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= W(rob(rz) i jiPrs e )PP
1
= h(ro)h(r2) i Ei(l)(rl;l’z)i(l)(rz;ll) (2.20)
¥hx U

XK GiDO(ry; 5y )P

o) (2.21)

o (r1;r2) = i

16 www.quantumchemistry.net



z< [ =z <]

“H 8= —ytkXe ~X7[3

i O X)) i D(xe;xb)
D06 ) 1D (xo: X
i(n)(Xl;Z::Xn;xg;::;X%)z' (x2;x1) i (.2 L)
i(l)(xn;X?q)
(2.22)
“u 8221 ytXe
d 197™: Tix); Tj(%2); Tk(xa); i T i(xn ) Slaterd << —
Xe /[/°°
1 X o ) ‘
“=ps T (DPPAF00) 100 k0@ TI0g (229)

n=1

\D~ D L ““§
, 8
N(N j1)° =XX

2 z

i<

p%[‘iy(xl)‘}(x» i Y)Y (x2)]
o

040 =
£ ii 1)3PsFY 73) D \f(XN;B £ “(Xq;: 0 XN)AX3 00 dXp

S

M(X1; X2)

k(N-2)1<<
- XX
= MY ) 00 00 0]
ioj<i
(N@)!
£ GDECixa) j(%2) i i (%) i (x2)]
1XSX.‘ R R R -
=7 i(x1) T j(x2) i Tj(X1) Ti(x2)]
i

> > >
SRR (CONTEY TN T R CANTE T S {CONTCAL

i ] 1 ]
= WXOb2) § i P (X1 %2) i P (x2; X1)

o = kfIKE8 -Cj 12XE""

x2.3.3 il %}
xXJ >fw AS —F8KO~ I ——F

Flrir) = S M) =ML ] (225)

cilNil XE-T7 XJ >Ffit3r, 8 kN1 =F

17 www.quantumchemistry.net



U v3n "

XI=F- p ™ NX8KgO~*JI 7 7 E.,.8< —
~— \N"OOXE Vg5£2du p N D7D.EE Su £
>FCg—Cz=z""

f(r1; r2) = %u(rl)%u(rz)gxc(rl; r2) = %u(r]_)%o(rz)[l + f(r1; I'z)] (226)
¥gxc(r1;r2)"~ Q’QE§ f(rl;rg)"~ i ’QXGE§ p'4
> duguUu1?! 10 ~ D”D..E C=z"" <

L >F83 m vy V 8= \N=>F3 m,:>- y ™ A~
>t = LU — ) 4 £ ) 2.27)
ho(ry)
>(r2;r1)L« - ¢ XJIk >f3r1? 3["2?@ > Vv "° %o(rz)l_
« K-XJ=F £ F3T:- vy Vv °° m
t'é"C
hxc(ri;r2) = >(r2;r1) i %(rz2) = w(r2)f(ry; r) (2.28)
T ~8&hxc NT—-~ =F£ Ou A=>=F L—y A 8AO
-3rNC « 8—hxc _ -K Tt vXe [ 5K
Z
hxc(ry;r2)dr, = jl (2.29)

T'é” C Vg3DFT¥kX —> B NEIDFT¥S>F-=>
F m p N~ —L«

Z
Ee ie = E %O(rl_' r2) dl"ldl"z
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¥%ri=3:8->F T:; »" { %Xe 3 1>F
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= ety (2.41)
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F
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¥ ox  gd>F ¥gx /“"hx D D.E ~X hx =
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z Z 4
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0
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>f m8 - “8g" >F - AST >F'o
cSs n - - 8 3 ¢ NX¥8 U 8 kd=
M ~ — T @U(dynamic correlation)® "= f =>fgn
8 m ¥ % ~ <f3 >F— 0 ., >F A
— L] ’U o » E,--Se-g. A((Cq ,UL ccww
t U " —dE.P.Wignes=1938—
" _ . 044
ct) =i 7g (2.49)
t Ceperley Alder31980c?1 gd=TF f Ak | HEESS

=~ ( "OU > 8NIDFT8S /N Ceperley-Alder

O (JI"XVASPSSLDA/“" F8<XIPOSCAR " PKLEXCH =

CAR 8K~“ 173U - —Ceperley-Alder (J ~— = "
3 DFT& S &Ceperley  Alder > ~— %o
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/“ OEE > 5'_ -w
t Vosko, Wilk, Nusair31980cJ VWN/Z ““ > [7],Ceperly,Alder C

J T :

e = Pogr 1+ Dranit- 2 (2.50)
¢ 2 Y@ Q 2y +Db '
Cbyo L (Viye)’, . 20b+2y0) i Q

Yoo e 7T o G !

t Perdew Zunger3198lcJ IL = [8],—Ceperly,Alder (3

"c = j0:048 + 0:031In(rs) j 0:0116rg + 0:002rsIn(rs) rs<1
= §0:1423=(1 + 1:9529PF5 + 0:334ry) re>1

t Perdew Wang31992cJ L > 9"
t Gunnarson Lundqvistul976cJ "
e= N </ L[ > m o--

x2.3.4.4 LDA3 { "=
3 T¥8wW V=08 sF22— ~ —

gu? =>FfIK&Hartree-Fockn - ( N 8 U?-
>FINX¥ 1 U "g-— 3 =F ..€8” U u"",

U (exchange potential) K Hartree3= U (Hartree potential)¥ g
U(self interaction) — " - &du™Hartree-Fock?1 —u @) 8
W\ 1 =>F U ¢ D) TOUge, : & Czs—
—u ko ""” X3Hartree-FockCqes8gul =>fsg
fvk P " -¢S &8 F 4 >F- ¥ P *°
x2.3.4.5 oLDAU (O ( —G&E

CcSyts8=frfgu= Cz~ fl NXS8SLDA3Z — ,,
u 7 —< ¢ (I"7s3 & -7 Tu I1=>F
LDA * wvf 8 ~
x2.3.4.6 oOLDA<S$S B

] .~ 5S5o8% B S -LbAAkKk " f -

TDLEEXGGA <kdflIK"*™" - N %o

N ¢ " BtV = ExclM 8 3LDA Y4

"PE¥K 3d  "TI0]
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3 =>FCq DFTNn epV %0~ £ conduction band—"
=¥ d £valence band——=F m U ="
E?FT =N, i"N (2.52)

¥ IN ¢&7 -NX¥o0o kKN =F""

e B % ATHE1I=FNX 5 7"
> U —L <« >Ff=> NX U y E —
yv1t&du uN+1 =FNX LUMO U=?""
c — EN+1-EN
N1 (2.53)
gd =>F U —L «
v = EN - EN|1
= "N (2.54)
B —L<«< ". "y, U
Eérue = "i'v
"NA i N (2.55)
- “255 [2528= N -
¢ — Eél’ueiEEFT
"NIT i Nt (256)
~DFT  >F; 5 B ¢ ¢8 n
—N) gUO N+1 =FNX N NX— - U 8
d U °©Yk~' £ . -r Ffw
=N C 7A¥"'guO N+1 =FNX § =>Ffa g
Ut (N+1)e=C& gUO N =TFNX 8 >Fa gu¥F
Ne=C"*dgU=% Ly “- u? -
x2.3.4.7 LDA U??
JULDACq &I ToU uU~? 8¥3—e i

T3 TOU¥ | F 2 *°
T BHartree-Fockm ¥ 3 =¥ gU -
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x2.35 2 F COEGGA—

BULDA u? -r>F F &E ., > BU
S pPi5TT

x2.3.5.1 GGA <E&/“"

—< VASPT GGACEgo L B
T PB Perdew -Becke
t PW Perdew -Wang 86
t LM Langreth-Mehl-Hu
t 91 Perdew-Wang 91
t PE Perdew-Burke-Ernzerhof (VASP.4.5)
t RP revised Perdew-Burke-Ernzerhof (VASP.4.5)

x2.3.6 B3LYP

B3LYP - ¥z + —n ZE

x2.3.7 fr U
x2.4 ..¥ E O

x2.4.1 P <« ATk: fIK

3 «—5=_~n 1 NnO L8l 9 3 p <«
TTTfIK&E-XoU 1= = 8- 97ANX¥NT i % "
XJ NTT 3 p «S 1! k z {80@o C C
I k = 7L sl —~ o “of O i}
—$e" " d8l TI «p = L8 —L k-$5

P o kI j \T = " (Baldereschi)%o \A~"k:z"""
x2.411 — g

- Aw...Egk)S= — — FAE& 72E[1]]

<
gR)=go+  gme™Rm

m=1
b .k PkNX @5 ..EfR)E v~ f(TK) =f(K)8T 2
GEBK= — fR)Ng(k)—mXe
< X XX _
f(kK) = (1=ng) g(TikK) =go + (1:nG)gme|TikaTm

i m=1 i
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> >x< o > >x< >
fR)=fo+r (m=nc) T Tm=fo+r fn MR =fo+r  fnAm(K)
m=1 i m=1 jRj=Cm m=1

(2.57)
¥Ch - | - dmg; ¥ »8U.S 8 Cm = Chna™" ¥

= N Chn=jRj=Cmu K¥Zi5& d wvd™

8 R¢e - d TE=TLTNX—7ZA -+ -4 >
_— ...EA, ve ™
V4
>=(2.)° An(R)dk =0;8m =>0;m 2 |
BZ
Z

>=(2.)°  Am(R)An(K)dK = Np-mn
BZ

>
Am(K + G) = Am(R); Am(TiK) = Am(K); Am(R)AR(K) = aj(m;n)A;j(K)
]
¥N,-. JjRj=Cn cE" i TUAWKR)—KAES¥Sc -
> 8 iA ™ KLTA.n kNX Dib1—-—"59
5"'5¢, e ¥ f mIim*" 8 dl Om=0 .. 2
%~ Ao(k) =18K...Ef(k) T
Z

f=>=(2.)°  FR)IR =T, (2.58)
Bz

@oTX Q5 8U1)8XJI 38 A k=8f Vv

Am(Ro) =0;8m>0;m 2 |

@okE — fF=f=fk)Sz k= i \T =t -TH
o8 v =2~ k=é 3'"'vos fIKk D)3 L - N k-8
R VAR k 8 k8o k- ...E N T O fp™
B >
fiiAm®) =0m=1;66¢:N; fij=1 (2.59)
i=1 i
¥N — k "
1~ 8& —

> DX XX
fiif(R)="F, fij+ fiiAm(K;) + fiiAm(Ki)fm

i i m=1i=1 m=N+1i=1
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1™ 88 —
X
fo=  fiyf(Ki) i fii fmAm(Ki)
i=1 m=N-+1i=1
fn m O —~ 5B 8= —Cq fk) T
X
F..fo= firf(Ri)
i=1
1 " d8XJe O |k-8f +8 ¥
kz f %o kz3Nf ..€ VvV 82)8K- 7?1 p
«< " —f UTfl/ p ("o -A"k:
{ 3" L5gSs Lt?21 NO - 1 OO
?1 8 = M»k:-f ““ A4 \V4 "
x2.4.1.2 Chadi-Cohen {
l= A k: 15""@oz A~ kX Q7
Chadi Cohen~"kJ @ {12

i 2 <%] A k: 8k, 'k, 8 kz = OSleg szg

’,e
VAnK) =08, TLo k: E# k=8

Ri = Ry + Tik>

> fij=1=ng" e j ka|3leg [szg

..€E., Vv 8(
ki ko

% 8 gum 2 fN.g m 2 fNg8k

Am(K1)Am(Kz) =0

ds < >x< .
( ellﬁ@R)( ellﬁ@R) =0
JRj=Cm JRj=Cm
( ellﬁ@R)( ellﬁ@TiR) :)( ell(ﬂR)( eIT||€1¢R) =0
jRj=Cm i jRj=Cm 1
— X i(R'1+T||(2)¢R — — X — — X —
= e =0=) AnR+TiR)=0=> Am()=0
I jRj=Cm

~“d g« £ D X k:8—0 p «S =
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x3d s |~ {UYD—# k-8
Gi = Ki + Tikg

¥k; B3m2fNyg ..€ VALK =0 A~ k:-81 U? '

fle 8XJ " NX Ji5Efkg¥ k-E8 —4 -~ "

- 80U % -k,8 —O T ¥+ 98 E n8@oc¢S
U = { E 5 k kneg=n- - &d z > fij =
n=ng"" 7?2 S L+ Di 8 — ki —=\1

P <« "X Jkiz >U £=1 P <« 4

kP kz E&=n.8K3 O ¥8g = > fip =
nki:( jnkj)"

x2.4.1.3 Monkhorst-Pack {

SAChadi-Cohen  —[ "8 -3 N AN 7L k(%2 »

3 U — k-&d k-8 Pk” p } "
dsguz=z NfIK830O c 7LTL~ i 9i5 =
"Yu? 8S 8 - %] fl "@o&-" 3 «~* L
- Dk: €8 g v 8QQ7 Y- % 8z - —
_—" Monkhorst-Pack {[13]""
<N RO —L® R=R&3+Ra +R:az8 ¥a-¢ m
N TX""Monkhorst Pack T UXe {vT p <«

Uur=Q@rigqil=29; r2f[1q]
k= - /8K XelL “-
k’[;rs = Uprl + Ursz + qué

0; - m T ¥"" Chadi-Cohen {aq8Monkhorst Pack%o™ ...
EAm =<
Am(K) = Ny 2 e™ R A(k) =1

JRj=Cm
R
TL =%~ & AuChadi-Cohen ¥ >=(2.)% 5, Am(R)AL(K)dkE=
—O 3X—DH— 1 =z z

, x - B B W b
Srmn(Q) = 1=q Am(kprs)An(kprs) = (NmNp) # 1 W ()
p;ris=1 a=1lb=1j=1
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¥Wjab(q) = 1=q szl ei-=a@rigi DR} iR 5¢R?(b)(j =123 - E8§
d — Wjab(Q)
8
51; if JRY i R%j = 0;2q;4q;¢¢¢;
Wit (a) = §(il)‘”l; if jRY i R?j = q;30;50; ¢¢¢;
-0; otherwise:
¥1n<« ,,- Wjab(q) - LET N\ ~

iR¥<0=2; jRYj<g=2

Smn(@) = -mn
=Am3k - - "

Chadi-Cohen {aqs8 ..EfkR)™NAL—m

>
f(kK) = TnAm(K)

m=1

FE,K)E3 p «S 8§
Z
fn =>=(2..)° A (R)F(R)dk (2.60)
BZ
T AR=1E—1 5(3)
z
= f(R)dk = (8..3=>)f;
BZ
cj —E& F¥8 —w Monkhorst-Pack {¥ L “° Chadi-Cohen
L w3 f; L “ \ = 88K

f=(>=8.%)(8.3=>) A (R)F (R)dk = AL (R) fnAm(K) = mMFrSmi(QNE?
BZ B)Z( m=1
D F=Ff+  FuNE2Sm(q)

m=>1

8

<(- +1)(R1+R2+R3)=1. ; = . i — 1.9 .
(in«@ ; ifRj=ng; j=1;23 n21;
Smi(@) = _ !

0; otherwise:
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= 3Chadi-Cohen L ¥w K3 p « T —Nfe
3Chadi-Cohen L - £ £ 8m=1 — "= TLO
\k = qg LIp "o=-— 9O 8 +Smi(0)
83R;j EU v S8Q—7&""
- ={E))

K X
fm = (1=0°) F(kprs)Am(Kprs) =D f1 = (1=¢%) T (Kprs)

p;r;s=1 p;r;s=1
XJq z g00—10 k < — 88X JpMonkhorst-Pack
=4 TQ” T NX gib8Kk: E8< — "">#
fiXe
DLy
fi=(01° 1K)
j=1

¥, -NX—7Ez+ & k; ¥+ & ~ 1;=ng=n"" P(q)

- GKk-?1DiOTLE 1 p «<¥k > kzE""¢
S 8XJd~7° - "800 LUCHLEC I;£1;8 fij
>U o™ 1r— — P@@)"T Pup9i k z
¥+ E p&d A o pDijk: > = g -
O3VASP OUTCAR~™ ¥pYij k- >~ n ~— -°"
Chadi-Cohen { () - Monkhorst-Pack € ~ p$
> 1 ""T=zX¥ bcc—O9fcc « ¥ P(q)
8
<q(q + 2)(q + 4)=96; /2 is even;
fec: P(q) = _q(q )@+ 4) q
-(q+2)(@%+4q+2); g/2is odd:
8
<q(q + 4)(q + 8)=192; /2 is even;
bec : P(q) = _q(q )(@+8) g
-(q+2)(q+4)(q+6)=192; g/2is odd:
—wW S=fJu qg 8@ -7~ 8™ dMonkhorst-Pack
{ - - - p -w
AT5¢ - 8Monkhorst-Pack L~ - N m fIK=
Z N £ fIK"""d&8du8 T %o FE ¥ m

8 AMonkhorst-Pack ¢ =8 7L\—U[1]"—8 Ll
— 8Pack k z AUe= {HO—114)

Up =Ur=(P i D=0a;p;r 2[L;dal;  Us=(25 i Qe i 1)=20c;S 2 [1;0]
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=afl cI"O " A 8P() O Xe

Pa(ga) = (fi + 1)(3fi +fl) +—n0;  fl = mod(da; 6); fi = (qa i fI)=6

8
<, - ; : .
0c=2; if qc is even;
Pe(@) = _ )
- (e + 1)=2; if qc is odd:
2K : {IDAUVASPT 620Uk - — \@Qu8 NX
AT kz u c-=2"™r
I N -8 3— 2 _—KOIO;i5 XN= g =
I+ 5" d8u £ «<X Au m-—+ <N X 8
Ue .

x2.4.1.4 Chadi-Cohen { <¢—

Cunningham3 = Z5¥Ju . Chadi-Cohen L " OX>»— k
-8 [H'"=- Jo F f « ,, 21 N = "
o T
¢ m m T¥9 - 170

a; = a(1;0); a, =a(0;fl);fl <1; R = a(l; nfl)

b1 = (2..=a)(1;0); b, = (2..=a)(0; 1=fl); K = (2..=a)(k; n=fl)

J
RO = (.=a)(1=2;1=f)) El%n E Amn(K) =0—
—9
RO = (.=a)(1=4;1=(4f)) E1/2%n/2 ~E Am(K) =0—
%] F Jij fE;cy; I, 298U Chadi-Cohen {8 — k=
Xe
Ry = RO + ERQ = (1=2; 1=(2fl)) + (1=4; 1=(4fl)) = (3=4; 3=(4fl))
Ry = RO + RS = (1=2; 1=(2f1)) + (i 1=4; § 1=(4fl)) = (1=4; 1=(4f1))
Rs =RY + (RS = (1=2;1=(2fl)) + (i 1=4; 1=(4fl)) = (1=4;3=(4fl))
Ry = KO+ 2RO = (1=2;1=(2fl)) + (1=4; j 1=(4fl)) = (3=4; 1=(4fl))
z k: >fi; = 1=4""«< ¢, &2 Xe
f
—¥ fl=18<o0 F=C o<,
- p <« "k Cz"Xez=2—x
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—w 3 fFesk k> 8 d kn k8= k

X
fig =1=2; fi; = fip, = 1=4; fiij=1
i=1

x2415 |J™NATkzO >

Bloch...E™Wannier...EE—m 8k|16]

p_ X .
“x(F) == N) e"Tra(r i Rm)

m

K3 %k:z >
< z
b (F) = (1) () = (1=N) ™ EmiRa(r jRnad (FiRa)%(F) = %y (F)dK
BZ

mn

- > mMXe

X X X .
e (F) = (1=N)  ja(f i Rm)i+(@=N) 0 e®Ria(r j Rm)a (F+R; i Rm)

m j m
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¥Rj&E0GR=Rm i Rn"" d8& — Oi58k((F)q

>
e (F) = (1506)  for. 5 (F)

Ti
““ \8Kk
XX XXX .
e (F) = (1=Nng)f ja?(F i Rm)j+ ek Ria(r j Rin)d (F+R;j i Rm)g
Ti m ] m T;
“¥ZE1 T, kK 78 uChadi-Cohen {3 f,"" 1 ¥
K jf 57— — o Xes/" "

> . XX >y
F(¥) = (1=Nng) oiRIR;j a(rj FTm)a/(f+T|Rj =Rm) = (1=Nng) eikt=R;
] m T j
““¥S(r) Rj7 78 |TIRj i RmiO 4—"" uf," ™ dh(r)

X X >
o (F) = Fo + eRRif =fo+ An®)fm

m jRjj:Cm m
XJ 3Bk VALK) =0m=12;tttBKE= —

>
W(F) =fo = (1=N)  j@®(F i Rm)i = %y, (F)

m

-“H58805 k¢ 37"—X83fcc F¥ —1 1 InC
& An®

cos ks cos ks + cos kg cosks + cosky cosks =0
cos 2ky + cos 2k, + cos2kz; =0

cos 2k, cos ko cos ks + cos kq cos 2k, cos ks + cos k; cos ko cos 2k = 0

3 ko = Vv AN g8 ~"dsl g X AT k:-s8
v/
X X _ X >
fije’®™i = fi;An(Ri) =0; fij =1
i=1jRjj=Cm i=1 i

P _
Kh(r) = fiiky, (F)""

Chadi-Cohen3 ™ Zz6¥
ki1 = (0:5; 0;0); ko = (1:0;0:5; 0); kg = (0:5;0:5;0)
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N k2O %(¥) W(E) = (1=4) by, + (1=2)hy, + (1:4)%0k3§
(J"" 3= zI¥Sf

I ki = (3=4;1=4;1=4); ko = (1=4;1=4;1=4)U?
O (I %(F) = (B4, + (1=4)k,""

x2.42 P -

<<

Gu— NX 1 % O 83SCF LS8S¥EO FrmiUS8S E
— L8 £DOSE s * — 9 p

«EBZ% =z P
«<£IB&E—S "7 C - " ag&=N" "~
Z
J(E) = fa(k) (E i "n(k))d™k (2.61)
n \Y
i---
dJ(E) >
IB)=— = fa(K)-(E i "n(k))d™k (2.62)
n \Y%
Z
X
= . f,’,‘(k) . (2.63)
n E="a® I n(K)j
du) "7 TE TTTfIg1L) { kK “-8 i
< 98 d< - > D0 o a "~ {88ck
«8"0 - A7 - {Especial points methad—" O j N {Etetrahedron
method—"
x2421 A7z
UuN~""=8 F...E 8 Otw "“T...Ef(k) FourierC
1

o)
X X X

f(k)=Fo+ @ exp(ik i RAF, =Fo+  An(KF,  (2.64)
n=1 jRj:Cn n=1

¥Ch- 01 - 1AnC ¥ »8 ¢ m ¥ Ak -Np

- 1 Ti~ U\S8 XN,

z I£% EK~"

XJuUug IATk-8F n 2 [1;Np] §k';R LAR(k) = 08
i=1
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m
l| = 1§lJ =
i=1
z .04
f = dkf(K) ... 1T (kj)
IBZ =1 . _ .
e B¢ B ) X e )
= F 4L+ Fy LAn(ki) + Fn YiAn(ki)
i=1 n=1 __ i=1 . Nn=Np+1 i=1
X 2 )
= F0+ Fn !iAn(ki) (265)
n=Np+1 i=1
XIfk) - Tw..E8@0 XnO Fh< P—8f 1 v—
8 Cqf ~TT""3¢SO ¥4 —u" &5 u "
A\VEl A" k-8 8 —"Monkhorst-Pack Y][13,14]... "* @
kBaldereschi Y[17] Chadi-Cohen Y[1I|"'QOun 18 1
/G Bravais F8 1 » AT D Y™
A -f{ “--—" k7T ~—"7 80 —X3pJi
NX¥ 8§ —IBZSA &= fou 1074 Hartree d 8sA
L .., pPYi:="~ sdupgij-—", U I - &E
83U O ¥ —; [~
SAT - {kDnN “ = -du8 f TT..Ev Tws d3
rdalY) = NXEX74£&— 80 TTTEX T8 <k
- 890 j "7I(E) 8 3(I"'k Yk NAE <
v aefIK[188s ™~ Z k: et
7ENX 2?n
FAT -{NUu7AEANXS< J cqa?n {"°
1) — {£Smearing method—""5<< LN Tw D) ..EE

IO .Es8— 71—

¢|,I,TO (e = () (2.66)
XJf Jp&— i ¢ Stw..E C .E"
- i&8 C.E8 A - L£¥— £1 _— 7L
“LO\NATk:ES85)R""—X"~PW-PP?17A U O [1980
U uL2I1i” —w 8 ~ _— j— £¢"=0.2 Rydberg—"
8IBZS™28 k- 760 k= U £t U 30
Rydberg=T—" §i— — 0.01 Rydberg 88U O\ 086 £10i3

Rydberg™ "
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=23 — " LE— Tt — i

Td3 7ANX O §7L N @ kI -g@un~™ O
g @ — <L o

L 21 L1"" Ry=0.5 Hartree
c" Ecut 6 pt./IBZ 10 pt./IBZ 28 pt./IBZ 60 pt./IBZ
0.2 12 2.09£101% 4.38£101° 4.09£10i° 4.05£101°

20  0.83£10i% 149£10i3 1.14£10i% 1.13£10i3
30 -1.98£10i% 0.34£10i3 0.00£10i% (-4.2068)
0.01 12 -4.02£10i% 8.03£10i% 4.91£10i3 2.09£10i3
20  -6.89£10i% 519£10i3 1.99£10i% 2.09£10i3
30  -8.04£10i% 4.06£10i3 0.86£10i% (-4.2073)

2) Fourier-Legendre—m  {[20]" "L FourierC 9qIL ~
Legendre ...E8—mE D ""To< L , ofl8s
p

oiN {

%] { @dGilat Raubenheimer [21] @J 8 %g 7/
@ D> Kk <

oiN {7 Lr """« £IBZ-Y" o jN£E2 N

78 28 """C Qo ojN""™"™ f ** 3 oOjN¥

— TTL.E I S ol S50 iNLTEf —E% 5..EE

5. ET gojNQTEf * g.E&T 5- g= HTESf

5. g.EEOiN {&o o3 z[22I¥"d 8

E%o-...ED ~"...E¥ 8 k<J ngoiN {[23""
csT ™ T & -OiN8 -£F£ N A/8S 5

£ NPI] g& N {pP4'— I oiN £ N&9

.. N /7 /78 »2€ 28 4 ZEsimplex>*J 1

EIBZ 8duZ£ N { WelIBz =>_fIKS8 8 dS8
co T
Chen J L, «<OjN~ L25]""f riBZy ~ X 77z
uijz- oiN f8? rn "=z Xo 2l
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> e
D> i ™~
3 50iN {L¥8i ""IB) D> D> {Xe"'3=z oOj
N o ?-89fk) "kl —"O 1 5 8]
fi(X;y;2) = py + paX + p3y + paz (2.67)
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[OUTCAR

Free energy of the ion-electron system (eV)

0.00060791
-1.36188267
-6.27429270

alpha z PSCENC
Ewald energy TEWEN
-1/2 Hartree DENC
-V(xc)+E(xc) XCENC 1.90099128

PAW double counting 0.00000000 0.00000000
entropy T*S EENTRO = -0.02820948

eigenvalues EBANDS = -6.31447362

atomic energy EATOM = 12.04670449

free energy TOTEN = -0.03055478 eV

energy without entropy = -0.00234530 energy(sigma->0) = -0.01645004

- —w TOTEN j EATOM ujl3:.6ev""

3 i O ¥k fIK8 -H Fkspin, 3 § O ¥e=
vk T ospinz—XJ= U~LSDACOS3INCAR¥NISPIN=2 tagg
K Xe (J

[OUTCAR

k-point 1 : 0.0000 0.0000 0.0000
band No. band energies occupation
-7.2736 1.00000

-0.1229 0.00000

0.4562 0.00000

0.4562 0.00000

A OWN P
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5 0.4562 0.00000
spin component 2
k-point 1 : 0.0000 0.0000 0.0000
band No. band energies occupation
1 -2.4140 0.00000
2 -0.0701 0.00000
3 0.5179 0.00000
4 0.5179 0.00000
5 0.5179 0.00000
Free energy of the ion-electron system (eV)
alpha zZ PSCENC = 0.00060791
Ewald energy TEWEN = -1.36188267
-1/2 Hartree DENC = -6.68322940
-V(xc)+E(xc) XCENC = 2.38615430
PAW double counting = 0.00000000 0.00000000
entropy T*S EENTRO = 0.00000000
eigenvalues EBANDS = -7.27361676
atomic energy EATOM = 12.04670449
free energy TOTEN = -0.88526212 eV
energy without entropy = -0.88526212 energy(sigma->0) = -0.88526212
|
f U ujl2:92ev " —w 3BLDA¥XJ gN8gfuU
? VJIp 0:88V"" uU u? g - duLDACQq
8 VASP8ES -

x4.3.2 ™VASPO Pd7&E£ < —E

Pd7/E <« < —E 389A""3op8= "VASPO & <
~E" "k Bd—IALDA POTCAR"™ 8,,e"", O —INCAR KPOINTS™
"‘POSCAR~™ = L tcsh script5 )"

KPOINTS * —Xe
Comment Line
0
Monkhorst Pack
11 11 11
0 0 O

INCAR ™ —Xe

I
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SYSTEM = Pd bulk calculation
Startparameter for this run:
PREC = Accurate

ISTART = 0 job : 0-new 1-cont 2-samecut
ICHARG = 2 charge: 1-file 2-atom 10-const
ISPIN = 1 spin polarized calculation?

Electronic Relaxation 1
EDIFF = 0.1E-03  stopping-criterion for ELM
LREAL = .FALSE. real-space projection
lonic relaxation
EDIFFG = 0.1E-02 stopping-criterion for IOM

NSW = 0 number of steps for IOM

IBRION = 2 ionic relax: 0-MD 1-quasi-New 2-CG
ISIF = 2 stress and relaxation

POTIM = 0.10 time-step for ionic-motion

TEIN = 0.0 initial temperature

TEBEG = 0.0, TEEND = 0.0 temperature during run

DOS related values:

ISMEAR = 0; SIGMA = 0.05 gaussian smear

Electronic relaxation 2 (details)

Write flags
LWAVE = F do not write WAVECAR
LCHARG = F do not write CHGCAR
D)POSCAR O < —C —"—e PBS script—""
PBS script
#!/bin/tcsh

#PBS -S /bin/sh

#PBS -l nodes=4:athlon:ppn=2
#PBS -l cput=384:00:00
#PBS -m ae

#PBS -0 output

#PBS -e error.log

# set parameter
set EXEC = 'vasp'
set SRC = 'fusr/common/executable’

# change working directory
cd $PBS_O_WORKDIR

# copy fresh executable from depository
cp -f $SRC/$SEXEC .

# execute mpi program
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el
J

foreach a (3.3 3.4 3.5 3.6 3.7)
echo "a= $a"

cat >POSCAR <<! cubic diamond
$a

0.5 0.5 0.0

0.0 0.5 0.5

0.5 0.0 05

2

direct

0.0 0.0 0.0

0.25 0.25 0.25
!

mpiexec -nostdin ./$EXEC
set E=$(tail -2 OSZICAR)
echo $a $E >>SUMMARY

end

# remove executable
rm -f $EXEC

XJ @" @1 £~ PBSscript8Ke \{ (1 8Xe=E"0U- - lattice"

#!/bin/tcsh

foreach a (3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2)
echo "a= $a"

cat >POSCAR <<! fcc lattice
$a

0.5 0.5 0.0

0.0 0.5 0.5

0.5 0.0 0.5

1

cartesian

0.0 0.0 0.0

|

Ivasp

set E=$(tail -1 OSZICAR)
echo $a $E >>SUMMARY
end

A chmod +x lattice §0 UUs E%1 ©F ", 3. - 1p ..\ Jattce
- E"
+ e’ N USPP-LDA$ 1 SUMMARY©t "z $ OZ " 2 13 "£ 3 USPP¥ Pd
AUp  198.95%

SUMMARY
3.5 1 F= -.52384500E+01 EO= -.52371846E+01 d E =-.253072E-02
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3.6 1 F= -.58695670E+01 EO= -.58683951E+01 d E =-.234381E-02
3.7 1 F= -.62322232E+01 EO= -.62311104E+01 d E =-.222547E-02
3.8 1 F= -.63932936E+01 EO= -.63921078E+01 d E =-.237151E-02
3.9 1 F= -.64072233E+01 EO= -.64058584E+01 d E =-.272979E-02
4.0 1 F= -.63162916E+01 EO= -.63147061E+01 d E =-.317085E-02
4.1 1 F= -.61523489E+01 EO= -.61504748E+01 d E =-.374817E-02
4.2 1 F= -59418370E+01 EO= -.59396594E+01 d E =-.435530E-02
~ O, U -, ~&+ 38, N¥z1t f Up  Epw =
i 6:4257"
+e & PAW-LDA3® $1 = SUMMARY®© t "z £ OZ " 7z 20, "
o+ fé5 PAW3 ml t zZmd~ 8 | ¢ PAW®  energy cuto®
€' PpE3PAW¥Pd AUp~ 250.832"
[SUMMARY
35 1 F= -.52393107E+01 EO= -.52377274E+01 d E =-.316665E-02
3.6 1 F= -58814938E+01 EO= -.58798653E+01 d E =-.325695E-02
3.7 1 F= -.62451262E+01 EO= -.62437004E+01 d E =-.285149E-02
3.8 1 F= -.64049388E+01 EO= -.64036223E+01 d E =-.263317E-02
3.9 1 F= -.64158100E+01 EO= -.64143798E+01 d E =-.286044E-02
4.0 1 F= -.63210060E+01 EO= -.63194198E+01 d E =-.317251E-02
41 1 F= -61536329E+01 EO= -.61518107E+01 d E =-.364433E-02
4.2 1 F= -59385695E+01 EO= -.59364165E+01 d E =-.430601E-02
~ O, U -, ~8+3875A, N¥z1t f UpEpk =
i 6:418%V
E, § PAW-LDA UUSPP-LDA%N -, ~éNU¢ -U 3§-~DS§
Uuofm O+ ¢é "3+tenmk OZ¥8XJvkAi 28-,N
% @a” PAW-LDA 3 " ( U U (cohesive energy}2 A X e
i Ecoh =[Ebuk i N £ Eatom =N (4.10)
o+., f0 N¥zt f Up~ UfPd f Up8aUUC
(UUf' "éulLb7a f8Ziut f UpFTAO5,"VASP
*p%N ! (UU=l Gf fUp 2?2 S £+, VASPA p Pseudopotentials
supplied with the VASP package™ Uga" E+ 3 p j §Pdz ¥+ f LDA
? S e« 146eV o % - | LDACge Pd ( UUe« 4.998evdSU¢
S'1- @80 T «LDAT ~a ..Lr ' X"XJ-, UMGGA
3 §(E+ Uc -U (J"
x433 ~NVASP OZL U
%L | OZ281~U-, 1 $yAK: AA5"T ~83RtLj e
e+ N1t K: O+ 8§32 1Ljee«8Et~UNA aqgq K: —Y"
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g8= (vacuum thickness) ~ 5" = E
slab & — B6AO\ H4ASNX oU UC  L10meV
g8 — @ 10" "—e - 3 (fcc) Pd slab U
X Cz"" INCAR™ Xe

SYSTEM = undeformed fcc Pd (111) surface calculation
Startparameter for this run:
PREC = Accurate

ISTART = 0 job : O-new 1-cont 2-samecut
ICHARG = 2 charge: 1-file 2-atom 10-const
ISPIN = 1 spin polarized calculation?

Electronic Relaxation 1

NELM = 90; NELMIN= 8; # of ELM steps
EDIFF = 0.1E-03 stopping-criterion for ELM

LREAL = .FALSE. real-space projection

NBANDS = 40

lonic relaxation
EDIFFG = 0.1E-2 stopping-criterion for IOM

NSW 0 number of steps for IOM

IBRION = 2 ionic relax: 0-MD 1-quasi-New 2-CG

ISIF = 2 stress and relaxation

POTIM = 0.10 time-step for ionic-motion

TEIN = 0.0 initial temperature

TEBEG = 0.0, TEEND = 0.0 temperature during run
DOS related values:

ISMEAR = 1;

SIGMA = 0.20 broadening in eV -4-tet -1-fermi 0-gaus
Electronic relaxation 2 (details)
Write flags

LWAVE F write WAVECAR

LCHARG = F write CHGCAR
LVTOT = .TRUE.

¥~ Pd-7AS8SISMEAR method of Methfessel-Paxton” "=

3 O ((J¥7L yentropy T*So 30UTCAR¥Y —
OL < ImeV=atam—""
POSCAR™ Xe

[POSCAR

Pd surface Calculation
3.875000000000000
0.7071067800000000 0.0000000000000000 0.0000000000000000
-0.3535533900000000 0.6123724000000000 0.0000000000000000
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0.0000000000000000 0.0000000000000000 5.1961520000000000
4
Selective Dynamics Direct
0.0000000000 0.000000000 0.0000000000
0.3333333333 0.666666667 0.1111111111
0.6666666667 0.333333333 0.2222222222
0.0000000000 0.000000000 0.3333333333

M T T
M
MM T T

XJ é Direct » Yoof £ 0 ©&«< | a@U { § E+" Xe
t <1 POSCARUD i d"

[POSCAR

Pd surface Calculation
1.0000
2.740038777 0.000000000  0.000000
-1.370019389  2.372943188  0.000000
0.000000000 0.000000000 20.135089
4
Selective Dynamics
Cartesian
0.0000000000 0.000000000 0.0000000000
0.0000000000 1.581962035 2.2372321073
1.3700193841 0.790981017 4.4744642247
0.0000000000 0.000000000 6.7116963320

M T T
MM T
M T T

KPOINTS© t X e

fcc Pd K points
0

Monkhorst Pack
11111

000

eL N & "pi &€& "8 y~ pYI 6AOE 14Az0U
90 %ué Czupu

, Exrw 8y " pPpYE +8Z8NX oUpO®2 AdA" X
Ji yoweé AngKy “"pYi\ E 16At m"

Ak ., fupLji f"up 2y E:3INCAR¥Y ~+e &

e

POTIM=0.5 NSW=25 IBRION=2 EDIFFG=-0.03 MAXMIX=40

, 8 ( (J& ,.,1 VAL OZ8A0O Lj U AA
A", 7L y¢SOZ¥~A slab . v p 8slabSU f akNa

5Y"XU &aslabSU f ak Na 5YQ° " t-t 1 00
slab éNO\ Z8Lj U Czée "
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L 41: oU9BYE* vy " pY Cz

K points sampling : 11£ 11£ 1 K points sampling : 17£ 17£ 1

v~ pY®) oU 8 Vaé (eV) oU 8 Yaé (eV)
4 -24.33686665 5.6100
6 -24.21333801 5.6286
8 -24.21287283 5.7525
10 -24.2141146 5.7249
12 -24.2127766 5.7717
14 -24.2134478 5.8566
16 -24.21455433 5.8556
18 -24.21265095 5.8700
30 -24.21363636 5.9055
50 -24.21344003 5.6518
*Pd(111)j 6 ¥%4é¢ Se 56 " du -, "N 4 f 8¢ ..vkyp

bLij f8e+¢s@UUC T éi"
LiU%¥% A
1
Ya= ﬁ[Esurf i N£Ebulk] (4-11)

A "~ ztLibp féeg2 il ,kuftLjLjiUL« f/ o
Li =13 Up8§ezxLjU Li - %"

3slabOZ¥8§~ té~"~ ~50ZLj U G?¥ Boettger Equa-
tion(PRB 49:23)

1 .
%= (BN | NCEL (¢ E = (Edy i ENLH2) (4.12)
Up8ENy* ~ N slab oUp“"ci %22 “UfLi"™ i

t 22 ~ stackingperiod' 3 A1 O\ slab & 2y §, £5¢ 07 =+%
—eE "~ —" XVASPApp®
It is almost impossible to compare two calculations which di®er in the
number of k-points and in the size of the supercell.
-, 1 3 moe- O\'Pd é8x71 Al tA Pd f
au” Af"30ZL§¥§ , =+ -cE "~

x4.34 ~VASP OZLj; ©Of &N

x4.3.4.1 " Material Studio T Lj
Material Studio” ~ +d Ur E ~$8UB6 U , @== «u
E ."3u ps§-, OU A §” Material Studio5 1 - |,
oa, ANLj "« {0 (111)%6 (100)i ' N~ §
tE, : § X(110) EXJA 60t s&i " Material
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L 42 LjU & ~*

K points sampling : 15£15£1 K points sampling : 19£19£ 1
N Eslab(N) Ebulk(N) Esurf(N) Ef i Vcore Eslab(N) Ebulk(N) Esurf(N) b
3  -17.763625
4 -24.233309 -6.469684 1.6454
5 -30.674313 -6.441004 1.5307
6 -37.100998 -6.426685 1.4591 51.9037
7 -43.560897 -6.459899 1.6584 51.8983
8 -50.000495 -6.439598 1.5163 51.8987
9
*3 |0 ¥8 < C''Ly T¢& L, 8._jU
$II
Studiog @™ — - E 1E<N ?¢ j''= —
EPt(110)LLy —8 L8Xe
1 ,import < NX,3structure8,,pp — Jmetal/pure-
metal @ Pt < . \ 8= —w Pt - fcc C
1 , Jbuild Xcleave surface . , Bcleave planeFL p
%01 DN <j G op=- Ji10""
In, Jlayer ,  3depthp Jfraction, ->E
<jE 5¢e9p -— ETTXI-n 3depthp %06
— "Vkr™ {, — B % %odepth ,cleave —
Srecleave.
10, Bbuild ¥ crystal P Jbulid ¥vacuum slab
%0 "Bop8=- %o 10A""
ap 1 Fi T €%Pt(110)L "t E Pt(110) L
i Xe=2—<«
&= — \File Y Exportk. r& _—Tif% pdb~ **
—pdb = —8—e - pdb =
REMARK  Materials Studio PDB file
REMARK  Created: Sat Oct 21 06:15:00 Pacific Standard Time 2006
CRYST1 3.924 2775 25.260 90.00 90.00 90.00 P1
ATOM 1 PT1 MOL 2 -7.848 -11.772 0.000 1.00 0.00 Pt
ATOM 2 PT1 MOL 2 -7.848 -7.848 0.000 1.00 0.00 Pt
ATOM 3 PT1 MOL 2 -3.924 -7.848 0.000 1.00 0.00 Pt
ATOM 4 PT1 MOL 2 -3.924 -3.924 0.000 1.00 0.00 Pt
ATOM 5 PT1 MOL 2 0.000 -3.924 0.000 1.00 0.00 Pt
ATOM 6 PT1 MOL 2 0.000 0.000 0.000 1.00 0.00 Pt
ATOM 7 PT1 MOL 2 -7.848 -9.810 1.962 1.00 0.00 Pt
ATOM 8 PT1 MOL 2 -3.924 -5886 1.962 1.00 0.00 Pt
ATOM 9 PT1 MOL 2 0.000 -1.962 1.962 1.00 0.00 Pt
ATOM 10 PT1 MOL 2 -9.810 -11.772 1962 1.00 0.00 Pt
ATOM 11 PT1 MOL 2 -5.886 -7.848 1.962 1.00 0.00 Pt
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a 4.1: Material Studio ¥ cleave surfaceé { p

a 4.2: Material Studio ¥ Build vacuum slab é { u
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a 4.3: N Material Studi

ATOM 12 PT1 MOL 2
TER

o 1

Pt(110)L i

-1.962

-3.924 1962 1.00 0.00

E, 80 ¥l 16 1 8

<l =« fA Pt t <«I 8

1nl¥ SNOO A¥ «YUfé
., OE+oPt ( &E”™ VASP N\ ©f POSCAR¥"

Y "k 0& ES8

x435 @& VASP XU O0Z-N 5~ @& Cj
x4.3.5.1 5~& Vg [9, 10]
5~é£a4 -Né \AC2 «A fY"3ACEé
®e! e8§NX SUTA C & <3 g, 5' X£ ZWES
5~8C;O" £au« g, 5' X8= g, 5" Xé"a&
A Voigtl Puxx! 1,yy! 2,zz! 3,yz! 4,xz! SUxy! 6" A
CUp2%5A«
0 1
€1 36 365
2 = % %eG & %e4 §: (4.13)
38 31 €
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A %o~
1 0E(V; 1))’
== — 4 : 4.14
o 5—E
1 0E(V: 1)’
Ci=— — 1% : 4.15
N (415)
3AC ,.e8AC NX OUE(V;H)UAC t? U
VZ22E—m
X v, X
E(V; ftig) = E(Vo;0) + Vg .e.+7 Cijeiej+::: (4.16)
i=1 i;j=1
¥E(Vo;0) - ACcCNX oUS8V,- ACc N-""", 8§
AC —xk Acc —¥B m -x
50 = fz T (1 +1) (4.17)
¥| .
~d A% ACt =e = (e1;€e2;€3;e4;65,86) 80O 3
| ACc NXoU C=z(4E = E(V;1) i E(V;0)8
2 oU CzaoAC DA IE -8721 g..CGL
g XE'= <N . 5~E% 5—E |
7] <X <N8 ©@ij5 ~X88 £ 5—E

- (% "TTXP8 <X <N88 £ 5—E& Cu, Cy,
Ci3,Czz Cus™"

x4.35.2 8 <N 5ACU AC~X

g8 <X <N§ ~ —
o) 0 o
al ?ia ia 0
k- gaz (%. 2a Za o§ (4.18)

¥a c-<N < —E""
— \o ACe =(--0;0;0;0050 Cy1+Cyz [17]

CE

Vo = (Cy1 + C12)-? (4.19)
)
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-\ ACe=(0;0,0;0;0;£)5 Cu1i CiopM

CE 1
70 = Z(Clli ClZ)iz (4.20)
€ uC38—\ ACe=(0;0;%,0;0;0)5 i

¢E 1
— — = ZCgs# 4.21
Vo _ 2°% (4.21)

é UuCu8—\ ACe=(0;0,0;+;+0)5 u
= Cpu?? (4.22)

« §-\ ACe=(%1%000) Cu! Cp! C;3UCs | Up

CE

v~ (Cu+ Co2+2Css+ C33=2)# (4.23)
0

ddE&, 8T L-\E+tA% ACS8A ~X 1Y+ ACS
CE»+€ 4: §8200Upj Et' X2 éfA CE» 2?1

[ U g'X &8s é4& 8§ ' N8 -~ X-NO &
5~¢é"

x4353 &NOZU%¥%
30Z2728kA: tA05¢ pag S f3AC AT

bfbgk: , E ~Av 8§ +«+3AC § eé j5-u
)y Czg=!0 k: , 83{ Up « ) k é8 @
O "Tdsgk , E ¢ v 8+ y 5~80z2 °(
59Mc)8ACI Y+t - ¥ 8XJ {8 ACUEAC

c NX Czwné §307Z 5-~éz §8-U&0Z@ "
ej 0728 ANEN T( ©e~830ZL&§«A A

C f "1 ftTp8aNU%Xe

2ké8 ANN& -, 88£-, ~eU0 f ~“ oz
b 80 ™A CZ POSCARS:, r 8€ uoe | defvector.fl
A ~t N\ ©% OLDPOS§¢, é OLDPOS%:” 2 n "
| « OLDPOS3, 2 pk AT ! n
a! 30LDPOS1 ~ 183tte i1 Gf §- ~~,

2\ pOLDPOSY f «aé88' XAIN¥K ta
f §tite ¢ AIN§@o OOLDPOS1 ~ 10  "AIN2""

b ! OLDPOS , @ T POSCAR aq§ ~§+« b ©&c«
I 5 N f v
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+8 AINe ~80 f OLDPOS SNX e p

AIN 2

3.11553

1.000000 0.000000 0.000000
-0.500000 0.866025 0.000000
0.000000 0.000000 1.605000

2 2
Direct

0.00000000 0.00000000 0.00000000
0.333333333 0.666666667 0.50000000
0.00000000 0.00000000 0.381483673
0.333333333 0.666666667 0.881483673

éAYY ACS83ej defvector.®¢ "De ne the strain" U © §
r A% ACIT L %ostrain)Y DS"' XépijJ e=
(£;+0;0;0;0)* 5 OZ C13 + C1,8 @0 O é defvect.’¥ "Dene
the strain"U © Xe [ 2 pu

C%%%%%%%%% Define the strain %%%%%%%%%%%%%%
strain(1)=delta
strain(2)=delta
strain(3)=0.0
strain(4)=0.0
strain(5)=0.0
strain(6)=0.0

U¥ 1 defvector.f ~ 5 , TAC 8# POSCAR"
AC a. U'Denethestrain® U©5%A§ AC 1Y
| 3§S?E 8$1°?E - 72N \ " defvectf SN
Xeu

C%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%O/lo%%%%%%%%%%%f%
C >this simple program to get the primitive vectors after C
$\delta$  strain, in order to calculate the independent C
elastic constants of solids. C usage: CHlll  Please first
prepare the undeformed POSCAR in OLDPOS C >defvector.x C
>type defvector.x > create new POSCAR in file fort.3
C%%%%%%%%6% %% %% %6 %% %% %% %% %% % %% %% %% %% %6 %% % %% %% %6 %% % %% %6 %Y
program defvector
real*8 privect,strvect,delta,strten,strain,pos, alat
dimension privect(3,3),strvect(3,3),strten(3,3),strain(6)
dimension pos(50,3)
character*10 bravlat, title, direct
integer i,j,k,ntype, natomi, nn
dimension natomi(10)
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C%%%%%%%%% Read the undeformed primitive vector and atomic postion %%%%%%%
open(7,file="OLDPOS')

C%% In first line of OLDPOS, please add the number

C%% of the type of atoms after the title

read(7,*) title, ntype
read(7,*) alat
do i=1,3
read(7,*) (privect(i,j),j=1,3)
write(*,*) (privect(i,j),j=1,3)
enddo
read(7,*) (natomi(i),i=1,ntype)

nn=0

do i =1, ntype
nn=nn-+natomi(i)

enddo

read(7,*) direct
do i=1, nn

read(7,*) (pos(i,j),j=1,3)
enddo

C%%%%%%%%% Read the amti of strain %%%%%%%%%%%%%%%
read(*,*) delta

C%%%%%%%%% Define the strain %%%%%%%%%%%%%%
strain(1)=delta
strain(2)=0.0
strain(3)=0.0
strain(4)=0.0
strain(5)=0.0
strain(6)=0.0
C%%%%%%%%% Define the strain tensor %%%%%%%%%%%%%%%%%%%%%%%%
strten(1,1)=strain(1)+1.0
strten(1,2)=0.5*strain(6)
strten(1,3)=0.5*strain(5)
strten(2,1)=0.5*strain(6)
strten(2,2)=strain(2)+1.0
strten(2,3)=0.5*strain(4)
strten(3,1)=0.5*strain(5)
strten(3,2)=0.5*strain(4)
strten(3,3)=strain(3)+1.0
C%%%%%%%%% Transform the primitive vector to the new vector under strain%%%%%
C strvect(i,j)=privect(i,j)*(I+strten(i,j))

do k=1,3
do i=1,3
strvect(i,k)=0.0
do j=1,3
strvect(i,k)=strvect(i,k)+privect(i,j)*strten(j,k)
enddo
enddo
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enddo
C%%%%%%%% Write the new vector under strain%%%%%%%%%%%%
do i=1,3
write(*,100)(strvect(i,j),j=1,3)
enddo
100 format(3f20.15)
C%%%%%%%%% Create the POSCAR for total energy calculation %%%%%%%%%%%%%%
write(3,'(A10)") title
write(3,'(f15.10)") alat
do i=1,3
write(3,100)(strvect(i,j),j=1,3)
enddo
write(3,'(1014)") (natomi(i), i=1,ntype)
write(3,'(A6)") Direct
do i=1, nn
write(3,100) (pos(i,j),j=1,3)
enddo
C%%%%%%%
end

3 defvector®¥ § f «a & 8dCpntype5 LA §« E
+ 108XJ f «aé8 E8 gCAAN Eé | natomi(10)+

9 NN 2z "write(3,'(1014)") (natomi(i), i=1,ntype)" , 2 "1014""
3 defvector®¥ ~ B A% AC 80+ ? E defvectorf |
N g77 -o defector.x defector.f) - defvector.x"

2. 0 PVASPOZ N\ ©f KPOINTSUPOTCAR" + 9?1
f ~“qpOZ INCARrelax§8 SNX e

SYSTEM = AIN ENCUT = 400 ISTART = 0 ICHARG = 2 ISMEAR = O! SIGMA =
0.2 NSW = 60; IBRION = 2 EDIFF = 1E-5 EDIFFG = -1E-2 ISIF = 2 POTIM
= 0.2 PREC = Accurate LWAVE = .FALSE.

, 30 ¢é° z ( ?1o0U?1 INCAR.static §
8§ SNXep

SYSTEM = AIN ENCUT = 400 ISTART = 0 ICHARG = 2 ISMEAR = -5I EDIFF =
1E-5 PREC = Accurate LWAVE = .FALSE.

o 580 kéAC POSCAR? 1 YA ¥ §»
¢ f - " z82é& 2z ( ?1- oUOZ
A CNX OUEnw(®H"U¥AC D © POSCARI L defvector.x5

26" X 1Y+t A%AC?21p~ U 0OZ"- " B @iEa 0,

Vo
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#a", 68§71 gwe[U g' xe-
5¢ HEw(©0) ™AC” NX oUS&V,% ™ACNX
NE" 3VASPOZ¥§, éSu ~ eVUA3 1eVv/Ad=
160.2 GP4
C i f ~>zUoUOZ @&+1 L~ f bash
5?218Xp

#!/bin/sh for i in  -0.018 -0.015 -0.012 -0.09 -0.06 -0.03
0.00 \

0.03 0.06 0.09 0.012 0.015 0.018
do echo $i | defvector.x cp fort.3 POSCAR

### cat > INCAR <<! SYSTEM = AIN ENCUT = 400 ISTART = 0 ICHARG = 2
ISMEAR = 0; SIGMA = 0.2 NSW = 60; IBRION = 2 EDIFF = 1E-5 EDIFFG =
-1E-2 ISIF = 2 POTIM = 0.2 PREC = Accurate LWAVE = .FALSE. LCHARG
=.FALSE. !

echo "delta = $i "; vasp

cp CONTCAR pos.$i cp CONTCAR POSCAR

cat > INCAR <<! SYSTEM = AIN ENCUT = 400 ISTART = 0 ICHARG = 2
ISMEAR = -5 EDIFF = 1E-5 PREC = Accurate LWAVE = .FALSE. LCHARG
=.FALSE. !

echo "delta = $i "; vasp

E="grep "TOTEN" out.$i | tail -1 | awk '{printf "%12.6f \n", $5 }"
echo $i $E >>SUMMARY

done

Y% AC8Upi 120302 %" X oz f
E ot (1)\i/E:ot ) » iéé§i9[ U"
0

gU! =X X = N) 5ACU! ACU 5-~¢
' X8§E+ &+ Oz [9 12"

c
P ——
- >

x436 ~VASP OZ7 U*‘ (

3dO¥8§ 0A7-NSe+ ¢~85"2 XU" VASP4.65 0O
Z N U ( "Ak-, % )» N7 ( 8 uti @3
~ & FCCU. ™o §fé ~ o (ald,ald,al4), U¥ a=5.4A"

e -, o, ~8"307Z¥%8§-, &"FCC ®§z 1
cepkaf7 f"

M
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O U ( 8= "k ?1 ggUo s NX

C & =F ", %od= = IUu % A K:
2 2?1 gu U O "k 1 Kz U 8
-_—1 u -
% .-gUO > T =F —e -N
- : INCAR ™
SYSTEM = Si
Startparameter for this run:
NWRITE = 2; LPETIM=F write-flag & timer
PREC = medium medium, high low
ISTART = 0 job : O-new 1-cont 2-samecut
ICHARG = 2 charge: 1-file 2-atom 10-const
ISPIN = 1 spin polarized calculation?

Electronic Relaxation 1

NELM = 90; NELMIN= 8; NELMDL= 10 # of ELM steps
EDIFF = 0.1E-03 stopping-criterion for ELM
LREAL = .FALSE. real-space projection

lonic relaxation
EDIFFG = 0.1E-02  stopping-criterion for IOM

NSW = 0 number of steps for IOM

IBRION = 2 ionic relax: 0-MD 1-quasi-New 2-CG
ISIF = 2 stress and relaxation

POTIM = 0.10 time-step for ionic-motion

TEIN = 0.0 initial temperature

TEBEG = 0.0, TEEND = 0.0 temperature during run

DOS related values:
ISMEAR = 0; SIGMA = 0.10 broadening in eV -4-tet -1-fermi 0-gaus

Electronic relaxation 2 (details)

Write flags

LWAVE = T write WAVECAR

LCHARG = T write CHGCAR

VASP INCAR™ ¥ OO1°CE %@ S—XJ

\NDeE G8 — Np@ “CE ""TX3g —T¥XS8
ej ~ L INCAR ~ —_2
SYSTEM = Si
Startparameter for this run:

PREC = medium medium, high low

ISTART = 0 job : O-new 1-cont 2-samecut

ICHARG = 2 charge: 1-file 2-atom 10-const

EDIFF = 0.1E-03  stopping-criterion for ELM
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NSW = 0 number of steps for IOM

IBRION = 2 ionic relax: 0-MD 1-quasi-New 2-CG

ISIF = 2 stress and relaxation

KPOINT©t :- , &” g A Monkhorst-Pack K: g « 2"
éuaqu7-N E Na 8l ~4x4x4 K: , O "
Monkhorst Pack
0
Monkhorst Pack
4 4 4
0 0 O
POSCAR©f : -, &8 "FCC .e8wm*tzf ocee ! 0f7

f
Si
5.38936
0.5 0.5 0.0
0.0 0.5 05
0.5 0.0 0.5
2
Cartesian
0.0000000000000 0.00000000000 0.0000000000000

0.2500000000000 0.25000000000

0.2500000000000

POTCAR©t @1 £+ 21?2 UUAS8s | 6 POTCAR® T |

( 3¥p€ L501

$1VASP?1 0~ U OZ § , AT gu> 0O

© U -CHGCAR®© f " » u* (
15gU 0OZ8, O0&E®o0SE§

Uv -3 ¥%>f —Y ot e§

Sll

8., | Tée¥% K:?
E_K UlIXII

A K: Up

-+, 1 £?2U" e INCAROF ¥ UO©OE€ & ICHARG =11 charge:

1-Te 2-atom 10-const ICHARG=11 L « |

US¢ ..3072Z¥ +@C"

CHGCAR¥ O\ > 00©

liuli.u KPO'NT©¢§501/21a1 , pé
i 5 K: "3 VASP4.6¥ 80 f G+ | L Linemodes” ~ ¢y .

k-points along high symmetry lines
10 ! 10 intersections
Line-mode rec
0 O 0 I gamma
05050 IX
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0.0 0.0 0 ! gamma
050505 'L

I Le %Linemode8 VASP-gA348: U2 : fm \ %
K: @8 Xp i ©fO « LVASPOZ + X Gamma: X: §
+9 Gamma: L: K: 8z feep” 10tK: "ed 7=
N1 “Up «8 N ~ péj5:"SXp?U § ,2
g$1VASPE, -, OE+| OUTCAROI %0 EIGENVAL ©
Ip 't ztK: U?&E"
X' EIGENVALOf -kagzte NN

0.5555556E-01 0.5555556E-01 0.0000000E+00 0.5000000E-01
-6.8356
4.8911
5.0077
5.0079
7.6438
8.0693
8.0694
9.0057

O~NO UL WN P

1710 K: "m <18 e5 8lwS.-, 3@
tKip 8U?"\ B+l L EXCEL%06 ORIGINfa xa&an»
tEAz(J"du y3Abpp®2k z3FiK: U?&ES§K

00 K: U?é 8450 \wml i U'&a "ed "=
bU%Z 7 U a"-, Etw 7¢,8°FT UY 4
Oz8du -, ~ LDAgm+7 UYUC¢C f' EE $

£¢ + 1.12eM807Z S 0.6e\"
x4.37 "~ VASP OZ 8 Y4é
x4.3.8 LDA+U Z ~

€ ULDA+UOZ § - , | 1t 3 INCAR¥ %LDAU=True. ",
8 , , | ¥« %+*xe A%t é&Eé, 6 LDAUTYPE, LDAUL, LDAUL
+ 9 LDAUU "

x439 ~NEBOZLD

NEB i ~ Nudged ElasticBand'| + 0 ) k regular NEB,
Climbing Image NEB, Variable NEB "

x4310 c~!ltcArU~A
A A 8¢ > ? 1 non-spin polarized OZ §« O° ISPIN=1"
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cNg¢, 2?Aspin-polarized O &SPIN=28
-5 F
— .
e (U8 5 T

F —=~ 8
g N5 F
£ _—%'S

fl Cosw
\4%)

.83 U¢ X
local”™ **

z N5
MAGMOM
£ N5
local™» @ 8§
NS F < 4z

c"N8 ¢ X 2?1Aspin-polarized O 8ISPIN=289o

-1~ e N 5?7210 &g,
2-c™O
“bcc
C 50 &0 < ¥ )
MAGMOM g, LD
D TTd3?1 c™ O
N §-ONSs =<NS N
@ U-k — « U 1 8.
-8 T 8 oUusoU $

— 8§ CcN%NN LT

| | - /\/\%0

Nsc
f

C/\
cNg ¢ 2 A spin-polarized
c”N O aqgs - F K
5801 N ; non-collinear
ISPINSVAGMOM |

IIQ<< ,,<E, ww

%oz

xXd
tTXPBc<N ™G 8\
50 &8 -371 c™ FO 8o -\I1

MAGMOM

O_—" <

8\
Kg -8
8AT (%o— cN
- U c"NG 8
00 o ul
- U gt
> TAE T -cn

O 8ISPIN=28
@ - L

52?10 §

3x,y,z

—F5 “ 8JuMn-Cu(001)c(2x2)@<«<NX8 pik2 Mn
fS@o\ 4 Mn F MAGMOM & 8,
82\ ISPIN=2""& —¢y?1 c~ O
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