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Project synopsis

Ice formation in clouds remains one of the least well
understood cloud processes. In this laboratory project you
will quantify the role that mineral dusts play in the formation
of icein clouds. This novel and exciting project ison the
interface between atmospheric science and geochemistry. Ice
nucleation is afast moving and growing field with a network
of researchers across the world in both academia and
industry with many opportunities post-PhD.

Background

Ice formation in clouds is of central importanceto life on
Earth sinceit isakey process in the formation of
precipitation and strongly influences the radiative properties
of clouds. Despite its importance, the formation of ice
remains one of the least well understood aspects of cloud

formation. It iswell known that ice melts at 0°C, but it isless
well understood that cloud water droplets can supercool to Fig.1. Seharan dust storm swirling over
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(INP), can trigger
or seed droplet freezing at much higher temperatures, but only
about 1 in amillion aerosol particles in the atmosphere is capable
of serving as an INP. It isthis inherent rarity that makes INP s and
ice formation such an exciting and challenging field.

The ice nucleation community has identified arange of aerosol
types as INP including desert dusts, pollen grain, fungal spores,
volcanic ash, bacteria and soot amongst others. Of these, mineral
dusts from deserts are thought to be one of the most important. We
have recently discovered that one particular component of desert
dust is most important for its ice nucleating ability (Atkinson et al.,
Nature, 2013). We showed that feldspars, which are avery
common framework silicate in Earth’s crust, and not the clay

minerals as previously thought, are the most efficient ice nucleating minerals. Through collaboration with the
GLOMAP global aerosol modelling team in ICAS we were able to show that feldspars are one of the most
important atmospheric ice nuclei in the Earth’ s atmosphere. This paper was a major step change in our
understanding of atmospheric INP, but many questions remain. In particular, there is some evidence that the
ice nucleating ability of feldspars varies with feldspar composition. Because feldspar mineralogy and
composition varies substantially in different desert source regions this might be very important for ice
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nucleation in the atmosphere (see Fig. 3 for the range of possible feldspars). In this project you will quantify
the ice nucleating ability of a series of well-characterized natural feldspars but also synthesise various
feldspars with defined composition yourself in the Cohen Geochemistry L aboratories. Thisway you will be
able to quantitatively establish which feldspars are best at nucleating ice.

Objectives
1. Synthesis and characterise feldspar minerals with varying composition and crystal structure.

2. Quantify ice nucleating ability of arange of natural feldspars and the synthesised well-defined
feldspars.

3. Parameterise the ice nucleation resultsin aform suitable for use in atmospheric models.
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PlagionBsg oo

There will be opportunities to attend various training schools including the NCAS Atmospheric Measurement
summer school and the INUIT ice nucleation summer school.

Suitable academic backgrounds include (but are not limited to) Environmental science, Physics, Chemistry,
geological sciences and other physical sciences.

Further reading

e Nature news and views piece on our Nature article here.

e Nature paper on feldspar ice nucleation (Atkinson et a., 2013) and there is afreely available version
here.

e Moreinformation on Murray’s research and group can be found on his webpages and Benning's
research group info can be found here.
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