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1. The schematics of DEG SMPS and PSD 20 

Figure S1 shows the schematics and pictures of DEG SMPS and PSD. DEG SMPS sampled aerosols through the window of 

the observation room with a core sampling method (a transport flow of ~6.4 LPM was used). The aerosols then entered the 

neutralizer for charging and the mini-cyDMA for classification. Those classified aerosols were sent into the modified 

DEG-UCPC and CPC to grow through condensation and detect optically. PSD sampled aerosols through the inlet from the 

roof of the observation room. A PM10 impactor before the PSD inlet was used to remove larger particles. A Nafion dryer 25 

(Perma Pure, MD-700-24F-3) was used before the PSD inlet to control the relative humidity to be below 40%. An aerosol 

flow of 5 LPM was sampled by APS. The flow rate of the aerosol flow entering the parallel SMPSs was 1.8 LPM. These two 

SMPSs share a UCPC to detect classified aerosols. Two three-way valves helped to select the SMPS that the sample flow 

enters. 

 30 

Figure S1. The schematics of (a) DEG SMPS and (b) PSD, and (c) their pictures. 

 

2. Description of the cluster analysis 

k-means clustering was used to identify typical types of atmospheric aerosol size distributions (Beddows et al., 2009; 

Wegner et al., 2012). We selected 4 indices to represent the characteristics of each set of 5-min measured aerosol number 35 

size distributions, including the diurnal variations of H2SO4 monomer and dimer concentration, diurnal variations of Nsub-3 

and the contribution of Nsub-3 to the total number concentration. Each data point was normalized to the vector length by, 

 m𝑖

√∑ (m𝑖)
2𝑛

𝑖=1

 (S1) 

where m𝑖 can represent H2SO4 monomer and dimer concentration, and Nsub-3, cm-3; when the index is the diurnal variations 

of H2SO4 monomer and dimer concentration, and Nsub-3, m𝑖 represents H2SO4 monomer and dimer concentration, and Nsub-3 

and they were divided by the Euclidean norm of the time series of m𝑖 each day; when the index is the contribution of Nsub-3 40 

to the total number concentration, m𝑖 represents Nsub-3 and was divided by the Euclidean norm of particle number 

concentration in each time bin. 

The k-means method divided the data into k clusters such that the “within-cluster sum of squares” (WSS) function is 

minimized using iteration. The degree of dissimilarity between two size distributions is defined as the distance. The distance 

function used in this study, which is also common-used elsewhere, is the Euclidean distance (Wilks, 2011). 45 
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As shown in Fig. S1, the WSS decreased dramatically as the number of clusters increased from 1 to 3. After this, the 

increase of number of clusters only decreases the WSS to a significantly less extent. Therefore, we chose 3 as the number of 

clusters. 

 

Figure S2. The relation between the number of clusters and the within cluster sums of squares (WSS). 50 

 
Figure S3. The median aerosol size distributions in three clusters. The diamonds, squares, and circles represent the 

distribution function (dN/dlogdp) of H2SO4 monomers, dimers and aerosols, respectively.  
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Figure S4. The median daytime NPF type number size distributions from H2SO4 monomer to larger aerosols and the fitted 55 

size distributions using lognormal distributions. The x-axis error bars of H2SO4 monomers and dimers indicate the variation 

range of estimated H2SO4 monomers and dimers diameters by assuming the bulk density of H2SO4 to be 1000~1800 kg m3. 

The y-axis error bars of H2SO4 monomers and dimers indicate the 25th~75th range of concentrations. The black and red lines 

indicate the fitted size distribution in whole size range and in sub-3 nm size range, respectively. The black, blue, magenta 

and green lines present the fitted mode 1, mode 2, mode 3 and mode 4, respectively. The diamonds, squares, and circles 60 

represent the distribution function (dN/dlogdp) of H2SO4 monomers, dimers and aerosols, respectively. 

 

 

3. Calculation of the indicator I 

The indicator I can be calculated as, 65 

 

 

where [A1,tot] is the total number concentration of H2SO4 monomers measured by CIMS, cm3; β represents the collision 

coefficient between two (H2SO4)1(amine)1 clusters, cm3s-1; CS is the condensation sink, s-1; the enhancement factor, 2.3 for 

β and 1.3 for CS, was used to account for the enhancement of van der Waals forces on the of coagulation between clusters; η 70 

represents the ratio of the (H2SO4)1(amine)1 cluster concentration to the total H2SO4 monomer concentration estimated by 

 

 

where [A1B1] indicates (H2SO4)1(amine)1 concentration, cm3; [A1] represents the concentration of H2SO4 molecules, cm3; γ 

represents the evaporation rate of (H2SO4)1(amine)1 as a function of ambient temperature T, s-1; [B] is the amine 75 

concentration, cm3. The median of measured amine concentration, 2.7 ppt, was used to calculate I (Cai et al., 2021).  

 

The condensation sink (CS) characterizes the sink for condensing vapor caused by background aerosols. It was calculated 

using the method reported by Kulmala et al. (2001), 

 80 

 

 

 

where D is the diffusion coefficient of H2SO4 monomer, m2·s-1; dp is the particle geometric mean diameter for the size bin, 

m; 𝑁𝑑p is the concentration of particles in the size bin, m-3; 𝛽m is the transition-regime correction factor (Fuchs and Sutugin, 85 

1971),  
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𝛽3[A1,tot]
4

CS2
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(S2) 

 
𝜂 =

[A1B1]

[A1] + [A1B1]
≈

𝛽[B]
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(S3) 

 𝐶𝑆 = 2𝜋𝐷∑𝛽m,𝑑p𝑑p𝑁𝑑p
𝑑p

 
 (S4) 

 
𝛽m =

1 + 𝐾𝑛

1 + 1.677𝐾𝑛 + 1.333𝐾𝑛
2 

(S5) 
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where Kn is the Knudsen number, 𝐾𝑛 = 2𝜆/𝑑p.  90 

 
Figure S5. The median (solid lines), 25th percentiles (bottom edges of the error bars) and 75th percentiles (top edges of the 

error bars) aerosol size distributions of daytime NPF (red), daytime non-NPF (blue) and nighttime (black) type aerosol size 

distributions in (a) winter, (b) spring, (c) summer and (d) autumn.  

 95 
 

Figure S6. The median daytime non-NPF type number size distributions from H2SO4 monomer to larger particles and the 

fitted size distributions shown in (a) logarithm scale and (b) linear scale of y axis. The x-axis error bars of H2SO4 monomers 

and dimers indicate the variation range of estimated H2SO4 monomers and dimers diameters by assuming the bulk density to 

be 1000~1800 kg m3. The y-axis error bars of H2SO4 monomers and dimers indicate the 25th~75th range of concentrations. 100 
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The black and red lines indicate the fitted size distribution in whole size range and in sub-3 nm size range, respectively. The 

blue, magenta and green lines present the fitted mode 2 and mode 3, respectively. The diamonds, squares, and circles 

represent the distribution function (dN/dlogdp) of H2SO4 monomers, dimers and aerosols, respectively.  

 
Figure S7. The median nighttime type number size distributions from H2SO4 monomer to larger aerosol size and the fitted 105 

size distributions shown in (a) logarithm scale and (b) linear scale of y axis. The x-axis error bars of H2SO4 monomers and 

dimers indicate the variation range of estimated H2SO4 monomers and dimers diameters by assuming the bulk density to be 

1000~1800 kg m3. The y-axis error bars of H2SO4 monomers and dimers indicate the 25th~75th range of concentrations. The 

black and red lines indicate the fitted size distribution in whole size range and in sub-3 nm size range, respectively. The blue, 

magenta and green lines present the fitted mode 2 and mode 3, respectively. The diamonds, squares, and circles represent the 110 

distribution function (dN/dlogdp) of H2SO4 monomers, dimers and aerosols, respectively.  
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Figure S8. The surface area (dA/dlogdp, black lines) and volume (dV/dlogdp, blue lines) size distributions of the median NPF 115 

daytime, non-NPF daytime and nighttime types.  

 

 
Figure S9. The median daytime NPF type aerosol number size distributions size and the fitted size distributions shown in (a) 

logarithm scale and (b) linear scale of y axis in Atlanta. The data was from the short-term campaign in Atlanta, Georgia, 120 

from July to August, 2009 (Jiang et al., 2011), which is the first study to measure the number size distributions of 

atmospheric sub-3 nm aerosols (Zhang et al., 2012). The black and red lines indicate the fitted size distribution in whole size 

range and in sub-3 nm size range, respectively. The blue, magenta and green lines present the fitted mode 1, mode 2 and 

accumulation mode, respectively. The circles represent the raw distribution function (dN/dlogdp) of aerosols.  
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 125 
Figure S10. The diurnal variations of H2SO4 monomer concentration, SO2 concentration and solar radiation on (a) NPF days 

and (b) non-NPF days during the measurement period. Median values were used in this figure. The increased H2SO4 

concentration at ~5 a.m. might be induced by the production of OH radicals from the ozonolysis of alkenes during the 

nighttime (Guo et al., 2021). 

 130 
Figure S11. The seasonal variations of number concentrations of sub-3 nm aerosols (Nsub-3) on NPF days and non-NPF days 

during the measurement period. Data during 9:00 – 14:00 were used in this figure. The vertical lines and circles in the box 

indicate the median and mean values, respectively. The top and bottom edges represent 75 th and 25th percentiles, 

respectively. The IQR is the interquartile range. 
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Figure S12. The seasonal variations of the formation rate of ~1.5 nm aerosols (J1.5) and H2SO4 dimer concentration on NPF 

days during the measurement period. Data points during 9:00 – 14:00 were used in this figure. The vertical lines and circles 

in the box indicate the median and mean values, respectively. The top and bottom edges represent 75 th and 25th percentiles, 

respectively. 140 
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