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Chwo’ng 4 Bo cOo’ sO’ va gia thé ion
4.1 corbital Slater va Gaussian
42Hé n nva ng ng
4.3 Gia thé ion
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Phwong nh Kohn-Sham : gan dung mot dién tlr

(272 + Vsl 0w ) = eivi(o)
Vs [0 (1) = Vet (1) + Via [n] 1) + Ve ) (0

p(D=n(r) = ) fili()]

V. . [n] :twxap xi LDA hodc GGA

Vat liéu cé thé Ia phan tl cd 1ap

hodc chat ran. Lam sao chowcac  ? # Basis set (bQ co’ sO)

Chi quan tadm dén céc

electron hda tri, vay cé _¥yz, Pseudopotential
can thiét tinh dén hét Ve (1) - (gia thé)

cac electron cla nguyén

to ?

A i i A
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4.1 c orbital Slater va Gaussian

TO hop tuyén tinh cac orbital nguyén tlr (Linear
Combination of Atomic Orbitals - LCAO)

g

B
P(r) = eix1(r) +eaxa(r)+eaxs(r)+eaxa(r)+esxs(r)+eoxe(r) +erxz (r)+. ..
| ] | ] | J
| | |
AQOs on atom A AQOs on atom B AQOs on atom C

Vi (r)~= Z £, (r)c,.
molecular =2 (1) ) (r) "E""cnefficient

(spatial) orbital | 1‘ . (@ number, to be
b€5'5 function determined by the
(fixed) SCF calculation)
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Basis function

o (r)~ anynzzngY,m(0,¢)¢a(f) ’ - J exp(~%r) :Slater orbital
_ «(r)
n“n," n, 71 [ exp(~%r®) :Gaussian orbital

Cac orbital nguyén tl kiéu Gaussian

s functions
: d functions
2 2
=0 1 e ¢
Y‘E,—E(”,@] r? E_Q.?
p functions | |
Vi-1(0,¢)re <" Yo_1(8,¢)r% e
9 _¢p?
=1+ Yio0,¢) re ¢ ] =9 — Yoo(f,f)ree™™
2 i
._ Y],I(H: ¢J} e ':T Yggl{é{ {f)}rzﬁ—(ru
Yo0(0, ¢)r? e G

Cac basis set Slater va
Gaussian thwong duoc
dung cho cac phéan tr co
lap. Phwong  phdp
Hartree- Fock thwoOng
st* dung cac basis set
nay

etc.

Cac tinh todn thwc hién trén tat ca céc electron

(electron bén trong + hoa tri)
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4.2Hé n nva ng ng
Hé tuan hoan

Hé (mang) tuan hoan I3 hé cd kich thuwdc vd cung
I&'n va cb chu ky thay dOi theo khong gian [a T.

T = P"b'T]_-El]_ + .P\'TEH.E —+ P"b'Tg-Elg

h = [aj, a5, a3]: Cac hang sO mang

A Q2 = det h : Thé tich unit cell
I
—(hty—1 — . 2
~ Unitcell 275 = [b1, b2, bs] :Mang dao
E bi ray = 2’??51‘}'

G =1i-by+j b2+ k- b3z :Chukytuan hoan

G.T = 20 cUa mang dao
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Pinh ly Bloch cho gan dung mot dién tlr

HE n n trong khdng gian cé chu ky T thi thé cla hé
cling tuan hoanv@ichukyT:v (r+T)=v __(r)

Ham séng cla dién t&: ¢(r + T) = e™ T ¢)(r)

hay 1a ti;(r) = e T uy;(r) VOiu (r) " u (r+T)
Khai trién Fourier ham

\ . . U C: XD !G r
tuan hoan cé chu ky T (G): k(1 Z 1,GeXD )

.'I"

exp(ik = r)
‘ unk(r)
Orbital séng phang: Rey,, /
(orbital Kohn-Sham) B . =SSR W . WOVE.
| k- - ™ :
Yij(r) = Z(‘G‘? ikt G)r
G

Rey

mi
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Chon hiru han cic séng phang

Nhan bén tréi hai vé phwong trinh Kohn —=Sham v&i exp(—i(k + G')r)
va lay tich phan :

1 . '
D ('; |k + G[[*dcr + Ve (G' - G)) cd = exj
G

Trong tinh todn thwe té khong thé nao Ay téng vo han ma chi cé
thé 14y hiru han cdc mang ddo G. Tuy nhién cach lay hiru han
phai ddo bao rang nghi@m phwong trinh trén khéng bj anh
hudng: 1
- |k+G|*< E

cutoff

E - nang lwong cat cut ddng ning

cutoff
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Lay mau k - point

Brillioun zone First Brillouin Zone (FBZ)

©o 0 0 0, e ---.:....?-.-..:---_?,.
o 0,/ 0 0 ] KBKE
Yo e e e R
o o0 . @ ®o:0 0 0

A Primitive

Non-primitive

Unit Cell (Primitive) Unit Cell Unit Cell

Brillouin zone integration

n(r) = QFBZZ FBZ Tik{
1
= / fik+ nik(r)dk
Qrsz JrBz |
occ.

= NkZZ”fk
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Vung Brillouin toi gian
LAy cac diém k cach déu nhau (d6ng nhat): phuong phap Monkhorst & Pack :

3 2 .
Z i r- ”f'::l-”‘-mr'

=1

Example:
Symmetry on k in the MP-mesh for 2D square lattice
first Brillouin zone 4x4x1MP mesh = 16 k-points in the FBZ.
° oo I”‘.‘L-f @ 4 equivalent kg4 = (%,%) = wy; = 0.25
o .52 k34 243 e 4 EE]UIIVE|EH1: kﬂ,ﬂ = (%%) = Wh = (.25
15, o 8 equivalent ks3 = (3,5) = w3 = 0.50

® o o |o Brillouin zone integration

1 occC. occC. occ.

”( )_ Z fk44+ Z fk33+_znf':k4,3

Irreducible Brillouin zone 4
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4.3 Gia thé ion

Chi cac electron héa tri quy dinh cac tich chat cta
vat lieu. Néu dwa cac electron 16i vao trong tinh
todn thi dan dén can mot sO lwong |&n cac basis

set. l

Pdéng bang cac electron 16i + hat
nhan : thay nguyén tlr that bang
mOt gia ion + cac electron hda tri .
Gid ion tao ra mOt gia thé
(pseudopotential) tac dung [én cac

electron hoa tri.‘

Cac lgi ich: gidm s basis set
va sO hat tinh todn, dong
nghia tang toc d0 tinh toan
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\V)
all-electron wavefunction -—*"’T\e\\/

Xay dwng gia ham séng va gia the

142 I(l+1) Z

5ozt g — o T Vu(r) + Ve (r) = e (r)

BOn diéu kién cla gid ion

pseudo wavefunction \1,\1/5? //\ 1. -uf 5[?‘) = L’E’LE () voOir>r -

2. vf3(r) khéng cé nut

; cutoff radius .
/V 3 Norm—conservmg:

9 PS 2 | AE 2 -
rély; e ()| dr = re|Uf ()| dr =1
Jo Jo

all-electron potential

pseudopotential 7

l

} 4. Tri riéng hda tri clia tat ca cac
electron va gia thé phai bang nhau.

Gid thé ion:

I(1+1) 1 AP (r)
5 — 1_;1“‘5 o 1__?1'-"5' o i
I o (r) xo(r) 9,2 T Q'L’f‘q(?") dr2

1_;1-’5 [ T‘)

ion.,l
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C6 hai yéu cau trdi nguroc nhau cla gid thé :
1. Good transferability = small r..

2. Large r. = smoother pseudopotentials.

Mot so loai gid thé théng dung

Gia thé bao toan chuan (Norm-Conserving
Pseudopotential) cd E_,, . > 60 Ry. Thw&ng dworc str dung
trong tinh toan hda lvong tlr

Gia thé siéu mém (Vanderbilt Ultrasoft Pseudopotentials)

O E . or < 50 Ry. Thurd'ng dwgrc str dung trong tinh toan
cho chat ran
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Vi du: Gia the cla Al : 1s22522p53s23p?

occupation, eigenvalue

3p —— 1 -2.7eV 2p 1 -27eV
3§ = 2 .7.8¢V [Va'e”ce s = 2.7.8¢V
Al 2p = 6 -69.8 eV pseudo-
Z=13 35 —— 2108 v Loore. Al
states Z=3
|s — 2_1512 eV

1

-

,(ps)

(=5V" vy = 50

Pseudo vs All-Electron Wavefunctions Al

1 =
(_EVE-F'VKP:I)?:D}] ]

lonic Pseudopotentials Al

Aildl g el vl e 1

I...I. 1 s s b gaw s by asp gl L
_%.'; rg = 1.212 | —0 r§=1.212¢
— 1 _ L
| —2 r=1547 I \ 35 — 1 ri=1547]
%1.0- —3p o — — 2 r§=1.547.
rs = 1. [aB) i I
] 2 =
{},
o
: 2"
=
= ,
t © ]
=
—_ =]
— |
5 2]
U..D — i
."'l.'l .r"i'r T?atd: !
‘q.‘ "rl _3 | J'l_§
L 1\.-" JJI T
LI L TTT TIT Ty I rerrrEe e LT T LY
0 1 5 3 4 1 ? 3 4
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