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Solid materials 

Metals and alloys
Plastics
Ceramics
Biological materials
Composite materials



glass

Insulin crystalsGallium crystalsquartz

Crystal = periodic arrangement of atoms

amorphous siliconamorphous metal
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PHYF20 Molecular and Solid State Physics

Goal  

From the microscopic structure calculate 
any property of any solid. 

Cooking        Calculating 



http://www.if.tugraz.at/ss1.html

http://lampx.tugraz.at/~hadley/mas
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Materials ProjectInorganic Crystal Structure Database









Exam

Written exam on November 23.
Similar to other written exams.



Carbon polytypes

Different polytypes Different properties



Al:  = 3.5 ×107 1/Ω·m

Si:  = 4.3 ×10-4 1/Ω·m

Conductivity

Aluminum and Silicon



https://en.wikipedia.org/wiki/Sapphire#/media/File:Geschliffener_blauer_Saphir.jpg
https://en.wikipedia.org/wiki/Ruby#/media/File:Ruby_gem.JPG

Sapphire and Ruby 

Ti Cr
Al2O3
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Crystal structure



513.001 Molecular and Solid State Physics

A crystal is a three dimensional periodic arrangement of atoms. 

Crystal structure 



7 Crystal Systems 

triclinic: a ≠ b ≠ c and a ≠ b ≠ g ≠ 90°

monoclinic: a ≠ b ≠ c and a ≠ 90° b = g = 90°

orthorhombic: a ≠ b ≠ c and a = b = g = 90°

tetragonal: a = b ≠ c and a = b = g = 90°

rhombohedral: a = b = c and a ≠ b ≠ g ≠ 90°

hexagonal: a = b ≠ c and a = b = 90°, g =120°

cubic a = b = c and a = b = g = 90°

a is the angle between b and c



face centered 
cubic, fcc

Bravais lattice 

body centered 
cubic, bcc

simple cubic

basis 

Bravais lattice Crystal 

= + 

Auguste Bravais 



Sugar (Sucrose) 



14 Bravais lattices
Points of a Bravais lattice do not necessarily 
represent atoms.

P … primitive
I … body centered 
F … face centered
C … centered

P … primitive
I … body centered 
F … face centered
C … centered



Primitive lattice vectors

Primitive lattice vectors 

a1

a3

a2

Every point of a Bravais lattice can be reached 
from another point on the lattice by a translation 
vector

1 1 2 2 3 3 1 2 3         , , 2, 1,0,1, 2,T n a n a n a n n n     
   

 

Translation vector 



Primitive Unit Cell

ଵ ଶ ଷ

volume of a unit cell = 

a1

a3

a2

There is more than one choice for a 
primitive unit cell

1 1 2 2 3 3 1 2 3         , , 2, 1,0,1, 2,T n a n a n a n n n     
   

 

There is more one primitive unit cell per Bravais lattice point.



Unit Cells

There is more than one choice for a 
primitive unit cell

bcc fcc 

Wigner-Seitz primitive unit cell 

Eugene
Wigner

Frederick
Seitz



Wigner-Seitz cells



a is the angle between b and c
b is the angle between a and c
g is the angle between a and b

6 faces, 8 corners

http://en.wikipedia.org/wiki/Bravais_lattice

Conventional (crystallographic) unit cell 



Conventional (crystalographic) unit cell 

simple cubic

zincblendefcc

bcc

1
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[ uvw ] = vector in direction u a + v b + w c

Miller indices: Crystal direction [uvw]

[ ] specific direction
< > family of equivalent directions

notation: -1 = 1

lattice vectors of the 
crystallographic unit cell



Miller indices: Crystal planes

( ) specific plane
{ } family of equivalent planes

always use integers for h,k,l

A plane with the intercepts 
1/h,1/k,1/l is the (h,k,l) plane.

a

b

c

x

y
z

MOSFETs are made on {100} wafers



Miller indices



KOH etches Si {110} > {100} > {111}, producing a characteristic anisotropic 
V-etch, with sidewalls that form a 54.7° angle with the surface (35.3° from the 
normal).

http://www.ece.uncc.edu/research/clean_room/fabprocesses/KOH-
EtchingAndDecon.pdf

KOH etching of silicon



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



Crystals

Planes with high atomic densities tend to dominate



fcc

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

Primitive Vectors: 

Basis Vector: 

Number 225

1

2

3

ˆ ˆ
2 2

ˆ ˆ
2 2

ˆ ˆ
2 2

a a
a y z

a a
a x z

a a
a x y

 

 

 







1 (0,0,0)B 


type 'show spacegroup' into the console

A
B

C

[111]


