


Weak oxide pattern

Po (mbar) Tgpart (°C)  Tena (°C)  Istart  Lena  time (min)

6 -107° 349 283 1.9 1.7 20
Well-defined oxide pattern

Po (mbar) Tguart (°C)  Tena (°C)  Istart  Lena  time (min)

7 -107° 350 1.9 1.5 40
Well-defined oxide pattern

Po (mbar) Tguart (°C)  Tena (°C)  Istart  Lena  time (min)

7 -107° 365 250 1.5 1.2 40
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Appendix D.

Binding energies and cross sections for Pd, Au, O
and C
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qcl

Table D.1.: Binding energies and photoionization Cross Sections for Pd, Au, C and O. Data from [149].

Excitation energy (eV)

Z  Element Orbital B.E. (V) 40.8 151.4 300 600 1486.6
6 C 1s 290.9 0.8591 0.168 1.30 1072
C 2s 17.5 1.17 0.1714 3.801072 7.30107% 6.60 1074
C 2p 9 1.875 4701072 6.00107* 7.5010~* 1.00107°
8 O 1s 536.8 0.4119 4.00 1072
O 2s 29.2 0.8342 0.2984 8.30107% 1.80107% 1.901073
O 2p 14.2 6.816 0.4037 5.301072 6.10107% 2.4010~*
46 Pd 3s 619.8 3.90 102
Pd 3p 525.4 0.5612 0.1564
Pd 4s 84.2 0.2184 0.1087 3.90107% 8.101073
Pd 3d 349.3 2.314 0.2197
Pd 4p 24.6 0.4139 0.2887 0.1228 2.50 1072
Pd 4d 8 32.52 0.4057 0.4789 0.16 1.60
79 Au 4s 619.8 3.50 1072
Au 4p 524.4 0.337 0.1223
Au 6s 91.1 0.1733 9.10107% 3.30107% 7.701073
Au 4d 347.8 0.684 0.2739
Au op 60.4 0.3168 0.1846 8.50 1072 2.20 102
Au Af 109.4 0.6247 5.274 2.599 0.2511
Au od 12.5 38.67 0.233 0.1186 9.30107% 2.60 102
Au 6s 6.5 2.80107% 9.40107% 3.501073 1.301073 2.9010~*




Appendix E.

DFT input files

INCAR

INCAR created by Atomic Simulation Environment

ISTART
ICHARG

0
2

! Electronic relazation

ENCUT
SIGMA
POTIM
EDIFF
PREC = A
GGA = PE
ALGO = F
ISPIN =
MAXMIX
ISMEAR
NELMIN

! ITonic relazation

EDIFFG =
NSW = 0
IBRION =
ISIF = 2

NPAR
NSIM = 4
LWAVE =
LDIPOL
IDIPOL
LSCALU
LPLANE
LAECHG
LREAL =

]
S

LORBIT
LCHARG

550.000000
0.050000
0.500000
1.00e-06
ccurate

ast

1
40
0
8

-1.00e-03

-1

.FALSE.
.TRUE.

.FALSE.

.TRUE.

.TRUE.
.FALSE.

11
.TRUE.

!
!

L T N

L T A N

Cut-off energy for plane wave expansion
Smearing width

= 0.5 <f IBRION = 1,2,3

Accuracy for electronic groundstate
Normal/Accurate/High

GGA pseudopotentials of Perdew-Burke-Ernzerhof
electronic minimisation algorithm

ISPIN=1 non spin polarized calculations
Mazimum number steps stored in Broyden mizer
Smearing of partial occupancies. Metals: 1; else < 1.
Minimum # of electronic steps

Tolerance for ions

Maxz # of tonic steps

Algorithm for tomns. O: MD 1: QN/DIIS 2: CG
Relazation. 2: ions 3: ions+cell

Number of cores

Number of bands that are optimized simultaneously
Wavefunctions written to WAVECAR

Include dipole?

Direction of dipole moment:1,2,3

Default

Default
Projection in reciprocal space

Writes DOSCAR for use in DOS analysts
Writes CHGCAR for use in Bader analysis
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POSCAR

Au C Pd
1.0000000000000000
7.9893921950817193
0.0000000000000000
0.0000000000000000
Au C Pd

12 1 36
Selective dynamics
Direct
0.7484894857785326

0.0001735527915985
0.0000000000000000

0.7489663131532666

0.0000000000000000 0.0000000000000000
7.9893921950817193 0.0000000000000000
0.0000000000000000 25.9867402438521431

0.2515435897341417 0.3095342032664094 T T T ! Au

0.0017898629053816 0.3868191693582650 T T T ! C
0.0000000000000000 0.0004082006753734 F F F ! Pd

0.0002883946963179 0.3890419048821750 T T T ! Pd

KPOINTS

KPOINTS created by
0
Gamma

Atomic Simulation Environment

7 7 1 ! For DOS calculations

000
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Appendix F.
Python scripts

Extract DOS from selected folders and atoms. Py3

# —*- coding: utf-8 —*-

from __future__ import print_function
import numpy as np

import matplotlib as mpl

import os, sys, shutil

exitcode =os.system(’vasp’)

nnn

Created on Tue May 8 19:17:04 2018

Qauthor: Gaute

mmnn

from pymatgen.io.vasp.outputs import Vasprun # read vasprun.xml output file of VASP
from pymatgen.electronic_structure.core import Spin, OrbitalType

from pymatgen.electronic_structure.dos import Dos, CompleteDos

from scipy.integrate import simps

dbandoutput =open(’d-band_ALL.txt’, ’a’)

directory_to_check =os.getcwd()

def my_function(directory):

print("Listing: " +directory)

directories =[os.path.abspath(x[0]) for x in os.walk(directory_to_check)]

directories.remove(os.path.abspath(directory_to_check)) # If you don’t want your main
directory included

for i in directories:
os.chdir(i) # Change working Directory
my_function(i) # Run your function

foldername =os.path.relpath(".","..")

filename =foldername+ ’-d-DO0S’+’.txt’

output =open(filename, ’w’)

dosrun =Vasprun("vasprun.xml") # Contains all the information about the simulations
spd_dos =dosrun.complete_dos.get_spd_dos()

E_F =dosrun.efermi
if foldername =="0(8)": # Name of one of the folders containing vasprun.xml
s =[43, 10, 6, 2,5] # Which atoms to grab DOS from, check the CONTCAR file and
use the atomic numbers there
name =["Below (Pd)", "North (Au)", "West (Au)", "South (Au)", "East (Aw)"] #
Position of the atoms
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tit="Energies, E_Fermi=)f, x_shifted, tot d_DOS, Below (), North (Au), West (Au),
South (Au), East (Au)"%E_F

# Here you should list all the folders you want to extract the d-band from, the s-
vector and also names

tD0S=dosrun.tdos.densities[Spin.up]
Energies =dosrun.tdos.energies

data =np.column_stack([Energies])

x_shifted =dosrun.tdos.energies -dosrun.efermi

print (foldername, dosrun.efermi)

data =np.column_stack([data, x_shifted])

struct =dosrun.complete_dos.structure

y1 =spd_dos[0OrbitalType.d] .densities[Spin.up]

data =np.column_stack([data, yi])

print ("\n",foldername, "E_fermi = %f" %(dosrun.efermi), sep =’\t’, file= dbandoutput)

d_center_vec=[]
for j in s:
site_dos =dosrun.complete_dos.get_site_dos(struct[jl)
site_d_dos =dosrun.complete_dos.get_site_spd_dos(struct[jl)
y_site =site_d_dos[0OrbitalType.d].densities[Spin.up]
data =np.column_stack([data, y_site])
dn_states =y_site*x_shifted
d_center_simps =(simps(dn_states,x_shifted))/(simps(y_site, x_shifted))
d_center_vec.append(d_center_simps)

print(name[s.index(j)], d_center_simps, sep=’\t’, file =dbandoutput)
if len(d_center_vec)>4:
print ("Surface atoms (4 atoms) \t Adjacent atoms (5 atoms)", file= dbandoutput)
surface_average =sum(d_center_vec,-d_center_vec[0])/4
adjacent_average =(sum(d_center_vec))/5
print(surface_average, adjacent_average,sep=’\t’, file =dbandoutput)
np.savetxt (output,data, header=tit)
output.close()
dbandoutput.close()

Bader analysis, extracts information about selected atoms. Py3

#!/usr/bin/env

# —*- coding: utf-8 -*-

from __future__ import print_function
import numpy as np

import matplotlib as mpl

import os, sys, shutil

exitcode =os.system(’vasp’)

nnn

Created on Tue May 8 19:17:04 2018

Q@author: Gaute
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Appendix F. Python scripts

nnn

from pymatgen.io.vasp.outputs import Vasprun # read vasprun.xml output file of VASP

from pymatgen.command_line.bader_caller import BaderAnalysis # Requires Bader
executable from Henkelman’s group to be in
path. Only for Linux/0S x

from pymatgen.io.vasp.outputs import Chgcar
from pymatgen.io.vasp.inputs import Potcar

output_all =open("All_Bader_charges",’w’)

directory_to_check =os.getcwd()
def my_function(directory) :
print("Listing: " +directory)
directories =[os.path.abspath(x[0]) for x in os.walk(directory_to_check)]
directories.remove(os.path.abspath(directory_to_check)) # If you don’t want your main
directory included
for i in directories:

os.chdir(i) # Change working Directory
my_function(i) # Run your function
foldername =os.path.relpath(".","..")

filename =foldername+ ’_charges’+’.txt’
output =open(filename, ’w’)
if foldername=="8(4)": # Name of the folder/structure you want to check
s= [14, 24, 34, 47, 15] # Atomic index which you want to extract charge
information about
name =["Below (Pd)", "North(Pd)", "West (Pd)", "South (Pd)","East(Pd)"] # Position
of these atoms
check =1
if os.path.isfile("vasprun.xml") is True and check ==1:
bader =BaderAnalysis("CHGCAR",potcar_filename="POTCAR")
for j in s:

charge =bader.get_charge(j)
charge_transfer =bader.get_charge_transfer(j)
bader_summary =bader.summary

print (foldername, namel[s.index(j)], charge, charge_transfer, sep="\t", file=
output_all)
print (foldername, namel[s.index(j)], charge, charge_transfer, sep="\t", file=
output)
output.close()
output_all.close()
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