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Prepare four input files

Download Graphene _files into desktop

Use WinScp to copy Graphene_files into Keldysh (XXX@keldysh.physics.udel.edu)

Go to work directory (XXX/graphene/primitive) using ssh
ssh XXX@keldysh.physics.udel.edu

Check files
primitive$ Is

[bkang@keldysh primitive]$ :/home/bkang/bootcamp/Graphene/primitive~>1s

Koxbx1
[bkang@keldysh primitive]$ :/home/bkang/bootcamp/Graphene/primitive~>



Create 3 directories more.

primitive~>cp -r Kéx6x1 K8x8x1
primitive~>cp -r Kéx6x1 K10x10x1

primitive~>cp -r Kéx6x1 K12x12x1

K-mesh

[bkang@keldysh primitive]$ :/home/bkang/bootcamp/Graphene/primitive~>1ls
K10x10x1 Kl2x12x1l Koxoxl K8x8xl1

primitive~>nano K8x8x1/KPOINTS

Change K10x10x1/KPOINTS and K12x12x1/KPOINTS

k mesh
0
Gamma
661
00O

k mesh
0
Gamma

881 -
000

Change



Run four jobs

Primitive/K6x6x1~>./job.qgs
Primitive/K8x8x1~>./job.qs
Primitive/K10x10x1~>./job.gs
Primitive/K12x12x1~>./job.gs



Compare total energy

primitive~>tail -n1 K6x6x1/OSZICAR K8x8x1/OSZICAR K10x10x1/OSZICAR K12x12x1/OSZICAR

==> Kb6ox6x1/0SZICAR <==
3 F= -.20123583E4+02 EO= -.20108132E+02 d E =-.937694FE-03

==> K8x8x1/0SZICAR <==
3 F= -.20150310E+02 EO= -.20148738E+02 d E =-.12592606E-02

==> K10x10x1/0OSZICAR <==
3 F= -.20155336E4+02 EO= -.20154289E+02 d E =-.132833E-02

==> K12x12x1/0SZICAR <==
3 F= -.20150807E+02 EO= -.201406556E+02 d E =-.124375E-02



Compare Geometries
primitive~>head -n15 K6x6x1/CONTCAR K8x8x1/CONTCAR K10x10x1/CONTCAR K12x12x1/CONTCAR

==> K6x6x1/CONTCAR <==
Graphene
1.00000000000000
1.2258535168902547 -2.1232405738909135 0.0000000000000000
1.2258535168902547 2.1232405738909135 -0.0000000000000000
0.0000000000000000 -0.0000000000000000 8.0411210144034850
C
2
Selective dynamics
Direct
0.6666666666666714 0.3333333333333286 0.0000000000000000 T T F
0.3333333333333286 0.6666666666666714 -0.0000000000000000 T T F

0.00000000E+00 0.00000000E+00 0.00000000E+00
0.00000000E+00 0.00000000E+00 0.00000000E+00

==> K8x8x1/CONTCAR <==
Graphene
1.00000000000000
1.2253556416867477 -2.1223782287426110 -0.0000000000000000
1.2253556416867477 2.1223782287426110 0.0000000000000000
0.0000000000000000 0.0000000000000000 8.0476567301625970
c
2
Selective dynamics
Direct
0.6666666666666714 0.3333333333333286 0.0000000000000000 T T F
0.3333333333333286 0.6666666666666714 -0.0000000000000000 T T F

0.00000000E+00 0.00000000E+00 0.00000000E+00
0.00000000E+00 0.00000000E+00 0.00000000E+00

==> K10x10x1/CONTCAR <==
Graphene
1.00000000000000



Plot density of states

Transfer K12x12x1/vasprun.xml on Keldysh to /Graphene_files/dos_plot on Desktop

C..../Graphene _files/dos_plot> python dos_tot.py

Open “dos.pdf”
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Band structure

May skip

Go to work directory (XXX/graphene/band) using ssh
ssh XXX@keldysh.physics.udel.edu

Check files
band$ Is

[bkang@keldysh band]$ :/home/bkang/bootcamp/Graphene/band~>1s
INCAR INCAR band KPOINTS KPOINTS band POSCAR POTCAR



View files

INCAR KPOINTS
k mesh
SYSTEM = graphene 0
ISMEAR = -1 Camma
SIGMA = 0.2 12 12 1
0O 0 O
POSCAR
Graphene
1.00000000000000

1.2253781013710261 -2.1224171300569026 0.0000000000000000

1.2253781013710261 2.1224171300569026 0.0000000000000000

0.0000000000000000 0.0000000000000000 8.0473617254245582

C
2
Selective dynamics

Direct
0.00600000000000714
0.33333333333332806

0.3333333333333286 0.0000000000000000 T
0.66660660606060606714 -0.0000000000000000 T

S




band$ ./job.gs

DAV: 13
1 F=

Prepare CHGCAR: Run job

-0.201177157432E+02

-.20117716E+02 EO=

writing wavefunctions

band$ I

[bkangl@keldysh band]$

total 2796
—IrW—YW—-Yr—-—
—IrW—YW—-r—-—
—IrW—YW—-Yr—-—
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: /home/bkang/bootcamp/Graphene/band~>11

CHG

CHGCAR
CONTCAR
DOSCAR
EIGENVAL
IBZKPT
INCAR
INCAR Dband

KPOINTS
KPOINTS band

0.226E-02



Prepare band_run directory

band$ mkdir band_run
band$ cp * band run

band$ cd band_run

Prepare Input files in band_run directory

band_run$ cp CONTCAR POSCAR
band _run$ cp INCAR band INCAR

band _run$ cp KPOINTS band KPOINTS



View files in band_run directory KPOINTS

INCAR HEX (hexagonal) G-M-K-G-A-L-H-A L-M K-H
SYSTEM = graphene 128 128 grids
Line-mode

ICHARG = 11 #charge read file reciprocal

[SMEAR = 0; SIGMA = 0.1; 0.0000  0.0000 0.0000 ! \Gamma

LORBIT = 11 0.5000 0.0000 0.0000 ! M
0.5000 0.0000 0.0000 ' M
0.3333 0.3333 0.0000 ' K
0.3333 0.3333 0.0000 ' K
0.0000 0.0000 0.0000 ! \Gamma
0.0000 0.0000 0.0000 ! \Gamma

POSCAR 0.0000 0.0000 0.5000 ! A

0.0000 0.0000 0.5000 ' A
0.5000 0.0000 0.5000 ' L
0.5000 0.0000 0.5000 ' L
0.3333 0.3333 0.5000 ! H
0.3333 0.3333 0.5000 ! H
0.0000 0.0000 0.5000 ' A
0.5000 0.0000 0.5000 ' L
0.5000 0.0000 0.0000 ' M
0.3333 0.3333 0.0000 ' K
0.3333 0.3333 0.5000 ! H




Run job

band_run$ ./job.gs



Plot band structure

Transfer band_run/vasprun.xml, KPOINTS, POSCAR on Keldysh
to /Graphene_files/band_plot on Desktop

C..../Graphene _files/band_plot> python band.py
Open “band.pdf”
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Supercell
Go to work directory C:XXX/Graphene _files/supercell/primitive on Desktop



Open POSCAR using Vesta

C. XXX/Graphene _files/supercell/primitive/POSCAR on Desktop
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Select Unit Cell menu
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Click

Phase: 1

Pha Unit cell

Symmetry

Magnetic structure

_Craphene

Edit Data - POSCAR

Structure parameters  Volumetric data  Crystal shape

Change from 1 to 2

o

System No. Space Group ' No. Setting
Molecule 1 P1 1 P1
Custom 2 P-1 2 A1
Triclinic 3 P2 3 B1
Monoclinic 4 P21 4 (o
Orthorhombic 5 C2 5 1
Tetragonal 6 Pm 6 F1
Trigonal 7 Pc 2 oA
Transform... Customize... Update structure parameters to keep 3D geometry £
Lattice parameters
a(A) b (A) c(A) al(°) B () v(©)
2.45800 245800 8.00000 90.0000  90.0000 120.0000
S.u.: 0.00000 0.00000 0.00000 0.0000 0.0000 0.0000

Remove symmetry

AEpr L Cancel OK

T

Style

urface coloring

¢ Smooth shading
Wireframe

Dot surface

| NN
Transformation matrix
Origin shift p
0 @@ 0000000
0 2 0.000000
0 0 0.000000

View General Positions

Initialize current matrix

Unit Cell Transformation

The new basis vectors a, b', c' are related to the basis vectors a, b, c by

(a'.b'.¢')=(a.b,c)P tic
Py P2 P f
= (G, b, c) | Por Pox Po
P3yy Py Pay 3
= (Py1a + Pyb + Pye,

Piaa + Pazb + Pase,
Pysa + Pagb + Psae)

A shift of origin is defined by the shift vector
t=(a,b.c)p
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= p1a+ p2b + pac.
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Cancel OK




Click Ok, yes, apply, ok

" XoN | Edit Data - POSCAR
Phase: 1 ~ Graphene
L) AutoSave ]
Phase  Unit cell Structure parameters ~ Volumetric data Crystal shape | v
— | Home Insert Draw C
Magnetic structure ':'D " Co _Eﬂ v
System MNo. Space Group ' MNo. Setting o pacie @ ;.J-;,- v -
’ St crmat Slid.
Molecule 1 P1 1 P1 < band_Ru02 g Lo
Custom 2 P-1 2 A1 l\_R TR )
Y .
Monoclinic 4 P21 4 c1 P Step(px): 10 e == TS step () 10
Orthorhombic 5 c2 5 11 FOSCA 5 POSCAR
Tetragonal 6 Pm 6 F1 Ee2Tymsnll POSCAR
Trigonal be ——
Transform... Customize... Update structure parameters to keep 3D geometry
Lattice parameters
a (k) b (&) c(A) a() B () v
. 4.91600 4.91600 800000  90.0000  90.0000  120.0000
CI ICk 0.00000 0.00000  0.00000 0.0000 0.0000 0.0000
Remove symmetry
0K
Smooth shading
Wireframe
Dot surface
Crystal shapes b
Show shapes
Style
a
Unicolor
Custom color
Wireframe
Properties...
4 C Cs U.33553 U.bbbb/ uv.uuuuu l.uuuw v.uuu ia L
Boundary... Orientation...
Humber of polygons and unique vertices on isosurface = 0 (0)
8 atoms, 6 bonds, 2 polyhedra; CPU time = 1 ms
24 atoms, 24 bonds, 8 polyhedra; CPU time = 0 ms
Output = Summary  Comment




Export 2x2x1 supercell

VESTA File Edit View Objects Utilities Type name
41 New Structure... 3E N L_
BN MNew Window Save
b c Open... 3 O y ” 4 Export Data
Open Recent > Save As: I POSCAR_2x2
Struc Save 3 S Tags:
Save As... {+3¢ 5
|' ——— Click vhere: [ primitive v
S
Export Raster Image... File type:  VASP file (*vasp;,POSCAR)
Export Vector Image...
Save Output Text... Cancel m
s
Close 38 W
L L P
Volumetric data
Show sections
Show Isosurfaces




Check POSCAR_2x2.vasp

Graphene
1.0
4.9159998894
-2.4580005116
0.0000000000
C
8
Direct
0.333333343
0.333333343
0.833333373
0.833333373
0.166666672
0.166666672
0.666666687
0.666666687

0.0000000000
4.2573804619
0.0000000000

0.166666672
0.666666687
0.166666672
0.666666687
0.333333343
0.833333373
0.333333343
0.833333373

0.0000000000
0.0000000000
8.0000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000




Tasks

Create directory with POSCAR (from POSCAR_2x2.vasp)
Create directory with POSCAR (from POSCAR_3x3.vasp)

Create directory with POSCAR (from POSCAR_4x4.vasp)

Transfer the directories to Keldysh

Run jobs
Plot density of states

Calculate energy per atom



Thank you
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