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LECTURE 8 : PRACTICAL MD AND APPLICATIONS
- Packages
- Structure
- Post-treatment
- Applications



� Simple atomic systems, mixtures or unpolarisable point ions 
Ne, Ar, Kr, NaCl, KCl, etc.

� Polarisable point ions and molecules
MgO, H2O etc.

� Simple rigid molecules or rigid molecuar ions with charges
CCl4, Benzene, KNO3, (NH4)2SO4, etc.

� Polymers, proteins, macromolecules, 

� Simple metals and alloys
Al, Ni, Cu etc.

� Covalent systems 
C, Si, Ge, SiC, SiGe etc.
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Given that most of the simulated liquids will form a glass at low
temperature, one is free to investigate many systems
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PRELIMINARY…
2 options

� Develop your own MD codes
depending on you background, motivation, 
your time, money, pressure on your neck, 
time left during the course of your PhD, etc.

� Or use a package
bug reports, faqs, force field libraries, 
optimization, forum, manual, etc.

But in both cases…
� Work under UNIX environment !

� Minor alternative: under Windows with 
the CygWin UNIX shell
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A. PACKAGES
1. DLPOLY

http://www.stfc.ac.uk/cse/25526.aspx

� Simulation package part of the british CCP5 research project developed at
Daresbury Laboratory (conceived 1993, W. Smith, T.R. Forester).

� Fortran 90, serial (100s atoms, DLPOLY_2) and parallel (106, DLPOLY_4, 
under MPI software library) versions 

� Free of charge for academia. Download from website or from open source 
sites (CCPForge, BSD,…) 

� Other packages
� LAMMPS (Sandia National Lab)
� Gromacs (University of Groningen, Netherlands)
� CHARMM (Chemistry at Harvard Molecular Mech.)
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A. PACKAGES
2. Structure (directories) of a package

� Compiling directory (build) : makefiles to assemble and compile the 
programs are located in:

� Source directory (srcf90) primary subroutines (*.f90 or *.c)

� Utility directory (utility) subroutines, programs and example data for all 
utilities

� Example directory (data) example input and output files 

� Users directory (public) routines donated by users

� Interface directories (java) friendly interface dir. for runs and analysis
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B. STRUCTURE OF A CODE 
1. Input and Output files

� The INPUT files provides all the information about the system, the 
interaction, the thermodynamic conditions. Some of the parameters do not 
change for the whole simulation. Others may be changed during the course 
of the run.

CONTROL

FIELD

CONFIG

OUTPUT

TRAJECTORY

ANALYSIS

RESTART 
FILE

RUN !



Sometimes manual operation
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B. STRUCTURE OF A CODE 
1. Input and Output files

� After or during the run, OUTPUT files are generated with information on 
energies, the trajectory (recorded x,v,… at different time steps),  analysis
files (rdf, msd, stress,…) and the last configuration which serves as input 
for the next run (if any). 

CONTROL

FIELD

CONFIG

OUT

TRAJECTORY

ANALYSIS

RESTART 
FILE

RUN !



Sometimes manual operation
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CONTROL

FIELD

CONFIG

OUT

TRAJECTORY

ANALYSIS

LAST 
CONFIG

RUN !

B. STRUCTURE OF A CODE 
1. Among files…the important ones
� OUTPUT file with all informations about your run : recall of parameters, 

results (energy, temperature, pressure, …). 
if T=1045 K, something must be wrong…

� TRAJECTORY or HISTORY file (i.e. x(t),y(t),z(t)) : apple of your eye !
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B. STRUCTURE OF A CODE 
1. Input files

� FIELD file: 
Oeffner-Elliott potential
PRB 58, 14793 (1998).

Of Buckingham type

� Will contain the infos about 
the parameters of the 
potential.

� Can sometimes be a tabulated
(non-parametrized) potential

� Here, a simulation of 256 
GeO2 molecules

Charges (partial)
qGe= - 2qO
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B. STRUCTURE OF A CODE 
1. Input files

� CONTROL file: 

� Contains all the relevant 
informations about the run
(temperature, Ensemble, pressure, 
volume, timestep).

� Also information about averages
and data storage

� Information about Equilibration 
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B. STRUCTURE OF A CODE 
1. Input files

� CONFIGURATION file: 

� Gives information about cell size and shape

� Lists the atomic positions

� Eventually, velocities

� Or even forces
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B. STRUCTURE OF A CODE 
2. Output files

� OUTUT file: 

� The OUTPUT file will first recall:

� the parameters of your run

� the thermodynamic conditions

� your potential, etc.
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B. STRUCTURE OF A CODE 
2. Output files

� OUTUT file: 

� Then, thermodynamic information about 
the run (time, elapsed time, etc):

� Total energy (must converge to an 
equilibrium value before
performing production runs). 
Rolling averages and final 
averages.

� Various energetical contributions (if 
relevant), pressure, 
temperature,…

� Pair distribution function, msd
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� Contains all the atomic positions over the run
(or every n step of the run)

� Positions xi(t), yi(t), zi(t) and velocities
vxi(t), vyi(t), vzi(t) with time.

� Serve for all further analysis of the system
Structure, dynamics

B. STRUCTURE OF A CODE 
2. Output files

� TRAJECTORY file: 

…
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B. STRUCTURE OF A CODE 
2. Output files

� RESTART file: 

� Last configuration of the run

� Gives information about cell size
may have changed if NPT

� Lists the atomic positions 
and velocities (target temperature)

� Sometimes also forces
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C. POST-TREATMENT
1. Visualizing

� Beware of bloatwares (usines à gaz) !

� Graphical interfaces+analysis (see next slide)

� VMD (Visual Molecular Dynamics,  
Illinois at Urbana-Champaign)
Very powerful…

� AtomEye (MIT)

� RINGS (Rigourous Investigation of Network 
Generated using Simulations, CNRS 
Strasbourg)
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C. POST-TREATMENT
2. Analyzing

� Write your own analyzing codes (recommended)
Pair correlation functions, bond angle and coordination distributions
Structure factor, mean square displacement, scattering function, etc.

� Use interfaces
� Java Interface in DLPOLY
� ISAACS (Interactive  Structure Analysis for Amorphous and Crystalline

Systems,  Central Michigan/CNRS Strasbourg)

� MDAnalysis (John Hopkins, Baltimore)

� RINGS (Rigourous Investigation of Network 
Generated using Simulations, CNRS Strasbourg)
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D. APPLICATIONS

1. Structure of an aluminosilicate (~Gorilla©) glass (2013)

2. Irradiation in a nuclear waste glass (2011)

3. Atomistic response of silica under shear and pressure (2012)

4. Mechanical behavior of glass nanowires (2012) 
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D. APPLICATIONS
1. Structure of an aluminosilicate glass

Reference : J. Chem. Phys. 139, 044507 (2013)

� System Na2O-Al2O3-SiO2 across the Al/Na join (Applications Gorilla 
Glass© ) defining the paralkaline (Al/Na<1) and peraluminous (Al/Na>1) 
regions.

� Comparisonbetween Born-Mayer-Huggins (Buckingham) and Morse-
Pedone (see lecture 7) potential.

� Whole analysis
Structure, potential sensitivity, angles, 
coordination numbers,  mechanical properties
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D. APPLICATIONS
1. Structure of an aluminosilicate glass

� Aluminum ions are mainly four-fold 
coordinated in peralkaline compositions 
(Al/Na < 1).

� In peraluminous compositions (Al/Na > 
1), small amounts of five-fold 
coordinated aluminum ions, and oxygen 
triclusters.



matthieu.micoulaut@upmc.fr Atomic modeling of glass – LECTURE 8 PRACTICAL MD

D. APPLICATIONS
1. Structure of an aluminosilicate glass

Qn speciation n

� Si is mostly in Q4 and Q3, while Al is 
only Q4.

� Increase of Q3 units for peralkaline
compositions (Al/Na < 1).

� BO bond angle 
distribution involving
Al is strongly
influenced by the 
Al/Na ratio.
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D. APPLICATIONS
2. Irradiation on a nuclear waste glass

Context: Conditioning processes such as vitrification are used to convert nuclear 
waste into a stable solid form that is insoluble and will prevent dispersion to the 
surrounding environment. Technique developed by CEA and AREVA in France.

System:45SiO2-5Al2O3-14B2O3-10Na2O-4CaO
+ZnO+Li2O+Fe2O3+P2O5+ZrO2+Cs2O+MoO3+K2O+SrO+…
typical of an AREVA NP glass

Physics:
� Nuclear glasses indicate the predominance of ballistic effects in accounting 

for the macroscopic changes at doses up to 1019α/g. 

� Under irradiation, glass density and hardness diminish, while fracture 
toughness increases. What modification at the atomic scale ?

Reference:J.-M. Delaye et al. JNCS 357, 2753 (2011); JNCS 358, 3427 (2012)
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D. APPLICATIONS
2. Effect of the irradiation on a nuclear waste glass

� Model of  56 SiO2-17 B2O3-12 Na2O- 6 Al2O3-3.5 ZrO2 +ppm UO2

using a Born-Mayer potential with a 3-body term to account for 
boron-4 atoms.

θ0=109o

� Structural modification induced by a ballisticα particle
with different energies ranging from 400 eV to 7keV.

� Decrease of time step to 0.01 fs (usually 2fs) to account
for the energy change due to the particle

� Cascades of changes analyzed.



� Glass structure is being reconstructed by local 
rearrangements in presence of alkalis.

� Large majority of atomic displacement occur
during the first instants of the cascade 
(thermal peak).

� Jumps and collective displacements, atomic
nature changed (Boron-3, NBOs, rings with
nb of cascades or energy dose)

D. APPLICATIONS
2. Effect of the irradiation on a nuclear waste glass
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D. APPLICATIONS
3. Atomistic response of silica underpressureand shear

Context: understanding the mechanical response of a glass from MD simulation under
hydrostatic pressure and shear deformation. In connection with the well-documented
compressibility anomalyat 2.5 GPa in densified silica

Reference :B. Mantisi et al. , Eur. Phys. J. B 85, 304 (2012).

Model: BKS silica with addititve repulsion terms (collapse at high pressure, see lecture 
7)

[1] Kondo  & al. J. App. Phys. 52 (1981) Presssure - GPa
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D. APPLICATIONS
3. Atomistic response of silica underpressureand shear

� Important role played by pressure  
drops upon compression

� Drops correlated with the anomalies

� Pressure drop = microplasticity
(irreversible local deformations)
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D. APPLICATIONS
3. Atomistic response of silica underpressureand shear

� Increase of pressure leads to 
irreversible structural changes 
when pressure is released (18 
GPa).

� Reduction of the Si-O-Si angle 
depends on the max pressure 
before decompression.
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D. APPLICATIONS
3. Atomistic response of silica under pressure and shear

� Under shear, correlation between non-affine displacement field and 
micro-plastic events.
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D. APPLICATIONS
3. Atomistic response of silica under pressure and shear

� Plastic régime is a series of elastic events and stress drops

� Non-affine displacement fields lead to shear bands in the plastic 
régime. General behavior (a-Si, granular materials,…)

� See: http://www-lpmcn.univ-lyon1.fr/~atanguy

Distribution of non-affine 
displacement
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Context: investigation of mechanical
properties of nm sized silica under
uniaxial tension test.

� Potential: BKS potential

� Preparation of nanowires: Cut and cast 
of bulk silica. Effect of the initial 
structure.

� Mechanical response (stress-strain) 

� Reference: F. Yuan, L. Huang, JNCS 
358, 3481 (2012).

D. APPLICATIONS
4. Mechanical behavior of glass nanowires



D. APPLICATIONS
4. Mechanical behavior of glass nanowires

� Mechanical deformation under tension

� Brittle to ductile transition under T increase
in bulk silica (bond reformation increases
with T). At T=0.1Tg fully brittle silica

� Effect of the preparation in nanowires: cut
nanowires sustain strain more longer
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Conclusion:

� You are (in principle) ready to go !

� Rely on MD packages. 

� Many different applications can be considered fromatomic
scale description (mechanical properties, structure, dynamics, 
glass nano-engineering,…)

Next lecture: Topological engineering



Context: active research field with important medical/clinical/orthopedic 
applications. Glass microparticles are used as fillers to treat bone or soft tissues 
and/or defects. 
� Ion solubility promotes tissue regeneration (e.g. 45S5 Bioglass© : 46.1SiO2 -

24.4 Na2O; 26.9 CaO - 2.6 P2O5

� A key factor to control and tissue-regeneration activity is the size of the 
glass particles. Reducing the particle size should lead to an enhancement in 
the bioreactivity

D. APPLICATIONS
5. Bioactive glass nanoparticle
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Reference: A. Tilocca, J. Mater. Chem., 2011, 21, 12660

System :Simulation of the a spherical (6 nm 
diameter) 45S5 Bioglass©) using a mixture 
harmonic O interactions and a  Buckingham 
potentials.


