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Bands vs. DOS
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Van Hove singularities
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Metal vs. insulator
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Semiconductors
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Band gap of a semiconductor can be larger or smaller, but it's crucial that

both types of doping should be feasible and lead to su�ciently high mobility of the charge



Experimental technique
ab initio calculations
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Density Functional Theory (DFT)
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Experiment vs. theory
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Density Functional Theory

Electron-electron interactions are replaced

by an e�ective, exchange-correlation potential Vxc

Problem: the exact form of Vxc is not known,

but sensible approximations exist
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Lattice periodicity

Bloch functions and band energies

are calculated on a mesh of k-points

within the �rst Brillouin zone (irreducible part)
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Materials Project

Multiple properties are calculated for all known materials and many hypothetical ones

Extensive search capabilities, prediction of thermodynamic properties, and a lot more

Caveat: most information is obtained from band-structure calculations

and may be inaccurate or even misleading
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Half-metals
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Half vs. semi
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Semi-metals / Metalloids
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Semi-metals (modern de�nition)

Electrons at the Fermi level may have very unusual properties

caused by non-trivial band topology
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Strange metals
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H. Liu, Physics Today 65(6), 68 (2012)

ρ ∼ T

vs.

ρ ∼ T 2

at low T 's



Bad metals

At high T , resistivity well exceeds the Mott-Io�e-Regel limit (lmean ∼ a)

But at low T , such �bad metals� can be still good metals (low ρdc)
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Electronic correlations
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Each electron is dependent on other electrons in the system

Many-body problem

Signi�cant repercussions for electronic properties

(high-temperature superconductors, battery materials...)



Material

Li-ion batteries
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Li-ion batteries
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LiFePO4 (olivine) � Nobel Prize in Chemistry 2019

but transformation is abrupt with no intermediate compositions



Li-ion batteries

Exp. Physics 5 � Solid State Physics, WS 23/24 All sorts of metals

LiFePO4 (olivine) � Nobel Prize in Chemistry 2019

but transformation is abrupt with no intermediate compositions



Most common correlated material

Phase separation in batteries

is driven by electronic correlations

Straight-forward DFT calculations do not work
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Information from Materials Project
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Information from Materials Project
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Marvin Cohen

born 1935

1953-1957: bachelor in Berkley,

not accepted for master program

1958-1963: master and PhD in Chicago

theory work based on electronic structure calculations

for real materials

1963-1964: very short postdoc at Bell Labs

since 1964: professor at Berkley

1960-70's: optical properties of semiconductors

since 1970's: high-pressure transformations of solids

1980's: superconductors

since 1990's: carbon allotropes, nanotubes
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Cohen vs. Kohn
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Marvin Cohen

pseudopotentials

pioneer of electronic-structure

and DFT methods in solids

Walter Kohn

density-functional theory

Nobel Prize in Chemistry 1998



Pseudopotentials

Exp. Physics 5 � Solid State Physics, WS 23/24 All sorts of metals



Superconducting semiconductor
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SrTiO3 is a mundane wide-gap semiconductor

but SrTiO3−δ should be metallic and may become superconducting
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