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SUPERCONDUCTIVITY
METAL OXIDES: NORMAL-STATE PROPERTIES

A many-body phenomenon - but it manifests a
condensation from a metallic normal state where
single-particle theory is applicable

LECTURE ]

OXIDES
PRELIMINARIES

Insulators Metals

Single-Valent: MgO, EuO, MnO GdO, TiO
MAIN-GROUP AND RARE-EARTH OXIDES

SpO2 VO2 PbOy
Mixed-Valent: Mn2+[Mn;3+]0y4

Li{Mn4+Mn3+)0,
Fe3+[Fe3+Fe2+]0,
Li[V335+]0,

Li[Ti23'5+]O4
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OMPETING ENERGIES

HEAT:  TaS
Controls solid-state transition
£.g. Supcrconductor  transition

INTRAATOMIC: Uor U, Vis=AL-8
(Precsent in atom, wcakened in solid)
U= on-site correlation energy
~ (erijexp(-vrij)

— Vig=multiplet splitting
é—— v
——— L5

INTERATOMIC: bij=("Vi, B j)=e('¥;, ¥j)
bcu=cation-anion (gives Ag, Apc),
covalent-mixing parametcr
be¢e=cation-cation -~ € exp(-R/p)
R=cation-cation separation
bcac=cation-anion-cation .eA2

laber/AE

ELECTRON-LATTICE: A, Aspw, AChw, €

Apc removes orbital

degeneracy

CDW or SDW changes translational period.
{commensurale and inconuncnsurate)

Jahn-Teller

small polaron = "dressed” electron

——— .

SINGLE-VALENT COMPOUNDS
(Tight-binding bandwidth: W =~ 2zb)

Localized Electrons

Theory:
crystal-field (Hubbard)*
n-fold configurations quasiparticles
Us>>wW U= W

oy — d

Properties: pa,Jjj \
magnetic order T<T¢, TN SDW/CDW
Ym: Curie-Weiss enhanced
Suk
Bravais Llanicc: insulator  s.c./metal
Examples: EuQ, MnO

V503

Itinerant

Electrons

Band

clectrons/holes
U<c<W

- 5, p

BCS supercond.
Pauli

metal

TiO

* For non-degencrate, half-filled band



MIXED-VALENT COMPOUNDS

(wgr-I=Period of trapping lattice vibration)

{tp=Interatomic-hopping time)

Small Polarons

T >> ! = oyl Th << wg !
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X N(E) - N(E) -» N(E)
Mobility:
u=eD/kT p=cDo/k T H=etg/m*

or variable-range hopping

or short-range charge/spin fluctuation

Itinerant Electrons

MAIN-GROUP OXIDES

Band Theory Applies
Oxygen: 2s, 2p valence electrons

Metal: only s, p valence electrons outside closed shells.

Non-Bravais Lattice (M and O distinguishable atoms)

™ MO 0

Group-A  Metals: Oxides are insulators (large Eg).
Conduction and valence bands inaccessible:
introduction of native defects energetically

favored.

Group-B Metals: 55 or 0s conduction bands are accessible 10

clectrons (large Asp). but disproportionation

normally favored over metallic behavior.
e.g. 2Bid4+ ——— 5 RBil+ ¢ BiS+

- ¢ -
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SOFT-MODE INSTABILITIES & SPIN-DENSITY
WAVES
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Binding Energy from d Electrons

de, = (K-A)D

22052530 e vloivel<o

;10.7 U-t‘rt A > G

(b)
Meta] Semiconductor Superconductor ° O Py O ® O Py o-O o—-O O—O
. lz(a~ v) 2I(a-u)
(c)
-4f -
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RARE-EARTH OXIDES

4fM Hamiltonian

H = Hg + Vel + Ars + Ac + Hgz

. ; - JA+1) + S5(S+1) - L{L+])
Hi =glup withg =1 + VAIFS)

Vcl—)U>Eg

-1 -
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