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1. Description of sampling sites

The sampling site of Guangzhou Campaign (23.13° N, 113.26 ° E) was on the top of a
nine-story building (25 m above ground level) at Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences. This site is a typical urban site surrounded by residential
areas, campus and urban transport arteries with a strong influence of vehicle
emissions. Field measurements of site Baoding (38.85° N, 115.48° E) were performed on
the top of a sea container (3.5 m above ground level) located at a Meteorological Auto-
Monitoring Station in the rural area of North China Plain. This rural site was surrounded by
farmlands and villages, with several national roads and railways nearby, where air masses

are influenced from local emissions and regional transport.

2. Estimation of SOA production from individual precursors

It is assumed that VOCs are removed from the atmosphere mainly by reaction with OH
radical(Atkinson and Arey, 2003), then the VOCs are assumed to follow a pseudo first-order

kinetic reaction, such as

dvoc;]
dt

= kyoc,[VOCi][OH] (1)

where[VOC;] is the concentration of a given VOC (ug m™), [OH] is the concentration of OH
radical (molecule cm-%), kyoc,; is the rate constant of VOC; with the OH radical (cm?

molecule™ s1). The initial concentration of a given VOC, [VOC;];~, can be retrieved from

Eq. (1) as follows:
[VOCi]imo = [VOC;], X (e"vocxI0HIXat) )

[VOC;]; is the VOC; concentration measured at time ¢ (ug m™), The OH exposure, [0H] X At
(molecules cm® s), is estimated by the ratio of 1,2,4-trimethylbenzene to benzene(de Gouw

et al., 2017;Hayes et al., 2013) for anthropogenic VOCs and by isoprene chemistry method
S5
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for biogenic VOCs, respectively(Carlton et al., 2009) (Figure S8). Then consumed

concentration of a given VOC, A[VOC;], can be estimated as follows:
A[VOG;] = [VOCile=o — [VOCi]; 3)
A[VOC;] = [VOC;], x (eFvoc{OHIXAD _ 1) 4)

Then for a given VOC, the SOA production (ug m™) at time t, [SOA;];, can be estimated

using the consumed concentration multiply the SOA vyield, Yield;, as follows:
[SOA;], = [VOC;], x (e*voc(OHIXAD) _ 1y 5 yield, (5)
3. Estimation of contributions of individual precursors to SOA production

We calculated the relative contribution of each compound to the total SOA

concentration at time ¢ by

[SOAi]¢

Fraction;|; =
[ l] t [SOAmeasured]t

x 100 (6)

where [Fraction;]; (%) is the relative contribution of a given compound VOC; to the
measured SOA total concentration, [SOA;]; is the SOA production of VOC; at time t by the
equation (6), [SOAeqsureals 18 the SOA concentration at time ¢, which is determined by
positive matrix factorization (PMF) analysis of organic aerosol measured by aerosol mass

spectrometry (ug m).
4. Estimation of SOA production rate from individual precursors

Here we calculated the SOA production rate associated with OH radicals for each SOA
precursors based on the diurnal variation of each species. Here, only the oxidation of OH
radicals is considered(Atkinson and Arey, 2003). The SOA production rate represents the
instant SOA production amount by oxidation reaction with atmospheric OH radical at a

certain time for a specific precursor, which can be characterized as follows:
s6
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[SOA]; = [VOCi]¢ X [OH]¢ X kyoc, x Yield,, (7)

where for a given specific compound VOC;, [SOA;]; is the instant SOA production rate for
the species (ug m> s!), [VOC;], is the concentration measured at time ¢ (ug m>), [OH], is

the OH concentration at time # (molecules cm ), kyoc; 1s the rate constant of VOC; with the

OH radical (cm® molecule s™) and Yield; is the SOA yield.

Based on equation (7), SOA instant production for higher alkanes (C8-C20),
monoaromatics (benzene, toluene, C8 aromaics, C9 aromaics), naphthalenes (naphthalene,
methylnaphthalenes, dimethylnaphthalenes) and isoprenoids (isoprene, monoterpenes) were
calculated. The OH reaction rate constant of each compound was taken literature(Atkinson,
2003). SOA yield data used here for alkanes (Lim and Ziemann, 2009;Presto et al.,
2010a;Loza et al., 2014;Lamkaddam et al., 2017a), monoaromatics(Li et al., 2016;Tajuelo
etal., 2019;Ng et al., 2007), naphthalenes (Chan et al., 2009) and isoprenoids (Ahlberg et al.,
2017;Carlton et al., 2009;Edney et al., 2005;Kleindienst et al., 2006;Pandis et al., 1991) were
summarized from reported values in the literature, with the consideration on the influence of
organic aerosol concentration (Figure S11) to SOA yield (Figure S12-13). OH
concentrations are derived from an observation-constrained box model utilizing MCM

v3.3.1 as the chemical mechanisms(Wolfe et al., 2016).

As shown in Figure S18, the total mean SOA production rate of higher alkanes (C8-C20)
is much higher compared to other VOCs classes, ~1.9 times of monoaromatics, ~7.8 times
of naphthalenes and ~2.4 times of isoprenoids at the urban site in PRD. At the rural site in
NCP, the total mean SOA production rate of higher alkanes (C8-C20) is comparable to
monoaromatics and slightly higher than that of naphthalenes and isoprenoids. Strong diurnal
variations are observed in both sites. In comparison with the rural site in NCP, SOA
production rates of VOCs are much higher at the urban cite in PRD. This is mainly due to
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153 the higher OH concentrations (Figure S19) by strong solar radiation under high humidity
154 conditions in PRD during autumn, compared to dry and cold environment during the

155 measurements in NCP
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157 Figure S1. Sampling site locations of Guangzhou Campaign in PRD and Baoding Campaign

158 in NCP of China.

159

S9



O NO O H,0' © 0,5 O NO,* O NO° O H;0 O 0,y O NO,*

Illlllllllllil'l‘l‘lII‘||||||||||| ||Illl|||Ill|||'Il|||t|||l|||||||||t|
Us=40 V (a) (b) Uso=120 V

e ©06660¢,
o

5,(106 6)(](){j

o O
@)
o,

-
wn

8

o~

]
| FEIE I VI RN AT I AU AN I AU A A OV AT AT A AR A

Signal (cps)
el
Signal (cps)

(§%]
(3]

g 8°
> 5o 0

; o 00 @ 8 8 8 6 0 o)
90.9.0.9.0.9.0.90. 988000000

0 40 80 120 160 200 0 30 60 90 120 150 180
160 Uso Voltage (V) Us Voltage (V)

[

| BRIELEAL AN LA L I N L LBLL O NLLILIL BL

[FETTIRRANA ENRTIRRER AR AANS SUNTE FYAR ARARAAAAR] AARTY]
I|||||lTTTITTTllilTTIITTT][‘KFITTKTIIIIII|ill|ll|||||||]

o
<

161 Figure S2. Dependence of NO', H3O", O2" and NO2" ions on ion source voltages for NO*

162 PTR-ToF-MS.

163

S10



1 ' s L L s L | s L L ' ' . 1 L 1 L L ' ' 1

3 @ n-C8—0-n-C9—0— n-Cl0—@— n-Cl1—@ n-Cl2—@— n-Cl3 n-C14—@— n-Cl5

Sensitivity (ncps/ppb)

11/30/2018 12/7/2018 12/14/2018 12/21/2018
164 Local Time (UTC+8)

165 Figure S3. Calibration factors of C8-C15 n-alkanes under dry conditions (RH<1%) during

166 the two field campaigns.

167

S11



L I T Lipsnnngannl YTTTTTTI [TTTTISTTITTOn]| | TTTITI ITTTTTIeaeTnI |

(=]
(=]
e

<

(¥
i

(=)
O

n-Dodecane (a)

803

Signal (ncps)

40 8599113
E ST
127
1 I I |

IRARRRRRNRRR RN R RN RARR R R R

(=]
|

|IIIII |IIII 1 hiii 1 piiii 1 ,II"”"h"l"””""h"""”l 1 "”II IH”! ”||

3. 211 2

40x10 1  n-Pentadecane (b) [

B 301 :

£ ] C

3 201 s

o . C

2 1 -

2 113 127141 C

O_IIIIII Il|||| ] LA ] T ] ||||||I||I||||||||| IIIII I lllllllll T 1 IIIIIIII IIIIIIIII |||Il |[|||_

4000_-| m | e | T Dowsssssnn 1 NETTETTI [TTTTIIeNTenI| el pnl pl ml’__

: n-Eicosane 281 E

= 3000 - B

o i L
0

E ! r

= 2000 -

= p L

= - C

“ 1000 -

1 © B

0_ IIIII -

TITTT TTTT TITTT
| I I I

1 I”"”"I"“"”“" 1 . 1 I“”"I“"""'"” 1
0 30 60 90 120 150 180 210 240 270 300
168 m/Q

169 Figure S4. Mass spectra of n-Dodecane (a), n-Pentadecane (b) and n-Eicosane (c) with NO*

170 PTR-ToF-MS.

512



TN, TN S S PR AR N
P O P P O S
F FFF
& & & & & o ©
100 1 1 1 1 1 1 | 1 1
'~ 80 B
g 3 -
& 60 -
g E E
£ 3 -
E 404 B
= ] c
I = =
5 - E
g 3 3
= e -
e 3
¢ & & & & & £
T F
L \bo Q \\% & \b N Q‘b'
¢ & v ¢ X F S &
& & ¢ & v &
» 9 & &
» n & &
v & &
©n L
Vs X
>
b'!
f'»-\

171

172 Figure S5. Fraction of product ions (m-1)"in the mass spectra of n-alkanes and their isomers

173 with different number of substituted methyl groups in NO* PTR-ToF-MS.

S13



30 ; . 2.0 - 0] -
L - r Fo_ Benzene o _ 2 1 Benzene [
e 8 |Bcna:nu: PTR-ToF-MS (NO mode) -~ PTR-ToF-MS (H,0 mode) @ GC-MSFID| (2) E £ k047 oo ok 3 k=0.83 F
£ T E S 159 087 of & ;
= 20 EZ O e
£ E= ooo%) 2 g =
E I3 Z 10 . - =
& -
g Lo E E i".
S E.= 05 [ =
0.5 E's =
Eo= (b |z
0.0 — T T T 004 T T T ™ Lol T T T T
9192018 100972018 10/29/2018 117182011 0 T T T 00 05 10 15 20
Local Time (UTC+8) 0" PTR=ToF-MS (pph) GC-MS/FID (ppb)
—_— R B m AN DN DU Ny Iz_l....l....l..ﬂ..l...__
1 Itoluene: ‘oF * i + R - Toluene = 1 Toluene o
E. 15 Irnlm,nc. PTR=ToF-MS (N0 mode) PTR-ToF-MS (H;00 mode) —&— GC-MS. FJD‘ (d) 5 E 109 =74 - '% I{l—_ ::(;;_.l -
= ] o =0.97 @ &3 o & b
E ] | £. & 3 2‘ : ] : F
B 109 1 ; o E 6 - 6 -
g ] i s - 1 E
£ 5] | e i F = II; 3
1 i = ¥ 4 ‘o 24 -
] g 29 3 L= F E
] W “ 2 = 3 [
0 - — 1) 2 Ll AR E———
9192018 1092018 1029/2018 11/18/2018 0 5 10 15 0 5 w18
Local Time (UTC+8 ' GC-MS/FID (ppb
Genl Fimed } 1,0 PTR-ToE-MS (ppb) ! {ppb)
1 1 1 1 [P P e | Liaal | - | PSS PP PSS PP clx
T : 1 . ati oo 5 1% E
= |l’.‘8 aromatics: PTR-ToF-MS (NO  mode) PTR-ToF-MS (H;0 mode) —@— GC-MS/TFID| = 43 8 aromatics ‘:E 14 CH aromatics E
£ s I 2 24 k=01 OB o2d ke84 E
£ (2) Z 104 096 E @ ] rom ° E
£ £ z :
= £ g o= g E
E = = E
E ; = 3
5 I i 6 - E‘ 6 3
£ f g = 4 L= 4 E
o L = o E
& 2 F oz 2 E
L 20 . 0 E 0 32
91972018 10492018 10/292018 1171872018 0 2 4 & 8 10 12 2 4 6 8 10 12 14
Local Time (UTC+8) HyO' PTR-ToF-MS (pph) GC-MS/FID {pph)
1 1 '} 1
20 + 4 - 16 C9 gromatics Ei C9 aromatics
” Im aromatics: - PTR-ToF-MS (NO' mode) -~ PTR-ToF-MS (1,0 mode) —8— GC-MS."E-‘I!)l 2 ey i e
% 1.5 G) F z 129 r09 =
B z
E 10 Z 08
s . v |
. | =
3 0.5 . i 1 ‘5 04
I 4 | 4
0.0 | s TNV T WVT R " 0.0
1092018 102972018 117182018 00 04 08 12 00 05 10 15 20
174 Local Time (UTC+8) HLO" PTR-ToE-MS (ppb) GC-MS/FID (ppb)
175 Figure S6. Comparisons of benzene, toluene, C8 aromatics and C9 aromatics measured by

176 NO" PTR-ToF-MS (red dots), H3O" PTR-ToF-MS (blue dots) and GC-MS/FID (green lines

177 and dots) during the PRD campaign.

178

S14



1 1 " " 1 L L N L S T RN A P |

12 : o - * t - - 10
Acetaldehyde: - PTR-ToF-MS (NO mode) - I"I'R-Tul-‘-MS(li_‘U'm(Kicil

Acetaldehyde (b)
g4 k=0.71
r=0.81 % 8

T

L

Concentration (ppb)

NO PTR-ToF-MS (ppb)

L e

0 ¥ T T y T T J T d ¥ T T T
9192018 10792018 10/29/2018 10
Local Time (UTC+R)

40 L III -_ - |: i II_ L L L L 1 1 i i 1 1 = | PR FEETE P ..quuluou_
| _ — " " g — = : () Ethanol (d)
< Ethanol: - PTR-ToF-MS (NO mode) - PTR-ToF-MS (H;0 mode) : r k=051 o =

304! I T T 7 - o-=u.83 E

Concentration (ppb)
=
NO' PTR-ToF-MS (ppb)

0 T . T ’ T T v ’ T i
I T I I T 1
10/9/2018 10/29/2018 11/18/2018 0 10 20 30 40 50
Local Time (UTC+8) H:0' PTR-ToF-MS (ppb)
P I VYR | SV Leieatonialonestlianiil,
0.4+ 1 - - (e) = 0 4_: Pentanone (H :_
= Pentanone: - PTR-ToF-MS (NO mode) - PTR-ToF-MS (H;0 mode) = 1 k=0.71 r
= = 1 =094 E
e : 034 C
s = E
£ £ 023 -
5 = ] F
o .4 = - F
g M -5 - E
$] o 014 o
z ] E
0.0 i —————— — [NV S
9/19/2018 1092018 101292018 11/18/2018 00 01 02 03 04
Loyl Hni (s H,0 PTR-ToF-MS (ppb)
3.0 n " 1 " i " i 1 i i i i 1 " L i i 1 i i .1. 1 i n i i (I)x 20 l...ul;.;l]l.u.l.;(ilj)l_
i) —_ N e r
= 259 |Acrolein - PTR-ToF-MS (NO mode) - PTR-ToF-MS (H;0 mode) | & z ’k‘:(?’;;'“ o
B : 2 15 i o
€ 204 o | 2 ;
Z ! & -
g 15 i Z 10 [-
= 5 g i
g 10 : £ :
2 Do 05 -
o5 . ) g
3 Bl B : & -
e e e 2 i (TR —
11/28/2018 12/3/2018 12/8/2018 12/13/2018 12/18/2018 12/23/2018 00 05 10 15 20
Local Time (UTC+8) ;
179 o H;0' PTR-ToF-MS (pph)

180 Figure S7. Comparisons of acetaldehyde, pentanone, ethanol and acrolein measured by NO*
181 PTR-ToF-MS (red dots) and Hs;O" PTR-ToF-MS (blue dots) during the PRD and NCP

182 campaigns.

183

S15



184

185

186

187

1.2 ] -
1o | CoH20: i (a)
£ 3| — Nonanes (NO' PTR-ToF-MS) I |
< 084 | | — n-Nonane (GC-MS/FID) :
2 ]
E 06 : ~
5 [
g 044 '
'M"« ' W
L
Nt \‘,u%h.
o0 T T R e wol erpy B
9/14/2018 9/29/2018 10/14/2018 101292018 1/ mu 18
Local Time (UTC+8)
. i I L =i 1 .
1.4 =H
C10H22: | (b)

—— Decanes (NO~ PTR-ToF-MS)
n-Decane (GC-MS/FID)

Concentration (ppb)
[ =]
w

0.4 _
0.2 3
0.0 —
9/14/2018 9/29/2018 10/14/2018 10/29/2018 11/13/2018
Local Time (UTC+8)
oo l——— e e 1 . PR
1| [crinzs: | (c) |
z 0.8+ R gL z | e
2 ] —— Undecanes (NO PTR-ToF-MS) X
— o — P o L F 3
S 06 n-Undecane (GC-MS/FID) s
] i
£ 047 <
E 1 g k
S 02 \ H | E _—
0.0 \ i’ d il ‘_ A _
9f|4a’20|8 9?29!20!8 1/14/2018 IU."29I2013 I UIBIZUIS

Local Time (UTC+8)

Figure S8. Comparisons of C9-C11 alkanes measured by NO*

MS/FID during PRD campaign.

Si6

Decanes (NO' PTR-ToF-MS) (ppb)

Undecanes (NO PTR-ToF-MS) (ppb)

Nonanes lN() PTR-ToF-MS} (ppb)

0.6

0.4

0.2

000 005 000 015
n-Nonane (GC-MS/FID) (ppb)

| IS IR S R |

[&

k=505
=069 o

0.00 005 010 015 020

n-Decane (GC-MS/FID) (ppb)
IO IR RS S

o
1.0+ k=3.79
& r=0.46
08 @ o : =
o
0.6 ©°© -
oof

o

o

° (N
T

0.00 005 010 015

n-Undecane (GC-MS/FID) (ppb)

PTR-ToF-MS and GC-



188

189

190

191

192

=== PRD (isoprene chemsitry)
mmm= PRD (m,p-xylene and ethylbenzene)

mmm= NCP (m,p-xylene and ethylbenzene)
I I RSN B B B

=)

wn

-3

OH expousre (moleculecm s) &
=
('S ]

NN

S

o

1 T 7 1T 1T 717"
0 = 8 12 16 20 24
Local Time (UTC+8)

Figure S9. Comparisons of average diurnal variations of OH exposure calculated from the
ratio of m+p-xylene and ethylbenzene for anthropogenic compounds in PRD and NCP and

isoprene chemistry in PRD for biogenic compounds.

S17



193

194

195

196

197

1.2
1.0

itk L

—— Isoprene —— Monoterpenes

Concentration (ppb)

uuuuuuuuuu T

L L T T —r T
11/28/2018 12/3/2018 12/8/2018 12/13/2018 12/18/2018 12/23/2018

Local Time (UTC+8)

05_|||||||:||||J||||| P I _IIIJIlIIJI|||J|I|||l|||1|||||||||J|I||J||||||_
E —— Benzene (b) | 1‘0_2 Isoprene (slope=0.18, R=0.82) (c) _
1 —— Isoprene -4 3 ©  Monoterpenes (slope=0.09, R=0.73) £
0.4 —— Monoterpenes | 08 ] 3
= E E a2 0T : F
R 2 E
£ 034 - S5 067 E
B F 5F
g - S E :
] E - =20 0.2 3
0.1 3 23 :
3 0.0 -
D'O_I'I'I'I'I'I'I'I'I'I'I'I'I__U . g

0 2 4 6 810121416 18202224

Local Time (UTC+8) CO (ppm)
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199  Figure S11. Diurnal variations of concentrations of organic aerosols (OA), secondary organic
200 aerosols (SOA) and primary organic aerosols (POA) in PRD (a) and NCP (b). POA and SOA

201  were determined by positive matrix factorization (PMF) analysis of OA measured by AMS.
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Figure S12. The reported SOA yields as a function of OA concentrations for higher alkanes

(C8-C21 alkanes) (a-k) under high-NOx condition from chamber studies(Lim and Ziemann,

2009;Presto et al., 2010b;Tkacik et al., 2012;Loza et al., 2014;Lamkaddam et al., 2017b).
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Figure S13. The reported SOA yields as a function of OA concentrations for monoaromatics
(benzene, toluene, m-xylene, 1,2,3-TMB/1,2,4-TMB/1,3,5-TMB, styrene)(Ng et al., 2007;Li
et al., 2016;Tajuclo et al., 2019) (a-€), naphthalenes (naphthalene, methylnaphthalene,
dimethylnaphthalenes)(Chan et al., 2009) (f-h) and isoprenoids (isoprene and a-
pinene)(Carlton et al., 2009;Edney et al., 2005;Kleindienst et al., 2006;Pandis et al.,

1991;Ahlberg et al., 2017) (i-J) under high-NOx condition from chamber studies.
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215  Figure S14. Time series of SOA produced from higher alkanes (C8-C21 alkanes),
216  monoaromatics (benzene, toluene, C8 aromatics, C9 aromatics and styrene), naphthalenes
217  (naphthalene, methylnaphthalenes, dimethylnaphthalenes) and isoprenoids (isoprene and

218  monoterpenes) as well as the measured SOA concentrations in PRD (a) and NCP (b),

219  respectively.
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Figure S15. Scatter plots of total SOA production from higher alkanes (C8-C21 alkanes),
monoaromatics (benzene, toluene, C8 aromatics, C9 aromatics and styrene), naphthalenes
(naphthalene, methylnaphthalenes, dimethylnaphthalenes) and isoprenoids (isoprene and
monoterpenes) versus measured SOA concentrations during the PRD campaign (a) and NCP

campaign (b).
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Figure S16. The relative contributions to measured SOA concentrations from higher alkanes
(C8-C21 alkanes), monoaromatics (benzene, toluene, C8 aromatics, C9 aromatics and styrene),
naphthalenes (naphthalene, methylnaphthalenes, dimethylnaphthalenes) and isoprenoids

(isoprene and monoterpenes) in PRD (a) and NCP (b).
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235  Figure S17. Diurnal variations of SOA yields of n-C15 alkane, benzene, naphthalene and o-

236  pinene in PRD (a) and NCP (b).
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239  Figure S18. The mean SOA production rates of higher alkanes (C8-C20 alkanes),
240  monoaromatics (benzene, toluene, C8 aromatics, C9 aromatics and styrene), naphthalenes
241 (naphthalene, methylnaphthalenes, dimethylnaphthalenes) and isoprenoids (isoprene and
242  monoterpenes) and their hourly diurnal variations in PRD (a) and NCP (b). Diurnal variations

243  of alkanes, monoaromatics, naphthalenes and isoprenoids in PRD (c) and NCP (d).
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Figure S19. Diurnal variations of OH concentrations in PRD and NCP, respectively. OH
concentrations are derived from an observation-constrained box model utilizing MCM v3.3.1

as the chemical mechanisms(Wolfe et al., 2016).
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