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Presentation
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Glass transition

● Avoid crystallisation due to the 
microscopic disorder 

● Low temperature: 
○ disorderly fluid  
○ high increase of viscosity within a 

little variation of temperature
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OTP molecule (long polymer)



Usual model-Lennard Jones potential
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● Pair interactions:

Excluded 
volume

Lennard Jones force distribution



Issues

● Difficulty: liquids which avoid 
crystallisation are mainly
○ binary mixtures
○ long polymer

● Can we find a model of simple fluid 
which avoids crystallisation ? 
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● Voronoï cells
● Punctual particles with isotropic 

interactions ( potential only depends 
on length)

● Potential energy of configurations:

● Key properties of our model:
○ local dilatation and 

compression invariance
○ without scale factor
○ collective interactions
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Model principle

Voronoï cells



Presentation of the simulation and Lammps

● 2D
● Number of particles: N=1600
● hexagonal cells (melting the crystal)
● box size
● density=1 (dilatation invariance)
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Choice of time step 

● Trade-off between accuracy and 
calculation time

● Criterium:

● Final time step: 0.002

9timestep(tc)

Representation of                                                 in function of timestep



Choice of the number of time steps

● Conservation of energy (microcanonic)
● Equilibration of energy (canonic)
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Representation of total and potential energies for T=0.3 in function of the number of runs

Number of runs (       ) Number of runs (       )

Not yet equilibrated Equilibrated



Physical properties - 
Static and dynamic 

analysis
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Heat Capacity (Cv)

● Simple thermodynamics of our model :      
PV=nRT ( but not an ideal system)

● 2 different ways:

                                                  and

● No apparent divergent behaviour
● Peak might not be a sign of a glass 

transition but physical particularity of our 
system

● Hexatic phase* ? (Long range orientational 
order but short range positional order)

*Deutschländer, S., Puertas, A. M., Maret, G. & Keim, P. Specific 
heat in two-dimensional melting. Physical Review Letters 113, 
(2014).
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Representation of Cv/N in function of temperature



Emerging excluded 
volume, but no 
characteristic length

Static analysis: Radial distribution function (rdf)
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● Degree of organisation in our liquid. 
Does it behave like a basic liquid ?

●  

probability of the presence of a particle 
at point       (more or less        ) knowing 
there is a particle at 

correlations 
neglected

liquid signature

2nd layer, secondary peak
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Representation of rdf with temperature



Static analysis: Structure factor
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●  Fourier transformation of radial 
distribution function

●                                  , analytically 
S(0)=1 (ultra compressible fluid)

● Hansen-Verlet criterium

Representation of structure factor in function of k, T=0.48
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Representation of structure factor in function of k, offset of temperature
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Static analysis: Spatial orientational correlation (g6(r))

● No hexatic phase or solid in our model
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Representation of Representation of           T=0.45

r



Dynamic analysis: mean square displacement 
(MSD)

● Time for a particle to diffuse on 
● Gives the characteristic time of                        

the simulation 
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Typical representation of MSD in function of t (T=0.5)
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Representation of MSD/t in function of t, T=0.5
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Representation of MSD in function of t, T=0.5

Two methods of characteristic 
time identification:

Criterium: 10% of the 
final value

Criterium: MSD(t)=5



Dynamic analysis: dynamic structure factor

● S(t) for a given k, k=value of the first 
peak of the structure factor

● Give us        =0.1*S(0,k)=0.1                
The time it takes to the system to be 
smooth 

19Representation of dynamic structure factor with a given k, T=0.48
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Representation of dynamic structure factor offset (semi-log scale)



Conclusion

This model:

● At high temperatures: behave like a liquid, no liquid gas transition (constant volume)

● At low temperatures:                                                                                                       
Apparently:
○ No cristallisation
○ No hexatic phase
○ Peak of Cv due to the proliferation of defects during warming ?
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Critiques and openings
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Energy distribution by voronoi cells:

Number of neighbour by voronoi cells:

Percentage of particles with 6 neighbors in function of temperatures 



Critiques and openings

● Explore this detection of potential 
energy

● Adjust criterium for characteristic 
times so they cover up ->precise 
(balanced system)

● Model in 2D very complicated due to 
the hexatic phase maybe try in 3D
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Representation of critical times in function of T



Phenomenological applications

● Flock of birds 
● Shoal of fishes
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Annex
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Delaunay triangles

● Energy of one triangle:

● Total energy:
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Hansen-Verlet Criteria

S(k)max1
(first peak)

T-temperature

Hansen Verlet criteria 
(cristallisation)

Representation of Hansen Verlet level and the first peak maximum of structure factor



g6(r)

27



g6(r)
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