
S1 
 

Supporting Information for 

Molecular Characterization of Composition and Volatility of Ambient Organic 

Aerosol Sampled by an UAV-mounted Portable Aethalometer 

Qiaorong Xie,1 Eli Windwer,4 Isaac S. Morton,3 Kelsey E. Lavin,1 Emily R. 
Halpern,1 Dori Nissenbaum,4 Sergey A. Nizkorodov,5 Yinon Rudich,4 Alexander 
Laskin1,2* 

1 Department of Chemistry, Purdue University, West Lafayette, Indiana, 47907, United States 

2 Department of Earth, Atmospheric, and Planetary Sciences, Purdue University, West Lafayette, 

Indiana, 47907, United States 

3Davidson School of Chemical Engineering, Purdue University, West Lafayette, Indiana, 47907, 

United States 

4Department of Earth and Planetary Sciences, Weizmann Institute of Science, Rehovot 76100, 

Israel 

5Department of Chemistry, University of California, Irvine, Irvine, California 92697, United 

States 

*Corresponding author: alaskin@purdue.edu  

 



S2 
 

Table of Contents 

Supplemental Note 1. Filed Deployment and Real-time Measurements. 

Table S1. The table shows MA200 instrument-specific MAE (mass absorption efficiency) 
values for each wavelength, as given by the MA200’s manufacturer. 

Figure S1. Sampling location and an unmanned aerial vehicle (UAV) platform used for 
aerosol measurements. 

Figure S2. The particle number size distribution measured during Lag BaOmer event with a 
Scanning Mobility Particle Sizer (SMPS) located at the ground. 

Figure S3. UAV-based sampling and analysis of organic aerosol. 

Figure S4. Arrhenius plots of ln(IT − IT0) versus 1/T (K−1) of three selected species of 
C14H28O2, C17H34O4, and C18H36O3 in the aerosol samples collected at (a) 200 m and (b) 15 m. 

Supplemental Note 2. Construction of VBS distributions. 

Supplemental Note 3. Viscosity, diffusion coefficient, and e-folding time calculations. 

Supplemental Note 4. Molecular composition of OA from burning urban materials.  

Figure S5. The double bond equivalent (DBE) values vs. number of carbon atoms 
corresponding to the components of OA samples from burning urban materials.   

Supplemental Note 5. VBS distributions and gas-particle partitioning of OA mixtures 
under variable T and tOM conditions. 

Figure S6. (a-c) Volatility basis set (VBS) distributions for components of 200 m mixtures, 
calculated at constant mass loading of tOM = 100 µg m-3 decreasing temperatures (278 K, 288 
K, and 298 K); (d-f) at constant T = 298K and decreasing total organic mass (tOM) loadings 
(100, 10, and 1 µg m-3).  

Figure S7. The comparison of VBS distribution for OA components in samples from (a) 200 
m and (b) 15 m mixtures.  

Supplemental Note 6. Viscosity of OA mixtures as a function of RH and T. 

Figure S8. (a, b) The VBS distributions incorporate the information on viscosity values 
calculated for individual components identified in the mixtures at 200 m and 15 m under 
conditions of T=298 K and tOM=30 µg m-3. Each bin in the VBS distributions is color-coded 
to represent contributions of components with varying viscosity ranges. (c-d) Viscosity maps 
of OA mixtures at 200 m and 15 m as a function of T and RH.   

References  



S3 
 

Supplemental Note 1. Filed Deployment and Real-time Measurements. 
 

Black and Brown Carbon concentrations and absorption coefficients. Atmospheric mass 

loadings and absorption coefficients of black carbon (BC) and brown carbon (BrC) were 

determined using the MA200 micro-aethalometer, which continuously collects ambient aerosol 

particles onto a Teflon filter tape at a flow rate of 0.1 L min⁻¹. Particles larger than 2.5 µm are 

removed by a microCyclone™ PM2.5 cyclonic separator before deposition. Aerosol deposition 

occurs at a specific spot on the tape, where light absorption is measured at five distinct wavelengths 

using photomultiplier tubes (PMTs). In 'DualSpot' operational mode, two distinct regions of the 

filter tape are simultaneously exposed to aerosol flows at different face velocities, allowing for 

real-time correction of uneven particle loading. The mass concentration of light-absorbing carbon 

(LAC), expressed as BC-equivalent, is calculated via Equation S1: 

𝐶BCeq, (mass = 𝑓 .abs, 0
1ATN, 0 MA200

                          (S1) 

where, mass
BCeq,C l  is the equivalent black carbon mass concentration in units of -3g m at wavelength 

λ; abs,λa  is the absorption coefficient of LAC at wavelength λ in units of Mm-1; ATN, (MA200)ls  

is the specific attenuation cross-section in units of 2 -1m g , provided for the MA200 by the 

manufacturer (Table S1); f is a multiple scattering coefficient, empirically calculated as 1.3 for 

the MA200 when running the dual-spot correction mode, compensating for the filter's effect. 

 

Table S1. The table shows MA200 instrument-specific MAE (mass absorption efficiency) 

values for each wavelength, as given by the MA200’s manufacturer. 

Wavelength name Wavelength [nm] MAE [m2 g-1] 

UV 375 24.069 

Blue 470 19.070 

Green 528 17.070 

Red 625 14.091 

IR 880 10.120 

 

Measurements at 880 nm are interpreted as presenting BC concentrations, while measurements 

at other wavelengths capture contributions from both BC and BrC. The absorption contributions 
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of BC and BrC were deconvoluted using the approach described by Li et al.1. Absorption 

coefficients were calculated using Equation S2. 

αabs, λ =
:BC, λ
mass⋅1ATN, λ MA200

<
                            (S2) 

The total LAC absorption coefficients were fitted to the power law based on Equation S3: 

αabs, λ = α=λ>??@                              (S3) 

where AAE is the Absorption Ångström Exponent (unitless) and 0a is a specific coefficient in 

units of Mm-1. AAE represents the spectral dependence of LACs in the sample.2 The fit produced 

the following relations: αABCDEF λ = 2.99 ⋅ 10J ⋅ λ>D.E= (RMSE = 2.11) and  αABCK==F λ = 2.34 ⋅

10E ⋅ λ>D.KK (RMSE = 2.41) for 15 and 200 m altitudes, respectively. 

BC is characterized by AAE=1.3, 4 However, for the MA200 micro-aethalometer, a corrected 

AAE value of 1.02 has been established for BC. Absorption at longer wavelengths (e.g., 880 nm) 

is attributed exclusively to BC, as the contribution of BrC at these wavelengths is considered 

negligible.5, 6 Consequently, the absorption contribution of BC across the 375–625 nm range can 

be determined using by Equation S4: Consequently, the absorption contribution of BC across the 

375–625 nm range can be determined using Equation S4. 

.BC, 0
.abs, OOP

= (
QQ=

>D.=K
                           (S4) 

where αBC, ( is the absorption coefficient attributed to BC only. 

The difference between the total LAC absorption and the BC absorption is attributed to BrC, as 

defined by Equation S5: 

αBrC, ( = αabs, ( − αBC, (                          (S5) 

where, AAE values for BC and BrC are determined by fitting the obtained αBrC, ( and 

αBC, (	data. The relationships for BC absorption at 15 m and 200 m altitudes are given by: 

𝛼V:DEF 𝜆 = 1.20 ⋅ 10E ⋅ 𝜆>D.=K  and 𝛼V:K==F 𝜆 = 5.57 ⋅ 10Z ⋅ 𝜆>D.=K. These fits exhibit an RMSE 

of 0, consistent with the assumption that BC absorption follows an AAE of 1.02, as defined by 

Equation S4. For BrC, the best-fit absorption relationships are:  𝛼V[:DEF 𝜆 = 2.73 ⋅ 10D= ⋅ 𝜆>\.K\ 

(RMSE = 4.46) and 𝛼V[:K==F 𝜆 = 1.17 ⋅ 10] ⋅ 𝜆>K.DE (RMSE = 3.14). These results highlight the 

distinct spectral dependencies of BrC absorption at the two altitudes. The complete code used for 

fitting and analysis is available at https://doi.org/10.5281/zenodo.15475227. 
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Mass concentration analysis. The OPC-N3 is a compact Optical Particle Counter that measures 

particle size distributions in real-time. Ambient air is drawn into the optical chamber, where 

particles scatter light from a 5–8 mW laser operating at a wavelength of 658 nm. This light 

scattering is used to determine particle diameters at a rate of up to 10,000 particles per second. The 

onboard electronics classify the measured particle sizes into 24 bins, covering a size range 0.35 to 

40 µm. 

Binned particle number size distributions (PNSD) were measured by the OPC-N3 at each 

altitude. The raw binned data has been processed using the standard dN/d(logDp) format and 

averaged over the flight duration at each designated altitude after signal stabilization. Mass 

concentrations were directly obtained from the OPC-N3, with PM1, PM2.5, and PM10 values 

calculated using an assumed particle density of 1.59 g cm-3. 

Mass absorption coefficient calculation. The mass absorption coefficient of OA at a specific 

wavelength (λ), denoted as MACOA, λ, is calculated using the absorption coefficient (αBrC, () and 

the mass concentration of OA (MOA):  

 

𝑀𝐴𝐶	a?,λ = αBrC, λ/𝑀𝑂𝐴                          (S6). 
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Figure S1. Sampling location and an unmanned aerial vehicle (UAV) platform used for aerosol 

measurements. (a) A satellite image of the Weizmann Institute of Science (WIS) campus. The red 

octagon marks the UAV flight range location, at the center of the campus. The inset map shows 

WIS in relation to major Israel cities and the Mediterranean Sea. The map was produced by 

ESRI/ArcGIS. The WIS campus features low-rise buildings and is bordered by the city of Rehovot 

to the south and a High-Tech industrial area to the north, which is comprised mostly of office 

buildings. A train station is situated between the campus and the High-Tech park. Open agricultural 

fields lie to the east and west, with the Mediterranean Sea 12 km to the west. (b) Configuration of 

the UAV during the experiment. The MA200 UAV is mounted in a blue chassis. A black inlet tube 

connects the micro-cyclone and dryer unit. The optical particle counter (OPC-N3) is positioned at 

the top of the assembly. 

(a) (b)
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Figure S2. The particle number size distribution measured during Lag Ba’Omer event with a 
Scanning Mobility Particle Sizer (SMPS) located at the ground. The red frame is the Lag Ba’Omer 
event period, and the samples (LBB2 and LBF2 at flight altitudes of 15 m and 200 m) collected 
during this period are selected as the case samples for TPD-DART- HRMS characterization. 

 

Figure S3. UAV-based sampling and analysis of organic aerosol. (a) UAV was equipped a micro-
aethalometer to collect the OA samples at altitudes of 15 m and 200 m. (b) Light absorption data 
obtained from micro-aethalometer. (c) Progression of (−)DART-HRMS spectra of an OA sample 
collected by micro-aethalometer, averaged over the annotated temperature intervals of the TPD 
experiment. The thermal desorption temperature profile (red line) is overlaid on the secondary y-
axis. 



S8 
 

 

Figure S4. Arrhenius plots of ln(IT − IT0) versus 1/T (K−1) of three selected species of C14H28O2, 
C17H34O4, and C18H36O3 in the aerosol samples collected at (a) 200 m and (b) 15 m. Orange 
symbols denote linear regions used to fit (red dashed lines) the data using Clausius−Clapeyron 
equation and calculate the apparent enthalpies of solid-to-gas transitions, shown in legends. The 
color scale reflects viscosity values calculated for each species as a function of temperature during 
the TPD run. 
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Supplemental Note 2. Construction of VBS distributions. 

    The VBS framework, a method that segments the volatility spectrum of OA components into 

distinct bins,7, 8 is utilized to describe the entire range of saturation vapor pressures within the 

system. Based on their C*
T values, individual species (i) are grouped into a series of bins (j), 

defined by integer values of (logC*)j. The relative heights (HT,j) of VBS bins j are calculated as the 

sum of the mass fractions of species contained within each bin, normalized to the sum of heights 

across all bins, expressed by Equation S7: 

𝐻e,f =
[ <hh :h ]j

∗
l

[ <hh :h ]j
∗
ll
	, where 𝐻ff = 1                   (S7) 

where fi is the mass fraction of species i, derived from TPD-HRMS thermogram using Equation 

S8: 

𝑓m =
nh×ph×qrh

nh×ph×qrhh
			𝑤ℎ𝑒𝑟𝑒	 𝑓mm = 1     (Eq. 8) 

where MWi is the molecular weight of the detected neutral species (i); hi represents the integrated 

area of the single ion thermogram (SIT) corresponding to its characteristic parent ion; si represents 

a sensitivity factor accounting for the relative ionization efficiency of each species. For the 

laboratory generated BBOA mixture, our previous study9 has shown that σᵢ values can be 

approximated to be uniform, allowing them to cancel out in both the numerator and denominator 

of Equation 8. 

  The particle-phase mass fractions of aerosolized SOA mixtures for each individual bin j are 

then computed using the constructed VBS distributions. This calculation takes into account 

different values of the total organic mass (tOM) loadings in the air (e.g., 1, 10, 100 µg m-3) using 

the following equation (Eq. S9): 

𝑋fx = 𝐻f×
:yz{

:yz{	|	 :j
∗h

h
                                  (S9) 

where CtOM is the total organic mass loading; 𝐶e∗m  is the temperature-dependent saturated mass 

concentration of component (i) with volatility within bin j.  
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Supplemental Note 3. Viscosity, diffusion coefficient, and e-folding time 
calculations. 

  The glass transition temperature (Tg,i) of each organic component (i) is estimated using a 

parameterization method based on the number of carbon (𝑛:), hydrogen (𝑛~), and oxygen (𝑛a) 

atoms in the corresponding elemental formula. The estimation employs Equation S10 shown below 

along with parameter values for 𝑛:= , 𝑏: , 𝑏~, 𝑏:~, 𝑏a, and 𝑏:a listed in previous reports.10  

𝑇�,m = 𝑛:� + ln 𝑛: 𝑏: + ln 𝑛~ 𝑏~ + ln(𝑛:) ln 𝑛~ 𝑏:~ + ln 𝑛a 𝑏a + ln 𝑛: ln	(𝑛a)𝑏:a 

(S10) 

  The glass transition temperature (Tg(worg)) of OA mixtures in a form of aerosolized particles 

containing water is estimated using the Gordon-Taylor equation S11:10, 11 

𝑇� 𝜔�[� = 	
D>���� e�,�|	

�
��j

����e�,���

D>���� |	 �
��j

����
			                  (S11) 

  Here, worg is the organic mass fraction in the OA particles containing water, computed as worg 

= mOA /(mOA + mH2O), where mOA and mH2O are particle phase masses of SOA and water, 

respectively. For each of the environmental conditions of T (K) and tOM (µg×m-3) considered, 

mOA is calculated by summing the particle-phase mass fractions across all bins j comprising the 

corresponding VBS distribution. Values of mH2O are subsequently calculated for OA-water 

aerosol mixtures equilibrated at various RH using the modified Kohler theory,12 assuming the 

effective hygroscopicity parameter of κBBOA = 0.057 ± 0.07.11, 13 The glass transition temperature 

(Tg,org) of the aerosolized OA mixture is calculated as 𝑇�,�[� = 𝜔mm 𝑇�,m, where wi represents the 

mass fraction of each component i present in the VBS-calculated particle phase.14 The glass 

transition temperature of pure water (Tg,w) and the Gordon-Taylor constant (kGT) were set as 136 

K and 2.5, respectively.15 

  The viscosity (h, Pa×s) of individual organic components and their mixtures have been 

calculated from Tg,i and Tg,org, respectively, using the Vogel-Tammann-Fulcher equation (Eq. 

12):10 

𝑙𝑜𝑔𝜂 = 	−5 + 0.434 eP�
e�>eP

                          (S12) 
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where T0 is the Vogel temperature (T0 = 39.17×Tg/(D + 39.17) and D is the fragility parameter, 

assumed to be 10 when Tg < T.10 Finally, viscosity values derived for mixtures of interest are used 

to calculate their corresponding diffusion coefficients (Db) using the Stokes-Einstein equation S13:  

𝐷� = 	
�e
J�A�

                                  (S13)    

where k is the Boltzmann constant (1.38´10-23 J K-1) and a is the effective molecular radius 

approximated as 1 nm.15, 16  

  The characteristic e-folding times (tmix, s) for OA mixtures were calculated with the following 

Equation S14:17 

𝜏Fm� = 	
���

Z�� � 
                              (S14)    

where 𝑑¢ is the particle diameter. 
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Supplemental Note 4. Molecular composition of OA from test burns of 
commercial urban materials. 
 

 

Figure S5. The double bond equivalent (DBE) values vs. number of carbon atoms corresponding 
to the components of OA samples from thermal dfecomposition of urban materials, i.e., carpet,18 
manufactured wood, insulation, and vinyl tile, detected by TPD-DART-HRMS. Lines indicate 
DBE reference values of linear conjugated polyenes CxHx+2 (orange line), cata-condensed PAHs 
(brown line), and fullerene-like hydrocarbons (black line). Data points inside the orange shaded 
area are potential BrC chromophores.19 Sizes of the individual points are arbitrarily scaled to the 
cubic root of the corresponding MS peaks intensities. Occasional datapoints located above the 
fullerene-like limiting line correspond to highly aromatic N-containing species. 
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Supplemental Note 5. VBS distributions and gas-particle partitioning of OA 
mixtures under variable T and tOM conditions. 

 

Figure S6. (a-c) Volatility basis set (VBS) distributions for components of 200 m mixtures, 
calculated at constant mass loading of tOM = 30 µg m-3 decreasing temperatures (278 K, 288 K, 
and 298 K); (d-f) at constant T = 298K and decreasing total organic mass (tOM) loadings (100, 10, 
and 1 µg m-3). Pie charts indicate the total gas-phase and particle-phase mass fractions. 
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Figure S7. The comparison of VBS distribution for OA components in samples from (a) 200 m 
and (b) 15 m mixtures, calculated at T= 298 K and tOM=100 µg m-3. Literature values of 
BBOA_PO3 (c) and BBOA_PO1 (d) in lab studies detected by TPD-DART-HRMS20 and ambient 
BBOA_121 (e) and BBOA_222 (f) from field studies detected by aerosol mass spectrometer, as well 
as the urban OA (g)23 and anthropogenic (h)24 OA are shown for comparison. Light and dark colors 
indicate the gas-phase and particle-phase fractions, respectively. 
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Supplemental Note 6. Viscosity of OA mixtures as a function of RH and T. 
 

 

Figure S8. (a, b) The VBS distributions incorporating information on viscosity values calculated 
for individual components identified in the mixtures at 200 m (a) and 15 m (b) under ambient 
conditions of T=298 K and tOM=30 µg m-3. Each bin in the VBS distributions is color-coded to 
represent contributions of components with varying viscosity ranges. (c-d) Viscosity maps of OA 
mixtures at 200 m (c) and 15 m (d) as a function of T and RH.  
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