
Measurement and impacts of 
the mass fraction of volatile coatings on soot

Joel C. Corbin1, Timothy A. Sipkens1, Arash Naseri2, and Jason Olfert2

1National Research Council Canada, Ottawa ON, Canada

2University of Alberta, Edmonton AB, Canada

ETH NPC, June 2024



Atmospheric soot
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Atmospheric soot… often mixed or “coated”
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Ø Mixing occurs over 2-4 hours in daylight
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Soot morphology is crucial to understanding its light absorption
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Soot climate 
warming is 
comparable to that 
of CO2 

[1]

[1] Ramanathan	&	Carmichael	2008;	[2;	figures]	Scarnato	et	al.,	2013

SSA +0.7

Eabs 2x



𝑹 = Coating mass / soot mass
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Spherical at R > 5 
(Sipkens and Corbin, Carbon 2024)

Measurements Measurements

Quantifying soot coatings using R

Sipkens and Corbin, 2024



𝑬𝐚𝐛𝐬

Fierce et al., Nature Comm 2016; PNAS 2020 6

=
coated absn𝜆
initial absn𝜆

Quantifying the effects of soot coating using Eabs

Core-shell

𝑹 = Coating mass / soot mass



Fierce et al., Nature Comm 2016; PNAS 2020 7

=
coated absn𝜆
initial absn𝜆

𝑬𝐚𝐛𝐬

Quantifying the effects of soot coating using Eabs

Core-shell

𝑹 = Coating mass / soot mass=
measure coating mass
measure soot mass𝑹



𝑹 = Coating mass / soot mass

Fierce et al., Nature Comm 2016; PNAS 2020 8

=
coated absn𝜆
initial absn𝜆

𝑬𝐚𝐛𝐬

Quantifying the effects of soot coating using Eabs

=
measure coating mass
measure soot mass𝑹



𝑹 = Coating mass / soot mass

Fierce et al., Nature Comm 2016; PNAS 2020 9

=
coated absn𝜆
initial absn𝜆

𝑬𝐚𝐛𝐬
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Average per-particle BC mass

Quantifying the effects of soot coating using Eabs

Model

Core-shell Lab

Model A

Model B



𝑹 = Coating mass / soot mass

Fierce et al., Nature Comm 2016; PNAS 2020 10
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This talk: measure 𝑅 using CPMA-SP2

Model

Core-shell Lab

Model A

Model BMeasure!



Method to measure soot mixing state: CPMA-SP2

11Naseri, Corbin and Olfert. AMT 2024

charge mtotal/charge mBC



CPMA-SP2 procedure

12Naseri, Sipkens, Rogak, Olfert JAS 2022



Single Particle Soot Photometer (SP2) 
à designed to measure rBC mass

13
Stephens	et	al.,	2003;	Schwarz	et	al.,	JGR	2006

2-element position-
sensitive detector

Scattered light 
detector at 𝜆 >
1064 nm



SP2 signals for soot

14
Corbin	and	Gysel-Beer,	ACP	2019

SP2	modelling	at	the	poster	of	
F.	Liu,	T.	A.	Sipkens,	and	J.	C.	Corbin	
at	this	conference.



CPMA-SP2 Results
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Direct measurement of soot 
mixing state.

Urban influence Wildfires



CPMA-SP2 insights into mixing state
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Measured particle mass
-------------------------------------
mass predicted from 
light-scattering & BC
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Partly coated

Heavily coated

Naseri, Corbin, Olfert AMT 2024
Corbin, Modini, Gysel-Beer AS&T 2022



CPMA-SP2 Results
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Direct measurement of soot 
mixing state.

Urban influence Wildfires



CPMA-SP2 vs. SP2-LEO
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Indirect “LEO” estimation biased 
towards thicker coatings, larger 
particles.

Urban influence Wildfires



CPMA-SP2 vs. SP2-LEO

19

Indirect “LEO” estimation biased 
towards thicker coatings, larger 
particles:

LEO	=	total	mass	from	initial	light-scattering,

assuming	core-shell	BC.

Urban influence Wildfires

BC 
mass

Light scattering CS

BC 
mass

Particle mass



CPMA-SP2 Results

20

Can directly calculate fcoating,

therefore 

Urban influence Wildfires

Urban influence Wildfires



𝑹 = Coating mass / soot mass

(Coating mass fraction)      fc = 𝒄/(𝒄 + 𝐁𝐂) vs. R = 𝐜/𝐁𝐂

21
Corbin, Sipkens, Moallemi, Olfert et al., in prep

Huge uncertainty



We need these measurements across the globe!
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1. Different 
climates

2. Cloud 
processing

3. Wildfires



Thank you!
Joel.Corbin@nrc-cnrc.gc.ca

Code: 

https://arashnaseri.github.io/empirical-cpma-tfer/

https://arashnaseri.github.io/pma-sp2-optimizer/



Backup



25Model results (Fierce et al., N Comm 2016)

Condensation + coagulation è variability in BC coating
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“SP2” view
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DMA-SP2 method: 
Unknown accuracy

Xiao-Feng Huang et al., One Earth 2024
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Corbin	et	al.,	Nature	npj Clim Atmos Sci 2019

Defining and measuring BC Light-Absorbing Carbon
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Corbin	et	al.,	Nature	npj Clim Atmos Sci 2019

Defining and measuring Light-Absorbing Carbon
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Corbin	et	al.,	Nature	npj Clim Atmos Sci 2019

è New 
categorization 
of light-
absorbing 
carbon (LAC) 
in the 
atmosphere.

Defining and measuring Light-Absorbing Carbon



Soot coating experiments è Eabs 1…10

Mikhailov et al, GRL 2006. Coating thickness via mass change.
31

Lacey
soot

Saturator
Coating 
addition

DMA0 (d0) Bypass

Scattering

Extinction

Incident 
light

Absorption

=
coated absn
initial absn

Coating volume ratio

𝑬𝐚𝐛𝐬



SP2

32Modified	from	M.	Gysel,	PSI	Switzerland

Incandescence
Scattering / vol.

Scattering



SP2 signals for soot

33
Corbin	and	Gysel-Beer,	ACP	2019



Anomalous SP2 signals: identified as tar
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Tar
dp = 200 nm

Identification	as	tar	described	in	Corbin	et	al.	[Nature	npj Climate	&	Atmos.	Science	2019]



Evaporating, non-incandescing tar [1/2]
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578	of	2.5×10.
particles	partially	
evaporated.

False	negatives	not	
quantified.



Evaporating, non-incandescing tar [2/2]
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Overall	trends	show	
similar	behaviour.	

All	normalized	to	
𝐶(−3%).



Incandescing tar identified in combination with 
light-scattering analysis
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CPMA-SP2 slower than SP2-LEO



Variability in atmospheric Eabs

41
Cappa et al., Science 2012; JGR 2019. 

Coating mass ratio

Yu Wu, Tianhai Cheng et al., EST 2012

Coating mass ratio



Eabs  atm < lab

42
Cappa et al., Science 2012; JGR 2019. 

Coating mass ratio



Cappa et al., Science 2012; JGR 2019. 

Coating mass ratio

(Coating mass fraction)      fc vs. R     (coating/BC ratio)
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Corbin, Sipkens, Moallemi, Olfert et al., in prep

Severe X-axis bias from bulk measurements of R. 
CPMA-SP2 provides a solution.



Eabs  atm < lab

44
Cappa et al., Science 2012; JGR 2019. 

Coating mass ratio



Fierce 2020
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