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Figure S1. The measured reduced mobilities of different organic cluster ions in ion mobility spectrometer (Krechmer et al.,

2016) and simulated mobilities based on the Stokes-Millikan equation using different densities.
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Figure S2. The concentrations of cluster ions with different mobility ranges measured by NAIS and the signal of cluster ions

with corresponding m/z ranges measured by APi-TOF. The mobility and m/z is converted according to the method described

in Section 2.2 in the main text.
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Figure S3. The concentrations of cluster ions with different mobility ranges measured by NAIS and the signal of cluster ions

with corresponding m/z ranges measured by APi-TOF. The mobility and m/z is converted according to the method described

in Section 2.2 in the main text.
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Figure S4. The concentrations of cluster ions with different mobility ranges measured by NAIS and the signal of cluster ions

with corresponding m/z ranges measured by APi-TOF. The mobility and m/z are converted according to the method described

in Section 2.2 in the main text.
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39  Figure S5. The scatter plots of CS and concentrations of cluster ions with different mobility ranges measured by NAIS in

40 urban Beijing, as well as the square of correlation coefficients.
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Figure S6. The scatter plots of the concentrations of negative and positive cluster ions measured by NAIS during the

measurement in urban Beijing.
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Figure S7. The lifetime (the time needed for the concentration of a given ion concentration to decay to 1/e of its initial
value due to the coagulation loss to particles and recombination with opposite ions, calculated as 1/(CS-dp-'7+an")) of
the cluster ions under typical conditions (i.e., the median value of CS and median of the total concentration of positive
ions in the range of 0.8-42 nm, n*) during haze and clean periods in Beijing and Hyytidld. The shadow regions represent
25-75% of the CS ranges, that is 0.074-0.11 s, 0.013-0.034 s”!, and 0.001-0.0023 s°! during Beijing haze periods, Beijing

clean periods, and Hyytiéla.
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54 Figure S8. The scatter plot of the concentrations of specific ions measured by APi-TOF in urban Beijing. (a) NO, and NOs’;
55  (b) HSOy4 and SOs'.
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Figure S9. The number of nitrogen atoms contained in the organic molecules detected in APi-TOF and CI-APi-
TOF in urban Beijing. Note that the nitrogen contained in NOs™ is already subtracted from the formula.
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Figure S10. The comparison between the average concentration of the same organic molecules ionized by NOj3
(X*NO3) and HSO4 (X- HSOy) during the observation in urban Beijing. 100 species were compared in total,

including 41 CHO species and 59 CHON species.

0.1
X-NO; (em)

11

10



Ccs (s

(@) 0.003 O_0I1 0.05 0.2 (b) .
. "‘ 1
i o s a0t L 3
10 _.-::.;. * .g:‘. ﬂ,‘r 5 .
e® .
b 5, .o:- 000, e
.
g ’ ;..‘"" R Tl g 01
3 . [ Toge ® -
o B R P -1
DA IR o o N L L T
< he ¥ DR LA
s 001
g
- [
0.1 ' 0.001
107
(c) . (d) . .
T e
104 3 1 .|. ',"}‘ * 200 oo
LA I O
.ﬁ'- - o . .
= o .\{'1' ver g ‘}‘;"': ‘-"-&' ot
£ e ..I. .« 2 i .-‘-:u ,--.. " .
o 1S, & o 74 * 4
£ R I I
Q Dt g o AT ol
o . 5 LI PP
o v VY, .
« ™ oy, *
. * oo ‘ : ..' ’
0.1 HE L
- . 0.01 . .
107 108 108 107
(e) CHO ciws (f) CHO, civs
. oo
(L4 . °
10 % K ® e, L e, 0? Y . ®
'."- ’:'shr% s, © .‘- L - :’
- “"ék 3 LN g 1 vy o TRRre gl
% . . o o . 4 . *Q ' .
) e, "2k °, 0 , T ]
& . ..!.':'.‘ o) ™3 oo d %o
z . ' 3".' 2 € R, o
z e ol = ey, s LT
2 1 BN . F O ""’t" ® .
o * e 5 ‘u‘ :V’i- ]
o oot 01 v e st
LR %,
0.1 T T
108 108
CHON cus CHON s

67

68
69
70
71

12

Figure S11. Scatter plots of the number concentrations of neutral molecules and the corresponding cluster ions, which are
colored by CS in urban Beijing. From (a) to (f), the cluster ions are HSO4, C;H304, CHONOj;, CHOHSO,s, CHONNOs", and

CHONHSOy respectively. Their corresponding neutral molecules are HSO4, C3H404, CHO, and CHON respectively.
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Figure S12. The scatter plot of concentration of total negative cluster ion concentrations and NO3™ measured by APi-TOF in

urban Beijing.
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76 Table S1. The reduced mobilities of NOs", HSOy4", and some of their clusters

Formula m/z Reduced mobility, Ko
(cm? Vsl

Oy 31.9904 43.28
NOy 45.9935 ©2.70
NO3 61.9884 °2.45
HNO;3NOs3 124.9840 ©2.07
HSOy 96.9601 9.01
H»SO4-HSO4 194.9275 .63
(H2S04)2-HSO4 292.8949 1.27
(H2S04)3;-HSO4 390.8622 191.17
(H2S04)2-C2H7N-HSO4 337.9527 .21

77 *From Spangler et al. (Spangler and Collins, 1975); ° From Stano et al. (Stano et al., 2008); °From Liang et al. (Liang
78  etal,2013); YFrom Jen etal. (Jen etal., 2014)
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