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S1. Method for the estimation of density 

The composition-dependent density of PM1 was estimated using the following equation (Zhao 

et al., 2017), and the averaged density was calculated to be 1.41 g cm-3 (1.24-1.56 g cm-3, Fig. S2). 

This could be comparable with the density of atmospheric aerosols (1.2-1.5 g cm-3) determined in 

the Los Angeles Basin (Turpin and Lim, 2001; Geller et al., 2006) and also close to the 

recommended value of organic aerosol (1.4 g cm-3) (McMurry et al., 2002; Robert et al., 2007a; 

Robert et al., 2007b). 
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where the densities are 1.75 g cm-3 for NH4NO3 and (NH4)2SO4, 1.52 g cm-3 for NH4Cl, and 1.2 g 

cm-3 for OA.  

S2. PMF solutions and quality assurance 

We carefully evaluated the PMF results and solution according to the procedures mentioned 

by Zhang et al. (2011) (Zhang et al., 2011) and Ulbrich et al. (2009) (Ulbrich et al., 2009). We 

determined the optimal solution of each dataset via examining their residuals of PMF fits (Fig. S3). 

When the number of factors increased from two to five, the value of Q/Qexp was 2.038, 1.834, 1.736 

and 1.699, respectively (Fig. S3i). As suggested by Ulbrich et al. (2009), a large decrease in Q/Qexp 

indicates that the additional factor may explain a large fraction of unaccounted variability in the 

data. Meanwhile, the explained fraction of the data variation increased from 97.8 % to 99.6 % with 

the number of factors increased from two to five (Fig. S3i). 

In order to evaluate the credibility of current PMF solution, the correlations of all factors with 

the corresponding reference was also obtained, which all had higher R2 (>0.6), as shown in Fig. S4. 
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Meanwhile, we compared the mass spectra of LO-OOA with the published spectra observed in 

Beijing (Chen et al., 2020; Hu et al., 2016), as given in Fig. S4, and they are highly correlated with 

a large R2 > 0.8. Meanwhile, LO-OOA and MO-OOA had the distinct diurnal variation and time 

series (R2 < 0.4, Fig. S3c), which indicated that the identification of LO-OOA is reasonable. Based 

on these considerations, we concluded that the PMF solution with four factors is the optimal 

solutions, which exhibits the distinct time series and the corresponding mass spectrum. 

S3. Back trajectories analysis 

72 h back trajectories have been performed using the NOAA-HYSPLIT4 (HYbrid Single-

Particle Lagrangian Integrated Trajectory) model (Draxier and Hess, 1998). Four times for each day, 

00:00, 06:00, 12:00 and 18:00 UTC, terminating in a height of 50 m, and 112 trajectories were 

calculated and used to do the air mass cluster analysis. A total of 4 backward-trajectory clusters were 

identified (Clusters 1-4, Fig. S5), which indicated that more than half (Cluster 2, 64%) of the 

observation period is dominated by the southern air mass. This observation period included by 

Cluster 2 was adopted to analyze the role of ta in PM1 formation and evolution.
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Figure S1. Detailed information of the sampling line, the corresponding flow rate, as well as the 

arranged instruments. 

 

Figure S2. (a) Time series of the density of PM1 during this field observation; (b) Relationship 

between PM1 concentration derived from HR-ToF-AMS and SMPS. 
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Figure S3. Summary of key diagnostic plots of the PMF results for an HR-ToF-AMS dataset 

acquired during this field observation: (a) Q/Qexp as a function of number of factors (P) selected for 

PMF modeling. For the four-factor solution (i.e., the best P): (b) Q/Qexp as a function of FPEAK, (c) 

fractions of OA factors vs. FPEAK, (d) correlations among PMF factors, (e) the box and whiskers 

plot showing the distributions of scaled residuals for each m/z, (f) time series of the measured 

organic mass and the reconstructed organic mass (= HOA + LO-OOA + IO-OOA + MO-OOA), (g) 

variations of the residual (= measured − reconstructed) of the fit, (h) the Q/Qexp for each point in 

time, (i) the changes of Q/Qexp and the explained variation from two-factor to five-factor solutions. 

 

Figure S4. (a) Mass spectra, (b) time series, and (c) diurnal variation of the four factors (HOA, LO-

OOA, IO-OOA and MO-OOA) identified from the PMF analysis to the HR-ToF-AMS data during 

the whole field observation. The upper and lower boundaries of boxes indicate the 75th and 25th 

percentiles; the line within the box marks the median; the whiskers above and below boxes indicate 

the 90th and 10th percentiles; and colored asterisk symbols represent the means. 
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Figure S5. Mean back trajectories for 4 trajectory clusters arriving at Beijing Institute of 

Petrochemical Technology (BIPT) from different height. 



8 

 

Figure S6. (a) Determination of the emission ratio of toluene vs. benzene. The scatter plot of toluene 

vs. benzene color-coded by the time of day, (b) Time series of concentration ratio of benzene and 

toluene during the observation period included by Cluster 2. 
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Figure S7. Comparison of percentage of different chemical species in PM1 derived from other 

observations in summertime of Beijing in urban and suburban. 

 

Figure S8. Linear relationship between NO3+2×SO4+Cl and NH4 measured by the HR-ToF-AMS. 
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Figure S9. (a) Relationship between photochemical age (ta) and O3 concentration. The data are 

binned according to the value of ta (10 h increment); (b) Relationship between NOx and O3 

concentration. The data are binned according to the value of NOx (5 ppb increment). 
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Figure S10. Variations of mass concentrations of NR-PM1 species and OA factors as a function of 

ta. The data are binned according to the value of ta (10 h increment). 

 

Figure S11. ta- and RH-dependent distributions of NO3 and SO4 during the whole field observation. 
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Figure S12. Variations of mass concentrations of NOx, NOz, and meteorological conditions (RH and 

T) as a function of ta. The data are binned according to the value of ta (10 h increment). 
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Figure S13. Variations of normalized mass concentration to HOA and contribution of IO-OOA as a 

function of RH. The data are binned according to RH (10 % increment). 
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Figure S14. The evolution of OA/ΔCO vs. photochemical age. The data are binned according to the 

value of ta (10 h increment). 

 

Figure S15. Relationship between OM/OC and O/C during this field observation. 
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