Review of “Ice nucleation on surrogates of boreal forest SOA particles: effect of water
content and oxidative age”

| have general comments on the abstract below. Generally, | think the paper is well written
and a nice study that adds to the body literature. | also have a comment on figure 2, which is
fairly trivial.

e Abstract is a little longer than it needs to be. | feel like the first paragraph could be
removed to add a bit more focus.

e Was the core-shell formation observed in the measurements — could this be said
explicitly in the abstract?

e You clearly show the results of preconditioning the SOA at different humidities in
figure 2. This is a key figure for the paper and well-presented. For those not well
versed with the CFDCs | think it is necessary to explain what the steps in the plots are
(scans). There is also a typo in the legend, which refers to 4% RH instead of 40%.

That said, upon detailed reading | am confused about how it works.

The observations seem clear:
e preconditioning the aerosol at 40% RH allows the aerosol to take on more water at

room temperature. When you then transfer the aerosol to the CFDC these aerosol
particles nucleate ice close to the threshold for homogeneous nucleation of pure

water.
e When you precondition the aerosol at lower RH (10 and 1%) the aerosol nucleate ice

close to the ‘Koop line’.

| would like to better understand these findings because | am not sure | fully understand
them. The figure below is taken from Lienhardt et al. (2015) for alpha-pinene aerosol. The

yellow area is where the aerosol is in a ‘glassy’ state.
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Preconditioning at 40% RH at room temperature should mean the aerosol are not in a glassy
state (they are above the yellow area in the Lienhardt plot) and take on water as we expect
according to Koehler theory. However, if the aerosol are then cooled to low temperature in
the CFDC they should enter a glassy state with liquid water ‘trapped’ due to low diffusivity.
On the other hand, preconditioning at low RH means that the aerosol will start in (or very
close to) the glassy state at room temperature, and cooling further will lead to aerosol
particles that have low water content in a glassy state.

Let us now consider what would happen to these particles in the CFDC. Both wet and dry
particles have water contents below the threshold for homogeneous nucleation at these
temperatures so should not nucleate ice at the start of the scan. The ‘Koop’ line sits around
85 to 90% RH, and the maximum preconditioned RH is 40%, so ice should not be nucleated,
initially.

My understanding is that you then increase the RH in the CFDC during RH-scans. As
mentioned above your data show that the “dry particles” nucleate ice on the ‘koop line’
whereas the “wet particles” nucleate ice close to the homogeneous freezing line for pure
water.

The question | have is why do we see this different behaviour?

How do the “wet particles” get all the way to the homogeneous freezing line for pure water
without nucleating ice, whereas the “dry particles” nucleate ice sooner?

The theory above suggests that the “dry particles” should have lower diffusion coefficients
and therefore would struggle to increase their water content as the RH increases in the
CFDC — it is more difficult for water to diffused through the dry aerosol particles (according
to the Lienhardt plot).

My feeling is that the difference in size between the “wet” and “dry” preconditioned
particles could be very important. As part of this review | did some back of the envelope
calculations (assuming dry density is 1500 kg/m3 and dry molecular weight is 200 g / mole).
These calculations suggest that under equilibrium conditions the preconditioned sizes are
around 173 nm; 361 nm; and 652 nm respectively. Could it be that the water is able to
diffuse into the smaller particles and dilute them sufficiently (so they nucleate on the ‘koop
line’), but not the largest particle size?

According to Figure 4 | think you may be suggesting that the wet preconditioned SOA forms
an outer shell and traps the water inside, whereas the dry preconditioned SOA does not —
This would explain your data, and so the idea about particle size might not be needed, but
how does this happen? How and why is the dry shell formed on the outside of the wet
preconditioned particles?

If this can be made clear in the manuscript | am happy to recommend publication.



