
Experimental studies of crystal structure

Electron-microscope photograph of atomic 

planes of a crystal Аl2О3 • 4SiO2-Н2О. 

An increase 3 250 000 times.

x-ray, electron and neutron diffraction



(1) A Laue camera. With a non- monochromatic x- ray

beam, the camera produces Laue patterns useful, e.g.,

for the orientation of single crystals. Angle is fixed.

[f rom Charles Kittel, Introduction to Solid State Physics (Wiley, 2004)]

3 types of x-ray diffraction (1).



Example: the Laue pattern obtained from a single crystal

of the decagonal Al- Ni- Co phase (S1 type superstructure)

incident beam along the A2 axis incident beam along the A10 axis

This method mainly gives the symmetry axes of the crystal



3 types of x-ray diffraction. (2) rotating crystal in monochromatic beam

Sketch of a monochromator which by 

Bragg reflection selects a narrow 

spectrum of x-ray or neutron 

wavelengths from a broad spectrum 

incident beam. The upper part of the 

figure shows the analysis (obtained by 

reflection from a second crystal) of the 

purity of a 1.16 A beam of neutrons 

from a calcium fluoride crystal 

monochromator. The main beam is that 

not reflected from the second crystal. 



3 types of x-ray diffraction. (3) powder method.

Do not need mono-crystal samples



Scattering from parallel planes showing the origin of

Bragg's law. The planes are separated by a distance d.

The incident wave vector is k and the scattered wave vector

is k'. The magnitude of both k and k' is 2  , and 

the path difference between waves partially reflected from

successive planes is 2d sin .

[from P. M. Chaikin and T. C. Lubensky, Principles of Condensed Matter Physics (Cambridge University Press, 2000)]



Derivation of diffraction condition

Amplitude of 

diffracted wave

For point scattering centers:



Derivation of diffraction condition

Amplitude of 

diffracted wave

For point scattering centers:

|k|=|k |  - elastic X-ray scattering; 

=exp(ik +ik r)= exp(ik R) exp (ik -ik)]= 0 exp(-ik) 

r = R- =>

0=exp(ik R)



Derivation of diffraction condition (result) for simple point lattice

For point scattering centers 
the scattering amplitude

is maximal ( ) if

The diffraction 
condition: 

is satisfied for any vector of reciprocal lattice

where

The Ewald
construction (h,k,l) denote the reflection peak



The Ewald construction for the Laue method. The incident

X - ray beam is non- monochromat ic, i.e., k0  k  k1. The

Ewald spheres for all incident k fill the shaded region

between the spheres

centered on the tips

of the vectors k0 and

k1, respectively.

The Laue classes.

[from P. M. Chaikin and T. C. Lubensky,

Principles of Condensed Matter Physics

(Cambridge University Press, 2000)]



Structure factor of the basis

Electron concentration from 
each atom is given by

where 

and

The total electron concentration is 

where the atomic form factor 

The sum is called structural factor of the basis

It gives the relative amplitudes of 
different Bragg reflection peaks.





Explanation of the absence of a (100) reflection from a body-centered cubic lattice. 





Fig. 17. Comparison of x-ray reflections from KCI and KBr powders. In KCI the 

numbers of electrons of K+ and CI- ions are equal. The scattering amplitudes f(K+) 

and f(CI-) are almost exactly equal, so that the crystal looks to x-rays as if it were a 

monatomic simple cubic lattice of lattice constant a/2. Only even integers occur in 

the reflection indices when these are based on a cubic lattice of lattice constant a. 

In KBr the form factor of Br- is quite different than that of K+, and all reflections of 

the free lattice are present.



Atomic form-factor

If the electron density was located 

only in the center of the atom, then 

and for all G

For spherically symmetric 

electron distribution in atom

where Z is the number of atomic electrons. Therefore fG is the ratio of 

the radiation amplitude scattered by the actual electron distribution in 

an atom to that scattered by one electron localized at a point. 



Temperature dependence of reflection line intensity

Instant atom 

position is

The average scattering amplitude is

using the averages

and the

expansion

we obtain the intensity the Debye-Waller factor of temperature damping:

where I0 is the intensity 

without atom motion.



Temperature dependence of the 

diffraction maximum intensity 

(h00) for aluminum. Reflections 

(h00) with odd h values are 

forbidden in the fcc structure.



The reciprocal lattice

Consider a set of points R constituting a Bravais

lattice, and a plane wave, eikr.

The set of all wave vectors K that yield plane waves

with the periodicity of a given Bravais latt ice is

known as its reciprocal lattice.

A reciprocal lattice is defined with reference to

a particular Bravais lattice.

The Bravais lattice that determines a given reciprocal

lattice is often referred to as the direct lattice, when

viewed in relation to its reciprocal.



The reciprocal lattice is itself a Bravais lattice but in momentum space

Let a1, a2 and a3 be a set of primit ive vectors for the direct latt ice.

Then the three primit ive vectors

b1 = 2
a2  a3

a1 (a2  a3)
,

b2 = 2
a3  a1

a1 (a2  a3)
,

b3 = 2
a1  a2

a1 (a2  a3)

can generate the reciprocal latt ice.

The reciprocal of the reciprocal lattice is the original

direct lattice.

Reciprocal lattice





Brillouin gave the statement of the diffraction condition that is most widely used in 

solid state physics, which means in the description of electron energy band theory 

and of the elementary excitations of other kinds. 

A Brillouin zone is defined as a Wigner-Seitz primitive cell in the reciprocal lattice. 

Brillouin zones



Square reciprocal lattice with reciprocal lattice 

vectors shown as fine black lines. The lines 

shown in white are perpendicular bisectors of 

the reciprocal lattice vectors. The central square 

is smallest volume about the origin which is 

bounded entirely by white lines. This square is 

the Wigner-Seitz primitive cell of the reciprocal 

lattice. It is called the first Brillouin zone. 



Construction of the first Brillouin

zone for an oblique lattice in two 

dimensions. We first draw a number 

of vectors from О to nearby points 

in the reciprocal lattice. Next we 

construct lines perpendicular to 

these vectors at their midpoints. 

The smallest enclosed area is the 

first Brillouin zone. 

The central cell in the reciprocal lattice is of special importance in the 

theory of solids, and called the first Brillouin zone. The first Brillouin zone 

is the smallest volume entirely enclosed by planes that are perpendicular 

bisectors of the reciprocal lattice vectors drawn from the origin. 

Crystal and reciprocal lattices in 1D. The 

basis vector in the reciprocal lattice is 

b=2/a. The shortest reciprocal lattice 

vectors from the origin are b and -b. The 

perpendicular bisectors of these vectors 

form the boundaries of the first Brillouin

zone. The boundaries are at к = ±/а. 



Volume of the 

elementary cell:

Reciprocal lattice vectors of BCC correspond to FCC:

12 shortest vectors 

of reciprocal lattice:

Primitive basis vectors of the 

body-centered cubic (BCC) lattice

First Brillouin zone of the body-

centered cubic lattice. Figure is 

a regular rhombic dodecahedron



FCC

lattice

8 shortest vectors:

Primitive basis vectors of the face-

centered cubic (FCC) lattice.
Brillouin zones of the face-centered cubic 

lattice. The cells are in reciprocal space, 

and the reciprocal lattice is body centered.
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