Dear Markus Ammann,

Listed below are our responses to the comments from the reviewer of our manuscript. For clarity
and visual distinction, the referee comments or questions are listed here in black and are preceded
by bracketed, italicized numbers (e.g. [1]). Authors’ responses are in red below each referee
statement with matching numbers (e.g. [A1]). We thank the reviewers for carefully reading our

manuscript and for their very helpful suggestions!

Sincerely,

Mijung Song



Minor comments:

[1] The authors might have misunderstood my comment regarding the conditioning time of the
droplets. The characteristic mixing time scale throughout a droplet/particle and water uptake is not
equal to the time to take up water and achieving equilibrium with the vapor phase. The mixing
time scale reflects the “diffusion” within a particle or droplet. It scales with distance or surface
area. However, water uptake is a volume-based process and scales, as typically expressed in
standard textbooks, with 1/r. While the mixing time scale for a small particle can be in milliseconds,
water uptake to reach equilibrium can still take 10s of seconds. Hence, I fell that mixing time scales
cannot be applied to infer if the droplet is in equilibrium with the surrounding water vapor. I still
think the authors’ applied conditioning times are fine, though one does not know for sure.
Estimation is not trivial. As the droplets take up water, the sucrose/water concentration changes,
and as such the water vapor pressure adjacent to the droplet surface changes (it increases), slowing
down water uptake from assumed water vapor supply at given RH.

[A1] We thank the reviewer for the clarification. We agree that the characteristic mixing time
reflects internal diffusion within a droplet and should not be equated with the timescale for vapor—
particle equilibration. To make this distinction clearer, we revised the manuscript to state that
Tmix,H,0 15 Used only to assess internal mixing, while equilibration with ambient water vapor may
require longer timescales. The conditioning times (10-30 min, depending on temperature) were
chosen conservatively to allow droplets to approach equilibrium before measurement, although
full equilibrium cannot be guaranteed. Corresponding clarifications have been added to the
Methods section (Lines 94-102).

“Prior to each bead-mobility measurement, sucrose-H>O droplets (diameter ~40—100 pm) were
held at the target temperature and RH (> ~60%) with a conditioning time of ~10 min at 303, 293,
and 283 K, and ~30 min at 273 K. At each temperature, RH was decreased in increments of ~5%,
with droplets conditioned at each RH prior to measurement. Equilibration was further assessed
using the characteristic mixing time of water within the droplet matrix (zmix#,0), calculated as
described in Sect. S1 (Table S1). The conditioning times were selected experimentally to be

substantially longer than the 71,0, ensuring rapid homogenization of water within the sucrose-

H>O droplets. We note, however, that rapid internal mixing does not necessarily imply



instantaneous equilibration with the surrounding water vapor. The conditioning times were

therefore chosen conservatively to allow droplets to approach equilibrium before measurement.”

[2] The changed abstract does not reflect the limitations admitted: “and fully agree that
extrapolating viscosity data measured over 273-303 K down to 230 K introduces a substantial
caveat.” The previous sentence of “When coupled with...”, just states that the VFT fit was
extended to lower temperatures. To a reader it is not clear if this is associated with uncertainties or
not. Since we are not talking about a 20% error but possibly orders of magnitude, this needs to be
clearer.

The conclusions have improved. Though, it would be nice to know how much uncertainty is
associated with this extrapolation. This could serve as a stronger argument for future research as
it is called out. Also, the reader does not learn how much the data was extended for. In the
paragraph starting “Based on the experimentally...” one could add that ““...was used to extend the

viscosity parameterization by 43 K to cover a broader tropospheric temperature—RH space”.

[A2] We thank the reviewer for this constructive comment and agree that the extent of the
extrapolation and its associated uncertainty should be stated more explicitly. To address this, we
revised the abstract and conclusion to clearly state that the VFT-based viscosity parameterization
was extrapolated by ~43 K beyond the experimentally constrained temperature range (273-303 K)

to explore colder tropospheric conditions.

“A Vogel-Fulcher—Tammann fit with experimentally derived fragility (Ds= 13 + 1) extended the
parameterization by ~43 K beyond the measurement range, to 230-310 K and 0—-100% RH, with

substantial uncertainty at low temperatures.”

Conclusion:

“Specifically, the VFT-based viscosity parameterization was extrapolated by ~43 K beyond the

experimentally constrained temperature range to explore colder tropospheric conditions; however,



this low-temperature extrapolation can introduce substantial uncertainty and should be interpreted

qualitatively.”

[3] Reacto-diffusive length: Is a division missing in Eq. S5.27 D N20O5/k*1? I think, somewhere
in the main manuscript, it should be clearly stated that derivation of N2OS5 uptake coefficients
were based on keeping the first-order hydrolysis rate coefficient constant across applied
temperatures. Obviously, applying an Arrhenius term and extrapolating by 43 K, the reacto-
diffusive length estimate will change considerably and likely impact the published uptake
coefficients.

[A3] We thank the reviewer for the comment. The formulation in Eq. S5.2 follows the standard
definition of the reacto-diffusive length for a first-order bulk reaction. To make it clearer, we have
added a brief clarification in the Methods section stating that the intrinsic first-order hydrolysis
rate coefficient used to derive the N.Os uptake coefficients was assumed to be temperature-
independent and held constant across the applied temperature range. The following text has been
added to the revised manuscript (Lines 169-171):

“In this framework, the bulk hydrolysis of N2Os was treated as a first-order process, with the
intrinsic hydrolysis rate coefficient k'assumed to be temperature-independent and held constant

across the applied temperature range.”



