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Note

« Steps required for equilibration will vary depending on the molecule and
initial density.

« The method for interaction calculations and/or the force field and/or
charges also affect the simulation results.

* The polymerization degree (the length of chain) , and rate of
temperature reduction (and/or incalescence) also affect the simulation
results.

» For the purpose of this tutorial, we will not show complete equilibration
steps for polymers.
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Configure

Set up LAMMPS and Cygwin in advance.

Set up LAMMPS by following LAMMPS Installation Guide located at
https://winmostar.com/en/manual_en.html.

2. Installation Guides for Solvers Installation guide for LAMMPS on Windows

Feb. 6, 2017

For Windows
1. Getting LAMMPS

Cygwin_wm Instllation Guide ¥Gromacs/Amber Window Build Package(Cygwin) D) Rocoss to bt v oot el

(For Experts)Gromacs/Amber Build with Cygwin 3 we recommend you to use the precompiled p|

Visit [32-bit Windows download area] or [64-bit Windows download area].

GAMESS Installation Guide ' LAMMPS-ICMS W

NWChem Installation Guide 3¥Window Build Package

(For Experts)NWChem Build with MinGW  3we recommend you to use the precompiled packege.

LAMMPS Installation Guide

« Configuration of polymer tool
Click MD | Polymer | Setting. Set folders for monomer files (extention .wmo) and
polymer files (extention .wpo) as need.

& Polymer Setting = o 5
Monomer(*.wmo) Folder  C:¥winmos7_test¥UserData¥wmo

Polymer{*.wpo) Folder C:¥winmos7_test¥UserData¥wpol Browse

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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. Register a monomer

This tutorial will describe how to model a polypropane.

1. Model a monomer of polypropyrene (propane, C;Hg) on the main window.
2. Click MD | Assign Charges | By Acpype | Execute.

3. Uncheck User Charge to hide charge information.

4. Click two hydrogens to be the end points of the monomer.

d@|%%l‘!+H|EEﬂﬂ§| | [v] User Charge
Q \
Add | Del | -CH3 | -G2H3 | -GEHE | -CHE v [Repl|H 1 3-@
Winmostar 11 CIHE MASS=44.1 ¥=3,0801 Y=-1,4124 z=0 Bitam J—{—. )
11-8-2-5 Leng=1.1 Ang=109 Dihed=-154.871 Lper=0.901 Charge=0.0324
Band | 10 2

AM1 EF PRECISE GMORM=0.05 NOINTER GRAPHF MMOK
Winmostar

G 0.oooon 1 0.o000 1 oo 100 0
20 144380 1 0.0000 1 o.ooon 110 0
3H 110000 1 (08,0000 1 ooonp 112 0
4 H 110000 1 (08,0000 1 1zo.0000 1 12 3
5 H 110000 1 (08,0000 1 -1z0.0000 1 1 2 3
EH 1.10000 1 (08,0000 1 -G0.0000 1 2 1 3
7H tr.0000 1 108,0000 1 1zo.0000 12 1 6
80 1.43380 1 109,0000 1 -1zo.00000 1 2 1 B
9H t1.10000 1 108,0000 1 -g0.0000 1 & 2 1
10 H 1.10000 1 108.0000 1 12000000 1 & 2 8
11 H 1.10000 1 10,0000 -120. 0000 [ ]

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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Register a monomer

1. Click MD | Polymer | Register Monomer.
2. Set Name to pp, and click OK.
3. Click OK on the dialog.

Edit View Semi-Empirical COM | MD  Selid Tocls Tutorial

@ Remote Job Submission

Sohvate/Build Cell
ost Insert Molecules
Generate lons

Assign Charges

Gromacs
LAMMPS
Amber

Polymer
DPD

Intarfara Ruildar

2017/07/06

a | &4 Register Mono... = B EN
~ | Repl H 1w Select bwao kerminal atams

1 ¥=1.0401 Z=0.0000

0.000 Lper=0.000 H Head : 3 Tail: 7
»

Marme op
*
»
o

Register Monomer

Homo Polyrmer Builde -

YWinmostar ¥7.001

saved successfully.

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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II. Define a polymer

Click MD | Polymer | Homo Polymer Builder.

Set Polymer Name to ppl5, Polymerization Degree to 15, Select pp in Monomer List
Click Build.

Click Close.

Hwnh e

&g Hormo Polymer Builder, - B
Edit View Semi-Empirical OM  MD  Solid Tools Tuterial Help 15
Polymer MName PP
@ Remote Job Submissicn ﬁ ‘ ﬁ
. Polymerization Degree |15

Solvate/Build Cell ~|Repl [ H 1+ Che 1
105t Insert Molecules 1 ¥=1.0401 Z=0.0000 o L
1-8 G 10,000 Lper=0.000 H

enerate lons
Assign Charges ¥
At
Gromacs ¥ .
Wir

LAMMPS ¥

Amber ¥

Polymer Register Monormer

DFD Homo Polymer Builder Display Delete

SR Block Polymer Builder

T _h-. Tackicity Head/Tail Configuration
Winmostar ¥7.001
IR ® Head to Tai
.. ¥ppl5.wpo (L Syndiotactic () Head to Head
saved successfully. ) Akactic 0

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 7
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2. Set Polymers Available to ppl15, Number to 30, and click >> Add >>.
3. Click Build. Save as pp15 30.mol2.

Edit View Semi-Empirical
@ Remote Job Submission

Solvate/Build Cell
a5t Insert Molecules
Generate lons

Assign Charges

Gromacs
LAMMPS
Amber

Polymer
OPD
Interface Builder

Bond/Angle Calculator

H

2017/07/06

oM MD | Sohid  Tools

Build a simulation cell

1. Click MD | Polymer | Polymer Cell Builder.

Tutonal  Hel
2 -
~ | Repl | H 1w Che

|
1 ¥=1.0401 Z=0.0000
10.000 Lper=0.000 H

Register Monomer

Heme Polymer Builder
Block Polyrmer Builder

Random Polymer Builder

Polyrner Cell Builder

Map Meonemers

&

Box Configurration
() Density [gfem~3] (0.5
() %-Axis Length [A] 39,8095
() -Axis Length [4] 39,8095
(@) Z-Axis Length [4] 39,8095

Cubic Cell

Palyrers Available

Murmber

0

<= Delete <<

Display Delete

[CIrP1 1

Copyright (C) 2017 X-Ability Co.,Lw. Al nyis reseiveu.

Palyrmer Cell Builder

Periodic Boundary Condition

Polymers Used

- o N

Mame Mumber
ppls 30
Build Close
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I1l. Build a simulation cell

1. Click OK on the dialog, then the simulation cell will be displayed on the window.
2. Click Close to close Polymer Cell Builder.

AR % % < H| B KRG %

fidd | Del |-CH3 | -G2HF | -CEHS | -CH3 v | Repl [H 1 v Che 3

Polymer 4,110 C1350H2760 MAS5=18,996.76 X=36.6446 Y=5.3384 2 |
4110-1-4109-7 Leng=40,3235 Ang=1.7 Dihed=-84.3935 Lper=2.371 Charg
Yiol=63,089.9479 Rho=0.5 I

o s
o G \o‘ﬁo
gy

28 by
Winmostar V7.001 4%

saved SUCCessTully.

Y oy ’ [ 3
—y

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 9
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V. EXxecute simulations
1. Equilibration (NPT, high pressure)

1. Click MD | LAMMPS | Keywords Setup.
2. On Basic tab, uncheck Generate Velocity,
set Ensemble to npt, Pressure to 200, then click OK.
3. Click MD | LAMMPS | Start LAMMPS.
& LAMMPS Setup

Basic  Advance @ Output | Interaction = Non-equilibrium (1) | Non-equilibrium (2) | Options @ Force Field

|v| Extending Simulation Time Step [fs] 2.0 || Generate Velodity <

Units real W # of Time Steps 2000 Pressure Control is0
Atom Style ful v Ensemble npt <
Pair Style ljfeut/coul faut v Temperature [K] |550

Pressure [atm)] 200 00

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 10
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V. EXxecute simulations
1. Equilibration (NPT, high pressure)

Click MD | LAMMPS | Energy plot. Open the default file.

On Energy terms, check Density, then click Draw.

3. The graph will show convergence of density values to a constant
(although the convergence may be difficult to see with the given
conditions, it serves the purpose of this tutorial).

&4 Energy Flot = =

N =

Energy terms ~
[ Temp LAMMPS Energies
|:| E_pair
[ E_mal T T T T r T
] PatEng ]
[1 kinEng 0.6~ — Density _,‘Lﬂ‘ j’\ N

ETotEng I rﬁm % j {JA khL \

l | b
:E;:lnsitv * I Ilﬁ%“ ] W/'f' l'f\u f’h\ WI"I;LLII»\ Ll[lb.fu‘ V |
Eti ;; 0.56 ) | i

[ Pxx v £ L A §
< 4 > I \.\II
0.54 — -

[ Block Average Si
/I’-\a
I
0.52 =
Calc Ave {

Autoscale | | | |
0.5 I | i | i
5
SMIN o 0 2000 000 . ) GO0 BO00 10000
ume (15)
YMIN AR
Redraw Excel

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 11
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V. EXxecute simulations

1. Equilibration (NPT, low pressure)

1. Click MD | LAMMPS | Keywords Setup.
2. On Basic tab, set Pressure to 1, click OK.
3. Click MD | LAMMPS | Start LAMMPS.

) LAMMPS Setup

Basic  Advance  Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options | Force Field

|#] Extending Simulation Time Step [fs] 2.0 [] Generate Velodity
Units real W # of Time Steps 5000 Pressure Contral  |iso
Atom Style full W Ensemble npt “

Pair Style ljfeut/coul fout v | Temperature [] 550
Pressure [atm)] 1 £

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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V. Execute simulations
2. Annealing calculation

Next, use simulated annealing in order to calculate glass-transition temperature.
1. Click MD | LAMMPS | Keywords Setup.
2. On Basic tab, set # of Time Steps to 500000
(set smaller value if you want to reduce calculation time.)
3. On Non-equilibrium tab, check Enable Simulated Annealing,
Set Final Temperature to 150, then click OK.
4. Click MD | LAMMPS | Start LAMMPS.

&2 LAMMPS Setup ) LAMMPS Setup
Basic | Advance | Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options | Ft Basic | Advance | Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options /or
[w] Extending Simulation Time Step [fs] 2.0 [ [_|Enable Elongation [#] Enable Simulated Annealing
Units real v| #ofTimeSteps  [500000| | Affine Transformatio Eigal Temperature |150|
Atom Style full W Ensemble npt le-4 Annealing Rate [Kfps]: -0.400
Pair Style lifeutfcoul faut v | Temperature [K] |550
Pressure [atm] 1

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 13
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V. EXxecute simulations

2. Annealing calculation

1. Click MD | LAMMPS | Energy plot. Then open the file selected by default.
2. On Energy Terms, check Temp and Density, and click Draw.

3. Click Excel.

In the exported CSV file, plot column B on the X-axis and Column C on the Y-
axis to get a Temperature-Specific Volume curve.

Estimations of glass transition temperatures can be found on inflection points
(at around 280 — 300K) on this curve for a given distribution fitting.

] Energy Plot = B
Energy terms
Tamp LAMMPS Energies A B C D E
Esf ! 00 1 0 547.7355 0.547627] 1.826059]
[ TotEng 2 20 542.3972 0.547071 1.827916
ECL\ 00 - B 3 40 5447257 0547815 1.825433
LD: ty . 4 60 545.3533 0545478 1.833255
O — 2 5 80 547.704 0545786 1.832219
E; 7 ‘\\\ 6 100 543.616 0.547529 1.826388
Clrvy L e i 7 120 546.7972 0546123 1.831088
Ll Z ™ 8 140 556.4098 0.546256 1.830642
< ) ~— 15
Dloten erne oo 10 0 ~_ 9 160 5599101 0.546087 183121
~ 10 180 552.9322 0.54789 1.825185
e o 0 1 200 553.9053 0551509 1813206
12 220 563.6162 0.548282 1823878
[lautoscale . ‘ ‘ | | 13 240 566.1384 0.549244 1.820683
SMIN YMax 05 gl [Tl‘m Ge+05 Be+05 le+06 . e
YMIN FMAK
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