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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.

* Degree of polymerization (chain length), number of molecules,
elongation rate, pressure control, Poisson ratio will affect outcomes.

* 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) oo

@  Access to http:/frpm lammps.org/windows.html

(For Experts)Gromacs/Amber Build with Cygwin  *¢we recommend you to use the precompiled p Visit [32-bit Windows download area] or [64-bit Windows download areal.

GAMESS Installation Guide
NWChem Installation Guide ¥Window Build Package

(For Experts)NWChem Build with MinGW ¥we 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 [E=8(ECR

Monomer(*.wmo) Folder  C:¥winmos7_test¥UserData¥wmo Browse

Polymer(*.wpao) Folder Ci¥winmos7_test¥UserData¥wpol Browse

Ok Cancel

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 polyethylene.

1. Model a monomer of polyethylene (ethane, C,H;) 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 point of the monomer.

AR % %4 H| Q8| £ OFlain ® Normal [¥] | Lser Charee
a
Add Del | -GH3 | -G2H3 | -CAHS |-CHE v |Repl [ H 1 % Ghe | Zoom 1 - }u
winmos tar 8 C2HS MASS=30.07 X=1.8519 ¥=-1.0401 Z=0 Atam| 0,25 r{_. ‘e
8-2-5-1 Leng=1.1 Ang=93 Dihed=-124.91& Lper =0.6 Charge=0.0317
Bond 10 I
AM1 EF PRECISE GNORM=0.05 WOINTER GRAPHF HMOK
Winmostar
¢ o0.00000 1 0.00000 1 oogoe 1000
20 1.43380 1 0.0000 1 o.ogoe 1100
3 H 1.10000 1 108.0000 1 g.oopn 1120
4H 1.10000 1 108.0000 1 1o.0000 1 1 %@
5 H 1.10000 1 109.0000 1 -1z0.0000 1 1 2 @
EH 1.100000 1 109.0000 1 -gOLOQOOD T 2 1 %
PH 1 0 1 1z0.0000 1 2 1 B
§ H 20.0000 16

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 pe, 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 >b

Polymer
DPD

Intarfara Ruildar

2017/07/06

R
~ | Repl | H 1w

1 ¥=1.0401 Z=0.0000
I0.000 Lper=0.000 H

Register Monomer

Homo Polyrmer Builde

&4 Register Mono... — O

Select bwa berminal akoms

Head : 3 Tail : 7

Marne |pe| (

(0]4 Cancel

-

YWinmaostar ¥W7.002

saved successfully.

¥pe.wmo

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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Define a polymer
Click MD | Polymer | Homo Polymer Builder.

2. Set Polymer Name to pe50, Polymerization Degree to 50,
Select pe in Monomer List.

3. Click Build.
4. Click Close.

Edit View Semi-Empirical QM  MD | Selid Teools Tutorial Help

@ Remote Job Submission

Solvate/Build Cell
1ost Inzert Molecules
Generate lons

Assign Charges

Gromacs
LAMMPS
Amber

Polyrmer
DPD

Interface Builder

.....................

e | #

«  Repl | H 1« GChe

1 ¥=1.0401 Z=0.0000
10,000 Lper=0.000 H

A1

Register Monomer

Homo Polymer Builder

Block Polymer Builder

Winmostar Y7002

sawved successtully.

pesS0.wpo

2017/07/06

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.

& Homo Polymer Buil =

Palyrer Marme pesl

Paolymerization Degree |50

Monamer Lisk

PR

prma_noc

Tackicity
(®) Tsotactic
() syndiotactic

() Akactic

Display Delete

Head) Tail Configuration

(®) Head ta Tail

(_JHead to Head
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I1l.  Build Cell

1. Click MD | Polymer | Polymer Cell Builder.
2. Set Polymers Available to pe50, Number to 20, and click >> Add >>.
3. Click Build. Save as pe_elong.mol2.

Edit View Semi-Empirical QM  MD  Solid Tools Tutorial Hel 53 Pelyrmer Cell Builder - C
o Remote Job Submission l el | 4 Box Corfigurration

Solvate/Build Cell ~ Fepl H 1w Che ) Density [g/em~3]  |0.5 Periadic Boundary Candition

| o i

ost Insert Molecules 1 ¥=1.0401 Z=0.0000 O ¥-ods Length [A] 453556 [VIx
-8 Generate lons \0.000 Lper=0.000 H (O ¥-fixis Length [4]  95.3556 [

Assign Charges H ®)2-ois Length [4] 45,3556 iz

[#] Cubic Cell

Gromacs H]

LAMMPS b3 Polymers Available Polymers Used

Amber ¥ Marme Number

l / = Add =5 pes z0
Polyrner ¥ Register Monomer
Murmber
> .
BE Homo Polymer Builder 20
Tz a2 Block Polyrmer Builder
<< Delete <<
Bond/Angle Calculator Random Polymer Builder —
Palymer Cell Builder
Display Delete
[Impr 1 Build Close

2017/07/06 Copyright (C) 2017 X-Ability Costtd—AftrghtsTeserved—y/



X-Ability

HYORTFTEYT 4

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.

Palymer 6,040 CZ2000H4040 MASS=28,004,08 x=39,8357 Y=20.2585
B040-1-6039-6 Leng=31.148 Ang==2.9 Dihed=-135.81 Lper=0.89a Charge
0|=93,302,3859 Rho=0.5

Winmostar V7.002

Jpe_elong.mol2

saved successfully.

2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 9
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V. Execute simulations

1. Click
2. Click
&2

1. Equilibration

MD | LAMMPS | Keywords Setup.
Reset.

LAMMPS Setup - B

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

[C]Extending Simulation 2.0 | Generate Velodty
Units real v #ofTime Steps 5000 iso
Atom Style full v Ensemble minimize v
Pair Style ljfeut/coul fout v 300.0
1.0 0 0
units real ~
atom style full
boundary PPP
box tilt large

pair_style
pair modify
special bonds
bond style
angle_style
dihedral_ style
improper_style
read_data
neighbor
neigh modify
dump

dump

thermo style
thermo
minimize
write_restartc

£

2017/07/06

1j/cut/ecoul/cut 10. 10

mix arithmetic

amber

harmonic

harmonic

charmm

umbrella

SDATAFILES

2.0 bin

delay 0

1 all custom 100 %DUMPFILE%® id type ®s ys 23 ix iy iz
2 all xtec 100 SXTCFILESR

custom step time temp pe ke etotal enthalpy press wvol density lx ly lz pxx pjy
10

le-4 le-é 5000 1000000

SRESTFILES

Cancel Load Setting | | Save Setting Reset

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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1. Equilibration

1. Select Force Field tab, Set Force Field to Dreiding,
Charge to Use user-defined charges, then click OK.
2. Click MD | LAMMPS | Start LAMMPS.

) LAMMPS Setup - OIS

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

®) Generate parameters
Force field (Genera [) | Dreiding v

Charge

_) Assign charges  Method: |AM1 v
®) Use user-defined charges

[ Add [position_restraints] section for selected atoms Edit

Dump Now

) Use parameters in the file on the main window

oK Cancel Load Setting | | Save Setting | Save as Default Reset
2017/07/06 [ Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 11
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V. EXxecute simulations

1. Equilibration

Click MD | LAMMPS | Keywords Setup.
2. Check Extending Simulation, Set Ensemble to nvt, Temperature to 500.

In Advance tab, check Constrain Hydrogen. Click OK.

3. Click MD | LAMMPS | Start LAMMPS.

Basic | Advance | Output | Interaction

[#] Extending Simulation

Units real
Atom Style ful Ensemble nvt V]
Pair Style lifeut/coul Temperature [K] {500

LAMMPS Setup
MNon-equilibrium (1) | Non-equilibrium (2) | Options | Forc|
Time Step [fs] 2.0 [v]

e # of Time Steps 5000

2017/07/06

AT

Basic @ Advance O

Boundary X [p v Y p\ v Z p W

Tdamp [fs] 100.

LAMMPS Setup

Reset COM Mation | linear

Reset Interval 50
Random Seed 12345
Tchain 3

Non-equilibrium (1) | Non-equilibrium (2) = Options | Force Field

[+] box tilt large

[rigid
Constrain Hydrogen
yarog

Shake Tolerance | 1e-4

Copyright (C) 2017 X-Ability Co.,Ltd.

All rights reserved.
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V. Execute simulations
1. Equilibration

1. Click MD | LAMMPS | Keywords Setup.
2. Uncheck Generate Velocity in the Basic tab,

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

|| Extending Simulation Time Step [fs] 2.0 || Generate Velodity
Units real W # of Time Steps 5000 Pressure Control is0 v
Atom Style full W Ensemble npt <
Pair Style lifcut/coul feut v | Temperature [K] |500
Pressure [atm] 200 (1
N
2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved. 13
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V. Execute simulations
1. Equilibration

1. Click MD | LAMMPS | Keywords Setup.
2. In Basic tab, set Temperature to 250, Pressure to 1, then 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 Velocity
Units real v # of Time Steps 5000 Pressure Control iso
Atom Style full v Ensemble npt W

Pair Style lifcutjcoul fout v  Temperature [K] 250

2017/07/06

Pressure [atm] 1

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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2. Elongation

Next, calculate elongation to produce strain and stress curve.
1. Click MD | LAMMPS | Keywords Setup.
2. On Basic tab, set # of Time Steps to 50000, Pressure Control to xy,
3. On Non-equilibrium (1) tab, check Enable Elongation, set Eng,
set Strain Rate to 1e-5, then click OK.
4. Click MD | LAMMPS | Start LAMMPS

&2 LAMMPS Setup - 0

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

[#]Extending Simulation Time Step [fs] 2.0 [ ] Generate Velodity
Units real # of Time Steps 50000 Pressure Control | xy
Atom Style full v | Ensemble npt E \ LAMMPS Setu p

Pair Style ljfeutfcoul fout v Temperature [K] 250 .
e Basic | Advance | Output | Intgraction  Non-equilibrium (1) ' Non-equilibrium (2) | Options

Pressure [atm] 1

[+] Enable Elongation [ ] Enable Simulated Annealing

[+] Affine Transformation
Eng. Strain Rate le-5
[1/fs]

Max Eng. Strain: 1,000

[ |Preserve Volume

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

Execute simulations
2. Elongation

Click MD | LAMMPS | Energy Plot. Open the file by default.

2. Check Lz (System size of z direction) and Pzz (Pressure of z direction) in
Energy terms. Check Block Average, set Size to 10.
3. Click Draw, then Click Excel.

&

|

Energy Flot

N,

LAMMPS Energies

: '\' ‘J"\ wn' lj il ‘L M H’M;“ “l'N' il

500 =

-500

=

| Block Average Size: |10

Draw Close

Calc Ave

Autoscale

HMIN HIAN

WMIN WMAK
Feed) E.

el
: |

>
\l \ |l
-1500

| i | i | i 1 i
20000 40000 GO000 R0000 le+05
Time (fs)

-2000
0

2017/07/06

N

Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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2. Elongation

Columns A, B, and C contains MD time steps, Lz (System size of z direction) and Pzz
(Pressure of z direction) respectively. Columns D and E contain strain and stress
respectively, and can be calculated as described below.

To calculate column D: Normalize the first value of Lz in column B (41.07478) and
subtract 1.
To calculate column E: Multiply -1 to Pzz values in column C.

The graph manifests stress-strain curve by taking values from column D for the X-axis
and column E for the Y-axis. (Graph shown is plotted with a lower limit of O in the Y-axis)

A B C D E E G H I 1 i L (X
1 G0 4107478 -242805 0 242 8052

2 260 4115685 8080134 0001998 -808013

3 400 41 23893 -20S5201 0003956 2092012

q GO0 4132101 -387214 0005955 3872144 1600

5 BOO 41 40308 -463817 0007953 4638168 1400

& 1080 41 48516 —411 668 0000891 411 6670

7 1290 4156723 -1218 0011989 1218939 1200

8 1480 41 64931 -2606.743 0013987 2667427 1000

9 1680 4173138 -501391 0015986 5013814 \ i

10 1880 4181346 467279 0017984 4672794 800 |

11 20080 4188554 -542803 0019982 5428025 600 1 1 f ‘

12 2280 4197761 -104616 002198 1046157 - r

13 2490 4205968 -510723 0023978 5107234 o |

14 2690 4214176 -T64638 0025977  T64638 200 |l |

15 2890 4222384 -621454 0027975 6214530 o

16 3090 4230591 -45788B 0029973 45749798 0 0.2 ot 06 0 . .
17 3290 4238799 -635133 0031971 6351335

L] FACT AT ATOWOT =AEq] TAC [ = T ] A4 FAGY

reference: Hossain, D., Tschopp, M.A., Ward, D.K., Bouvard, J.L., Wang, P., Horstemeyer, M.F., Polymer, 51 (2010) 6071-6083.
2017/07/06 Copyright (C) 2017 X-Ability Co.,Ltd. All rights reserved.
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1. Click MD | LAMMPS | Import Trajectory in the main window.

IV. Execute simulations
2. Elongation

2. Open the files selected by default.
3. Click 3D in Animation window.

2017/07/06

AR % % < H| ER A

fdd | Del | -GHS8 | -G2H3 | -ChHHE | -CH3 v | Repl |[H 1w

Polymer 6,040 C2000H4040 MAS5=28,094.08 x=40.3966 Y=23.74
6040-1-6040-1 Leng=18.1842 Ang=0 Dihed=0 Lper=0 H
“iol=09,111.9022 Rho=0.673

'ﬁ' () Plain (@) Mormal [ | Mumber

&

Animation

- o EN

Ci¥Uzers¥sakamak ¥ Desk top¥work ¥wm¥trunk¥release 3 2% User Dt MMpeR
Reload

TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP
TIMESTEP

TIMESTEF 1)
TIMESTEP

Rewind
~

L

Lazt

Slow Fast
temp

[13D animation
[ipee [eif

D autarew
a0
Excel
1> gro

Quit FR

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

2. Elongation

1. Click View | Preferences on the Winmostar 3D.
2. Check Rainbow in Preferences window.

3. Click |> (Play) button to check the polymers are elongating.

File | Wiews | Help
Model
Backqround
Preferences

[ Jp Perspective

Debug

Animation

Clipboard

2017/07/06

s

CtH+B

File View

Help

Preferences
Rotation

@Free OX QY O2

Boundary Conditio

(O None ) At !
[¥] Rainbow

@By turn ()

1 v| Ble
9 [v] v | Red v
3 v v Magen v
4 v Lime
5 [v] v| Cyan v
6 [v] v Yellow
7 v v | White v
8 [v] v Brown
9 v| (Gray v
[T]Sterea [ ] Enantiomer
® Para Cross( ) fAnae

[VIH [¥] Dugse [ ] Backbone
Atom| ¢ > 100

1.0
10

Bond ¢ > (100
Zelip e 1.00
MO Format Salid v
color {(+) vi-) v
Trans! ¢ > 000
[O% e > |1
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