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Response to anonymous referee #5:

Wang et al. report on measurements of higher alkanes made with a PTR-ToF-MS in an urban
and rural location in China. They find relatively abundant quantities of higher alkanes and,
based on estimates of OH concentrations and SOA mass yields, argue that they also contribute
meaningfully to SOA formation in both regions. Measuring the chemical composition and
complexity of VOCs in the atmosphere is an important step in studying the potential of those
VOCs to form SOA and identify the sources of fine particulate matter. The study is well
motivated and mostly well written (some detailed comment about technical communication
can be found below). [ am not overtly familiar with the online mass spectrometry measurements
so the editor should rely on the other reviews to make a judgement about that. The data analysis
and modeling sections require some additional detail to better communicate the inputs and
assumptions. I generally favor publication of this work in ACP but after the authors have had

a chance to respond to my comments.

Response: Thank you very much for your valuable comments and suggestions on our
manuscript. These comments are all helpful for improving our article. All the authors have
seriously discussed about all these comments. According to your comments, we have tried best
to modify our manuscript to meet with the requirements for the publication in this journal.

Point-by-point responses to the comments are listed below.
Comments:

1. Line 2: After reviewing the manuscript, I did not find that the word ‘significant’ was
appropriate in the title. The authors find that alkanes are probably as important as aromatics
and biogenic VOCs but the model currently still underestimates the total SOA production in
both studied regions. The word ‘significant’ could be misconstrued to mean that alkanes

explain the majority of the SOA in urban and rural china.
Response: We replaced the word ““significant” with “important”.

2. Lines 47-53: This introduction to SOA modeling is not well described and does accurately
represent the historical approaches used to model SOA formation. For instance, precursor

lumping has been used prior to the volatility basis set.

Response: We modified this part of introduction as follows. “A volatility basis set (VBS)
model was developed to advance SOA modeling by improving the modeling of further

multigenerational oxidation processes and incorporating numerous, yet unidentified,

1
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low-volatility precursors of SOA, which substantially improved the agreement between

SOA simulations and observations.”

3. Lines 58-61: It might be worthwhile to talk about the differences in the various SOA

precursor classes between gasoline and diesel exhaust.

Response: We included the introduction about the differences in the various SOA precursor

classes between gasoline and diesel exhaust on line 69-71 of page 4 in the revised manuscript.

“Based on vehicle exhaust tests, higher alkanes were found to contribute ~37% to diesel
exhaust-derived SOA and ~0.8% to gasoline exhaust-derived SOA, respectively (Gentner
etal., 2012).”

4. Lines 61-63, lines 314-316: A recent study by Akherati et al. (ACP, 2019) also modeled
SOA formation from higher alkanes but did not find them to be as important when compared

to aromatics, especially after accounting for the effects of vapor wall losses (see #12).

Response: The estimation of SOA formation from higher alkanes in this study is calculated
based on the field measurements in the urban and rual regions of China, which is different from
the model study in Akherati et al. (ACP, 2019). According to the calculated SOA yield biases
for a variety of VOCs when considering the potential influence of vapour wall losses (Table
S4), the literature reported SOA yields are low by factors of ~1.1-2.2 for the high NOx
conditions (Zhang et al., 2014). This suggests the SOA calculations in our study might be
correspondingly underestimated. However, we still can find the importance of higher alkanes

to SOA formation in our study.

Table S4. Average biases in SOA yields due to vapour wall losses for various VOCs under

high-NOx conditions from Zhang et al. 2014.

VOC Rwall
Benzene 1.25+0.1
Toluene 1.13+0.06

m-xylene 1.2+0.1
Naphthalene 1.240.1
Isoprene 2.240.5
o-pinene 1.3+0.1
n-dodecane 1.16+0.08
2-methylundecane 1.4+0.2
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5. Line 80: ‘is response’ should be ‘responds’.

Response: We corrected it to “responsive”.

6. Line105: grammatical mistake in ‘makes possible of quantitative of alkenes’.
Response: We corrected this sentence.

7. Lines 147-148: grammatical mistake in ‘group affect little on the degrees of fragmentation

for product ions’.
Response: We corrected this sentence.

8. Lines 193-195: I don’t see why the PTR measurement should be higher than the GC.

Shouldn’t the GC measurement be close to the PTR if the unresolved mixture is accounted for?

Response: In this study, the higher alkanes standards used by online GC-MS are just linear
alkanes (n-alkanes) without branched ones. Therefore, the quantification of branched alkanes
by GC-MS is not available in this study. While, the higher alkanes measured by PTR-ToF-MS

include linear and branched isomers for each carbon number.
9. Line 212: Should be ‘This decreasing pattern’.
Response: We corrected this sentence.

10. Lines 239-242: It isn’t clear to me why different pairs of species are used to estimate OH
concentrations for the anthropogenic and biogenic species separately. Can the equation for the
OH estimation be provided? Also, is there confounding in the OH estimation associated with

emissions being added to the air parcel while the selected pairs are oxidized?

Response: We included the details about the calculations of OH exposure in the revised
supporting information. During the PRD campaign, since biogenic species (i.e. isoprene and
monoterpenes) have different emission sources and patterns from the anthropogenic species,
the photochemical oxidation processes are quite different in these species. Therefore, we use
different methods to calculate the OH exposures for anthropogenic species and biogenic
species during PRD campaign. For the anthropogenic species, the observed ratio between m+p-
xylene and ethylbenzene was used to estimate the OH exposure ( [OH] X At ) by Roberts et al.
(1984) :

1 m + p — xylene m + p — xylene
X [In( Je=o — In(

[OH] x At = )]

ethylbenzene ethylbenzene ’*

m+p—xylene kethylbenzene
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Where the initial emission ratios of m+p-xylene/ethylbenzene were estimated according
to the correlation of m+p-xylene with ethylbenzene during campaigns. The ratio of 4 and 1.5

were used in the PRD campaign and the NCP campaign, respectively (Figure S29).
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Figure S29. Correlation of m+p-xylene with ethylbenzene in PRD (a) and NCP (b). The dashed

lines in both graphs indicate the estimated initial mission ratio of m+p-xylene/ethylbenzene.

The OH exposure of biogenic emissions are estimeted based on isoprene chemistry for
PRD campaign. The calculation method can be found in Roberts et al. (2006). Isoprene are
mainly photo-oxidized through the reactions with OH radical in the atmosphere and its primary
first-generation reaction products are formaldehyde, MVK and MACR (Apel et al., 2002) . The

reaction processes of isoprene oxidized by OH radical are mainly as follows:
Isoprene + OH — 0.63HCHO + 0.32MVK + 0.23MACR  ki1=1.0x10cm=3s? (Eq. S1)
MVK + OH - Products k2=1.9x10*cm3s? (Eq. S2)
MACR + OH — Products k3=3.3x10"*1cm 351 (Eq. S3)

where ki, ke, k3 are the rate constants of the reactions. According to above reactions, the
relationship between MVK/Isoprene, MACR/Isoprene, (MVK+MACR)/Isoprene and the
reaction time At can be decribed as follows (Apel et al., 2002):

MVK _ 0.32kq
Isoprene ko—kq

(1 — exp((ky — k) [0H]AY)) (Eq.S 4)

MACR  _ 023k (1 — exp((ky — k3) [OH]AL)) (Eq. S5)

Isoprene k3—kq

HPCHIAC = 2525 (1 — exp((ey — k) [OHAD) + 1252 (1 = exp((ky — k) [0H1A0))  (EQ,
S6)
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MVK+MACR
Isoprene

where can be derived from the measurements by PTR-ToF-MS. Then the OH

exposure ([OH]At) of isoprenoids can be obtaind from Eq. S6.

The OH exposure values in this study represent the average “photochemical age” that
are calculated by some properly chosen VOCs ratios. Parrish et al. (2007) compared the
calculated photochemical age of different NMHCs species with the transport time calculated
by a back trajectory model, and concluded that the calculated photochemical age could better
describe the average transport time of VOCs species by selecting suitable hydrocarbon species

pairs.

11. Lines 242-246: If the isoprene and monoterpenes are of anthropogenic origin, shouldn’t the

biogenic VOCs be oxidized based on the OH determined from the anthropogenic VOCs?

Response: In this study, we think the isoprene and monoterpenes are of anthropogenic origin
in NCP. Thus, we use the OH exposure estimated from the anthropogenic VOCs for
isoprenoids in NCP campaign. While, because the isoprenoids in PRD campaign are of
biogenic origin, we estimate the OH exposure of isoprenoids based on isoprene chemistry

method as mentioned above.

12. Lines 253-onwards: While I commend the authors for relying on a lot of historical data to
determine SOA parameterizations for the VOCs measured in this work, the toluene
parameterizations do not use the more recent work of Zhang et al. (PNAS, 2014) that account
for the influence of vapor wall losses in chambers. On a related note, were the SOA mass yields
adjusted for vapor wall losses? Alternatively, some of the parameterizations can also be found
in Eluri et al. (ACP, 2018). Finally, how was the NOx-dependence on SOA modeled? No NOx
data at either of those sites was presented, nor any argument was made for the use of high NOx

SOA parameters.

Response: Thank you for the nice suggestion. We agree with that the vapour wall losses might
influence the calculation of SOA formation by using SOA yields from previous chamber
studies where the wall losses were rarely corrected. Cappa and Wilson (2012) developed a
Statistical Oxidation Model (SOM) to simulate the multigenerational chemistry and gas-
particle partitioning of organic compounds. This SOM has been used to interpret chamber
experiments to examine the influence of chamber-based vapour wall losses on yields of SOA
(Zhang et al., 2014). According to the calculated SOA yield biases for a variety of VOCs when

considering the potential influence of vapour wall losses (Table 1 in this reference), the
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literature reported SOA yields are low by factors of ~1.1-2.2 for the high NOx conditions
(Zhang et al., 2014). This suggests the SOA calculations in our study might be correspondingly
underestimated. In the revised manuscript on line 370-374 of page 16, we added sentences to

mention this influence as follows:

“The influence of chamber-based vapour wall losses on SOA vyields was examined in
previous studies (Zhang et al., 2014) and the results show that the literature reported
SOA vyields are low by factors of ~1.1-2.2 for the high NOx conditions (Table S4). This

suggests that the SOA estimations in this study might be correspondingly underestimated.”

Table S4. Average biases in SOA yields due to vapour wall losses for various VOCs under

high-NOx conditions from Zhang et al. 2014.

VOC Rwall
Benzene 1.2540.1
Toluene 1.13+0.06
m-xylene 1.2+0.1
Naphthalene 1.2+0.1
Isoprene 2.2+0.5
a-pinene 1.3+0.1
n-dodecane 1.16+0.08
2-methylundecane 1.4+0.2

We included the NOx data in the revised supporting information (Figure S22). The
average concentrations of NOx are 42.6+33.7 ppb in PRD and 81.7+57.0 ppb in NCP,
respectively. Under such high NOx levels, the ROz mainly reacts with NO (Bahreini et al.,
2009). Thus, we used the high SOA parameters in this study.

We added sentences on line 321-324 of page 14 in the revised manuscript as follows:

“SOA yields under high NOy conditions are used in this study, as relatively high NOx
concentrations in PRD (42.6£33.7 ppb) and in NCP (81.7+57.0 ppb) (Figure S22) would
cause RO; radicals from organic compounds mainly reacting with NO (Bahreini et al.,
2009).”
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Figure S22. Time series of NOx during the PRD (a) and the NCP (b) campaigns, respectively.

13. Lines 299-300: The sentence reads as if isoprene and monoterpenes are emitted in vehicle

exhaust. Please correct.

Response: We deleted “including vehicle exhausts and biomass combustions in this region”.
The sentence is modified to “As mentioned above, we attribute these isoprene and

monoterpenes to anthropogenic emissions in this region.”
14. Line 312: Can you describe how this is ‘independent’?
Response: We replaced the “independent” with “another”.

15. Line 332: The previous literature that has examined alkanes in more detail (Gentner et al.,
2012; Zhao et al., 2015,2016; Drozd et al., 2019) have found a strong contribution of cyclic
alkanes, especially in vehicular exhaust. Were these specifically measured/estimated in this

work and can the authors comment on their role in contributing to SOA formation?

Response: In this study, we didn’t estimate the contribution of cyclic alkanes to SOA formation.

We are trying to establish the quantification method of these cyclic alkanes.



170

171
172
173
174
175

176
177
178
179
180

181
182
183

184
185
186
187
188
189

190
191
192
193
194

195
196
197

198
199
200

Reference:

Apel, E. C., Riemer, D. D., Hills, A., Baugh, W., Orlando, J., Faloona, 1., Tan, D., Brune, W.,
Lamb, B., Westberg, H., Carroll, M. A., Thornberry, T., and Geron, C. D.: Measurement and
interpretation of isoprene fluxes and isoprene, methacrolein, and methyl vinyl ketone mixing
ratios at the PROPHET site during the 1998 Intensive, Journal of Geophysical Research:
Atmospheres, 107, ACH 7-1-ACH 7-15, 10.1029/2000JD000225, 2002.

Bahreini, R., B. Ervens, A. M. Middlebrook, C. Warneke, J. A. de Gouw, P. F. DeCarlo, J. L.
Jimenez, C. A. Brock, J. A. Neuman, T. B. Ryerson, H. Stark, E. Atlas, J. Brioude, A. Fried, J.
S. Holloway, J. Peischl, D. Richter, J. Walega, P. Weibring, A. G. Wollny and F. C. Fehsenfeld .
Organic aerosol formation in urban and industrial plumes near Houston and Dallas, Texas.

Journal of Geophysical Research: Atmospheres 114(D7), 10.1029/2008JD011493, 2009.

Cappa, C. D. and Wilson, K. R.: Multi-generation gas-phase oxidation, equilibrium partitioning,
and the formation and evolution of secondary organic aerosol, Atmos. Chem. Phys., 12, 9505-

9528,d0i:10.5194/acp-12-9505-2012, 2012.

Gentner, D. R., Isaacman, G., Worton, D. R., Chan, A. W. H., Dallmann, T. R., Davis, L., Liu,
S., Day, D.A., Russell, L. M., Wilson, K. R., Weber, R., Guha, A., Harley, R. A., and Goldstein,
A. H.: Elucidating secondary organic aerosol from diesel and gasoline vehicles through
detailed characterization of organic carbon emissions, Proceedings of the National Academy
of Sciences of the United States of America, 109, 18318-18323, 10.1073/pnas.1212272109,
2012.

Roberts, J. M., Fehsenfeld, F. C., Liu, S. C., Bollinger, M. J., Hahn, C., Albritton, D. L., and
Sievers, R. E.: Measurements of aromatic hydrocarbon ratios and NOx concentrations in the
rural troposphere: Observation of air mass photochemical aging and NOx removal,
Atmospheric ~ Environment  (1967), 18, 2421-2432, https://doi.org/10.1016/0004-
6981(84)90012-X, 1984.

Parrish, D. D., A. Stohl, C. Forster, E. L. Atlas, D. R. Blake, P. D. Goldan, W. C. Kuster and
J. A. de Gouw. Effects of mixing on evolution of hydrocarbon ratios in the troposphere. Journal

of Geophysical Research: Atmospheres 112(D10), 2007.

Roberts, J., Marchewka, M., Bertman, S., Goldan, P., Kuster, W., de Gouw, J., warneke, C.,
Williams, E., Lerner, B., Murphy, P., Apel, E., and Fehsenfeld, F.: Analysis of the isoprene
chemistry observed during the New England Air Quality Study (NEAQS) 2002 Intensive



201
202

203
204
205
206

Experiment, Journal of Geophysical Research-Atmospheres, 111, D23S12,
10.1029/2006JD007570, 2006.

Zhang, X., C. D. Cappa, S. H. Jathar, R. C. McVay, J. J. Ensberg, M. J. Kleeman and J. H.
Seinfeld. Influence of vapor wall loss in laboratory chambers on yields of secondary organic
aerosol. Proceedings of the National Academy of Sciences of the United States of America,

111(16): 5802-5807, 10.1073/pnas.1404727111, 2014.



