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XtaLAB Synergy-ED
An Electron Diffractometer for  

Routine Single Crystal Diffraction Studies

Introduction
Recognizing the potential of MicroED, Rigaku and 

JEOL announced a collaboration in 2020 to develop 
a new product designed in a fashion that will make 
it easy for any crystallographer to use. The resulting 
product is the XtaLAB Synergy-ED, Figure 1, a new 
and fully integrated electron diffractometer, that creates 
a seamless workflow from data collection to structure 
determination of three-dimensional molecular structures. 
The XtaLAB Synergy-ED combines core technologies 
from the two companies: Rigaku’s high-speed, high-
sensitivity detector (HyPix-ED), and instrument 
control and single crystal analysis software platform 
(CrysAlisPro ED), and JEOL’s expertise in generation 
and control of stable electron beams. There are many 
materials that only form nanosized crystals. Before 
the development of the MicroED technique, synthetic 
chemists were forced to rely on other techniques, such 
as NMR, to postulate 3D structure. Unfortunately, for 
complicated molecules such as natural products, the 
NMR results can be difficult to interpret. MicroED 
has thus become a revolutionary technique for the 
advancement of structural science.

MicroED/3DED
The groundbreaking publication1 concerning 3D 

structures from nanocrystalline lysozyme using electron 
diffraction in 2013 led to a surge in research around 
the world in applying the microED technique to other 
nanocrystalline materials (Figure 2). MicroED or 
3DED uses electrons instead of X-rays for diffraction 
experiments. Electron diffraction provides researchers 
with the ability to perform single crystal diffraction 

1 eLife 2013;2:e01345 AC DOI: 10.7554/eLife.01345

Fig. 1. The XtaLAB Synergy-ED with the sample access 
door open showing the sample stage inserted in the 
column.

New products
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on samples smaller than those at the limit of X-ray 
diffraction, at around 1 μm. However, electrons interact 
very strongly with matter, imposing an upper limit on 
the size of samples that can be studied. MicroED also 
presents experimental challenges that are different than 
X-ray crystallography which is why the two techniques 
complement one another to provide structural scientists 
with enhanced capability. Challenges in microED are:

• Absorption: It typically takes only a very small crystal 
to completely stop the beam. Sample selection is 
often counter-intuitive to those experienced in X-ray 
diffraction experiments as smaller is quite often better.

• Dynamical Diffraction: The electron beam is 
diffracted multiple times on its path through the 
crystal. The thicker the crystal, the more dynamical 
effects can cause problems for your structure solution 
and refinement.

• Sample Decay: Exposing a crystal to a high-
power, highly charged beam tends to cause rapid 
crystal decay. This can be mitigated by utilizing 
low temperature data collection as well as properly 
selecting the beam intensity and the scan speed.

• Environment: Diffraction experiments must be 
performed in a vacuum. Gas in the path of the 
electron beam will absorb and diffract it. It doesn’t 
take much air to stop the beam or ruin your 
measurement.

Hardware
Our solution is an electron diffractometer with a JEOL 

electron source and optical system operating at 200 kV 
which uses the rotation method for measurements, 
providing a familiar approach to data collection 
and data processing for those familiar with X-ray 
diffraction experiments (Figure 3). Table 1 provides 
some of the more relevant specifications of the XtaLAB 
Synergy-ED.

Building on decades of experience of achieving the 
high precision needed in the closely related electron 
microscopy field, the Synergy-ED uses the same vertical 
arrangement of the vacuum column which ensures the 
sample stays in the beam throughout the scan has the 
additional benefit of providing a compact footprint 
similar to an X-ray diffractometer.

The sample stage provides motion in x, y, z and tilt, 
to allow for precise positioning of your sample and 
data collection using the rotation method. For sensitive 
samples, which require stabilization, either against the 
vacuum or to limit beam damage, a low temperature 
measurement, a cryo-transfer sample holder is optionally 
available.

The detector used within is the HyPix-ED, a close 
relative of the detectors used in our single crystal 
X-ray diffraction equipment but optimized for electron 
diffraction. The HyPix-ED features the same event 
driven counting that allows for ultra-low noise, with 
zero dark noise and zero readout noise enabling high 
frame rates and high data quality.

Software
The software for selecting samples and measuring 

electron diffraction data on the XtaLAB Synergy-ED is 
all incorporated into CrysAlisPro ED, giving the user an 
effortless workflow from selecting the crystal all the way 
to solving and refining the structure. For those familiar 
with our X-ray instrumentation CrysAlisPro ED operates 
in the same way with some modifications to handle 
sample finding and centreing.

Find samples by browsing sample grids with a 
simple point and click interface (Figure 4). For longer 
range navigation our novel mini-map gives you a low 
magnification map of your sample grid and remembers 
the areas you’ve looked at. Once you’ve found a sample 
you are interested in, move it to the beam and center it 
just by clicking on it or use the GUI for manual control.

Fig. 2. Typical sample sizes for electron diffraction range from tens of nanometres up to a few hundred 
nanometres. For best results, small samples are ideal but as with X-ray experiments, sample 
composition plays a role.
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Table 1. Specifications of the XtaLAB Synergy-ED.

Parameter

Electron Gun

　Acceleration mode Six segment acceleration

　Acceleration voltage 200 kV

　Filament LaB6

Objective lens and optical system

　Lens mechanism 2-stage (object lens/object mini lens)

　Movable aperture HC metal bellows with motor drive system, 4 apertures (φ＝5, 15, 30, 50 μm).

Imaging lens and optical system

　Lens configuration 4-stage (3× intermediate lens+projection lens), distortion-free,  
image rotation-free

　Imaging aperture metal bellow type, click stop method, 4-hole disc-like aperture (φ=10, 20, 
50, 100 μm)

Detector HyPix-ED

　Detector Size 77.5 mm×38.5 mm

　Detector Pixel Size 100 μm×100 μm

　Maximum frame rate 100 fps

　Maximum pixel depth 231/pixel

　Maximum count rate 106 cps/pixel

Fig. 3. Hardware components of the Synergy-ED.
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CrysAlisPro allows you to group experiments by grid 
so you can keep your experimental data organized and 
setting up data collection is simple.

The diffraction experiment proceeds just like an X-ray 
experiment. This means that, during data acquisition, 
concurrent automatic data processing occurs, corrections 
are automatically applied and AutoChem can be used 
on your microED data. AutoChem is the ultimate 
productivity tool for small molecule chemists, offering 
fast, fully automatic structure solution and refinement 
during data collection. AutoChem is seamlessly 
integrated within CrysAlisPro ED (Figure 5).

One difference in MicroED compared to X-ray 
diffraction is that due, to the mounting approach, there is 
limited sample access, and it is often necessary to merge 
the data from multiple grains to get the completeness 
to an acceptable level. Merging datasets is easy in 

CrysAlisPro ED using a GUI in which multiple datasets 
can be selected to merge. The merged data is then 
refinalized to apply all corrections and scaling to get 
your final hkl reflection file.

Any researcher with experience in measuring single 
crystal X-ray diffraction data and solving crystal 
structures should be able to sit down on the first day 
and perform a microED experiment with the XtaLAB 
Synergy-ED.

Results
We have now collected data on many samples using 

the XtaLAB Synergy-ED. In general, it is normally 
possible to see hydrogen positions in the difference map. 
Here is a selection of some of the results.

The structures refined in this section were refined 
using SFAC instructions suitable for electron diffraction. 
In some cases a single grain was able to provide 
sufficient completeness for a structure solution, whilst 
in others multiple grains were used. All structures were 
collected using the XtaLAB Synergy-ED, processed 
with CrysAlisPro and solved and refined either with 
AutoChem or manually with Olex2 (Figure 6).

Fig. 4. CrysAlisPro Synergy-ED interface. (a) the GUI-based 
grid navigator, (b) mini-map feature for long range 
navigation; and (c) point and click interface. Note the 
crosshair diameter is 4 μm at the shown zoom level.

Fig. 5. (b) AutoChem progress during a microED data 
collection; the dataset merging tool in CrysAlisPro.
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Conclusion
We set out to develop and deploy an electron 

diffractometer that any crystallographer with experience 
with an X-ray diffractometer would be able to solve 
structures with minimal training. By integrating the 

JEOL electron gun, electron optics and sample stage 
with the Rigaku HyPix-ED, CrysAlisPro, Autochem and 
OlexSys’ Olex2 we have accomplished this goal. The 
XtaLAB Synergy-ED is capable of producing accurate 
ED structures on samples too small for X-ray diffraction.

Fig. 6. Some examples of the first attempts at solving structures with data collected on the XtaLAB 
Synergy-ED including pharmaceutical compounds, inorganic materials and complexes ranging from 
triclinic to tetragonal symmetry. (a) paracetamol (acetaminophen), (b) cytidine, (c) glucose, (d) 
potassium tetrachloroplatinate, (e) gefitnib and (f) iron(II) phthalocyanine bis(pyridine) complex.


