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1. Optimizing WSOG Production from the OFR

Copper tubing wrapped in heating tape was added after the Teflon filters to scrub O3 from the
gaseous oxidation products. This was done to ensure oxidation of WSOGs by the residual O;
would not occur during the sample collection process, which could have artificially inflated the
aqSOA mass. With the heated copper tubing installed, the O3 was reduced from ~12 ppm to <0.1
ppm, as measured with a home-made spectrophotometric O3 detector.

To test for unoxidized VOCs exiting the OFR, gas cartridges sampled a-pinene exiting the OFR
with and without the Oz and *OH lamps on. The gas cartridges were stainless steel tubes packed
with separate sections of Tenax TA and Carbograph 5TD (Markes, Part C2-AXXXX-5149). The
adsorbed organics were thermally desorbed into the Gas Chromatography-Mass Spectrometer to
detect a-pinene exiting the OFR. Approximately 2% of a-pinene was found to remain unoxidized
after the OFR. Any remaining a-pinene was not thought to significantly affect the experiment
because it has a low Henry’s law constant of 5.7x102 M atm™,' so a negligible amount
partitioned into mist chamber WSOG samples. The other two VOCs are expected to have had
similar recovery rates exiting the OFR and are also poorly water-soluble in their unoxidized
state.

Particle breakthrough of the 0.2 um Teflon filters was measured using the SMPS in a separate
experiment. The particle mass concentration after both Teflon filters was below the detection
limit of SMPS, suggesting particle retention efficiency in excess of 99.9%. This control
experiment was conducted with a-pinene under the same OFR parameters used in the main

experiments.
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2. Experimental Diagrams
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Figure S1: Diagram of the mist chamber. Neat water was added by the side extension, which
was part of the custom glassware and partially fills the mist chamber. Gas flowed from the
bottom of the mist chamber up through the straight glass nozzle where it intersected with the
hooked glass nozzle. The hooked glass nozzle pulled water up which sprayed into a fine mist
once it intersected with the gas flow. A hydrophobic membrane prevented water droplets from
escaping the mist chamber.
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Figure S2: Diagram of the pen-ray lamp setup. Aqueous-phase photooxidation of mist chamber
samples was conducted in open room air. A cardboard box was placed over the sample to
prevent exposure of experimentalists to UV radiation.
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3. Gas-Phase OFR Oxidation

3.1 OFR Oxidant Concentrations
In a separate experiment, a Proton Transfer Reaction-Mass Spectrometer (PTR-MS) measured

the *OH concentration during the gas-phase oxidation of toluene in the OFR. The same
conditions were applied to this experiment as the experiments in the main text (except that the
output of the OFR was diluted with clean air to bring it in range of PTR-MS measurements).
Toluene was selected because it was expected to almost exclusively react with *OH. The
following equations were used to calculate the *OH exposure and concentration:’

« OH exposure = ———— xIn (M) (S1)

k.oH, toluene vocl
where VOC; and VOCr represent the initial and final VOC concentrations, respectively, and
k.ol totuene is the rate constant between *OH and toluene (5.63x107'2 cm® molec™ s™).* The m/z
94 toluene isotope was used for VOC; and VOCr instead of the most abundant toluene isotope at
m/z 93 because the m/z 93 peak was saturated in the PTR-MS. This method provided an *OH
exposure of 3.7x10"! molec s cm™. The average *OH concentration was estimated using the «OH

exposure and residence time:

*OH exposure

[« OH] = (82)

residence time

Using the OFR residence time of 3.3 min, the *OH concentration in the OFR was estimated to be
2x10° molec cm™. Separately, the O3 concentration was measured to be ~3.0x10'* molec cm™ as

described in section 1 of the SI.

3.2 Reaction Rates and Lifetimes
The reaction rates and lifetimes for each VOC in the OFR can be calculated for both oxidants.

Initial VOC mixing ratios were 8.86 ppm for a-pinene, 8.68 ppm for limonene, and 13.2 ppm for
toluene. Rate constants between the VOCs and oxidants were taken from the literature.* The
bimolecular rate equation describes the reaction rate:

Rate = k[VOC][Oxidant] (S3)

and the atmospheric lifetime is calculated using:

T=——— (S4)

k[Oxidant]g
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Reaction Reaction Rate (molec cm™ s™!) Lifetime (s™)

o-pinene + O3 6.2x10'2 47
o-pinene + *OH 2.3x10" 9.4
Limonene + O3 1.4x10" 21

Limonene + *OH 6.9x10"3 3.0

Toluene + O3 9.8x107 7.1x10°

Toluene + *OH 3.6x10"? 89

Table S1: Reaction rates and lifetimes for O3 and *OH oxidation in the OFR

Table S1 shows the reaction rates and lifetimes for O3 and *OH gas-phase oxidation in the OFR.
The *OH reactions are approximately 2 and 4 times faster than ozonolysis for a-pinene and
limonene, respectively. The reaction with Os is negligible in comparison to the reaction with

*OH for toluene.

3.3 Ambient Oxidation
Equation (S5) demonstrates the relation between the experimental exposure time to ambient

exposure time:

[0Hexptexp = [OHamptams (S5)
where “exp” denotes the experimental conditions and “amb” represents ambient conditions.
Using ambient concentrations of 40 ppb for Os° and 5x10° molec cm™ for «OH,!® VOCs were

aged an equivalent of 17 h for O3 and 22 h for *OH in ambient conditions.
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4. Quantifying the Aqueous Photooxidation Rate

4.1 Measurements of [*OH]ra during aqueous-phase photooxidation

Terephthalic acid (TA) was used to determine the steady-state concentration of *OH in solution
during aqueous-phase photooxidation. A solution of 7.20x10> M TA was dissolved in 60.0 mL
of neat water spiked with 0.045 M of H>O» and exposed for varying time lengths to the same
pen-ray lamp environment as the WSOG samples. After every minute, the lamp was blocked,
and a 1.00 mL aliquot was removed for analysis with Ultra-High Pressure Liquid
Chromatography - Heated Electrospray lonization - High Resolution Mass Spectrometry
(UHPLC-ESI-HRMS, see section SI 10). The lamp was unblocked to continue aqueous-phase
photooxidation, and this process was repeated every minute until 4 min was reached. UHPLC-
ESI-HRMS was run for these samples to determine the relative intensities of TA and its *OH
oxidation product, 2-hydroxyterephthalic acid (TAOH), for each time interval, which occur
through reactions S6 — S9:

H,0, + hv — 2 «OH Ju209 (S6)
«OH + H,0; — *HO; + H,0 Ki202 (S7)
«OH + TA — TAOH kra (S8)
‘HO; + *HO, (+M) — 02 + H202 ko (S9)

The appearance of product [TAOH] and decay of [TA] were measured over photooxidation time

using a UHPLC-ESI-HRMS and can be represented by the first-order rate equations:

[TAOH] = [TA], X (1 —e kerrt) (S10)
and
[TA] = [TA], X e kerrt (S11)
where
kepr = —kra X [*OH]ra (S12)
Dividing equation (S10) by equation (S11) produces a ratio of [TAOH]/[TA]:
Cion - o= s

The maximum percent loss of [TA] throughout aqueous-phase photooxidation was of the order
of 10% based on chromatographic peak intensity. Therefore, assuming [TA] depletion is minimal

(kepst << 1), the exponents reduce to:
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AN~ kopst (S14)

The first order rate constant, k¢, was determined from the slope of the plot [TAOH]/[TA]
against time (Figure S3) to be 5.9x10* 5!, A value of 4.1x10° M! s was used for k4,'! and

[*OH]ta = 1.4x107!* M at steady-state conditions was determined from equation (S12).

0.16
0.12+

0.08+

[TAOH]/[TA]

0 60 120 180 240
Photooxidation Time (s)

Figure S3: Increase in the hydroxy-terephthalic acid (TAOH) to terephthalic acid (TA) ratio
over photooxidation time. The slope of this line was used to determine [*OH]ta in solution.

4.2 Estimation of [OH]wsoc during aqueous-phase photooxidation

Because of the difference in reactivity and WSOG, the *OH concentration measured in presence
of terephthalic acid, [*OH]ra, needs to be corrected to estimate *OH concentration measured in
presence of WSOG, [*OH]wsoc. The following set of calculations convert [*OH]ta to
[*OH]wsoc. Assuming steady-state conditions from equations (S6 — S9) for [*OH] gives:

d[OH
[dt] = 2Ju202[H202] — kpzoz[® OH][H,0,] — kra[® OH][TA] = 0  (S15)

Solving for the steady-state [*OH]wsog in the terephthalic acid experiment gives:

. _ 2]H202[H20;]
[*OH]ra kH202[H202] + k14[TA] (516)

The steady-state [*OH] can be written in the same manner:

2]H202[H20;3]
1
kH202[H202] + kwsoc[WSOG] (S17)

[*OH]wsoc =

Dividing equation (S17) by equation (S16) provides a ratio of the two [*OH] steady-state

concentrations:

[*OH]lwsoc — kH202[H202] + kT 4[TA] (S18)
[*OH]Ta kH202[H202] + kwsoc[WSOG]

Therefore, [*OH]wsoc is estimated by:
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kr202[H207]+ kT 4[TA]
kr202[H202]+ kwsog[WSO0G]

[*OH]wsoc = X [*OH]ta (S19)

The values for k14, [*OH]ra, and [TA] were determined in section 4.1 to be 4.1x10° M! s,
1.4x10°13 M, and 7.20x107 M, respectively. The value for [H202] was 0.045 M (as mentioned in
the main text). The rate constant ko, is 2.7x107 M™! s1.!! The general rate constant for
dissolved organic carbon 3.8x10% L (mol C)! s! may be used for kyy5o;.'> The concentration of
dissolved WSOG is provided by TOC data in section S6, and converted to the appropriate units
using:

e 1g 1mol

_ L
[(WS0G] = 3,000ppb C X — X 755 X 0

= 25%x105molCL™Y  (S20)

This conversion is for a-pinene WSOG using an approximate TOC concentration of 3,000 ppb C
and a molecular weight of 120 g/mol. The molecular weight of the WSOGs may only be
estimated because the ionization efficiencies of the WSOG compounds is unknown. A value of
120 g/mol was chosen for the molecular weight of a-pinene WSOGs because it consists of a mix
of small organic acids and larger monomeric species. Using the values provided above,
[*OH]wsog is estimated to be 1.7x107'3 M, similar to [*OH]ta = 1.4x10"'* M. The same
[*OH]wsogc is calculated to 2 significant figures for limonene and toluene WSOGs using the TOC
concentrations from section S6 and a molecular weight of 120 g/mol. Therefore, 1.7x1073 M

reasonably describes the [*OH]wsogc for all three WSOGs.

4.3 Potential depletion of H202 during aqueous-phase photooxidation

After rearrangement of equation (S17), Jy,02 may be determined:

_ [*OHlwsog X (kKH202[H202]1+kT4[TA])
]HZOZ - 2[H202] (821)

Using the values from sections 4.1 and 4.2, Jy,0, Was determined to be 2.9x10° s™!. With this
value of 502, [H202] is expected to remain approximately constant (<1% loss) over the time

period of the aqueous-phase photooxidation experiments.

4.4 Relating experimental to ambient aqueous-phase photooxidation times
Equation S5 can also be used to relate experimental to ambient oxidation times in the aqueous-

phase. There is a wide range in ambient *OH concentrations in aqueous environments from 10
- 102 M.131% Using a value of 10"'* M for ambient aqueous *OH concentrations and the value

[*OH]wsoc of 1.7x107'3 M determined above, 35 s of experimental *OH exposure would be
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equivalent to ~10 min in the ambient environment, and 90 min of experimental *OH exposure
would be equivalent to ~25 h in the ambient environment. It should be noted that other agSOA
formation via aqueous-phase photooxidation laboratory studies have used experimental aqueous

*OH concentrations between 107! — 10713 M for reference.'>:1¢
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5. Mass Yield Calculations
Mass yield sample calculations are shown for a-pinene agSOA after 90 min aqueous-phase

photooxidation.
Yield 1:
Y is a measure of how much dissolved gases are converted into aqgSOA, defined as:

__ Final agSOA [pg/m?]
1™ Initial WSOG [pg/m?3]

(S22)

The numerator is obtained directly from SMPS measurements. For example, the average mass
concentration for a-pinene agSOA at 90 min from the SMPS is 13.3 ug/m* (Figure 2 of the main
text). The denominator can be determined from the mass of dissolved WSOGs and the volume of

air to aerosolize the entire sample, as described below.

It is convenient to start with the mass of the VOC that passed through the OFR. Using an
injection rate of 10 pL/h for o-pinene infusion in the OFR, a-pinene density of 0.858 g/cm?, and
5 min of mist chamber sampling time, the mass of a-pinene used for a single mist chamber cycle
is:

10 pL 1 mL 0.858 106 1h
2 % % g % ug .
h 103 pL 1 mL 1g 60 min

X 5 min = 715 pg of a-pinene (S23)

While 15.0 mL of H,O was injected into the mist chamber, only 13.8 mL of H>O remained due
to evaporative loss. Therefore, if all a-pinene partitioned into the aqueous sample, it would have

a concentration of:

715ug . .
38mL 51.8 pg/mL of a-pinene in H>O. (S24)

In terms of carbon mass fraction in solution this would correspond to:

120 g/mol

136 g/mol =45.7 ppm C. (S25)

51.8 ppm a-pinene %
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This is the maximum mass fraction of carbon that can partition into the WSOG sample. The
molar mass of a-pinene is represented by 136 g/mol and the molar mass of just the carbon in a-
pinene is represented by 120 g/mol. We used total organic carbon (TOC) measurements to
determine the actual carbon mass fraction of WSOG. The a-pinene WSOG samples prior to
aqueous-phase photooxidation contained TOC values of ~3.0 ppm C. Therefore, the fraction of

carbon that is trapped as WSOGs is:

3.0ppm C

=0.0657 (S26)
45.7 ppm C

Using similar methods, partitioning carbon fractions of 0.0670 and 0.0632 were calculated for

limonene and toluene WSOGs, respectively.

We can use these carbon fractions to estimate the mass of dissolved WSOGs, with a correction

for organic mass/organic carbon (OM/OC)! ratio:
OM/OC =1 +(16/12) x (O/C) + (1/12) x (H/C) (S27)
0.715 mg x 0.0656 x (OM/OC) = 0.124 mg WSOGs (S28)
Next the mass of WSOGs can be converted into an air concentration.

The concentration of dissolved WSOGs in 13.8 mL H>O (reduced from 15.0 mL because of

evaporative loss) is:

0.124 mg

~0.00899 mg/mL (S29)
13.8 mL

The rate of water loss from the atomizer is 0.0274 g/min, or 0.0274 mL/min, based on Figure S4.
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Figure S4: Rate of water mass loss in the atomizer over time.

Using this water loss rate, equation (S29), and an aerosolization rate of 2.00 L/min, the

theoretical WSOGs mass concentration can be determined:

0.0274 mL H,0 min 103L 0.00899mg 103 g
min 2.00 L air m3 mL H,0 mg

Therefore, the mass yield of agSOA from a-pinene WSOGs is:

_ 133 pg/m?3
1™ 123 ug/m3

Yield 2:
The second mass yield shows how much agSOA is formed from the initial VOC precursor:

Final aqSOA [pug/m3]
Mass of VOC precursor [ug/m3]

YZ ==

Y considers mass losses from filtering particles, water-insolubilities of organic gases, and
incomplete aqueous-phase photooxidation of WSOGs.

The numerator is the mass concentration from the SMPS (13.3 pg/m? for this example).

The denominator is obtained by dividing the mass of a-pinene injected into the OFR by the
volume of air required to aerosolize all 50.0 mL of the agSOA sample into the SMPS.

=123 ug WSOG/m?® of air ~ (S30)

=0.108 or 10.8% (S31)

(332)
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As described above (equation S24), the concentration of a-pinene if it did not react and was fully

captured in the WSOG sample is 51.8 pg/mL. Therefore, the total mass for a 50.0 mL sample

would be:

51.8 pg/mL % 50.0 mL = 2,590 pg of a-pinene

($33)

Next the volume of air required to aerosolize all 50.0 mL of WSOG sample is determined using

the H»O aerosolization rate of 0.0274 mL H,O min™':

1 min 2.00 Lair _ 1m3 _ 5 .
50.0 mL H2O X 0.0274 mL 11,0 X ——— X 0L 3.65 m” air

Thus, the hypothetical mass concentration of a-pinene in air would be:

2,590 ug , 3
P 710 ng a-pinene/m” of air

Therefore, the agSOA mass yield from a-pinene is:

_ 133 pg/m?

710 pg/m? =0.018 or 1.8%

(S34)

(S35)

(S36)
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6. TOC Measurements
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Figure S5: TOC measurements of the three types of WSOG samples. Error bars represent 3
standard deviations.

Total organic carbon (TOC) measurements for the three WSOG types prior to aqueous-phase
photooxidation are displayed in Figure S5. Measurements were taken with a Sievers M9 TOC
Analyzer. The TOC was operated in grab mode. Blank TOC measurements produced values <10
ppb C. WSOG samples were collected from a separate set of OFR and mist chamber samples, so
the TOC concentrations may differ from those of the three sets of samples used to produce

Figures 2 in the main text due to variability in the OFR output.
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7. Volatility Distributions
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Figure S6: Predicted volatility distributions of WSOGs and WSOPs. Panels (a) and (c¢) are for
WSOG samples while panels (b) and (d) are for WSOP samples. Panels (a) and (b) show
samples before aqueous-phase photooxidation and panels (c) and (d) show samples after 90 min
aqueous-phase photooxidation. For each panel, ESI (+) and ESI (-) data were combined into the
neutral molar mass represented on the x-axis. The size of each marker represents the intensity of
the species in its respective ESI mode before neutral mass combination. The O/C ratios are
shown on the color scale ranging from 0-2.0, with O/C capped at 2.0 for species with higher

O/C.

Predicted volatility distributions for WSOGs and WSOPs before and after aqueous-phase
photooxidation are shown in Figure S6. The predicted volatilities are described by the pure
compound saturation mass concentration (C,) as calculated using the methods described by Li et
al.'® for CHO compounds and equation (S37):

log10Co = (ng = n¢)be — by — 2 0 bco (S37)

nc+nop
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Where n. and n, are the numbers of carbon and oxygen atoms in the compound, respectively.
The CHO parameters n2 b, by, and b, are set to values of 22.66, 0.4481, 1.656, and -0.7790,
respectively. It should be noted that these volatility distributions are in the absence of non-

volatile cations, which are ubiquitous in cloud droplets.
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8. Control Experiments
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Figure S7: Particle mass concentrations generated from WSOG exposure to UV + H20O: (colored
trace), WSOG only exposed to UV (dashed trace), and a water blank (no WSOG) exposed to
both UV + H>O» (black trace). One standard deviation is shown by the shading for the WSOG
exposed to UV + H>O». Error bars represent one standard deviation for the other samples, which
were too small to appear visibly on the graphs, but present. Panels (a), (b), and (¢), are separated
into the agSOA and controls for a-pinene, limonene, and toluene WSOGs, respectively.

Figure S7 compares WSOG samples exposed to H>O2 + UV irradiation (solid colored trace) to
WSOG samples only exposed to only UV irradiation without any added H>O» (dashed colored
trace) and a water blank (no WSOG added) exposed to H>O> + UV irradiation (black trace). Less
than 1 pg m of agSOA was generated from WSOG exposed to only UV irradiation, indicating
that both UV irradiation and H>O» were required to generate agSOA. Separately, a UV + H2O>
water blank underwent a slight mass increase, but also remained under 1 pg m>. Any particle
mass generated was likely due to impurities in the H>O: solution. The H>O> used was 30% ACS
grade, but contained inorganic ions that may have served as seeds for particulate mass and

organic matter that could have undergone aqueous-phase photooxidation.
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9. WSOG Partitioning Behavior
This section discusses different factors that may affect the partitioning behavior of WSOGs. The
gas to aqueous-phase partitioning in the mist chamber experiments did not necessarily occur at

equilibrium and were thus considered as a function of time. The following differential equation

describes the partitioning rate for an atmospheric aqueous droplet:'°
dCaq _ __ Cag
o= ki LWC(Cy —LWCKHRT) (S38)

Concentrations in both gas and aqueous phases are expressed in units of mol g! air. The
differential equation depends on LWC [vol vol™'], the mass transfer coefficient (km¢) [s'], T [K],
R [L atm mol™! K™'], and Ky [mol L™ atm™]. Values for km¢ are determined by:

ZnMg

e = (L + T8 -1 S39
mt — (3Dg 3a RT ) (839)

where rq [m] is the droplet radius, Dy [m? s7'] is the diffusion coefficient, Mg [kg mol™'] is the

molar mass, and o [unitless] is the mass accommodation coefficient. Solving equation (S38)

provides:

kmt
KyRT

Caq(t) = C4LWCKyRT + Cexp(— X t) (S40)
Where C is the integration constant. Using the case of Cpq = 0 att = 0 gives:
C =—C4LWCKyRT (S41)
Therefore,
km
Caq(t) = C4LWCKyRT (1 — ex'p(—FRtT X t)) (S42)
The aqueous-phase concentration can then be normalized to the volume in the aqueous-phase

(instead of volume in the gas-phase):
km
[X]aq(t) = C4KyRT (1 — exp(— —KHRtT X t)) (S43)

kmt
KyRT

In the limit where X t > 1, the exponent approaches 0 and the equation reduces to Henry’s

law equilibrium (since pg = C4RT):

[X] aq (t) = pgKH (S44)

Conversely, in the limit where % X t < 1, corresponding to very large Ky and short sampling
H

time, the concentration increases as a linear function of time.

[X]aq ) = Cgkmtt (545)
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Importantly, the aqueous-phase mass concentrations do not depend on LWC, so the mass
concentrations achieved in the mist chamber droplets should be a reasonable representation of
what happens in a cloud, despite clouds having much lower LWC compared to the mist chamber.
However, the equilibrium is never achieved for compounds with large Ky , leading to differences

between resulting concentrations in cloud water and mist chamber, as illustrated below.

The WSOG partitioning behavior in mist chamber and ambient cloud droplets were compared by
forming a mass concentration ratio between the droplets in the mist chamber and an ambient
cloud droplet. Three representative organic species with different Ky values were used. A
temperature of 298 K was used in both scenarios. A droplet radius of 5 um was used for the mist
chamber.? A radius of 20 um was used for a representative ambient cloud droplet in this
comparison, although their sizes vary.!” Literature values for Ku, My Dg, and o are shown in

Table S2.221-2

Parameters Ky (mol L' atm™) M, (kg mol™) D, (m?s7!) o
Acetone 2.5x10! 0.058 1.1x10 0.066

Acetic Acid 4.0x10° 0.060 1.1x10 0.17

Pinonic Acid 2.0x107 0.184 5.7x10%® 1

Table S2: Parameters used for calculating the aqueous-phase mass concentrations of the three
organic species in both mist chamber and ambient cloud droplet scenarios.
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Figure S8. Aqueous-phase mass concentration ratios as a function of partitioning time for three
different organic species. The mass concentration in a mist chamber droplet was divided by the
mass concentration for a representative ambient cloud droplet to generate the ratio shown on the
y-axis. The dashed horizontal line represents when both mass concentrations are equal. The
vertical solid line represents t = 300 s, which was the end of mist chamber sampling.

Figure S8 shows the ratio of the aqueous-phase mass concentrations between the mist chamber
scenario and the cloud droplet scenario as a function of partitioning time for three different
organic compounds. When the exponential term in equation (S41) approaches 0, the equation
reduces to Henry’s law equilibrium and the [X]mist Chamber/[ X]cloud Droplet Tatio is equal to 1.
Species with larger Ky values take longer to reach equilibrium than species with smaller Ky
values. This figure also demonstrates how the WSOG composition will be different between mist
chamber droplets and cloud droplets at the beginning of WSOG partitioning. Low Ky species
will quickly partition in the same manner for both two scenarios, whereas high Ky species will
preferentially partition into mist chamber droplets. The aqueous droplet radius was primarily

responsible for the differences in partitioning due to different ki values.
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10. Instrument Measurement Parameters

SMPS

Low-flow mode was used to capture particles between 15-670 nm and scan times for SMPS were
120 s with 30 s of down time in between scans. A density of 1.21 g cm™ for o-pinene SOA,?
1.25 g cm™ for limonene SOA,*%® and 1.45 g cm™ for toluene SOA? were applied.

AMS

A High Resolution Time-of-Flight mass spectrometer (HR-ToF-AMS, Aerodyne) sampled AS-
seeded dried agSOA particles at ~0.08 LPM, vaporized them at ~600°C, and ionized them with
electron impact ionization (70 eV)*°. The AMS was operated in V-mode with a mass resolving
power of ~2000, sufficient for separating CHO-containing fragments of the same nominal mass.
Purge air was measured to account for gas-phase CO- in the air flow before every set of agSOA
measurements. A particle filter was used in a separate experiment during agSOA sampling to
verify that the CO," fragment intensity was due to agSOA carboxylic acids and not gas-phase
CO2 being emitted from aqueous samples. When the particle filter was in-line with the atomizer,
the CO," decreased to the same level as clean air, indicating that >99% of the CO," fragment
intensity was due to agSOA carboxylic acids. Sample collection was split into 80 s of dwell time
for MS collection, and 30 s was allocated for PTOF analysis. The software packages SQUIRREL
v1.66E and PIKA v1.26E packages within Igor Pro v8.04 were used for high resolution data
analysis. A mass range of m/z 10-447 was sampled, and the mass range for data analysis was set
between m/z 12-120.

For AMS experiments, 0.1 mM of AS (Fisher Scientific, 99.0% purity) was added to the
atomizer solution so water-soluble organic compounds would adsorb onto AS and allow better
transmission into the AMS via >70 nm diameter particles. Approximately 50% of the AS seeded
particle mass fell within the measurable diameter range of the AMS. AMS analysis of the
organic content of the particles with and without AS was compared in a separate subset of
experiments at 30-90 min photooxidation and particles were found to have similar OSc, O/C
ratios, and mass spectra. To provide better particle transmission, 0.1 mM AS was added to all
solutions going forward. Higher AS concentrations were tested, but were found to interfere with
O/C and OSc analysis for some low m/z fragments such as CH3". Thus, 0.1 mM AS was chosen
because it allowed for enough particle growth required for AMS detection while maintaining

consistent elemental composition results to their no AS analogue. The mean geometric diameter
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of particles was ~27 nm without AS and ~34 nm with AS. Except for NHx" and SOy" fragments,
no significant peaks were observed. Fragments containing both carbon and sulfur were
investigated, which might suggest the formation of organosulfur compounds in the presence of
AS, but were found to make up <0.2% of the total ion intensity over all experiments.

Separate experiments were conducted using the AMS to measure the O/C ratio of particle
oxidation products for comparison to WSOGs for each VOC (section 3.2 of the main text). In
these separate experiments, the particles exiting the OFR were sampled by the AMS without the
use of a particle filter. A dilution line was also attached to prevent AMS overloading. Data were
processed in the same manner as with the agSOA experiments. Particle O/C ratios had the same
results regardless of whether a carbon filter was attached to remove gases.

ESI-HRMS

ESI-HRMS (heated electrospray ionization - Thermo Scientific, Q Exactive Plus Orbitrap high-
resolution mass spectrometer) was performed via direct infusion because sample concentrations
were too dilute for liquid-chromatography separation, and could not be pre-concentrated by
evaporation without loss of volatile sample constituents. Strata-X columns have been used in
ambient cloud water studies to concentrate samples, but were not used in this study because they

lose small organic acids in the extraction process,*'

which are important and abundant analytes
in this study. Direct infusion of the sample was performed for 2 min at 35 pL/min in both ESI
modes. Data analysis was performed using the “MFAssignR” package in R.3® All samples were
blank subtracted from mist chamber samples that only contained neat water. Because of the low
sample concentrations, a signal to noise threshold of 3 was allowed, which is in the lower range
of suggested signal to noise ratios. CHON species were allowed to be assigned, but were
negligible in data analysis. ESI (-) assignments assumed ionization by the loss of a H', while ESI
(+) assignments allowed the addition of H, Na*, or NH4" adducts.

UHPLC-ESI-HRMS

Analysis of terephthalic acid and its oxidation product were performed using an UHPLC-ESI-
HRMS (Thermo Scientific, Q Exactive Plus Orbitrap high-resolution mass spectrometer coupled
to a Vanquish Horizon UHPLC system). Samples were injected in 10 pL aliquots into a Luna
Omega 1.6 um Polar C18 150 % 2.1 mm column (Phenomenex) equipped with a SecurityGuard
ULTRA cartridge (porous polar C18, 2.1 mm; Phenomenex), both held at 30°C. The mobile

phase flowed at 300 L min! and consisted of two solvents. Solvent A was H,O (Fisher
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Chemical, Optima, LCMS grade) containing 0.1% formic acid (Fisher Chemical, Optima, LCMS
grade) and solvent B was acetonitrile (Fisher Chemical, Optima, LCMS grade) also containing
0.1% formic acid. The elution used a gradient scheme, which started with 3 min at 5% B,
followed by a 14 min linear increase to 95% B, a 2 min hold at 95% B, and finishing with a 6
min return to 5% B. A heated electrospray source (Thermo Scientific) was utilized with a
capillary voltage set to 4.0 kV, a capillary temperature maintained at 325°C, a sheath gas flow
rate of 35 (arbitrary units; a.u.), an auxiliary gas flow rate of 10 (a. u.), a sweep gas flow rate of 8

(a. u.), an S-lens RF level at 30 (a. u.), and an auxiliary gas heater temperature of 300°C.
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11. Cleaning Procedures

After the sample collection for a VOC ended, the Teflon and copper tubing were washed with
isopropanol, the OFR was purged with *OH, Teflon filters and hydrophobic filter papers were
replaced, and the mist chamber was thoroughly rinsed with neat water. Tubing for water and
WSOG sample was rinsed repeatedly with neat water for several hours to remove residual
organic compounds. The atomizer and glass jars used to store samples were rinsed with neat
water and sonicated for at least 15 min before and after each use to remove residual organic

matter and AS.
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