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Zeolites Method development

Crystallography Programming

https://github.com/stefsmeets

Structure determination and characterization Powder diffraction Electron diffraction
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Electrons as a radiation source

• Accelerating voltage: 100 to 300 keV

• Wavelength: 0.0251 Å @ 200 keV

• Probe electrostatic potential

• Strong interaction (106 stronger than X-rays)

• Require small samples (< 1 µm)

• High vacuum (<10-3 mbar)

λ=1.0 Å

λ=0.025 Å

Ewald sphere
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Electron ‘diffractometer’
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The electron microscope as a giant toy for nanoscience

Detector system

Alignment coils

Goniometer

Electromagnetic lenses

Computer 
control
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Source code: 
http://github.com/stefsmeets/instamatic

Serial electron 
diffraction

Microscope control

- .hkl files
- Phase analysis
- Input files

Camera interfaceContinuous rotation 
electron diffraction

- .tiff (patterns + images)
- REDp (.ed3d, .mrc)
- XDS (XDS.INP, .smv)
- DIALS (.bat files)

Data reduction 
server

Instamatic
(Python3.6+)

- Modular GUI
- Crystal finder
- Crystal tracking
- Neural network
- Calibrations

TVIPS (X)F416

ASI Cheetah Gatan Orius

Simulated

Simulated

TFS Titan/Themis Z

JEOL 1400/2100/3200

Serial rotation 
electron diffraction
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3D Electron diffraction

Tilt range: up to 150°
Oscillation angle: 0.1-0.5°
Rotation speed: 0.5-2.0°/s

<5 minutes

Continuous rotation method
Nederlof et al., Acta Cryst. D (2013), 69:1223

Nannenga et al., Nat. Methods (2014), 11:927
Gemmi et al., J. Appl. Cryst. (2015), 48:718

Cichocka et al., J. Appl. Cryst. (2018), 51:1652

Detector
readout time

e-

Detector
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Zeolite mordenite Rotate: -43.90° to 58.65° @ 0.45°/s (102.55°)
Exposure: 0.5 s, oscillation angle: 0.23°

» 12x

Cichocka et al., J. Appl. Crystallogr. 51 (2018): 1652–61
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Refinement
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Framework structure

Si—O 1.614 ± 0.012 Å

Si—O—Si 109.5 ± 1.9°

O—Si—O 153.3 ± 12.0°

? ?

Si? Al? Ge? B? □? 
145°

1.61 Å
SiO

109.5°

template

Na+, Cu2+, Cr2+, K+, …

CO2

H2O

Cichocka et al., J. Appl. Crystallogr. 51 (2018): 1652–61

R1=0.160 (0.80 Å)
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Segmentation

Serial electron crystallography
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5684 particlesSerial electron crystallography
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Serial electron diffraction (SSZ-45)
JEOL 1400 LaB6 @ 120 kV
401 images @ 400 ms/frame
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Orientation finding

• Forward projection model using known lattice parameters
• Generate pattern library of all possible orientations (~1.5M in ) 
• Match best orientation and index data

Smeets et al., J. Appl. Cryst., 2018, 51:1262

Orientation finding
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GeSi-BECMordenite 

ECR-18
Zeolite Y

(using 99 / 2506 frames)
Zeolite A

(using 200 / 1107 frames)

Structure determination

• Merge hkl-files using rank aggregation

• Combine data from many frames
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Quantitative phase analysis

2 μm

M23C6

Cr7C3 (hex)

Cr7C3 (ortho)

3939 particles
~4 hours

33.7%

6.4%

59.6%

With Claes Olsson (Sandvik Materials Technology)
Smeets et al., Steel Res. Int. 90 (2019), 1800300
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Automated crystal tracking

Bin Wang (Stockholm University)

Wang et al., IUCrJ 6 (2019), doi: 10.1107/S2052252519007681 

Rotation: -44.0 to 47.4° @ 0.76°/s (91.4°)
Exposure: 0.5 s, oscillation angle: 0.39°

» 12x
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Find average unit cell (ZSM-5)

a=13.3(5) Å
b=19.2(7) Å
c=19.8(5) Å
α=90.0(1.7)°
β=89.9(1.2)°
γ=89.16(1.5)°

Orthorhombic
C-centered
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Cluster analysis (intensities)

c
a

a
c

R1=0.218 (0.77 Å)

R1=0.238 (0.79 Å)

5 8



21

Source code: 
http://github.com/stefsmeets/instamatic

Serial electron 
diffraction

Microscope control

- .hkl files
- Phase analysis
- Input files

Camera interfaceContinuous rotation 
electron diffraction

- .tiff (patterns + images)
- REDp (.ed3d, .mrc)
- XDS (XDS.INP, .smv)
- DIALS (.bat files)

Data reduction 
server

Instamatic
(Python3.6+)

- Modular GUI
- Crystal finder/tracking
- Neural network
- Calibrations
- Automated experiments

TVIPS (X)F416

ASI Cheetah Gatan Orius

Simulated

Simulated

TFS Titan/Themis Z

JEOL 1400/2100/3200

Serial rotation 
electron diffraction
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Bin Wang
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Python as a glue language

Guido van Rossum (1998)
‘Python as a glue language’
https://www.python.org/doc/essays/omg-darpa-mcc-position/

Without Python, large amounts of C/C++ code often have to be 
written just to provide a flexible enough input mechanism so that 

scientists can feed the program its data, in all the variations that are 
required for reasons of experimental setup. Python can be used to 

write a much more flexible input mechanism in a much shorter time.
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Python as a glue language

Guido van Rossum (1998)
‘Python as a glue language’
https://www.python.org/doc/essays/omg-darpa-mcc-position/

Python is ideal for oddball integration tasks.
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Python as a glue language

TVIPS (X)F416

ASI Cheetah

Gatan Orius

TFS Titan/Themis Z

JEOL 1400/2100/3200

Python

XDS
XSCALE
DIALS

Pointless
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Python as a glue language

• Subprocess

• comtypes

• ctypes 

– call C functions from Python

– Access Windows API

• Sockets

– Netcat

– Echo server

• Windows Subsystem for Linux

• Pyautogui
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TVIPS (X)F416

ASI Cheetah

Simulated

Python

Through DM plugin
COM -> DLL (C++) -> ctypes

Through EMMENU
comtypes

Through DLL (C++)
ctypes

instamatic.camera.Camera

Instamatic
main programimportimport

Gatan Orius
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TVIPS (X)F416

ASI Cheetah

Gatan Orius

Simulated

Python

Through DM plugin
COM -> DLL (C++) -> ctypes

Through EMMENU
comtypes

Through DLL (C++)
ctypes

instamatic.camera.Camera

instamatic.server.cam_server (socket server)

TCP/UDPTCP/UDP Instamatic
main program

(socket client)
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importimportInstamatic
main program

Python

TEMScripting (COM)
comtypes

TEMCOM (COM)
comtypes

instamatic.TEMController.Microscope

Simulated

TFS Titan/Themis Z

JEOL 1400/2100/3200
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TCP/UDPTCP/UDPInstamatic
main program

(socket client)

instamatic.TEMController.Microscope

instamatic.server.tem_server (socket server)

Simulated

TFS Titan/Themis Z

JEOL 1400/2100/3200

Python

TEMScripting (COM)
comtypes

TEMCOM (COM)
comtypes
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3D electron diffraction (discrete rotation)
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3D electron diffraction (continuous rotation)
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Serial electron diffraction
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Data reduction server (Windows)

• DIALS: Socket server > subprocess > cmd > dials_script.bat >>> Python2.7

• XDS: Socket server > subprocess > WSL > XDS
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Summary

• Python offers many options to interface other programs/libraries

– The standard library (ctypes, subprocess, sockets, …)

– Libraries (comtypes, pyautogui, …)

• Define common interface to access hardware

• Simplify and unify interaction through high-level interfaces

• Endless flexibility to design new experiments
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