


agree with previous studies and strongly supports the previous observations using a state-of-the-art instrument. On the other
hand, the results are not highly novel. In addition, although the results and discussions of the coating on S-BrC on the
radiative forcing are novel, the discussions are not directly supported by their observations. Therefore, I cannot strongly
support this paper being published in this multidisciplinary high impact journal. 

Specific comments. 
Line 69: “collected during the Pacific Northwest wildfire events on September 5 and 6, 2017” and line 403 “from September
5–6, 2017, and August 9–14, 2018,”: It is unclear whether the samples were collected only in 2017 or in both 2017 and 2018.
In either way, the sampling periods are limited and it is difficult to draw a general conclusion from the limited samples. 

Line 79 “We manually identified particle types based on their morphology” Please define the morphological criteria. It will
also affect the discussion of the hygroscopicity study in Fig. 4. 

Line 130-133: “As shown in Figs. 2a and 2b, our n550 and k550 are about 10% and 70% lower than those described in
Alexander et al., respectively. This discrepancy might be due to our advanced STEM's lower electron acceleration (80 kV vs.
120 kV), which results in lower Cherenkov radiation effects and electron beam-induced knock-on damage, which can
overestimate the k” This discussion suggests that the detailed comparison of refractive indices from this study and those of
Alexander et al in Fig. 3 is meaningless, since the difference is due to the uncertainties of the measurements. 

Line 127-160: In the second paragraph of this section (line 127-139), the authors explain the difference in refractive indices
due to different atmospheric processes. In the third and fourth paragraphs, they discuss the differences based on SP2
fractions and molecular compositions, respectively. Although all these processes may contribute to the refractive indices, a
comprehensive discussion is helpful. 

Line 174-177: “We show the percentage difference in the AAOD map from August 14 at 19:00 to 23:00 UTC, 2018. We
utilized this period because of an existing model domain setup and because that period had solid S-BrC-rich wildfire smoke
events with similar molecular compositions to the 2017 study period.” The authors explain why they chose a different time
period between their observations and modeling; however, it is better to use the same time period to draw a solid
conclusion. 

Line 233-237: “We might underestimate the fraction of organic-coated solid S-BrC based on microscopy imaging because
these coatings might be evaporated in the high vacuum chamber. Considering this caveat, our finding suggests that solid S-
BrC can act as a seed for secondary organic aerosol formation and that the organic coating can potentially increase the
contribution of solid S-BrC to climate warming.” The discussion in the second sentence is based on a hypothesis and lacks
evidence. In the abstract, they mention that “Furthermore, the organic coating on solid S-BrC can lead to even higher lensing
enhancements than water,” which is not supported by the evidence. 

Fig. 4a and S5. “solid S-BrC that uptake water” Some of them look like they are deliquescing rather than absorbing water.
This result may suggest that inorganic salt that attached to or internally mixed with the S-BrC has deliquesced. If the authors
have considered this possibility, I suggest adding some discussion. At least, I found many sulfate in Fig. S1. 

Fig. S4. Is the first question (Yes/No for Na>1%) correct? 

Reviewer #3 

(Remarks to the Author) 
Review of "Enhance light absorption from solid-state brown carbon from wildfires due to organic and water coatings" by
Cheng et al. 

The study focused on a wildfire event on September 5 and 6, 2017 at a single location. The researchers conducted an
extensive and comprehensive analysis of the wildfire smoke, offering a very detailed picture of the physical properties of
particles from this wildfire event, including optical properties and some aspects of hygroscopicity. Most of the data and
analysis are high quality and should be published. However, I wonder if the paper fits within Nature Communications'
mandate. This aspect is up to the Editor. 

The paper consists of four main sections: 1) prevalence of solid S-BrC in wildfire smoke aerosol, 2) optical properties and
chemical composition of solid S-BrC particles, 3) sensitivity study of solid S-BrC absorption aerosol optical depth using
model simulations, and 4) absorption enhancement due to water-solid S-BrC interactions and organic coatings. Sections 1-3
are not novel but still significant. Section 4 presents the most novel results, but the conclusions is less convincing than the
other sections. 

Detailed comments: 

1) Clarity and context: I had to read the paper a couple of times to appreciate what is novel in the paper. Also, the
presentation feels a little disjointed in places. For example, Sections 1-3 seem separate from Section 4. I think Sections 1-3
could be a separate paper. 

2) Title: The title only highlights Section 4. I.e., the title does not represent all the content of the manuscript. 



3) Environmental implications: The environmental implications only cover the results in Section 4. This is one reason for
arguing that Sections 1-3 could be a separate paper. 

4) Significance: the most novel aspect of the paper is the observation that approximately half of the solid S-BrC are
hydrophobic, and half take up water at 97 % RH. Even this observation is not completely shocking since a) one previous
paper by the authors observed two types of solid S-BrC in a previous field campaign, b) hydrophobic and hydrophilic solid
S-BrC have been observed previously in separate studies, as pointed out by the authors, and c) a recent study observed
solid S-BrC in cloud residuals (Adachi et al. Egusph. 2024) indicating that at least some solid S-BrC are hydrophilic. These
previous studies may compromise the manuscript’s significance. 

5) Validity of the data: I have questions about the validity of the data interpretations and conclusions, especially the results in
Section 4. See below. 

6) Page 7, lines 198 to 201: "As shown in Fig. 4a, ~50% of the solid S-BrC did not uptake water (indicated by black arrows)
even at >99% RH (additional images in Fig. S5). However, the rest of the solid S-BrC uptake water at RH above 97% to form
a core-shell morphology with an aqueous shell (indicated by light yellow arrows, hereafter named hygroscopic solid S-BrC),
suggesting a potential function as cloud condensation nuclei." Based on Fig. 4a, it doesn't look like the particles form core-
shell morphology, contrary to the suggestions of the authors. It looks more like the solid S-BrC often remains at the interface
of the water droplets. Also, one of the particles with a light yellow circle doesn't appear to take up any water (the particle with
a light yellow circle at the top right-hand corner of the figure). 

7) Page 7, lines 202-203: "Some hygroscopic solid S-BrC particles have an organic coating (indicated by light yellow
circles), implying that hygroscopic organic coating can promote the water uptake of solid S-BrC." What is the proof of an
organic coating? Is the proof the observation of a larger "residual" after evaporation? One of these particles with a light
yellow circle did not leave a larger "residual" after evaporation. Also, in some cases, the residual may have been caused by
a water-soluble particle nearby. Also, how can the authors differentiate between partial dissolution of the solid S-BrC and the
presence of an organic coating? The solid S-BrC particles could partially or completely dissolve if enough water is added. 

8) Page 8, lines 235-237: "Considering this caveat, our finding suggests that solid S-BrC can act as a seed for secondary
organic aerosol formation and that the organic coating can potentially increase the contribution of solid S-BrC to climate
warming." I don't see conclusive evidence for an organic coating since alternative explanations are also possible for the
observations. So, I don't think the results provide convincing evidence that solid S-BrC can act as a seed for secondary
organic aerosol formation. 

9) Page 9, lines 254-256. "Our study established a previously unrecognized concept by showing that water coating on solid
S-BrC can cause lensing enhancement up to 2.3 at k550." This assumes the solid S-BrC is in the center of the water
droplets (i.e., core-shell), and the solid S-BrC doesn't dissolve in water. However, the images (Figure 4) suggest they will not
form a core-shell structure, and some of the images indicate that the solid S-BrC may have partially dissolved. In the current
experiments, the water uptake is less than what will happen in a cloud droplet. Perhaps in a cloud droplet, the solid S-BrC
will completely dissolve. 

10) The authors argue that some of the solid S-BrC have an organic coating. How does this affect their optical constants
measurements? I guess the authors assumed the solid S-BrC did not have an organic coating when extracting the optical
constants. 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
I carefully evaluate the response. I am happy on the revision. I basically go to accept this article in NC. Here I found one
minor point. 
L302-303, How did the author determine 240%. The authors should cite the sources. 
Here I do want make challenge this number. The light absorbing organic coating might have shield effect instead of the light
enhancement. How did the author find even bigger Eabs? How do you set up the optical refractive index of light absorbing
organic? Please make more suitable implication here. 

Reviewer #2 

(Remarks to the Author) 
The authors have considered the reviewers' comments and provided appropriate responses and discussion in the revised
paper. I agree with the authors' responses and have no further comments. I hope that this paper makes a significant
contribution to the understanding of brown carbon from wildfires. 

Reviewer #3 



(Remarks to the Author) 
Second review of “enhanced light absorption for solid-state brown carbon from wildfires due to organic and water coatings”. 

I thank the authors for taking my comments seriously. However, I still don’t think the paper warrants publication in Nature –
Communications, which publishes papers that represent “important advances of significance to specialists within the field”.
The paper is a good one, but doesn’t quite reach the standard of other papers from the same field that have been published
in Nature – Communications. 

Specific comments: 

1) The clarity of the paper still needs to be improved, especially if the authors are considering a higher impact and more
general journal. In several places it is still not clear what is new and what has already been done. 

2) the number of samples still seems two small to make strong general comments. 

3) Significance: In most cases, the results are not new. The new aspects do not seem significant enough for a higher impact
more general journal. 

4) Some of the implications are uncertain due to speculation. For example, the authors assume a core-shell model when
discussing the effect of solid S-BrC on cloud droplets, but whether or not this is valid is not clear. 

I do think the paper is a nice contribution to the field of atmospheric science and should be published. I also commend the
authors for the large body of work. 
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credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were
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In cases where reviewers are anonymous, credit should be given to 'Anonymous Referee' and the source.
The images or other third party material in this Peer Review File are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



RZ lVci id i]Vc` i]Z gZk^ZlZgh [dg i]Z^g XdchigjXi^kZ XdbbZcih, =YYgZhh^c\ i]dhZ XdbbZcih ]Vh ^begdkZY

i]Z fjVa^in d[ i]Z bVcjhXg^ei, >Zadl* lZ a^hi ZVX] gZk^ZlZgwh XdbbZci 'gZ\jaVg [dci(* [daadlZY Wn djg

gZhedchZ '^cYZciZY* bold [dci(* [daadlZY Wn XdggZhedcY^c\ X]Vc\Zh ^c i]Z gZk^hZY bVcjhXg^ei '^cYZciZY*

WajZ [dci(, MG VcY MNG gZegZhZci i]Z a^cZ cjbWZg ^c i]Z gZk^hZY bV^c bVcjhXg^ei VcY ND* gZheZXi^kZan,

Reviewer #1 (Remarks to the Author):

O]Z hijYn gZedgiZY hda^Y+hiViZ higdc\an VWhdgei^kZ Wgdlc XVgWdc 'N+>g?( [gdb dcZ l^aY[^gZ, O]Zn jhZY NAH*

OAH VcY di]Zg iZX]c^fjZh id fjVci^[n i]Z bdge]dad\n* b^m^c\ hiViZ* Xdbedh^i^dch d[ N+>g? V[iZg dcZ

igVchedgiZY Y^hiVcXZ [gdb l^aY[^gZ, O]Z Vji]dgh c^XZan jhZY i]Z AAGN id fjVci^[n i]Z VWhdgei^dc d[ N+>g?,

O]Zc i]Zn [djcY i]Vi N+>g? eVgi^XaZh XdjaY WZ ]nYgde]^a^X WVhZY i]Z^g ZmeZg^bZcih, =ai]dj\] i]ZgZ lZgZ

bVcn hijY^Zh gZkZVa^c\ i]Z iVgWVaah ^c i]Z igdedhe]ZgZ ^c i]Z ldgaY* i]Z hijYn hZZban ]VY dcZ VYkVcXZbZci

id WZiiZg jcYZghiVcY i]Z^g dei^XVa VcY ]n\gdhXde^X^in, O]Z hijYn XdjaY WZ bV`Z ^bedgiVci ^begdkZbZci id

jcYZghiVcY i]Z OVgWVaah [gdb l^aY[^gZ, >Vh^XVaan* D V\gZZ i]Vi i]Z ]^\] fjVa^in d[ i]^h eVeZg XVc \d id IVijgZ

?dbbjc^XVi^dch, CdlZkZg* D Vahd gV^hZY hdbZ ed^cih l]^X] h]djaY WZ WZiiZg VchlZgZY,

We appreciate that the reviewer considers the high quality of the manuscript and deserving
publication. As the reviewer suggested, we modified the highlights of the manuscript (please

see below). Below are our responses to each comment:

=WhigVXi8

/( uO]Z bZVc gZ[gVXi^kZ ^cYZm d[ /,27).,.37^ Vi 33. cb,v ?djaY i]Z Vji]dgh X]ZX`ZY i]Z cjbWZg d[ .,.37*

l]n D XdjaY cdi [^cY ^i ^c bV^c XdciZmi, >Vh^XVaan* i]Z cjbWZg h]djaY WZ Zm^hi^c\ ^c XdciZmi WZ[dgZ D XVc \d

id VWhigVXi, KaZVhZ bV`Z hjgZ i]Z cjbWZg ^h g^\]i, Dc [VXi* i]Z gZ[gVXi^kZ ^cYZm ^h cdi hjgeg^h^c\ [dg bZ*

WZXVjhZ i]ZgZ lZgZ hdbZ hijY^Zh gZedgiZY i]ZhZ cjbWZg,

We want to thank the reviewer for pointing this out. We have corrected the value in the

abstract. It should be 0.056. Please see our revised text below:

RL35-37: “CZgZ* lZ h]dl i]Vi [gdb V KVX^[^X Idgi]lZhi l^aY[^gZ ^c NZeiZbWZg 0./5*

\gZViZg i]Vc 7.$ 'Wn cjbWZg( d[ eVgi^XaZh lZgZ hda^Y N+>g? l^i] V bZVc gZ[gVXi^kZ ^cYZm

d[ /,27).,.34i Vi 33. cb,v

0( G3.+30* dcZ gZXZci hijYn lZaa gZk^ZlZY i]Z VWhdgei^kZ eVgi^XaZh, ce_ ?a^bViZ VcY =ibdhe]Zg^X NX^ZcXZ

0.02* 5'/(8 43,

We thank the reviewer for sharing this reference. We have cited this paper in the revised

manuscript.

RL51-53: u>? ^h ine^XVaan Xdch^YZgZY i]Z Ydb^cVci a^\]i VWhdgWZg*0 Wji hijY^Zh ]VkZ

gZedgiZY i]Vi i]Z l^aY[^gZ hbd`Z eVgi^XaZh XdciV^c V heZX^Va ineZ d[ hda^Y+hiViZ higdc\an

VWhdgei^kZ >g? 'hda^Y N+>g?( Xdbbdcan `cdlc Vh iVg WVaah,1t3v

1( G/03* eaZVhZ F33. ^h .,.34 ^chiZVY d[ .,.37 ^c VWhigVXi,

This has been corrected in the abstract.



2( G/3/+/36* >Vh^XVaan* dcZ hijYn lZaa gZedgiZY i]Z >g? XdciV^c dg\Vc^X c^igViZ WVhZY dc dcZ heZX^Va

iZX]c^fjZ TjVc Zi Va,* Ack^gdc, NX^, OZX]cda, GZii, 0.0/* 6'/(8 /4+01, O]Z Vji]dgh XVc X^iZ i]^h id hjeedgi

XdcXajh^dc [gdb Wja` hVbeaZh,

We appreciate the reviewer for sharing this relevant reference. We have added this reference

and a relevant discussion to the discussion section in the revised manuscript.

RL160-1648 uO]Z bdaZXjaVg Xdbedh^i^dc d[ l^aY[^gZ VZgdhdah lVh VcVanoZY Wn V 0/+OZhaV

Bdjg^Zg OgVch[dgb+Ddc ?nXadigdc MZhdcVcXZ bVhh heZXigdbZiZg '0/+O BO+D?M HN(*

h]dl^c\ i]Vi 3.$ d[ i]Z 7*62/ idiVa Vhh^\cZY dg\Vc^X bdaZXjaVg [dgbjaVh lZgZ

dg\Vcdc^igViZ XdbedjcYh 'B^\, 0Y(* l]^X] ]Vh WZZc ^YZci^[^ZY Vh Vc ^bedgiVci XdbedcZci

^c hda^Y N+>g?,39”

3( G/77+0.1, O]Z B^\jgZ 2V* XdjaY WZ `Zn ^c i]^h hijYn, D ldjaY a^`Z id Vh` id X]ZX` l]Zi]Zg i]Z iVgWVaah

^cY^XViZY Wn i]Z a^\]i nZaadl XnXaZh ^ciZgcVaan b^mZY l^i] b^cdg hZXdcYVgn heZX^Zh hjX] Vh hja[ViZ dg F+

hja[ViZ, CZgZ i]Z B^\jgZ 2V ^h cdi XaZVg VcY ]^\] Zcdj\] bV\c^[^XVi^dch id Y^heaVn i]Z XaZVg higjXijgZ, D Vb

V[gV^Y i]Vi i]Z Vji]dg Zbe]Vh^oZ i]Z eVgi YjZ id ndjg iZX]c^fjZ ^chiZVY d[ i]Z [VXi, O]Vi XdjaY bV`Z lgdc\

h^YZ,

J[ XdjghZ* D [^cVaan V\gZZ l^i] ndjg XdcXajh^dch, Dc [VXi* bdhi d[ eVgi^XaZh VgZ bdgZ dg aZhh XdViZY Wn

hZXdcYVgn heZX^Zh dg i]Z XdcYZchZY dg\Vc^X heZX^Zh, =h i]Z KgdX, IVia, =XVY, NX^, P, N, =,//4* /7114t

/712/* i]Zn [djcY i]ZhZ eVgi^XaZh YncVb^X X]Vc\ZY d[ i]Z hjg[VXZ YZeZcY^c\ i]Z Zck^gdcbZciVa XdcY^i^dc,

Bdaadl^c\ i]Z igVchedgi Y^hiVcXZ* i]ZhZ iVgWVaah bdhian ^ciZgcVaan b^mZY l^i] di]Zgh, B^cVaan* i]Zn XVc WZ

??I, CdlZkZg* D _jhi ldgg^ZY VWdji i]Z ]n\gdhXde^X^in ^h cdi [gdb i]Z hjg[VXZ d[ i]Z hdaZ iVgWVaa,

We appreciate the reviewer’s constructive comments. We agree with the reviewer that
atmospheric-aged solid S-BrC can be internally mixed with hygroscopic species such as K

and sulfate (see ref.1–4). We also agree that our SEM images might not have high enough
resolution to see the detailed internal structure of individual particles. However, we observed

that most tar balls did not have inorganics based on CCSEM-EDX, STXM/NEXAFS, and

TEM results. We acknowledge the potential effects of inorganic inclusions, but this might not
be the case in our study since our CCSEM-EDX and STXM/NEXAFS only show a negligible
amount of inorganic elemental percentage (1.3±1.3%) and inorganic volume fraction

(0.04±0.09) in individual particles, respectively. In addition, due to the hydrophobic nature of
solid S-BrC, water might not be able to easily diffuse into the particle. Since we observe

different hygroscopicity between different solid S-BrCs, we believe the K and S might not be

the reason for that different hygroscopicity. Figure 4 a shows water (lighter gray, indicated
by white arrow) coated on the Solid S-BrC (black, indicated by dark gray arrow) in 97%RH
and 100%RH. This suggests that the Solid S-BrC does not dissolve in water after water

uptake, and the water uptake happens on the surface of Solid S+BrC, However, we have not

eliminated the trace amount of inorganics as a potential cause for the water uptake. We will

add some discussion below:

RL225-2378 uDi h]djaY WZ cdiZY i]Vi ]n\gdhXde^X hda^Y N+>g? '^cY^XViZY Wn l]^iZ XnXaZh(

^h hi^aa k^h^WaZ Vi MC;75$* hj\\Zhi^c\ i]Vi bdhi d[ i]Z kdajbZ d[ hda^Y N+>g? ^h cdc+

]nYgde]dW^X, HdgZdkZg* i]^h lViZg [dgbh V h]Zaa dc ]n\gdhXde^X hda^Y N+>g?, =ai]dj\]

i]ZhZ eVgi^XaZh Y^Y cdi [dgb XdgZ+h]Zaa bdge]dad\n l]Zc XdaaZXiZY dc i]Z OAH \g^Yh* lZ

hi^aa XVccdi Za^b^cViZ i]Z ediZci^Va [dg lViZg XdVi^c\h id [jaan XdkZg i]Z V^gWdgcZ

]n\gdhXde^X hda^Y N+>g? YjZ id lViZg hjg[VXZ iZch^dc, HdgZdkZg* V[iZg YZ]nYgVi^dc* lZ

[djcY i]Vi i]Z ]n\gdhXde^X hda^Y N+>g? Y^Y cdi ]VkZ dWk^djh YZ[dgbVi^dc, O]ZgZ lVh V

gZh^YjVa hjggdjcY^c\ i]Z hda^Y N+>g? 'B^\, 2V(, Jjg ??NAH+A@S 'B^\, N5(* i]Z NXVcc^c\







RL176-178: “Fig. 2 | Refractive index, carbon chemical bonding, and molecular
composition of solid S-BrC. HZVc 'V( gZVa eVgi 'c( VcY 'W( ^bV\^cVgn eVgi '`( d[ MDh

V\V^chi lVkZaZc\i] [dg hda^Y N+>g? eVgi^XaZh [gdb i]^h hijYn VcY a^iZgVijgZ,5*/.*/0t/6”

RL279-290: “Fig. 4. | Water uptake by solid S-BrC, lensing enhancement of solid S-

BrC light absorption properties, and oxygen-to-carbon ratio for solid S-BrC. 'V( Nda^Y

N+>g? lViZg jeiV`Z ZmeZg^bZci Vi 3s? h]dlh i]Vi hdbZ hda^Y N+>g? XVc jeiV`Z lViZg

'ZmVbeaZh ^cY^XViZY Wn WaVX` Vggdlh(* VcY hdbZ VgZ ]nYgde]^a^X 'ZmVbeaZh ^cY^XViZY Wn

a^\]i nZaadl Vggdlh(, HdgZdkZg* i]ZhZ hda^Y N+>g?* l]^X] XVc jeiV`Z lViZg* Yd cdi Y^hhdakZ

^c lViZg VcY [dgb V XdgZ+h]Zaa bdge]dad\n Vi ]^\] MC XdcY^i^dch, O]Z hda^Y N+>g? hZaZXiZY

Wn i]Z a^\]i nZaadl XnXaZh VgZ hda^Y N+>g? l^i] i]^c dg\Vc^X XdVi^c\h VcY XVc jeiV`Z lViZg,

O]Z hXVaZ WVg ^h / rb, 'W( GZch^c\ Zc]VcXZbZci d[ hda^Y N+>g? XdgZh 'Y^VbZiZgh [gdb /..

id 6.. cb* MDhda^Y N+>g?*33. :/,27).,.34^( XdViZY l^i] lViZg '. t 03.. cb i]^X`cZhh* MDlViZg*33.

: /,11).^( Vi 33. cb 'EVWh*?G(* l]^X] XVc kVgn WZilZZc /,..2 VcY 0,63/ 'hZZ NZXi^dc N1(,

'X( J8? ZaZbZciVa gVi^d [gdb i]^h hijYn VcY a^iZgVijgZ,2*6*/.*/4*0.*16*31t33 /*3t/0RZ Vahd gZ[ZgZcXZ

i]^h hijYn&h J8? gVi^d jh^c\ 0/+O BOD?M HN YViV, O]Z gZY a^cZh ^cY^XViZ i]Z bZVch* i]Z

WaVX` Ydih VgZ i]Z bZY^Vch* i]Z \gVn gZXiVc\aZh VgZ i]Z ^ciZgfjVgi^aZ gVc\Zh* i]Z \gVn kZgi^XVa

a^cZh VgZ i]Z 73 $ Xdc[^YZcXZ ^ciZgkVah* VcY i]Z k^da^c+h]VYZY VgZVh h]dl i]Z YViV

Y^hig^Wji^dc,v

5( B^cVaan* i]Z i^iaZ* l]n i]ZgZ ^h cd ^cdg\Vc^X, Dcdg\Vc^X ^c V\ZY iVgWVaa Vahd Xdcig^WjiZ i]Z dei^XVa VWhdgei^dc,

KaZVhZ Xdch^YZg ]dl id gZk^hZ ^i VcY l^YZan VXXZeiZY Wn i]Z gZVYZgh, D i]^c` i]Vi XjggZci dcZ b^\]i bV`Z

b^hiV`Z ndjg ldg`,

We agree with the reviewer that inorganics in aged solid S-BrC can potentially contribute to
light absorption. However, in response to your earlier comment 5, we elaborated that for this

specific study, we observed a minor contribution of inorganics and that they might not play

a major role in the water update. This is also surprising to us and emphasizes that our finding
is novel since organics facilitate water uptake. Therefore, we decided to keep the same title.



Reviewer #2 (Remarks to the Author):

Dc i]^h eVeZg* ?]Zc\ Zi Va, ]VkZ bVYZ hZkZgVa ]^\] fjVa^in bZVhjgZbZcih dc hda^Y+hiViZ higdc\an VWhdgei^kZ

Wgdlc XVgWdc 'hda^Y N+>g?( ^c iZgbh d[ Xdbedh^i^dc* dei^XVa egdeZgi^Zh* VcY ]n\gdhXde^X^in, O]Z^g

bZVhjgZbZcih egdk^YZ kVg^VWaZ `cdlaZY\Z d[ N+>g?* l]^X] ^h Vc ^bedgiVci [VXidg d[ Xa^bViZ, O]jh* D ]VkZ

cd YdjWi i]Vi i]^h ldg` l^aa Xdcig^WjiZ id Vibdhe]Zg^X VcY Xa^bViZ hX^ZcXZ, Jc i]Z di]Zg ]VcY* Vh i]Z _djgcVa

V^bh id #gZegZhZci ^bedgiVci VYkVcXZh d[ h^\c^[^XVcXZ id heZX^Va^hih l^i]^c ZVX] [^ZaY#* D fjZhi^dc l]Zi]Zg

i]Z gZhjaih d[ i]^h eVeZg gZVX] i]Vi aZkZa, O]Zn [djcY V h^\c^[^XVci cjbWZg d[ N+>g? [gdb V hbVaa hZi d[

hVbeaZh 'ild+YVn hVbea^c\( VcY h]dlZY i]Z^g Xdbedh^i^dch VcY dei^XVa egdeZgi^Zh, O]ZhZ gZhjaih V\gZZ l^i]

egZk^djh hijY^Zh VcY higdc\an hjeedgih i]Z egZk^djh dWhZgkVi^dch jh^c\ V hiViZ+d[+i]Z+Vgi ^chigjbZci, Jc i]Z

di]Zg ]VcY* i]Z gZhjaih VgZ cdi ]^\]an cdkZa, Dc VYY^i^dc* Vai]dj\] i]Z gZhjaih VcY Y^hXjhh^dch d[ i]Z XdVi^c\

dc N+>g? dc i]Z gVY^Vi^kZ [dgX^c\ VgZ cdkZa* i]Z Y^hXjhh^dch VgZ cdi Y^gZXian hjeedgiZY Wn i]Z^g dWhZgkVi^dch,

O]ZgZ[dgZ* D XVccdi higdc\an hjeedgi i]^h eVeZg WZ^c\ ejWa^h]ZY ^c i]^h bjai^Y^hX^ea^cVgn ]^\] ^beVXi _djgcVa,

We appreciate the reviewer for providing insightful comments and noting our high quality

and valuable measurements. We understand that maybe the novelty part was not evident in

the manuscript. We revised some parts of the manuscript to clarify the study's novelty. We

also outline below the novel aspect of the manuscript:

1. Solid S-BrC with different surface layers may dictate the hygroscopicity. We showed

that Solid S-BrC with an oxygenated layer can uptake water (hydrophilic Solid S-

BrC), and those without are hydrophobic. This finding along with quantifying

number fraction of these particles is important for parameterizing climate models'

hydrophobic and hydrophilic solid S-BrC.

2. Water coating on hydrophilic solid S-BrC can enhance the light absorption of solid

S-BrC by a factor of two. This novel finding also suggests the current models might

underestimate the climate effects of wildfire smoke.

3. Solid S-BrC can be coated with organics, which enhances light absorption more than

water coating.

We understand the reviewer’s concerns about the number of samples since we focused our

results on limited samples collected from September 2017. However, we conducted high-

resolution mass spectrometry and single particle analysis (STXM/NAXFS and CCSEM/EDX)

on solid S-BrC samples collected in 2018 (see Ijaz et al., 3 and our response to specific

comments below), and their chemical composition were similar. Therefore, we expect these

samples to have solid S-BrC with similar properties, supporting our findings and having

broad implications. We agree with the reviewer that our paper still has room to improve. We

believe addressing these comments can help improve our manuscript significantly. Therefore,

we modified the highlights of the manuscript (please see below). Below are our responses to

each comment, as the reviewer suggested:

NeZX^[^X XdbbZcih,

G^cZ 478 uXdaaZXiZY Yjg^c\ i]Z KVX^[^X Idgi]lZhi l^aY[^gZ ZkZcih dc NZeiZbWZg 3 VcY 4* 0./5v VcY a^cZ 2.1

u[gdb NZeiZbWZg 3t4* 0./5* VcY =j\jhi 7t/2* 0./6*v8 Di ^h jcXaZVg l]Zi]Zg i]Z hVbeaZh lZgZ XdaaZXiZY

dcan ^c 0./5 dg ^c Wdi] 0./5 VcY 0./6, Dc Z^i]Zg lVn* i]Z hVbea^c\ eZg^dYh VgZ a^b^iZY VcY ^i ^h Y^[[^Xjai id

YgVl V \ZcZgVa XdcXajh^dc [gdb i]Z a^b^iZY hVbeaZh,

We apologize for the confusion. We have revised the sentence below to make it clear:





MG62+658 uRZ bVcjVaan ^YZci^[^ZY VcY XdjciZY i]Z cjbWZg [gVXi^dc d[ hda^Y N+>g?

'he]Zg^XVa h]VeZ( VcY di]Zg J= eVgi^XaZh i]Vi VgZ cdi hda^Y N+>g? 'di]Zg J=* YdbZ+a^`Z dg

[aVi h]VeZ(* >? eVgi^XaZh '[gVXiVa dg XdbegZhhZY hbVaa bdcdbZg V\\gZ\ViZh(* VcY ^cdg\Vc^X

eVgi^XaZh 'XgnhiVa dg ^ggZ\jaVg h]VeZ(,0.*04v

G^cZ /1.+/118 u=h h]dlc ^c B^\h, 0V VcY 0W* djg c33. VcY `33. VgZ VWdji /.$ VcY 5.$ adlZg i]Vc i]dhZ

YZhXg^WZY ^c =aZmVcYZg Zi Va,* gZheZXi^kZan, O]^h Y^hXgZeVcXn b^\]i WZ YjZ id djg VYkVcXZY NOAH&h adlZg

ZaZXigdc VXXZaZgVi^dc '6. `Q kh, /0. `Q(* l]^X] gZhjaih ^c adlZg ?]ZgZc`dk gVY^Vi^dc Z[[ZXih VcY ZaZXigdc

WZVb+^cYjXZY `cdX`+dc YVbV\Z* l]^X] XVc dkZgZhi^bViZ i]Z `v, O]^h Y^hXjhh^dc hj\\Zhih i]Vi i]Z YZiV^aZY

XdbeVg^hdc d[ gZ[gVXi^kZ ^cY^XZh [gdb i]^h hijYn VcY i]dhZ d[ =aZmVcYZg Zi Va ^c B^\, 1 ^h bZVc^c\aZhh h^cXZ

i]Z Y^[[ZgZcXZ ^h YjZ id i]Z jcXZgiV^ci^Zh d[ i]Z bZVhjgZbZcih,

We agree with the reviewer that the current discussion can be improved. However, comparing

our results with those of Alexander et al. is still essential since Alexander et al./. is the first

study to use the EELS/STEM technique to estimate the optical properties of solid S-BrC. The

analytical technique has improved significantly in the last decade, so the associated

measurement uncertainty is reduced. Moreover, several studies still use results from

Alexander et al. For example, Park et al. used the mass absorption cross section value from

Alexander et al. in their chemical transport models.// Feng et al. used Alexander et al.’s RI as

the RI of coating on soot to simulate the light absorption enhancement due to coating./0 Saleh

2020 used the results of Alexander et al. to develop the BrC class based on their optical

properties./1 We used values from Alexander et al. as the upper limit for the sensitive study

(Fig. 3), which shows the importance of accurately representing the solid S-BrC optical

properties to better estimate wildfire aerosol climate effects. To make that clear, we revised

the sentence as below:

MG/14+/208 u=h h]dlc ^c B^\h, 0V VcY 0W* djg n33. VcY k33. VgZ VWdji /.$ VcY 5.$ adlZg

i]Vc i]dhZ YZhXg^WZY ^c =aZmVcYZg Zi Va,18* gZheZXi^kZan, O]^h Y^hXgZeVcXn b^\]i WZ YjZ id

djg VYkVcXZY NOAH&h adlZg ZaZXigdc VXXZaZgVi^dc kdaiV\Z '6. `Q kh, /0. `Q(, O]^h adlZg

ZaZXigdc VXXZaZgVi^dc kdaiV\Z gZhjaih ^c adlZg ?]ZgZc`dk gVY^Vi^dc Z[[ZXih VcY ZaZXigdc

WZVb+^cYjXZY `cdX`+dc YVbV\Z* l]^X] XVc dkZgZhi^bViZ i]Z k,/6*12*13 O]ZgZ[dgZ* djg dei^XVa

egdeZgi^Zh d[ hda^Y N+>g? XVc ^begdkZ i]Z jcXZgiV^ci^Zh d[ hda^Y N+>g? dei^XVa egdeZgi^Zh

^c i]Z a^iZgVijgZ YjZ id bZVhjgZbZci a^b^iVi^dch,v

G^cZ /05+/4.8 Dc i]Z hZXdcY eVgV\gVe] d[ i]^h hZXi^dc 'a^cZ /05+/17(* i]Z Vji]dgh ZmeaV^c i]Z Y^[[ZgZcXZ ^c

gZ[gVXi^kZ ^cY^XZh YjZ id Y^[[ZgZci Vibdhe]Zg^X egdXZhhZh, Dc i]Z i]^gY VcY [djgi] eVgV\gVe]h* i]Zn Y^hXjhh

i]Z Y^[[ZgZcXZh WVhZY dc NK0 [gVXi^dch VcY bdaZXjaVg Xdbedh^i^dch* gZheZXi^kZan, =ai]dj\] Vaa i]ZhZ

egdXZhhZh bVn Xdcig^WjiZ id i]Z gZ[gVXi^kZ ^cY^XZh* V XdbegZ]Zch^kZ Y^hXjhh^dc ^h ]Zae[ja,

Our understanding of the facts affecting solid S-BrC's strong light absorption properties is

limited. The difference in the refractive index (RI) might be due to variable sp2 fraction and

molecular composition. We have included the available studies showing the sp2 fraction and

molecular composition of solid S-BrC. There were no attempts to link both individual particle

sp2 fraction and molecular composition with solid S-BrC RI. In our study, we

comprehensively analyzed single solid S-BrC RI, sp2 fraction, and bulk sample molecular

composition to investigate the association between light absorption properties of solid S-BrC

and sp2 and organonitrate fiction. Although we don’t have individual particle molecular

composition data related to RI, this motivates future study. Our discussion provides directions



for future studies to better understand the facts that affect solid S-BrC’s strong light-

absorption properties. To make this clear, we add the following discussions.

MG/5.+/528 uOd XdcXajYZ* djg hijYn XdbegZ]Zch^kZan VcVanoZY h^c\aZ hda^Y N+>g? MD VcY

X]Zb^XVa Xdbedh^i^dc id ^ckZhi^\ViZ i]Z VhhdX^Vi^dc WZilZZc a^\]i VWhdgei^dc egdeZgi^Zh d[

hda^Y N+>g?* he0 [gVXi^dc eZg eVgi^XaZ* VcY i]Z [gVXi^dc d[ dg\Vcdc^igViZ XdbedjcYh, BjijgZ

hijY^Zh h]djaY [dXjh dc bdaZXjaVg Xdbedh^i^dc YViV gZaViZY id MD [gdb ^YZci^XVa ^cY^k^YjVa

eVgi^XaZh id WZiiZg jcYZghiVcY i]Z [VXih i]Vi V[[ZXi hda^Y N+>g?wh higdc\ a^\]i+VWhdgei^dc

egdeZgi^Zh,v

G^cZ /52+/558 uRZ h]dl i]Z eZgXZciV\Z Y^[[ZgZcXZ ^c i]Z ==J@ bVe [gdb =j\jhi /2 Vi /78.. id 018..

PO?* 0./6, RZ ji^a^oZY i]^h eZg^dY WZXVjhZ d[ Vc Zm^hi^c\ bdYZa YdbV^c hZije VcY WZXVjhZ i]Vi eZg^dY ]VY

hda^Y N+>g?+g^X] l^aY[^gZ hbd`Z ZkZcih l^i] h^b^aVg bdaZXjaVg Xdbedh^i^dch id i]Z 0./5 hijYn eZg^dY,v O]Z

Vji]dgh ZmeaV^c l]n i]Zn X]dhZ V Y^[[ZgZci i^bZ eZg^dY WZilZZc i]Z^g dWhZgkVi^dch VcY bdYZa^c\9 ]dlZkZg*

^i ^h WZiiZg id jhZ i]Z hVbZ i^bZ eZg^dY id YgVl V hda^Y XdcXajh^dc,

We agree with the reviewer that doing the WRF-Chem simulation over the same period as

the sample discussed in this manuscript would be better. However, as we mentioned in the

manuscript and response to your first specific comment, the August 2018 samples have

similar physical, chemical, and optical properties to the September 2017 samples. We have

included additional evidence to justify this in the SI (see our response to the previous

comment). Another practical issue is that we did not have the bandwidth to develop the model

domain during the September 2017 sampling period, so we used the existing model domain

setup. Since our main conclusion is that we need to better parameterize the solid S-BrC in the

model, using different model domains might not weaken this conclusion.

G^cZ 011+0158 uRZ b^\]i jcYZgZhi^bViZ i]Z [gVXi^dc d[ dg\Vc^X+XdViZY hda^Y N+>g? WVhZY dc b^XgdhXden

^bV\^c\ WZXVjhZ i]ZhZ XdVi^c\h b^\]i WZ ZkVedgViZY ^c i]Z ]^\] kVXjjb X]VbWZg, ?dch^YZg^c\ i]^h XVkZVi*

djg [^cY^c\ hj\\Zhih i]Vi hda^Y N+>g? XVc VXi Vh V hZZY [dg hZXdcYVgn dg\Vc^X VZgdhda [dgbVi^dc VcY i]Vi i]Z

dg\Vc^X XdVi^c\ XVc ediZci^Vaan ^cXgZVhZ i]Z Xdcig^Wji^dc d[ hda^Y N+>g? id Xa^bViZ lVgb^c\,v O]Z

Y^hXjhh^dc ^c i]Z hZXdcY hZciZcXZ ^h WVhZY dc V ]nedi]Zh^h VcY aVX`h Zk^YZcXZ, Dc i]Z VWhigVXi* i]Zn bZci^dc

i]Vi uBjgi]ZgbdgZ* i]Z dg\Vc^X XdVi^c\ dc hda^Y N+>g? XVc aZVY id ZkZc ]^\]Zg aZch^c\ Zc]VcXZbZcih i]Vc

lViZg*v l]^X] ^h cdi hjeedgiZY Wn i]Z Zk^YZcXZ,

We understand the reviewer’s valid concern. Indeed, we cannot observe the process of losing

volatile and semi-volatile species in the SEM chamber since the electron beam does not turn

on until the chamber reaches the vacuum level. However, based on the evaporation kinetic

measurements on the same sample, we observed 10% volume loss after 24 hours of

evaporation in an organic-free evaporation chamber.5 Therefore, we hypothesize that this

volume loss might be partially due to the evaporation of organic coatings. We agree with the

reviewer that we do not have evidence to show that the organic layer is light-absorbing.

However, there are multiple studies have shown that secondary organic aerosols (SOA) can

be light-absorbing /2*/3. Although we do not have direct evidence, we utilized literature-

reported value to simulate the potential lensing enhancement due to the light-absorbing

organic coating. To make these points clear, we revised the sentence as below:

MG046+055 u>Zh^YZh i]Z lViZg h]Zaa* lZ dWhZgkZY dg\Vc^X XdVi^c\ dc i]Z hda^Y N+>g? 'B^\,

N/.(, RZ b^\]i jcYZgZhi^bViZ i]Z [gVXi^dc d[ dg\Vc^X+XdViZY hda^Y N+>g? WVhZY dc

b^XgdhXden ^bV\^c\ WZXVjhZ i]ZhZ XdVi^c\h b^\]i WZ ZkVedgViZY ^c i]Z ]^\] kVXjjb

X]VbWZg, ?dch^YZg^c\ i]^h XVkZVi* djg [^cY^c\ hj\\Zhih i]Vi hda^Y N+>g? XVc VXi Vh V hZZY



[dg hZXdcYVgn dg\Vc^X, HdgZdkZg* bjai^eaZ hijY^Zh ]VkZ h]dlc i]Vi hZXdcYVgn dg\Vc^X

VZgdhdah 'NJ=( XVc WZ a^\]i+VWhdgW^c\,37*4. O]jh* i]ZhZ a^\]i+VWhdgW^c\ NJ= XVc XdViZY dc

i]Z hda^Y N+>g? VcY XVjhZ ZkZc ]^\]Zg aZch^c\ Zc]VcXZbZci i]Vc lViZg,03 RZ Zhi^bViZY i]Z

aZch^c\ Zc]VcXZbZci adhh 'i]Z Y^[[ZgZcXZ WZilZZc Zc]VcXZbZci l^i] V XaZVg XdVi^c\ VcY

l^i] V a^\]i+VWhdgW^c\ XdVi^c\(03 VcY i]Z kVajZ id WZ je id V [VXidg d[ /,1 'B^\, N//(, O]ZhZ

gZhjaih Xdc[^gb i]Vi i]Z dg\Vc^X XdVi^c\ XVc ediZci^Vaan ^cXgZVhZ i]Z Xdcig^Wji^dc d[ hda^Y N+

>g? id Xa^bViZ lVgb^c\,4/ Bjgi]Zg hijYn ^h cZZYZY id WZiiZg fjVci^[n i]Z [gVXi^dc d[ dg\Vc^X

XdViZY hda^Y N+>g? VcY i]Z a^\]i+VWhdgei^dc Zc]VcXZbZci YjZ id a^\]i+VWhdgW^c\ NJ=

XdVi^c\,v

B^\, 2V VcY N3, uhda^Y N+>g? i]Vi jeiV`Z lViZgv NdbZ d[ i]Zb add` a^`Z i]Zn VgZ YZa^fjZhX^c\ gVi]Zg i]Vc

VWhdgW^c\ lViZg, O]^h gZhjai bVn hj\\Zhi i]Vi ^cdg\Vc^X hVai i]Vi ViiVX]ZY id dg ^ciZgcVaan b^mZY l^i] i]Z N+

>g? ]Vh YZa^fjZhXZY, D[ i]Z Vji]dgh ]VkZ Xdch^YZgZY i]^h edhh^W^a^in* D hj\\Zhi VYY^c\ hdbZ Y^hXjhh^dc, =i

aZVhi* D [djcY bVcn hja[ViZ ^c B^\, N/,

We appreciate the reviewer’s constructive comments. We agree with the reviewer that

atmospheric-aged solid S-BrC can be internally mixed with hygroscopic species such as K

and sulfate (see ref1–4). We also agree that our SEM images might not have high enough

resolution to see the internal detail structure of individual particles. However, we observed

that most tar balls did not have inorganics based on SEM/EDX, STXM, and TEM results.

Very few particles have some inorganic inclusions, but due to the hydrophobic nature of solid

S-BrC, water might not be able to diffuse into the particle. We acknowledge the potential

effects, but this might not be the case in our study since our CCSEM-EDX and

STXM/NEXAFS only show a negligible amount of inorganic elemental percentage (1.3±1.3%)

and inorganic volume fraction (0.04±0.09) in individual particles, respectively. Figure 4 a

shows water (lighter gray, indicated by white arrow) coated on the Solid S-BrC (black,

indicated by dark gray arrow) in 97%RH and 100%RH. This suggests that the Solid S-BrC

does not dissolve in water after water uptake, and the water uptake happens on the surface

of Solid S-BrC. However, we have not eliminated the trace amount of inorganics. We added

some discussion below.

MG003+0158 uDi h]djaY WZ cdiZY i]Vi ]n\gdhXde^X hda^Y N+>g? '^cY^XViZY Wn l]^iZ XnXaZh(

^h hi^aa k^h^WaZ Vi MC;75$* hj\\Zhi^c\ i]Vi bdhi d[ i]Z kdajbZ d[ hda^Y N+>g? ^h cdc+

]nYgde]dW^X, HdgZdkZg* i]^h lViZg [dgbh V h]Zaa dc ]n\gdhXde^X hda^Y N+>g?, =ai]dj\]

i]ZhZ eVgi^XaZh Y^Y cdi [dgb XdgZ+h]Zaa bdge]dad\n l]Zc XdaaZXiZY dc i]Z OAH \g^Yh* lZ

hi^aa XVccdi Za^b^cViZ i]Z ediZci^Va [dg lViZg XdVi^c\h id [jaan XdkZg i]Z V^gWdgcZ

]n\gdhXde^X hda^Y N+>g? YjZ id lViZg hjg[VXZ iZch^dc, HdgZdkZg* V[iZg YZ]nYgVi^dc* lZ

[djcY i]Vi i]Z ]n\gdhXde^X hda^Y N+>g? Y^Y cdi ]VkZ dWk^djh YZ[dgbVi^dc, O]ZgZ lVh V

gZh^YjVa hjggdjcY^c\ i]Z hda^Y N+>g? 'B^\, 2V(, Jjg ??NAH+A@S 'B^\, N5(* i]Z NXVcc^c\

OgVchb^hh^dc AaZXigdc H^XgdhXden AaZbZciVa bVe 'B^\, N6( VcY NOSH-IAS=BN ?VgWdc

heZX^Vi^dc bVeh d[ hda^Y N+>g? eVgi^XaZh 'B^\, N7( dcan h]dl V cZ\a^\^WaZ Vbdjci d[

^cdg\Vc^X ZaZbZciVa eZgXZciV\Z '/,1q/,1$( VcY ^cdg\Vc^X kdajbZ [gVXi^dc '.,.2q.,.7( ^c

^cY^k^YjVa eVgi^XaZh* gZheZXi^kZan, O]jh* lZ ]nedi]Zh^oZ i]Vi i]dhZ gZh^YjVah bVn ]VkZ

gZhjaiZY [gdb V i]^c* ]n\gdhXde^X dg\Vc^X aVnZg dc i]Z hjg[VXZ d[ i]Z ]nYgde]^a^X hda^Y N+

>g? eVgi^XaZh i]Vi Y^hhdakZY ^c lViZg VcY i]Zc gZbV^cZY dc i]Z hjWhigViZ hjg[VXZ V[iZg lViZg

ZkVedgVi^dc, O]^h ]nYgde]^a^X dg\Vc^X aVnZg bVn ]VkZ gZhjaiZY [gdb XdcYZchVi^dc VcY

YZedh^i^dc d[ edaVg dg\Vc^Xh VcY hjg[VXZ dm^YVi^dc,v







Reviewer #3 (Remarks to the Author):

MZk^Zl d[ #Ac]VcXZ a^\]i VWhdgei^dc [gdb hda^Y+hiViZ Wgdlc XVgWdc [gdb l^aY[^gZh YjZ id dg\Vc^X VcY lViZg

XdVi^c\h# Wn ?]Zc\ Zi Va,

O]Z hijYn [dXjhZY dc V l^aY[^gZ ZkZci dc NZeiZbWZg 3 VcY 4* 0./5 Vi V h^c\aZ adXVi^dc, O]Z gZhZVgX]Zgh

XdcYjXiZY Vc ZmiZch^kZ VcY XdbegZ]Zch^kZ VcVanh^h d[ i]Z l^aY[^gZ hbd`Z* d[[Zg^c\ V kZgn YZiV^aZY e^XijgZ

d[ i]Z e]nh^XVa egdeZgi^Zh d[ eVgi^XaZh [gdb i]^h l^aY[^gZ ZkZci* ^cXajY^c\ dei^XVa egdeZgi^Zh VcY hdbZ VheZXih

d[ ]n\gdhXde^X^in, Hdhi d[ i]Z YViV VcY VcVanh^h VgZ ]^\] fjVa^in VcY h]djaY WZ ejWa^h]ZY, CdlZkZg* D

ldcYZg ^[ i]Z eVeZg [^ih l^i]^c IVijgZ ?dbbjc^XVi^dch& bVcYViZ, O]^h VheZXi ^h je id i]Z AY^idg,

O]Z eVeZg Xdch^hih d[ [djg bV^c hZXi^dch8 /( egZkVaZcXZ d[ hda^Y N+>g? ^c l^aY[^gZ hbd`Z VZgdhda* 0( dei^XVa

egdeZgi^Zh VcY X]Zb^XVa Xdbedh^i^dc d[ hda^Y N+>g? eVgi^XaZh* 1( hZch^i^k^in hijYn d[ hda^Y N+>g? VWhdgei^dc

VZgdhda dei^XVa YZei] jh^c\ bdYZa h^bjaVi^dch* VcY 2( VWhdgei^dc Zc]VcXZbZci YjZ id lViZg+hda^Y N+>g?

^ciZgVXi^dch VcY dg\Vc^X XdVi^c\h, NZXi^dch /+1 VgZ cdi cdkZa Wji hi^aa h^\c^[^XVci, NZXi^dc 2 egZhZcih i]Z bdhi

cdkZa gZhjaih* Wji i]Z XdcXajh^dch ^h aZhh Xdck^cX^c\ i]Vc i]Z di]Zg hZXi^dch,

We appreciate the reviewer noting our comprehensive, high-quality, valuable measurements

and supporting the publication. We appreciated the reviewer’s constructive feedback, which

helped us improve our manuscript. As the reviewer suggested, we modified the highlights of

the manuscript (please see below). Below are our responses to each comment:

@ZiV^aZY XdbbZcih8

/( ?aVg^in VcY XdciZmi8 D ]VY id gZVY i]Z eVeZg V XdjeaZ d[ i^bZh id VeegZX^ViZ l]Vi ^h cdkZa ^c i]Z eVeZg,

=ahd* i]Z egZhZciVi^dc [ZZah V a^iiaZ Y^h_d^ciZY ^c eaVXZh, Bdg ZmVbeaZ* NZXi^dch /+1 hZZb hZeVgViZ [gdb

NZXi^dc 2, D i]^c` NZXi^dch /+1 XdjaY WZ V hZeVgViZ eVeZg,

We understand the reviewer’s concern. However, sections 1-3 are still important and related

to the Section 4. Sections 1-3 highlight the importance of accurately representing solid S-BrC

number concentration and optical properties, which is essential for accurately predicting the

climate effects of wildfire aerosols. We have revised our Environmental Implication section

as the reviewer suggested below. Moreover, Sections 1-3 also underscore the importance of

including water-solid S-BrC interactions and organic coating in climate models since these

sections show that there can be about 3692±952 hydrophilic solid S-BrC cm-3 and can have

higher concentration in wildfire smoke. We have revised the manuscript below to highlight

the importance of sections 1-3:

MG0/3+0028 uCdlZkZg* i]Z gZhi d[ i]Z hda^Y N+>g? jeiV`Z lViZg Vi MC VWdkZ 75$

'^cY^XViZY Wn a^\]i nZaadl Vggdlh* ]ZgZV[iZg cVbZY ]n\gdhXde^X hda^Y N+>g?(* hj\\Zhi^c\ V

]n\gdhXde^X WZ]Vk^dg VcY b^\]i ediZci^Vaan hZgkZ Vh XadjY XdcYZchVi^dc cjXaZ^ '??I(

jcYZg hjeZghVijgViZY XdcY^i^dc, >VhZY dc i]Z VZgdhda h^oZ Y^hig^Wji^dc1. VcY HJP@D

^beVXidg XdaaZXi^dc Z[[^X^ZcXn*26 VcY Vhhjb^c\ 3.$ d[ hda^Y N+>g? eVgi^XaZh VgZ

]n\gdhXde^X VcY l^aa Vahd VXi^kViZ ^cid YgdeaZih Vi hjeZghVijgVi^dc XdcY^i^dch* lZ Zhi^bViZY

i]Vi i]ZhZ ]n\gdhXde^X hda^Y N+>g? XdjaY gZhjai ^c ??I cjbWZg XdcXZcigVi^dch

1470,0q730,/ Xb+1 WZilZZc /1/ VcY 223,/ cb eVgi^XaZ h^oZ gVc\Z Yjg^c\ i]Z hVbea^c\

eZg^dY, O]ZhZ Zhi^bViZh VgZ XdbeVgVWaZ l^i] bdYZaZY ??I ^c hdji]ZVhi =iaVci^X W^dbVhh+

Wjgc^c\ VZgdhda+Ydb^cViZY gZ\^dc,27 BjijgZ hijY^Zh VgZ cZZYZY id WZiiZg jcYZghiVcY i]Z

Xdcig^Wji^dc d[ ]n\gdhXde^X hda^Y N+>g? id ??I,v



MG070+1.38 uJjg hijYn hj\\Zhih hda^Y N+>g? XVc WZ V bV_dg XdbedcZci ^c hdbZ l^aY[^gZ

hbd`Z, R^i]dji VXXjgViZan gZegZhZci^c\ ^i* Xa^bViZ bdYZah b^\]i jcYZgZhi^bViZ i]Z

lVgb^c\ Z[[ZXi d[ l^aY[^gZ hbd`Z, HdgZdkZg* djg [^cY^c\ hj\\Zhih i]Vi p3.$ d[ hda^Y N+

>g? VgZ ]n\gdhXde^X VcY XVc VXi Vh ??I Vi ]^\] MC Zck^gdcbZcih* aZVY^c\ id XadjY+

]ZVi^c\ Z[[ZXih,40 O]jh* Xdch^YZg^c\ ]nYgdhXde^X hda^Y N+>g? ^c bdYZah b^\]i ^begdkZ i]Z

egZY^XiZY VZgdhda ^cY^gZXi Xa^bViZ Z[[ZXih, KgZk^djh hijY^Zh eg^bVg^an [dXjh dc i]Z aZch^c\

Zc]VcXZbZci d[ a^\]i+VWhdgW^c\ VcY @^gZXi^kZ MVY^Vi^kZ BdgX^c\ '@MB( d[ hddi,41*42 Jjg

hijYn ZhiVWa^h]ZY V egZk^djhan jcgZXd\c^oZY XdcXZei Wn h]dl^c\ i]Vi lViZg XdVi^c\ dc

hda^Y >g? XVc XVjhZ aZch^c\ Zc]VcXZbZci je id 0,1 Vi k33., N^cXZ i]Z RMB+?]Zb bdYZa

YdZh cdi ^cXajYZ eVgVbZiZg^oVi^dc d[ aZch^c\ Zc]VcXZbZci d[ hda^Y N+>g?* lZ jhZY i]Z

i]ZdgZi^XVa XVaXjaVi^dc id Zhi^bViZ i]Z ide+d[+i]Z+Vibdhe]ZgZ @MB,43 Di h]dlh i]Vi V 0..+

cb i]^X` XaZVg XdVi^c\ XVc aZVY id p21$ Zc]VcXZbZci ^c 0.. cb Y^VbZiZg hda^Y N+>g?*

Zc]VcX^c\ Y^gZXi^kZ gVY^Vi^kZ [dgX^c\ Vi 33. cb 'E@MB*33.( 'hZZ hZXi^dc N2(, HdgZdkZg* V

a^\]i+VWhdgW^c\ dg\Vc^X XdVi^c\ XVc ^cXgZVhZ i]Z aZch^c\ Zc]VcXZbZci* aZVY^c\ id p02.$

E@MB*33. d[ 0.. cb Y^VbZiZg hda^Y N+>g? l^i] 0.. cb i]^X` XdVi^c\, O]ZhZ [^cY^c\h h]djaY

WZ eVgVbZiZg^oZY ^c Xa^bViZ bdYZah id gZYjXZ i]Z Y^hXgZeVcXn WZilZZc bZVhjgZbZcih VcY

^begdkZ i]Z bdYZa&h VXXjgVXn,v

0( O^iaZ8 O]Z i^iaZ dcan ]^\]a^\]ih NZXi^dc 2, D,Z,* i]Z i^iaZ YdZh cdi gZegZhZci Vaa i]Z XdciZci d[ i]Z bVcjhXg^ei,

We understand the reviewer’s valid concern but do not fully agree with it. The title should

reflect the main message of the manuscript within the word limit (15 words). Still, results

from other sections were also significant in making the point about the characteristics of solid

S-BrC. Therefore, we decided to keep the same title.

1( Ack^gdcbZciVa ^bea^XVi^dch8 O]Z Zck^gdcbZciVa ^bea^XVi^dch dcan XdkZg i]Z gZhjaih ^c NZXi^dc 2, O]^h ^h

dcZ gZVhdc [dg Vg\j^c\ i]Vi NZXi^dch /+1 XdjaY WZ V hZeVgViZ eVeZg,

We thank the reviewer for providing such constructive comments. We have revised the

Environmental Implications section to reflect the implications from other sections.

MG070+1.38 uJjg hijYn hj\\Zhih hda^Y N+>g? XVc WZ V bV_dg XdbedcZci ^c hdbZ l^aY[^gZ

hbd`Z, R^i]dji VXXjgViZan gZegZhZci^c\ ^i* Xa^bViZ bdYZah b^\]i jcYZgZhi^bViZ i]Z

lVgb^c\ Z[[ZXi d[ l^aY[^gZ hbd`Z, HdgZdkZg* djg [^cY^c\ hj\\Zhih i]Vi p3.$ d[ hda^Y N+

>g? VgZ ]n\gdhXde^X VcY XVc VXi Vh ??I Vi ]^\] MC Zck^gdcbZcih* aZVY^c\ id XadjY+

]ZVi^c\ Z[[ZXih,40 O]jh* Xdch^YZg^c\ ]nYgdhXde^X hda^Y N+>g? ^c bdYZah b^\]i ^begdkZ i]Z

egZY^XiZY VZgdhda ^cY^gZXi Xa^bViZ Z[[ZXih, KgZk^djh hijY^Zh eg^bVg^an [dXjh dc i]Z aZch^c\

Zc]VcXZbZci d[ a^\]i+VWhdgW^c\ VcY @^gZXi^kZ MVY^Vi^kZ BdgX^c\ '@MB( d[ hddi,41*42 Jjg

hijYn ZhiVWa^h]ZY V egZk^djhan jcgZXd\c^oZY XdcXZei Wn h]dl^c\ i]Vi lViZg XdVi^c\ dc

hda^Y >g? XVc XVjhZ aZch^c\ Zc]VcXZbZci je id 0,1 Vi k33., N^cXZ i]Z RMB+?]Zb bdYZa

YdZh cdi ^cXajYZ eVgVbZiZg^oVi^dc d[ aZch^c\ Zc]VcXZbZci d[ hda^Y N+>g?* lZ jhZY i]Z

i]ZdgZi^XVa XVaXjaVi^dc id Zhi^bViZ i]Z ide+d[+i]Z+Vibdhe]ZgZ @MB,43 Di h]dlh i]Vi V 0..+

cb i]^X` XaZVg XdVi^c\ XVc aZVY id p21$ Zc]VcXZbZci ^c 0.. cb Y^VbZiZg hda^Y N+>g?*

Zc]VcX^c\ Y^gZXi^kZ gVY^Vi^kZ [dgX^c\ Vi 33. cb 'E@MB*33.( 'hZZ hZXi^dc N2(, HdgZdkZg* V

a^\]i+VWhdgW^c\ dg\Vc^X XdVi^c\ XVc ^cXgZVhZ i]Z aZch^c\ Zc]VcXZbZci* aZVY^c\ id p02.$

E@MB*33. d[ 0.. cb Y^VbZiZg hda^Y N+>g? l^i] 0.. cb i]^X` XdVi^c\, O]ZhZ [^cY^c\h h]djaY

WZ eVgVbZiZg^oZY ^c Xa^bViZ bdYZah id gZYjXZ i]Z Y^hXgZeVcXn WZilZZc bZVhjgZbZcih VcY

^begdkZ i]Z bdYZa&h VXXjgVXn,v



2( N^\c^[^XVcXZ8 i]Z bdhi cdkZa VheZXi d[ i]Z eVeZg ^h i]Z dWhZgkVi^dc i]Vi Veegdm^bViZan ]Va[ d[ i]Z hda^Y

N+>g? VgZ ]nYgde]dW^X* VcY ]Va[ iV`Z je lViZg Vi 75 $ MC, AkZc i]^h dWhZgkVi^dc ^h cdi XdbeaZiZan

h]dX`^c\ h^cXZ V( dcZ egZk^djh eVeZg Wn i]Z Vji]dgh dWhZgkZY ild ineZh d[ hda^Y N+>g? ^c V egZk^djh [^ZaY

XVbeV^\c* W( ]nYgde]dW^X VcY ]nYgde]^a^X hda^Y N+>g? ]VkZ WZZc dWhZgkZY egZk^djhan ^c hZeVgViZ hijY^Zh*

Vh ed^ciZY dji Wn i]Z Vji]dgh* VcY X( V gZXZci hijYn dWhZgkZY hda^Y N+>g? ^c XadjY gZh^YjVah '=YVX]^ Zi Va,

A\jhe], 0.02( ^cY^XVi^c\ i]Vi Vi aZVhi hdbZ hda^Y N+>g? VgZ ]nYgde]^a^X, O]ZhZ egZk^djh hijY^Zh bVn

Xdbegdb^hZ i]Z bVcjhXg^eiwh h^\c^[^XVcXZ,

We thank the reviewer for providing this constructive comment. Although the reviewer

referred to a few great previous studies to argue that our manuscript is not significant, we

believe our manuscript is novel and can add great value to the community. Please see our

response below for each of the points:

V( dcZ egZk^djh eVeZg Wn i]Z Vji]dgh dWhZgkZY ild ineZh d[ hda^Y N+>g? ^c V egZk^djh [^ZaY XVbeV^\c

China et al. 2013 observed two types of solid S-BrC, which have different electronic

brightness and darkness. However, China et al. 2013 did not show the connection between

electronic brightness and darkness and hygroscopicity, which is addressed by our study. To

make this clear, we add the following discussion:

MG027+03.8 uO]ZgZ[dgZ* i]ZhZ hijY^Zh egdk^YZ Zk^YZcXZ d[ ild ineZh d[ hda^Y N+>g?,

CdlZkZg* i]Z a^c` WZilZZc Y^[[ZgZci ineZh d[ hda^Y N+>g? VcY i]Z^g ]n\gdhXde^X^in ^h hi^aa

jcgZkZVaZY,v

W( ]nYgde]dW^X VcY ]nYgde]^a^X hda^Y N+>g? ]VkZ WZZc dWhZgkZY egZk^djhan ^c hZeVgViZ hijY^Zh* Vh ed^ciZY

dji Wn i]Z Vji]dgh

This is true, but there is an active debate about the hygroscopicity of solid S-BrC. These

studies either show that solid S-BrC are hydrophilic or hydrophobic but did not report the

existence of solid S-BrC with different hygroscopicity in the same aerosol population.

Moreover, these studies did not provide a method to quantify the fraction of hygroscopicity

solid S-BrC. Our study has shown that these two types of solid S-BrC can exist in the same

aerosol population, and we might be able to identify and quantify them based on different

O:C ratios.

X( V gZXZci hijYn dWhZgkZY hda^Y N+>g? ^c XadjY gZh^YjVah '=YVX]^ Zi Va, A\jhe], 0.02( ^cY^XVi^c\ i]Vi Vi

aZVhi hdbZ hda^Y N+>g? VgZ ]nYgde]^a^X

We thank the reviewer for pointing out this great study, which we also cited in the manuscript.

Adachi et al. is the first study to report solid S-BrC in the cloud. That study shows that solid

S-BrC can be active as cloud condensation nuclei. Unlike Adachi et al., our study provides

laboratory observation to show that solid S-BrC has different hygroscopicity. Moreover, our

study mainly focuses on the solid S-BrC’s optical properties, which is not discussed in Adachi

et al. Therefore, we believe this might not compromise our manuscript’s significance. To

improve the discussion, we modified the sentence in the introduction:

MG43+5.8 u=YVX]^ Zi Va, gZedgiZY VWjcYVci hda^Y N+>g? XdaaZXiZY ^c i]Z engdXjbjadc^bWjh

XadjY id ]VkZ i]^c aVnZgh dg XdVi^c\h Vh gZh^YjVa d[ lViZg b^mZY l^i] lViZg+hdajWaZ

heZX^Va*01 hj\\Zhi^c\ hda^Y N+>g? XdjaY WZ ]n\gdhXde^X VcY ediZci^Va XadjY XdcYZchVi^dc

cjXaZ^, O]dhZ XdVi^c\h dc ]n\gdhXde^X hda^Y N+>g? ^c i]Z XadjY XVc Zc]VcXZ a^\]i

VWhdgei^dc Wn hda^Y N+>g? k^V aZch^c\ Z[[ZXih, O]Z aZch^c\ Zc]VcXZbZci ^h ine^XVaan hdaZan



Xdch^YZgZY [dg hddi02*03 VcY ^\cdgZY [dg hda^Y N+>g?* l]^X] b^\]i Xdcig^WjiZ id i]Z

Y^hXgZeVcXn WZilZZc bdYZah VcY dWhZgkVi^dch,v

3( QVa^Y^in d[ i]Z YViV8 D ]VkZ fjZhi^dch VWdji i]Z kVa^Y^in d[ i]Z YViV ^ciZgegZiVi^dch VcY XdcXajh^dch*

ZheZX^Vaan i]Z gZhjaih ^c NZXi^dc 2, NZZ WZadl,

We appreciate the reviewer for providing these valid comments. Please see our detailed

response to each point below:

4( KV\Z 5* a^cZh /76 id 0./8 #=h h]dlc ^c B^\, 2V* p3.$ d[ i]Z hda^Y N+>g? Y^Y cdi jeiV`Z lViZg '^cY^XViZY

Wn WaVX` Vggdlh( ZkZc Vi ;77$ MC 'VYY^i^dcVa ^bV\Zh ^c B^\, N3(, CdlZkZg* i]Z gZhi d[ i]Z hda^Y N+>g?

jeiV`Z lViZg Vi MC VWdkZ 75$ id [dgb V XdgZ+h]Zaa bdge]dad\n l^i] Vc VfjZdjh h]Zaa '^cY^XViZY Wn a^\]i

nZaadl Vggdlh* ]ZgZV[iZg cVbZY ]n\gdhXde^X hda^Y N+>g?(* hj\\Zhi^c\ V ediZci^Va [jcXi^dc Vh XadjY

XdcYZchVi^dc cjXaZ^,# >VhZY dc B^\, 2V* ^i YdZhc&i add` a^`Z i]Z eVgi^XaZh [dgb XdgZ+h]Zaa bdge]dad\n*

XdcigVgn id i]Z hj\\Zhi^dch d[ i]Z Vji]dgh, Di add`h bdgZ a^`Z i]Z hda^Y N+>g? d[iZc gZbV^ch Vi i]Z ^ciZg[VXZ

d[ i]Z lViZg YgdeaZih, =ahd* dcZ d[ i]Z eVgi^XaZh l^i] V a^\]i nZaadl X^gXaZ YdZhc&i VeeZVg id iV`Z je Vcn lViZg

'i]Z eVgi^XaZ l^i] V a^\]i nZaadl X^gXaZ Vi i]Z ide g^\]i+]VcY XdgcZg d[ i]Z [^\jgZ(,

We agree with the reviewer. We have revised the sentence to not use core-shell morphology.

Instead, we say water can form a shell. Although these particles did not form core-shell

morphology when collected on the TEM grids, we still cannot eliminate the potential that

water coatings can fully cover the airborne hygroscopic solid S-BrC due to water surface

tension. We revised the paragraph as below:

MG046+0558 u>Zh^YZh i]Z Y^gZXi Xa^bViZ Z[[ZXih* i]ZgZ ^h a^b^iZY `cdlaZY\Z VWdji hda^Y N+

>g? ^cY^gZXi Z[[ZXih, CZgZ* lZ XdcYjXiZY lViZg+jeiV`Z ZmeZg^bZcih ^c Vc Zck^gdcbZciVa

NAH Vi 3s? VcY VcVanoZY bdgZ i]Vc 0.. hda^Y N+>g? eVgi^XaZh, =h h]dlc ^c B^\, 2V* p3.$

d[ i]Z hda^Y N+>g? Y^Y cdi jeiV`Z lViZg '^cY^XViZY Wn WaVX` Vggdlh( ZkZc Vi ;77$ MC

'VYY^i^dcVa ^bV\Zh ^c B^\, N3(, CdlZkZg* i]Z gZhi d[ i]Z hda^Y N+>g? jeiV`Z lViZg Vi MC

VWdkZ 75$ '^cY^XViZY Wn a^\]i nZaadl Vggdlh* ]ZgZV[iZg cVbZY ]n\gdhXde^X hda^Y N+>g?(*

hj\\Zhi^c\ V ]n\gdhXde^X WZ]Vk^dg VcY b^\]i ediZci^Vaan hZgkZ Vh XadjY XdcYZchVi^dc

cjXaZ^ '??I( jcYZg hjeZghVijgViZY XdcY^i^dc, >VhZY dc i]Z VZgdhda h^oZ Y^hig^Wji^dc1. VcY

HJP@D ^beVXidg XdaaZXi^dc Z[[^X^ZcXn*26 VcY Vhhjb^c\ 3.$ d[ hda^Y N+>g? eVgi^XaZh VgZ

]n\gdhXde^X VcY l^aa Vahd VXi^kViZ ^cid YgdeaZih Vi hjeZghVijgVi^dc XdcY^i^dch* lZ Zhi^bViZY

i]Vi i]ZhZ ]n\gdhXde^X hda^Y N+>g? XdjaY gZhjai ^c ??I cjbWZg XdcXZcigVi^dch

1470,0q730,/ Xb+1 WZilZZc /1/ VcY 223,/ cb eVgi^XaZ h^oZ gVc\Z Yjg^c\ i]Z hVbea^c\

eZg^dY, O]ZhZ Zhi^bViZh VgZ XdbeVgVWaZ l^i] bdYZaZY ??I ^c hdji]ZVhi =iaVci^X W^dbVhh+

Wjgc^c\ VZgdhda+Ydb^cViZY gZ\^dc,27 BjijgZ hijY^Zh VgZ cZZYZY id WZiiZg jcYZghiVcY i]Z

Xdcig^Wji^dc d[ ]n\gdhXde^X hda^Y N+>g? id ??I,v

We agree that the particle the reviewer pointed out did not uptake a significant amount of

water as other hydrophilic solid S-BrC. To correct that, we removed that yellow cycle.



5( KV\Z 5* a^cZh 0.0+0.18 #NdbZ ]n\gdhXde^X hda^Y N+>g? eVgi^XaZh ]VkZ Vc dg\Vc^X XdVi^c\ '^cY^XViZY Wn

a^\]i nZaadl X^gXaZh(* ^bean^c\ i]Vi ]n\gdhXde^X dg\Vc^X XdVi^c\ XVc egdbdiZ i]Z lViZg jeiV`Z d[ hda^Y N+

>g?,# R]Vi ^h i]Z egdd[ d[ Vc dg\Vc^X XdVi^c\< Dh i]Z egdd[ i]Z dWhZgkVi^dc d[ V aVg\Zg #gZh^YjVa# V[iZg

ZkVedgVi^dc< JcZ d[ i]ZhZ eVgi^XaZh l^i] V a^\]i nZaadl X^gXaZ Y^Y cdi aZVkZ V aVg\Zg #gZh^YjVa# V[iZg

ZkVedgVi^dc, =ahd* ^c hdbZ XVhZh* i]Z gZh^YjVa bVn ]VkZ WZZc XVjhZY Wn V lViZg+hdajWaZ eVgi^XaZ cZVgWn,

=ahd* ]dl XVc i]Z Vji]dgh Y^[[ZgZci^ViZ WZilZZc eVgi^Va Y^hhdaji^dc d[ i]Z hda^Y N+>g? VcY i]Z egZhZcXZ d[

Vc dg\Vc^X XdVi^c\< O]Z hda^Y N+>g? eVgi^XaZh XdjaY eVgi^Vaan dg XdbeaZiZan Y^hhdakZ ^[ Zcdj\] lViZg ^h

VYYZY,

We apologize for not making this clear. Evidence of organic coating is found in the coating on

the solid S-BrC before water uptake experiments, so we know the coating is not residual. We

add one representative TEM image in the SI to show the difference between coated and

uncoated solid S-BrC. Therefore, the hygroscopic solid S-BrC is a unit of hygroscopic organic

coating and non-hydrophobic solid S-BrC core. Regarding the concern that solid S-BrC

might dissolve in water, we believe the solid S-BrC core of hygroscopic solid S-BrC is insoluble

in water. Still, their hygroscopic coating will dissolve in water. One reason is that those images

at 100%RH were taken after exposure to 100%RH for more than 2 hours. After dehydration,

we observed negligible change in particle size, confirming they did not dissolve in water. This

agrees with Adachi et al. since they still can observe solid S-BrC in cloud droplets. We deleted

the yellow cycle for one of these particles with a light-yellow circle that did not leave a larger

"residual" after evaporation. We agree with the reviewer that some residual after

dehydration close to solid S-BrC might be caused by water-soluble particles nearby. We

closely monitor the water uptake process and only count solid S-BrC particles that uptake

water by themselves, not substrate, as hygroscopic solid S-BrC.







/.( O]Z Vji]dgh Vg\jZ i]Vi hdbZ d[ i]Z hda^Y N+>g? ]VkZ Vc dg\Vc^X XdVi^c\, Cdl YdZh i]^h V[[ZXi i]Z^g

dei^XVa XdchiVcih bZVhjgZbZcih< D \jZhh i]Z Vji]dgh VhhjbZY i]Z hda^Y N+>g? Y^Y cdi ]VkZ Vc dg\Vc^X

XdVi^c\ l]Zc ZmigVXi^c\ i]Z dei^XVa XdchiVcih,

We only do EELS/STEM on solid S-BrC without any coatings and inclusions. We clarify that

by modifying the sentence below:

MG/04+/068 uOd jcYZghiVcY i]Z Y^gZXi Xa^bViZ Z[[ZXih d[ hda^Y N+>g?* lZ egdWZY i]Z MD d[

2. h^c\aZ hda^Y N+>g? eVgi^XaZh l^i]dji Vcn XdVi^c\ dg ^cXajh^dch Vh V [jcXi^dc d[

lVkZaZc\i] '1..t/... cb( jh^c\ ZaZXigdc ZcZg\n+adhh heZXigdhXden XdjeaZY id hXVcc^c\

igVchb^hh^dc ZaZXigdc b^XgdhXden 'AAGN-NOAH(,v
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We want to thank the reviewers for their constructive comments. Addressing those comments has further

improved the quality of the manuscript. Below, we list each reviewer’s comment (regular font), followed

by our response (indented, bold font), followed by corresponding changes in the revised manuscript

(indented, blue font). RL and RSL represent the line number in the revised main manuscript and SI,

respectively.

Reviewer #1 (Remarks to the Author):

I carefully evaluate the response. I am happy on the revision. I basically go to accept this article in NC.

Here I found one minor point.

We thank the reviewer for the positive feedback and recommending our manuscript for

publication. Below are our responses to your comment:

L302-303, How did the author determine 240%. The authors should cite the sources.

Here I do want make challenge this number. The light absorbing organic coating might have shield effect

instead of the light enhancement. How did the author find even bigger Eabs? How do you set up the optical

refractive index of light absorbing organic? Please make more suitable implication here.

We appreciate the reviewer's comment. We also agree with the reviewer that the light

absorbing coating can cause the shield effect to reduce the lensing enhancement but here were
meant absorption by the entire particle. Lack and Cappa 20101 reported that a light-

absorbing coating will increase the light absorption of black carbon (BC) since the coating

itself can absorb light. The coating can still reflect and refract the light toward the BC core,
causing a lensing enhancement. Therefore, compared with the light absorption of the BC core

alone, the coated BC will absorb more light. This absorption enhancement is typically higher
than the absorption enhancement due to a clear coating. The optical refractive index (RI) of

light-absorbing organic is explained in SI Section S3. The value used in our calculation is also
retrieved from Lack and Cappa (RIcoating = RIBrC,550=1.55+0.01i).1 We understand there are

some limitations since we did not measure the RI of the organic coating, and the magnitude
of absorption enhancement depends on the RI of the coating materials. Moreover, the top of

the atmosphere direct radiative forcing (TOA-DRF) model is a simplified model and only
considers one size of solid S-BrC core. To acknowledge these limitations, we revised the

implication as below:

RL273-277: “Thus, these light-absorbing SOA can be coated on the solid S-BrC and cause

even higher absorption enhancement than water coating for the entire particle via both

lensing effect and absorption by the coating.25 We estimated the absorption enhancement

loss (the difference between lensing enhancement with a clear coating and with a light-

absorbing coating)25 and the value to be up to a factor of 1.3 (Fig. S11).”

RL306-309: “It should be noted that the different RI of coating, coating thickness, and core

size can lead to large variations in the results. Thus, future studies to better understand the

climate effects of coated solid S-BrC are necessary to parameterize our findings in climate

models to reduce the discrepancy between measurements and improve the model's

accuracy.”



Reviewer #2 (Remarks to the Author):

The authors have considered the reviewers' comments and provided appropriate responses and discussion

in the revised paper. I agree with the authors' responses and have no further comments. I hope that this

paper makes a significant contribution to the understanding of brown carbon from wildfires.

We want to thank the reviewer for accepting our manuscript.



Reviewer #3 (Remarks to the Author):

Second review of “enhanced light absorption for solid-state brown carbon from wildfires due to organic

and water coatings”.

I thank the authors for taking my comments seriously. However, I still don’t think the paper warrants

publication in Nature – Communications, which publishes papers that represent “important advances of

significance to specialists within the field”. The paper is a good one, but doesn’t quite reach the standard

of other papers from the same field that have been published in Nature – Communications.

We appreciate the reviewer for acknowledging the importance of this study to atmospheric
science and appreciating for addressing the reviewers’ comments. We understand there are still some
places that might not be clear for the readers about the novelty and significance. As we responded to

reviewer 2 in the previous rebuttal, we highlighted further about the novel aspects of the manuscript:

1. Hand et al.2, Tivanski et al.3 , and Ijaz et al.4 showed solid S-BrC (tar balls) can have

oxygenated layer based on high-resolution microscopy chemical analysis. China et

al.5 shows two different types of tar balls based on the electron darkness levels.

Moreover, there is active debate about the hygroscopicity of the solid S-BrC.

Semeniuk et al.6 and Adachi and Buseck7 show solid S-BrC does not uptake water at

100% RH. However, Hand et al. reported that solid S-BrC can uptake water at ~83%

RH.2 The recent study from Adachi et al. reported abundant water residual on solid

S-BrC collected in the pyrocumulonimbus cloud.8 This study's novelty lies in

connecting two different communities and providing a mechanistic understanding of

the hygroscopicity of solid S-BrC and their dependency on the organic coating. We

did SEM imaging, STXM analysis, STEM/EDX mapping, and STEM imaging to

show that solid S-BrC can be coated by an oxygenated layer, which can uptake water

(hydrophilic solid S-BrC), and those without are hydrophobic. This finding and

quantifying number fraction of these particles is important for parameterizing

climate models' hydrophobic and hydrophilic solid S-BrC.

2. As mentioned in previous comment, while as noted some studies (e.g., Semeniuk et

al.,6 Adachi and Buseck,7 Hand et al.,2 and Adachi et al.8) investigated the

hygroscopicity of S-BrC, but their potential impact on the optical properties was

missing. This study investigates the novel aspect of the lensing effect of water and

organic coating on solid S-BrC light absorption properties, which is typically only

considered for soot.1,9 We reported the novel finding that water can coat hydrophilic

solid S-BrC and lead to a lensing enhancement that enhances the light absorption of

solid S-BrC by a factor of two. This novel finding also suggests that current models

might underestimate the climate effects of wildfire smoke.

3. No study has emphasized about organic coating on solid S-BrC. We showed direct

evidence based on the STEM image that organics can be coated on solid S-BrC, which

enhances light absorption.

Although our study still has some limitations, we believe these novelties are important for the broader
atmospheric science community and general audiences since our findings can lead to future studies

to improve the climate model prediction of aerosol climate effects. Moreover, our results are an



important but missing piece in the current climate models. Including our findings in the climate

model can improve the uncertainties in predicted aerosol climate effects. However, we agree with the

reviewer that our paper can be further improved to emphasize the novelty and significance of the
work. Therefore, we modified the manuscript based on the reviewer’s comments. Please see our

point-to-point response below:

Specific comments:

1) The clarity of the paper still needs to be improved, especially if the authors are considering a higher

impact and more general journal. In several places it is still not clear what is new and what has already been

done.

We have further enhanced the clarity and novelty of the work and revised the manuscript

accordingly

RL60-64: “These studies show discrepancies in solid S-BrC hygroscopicity, and the

relative abundance of hygroscopic and hydrophilic solid S-BrC in the atmosphere is still

missing. Moreover, it has been reported that coating on soot can enhance the light

absorption properties of soot.24,25 However, the effects of these coatings on solid S-BrC

light absorption properties have not been investigated, which might contribute to the

aerosol optical properties discrepancy between models and observations.”

RL67-79: “Here, we report a comprehensive single-particle and molecular-level analysis 
of solid S-BrC particles collected during the Pacific Northwest wildfire events on 
September 5 and 6, 2017, where >90% of particles were solid S-BrC. Given this 
composition, this event provides a unique opportunity to probe the physical, chemical, and 
optical properties of solid S-BrC. The experimentally retrieved solid S-BrC optical 
properties and mass fractions were used as inputs to the Weather Research and Forecasting 
Model coupled to chemistry (WRF-Chem) to estimate their absorption aerosol optical 
depth (AAOD) over the Pacific Northwest region. Additionally, we investigated the 
interactions between solid S-BrC and estimated the lensing enhancement due to water 
coating. Our results show that solid S-BrC can dominate in wildfire smoke. We found that 
~50% of solid S-BrC particles can uptake water above 97% RH, which results in a lensing 
enhancement at 550 nm by a factor of 2. Furthermore, the light-absorbing organic can coat 
solid S-BrC, leading to even higher absorption enhancements than water. Additionally, we 
compare compositional results from a wildfire-impacted plume in the Pacific Northwest 
(August 2018) to assess the broader applicability of our findings across the region.26”

2) the number of samples still seems two small to make strong general comments.

We understand the reviewer's concern regarding the number of samples, as most of our
results focus on samples collected in September 2017. Although it may not have been explicitly

clear in the manuscript, we also compared our findings with samples collected in 2018 (see
Ijaz et al.,4), and their chemical composition was consistent. Thus, we expect these samples to

contain solid S-BrC with similar properties, supporting our conclusions and extending the
implications of our findings. Additionally, as the reviewer acknowledged, we have conducted

an extensive analysis of these samples using multiple, often labor-intensive techniques,

including miniSPLAT, EELS/STEM, STXM/NAXFS, and STEM/EDX. In this study, we

performed:



i. High-resolution mass spectrometry assigned 9,841 molecular formulas for organic
compounds to probe molecular properties.

ii. Single-particle mass spectrometry analysis of individual particles (more than 30,000

particles) to probe individual particle’s chemical composition.

iii. STXM/NAXFS analysis of 196 to probe the carbon and oxygen K-edge spectrum and
mixing state of OC, IN, and EC

iv. CCSEM/EDX analysis of 3,360 solid S-BrC particles to probe individual particles’
morphology and elemental composition.

v. EELS/STEM analysis on 40 solid S-BrC particles to probe individual solid S-BrC’s
RI.

vi. STEM imaging and STEM/EDX mapping on over 100 particles to probe their detailed

structure and elemental mapping.

While we agree with the reviewer that additional data could strengthen and generalize the

conclusions, the comprehensive analyses of both 2017 and 2018 samples provide a

representative view of the Pacific Northwest wildfire emissions.

3) Significance: In most cases, the results are not new. The new aspects do not seem significant enough for

a higher impact more general journal.

We have already highlighted the novelty of our results and findings in response to the previous

comment. As emphasized, the discoveries from this study represent a significant advancement
in the field and offer valuable guidance to the modeling community regarding the
incorporation of water and organic coatings' influence on the light absorption properties of

solid S-BrC.

Our systematic and comprehensive analyses reveal three key findings: (1) solid S-BrC can

exhibit hygroscopic behavior, and we quantified the fraction of hydrophilic and hydrophobic
particles; (2) water coatings on solid S-BrC can enhance light absorption through the lensing

effect; and (3) organic coatings on solid S-BrC result in even greater light absorption

enhancement than water coatings.

These novel findings, combined with our measurements of solid S-BrC concentrations and

their optical properties, underscore the critical role of solid S-BrC in the climate system. It is
important to note that these insights have not yet been incorporated into current climate

models. Therefore, our findings offer important opportunities for future experimental and

modeling studies to better understand the climate impacts of solid S-BrC.

4) Some of the implications are uncertain due to speculation. For example, the authors assume a core-shell

model when discussing the effect of solid S-BrC on cloud droplets, but whether or not this is valid is not

clear.

We appreciate the reviewer for pointing this out. We have revised the manuscript to

acknowledge these limitations.

RL262-268: “We utilized the model developed by Bond et al.24 to estimate the absorption

enhancement (Eabs) at 550 nm wavelength of solid S-BrC with diameters of 100–800 nm

and water coating thicknesses between 0 and 2.5 µm, using our measured refractive index

(RI) of solid S-BrC at 550 nm (Fig. 4b). We assume the solid S-BrC core is located at the

center after uptaking water since solid S-BrC found in pyrocumulonimbus cloud droplets



can located at the center of droplets.23 We acknowledge this assumption might overlook

the effects of the possibility that the core might not located at the center, which is worth

future investigation. As shown in Fig. 4b, water shell can enhance the light-absorption of

solid S-BrC by up to a factor of 2.3.”

RL306-309: “It should be noted that the different RI of coating, coating thickness, and core

size can lead to large variations in the results. Thus, future studies to better understand the

climate effects of coated solid S-BrC are necessary to parameterize our findings in climate

models to reduce the discrepancy between measurements and improve the model's

accuracy.”

I do think the paper is a nice contribution to the field of atmospheric science and should be published. I also

commend the authors for the large body of work.

We thank the reviewer for acknowledging our contribution to atmospheric science and

supporting its publication. We hope our response clarifies the study’s novelty and significance.
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