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Molecular Dynamics
Model interactions

Harmonic bond interaction

Ubond (l) = kb (l − lb)2

Lennard-Jones interaction
between non-bonded monomers

ULJ (r) = 4ε

[(σ
r

)12
−
(σ
r

)6]
− C
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Molecular Dynamics
Reduced units

ULJ (r) = 4ε

[(σ
r

)12
−
(σ
r

)6]
+ C r ≤ rc

Physical quantity Unit Value for Ar

length σ 3.4 · 10−10m

energy ε 1.65 · 10−21 J

mass m 6.69 · 10−26 Kg

time
(
σ2m/ε

)1/2
2.17 · 10−12 s

velocity (ε/m) 1.57 · 102m/s
force ε/σ 4.85 · 10−12 N

pressure ε/σ3 4.20 · 107 N/m2

temperature ε/kB 120K
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Markers of the dynamics
structural relaxation
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A universal master curve

From MD simulations...
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Thin �lms
density structure

Simulation of �lms of di�erent

thickness

Pz = 0 due to mechanical equilibrium

Films with less atoms N are thinner
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Non-homogeneous density structure:

wall and free surface enhanced
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Film dynamics
MSD and ISF
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Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001
N=6000

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001
N=6000



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001
N=6000
N=3999

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001
N=6000
N=3999



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000
N=2001

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000
N=2001



The glass transition Simulation settings Con�nement e�ects Conclusions

Arrhenius plots
changing the temperature

Temperature decrease → the

system slows down

Arrhenius plots show the

increase of the time scales

Due to con�nement, each

curve is shifted

〈u2〉 is more sensitive than τα
to �lm thickness

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4
0

1

2

3

4

lo
g
 τ

α

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000
N=2001
N=1500

1,8 2 2,2 2,4 2,6 2,8 3 3,2 3,4

1/T

15

20

25

30

35
1
/<

u
^
2
>

Bulk
N=15999
N=8001
N=6000
N=3999
N=3000
N=2001
N=1500



The glass transition Simulation settings Con�nement e�ects Conclusions

Con�nement e�ect on the scaling
scaling shift

Back to the scaling

Scaling slightly modi�ed, with

a drift from the bulk

Upward drift → 〈u2〉 related
to spatial scales bigger than

the cage

The drift starts earlier for
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Apparent saturation at low T

→ 2D limit?
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Conclusions and future goals

Main results

New code to simulate con�ned liquids and �lms

Small thickness e�ect on the universal scaling

non-locality of fast dynamics (1ps)

What now

Elastic scaling: con�nement e�ects

2D simulations and interface contributions

Additional completed work

Spontaneous crystallization of polymer melts

Elastic properties under deformations

Thanks for your attention, any question is welcomed!

�So Long, and Thanks for All the Fish�
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Additional equations

Hall-Walynes model

τα = τ0 exp(∆E/kbT ) ∆E = a2/〈u2〉
quadratic term: a2 → P(a2) with gaussian distribution

a2/〈u2〉 → a2/〈u2〉+ σa2/〈u2〉2

log τα = τ0 +
a2

〈u2〉
+

σ2
a2

〈u2〉2

Lennard-Jones interaction between monomers and supporting smooth wall

ULJ (r) = ε

[(σ
r

)9
−
(σ
r

)3]
− C
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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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Elastic scaling

A scaling is also found with the Elastic modulus Gp measure from the

stress tensor decorrelation

Still to study in �lms


	The glass transition
	Simulation settings
	Confinement effects
	Conclusions

