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Review of “The effect of particle acidity on secondary organic aerosol formation from α-pinene 

photooxidation under atmospherically relevant conditions” by Han et al. 

 

The authors performed laboratory chamber experiments to study the effect of particle acidity on 

α-pinene SOA. Firstly, the authors found that the particle acidity has small effect on α-pinene SOA 

yield under low-NOx conditions, but has large effects on α-pinene SOA yield under high-NOx 

conditions. This has been shown in Eddingsaas et al. (2012a). Secondly, the authors showed that 

α-pinene SOA formation under low-NOx conditions is influenced if the particle seed is injected 

after α-pinene photooxidation. This has also been shown in Eddingsaas et al. (2012a). Thirdly, the 

authors observed that the fraction of CxHyNz
+ and CxHyOzNp

+ fragments in total organics increases 

with particle acidity, which is the only new finding in the manuscript. Considering the lack of 

novel findings in the manuscript, I would not recommend this manuscript for publication in its 

current state. 

 

Major comments: 

1. This manuscript does not represent a substantial contribution to scientific progress, because 

most of the findings have been shown in Eddingsaas et al. (2012a). The authors should try to 

differentiate this study from Eddingsaas et al. (2012a). For example, while the RH was below 10% 

in Eddingsaas et al. (2012a), the experiments were conducted under humid conditions in this study. 

Thus, discussions on dry vs. humid could be added. In addition, the authors should provide more 

insights into why the effects of acidic seed are different between low-NOx and high-NOx 

conditions.  

2. The authors observed that the mass fraction of CxHyNz
+ and CxHyOzNp

+ in total OA increases 

with particle acidity under high-NOx conditions. However, the discussions on this observation are 

highly speculative.  

(1) In order to explain this observation, the authors propose “organic nitrates may be formed 

heterogeneously through a mechanism catalyzed by particle acidity”. line 191-192, the authors 

suggest that particle acidity can facilitate the gas phase RO2 and NOx reaction and organic nitrate 
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formation. This mechanism is highly speculative. The authors need to provide more evidence and 

cite related reference to support the proposed mechanism.  

(2) line 322-323. The change in NO+/NO2
+ ratio is a reflection of the change in organic nitrate 

composition, instead of organic nitrate amount. The increasing in NO+/NO2
+ ratio with particle 

acidity likely suggests that particle acidity has different effects on the partition of different organic 

nitrate species. This is one possible explanation for the observation that the mass fraction of 

organic nitrates increases with particle acidity under high-NOx conditions. 

(3) As shown in figure 6b, the mass fractions of CxHyNz
+ and CxHyOzNp

+ under low-NOx 

conditions are similar to that under high-NOx conditions. How are organic nitrates formed under 

low-NOx conditions? Why are the mass fractions of CxHyNz
+ and CxHyOzNp

+ under low-NOx 

conditions not affected by particle acidity? 

(4) line 296. The organic nitrate yield reported in this study is misleading. It is because the 

fragmentation of organic nitrate in AMS give rise to CxHyOz
+, which accounts for a large mass 

fraction in organic nitrate but not included in the yield calculation in this study. The authors could 

estimate the organic nitrate yield based on the concentration of the sum of NO+ + NO2
+ and 

assumed molecular weight of organic nitrate (A.W.Rollins, 2012; Boyd et al., 2015; Xu et al., 

2015a). Also, are NO+ and NO2
+ included in the SOA yield and O:C calculation? 

3. Many results are confusing. 

(1) Figure 3: the SOA yield curves under both conditions are not typical and problematic (Griffin 

et al., 1999). Under low-NOx conditions, why would SOA yield decrease with delta_Mo at the 

beginning of the experiments? Under high-NOx conditions, what causes the SOA yield decrease 

within the first 30min? If one looks at the figure 1, the yield curve is expected to be monotonic. Is 

the weird yield curve caused by the SOA wall loss correction? What does the sulfate concentration 

(measured by AMS) look like over the course of the experiments? Does the sulfate concentration 

(measured by AMS) change once organics are formed?   

(2) Figure 4: This figure is confusing. Firstly, following the same delta_Mo, the authors are 

comparing the SOA yield under different NH4/SO4 ratio. The trend shown in figure 4 does not 

hold if the authors add data points when delta_Mo = ~0.25 ug/m3 (where SOA yield peaks for 
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NH4/SO4 = 0.2). Secondly, many data points are obtained from the period when SOA yield 

decreases with delta_Mo, the reason for which is not clear yet.  

(3) Figure 5: Firstly, the y-axis scale is misleading. Although it seems that SOA yield increases a 

lot once injecting seed, the actual enhancement is only on the order of 0.01, which is within 

measurement uncertainty. Secondly, is there organics associated with sulfate seed in the atomizing 

solution? Based on some tests in our lab, the injection of sulfate would introduce organics, which 

comes from the atomizing solution, even if HPLC-grade DI water is used to make solution. 

Actually, the organics associated with sulfate seed may explain the immediate OA increase after 

adding seed particles (line 239). Thirdly, how is the increase of SOA yields calculated? What’s 

the reference? Fourthly, the results are not consistent with Eddingsaas et al. (2012a) (figure 7), 

who showed that AS particles have no effect on for both low and high NOx conditions. 

 

Minor comments:  

1. Table 1: (1) Since both H+ and LWC are modeled by E-AIM in the study, I suggest the authors 

to replace NH4/SO4 by particle pH, because NH4/SO4 or ion balance is not a good proxy for 

particle pH (Guo et al., 2015; Hennigan et al., 2015). (2) Are the [NH4] and [SO4] input for E-

AIM obtained from aqueous solution or AMS measurements? The latter should be used, 

because the NH3/NH4
+ partitioning would cause the real [NH4]/[SO4] ratio different from that 

in aqueous solution. 

2. Figure 1: (1) The legend “OH consumed a-pinene” is confusing because cumulative a-pinene 

consumed by OH should increase with time instead of decreasing as shown in the figure. I 

suggest to change the y-axis to “Δa-pinene consumed by OH”. (2) Is SOA mass concentration 

shown in this figure corrected for wall loss? 

3. line 15. The core-shell model contradicts with literature. For example, Renbaum-Wolff et al. 

(2013) measured the viscosity of a-pinene SOA and calculated that the mixing time is on the 

order of 10-100s under 40-50% RH. 

4. line 18-20. The authors found that the SOA is more oxidized under low-NOx conditions than 

high-NOx conditions. However, Chhabra et al. (2011) figure 2c showed that the O:C of a-

pinene SOA under low-NOx (using H2O2) and high-NOx conditions (using CH3ONO) are 

similar. 
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5. line 35. It should be “enhance the reactive uptake of gas phase organics”, instead of “particle 

phase”. 

6. line 37. Cite Surratt et al. (2010) and Xu et al. (2015a), who showed the effect of sulfate on the 

reactive uptake of IEPOX. 

7. line 43. It is not accurate to state that atmospheric chemistry models do not consider the 

dependence of SOA formation on aerosol acidity. Large efforts have been devoted to consider 

the effect of particle acidity for SOA through IEPOX uptake (Marais et al., 2016; McNeill et 

al., 2012; Pye et al., 2013). Please rephrase this sentence. 

8. line 50-52 and line 63-66. I don’t agree with the authors that “large discrepancies among 

experiments remain with respect to the effects of aerosol acidity on SOA formation”. The 

seemingly “contradictory” observations among studies listed in the manuscript are just due to 

the difference in experimental conditions. For example, the effects of particle acidity on α-

pinene SOA formation are different for low-NOx and high-NOx conditions. Thus, the previous 

studies cited in the manuscript only show the complexity of this scientific question, instead of 

the discrepancy. 

9. line 124. The collection efficiency of AMS. Was a dryer deployed upstream of AMS and SMPS? 

If not, considering the high RH in this study, the particle water could affect the comparison 

between AMS and SMPS. 

10. line 133-134. How do the authors estimate the concentration of organics from self-nucleation? 

Is the particle size distribution bimodal? Please show the particle size distribution measured 

by SMPS. 

11. line 166-167. The lower SOA yield under high-NOx conditions is due to RO2 reacts with NO 

and likely undergo fragmentation to produce volatile species, not due to the formation of 

organic nitrates. According to group contribution method by Pankow and Asher (2008), the 

reduction in vapor pressure by adding of one nitrate functional group is similar to that of adding 

one hydroxyl group. 

12. line 246-247. Eddingsaas et al. (2012a) is not properly cited. Section 3.3 in Eddingsaas et al. 

(2012a) stated that “Under high-NO2 conditions, no additional SOA is formed after the 

addition of either neutral or acidic seed particles in the dark”. Thus, the finding in this study is 

not consistent with Eddingsaas et al. (2012a). 
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13. line 249-250. The authors propose that the early generation products don’t participate in acid 

catalysis. This is not consistent with Eddingsaas et al. (2012a) (figure 8), who showed that the 

first generation products can partition to acidic particles. 

14. line 267-270. The authors need to cite previous studies which discussed the gas phase products 

from a-pinene oxidation. Especially, Eddingsaas et al. (2012b) showed that pinonaldehyde is 

important intermediate under both low and high-NOx conditions. 

15. line 270-272. Xu et al. (2014) is not properly cited. Instead of showing that isoprene SOA is 

more oxidized under low-NOx conditions, Xu et al. (2014) showed that the oxidation state of 

isoprene SOA shows a non-linear dependence on NOx level. 

16. line 318. Please cite Boyd et al. (2015) and Xu et al. (2015b). 

17. line 331. What’s the Org/SO4 ratio in this study? Is it atmospherically relevant? 

18. line 342. The authors have already ruled out the mechanism “acidic seed facilitates the 

partitioning of gas phase organic nitrate” (line 308-310). Please rephrase this sentence. 

19. line 495. The author list of this citation is wrong. 
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