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Thermodynamic properties of metals

From the band structure measurements, we obtain the electron
density of states.

Electron density of states for fcc gold
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SGTE data for pure elements

SGTE thermodynamic data

The Scientific Group Thermodata Eurepe SGTE maintains thermodynamic databanks for inorganic and metallurgical systems. Data from their 'pure element database' is plotted below

Typically, experiments are performed at constant pressure p, temperature T, and number & Tnder these conditions, the system will go to the mmrmum of the Gibbs energy G = U +pF7 - 75
Here T/ 1z the internal energy, 1z the volume, and 512 the entropy. The top plot 15 the Gibbs energy per mole g = u + pv - 75, where w2 i3 the mternal energy per mole, v 15 the volume per mole,
and & 15 the entropy per mole.
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http://www.sciencedirect.com/science/article/pii/036459169190030N



Close packed — bcc
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Close packed — bce: Am, Be, Ca, Gd, Nd, Pr, Hf, Sc, Sm, Sr, Ti, Tb, Th, T, Y, Yb, Zr

http://lampx.tugraz.at/~hadley/ss1/materials/sgte/SGTE.html



Energy (eV)

Metals, semiconductors, and insulators

From Ibach & Lueth
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Insulators: band gap > 3 eV



Chemical potential of semiconductors
and insulators
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Ballistic transport

electrons in an electric field follow a parabola.
electrons in a magnetic field move in a spiral
electrons crossed electric and magnetic fields spiral

along the direction perpendicular to the electric and
magnetic fields



Ballistic motion
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kinetic theory

describe electrons as a gas of particles

v =108 cm/s.

The average time between scattering events ...
can be calculated by Fermi's golden rule

mean free path: /=vt,, ~1 nm-1cm




Diffusive transport
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Matthiessen's rule

1 1 1
= +
TSC Tsc,lattice z-sc,iimmtrily
/ ™ mostly temperature independent

phonons, temperature dependent
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Waves or Particles

Scattering between Bloch states can be calculated by
Fermt1’s golden rule.

The particle picture 1s not rigorously correct.



Diffusion equation/ heat equation

dn
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e dt 4
Diffusion constant

Fick's law j=-DVn
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Drift and Diffusion
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http://lampx.tugraz.at/~hadley/ss2/transport/drude.php



Crossed E and B fields

Ballistic transport
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Magnetic field (diffusive regime)
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The Hall Effect (diffusive regime)
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V., = Hall voltage, R,, = Hall Constant
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Einstein relation

U st (x)
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In equilibrium, drift = diffusion

en,uE +eDVn =0

U —on
Vin=——— dexp| —2 |vy - vy -Z¢E
k,T k,T i kT —° k,T
en,uE e’D— nE =0
k,T
D uk,T
e

Uber die von der molekularkinetischen Theorie der Wirme geforderte Bewegung von
in ruhenden Flissigkeiten suspendierten Teilchen, A. Einstein (1905).



