Review of “Chemistry of Riming: The Retention of Organic and Inorganic
Atmospheric Trace Constituents” by Jost et al.

Summary

This article describes wind tunnel experiments to measure the retention factor of
several soluble trace gases. When cloud drops freeze due to the riming of cloud
drops by ice or snow particles, the dissolved trace gases in the cloud drops can
degas, partially degas, or be retained in the frozen cloud particle. The retention
factor is the fraction of the dissolved trace gas that remains in the frozen cloud
particle. The authors conducted several experiments to determine the retention
factor of several organic compounds using the Mainz wind tunnel. The experiments
were restricted to temperatures between -16°C and -7°C, addressing only dry
growth riming. The retention factors for formic, acetic, oxalic, and malonic acids as
well as formaldehyde are reported. The results, combined with previous
experimental data for inorganic compounds, show a nice relationship with the
Henry’s Law constant such that the authors provide an equation to describe the
dependency. Two compounds, formaldehyde and ammonia, do not follow the
Henry’s Law relationship. Formaldehyde has a much higher retention factor than
expected because it is unable to dehydrate before the drop freezes, while ammonia
has a higher retention factor than expected because CO; reacts with ammonia’s
dissociated product, OH-, consequently reducing the ability of molecular ammonia to
be reformed and degassed. This paper is an important contribution to our science
understanding of the fate of soluble trace gases in clouds.

The paper provides a nice analysis and is well written. However, there are a few
discussion points to be addressed before it is ready to be published. I would like to
see discussion on retention factors from previous studies other than the Stuart and
Jacobson (2003; 2004) and Michael and Stuart (2009) papers. There should also be
discussion of expected results for changes in environmental factors, such as pH.
Lastly, some clarification of the information in Figure 3, showing results as a
function of retention indicator and of Henry’s Law constant, needs to be provided.

Major Points

1. The experiments done in the Mainz vertical wind tunnel were carefully controlled
for several parameters, including the pH of the droplets. How would the results
change if the pH of the droplets changed? This may implicitly be answered by the
two data points for SOz, where lower retention is found for a high SOz concentration
and higher retention is found for a low SOz concentration. Would these same trends
be the same for the organic acids?

2. The results presented here are very helpful for cloud chemistry model
simulations. Leriche et al. (2013) list retention coefficients used in their model study
that are based on experimental results and estimates, and Bela et al. (2016) also use
these values. Although formaldehyde, formic acid, and acetic acid retention
coefficients are simply estimates in their studies, it would be useful to discuss that
the current results differ from these estimates (or not).



3.Belaetal. (2016) and Fried et al. (2016) use aircraft observations and modeling
simulations to estimate retention coefficients for thunderstorms ranging from
severe to weak in nature. Their findings are that the formaldehyde and hydrogen
peroxide retention coefficients must be near zero in order to obtain the best match
between model and observations. On the other hand, the methyl hydrogen peroxide
retention coefficient must be greater than 0.5. Could the discrepancies between the
results reported here and these previous studies be explained by wet growth
riming? Could there be other processes causing such substantial differences
between the experimental studies and the field observations?

Another study to include in the discussion is Bozem et al. (2017) who derive
scavenging efficiencies of various trace gases based on aircraft observations of a
mesoscale convective system in Europe.

4. Figure 3 is a key figure for the conclusions of this paper. It contains a lot of
information and some aspects are not clear.

a) First, there are some symbols that are not easy to see. Malonic acid is faint (being
so close to the dark oxalic acid symbol, one hardly see the light gray diamond).
suggest a darker color and/or a wider symbol. The yellow is always hard to read
easily. Can it be changed to gold or orange?

b) Second, the faint pink open symbols for HCHO and NH3 (i.e. the “fine lined
symbols”) are difficult to read. I appreciate the desire to have them similar in color
to the wind tunnel results, but perhaps a color like magenta would work better. In
addition, these symbols need to be explained better. Are the faint pink symbols the
results where retention coefficient is from equation 6 where Rl is based on all the
terms in equation 2, while the red symbols use equation 6 where Rl is based on the
first 3 terms of equation 2 (i.e. t,=0)?

Are all the other trace gases using equation 6 where =0 in equation 2?

c) The acetic acid results are shown for different temperatures. Could the formic
acid results at different temperatures also be shown since Figure 2 shows a
correlation between temperature and retention coefficient?

d) Could the retention coefficient using the low SOz concentration be marked? It
may be best to state its value in the text (e.g. line 5 on page 14, “... and one at a low
concentration of 86 pmol I'! (LC), which has a retention coefficient of 0.5.”)

Specific Comments

1. Is equation 8 applicable to all temperatures studied? It appears from the symbols
on the graph that only the T = -11°C data were used.

Technical Comments
P.11,L19-21, I think k1 and k.1 should be kr1 and k-r1




P. 15, L. 16. Change “bases” to “is based”.
P. 16, L. 28. I suggest saying that R2 and R3 are in the text below.
P. 20. Note 15 is not listed below the table, nor is it on P. 21.
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