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VO2 

Metal-Insulator transition at 340 K, 
also structural change:low T monoclinic, 
high T tetragonal (rutile) !!

Band insulator?
Mott Hubbard insulator?

Valence electrons V: 3d34s2

So V4+ : 3d1 





Mott vs Charge transfer



CuO & NiO

NiO

Ni2+:  [Ar] 3d8

CuO

Cu2+:  [Ar] 3d9



t/U ↓ t/U ↑

U↑

U↓





M. Marezio et. al.,
Phys. Rev. B 5, 2541 (1972)

T < 340K: insulator, monoclinic,
dimerized zig-zag chain

P. B. Allen et. al.,
Phys. Rev. B 48, 
4359 (1993)

T > 340K: metal, rutile

Dimerization → Peierls transition = band structure effect
Combination of Peierls and Hubbard physics

log-scale linear scale

Metal insulator transition in VO2 at 340 K



Driscoll, T., Applied Physics Letters  95 (2009)

VO2 Memristors



High temperature superconductivity

Adapted from Patrick Lee and T. Senthil



CuO plane: strongly-correlated electron 

system

Undoped CuO2 plane: 

Mott Insulator due to

 e- - e- interaction

Virtual hopping induces

   AF exchange  J=4t2/U

CuO2 plane with doped holes: 

La3+ →  Sr2+:  La2-xSrxCuO4 

t

One hole per site: should be a metal according to band theory.

Mott insulator. 

Adapted from Patrick Lee and T. Senthil



Adapted from Patrick Lee and T. Senthil



Science 310, 1271 (2005)



Also from Raman scattering.

Largest J known among transition 

metal oxide, except for the Cu-O 

chain compound where J=220meV.

By fitting the spin wave dispersion 

measured by neutron scattering. (also 

needs a small ring exchange term.)

Spin flip breaks 6 

bonds, costs 3J.

Adapted from Patrick Lee and T. Senthil
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