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Responses to Referee #3ôs comments 

General comment: This manuscript presents results from a series of chamber 

experiments investigating the effect of SO2 on the SOA yield for guaiacol oxidization 

in the presence of NOx and seed aerosols. The authors report increased SOA yields for 

increasing amounts of SO2 in the chamber and also observe an increased carbon 

oxidation state. This research is important for understanding the impact of gas-phase 

precursors on SOA formation, with relevance for severely polluted regions in China. 

This is a valuable set of experiments, however, the interpretation is not fully 

supported by the presented results. Before publication, I recommend the authors 

provide more detailed information on the results from the chamber experiments, as 

outlined below. These additional data sets will help support the conclusions made in 

the current manuscript. 

Response to comment: Thank you for your constructive comments and valuable 

suggestions, which would be much helpful to improve the scientific merits of this 

manuscript. Your concerns have been carefully addressed in the revised manuscript. 

 

Comment 1: The big question I have for this paper is what part of the observations is 

due to chemical differences (i.e. different SOA formation mechanisms) and what part 

is due to changes in the physical system (i.e. more seed surface area = more SOA). To 

understand these results, it would really help to be able to compare the data sets for 

the experiments. Can you show experimental traces (AMS and PTR-MS) for some of 

these experiments? 
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For the particle phase: When/how does the particulate sulfate from SO2 grow in? 

What is the NH4
+ doing? Does it rise as well or is the pH of the particles dropping 

(forming H2SO4) or are you forming organic sulfate? What about the NO+ and NO2
+ 

ions? Do they grow in at the same rate for all experiments? When the lights are turned 

on for the different experiments, are there any differences in the induction period 

before SOA growth is observed? How do the chemical properties change with time 

(What is the time series for the O/C, H/C, and N/C)? 

For the gas phase: What do the experimental traces from the PTR-MS look like? Does 

the decay in Guaiacol look the same in all experiments? Are any other VOC products 

observed during the experiments? If so, are there any differences between 

experiments and what do the time series for these products look like? What do the 

time traces for NOx and SO2 look like? 

Response to comment 1: In this work, we compared the effect of sulfate formed via 

SO2 oxidation on SOA formation with/without seed particles. The results suggested 

that the physical and chemical factors could be both helpful to enhance SOA yield, 

but their contributions were very difficult to quantify. 

It is well known that sulfate formed via SO2 oxidation could serve as seed 

particles (Jaoui et al., 2008) and increase the surface areas of particles (Xu et al., 

2016). These roles are favorable to partition more SOA-forming vapors onto particle 

phase (Zhang et al., 2014), consequently enhancing SOA yields. Therefore, the 

average gas-particle partitioning timescale (g-pt ) over the course of experiment and 

the vapor wall-loss timescale (g-wt ) under different experimental conditions were 



3 

estimated and discussed in the revised manuscript. Based on 
g-p g-w/t t ratio, the 

underestimation of SOA yield caused by vapor wall loss could be determined. The 

calculation methods of 
g-pt  and g-wt  were added in the Supplement. 

For the particle phase: The time-series changes in the concentrations of sulfate and 

nitrate, as well as ammonium salts are shown in Figure R1 and Figure R2, 

respectively, which show that the concentrations of sulfate, nitrate, and ammonium 

salts increase along with the irradiation time. The time-series variations in the 

concentrations of NO+ and 
2NO+ ions at different SO2 concentrations are shown in 

Figure R3a, and their ratio (
2NO / NO+ +) is shown in Figure R3b. Figure 3 shows that 

the concentrations of NO+ and 
2NO+ ions are both increase with increasing SO2 

concentration, but the impact of SO2 on 2NO / NO+ + ratio could be negligible. The 

induction periods under different conditions are discussed in the revised manuscript 

(lines 249, 361, and 437-438). For example, the induction period became shorter with 

the increase of SO2 concentration (line 249). 

The time-series changes in the ratios of O/C, H/C, and N/C are shown in Figures 

R4-R6. In addition, the time-series variations in the fraction of organic ion groups 

(CH+, CHO+, and gt1CHO+ ) are shown in Figure R7, which shows the higher fraction 

of gt1CHO+  and lower fraction of CH+ obtained at higher SO2 concentration, 

consequently resulting in higher OSC of SOA. 
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Figure R1. Variations in the concentrations of sulfate and nitrate in the presence of 

various SO2 concentrations as a function of reaction time (without seed particles). 

 

Figure R2. Variations in the concentrations of ammonium salt as function of 

irradiation time at various SO2 concentrations (without seed particles). 
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Figure R3. Variations in the mass concentrations of NO+and 
2NO+, as well as 

2NO / NO+ + ratio as a function of irradiation time at various SO2 concentrations 

(without seed particles).  

 

Figure R4. Variations in H/C, O/C, and N/C at various SO2 concentrations as a 

function of irradiation time (without seed particles). 
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Figure R5. Variations in H/C, O/C, and N/C at various SO2 concentrations as a 

function of irradiation time with NaCl seed particles. 

 

Figure S6. Variations in H/C, O/C, and N/C at various SO2 concentrations as a 

function of irradiation time with (NH4)2SO4 seed particles. 
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Figure R7. Variations in the fraction of organic ion groups as a function of irradiation 

time in the presence of different SO2 concentrations and seed particles (a: no seed, b: 

NaCl, c: (NH4)2SO4). 

For the gas phase: The decays of guaiacol, NOx, and SO2 as a function of irradiation 

time are shown in Figure R8, Figure R9, and Figure R10, respectively, which have the 

similar changing trends for different experiments. The time-series variations in the 

concentrations of acetic acid at different SO2 concentrations measured by the 

HR-ToF-PTRMS are shown in Figure R11, which shows that acetic acid 

concentration decreases with the increase of SO2 concentration, suggesting that the 

uptake of acetic acid might be enhanced in the presence of sulfate and seed particles.
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Figure R8. Decays of guaiacol as a function of irradiation time at different conditions 

(a: no seed, b: NaCl, c: (NH4)2SO4)). 

 

Figure R9. Decays of NOx as a function of irradiation time at different conditions (a: 

no seed, b: NaCl, c: (NH4)2SO4)). 

 

Figure R10. Decays of SO2 as a function of irradiation time with different seed 

particles. 


