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N > 1 atoms, placed at ﬁz , i=1,2, ..., N, Hartree-Fock (HF) eqgs, one-electron orbitals s
1  Molecular orbitals
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’ \Ds = Qsps + ﬁsq)s ‘

—

= ZcfaXia(?) = Z:cfa)(a(7> - R))
2 Minimization of the HF energy functional
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1. B # 0 for valence orbitals (fractional occupancy)
2. E=FE,(ps) — AE + Ey(¢s)
3. Ey(¢s) = eff. hamiltonian H,

4. H, : electrons in a background of ionic cores
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5. Main contribution from H,, for occupancy (s = 1, through

’ quasi-classical description ‘

Hy: Quasi-classical H, + quantum corrections

E.(ps) — AE : independent atoms + quantum corrections

Delocalization (spatial extension)

Binding energy

Small quantum corrections, of opposite signs, short-scale length (fractional occupancy in-
cluded)

3 Quasi-classical description for H,

1. Large N > 1 = slow variations = plane waves for the HF eqs

2. B, =Tn)4+U.i(n)+Ucec(n)++ Eer + E;_;

3. Density functional; dn, slightly-inhomogeneous electron liquid
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Self-consistent Hartree field ¢

’ Ap = —4mep + 4men ‘

4. Thomas-Fermi theory
5. Linearization
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4 Linearization

variational
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Quantum corrections, short-scale length
Kinetic energy
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Potential energy
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Quasi-classical energy
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Exchange energy

Binding energy

Quantum corrections

UMinimization

E=E,+E.,

h2
Ay - epp =y
m
g

Electronic properties (Fermi level, spectrum, LUMO, HOMO, etc)

Ionization potential

I = (1 - 52)[@ + ﬁ2jel
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5 Point-like ionic cores; Metallic clusters
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Ap=—-41Yy, zfé(? — ﬁl) + q290

z¥ =
=2 ﬁexp {—Q|7> - Rzl}
Kinetic energy:

27? .
T = %Zo(f = Aq4/4 y 20 = zZ:Zl

Potential energy:

Byt = =433 2%+

+ZZ¢] ZZ*Z; <1 — %) eqRiRj:|

al Ri— Rl
“self-energy” interaction
Inter-atomic potentials
_ 1 * % 2 —qR;;
by = 30277 (1= o2;) e~

— —
Xi=qR;, Rij~X;j/qg~c/g=a

inter-atomic distance a
Quasi-classical energy
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E,= Aq¢'/4 — Bq = —ZBq

\
| q=(B/A)3=0.77- 213 |

| B, = —043-N -2/ |

Exchange energy

E.. = —(9/32)¢*Nz* = —0.17 - N - 2*/3

| E=—-043-N-z"73—-017-N -2/

ac/qg~ 3.5/

Quantum corrections
Qoo = 09213 ~ 0.77213 = g0

¢
17%
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6 Atoms and effective valence

o=Ze " r, BE,=—11.78-Z73 eV (E., = —4.6 - Z°/ eV)
AE = —4.56 - Z7/ eV
E=-1634-273 eV ~ Eppy = —16- Z7/3 eV

=0.77 - 71/3 -
C;] =09.23 }q —0.84 . 73
Nouwt = d7r -n =
>R

= /OO dr-r*p = Z(1 + qR)e %
R

’Z*:%Z:Z(l“_qR)eiqR‘

ﬁQ = Nout/Z

(2 = 2(1 1+ 0.842%)e 0577 |

(R=1)

L [Zz]z] = | # |
Na |11 ]1]0.440.44
K (191034034
Fe |26 | 2 | 0.57 | 0.28
Ag 4711019 [0.19
Ba | 56 | 2 | 0.34 | 0.17

7 Magic numbers
N=6, 11, 13, 15, 19, 23, 26, 29, 34, 45, 53, 57, 61
D =In(I}/Iy-1In41) = Exs1 + Exoy — 2Ex
Stability- vibrational spectra (107* eV /A)
Isomers

Statistical magic numbers
Electronic magic numbers (2, 8, 20, ...)

= const. — Ax® — By* — C2% : ..

(Clemenger-Nilson potential)
const. ~ (4w /c*)z*q ~ (AT /)=
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8 Polarizability

(pot. energy)

on q2 _ Y P
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0F = g [ — (Er)

dm ¢+ pif2
Xe ~ 125 - a’R R - cluster radius
(c=2.73)

9 Diamagnetic susceptibility

Xa ~ —0.54-107* (27/15) (2" R° /a*) - ap

10 Plasmons

ﬂn — 3n

’ w = f (4mne2/m)""? ‘
(fractional occupancy)
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11 Quasi-classical quasi-particles

oA

f=4nNe*z*/¢?

ngy = —0(e —ep) - 0¢

p

1/Ae, Ae = (pp/m)(mh/a)

1-—
ep = ikaF = (37/16)¢*kr = (47/*)2"q (= P)

m*=m- (1 + 0.392*1/3)

C =Vpn®T/3, p* = ppm* /7h>

- no electronic compressibility (adiabatic)
- no electronic sound, zero-sound (immersed into el-hole excs.)

-lifetime

1 (47?62]\72*)2 (p)3 (Ae)® + w212

TTIT o\ ve n) eFEenT 11

-no renormalized Pauli spin paramagnetic susceptibility
(x = 39*u%p . ps = eh/2me: ppH ~ 0.67K | H = 1T = 10*Gs)

12 Ionization potentials

I=(1-p%1,

] \ Iy, (eV) \ Ly (eV) ‘

Na | 2.88 35
K | 286 2.8
Fe | 5.67
Ag| 6.13 55
Ba | 4.32

J. Theor. Phys.



J. Theor. Phys.

13 Magnetic momentum of cluster-Fe by Hund’s rule

Fe—3d° 1 =4up

Tl
0.57 go to the chem. bond

6 — 0.57 = 5.43 : left = 4+ 0.57 = 4.5

o — — — —

1:10.43
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