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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

« The glass transition temperature is calculated from the cooling process of the
polypropylene melt. The process flow is shown below.

A-c.
A-a. A-D. Equilibration Calculatiork B [ . ]
Result Analysis

Equilibration Calculatic7 Equilibration Calculations Constant Temperature Annealing Calculation

Energy Minimization Constant Temperature MD and Pressure MD

Note:

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

« The method of interaction calculation, force field, and method of charge calculation
can affect the results.

« The degree of polymerization (chain length) and the rate of cooling (heating) also
affect the results.

« Due to the tutorial nature, here we do not perform calculations with a sufficient
number of steps for equilibration of the polymer system.
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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.

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


https://winmostar.com/en/download/cygwinwm/
https://winmostar.com/jp/requirements/
https://winmostar.com/en/manual_en/installation/LAMMPS_install_manual_en_win.pdf
https://winmostar.com/en/manual_en/installation/LAMMPS_install_manual_en_win.pdf

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

For basic operations, please refer to LAMMPS Basics tutorial.
A. Click File | New Project, enter 'glasstemp' in Project name, and click Save.

B. Click Replace three times to create the repeating unit of polypropylene (propane,
C,Hy).

C. Click & Assign Charges Automatically and then click OK.
. When 'Successfully assigned charges' is displayed, click OK.

Continue by clicking on two points (Head and Tail) that will bond with the adjacent
repeating unit when polymerized.

N=11 C3HE M= 441

Marked Order: 11 -8 -2 -5

Marked Atam: = 3054418 ¥= -1.394073 Z=10

Length= 1.1 Angle= 109 Dihedral= -154.65916 Lper= 0.90073

by

;
S
Charges Available: User {(Otot=0.00,Grms= 0.055)
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https://winmostar.com/en/tutorials/LAMMPS_tutorial_2(Basic).pdf

A. Modeling of the System

@ Homo Polymer Builder —

A. Click MD | Polymer | Register Repeat Unit and
then click OK.

Degree of Polymerization

B. Enter 'pp' as Repeat unit name and click OK. Tmmt =
pen wmo er
C. When '---pp.wmo saved successfully." is displayed,
click OK.
D. Click MD | Polymer | Homo Polymer Builder and
set as follows:
- Change Degree of Polymerization to '15". Display Delete
- Select 'pp' as Repeat Unit. Tacticity
E. Click Build and enter 'pp15' as Enter polymer name e
and click OK. O syndotactic
F. When "--ppl5.wpo saved successfully." is displayed, S
C||Ck OK Head/Tail Configuration
G. Click Close to close Homo Polymer Builder window. @ Head to Tai O Head to Head

Estimated molecular weight: 633.5

%nwpofdder
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A. Modeling of the System

Click MD | Polymer | Polymer Cell Builder.

Select pp15 from Polymers Available and click Add.

Enter '30' in Enter Value and click OK.

Ensure 'ppl15 30' is displayed under Polymers Used and click Build.

A black window appears, and the polymer building process runs for several seconds.
Once 'Successfully generated polymer system.' is displayed, click OK.

F. Click Close to close Polymer Cell Builder window.

mo o>

(@ Polymer Cell Builder — O x -
@ Polymer Cell Builder - | X

Polymers Available Polymers Used
Polymers Available Polymers Used

Name MW M Number A
- Name MW Name Number
e o EXES ¢ pest 14047 w15 S
1 C i S pp15 633.2 >>Add >>

<< Delete <<

<< Delete <<

Display Delete Display Delete
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A. Modeling of the System

A. Click = Fit to Window to review the entire system.

work1_LMP_MIN Input File (imp.data) I

N=4,110 C1350H2760 M= 18,996.93

Marked Order: 4110 -1-7 -3

Marked Atom: X= 20.19 ¥=6.95 2= 6.72
B Length= 10.985358 Angle= 101.43059 Dihedral= 178.55355 Lper= 0.01533 &.y
" -‘J

v f e art W
Force Field: 5%1 le (LAMMPS)
Charges Available: User (Qtot=0.00,Qrms= 0.058)
J—ox tho= 0.499939 g/cm~3

a= 39.809600 b= 39.809600 c= 33.803600
alpha= 30.00000 beta= 30.00000 gamma= 30.00000

B B
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B. Execution of Calculation

A. Select 'LAMMPS' from Solver and click [¥ (Workflow Setup).

o

Change Automatically assign parameters (General) to Dreiding and click OK at
the bottom right.

C. After a few seconds of processing, if 'Assigned force field parameters' is displayed,

click OK.
Solver | LAMMPS
i
v | ReplagaMESS
Fauszian
Tempd W hem

RS rmamans

@ Assign force field parameters - O X

Choose how to set force field parameters

(®) Automatically assign parameters

Molecules # mok T
detected Compaosition molecules ype

C45H92 30 General

(General)

er) |GAFF2
OPLS-AA/L + GAFF
OPLS-AA

[JOpen editor after assignment Dump Now...

O Use parameters defined in external parameter file (for inorganic system,
ReaxFF or DPD)

(O Use parameters written in file opened on main window

() Skip parameter assignment

< Back oK
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B. Execution of Calculation

A. In LAMMPS Workflow Setup window, make the following changes:
A. Change Temperature of 2nd job to '550'.
B. Change Temperature of 3rd job to '550"

B. If you want to decrease the computation accuracy to finish the calculation faster,
change Precision of 1st job, 2nd job, and 3rd job all to 'Low".

C. Click OK, then adjust settings as appropriate in Job Settlng window before clicking

RLI n @ LAMMPS Workflow Setup
' Preset  Fluid/Amorphous NPT Equilibration ~  (modified) #oflobs: | 4+ [3— -
[CJEnable parameterstructure scan ~ Confia
1st job + -
Ensemble Minimize v 300 L
Simulation time [ps] [10. # of snapshots From parent
[CJFree boudnary condition Precision Medium v Detais. ..
2nd job =
Ensemble NVT w  Temperature [K] m 1.
Simulation time [ps] |10. # of snapshots _ al velodty Random w
[[JFree boudnary condition Predision Medium ~ Detais...

3rd job

Ensemble NPT v Temperature [K]

Simulation time [ps] |50 # of snapshots

[[JFree boudnary condition Precision

Reset... Import... | Export...
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B. Execution of Calculation

A. Once the status of work folders from workl_LMP_MIN to work3_LMP_NPT changes
to END or END(-), click again [v¥ (Workflow Setup).

o

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

C. Select work3_LMP_NPT and click OK.

¥ Project

Working Folders (glasstemp)
Hame

€ wvork1_LHP_MIN
= work2_LMP_NYT
= work3_LMP_HNPT

Options ¥

Status

EHND
EHND
END

(@ select working folder - O *

Select the working folder which you want to continue the job from

Mamea Status Profile Output Location Description

work! LMP _MIN EMD Local Job Local
= work? LMP NVT EMD Local Job Local
b workd LMP NPT EMD Local Job Local

\

A
/|

= ¢

N
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B. Execution of Calculation

A. Change Preset to 'Fluid/Amorphous NPT Production'.
Modify the settings as follows:

A. Change Temperature of 1st job to '550".

B. Change Simulation time of 1st job to '1000".

o

C. If you want to reduce computational accuracy to finish the calculation faster,

change Precision of 1st job to 'Low’, and Simulation time to '50".
D. Click Details:--.

Preset Fluid/Amorphous NPT Production v | (modified)

Continue from work3_LMP_NPT [[]Enable parameter fstructure scan

@ LAMMPS Workflow Setup — O

#ofdobs: | + | |1 =

et

Config...

Reset... Import... |¥  Export...
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Ensemble NPT “ A Temperature [K] m ure [atm] :I
Simulation time [ps] pshots Initial velocity | From parent 4~
|:|Free boudnary condition Precision Medium W Details... <

Cancel
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B. Execution of Calculation

A. In LAMMPS Keyword Setup window,
navigate to Non-equilibrium(1) tab and
make the following changes:

A. Check Enable simulated annealing.
B. Change Final temperature to '150'.

B. Click OK to close LAMMPS Keyword Setup
window.

C. Click OK in LAMMPS Workflow Setup
window.

D. In Job Setting window, make any necessary
adjustments and then click Run.

@ LAMMPS Keyword Setup

Preset

Restraint
Basic

Elongation

Automatic

Advanced

[J€enable elongation

Affine tra

Pulling

nsformation

D Enable puling

Reset...

Import...

Output

Export...

v

Additional Commands Manual entr,
Interaction Non-equilibrium (1)

Simulated Annealing

Enable simulated anneal

Final temperature m
Kl

Annealing rate [K/ps]: -8.0E+4000
Pressurization

[CJenable pressurization

Electric Field

[CJenable electric field Sine wave

¢<7
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C. Analysis of Results

A. Once the status of work folder for work4_LMP_NPT changes to END or END(-), click
'work4_LMP_NPT' and then click Energy plot in Action.

B. In Energy Terms, check Temp and Density, then click Draw, followed by clicking
Options | Export csv & Open Excel.

C. Click Save in Save as dialogue.

¥ Project
Working Folders (glasstemp) Options ¥

wor k1 _LMP_MIN END

L work2_LMP_NYT END

= work3_LMP_NPT END
“» L workA_LWP._._ END
4

<

Action (work4_LMP_NPT)

(1 Coordnate (inital)
d Coordinate (Final)
Log

Log (Extracted)
h Animation

l Energy plot

|

(% Radial Distribution Function

@ Energy Plot (glasstemp.wmpjdata\workd_LMP_NPT\Imp.log)

LAMMPS Energies

K], (adem®3]

550.0
500.0

Show Setting

10000.0 20000.0 30000.0 40000.0 50000.
Time (fs)

Refresh

p—

ktracted)

s

T % "

P
: »,4%_—
| PR

Temp
Density

.0
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Energy Terms

Temp

[ PotEng

[ kinEng

[ TotEng

[ Enthalpy

[ press

[ volume

Density

O

Oy

Oz

[ pxx

O pyy v
< >

[JBlock Average  Size:

Calc Ave [[] calc Stdev and drift

Reload
Draw e
Copy Image
Export csv & Open Excel...
Ewvnnrt rew



C. Analysis of Results

A. Plot the second column of the exported csv file on the x-axis and the reciprocal of the
third column on the y-axis (temperature-volume curve). The temperature at the
inflection point of this curve is estimated as the glass transition temperature.

X Fit each side of the high temperature and low temperature with a linear function and take their
intersection as the inflection point.

% If the calculation is done with reduced precision, the inflection point may become less visible.

X Increasing the number of molecules and extending the calculation time beyond what is described
in this book will improve reproducibility.

% Instead of scanning temperatures as in this book, it is also possible to run MD independently at
each temperature. A B C D E F G H | J K L

0| 545.1006| 0.558961| 1.789035| o a
20| 543.6751| 0.556907| 1.795631 13
40| 533.0029| 0.55619| 1.797946| |,
60| 543.1331| 0.558639| 1.790065
80| 546.2025| 0.559273| 1.788037
100| 549.0053| 0.557796| 1.79277| |16
120| 552.4273| 0.555233| 1.801045| ©
140| 545.3665| 0.555048| 1.801647
160| 543.451| 0.553895| 1.805397| | **
180| 549.2693| 0.55492| 1.802063| |12
200 560.966| 0.557006] 1.795313

220| 556.0979| 0.553887] 1.805422] |10 1m0 20 e s s e as0  sw
13 240| 567.8934| 0.553399| 1.807013| © O O
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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.
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