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S1. The measurement of steady-state OH radical concentration

The steady-state OH radical concentration ([OH]ss) was measured using the peudo-first order decay of
benzoic acid (BA, 98%, Alaadin Inc.). According to previous study (Hems and Abbatt, 2018), BA had a
secondary order rate constant with OH radicals. The peudo-first order decay of BA, the relationship between the

peudo-first order rate constant and secondary order rate constant respectively followed eq.(S1) and eq.(S2).
BA, = BAg X exp(—kk 1) (S1)
kba = kia X [OH]ss  (S2)

In eqgs.(S1), the BA; and BA, was the concentration of BA after ¢ hours of equivalent solar radiation and
before photochemical aging, respectively. We conducted a series of parallel experiments to measure the [OH]ss,
i.e., samples from this set of experiments were only used to analyze the variations in the concentration of BA
and not for other analysis. The secondary order rate constant for BA (kX,) was 2.1x10"> M! h'!. In this work,
the measured [OH]ss was (3.17 £ 0.47) x 1074 M.

S2. Scaling the experimental aging time to the solar radiation in the atmosphere

To estimate the experimental photochemical aging time of BrC under the atmospheric conditions, the
photodegradation rate J was assumed to be the convolution of spectral flux F(A), quantum yield ¢(2), and
absorption cross section o(A) using eq. (S3):

J= [FQ)x @A) xo()dr  (S3)

At longer wavelength, the absorption cross section and quantum yield of molecules become small (Malecha
et al., 2018). Therefore, limiting the integration to the UV bulb range is reasonable, as photoreactions at longer
wavelengths are minimal. For a narrow integration range, the scaling factor can be approximated as the ratio
between the integrated spectral flux densities of two different light sources, as shown in eq. (S4):

fFO\)UV bulbsdad (84)

scaling factor =
g fFO\)zJ.tmosphered/1

Using eq. (S4), the spectral flux densities of the UV bulbs used in this work and the 24-hour average Beijing
solar spectrum at 300 m above sea level (typical altitude in Beijing) were integrated from 360 nm to 380 nm.
The 24-hour average Beijing solar spectrum was simulated using the Tropospheric Ultraviolet and Visible
Radiation model (TUV, https://www?2.acom.ucar.edu/modeling/tropospheric-ultraviolet-and-visible-tuv-
radiation-model). The setup of the TUV model is listed in Table S4, and the simulated results are displayed in
Figure S3. Our calculated results showed that the scaling factor between the experimental exposure and the
atmospheric solar exposure was 3.86. In this work, the scaling factor was set to 4.0 to simplify the calculation.

S3. (Semi-) Quantification of BrC chromophores using non-target analysis

In this work, we analyzed the molecular composition of p-BrC based on non-target analysis (NTA) approach.
Table S2 summarizes the sampling details of ambient PM; 5 samples. We analyzed the molecular composition of
p-BrC samples following the identical approach described in our previous work (Qiu et al., 2024). Briefly, the
NTA approach was adopted using the UHPLC system (Thermo Ultimate 3000, Thermo Scientific) coupled with
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HRMS. The sample extraction was analyzed with full scan and higher-energy collisional dissociation (HCD)
modes to obtain their MS and MS? spectra. Chromatographic separation was performed on a reversed-phase
column (Accucore C18, 100x2.1 mm, 2.6 um particle size, Thermo Scientific) with a flow rate of 0.3 mL/min
and an injection volume of 2 pL. Both mobile phase A (water) and B (methanol) contained 2 mM ammonium
acetate. The HPLC gradient program was as follows: starting at 5% B, increasing linearly to 25% B from 1.0 to
7.0 minutes, then to 95% B by 20.0 minutes, holding for 2 minutes, and returning to 5% B with a 6-minute hold
before the next injection. The Orbitrap HRMS was operated in ESI(-) mode. The settings were as follows:
capillary voltage -3.0 kV, capillary temperature 320°C, vaporizer temperature 35°C, and sheath, auxiliary, and
sweep gas at 2, 1, and 1 arbitrary units, respectively.

The detected species were classified into five organic compound groups (acyl compounds (ACs), carboxylic
acids (CAs), organonitrates (ONs), nitrophenols (including phenols, NPs), and organosulfates (OSs)) based on
elemental composition and MS? spectra. The mass concentration of different groups of organic compounds listed
in Table 1 of the main text was quantified using the external standard method. Mixture solutions containing
imidazole-2-carboxaldehyde (2-1C), benzaldehyde, 3-nitrosalicylic acid (3-NA), sorbic acid (SA), 4-nitrophenol
(4-NP), 4-nitrocatechol (4-NC), and 3-amino-4-methoxy-toluene-6-sulfonic acid (3,4,6-AMTSA) were prepared
at concentrations of 1 ng/mL, 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL, 0.1 pg/mL, 0.5 pg/mL, and 1 pg/mL.
All of these standards exhibit strong correlation with their fitted calibration curves (R? > 0.999).

Figure S4 shows the molecular composition and relevant solar radiation during sampling, which is
represented by the 75™ percentile solar radiation (Radss). As displayed in Table S2 and Figure S4, the sampling
occurred predominantly during nighttime or under low Radys, resulting in minimal photobleaching of p-BrC
prior to analysis. In addition, the molecular composition, particularly the presence of nitrophenols, is indicative
of primary emissions from sources such as biomass burning and vehicle emissions, rather than secondary

formation.
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Table S1 The concentrations of OC, EC, and TOC of each biomass burning PM2 s sample

Sample OC (ug/m®) EC (ug/m®) TOC (ug/m®)
Corn Straw-1 1900.29 1835.05 830.60
Corn Straw-2 1997.20 1539.04 704.54
Corn Straw-3 1348.73 1006.39 753.89
Corn Straw-4 1890.32 1582.93 854.89
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Table S2 Sampling details of ambient PM2.5 samples used for p-BrC extraction in this work

Sampling ID Samping time* Average PM2s (ug/m?*)
20201224 10:00-9:00 +1 21.6
20201225 10:00-9:00 +1 27.0
20201226 10:00-9:00 +1 55.6
20201227 10:00-9:00 +1 73.5
20201228 10:00-9:00 +1 42.5

*: +1 indicates the next day
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Table S3 The average mass concentration of PMa2 s, concentration of gaseous pollutants, ambient
RH, and chemical composition in NR-PM during the sampling period of PMz s filters for the

isolation of BrC

species (unit)

average (+ standard deviation)

PM2s (ug/m?)
Os (ppb)
SO:2 (ppb)
CO (ppm)
NO:2 (ppb)
RH (%)
sulfate (ug/m?)
nitrate (ug/m>)
organics (ng/m?)

53.46 (£ 20.97)
10.94 (+9.27)
1.36 (£ 1.17)
0.72 (£ 0.31)

24.77 (+ 12.34)

4321 (£ 19.58)
3.79 (+2.57)
11.33 (£ 7.65)
12.64 ( 6.64)




71 Table S4 Setup of the TUV model

Parameter Model setup
Latitude 39.92
Longitude 116.33
Date and time June 20™, 2022
Overhead ozone 300 du
Surface albedo 0.1
Ground altitude 0 km
Measured altitude 0.3 km
Clouds optical depth/base/top 0.00/4.00/5.00
Aerosols optical depth/S-S albedo/alpha 0.235/0.990/1.000
Sunlight direct beam/diffuse down/diffuse up 1.0/1.0/1.0
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74 Table S5 The MAC, calculated ks-c, and corresponding references of Figure 1(b) in the main text

BrC Type MAC (cm? g'!) ksc (h™h) Reference
aq-BrC 7548.68 1.13
p-BrC 787.66 0.10 this work
b-BrC 9340.82 0.05
aq-BrC 6300 4.02
SRFA 32000 0.007 .
(Miiller et al., 2023)
b-BrC 10000 0.07
p-BrC 400 0.08
b-BrC 6400 0.05 (Hems et al., 2020)
4-nitrocatechol 12000 0.04 (Hems and Abbatt, 2018)
aq-BrC 4200 6.60 )
_ (Aiona et al., 2017)
Limonene-03-SOA 800 2.28
CDOM 26000 0.02 (Borduas-Dedekind et al., 2019)
b-BrC 7000 0.07 (Fleming et al., 2020)
b-BrC 6300 0.04 (Wong et al., 2019)
p-BrC 650 0.08 (Qiu et al., 2024)
2,4-dinitrophenol 11000 0.05 .
. (Liu et al., 2025)
3-nitrocatechol 10000 0.04
Wood smoke SOA 8000 0.18 (Liu-Kang et al., 2022)
b-BrC 7600 0.20 (Choudhary et al., 2023)
b-BrC 14000 0.02 (Fan et al., 2020)
aq-BrC 2200 0.85 (Gao and Zhang, 2019)
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76 Table S6 Detected products after photochemical aging for aq-BrC

m/z elemental composition chemical structure MS? fragments
O
99.01 C4HL0; S *
O
0] O
113.02 CsHs05 )\H\ 95, 61
0]
N
125.04 CsHsON, /ﬁ;»\com 81,72
H
N
139.05 CeHs02N; /Q\\/COO” 95, 69, 59
H
I, N
167.05 C7Hs03N; % oH 123, 59
H o o
N
180.05 CsHy03N, /[;H(\/COOH 137,109, 81
H o]
OH OH O

189.08 CsH 405 Ao 115,71, 59

N
195.08 CoH1203N, /[N»\(\/\rﬁ“ 151, 123,97, 81

H 0 0
(@] 0]
213.08 C1oH140s )kn/\r(\)H/ 195,127, 85
(8] 9] OH

77  *: The MS? fragments were not available due to low signal intensities of parent ions or the m/z of MS? fragments

78 were below the lower limit of instrument
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Table S7 Detected products after photochemical aging for p-BrC

m/z elemental composition chemical structure MS? fragments
0
111.01 CsH405 UCOOH 67
COOH
115.00 C4H404 — 71, 68
HOOC
141.03 CsHgO3N2 - -
COOH
165.02 CsHsO4 @ 93
COOH
166.05 CsHoNO3 - -
HOoOC 0S04H
168.98 C3HsO6S T 125,97
182.01 C7H5NOs - -
Z>COOH
186.00 CecHsO6N 0N ~COOH 141, 124, 95
2
0 N0,
190.04 CeHoON AAcoon 145, 99
OH
OH
202.00 CeHsO/N ﬁcoon 158, 141, 130
. COOH
O,N
0
208.06 Ci1oH11NO4 CELOH 0 137,93
O/\)J\NHz
OH
HO .
217.99 CeHs0sN # “COOH 173, 127, 100, 72
. COOH
0N
OH
HOZ~cooH
233.99 CeHsOoN ~_COOH 189, 144, 116, 73
O,N
OH
NO,
OH
240.05 CioH1106N m 195, 162, 149
HO COOH




82  Table S7 Continued

m/z elemental composition chemical structure MS? fragments
246.02 CsHyoOsN - 201, 130, 114, 69
N ON  sosH
=3
248.03 C7H1105N3S I)\)\/ 153, 136, 81

I=

83
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Table S8 Detected products after photochemical aging for b-BrC

m/z elemental composition chemical structure MS? fragments
O\ cooH
111.01 CsH403 \ / 67
COOH
149.02 CsHsO3 93,65
OH
COOH
165.02 CsHeO4 @ 93
COOH
HO CzHs
166.05 CsHoO3N -
NO,
183.04 C12Hs0, O 0 127, 101, 77
O,
Z~COOH
186.00 CeHsO6N 0N~ -COOH 141, 124, 95
2
0 NO,
190.04 CeHyO6N A Acoon 145,99
OH
OH
202.00 CeHsON ﬁcoon 158, 141, 130
% COOH
O,N
(o}
208.06 CioH11NO4 CﬁLOH o 137,93
O/\)J\NHz
OH
HO
217.99 CeHsOsN ﬁco()” 173, 127, 100, 72
2. COOH
O;N
COOCH;
225.09 Ci15H140, 193,167, 141
OH
HO. ..
COOH
233.99 CeHsO9N o N:Q:COOH 189, 144, 116, 73

OH




86  Table S8 Continued

m/z elemental composition chemical structure MS? fragments
244.03 CsHoO7N> - -
335.05 Ci4H12N20g - -
391.08 Ci5sH160s5NeS - -
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Figure S1 Typical sample collection process of biomass burning PM2.5s samples
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Figure S7 The signal intensity fraction distributions of detected compounds with different
number of C atoms before and after photobleaching for (a) aq-BrC, (b) p-BrC, and (c) b-BrC.
Error bars represent one standard deviation of datapoints derive from three (aq-BrC and b-BrC)
or five (p-BrC) parallel experiments. The inserted tables are signal-intensity-weighted average
elemental composition of BrC.
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Figure S8 The differential HRMS spectra of (a) ag-BrC, (b) p-BrC, and (¢) b-BrC before and
after photobleaching. The positive and negative peaks respectively represent signal intensities

increase and decrease after photobleaching.
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