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The Bragg law

» Constructive interference and interplanar spacing:
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Reciprocal space

Again get Bragg’s Law d*/2 = sin®/\
Ewald sphere
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Spherical reflection shells
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The Bragg law and the intensities

» Consider diffraction from the (001) plane
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Diffraction intensities

» The intensity in a powder diffractometer
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» The structure factor:
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Atomic scattering factor and Debye-Waller

» The atomic scattering factor for X-ray decreases with the

diffraction angle and is proportional to the number of electrons.
For neutron is not correlated to the atomic number.
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Neutron scattering factors

» For light atoms neutron scattering has some advantages

» For atoms very close in the periodic table, neutron scattering
may help distinguish them.
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X-ray and neutron diffraction

X-ray Diffraction - CuKa
Phillips PW1710

e Higher resolution

e Intensity falloff at small d
spacings

 Better at resolving small
lattice distortions
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Neutron Diffraction - D1a, ILL
A=1.909 A

e Lower resolution

e Much higher intensity at small
d-spacings

e Better atomic positions/thermal
parameters
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Thermal or Debye-Waller factor
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the temperature

From the Debye-Waller it is i
possible to estimate the Debye
temperature
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Powder diffraction and Debye-Scherrer camera
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A modern diffractomer

Bragg Brentano 2-THETATHETA Setup
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Incident beam
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Parafocusing circle (Bragg-Brentano)
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Theta-theta diffractometer

Bragg Brentano THETATHETA Setup

400° THETA
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Slits system in Bragg-Brentano

scatter slit

soller slits

antiscatter slit
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Texture goniometer
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Texture orientations

Pole figure representation




Pole figure projections (and inverse)




Residual stress measurement

, Software
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Residual stress analysis

campione M04/045/2 zona A-1 residual stress -1082 MPa +/-60 MPa
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When either or both af 5 ¢,5; are non-zero, d measured at positive ar
negativePsi will be different due to the argumentPsin associated
with these terms causing &plit in the d (2-thetays. sirfPsi data.
This effect is termedPsi-splitting.




Diffraction analyses

Phase identifications (crystalline and amorphous)
Crystal structure determination

Crystal structure refinements (cell parameters and atomic
positions)

Quantitative phase analysis (and crystallinity determination)

Microstructural analyses (crystallite sizes - microstrain
distributions etc.)

Texture analysis

Residual stress analysis

Order-disorder transitions and compositional analyses
Thin films
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