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 2 

Comparison of number concentration measured by LS-ToF-AMS and SMPS  24 

 25 

Average particle detection rate (particles detected per second) for each saved 26 

LSSP mode file (run number) was scaled by the overall duty cycle (for the same file) to 27 

calculate total particle number concentration. Time series of LS-ToF-AMS- and SMPS-28 

measured number concentrations were averaged to 30-min intervals for comparison. 29 

Total number concentration for 560- to 1000-nm dva (400- to 715-nm dg) particles 30 

compared reasonably well—the linear fit has a slope of 0.89 (the SMPS-measured 31 

concentration was 11% higher) and an intercept of 6.25, and the number concentrations 32 

correlated with an R of 0.7 (Fig. S1). 33 

 34 

 35 
 36 

Figure S1. Time series of SMPS-measured (red) and LS-ToF-AMS-derived (blue) 37 

number concentration for particles in 560- to 1000-nm dva (400- to 715-nm dg) size range.  38 

 39 
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 40 

 Comparison of ions generated by single particles of different vaporization types 41 

 42 

The ions associated with the prompt and delayed, null, and non-particle events were 43 

compared using (a) the sum of non-background ions (i.e., m/z 15, 27, 30, 41, 43, 44, 46, 44 

48, 55, 57, and 64) and (b) all the ions in the mass spectra. The non-particle events are the 45 

noise spikes in the light scattering channel that are characterized by near-zero light 46 

scattering signals. In both cases, prompt and delayed particles have significantly higher 47 

number of ions than in null- and non-particle events. For the non-particle and null-48 

particle events, there are typically 2-4 ions, which are below the 6-ion detection limit 49 

(Fig. S2).  50 

 51 

 52 
 53 
Figure S2. Comparison of number of ions associated with prompt and delayed, null, and 54 

non-particle events by using (a) the major ions including m/z 15, 27, 30, 41, 43, 44, 46, 55 
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48, 55, 57, and 64 and (b) using all ions (m/z 1 to m/z 111). Horizontal lines indicate the 56 

threshold of 6 ions.  57 

 58 

Duty cycle versus particle number concentration 59 

 60 

The dependence of duty cycle (data saving duty cycle calculated from the comparator 61 

circuit) on particle number concentration (from the SMPS measurement) for particles 62 

from 180–1000 nm dva is shown in Fig. S3. The duty cycle is weakly or not dependent on 63 

particle number concentration.  64 

 65 

 66 

Figure S3. Data saving duty cycle (number of particles saved using LSSP over total 67 

number of LS-circuit counted particles) versus SMPS measured particle total number 68 
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concentration (130 to 715 nm dm). The line represents the linear fit of the points with a 69 

slope of -5.6x10-6. 70 

 71 

Comparison of mass-based and number-based collection efficiency 72 

 73 

The discrepancy of the mass-based and number-based collection efficiency (CE) may 74 

result from the differences of the operation modes. The mass-based CE was derived from 75 

the MS mode, whereas the number-based CE was determined using the LSSP mode. On 76 

average, the concentration measured by the MS mode was twice the concentration 77 

measured by the PToF mode (Liu et al., in press) and therefore the LSSP mode (the LSSP 78 

is in agreement with the PToF mode for particles larger than 600 nm dva; Fig. 2c), 79 

suggesting that the null particles, which have chemical signals less than 6 ions per 80 

particle, and probably some of the prompt and delayed particles evaporated slower than 81 

the LSSP/PToF measurement window (~6 ms) but fast enough to be detected in the MS 82 

mode (10 s). The slowly vaporized particles that were not detected by the LSSP mode 83 

may result in a lower number-based CE.  84 

 85 

Selecting particles for cluster analysis 86 

 87 

Although the threshold of 6 ions is good for distinguishing particles from background 88 

noise, particles with low ions may not have sufficient chemical signatures to be correctly 89 

classified. In order to find at what signal level (number of ions) particles can be 90 

accurately classified on a single particle basis, we applied the K-means cluster analysis 91 
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on ten subsets of the prompt and delayed single particle spectra, with each subset 92 

containing spectra that have more ions than a threshold. The thresholds include 6, 12, 18, 93 

30, 40, 50, 60, 80, 100, and 120 ions.  94 

 95 

The results of the cluster analyses are shown in Fig. S4. The clusters are labeled as C1, 96 

C2, C3, C4, and C5, and similar clusters from different solutions (thresholds) are aligned 97 

in the same column for comparison. The blank panels in the results of 6-30 ions indicate 98 

that the clusters were not available in these solutions. Five major clusters were identified.  99 

 100 

The clusters identified using different thresholds show differences and similarities. For 101 

example, the clusters identified using thresholds of 6-30 ions were not consistent, i.e., C3 102 

only showed up in 12-ion and 30-ion solutions, and the number fractions of C2 and C5 103 

were different among these solutions. It is likely that a fraction of the particles with low 104 

chemical ions were classified inconsistently, resulting in the cluster differences. In 105 

contrast, the clusters identified in the 40-120 ion solutions are very consistent in both 106 

cluster spectrum and number fraction, suggesting that particles with more than 40 ions 107 

likely have enough chemical signals to be accurately categorized so that the results are 108 

independent of the threshold values. Therefore, although particles with less than 40 ions 109 

and more than 40 ions have similar number size distributions (Fig. S5), including the 110 

low-ion particles in the cluster analysis decreases the robustness of the cluster analysis. 111 

Accordingly, we use 40 ions as the threshold for single-particle classification and the 112 

clusters identified from particles with more than 40 ions are used in the manuscript.  113 

 114 
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In order to identify similarities between the single-particle clusters and ensemble PMF 115 

factors, we compare their mass spectra and time series. Although the mass spectra of C1-116 

C5 were separately identified as clusters, some of the mass spectra had similar chemical 117 

signatures. To simplify the clusters for comparison to the mass-based factors, the clusters 118 

with similar chemical signatures were combined, i.e., C1 and C4 were combined because 119 

they were both characterized by high-intensity of m/z 44 in their mass spectra, and C3 120 

and C5 were combined because they had significant peaks at m/z 27, 29, 41, 43, and 57 121 

that are characteristic of HOA. C14 (number-weighted combination of C1 and C4), C2, 122 

and C35 (number-weighted combination of C3 and C5) are termed as Cluster I, Cluster 123 

II, and Cluster III, respectively.  124 
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 125 

Figure S4. Columns C1-C5 represent cluster centroids for the clusters identified using 126 

thresholds of 6, 12, 18, 30, 40, 50, 60, 80, 100, and 120 ions. Column C14 represents 127 

number-weighted combination of clusters C1 and C4, and column C35 represents 128 

number-weighted combination of clusters C3 and C5. The percentage in the panel 129 

represents the number fraction of the cluster. 130 
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 131 

Figure S5. Number size distribution for (a) particles with 6-40 ions and (b) particles with 132 

more than 40 ions.  133 

134 
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Correlation of the single-particle clusters and the ensemble-derived PMF factors 134 

 135 

Table S1. Cross correlation of the mass fraction time series for the three single-particle 136 

clusters (Clusters I, II, and III) and the ensemble-derived factors. Person’s correlation 137 

coefficients are shown.  138 

 139 
 High O/C alkane SOA + 

high O/C aromatic SOA 
Low O/C alkane SOA COA + PO SOA + 

Nighttime OA  
Cluster I 0.69 -0.29 -0.60 
Cluster II 0.00 0.23 -0.02 
Cluster III -0.65 0.19 0.60 
 140 


