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Crystal structures

Ionic crystals
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hcp

Mg, Be, 
Sc, Ti, 
Co, Zn, 
Y, Zr, Tc, 
Ru, Cd, 
Gd, Tb, 
Dy, Ho, 
Er, Tm, 
Lu, Hf, 
Re, Os, 
Tl 

Space group 194

Hexagonal Bravais lattice
Basis vectors: 
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Hexagonal unit cell
Crystallographic unit cell



fcc

Al, Cu, 
Ni, Sr, 
Rh, Pd, 
Ag, Ce, 
Tb, Ir, 
Pt, Au, 
Pb, Th 

Primitive Vectors: 

Basis Vector: 
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Rh(15,15,13)    fcc

Reaction studies on nanostructured surfaces, Adolf Winkler, in The Oxford Handbook of 
Nanoscience and Technology, A. V. Narlikar and Y. Y. Fu ed.,  2009.

Crystal planes: Miller indices

(15,15,13)    fcc



Space group: 227
point group: m3m

Basis:

Primitive lattice vectors:

Diamond



zincblende

ZnS
GaAs
InP

space group  216
F43m



graphite

Polytypes of carbon
graphite (hexagonal)
carbon nanotubes
diamond
rhobohedral graphite
hexagonal diamond

Space group 194

4 inequivalent C 
atoms in the 
primitive unit cell



ZnS
ZnO
CdS
CdSe
GaN
AlN

Number 186

There are 2 polytypes of ZnS: zincblende and wurtzite

wurtzite



NaCl

Number 225

Bravais: fcc



YBa2Cu3O7

Number 47



atomic packing density

fcc, hcp = 0.74 
bcc = 0.68
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
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Ionic crystals
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Ionic crystals

R = nearest neighbor separation

a Madelung constant
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Madelung constant in 1-D
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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
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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
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Fit the constants  and 

x-ray determination of atomic spacing is accurate to 1 part in 105

2

04

R

tot

e
U N z e

R
 a



 
   

 

2

2
0

0
4

R

totdU z e e
N

dR R

 a
 

 
    
 
 

0 2
2
0

04

R
e

R e
z

 a 
 




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

From the spring constant, the compressibility can be calculated. 
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   is the compressibility from Kittel


