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Inorganic Crystal Structure Database (% Sa &)
(http://www.fiz-informationsdienste.de/en/DB/icsd/index.html)
The National Institute of Standards and Technology (NIST) and Fachinformationszentrum Karlsruhe (FI1Z)

Cambridge Crystallographic Data Centre (gt 1&) (http://www.ccde.cam.ac.uk/)
Phase equilibria Diagrams (EERIRREX])

NIST Standard Reference Data Base31

The American Ceramic Society, National Institute of Standards and Technology

MALT for Windows gem & CHD (B /7%£)
copyright: MALT group, published by £} 55 fif7t1:

BER
RIETAN-2000 (http://homepage.mac.com/fujioizumi/)
WE - MOBHMIF SRR AE O IR E RSB BHIE LTz, R X M/ EHTEIC K 2 IER ST =
7T I,
ik
BECHELET, TOMTA B RZONTIEL, EFRE Web X—T 2L T E &N,

SHFUIaAL—3y

MXDOrto/MXDTricl
WL TEERF-OWFHEATRADFE Lic, HIF ERRBAIRT v V2R LTz T8 )5
Far7 A,
fili k&
HA = v 2 — & k523 (SCCI: Society of Computer Chemistry, Japan)) (http://www.sccj.net/)7)> &
HETRMSLTVET,

(&0 m— R=>"JCPE &k~ 1 7 7 L7, http://www.sccj.net/download/JCPE/)

NO.096(Machintosh 94-12 k%)

NO.077(MXDTricl 96-02 fif0)

NO.029(MXDOrto 96-02 hiil)

NO.094(RYUGA  (F&HH) ver.l.61, (b7 17 T L)

E 0 LIRTIX 1989 FFICH R LT BARIL T 7 1 7T A HUEEHE(JCPE: Japan Chemistry Program
Exchange) CHAR SV TV E L7228, JCPEIZ20024E 1 HXWHEAY 7 v =T34 L
APFL, SCCI & LTHHZELEEE S TT

BEEOFRTHLAFTEETN, BUUEOHBCRIUI A TYT CER—Z., WM TE, [y =
SN K OMBIEREE . B 1994 45 —RFEIT)

GULP (http://www.ivec.org/GULP/)
W) EREERAR T e L R L TR A - MR R O N T EVIFE T 0 T T L,
Y VETNEME o TomABEGEER, ARG ER, WEER, K IRE. KA R ¥ —
7 EOREOM, BERART N DRT A —F kT EOBEE L B 5,
ks
T HT I v 7RHOEA. PEH O Materials Studio DE ¥ = —/L & L CHART SV TWVET,
T AT w7 FHOEA . http://www.ivec.org/GULP/register.cgi |2 CHBExT 5 = & CTHAE T 2
£75
PR DT A B ARIFZON TR, EREWeb XR—TV AL T EE 0,
For commercial and government use, you must contact Accelrys Inc (http://www.accelrys.com/).
AARTIIAREED ¥ 1 % T
(http://www.comtec.daikin.co.jp/SC/prd/material/index.html) [ZRWCTAHAIT LV &
BunEd,
GULP is available free of charge to academics provided you accept the following conditions of

use:
1. The program is not to be distributed to anyone else without the express permission of the
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author.
2. The program is not to be used for commercial research. For any commercial use of the
program, a license must be obtained from Accelrys Inc, including contract research.
3. The program is supplied on an "as is" basis with no implied guarantee or support.
To download GULP you must register. The registration process checks that your email address is
from a valid educational institution domain. Examples include .edu, .edu.au, and .ac.uk.

F-REHER - E-RESFBHHEHE
WIEN2K (http://www.wien2k.at/)
APW/LAPWHo (D /3> MHEEEIR T 1 7T b, FMRGwETSL, LDA. GGA, LSDA+U 72 EA3E X
Lz, HFFa2ETeR, BMSROFHETFE, OPTICS, Phonon 72 &, JAI 7 m 27T Kz LY
HEFEANT SART /3 EOFE B e (OPTICS 13 WIEN2k /X &7 — I )&, Phonon (3
P . 7272 L, DT 0 7T AENAICETT 20BN H D726, FHRITITEIRR & RS B,
fili#& (http://www.wien2k.at/order/index.html)
Commercial Users: The standard licence fee (in EURO) for industry and commercial users is € 4000,- .
Governmental Labs: The reduced licence fee (in EURO) for Governmental Labs/Institutions is € 1000,- .
Academic institutions: There is a small cover charge of € 400,-.
VASP (http://cms.mpi.univie.ac.at/vasp/)

BT 2 X JV(PP) EEIR(PWED /S FIEIERTR, RS FE )5t R 7 m 77 o, §HR
PO T, BFEF7120 23 e ROMIERF, MD §HREZ2 SIZmnTnd,

e
2006/9/17 Hf s CARH, #HANEANLIZEEIITHT I v 7 7T A ATE 4000,-FLE 7=~ 7= & JE
WEJ,

BLED & H NIEA =N EES THATI I (BLF, B Web ~<— 10 Hify),
if you are interested in this package please contact Prof. Jiirgen Hafner Juergen.Hafner@univie.ac.at.
PWscf (http://www.pwscf.org/)

PP/PW LD/ NIEIEEHRL, 5 —REL) 78 )Rt 7' m 7' L%y /- —2 ESPRESSO 128 %
NWTWETVASP LT ET N PPDOT A 7 T U 4 MNFEAITIEH > TWEH A, 7272 L Phonon
SRR L MR OF T a v, o, B RES TR YT r 7T A FPMD,
Car-Parrinello {5710 77 A CP, JR IR LK OEART v VOFE T 1 7 7 A atomic &, A
N7 7 A NMEREE 7 2 7 Z 2 PWgui & ESPRESSO (28 LTV E T,
ks

ERE Web "= 2B ML TS IZEN,
CRYSTALOG (http://www.crystal.unito.it/)

Hartree-Fock 1%/% FEPLBIEIEDFT) OB FHEFH 7' 0 77 AT, B L0 1~3 RockEm &%
25, HEERMEL LTiE, Ty ABMBIUILIEGTO) L AT oy VERZ D, WEEREM, T A
OFsFHE), FEFRFIRE), FHEWIEDOF S e,
i %
Unix/Linux or Windows

750.00 Euro Academic, degree granting, institutions

1800.00 Euro Non-academic, non-profit-making government agencies and laboratories

1800.00 Euro Computer centres serving non-profit-making communities

5000.00 Euro Private companies and profit-making institutions
Unix/Linux + Windows

1000.00 Euro Academic, degree granting, institutions

2400.00 Euro Non-academic, non-profit-making government agencies and laboratories

2400.00 Euro Computer centres serving non-profit-making communities

7000.00 Euro Private companies and profit-making institutions

DV-Xa (http://www.dvxa.org/) [DV-Xai%| D& ZM

KE ) = AT =22 2 RF0D DE. Ellis Se4i, FHELRFEORNREIAES DB LIz, oFiul
ARIEODE ST, AL —F =D R EILBE(LDA)E TH D XalkZz -7 LCAO i (I
FHLIEBIEL D — KA S : Linear Combination of Atomic Orbitals) D7 1 275 AT, JRILEREE O
$ & Fock 17413 % ( [Roothaan-Hall 2 : RISk DO — A& 26 5 ITlblik] OFEE B2 & DFF
BT 26D 2 & T RO KD Rz F > T ET,

L FHRENEEISES . 2T - BERFROFENTE D,

11



2. BAERNT %2 LTI iE 2 VTS 728, D70 BL R BISCCHREE O @O VEHRELD AT EE

3. REAEIAEOTZD ., PE T2 B0 2 WO FHE D ATRE

4. FhECIRAEDFH A A EE

5. 727 L, BN X—FHEOBENRZNZERE RN, ZRVXF—|2 X A RE L

AR RN EE, RAEDBURDPED SN TVD,
filfi#&

EHEORCTAFTEET (BVIHZ B, NILO TOBEBFREFE), =W, 1998 4-4)
FRFEAT) o AR— L= 0TI, THER dvscat B RRFRIEABAOFHEI 8] A TTVET (2006 £
9 A 17 HEE),

CASTEP (http://www.comtec.daikin.co.jp/SC/prd/material/index.html)
PR @O PP/PW DR Rig&EFHE 7 1 77 A, Windows CTfff 2 5 GUI(Graphical User Interface)~”
7 77 5Cdh % Materials Studio 23 % 5 DT, BY 0 n3g, FHEE RO R LI & FEF,
ik

BUEOMAKIIH N TWERADT, HAORIEIETH D (41 F 0 T¥] TBEWEDELE

SYTAN
Virtual NanoLabo (http://www.cybernet.co.jp/nanotech/atomistix/product/)
PP/LCAO D —FEE R 7 0 7T L, Z3F- fidh, 2 70 —7 ROFHE L kRO FH R 2 "]
[i1=8
ik

BUEDAIAE IOV TIE, AAROREIEFICEMWEDLELZS W, REJEIL (YA =% |k

(http://www.cybernet.co.jp/)] 72 &, #EHHH £,

Gaussian03 (http://www.gaussian.com/)
Gaussian fE TR SN TV A EHEFEHE 277 A T3, b &b &iT Hartree-Fock 75 & A L—
5 —HYSTO)R A 7 A BEAY(GTO) D IL RIS A > T2 T A ¥ — DB FHIERZ EMIE & 51 A
T2 H DT LA BUETITERERE, B ENEBIESC AR 2 AN T3E BT ET,
Moller-Plesset £ &) (MP)A<CHC & [ 4H A E A (CL: Configuration Interaction)7e & HEL Y AdL 54, Jib
LR BEDFHRREEE A m OO b RFE T,
filfi k&

REYEIZHER L TL 72& VW, HARTIE THIT(http://www.hpe.co.jp/hit/)] 72 E#%cd 0 . HIT /» 5
AT L, AAGFERO TEFHEmRICEDIILFORRK] BOonWTE 7,
http://www.hpc.co.jp/hit/solution/gaussian_price.html (Z T TV AAFIE 2006/9/19 BAETRD L 91
RO TWET (TA B ATBRBIIMIC S ZEH Y £, MORBEE & [F UAliks & IR FHAL),

THTIv I F7A4BV R

Windows kil Gaussian03W 3> 7' /L CPU KT A & 1 = ¥94,500-
Windows fit Gaussian03W O~ /L F 7 a ¥ v H CPU HiKkT A & % ¥144,900-
Windows fifit Gaussian03W D1 K 7 1 & A(Linda > ) ¥919,8000-
B VA AV Sl (e S
Windows fiXt Gaussian03W D> 7 )L CPU ¥k T A & % ¥252.000-
Windows il Gaussian03W D~ /L F 7 & 4 CPU H{LT 1 & ¥504,000-
Windows hit Gaussian03W D1 K 7 A & A(Linda > X) ¥4,536,000-
ARETOTS5 L4

VENUS (http://homepage.mac.com/fujioizumi/visualization/ VENUS.html)
FEEEIE 2 #Rd 27077 L VICS, B HEZFTTSH VEND R ELGLT 0l T LNy
—¥, b& b &id RIETAN-2000 OfEREZFRT 57O SR, BUETIIZ DT r s
FZLOWS ANEWADZMET 0 7T HEloTND,
ks
IEECHEZ ET, ZTOMT A B AZOWTIE, il Web X—V 2B LTSN,
VICS-11 B kR (http://www.geocities jp/kmo_mma/crystal/en/vics.htmll)
VICS DRAN—T 3

i
METHLZET, FOMTA B RIZHONTIE, EEEWeb X—T 2B LT X,
VESTA B AR

VENUS O—f& L THRALKRDOMEH— & A2 K> THRENED LTV D, ik & E15%
12



JElp L MBIIIFIRTE L7 0T T L,
il %
BIRTHT DT, ELEBAILILTHEREA,

XCrySDen (http://www.xcrysden.org/)
WIEN2k,CRYSTAL,Gaussian 72 EDOANS]7 7 A /v 7 7 A Zf, fidbfid, B,
a7 A RRTE D7 a T 5, AXSF 77 A Va5 Z LT, T8, ik
MR EIIBITET = A= a VORRJRL, DT = A—3 9 O MPEG, AnimationGIF 7 7 1 /L
72 E ORI, HER DR FLORRETE D,

(il
ECHXET, TOMTA B RITHOWNTIE, EFE Web X—TU 22 L TS0,
XCrySDen is released under the GNU General Public License.
Whenever graphics generated by XCrySDen are used in scientific publications, it shall be greatly
appreciated to include an explicit reference. The preferred form is the following:
[ref] A. Kokalj, Comp. Mater. Sci., 2003, Vol. 28, p. 155. Code available from
http://www.xcrysden.org/.
p4vasp (http://cms.mpi.univie.ac.at/odubay/p4vasp_site/news.php)
VASP D) At d 571 77 A,
(il
ECHXET, TOMTA B RTHOWNTIE, EFE Web X—TU 22 L T E S0,

GDIS (http://gdis.sourceforge.net/)

D FHIEZRRT 57077 AT, MRIZHLEVE->TOEEADT, m—LX—=TD
UTOHBAEZEIZL TIIZSNY,

1. Support for many common file formats (eg CIF, PDB, XTL, XYZ)

2. Assorted tools for visualization (measurements, ribbons, polyhedral display)

3. Useful manipulation tools, including matrix transformations and supercell construction
4. Powerful surface generation and crystal morphology tools.

5. Diffraction pattern generation and plotting.

6. Animation and movie generation for multi-frame files.

7. Analysis of Molecular Dynamics simulations.

8. Model rendering (courtesy of POVRay)

9. Energy minimization (courtesy of GULP)

ik

EZL TSN,
PWaui (http://www-k3.ijs.si/kokalj/pwgui/)
PWscf D A7 7 A MERKEEY 7 R TT,
fili k&
GPL IZIh» CTWETOT, BETHELXET, ZOMT A AZHONTE, Eid Web <—
BB L TS0,

T, BITSEDY Y
TR OMMETR &
Web Elements :  http://www.webelements.com/
ZERHT —FX—2 FBEFICONTOT—FbHV ET)
Bilbao Crystallographic Server : http://www.cryst.ehu.es/
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VASP Users Manual: Introduction

http://cms.mpi.univie.ac.at/vasp/vasp.pdf

Introduction

VASP is a complex package for performing ab-initio quantum-mechanical molecular dynamics (MD) simulations using
pseudopotentials or the projector-augmented wave method and a plane wave basis set. The approach implemented in VASP
is based on the (finite-temperature) local-density approximation with the free energy as variational quantity and an exact
evaluation of the instantaneous electronic ground state at each MD time step. VASP uses efficient matrix diagonalisation
schemes and an efficient Pulay/Broyden charge density mixing. These techniques avoid all problems possibly occurring in
the original Car-Parrinello method, which is based on the simultaneous integration of electronic and ionic equations of
motion. The interaction between ions and electrons is described by ultra-soft Vanderbilt pseudopotentials (US-PP) or by
the projector-augmented wave (PAW) method. US-PP (and the PAW method) allow for a considerable reduction of the
number of plane-waves per atom for transition metals and first row elements. Forces and the full stress tensor can be
calculated with VASP and used to relax atoms into their instantaneous ground-state.

The VASP guide is written for experienced user, although even beginners might find it useful to read. The book is
mainly a reference guide and explains most files and control flags implemented in the code. The book also tries to give an
impression, how VASP works. However, a more complete description of the underlying algorithms can be found elsewhere.
The guide continues to grow as new features are added to the code. It is therefore always possible that the version you hold
in your hands is outdated. Therefore, users might find it useful to check the online version of the VASP guide from time to
time, to learn about new features added to the code. Here is a short summary of some highlights of the VASP code:

VASP uses the PAW method or ultra-soft pseudopotentials. Therefore the size of the basis-set can be kept very small
even for transition metals and first row elements like C and O. Generally not more than 100 plane waves (PW) per
atom are required to describe bulk materials, in most cases even 50 PW per atom will be sufficient for a reliable
description.
In any plane wave program, the execution time scales like N* for some parts of the code, where N is the number of
valence electrons in the system. In the VASP, the pre-factors for the cubic parts are almost negligible leading to an
etcient scaling with respect to system size. This is possible by evaluating the non local contributions to the potentials
in real space and by keeping the number of orthogonalisations small. For systems with roughly 2000 electronic bands,
the N’ part becomes comparable to other parts. Hence we expect VASP to be useful for systems with up to 4000
valence electrons.
VASP uses a rather “traditional” and “old fashioned” self-consistency cycle to calculate the electronic groundstate.
The combination of this scheme with efficient numerical methods leads to an efficient, robust and fast scheme for
evaluating the self-consistent solution of the Kohn-Sham functional. The implemented iterative matrix diagonalisation
schemes (RMM-DISS, and blocked Davidson) are probably among the fastest schemes currently available.
VASP includes a full featured symmetry code which determines the symmetry of arbitrary configurations
automatically.
The symmetry code is also used to set up the Monkhorst Pack special points allowing an efficient calculation of bulk
materials, symmetric clusters. The integration of the band-structure energy over the Brillouin zone is performed with
smearing or tetrahedron methods. For the tetrahedron method, Blochl’s corrections, which remove the quadratic error
of the linear tetrahedron method, can be used resulting in a fast convergence speed with respect to the number of
special points.
VASP runs equally well on super-scalar processors, vector computers and parallel computers. Presently support for the
following platforms is offered:

— Pentium II, III, IV and Athlon based PC's under LINUX

only the Portland group compiler and the Intel Fortran compiler are supported
(http://www.pgroup.com/ and ftp:/ftp.pgroup.com/x86)
ete...(LL T IE)
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WIEN2k FEATURES

Calcul

http://www.wien2k.at/features/index.html
ated properties
Energy bands and density of states,
electron densities and spin densities, x-ray structure factors,
Baders's "atoms-in-molecule” concept,
total energy, forces, equilibrium geometries, structure optimization, molecular dynamics,
Phonons, with an interface to K.Parlinski's PHONON program
electric field gradients, isomer shifts, hyperfine fields,
spin-polarization (ferro- or antiferromagnetic structures), spin-orbit coupling,
x-ray emission and absorption spectra, electron energy loss spectra
optical properties,
fermi surfaces,
LDA, GGA, meta-GGA, LDA+U, orbital polarization,
centro- or non-centrosymmetric cells, all 230 spacegroups built in

About PWScf

http://www.pwscf.org/about.htm

PWscf can currently perform the following kinds of calculations:

ground-state energy and one-electron (Kohn-Sham) orbitals

atomic forces, stresses, and structural optimization

molecular dynamics on the ground-state Born-Oppenheimer surface, also with variable-cell

Nudged Elastic Band (NEB) and Fourier String Method Dynamics (SMD) for energy barriers and reaction
paths

phonon frequencies and eigenvectors at a generic wave vector, using Density-Functional Perturbation Theory
effective charges and dielectric tensors

electron-phonon interaction coefficients for metals

interatomic force constants in real space

third-order anharmonic phonon lifetimes

Infrared and Raman (nonresonant) cross section

macroscopic polarization via Berry Phase
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CRYSTALOG Program Features

(http://www.crystal.unito.it/features.html)

CRYSTALO6

R. Dovesi, V.R. Saunders, C. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale, B. Civalleri
K. Doll, N.M. Harrison, I.J. Bush, Ph. D {H. rco, M. Llunell
Full Features

Hamiltonians
+ Hartree-Fock Theory
Restricted
Unrestricted
Density Functional Theory
+ Local functionals [L] and gradient-corrected functionals [G]
* Exchange functionals
Slater (LDA) [L]
von Barth-Hedin (VBH) [L]
Becke '88 (BECKE) [G]
Perdew-Wang '91 (PWGGA) [G]
Perdew-Burke-Ernzerhof (PBE) [G]
* Correlation functionals
VWN (#5 parameterization) (VWN) [L]
Perdew-Wang '91 (PWLSD) [L]
Perdew-Zunger '81 (PZ) [L]
von Barth-Hedin (VBH) [L]
Lee-Yang-Parr (LYP) [G]
Perdew '86 (P86) [G]
Perdew-Wang '91 (PWGGA) [G]
Perdew-Burke-Ernzerhof (PBE) [G]
+ Hybrid HF-DFT functionals
* B3PW, B3LYP (using the VWNS5 functional)
* User-defined hybrid functionals
* Numerical-grid based numerical quadrature scheme

Energy derivatives
Analytical first derivatives with respect to the nuclear coordinates and cell parameters
Hartree-Fock and Density Functional methods
All-electron and Effective Core Potentials

Type of calculation
+ Single-point energy calculation

Automated geometry optimization
Uses a modified conjugate gradient algorithm
Optimizes in symmetry-adapted cartesian coordinates
Optimizes in redundant coordinates
Full geometry optimization (cell parameters and atom coordinates)
Freezes atoms during optimization
Harmonic frequencies at Gamma
Anharmonic frequencies for X-H bonds

Basis set
Gaussian type functions basis sets
*s,p,d,and g GTFs
+ Standard Pople Basis Sets
STO-nG n=2-6 (H-Xe), 3-21G (H-Xe), 6-21G (H-Ar)
polarization and diffuse function extensions
16



User-specified basis sets supported
Pseudopotential Basis Sets
* Available sets are:
Hay-Wadt large core
Hay-Wadt small core
+ User-defined pseudopotential basis sets supported

Periodic systems
+  Periodicity

Consistent treatment of all periodic systems
3D - Crystalline solids (230 space groups)
2D - Films and surfaces (80 layer groups)
1D - Polymers (75 rod groups)
0D - Molecules (32 point groups)
Automated geometry editing
3D to 2D - slab parallel to a selected crystalline face (hkl)
3D to 0D - cluster from a perfect crystal (H saturated)
3D to 0D - extraction of molecules from a molecular crystal
3D to n3D - supercell creation
Several geometry manipulations (reduction of symmetry; insertion, displacement, substitution, deletion of atoms)

Wave function analysis and properties
+ Band structure
Density of states
Band projected DOSS
AO projected DOSS
All Electron Charge Density - Spin Density
Density maps
Mulliken population analysis
Density analytical derivatives
Atomic multipoles
Electric field
Electric field gradient
Structure factors
Compton profiles
Electron Momentum Density
Electrostatic potential and its derivatives
Quantum and classical electrostatic potential and its derivatives
Electrostatic potential maps
Fermi contact
Localized Wannier Functions (Boys method)
Dielectric properties
Spontaneous polarization (Berry Phase)
Spontaneous polarization (Localized Wannier Functions)
Dielectric constant

Software performance
+ Memory management: dynamic allocation
Full parallelization of the code
parallel SCF and gradients for both HF and DFT methods
Replicated data version (MPI)
Massive parallel version (MPI) (distributed memory)
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Overview of GULP capabilities

System types
clusters (0-D)
defects (0-D)
polymers (1-D)
line defects (1-D)
surfaces (2-D)
slabs (2-D)
grain boundaries (2-D)
bulk materials (3-D)

Energy minimisation
constant pressure / volume
shell only relaxations (optical)
breathing only relaxations
symmetry adapted relaxation
unrestrained relaxation
constraining of internal and cell coordinates

Newton/Raphson, conjugate gradients or Rational Function Optimisers

DFP or BFGS updating of the hessian
automatic scanning of potential energy surfaces
partial occupancies of sites allowed
Transition states
location of n th order stationary points
mode following
Crystal properties
elastic constants
bulk moduli
Young's modulus
Poisson's ratios
shear moduli
static dielectric constants
high frequency dielectric constants
refractive indices
piezoelectric constants
phonon frequencies
non-analytic correction for gamma point modes
phonon densities of states
projected phonon densities of states
phonon dispersion curves
Patterson symmetry used in k space
zero point vibrational energies
entropy (constant volume)
heat capacity (constant volume)
Helmholtz free energy
electrostatic potential
electric field
electric field gradients
Born effective charges
frequency dependent dielectric constant tensor
reflectivity
Defects
Mott-Littleton method
defect energies
transition states for defect migration
defect frequencies
Fitting

http://www.ivec.org/GULP/overview.html

empirical fitting to elastic constants, bulk moduli, static and high frequency dielectric constants, lattice energy,
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piezoelectric constants, gradients, frequencies, electrostatic potential and structure
simultaneous relaxation of shell positions and radii during fitting
relax fitting - fit to displacements rather than to gradients. This also means that the properties of the relax
structures are fitted
fit to multiple structures simultaneously
vary core/shell charge split
vary all charges
fit QM derived energy surfaces to obtain interatomic potentials
Genetic algorithms for fitting/optimisation
Molecular dynamics
NVE, NVT & NPT ensembles
shell model MD allowed
extrapolation of shells for adiabatic algorithm
Libraries of potentials
option available to have libraries of standard potentials
libraries available for zeolites and metal oxides
zeolites
metal oxides (Bush et al)
metal oxides (Lewis and Catlow)
glasses
metals (Sutton and Chen)
tersoff
garofalini
vashishta
dreiding
streitzmintmire
Shell models
dipolar
spherical breathing
Electronegativity equalisation method
EEM model to determine charge distributions for silicates and organic systems
QEq model to determine charge distributions for all elements
Structure analysis
bond lengths
distances
angles
torsion angles
density and cell volume
Structure manipulation
construct full cell from asymmetric unit
create supercells
File generation for other programs
Marvin input (without surface specification)
XTL files
CSSR files (for Cerius2)
Archive files (for Cerius2/Insightll/Materials Studio)
XR files (for G-VIS)
FDF files (for SIESTA)
HIS files (for After)
FRC files (for QMPOT)
STR files (for DLV)
THBREL/THBPHON input (no longer supported)
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Inorganic Crystal Structure Database (ICSD)
The National Institute of Standards and Technology (NIST) and Fachinformationszentrum Karlsruhe (FI1Z)
(http://www.fiz-informationsdienste.de/en/DB/icsd/index.html)
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RIETAN-2000 D7 —#_X—Z7 7 A )L SPGRIZ2R ETH, ZORENRHV LT L, Z< DY Ialb—ar
70 7T LAOREEHEEDATNZB N TS, ZOREEXZTLILERH Y £,

International Tables for Crystallography

7ok, ZEMREICRE T 5 1E#RI%. [International Tables for Crystallography (% L C International Tables & FE/E
nN2)] EVIARD Vol AICE LD LA THNET, ZERBHSIIHFHEMEN b D EmNb O~ 1-230
DFEFPIRONTWET,

M PO A R T ABICIT ALY — VR EELL ORI T, Bl TIRE
FD7=® . International TablesDFHE S Z LT 5 ONELL HY £¥, £/, kD & 51z, EHEHIZITHE
BOFRERD ZENTE, TNUCLS TEENEDLLLORH Y £3, 2D X 5 7235 121%Origin set 1,
Origin set 272 & & L CHNIZFLHE STV H DT, Origin setDFE 5 LT 2 LE R H VD £77,
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AIRIEV IR I 7 TTESCL

VICS-1I
- EEEEEDRN
- T ANDESR

Ball&Stick View

File  Edit View Help

Polyhedral View

Eile Edit Wiew Help

=10 x|

nZZn30ficif

nZzZn306eit |

Madel

& Ball-and-stick.
 Space-filling
 Polyhedral

£ Wire-frame
 Stick

I~ Show dot surface

Properties
Boundary | Orientation

Al r|+]=]
L v |>»]| -
Step e {100

* Rotate € Select
" Maenify € Distance
" Translate  Anele

;- Rotation modes

& Free rotation

 #round X axis
© #round Y axis
 fround Z axis

" Ball-and-stick
¢ Space~filling

 WWire-frame
" Stick,

[~ Show dot surface

Froperties
Boundary | Orientation

1Al r]+]|=]
L\ VY| »|—
Step (dee [100

@ Rotate (" Select
" Maenify " Distance
" Translate  Angle

~Rotation modes

(% Free rotation

£ Pround X axis
£ Around Y axis
 Around Z axis

R

RS

Space filling
[% T

it View Help

Stick & Dot surface

=10l x|

File Ec
22306t

Madel:
£ Ball-and-stick
& Spaceiling
€ Polyhedral
 Wire-trame
" Stick

I~ Show dot surface

Properties
Boundary | Orientation

Al |+]|=]
L v |>»]| -
Step e {100

(% Fotate " Select

 Magnify " Distance
£ Traslate ¢ Anele

[ Rotation modes

& Free ratation

© #round X axis
© #round Y axis
 #round Z axis

Model
 Ball-and-stick
 Space-filling
 Polyhedral

© Wiire~frame
= Siick,

[¥ Show dot surface

Praperties
Boundary | Orientation

1| a|r|+]|=]
< v|>|-
Step {dee: {100

- Manipulations

* Rotate " Select
© Magnify " Distance
 Translate  FAnele

~Rotation modes

@ Free ratation

© Around X axis
© Around ¥ axis
C Around Z axis

hZZnaeezit |

NI

Y
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VEND

- BYEE (BERENr, ETHEHEOKER) oFR
- T ANVOEBRT 7 AN ~DEH

VASP CEHE L 7-HOMOD I Eh RS %c » B

il B AR 22 A T

| COpen | Save | Image || VICS | Fdn) || Info | Preferences H About I Exit ” | ‘ Open I Save | Image || VICS | 2D || Info | Preferences H Ahout | Exit ||
=10l =0l x| lolx] _lolx

Properties =

General

Isosurfaces

Slices

Unit cell

iodel

Surface type

= amonth shading
" Wire-frame

¢ Dot sutface

¥ Show isosurfaces
[¥ Show sections

I Show model

Orientation

Manipulations ——
Fotate
Magnify

Translate

Rotation modes —
Stepwise

= Drag

 Push

 Click
Free
H axis

W axis

Z axis

£ : VENDOREREIZ. VICS/VICS-IIDOKERE & A L.

i‘a—o

Properties =

General

lsnsurfaces
Slices

Unit cell

Muodel

Surface type

& Smooth shacding
 Wire-frame

¢ Dot surface

¥ Show isosurfaces
¥ Show sections

W Show model

Orientation

Manipulations ——
Rotate

Iagnify

Translate

Rotation modes ——
Stepwise

@stlﬂj Dray (Free rotation)

00A:

View Help

& Drag

" Push

" Click
Free
X axis

Y axis

Z axis

| [440x518] Drag (Free ratation)

= [440x5186] Drag (Free rotation)

I

=lo]

~ Models

[ Show models
I~ Show dot surface

Style: |Ball-and-ztick 'I

— Density Data

¥ Show zections

¥ Show isosurfaces
I Surface colorization
Style

@ Smaoth shading

1 Wireframe

i~ Dot surface

Thterpolation: |1 :I

Properties

Boundary | Orientation

1| a|r|+]=]
LV ]| >»]| -
Step (dee) |450

Manipulations
* Rotate

= Select

" Magnify (" Distance
" Translate  Angle

Rotation modes

& Drag
" Animation

IFrEe rotation vl

PARCHG03730001 vasp  a-1GZ0-100Atoms—finalcif

el L+

Output | Comment
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Dial—LavFER - TRANAREEFHEFE
HHE A (Newton's equation of motion)
k) F(LD)iE o EE) R A SRR AE <
SFEN)FMD)E o BB R A RERYINTIH o TE<
Monte CarloMC)i%:  : Boltzmann/yAfi & JEffE & U C. MRV GITRFER 2 E-> T ZFHE T

)
WY, JRFEEART U AR5 SR TWARIT IR B2y,

EF N (Shrodinger equation)
- RRERA)ITIE « HRBRAOTTIE (BA 1R LT o TR I8, BREBR/XT A — X N 8E)
B AE (BREBRRT A= 2 E L L)
LB
IR 71k : Hiickel?£, CNDOYZ, etc.
F—JRER)H1E - DV-Xai£, Gaussian03, GAMESS, etc.
Ry REHE
TRERIN) 7 1% : Harrison's Tight Binding
R IFRAY 5 Hartree-Focki%(CRYSTALO06), FLAPW/APW{%(WIEN2K),
AR T v ¥ VAV VE(VASP, PWscf, CASTEP),
FLMTO{%, OLCAOV%:

YIEYTT ¥
nFENVHZE

MXDOrto/MXDTricl : ~1800 Jii-1-3&. 20000 A7 v 7" C 2~3 Kffi]
fH, N7 Y LB
GULP :
fifHL, MXDOrto (2% & MD FHEITE#EW 2
WM, A7 v v VR b, FHER - MR - T ) U ete

E—REHE (&)

WIEN2K : ~100 Jii-f-5 C 2~3 H(Unix)

VI LEE L, GE, B S
MEIEREFIEH I XmE @, MHximET A, LDA+U

PWScf : ~100 J5i->% CHUFFH (Unix)
ffiHL, Ed, PP 3B (— AR eR Ch LR L)
HEEEFET R, MD ete.

VASP: JFETIZ & A E PWSef &[A U (Unix)
flfH, El, PP A (1T & A EHioTW15D)

REEREFIFS, MDetc. LDA+U % OK ?

CASTEP: ~100 J5i+% T 1~2 H (Windows, Unix)
WHIEAME, U, PP > T\ 5, &l
HEEREFNGHEL, MD, sX 72 212 X Db IRiEFH 5L

E—REHE (V53RX45—)

DV-Xa. : ~100 JF-1-3& CERERE] (Windows, Unix)
L, @, =L F — K
TRV X—HERT, I ENBEEK ete.

Gaussian03 : FHHEBHE X RH, DV-Xa & [FREH ? (Windows, Unix)
L, PRRBRIED D ab-initio £ T, FMIMEASRMEEZ AN LD
MEEREFN, FhECIRAE, HRED etc.
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CIF 274ILDER

CIF 7 7 A /W% [Crystallographic Information File| OB T, fEftE&Ez > YV 7 MU =7 D% TRiAir
H, HEEHLNTEL2En0, FEEOLBET 7 A LERZRoTHET, TThH, Z<DTRrTT
L THEA R EOMIET — 2 2PV D 7256, CIF 77 A v &5 X212 % LEMTT,

PLF, CIF 77 A NVOEBERES T2 28 LT L E 9, MARCSCHEALE TARE, BAE I2E £
AT ER L, EHBE LR ALEPCDNDIHFROEENETR, ZNDIIEROTOIZIERERE
FELTWDHHEDOTT,

CIF 7 7 A VOERIT, THELF—TU— RFN& TS T DIEOMAE DT> TWET, 70,
JAJERED X 51, REFEBOBEDMENH H85E . loop F—T— RIZk->T, ZHITH D WO F—
J—R&ZROT5HET, MR LFEAALET,

ZD XD RFIEEDT O, CIF 7 7 A MiE, fEdEET — 2 120 Lo Tuniens o Tlidi
WZ L EEEXRITRBEET,

_chemical name_systematic 'Sodium Polyaluminate * - Beta' &4

_chemical_formula_sum 'A122 Na2 034' HEEK

_cell length a 5.593 FeF B

_cell_angle alpha 90.

_symmetry _space_group name H-M P 63/mmc' RO~V —F—H Rl
_symmetry Int Tables number 194 International Tables D 5

_atom_type symbol
_atom_type oxidation_number

A3+ 3 A > OFEEE & A E AT
loop_ STFAERE T T T 2 2R WS 2R A 720 2 E <

_atom_site_label

_atom_site_type symbol

_atom_site_symmetry multiplicity

_atom_site Wyckoff symbol

_atom_site fract x

_atom_site fract y

_atom_site_fract z

_atom_site_occupancy

Nal Nal+2d 0.6667 0.3333 0.25 1. JRFNVEIC—BERNCIE SN2 T~ UL A 4 OFEFE,
ZEE, VA a7y, BExyz, HAE

All A13+2a0001.0

Al2 Al3+4 £0.3333 0.6667 0.022 1.

Al3 Al13+ 12k 0.3333 0.1667 0.106 1.

Al4 Al3+4 £0.3333 0.6667 0.178 1.

01 02-12k 0.1667 0.3333 0.05 1.

02 02-4£0.6667 0.3333 0.05 1.

0302-4¢000.144 1.

0402-12k0.50.50.144 1.

05 02-2¢0.3333 0.6667 0.25 1.
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274 ITA—T VDL

V7 =T
VICS-II

VEND

VESTA

FLARIABFIRET 7 A IV

VICS (.vcs)
AMCSD (.amc)
Chem3D (.ccl)

CIF (.cif)

Crystal Maker (.cmt)
CRYSTIN (.cry)
CSSR (.cssr;.css)
FDAT/CSD (.fdt;.csd)
GAMESS (.inp)
Gaussian Cube (.cube;.cub)
ICSD (.ics)

MDL mol (.mdl)
MINCRYST (.min)
MOLDA (.mld)

PDB (.pdb)

RIETAN ins (.ins)
VASP (.vasp;.vas)
WIEN2K (.struct;.str)
XCrySDen (.xsf)
Xmol xyz (.Xyz)

asse (.asse)

SCAT (f01)
MXDOrto (file*.dat)
FEFF input (.inp)

PRIMA (.prim;.pri)
MEM (.den)
Gaussian Cube (.cube;.cub)
MacMolPlt (.mmp)
SCAT (.scat;.sca)
VASP (.vasp;.vas)
VEND 3D (.*ed)
WIEN2K (.rho)
XCrysDen (.xsf)
Energy band (.eb)
VEND (.vnd)

Structure data
VESTA (.vesta)
VICS (.vcs)

AMCSD (American Mineralogist Crystal

Structure Database) (.amc)
asse (.asse)
Chem3D (.ccl)

EEXHLAREZ 74 v

Wi — 5

CIF (.cif)

PDB (.pdb)
RIETAN-2000 (.ins)
XYZ (xyz)
Chem3D (.ccl)
VRML (.wrl)

Eigr—5 (v bvy?)

BMP (.bmp)
EPS (.eps)
JPEG (jpg)
JPEG2000 (.jp2)
PNG (.png)
PPM (.ppm)
RAW (.raw)
RGB (.rbg)
TGA (.tga)

TIFF (.tif)

EBT—5Z (R F—)

EPS (.pps)
PDF (.pdf)
PostScript (.ps)

T —

CIF (.cif)

PDB (.pdb)

RIETAN-2000 (.ins)

XYZ (xyz)

Chem3D (.ccl)

VRML (.wrl)

XTALDATA (.txt)
Fractional Coordinate (.txt)
Moldy input (.in)

GULP input (.gin)

Efg7T—4% (Ey h=v)

BMP (.bmp)
EPS (.eps)
JPEG (jpg)
JPEG2000 (.jp2)
PPM (.ppm)
RAW (.raw)
RGB (.rbg)
TGA (.tga)

TIFF (.tif)

EgT—5Z (R F—)

EPS (.pps)

Structure data

VESTA (.vesta)
Chem3D (.ccl)

CIF (.cif)

DL POLY CONFIG
PDB (.pdb)
RIETAN-FP input (.ins)



XCrySDen

CIF (.cif)

Crystal Maker (.cmt)
CSSR (.cssr;.cs8)
CSD/FDAT

DL POLY CONFIG
FEFF input

ICSD (.ics)
ICSD-CRYSTIN (.cry)
MDL MOlfile (.mdl)
MINCRYST (.min)
MOLDA (.mld)

PDB (.pdb)
RIETAN-FP input (.ins)
RIETAN-FP output (.1st)
WIEN2K (.struct)
XMol xyz (.xyz)

SCAT (fo1)
SCAT/contrd (C04D)

MXDORTO/MXDTRICL (FILEO7.DAT)
MXDORTO/MXDTRICL (FILE06.DAT)

XTL file (.xtl)

3D pixel data

PRIMA (.pri;.prim)
MEED/PRIMA text data (.den)
DV-Xa (.sca)

WIEN2k (.rho) by wien2venus.py

GSAS fourier map (.grd)
VEND 3D (.7ed)

Energy Band (.eb)
Structure & 3D pixel data

GAMESS input and 3D surface data output

by MacMolPlt

Gaussian Cube (.cube;.cub)
VASP (.vasp;.vas)
XCrySDen XSF (.xsf)

XCrySDen structure (.xsf)
Animation XSF (.axsf)

B XSF (Fermi surface etc.) (.bxsf)

XCrysDen Script

XYZ (xyz)

PDB (.pdb)

Gaussian Z-Matrix
Gaussian98 Output
Gaussian98 Cube (.cube)
PWscf input

PWscf output

FHI98MD (inp.ini)
FHI98MD (coord.out)
WIEN2K struct (.struct)
WIEN2k Calculated Density
WIEN2k Select k-path
WIEN2k Fermi Surface
CRYSTAL-98/98/03

Xmol XYZ (.xyz)
VRML (.wrl)
P1 structure

3D pixel data

VEND 3D (.?ed)
GSAS fourier map (.grd)

Graphic formats (raster image)

BMP (.bmp)
EPS (.eps)

JPEG (jpg)
JPEG2000 (.jp2)
PNG (.png)
PPM (.ppm)
RAW (.raw)
RGB(SGI) (.rbg)
TGA (.tga)

TIFF (.tif)

Graphic formats (vector image)

EPS (.pps)
PDF (.pdf)
PostScript (.ps)
SVG

HiET—5

XCrySDen structure (.xsf)
CRYSTAL-98/98/03 Input
WIEN2K struct (.struct)

EgT—5 (N7 F—)

MPEG
Animation GIF
Z Dl 2



ANJ17 7 A4V
CIF

Rietan2000:
ANT17 7 A Jv(*.ins)

Rietan2000:
7 7 A (xlst)

WIEN2k: H 5
DV-Xa: H A
DV-Xa: /)

Eao—
o hihkEE

Hh7 7 A
VRML

Pov-Ray

Rietan A J] 7 7 A JL(*.ins)

ESPRESSO(PWScf)
ANF17 7 A Jv(*.inp)

WIEN2k A J] 7 7 A JL(*.struct)
GULP O AT]7 7 A /v (*.glp)
Gaussian03 DA ST 7 7 A )V
PDB 7 7 A JV

Chem3D 7 7 A /L (*.ccl)
XYZ 7 7 AV
CIF

CIF

i

VEND HE# &
VEND HE 1%

Gaussian .cube

o

>

VICS / VICS-II (VESTA)

XCrySDen
p4vasp

ATOMS ()
o i, ETEE

VEND(VESTA)
XCrySDen
p4vasp

GDIS

GaussView (FEH)

& T
p4vasp

33

Jiik
VICS/VICS-II
ATOMS

ATOMS
Web/CGI

VICS/VICS - 11
PWGui

w2web
VEND
GaussView

VICS/VICS-II
ATOMS
MS Modelling etc.

VICS/VICS-1I
VICS/VICS-II

VICS/VICS-II

RIETAN-2000 #sf+ @ Ist2cif.exe

ins 77 ANVEEHTHILOITL,

VICS/VICS-II Tt iAte
wien2venus.py
contr3d

contr3d+contr3dconv



LM BEATAHELES

3RILT —# % VEND/VESTA TRIULT S : FRFOKEREEZH#NTH LD
1. mﬁﬂ#ﬂ%&774w®%ﬁ%%&éo
2. ZZTldvasp 77 ANEMENET (LLF, #0266 F 517X A M TATI LR,
# AL b, T THL
Electron density for Z=5.0, n=4, 1=3, m=1
#Z 2B LIESIEBE LR (KEkDvasp 7 7 A LTk, fEmmfEEEEAEINTOET)

10.000000
1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000
1
Direct

0.500000 0.500000 0.500000
#IRTTA v 2 D
51 51 51

#51x51x51 DT, THEND XYZ S8BT D50l 2 <
0.0053602  0.0052114  0.0049173 0.0044547 0.0038008  0.0029338  0.0018349 0.00048853 -0.0011154 -0.0029807
-0.0051035 -0.007471 -0.010061 -0.01284 -0.015766  -0.018785 -0.021836 -0.02485 -0.027753 -0.030469
-0.032922  -0.035042  -0.036763  -0.038034  -0.038813  -0.039075 -0.038813  -0.038034 -0.036763  -0.035042

e D35<L

3. FRLEVEZFRELC, ETHITLEERICH Y 77 ANVEELZ T 07 T 2 %ED £7,
Lo+ 1X.vasp IZ L E T,
4. {E-7=7 7 A V% VEND & 5\ % VESTA Tt dAHE T,

T DI, VESTA THIHGEDO - 20760 T, AR, hoiEoiezikx L=t 0T,

=101 %]

File  Edit  Wiew He\p

dfxBz2-r2ivasp
- Madels:

™| Show models
™| Show dot surface

Style: |Ball-and-stick

r Density Data
[¥ Show sections

¥ Show isosurfaces
T Surface colorization
Style

+ Smooth shading
 Wireframe

£ Dot surface

Interpolation: [1 =

Properties
Boundary QOrientation
1| Al r]+|=]
LY |>»|—-
Step (deg.)ldED—

Manipulations
(¢ Rotate " Select
" Magnify " Distance
" Translate © Anele

Rotation modes

@+ Drag
" Animation

Free rotation =

Output [Comment |
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DV-XaC, KM R0OKEIREEZHEAET S
JRT- IR A A VB (v —TFT N T RT vy ) BEZTC, VITAX—FOEBEFEENRED LD
WCEDLDHNERTHAEL L D,

U IO KBRSV TR V=T N T RT VX NEEZITCEEDA LT OB E A A B OEL
Si MEEBEN TS <IEE, 383p Ny RBIENRD 7 TAX—IDA F L OEWE A A HHEHEEZE 272 & EDENOELE TN D
6 vs. ionic distance vs. ionic distance
r VS. Ztice (with Madelung potential ) (without Madelung potential)
r 20 2
4r Ca 4
[ Ca 4p| adp
t Si 3p 10 %cm 10F K‘_\ 10F casp
2 F / Ca%}\ gﬁ%
L Cads
[ — I o = |
% ol z " S EREE z O ow
~ 0F >-10F =-10f 210}
> [ 5 oy o’ | & 0T —— |
<y r 2 2 2
B _2 r m -20 / ca3d @ -20 | Ca 3p\ m 20 catp
a r I
82} 4 F 30F 301 -30
[ : Si 3s a3 Ca3s
: -40 o ass -40 \ A0 cass
-6
: -50 : : 50 bttt -50 Lot
r 2 N @
85 NP -
: 51 Z1f 21t \\R\\
_10 [N NN TN NN NN TN NETE N 2 2 2
0 § 0 L L = 0 L L L L L =) 0 L L L L L L L
123456738 0 T 2 200 12345678 — 012345678
Charge of lattice ions / € Charge of lattice ions /e Tonic distance / A Tonic distance / A

CASTEP C, Na Of#8R)72 1 RTitdh D EFHIE % R 5 (HOMO)
Na JFFRIHERER 428 KV /NEL 22 LHBIBEKOEL D AREL ALY, BEFRAHRIRLT RN

BTENET, . . . . . .
& A AA

CASTEP T, Si DEF ¢ EADERE RS

Si Dk P IEFLORE H(HOMO) T DRE K (LUMO)
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7.0
60 / 0000000
50 [CRCRONORORONO]
o L ||l 0000000
3.0 > OO0OO0OO0OO0O0O0 E%%
20 O000O0O0O0

1.0

M /(> Xy T
i

-1.0
20 000000

- - -

:3.0 . T 0000 ﬁﬁ%%

DIR)LF—

-4.0
-5.0

}EHP -6.0
-8.0
-9.0

! N T
L r AL ] Yy
T re SR
M, b
-100 N
-11.0 AR
120 <

W L A T & XZWK

CASTEP T, B{kMDOMETFE LEEFE RS

ZnO OAE -4

HOMO O2p LUMO Zn4s+02p
AL OMEFH (ELORERK) 1XEEO 2p #IE
REH (BTOMER) TECERA A0 s #lE WHEIC X > THEE & DRI
(REAOSHUIIRE VEF OFRE RTINSV, M FH O HIT/ SWEEFLIZE )
Sno, In,O,4 Zn0O

&0 &0 120

o \f = |

s D v &AW
%iﬂ§> <::t: /:: 20N\

P
o0 ] 20 :::
P10 — 10 0
0.0 20
1 10

NANS N
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RIETAN-2000

¥ B =
S Ol S A MM R T o BB L st

e Rl . 16254 (2002

RIETANUESEHA A K (1) AHAZ 71V

W - srEEER WEERS R BhR

Fujio IZUMI: A Guide wo Full Utilization of RIETAN, Input and Output Files

RIETAN-2000/2001T are connectad with scveral related programs via a variety of text
files for cooperative crystallographic computation and visualization. Contents of input and out-
put files of RIETAN are explained for its full wtilization. The knowhow of measuring reliable
powder diffraction data recorded in *.int and parts of data in the vser-input fle, *.ins, are de-

scribed particularly in detail.

1. [ ZE®HIS

EEHMHRF - T4 v F 4 P - AT L RIETAN-
0004 {2 3EL E R AR o THMLRELS
SEM L, 2000 Iz —= T T ELTY
U=—ALEFLAS ZhT—fHEErLBvi e XR
i, Mac 05 ¥ Windows HOEGEFOLGAZ T RO
{80, &= L= 0 OITHE, BE» DS, RIETAN-
2000 TR LRI E AR AR KRR A S EE
SR FnEE TR E LORESOMES EioiTR
EfAZEIZAnE LT EREES S 2E0E A
#, 8 bR e U BR T RIETAN-2000
FRALTHCEREBEE L CEIORETTISNE
HAi Bun—-gElEaTeET .

B0, 2000 EMERIDE, A0 2B HETEKENS AR
FTHEM {time-of-flight © TOF, B4t TBHFERE Vesa
F Sirins Ao i@l Lo — el PR TR ST L
RIETAN-2001T A4HI L £ L= " RIETAN-2000 (25T &
2T H T & RIETAN-96T® (BN A foed A +—F =0 Y/
BT, RIETAN-2000 (222 B igmsmEsn Tk
T4, MERETHE LI F— 2 G (HAShTE
h, & nfRRRIIERLTvET, BT, RIETAN.
2002001 T b ET B A £k b S IERIETAN &2
T EfELTEEE L.

R OEREIL, OpenGL 84E L oS AMiE L &1 -
WETEO DR EATRIE AT L VENUS % RIETAN @
Bl 7 bk LT S, 2002 96 HIZ Webh LT
MLf-z bt TALTOEREE0A= FETY AL
HERELCEFTALEEIIEREYMEL22& 0 £+,
VENUS |22 20857 L2500 77 L VICS & VEND A5
LaTiED, VICS LR T, VEND R - SR T
RBedd TRV EE G PCRECE LTINS AT
B LA E RIETAN L=+ =3 17 7 4 L *ins 428 . T
b0 i (Maximum-Entropy Method © MEM) 707

T4k

39

S 4 MEEDU TEE L 28T - HEE 0T« f Atden T
EESATFETEEIS o0, HREEIIINL, MPF
[MEM-hased Patiern Firing) #2425 0 g LT
RS AR A AR T HE T A BT A
S I B0 R SR maE - e BFEoR s
scalability ¥ defafd i o7 0 — V7 b e TiEES
(ZHAF D A RIETAN M —H— [ Tk
EEREENTFE - #E e Ae~DI? 3 20 R
W E L THFEEREEINLET 0T, RIETAN (13RS
A E T RIS AR E T,
WAL SRR F 7o 2T R EvIL Lt
EoP| Rt BEEFRALZ IR ATL LA

2642, MEED (240 38 E @& MEM BT T R
LERSEEICRLILEFELTESET A Fd
P2 TR LT AL DT MPFESIZE
LEdmEREloL—F T2z e R T L
EATR D E4E AL

Bl 7 b ATEY L, RIETAN-2000 4 5L & -
R T, AT TSR ET & 1D RIETAN DI ifliE
EE TOERENAOEAERSLBbRET £
T, RIETAN 2 7 M S ERT: 2@z h
FEELHEE L 2T R I L b b EnA LD
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Fujio IZUMI: A Guide to Full Utilization of RIETAN, Information Obtained from Powder

Diffraction Data

The most important purpose of Rietveld analysis is the refinement of lattice and structure
parameters. In addition, we can obtain geomertric data (in wen, bond valence sums) | magnetic
moments (neutron diffraction’ . crystallite sizes, microstrains, and mass fractions. They are briefly
described so that one can gain a better understanding of the information extractable from

powder diffraction data.
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Fujio IZUMI: A Guide to Full Utilization of RIETAN, Three-Dimensional Visualization
of Electron- and Nuclear-Density Distribution

The combination of RIETAN-2000 and a new MEM analysis program PRIMA enables us 1o
represent crystal structures with densities of electrons (X-ray diffraction) or coherent-scattering
lengths (newtron diffraction! instead of structure parameters in Rietveld analysis. We have
devised sophisticated methodology named MEM-hased pattern fiing, where whole-pattern fitting
and MEM analysis are alternately repeated to reduce the bias of a struetural model in Ristveld
analysis as much as possible. Applications of MPF to some compounds will be demonstrated.
A 3D visualization program VENUS serves to display and manipulate eleciron and scattering-
length densities, clectrostatic potentials, wave functions, and so forth,
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Abstract. A multi-purpose pattern-fitting system, RIETAN-2000, has been extensively utilized to
contribute to many structural studies. It offers a soplusticated structure-refinement technique of
whole-pattern fitting based on the maximum-entropy method (MEM) in combination with a MEM
analysis program PRIMA. We have recently completed a successor system, RIETAN-FP to
RIETAN-2000, adding new features such as standardization of crystal-structure data, an extended
March-Dollase preferred-orientation function, and auwtomation of imposing restraints on bond
lengths and angles. Further, we have been developing a new three-dimensional visualization system,
VESTA, vsing wxWidgets as a C++ application framework. VESTA excels in visualization, render-
ing, and manipulation of crystal structures and electronnuclear densities determined by X-ray/
neutron diffraction and electronic-structure calculations. VESTA also enables us to display wave
functions and electrostatic potentials calculated with part of these programs.

1. Introduction

A multi-purpese pattern-fitting system, RIETAN-2000 [1], has been extensively utilized to
contribute to many structural studies since its release in 2000. It offers a sophisticated structure-
refinement technique using the maximum entropy method: MEM-based Pattern Fitting (MPF) [2-4].
MPF 15 an alternative to a classical approach, ie., Rietveld analysis, to structure refinement from
powder diffraction data. Crystal structures are, in practice, represented not by structure parameters
in Rietveld analysis but by electron and nuclear (coherent-scattering length) densities in MPF. An
ultra-fast MEM analvsis program, PRIMA [3], n a three-dimensional (3D) visualization system
VENUS [5.6] 15 used for MPF in combination with RIETAN-2000. MPF is capable of modeling
disordered atomic configurations, chemical bonds, nonlocalized electrons, and anharmoenic thermal
motion more adequately than the Rietveld method. For example. atomic arrangements of K clusters
incorporated in c-cages of K-LTA [7]. disordered distribution of H20O molecules, and H;O™ and Na~
ions between two CoO; layers in superconducting Nagss(H;0)p257Co04-1.19H,0 [8]. and
diffusion paths of mobile Li” ions in LagsLio16TiOs [0] have been successfully clarified by the
MPF method.

More than 450 papers reporting results of structure refinements with RIETAN-2000 have been
published since ifs release m 2000. However, further revision 15 indispensable for maintaining the
momentum of RIETAN-2000 and extend its expiration date. We have recently completed a
successor system, RIETAN-FP to RIETAN-2000, adding several new features that will be
introduced shortly in sect. 2.

Crystal structures and spatial distribution of electron and nuclear densities determined by MPF

74



should be understood three-dimensionally. VICS and VEND in the VENUS system [5.4],
respectively, allow us to visualize crystal structures and electron/nuclear densities by making full
use of OpenGL technology. VEND also serves to display results of electronic-structure calculations,
¢.g., electron densities, wave functions, and electrostatic potentials.

VICS and VEND have some limitations in their features. The graphical user interface (GUT) in
VICS and VEND is not very user-friendly and rather old-fasluoned because the combination of
GLUT and GLUI, which have not been wpgraded anymore, was adopted to build it. With these two
programs, objects are somewhat slow in their movements owing to unrefined programming. To
overcome these problems, we have recently integrated VICS and VEND into a next-generation
system VESTA Details in VESTA will be described in sect. 3.

2. RIETAN-FP
Representative new features implemented in RIETAN-FP are listed as follows:

1) The Case construct in a preprocessor, Tink, to convert standard input files, #.ins.

2) Double nesting of Case and If constructs in Tink.

3) Introduction of eleven coefficients info an approximation fo atomic scaftering factors as a
function of sind/A [10].

4) Standardization of crystal-structure data with STRUCTURE TIDY [11].

5) Generation of reflection indices and multiplicities with LAZY PULVERIX [12].

§) An extended March-Dollase preferred-orientation function, ie., a linear combination of three
March—Deollase functions.

7) Automation of imposing restraints (soft constraints) on bond lengths and angles using a file,
= ffe. output by ORFFE [13] for calculating geometrical parameters.

8) Quantitative X-ray analysis correcting for microabsorption according to Brindley's procedure
[14].

9y Quantitative X-ray analysis of samples containing amorphous phases by addition of a weighted
internal-standard sample [13].

Thanks to these new capabilities, RIETAN-FP 13 expected to survive, at least, in the next decade. In
what follows, only feature 7, which is particularly useful when analyzing diffraction data of organic
compounds, will be described in more detail.

On the use of feature 7, a chemical species + a serial number, e g, Fel, Ti2, and O3, are input
for each sife 1n *.1ns. The ‘chemical species’ 15 alphabetical characters at the top of a site name and
not related to any elemental symbols. Such a manner of giving site names has an advantage that we
can distinguish two or more chemical species with different bond lengths by adopting site names
such as Car {C within an aromatic ring), Ct (tetrahedral C). Ctr (C with triangular coordination), Alt
(tetrahedral Al). and Alo (octahedral Al).

Each restraint is specified by inputting names of chemical species, minimum and maxinmun
geometrical parameters, expected value of the geometrical parameter, and an allowance for the
geometrical parameter. Geometrical parameters whose values lie between the minimum and
maximum ones are selected from * ffe and restrained with expected values and allowed deviations.
The minimum geometrical parameter is required to reject extraordinarily short bonds in split-atom
models.

When P-0O bond lengths and O-P—0 bond angles are respectively restrained within (1.50+0.08)
A and (109.47 = 6)°, restraints are given as follows:
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If LPAIR = 1 then
A "B 1_min 1_max l_exp Allowed dew. {
B0 1.3 1.7 1.5 @.@08

1
]

cnd if

If LTRIP = 1 then
A" TR LT phi_min phi_max phi_exp Allowed dew. {
A A T 599.47 119.47 189.47 6.9
}

end if

where LPAIR. and LTRIP are flags to specify whether restraints are antomatically generated for
bond lengths and angles, respectively.

RIETAN-FP with feature 7 is suitable for Rietveld refinements of compounds containing many
atoms in asymmetric units, for example, organic compounds. In such cases, least-squares solutions
are often trapped in local minima near initial fractional coordinates even if we adopt Rietveld
analysis using a basically correct structural model, imposing constraints or restraints on geometrical
parameters. The conjugate-direction method, which 1s one of the fastest direct-search method,
implemented in RIETAN-FP makes it easier to escape from local minima in combination with
feature 7.

In nearly all reanalyses from X-ray powder diffraction data of organic compounds distributed on
the Web with RIETAN-FP, reliability indices have been improved more or less. On further use of
MPF [2-4], reliability indices, in particular Rg and Ry based on integrated intensities, decrease
dramatically. Table 1 lists results of reanalyses of two organic compounds from synchrotron X-ray
powder diffraction data [16,17]. Reliability indices were appreciably improved by reanalyzing them
by the Rietveld and MPF methods with RIETAN-FP and PRIMA [3].

J.VESTA

VICS and VEND [5.6] were thoroughly rewritten in the C++ langunage to integrate them into
VESTA (Visualization for Electronic and STructural Amnalysis). During the course of the
programming, we eliminated various limitations in their features and added new capabilities. We
employed wxWidgets [18,19] as a cross-platform C++ application framework to create a new
state-of-the-art GUIL. VESTA runs on Windows, Mac OS X and Linux. For each platform, both 32-
and 64-bit applications will be distributed.

VESTA is quick in action; in particular, searches for bonds and calculations of isosurfaces are

Table 1 Reliability indices (%) obtained in Rietveld refinements and subsequent MPF
analyses (in parentheses) from two sets of synchrotron X-ray powder diffraction data.

Compounds Rap Rz Ry Ref.
[CH(CH)ECso 105 265 17.6 [16]
[Cr(C7Hg)}Coo 6.77 (6.61) 4.03 (1.87) 391(233)  This work
D-Sorbitol 438 1.66 218 [17]
D-Sorbitol 248 (2.44) 0.88 (0.44) 109(049)  Thiswork
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much faster with VESTA than with VICS and VEND because of significant improvements in
algorithm. VESTA makes it possible to deal with a practically unlimited number of objects such as
atoms, bonds, polvhedra, and polvgons on isosurfaces. Multiple windows are supported, and
multiple files can be opened in each window to which tabs corresponding to the files are attached.
Various kinds of information are oufput to the bottom area, where comments can be input after
clicking the comment tab.

VESTA can read in files with 35 kinds of formats such as CIF, ICSD, and PDB and output files
with 11 formats such as CIF. PDB, and Mol XYZ. Users of RIETAN-FP will be pleased to learn
that =.ins can be both input and output by VESTA. VESTA has a feature to convert general
equivalent positions from conventional to non-conventional settings with a transformation matrix,
which is also used for (primitive lattice)—{complex lattice) conversions and for creating super-
structures. When saving a text file with a VESTA format, VESTA records not 3D pixel data but a
file name preceded by a relative path. Consequently. the size of the resulting file 15 so small as to be
saved promptly. VESTA also allows us to export graphic files with 14 image formats including 4
vector graphic ones.

VESTA represents crystal structures as ball-and-stick, space-filling, polyhedral, wireframe, stick,
and thermal-ellipsoid medels. Ball-and-stick, wireframe, and stick models can be overlapped with
dotted-surfaces corresponding to van der Waals radii. We can insert a lattice plane of adjustable
opacity and move it by dragging it with a mouse.

Selection of objects (atoms, bonds, and coordination polyhedra) provides us with a variety of
crystallographic information:

1) fractional coordinates,

2) symmetry operations and translation vectors,

3) site multiplicities plus Wiyckoff letters derived by STRUCTURE TIDY [11] embedded in
RIETAN-FP (for some file types)

4) interatomic distances, bond angles. and torsion angles,

5) information on coordination pelyhedra including volumes, Baur's distortion indices, quadratic
elongations, bond angle variances, bond valence sums of central metals, and bond lengths
expected from bond valence parameters [5,6].

VESTA cooperates closely with RIETAN-FP and ORFTE [13], making it possible to locate
bonds and bond angles in = ffe output by ORFFE on a graphic window. When = ffe shares the same
folder with the current file, the Geometrical Parameters dialog box lists interatomic distances and
bond angles recorded in * ffe. On selection of a bond (2 atoms) or a bond angle (3 atoms), the
corresponding object in a ball-and-stick model is highlighted, and vice versa. Thus, atom pairs and
triplets associated with geometrical parameters on which restraints are imposed in Rietveld analysis
with RIETAN-FP are easily recognized in the ball-and-stick model. In addition, if we select an
atom in the asymmetric unit in the Vectors dialog box, the corresponding object in a ball-and-stick
model is highlighted, and vice versa.

Electron'muclear densities, wave functions, and electrostatic potentials are wvisualized as
isosurfaces, bird’s-eve views, and two-dimensional maps. Physical quantities, 2 g., wave functions
and nuclear densities having both positive and negative values can be expressed by isosurfaces with
two different colors. VESTA has a feature of surface colorization to show anether kind of a
physical value at each point on isosurfaces. A typical example is to colorize isosurfaces of electron
densities according to electrostatic potentials. In this case, blue and red colors are assigned to
minimum and maximum potentials, which makes it easier fo recognize differences in potentials at a
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Fig 1 A composite image of isosurfaces of the 64a;; orbital and a ball-and-stick model
for the [Cd{SMm(Hnta]z.}z]q_ ion [20]. The wave function was calculated with
DWVSCAT [21]. The isosurface levels of the wave function were set at 0.001g,7"
(vellow) and —0.001a:™>? (blue).

certain electron-density level

As Fig. | illustrates, translucent isosurfaces can be overlapped with a structural model. The
opacity of the isosurfaces is calculated with a linear combination of two opacity paramefers to
improve the visibility of both isosurface outlines and an internal structural model. In the case of Fig.
1, the two opacity parameters were set at 10 % and 100 %a. Lattice planes may be further inserted
to display two-dimensional distribution of the same physical quantity.

Drawing boundaries are defined by ranges along x, 3, and z axes as well as lattice planes. We
usually prefer that coordination pelyvhedra whose central atom is situated within the boundaries are
not omitted. For this purpose, we must search for bonds by checking “Beyend the boundary™. If
bonds in an organic compound are generated in the “Search molecules™ mode with at least one atom
included within drawing boundaries, the entire atoms of a molecule are automatically searched in a
way sinular fo reiterative-convoluting spheres in ORTEP-IIT [22].

Boundary sections and lattice planes are colorized on the basis of pixel data. The saturation level
is specified as (a) a value normalized between O and 100 corresponding to the minimum and
maximum values, respectively, and (b) a value corresponding to raw data. The two kinds of data are
colored with blue and red assigned to the minimum and maximum data, respectrvely. When
“Absclute value” is not checked, we can distinguish positive and negative values, assigning
different colors to them.

The quality of rendering objects such as isosurfaces. sections, and lattice planes in VESTA 15
much higher than that in VEND. VESTA displays very smooth isosurfaces and generates neither
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artificial lines on colored isosurfaces nor improper colors on boundary sections or lattice planes.
Therefore, VESTA permits high-quality rendering with a relatively small number of pixels.

With all the advanced features and high performance described above, VESTA is expected to
contribute many investigations of crystal and electronic structures. It will act as a ‘mediator’
between structure analyvsis and electronic-structure calculations. We will polish it up further fo
malke it more useful and more powerful.

Acknowledgments

We wish to thank Takuji Ikeda of ATST and Genta Sakane of Okayama University of Science for
providing us with the results given in Table 1 and Fig. 1, respectively

References

[1] F. Izumu and T. Tkeda: Mater. Sci. Forum 321-324 (20007 198.

[2] F. Izumu and T. Tkeda: CPD-IUCE Newslett. No. 26 (2001) 7.

[3] F. [zumi and R A Dilanian, in: Recent Research Developments in Piysics, vol. 3, part 1L, pp.
600-726, Transworld Research Network (2002).

[4] F. Izumu: Solid State Ionics 172 (2004) 1.

[5] F. Izumu: Rigaku I 36, No. 1 (2005) 18.

(6] F. Izumi and B A Dilanian: CPD-IUCT Newslett. No. 32 (2005) 59

[7] T. Ikeda, T. Kodawa, F. Tzumi, T. Ikeshoqi and K Oikawa: J. Phvs. Chem. B 108 (2004)
17709,

[8] K. Takada. K. Fukuda. M. Osada, I. Nakai, F. Izumu. R.A. Dilanian, K. Kate, M. Takata, H.
Sakurai, E. Takayvama-Muoromachi and T. Sasaki: I Mater. Chem. 14 (2004) 1448,

1 M. Yashima, M. Itoh, Y. Inaguma and Y. Morii: J. Am. Chem. Soc. 127 (2003 3491,

[10] D. Waasmaier and A. Kirfel: Acta Crystallogr., Sect. A 51 (1995) 416.

[11] LM Gelato and E. Parthé: J. Appl. Crystallogr. 20 (1987) 130,

[12] K. Yvon, W. Jeitschko and E. Parthé: J. Appl. Crystallogr. 10 (1977) 73.

[13] "i.‘r R Busing, K.O. Martin and H A Levy: Report ORNL-TM-306, Oak Ridge National Labo-
ratory (1964).

[14] I.C. Tayler and C.E. Matulis: J. Appl. Crystallogr. 24 (1991) 14

[15] D.L. Bish and 5. A Howard: J. Appl. Crystallogr. 21 (1988) 86.

[16] A. Hénnerscheid, F. Dinnebier and M. Jansen: Acta Crystallogr. Sect. B 58 (2002) 482,

[17] M. Rakiah, J. Refebvre, O. Hernandez, W. van Beek and M. Serpelloni: I. Appl. Crystallogr.

37 (2004) 766.

[18] Information obtainable from hitp:/www wxwindows.org/

[19] J. Smart, K. Hock and 5. Csomor: Cross-Plagform GUT with wxWidgets, Prentice Hall (2005).

[20] G. Sakane, H. Kawasaki, T. Oomori, M. Yamasaki, H Adachi and T. Shibahara: J. Cluster
Sci. 13 (2002) 75,

17 H. Adachi, M. Tsukada and C. Satoko: J. Phivs. Soc. Jpn. 45 (1978) 875.

2] M.N. Burnett and C K. Johnson: Report ORNL-6895, Oak Ridge National Laboratory {199

[@

[
[

"
"

79



D TalL—y

FFENE, BFHFEIZELD
HiE - PEETE

80



HENAEEE-REHE

ZO10FEIE LT, FHEBORIITEE, REL LIEHOMORER L, 4T, Fiflcbhsdrvarx
o THH IR T2 E0RMmOE —JREE FHEEHRENTRICR o TVET, 2L, 2510 -Th,
B FEH R T A DR HUT. 2GBytes D AE Y —%fio>TH 100 JAFRRENRAT, 2l EThh
WL e @R - DEGHE Y AT ARKEZ/RD £, 20D, KO FRFENENREW S S
W DAL, BESBEEZBEICL T, KOFEDNMEE - 5l T, KEhRe2W/x5T7 7 n—F%
BT 9,

ZDTDWIRE LT, ()T ) F0 &1 )5 ORRBRIE, ERBIEIEREBE, (o Fe iR B 72
FHE, VoK A, BEIOSU GRIRT A MERHTE 9,

TSRS EA - AT — VOB I 2L —y g T, RIS FY I a2l — g L
I$4L, Monte Calro 15, 70 T8V 1520E, o F k. 1k E2ERET, Znbid, WEZERT -
DR EDRLFNOI DR ERI L, ZHORF Z2ETRICOW TR RO EEHEZHNTY I 2 L —
Ta VEHREZTO FIETT, TNHLDOFETIR, RFHEART Uy VERBAIICIREL Ty Ialb—T 3
UIMTHOILTTWET,

WA Sy F B ) RE TR, BIRFICE < DER IR T v v v BRD . Newton DIES)HFEIZHE -
THAEFRATIC L 0 ST OEB Z R OB E L THAE L CWEE9, 207D, [EFEORE, JEIICE
FAEEBERA LIV TIBWT S Z &N TE, ERAICEZEBINT 2 Z L RERBER, #RElo
WEOIRD BN RO EZ EEBSET LN TEHEVWIRERH Y £7,

T I1FETIE, OBV HED X 9 ICEE XA R OB E LT O TlER <, R EHE D
O, REMECKH TIRE), FEE, WEREREOMEZFRE LT, B HEBNROLND K TIREID
T ha RN NENOHEATEETOT, FEMIIIABEZRLEF—0OHE L T ET,

L LD, BBRAT vy v EHWD & @BEHT — 2 D03 (b)RFEE, fEEtERARE <R
72 DR SOICRHITIERADR B 5, LAMEDTRNR, FEDORFEORENR~DICHIZER SR SH, 72
EMBEE Y, BERT —ZDZ LWHR, HDAWVIERER CllEAsEARBESN T LENET,

EFRAE L LRSS, BEBR/NT A — X 205 L 95 Hiickel 3%, Tight-binding %72 & O#%5k -
PRRBRATER H Y | BT HREE IS WA, IRESCEADIRBIZ X - THRAHERBREED
LA E A TE ) SRESORR T 1 RE IR EE T - RIS R L Tl b T E T,

—J . LAPW/APW 1508 —EEE R T o v v L EEEER Y. BT v v T A —F R R )L —
S IEBFE Y X T A= 72 EORBRIN IR T A —F B L LW —REEHE Y, BE I 2%
Lo TETEY, TR FROLEMER, HEAT v TREOHSTEIIFRREN NN a3 L~ L
THARETT, HMMTETIE, BRI A—Z 2RO DLDICE KM Z2ME T2 E2E2DH L. R
HDRIZONWTEE —JFEHAZ T I RHE TRV E NI RN ZAEI DL )12 -sTEE LT,

81



ROOEREME: LWAITRREMEEISKEU D755

ML X2 0 MEICATIRN S STZBHIED X D R & 50
AN EE o B, R Eo TR

Hheix o EBff, &\, BARED EE]

— T Y

Tl WE

7
(&%)

@
1 =
LI O|dqmm

DFED
MEEIE. HBEIANZHOHBAIZERT LIEMEETHD
MEMEE X, TAHL & T ZO%IF5 THeflERE TE#BHE] THD

YIalb—iavmELs
PO LTERERTHH AN & Ak, MR TH 5 IR TIEE, BT OmEB % X &R0
B

VIal—v gL X

AT WVE DB 7
(ERZ%) (R EEO—= (EREE)
EE) T En Xz
ZH RS 512

— LG T7IO0—F . BRT=RLF— - - - EREROBRK

¥ T,P,V,E, H, p, etc.

F D (N R /LF— ues, Vv, a)
ANV LRIV TR )L F— F(T, V, aj)
FTATR)LF— G(T, P, a))

U=U0+1Cf+J%E2+lyH2+m
2 2 2

BN Fex VX — e, E, HR ETERBTE L, OO OfER FER, bR
RENKED

ROME : EOL L TENFE R NF -2 BRECMAL (R BEE, BEF7RE) TRIMN?

82



Eﬁ%“?yzlb L a oY
DFTI2L—arTTEDHI LT, BRI iﬁﬁﬁ% F o THY P23 vl 6E
ttb FEREINCIIT L L 9 &35 L 1ZLAEOEAILEPHHRAZBAT ILERND D
%/\;V—Va/fi%oLtﬁu%ﬁwgﬁ’+@% LoD ENRHED
Z D7D, BERIICHENT AR 2R R T, X0 BLEMRHERB RSSO D
FEERAV B « MEENS R 22 ~10A DJFF A 7 — )L REISC ~ps T2 O W FF [ O Y EB) O IF R 2L &
PRANCHE LS <, B2l 28 FIcb s
RASIEMERBIRD X 912, EBRMICHITEZIRET 5 Z L NN RO RE 5 25
W%%%#$@#%ﬁ$@h%m@%ﬁ%ﬁébﬁﬁ%ﬁ%f%5
W7 - B - £ ) - IRESM CTOEROICHEE R SLMEITB T 20 T2 EREREEND
RT U NWRTA—HEBRICEZDZ LT, BECEFRVEEZ b Tl - A A v 2E0%R
T@ﬁ@%nﬁ’\ Sy A

BREREIRT > v v VOBIRIC L » TRERN B LD S

&%TT//VWW%%hfwﬁ% HDOWERT Uy VERETELTETOMET 205 5%
TLVEEZ 72

%ﬁ\%é%%ﬁﬁbé%fi BEAIDIREBR R T o 3 v VDG PEDNMEIE S LRV, 2D X 9 7pia,

BERIORT v VOEFEMEITENEE 2, FOICRIET A2 HERH 5,

83



D FEAFEMD);EDERE
EARKEF)L: MD KT

— R EHE R O ST, 107 FREDR T - HF0 oK SN TOET, Lo LAanbitHEkE
DOHIENL, a2l —va T, 2020 —HETFEROV B L TWET, BV HLEZET VOEN
BICRED D HEGE (7T AZ—FT V), stEERICIEIERDMOEENEZY 3, FRI/NIWIT TRAZ—0
e (REZEAERTFORTYH), REO/FEITEHE T EHA, DFEN)FER ST, REDELZRET
L2, hEH LT M 3 R A EEZFF> v o | TEFINENSS ) 2HWET, 272 LZo
e d. MD #1030/ hS 0 &IPSR S K A RED 720, BN GEEN -850 D 4L D ATREMEN
HY., DL ELDREFEEELMDIEFEZHOOMLENRHD £,

WEHET NV
EEEOEBRICE WL, RE—E. FEHN—FEEL VoS T TEREYITI 2 ENLWTTR, OFEl
FIETIE, INODORBEERBIZEZDZENTEET, TOD, FOLIREHTTYIalb—T
VEATIMICE ST, o7 T (FEHEM) BBV, Y alb—Ta VEFEITTLHENICT v
U TNEBREVLENH Y FT,
(@) NVE 7 > 970 ((NEYEESR)
Bi2u(N), RFE(V), =R F—(BE)%E —EIZRDIM R,
(bYNVT 7 7L (IEHEES)
B FEU(N), RFE(V), EMEZ —EICROR, B Lo LXF -0V 2 LET,
(c)NPH 7 > 7
Ki7-2(N), JEJI(P), =2 XN E—(H) & —EIZROINLR, AT LVOERENELLET,
(NPT 7 o7 (T-PED)
B -2(N), JEJI(P), IRET) 2 —EIZRDOINR, B LR LFXF—DV D 2 L, EARELO
BENELLET,
(d) uTV 7 > T (RIEHEER)
NTV 7 U H T AmH b K BnEbd 256, FlERTHEINDLIRTH Y | HFEE>F
W% BB D72 OIIEIAR R DOREHNDVERSH S5, R OIEFERT vy Vuid—ETHDH I LN
FIEL720ET, RFOEBIEREZES T T AL RIETITOILTW S,

HFEET I
MD JETIX, BETFEIART vy b NEFR L, BT L0, E# 2 MO FREAE s T
Newton DJEBE HFFEX A TV E F 97,

F=m, TZI ZOFBADPETHE T HY £
ZOHESFEROBITRIFE X3 1220 4, EHI2, BEHICOMEAT v FIbl-» Tl T2
KEMLS 2D, 1| AT v I TIEHFEREN DT TH, BEHTAT v 7HRIITHERDPELEDLD Z LRk
IVzET, FOD, ZLOAT v THEER THLHFRIEETEAMEERNE LN T LI Y XADRKR
I, I TWET (Verlet 5. Beeman 15, THIF—EIEFEREY),

BEE, JE/1—ED MD R T, BESCENZ —EIZT 57200 OO LTRAEINTE Y, [HHEE,
{4 Scaling |2 X 5 H¥E] < Nosé DIk 7 ERMEbITVET,

Coulomb ¥ EfEA DFHE

A F UG E TN S BEIE, 7w VHAERIC L = xov X —Ffna s ghE K < FHE TS 00
BRI ET, ZHUL, 7 —a CHAEMEM r IS LT LD LTz, AL IEE (S Fn % B
S>Th, BRESETHRELTHIE LAV T (FEEE C Il L TERT 501, =R ¥ —
I Ur TLBAD LeWZ LR, BWMOFMENMRI-NDA A HIEICiE & D 2 & TPORMENR R 722
0 E (HAARFHALTE D 51EM Evjen 15?), 7 — 0 Uz FEZEM & k22 THBE L TE 2 &Ik
0. BIMIZEHEREZ 3 < L7202 Ewald 35T, <07 a7 ATHELITWET, 727 Ll T,
Ewald (5 X 0 H RWHERNWS OB BEINTWNDHE H TT,

84



BT - B FERT V¥ VOWRESE

WISV 2 b= a UERITHBRIZIE, R - o RO EAER O BRI RMNETT, £D
BTV, FEETER, R T, A4, o) OWEREIZEY, MLIEETADRENENIRES N
TWET,

AU 2 L—2 3 VIETIE, FETFOMEMNR, AT vy R T A= LB ERA, £
D=, T, IR ETLRICOVWTHWDOIRT v VIR ZRE L, W 1Ed D WITR -3t 5D/ Z
A—BEPRETALERHYET, HFTIal—a bR ART U Y MLZIFEESESERELR D
0 ET D,

(D) HEICEZEFTHEWRT oY VIR E LT D)0

Q) NT A —H EEHIZIRIETE S0

B) AUAT vy VB TENTEZ T < OWMBERTZ D H
IR TCART Uy VET ANERINLET,

At/ E DA MEWETH - & B ELFELNTWDEDIL, 2 DDOFEA « A A4 BIOWEEZ T TRT
YU NANRED 2 ARFLART ) TER, WA, BREEEORELRWETIE, AEREICHIK
732 [ZERT X)) Z2FEIRERSLIGERH Y 77,

Fio. BT v MR ERDDIZDIZE, KRELS DT TRD2OBEZLNET,

(a) BASIF B EOFERT — X ZILITRD D
FEALAEIE . MERRE, BBERHE. PR FOERT — X 2 HELT D L 0 ICRBRICIRET
%715 7T9, Lennard-Jones A8 7 3/ ¥ /L, Born-Mayer-Huggins 7R 7 > & ¥ /L72 &,
(b) BT NFREORERNSRD D
BBy AR EIC I O R T vy viE A EBERE LET, K ERES TR ED
BHEIRART v VCERT LD, BIETIEE - HEHANKBICHEZ D L 212> T D
7o, IGHEHIZIAN D EEBEZONET,

RFEORRT %V
ITFTIE, REARRT Uy VOBEA T LD TEEET,
A N—Fa7 (BFE) RFoiviL
#r)=w r<o
=0 r>o

RGOMUAER BT > v ¥ L TF, o LV NEH Tl BT o v v LA OO . PR cDFH T TR
FHIBPERCE L E T,

B. VZka7RFrI¥NL

4n=47)

IN=RaT7RT U VDOERNERDO R T o v LB FBERMMT LT, 2R E7=b 0, elddhT vy
NOES IR FDORESICEFRT DER NIETRT Uy VOBSER L, REWLENRT YL,
INSWEELDWERT oy 70 F3, ROEOBRNGRD,

O == o

C. Lennard-Jones(L))7/RF >+ L

#(r) = 4z, {(GTJ - (07]}

Bl OFR D ZETeART v )b, TDFEFMEZ DDA H AER RIEDOILTT N, hoORT v L
LB ADETRHMASNET, rf OEESEA T, FAEDS ' TRV ARVEE IR, o
BERTFbEbRLET, 2720, rPiCT e, br o ESBMND2FOBITRY , BFETH NS N Z0
R b TunET,

Fio, ITEEGEMH B R 2RI E LT,

8(—0) : Born 4(n=5-12)
r
DALz

85



r
Aexp[— —j : Born-Mayer %!
e,

B LART UL BN ET,

D. Born-Manyer-Huggins (BMH) RT7> <+ )L
BMH RT > ¥y /Ud, TVh V&R ANTA K, TAh ) HHEE AT A Rl EOA A U FEGTEREA
FMEDTEREE 72 £ Coulomb J) 3 XFEAI 72ROV I 2 L —v a Uil E T,
z.2.€ o +o0.-r) C. D,
(r)=——+ Ab-ex #] —
R

T T3

% 1 TS Coulomb 77, &5 2 HIXF ). &5 3. 4 R PURA-- PR, AT EBR A AAVEH T, o) &
FEENE T, bIIFRNIDOKREESERT NI A—Z T, qlIA AL DOREZIHIET DT A—F plI V7
MR ARG A= LI EN 5,

E. Kawamura M }i% (MXDOrto/MXDTricl)
72D L OftEEE A FHT 5 Ko,

a;+a; -

2z, ( by+b, ] C,C,
Uij:T‘+f0(bi+bj)e +r—6J
ij ij
DFEIRNT A —F i TR TIRE L TV E T, fdaifE OB, MiaEET — % ORALED S O
HIE ALY 0.01-0.02A2 FREELINIZ /2 A L 912 L, TEXIILES), BE K EHR—RE— £ HERR L
LHEEHIERZEWVWOIEDTHD, T2, SO DL ICHEAFWDORKRERFHORT 2 ¥ Wil Morse 7~

TV NVEAENZ T

z,2,€’ a +a —r
¢;(r) = rj + fo(bi +bj)exp(ﬁ]

£ fowl-28 120 A1)
BEDLNTWET,

F 2HRTUOOYILOB: SIORTUIvIL

SERIHMED Si, Ge 72 EOHEIR T, 2K N7 TR 5T 3N LSRN 245 BERH D
T3, Si OHFMAIRT v VO L L TEEEL BMREINTWE TR, B 2B oSz b
TELmEkEERbD &L LT, Stillinger-Weber 787 > 3 ¥ /L2 Tersoff N7 2 v L2 Evd 0 £7,

(a) Stillinger-Waber (SW)7RT > ¥ JL
4 BON R CIRETEICR D L DR 3 K2 & RT o v v LT, SifldkORECIAERELZ S S 2 L
—varTAHIEEHNE LZied, 4AFRMUSTHEZD 2 E bR L TRESNTNET,

¢=Z¢2(rij)+ Z¢3(ri’rj’rk)

i<j i<j<k

AL 2 R, BTN 3R TT,
¢2(rij) = a‘f(rij/a)

(B Vo 1) ves
f(x)=1 \x* x° Plx-a

0 X>a

I ri Iy
¢3(ri ’rJ 5rk) = ‘gg(_la_’_
O O O

g(xi X ,xk) = h(xij,xik ><9,-ik)+ h(xji,xjk ,Gijk)+ h(xki s Xy ,Hikj)

86



2
Aexp A (cosé’jik +lj X; <aand X, <a
h(xijaxikaejik) = Xj—a Xy —a 3
0 X; >aor X, >a
TIT, OulFi ATEA L LIERRIT X & X 372 AT,
SW AT vy I oL )i, ENEREEEZ ZEICTHRT VY VDT, XA YEY NifE%x
D HDOUAMIIIEZLERE A,

(b) Tersoff RF >+ L

FEAOBENE Y OFFEEGFGEEENRGFT DR T Uy b, ROTFAX — X 2 (RRT v )L O
TRLETN, 2 KRT v VOB -6t D JE P O 5 DIFED R R 2 G A RO T2 D ZIRR T
UL RSO TWET, AT A—ZIFMOME, WEAEBIT L X )IRD L, St OREE D <
BHTELLVORERH Y 7,

¢=;fc(nj){AeXp( 3«1%) B; eXp(_ ’Izrii)}

-z,"
B; = By exp 0

kz_{w(rik )/ w(rij )}n
Z, =—*
Yocq exp(— d cos jSk)

w(ry) = fe(ry Jexp(= A, )

1 r<R-D
fc(n,-)= 1-sin(z(r - R)/2D) R D<r<RaD
2
0 R+D«<r

By MG DI, Zi IIFEA ) E AT OMEDOMEITHY LTWET, Bu 1% Z; OB TR T 5 7
D, AT IREEDOENEL b LAFHIT/NESL 20 fEA M afn L7 RBBIZ 7220 £97, A By, e, d,n, Ay, A
ZSi DEET R L X— BT EEHRT L LD Glﬁ%ﬁé:ﬂfb\iﬁ“o

G. EE(D:37"‘/*/“(')I/(EEEE’E1E§J7I'37_"/’/’«)L)
SRORHEHCBIT DR T v LT
cos(2kcr
ke: Fermi B4
ERIN, THICEERBEHAERZ G Db ORMEbivE T, EHMITIE, Born-Mayer 0 K FFH A A
MEE D
U(r)=ey(r/o)
1//(X) = Ax~ cos(2kF0X + B) +E exp[F - G(G/ rO)X]

MEDITUVET,
H YTILETIL (BFHBEOHR)

D\J:O)‘Jﬁ?‘/‘/«\’/l/%?\/l/fi BTz A 4 R e SERITNLICH > TWE LR, T L0
Ef Eo-d Eﬁ%"ﬂi%a&)tﬁrﬁ%ﬁ"éng)%@iﬁ" Shell model i%. B+ OZhE %2 7E

®$f@f£ﬁ$ﬂﬂ§%b%}: LCHVIARET, A AV ZRIEZEBFEBICOMRL, R ZEEFEITAEWI 6i
NEH K CHAEERESY, AT VBORBERT vy VITBFERLEORT vy e LTHEZET,
FEIITEY 2 MEEEE 5 2T, LB rErEH R CEEI S5 LT, 4 %@Jﬁ%
EOTFNENE 2 9,

87



HBFNFEDER

—EfEL. —RTDBEEZFATHS BFEH a=21)

+q
Equilioiun@ @ @ @ @ O

<~

Csel @<>0 @ ©@ @ O
%P’éﬁi

Case?2 @ Q @) @ |

%ﬁé r%

Case 1 éi*w%~:UzZ}M@J:Z}“@M+&'—&)
EE =g, q_(azuj
I\ o

Case2 AT R/LF—: U= ”(<J—|)I)

U
miEs C =( FE J l,’

Sét‘«'

ZRFTICHRIRT S

f;‘c‘*ﬁi‘ﬁ@&‘l‘ﬁ
%@ﬁ%&fﬂ%btio @é@@%ﬁTT//%»@%T”&A7% KR DE BEN

IV E S S 2L — g /75>T W20 E3, K hETiE, EE R A I > TR O TiX
72, AR F—RHHZRLX—DR/NEN D LREMEZ RO | OREREREST D Z & Ttk
EEFHELEZY LTWnET,

ZITEHET, EOXCoTHEMELRO LN EHIALET, MFTDOHLA Ak kAT MBHRY
MV on=(ny, ny, ng) 72INIEERE) L7 TR ok A U EORFMART v v V& UgenE T5 & kA
DEFORT v ¥ LT R F—U I

U, = Zzukk'n
k' n

CE fd: D i'ﬁ"o :2%75) %ﬂzﬁﬁo)éi*/l/ﬂe“_‘ulatticeﬁbi

lattlce O Z U

EREINET, ::T Unattice0 % BT DIEEE X EAEFER |, TENENMAOT DL, TNHTTO
BN O N2 72 D RN L TETRIRFALE LT TERE H A DD T, REMEZRD L ZENTEET,

Fo = aiu iticeo = 05 Xl Tk H A A OLEH JEFE (X=X, Xo=Y, X3=2)
Xy ’
gu lattice,0 = 0 > I'Li%%ﬁiﬁ

88



BER - BEX - TERHOHE
WEIZESRZ T %« A &N LS ED

WEISHEZEINT D @ BFDNER, AT NEMT D
FILEH L GARFICE Z 585

a5 O, s
Sij = X‘I’; Sll :; 312 = 5(003]/)

j i
Sij BB, K Ao

U(x,s):U(xo,so)+%§<TWXX5(+sTV\/sxx+%c%TV\/sséis—q5<TE+VaTs

LIESR

&ﬁ

=W, _&+W_'s—qE=0
(5)() XX X+ SX S q

)

=W, X+W s+Vo =0

|

— o1 6~ T T
% OX _Wxx qE _VWxx ]\Nsx Wss ©
ch; =Wxx +stTWss_1stZ c—ETDORT vy /LR

XML AT & BERLIEBEEDROOND RO NEARRWEE] 258),
E=0 TR D &,

Q:WSX& +W,s+Vo =0
A

N W +W,Ts=0

()

>:< o= VL{IVSXTWXX _IWSX +WSS

WE = W, W W W RS < B0 KT o il
MR R D BT
BADRENo=0)FEDFEXRDEDHE
s FRBIOIRBIAC L 0 b 5L \GHZBA F ORESE ClE. SFBRIT I, P hE L A A SO 5 3% 5 L

TWET, 2L, BESHRENRT UL, EFoBRITFERICL > TRE TR LRV, K&
]

WHEERERTA A MR TIIA A BN EE L EEHZ L T0DHEEZXTELIXZDY FHA, D
722 2Tk, BFOBOGEEZEELEL X O,
ETxkdH7=3K

_ G_l G_l T T
OX _Wxx qE _VWxx st Wss c
To=0& LT,

-1
_ o
K=W?'qE
NELNET, Z I T,
2
e
S dx'dx!

89



ThHU . W‘r Fm T =D, FAEECET 5 MO TH D Z LD £, o EPIX
P:—q‘5x=\}qtvv;;qE

ERVET, ZZTE, A A COEMENZ PLELTELEZLOTT, TNEFET >V LeDER

D=
o,
e=2aw g
V XX
BELRET,

SEY . EHLF—UOFFIEC LB 2 BMARERWS, 2 H5T 5 2 S0k o Ty A 4 4rHic
FEELHETEET,

??lﬂwﬁﬁ$0)§+§
TRDO L DI, FBADIESHRRT vy WX EEB L TNWDHZ EE2EZTHREL LI,

FHRFUEBREICL>TEDS

p’ _ | 3 4
E="—+V(x), V(X)=V, + —ax” —bx” —cx" ---
m + (X) ( ) S

JEADOEEINE L, RV~ Ui E B LRI 7 ) F9,
3b

xe ™ a2 3b
j = a = —KT
I e 3¢  15b” \a
I+—+—
@a” 27
TG, BREZIRARESIRD X SITRED LT, 2F 0 BURREIEX. RT3 ¥ L D3R DRI

KoTRED T,

d(x) 3ok

dT  a’
MELERT OO ILOWHD RE

Plbhagtos b, BisPtEix, 2R — @ﬁ@éh7%«ﬂmﬁ#%%E@mﬁéwiw“

FREDORBITHIE L TWD Z NP £, 2FED | FIATHFBEROIBELFAENS 9 L O ITHRBRKR T
CYUXNERDIZE LT, BUWERNE O LIIRFETE f&b\bﬁf“ﬁ‘o

OLline oc

WAL JAE A &
2 R PP R
3 FHEBROED g
IR 2L
4 HEROADIRELEA
ERGERHIES D RTEE LK EAOBS (BA) TikE D,

BRI . EE - DR OBE

90



BT REIOFHE
I TIEHEHEOTD, BEEMR (0F0, R A>o, THTOZ74+ /E—R) IZRELET, £9
T 5L, AEmOIERIEICR U CEM22 TP OR1E, BN ELL Y ET0T, FEAEMIL S
5, SLICHHFERIZAWD &, BEONIN =T (BT FAAF)NIRO LI IZRENET, T2 T,
iHHA A OEREEM, Bhizu*e LET,
ik2
— lP +l \Niki'k‘uikui'k'
2 m, 2

HamiltonDEE) H RS, WARE LN ET(Z OFERIL, NewtonDiEF) HFEA D HEIT %),
d2uik _ o
Mg = =2 9" Wy u™
Z ORI & 22 50T, B EMIRIZHS VLTI

ik

u* = exp( jot
el jot)
LBITET, Zhnb, RAOEAR G
i 1 i
a)Zulk_ I|VVi . vulk :0
2, e

IR Z LK, T VRIS LRI — U, FRENEAES B2 FURE LTEOR
HZ LTy F1,

91



~

BF IaL—vavE
B &S

- T/BEYRENVOYEORGE -

V=

IR 7

17T

RRIXKT MBXRENFEKR

92



MXD [Z& % MD S E#HFROAIRIE

Hil : MXD/mdview IZff@D~== 7 /L
FARNLE L TOET,

1. MXDInput CAJJ7 7 A VEAERT 5,
2. MXDOrto/MXDTricl Zf£#) L, ¥ I =21 — a3 %179,
3. WROMAT7 7 A NVEER L . Viewfile.bin Z{E%, MDConv.exe ZfH\FE 7,

-

FILEOS
|A:¥ Program Files¥DevStudic¥ My Prajects¥ md¥data¥file05.dat

FILEDSY
|A.¥ Program Files¥DevStudio¥ My Projects¥ md¥data¥File09. dat

FILEOSP
[#%Frogram Files¥DevStudio¥yFrojects¥ mddata¥fileDSp.dat

ARBRU

ity HAT 7 A ILIEE

[#%Frogram Files¥DevStudio¥ iy Frojects¥md¥data¥filelba dat

OUTRUT
|B¥ ma¥izwfilebin
ErTrery FILEOGA THSE L1 [T HIEERED
= 1.20 P fEETER FEHET DH M~ o7 L ILERA A 7O
wem Y JEUmmes e
FtR{Emdview T B EIEEED =
x%i:'fﬁ? v ERTELEVBEF T v 2T
mdv e x5
[#%Frogram Files¥DevStudio¥hyFrojects¥ md¥ mdview¥ Debug ¥ mdview.exe —|—dhin ) “ﬂvie';;“:;é %f o
JEFTIRR

RAEOETRRES T 7RT

sl |

RETREDRT v T EAT uT) 62 Nindw ZHIL 5
RO

FILEOS,FILEO9V,FILEO9P,FILE0Sa, R UEHEDH AT 7 (4 ILZE TILISRATHEET %,
R REHERETANT S,
TE#RHIR ) R V& 1]T,
L, ETRKENT S TETRRIND, EMNIRTERTTEHLE. TOEDA v E—IMN
RERENBDT, TOK] RE U E#HT,
4, FERO AT mdview.exe ZEVE T,

lcolor define file] DIZFIZFHULNTE DD T, colorini (BEZEIZL=UMEES) £ L <[, white.ini
(BEZFHICLEWMER)., HEIVEBEL TE FEENDREZE I 7MILEIEELTLEZL,
BRIEIT 15
EEE: YORDERZV+RSvY / TF— |[K¥— (X&), H|L(Y ). 1| M (Z &)
T{T#E : CTRL+EREV+KSVY / H—VIILF—
XK - #E/ . SHFT+ERZ U+ S99 / XF— IXK). ZF— @#E)
T = A— g VEIR
IDRADERZVEI VI LTRYy TF7yTAZ2—%HT,
Property * —a—m5 [Timel] #&RL., T4 70T E%KTT 5,
Play R % & #9,
93



F—REFHE

FREF—REZD LR &

94



SFIEETRIEDER

BTFHFOIRCEY : RFELEETFONINV =TV
WE IS NAE DJFEFAZ Ri(X1, Y1, Z)), Ra(Xa, Ya, Zo), Ra(X3, Y3, Z3), =+ Rv(Xn, Yo Zn) & nEDOFEF ri(xy, yi,

Z]), rz(Xz, Yo, Zz), r3(X3, Y3, 23), ce rn(Xn, Yo, Zn)75§ HD L ‘a‘%) L 2 n E/ﬂ?*ﬁ%@@@]li Shrédinger ji*ﬂuiit

H total l//total E total V/total
B Z e TEONET, HY IR F L ETF2E0ROENIN F=T T, EBHTRALX—2 KT
B LRT ooy X —LOfMTY, Thbb

H total — Ktotal +V total

K EEiT R F— VO 2RT Uy LT RLX—

LR ET, ROMEIEHIL

l//tOtal(Rl’ Rz”" I:QN ;rl’rza"'rN)

EERINFT, EET LXK I OEE R4 P cee, BTOEBEE p, Py & THUT
P> P 1
total 1 2 2
= — +...+_ _+_
2M, 2M, 2m(IDl P+ )
M;: R OE & m: B OEE

e
W“-ZZ ZZ—+ZZ”“
v=1 i=1 Iv i j<i |J v u<v %

T9, ry iﬁ%&kaﬁ?rl & DM, 11 X7E ?rl &y L OERE, R IR FEEnE voORERETT, & 1 R
FREL B L OB, F2HENEAARNZE, FBIEITEAERONEEEL TWET, ok

P712+ P22 +...+L(p2+p2+...)+vt0tal l//total(R R..---:r..1. )
2M,  2M, am\Th TP e

— Etotall//total(Rl’Rz’.__;rl’rz’._‘)
EETETN, ZOKITINHN)DEIELEHE L CEHELRMY FRATHY . 20X 5 22 IKRE % Efe
RS Z EIIFERICINEE T,

Born-Oppenheimer @ W& {El

ZDD, JRTERBETLY BIEDAINCDo VEB L TWD LW Z &b, B OES) L& JH10iE
e oL, FFEOEHT 2L X —B L WREFREBORIERT vy v E HY LU 0L, EFRD
NIV =T U HEAMSAICHRE T, F D76, Shrodinger HFERIS KON BB L TE T D D FEFE A
ANE

HEIVIeI = gl//el
g BEITROTRILX—
a1 N, Z.e’
S (NRTRSHUAIE ) ILnd 3 s
2m v=l i=1 riv i=l j<i ”
l//el(rlarz""rN)
L 720 F9, Shrodinger HFERIL Z O
p, = —ihV, =—ih(ii+ii+iij
é}(i d/i szi
E%@Z%Té:kf%%ﬂiﬁoLkﬁof\L@Hd
hZ
el _ " 2 2 2\ <
He = 2m(vl +V,+ vn) ZJZ :
LELZLENRTEXET,
Ji - BLAT
2
a, = f - =0529177x10" cm e =4803242x10"esu
me
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2
£ = & 4359814 x 10" erg = 27.211605¢V m=9.109534x10* g
a

0
2D & EAUIMEICRD

H:—%ZV zz 3

L ET, A%, Hd@_&%H kﬂ%nﬂbiﬁ‘o

—&E Tl . Schrodinger FER E —BEFIEITRRR

FEFRZ1T E D Shrodinger HREAUL, 3n O ZFORMD TR THY | ZoHBEAE2MH Z L I1T8
EHTIEH Y A, TDD, £EFO Shrodinger JTHER A MO EF DVES VI 723850 h % (E8h 45
—EFHERE LTS FIEMERENE L, Z08AIIE. HEBEFIIMMOE L L FHFZEOED T
BRI BB EIC L > TESNAHERO T2 M ICE 295 B2 ET, £2C, 2@EFRDELE
AIEEN BB (11,10, 1) B MNT 72— FE T HLE RIS ¢ () DR TER LE T (—FE L, Hartree f8).,

l//(l’l,l’z,---l’n) = ¢1(r1)¢2(r2)"'¢n(rn)
di(r): i FHDE %]ﬁ%ﬁfﬁiﬁ(
Z OB 5 T, &@ﬁ&ﬁ%ﬁ& THEL C—E o ARk T e, EnNIN =T T —E
TNV =T U h)DFfnE e £9,

H(r,, 1y, ) = Zi:hi(ri) = Z(—%vf +vij

2T VVIEEF D IERTAER - EFRT vy VT, OB I L B EE A THNET O T,
LRI E - *ﬁ%&@%ﬁ WIRTFLCVWET, 2oL > T, £ BRI ¢ ()X

hi(ri)¢i(ri) = gi(ri)

B ZETHELNET, 2. ZZ2TELNEN D, EEFBEP(NIL
A1) =l =TTl

ELTCHETEET,

Hartree 3112
Self-consistent 72512 fé*“%ﬁfjﬂ’T/ D
v j#i

EETET, HULDOEF L%iﬁﬁ%*_iééﬁﬁﬁ?y>%vk 2 I B OMED EHFRERT vy
VT, fER. B h=T 0%

i v Iv j#i |J
apAl/R S B Shrodmger FHRROEN Dy 2 T THES T UL
jl//* Hydr

IW ydz
LLTAERBTFROZRIILE—DRED FTT DT,

. A P
=2 [ 1{——\7 —+—ZI r( Ik } ruan,
v | 12
EWNBELNET, {NOFE 1 ﬁﬁi%»%~\%2@@@?#®%ﬁ%7//%»\%3@\4ﬁm
BAENERT v L TT,
NIN =T UREZEND EFOMHEOE Y BT RXINF)ER/NITHZIETHS ELTBOR
WIEEIEAE MG DIV E T (BB, Z 2 CISRERZTEE 903,
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IPENY3
2vl 2% +2

1v |

J¢I*(r I’ dl’ J‘¢k ¢k( )—gk¢k(r1)

RS Z & T, bolk %%ﬁ%f;ﬁﬂ:i&uwk(r)%ﬂ%@é Z 70 9, 2 Hartree dTEL T,

Hartree-Fock {2l

LnLAAt s, Pauli OHERAA B 1E. [ UETFHOWRIET 2 5B EOBEFANTIENT A &0 5 &
PEEDNET, SF0 ., EHEEILARE OE T OBBIC SV CRARCH S = LAERShET, &
=57, L0 Hartree OWBBEIZHA 5 B FEBEROMAD T, =D& LEE A, Y,
BRI O A 4 MR S TS,

T 2T ORI BIE & L TR & D 72 Slater 174150

¢1(I'1) ¢1(I’2) ¢1(I'3) ¢1(rn)
¢2(r1) ¢2(I’2) ¢2(I’3) ¢2(rn)
¢n(r1) ¢n(r2) ¢n(r3) ¢n(rn)
1
= ﬁzt:apt Py {¢1(r1)¢2(r2)"'¢n(rn)}
pe REEHE S MMEHLIIXI LT 1, FEHRII L T-1

AT H T LT, Pauli OPEMAL Z 72 TN RIS AED ER R E T, T D EFROET R ILF—
e HHET DL,

- Z{M 1{——v -y } T ) | PR R A e A

\4

)| PRSP EG )¢k(rz>drldrz}

Lt EST, Z EL%3IEZP Hartree @Jﬁ& IR TWET, —E LB E RO DT, B
RN

vz By (A gy et e) - s

RRTIEVN T EMED iﬁ‘o Nl WD Hartree—Fock FFEATY, Z 2T, Vx(r)iE Hartree T2 IFHI T Z

2o T=IE T,
Zj (S ¢.( )(r.)
Vi ()=~ ¢ < )¢. o)

ThHO ., ZHRTF v L EMETNET,

1
W(rlgrza"'):ﬁ

BT : BLERIFEEYEH (configuration interaction)

Hartree-Fock DTl TIL, HAEHNE ~ OE - OWEEIE Z R 2 ([T Z &2 3, EZ2ANR, 20D
LWL TEFEEZRDD &, FICEREOFHEREICRERMERHL Z DY E Lz, Z
2 B EMENARBETT,

S ORIE Z KBTS @ RS EE S FINEER H Y £, T 2T, HMRKES T H, 2B
X THRELL D, KEHT i\ﬁ%ﬁﬂzok BIN2O0HVET, ZORFEEZNEND 1s BLUEDWK
A E 61, don %h%h@%%’—@ﬁ@‘%% 12 TRLET, £297T5&, KEREK

Y=o (1)(02 (2)
B 1 DNRFEZ IS, BEF2BRAE2ICVWHREBERLET, 2ELEF1 & 21FKMNOL LI A7
WOT, 22 ANEZTH, WEFEEIIE W WHFSBANED LB TRV E WT A, EOREE,
—F T L — DNV B

¥ =g, (10, (2)+ 0, (2)p, (1)]
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WZRVET, 20X, FTHRFOHELZEZ, BETE2ENENORTOWEIZEIVIRSEZ 2 HF% ]
FAMFEAE] EWVWNET,
—J . RO FREROPEEEL HIERH Y £3, ZO%E, =X —PMERVWKFES O FHlE X
. =0+,
IRV FET, ¢ATITBE LN 2 OANDLDOT, THHIZES 1,2 ZH 0 R> TREOEE R A FENE T,
Y= [(01 (l)+ ?, (1)][(/’1 (2)+ ?, (2)]
Zans, [ riuEE] T,
ETHEONT 20 R UKFS FORBEEEZRL TWA2O T, RKEMIZIZFAC OEH LD LET,
& TAVWFEBRITIX, o FHuE koM BRI
Y=g, (1)¢1 (2)+ 4 (1)¢2 (2)+ ?, (1)¢1 (2)+ ®, (l)¢2 (2)
ThHY . JRAMFEEIEIT A,
AY = ¢, (l)(pl (2)+ 0, (1)(ﬂ2 (2)
DERRD T, ZOEF, 2O00BFRMF L BFF 1IWD, DED, HHOREL, 2oL JFF 2
20D HHOIRFED . A A AL LI2KBREBEEZ O > TV AREBERL TVET, LRI LT,
Y=g, (1)(/’2 (2)+ 2 (2)¢2 (l)
DIEI, FHEFREARES Lz PE SIS LET,

SF V| JFHAEREAETIIA AL LI REZE2ICER LT, —F T riuEaik<ix, 441k
L7REEZ PR OFRESIREE LR UL TEE L TWET, O FiuEETIE, A1 & 2 DNERRIZHE
Nz & LTHREBEHOERITIEZ DY THAS, HHORREZ PR ORE L R U2V IAALTL
EOERDONVET, TOZEIEOED, HFHUEETIE, A A AEREEZREIAEL D TETND
ZEEEHRLTWET,

ORI EEEZEZRDE LD LOIEPMRIE, W OBEEE TERINDITTENI Z &I 7,

Y= [(01 (1)(/’2 (2)+ D, (1)(/’1 (2)]+ /1[(/’1 (l)(/’l (2)+ ?, (1)(02 (2)]

ZOXDIT, BRLBAEEOREOMIEREEEZIELZ LIZEY, EFORBEICFEDOHIREZMZ 5 Z
LD LV EMEREEIRR A EL Z N TEET, 2y TECERIAE A 4FE M (Configuration Interaction:
CD)) DB ZFHFDHEARTT, Gaussian03 72 £ Tl CI OFFENATHET, o+ OEIRIED FHHE TIX—MIC
o TWVWET,

Hartree-Fock ¥ & & 7-+HRH

Hartree-Fock 154 & T — B AT, ETHR LI L O, BROBFRE 2 - - IR 2 & &
LTCWEHA, D%V, Hartree-Fock 1% TlE, Pauli OHEAZ M- TMZE S, FLHAE DAL 2F
DEA R ERET IR E WV R AER TR AN TWETR, BB FREORELZSE L
TWERA, ZOFRIT, BRERETETFDHEE > TV AHEICOWTIZFNIZERICLAL THRLE
TT N, BEOWRWELE — FHEREE — OF R CIIIEFIC K& 2MEZ K - LEJ, EES. Hartree-Fock
EP% I OB EPLEEE 2 &, — B RIOE BRI 1%, BRED = L X —HNL 2 F & HICHE
THZEITTEFERA,

JRFTE EEILBE %% (Local density approximation: LDA)E : Slater @ X o ¥

Hartree-Fock ¥T{EL Cld, ZZHHAMEFEOF RS EHME/R 72, Slater 1%, A O I EERIH A VT
FEEREZEUT 2 HE2RELE Lo, TORER, ZWHAEEHBRO XS IZEFEED 1/3 FITH
flForZ a2 RMHLELE,

w0 2o0]

R AAER O % K VR T 2720, Z OB AERBEIZR FITEKGFET 2% 8o ZEALTEH D |
ZAuns, Slater @ XoaltfEl & FEIXILAFTLAC 720 F LTz,

Z O, Gaspar, Kohn, Sham o 23— A0 72 BRERIZ B U, B EINEEBGEZ/EY LT, 20 Vi IZFF 23
TN T R WnWZ LA R LE L, 20D, ald 23 1ZHVMEE &Y £9°, EFEE. K. Schwarz |3
% < DIRAITHOWTHRIERaZz KD, BIFEFNLEFFE T, 075005 0.69 L Tan b5 Lzl
TWET,

Slater OB EAERIL, BTHED ] 7217 THRESTNDHDOT, THNEENEEIRHE LT—
ffbainsg & TRFTEENREEE] &L ToBiansZ it ELi,
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FELWZ EEBHT A Z LIETE AN, EBTHEIZ B L TV 720 Hartree-Fock 157> 5 E /72 Xa
ETTN, BENBEKHEGORELE LI, EFHBEO ARV AALZHEIZZ2>TND Z EXbD
L7,

DV-Xa (Discrete Variational Xa) ¥

REAAHAEH & LT Slater @ XoiEx v, EERHE L TR OB O — KRGS %2 5. LCAO
(Linear combination of atomic orbitals)iEZfEVNVE T, JRF OB OFIAE & BEAEARKXOITHIZESRE
(Fock 1741 & B2 D FEDATH) OFFEICEMEF R 21T 2 728, o5 —FBRE & Heifig U C R R 23 A2
AINZR L0 77,

FEROFFEIZBWTIX, 7 7 AF—IZ2000~10000 SFEED Y TG E2HWT, 1 RFY4720, FE~
BEFROY T NVETHESEITOVET, Oy RITEE O 3 WIZERIFESE & i3 5 L IEFITD 7200
DTN, BEIZITZOREOFES AT —E FHLUE= /L X —EITH 0.1eV L FORETROH Z LN T
TET, TOLXOIT, DV ETIIHBWDRWVES AR TH R EORENGONETR, 202 L
— W DOEAEFE BT S T E Y TR/ A

ik, EAESRESICHHERO LS REBICE S DT, B (0N EEAF QDOEARETH D
L SR E /N

Q) (x) = af (x)
72 L COAEAITIE,

[ £ (Q(x)f (x)dx = a3 f(x)f (x)
ND RV PN
__j " (x)Q(x)f (x)dx
S

L720 EI0, AU IEREZR QOEAETH L Z LITHEET D & fONEMZREAEETHY =2 Th
X R o 7o — R CTHEBEZHALTHOELW qEE/BLZ LN TELZ IR £7, [k
(Z DV-Xai{% TIE LCAO Wl D44 - HUBE 23 -2 AL CHEABIKIC /e > TW D 72 B ) L
BEROMS R THREORWEAMEZEL Z LR DT,

LINLZRIR D, JJROBEAE— AL MR EDFRTIE, RKAEERZN S OHEFOEABEEIZ > T
WeWed FRREOY VR TIIBEDREN B0 ¥ A, BENBEBIETIIENINV =T U bH
FRESL—EFRBIEROBEAHE IR LRV, R RXAF—OFFERKENES H Y TH A,

LD, BT RNF—Z /MU DT TOREEMFIEOREN L3 BUES LR PN THET,

7 FEPLEE%KE (Density Functional Theory: DFT)

Hartree-Fock T2l Cld, x4 OB NELHIBEOHE 2T 52 L A2FBE L TWERA, £ ZANERED
VR R v TR0DEA, 72V I TR AX—IEFEOE T, BEWCRRLEFREL, 12
RIREOHFGTT D133 TT, 2F0, ZLDOEFEE (T2 D5 Slater 1751X) 2#E[E L CTEHOFE
BEZh A (2% 1Bl E 20 configuration intercation -CI-) ZH( D ANDMENHDH I LA/ RLTWET, Lo
L5, CIIE ETIEHEEZOND TR TCOBFRHELZ LV ZATEHETLIHLERH Y, BT - PUELKIHE X
BHITHEV, FHREENERIZRY £,

IO DORBEORGIED—DE LT, ZEFEEONREFANRT 2 ¥ MV IAATZR NIV B
ST UEEATHEVNI HFIENREOND X DIC0 E L, ZORE, B [EEREDET RLF
—NEFEEp(NOPLEIEE LTRTZ ERHIKD ] L9 Hohenberg-Kohn EELSGER S 4v, & EELEIEL
(DFT) I RIBEL CEE Lz, ZOHAII NIV =T U LETEEOIEKE L TRIHLERH D,
Bl ZITEHETRS

5
T[p] = cojp(r)3 dv
¢, = 2.871234
THETEET, LOLAEBL, 1A - 570X 5 R TIHE = R /L X =2 O\ THE O R WY
ZRODHZ LITREE R, EE TR FX— ([ THAFOEER L ET, F7o. DFT OBEICH, GHR A
HIZT 570 —BFHFERNIGETT D2 HFENRELNTVWET, HEEFCTRALZESHT R L —LEED
N EEFBEETRLIZANINV =T inb, BoEaM 5 & Schrodinger HHEA & BI72 055
NFET, Zi) Kohn-Sham HEER & ML TV ET,

99



BAEDEL DT a7 I35 (L0 L0, fEmONy FHEICEL TUIIZEAY) TZoHEMEDR
TWET, ZOFETIE, ROEBET VX —OfE O ER 7 EN 2~3% L TORBETROOND Z &
DENSINTWET,

BT

Kohn-Sham HFEEXDO—BFBF NIV =T D HH, EEBT X LX—IHEFOFTEERD, OB LD
J—ua UHHAEERITEFBENOHA T ETN, REFHEAEHAZED L HITHW I A, EEERES>TH
FHA, ZOD  KBPHEEHEZ EO LD IZEFEETRITNDITITNANARENERINLTWVET,
F72. BENBEEECITEAHEDE LT ARG TWATZD, ZOELELNANAREONRRE S
NTWET, %@kw‘x@mﬁﬁﬁk HHEBMEAERZ EOBERBKET VEFE I ML - T, &
AR LEELEZITET,

AR D XokEd, BT v ¥ LR

1
2 1

Vy = —305(% p(r)j © = -0.04923725(o(r))2 (a=0.7)

ELTEFEEONBKL LTRSND I Lns, BENBEGEO-MTY, 2L, H2MEFE r TOE
TEE Lo blienWed, BT EILEIEE (Local Density Approximation: LDA) & IFF iﬂiﬁ‘ iz
Hedin, Lundqvist 51X H HE OB RLVF—ZFH L,

1
Ve = —O.O25510g(1 + 33.8537671p(r)3)

corr

% . Gunnarsson /X

corr

1
Vg = —0.0332933409(1 + 18.37671p(r)3)

ZHFHIICE S L, LDA I bW O OILBEENFE L £,
LrL7223 5, LDA Tl
(@) PEEARSOHERRIR DN R v v 7 2 IEF IS/l 5
(b) BROFIRE L TOLRERBILMAONL T HEE CHBEMETH HDIZHBE 5T, LDA Tk O
I CIERENE(D 2 VITFI ORI 72 > T L & 9 ( EEERGRE ] OFEZ2 M)

e EOMBEEPERM I TWET, 29 LA 3d 2 BT LAY DOKONIZHONTHHIHILTEY
3d REENZEMANI BE L TV B 72O DFRWEFFRE ORI RS LDA TIEHCIEZBEE SN TWanz &1
XD EEBEZONTOWETERRELE LTLDA+U 72 ENREINTWET, A HIEFEAIES - LDA+U -
WFART FVOFE] OEESR),

LDA OfEikik & L) FERPTEEHER. (b) BEAEERME, () BHEMALEM (self-interaction
correction -SIC-) fIE7R ENEZ LN TWET, FRIZR b TV 5 DL, Becke X° Perdew-Wang & (2 K
DIRESNIEEARERIET, BT r OB p(r) (RFTEE) 20 TRl 2o Ve(r) & &5,
100 T-1/r (T2 5 W EAEM Z W TWET, ZOHETIE, Z]RET ¥ v L= FF —(3

2

4 X,
Exe =Exc" ™ -bX [ o, 1+ 6bx_ sinh™' x dv+Ex™
\Y%
&,:‘ [Ew, b = 0.0042a.u.
Pod

EHZONET, 2O 2T B L (generalized gradient approximation: GGA) & FE{X4L, W< D)y
OPLBIERIRE S LTIV . PBEY 72 &L DR TRAI SN TVET,

P FEPLBA%R I & Hartree-Fock 50D b

Hartree-Fock V£ & B FEINLEAEGEIL. & bIZ—E Izl > TW o720 A AA/ER OLSMIIE T
RZFETN, MEBICHAZEBES TN &, WSODPRERBEVRH D £7,

— O HIE, *%%{Eiibfa'gi}i%ﬁ#b\Tj?&btlﬁféf@%fﬁﬂﬁﬁﬁﬁfﬁ‘ NIV =T COBAEICIE T4
TN F—] LD PfELREE®RA S 903, —EFREEROEAEOWHAERIT, HEEICH
T OMENH Y F 9, Hartree-Fock DA 2%, Koopmans O EEERH Y . TiFH @*“%{EZ@JE"Q%W)
BAMEL, i FHOBEBFHELOET | HEEKERL =X AF—IZHE L] &) ZERbhoTHNET,
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DFEYN, iBBOBEFDOA T AR T v T KR LET,
ZAUTE LT, BEINBEEEIC L5 —E BB OB AL, Janak OFEEIZ LY

MDD Z RN THWET, - T, ZOEAEIL, EFPUENS | EFEZID E£D. HDWIE
253X —L 38R Z L2 E£5, TINnb, —E F#LUE= R /LX —|%, Hartree-Fock £ &
DFT Ti3#720 £,

F 72, LCAO ¥E%{# > 7= Hartree-Fock 15 Tl%, ZHMH BAEH OFHE %2 RTEMEDIEF 28RV R O 1 Y
BCHETLIZLICRY, TN TOEFHOREEZRESAELLZ LRV ET, ZORER, R
Xx v e REAHELY £7°,

—5C. Slater ® XaiRT > ¥ ¥ /iy, ZEMPNIHE— IR > T HHE OB HRO -2 &
MO TPRTED X DT, R ERLBIEE CIXE O EER 28/ L E3, s, BER
BISE TN R v o 7o/ N9 % —KIZ e > TWET,

TN OMBEE RIS B 7%, Hartree-Fock BUDAZHAR T v o % L & RBATBEZIRS LT . O IR
B A E-S7-0 LCHEREZ L2 T RA S TWET (IBENBEEETHEOLDNL TW DI nEL
S, N Ry v T EREMICRD D —o0 )L LT, Z2EEHEHICE S GW ITER R ST
9, GIZ1EBE L7V =B WITBINZ —a U HEERAZERLTHET,

Car-Parrinello ¥ : F— B T8 1 FE
Car-Parrinello 1%, #EULEIEE M & 5 FBI B ORNT T, ROLERIF TG & BT % (7
RIS HETOIH LW HIEERELE L, ZOHETIE
1. ] 1ol 1P, 5 1 -,
K:ZEMI‘RI +IZEﬂ.[‘V/I dr +ZEIUVC(V
EUCRAER 20 E B =~ R L X — % £ L. Lagrange HRERZfE< = & T, {t//i(r)} DK EAGRMED G &
<R}, {wi(n)}. {a} theniced s EBFREANGLRES, SF0 | [UERRE Ruk p &Y
TP, FNSOEB HRAEM 2 LT, FRFOME L BB A R 2 LR ET,

T DD F—RBE 5 FE 1B

BEOE —FENETIE, ROETFXLF—EHmWEETHETEET, £/, FRFITEH< AL T~
~ =T Ar~r N ELTEHETEET, 0D, bHEE T~ NV~ —T A~ EHEL,
Wz, D% L1 Newton OIEE) AL Z & T, BBART Uy V2B LT, F—HES 7
I FF AN AHE T,

Newton FFER AR Z &2 T, BEIREOE —FRBIEHREIL, BT R W2 03020 £9, 20720,
HOPLERHEEHE T 7T ATHFEAIIEL, ~~r—T 7 A v i BIiEE R A iR E RO
ATy T ORFELE AR T AR T e 7T L EED Z LT, B HENAEETT,
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Roothaan-Hall AR :BAM D —XEEZESELUELEREAEX
Schrédinger HFARROITRFRED —2IZ, BIEO—GEGE M D FiERH Y £3, EBE, FLAEOET
BFFE T 0 7T A TIE, BENFFEE2, GTO/STO 7>, M /e EDEWNIHIL, 2 b D —kkE
HTHBBMAER LET, JOBCE, FETRE FEIMTFOBABFRERICRY 3, DT, 2o
ZEEFEHLE T,

22T AEEDOREE v, GEERIEL : basis function) O—KfEiH Y = ZCnun ARATR E LT kR
-0
FATLET, 205G,

2 2.CCy{un H]u,)

2.C.Coluy uy)
PEDNTIR B K DI Cp, Cr* B RDIUT I N L1220 3, 2 2T CL M5 E LTES % L,
> Co(u[HJu, ) -EDC,{u, Ju,) =0
PEORET, TOZ L, BEBBICED NI =T v ORS Hy = (U |Hlu, ) & B S
Sun = (U [Uy) &6 &

< E >=

H11_E811 H12_E812 Hln _ESln
H21 _ESZI H22 _ESss H2n _Eszn —0
Hnl _Esnl Hn2 _Esnz Hnn _Esnn
O EAE TR Z M < BBEIZIRE LE T, ZiL%E Roothaan-Hall HEE & W, 178D FRBLT
HC =ESC

ELNTTET, b, nflOEAEE LTEN, nflOBEAGX7 ML LTCRELIET, HOD
Z & % Fock {14l & VW ET,
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E—REHAEICH TS EER(SCRHEE

H CEEAEY: (Self-consistent field approximation: SCF)

FROESIC—EFEBBEE RO OGN E TR, 2O OREBERE NN THAE LB FEE o (NiT
— BB A AT BRI H W VI > 7B E & ITE D, W)EZ’P% CLET, Do, H‘ﬁ
KXo THONEEBETEEL V, Tﬁ’ibﬂfwé BrEENELL 2D o2, SR LZEBRBEENLET
EEViEFE L, Vi E BB ERE LE L, MENECIZRDETHRVIRLEEZITVET,

Z DX D % H O 85 (Self-consistent){ & W E T, Self-consistent {EICH . H O MBS IR T2
PR HE & B fnf 55 JEIZ Lo TIN5 Self-consistent charge-SCC-7% & 3% 8h B %% CHIr 9~ %  Self-consistent
Field-SCF-i£2 5 V) | @ ITEROREE D& SCFIEDF 2 S LET,

7% : SCF: Self-consistent Field
—@E?iﬁiﬂlﬁﬁzﬂd)/\\)bb 7ol (j: ?*‘4 ELLT. KBE#NAEENTLS
{—V z r ZI¢ r )dl‘ +VXI(rI )}¢| (rl):5|¢|(r|)
Im Im

"PIDFETIE. BF mEpmi’i‘ﬂbb\d)ﬁ,ﬁfa‘l‘%ﬁ'é%\%b“%é:
RFOEFEEDNGE

FHELTH Bht&ﬁ@ﬂ¢ﬁ&#b*bfT“?%g%ﬁﬁs
KENRE A RRRICAWN =D EITE
pmitpﬁnli—’éﬁzbm\a WIREE R AL

RYBAMABVESSEEZONDETFEEp, EHEL. SCFHAIIL
EHEDEEITS Prin = Pinl = FDETRYE Y
15“ . pnew pll’ll kmix(pﬁn + pini)
Koidds SCFH A 7 L TOFEMNFEH L 720 K 9 12h 1T D185
Mixing factor’g & & FEIEN D, HZIEVMEZME 5 E R LT < b,
2L EE TCOEBFBEEZMEN, HEREL®EROLTERENRH DL LN
(Broyden® J5{£7)
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#ZENEBETEHONTVDHARER
DFT ki3, AcHliIs & MBI A L CER S RET, BUFIC, RIS S £ T

Slater ® Xa7 > 3 ¥ /L(LDA)
1

1

V,, = —305(8i p(r)j3 = 0.04923725(p(r))s (a =0.7)
T

Hedin, Lundqvist OFHBAILBIEL(LDA)

1
V,, = —0.025510g[1 + 33.8537671,0(1’)3)
Gunnarsson OFHEIILEIEL(LDA)
1
Ve = —0.0332933409(1 + 18.37671p(r)3j
Becke(1988) D A #A L EE %L (Becke88) (GGA)
_ LSDA 4 Xaz NL
Exe =Exe —bZU:J‘pg 1+ 6bx_ sinh™' x_ v +Ey
\Y%
X, = | 'OZ‘ b = 0.0042a.u.
Psd
Perdew & Wang (1991)DFHESINLEIE(PWI1) (LDA)
= | pec(r(p(r)).¢ )dv
- {i} [ PPy
© o l4ap] Pa+ Py

ool )=ac(p0)+ e 0) i =€ o) 0T )

£(£)= 10 +1-)" -2
(24/3 _ 2)
Hartree-Fock(HF)UT{ELIZ & % Exact exchange (BEILBIETIEH D FHAN, TTHEIDTENTEE E
ED)

I¢k 1 ¢I( )¢k(r2)
é, ( )¢| (1)

Vy (r)=-

IRA LB

Becke DR ILEA%L

Er:;%nd Crr EIfF + Copr EI;(IST
Becke D 3 /3T A — X YLEIEL(B3LYP)

E;(;:LYP - ELDA +C (EI:(F EZ(DA)+ C AEBecke88 + EVWN3 +C (EEYP - E\?WN3)

ClZX V., HF & LDA DHEAEEZGNDH=>"V Xy v 7 2bbE bbb
Becke88 12 LY. GGA ODEHEMNAND
SR FTFE BEIULEE 5 VWN3 %= & e

LYP B EA c. 2> TH YV iAD D
Becke 2372l : ¢y=0.20, cx=0.72, cc=0.81

Z DA

SVWN, SVWNS5. LYP(Lee,Yang,Parr  GGA), BLYP(LYP+Beck88). B3PWII(JEAILEIIEIC PWIL %
HW 72 D)7 E25, Gaussian03 (21X Y IAENTWET,
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INRBEDHA A :Si ZHlIc

TEIUZ, WIEN2k CatH L7z Si O3 R (4) & B FEE ORI (T2 R LET, N2 FEERO
BRI Mk ET IANT oY = O - iz XI55 TR L TB Y (ZENENDRLR SR H 5
bbTmE X, TAROE T IV AT o —DORINGLHED E ), it X = E2ERL TWVET,
DEY, ITTHOBN ERERELTHNET, 0K RKE [0 FEE] LD FEEOEFEE
KT Hobb—KARKTT,

BJET, HHFFEICBVTEFDED TOND TR ALF RO ) biREDT XNV F—% [7 /LI TX
F—] EIFOET, CREE, @A TIET = T4 T v I NG T 2 VI ZRLF =R RO LI
£

— 72Ny RIBE ORI X CTlE, =X AVF—DFEE 7 =)V I =)V X —(Bp). s b5 A7 QL
(HOMO: Highest occupied molecular orbital), & %\ MIAAKIE A #EAL(LUMO: Lowest unoccupied molecular
orbital) DT HNF—ZE D T, ZDIH, ADT R —DEMNITEFNFEE > TV D TG AN,
WHZIEDT XX —DWEALTEF 37220 FESHYEEN) T, fdOLEICIIRFIC. 2 b0 EME T
{17 (Valence band: VB)| & [{mi&H7(Conduction band: CB)| & FEFONET,

BEE: DSV GTFOEAEITIE= VX — BB e D 728 et b A AL & IRk A A O FRIIZ I
RV EFBFAETERVERAF—HRHY £T, ZOHEITHIZ T2 F—F v v 7| LIFA
TR RF Yy FEXBILEELTNRRNTL X 9,

7.0 v}
6.0 / OO0OO0OO0OO0OO0O0
50 OO0OO0O0O0O0O0 ks

0 0000000

3.0 > /YOOOOOOO ’ff\‘%é:%
[OCNONCRONONONC]
ppp——— /<> ¢

<

20

Lo

|

l'\i'[m NRFREXryy T
;\Z:;:E eeocco0e|

H -0 000000 o llETH
84.0

-5.0

H%m! 6.0

=70

K \ud
',‘. .
- '\‘ T o
0000000 )

-8.0

9.0

-10.0

110 \ -

-12.0 - . _‘——-—_._.___________

W L A T A XZ WK

(FF) BEENBEEIC K - TEE L7z Si o3y MiE, BEIBEBGEOELOT= D, N FE v v 7
FERME(~1.1eV) LV S/ EL o TWDH Z b £7,

() B8, N Ry v 7 MlEH ORI

h) A VEY MEEDOHE T INT v —

(LN
7

ZOMNBNHZ L, Y LT R (k=(0,0,0) (& 74 ¥ (Valence Band Maximum: VBM)
ZHH, T-X il (X SX, a FEOHE—7 VAT o — R EOSTT) ORI mEs it (Conduction
Band Minimum: CBM) Z > Z & T9, Z D/ > M TIL, VBM 2K L TWHE RO k & CBM
ZIEE L TV D K SRR 0 30T, ERERYEER] EnvnWET, ZONRV XY v 7 ([HE#E
RF¥ ¥ v ) OEAEIE 1.12eV TF, LML, EXONY FXy v 7 idb o /S RAET, T,
WIEN2k BEENBIEEZ > T D72, N Ry v 7 E2i/NHiL ThWbd Z ik b0 TF,

ZOXIRGE, ARDTONRY RHONR Y Ry v 72 EZREICHDOETZ D HFEART MLV OGHER
FEA SRS 720 572012, IEEAEVOT R TUI—TEDZRNLXT—AZNMADZENDHY £,
ZDAEMMA LWFEONG T [Scissors operator] & SVVET,
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%ﬁ%mﬁﬁ

F—FEEHE OB 2 EEMIERE (&R OFENT, 2=V ¥ —%F/IMbd 5 Z & T3, WIEN2k
Ny =TI, ﬁu%%@h7% B EFHENCEZ, BN F 2 EZHRmT 570 772083560
£,

ZERWT, 0K (2381 5 MgO O ERE %2 GGA(PBEY6) % i - TRIH Lt@ﬁx?@f*%f*ﬁbx
FET2.6% 5T EHT09%DEZET—HLTWDHZ NN 7, £/ EFHREICBIT 2 RHETT 23,
BFROETINX—LFHEALETOT, O I ALF—DIHEIL 500Ry, 7000eV(1Ry—13.6eV) L &
T, FAUTK LT, A 2 D TV D = L X —Z (XTI 0.001Ry, 0.02eV FEEIZIHE WA,
MgO @D L 9 728 Ve T%) @%{R’Cﬂ‘ﬂf EF@‘%%EWEA [ iimw‘r TE BT 2 M B ER
L0 FEF, IS, BRI T S ERE L ORE 2 372 DI, AT 8~10 HiLL EA
%E&énfmi?o

T2, FTOEKTIEk A8E 200 88 LCHELE LR, #EBEN S TREIIES 2E BT
WHDRDNY F3, ATk AEAE 400 S5E LTWETR, HEMOIZSSENRRL Rol=0R b

(£

DEJ, 20X, N FHETIE, kK REROBRS, SHRBEICRESLEEL 52 ET,

-551.42865

M0

-551.4278 |

-351.4275 |

-551.4288 |

-551.4285 |

Energy [RYI

-551.4298 |

-551.4295 |

-551.4208 |

nnnnnnnnn LECGPa),BF,ED  +
138, 2897 172 9525 Za.m187 -551. 438245

Exp.(RT)
a=4.22A (7.98bohr)
V=126.9bohr? (primitive cell)

Opt.
a=4.256A (8.046bo

Ensrgy [Ru)

-551.4305
12

WIEN2k TlE, ¥ T E R FEFE D4 T Z [FFRFICFEF S8 5 Full relaxation #5723 HE T A3,

-551.4240

-551.4850 [

-551.4260 [

-551.4270 |

-551.4280 [

-551.4290 |

-551.4300

-551.431@
118

My

"Hurnsghan: welBcGRas,BR,E0 | +
138.8532 1552107 3. 1642 ~551. 430419

Exp.(RT)
a=4.22A (7.98bohr)
V=126.9bohr? (primitive cell)

Opt.
a=4.254A (8.042bohr
V=130.0164

VASP

TIHHICTE 9, UTFIC, WAWARBIEMICHOWT, VASP THREWEZ ROTMEREZELOTE
X FET, FEMAPREE L TG ORI T,

CI2A7(12Ca0-7ALOs) TlE, &G 137 78t T8,
T, FDTD, KOS HALE]

—IDOMRFA A O EHFEEDN 2/12 128> TE
IINDDOMBEAA L EE Y TCEHET D & EFMICITVEEICERE

T, FOHERBRERLZOL IR TWND I ERMERTEET,
MgO a=42109 (4.23617)
ZnO a=3.2427 (3.2041) c=5.1948 (5.1319)
In,0; a=10.117 (10.0316)
SnO, a=4.738 (4.71537) c=3.1865 (3.18356)
B-Ga,0; a=12.23(12.026) b=3.04(2.9927) c¢=5.8(5.7185) B =103.7 (103.86)
InGaO5(ZnO); | a=3.299 (3.29491) b=5.714 (5.70415) c=26.101 (25.4037)
12Ca0-7A1,05 | a=11.989 (12.0284, 11.997, 11.9884) & = 90 (0:=89.9895, B=89.9334, y=89,9619)

108



ﬁm—‘r ground state of iron TU | DU o 1

= LSDA
- MM
- fec
o in contrast to 4018.065
experinent
=
B « GGA 4618676
lT - FM '\ /
“ = e
= Correct lattice \ 4618675 !
constant
» Experiment
. F” A4 An

s
- 4618:080
I = bee ’
7 £
Valume i g T .
Valume (80 %)

LS’D;C\ (}.‘ws w-w».a, SapwetwveE

7L, SHERAEC S S & 5 M el T, FHEORRICIIEESLETT, el
EAEEOHEOBE AT LSDA (A B2 & B L, A &R TRFTR BB SL & - TV % J71k, Local Spin
Density Approximation) TFHH 92 & /072 5k, FERMERE N R EIT e D & OfEFmA T E T3, FERRIC
VIS TR CTHRBEME T, ZAUE, GGA 25 Z L TIELWRRNTE T, £z, L TFAMED TiO,
IZBWTH, BENEEOBIIC K > TIMRFAEHRENLEILL>TLEI EWIOIRERD D Z &b
STWET, SOBHAITIE GGA TELWFERME S E L7, 49 L b LSDALDA) LY & GGA DJ5
MIELWEIERY £EAD T, fEROMRITITEENLETT,

109



RFRRTUOvIVERDD D FRNFEREE-—REBZOMEAGHE

A B ), WP IFIEORBIE, FHERBREDBRBRART vy L OBRICKE URFET 2 Z &1
AOVFELT, 20, BRRAT VoYV EE - JREFEIC L > TRO LA AL SN THWET, LITFIEHE
R M > 72 515 T4 (T. Kamiya, Determination of interatomic potential by ab-initio periodic calculation for
MgO, Jpn. J. Appl. Phys. 35 (1996) 3688)

FT. FAHART v ¥ L% Coulomb ART 2o v /L & ROBEIZ/T TE X E T, — T, KEEE
H— DB TIHEBL T\, AT Uy VOERZOBBIE TIRE->TWE LR, KTy
NWBIREALEIZT D720, HEOBHIH L REFHAMY AvE Lz,

(pmm.(rii,): 82 0,0 Z Amnr:1 II +ZBmm |e i By

dre, T,

*:fJ&FﬁrhHﬁﬁﬁﬁémﬁﬁkm%ﬁ@%f/%f%bfwi¢ELMzﬁmﬁmf%m%
DIENEBEIC 20 9, RICHE-JFHEHFHEICL - T, FHAEE, B rERs2Zz G Tcaem 2Ly
—%%%ﬁwiﬁo:@éizw% DT — &Luoioa\ﬂ7f 2 —=Qms Ammts Bumis bmmy 2 f/D
HRETRODZLICE T JRFRIRT v LSRETE £,

TORERIL, - FEFHE 2 77 AL LT Crystal88 iV, MgO [ZOWTA AU ERT vy Lk
*@t%@f# %%%h&ﬁ%&ﬁ% *Z T Crystal88 TETZRLFXF—HHEZITV, LORT v LR

DIRGRA—=RET 4T 47 LI DT,
4772

— -4.7835

B 4774 =

= D 47840

£ -4.776 =

2 € -4.7845

o 4778 =

= 4750 é -4.7850

N . Z 47855

&0 - >

5 4782 2 -4.7860

=i

— -4.784 / E’ -4.7865

- 4 <

S -4.786 E U"’! S -4.7870]

4788 47875 .
0 0.2 0.4 0.6 0.8 1.0 0 002 004 0.06 008 010 012 0.14
Lattice parameter / nm Ionic displacement / fractional coordinate

B IR BE R TRD I BT RF —( R
KTy NRET v T 0T LTERER (525)

ToORE, BBART Vv /LTh D SX-1,CEN-1 & 5 —JFELFHHE TR D 7= ab-initio % il L7=H DO TT 23,
FFIZCFN-1 OB L B —H L TWA Z ENbh 4, £/, ARNIENEZ EFTCMD v I 2 b—v 3 v

AT o7 DO TT M, 80GPa {13 T CsCl AAEIE ~ DU RO b ET,
0.0

0.44
0.5
1.0 £ 0.42
ab-initio ~
= -15 t 5 040 ab.c .
- ()
=20 2 038
5 2.5 g b
§ -3.0 % 0.36
M35 2 0.34
< C
ig = 032
sl 0.30 N —
0 01 0203 04 05 06 07 08 09 1.0 0 50 100 150 200 250
Interatomic distance /nm Pressure / GPa
B HFH 7R T > 3 % J(ab-initio) & ab-initio W7 > ¥ ¥ /L Z W TEE(LT
BBRART > 3y )L SX-1,CFN-1 O bk 17> 7= MD FHHEOFE R, NaCl BUAEED 5

CsCl RIS~ DI R B 5,
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AEVHEMREER -LDA+U-HZEXRINLOFHE

WIEN2k ClgREEHifb DN SHEEZ 3 A LR 2R LE T, Tid LaCuOSe &\ 5 fEfH D3 R
ETTN, —FBEITAL Y —EMAEAZEZE L T EH A, WIEN2Kk OERETIE MT ERPN O PR UENL
IZ DWW TIE Dirac HFEERZ N THIFRIRZ I A TWE TR, lE FHEMIZ OV T IEMR a5
EToTHWET, LR, SeBEDEIDFFTH, BErHEL LS9 2 TIEA Y Y —#uEHAlE
AT T X F°, 125meV OAfliEE 11 D434 % 7~ L F 77 (Scalar-Relativisitic L~/ THLY JA A TV ET),

No SO Spin-orbit interaction
4.0—::;_ 3
P T o~ 10
1 il il '
. o.o-i — : 7
> 3 4{ §\ S 007 % SO split
=~ g S E _
? ézzé?xé; =T _ (125meV)
4 40 TARSAER : é%% \o \
T HANT TNk
80-E _ _2ojf //"‘\ | /
“MA Z1 X M I MA ZT X M T MA ZTr X M r
Eg (eV) Eg-o(meV)
LaCuOS 3.2 (1.65) 9 (8)
LaCuOSe 2.9 (1.49) 125 (125)
LapCdO,Ser 3.3(1.97) 180 (180)
CdSe 1.7 (0.53) 418 (376)

HyaRDIEA . WIEN2k TEtELI-{E

ZOFIFT 10K THE LI HRIN AT MUZiZ-> & 0 L8N ET, 70, ZORRIL. OPTICS(WIEN2k
Ry r =V @) o TRHAE LR E | BEFOSVWE—27 2N TR—HLET,

8.0

8.0 o -
E /// I e = - 70 g ‘a\L ] —
R n AR
50 o=t e 50 3 —| - I~
7 40 = - | 40 N <A -
' E P | 30 - — | | ]
5 o LaCuOSe S N o A 1 N
=) > 1 10 4 ]
— o || E. 4f7 oo Ey
Z5f R L= =g g ¥ a9 Ny
5 @ Df) T — ;ﬁ:—}"‘} =20 ~ = = —
2 4} measured@10K g a0 — B T
S 3t 125meV ::: _,___:_‘_H i Iy ; | jz i_;“— ‘1__;: _}?(H__
g 7.0 3 e = a0 L |
= 2 o 80 2 -8.0
= 4.0
L )
= 11.0 < =110 <
< L L ! ! -12.0 3 -12.0
0 130 _ i 130§ — s
2.5 3.0 35 40 45 50 55 e = B 140 2= s sEs= 1
Photon energy / eV r X R ZT M A r xR ZT M A

FAMIE, BuCuFS (ICOWTEME L7238 RS T4, HE%ET WIEN2K TEHET 5 &, Budf O B
fREH PP BN E T, ZAUL T HENOBFRIEZEE L T2 WD TR EEWNERA,
BRI R A BET 5 LDA+U $HHEZ1TH 2 & TR EE A0 RIE & —Fd HLE S Eu 4f #E 2
b L2272 ¥,

111



BFiIREER

PWscf, CASTEP |2 13& FIREN G D 2 — RRE T EJ, £72. WIEN2k THBIZ AT-A[HE7: Phoon
(FEY T v 7T L%5 & B HIRBIOFENAHETT,

Ti%. K. Parlinski et al., J. Chem. Phys. 114 (2001) 2395 Tt &7z, CaTiO; DR T9, IEHmEiE T
AT D LEEOIRER (7T 7R TADESY) NTTEETA, Zhud, ZOESBEENRELE T,
MRS 2 - LT L 0 BRI CE DS 2 L A28 LTV ET, . AT LR T
I, AOEREBEITH A TWET,

r z u R r
- 30
X(X) nn (M) I'(R) N A1Y) Z(X) 0,08 i o0, w2l (2. 12 e
30F oy geg  ieraaf woor | oo | ki ] Pbnm
— g >’< ]
= ./ o
T 20 LS
= ~20F W e
T
o E /
= —
w > b—
8 10 g
i w
] —
€ 3
0 = T 10
I4fmcn'|
0.5 0.0 0.5 1.0 0.5 0.0 0.5
WAVE VECTOR (
FIG. 2. Phonon dispersion relations of CaTiOy for tetragonal [4/mem g \“-:‘-.
phase. The path in reciprocal space, along which the phonon branches are L
0.0 0.5/0.005/0.0 05 0.0

calculated, corresponds to the same path as for Pm3m phase. Exact phonon

frequencies are at I'. X, and Z points. WAVE VECTOR §

FIG. 4. Phonon dispersion relations of CaTiOy for orthorhombic Pmnb
phase, as calculated from the elongated supercell. Exact phonon [requencies
are at I" and Z points.

2ZDT-», CASTEP MS3.2)CTitR LR L R LET, oL EITEEHRIZ 20 BIZE»»-TEY
BETLESN TS EBWET), Ara B ENTTHET N, 2K E LT WIEN2k+Phonon & [7] U
R TOET,

Frequency (THz)

40
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FELNI7ADBEZROD : FFHNFEEE—REBEOEASHE

RS FENFEE

EEAE REVWRBBERFBHFBRTYI(~H+TH/8)

(PCLAIL)

HEROBR-AAELICEYTELIZRBRN BEEZEND

FERDBBRNATA—ZITKEUEE

FE-REEGEENE D FBNEE
BEEREEEV (B FERTRE23%IUT)

ETEAELN00EF HERTY T (~Eaf)APCLRIILTORA

VHABEMEDB/METELREEEEZ DS
TELIFADREBEERDDHDITHLL

ZBETTELITREEEED
1. BRDPFHAZETTEIIZRAEEDVHETILEES
2. F—REZTEFNENREREERDD

InGaZnO, D#EfAfE & . MD

18 1

B E
.....

e
.......

e
......

s

MEPETILEEDOES: HRHF I HFE (MXDOrto)
Busing® #BER2ARTU v )L
RROBBELTELIFRAODEEZBRTHLIICRE
(EAEE 5.9 gem?’)
2R CTEII7TRAETILEER
1. 7GB_AKREVRTEEEOEVETILEEFR:
1890/RFZ &L (InGaZnO,),,, D H LI F
5,500 KTi&RL. 12.5 K psITIKE THAN
! (BB 5.735 glen?)

2. LDASE O RIBEG ARSI THRMAERET LEEH:
S4RFEEL(InGaZnO,),, D EFHEF
(ZE 5.795 g/lemd)

FE—REZEEMGE(VASP)
BREEABSALDA). SR T v L EEmKE
(B E 5.708 g/cnp)

HETHEG - Eb ST ELT 7 2K,

MD TH7=7 /L7 7 A2 W% & LC. VASP(LDA) CHEIEEM S CTHE7-
T/ 7 AR L LUMO OB RS0 B 3k,

In Ga zno
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HHMDFIIAL—a EFESEREOEE

TTICHESINTWERT oy VBT VL, R CAEMR, £R, BE - [ENSRMAHEETIIEZ 5
EEZOLNDN, TNTHLEHEENLETHD,

FLCIERETHoTH, MmEECHEENRKELSLDLISHA. ATV ERT vy VO SO/
AR R E DS,

FEEnAE . MR SEER. AR S, A A VIR T UV v VDR DRI X o Tk E
by TDIH, ZOIHLOEBEZHERTELLICKRT VI v LA RO E LT, omrEicsd
BIEGMENR D H0E D ISR,

TX57b, BoONTEOREEEE —FEFHAE CHME LT O BN RV,

DFENFEYI 2 b — a3 VBT, MR ETIMMEICEFEGT 2 RROBE R L D HEW
BEI AT > 7% 9 WERH D,

—JF. MBETIMECTEETIRIEORTFET + / VIR LD L+ BV 2200 Ty 2
L—ya T H50ERDD,

R, FEEREICIE, MD RFDORE &, RIS T TR MRS i & 72 DS (R IR &)
N D NENPTRELEDD, £/, FUEECTHIEVEEMHER T 208N D 5,

F—REFHEZEIRDIE

FERENEAEGEIL, M, MMEORKEITSE <. P EETIL 0.3%~2%F2E DR TIRE TE D,

—EFEFEEHE I, MEAECORETREWEEZ NS,

—F . BT OWRWIEEHEIIME L B A FF 272, Z D 7%, Virtual state” & M XD Z &
bd D,

272U, RBERIIZ, FEHAEMNRERZ PITBREISE S Z & THEBMERZ LI T2 b
S>TUWAH72, Virtual state 2 =84 « FIEIRIEDE S & 70T 2 L 13Z 0,

ZNTH, —BFEFHEHR CITEFHEBEN IRV AL T RN, FhEREA > T
DHFT —H EERMIICHE R T DT DIITEFHBEEZ I ANTHEEZIT O LERH D,

—fim & LT, LCAO-HF JETIE AN F¥ v v 72 REF U, & B ILBIEAE T idad/ Nat il 3 %
(bandgap problem)

57 IR A8 FZ (Partial Density of State)X° A A & 2, (L FHIZREKTE CRBIA), — BRSO 5 FEIT
2N, FDT, b iE, FHBEGG & 8T A —H (VASP TUW 9 72 5 WS BREEL, WIEN2K 72 5 MT BR
PR BN TL DR E UKTFET 2,

BENBAEL DX FED B PIRIEEE 2D D Z L IX— B TE | I IREE E (Projected Density of
State) & FE[EA 5, CASTEP CTlXZ D FikEE & o TnD X 9 TURTZ & OEIMRREER I H T2 7220,

OO EDOR L L L LT, BRHMEORF T EITHMREEELHTZLITXD,
BIHEEOMNERFEEZ LD Z N TE D, Tha TRFREBEE] Rllnoth LTnD,

OO IX, BT &, N REP kK ABRELTEEL TV N EMHERT H0E
N5, Hit SN TWAEE1E, “Band decomposed DOS” 72 E & il TWnWA Z E b b D,

EEEOFEIZB O TE, FREICHWTWS /ST A —4% (Beut, k 88, MT R0 ) 2E X THRHE
FERNED LR & AR LRIT IR 6220,

SCF #ENZERICIE L TW5D Z & 2iERT 5,

AR RIZ Lo TE, BENBEBOBIICL > TRHRENZEDDL Z 03 H 5, —Miy72dm & LT, LDA
X0 Y GGA 72 EOIERFTEEIBEEOEHEENE WV E Wb Dy, LT LHE I RLARN,
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GULP OEWA(ART7AILER AT7AIL D)

BFRE
Windows & 5N Linux TE#IE £9, Y —RAa—FEF TR AT —a— bl TnEd,

FENAEDI=aT7ILIEE->TWEHADT, HEMNBAN I 7MLV EHRBAT 7L ILEHETEEZET,

* MgO.glp: J#IDITT, MBERBEILZITLI. TWHHEZET D] ZEEELTLET,

* FEOD conp IT—FEFEHZEELTLWETH, COBSIERAEYEEA

opti prop conp

title

MgO

end

name MgO

cell

4.210900 4.210900 4.210900 90.000000 90.000000 90.000000

frac

Mg core  0.00000000 0.00000000 0.00000000  0.000000 1.000000 0.0000 111

Mg shel 0.00000000 0.00000000 0.00000000  2.000000 1.000000 0.0000 111
O core 0.50000000 0.50000000 0.50000000 0.000000 1.000000 0.0000 111
O shel 0.50000000 0.50000000 0.50000000 2.000000 1.000000 0.0000 111

space

225

species 4

Mg core 1.580

Mg shel 0.420

O core 0.513

O shel -2.513

buck

Mg shel O shel 2457.243 0.2610 0.000.010.0000

O shel O shel 25.410 0.6937 32.32 0.0 12.0000

spring
Mg 349.95 0
O 20.530
HAT 74 ILDOHE
Primitive cell parameters : Full cell parameters :
a= 29776 alpha=60.0000 a= 4.2109 alpha=90.0000
b= 29776 beta = 60.0000 b= 4.2109 beta = 90.0000
c= 29776 gamma = 60.0000 c= 4.2109 gamma = 90.0000
Fractional coordinates of asymmetric unit :
No. Atomic X y z Charge Occupancy
Label (Frac) (Frac) (Frac) (e) (Frac)
1 Mg c 0.000000 0.000000 0.000000 1.580000 1.000000
2 0 c 0.500000 0.500000 0.500000 0.513000 1.000000
3 Mg s 0.000000 0.000000 0.000000 0.420000 1.000000
4 0O s 0.500000 0.500000 0.500000  -2.513000 1.000000

**%% Optimisation achieved ****
Final energy = -40.99536011

Final asymmetric unit coordinates :

No. Atomic X y z Radius
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Label (Frac) (Frac)

1 Mg c 0.000000 0.000000
2 0 c 0.500000 0.500000
3 Mg s 0.000000 0.000000
4 O S 0.500000 0.500000

(Frac) (Angs)
0.000000 0.000000
0.500000 0.000000

0.000000 0.000000
0.500000 0.000000

Final cell parameters and derivatives :

a 2.974121 Angstrom dE/del(xx) -0.000192 eV/strain
b 2.974121 Angstrom dE/de2(yy) 0.000000 eV/strain
c 2.974121 Angstrom dE/de3(zz) 0.000000 eV/strain
alpha 60.000000 Degrees dE/ded(yz) 0.000000 eV/strain
beta 60.000000 Degrees dE/de5(xz) 0.000000 eV/strain
gamma 60.000000 Degrees dE/de6(xy) 0.000000 eV/strain

Density of cell = 3.598387 g/em**3

Primitive cell volume = 18.602054 Angs**3

a = 4206042 b = 4.206042 ¢ = 4.206042

alpha= 90.000000 beta= 90.000000 gamma= 90.000000

Elastic Constant Matrix: (Units=10**11 Dyne/cm**2= 10 GPa)

Indices 1 2 3 4 5 6
1 33.48202 20.25495 20.25495  0.00000  0.00000  0.00000
2 20.25495 33.48202 20.25495  0.00000  0.00000  0.00000
3 20.25495 20.25495 33.48202  0.00000  0.00000  0.00000
4 0.00000  0.00000  0.00000 20.25490  0.00000  0.00000
5 0.00000  0.00000  0.00000  0.00000 20.25490  0.00000
6 0.00000  0.00000  0.00000  0.00000  0.00000 20.25490
Bulk Modulus (GPa) = 246.63973
Stress axis : X y z
Youngs Modulii (GPa) = 182.12710 182.12710 182.12710
Poissons Ratio (x) 0.37693 0.37693
Poissons Ratio (y) = 0.37693 0.37693
Poissons Ratio (z) = 0.37693 0.37693
Piezoelectric Strain Matrix: (Units= C/m**2)
Indices 1 2 3 4 5 6
X 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
y 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
z 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
Piezoelectric Stress Matrix: (Units=10**-10 C/N)
Indices 1 2 3 4 5 6
X 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
y 0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
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z 0.00000  0.00000  0.00000 0.00000  0.00000  0.00000

Static dielectric constant tensor :

X y z

X 14.34787  0.00000  0.00000
y 0.00000 14.34787  0.00000
z 0.00000  0.00000 14.34787

High frequency dielectric constant tensor :

X y z

X 4.61890  0.00000  0.00000
y 0.00000  4.61890  0.00000
z 0.00000  0.00000 4.61890

Static refractive indices :

1= 3.78786 2= 3.78786 3= 3.78786

High frequency refractive indices :

1= 2.14916 2= 2.14916 3= 2.14916

GULP TOEHHRIRILXY—, T4/ UHEEEDH

opti prop conp free_energy phon eigenvectors

title

MgO

end

name MgO

cell

4.210900 4.210900  4.210900 90.000000 90.000000 90.000000

frac

Mg core  0.00000000 0.00000000 0.00000000  0.000000 1.000000 0.0000 111
Mg shel  0.00000000 0.00000000 0.00000000  2.000000 1.000000 0.0000 111
Ocore  0.50000000 0.50000000 0.50000000  0.000000 1.000000 0.0000 111
O sshel  0.50000000 0.50000000 0.50000000  2.000000 1.000000 0.0000 111
space

225

species 4

Mg core 1.580

Mg shel 0.420

O core 0.513
O shel-2.513
buck

Mg shel O shel 2457.243 0.2610 0.000.010.0000
O shel O shel 25.4100.6937 32.320.012.0000
spring

Mg 349.950

O 20530

dispersion
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0.50.00.0t00.00.00.0
dispersion
0.00.00.0t00.50.50.5
dispersion
0.50.50.5t00.50.50.0
dispersion
0.50.50.0t00.00.00.0
output phonon MgO

GULP TOHFEIHEEEDH

—TR%%zx25%:

conp md

L 52D dispersion LIBFEEZEZ 5 :
super 4 4 4

cutp 12.0 1.0

integrator leapfrog verlet
ensemble npt 0.1 0.1
temperature 600

equil 1.00 ps

produ 1.00 ps

timestep 0.0005 ps

sample  0.0020 ps
shellmass 0.1

dump  every MgO-MD.res
output trajectory MgO-MD.trg
output history MgO-MD.his
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Fedora Core2-4, CentOS4.2 x86 EM64 filt CHER L T\ E T,
WIEN2k {Z$HOME/wien, XCrySDen |Z$HOME/xcrysden, Launcher, TkPlot {£$HOME/bin/Perl/(Launcher|TkPlot)
IZA A b= ENTEY, REEAR, PATH MEUICERESNL TS L LET,
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THIECIFEDF DICHE (WEBIFGE) 13— EHNZRF S DT, DFT FEICIZIEIT5EN TOEEA,
YIBPA > TS D1, HBFE 5 0 I TEE M 5= EIZL 0 FT,

R Uik, RFTBEILEEIA(LDA), — b ABIEGGA) M ME 2 £,

BEENREEE A > TV A e, EREREO = XL — HEHEOREEITE WA, BhEREIE—%
IR F—HEN A ALY 77,
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BK) L. TOIMUDZERMICT T HIEND Y £9, £D72H, RMT EROKE IOREN @Y &,
ANIERER SR 2 T 2 k@%@iﬁo
%M@W%@&@%ﬁimk&ﬁmm@ﬁﬁﬁwin%bﬁfkgbb\MT%W@&@%@&lW
Wy F CHkE RS D — 1 Schrodinger HFEX OB AR E A iEE 77,

ZO7D, FHRIIAREINCE R (NSRS T A =2 203 L L) TT 2, RMT, Kpax
72 ERYNGRIRT D20 ERH Y £77,

D DOEIE, EYRMETH LR FHREERICEEL X FEAN, FEFRRMENOITEATHR
WiER (Ghostband 72 &) 2MEonb Z Enb £,
ST AR D FHE TR, ZOREE S EICRTERIZ, kmax 2>, ERUCHIGNT D =R F—

=1/2-n%k_ > #MNET, WIEN2k’G&i Z DT A—H21E Rkmax=Min(RMT) * kmax & )9

Ecut max

FEATHELTWETOT, Ml ESEIE, B CETXLENRSH Y £9, Min(RMT)iX, RMT OfE
DB, —FNhENH D)

Full potential 1572 D T, #AR T > 3 % JL(PP: Pseudo Potential) % {# >3, J& 1D PN#k#1E F T, Schrodinger
FRERXEME E7, PPIETIENZOPEOHEIZ L2V DO T, Xﬁ%ﬂxAﬁFNﬁkﬂﬁﬁ#ﬂ
RRIX PPIEICKI L THFL, 7272 L, 2SR/ 000 £ L, Fio, WNkOBLEFHRIGE R+
TINE D INIEET DM ERH D 5,
ﬁ%%ﬁm%ﬁ%mﬁﬂ%ﬁ%%ﬁofwé(ﬁ7/a/f#mﬁmﬁ%%7 o TDT=W, FAxt
HRDPMIE I BN TL D Pb RAILIE DO ILHEITH LT HEFMERE,

FEARLE COMXERRIT, BEE L TR ANTWS (R -BUEMREER),

LAPW 75 & APW EZBIE Z L IGBINTE 5, 72, APW EDOEA IS local orbital (lo)zffiH = & T
X570, WRAFRL 952 LR HEE,

AV -HUEMEIER. LDA+U BB, iifiuE e K40 AfLd 2 &3 ATHEE,

HEF., BEZH O BROGBEENRSNEEZ LN TVD,

PP /5% I\ 72 CASTEP X° VASP & H5 & GHREFHA 00D E WS R H D £37,
JRERAICAEIEREFN G © FIRE7ZDS, BRRIIH F VW EH SN THERA,

WIEN2k OFHE 7 r & 2

WIEN2k Tix, #¥ O T 0 /T A &IERFEITTHZ LT, HEERHELZ L TWET, =& 201F, —&E

B2 SCFEEO Tt R Ik DiEFEE L v £,
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1) #EebiEET — & Bk

1. StructGen: fffautEET — & Z{EA L. Muffin-Tin RO ¥4 ARMT)Z kO E T,
RMT (ZBETANTHZ ELTEETN, O FH2 L<HEEL TWARWEEEIL, StructGen T HBEIHY
(2R D I 3 e,

1) #Hk

1. initlapw (w2web @ [initialize calc.] ): #&fntid 7 7 A /L*.struct 7> 5, SCF fHRICHM TR 7 7 A V& AE
L E9,

2. xnn: *struct 7 7 A A0 O EIEHEMBEEEZFE L, £ ENOF O RMT 225, Muffin-Tin 23 HE 72
STWRNWT L 2R LET,

3. xsgroup: *.struct 7 7 A /L XV bR 2R EN BN E S AR L ET. b L D55 sgroup
(Z*struct 7 7 A VEAEVBEIEHZ ENTEET,

4. x Istart: Muffin-Tin RN O BN A2 58 L £ 7,

5. x kgen: SCF BRI HBL 220K F- 22 s> U A b (klist) & ERE L £ 9, *.struct DZEMREFE SN S, f&/h
DKEDY AR, Kk mOLEEZFHFELET,

6. xdstart: KR FHNOBEBFBEELZHE L, TOME L THMBOBFEEOMIMELZIEY £9, A%
WEtE %23 256, -up/-dn A7V a w00 EETLOMNELH Y £7,

ZOHIIIE, SCF iR OFEmNE T E OB L ER T 2 DlcfibinE T,

I11) Schrodinger F2R% B C.f&#% (SCF)IZfiF <

1. lapw0: FEEEDEFBEEMNS, 77— RT3y b, ZHWHERT vV EHRELET,

2. lapwl: L/APW I EDATHIER Z5H L, sk T 22 Lol - CTEAME, BAXZ M EZFRLET,

3. lapw2: lapwl OFERND, EFRELZFHEL, FILWEFHRELZEHRLET,

4. lcore: i LV T 2> 5 Muffin-Tin BRIN O EHBIS A G L £,
Ubo7v 7T 50K L TEITL, =X — B4 &H 5L Hermann-Feynmann /)73 i
FIZ72 576 SCF A AT T 5,

5. mixer: H LWEFRHE & HWETEE 4| Mixing Factor (*.inm THE STV D)DEIG TIRG L, K
? SCF YA 7 VOB A AER L E T,

V) Bt DFE

1. SCFRHEICLD, HOEEE/LRRT Uy AR SELNTZ L, WHESEOFENARRIZ/R D,

2. &7 k SROMIZ OV T Schrédinger HFER A 2 & TRV RigEEHERET 5,

3. BZAEBMTOZRNAX—YENOME LD & TREEENEOND,

4. HOPREBEEZHET I, lapw2 -qtl ZE(TL, FHLGEICBT 2R FHEO TG 2HET 5,
5. Optics 2— RZ&fl 5 Z LIC X0 PR EMEEFET 5,

6. XHRRULALT MIVEFET D,

7. WEMEET UV LEHET S,

BEOFEWE

Hef

1. WIEN2k %A > A h—/L L E7,
2. RHEMENL BT, BOOT T2 hTlogin LT, w2web #3447 L £7°,
% w2web
w2web |X Web — "— L LTHSBEL . T 7 4L b TIEAR— &5 7800 T7 7 v A T&E £,
Dtti, #HREEEILETS2FE T, ZORERLEDH Y $HA,
3. Web 77 UHENE BT,
http:/[%—/3—7 K L Z:7890/
TT77AL, 2= =L LRXATU—REANLET (K— FEF 7890 T TICL->TEDY £9),
IF, 2O Web 7T UWFICERREINDA X —T =2 — A%, w2web EFEFNE T,
FEmEBET T ANEEVET, 2200FERHY £,
FEE1 : w2web/StructGen TEEEATIT 5
1.  WIEN2k OFEHER 72 51E1%. w2web ORI DOE H DT [FEds ) 2 A1 L. [Create] L FT,
2. WIZT 4 v7 N 4 ZBEBEHEmBHLIOT, 7—2T 4V 7 M) 4 2EDZT 4o V7 N 4 IZBEILTZ
%, fmt) T4V 27 MY 0 21E0 £7,
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(7] & BHICANT2401ET V7 M) 4 ZERCICLET

3. [Choose current directory | %S ONE T,

4. StructGen Z BN, #EWmHEEEZ AN LET, 22 TANT L DIE, ZERIBE, T ERO AL, T EH.
JF DA, HEAEIE T T, B ROATMNL Z=72 E 2 AT 25 &0 £, %92
Zix To) i LETS
O EERED NS T, 14 72 EOATIHAHETT,

T O, RNRRRT X —=ZIT AT LR,

5. Save Struct ;"% > & ff L, [Automatically set RMT| ##&Y, RMT (Muffin-Tin well D-£%) %, w2web
WCHEWE ST ET,

6. T Save Struct " ¥ > & L, [Saveand Cleanup| ZiENE T,

G2 . CIF 77 A Vvagiiised

1. ICSD 72 & T, CIF 7 7 A VERAFLET,

2. w2web/StructGen T CIF 7 7 A )V & GiM ATy Z E DN TE ET,

72l KT 56020 E 50T, FOHEIITHELT TASILET,

EOFHETIES T Struct 7 7 A V3, BHAONEBEZ TOAREMOBIEE R UNE I AR L ET,
1. fESNTzstruct 7 7 A NV EfERT S 72 DIZ1X, w2web @ [View Struct] ZfE\ F 9, XCrySDen % A >
A =L L THIUX, XCrySDen 25 EHE) L, fEdbiE&E 2R~ L £,
% L XCrySDen 2MECEN L7eno 726, D X Window % BV TWL W)y (2> Y —)b X Server
VT R E) HHERLET, b2, RS 2D X Window Il T
% xhost +
EEITTHE, BRSINDZENHY T,
2. w2ewb T [linitialize calc] Z=EWNET,
3. Ixnn) ZFEITLET, nnfactor ZHNNETH, 2EEXTEWTHEIZRLZ LIEHY EFEAL (&
AT ORRRECRSEHE R MR 2 R T 2 DR 7).,
nn O AR T, SR MRS E & b RMENE D 2R LET (an O IR AL,
DFE Y, & ST bohr H£E 2=0.529A HALTT),
DNTIZ, RMT DERF E N EINbTF =y Z7 LELL I,

struct 7 7 A NV EBEIET 5
1. EOFHETEST Struct 7 7 A LA, WIEN2k OFHEICHER S O S IXR G200 T, 2 2 Thaik
LET,
2. w2ewb T [linitialize calc] Z=EWNET,
3. Ixnn) ZFfTL, BRLZ RMTICRIEB DN E S EERLET,
T 7= OK T,
4. Txsgroupl ZFEITL. bo & BWZEMBENRWNE I, HDH WL, FUSOBIR Dl & 9 I a
BLET,
lnitlapw] 7" % > C [linitialize calc] BHIZRE >7-& &, sgroup D A v — U TER I N D ZE/MBED,
A TADLEZMBEELEIGAIL. EL0E2Fo R0 W), BEEICKRFTAMLERH D £,
5. [view outputsgroup) # U, Tsave] NF¥ AL ET, Z 2T lnitlapw] ZILTH LITRD &,
Use struct-file generated by sgroup?
EWVWOSBEMNFRINE T, EHFIL No THWETAN, ROGHIEL Yes ZFL TS 7E 30,
1. sgroup DNRATZZEMBENR - L HTH Y, 73D, CIF 7 7 A /L)1 5 Struct 7 7 A V& ERIL 7235

AN
=

2. sgroup DIRATEZERIBEO SN L &% 5 elh &
3. %O initialize & 2V ME SCF 22 EDFE T T =N Z o 12556
Yes L 7c &1L, RO FIRZEEA T ZE 0,
[Start StructGen? ] A% %L T, StructGen (Z AV F7°,
StructGen T, Save Struct AR ¥ > L, [Save and Cleanup] ZEOE T,

A7 7 A VOFIEIL
1.  w2web T initialize calc. Z BN, £ ENDIEFRICARZ V2 L CnE 97,
7'a 77 AOMINIHMIZ TError] 72T UE, EFEETLTWET,
lview ...] DARZ L TlE, W7 7 ANERIZH%, D728, [save] 2L T 72X 0,
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72FIZ, Tsave] 7o EAF L= & linitlapw] RZ U BRRRINZNWZ ERH Y F3, Z DA, Linux
DHFERR Web 7 7 ¥ inn b 9 —ERA L ET,
2. [xsymmetry] %D [copy struct st] ILMETT,
3. Ixlstart] DFEATH, [view outputst] % 7T, core charge leak 23 EWVZ & A i L £,
leak 238 2356, Istart DR F—EEZE 2, BEORVEZEL 7,
4. Tcheck LaMnOP.inl_st| ¢ RKmax %4 72 fEIC A X £77,
* REHORFHEOLA ~5.0
* EfERFHROEE ~7.0
* AV UHLEMHEAAERZ EAR I AT ~9.0
5. xkgen T, EVHAT/NIWEFEANTHET,
% ZERE . k OfEE <100/ HAKE T ORFERECL TRLTATIEESITL LD
6. xdstart ZFATL, RANOEBEFHEELXEY 7,
Z ZC, IROTDEF Error] 23725, sgroup TYERL L7z struct 7 7 A L&AV, 20 7237, ROTDEF
I%. lLocal Rotation Matrix| @ Z & C, x symmetry 23MERLT 5 DT, K, x symmetry $X°0 72359 44
ERHY ET, 72720, initlapw ZEEHO0 B L7 FNVEEHETT,
7. AV UORHE DY, [Perform spin-polarized calc?] T Yes Z# L. up/down DJFFNDE T K %
B0 £,
WHIFHETHIE, up/down A B L DFHBIZFFICITZ £,

FEET
1. runSCF Z#f L. [start SCF cycle] =7 %

k R ORE L

1. SCF#HEB &b o725, w2web DED A == — [Utils] @ lanalysis)] T [ENE] #F =v 7 L, &%
R F— OB Z s U E T

2. WITk HAEEYSIZEEL £9, linitialize cale.] T [lxkgen] ZHFEITLET,
HAo9 |13 case by case T 2%, k D7 WEEAIIFICT NIRRT L L 9, KELRoTERDL,
BRI LET,

3. TrunSCF)] #34TLET, Z I Trbroyd[1[2]7 7 A VEHIBRT 2008 5 DEIWTL 20T, HIbR% 3
O, ) TrunSCF| ##IRL £,

4.  Tstart SCF cycle] R¥ &L, SCFEIRAZHETLET,

5. AiEIOETRLF—EL KL, HEREENTTZ L —ER—ET 5 k AR ERET,

[F] 22 TCHAETR VT —E Tk mEEROE LN, ZHUIHMIZE > TEDY £,
WiEREC OB AL, 72 ERBORT 25 k a2 WERH D000 LILER A,

BEEETHA NEBATHBBEZIELHA

WIEN2k 72 EOF—JFHFHEO L 1T, HARN 1 LV /hS0H A MEFROEROFREATE ZHA OF
BRR e L2 MW CRAETE 27 v 7 I 06 H 2 K5 TT),

TOE . A— e BT 0 | FE LTV AR S IR T EARAT Y LT, TRCOET
MED SN VISR DEET —F 2 ED0ERH D £,

FHEOBFTRBOMHR
WIEN2k Tit, WIEN2k OFtRE 7o A cEBE WL 1C, #HEO T /T A& ERFETTLZ LT, #E
MeZo B OIS (SCR)R R A2 LTV E T,
SCF FH5L DR PEH % MeR %121, w2web @ [Utils.) WOLTOA =2 —ZH0ET,
FT. EOA=a—005 [Utils.] ZRATHEET,
show dayfile
AEREO YL, EoTa s T ANRED X ) AeRERERE, INHIEBRE TEIT SN TV DINEFRRLET,
show STDOUT LV 4 2 b b2 A5 L aEOET,
show STDOUT
FEAEN ) 2k LE T, show dayfaile &Ll TV EF25, complementary 720 b & 0 £97,
FFEICARTHADLERNTL L D,
analysis
INT A—H EFEE LT SCF O HK I\ MR L £ T,
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W OFFE TIL, ENE(Z2= /¥ —), FER (7 = /L I¥NL), DIS(EMEEOLI:EZT =7 LET,
Z B 43 REE TlE CUP,CDN (up,down A B> DJFFHNEMSMGF = v 7 LET,
REERRFNFHE CIL FOR (BRI D JRPTEER TOIN S F = v 7T HHNBEWVWTL X 9,

R EBE E DA

SCF #tEM KDL= L MO T, YRR EOFENAEICR Y £9, T —FRIICA D RZR2OTREE

BETLL I,

1. w2web @ [Tasks| #&EW, [DOS) RZ ML ET,

2. xlawp2-qtl R¥ U EZH L, FHEICBIT LKA FOFGEFHELET,

3. #HTDOS ZitHET 254, EOBLED PDOS Z 5 E T 20 AR ET H*int 7 7 A NV E{ERT 2 M5
NHY EJ,

ledit *.int] RHZ 2T L, B THint 7 7 A VERRETE 7,

2.C Ixlawp2 —qtl] 54T L CTh D L, BmO LT, FRETFOR BB MDIEER IR RINET,
D, OMNDBIREABHICHINT H2D T, *int 7 7 A /L2, PDOS Z#HE LIZWEFOFK 5 & )
B OFRSEZTRALET,

4. TSave] RH¥ U ZMLTH EITED £7°,

5. Ixtetra)] %L, PDOS #&tH L £,

6. RFEAERIT Tdosplt] THERTXET,

Ny RREEDRE
SCF RN b o726, Ny MO FE S TE £,
1. w2web T [Tasks] ZPHZ. [Bandstructure] ZJERL E£7,
Ny RRERKRY A R
2. [Generate k-mesh using XCrysden] %5 &, XCrySDen T/ NEERRD k NAZHEIRTE £ T,
XCrySDen 2528y~ 2% & | ol A B 1 BLAT & J5 (A1 L 72 k& 22X I8 R SV E T,
2 TCrExFRE (e TRENTWVND) S E HDU A MRy 7 R JEREN R R SV E
Fo RIS LTS ZERBECOWTIL, label IS ROAHTHF R SNET,
VB NAZRATED, OKRZ U EMLET,
M multiplier (213, #2788 (AFEIXTT 74/ FOEE TOK),
Total number of k-points (Z1F, (k /3-1) x1 OREZANTLH L. ENWRKPHIT £,
OK ##7T L RGETHT7 7 AN EZBNTL 2D T, Ixerysdenklist] &5 7 7 A L4 TR L
EJs RS
3. w2web DIRDITO U A "R v 7 A5 Tfrom xerysden| Z3®O, [create * klist band| A& &L,
* klist_band 7 7 A L Z2AED £,
U EDEZEIT, kR U A FEZEET L5 00ME, RV ETHEITH D FHA,
KRIARARNZ7ANMZE S TERNVFT—EMNEHETD
4. [Ixlapwl -band] % FZ{T L. *klist band D k JUZZE > T, TRAF—MENEZFHELET,
5. Tedit .insp] RFZ U EFL, Fermi TR VX —F AN LET, [FEED L2, *scf 7 7 A MM
TW% Fermi TRAF—PRFIRSNTNDHDT, ZOHPNLEEZREZ AT LET,
6. Tsave] RF U EMLTHEIZREY £,
7. [Ixspaghetti] ZF(TL, N FEEMAHIE £7,
8.  [plot bandstructure] "% &g & Ny NEELZBL Z LN TEET,

[E2E] N MG Z DR
Ny FEEEFR LIESE., 17 7 A 0O kU A ML, ANy MEEF R ISR ICZBICR - 72
kRIZ2 > CWET, F/o, SCFAHREO k sl bEVEEA,
ZDI=, N FIEEFTRZICMOFE, 728 21X PDOS §HHE 2 L LS L T5 L, xlapw2 T T —
AL FET,
INEEIET D21, w2web @ [Execution] T [single prog.] Z 3N, lapwl ZEIT L E T,
1 AT a v OEENRLELS DAL VESIE. b 5 SCF 2% LABT R ETT,

SCF #& 72 EOFEST

WIEN2k i, SCF #H7Z2 & Cid, filal cycle £ TOBFHMAEFIH L, WKZFLFHTRELTVET,

ZOTNTY XAELTIALFEDILTWD DA Broyden D7 /LAY X LT, ZOEHR %A * broyd* &\ 9 7 7
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A WARAE L TOVET,

ZDD, WiEEEZT-V LT (7 2E272<TH) SCF iR EZFHIETT H%LE1X, *broyden* 7 7 A
WEHIBRLRNWEBIATTERNLDIZR>TWE T, HFEIZ [Remove the files *.broyd[112]] A&,
ldelete] L C2HHE lunSCF] Z#3#fTLEL X 9,

(BN TEDHLAELHV ETN, ZOLEITF T TONTVWINEEbALEELTTHZ L)

SRR

WIEN2k (Zi%, fautsT (e CWEBHE (RroOfHoEeE) ZFRFICEX T, kb rLx
—fEiEE RO D, VWb D full relaxation DFEEEN H W FH A,

7272 L, mini & PRI DS B D RELA 7 U 7 N & optimize & PFEEILD —HOE T EE D FemE /b
27 VT EBHBEENTWDLOT, ZhbaflAGibHE 25 Z L T, Orthorhombic (37 dh, 1EJ7 8, &7 6h)
724+ @ full relaxation 573 ATHE T,

e DR (Volume optimization, ¢/a, b/a optimization)
I, E79. SCFatHEA LTHL, WRSELILETHY FEA WHEMEL T 7 A VRLERZT RO
T,
2. w2web ® Optimize %%k T %,
3. EDXS IR TFERERET D0, ROTNERIET,
Volume Optimization with constant a:b:c ratio
c/a ratio with constant volume (tetra, hex. lattices)
c/a ratio with constant volume and b/a (orthor. lattice)
b/a ratio with constant volume and c/a (orthor. lattice)
4., FREISELHNRTAZ—OE{LEERELET,
5. 27 VT b7 A NEmELET,
AR R, ERBGEHR. AU CBUERLEN, SUBIRERT vy Va2 L& lid, 47
WELARBTLERD Y £T,
Bl : ROITERMET DIVENDH D, #03HH1TIXa A M T, EfT3n720
# run_lapw -ec 0.0001 -inlnew 3 -inlorig -renorm
# runsp_lapw -ec 0.0001
# min -1 -j "run_lapw -I -fc 1.0 -140 "
run_lapw -ec 0.0001

—BEERBE
TI7HNVEDEE, OFD
run_lapw -ec 0.0001
PTaaxss7ru b5,
AU BREHAEDOHE
SCF #H D A7 U7 M runsp_lapw 72 DT,
runsp_lapw -ec 0.0001
PEaA T N5
AV VHGEMEMER, LDA+U FE, SWFHIFHELTHE
e LT
runsp_lapw -ec 0.0001 -so -orb -p
PTxEELTaAry Ty M5
WEE B E (RO EE) bi@Etd 2546 ¢
min & FE1T7T 5D T,
min -1 -j "run_lapw -1 -fc 1.0 -140 "
AL RT U RN 5D, min O513O run_lapw UL Fid, L& AEE, FHROFEIC L - TEEHX
Do
6.  [run optimizejob| Z# L T, Fii{bitH A FEITLET,
7. FHE#K T4, Iplot) ZHF L. Volume Optimization 72 5 [Evs. volume] %=, ADOTF A hAR v 7 A
([Z"*vol*" &2 A ) LT [plot] #fMLET,
c/a Optimization 72 & [Evs.c/a] Zi®OY, HDOT XA MR v 7 AT "*coa*" % AJJ LT Iplot] %3,
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VASP D fELVA

http://cms.mpi.univie.ac.at/vasp/

EER
AT OLGG, ELWAY MEEZFHRET 2581X. POSCAR Z AR AT OWTIER L,
KPOINTS % itk DFEANZ [ LZ%f LT RECIPROCAL & — U — R &> CTERG 2 BN H 5,
FEERRFFIRITE T R FEEOREM BT ),
PREC=Normal
ISIF=0 (cell shape [& . pressure at-H 7))
IBRION = 2 (A& AL IE)
ETFOREMbED D L XX, 47 PREC=High (23 %,
PREC=High
ISIF=3 (pressure st % Z 1T\, cell shape HFEFI S H5)
IBRION =2 (FLA&AELE)

VASP 0 A
%%%TW

VASP T 8 & 7 ~ ¥ ¥ N E H 5 W X Projector-Augmented wave (PAW) i
(http://www.pt.tu-clausthal.de/~paw/index.html) & . - 2 /& B ¥ (Pseudo Potential / Plain wave) % H
7oy BBV REE 0 7T ATT,
—EBFIREFENE T, 2FV, —OOBFRECLIRT v /uid, R, thoEOBERSY
HPED L LT, HREXAFHIT—o>OBEF T OREICET 2 e £1,
FEEPBEBOFTEZHE S, 2F 0, HEICFREMR ML ZHWMBAER S, EFEEORREKTELT
FHE Z L LT ET,
TEE : [FIEZHEIE L T sy DT E TOMRRICTEEWA, DFT DI 61, EFEETET
THICLREDF DRFE WBISTE) 17— EHNZRFE S DT, DFT AHEIZIZ0 0I5 FAFEA, T2
PR TS DT, NEIE Y 0 BIR TE &M S = EICL D FT,
MBI E UCix, BT EPLEEIE(LDA), — B b ARlE(GGAPBE) 2 EMHE STV ET,
BEPBEEIEEZ AV TWA D, REREDO = RLX — HSHEBEORE &SV, B RiET K
o S IV |- T 5= SN/
BB ORI L - T, FHEBRIIWBDIC (HDWIEFKREL) EboTEET,
Gh ik A DO P E BT H RKIEH knax D FHE O EROHDOETHLD L, EHIEICEY —E
Schrédinger 2RO E A EFEZ fif & 97,

IO, FEIIAEMICE R (NAMRHERT A —Z 2T E L) TTD, Ky (F4E
RKEENGEOND TR REVEZRIRT 5 LENH D £,
FHEEEIX WIEN2k @ FLAPW/APW #EIZHE TR,
ARG 2 i S AU T T, full relaxation (BB, JFAZ 2 X Clciifb 3 5) HffiHIC5E
TCc&EEd,
AEV-BLEHEER. LDA+UEREZERD AnohEdT L THEEA),
#&ART >3 ¥ JL(PP: Pseudo Potential)d %\ ME PAW {EZ{# 5 726, WIEN2k O X 512, PNkl O
IXTEERA

VASP OHE T r & R

WIEn2k & 8720 VASP OFEIT7 1 7T MIFEAMIZ—271F TT R, Ny ME&EE/HFL DI, W
KOMDOFNEE & DVLENHY £7,

1) A1T—# VERR

HE A TELABCODEAII Y igiEE 7 e v b T 5B8E, INCAR 7 7 A /L A TIED &
ERHY ET,

fEobkEEG T —# POSCAR, #tR T > ¥ /L7 7 A /L POTCAR, A/~ 7 A /L INCAR, K 5.7 7 A /L
KPOINTS % {E2 MEENRH W £9(VASP D~ =2 T /L & FidD 7 7 A LDl & B HR),

I1) SCF #&
IREEEE(DOS)e/ N NESEZ R T HI2I3E T, HOEEEFHEGSCHZ T2 ENH Y £,
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1. ) CTSCFHDANZ 7 A NEESTNWHEDT, TNHLEFELT 4L 7 M) 4lZab—LFET,
2. FOFT4LV7 MY 4T,

% vaspx
EANLTCHEBEZFEITLET,
I11) DOS &

1. SCF#HENRKboTb, TR_RTOT7 7 ANE#EY72T 4 V27 U 4, BIZIL/SCFIZa— LTy
Ty Tl oTRBEET,
% L. SCF #HHE D% TiodIE SCF #H.(DOS,Band 72 £) & L7254, &D7=H 2 — L7z SCF IKED
WENREE, BREE L 2 — LR L2 VG4,

$ cp SCF/{WAVE* CHG} .

2. INCAR 7 7 A /V% . DOS #FHEAIZHS D B LET,
PDOS (52 fKBEH L . Projected Density-Of-State) % 553" 2 BRIZIX, INCAR 7 7 A /LT, RWIGS(V
4 T —=PAVERER)ZBM L, @Y 72MEE AT 50N H Y £9, POTCAR IZ RWIGS 23EN L
TWETOT, BFICLET, WS EROBGFEFEDERATEDOIZITL 0 0 %2725 K 9 ICkD 5 L3
N ET,

3. % vaspx
EANLTEHEAEZIATLET,

4. FERIT. pdvasp CTRRIHELZENTEET,
1) p4v T electronic -> DOS + bands % i3.5%,
2) AT —NVEEEDOT A 3 PRI A THWDENN—D ED A =2 —D"show"”> 5, "Bands"F 7213
"DOS and Bands" A = = — % J& .5,
3) BRI ODOT A a L DO—FLEICHDA— NAT—NAVRE o Z2ET,

IV) Band #:&31 &
HE  EHAKTO%HE, ELWNY REEEZFHET 28813, POSCAR % HAME 2OV THER L,
KPOINTS % ik D HANRZ hizxt L C RECIPROCAL ¥ — VU — R&ffi > CTIERIT A VBN H Y £,

SCF AtRN Kb oTe b, TXTOT 7 AN EEE2T 4 V27 MU 1, BIZIF/SCFIZ=E—LET,
# L. SCF tHE 0% TidIE SCF FHH.(DOS,Band 72 £ % L7256, &D 7= 2 ¥— L7z SCF IRRED Bl
Bk, BABEEZ 2 — LR L7 ST,

$ cp SCF/{WAVE*,CHG} .

1. INCAR 7 7 A /L%, Band ftHIZO W eB L ET,
2. FHE L2V K AOMAEZED, KPOINTS 7 7 A L& 1ED £7,
k SR SERICIE, XerySDen % 9 O AMEFR] T,
% vaspx
EANLTHEAZIATLET,
3. AERIL. pdvasp THRARSIHEDLZ LN TEET,
1) p4v T electronic -> DOS + bands % i&.5,
2) AT —NEEEOT A 2 PRIZIEA THND =0 ED A =2 —0"show"’> 5, "Bands"F 72 1%
"DOS and Bands" A = = — & &5,
3) BT ODOT A a v O—FLEICHDHA— M AT —NVRHF o EEBT,

IV) #EEEEE

SRR A TlX. AR FREZE XD T EICSCFHAEZRV 2B L ET,

FD, TOHNT SCF #HEZ LTV L TV ZRWnNIhnb b9, #iEEmidEs T2 2N Tx
ij‘o

1. INCAR 7 7 A /W&, #E&EEMEFEFHERHICSO< V2B LET,
2. % vaspx
EANLUTHEEFEITLET,

V) BB (BTHRE)
SCF stEN Kb -T2 h, T X TOT 7 ANEE@YL 2T 4LV 7 MU 4, Bz IE/SCFIZab—LET,
128



H L. SCF #H&EoD

#% T IE SCF

W, iEE L S E— LR LET,

# SCF JkfE ™ CHGCAR 1%
$ cp SCF/{WAVE*,CHG} .

1. INCAR 7 7 A /L TIRDEMN G HWIHEIEE LE T,

LPARD = .TRUE.
NBMOD =0

LSEPB = .TRUE.
LSEPK = .TRUE.

2. EEMNKIb o775, "PARCHG /N REE Kk HEE" L9 77 A LD,

TWET,

3. VEND & %\ X VESTA THiAiA

EFEXINTLENET

VASP D AT17 7 A VA

SCF §t&

* INCAR
ISTART =1

ICHARG =11
#INIWAV = 1
NWRITE =2
PREC = Normal
EDIFF = 1e-04
EDIFFG = 1.0e-3
LREAL = .FALSE.
#ENCUT = 200.00 eV
ISPIN =1

Ionic Relaxation
#ISIF =3
#NSW =100

#IBRION = -1
ISYM=1

DOS related values:
RWIGS = 1.524 .820
ISMEAR =-1

SIGMA = 0.02 broad. in eV

* KPOINTS
Automatic mesh
0

Gamma
444

% POSCAR (FCC D7 I R—KFTHELT

WET)
MgO
4.210900
1.000000
0.000000
0.000000
4 4
Selective dynamics
Direct
0.000000000
0.000000000 TT T

0.000000
1.000000
0.000000

0.000000
0.000000
1.000000

0.000000000

129

TelG A, YRR % vasp ICE X 7,

0.000000000
0.500000000 TTT
0.500000000
0.500000000TTT
0.500000000
0.000000000TTT
0.500000000
0.500000000 TTT
0.500000000
0.000000000TTT
0.000000000
0.000000000 TTT
0.000000000
0.500000000TTT

* POTCAR

FHHE(DOS,Band 72 )% L7=A. &0 a B — L7- SCF IREDOHH)

Ny R Xk ST TESN

0.500000000

0.000000000

0.500000000

0.500000000

0.000000000

0.500000000

0.000000000

BRT ¥V 77 A% POTCAR IZH B i

F-DINEFI ST TES

Band &t &

SCF Gt H #& T % .

HE CTE

WAVECAR,CHG,CHGCAR 7 7 A /L& f# - C&t

HLET,
* INCAR
ISTART =1
ICHARG =11
HINIWAV = 1
NWRITE =2
PREC = Normal

EDIFF = 1e-04  stopping-criterion for ELM

EDIFFG = 1.0e-3
LREAL = .FALSE.
#ENCUT = 200.00 eV
ISPIN =1

Tonic Relaxation
#ISIF =3
#NSW =100

#IBRION = -1
ISYM =1

DOS related values:



RWIGS = 1.524 .820
ISMEAR = -1
SIGMA = 0.02 broad. in eV

* KPOINTS (& : FCCHFTEHE LTS

DT, TYVNT =R 2 {51275 T

£7)

k-points along high symmetry linesA

11

Line-mode

Reciprocal
0.0000 0.0000 0.0000 'A
0.5000 -0.5000 0.0000 !B
0.5000 -0.5000 0.0000 !B
0.7500 0.0000 0.0000 !C
0.7500 0.0000 0.0000 !C
0.0000 0.0000 0.0000 !'D
0.0000 0.0000 0.0000 !'D
0.0000 0.0000 1.0000 !'E

%k POSCAR, POTCAR, WAVECAR,
* CHG, CHGCAR
SCFFELFEUCHDEHENE T,

REZEDOS)EHE

SCF #tH#& 7 # . SCF ¢t E T & =

WAVECAR,CHG,CHGCAR 7 7 A /L &{#i > Tt

BHLET,

* INCAR
ISTART = 1

ICHARG = 11

#INIWAV = |
NWRITE =2
PREC = Normal
EDIFF = le-04
EDIFFG = 1.0e-3
LREAL = .FALSE.
#ENCUT = 200.00 eV

stopping-criterion for ELM

ISPIN =1
Tonic Relaxation
#ISIF =3
#NSW = 100
#IBRION = -1
ISYM =1
DOS related values:
RWIGS = 1.524 .820
ISMEAR = -5

SIGMA = 0.02 broad. in eV

* KPOINTS, POSCAR, POTCAR, WAVECAR,
*k CHG, CHGCAR
SCFHELFEUHDEENET,

HEEEF(VC-Relax)5HE

* INCAR

ISTART =0

#ICHARG = 11
HINIWAV = 1
NWRITE =2
PREC = High
EDIFF = le-04
EDIFFG = 1.0e-3
LREAL = .FALSE.

#ENCUT = 200.00 eV

ISPIN =1

Tonic Relaxation
ISIF =3
NSW =100
IBRION =2
ISYM =1

DOS related values:
RWIGS = 1.524 .820
ISMEAR =-5

stopping-criterion for ELM

SIGMA = 0.02 broad. in eV

* KPOINTS, POSCAR, POTCAR
SCFRHELFE U DOEENE T,

Si DEFRHEMUBFERALE
POSCAR & KPOINTS

(NN FRER)Z7ALOD

{5l (VASP)

*POSCAR (RIHMERIT - & D b B EXF)

Si-PrimitiveCell
3.832410
0.250000
0.000000
0.250000
2
Selective dynamics
Direct

0.250000
0.250000
0.000000

0.000000000
0.000000000 TTT

0.250000000
0.250000000 TTT

0.000000
0.250000
0.250000

0.000000000

0.250000000

*POSCAR (B DEAR~7 by XHi kL, 22

B% XY @mECEBLEES

Si-PrimitiveCell

3.832410
1.000000  0.000000
0.500000  0.866025
0.500000  0.288675

0.000000
0.000000
0.816497



2
Selective dynamics
Direct
0.000000000
0.000000000 TT T
0.250000000
0.250000000 TT T

*KPOINTS (Band % f)
k-points along high symmetry linesA
8
Line-mode
Reciprocal
0.5000 0.5000 0.5000
0.2750 0.2750 0.2750

0.000000000

0.250000000

0.2750
0.0000

0.0000
0.2500

0.2500
0.5000

0.5000
0.5000

0.5000
0.5000

0.2750
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.2500

0.2500
0.5000

0.2750
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000



CASTEP O{fELVA

CASTEP m#A

AEET L

1. CASTEP [, VASP L IZIX[F U T 8RT v v kL | ik & ER ¥ (Pseudo Potential / Plain wave)
EHWE, F—FEAV NHRET 077 A TT,

2. VASP LV AEY—DWHEENRL WL S TT,

3. =P —Af L HA—Tx2—ZANRLTETEY, PILETHLHBEIELET,

4, WRINANRZ "L, Tx ) o EOMMEREOEY 2 —ARHEENTHWET R LTWVWERA),

CASTEP O#HE ¥ R
CASTEP D FATi%, HAMIZ MS Modeling & V9 Graphical User Interface @Y 7 N 7 = 7 N HATWVET,

) AS17—%VERK

1.  MS Modeling L&) 3 5,

2. HLWTFaY s FEESD,

3. A VTYURADERE %7 )y 7 L TaryTHFAMRA=a—2RRT D,
"New" => "3D Atomistic Document" % & A T/ERI 5,

4. "Build" A = = —7>5"Build"=>"Build crystals" Z &R L, ZE[#E, Originset, ¥ EHE AT 5,

5. "Build"A == —/»5"Add atoms" Z I U, 7 OFEHH & JEIE, A A Ab$kE AT 5, SARITER
NI P20 T, HIZ 1.0,

6. HA NTHEREERNEREINDDT, 2T F A MA=a2—/5 [Display Style] #&R L, TT
XX A7 a7 ® TAtom] %7 C [Ball and Stick] Z#E&5 & WO OFEEEERIN R 515,

7. THRERLELZFERSELEAE, 23T XA M A=a—n5 [Label)] ##R L. ElementSymbol ] % %A
T TApply] A% &,

3.C, AT HRAMA=a—0 Import” &l 5 & CIF 7 7 A V&EFiAAL Z L b TEEY, 727201, CIF
T 7 AINVDNRAZIE, BHRENR AL TRV, 2B %$f£7ﬁ‘ﬂ/5’*‘llﬁéﬁ?‘5jﬂj>§ﬁé¥ﬁfﬁ—o
MS Modelling % &3 %,

I1) Energy 1% (SCF,DOS,Band)

1. MS Modeling T, ftfntiE 7 7 A /L"* xsd"Z1BIR L £ 7,

2. A ==—"T"Modules"=>"CASTEP"=>"Calculation" % &\, #HH XA T/ 2F R~ LE7T,

3. [Setup) # 7 ®D"Task" CT"Energy"Z R L E7, ZDOREIZ. HEKEE (Quality:Coarse 7> 5 Ultrafine
T) RELERT D,

4. [Electronic] # 7 CIHENT A =X EFHELET, BEIIVEDHZHLEIIH Y FHA,
5. [Properties|] # 7 C, FHRELICWELZIEEL ET, WHFIX

- [Band structure] (ZF = v 7 T 5,
- Density of states| {ZF = > 7 L., [Calculate PDOS (ZHF = > 735,
T+ TLXI,
6.  [Job Control] % 7 CitH— 3— (Gateway location) &ff 95 CPU %t (Runin parallelon+ « - ) %45
E L., Run| A& 24,
EE BRI RKREWEA7e S, [Empty band 23V &9 Wamning N THZ ERH D £,
ZOYA 1L, [Electronic] # 70 More] A& ML, HT&72X AT 7D [SCF] %7 T [Empty
bands| Z¥{CT E 3, [F URXEDS, [Properties] % 7 @ [Band] & [Density of states] (260 F7,

1) #ERfEHE

1. MS Modeling C, #EfmutiE~7 7 A L"* xsd"Z 3R L E T,

2. A ==—T"Modules"=>"CASTEP"=>"Calculation" % &\, FtHEZX A T a7 =XKL FET,

3. [Setup] # 7 ®"Task"C"Geometry Optimizaton" % i8R L £9°, Z OFEIZ, FHHEFEE (Quality:Coarse 7>
o Ultrafine £T) 7 EHBIRL £,

4. BT EBLEMSE L7256, More] RZ U Zf L, Optimize cell) IZF = v 7 LET, Z DO, [Fixed
Basis Quality] Z#~[TRKLRTL X 9,

5. [Job Control] % 7 CitH—,3— (Gateway location) &fif 5 CPU %t (Runin parallelon+ « - ) %45

1



L. [Run| R¥ o &#Hd,

IV) @Rl O

1.
2.

http:/FH R — /X —:18888 THER TX 5,
JobZ 7 Vw7 L, "ruming"REED T a 7 DAHIZ 2 B 5,
*castep 7 7 AV EFICICH Vo m— KL THDIXL L,

V) ZEFEEDOERR

1.
2.

FEEFRBEFINKE T Lizh, Z£0*xsd 77 A NV EER LT ICALET,
"File" A = = —®D"Export" C"CIF" 7 7 A V&5 & *cif 7 7 A /WIRFTEET, 7272 L, NR4A4IC
T2 {72 EOLFEN Ao TR W T N E#E G4,

VI) Band, DOS

1.
2.
3.

V1)

wo =

FHENRT LIS, 20*xsd 77 A NV EFERLET,
"Modules"=>"CASTEP"=>"Analysis" % 2\ E 7,

”Band structure" Z # X, "View" R ¥ 2L £9,

DOS DFFE H4T > TV UL, "Show DOS", "Partial"’2 &t F = v 7 TE 5139 TY,

T TOWNR - Hi/MNE, T TR TR — Y VEBE, ~UADERZ L EHLERL NI v F
LT,

77 7 DRAGMBOBENL, A7 v— =2 ET,

FHENRT LIS, 20*xsd 77 A NV EFRLET,
"Modules"=>"CASTEP"=>" Analysis" % 2 N ¥ 3,
”Orbitals" 2 3® Y, F£x L2 W RV X —HIk O /N R & ER LT Import" RN & 2/ L £,



BHMRFOEHR

O] LEAITIX, THRT OXIFMEME ) B B TE | N2 REEHER STk, 2ol
WK T2 ) MERHDHLONH Y £,

Flo. BGAICEoTUEL, N TFERGHEFICERT 52 LT, £T®%%%ﬁ%9w Z L7 5 MER]
RZELBHVET (ADTOMHEDO L VVIE LT LE D ZEICEE, NFREFCTHEHIZEZDLND
T ERITac D2 2720, REEIZTHERNT Eabe D3 DIZHATLED,),

FERIRBIZOWVTIE, GIFED L~V EEZTIZ) AFHFKBTEZFRTOELLD LY FHAEETT,

MTK\:m%m%@m;%%%%ikwfﬁ%i#o

Diﬁ%%&*ﬁ%%%@ﬁ@ WDiﬁ%%&*ﬁ%%%@ﬁ@ ANITHEA & RITHEF DI

7T R—fg T TIR—ETFND | L% Ok T PEHat% DTN D
K- s D% K- ¥

RN RS- 2 il 2% 109.5° DZEHEA | 1

[f1 /Do ST 5 4 B 2 60° D ZE M R 1

INITHE - 1 bla=y 3 DR ITHE - 2

ZE TR K 1 1 IS5 WA - 3

= ORI |1 = 71 3

(HELiAS 1)




TIVNTT—DFHEUE. MOERDRT

bibao crystallographic server: http://www.cryst.ehu.es/
Space Groups Retrieval Tools
>
KVEC The k-vector types and Brillouin zones of Space Groups

EEATERBESEAT D,

CORERELNATOLIREICIT., T U NLT o — BT ARBIED BV EDOLFRE . Wik T
DERAFEFE R W R 5TV D (FFRED7k-vector label”), ADOLFMNIOWTIL, TV o v LFIL2 LFEOH
FTTNT 7 Xy NCREINTWD (TEZIXGMIET, SMIZZ L),

Bl © ZnO: ULV EHA KT, Pésme (No.186)
===ftt=== (E: TROLSTGMIFIT RO &)
The k-vector types of space group 186 [P63mc]
( Table for arithmetic crystal class 6mmP )
( P6mm-Cey' (183) to P63me-Cey” (186) )
Reciprocal-space group ( Pomm )*, No. 183
[ Brillouin zone ]

k-vector label Wyckoff position Parameters
CDML ITA ITA
GM 0,0,0 1 |a 6mm 0,0,0
A 0,0,1/2 ex 1 6mm 0,0,1/2
DT 0,0,u ex 1 a |6mm 0,0,z : 0<z<1/2
DU 0,0,-u ex 1 a |6mm 0,0,z: -1/2<z<0
GM+A+DT+DU]J[GA] 1 a |6mm 0,0,z :-1/2<z<=1/2

K 1/3,1/3 0 2 |b 3m. 2/3,1/3,0

H 1/3,1/3,1/2 2 b 3m. 2/3,1/3,1/2

P 1/3,1/3 ,u ex 2 b 3m. 2/3,1/3,z: 0<z<1/2

PA 1/3,1/3 ,-u ex 2 b 3m. 1/3,2/3,z: -1/2<z<0
K+H+P+PA[JH] 2 b 3m. 1/3,2/3,2 : -1/2<z<=1/2
M 1/2 ,0,0 3 [c |2mm 1/2,0,0

L 1/2,0,1/2 3 |c 2mm 1/2,0,1/2

U 1/2 ,0,u ex 3 ¢ [2mm 1/2,0,z: 0<z<1/2

UA 1/2 ,0,-u 3 ¢ [2mm 1/2,0,z : -1/2<z<0
M+L+U+UAI[NL] 3 ¢ |2mm 1/2,0,z : -1/2<z<=1/2
SM u,0,0 6 |d |.m x,0,0 : 0<x<1/2

R u,0,1/2 ex 6 |d |.m x,0,1/2 : 0<x<1/2

D u, 0, vex 6 d |.m x,0,z : 0<x<1/2; 0<z<1/2
DA u, 0, -v ex 6 d |.m x,0,z : 0<x<1/2; -1/2<z<0
SM+R+D+DA 6 |d |.m x,0,2 : 0<x<1/2; -1/2<z<=1/2
LD uwu, 0 6 e |.m. x,x/2,0 : 0<x<2/3
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