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Project description:

The identification of ice nuclei is crucial for the understanding of heterogeneous ice
nucleation in supercooled clouds, which is the main initiation process of precipitation
in mid latitudes. Until today it is not well understood which chemical components
(e.g. sulfuric acid, ammonium, nitrate, various organic substances, mineral dust, sea
salt, soot, or other materials) contained inside or on the surface of aerosol particles
enable a particle to act as an ice nucleus (IN). While water soluble compounds are
expected to favour the formation of liquid cloud droplets, insoluble materials like
mineral components may favour the formation of ice particles.

Similar to the 3rd and 4th Cloud and Aerosol Characterization Experiments (CLACE-
3, CLACE-4) in February/March 2004 and 2005, also in 2006 mass spectrometric
measurements of particles were performed at the High Alpine Research Station
Jungfraujoch within the frame of the follow-up project CLACE 5. Our CLACE 5 sub-
project was embedded into the activities and largely financed by the German
Collaborative Research Center 641 "The Tropospheric Ice Phase", sub-project A3 "In
situ measurements of the chemical composition of atmospheric ice residuals and ice
nuclei by mass spectrometric methods".

During CLACE 5 two different types of aerosol mass spectrometers were operated at
the Sphinx laboratory in order to analyze in situ and on-line the chemical composition
residuals of supercooled cloud droplets, small ice particles as well as background and
interstitial aerosol particles.

The first mass spectrometer, a Time-of-Flight Aerosol Mass Spectrometer (W-ToF-
AMS by Aerodyne) is an improved version of the Quadrupole Aerosol Mass
Spectrometer that was already deployed to the Jungfraujoch during CLACE 3 and 4.
This improved version has a significantly higher sensitivity (only 20 ng/m® of arosol
mass is needed) and a very high mass resolution of >4000. The mass spectrometer
operated very sucessfully and the chemical composition of the non-refractory
compounds of the background and interstitial aerosol (sulfate, nitrate, organics and
ammonia) was measured quantitatively throughout the campaign at high time
resolution. The high mass resolution allowed for the first time to distinguish ions of
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different chemical composition but identical integer m/z ratio: for example, the ions
of CoH30" and CsH;" at m/z 43.0184 and 43.0551 were clearly separated and this
separation allows to analyze the degree of oxidation of the organic aerosol fraction.
The W-ToF-AMS also provided successful measurements of ice residuals. These
measurements confirmed our findings from CLACE 3 and 4 that the ice residuals
contain only very low amounts of non-refractory material, suggesting that ice nuclei
are mainly composed of refractory substances such as mineral dust and soot.

The second mass spectrometer, a Single Particle Laser Ablation Time-of-Flight Mass
Spectrometer (SPLAT), analyzes individual particles in the size range of 500-3000
nm diameter. This mass spectrometer has been developed by our group in recent
years and it was deployed to the field only for the second time for CLACE 5.
Generally, the instrument worked very well and provided mass spectra from more
than 1200 individual particles during the campaign. As the instrument is still in a
developmental phase its performance was considered very good. The mass spectra
revealed various kinds of particles, including mineral dust particles, organic particles,
sulfate and nitrate particles, etc.. During CLACE 5 the measurement of ice residuals
was not yet successful because the ice residual concentrations were to low for the
SPLAT mass spectrometer.

For this reason numerous improvements and optimizations of the SPLAT were
implemented during the rest of the year 2006. Here, especially the lowering of the
smallest detectable aerosol particle diameter from 500 to below 300 nm represents a
substantial improvement. Therefore we are now very confident that we will be able to
analyze ice residuals with the SPLAT during CLACE 6.
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Institute for Atmospheric Physics
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J.-J.-Becherweg 21
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Contacts:

Joachim Curtius

Tel.: +49 6131 39 22862

Fax: +49 6131 39 23532

e-mail: curtius@uni-mainz.de

URL.: http://www.staff.uni-mainz.de/curtius/CLACES.html
http://www.sfb641.uni-frankfurt.de/index.html
http://www.staff.uni-mainz.de/curtius/
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