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X-ray

Neutron 

Electron

Glasses

Nano materials

Crystalline systems – Defects, Disorder
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X-ray technique   Type I users – Sample preparation
Type Ii users – Try to understand the structure

Coupling of structure with physical properties

Multiferroics
Manganites
Shape memory alloys

Popularity due to Rietveld technique 



Background

Structured -

TDS

Peak Intensity – Position of the atoms in the unit cell  

FWHM – Instrument resolution X sample 

Position of reflections – dimension of the cell

CeCoGe3

Mo target

Rietveld refinement
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Multiplicity

Powder pattern
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Elements of refinement - Background
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Structured

Thermal Disorder Scattering

•Acoustic phonons peaks at Bragg 

reflections

•Optical and multiphonon processes 

have a smooth variation

In Debye model
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Powder Diffraction - Advantages

Single Crystal

•Determine Crystal Structure

•Fundamental physical properties

Powder

•Wider investigation of 

physical, chemical & 

mechanical properties

•Easier to make in large 

quantity

•Applications



Structure factor
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su is the root-mean square thermal displacement
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Rietveld method- Calculate Intensity
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Background

Absorption factor

Preferred orientation function

Reflection profile function

Structure factor

Lorentz, polarization, and multiplicity factor

Scale factor
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800 nm

40 nm

Nd0.5Sr0.5MnO3

Effect of reducing the particle size
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The structure factor in the case of crystalline materials
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In the absence of long range order  -
Non crystalline solids – Glass, liquids….

Short range order

Radial distribution function - pair 
correlation function

# of atoms in a spherical shell of 
unit thickness at a distance r from 
a reference atom

G(r) = 4πrρo [ρ(r)/ρo-1]

ρ(r) and ρ0 are the local and 
average atomic densities

Diffraction diffuse in nature
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S (K) = I/Nf2 Liquid structure factor
N - # of atoms, f – Atomic form factor
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Radial distribution function, g(r)
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qmax should be at least 20 Å-1 possible only with synchrotron or Mo

Remove air background, sample holder, correct for absorption effects, if 

any

Correct data for Compton scattering 
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•RAD

•PDFX

•RMCPOW
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• Neutron interacts with nuclei

• It has a magnetic moment

Neutron Scattering - Elemantary
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Experimental facilities in Dhruva 
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The measure of the isotropic size effect

in Angstroms
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Anisotropic broadening of size – only lorentzian component is considered and 

various  models are chosen through the parameter F


