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Alfarra et al. present measurements of hygropscopic growth and CCN activity for bio-
genic SOA generated inside a smog chamber. Results are presented in terms of the
hygroscopicity parameter kappa. Kappa for sub- and supersaturated conditions are
compared and kappa values are correlated with the fragment f44 and averaged car-
bon oxidation state (OSc). Sub and supersaturated kappa values are shown to agree
within measurement uncertainty for all except one experiment. Temporal evolution
shows strong correlation between f44 and kappa for individual systems. No overall
relationship between f44, OSc and kappa could be determined.

The manuscript contains new SOA data for precursors that heretofore have not been
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considered in the literature. All experimental methods are well established and ade-
quately described. Overall the manuscript is suitable for publication if the authors are
able to address my concerns.

Major comments:

The authors tackle a heretofore only partially solved problem: to establish relationships
between sub- and supersaturated kappa as well as f44, OSc and kappa. My main
concern with the analysis is that the authors do not attempt to fully explore the issue.
A moderately large number of studies has looked into these relationships using O:C
ratios and similar proxies (e.g. f44) as well as the issue of sub/supersaturated closure.
These bodies of literature have been largely ignored in the discussion of the results.
Further, the discussion seems to omit our more mechanistic understanding of the fac-
tors that contribute to the observed kappa. While oxidation state is clearly important, it
is only so inasmuch as it controls solubility, surface tension, molecular weight, density,
and particle phase. I believe that this is the main reason why nice trends were observed
for single compounds, but overall there appears to be no systematic relationship be-
tween OSc and kappa. In individual ageing experiments, fewer of these properties vary.
For example molecular weight/density changes less during again when compared to
switching between precursors of vastly different molecular weight. The dependence of
growth factors on precursor MW was noted by Varutbangkul et al. (2006) and is ex-
pected from theory. The absence of a gap between sub- and supersaturated regimes is
remarkable and in contradiction to some of the authors’ previous studies. No satisfac-
tory discussion is provided why this gap was seen previously for a-pinene (by multiple
studies) but not in this study. This is a significant result that shouldn’t be passed over.
The proposed allusion to semi-volatiles is speculative and needs to be backed up by
data and a better worked out conceptual explanation. A revised manuscript needs to
take these points into account.

Specific comments Pg 10712: A flow rate of 3 m3 min-1 seems very high for a 47 mm
filter/filter holder.
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What was the initial volume of water for the filter extraction?

What were the approximate total aerosol mass loadings on the filter?

Pg 10715: “Assuming the latter is unimportant (Matsunaga and Ziemann, 2010), the
chemical half-life can be used to infer and compare the reactivity of the parent hydro-
carbons under the reported experimental conditions.”

I don’t quite understand the sentence. Matsunaga and Ziemann demonstrate that wall-
losses are important for lower volatility compounds. The authors should clarify if they
believe that wall loss is not an issue in their experiment, or that they ignore the effect
in their calculations even though it is known to be an issue and thus the estimate of
half-life may be in error.

In principle, the reaction rates with respect to attack by OH and O3 are well known.
Thus the observed half-life must be interpreted as uncertainty with respect to oxidant
abundance in the chamber, wall-loss, and the formation of O3 during the reaction. The
section on the observed chemical half-life should be expanded to explicitly discuss
these issues.

Please clarify why the peak particle number concentration should be related to pre-
cursor reactivity. One would expect that nucleation rates of new particles is tied to
supersaturation (rate of generation of low volatility products) but nucleation is also tied
to the presence of trace amounts of highly specific compounds unrelated to the reac-
tion (e.g. amines) and probably very specific compounds that form in the reaction.

Pg. 10727/10728 OSc and f44 are different and incomplete measures of particle com-
position. I would not expect a general correspondence between those measures. The
fact that the two don’t agree doesn’t necessarily mean that there is “an inconsistency
in determining the degree of oxidation of particles between the employed online and
offline analyses methods”. It simply means that the fragment f44 is a highly idealized
and abstract representation of the oxidation state. The failure to establish robust rela-
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tionships between f44, OSc and kappa in this study seems to be due to lack of temporal
resolution in OSc data, and the absence to consider other factors that control kappa
(e.g. solubility, surface tension, and molecular weight). Correlations between f44 and
OSc can only be expected to the extent that oxidation state determined the more fun-
damental properties that control the observed kappa. See for example Cappa et al.
(2011) for discussion.

Detailed cross-reference to previous studies that attempt similar correlations in terms
of O:C and f44 is needed (e.g. Chang et al., 2009, Massoli et al., 2010, Cappa et al.,
2011, Lambe et al., 2011, Tang et al., 2012). While some of these are cited, what is
needed is perhaps a summary figure that overlays these results by making use of the
observed tight correlation between O:C and f44.

Pg. 10728: “Discrepancies between online measurements of composition and hy-
groscopic growth when particles contain substantial amounts of semi-volatile material
show that correction for this fraction are required (Gysel et al., 2007) and discrepancies
between measurements of sub-saturated hygroscopic growth and droplet activation in
the laboratory (Good et al., 2010b) and atmosphere (Irwin et al., 2010) are likely at-
tributable to this effect.”

This comment is speculative and should be removed. First, there is insufficient discus-
sion on the evidence and proposed explanations of frequently observed discrepancy
between sub- and super-saturated kappa for SOA systems (e.g. Prenni et al., 2007,
Jurányi et al., 2009, Petters et al., 2009, Poulain et al., 2010, Massoli et al., 2011).
From these works at least five proposed explanations for the gap can be obtained.
The veracity of any of the explanations is questionable and semi-volatile material may
be added to the list. However, this work presents no evidence for semi-volatile arti-
facts nor does it discuss how the abundance of semi-volatiles would produce the gap
via the sample protocols used. Even if both points could be addressed here, the other
proposed explanations need to be disproved before the statement made here (“discrep-
ancies . . . are likely attributable to this effect”) would be valid. The respective sentence
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should be removed from the abstract.

Editorial:

Tt has to be noted -> It has to be noted
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relationship to degree of aerosol oxidation, Atmos. Chem. Phys., 10, 5047–5064,
doi:10.5194/acp-10-5047-2010, 2010.

Duplissy, J., DeCarlo, P. F., Dommen, J., Alfarra, M. R., Metzger, A., Barmpadimos, I.,
Prevot, A. S. H., Weingartner, E., Tritscher, T., Gysel, M., Aiken, A. C., Jimenez, J. L.,
Canagaratna, M. R., Worsnop, D. R., Collins, D. R., Tomlinson, J., and Baltensperger,
U.: Relating hygroscopicity and composition of organic aerosol particulate matter, At-
mos. Chem. Phys., 11, 1155–1165, doi:10.5194/acp-11-1155-2011, 2011.

Jurányi, Z. , M. Gysel, J. Duplissy, E. Weingartner, T. Tritscher, J. Dommen, S. Henning,
M. Ziese, A. Kiselev, F. Stratmann, I. George, U. Baltensperger, Influence of gas-to-
particle partitioning on the hygroscopic and droplet activation behaviour of α-pinene
secondary organic aerosol, Phys. Chem. Chem. Phys., 11, 8091-8097, 2009.

Lambe, A. T., Onasch, T. B., Massoli, P., Croasdale, D. R., Wright, J. P., Ahern, A. T.,
Williams, L. R., Worsnop, D. R., Brune, W. H., and Davidovits, P.: Laboratory studies of
the chemical composition and cloud condensation nuclei (CCN) activity of secondary
organic aerosol (SOA) and oxidized primary organic aerosol (OPOA), Atmos. Chem.
Phys., 11, 8913–8928, doi:10.5194/acp-11-8913-2011, 2011.

C3955

Massoli, P., Lambe, A. T., Ahern, A. T., Williams, L. R., Ehn, M., Mikkila, J., Cana-
garatna, M. R., Brune, W. H., Onasch, T. B., Jayne, J. T., Petaja, T., Kulmala, M.,
Laaksonen, A., Kolb, C. E., Davidovits, P., and Worsnop, D. R.: Relationship be-
tween aerosol oxidation level and hygroscopic properties of laboratory generated
secondary organic aerosol (SOA) particles, Geophys. Res. Lett., 37, L03805,
doi:10.1029/2011GL046687, 2010.

Petters, M. D., H. Wex, C. M. Carrico, E. Hallbauer, A. Massling, G. R. McMeeking,
L. Poulain, Z. Wu, S. M. Kreidenweis, F. Stratmann, Towards closing the gap between
hygroscopic growth and activation for secondary organic aerosol: Part II-Theoretical
approaches, Atmos Chem Phys, 9, 3999-4009, 2009.

Poulain, L., W. Zu, M. D. Petters, H. Wex, E. Hallbauer, B. Wehner, A. Massling, S.
M. Kreidenweis, F. Stratmann, Towards closing the gap between hygroscopic growth
and CCN activation for secondary organic aerosols: Part III - influence of the chemical
composition on the hygroscopic properties and volatile fractions of aerosols, Atmos
Chem Phys , 10, 3775-3785, 2010.

Tang, X., Cocker III, D. R., and Asa-Awuku, A.: Are sesquiterpenes a good source
of secondary organic cloud condensation nuclei (CCN)? Revisiting β-caryophyllene
CCN, Atmos. Chem. Phys., 12, 8377-8388, doi:10.5194/acp-12-8377-2012, 2012.
Varutbangkul, V., F. J. Brechtel, R. Bahreini, N. L. Ng, M. D. Keywood, J. H. Kroll, R.
C. Flagan, J. H. Seinfeld, A. Lee, and A. H. Goldstein, Hygroscopicity of secondary
organic aerosols formed by oxidation of cycloalkenes, monoterpenes, sesquiterpenes,
and related compounds, Atmos. Chem. Phys., 6, 2367 – 2388., 2006.

Interactive comment on Atmos. Chem. Phys. Discuss., 13, 10701, 2013.

C3956


