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Measurement of Black Carbon: SP2

o SP2 (single Particle soot Plﬁotometer): Particle~bg~[:>artic|e instruments
o High spechcicitg towards soot (black carbon)

Incandescence
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SP2 Provicles complimentarg information to aerosol lig]ﬁt absorPtion enabling

calculation of mass light absorl:)tion cross-section (m%/ g) :
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June 28 -- Mass Absorption Cross~section
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MAC (700 nm): 16.3 m’/g
MAC (550 nm): 22.0 m’/g
MAC (450 nm): 29.2 m°/g
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Measurement of Black Carbon Mixing State

Approach to Probing the mixing state of BC:
J Compare the temporal Protiles of the scattering and incandescence signals

» I both signals nomina”g Peak at the same time, then coating ~ O

» I the incandescence signal ‘lags’ the scattering signal, then coating# O

Scattering
(Particle oPtical diameter)

Incident Laser
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lncanclescence

(soot mass equivalent diameter)
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Aerosol Science: Black Carbon Mixing State
Probing BC mixing~5tate Using Lag~time

Moteki and Kondo, 2007; Subramanian et al., 2010

AT = T docconce = T scattering = time to ‘boil off coating
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Dailg Variation in Coating Thickness: June 28
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Morning to Afternoon Observations:

Decrease in number of thicklg coated

Particles

Increase in number of coated Particles with

larger cores

| ess BC (mass) in afternoon

Bimodal distribution in t

ne morning, (ageci and nascent soot)

Growth of coating in the afternoon.




Measurement of Black Carbon Mixing State

More quantitativc aPProach to Probing the mixing state of BC:

ComPare the oPtical diameter (scattering channel) with the mass equivalent diameter
(incandescence channel) .

» I both diameter estimates are the same, coating thickness ~ O

» I oPtical diameter > MED, difference equal to the coating thickness

Scattering

Incident Laser
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100628b -~ Core-Shell estimate of MAC

Estimation of coating thickness.

E 120 15 nm; Morning /
o ] : Optical detection window: 175 — 350 nm
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Reconstructed ClMcoatechore/ c”ogDP & Calc'd

Absorl:)tion Enhancement

e Coals ng growth fixed bg AM to PM SP2

— : : — observation
—14.5 , .
2000 - /\ »[225 nm . Slmple condensation model used to
: 5 4.0 reconstruct coated-core distr. starting from
_ 1500 las uncoated BC observation
=) T a
S S ,
S 1505 | RI(core):1.85 - 071 (Bond et al., 2007)
S 10001 -
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Brookhaven Science Associates NATIONAL LABORATORY



Potential Explanation for Mocﬂel-fixperiment
Discrepancg: OA bias in PSAP

June 28, 2010 ~ afternoon Lack etal. 2008)
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Organics —ppo
a 2 o SR ° 4
BC 0 < B0 o
Chl % o 20 23
3% :
1.0
6% | © Tho W% 8 %
¥ [Rural / |Urban / | Urban Houston Shipping Channel Mega Cities
b |Remote | Downwind |
0.0 ¥ T ¥ T ¥ T ¥ T d T ¥ T
0 4 8 12 31(5 20 24
OA (ugm”)
Average Org loacling: 12 pg/m? OA |oading of 12 Hg/m’> (Rps ™ 2)

Factor of 2 artifact estimated in PSAP measurement
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Estimaty ng of Coati ng Thickness: ti me~dependent
scatterin g cross~sections

As the Par’cicle travels througfh the laser beam, liglﬁt absorption results in Particle
heating which in turn causes loss of coating material (Ain o)

Issue: How do we estimate the unperturbecl Particle diameter?

Examine the lineshape of scat’cering signal (Moteki and Kondo 2008)

Assumptions:
dagtcat — 0 : Scatteringlineshape will reflect Gaussian shal:)ecl laser beam
dO;;at £ : Marked deviation from the Gaussian lineshape due to material loss
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T me~DePen<:lent Scatter ng Cross-Sections

E‘xamples

I I
— Reconstructed Signal
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Ti me~DePenclent Scatter ng Cross-Sections

Examples
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Normalize Derivative method detects the
presence of sma”er, more thicklg coated

Particles that would otherwise be missed

Preliminarg c]ualitative assessment indicates
add’l increase in Positive radiative Forcing due to

lensing effect (coating)

The normalized derivative method extends the

Glgnamic range of the sP2 coating measurement.
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Summarg

* June 28, 2010:

Bimodal coated-core size distribution observed in AM not Present in PM
Rela’civelg fast coating growth observed

2X &iscrepancg observed between Predicted light absorption enhancement and
measurement -~ OA bias in PSAP?7?

Observation of BC without accompanging CcCO

e Normalized Derivative method for Estimating BC coating thickness

lmplementation very recentlg completecl. APPIication on CARES datasets (Flight
ciags 100628; 100615) will begin inthe very near future
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