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MOLECULAR SCALE

= picosecond

Photochrome and photomorphon

® Molecular structure
® Molar volume

@ Characteristic time of the
photoreaction

QM methods &
atomistic simulations

SUPRAMOLECULAR SCALE

= tens of picoseconds

Photodomain scale

@ Type of interactions:
Van der Waals, hydrogen bonds,

covalent bonds
® |[nfluence of the isomer:

trans/cis, open/closed

® \/olume fraction of photoswitch

Molecular Dynamics and
Coarse-Grained simulations

time scale

MACROSCOPIC SCALE

seconds — hours

Material behaviour

@ Collective rearrangements
of polymer chains

® Mechanical response of the network

Finite Element Method and
Discrete Element Method

methodology

Atomistic simulations

Transition to coarse-graining

>

Mesoscopic modelling




PROGRAMME
DE RECHERCHE

INTERACTION
LUMIERE MATIERE

s—h

>

time scale

SUPRAMOLECULAR SCALE

= tens of picoseconds

Photodomain scale

@ Type of interactions:
Van der Waals, hydrogen bonds,

covalent bonds
® Influence of the isomer:

trans/cis, open/closed

® \olume fraction of photoswitch

Molecular Dynamics and
Coarse-Grained simulations

methodology

: >

Atomistic simulations Transition to coarse-graining Mesoscopic modelling
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Local pressure <Pé
Atomic displacements }ir

Angular displacements Xx

v

M. Serrano Martinez, N. Pineau, C. A. Lemarchand, A. Perrier;

Phys. Chem. Chem. Phys. 2025; 27 (44): 23669-23684

Strategy? Reaction coordinate?

Molecule? %@W

» Number of molecules & = "%
20, 50, 200 photochromes ~ » " <%

Variation of the volume / box size as a function
of the photochrome concentration ?
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72 polymer chains - Polybutadiene
Average 30 monomers/chain

NPT simulations
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M. Serrano Martinez, N. Pineau, A. Pierron dé Mondésir, M. Nait-Abdelaziz, A. Perrier, C. A. Lemarchand, in revision

Specific volume, bulk modulus & viscoelastic

moduli
vs. Concentration (20, 50, 200 photochromes)

and isomer (cis [ trans)

Bulk modulus: high at all concentrations,
consistent with experiments

Time-dependent viscoelastic moduli: isomer- &
concentration-dependent at short times (~1 fs);
no dependence at long times (~1 ns)

Surprising finding: no cisftrans difference in
specific volume
= New polymer? Dynamics of the
henomenon?
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time scale

MOLECULAR SCALE SUPRAMOLECULAR SCALE MACROSCOPIC SCALE
= picosecond = tens of picoseconds seconds — hours

Photochrome and photomorphon Photodomain scale Material behaviour

® Molecular structure @ Type of interactions: @ (Collective rearrangements
’ Van der Waals, hydrogen bonds, of polymer chains

covalent bonds
® |nfluence of the isomer: ® Mechanical response of the network

trans/cis, open/closed

® Molar volume

@ Characteristic time of the

photoreaction
@ \/olume fraction of photoswitch

QM methods & Molecular Dynamics and

atomistic simulations Coarse-Grained simulations Finite Element Method and

Discrete Element Method
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