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Cryo-techniques 
using low vacuum SEM 

Conventional high vacuum cryo electron techniques for the study of 

fast-frozen hydrated specimens are well established, and now the 

increasing use of low vacuum and environmental electron 

microscopes brings exciting new possibilities to extend this 

methodology.

In situ experiments are the main driving force for the development of 

such technology.   This could include observations of structure 

evolution during freeze-drying, ice crystal nucleation, growth and 

morphology, sublimation, freeze-thaw or thermal cycling and phase 

transitions.

Applications could include foods, pharmaceuticals, cosmetics, 

cement and stone, as well as biological, environmental and 

atmospheric systems such as frost-forming bacteria, ice-

adsorbed impurities in clouds and the conditions determining 

the wonderful shapes of snowflakes, to name just a few.
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In order to develop the necessary This application note describes how ice 
protocols, a Gatan ALTO2500 Cryo cream can be imaged, without a conductive 
System was fitted to an FEI XL30 FEG coating, in a nitrogen gas environment.  Ice 
ESEM at the Cavendish Laboratory, cream is a complex colloidal system 
Cambridge, UK.  It should be possible for consisting of gas cells, fat globules and ice 
users of other types of low vacuum crystals in a freeze-concentrated sugar 
instruments to achieve results similar to matrix and has a glass transition 

o those described here.temperature in the region of -45 C.

Such a system offers the opportunity to 

show both static and dynamic aspects, 
Samples of ice cream were maintained in a depending on temperature.  In high 

frozen state over dry 
oice (approx -80 C), 

before being cut into 

blocks roughly 10mm x 

5mm x 5mm. Each 

block was mounted in 

cryo-glue in a 10 mm 

diameter brass cup, 

held in a gold-coated 

copper cryo-specimen 

holder, followed by 

transfer to the ALTO 

f r e e z i n g  s t a t i o n  

c o n t a i n i n g  l i q u i d  

nitrogen.

A f ter  p lung ing  i n  

nitrogen slush, samples 

were transferred under 

vacuum into the ALTO 

c r y o - p r e p a r a t i o n  

chamber, with the cold 
ovacuum the ice phase is fully frozen at stage at approx -150 C. Each sample was 

o
-120 C, undergoing sublimation as the then freeze-fractured and lightly etched 

o otemperature is raised to -95 C. In a low (e.g. held at -90 C for 45 seconds).  No 
vacuum environment, sublimation can be coating was applied - samples were simply 
made to proceed extremely slowly, giving transferred to the microscope chamber, 
the observer ample time to monitor under high vacuum, with the cryostage set 

ochanges. initially at a temperature of -120 C.

Ice Cream Cryo Preparation
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Figure 1.   

50 µm



Microscope Operating Parameters

G e t t i n g  S t a r t e d :  S t a t i c  

Microstructure

In Situ Sublimation

An off-axis gaseous secondary electron 

detector (also known as a 'large field detector') 

was used for this work.  This device works very 

well at low pressures, such as 0.1 to 1 torr, which 

is a suitable pressure range for this kind of work. 

Dry nitrogen was chosen as the imaging gas, in 

order to avoid the possibility of condensation at 

cryogenic temperatures.

The accelerating voltage (Vo) was 5 kV, with spot 

size 4 and aperture 4.  Images were acquired 

using 84ms dwell time, 968 lines per frame and 

integrated x16 frames.

Once the frozen specimen has been transferred 

onto the cryostage in the microscope chamber, 

it is time to switch from high vacuum to low 

vacuum.  For ESEM users, this entails clicking on 

'aux' mode, with the auxiliary gas line connected 

to a cylinder of nitrogen.   The pressure in the 

line should be ~2.5 psi.

Note that, although starting off in high vacuum, 

the microscope must be fitted with a low 

vacuum insert and large field detector prior to 

pumping the chamber to high vacuum and 

cooling the cryostage.

A suitable chamber pressure should be selected, 

e.g. 0.7 torr, and normal imaging procedures 

followed.  A representative image of ice cream 
o

microstructure is shown in Figure 1, T= -120 C, 

P = 0.7 torr,  working distance = 10mm.

Raising the temperature of the cryostage to 
o

approximately -95 C, is enough to initiate 

sublimation of the ice phase.  The rate at which 

this occurs is partly dependent on the vacuum 

level.  In a low vacuum the rate will be slower.

Sublimation Sublimation 

50 µm50 µm

Interfacial ice crystals 

Matrix ice 

Matrix ice 

Matrix ice fracture plane  

50 µm

t = 5 mins 

t = 25 mins 

Sublimation 

50 µm

Figure 2.  

Figure 4.  

Figure 3.  

t = 135 mins 
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An anticontaminator is traditionally used in between images so that there were no 

cryo SEM to fix any species resulting from obvious signs of radiation damage.

sublimation.   To reduce the sublimation 
In high vacuum, or with an anti-

rate even further the anticontaminator 
contaminator plate, complete sublimation 

plate may be by-passed.   This can be done 
at this temperature would occur quite 

by diverting the cold N  gas flow routing 2 rapidly (i.e. within a few minutes).
directly to the cryo system's cooling stage 

module.

With the anti-contaminator plate out of The ability to observe uncoated specimens 
ocircuit, sublimation at -95 C is so slow that at cryogenic temperatures in a low vacuum 

it allows plenty of time to follow any environment has been demonstrated, 
changes that are occurring.  The reason is along with in situ sublimation.  The very 
probably that once sublimation gets under slow rate of sublimation at warmer 
way,  a very small partial pressure of water temperatures may have important 
vapour collects above the specimen.  At consequences for the study of systems that 
very low temperatures, it only takes a tiny undergo glass transitions in this thermal 
amount of water vapour to provide region.
thermodynamic stability against further 

 sublimation.

Dr.  D.  J.  StokesAn example series of images is shown 
Polymers & Colloids in Figures 2, 3 & 4.  The temperature was 

o Dept. of Physics, University of Cambridgeh e l d  c o n s t a n t  a t  - 9 5 C ,  w i t h  
Cavendish Laboratory, UK.Vo = 5kV,  P=0.7 torr N  and  WD 10 mm.2

 
A couple of points to note from these 

images are that: 

a) sublimation preferentially occurs at 

interfacial ice crystals (usually at edges 

rather than faces) and along fracture 

planes, due to poorer thermal contact with 

the surroundings and: -
 

b) matrix ice is extremely stable against 

sublimation, some areas surviving for 

several hours without showing signs of 

change (depending on thickness and 

proximity to other ice crystals or gas cells).  

Also note that, throughout the experiment, 

images were acquired at 5 minute intervals, 

but the electron beam was blanked 

Conclusion

Author
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