Dear Editors and Reviewers:

Thanks for your letter and the reviewers’ comments concerning our manuscript entitled
“Measurement Report: Water diffusion in single suspended phase-separated aerosols”
(Manuscript ID: egusphere-2023-1346). Those comments are all valuable and helpful for revising
and improving our paper, as well as the important guiding significance to our researches. We have
studied comments carefully, and revised the article by supplementing corresponding
interpretations, conducting theoretical analysis, and adding more illustrations according to the
reviewers’ suggestions. Accordingly, the framework of this manuscript has been adjusted to
systematically show the results that fits the theme. The point-by-point responses are as follows,
and the corrections excerpted from the main article are highlighted by yellow. We hope the

corrections can meet with your approval.

Responds to the reviewers’ comments:

Reviewer 1:

#1. Can you show H20/D20 exchange for just aqueous AS (or LiCl if efflorescence is an issue)? This
would give some idea of the response time in your cell when switching between H20 and D20. For
instance, the characteristic time reported in Fig. 3 is probably just the time required for the cell to
switch between H20 and D20.

Answer:

The experiment for just aqueous AS may be not necessary. As shown in supplementary Fig. S1, the
cell we used herein had a height of 3.5 cm, an inner diameter of 3 cm, and an outer diameter of 5
cm. Hence, the volume of the cell was less than 24.74 cm3. The gas-washing bottle used as a
bubbler in this work had a volume of 100 ml and contained 30 ml D,0. The total sccm (standard
cubic centimeter per minute) of dry and wet N, used herein was 100. Considering that RH = 60%,
the maximum of the time required for the cell to switch between H,O and D,O was (24.74 +
70)/(100 x 60%) = 1.58 min. The observed characteristic time for aerosol spectra shown in Fig.
3 was 1.45 min. Thus, D,0 had started to diffuse into droplet before gas exchange from D0 to H,0
completed.

We have supplemented corresponding interpretations in the revised manuscript, as follow
“Volume of the aerosol chamber was < 24.7 cm? (Fig. S1). The gas-washing bottle used as a bubbler
herein had a volume of 100 ml and contained 30 ml D,0. The total flux of dry and wet N, used
herein was 100 sccm. Thus, at RH = 60%, the maximum time required for the chamber vapor to
switch between H,0 and DO was 1.58 min, which can be identified as the response time of the
chamber (formally t..;;).” (Section 2.1)

“However, Top < Ty implies that H,O had started to diffuse into the droplet before gas
exchange from D,0 to H,O completed. Hence, water diffusion in homogenous CA droplet may be

even faster than Fig. 3 showed.” (Section 3.2)

#2. Throughout the paper you have this issue with \phi_{OD} not going to 0 or 1 as the experiment



time becomes very long. This leads to some fairly implausible proposals (in my opinion) towards
the end of the discussion. Isn't it simply the well-known issue that strong WGMs heavily distort
vibrational bands, making their use in quantitative work difficult? The classic example is Anal. Chem.
2005, 77, 7148-7155 where the authors, who had previously been using an EDB, switched to glass
slides because of this very issue (they state this in the introduction to that paper).

Although | suppose the argument given on lines 205-207 that there is condensation of the species
being replaced somewhere on the walls is also possible.

Answer:

As you mentioned, Wang et al. [Anal. Chem. 2005, 77, 7148] used Raman spectra to investigated
the evolution of ion pairs during hygroscopic process of MgSO, droplets. Their focus was the
intensity of certain sharp Raman peaks. However, in this work, we used Raman band area rather
than peak intensity to trace the H,0 or D,O concentration during water diffusion. As shown in Fig.2,
the O-H band and O-D band were quite broad and the WGM peaks were pretty narrow. Thus,
although WGMs distorted band silhouette, the area contribution of WGMs was trivial.

#3. Can you list the fitted droplet size where applicable, e.g. in Fig. 3.

Answer:

The particle radius of some studied droplets (e.g., HoO+AS+DLT) has been presented in the
manuscript (Fig. 6). The fitted radius of droplet shown in Fig.3 (D20+CA) is presented below.
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#4. Why are the WGMs shifting in Fig. 3. Isn't the droplet in equilibrium with the surroundings? Is
some other parameter changing?

Answer:

The experiments were conducted at room temperature (295+0.5 K). After capturing one aerosol
droplet, the aerosol inlet was sealed immediately to maintain a constant RH in the chamber. No
experimental parameters changed during the observation.

Nonetheless, because CA is a semi-volatile organic, the co-volatilization of CA and water may



slightly change droplet size, resulting in the shifting WGMs. Furthermore, spontaneous surface
fluctuations, e.g. thermally induced capillary waves, existed in the optically trapped droplet (see
[Endo et al., J. Phys. Chem. C 2018, 122, 20684; Pigot et al., Anal. Chem. 2012, 84, 2557; Chung et
al., Anal. Chem. 2017, 89, 8092]), which may also contribute to the unstable WGMs. We have
supplemented corresponding interpretations in the revised manuscript, as follow

“Since CA is a semi-volatile organic, the co-volatilization of CA and water may slightly change
droplet size, resulting in the shifting WGMs. Furthermore, spontaneous surface fluctuations (e.g.
thermally induced capillary waves) existing in the optically trapped droplet may also contribute to
the unstable WGMs.” (Section 3.2)

#5. What are the uncertainties associated with the measured \tau reported in Table 1? Were any
of these measurements repeated more than once?

Answer:

The uncertainties of y and Dy, were the parameter errors which were obtained by fitting temporal
variation of ¢,p (see supplementary Fig. S5) using the modified Fickian diffusion model (Eq. 3).
Dw is a process parameter that characterizes water diffusion process, the determination of which
is highly time-consuming. Thus, we did not conduct multiple measurements and average to
retrieve the uncertainties. The static parameters, e.g., RH and droplet size, were retrieved from
multiple measurements.

#6. Awkward writing:

"surplus protons are considered to have appreciable impacts..." This is a weird way of saying low
pH.

"panoramically presents a panorama"

"equilibrated in D20 in ambiance"

Answer:

Thanks for these comments. We have changed these expressions in the revised manuscript.

Reviewer 2:

#1. The figures showing the isotope exchange (Figure 3 in particular) indicate the WGM'’s move
significantly during the process. Is this due to a change in the RH when switching between H20 and
D207 The SI indicates some correction to account for this, but it is unclear how effective this
method is given the observations.

Answer:

The RH remained constant during the experiments. In Fig. 3, because CA is a semi-volatile organic,
the co-volatilization of CA and water may slightly change droplet size, resulting in the shifting
WGMs. Furthermore, spontaneous surface fluctuations, e.g. thermally induced capillary waves,
existed in the optically trapped droplet (see [Endo et al., J. Phys. Chem. C 2018, 122, 20684; Pigot
et al., Anal. Chem. 2012, 84, 2557; Chung et al., Anal. Chem. 2017, 89, 8092]), which may also
contribute to the unstable WGMs. We have supplemented corresponding interpretations in the



revised manuscript, as follow

“Since CA is a semi-volatile organic, the co-volatilization of CA and water may slightly change
droplet size, resulting in the shifting WGMs. Furthermore, spontaneous surface fluctuations (e.g.
thermally induced capillary waves) existing in the optically trapped droplet may also contribute to
the unstable WGMs.” (Section 3.2)

#2. The WGM'’s in the spectra are very broad, up to 1 nm in width. These features on particles of
the size reported should be narrow, <<1 nm. Typically, in AOT systems, spectrometer resolution of
<0.1nm are used to resolve 1st order modes. Can the authors confirm the grating and the
resolution of their spectrometer?

Answer:

The spectrograph grating used herein was 1200 groove mm™ and the spectrometer resolution was
~4 cm. To collect high SNR (signal-to-noise ratio) spectrum, we herein used a wide slit. Thus, the
effective spectrometer resolution may be larger than 0.1 nm.

However, we used area of Raman band to trace H,O or D,0 content within the droplet. The O-H
band (27.3 nm in width) and O-D band (17.5 nm in width) were both disproportionately wider than
the WGMs. Thus, the deviation caused by the spectrometer resolution may be trivial to the results

of water diffusion examination.

#3. The spectrum for a core-shell particle will depend on the thickness of the shell, and whether
the WGM'’s penetrate deeply enough to interfere with the internal interface. A core-shell particle
retains spherical symmetry, so while the position of the WGM'’s in the spectrum may differ from a
homogeneous particle, the peaks generally should appear well resolved. A deviation for spherical
symmetry would lead to the spectrum degrading, which may occur if the shell thickness is not
uniform.

Answer:

Thanks for this comment. As you said, the shell thickness has appreciable influences on aerosol
spectrum. To be more rigorous, we have supplemented corresponding statements in the revised
manuscript, as follow

“The shell thickness has appreciable influences on aerosol spectrum. The weak WGMs may be
caused by bad sphericity of the droplet, such as non-uniform shell thickness. The droplet with good
spherical symmetry and deep WGMs penetration can induce well-resolved WGM peaks.” (Section
2.2)

#4. Were diffusion coefficients measured at lower RH for a well-characterized system, such as CA,
to validate the accuracy against previous data?

Answer:

Thanks for this suggestion. We have conducted supplementary experiment to determine Dy, of CA
under low RH conditions. The result of water diffusion in H20+CA droplet at RH = 20% was shown

below,



A 663 0.10
651 0.08
€
S 0.06
-
*g.’ 638
o) 0.04
o) R - - | |
>
T 625
= 0.02
612 0.00
1+
B = dop
[a] I
L S

o 20 4 6 80 100
Time (min)

It showed that 7,5, = 13.67 min at RH = 20% and was larger than 1.45 min at RH = 60% (see Fig.

3 in the main text), indicating that water diffusion was retarded under low RH conditions. The Dy

of H,0+CA droplet (RH = 20%) measured in this work was close to the result of [Nadler et al., Phys.

Chem. Chem. Phys. 2019, 12, 15062] (Table S1). It validates the performance of our system. We

have added these interpretations in the revised supplementary information (Section S6).

#5. What is the chamber response time? How much does this vary due to the nebulization process
depositing more material into the chamber? Was the chamber cleaned out between
measurements?

Answer:

The response time of the aerosol chamber was 1.58 min which has been interpreted in the revised
manuscript, as follow

“Volume of the aerosol chamber was < 24.7 cm? (Fig. S1). The gas-washing bottle used as a bubbler
herein had a volume of 100 ml and contained 30 ml D,0. The total flux of dry and wet N, used
herein was 100 sccm. Thus, at RH = 60%, the maximum time required for the chamber vapor to
switch between H,0 and DO was 1.58 min, which can be identified as the response time of the
chamber (formally t..;;).” (Section 2.1)

The RH in the chamber was first modulated to maintain at a specified value (60% herein). After
nebulizing desired mother solution and capturing one aerosol droplet, the nebulization was
stopped, and the aerosol inlet was sealed immediately to maintain a relatively isolated



environment in the chamber. The trapped droplet was allowed to rest in the chamber vapor for
10~15 min. In this period, the droplet can achieve an equilibrium with the surrounding gas and the
surplus deposited material. Then, we launched the isotope exchange experiment. Thus, the
deposited material had no influence on chamber response time. After one experiment finished,
the chamber was disassembled and cleaned using an ultrasonic cleaner.

We have added corresponding interpretations in Section S1 in the revised supplementary
information.

#6. How was the oleic acid mixture nebulized, given the insoluble nature of oleic acid? How much
OA was in the levitated particles? Previously, OA has been introduced as a vapor into AOT’s and
allowed to condensed on existing particles (such as NaCl, in the work of Dennis-Smither et al.
(https://doi.org/10.1029/2012JD018163)).

Answer:

The H,O0+AS+0A droplet was generated by nebulizing a mixed solution containing of AS, OA and
water. The mixture was fully shaken to form an aqueous OA emulsion before nebulization. Thus, a
number of OA-inclusions would be contained in the nascent droplet. In our experiment, the OA
content in the droplet was random. If the droplet spectra cannot support a partly engulfed
morphology, the droplet will be released until one spectra-confirmed partly engulfed droplet is
captured. Then, water diffusion in such droplet was examined.

#7. Were measurements performed for water diffusion in 1,2,6-hexanetriol alone, under the same
RH conditions? Based on its hygroscopicity and fluidity, it seems unlikely major diffusion limitations
would be observed for water in this system. Does the presence of ammonium sulfate in particles
in the present work lead to some kind of change in the rheology that leads to more diffusion
limitations?

Answer:

Previously, we have already tried to examine water diffusion in droplet comprising 1,2,6-
hexanetriol (HEX) only. However, the solubility of HEX was lower than that of inorganics (e.g.,
ammonium sulfate). Compared with HEX+AS droplet at the same RH level, the droplet comprising
HEX only would shrink and result in a lower water content and a smaller equilibrium radius. The
final radius of HEX droplet was lower than the minimum radius applicable to our LTRS system. In
other words, HEX droplet cannot be trapped for a sufficiently long time for observing water
diffusion.

Furthermore, previous work has reported that the structure of HEX+AS droplet was considerably
complex at RH = 60%, where HEX-rich shell, AS-rich core, and more concentrated AS inclusions in
the core coexisted [Ma et al., Atmos. Chem. Phys. 2021, 21, 9705]. The force between AS and water
molecular, particularly in the case of concentrated AS inclusions, was highly stronger than that
between HEX and water. Bound water may form under this circumstance. The substitution of D,O
for H,0 needed to overcome bound water force, which may be quite difficult because the solute
concentration in AS inclusions was far beyond its solubility limit. This may also contribute to the
slow water diffusion in HEX+AS droplet. Moreover, the water diffusion during humidifying or drying
process was driven by RH changes; however, the diffusion investigated herein was translational



water diffusion at constant RH level, the weaker driven force of which may magnify the diffusion
retardation extent.

We have supplemented corresponding interpretations in Section 3.4 in the revised manuscript.

#8. How much oleic acid is present in the particles? From the S| figure, the coating is small
compared to the size of the droplet and the reduced surface area of the aqueous phase relative to
a pure aqueous droplet would be small.

Answer:

Thanks for this comment. In the answer of Question #6, we interpreted that the OA content in the
droplet was random. Volume ratio of the OA+AS mother solution was 4/1 (aqueous AS/OA). In Fig.
4, the quenched spectral WGMs implied an appreciable OA coating. To be more rigorous, we
revised the schematic diagram in Fig. S2.

#9. Table 1 indicates the addition of acid leads to homogeneous morphology, but the rate of
diffusion is still much slower than for a homogeneous system. Further the influence of lowered pH
in this system would lead to protonated organic molecules that would be less polar, rather than
more polar, suggesting miscibility should decrease rather than increase. Perhaps the pH influences
the proton exchanges rates on the alcohol groups, which affects the timescales?

Answer:

Aerosol pH was reported to have significant impacts on liquid-liquid phase separation. However,
the impacts were different and related to the organic component. Previous work found that the
separation relative humidity (SRH, the RH level at which LLPS occurs) of some organic acids (e.g.,
3-methylglutaric acid) increased as the aerosol pH decreased, while the SRH of other organics (e.g.,
polyols) decreased as the pH decreased [Losey et al., J. Phys. Chem. Lett. 2016, 7, 3861; Losey et
al.,, J. Phys. Chem. A 2018, 122, 3819]. In the case of DLT+AS droplet, decreasing pH would inhibit
the occurrence of phase separation. From a fundamental physical chemistry perspective, the
fluctuations of local solute concentration will lead to thermodynamic instability in droplet structure
and induce phase separation subsequently. In this work, the added sulfuric acid increased droplet
viscosity, the plasticizing effect of which may limit concentration fluctuations and promote
homogeneity. We have revised corresponding statement in Section 3.4 in the update manuscript.
The slower water diffusion in the acidified droplet may be caused by the difficult substitution of
D0 for H,0 resulting from the already formation of hydrated protons (Hs0*) or the so-called bound
water. The characteristic diffusion time herein does not merely reflect the hygroscopicity capability
of the droplet. What it directly reflects is diffusion rate of molecules in the size of water molecule
into such droplet. Hygroscopic process may be prompt in neutral homogenous droplet. However,
the equilibrium water vapor pressure at the surface of acidified homogenous droplet may be
different from that of neutral homogenous droplet at the same RH level. Because lower vapor
pressure means weaker driven force of diffusion, water molecule substitution in the droplet with
low pH presented here was not that fast.

#10. For the core-shell fitting, can the authors provide simulated spectra to compare with the



measured core-shell spectra? More details on the use of this and the outputs would be useful.
Answer:

The core-shell model we used was developed by [Vennes et al., J. Opt. Soc. Am. A 2019, 36, 2089].
The inputs of this model were spectral WGM locations, initial guess for core/shell refractive index
(RI), and range of radius ratios that are searched. The major outputs of the model were WGM
locations, core radius, and particle radius. The parameters used herein were 1.33 for core Rl initial
guess, 1.6 for shell initial guess, and 0.5~0.99 for core/particle radius ratio. The comparison
between simulated spectrum and recorded spectrum in Fig. 5 at time = ~93.5 min is presented
below. It shows that the core-shell model fits the recorded spectrum very well. We have added
corresponding interpretations in Section S7 in the revise supplementary information to show
details on the use of this model.
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If you have any query, please do not hesitate to contact me at the address below.
Thank you and best regards.

Yours sincerely,
Tong Yu-Kai
E-mail: tong.y.k@pku.edu.cn

Corresponding author:
Ye Anpei
E-mail: yap@pku.edu.cn



