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Background

Schrodinger Eq.

HO=EdD Hydrogen atom (1e)

Born Oppenheimer Approximation

H=T+W+V

v Hartree-Fock Methods
Rigorously time-consuming v' Many-body Problem
v' DFT Methods v One-election like Eq.
Effectively fast

Exchange functional approximation:
v LDA

v GGA

v' Hybird-GGA
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Material Studio Introduction

Start up
Project

@ 24
Ready

Welcome to Materials Studio X
i L X
Use the controls below to create a new project or open an existing
" Create a new project &

ol

MATERIALS

STUDIO

0 %Qpen an exlstlngprnject

F\Calc_share\Sn-Bi\CH3SH-ads\CH3SH-ads.stp Browse...

Recent projects:

F\Calc share\Sn-Bi\CH35H-ads\CH3SH-ads.stp
F\Calc_share\Sn-Bi\molecule\model.stp

FA\#HU Lab\Yajin\figure\Untitled.stp
F\Calc_share\Sn-Bi\InO2-InBi\build\
F\Calc share\Pt-Pd\Monolayer-Pt\b
F:\Calc_share\Sn-Bi\Ga02-BiGa\buili
FA\Calc_share\Sn-B\SnO2-SnBi\builg
F\Calc_share\Pt-Pd\expand\H20ad:
FA\Calc share\Pt-Pd\expand\H20ad:

]
e}
e

model -
Z /' modl/ =/ madl/ &8
n. B, ME; &5, 8L —
adj. #550Y; /FEEER

vt. 185 Bia; #(h

vi. iR )L

n. (Model) A\55; (&, . =):

[~ On start-up open the most receni

OK
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Material Studio Introduction

Status bar

Al example - Materials Studio

TXo @4~ w
a1l example

- Er,]ﬂ | Descript... | Jobld | Gateway | Server | Staus | Progress |StartTime |Resuts.. [ =~
(75
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Material Studio Introduction

x
O A2~
| C) Folder

Q import.. 32, 3D Atomistic Document |
¥ 3D Meso

R Refresh _ £5 | ) 1% Dox 2%, 3D Atomistic.xsd * o[ E )
£JHTMLD
## Grid Do
B Study T
£ 3D Aton

2 Perl Scri

2 Forcefie

Working Place
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Material Studio Introduction

_ ethane model
Single molecule

'.:- 3D Atomistic.xsd * = ||-= \[-&3—|

1 Display Style

P vy v

Sketch atoms, bonds, cycles, etc.

*
Atom ‘ Molecule |
Display style Coloring
" MNone (™ Custom | -
(¢ line (* Color by:
Line width: m—;i Element ﬂ
(" Stick
" Ball and stick [v Bond order
[ |
=1
{
" CPK
|
=1
" Polyhedron
Editing: 1 atom Help
- J w
n

Auto-add H atoms Change atoms/bonds
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Material Studio Introduction

Ethane model

Single molecule Molecule system
dio v Gas
Build Tools Statistics Modules Window Help v quL“d
¢ Build Polymers Yk Q & Mb e F 4 Solid
2%, 3D Atomistic.xsd * ?|?|@ > CryStaI

» Amorphous

Build Crystal X

Space Group Lattice Parameters Options

Lattice type: 3D Trclinic
Lengths (A)

a: [15.000 < b: [15.000 < c: [15/000 N

Symmetry constraints:  None

Angles (degrees)
o 120,000 < B0.000 ~ - [30.000 =3

Symmetry constraints:  None
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Material Studio Introduction

“import” operation

example - Materials Sty [§] import Document
E“E Edﬂ’ View M:}dl{y &« v 4 « #HU Lab » 2020022518l » example Files » v O EF " "example _Files"
New Project... Ct .
- Hid - FrEE s He= w» | 0
&l Open Project... Ct x
& save Project Poue n 2R =t ==
& A360 Drive Documents 2020/2/22 15:07 M=
E] New... B Modules 2020/2/22 15:07 g =
(& Save & = BR % 9007660.cif 2020/2/22 16:23 Materials Studio...
Save As... (& sz
¥ T&
& import.. e
Export.. ‘i Windows (C:)
Page Setup... - software (D:)
@ Print... o - Subsystem (E:)
- - console (F;) N e
Recent Files .
Recent Projects RN v
Exit Al Options... ¥IFF(0) Blig




Material Studio Introduction

text (1 or 2 words) MoS2

cif file database

journal

year

volume

issue
DOI
Z (min, max)

Z' (min, max)

chemical formula
(in_Hill notation)

1 to 8 elements

NOT these elements

volume min and max

number of distinct elements
min and max

has F_.__
CODID & Links Formula & Space group &4 Cell parameters Cell volume & Bibliography
9007660 CIF Mo S2 P63/mmc 3.161; 3.161; 106.392 Schonfeld, B.; Huang, J. J.; Moss, S. C.
12.295 Anisotropic mean-square displacements (MSD) in single crystals of 2H-
90; 90; 120 and 3R-MoS2 Note: 2H polytype, this is the most common in hature
Locality: synthetic
Acta Crystallographica,Section B, 1983, 39 404-407
Reset send

http://crystallography.net/cod/search.html
adlEl'lo (10 Ol'lc =0 d 020




Material Studio Introduction

example - Materials Studio
File Edit View Modify Build
New Project... Ctrl+N

& Open Project... crl+0 |

Bl Save Project i

« console (F;) » Calc_share » example » v EE"example” L

i
4
©

| New... LT
Q SQ‘I"E Ctr|+5 ~ 28 - = aER i) ol
Save As...

e () e
WA=

- example Files 2020/2/22 15:08
& Import... 3%, 9007660.cif 2020/2/22 16:23 Materials Studio...

@, Import URL...
Export...

Page Setup... (T
& Print... Ctrl+P (D)

m (E:)
Recent Files 4 =

Recent Projects ' 1, v <

L

Exit Alt+F4 N): |[MoS2

FEFE=ERD: Crystallographic Information Files (*.cif;*.cmf)

A BEETTitE Options... FFO g
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Castep package

XFCASTAP

CASTAPRIFA ABRBHHZFEMZITH— M RANEFHFEFER,
HEH 7 ®EiZif(DFT) FEHEEEGZE, #35—EREEFHFT
B, LERNESE, 98, &8, MOMHaSFHANREHREIER.

HEPNASEREWSE, B5E, SEETSFHEREFHR,
CASTAPHATAFHRMB AR FAZEEHREENAI3DREN. B,
CASTAPEIHFBMAF AR (224, FFFFIEIRARER) FIi Rk

(WERFFAAEE) RITERR.

Material StudiofE BAHIHBRIERICASTAPEIRARVFES, B,
SAFNEMCASTAPBRIZ I IE,
18 APSETEEIR (NEEE, THESCEAEFMCSIFIE) | (el
FIZ I,
ot AFLIEERCASTAPITESER, X—T EIZEINERESEMG
PARSRGEIEE, SEEERFYEFIERER.

http://www.castep.org/
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Castep package

CASTEP Calculation N Task
Setup | Blectronic | Propetties | Job Control | > Energy o
» Geometry Optimization
Tosk:  [EECTNNNNN ] oo | » Dynamics
Quiality: I Medium hd ¥ Quality
» Coarse
Functional: IGGA  ~| |PBE  ~ > Medium
B » Fine
I_ LI TS - rmethod Far DI 0 correchor )
v | o | » Ultra-fine
[~ Spin polarized [V Use formal spin as initia v Functional
- . » GGA-PBE
BRI > LDA-CA-PZ
[~ Use LDAx ™ Include spin-orbit coupling v" Metal options
v Metal Charge: Iﬂ

Material Studio Tutorial February 22, 2020



Castep package

51l| CASTEP Calculation by v Energy cutoff
Setup {ECHORiC | Propettes | Job Cortrol | > Coarse
» Medium
Energy cutoff: Medium v]| 3810 eV » Fine
> Ultra-fine
SCF tolerance: Medium v
— v SCF tolerance
Energy tolerances per: | Atom bad > Medium
v k-points
k-point set: Medi v | P2
P - = » Gamma
Pseudopotentials: OTFG ultrasoft hd > Coarse
. > '
Relativistic treatment: | Koelling-Hamon hd I\/_Iedmm
> Fine
| Use core hole v Pseudopotentials
More.
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Castep package

CASTEP Calculation %

qqqqqqqqqqqqqqqqqqqqqq

B Eand structure ~

| Core level spectroscopy

| Density of states
| Electron density difference
| Electron localization function

| Electronic excitations v

Band structure

E nergy range 100

k-point set; Medium |~

s eparation 0.023 Mare
Run |+|  Fles.. Help

Material Studio Tutorial

v Band structure

v Density of State

v' Electron density difference
v Spectrum
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Castep package

s1l| CASTEP Calculati '
o alculation X | v Parallel Setting

----------------------------- » Maximum: 4 (for most
8 £ e e e e et e e e personal Computer)

Gateway location: | My Computer hd v" Runtime optimization
Jueue ]

II'I__ AESCTDUCE IF .Ibd..ltﬂl'l"lajﬂ

Run in parallel on: |1 jl of 4 cores

| Optimize number of cores on the fly

Runtime optimization: |Defaurl v
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Castep package

Parameter Setting:

v

Task o v Energy cutoff

» Geometry Optimization > Medium
v :

(iuallty_ v" SCF tolerance

Medium > Medium

v" Functional v kepoints

> GGA-PBE >p|v|e -
v" Metal options .

v
> Selected Pseudopotentials

v' Parallel Setting
» Maximum: 4 (for most
personal computer)
v Runtime optimization
» default

Material Studio Tutorial February 22, 2020



Castep package

Example 1: Predict MoS, lattice parameter using castep

TXcr@al - CASTEP Geometry Optimization

----- A% 9007660 - Calculation

..... D 9007660.param

3% 9007660.xsd

&) 9007660.xtd

-3 9007660.bib

..... 9007660.castep

-z 9007660 Energies.xcd
~{iz3 9007660 Convergence.xcd
--#% Ethane.xsd

3%, 9007660.xsd

-5099.35 -

-5099.36

-5099.37 —

-5099.38 —

Erneray (eV)

-5099,39

-5099.4

| | I | | | | | | I |
0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 3.3 3.6 3.9 4.2

Optimization Step
Total Energy ]

Rl | >
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Castep package

Project $%, 9007660 CASTEP GeomOpt\9007660.xsd —lle=
o o @ pt\, XS

0 X EEIRAL"

[ﬂ example

= ij 9007660 CASTEP GeomOp

< 9007660 -

Lo

9007660.xtd

& 2007660.bib

=] 9007660.castep

iz, 9007660 Energies.xcd

iz, 9007660 Convergence.xcd
#%, Ethane.xsd
#2, 9007660.xsd

#

% Display Style
#¥ Display Options
i Lighting

Label

Parameters | Advanced E Lattice Parameters
agc

Lattice type: 3D Hexagonal
Lengths (A)
2 [N -

Symmetry constraints: a=b

Lattice Parameters

Angles (degrees

Symmetry constraints: a=p
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Castep package

Project $%, 9007660 CASTEP GeomOpt\9007660.xsd —lle=
o o @ pt\, XS

0 X EEIRAL"

[ﬂ example

= ij 9007660 CASTEP GeomOp

< 9007660 -

Lo

9007660.xtd

& 2007660.bib

=] 9007660.castep

iz, 9007660 Energies.xcd

iz, 9007660 Convergence.xcd
#%, Ethane.xsd
#2, 9007660.xsd

#

% Display Style
#¥ Display Options
i Lighting

Label

Parameters | Advanced E Lattice Parameters
agc

Lattice type: 3D Hexagonal
Lengths (A)
2 [N -

Symmetry constraints: a=b

Lattice Parameters

Angles (degrees

Symmetry constraints: a=p
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Castep package

v" Use drawer tools add H atoms 15?
v" Use optimized MoS, structure as template
v" Try top and bridge adsorption site
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Castep package

Slab Model

v" Select facet (here is (001)) 31 Cleave Surface
v" Cleave face

Surface Box | Suface Mesh | Options

Cleave plane th k |): [E U 1
Position

Fractional Angstrom
Top: [E U I [E.C
Thickness: |E 5 : |E,1:T
Cleaving

Cleave rule v

Capbondson |Nether +| face with |I~ [

Cleave j Help
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Castep package

Slab Model

v Build vacuum layer

[MoS2-topH (0 0 1) (2).xsd *]

& [& Build Vacuum Slab Crystal pd
Vacuum Slab | Options | a
Vacuum orientation: L v | I
Vacuum thickness: 1500 A
Crystal thickness: 40867 A
Slab position:
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Castep package

Slab Model

v" Move MoS,
v Add H atom
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Castep package

Castep module

v

Task o v Energy cutoff

» Geometry Optimization > Medium
v .

Quality v SCF tolerance

» Medium > Medium
v" Functional v’ Kk-points

» GGA-PBE >p|\/|edium
, .

Metal options v' Pseudopotentials

» Selected

v' Parallel Setting
» Maximum: 4 (for most Same Parameters
personal computer)
v Runtime optimization
» default
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Castep package

Results
' MoS2-topH (0 0 1) CASTEP GeomOpt\Status.txt E=REn—~=
| Tob Name ~ MoS2-topH__0_0_1__
type of calculation : geometry optimization
plane wave basis set cut-off - 421, 8000 eV
using functional © Perdew Burke Ernzerhof
Number of iterations o 33
|Enersvy - -2,57510557E+003 eV |
Convergence 4, 33043TE-006 eV/atom
Max. Dizplacement - 5. 480643E-003 &
Max. Force - T.367478E-002 eV/A
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Castep package

AE, = %[E(surf +nH) ~ E(surf) 2 E(H,)]

E(surf +nH) MoS, energy
E(surf) H@MoS, energy
E(H,) H energy
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Castep package

Castep module v Energy cutoff
v' Task » High
> Geometry Optimization v SCF tolerance
v Quality > Medium
> High v' k-points
v Functional » High |
> GGA-PBE v" Pseudopotentials
v' Metal options /&l CASTEP Calculation 5
> Selected Setup | Blectronic  Properties | Job Control |
J Ei::lz:f::ctmscow °
R ooy cises
¥ Parallel Setting - e e

|| Electronic excitations v

» Maximum: 4 (for most

Density of states
personal computer) o o
v" Runtime optimization cportst:. [ =] s
» default ¥ Calulate PDOS Mo—re‘
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Castep package

Example 3: MoS, Density of State

Results

CASTEP Analysis X

Density of states

[MoS2t0pH (00 1)_DOS.castep .. |
Energy units: |V -

@ Ful DOS

" Partial F:MVMpWVMdFf F 5um
Display DOS: | Total ~|

Function:  |DOS =l

Scissors: 00 eV

HU ZHENG (TJU)

CASTEP Density of States

)
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Installation Question Collection

Q: Lic>XfH-7EMRER?

11 msilic 2020-02-20 12:37 74KB
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Thanks for your attention!




