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MD example: calculate the melting
temperature
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MD simulation: observing and measuring
atoms in virtual lab

i s

> Interatomic potential
> Initial condition

i > Boundary condition

-----

» Integrator (solver for New Second Law)

» Atomic/particle trajectories
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Molecular Dynamics

« Using the information gained from r, v and application
of the forces:

Initial positions are advanced towards a lower energy state.

* Through some time step delta t

New positions are obtained.

New velocities are obtained

REPEAT.

« This is repeated as many times as is needed to obtained
equilibrium.



Atomic model in MD =713 __ 4
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« Atoms are represented as spheres.
 Point mass

« This means that the electron’s role is neglected.

 As is the electronic wave function.
Atom

Electrons

Nucleus

Thus the calculations become relatively simple.



Potential in MD
» Empirical Potentials

»  Lennard-Jones (LJ) potentialﬁ::
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Vi
» Many-body potentials

» Semi-empirical potentials

» Polarizable potentials

» Potentials in ab initio methods

> Etc
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Initial state: Example FCC (Argon)

N = 4x(5x5x5) = 500
T=0K

3D periodic boundary condition a,=5.77A
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MD simulation

Model system Ar
Initial condition N=500 fcc cubic box (supercell)
T=10K, T=80K.

Boundary condition Periodic Boundary Condition (PBCs)

Potential L-J potential

Ensemble NVT: N (number), V (volume) , T(temperature)
(integrator)

Calculation Reach equilibrium
Observe the thermal fluctuation
Study the solid to liquid transition




How MD works for melting

Build the Model

v

Relaxation

v

Statistics of results

v

Analysis
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# 2d Lennard-Jones melt

units I

atom_style atomic

boundary PPP

lattice fee 1.073

region box block 0808035
create_box 1 box

create atoms 1 box

mass 11.0
velocity all create 0.01 872877
tfimestep 0.01

dump 1 all xyz 1000  melt.xyz
pair_style lj/cut 2.5
pair_coeff 111.01.02.5
neighbor 0.3 bin

neigh_modify
thermo

fix

rn

unfix

thermo

fix

mn

every 10 delay 0 check yes

1000

1 allnpt 0.01 0.01 1.00 xyz 0.0 0.0 1.0 drag 0.2

50000
|

1000

1 allnpt 0.01 0.852.0 xyz 0.0 0.0 1.0 drag 0.2

1000000
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Visualization of melting process

T=10K
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Calculate the force

N patrticles
By = ‘Xff (7 )|
X, =X, —X,
. _X
/A
Vi
. ol (7. ;
Force on atom i f- -y ) _s| o0
J# ax; J= 6?'

: . _| L@¥F(r) _
Force between atomiandj &=~ — X;
Since ff:;fg SO f,=—f,
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unite vector
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PBC

Supercell: one can always use 3D PBCs
in MD simulations
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g s oy : finite system
infinite system infinite film/slab/wire y

X, +/h, +mh, + nh, (no PBC)

Equivalent to 1D or 2D
({,m,n = —00,0) PBCs, e.g.

X, +/h, + mh,

(I,m=—w,0)
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LAMMPS

LAMMPS Molecular Dynamics Simulator

lamp: a device that generates light, heat, or therapeutic radiation; something that illumines the mind or soul -- www.dictionary.com

hover to animate -- input script

physical analog (start at 3:25) & explanation

Big Picture Code Documentation Results Related Tools Context User Support
Features Download Manual Publications Pre/Post processing Authors Mail list
Non-features GitHub Developer guide Pictures Pizza.py Toolkit History Workshops
Packages SourceForge Tutorials Movies Offsite TLAMMPS packages & tools| Funding ||User scripts and HowTos
FAQ Latest features & bug fixes |MD to LTAMMPS glossarv| Benchmarks Visualization Open source|| Contribute to LAMMPS
Wish list |Report bugs & request features Commands Citing L AMMPS Related modeling codes

A5 Marro Lettersy

WIS Soft Matter

Lo

http://lammps.sandia.gov/



LAMMPS installation

http://rpm.lammps.org/windows.html
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http://rpm.lammps.org/windows/64bit/

e | atest versions
o 32-bit Windows download area with all available installer versions
e 64-bit Windows download area with all available installer versions

T'he respective download directory will contain installer packages that are labeled
vith the date of the LAMMPS version and packages labeled as latest. It is usually
'ecommended to download and install the latest package. The other packages are
orovided in case there is a problem with it. Download the installer executable suitable
‘or your machine, execute it, and follow the instructions in the dialogs. Each version
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. Please select the installation folder.
o)
Destination Folder
:\Program Files\LAMMPS 32-bit MPICH2 20130625 Browse...
Space required: 25.1MB
Space available: 4.0GB
o) —

vill install into a different directory, so it is possible to have multiple versions installed
at the same time (however it is not recommended). Both kinds of packages contain:

» Either: a regular multi-threaded LAMMPS executable called 1mp_serial. This should always work.

« Or: a multi-threaded LAMMPS executable that also supports parallel execution via
is called 1mp_mpi and requires installation of a suitable MPICH2 package to work.
the LAMMPS manual in PDF format

the LAMMPS developer guide in PDF format

the colvars reference manual in PDF format

several additional PDF format guides for specific packages or styles

the potential files bundled with the LAMMPS source code

most of the example inputs, reference outputs and related files

MPI message passing. This executable
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LAMMPS Manuel

http://lammps.sandia.gov/doc/Section_start.html#start_6

# LAMMPS Docs » 2. Getting Started LAMMPS 5 Feb 2018 Website Commands
O Previous Next ©
1. Introduction
O 2. Getting Started 2- Getting Started
ﬁ,:tr‘ﬁtffoim ELAMMES This section describes how to build and run LAMMPS, for both new and experienced users.

@ 2.2. Making LAMMPS ) o
2.1 What's in the LAMMPS distribution

@ 2.3. Making LAMMPS with 2.2 Making LAMMPS
optional packages 2.3 Making LAMMPS with optional packages
& 2.4. Building LAMMPS as a library 2.4 Building LAMMPS as a library

2.5 Running LAMMPS
2.6 Command-line options

2.6. Command-line options 27 S.creen output ‘ )
2.8 Tips for users of previous versions

2.5. Running LAMMPS

2.7. LAMMPS screen output

2.8. Tips for users of previous

LAMMPS versions

3. Commands 2.1. What's in the LAMMPS distribution

4. Packages
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Command Prompt in windows

-\>cd CMD
:\CMD>cd "lammps CMD"

:\CMD\1lammps CMD>cd "copper melt”

7 - \CMD\lammps CMD\copper melt>lmp serial < in.Copper

To the directory

New Volume (Z:) > CMD » lammps CMD » copper melt

Ea

~
Name

Cu_ub.eam

| in.Copper

Run

\
]

BERKEL
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Control T and P, calculate V

1. Temperature ( T)

2
ks — Boltzmann constant

N;—number of degree of freedom, Ni~3N if N>>1
2. Pressure ( P)

L & 2 .
PV =Nk T+— r.-F — the virnial equation
B D <Z i :>

i=1

D — system dimensions

| Control Tand P :
NPT ensemble



MSD for solid and liquid

Mean Square Displacement
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Melt Cu

change box all triclinic

E R Output Configuration-----------—--—-------~-—-
compute eperat all pe/atom

#Custom output of atom properties
dump 1 all image 5080 a*.jpg type type
dump 3 all xyz 5000 a*.xyz

#id type x y z c_eperat

R L e Get the radial distribution function

compute rdf all rdf 10

fix rdf1 all ave/time 1@@ 1@ 1000 c_rdf[1] c_rdf[2] c_rdf[3] &
ave running file nanogold.rdf mode vector

Ho-mmmmmmm oo Energy & Force tolerence , max iterations .
minimize 1.0e-8 1.0e-8 1000 100000

Hommmmmm - Minimize using conjugate gradient method
min_style cg
timestep ©8.01

Ho-mmmmmm oo Frequency of Ensemble data output to s creen
thermo 1000
thermo_style custom step pe ke etotal temp vol press

R R e Thermalize to 298 K
Ho-mmmmmm oo Create velocity distribution
velocity all create 298 39849 mom yes rot yes dist gaussian

Hommmmmm - NVT ensemble ramp temperature to melt

fix 2 all npt temp $x 2400 4.00 tri 0.0 0.0 6.0 drag 0.2
#fix 2 all nvt temp

#print"1"

#fix 3 all msd 1 msd_Cu $x.dat

#compute 1 all msd Cu_$x.dat

run 200000
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Melt Al

# LAMMPS Melt Al

units
boundary
atom style
variable
lattice
region
create box
create_atoms
pair_style
pair_coeff
timestep
thermo
neighbor
neigh modify
variable
variable
variable
variable
variable
variable
compute
compute
velocity
fix

#dump

metal

PPP
atomic i
X equal 2.5 5400 4
fcc 4.05 | a
ll'JoEoglock 40404 5200__ . ;'.- .

1 box

eam/fs

# % Al FM.eam.fs Al
0.01

leee

@.6 bin

every 5 delay @ check yes 4400

N equal step ] ="
pote equal pe "
Etotal equal etotal 42007 -

T equal temp 4000

Press equal press 0 ' 1000 ' 2000

V equal vol

3 all pe/atom

4 all ke/atom

all create $x 825577 dist gaussian
extra all print 1eee "${N} ${T} ${V} ${pote} ${Etotal} ${Press}" file data
1 all cfg 1eeee a$x.*.cfg id type xs ys zs ¢ 3 c 4 ¢ 5

5000

4800

Volume

4600 r

Temperature (K)

dump 1 all image 1eeee a*.jpg type type
dump 3 all xyz 1eeee a*.xyz

dump_modify
fix

run

unfix

fix

run

1 element Al

1 all nvt temp $x $x 2 drag @.2
leeeo

1

1 all npt temp $x 2000 1@ iso @ @ 1@
120000




-~
A
Frreeer ‘ﬂ

Mean square displacement

atom trajectory

The mean square displacement of atoms in a simulation can be easily computed
by its definition
MSD = ([r(t) — r(0)[*)

where (...) denotes here averaging over all the atoms (or all the atoms in a
given subclass). Care must be taken to avoid considering the “jumps” of par-
ticles to refold them into the box when using periodic boundary conditions as
contributing to diffusion.

The MSD contains information on the atomic diffusivity. If the system is
solid, MSD saturates to a finite value, while if the system is liquid, MSD grows
linearly with time. In this case it is useful to characterize the system behavior
in terms of the slope, which is the diffusion coefficient D:

D = lim —(Jr(t) — £(0)[2)

t—oco Of

The 6 in the above formula must be replaced with 1 in two-dimensional systems.
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VMD Visualization of Atoms

http://www.ks.uiuc.edu/Research/vmd/

NIH CENTER FOR MACROMOL ECULAR MODELING & BIOINFORMATICS UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN Type Keywords

THEORETICAL and COMPUTATIONAL
BiorHaysics GrRour

Home Research Publications Software Instruction News Galleries Facilities About Us

-~ VMD
Overview isval-Molecular Dynamics

Publications

VMD is a molecular visualization program for displaying, animating, and analyzing large biomolecular systems using 3-D graphics and built-in scripting. VMD supports computers
Research running MacOS X, Unix, or Windows, is distributed free of charge, and includes source code.

m (more details...)

P VMD Molecular
Graphics Viewer

» NAMD Molecular

Dynamics Simulator Spotlight
b BioCoRE
Eﬁ;‘f‘[‘;ﬁﬁm\’ VMD supports user-defined material and shading properties that can be used to render molecular graphics in a more illustrative style. Future versions of
N i . VIMD will expand on this capability through increased use of programmable shading technology This will bring many molecular rendering features
MD Service Suite previously found only in batch mode software renderers into the realm of interactive molecular visualization.
¥ Structural Biology .
Software Database Other Spotlights
¥ Computational
Facility
Qutreach 5
Qverview News and Announcements
Molecular representations J. Physical Chemistry B, Klaus Schulten Memorial Issue, 2017 €»



File Molecule Graphics

& Downloads

Ga_upwind-desktop.webm
i . .

Display Mouse Extensions

Help

| Load files for: |O a0 xyz

ID T A D F Molecule

Atoms Frames Vol

0

TADE

a0 xyz 256 1 0

~¥

o

[
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zoom [
ieygroup
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|Loer 'I step l|1 _Pl speed i 13
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VMD

5 CUDA accelerator devices available ~
senGL Intel(R) HD Graphi
TENCIL MDE CVA MTX T PP PS GLSL(OVFGS)
~enderirn is availabl B | Graphical Representations = O X

Multitexture (8)
Selected Molecule

|O a0.xyz :‘
Using plugin
sing plugin > f Create Rep Delete Rep
ng Style Color Selection
vDW Name all

Atoms:

Bond
Dihedrals:
® Angletype

Selected Atoms

|a|||

Draw style | Selections | Trajectory | Periodic |
Coloring Method Material
[Name Rd [Opaque |

output file: C:

Jnable to f
5 unable to

id

Drawing Method
VDWW v Default

Sphere Sca\emw
Sphere Resolution «l { I 11 M

Browse |

Filename: |

Determine file type:
| Automatically

© Apply Changes Automatically  Apply




