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Scattering

Incandescence

Probe BC structure:  
‣ Probe coating thickness: optical and BC mass equivalent diameters
‣ Examine temporal profiles of the scattering and incandescence signals

Incident Laser

Probing BC Particle Structure
Schwartz et al., 2006; Moteki & Kondo, 2007, Subramanian et al., 2010

• Particle-by-particle instrument (number conc; mass conc; dN/dlogDp; dM/dlogDp)

• High specificity towards ‘refractory’ black carbon (rBC)



Proxy for Coating thickness: Incandescence Lagtime

�⌧ = τincandescence - τscattering = time to ‘boil off’ coating

Moteki and Kondo, 2007; Subramanian et al., 2010
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BNL-IOP: August 2, 2012

Characterized by two episodes: A and B

• Large increase in the mass conc of BC were observed
• 246±53o for episode A and 272±24o for episode B
• Pronounced increase in Dmedian, BC for < 80 nm to near 100 nm in episode B
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Episode A is dominated by short lagtimes for 
larger diameter rBC (thinly-coated) with some 
longer lagtimes associated with smaller diameter 
rBC (thickly-coated).

Lagtime behavior for this Plume Reveals Unique Insights

Episode B is characterized by negative lagtimes 
along with a bimodal distribution of positive 
lagtimes (thin/thick-coated rBC)
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Proxy for Coating thickness: Incandescence Lagtime

Δτ = τincandescence - τscattering = time to ‘boil off’ coating
Moteki and Kondo, 2007; Subramanian et al., 2010

Negative lagtime (Sedlacek et al., GRL 2012)

• Most of scattering occurs after incandescence. 

• Complex scattering signal contains information 
on particle break up.
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Negative Lagtimes and Fracturing of Coated BC Particle

Moteki and Kondo (AST, 2007) observed similarly complex 
scattering signals for thickly-coated graphite:

1.Evaporation rate of coating at the core-coating interface 
is faster than at the outer surface.

2.Coated particle breaks into BC core and coating material.
3.‘Denuded’ core immediately undergoes incandescence while 

the rBC-free coating continues through laser.
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Pronounced asymmetry in the scattering amplitudes is 
attributed to rBC located near or at the surface of the 
‘host’ material.
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FIG. 16. Waveforms of LII and scattering signals of thick-coated graphite: (a) Type A and (b) Type B signal for glycerol-coated graphite particles with Dc =
150 nm and Dp = 600 nm.

Ssc(t) (Figure 16a) occurs in this period, (2) the coated parti-
cle breaks up into a graphite particle and a remaining organic
particle, and (3) the graphite particle immediately heats up to
vaporization temperature and incandesces. The organic particle
no longer evaporates and continues to move inward with respect
to the Gaussian laser beam, resulting in the second peak of the
Ssc(t) (Figure 16a). In this case, the position of the second scat-
tering peak is considered to be the center of the Gaussian beam.

5. MODEL

5.1. Model Description
In this section, we discuss important features of the observed

Sbb(t) and Ssc(t) of organic-coated graphite particles by com-

FIG. 17. Count fractions of Type A signals of organic-coated graphite parti-
cles with Dc = 110, 150, and 200 nm plotted versus Dp .

paring them with theoretical calculations. A time-dependent LII
model was developed to analyze the dependence of Sbb(t) and
Ssc(t) on Dc, Dp, and coating material. There are a number of
studies on the modeling of the physical processes (e.g., tempo-
ral development of temperature and evaporation rate) controlling
the LII signal for uncoated soot or graphite (Schulz et al. 2006,
and references therein). LII and scattering signals obtained by
the SP2 have been modeled by Stephens et al. (2003), accounting
for only uncoated graphite particles.

This is the first study of modeling of the LII and scatter-
ing signals of internally mixed particles. Here, details of the LII
model used in this study are described. Energy transfer processes
that determine the internal energy of a coated graphite particle
are the heating of the particle by light absorption and cooling
by (1) heat conduction to ambient air, (2) radiative emission
(incandescence), and (3) evaporative heat loss. First, changes in
temperature, T (t), are calculated from energy conservation. The
evaporation rate of particles is calculated assuming equilibrium
vapor pressures at the particle surface followed by diffusion of
the vapor to the surrounding air. T (t) and Dp(t) are calculated
by solving the simultaneous equation for energy and mass con-
servation at each time step. Equating the rate of change of the
internal energy to the sum of the rates of heating and cooling,
we obtain energy conservation equation

C p
dT
dt

= 2 ·
πD2

p

4
Qabs I (t) − πD2

phN (T − T∞)

− πD2
pεtotσSB

(
T 4 − T 4

∞
)
+ $Hv

Mv

dm
dt

[12]

T and T∞ are the temperatures of the particle and ambient air,
respectively. T∞ was fixed at 300 K, close to the temperature
of the SP2 chamber. εtot is the total emissivity of the particle



Source of Negative Lagtimes: rBC near surface of particle

nascent particle 
enters laser beam

coating material at core/
coating interface 
vaporizes

vaporized material 
fractures particle early 
in laser

Denuded BC incandescences & 
pure scatters continue through 
laser beam

Asymmetric scattering amplitudes could be explained by a rBC core that is located near the 
surface

Incandescence

direction of particle in laser (time) ➠

TEM analysis of Mexico City soot by Adachi et al., (2010) reported that:
        “long distances between the mass centers of the soot and those of the host particles suggest that    
        most soot lies near the surface rather than center of the host particles.”

What is the origin of near-surface rBC-containing particles?



Episode B Contains Markers for Biomass Burn 

Likely formation mechanism is condensation 
of organic material onto rBC particles
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What is the potential source for these 
biomass burn markers?



Potential Aerosol Source for Episode B
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Lake Winnipeg

Three-day back trajectory calculations suggest that the advected air mass should contain telltale signs 
of biomass burning (BB). 

Are near surface rBC-containing particles unique to biomass burns?
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June 19, 2010, DOE G-1 crossed a grass fire plume at 01:30

Arizona/New Mexico wildfires provided a target of opportunity during StormVEx

J. Cahill & K. Prather/UCSD 
ATOF-MS for BB markers
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Near Surface rBC: Supporting Material - StormVEx

Preliminary Analysis

WildFires

• Increase in Φnear surface of >2x at Storm Peak lab in 
June due to wildfires.  Observation consistent 
with earlier finding (Sedlacek et al., 2012).  
Christie Peak shutdown in May.
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• Consistently higher Φnear surface at Christie Peak 
is tentatively ascribed to the influence of 
residential wood burning. 
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Diurnal Variation of Near-Surface Fraction of rBC

Christie Peak
Storm Peak

Preliminary Analysis

• Due to growth of boundary layer, valley emissions extend to Christie Peak.

• Increase in near-surface fraction of rBC tentatively ascribed to residential wood burning emissions.

• Free troposphere contains < 5% near-surface rBC-containing particles.
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Conclusions

Nugget 1: SP2 can provide details into the structure of rBC at high-time resolution  
• Optical diameter method can quantify coating thickness for the core-shell configuration
• Lagtime method can probe for the presence of near-surface rBC-containing particles

Nugget 2: Near-surface rBC-containing particles appear to be associated with biomass burning

Follow on research questions  
• How common is this class of near-surface BC containing particles?

40% of BC emissions are from biomass burns; 20% from open-pit cooking

• What is the impact of near-surface rBC containing particles on radiative forcing? 
Buseck and co-workers (Adachi etal.., 2010) have calculated a 20% reduction in soot direct 
forcing due to non-concentric core-shell configuration

• What kind of experiments are needed? 
Field campaign focused on biomass burns (proposal invited for submission)
Laboratory-based studies (Boston College study starting in spring of 2012)
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