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T8 DETT (constant-NitH)

1. YIV)\Hhr5Quantum ESPRESSOZERL., ™ (D—PIJO—8EE) 20 v IULFET,

2. REOWILETYZF o JILICEHBIEETY ..

U IULET,

3. K points%Z Monkhorst-Pack(Slab)(CZE L.

pbe-*rrkjus_psl.*.upf(CZEELXT,

EZHMUEXIH ? | ERRSNIZBVWNWAZ

Metal (CF T v %27 Afl. Pseudo filez

. @ Quantum ESPRESSO Workflow Setup = O X
4. Detailsz2'JwvOULET,
Preset SCF ~ (modified) #oflobs: + 1
y.”f."i GQuantum ESPRESS0 e [_) Enable parameter /structure scan
MOPAC 1st job +
CMNDO/S
- Repl.e GF’IMESS g Task Energy v ts;ggest; 248 50.0 0.0
Gaussian Charge [e] 0. () Manually specify cutoff energy on (DFPT)  Disabled
e 1
# of bands Default v Kpoints  Monkhorst-Pack(Slab) -attice indi
Gromacs - -~ (4x4x1) = S
Quantum ESPRESS0 Spin Non-polarized
7= l Pseudopotential Properties
Type Al (CJpos () Charge density [_] Phonon DOS
Functional Al O Z?aggg.owdin O 5\7;::?;:/: () Phonon band
Pseudo file  pbe-*rrkjus_psl. *.upf Band structure [ Dielectric func  [_JNMR
Precision Medium v E@Metal Details... <
Reset... Import... IV Export... OK Cancel
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1. ESM45J%#3#IRL. assume_isolated = ‘esm’(CFTwvI% A, esm_bcxbc3(CEE
LET,

2. OKzOUw I ULET,

3. Quantum ESPRESSO Workflow Setup™ > ROTOKZIUYIUL., TIATDHET
> ROTEBENEULERITZ UV I UED,

‘ @ Quantum ESPRESSO Keyword Setup = O X ‘

|
Preset >
| RISM (1) RISM (2) Others Preview Options Properties Pseudopotential
Basic Advanced Spin/fOFT+U  Phonon NMR/EFG  MD Dipole Corr ESM
B assume_isolated = ‘esm’ cpopt
a. |
c i
4 ative Potentia
C
IC.

Citation

M. Otani and O. Sugino, PRE 73, 115407, (2006).
N. Bonnet, T. Morishita, O. Sugino and M. Otani, PRL 109, 266101, (2012).

Reset... Import Export... oK
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III.RDEF V> (constant-yitsH)

1. &R | IRNTEIN—TEIRZIUYIULFET,
2. @ IWN—Ti&EE | IN—TzEE/BEEHFFR=zI)Y U UFixzT' )y IULET,
— BREORECTE CIIBERELIL—F > ZRALTVWDESH. ERFICEEDSEL D
SUZREIT D ET, BEREEL CEROAN mELENE T,

Change Optimization Flags of Group >
Fixz or Free?
Fix Cancel
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1. Constant-mustBDiREF—T— RIEQED/\—>a > (TIRFIT Des. # (BRIESRE) =70

UwoU. 3857 DEBRIBIQED/IN—>3>zEt]) (CREL. OKZOUYIOUET,

(Winmostar V11.5.0ABZFEATQEDT O S LA\ RZZE L TLVRL(CygwinWM(ZE
WENTWBQEZ.1FIA)ISE(E [7.1] . QE5.2.10i54&(F <6.81 )

O =527 - o x

#+ ®E HE ®T 0956144

Py
Jocalonly %&WM_NUM_PROC
MD
AmberTools TEHE 32 E T =8 ShEEEE CIMDMEERAT R TS s ER(EA
mpiexec (LAMMPS) Select w | LAMMPSTT Ll 4l )14 Potentials in LAMMPS direc
|%CYG\“JINDIR l3“i15¢!0|:|t_'.i\'in¥|‘~"|5|'~‘1PI¥Bin¥m|:|iexec| Ci¥cygwin_wm¥opt_win¥LAMMPS_295ep2021% | ...
Options for mpiexec |-n|3 YeMiM_NUM_PROC% | Open potential directory
(LAMMPS)
Solid
SpalibE T EREa 2 (FERE)[A] QERERTL w7404 | pseudo in QE's directory  ~
SpalbSEfTHICES AT JoRERETE C:¥cygwin_wm¥opt_win¥QuantumESPRESSO_:| | ...
77 HESEF(Quantum ESPRESSO) | pwin & pwout ~ Open QE pseudo directory
T4 ) SR (Openmy) mixin & mxout Download pseudo files. ..
QOpen k-path file Open priority list
mpiexec (QE) Select ~ | QEMOLZr- LRI
[ #CYGWINDIR eopt_win¥MSMPT¥Bin¥mpiexec] | ... [ #CYGWINDIR %e¥opt_win¥QuantumESPRESSO| | ..
Options for mpiexec (QE) [np %WM_NUM_PROC% | Open
{EREEQEM/ -y 7.1 2 v

<6.8
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T MECRET A2—fE.8t0 7.0 0K E b33

m winmostar copyright 2008-2025 x-Ability Co., Ltd.




IV.51ED=E1T (constant-uitH)

1. YE¥ T AI)LY Tworkl_QE_SCFODIRREN'END (8B) (CEfbLZ. ©¥ (9—02J0—%
E) Zz0Uwvo g3 z®RKTUEIN? | EEMESULWWRZIUYOUET,

2. [BEOILETU=ZFa J)LICEBEAEETT ... BMUEITN? | ERRSINTESVWWRZE

OUwIULERT,

PresetzOptimize(Atom)(CZE LU£ Y. constant-NstEDZENIZY hENxET,

K pointszMonkhorst-Pack(Slab)(CZE U, MetallCFTvIZ ANET,

u DEta I IS% 0 IJ \y 0 L/ 35 g_ ° @ Quantum-ESPRESSO Workflo‘ tup - ] X ‘
: Preset Optimize(Atom) (modified) #oflobs: + 1 B |
| [CJEnable parameter/structure scan onfig

3 -

W

Ul

1st job
Task Optimize(Atom) v 50.0 0.0
| (Suggest: 29Ry)
Charge [e] 0. [ Manually spedfy cutoff energy on (DFPT)  Disabled
# of bands Default v Kpoints  Monkhorst-Pack(Slab; ice index
(4x4x1)
Spin Non-polarized v
Pseudopotential Properties
Type All (JJoos () Charge density (] Phonon DOS
— PDOSLowdin — Potential/ =
Functional Al L) oo J Work func [__JPhonon band
Pseudo file  pbe-*rrkjus_psl. *.upf [[)Band structure [ Dielectric func  [(JNMR
Precision Medium v @ Metal < Details...
Reset... Import... |' Export... OK Cancel

m winmostar copyright 2008-2025 x-Ability Co., Ltd.

12



IV.51ED=E1T (constant-uitH)

1. ESM%~J Cassume_isolated = ‘esm’(CF T v % Atl. esm_bcxzbc3(CEELFET,
2. Ifcoptz=F w2 L. Enter Relative PotentialzZoUwv 2O UZET,

3. BEBFEEITBIAEOHE N T 7AILEBHNDBDT. constant-NETEDIEET A )5 DO
J74)L (workl QE SCF¥pw.pwout) ZHEXT, Ric. [0.5] (EIMIERE) ZAAHUL
OKZ=ZOUw2O LET, [The reference Fermi energy:--1 EFRRSNES5@WEIUYIL
F9., RBICFep_MUICHENTIE (RETIE [-0.27132] ) ZAERRE(CEFRKUET,

@ Quantum ESPRESSO Keyword Setup ] X
‘ Preset Enter Relative Potential =
RISM (1) RISM (2) Other Preview Options Pfperties Pseudopotential ‘ . .
Basic Advanced Spin/D) onon NMR [EFG orr ESM | Relative Potential [II"I] : ‘D- 3
- @ assume_isolated = ‘esm Ifcpopt
esm_bc bc3 )_mu -0.27132 Cancel
‘ 0 [ Enter Relative Potential...
esm_w 0.0 ‘
r— . - : . — :
Winmostar X
Citation | |
M. Otani and O. Sugino, PRB 73, 115407, (2006). ‘ The reference Fermi energy, relative potential and target Fermi
N. Bonnet, T. Morishita, O. Sugino and M. Otani, PRL 109, 266101, (2012). energy Efc p_I'T'IL.l] would be set to -4.191 eV 0.500V and -3.691 eV

| (-0.2713 Ry), respectively.

.. Export... oK Cancel & Run
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1. Quantum ESPRESSO Keyword Setup> - > ROTOK=ZOUw O L TCHUET,

2. Quantum ESPRESSO Workflow Setup> - > RIOTOKZIUwYOL. 3T DEED

> ROTEENREUVZERRITZOUY I ULET,

@ Quantum ESPRESSO Keyword Setup

Preset

RISM (1) RISM (2) Others Preview
Basic Advanced Spin/DFT +U Phonon
B assume_isolated = 'esm’

esm_bc bc3 M

0.

esm_w 0.0

Citation

M. Otani and O. Sugino, PRB 73, 115407, (2008).

Options
NMR/EFG

8 ifpopt
fop_mu

Properties Pseudopotential
MD Dipole Corr ESM

-0.27132

[ Enter Relative Potential...

N. Bonnet, T. Morishita, O. Sugino and M. Otani, PRL 109, 266101, (2012).

Reset... Export...

(=

N

@ Quantum ESPRESSO Workflow Setup
|

= (m]

X

‘ Preset Optimize(Atom) v (modified) #oflobs: + 1
() Enable parameter/structure scan
ist job +
| Task Optimize(Atom) v Cutoffenergy [Ry] 50.0 0.0
(Suggest: 23 Ry)
Charge [e] 0. 8 Manually spedify cutoff energy Phonon (DFPT)  Disabled v
# of bands Default v Kpoints  Monkhorst-Pack(Slab, ~ (] Use Bravais-attice index
(4x4x1)
Spin Non-polarized
Pseudopotential Properties
Type Al v (Joos ([) Charge density (] Phonon DOS
— PDOS Lowdin — Potential/ —
Functional All ! thiage ) Work func |__|Phonon band
Pseudo file  pbe-*rrkjus_psl. *.upf v ((JBand structure [ Dielectric func  [(JNMR
Predision Medium v @ Metal Details... (modified)
Reset... Import... l' Export... oK <
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JTIL=IXRILF—DBZE (fcp_mu) M. AHNTF7AILTIFRYyTEL —A. O T 71ILIC
(FeVTHAIETNBDT., CCTeVTOEEIEIELTHRETET,
1. V=) | BGEZE|EO Vv IULET,

2. VIBE%XEnergy. £DOEAIZRYy. GO ZeVICEEL. KFEIE—Uiefcp_mudiE
HEDAIEHCNR=AMUET, BICERRESNDIEN constant-pstBICHITD T TIL=ITF
ILF—DBIZEETY,

@ Winmaostar Unit Converter — O X
Energy
-G.2?132| = -3.6914966581
Ry eV
Close
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V. faRART

1. fEE T A )5 Twork2_QE_RelaxDIREENEND (F) (CEILULIEE. FEETAINS T
work2_QE_Relaxz2oUwv 2o L7233 > TCAnimationz2o Jwv /O ULET,

2. PA=S3iETVU7DColumnZz [9] (CEEIBETITIL=TIRILF—DEEN TS
EENEzd ., sIR—2 T BEUEICEREL CTWB Z EZERUE T,

< Charge/Energy Profile
@& show in Explorer

y Bif#Esi70Yhk = work2_QE_Relax HF177- 1 (pw.pwout) ¥ PoA-iay
pi PN 5 N=4 Al4 M=107.93 3/3 4 > Reload Options ¥
(© o RS ‘ [0 Marked Order:4-1-0-0 NOmC
- Marked Atom: X= 2.8634 Y= 2.8634 2= 0 Speed ¥ oo Open Viewer
Tfmﬁce it E:E B8 Lengi- 4.043459 Angle- * Dinedral- * Lper-* STEP= 0 Etot= -19.82192916 Ry Charge= 0.0000 EFermi= -4, 1915 ey
02 rutile i : = =-19. =0. i= -4,
Sisof ALL END SEITETD FNTERS 1D @817) STEP= 1 Etot= -19.82210623 Ry Charge= -0.008 1 EFermi= -3.7676 |
2 Etot= -19.82211064 Ry Charge= -0.0095 EFermi= -3.6926 ¢
¥ 7o¥dh
| D] /3
TVERE 724 (al_esm) Options ¥ N L
=30 HEE bfgs convergedin 3 scf
work1_OE_SCF END [ J
@ work2_QE_Relax END Column 9 v
PH33 (work2_QE_Relax) g
(j Coordinate (Initial) 0
1 coordinate (Final) o Oxvz
@ = El i Y Z
1Al 0.0000 0.0000 0.0000
= H -
SCFEnernghange 4 Al 23.34 28,
u Animation

3

Lb X tho= 0.242872 giem3

a= 5.726800 b= 5.726500 c= 22.500003
alpha= 30.00000 heta= 30.00000 gamma= 90.00000

®TRE  (mElkosy (FF (an (A0EE
BE @5 4 wE A

R 28634 2.8634 0
RBLI5S 0 v v 10 -

| + 100%
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V. faRART

1. PZRA—=23 2TV 77DColumnz [7] (CEETDEEBRODEIENT S IILENZFET,

v Bik{#E-70310k tg work2_QE_Relax H11274 )l (pw.pwout) ¥ PR3y
- Favzor e o u;ieglgmr;g: 107.33 - 343 PIPTIF T Reload | Options¥
© al_esm ALL END | ER Y
Marked Atom: X= 2.8634 Y= 2.6634 Z= 0 Speed ¥ oo Open Viewer
f’fw{:fe it E:E i} Longih- 4043459 Angle- * Dihrals * Lper= * STEP= 0 Etot= -19,82192916 Ry Charge = 0.0000 EFermi= 4. 1915
02 rutile i . = = -19. Yy arge= 0. ermi= -4. ev|
Siscf ALL END ) Copstatliesnu S S z) STEP= 1 Etot= -19.82210623 Ry Charge = -0.0081 EFermi
STEP= 2 Etot= -19.82211064 Ry
¥ Jovhk
YEETHVH (al_esm) Options ¥ 2 s /s
S0 e - Result  bfgs convergedin 3 scf cy, d 2bfgss
work1_QE_SCF END = 4
[ @ work2_0E_Relax END Plot Column |7 v (
ﬁ -0.009500000
» ¥-0O-f
PHals (work2_QE_Relax) o
E
1 coordinate (initial) o) o ‘ ' v EE
d Coordinate (Final) Fr Oxz O z-Matrix
J—' Elem Z
{2 Log
1 Al . 0.0000
Log (Extracted) = 24 2. 0.0000
SCF Energy Change o A [ 0 40,0000
H Animation
[ Charge/Energy Profile = \ r
- Show in Explorer
o]
A4
| « FTRE [(eedikrsy (JFm  (em 2eEE
tho= 0.242872 g/cm™3 =
a= 5.726800 b= 5.726800 c= 22.500003 it w5 4775% L
alpha= 90.00000 beta= 90.00000 gamma= 90.00000 EE 2.8634 2.8634 0
- (] + 100% | EEEISY 0 v o v 0 v
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V. faRART

1. E%TJA ISP Twork2_QE_Relaxz2 w2 LFPI>3>Tlog (O 71ILDEX) *
Jz(ZLog (Extracted) (O 7AILDEN) Z0Uw oL, OTIT7AILMSAIRSTD
EiZH/aTotal energy. JITILEZITRILF—FDOHEZHEZUET .

wor k1 _QE_SCF

END

ewald contribution 302.52606339 Ry
t.stat. contrib. {(-muN) —0.00000000 Ry

¥ Jodidh @ Extracted Log (CA\Users\ytaka\OneDrive\work\2025\tutorial_calc\QF\al_esm.wmpjdata\work?_Q... = O X |
PRIV (al_esm) Options ¥ hartree contribution = 314.04724724 Ry [
e . ®¥c contribution = —9.48571482 Ry

|@ workZ2_QE_Relax

END

nvergence has been achieved in 12 iterations

e Fermi energy is -3.7676 ev

tal energy -19.82210623 Ry

estimated scf accuracy 0.00000016 Ry

smearing contrib. (-TS) -0.01528131 Ry

internal energy E=F+TS —-19.80682492 Ry

The total energy is F=E-TS. E is the sum of the following terns:
one-electron contribution -627.27137754 Ry

nonAn

TH3%s (work2_QE_Relax)

hartree contribution 314.42548185 Ry
®¥c contribution —9.48917807 Ry
ewald contribution 302.52606339 Ry

(j Coordinate (Initial)
(j Coordinate (Final)

{8 Log

pot .=stat. contrib. (-mulN) 0.00218544 Ry
convergence has been achieved in 14 iterations
the Fermi energy is -3.6926 ev
| total energy -19.82211064 Ry
stimated =s=cf accuracy 1.2E-10 Ry

|[ Log (Extracted)

mnearing contrib. (-TS) -0.01529427 Ry

SCF Energy Change
m Animation

< Charge /Energy Profile
H Show in Explorer

nonAn

internal energy E=F+TS —-19.80681637 Ry

he total energy is F=E-TS. E is the sum of the following terns:
one—-electron contribution -627.33285736 Ry
hartree contribution 314 .48701607 Ry
®Cc contribution —-9.48961630 Ry
ewald contribution 302.52606339 Ry
pot .stat. contrib. (-mulN) 0.00257783 Ry
convergence has been achieved in 21 iterations
bfg=s converged in 3 scf cycles and 2 bfg=s steps
Final grand-energy = -19.8221106390 Ry
PUSCF : 12m37.94= CPU 12m51.88s WALL

This run was terminated on: 20:11:12 12Mar2025

com. |
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RRE(CUDrawz2o w2 ULE9d,
- DTS T3z=0 (RTTDAE) NHPRICKBEIDIERETNTLDAITER

work1_QE_SCF

¥ Jo¥ibk
{ERET2)H (al_esm) Option:
=40 HrE

END

I @ Charge/Energy Profile

sV
J Path: C:¥Users¥ytaka¥OneDrive¥work¥2025¥%tutorial_calc¥QE¥al_esm.wmpjdata¥work2_QE_Relax

Fl@ work2 _QE_Relax

END

TH332s (work2_QE_Relax)

(j Coordinate (Initial)
(j Coordinate (Final)
&8 Log

Log (Extracted)
SCF Energy Change
H Animation

A

I[E Charge[Energy Profile

<

&1 show in Explorer
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= Totchg
Avg v_hart+v_loc
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L
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Z -80
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£ -120
[
9 140
S 160

-18.0

-20.0
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Position (z axis) [A]

Show Setting
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0 Select another esm1 file

and plot difference
Terms
@ totchg
C] Avg v_hart
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V. fEREET

1. constant-Nit& &-UstEDRBI TERIE/Z(IMRT S vILDED ZETE URRUIEWVWEE(E.
Select another esm1 file and plot difference(CF T w2 % AN, constant-NEtEDE
2IA)NSYDun.esm1 T7A)L (workl QE SCF¥wm.esml) ZIEIRUFET,

2. Drawz2oUwvw 2O UZET,
r

@ Charge/Energy Profile — O X ‘

Path: C:¥winmos11¥UserData¥al_esm.wmpjdata¥work2_QE_Relax

[ Select another esm1
and plot difference
| 0.50 C:¥winmos11¥UserData
i ¥al_esm,wmpjdata
| % 045 ¥work1_QE_SCF¥wm.esm1
| e = Totchg
| 5:3 0.40 Avg v_hart+v_loc ‘
- 1
= 0.35 \
5 |
£ 030 3
o
- \
: z 0.25
3
| 2 0.20 Terms
w
[| & 015 @ Totchg
% () Avg v_hart
E.‘ 010 () Avg v_loc
| 6 0.05 @ Avg v_hart+v_loc
0.00
-10.0 -5.0 0.0 50 10.0

| Position (z axis) [A]
|
| | Show Setting Refresh Options... ¥ Draw
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