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About This Manual

« This manual is a tutorial demonstrating use cases for Winmostar V11.
« For those using Winmostar V11 for the first time, please consult Beginner's Guide.
« For those who wish to explore the details of each feature, please refer to Winmostar User Manual.

« Those who wish to practice the contents of this manual are encouraged to attend a training
session.

— Winmostar Introductory Training Session:This guide only introduces the operation methods of
the Basic Tutorial.

— Winmostar Basic Training Session:We will cover the theoretical background, explanations on
interpreting results, operational methods of the Basic Tutorial, and procedures for some
tutorials beyond the basic level.

— Individual Training Session:You can freely customize the training content according to your
preferences.

« If you are unable to proceed with the operations as outlined in this manual, please first
consult _Frequently asked questions.

« If your issue is not resolved through the Frequently Asked Questions, for the purpose of
information accumulation and management, please contact us using Contact page. Attach files
generated at the time of the issue and provide steps to reproduce the problem.

« The copyright for this document is held by X-Ability Co., Ltd. Any copying or duplication of the
content in any form without the express permission of X-Ability Co., Ltd. is strictly prohibited.
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Overview * Note

« The melting point of a Si crystal at 1 atm is calculated from the NPH constant calculation of
the solid-liquid interface system. In this method, if the final temperature of the NPH
constant calculation matches the temperature at equilibrium, that temparature can be
considered as the melting point.

S. Yoo, X. C. Zeng and J. R. Morris, J. Chem. Phys., 120, 3, (2004), 1654-1656.

Equilibration of \
the Solid Phase /
Creation of \ Equilibration of \ NPH Constant Analysis of
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the Interface System the Interface System Calculation o Results
- . the Interface System
Equilibration of

the Liquid Phase /

Note:

« The number of steps required for equilibration may vary from this example depending on
the type of molecule and initial density.

« The calculation method of interaction and the force field greatly affect the calculation results.

« The system size (number of repeats of the solid phase), initial temperature, and differences
in the contact surface also affect the results.

« In this calculation, since the final temperature (around 2500 K) differs from the temperature
at equilibrium (2300 K), ideally, all steps should be repeated using the final temperature.
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Preference of Operating Environment

« If you are using Winmostar V11.5.0 or later and are on a 64-bit environment, please
install and configure CygwinWM version 2023/04/05 or later.

— The CygwinWM version 2023/04/05 and later includes the recommended version of 64-bit
LAMMPS.

« If the above does not apply to you, or if you wish to use a version of LAMMPS other
than the recommended version, you will need to separately install and configure the
Windows version of LAMMPS.
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Operating Modes of Winmostar V11

V11 offers two operating modes: Project Mode and File Mode.
This manual focuses on operations in Project Mode.
For operations in File Mode, please refer to tutorial for version 10.

@ winmostar (PREMIUM) V11.5.6

File Edit Select View QM MD Solid Add-On TJools Window Help
L e~-0 -2 B R - © O [ [ @ sover MOPAC v M2
el 1.+ @ @ D & HD % reenm e 2 48 @& | Project Mode New Features in V11

¥ Recentprojects

Froject Status Project mode Tutorial & Manfgial

Users can manage jobs without having to
profact (5 Croate ew Project (30)- manage individual files.

forSetup

tohuens 0 crestenewproject (2)... : We generally recommend using this mode.

® Create new project (SMILES)...

¥ Project

e i‘j Create new project (Import File)...
Options

File Mode

Users explicitly create and manage
individual files.

The operational procedure is the same as
from V10 and earlier versions.

File mode (V10 compatibility mode)

D Create New File...
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A. Modeling of the System (Solid Phase)

For basic operations, please refer to LAMMPS Basics tutorial.
A. Click File | New Project, enter 'si_sle'in Project name, and click Save.
B. Click File | Import | Samples File | si.cif.

If you wish to load a different file at this stage, use File | Import File instead.
C. In Import File dialog, click Discard and import.
D. Click Solid | Generate Supercell, change a, b, c all to '3', and click OK.,

v
Y
N=72 rho= 2.329 g/am"3
a= 16.293b= 16.293 c=5.431
alpha= 90.000 beta= 90.000 gamma= 90.000
+ 100%

= [ |
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A. Modeling of the System (Solid Phase)

>

Select LAMMPS from Solver, and open [v] (Workflow Setup).

B. If prompted 'Some molecules do not have charges. Do you want to assign charges now?'

click No.

C. Choose Use parameters defined in external parameter file (for inorganic system,
ReaxFF or DPD) and click Next.

D. Change Pair Style to 'tersoff' and Potential File to 'SiC_1989.tersoff".
E. Click OK, and when 'Assigned force field parameters' is displayed, click OK.

Solver | LAMMPS

ONDOYS
v | Replag aMESS
Gauszian
MWChem

work1_|
Gromacs

Towhes

Guantum ESPRESSO

134973 £2=TErTTory

K4
a2

@ Assign force field parameters

Choose how to set force field parameters

matically assign parameters

]

X

Si216

Composition

# molecules
1

Type
General

GAFF

AMBERO3

SPC/E

en editor after assignment

ump Now

® Use parameters defined in external parameter file (for inorganic system,

ReaxFF or DPD)

(O Use parameters written in file opened on main window

O Skip parameter assignment

< Back

=T

Cancel

@ Assign force field parameters

Select parameter file

(®) Simulate inorganic system

Atom style atomic
Pair style tersoff
Potential file SiC_1989. tersoff
O Simulate using ReaxFF
reax
ffield.reax. AB

() Simulate using Dissipative Partide Dynamics

O Simulate using Kremer-Grest model

coosc | o]
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B. Execution of Calculation (Solid Phase)

A. Chane Preset to 'Crystal NPT Equilibration' and adjust Temperature for 2nd job and
3rd job to '2300".
B. Click OK, then make any necessary adjustments in Job Setting window before
CIICkIng Run' @ LAMMPS Workflow Setup - m] X
Preset | Crystal NPT Equiibration v (modified) #ofJobs: | + [ﬁ z
[[JEnable parameter/structure scan = Config..
ist job +
Ensemble Minimize v E 300 ; 3
Simulation time [ps] |107J # of snapshots [504| I From parent
[[JFree boudnary condition Precision Medium v Details...
2nd job
Ensemble NVT v Temperature [K]
Simulation time [ps] |10 # of snapshots v
[JFree boudnary condition Precision

3rd job + || -
Ensemble NPT(aniso) ~ Temperature [K] 1,
Simulation time [ps] lSO \ # of snapshots N Jvelocity From parent v
[[]Free boudnary condition Precision Medium v Details...

| T C = s
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C. Post-Processing (Solid Phase)

A. Once the status of the work folders from workl_ LMP_MIN to work3_LMP_NPT
changes to END or END(-), click on 'work3_LMP_NPT' in Working Folders and then
click Coordinate(Final) under Action.

B. Click [ (Export File) and save the file under si sle.wmpjdata folder one level up
with the file name 'si solid.cif\.

¥ Recent projects % work3_LMP_NPT Input File (imp.data)

N= 216 Si216 M= 6,066.36

Marked Order: 216 -1 -8 - 2

Marked Atom: X= 15.113425 Y= 15.355756 2= 12.593792
g4 Length= 25.191897-Angle=-13-77512 Dihe: o

\‘:J()\\: o

© si_sle ALL END

¥ Project
Working Folders (si_sle)

work1_LMP_MIN
= work2_LMP_NVT

Action (work3_LMP_NPT)
(A coordinate (initial)
{1 coordinate (Final)
Log
Log (Extracted)
HE animaton
Energy plot
[# Radial Distribution Function
[# Diffusion Constant/MSD

(L
[ Scattering Function = 2.323053 gicm’3
= a= 16:282700 b= 16:292700 c= 16.292700
(= Free Volume alpha= 90.00000 beta= 90.00000 gamma= 30.00000
&3 show in Explorer

° = '
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D. Execution of Calculation (Liquid Phase)

If prompted 'Do you want to continue from previous run?’, click Yes.

Change Preset to 'Fluid/Amorphous/Crystal NVT Production' and Temperature to

Click OK, then adjust settings in Job Setting window as necessary and click Run.

@ LAMMPS Workflow Setup — O X

Preset  Fluid/Amorphous/Crystal NVT Production  ~  (modified) #of Jobs: | 4 Il—] -

Continue from work3_LMP_NPT [C]Enable parameter/structure scan =~ Config...
1st job +

Ensemble NVT v Temperature [K] 6000, 1,
Simulation time [ps] |50 # of snapshots Initial velodity Fromparent v

[[]Free boudnary condition Precision Medium v Details...

Reset... Import... |¥  Export... |I] Cancel

A. Click again [¥ (Workflow Setup).
B.
C. Select work3_LMP_NPT and click OK.
D.
'6000".
E.
@ select working folder - O X
Select the working folder which you want to continue the job from
Mame Status Profile Output Location Des
workl LMP MIN EMD Local Job Local
b work? LMP MNWT EMD Local Job Local
L workd LMP NPT EMND Local Job Local
I
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E. Post-Processing (Liquid Phase)

A. Once the status of the work folder for work4_LMP_NVT changes to END or END(-
), click '‘work4_LMP_NVT' in Working Folders and then
click Coordinate(Final) under Action.

B. Click [ (Export File), and save it under si sle.wmpjdata folder with the file
name 'si liquid.cif',
X Atoms may appear outside the simulation cell, but when saved and loaded in CIF

format with Winmostar, atoms are repositioned inside the simulation cell, so there is no
problem.

¥ Recent projects E work4_LMP_NVT Output File (mp_final.data)

Proiect Status m N=216 Si216 M= 6,066.36 o

- Marked Order: 216 -1 - § - 2
S sisle ALLERD Ly, Marked Atom: X= 20.49393 Y= 4069562 Z= 59.355524

oo Length= 68.012 = = f =55
L %]
¥ Project )
Working Folders (si_sle) Options ¥ a J
Status f X -
work1_LMP_MIH EHD h=4 ) -
“ work2_LMP_KVT END '
L work3_LMP_HPT END ra

© “ workd_LWP... END \)
< > E
Action (workd_LMP_NVT) i ]
t coordinate (initial)
ld Coordinate (Final)
Log '
Log (Extracted) \)
n Animation
Energy plot

(% Radial Distribution Function
[ Diffusion Constant/MSD
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F. Modeling of the System (Interface System)

Click MD | Interface Builder.

Click ... button for Cell 1 and select si solid.cif exported on P. 8.
Click ... button for Cell 2 and select si liquid.cif exported on P. 10.
Change Interval in Direction tab to '2' and click Build.

o>

O

@ Interface Builder - m} X Cell Direction
3 Cel  Direction Repeat
Axis perpendicular to Mterface
Cell 1
O Use displayed cell O a-axis
= @ Load from fle |C:¥winmos1 1¥UserData¥si_sle.wrrﬁ] o O b-axis
)
a: 16,3940 [Al  Apha: 90.0000 [deg] ®) c-axis
b: 16.4752 [A]  Beta: 90,0000 [deq]
c: 16,4261 [A] Gamma: 90.0000 [deg] Order
Coordinates of outmost atoms on 041 16.4107
selected axis [A]: etk gbion
axis [ ] @ N I
Cell 2
(O Reverse
O Use displayed cell
(® Load from file lC:¥w1nmosl 1¥UserData¥s;_sle.wmq s
a: [16.3940 [A] Apha: |90.0000 [deq] Interval
b: |16.4762 [A] Beta: |90.0000 [deg] [ al between cell boundaries
B [ AT ‘s {30.9000 [deg] Place atoms on cell boundaries on both sides
Naat ik y Coordinates of outmost atoms on 6 |
= 0= 2.024g/am”3 selected axis [A]: = interv
a= 16.394 b= 16,476 c= 36,852 ) Spedify interval on selected axis between
alpha= 90,000 beta= 90,000 gamma= 90.000 outermost atoms
’ oo TR ¢
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F. Modeling of the System (Interface System)

A. Click k3 (Align View to X-AXxis).
B. Click & (Fit to Window).

tg work4_LMP_NVT OQutput File (imp_final.data) Edited

| N=432 Si432 M=12,132.72
E] Marked Order: 0-0-0-0

Markgd Atom: X=0Y=02=0
88 Lep/|=" Angle= * Dihedral= * Lper=*
. v. \ , ! S
" > f‘ "\' \ N 4
. . ]

b & &

N |

BYOQH®O

Z

d B :;' .
Lo Y rtho=2.023962 g/cm*3

a= 16.394042 b= 16.476161 c= 36.852148
alpha= 90.00000 beta= 90.00000 gamma= 30.00000

| 4+ 36%
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G. Execution of Calculation (Interface System)

>

Click again [¥ (Workflow Setup).
If prompted 'Do you want to continue from previous run?’, click No.

C. If prompted 'Some molecules do not have charges. Do you want to assign charges
now ? ', click No.

D. If prompted 'Indices are not sorted by molecules. Do you want to sort ?', click Yes.

Select Use parameters defined in external parameter file (for inorganic system,
ReaxFF or DPD) and click Next.

Change Pair Style to 'tersoff' and Potential File to 'SiC_1989.tersoff".
. Click OK and, when 'Assigned force field parameters' is displayed, click OK.

. Change Preset to 'Crystal NPT Equilibration' and change Temperature for 2nd and
3rd job to '2300". . R

Preset  Crystal NPT Equilibration ~  (modified) #ofJobs: | 4+ ‘3 -

o

m

T @ m

[JEnable parameter/structure scan = Config

2nd job

Ensemble NVT

Simulation time [ps] [10

[JFree boudnary condition

Ensemble NPT(aniso) | Temperature (K] ]
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G. Execution of Calculation (Interface System)

A. Click Details for 3rd job, change Pressure control to 'z', and click OK.
B. Click OK, then adjust settings as needed in Job Setting window and click Run.

@ LAMMPS Workflow Setup

Preset | Crystal NPT Equilibration

+  (modified)

- O X

#ofJobs: | + E 5

[]Enable parameter/structure scan ~ Config...

istjob
Ensemble Minimize i

Simulation time [ps] |10.

[[]Free boudnary condition

2nd job
Ensemble NVT v
Simulation time [ps] |10

[[] Free boudnary condition

# of snapshots

Precision

Temperature [K]
# of snapshots

Precision

3rd job

Ensemble NPT(z) v | Temperature [K]

Simulation time [ps] |50 # of snapshots

[[]Free boudnary condition Precision
Reset... Import... |¥  Export...

1.

w
=]
=]

From parent
Medium v Details...
+
2300, [ 1.
Inital velodty  Random v
Medium v Details...

+

1.0000

From parent

2300. Pressure [atm]

Initial velocity

wedum ~ | Details... (modified)

Preset

Restraint
Basic Advanced

Automatic

@ LAMMPS Keyword Setup

~

Unit/Format/Potential

Units

Atom style

Pair style

Force field/Potential file
Run Control

Time step [ps]

# of time steps

Total time [ps]: S0
Ensemble

Velocity Generation

metal v
atomic et
tersoff w

SiC_1989.tersoff v

50000

[[] Generate initial velocity randomly

Reset... Import...

12345

Export...

Additional Commands
Cutput Interaction

Manual entry Options

Non-equilibrium (1) Non-equilibrium (2)

Temperature Coupling

R

[J use berendsen thermostat

Temperature [K]

Tdamp [ps]

Pressure Coupling

Pressure control z 4
1.013||1.013||1.

an—— IR

[Juse berendsen barostat

oK Run

VN winmostar copyright 2008-2023 X-Ability Co., Ltd. Powered by ChatGPT-4 15



G. Execution of Calculation (Interface System)

A. Once the status of the work folders from work5 LMP_MIN to work7_ LMP_NPT
changes to END or END(-), click again [¥f (Workflow Setup).

B. If prompted 'Do you want to continue previous run?’, click Yes.
C. Select work7 _LMP_NPT and click OK.
(@ select working folder — | *
Select the working folder which you want to continue the job from
Mame Status Profile Output Location D
work! LMP MM EMD Local Job Local
b work? LMP NWT EMD Local Job Locsl
b warkd | MP NPT EMD Local Job Local
e workd LMP MNWT EMD Local Job Local
workS LMP MIMN EMD Local Job Locsl
b workf LMP YT EMND Local Job Local
L work? LMP NPT EMD Local Job Local
< >
I 0K I Cancel
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G. Execution of Calculation (Interface System)

A. Change Preset to 'Crystal NPT Production' and change Ensemble to 'NPH',
B. Click Details, change Pressure control to 'z', and click OK.
C. Click OK, then adjust settings as necessary in Job Setting window and click Run.

@ LAMMPS Workflow Setup — O X
Preset Crystal NPT Production v (modified) #of Jobs:  + |1—] -
Continue from work7 LMP_NPT []Enable parameterfstructure scan ~ Config...
1st job + 1=
Ensemble NPH W K] 300, Pressure [atm] 1,0000
simulation time [ps] E # of snapshots Inital velocity From parent
[CJFree boudnary condition Precision Medium v Details... (modified)
Reset... Import... |¥  Export... oK Cancel
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H. Analysis of Results

A.

O w
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Once the status of the work folder for work8_LMP_NPH changes to END or END(-),
click on 'work8_LMP_NPH' in Working Folders and then click Energy Plot under

Action.

Check the box for Temp, and press Draw button to display the temperature change.
If you want to obtain the average temperature for a specific time range, use Options |

Calculate Average below the graph.

¥ Project

Working Folders (si_sle)

= work3_LMP_NPT
Y wor kd_LMP_NYT
wor kS _LMP_MIN
= wor KE_LMP_NVT
= work7 _LMP_NPT

® o gorks LWP.

Action (work8_LMP_NPH)
{1 coordinate (Initial)
d Coordinate (Final)
B Log

Log (Extracted)
B:I Animation

| Energy plot

<

(€ Radial Distribution Function
E‘ Diffusion Constant/MSD
(% scattering Function

E Free Volume

@ Energy Plot (si_sle.wmpjdata\work8_LMP_NPH\Imp.log)

A

LAMMPS Energies

2550.0

2500.0

2450.0

2400.0

2350.0

(K]

23000
22500
22000
21500

2100.0

0.0

‘ Show Setting

50 100 150 200 250 300 350 400 450 500

Refresh Options... ¥

Energy Terms

M Temp
[ PotEng
(] kinEng
[ TotEng
[ enthalpy
[ Press
[ volume
[ Density
[ wx
Oy
Otz

[ pxx
O pyy

<

| I A

v
>

[IBlock Average  Size:

Calc Ave

[[Jcalc Stdev and drift
load
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Finally

« For detailed information on each feature, please refer to Winmostar User Manual.

Indicates a character st

Winmostar User Manual Scenes from Winmostar Training Session

« If you wish to practice the contents of this guide, please consider
attending Winmostar Introductory Training Session, Winmostar Basic Training Session,
or Individual Training Session. (See page 2 for details.)

« If you are unable to proceed as instructed in this guide, please first
consult Frequently asked questions.

« If FAQs do not resolve your issue, for the purposes of information accumulation and
management, please contact us through Contact page, detailing the steps to
reproduce the issue and attaching any generated files at that time.

VU winmostar copyright 2008-2023 X-Ability Co., Ltd. Powered by ChatGPT-4

19


https://winmostar.com/en/manual_en/html/introduction/introduction.html
https://winmostar.com/jp/seminars/intro/
https://winmostar.com/jp/seminars/basic
https://winmostar.com/jp/seminars/
https://winmostar.com/en/manual_en/html/faq/faq.html
https://winmostar.com/en/support_en.php
https://winmostar.com/en/manual_en/html/introduction/introduction.html
https://winmostar.com/en/manual_en/html/introduction/introduction.html
https://winmostar.com/en/manual_en/html/introduction/introduction.html
https://winmostar.com/jp/seminars/

	スライド 1: LAMMPS Melting Point Calculation
	スライド 2: About This Manual
	スライド 3: Overview・Note
	スライド 4: Preference of Operating Environment
	スライド 5: Operating Modes of Winmostar V11
	スライド 6: Modeling of the System（Solid Phase）
	スライド 7: Modeling of the System（Solid Phase）
	スライド 8: B. Execution of Calculation（Solid Phase）
	スライド 9: C. Post-Processing (Solid Phase)
	スライド 10: D. Execution of Calculation（Liquid Phase）
	スライド 11: E. Post-Processing（Liquid Phase）
	スライド 12: F. Modeling of the System（Interface System）
	スライド 13: F. Modeling of the System（Interface System）
	スライド 14: G. Execution of Calculation（Interface System）
	スライド 15: G. Execution of Calculation（Interface System）
	スライド 16: G. Execution of Calculation（Interface System）
	スライド 17: G. Execution of Calculation（Interface System）
	スライド 18: H. Analysis of Results
	スライド 19: Finally

