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El funcional de la Energia

> La energia electrénica E, de un sistema de N electrones es un funcional

exacto y explicito de las MDRs de ler y 2do 6rdenes (I y D):

E[N.T.D[ =% h; T+ (ij|k)Dy,
i

ijkl

Remplazamos el dltimo término por un funcional de I:

E,[N.,T,D| == E|N,[|=h|N,T|+V,[N,T|

V,|N.,l|= min U[N,D] (U[N,D]= ;(y\kz}z)kl,ij )

pOD(T) 4
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El funcional de orbitales naturales

d L.a MDR-1 (T) se puede diagonalizar con una transformacion unitaria:

[ =nod, ( I'(X'l,xl) = Zrﬁgg(x;)(oj(xl) )

Funciones propias { @ ( X)} . Los spin orbitales naturales

Valores propios{ nl.} . Los numeros de ocupacion

3 En adelante nos referimos a la base de orbitales naturales:

B[N = EJV{n}{a(x)|E
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MDR-2

Dkl,ij = % (rki D]-lj - rkj D]-li) +Akl,ij

aa I”lql’lp _ aq aa  _ A A
Drt,pq - —( 5FP5IQ 5r45tp) +/‘rt,m ’ Art,pq - _%5@5@ +%5rq5tp
a, 1 a aB  — _ qu I_pr
Drtl,qu = _nqnparpétq +Art’,8pq A”I’PCI - o) 5”P5t61 + o) 5”51761

[ =nn, —Atp —/\tp

Ip

PNOF: L, = 2anhpp +2Z(”q”p _qu) S g ~ Zququ
P 7 Iz
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PNOF -2

A,y = hgh,0(n,—0.5)6(n, - 0.5) +n,n,000.5-n,)6(0.5-n,)

g g

+f,f,L0(n, - 05)6(0.5-n,)+ 6(0.5—n,)6(n, - 0.5)]

F ]
(1-5) .
P=2ﬂ¢ h;”' lf.."}ﬂF Efp 2 fq=S(1_S)
a=FL1.la ﬁ':l {f=F+1
(1-5) . " -
fl"’=2x fh‘” lff}ﬂF S=2hq= 2 ”’q
g=F+1J g g=1 g=F+1

A,,=6n,-0.5)0(n,-0.5)(vn,n,+ vh,h,)

+ Q(I’Iq -0.5)60(0.5 - n,)( x-"'nqﬂp - x-"hqnp)

+ 6(05 — F’lq) H(”P - 05]( ""-'Illn.:jr”p - \Flllnf_fhp)
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EO = 2anhpp B Z ququ 2 Z nqnp]pq
pP= p.q-l1 p.q=1
F 00
=2 hth‘]pq =2 Z nqnp‘,pq
p.q=1 p.q=F +1
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Obtencidén de los orbitales naturales

QIN, {7}, {o: (x)}] = (Z cos> N) Z }.i: ({qb;:hfi?;) ﬁfc)
ik |

* k

_ (}?1¢
i

) oF . dV. )
Ecuaciones de Euler: ‘j =hi+ —"=p, n;=cos?
n; ' on;

- -~ 1 V..
; A Vix)=nh -
n;V (x) o; (x) = 2{: D | : (x) (x) 4 ne6e (%) 507 (%)
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El operador V para el PNOF
ﬂ,ﬂ'p; {rl ‘rj}'.' rl Z)‘-p\aﬁf 1‘1)

VP (ry) = h(ry) + 3" (r1)

. ~ Af -~
() =) ' (?”ff n ) [3 Jg(r1) — Kq(r1) + Lg {rl}] -2 -n_EL"' (r1)
q ‘P q ke

J,(r1) = /dl‘gl’.ﬁ; (ra) -rl_zlcpq (ra)
Ky (r1) = [ drag (e2) 1) Prago, ()

]

T, (ry) = / drapy (r2) it T (2) Pragy (ra)
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Gilbert:

[h

Pernal:

El potencial no-local

O Vee (5 D (%) 1
= ni; (X)Vee (x)  —» _
sorx) ¢ A'D] =0
U —1 ' - }"?:
T Ve } ¢; (X) = An; 0 (x) = £;0; (x) , & = ng M

AF—(AL) =0

(ng — nyg) hi" . (q}_)* — g:“ =0 [F,l D] = [h + Upe, D] =0
.

(n; — ng) (v

o)l = (0h)" ot 769 + Bec (00)] 61 = 216 ()
Ve,
|[,: (== i £ r
gi = /d]{._,—@al. (K) . s i o f}-‘fﬁﬁ N
. 0Py, (I) ( (L'rfﬁ}-; - f)-n,.,; i H ?
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Matriz de Fock generalizada para el PNOF

FI' = hl 4 (Vee ),

P ] I p

Wee . 1—0,
5+ ——

2 p
dny g — Ny

(Ver)], = [ drg: (1) 1" (1) = 0" (1) 0 (1)

. Ve OAP OAP
L]” — 1!.:'1? 4’ ~ o = '} iy { 2 ! ?Ilf —q rjr-Jf f_q}-i 114
In P ' on P on, M
f B q yy q yy
= . s E ! E ! P I
o
iq q
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Curvas de Energia Potencial
Base: aug-cc-pVTZ

EO (Hartrees)

-5.79654 —
-5.79655 PNOF_2
579656 Limite de disociacion: -5.796551
-5.79657 —
-5.80166 \\
-5.80168 Ut o . C

1 [_imite de disociacidn : -5.801673
-5.80170 —

I I I I I I 1
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
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aug-cc-pVxZ (x=D - 5)

e Distancias de Equilibrio en A (R, =2.98 A)

Base PNOF-2 CCSD(T)
aug-cc-pVDZ 2.86 (0.12) 3.00 (0.02)
aug-cc-pVTZ 2.96 (0.02) 3.02 (0.04)
aug-cc-pvVQZ 2.99 (0.01) 2.99 (0.01)
aug-cc-pV>3Z 2.99 (0.01) 2.99 (0.01)
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aug-cc-pVxZ (x=D - 5)

» Energias de disociacion en kcal/mol ( D, = 0.021 kcal/mol )

Base PNOF CCSD(T)
aug-cc-pVDZ 0.0277 (0.0067) | 0.0265 (0.0055)
aug-cc-pVTZ 0.0133 (0.0077) | 0.0196 (0.0014)
aug-cc-pVQZ 0.0120 (0.0090) | 0.0202 (0.0008)
aug-cc-pV5Z 0.0119 (0.0091) | 0.0204 (0.0006)
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L.a densidad Intracular
I(u) = Z(LP‘J(U_I} +r].) W) ZIaf(rl,rz)cY(u—r1 +r, ) dr,dr,

d(r,, r,): Densidad de pares electrénicos, 6 : La funcion delta de Dirac

Densidad esférica promedio: h(u) = %J'd Q1 ( u)
1T

Distribucién de probabilidad radial de pares: 47m*h(u)

Hueco Coulomb: Al , ( u) = 41’ h, e () = Iy (u)] (Lowdin)

= 1at DONOSTIA INTERNATIONAL
w sssssssssssss

Umiversidad Euskal Hermko -
del Pais Vasco Unibertsitatea I'_IPI:



Mario Piris

Funcional de Orbitales Naturales

Hueco de Coulomb (Lowdin)

— FCI e PNOF - FFI —— PN()F
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La distribucion de probabilidad radial de pares

Desarrollo orbital —> [(u) = Z Z DY {(pq|d(u)|rt)

rt,pq
/ pqrt 00"

47Tu2h(u):u2J’dQuI =u J’dQ ZZDrfapq (pq|o(u)|rt)

pqrt a0

poo = p5 5, — "y p5 0, T A (0o =aa, BB)

rt,pq 0 t,pq
DY = q2p5 5, A7, (oo'=ap, Ba)
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Descomposicion de la distribucidon de probabilidad radial de pares 411u?h(u)

I

"""" Hartree REPPD
--- Fermi Hole
----- Coulomb Hole
— Total REPPD
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Hueco de Fermi
I
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Hueco de Coulomb
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Hueco de Correlacion
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