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3.1 p Hartree-Fock

3.1.1 Sw phan doi xtpng va nguyén ly loai trir Pauli

Cac hat dong nhat (Identical particles)

Classically: Two possibilities - Deterministic

Quantum Mechanically: - Probabilistic Cac hat dang nhét
9 2 e ’ A Y
/a or/and b ° pha| ¢6 cung:
_ * PDién tich
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Mat xac suat tim thay dP = |y (x, x| dx,dx, = [ (x,. x| dx,dx,
hat: v (x,.x,) :hamséngclahéhat2val
w (x,,x,) :ham séngcla hé hat1va?2

» v o = b ogx0f Khong thé phan biét
v (X, X,) =ty (x,,X,) duworc cac hat déng
nhat

Ham séng cla hé 1a td ho'p tuyén tinh: Ca .
& ' P LY - :Phan doi xtrng, Fermion

vo=y (X X,) Ty (X, %) (spin ban nguyén)

Hai hat khong twong tac va co spinn,, + :DOixtrng, Boson
v (GG) = v, (O () (spin nguyén)

v (X, x)) =, (), (x)

td hop tuyén tinh v =y, (x)yv, (x,)xy (x) v, (x)

Xét hai electron (Fermion) c6 cung spin n;=n,

= - :O L i
vo=w, (XD, () —v, (G (X,) L Nguyén ly loai trtr Pauli

Xét hai electron (Fermion) cd spin n; # n,

v o=y, (x)y, (X)) -y (), (x) =0
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DPinh thurec Slater

O diéu kién chuan héa ham séng:
1
v o= —=v, (XD, (x,)-v, (x)v, (x)]
2' L 1 2 1 2

1o, () v, (x)

NI CAREANES

Trwdng hop hé c6 N hat ddng nhat khdng twong tac:

v, (X)) v () (X))
1 v, () v, (X)) oy (X))
l// =
VN !
v, (X)) v, (X)) w (X))
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Materials are composed of nuclei {Z,, M, R } and electrons {r;}
the interactions are known

PIAEES SRR p i S
- EM =~ 2m | ~|R, -7 | 25
Kinetic energy Nucleus-Nucleus Electron-Electron
of nuclei . . Interaction interaction
Kinetic energy Electron-Nucleus
of electrons interaction
HY = EY

Ab-initio (first principles) Method — ONLY Atomic
Numbers {Z} as input parameters

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

3.1.2 Born-Oppenheimer Approximation

e Hamiltonian of the coupled electron-ion system

’__i =2 _t 2
H=-33Vi- va Z

H=TyR)+T.(r)+ Voy(r.R) - Vyn(R) + Vo (r).

e Difference in time scales of ionic and electronic motions
— Electrons respond instantaneously to slow ionic motion

My m,

> ~ 1839
m m

€ e

O({ri;Rr}) = V({r;} {RHx{Rr})
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e Decoupled Schrodinger equations

[Te + Vee + Ver({RrDIWn({ri 1 {R}) = en({R)Wn({r;}; {Rr})
(T7 + Vir + en({RDIx({R}) Ex({Rr})

e Adiabatic approximation
— Electrons quickly respond to changes of nuclei, thus
allowing the electronic system to remain in its ground
state
— lons move on the potential-energy surface of the
electronic ground state

[Te + Vee + Ver({RPDIWo({r;}: {R1}) = eo({RrP)Wo({ri}i {R1})

77+ Vir + co(RADIXARIL D = ifeox({Re} 0
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3.1.3 Xap xi trrdng trung binh (effective potential)
e \We still have to solve many-electron problem.

— Exchange property: Pauli exclusion principle
— Correlation property: interacting electrons

HW({ri}) = eW({r;})

R 1
H:_ZQ r%+2‘/lon(rz)+ Z ‘
1 ];éz
Interacting particles  Independent particles
_\ /i _\.//_ N Idea: consider electrons
1IN /N as independent particles

/
\// \// 71N moving in an effective
— — @ — potential

—_

V(R Xyn)  P)(X) (X )
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e Single-particle approach in an effective potential

— Exchange and Correlation effects are treated in an
average way

— Hartree approximation

— Hartree-Fock approximation

— Density functional theory
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3.1.4 Phwrong phap Hartree

In the Born—Oppenheimer approximation, the time-independent
nonrelativistic. Hamiltonian of the n-interacting-particle system is
written in atomic units as:

X n l n M ZA 1 n n 1
Hel — Z __sz B Z Z fe*. —I_ 5 Z Z f«-‘ .
) 2 1 o 1 - . T
i=1 =1 o i=l j#i -

n

A A -~ I -
Fock operator H” — (T.' + Via + ._Vn",n")
=]

Py
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Hartree product

11-"_”1:,1:1, .-1:1., MR .,.-I:”) — l_.lll";lf;'ll'{-rll') n— partiC|e WaVEfunCthn

— ﬁbf{xl)(}ﬁj (X2) .. -‘i’n{xnj
n occupied spin orbitals of the system:

bi(x;) = ¢i(ri)o;
also written as:

¢i = @i (ri)a;
bi = ¢i(ri)pi
XAp xi LCAO (Linear combination of atomic orbitals)

¢i(x;) = Z‘:f'j}'fj{»rf) X;j basis set.
;
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Hartree energy Ef[¢] = (U, | Zfﬁ | W,,)

= (¢ (x1) .- Pu(x) | Y Fi | 9i(x1) ... by (xn))
=1

— Z (Pi. + - ZJ’U)

Ik
= (¢i(x1) | h1 | ¢i(x1))

— /dxl @f(ﬂ)ﬁlﬁiil)

]
Jii = {di(x)@pj(x2) | — | di(x1)¢;(x2)) : Coulomb integral

]’}

I
szﬂ’xlﬂ’i‘z ¢?(ﬂ)¢s(ﬂi;¢jiiﬂ$} (x2)
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Gian do phwong phap Hartree

Self consistent field (SCF
f field (SCF) I-Ij=_|.'i'j|:i]|[—ivf+EH"——Z“}:I:'i[i]IdL'
= Ao=1 rjjl.

LCAO 1, =[P = drdr,
rj_i
¢i(x;) = Z‘:f'j}'fj{»rf) l
W
Xac dinh cac hé so ¢; [fv? +E 22 : (1) =2, @ (i)
|HY — ES | =0 1
B-Za-123,

i=1 2 i=1 _! I.

Coulomb integral » E =E[¢]

functional

JEIP]

Iterative procedure of SCF
efey

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

3.1.5 Phwong phap Hartree-Fock

This wavefunction is an antisymmetrised product of one-electron
wavefunctions, the so-called Slater determinant

d1(x1) dal(xy) ... Pulxy)
P1(x2) Pa(x2) ... Pu(x2)

¢'I (Xn) *?52 (IH) s Ql);,-r{,-'i.'”)
Hartree—Fock energy:

EMF[p] = (0, | ) F | ¥)

i=1

n
= Z ei + % Z (ij — KU)

=l j#i
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¢; (x;) = ¢;(r;)o; spin orbitals

Two-electron integral
| | I | |
Kij = (¢i(x1)p;(x2) | o | ¢ (x1)pi(x2))
| | 1 | |
= (¢i(r1)oi¢(r2)o; | . | ¢ (r1)oj¢i(r2)o;)

= (i (r1)Qj(r2) | — | ¢ (r1)¢i(r2)){oi | oj){o; | 0i)

r12

N
:[fdf‘[df‘g b; (f‘l)qu(f‘l)Ed)j(f’z)ﬁf)f(f‘z)-f?a;crﬁaﬂf

Kjdi(x1) = f dxy ¢ (x2) i (xz) qbz (X1) Exchange integral
ij
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Han ché ctia phwong phap Hartree-Fock

The Hartree-Fock wavefunction does not include these
correlation effects because it describes the electrons as moving
in the average potential field of all the other electrons. The
instantaneous influence of electrons that come close together at
some point is not taken into account.

Cac phwong phap tién bo :
Configuration Interaction (Cl)
Density Functional Theory (DFT)
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