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The glass transition

Supercooled liquids

cooling below the melting point
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Simulation settings

Molecular Dynamics

Model resolution and classical MD algorithms

Polymers: good glass formers
No internal structure:; universal
properties of the liquid

I Give atoms initial positions r=?, choose short At |
1

Get forces F=-V V(r?) and a = F/m |
1

| Move atoms: r*") = ri) +v At + 1/,@ A2 + ... |
|

| Move time forward: t =t + At |
1

Repeat as long as you need |

Parameters of the simulation:

@ Number of atoms, chain length

@ Interaction potentials

@ Temperature, pressure, density
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Simulation settings

Molecular Dynamics

Reduced units

Upy (r) = 4¢ [(

7@ re oz

Physical quantity Unit Value for Ar
length o 34-10710m
energy € 1.65-10721J
mass m 6.69 - 1072% Kg
time (02m/e)'/? 217-1012s
velocity (e/m) 1.57-102m/s
force elo 4.85-10712 N
pressure g/od 4.20 - 10" N/m?
temperature e/kg 120 K




Simulation settings

Markers of the dynamics
cage rattling

Diffusion

1e+00 i e

T

=

-
|

(F
S
]
T

) 2 ]
<u >=<r (t*)> 1

MSD < 2(t)>
T

;
¥
ol

le-04 ¢

i
i ]
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement:

I
=

(R() = 5 D (5(0) = 1(0)

1



Simulation settings

Markers of the dynamics
cage rattling

1e+00E i E

z

=

-
|

s ) 2 1
le-02} <u >=<r (t*)> ]

MSD < 2(t)>

le-03 %!
E o

le-04 ¢

i
i
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement: (u?)

I
=

L amplitude of the rattling

(rP(t)) = N (ri(t) — ri(0))? motion
i=1



Simulation settings

Markers of the dynamics
cage rattling

1e+00E i E
E i E

z

=

-
|

s ) 2 1
le-02} <u >=<r (t*)> ]

MSD < 2(t)>

le-03 %!
E o

le-04 ¢

i
i
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement: (u?)

I
=

L amplitude of the rattling

(rP(t)) = N (ri(t) — ri(0))? motion
i=1



Simulation settings

Markers of the dynamics
cage rattling

1e+00E i E
E i E

z

=

-
|

s ) 2 1
le-02} <u >=<r (t*)> ]

MSD < 2(t)>

le-03 %!
E o

le-04 ¢

i
i
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement: (u?)

I
=

L amplitude of the rattling

(rP(t)) = N (ri(t) — ri(0))? motion
i=1



Simulation settings

Markers of the dynamics
cage rattling

1e+00E i E
E i E

z

=

-
|

s ) 2 1
le-02} <u >=<r (t*)> ]

MSD < 2(t)>

le-03 %!
E o

le-04 ¢

i
i
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement: (u?)

I
=

L amplitude of the rattling

(rP(t)) = N (ri(t) — ri(0))? motion
i=1



Simulation settings

Markers of the dynamics
cage rattling

1e+00E i E
E i E

z

=

-
|

[ T2 2 ]
le-02} <u >=<r (t*)> ]

MSD < 2(t)>

le-03 %!
E o

le-04 ¢

i
i
le-01 1e+00 le+01 le+02 le+03

le-05

P AT
e-03 le-02

Mean Squared Displacement: (u?)

I
=

L amplitude of the rattling

(rP(t)) = N (ri(t) — ri(0))? motion
i=1



Simulation settings

Markers of the dynamics
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Simulation settings

Markers of the dynamics

structural relaxation
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Simulation settings

A universal master curve

From MD simulations...
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Simulation settings

A universal master curve

From MD simulations... ... to experiments
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Thin films

Simulation of the substrate

Confinement: new length scales and 4 - B

border effects — new physics to ! Film
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Thin films (1 ~ 10 nm): many A T
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© boundary conditions
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Thin films

density structure

Confinement effects

Simulation of films of different
thickness
P, = 0 due to mechanical equilibrium

Non-homogeneous density structure:
wall and free surface enhanced
dynamics
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Simulation of films of different
thickness
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Confinement effects

Film dynamics
MSD and ISF
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Arrhenius plots
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Arrhenius plots

changing the temperature

E[=—= Bulk 1

Temperature decrease — the AE| A Nt E

3 3|44 N=6000 E

system slows down W 3F 1

an _E ]

S 2r E

Arrhenius plots show the IE E

increase of the time scales ) 2 e O S U SR B B
1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

35— ]

[ | == Bulk i

30|44 N=15999 E

. AE N=8001 ]

Due to confinement, each &, flamt Nz E

curve is shifted 7 f ]

=20 -

2y - ive th g ]

(u®) is more sensitive than 7, 15| 3

0| PR IR

to film thickness 1.3 28 3
/T

»
™



Confinement effects

Arrhenius plots

changing the temperature

F [ »—a Bulk 1

Temperature decrease — the AE| A Nt E

3 3|44 N=6000 E

system slows down ©% 3 F[aa no3009 3

& e

Arrhenius plots show the IE E

increase of the time scales ) 2 e O S U SR B B
1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

35— ]

[ | == Bulk i

30|44 N=15999 E

D § NN R z

ue to confinement, eac &l psElamt Nz E

curve is shifted 7 f ]

=20 -

2y - ive th g ]

(u®) is more sensitive than 7, 15| 3

0| PR IR

to film thickness 1.3 28 3
/T

»
™



Confinement effects

Arrhenius plots

changing the temperature
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Arrhenius plots
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Arrhenius plots

changing the temperature
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Confinement effect on the scaling
scaling shift

Back to the scaling
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Confinement effect on the scaling
scaling shift

Back to the scaling
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Thanks for your attention, any question is welcomed!
"So Long, and Thanks for All the Fish”
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Conclusions
Additional equations

Hall-Walynes model
Ta = To eXp(AE /kyT) AE = 2% /(u?)

quadratic term: a?> — P(a?) with gaussian distribution

a/(u?) = & (u?) + 02/ (u)?

a? ng
log 7o = 70 + 7<u2> + (2)2

Lennard-Jones interaction between monomers and supporting smooth wall

wo=<[(2) - (2)] ¢



Conclusions

Simulation error on measures

The error on the measures is given by the statistical variance obtained
averaging over many simulation runs
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Conclusions

Elastic scaling

A scaling is also found with the Elastic modulus G, measure from the
stress tensor decorrelation
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Still to study in films
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