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A Brief History of x-ray Scattering

>

>

x-ray diffraction laws — Lawrence & William Henry Bragg (1912)
» Won Nobel Prize is 1914

Powder x-ray diffraction measurements — Peter Debye & Paul Scherrer
in Germany (1916) and Albert Hull in the United States (1917)

Fourier Relationship between Debye scattering equation and real-space
pair density derived — Zernicke & Prins (1927)

First Pair Distribution Function (PDF) measurement — Debye & Menke
(1930)

First Synchrotron PDF measurement — Takeshi Egami (1986)

» Datasets took ~ 12 hours to collect after days of setup
» Energy sensitive point detector used

PDF Measurements collected with an area detector — Peter Chupas &
Xiangyun Qiu (2003)

» PDF measurements are now done in the order of seconds
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X-ray Scattering on Electrons

Elastic Scattering

» Coherently scattered photon has same

phase and wavelength )

Compton Scattering

» Photon imparts energy into the electron
causing it to move

> Scattered Photon loses energy and has a
larger wavelength

» Not useful for this work
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Effects of Finite limit of Reciprocal Space
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Sample-Detector Distance
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User Pro Tips

>
>
>
>

» What are you hoping to resolve?

Short range structure

Medium range ordering

Comparitive changes (in situ/ in operando)
Modeling

» Is there low Q or high Q signal?
» Be aware of the experimental parameters

» Choice of energy vs flux and Q
» Area detector being used

>
>
>
>
>

Pixel Size
Afterglow

Dark current
Flatfield
Saturation levels

» Beam size

» Collect more subtractive images than you need!
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Geometry calibration much harder
High Q signal very weak — noise
can easily get convoluted

New software needed to
accurately work in these extremes

No averaging over full rings —
need good smooth samples

Background measurements
needed more frequently
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Resources

O » X-Ray Diffraction — B. E. Warren (1990)
-rays an Elad-lg
——— » Elements of X-Ray Diffraction — B. D. Cullity (2001)

Pair Distribution » The rise of the X-ray atomic pair distribution function method: a series
of fortunate events — S. Billinge
https://doi.org/10.1098/rsta.2018.0413

» An inclined detector geometry for improved X-ray total scattering
measurements — N. Burns et al
o a0 https://doi.org/10.1107/51600576723001747

Inclined Geometry PDF » GSAS-Il — https://subversion.xray.aps.anl.gov/trac/pyGSAS
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