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Elementary Energetics: The Electron Gas

Weak dependence at high density

1. Introduction
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Corrections from Ion Cores: Interfering Length Scales
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Electronic Localization at Interstitials!

But suppose we force rc to be similar or larger than rs

1. Introduction
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Fermi Surface of bcc Lithium at P=0 GPa

2. Fermi Surface deformation under Pressure
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Fermi Surface of bcc Lithium at P=8 GPa
A. Rodriguez-Prieto, A. Bergara, V.M. Silkin, and P.M.Echenique, 

Phys. Rev. B 74, 172104 (2006)
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Fermi Surface of bcc Lithium
at P=8 GPa Phonon Frequencies
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At 5 GPa the Fermi surface starts touching the BZ at the N point,corresponding to the
experimetal bcc to fcc transition via a Hume-Rothery mechanism. 

2. Fermi Surface deformation under Pressure



Fermi Surface of fcc Lithium at P=30 GPa
A. Rodriguez-Prieto, A. Bergara, V.M. Silkin, and P.M.Echenique, 

Phys. Rev. B 74, 172104 (2006)
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2. Fermi Surface deformation under Pressure



Fermi line (Equilibrium) Fermi line (sq, rs=2.1 a.u.)

From Itinerant to Hubbard Description for Electrons ! !

Lithium Monolayer
A. Rodriguez-Prieto and A. Bergara, Phys. Rev. B 72, 125406 

(2005)
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Electronic Charge Density (sq, rs=2.1 a.u.)

Li ions

Electronic
localization

Lithium Monolayer
A. Rodriguez-Prieto and A. Bergara, Phys. Rev. B 72, 125406 (2005)
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(b) Phillips-Kleinman Non-local Pseudopotential:

(c) Ashcroft Empty-core Local Pseudopotential:

Increasing Non-locality with Pressure
A. Bergara, J.B. Neaton, and N.W. Ashcroft, PRB 62, 8495 (2000)

rs=1.2 a.u. rs=1.2 a.u. rs=1.2 a.u.
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Charge Density of fcc Lithium at P=30 GPa

Maximum and minimun electronic charge

2. Fermi Surface deformation under Pressure



Band structure (fcc, P=30 GPa)

2. Fermi Surface deformation under Pressure



Fermi Surface of fcc Lithium
at 30 GPa
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A. Rodriguez-Prieto, A. Bergara, V.M. Silkin, and P.M.Echenique, 
Phys. Rev. B 74, 172104 (2006)
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Cross section along ΓXW



Fermi Surface section along
ΓXW at 30 GPa Phonon Frequencies

2. Fermi Surface deformation under Pressure



Ab initio Electronic Susceptibility
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Ab initio Electronic Susceptibility

2. Fermi Surface deformation under Pressure
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Ab initio Electronic Susceptibility

2. Fermi Surface deformation under Pressure
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Ab initio Electronic Susceptibility

2. Fermi Surface deformation under Pressure
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cI16 Structure
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cI16 Structure
Phonon Frequencies of bcc

Lithium at N
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Phonon Frequencies of bcc
Lithium at N

Fermi Surface of bcc Lithium
at 40 GPa
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2. Fermi Surface deformation under Pressure



Phonon Frequencies of bcc
Lithium at N

Fermi Surface Cross Section of
bcc Lithium at 40 GPa

)0,2,0(  with  )1,0,1([121]
nest −=Γ==+ aNa

ππ GGq

2. Fermi Surface deformation under Pressure



Fermi Surface Cross Section of
bcc Lithium at 40 GPa

X-ray diffraction diagram of
Lithium

M. Hanfland, K. Syassen, N. E. Christensen, and D. L.
Novikov, Nature 408, 174 (2000)
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Dynamic Response Function
of Lithium under Pressure

=0 (RPA)

3. Dynamic Screening and Optical Properties



New Undamped Plasmon in 
Lithium under Pressure
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Band structure (fcc, P=10 GPa)

3. Dynamic Screening and Optical Properties
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Band structure (fcc, P=30 GPa)
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Plasmon energies and line-widths

3. Dynamic Screening and Optical Properties



Optical Properties

3. Dynamic Screening and Optical Properties
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Unexplored Properties

Melting Curve of the Alkalies

4. Anomalous Melting-curve in Lithium?

P.W. Bridgman,
Phys. Rev. 27, 68 (1926)



Unexplored Properties

Melting Curve of the Sodium
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4. Anomalous Melting-curve in Lithium?
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4. Anomalous Melting-curve in Lithium?
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Lindemann Melting Criterion
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4. Anomalous Melting-curve in Lithium?

Anomalous Melting-curve of Lithium?
A. Rodriguez-Prieto, D. Alfè, and A. Bergara;

to be published.

Lithium



Conclusions

• Fermi surface deformation, nesting and
increasing crystal local-field effects originates the observed comlexity:

Soft-modes and strutural transition to complex phases.
Enhanced Tc Superconductivity.
New Undamped Plasmon.
Possible Anomalous Melting Curve.

• Not unique of Lithium nor the alcalies.

5. Conclusions
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