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Text S1. Chemical Analysis. 

The extracts were analyzed using a Dionex Ultimate 3000 UHPLC (Thermo 

Fisher Scientific, Waltham, US) coupled to an Orbitrap Exploris 120 mass 

spectrometer (Thermo Fisher Scientific, Waltham, US). A HSS T3 column (2.1 × 100 

mm, 1.8 μm particle size) was used to separate the organics in the sample extracts. A 

binary gradient elution was applied at a flow rate of 0.3 mL min-1, with mobile phase 

A of 0.1% acetic acid in water and mobile phase B of 0.1% acetic acid in methanol. 

The gradient elution was set as follows: mobile phase B was held at 1% at the 

beginning (held on 2.7 min), and linearly increased to 54% after 15.2 min (held on 1.0 

min), followed by linear increase to 90% after 7.5 min (held on 0.2 min), and finally 

decrease to 1% after 1.8 min (held on 9.3 min).  

Text S2. ALWC and aerosol pH 

The aerosol liquid water content (ALWC) and aerosol pH were estimated using 

the thermodynamic model ISORROPIA-II, constrained by measured inorganic 

aerosol composition (NH4
+, SO4

2−, NO3
−, and Cl−), ambient temperature, and RH as 

input parameters. The model was operated in metastable mode, assuming fully 

deliquescent particles without solid phases, to simulate the thermodynamic 

equilibrium and phase state of inorganic species and derive ALWC. 

The aerosol liquid water content (ALWC) and aerosol pH were estimated using 

the thermodynamic model ISORROPIA-II, constrained by measured inorganic 

aerosol composition (NH4
+, SO4

2−, NO3
−, and Cl−), ambient temperature, and RH. The 

model was operated in metastable mode, assuming fully deliquescent particles 

without solid phases. ALWC was obtained from model as the predicted particle-phase 

liquid water associated with inorganic species. 

Aerosol pH was calculated as: 

pH = −log10([H+]_aq) 

where [H+]_aq represents the molality of hydronium ions in the particle liquid 

water predicted by model. 
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Text S3. Calculation of SOR and NOR 

The sulfur oxidation rate (SOR) and nitrogen oxidation rate (NOR) were 

calculated to evaluate the secondary processes. The calculations are as follows: 

𝑆𝑂𝑅 = 𝑆𝑂4
2−(𝑝)/[𝑆𝑂2(𝑔) + 𝑆𝑂4

2−(𝑝)] 

𝑁𝑂𝑅 = 𝑁𝑂3
−(𝑝)/[𝑁𝑂2(𝑔) + 𝑁𝑂3

−(𝑝)] 
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Figure S1. Percentage of number and abundance of potential OSs to CHOS and NOSs to CHONS 

formulas in summer and winter. 

 

 

 
Figure S2. Carbon oxidation state (OS̅̅ ̅̅ c) as a function of carbon number for OSs and nitrooxy-OSs in 

summer and winter. Each point represents an individual molecular formula, and marker size reflects its 

relative signal intensity. 
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Figure S3. Time series of meteorological parameters (T and RH), gaseous pollutants (O3, SO2, NO2, 

and CO), and chemical composition of PM2.5 (OM, NO3
−, SO4

2−, NH4
+, Cl−) during the sampling 

periods in summer and winter. 

 

 

 
Figure S4. Relationship between C2/C3 OS abundance and total OS abundance (a), and box plot of 

C2/C3 OS to OSi ratios in summer and winter. 
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Figure S5. Distribution in signal abundance (top) and percentage (bottom) of different OS classes in 

summer and winter. 

 

 

 

Figure S6. Seasonal variation of Ox, T, pH, SO4
2−, NH4

+, NO3
−, ALWC, and RH. 
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Figure S7. Correlations between OSs with meteorological conditions, gaseous pollutants, and chemical 

components in summer and winter. 

 

 

 
Figure S8. ALWC-to-dry PM2.5 mass ratios in summer and winter. 
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Figure S9. Scatter plots showing the relationships between OS abundances and atmospheric 

variables for summer and winter samples. 
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