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We would like to thank referee #1 for the effort in providing this review. In the following, we
repeat each comment by the referee (in black font) followed by our response and, where applicable,
related changes to the revised version of the manuscript in blue font. Page and line numbers stated
are those from the original manuscript.

General comments:
This manuscript describes the further development of the AIOMFAC model to include ad-

ditional chemical species, such as carbonates and iodine. Using literature thermodynamic data
and new experimental observations, the authors derive estimates for the interaction parameters be-
tween ionic species and certain organic functional groups. The authors report excellent agreement
between model and experimental results for inorganic mixtures, and good agreement with organic
mixtures at high humidity. Overall, this work provides the community with a detailed description
of the model development and will allow for a broader application of the AIOMFAC model to un-
derstanding the thermodynamics of chemically complex systems. It is appropriate for this journal,
well-written and can be published with minimal changes, as detailed below.

Specific comments:

1. On line 279, the authors describe the assumption that CaSO4 will form a solid. This is
reasonable, as the authors point out, for most RH conditions, but likely not cloud forming
conditions, where even low solubility species will likely enter solution. How does the as-
sumption of solid formation impact AIOMFAC predictions for CCN activation estimates?
What other species are assumed to form solid phases only?

Authors’ response: At present, CaSO4 is the only compound considered to form a solid
phase as an a priori assumption (and thereby removing some or nearly all of the sulfate
from an aqueous solution). However, this treatment can be modified for calculations under
high dilution, as those mentioned by this reviewer. In a single-phase calculation scenario,
since RH or water activity is an output of an AIOMFAC calculation, it is typically simpler
to assume complete precipitation of CaSO4 regardless of the water content or equilibrium
RH. However, for gas–particle partitioning or CCN activation calculations, typically car-
ried out with a targeted RH as an input, a RH threshold (e.g., 98 %) can be set within our
AIOMFAC-based equilibrium model, such that at RH levels above this threshold CaSO4 is
allowed/assumed to fully dissolve into the aqueous solution. Pye et al. (2020), in their sec-
tion 4.2, provide a related discussion concerning the treatment of CaSO4 and other potential
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solids within several thermodynamic aerosol models.

Changes to manuscript: On line 281 we add the following: “For systems involving Ca2+ and
SO2−

4 ions at high RH in gas–particle equilibrium computations, the treatment of CaSO4 can
be modified by introducing a RH threshold, e.g. 98 %, above which the CaSO4 is assumed to
be fully dissolved in an aqueous phase. Such an approach was adopted for AIOMFAC-based
equilibrium calculations in the study by Pye et al. (2020).”

2. Suggest Figure 4 change the x-scale range to better show the relevant data – currently the
data points span only 1/5th or less of the width of the figures, making its hard to judge what
the data shows.

Authors’ response: In addition to the experimental data/model prediction comparison, we
wanted to highlight the effect of salt addition compared to the salt-free case over the whole
concentration range. A zoomed-in version which only shows the experimental range have
been added to the supplemental information.

Changes to manuscript: Figure S4 has been added to the supplemental information docu-
ment.

3. Figure 5A needs further explanation in the text and/or figure caption – what is Also, these
data are reported at 351 – 366 K – this is very close to the boiling point of water-ethanol,
depending on the mixture composition. It’s unclear how to interpret these data and a greater
description is necessary.

Authors’ response: This is an isobaric vapor–liquid equilibrium data set for which measure-
ments were conducted at 101.3 kPa, i.e. approximately 1 atmosphere pressure generated
by the combination of water and ethanol vapors (in a closed system), for different mixture
compositions. This is why the temperature is relatively high and varying over small range.
Detailed description of this type of data set and associated treatment for model parameter
optimization has been discussed in Zuend et al. (2011). A summary of how such data sets
were processed is given in Section 3.4, including Eq. (22) of our manuscript. We modified
the figure caption to reflect the information more clearly in the revised version.

Changes to manuscript: Caption of Fig. 5: “(a) Isobaric VLE data of water (1) + ethanol (2)
+ KI (3) at 351–366 K; experiments by Chen and Zhang (2003).”

4. Line 744 – “unlikely realistic” is awkward and confusing phrasing. Please amend.

Authors’ response: We agree, this phrase was confusing. Meanwhile, we have found a mis-
take in the baseline calculation of the critical supersaturation values used for the water +
suberic acid + NaI system. The mistake only affected the post-processing of calculations for
this specific system. The corrected values for the organic-free water + NaI agree well with
the experimental data for a dry diameter of 50 nm using the listed densities and without the
need of any dynamic shape correction factors. As such, Fig. 15 and the whole related text
section have been updated.

Changes to manuscript: Lines 731–746 regarding the model prediction/measurement offset
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in the water + suberic acid + NaI case will be amended. Figure 15 (panels a,b) will be
updated. A related sentence on line 794 of the Conclusions section has been rephrased.

Technical Points:

1. Labels on graphs are generally on the small side and would likely be illegible on printed
page.

Authors’ response: All the figures are high-quality vector graphics which retain clarity even
with extensive zooming-in. We have enlarged several of the figure labels. Furthermore, the
positioning and scaling of the figures in the final publication will likely aid in increasing the
size of the labels.

Changes to manuscript: Labels in Fig 3, 6 , 7, 8 have been enlarged.
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