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QUANTUM

PWScf & Quantum ESPRESSO Dst&EZR4SD 11— R

(& PWScf f£o7eht. 53D UREREKTD/Ny T —I > J T Quantum Espresso & WS /Ny T —3I733)

GPL Z21/tE>X



STEEE (217) . ERRZEFEFT 74 MET

TANEEEDLAY NATELDOHEEEZ D E WLWITR)

VASP OpenMX OpenMX GPAW GPAW
16core WIEN2k (high) PWscf band cluster PW LCAO CP2K
YTiO3
(k:444) 867.01 170.646 311.524 58.881 642.071
Brookite
(k:997) 478.646 1096.748 201.735 434.355
C60
k111) 42590.01 74.388 19.267 18.64 20.367
Graphene
Tx1x1 155.584 6.148 11.635 10.276 327.155 8.319
(k:24241)
nAg 64223.02 8581 6.086
mol
Methane 5.651 5.295 4.896 S

(Tcore)
Nire 59.518 14.911 7.585

Benzene



WBW3S, BFFIDFEE

BERELEEWCSW (NIMEDIT) OTEEND LGV



1) #iE: 82T % ( VASP —> PWscf )
PWvaspZ2in.py
2) BRIV ILORE



PWSCF QEXA Y Z k=)L



DFLAGS = -D__INTEL -D_ FFTW3 -D__MPI -D__PARA -D__ SCALAPACK $(MANUAL_DFLAGS)

FDFLAGS = $(DFLAGS) $(MANUAL_DFLAGS)

IFLAGS = -l../include

MOD_FLAG = -l

MPIF90 = mpif90

CC = icc

F77 = ifort

CPP = Cpp

CPPFLAGS = -P -C -traditional $(DFLAGS) $(IFLAGS)

CFLAGS = -03 $(DFLAGS) $(IFLAGS) -I/opt/intel/mkl/include/fftw}'
FOOFLAGS = $(FFLAGS) -nomodule -fpp $(FDFLAGS) $(IFLAGS) $(MODFLAGS)
FFLAGS = -02 -assume byterecl -g|-l1/opt/intel/mkl/include/fftw/

FFLAGS NOOPT =-00 -assume byterecl -g -traceback
FFLAGS _NOMAIN = -nofor_main

LD = mpif90

LDFLAGS = -static-intel

LD LIBS =

BLAS LIBS = |-Imkl_intel_Ip64 -Imkl_sequential -Imkl_core make-sys
BLAS LIBS SWITCH = external

LAPACK LIBS =

LAPACK LIBS SWITCH = external
ELPA LIBS SWITCH = disabled
SCALAPACK_LIBS =|-Imkl_scalapack_Ip64 -Imkl_blacs_openmpi_lp64

FFT_LIBS =|-L/opt/intel/mkl/interfaces/fftw3xf -Ifftw3xf_intel

MPI_LIBS = — ]
MASS LIBS = FFTW & BLAS (C }I,E\
AR = ar

ARFLAGS = ruv

RANLIB = ranlib

FLIB_ TARGETS = all

LIBOBJS = ../flib/ptools.a ../flib/flib.a ../clib/clib.a ../iotk/src/libiotk.a

LIBS = $(SCALAPACK_LIBS) $(LAPACK_LIBS) $(FFT_LIBS) $(BLAS_LIBS) $(MPI_LIBS) $(MASS_LIBS) $(LD_LIBS)

WGET = wget -O
PREFIX = $(INSTALLDIR)



make.sys ZRHAEHFELGS5IE make 95

configure & make.sys Z{E5DTEEEZIN 2D TER

make veryclean TH make.sys DNHZA DD TEER

configure [ ##@BEF . MKL (BLAS,SCALAPACK) & &&
HEIERHEI S(MKL @ FFTW [SEILRULTWTHEEHER RIS LR
WD TEER)




to install, type at the shell prompt:

make .Jconfigure

make target
where target is one of the following:

pw basic code for scf, structure optimization, MD
ph phonon code, Gamma-only version and third-order derivatives
pwcond ballistic conductance

neb code for Nudged Elastic Band method

PP postprocessing programs

cp CP code: CP MD with ultrasoft pseudopotentials
Id1 utilities for pseudopotential generation

upf utilities for pseudopotential conversion

tddfpt time dependent dft code

gui Graphical User Interface

pwall same as "make pw ph pp pwcond neb"

all same as "make pwall cp |d1 upf tddfpt"

xspectra X-ray core-hole spectroscopy calculations
gipaw NMR and EPR spectra

w90 Maximally localised Wannier Functions
want Quantum Transport with Wannier functions
yambo electronic excitations with plane waves
plumed Metadynamics plugin for pw or cp

clean remove executables and objects

veryclean revert distribution to the original status
tar create a tarball of the source tree

doc build documentation

links create links to all executables in bin/



SCFEIRDA 7 (%lm)



ER)

ARNT77AIWICITZ7—DH 5 LEEERATILES
EITIF—DRELIFMICIIETICHZITINGL

- AS ZAORBEEAL & HEL VAR 5 2

(1)XF5E TV A — S THD”

(2)HEITZFDFEF

()7 T DD IFER, (h>V) #2135, fFHFELTEL
BEHHID. FIFEWEEHLEVWEDHH S,

(DANTTICIIBRADSBICHIDY T ZEKRKLTWSHDH
HBDDT, DYV ZzHELLBWEBITICEIDRL

(B) ARILE REDPWscfhEBETERWIIDH>TH =
AEHLTNEWL, ZOBIXREEARETIEE S,



WBIEIERL



cif2cell B b & FEE (python)

http://cif2cell.sourceforge.net (http://sourceforge.net/projects/cifZ2cell/)
Comp. Phy. Comm.182 (2011) 1183

cif2cell -p Za707 5 L -f ZIAFTINPUT
NIVZ: cif2cell -h

a) VASP: cif2cell -p vasp -f case.cif --vasp-cartesian-positions
b) ABINIT: cif2cell -p abinit -f case.cif -0 case.in

c) exciting: cifZcell -p exciting -f case.cif
)
)

d) Fleur: cif2cell -p fleur -f case.cif

e) elk: cifZ2cell -p elk -f case.cif

f) CPMD: cif2cell -p cpomd -f case.cif -o SrTiO3.inp

g) CASTEP: cif2cell -p castep -f case.cif -o SrTiO3.cell
h) FHI-AIMS: cif2cell -p thi-aims -f case.cif

) PWSCEF: cif2cell -p quantum-espresso -f case.cif

*) BAIC AL i


http://cif2cell.sourceforge.net
http://sourceforge.net/projects/cif2cell/

PW 2 . &control
calculation = 'scf',
Va S p I n ) py prefix = 'input’,
pseudo _dir ="./',
outdir ="'./work/',

POSCAR H5® Rsystem
BEZR+T7ANMI N O=ILT7 71 ibrav =3c;,]
nat_= 4 |
ntyp = 2,

ecutwfc = 25.0,
occupations = tetrahedra,
occupations = 'smearing'

smearing = 'mp'

degauss = 0.01

ASE 12 EEEDHBDOTHAEL E N |
(Z7AINBEHTHEET 3) i

electrons
+ mixing_beta = 0.7,
using Eﬁfjd)j b—Alj_g ) conv_thr = 0.01,

CELL_PARAMETERS ({alat}

0.500000000000000 -0.866025403800000 0.000000000000000
0.500000000000000 0.866025403800000 0.000000000000000
0.000000000000000 0.000000000000000 1.533692720000000
ATOMIC_SPECIES

Mn 54.90000 Mn_PSEUDO
As 74.90000 As PSEUDO
ATOMIC_POSITIONS {crystal}
Mn 0.000000000000000 0.000000000000000 0.000000000000000
Mn 0.000000000000000 0.000000000000000 0.500000000000000
As 0.333333333300000 0.666666666700000 0.250000000000000
As 0.666666666700000 0.333333333300000 0.750000000000000
K_POINTS (automatic)

666000




alat = sqrt(v1*vl)
bohr
angstrom

CELL PARAMETERS { alat | bohr | angstrom }
vi(l) vi(2) v1(3) <-- 1stlattice vector
v2(1) v2(2) v2(3) <-—-2nd
v3(1) v3(2) v3(3) <--3rd



&system

ibrav = 0,
DS S, Ay hATIRILE—
hat = 4,
ntyp = 2, Ry HEfiL

ecutwfc = 25.0, e

! ecutrho = 100.0, =
occupations = tetrahedra, USPP D& Zld 4.0 KD KREHIC

occupations = 'smearing’
smearing = 'mp’
degauss = 0.01

€ ecutrho = ecutwfc*4.0

!
!
!
/



EIMZ LB (REWNICBEIEUIC K WEAT+ BEME B R & VISFR)

HEH

Pseudo Potential &%k

&control
calculation = 'scf’,
prefix = 'input’,

pseudo_dir ="/,  —— B PP 774 )V —9 315

outdir = './work/’,

ATOMIC_SPECIES

Mn 54.90000 (Mn_PSEUDO - o _
As 74.90000|As PSEUDO dE—U7cPP%




BRhT>>v



PWScf TIRZSEERTvILDTA—< Y b

CPMD
Fritz Haber
Unified Pseudopotential Format

o USPP
S e = http://www.physics.rutgers.edu/gbrv/

- ——— — —— LA -
— — v o ———
- -t — - . g ——
e e e tme Pt Tt e 54 N b e N be ) g — -
~—— o~

~—

Pseudopotentials

More you © ESMESS0 ax
Lregua-tant Tt - o ]
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\\\\\\\
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R GIPAW FEXDPPRT> ¥ v Il
B W 4 E NS sSEY e Y MY D w
..' O N MR N BN MG MBS N Ol o /I l \ /
LR AR B T T, R, I TR
BECEISRETRES 5! 5 ok
L] ke

e ——— https://sites.google.com/site/dceresoli/pseudopotentials

e core-hole MEE %9 % & E i core-hole
e e i WA BERGIPAWE R DN E & 755


http://www.physics.rutgers.edu/gbrv/
https://sites.google.com/site/dceresoli/pseudopotentials

e PSLibrary IC3% % Quantum Espresso ® PAW-PP
http://theossrv]1.epfl.ch/Main/Pseudopotentials

L el b I

PSEUDOPOTENTIAL (PAW and US) X

widely tested and no error has been reported so far.

PSEUDOPOTENTIAL TOT o
tested in fewer electronic environements and in some cases

(mostly in fully relativistic form) encountered an error.
PSEUDOPOTENTIAL_ALT

alternative data sets that have a different number of valence states with
respect to the data set in the main distribution files in the PSEUDOPOTENTIAL

or PSEUDOPOTENTIAL_TOT directories. Verification tests in a wide range of
electronic environments have not been performed yet.

PSEUDOPOTENTIAL_NC A

are the norm conserving pseudopotentials. Not tested.


http://theossrv1.epfl.ch/Main/Pseudopotentials

PWScf BT EGEPP7 71 IL&IL—IL

ae: All-Electron (no pseudization)

mt: Martins-Troullier

bhs: Bachelet-Hamann-Schlueter and derived

vbc: Von Barth-Car (direct fit)

van: Vanderhbilt ultrasoft

rrkj: Rappe Rabe Kaxiras Joannopoulos (horm-conserving)
rrkjus: Rappe Rabe Kaxiras Joannopoulos (ultrasoft)
kijpaw: Projector Augmented Wave (Kresse-Joubert paper)
full-relativistic bpaw: Projector Augmented Wave (original Bloechl recipe)

/
Si.rel-pbe-n-kjpaw| psl.0.1.UPF

|

pz: Perdew-Zunger (LDA)
vwn: Vosko-Vilk-Nusair (LDA)
pbe: Perdew-Burke-Ernzerhof (PBE)
blyp: Becke-Lee-Yang-Parr (BLYP)
pw91: Perdew-Wang 91 gradient-corrected functional
tpss: Tao-Perdew-Staroverov-Scuseria (TPSS) meta-GGA
coulomb: Coulomb teta-Z/r potential

S: semicore state s in valence
p: semicore state p in valence
d: semicore state d in valence
f: valence f state in core

n: nonlinear core-correction




XANES 75 EDETEDRHR DRI

1) PWmakePPinp Cu.pbe-dn-|kjpaw__psl.O.Z.UPF > Cu.in

2) Cu.in D{EIE

3) Id1.x < Cu.in > output.ld1.out



SCF&E R (BF)



E1T(single)
pw.Xx < scf.in > out

=17 (mpi)

mpirun -np 16 pw.x < scf.in > out



ER) Y DEODREDESI NI REND
(F7AIMERBRFELGEWDTRALELS

| occupations = tetrahedra,

occupations = 'smearing’,

. o smearing Z18E L fc K&
| smearing = 'mp

| | smearing D7 iEmDELED WA
smearing = gaussian gaussian D & ZElddegauss B EL RS
degauss = 0.01

nspin = 2,
starting_magnetization(4) = 0.3

/
nspin ZE A Ui E 9 startingh i E



IER) L= EFS5BWEEKRAADI S —TLFXS

XFIES Y TG A — h TEE”
S IOESS

occupations = 'smearing/,
smearing = 'gaussian’
degauss = 0.01
nspin = 2,
starting_magnetization(4) = 0.3



SPIN7&EETR

&control
calculation = 'scf’,
prefix = 'input’,
pseudo dir ="/,
outdir = ‘./work/‘,
nspin=2,
starting_magnetization(1)= 0.6 =

nscf T— K DEFIEFR <
(scf B— K DL HE)



DFROETEAE



PFROFHRE(I [ETH)

K POINTS Z automatic X X
111000
BEICULIEWESH KWL

K_POINTS {gamma}

fef2U. XSpectra Tl 111000 &9 %



DOSEt&



DOS &t&

1) K-meshZig¥» UL
SCF:t®&
tetrahedron
nscf E—R

2) DOS &

&control

calculation = 'nscf’,
prefix = 'input’,

pseudo_dir ="./',
outdir = "./work/’,

/
&system
ibrav = 0,
a=3.71,
nat = 4,
ntyp = 2,
ecutwfc = 25.0,
occupations = tetrahedra,
/
&electrons
mixing_beta = 0.7,
conv_thr = 0.01,
/

CELL_PARAMETERS ({alat}

0.500000000000000 -0.866025403800000 0.00000000000000
0.500000000000000 0.866025403800000 0.00000000000000¢
0.000000000000000 0.000000000000000 1.53369272000000¢
ATOMIC_SPECIES

Mn 54.90000 Mn_PSEUDO

As 74.90000 As_PSEUDO

ATOMIC_POSITIONS {crystal}

Mn 0.000000000000000 0.000000000000000 0.00000000000
Mn 0.000000000000000 0.000000000000000 0.50000000000
As 0.333333333300000 0.666666666700000 0.25000000000(
As 0.666666666700000 0.333333333300000 0.75000000000(

K_POINTS (automatic)

121212000




DOSAE®DSCFEtE® = —)LE2F v

&control &dos
calculation = 'nscf’, . : :
e —— outdir = "./work/’,
pretix = Input’,
pseudo_dir = ".//, e prefix="input’,
outdir = ./work/, fildos=‘MnAs.dos',

/

dos.x < dos.In > dos.out

\
—

GNUPLOT =

energy DOS TDOS



EMREEZEDEE (projwfc.x)

&projwfc
outdir = './work/’,
prefix="input,
filpdos="MnAs.pdos’,
/

projwfc.x < pdos.in > pdos.out

ATOMIC_POSITIONS {crystal}
MnAs.dos Mn  0.0000000000 0.0000000000 0.00
MnAs.pdos.pdos_atm#1(Mn)_wfc#1 (s Mn  0.0000000000 0.0000000000 0.50
MnAs.pdos.pdos_atm# 1 site ] As  0.3333333333 0.6666666667 0.25
MnAs.pdos.pdos_atm#1(Mn) wfc#3 As 0.666666666/ 0.3333333333 0.75

(Mn)_ (

(Mn)_ (

(Mn)_ (P
MnAs.pdos.pdos_atm#1 (Mn)_wfc#4(d
MnAs.pdos.pdos_atm#2(Mn)_wfc#1 (s
MnAs.pdos.pdos_atm#2(Mn)_wfc#2(s

(Mn)_ (

(Mn)_ (

(

(

(

(

< <

n) wfc#2(s

)
)
)
)
)
)

MnAs.pdos.pdos_atm#2(Mn)_wfc#3 site2

MnAs.pdos.pdos_atm#2 wfc#4

< <

P)
n d)

MnAs.pdos.pdos_atm#3(As)_wfc#1(s)
MnAs.pdos.pdos_atm#3(As)_wfc#2(p)
MnAs.pdos.pdos_atm#4(As)_wfc#1(s)
MnAs.pdos.pdos_atm#4(As)_wfc#2(p)
MnAs.pdos.pdos_tot

site3

site4




LDOS & PDOS e ZnmAashsd

# E (eV) Idos(E) pdos(E) pdos(E) pdos(E)

-7/1.129 0.264E-08 0.745E-09 0.946E-09 0.946E-09
-/1.119 0.645E-06 O.169E-O6 0.238E-06 0.238E-06
-/1.109 0.252E-04 0.577E-05 0.973E-05 0.973E-05




PDOSEEDEFE



&projwfc
outdir = "./work/’,
prefix="input,
filpdos="Input.pdos’,
ngauss =0, - Gaussian 7O—RKZ> 7
degauss = 0.02,
Deltak = 0.01,

70—kZ=>7dDSIgmafEZz 0.02[eV]H=DICULT.
K-Mesh Z 30x30x30 < s5WWcLixWeE x> <PDOS
DRICIIT=75 0



' K18, g0.01 K30,9002 |

e

- K18, g0.02 K33, g0.01 w

Vit
il E—— .

- K21, g0.02




‘Cu.pdlos.pdosfto{’ —
7u

‘Cu.dos’ --------

K10_default

d. i LR ‘\ LALHT “ il

’C':u.dos’
"Cu.pdos.pdos_tot’
’Cu.pdos.pdos_tot' u 1:3 =—

Jjﬂ K10_g0.0°

S —

’Cliu.dos’
’Cu.pdos.pdos_tot’
’Cu.pdos.pdos_tot'u 1:3 ——

jK] 0_g0.02

’(|3u.dos‘
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot’ u 1:3 =

K18 g0.01

’éu.dos’
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot' u 1:3 =—

K18 gO0.1¢

’Cliu.dos’
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot' u 1:3 =——

K18 g0.02




’éu .dos’
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot' u 1:3 =—

K30_g0.0

’(I)u.dos’
"Cu.pdos.pdos_tot’
’Cu.pdos.pdos_tot’ u 1:3

K30 g0.1

o

’éu.dos’
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot’ u 1:3

K30 g0.

1

’éu.dos’
"Cu.pdos.pdos_tot’
"Cu.pdos.pdos_tot’ u 1:3

K30 _g0.

o

\J

———————]




XAS

Id1.x
Xspectra.x
( XSPECTRA: K-edge X-ray adsorption spectra )

K-edge(1s) & L1-edge(2s) H AIEE



IRIRRED O 77 R ENEAZAERL

PREE( S full-core (VRS THE)

a) quantum espresso T pseudopotential K" NTWLWS RIEE

http://www.guantum-espresso.or seudopotentials

b) GIPAW CORE _POTENTIAL »5 upf2plotcore.sh TREIRGE OV U

GIPAW R v L7 71 IV E ewepotemeE e
https://sites.google.com/site/dceresoli/pseudopotentials =”: B —— W,Mmmx.
i o

N S s O W~

. 2D N BN DR N N NN MY »
MV CMnls 'S0y In Go Ge A Se O Kr
uuuuuuuuuuuuuuuuuu
1
nnnnnnnnnnnnnnnnnnn

%)
Cu.pbe-kjpaw.UPF TIEH# X T BRCEZRRRERR 2T R

Cu.pbe-dn-kjpaw_psl.0.2.UPF & % X .;
Cu.pbe-n-van_gipaw.UPF "2 R

upf2plotcore.sh|Cu.pbe-n-van_gipaw.UPF|[>|Cu.wfc
GIPAW R vl 7 RENRIEX



http://www.quantum-espresso.org/pseudopotentials/
https://sites.google.com/site/dceresoli/pseudopotentials
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GIPAW K722 v

Pseudopotentials

Here you can download some pseudopotentials I've generated for Quantum-ESPRESSO and QE-GIPAW.
Important: always test them on simple systems before doing any serious calculation!

He

49 50 51 52
In Sn Sb Te I Xe

81 82 83§84 85 86
TI §Pb Bi §f Po At Rn



https://sites.google.com/site/dceresoli/pseudopotentials

GIPAW FT 7 REDREEBZESOHIRBRT Vo vILb2EHETRTL
HWES

Id1.x TE&
Id1.x < input.ld1.in > output.ld1.out

\d

Id1.x A7 7LILDIER (input.ld1.in)

BRT>2vIL7 74 ILRD<PP_INPUTFILE> </PP_INPUTFILE>
DEDEDZEANT7 7AILEULTRDHT,

HIERX 27 ) PWmakePPinp

1) PWmakePPinp Cu.pbe-dn-kjpaw_psl.0.2.UPF > Cu.in



#l) Au
0) Id1.x AAZ7 71 ILDIERK

PWmakePPinp.py Au.pbe-dn-kjpaw_psl.0.1.UPF

> Au.in
1) GIPAW ZBigld5A 7 3 ViEN
EMA T3y

lgipaw_reconstruction = .true.

2) Id1.x DETT
FTLWUPF 7 71 ILOMERRE N5

3) 7D wfc 771 )L %1

upf2plotcore.sh *.UPF> Au.wfc

&input
title="Au’,
zed=79.,
rel=1,
config="[Xe] 4f14 5d10.0 6s1.0 6p0.0',
iswitch=3,
dft='"PBE'

/

&inputp
lpaw=.true., e
pseudotype=3, *AHZEE %
file_pseudopw="Au.pbe-dn-kjpaw_psl.0.1+.UPF’,
author='ADC/,
lloc=-2,
rcloc=2.4,

new_core_ps=.true.,
rcore=1.6,

tm=.true. *iJJ[I*

Igipaw_reconstruction = .true.

/
6

6S 1 0 1.00 0.00 1.90 2.30 0.0
6S 1 0 0.00 230 1.70 2.30 0.0
cP 2 1 0.00 0.00 200 240 0.0
cP 2 1 0.00 3.60 1.80 240 0.0
5D 3 2 10.00 0.00 1.80 2.20 0.0
5D 3 2 0.00-0.30 1.10 2.20 0.0



TEIRRED O 77 R ENBEEAERX

RIREEDweT (O 7 EENREE) 2 HE 9 % ( with core-hole or without core-hole)

a) quantum espresso T pseudopotential KA ZT N TLVS FIEE

http://www.quantum-espresso.org/pseudopotentials/ E ;
"o -
Ke sy o
P -
b) Id1.x TER e

Id1.x TEE
Id1.x < input.ld1.in > output.ld1.out

+

Id1.x A7 71 ILDIERX (input.ld1.in)

BRT>2vIL7 714 IILPRD<PP_INPUTFILE> </PP_INPUTFILE>
DEDERDZANT7 7AILEULTRDHEHT,

HIERX Y7 K) PWmakePPinp
1) PPmakePPinp Cu.pbe-dn-kjpaw_psl.0.2.UPF > Cu.in



http://www.quantum-espresso.org/pseudopotentials/

A7 R—IVZRITSESIE Id1.X DADT7 7ALILICER

config DIEIE
EAK(F config DIEIEE (T TOK




&input

iswitch=3,
dft="PBE' \

/

&inputp BRTOvIVERARLY F
Ipaw=.true.,
pseudotype=3,
file_pseudopw="'Cu.pbe-dn-kjpaw_psl.0.2.UPF',
author='ADC/,
lloc=-1,

rcloc=1.9,
which_augfun="BESSEL",

rmatch_augfun=1.8, Epk S BEtIRT Y
hlcc=.true., 9'\")[/0)%%"‘]

rcore=0.7,
tm=.true.

lgipaw_reconstruction = .true. | IBHI%

/
6

4S 1 0 1.50 0.00 2.20 2.30 0.0
4S 1 0 0.00 6.10 1.40 2.30 0.0
4P 2 1 0.00 0.00 2.20 2.30 0.0
4P 2 1 0.00 6.30 1.40 2.30 0.0
3D 3 2 9.50 0.00 1.50 1.90 0.0
3D 3 2 0.00 2.30 1.50 1.90 0.0

config DIEIE

ro20. BiE config DIEELR FTOK
rel=1,
config='[Ar] 3d9.5 4s1.5 4p0.0',

zval h 5 & Z I hole
ICUTeSABFZIRL

configu FRIC [Ar] £H5HDIFE Ar 3
VIO TEHREIEIEO TIRNTEEZTT

Ar = 1s2 2s2 2p6 3s2 3p6

config =
1s2 252 2p6 3s2 3p6 3d9.5 4s1.5 4p0.0

1slC core-hole

config =
Is1 252 2p6 3s2 3p6 3d9.5 4s1.5 4p0.0



xanes_dipole or xanes_qguadrupole
&input_xspectra /'
calculation="xanes_dipole’,
prefix="pwscf, Perform a full continous

outclr= work / fraction calculation
xonly_ plot=.false.,

xniter=1000,
xcheck conv=50, » contorl the Lanczos

xerror=0.001,

Lanczos method D %#
x_save_file='prefix.xspectra.sav', — — ZIRETEIT7ALI

ef_r=0.574496, %7 =)L = L NIV (RyHfiI) %

xiabs=3, _ _
xepsilon(1)=1.0, —- [RINEFDEIR
xepsilon(2)=0.0, % ATOMIC_SPECIES in pwscf input)%

xepsilon(3)=0.0,

: E—Llc & 3BIBHM



&plot % (orentzian broadening, related to the core-hole lifetime )%

xgamma=0.7, linewidth to be used In the spectrum [eV]

xnepoint=1000, humber of energy points in the plot of the XAS spectrum

xemin=-10.0,
xemax=30.0,

to use the terminator function for the continued fraction

terminator=.true.,
cut_occ_states=.true.,

/ the occupied states are smoothly cut from the plot
&pseudos
filecore="Cu.wfc', JlRlNixEd DcoreikRE (3RIARE) DRENEIEL
I r paw(1)=3.2,
/
&cut_occ

cut_desmooth=0.1,
cut_stepl=0.01,

/
888000 SCFEt&ETHW iz K-point 1%k




| &input_xspectra
: = variables

=" - d - d 52 3 2 ] 0 g g . N (E S - o - 243 L ~ 2 g - ol i
23 - - = _ ey S - - as - - y 25 =

calculation : 'xanes_dipole', Perform dipolar calculation. 'xanes_quadrupole', Perform
quadrupolar calculation.

xonly_plot :(default .false.) .false. the continued fraction is calculated for each k-point and at the
end written on the save file.

xniter : (default 2000) maximum number of iterations for lanczos.

xcheck_conyv : (default 50) number of iterations between 2 convergence tests

xerror : (default 0.01) convergence threshold for lanczos calculation (eV)

xiabs : type of the absorbing atom, (ATOMIC_SPECIES in pwscf input)

xepsilon : (default 1.0 0.0 0.0) coordinates of the incident x-ray polarization vector

ef_r : Fermi energy in Rydberg. This value combined with the option cut_occupied_states can be
used to exclude the occupied states in a smooth way from the final plot.

xgamma : (default 0.1) linewidth to be used in the spectrum (eV)

xnepoint : (default 1000) number of energy points in the plot of the XAS spectrum

xemin : (default 0.0) minimum energy in eV for the plot of the XAS spectrum

xemax : (default 10.0) maximum energy in eV for the plot of the XAS spectrum

terminator : (default .false.) .false. no terminator is used.

cut_occ_states : (default .false.) .false. the occupied states are visualized

filecore : core wavefunction file

r_paw(1) : (default 1.5*rc) paw radii to be used in paw reconstruction. A good choice to avoid
linearly dependent projectors is 3*r_pseudo/2 or grater.

cut_desmooth : (default 0.01) size of the interval near the fermi energy in which cross section is
smoothed

cut_stepl : (default 0.01) integration initial step, lower side

< - . . » o _ = - . A ) e 5 - o _ L = B . - . _ = Al . s ~ ~



81K EE(nch (non-core-hole))
1) GIPAW-PP IRT7> 2 v IL7 71 ILDIERK
A) PWmakePPinp Cu.pbe-dn-kjpaw_psl.0.2.UPF > Cu.in
B) vi Cu.in
lgipaw_reconstruction = .true.
file_pseudopw=""**

C) Id1.x < Cu.in > Id1.output

4) BB U Tc#htc’s UPF 7 7 1)L (GIPAW-PPRFT> > vJL) ZAWT WFC Z{ER

A) upf2plotcore.sh *.UPF > Cu.wfc



fRIRRE (full-core state)

Ne: 1s(2) 2s(2) 2p(6)

Ar: [Ne] 3s(2) 3p(6)

Kr: [Ar] 3d(10) 4s(2) 4p(6)
Xe: [Kr] 4d(10) 5s(2) 5p(6)

Xe-core
1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6

Aulg
[Xe] 4f14 5d10 6s1

INRTEETI L
1s2 252 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6 4f14 5d10 651



Au L1-fch (2s#&IC full-core-holeZ 0 & D1E3)

config="'1s2 2s1 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6 4f14 5d10.0 6s1.0 6p0.0

pw.x SCFA®DiIinput 7 7 1L CRE

scf ST EDIFICENT I

tot_charge = +1.0




SR ISEREZIEYT
1x1 Graphene @ valence DEF# ( C/Z & 4{E(both-spin))
7 Hi7] number of atoms/cell = 2
number of electrons 3.00

nond ISAEIhB3RAEEVBD/INY R (DEFEH)
default [ (CDFZE)nbnd =8 &£735

number of Kohn-Sham states= 8.00

ER) EFH¥=nbnd RSV (nbnd FAEYERDT
EFBD¥DHNiEvalence2B DAV /Ny K& H/\—TE )




| ’C:‘.rapl)hene.dos’I —
‘Graphene_default.dos’ -

hbnd =16




A7 iR—=ILZRIFT/INILY DXANESETR &6

Zn0 , Zn-K



ZnO @ XANES DEIR(TA ) Difin
1) IR DETRIF A 7IRREE T TETRIHE
1-1) BWIREBOENT > > v ILZERK
2) BRIREDETREI/INY FEtED B E
2-1) IREBOENT > > v ILZ1ERK
2-2) BRIRRRODEWRT Vv 3V EE

(RNEFE&EEFNENZXAT SEBE) O
A7 71N z2%¥E(EIT 5

2-3) SCF 5t&
2-4) XANESESTERAAD7 71 IVORAE
2-5) xspectra.x DE1T



Zn IR v ILDEIKREEDwevefunction Z{ERK



lgipaw_reconstruction = .true. &input

title='Zn',

A7 3V RETRADSHESNTNS w0

BIRTIVVIVDIZERIEEMEIRWRAT YT config=[A] 3d10. 4s2. 4p0.0"

iswitch=3,

0) Id1.x AA7 71 ILDIERL ft=PBE

/
&inputp

PWmakePPinp.py paw=.true., -
seudotype= AEE %
Zn.pbe-dn-kjpaw_psl.0.2.2.UPF > Zn.in PRSI =

file_pseudopw="Zn.pbe-dn-kjpaw_psl.0.2.2.UPF’,
author='ADC/,

which_augfun='"PSQ’,

]) GIPAW Eﬁﬁﬁ‘zjéjjy 3 Vﬁﬂﬂ rmatch_augfun=1.3,

lloc=-1,
i_7JI]7|' 7:/ = y rcloc=1.7,
. . nlcc=.true.,
lgipaw_reconstruction = .true. rcore=0.7,
tm=.true. i_m]*
— Igipaw_reconstruction=.true.
2) Id] X o)%?-r use_paw_as_gipaw=.true.

/

LW UPF 7 71ILDMERRE NS |6

45 1 0 200 0.00 2.10 2.20 0.0

4S 1 0 0.00 6.10 1.40 2.20 0.0
— 4P 2 1 0.00 0.00 220 2.30 0.0

3) A7 D wfc 7 71L& ERk 4P 2 1 0.00 6.30 1.40 2.30 0.0
3D 3 210.00 0.00 1.50 1.80 0.0

upf2plotcore.sh *.UPF> Zn.wfc 3D 3 2 0.00-0.60 1.50 1.80 0.0



Zn IR v ILDEIKREEDwevefunction Z{ERK
full core hole 1%



M—ILZRIT 5 D5 XA

0) Id1.x AA7 71 ILDERK

PWmakePPinp.py
Zn.pbe-dn-kjpaw_psl.0.2.2.UPF > Zn_fch.in

1) GIPAW ZBEkJd 547> 3 ViEN
EMA 73y
lgipaw_reconstruction = .true.

2) R—ILZzRIT5

3) Id1.x DEFT

4) A7 D wfc 7 71 I =1ERK

&input
title="Zn’,
zed=30.,
rel=1,
config='1s1 2s2 2p6 3s2 3p6 3d10. 4s2. 4p0.0',
iswitch=3,

dft='"PBE'
/
&inputp
lpaw=.true.,
CTTRAR
pseudotype=3, *AHZEE %

file_pseudopw="Zn.pbe-dn-kjpaw_psl.0.2.2_fch.U
author="'ADC/,

which_augfun='"PSQ),

rmatch_augfun=1.3,

lloc=-1,

rcloc=1.7,

nlcc=.true.,

rcore=0.7,

tm=.true. s
lgipaw_reconstruction=.true. ﬁ;LEJJ[I*
use_paw_as_gipaw=.true.

/

6

45 1 0 2.00 0.00 2.10 2.20 0.0

45 1 0 0.00 6.10 140 2.20 0.0

4P 2 1 0.00 0.00 2.20 2.30 0.0

4P 2 1 0.00 6.30 140 2.30 0.0

3D 3 210.00 0.00 1.50 1.80 0.0

3D 3 2 0.00-0.60 1.50 1.80 0.0




&input
title="Zn",
zed=30,,
rel=1,

config DIEIE
EXK(I config DEIE(FTOK

config='1s1 2s2 2p6 3s2 3p6 3d10.

iswitch=3,

dft='PBE' \
/

&inputp
lpaw=.true.,
pseudotype=3,

zval h 5 & Z I hole
ICUTeSABFZIRL

BIRT Vv IVERRL Y F

file_pseudopw="'Zn.pbe-dn-kjpaw_psl.0.2.2_fch.UPF',

author='ADC,
which_augfun='"PSQ/,
rmatch_augfun=1.3,

lloc=-1,

rcloc=1.7, 1’5132'3' %ﬁl_ﬁ)?—' >/
nlcc=.true., 3 Vs
rcore=0.7, /'\")l/@%ﬁ']
tm=.true.

lgipaw_reconstruction=.true. *iE. 7."] *

use_paw_as_gipaw=.true.

/

6

4S5 1 0 2.00 0.00 2.10 2.20 0.0
4S5 1 0 0.00 6.10 1.40 2.20 0.0
4P 2 1 0.00 0.00 2.20 2.30 0.0
4P 2 1 0.00 6.30 1.40 2.30 0.0
3D 3 210.00 0.00 1.50 1.80 0.0
3D 3 2 0.00-0.60 1.50 1.80 0.0

2) Ik—ILZRIT% ( Zn_fch.in {ERX)




configu HRIC [Ar] &5 HDIF Ar 1
PIROTEHREIZIEHDTINRTEEZTTI

Ar = 1s2 2s2 2p6 3s2 3p6

conflg =
1s2 252 2p6 3s2 3p6 3d9.5 4s1.5 4p0.0

1siC core-hole

conflg =
Is1 282 2p6 3s2 3p6 3d9.5 4s1.5 4p0.0

Au 1s full core hole

config=
1s2 2s2 2p6 3s2 3p6
3d10. 4s2. 4p0.0

1slC core-hole

config=
1s1 2s2 2p6 3s2 3p6
3d10. 4s2. 4p0.0

Zn 1s full core hole

2) Ik—ILZRIT% ( Zn_fch.in {ERX)




3) Id1.x DET

Id1.x < Zn fch.in > out Id1 Zn fch.out



4) A7 D wfc 7 71 IV {ERK

upf2plotcore.sh Zn.pbe-dn-kjpaw_psl.0.2.2 fch.UPF> Zn_fch.wfc



XANES OstERATY 7
1) RIRRED 7 R ENRIER
2) #&IREE(with core hole)D/\Y REHE

AP R—=ILCHIB UTeSCFAAZ7 71 ILDORE




A7 R—=IICHILUTc SCF A7 71 ILDERK

ntyp = 3, BRT Y Y vILOEEEEYT

tot_charge = +1.0 AP R—ILERF AR BFEEOT

ecutwfc = 25.0,
occupations = tetrahedra,

/
&electrons
mixing_beta = 0.7,
conv_thr = 0.01,
/

CELL PARAMETERS {alat}
6.498000145000000 0.000000000000000 0.000000000000000
-3.249000072000000 5.627433199000000 0.000000000000000
0.000000000000000 0.000000000000000 10.413999557000000
ATOMIC_SPECIES
Zn 65.30000 Zn.pbe-dn-kjpaw _psl.0.2.2.UPF
Znc 65.30000 Zn.pbe-dn-kjpaw_psl.0.2.2_fch.UPF A7 R—ILEDERT
O 15.90000 O.pbe-n-kjpaw_psl.0.1.UPF
ATOMIC_POSITIONS {crystal} a7 R—ILAOEKRT ZBHW 3 RINEFDEE
Znc 0.333333343000000 0.166666672000000 0.000000000000000
Zn 0.333333343000000 0.166666672000000 0.500000000000000
Zn 0.333333343000000 0.666666672000000 0.000000000000000



Xspectra.x



#E (i
fch St ED7 )L LRI ZAF

pW.X < *.in > log

13.5534 13.6576 13.8351 14.0300 14.2341 14.4544 14.5542 14.6956
149036 15.3621 154686 15.5358 15.7628 15.9921 16.0535 16.1957
16.2795 16.3338 164176 16.4894 16.5148

Z DIERZRYyIC
the Fermi energy is 7.9021 ev * I_; bT—n% D b‘i:):\%
| total energy = -4574.37657476 Ry
Harris-Foulkes estimate = -4574.37807056 Ry

estimated scf accuracy < 0.00160992 Ry
total all-electron energy = -59166.639242 Ry

The total energy is the sum of the following terms:

sTEAY



PWgetfetmi.py



xanes_dipole or xanes_qguadrupole
&input_xspectra /'
calculation="xanes_dipole’,
prefix="pwscf, Perform a full continous

outclr= work / fraction calculation
xonly_ plot=.false.,

xniter=1000,
xcheck conv=50, » contorl the Lanczos

xerror=0.001,

Lanczos method D %#
x_save_file='prefix.xspectra.sav', — — ZIRETEIT7ALI

ef_r=0.574496, %7 =)L = L NIV (RyHfiI) %

xiabs=3, —

xepsilon(1)=1.0, —> RN EF D EEIR

xepsilon(2)=0.0, Y ATOMIC_SPECIES in pwscf input) %
xepsilon(3)=0.0,

/ E—LIc & BZEBAM



&plot % (orentzian broadening, related to the core-hole lifetime )%

xgamma=0.7, linewidth to be used In the spectrum [eV]

xnepoint=1000, humber of energy points in the plot of the XAS spectrum

xemin=-10.0,
xemax=30.0,

to use the terminator function for the continued fraction

terminator=.true.,
cut_occ_states=.true.,

/ the occupied states are smoothly cut from the plot
&pseudos
filecore="Cu.wfc', JlRlNixEd DcoreikRE (3RIARE) DRENEIEL
I r paw(1)=3.2,
/
&cut_occ

cut_desmooth=0.1,
cut_stepl=0.01,

/
888000 SCFEt&ETHW iz K-point 1%k




Xspectra.x < xspectra.in



L1ig. STE7A b
(with core-hole)



Au2Glya2-40H Au-L1 ¥m (FCH)

WIBADFEZEER L CEtE




Au2a-ala-type2-40H Au-L1 # (FCH)

T T T T
‘xanes.
| %
|
| |
’/' \/\ \/\\\/
|
| ——
/
/
| |
|

FFEFHELTCULE - -
Z Mg D AR ICEEE)



H10ADRERZREIT T, IFIFIRIDFICUIETE

Au-L1 ix (FCH)

5e-05

4.5e-05 -

4e-05

3.5e-05 |-

3e-05

2.5e-05 [

2e-05

1.5e-05 -

1e-05




T (LDOS/PDOS/XANESZEDHEFERH D 5l 7 fiiE)
DI7L—=LT7—7
EUVLREVFA/ERE - X vV F&{ERk

WIEN2k/VASP/OpenMX/CP2K/GPAW/HILAPW/FHI-AIMS
THEDI7L—LT7—7




HiEFTHEHI






B i fa & REREETR O (RIRF) &E 1L

calculation = ‘vc-relax’

&ions
/ ion & cell ICBT 2A 7Y a ViEEREER
&cell (A7 aviEE%E L < THER)

/ default —> BRIEOBEL (BRFEROREL)



NEBEED REL
calculation = ‘relax’

etot_conv_thr=1.d-5 —
forc _conv _thr = 1.d-4 /

default: relax-step & 50BIE T (nstep = 50)

Y hrO—=JLICANS

&ions ion ICEAT2A 7Y a VisEREER
/ (A7 3 vigEE LR < THIER)



X,y¥,z Z fix9 % (moveL7W)

ATOMIC_POSITIONS t}

C 0.00 0.00 0.00

C 0.00 0.57735026918962576451 0.00
C 0.00 0.00 1.3

C 0.00 -0.57735026918962576451 1.3



Error in routine checkallsym (1):

some of the original symmetry operations not
satisfied

EMECRETAE T ick > T, M

SHEMNIEFS !

ERE T ENE EMBRE) ORI

nosym = .true.

AN oYY N A=

WEDLDE




S SELOEIR VASP KD b

1) BEFHEENT =W SFREFNEIHRVNE S

2) FIEZEPT

sTE(C

IV D X FNEZ E

M

N

71\
A
O

SCFTIEZ

/711
N

FNICEE URWD T, 3

RIS TSR UCETE LR L TIEWIT WS EHVZ L),

Il




PWScf O#&R% pdvasp AD vasprun.xml AZik



Au XAS

Id1.x
Xspectra.x
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PSLibrary (3% Quantum Espresso @ PAW-PP

Pseudopotentials

Quantum Espresso Pseudopotentials - PSLibrary 0.3.1

Getting started with QE: Pseudopotentials

The following files hold the pseudopotentials in UPF format for over 60 elements in the periodic table, that are generated and
generously shared by Prof. Dal Corso, SISSA, Italy.

These are the default pseudo potentials we use. Note they are PAW-PBE, so for solids, go with PBESOL package below

H He
Li || Be B C N || O |l F| Ne
Na || Mg Al || Si || P || S |Cl|| Ar

K |[[Ca||Sc|[Ti|| V| Cri{Mn|Fe |[Co||Ni|[Cull[Zn| Ga| Ge | As | Se|l Br| Kr PAW-PBE
Rb|(|sr || Y ||zr||Nb|[Mol|[Te |[Ru||Rh|[Pd||Ag|[Cd|lin |[Sn||Sb| Tel I || Xe %:I: E= 'l‘ %_C,

= -5
Cs|[Ba|[La|fHf|| Tal| W ||Re||Os|| Ir]|Pt| AullHg|[ T || Pb || Bi |[ Po || At || Rn IH R

All pseudopotentials generated from PSlibrary 0.3.1

Download the compressed file for the exchange correlation type you wish to use. If you have no clue: PBE/PBEsol are standard
GGA choices for molecules and solids respectively; and if you need LDA instead go with "PZ".

( Beware, these are huge files. Each XC is approx 100MB, relativistic ones are approx. 200MB. Go to the Notes section below
to learn more about the subfolders in each category. )

bp.0.3.1.tgz rel-bp.0.3.1.1gz pbe.0.3.1.tgz rel-pbe.0.3.1.t1gz
pbesol.0.3.1.1gz rel-pbesol.0.3.1.tgz pw91.0.3.1.tgz rel-pw91.0.3.1.1gz
revpbe.0.3.1.tgz rel-revpbe.0.3.1.1gz pz.0.3.1.1gz rel-pz.0.3.1.1gz
wc.0.3.1.1gz rel-wc.0.3.1.1gz

http://theossrv1.epfl.ch/Main/Pseudopotentials


http://theossrv1.epfl.ch/Main/Pseudopotentials

Volume

Bulk Modulus

NN
o\®

O
2% ¢ O Oo “o
®
® ° ® 0O w) O
O o 05- .fﬁs. °,'.. & d A m.
D AT VO A Q O & O N/
.
_ne O — .
2% ® VASP - WIEN2K
o« O Elk - WIEN2k
O QE-PAW - WIEN2k
—
4% HL BN FNaAl P Cl K Sc VMnCoCuGaAs BrRb Y NbTcRhAgIn Sb I CsLuTaRe Ir AuTIl Bi Rn
HeBe C O NeMgSi S ArCa Ti Cr Fe N1 ZnGe Se Kr Sr ZrMoRu Pd Cd Sn Te Xe Ba Hf W Os Pt Hg Pb Po
20%
10%
0
-10%
-20%

H L BN FNaAl P Cl K Sc VMnCoCuGaAs BrRb Y NbTcRhAgIn Sb I CsLuTaRe Ir AuTl Bi Rn
HeBe C O NeMgSi S ArCa Ti Cr Fe N1 ZnGe Se Kr Sr ZrMoRu Pd Cd Sn Te Xe Ba Hf W Os Pt Hg Pb Po

http://theossrv1.epfl.ch/Main/Pseudopotentials


http://theossrv1.epfl.ch/Main/Pseudopotentials

1.2

L Be
0.6 4.2
0.1 1.5
K Ca
1.1 4.0
Rb Sr
1.1 3.3
Cs Ba
2.4 2.9

QE-PAW 0.3

SC

0.7

0.7

Lu

A{ Factor between
.1 and WIEN2k

T
0.3
Zr

1.8
Hi

1.5

0.3
Nb

1.5
Ta

4.0

Cr Mn

57 AE P

In

Mo Tc
0.8 1.0
W Re
1.7 3.8

Fe

Ru

1.1
Os

0.6

3.61 +/- 4. 29 meV/atom u

-’“ ‘ l()(\

Co N1 Cu

Rh Pd Ag Cd

Ir Pt Au Hg

43

2.5 H

Ga

l

9

,l‘l

2

2

Ge

Sn

1.5
Pb

0.7

)

Sb

0.3
Bi

0.5

Se

0.6

14.3
Br

0.8

|

2.1

-

Al

He

12.1

Kr

Xe

Rn

http://theossrv].epfl.ch/Main/Pseudopotentials
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