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- Concluding Remarks

The concept of overlap polarizability

Origin of the subject: covalency in lanthanide compounds

Partitioning scheme for
mm) the molecular polarizability

OyoL = Loy

Partitioning scheme for o.cg

PROPOSITION:

‘aCB=uA+aB+ (’«OP‘

ag
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DEFINITION

Quantum mechanical expression for the polarizability
(zero field) :

o= 267y <amn><nma>

(Ea _En)

la) and |n) { * molecular states with energies E, and E
an ¢ complex linear combination of atomic orbitals

Partitioning scheme

‘OL = Z:O'"cores; + Z:(XOP

THE CASE OF A SINGLE BOND AB

* ~
= Oop =Cq0pp =V

p = overlap integral
eZ 2R2
where OCEP _cpr R = A-B distance

2AE AE = LUMO - HOMO

* The overlap charge: A*+B-—>A—B

Postulate: q2 — kOLOP also q=pep
(
“force constant

P * Pa

THE CASE OF A SINGLE BOND AB

cK

2AE
* The Concept of lonic Specific Valence (ISV)

i
Vazpa/\/a and Vc:pc/\/a

pc+pa:R

Interpretation: ~ “Capacity” to donate charge to the
formation of the chemical bond

Ve+V,~1




* AN ALTERNATIVE SCALE OF COVALENCY

* NON LINEAR EFFECTS AND COVALENCY
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LANTHANIDE COMPOUNDS
* LIGAND FIELD IN LANTHANIDE COMPOUNDS * Overlap Charge : | g = (g, + g,)ep
The nature of the chemical bond is different
. Assumptions:  g.<<g, and || g,=V, (ISV)!
Her = ZBnmCS:)(l)

The ligand field :

nm,i

The Simple Overlap Model : effective charges gep;at R;/2B

Yo ()
+1
Ry

n 4 % n N+’
Bm:ez[anj {r >zj:9ﬂ’i(251) 1

/ e

®

Y =2.1416 + 0.2393X
184 R*=0.8683 .
Desvio Padréo = 0.04506
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main relation

fundamental aspect

Chem. Phys. Lett. 331, 519 (2000)
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LANTHANIDE COMPOUNDS

In this case

E(LUMO) - E(HOMO) — E(4f) - E(Lig. Atom)

Calculation of input data :

SMLC - 1l / AM1 (Sparkle Model for Lanthanide
Complexes Il / Austin Model 1)

1 !

AE , Rand k

LANTHANIDE COMPOUNDS

b}

Energia (cm

At
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04 7Fo o(semi-emp) = 2.28%
Experimental Calculado
omoligante = 02 03 O7 08 012 013 044 045
VIE = 084 085 084 0.85 084 085 088 091

g(semi-emp) = 088 0.88 0.88 0.88 0.88 0.88 148 148




THE NEPHELAUXETIC EFFECT
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The Chemical Bond Overlap Plasmon(CBOP)

(a localized plasmon in the overlap region)

Absorption Raman scattering
_2mo, ,
- 3
3ne’ —4moé
o="3
0p= K c
" Vm
m=vpm, AEY

Chem.Phys.Lett.406, 192 (2005)

Raman
scattering

First ionization
threshold
Valence states

Core states

Ain A and ¢ in 10-26 cm?

Extension to the Solid State

# CONGUCTION BaND
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Data needed:
p, kand AE
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The Model

7
s ofxs)

overlap

distance in the crystal

S :ij(l)Xx(l) de Lis Lip,

\/ |EH'I‘> Fs | 021501 | 0.34045

s and p, Fp, | -0.06986 | -0.09832

¥ — STOs (Slater-type orbitals)

Program: HyperChem 7.0 1

Force Constants
Model: [XMg]>* + 242 dressed point charges +1580 point charges
Program: Gaussian 03W — Revision B0.4

quantum system:
B3LYP/6-311+G(d)
geometry optimization

9| pees

qg; = =1 (fixed)

A and o adjusted ’ _' : Tty
toreproducethe  @; .

crystal structure I 20
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Force Constants

AE =-9.05x10-6 — 7.14x10-4 (AX ) + 0.09733 (AX )2
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Excitation Energies
Model: [MX] + 247 dressed point charges +1580 point charges
Program: Gaussian 03W — Revision B0.4

quantum system:
B3LYP/6-311+G(d)
geometry optimization

G| pees

f
q; = #1 (fixed)

Aand o adjusted
to reproduce the () '

crystal structure I 22
1

Excitation Energies

AE

TD-B3LYP/6-311+G(d)

 Excited State’ 1: Singlet 9.2232 eV 134.43nm f = 0.0630
; 6> 7 0.69202

e, Excited State 2: Singlet 9.3227 eV 132.99 nm f=0.1197
557 0.69327

Excited State 3: Singlet 9.3227 eV 132.99 nm f=0.1197
457 0.69327

Excited State 4: Singlet 10.9207 eV 113.53 nm f=0.0004
6—>8 0.10678
69 0.63690
6—12 0.27617

Electron Energy-Loss Spectrum

_ 47 CBOPcharge =evp
k!
2 'L
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A 3 Os OLoss
) B P R R CVI ENCV R IO RPN
LiF 958 | 0.014 1.06 125 | 144 | 128 0.30 0.16
Philipp, Ehrenreich
NaF 1011 |0.012 0.22 a7 | 711 | 122 0.27 0.18 Phys. Rev. 131, 2016 (1963)
KF 1108 | 0.011 0.20 417 | 670 | 110 025 0.20
i 1551 | 0.034 7 125 | 1 X 16 57
LiCl 55 6.70 5 36 8.0 0.5 Xsv=> 10,20
NaCl 1559 | 0.040 3.00 47 | 570 | 80 2.0 0.65 -
KCl 1630 | 0.037 2.40 417 | 561 76 2.0 071
LiBr 1657 | 0.033 3.30 417 | 558 7.4 16 0.64
NaBr 1692 | 0.033 2.80 417 | 554 73 17 0.70 | |- A— |
- pronrp
KBr 1691 | 0.036 2.10 417 | 554 73 2.0 0.77 | E,=163.2nm
ALO,-dl | 1065 |0211| 00036 | 417 | 686.7 | 116 6441 | 258 IR -
ALO;-d2 | o375 | 017 | 0013 | 417 | 7527 | 132 3065 1134 E=73eV |||I “
Si0,-dl | 1753 | 280 | 164 | 417 | 548 | 70 3178 1579 | Al
i0, — 767 Ml N
Si0,-d2 | 1371 | 558 | 141 417 | 600 | 9.0 676|821 \ ‘,.,'\".._.' W
LI 3 - -
25 -
Energy-Loss Spectrum
o [t} 1
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E - interband transitions, H
= core excitations (photo S — u{S;Dl-l
1= electrons) @ (Cale)
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CBOP (?) Energy (eV)
Arakawa, Williams. J.Phys.Chem.Sol. 29, 735(1968)
- —a
estimated CBOP energy: ~7.3 eV Holm et al . Phys.Rev.B 59, 12777(1999) o e ™
Estimated CBOP energies: ~11 eV and 13 eV
27 28
Si0, a-quartz

o,

“ms
WA | 1| gy | MA | A | EpeV) | (S g,

Si0, -d1 1753 | 280 164 417 | 548 7.03 3178 15.79

Si0, - d2 1371 | 558 141 417 | 600 8.99 7676 8.21
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Energy-loss Function

e
e

-l-Cl . .6;};. ) ‘!.;J“.‘ III:CI
ENERGY {eV)
Estimated CBOP energies: ~7 eV and 9 eV

Calculated optical conductivity o.

Concluding remarks
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Concluding remarks
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