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Dear Prof. Mu:

We greatly appreciate your comments on our manuscript. All the comments are very
helpful to improve the quality of our manuscript. Our responses to your specific
comments/questions are itemized below.

All the best

Gehui Wang

October 14, 2021

 

 

The authors of this manuscript investigated the influence of NH3 and NOx on SOA
formation from photooxidation of toluene. They concluded that there was a synergistic
effect of NH3 and NOx on toluene-SOA formation based on the evident increase of SOA
concentration as well as the mass absorption coefficient for the photooxidation system of
toluene +H2O2+ NH3 +NOx in comparison with those of toluene +H2O2, toluene +H2O2
+NH3 and toluene +H2O2 + NOx. If the conclusion was reliable, it would be of great
importance for evaluating atmospheric SOA formation from photooxidation of VOCs. The
manuscript is recommended to be published in the journal after considering the following
aspects:

It is better to use SOA yields, rather than SOA mass concentrations, to elucidate the
influence of NH3 and NOx on SOA formation from photooxidation of toluene, because
the consumption of toluene was different for the four experiments especially for the
irradiated mixtures with the presence of NOx which would significantly suppress the OH



level in the photochemical chamber. Did you measure the concentration variation of
toluene during the experiments?

Author reply:

We are very grateful to Prof. Mu for this comment. We also think the toluene consumption
is very necessary for the SOA formation study. We measured the toluene concentration
with PRT-MS on-line. The evolution of toluene concentration at different experiment
conditions was shown below. The evolution of toluene concentration was almost uniformly
with and without NOx. NOx could compete with toluene to react with OH in the chamber.
Because the NOx concentration is much lower than that of toluene as shown in Table 1.
The effect of NOx on the consumption of toluene was not significant in this study.

 

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

In the revised manuscript, we have added the sentences in line 163 as follows:

“Toluene concentration was measured with a Proton Transfer Reaction-Mass Spectrometry
(PTR-ToF-MS, Ionicon Analytik, Austria). The evolution of toluene concentration for
different experiments was shown in Fig.S1.”

we also added the sentences in line 235 as follows:

The sentence of “The SOA mass concentrations at different conditions are shown in Fig.
1.” in line 234 was changed as “SOA yield (Y) is defined as Y = ΔM0/ΔHC, where ΔM0 is
the produced organic aerosol mass concentration (µg m-3), and ΔHC is the mass
concentration of reacted toluene (µg m-3). The evolution of SOA mass concentrations and
SOA yield at different conditions during the photooxidation process were shown in Fig.1.”

The Fig. 1 in line 798 was updated as below:

 

 

Fig. 1. The evolution of mass concentration (a) and yield (b) of toluene-derived SOA in
different experiments. All the mass concentrations were wall-loss corrected. The error bars
of SOA yield were calculated by the volatility of measured SOA concentration after the UV
light was turn off at the end of each experiment.

Table 1 was also updated as below:

Table 1. Summary of experimental conditions in this study

No. Tol0 ΔTol NH3
a NO2 RH SOA mass

conc.b,c
SOA yield b

(ppb) (ppb) (ppb) (ppb) (%) (μg m-3) (%)



Exp.1 664.1 551.2 - - 25 ± 1 637 ± 14.628.1

Exp.2 618.7 499.4 ~200 - 23 ± 1 867 ± 12.734.7

Exp.3 620.9 526.1 ~200 62 26 ± 1 1020 ±
10.6

42.7

Exp.4 645.7 539.5 - 63 25 ± 1 452 ± 18.919.5

a The concentration of NH3 is estimated by the amount of NH3 added and the volume of
the smog chamber. b SOA concentration and yield was calculated after taking wall loss into
account. c The reported SOA mass concentrations was peak values after the wall loss
correction.

It is better to present the variation trend of particle mass concentration measured by
the SMPS for each experiment because the readers will not understand the detail
information about the maximal mass concentration in Fig. 1. Did you conduct duplicate
or triplicate experiments for each case? This information should mention in the
experimental section, or readers cannot understand how the error bars in Fig. 1 come
from.

Author reply:

The variation trend of particle mass concentration measured by the SMPS for each
experiment was shown below and we added it into the manuscript as descripted in the
reply of Referee #1. We changed Fig.1 as below:

“

 

Fig. 1  The evolution of mass concentration (a) and yield (b) of toluene-derived SOA in
different experiments. All the mass concentrations were wall-loss corrected. The error bars
of SOA yield were calculated by the volatility of measured SOA concentration after the UV
light was turn off at the end of each experiment.”

 

The repeat experiments were not carried out here. The error bars in Fig. 1 were calculated
by the fluctuation of SOA concentration when the UV light was turn off at the end of each
photooxidation experiment. In order to make this section clearer, the sentence of “The



error bars were calculated by the volatility of measured SOA concentration after the UV
light was turn off at the end of each experiment.” was added in the caption of Fig. 1.

Particle mass concentration measured by the SMPS couldn’t be simply attributed to
SOA because evident amount of secondary inorganic aerosol (such as ammonium and
nitrate) could be formed in the photochemical reaction systems with the presence of
NH3 and NOx. If NH3 was totally converted into particulate ammonium, there would be
no evident influence of NH3 on toluene-SOA. As the reaction of NO2 with OH radical is
very fast, most of NO2 will be quickly converted into HNO3 and NH4NO3 (with the NH3
presence), which may act as a seed to accelerate toluene-SOA formation. Did you
measure the concentration variations of NH3, NOx, NO3

- and NH4
+ during the

experiments? This information is valuable for explaining the experimental results.

Author reply:

The concentration variation of NOx was measured during the experiments, the NH3
concentration was not measured here. 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 -

If only NO2 was introduced in the chamber, the content of NO3
- in particulate matter was

less than 0.2%. Most of the NO3
- was in the gas phase in the form of nitric acid. If only

NH3 was introduced in the chamber, the content of NH4
+ was about 1.9%. when both NO2

and NH3 were introduced in the chamber, the NO3
- reacted with NH4

+ to form ammonium
nitrate particles. Large amounts of NO3

- was participated into the particle phase nitrate.



The inorganic matter could account for 6.6% of the total mass of particulate matter.
However, the low content of inorganic matter still not affect the results of 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 smaller effect 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 inorganic matter only accounted for 6.6% of the total mass of particulate
matter (Table S1) in the NH3 + NOx experiment. Thus, it was not the main cause of the
increase in particulate matter.”

The exact concentrations of the reactants listed in Table 1 are unbelievable, it is better
replaced by “~value”.

Author reply:

We have revised it, and the new Table 1 has been shown in Comment #1.

The concentration of toluene used for the experiments is more than two orders of
magnitude than those observed in polluted areas, and thus the results may be less
representative for the actual atmosphere and exaggerate the influence of NH3 on
toluene-SOA because of significant formation of carbonyl and carboxyl compounds. The
authors are suggested to conduct experiments by using lower concentrations of toluene
(e.g., ~50-100ppb) to check the possible dependence of the influence on the initial
concentration of toluene.

Author reply:

We fully agree with the reviewer on this opinion. Considering the performance of this
chamber, as well as to obtain more accurate analysis of chemical composition, a higher
toluene was used in this study. In our work, the proportion of the key components is
comparable to the ambient level. The mean concentration of aromatics VOCs and OH was
about 11 ppb (Zou et al., 2015) and 1 ×106 molecule cm-3 (Prinn et al., 1995),
respectively, which was consist with the VOCs/OH ratio (~700 ppb/5.9 × 107 molecule
cm-3) in our study.

To provide a better illustration of the experiment condition, the following sentences have
been added in the revised manuscript in line 170:

“In our work, the OH and toluene concentrations were higher than those of urban
conditions. The purpose of the high OH and toluene concentrations is to obtain enough
particle production samples for off-line collections and accurate measurements. The
toluene concentrations remained stable under the different experimental conditions, the
variation of toluene-derived SOA mass concentration and yield was only affected by the
different NO2 and/or NH3 concentrations in this study. Toluene was studied here as the
representative of total aromatic VOCs in the urban atmosphere. The concentration ratio of
toluene to OH in this study is similar to that under the real atmospheric conditions (Zou et
al., 2015; Prinn et al., 1995).”

In the revised manuscript, we have added the sentences in line 521 as follows:

“It has to be noted that the concentration of reactants used for the experiments is much
higher than that observed in polluted areas, the effect of NH3 and NOx on the
photooxidation of toluene with lower concentrations would be checked in the further
study.”



SOA formation is usually affected by OH levels, could you estimate the OH levels based
on the first order decay of toluene?

Author reply:

The highest OH concentration of 1.02×108 molecule cm-3 was observed at the beginning
of the reaction. The average OH concentration over the entire reaction period was
5.87×107 molecule cm-3.

In the revised manuscript, we have added the sentences in line 163 as follows:

“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 (Fig. S2).”

The calculation of OH concentration was added in the Supporting Information as below:

“S1 OH Concentration Calculation Process

The OH concentration was calculated based on the decay ratio of toluene concentrations
and the known rate constant with respect to OH. The change of toluene concentration over
time can be expressed as:

 (RS1)

Where, KOH is the reaction rates constant of OH radicals with toluene (KOH=5.7×10-12 cm3

molecule-1 s-1). Assuming that the concentration of hydroxide did not change during the
experiment, then we can get:

 (RS2)

Thus, plotting the variation curve of ln([toluene]0/[toluene]t) vs. time t showed as Fig.S1.
The ln([toluene]0/[toluene]t) in Fig.1(b) was not a straight line. This is because the OH is
consumed as the reaction goes on. The evolution of OH concentration at experiment
conditions was shown in Fig.S2. The different experiment conditions in this study did not
affect the OH concentration obviously. The highest OH concentration of 1.02×108 molecule
cm-3 was observed at the beginning of the reaction. The average OH concentration over
the entire reaction period is 5.87×107 molecule cm-3.

 

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