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Sampling site, instrument operations and calibrations 

The Aerodyne Soot Particle Aerosol Mass Spectrometer (SP-AMS) was deployed 

during February 20- March 23, 2015. The SP-AMS was housed in the Observatory Lab 

inXueke No.1 Building (32°12′20.82″N, 118°42′25.46″E), Campus of Nanjing University 

of Information Science and Technology (NUIST) in suburban Nanjing, located onthe 

north side of the Yangtze River. The sampling site was located west/southwest of an 

industrial zone with a large number of petrochemical and chemical plantsand a densely 

populated residential area (Figure S1). There are also many diesel trucks frequently 

passing by the arterial roads within a 2km radius to the sampling site with no restrictions. 

During measurement, ambient air was drawn through a 16.7L min
-1

, 1µm cyclone (URG-

2000-30EHB, URG Corp., Chapel Hill, NC) (~5m above the ground), but the gas flow 

rate was adjusted to ~5L/min to achieve a size cut of ~2.5 µm based on the cyclone’s 

efficiency curve. The sampled air then passed through a diffusions dryer filled with silica 

gel (replaced/regenerated twice during the campaign) to remove moisture and maintain a 

relative humidity level below 12% before entering into the SP-AMS. The sampling line 

was in total roughly 3 m long assembled using ¼ - ½ inch stainless steel or copper tubing 

and proper fittings. 

The SP-AMS was carefully tuned including optimization of laser beam/particle 

beam alignment, instrument sensitivity and chemical resolution, etc. As the instrument 

has both thermal vaporizer and laser vaporizer, it was operated in a cycle consisting of six 

modes/menu settings (M1: Laser on V-mode; M2: Laser off V-mode; M3: Laser on W-

mode; M4: Laser off W-mode; M7: Laser on PToF-mode; M8: Laser off PToF-mode) 

(note the thermal vaporizer was always turned on and kept around 600 
o
C), with each 

mode lasting 2.5 min adding up to a total  cycle of 15 min. The V- and PToF-modes 

(under V-mode but with chopper running on ~2% duty cycle) have better sensitivity for 

mass quantification, while the W-mode has enhanced chemical resolution. The m/z range 

for M1 and M2, M7 and M8 and M3 and M4 was ~2000for fullerene soot measurement, 

~1000 specifically for particle size measurement and ~450, for improved separation of 

small m/z ions, respectively.  In order to determine the instrument detection limits for the 

measured aerosol species, two filtered ambient air tests were conducted on March 11 

(11am - 1pm) and March 23 (10am – 1pm), 2015. 
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The instrument was calibrated for mass quantification, e.g., ionization efficiency 

(IE), using size-selected monodisperse pure ammonium nitrate particles following the 

procedures described in Jayne et al. 
1
Different concentrations of aqueous solutions of  

NH4NO3were nebulized to generate particles, which were dried and size-selected (250 

nm and 300 nm) using a Scanning Mobility Particle Sizer (SMPS, TSI Inc., Shoreview, 

MN, USA) before entering into the SP-AMS.Relative ionization efficiency (RIE) 

ofammonium wasalso determined, and RIE of sulfate was calibrated using pure 

ammonium sulfate separately. The RIEs for nitrate, sulfate, chloride, ammonium and 

organics were 1.05, 1.18, 1.3, 2.99 and 1.4, respectively.  

For rBC (non-fullerene ions, C1
+
-C31

+
), with both thermal and laser vaporizers on, 

we determined its RIE by using Regal Black (REGAL 400R pigment black, Cabot Corp.) 

as the calibration material,
2
 and its RIE was determined to be 0.2.Since a series of 

fullerene soot-like (FS-like) ions (C32
+
-C160

+
) were observed, and they showed a very 

similar spectral pattern as the fullerene soot standard (Alfa Aesar, stock# 40971, lot# 

E23Q17, AAFS standard), we performed additional calibrations on the FS-like ions using 

the AAFS standard following the similar procedure for rBC(C1
+
-C31

+
) calibration. Since 

Regal Black and AAFS standard particles are water-insoluble, their solutions were 

atomized under sonication to maintain relatively stable aerosol concentrations. 

Particularly, for the mass calibration of FS-like ions, (1) we used the effective densities 

reported by Gysel et al.
3
 to calculate the mass of monodisperse AAFS standard particles 

delivered into the SMPS; (2) since the M7 setting which measures the size distributions 

of the AAFS standard particles can only measure the m/z up to ~1000, the masses of the 

FS-like ions (C32
+
-C160

+
) were scaled according to the mass fraction of <1000 fullerene 

ions to its standard full mass spectrum; (3) we considered that the content of fullerenes in 

the AAFS standard is 7.2 wt%. Finally, we derived a RIE for the FS-like ions of 5.0. 

Size calibration was performed by using the standard polystyrene latex (PSL) 

spheres (Duke Scientific Corp., Palo Alto, CA) with sizes across 100 – 700 nm range in 

the middle of the campaign, following the procedures detailed in Canagaratna et al.
4
 

Calibrations on ammonium nitrate, ammonium sulfate, rBC (C1
+
-C31

+
) were 

conducted in the beginning, middle and end of the campaign, while the FS-like ions 

calibration was conducted in the middle and end of the study as we didn’t anticipate their 
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occurrence prior to the measurement. 

 

Figure S1. The sampling site and its surroundings (Image was created based on 

Google Map: https://www.google.com/permissions/geoguidelines/attr-guide.html) 

 

Identification and mass calculation of FS-like ions 

As the FS-like ions have large m/z values, the ion separating ability is significantly 

decreased as the V-mode mass resolution is 2000 ~ 3000, the SP-AMS is still able to 

unambiguously identify and confirm the occurrence of FS-like ions, based on the 

following reasons.  

(1) The presence of organic ions with similar masses as fullerenes is highly unlikely 

(in particularly for ones >m/z 600). For example, as shown in Figure S8, there are only 

noises at ~m/z 720 when the laser is off; when the laser is on, significant peaks occur, 

indicating these peaks can only be vaporized by the laser, referring to refractory BC 

components in a traditional sense. In addition, if such large m/z species do present in an 

appreciable amount in ambient particles, they might be observed by other types of AMS, 

yet such species had never been reported.  

(2) As mentioned in the main text, another strong evidence for m/z 720 to be C60
+
, is 

that the signal intensity ratios between the 4 m/zs (720, 721, 722, 723) (in Figure 1 of the 

main text) match exactly the isotopic ratios of the C60 reference spectrum in the NIST 

database. This should be true for C70 cluster and other fullerene ions as every fullerene 

carbon cluster observed contains such 4 isotopic ions, and there are no other significant 

https://www.google.com/permissions/geoguidelines/attr-guide.html
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peaks are seen besides them.  

(3) The signals at m/z 720 and m/z 840 clearly stand out as “magic number” in the 

ion series, indicating the stable fullerene structures.
5
 Moreover, dominant carbon ions are 

spaced at 24 amu (i.e., two carbon atoms), with much weaker peaks spaced at 12 amu 

(i.e., one carbon atom), in accordance with the hollow-3D or closed structure and 

reactivity of fullerenes.
6
 

(4) Previously, 12 types of different rBC particles produced by industrial and 

combustion processes were measured using the SP-AMS, in order to explore the 

distributions of the carbon ions obtained by the SP-AMS for different rBC materials.
7
 

Their mass spectra were acquired under the similar conditions as we did during the field 

campaign presented in this work. Overall, we found that only the rBC materials with high 

content of fullerenes can yield significant fullerene ion signals. Thus, the occurrence of 

FS-like ion signals must indicate the presence of fullerene-related species. That said, by 

using the SP-AMS, we do measure fullerene ion signals when expected (in fullerene 

soot/black and C60), and not where no fullerenes are expected (in graphitic and 

amorphous carbon). 

For the mass calculation of the FS-like ions, we used the “UMR method” rather than 

the HR fitting. The HR fitting aims to apportion the total signal to different ions via a 

multi-peak fitting algorithm. As most ions are less than 200 amu, the HR fitting 

parameters, including peak shape and peak width, are determined based on selected small 

m/z ions. Note the signal of small m/zs is typically distributed within +0.15 amu around 

the integer m/z (such as 60-63 in Figure S2), yet the distribution pattern for the FS-like 

ions (such as 720-723) is very different – their peaks have large tails and can distribute 

over the full m/z. This feature means that the HR fitting parameters cannot accurately 

account for the signals of FS-like ions. On the other hand, the UMR method integrates all 

signals under the curve of a certain m/z as the amount of that m/z. Note the baseline 

parameters such as the stick region, should also be carefully modified in order to account 

for all signals. Clearly, in this case, the UMR method is more accurate than the HR 

method. For the AAFS standard, we used the exactly same approach, thus the 

quantification is consistent. 
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Figure S2. Examples of the signal distribution pattern of small (60-63) and large m/zs 

(720-723) 

 

Positive Matrix Factorization (PMF) analyses 

 The PMF analyses were conducted on the organic aerosol (OA) spectra (obtained 

under W mode with laser on, e.g., M3 setting) according to the principles outlined in 

Zhang et al.
8
 The analysis included ions with m/z up to 120 in this work. Six-factor 

solution was chosen as the optimal solution, with corresponding factor profiles, time 

series and diurnal variations shown in Figure S3. The six factors include three primary 

OA factors, hydrocarbon-like OA (HOA) that often relates with traffic activities, 

cooking-related OA (COA), industry-related OA (IOA), and three secondary OA factors, 

e.g., a semi-volatile oxygenated OA (SVOOA), a low-volatility oxygenated OA 

(LVOOA), and a specific local secondary OA (LSOA). The HOA is abundant in 

hydrocarbon ions, and the COA has significant oxygenated ions at m/z = 55 and m/z = 57; 

these spectral features and their diurnal patterns are both similar to ones identified in 

other locations.
9
 A specific IOA was separated in this study: this factor has a relative high 

fraction of CO2
+
, and its temporal variations behave very differently from HOA (r

2
= 0.03) 

and COA (r
2
 = 0.01) (although the diurnal trend of IOA is somewhat similar to that of 

HOA).  The SVOOA and LVOOA also have similar features with those identified by the 

AMS community:
10

 SVOOA has a smaller CO2
+
/C2H3O

+
 ratio while LVOOA has a 

larger CO2
+
/C2H3O

+ 
ratio; SVOOA correlates better with nitrate (r

2
= 0.53) than with 

sulfate (r
2
= 0.31) while LVOOA correlates better with sulfate (r

2
= 0.46) than with nitrate 

(r
2
= 0.26). In addition, an LSOA factor was also identified, accounting for relatively 

60                61               62               63                       720          721           722          723

Close

Open
Open

Close

Open-Close Open-Close
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smaller mass fraction (10%) of the total OA than other factors.  

For comparison, in the case of 5-factor solution (Figure S4), factor 4 (likely COA) 

has a high oxygen-to-carbon ratio of 0.31, and factor 1 and factor 2 (the two OOA factors) 

have the same O/C ratios of 0.46, and the correlation coefficient of factor 1 (likely 

SVOOA) with nitrate (r
2
= 0.35) is much worse than that of the SVOOA from the 6-factor 

solution with nitrate (r
2
= 0.53), all indicating the mixing effects of factor 1 (SVOOA) and 

factor 4 (COA). The 7-factor solution (Figure S5), on the other hand, clearly split the 

LVOOA factor into two OOA factors (factor 2 and factor 3) while retaining the basic 

characteristics of the other four factors. 

 

 

Figure S3.Mass spectra (left panel), diurnal patterns (middle panel) and time series (right 

panel) of the PMF factors (optimal 6-factor solution). 
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Figure S4. Mass spectra (left panel), diurnal patterns (middle panel) and time series (right 

panel) of the PMF 5-factor solution. 

 

 

Figure S5. Mass spectra (left panel), diurnal patterns (middle panel) and time series (right 

panel) of the PMF 7-factor solution. 
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Figure S6. (a) A screenshot of the real-time display of FS-like ions during measurement 

(concentrations displayed are not calibrated), and the average mass spectra for these FS-

like ions with concentrations of top 5% (b) and bottom 5% (c). 
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Figure S7. Measured C70
+
/C60

+
 ratios across the sampling period. 

 

 

Figure S8. Examples of the spectral signals with laser on (left panel) and laser off (right 

panel) of ambient particles around C33
+
 (m/z = 396), C50

+
 (m/z = 600) and C60

+
 (m/z = 

720). Significant signals exist at C33
+
-related ions even when the laser was off, indicating 

influences from non-fullerene organics; while interference from non-fullerene signals on 

C50
+
- and C60

+
-related ions is negligible when the laser was off. 
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Figure S9. Scatter plots and linear fits between mass concentrations of FS-like ions with 

rBC (C1
+
-C31

+
). 

 

Figure S10. Wind rose plot for the entire campaign. 
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Figure S11. Scatter plots and linear fits between the reconstructed and measured FS-like 

ions (a), and the reconstructed and measured rBC(C1
+
-C31

+
) (b). Data points are colored 

by time. 

 

 

 

Figure S12. Examples of the spectral signals with laser on (top panel) and laser off 

(bottom panel) of ambient particles around 
13

CC59
2+ 

(m/z = 360.5, red circle). Relatively 

clear peak can be observed in the mass spectrum with laser on. 
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Table S1. Correlation coefficients (r
2
) for the time-dependent mass concentrations for the 

fullerene soot and rBC (C1
+
-C31

+
) with other aerosol components. 

r
2
 Nitrate Sulfate Chloride HOA IOA COA LSOA SVOOA LVOOA 

FS-like ions 0.08 0.15 0.07 0.12 0.45 0.06 0.07 0.07 0.06 

rBC (C1
+
-C31

+
) 0.32 0.26 0.23 0.36 0.22 0.30 0.29 0.24 0.10 
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