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Response to Referee #3
This work investigate the liquid-liquid phase separation of α-pinene derived SOA from
C1

both ozonolysis and photo-oxidation in the presence or absence of ammonia gas. This
work shows that only reaction products originated from ozonolysis of α-pinene undergo
phase separation at a very high humidity. The authors suggest that bulk elemental composition (e.g. O/C ratio) could be a good proxy for determining the phase separation of
α-pinene derived SOA formed from ozonolysis and photo-oxidation. This work provide
valuable data which allow us to better understand the phase state and morphology of
ambient SOA. I have a few comments for the authors’ consideration.
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Major comments:
[1] Abstract, "LLPS occurred when the O:C ratio was less than ∼0.44 and LLPS did not
occur when the O:C ratio was greater than ∼0.40. When LLPS was observed". Since
the elemental ratios of the SOAs have not been measured in this work, it may not be
appropriate to put down the O/C ratios in the abstract.
[A1] We agree the referee’s suggestion. We will remove the value from the Abstract as
suggested.
[2] Experiment section, my major comments are how the high gas-phase concentration
of α-pinene, ozone, OH, ammonia and aerosol mass loading used in this study affect
the molecular composition of the SOAs, which would ultimately govern the phase separation of the aerosols. The authors should give more discussion on these aspects.
[A2] For the case of α-pinene ozonolysis and photooxidation, high gas phase concentration of α-pinene elevates SOA mass loadings and yield by the condensation of low
volatile species into particle phase (Cocker et al., 2001; Na et al., 2007; Saathoff et al.,
2008; Wang et al., 2014). It has been reported that this did not significantly affect the
molecular compositions (Shilling et al., 2008; Shilling et al., 2009; Bertram et al., 2011;
Chen et al., 2011; Zuend and Seinfeld, 2012). For instance, Shilling et al. (2009) and
Zuend and Seinfeld (2012) showed that the O:C in α-pinene SOA did not depend significantly on mass loadings. Table S1 will be updated with the references in the revised
manuscript.
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[3] Page 5, line 13, "During a humidity cycle, RH was reduced from ∼100% to 0%,
and then, it was increased to ∼100% at a rate of 0.5–1.0% RH minˆ-1 if LLPS was not
observed. If LLPS was observed, the RH was reduced from ∼100% to ∼5–10% lower
than the RH at which the two liquid phases merged into one phase, followed by an
increase to ∼100% RH at a rate of 0.1–0.5% RH minˆ-1." Could the authors elaborate
how they could confirm an equilibrium state could be achieved for all systems under
these RH increasing or decreasing rate?
[A3] This is a good point. At the beginning of LLPS experiments, the SOA particles
were equilibrated at ∼100% RH for 60 min. Then, a humidity cycle was performed at
a rate of 0.1–0.5 % RH minˆ-1 for occurrence of LLPS and at a rate of 0.5–1.0 % RH
minˆ-1 for absence of LLPS. We did not observe a dependence of LLPS and non-LLPS
on the RH ramp rate. This point will be included in the revised manuscript (pg. 5, lines
22-26).
“During a humidity cycle, RH was reduced from ∼100% to ∼5–10% lower than the
RH at which the two liquid phases merged into one phase, followed by an increase
to ∼100% RH at a rate of 0.1–0.5% RH minˆ-1. If LLPS was not observed, RH was
reduced from ∼100% to 0%, and then, it was increased to ∼100% at a rate of 0.5–1.0%
RH minˆ-1. We did not observe a dependence of LLPS on the humidity ramp rate.”
[4] Page 6, line 17, As shown Table 1, the phase separation was observed at very high
RH. Could the authors explain why this happens for the investigated systems? Also, in
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addition to the comments on the O/C ratios, could the authors explain why the phase
separation does not occur for the SOAs generated from photooxidation of α-pinene
(e.g. from a molecular insight or perspective)?
[A4] As RH increases, water molecules would increase in the particle leaving organic
molecules which are less hydrophilic resulting in phase separation in the SOA particles. Previous studies showed that a number of water-soluble organic compounds
such as carboxylic acids were identified in the SOA particles produced from α-pinene
photooxidation (Reinning et al., 2008; Eddingsaas et al., 2012).
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References:
Eddingsaas, N. C., Loza, C. L., Yee, L. D., Chan, M., Schilling, K. A., Chhabra, P. S.,
Seinfeld, J. H., and Wennberg, P. O.: alpha-pinene photooxidation under controlled
chemical conditions - Part 2: SOA yield and composition in low- and high-NOx environments, Atmos. Chem. Phys., 12, 7413-7427, 10.5194/acp-12-7413-2012, 2012.
Reinnig, M.C., Müller, L., Warnke, J., Hoffmann, T.: Characterization of selected
organic compound classes in secondary organic aerosol from biogenic VOCs by
HPLC/MSn, Anal. Bioanal. Chem., 391, 171–182, https://doi.org/10.1007/s00216008-1964-5, 2008.
[5] Page 9, line 16, "The range of O:C ratio corresponding to the absence of LLPS is
wider than that reported by a previous work (Song et al., 2017). The difference could
be attributed to the fact that the SOA particles were generated from different types of
VOCs." Could the authors elaborate this point a more?
[A5] Thank you for the comment. To make this point clearer, we will modify the sentences in Sect. 3.4 (pg. 9, lines 27-30).
“However, LLPS did not occur when the average O:C ratio was between 0.45 and
1.30 in this study. Using a new type of SOA particle generated from α-pinene photooxidation, we suggest that the absence of LLPS is wider than that reported by a previC5
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ous work (0.52 - 1.30) (Song et al., 2017).
Reference:
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particles containing secondary organic material free of inorganic salts, Atmos. Chem.
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[6] Page 10, line 19, "Moreover, LLPS occurred in the SOA particles at high RH (as high
as âĹij100%), implying that these results can provide additional information toward
the CCN properties of organic particles." Could the authors elaborate what addition
information could be gained from the results of this work? How this information would
help us to better understand the CCN properties of the particles?
[A6] We fully agree the referee’s suggestion. We will address LLPS occurrence and
related CCN properties in the revised manuscript (pg. 11 lines: 6-13).
“The two phases consisting of an organic-rich shell and water-rich core were observed
at RH as high as ∼100% in all cases. Recent studies of Rastak et al. (2017) and Liu
et al. (2018) showed from laboratory study and modeling results that the presence of
LLPS in organic particles at ∼100% RH can lead to lower surface tension, and finally
a lower kinetic barrier to CCN activation. Our result can also give an additional insight
into attempting more accurate predictions of the CCN properties of organic particles
(Petters et al. 2006; Hodas et al. 2016; Renbaum-Wolff et al., 2016; Ovadnevaite et
al., 2017; Rastak et al., 2017; Liu et al., 2018).”
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