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Historically much of our understanding regarding the atomic and molecular 
arrangements in solids has resulted from x-ray diffraction investigations; 
furthermore, x-rays are still very important in developing new materials.

THE DIFFRACTION PHENOMENON

Diffraction occurs when a wave encounters a series of regularly spaced obstacles that

(1) are capable of scattering the wave, and
(2) have spacing's that are comparable in magnitude to the wavelength. Furthermore,
diffraction is a consequence of specific phase relationships that are established between two or more 
waves that have been scattered by the obstacles.

X-Ray  Diffraction
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X-RAY DIFFRACTION AND BRAGG’S LAW

X-rays are a form of electromagnetic radiation that have high energies and short
wavelengths—wavelengths on the order of the atomic spacing's for solids. 

When a beam of x-rays impinges on a solid material, a portion of this beam will be scattered
in all directions by the electrons associated with each atom or ion that lies within the beam’s path. 
Let us now examine the necessary conditions for diffraction of x-rays by a periodic arrangement 
of atoms.

Chapter 3 -100

Consider waves 1 and 2 in fig, which have the same wavelength λ and are in phase at point –
Now let us suppose that both waves are scattered in such a way that they traverse different 
paths. The phase relationship between the scattered waves, which will depend upon the 
difference in path length, is important. One possibility results when this path length difference 
is an integral number of wavelengths. As noted in fig, these scattered waves (now labeled 
1’and 2’) are still in phase. They are said to mutually reinforce (or constructively interfere 
with) one another; and, when amplitudes are added, the wave shown on the right side of the 
figure results. This is a manifestation of diffraction, and we
refer to a diffracted beam as one composed of a large number of scattered waves
that mutually reinforce one another.
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Other phase relationships are possible between scattered waves that will not lead to this mutual 
reinforcement. The other extreme is that demonstrated in Fig, wherein the path length difference 
after scattering is some integral number of half wavelengths. The scattered waves are out of 
phase—that is, corresponding amplitudes cancel one another, or destructively interfere (i.e., the 
resultant wave has zero amplitude), as indicated on the extreme right side of the figure.
Of course, phase relationships intermediate between these two extremes exist, resulting in only 

partial reinforcement.
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Consider the two parallel planes of atoms A–A and B–B in Fig, which have the same h, k, and l 
Miller indices and are separated by the interplanar spacing dhkl . Now assume that a parallel, 
monochromatic, and coherent (in-phase) beam of x-rays of wavelength λ is incident on these two 
planes at an angle ɵ. Two rays in this beam, labeled 1 and 2, are scattered by atoms P and Q. 
Constructive interference of the scattered rays 1’ and 2’ occurs also at an angle ɵ to the planes,
if the path length difference between 1–P–1’ and 2–Q–2’ (i.e., SQ QT) is equal to a whole 
number, n, of wavelengths. That is, the condition for diffraction is

Equation is known as Bragg’s law
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The magnitude of the distance between two adjacent and parallel 
planes of atoms (i.e., the interplanar spacing dhkl) is a function of the 
Miller indices (h, k, and l) as well as the lattice parameter(s). 
For example, for crystal structures having cubic symmetry,
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X-Ray  Diffraction Pattern

Adapted from Fig. 3.20, Callister 5e.
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For BCC iron, compute (a) the interplanar spacing, and (b) the diffraction angle for 
the (220) set of planes. The lattice parameter for Fe is 0.2866 nm (2.866A°). Also, 
assume that monochromatic radiation having a wavelength of 0.1790 nm (1.790 A°) 
is used, and the order of reflection is 1.

Chapter 3 -106

X-Rays to Determine Crystal Structure
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Measurement of 
critical angle, qc, 
allows computation of 
planar spacing, d.

•  Incoming X-rays diffract from crystal planes.

Adapted from Fig. 3.19, 
Callister 7e.
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PROCEDURE FOR INDEXING CUBIC XRD PATTERNS 
When you index a diffraction pattern, you assign the correct Miller indices to each peak (reflection) in
the diffraction pattern. An XRD pattern is properly indexed when ALL of the peaks in the diffraction
pattern are labeled and no peaks expected for the particular structure are missing.

How to we correctly index a pattern? 

The correct procedures follow. 

Interplanar spacings in cubic crystals can be written in terms of lattice parameters using 
the plane spacing equation: 
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•  Atoms may assemble into crystalline or 
amorphous structures. 

•  We can predict the density of a material, provided we 
know the atomic weight, atomic radius, and crystal 
geometry (e.g., FCC, BCC, HCP).

SUMMARY

•  Common metallic crystal structures are FCC, BCC, and      
HCP. Coordination number and atomic packing factor
are the same for both FCC and HCP crystal structures.

•  Crystallographic points, directions and planes are 
specified in terms of indexing schemes. 
Crystallographic directions and planes are related 
to atomic linear densities and planar densities. 
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•  Some materials can have more than one crystal 
structure. This is referred to as polymorphism (or 
allotropy). 

SUMMARY

•  Materials can be single crystals or polycrystalline. 
Material properties generally vary with single crystal 
orientation (i.e., they are anisotropic), but are generally 
non-directional (i.e., they are isotropic) in polycrystals 
with randomly oriented grains.

•  X-ray diffraction is used for crystal structure and 
interplanar spacing determinations. 
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Core Problems:

Self-help Problems:

ANNOUNCEMENTS
Reading:
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