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S1: Supplementary figures 

 

 
Figure S1: Study area map showing near-road trailer, transect roadway and upwind background site. Wind rose plot (inset) is shown for the 
I-40 summer campaign period (June 1 to June 30, 2015). Image: Google Maps 5 
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Figure S2: (a-d) Measured (point) and modeled (line) campaign-average VFR of PM0.4 (integrated volume; 10-400 nm) as a function of TD 
temperatures and residence times. Measurements were collected in summer 2015 at 10 m distance from the highway. The point is mean, and 
error bar is ± one standard deviation (~15 minute time resolution data) at each temperature and Rt condition. (e) The goodness of fit (sum of 
squared residuals; SSR) associated with evaporation kinetics model fits to campaign average observations over a wide ranging (ΔHvap γe) 5 
space. A larger marker size indicates a better fit. The x-axis of panel (e) represents ΔHvap as, ΔHvap = intercept-slope (log10C*) (e.g., 50-0 
on x-axis indicates intercept = 50 and slope = 0). Fitting approach is described in detail in Saha et al. (2015). Model lines in panels (a-d) are 
shown using the ‘best fit’ parameter values (ΔHvap = 100 kj mol-1, γe = 0.25, and corresponding fitted volatility distribution). 
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Figure S3: Particle number size distributions at different distances from highway I-40. Example measurements are shown from the I-40 
summer campaign. The background (bg) measurement was collected at approximately 400 m ‘upwind’ from the main roadside monitor 
station on the opposite side of I-40.  

 5 

 

 

 

 

 10 

 



5 
 

 
Figure S4: Ratio of particle number size distributions (dN/dlogDp) after heating at 60ºC in a thermodenuder (TD) to that at ambient 
temperature. Example measurements are shown from the I-40 summer campaign. Before ratio estimation, particle loss correction factors (as 
a function of size) were applied to the TD data. 
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Figure S5: Temperature sensitivity of gas-particle partitioning of semi-volatile emissions from motor vehicles. Partitioning calculation uses 
gasoline POA volatility distribution from May et al. (2013) (TD-GC-MS derived median distribution) and ΔHvap from Ranjan et al. 
(2012) and method as described in May et al.(2013) and Donahue et al. (2006). Xp refer the fraction of semi-volatile organic mass in 
the particle-phase. 5 
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Figure S6: Similar to Figure 2(c) in main text, showing analysis for the summer data set. Correlation between the downwind evolution of 
BC fraction and VFR of PM0.4 (at 180 ºC) after subtracting OA MFR (at 180ºC) measured at 10 m using TD/ACSM. 
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Figure S7: Comparison of diurnal average submicron ambient aerosol mass concentrations measured by SMPS with the concentrations 
measured by ACSM [organic aerosol (OA) + ammonium sulfate (AS) + ammonium nitrate (AN)] + PAX [black carbon (BC)]. Campaign-
average diurnal profile is shown from summer campaign. ACSM data were analyzed using a collection efficiency (CE) of 1 for all species. 
AS mass concentration (mas) is calculated as  𝟏𝟏𝟏𝟏𝟏𝟏

𝟗𝟗𝟗𝟗
× mSO4, where mSO4 is the mass concentration of sulfate (SO4). AN mass concentration 5 

(man) is calculated as  𝟖𝟖𝟖𝟖
𝟗𝟗𝟏𝟏

× mNO3, where mNO3 is the mass concentration of nitrate (SO4). SMPS mass concentrations were based on an 
estimated effective density of submicron aerosols of 1.5 cm-3.  The effective density is calculated by weighting fractional contribution of 
different species (e.g., campaign average: OA ~74%, AS ~13%, AN ~7%, and BC ~6%) with their respective densities. An effective density 
of OA of 1.45 g cm-3, estimated from a parameterization using elemental composition (O:C; H:C)  (Kuwata et al., 2012). Assumed densities 
for AS, AN, and BC were 1.77, 1.72 and 1.8 g cm-3, respectively. 10 
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Figure S8: (a-b) Campaign-average diurnal profile of traffic volume: a) heavy duty vehicle (HDV), b) total vehicle. (c-d) Campaign-average 
diurnal profile of SP2-measured BC size distribution: c) number-weighted distribution, d) mass-weighted distribution; MED is the mass 
equivalent diameter. SP2 data were collected at the roadside trailer (10 m from highway edge) during the I-40 winter campaign only. 
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Figure S9: Similar to Figure 3 in main text, showing average volatility spectra of 50, and 100 nm particles collected at 10 m distance during 
the I-40 winter campaign. 
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Figure S10: (a) Temporal variation of SP2-measured BC size distribution and volume-weighted SMPS size distribution after heating at 180 
ºC in a thermodenuder. (b) Temporal variation of the frequency distributions (histograms) of SP2 lag-time (Δτ). The analysis shown here is 
based on an example data set collected at 10 m downwind distance on February 10, 2016 with the wind consistently coming off of the 
highway. 5 
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Figure S11: Similar to Figure 7 in the main text, showing volatility classification of near-road particles measured at 10 m and 220 m at 
campaign-average ambient temperature of ~5 ºC in winter and ~30ºC in summer. Distributions of particle-phase material are shown using 
two broad volatility categories. Partitioning calculation used a ΔHvap of 100 kj mol-1, Clausius–Clapyeron equation and equlibrium 
partitioning theory (Donahue et al., 2006) for estimating volatility distributions at campaign-average ambient temperatures. 5 
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Figure S12: Similar to Figure 8b in the main text. In this analysis, traffic and background OA are apportioned from tracer m/z based factor 
analysis (Ng et al., 2011) of ACSM-measured mass spectra data at the roadside location. Hydrocarbon-like OA (HOA) is considered as 
traffic OA and oxygenated-OA (OOA) is considered as background OA. To be consistent with Figure 8, this analysis also considered data 
from the morning period on June 12, 2015. Figure shows distributions of OA mass loading (particle-phase only) as measured at 10 m 5 
downwind using ACSM (brown bar) and apportioned to vehicle emissions (grey) and background (green) volatility distributions using 
distributions from May et al. (2013a) and fits to downwind (220 m) TD data, respectively.  
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S2: Supplementary tables 

Table S1: Assumed TD kinetic model input parameters* 

Parameters  Value 
Density (kg m-3) 1100  
Diffusion coefficient (m2 s-1)  5 E-06  
Surface tension (J m-2) 0.05 
Molecular weight (MW) g mol-1 200 

*assumed values similar as used in May et al. (2013) for TD modelling 
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Table S2: TD-derived volatility distribution (at 25ºC) of near-road aerosols (particle-phase distribution) at 10 m and 220 m downwind 
distance from the highway I-40 during summer and winter 

logC* 

at  

298K 

aParticle-phase distribution (xi) 

Derived from fitting of observed evaporation of size-selected particles 

10 m 

(summer) 

220 m  

(summer) 

10 m 

(winter) 

220 m (winter) 

Combined 

(25,50,100 nm) 

100 

nm 

Combined 

(50,100 nm) 

50 

nm 

 -4 0.09 0.11 0.22 0.30 
-3 0.16 0.22 0.08 0.08 
-2 0.2 0.21 0.17 0.21 
-1 0.33 0.38 0.18 0.31 
0 0.12 0.05 0.27 0.08 
1 0.1 0.02 0.08 0.02 

aReported volatility distributions are fitted with  γe = 0.25 and ΔHvap = 100 KJ mol-1 combination 
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S3: Conversion equations for TD-fitted particle-phase distribution (xi) to total (gas+particle) distribution (fi) under a 
gas-particle equilibrium condition. 
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Here,  5 

Ctot,i (μg m-3): total vapor- and particle-phase mass concentration of compound i, 

C*
i (μg m-3): effective saturation concentration of compound i at a reference temperature (Tref) 

COA (μg m-3): total particle-phase organic mass concentration  

xi : mass fraction of compound i found in the particle phase 

fi : fraction of the total vapor and particle-phase contributed by species i 10 

 

Temperature dependent Ci
* is estimated from the Clausius-Clapyeron Equation (Eq. S3) 

,* * 1 1( ) ( ) exp vap i ref
i i ref

ref

H T
C T C T

R T T T

  ∆
= −        

[Eq. S3] 

where ΔHvap (kJ mol-1) is the enthalpy of vaporization, R the gas constant, and Tref  the reference temperature (298 K). 
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