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Fig. 1. SOA yield of benzene, toluene. m-xylene, and their pheno-
lic compounds in the absence of NOy (Dotted lines are one prod-
uet model fit for phenolic compounds). * SOA yields from cresols
isomers are combined. ** Open symbols are data acquired in CE-
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HA™V Secondary organic aerosol formation from m—xylene, toluene, and benzene
structure on SOA aging
PoiliEE Atmos. Chem. Phys., 7, 3909-3922 (2007).
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Fig. 8. Yield curves for toluene and m-xylene under high-NOy con- i g 0.37
ditions. The parameters for fitting the vield curves are. toluene:
a1=0.058, K, 1=0.430, «»=10.113. and K, »=0.047: m-xylene:
@1=0.031, K, 1=0.761. @>=0.090, and K ,,, =0.029.
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HA™V Secondary organic aerosol formation from photooxidation of naphthalene and
alkylnaphthalenes: implications for oxidation of intermediate volatility organic compounds
(IVOCs)
foflias Atmos. Chem. Phys., 9, 3049-3060 (2009).
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Fig. 6. Simplified mechanisms for oxidation of napthalene and
1-MN to form first-generation dicarbonyl fragmentation products
(Wang et al.. 2007).
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hydrocarbons
EioL T Atmos. Environ., 37, 3413-3424 (2003).
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Fig. 9. Aerosol yield (¥) as a function of the organic aerosol
mass {M,) for each hydrocarbon at 303K (top) and 283K
(bottom). Every line was obtained using R, equal to unity. 124-
TMB stands for 1,2,4-trimethylbenzene.
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Secondary organic aerosol formation from the photooxidation of isoprene,
1,3-butadiene, and 2,3—dimethyl—1,3-butadiene under high NOx conditions,

Atmos. Chem. Phys., 11, 7301-7317 (2011).
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Fiz. 3. Time-dependent SOA growth curves measured in
diene/NOy /HyOb  experiments with (a) isoprene (EPA1108W.
EPA1108E. A1115E).  (b)  1.3-butadiene (EPA10O4W,
EPAI094E. EPA1132W, EPA1132E). and (¢) DMB (EPA1104W,
EPA1104E. EPA1115W). All results plotted were obtained at initial
NOy concentrations of 249267 ppb and at an NO; photolysis rate
of 0.40 min—1.
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Fig. 7. Proposed mechanism of particle-phase product formation from the photooxidation of isoprene and 1,3-butadiene in the presence of
NOx. Rj is a methyl group (isoprene) or a hydrogen atom (1.3-butadiene).
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Fig. 8. Proposed mechanism of (a) 1soprene-l-13C and (b) DMB photooxidation in the presence of NOy_
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HA™V Role of aldehyde chemistry and NOx concentrations in secondary organic
aerosol formation
EioL T Atmos. Chem. Phys., 10, 7169-7188 (2010a).
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Fig. 6. Comparisons of time-dependent SOA growth from photooxidation of (a) 2M2B and 3M2B. (b) 2-pentenal and 4-pentenal, and (c)
MBO232 and MBO 231 under high-NO2 conditions. Within each plot, initial concentrations of parent hydrocarbons are comparable (see
Table 2).
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Fig. 14. Rotational conformers of hypothesized SOA intermediate
1 methacrolem and crotonaldehyde mechamsm. For methacrolem,
the methyl group on the «-carbon presents significant steric hin-
derance, which favors the conformer M2. This increases the in-
teraction between the peroxy radical and the peroxy mitrate group,
leading to significant SOA formation. For crotonaldehyde, the hy-
drogen atom presents much smaller steric hinderance, favoring the
conformer C2. As a result, the peroxy radical is out of plane with
the PAN group, and the reaction to form SOA can be less favorable
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Fig. 15. Mechamsm of MBO231 and MBO232 photooxidation un-
der high-NOx conditions. The dashed lines indicate possible loca-
tions of C-C bond scission under decomposition of alkoxy radicals.
For MBO232, 2-HMPR formation is relatively small, as scission of
the C-C bond with the 4-carbon 1s not favored. In addition, the acyl
radical from H-abstraction of 2-HMPR rapidly decomposes to CO
and acetone. As a result, PAN formation is unlikely. For MBO231,
1-HMPR formation 1s favored from the decomposition of the alkoxy
radical. Furthermore, OH reaction of 1-HMPR leads to an acyl per-
oxy radical, which reacts with NO, to form a C4-hydroxy-PAN
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Fragmentation vs. functionalization: chemical aging and organic aerosol formation.
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Fig. 3. SOA mass yields of organic species with vhpor pressures Fig. 4. SOA mass yields of ketones with vapor pressures of

of 10° pgm~>. n-Tridecanal, pinonaldehyde and n-pentadecane
SOA mass yields after the OH radical reaction at high NOy are
presented here. n-Pentadecane yields are a fit that comes from
Presto et al. (2010). The suppression of SOA yields for n-tridecanal

and pinonaldehyde vs. n-pentadecane are related to the tendency of

the aldehydic moiety to fragment relatively quickly as detailed in
Chacon-Madrid et al. (2010). At this point, it 15 not clear how the
ketone and cyclobutane moieties influence the SOA formation from

10° uygm=3. 2- and 7-tridecanone SOA mass yields are slightly
different. The lower efficiency of 7-tridecanone to form SOA might
be related to higher fragmentation paths when it reacts with the OH
radical as compared to 2-tridecanone. Additionally, splitting the
molecule in the middle might have bigger consequences on SOA
production versus splitting it on the side (e.g. 2-tridecanone). How-
ever, the differences in SOA yields are not as pronounced as the
mechanisms would suggest. Photolysis might play a more impor-

pinonaldehyde, if at all. tant role on the oxidation products of 2-tridecanone.
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Fig. 5. SOA mass yields of organic species with vapor pressure of
~103 uygm=3. n-Pentadecane (from the 107 uygm=3 sequence) is
shown as a reference. The differences in SOA mass yields between
n-nonadecane and n-heptadecanal are not surprising. The aldehy-
dic moiety 1s very reactive and causes fragmentation at high NOy,
while the n-nonadecane does not have relevant first-generation frag-
mentation paths.
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AMS and LC/MS analyses of SOA from the photooxidation of benzene and 1, 3,
5-trimethylbenzene in the presence of NO x: effects of chemical structure on SOA aging

Atmos. Chem. Phys., 12.10 (2012): 4667-4682.
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Fig. 3. Reaction schemes of (a) SOA formation from benzene photooxidation, (b) SOA formation from 1,3,5-trimethylbenzene photooxi-
dation, and (<) SOA aging A probable pathway to form each depicted product is only shown for simplicity: caroboxylic acid can also be
produced by the heterogeneous decomposition of peroxyacyl mitrates (PANs) from the acyl peroxy radical + NO; reaction (Surraft ef al.,
2010); hydroxycarbonyl produced by functionalization can also be formed by the reaction of hydroxy peroxy radical with R”0,: hydroxy
peroxy radical of the of f can also react with HO,: and acylperoxy radical of the intermediate of
carbonyl oxidation can also react with NO or RO,
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Fig. 8, Reaction schemes of (a) mtropbencl formahon from the photoomadation of bename and (h) commipondag routes from e photoom
dation of 15 S mmethndbenome

1-9-3 ~_UBUE 1,3,5-FIAFILARUBUEFIBRAL LTz= a7 = ) — VA

24




FFEMEABAL A(VOO)BEHIA Y~ N RRET 2 (55 30 [1)

AVUERBEHBEDOBE

F 14 st 2-1 OFR S

kS Hit H A (BA B & BAPE - 1)

EKMA (Experimental Kinetic Modeling Approach) &5 /L

> A AT—XORIAET )V

SAPRC-99

> KRR TE VDTG D S 3 FE &5 & RiBR A & B DA R
DOIER LN ASTND, ZNHIT 2 — v a liiEbi-Es
Carter HINT v N—FERIZIVIRFEL 726 D% VTS,

PEH AR AW ERAELD IHNEE, JeHE O E R E

ET VOB

LA IEAT =K s

A ARk BA (A PG 70km X A AL 70km)72 5 ONZ BE P (B 7E 30km X md AL 40km)
HIBRE B BT LY WIIRE, P& B A B E
KEFRMT 2002 4 7-8 HO@EAY v HDOKE SN LVEEE
TRal—ar iR 1H
VOC ;EN&: = 15 1R dEL80
PRI RS S KBRS A LA FEEMER S H4
m H

CER1781H25H (4k)13:30~15:25)
BofT&ERI3—2 VOC OA Y ARG REA

F 15 HHL 2-1 (W ATRREE | PR B OFHR

WE% B L)

Ox(ppm) 0.0196 0.0144
W EE | NMHC(ppmC) 0.453 0.336

NOx(ppm) 0.0742 0.0463
PEHE | VOC 182,024 305,022
(g/km2/H) | NOx 99,076 155,567

25



FFEMEABAL A(VOO)BEHIA Y~ N RRET 2 (55 30 [1)

# 16 H#h 2-2 OFE LMt

k52 sk T AT ERE (39 IN D)
. . EKMA (Experimental Kinetic Modeling Approach) &5 /L
ETAPIE S oy 2 e T
SAPRC-07, SAPRC-11
(R R AT = 2 > jt%EET“ﬁ:@?%Zﬂl:?)iﬂ‘?\@iﬁﬁiﬁljfﬁEi&kﬁﬁ%ﬁ%%%@%UODéﬁi%
DI LB A TS, DI 2l — vzl kufFbni- iz
Carter HINT v N—FERIZIVIRFEL 726 D% VLTS,
P &
» National Acid Precipitation Assessment Program OFEH A LXK
YV B R -
e A2~ R > EPA OF —4~—2& Southern California Air Quality Study (253
WTRRE,
> TIVT 520, TV 16% FHERRALKTE 2T% VLT VT
ER 1%, ZOMDT VTR 2%, b 1%, TEFL L 2%
A AL R -
I B 39 MENZENDORE T —ZIZHS<
EKMA & F VA2 55<:
RGRM > 39MENZIND 1986 FFE~1988FIZHIT 24 L miRE H ORGSR %
R,
S R2lb—a B 1H
VOC 1B/ & = 17T 1R 9E8D
@Carter, William PL. Development of the SAPRC—07 chemical mechanism and
updated ozone reactivity scales. California Air Resources Board, Research
aagiiil Division, 2007.
@Carter, William PL, and Gookyoung Heo. “Development of revised SAPRC
aromatics mechanisms.” Atmospheric Environment 77 (2013): 404-414.

F 1T L 2-2 (TR | R B ORHR

H H #iPH (39 N D/ H k)
VOC/NOx k! 3.92-11.63
R e b S e B (km) 1.8-5.99
VOC jBHN&E? 2.78-8.86
B Lo - EE (ppb) 3.86-12.98
5 OH JE B (ppt—min) 0.5-3.4

PANZEJR VOC DY EE LHE 3y OIRE DG FHa, NOx ORI L P DR EDEFHCERLIZB O,
PNZ PR VOC OYIHHREE LPEH Sy ORE DG G HALIE mmol/m?

26




FFEMEABAL A(VOO)BEHIA Y~ N RRET 2 (55 30 [1)

# 18 i 2-3 OFE LMt

k5 ik AFYARET—my LIS
e o UK photochemical trajectory model
TP | 5 SyouvapRofsRE T
OMCM(Master Chemical Mechanism)v3.1
AV AT =K I @ CRI(Common Representative Intermediates)
> KA TEIVEHEFRUSDBUSIRE ERE DI G FN TV D,
(DEuropean Monitoring and Evaluation Proframme,2001
> MUk &
HEL (N @United Kingdom National Atmospheric Emission Inventory (Passant,2002)
> MR,V —A 7 TURIPEH &
> OIIERIOEPFONIRN =D, F—ay/SKBIZBIT KAy 20
P RIE, — QO E R AL VTR LT,
Ayya KES 10km X 10kn~150km X 150km
AT LRES 10km X 10km X 52 5 5 2 (1 H ORFRIHF CLEI§%)
TA =GR (A=A T ) > TN B(Fza)>=a /LT (RAY) —R
a7 LOIE Y(RAY) =TV ay By (NVF =) oA T TR T I AT —R
(UK) =7 =— L R ICEE#ET S
Ny 7T RIRE | IFRSNIEERB IR TN AT REZIREL TR 19 DIOITRIE,
T AB RNV ET VT ERDSDRALKFE T, HIRE el Ty Ialb—s
§ VEATV, 1B BOX FIELT R IR LU CRUE,
. 1976 4F~1995 FD A R FERF D KGR S
s S St R o e e
> B WA TRENDL T — TSN KRB TLD,
Rzl —al 5 HH
VOC B & 2.9%
s Derwent, R. G., et al. “"Reactivity—based strategies for photochemical ozone
n control in Europe.” Environmental science & policy 10.5 (2007): 445-453.
# 19 M 2-3 OFFRRMLLINY I 7T R IREE
NPT 57K NI T TR
e P2 (ppb) i I opb)
NO AR 1700
NO, BIVET VT ER 2
SO, 51 0; 50
CO 120 | Hy 550

27




BIMAAE VOO PR A~ MR 2 (5

30 &)

# 20 i 2-4 OFE LM

G Hid SN TH OB V42 Hisy
) e Photochemical Trajectory Model

> T VA ORy I RET IV

(LS EAT =K 2

MCM(Master Chemical Mechanism)v3.1

(DINTEX-B inventory of 2006
> ANAEFROYEH 7T VRIPEH &, B OZE/M 0/ 551D,
(@USEPA SPECIATE 4.2 database

PEH AR > HEHATIVRI-EROT a7 7 A0, PR EEERNZEL T 5T
OIZHWE,
BMEGAN emission inventory
> HAREEYEH BEOZER A0 ROND,
Ayva RES 0.5° X0.5° (A#EPigkt &) | Tkm X 1km (B R EHRYEH &)
e 3km X 3km X 300~1200km L B :
> IEEJFAE 2004 45 10 A DT VY T X D5 E B E OB,
2007 4 11 A 13 B O T5 BRI O R -V TRUE,
a7 AOHLIE > B -WHTE - T - E P - EMN - f >R g fi— 0
biivb
HIIR L H [ B BB O AR D BRI 25 e o 7Y — R A AREL TR 21 DIDITERGE
2007 4E 11 A 13 HOXK G40t
KRR > i PRI, B RRIRERI SR O RGN (1.0m/s) | SRR AR IR
S CTIEHDHEE PEIZ A2 TiidL TLD, mRETEDKE,
TRal—a R 72 B
VOC BN&: 6.8%
Cheng, H. R., et al. “Assessing photochemical ozone formation in the Pearl
H L River Delta with a photochemical trajectory model.” Atmospheric Environment
44.34 (2010): 4199-4208.
# 21 L 2-4 OFFRRMLLIANY I 7T R IREE
- NI TSR - NI TTH R
" P (opb) Vi P (opb)
O3 20 | =F L 3.5
NO; 20 | Fa 0.6
CO 600 | TEFL 4.5
AR 1.79 | v 5.0
TR 4.0 | m,p—=%FT Lo 2.5
A2 V4 3.5 | IRIVLT VTER 5.0

28




FRRMEA AL VOO HEHIA >~ N RET & (55 30 [1)

# 22 i 2-5 OFE LM

52 it

AT = —F P

ET VOB

Photochemical Trajectory Model
> TI7 T afB ORI AET )V

{EZEBUEAT =K 2

Single-layer photochemical trajectory model (Derwent et al.,1979; Derwent et

al., 19882 & ENDALF UG AT =K L7

> KREH Tl IV BOS D SR EE E B F L OV I 23 A>T
Do

HEH A~ R

P

» Sweden VOC emission inventory,1990
(ANZETR VOC)

B DL Sy -

> ANAEETHEAYT 2T/

W OBy

» Sweden VOC emission inventory,1990
(HIE B PV E RN P ENEHEIN TWDHADO T, 2 VT
P &2 ERNCE ST )

Z O

> HEBVEHETAOPE & BREERE T AOPEH & B REIROPEH &L
1, BT — 2R =ZRMAEME D OHEE M VT,

AVYaRES

10km X 10km~150km X 150km (Ml |z k> TR/ 5, )

ATLRES

10km X 10km X J&& & & (1 B O #8425, )

27 LOEIE

S PG ES AT = — T L Tt A B8,

RTH

JLARHIIZ ENEP(European Monitoring and Evaluation Proframme)& TOR M-
=RV T T —HEH

T A POV R TIESCHE TR A 3560, v 32— a it
":HO

b i

6 1 21 HOKEEM (R, TRIE ., BUHANE (2~3.5m/s) ),

SR 2b—a B

96 IHEfL

VOC jB N &

1,000kg/day

ARk

Andersson—Skold, Grennfelt, and Karin Pleijel.
“"Photochemical ozone creation potentials: a study of different concepts.”

Journal of the Air & Waste Management Association 42.9 (1992): 1152-1158.

Yvonne, Peringe

# 23 ik 2-5 OB, P BEOF R

WA BUHH = TOHEH E (t/km®/4F)

SO,

1.9

NOx

3

CO

12.4

VOCs (N 2 i)

3.6

29




