NRC.CANADA.CA

NC-CN3C

Quantifying light absorption by
black carbon (BC),
brown carbon (brC),

& nanochar Today:

1. Why should we care about
nanochar in [wildfire] smoke?

Joel.Corbin@nrc.ca & Tim Sipkens

2. Can a simple theory quantify

Aerosol & Gas Metrology the “brownness” of carbon?

National Research Council
Ottawa ON, Canada

1+

National R h G il national d
Bl Coindi Canaga " recherches Ganaca Canada




Part 1
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The Char Continuum Mature
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“Char” is a widely recognized form of BC in geochemistry

The Combustion Continuum

-
P . ! slightly
article Fuel ) Combustion Combustion g‘) charred charcoal
Type Residues Condensates % biomass
Material I . g formation T| low —> high
Terminology |PaPer Wood J| Char Charcoal | =Ll S
! ' size mm and larger —— ;TJnl;n:?cron submicron
(O/C)a 0.8 0.6 0.4 0.2 0
. . plant abundant  significant few none
Hedges et al., Organic Geochemistry, 2000 structures presence
(940 citations) reactivity high > low
“Like soot, char comprises partially graphitized carbon and is ronival soils soils and atmosphere —
therefore also highly light absorbing, insoluble, thermally
refractory, and resistant to chemical degradation. However, unlike paleotracer | short short short long (up to
range (meters) (mtokm)  (mtokm) 1000s of km)

soot, char is formed by fuel carbonization rather than gas-to-
particle synthesis, thus its morphology and composition reflect its Fig. 1. The black carbon combustion continuum.

parent fuel rather than its formation mechanism alone”

Masiello, Marine Chemistry, 2004
(1060 citations)



The Char Continuum
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Microchar aerosols

Diesel soot & Coal soot - Coal char

Many other
examples...

Chen etal.,, 2005 Coal char Residual-fuel char Residual-fuel char



N dNoC h dl aeroso I S Table from Corbin et al., 2026 (submitted)

Name Source

Black carbon / heavy liquid-phase Flame-free smoke from iQoS heated tobacco
hydrocarbons product

Biomass burning (e.g. wildfires)
Gray carbon

Tar balls, Dark-brown carbon, methanol-  Bjomass burning, marine engines, residual fuel
insoluble brC

Primary droplets ejected from transient liquid
Primary “oil” droplets phases during biomass burning
Brown, amorphous-carbon spheres Biomass burning, marine engines, residual fuel
Intermediate [BC/brC] absorber spheres ~ Biomass burning
Extremely low volatility organic Biomass burning
compounds

Micro-char cenospheres Marine engines




Primary droplets generated during cellulose pyrolysis

mCorbln 2 26 submitted)

Source

Flame-free smoke from iQoS heated
tobacco product

e

-4

i BB (Biomass burning; e.g. wildfires)

Liquefied
/‘ . cellulose!

BB, marine engines, residual fuel

Primary . Primary droplets ejected from
droplets transient liquid phases during BB

BB, marine engines, residual fuel
BB
BB

Andrew et al,, 2016 1



Prof. Kittelson’s 2"d mode: nanochar from carbonized fuel-droplet residues?
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Numerous recent studies indicating nanochar’s atmospheric importance

nature geoscience

Article https://doi.org/10.1038/541561-026-01972-9

Strong global radiative effects from wildfire
darkbrown carbon

nature geoscience

Article https://doi.org/10.1038/s41561-023-01237-9

Shortwave absorptionby wildfire smoke
dominated by darkbrown carbon
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Nanochar BC # soot BC

Nanochar is less graphitized and often more-oxygenated than soot.

Thus, differences in:

* Chemical composition (mass spectra) Poster this afternoon
« EC/OC
 Raman spectra

« Optical properties

19



Part 2

Sipkens-Tauc theory for
light absorption

20



Smoke & Optics ~ =@ *rabn

- SSA = (albedo) = sca/ext

MAC = abn/mass
g

scattering
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. * light 4,
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Nanochar BC # soot BC
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Correlationof k & w=AAE-1
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Sipkens—Tauc Theory predicts (k, w) relationship.

Standard Tauc theory: E, = hc/4,

BZ(E _E )2 « > Sipkens-Tauc theory for w:

pr = J 3
E " XNIAN T w =22 givin
> _6lnlg g

Energy

B = proportionality constant 2 2
Sipkens—Tauc theory for k: ky = ko ( >

E = photon energy

Treat B? as constant.

Calculate B? for a ref. material,

e.g. soot for which A, - oo, so
Bod 4w,

E, = optical band gap - A single parameter (4,)

physically based model

Substitute E = hc/4, B2 > Describes all brown and

B, = B2 he <1 A >2 he he black carbon
A=b"—\1—— : :
A Ag)  From which, (size/shape must still be
) considered separately)
A
Sun, Biedermann and Bond, GRL 2007; kA - ko (1 - l_>
Robertson, 1991; Tauc 1966 g Sipkens 2026, in prep. 2




Back to this plot...
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Back to this plot... and add the fit for soot

Brown-ness Wavelength dependence, w
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Adding brown carbon and nanochar
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Nanochar & brown carbon
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Application: fitting k; with Mie theory for 300 nm nanochar
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Application: fitting k, for soot with RDG-FA theory
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Joel.Corbin@nrc.ca

Conclusions

Nanochar has unique properties to soot/brC,
should be recognized as a unique category, and
unifies numerous disparate literature reports.

2
Darkness = k; = k, (1 - %)
)

Brown-ness wavelength dependence, w

0 0.2 0.4 0.6 0.8
Darkness Imag. refractive index, k

2
2
n = =
Brownness= k; =k, (w,1+2)

Applications:

- Improved data inversion for...

- imaging nephelometers,
- Retrieving brC properties,

- simple Aethalometer models
("UVPM", BB/Fossil")
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End
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