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Abstract
Cryo-transfer stations are essential tools in the field of cryo-electron microscopy, enabling the safe transfer of frozen vitreous samples between 
different stages of the workflow. However, existing cryo-transfer stations are typically configured for only the two most popular sample holder 
geometries and are not commercially available for all electron microscopes. Additionally, they are expensive and difficult to customize, which 
limits their accessibility and adaptability for research laboratories. Here, we present a new modular cryo-transfer station that addresses these 
limitations. The station is composed entirely of 3D-printed and off the shelf parts, allowing it to be reconfigured to a fit variety of microscopes 
and experimental protocols. We describe the design and construction of the station and report on the results of testing the cryo-transfer station, 
including its ability to maintain cryogenic temperatures and transfer frozen vitreous samples as demonstrated by vibrational spectroscopy. Our 
findings demonstrate that the cryo-transfer station performs comparably to existing commercial models, while offering greater accessibility and 
customizability. The design for the station is open source to encourage other groups to replicate and build on this development. We hope that 
this project will increase access to cryo-transfer stations for researchers in a variety of disciplines with nonstandard equipment.
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Introduction
The transmission electron microscope (TEM) is one of the 
most versatile tools in characterization. TEM imaging allows 
direct observation of the sample at high spatial resolution, 
and it can be augmented with additional detectors to collect 
data of many types at higher spatial resolution than can be 
achieved with other techniques. However, not all samples 
can be studied in the TEM at room temperature. Organic 
and biological samples often need to be studied at cryogenic 
temperatures to reduce beam damage, preserve delicate struc
tures, and examine the material in a natural hydrated state 
(Taylor & Glaeser, 1976; Dubochet et al., 1982; Jasim 
et al., 2021).

For such materials, a frozen hydrated sample must be pre
pared outside the microscope, normally using a specialized 
plunge freezer. Aqueous samples are rapidly frozen to form 
amorphous/vitreous ice, which preserves the microstructure 
of the sample and generates fewer imaging artifacts than crys
talline ice (Stewart, 1989). The samples must then be loaded 
into the microscope without warming up and devitrifying 
the ice. The samples must also be protected from frost forma
tion due to humidity in the air, which would render the sample 

too thick for TEM. A cryo-transfer station protects the speci
men as it is loaded into the sample holder. A sliding shutter or 
other means of encapsulating the sample prevents frost forma
tion during the transfer from the cryo-transfer station to the 
TEM (Frederik & Busing, 1986).

Developments in microscope design have enabled some 
manufacturers to reach extremely high energy resolutions, 
up to 3 meV. The Nion HERMES STEM can reach <6 meV 
energy resolution at 60 kV, allowing observation of the vibra
tional loss regime (Dellby et al., 2023, 2020). Vibrational ex
citations in electron energy-loss spectroscopy (EELS), 
typically observed in the range 0–500 meV, can potentially 
yield highly detailed bonding information with atomic-scale 
spatial resolution (Dwyer et al., 2016; Crozier, 2017; 
Hachtel et al., 2019; Krivanek et al., 2019). Samples which re
quire cryo-transfer have not yet been studied with vibrational 
spectroscopy in the electron microscope because cryo-transfer 
systems, composed of a sample rod and transfer station, are 
not available for every TEM manufacturer, and they are not 
designed to be modified by the user.

There is currently no commercially available cryo-transfer 
system for a Nion side-entry microscope, which uses a pro
prietary sample holder geometry. It is possible to adapt a 
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cryo-transfer holder that is available in a ThermoFisher- 
compatible geometry, like the Gatan Elsa cryo-transfer holder, 
with a sleeve to increase the diameter and add the appropriate 
airlock interfaces. However, once this adapter is installed it 
will no longer fit in the original cryo-transfer station, making 
cryo-transfer impossible. In this project we designed, con
structed, and tested a modular cryo-transfer station which 
works with a Nion-compatible side-entry sample holder and 
could be adjusted to fit other airlock designs. The development 
of this capability enables EELS to be performed on frozen hy
drated samples with unprecedented energy resolution.

Materials and Methods
To ensure a safe transfer of a sample in vitreous ice, the trans
fer station needs to reach and maintain a safe transfer tempera
ture of 143 K (Dubochet et al., 1982). Additionally, the Nion 
adapter sleeve has a front sealing surface which mates with an 
internal o-ring inside the microscope, as shown in Figure 1. All 
of the printed parts have been optimized for use with a 
desktop-style FDM 3D printer.

Holder Construction
It is critical that no frost forms on the sealing surface at the 
sample end of the Nion adapter sleeve during sample transfer, 
as this could interrupt the internal o-ring seal in the micro
scope and vent or contaminate the UHV environment inside 
the microscope column. To prevent frost formation, the tem
perature of the Nion adapter sleeve must be maintained at 
or near room temperature while the tip of the sample rod 
must be maintained at or below 143 K to prevent accidental 
devitrification of the sample.

Figure 2 presents a labeled CAD rendering of the cryo- 
transfer station (CTS), which was designed for use with 
Nion-compatible side-entry sample holders. This prototype 
has several design choices which deviate from the Gatan 
(OEM) station which shipped with the Elsa holder, which 
was designed for use with ThermoFisher-compatible sample 
rods.

The prototype has a sliding carriage which is used to hold 
the sample rod and slide it into place. The OEM station has 
a long tube which the holder is inserted into, providing the 
support of the rod, positioning guidance, interfacing with 
the dewar, and o-ring sealing. The CTS has separated these 
features into two distinct parts. The sliding carriage of the 
CTS provides support of the rod and positioning guidance, 
while the transfer tube interfaces with the dewar and provides 
an o-ring seal. The sliding carriage was added to minimize 
contact of 3D-printed parts with the portion of the sample 
rod which is exposed to UHV inside the microscope, thereby 
reducing potential for contamination introduced during the 
transfer process.

The transfer tube of the CTS, shown in Figure 3, is signifi
cantly shorter than the OEM station, due in part to the differ
ent o-ring positions of the Nion adapter sleeve compared to 
the ThermoFisher-compatible sample rods. However, the 
main purpose of the OEM tube is to support the rod, which 
is not required in the CTS. The transfer tube of the CTS pre
vents the Nion adapter sleeve from becoming too cold and de
veloping frost on the front sealing surface. This function is 
accomplished by limiting the amount of cold air from the dew
ar that can enter the transfer tube.

Despite these precautions, initial tests indicated that frost 
could form on the front sealing surface of the Nion adapter 
sleeve, as shown in Figure 4. Solid transfer tubes, even those 
with minimal clearance around the rod to limit ingress of 
cold air from the dewar, quickly generated frost on the front 
of the sample rod. To provide additional protection from ex
cessive cooling of the Nion adapter sleeve, the transfer tube 
was redesigned to accept room temperature gas flowing 
though as a warming medium. Designs of the transfer tube 
which injected laminar streams of gas directly along the outer 
surface of the adapter sleeve were found to prevent frost for
mation, but the continuous supply of warm gas entering the 
transfer dewar interfered with the system’s ability to reach 
and maintain a safe transfer temperature. Similarly, designs 
with a helical gas flow in contact with the holder appeared 
to perform better, but also interfered. To prevent frost forma
tion without the gas entering the transfer dewar, the tube was 
redesigned to accommodate helical channels which carry 
room temperature gas through the body of the transfer tube. 
These channels, seen in Figure 3 between the inner and outer 
diameter of the transfer tube, do not allow direct contact of 
gas with the sample rod body. This provides the additional 
benefit that any source of room temperature gas may be 
used without regard to oil, dust, or water content. The room 
temperature gas flowing through the channels continuously 
limits the amount of cooling experienced by the adapter sleeve 
by acting as a heat exchanger with the cold air inside the trans
fer tube. Used gas exits outside the dewar to prevent unneces
sary warming of the sample dewar. As shown in Figure 4, this 
heat exchanger design reached a safe transfer temperature 
while preventing the formation of frost on the front sealing 
surface of the adapter sleeve for over 30 min.

Sample Preparation
To test the performance of the CTS, a sample of vitreous ice 
was prepared. Vitreous ice will devitrify rapidly above 143 
K, the chosen safe transfer limit for the CTS (Dubochet 
et al., 1982). A Pelco 200 mesh gold grid with lacey carbon 
support film was processed with air in a glow discharge system 

Fig. 1. A ThermoFisher-compatible Gatan Elsa cryo-transfer sample 
holder without (a) and with (b) a Nion side-entry adapter installed.
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to make the support film hydrophilic. A thin film of distilled 
water was added to the grid with a ThermoFisher Scientific 
VitroBot, before flash freezing in liquid ethane. Sample prep
aration took place approximately 2 h before loading the 
sample into the Elsa holder. The samples were stored under 
liquid nitrogen during this time to prevent devitrification. 
Compressed UHP nitrogen gas was used for the heat exchan
ger, attached to a needle valve to control flow rate. As dis
cussed above, any gas source may be used for the transfer 
tube, and compressed nitrogen was selected for convenience.

Results
After the sample was successfully transferred into the micro
scope, vibrational EELS data was collected, presented in 
Figure 5. The spectrum shows a distinct peak at ∼420 meV 
due to the O–H stretch. After collecting data on the amorph
ous sample, the Elsa holder was programmed to heat up to 
160 K to devitrify the sample before cooling back down to 
103 K for further analysis. The samples were held at or above 
160 K for approximately 5 min. After heating, the relative in
tensity of the O–H stretch peak has increased significantly, but 
more importantly we can see that lineshape has changed as 
well. The amorphous ice peak is symmetric about the common 
O–H stretch frequency of ∼420 meV (418 meV observed), 
while the recrystallized ice peak is asymmetric in the low- 
energy side and is now peaks at 413 meV. Moreover, while 
subtle bands of vibration are visible even in the amorphous 
ice at 109, 203, and 284 meV, these modes become more 

pronounced and slightly shifted to 110, 201, and 280 meV 
after recrystallizing. Based upon previous research from the 
Cryo-EM community, it is predicted that these changes arise 
from the emergence of ice IC, a cubic form of ice known to 
form upon devitrification of samples flash frozen in ethane 
(Dubochet et al., 1982). These observations are consistent 
with published measurements with vibrational EELS and 
FTIR comparing vitreous ice to ice IC (Hardin & Harvey, 
1973; Krivanek et al., 2019; Li et al., 2021).

File Distribution
The source files for project have been released to the 
public under the Creative Commons Attribution, Share 
Alike 4.0 license. Please read the license details at https:// 
creativecommons.org/licenses/by-sa/4.0/. The files can be re
trieved from https://github.com/AlexanderReifsnyder/Modul 
arCryoTransferStation. The design is currently on Version 
1. This repository contains two folders for each version. 
One is pre-exported STLs, ready to print and use immediately. 
The other contains the SLDPRT source files for users who to 
modify the design to suit their specific needs. Each version 

Fig. 2. CAD rendering of the assembled cryo-transfer station.

Fig. 3. Detail views of how the transfer tube interacts with the sample 
rod (a) and with the helical heat transfer channels highlighted (b).

Fig. 4. A graph of the temperature performance of different transfer tube 
designs. A star indicates the point where frost formation was first 
observed in the solid tube design (dark blue line). Designs where the 
room temperature gas was in contact with the sleeve (orange and light 
gray lines) did not achieve a safe transfer temperature (dotted horizontal 
line).
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also contains a bill of materials with links to the products used 
in the CTS prototype.

Conclusion
This study has detailed the development of a 3D printable 
cryo-transfer station for use with nonstandard side-entry sam
ple holders. Initial transfer tests using vitreous ice have been 
presented, which have demonstrated the transfer station’s 
ability to prevent devitrification of a sample during the loading 
process. The source files of the project have been made avail
able with an opensource license to allow anyone to replicate 
and build on this project. Ongoing improvements are planned 
for the CTS, most importantly developing a 3D printed or 
traditionally machined dewar insert to replace the OEM insert 
which was used for the tests. A beta-testing version is included 
in the file repository, but it has not been extensively tested to 
ensure safe transfer.

All designs included in the file repository are parametric, al
lowing those with access to CAD software to easily modify the 
dimensions and features of each module, or design new mod
ules to fit a specific requirement. While the station was config
ured for a Nion-compatible side-entry holder for this study, 
reconfiguring the modules for a different holder design is 
fast and easy. Switching just four parts (in three modules) of 
the station would allow a different diameter holder to be 
used, and only one additional part would need to be modified 
if the holder was longer than a Nion-style holder. This 
adaptability is a key feature of this project, demonstrating 
a framework to make customized cryo-transfer station for 
nonstandard airlock geometries. Additionally, any experiment 
which might otherwise require modifying the cryo-transfer 
station would be able to design their own cryo-transfer station 
to meet the needs of the experiment, using this project as a base 
or a template as needed.

Availability of Data and Materials
The authors have declared that no datasets apply for this 
piece.
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