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- X-ray Diffraction

- HP 129Xe NMR technique

- NMR Bruker Neo 300 MHz (7 T)

- Avance III 600 MHz (14 T)
- CP-MAS Probes @15 kHz, 35 kHz

- Wide line spectroscopy (2H NMR)

- Optical Pumping Hyrpolarized Xe NMR apparatus

- Variable temperature accessories
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Nanoporous Materials Laboratory

- TGA-DTA

- FTIR



Low pressure gas adsorption analysis Dedicated adsorption coupled calorimetry

Gas separation analysis under flow conditions
Breakthrough experiments

High pressure gas adsorpion analysis
volumetric and gravimetric instruments

Gas adsorption techniques 
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Nanoporous Architectures

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTikj6p0Y1N7hDUoWNvfdPt9Ouo0FhO9W-OHYKI6ojQMlnfu1AR

NANOMETER METER

High Surface Area (ca 4000-5000 m2/g)

Pore Volume (> 2 cm3/g)

Pore Size(< 10 Å)
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Surface Area 

1 nm

Trasmission Electronic Microscope

4000-5000 m2/g
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Á Nanometric Pore Dimensions

Á In each cavity a gas molecule is hosted to get high degree of absorption

Á The gas molecule spontaneously interacts with the walls



Nanoporous Architectures
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Weak interaction

Hydrogen bond

Charged-assisted hydrogen bond

Metal-organic bond

Covalent bond

STRENGTH

G. Desiraju Acc. Chem. Res. 2002, 35, 565. 
M. Nishio The CH/p interaction. Evidence, nature and consequence. Wiley: New York, 1998.

0.25 kcal/mol

 15 kcal/mol

40 Kcal/mol

>80 kcal/mol

POROSITY

micro

 

meso

Interactions involved in the Porus Framework
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L-Alanyl-L-Valine     L-Valyl-L-Alanine   L-Isoleucyl-L-Valine    L-Valyl-L-Isoleucine

Cross-section of 4.9 Å

Comotti, S. Bracco, G. Distefano, P. Sozzani Chem. Commun 2009 Hot Paper
Highlighted in Chem & Eng News 2009 and in Chemical Science January 2009 9

Dipeptide-based porous crystals



organosulfonateanions & organoamidiniumcations, 
driven by charge-assisted hydrogen bonds, 

assemble in porous crystalline material

a double helix of opposite charges 
to form channels with unique 
CO2 selectivity and dynamics

empty channels with a cross-section of 5.3 ³6.8 Å2

Chem. Sci. 2019, 10, 730ς736. Higlighted in Nature Nanotechnology

Fabrication of Charged Nanometer Channels
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2D 1H-13C HETCOR MAS NMR (298 K)

Direct Observation of CO2 

by NMR at RT

Identification of Specific Interactions of CO2 by 2D NMR

Excellent affinity of the quadrupolar 
CO2 molecules with charge-decorated 

pore surfaces
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CO2

N2

CO2 Adsorption and Selectivity



Diffusion Rate and Dynamics of 13CO2 by NMR
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13C NMR of 13CO2 
in Nanochannels

4-site re-reorientation of 
CO2 molecules by a 90ϲ

jump mechanism

rotation and sliding motion



Rod-like bis(pyrazolates) and transition metals

X X

J. Mater. Chem A  2020, 8, 11406

X X

X = H or F
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Rod-like bis(pyrazolates) and transition metals

4F
2F
1F

4F2F

1F
Increasing number of 

Fluorineatoms

CO2
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3D Porous Organic Polymers
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Calixarene-based porous 3D polymers for CO2 capture

J. Mater. Chem. A 2021, 9, 27353
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Calixarene-based porous 3D polymers for CO2 Capture

Gas separation analysis under flow conditions
Breakthrough experiments
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Expandable porous organic frameworks 
with built -in amino and hydroxyl functions for CO2 capture

in ethylacetateempty compound

N2 adsorption isotherm

Porous polymer networks by design: TAFs

Chem Comm 2018, 54, 9321--9324
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Amino functions for CO2 capture

1H MAS NMR



Nickel activated 

Yamamoto-Ullmann 

coupling

Insertion of photo-switches

Nature Chemistry 2020, 12, 595
J. Am. Chem. Soc. 2020Σ мпнΣ флпуҍфлрс20

Light-responsive Porous Organic Polymers



Light-responsive Porous Aromatic Frameworks

470 nm / ɲ 365 nm 

Light / thermal 
switching behaviour

Nature Chemistry2020, 12, 595-602
(Highlighted in the same issue of Nature Chem. 2020)

QUANTITATIVEAND REVERSIBLE SWITCHING IN THE SOLID STATE

or ɲ

365 nm 

13C MAS NMR
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470nm 

REVERSIBLE SWITCHING 
BEHAVIOUR IN THE SOLID STATE



FROM THE NANOSCOPIC ISOMERIZATION 
TO MACROSCOPIC PHENOMENON OF GAS ADSORPTION 

Highlighted in Nature Chem 2020

CO2 at R.T.

22

PhotoisomerizablePorous Framework



Solid State Switching of Properties: Modulation of Porosity

By irradiation of molecular switches at the nanoscale level:
structural rearrangement in the entire structure and tune 

macroscopic properties (adsorption capacity)

or ɲ

365 nm 

Chem 2023, 9, 2701 ς2716 23

FROMTHENANOSCOPICISOMERIZATIONTOMACROSCOPICPHENOMENONOFGASADSORPTION

REVERSIBLE REDUCTION/INCREASE (20%) OF THE ADSORPTION CAPACITY

470nm 



The porosity of the crystals 
increases on increasing 

the size of the terminal groups
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Porous Molecular Crystals

l  = 436 nm / D = 130ÁC

trans    cis

POROUS                                            NON-POROUS
CRYSTALS                                         MATERIALS

trans to cis isomerization
l  = 365 nm
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Photoresponsive Porous Crystals


