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Cryo-Prepapration and Planar Magnetron Sputtering 

freezing is recommended. 
Differences in the appearances of segregation, ob

served in the same specimen after the freezing process, result 
from different water concentrations in the various cell com
partments [see also: Read, 1990]. Fig. 1 shows a wheat leaf 
infected by the rust fungus Puccinia triticina. The specimen 
was frozen by plunging into liquid propane, then fractured, 
etched, coated with 10 nm gold at -90°C, and observed in a 
SEM at -120°C with 20 kV electrons. Partial sublimation of 
the crystalline ice may be seen. In the vacuole (V, high 
water concentration) the ice crystals are larger than in the 
cytoplasm of the host (EHM) or the parasite (H) [Grabski et 
al., 1987; Guggenheim et al., 1991]. In addition, in the vac
uole clearly a gradient in the size of segregation structures is 
visible. This indicates that with increasing distance to the 
surface slower freezing creates larger artifacts. Particle-like 
structures have been observed in the extracellular space of 
frozen fixed plant leaves [Jeffree et al., 1987]. From the ex
planations given, condensation of water vapor during freezing 
and transfer of the specimen to the vacuum chamber would 
seem to be the most reasonable. This is supported by the 
fact that these ice crystals are "cleaned away" by partial 
freeze-drying (etching). 

Low-fat dairy spread (e.g. "Butterfly" , Meggie) has 
a high water content (53% H20, 40% fat). In that type of 
products water (present as droplets) is in the dispersed and 
fat in the continuous phase [Buchheim, 1982; Buchheim and 
Dejmek, 1990]. In our hands very often the water compart
ments revealed by freeze-fracturing have a tube-like appear
ance (Fig. 2). By partial freeze-drying of the specimen these 
"water tubes" (WT, Fig. 2) are easy to identify by the segre
gation pattern. 
Freeze-etch in~ 

Even in a high vacuum chamber, ice crystals grow on 
freshly freeze-fractured specimens as a result of water vapor 
condensation [Gross et al., 1978b]. If a liquid nitrogen 
cooled Meissner trap (i.e. a cold surface somewhere in the 
recipient which acts as a cryo pump to H20 molecules) is 
present, the partial pressure of water (pH20) in the vacuum 
chamber is approximately 0.5 times the total pressure. The 
saturation vapor pressure of water (svpH20) at the surface of 
a frozen specimen [Honig and Hook, 1960] depends only on 
the specimen temperature. The ratio condensation / sublima
tion of water molecules on the specimen surface is deter
mined by the ratio pHzO/svpH20 . In a high vacuum cham
ber with a total pressure of 2 x 10-6 mbar the critical conden
sation temperature is - l 10°C. 

Under these conditions pH20 and svpH20 are equal, 
so at any one time the amount of water, condensing on the 
specimen surface or subliming from it, is the same. As a 
consequence, at specimen temperatures below -l l0°C the 
rate of condensation is higher than that of sublimation; the 
result is increased contamination on the specimen surface by 
water. Quantitative etching can therefore only occur at tem
peratures above the critical condensation temperature. Pro
vided the vacuum is better than 1 x 10-6 mbar, the speed of 
etching (lowering the ice level) only depends on the specimen 
temperature. It is estimated to be about 0.2 nm/s, 2 nm/s, 
and 20 nm/sat specimen temperatures of -110°C, -100°C, 
and -90°C respectively [Bohler, 1975]. 
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Figure 1. Cross fracture through cells of a wheat leaf in
fected by the rust fungus Puccinia triticina (F). The fungal 
haustorium (H), the encasement of the haustorium (EHM) 
and the vacuole (V) of the host cell exhibit a different size of 
segregation structures dependent on (i) the H20 concentration 
and (ii) on the distance to the cell surface. 

Figure 2. Cross fracture through a piece of low fat dairy 
spread. The recorded area is adjacent to the surface (S) of 
the specimen. Note the tube-like appearance of the water 
containing compartment (WT). 

A yeast cell suspension, frozen in liquid propane, was 
fractured and coated at -130°C. The irregular distribution of 
particles on the plasmatic fracture face (PF) of the plasma
lemma (Fig. 3) indicates that the particles are ice crystals. 
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Figure 3 . Plasmatic fracture face (PF) of yeast (Saccharomyces cerevisiae) plasmalemma, planar magnetron sputter-coated 
with 3-4 nm gold . The different size and distribution of particles is due to water condensation between fracturing at 
-120 °C and coating. 

Figure 4. Cross fracture through a yeast cell. Water condensation causes a granular appearance of the cytoplasm (C) 
and the cell wall (W) , but the surrounding ice (I) fracture plane is smooth. Fracturing and coating as for Fig. 3. 

Figure 5. Cross fracture through whipped cream, fully frozen-hydrated. At the border of the big air cell (arrow) there 
is no information about the distribution of fat and water. 

Figure 6. Cross fracture through whipped cream, partially freeze-dried. Distinct portions of fat (F) can easily be re
cognized at the border of a big air cell. Many fat droplets (arrows) can be seen in the eutectic between the ice crystals. 

In the cross fracture of a yeast cell (Fig. 4), the rough 
appearance of the fracture plane of the cytoplasm and the cell 
wall is also due to water contamination. In both cases, the 
specimen temperature was too low , so heavy contamination 
occurred during the time span between fracturing and coat
ing. The water layer and the ice crystals are stabilized by 
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the coating and cannot be removed by raising the specimen 
temperature after the coating process . Contamination is 
much reduced for specimens fractured at a temperature close 
to the critical condensation temperature of water. Coating 
and fracturing have to occur simultaneously. It is thus pos.si
ble to achieve fractures of fully frozen hydrated specimens 


