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Technological applications: energy harvesting

AMOFs=10000-2000 m2/g

Nano Energy 14, 126, 2015

Angew. Chem. Int. Ed. 52, 12545, 2013



Electro-Intrusion
Hydrophobic porous mateials



Two main ingredients of the process

ÅIntrusion/extrusion of water in/from the porous hydrophobic 
medium

ÅSolid/liquid contact electrification with internal walls of the 
porous material
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Phase diagram of bulk water



Liquid/vapor Phase transition



Liquid/vapor Phase transition
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Liquid/vapor Phase transition
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Confined liquid-vapor phase transition: 
capillary condensation/evaporation

MCM
ᶮᶰ ςȢυὲάȟτȢυὲά

p>
p*

P
<p

*

Condensation

Evaporation

Confined
liquid

Confined
vapor

vapor

vapor 0

0.2

0.4

0.6

0.8

1.0
Jähnert et al, Phys. Chem. Chem. Phys. 10, 6039 (2008)

0 0.6 1.2 1.8 2.4 3.0 3.6
mw/mS

P/
P 0



Confined liquid-vapor phase transition: 
liquid intrusion/extrusion

Guillemot et al, PNAS 109,19557 (2012)

p>
p*

P
<p

*

Intrusion

Extrusion

Confined
liquid

Confined
vapor

Grafted MCM-41
hydrophobicliquid

liquid



Confined liquid-vapor phase transition: 
liquid intrusion/extrusion
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Intrusion/extrusion in hydrophobic porous 
materials: a thought experiment

Vv

G

ὖ



Technological applications: energy storage 
and dissipation

Adv.Phys.: X, 7, 2052353, 2022



Key characteristics for technological applications

Heat of Int/ext

ACS Appl. Mater. Interfaces 16, 5286, 2024

J. Coll. Interf. Sci. 645, 775, 2023

Adv. Phys.: X, 7, 2052353, 2022

J. Am. Chem. Soc. 146, 13236, 2024



Mechanism of intrusion of water in ZIFs: 
confined vapor nucleationcavity

size

PLD  = pore-limiting diameter

LCD = largest cavity diameter



Mechanism of intrusion of water in ZIFs: 
water-front advancement.

Nano Lett. 23, 5430, 2023
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