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CHAPTER - II
X-RAY DIFF RACTION AND
RECIPROCAL LATTICE

2.1 INTRODUCTION

X-rays, being electromagnetic radiatiops, also undergo thltiakphe'n?;l.
enon of diffraction as observed for visible llgh't- How§ver£) RS vfli]l\ l.e
light, x-rays cannot be diffracted by ordinary optical grating \j:cauie o tieir
very short wavelengths. In 1912, a German p!1y51c1§t Max Von aue sug-
gested the use of a single crystal to produce dxffractl.on 'of x-rays.. Smce.all'
the atoms in a single crystal are regularly arranged with interatomic spacing
of the order of a few angstroms, a crystal can act as a three-dimensional
natural grating for x-rays. Friedrich and Knipping later successf.ully dem-
onstrated the diffraction of x-rays from a thin single crystal of zinc blende
(ZnS). The diffraction pattern obtained on a photographic film consisted of
a series of dark spots arranged in a definite order. Such a pattern is called
the Laue's pattern and reflects the symmetry of the crystal. Apart from this,
the phenomenon' of x-ray diffraction has become an invaluable tool to
determine the structures of single crystals and polycrystalline materials. It
is also extensively used to determine the wavelength of x-rays.

2.2 X-RAY DIFFRACTION

When an atomic electron is irradiated by a beam of monochromatic
X-Tays, it starts vibrating with a frequency equal to that of the incident beam.
Since an accelerating charge emits radiations, the vibrating electrons present
inside a crystal become sources of secondary radiations having the same
frequency as the incident x-rays. These secondary x-rays spread out in all
possible directions. The phenomenon may also be regarded as scattering of
x-rays by atomic electrons. If the wavelength of incident radiations is quite
large compared with the atomic dimensions, all the radiations emitted by
electrons shall be in phase with one another. The incident x-rays, however,
::‘e“:at:; ;2:1: :;g;:gfb\;a;/g;r;i;hs as tha_u of the atomic dimensionsi hence
another. These radiations may thereafI g ggneral’ e Qhase .
tive interference producing m;xima e e erg.o Construcu.v ¢lor.destnig

Or minima in certain directions.
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. Consider a one-dimensional row of similar atoms having interatomic
spacing equal to a. Let a wave front of x-rays of wavelength A be incident
on the row of atoms such that the wave crests are parallel to the row. The

tion. The zeroth, first and second order diffraction directions are shown in
Fig. 2.1. It may be noted that reinforcement takes place in some particular
directions only, whereas in other directions the wave fronts interfere destruc-

tively and the intensity is minimum. Such reinforcements produce Laue's
pattern.

Second Zeroth First

order order order
o

A I Incident wave

Fig. 2.1. Reinforcement of scattered waves resulting in
diffracted beams of different orders.

In actual crystals, the problem is more complicated because of the
presence of three-dimensional arrangement of atoms. The conditions for
a crystal to diffract x-rays can be determined by using either Bragg's
freatment or Von Laue's treatment.

~2.2.1 The Bragg's Treatment : Bragg's Law

In 1912, W.H. Bragg and W.L. Bragg put forward a model which
generates the conditions for diffraction in a very simple way. They pointed
that a crystal may be divided into various sets of parallel planes. The
directions of diffraction lines can then be accounted for if x-rays are
considered to be reflected by such a set of parallel atomic planes followed
by the constructive interference of the resulting reflected rays. Thus the
problem of diffraction of x-rays by the atoms was converted into the problem
of reflection of x-rays by the parallel atomic planes. Hence the words
‘diffraction’ and ‘reflection’ are mutually interchangeable in Bragg's treat-
ment. Based on these considerations, Braggs derived a simple mathematical
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relationship which serves as acondition
condition is known as the Bragg's law.

for the Bragg reflection to occur, Ty, "

!

Fig. 2.2. Bragg's reflection of x-rays from the atomic planes.

To obtain the Bragg's law, consider a set of parallel atomic planes with
interplanar spacing d and having Miller indices (hkl). Let a parallel beam of
x-rays of wavelength A be incident on these parallel planes at a glancing angle
8 such that the rays lie in the plane of the paper. Consider two such rays |
and 2 which strike the first two planes and get partially reflected at the same
angle § in accordance with the Bragg's treatment as shown in Fig. 2.2. The
diffraction is the consequence of constructive interference of these reflected
rays. Let PL and PM be the perpendiculars drawn from the point P on the
incident and reflected portions of ray 2 respectively. The path difference
between rays 1 and 2 is, therefore, given by (LQ + QM). Since LQ = QM
= d sinB, we get

Path difference = 24 sin®

For constructive interference of rays 1 and 2, the path difference must
be an integral multiple of wavelength 1, i.e.,

2d sing = nA 2.1)

where 7 is an integer. This equation is called the Bragg's law. The diffraction
tak&s‘ place for those values of d, 6, A and n which satisfy the Bragg's
condition. In Eq. (2.1), n represents the order of reflection. For n = 0, we
get the zeroth order reflection which occurs for 8 equal to zero, i.c., in the
direction of thc.incidcnt beam and hence it cannot be observed experimen-
tally. For the given values of 4 and A, the higher order reflections appear
for larger values of 6. The diffraction lines appearing for n = 1, 2 and 3
are called first, second and third order diffraction lines respectively and so

i
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on. The intensity of the reflected lines decreases with increase in the value
of n or 6. The highest possible order is determined by the condition that
sin O cannot exceed unity. Also, since sin0 < I, A must be < d for Bragg
reflection to occur. Taking d ~ 10-10 m, we obtain A £ 10719 m or 1A.

X-rays having wavelength in this range are, therefore, preferred for analysis
of crystal structures,
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