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Contents

• Negative Volumetric Compressibility of ZIFs (herein ZIF-8)
• Hysteresis-based application of ZIFs (molecular spring, shock 

absorber)
• Exogenic modification of ZIF-8 hysteresis
• ZIFs as triboelectric nanogenerators





Intrusion-Extrusion ZIF-8 negative 
Compressibility

• Study of ZIF-8 NVC 
via liquid 
porosimetry and 
restrained molecular 
dynamics 

• Revealed lattice 
expansion as a 
result of rotation of 
ZnIm4 tetrahedra 
and Zn-N bond 
length increase (fig 
1h)

Tortora et al. Nano Lett. 2021, 21, 7, 
2848–2853
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Fig. SI3. Free energy vs level of filling in the ZIF-8 sample at increasing pressure (from blue to 

red) in a range of 1 MPa across the intrusion value. Free energy profiles are plot at intervals 

of 0.1 MPa. The shaded regions represent the error associated with the free energy profiles 

computed at 50 and 51MPa; free energy profiles for intermediate values of the pressure are 

obtained by interpolation. The trend of free energy profiles with pressure is due to the bulk 

liquid and gas contribution to  in the capillary theory of liquid interfaces, 𝑮(𝑁𝐻2𝑂) ―

, where  and  are the liquid and gas/vapor pressures, respectively,  is the (𝑷𝒍 ― 𝑷𝒈)𝑽𝒍 𝑷𝒍 𝑷𝒈 𝑽𝒍
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Fig. SI6: structural characteristics of the ZIF8 framework along water intrusion (from red to 

blue). a) stroboscopic trajectory of two connected ZnIm4 tetrahedra, i.e. two tetrahedra 

sharing an Im ligand. One observes a counter-rotation of the two tetrahedra that make the 

Zn-Im-Zn triad more colinear, which increases the Zn-Zn distance, hence the lattice size. b) 

Pair correlation function of chemically bonded Zn-N pairs, . , which measures 𝒈(𝒓𝒁𝒏𝑵) 𝒈(𝒓𝒁𝒏𝑵)
the probability that a Zn-N connected pair is at a given distance, shows that the most likely 

Zn-N distance increases with the level of filling, which contributes to the expansion of the 

ZIF8 lattice. The mechanism of the Zn-N stretching presents some remarkable features: 

before in intrusion  is sharp and peaked at shorter distances; when water starts to 𝒈(𝒓𝒁𝒏𝑵)
intrude the ZIF8, the  becomes broader and shifts to higher distances; this is because 𝒈(𝒓𝒁𝒏𝑵)
only some of the ZIF8 cages are intruded. When intrusion is completed the  return 𝒈(𝒓𝒁𝒏𝑵)
sharper. 



17

 

Fig. SI7. Atomic configuration during the intrusion process. ZnIm4 units are drawn as 

tetrahedra, Im molecules are shown in the ball-and-stick representation (hydrogen atoms are 

not reported), and water as the isosurface of its density at ½ of its bulk value. The yellow 

arrows help identifying pseudo-hexagonal windows occupied by water. The reader may 

identify other analogous structures in the figure.

https://doi.org/10.1021/acs.nanolett.1c02140

https://doi.org/10.1021/acs.nanolett.1c02140


Conclusions So Far and Future 
Research Direction

• ZIFs possess the highly rare property of NVC upon water 
intrusion.

• Via exploitation of ZIF intrusion-extrusion hysteresis, one can 
potentially utilise ZIF-8 for energy storage, dissipation or 
transfer into electrical energy

• Recently, H2020 funding was granted for the Electro-intrusion 
collaboration to study the viability of using ZIFs and other 
hydrophobic materials as nanotribolelectric generators 
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