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Dear Editor:

We greatly appreciate the time and effort that the editor and reviewer spent in reviewing
our manuscript. After reading the comments from the reviewers, we have carefully revised
our manuscript. All the changes we made are marked in red. Our responses to the
comments are itemized below. The referee’s comments are in black, authors’ responses
are in blue.

Anything for our paper, please feel free to contact me via ghwang@geo.ecnu.edu.cn.

 

All the best

 

Gehui Wang

Oct.14, 2021

 

Reviewer #3

In this study, the authors reported the synergetic effect of NH3 and NOx on the production
and optical absorption of toluene-derived SOA characterized using the AMS. The presence
of NH3 and NO2 has different influence on the yield concentration.

Comments:



Does the lowest concentration in Exp. 4 (adding NO2) suggest the current reduction of
NOx would lead to higher SOA? How to link the discovery of the chamber study to the
real environment?

Author reply:

In the polluted atmosphere, the formation of O3 and OH was mainly from the photolysis of
NOx. SOA formation was not only affected by the NOx but also by the oxidant
concentration. Previous studied have pointed a clear increase at first and then a decrease
in the SOA yield was found with increasing NOx concentration ,which was consistent with
the change trend of OH concentration (Sarrafzadeh et al., 2016; Yang et al., 2020). SOA
yield was decreased with increasing NOx concentration after [OH] adjustment.

Toluene was dominantly oxidized by OH in the atmosphere. In this study, OH
concentration was almost consistent between each experiment. How NOx effect OH
concentration, especially in the real atmosphere, was not consider here. Because the real
atmosphere is a mixed system, and a synergetic promotion of NH3 and NOx on SOA
formation was observed in this study. Although SOA formation is inhibited when only NOx
is present, our result highlights the contribution of compound pollution conditions to SOA
formation, and has certain guiding significance for both NOx and NH3 emission reduction.

 

The authors provided several possible causes for the SOA mass variation with the
addition of NH3or NO2based on literature. It would provide more new information if the
authors could quantify the potential mechanism contribution since a detailed AMS
analysis was conducted.

Author reply:

We are very grateful to the reviewer for this comment.

As far as we know, the study of the synergistic effect of NOx and NH3 on toluene SOA
formation is rarely seen. We not only point out the synergistic effect of NOx and NH3 on
SOA formation, but also discuss the mechanism of this synergistic effect based on AMS
results. Quantitative analysis of synergistic effect of NOx and NH3 on SOA formation has
been investigating in our group, and the quantitative results would be shown later.

 

Does the determined organonitrogen-related species in AMS reflect the yield concentration
change?

Author reply:

The N/C ratio is very low, we don’t think organonitrogen-related species in AMS reflect the
change of SOA concentration.

 

In addition to the proposed mechanism to the influence of NO2 in the manuscript, could
NO2 reacting with OH to form HNO3? Such reaction will provide additional OH consumption
and reduces the oxidation level of organic species. Because of the high volatility of HNO3,
the overall mass might decrease. The addition of NH3 can further cause the formation of
NH4NO3, which can condense on the particles to increase secondary aerosol formation.



Author reply:

We are very grateful to the reviewer for this comment. We measured the toluene
concentration with PTR-MS on-line. The evolution of toluene concentration at different
experiment conditions was shown below. The evolution of toluene concentration was
almost uniformly at different NOx and NH3 conditions.

 

Fig.S1  The evolution of toluene concentration for each experiment.”

 

The OH concentration in the chamber was calculated based on the first order decay of
toluene concentration. There was no obvious difference of OH concentrations in the
different NOx and NH3 conditions. The evolution of OH concentration at experiment
conditions was shown in Fig.S2. The highest OH concentration of 1.0×108 molecule cm-3

was observed at the beginning of the reaction. The average OH concentration over the
entire reaction period is 5.9 ×107 molecule cm-3. The different experiment conditions in
this study did not affect the OH concentration obviously. Therefore, in this study, the
different SOA mass concentration formed under different experimental conditions were not
caused by the change of OH concentration.

 

Fig.S2  The evolution of OH concentrations at different experiment conditions”

The concentration variations of NO3
- and NH4

+ during the experiments were measured by
the AMS. The content of NO3

- and NH4
+ is very low in particulate matter. The content of

NO3
- and NH4

+ for each experiment was list in the table below.

Table S1. The content of NO3
- and NH4

+ in the particle-phase for each experiment

 [NOx]0 [NH3]0 [NO3
-]/[Org] [NH4

+]/[Org]

 (ppb) (ppb) (%) (%)

Exp.2 - ~200 - 1.9

Exp.3 62 ~200 4.0 2.6

Exp.4 63 - ＜0.2 -



 

As seen in Table S1, when only NO2 was introduced into the chamber, the content of NO3
-

in particulate matter was less than 0.2%. Based on the consumption of NO2, most of the
NO3

- was present in the gas phase in the form of nitric acid. When only NH3 was
introduced in the chamber, the content of NH4

+ was about 1.9%. When both NO2 and NH3
were simultaneously introduced into the chamber, the NO3

- reacted with NH4
+ to form

ammonium nitrate particles, which accounted for 6.6% of the total mass of particulate
matter in the chamber. AMS cannot distinguish whether NO3

- and NH4
+ come from organic

or inorganic phase, but 6.6% is obviously the upper limit of inorganic components in
particulate matter if we assume that both are entirely derived from inorganic phase. The
particle mass increased about 59% in the NH3 + NOx experiment compared that with no
NH3 or NOx, which cannot be explained by the formation of inorganic NH4NO3 but can only
be ascribed to the synergetic effect of NH3 and NOx on the toluene SOA formation. The
following sentences were added in line 253 of the manuscript to explain the possible
influence of the smaller amount of the inorganic aerosol on the enhancement in particle
mass in the NH3 + NOx experiment.

“Although inorganic aerosol was formed from the interaction of NH3 and NOx in the
chamber, the upper limit of the inorganic matter only account for 6.6% of the total mass
of particulate matter (Table S1) in the NH3 + NOx experiment. Therefore, it was not the
main cause of the increase in particulate matter.”

 

The y-axes labels of Figure S4 (a) (c) (e) are not in the correct position.

Author reply:

Yes, suggestion taken.
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