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COHPCAR.lobster: R7E#H & COHP B3R

cohpbetween atom 1 atom 12
(cohpGenerator Z{#EH i WEE, between B DatomDiESE)

Average
No.1:S1->L112(2.47/50139185536151)
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cohpbetween atom | atom 2
(cohpGenerator Z{FEHxW\5E, between B DatomDIEE)

Average

No.1:51->52(4.0416808044951 1938)

40 1

30 1

DOS/eV

20 -

M

verage (up)
1.0 Average (up)
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(cohpbetween Z {17k L))
(cohpGenerator H{FELEWV) — FLICT 7 AL b

WARNING: You did not specify any COHP pairs in the lobsterin file. As default
WARNING: | will try to find any pairs between 1.0 and 3.0 A distance,

WARNING: but that might be wrong. If you want pCOHPs or pCOOPs, change the lobsterin!
found 44 interactions.

Average

No.1:ST1->Li5(2.4750139185536151)
No.2:S1->Li6(2.4750139185536151)
No.3:S1->Li7(2.4750139185536151)

N0.43:Li9->Li12(2.85789990425)
No.44:Li10->LiT1(2.85789990425)

2 TL4DHEE



cohpbetween & cohpGenerator DFr
cohpGenerator MBI NS

cohpbetween atom 1 atom 36
cohpGenerator from 1.0 to 2.5

1HH5ESE

WARNING: There is a syntax error in a cohpbetween line in the lobsterin file.
WARNING: ignhoring line "cohpbetween atom 1 atom 36" found 32 interactions.

40 -

30 1
cohpGenerator from 1.0 to 2.5
ICTIRREINZHD

DOS/eV

101

—— total DOS (up)

1.51

-pCOHP

0.5

N

0.0

~15

~10 —5
E—E:[eV]

0




N7#EUDEE

W9 lobsterout @ found # & FEEQ T ZHERT S




INFO: the PAW bands from 1009 and upwards will be ignored.
setting up CO interactions... found 691 interactions.

INFO: the PAW bands from 1009 and upwards will be ignored.
setting up CO Interactions... found 1 interaction.
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1) VASPEHEI S (BEIEHBELRENEK, RIETOEEZSHR)
2) lobsterin ZHE
3) lobster-1.2.0 £17

DOSCAR.lobster _ DOSCAR!lobster: EF->0 L7zVASP®DOS

projection LTW3% DOS
ICOHPLIST.lobster
ICOOPLIST.lobster

COHPCAR.lobster > pCOHP D#R
COOPCAR.lobster > COOP DftE

lobsterout



BR7T>2vILICER (valence electron)

E group dditi I fitted group
N 1A A . abasigﬁ.::ﬁitiﬂns . Easis functions A VA VA VIA VIA | VIIA
1 1me 2  am
1129 H - He
unchanged no PAW-PBE ===
basis functions pseudo potentials S ws |6 2o |T weor |8 wme |9 e |10 ;o
2 20 Blzs €l3a N|ss Olaa F| Ne
Boron Garbon Wemgmen | Caygan Flucrina haon
N group 13 o (14 2000 (15 2o (16 2208 |17 55 |18 =s:
VIE | VIB 15 Al ;:_EI P S i.r:l“mﬁl Ar
32 rw a6
4 1 Ge Se
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50 11500
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Tin
6
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I This is an example for the lobster control file lobsterin.
I (See, here we are using the comment function!)

I First enter the energetic window in eV (relative to the Fermi level):
COHPstartEnergy —10
COHPendEnergy 5

I Then, specify which types of valence orbitals to use:
iIncludeorbitals s p d

I You can also specify the basis functions per element manually, e.g.:
I basisfunctions Ga 4s 4p
I basisfunctions Sr 5s 4s 4p ! Sr_sv potential

I Now define the pairs for which COHP analysis etc. should be done.
I The atoms are numbered as per order in the POSCAR file.
cohpbetween atom 1 atom 10

I'If you are interested in single orbital COHPs, you can get all the pairs
I'like s—s, s—p X, ..., p_.z—p_z. Uncomment this line to switch it on:
I cohpbetween atom 1 atom 2 orbitalwise

you want to generate the alrs automatically, use this to Iinclude
I all pairs in a given distance range (in Angstrom, not in atomic units):

I cohpGenerator from 1.4 to 1.5



COHPCAR.lobster



COHPCAR.lobster ®O57—49 —1g&&

- Starting in line 3, the labels for the interactions are presented, followed by the actual data.
- Column 1: energy axis, shifted such that the Fermi level lies at zero eV.

- Column 2: pCOHP averaged over all atom pairs specified

- Column 3: integrated pCOHP (IpCOHP) averaged over all atom pairs

- Column 4: pCOHP of the 1st interaction

- Column 5: integrated pCOHP of the 1st interaction

- and so on...

ESCALE ; COHP

i

AEVH

\ pCOHP

file génerated by LOBSTER. Energy is shifted such that the Fermi level lies at O eV.

COHPendEnergy 6
includeOrbitals spd

cohpbetween atom 1 and atom 2

INRTDREFRT DF1T

@ 802 -2.842926+00 9.17208e+00 3.17208e+00
verage .
I:o.1:Ti1->Ti2(2.864) 2207 —7
-6.01500 [70.00560] -0.00030 |-0.00560 | -0.00030
-6.00000 |-0.006711 -0.00039 |-0.00671 | -0.00039
-5.98500 [-0.00792| -0.00050 |-0.00792| -0.00050
-5.97000 |-0.00922| -0.00063 |-0.00922| -0.00063
T A
Energy T
PCOHP IpCOPH
TRTDEFRRT DEH

pCOHDES



ESCALE ; COHP file generated by LOBSTER. Energy is shifted such that the Fermi level lies at O eV.

251 1 1501 -2.22622e+01 5.75646e+00 -2.58218e-01

Average

No.1:Pd1->Zr23(2.7103) %EE\EE %"g

No.2:Pd1->068(2.69174)

No.3:Pd1->069(2.10771) ZrO2 111 06-layer ad on 67(0),25(0)

No.4:Pd2->Zr5(2.70084) 1.00000000000000

No.5:Pd2->027(2.10564) 7.3204563553100970 0.0000000000000000 0.0

No.6:Pd2->030(2.70242) -3.1057370385276810 6.7584013041189932 0.0
0.0000000000000000  0.0000000000000000 46.¢
Pd Zr O

No0.242:066->071(2.63785
No0.243:066->072(2.63312
No0.244:067->073(2.51636

) 2 24 48

)

)
N0.245:068->069(2.77625)

)

)

)

)

Selective dynamics

N0.246:069->071(2.59936
No.247:071->073(2.74209
No0.248:071->074(2.70153
No0.249:072->073(2.64276

No.250:072->074(2.73522) O}?_jr 0) 74% "C\‘\ Lj: fd: <
\ ZJN\ .
N—% )L T7T4EB DORFDERR




DOSCAR.lobster

HEARIEIDOSCARERUBERD .
RFESEICHEBERDTDHRENERBRDIDTEET S
DOSCARHTHERT 2H. Wid S lobsterout Z=&08



6.01468 37.64482 798.91476

6.01467645 -22.00400267 1501 -0.25821758 1.oooooooo|z Z= 46; 4s 4p_y 4p_z 4p_x
[4d_xy 4d_yz 4 d_z2 4d_xz 4d_x*2-y*2 |
-22.00400 0.00000 0.00000 0.000®0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
-21.98532 0.00000 0.00000 0.00000\ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

9.99333 0.66586 14.06648
10.01668 0.67006 14.08207
10.01667779 -25.00667111 1501 -2.122
-25.00667 0.00000 0.00000 0.00000 0.00000
-24.98332 0.00000 0.00000 0.00000 0.00000
-24.95997 0.00000 0.00000 0.00000 0.00000

405

1.0000000Q; Z= 6;2s 2p vy 2p z 2p X

e

VASP AU FIJILD DOSCAR [Ci&
FELLHAWVWRRIER

lobsterin DFREHEET/AY 73 VI 5HEZEEISHDT
COHPEEIRICXILT 2MERRI 2RI IBEDH S

initializing LCAO-system... *

setting up local basis functions...

O (Bunge) 2s 2p_y 2p_z 2p_x

Pd (Bunge) 4s 4p_y 4p_z 4p_x 4d_xy 4d_yz 4d_z"2 4d_xz 4d_x"2-y*2

Zr (Bunge) 5s 4p_y 4p_z 4p x 4d xy 4d_yz 4d 72 4d xz 4d x*2y~2  lObsterout

lobsterout 7 7 1 ILICKH BT 2EMENEWNTH D




BRITEINE. FBDZE lobsterin T MUREETREERTES ICEELLLS

PARFH X & & >TWS COHPEER U Icia SR D Dl

‘cat COHPCAR.lobster | grep No | grep Pd

No.1:Pd1->Zr24(2.68368)

No.2:Pd1->070(2.07237)
No.3:Pd2->Zr6(2.68683)

No.4:Pd2->028(2.07382)

Pd1 & O70 OREPTIREER
&COHP =2F v 79 %

Mt

O70 (B—71)LTl3044)




& DOSCAR 75

on 68(0)

044 (70)
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DOSCAR.lobster Df##f
COHPEEfT &EHICHRBABFIRBO7AY =7 3 > =2 R

#i{E: VgetCOHPinfo.py

O:[4] 2s 2p_ y 2p z 2p_X
Pd:[9] 4s4p vy 4p z 4p X 4d Xy 4d yz 4d z*2 4d_xz 4d_x"2-y*2
Zr :[9] 5s 4p y4p z4p x 4d xy 4d yz 4d_z*2 4d xz 4d_x"2-y*2

Pd (&, s,p,d BlB& HICETE
O |F sp BB TETE

lobsterin TIEEULMEDETEDERE TH H B




HH4E: VplotCOHP_tate.py
COHP f#thizd>< b &d3

NSW=50, ad_on_68 ( 044(70) )

10

—25
0 2040 60 80102460 —1-6141-21-00-80-60-40.2.00.2 FEﬂE’D —E-I-% 5 9
QE ] ]

?7?7

5 & > EERAER
AntiBonding h‘Valence
DTFHIhS5H5

DOS/eV

044 (70)

AntiBonding

\ Pd_o

Bonding ?

Bonding

CDEIR. FAED?

-pCOHP



BINT >

N

>/

YILDFaAa RICEER

Lanthamides

Actinides

E group dditional fitted group
N 1A A . abasigﬁ.::ﬁitiﬂns . Easis functions A VA VA VIA VIA | VIIA
1 1.8
1121 H -
unchanged no PAW-PBE
basis functions pseudo potentials S5 war |6 e
¢ z0 Blzs C ;
N group 13 w0 |14 2000 |15 2007 (16 206 |17 3w (18 05
VB VIE | VIE 15 Al ;:_EI Plzs S a0 CI Ar
32 e
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Pt s T TL
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Tn

104 e (105 200 | 106 sy | 10T 26 [ 108 zony [ 109 s | 110 s | 11 oy (112 2 (113 a0 |11 ey 11520y (116 20 (11T 1 1180
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Carestadiam | Monizenum | Sopmneue |[Deunlmm
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MYE: VP RV U T~
BRTF>ovILDFv Y

NUMBER OF ATOMS= 3

NUMBER OF LISTS= 3

PAW_PBE Pd_pv 28Jan2005 EMAX= 250.925 (EMAX*1.3=326.203) VRHFIN= 4p5s4d ZVAL= 16.000
PAW_PBE Zr_sv 04Jan2005 EMAX= 229.898 (EMAX*1.3=298.867) VRHFIN= 4s4p5s4d ZVAL= 12.00
PAW_PBE O 08Apr2002 EMAX=400.000 (EMAX*1.3=520) VRHFIN= s2p4 ZVAL= 6.000

lobsterin @Y > 7))L

' You can also specify the basis functions per element manually, e.g.:

I basisfunctions Ga 4s 4p
I basisfunctions Sr 5s 4s 4p ! Sr sv potential



Pd_pv  4p6,4d10,5s0 <ZVAL=16

Zr_sv 4s2,4p6, 4d2, 5s2 ZVVAL=12

v

basisfunctions Pd 4p 5s 4d ! Pd pv
basisfunctions Zr 4s 4p 9s 4d ! Zr sv

lobsterin Y > /)L

L EEFESOEBENHE | |




SHEIFRIC 48 2 R RRE D IREE
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WARNING:
WARNING:
WARNING:
WARNING:
WARNING:
WARNING:
WARNING:

lobster

If this value deviates too much from zero, please contact the author.
PAW bands of k-point O0.111111 -0.222222 0.4

only fulfill orthonormality with an accuracy of 9.99318e-05

If this value deviates too much from zero, please contact the author.
PAW bands of k-point 0.222222 -0.222227 0.4

only fulfill orthonormality with an accuracy of 0.000104171

If this value deviates too much from zero, please contact the author.

INE Wunit-cell T LREAL b’ True DIk E 5 Z & HVHIEA

LERIcEnE. EOVASPRzENMhNEWEILELE
LREAL = Auto

EUTWB EHET False Ik > Tzl3 b e - -
Frv I ULUTHBE, LLED Auto TEHET B L.

LREAL »' True IC%&>TW3

BARAY(C
LREAL = .False.
EThiE OK



IH/)\—23>(2015.08.27 or 5.3.5) Tl LREAL &

Auto or A
projection done in real space,

fully automatic optimization of projection operators
no user interference required

ER)

Real Space Ic7AY x93 >95



BHo EHMETA B
Pd-foil (FCC-Pd)



BRT>ovIb: Pd

cohpstartenergy -22
cohpendenergy 6
includeOrbitals spd

cohpbetween atom 1 atom 1

K:12 12 12 gamma
Tetrahedron Method

FCC DEFRUENY FILT
FCCleEZFRk

10

_28

HRY RABEDHS AL

00.51.01.52.02.53.03.54.0 —46-3530-2526-1510-5 0

DOS/eV

-pCOHP

Pd (Bunge) 4s 4p vy 4p z 4p x 4d_xy 4d yz 4d_z*2 4d_xz 4d_x*2-y*2

NUMBER OF ATOMS= 1
NUMBER OF LISTS= 3

PAW_PBE Pd 04Jan2005 EMAX= 250.925 (EMAX*1.3=326.203) VRHFIN=s1 ZVAL= 10.000



Pd TRYTFaYTINVRHBRDHSEWLNT |



O7z&<RB%&

WARNING: You did not specify any COHP pairs in the lobsterin file. As default

WARNING: | will try to find any pairs between 1.0 and 3.0 A distance,

WARNING: but that might be wrong. If you want pCOHPs or pCOOPs, change the lobsterin!
found O interactions.

COPH R7ZHROHMSHW (R KBRS



FCC OEFILENT KL T
FCC Pd a=3.89 (obs) FCCHEEZ1ER

3.89

0.000000 0.500000 0.500000
0.500000 0.000000 0.500000
0.500000 0.500000 0.000000
Pd

]

Direct

0.000000 0.000000 0.000000

b
4

a5,

BERIAIC—D DORF
on-site CiEaDEMITHIEZ L - « - o [T




SC DEFIENY LT
Pd P1 cubic (FCC) FCCRiE = fFRX

3.89
1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000

Pd

4

Direct !l ( Direct or Cartesian )
0.000000 0.000000 0.000000
0.500000 0.500000 0.000000
0.500000 0.000000 0.500000
0.000000 0.500000 0.500000




BITICINY ROV EBEWESEIEIZDIS—hHES

Pd (Bunge) 4s 4p_y 4p_z 4p_x 4d_xy 4d_yz 4d_z"2 4d_xz 4d_x"2-y*2
WARNING: You are employing too few bands in you PAW calculation. To reconstruct

WARNING: the Hamilton matrix in the local basis, you need to use at least
WARNING: 36 bands. pCOHP analyses will be disabled. Please check the manual!

(BEELEIXRILF—OEHED) BEiFiCE
xIE 38 DI\ RHRE
—-> NBANDS D{E1E



FCC Pd @ COHP &

10

5| | | Bonding

—10} : :
AntiBonding

1054 6 8 10121416 —29015100.6.00 51.0L.52.02.5
DOS/eV -pPCOHP
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skeskskeskskeoksksk sksk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk s Sk sk sk sk sk sk sl sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk ke sk sk sk sk sk sk

WARNING: You are using a symmetrized k-point grid. If you don't know what that means
WARNING: stop here and check the manual. Prepare a k-point grid that spans the whole
WARNING: Brillouin zone, restart your quantum-mechanical calculation and try again!

skeskskeskeskeoksksk skok sk sk sk sk sk sk sk sk sk sk sk she sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk s Sk sk sk sk sk sk sk sk sk sk s Sk sk sk sk sk sk sl sk sk sk sk sk sk sk ke sk sk s sk sk sk sk sk sk sk ke sk sk sk sk sk ok

KPOINTS (& symmetrize k-points Z{E>TW5 DT,
IBZ O Z=£EMeshtlID UTRWDTEEE & |

WAVE X3RS UTERT 50
KPOINTS 77 IVEFETY —VIXRT=nHIdI L



lobster ¥ =217l

LOBSTER does not yet deal with k-point symmetry—in other words, your VASP
WAVECAR must contain results for the entire mesh, not only the irreducible one

usually given in the IBZKPT file. To get out of trouble, you must switch off
symmetry in the INCAR (ISYM = -1)completely.



ISYM OZEBICEHT 5HFLDT AN



NiAs-type MnAs (a=3.71, c=5.69) 19

3.71

0.500000 -0.8660254038 0.000000 >

0.500000 0.8660254038 0.000000 gg

0.000000 0.000000 1.53369272 6

Ni As 4}
2
0

775553
S I R e

2 2 !
Direct 95 =10 =5 0 5 10 15 20 25
E—FEyg [eV]
0.000000 0.000000 0.000000
0.000000 0.000000 0.500000
0.3333333333 0.6666666667 0.250000 ‘
0.6666666667 0.3333333333 0.750000

o

ae——>b



ISYM =2
NKPTS =270 (16x16x16 Gamma)
Total: 52.673 (sec)

DAV: 9 -0.265764577116E+02 0.18564E-01 -0.36152E-02 28988 0.158E+00 0.655E-0O1
DAV: 10 -0.265751401125E+02 0.13176E-02 -0.49996E-03 29172 0.376E-01 0.281E-0O1
DAV: 11 -0.265752688227E+02 -0.12871E-03 -0.14210E-04 18376 0.597E-02 0.987E-02
DAV: 12 -0.265752359435E+02 0.32879E-04 -0.66553E-05 12748 0.823E-02

1 F=-26575236E+02 EO= -.26575236E+02 d E =0.000000E+00

ISYM = -1 (default) K = @%zkﬁ-l 6'fﬁ
1\ -

NKPTS = 4096 (16x16x16 Gamma)
Total: 960.985 (sec)

DAV: 12 -0.265756815775E+02 0.34223E-03 -0.96579E-03449112 0.280E-O1 0.545E-0O1
DAV: 13 -0.265752774340E+02 0.40414E-03 -0.44470E-03213624 O0.148E-01 0.947E-02
DAV: 14 -0.265752708157E+02 0.66182E-05 -0.70597E-04199040 0.929E-02

1 F=-26575271E+02 EO=-26575271E+02 d E =0.000000E+00



