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Note

* The simulation steps required are dependent on molecular species and initial
density.

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

* Variance in system size (number of solid phase repeats), initial temperature,
and contact surface will affect results.

* For the purpose of this tutorial, the number of steps used in calculations
has been limited.
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Configuration

« Setup 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

For Windows

GAMESS Installation Guide

LAMMPS Installation Guide

Cygwin_wm Instllation Guide ¥Gromacs/Amber Window Build Package(Cygwin)

(For Experts)Gromacs/Amber Build with Cygwin

NWChem Installation Guide 3¥Window Build Package

(For Experts)NWChem Build with MinGW  3we recommend you to use the prec

#we recommend you to use the precompiled p

ompiled packege.

.WpO0) as need.
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Installation guide for LAMMPS on Windows

Feb. 6, 2017
1. Getting LAMMPS
D Access to

o httpirpm lammps.org/windows html

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

LAMMPS-ICMS W

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

&4 Polymer setting

Manomer(*,wmo) Folder

C:¥winmos7_test¥UserData¥wmo

=S [ECR =X
Browse

Polymer{*.wpo) Folder

C:¥winmos7_test¥UserData¥wpol

0K

Browse
Cancel
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|. Build solid phase

In this tutorial, we will calculate the melting point of silicone.
1. Click Solid | Crystal Builder.

2. Click File | Open.

3. Open si.cif in the sample directory. (default: C:¥winmos7¥samples¥si.cif)

File Edit ¥iew Tool

a b c a*

Lattice constant 5.4
/ 0.000

TV 5.43 0 00
TV D:000 5:431 0000

5.431 0.000

b* | c*

TV 0.000 0.000 5.431

Crystal system: Cubic

Space group : Fd-3m (227)
Lattice constants : a=5.4309 A
Asymmetric unit: Si (0.0 0.0 0.0)
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31 5.431 5.431 90.000 90.000 90.000
0C

Crystal Builder

_Plain (®) Normal

Zoom 1
Atom 025
Bond 10
Asymmetric Unit
Add Remove

Atom
Si 0.000000
Si 0.000000
Si 0.500000
Si 0.500000
Si 0.750000
Si 0.250000
Si 0.250000
Si 0.750000

0.000000
0.500000
0.500000
0.000000
0.250000
0.250000
0.750000
0.750000

Lattice Constants
543165431 5431 90,000 90000 90.000

Translation Vector

5431 0000 0000
0.000 5431 0000
0.000 0.000 5431

q{; mber of Atoms (displayed)

- cEE

2

2ol

| S8

z
0.000000
0.500000
0.000000
0.500000
0.750000
0.250000
0.750000
0.250000
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|.  Build solid phase

Click Edit | Repeat.
Make 3 x 3 x 3 supercell.
Click Flle | Save' File Edit View Tool

Save as si333.cif. a b e [er]or]or

Lattic @1 Repeat  — = ).000 90.000
\/

VD

™vO a b C

>N -

e 2 (D f'}

]

— .3_,
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|. Equilibration of solid phase

1. In Crystal Builder, Click File | Exit.
2. In Main Window, Click File | Open.
3. Open si333.cif.

AR %% < H BKR '§| £ OPlain @ Normal [ ] Number
Add Del | -GH3 | -G2H3 | -C6H5 | -CH3 v | Repl | H 1 v Che Zoam 061

Winmostar 216 Si216 MAS5=6,066.47 X=14.9350 Y=14.9350 Z=12.2 Atom 025
216-1-2-0 Leng=24.401 Ang=38.104 Dihed=™ Lper== Si

Vol=4,324.9310 Rho=2.3292 Bond 10

AM1 EF PRECISE GNORM=0.05 NDINTER GRAPHF MMOK

Winmostar
199 Si 2.86166 1 144.7388 1 0.0000 1 184 133 103 A
200 Si 2.35165 1 108.4715 1 -179.9897 1 185 125 124
201 Si 2.35167 1 109.4709 1 -60.0001 1 111 106 10
202 Si 2.35165 1 109.4706 1 -180.0000 1 187 196 175
203 S1 2.35185 1 108.4714 1 -B0.0000 1 183 132 111
204 Si 2.35186 1 108.4708 1 -179.9837 1 183 178 173
205 S0 2.35165 1 109.4707 1 179.3897 1 204 183 178
206 Si 2.35165 1 109.4709 1 180.00000 1 201 111 108
207 Si 2.35167 1 109.4709 1 -180.0000 1 202 197 196
208 Si 2.35165 1 109.4715 1 -179.9847 1 203 133 132
209 S0 2.35168 1 109.4715 1 -59.9897 1 119 114 109
210 Si 2.35168 1 109.4707 1 179.9894 1 205 204 183
211 S 2.35168 1 109.4707 1 -B0.0001 1 141 140 119
212 Si 2.35166 1 109.4707 1 -179.9894 1 181 186 18
213 Si 2.35166 1 109.4709 1 -179.9847 1 212 131 188
214 S 2.35164 1 109.4715 1 18000000 1 209 119 114
215 Si_2.35166 1 109.4703 1 179.9997 1 210 205 204 v

216 |Si 2361658 1094709 -179.9997 211 {141 1140

[xyz | vil vl v

2017/8/17
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Il.  Equilibration of solid phase

Click MD | LAMMPS | Keywords Setup.
Click Reset. &2

LAMMPS Setup

Set the fo”owing conditions Basic  Advance | Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options | Force Field

Units - metal

Pair Style : tersoff :,: .
Potential File : SiC_1989,tersoff .-

Ensemble
Time Step
Temperature

- npt Potential File
: 0.0001 ::i:istyle

boundary

: 2300

pair style

pElI_CCE....
Click OK. e

dump
dump
velocity
£ix

fix

thermo_style

thermo
timestep
run

write_ restart

2017/8/17

[]Extending Simulation

Time Step [ps] 0.0001 [w] Generate velodity

metal v # of Time Steps 5000 Pressure Control iso v
atomic v | Ensemble npt v
tersoff v | Temperature [K] 2300
SiC_1989.tersoff w Pressure [bar] 1.013| 1013 1.013

metal

atomic

PEP

tilt large

SDATAFILES

tersoff

* % 5iC_1989.terscoff SATOMIYPESSY

delay 0
1 all custom 100 SDUMPFILE® id type xs ys 2zs ix iy iz

2 2ll xte 100 RXICFILESR

all create 2300 12345

1l 2ll npt temp 2300 2300 0.1 tchain 3 iso 1.0133 1.0133 0.1 pchain 3

2 all momentum 50 linear 1 1 1

custom step time temp pe ke etotal enthalpy press vol density 1lx ly lz pxx p3
10

0.0001
5000
BSRESTFILES
>
Cancel Load Setting | | Save Setting | = Save as Default Reset

- oEE
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. Equilibration of solid phase

Click MD | LAMMPS | Start LAMMPS.

Save as si333.data, then LAMMPS calculation will start.

After the calculation, click MD | LAMMPS | Import Trajectory.
Open the data file and the dump file selected by default.
Display the final step in the Animation window.

Close Animation window.

S o

- F’«'}‘ G % “ +H| 58 %3 Wl §| £+ O Plain @ Normal [ | Mumber

Add | Del |-CH2 | -G2H3 | -GEHS | -CH3 viRepl H 1% 0l R Animation - oI K3
Wvinmostar 216 Si216 MASS=6,066.47 X=14.9026 Y=15.0804 Z=12.5 OC¥winmos7010test¥samples¥siddd_Imp_tmp¥imp tmpdump  LAMMPE
2216-1-216-1 Leng=24.475 Ang=0.000 Dihed=0.000 Lper=0.000 Si Reload  Rewind
VV0|=4,402.1333 Rho=2.2883 TIMESTER 2700 Al A

TIMESTEP 2800
TIMESTEP 2300
TIMESTEF 3000
TIMESTER 3100
TIMESTER 3200
TIMESTEP 3300
TIMESTEP 3400
TIMESTER 3500

TIMESTEP 3600 v
TIHESTEP 3700 et
TIMESTEP 3800 as
TIMESTEP 3900
TIMESTEP 4000 Slow  Fast
TIMESTEP 4100 temp
TIMESTEP 4200 -
TIMESTEP 4300 [ 18D animation
TIMESTEP 4400 ; :
TIMESTEP 4500 H“’“ [ leit
TIMESTEP 4800 autorew
TIMESTEP 4700 D
TIMESTEP 430
TIMESTEP 4300 Excel
v 1> €ro
N Quit |,
v

2017/8/17
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Il.  Equilibration of solid phase

Click Edit | Pack into PBC Cell.

Click No on the dialog.

Click View | Pack into PBC Cell | Atom.
Click File | Save as.

Save as si_solid.cif.

A

AR % %% H| ERRA %
Add Del -CH3 -C2H3 @ -CBH5 -CH3 v Repl H 1 viCh

Winmostar 216 Si216 MASS=6,066.47 X=14.9026 Y=15.0804 Z=12.5
216-1-216-1 Leng=21.195 Ang=0.000 Dihed=0.000 Lper=0.000 Si
Vol=4,402.1333 Rho=2.2883

£ ) - ™
CNNTeTN:
: ’ ‘
Information = N ¢ _,.r\"\. /.\\ P - § 4/{/,,) (&)

V=

o Preserve chemical bonds?
Yes Cancel

2017/8/17
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I1l.  Equilibration of liquid phase

1. Click MD | LAMMPS | Keywords Setup.

2. Set Ensemble to nvt, Temperature to 6000.
3. Click OK.

4. Click MD | LAMMPS | Start LAMMPS.

5. Save as si_liquid.data.

) LAMMPS Setup

Basic | Advance  Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options | Force Field
|_|Extending Simulation Time Step [ps] 0.0001 |#] Generate Velodty
Units metal v #ofTime Steps 5000
Atom Style atomic W Ensemble nvt

Pair Style tersoff v Temperature [K] |6000|

Potential File SiC_1989.tersoff W

2017/8/17
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Ill.  Equilibration of liquid phase

After the calculation, click MD | LAMMPS | Import Trajectory.
Open the data file and the dump file selected by default.

JBRRFTEYT«

o =

2017/8/17

On the Animation window, select the final step.
Close Animation window.

AR % %4 H B'Q%RQ

Add | Del | -CH3 | -C2H3 | -C6H5 |-

Vol=4,402.1333 Rh0=2.2883

=7

&

1viig
&

()Plain (® Normal [ | Mumber

Animation

Winmostar 216 Si216 MASS=6,066.47 X=12.8816 Y=18.2303 Z=14 \o¥wimes ¥samplecvsilicud ine trating tromi
216-1-216-1 Leng=23.244 Ang=0.000 Dihed=0.000 Lper=0.000 Si OSSR EREL QU TP e sinp e Sl

Reload

TIMESTEP 2700
TIMESTEP 2800
TIMESTEP 2300
TIMESTEP 3000
TIMESTEP 3100
TIMESTEP 3200
TIMESTEP 3300
TIMESTEP 3400
TIMESTEP 3500
TIMESTEP 3600
TIMESTEP 3700
TIMESTEP 3800
TIMESTEP 3300
TIMESTEP 4000
TIMESTEP 4100
TIMESTEP 4200
TIMESTEP 4300
TIMESTEP 4400
TIMESTEP 4500

TIMESTEP 4600
TIMESTEP 4700
TIMESTEP 4800
TIMESTEP 4300
EP 0

v

~

N

I oEd
LAMMPS
Rewind

[
~

v

Last

Slow  Fast
temp
[ 18D animation

[ lipee [ leif
[ Jautorew

3D
Excel

> ero
Quit |y

v
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Ill.  Equilibration of liquid phase

Click No in the dialog.
Click File | Save as.
Save as si_liquid.cif.

il

Click Edit | Pack into PBC Cell.

Information

o Prezerve chemical bonds?
Yes Cancel

2017/8/17

AR % %< H BRAQ| %
Add Del | -CH3 | -C2H3 | -C6H5  -CH3 v Repl H 1 vICh

Winmostar 216 Si216 MASS=6,066.47 X=12.8816 Y=1.8412 7=14.29
216-1-216-1 Leng=18.018 Ang=0.000 Dihed=0.000 Lper=0.000 Si
Vol=4,402.1333 Rho=2.2883
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I\VV. Build of solid—liquid interface system

Click MD | Interface Builder.

Click Browse of Cell 1, then open si_solid.cif.
Click Browse of Cell 2, then open si_liquid.cif.
On Direction tab, set Interval to 2.

Click Build.

[ Interface Builder — H m Interface Builder - D IEE
Cell | Direction | Repeat Cel | Direction
Cel 1 Direction
C:¥winmos70 10test¥samples¥si_solid.cf Brows: O a-axis ?
Lattice Constants (U b-axis " g
O] s )
/ y

a: |16.4449 [A) Alpha: 90.0000 [deg]

A

b: 164442 [A]  Beta: 30.0000 [deg) Order

C 16,4449 [A]  Gamma: 90,0000 [deg] )Normal
(_)Reverse
Cel 2
C:¥winmos70 10test¥samples¥si_liquid.df r
nme e o Brows [] Adjust Interface
Lattice Constants
Interval: (2|
a: |16.4449 [A] Alpha: 90.0000 [deg]
b: |16.4449 [A]  Beta: 90.0000 [deg]
o 16,4449 [A] Gamma: 90,0000 [deg]

Next Build Cancel Previous Next Build <

2017/8/17
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IVV. Build of solid—liquid interface system

1. Save as si_sle.cif.

2. Click OK on the dialog.

3. Click Cancel on the Interface Builder.

4. Click red X camera icon, then interface of this system will be gisplayed.
AR %% < H B %

Add | Del | -CH3 | -G2H3 | -C6H5 | -CH3 v H 1 v | Ch

Winmostar

C:¥winmos7010test¥samples¥si_sle.cif saved
successfully.

2017/8/17
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V. Equilibration of interface system

1. Click MD | LAMMPS | Keywords Setup.
2. Set Ensemble to npt, Temperature to 2300, Pressure Control to z.
3. Click OK.
4. Click MD | LAMMPS | Start LAMMPS.
5. Save as si_sle.data.
52 LAMMPS Setup — O

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

|_|Extending Simulation Time Step [ps] 0.0001 |¥| Generate Velocity
Units metal o # of Time Steps 5000 Pressure Control 2 <
Atom Style atomic e Ensemble npt

Pair Style tersoff v Temperature [K] 2300
Potential File SiC_1989.tersoff w  Pressure [bar]
1nnira maral

2017/8/17
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VI. Prediction of melting point

After the calculation, click MD | LAMMPS | Keywords Setup.
Check Extending Simulation.

Set # of Time Steps to 100000, Ensemble to nph.

Uncheck Generate Velocity.

Click OK.

Click MD | LAMMPS | Start LAMMPS.

A o

&2 LAMMPS Setup — O
Basic | Advance | Output | Interaction | Non-equilibrium (1) | Non-equilibrium (2) | Options | Force Field

|¥| Extending Simulation Time Step [ps] 0.0001 || Generate Velodity <
Z

Units metal W # of Time Steps 100000 ssure Control

Atom Style atomic W Ensemble nph

Pair Style tersoff W 2300

Potential File SiC_1989.tersoff v Pressure [bar] 1.013 [1.013 [1.013

2017/8/17
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VI. Prediction of melting point

1. After the calculation, click MD | LAMMPS | Energy Plot.
2. Open the log file selected by default.
3. Check Temp, then click Draw to display temperature changes.

5 Energy Plot _o The melting point will be the temperature
— . at equilibrium if equilibrium temperature
2 Temp LAMMPS Energies and the final temperature are equivalent
7%‘;: 3000 —— : ——— (reference below).
kg | [=eme]
_5::2 00| J The final temperature here was in the
mE | ‘ vicinity of 2600K. On the other hand, the
;ty 2000} _ temperature after equilibration was at
;szx v = 2300K (refer to p.16). According to the
Clsockavorage 520 [10 2400 1 4 statement above , this is not the melting
Draw -~ | pOint.
Calc Ave ——t 4
¥ autoscale S Y | Adopt the final temperature (2600K in this
j:: j::: ' Tume () example) as the equilibration temperature

and repeat steps II. to VI

Redraw Excel

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