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Abstract:

Surfactants are omnipresent in the atmosphere and are very likely to alter properties of aerosols which are of key importance for our

climate.  Palmitoleic acid, POA, is recognised to be one of the most abundant unsaturated surfactants and an important tracer for meat

cooking emissions. Despite being detected at comparable atmospheric concentrations to the popular model surfactant oleic acid, POA

and its oxidative ageing has not been examined in any detail.  We propose the first kinetic study at the air-water interface on FIGARO of

this surfactant as a new model for atmospheric aerosols using key atmospheric oxidants (ozone and nitrogen oxides).  This study will

establish the importance of the chemical identity of the surfactant for kinetic parameters as well as for the film-forming potential of

products.   As interfacial  processes can vary widely even for closely related precursors such as oleic and palmitoleic acids,  this

experiment lays the foundation for future work on mixed systems as more realistic models for relevant atmospheric processes.  d29-POA

will be custom-synthesised for this experiment by the Oxford Deuteration Laboratory.
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Experimental	Report:	
New	Model	for	Atmospheric	Surfactants:		Chemical	Ageing	of	Palmitoleic	Acid.	

	
Surfactants	 are	 omnipresent	 in	 the	 atmosphere	 and	 very	 likely	 to	 alter	 properties	 of	
aerosols	 which	 are	 of	 key	 importance	 for	 our	 climate.1	 	 Chemical	 identification	 of	
atmospheric	surfactants	is	often	ambiguous	(e.g.	aerosol	mass	spectrometry	studies	only	
identify	 functional	 groups	 or	 characteristic	 fragments	 and	 not	 definite	 chemical	
identities),2	 but	 oleic,	 palmitoleic	 and	 cetoleic	 acids	 are	 recognized	 to	 be	 the	 most	
abundant	unsaturated	surfactants.e.g.	3	 	Unsaturated	fatty	acids	are	known	to	be	released	
by	 microbial	 sources	 and	 processing,	 degradation	 and	 combustion	 of	 vegetable	 and	
animal	 materials.4	 	 Rogge	 et	 al.	 (1991)5	 showed	 that	 food	 is	 an	 important	 source	 for	
palmitoleic	 acid,	 POA,	 in	 particular	 cooking	 with	 seed	 oils	 or	 margarines.	 	 POA	 is	
important	as	marker	specifically	for	meat	cooking	aerosols	since	oleic	acid	originates	from	
a	range	of	sources	not	exclusively	associated	with	meat	cooking.6		
	
While	oleic	acid	has	been	used	as	a	model	system	for	atmospheric	surfactants	for	decades,	
e.g.	7	and	references	therein	studies	of	POA	-detected	at	comparable	atmospheric	concentrations-e.g.	
3	and	its	chemical	ageing	are	very	sparse.			POA	has	been	recognized	as	a	tracer	and	model	
compound	for	meat	cooking	emissions6,8	and	it	 is	 likely	to	play	a	role	 for	phase	changes	
and	 thus	 reduced	 diffusivity	 in	 multi-component	 semi-solid	 atmospheric	 aerosol	
matrices.9	 	 Formation	of	 such	highly	 viscous	 and	 semi-solid	 aerosols	 in	 the	 atmosphere	
has	 recently	 been	 demonstrated,10	 but	 its	 mechanism	 is	 very	 poorly	 understood	 at	
present.		The	behaviour	of	POA	at	the	air-water	interface	has	not	been	investigated	at	all	
despite	its	potential	importance.		This	proposal	aims	to	provide	a	first	step	to	remedy	this	
shortcoming.		It	is	becoming	apparent	that	limiting	studies	to	one	model	surfactant	is	far	
too	simplistic	 to	provide	a	 fundamental	understanding	of	 the	processes	occurring	 in	 the	
complex	organic	aerosols	present	in	the	atmosphere.e.g.	8		In	particular	the	processes	at	the	
air-water	interface	are	strongly	dependent	on	the	relative	speeds	of	the	processing	by	the	
key	atmospheric	oxidants	as	well	as	on	the	properties	of	reaction	products,	in	particular	
film-forming	potential	 and	volatility.	 	These	properties	 can	vary	widely	even	 for	 closely	
related	precursors	such	as	oleic	and	palmitoleic	acids.			
	
Unsaturated	fatty	acids	will	be	oxidized	by	the	initiators	of	atmospheric	oxidation	NO3,	O3	
and	OH.	 	Reactive	oxygen	 intermediates	 involved	 in	 the	reactions	of	ozone	with	aerosol	
particles	 have	 recently	 been	 shown	 to	 play	 an	 important	 role	 in	 both	 atmospheric	
chemistry	 and	 physiological	 processes.11	 	Furthermore,	 the	 key	 importance	 of	 nitrogen	
oxides	like	NO2	and	NO3	as	reactive	nitrogen	species	has	been	recognized.12		The	proposed	
study	 will	 focus	 on	 the	 POA	 oxidation	 by	 ozone	 and	 nitrogen	 oxides.	 	 The	 first	 set	 of	
experiments	 will	 investigate	 the	 POA	 oxidation	 by	 varying	 concentrations	 of	 ozone	 in	
oxygen.		We	will	then	study	POA	reactions	with	NO3	in	presence	of	varying	concentrations	
of	the	less	reactive	nitrogen	oxides	NO2	and	N2O5.		
		
Experimental Approach

Ozone was generated in a flow of 
oxygen using a commercial pen-ray 
ozoniser at ppb-ppm levels.  N2O5 
was produced in-situ using 
methodology developed for previous 
FIGARO experiments.  [N2O5] was 
varied by changing the relative flow 
rates of NO2 and O2 as well as the 
ozoniser settings. The new MIMIK 

chamber with a minimised volume of less than 0.5 L 
means that constant concentrations of ozone or 
nitrogen oxides were now achieved in seconds. We 
investigated mono-molecular films of POA in 
reaction with nitrogen oxides to establish essential 
kinetic parameters as well as the film-forming 
potential of reaction products. 
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Experimental	Results	
We	conducted	the	first	kinetic	study	at	the	air-water	interface	of	a	new	model	surfactant	
for	atmospheric	aerosols	(see	Fig.	1).		

 
Figure 1: Surface excess decays of dPOA exposed to different [NO3]; mean values are displayed in the 
legend. NO3 exposure is started at t = 0 s. 

The	 experimental	 data	 presented	 in	 Fig.	 1	 allowed	 us	 to	 determine	 the	 surface	 rate	
coefficient	 by	 using	 kinetic	 modelling.	 	 This	 extended	 the	 knowledge	 base	 of	 surface	
reactivity	 of	 atmospheric	 surfactants	 and	 established	 the	 importance	 of	 the	 chemical	
identity	of	the	surfactant	for	kinetic	parameters	as	well	as	for	the	film-forming	potential	
of	products.			
This	research	is	currently	being	written	up	for	publication.	
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