


SINGLE CRYSTAL DIFFRACTION: THE MOVIE
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Video from Diamond synchrotron (U.K.)

Bragg scattering in 
single crystals: 
1) Reflection positions 

λ = θ

h k l

λ = π θ
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https://www.researchgate.net/publication/325207552
(DOI: 10.1016/j.compscitech.2018.05.028)

θθ

https://www.rigaku.com/products/xrd/ultima





X-ray tube Detector

Sample
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Images from Jeremy Cockcroft’s Advanced Certificate in Powder Diffraction, 
School of Crystallography, Birkbeck College, University of London 

θ
θ + δ

θ - δ

Sample at 
circle center

Too high

Too low

Sample offset as small as ~microns 
produces significant peak displacement

If sample is not at exact center of 
circle, 2θ angles will not be correct 

Based on http://pd.chem.ucl.ac.uk/pdnn/inst1/optics1.htm

Sample displacement causes largest 
shifts at low angles

Effective sample position is determined 
by mounting and penetration of beam



https://www.jjxray.dk/p/neutron-soller-collimator/
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https://kemi.uu.se/angstrom/research/inorgan
ic-chemistry/x-ray-laboratory/3-siemens-
d5000/

https://www.d2phaser.com/en/#139-lynxeye





Bragg scattering: Reflection Intensities

∝ θ λ

Q or sinθ/λ, Å-1

Structure factors:     Fhkl = nΣ fi exp[2πi(hxi + kyi + lzi)] exp(-UiQ2/2)



Neutrons and x-rays 
“see” atoms 
differently
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Incoherent and inelastic scattering
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Incoherent and inelastic scattering create background. This is usually 
significant only with neutrons and most commonly for powder (less 
so single crystal) diffraction

H D D

Hydrogen Deuterium

Resonant scattering: scattering at a resonance edge 
causes atoms to “light up”
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Experiments are sometimes performed at wavelengths close to absorption edges to enhance 
the scattering from particular elements





beamline HB2a at HFIR

, λ=

π Θ/λ
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beamline BT1  at NIST (NCNR)



Protons into 
target

Neutrons 
to sample

λ=h/mv 

Detector

Detector



Time-of-flight 2dsinΘΘ=λ

2Θ 
fixed

sample

detector

λ varies

(Pulsed sources: e.g. SNS)

NPDF instrument at LANSCE (Los Alamos)



3rd Generation TOF Instruments: High 
Intensity and High Resolution
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x20 

NIST SRM 660a (LaB6) @ 27 keV (0.46 Å): 1 hour scan

dmin= 0.3 Å   
Qmax= 20 Å-1     

ΔQ/Q ~ 1.2×10-4    
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are in the 
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11-BM Robotic Data Collection

4343

(Matt Suchomel: http://youtu.be/sowojskY7c4 or search APS 11-BM on YouTube)
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In situ and operando at 2727-7-51 1 1 keV

Incident X-ray beam

DAC

High Pressure High Pre
(< 10 

ssurePre
00 GPa

esure
PaPa)

Sample Changer

High ThroughputHigh Throughput
(500 samples/day)

AMPIX Cell

Electrochemistry

Gas Pressure Gas Pressure 
(< 600bar)

Syringe Pump

Raman Spectrometer

Cryostream

Temperature: Temper
100 

per
00 -

ature:raper
0 0 --500K

Now with mail-in program

“Oxygen Storage Properties of La1−xSrxFeO3−δ …”
Chem. Mater. 2016, 28(11), 3951. 

RGA/Mass Spec

Example:

Flow Cell/Furnace

Gas Atmospherep
Temperature: 25 

p
55 -
p

5 5 -10000000 C



Now with mail-in program
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Microwave reactor for synthesis

General diffraction at 106 6 keV

Heavy-load hexapod
(250 kg)

High Temperature Annealing

L. Fan et al., Phys. Rev. Lett. (2016).

Piezo-electric Pb(Zr,Ti)O3



High-throughput
Magnetic base, robotic arm sample changer
Multi-sample cassette
Multi-cassette changer*

Variable temperature
N2 Cryostream (80-500 K) 
Wire-wound furnace (≤1000 C)
Linkam THS1500 (≤1500 C)
Linkam THS600 (-200 – 600 C)
He Cryostat (10 K - RT)
Hot air blower (≤1000 C)
High-temperature capillary heater

Variable temperature
Flow-cell/furnace
Rapid gas switching
Non-hazardous gases
Hazardous gases
Mass flow controllers
Vapor saturator
Residual gas analyzer

Pressure
Diamond anvil cell (DAC)
Large volume fluid cell
Syringe pump

Electrochemistry
AMPIX cell
RATIX cell*

Multimodal
Combined DRIFT/PDF
In situ Raman spectrometer

emperature






