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Presentation



Glass transition

e Avoid crystallisation due to the Q
microscopic disorder

e Low temperature:
o disorderly fluid
o high increase of viscosity within a
little variation of temperature

OTP

OTP molecule (long polymer)



Usual model-Lennard Jones potential

e Pairinteractions: Ei= ) (Vis(ri))

Lennard Jones force distribution
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Difficulty: liquids which avoid
crystallisation are mainly

o binary mixtures

o long polymer

Can we find a model of simple fluid
which avoids crystallisation ?

OTP

OTP molecule (long polymer)



Model principle

e Voronoi cells

e Punctual particles with isotropic
interactions ( potential only depends
on length)

e Potential energy of configurations:

(perimeter;)?
ETOT X Z Area;

e Key properties of our model:
o local dilatation and
compression invariance
o without scale factor
o collective interactions

Voronoi cells 7



Presentation of the simulation and Lammps

2D

Number of particles: N=1600
hexagonal cells (melting the crystal)
box size

density=1 (dilatation invariance)

1 LAMMPS (7 Jan 2022)
2 # potentiel 2D cotangente.
3

4 variable Tchauffe equal 0.5

5 variable pasdetemps equal 0.001

6 #variable T equal 0.5

7

8

9 units 1j

10 atom_style atomic

11 dimension 2

12 newton off

13

14 lattice hex 1 # 0.8442

15 Lattice spacing in x,y,z = 1.0745699 1.8612097 1.0745699
16 region box block © 40 © 20 -0.5 0.5
17 create_box 1 box

18 Created orthogonal box = (0 0 -0.53728497) to (42.982797 37.224194 0.53728497)

19 1 by 1 by 1 MPI processor grid

20 create_atoms 1 box

21 Created 1600 atoms

22 using lattice units in orthogonal box = (0 0 -0.53728497) to (42.982797 37.224194 0.53728497)
23 create_atoms CPU = 0.001 seconds

24 mass 11.0

25

26 velocity
27 velocity

all create ${Tchauffe} 87287
all create 0.5 87287

28

29 pair_style voro 1.5
30 pair_coeff 11 1.0
31

32 neighbor 0.5 bin

33 neigh_modify every 2 delay 4 check yes
34 timestep ${pasdetemps} #0.005

35 timestep 0.001

36

37 #fix f1 all nve

38 fix f1 all nvt temp ${Tchauffe} ${Tchauffe} 0.1
39 fix f1 all nvt temp 0.5 ${Tchauffe} 0.1

40 fix f1 all nvt temp 0.5 0.5 0.1

41 fix f2 all enforce2d

42 thermo 100

T aAnnn



Choice of time step

Representation of \/Varz'ance(ETOTAL) /T in function of timestep
e Trade-off between accuracy and

calculation time
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Choice of the number of time steps

e Conservation of energy (microcanonic)

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

—— Epot

—— Etot 14.55
14.45
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14.30
14.25

0.0 0‘2 0‘4 0‘6 0?8 1.’0 0.0 0.5 0 1.5 2.0 2.5

Number of runs (.109) Number of runs (.106)

Not yet equilibrated Equilibrated .



Physical properties -
Static and dynamic
analysis
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Heat Capacity (Cv)

e Simple thermodynamics of our model : Representation of Cv/N in function of temperature
PV=nRT ( but not an ideal system —
o 2 d'fferelgt ays: g ) X Cvexcés
I ways: 2.75 + Cv derivation polyfit
Co— = (Bror — < Eror >)* > and Cv — dEror _— w5
V= T? v 5T '
e No apparent divergent behaviour 2.25
e Peak might not be a sign of a glass o
transition but physical particularity of our i B
~
SyStem ' . 3175 2
e Hexatic phase* ? (Long range orientational i
order but short range positional order) 1.50 1 x
X X
*Deutschlander, S., Puertas, A. M., Maret, G. & Keim, P. Specific oy X
heat in two-dimensional melting. Physical Review Letters 113, X X X
(2014). ood %" = x
0.I2 0.I4 0.|6 0.I8 l.IO
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Static analysis: Radial distribution function (rdf)

e Degree of organisation in our liquid.
Does it behave like a basic liquid ? | liquid signature ‘

N — | !
") d'r A dP( 4 ’dzT) correlations
probability of the presence of a particle neglected

at point 7 (more orlgss d?+) knowing
there is a particle at

2¢

2nd layer, secondary peak <:>

Emerging excluded
volume, but no
characteristic length 13



g(r)+i

Representation of rdf with temperature
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Static analysis: Structure factor

e Fourier transformation of radial
distribution function

o S(0)=p-kgT.xr ,analytically Representation of structure factor in function of k, offset of temperature
S(0)=1 (ultra compressible fluid) ol
e Hansen-Verlet criterium 5

S(k)max(l) > 5.75 — cristallisation 22 W e =
30 S—— — T=0.25
O — T=0.30
2.0 1 25 L‘__/\ —— T=0.35
. — —— T=0.40
o S(k) 20 4 — T=0.42
B 7 e e —— T=0.45
© B — —— T=0:48
‘-lq—) 1.0 1 " — T=0.50
—_ i —— T=0.60
= 0 — T=0.70
O o5y 5 - k_—_—/”\—/—\-_ T=0.80
E = T=0:90
&5 N 0l "“ea _../ — —— T=1.00
e 1‘i2 e e e e 0.0 2.5 5.0 2 19'.0 125 150 17.5 20.0

Representation of structure factor in function of k, T=0.48 K 15



Static analysis: Spatial orientational correlation (g6(r))

e No hexatic phase or solid in our model

Representation of gg(r) Representation of gg (") T=0.45
100 4 g
—~~ —~~
N E.
© 1071 ©
S S
1072 §
— T=30
— T=45
— T=48
10—3 4 —_— T=70 r
—_ T{-1/4)
0 2 4 6 8 1'0 12 1'4 1l6
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Dynamic analysis: mean square displacement

(MSD)

MSD/t

Time for a particle to diffuse on <K>
Gives the characteristic time of
the simulation (~ 107)

MSD(t) = ((7;(t) — 7(0))*)

Typical representation of MSD/t with T=0.5

(MSD)

Typical representation of MSD in function of t (T=0.5)

= 7 an
e intersection (0.59, 4.9878)
| Ballistic
"1 regime
~ P ”
ot -
< > — t K
M'C,rOSCOP'C Diffusion regime
regime

Characteristic time (cross
over zone)
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Representation of MSD/t in function of t, T=0.5

TWO methOdS Of Characteristic —— msd/t log scale

—— ycut=0.00853017667844523 ,xcut(temps critique)=566.0

time identification: - emrhoaomsaeas

10-1 e intersection

(MSD/Y)

Criterium: 10% of the
final value

10° 10t t 102 10°

Representation of MSD in function of t, T=0.5

—— MSD log scale

10 4 M

T :;erection (0.59, 4.9878)
/9? 10° 4
Criterium: MSD(t)=5 S




Dynamic analysis: dynamic structure factor

Representation of dynamic structure factor offset (semi-log scale)
e S(t) for a given k, k=value of the first g

peak of the structure factor ) [0

e Giveus 7o =0.1*S(0,k)=0.1 — T=0a0
The time it takes to the system to be ' — [T=0.42

— T=0.45
smooth

— T=0.48
— T=0.50
1.0 1 —— T=0.48, q=6.81
— 10% * S(0,q)

—— T=0.60
e tau_alpha =21.0 S(tau_alpha,q)=0.100232)

o
o]
|

o
[=)]
1

—— T=0.70
—— T=0.80
—— T=0.90
—— T=1.00

0.8 4§

o
o
1

0.6

ot
N
1

0.4 4

Dynamic structure factor+i

0.2 4

o
o
1

\ 4 T T LR ) T M
; ; ; . . 100 101 102 103 104
10° 10! 102 103 104 t t

Representation of dynamic structure factor with a given k, T=0.48

0.0 4

Dynamic structure factor
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Conclusion

This model:

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

e Atlow temperatures:
Apparently:
o No cristallisation
o No hexatic phase
o Peak of Cv due to the proliferation of defects during warming ?

20



Percentage of particles with 6 neighbors in function of temperatures

Pourcentage de particules ayant b VoIsins en fonction de la temperature

Critiques and openin

70

Pourcentage de particules ayant 6 voisins

Energy distribution by voronoi cells:

T=0.3
= 15 15
Température T
14.8 14.8
14.6 14.6
14.4 14.4
14.2 14.2
14 14
13.8 13.8
13.6 13.6
Number of neighbour by voronoi cells:
T=0.3
35
6.8
30 66 75
25 6.4 ;
6.2
20
6 6.5
15 5.8
| 5.6 6
10|
5.4
5SS
i 21
0 5 5




Critiques and openings

Representation of critical times in function of T

4 oY 5
10 —&— critere 10% de la valeur finale
—8— critére MSD=5
—8— temps critique tau_alpha

e Explore this detection of potential -y
energy

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

e Modelin 2D very complicated due to s
the hexatic phase maybe try in 3D

102 4

101 4

temps critiques

101 4

T T 1§ T T T T T
20 30 40 50 60 70 80 90 100
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Phenomenological applications

Flock of birds

Shoal of fishes



Annex



Delaunay triangles

e Energy of one triangle:

1J n IK n JK
ou Ow 0oV

Erjx

e Total energy:

Eror « Z Errx

Delaunay Triangle
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Hansen-Verlet Criteria

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

\

. Hansen Verlet criteria
(cristallisation)

S(k)max1
(first peak)

'S

02 03 04 05 06 07 08 09 10

T-temperature



g6(r)

To determine the respective symmetry breaking tem-
peratures, we analyze the spatial correlation function
96(r) = (wi(r)we(0)) of the orientational order parameter

i | :
We = EZ"' exp (i66,;), where the sum runs over all n;

nearest neighbors of particle j, and 6 is the angle of the
kth bond with respect to a certain reference axis. According
to the KTHNY theory, g¢(r) approaches a constant value
in the solid phase (long-range order), decays algebraically
~r~6 in the hexatic fluid (quasi-long-range), and expo-
nentially ~e~"/% in the isotropic fluid (short-range), with
an orientational correlation length &;. The orientational
exponent 7 is inversely proportional to the orientational
stiffness of the system: infinite in the solid, zero in the
isotropic fluid, and finite in the hexatic phase, approaching
a value of n4 ~ 1/4 at the hexatic-isotropic transition [2,18].

27



gq(n

g4(r)

FIG. 1 (color online). Spatial orientational correlation g¢(r) =
(wi(r)we(0)) at different system temperatures I for experiment
(a) and simulation (b). The data are plotted on a log-log scale in
reduced coordinates, where ay = (n)~'/? is the mean particle
distance in the respective system. The decay behavior of g4(r) has
distinct characteristics in the solid (constant), the hexatic fluid
(algebraic decay), and in the isotropic fluid (exponential decay).
An algebraic exponent of —1/4 marks the hexatic-isotropic
transition [2].
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