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S1. Ozone aging reactor and operation
The ozone reactor consisted of oxygen and nitrogen sources, a gas flowmeter, an
ozone generator, a humidity adjuster, a gas mixer and a principal reactor. All units
were connected with polytetrafluoroethylene tubes. It is noted that all components in
the reactor were wrapped with aluminum foil during oxidation to avoid any photolysis
of O3 and photo-chemical reactions. In this study, the Oz was generated by the
photolysis of dry air (99.9% purity) using an ultraviolet lamp (GPH212T5VH/4,
Heraeus, German) with a wavelength of 185 nm. The Oz was then diluted with a
moisture flow generated by introducing pure N2 (99.9% purity) into pure water. The
RH and temperature in principal reactor were monitored with a digital
thermo-hygrograph (TH20R-EX, Huahanwei, Shenzhen, China), and the Oz was
measured using an ozone detector (XLA-BX-03, Pulitong, Shenzhen, China).

According to previous studies, the Os oxidation simulation experiments of
carbonaceous compounds have been conducted under different Oz concentration (20
ppb — 12,200 ppm) (Baduel et al., 2011; D’Anna et al., 2009; Pillar et al., 2014, 2017).
For example, low O3z concentrations (20 ppb - 6 ppm) had been used for oxidizing the
thin films of humic matter (Baduel et al.,, 2011; D’Anna et al., 2009) and
oxy-aromatics (i.e. catechol and its substituted ones) (Pillar et al., 2014, 2017), in
which the changes of the early aging mechanism occurred in air-particle interface had
been explored. In addition, to explore the changes of physicochemical properties of
particulate samples from combustion process, or to investigate the optical properties
of newly formed light absorbing organic compounds during Oz aging process, a
relatively high Oz concentrations (20 ppm-12,200 ppm) were commonly used in the
simulation experiments (Li et al., 2013, 2015; Decesari et al., 2002; Gallimore et al.,
2011; Pillar et al., 2015; Zhu et al., 2019). Importantly, some studies have revealed
that the oxidation mechanism at higher Oz concentration is similar to that done at
much lower Oz concentration (Pillar et al., 2015; Gallimore et al., 2011). In this study,
BB smoke samples are very complex, which comprised not only the low molecular
weight organic compounds (i.e. lignin-derived aromatics) and macromolecular
organic matter (e.g. BrC), but also soot materials (Fan et al., 2018; Hong et al., 2017,
Huo et al., 2018; Schmidl et al, 2011). To investigate the evolutionary behavior of
chromophoric BrC compounds during Oz aging of the complex BB smoke samples,
thus a relative high Oz concentration of 70 ppm was used in this study (Decesari et al.,
2002; Li et al., 2013, 2015; Zhu et al., 2019). In addition, a moderate RH (~40%) and
room temperature (25 <€) were maintained in the aging process and the air and N2
flow rates were both set at ~0.5 L/min.

In this study, the Oz exposure amount for 1 h in reactor were ~1.7><10%° molec
cm h. For a highly O3 polluted (~120 ppb) area (Chen et al., 2020), 24 h-average
atmospheric Oz exposure amount were ~7.1x10*® molec cm™ h. In this case, the
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oxidation for 24 h in our reactor was greatly higher than those exposure at polluted
atmosphere during their lifetime (up to 14 days) in atmosphere. However, this
calculation was obtained based on an assumption that smoke particles were suspended
in reactor. In fact, our smoke samples were highly condensed and coagulated, so the
exposure area of particles were greatly reduced. As a result, the equivalent day for O3
oxidation should be highly shortened. Moreover, our results showed many similar
oxidation behaviors of organic chromophores to those of atmospheric humic matter
and BB-derived oxy-aromatics under low O3 concentration (20 ppb- 6 ppm) (Baduel
etal., 2011; D’Anna et al., 2009; Pillar et al., 2014, 2017). Therefore, we believed that
the evolutionary behaviors of BB-BrC revealed in this study might resemble those
occurred under relatively low Os concentration during their lifetime in atmospheric
environment.

S2. Control experiments

In this study, two types of control experiment were conducted. The first was a blank
control, which was conducted by using blank filters whose treatments were the same
as that used to aging of the fine smoke particles. The other was a smoke-particle
control experiment, which was conducted under similar oxidation conditions but
without O3 introduction.

For both control experiments, the filter samples were uniformly spread on the
glass garden, and then put into the ozone reactor. For the blank filters, the temperature,
humidity and Oz concentration in the reactor were set to 25 <C, 40%, and 70 ppm,
respectively. For the smoke-particle filter control experiment, no ozone was
introduced into the reactor. After 24 h of aging, three pieces of blank filter and smoke
filter for each biomass burning (BB) sample were taken out. Then, extraction and
filtration of the water soluble BrC were carried out following the method introduced
in Section 2.3. Finally, the TOC, UV-vis spectra and fluorescence spectra of the fresh
and aged BrC were obtained.

The TOC content of the blank filter extracts were near the detection limits of our
instruments, and the light absorption and fluorescence intensity over all wavelengths
were about zero. These results suggest that no organic chromophores had formed
during the O3 aging of the blank filters. Next, the TOC content, UV-vis spectra and
EEM spectra of the extracts of the fresh and 24-h-aged smoke filter samples without
O3 exposure also did not show any observable differences. For example, it is obvious
from inspection of the UV-vis spectra (Figure S1) and the EEM spectra (Figure S2) of
the controlled BrC that they do not exhibit any significant differences in their spectral
patterns and intensities compared to the initial ones for the three types of BB smoke
samples.
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S3. Optical indices

In this study, the specific UV absorbance at 254 nm (SUVAzss), the absorption
Angstrom exponent (AAE), the mass absorption efficiency (MAEzss) and the
humification index (HIX) were calculated to investigate the effects of ozone aging on
the optical properties of water-soluble BrC in the BB smoke samples.

SUVA2s4 was calculated as UV254/(b x c), where b is the cell path length (0.01
m) and c is the BrC content (mgC/L). SUVA2s4 has been reported to correlate with the
aromaticity of BrC (Fan et al., 2016).

AAE is indicative of the wavelength dependence of the light absorption of BrC
(Fan et al., 2016;Cheng et al., 2016;Park and Yu, 2016;Huo et al., 2018), which were
investigated using the following equation:

Ay = K AAAE (1)
where A, is the UV absorbance at a given wavelength 4, and K is a constant. In the
present work, the AAE values were fitted within the range of 330-400 nm.

MAEs3ss is another absorption index that characterizes the light absorption ability
of BrC (Chen et al., 2016a;Fan et al., 2016;Huo et al., 2018;Park and Yu, 2016),
which was determined using the following equation:

MAE,,. = %- In(10) (2)
where ¢ is the TOC concentration of BrC (ug/mL) and | is the optical path length
(0.01 m).

HIX was measured by dividing the area of the fluorescence intensity between
435 and 480 nm by that between 300 and 345 nm, given as Ex = 254 nm (Qin et al.,
2018). HIX reflects the degree of humification and the complexity of the BrC.

S4. Observations of the absorption and fluorescence spectra of BrC

The variations of the absorption and fluorescence spectra of BrC as a function of O3
aging time are shown in Figure S3 and Figure S4, respectively. In general, the
absorption and fluorescence spectra patterns of both the fresh and Os-aged BB-BrC
are similar to those of the WSOC and HULIS fractions in ambient aerosols and
rainwater (Santos et al., 2012;Duarte et al., 2004;Fan et al., 2012), suggesting that
both fresh BB emission and aged emission are important, atmospherically relevant
sources of BrC.

As shown in Figure S3 and Figure S4, the intensity and shape of the BB-BrC
spectra exhibited some changes during the Oz aging process. It is obvious that the
absorption intensity of the BB-BrC gradually decreases with an extension of the O3
aging time, indicating that O3z aging can lead to the decomposition of chromophores in
BB-BrC. The decrease of chromophores is strongly consistent with the results of the
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photo-chemical aging of BB-BrC previously reported both in laboratory and field
studies, in which noticeable photobleaching was frequently investigated (Forrister et
al., 2015;Lee et al., 2014;Zhao et al., 2015). In addition, the shapes of the absorption
spectra of BB-BrC also changed due to O3 aging. For example, an apparent shoulder
can be observed in the UV-vis spectra of the RS- and CS- BrC, which shifts from
~254 nm for fresh BrC and to ~280 nm for oxidized BrC (Figure S3). This red shift
suggests that poly-conjugated and polymeric structures have formed, but they
gradually decomposed with an extension of the Oz oxidation time. For the PW-BrC,
the apparent shoulder at ~280 nm for fresh BrC was absent for the oxidized BrC,
suggesting the decomposition of weakly poly-conjugated chromophores.

The fluorescence intensities of the BB-BrC also presented gradual decreases
during the Os aging process, indicating the decomposition of fluorophores. After 24 h
of O3z aging, the reduction of fluorescent intensity at 290 nm for the BB-BrC are in the
order of PW (87%) > CS (71%) > RS (50%). Moreover, the shapes of the
synchronous fluorescence spectra for the BB-BrC also changed significantly, which
showed a sharp decrease of the peak at ~290 nm and a slight decrease of the peak at
~325 nm (Figure S4). These two peaks are mainly located in protein-like and
fulvic-like fluorescent regions, respectively (Hur and Lee, 2014;Chen et al., 2015).
Therefore, the ratio of the fluorescence intensity of the peak at 290 nm to that of the
peak at 325 nm (fl290/f1325) indicates the relative distribution of the protein-like and
fulvic-like fluorophores in BrC. In the present study, the fl290/f1325 ratios changed
from 1.1t0 0.8, 2.0to 1.1, and 2.2 to 1.3 for the RS-, CS-, and PW- BrC, respectively.
These results suggest that the protein-like fluorophore is labile to decompose during
O3 aging, which was also verified by the EEM-PARAFAC analysis (Section 3.3).
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Figure S1. The UV-vis spectra of the RS-, CS- and PW- BrC from the control experiments. Note:
fresh BrC represent water extracts in fresh smoke particles, aged BrC herein represents water
extracts in smoke particles which have exposed in the reactor via similar conditions as the formal

experiment but without Oz aging for 24 h.
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Figure S2. The EEM spectra of the RS-, CS- and PW- BrC from the control experiments. Note:
fresh BrC represent water extracts in fresh smoke particles, aged BrC herein represents water
extracts in smoke particles which have exposed in the reactor via similar conditions as the formal
experiment but without Oz aging for 24 h.
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Figure S3. Dynamic variations of the UV-vis spectra of BrC in (a) RS, (b) CS and (c) PW smoke

particles during Os aging.
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Figure S4. Dynamic variations for the synchronous fluorescence spectra of BrC in (a) RS, (b) CS

and (c) PW smoke particles during Oz aging.



Table S1. Characteristics of the four components identified with EEM-PARAFAC in this study, which are compared with previously identified components in the

literature.
Components  Ex/Em (nm) Fluorescent Descriptions and assignments Sources and references
compounds
C1l 250(300,340)/450 HULIS-1 Long-wavelength humic-like chromophores Urban organic aerosol extracts (Chen et al., 2016a), urban, forest and marine aerosols
with high molecular weight WSOM (Chen et al., 2016b), crop straw combustion emitted HULIS (Huo et al., 2018),
compost-derived DOM (Huang et al., 2018), agricultural soil DOM (Gao et al., 2017),
biochar DOM (Jamieson et al., 2014)
C2 240(320)/390 HULIS-2 Short-wavelength humic-like chromophores  Urban organic aerosol extracts (Chen et al., 2016a), urban, forest and marine Aerosols
with less oxygenated chromophores WSOM (Chen et al., 2016b), compost-derived DOM (Huang et al., 2018), biochar DOM
(Jamieson et al., 2014)
C3 270(230)/355 PLOM Protein-like organic matters, mainly as Urban organic aerosol extracts (Chen et al., 2016a), urban, forest and marine Aerosols
tryptophan-like and even  WSOM (Chen et al., 2016b), crop straw combustion emitted HULIS (Huo et al., 2018),
non-nitrogen-containing chromophores rice-straw-derived DOM (Huang et al., 2018),
C4 230(280)/415 HULIS-3 Short-wavelength humic-like chromophores  Urban organic aerosol extracts (Chen et al., 2016a), urban, forest and marine Aerosols

with highly oxygenated chromophores

WSOM (Chen et al., 2016b), crop straw combustion emitted HULIS (Huo et al., 2018),
rice-straw-derived DOM (Huang et al., 2018)




Table S2. Sign of each cross-peak in the synchronous and asynchronous maps (shown in brackets)
from the results of the 2D-SF-COS for (a) RS-, (b) CS- and (c) PW- BrC.

(a) Rice straw BrC

Sign
Position (hm) Assignment J
267 289 333
267 Protein-like + +(+) +(+)
289 Protein-like + +(+)
333 Fulvic-like +
(b) Corn straw BrC
. . Sign
Position (nm) Assignment
263 284 340
263 Protein-like + +(+) +(+)
284 Protein-like + +(+)
340 Fulvic-like +
(c) Pine wood BrC
. ) Sign
Position (nm) Assignment
276 309 358
276 Protein-like + +(-) +(+)
309 Fulvic-like + +(+)
358 Fulvic-like +




Table S3. Sign of each cross-peak in the synchronous and asynchronous maps (shown in brackets)
from the results of the 2D-FTIR-COS for (a) RS-, (b) CS- and (c) PW- BrC.

(a) Rice straw BrC

. ] Sign?
Position (cm™)  Assignment
1725 1580 1515 1224
1725 Carboxyl vc=o (carbonyl C=0) + ) () +()
1580 C=0 bonded to an aromatic ring (vcoo’) + +(+) -(+)
1515 Lignin skeletal (aromatic) vc=c + -(+)
1224 Phenolic vc-o, 00-H +
(b) Corn straw BrC

Position (cm™)  Assignment Sign

1726 1639 1515 1400 1211
1726 Carboxyl vc=0, vc-0 + ++) () +() ()
1639 Aromatic ketone vc=o + (<) () ()
1515 Lignin skeletal (aromatic) vc=c + +) I(#)
1400 Phenolic vc.o, 8o+ + +(/)
1211 Phenolic vc-o0, 80-H +
(c) Pine wood BrC

Sign
Position (cm™)  Assignment

1725 1630 1585 1515 1318
1725 Carboxylic vc=0 + ) () () ()
1630 Aromatic ketone vc=o + () - ()
1585 Aromatic vcoo™ + -(-)  +(#)
1515 Lignin skeletal (aromatic) vc=c + ("
1318 Aliphatic vcn, ve-o +

2 Signs were obtained in the upper-left corner of the maps shown in Figure 4: +, positive; -,

negative
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Figure S5. Variations of the EEM spectra of BrC in RS-burning smoke particles during Os aging.
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Figure S6. Variations of the EEM spectra of BrC in CS-burning smoke particles during Oz aging.
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Figure S7. Variations of the EEM spectra of BrC in PW-burning smoke particles during Oz aging.
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