
Dr. Thomas LaGrange

thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Chapter 2: Crystallography

Masters Course PHYS-307

Fall 2024

Physics of Materials



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Atomic bonding: structures
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Nodes of the periodic lattice

with m the GCD

equation of the plane M1,M2,M3

but
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The equation of the plane becomes:

or are prime numbers

Miller indices

let n be their GCD so that:

𝑛1 = 𝑛𝑛1’ 𝑛2 = 𝑛𝑛2’ 𝑛3 = 𝑛𝑛3’
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Examples equation of the plane
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Normal vectors to crystallographic planes

Distance between crystalline planes

It would be better to normalize

but also
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The intersection of two crystalline planes

The common line between the two planes is given on the 
basis by the vector

Reciprocally by taking two vectors of the direct lattice

and

The normal to the plane formed by these vectors is given by

plane through origin
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Matrix math for non-orthonormal basis

𝑎𝑛𝑑 𝑀∗ = 𝑀−1

M is called metric tensor; its determinant is the Volume2
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Bragg diffraction

If we consider X-rays (and electrons) as 

plane waves 

Wave vector with amplitude 

Constructive interference if  

In effect this can be written as: 

G is a reciprocal lattice vector 

conservation of momentum 

Ԧ𝐺 𝐺

Ԧ𝐺

Ԧ𝐺
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X-ray diffraction

fcc Au
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Transmission Electron Diffraction

Bragg Diffraction Powder Pattern
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R

2𝑑𝑠𝑖𝑛𝜃 = 2𝜃𝑑 = 𝑛𝜆
𝑅𝜆 = 2𝜃 = 𝑅/𝐶𝐿, 𝑑ℎ𝑘𝑙 = 𝜆𝐶𝐿/𝑅

𝜆200𝐾𝑒𝑉 = 2.51𝑝𝑚

Ewald’s sphere
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Crystallography

14 Bravais lattices
12

Metals

Ceramics 
(ionic bonds)

Polymers
(covalent bonding)
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Definition of crystalline cell angles and edges

monoclinic
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Characteristics of 7 crystalline systems

Structure Axis Angles between axis Volume of the cell

Cubic a=b=c all = 90° a3

Tetrahedral a=b≠c all = 90° a2  c

Orthorhombic a≠b≠c all = 90° a  b  c

Hexagonal a=b≠c α=β=90˚, γ=120˚ 3/2 ∙ a2c

Rhombohedral a=b=c α=β=γ≠90˚ a3 1 − 3(cosα)2 + 2(cosα)3

Monoclinic a≠b≠c α=γ=90˚, β≠90˚ a ∙ b ∙ c sin β

Triclinic a≠b≠c α≠β≠γ≠90˚
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Structure of metals

BCC
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Compact Structures

Body centered cubic structure

iron, chromium, tungsten......
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FexRh1−x; x ∈ (0.48; 0.52)
TEM diffraction

FeRh [100]ZA 
simulation

Electron Diffraction Example ordered BCC
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Compact Structures
Face centered cubic structure

Stacking A-B-C-A-B sequence

aluminum, nickel, gold......
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Stacking in the FCC HCP
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Compact Structures
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Compact Structures

Hexagonal compact structure

A-B-A-B structure Comparison between structures
HCP FCC

(001)        (111)
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Interstitial sites in FCC metals

Tetrahedral sites Octahedral sites
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Interstitial sites

fcc

bcc

octahedral tetrahedral
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Coordination number
atomic radius

Table 9       Atomic and ionic radius
Approximative values. For origin references, consult W.B. 
Pearson, Crystal chemistry and physics of metals and alloys, 
Wiley, 1972.
Units: 1 Å = 10-10 m

Standard radii for ions
in the configuration of neutral gases (filled layer)
Radius of atoms in the case of tetrahedral covalent bonds
Radius of ions for coordination number of 12 (metals)
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Coordination number

CN r/R geometry

Tetrahedron

Triangle

Octahedron

Body Centered Cubic

Face Centered Cubic and 

Hexagonal Close Packed
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Composite structures

n=6

n=8

DCsCl=3.56 ሶ𝐴, ao=4.12 ሶ𝐴

N N(Å) N N(Å) N N(Å)

1 -0.50 5 -0.05 9 0.11

2 -0.31 6 0 10 0.14

3 -0.19 7 0.04 11 0.17

4 -0.11 8 0.08 12 0.19

25



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Composite structures

Sphalerite (zincblende)

ZnS

n=4
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Composite structures

Fluorite CaF2

nCa=8
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Composite structures

Composite structures

Perovskite CaTiO3
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http://www.chemtube3d.com/solidstate/_simplecubic(final).htm
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Perovskite superconductor

Perovskite YBa2Cu3O7
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