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Figure 6-7: Examples of identified ice nuclei from S4 sample. The asterisk (*) indicates 
particles that nucleated more than once. 

 

6.3 Conclusions 

This study reports on the ice nucleation and water uptake by aged free tropospheric 

paticles and discusses their onset conditions in terms of relative humidity with respect 

to ice and tempeature. Almost all the particles in the investigated samples were 

internally mixed with both organic and inorganic material. Results suggested that aged 

particles sampled at Pico mountain were possibily more hydrophilic, and thus very 

efficient in water uptake at low relative humidity. Our results suggest that in the specific 

case of our sample conditions free tropospheric aged particles are efficient ice nuclei in 

deposition mode at 223K and can serve as efficient ice nuclei for cirrus formation.  

 

6.4 Future work 

The results presented in this chapter are preliminary at this time. So far we investigated 

the elemental composition of a limited number of particles on the substrates collected 

and analyzed for IN and water uptake. We plan to investigate a significantly higher 

number of particles and to classify them based on their elemental composition. 

Detailted chemical analyses are needed to better understand the chemical characteristics 

of the particles such as quantification of inorganic and organic anions as well cations in 

terms of bulk properties from high volume quartz samples that were collected around 

same time. Future work will develop further this analysis, and include an in depth 

interpretation of the results and a discussion of their implications. 
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S4 (238 K) 
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S4 (223 K)* 
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For this study (2013 samples), particles were collected on silicon nitride coated discs. 

Future studies will be conducted at the PMO site by collecting samples on thin silicon 

nitride window, this will facilitate the TEM analysis aimed at identifying the ice nuclei. 

A significant advantage of using TEM instead of SEM is that TEM can provide 

valuable information about organic coatings and the particle internal structure. In 

addition, using silicon nitride windows will allow our colleagues at Lawrence Berkeley 

National Labolatory to investigate the samples using scanning transmission X-ray 

microscopy with near edge X-ray absorption fine structure spectroscopy 

(STXM/NEXAFS). STXM/NEXAFS can provide a spatial mapping of soot, organic 

carbon and inorganic components with chemical bonding information within inividual 

particles.  

In this study, we investigated ice nucleation by particles in the size range of 0.5 -2.0 m 

(aerodynamic diamter) for four temperatures (223, 238, 248 and 258 K). Future study 

will also investigate ice nucleation by relatively smaller particles (0.5-0.15 m)  and 

also at a larger number of temperatures (possibly 6 additional temperatures); this will 

allow to expand the investigation to conditions relevant to the upper troposphere and ice 

cloud formation.  
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Appendix 

 

A.1 Permission for Chapter 2 

Permission to use copyrighted material from the Environmental Science & Technology 
journal. 
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A.2 Permission for Chapter 3 

Permission to use copyrighted material from the Nature Communications journal. 

 

 

 

 


