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4. P. W. Anderson:  
”There is no electron-phonon coupling”

5.    L. Pintschovius, K. A. Müller and others find electron-phonon coupling

2. F. Bloch: ”Spontaneous currents cannot exist  in one-electron theory”
(D. Bohm)

3.    “Strongly correlated systems” - What does it mean?

1. Mixed valence ”obvious” model for GMR and SC        
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Potential Energy Surface, PES

Energy

Nuclear Configuration

*Mn3+ + Mn4+ ↔ *Mn4+ + Mn3+

*Ni2+ + Ni3+ ↔ *Ni3+ + Ni2+

*Cu2+ + Cu3+ ↔ *Cu3+ + Cu2+

*Cu+ + Cu3+ ↔ *Cu3+ + Cu+

*Bi5+ + Bi3+ ↔ *Bi3+ + Bi5+

(2 electrons)



NUCLEAR COORDINATES
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MM+  ↔ M+M   (MV-2 model)

Δ/λ = 0.01 Δ/λ = 1

class 2 class 3(Robin – Day class)

localized delocalized

band

Δ/λ → ∞

(Hush-Robin-Day delocalization)
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Coupling between electron motion
and nuclear motion

e-



Half-breathing mode



Full-breathing mode
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BaBiO3

oxygen

bismuth

x=1x=0

Ba1-xKxBiO3

ΔR = Bi-O bond length change

2.25

Bi(V)

Bi(III)

2.12
SC

Batlogg, et al. IBM J Res Dev 33, 208-214 
(1989)



Disproportionation:
2MM ↔ M+M− + M−M+ ,        ΔG0= U

MV-3 - model

Δ ≈ 0 for two electrons => third state

Mott U ?



Bi5+,Bi3+ Bi3+,Bi5+
Bi4+,Bi4+

MV-3 model,  U < 0
(BaPbxBi1-xO3 and Ba1-xKxBiO3)

CDW, localized, U < 0

(U)

U



SDW, 
localized

SDW,
Hush delocalized
Mott localized

Mott insulators: CuO, NiO, CoO,...

MV-3, U > 0
U
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Half-breathing mode;  
softening:

(Full-breathing mode; no softening)



D. Reznik, L. Pintschovius et al., Nature, April 2006, 1170.



System calculated using CASSCF (A. Klimkans, 2001)

O

Cu

Number of basis functions: 468
42396  configurations
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HOMO for one-dimensional chain:

Peierls transition
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X+Y=

X–Y=
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Spin function: Spin singlet in all 
cases

Ψ+ = ½ [XY + YX + i(XX − YY)]

Ψ− = ½ [XY + YX − i(XX − YY)]

Angular momentum wave functions:

(=ground state currents of electron pairs)



Orbital Generators

(X−Y)1

(X+Y)1

(X+Y)2

(X−Y)2

= (−1) = (+2)

= (+1) = (−2)



Ψ(SDW) = S1 [(+1)(−1) + (−1)(+1)] + S2 [(+2)(−2) + (−2)(+2)] 

SDW wave function:

CDW wave function:

Can be combined to Ψ+ and Ψ− wave functions

Ψ(CDW) = C1[(+1)(+1) + (−1)(− 1)] + C2[(+2)(+2)] + (−2)(−2)



Vibrational wave functions:

Θ(SDW), Θ(CDW1) ), Θ(CDW2), etc.

Ψ = Ψ(SDW) Θ(SDW) + Ψ(CDW1) Θ(CDW1) + Ψ(CDW2)Θ(CDW2) + ........

Θ(CDW1)
Θ(SDW)

Θ(CDW2)

Final wave function:



Conclusions
1. Pairing mechanism: MV-3, the same for cuprates and bismuthates, etc.

2. Mott U ≈ 0 for superconductors. CDW + SDW interacting with phonons

3. INS softening is related to mixed valency

4. Detailed comparison between MV-3 and INS should be carried out

5. Hush – Robin – Day is the correct delocalization mechanism

6. Delocalized MV-2 delocalizes to an ordinary metal

7. Delocalized MV-3 delocalizes to a superconductor

8. Currents of electron pairs in the ground state




