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1. Introduction

Mechanical energy dissipation, storage and conversion

Source: The bridge tank

Mechanical energy is wasted every day. Let’s use it

das an energetic resource
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1. Introduction

MOFs for energy dissipation
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(Super)hydrophobic materials: Contact angle >90° to enhance the Int-ext pressure
Porous materials: Accessible pores for water intrusion and high surface areas to

enhance the surface on int-ext takes place.
Tunable structure: Different chemistry, topology... 2 performance optimization

@ ELECTRO |
INTRUSION Project webpage: www.electro-intrusion.eu
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http://www.electro-intrusion.eu/

1. Introduction

MOFs for energy dissipation
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Several Zeolitic Imidazole Frameworks (ZIFs) have i
demonstrated promising performances 25
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1. Introduction

ZIF-8 as reference material

ZIF-8 arised as one of the microporous reference materials in the field Pressure (MPa)
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M. Tortora et al., Nano Lett. 2021, 21, 2848-2853

Reported negative compressibility of ZIF-8
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2. H,0 intrusion mechanism

Intrusion porosimtrey and in operando synchrotron radiation
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Reported negative compressibility of ZIF-8

M. Tortora et al., Nano Lett. 2021, 21, 2848-2853

Wet cavities are larger than dry ones. Formation
of domains of fully wet and completely dry cages
can be detected by synchrotron radiation

ZIF-8 is intruded by water following a cascade
mechanism by progressive filling of connected
cages, which account for the observed shrinkage
and growth of coherent domains
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2. H,0 intrusion mechanism
Atomistic simulations

The wetting of the computed slab starts by the complete
filling of specific cages belonging to the outermost layers.

# of water molecules inside the cavity

Waterfront proceeds by filling cages connected to the ok ]

wet ones through hexagonal apertures
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3. Hybrid MOFs for energy dissipation/storage

Enhancing int-ext performance

ZIF-8 energy dissipation performance not desired for applications
High tunability
Huge amount of Metals/linkers combinations
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—— Decompression 100000 structures with a wide variety of physical
and chemical properties
Molecular spring Shock-absorber Bumper prop
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A. Le Donne et al., Advances in Physics: X; 2022, 7:1, 2052353 - 2
@ = Metal-Organic Framework (MOF)
’ {:} = Other materials or small molecules
J. D. Sosa et al., Crystals, 2018, 8(8), 325
ELECTRO Specific design of MOFs to improve performances
INTRUSION Hot topic for usual applications: adsorption/separation, catalysis, energy storage...
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3. Hybrid MOFs for energy dissipation/storage
Bimetallic ZIF — enhancing stability

FCDS synthesis method
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3. Hybrid MOFs for energy dissipation/storage

Bimetallic ZIF — enhancing stability
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Co/Zn-ZIF present an intermediate behavior between their two parent ZIFs.

Hybrid ZIF combines the higher P, of ZIF-8 and the higher V,, of ZIF-67.

int
ELECTRO Co/Zn-ZIF also keeps its structural integrity.
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3. Hybrid MOFs for energy dissipation/storage

Mixed linker ZIF — enhancing energy storage
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3. Hybrid MOFs for energy dissipation/storage

Mixed linker ZIF — enhancing energy storage
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3. Hybrid MOFs for energy dissipation/storage

Mixed linker ZIF — enhancing energy storage
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3. Hybrid MOFs for energy dissipation/storage

Mixed linker ZIF — enhancing energy storage

Contributions to different int-ext performance
Effect of hydrophobicity
Effect of flexibility
Effect of pore size
Effect of surface/volume ratio

# Accomodation blm in mim-based SOD topology implies protruding of alien linker
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5. Conclusions

# Two different hybrid MOFs were tested in H,O intrusion-extrusion experiments.

# Bimetallic Co/Zn-ZIF combined stability and higher P, . of ZIF-8 and the higher V, . of ZIF-67.
# ZIF-7-8 shows a non-hysteretic behavior in H,O int-ext due to the key role of alien linker blm, affecting hydrophobicity, pore
size, pore volume and surface/volume ratio.

# The possibilities offered by hybrid systems represent a new way to grant new properties or improve well-known MOFs, allowing
them to maintain those characteristics essential for their dissipation performance and mechanical energy storage
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your attention!
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