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calculate any property of any molecule or any solid. 

Goal  

From the microscopic structure 
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There are billions of useful molecules.

Acids, esthers, alkanes, ...
Biological molecules: DNA, RNA, proteins 

Molecules 



Molecular and Solid State Physics

Every property of a molecule can be calculated 
using multi-particle quantum mechanics. 

Molecules 

We will calculate:
bond length
bond strength
molecular energy levels

http://en.wikipedia.org/wiki/File:Erwin_Schr%C3%B6dinger.jpg



Molecules 

We will calculate:
bond length
bond strength
molecular energy levels
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Solids are large molecules

Solids 



glass

Insulin crystalsGallium crystals quartz

Crystal = periodic arrangement of atoms

amorphous siliconamorphous metal
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http://www.if.tugraz.at/ss1.html
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Hydrogen atom, 
Atomic Orbitals



Estimate the size of a hydrogen atom
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Estimate the size of a hydrogen atom
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Confinement energy

Kinetic energy in x-direction =

Confinement energy:
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Estimate the size of a hydrogen atom

Total energy = Kinetic + Potential 
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Confinement energy
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The kinetic energy term increases as the wavelength gets smaller 



Atomic orbitals
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Z = effective nuclear charge



Atomic orbitals

Z is the 
effective 
nuclear charge



http://lampx.tugraz.at/~hadley/ss1/molecules/atoms/AOs.php

Atomic orbitals

2 2
2

0

2 1
|

2 4m n m n m n

e
H

m r
     




  





