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Supplementary texts
Text S1. Estimation of the pH of BBOA particles.

Laser spectroscopic methods, such as Raman and fluorescence lifetime imaging, cannot be applied
to BBOA particles due to their light-absorbing nature (1-4). Another option is colorimetric analysis
using pH-indicator papers (5, 6), though this method can be interfered with by the inherent color
of BBOA. To address this, we developed a pH calibration curve following Craig, et al. (5) and
examined the potential effect of colored particulate components. In brief, we prepared malonate
buffer solutions with varying ratios of malonic acid and malonates, atomized them into droplets,
pre-equilibrated them at 80% RH, neutralized them, and sized them to 100 nm. These droplets
were then collected on pH indicator paper in an aerosol impactor for around 30 minutes. The RGB
values from the standard color bar were extracted, and a calibration curve between ‘G minus B’

values and the corresponding pH was established.

Next, we imaged the particle-loaded pH indicator papers, extracted the RGB values, and used the
calibration curve to calculate pH. To assess the effect of BBOA's inherent color on colorimetric
pH determination, we spiked SinAld, a non-dissociable compound, into the buffer solution until
its mass absorption coefficient matched that of the BBOA solution used for atomization. The
choice of SinAld was driven by its greatest contribution to the light-absorption of BBOA among
different identified chromophores based on HPLC-PDA (Figure 4A). IC and HPLC analyses
indicated that the difference in [SinAld]/[malonates] was less than 7% between the solution used
for atomization and the extract of collected particles. This suggests minor evaporation of SinAld,
as malonates can be considered less volatile. Lastly, we found that the presence of SinAld led to

an underestimation of pH by 0.3 0.2 units in the pH range of 2 to 7 (Figure S4).

After correction, the pH of BBOA particles at 80% RH was measured as 4.4, comparable to the
value estimated using charge conservation. Thus, a ‘pH-shift’ is not a significant contributor to the
observed high sulfate formation rate in BBOA particles, as a pH of 7 would be required for such a

scenario.



Text S2. The formation of OHe in BBOA.

Benzoic acid (BA) was spiked into the BBOA solution as a chemical probe to determine OH-
concentration based on competition kinetic (7). The mixture of BA and BBOA was adjusted to pH
4.2 using H2SO4 and NaOH, and subsequently illuminated by UVA. Solutions after different
illumination times were sampled. The HPLC-PDA was used to monitor the formation of p-
hydroxybenzoic acid (p-HBA, formed via OHe oxidation of BA).

The concentration of p-HBA as a function of illumination time was fitted by:

[p — HBA], = [p — HBA]y + a(1 — e™?%) (Eq.1)
The initial formation rate of p-HBA (R) can be calculated with:

R=axbh (Eq.2)

Then, the 1/R was fitted versus 1/[BA] using a linear regression. The formation rate (Fon.) and

pseudo-first-order sink rate of OHe (k’on.) can be calculated as:

1
- y intercept X Yp_Hpa

(Eq.3)

I} l
koy. = kon.pa X (&) (Eq.4)

y intercept

Yp-HBa is the yield of p-HBA formation from OH oxidation (0.18). kon., Ba is the second-order
reaction rate constant between OH- and BA at pH of 4.2 (5.1x10° M s1) (8).

At the mass ratio of BBOA to the water of 1, the [OH+] was estimated as 108 M (Eq.5), which is

six orders of magnitude lower than the [FBBOA].

[OH ] = :

kon.paXslopeXYy_npa

(Eq.5)



Text S3. The electron transfer of DMB at the air-water interface and bulk.

Molecular dynamic simulation coupled with quantum chemical calculation was used to illustrate
the difference between electron-transfer reaction for DMB at the interface and in the bulk, from a
perspective of molecular energy. In brief, the geometry optimizations were conducted using
Gaussian 16, based on the B3LYP functional complemented by the 6-31G* basis set and enhanced
with Grimme D3 dispersion corrections applying Becke-Johnson damping factors. Harmonic
vibrational frequency calculations were performed to confirm the stationarity and nature of the
points as true minima or transition states, while also providing necessary thermodynamic
corrections to the SCF energies. An explicit solvent model for the bulk phase and the water-air
interface was created. Specifically, the solute system was encapsulated within a solvent sphere
using Packmol, followed by a preliminary optimization. This setup was further refined by
extracting the solute with a solvent layer using Visual Molecular Dynamics (VMD) software and
optimizing it with MOPAC 2016. The system stability was finalized through density functional
theory (DFT) methods in Gaussian 16. The last frame of the molecular dynamic simulation
structure was sampled and optimized via DFT to yield the energy of a stable structure. Moreover,
electron localization field (ELF) diagrams were generated using Multiwfn software to visualize

the electron distributions (9), as shown in Figure S7.



Text S4. The calculation of the energy and one-electron reduction potential for different 3C”s.

The triplet energy (Et) and one-electron reduction potential (E°, SHE) of photosensitizers were
calculated by Gaussian 16. The time-dependent density functional theory (TD-DFT) calculations
were used to determine Et, based on M06-2X functional with the cc-pVTZ basis set, which has
been considered one of the best functions for excitation energy calculation (10). All Er was taken
the T1->So transitions.

Moreover, the E° for the ground state photosensitizers was carried out with the M06-2X-D3/def2-

SVP level of theory, according to:

EO Ground — (GGound_GOne—neIiectron—reduced) _ 42 8 1 (Eq . 6)

n is the number of electrons transferred, which is 1. F is the Faraday constant 96.485 kJ V. 4.281
V is the absolute potential of the standard hydrogen electrode (SHE). Gibbs free energy (G)
calculations on the equilibriums of the ground state and one-electron reduced state were carried
out by performing frequency calculations to derive the enthalpy and entropy values. The solvation
model based on density (SMD) implicit solvation model of water was employed to account for the

solvent effect (11). Then, the E° for the triplet excited states was calculated by:
E
E° =E°Grouna + ?T (Eq.7)

The E° and Et are summarized in Table S2.



Text S5. Estimation of the sulfate formation due to 3BBOA” in wildfire-prone regions.

We used a simplified scheme to estimate the impact of BBOA photochemistry on air quality in
wildfire-prone regions, using sulfate formation as an indicator. We used data from the NASA fire

map (https:/firms.modaps.eosdis.nasa.gov/) to determine areas most affected by wildfires and

compared the sulfate formation rates from *BBOA” pathways with those resulting from H202
oxidation, which is a dominant global mechanism (12). We calculated sulfate formation rates using
the following equation:

mgm™3
kg L1

2_
d[soi7] ](,ug m=3h™1) = 3600 (s h™1) x 96 (g mol™1) x % (

it )XR(Ms™) (Eq.8)

where 3600 s h™* is a time conversion factor. 96 g mol ™ is the molar mass of SO4*". L is the BBOA
particle concentration for the SBBOA" pathway or aerosol water content for the H202 pathway, mg
m3. p is the density of BBOA (1.3 g cm™) (13) or water (1 g cm™). R is the overall sulfate

formation rate in BBOA or aerosol liquid water, measured in M s,
The sulfate formation rate by H202 in aerosol liquid water can be expressed as:

_ ku,0,sav)[H*1[HSO3]1[H,02(aq)]

Ry,0, = (Eq.9)

1+K[H*]

kh.0,s0v)and K are 7.45x<10” M s and 13 M, respectively (14). We used the R:ssoa’ in 100 nm
particles in this study (15). For our scenarios of varying wildfire severity, we used concentrations
of 50 and 20 g m™ PMz2s to model severe and moderate wildfire conditions, respectively. The
concentration of background aerosol was assumed as 10 g m=. The severe wildfire scenario is

intended to reflect potential future hazards from intensified wildfires (16).

The production rate of SBBOA” depends on the actinic flux. There, we scaled the [FBBOA"] at
different locations using their corresponding actinic flux calculated by the TUV model
(https://www.acom.ucar.edu/Models/TUV/Interactive_TUV/). In the TUV model, the overhead
ozone column was fixed at 300 du. Wildfire was reported to deplete ozone, thus our calculated
actinic flux may have been underestimated (17, 18). The surface albedo at the UV range was fixed
at 5% (19). Both the ground elevation and measure altitude are 0 km asl. The optical depth, base,
and top for clouds are 0, 4, and 5, respectively. The direct beam, diffuse down, and diffuse up input
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for sunlight are all set to 1. The input parameters for aerosol are varied by scenarios. Typical levels
for aerosol optical depth (AOD) at 550 nm can span a wide range during a wildfire, complicated
by the distribution of BBOA and other parameters such as temperature (20). However, the AOD
exhibited an overall positive correlation with particle concentration, and we simplified the AOD
to 0.5 and 0.2 at 50 and 20 g m™ of PM2s (21-23).

The single-scattering albedos (SSA) and alpha (Angstrom exponent, AE) were estimated as:
SSA = XBBoA X SSABBOA + (047 X SSABG (quO)
AE = aBBOA X AEBBOA + aBG X AEBG (qul)

assoa and asc denote the mass concentration fraction of BBOA and background aerosols. SSA
for BBOA and background PM are 0.85 and 0.99, respectively (15). AE for BBOA and background
PM are 3.3 and 1, respectively (24).

All parameters for sulfate formation rate estimation were summarized in Table S3. Since BBOA
themselves are the major light absorbers that affect the actinic flux, therefore the scaling of
[3BBOA™] by the actual actinic flux might underestimate the BBOA photochemistry. For the
sulfate formation rates, the [S(IV)] and [H202 (aq)] were calculated by the atmospheric
concentrations obtained from the GEOS-Chem simulation reported by Gao, et al. (12) and their
Henry’s law constants. The [H'] was derived from the thermodynamic simulation using
ISOPPOPIA I, referenced from the same study. Wildfires exhibited strong seasonality with
summer as the peak period due to the high temperature and drought (25). Therefore, our analysis
specifically utilized simulation results from July 2019 for all regions except for Australia, which
has wildfire peaked in Oct 2019.



Text S6. The HPLC-PDA-HRMS analysis of BBOA.

The molecular identity, light-absorbing properties, and relative abundance of brown carbon
chromophores were determined using a high-performance liquid chromatograph-photo diode
array-high resolution mass spectrometer (HPLC-PDA-HRMS, Orbitrap Exploris 120, Thermo
Fisher). A reverse-phase column (ACE Excel 5, C18-AR, 4.6>250mm, 5 pm particles, 100 A,
VWR) was used for LC analysis. The injection volume was 20 L. The mobile phase comprised
1% formic acid in LC-MS grade water (A) and acetonitrile (B). Gradient elution was performed
with the mixture of A-B at a flow rate of 1 mL min*t: 0-3 min holds at 5 % B, 3-12 min linear
gradient to 60 % B, 12— 20 min linear gradient to 5 % B, 20-25 min holds at 5% B, 25-26 linear
gradient to 5 % B, 26-30 min holds at 5 % A. The PDA was operated at full wavelength analysis
at 200-800 nm, with an interval of 2 nm.

The orbitrap analysis was performed at heated electrospray ionization (H-ESI), with 3.5 kV and
2.5 kV spray voltage for positive ion and negative ion, respectively. The flow parameters are 60
units of sheath gas flow, 15 units of auxiliary gas flow, and 2 units of sweep gas flow. The ion
transfer tube temperature and vaporizer temperature are both 350 °C. During the analysis, the
temperature of the sample rack was kept at 4 °C to minimize the potential sample degradation. To
avoid the residual analytes interfaces in the MS analysis of the next samples, the elute from LC
was directed to the waste in 0-2 min and 25-30 min. The HPLC-PDA-HRMS data was analyzed
using Xcalibur software. The chemical formulas were determined from the exact m/z values using
the formula calculator incorporated in Xcalibur, to infer the chemical structure. Then, standard

chemicals were used for identification.



Text S7. The GCxGC ToF MS analysis of the hexane-extract of biomass burning particles.

GC>GC MS analysis was carried out using an Agilent 8890A GC < GC coupled with an Agilent
7250A-HES TOF mass spectrometer. DB-5MS (60m*0.25mm*0.25pm), DB-17MS
(0.85m*0.25mm™*0.15pum), and C7-C40 were used as the first- and second-dimension GC columns
and the modulation column, respectively. The GC chamber was first stabilized at 50 °C for 2 min,
then increased to 300 °C with a speed of 3°C min, followed by staying at 300 °C for 5 min. Helium
(99.999%) was used as the carrier gas at a speed of 1.3 mL min-1. The temperature of the injection

port was 300 °C and the injection volume was 1 L.

The entrance and exit temperatures of the modulator (SSM1810, Xuejing Scientific) were +0 °C
and +30 °C, relative to that of the GC chamber. The temperature of the cooling zone was -51 °C
and the modulation period was 4 s. The temperature of the ionizer is 210 °C and the ionization
temperature is -70 eV. The detected mass spectral range was m/z 40-650, and the spectra
acquisition rate of 50 spectra per second. The data were analyzed by Canvas, and the compound

databases such as NIST17 were used to identify compounds.



Text S8. The morphology and spatial distribution of the chemical components within the BB

particles

After a two-stage dilution of dilution, the BB particles were directly sampled onto the hydrophobic
and oleophobic surface, using an aerosol impactor (TSI) at a cut size of around 0.3 um, for ~3 min.
Collection times were long enough so that submicron BBOA particles deposited and agglomerated
on the slides to form super-micron BBOA particles. The silicon wafer with BB particles loaded
was then moved to a customized quartz flow cell with a CaF2 window, which allows the
penetration of the Infrared laser beam. The flow cell was continuously purged with a dry-wet
mixed flow of N2 to minimize the photobleaching of chromophores in BB particles and maintain
a relative humidity (RH) of 80%. A Vaisala RH sensor was used to monitor the RH of the flow at

the exhaust of the flow cell.

The O-PTIR and confocal Raman imaging was performed using a mIRage infrared + Raman
microscope (Photothermal Spectroscopy Corp.). The mIRage contains a custom microscope frame
with a visible objective and a Cassegrain reflective objective for the simultaneous use of IR and
visible lasers. A continuous-wave laser source (532 nm) was used as the probe, while two pulsed
and tunable infrared lasers (a quantum cascade laser (QCL) to cover 880-1950 cm2, and an optical
parametric oscillator (OPO) to cover the range 2700-3600 cm™) to generate photothermal
enhancement. Before imaging, we optimized the laser focus for each QCL chip in 1726, 1575,
1270, and 1026 cm™ using the IR signal from a polyethylene terephthalate standard within the
instrument. IR spectra were collected at a scan rate of 100 cm s for 3 s acquisitions and averaged
after ten accumulations. Raman scattering was detected after photons passed back through the
Cassegrain objective and a pinhole, into a Horiba iHR320 module (focal length = 320 mm). PTIR
Studio software (version 4.0, Photothermal Spectroscopy Corp.) was used to process spectra and

IR images.
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Text S9. The photon flux in the photochemical reactors.

A chemical actinometer 2-nitrobenzaldehyde (2NB) was used to determine the photon flux in the
AFT and aqueous reactor. For the AFT, a quartz cuvette containing 50 uM 2NB water solution
was placed at the axial line of the flow reactor. An aliquot was sampled from the illuminated
solution every 1 minute to measure the concentration of 2NB using HPLC-PDA. The channel with
UV absorption at 254 nm was used to quantify 2NB after calibration. The photolysis rate constant
(i.e., J(2NB)) can be retrieved from the 2NB decay kinetic, according to:

ln([ZNB]t)

_[2NBlo/ (Eq.12)

t

j@NB) = -

where [2NB]: and [2NB]o are the 2NB concentrations at time t and O, respectively. Then, the
photon flux can be obtained according to:

j(2NB) = 2.303 x jv—‘): X Y X Ay X £3np.1 X B7) (Eq.13)

where Na is Avogadro’s number, I is the actinic flux, AX is the wavelength interval between
actinic flux data points, e2ng, %, and @2ns are the base-10 molar absorptivity and quantum yield for
2NB, respectively. e2nsa at each wavelength under 298 K, and a wavelength-independent ®2ns
value of 0.41 were adapted from the literature (26). The transmission (%) of our quartz glass tube
used for photon flux determination is stable from 300 to 420 nm with a high value of around 90%.
Therefore, we corrected the photon flux by dividing 0.9. All reported kinetic and concentration
data in this work have been normalized to sunlight conditions at noon time on July 1% in British
Columbia, Canada, calculated by the TUV model. The actinic flux in the aqueous reactor was
determined by monitoring the decay of 2NB spiked into the BBOA solution, following the same
protocol. We did not expect the internal screening effect (or shielding effect) in our BBOA
particles in the AFT due to the small size (27). However, 2-NB in the aqueous reactor was
subjected to the internal light screening effect by the BBOA chromophores. Therefore, we
corrected the internal light screening effect according to Smith, Kinney and Anastasio (28) for

results from aqueous reactors.
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Taking a [?BBOA"] of 10"¥2 M and a maximum second-order reaction rate constant of 10° M s-
! the pseudo-first-order reaction rate constant between 3BBOA” and 2NB can reach 102 s, at the
comparable level of the photolysis rate constant of 2NB. Therefore, the photon flux to the aqueous

reactor can be overestimated, leading to an underestimation of the [’ BBOA] and sulfate formation

rate when normalized to ambient conditions.
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Text S10. The mass loading of collected particles.

To quantify the particle mass collected on Teflon filters, we used an ultrasensitive microbalance
(Zhanhai) housed within a glove box where both temperature and relative humidity (RH) were
controlled. The temperature was maintained at 293 K, and RH was adjusted to match the conditions
under which the samples were collected., to minimize the evaporation loss of organics. For
calibration of the microbalance, we utilized a protocol involving the generation of ammonium
sulfate and ammonium nitrate particles through atomization. These particles were conditioned at
various RH levels and passed through the AFT system before being collected on the Teflon filter.
After collection, the loaded filter was immediately weighed on the microbalance under the same
RH conditions to ensure accuracy. At a parallel stream to the filter collection, a Scanning Electrical
Mobility Spectrometer (SEMS, BMI) was used to measure the size distribution of the particles to

retrieve the loading on the filter and compare it with the weighing results, shown in Figure S25.
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Supplementary Figures
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Fig. S1. Sulfate formation under dark and via photochemistry of S(1V) and organic sulfur
compounds. The sulfate concentration as a function of time for SO2 aging of BBOA particles
under dark conditions (dark triangle), SOz aging of organic buffer particles under light (green
square), and aging of BBOA in the absence of SOz under light (organic sphere). The SO2
concentrations are 40 ppb if applicable. The RHs are 80%.
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Fig. S2. The role of iron and nitrate photochemistry. The percentage of enhanced sulfate
formation after doubling the concentrations of Fe3* and NOs™ in the BBOA solution used for

generating particles. FeClz and KNOs were used as the source of Fe** and NOs'.
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Fig. S3. The speciation of S(IV) and quenching rate constant of SBBOA* by S(IV). The pHs
were 1, 4, and 7. The quenching rate constants were derived from TA measurements using BBOA

solutions.
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Fig. S4. The pH measurements for particles with and without brown carbon. The relationship

between calculated pH by indicator paper methods and by E-AIM model.
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Fig. S5. The modeling of 3SBBOA™ concentrations. (A) The modeled concentration of 3SBBOA*
in BBOA particles by considering different sinks. The initial S(IV) concentration in solution is 10
mM; (B) The fractional speciation of S(IV) (left panel) and second-order quenching rate constant
between *BBOA* and S(IV) (right panel) at different pHs. The quenching rate constants were

derived from TA measurements using BBOA solutions.
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Fig. S6. The total energy for DMB,*DMB*and DMB™at the interface and in bulk. The

calculation method was detailed in Text S3.
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Interface

Fig. S7. The ELF of 3 DMB” and (D) DMB". (A) The structure and elemental composition of
DMB; The ELF map of (B) °DMB” and (D) DMB" in the bulk phase, and the ELF map of (C)
SDMB" and (E) DMB" at the air-water interface.
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Levoglucosan decay rate
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Fig. S8. The model and measured decay rate of levoglucosan in BBOA particles. The initial
particle sizes of 100 nm. The RH is 80%. Due to the slower reactions in the BBOA bulk, we
measured the levoglucosan decay under 20 light intensity by increasing the number of the light

tubes and then normalized to 1><condition.
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Fig. S9. The formation mechanism of photosensitizers. The formation of conmaryl, coniferyl,

and sinapyl units via pyrolysis of lignin and further conversions to photosensitizers through

oxidative pyrolysis.
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Fig. S10. The dependence of In k of 3C" quenching by S(IV) on AE®. The logarithm of the
second-order quenching rate constant of °*C” by S(IV) and the difference between the one-electron
reduction potential of 3*C” and the oxidation potential of S(IV). The quenching rate constants at pH

1 and 4 were averaged to compare with Wang, et al. (29) at pH 1.8.
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Fig. S11. The electron-transfer from S(1V) to *BBOA". The EPR spectra of the BBOA and
NaHSO3 mixture with (A) DMPO and (B) TEMPO under dark and UV after 30 min. The triangle

labels the fingerprint of DMPO-SO:s.
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Fig. S12. The intensity of DMPO-OH absorption peaks in the EPR spectra. The illumination
times are 30 min. BDL denotes below the detection limit of around 10~ M. The concentrations of
photosensitizers and BBOA are all 10 mg L, and the concentration of DMPO is 0.1 M. The
solutions have been deoxygenated by purging N2 for 30 min and sealed before in-situ EPR

measurements.

25



20

v N,
Air
15
=
g
@)
2}

5 ] /t
04 V

| | | | |
0 100 200 300 400

x10™

Time (s)

Fig. S13. Photosensitized sulfate formation in BBOA in air. The sulfate concentration in BBOA

as a function of illumination time under air and N2 conditions. The SOA concentration is 40 ppb

and RH is 80%. The initial size of particles is 100 nm. The light intensity is 100%.
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Fig. S14. The correlation between sulfate formation by *BBOA" and environmental

conditions. The increase in fractional sulfate formation rate upon moderate fire transit to severe
fire as a function of (A) pH, (B) [H202], and (C) [SO2], across various global regions. The dashed

lines show the linear regression curves.
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Fig. S15. The pH-dependence of sulfate formation. (A) The calculated sulfate formation rate
via the H202 pathway (left axis) and 3BBOA™ pathway (right axis) as a function of pH. The [SOz]
is 40 ppb, a typical level for urban haze in China (16); (B) The sulfate formation rate ratio of
SBBOA" pathway to H202 pathway as a function of pH.
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Fig. S17. The reported concentration of 3C” in the illuminated extract of ambient particles.
The data are sourced from (7, 30, 31). Given that the photon flux at typical Beijing haze conditions

is attenuated by around 70% compared to clear days, 10* M of *C” was used for discussions in

the main text.
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Fig. S18. The composition of hexane extract of BBOA by GCxGC ToF MS analysis. The
percentage ion counts from GC>GC ToF MS analysis as a function of carbon number were shown.
Formulars of CxHax+2 - 2x-4 were assigned as alkanes and alkenes, CxHax-6 - 2x-10 were assigned as

single ring aromatics, CxHax-12 — 2x20 were assigned as poly aromatic hydrocarbons (PAHS),
according to He, et al. (32).
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Fig. S19. The phase separation in BB particles. (A) The optical image of the BB particles; (B)
The average O-PTIR spectra of the BB particles and the spectra at the center (C in Figure A) and
the edge (E in Figure A); (C) The spatial distribution of the IR characteristic peak at 1051 cm™
and 1593 cm!; (D) The Raman spectra at the center and edge locations, and (E) the distribution
of Raman characteristic peak at 2000 cm™.
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Fig. S20. Photosensitized sulfate formation in BBOA particles in N,. The mass ratio of SO4>
to K*in BBOA and BB particles under dark and light conditions. BB particles denote those directly
emission from the tube furnace without being extracted by solvent, while BBOA particles are
atomized from the water-extract of the collected BB particles. The SOz concentrations are around

40 ppb, and RHs are around 80%.
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Fig. S21. The schematic for biomass burning particle generation system. The dilution factor
is around 80, which falls between that for small agricultural prescribed burn (1.8x<10°) and large
wildfires (1.3) (33).
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Fig. S22. The absorption spectra of BBOA and emission spectra of light tubes and sunlight.
The light absorption spectra of the BBOA from 300-400 nm (left axis), the emission spectra of the
UVA light used for photochemical experiments (right yellow axis), and the calculated photon flux

in British Columbia, Canada at noon time on July 1%, 2019 (Blue axis).
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Fig. S23. The size growth factor of BBOA as a function of RH. The size factor denotes the size
ratio of the wet particles at specific RHs to the dry particles, measured by the H-TDMA.
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Fig. S24. The schematic of the aerosol flow tube. MFC denotes mass flow controller.
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Fig. S25. Calibration of the particle mass loading measurements. The correlation between

particle loading derived from Scanning Electrical Mobility Spectrometer (SEMS) measurements

and that measured by the microbalance.
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Fig. S26. The decay of syringol in BBOA solution. The logarithm of normalized syringol

concentration as a function of time under dark and UV conditions.
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1  Supplementary Tables

2  Table S1. The equilibrium constants for modeling the multiphase reactions.

Species Equilibrium concentrations Equilibrium constants Reference
S(IV) [SO, - H,0] = Hsp, X Psp, Hyo, = 1.23 X £ (3145:3%(7=355)) (14)
- [SO, - H,0] 1 1
[HSO3] = Kqq X TG K, =13x1072 x ¢ (1960%(7-755))
[HSO?)_] K., =6.6 -8 (1500x(l_i))
2-1 — =66 X107°Xe T 298
[503 ] - Kaz X [H+] az
H202 [H,0; (aq)] = Hy,o, X Py,0,

1 1
Hy,o, = 1.3 X 10° X £ (72971% (F-755)
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4  Table S2. The physicochemical parameters for different photosensitizers.

Category ~ Name Structure Formula PDA Log Log Log Solubility WVolatility Er° E°
L b
%) Kue Ko Kow® (ML REEME o011 (V.SHE)
Aromatic  SinAld O M Ci11H1204 36.7 106 11.6 1.0 2.7x102 IVOC 210 0.88
propenals 7~
HaCy o CHs
OH
ConAld O Ci0H1003 30,5 94 106 12 3.2x10% IVOC 217 0.93
=
O/CH3
OH
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Ferulic acid Oy,OH Ci0H1004 4.2 1.5 13.0 1.5 3.1x102%  IVOC 227 0.89
=
O/CH3
OH
Vanillylidene O CHs Ci11H1203 20 95 109 1.4 1.7x10%  IVOC 216 0.87
acetone 7
O/CH3
OH
4-methoxy- O M Ci0H100 3.0 4.1 6.5 24 7.6x10°% IVOC 226 1.00
cinnamaldehyde 7
O
CHj
Aromatic ~ SyrAld > CoH1004 9.0 106 9.7 09 52x102 IVOC 265 0.99
Aldehyde
Hsc\o O/CHs
OH
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DMB O H CoH1003 6.7 5.7 6.9 1.2 3.5x102% IVOC 252 0.98
5\0/0"3
(ON
CHs
173¢ 1.794
VL Oy H CsHsO3 2.9 7.1 8.3 1.1 4.5x1072 IVOC 256 1.00
5\0/CH3
OH
Coumarins Nodakenetin Hscm C14H1404 na. 9.2 11.0 1.8 8.5x10°  SVOC 254 1.05
H;C e} O e}
Flavonoids Apigenin HO CisHioOs na. 147 177 3.0 6.8x10* SVOC 261 1.27
0
/ Q on
HO
o)
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PAHs Pyrene O‘ CieHio na. 33 88 49 1.1x10° 1VOC 204 0.28
NACs Methyl-hydroxy- CH3 OH CioHi1OsN na. na. na na na. SVOC n.a. n.a.
0] O.
dimethoxy-phenyl N
cyanate HaC
0O
HaC
Methyl-hydroxy- CH; OH CuHi30sN na. nana  na  na. SVOC n.a. n.a.
o) O
timethoxy-phenyl :@i Csn
H3C\
cyanate @) CHj;
O
HsC
Stilbenes 3,3-dimethoxy- HO O CH, Ci6H1604 n.a. n.a. na.  na.  na. SVOC 222 -0.02
|
4.4- (? Z O O
dihydroxystilbene ~ CHs OH
5 ?The data are sourced from Chem Spider.
6  PEstimated according to Li, P&schl and Shiraiwa (34).
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7 “Determined by T1—>So. The values are slightly different from those reported by Felber, Schaefer, He and Herrmann (35), which may
8  be attributable to the different modeling settings.

9  %The protonated form. pKa(*(DMB”) =3.3 (36).
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Table S3. The parameters used for the estimation of the sulfate formation.

Location Coordinates BBOA [PBBOA" [SO2] H202 Aerosol pH Month
m x10'2 M! b b
Latitude Longitude (ng m™) ( ) (ppb) (ppb)
British Columbia, 48 ~ 60 -139~-114 10 1.25 0.11+0.12 0.33+0.08 0.73+£0.40 2019 Jul
Canada
40 1.05
California, 32~42 -124 ~-114 10 1.26 0.15+0.11 0.89+0.34 0.760.61 2019 Jul
USA
40 1.07
Guizhou, 24 ~29 103 ~ 109 10 1.29 1.00+£0.63 0.984+0.19 2.354+0.12 2019 Jul
China 40 1.10
Amazonia, -8 ~-10 -70 ~-63 10 1.16 0.08+0.05 1.28+0.16 1.37+0.19 2019 Jul
Brazil 40 0.94
Leopoldville, -5~14 12 ~31 10 1.26 0.27+0.89 1.22+0.40 1.53+£0.34 2019 Jul



DR Congo

Athens,

QGreece

Kalimantan,

Indonesia

Siberia,

Russia

Darwin,

Australia

23.5~24

52 ~56

-15~-12

37.5~38.5

108.5~119.5

113 ~118

134 ~136

40

40

10

40

1.07

1.30

1.12

1.24

1.04

1.13

0.90

1.28

1.14

1.25+0.70

0.19+0.10

0.24+0.15

0.17+0.03

1.04+0.02

1.14+0.37

0.47+0.06

2.02+0.32

-0.06+0.06

1.23+0.53

1.66+0.35

0.76+0.31

2019 Jul

2019 Jul

2019 Jul

2019 Oct




Table S4. The sulfate formation rate under different conditions.

Particle Particle size Light [SO2] RH Measured Modeled
type (nm) intensity (ppb) (%) d[SO4*]/dt d[SO4*]/dt
(%) (Ms™) (Ms™)

BBOA Particle 100 100 40 80 1.24x107° 4.06x107
100 50 40 80 7.44x10°¢ 2.03x107
100 20 40 80 2.17x10°¢ 8.12x101°
200 100 40 80 6.22x107 4.06x10”
300 100 40 80 3.68x10°¢ 4.06x107
100 100 70 80 2.33x107 7.06x107
100 100 120 80 4.66x107 1.21x108
100 100 40 70 1.26x107 4.06x107
100 100 40 40 1.54x107° 4.06x107



DMB+buffer

VL+buffer

SyrAld+buffer

ConAld+buffer

SinAld+buffer

Solution

Particle

Solution

Particle

Solution

Particle

Solution

Particle

Solution

Particle

100

100

100

100

100

100

100

100

100

100

100

100

100

40

40

40

40

40

40

80

80

88

88

88

88

88

3.48x107

6.16x107

4.40x10°

3.36x107

1.07x10®

3.26x10°

1.69x10”

3.10x10°®

9.81x107°

5.49x107

4.78x1071°

7.78x107

n.a.

n.a.

3.90x10°®

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.



Solution 6.35x10°10 n.a.

2-IC+buffer Particle 100 100 40 88 1.35x107 n.a.

Solution 6.35x107 n.a.




Table S5. The kinetic parameters for estimating the 3BBOA" concentration.

Parameter Method pH Value
Fr(M C s Chemical probing 1 1.0x10"* [OM]
4 1.2x10*[OM]
kom® (M Cs')  Chemical probing 1 2.9x10%
4 2.4x108
ksav) M s7) TA? 1 6.0x10%
4 5.1x10%
7 2.9x10%
ko.M s TA® 1 1.3x10°
4 1x10°

4t should be noted that TA measured the total quenching rate constants including reactive

and non-reactive.
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