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Technological applications: energy harvesting :

Nano Energy 14, 126, 2015
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Two main ingredients of the process

* Intrusion/extrusion of water in/from the porous hydrophobic
medium

e Solid/liquid contact electrification with internal walls of the
porous material
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Phase diagram of bulk water
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Liquid/vapor Phase transition
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Liquid/vapor Phase transition
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Confined liquid-vapor phase transition:
liquid intrusion/extrusion
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Confined liquid-vapor phase transition:
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Intrusion/extrusion in hydrophobic porous
materials: a thought experiment

Q=APV, +~v (A, + cos(0)As,)




Technological applications: energy storage
and dissipation
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Key characteristics for technological applications
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Mechanism of intrusion of water in ZIFs:
™ confined vapor nucleation
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Mechanism of intrusion of water Iin ZIFs:
water-front advancement.
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Mechanism of intrusion of water in ZIFs:
water-front advancement.
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Mechanism of intrusion of water in ZIFs:
water-front advancement.
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Mechanism: what did we learn on the thermodynamics
ws——— . of confined water?
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Mechanism: what did we learn on the thermodynamics

of confined water?
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P (MPa)

Effect of the temperature
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Confined, Low-T, supercritical water
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Confined, Low-T, supercritical water
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Confined, Low-T, supercritical water
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Effect of the temperature: reprised
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Effect of the temperature: reprised
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Effect of the temperature: reprised
278 K

W25 MPa

® 50 MPa

P'(MPa)

=
me

0
280 300

320

340

360 380 400 420 440 46
T (K)

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

6)(104 1
5x104 i
4x10‘
3x104 ;
2x10:'
1x10 |

\ntensity
ity

Intens

1000

Tt
>
o
20
35.‘95

O
25
o S

2
S
o> aw

L.

RS

N W
% %
e
o O

10000

Intensity
Intensity

-
RS
-

o

gy T 1000
O

s [ e
Small 2402173, 2024 Counc the European Union




= kel L L S —

Ir 1
L
10
1
[}
]
r
L]
L ]
p)
g
r v}
’
) /
’
’
- ‘
\\
O Emm——
—
00 =
T 5 ®
m = = =
[ e [
© mmmmm N N N
] 1
- 4 i :
] ]
¢ mmm— 1 1
] ]
u W W W W
= = = = =

(3/7ur) SwNjoAY

50

35 40

Pressure (MPa)

30

20

European
Innowvation

Funded by

the European Union

[
=
=)
Q
¥



Mixing linkers
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Conclusions and outlook

* The ordinary fluid phases of water, liquid(-like) and vapor(-like) exist
also under extreme confinement, down to 1 nm pore size.

* However, the porous material plays a role beyond the classical physics
picture: itis not an inherit confining medium.

* Many questions remain to be addressed, e.g., the relation between
hysteresis and confined critical T, how to control int/ext pressure and
hysteresis, etc.

* Exploitability for technological applications in energy storage,
d|SS|pat|on conversion (not discussed, here)...

..Moreover, low-T hysteresis opens new perspective in sensible
thermal energy storage, supercritical solvents for chemistry.
Additionally, the existence of (confined) supercritical water and bulk
water at the same P/T allows to dream of a all-water fluid/fluid
chromatography

pE UN/y,
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