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Interactive comment on “Classical nucleation theory
of immersion freezing: Sensitivity of contact angle
schemes to thermodynamic and kinetic parameters”
by L. Ickes et al.

Peter A. Alpert

General Comments
The manuscript by Ickes et al. details the ability of diffgranmersion freezing parameterizations
based on classical nucleation theory to reproduce lahgrdtta. The authors target the treatment
of the contact angley, the interfacial tension between an ice germ and watgrand the activation
energy barrierAg#. Performance of freezing parameterizations are evaluatems of their ac-
curacy in reproducing measured frozen droplet fractiorigef@a 1), their consistency with trends in
freezing as a function of temperatuf@, particle size, and time, (criteria 2) and finally if their fit
parameters and fitting functions lead to reasonable reptasens (criteria 3). Comparison of for-
mulations 1), 5) and 7) use the same thermodynamic parazagtens foro;, (Reinhardt and Doile,
) andAg# i .LZQ_d?), but is represented by different schemes namely the single-

in 1), thea-PDF in 5) and thex(T) in 7).

The manuscript in question is well written and comprehenshhe overall conclusions are justi-

fied. However, a discussion of previous literature thatgiestto the performance of freezing param-
eterizations is lacking and alternative explanations @éZing parameterization should be explored

for completeness. The authors tJ:iIe Marcolli At[al._&oonﬂgmd_aj. (2(21[0) onp.4,1.17, how-

ever, significant advancement in comparin? contact andjlerses should also be discussed and at-

tributed t(J_ZQbLLSlﬁl_ELIJ_(ZOlepﬁﬂ_Qd ]Jl)_Kmmd_EOLL&SlJEII_(ZQi]JL-RJQQ_Qd zJ_l_(ZJ)lS)

and I|_(ZQ|14). | feel that a concise discussiohehitajor findings in these previous

studies and how the current study in question advances finelsegs should be presented.

—1In |ZQQ|:|51_e_t_aJ [(20.(17), a single-scheme was evaluated for performance, but it could not
reproduce the freezing of droplets due to 1-nonadecanadygamic monolayer coating. Al-
lowing « to be a function of T, i.e. tha(T") scheme, resulted in a good representation of their

data |(ZO.t1L’LSl_e_t_€lIL2Qb7). However, here the authors doneottion that the single-or «(7T)



scheme was considered.in Zobrist ét al. (iOO?). In our repeblication (Alpert and Knopf,

), we address the question of the applicability of thglsic scheme to an uneven min-
eral dust surface, if it does not apply to uniform surface enadecular level such as a self-
assembled organic monolayer coating. In other words, desiagvas never shown to repro-
duce freezing data for a highly ordered and uniform surfétdeas also been argued that

represents the balance of surface tensions which can clerigehanges. Thus a singte-

scheme is not expected to be physically applicAbLe_(ﬂeﬁl]elﬁ_O;{Zl Rigg et AIL;O_IB).
— Inthe studies bLLALp.&Lt_eLLlL(Zdlh_KnQQf_a.nd_EOLLés{LQﬂ.dZ an(JLRigg_e_t_zllll_(ZQIB) inves-

tigating different ice nucleating particle (INP) typeswias shown that the(7") scheme can

be applied and that a linear function may be used. This coratbs findings baI.
(2007). However, the authors neglect discussion of thesbest and refer only I.

)

— The authors claim that parameterizations should be cemsigtith freezing trends of known
microphysical processes (critera 3). One easily accesgitrophysical process that can be
discussed for evaluating freezing parameterizationsasfility to reproduce freezing point
depression of aqueous solution droplmzmswated the applicability of the
«-PDF anda(T) scheme to describe droplet freezing experiments. In thedys organic
particles were immersed in pure water or aqueous ammonilfatesigolution droplets and
freezing was observed as a functionfofand water activitya,,. The analysis demonstarted
that onea-PDF distribution could not reproduce observed freezing,daut the data could

Rigg etal. (2013). The.-PDF

scheme failed as a physical representation of the ice rtirgieability of the particles. If am-

be well represented allowing to be a function ofl’ anday,

PDF scheme is chosen to be used to describe immersion fgaefinture studies, it should be
modified to account for changesag, .3). | suggest to include this discussion
adding more detail to the authors’ third criteria, how ourreat knowledge of microphysics

can lead to more correct ice nucleation parameterizatiodsiat only just better performance.

— Wheeler et AI. (2Q;[4) evaluated many differenschemes and found that thePDF is not
the best performing. Instead, a scheme known as the “adtvessheme” (AS) is the best

performing. This finding should be discussed in the manpson p. 5, . 28-p. 6, I. 2.

Specific Comments

When introducing thex schemes, there are a few instances where the author claiaige or
implies that INP surfaces have variable ice nucleationiefiicy. There is no physical evidence that
an INP has variable ice active sites or surfaces with diffeiee nucleation efficiency. For now, any
evidence is a product of circumstance to a conceptual mattieshframework (or fitting procedure
with prior assumptions of the existence of active sites).pOB8, I. 2-3, the authors claim that the

singlea scheme “assumes” that the surface hascowalues for the entire particle surface. However,



on p. 5, I. 10, the authors claim that thePDF “accounts” for surface heterogeneity. This later
statement is incorrect. The PDF does not account for anything, but it dessume that the surface
of particles is covered by sites that have different cordgagtes. In lack of in situ observations, this is
not a better or more accurate assumption, but simply a diftesonceptual framework. The authors
should state the assumptions of all schemes accuratelggubkey did for the singla scheme.

On p. 5, . 4-6, the authors claim that th¢7") scheme does not take into account how contact
angles are distributed. Then say on . 6-7 that good IN fréieze e.g. when performing a cooling
rate experiment, which shifts the mean contact angle of ¢éhgaiming droplet population. These
statements are contradictory as it is written. The authmygisat the first scheme does not distribute
contact angles, but the contact angle distribution shftg&in, there is no certainty that a contact
angle distribution exists in the first place. Rather it ifisidnt to say that ther(7") scheme assumes
a physical dependence of on T'. To describe this scheme as a compromise is also incorrect as
it is different than the singler and o«-PDF schemes. It it is based on different assumptions and
includes a physical dependence of thermodynamic parasneter which is neglected in the other
two schemes. Similarly, it also does not “reflect a changirigDF distribution” (1. 5-6).

The authors emphasize computational efficiency, cost,resgeomplexity. . .as a way of evalu-
ating each scheme or parameterization. Since this is pexbes a sort of metric for comparison,
it should be a quantifiable metric. As it is presented by th@ans here, it is not quantitative. How
much time does it take for a computer to calculagge derived by the different parameterizations
presented here? What is the extra time it takes to randomliplsgnom ana-PDF or calculatey(7")
before freezing is predicted in a GCM? Understandably,ithe it takes to fit variousr schemes and
other parameters is very different and may take hours is sases. After finding all parameters and
using them in formulations 1-7, how long does each take tdipré&e nucleation in GCM's for the
same aerosol population and thermodynamic conditiond®lftithors choose to not consider the
active site scheme and the soccer ball model, they must loave reason and quantitative evidence
as to why. For example, p. 51. 31-p. 6 I. 32 claims that a schernm® computationally expensive to
be considered, but no quantitative measure is given. Irrdotehis statement and all others like it
to remain in the manuscript, the authors must provide gtaivéé evidence for this. Is it possible to

add another column in Table 2 for this purpose?
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