Scientific Report:

1. Introduction:

In February 2012 a measurement campaign was edtied gain more information
about the IN activity of pollen waters, as desdtilie the paper by Pummer et al.
(2012). Therefore we analyzed the immersion fregziehavior of well defined
monodispers particles generated from pollen washiager at LACIS (Leipzig
Aerosol Cloud Interaction Simulator), a setup ddfg from the oil emulsion
experiments. The main advantages of LACIS are finst fact that droplets are
floating airborne, while they are embedded in garah the oil immersion setup, and
second that the setup allows a precise adjustnfetiteodroplet parameters (e.g. a
single droplet size containing particles of a giwdiameter). Measurements with
washing water of birch pollen from two differentusces were performed. As
supplementary measurements we diluted our washatgrvsamples in Vienna and
determined the reduction of ice nucleation actiagy a function of concentration,
respectively IN number. Furthermore, we determitiexlice composition frozen oil

iImmersion samples with an XRD setup.

2. M easurements:
2.1. LACIS:

Participants: S. Augustin, T. Clauss, S. Hartmdhn\Niedermeier, B. G. Pummer, F.
Stratmann, J. Voigtlander, H. Wex

The Leipzig Aerosol Cloud Interaction Simulator (CK) is a laminar flow tube that
iIs used for ice nucleation measurements (Hartmahrale 2011). Therefore
supensions respectively solutions of the sampiatefest are atomized and dried, so

that air-suspended particles are formed. By a rdiffeal mobility analyzer (DMA) a
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certain particle size (100-800 nm) is selected ms@rted into the flow tube. In
LACIS, first, all particles are activated to liquiloplets of a given size (about 2 um
at the outlet) and second, due to cooling to tingperature of interest, all droplets
containing at least one ice nucleus freeze. Atailitet of the laminar flow tube by
the means of an optical particle spectrometer ithetibns of ice particles and liquid
droplets is determined (Clauss et al., 2012). Byeating the measurements at
different temperatures, the nucleation spectrum lwaranalyzed, where the frozen
fraction is given as function of temperature. Twargmeters are important to
compare different samples. First the fraction obpiiets that freeze before
homogeneous freezing occurs, which depends onuh®er of ice nuclei. Second
the median freezing temperature, which is the teatpee where the half height of
the heterogeneous freezing step is reached. Itlynai@pends on the chemical
composition of the investigated ice nuclei. Meam@asts were carried out with
pollen washing water of ragweed, hazel, junipare@nd birch: The latter ones were
acquired from two different companies, namely AJ@rAB in Sweden (Northern
birch) and Pharmallerga in the Czech Republic (&t birch). The washing water
was generated by suspending 5 g pollen per 100 ithQMvater for several hours
and then filtrating it through a paper filter (tyfgackband). Particles generated from
the filtrated fraction are then inserted into LACIS

In LACIS experiments, the amount of pollen washimgterial contained in an
individual droplet and therefore the IN number dawplet is lower compared to the
oil immersion setup. As the probability of freezidgcreases with lower number of
IN immersed in a droplet, the determined ice actraetion is lower than in the oil
immersion setup. The influence of the residence ton ice nucleation is of minor
importance in this particular case.

Using LACIS, we could see differences between W@ birch samples concerning
the IN number concentration on pollen due to défees in the active fraction at a
given particle size. In the oil immersion setupe #oncentration was about three

orders of magnitude higher. Thus, the active foactvas always 100%, since every
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droplet contained a huge number of ice nuclei (Pemehal., 2012). The table below
shows a list of applied samples, their median frepZzemperatures, the initial

particle diameters from the DMA, and finally the &dtive fraction in the nucleation

spectrum:
Snomax* 263 K 800 nm 40%
650 nm 22%
Southern birch 249 K 800 nm 70%
650 nm 50%
500 nm 35%
300 nm 15%
150 nm 3%
Northern birch 252 K 800 nm 95%
650 nm 80%
500 nm 70%
300 nm 40%
200 nm 20%
100 nm 3%

*) data taken from Hartmann et al. (2012)

In comparison, the active fraction of 300 nm mihekast particles did not exceed a
few percents close to the homogeneous freezing deatype in former studies
(Hartmann et al., 2011).

The results obtained in the oil immersion setupedifrom those in LACIS, see table

below:
Snomax 268 K 100%
Southern birch 255 K 100%
Northern birch 255 K 100%

The reason is that in LACIS experiments not allptgts contain at least a single ice
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nucleus, while in the oil immersion setup one depmlontains more than 1000 ice
nuclei. The distribution of ice nuclei in the pal#is generated by the DMA follows

Poisson statistics (Hartmann et al., 2012).

2.2. Dilution rows:

Participants: B. G. Pummer

In the oil immersion setup, an emulsion of wateamexcess of paraffin-lanolin-oil is
prepared to generate an ensemble of microsized wWatelets stabilized by an oil
matrix. Only water droplets with diameters of 10 200 um are counted. The
emulsion is then cooled on a Peltier stage andredddoy a microscope in order to
generate a nucleation spectrum. Analogously tgtkearation in the LACIS setup,
we washed the pollen with MilliQ water and thena@ped the pollen grains from the
aqueous fraction. As we could show, the washingemadopts the IN activity of the
pollen grains, thus leading to the conclusion tihat IN activity of pollen can be
derived from suspendable macromolecules on thep@fummer et al., 2012).

The initial concentration of pollen applied for pagation of the washing water in the
oil immersion setup was 50 mg/ml. As this concditrais far higher than the IN
concentration measurable at LACIS, which was esé@th#o be in the range of tens of
png/ml, dilution rows of the different pollen sampleere prepared and measured. The

maximum active fractions are put together in theetédelow:

Southern Birch 50 mg/ml 100%
2 mg/ml 100%

0.1 mg/ml 88%

5 pg/ml 65%

0.5 pg/ml 9%
Juniper 50 mg/ml 100%

2 mg/ml 50%
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0.1 mg/ml 17%
Pine 50 mg/ml 62%
2 mg/ml 21%

0.1 mg/ml 0%

As it can be seen, the results are consistent thi¢gh LACIS experiments at a
concentration between 0.5 pg/ml and 0.1 mg/ml. Targe is consistent with the
approximate pollen material concentration in theptkts of the LACIS setup. As a
whole, the oil immersion and LACIS experiments cée considered as
complementary investiagtions:

* The LACIS setup allows the generation of precisidjined droplets. As they
are air-borne, this setup is closer to atmospheoieditions. Since the IN
number concentration per droplet is low, the reso#tn be used for statistical
calculations. Furthermore, the nucleation rate sfngle IN molecule can be
determined.

» The oil immersion method allows to determine theant of cooling rate or
time on the IN behavior. Furthermore, the sampl@&ceatration range
applicable extends over many orders of magnitudegst is not limited by the

DMA. Finally, the generation of full nucleation sjpe is faster.

As the identity of the birch pollen ice nuclei tdlsinknown, further investigation on
this topic will be necessary. We have shown in farmstudies that birch pollen ice
nuclei are macromolecules with a mass of 100-30@. kBurthermore, they are
resistant towards treatment with different digestemzymes, guanidinium chloride
and temperatures up to 445 K (Pummer et al., 2012).

2.3. XRD:

Participants: H. Grothe, B. G. Pummer, F. Weiss
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The typical ice structure that forms under ambantditions is the hexagonal ice Ih.
However, when carrying out XRD measurements, t@eatiintensities sometimes do
not correlate with the pattern of pure ice Ih. Doi¢hat, the existence of a metastable
phase, namely the cubic ice Ic, was postulatedghwisi supposed to form especially

when temperatures are very low (see Fig. 1).
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However, ice Ic has héver been isolated as a pgumsep but always in mixture with
the themodynamically stable ice Ih. Recent studeeg. Kuhs and Hansen, 2009)
suggest that the supposed ice Ic is in fact omgksng faults of ice Ih. This theory is
consistent with the behaviour of ice Ic, like th@paarance at strong supercooling or
the increased vapour pressure. According to thes,l¢ in fact does not exist as an
individual phase.

Oil emulsions were generated with a set of samff@®max, birch pollen water,
juniper pollen water, ragweed pollen water, purdewaorganic acid solutions). The
droplet diameter in this case was about 5-10 pranThe samples were cooled down
to 190 K on an Anton Paar Ltd cooling stage (conumadly available) in a Siemens
powder diffractometer. The composition of the froz#roplets was determined by

CuKa X-rays. In the spectra we see signals that cagither assigned only to ice Ih,
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or to both ice Ic and ice Ih. The relative increa$ehe mixed signals, respectively
the relative decrease of the purely ice Ih signads, be interpreted as an increase of
the amount of ice Ic.

Although we cannot present quantitative resultshatmoment, our measurements
showed a correlation between the median freezimgpéeature and the formation of
ice Ic, namely that the fraction of ice Ic decresageth increasing ice nucleation
temperature. We could not observe an impact othemical composition of the ice
nuclei on the ration between ice Ic and ice Ih, &esv, quantitative evaluation, as
well as a larger set of samples will be necessagonfirm this statement. Fig. 2 and
3 show two typical XRD spectra:
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Fig. 2: XRD spectrum of common juniper pollen washing water.
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Fig. 3: XRD spectrum of ragweed pollen washing water.

Common juniper pollen are a quite efficient ice leus, while ragweed pollen form

nearly no ice above homogeneous freezing in thienorersion setup.

3. Conclusions and Outlook:

We intend to publish our results in a journal ahaspheric sciences, most likely
Atmos. Chem. Phys.. The first part is intendeddcabcessible within this year. Our
cooperation with WG Stratmann will be continuechcsi birch pollen seem to be a
suitable reference substance for ice nucleatiotiestun all types of IN measurement
setups. According to our results of the XRD meawerds, there is a simple

correlation between freezing temperature and ies@h
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