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The manuscript represents a method of CCN data analysis for different mixtures of organic and
inorganic components of varying mixing states with regards to the observed activation and
hygroscopicity. By conducting controlled laboratory experiments of mixing, them transition from
external to internal mixtures are effectively mimicked. For mixtures of known hygroscopicity
CCN behavior agrees well with traditional Kohler theory. Finally, aerosol water is shown to play
a significant role in promoting mixing and can be used to modify mixing states.

The paper is well written and easy to follow, though there are some issues and more thorough
discussion should be made in specific sections. A very interesting point of the study is the
deconvolution of the activation curves to different sigmoidal curves consistent with those of the
different components, as well as the study of the impact of mixing fresh combustion emissions
with inorganic and organic aerosols.

Specific comments:

1) More thorough discussion should be made in the study of mixing fresh combustion aerosol
with inorganic and organic aerosols. Why is combustion aerosol considered and referred to
solely as Black Carbon? Also, the activation curve presented in Fig.07 does not reach an obvious
plateau, how can we speak about a “homogeneous mixture of black and brown carbon”? Also |
would expect that as a homogenous mixture, the activation curve would be a lot steeper,
especially in the larger particle size range. Can you please clarify/comment on this?

— The combustion aerosol generated by the APG is used as a black carbon surrogate; it was not fully speciated in
this study. The miniCAST utilized in the APG has been well characterized in previous work (e.g., Pinho et al. 2008;
Seong and Boehman 2012; Mamakos et al. 2013; Maricq and Matti Maricq 2014; Durdina et al. 2016; Moore et al.
2014) . The combustion aerosol does contains black and oxidized carbon. Since there are no plateaus in the CCN
activation of the soot, (it is a single smooth curve) this suggests that the size-resolved chemical composition is a
homogenous (internal) mixture. The slope is indicative of activation at higher mobility diameters where it is known
that the transfer function of the DMA is wider, thus contributing to a shallow slope (e.g., Lance et al., 2013).

— We have revised the text with this added information.

2) A more thorough review of the current literature should be made, as there are relevant studies
that are not mentioned. E.g. L69-70 Moore et al., 2012 provide an in-depth analysis of ambient
CCN measurements during the 2010 Deepwater Horizon Oil Spill, both studying hygroscopicity
vs mixing state and type of size distributions and droplet activation kinetics.



— We have added the suggested references.

— Moore et al, 2012 is one of many papers that studies changes of ambient CCN with mixing state. We have
included the reference. An extensive literature review will show that there are many papers discuss aerosol mixing
state and cloud condensation nuclei. We have added them in this revision. However, The majority of theses papers
use ambient data sets of unspeciated aerosol composition. To our knowledge, we are the only manuscript to show
changes in laboratory CCN with controlled changes in mixing state aerosol population. This is the novelty of the
presented technique. Previous papers (dating back to the early 70°s) have provided the theory and have shown the
activation of laboratory externally mixed aerosol and internally mixed systems, separately. We have yet to find a

paper that has controlled and measured the change from external to internal in the laboratory. We regret that this
uniqueness did not come across in the first revision of the paper and thus we have spent considerable effort

emphasizing the importance of the new technique presented in the revised manuscript.

— The following text has been revised as follows.

Knowledge of the mixing state and the chemical composition can greatly improve CCN predictions and has been the
focus of several studies (e.g., but not limited to (Bilde and Svenningsson 2004; Abbatt et al. 2005; Henning et al.
2005: Svenningsson et al. 2006: King et al. 2007: Cubison et al. 2008 Kuwata and Kondo 2008; Zaveri et al. 2010
Su et al. 2010; Wang et al. 2010: Spracklen et al. 2011; Ervens et al. 2010; Asa-Awuku et al. 2011; Liu et al. 2013
Juranyi et al. 2013: Paramonov et al. 2013; Padro et al. 2012; Moore et al. 2012; Meng et al. 2014; Bhattu and
Tripathi 2015 Almeida et al. 2014 Schill et al. 2015: Crosbie et al. 2015 Che et al. 2016: Ching et al. 2016: Mallet
etal. 2017: Sanchez Gécita et al. 2017 Cai et al. 2018; Schmale et al. 2018; Mahish et al. 2018; Kim et al. 2018;
Chen et al. 2019: Stevens and Dastoor 2019)

3) CCN activity also depends on the atmospheric processing as well. L50-51 it is stated that
CCN activity is complicated when inorganic salts are internally mixed with a complex organic. It
has been shown in filed studies that even within a few hours of processing, hygroscopicity (thus
activity as well) becomes more or less constant, e.g. Lathem et al., 2013; Bougiatioti et al., 2009.
This, to my opinion, should be mentioned.

— We agree CCN activity and the mixing state of the population depends on atmospheric processing. We have
included this in the text. We have added the suggested additional references. Again, our challenge here is that there
are a lot of global ambient CCN activity measurements that show changing CCN behaviour. The models to
describe changes in CCN mixtures have been validated with ambient measurements. To our knowledge, we are the
first to validate with known composition and control subsequent CCN from external to internal mixtures in the
laboratory.

Technical corrections:
L109 What type of SMPS, sizing range and of CCNc? It is mentioned in Section 2.3. but it
seems to me as missing information to me at that early stage.

— The instrument specifics were organized into a single section under ‘measurement and instrumentation’. The text
has been updated with text directing the reader to refer to section 2.3 for instrument specifications

L293 What do the authors mean by “does not account for non-spherical fractal particles”?



— The apparent hygroscopicity is calculated from the electrical mobility diameter that assumes particles are
spherical. Electrical mobility diameter measurement does not take into account non-spherical fractal particles. We
have elaborated this in revised text.

Fig.05 Some points exhibit huge variation

— The variation can be attributed to the conversion from AMS mass to number.
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