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1 Air mass backward trajectories and meteorology conditions 1 

The backward trajectory and the height (above sea level) of air masses during sampling were calculated 2 

by the Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model 3 

(http://ready.arl.noaa.gov). During three cloud events, the sampling site was greatly influenced by air 4 

masses from Southeast Asia, northern China and the South China Sea. Compared with the cloud event 5 

#1, the air masses of cloud event #2 and #3 passed through a relatively low path on the way to the 6 

sampling site. Thus, the air masses of cloud event #2 and #3 were affected more by the ground 7 

anthropogenic emissions. The ambient temperature at the sampling station varied from 12.1 to 18.6 °C 8 

during three cloud events. All samples were collected during the stable period of cloud events, when the 9 

mass concentration of PM2.5 was less than 5 μg m-3 and visibility was less than 100 m. The concentrations 10 

of PM2.5 during cloud event #1 were lower than those during cloud event #2 and #3. Consistently, the 11 

mean concentrations of O3, SO2 and NOX were higher in the cloud event #2 and #3 (Table S1). 12 

2 The size distribution of RES and INT 13 

In this study, a PM2.5 cyclone inlet and a GCVI (ground-based counterflow virtual impactor) inlet were 
14 

used to collect INT and RES, which is similar to Cozic et al. (2007). Additionally, the particle size in this 
15 

study refers to as ECD (equivalent circle diameter) obtained from TEM images, which is larger than ESD 
16 

(equivalent spherical diameter). Liu et al. (2018) showed that the ECD of individual dry particles on the 
17 

substrate is 0.4952 times that of the ESD. 
18 

The size distribution data shows a higher median diameter of RES (1.20 μm) than INT (0.63 μm) 
19 

(Figure S2), which are higher than those (0.8 and 0.45 μm, respectively) at Mount Tai in northern China 
20 

(Li et al., 2011). This could be because Mount Tai is located in an industrial area, whereas our site 
21 

represents a background region mainly influenced by long-range transport. Additionally, the formation 
22 

of secondary compounds during cloud events increases the size of RES (Zhang et al., 2017). 
23 

The size distribution of different particle types revealed that S-rich and aged soot particles were 
24 

predominant in smaller size segments, and aged mixture particles in larger size segments (Figure S8). 
25 

Likewise, the size-resolved number fractions of different particle types from the results of the SPAMS 
26 

also showed that the BC-containing particles were mainly distributed between 0.1 and 1.3 μm, 
27 

http://ready.arl.noaa.gov/


 

representing ~80% of the submicron RES and ~73% of the submicron INT population, respectively 
28 

(Figure S9). 
29 

3 Identification of several types of particles within RES and INT measured by SPAMS 30 

The information on particle sizes and mass spectra is imported into the Matlab for subsequent analysis 31 

using the FATES toolkit (Sultana et al., 2017). A total of 117,436 particles from the SPAMS were 32 

analyzed. All the particles with bipolar mass spectra and the size range of dva 0.1–1.9 µm were classified 33 

several clusters by an adaptive resonance theory neural network (ART-2a) with a learning rate of 0.05, a 34 

vigilance factor of 0.8 and 20 iterations, and merged similar clusters manually. Ten characteristic particle 35 

types (Figure S1) were obtained, including BC (black carbon)-containing, OC (organic carbon), HMOC 36 

(highly molecular organic carbon), Dust, K-rich, Metal, Na-K, Amines, SS (sea salt) and Others. BC-37 

containing particles are characterized by elemental carbon cluster ions (m/z 12C±, 24C2
±, 36C3

±, 48C4
±, …) 38 

(Arndt et al., 2017). OC particles mainly contain fragment ions of organics (m/z 27C2H3
+, 37C3H+, 39 

43C2H3O+, -26CN-, …) (Denkenberger et al., 2007; Qin et al., 2012). The mass spectra of HMOC 40 

particles show the presence of peaks of OC particles and some other organic peaks (such as m/z 77C6H5
+, 41 

91C7H7
+). Furthermore, HMOC particles are distinguished from OC particles by marked ion fragments 42 

detected in range of m/z > 100 (Qin and Prather, 2006). Dust particles present significant ions at m/z 43 

27Al+, 40Ca+ and 56CaO+/Fe+ (Silva et al., 2000). K-rich particles are identified according to the strong 44 

signal at m/z 39K+ only in positive mass spectra. Metal particles show the presence of metal ion peaks 45 

(such as Fe+ (m/z 54 and 56), Mn+ (m/z 55), Pb+ (m/z 206, 207 and 208)) in positive mass spectra. Na-K 46 

particles are characterized by peaks at m/z 23Na+, 39K+, and less intense peaks at m/z -46NO2
-, -62NO3

-, 47 

-97HSO4
-. The mass spectra of amines particles contain ions signals at m/z 59N(CH3)3

+, 86C5H12N+, 48 

101C6H15N+ (Angelino et al., 2001; Pratt et al., 2009). SS particles are mainly composed of ions peaks 49 

at m/z 23Na+, 46Na2
+, 62Na2O+, 63Na2OH+ and 81Na2Cl+ (Gaston et al., 2011). Most particles are 50 

observed to be internally mixed with sulfate and nitrate (m/z -46, -62, -97). Particles with inconspicuous 51 

mass spectrum characteristics are named as others. Specific classification criteria were described in detail 52 

elsewhere (Zhang et al., 2015).  53 



 

 54 

Figure S1. Average positive and negative mass spectra of the main particle types (i.e., BC-containing, OC, 55 

HMOC, Dust, K-rich, Metal, Na-K, Amines, SS) measured by SPAMS.  56 



 

 57 

Figure S2. The chemical composition of RES measured by the SPAMS during cloud event #2 and #3.58 



 

 59 

Figure S3. Time series of the chemical composition of RES and INT measured by the SPAMS during cloud 60 

events #2 and #3. 61 



 

 62 

Figure S4. Typical TEM images of soot particles in the RES (a-d) and INT (e-h). 63 



 

 64 

Figure S5. The size distribution of S-rich and S-OM particles. There are few S-rich particles with the size of 65 

less than 0.2 μm, and the median size are 0.56 μm and 0.76 μm for S-rich and S-OM particles, respectively.66 



 

 67 

Figure S6. Size distribution of RES and INT during cloud event #2 and #3. There are more INT particles 68 

when the size is less than 0.8 μm, and more RES particles when the size is larger than 0.8 μm. 69 



 

 70 

Figure S7. Average positive and negative mass spectra of OM particles (OC and HMOC) of RES and INT 71 

particles measured by the SPAMS during cloud events #2 and #3. 72 



 

 73 

Figure S8. Size-resolved number fraction distributions of RES and INT by TEM/EDS.74 



 

 75 

Figure S9. Size-resolved number fraction distributions of RES and INT by the SPAMS. 76 



 

Table S1. The concentration of NOX, SO2, O3, PM10 and PM2.5 during three cloud events. 77 

 78 

cloud event NOX (ppb) SO2 (ppb) O3 (ppb) PM10 (μg m-3) PM2.5 (μg m-3) 

#1 2.6 0.4 30.5 3.6 1.1 

#2 3.5 1.2 39.1 4.8 1.9 

#3 4.3 0.6 34.4 11.4 4.7 

79 



 

Table S2. The ratios of relative peak area between organics (m/z 27, 29, 37, 43, 50, 51, 61, 63) and sulfate 80 

(m/z -97) of OM particles (OC and HMOC) during in-cloud (RES and INT) and pre-cloud (Ambient) 81 

periods. 82 

 83 

84  RES INT Ambient 

Organics/Sulfates 1.68 1.57 1.59 



 

Table S3. Morphological descriptors of soot particles within RES and INT. 85 

 86 

parameters Ap dp Lmax N Df kg 

RES 1658(175) 43(2) 255(12) 66(8) 1.82(0.12) 3.5(0.08) 

INT 1842(133) 46(2) 316(16) 68(6) 2.11(0.09) 2.72(0.05) 

Ap, mean projected area of the monomer; dp, monomer diameter; Lmax, maximum length of soot 87 

aggregates; N, number of monomers in a soot aggregate; Df, mass fractal dimension; kg, structural 88 

coefficient. In parentheses are the standard error of Ap, dp, Lmax, N, Df and kg. 89 



 

Table S4. Overlap (δ), constant (ka) and empirical exponent (α). 90 

 91 

parameters δ ka α 

RES 1.54 1.52 1.13 

INT 1.4 1.44 1.11 

92 
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