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We are grateful for Dr. Tang’s comments. Those comments are all valuable and
helpful for improving our paper. We answered the comments carefully and have made
corrections in the submitted manuscript. The corrections and the responses are as

following:

1. | fully agree with the comments made by ref. 1. Especially, nitrate has not been
detected but inferred. Authors should provide a convincing explanation why nitrate
has not been detected by any of these techniques they used, and justify how nitrate
was inferred from their measurement.

Response 1: We appreciated Dr. Tang’s comments. We made the new experiments
after your comments and provided the more strong evidences. Please see our answers

and new data in the response 1 of the reviewer#1’s comments.

2. Page 16724, line 10-12: it is claimed that because aged SSA particles are more
spherical compared to fresh ones, aged SSA particles tend to be droplets. | disagree
with it. Although the conclusion can be true, the observation that aged particles are
more spherical is only related to crystallization processes during dehumidification,
and is not necessarily related to these phases at high RH.
Response 2: Yes, we fully agree with the reviewer. Here we only describe
morphology of dry particles on the substrate. At high RH, they all become spherical
shape in the atmosphere after the DRH.

We have revised the text (Page 16724, line 10-12) as follows:

“The fully aged SSA (Fig. 4) on the substrate become more round compared with

fresh SSA (Fig. 2) and partially aged SSA (Fig. 3).”

3. Page 16727, line 1-3: | am not convinced that NaNOj3 coating totally determines the
hygroscopic and optical properties of aged SSA particles. At most the measurements
may suggest that aged SSA particles are more likely to be droplets in the ambient air,

compared to fresh SSA particles. To make such a strong claim, the authors are



required to present data of hygroscopic and optical properties for both fresh and aged
SSA particles. In addition, | think even fresh SSA particles are likely to be droplets for
ambient RH of 56-94%. Though pure NaCl has a DRH of 77%, its ERH is much
lower. By the way, even fresh SSA particles should not be pure NaCl, but containing
other salts which are contained in sea water.

Response 3: We agree with your comments. We could not presume the particle phase
in real atmosphere based on their compositions on the substrate. However, we did one
hygroscopic experiment to understand how particle compositions change their
hygroscopic properties.

We added new hygroscopic experimental data for three typical SSA in supporting
information (Fig. S4). Hygroscopic properties of individual SSA in Figure S4 show
fresh, partially aged, and fully aged SSA start to grow at 69%, 65%, and 60%,
respectively. The results show that nitrate coatings in SSA can change hygroscopic
properties of particle surfaces. In addition, we carefully made some corrections about
the tone.

We have revised the text (Page 16716, line 17-19) as follows:

“These new findings indicate that this mixture of organic matter and NaNO; on
particle surfaces likely determines their hygroscopic and optical properties.”

We have revised the text (Page 16726, line 15-18) as follows:

“In the partially aged particles, the new coating containing MgSQO4, Mg(NOs)s,
and NaNOs (Fig. 3) likely remained as a supersaturated liquid coating on the surface
of the ambient SSA in the arctic area (Zhao et al., 2006;L.i et al., 2008;Woods et al.,
2010).”

We have revised the text (Page 16727, line 1-3) as follows:

“Hygroscopic experiments of individual SSA exhibit that the surfaces of partially
and fully aged SSA have earlier deliquescence than that of fresh SSA based on their
hygroscopic growth on the substrate. The results indicate that the nitrate coatings
likely influence particle surface deliquescence (Fig. S4).”

We have revised the text (Page 16727, line 5-8) as follows:

“As a result, some partially and fully aged Arctic SSA had liquid surfaces in



ambient air (56~94% RH) and that this liquid amounted to certain amounts of water in

these aerosol particles.”
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Figure S4. Deliquescence process of fresh SSA (a), partially aged SSA (b), and fully
aged SSA (c) with different colors for different particles. The lines show the
hygroscopic growth of individual SSA. The relative humidity for three typical SSA is
3-92%, 3-85%, and 3-95%, respectively.

4. Page 16727, line 19-24: if surface reactions produce Cl,, the photolysis of Cl, will
produce CI atoms, further enhancing the photochemical reactivity. | am not sure why
it will reduce the overall photochemical reactivity. More explanations should be
provided.

Response 4: These reactions are beyond our study. We carefully modified it based on
the references (De Haan et al., 1999;Knipping et al., 2000;von Glasow,
2008a;Thornton et al., 2010).

We have revised the text in section 4.2 as follows:



“On the other hand, these surface reactions of SSA could affect the photochemical
reactivity in the Arctic air because they release gaseous halogen species (De Haan et

al., 1999;Knipping et al., 2000;von Glasow, 2008b;Thornton et al., 2010).”

5. Page 16727, line 17-19: one of the four reactions will produce CINO,; instead, it is
formed in the reaction of N,Os with CI'.

Response 5: The reaction is beyond our current study. We deleted this sentence.

6. Page 16729, line 2-3: what the author found is that organic compounds are coated
on aged SSA particles, and | am not sure that it is equal to phase separation used in
atmospheric chemistry community. Since the editor is an expert in this field, 1 will
leave the decision to the editor.

Response 6: From *°C” line scan, we did find °C” signal higher in outer layer. We
carefully compare it with laboratory experiment published in JACS (Ault et al., 2013)
and field experiment published in JGR (Laskin et al., 2012).

7. Figure 6: I feel “volume equivalent diameter” is more proper than “equivalent
spherical diameter”.
Response 7: We have revised “equivalent volume diameter” to replace “equivalent

spherical diameter” in the article and figures.

8. Page 16722, line 18: “don’t experience” should be “have not experienced”.

Although the paper is not difficult to follow, it will benefit a lot if it can be revised

and edited by a native speaker.

Response 8: We have revised it. The native speaker helped to smooth the context.
“The fresh SSA refer to particles which have not experienced any atmospheric

chemical modification after emission.”



References

Ault, A. P., Guasco, T. L., Ryder, O. S., Baltrusaitis, J., Cuadra-Rodriguez, L. A.,
Collins, D. B., Ruppel, M. J., Bertram, T. H., Prather, K. A, and Grassian, V. H.:
Inside versus outside: ion redistribution in nitric acid reacted sea spray aerosol
particles as determined by single particle analysis, J. Am. Chem. Soc., 135,
14528-14531, doi:10.1021/ja407117x, 2013.

De Haan, D. O., Brauers, T., Oum, K., Stutz, J., Nordmeyer, T., and Finlayson-Pitts,
B. J.: Heterogeneous chemistry in the troposphere: experimental approaches and
applications to the chemistry of sea salt particles, Int. Rev. Phys. Chem., 18, 343-385,
1999.

Knipping, E. M., Lakin, M. J., Foster, K. L., Jungwirth, P., Tobias, D. J., Gerber, R.
B., Dabdub, D., and Finlayson-Pitts, B. J.: Experiments and simulations of
ion-enhanced interfacial chemistry on aqueous NaCl aerosols, Science, 288, 301-306,
doi:10.1126/science.288.5464.301, 2000.

Laskin, A., Moffet, R. C., Gilles, M. K., Fast, J. D., Zaveri, R. A., Wang, B., Nigge,
P., and Shutthanandan, J.: Tropospheric chemistry of internally mixed sea salt and
organic particles: surprising reactivity of NaCl with weak organic acids, J. Geophys.
Res.-Atmos., 117, D15302, doi:10.1029/2012jd017743, 2012.

Li, X. H., Zhao, L. J., Dong, J. L., Xiao, H. S., and Zhang, Y. H.: Confocal Raman
studies of Mg(NOs), aerosol particles deposited on a quartz substrate: supersaturated
structures and complicated phase transitions, J. Phys. Chem. B, 112, 5032-5038,
d0i:10.1021/jp709938x, 2008.

Thornton, J. A., Kercher, J. P., Riedel, T. P., Wagner, N. L., Cozic, J., Holloway, J. S.,
Dubé W. P., Wolfe, G. M., Quinn, P. K., Middlebrook, A. M., Alexander, B., and
Brown, S. S.: A large atomic chlorine source inferred from mid-continental reactive
nitrogen chemistry, Nature, 464, 271-274, 2010.

von Glasow, R.: Atmospheric chemistry: Pollution meets sea salt, Nature Geosci, 1,
292-293, 2008a.

von Glasow, R.: Atmospheric chemistry: pollution meets sea salt, Nature Geosci., 1,

292-293, 2008b.



Woods, E., Chung, D., Lanney, H. M., and Ashwell, B. A.: Surface morphology and
phase transitions in mixed NaCl/MgSO, aerosol particles, J. Phys. Chem. A, 114,
2837-2844, doi:10.1021/jp911133j, 2010.

Zhao, L. J., Zhang, Y. H., Weli, Z. F., Cheng, H., and Li, X. H.: Magnesium sulfate
aerosols studied by FTIR spectroscopy: hygroscopic properties, supersaturated
structures, and implications for seawater aerosols, J. Phys. Chem. A, 110, 951-958,

2006.



