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Referee #2 Overview

Borduas-Dedekind et al. report on systematic laboratory studies of the photo- degra-
dation of representative dissolved organic matter bulk solutions and its impact on cloud
condensation nuclei (CCN) and ice nuclei activity (IN). Their main finding is that pho-
tochemical oxidation promotes CCN activity and suppresses IN activity. A perhaps
remarkable finding is that the hygroscopicity of these organic mixtures increases from
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âĹij0.1 to upwards of âĹij0.45 with increasing irradiation. This is where I feel the authors
need to strengthen their argument - can such an increase be reconciled? The meth-
ods, techniques, and analyses appear well executed and cited, and the authors did an
excellent job discussing caveats and experimental limitations. I support publication in
Atmospheric Chemistry and Physics after the authors address my comments.*

— We thank the reviewer for their feedback and address the comments individually
below.

In addition to addressing the large enhancement in κ, the paper could really be im-
proved by including a schematic to connect the different chemical processes the au-
thors propose are happening.

— Upon the request of the reviewer we have generated a new Figure 7 with the overall
mechanism being described.

Figure 7: Overview of the impacts of the photomineralization mechanism on photo-
chemical changes of DOM and on DOM-cloud interactions. After field collected DOM
and SRFA were exposed to the equivalent of 4.5 days of sunlight, the TOC concen-
trations decreased between 15 to 63% conversion, while the production of CO, CO2
and organic acids, including formic acid, acetic acid, oxalic acid and pyruvic acid, in-
creased. In addition, the absorbance of the material decreased with photooxidation
leading to photobleaching. These physicochemical changes are linked to a decrease
in IN ability and an increase in CCN ability.

Comments

Abstract, line 13: Be careful with phrasing here – the authors are measuring the CCN
and IN activity, not necessarily ability to form mixed-phase clouds. I suggest dropping
“. . .ability to form mixed-phase clouds, by acting as. . .” and connect so that it reads,
“. . .on its cloud condensation nuclei (CCN) and ice nuclei (IN) activity.”

— Agreed. We amended the sentence so that it now reads, “In this study, we quantify
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on a molecular scale the effect of photochemical exposure of naturally occurring dis-
solved organic matter (DOM) and of a fulvic acid standard on its cloud condensation
nuclei (CCN) and ice nucleation (IN) activity.”

Page 7, line 25: Please clarify how the wet diameter was determined in the calculation
of critical supersaturation if such data was not measured. Do you mean it was a fitting
parameter as part of the activated fraction curve?

— The reviewer is correct. Dwet is a fitted parameter as part of the activated fraction
when employing equation 6. The comment in parentheses now reads, “(fitted parame-
ter when using Eq. (6))”.

Page 10, lines 10-13: I much appreciate the authors’ statement of caveats and po-
tential differences in their bulk measurements compared to aerosol phase processes.
Beyond the kinetic considerations due to differences in concentrations between the
aerosol phase and bulk solution, other factors such as mixing state, phase, morphology
(i.e., matrix effects) might also impact photochemical processes differently in aerosol
compared to the bulk solution (Lignell et al., 2014).

— We thank the reviewer for this comment and additional caveats. We have kept our
current discussion and added a sentence addressing aerosol physics vs DOM caveat
with the recommended reference in addition to McDow’s et al. seminal work. This
sentence at the end of the paragraph reads, “In addition, organic aerosols can also
exist under different mixing states, phases and morphologies likely leading to matrix
effects which were not captured in this work (Lignell et al., 2014; McDow et al., 1996).”

Page 10, section 3.2: This discussion needs some revision – please describe in detail
why κ varies between 0.12 and 0.45. Would you expect κ to increase this much, and
why? This is significant given that κ for organic aerosol is generally about 0.1-0.2
(Petters and Kreidenweis, 2007). See also comment (6) below.

— We thank the reviewer for the comments. We have amended the discussion in
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light of the additional point below. It now reads, “We further note the seemingly large
kappa values for organic matter, specifically for the irradiated field collected samples
DS 2014, DS 2016 and SR 2017 (Fig. 1). We suggest that as the organic matter is
photomineralized, the organic-to-inorganic ratio decreases, increasing kappa values.
Organic acids are also being formed and can contribute to increased kappa values
(see further discussion in section 3.4.2). According to (Mikhailov et al., 2013), kappa
is inversely proportional to molar mass, and at equal particle density and at unity van’t
Hoff factor, a decrease in molar mass would lead to an increase in kappa.”

Page 13, line 25: What are the units referring to carbon loss? Is it by mass, volume,
molar concentration?

— It is by carbon molar concentration. To clarify, we have modified the sentence and it
now reads, “The organic carbon loss was dependent on the DOM sample and ranged
between 15 % (SRFA) and 63 % (DS 2014) over the course of 25 h of UVB exposure,
representing 230 to 740 microM of carbon loss (Fig. 4).”

It’s difficult for me to make a clear connection between the increase in hygroscopic-
ity and the production of small organic acids/loss of carbon, except that the author’s
state there is a dependency of CCN activity on the decrease in organic carbon con-
tent. Is the reasoning that the production of small organic acids increases average
O/C of the particles and thus κ? Is there any evidence that shows such an enhance-
ment in CCN activity attributed to an increase in O/C and how much of a change in
O/C is expected? Perhaps the significant loss of carbon (up to 63%) during irradia-
tion, likely due to volatilization, decreases average DOM molar mass, thus increasing
κ, e.g., as in Slade et al. (2017) for Suwannee River Fulvic Acid particles reacting
with OH? The following relationship relates molar mass to κ (Mikhailov et al., 2013):
κ=J*(density/M)/(density_w/M_w ) Where J is the van’t Hoff factor, M is average particle
molar mass, and the subscript “w” refers to water. Assuming constant particle density
and unity van’t Hoff factor, a decrease in molar mass would increase hygroscopicity. I
understand the authors did not analyze the mixtures using mass spectrometry, how-
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ever, performing such a calculation relating κ to molar mass could help support the
argument even further.

— We thank the reviewer for this additional insight. We think that we discuss the chem-
ical changes further in section 3.4.5., but that the CCN discussion on 3.2 could have
been made clearer. To that effect, we’ve added the following discussion and reference
to section 3.2. It now reads, “ We further note the seemingly large kappa values for
organic matter, specifically for the irradiated field collected samples DS 2014, DS 2016
and SR 2017 (Fig. 1). We suggest that as the organic matter is photomineralized, the
organic-to-inorganic ratio decreases, increasing kappa values. Organic acids are also
being formed and can contribute to increased kappa values (see further discussion in
section 3.4.2). According to (Mikhailov et al., 2013), kappa is inversely proportional to
molar mass, and at equal particle density and at unity van’t Hoff factor, a decrease in
molar mass would lead to an increase in kappa.”

Page 13, line 21: I found the result that pH of the solution remained at âĹij5 during
the irradiation quite surprising. If more organic acids are generated with increasing
irradiation, would not the pH further decrease?

— Admittedly, we were also surprised. Nonetheless, we hypothesize that DOM has a
high enough buffering capacity to minimize pH changes due to weak acids (with pKas
between 2 and 5) during photomineralization. To address the reviewer’s point, we have
added the following sentence to the text, “We further hypothesize that DOM has a
high enough buffering capacity to prevent weak acids from decreasing the pH during
photomineralization.”

The paper could really benefit from an overall schematic of the proposed processes
(mechanisms) occurring. For example, a reaction scheme that shows the production
of oxidants internal of the solution, the oxidation of a representative DOM structure and
formation of the small organic acids, etc. There are many (exciting and cross-cutting)
points discussed in the paper. However, connecting them without a clear schematic,
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makes it very difficult to follow in the paper.

— We thank the reviewer for their comment and suggestion. We further agree that
a scheme would be helpful and have now included Figure 7. However, we opt not to
display a representative DOM chemical structure. We know that DOM is a combination
of lignin, protein, fatty acids, ions, and frankly complex organic matter and we do not
want to inadvertently brand DOM as being one specific structure. We made Figure 7
to summarize in a quantitative manner the results presented in this work.

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-427,
2019.
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Fig. 1. additional Figure 7 as requested per the reviewer
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