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Basic cryogenic workflows
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4 stages:

1. Sample optimization 
2. Sample carriers and treatments
3. Deposition 
4. Vitrification

Each of these stages is subdivided into 
options users are faced with in the 
workflow.

Plunge freezing 



Plunge freezing 

C-flat™ UltrAuFoil™ Holey Gold Films

Thickness of Gold Foil about 500 Å Structure of Gold Foil 
regular square array of micrometer-sized circular holes



Friedrich, Heiner, Peter M. Frederik, Gijsbertus de With, and Nico AJM Sommerdijk. "Imaging of self‐assembled structures: interpretation of TEM and Cryo‐TEM images." Angewandte Chemie International 
Edition 49, no. 43 (2010): 7850-7858.

Plunge freezing - artifacts 

Evaporation rates at 
different temperatures 
and humidities

Osmotic collapse of 
spherical liposomes into 
“vaselike” structures 

Ice contamination 
as a result of a high 
partial water vapor 
pressure in the 
microscope 
column.
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Plunge freezing - artifacts 
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When water freezes, its volume increases                                     
(Chatelier’s Principle)

High pressure (~2050 bar):
1. inhibits volume expansion 

and 
2. reduces the critical freeze rate to a range 

between 100 and 500 °/s 

How?
1) Lowering of the freezing point
2) Lowering the supercooling temp. limit
3) Reduction in the rate of ice crystal  

nucleation
4) Slowing the growth of ice crystals

Dahl R, and Staehlin AL, Journal of electron microscopy technique, 1989 vol:13 iss:3 pg:165 -174. 

High-Pressure Freezing

melting point devitrivication temp.
pure water -0.15°C     (273 K) -133.15°C   (140 K)
physiologically active 
cells and tissues

-2.15°C     (271 K) -80.15°C   (193 K)

frost-hardy cells with 
reduced water content

-13.15°C  (260 K) -43.15°C    (230 K)

Temperature ranges of water crystallization

Phases of water



BioCryo
Electron Microscopy

Freezing damage
A brain slice (ms) of 300 µm thickness was frozen in liquid nitrogen



HPM100 HPM100: temperature and pressure 
dynamics during a freeze.

High-Pressure Freezing



VT1200S 

High-pressure freezing








Freeze substitution

High-pressure freezing
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Freeze substitution involves replacing the frozen water of the cell with an organic solvent at 
low temperature, thus avoiding the damaging effects of dehydration that occur at ambient 
temperature (Steinbrecht and Müller, 1987).

FS is fully automated with the Leica AFS2

• FS medium: UA, OsO4 or GA in acetone
• From  ~-90°C to RT in several days
• Steps with holding and ramping up (e.g., 5°C per hour) 

temperature
• Ending at RT, then rinsing with acetone and resin embedment

or (mainly for immuno-EM or fluorescent samples)

• Ending at low temp. then automated rinses and resin infiltration 
at low temp., usually -50, -40, or -20 °C, depending on resin used
(e.g., GMA, LR Gold, K4M, HM20)

• Polymerization with UV light at low temperature     
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Freeze substitution
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Cryosections of high-pressure frozen E. coli ΔcusR on silicon nitride windows

Window #2 with sectionsWindow #1 with sections

HPF and cryo-ultramicrotomy for cryo-XRF at ANL 



R. Bleher

Q & A

Thanks for your Attention!

Contact: r-bleher@northwestern.edu
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