR s IR YIS O AR R WO A T
D, WO HEREAR, R A B LA, AR
(TR PNV E LN IO B e U S o
TR L S NFE LB 32— 2P 5%
1.5 BEHEX SOA REME R L% (CCN)

R ER: R

TR A 20U e 1 T 1 T CON 3% M S AR 3R
TV 4 38 55 R0 BT 5 (Xu et al.,2014) o R 2 E
FEAE LA R A W U AR (B AR ) B 4
AT B I W 3 P A CCON TG MR 4R 9T, 9 HAA N AR
Prii SOA 1y CCN i 1 Fifi 45 40 f0 A B2 10 1 i 344
o, ) i A Ry CON i 4 55 JHC A 9 L™ 9 1) 52 2 2R
B T SRR AR AR OG (Wang et al.,2022) o Bb4h,
CCN i PRy 14 ot v B8 5 5 1 B2 N A HILBORL & A=
W-VBAH 2> B A K A IR IR S ) &
REWARE KAL) AT N R IEA LA, TE
R N A B 7 WA B B 4, T B
CCN i PE (Liu et al.,2018) . X FIRAGK R F,
SN NP A LT EATE B SOA B A & s
O/C ¥ NAHBEAN A S AW EAINIEIES G
WURLP ) CON TG M3 oK 35 oo, Itk v ge 55 O/
C o H R, S W o R W N I3 A PLAR ™
A BV BB A A Bl g 2 B SE R RO, G K AE
S IBORL T H T 2 B 30 AR YR S R AR
235 MR K B W UL I S 3R W B 2E K (Shantz et al.,
2012) X Al AEJE AN MR 5 AW IR A LSRR &
J& BURL ) ) CON 6 PR oK A 3% Bk IR N 2 —
SR IR A W IR 5 Y R RO R B I
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PR, 5 E AR B AR A — 3, 55 I 2 UKL AR G 2R s b 5%
0 1% 18 1 ( Zhao et al.,2016)

2 E5EKRBUNSMEER SOA XFIH
153 X 2 # Mg iz

SOA WTE J X BRI 2% 4 FT KR TR 3R I iUk,
T .RH NO, SO, % Fl 5 & fil i ok fifi 75 SOA 4k
o M B K AR A X A8 K Y 72 4 ( Suarez-Bertoa
et al.,2015) , WFSEH AT T I, R & K R I+ —
FRHNBFTE 3% L6 PR 45 R 3R o 4 T 5 b i 4k 4 5%
Hh R =) AR SR Ay T R URL Y)Y B A L TR A
A 28 JH Al 0 T3 1 A 32 30 52 e, AT R A S 1R R
A LR A B B 27 )
2.1 WMIBHEHGHEIG

FHXSVEE (RH) 5200 SOA WOAH A 27, JLH X T
R S, WA SOA (5 BURL Y = 5 8 4), ) ik
50% 747, PRt RHF 45 5[] 452 52 Wi R G 4 22 J00HL
¥ 4= 1% (Forester and Wells,2011 ; Hinks et al.,2018;
FREZ AL 45, 20195 2% (5 3%, 2020) , — J7 I, RH
HHE AL SR Gk & SOA 7= 3 il 4n & RH
TR IR R R A MR L P AL
T SEARPE ), WA SOA 11 3= b 47, B Ik SOA
R BEXIFAEN TIA N FRIESEKR
(Parikh et al.,2012; Vivanco et al.,2013) , = RH 1,
AE bR 22 A0 KN, 0 S 8% 0 5 DMS TR A 1R &R
AR IR T MSA B R, {2 E SOA 1 B
(Chen and Jang,2012b) . It 4p, RH A Ff TS 0%
e Rl s SOA 748, BIVUN SR 4] 4y b - & 1A%, 1 B ]
AR &, FURLAH 7K B8 B AR A AT SRR, B 2 —
T S5 7K VA P A BIL A 0 N UL AR 1) W WA R (Zhou
et al.,2011) ., Jj— 5T, RH 50 < W AHAT
F 18 1o i i 1] 3553 8 ( Bounce Fraction, BF) Ak, A
M IE] 452 W SOA 1 AE L, SR & F AL (AW M 5
S BB o- IR ) A L, - TR B O AR
A S TR T 4 B R N R AP A B R, 7 v AH
PR EE R BF #8 f id JE By Bt (BF=0.2~0. 8) Bt
( Voliotis et al.,2022a) , X F T W5 ,T %A HL2E
Y o3 I R AR A e B A 1 UREIE A (L et al.,
2022b) , Suarez-Bertoa et al. (2015) % B 7E & i 15
JET (=7 T) #ER R (I 2B (FFV) B E RS
REVOCEAL Y G BEREE IR A W) 19 HE il A
THEREE N, I Hot e 2R Bl 0/C=0.5~0.7
1 AL ORI, | TR R R (22 C) — K

B
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2.2 EHMKEHEMm

SO, .NO, #I NH, % Jo ML A 75 4L ¥ 22 % Wil
SOA A i iy B 3 A 2 (Wang et al.,2021;Li et al.,
2022b) . W5 R W] SO, F BiE i 4 A& H,SO,
S UKL ) 1 TR i, 3X 5 B — K R 2R 6L ( Vivanco et
al.,2013; Liu et al.,2016b; Yang et al.,2020), %5
— B R 1k 2 5 8, AR HE ORI ST 1
SOA %M B2 5 55 —, B R 3 1o 2 A 16 3F 24 40 S i
P& SAHAT DL A W0, Aok & 2 46 18 R0 46 18 P
BRI T RMR A, X 88 KN AR IR KT
ALY (LVOCs) , A7 204 5 SR 23 TE A8 fin 0RE 5
k¥ (Xu et al.,2021;Zhang et al.,2023a) ; 5 =,
TR UG 5 & A OH B sl k88 19 1k & Y E A
HLERBR Eh (Li et al., 2022b), 3}: F I, Jaoui et al.
(2008) iR & a-JR M A5 SO, J5 &k BB
£, SO, 5 IR 4 OH JE iU B &6 , 3 B H %
SR 0 A BR M U IR B FEAE AR E o TR 90 28 1
PRI A L, PR o R AR AE SO, AFTE T 1YL
AR BRI o BR T I UKL Wy B R U R A2
HERURL ) HE LA BE 5T 38 & PR G OA Jot £ ik & (1)
Hm, SO, iy in A A5 B AR R Y A AL S W
(OSc) A B /b, 4 Ak 2 B2 R 3 B I (Kang et al.,
2011 ;Liu et al.,2016b)

XFF NO,, KA NO, 2 5FIMUE A Pl
KRAE AR, BRI E NO, REREML SOA
JREL AR RGN I A ] NO, 7™ A= Fi
JEAF, OH I A= J s /b, S B P R FEAIK, I 45 R )
M 2 RO,-NO f{# RO,-RO, 1 RO,-HO, %
B, 56 NO, Z 4K A5 Y A6 7 ) AH T, BB &
s R BOR HLAE IR h (ON) AL 7 ¥ H A T 5
Mz s, TP IR R E D, ON X /b T
SOA HYFE Jifi (Jaoui et al., 2008 ; Vivanco et al.,2011;
Boyd et al.,2017;Kari et al.,2019;Lee et al.,2019) ,
B 720 SOA #Y A= i oh ,NO, i id 2 5 i H B &
7= A A5k ( Sato et al.,2022) , Surratt et al. (2006 )
FE R 0 L B = U HT R SO R G s NO,
RILAE SOA Jot f i BE . 35 1 SE 36 WP A7 7R NO, ZE )
RIS, — A1 NO 5 OH o A A AN IR IT FX 2 %
FENEE L, 55 —Jr i NO, 5 RO, S B LA HLAH IR
ik (NOROO, 5 NO,ROO, ) Ifi # 1K #E -

NH, 7EH0RL 5 1B A R A 27 v i 224
A (Liu et al.,2021) , Liu et al. (2015) % ¥ K B I
FRAMEGKEALEGY S NH, IRE /5 SOA 4k
Y B v R RS G L (H XS SOA B4R ZS

(0/C H/C)BAFM ., Wik, ZaERA PR
i SOA FEXS FRIE H 2 7= LR Wi 1, DA 3 BB A 5 e F
TR G A FR SOA A e e vh A — BR 5T 2 1 5l
BT i BIL ] A TR AGA R

3 £ZRERE

KILRGAA T RAA AR I A0 EAE I
SOA [ HE B 843 Bt o0 i 5% e, [A] B A 40 T IR &
RREX K ZE (T.RH . NO, SO, \NH, ) 1 )i
WHIE W IR A 7K & R W 43 B A A, 1 1 SOA
Jr e B AR It L E UL SRR A
MU R E A 38 5 52 ) SR 43 e L HP 1) 7= 9 40 B A
BUH B HOMs DL M 5% e 4 Ak 7] B I i 428 55 A2 F B
i SOA M A 58— R -8 IRA& At
SOA {1 Ji. 43 BF 50 Jk T 48 A 2 32, 38 k33 1) gt A 5>
1,41 HOMs RO, \Cls #E ) & AL HLH , IF H 455 B
R ZHORMBURLY) O/C KR AE SOA P 5T (£ & .
CCN i) s IR & & & SOA WG HE ¥y 2 2l ; T
F RH 38 128 5% W) 22 AH S5 A AS0RE 43 BE 10 5% . SOA
A B TR AT U S 52 5K Z AR KR
AL, — 5 T A R 26 A LY BT R IR
JOT 6, O — 5 T AR A LA B ) 7 A ) A A i
2, HETT 52 SOA 1 £E 1 .

SR, B AR A VLRI L0 = RARAE
TEARZ AR T E LT = A7 mFJ 8 2 ik 58

DIRAG AR SOA Jit &k i 5l " % 1 B AL &
s 1 U A S A ke e B RR T URL ) AR
B B SRS — R B b A S TR
S SOA (A B, T Wi iF & 5 52 A 1R &2 HLAR A
PRI R AR ASCELNT SOA A A8 Ak #a $ i KL 4
At

2) BHEGX TR A M & SOA [ & W ok
PE U A PR AR BT A N AT R AN 2, A2 )
AL FE X SOA LAk 14 it 1) 52 Al i = 72 i FRAE
MAGMEL G, T — 2 045 58 5 WA 45,
R WU 2 A0 BAE IR B SOA R R < i e 4
HEAR R -

3R AR SOA A i F 58 4 Hh T R — 3R 3%
2 5 T A HLURTR & A LA 8 SOA B 1EIE , SR
MEERIAEFME RAILEE, 2B EAEKR
AR Z2 BB KR A RO, B KA
SOA A Jl B 58 75 ZE M S b KRR, IRA TR E &
15 YRR R AR &R 09 52w W 58, DT UE A A S
AR A BT 5 0TS e e O & o

649



RKEBEFIL 203497 Ha6% H5W

2 2% 3 ik ( References)

Ahlberg E,Falk J,Eriksso A et al.,2017.Secondary organic aerosol from VOC mixtures in an oxidation flow reactor[ J].Atmos Environ,161.210-220.
doi: 10. 1016/j.atmosenv.2017. 05. 005.

Amin H S,Hatfield M L,Huff Hartz K E,2013.Characterization of secondary organic aerosol generated from ozonolysis of a-pinene mixtures[ J].At-
mos Environ,67:323-330.doi: 10. 1016/j.atmosenv.2012. 10. 063.

Bauwens M, Verreyken B, Stavrakou T, et al.,2021.Spaceborne evidence for significant anthropogenic VOC trends in Asian Cities over 2005—2019
[J].Environ Res Lett,17:015008.

Bergstrom R, Denier van der Gon H A C,Prévot A S H,et al.,2012.Modelling of organic aerosols over Europe (2002—2007) using a volatility basis
set (VBS) framework ; application of different assumptions regarding the formation of secondary organic aerosol[ J].Atmos Chem Phys,12(18) .
8499-8527.doi: 10. 5194/ acp-12-8499-2012.

Berkemeier T, Takeuchi M, Eris G, et al.,2020.Kinetic modeling of formation and evaporation of secondary organic aerosol from NO; oxidation of pure
and mixed monoterpenes[ J].Atmos Chem Phys,20(24) :15513-15535.doi;10. 5194/acp-20-15513-2020.

Boyd C M,Nah T,Xu L,et al.,2017.Secondary organic aerosol (SOA) from nitrate radical oxidation of monoterpenes: effects of temperature, dilu-
tion, and humidity on aerosol formation, mixing,and evaporation[ J].Environ Sci Technol,51(14) :7831-7841.doi:10. 1021/acs.est.7b01460.
Chen T,Jang M, 2012a. Chamber simulation of photooxidation of dimethyl sulfide and isoprene in the presence of NO, [ J].Atmos Chem Phys, 12

(21) :10257-10269.doi ; 10. 5194/ acp-12-10257-2012.

Chen T,Jang M,2012b.Secondary organic aerosol formation from photooxidation of a mixture of dimethyl sulfide and isoprene[ J].Atmos Environ,46;
271-278.doi:10. 1016/j.atmosenv.2011. 09. 082.

Chen T,Liu Y,Liu C,et al.,2019.Important role of aromatic hydrocarbons in SOA formation from unburned gasoline vapor[ J].Atmos Environ,201;
101-109.doi: 10. 1016/j.atmosenv.2019. 01. 001.

Chen T,Chu B,Ma Q,et al.,2021.Effect of relative humidity on SOA formation from aromatic hydrocarbons:Implications from the evolution of gas-
and particle-phase species[ J].Sci Total Environ,773:145015.doi:10. 1016/j.scitotenv.2021. 145015.

PRICHE BB, 20, 45, 2013 R SR R A ML (VOCs) X — WA HLAUHE L (SOA) A= s BB I Z B A 5[ ] 3R BEBL 24 2741, 33 (1) + 163-
172.  Chen W T,Shao M, Yuan B, et al.,2013.Parameterization of contribution to secondary organic aerosol( SOA) formation from ambient vol-
atile organic compounds( VOCs) [ J].Acta Sci Circumstantiae,33(1) ;163-172.(in Chinese) .

Choi J,Choi Y, Ahn J,et al.,2017.Observation of secondary organic aerosol and new particle formation at a remote site in baengnyeong island, Korea
[J].Ajae,11(4) :300-312.doi; 10. 5572/ ajae.2017. 11. 4. 300.

Ciarelli G,El Haddad I,Bruns E, et al.,2017.Constraining a hybrid volatility basis-set model for aging of wood-burning emissions using smog chamber
experiments ; a box-model study based on the VBS scheme of the CAMx model ( v5.40) [ J].Geosci Model Dev,10(6) :2303-2320.doi;10. 5194/
gmd-10-2303-2017.

Deng Y G,Inomata S, Sato K, et al.,2020. Temperature and acidity dependence of secondary organic aerosol formation from «-pinene ozonolysis with a
compact chamber system|[ J].Atmos Chem Phys,21:5983-6003.doi; 10. 5194/ ACP-21-5983-2021.

Docherty K S,Corse E W ,Jaoui M, et al.,2018.Trends in the oxidation and relative volatility of chamber-generated secondary organic aerosol[ J].
Aerosol Sci Technol,52(9) :992-1004.doi: 10. 1080/02786826. 2018. 1500014.

Donahue N M,Robinson A L, Stanier C O, et al.,2006.Coupled partitioning, dilution, and chemical aging of semivolatile organics[ J].Environ Sci
Technol,40(8) :2635-2643.doi:10. 1021/es052297c.

Du M, Voliotis A,Shao Y Q, et al.,2022.Combined application of online FIGAERO-CIMS and offline LC-Orbitrap mass spectrometry ( MS) to char-
acterize the chemical composition of secondary organic aerosol (SOA) in smog chamber studies[ J].Atmos Meas Tech,15( 14) ;4385-4406.doi ;
10. 5194/amt-15-4385-2022.

Emanuelsson E U, Hallquist M, Kristensen K, et al.,2013.Formation of anthropogenic secondary organic aerosol (SOA) and its influence on biogenic
SOA properties[ J].Atmos Chem Phys, 13(5) :2837-2855.doi: 10. 5194/acp-13-2837-2013.

Emanuelsson E U, Mentel T F, Watne A K et al.,2014.Parameterization of thermal properties of aging secondary organic aerosol produced by photo-
oxidation of selected terpene mixtures[ J].Environ Sci Technol,48(11) :6168-6176.doi:10. 1021/es405412p.

Flores J M,Zhao D F,Segev L,et al.,2014.Evolution of the complex refractive index in the UV spectral region in ageing secondary organic aerosol
[J].Atmos Chem Phys,14(11) :5793-5806.doi:10. 5194/acp-14-5793-2014.

Forester C D, Wells J R,2011.Hydroxyl radical yields from reactions of terpene mixtures with ozone[ J].Indoor Air,21(5) :400-409.doi: 10. 1111/j.
1600-0668. 2011. 00718.x.

Friedman B,Farmer D K,2018.SOA and gas phase organic acid yields from the sequential photooxidation of seven monoterpenes[ J].Atmos Environ,
187:335-345.doi;: 10. 1016/j.atmosenv.2018. 06. 003.

Hatfield M L, Huff Hartz K E,2011.Secondary organic aerosol from biogenic volatile organic compound mixtures[ J].Atmos Environ,45( 13) :2211-
2219.doi:10. 1016/j.atmosenv.2011. 01. 065.

650



PRI 3C, 5 52 TR R A BLUA S A0 AE B A HIL R BT 5 0 e

Heinritzi M,Dada L,Simon M, et al.,2020.Molecular understanding of the suppression of new-particle formation by isoprene[ J].Atmos Chem Phys,
20(20) :11809-11821.doi: 10. 5194/acp-20-11809-2020.

Hinks M L, Montoya-Aguilera J,Ellison L,et al.,2018.Effect of relative humidity on the composition of secondary organic aerosol from oxidation of
toluene[ J].Atmos Chem Phys,18(3) :1643-1652.

Hu C,Yue F,Zhan H,et al.,2023.Spatiotemporal distribution and influencing factors of secondary organic aerosols in the summer atmosphere from the
Bering Sea to the western North Pacific[ J].Sci Total Environ,859:160138.doi;10. 1016/j.scitotenv.2022. 160138.

WA, ERH L2021 R AN IER R R T] . B4 54 ,39(15) :95-109. Hu R L,Wang S X,2021.Research progress of secondary
organic aerosol[ J].Sci Technol Rev,39(15) :95-109.(in Chinese).

Huang L,Wang Q,Wang Y ,et al.,2021.Simulation of secondary organic aerosol over the Yangtze River Delta region;the impacts from the emissions
of intermediate volatility organic compounds and the SOA modeling framework [ J]. Atmos Environ, 246 118079. doi: 10. 1016/j.
atmosenv.2020. 118079.

Iyer S,Rissanen M P, Valiev R, et al.,2021. Molecular mechanism for rapid autoxidation in «-pinene ozonolysis[ J].Nat Commun, 12; 878. doi;
10. 1038/s41467-021-21172-w.

Jaoui M, Kamens R M,2003.Gaseous and particulate oxidation products analysis of a mixture of «-pinene+@-pinene/O,/air in the absence of light and
a-pinene+B-pinene/NOx/air in the presence of natural sunlight[ J].J Atmos Chem,44(3) :259-297.doi:10. 1023/A:1022977427523.

Jaoui M,Edney E O, Kleindienst T E, et al.,2008.Formation of secondary organic aerosol from irradiated « and the effect of isoprene and sulfur dioxide
[J].J Geophys Res, 113(D9) :D09303.doi: 10. 1029/2007jd009426.

Jaoui M, Piletic I R, Szmigielski R, et al.,2021.Rapid production of highly oxidized molecules in isoprene aerosol via peroxy and alkoxy radical isomer-
ization pathways in low and high NOx environments: combined laboratory , computational and field studies[ J].Sci Total Environ,775;145592.
doi: 10. 1016/j.scitotenv.2021. 145592.

Jiang X T,Tsona N T,Jia L, et al.,2019.Secondary organic aerosol formation from photooxidation of furan:effects of NO, and humidity [ J]. Atmos
Chem Phys,19(21) :13591-13609.doi: 10. 5194/acp-19-13591-2019.

Jookjantra P, Thepanondh S, Keawboonchu J,et al.,2022.Formation potential and source contribution of secondary organic aerosol from volatile organic
compounds[ J].J Env Quality,51(5) ;1016-1034.doi:10. 1002/jeq2. 20381.

Kang E,Toohey D W ,Brune W H,2011.Dependence of SOA oxidation on organic aerosol mass concentration and OH exposure: experimental PAM
chamber studies[ J].Atmos Chem Phys,11(4) :1837-1852.doi:10. 5194/acp-11-1837-2011.

Kari E,Hao L Q, Ylisirni6 A, et al.,2019.Potential dual effect of anthropogenic emissions on the formation of biogenic secondary organic aerosol
(BSOA) [ J].Atmos Chem Phys,19(24) :15651-15671.doi; 10. 5194/acp-19-15651-2019.

Kristensen K, Watne A K,Hammes J, et al. ,2016.High-molecular weight dimer esters are major products in aerosols from «-pinene ozonolysis and the
boreal forest[ J].Environ Sci Technol Lett,3(8) :280-285.doi; 10. 1021/ acs.estlett.6b00152.

Kuo M T,Weber I, Fittschen C,et al.,2020.Kinetics of dimethyl sulfide (DMS) reactions with isoprene-derived Criegee intermediates studied with di-
rect UV absorption[ J].Atmos Chem Phys,20(21) :12983-12993.doi; 10. 5194/acp-20-12983-2020.

Lannuque V,Camredon M, Couvidat F,et al.,2018.Exploration of the influence of environmental conditions on secondary organic aerosol formation
and organic species properties using explicit simulations: development of the VBS-GECKO parameterization [ J ]. Atmos Chem Phys, 18 (18) .
13411-13428.doi:10. 5194/acp-18-13411-2018.

Lee A K Y,Adam M G, Liggio J,et al.,2019.A large contribution of anthropogenic organo-nitrates to secondary organic aerosol in the Alberta oil sands
[J].Atmos Chem Phys,19(19) :12209-12219.doi 10. 5194/acp-19-12209-2019.

LiJL,Li H,Li K,et al.,2021.Enhanced secondary organic aerosol formation from the photo-oxidation of mixed anthropogenic volatile organic com-
pounds[ J].Atmos Chem Phys,21(10) ;:7773-7789.doi: 10. 5194/ acp-21-7773-2021.

Li J,Han Z W, Wu J, et al.,2022a.Secondary organic aerosol formation and source contributions over East China in summertime[ J].Environ Pollut,
306:119383.doi; 10. 1016/j.envpol.2022. 119383.

Li J L,Li K,Zhang H,et al.,2022b.Effects of OH radical and SO, concentrations on photochemical reactions of mixed anthropogenic organic gases
[J].Atmos Chem Phys,22(16) :10489-10504.doi: 10. 5194/acp-22-10489-2022.

Li K W,Zhang X,Zhao B,et al.,2022c.Suppression of anthropogenic secondary organic aerosol formation by isoprene[ J].Npj Clim Atmos Sci,5;12.
doi: 10. 1038/s41612-022-00233-x.

25 59,2020 E IR M P E KR VR R mZE AR [T]. KRB ¥4 ,43(1):76-92.  Li Z Q,2020.Impact of aerosols on the weather,
climate and environment of China:an overview[ J].Trans Atmos Sci,43(1) :76-92.(in Chinese).

N, EERAE R, 2023 0P [ IR T RS SE 8 B0 P RO B AL R R AR [T ] ORRSA 2 i, 46(3) 1441452, LiZ Q,Wang Y
Y, Wu H,et al.,2023.Physicochemical and hygroscopic properties of aerosols in Beijing, Shanghai and Guangzhou:a comprehensive experiment of
Chinese megacities[ J].Trans Atmos Sci,46(3) :441-452.(in Chinese).

B, W M, BRAR A, 48,2021 78 A3 Y-S AR AR IPCC ARG HYZE IR MR 132 [ V] R URE 2% 2441 ,44(5) :658-666. Liao H,Gao Y C,Chen D
L,et al.,2021.Assessment of air quality-climate interactions in IPCC AR6[ J].Trans Atmos Sci,44(5) ;:658-666.(in Chinese) .

651



RKEBEFIL 203497 Ha6% H5W

Liu F B,Xu T C,Lee Ng N, et al.,2023.Linking cell health and reactive oxygen species from secondary organic aerosols exposure[ J].Environ Sci
Technol ,57(2) :1039-1048.doi; 10. 1021/acs.est.2c05171.

Liu J M,Lin P, Laskin A, et al.,2016a.Optical properties and aging of light absorbing secondary organic aerosol[ J].Atmos Chem Phys,16(19) .
12815-12827.

Liu P F,Song M,Zhao T N, et al.,2018.Resolving the mechanisms of hygroscopic growth and cloud condensation nuclei activity for organic particulate
matter[ J | .Nat Commun,9:4076.doi: 10. 1038/s41467-018-06622-2.

Liu S J,Huang D D,Wang Y Q,et al.,2021.Synergetic effects of NH; and NO_ on the production and optical absorption of secondary organic aerosol
formation from toluene photooxidation[ J].Atmos Chem Phys,21(23) :17759-17773.doi; 10. 5194/ acp-21-17759-2021.

Liu T Y,Wang X M,Deng W et al.,2015.Role of ammonia in forming secondary aerosols from gasoline vehicle exhaust[ J].Sci China Chem,58(9) :
1377-1384.doi: 10. 1007/s11426-015-5414-x.

Liu T,Wang X,Hu Q,et al.,2016b.Formation of secondary aerosols from gasoline vehicle exhaust when mixing with SO, [ J].Atmos Chem Phys, 16
(2):675-689.doi: 10. 5194/ acp-16-675-2016.

Lopez-Hilfiker F D,Mohr C,Ehn M, et al.,2015.Phase partitioning and volatility of secondary organic aerosol components formed from «-pinene ozo-
nolysis and OH oxidation ; the importance of accretion products and other low volatility compounds[ J].Atmos Chem Phys, 15( 14) ;7765-7776.
doi: 10. 5194/ acp-15-7765-2015.

Lun X X,2020.Reviews of emission of biogenic volatile organic compounds ( BVOCs) in Asia[ J].J Environ Sci, 95:266-277.doi: 10. 1016/j.
jes.2020. 04. 043.

Luo Y,Zhu L,Fang J,et al.,2015.Size distribution, chemical composition and oxidation reactivity of particulate matter from gasoline direct injection
(GDI) engine fueled with ethanol-gasoline fuel[ J].Appl Therm Eng,89:647-655.doi;10. 1016/j.applthermaleng.2015. 06. 060.

Li S J,Wu C,Wang F L,et al.,2023.Nitrate-enhanced gas-to-particle-phase partitioning of water-soluble organic compounds in Chinese urban atmos-
phere ; Implications for secondary organic aerosol formation[ J].Environ Sci Technol Lett,10( 1) :14-20.doi; 10. 1021/ acs.estlett.2c00894.

Ma M C,Gao Y,Ding A J,et al.,2022.Development and assessment of a high-resolution biogenic emission inventory from urban green spaces in China
[J].Environ Sci Technol,56(1) :175-184.doi: 10. 1021/acs.est.1c06170.

Malik T G, Gajbhiye T,Pandey S K,2018.Plant specific emission pattern of biogenic volatile organic compounds ( BVOCs) from common plant spe-
cies of Central India[ J|.Environ Monit Assess,190( 11) ;:1-11.doi:10. 1007/s10661-018-7015-6.

McFiggans G,Mentel T F,WildtJ, et al.,2019.Secondary organic aerosol reduced by mixture of atmospheric vapours[ J].Nature,565(7741) ;587-593.
doi: 10. 1038/541586-018-0871-y.

Newland M J,Rickard A R, Vereecken L, et al.,2015. Atmospheric isoprene ozonolysis:impacts of stabilised Criegee intermediate reactions with SO, ,
H,O and dimethyl sulfide[ J].Atmos Chem Phys,15(16) :9521-9536.doi: 10. 5194/ acp-15-9521-2015.

Ng N L,Canagaratna M R,Zhang Q,et al.,2010.Organic aerosol components observed in Northern Hemispheric datasets from Aerosol Mass Spectrom-
etry[ J].Atmos Chem Phys,10(10) :4625-4641.doi: 10. 5194/acp-10-4625-2010.

Odum J R,Hoffmann T,Bowman F et al.,1996.Gas/particle partitioning and secondary organic aerosol yields[ J].Environ Sci Technol,30(8) :2580-
2585.doi:10. 1021/es950943 +.

Odum J R,Jungkamp T P W, Griffin R J, et al.,1997.The atmospheric aerosol-forming potential of whole gasoline vapor[ J].Science,276(5309) :96-
99.doi: 10. 1126/ science.276. 5309. 96.

Parikh H M, Carlton A G,Zhou Y ,et al.,2012.Modeling secondary organic aerosol formation from xylene and aromatic mixtures using a dynamic parti-
tioning approach incorporating particle aqueous-phase chemistry ( I ) [ J].Atmos Environ,56:250-260.doi: 10. 1016/j.atmosenv.2012. 03. 062.

Salvador C M,Chou C C K,Ho T T,et al.,2020.Contribution of terpenes to ozone formation and secondary organic aerosols in a subtropical forest im-
pacted by urban pollution[ J].Atmosphere,11(11) :1232.doi: 10. 3390/atmos11111232.

Santiago M, Vivanco M G, Stein A F,2012.Evaluation of CMAQ parameterizations for SOA formation from the photooxidation of a-pinene and limo-
nene against smog chamber data[ J].Atmos Environ,56:236-245.doi; 10. 1016/j.atmosenv.2012. 04. 011.

Sato K, Ikemori F,Ramasamy S,et al.,2022.Formation of secondary organic aerosol tracers from anthropogenic and biogenic volatile organic com-
pounds under varied NO, and oxidant conditions[ J].Atmos Environ X,14:100169.doi:10. 1016/j.aea0a.2022. 100169.

Shantz N C,Pierce R P,Chang R Y ,et al.,2012.Cloud condensation nuclei droplet growth kinetics of ultrafine particles during anthropogenic nucleation
events| J].Atmos Environ,47:389-398.doi; 10. 1016/j.atmosenv.2011. 10. 049.

Shao Y Q, Voliotis A,Du M, et al.,2022.Chemical composition of secondary organic aerosol particles formed from mixtures of anthropogenic and bio-
genic precursors[ J].Atmos Chem Phys,22(15) :9799-9826.doi: 10. 5194/acp-22-9799-2022.

Shen H R,Zhao D F,Pullinen I, et al.,2021.Highly oxygenated organic nitrates formed from NOj, radical-initiated oxidation of B-pinene[ J].Environ
Sci Technol,55(23) :15658-15671.doi: 10. 1021/acs.est.1c03978.

Shilling J E,Zawadowicz M A,Liu J M, et al.,2019.Photochemical aging alters secondary organic aerosol partitioning behavior[ J].ACS Earth Space
Chem,3(12) :2704-2716.doi: 10. 1021/acsearthspacechem.9b00248.

Siemens K,Morales A,He Q F,et al.,2022.Molecular analysis of secondary brown carbon produced from the photooxidation of naphthalene[ J].Envi-

652



PRI 3C, 5 52 TR R A BLUA S A0 AE B A HIL R BT 5 0 e

ron Sci Technol,56(6) :3340-3353.doi:10. 1021/acs.est.1¢03135.

Srivastava D,Vu T V,Tong S R, et al.,2022.Formation of secondary organic aerosols from anthropogenic precursors in laboratory studies[ J] .Npj Clim
Atmos Sci,5:22.doi: 10. 1038/541612-022-00238-6.

Suarez-Bertoa R,2015.Primary emissions and secondary organic aerosol formation from the exhaust of a flex-fuel (ethanol) vehicle[ J].Atmos Envi-
ron,117:200-211.doi; 10. 1016/j.atmosenv.2015. 07. 006.

Surratt J D,Murphy S M,Kroll J H,et al.,2006.Chemical composition of secondary organic aerosol formed from the photooxidation of isoprene[ J].J
Phys Chem A,110(31) :9665-9690.doi:10. 1021/jp061734m.

Thomsen D, Thomsen L D,Iversen E M, et al.,2022.0zonolysis of a-pinene and A3-carene mixtures;formation of dimers with two precursors[ J].En-
viron Sci Technol,56(23) :16643-16651.doi; 10. 1021/acs.est.2c04786.

Vivanco M G, Santiago M, Sdnchez M, et al.,2011.SOA formation in a photoreactor from a mixture of organic gases and HONO for different experi-
mental conditions[ J].Atmos Environ,45(3) :708-715.doi:10. 1016/j.atmosenv.2010. 09. 059.

Vivanco M G, Santiago M, Sanchez M, et al.,2013.Experimental data on SOA formation from mixtures of anthropogenic and biogenic organic com-
pounds|[ J].Atmésfera,26( 1) :59-73.doi: 10. 1016/s0187-6236( 13)71062-2.

Vizenor A E, Asa-Awuku A A,2018.Gas-phase kinetics modifies the CCN activity of a biogenic SOA[ J].Phys Chem Chem Phys,20(9) :6591-6597.
doi: 10. 1039/c8cp00075a.

Voliotis A,Wang Y,Shao Y Q,et al.,2021.Exploring the composition and volatility of secondary organic aerosols in mixed anthropogenic and biogenic
precursor systems[ J].Atmos Chem Phys,21(18) :14251-14273.doi: 10. 5194/acp-21-14251-2021.

Voliotis A,Du M,Wang Y ,et al.,2022a.Chamber investigation of the formation and transformation of secondary organic aerosol in mixtures of biogen-
ic and anthropogenic volatile organic compounds[ J].Atmos Chem Phys,22(21) ;14147-14175.doi; 10. 5194/ acp-22-14147-2022.

Voliotis A,Du M, Wang Y ,et al.,2022b.The influence of the addition of isoprene on the volatility of particles formed from the photo-oxidation of an-
thropogenic-biogenic mixtures[ J].Atmos Chem Phys,22(20) :13677-13693.doi; 10. 5194/acp-22-13677-2022.

FREZ A5 ,2019. 2016 42 4 25 2 07 Lt X O o 3 Jead B A3 AT I ST [ 0] R AR 25 41, 42.(6) 1 944-952. Wang K H,Ni T,2019. Analysis
of meteorological causes of two heavily polluted weather processes in Shouxian Region of Anhui Province in winter of 2016[ J].Trans Atmos Sci,
42(6) :944-952.(in Chinese) .

Wang W G,Liu M Y, ,Wang T T,et al.,2021.Sulfate formation is dominated by Manganese-catalyzed oxidation of SO, on aerosol surfaces during haze
events[ J].Nat Commun, 12:1993.doi: 10. 1038/s41467-021-22091-6.

Wang Y, Voliotis A,Hu D W et al.,2022.0n the evolution of sub-and super-saturated water uptake of secondary organic aerosol in chamber experi-
ments from mixed precursors[ J].Atmos Chem Phys,22(6) :4149-4166.doi: 10. 5194/acp-22-4149-2022.

Waring M S, Wells J R, Siegel J A,2011.Secondary organic aerosol formation from ozone reactions with single terpenoids and terpenoid mixtures[ J].
Atmos Environ,45(25) :4235-4242.doi; 10. 1016/j.atmosenv.2011. 05. 001.

Watne A K, Westerlund J, Hallquist A M,2017.0zone and OH-induced oxidation of monoterpenes:changes in the thermal properties of secondary or-
ganic aerosol (SOA)[J].J Aerosol Sci, 114:31-41.doi; 10. 1016/j.jaerosci.2017. 08. 011.

Xu L,Du L,Tsona N T,et al.,2021.Anthropogenic effects on biogenic secondary organic aerosol formation[J].Adv Atmos Sci,38(7) :1053-1084.
doi: 10. 1007/s00376-020-0284-3.

Xu W,Guo S,Gomez-Hernandez M, et al.,2014.Cloud forming potential of oligomers relevant to secondary organic aerosols[ J].Geophys Res Lett,41
(18) :6538-6545.doi: 10. 1002/2014g1061040.

Yang Z M, Tsona N T,Li J L, et al.,2020.Effects of NO, and SO, on the secondary organic aerosol formation from the photooxidation of 1,3,5-trime-
thylbenzene ; a new source of organosulfates[ J].Environ Pollut,264:114742.doi;10. 1016/j.envpol.2020. 114742.

Ylisirnié A, Buchholz A, Mohr C,et al.,2020.Composition and volatility of secondary organic aerosol (SOA) formed from oxidation of real tree emis-
sions compared to simplified volatile organic compound ( VOC) systems[J].Atmos Chem Phys, 20 (9) :5629-5644. doi: 10. 5194/ acp-20-
5629-2020.

KA EETL, SR LR, 45, 2023 S5 5 iy LB R 30 TN 1 19 B AR DRHE A B M S 18t - IPCC ARG fiff B [ T ] AUBE 2224, 46(4) :491-498. Zhang H,
Yang Z J,Su H J,et al.,2023.Natural emissions of short-lived climate forcers and their climate feedbacks:IPCC ARG interpretation[ J].Trans At-
mos Sci,46(4) :491-498. (in Chinese) .

Zhang X ,Lambe A T,Alice Upshur M, et al.,2017.Highly oxygenated multifunctional compounds in a-pinene secondary organic aerosol[ J].Environ
Sci Technol,51(11) :5932-5940.doi;10. 1021/acs.est.6b06588.

Zhang Y ,Cheng M, Gao J,et al.,2023a.Review of the influencing factors of secondary organic aerosol formation and aging mechanism based on photo-
chemical smog chamber simulation methods[ J].J Environ Sci, 123:545-559.doi:10. 1016/j.jes.2022. 10. 033.

Zhao D F,Buchholz A ,Kortner B, et al.,2016.Cloud condensation nuclei activity ,droplet growth kinetics, and hygroscopicity of biogenic and anthropo-
genic secondary organic aerosol (SOA) [J].Atmos Chem Phys,16(2) ;1105-1121.doi;:10. 5194/acp-16-1105-2016.

Zhou Y ,Zhang H F,Parikh H,et al. ,2011.Secondary organic aerosol formation from xylenes and mixtures of toluene and xylenes in an atmospheric ur-

ban hydrocarbon mixture ; water and particle seed effects ( Il ) [ J].Atmos Environ,45(23) ;:3882-3890.doi; 10. 1016/j.atmosenv.2010. 12. 048.

653



RKEBEFIL 203497 Ha6% H5W

Ziemann P J, Atkinson R,2012.Kinetics, products, and mechanisms of secondary organic aerosol formation[J].Chem Soc Rev,41(19) :6582-6605.
doi:10. 1039/C2CS35122F.

- ARTICLE -
Advances in understanding the oxidation of organic gases for secondary
organic aerosol formation in complex systems

CHEN Xiaowen, LI Kun, LI Jianlong, DU Lin

Environment Research Institute, Shandong University, Qingdao 266237, China

Abstract Biogenic and anthropogenic organic gases undergo oxidation in the atmosphere, resulting in the forma-
tion of secondary organic aerosols (SOA).SOA plays a crucial role in climate change and human health. While
considerable advancements have been made in understanding SOA production and its precursors, the intricate in-
teractions among organic gases and the complex mechanisms governing SOA formation still presents challenges.
Currently , knowledge gaps persist regarding SOA formation arising from the oxidation of different organic gases
present within complex systems.This review aims to provide insights into the evolving research landscape con-
cerning the oxidation of organic gases in complex systems leading to SOA formation.The review encompasses two
primary aspects. Firstly, it summarizes the variations in mass concentration, yield, composition, volatility , and
optical properties of SOA resulting from the oxidation of organic gases within complex systems.This section ex-
plores the different effects of organic gas oxidation within complex systems on SOA formation. Additionally, it
delves into the evolving constituent elements and molecular composition of SOA.Furthermore, this review collates
current laboratory-based simulation studies on generating SOA from composite systems and evaluating model ac-
curacy. Secondly, it investigates the effects of environmental factors, including relative humidity ( RH ),
temperature (7), and inorganic gases such as nitrogen oxides ( NO_ ), sulfur dioxide ( SO, ), and ammonia
(NH,) ,on the interaction with organic gases within complex systems, ultimately leading to SOA formation. This
exploration provides valuable insights into the interplay of environmental variables in shaping SOA characteristics.
Therefore , this review contributes to a deeper understanding of the chemical evolution of organic gases in the real
atmosphere.It highlights the necessity of studying the multi-source and complex interactions of organic gases and
mapping the intricate atmospheric oxidation mechanisms,leading to SOA formation, and outlines avenues for fu-

ture research,aiming to enhance the interpretation of laboratory simulation results within complex systems.
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