
The use of X-ray methods in the field of materials analysis covers many techniques 
based on the scatter, emission and absorption properties of X-radiation, the two 
most common are X-ray fluorescence (XRF) spectrometry and X-ray powder 
diffractometry (XRD).

X-ray fluorescence spectrometers/ spectrographs(XRFS)-
When a sample of material is bombarded with energetic radiation (X-rays, γ-rays,
electrons, protons, etc.) vacancies may arise from the removal of inner orbital
electrons. One of the processes by which the atom regains stability is by transference
of electrons from outer to inner electron shells. Each of these transitions is
accompanied by the emission of an X-ray photon having an energy equal to the
energy difference between the two states. The X-ray emission wavelengths are
characteristic of the atom in question and there is a simple relationship (Moseley’s
law) between the wavelength of the emission line and the atomic number of the
atom. Thus when a sample is made up of many different types of atoms, each atom
will produce a series of wavelengths, and all of the contributions add up to become
the total X-ray emission from the sample.

Thus XRF is a technique which utilizes the diffracting power of a single crystal, or
the proportional characteristics of a photon detector, to separate the polychromatic
beam of radiation from the sample into separate wavelengths, thus allowing
qualitative and quantitative elemental measurements to be made.

X-Ray Analytical Methods 



Powder X-Ray Diffractometer
A beam of monochromatic radiation may also be scattered
when X-ray photons collide with atomic electrons. Where the
scattered wavelengths interfere with one another diffraction
of X-rays occurs. All substances are built up of individual atoms
and nearly all substances have some degree of order of
periodicity in the arrangement of these atoms. It is the
scattering from these periodic arrays that leads to the
diffraction effect, and there is a simple relationship (Bragg’s
law) between the scattering angle, the wavelength of the
radiation and the spacing between the planes of atoms.

Since the distances between the atomic planes are
dependent on the size and distribution of atoms – i.e. the
structure of the material, X-Ray Diffraction (XRD) can be used
for qualitative and quantitative phase identification.



Bragg’s Law

• The father and son team of Sir William 
Henry and William Lawrence Bragg 
were awarded the Nobel prize for 
physics "for their services in the analysis 
of crystal structure by means of Xrays“ 
in 1915.

• Bragg's law was an extremely important 
discovery and formed the basis for the 
whole of what is now known as 
crystallography. This technique is one of 
the most widely used structural analysis 
techniques and plays a major role in 
fields as diverse as structural biology 
and materials science.

William Lawrence
Bragg (1890-1971)

Sir William Henry
Bragg (1862-1942) 



BRAGG’s EQUATION/LAW
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▪ The path difference between ray 1 and ray 2 = 2d Sin

▪ For constructive interference: n = 2d Sin

Ray 1

Ray 2



Deviation = 2



How do we measure the X‐ray diffraction pattern of a solid?
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X-ray Powder Diffraction Patterns
are used to identify crystalline materials and 
to determine the amount of each phase in a 

mixture
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Powder diffraction pattern from Al
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Radiation: Cu K,  = 1.54056 Å

Note:

▪ Peaks or not idealized  peaks → broadened

▪ Increasing splitting of peaks with g  

▪ Peaks are all not of same intensity

X-Ray Diffraction: A Practical Approach, C. Suryanarayana & M. Grant Norton, Plenum Press, New York (1998)



How do we present X‐ray diffraction data?

“Anatomy” of the XRD pattern



How precisely can we analyze an X‐ray diffraction pattern?



Why we do X-Ray Diffraction  XRD?
• Measure the average spacings between layers or rows of atoms

• Determine the orientation of a single crystal or grain

• Find the crystal structure of an unknown material

• Measure the size, shape and internal stress of small crystalline 

regions

Experimentally recorded diffraction pattern:



Can we improve accuracy of analysis?



X‐ray wavelength: Effect of Kα1+2 radiation



Are all crystallite orientations present?



So what can we determine from XRD data?









































Information from peak intensity?



What determines the intensity of the diffraction peak?


