
Back to the future: Molecular simulation 40 
years after Varenna



Recovering dissipated mechanical energy

G. Zhu et al, Nano Energy 14, 126, 2015

Thales of Miletus



Confined liquid to develop new energy scavenging technology



Liquid/vapor Phase transition



Liquid/vapor Phase transition



Liquid/vapor Phase transition



Guillemot et al, PNAS 109,19557 (2012)
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Confined liquid-vapor phase transition: capillary 
condensation/evaporation
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Intrusion/extrusion taxonomy



Water under extreme confinement
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Water under extreme confinement



Water under extreme confinement
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Clogged 
pores
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Bushuev et al., Nano Lett. 2022, 22,  2164; Bushuev et al ACS Appl. 
Mater. Interfaces 2022, 14, 30067; Paulo et al, Comm. Phys. 6, 21 2023

Anti-Wenzel 
behavior

https://www.nature.com/commsphys


Stochastic model of the 
crystallite size effect

Parameters from atomistic simulations



Criticality point (only for your eyes, Giovanni!)



Supercritical water and its kink/boundary lines

Adv. Sci. 2021, 8, 2002312



Supercritical water and its kink/boundary lines

Adv. Sci. 2021, 8, 2002312
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J. Am. Chem. Soc. 146, 13236, 2024; Small 2402173, 2024

Phase diagram of confined water



J. Am. Chem. Soc. 146 (2024) 13236,; Small (2024 ) 2402173 
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High vapor pressure



Mild, confined supercritical water 

J. Am. Chem. Soc. 146, 13236, 2024; Small 2402173, 2024



Effect of confinement on Tc

Tc(L) = Tc(Ð) ï c/La 

J. Phys.: Condens. Matter 16 (2004) S5345
J. Chem. Phys. 120 (2004) 1958
J. Am. Chem. Soc. 146 (2024) 13236



High vapor pressure

Synchrotron

Simulations

J. Am. Chem. Soc. 146 (2024) 13236,; Small (2024 ) 2402173 



Effect of confinement on Tc

Tc(L) = Tc(Ð) ï c/La 

Smeller than
the confining

cavities



Effect of confinement on Tc
Smeller than
the confining

cavities

ACS Nano 17 (2023) 51



Confinement within mixed linkers MOFs

+
Zn

+
Zn
+



Tcp ƻƚШ~§[ќƚШĦŸůƓŸƚŔƣŔŸŰ


