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Table S1. Detailed conditions of the experiments in this study 

Experiment 
No. 

VOC  
(ppb) 

SO2 
added  
(ppb) 

NO added 
(ppb) T (K)a RH 

(%)b Scheme 

#1 α-pinene 
(20.2) 0 0 304-311-314 32 Low NOx

low SO2

#2 α-pinene 
(21.4) 0 19 307-314-317 29 Low NOx

high SO2

#3 α-pinene 
(17.5) 15 0 291-298-302 34 High NOx

low SO2

#4 α-pinene 
(18.7) 15 17 300-303-305 42 High NOx

how SO2

#5 Limonene 
(7.4) 0 0 294-303-307 31 Low NOx

low SO2

#6 Limonene 
(7.5) 0 25 303-310-313 28 Low NOx

high SO2

#7 Limonene 
(7.8) 15 0 293-301-305 29 High NOx

low SO2

#8 Limonene 
(7.4) 15 17 296-305-309 28 High NOx

high SO2

#9 Limonene 
(6.0) 2 17 296-306-310 28 High NOx

moderate SO2
a: The minimum, average and maximum temperature are shown. 
b: The average RHs of the period of monoterpenes photooxidation are shown.  
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Table S2. Summary of the effect of NOx on monoterpene SOA yield in the literature 

VOC Oxidation NOx (ppb) Seed aerosol OH source/OH centration 
(molecules  cm-3) 

RH 
(%) Literature 

α-pinene 
15-30 ppb; 

150-200 ppba
Ozonolysis 

4.6 - 2000 ppb 
[VOC]0/[NOx]0: 

0.65-391
No seedb Low OHc Dryd (Presto et al., 

2005) 

α-pinene 
15 ppb Photooxidation ≤2-1000 ppb (NH4)2SO4  as 

seed 
Low NOx: 3×106; high NOx: initial 

2×107 3.7-6.4 (Ng et al., 2007) 

α-pinene 
19.8-52.4 ppb Photooxidation 

Low NOx: not 
reported. 

High NOx: 800 
ppb 

No seed, 
(NH4)2SO4  or  

(NH4)2SO4
+H2SO4

Low NOx: H2O2/initial OH 2×106; 
high NOx: HONO and 

CH3NO2/initial OH 6-20×106
<10 (Eddingsaas et 

al., 2012) 

α-pinene 
12 ppb Photooxidation 0.5 ppb-60 ppb 

(steady state) 
No seed, 

(NH4)2SO4
O3 (78 ppb)/~4-7×107 63 (Sarrafzadeh et 

al., 2016) 

α-pinene 
13.6-20.4 ppb Photooxidation 

Low NOx: <0.3 
ppb 

High NOx: 66-82 
ppb 

(NH4)2SO4  or  
(NH4)2SO4

+H2SO4

H2O2/ 
low NOx: OH 0.8-1.1×106; high NOx: 

OH 4.3-5.9×106
29-68 (Han et al., 2016) 

α-pinene 
16.1-31.7 ppb Photooxidation 

Low NOx: <1.9 
ppb 

High NOx: 
19.675.1 ppb 

(NH4)2SO4
+H2SO4 or 

H2SO4+NH4HSO4 

HONO/N.A.e 23-75 (Stirnweis et al., 
2017) 

α-pinene 
~20 ppb Photooxidation 

Low NOx: 
~0.05-0.2 ppb 
High NOx: 20 

ppb 

No seed or SO2
was added. 

HONO/ 
OH: (1-15)×106 28-42 This study 

a: Two levels of α-pinene concentration were used. 
b: In one high NOx, experiment (NH4)2SO4  was used as seed aerosol. 
c: OH scavenger was added. 
d: RH was not specified. 
e: OH concentrations were not specified. 
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Figure S1. Comparison of the H/C and O/C obtained using the method of Canagaratna et al. (2015) 

with that obtained using the method of Aiken et al. (2007).
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1 
Figure S2. Time series of SO2 concentration in an experiment with SO2 added.  2 
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6 
Figure S3. Decay of C10H15NO8 (MW 277 g/mol) in the dark chamber. Y-axis shows the natural logarithm of the 7 

peak intensity obtained from CIMS. The raw data were averaged to 1 min.   8 
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9 
(a) 10 

11 
(b) 12 

Figure S4. (a) Correction factor (fcorr) to account for the influence of vapor wall loss on SOA yield. The curves 13 

were derived using an average molecular weight of 200 g/mol and an accommodation coefficient (αp) on particles 14 

of 0.1 and 1, respectively. The lines show the fcorr as a function of aerosol surface area concentration and solid 15 

squares show the peak aerosol surface area concentration in each experiment. The experiments corresponding to 16 

each points are shown. “α-p” and “L” denote α-pinene and limonene, respectively. “L” and “H” denote low and 17 

high, respectively. For example, “α-p-H NOx-L SO2” denote the experiment of α-pinene oxidation under high 18 

NOx and low SO2. And the two numbers in each label box show the correction factors (fcorr) derived using αp of 19 

0.1 and 1, respectively. (b). Correction factor (fcorr) as a function of particle surface area and accommodation 20 

coefficient of organic vapors. 21 
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23 
(a)      (b) 24 

25 
(c)      (d) 26 

Figure S5. Time series of VOC, OH, NO, NO2, and O3 concentrations at low SO2 for low NOx (a, c) and high 27 

NOx (b, d). (a, b) and (c, d) are for limonene and α-pinene photooxidation, respectively. Similar trends were 28 

observed under high SO2. 29 
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31 
Figure S6. Comparison of the reaction rates of monoterpene with OH and with O3 in a typical experiment of this 32 

study. The reaction rate of VOC+OH is stacked on that of VOC+O3. Monoterpene oxidation was dominated by 33 

OH oxidation. Here the data in α-pinene photooxidation at low NOx are shown. The scattering of the reaction rate 34 

of monoterpene with OH is due to the variations in the OH concentrations and OH measurement.35 
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36 

37 
Figure S7. The concentrations of OH, HO2 and RO2 radicals in a typical experiment of this study. Here the data in 38 

α-pinene photooxidation at low NOx are shown.  39 
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40 
(a) 41 

42 
 (b) 43 

Figure S8. SOA yield from the photooxidation of α-pinene (a) and limonene (b) as a function of organic aerosol 44 

concentration (COA) in different NOx and SO2 conditions. Both SOA yield and organic aerosol concentration were 45 

corrected for particle wall loss and dilution.   46 
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47 

48 
Figure S9. Comparison of the SOA yield as a function of organic aerosol concentration from α-pinene 49 

photooxidation at low NOx with literature data. SOA yield and organic aerosol concentration in this study were 50 

corrected for particle wall loss and dilution. SOA particle density in all studies was adjusted to 1 g cm-3. The data 51 

for Henry et al. (2012) was extracted from Figure 2, experiment 1 in their study. The data for McVay et al. (2016) 52 

were extracted from Figure 2-4 in their study. The data extracted from figures in the literature may be subject to 53 

uncertainties.  54 
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55 

56 
Figure S10. SOA yield at varying SO2 concentrations for SOA from limonene oxidation at high NOx. The SO257 

concentrations for low SO2, moderate SO2 and high SO2 are <0.05 ppb, 2 ppb and 15 ppb, respectively.58 
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59 
Figure S11. The nitrogen to carbon ratio (N/C) in the SOA formed in different conditions for α-pinene and 60 

limonene oxidation. The black line, box, and whiskers show the median, 25th and 75th percentile, and 10th and 90th61 

percentile, respectively.  62 
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63 
Figure S12. H/C and O/C ratios of SOA from photooxidation of limonene in different NOx and SO2 conditions. 64 

A: low NOx, low SO2, B: high NOx, low SO2, C: low NOx, high SO2, D: high NOx, high SO2. Note that in the 65 

high NOx, low SO2 condition (panel B), the AMS signal was too low to derive reliable H/C and O/C due to the 66 

low particle mass concentration and small particle size. Therefore, the data from an experiment with high NOx67 

(20 ppb NO) and moderate SO2 (2 ppb) is shown instead in panel B. The black dashed line corresponds to the 68 

slope of -1.  69 
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70 

71 
Figure S13. The difference in the mass spectra of organics of the SOA from limonene photooxidation between 72 

high NOx and low NOx conditions (high NOx-low NOx). SOA was formed at low SO2 (a) and high SO2 (b). The 73 

different chemical family of high resolution mass peaks are stacked at each unit mass m/z (“gt1” means greater 74 

than 1). The mass spectra were normalized to the total organic signals. Note that in the high NOx, low SO275 

condition (panel A), the signal of AMS was too low. Therefore, the data in panel A show an experiment with 76 

high NOx (20 ppb NO) and moderate SO2 (2 ppb) instead. 77 
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