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Based on 3N‐dimensional 
function

Wave‐function

function

Accurate for N~10 electrons

Electronic

Wave‐function 
methods

Reasonable for N~30 electrons

Electronic 
structure 

(electrons are 
Larger N – prohibitive / 

inaccurate

quantum 
mechanical, 
fermions)

Based on 3‐dimensional   
function – electron density 

Admits simple effectivefermions)
Density 

functional 
theory

Admits simple effective 
approximations (called 

functionals)

Can be applied for thousands oftheory Can be applied for thousands of 
electrons

Improved functionals are p
needed



Non‐interacting with same density

Interacting elecs

Explicit of Coulomb lawExplicit of Coulomb law
Approximate account of electron exchange 
and correlation
Determines density n(r) directly: the wave‐y ( ) y
function is not computed
Determines the electronic energy directly

W. Kohn and L. J. Sham, Phys. Rev 140, A1133 (1965).



Non‐interacting with same density

Interacting elecs

Explicit of Coulomb lawExplicit of Coulomb law
Approximate account of electron exchange 
and correlation
Can be compatible with ground statep g
Determines density n(r,t) directly:
The wave‐function is not computed

E. Runge and E. K. U. Gross, Phys. Rev. Lett. 52, 997 (1984).





Longitudinal 
fields  v<<c

Transverse fields 
v=c

D. Courjon and C. Bainier, Rep. 
Prog. Phys. 57 (10), 989 (1994).



Evanescent 
field

Frustration

d << λd << λ

Scanning 
optical tip Fluorescence

Sample

Fluorescence

E. Betzig, M. Issacson, and A. Lewis, Appl. Phys. Lett. 51, 2088 (1987).



Electron 
“plasma”

MetalR Metal
core

Transverse 
coupling α = 90o

Longitudinal 
coupling α = 0 ( )2

1 2

3

1 3 cosd d
C

R

α−
=

S. A. Maier, P. G. Kik, H. A. Atwater, S. 
Meltzer E Harel B E Koel and A A

R

Meltzer, E. Harel, B. E. Koel, and A. A. 
G. Requicha, Nature Mat. 2, 229 
(2003).
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Weakly coupled systems have integer number of electrons
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In the case of the H and S+ spheres, p ,
the charge
On each sphere was  non-integer, 
although they were distant



Self repulsion

• An electron is repelled by itself
h h lf h

Self repulsion

• The most severe is the self‐interaction in the Hartree energy

DFT: the non‐physical behavior impairs

• e Density in weakly coupled systems (charge quantization)

DFT: the non physical behavior impairs

• e‐Density in weakly‐coupled systems (charge quantization)
• Static response (polarizability, etc.)
• Prediction of stability of anions (especially atoms)

Will of course affect TDDFT!

• Charge transfer excitations (Dreuw + Head‐Gordon)
• Rydberg states
• Spurious shifts resulting from unphysical ultra‐nonlocality
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D. C. Langreth and J. P. Perdew, Sol. Stat. Comm. 17, 1425 (1975).
O. Gunnarsson and B. I. Lundqvist, Phys. Rev. B 13, 4274 (1976).
W. Yang, J. Chem. Phys. 109, 10107 (1998).
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the approximation is Exact
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Related prior work:
Savin in Recent Advances in 
Density Functional Methods Part I,

( ) exact wf
e

y r
rγ ∞= Ψ =

R. Baer and D. Neuhauser, Phys. Rev. Lett. 94, 043002 (2005).

Density Functional Methods Part I, 
edited by D. P. Chong (World 
Scientific, Singapore, 1995), p. 129.
Hirao et al J. Chem. Phys. 115 (8), 
3540 (2001).
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XC X C
γ γ γε ε ε= +

known analytical Yukawa XE per particle for HEG

R i i CE ti l f HEG

X

HEG

γ

γ

ε =

Remaining CE per particle for HEGHEG
C LDA
γε ηε= =

( ) 3
X X XE K n nd rγ γε= + ∫ Caveat: Not exact for HEG!( )

nonlocal
Local Yukawa Xc-Yukawa X

X X X n nd rε+ ∫ Caveat: Not exact for HEG!
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Pair correlation function 
taken from:

rs
R. Baer E. Livshits and D. Neuhauser, Chem. Phys. 329, 266 (2006)

taken from:
P. Gori-Giorgi and J. P. 

Perdew, Phys. Rev. B 66, 
165118 (2002).



The asymptotic effective potential of neutral 
system should be -1/r
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R. Baer E. Livshits and D. Neuhauser, Chem. Phys. 329, 266 (2006).
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R. Baer E. Livshits and D. Neuhauser, Chem. Phys. 329, 266 (2006)



At (X) ΔE (X ) R (X ) (X ) EA (X)Atom (X) ΔE (X2)
kcal/mol

Re (X2)
Angstrom

ωe (X2)
cm-1

EA (X)
eV

C Exp. 145 1.242 1855 1.26
γ=1 132
LSDA 169

1.27
1.25

1810
1770

1.33

N Exp 225 1 098 2358 UnstableN Exp. 225
γ=1 223
LSDA 256

1.098
1.06
1.089

2358
2540
2520

Unstable
Unstable

O Exp. 118
γ=1 122
LSDA 167

1.208
1.14
1.20

1580
1640
1590

1.46
1.50

F exp. 37
γ=1 35
LSDA 75

1.412
1.330
1.390

916
1200
1000

3.40
3.73

R. Baer and D. Neuhauser, Phys. Rev. Lett. 94, 043002 (2005).
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ζ 0 Y k

100

ζ = 0 Yukawa
ζ = 1 Yukawa
ζ = 0 Gaussian
ζ = 1 Gaussian

γH
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R. Baer E. Livshits and D. Neuhauser, Chem. Phys. 329, 266 (2006).



Fit to atomization energy and bond lengths [G2(1) database of 55 molecules, using 

[ ] ( ) [ ] LYP
XC X cE n nw K n Eγ γε= + +

Atomization energy BNL‐LYP B3LYP

QCHEM®. cc‐pVTZ basis.] Obtaining:              γ=0.5 and w=0.9

E. Livshits 

Average Error (kcal) (‐16) +2.1 (+15) (‐9) +2.7 (16)

RMS Error (kcal) 5.8 4.6

Average Relative Error 1 2% 1 5%and R. Bae

Average Relative Error ‐1.2% ‐1.5%

RMS Average Relative Error 6.8% 4.9%

Bond lengths BNL‐LYP B3LYPer, w
ork in 

Bond lengths BNL‐LYP B3LYP

Average Error (A) (‐0.07) +0.01 (+0.07) (‐0.02) +0.01 (0.05)

RMS Error (A) +0.02 +0.01progress

Average Relative Error +1.1% 0.7%

RMS Average Relative Error 1.7% 0.9%



IP E i t BNL LYP B3LYPIP Experiment BNL‐LYP B3LYP
by ΔSCF by HOMO by ΔSCF by HOMO

BeH 8.2 8.3 8.2 8.4 16.8BeH 8.2 8.3 8.2 8.4 16.8
CH 10.6 10.8 10.8 10.9 6.9
NH 13.5 13.4 13.2 13.5 9.0
OH 13.0 16.0 12.8 16.0 8.5
CN 13.6 15.6 14.3 15.0 10.4

E. Livshits and R. Bae

EA Experiment BNL‐LYP B3LYP
by ΔSCF by HOMO by ΔSCF by HOMO

B H 0 0 1 0 4 0 2 b d

er, w
ork in 

BeH 0.7 0.1 0.4 0.2 unbound
CH 1.2 0.7 1.1 0.7 unbound
NH 0 4 -0 6 0 4 -0 6 unboundprogress

NH 0.4 0.6 0.4 0.6 unbound
OH 1.8 0.6 0.9 0.6 unbound
CN 3.9 3.9 4.4 3.6 0.4



Relax 
t

Linear 
response 
TDDFT (d‐

C2H4 TDHF B3LYP BNL‐LYP Exp
1Β 36 71

Oscillator strengths

For each 
functional

geometry 
using DFT

aug‐cc‐
pVTZ)

1Β1u 39.9 26.14 36.71 29

1Β3u 8.56 5.75 7.61 4

N2 TDHF B3LYP BNL‐LYP Exp
1Πu 0.0121 0.0729 0.1409 0.243

1Σu 0.6283 0.031 0.2865 0.279

S. Hirata and M. Head‐Gordon, Chem. Phys. Lett. 314, 291 (1999).
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S. A. Maier, P. G. Kik, H. A. Atwater, S. Meltzer, E. Harel, B. E. Koel, and A. A. G. 
Requicha, Nature Mat. 2, 229 (2003).
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R. Baer and D. Neuhauser, J. Chem Phys,. In press (2006).
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Electron dephasingElectron dephasing
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Practical memoryPractical memory
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Dephasing: dipole oscillations Au or AgDephasing: dipole oscillations Au18 or Ag18
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Atomic core effects on dipole decayAtomic core effects on dipole decay
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