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1 Measurement site. 10 

 11 

Figure S1: Measurement site of PKUERS, CP, and LJ (marked with stars). Filled colors represent (a) the 12 

topography of the Jianghuai Plain. (b) the average aerosol optical depth at 550nm during the year of 2020 13 

from Moderate Resolution Imaging Spectroradiometer onboard satellite Aqua. 14 

2 Instrument setup 15 

Figure S2. Schematic of the instrument setup for measuring the ambient aerosol RRI.  16 
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3 Calculating the coating thickness of BC containing aerosols  17 

In previous SP2 studies, the whole BC diameter (Dp) usually refers to the optically equivalent diameter 18 

of the whole particle diameter, which is derived from the Mie calculation with several presumed input 19 

parameters (Taylor et al., 2015). Meanwhile, the BC core diameter (Dc) refers to the volume-equivalent 20 

diameter (or mass-equivalent diameter) of the BC core by assuming a fixed density for a void-free spherical 21 

BC core (1.8 g/cm3 is widely used).  22 

However, the BC cores in ambient BC particles always contain some inside voids and tend to contain 23 

more voids in thinly coated BC particles. Thus, using a density of 1.8 g/cm3 will underestimate the core size 24 

and overestimate the coating thickness (and shell = core ratio) to some extent. In this study, with the benefit 25 

of the DMA–SP2 coupled system, the Dp can be directly measured by the DMA, which is the mobility 26 

diameter of the particle. To derive the Dc, instead of using the fixed density, we applied the closure study 27 

suggested by Zhang et al. (2018) to derive the size-dependently effective density for thinly coated BC particles 28 

(Fig. S3 for the LJ site) and adopted a density of 1.2 g/cm3 for thickly coated BC particles (Tan et al., 2021).29 

 The multiply charged particles induced by the DMA can be removed by comparing the mobility diameter 30 

with the optical diameter derived from the SP2 data. Figure R2 shows the comparison between the mobility 31 

diameter and optical diameter of thinly and thickly coated BC for single-charged particles. From Figure S4, 32 

the mobility diameter and optical diameter agree well and thus the method above can be used to derive the 33 

coating thickness of the thinly and coated BC particles. It should be noted here that, when it comes to the BC 34 

size distribution, the mass-equivalent diameter of BC cores (assuming a density of 1.8 g/cm3) was adopted in 35 

this study for direct comparison with previous studies.  36 

 37 

Figure S3. Size-dependently effective density of the BC core for thinly-coated BC particles. 38 
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 39 

  Figure S4. Comparison between optical diameter and mobility diameter for (a) thinly-coated BC and (b) 40 

thickly-coated BC. 41 

4 Distinguish the BC particles as coated type and attached type 42 

 Figure S5. The scattering and incandesce signals for (a) attached and (b) coated particles. The Cs 43 

represent the calculated time series of the scattering cross-section. The Beam profile denotes the theoretically 44 

calculated scattering signals if the non-BC components were not evaporated. 45 

Figure. S5 gives examples of the measured scattering and incandensce signals for attached and coated 46 

particles. For the coated type, all of the coating material will evaporate and the scattering cross-sections will 47 

decrease to zero after passing through the laser beam, while the scattering cross-section of the attached BC-48 

containing aerosol will not decrease to zero. Firstly, the beam profile, which indicates the theoretically 49 

calculated light scattering time series with the assumption that the coating material would not evaporate when 50 

passing through the laser beam. Then the corresponding scattering cross-section time series were calculated  51 

(Cs in fig. S5) by comparing the measured scattering signal time series (Scat. In fig.S5) and the calculated 52 
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beam profile using the method of Dahlkötter et al. (2014). These particles are sorted as the attached BC ones 53 

when the mean Cs values, of which the time range corresponds to the 10% tail of the beam profile, were larger 54 

than 5% of the maximum value of Cs. 55 

5 Overview of the measurement results for the PKU site. 56 

 57 

Figure. S6. The time series of (a) wind speed, (b) RH (in black), and T (in orange), (c) chemical compositions 58 

of organic compositions (green), nitrate (blue), sulfate (red), ammonium (orange), and chlorine (purple), (d) 59 

SO2 (black) and NOx (orange), and (3) O3 (black) and PM2.5 (orange) during the measurement conducted at 60 

PKU. The filled colors in panel (a) represent the wind directions. 61 

62 
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6 Overview of the measurement results for the CP site. 63 

   64 

Figure. S7. The time series of (a) the wind speed, (b) RH (in black), and T (in orange), (c) chemical 65 

compositions of organic compositions (green), nitrate (blue), sulfate (red), ammonium (orange), and chlorine 66 

(purple), (d) SO2 (black) and NOx (orange), and (3) O3 (black) and PM2.5 (orange) during the measurement 67 

conducted at CP. The filled colors in panel (a) represent the wind directions. 68 

 69 

7 Overview of the measurement results for the LJ site. 70 

 71 

Figure. S8. The time series of (a) wind speed, (b) RH (in black), and T (in orange), (c) chemical compositions 72 

of organic compositions (green), nitrate (blue), sulfate (red), ammonium (orange), and chlorine (purple), (d) 73 

SO2 (black) and NOx (orange), and (3) O3 (black) and PM2.5 (orange) during the measurement conducted at 74 
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LJ. The filled colors in panel (a) represent the wind directions. 75 

8 Backtrajectories during the three measurements 76 

 77 

Figure S9. Back trajectories during the measurements at (a) PKU, (b) CP, and (c) LJ sites. The back trajectories 78 

were calculated by using the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model 79 

(https://www.ready.noaa.gov/HYSPLIT.php, last access: 19 May 2022). 80 

9 Comparison between the number concentrations of BC and mass concentration of the OA. 81 

  82 

Figure. S10. Comparison between (a) the number concentrations of the fresh BC and the mass 83 

concentrations of HOA, and (b) the number concentrations of the aged BC and the mass concentrations of 84 

OOA. 85 

 86 
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