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(X-ray) Diffraction

Some practical aspects of one of
the most important tools in solid
state sciences




Bragg’s Law of Diffraction

Abbildung 28: Beugung von Réntgenstrahlung an einem Kristall (siehe Text).




Diffraction from Lattice Planes

eEach set of planes
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Diffraction from Single Crystal




Diffraction from Powder Crystals
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Q u a.d ratl C Tabelle 4: Die quadratischen Braggschen Gleichungen in den 7 Kristallsystemen
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Working Principle of the X-ray

tube

Tungsten wire at 1200-1800°C
(about 35mA heating current)

High Voltage 20-60 kV
max. Power 2.2-3 kW

eTypical operating values for
Cu: 40 kV, 35 mA

Mo: 45 kV, 35 mA
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Spectrum of the X-ray tube
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Emax.: EO - eNO and Wlth E = (h )C)/l Notice the ratio of the relative intensities of the
| midA = (h)/eVo = 12.34/( Vo/kV) Ko and K, lines.




n=1,2,3 (principal quantum number), corresponds to K, L, M... shells
e[=0, 1, ..., n-1 (orbital quantum number)

oj=|l¢s|; s=1/2 (spin-orbit coupling)

m=j, J-1, -2, ..., -]
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X-ray Quantum numbers Maximum
notation electron

population

a
—
b

Bt Pt o Pt ol ! o
- - -

1
2
2
2
3
3
3
3
3
4
4
4
4
4
4
4

L R S B i = S S B o T e B e T e
B FIP AP BIR Lo B B P Bl b b i il fd b= i
X oDk RN DB bR AR B

H M HHHHEE B

L A o L




eAllowed
Transitions

Ny,
i

I |

n
v
L
o]

I‘




Mosley’s Law (for multiple
electron atoms):

1/l = cXZ-s)*X1Un,* - 1n,")

eZ = atom number
es = shielding constant
en = quantum number

P Decreasing wavelength with increasing Z




Characteristic Wavelengths

In Angstroems (100pm)

Ka,
1.54051

0.70926
0.559363

0.208992




Absorption edge

At the absorption edge, the incident
X-ray quantum is energetic enough to
knock an electron out of the orbital




Monochromatisation of X-rays

Filters
«Crystal Monochromators




Different Geometries

e Debye-Scherrer
e Bragg-Brentano

e Guinier




Debye Scherrer
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Detection of X-rays

*FiIm (Guinier camera, Debye-Scherrer Camera, precession camera)
*Si(LI) solid state detector (powder diffractometers)

«Szintillation counter (4-circle diffractometer,Stoe powder
diffractometer)

*Position Sensitive Detectors (Stoe powder diffractometer)
slmage Plate DetectorgStoe IPDYS)
*CCD Detectors (Bruker SMART system)
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Image plate detectors

eMetal plate with about 18cm diameter, coated with Eu?*
doped BaFBr

eX-rays ionize Eu?* to Eu3* and the electrons are trapped in
color centers

eRead out process with red laser leads to emission of blue
light, when electrons return to ground state

The blue light is amplified by a photomultiplier and

recorded as a pixel image




Setup for a Powader
Diffractometer

Ge-monochromators

High Temperature
W Attachment

Goniometer X-ray tube




Different Sample Holders

Capillary

Transmission




Preparing a sample

Capillary:

Transmission sample holder

Reflection sample holder




What Information Can We
Extract from Diffraction
Experiments?

e Determination of known phases
e Crystallinity
e Determination of lattice constants

e Structure solution




Crystalline and Amorphous
Phase together:
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Overlapping of Reflections:




Databases:

e |CSD (Inorganics, Single Crystal Data, on PC's)
e CSD (Organics, on Wawona)

e METALS (at vsibm1.mpi-stuttgart.mpg.de,
username guest, password guest, metals)




Interaction of Electrons with
Matter

Emission of electromagnetic radiation:
, discrete energies, E.<E,
Bremsstrahlung, continuous energie distribution, E,OE,
Luminescence, in the UV or visible Region

Electron emission:
Backscattered electrons (BSE)
Auger electrons
Secondary electron emission (SE)

Effects in the Target:
Electron Absorption (ABS)
Heat




