
Reading

Omar: 1.1‐1.8, Already finished 1.9, 1.10
Omar: 5.1‐5.3, 5.8

Ibach and Luth: Already finished all of 
Chapter 1, 2.1‐2.5 only, lighter on 2.2



Translational order in two dimensions
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Translational order in three dimensions
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The seven 3D crystal systems and 14 Bravais Lattices

Plus a possible Basis

= Final crystal structure

http://demonstrations.wolfram.com/
TheSevenCrystalClasses/

Final overall symmetry = 
Translational Operations + 
Basis Point Symmetry Operations







Basis

Basis

Face-centered cubic
(e.g. Cu)

Diamond
(e.g., C, Si, Ge)

Good websites/downloads 
for simple structures:
http://www.dawgsdk.org/crys
tal/en/library/fcc#0002

http://demonstrations.wolfra
m.com/CrystalViewer/

Ordered packing of
atoms in solids

Tetrahedron

And another website for 
various structures, orbitals, 
etc:
http://www.chemtube3d.com/
solidstate/_simplecubic(final)
.htm  



Bravais

Bravais

NaCl

CsCl



Hexagonal close‐packed
E.g. Zinc

Wurzite
E.g., Zinc Sulfide, ZnS

Basis



A high-temperature superconductor: Bi2Sr2CaCu2O8+x(“BSSCO”)

Simple Orthorhombic
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7 layers

Van der Waals



A high-temperature superconductor: Bi2Sr2CaCu2O8+x(“BSSCO”)

Simple Orthorhombic
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The Basis:  Bi4Sr4Ca2Cu4O16+xa = b
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A typical Bloch function:
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For  all states in crystalline (ordered) solids:

Ψ ( r ) u ( r )e , where u ( r ) u ( r A),  this is a " Bloch function"
with probability density of

Ψ ( r )Ψ ( r ) u ( r )e u ( r )e u ( r )2 ,  the same on every atom!

Electrons in crystalline solids—are everywhere

And its probability density: 
 2

ku (r)

Omar, Sections 
5.1-5.3



 
 N

MO AO
j Ai , j Ai A

Atoms A
Orbitals i

For many cases, we can again use atomic orbitals
 as the basis functions: theTight Binding Model
Recall for a molecule:

φ ( r ) C φ ( r R )

For a  solid with N atoms:  (Omar, Sect
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Atoms A
Orbitals i

ion 5.8)

φ ( r ) u ( r )e e C φ ( r R )

Is it Bloch?

= e e C φ ( r R )

Yes!

A-1 A A+1

A-1 A A+1

A-1,i Ai A+1,i



(e)
Spin-down   Spin-up

Ferromagnetic
Conductor

(The exchange interaction)

(f)
Ionic solid:
Very narrow
atomic/ionic 
filled bands

EF EF
EF EF

EF

EF

The types of band structures-by 
conductive behavior



Electronic bands and density of states for “free-electron” metals-
Rydberg = 13.605 eV

Lithium—bcc, a = 3.49 Å
1s22s1
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Aluminum—fcc,
a = 4.05 Å
1s22s2 2p63s2 3p1

Electronic bands and density of states for “free-electron” metals-
Rydberg = 13.605 eV
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Electronic bands and density of states for a transition metal-Copper



Electronic bands and density of states for a semiconductor-Germanium—
1s22s2 2p63s2 3p63d104s24p2

Bonding
(filled at 
T = 0)

Anti-
Bonding
(empty at 
T = 0)

EF Bandgap, 
Eg  0.7 eV

Diamond
Structure
= fcc
+ 2-atom 
basis



Electronic bands and density of states for an insulator-Carbon: Diamond—
1s22s22p2

Bonding
(filled at 
T = 0)

Anti-
Bonding
(empty at 
T = 0)
Bandgap, 
Eg  5.5 eV

Density of states (DOS, Ryd)

Density of states (DOS, eV)

Band Gap

Total 
DOS

C 2s
DOS

C 2p
DOS



k = 0k = 0

Spin-down (Minority)
Spin-up (Majority)

The electronic bands and densities of states of metallic ferromagnetic iron 
(face-centered cubic)

Exchange
splittingS = 2.2 Bohr

magnetons
(Atomic iron:
2.0 Bohr
magnetons)

4 x ½ = 2



Ionic solids—another limit: e.g NaCl
The band structure

Cl- … 3s2 3p6

Band gap

Flat bands Highly localized, immobile electrons

Na+ …2s22p6 at even lower energies

Un-
occu-
pied

Occu-
pied
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Many sets of planes to diffract from
In any crystal, some stronger than
others

Planes in a simple cubic crystal

Two sets of atomic planes in a sodium chloride crystal





Atomic planes and Miller Indices:

Spacing between planes with  = 
 =  = 90 given by:


