Author comments to the manuscript: “a-Pinene secondary organic aerosol yields
increase at higher relative humidity and low NOy conditions” by Lisa Stirnweis et al.

L. Stirnweis et al.

The authors would like to thank the two anonymaawsawers for their helpful and thoughtful
comments and suggestions. Based on their commentsawe modified the text, especially
the parts related to the model description,xN@&gime and vapour wall losses, where
additional explanations seemed to be necessaryh Bpecific point of the comments is
addressed below. Reviewer comments are in itgliesgt, our responses are in regular typeset
and changes in the manuscript are highlighted ue.bAll references are listed at the end of

the document.

Anonymous Referee #1

This work is laboratory and modeling study of S@f alpha-pinene photooxidation under
different RH conditions, and various NOx/VOC ratibke authors investigated the effects of
various seed compositions, notably hydrophobidiydrophilic seed, which in my opinion is
a clever way to deduce that the RH effect is samifly based on liquid water and particle
phase mixtures. The authors primarily used AMS, M$JRand SMPS to measure the
compounds/particles of interest and performed Wb corrections for particles under one
RH condition. Vapor wall loss was not consideregprpriate blanks were performed. The
work demonstrates a liquid-water-based enhancero€i8OA yields that may be due to a
combination of many chemical and physical factdree authors also attempted to give
insight into phase partition by using the AOIMFAGdeal and their own observational inputs.
The paper is well-written and the method is thotdugdescribed. A more thorough
discussion of the mechanisms involved, and additiokarity about the modeling, would be

welcomed. | have some comments and suggestione petdication can be recommended.
General comments:

1. The authors stated that lack of corrections fapar wall deposition do not “influence the
comparison between the experiments.” The statemsehtird to understand when the RH
dependence of vapor wall loss has been documdntedexample, please see Loza et al EST
(2010) and Nguyen et al PCCP (2016), where hydrayde, hydroxyepoxide, and organic
acid wall losses were measured under different Hilynconditions in chambers and differ
substantially between different RH conditions. Nguyet al PCCP (2016) even gave a



parameterization for these compounds as a functbrRH in a 24 cubic meter Teflon
chamber (e.g., kwall HMHP = -1.4 x 10-5 x RH min—-kwall_H202 = -9.6 x 10-6 x
RH min-1, and kwall HCOOH = -2.2 x 10-6 x RH min—-1As the authors can see, not
only is vapor wall loss different for each RH cdmafi, it is different for each chemical
compound. The papers listed to support the authstatement, namely Zhang et al PNAS
(2014) and Nah et al ACP (2016), were only studieder dry (RH < 5%) conditions so are
not applicable to the current case. | do not bediévat retro-actively applying the vapor wall
loss corrections is critical to this work, but rexpi that the authors conservatively estimate
the errors that ignoring such a correction in thiplaa-pinene system (which is known to
produce compounds readily lost to walls) would eau$his may actually increase the
enhancement that the authors observed.

Response: We have already acknowledged in the original werssf the manuscript that
vapour wall losses may influence chamber resultsamplicate data interpretation. This is
especially the case if losses depend on the Rkhes® losses would lead to biases that were
not yet, but will be discussed in the manuscrigvéitheless, we note that losses of the small
organic molecules reported in Loza et al. (2010) &lguyen et al. (2016), e.g. glyoxal,
epoxides and peroxides are very likely due to theactive uptake, the rate of which changes
with RH. These processes occur at time scales wishauch longer than those related to the
absorption of SOA forming semi-volatile compoundstoo the clean Teflon walls. The
dependence of vapour absorption on RH (due to agehm wall accommodation coefficients
or in the activity of the wall absorbed compounda¥ not been reported to the best of our
knowledge and indeed merits further investigatithreg are beyond the scope of the current
study. Nevertheless, we believe that vapour absorpinto the Teflon walls is unlikely to be
affected by RH, due to the hydrophobic nature dfoheand its minor interactions with water
at relatively low RH (<75%).

Based on the reviewer suggestions, we have distubksse effects more thoroughly in the

revised version of the manuscript:

Eq. (8) does not take into consideration the IodsS©A-forming vapours onto the clean
Teflon walls, which may suppress SOA yields fronbdiatory chambers under certain
conditions. These processes may be related toajheuvs reactive uptake onto walls (Loza et
al., 2010; Nguyen et al., 2016) or to their absoeptiptake (Zhang et al., 2014; Nah et al.,
2016).



The reactive uptake of organic vapours onto chamaagis is only significant at high RH.
Loss rates for important reactive gases, inclugjiyoxal, epoxides and peroxides have been
documented at different RH (Loza et al., 2010; Ngugt al., 2016)While these processes
may also influence reactive SOA-forming compoundsler our conditions, they occur at
time-scales of hours (Nguyen et al., 2016), mucitgéns compared to the time scales of the
absorptive uptake, e.g. based on recent direct urgagnts of vapour losses onto Teflon
walls (=10 min,(Krechmer et al., 2016)).

The absorption of organic compounds onto the chanvbés obeys Henry’s law and depends
on the compounds’ accommodation coefficients arr thctivity at the wall/gas interface
(see for example, (Zhang et al., 2015)). The depecel of compounds’ absorption on RH
(due to a change in accommodation coefficientsnothe activity of the wall absorbed
compounds) has not yet been reported to the besirdinowledge and indeed merits further
investigations that are beyond the scope of theentistudy. Nevertheless, we believe that
vapour absorption onto the walls is unlikely to sgnificantly affected by RH, due to the
hydrophobic nature of Teflon and its minor inteiact with water under subsaturation
conditions (RH<80%).

In our case, we have maintained chamber conditiongg our experiments such that vapour
wall losses and their inter-experimental differencan be minimized as much as possible.
This is done by (1) maintaining a relatively constavall-to-seed surface ratio for all
experiments to avoid systematic biases betweenriexpets and (2) increasing SOA
production rates, which rapidly provide a signifitgarticle condensational sink. We also
note that vapour wall losses were found to be mioothea-pinene SOA system where SOA

formation is dominated by quasi-equilibrium groWfihang et al., 2014; Nah et al., 2016).

2. Adding to that subject, the authors are alsogesged to monitor particulate wall losses at
different RH conditions and for different compasitin their future works in lieu of picking

an average and going with it for all particles aalll conditions. There is usually a noticeable
difference in the rates of deposition dependingparticle characteristics and wall wetness

(related to RH). This is especially advisable sitive authors are using so many different
seeds that may respond to wall wetness in diffesays (I would guess the CF seeds would
not show the same increase in sticking as the Ipjdiio seeds when water layers on the
walls increase, with similar effect to their SOAdded observations). Again, the suggestion
here is to approximate and report uncertainty thaty be caused by ignoring these

dependencies in the revised version of the paper.



Response: Unlike vapours, particles are lost to the wallseversibly and with an

accommodation coefficient of unity. Therefore, et wall losses, driven by diffusion and

gravitation, are less dependent on the wall wetifjesl/ through a change in the Teflon
electrostatic properties with RH), and are stronglfunction of particle diameters. As the
organic particles and inorganic seeds are extgrmaitked and have different diameters, we
have chosen to derive the loss rates of the orgdrase by fitting its decay with time (instead
of using the seed decay), when OA production ieetqul to be negligible. We have derived a
loss rate for each experiment, which was used @l ss correction. An average rate was
only used in the case of insufficient statisticsperform accurate fitting. Therefore, we
believe that our wall loss procedure takes intooant the experiment-to-experiment

variability.

3. | have a general criticism of the way “NOXx” ised in this paper. It is too vague. When the
authors say “44.4(0.8) ppbv of NOx” does that mé&&@nppb of NO2 and 2.4 ppb of NO or
any of the other innumerable combinations. . .? i#aldhlly, it's not really “NOx” that’s
important here, but rather nitric oxide (NO) becaus$ changes the course of the reaction
with the RO2 radical, while NO2 doesn’t do very mumless the precursor is an aldehyde
(which in this case it is not). Can the authorsrbere clear about how much NO there is,
instead of “NOX"?

Response: Based on our previous calculations (see Platt.gR@14)), RQ radicals would
predominantly react with NO, when the concentrabbthe latter is higher than only 1 ppb.

These conditions can be considered as high NO

As mentioned in the manuscript, during high N&periments, before lights were turned on,
we have injected equal amounts of NO and,N@sulting in initial NQ concentrations
between 20-75 ppb. During these experiments amadigfwout the period when the majority of
a-pinene was consumed, the NO concentration remdirmggeer than 5ppb, indicating thet

pinene oxidation proceeded under high,NO

During low NQ, experiments, the average NQ@oncentration was around 1-2 ppb,
predominated by N©Owhile the NO concentration was below detectionitBn{<0.1ppb).

Under these conditions RERO, reactions may prevalil.
Based on the reviewer comment, we have updategthen page 5, as follows:

Within the results section, the two terms “low f@nd “high NQ” refer to the following

conditions:



- Low NO; = NO/a-pinene < 0.1, with continuous HONO injection, icated by an asterisk

in Table 1 and figures.

- High NG = NO/a-pinene > 1: Initial injection of NO + NOwith continuous HONO
injection.

In Table 1, we report for high NQronditions the initial NQ concentration, (which decays
with time) and for low NQ conditions the mean NQroncentration. We note that the NO
levels are the main driver for determining whetR&,-NO or RQ-RO, reactions would
prevail. Based on our calculations (not shown hees (Platt et al., 2014)), R@adicals
would predominantly react with NO, when the concatign of the latter is higher than only 1

ppb. These conditions can be considered as high NO

During high NQ experiments and throughout the period when themtgajof a-pinene was
consumed, the NO concentration remained higher thgpb, indicating thatu-pinene
oxidation proceeded under high NODuring low NQ experiments, the average NO
concentration was around 1-2 ppb, predominated @y, While the NO concentrations were

below detection limits (<0.1ppb). Under these ctads RQ-RO, reactions may prevail.

4. The authors mentioned hydrophilicity and soltjpsgeveral times in the article, yet it's not
clear how this is considered by the model, if # &llso, despite the authors’ statement that
the few products considered in the model are adegumaore support is needed to understand
how these few products can be fully representativseich a complex chemical system.

Response: The aim of the modelling part is to investigateetfter thermodynamics alone can
account for the higher yields observed at higher Ritt compounds used for the simulations
were chosen from previously identified photo-oxidat products of a-pinene. The
partitioning of these compounds between the gasl@dondensed phases depends on their
effective saturation concentrations, which is dedinn Eqg. 11. This equation takes solubility
and hydrophilicity into account because it doesdegend only on the vapour pressures of the
pure compounds but also on their activity coeffitsein solution (i.e. affinity towards other
compounds in the organic phase, affinity towardsewand affinity towards the inorganic
species). We use AIOMFAC to calculate activity dwmednts and perform a phase
equilibration calculation between the gas and cosede phases. With this approach, we fully
account for solubility (in the organic phase) arnydrophilicity (affinity towards particulate

water).

As we have mentioned in the manuscript, the chofdde model compounds is constrained
by the experimentally determined volatility distrtions and O:C ratios. This significantly



constrains the nature of the compounds in a givaatility bin. For example, compounds
with saturation concentrations of 100-1000 pg mould need to have a short carbon
backbone chain (carbon number ~5), if their O:@sashould match the observed O:C ratios
of ~0.6. The activity coefficients calculated byetmodel are more sensitive to the chosen
compounds O:C ratios than to the compounds’ stre@und functional groups.

From the comments/questions of both reviewershéurtetails and clarifications seem to be
necessary for a better explanation of the procedwepted for the phase partitioning
calculations. Therefore, in the corrected versiérthe manuscript, we have significantly
modified section 2.6, relative to phase partitignéalculations.

Page 10, lines 12-29 were replaced by the following
2.6 Thermodynamic modelling

General principles. Using thermodynamic modelling, we seek to undedstavhether
observed changes in SOA bulk properties (yields @r@ ratios) with RH can be explained
by a change in the particles’ thermodynamic progertGas-liquid and liquid-liquid phase
partitioning calculations are performed followinget methods developed in Zuend et al.
(2008; 2010; 2012) and Zuend and Seinfeld (2013)nguthe thermodynamic group-
contribution model, AIOMFAC (Aerosol Inorganic-Omga Mixtures Functional groups
Activity Coefficients) to calculate activity coeffents. This approach enables predicting the
phase partitioning of known organic compounds kmgvtheir abundances in a given known

mixture of organic species and electrolytes avargRH and temperature.

The modelling requires the use of explicit surregagbmpounds. Based on Eg. (10), the
partitioning of these compounds is driven by thalatility distributions, which depends on

(1) the compounds’ effective saturation concerdretiand (2) their relative abundances.
Compounds’ effective saturation concentrationsduse model inputs, were calculated based
on Eqg. (11) initially assuming ideal mixing=1) and utilizing vapor pressures estimated
using EVAPORATION (Compernolle et al., 2011). Thelative abundances of these
compounds in the model mixtures are based on thatilty distributions derived from

experimental data (section 2.5).

We assumed instantaneous reversible absorptivéilegqun of semi-volatile organic species
into ideal and non-ideal liquid phase aerosolghi&case of non-ideal solutions, positive and
negative deviations of mole fraction-based actiegfficients from unity indicate the degree

of non-ideality in a mixture. The activity coeffits take into account the compounds’



affinity towards the solution (interactions withhet organic species, electrolytes and water)
and hence depend on the solution chemical composiliherefore, the activity coefficients
for the different organic species cannot beasgiriori, but are calculated iteratively in the
model (until convergence of the compounds’ abunésauriic the different phases; see (Zuend
et al., 2008; Zuend et al., 2011).

We considered cases with and without interacticgtsvéen the electrolyte and the organic
phases, which enables assessing the solubilityeobtganic compounds in the inorganic seed
aerosols. Seed concentrationqinm* were transformed in moles of seed per volume (mol
m®) assuming equal shares of AHS and SA for acididsend equal shares of AHS and AS
for neutral seeds. Because interaction parametesproe organic functional groups with
HSO, are missing in AIOMFAC, we assumed the interacioh organic compounds with
HSO, and with SG* to be similar. For all computations, metastablpessaturated salt

solutions were allowed.

Model compounds are only surrogates. The choidbesfe surrogates should reflect the wide
range of volatility and hydrophilicity of SOA spesi We have selected as surrogates
pinene photo-oxidation products reported in literat identified under different NOand
aerosol seed conditions, covering the wide rangeotdtility relevant to SOA. Compound
hydrophilicity instead depends heavily on the numbfefunctional groups present in the
molecule, which can be largely simulated by the poamd O:C ratio (Zuend and Seinfeld,
2012). As increasing the compound O:C ratio alsweleses its volatility, we have considered
cases with and without fragmentation products stibrter carbon backbone chain, but high
O:C ratios, expected to be representative of lgégreration photolysis and photo-oxidation
products (Mutzel et al., 2015; Krapf et al., 201Bhis approach would effectively decouple
compounds’ hydrophilicity and volatility and allogcanning both properties independently.
While we recognize that oxidation conditions, &@x concentrations, may significantly alter
the product distribution, we did not select diffgresets of products for the different

conditions. This is because:

(1) such separation would implicitly suggest thaé tchemical composition of the few
compounds reported at different conditions can Xteapolated to the bulk OA under our

conditions;

(2) such separation would significantly limit thember of surrogates at each condition,

increasing the sensitivity of the model to the compuds’ selection;



(3) the model is less sensitive to compounds’ chamstructure than to their elemental
composition (see below and Li et al. (2016)), eugmber of oxygen and carbon, which has

been taken into account by including fragmentapimducts.

The relative abundance of the selected compoundsptignized in the model for each

experiment at the prevailing RH such that the miedehnd measured SOA yield and O:C
ratio match. Then, the RH is modified in the modeld changes in the SOA yields and O:C
ratios are compared to the observations. Modelutations were performed at an OH

exposure of (2.0 + 0.5) x 1@m?® h. In the following we thoroughly describe thefelient

steps involved in the model setting.

Some detailed comments

Pg 13, In 12: It's not clear why the authors com®uthat the NOx dependence is definitely
due to low NOx conditions forming less volatile poonds? Perhaps the low- NOx

conditions form more soluble compounds? Perhapemeil-mixed particles?

Response: Conclusions on the NQdependence are based on the multilinear analgsigdts

in section 3.1. We have observed that independaheqrevailing RH, yields obtained under
low NOy are significantly higher than those obtained uridgh NQ, conditions. This implies
that independent of the compounds affinity towawdser, compounds formed under low NO
are less volatile than those obtained under high & tend to remain in the particle phase.

Pg 13, In 18: How much of the reaction is actuaonolysis? The authors should give an
indication of ozone mixing ratio in these reactioasd calculate the prevalence of side
reaction given the O3+a-pinene rates. If a sigmfit fraction is ozonolysis, then RH will

change the gas-phase product distribution as well.

Response: In the original version of the manuscript, we halready assessed and discussed
the fraction ofa-pinene that reacted with OH and ozone (see se2tibrand table 1), based
on the mixing ratios of these two oxidants. We haggémated that a great part @pinene
reacted with OH (on average 0.78 £ 0.07) and nthtat the further processing of the first
generation products — which don’t contain C=C bordsould almost exclusively proceed
through OH oxidation. Accordingly, we concludedtt8®A compounds detected under our

conditions are mainly from OH chemistry.



We note that the fraction efpinene that reacted with OH under low RH (0.79.@7) and
high RH (0.77 £ 0.07) are not statistically diffetdt-test,p=0.71), within our experimental
variability. Therefore, we do not expect that difieces observed between experiments at low
and high RH are due to a change in the prevaledbok We recognize that water vapor may
change the oxidation product distributions, via lieaction with the stabilized Criegee
intermediates, produced upon the ozonolysig-pinene. However, we note that not only the
fraction of a-pinene that reacts with;Os not substantial (in comparison with that redcte
with OH), but also a major fraction ofi-pinene Criegees undergoes unimolecular
decomposition to form OH and does not react withewdgAtkinson and Arey, 2003).
Therefore, it is unlikely that a change in RH wouslidably modify the distribution of the
products formed via gas-phase chemistry.

By contrast, the fraction af-pinene that reacted with OH is found to be seresitd the NQ
concentration (as already mentioned in the mamu3cihe production of ®was faster
under high N@ compared to low N due to an efficient VOC-NQcatalytic cycle and a
higher fraction of OH was scavenged by NQ@onsequently, the fraction afpinene that
reacted with OH under high N@0.75 = 0.06) is lower than that under low N(@®.83 +
0.04). These small, but statistically significa®t.08; t-test,p=0.004) differences in the
contribution of ozone/OH tar-pinene oxidation are expected to explain a parttheaf
differences in SOA yields and chemical compositainlow and high NQ with higher

fraction of ozonolysis products under high Né&dnditions.

While some of the above information was discusseitheé old version of the manuscript, we
have modified the new text by adding a new seqtBo4) related to the above discussion and
modified the old section 2.4, accordingly:

34 Prev_alent oxidation reagent and its influence on SOA yields and chemical
composition

Based on the mixing ratios of OH and ozone, wares# that a great part afpinene has
reacted with OH (on average 0.78 + 0.07). Moreoiteis worthwhile to mention that the
further processing of the first generation productghich do not contain C=C bonds — would
almost exclusively proceed through OH oxidation.céwlingly, we conclude that SOA
compounds detected are mainly from OH chemistrgpedident of the NCevel and relative

humidity.

We note that the fraction efpinene that reacted with OH under low RH (0.79.@7) and
high RH (0.77 £ 0.07) are not statistically diffetdt-test,p=0.71), within our experimental

variability. Therefore, we do not expect that difieces in SOA vyields observed between



experiments at low and high RH to be due to a chamghe prevalent oxidant. We recognize
that water vapor may change the oxidation produstridutions, via its reaction with the
stabilized Criegee intermediates, produced uponottenolysis ofa-pinene. However, we
note that not only the fraction afpinene that reacts withs@s not substantial (in comparison
with that reacted with OH), but also a major fraotiof a-pinene Criegee intermediates
undergoes unimolecular decomposition to form OH does not react with water (Atkinson
and Arey, 2003). Therefore, it is unlikely that lsange in RH would sizably modify the
distribution of the products formed via gas-phdsenaistry.

By contrast, the fraction af-pinene that reacted with OH is found to be seresitd the NQ
concentration. The production of;@as faster under high NQaverage [G = 35 ppb)
compared to low NQ(average [G] = 22 ppb), due to an efficient VOC-N@atalytic cycle
and a higher fraction of OH was scavenged by..NCbnsequently, the fraction efpinene
that reacted with OH under high N@.75 £ 0.06) is lower than that under low N@©.83 +
0.04). These small, but statistically significanffedences (0.08; t-testp=0.004) in the
contribution of ozone/OH ta-pinene oxidation are expected to explain a smait pf the
differences in SOA yields and chemical compositaserved at low and high NOwith
higher fraction of ozonolysis products under highNonditions. Despite this, we expect the
influence of NQ on the fate of R@to be the main driver behind the observed diffeesnn
SOA yields and chemical composition between low &mgh NQ, conditions (because
ozonolysis products are only a minor fraction aifteences between the two conditions are

rather small).

Pg 14, In 13: It would also be beneficial if thetlaors can talk about these products in terms
of RO2 reactions. Also, why cite a 2011 modelinglystwhen talking about hydroperoxide
and carbonyl products from RO2 +HO2 and RO2+NO dlsémn when the mechanisms were

deduced much earlier by Atkinson and many othetlsaa@ now textbook knowledge?

Response: As we have mentioned above, model compounds asesamfogates. While we
recognize that oxidation conditions, e.g. NE@oncentrations, may significantly alter the
product distribution, we did not select differerdtss of these surrogates for the different
conditions. This is because:

(1) such separation would implicitly suggest thiaé tchemical composition of the few
compounds reported at different conditions can Xeapolated to the bulk OA under our
conditions;



(2) such separation would significantly limit theimber of surrogates at each condition,

increasing the sensitivity of the model to the compuds’ selection; and

(3) the model is less sensitive to compounds’ chamstructure than to their elemental
composition (see below and Li et al. (2016)), exgmber of oxygen and carbon, which has

been taken into account by including fragmentagiooducts.

Instead, the same compounds reported at low antd W@y are used together with

fragmentation products as model inputs for all expents. The contribution of these

products is optimized in the model, so that the efled SOA vyields and O:C ratios at a given
RH matches the observations. Therefore, while ekpiolecular structures are needed as
model inputs, the contribution of these moleculethe model is not expected to reflect their
true contribution to SOA at different RH and oxidat conditions, especially based on the
way the model is setup. Accordingly, we think tliiécussing differences in the model

compounds’ contribution at different conditions Wboot be suitable.

Based on the reviewer comment, we have replaceditdigon of a modelling study, Valorso
et al. (2011), by the earlier studies reviewed Atkihson, 2000), when discussing the
influence of NQon SOA bulk composition (page 14 line 13).

Pg. 16, In 17-20: The authors highlighted the intpoce of solubility in understanding the
RH-dependent SOA yields, but the parameterizatohg include volatility. The authors say
later on that it's assumed that the hydrophilicisy proportional to the volatility, but that
would mean treating a chemical process just likghgsical process. Given that the model
does not consider aqueous reactions, and how irapbthese reactions have been shown to
before SOA (i.e., works of McNeill, Ervens, Carjt@md others), it's not clear to this
reviewer that the augmented cases with fragmemtagiod lower volatility products (i.e.,
more volatility-driven solutions) give the right samers for the right reasons. How do the
authors believe the modeling results would chamgm®lubility and aqueous reactions were
directly considered?

Response: The model takes hydrophilicity and solubility in&@count through the activity
coefficients of the partitioning compounds. Conaghphase reactions are not considered, nor
the possibility that the reactivity depends on treta humidity. We use the thermodynamic
simulations to find out whether partitioning aloten account for the increased yield at high
RH. Our results show that at low N®©onditions, equilibrium partitioning between thasg

and liquid phases can explain most of the incraasOA yields at high RH. In contrast, at



high NQ,, equilibrium partitioning alone could not expldime strong increase in the yields
with increased RH. Therefore we conclude that urtdese conditions additional processes
including the reactive uptake of semi-volatile §psdn the particulate aqueous phase would

need to occur to explain the enhanced yield atdrigiH.

Table S4: Which chemical (i.e., NO, HO2) regimetligse compounds belong to? Can the
authors list the abundances that they derived, dach “NOx” regime? What were the

hydrophilicity parameters that the authors assigfmdthese compounds?

Response: We cannot assign hydrophilicity parameters to rhod@mpounds, because
compounds’ activity coefficients, which determimeit solubility and hydrophilicity, depend
on the composition of the condensed phases andftinerare obtained iteratively during the
phase equilibration calculation. As mentioned abaovigile explicit molecular structures are
needed as model inputs, the way the model is sitap not allow us to discuss the influence

of the chemical regime on the compounds distrilmgtio



Anonymous Refer ee #2

This manuscript presents experimental and modellfigrts in order to describe the
formation of secondary organic aerosol (SOA) frohotp-oxidation of alpha-pinene under
various humidities and NOx concentrations. Also rible of seed aerosol com- position is
studied in relation to liquid water content of pales. The experiments clearly show that
varying the above parameters cause large, and cexpmhanges in the SOA vyields. The
authors then attempt to draw further conclusiongphgse partitioning calculations. While |
find the model results to be less convincing, thdehis described in detail, and thus readers
can assess the validity of the different assumptatequately. The paper fits the scope of
ACP, and should be considered for publication fellgy the below comments.

General comments:

While the language of the manuscript is very gobdpund several descriptions and
conclusions hard to follow. Especially the causalit certain sentences should be clarified.
As an example, in the abstract it is stated “At IN@x conditions, equilibrium partitioning

between the gas and liquid phases can explain ofdbe increase in SOA yields at high RH.
This is indicated by the model results, when initamid to the a-pinene photooxidation

products described in the literature, more fragneenand oxidized organic compounds are
added to the model mixtures”. Is the point heret tlhaadding oxidized fragments to the
mixture (but not otherwise), the model can expldia increased yields at low NOx by
equilibrium partitioning? The formulation of “indated ... when” is presumably the main
reason for my confusion. Another example is pagdidés 24-27: “Accordingly, additional

insights into the prevalent mechanisms by which aw@pounds form and evolve can be
gained. For example, highly oxygenated compoundsnata be very volatile without

significant fragmentation, whereas oligomerizati@ads to a significant decrease in the
compounds’ vapor pressure with- out necessarilyaasing their O:C ratios.” It is unclear

to me how the latter sentence is an insight gainech this work? And the content is in any
case quite common knowledge, to some extent egdragsan assumption in this work. There
are several paragraphs with similar issues in tlapgr, and | recommend the authors (or
preferably even someone external) read throughptpeer with the aim to check how claims

of causality are presented.

Title: Currently, the title only reflects the expaantal findings, while more focus is put on the

model results in the text itself as well as thetra@os. Also, the claim is left too general: is this



true regardless of the oxidant (OH, ozone, nitnat@ical) or [NO] (only NOx is mentioned). |

suggest revising the title to better describe thietent of the paper.

Response: Based on both reviewers’ comments, we have saamifly modified some parts of
the text, especially those related to the modekrg@son section. In addition, we have
modified the abstract, based on the above comrasritllows:

At low NOy conditions, equilibrium partitioning between thasgand liquid phases can
explain most of the increase in SOA vyields obseraetigh RH, when in addition to the
pinene photo-oxidation products described in ttegdiure, fragmentation products are added
to the model mixtures. This increase is driven bthlihe increase in the absorptive mass and
the solution non-ideality described by compoundgivay coefficients. In contrast, at high
NOy, equilibrium partitioning alone could not expldime strong increase in the yields with
RH. This suggests that other processes, e.g. veagpitake of semi-volatile species into the
liquid phase, may occur and be enhanced at highkrd3pecially for compounds formed

under high NQ conditions, e.g. carbonyls.
Based on the comment above, we also modified thieisee on page 15, lines 24-27:

Nevertheless, fitting both organic yields and CaGas significantly aid constraining the type
of compounds that participate in partitioning (ifeom a compound O:C ratio and vapor
pressure its carbon number can be inferred). Famele, highly oxygenated compounds
cannot be very volatile without significant fragnteion, whereas oligomerization leads to a
significant decrease in the compounds’ vapor pressuthout necessarily increasing their
O:C ratios.

We have also modified the title as follows:

Assessing the Influence of N@oncentrations and Relative Humidity on Secondangyanic
Aerosol Yields froma-Pinene photo-oxidation through Smog Chamber Erpanis and

Modelling Calculations

In the text we have also discussed more thorouti@ynfluence of the oxidants and NGn

our conclusions (see above).

Specific comments:

P1, line 20: For terminology: SOA yields are noteafed by particle wall loss. The measured

SOA mass is, and if not accounting for that, orlegeit an *apparent* yield that is too low.



On the other hand, vapor losses will affect the S@#ds in much more complicated ways.
While | do not expect the authors to include vapal losses into the model at this stage, and
it would be extremely hard to do correctly, theheurs should acknowledge that there is a
wealth of evidence from the last years that nemglgcvapor wall loss will influence SOA
yields, including e.g. Kokkola et al., 2014 (thstfin a line of recent publications on the role
of walls in Teflon chambers), Ehn et al., 2014 (ctete of “ELVOC” that irreversibly are
lost to walls) and Krechmer et al., 2016 (directasierements of vapor wall losses in a Teflon
chamber). The authors should at least note sonthesfe papers and their findings in the

manuscript, rather than only citing the papers thapport their approach.

Response: Based on the reviewer comment the sentence olinB120, has been modified in
the corrected version of the manuscript as follows:

We used a Monte-Carlo approach to parameterize smagber SOA yields as a function of
the condensed phase absorptive mass, which incthdesum of OA and the corresponding

bound liquid water content.

Also, we have already cited four papers relatedidti-losses, but we will add the references
suggested by both reviewers. We have significastignged the section related to the vapour

wall losses, where these additional citations veelded. The new text reads as follows:

Eqg. (8) does not take into consideration the ldsS©A-forming vapours onto the clean
Teflon walls, which may suppress SOA vyields fronbodieatory chambers under certain
conditions. These processes may be related toajheuvs reactive uptake onto walls (Loza et
al., 2010; Nguyen et al., 2016) or to their abdveptiptake (Zhang et al., 2014; Nah et al.,
2016).

The reactive uptake of organic vapours onto chamaadls is only significant at high RH.
Loss rates for important reactive gases, includjiygxal, epoxides and peroxides have been
documented at different RH (Loza et al., 2010; Ngugt al., 2016)While these processes
may also influence reactive SOA-forming compoundsler our conditions, they occur at
time-scales of hours (Nguyen et al., 2016), muciyéos compared to the time scales of the
absorptive uptake, e.g. based on recent direct ureagnts of vapour losses onto Teflon
walls (~10 min,(Krechmer et al., 2016)).

The absorption of organic compounds onto the chanvbés obeys Henry’s law and depends
on the compounds’ accommodation coefficients amr thctivity at the wall/gas interface
(see for example, (Zhang et al., 2015)). The depecel of compounds’ absorption on RH

(due to a change in accommodation coefficientsnothie activity of the wall absorbed



compounds) has not yet been reported to the besirdinowledge and indeed merits further
investigations that are beyond the scope of theentistudy. Nevertheless, we believe that
vapour absorption onto the walls is unlikely to sgnificantly affected by RH, due to the
hydrophobic nature of Teflon and its minor interact with water under subsaturation
conditions (RH<80%).

In our case, we have maintained chamber conditiongg our experiments such that vapour
wall losses and their inter-experimental differencan be minimized as much as possible.
This is done by (1) maintaining a relatively constavall-to-seed surface ratio for all
experiments to avoid systematic biases betweenriexpeats and (2) increasing SOA
production rates, which rapidly provide a signifitgarticle condensational sink. We also
note that vapour wall losses were found to be mioothea-pinene SOA system where SOA

formation is dominated by quasi-equilibrium growithang et al., 2014; Nah et al., 2016).

P1, line 20: “as a function of absorptive massesmbming organics and the bound liquid
water content.” This is a confusing formulation.tRer say “...absortive mass, defined as the

sum of organics and the ...".
Response: This has been modified in the revised versiorhefrhanuscript as follows:

We used a Monte-Carlo approach to parameterize stmagber SOA yields as a function of
the condensed phase absorptive mass, which incthdesum of OA and the corresponding

bound liquid water content.

P2, 18: Why limit this statement to semi-volatpeces?

Response: In the revised version of the manuscript we renfseei-volatile”

P5, 5-7: What does it mean when stating “similantdOC” when no a-pinene is added??

Response: NO,/VOC was replaced by NO

P7, 32-33: What were the ozone concentrations@ulavlike to see a (supplementary) figure
with an example experiment showing at least a-gnemone, butanol and OH concentrations

together with the SOA mass. Fig. 5: Why are figbraad 6 discussed before figures 3 and 4?



Response: Oz average concentrations were 22 and 35ppb at low &M@ high NQ,
respectively. In the revised version of the manpseve have modified section 2.4 (P7, lines
32-33), and added an entire new section, sectignahere we discuss the relative importance
of O3 and OH for the oxidation afpinene at different conditions:

34 Prg\{alent oxidation reagent and its influence on SOA yields and chemical
composition

Based on the mixing ratios of OH and ozone, werede that a great part afpinene has
reacted with OH (on average 0.78 £ 0.07). Moreoiteis worthwhile to mention that the
further processing of the first generation productghich do not contain C=C bonds — would
almost exclusively proceed through OH oxidation.céwingly, we conclude that SOA
compounds detected are mainly from OH chemistrgpedident of the NCevel and relative

humidity.

We note that the fraction efpinene that reacted with OH under low RH (0.79.@7) and
high RH (0.77 £ 0.07) are not statistically diffetdt-test,p=0.71), within our experimental
variability. Therefore, we do not expect that diffieces in SOA yields observed between
experiments at low and high RH to be due to a chamghe prevalent oxidant. We recognize
that water vapor may change the oxidation prodistridutions, via its reaction with the
stabilized Criegee intermediates, produced uponottenolysis ofa-pinene. However, we
note that not only the fraction afpinene that reacts withz@s not substantial (in comparison
with that reacted with OH), but also a major frantiof a-pinene Criegee intermediates
undergoes unimolecular decomposition to form OH does not react with water (Atkinson
and Arey, 2003). Therefore, it is unlikely that ldange in RH would sizably modify the
distribution of the products formed via gas-phasenaistry.

By contrast, the fraction af-pinene that reacted with OH is found to be seresitd the NQ
concentration. The production of;@as faster under high NQaverage [G = 35 ppb)
compared to low NQ(average [G] = 22 ppb), due to an efficient VOC-N@atalytic cycle
and a higher fraction of OH was scavenged by.NCbnsequently, the fraction afpinene
that reacted with OH under high N@.75 £ 0.06) is lower than that under low N@©.83 +
0.04). These small, but statistically significantfedences (0.08; t-testp=0.004) in the
contribution of ozone/OH ta-pinene oxidation are expected to explain a smait pf the
differences in SOA yields and chemical compositatsserved at low and high NOwith
higher fraction of ozonolysis products under higBNonditions. Despite this, we expect the
influence of NQ on the fate of R@to be the main driver behind the observed diffeesnn
SOA vyields and chemical composition between low &ngh NQ, conditions (because



ozonolysis products are only a minor fraction aifteences between the two conditions are

rather small).

P12, 9: Please use another word than “correspontlifigr these comparisons. It is

misleading.
Response: The text was modified as follows:

RH was then changed in the model and the effectBRHbfon SOA vyields and degree of

oxygenation were then evaluated.

P13, 1-10: This is also consistent with more a-psgroducing more SOA and thereby
condensation sink (CS), which in turn can moreieffity compete with the walls as a sink of
low-volatile vapors. See e.g. the papers cited abdWe authors can easily do a sensitivity
check for this effect. If there is a large changearticle vs wall loss rates, point 1 should be
reconsidered. On the other hand, if the initial degrovides a relatively constant CS

(compared to wall losses) for every experimentnthiee claim in point 2 that seed

concentrations in general are not important seemsstified, since this was not probed at all

in these experiments.

Response: The conclusions in point 2 are based on the faat tve did not observe a
correlation between the yields and the initial sees or surface concentration, which span a
factor of 2.5 (e.g. higher than the spancgbinene concentration, see point 1). Therefore,
would there be an influence of the seed surfaceva@d have observed it, but this was not
the case. As mentioned in the manuscript, thiomsistent with new results suggesting that
for thea-pinene system SOA formation is dominated by gegsidibrium growth and vapour
losses to the walls do not depend on the seed otratiens, but rather on SOA formation
rates (Nah et al., 2016).

In Point 1, we simply describe first the observatibat SOA yields increase witlxpinene
concentrations. This is expected from the equuiri growth of a-pinene SOA from
condensable semi-volatile vapours, and is congistéih point 2 (this is the basis of the
partitioning theory). We have now assessed the gghan the particle condensation sink
between experiments wittr-pinene concentration equal 20 and 30ppb. The @&andoo
negligible, ~10%, to have an impact on the ratioveen the particle and wall surfaces and on

the vapour wall losses. Therefore, we think thampb is still valid.



P13, 2: Please clearly distinguish between perogedaand percentage points. | expect this

should be the latter.

Response: It is percentage point, as stated by the reviewethe corrected version of the

manuscript we add “(percentage point)” after the 2%

Fig. 4: There is a clear bimodal distribution forost cases, which is also noted in the
manuscript. However, | find the explanations ancculision about it lacking. The authors
state that particle number increased, but no newtigla formation was observed. This needs
some further discussion. Where do the particlesectsom then? Additionally, the bimodality
is used as proof for LLPS, which the model alsdigte, but | do not find a clear description
of why the organics form this bimodal distributidtig. 7&8: Make the contrast between the
currently light and full colors more visible. Atast on my screen some pairs were hard to

distinguish.

Response: The development of a bimodal distribution is ddssst in section 3.3, pages 14 —
15 and then discussed on page 20, lines 14 — 26. aHnosol size-resolved chemical
composition is used only to infer the behaviouth& absorptive organic phase and its mixing
with the inorganic seed, rather than to model tagigle dynamics in the chamber and the
processes involved (in our opinion the latter nemdsh more constraints, which we do not
have). As we have mentioned (on page 15, line 2)have observed an increase in the total
particle number, but based on Fig. S14, we didbbserve clear and intense nucleation events
(substantial increase in the number of small pag)c Therefore, while we cannot exclude the
occurrence of moderate new particle formation eyene believe that we do not have the
adequate tools (detection of new particles belowrh to confirm it. We also cannot exclude
that the transmission efficiency of smaller paetcin the lines increases upon their growth,
which would also explain the increase in the pkrtrmimber. Accordingly, we prefer keeping
the same statements in the text, without expli@tiirming that new particle events occurred,
especially that whether nucleation occurred or doés not change in our opinion the

conclusions of the paper.

For all experiments, the aerosol size distributi@iw two externally mixed aerosol
populations, with a mode at lower diameters (~2060 mode 1) mostly containing SOA and
another mode at higher diameters (~400 nm, modmditly consisting of the seed. As

mentioned on page 20, the formation of these twaufaions may occur by the homogeneous



or heterogeneous nucleation of highly oxidized wmolatile products. Homogeneous
nucleation implies new particle formation (which de not exclude as mentioned above),
while heterogeneous nucleation proceeds via comatienal growth of non-volatile vapours
onto smaller particles (the particle surface moBe}jh processes are expected to create small
organic rich particles, providing an organic abswep phase into which additional semi-
volatile compounds may preferentially partition. M¢hwe cannot exclude any of the two
processes (homogeneous or heterogeneous nucleatitbe) size-resolved chemical
composition information is used here to provide pehing evidence that the organic and the

electrolyte phases are not mixed, confirming thel@lliong results.

P15, 36-37 and related O:C discussion: A variatan0.03 from 0.45 to 0.48 is considered
“almost constant” while an increase of 0.08 is cmleged significant? And only several pages
later in section 4.6 is it noted that the uncertgim O:C is 20-30%. It is also noted that the
O:C values are likely biased low since the latestametrization for O:C calculations are not

used. These things should be mentioned earliera s@ader can properly assess the
meaningfulness of the comparisons done in secddg.3. Considering all the above, the
tuning of the model to match these values doesymay mind give much more insight into the

formation mechanisms of SOA in this system.

Response: In general, while it is hard to assess the unicei#s related to the AMS O:C
measurements, a distinction should be made betwsssurement precision and accuracy.
We do not expect the accuracy of the O:C ratiosrdehed by the HR-ToF-AMS to be less
than 20%, while changes in the O:C ratios can lhected more precisely by the instrument
(~1-2%). As noted by the reviewer, we have usedaaher parameterization to determine the
O:C ratio (Aiken et al., 2008), and mentioned ttie later parameterization would yield
higher O:C values (Canagaratna et al., 2015). Whike not straightforward (impossible) to
judge which parameterization is better for our eystbased on our recent measurements of
ambient samples (see Bozzetti et al. (2017)), #ter Iparameterization does not seem to

provide more accurate results. Therefore, we dddidenaintain the earlier parameterization.

As suggested by the reviewer, in the correctediaveref the manuscript we will discuss
earlier in the text the uncertainties related te tletermination of the O:C ratios. In the

method section (2.1), the following text is added:

The HR-ToF-AMS data were processed and analysed) tise analysis software SQUIRREL
(SeQUential Igor data RetRiEval) v.1.52L and PIKReék Integration by Key Analysis)



v.1.11L for IGOR Pro software package (Wavemetrigs,, Portland, OR, USA). From the
HR analysis of the mass spectra, the O:C ratidkeobulk OA were determined based on the
parameterization proposed by Aiken et al. (2008 Wdte that while the assessment of the
uncertainties related to the O:C measurements éyR-ToF-AMS is not straightforward, a
distinction should be made between measuremenisge@nd accuracy. We do not expect
the accuracy of the O:C ratios determined by theTldR-AMS to be less than ~20% (Aiken
et al., 2008; Pieber et al., 2016; Canagaratn&,e2@l5; Bozzetti et al., 2017). For example,
the use of a more recent parameterization (Caniagaed al., 2015) would yield higher O:C
values (by 18%) and the O:C ratios reported herg bearegarded as lowest estimates. By
contrast, relative changes in the O:C ratios apeeted to be detected more precisely by the
instrument (~1-2%). The influence of potential kg®nd uncertainties in the determination

of the O:C ratios on our results will be discussethe text.

The first statement mentioned by the reviewer reassfollows: “This agreement was
achieved although the model could not reproducdnitie values of nor the change in the O:C
ratios with RH (the modelled O:C remained almoststant at 0.45-0.48 at low and high RH,
while the measured O:C increased from 0.56 at [6Wt®&0.64 at high RH).” The point here
is that the model underestimated the O:C value248y, and predicted a smaller increase in
their values with RH (6% compared to 14%). This ldooe even worse if the more recent
parameterization of Canagaratna et al. (2015) vgasl.uThe above sentence is modified as

follows:

This agreement was achieved although the modelrestiimated the O:C ratios by 24% and
predicted a smaller increase in the O:C values Withthan observed. The modelled O:C
remained almost constant at 0.45-0.48 at low ath RH (difference of 6%), while the

measured O:C increased from 0.56 at low RH to @tadigh RH (change of 14%). We also
note that the use of the more recent parameterizaly Canagaratna et al. (2015) would yield

even higher O:C values, widening the gap betweeasnored and modelled O:C ratios.

The other point raised by the reviewer pertainghto discussion of the differences between
the two parameterizations on page 19. The poing¢ lerthat the use of the most recent
parameterization would yield higher O:C ratios, ethiwould require including more

fragmented products in the model than already doneproduce the measured O:C ratios.
Therefore, using either parameterization will nbamge the conclusions of the paper in a
gualitative term, suggesting that fragmentationdpots should be included in the model to

reproduce the observations. In the discussion@eatie added the following clarifications:



The measured O:C ratio is a key parameter for caingtg the model. Here, we have used
the high resolution parameterization proposed biyeAiet al. (2007), while the use of the
more recent parameterization by Canagaratna €2@15) would result in even higher O:C
ratios (by 18%). Higher O:C ratios would requirergasing even further the contribution or
the degree of oxidation of the fragmented compouawd would imply that the model
predicts an even higher sensitivity of the yieldsRH. Therefore, the O:C values used here
yield more conservative estimates of the contrdngi (or the degree of oxidation) of

fragmented products in the model and of the sentginf the yields and O:C ratios to the RH.

P18, 3-5: Is this shown somewhere, or just stafEldére were also other places where the
formulations are such that | expect there to begyaré showing the result. The authors should
consider adding “not shown” in places where theommhation is not visible in any plot or
table.

Response: This is indeed stated and not shown. In the revi@sion of the manuscript we
have added “(not shown)” here and in places whezdrtformation is not visible in any plot

or table.

P18, 22-26. There are too many numbers listed entéxt, and this is especially true here.
Please consider rewriting this.

Response: The section reads as follows: “This increasedifpaming is limited by an increase
in the activity coefficients of these compounds @aperiment 8 from 1.69 and 1.63 at low
RH to 2.70 and 2.93 at high RH and for experiméhfram 1.49 and 1.54 at low RH to 2.88
and 3.24 at high RH). Conversely, the 5-fold enkdnpartitioning of the fragmented and
more functionalized compounds (5-COOH-3-OH-pentaaall succinic acid) into the
condensed phase at high RH is driven by the inereéshe absorptive mass and the slight
decrease of the compounds’ activity coefficients @xperiment 8 from 0.84 and 0.51 at low
RH to 0.68 and 0.43 at high RH and for experiméhfram 0.90 and 0.56 at low RH to 0.69
and 0.44 at high RH).” We agree that the text dosta lot of numbers, but all of them are
between brackets, so that the reader is not obtigedad them. We think these nhumbers are
necessary to provide an idea about the range oimthéelled activity coefficients, under

different RH and for different types of compounds.



P18, 19-22 and Fig. 9: It is hard to follow discimssabout increase of factors 2-5 from a plot
ranging 14 orders of magnitude. Could Fig. 9 be ewbto the SI, and some more specific plot

included in the main text?

Response: Figure 9 shows the partitioning of the individoadel compounds to the different
phases, which provides an idea which compoundsegpected to contribute to the two

particle phases under different conditions. Weklims figure is required in the main text.

P18, 39-40: | do not understand at all what thiate@ce is supposed to say.

Response: This sentence has been removed from the manuscript

P19, 7: “sufficient” for what?

Response: We specify “sufficient to represent the speciethiwione volatility bin”.

P20, 22: Expected based on what?
Response: This section has been reformulated as follows:

Considering the size-resolved particle chemical position discussed in Sect. 3.3 (Figure 4),
LLPS is likely not realized within single particlésit the aerosol population splits up into a
predominantly organic mode at ~200 nm and a predamntiy inorganic mode at ~400 nm.
The formation of these two populations may occurtliy homogeneous or heterogeneous
nucleation of highly oxidized non-volatile productdomogeneous nucleation implies new
particle formation (which would only be moderatee $igures S13 and S14 — due to the high
condensation sink in the chamber), while heterogese nucleation proceeds via
condensational growth (which would occur on smatlarticles with higher surface). Both
processes are expected to create small organigaicities, providing an organic absorptive
phase into which additional semi-volatile compountsy preferentially partition. When the
organic and electrolyte phases are present inrdifteparticles the two phases communicate
via gas phase diffusion, and equilibration timelesalepend on the components’ volatility.
For compounds with C* = 0.1-1Q@y m> equilibration occurs within time-scales of minutes
to tens of minutes, assuming no bulk phase diffuimitations (Marcolli et al., 2004). In the
larger particle electrolyte-rich mode, the inorgamns would exert a salting-out effect

driving the organic compounds to partition to tles-ghase or into the smaller organic-rich



particles. This would prevent the organic compouinois partitioning in significant amounts
into the seed aerosol from the beginning and demeéen further these larger particles from
the organic material. Under such a scenario anreadtg-mixed phase-separated aerosol may
evolve in the smog chamber. Overall, the size-kesblchemical composition information

confirms the modelling results providing compelliegdence for organic-electrolyte LLPS.

P21, 28-29: This is too strong a statement in myiop. Rather say that only with inclusion
of the fragments could your model describe both @8s and O:C.

Response: This has been modified in the revised versionhef manuscript as suggested by

the reviewer:

Our results show that only with the inclusion odgmentation products could the model

simultaneously explain SOA concentrations and @i{®s.

P21, 40-P22, 2: Such a statement should be includadh earlier in the discussions on

bimodality, and not saved to the last lines ofrtf@uscript.

Response: This statement has been already discussed dartiee manuscript on page 20 and
modified in the new version of the text based onearlier comment of the reviewer. The

section on page 20 now reads as follows:

Considering the size-resolved particle chemical position discussed in Sect. 3.3 (Figure 4),
LLPS is likely not realized within single particlésit the aerosol population splits up into a
predominantly organic mode at ~200 nm and a predamntiy inorganic mode at ~400 nm.
The formation of these two populations may occurthy homogeneous or heterogeneous
nucleation of highly oxidized non-volatile productdomogeneous nucleation implies new
particle formation (which would only be moderatee $igures S13 and S14 — due to the high
condensation sink in the chamber), while heterogese nucleation proceeds via
condensational growth (which would occur on smatlarticles with higher surface). Both
processes are expected to create small organiaitities, providing an organic absorptive
phase into which additional semi-volatile compountsy preferentially partition. When the
organic and electrolyte phases are present inrdifteparticles the two phases communicate
via gas phase diffusion, and equilibration timelesaepend on the components’ volatility.
For compounds with C* = 0.1-1Q@y m® equilibration occurs within time-scales of minutes

to tens of minutes, assuming no bulk phase diffulmitations (Marcolli et al., 2004). In the



larger particle electrolyte-rich mode, the inorgamns would exert a salting-out effect
driving the organic compounds to partition to tles-ghase or into the smaller organic-rich
particles. This would prevent the organic compounais partitioning in significant amounts
into the seed aerosol from the beginning and demeen further these larger particles from
the organic material. Under such scenario an ealigrmixed phase-separated aerosol may
evolve in the smog chamber. Overall, the size-wegblchemical composition information

confirms the modelling results providing compellegdence for organic-electrolyte LLPS.

P22, 2: Again, what is this expectation based omwPR/ih this paper or other work?

Response: This is based on our work and has been clarifredhe new version of the

manuscript.
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