
Space group: 227
point group: m3m

Basis:

Primitive lattice vectors:

Diamond



zincblende
ZnS
GaAs
InP

space group  216
F43m



ZnS
ZnO
CdS
CdSe
GaN
AlN

Number 186

There are 2 polytypes of ZnS: zincblende and wurtzite

wurtzite



atomic packing density

fcc, hcp = 0.74 
random close pack = 0.64
simple cubic = 0.52
diamond = 0.34
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Coordination number
Number of nearest neighbors an atom has in a crystal

sc 6

bcc 8 fcc 12

Graphene 3 diamond 4

hcp 12



513.001 Molecular and Solid State Physics

A crystal is a three dimensional periodic arrangement of atoms. 

Ionic crystals 

Read the first half of chapter 3 in Kittel



Ionic crystals
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Ionic crystals
R = nearest neighbor separation

a Madelung constant
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Madelung constant in 1-D

1 1 1 12 3 4 52 1a        
2 3 4 5
2 3 4 5ln(1 ) x x x xx x        

1 1 1 12 3 4 5ln(2) 1       
2ln2 1.38629436a  

+ _ + _ + _ + _ + _ + _ + _ + _

Taylor expansion:



CsCl
z = 8 a = 1.767

Calculating the Madelung constant

Iterative Bestimmung der Madelung-Konstante für CsCl - Yao Shan und Robert Krisper, 2010 



Ionic Crystals

NaCl
z = 6

Zincblende
z = 4

CsCl
z = 8

a = 1.767 a = 1.747 a = 1.638

Wurtzite
z = 4

a = 1.641



Ionic radius

CsCl unstable: 1 1.3663 1
A
B
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https://en.wikipedia.org/wiki/Ionic_radius#/media/File:Atomic_%26_ionic_radii.svg
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2-D crystals

Checkerboard Boron nitride

1 2.412 1
A
B
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a = 1.542a = 1.616

unstable: unstable: 3 6.4642 3
A
B
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Fit the constants  and 

x-ray determination of atomic spacing is accurate to 1 part in 105
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R0 is the equilibrium separation



Elastic constant
Near the minimum, the potential energy is approximately a parabola.
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spring constant of a bond



1 1dpB V dV    is the compressibility Kittel



Van der Waals bonds

• Weak bonds ~ 0.01 eV
• Bonding due to fluctuations of the charge
• Responsible for crystals of ideal gasses (usually close -packed)
• Difficult to calculate

Johannes van der Waals



Lennard – Jones potential 
12 6

( ) 4U r r r
                

r

U(r)

John Lennard-Jones



Crystal structure determination

STM FIM TEM Scanning tunneling 
microscope Field ion microscope Transmission electron 

microscope

Usually x-ray diffraction is used to 
determine the crystal structure



Institute of Solid State Physics

Crystal diffraction (Beugung) 
Technische Universität Graz

light photons
sound  phonons
electron waves electrons
neutron waves neutrons
positron waves positrons
plasma waves plasmons

Everything moves like a wave but exchanges energy and momentum as 
a particle



Expanding a 1-d function in a Fourier series

x
Any periodic function can be represented as a Fourier series.

f(x)
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multiply by cos(2p'x/a) and integrate over a period.
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Expanding a 1-d function in a Fourier series

x
Any periodic function can be represented as a Fourier series.

f(x)
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Institute of Solid State Physics

Fourier series in 1-D, 2-D, or 3-D 
Technische Universität Graz

In two or three dimensions, a periodic function can be thought of as a 
pattern repeated on a Bravais lattice. It can be written as a Fourier series 
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Reciprocal lattice vectors 
(depend on the Bravais lattice)

Structure factors 
(complex numbers)

2         - ... 1,0,1,...             G vb v b a
      

In 1-D:
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Any periodic function can be written as a Fourier series

Structure factor
Reciprocal lattice vector G

vi integers
1 1 2 2 3 3G b b b      

     2 3 3 1 1 21 2 3
1 2 3 1 2 3 1 2 3

2 ,      2 ,      2a a a a a ab b ba a a a a a a a a           
       

        

kx

ky

Reciprocal lattice (Reziprokes Gitter)


