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Abstract: Atmospheric chromophoric organic matter (COM) can participate in photochemical
reactions because of the photosensitiveinessty, thus COM haves a potential contribution to aerosols

aging. However, Fthehe-photochemical-mechanism-of-atmespheric- COM-and-the effect of COM

photo-degradation on-its— photochemical reactivity and aerosol aging are not fully understood.

Here, we report the-characteristics-of COM-photo-degradation,—the— potential effects-impacts of
COM—_ photolysisdegradation on_carbonaceous components, optical properties, fluorophores
components, and —the-photochemical reactivity—and-the-contribution-of- COM-to-reactive-exygen
species{ROS). COM-are-identified-by-excitation-emission-matrices-combined-with-paratel-facto
analysis—We confirm that both water-soluble and water-insoluble COM are photo-

bleacheddegraded, and_fluorescent intensities—a_decrease byn—average— 70%_on average—of
fluorescence-intensities-are-lostafter -days-of-lightexpasure. Furthermore, there-isatranstormation
frem-low oxidation humic-like substance (HULIS) is converted intote high oxidation HULISHULLS
and, the result suggests that— oxidation of high-exidatien-HULIS eeuld-can be used to trace the

degree of aerosols aging. COM Photodegradation has a significant impact on —ta—terms—of

photochemical reactivity. The content of —compared-with-before-photolysis;the-tiriplet state COM
(FCOM=*)— decreases slightly in ambient particulate matter —(ambient-PM)-samples,—but-but
increases in primary organic aerosol{(POA} following photodegradation. The result-atse—_highlight
that_photodegradation has opposite effect on different-the-photechemical-meechanisms-and-aerosol
aging-processes-are-relatively-differentin-various aerosols as a result of the changes in components.

The ability of COM generating singlet oxygen declines—Phetelysis-and-conversion-of-COM-reduee
phoetochemicalactivity obviously,-, which is consistent with optical properties. Photodegradation of

precursors limit singlet oxygen generation and affect the aerosol photochemistry process. se-that

COM-induce-less-singlet-oxygen—In conclusion, COM photo-degradation-efSSM not only change
the-chemical-_compositions and properties, but also change-theroles-efthe COM-in—_aerosol aging.

Key word: atmospheric chromophores; photo-degradation; EEMs; triplet state; reactive oxygen
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1. Introduction

Atmospheric Chremepheric—chromophoric _organic matter (—(COM)—widely—exists—in—the

atmespheric-environment—COM)-are— mainly originate fromeerived—frem biomass combustion
emissions and secondary chemistry—aerosolsreactions (Andreae and—& Gelencser, 2006;

Budisulistiorini et al., 2017; Graber arg-& Rudich, 2005; Zappoli et al., 1999). Because of the
significant absorption for shert-short-wave-radiation radiation —(the-Wavelength range ef-from
near-ultraviolet light to visible light) (Rosario-Ortiz and Canonica, 2016; Cheng et al., 2016), COM

may undergo phetehyzephotochemical process and have a significant impact on atmospheric
components and quality;-eenvert-components-and-induce-reactive-substances (Zhao et al., 2013; Jo
et al., 2016Chen-et-al2018: Wenk-etal2011Maizelet-al-2017). Therefore,— simulation and
evaluation of COM photochemistry is necessary for understanding aerosol aging.

As photosensitive substances—in—aeresel, the-the optical properties physical-and ehemiecal
characteristics-components of COM change significantly under ssuntight-expesureolar irradiation
(Alkinson et al., 2016; Carlton et al., 2007; Kieberetal2012:Lee et al., 2013; MekKnightetal;
2064:-Murphy et al., 2013; i

chromophores are photo-bleached in aerosols. For example, {Lee et al. (--2014) reported that the

mass absorption coefficents (MAE) of second organic aerosol (SOA) continue to decrease in the

UV-Vis spectral; Zhong and Jang;— (2014) illustrated that MAC decreased by 41% on average

because of the bleaching of wood-burning OM. The reason was the major components of wood-

burning OM, such as conjugated aromatic rings and phenols, and hydroxyl groups, could be
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preeess—are—stll-poteompletecleas  (B-Chopges—in-chemiea-compesiton:
Pphotodegradationhetechemistry has a significant effect on the composition of COM.
Photodegradation Phetelysis-can cause that COM decompose into small molecules and COM may
have lower volatility and higher oxidation degree after photodegradationphetelysis (Medacek-etal;
1997:-DelVecchio-and-Blough2002-Gonsier-etal--2009;-Grieshop et al., 2009). #r-centrast-COM
could also be generated-due-te-phetechemical-reaction—, which could be attributed to the formation

of SOA during the photochemical reaction process. For example, Oligomeric COM could be

generated by a mixture of anthracene and naphthalene suspensions through self-oxidation under

solar irradiation and photo-oxidation of aromatic isoprene oxides are an important source of high-
molecular-weight COM (Altieri et al., 2006; Altieri et al., 2008; Haynes et al., 2019; Holmes and
Petrucci, 2006; Perri et al., 2009). Previous studies (Zhong & Jang, 2014; Saleh et al., 2013;
Harrison et al., 2020) also have illustrated that SOA may have a more significant ability on light
absorption than POA in the short-wavelength visible and near-UV region. Ferexample-oligomeric

{Harrison—et-al;—2020)—As a result, photochemical process may play an important role in the

components and properties of COM. Changes in chemical composition and optical properties also

have a significant impact on-affeet photochemical activity in turn. There are limited studies that

comprehensive exploring the components and properties transformation of COM in aerosols during

the photodegradation processes.—Fherefore—it—is—crucialto—ilustrate—the changes—in—optical

Atmospheric COM_could-ret-only-decompose—and-transform,—but—alse participate in the
complex photochemical reaction, which further affect the aerosol aging (MaHey-Mang et al.,

20172008). On the one hand, COM-couid—_participates in atmospheric photochemical processes as
a reactanteireetly. For example,— COM can be oxidized by hydroxyl radicals («OH) (Zhao et al.,

2015) and the formation of polyols can be attributed to photooxidation of isoprene, which could be

initiated by «OH (Claeys et al., 2004)excited-COMreactwith-organic-matterand-generate-secondary

0O aY a W 0 hona-ang ala 014 aYaWla N14
o a oHg—d aHg d

etal—2016). Humic-like substance (HULIS) with complex functional groups has significant
contribution to photochemistry (George et al., 2015; Nebbioso & Piccolo, 2013; Wenk et al., 2013).

2018 Chen-et-al;—2016a—=and-b). On the other hand, COM-alse—_partici

pates in atmospheric
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pheteehemical-photochemistry reaetions—process indirectly through inducing-generating reactive
intermediatesspeeies._ Upon light absorption, high-energy singlet state COM (:COM*) could be

generated. 1COM* deactivate quickly with the ways of emitting photon (fluorescence) and

intersystem crossing (triplet state, 3COM*). 3COM™* can generate reactive oxygen species (ROS),

such as singlet oxygen (*O»), super oxide (<O,") and «OH, which indicate that 3SCOM* play a critical

role in ROS formation and pollutant attenuation (Paul Hansard et al., 2010; Szymczak & Waite,
1988; Zhang et al., 2014; Rosario-Ortiz and Canonica, 2016; Sharpless, 2012; Haag and Gassman,
1984; Zhou et al., 2019). A lot of DOM, such as Arematic-aromatic ketones (Canonica et al., 2006;
Marciniak et al., 1993), benzophenone (Encinas et al., 1985), and phenanthrene (Wawzonek &
Laitinen, 1942), —eould-behave been identified as the precursor of —exeﬂed%egenerate%nplet—state
(3CO|V|—)—* i :
2004 Wenk-et-al2013;-Ma-et-al;-2010). Probes, such as 2,4,6-trimethylphenol (TMP) and sorbic
acid (SA), are applicable to evaluate%@@M—md&e&reaetw&exyge#spee&e&(R@S)—wehas&aglet

photoproductioninlaberatery: the chemical reactivity (Zhou et al., 2019; Moor et al., 2019; Chen

et al., 2021). Why *COM* is employed not *COM*? The reasons are lower formation rate (15-100
times slower than *COM?*), lower quenching rate (20000 times lower than *COM*), and highter
steady-state concentrations of 3COM* (200~1300 times higher than :COM*) (McNeil et al., 2016).
Considering the potential effect of COM on aerosol aging and quality, H-it is necessary to clarify
the path and mechanismeffect-ef-COM-drivingaerosolaging..—but-the-path-and-effect-are-both
unclear,

COM photochemistry may dominate Fthe chemical composition and atmespherie
guahityaerosol aging-are-significantly-affected-by-aeroselaging. In order to illustrate the properties
of COM photodegradation and the effect of COM phetelysis-photodegradation on aerosol aging,
we simulate the process of COM phetelys&photodeqradatlon and_-COM induetng-generating ROS

tent-PMY-in laboratory. The

objectives of the study are (1) to clarify Fhe-the characteristics of carbonaceous components

variation during COM photodegradation process, (2) to explore the effects of —photo-degradation

#r-on the fluorophores and optical properties of water-soluble and water-insoluble chromophores

analysis(PARAFAC)—, and (3) to investigate Fhe-the effects of COM_photodegradation on
photochemical reactivity and aerosol aging (photochemical reactivity is characterized by triplet state

and singlet oxygen generation capacW)a%&alsestated—by—th&methed—eHe&etwe—speaese&pﬂ%
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2. Experimental Section
2.1 Sample Collection

A total of 16 samples were collected (The details of the samples are shown in Table S1 of SI).
The ambient PM samples were collected in Shaanxi University of Science and Technology, Xi‘an,
Shaanxi Province (N34°22'35.07”, E108°58'34.58"; the altitude of sampling device-location is
about 30 m-from-the-ground). The ambient PM samples were collected on quartz fiber filter (Pall
life sciences, Pall Corporation, America) by an intelligent large-flow sampler (Xintuo XT-1025,
Shanghai, China) with a sampling time of 23 h 30 min and a sampling flow rate of 1000 L/min. The
ambient PM samples were stored in the refrigerator at -20 °C prior to use.

The POA samples were collected through a combustion chamber. Straw and coal burning are
the main way of heating and cooking in the rural areas in China. Therefore,the-cembustien-of wheat
straw-, corn straw-, rice straw- and wood-burning samples were chosen—te—generate

aereselscollected- (Schematic diagrams of combustion equipment is-As shown in Fig-ure S1;-).
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2.2 Phetelysis-Photodegradation experiment
TFhe-material-of reactor-isquartz(Fig-2a)-and-tAhe quartz reactor was designed for photolysis
experiment (Schematic diagrams of the photochemical devices are shown in Figure S2--; The detail
of the reactor has been described in previous study (Chen et al., 2021)). Fhereactor-was-sealed
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shewn-in-Figure-S1-of SH-—The illumination times were 0 h, 2 h, 6 h, 12 h, 24 h, 3 d and 7 d,
respectively. The light-intensity -per-unit-area-was-about 1.2-1.3-times-the solar light at 12:00,at
N34°> 22’ 3507" —E108° 58" 34.58" A -Two capsules (Figure S2(b) & (c)) smak-storage
platfermwere designed for triplet state and ROS generation experiment-was-placed-in-the reacterto
place-guartzreaction-cell-(Fig-2b)-and-guartzplate(Fig-2¢). Fheilluminationtimeswere 0-h 2 h

High purity quartz
cover plate

Storage platform

‘Water cycle vent

(b)

2.3 Carbonaceous components analysisSample-extraction

The original and photolyzed samples-extracts— were ebtained-by-the-approach-ef-ultrasonic
extractionextracted with ultrapure water (>18.2 MQecm, Master series, Hitech, China)-—Fhe-original

alalalaTalda a¥a aalalfal \V/aY daWal adwwith a Q NMO m—NA\4 a) & = acn
c—Toto C 9 C c S, O

China)-and-the-suspensienswere and filtered through a 0.45 pm filter (Jinteng, China) to obtain the
water-soluble organic matter (WSOM). After water extraction, the extracted samples-filters were
further extracted with methanol (HPLC Grade, Fisher Chemical, America) and filtered through a
0.45 pm filter to obtain water-insoluble organic matter (WISOM)-using-the-above-rmethod. The
blank samples were also extracted—Fhe-blank-extraction-methed-was— with the same as-sample
cdmasten —whlehewosusedio correetitbe orpet ot the backaround,

2.4 OC/EC analysis
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The analytical method of carbonaceous componentserganic-carben{OC)—_analysiscouldrefer
te-thehas been described previous-titeraturely (Mu et al., 2019). Briefly, 100 plL-ef—_extracts were

injected on the elean-baked quartz filter. Then, the wet filters were dried out by a rotary evaporator

and the dried filters—Carbenaceous—compenents— were analyzed by the OC/EC online analyzer
(Model 4, Sunset, America) with the approach of NIOSH 870 protocol (Karanasiou et al., 2015).

Six parallel samples were analyzed and the uncertainty of the method was <3.7% (one standard
deviation).
2.5-4 Optical analysis

The light absorption and EEM spectra of the extracts were measured by an Aqualog

fluorescence spectrophotometer (Horiba Scientific, America). Fhe-extracts-were-diuted-for-optical

- The range of excitation wavelength
was 200-600 nm and the range of emission wavelength was 250-800 nm. The interval was 5 nm.

The exposure time was 0.5 s. The absorption spectra were also recorded in the wavelength range of
200-600 nm. Water and methanol background samples were measured using the same method and

the background signals were subtracted from the sample signals. The extracts were diluted to reduce
internal filtration effect (The concentrations and dilution factors are shown in Table S2 of SI).
The EEM data was analyzed by the PARAFAC model to identify fluorophores (The detailed
analysis process refers to the previous papersy, (Murphy et al., 2013; Chen et al., 2016a; Chen etal.,
2016b;-Chen-etal-2016a)). 111-samples-were-used-to-create-the-model-WSOM and WISOM (111
samples) were combined in the dataset to create the PARAFC model. Briefly—aAccording to the

EEM characteristics and the residual error variation trend of the 2-7 component PARAFAC models,

4 component PARAFAC model was selected (Analysis error of the models are shown in Figure S2
S4 of Sl).
2.6-5 Triplet state generation experiment

As short-lived reactive intermediates, 3COM™* have an important impact on photochemical

process in atmospheric environment (Kaur et al., 2018). Therefore, changes in Tre-tipletstates3SCOM*

generation ability before and after photolysis-photodegradation were studied. Chemical probe 2,4,6-
trimethylphenol (TMP) was used as the capturing agent for the triplet state. 60 pL of WSOM
extracts (WSOC concentrations are shown in Table S3) and 60 L of TMP solution (crme = 20 UM,
Aladdin, China) were mixed in the capsuleecel (Fig-ure 2b6S2(b)). The capsule-eeH was-was placed
in the reactor (Fig-ure 2aS2(a))-and-thereaction-conditions-were-the-same-as-shown-in-2.2. The
illumination times was 0, 5, 10, 15, 30, 45, 60 and 90 min, respectively. Then 90 L mixed solution

was taken out from the capsule-eeH at different time points—Fhen— and 30 pL of phenol solution
(Cphenol = 50 M, Aladdin, China) were added into the mixed solution (Phenol solution was used as

the internal standard substance for TMP quantification).

chromatography-C-
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TMP was quantified by liquid chromatography (LC). The-aralyzed—_parameters-method of
LC are as follows: C18 column (Xuanmei, China); mobile phase: acetonitrile/water = 1/1 (v/v); flow

rate: 1 mL/min; UV detector: detection wavelength 210 nm. The retention time is 14.5 min. Kaur
and-& Anastasio (2018) and Richards-Henderson et al. (2015) have reported that TMP consumption
conform to first-order Kinetics-in-the-tripletstate-capture-reaction. The first-order Kinetic equation
was used to fit exponential relationship among the TMP concentration (ctme/[M), the illumination
time (t/min) and triplet state generation rate constants (krmp/min-t):

Crup = a - e”Xkmme )

2.7-6 Tripletstate-driving-sSinglet oxygen generation experiment
The effects of the COM phetelysis—photodegradation on singlet oxygen were studied. 4-

Hydroxy-2, 2, 6, 6-tetramethylpiperidine (TEMP, ctemp=240 mM, Aladdin, China) was used as the

capturing agent ef-for singlet oxygen and captured singlet oxygen was quantified by EPR
spectrometer (MS5000, Freiberg, Germany). Sorbic acid (SA, Csa=133.3 UM, Aladdin, China) was
used as quenching agent for triplet state. The method was as follows: (1) 40 pL WSOM, 40 L
TEMP and 40 L ultra-pure water were mixed in the capsule-tanks (Figure S2(-2¢ec)).—Fhe-mixed
solution-was-placed-in-the-reactor{Fig-2a). Then, 50 L of the mixed solution was taken out by
capillary for EPR analysis; (2) 40 pL-ef- WSOM, 40 pL-ef~ TEMP and 40 pL-ef— ultra-pure
water were mixed. The mixed-selutioncapsule was placed in the reactor for 60 min without
illumination. Then 50 plL-efthe— mixed solution was taken out by capillary for EPR analysis; (3)
40 pl-of— WSOM, 40 pl-of- TEMP and 40 pl-ef-_ultra-pure water were mixed-in-the-ceH. The
mixed-selutioncapsule was illuminated placed-in the reactor for 60 min-with-ihumination. 50 pL-of
the— mixed solution was taken out by capillary for EPR analysis; (4) 40 pl-ef~ WSOM, 40 pL-ef
TEMP and 40 pi-ef- SA solution were mixed-in-the-cel. The capsule-mixed-selution was-placed
illuminated —in the reactor for 60 min-with-HHumination, then 50 pL-ef-the— mixed solution was
taken out by capillary for EPR analysis.

3. Results and discussion
3.1 Effect of COM photo-degradation on carbonaceous components

Organic-matterCOM can be decomposed and transformed in aerosol due to photodegradation
Huminatien-(Wong et al., 2015). Fig.3-1 describes the variable-characteristieschanges in the content
of —total—erganic—carbon—and  carbonaceous components before and after COM
phetelysisphotodegradation. In POA, Fheresulisshow-thatboth-water-seluble-and-water-insoluble

ofganic-matter-undergo-partial-photolysis-in-POA-samples-w{Fig-3A)-withater soluble and water
insoluble organic carbon (WSOC and WISOC)-an-average— decrease ef-by 22.1% and 3.5%,

respectively._The results suggest that WSOC tend to be photodegraded in POA. As shown in
Fig.1(A), the proportion of OC1 in WSOC (OC1 and OC2-4 are the different stage in the process

of thermal-optical analysis) decreases significantly, which is the main loss of OC. OC1 are

characterized by small molecular weight and highly volatile (Karanasiou et al., 2015). The result

9/25
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suggests that OC with small molecular weight and highly volatile tend to be photodegraded. In
WISOC, there is a process of OC1 translating into pyrolysis carbon (OPC). OPC in WISOM show

an increasing trend (an average increase of 2.4 times). The pyrolysis carbon is oxygen-containing

substance. Thus, the increasing oxygen-containing organic matter may be due to the photo-inducing

oxidation reaction.
POA is fresh and ambient PM have undergone aerosol aging. In ambient PM (Fig.1B), WSOC
is nearly unchanged and WISOC decreases by 18.2%, which is opposite to POA.-\WWASOC
oushvi bi . i I [ 26.2% whil
WSOC de-netchange-sighificanthy-inambient PM-(Fig-3B)-The results reflect that WSOC has been

photodegraded completely following the photodegradation and mineralization process in ambient

PM. However, WISOC with high molecular weight could not be photodegraded completely and

continue to be photodegraded in laboratory.

may—he—due—to—the—aerosels—aging— | lh—contrastto—POA—the proporions o ecarbenaceous
componentsOCL, OC2-4, and OPC are relatively stable in ambient PM-{Fig-3B}, which indicate
that the decreasing proportion in the different stage are similar and the tendency is also opposite to
POA. The result Fheresultreflects that-ambientPM-samples—_different carbonaceous components
have the similar abilities of photodegradation in ambient PM. Organic matter with high molecular

weight is photocomposed to small molecular weight and the molecular weight tend to be consistent

following the photodegradationhav

(A) POA (B) Ambient PM
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1 |_| I_l § @ wsoc
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Fig.3—1 Variatiens—efChanges in—tetal—carben—and—_ carbonaceous components before and after
phetelysisphotodegradation. The p-value is the probability that two sets of data have the same level (two-tailed test).
*and ** are represent the significant difference at the 0.1 and 0.01 levels, respectively.

3.2 Effect of COM photo-degradation on optical properties

As shown in Fig.2, Beth-both abserbance-absorption coefficients and total fluorescence volume

(TFV, RU-nm?/mq) significantly decrease durfollowinging aerosol photolysisdegradation-(Fig-4).,

decreases-significanthy-during-photelysiswhich suggest that COM are photo-bleached (Aiona et al.,

2018; Duarte et al., 2005; Liu et al., 2016). Fhe-decaykinetics—of-abserbance—is—different-to

{The attenuationattenuations of fluorescence and absorption coefficients are fit to first-order decay.

is-mathematical-anahyzed— The absorption coefficients decrease by 32.0% and TFV decreases by

71.4% on averageand-the-pum

However, as shown in Fig.3, fluorescence intensities increase and decrease in different regions of

EEMs (Aiona et al., 2018; Timko et al., 2015).

In POA (Fig.4B2(B)), TFV decreases by 74.8% on average and the attenuation-characteristics

of water-soluble-and-water-insoluble-components are—_fitted with first-order decay kineticssimar.
The attenuations of TFV are significant similarities between WSOM and WISOM. Significantly,

compared with most POA samples, the fluorescence intensity of wood-burning COM only decreases

by 9.0% (Figure S7), which is due to TFV of WISOM remain almost unchanged. Secondary water-

insoluble organic substances may be generated slightly in wood-burning COM (Zhong & Jang,

et-al—2018)—Fhe photolysisability-ef COM-is-various—and—_ehanges-Changes in fluorescence

intensities may also depend on the types and water-insoluble wood-burning COM are difficultly

photodegraded. In addition, ef—fluorophoresGOM photodegradation depend on and—the

photochemical environment, such as solution pH (Aiona et al., 2018), salinity (Xu et al., 2020), and

temperature (Yang et al., 2021).—

In ambient PM (Fig.2(C)),
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the
characteristics-decay rate constant of TFV-attenuation in ambient PM (rate-censtantk = 0.04 h?) is
differentfromlower than in POA (k = 0.07 h'l)._—Ceompared-with-water-soluble-chromopheres;-the

ater-insoluble—chromophores—photo-decompose—obviously—and—the TFV of water-soluble

fluorophores decreases by 79.179.4%-% but water-soluble fluorophoresehromepheres decreases
Coerbs 22 Dienovnrnge, FRorestissuoces o COL L hove nedormeno o sRonim

atmospheric-aging-and-water-soluble COM-have greater-ability-to-be photohyzedThe attenuation of

TFV and carbonaceous components are identical with each other. The results suggest that water-

insoluble fluorophores have greater ability to be photodegraded than water-soluble fluorophores in

ambient PM. It is worth noting that 72 h could be consider as the end point of aerosol aging because

TFV maintain a constant value after 72 h in POA and ambient PM.-Fhe-decay-kineticsofabsorbance
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Fig.4-2 The-cChanges-ef-_in light absorption and fluorescence volume during the phetolysis-photodegradation
process. (A) The-tightaAbsorption spectrumcoefficient. The scatter plot is absorption coefficientehanges-in-Abs at
350 nm. (B) and (C)-shew—_the attenuation curve of-average_—fluorescence volume efin POA (except for the wood
sample) and ambient PM-samples, respectively.

heFluorophores
compositions-variations are studied by the approach of EEMs-PARAFAC (Fig.5A3A).-Fang-etak

{2020y Although previous study—study analyzed the water-soluble and water-insoluble

chromafluoropheresphores in-water-soluble-and-water-inseluble-samples.—respectively separately

(Tang et al., 2020a)—Heowever—b, based on the Chen’s study-studies (26262020; 2016h), water-
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344 soluble and water-insoluble samples were combined to create the PARAFAC model se-thatto
345 illustrate the distribution of fluorophoresehremepheres in WSOM and WISOM and solvent had no

346 significant effect on the EEMs of complex mixtures in aerosols. Four fluorophores are identified.

347  Four fluorophores are identified. The fluorescence peaks of C1 and C2 appear at (Ex./Em. = 224/434

348  nm) and (Ex./JEm. = 245/402 nm),-). and-tThe peaks are similar to high and low oxidation humic-
349  like substance (HULIS), respectively (Chen et al., 2016b; Birdwell and Engel, 2010). The peaks of
350 C3 and C4 appear at (Ex./Em. = 220/354 nm) and (Ex./Em. = 277/329 nm) and these two
351  fluorophores were-are associated with protein-like organic matter (PLOM-1 and PLOM-2)-in

352  previousstudies (Sierra et al., 2005; Huguet et al., 2009; Chen et al., 2016a and 2016b; Coble, 2007;

353  Fellman et al., 2009).

354 The content of The-cempesitions-of fluorophoresehremepheres— changes significantly during
355  the photodegradationtysis process. In POA (Fig.5B3B), the content of high-oxidation HULIS (C1)
356 increases significantly in water-soluble compenent\WSOM and the relative content increases by 25.7%
357  on average. On-thecontraryLow oxidation HULIS (C2) and PLOM (C3&C4) decrease by 6.0%
358  and 19.7%, respectively. TheChanges in —proportion variatien-indicates that high-oxidation HULIS
359  fluorophores (Cl)ehremepheres could be generated and low oxidation HULIS(C2) and PLOM
360  chremepheres (C3&C4) may be photolyzed, which suggest that low oxidation HULIS (C2) could

361  be converted into high oxidation HULIS (C1) due to photooxidation —(Tang et al., 2020b; Chen et

362  al., 20202020). Furthermore, Neot-only—in—water-soluble—chromophores—tthe content of high-
363  oxidation HULIS (C1) also increases in-water-inseluble-chromepheres-(average 17.5%)-and-low-
364  oxidation-HULIS-also-decrease in WISOM, which can be attributed to photo-mediated secondary

365  reactionin-water-insoluble-chromophores.
366 —In ambient PM_(Fig.3C), the content of PLOM (C3&C4) in ambient PM (43.3%) is

367  significantly lower than that in POA (19.4%). The the-content of high-oxidation HULIS increases

368  and the low-oxidation HULIS decreases{Fig-5C), which are similar to POA. whichreveal-that low-
369

370  high-oxidation HULIS could be used to trace the degree of aerosols aging.

Thus,
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Fig.5-3 (A) The-EEM spectra of ehremepheresfluorophores; (B)-is—_the-variation—characteristies-ef-Changes in
proportion of fluorophores ehremephores-in POA; (C) Changes in proportion of fluorophores is-the-variation
characteristics-of chremephores-in ambient PM. *: The data of 3-day photolysis of water-soluble chromophores in

winter is unavailable.

3.3 Effect of COM photo-degradation on aerosol photochemical reactivity

COM photo-degradation has a significant effect on aerosol photochemical reactivity. The
photochemical activity is characterized by the generating-abilityyield of SCOM* and s#¢*etovgerln,
Fig.6-4 show the difference of triplet state generation-capabiity— before and after the photelysis
photodegradation (Details are shown in Figure S86-6f-SH). In ambient PM, the generation rate of
triplet state-is— deereased-decreases by 11% on average after COM photodegradationphetelysis,
while statistical analysis shows that the changes of triplet state generationpheto-degradation does
are_not significanthyobvious-affeet-the triplet-state-generation-(p = 0.38, two-tailed test). On the
contrary, photodegradation promote triplet state generation significantly, the triplet states
generation rate-markedly increases by 75% on average in POA (p = 0.07, two-tailed test),~which
indi adation—significantly—promete—tripletstate—generation.—COM-are—photo-
decomposed;whie— Tthetriplet state generation-ability remains unchanged or increases following
photodegradation. The results are ret-as-unexpected: —However-tand heresutt-can be explained by
recent study (Chen et al. 2620-2021fer-ACPDB): On the one hand, only a small aumberproportion

of chromepheres—COM have—the—abiity—te—could generate triplet states in aerosols and-
FheFluorophores —deeompesition-ef-most-chromophores-does not represent the-decompesition-of
these—_specific-types-of-chromepheresCOM with the ability to generate triplet state. Therefore,
triplet state generation could not be evaluated by fluorescence intensity. On the other hand, \AWe-we
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use a high concentration of TMP, in this case, TMP mainly capture —shert-Hvedhigh-energy triplet
state (Rosado-Lausell et al., 2013; Chen et al., 2021). Thus, ehromephores-COM, that ean-could
form-generate a high-energyshert-lived triplet state, may not be redueced-photodegradedereven

(a) ambient PM samples (b) POA samples
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Fig.6-4 The-cChanges inef the triplet state generation-capacity-in-. (a) ambient-Ambient PM-and; (b) POA-samples
before-and-afterphotolysis. The line from bottom to top in the box plots are minimum, first quartile, the average

value (white lines), third quartile, and maximum, respectively. The p-value is the probability that two sets of data

have the same level (two-tailed test). * represents a significant difference at the 0.1 level.

COM can generate triplet states and furtherly induee-generate singlet oxygen_—(McNeill and
Canonica, 2016). The effects of COM photo-degradation on singlet oxygen are—is Hlustrated
studiedusing-chemical-capture-and-EPR-analysis. Typical EPR spectra of 1O, are shown in Fig.7-5
(EPR spectra of all samples are shown in Figure S7-S9 and Figure S8510). Mere-parrewly-iin the
original POA samples (i.e., the original samplesthe-sample with photolysis-photodegradation time

is—of 0, the photodegraded samples with photodegradation time of 7d; details of samples are

described in section 2.2),

In POA, (1) —there is-is ne-significantlittle 10,-signal—_before light-excitationillumination both
in original and photodegraded samples; (1) —{the-red-curve-inFigFA-(H)-and-enby-asmat-amount
of10, are generated both in original and photodegraded samples after 60 min in dark and the content
of 'O, in original samples is higher than that in photodegraded samplesis-generated-after-60-min-in

dark{thered-curve-in-FigZA{H)), which suggest POA could generate *O, without illumination;
(111) As expected, compared with the samples without illumination, ~which-indicated-that POA-has

in-Fig—7A-(H)-the signal-intensitycontent of 1O, increases by a-factor-of-3 times both in original

and photodegraded samples; after 60 minutes of illumination. Consistent with (11), the content of
10, in original samples is also higher than that in photodegraded samples (42.1%), light-excitation

{thered-curve-in-Fig—A-{(HBH)-which prove the_inhibiting sigrificantprometing-effect-of-ight-on

of COM photodegradation on 10,-; (I\VV) —However, the content of 1O, is not reduced when the

triplet state is quenched by sorbic acid—{the—+red—eurve—in—Fig-AA—{N4}. Sorbic acid is a
trappingcapturing agent ef-for high-energy triplet state (triplet energies Er = 239-247 kJ/mol) (Zhou
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etal., 2019; Moor et al., 2019).. Ttherefore, the-abeve— results indicate that the low-energy 3SCOM*
(Et <239 kJ/mol) may be the main precursor for 1O (Er = 94 kJ/mol) in POA.

(V) the content of 'O, in original and photodegraded samples is similar to POA: (V1) Compared

with (V), the content of 1O, almost unchanged after 60 min in dark, which is opposite to POA. The

result suggests ambient PM could not generate 1O, without illumination. (VI11) The content of 10,

increases significantly after 60 minutes of illumination and the content of 105 in original samples is
higher than that in photodegraded samples (41.0%). (\V1II) When the triplet state is quenched by

sorbic acid, the signal of 10O, disappears. The result suggests that 1O is mainly generated by high-

energy *COM™* in ambient PM. The above results show that the precursor of high-energy triplet

state could be photodegraded, which directly lead to the decrease in 1O, in ambient PM. In summary,

a) a in 10 Aith N a) a a a) ant 4 o

samples-(the red-curve-in-Fig-6B)-Tthise-characteristic-suggests-the attenuating-inhibiting effect of
COM photo-degradation on photochemical activity in ambient PMwhich-is-similarte— and POA

and COM photodegradation do not change the mechanism of low-energy 3COM* generating *O> in

POA-. However, the quenching effects of sorbic acid en-in varieus-POA and ambient PM aeresels
are different_because of the difference in 3COM* energy-(Fig-#-\))..-Fhe-above-results-directly

aTalViVEida na Nnrao oroflhiagh-anarn N a orLHa h alalalda an AN aWallda aad to tho
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4. Implication

We made a comprehensive study ef-in COM photo-degradation;-changes-in-optical-properties
and-chemical-compesitions— and the effect of COM photo-degradation on_—optical properties,

chemical compositions, and photochemical activity-and-aereselaging. The properties-characteristics
of COM photo-degradation were revealed. COM photo-degradation could be-explainedresult in-by
reduction of carbonaceous components, attenuationdeerease—ef— of Hght—abserptionoptical

capacityproperties, and attenuation—efchanges in components—fluorescence—intensity. We also
propose that the COM photodegradation should be evaluated from the three aspects for further study.

(1) The impact of COM photodegradation on carbonaceous content are unclear. Previous studies

have revealed that WSOC did not significantly change in the river DOM (Gonsior et al., 2009) and

0.2% of DOC was mineralized (Tranvik et al., 1998). However, the observation in the study suggests

that changes in carbonaceous component is different in aerosols, which could be attributed to the
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charaeterized-bycarbonaceous—ecomponents—and-epticalcharaeteristies—

properties is significant. Absorption coefficient and fluorescence intensity can be thought of as a

tracer for molecular weight (Stewart & Wetzel, 1980). Therefore, optical properties could indicate

the changes in molecular weight of COM during the photodegradation process. The characteristic

could be suitable for exploring the impact of photodegradation on COM components. (3) We-studied
that-the—pPhoto-degradation—ceuldlead-te_of COM-decempose— may dominant and-ehange—in
typesthe fluorophores components (Aiona et al., 2018; Timko et al., 2015). High-molecular-weight
PBOM—COM could be decomposed into low-molecular-weight BOM-—COM during
phetelysisphotodegradation process. The conversion-precess— of low-oxidation HULIS to high-
oxidation HULIS is observed-in-ambient-PM—which—reflects-the-significant-influence-of photo-
degradation-on-chemical-composition. In-turn-the-Cattenuation-and-type-conversion-ofhanges in
COM may provreide-an-tmportant-basis-to-trace-the-aerosol-aging-process—present the degree of

organic substances oxidation. Therefore, we suggested that optical parameter and degree of

oxidation of organic molecules should be use for characterizing the aerosol photo-aging process
(Maizel et al., 2017). i

Photodegradation can not only change the roperties and components

of COM, but also change their photochemical activity, which furtherly has a potential impact on the
aerosol fate. Photodegradation and/or conversion of COM could be considered to be the main

influence factor for photochemical reaction capacity (McNight et al., 2001; Zepp et al., 1985). -We

—Photochemical

activity was quantified The-ability-ef-by the yield of triplet state-generation—_and 'O,-yield-was
chosen-to-guantify-the-photochemicalactivity. —However, two different methods, two different

results. COM photodegradation can restrain 'O, generation but the effect of photodegradation on

3COM* are unclear. Photodegradation has a significant inhibiting effect on the 1O, vield in aerosols
(Latch et al. 2006; Chen et al., 2018). We insist that aerosol aging would be changed by

photodegradation due to the yield of 1O, is changed. Changes in triplet state generation are uncertain

in_ambient PM and POA. There are two reasons for it.

kg—=0n the one hand, only a

small amount of ehremepheF&COM ee&ldrgenerateare the precursor of 3COM* in aerosols. Friplet
On the other hand,

the energy of capturing agents was closely related to *COM* quantification and 3COM* could not
be captured completely. Other capturing agents may lead to different results.-during-aeresel-aging:
Thus— Thus, *COM* could not properly illustrateCOM photo-degradation—could-net-properly
iHustrate-changes-in®*COM=*. COM photodegradation would be play an important role in the content
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of ROS and ROS could celebrate the COM photooxidation (Claeys et al., 2004). Given the results,
the interaction effect is significant in aerosol.-On-the-other-hand;the-energy-ofcapturing-agentswas

In summary, atmospheric photochemistry process has a remarkable impact on aerosol aging.

Prediction of atmospheric lifetime and improvement of quality are strongly associated with

photochemistry. We prove that Fherefore—photolysis—andior—conversion—of-COM—could—be

relatively—differentcarbonaceous content, absorption coefficients, fluorescence intensity, and
photochemical activities are-in-aerosels—H-may-be-mere useful to_reflect COM photodegradation
process and aerosol fate. In addition, COM photodegradation have different impact on chemical
activity in different aerosols, which may have different mechanisms. Therefore -distinguish-the

types-of *COM=* into-high-and-low-energies;-so-that—_the mechanisms of COM photodegradation
effectin!l ara mae l.- m = -ekvl =l== l-ll a " =l 'l =‘ -' =. ‘= !l‘ alal '=- =
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