[terativnim feSenim Fockovych rovnic pro N zkusmych jednoelektronovych funkci ziskam
N Hartreeho-Fockovych orbitald.

n energeticky nejnize lezicich orbitali obsadim elektrony a sestavim z nich Slateroviiv
determinant.

Referencni Slatertiv determinant sestaveny z HF orbitali.

A n 1 n n
Hartree-Fockova metoda — atom He  E[Y]=(¥|H |¥)= ghn +ZZZ(JU -Ky)
HF energie: EM —(¥|H [¥)=h,+h,+J,

Energie elektonu ,1*: & =Ny +J5,

Energie elektonu ,,2: & =Ny, + 4,

Pro systémy s uzavienou elektronovou strukturou je energie obou elektronti v daném
orbitalu stejna.

HF
E™ =% +¢g,

Celkova HF energie neni souctem jednoelektronovych energii (interakce mezi elektrony by
byla zapoctena dvakrat)

HF
Plati obecné



Systémy s uzavirenvmi elektronovvmi slupkami (closed-shell):

Orbital je bud’to obsazen 2 elektrony nebo je prazdny — vétsina stabilnich molekul a iontu
ma uzavienou elektronovou strukturu.

Jestlize alespon jeden orbital je obsazen prave jednim elektronem — otevirena elektronova
struktura (open-shell) — napriklad radikaly.

Uzavrena el. struktura

Spin-orbital ~ X, y, z, s = | Orbital ~ x, y, z || Spinova funkce ~ s

Definice spinove funkce Piechod od spinorbitalii k orbitalim:
o(s) = anebof3

<u’&>:fuudsz<6|6>:1 {(DB} _>{§9g/2’§05ﬂ/2}
(a]p) = [oBds = {B[a)=0

o, E(Piﬂ =@, f
O, =0 =¢-a

¢3$+¢4 (Dlaﬂgolﬁ
¢1—T——l—¢2 gof‘T—l‘%ﬂ



Pro systémy s uzavienou el. strutkurou se daji vyrazy pro enerqgii zjednodusit:

OPEN SHELL CLOSED SHELL

n/2 n/2 n/2

EIVI=(YIH ¥) =30+ 330, -K,)  mmmh E[¥]=(¥|A %) =25 0+ 3. (23, -K,)

ProcC ?

<§0ia h ¢ia> = <¢iﬂ ‘ ﬁ‘¢iﬂ> =h,

(o7 V'@ 2)|or oy ) = (ol 0! |0 2|0l 9] ) = 3, - K,
(prof [V L2 ool )= (oo} VL 2)| 0l oy ) =3,

To znamena, Ze pro kazdy par dvakrat obsazenych orbitali dostaneme: 4J;;-2K;

n/2
Stale plati, ze celkova energie neni sou¢tem jednoelektonovych energii: E # 22 £
i

Pro systémy s otevienou elektronovou strukturou existuji dvé varianty HF metody:
1. UHF — ,unrestricted” HF — Eyi % Epi 4
2. RHF — restrcted” HF — &,

i = &%

Priklady

EVHF<ERHF  (varia¢ni metoda)
WUHF _ neni nezbytné vlastni funkci opeatoru celkového spinu — spinova kontaminace



Hartree-Fock-Roothaan

FA(Di = &0,

MO LCAO FOCKOVY ROVNICE
L L L
=) ¢, mm) F()) cx =¢) c, : A
;uxu ;MM ;MXM ZI<X;/ f(:) Xu>cw'—
e
SEKULARNI' ROVNICE zL: < >
L L — 82- XU XM Ci
Z — &g ZSMU w, = Zcui<FMU o EiSuU) — 0 p=1 '
n=1 n=1
A 2 1
F = O [BOP) = BT+ D037 Pa (v [63) = (X [ 50)
k=1 X\=1
SCF procedura: n/2
1) Startovaci MO ~ sada koeficientli c P, =2) C.C,
2) Vypocteni integrald (uv|d), S, h,, )=1
3) Sestaveni matice P,
4) Sestaveni matice F
5) Reseni Fockovych rovnic => Nova ——— | Prace pro poéitac |

sada rozvojovych koeficientu C
6) Kontrola konvergencnich kriterii

[zpét k bodu 3]




P; (T)|2 dr

LPz'(f'a)|2

Charge density

One-electron function ... MO (from Fock equations)
Hartree-Fock orbital ... eigenfunction of Fock operatar

Probability of finding an electron in i-orbital in dr

Probability distribution function — charge density

Close-shell system described by a single Slater derterminant:

n/2 )
p(r) = 2; Pi (7“)| Total charge density f p(r)dr=N
MO LCAO:
n/2 ) B B ([ n/2 . . B B .
p(r)=2>_le.(r[ =D>_> B> CMCIJXMXU => > P %
i=1 [ v\ =l ¢ v

Density matrix
Charge density bond order matrix




Hartree-Fock-Roothaan method for He atom:

Basis set: 2 STO g,=1.45 and £,=2.91

Overlap integrals:
811:<Z1|7(1>:1 S =1

B B
o core ]‘
va :<Xu f(/l’)|Xv>_hpv +ZZPH>\ (HU’K;X)_—(LLXMQU)
k=1 X\=1
n/2 .
P,=2)c.C,,
j=1
X1~ 2éjlslze_éeroo X2 = 2523/29_(:er00
e 2232 [ a2y 8G S
Si2 —Szl—<Zl|Zz>—4§1 S _([e Gr)le2dr = E1E) =0.8366
2-¢el. integrals:

1-el. integrals:

core 7} core 1
HE™ = (1| ™" ) == & + (- 2)5 = -1.8488

Heoe = %55 2% — 15860

HE™ = —1.8826

(11]11) =g§1 =0.9062

(22]22) :%52 =1.8188

(11]22) = (22|11) =1.1826

(12|12) = (21|12) = (12| 21) = (21| 21) = 0.9536
(11]12) = (11] 21) = (12]11) = (21]11) = 0.9033
(12|22) = (22]12) = (21| 22) = (22| 21) =1.2980
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