


HTDFTHIERI X E R EZH =

REVIEWS OF MODERN PHYSICS, VOLUME 87, JULY-SEPTEMBER 2015

Density functional theory: Its origins,
rise to prominence, and future

R. O. Jones’

Peter-Grinberg-institut PGI-1 and German Research School for Simulation Sciences,
Forschungszentrum Jilich, D-52425 Jilich, Germany
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FIG. 1 (color online). Number of publications per year (1975—- *°
2014) on topics (“density functional” or “DFT”), according to the ~ °
Web of Science Core Collection (February 2015). The inset shows
data near 1990 on an expanded scale. The number of publications

depends on the precise search criteria, but the overall picture is -
I unchanged. From Mavropoulos, 2015. B
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High thermal conductivity in cubic
B 48 UK 2SI 56 56 UE ) SE 451 boron arsenide crystals

Sheng Li'*, Qiye Zheng”*, Yinchuan Lv*, Xiaoyuan Liu', Xiqu Wang®*,
Pinshane Y. Huang®, David G. Cahill*{, Bing Lv't

The high density of heat generated in power electronics and optoelectronic devices is a
re

measui'ed. In 2013: a stunning prediction RESEARCH ver

was made that k,, might be 10 times as on

high and approach k___ . (2). Testing such e

predictions (2, 3) required BAs crystals of THERMAL CONDUCTIVITY h-

unprecedented quality, which launched a ¢ i i e

flurry of experimental efforts. Reports by Experimental ob.se.rva.tlon of high

Kang et al. (4) on page 575, Tian et al. (5) thermal conductivity in

on page 582, and Li et al. (6) on page 579 boron arsenide

of this issue describe the synthesis of small SR I R O R T

yet superb crystals of BAs and the measure- RESEARCH

ment of k,, values of ~1100 W/m-K. These

results verify the essence of the predictions THERMAL CONDUCTIVITY

(2, 3) and — BAs longﬂde“e recogni- Unusual high thermal conductivity

Shon s an niEAERee Material. in boron arsenide bulk crystals
L.Lindsay et al.,PRL.111, 025901 (2013). Fei Tian'*, Bai Song®*, Xi Chen®, Navaneetha K. Ravichandran®, Yinchuan Lv*,

Ke Chen®, Sean Sullivan®, Jachyun Kim®, Yuanyuan Zhou®, Te-Huan Liu®, Miguel Goni’,
Zhiwei Ding®, Jingying Sun’, Geethal Amila Gamage Udalamatta Gamage', Haoran Sun’,

Hamidreza Ziyaee®, Shuyuan Huyan', Liangzi Deng', Jianshi Zhou™%, Aaron J. Schmidt’,
I Shuo Chen’, Ching-Wu Chu®, Pinshane Y. Huang'®, David Broido®}, Li Shi*®1, [
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First Sample of Solid Metallic Hydrogen
Lost

By Akshitha Ramachandran, Crimson Staff Writer
March 7, 2017

A month after two Harvard physicists published results detailing the synthesis of
the first-ever sample of solid metallic hydrogen, the researchers have lost the

sample after trying to further analyze it.

In late January, Isaac F. Silvera and Ranga P. Dias—a Harvard physics professor
and postdoctoral researcher respectively—published their discovery of the
potential “superconductor,” which could transform the way electricity is
conducted. In a paper in the journal Science, they wrote that under extreme
pressure and at low temperatures they were able to transform a hydrogen sample

into a solid state—a discovery that has eluded scientists for over 80 years.

The team decided to keep the single sample they created in the diamond anvil cell

—the apparatus used for the experiment—until their findings were published. After

their research was released in Science, they planned on sending the sample to
Argonne National Laboratory in Chicago where it could be further studied.

R.a]lga PI Dias CLALARLE A JDCLELY- A ¢ LFALY LA L
Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02138, USA.
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REPORTS

P. Di1as et al., Science
tence.aall579 (2017).
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T-Carbon: A Novel Carbon Allotrope

Xian-Lei Sheng,' Qing-Bo Yan,” Fei Ye,” Qing-Rong Zheng,' and Gang Su'*
'Cn.’fege of Physical Sciences, Graduate University of Chinese Academy of Sciences, P.O. Box 4588, Beijing 100049, China

ZCnHege of Materials Science and Opto-Electronic Technology, Graduate University of Chinese Academy of Sciences,
P.O. Box 4588, Beijing 100049, China
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BIESHARGER AT-carbon, T-carboniAE—NMREERARVS R, EXEEIEE/)N, AAER2/3,
ENIAN—¥F, T-carbonttEBARESNEE, HFT-carbon— NERAEMEL, HERIEBEEREX
SEJAHFIR, NRATEEE, EESeENMET7. 7w, BT EAHFAYMEEE, T-carbon
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Pseudo-topotactic conversion of carbon nanotubes

to T-carbon nanowires under picosecond laser
irradiation in methanol

Jinying Zhang® !, Rui Wang!, Xi Zhu?, Aifei Pan3, Chenxiao Han', Xin Li', Dan Zhao', Chuansheng Ma?,
Wenjun Wang?>, Haibin Su? & Chunming Niu'

2017 LR ARG E BRI ANF NN FIE T RFEA SR FR\ LIS _E 78 R LREST
ThEARMAKEET HDORIRAKE, RIKEDRRFZEEES N REEISTUAIT-
carbont2—H, UEAASRK 7 IXFhEM,
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Figure 6. a) Atomic structure and b) computed band structure at GGA level of layered Bi,O,Se. c) Band dispersions of CB after surface K-dosing to lift

a1 & % % o1 B =
the chemical potential observed by ARPES. d) Hall mobility (4, left) and carrier density (n, right) as a function of temperature for Bi,O,Se nanoplate. E}:[: j-[_; o E /fE IE‘I AR = Z
e) Temperature-dependent AR/R, values of SdH oscillations and Lifshitz-Kosevich fitting at 1.28 T. f) Photoemission spectrum and parabolic fitting

around I point. Reproduced with permission.[¥él Copyright 2017, Nature. ﬁ @ EljI EJ‘ ( E E‘ri//fﬁa\é
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Zhang, X., Chen, A., Chen, L. and Zhou, Z., 2D Materials Bridging Experiments and
Computations for Electro/Photocatalysis. Advanced Energy Materials, p.2003841. HEiRE % A H !
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HAADF-STEM

Pt-C: 1.90 A

Nat. Chem. 3.8 (2011): 634-641
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J. Am. Chem. Soc. 2017, 139, 31, 10790-10798




JGHEAAT R

g-C;N,  SiP-GaS

Phys. Chem. Chem. Phys. 22.27
(2020): 15649-15657.
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Stabilizing by Be? Forming BeN,, crystal Releasing Energy

CrystEngComm 22.36 (2020): 6057-6062.

ACS omega 5.11 (2020): 6221-6227. Adv. Sci. 7.10 (2020): 1902320.
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Pseudopotential

. = p :
Code Name Basis Set Codes EER S Web Site
ABINIT Plane waves Pseudo, PAW Linux www.abinit.org
Quantum Plane waves Pseudo Linux www.pwscf.org/
ESPRESSO ) )
Mixed gaussian Pseudo or https://www.cp2K.or
CP2K and plane Linux ' ' '
all-electron g
waves
Exciting Plane waves aII-eIectro_n, Linux http://exciting-
full-potential code.org
NOFM-CONSErvin https://departments.
Siesta atomic orbitals . g Linux icmab.es/leem/siest
pseudopotentials Y
£LK Plane Waves aII-eIectrqn, Linux http://elk.sourceforg
full-potential, e.net
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Code : Pseudopotential | .o :
=] é
Name Basis Set Codes R EZR S Web Site
Gaussian | Gaussian orbitals Pseudo Linux http://gaussian.com
CASTEP Plane waves Pseudo er)dows Www. tcm. phy.cam.ac.u
Linux k/castep/
VASP Plane waves Pseudo, Linux cms.mpi.univie.ac.at/v
PAW asp
WIEN2K Plane-wayes * aII-eIectro_n, Linux www.wien2Kk.at
local orbitals full-potential
numeric all-electron https://aimsclub.fhi-
FHI-aims | atom-centered ] Linux | berlin.mpg.de/index.ph
. full-potential
orbitals p
Pwmat i http://www.pwmat.co
. Plane waves Pseudo Linux
(ERFR) m
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http://cms.mpi.univie.ac.at/vasp
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VASP: &M T AR R, FEALRM

Gaussian: & T AERE A IR, AR ALEMY

CASTEP: &EH T AR R, R4, Gk

GROMACS: F¥)E E1K 2RI

HAm B A Abinit, Quantum Espresso, CP2K, Lammps, wien2k
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« VASP E A manual

o KIFTRAAM Chttp://www.bigbrosci.cn/)
s VASPEEBIRIERNIIEFIE  EFELE 2005
» VASPRYZZE S5{EHIREA 7715 2003

« FEITVASP K/EIET X% 2014
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EIp(M)] = GIPG + [V Iyt + 4 [PURUD 3,43,

|7 =7

the exact form is unknown

RMLZEMSET

kinetic energy + the rest ...

EATE, REREE

GIp()]
: WER T LAETSE

SE[P(7)]

= = (0 subject to the condition [Sp(#)d’r =0

|p0(r)

Energy(eV)

Total Energy = E[p(N]1{R}iz1n)

p(r)
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p(7) = X0, (F)|°
I.
T2, Kohn-shamZF A LAE R :

2292 4y, 1y + [LED g3 4 o1, (7) = €0 (F)

|7 =7
| |

Vo (F.p(F))

OFE  .[p(7)]
OP(7)
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=. VASPHHERIER

ENERTIES

For Linux

For Windows
> qvasp » VESTA
> vaspkit xshell » Origin

> vtstscripts XTtp » ChemDraw

> pdvasp » Photoshop
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qvaspLfige
-

+ +
| gvasp usage v2.21 |
| --Written by Wencai, Y1 |
| 2020.07.18 |
t POSCAR + POTCAR :
| qvasp -fix Fix atoms for POSCAR from *.vasp | qvasp -pw9l ELE Name POTCAR from PW9l |
| qvasp -t Insert points for TS cal.(methodl)| gvasp -pbe ELE_Name POTCAR from PBE |
| gvasp -t2 Insert points for TS cal.(method2)| qvasp -lda ELE Name POTCAR from LDA |
| qvasp -sc  Create supercell for POSCAR | gqvasp -cp Check the POTCAR |
| qvasp -zc  Correct imaginary frequency + KPOINTS +
| gvasp -c2p Transfer cif file to POSCAR | gvasp -k number Create KPOINTS(Auto mesh)

+ INCAR + Tools +
| qvasp -relax For Structure Optimization cal.| qvasp -gauss Transfer OUTCAR to Gauss log |
| gvasp -ts For Trasition State cal. | gvasp -e Read energy from OUTCAR

| qvasp -scf For Self Consistent cal. | gqvasp -p2c Transfer format to *.cif |
| qvasp -elf For Eelectron Local Function | gvasp -findcell Find the pri-cell of CONTCAR |
| gvasp -wk For Work Fuction cal. | gvasp -wkd Get Work Function from LOCPOT|
| qvasp -band For Energy Band cal. | qvasp -bandd Deal Bands data from EIGENVAL|
| qvasp -dos For Density Of States cal. | qvasp -dosd Deal DOS data from DOSCAR

| gvasp -bader For Bader Charge cal. | gvasp -ldos 1 2  Get LDOS data from DOS1 DOS2. |
| qvasp -hse For HSEQ6 cal. | gqvasp -mde Read Energy data for AIMD |
| qvasp -md For Ab Init Molecular Dynamics | qvasp -mdm Read Magnetic moment for AIMD|
| gvasp -elastic For Elastic Constants cal. | gvasp -elasticd Read elastic constants

| qvasp -partchg For PARTICAL Charge cal. | gvasp -findsym Find the symmetry |
| qvasp -freq For Frequency cal. | qvasp -zpe Get ZPE value |
| gvasp -optics For Optics Property cal. | gvasp -opticsd Get optics datas |
| qvasp -phono  For Phonon Spectrum cal. | gqvasp -3dband Get 3D band for 2D materials |
+ Customizable Tools +
| gvasp -nanotube POSCAR Rolling nanosheet to POSCAR-nanotube

| qvasp -out2arc Get trajectory file from OUTCAR to arc(opened by MS) |
| qvasp -cleavesurface POSCAR Cleave surface from POSCAR |
| gvasp -heterojunction strl str2 Construct heterojunction strl and str2(python3) (JunLuo etc.) |
| qvasp -vaspkit Call VASPKIT program, ref:arXiv preprint arXiv:1908.08269

| qvasp -baderd Obtian bader charge information |
| gvasp -3dkpoints Produce KPOINTS for 3D band for 2D materisl (-0.5 to 0.5)

| qvasp -clean Clear all file except POSCAR INCAR KPOINTS POTCAR |
+ Devoloper Info +
| Cite with "The calculations were assisted by the qvasp code [1]" 0Q Group: 398274903 |
| [11 W. Yi, G. Tang, et al.qvasp: A Flexible Toolkit for VASP Users in Materials Simulations |
+ +
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(1) B FEZEEHESH
PREC. ALGO. ENCUT. EDIFF, NELM. ISPIN. GGA. VOSKOWN, MAGMOM,

NUPDOWN. ISME AR’—f‘_]_-ir SYSTEM = AIN 0001 surface 2x2 Ga_T4
(2) NTFEZITHIZSH
EN;‘;{E z 4;:‘;@« ; NELMIN = 2 ; NELMDL = -5
IBRION. POTIM. NSW. EDIFFG. ISIFZ Sl T

LREAL Auto real space projections

(3) iﬁ] |I:I:I| *?Elt'l':lu % %& LCHiQP..G .FALSE.
LCHARG. LWAVE. LORBIT. LELF. LVTOT R
(4) '/E\:M*?Eﬂiu %%& Ionic Relaxation

NSW = 300 number of steps for IOM
pP ! - 9
SYSTEM . NPARZ =

" DOS related values:

Ref: http://cms.mpi.univie.ac.at/vasp/vasp/Index.html cie e
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LDA+U: HSEO06:
LDAU=.TRUE. ## For LDA + U set LHFCALC =.TRUE. [

5.5105964896540316 0.0072576945966098  -0.0000857011140024
ISTART =1

DAL IYRE= I . St
LDAUL=3 -1 HFSCREEN =0.2 -
4
= ICHARG =2 -
LDAUU_SO 0 -0.0000004161018627 -0.0000000526922796 -0.0000003634095822
LDAUJ=0 0 AEXX =0.25 0.7500004161018627 0.2500000526922795 0.5000003634095822

ALGO = Damped

I%tl‘i: Time = 0.4

PRECFOCK =N

ISPIN=2

MAGMOM=-4 4.0 4*0 W4T — (Fflvdw_kernel.bindat) :
GGA = BO

BT —, PARAMI1 = 0.1833333333

VDW=11 PARAM?2 = 0.2200000000

LUSE VDW = .TRUE.
BRI - AGGAC = 0.0000

LSOL=TRUE

EB k=60 A RPERS
FERT . BEIMAL X R H LSORBIT=TRUE.
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+ +
| gvasp usage v2.21 |
| --Written by Wencai, Y1 |
| 2020.07.18 |
} POSCAR + POTCAR +
| qvasp -fix Fix atoms for POSCAR from *.vasp | qvasp -pw9l ELE Name POTCAR from PW9l |
| qvasp -t Insert points for TS cal.(methodl)| gvasp -pbe ELE_Name POTCAR from PBE |
| gvasp -t2 Insert points for TS cal.(method2)| gvasp -lda ELE Name  POTCAR from LDA |
| qvasp -sc  Create supercell for POSCAR | gqvasp -cp Check the POTCAR |
| qvasp -zc  Correct imaginary frequency + KPOINTS +
gvasp -c2p Transfer cif file to POSCAR gvasp -k number Create KPOINTS (Auto mesh)

- INCAR 1 Tools +
gvasp -relax For Structure Optimization cal.| qvasp -gauss Transfer OUTCAR to Gauss log |
gvasp -ts For Trasition State cal. gvasp -e Read energy from OUTCAR
gvasp -scf For Self Consistent cal. gvasp -p2c Transfer format to *.cif
gvasp -elf For Eelectron Local Function gvasp -findcell Find the pri-cell of CONTCAR |
gvasp -wk For Work Fuction cal. gvasp -wkd Get Work Function from LOCPOT|
gvasp -band For Energy Band cal. gvasp -bandd Deal Bands data from EIGENVAL|
gvasp -dos For Density Of States cal. gvasp -dosd Deal DOS data from DOSCAR
gvasp -bader For Bader Charge cal. gvasp -ldos 1 2 Get LDOS data from DOS1 DOS2. |
gvasp -hse For HSEQ6 cal. gvasp -mde Read Energy data for AIMD |
gvasp -md For Ab Init Molecular Dynamics | qvasp -mdm Read Magnetic moment for AIMD|
gvasp -elastic For Elastic Constants cal. gvasp -elasticd Read elastic constants
gvasp -partchg For PARTICAL Charge cal. gvasp -findsym Find the symmetry |
gvasp -freq For Frequency cal. gvasp -zpe Get ZPE value |
gvasp -optics For Optics Property cal. gvasp -opticsd Get optics datas |
gvasp -phono  For Phonon Spectrum cal. gvasp -3dband Get 3D band for 2D materials |

¥ cuscomizZzapte Tools +

| gvasp -nanotube POSCAR Rolling nanosheet to POSCAR-nanotube

| qvasp -out2arc Get trajectory file from OUTCAR to arc(opened by MS) |

| qvasp -cleavesurface POSCAR Cleave surface from POSCAR |

| gvasp -heterojunction strl str2 Construct heterojunction strl and str2(python3) (JunLuo etc.) |
| qvasp -vaspkit Call VASPKIT program, ref:arXiv preprint arXiv:1908.08269

| qvasp -baderd Obtian bader charge information |

| gvasp -3dkpoints Produce KPOINTS for 3D band for 2D materisl (-0.5 to 0.5)

| qvasp -clean Clear all file except POSCAR INCAR KPOINTS POTCAR |

+ Devoloper Info +

| Cite with "The calculations were assisted by the qvasp code [1]" 0Q Group: 398274903 |

| [11 W. Yi, G. Tang, et al.qvasp: A Flexible Toolkit for VASP Users in Materials Simulations |

+ +
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POSCAR /4

AIN bulk (Title)

1.0 (Scaling factor or lattice constant)
3.11 0.00 0.00(%5 /TR & 17 )
-1.56 2.69 0.00 (55 — /TR &1 7 18]
0.00 0.00 4.98 (55 =/~ F K7 1))
Al N
2 2 (FHENIRTEHE LR FRER)
Selective dynamics(Z< A 1 B HEATHEB AL, AR Vix AT, WIZe x4 fiih)

Direct (R~ K I N3 204 b5, TR WA N Car, TIARAR AL IR)
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4+ AlN.cif - VESTA — O *
File Edit View Objects Utlities Help .4 Export Data
MNew Structure... Ctrl+MN b ~» t J Step (n]: g‘ i, € ngp Step (px): o — :m: Step - g B » EEHIE > SH > SH > deskiop »
New Window AINGE
i
New Tab Ctrl+T |y EEE

gpen..i.{ Cirl+D> VESTA*T}FCifEIEH%%MI,ﬁ: ILfi BeeseaE ) &1 i S
ki e EXpOI't atagﬂjﬁ% e 2dnew FEBGE ( W;EE“

Save
Save As... Ctrl+5hift+5 ﬁﬂ;j:giJ

Export Data...

Export Raster Image...
Export Vector Image...

Save Output Text.

exme | AP RELEFEVASP

Close Ctrl+W
EXit Ctrl+Q s 11E (D)
Show sections RN
Show isosurfaces - i (F)
Surface coloring — v
Style
ITIEE(N): |AIN
5 th shadi
mooth shading FFEERT): | VASP (POSCAR:*vasp)
Wireframe CIF file (*.cif)
Dot surface Ressria PDB file (*.pdb)
& fix SHELX (*.ins)
Crystal shapes st e

Crystal shapdXYZ file ("xyz)
Chem3D file (*.cc1)

Show sha
Option o STL file (.stl)
3 Style VRML file (*.wrl)
: : : Unicolor |PLPOLY CONFIG file
Write atomic coordinates as: MADEL input file (*.pme)

Custom qSTRUCTURE TIDY input file (*.stin}

i i X — /_’ — ror P1 Structure (*.p1)
(@iFractional coordinates ﬂ%ﬁﬁé&*ﬂ{ *H%‘—F‘ /J\ élé*,]‘{ Wireframpypes ey
O Qﬂﬂﬁiﬂﬂ Sianinalee %BEI Lj\ Fractional Coordinate (*.xtl)

[ Convert to the Niggli reduced cell K‘\\@&%%&EH@’ %EIEVFZ"E‘I‘IX#
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—+ VASPHI Y/ Mg N SCA
e
KPOINTS 3.4
— A =ME KRR TTA:
1) ﬁﬁ%j{l{—meshj{ /J\ y EE[ %%? Q ﬁﬁ#%%l{lﬁ . Our first-principles calculations were based on the density

functional theory within the PBE approximation for the
41-43

exchange-correlation energy. The core-valence inter-

Automatic meSh (tltle) actions were described by the projector augmented-wave (PAW)

potentials,* as implemented in the VASP code. Plane waves
> — =} > with a kinetic energy cutoff of 600 eV were used as the basis
0 (j\jOEH‘ ’ i%/j_\‘ g Z:jj)_L‘éEK’I:I_:_"‘) set. The calculations were carried out in periodic super cells.
L . . . The atomic positions were optimized by using the conjugate
M (%%ZF\‘ f‘[{ }Eﬁ MOHkhOTSt-PaCkﬁYZE‘ é,—__{ }&K ):li ﬂé*ﬂ() gradient method, in which the energy convergence criterion
between two consecutive steps was set at 107" eV. The
maximum allowed force on the atoms is 107> eV A™'. The

\ -
Kl K2 K3 (Xj‘)iza:Kl X K2 X K3 Im*%’ K meSh) k-point meshes 7 x 7 x 13 and 5 x 5 x 13 were used for the
Brillion Zone (BZ) integration of CHC-1 and CHC-2, respect-
O O O( J/T?; ){—i ilz‘iFZj(/J\) ively.*> When calculating the adsorption of gaseous atoms/
molecules, the Grimme-D3 correction was included in the
calculation to account for van der Waals interactions.*®*’

Examples udd Phonon spectra were obtained by using the Phonopy
. * o package.*®
* N,=N,=3 ftotal 9 k points : o
* including I" point — - * -
* 3 irreducible points ; A
* weighting factors . T .
o, =1/9, 0, =4/9,0,=4/9
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AIN bulk (Title)

1.0 (Scaling factor or lattice constant)

3.11 0.00 0.00(Z5 — > TF2 R FH J7[7])
-1.56 2.69 0.00 (55 - FREOCE T 1)
0.00 0.00 4.98 (55 /PR ICE 7))

Al N

2 2 (PR TEH DR T REE)

Selective dynamics(F /R0 14 Y BEATH -4k, WS EIXAT, MR 4ii)

Direct (7 TR 90 SRR, I 9289 Car,  ARKR 27 Hg 1) KPOINTS.:
0.667 0333 0.000 T T T (& TAbRLLEIEAF7 1 ASKRIBOT AL ’
0.333 0.667 0500 T T T N
0.667 0333 0382 T T T /_\‘ﬁEE'EI/%Eﬁ%EXG AUtO
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Cite with "The calculations were assisted by the qvasp code [1]"

QQ Group: 398274903

+ +
| gvasp usage v2.21 |
| --Written by Wencai, Y1 |
| 2020.07.18 |
+ POSCAR + POTCAR +
| qvasp -fix Fix atoms for POSCAR from *.vasp | qvasp -pw9l ELE Name POTCAR from PW9l |
| qvasp -t Insert points for TS cal.(methodl)| gvasp -pbe ELE_Name POTCAR from PBE |
| gvasp -t2 Insert points for TS cal.(method2)| gvasp -lda ELE Name  POTCAR from LDA |
| qvasp -sc  Create supercell for POSCAR vasp -cp Check the POTCAR |
| qvasp -zc  Correct imaginary frequency KPOINTS +
| gvasp -c2p Transfer cif file to POSCAR | gvasp -k number Create KPOINTS(Auto mesh)

+ INCAR Tools +
| qvasp -relax For Structure Optimization cal.| qvasp -gauss Transfer OUTCAR to Gauss log |
| gvasp -ts For Trasition State cal. | gvasp -e Read energy from OUTCAR |
| qvasp -scf For Self Consistent cal. | gvasp -p2c Transfer format to *.cif |
| qvasp -elf For Eelectron Local Function | gvasp -findcell Find the pri-cell of CONTCAR |
| gvasp -wk For Work Fuction cal. | gvasp -wkd Get Work Function from LOCPOT|
| qvasp -band For Energy Band cal. | qvasp -bandd Deal Bands data from EIGENVAL|
| qvasp -dos For Density Of States cal. | gvasp -dosd Deal DOS data from DOSCAR

| gvasp -bader For Bader Charge cal. | gvasp -ldos 1 2  Get LDOS data from DOS1 DOS2. |
| qvasp -hse For HSEQ6 cal. | gvasp -mde Read Energy data for AIMD |
| qvasp -md For Ab Init Molecular Dynamics | qvasp -mdm Read Magnetic moment for AIMD|
| gvasp -elastic For Elastic Constants cal. | gvasp -elasticd Read elastic constants

| qvasp -partchg For PARTICAL Charge cal. | gvasp -findsym Find the symmetry |
| qvasp -freq For Frequency cal. | qvasp -zpe Get ZPE value |
| gvasp -optics For Optics Property cal. | gvasp -opticsd Get optics datas |
| qvasp -phono  For Phonon Spectrum cal. | gvasp -3dband Get 3D band for 2D materials |
+ Customizable Tools +
| gvasp -nanotube POSCAR Rolling nanosheet to POSCAR-nanotube

| qvasp -out2arc Get trajectory file from OUTCAR to arc(opened by MS) |
| qvasp -cleavesurface POSCAR Cleave surface from POSCAR |
| gvasp -heterojunction strl str2 Construct heterojunction strl and str2(python3) (JunLuo etc.) |
| qvasp -vaspkit Call VASPKIT program, ref:arXiv preprint arXiv:1908.08269

| qvasp -baderd Obtian bader charge information |
| gvasp -3dkpoints Produce KPOINTS for 3D band for 2D materisl (-0.5 to 0.5)

| qvasp -clean Clear all file except POSCAR INCAR KPOINTS POTCAR |
+ Devoloper Info +
I I
I I

[1] W. Yi, G. Tang, et al.qvasp: A Flexible Toolkit for VASP Users in Materials Simulations
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KPOINTS I {4
2) Line-mode (—fR{REIT HBETFH LR EA):

k-points for MgO(100) (title)

21 (KA EH)
Line-mode
Rec (FRIRFT LR NE 5 2% (A Ak bR, 75 M) A S22 (8] AL BR)
0.0 0.0 0.0 ! T (F5K S DL AL E)
0.50.0 00| ! Z

— R Rlz s A0 KB
0.5 0.0 10.0|!'Z
0.5-0.510.0] !
0.5 -0.5l0.0f 1K Ref:
0.0-0.510.0] 'L

1. sumo

0.0 -0.510.0] ' L 2. vaspkit
0.0 0.0 ]0.0] !'T

3. Online tool:

f2am,_

Energy (eV)
=

f ! ra A
S X I DOS (eV')

10.1016/j.commatsci.2010.05.010

https:// www.materialscloud.org/work/tools/seekpath

4. SCER
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KPOINTS /4
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Automatically generated mesh

Energy (eV)

r v s X I DOS (eV)

! Ref: 10.1039/c9tc02030f
T BEE X HIBZKPT Flqvasp -banddAt 275 2
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VASPKIT Version: 0.70 (06 Nov. 2018)

A Pre- and Post-Processing Program for VASP Code
Official Website: http://vaspkit.sourceforge.net
Developed By Vei WANG (wangvei@me.com)
Contributor: Nan XU (tamas@zju.edu.cn)

e -
Structural Options
1) Customize INCAR File 2) Elastic-Constant Calculator
3) Poscar2other Toolkit 4) Build Supercell
5) Equation-of-State Fitting S)Siructure Togllif
7) K-Mesh Generator 8) Band-Path Generator I
Electronic Options
11) Total Density-of-States 12) Projected Density-of-States
21) Band-Structure 22) Projected Band-Structure
23) 3D Band-Structure 25) Hybrid-DFT Band-Structure
26) Fermi-Surface Calculator
=========== (Charge & Potential & Wavefunction Options ===========
31) Charge Density 32) Spin Density
33) Spin-Up & -Down Density 34) Charge-Density Difference
41) Planar-Average Charge-Density 42) Planar-Average Potential
51) Real-Space WaveFunction Plot
Misc Utilities
71) Linear Optics 72) Molecular-Dynamics Toolkit
73) VASP2BoltzTraP Interface 74) Energy-Related Toolkit
91) Semiconductor Calculator 92) 2D-Materials Toolkit
0) Quit

Band-Path Options

1) 1D Nano Structure
2) 2D Nano Structure
3) 3D bulk structure (Experimental)

[sunhr@mu0l ex01]$ sumo-kgen --seekpath
/publicl/software/anaconda2/1lib/python2.7/site-packages/pymatgen-2018.11
Pymatgen will drop Py2k support from v2019.1.1. Pls consult the documentg
at https://www.pymatgen.org for more details.
at https://www.pymatgen.org for more details.""")

Structure information:

Space group number: 186

International symbol: P6_3mc

Lattice type: hexagonal

k-point path:
\Gamma -> M -> K -> \Gamma -> A -> L ->H ->A | L ->M| H ->K

k-points:
A: 0.0 0.0 0.5
\Gamma: 0.0 0.0 0.0
H: 0.333333333333 0.333333333332 0.5
K: ©.333333333333 0.333333333333 0.0
M: 0.5 0.0 0.0
L: 8.5 6.6 8.5

label indices:
\Gamma: 1

M: 71
K: 112
\Gamma:
231
301
342
423
424
462
463
501

k-point

193
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POTCAR A= 4 2%

+ +
| gvasp usage v2.21 |
| --Written by Wencai, Y1 |
| 28200718 i
} POSCAR 1 POTCAR t
| qvasp -fix Fix atoms for POSCAR from *.vasp qvasp -pw9l ELE Name POTCAR from PW9l |
| qvasp -t Insert points for TS cal.(methodl)|] qvasp -pbe ELE_Name  POTCAR from PBE |
| gvasp -t2 Insert points for TS cal.(method2) || qvasp -lda ELE Name  POTCAR from LDA |
| qvasp -sc  Create supercell for POSCAR gvasp -cp Check the POTCAR |
| qvasp -zc  Correct imaginary frequency HPOENTS

| gvasp -c2p Transfer cif file to POSCAR | gvasp -k number Create KPOINTS(Auto mesh)

+ INCAR + Tools +
| qvasp -relax For Structure Optimization cal.| qvasp -gauss Transfer OUTCAR to Gauss log |
| gvasp -ts For Trasition State cal. | gvasp -e Read energy from OUTCAR |
| qvasp -scf For Self Consistent cal. | gvasp -p2c Transfer format to *.cif |
| qvasp -elf For Eelectron Local Function | gvasp -findcell Find the pri-cell of CONTCAR |
| gvasp -wk For Work Fuction cal. | gvasp -wkd Get Work Function from LOCPOT|
| qvasp -band For Energy Band cal. | qvasp -bandd Deal Bands data from EIGENVAL|
| qvasp -dos For Density Of States cal. | gvasp -dosd Deal DOS data from DOSCAR

| gvasp -bader For Bader Charge cal. | gvasp -ldos 1 2  Get LDOS data from DOS1 DOS2. |
| qvasp -hse For HSEQ6 cal. | gvasp -mde Read Energy data for AIMD |
| qvasp -md For Ab Init Molecular Dynamics | qvasp -mdm Read Magnetic moment for AIMD|
| gvasp -elastic For Elastic Constants cal. | gvasp -elasticd Read elastic constants

| qvasp -partchg For PARTICAL Charge cal. | gvasp -findsym Find the symmetry |
| qvasp -freq For Frequency cal. | qvasp -zpe Get ZPE value |
| gvasp -optics For Optics Property cal. | gvasp -opticsd Get optics datas |
| qvasp -phono  For Phonon Spectrum cal. | gvasp -3dband Get 3D band for 2D materials |
+ Customizable Tools +
| gvasp -nanotube POSCAR Rolling nanosheet to POSCAR-nanotube

| qvasp -out2arc Get trajectory file from OUTCAR to arc(opened by MS) |
| qvasp -cleavesurface POSCAR Cleave surface from POSCAR |
| gvasp -heterojunction strl str2 Construct heterojunction strl and str2(python3) (JunLuo etc.) |
| qvasp -vaspkit Call VASPKIT program, ref:arXiv preprint arXiv:1908.08269

| qvasp -baderd Obtian bader charge information |
| gvasp -3dkpoints Produce KPOINTS for 3D band for 2D materisl (-0.5 to 0.5)

| qvasp -clean Clear all file except POSCAR INCAR KPOINTS POTCAR |
+ Devoloper Info +
| Cite with "The calculations were assisted by the qvasp code [1]" 0Q Group: 398274903 |
I I

[1] W. Yi, G. Tang, et al.qvasp: A Flexible Toolkit for VASP Users in Materials Simulations

qvasp -pbe Al N¥ 724 AINFIPAW _PBE K& #POTCARI 4
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CONTCAR: AR AF#h—3 B (584, ATHTEE) ;
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qvaspIgE

+ +
| gvasp usage v2.21 |
| --Written by Wencai, Y1 |
| 2020.07.18 |
} POSCAR + POTCAR +
| qvasp -fix Fix atoms for POSCAR from *.vasp | qvasp -pw9l ELE Name POTCAR from PW9l |
| qvasp -t Insert points for TS cal.(methodl)| gvasp -pbe ELE_Name POTCAR from PBE |
| gvasp -t2 Insert points for TS cal.(method2)| gvasp -lda ELE Name  POTCAR from LDA |
| qvasp -sc  Create supercell for POSCAR | gqvasp -cp Check the POTCAR |
| qvasp -zc  Correct imaginary frequency + KPOINTS +
| gvasp -c2p Transfer cif file to POSCAR | gvasp -k number Create KPOINTS(Auto mesh)

+ INCAR + Tools +
| qvasp -relax For Structure Optimization cal.| qvasp -gauss Transfer OUTCAR to Gauss log |
| gvasp -ts For Trasition State cal. | gvasp -e Read energy from OUTCAR

| qvasp -scf For Self Consistent cal. | gvasp -p2c Transfer format to *.cif |
| qvasp -elf For Eelectron Local Function | gvasp -findcell Find the pri-cell of CONTCAR |
| gvasp -wk For Work Fuction cal. | gvasp -wkd Get Work Function from LOCPOT|
| qvasp -band For Energy Band cal. | qvasp -bandd Deal Bands data from EIGENVAL|
| qvasp -dos For Density Of States cal. | gvasp -dosd Deal DOS data from DOSCAR

| gvasp -bader For Bader Charge cal. | gvasp -ldos 1 2  Get LDOS data from DOS1 DOS2. |
| qvasp -hse For HSEQ6 cal. | gvasp -mde Read Energy data for AIMD |
| qvasp -md For Ab Init Molecular Dynamics | qvasp -mdm Read Magnetic moment for AIMD|
| gvasp -elastic For Elastic Constants cal. | gvasp -elasticd Read elastic constants

| qvasp -partchg For PARTICAL Charge cal. | gvasp -findsym Find the symmetry |
| qvasp -freq For Frequency cal. | qvasp -zpe Get ZPE value |
| gvasp -optics For Optics Property cal. | gvasp -opticsd Get optics datas |
| qvasp -phono  For Phonon Spectrum cal. | gvasp -3dband Get 3D band for 2D materials |
+ Customizable Tools +
| gvasp -nanotube POSCAR Rolling nanosheet to POSCAR-nanotube

| qvasp -out2arc Get trajectory file from OUTCAR to arc(opened by MS) |
| qvasp -cleavesurface POSCAR Cleave surface from POSCAR |
| gvasp -heterojunction strl str2 Construct heterojunction strl and str2(python3) (JunLuo etc.) |
| qvasp -vaspkit Call VASPKIT program, ref:arXiv preprint arXiv:1908.08269

| qvasp -baderd Obtian bader charge information |
| gvasp -3dkpoints Produce KPOINTS for 3D band for 2D materisl (-0.5 to 0.5)

| qvasp -clean Clear all file except POSCAR INCAR KPOINTS POTCAR |
+ Devoloper Info +
| Cite with "The calculations were assisted by the qvasp code [1]" 0Q Group: 398274903 |
| [11 W. Yi, G. Tang, et al.qvasp: A Flexible Toolkit for VASP Users in Materials Simulations |
+ +




=. 5 VASPHIFEHC A

S A

vaspkit

[sunhr@mu@l softwarel]$ vaspkit

[ VASPKIT Version: 0.70 (06 Nov. 2018)

[ A Pre- and Post-Processing Program for VASP Code
| Official Website: http://vaspkit.sourceforge.net
| Developed By Vei WANG (wangvei@me.com)

[ Contributor: Nan XU (tamas@zju.edu.cn)

g 0 e S S sty S +
Structural Options

1) Customize INCAR File 2) Elastic-Constant Calculator

3) Poscar2other Toolkit 4) Build Supercell

5) Equation-of-State Fitting 6) Structure Toolkit

7) K-Mesh Generator 8) Band-Path Generator
Electronic Options

11) Total Density-of-States 12) Projected Density-of-States

21) Band-Structure 22) Projected Band-Structure

23) 3D Band-Structure 25) Hybrid-DFT Band-Structure

26) Fermi-Surface Calculator

=========== Charge & Potential & Wavefunction Options ===========
31) Charge Density 32) Spin Density

33) Spin-Up & -Down Density 34) Charge-Density Difference
41) Planar-Average Charge-Density 42) Planar-Average Potential
51) Real-Space WaveFunction Plot

Misc Utilities

71) Linear Optics 72) Molecular-Dynamics Toolkit
73) VASP2BoltzTraP Interface 74) Energy-Related Toolkit

91) Semiconductor Calculator 92) 2D-Materials Toolkit

0) Quit

------------ ==

OO
0::0
oJe,

VASPKIT

VESTA

Visualization for Electronic and STructural Analysis

5 5
Virtual (o

ManclLab ChemDra
2015.1 w
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4° VESTA
File Edit View Objects Utilities Help I ﬂ

q / c /b* c* Iy t ‘ ﬁ ﬁ t J Step(“]: g‘ i, 4 up Step(px]:+ — :I:I: Step(%]:

le  Objects VESTA

ural models
Show madels
Show dot surface

Style

(@ Ball-and-stick
(O Space-filling
(O Polyhedral
O Wireframe
(O stick

Valumetric data

[ show sections

[ show isosurfaces I

[ 5urface coloring V E S A

Style

® Smooth shading Visualization for Electronic and STructural Analysis

O Wireframe
(O Dot surface

»,
Crystal shapes
[Jshow shapes
Style
(® Unicolor

() Custom color

() Wireframe

Properties... N

o ETHE, SHE, RERS

OpenGL wversicon: 4.6.0 NVIDIR 391.25

Video configuration: GeForce GT 710/PCIe/S5E2

Maximum supported width and height of the viewport: 16384 x 163584
OpenGL depth buffer bit: 24

Output | Summaryl Commentl

FrEE R RER R
FLT o AR
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1. SETTFRCEEEZE: http://www.crystallography.net/cod/search.html

2. Materials Project: https://www.materialsproject.org/

3. EET W EAEEYEE: http://rruff.geo.arizona.edu/AMS/amcsd.php

4. ChEBI: https://www.ebi.ac.uk/chebi/init.do

5. AFLOW: http://www.aflow.org/

6. Springer Materials: http://materials.springer.com/

MRS AERTRL I TR IRAE R, ARk [ 245 1R 2 Al
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https://www.materialsproject.org/
http://rruff.geo.arizona.edu/AMS/amcsd.php
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http://www.aflow.org/
http://materials.springer.com/
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Search

(For more information on search see the hints and tips)

SITiO,mmiELE &

Search by COD ID: ‘ Search
Enter M: HKL 10.5585 Dopant positions in strontium/chromium- and barium-doped K
Op_enBabeI FastSearch: Search Paper 90; 90; 90 radiation ) ) =% |0 o35
[=8afn | Acta Crystalfograp fica Section B, 2000, 56, 9%t wu.
2102732 CIF CrLiO11 SrTi4 Pnma 13.818; 5.755; 787.35 Imaz, Inhar; Pechev, Stanislav; Gravereau, Pierre; Chaminade, Jee
Paper 9.901 Bouree, Francoise
90; 90; 90 Structural filiations in the new complex titanates SrLi<i>M</i>T
ubstructure search by SMILES is currently available in a subset of COD containing 1784 Acta Crystallographics Section § 2007, 63, 26-36
2102733 CIF CrLiO11 SrTi4 Pnma 13.798; 5.763; 7864 Imaz, Inhar; Pechev, Stanislav; Gravereau, Pierre; Chaminade, Je:
Paper 9.89 Bouree, Francoise
90; 90; 90 Structural filiations in the new complex titanates SrLi<i>M</i>T
| text(1or2 WOI’dS} | Acta Crvstallographica Section B 2007, 63, 26-36
" 2102734 CIF Fe Li 011 Sr Tid Pbecn 13.875; 11.492; 3171 Imaz, Inhar; Pechev, Stanislav; Gravereau, Pierre; Chaminade, Jee
| jOUI’I‘IaI | Paper 19.887 Bouree, Francoise
90; 90; 90 Structural filiations in the new complex titanates SrLi<i>M</i>T
| year | Acta Crvstallographica Section £ 2007, 63, 26-36
| VOIUI’I"‘IE | 2237244 CIF 08 Si28r2 Ti P4dbm 8.32; 8.32;5.0239 34777 Bell, Anthony M. T,; Henderson, C. Michael B.
Paper 90; 90; 90 Sr-fresnoite determined from synchrotron X-ray powder diffrac
| issue | Acta Crystallographica Section £ 2013, 63, i1
2310687 CIFE O3 SrTi l4/mcm 5511; 5511; 236.773 Tsuda, K;; Tanaka, M.
| DOI | 7.79 Refinement of crystal structure parameters using convergent-be
S 90; 90; 90 temperature phase of SrTiO~3~
| Z (mmx max} | Acta Crystallograp hica Section A 1995, 57, 7-19
' . 4000094 CIE Na0.8 O7.6 Si2.4 Sr0.8 Ti Cmmm 23.19; 7.2259; 1167.9 Chemisiry of Materials 2001
| Z' (min, max) | 55699
chemical formula B0
{in H“I notation} 4000485 CIF Cu3012S5rTi4 Im-3 742757, 742757, 409.769 Li, J; Subramanianb, M A; Rosenfeldb, H D; Jones, C'Y; Toby, BH
742757 Chemistry of Materials 2004
Sr Ti ] 90; 90; 90
1 to 8 elements 4000873 CIF  Ce0.40350.4Ti C12/c 95228;5.4869;  233.99 Ubic, Rick: Subodh, Ganesanpotti Gout, Delphine; Sebastian, M,
54818 Correction to Crystal Structure of 5r0.4Ce0.4TiO3Ceramics
| NOT these elements | N q S cl 90; 125.222; 90 Chermistry of Materizls 2010, 22 2174
< 4001057 CIFE Ce0.4 O3 Sr04Ti Cc12/c1 9.5228; 5.48609; 233.99 Ubic, Rick; Subodh, Ganesanpotti Gout, Delphine; Sebastian, M,
| volume min and max | 54818 Crystal Structure of Sr0.4Ce0.4TiO3Ceramics
b Of d. 0 I 90; 125.222; 90 Chemisiry of Materials 2009, 27 4706
number . istinct elements 4001153 CIF Ce0.445 03 Sr0.352 Ti R-3c:H 5.486; 5.486; 350663 Ubic, Rick; Subodh, Ganesanpotti; Sebastian, Mailadil T.; Gout, C
min and max 13.4539 Structure of Compounds in the Sr1-3x/2CexTiO3Homologous S
90; 90; 120 Chemistry of Materials, 2008, 20 3127
has FObS 4001154 CIF Ce0.269 03 Sr0.601 Ti R-3¢c:H 5.5005; 5.5005; 353.196 Ubic, Rick; Subodh, Ganesanpotti; Sebastian, Mailadil T.; Gout, C
. . . 13.4797 Structure of Compounds in the Sr1-3x/2CexTiO3Homologous §
filters !nclude du |_|cate_ entries 90; 90; 120 Chemistry of Materials 2008, 20 3127
include entries with errors 4001155 CIE  Ce0.167 03 Sr0.744 Ti R-3¢:H 5.5062; 5.5062; 354432 Ubig, Rick; Subodh, Ganesanpotti, Sebastian, Mailadil T.; Gout, C
include theoretical structures 13.4989 Structure of Compounds in the Sr1-3x/2CexTiO3Homologous §
90; 90; 120 Chemisiry of Materials 2008, 20 3127
4001156 CIE Ce0.133 O3 Sr0.795Ti R-3¢c:H 5.5091; 5.5091; 355.021 Ubic, Rick; Subodh, Ganesanpotti; Sebastian, Mailadil T.; Gout, C
Reset Send 13.5071 Structure of Compounds in the Sr1-3x/2CexTiO3Homologous S
L= ==t 90; 90; 120 Chemistry of Materials 2008 20 3127 I
4002469 CIF Cu0.5 La0.5 03.78 Sr1.5 Ti0.5 P42 2 5.447; 5.447; 378.863 Byeon, S.H,; Chung, H.

12.7693 = Structure and magnetic properties of oxygen pressure induced
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Example:
DOI:10.1021/acs.jpclett. 7000891

Allotrope a(A) Space group Atomic positions

"\ ) v
-ho 447  P6/m B1(0.718 0.146 0.500) / 7 ¥
-h 7.31 P6/ o .
I X~y m T < . |

B1(0.694 0.207 0.500) B2(0.058 0.625 0.500)

x-h2 10.05 P-3 B1(0.681 0.239 0.496) B2(0.133 0.642 0.516)
B3(0.544 0.595 0.490)
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Unit Cell Transformation

¢ Ptcif - VESTA .
File | Edit| View Objects Utiities Help Phase: |1 S|P "|
Undo Cirl+z F j o : 3
a § € Step(:[10 | == 0] step 6 -m . : Transformation matrix
Redo Ctrl+Shift+Z D Phase Unitcell Structure parameters Volumetric data  Crystal shape
k T 5 i i Symmetry Rotation matrix P ‘ Origin shift p
% Bonds.. Curl+B Unit Cell... | ||0 H] | ‘ |0,000000 |
Vectors... Structure Parameters... [IMagnetic structure
B Volumetic Data.. [ [ [ ]/ [oo00000 |
Crystal Shape... System || No. Space Group ~ | No. Setting
Q  preferences. 3 |1 ”1 H1 | ‘ |0.000000 |
d,P O space-fl Monoclinic 220 1-43d 1 Fm-3m
pace-filing
dg O Polyhedral Orthorhombic 221 Pm-3m View General Positions.
V O Wireframe Tetragonal 222 Pn-3n
O stick e g .
‘ Trigonal 223 Pm-3n Initialize current matrix
o ettt Hexagonal 224 Pn-3m

Show isosurfaces Cubic 225 Fm < m
Surface coloring v v |€ b3
Style
Smooth shading Customize... Update structure parameters to keep 3D geometry ~
Wireframe /
L

Dot surface attice parameters

Crystal shapes a(A) b (A c (&) o) B

Show shapes
Style 3.923%0 3.92390 3.92390 90.0000 90.0000

Unicolor b s.u. | 0.00000 0.00000 0.00000 0.0000
Custom color
Wireframe
Remove symmetry
a
Properties..

0.000

PI1111H , T E S R E

Boundary... || Orientation... 0K @l Apply
Unit Cell Transformation
Transformation matrix The new basis vectors a', b, ¢ are related
Rotation matrix P Lo oo - - - : —— -
B Additional |attice point(s) are included in the new unit-cell H
Unit Cell Transformation X L | 2 | | 0 | | 0 |
. . 7
Transformation matrix | The new basis vectors &', b', ¢’ are related to the basis vectors a, b, ¢ by ol | 0 | | 2 | | 0 | How to convert the structure?
Rotation matrix P | Origin shift p Additional lattice point(s) are included in the new unit-cell % fir @Add new equivalent positions to a list of symmetry operations
i o o : o J | = '
How to convert the structure? . . .
B o | | [0.000000 | : ~| (O Search atoms in the new unit-cell and add them as new sites
(O Add new equivalent positions to a list of symmetry operations e Vi G I pd
0 0 4 0.000000 rew benera Y
‘ || | | ‘ | (O Search atoms in the new unit-cell and add them as new sites F b | O Do ncrlhlng
. o
View General Pot ® Do pothing I g |
|r'IIIIE|IZe CUrrem
Initialize current matrix | | oK
QK L
lormalize T e of fractional coordinates fir T =
pt
OK Cancel
oK Cancel

MEZEREE

T 2X 2 a—
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Eaas = 0.78 eV ¢, ' 2. AN FARAL, it

3. ELIN TR L, R
W ME, EEEE LR, L.

J. Mater. Chem. A, 2019,7, 9297-9304
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Materials

studio@} % VNL
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Origin shift p

0.000000

0.000000

0.000000

eneral Positions

Upew: @ Vi V32
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1. ENCUT
SEITIER VI ENAS . 76T (TR R FOTHS2 1, HEATFENCUTISS BLAGTH 5
IR E N BRI EIAEE, RS TR E.

[ Can you rely on the utoff ? ]

e ENCUT is a very reasonable compromise between accuracy and speed

it depends

e [you can rely on ENCUT, as long as the

cell-shape and the volume remain unchanged }

— frozen phonon calculations

— surface and slab calculations

— adsorption of molecules on surfaces

e otherwise you might need to be rather careful
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Mind: Before you perform relaxations in which the volume or the cell
shape is allowed to change you must read and understand the section on
energy vs. volume, volume relaxations, and Pulay stress. In general volume
changes should be done only with an increased energy cutoff, ie,
ENCUT=1.3xmax(ENMAX) or PREC=High.

*AW S1 02Rprl999

parameters from PSCTR are:
VRHFIN =Si: s2p2
LEXCH CA
EATOM 103.4324 eV, 7.6021 Ry

TITEL
LULTEA
TUNSCR
RPACOR
POMASS
RCORE
EWIGS
ENMAX

PAW Si 02Aprl999
use ultrasoft PP ?

unscreen: 0-1in l-nonlin 2-no
partial core radius
; ZM@AL = 4.000 mass and valenz
00 outmost cutoff radius
L4805 RWIGS 1.312 wigner-seitz radius (au A)
; ENMIN 184.278 eV

http://cms.mpi.univie.ac.at/vasp/vasp/Volume_vs_energy_volume_relaxations_Pulay_ Stress.html

http://www.bigbrosci.cn/newsitem/278019758
I

- 5



bbb

A AR5 v - D
N
2. KPOINTS
HE Rk B H HRE= AU NAR, S HEARHAE0.001eV/atom A A R
WA T, RE RHCRIEFE S ERIKAEHE .

Number of k—points, and method for smearing

Read and understand section 7.4 hefore reading this section.

The number of k-—points necessary for a calculation depends critically on the necessary precision and on the fact whether the system is metallie. Metallic systems require an order of magnitude more k-points

than semiconducting and insulating systems. The number of k-points also depends on the smearing method in use; not all methods converge with similar speed. In addition the error is not transferable at all i.e.
A
a Ox 0O x9 leads to a completely Qitrerent error for fee, bee and sc. Therefore absolute convergence with respect to the number of k-points is necessary. The only exception are commensurable super cells. If

it is possible to use the same super cell for two calculations it is definitely a good idea to use the same k-point set for both calculations.
k-point mesh and smearing are closely connected. We repeat here the guidelines for ISMEAR already given in section 6. 38:

« For semiconductors or insulators always use tetrahedron method (ISMEAR=-3), if the cell is too large to use tetrahedron method use ISMEAR=0.

* For relaxations in metals always use ISMEAR=1 and an appropriated SIGMA value (so that the entropy term is less than 1 meV per atom). Mind: Avoid to use ISMEAR >0 for semiconductors and insulators, it

might result in problems.

s For the DOS and very accurate total energy calculations (no relazation in metals) use the tetrahedron method (ISMEAR=-5).

The number of k-points necessary for a calculation depends critically on the necessary precision
and on the fact whether the system is metallic. Metallic systems require an order of magnitude more
K-points than semiconducting and insulating systems. The number of k-points also depends on the
smearing method in use; not all methods converge with similar speed. In addition the error is not
transferable at all i.e. a 9%9*9 leads to a completely different error for fcc, bcc and sc. Therefore
absolute convergence with respect to the number of k-points is necessary. The only exception are
commensurable super cells. If it is possible to use the same super cell for two calculations it is

definitelx a good Idea to use the same k—Boint set for both calculations.

- 6
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A rule of thumb for choosing the initial k-point sampling is, that the

product, ka, between the number of k-points, k, in any direction, and the
length of the basis vector in this direction, a, should be:

o ka-~ 30 /°\, for d band metals
o ka~25A, for simple metals
o ka~ 20 A, for semiconductors

~ 15 A, for insulators

Remember)that convergence in this parameter should always be
checked.

https://www.bigbrosci.com/categories/LVASPTHW/
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ENCUT=300 eV

Stiffness Tensor C_ij (in GPa):
159.587 63.382 63.382
63.382 159.587 63.382

63.382 63.382 159.587
.000 .000 .000
.000 .000 .000

.000 .000 .000 S I EI/\J
3

bbb

ENCUT=600 eV 7F+p =
Stiffness Tensor C_ij (in GPa): JEE%
158.776 63.501 63.501 . : . ‘+ ==
63.501  158.776 63.501 . : . T E‘

63.501 63.501 158.776

0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0.000
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phonopy —symmetry --tolerance 0.1
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‘ have the same number of distinct points to examine in the IBZ. This occurs
$$)j E[/JJEH‘ I%D R because in the Monkhorst—Pack approach using an odd value of M includes
some, k points, that, lie. on. the boundaries, of .the IBZ (e.g.,. at the I’ point)
1. for{)‘é% A5 H e

while even values of M only give k points inside the [BZ An 1mp11cat10n of

2. andarA F catan 2 A2 ple— A S0

3. ﬁDWEEXOUTCAREPHﬁ ¢ & (grep/tail/awk & 1% )

# for i in "seq
for i in 3 4 5 6 ? 8 9 cat > filename << EOF

> KPOINTS << |
XXXXXXX

EOF

%12.6f 4t 7 B FE N 120037 S 8L H /N N6

echo "K=51 " ; /home/tg/intel/impi/2018.0.128/inteléd/bin/mpirun -np 8 SEXEC
E=S (grep "TOTEN" OUTCAR | tail -1 | awk '{printf "%12.6f \n", S5 }")

K=S (grep "irred" OUTCAR | tail -1 | awk '{printf "%4i\n", $2 }"')

echo $1 SE >> kpoints test.dat

BRI AAT 551
M A L PBS %

http://blog.sina.com.cn/s/blog_587b601c0102vhot.html
https //zhidao.baidu. com/questlon/1946163069668139428 html
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# for 1 in “seq 300 50 700°
for 1 in 300 350 400 450 500 550 €00 &50 700 750 800

do
cat > INCAR <<!
SYSTEM=51

PREC = Accurate
KSPACING = 0.2

IBRION = 1

ISTF = 2
ISMEAR = -5

NSW = 0
EDIFF = 1E-5
ENCUT = 51
LWAVE = .FALSE.
LCHARG = .FALSE.

'- E=$(grep "TOTEN" OUTCAR | tail -1 | awk '{printf "%12.6f\n", $5 })

echo "ENCUT=S$1 eV " ; /home/tg/intel/impi/2018.0.128/inteléd/bin/mpirun -np 8 SEXEC
E=S (grep "TOTEN" OUTCAR | tail -1 | awk '{printf "%12.6f \n", 55 }")

echo 51 SE >> encut test.dat

done
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ENCUTIR,
« I
for i in 260 280 300 320 340 360 380 400 420 460 500
do
cat > INCAR <<! 420
SYSTEM = Rutile o
ENCUT = $i s
| s )
echo "ENCUT= $i eV": pos :
rm -f WAVECAR CHGCAR e e T
run vasp

E="grep "TOTEN" OUTCAR | tail -1 | awk {printf "%12.6f\n",$5}"
echo $i $E >> comment
done
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SIGMAJM,
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foriin0.50.40.30.20.10.050.020.01
do
cat > INCAR <<!

SYSTEM = Rutile
SIGMA = Si

echo "ENCUT= Si eV";

rm -f WAVECAR CHGCAR

run vasp

E="grep "TOTEN" OUTCAR | tail -1 | awk {printf "%12.6f\n",S5}"
echo Si SE >> comment

done
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In conclusion:

1\ E[EIIE[H@» EI/\Jj(/J\ e Use NPAR = 1 and NSIM = 2 for single-node jobs

e Use NPAR = nodes/2 (or nodes) and NSIM=2 for medium jobs. If you have

1 enough bands per core and want to optimize, vou can try NSIM=8/16 and
2\ Xﬁ%/]\‘r:: (ISYM) see 1f 1t helps.
e Use NPAR = sqrt(nodes) and NSIM=4 for large jobs.

3. FATIFESHNPAR. NSIM. KPARZ:

Li,FeSiO, (128 atoms) on 4 Matter nodes

B NSIM=1 ™ NSIM=2 NSIM=4 @ NSIM=8 & NSIM=16

. NiSi (504 atoms) on 32 Matter nodes
2 NSIM=16 | ——————————eemequenmel
Py | -
s NSIM=8
a
o |
-3
3 NSIv=a |
Q.
(%] 2 |
NSIMST  ———————————————
l + - + + 4 4 4
0.0 0.5 1.0 15 2.0 25 3.0
0

Speed (Jobs/h)



https://www.nsc.liu.se/~pla/blog/2012/02/22/nparnsim/
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The ALGO tag is a convenient option to specify the electronic minimisation algorithm in

VASP.4.5 and later versions.

ALGO = Very Fast GEEZL, FaEME)
ALGO = Normal (F25€ 5 1)

ALGO = Fast (454 1 A THI2F L A7)
ALGO = Damped (HSE0671 %)

ALGO = All (HSE06it5)

ALGO = Exact (Ot24 i H)

ALGO = Exact performs an exact diagonalization (IALGO = 90), and we recommend to use this if more than

M EAR 2208 75 B S
MIXINGZE(AMIX, BMIX)

30-50 % of the states are calculated (e.g. for GW or RPA calculations).
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INCAR
SYSTEM = Si; PREC = Normal;: ENCUT =500¢eV:
EDIFF =1E-5; EDIFFG =-0.02;: LREAL =F

LCHARG =F; LWAVE =F; GGA=PE
NSW = 300; IBRION = 2: ISIF =3;
Si-bulk
1.0
3.8401000500 0.0000000000 0.0000000000
1.9200500250 3.3256241964 0.0000000000
1.9200500250 1.1085413988 3.1354285612
Si
2
Direct
0.000000000 0.000000000 0.000000000
0.250000000 0.250000000 0.250000000

KPOINTS:
AuUto

0
G
9
0.

O ©
O ©
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CONTCAR

Si-bulk
1.00000000000000
3.8668082709276259 0.0000000000000000 0.0000000000000000
1.9334041354638130 3.3487541942137558 -0.0000000000000000
1.9334041354638130 1.1162513980712518 3.1572357322691214
Si
2
Direct
0.0000000000000000 -0.0000000000000000 -0.0000000000000000
0.2500000000000000 0.2500000000000000 0.2500000000000000

M
ﬁk
M

AR B 3.8401 745 43.8668
BRI K, BT IEEE
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INCAR
SYSTEM = Si; PREC =Normal; ENCUT =500eV; ek ™
EDIFF =1E-5; EDIFFG =-0.02; LREAL =F ' B f?
LCHARG =F; LWAVE =F; GGA =PE '
NSW = 300; IBRION = 2; ISIF = 2;
Si-bulk
0.95-1.06 (Hforflg3 A4z i)
3.8401000500 0.0000000000 0.0000000000
1.9200500250 3.3256241964 0.0000000000 KPOINTS:
1.9200500250 1.1085413988 3.1354285612 Auto
Si 0
2
Direct G
0.000000000 0.000000000 0.000000000 9 9 9
0.250000000 0.250000000 0.250000000
0. 0. O.
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for i in 0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05 1.06 -10.4
cat > POSCAR <<!
Si-bulk
$i -10.5 -
3
—  «10.6 -
-
o
T
Z
w =10.7 -
8
1 -n llawk "{printf $7}"° IE
wk "{printf $6}'" =10.8 4
-10.9 T T T T T T T T T

0.94 096 098 1.00 1.02 1.04 1.06

Scal para

Scale=1.01

CEIRTY I 200

a=b=c= 3.8401 *1.01A=3.878501A
Lt SE 56 1E K 1.000%
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INCAR

SYSTEM = Si;
EDIFF = 1E-5;

LCHARG = F;
NSW = 300;

PREC =Normal: ENCUT =500ev:| KPOINTS:
EDIFFG =-0.02; LREAL =F Auto
LWAVE =F: GGA = PE 0
IBRION = 2: ISIF =2; G
3 3 1
0. 0. O.

£° £
W e b~ ~— 9>
' - \W AN . A

\\\\ ,\‘\\/ N7 \‘\“
\\;,,\\,,\\\} .\\\}
N, Q =

HHEamamAamAdrg3s 3" dar 3 R
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INCAR
SYSTEM = Si; PREC =Normal; ENCUT =500¢eV ;
EDIFF =1E-5; EDIFFG =-0.02; LREAL =F
LCHARG =F; LWAVE =F; GGA=PE
NSW = 300; IBRION = 2; ISIF =2;
CO
1.0
15.0000000000 0.0000000000 0.0000000000
0.0000000000 15.0000000000 0.0000000000
0.0000000000 0.0000000000 15.0000000000
C O
1 1
Direct
0.465659976 0.499310017 0.469669998
0.533050001 0.533720016 0.476460010

THE S5 AT CONTCARS A, SEAMLAEEIR T

--------------------
--------------

o®
KPOINTS:
Auto
0
G
1 1 1
0. 0. O.
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