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60% of 2500 particles
in urban area

Chapter	1.	Introduction	
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water	and	react	with	organic	pollutants	[Hara	et	al.,	2003;	Woods	et	al.,	2010;	Laskin	et	al.,	

2012;	Chi	et	al.,	2015].	Furthermore,	carbonaceous	particles	from	wildfires	or	anthropogenic	

emissions	can	be	aged	by	coalescence	with	soluble	inorganic	chemical	species	such	as	

sulfuric	acid	(H2SO4)	[Kotzick	et	al.,	1997]	and	may	also	suffer	surface	oxidation,	which	allow	

the	hydrophobic	freshly	emitted	soot	to	become	hydrophilic	aged	soot	[Mikhailov	et	al.,	

2001;	Zuberi	et	al.,	2005].	An	important	aging	mechanism	of	soot	particles	 in	the	

atmosphere	 is	 represented	 by	 the	 formation	 of	 a	 water-soluble	 coating	 through	

condensation	of	sulfuric	acid	vapor	[Khalizov	et	al.,	2009;	Mikhailov	et	al.,	2015].	

Figure	1.4	illustrated	an	example	of	electron	micrographs	with	atmospheric	aged	

particles	collected	in	the	framework	of	this	thesis	in	two	different	polluted	urban	and	desert	

dust	environments.	These	images,	compared	to	the	particles	depicted	in	Figure	1.1	(e,	f,	g,	h)	

and	Figure	1.2	(e,	f,	g),	illustrate	that	the	aged	particles	present	a	different	structure,	being	

internally	 mixed	 and	 having	 complex	 morphology	 such	 as	 inclusions	 and	 core-shell	

geometry.	

	

Figure	1.4:	TEM	electron	micrographs	with	atmospheric	aged	particles.	(a)	and	(b)	represent	particles	

collected	in	an	urban	pollution	environment	(Lille,	March	2014)	and	desert	dust	environment	at	3700	
meters	altitude	(Mbour,	Senegal),	respectively.	

Since	the	radiative	properties	of	atmospheric	particles	strongly	depend	on	their	size,	

shape,	mixing	state	and	chemical	composition	(which	define	the	spectral	complex	refractive	

index),	any	modification	on	mentioned	parameters	affect	their	radiative	properties.	Thus,	it	

is	important	to	recall	these	parameters,	as	they	are	key	features	for	assessment	of	the	

particles	aging	effect	on	the	Earth’s	radiative	budget.	

1.1.4. Microphysical	and	chemical	properties	

Properties	of	an	atmospheric	particle	

In	the	atmosphere,	particles	have	sizes	ranging	from	a	few	nanometers	to	tens	of	

micrometers.	One	classification	that	can	be	made	in	respect	to	their	sizes	is	by	the	

aerodynamic	diameter	(daer)	and	defines	the	atmospheric	aerosol	as	particulate	matter	(PM).	

The	term	PM	(Particle	Matter)	is	commonly	related	to	air	quality,	human	health	studies,	

(a)	 	 	 	 	 	 (b)	

Urban aerosol (Lille, France) Desert dust (Israel & Senegal)

20% of 6000 particles
in desert regions

halos are residual of liquid coating

[Derimian et al., 2017; Unga, PhD thesis, 2017; Unga et al. 2018]

Motivation

Examples of aerosol observations show 
presence of inhomogeneity
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Figure	3.19.	Illustration	of	methodology	for	measuring	the	surface	area	of	particles:	(a)	

electron	micrograph	of	particles,	where	black	arrows	show	uncoated	particles,	red	arrows	show	
coated	particles,	green	arrow	shows	an	example	of	particle	excluded	from	the	analysis;	(b)	binary	
image	obtained	after	setting	grey-level	thresholds	for	particle	recognition,	where	blue,	grey	and	
green	colors	represent	the	core,	the	residual	halo	and	the	background,	respectively;	(c)	the	
selected	cores	and	residual	halos	contoured	by	red	line.	

	
Considering	that	the	projected	area	of	a	particle	(Aproj.	core,	total)	is	equal	to	the	area	

of	a	circle	that	covers	the	same	surface,	one	can	calculate	an	equivalent	diameter	of	the	
core	(dcore)	or	of	the	total	diameter	of	core	plus	halo	(dtotal).	The	thickness	of	halo	(Δhalo)	

can	be	defined	as	follows:	∆" #$%=
' () (* +, ' - ) . /

0
.	

The	particle	image	analysis	provides	also	Feret’s	diameters	(denoted	as	Fmax	and	
Fmin),	which	are	defined	as	the	maximum	and	minimum	caliper,	respectively.	One	can	
therefore	calculate	the	ratio	between	Fmax	and	Fmin	to	obtain	the	particle	axis	ratio	
describing	the	shape	of	particles.	

The	assumption	is	also	made	that	the	thickness	of	halo	observed	on	the	substrates	
is	proportional	to	the	real	thickness	of	shell	of	a	coated	atmospheric	particle.	Indeed,	the	
observed	halo	should	be	at	least	in	the	dimension	of	cross	section	of	coated	particle,	
however	the	halo	can	also	be	larger	due	to	the	impaction	during	the	sampling	and	to	the	
wettability	of	the	substrate.	Therefore,	some	overestimation	of	the	shell	dimension	can	be	
possible.	At	the	same	time,	experience	of	microscopic	observations	shows	that	the	wetted	
particles	often	stay	in	a	liquid	form	also	after	the	sampling	on	a	substrate;	the	particles	are	
dried	later	on	during	the	electron	micrographs	image	acquisition,	thus	we	can	consider	
that	all	particles	suffer	the	same	effect	during	the	sampling	and	then	in	TEM	vacuum	and	
during	the	image	acquisition.	Given	this,	and	that	the	wettability	of	the	substrates	is	the	
same,	it	can	be	expected	that	the	halo	dimension	is	a	suitable	representation	of	the	shell	
dimension.	Such	strategy	was	used	by	(Moffet	et	al.,	2010)	to	determine	the	concentricity	
between	black	carbon	inclusions	particles	and	their	host,	where	they	showed	that	the	
majority	of	black	carbon	cores	are	close	to	the	center	of	their	host.	 	
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[F. Unga, PhD thesis, 2017; Derimian et al., 2017; Unga et al. 2018]

Coated dust is more spherical Shell is up to ~30% of total radius 



Accounting for aerosol morphology in AERONET

Dubovik et al., 2000

 - Core/Shell in fine mode tests for AERONET 
showed a homogeneous equivalent

Core/shell tests

Dubovik et al., 2002

non accounting for non-sphericity caused an artificial 

fine mode in retrievals



Core/shell vs. Homogen. in single scattering approximation
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Core/Shell vs. Homogeneous
Difference in absolute values and in angular dependance

Fine mode case

P11

-P12/P11



New kernels in GRASP for spherical core/shell particles

Ref. Index Shell
n = 1.37
k = 1e-8

[We used Mie code for inhomog. particles of Victor P. Tishkovets, Inst. of Radio Astronomy, NAS of Ukraine]

n = 1.29

n = 1.69

Ref. Index Core
k = 1e-8Size Parameter = ~1

An example for Scattering angle = 120 deg.

Size Parameter = ~10



New kernels in GRASP for spherical core/shell particles

Ref. Index Shell
n = 1.37
k = 1e-8

[We used Mie code for inhomog. particles of Victor P. Tishkovets, Inst. of Radio Astronomy, NAS of Ukraine]

n = 1.29

n = 1.69

Ref. Index Core
k = 1e-8Size Parameter = ~1 Size Parameter = ~10

An example for Scattering angle = 120 deg.



Retrieval of core/shell parameter in GRASP

Retrieved parameters :

Kernels :



Tests with synthetic AERONET data
Coarse mode dominated

Core Real RI = 1.41 Core Real RI = 1.50
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Good agreement with “truth” for 
all other retrieved parameters



Tests with synthetic AERONET data
Fine mode dominated

Core Real RI = 1.50
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Summary

• The aim is introducing particles inhomogeneity in remote sensing retrievals for improving 
aerosols physico-chemical characterization

 
• We conducted study on sensitivity of P11 and -P12/P11 to core/shell aerosol model
- shows differences in absolute value and angular dependence with respect to homogeneous

• New Core/Shell kernels are calculated and integrated into GRASP algorithm
- the new retrieved parameter is the fraction of core in total particle radius (varying from 50 
to 100% of the total size)

• AERONET measurements are used for investigation of sensitivity to inhomogeneity on the 
level of atmospheric radiances

- coating in coarse mode seems to be more detectable
- involving polarization is expected to bring sensitivity to coating in fine mode



Back up slides
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Core/Shell vs. Homogeneous
Difference in absolute values and angular dependance

Coarse mode case
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