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Table S1. Gradient Separation of LC

Time Methanol Water Remarks
0.5 min 5% 95% linear
0.5-27 min 95% 5%

27-27.1 min 5% 95%

Table S2. Basic information of the three periods.

Unit MBGA PE North PE FEast

Temperature °C 11.8 8.8 9.0
RH % 89.1 71.7 55.5
DSWRF Wm'! 234.6 449.7 933.6
O3 Path ng/m? -- 50.9 62.8
SO, Path ng/m? -- 21.9 16.3
NO,_Path ng/m? -- 46.7 60.1
Ox_path ng/m? -- 94.6 120.6
Na* ng/m? 0.2 1.3 1.3
NH4" ng/m? 0.3 11.5 14.6
K* ng/m? 0.1 0.9 1.3
Mg>* ng/m? 0.03 0.2 0.3
Ca*! ng/m? 0.2 0.5 1.7
Cr pg/m? 0.3 1.7 2.2
NO3 pg/m’ 0.8 14.5 29.5
SO4* pg/m? 1.3 17.3 9.8
NO;37/nss-SO4> 0.6 0.8 3.2
SOR_Path 0.04 0.4 0.4
NOR_Path 0.02 0.2 0.3
ALWC ng/m? 6.0 42.6 29.0

ALWC/PM2 5 1.4 0.8 0.4
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Table S3. Summary of molecular characteristic of organic aerosol compositions.

Subgroup  Sample DBE DBE>4 Xc <25 2.5<Xc<2.71 Xc>2.71 Osc O(N)/C H/C O/N<2 O/N=3 O/S 0/S>4
ESI+ % % % % % % % %
MBGA 8.54+£7.95 7434  41.59 17.7 40.71  -0.8+0.68 0.24+0.18 1.28+0.54
PE North 9.07+6.61 83.43  25.41 37.02 37.57  -0.63+0.72 0.25+0.25 1.13+0.53
CHO PE East 9.75£7.13 85.01  34.7 30.8 34.5 -0.61+0.63 0.24+0.2 1.09+0.52
MBGA 8.04+8.38 59.63  63.64 10.16 26.2 -1.08+0.67 0.25+0.2 1.59+0.5950.53 30.21
PE North 9.3549.16 63.67 61.2 8.47 30.34  -0.9+0.82 0.28+0.251.46+0.6447.62 33.51
CHON PE East 8.84+9.01 62.32  61.26 7.73 31.01  -0.99+0.7 0.26+0.221.51+0.6152.46 31.4
MBGA 11.02+7.34 85.94  32.81 28.13 39.06  -0.93+0.57 0.15+0.14 1.24+0.47 2.48+2.4320.31
PE North 9.56+7.37 76.04  48.96 17.71 3333 -0.94+0.67 0.16+0.16 1.27+0.54 2.3942.34 16.67
CHOS PE East 9.75£7.87 82.84  48.52 22.49 28.99  -0.99+0.65 0.174+0.21 1.344+0.49 2.7£2.83 21.89
MBGA 9.84+8.51 74.15 55.1 12.24 32.65 -1.08+0.72 0.19+0.2 1.45+0.6168.03 17.01 3.03+£2.9629.25
PE North 11.7849.21 78.29  45.74 11.24 43.02  -0.9+£0.71 0.18+0.191.27+0.6263.57 22.09 2.79+3.1423.26
CHONS PE East 12.6549.56 74.67  44.06 6.33 49.6 -0.87+£0.71 0.17+£0.17 1.214£0.6962.8  22.96 2.51+2.5322.43
CHN MBGA 11.23£7.83 9298  7.02 24.56 68.42  -1.25+0.48 1.254+0.48 0.12+0.07




PE North  12.35£7.3 95.05 4.95 14.85 80.2 -1.08+0.44 1.08+0.44 0.11+0.06
PE East 10.7£7.25 95.58 4.42 24.15 71.43  -1.03+0.47 1.03+0.47 0.11+0.08
ESI-
MBGA 3.69£3.91 3495 8252 10.68 6.8 -1.05+0.77 0.3+0.32 1.65+0.35
PE North 4.09+3.83 41.41 71.21 17.17 11.62  -0.98+0.8 0.29+0.32 1.55+0.44
CHO PE East 4.47£3.77 47776  65.04 19.72 1524  -0.89+0.78 0.29+0.3 1.46+0.5
MBGA 5.82+4.58 65.88  67.06 15.29 17.65 -1.14+0.74 0.23+0.2 1.6+0.43 61.18 24.71
PE North 6.99+54 7427 62.62 14.08 23.3 -0.9+0.71 0.25+0.17 1.39+0.5351.94 29.61
CHON PE East 7.1245.43 81.34  62.88 15.62 21.5 -0.524+0.8 0.34+0.22 1.2+0.53 35.9 46.65
MBGA 2.49+3.1 2821  89.74 7.69 2.56 -1.53+0.4 0.22+0.18 1.97+0.28 2.12+1.7325.64
PE North 1.4+£238 1895 93.68 4.21 2.11 -1.3540.7 0.34+0.31 2.04+0.33 2.6+1.89 40
CHOS PE East 1.78£2.9 2273  92.61 5.11 2.27 -1.3940.6  0.294+0.23 1.98+0.37 2.74+2.1740.34
MBGA 8.56+£7.79 65.63  56.25 12.5 31.25  -1.03+£0.95 0.24+0.26 1.51+0.6362.5 21.88 4.47£5.4534.38
PE North 8.29+7.26 71.01 53.62 15.94 3043  -0.95+0.93 0.26+0.28 1.46+0.6469.57 18.84 4.05+£5.2 27.54
CHONS PE East 9.41+£8.82 74.17  49.17 16.67 3417  -0.79+£0.92 0.32+0.33 1.43+0.6261.67 29.17 4.39+5.4230.83




Table S4. The fraction of potential aromatics with a benzene/naphthalene/anthracene/pyrene core structure. FN: formula number. RI:

relative intensity.

FN/RI (%) MBGA+ PE_North+ PE_East+ MBGA- PE_North- PE_East-
<5 41.59/27.11 25.41/26.68 34.7/30.86 82.52/86.44 71.21/81.68 65.04/77.02
2.50<Xc<2.71 17.7/27.84 37.02/53 30.8/46.4 10.68/8.97 17.17/11.34 19.72/13.75
2.71 <Xc<2.80 15.93/33.68 9.94/10.14 14.37/10.63 2.91/3.06 8.08/5.96 10.77/7.89
2.80 < Xc < 2.83 3.54/0.38 4.97/1.72 6.37/1.97 0.97/0.99 2.02/0.82 1.83/0.92

CHO 2.83 <Xc<2.92 21.24/10.99 22.65/8.46 13.76/10.14 2.91/0.54 1.52/0.21 2.64/0.43
<25 63.64/79.1 61.2/82.93 61.26/76.85 67.06/78.75 62.62/81.77 62.88/84.84
2.50 < Xc<2.71 10.16/10.66 8.47/4.84 7.73/10.11 15.29/10.33 14.08/7.9 15.62/8.24
2.71 <Xc <2.80 7.75/1.3 4.23/1.83 7.63/4.61 5.88/7.67 5.34/3.57 8.72/3.82
2.80 < Xc <2.83 2.14/0.22 3.88/0.54 3/0.42 4.71/1.23 1.94/0.75 2.03/0.38

CHON 2.83<Xc<2.92 16.31/8.73 22.22/9.86 20.39/8.01 7.06/2.02 16.02/6.02 10.75/2.72
<25 32.81/34.34 48.96/40.63 48.52/53.83 89.74/96.62 93.68/98.81 92.61/98.55
2.50 < Xc<2.71 28.13/32.93 17.71/26.37 22.49/20.54 7.69/2.9 4.21/0.94 5.11/1.15

CHOS 2.71 <Xc <2.80 15.63/27.58 9.38/18.69 10.65/10.77 2.56/0.48 2.11/0.25 1.14/0.18



2.80 <Xc<2.83 9.38/1.56 8.33/6.74 3.55/5.78 0/0 0/0 0/0
2.83<Xc<2.92 14.06/3.6 15.63/7.58 14.79/9.08 0/0 0/0 1.14/0.12
<2.5 55.1/75.2 45.74/31.34 44.06/38.05 56.25/83.32 53.62/82.82 49.17/67.52
2.50<Xc<2.71 12.24/2.76 11.24/35.87 6.33/3.82 12.5/7.5 15.94/7.73 16.67/19.04
2.71 <Xc<2.80 9.52/6.39 10.85/9.27 8.71/20.18 3.13/0.7 4.35/1.97 10/3.81
2.80 <Xc<2.83 6.12/2.03 6.2/14.12 6.33/6.61 6.25/2.25 7.25/1.34 4.17/0.74
CHONS 2.83<Xc<2.92 17.01/13.61 25.97/9.4 34.56/31.33 21.88/6.24 18.84/6.13 20/8.89




Table SS5. The fraction of oxidation state of organic molecules. FN: formula number. RI: relative intensity.

FN/RI LV-OOA+SV-OOA+ BBOA+ HOA+ Other+ LV-OOA- SV-OOA- BBOA-  HOA- Other-
MBGA 12.45/6.1913.83/16.8132.08/34.512.36/12.39 39.28/30.093.37/6.8  3.2/10.68 28.45/44.667.8/8.74  57.17/29.13
PE_North 16.99/5.5229.21/29.2819.53/22.1 19.22/13.2615.05/29.83|0.7/6.57 ~ 9.15/21.72 31.99/38.386.95/9.6  51.22/23.74
CHO PE_East 6.79/4.11 37.86/34.0925.66/19.5117.65/13.9612.04/28.3412.74/0 18.2/9.69 28.93/34.047.01/45.39 43.11/10.87
MBGA 0.04/0.53 20.52/9.63 20.76/23.2620.69/17.9137.98/48.66[2.19/3.53  9.04/11.76 32.42/20  25.14/27.0631.22/37.65
PE_North 1.18/3.53 5/9.7 15.53/19.4 11.29/14.4667.01/52.91/18.69/8.74 26.69/25.2418.17/21.3613.71/16.9922.75/27.67
CHON PE_East 1.07/2.32 16.16/12.7520.29/21.1611.13/18.65 51.35/45.12{33.76/25.1540.66/30.63 11.39/19.88 4.45/10.55 9.74/13.79
MBGA 0/0 12.72/10.9443.94/26.56 13.42/23.4429.93/39.06/0/0 4.57/7.69 23.79/20.514.23/12.82 67.41/58.97
PE_North 0.47/3.13 38.6/14.58 35.53/20.8312.74/25 12.66/36.46/0.14/1.05 4.6/12.63 47.94/31.585.43/5.26 41.89/49.47
CHOS PE_East 0.75/1.18 22.59/13.6140.09/26.6325.24/26.6311.32/31.95/0.18/1.7  5.5/13.64 56.33/40.913.68/1.7  34.31/42.05
MBGA 0.67/0.68 6.17/9.52 13.07/21.0920.21/17.6959.89/51.02/1.2/3.13  6.05/6.25 6.94/12.5 19.62/21.8866.19/56.25
PE_North 0.39/1.94 12.68/11.6352.13/20.164.76/10.47 30.03/55.81/0.46/1.45 10.66/17.399.22/15.94 21.25/17.3958.41/47.83
CHONSPE_East 1.14/2.11 12.12/8.18 27.81/14.256.73/9.76  52.21/65.7 |1.87/5.83 26.94/18.3321.52/24.175.89/10 43.77/41.67




Table S6. Stochiometric ranges of van Kervelen classes.

Signal Class H/C o/C
I Lipids-like 1.5-2.0 0-0.3
II Aliphatic/peptides-like 1.5-2.2 0.3-0.67
I Carbohydrates-like 1.5-2.5 0.67-1
v Unsaturated hydrocarbons 0.67-1.5 <0.1
\Y CRAMs-like structures 0.67-1.5 0.1-0.67
VI Aromatic structures 0.2-0.67 <0.67
VIl Highly oxygenated compounds 0.6-1.5 0.67-1.0

Table S7. The fraction of organic molecules assigned by stoichiometric ranges. FN: formula number. RI: relative intensity. Note: The range
of each area is given in Table S3, and Type-1 to Type-7 in this table and Figure S6 correspond to I to VII, respectively.

% CHO CHON CHOS CHONS

FN/RI MBGA PE North PE-East MBGA PE North PE-East MBGA PE North PE-East MBGA PE North PE-East

Type-
1+ 14.36/21.2412.25/16.0210.93/17.0426.61/24.3324.6/24.87  22.11/23.9619.99/23.4422.24/36.73 27.75/37.2861.25/36.7318.68/29.0721.84/29.82

Type-
2+ 7.54/9.73 12.68/4.97 10.31/6.78 24.09/16.847.37/9.7 16.11/10.828.47/6.25 3.31/3.06 7.75/2.96 3.86/8.16 1.78/4.26 2.32/3.17




Type-

3+ 0.1/0.88  0.09/0.55 0.11/0.62 0.03/0.27 0.93/1.94

Type-

4+ 0.57/7.08 7.18/9.94 3.9/6.98  3.31/10.16 4.15/11.11

Type-

5+ 55.3/40.71 28.79/34.8141.45/37.7812/18.72

Type-

6+ 18.55/10.6234.34/24.3130.36/26.695.63/7.49  4.41/9.35

Type-

7+ 0/0 0.09/0.55 0.19/1.03 0.14/1.34 0.17/1.41

Other+3.59/9.73  4.58/8.84 2.76/3.08 28.18/20.8644.19/20.28

14.19/21.34

1.46/2.32  0/0 0/0

5.33/12.27 51.69/34.3827.16/22.45

21.62/20.3911.73/26.56 36.62/22.45

4.23/11.4 7.22/6.25 7.68/13.27

0.32/0.97 0/0 0.46/1.02

28.81/17.870.9/3.13  2.54/1.02

0.05/0.59 0.57/1.36 0.45/1.16 0.31/0.53

34.17/25.4410.55/14.2942.55/17.4422.34/15.04

18.22/17.759.12/15.65 16.25/17.0513/14.78

3.61/7.1  4.45/12.93 10.83/19.3825.2/28.5

091/1.18 1.07/2.72 0.7/1.55  0.71/1.85

7.53/7.69 9.14/8.16 8.76/10.08 14.27/6.33

Type-

1- 73.18/58.2574.1/58.08 66.86/47.5644.65/56.4730.03/43.69

Type-

2- 2.97/8.74 3.2/10.1  3.85/7.11 14.92/8.24 9.94/5.83

Type-
3- 0/0 0/0 0.04/0.2 0/0

12.23/24.5430.59/41.0341.47/26.32

4.16/4.87 35.05/20.5118.53/18.95

0/0 0.71/2.56  4.5/7.37

39.8/27.27 21.09/31.2522.5/26.09 14.24/25

25.16/27.277.85/9.38  7.71/7.25 8.23/6.67

1.33/3.41 0/0 3.98/4.35 34.21/5.83




Type-

Type-
7-

Other

1.51/2.91

13.1/22.33

0/0

0/0

9.23/7.77

1.15/2.53 1.89/3.46 1.89/8.24 0.65/3.88

16.22/23.7418.9/27.85 35.13/23.5352.64/33.5

1.86/5.05 4.2/8.13  0/0 3.32/9.71

0/0 0.05/0.2  0/0 1.05/2.43

3.47/0.51 4.22/549 3.41/3.53 2.36/0.97

0.45/3.04 0/0 0/0

70.96/46.861.84/5.13  1.15/3.16

3.98/11.16 0/0 0/0

4.84/5.27 0/0 0.29/2.11

3.37/4.26 31.81/30.7734.06/42.11

0.43/1.7  4.01/18.75 3.25/20.29 7.87/21.67

1.57/3.98 10.15/21.888.67/20.29 11.97/15.83

0.08/0.57 1.19/12.5 0.72/11.59 2.72/12.5

0/0 0/0 0.26/1.45 0.51/2.5

31.62/35.8 55.72/6.25 52.9/8.7  20.25/10




Table S8. The fractions of volatility organic compounds. FN: formula number. RI:

relative intensity.

ESI+ FN/RI MBGA (%) PE_North (%) PE_East (%)
IVOC 30.97/32.57 33.7/46.6 34.5/44.11
SVOC  23.01/14.52 18.78/9.85 19.51/9.61
LVOC  23.01/35.29 22.65/25.8 19.51/28.04
CHO  ELVOC  23.01/17.62 24.86/17.75 26.49/18.24
IVOC 2.94/1.8 4.94/2.25 5.8/2.55
SVOC  12.83/14.09 13.93/15.63 14.3/18.43
LVOC  36.1/52.28 29.81/49.9 26.57/40.44
CHON ELVOC  48.13/31.83 51.32/32.22 53.33/38.58
IVOC 0/0 5.21/7.42 3.55/2.13
SVOC  14.06/29.02 17.71/28.85 17.75/25.25
LVOC  42.19/56.23 40.63/44.27 35.5/46.08
CHOS ELVOC  43.75/14.75 36.46/19.46 43.2/26.53
IVOC 20.41/25.25 20.41/25.25 17.15/28.44
SVOC  14.29/10.27 14.29/10.27 16.36/27.05
LVOC  21.09/22.44 21.09/22.44 18.47/20.27
CHONS ELVOC  44.22/42.05 44.22/42.05 48.02/24.23
IVOC 19.3/21.79 28.71/28.34 53.06/82.26
SVOC  19.3/25.95 24.75/40.46 23.13/9.83
LVOC  45.61/49.37 19.8/10.93 11.9/4.98
CHN  ELVOC  15.79/2.89 26.73/20.27 11.9/2.93
ESI- FN/RI MBGA (%) PE_North (%) PE_East (%)
IVOC 49.51/31.67 53.03/41.72 53.25/42.26
SVOC  39.81/57.36 32.83/45.68 34.96/48.32
LVOC  3.88/8.04 8.59/9.47 7.52/7.5
CHO  ELVOC  6.8/2.93 5.56/3.13 4.27/1.92
IVOC 3.53/4.33 6.8/30.03 7.71/39.87
SVOC  36.47/46.98 40.29/36.63 49.7/40.15
LVOC  17.65/13.57 20.39/9.94 20.89/6.28
CHON ELVOC  42.35/35.12 32.52/23.39 21.7/13.7
IVOC 20.51/15.63 21.05/18.59 21.02/13.2
SVOC  30.77/67.21 49.47/64.62 53.41/70.77
LVOC  20.51/10.37 16.84/13.45 13.64/12.95
CHOS ELVOC  28.21/6.79 12.63/3.35 11.93/3.08
IVOC 12.5/8.93 23.19/11.42 20.83/19.65
SVOC  18.75/4.05 10.14/4.52 10.83/6.82
LVOC  21.88/20.11 23.19/24.31 24.17/19.91
CHONS ELVOC  46.88/66.91 43.48/59.76 44.17/53.62




Table S9. Summary of PM:s concentration and volatility in different areas.

Site PMas Logio (Co)
Unit pg/m? /ugm
Mainz 15.75 0.94
Beijing_Low 39.83 1.62
Xi’an 48.20 1.69
Hong Kong 60.67 2.49
Chengdu 99.67 251
Guangzhou 129.33 2.50
Shanghai 148.33 2.58
Beijing_High 242.00 2.90
HNI_MBGA 4.42 -3.26
HNI_PE_North 55.72 -2.47
HNI_PE_East 76.67 -2.43
Mean Formula Number Mean Relative Intensity
ESI+ ESI- ESI+ ESI-

) ’ 1
4 - Y, . Xc<25
/( . (/" ) 2,50 5 X¢ < 2.71
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CHONS 2.71=Xc<2.80
2.80=Xc<283
2.83=Xc<292

Inside — Outside: MBGA — PE_North — PE_East

CHOS

Figure S1. Statistic on the fractions of organic compounds with different Xc values in
different subgroups across the three periods in terms of formula number and relative

intensity.



O MBGA A PE_North > PE_East
(C) 3.0-ESH_CHON (6)3»0 ESI+_S-Containing

2923

2833

o

2.800

-2.714

2.500

0.0 . 045
12 15 00 03 06 09 12 15 ) 03 06 i ; 15
o/C o/C
ESI- CHON ESI-_S-Containin
()2 (f) o : "
o 2923
4
g 2833
* < o A
4 \? 2.800
s q 2
o A
R 2714
<o
& 5 ° 25500
12 15 12 15 12 15

Figure S2. Van Kervelen (VK) diagrams of all detected compounds for (a-b) CHO, (c-
d) CHON, and (e-f) S-containing subgroups in ESI+ and ESI-.
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Figure S3. The fraction of LV-OOA, SV-OOA, BBOA and HOA in different subgroups

across the three periods in terms of formula number and relative intensity.
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Figure S4. The fraction of various organic compounds classes in different subgroups
across the three periods in terms of formula number and relative intensity. The range of
each area is given in Table S6, and Type-1 to Type-7 in this figure correspond to I to
VII, respectively.
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Figure S5. (a) Distribution of N/C versus H/C, (b) CHz-Kendrick diagrams of CHN+,

N 2.83 s Xc < 2.92

and (c) statistics on N/C, H/C, and Xc.



Figure S6. The fraction of organic molecules with different volatility in different

subgroups across the three periods in terms of formula number and relative intensity
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Figure S7. Molecular corridors of molecular weight versus saturation mass
concentration (Co) for organic compounds in CHO, CHON, CHOS and CHONS

subgroups.
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Figure S8. Scatter plots of carbon oxidation state versus saturation mass concentration

(Co) for organic compounds in (a) ESI+ and (b) ESI- mode.



