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Crystals are dead! Long live to the Crystals!

“Ein Kristall ist ein chemischer Friedhof”
(a crystal is a chemical graveyard)

Leopold RuziCka (1939 Chemistry Nobel Prize)
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Dynamic crystals?

Molecular crystals adapting to changes in external conditions.
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Dynamic crystals?
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Why so interesting? Intelligent materials!

Ability of molecular crystals to shape-shift and adapt to changes in external conditions combining multiple
functionality in a single-component system.
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Polymorphism in crystals
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1 (supra)molecular building block, countless materials!

Impact on pharmaceuticals, organic electronics and

optoelectronics, fertilizers, pigments, high-energy materials
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Discover and control polymorphs’?
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Solid-to-solid cooperative phase transitions

21 e
Xar;

- %

TYTIIYY,
pe22222¢

Chem. Soc. Rev., 2020, 49, 8287.
J. Phys. Chem. Lett. 2023, 14, 1570-1577.
Manuscript submitted

UNIMORE

—— Nucleation and Growth

* Molecule by molecule

+ Usually reconstructive / disruptive

* Large change in molecular packing

+ No orientation correlation between pristine and transformed phases

« Slow kinetics and can be irreversible
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Building a model for cooperative phase transitions?

Phonon-driven transitionsN
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Generalized strategy?
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R = CgH47, C1oHz1. C12H2s
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R = CgH17, C1oH21

R = CyoH24
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It works! More than 13 examples discovered!

OO

Shapeshifting!
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It works! More than 13 examples discovered!

Jumping!

Cooling
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It works! More than 13 examples discovered!

5X speed

Phase front propagation!
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It works! More than 13 examples discovered!
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Order-disorder phase transition
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Programmable crystals? IN
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Future directions

1) Phase transitions as a mean to control charge transport
2) Twisting polymorphic crystals

3) From bulk crystals to thin films and nanocrystals

4) Self-healing of organic electronics

95) Thermal management through order-disorder phase transitions

6) Non-volatile memories Ej GAC R

GRANTOVA AGENTURA CESKE REPUBLIKY

Standard g®
Projects e ®

24-12403S

& FZU

Petr Brazda

Yves Geerts &
Guillaume Schweicher

UNIMORE

Stephanie Lee

Jarad Mason

NSF IRES
2420126

!/-
4

ROCHESTER
Michael T. Ruggiero

UNIVERSITY OF
CAMBRIDGE

Deepak Venkateshvaran

e @8 g o
o ‘0000,0 ¢

e, @ 0 e
‘e .... *

.'.. ...‘

-c.. .Oc-

c'.. ... ..'o

ESRF

The European Synchrotron

Stefano Checchia
19



UNIVERSITA DEGLI STUDI DI
MODENA E REGGIO EMILIA

Université libre de Bruxelles University of Rochester

Yves Geerts Michael Rugagiero

Guillaume Schweicher

Rémy Jouclas

m Syracuse University

Timothy J. Korter
New York University Abu Dhabi

Panée Naumov DynaNONat

Durqa Prasad Karothu Dynamic Molecular Materials Laboratory

Strathclyde University

Alan R. Kennedy

University of Mons Weizmann Institute of Science

David Beljonne TH AN K YO U ! Omer Yaffe

Marco Bardini Maor Asher
Rituraj Sharma

s
I

Grant agreement 801505

ACTIONS

MARIE CURIE 20

UNIMORE
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Molecular Dynamics

Emergence of multiple equilibrium positions
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Order-disorder phase transition

Emergence of a liquid-like behavior
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