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Scientific Report: 

 

 1. Introduction: 

 

In February 2012 a measurement campaign was initiated to gain more information 

about the IN activity of pollen waters, as described in the paper by Pummer et al. 

(2012). Therefore we analyzed the immersion freezing behavior of well defined 

monodispers particles generated from pollen washing water at LACIS (Leipzig 

Aerosol Cloud Interaction Simulator), a setup different from the oil emulsion 

experiments. The main advantages of LACIS are first the fact that droplets are 

floating airborne, while they are embedded in paraffin in the oil immersion setup, and 

second that the setup allows a precise adjustment of the droplet parameters (e.g. a 

single droplet size containing particles of a given diameter). Measurements with 

washing water of birch pollen from two different sources were performed. As 

supplementary measurements we diluted our washing water samples in Vienna and 

determined the reduction of ice nucleation activity as a function of concentration, 

respectively IN number. Furthermore, we determined the ice composition frozen oil 

immersion samples with an XRD setup. 

 

 2. Measurements: 

 2.1. LACIS: 

 

Participants: S. Augustin, T. Clauss, S. Hartmann, D. Niedermeier, B. G. Pummer, F. 

Stratmann, J. Voigtländer, H. Wex 

 

The Leipzig Aerosol Cloud Interaction Simulator (LACIS) is a laminar flow tube that 

is used for ice nucleation measurements (Hartmann et al., 2011). Therefore 

supensions respectively solutions of the sample of interest are atomized and dried, so 

that air-suspended particles are formed. By a differential mobility analyzer (DMA) a 
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certain particle size (100-800 nm) is selected and inserted into the flow tube. In 

LACIS, first, all particles are activated to liquid droplets of a given size (about 2 µm 

at the outlet) and second, due to cooling to the temperature of interest, all droplets 

containing at least one ice nucleus freeze. At the outlet of the laminar flow tube by 

the means of an optical particle spectrometer the fractions of ice particles and liquid 

droplets is determined (Clauss et al., 2012). By repeating the measurements at 

different temperatures, the nucleation spectrum can be analyzed, where the frozen 

fraction is given as function of temperature. Two parameters are important to 

compare different samples. First the fraction of droplets that freeze before 

homogeneous freezing occurs, which depends on the number of ice nuclei. Second 

the median freezing temperature, which is the temperature where the half height of 

the heterogeneous freezing step is reached. It mainly depends on the chemical 

composition of the investigated ice nuclei. Measurements were carried out with 

pollen washing water of ragweed, hazel, juniper, pine and birch: The latter ones were 

acquired from two different companies, namely AllergonAB in Sweden (Northern 

birch) and Pharmallerga in the Czech Republic (Southern birch). The washing water 

was generated by suspending 5 g pollen per 100 ml MilliQ water for several hours 

and then filtrating it through a paper filter (type: blackband). Particles generated from 

the filtrated fraction are then inserted into LACIS. 

In LACIS experiments, the amount of pollen washing material contained in an 

individual droplet and therefore the IN number per droplet is lower compared to the 

oil immersion setup. As the probability of freezing decreases with lower number of 

IN immersed in a droplet, the determined ice active fraction is lower than in the oil 

immersion setup. The influence of the residence time on ice nucleation is of minor 

importance in this particular case. 

Using LACIS, we could see differences between the two birch samples concerning 

the IN number concentration on pollen due to differences in the active fraction at a 

given particle size. In the oil immersion setup, the concentration was about three 

orders of magnitude higher. Thus, the active fraction was always 100%, since every 
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droplet contained a huge number of ice nuclei (Pummer et al., 2012). The table below 

shows a list of applied samples, their median freezing temperatures, the initial 

particle diameters from the DMA, and finally the IN active 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 mineral dust particles did not exceed a 

few percents close to the homogeneous freezing temperature in former studies 

(Hartmann et al., 2011). 

The results obtained in the oil immersion setup differ from 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 all droplets contain at least a single ice 
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nucleus, while in the oil immersion setup one droplet contains more than 1000 ice 

nuclei. The distribution of ice nuclei in the particles 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 water in an excess of paraffin-lanolin-oil is 

prepared to generate an ensemble of microsized water droplets stabilized by an oil 

matrix. Only water droplets with diameters of 10 to 200 µm are counted. The 

emulsion is then cooled on a Peltier stage and observed by a microscope in order to 

generate a nucleation spectrum. Analogously to the preparation in the LACIS setup, 

we washed the pollen with MilliQ water and then separated the pollen grains from the 

aqueous fraction. As we could show, the washing water adopts the IN activity of the 

pollen grains, thus leading to the conclusion that the IN activity of pollen can be 

derived from suspendable macromolecules on the pollen (Pummer et al., 2012). 

The initial concentration of pollen applied for preparation of the washing water in the 

oil immersion setup was 50 mg/ml. As this concentration is far higher than the IN 

concentration measurable at LACIS, which was estimated to be in the range of tens of 

µg/ml, dilution rows of the different pollen samples were prepared and measured. The 

maximum active fractions are put together in the table below: 

Southern Birch 50 mg/ml 100% 

 2 mg/ml 100% 

 0.1 mg/ml 88% 

 5 µg/ml 65% 

 0.5 µg/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 with the LACIS experiments at a 

concentration between 0.5 µg/ml and 0.1 mg/ml. This range is consistent with the 

approximate pollen material concentration in the droplets of the LACIS setup. As a 

whole, the oil immersion and LACIS experiments can be considered as 

complementary investiagtions: 

• The LACIS setup allows the generation of precisely defined droplets. As they 

are air-borne, this setup is closer to atmospheric conditions. Since the IN 

number concentration per droplet is low, the results can be used for statistical 

calculations. Furthermore, the nucleation rate of a single IN molecule can be 

determined. 

• The oil immersion method allows to determine the impact of cooling rate or 

time on the IN behavior. Furthermore, the sample concentration range 

applicable extends over many orders of magnitude, since it is not limited by the 

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

 

As the identity of the birch pollen ice nuclei is still unknown, further investigation on 

this topic will be necessary. We have shown in former studies that birch pollen ice 

nuclei are macromolecules with a mass of 100-300 kDa. Furthermore, they are 

resistant towards treatment with different digestion enzymes, 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 ambient conditions is the hexagonal ice Ih. 

However, when carrying out XRD measurements, the signal intensities sometimes do 

not correlate with the pattern of pure ice Ih. Due to that, the existence of a metastable 

phase, namely the cubic ice Ic, was postulated, which is supposed to form especially 

when temperatures are very low (see Fig. 1). 

 

 

 

 

 

Fig. 1: The phase diagram of 
water, including ice Ic and ice Ih 
(http://en.wikipedia.org/wiki/Ice) 

However, ice Ic has never been isolated as a pure phase, but always in mixture with 

the themodynamically stable ice Ih. Recent studies (e.g. Kuhs and Hansen, 2009) 

suggest that the supposed ice Ic is in fact only stacking faults of ice Ih. This theory is 

consistent with the behaviour of ice Ic, like the appearance at strong supercooling or 

the increased vapour pressure. According to this, ice Ic in fact does not exist as an 

individual phase. 

Oil emulsions were generated with a set of samples (Snomax, birch pollen water, 

juniper pollen water, ragweed pollen water, pure water, organic acid solutions). The 

droplet diameter in this case was about 5-10 µm. Then the samples were cooled down 

to 190 K on an Anton Paar Ltd cooling stage (commercially available) in a Siemens 

powder diffractometer. The composition of the frozen droplets was determined by 

CuKα X-rays. In the spectra we see signals that can be either assigned only to ice Ih, 
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or to both ice Ic and ice Ih. The relative increase of the mixed signals, respectively 

the relative decrease of the purely ice Ih signals, can be interpreted as an increase of 

the amount of ice Ic. 

Although we cannot present quantitative results at the moment, our measurements 

showed a correlation between the median freezing temperature and the formation of 

ice Ic, namely that the fraction of ice Ic decreases with increasing ice nucleation 

temperature. We could not observe an impact of the chemical composition of the ice 

nuclei on the ration between ice Ic and ice Ih, however, quantitative evaluation, as 

well as a larger set of samples will be necessary to confirm this statement. Fig. 2 and 

3 show two typical XRD spectra: 

 

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 nucleus, while ragweed pollen form 

nearly no ice above homogeneous freezing in the oil immersion setup. 

 

3. Conclusions and Outlook: 

 

We intend to publish our results in a journal of atmospheric sciences, most likely 

Atmos. Chem. Phys.. The first part is intended to be accessible within this year. Our 

cooperation with WG Stratmann will be continued, since birch pollen seem to be a 

suitable reference substance for ice nucleation studies in all types of IN measurement 

setups. According to our results of the XRD measurements, there is a simple 

correlation between freezing temperature and ice phase. 
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