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Purpose: The facility focuses on the selection - also through in silico studies - of molecules derived from natural 

sources and industrial waste, and on their valorisation through the production of polymeric materials, with the aim 

of: 

i) replacing fossil-based feedstocks with renewable sources in the synthesis of polymers for industrial applications 

(e.g. elastomers, thermoplastics, and thermosets); 

ii) replacing fossil-based feedstocks with renewable sources in the synthesis of polymers for industrial applications 

(e.g. elastomers, thermoplastics, and thermosets). 

To achieve these goals, the facility develops synthesis methodologies for monomers and functional (bio)polymers 

from renewable sources, using sustainable catalysis techniques and following the principles of green chemistry. 

The development of these processes is supported by computational chemistry studies. The facility is able to 

perform microstructural and physicochemical characterization of the obtained polymers and to evaluate their 

potential biomedical applications in the case of multifunctional polymers. 

Location: Department of Biotechnology and Life Sciences (via J. H. Dunant 3 – Varese) and Department of 

Science and High Technology (via Valleggio 9 – Como). 

Organization: The facility is multidisciplinary in nature (organic and organometallic chemistry, catalysis, physical 

chemistry, computational chemistry, cellular and applied biology), providing a broad range of expertise for the 

valorisation of waste-derived or natural molecules through rational design-based structural modification, synthesis, 

and physicochemical/biological characterization of new (bio)polymers of industrial interest. 
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The facility is organized into three subunits: 

a) In silico studies for the selection of potential monomers and analysis of their polymerization behaviour. 

b) Synthesis and characterization of monomers and polymers from renewable sources. 

c) Characterization of antineoplastic activity. 

Connection with CRIETT Technological Platforms and University Scientific Facilities: 

This facility operates in collaboration with: 

- Technological Platform for Materials Analysis and Characterization. 

- Sustainability Platform for the following objectives: design, synthesis, and characterization of polymers from 

renewable sources; sustainable catalysis; mechanistic studies. 

- Technologies for Energy, Health and Environment Platform for the following objectives: drug design; super-resolution 

bioimaging; materials for health applications.  



Subunit: “In silico studies for the selection of molecules as potential monomers 

and their polymerization behaviour”  

Coordinator: Prof. Massimo Mella 

Mail: massimo.mella@uninsubria.it 

Keywords: thermodynamics; chemical kinetics; reaction mechanisms; general reactivity. 

 

The subunit is equipped with computational clusters for the selection of molecules from natural sources or 

industrial waste as potential monomers for the design and synthesis of functional polymers with tailored properties 

(e.g. elastomers, thermoplastics, thermosets, and gels). It is also able to elucidate mechanistic aspects of 

polymerization, guiding both the selection of more efficient catalytic systems and the rational modification of 

monomer structures to improve their reactivity or to enable fine-tuning of the properties of the resulting 

macromolecules. Finally, it can perform studies on the release of biologically relevant molecules from micelles, 

surfaces, or polymeric membranes in solution at different pH values, using both computational and experimental 

approaches. 
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Subunit: “Synthesis and characterization of monomers and polymers from 

renewable sources” 

Coordinators: Prof.ssa Lorella Izzo, Prof. Francesco Della Monica, Dott. Orlando Santoro, Prof. Enrico 

Caruso 
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The subunit focuses on the valorisation, through sustainable catalysis methodologies, of naturally derived 

molecules from various sources (e.g. biotechnological processes, plant extracts, agro-food waste products) with 

the aim of obtaining functional (bio)polymers of industrial interest. The subunit is equipped with chemical 

laboratories for the development of organic synthesis methodologies, organic/organometallic catalysis procedures, 

and polymerization reactions under inert atmosphere (e.g. controlled radical polymerizations, coordination–

insertion processes, and ring-opening polymerizations), both in solution and in bulk. For the structural 

characterization of molecules, the subunit relies on NMR and GC-MS spectroscopy, FT-IR and UV-Vis 

spectroscopy, fluorimetry, and mass spectrometry. The subunit has access to a wide range of instruments for 

polymer microstructural characterization (NMR spectroscopy, FT-IR), molecular weight determination (SEC), 

thermal property analysis (DSC and TGA), mechanical tensile properties (e.g. stress–strain curves using a universal 

testing machine), and wettability measurements (e.g. Mail angle analysis). In addition, the subunit is equipped with 

a spin coater for the deposition of polymer coatings on various substrates (e.g. paper, textiles, etc.). 
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Subunit: “Characterization of antineoplastic activity” 
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The facility is dedicated to the evaluation of the antineoplastic activity of bioactive metabolites and provides 

integrated support for the advanced stages of the discovery and development process, enabling functional 

validation of their potential as anticancer drugs. Activities include an initial assessment of the antiproliferative 

effects of selected metabolites using human tumor cell lines of different tissue origins, cultured both in monolayer 

and in three-dimensional (3D) models. It is also possible to investigate the molecular mechanisms underlying the 

observed effects for the most promising compounds, including analysis of cell death pathways, cell cycle 

interactions, tumor cell invasive capacity, and other processes associated with a more aggressive neoplastic 

phenotype. To this end, the facility is equipped with the main instruments for cell culture, including laminar flow 

hoods, CO₂ incubators, and inverted microscopes, as well as a FACScalibur flow cytometer (Becton Dickinson), 

a BIO-RAD plate reader, and a Nikon fluorescence microscope. The facility also includes hypoxia chambers for 

cell culture, allowing the accurate reproduction of the hypoxic microenvironment typical of solid tumors, which is 

responsible for phenotypic changes that increase tumor resistance to treatments.facility è dedicata alla valutazione 

dell’attività antineoplastica di metaboliti bioattivi e fornisce un supporto integrato alle fasi avanzate del processo 

di scoperta e sviluppo, consentendo la validazione funzionale del loro potenziale come farmaci antitumorali. 
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• A) In silico studies for the selection of molecules as potential monomers and their 
polymerization behaviour 

 

Three servers with 20/48/64 processors for electronic 
structure calculations (molecular structure, chemical reactivity, 
and excited-state studies) and statistical mechanics simulations 
(simulation of polymeric and polyelectrolyte systems, and 
solving kinetic systems). 

 

• B) Synthesis and characterization of monomers and polymers from renewable sources 

 

High-vacuum Schlenk lines for handling moisture- and 
oxygen-sensitive compounds and for performing reactions under 
inert atmosphere (nitrogen). 

 

 

Rotary evaporator for solvent removal from solutions. Thanks 
to reduced pressure, evaporation occurs at low temperatures, 
preventing thermal degradation of the compounds. 

 

Vacuum oven for drying organic, inorganic, and polymeric 
samples obtained in the laboratory under vacuum and controlled 
temperature conditions according to a predefined program. 



 

Fourier-transform infrared (FT-IR) spectrophotometer. Part 
of the DBSV instrumentation, it is used for the identification of 
functional groups present in samples of organic, inorganic, and 
polymeric materials obtained in the laboratory. The instrument 
can analyze samples in solution and, thanks to the ATR 
(Attenuated Total Reflection) module, also solids and liquids. 

 

 

Gas chromatograph coupled to a mass spectrometer (GC-
MS). Managed by DBSV, it is used for the separation, 
identification, and quantification of volatile substances with 
masses ranging between 1.2 and 1100 amu. Chromatographic 
analysis allows the separation of components in complex mixtures, 
while mass spectrometry enables the identification of each 
compound through fragmentation pattern analysis. 

 

Liquid chromatography coupled to a mass spectrometer 
(LC-MS). Managed by CRIETT, it is used for the separation, 
identification, and quantification of non-volatile and/or 
thermolabile compounds. Similarly to GC-MS, chromatographic 
separation enables the resolution of mixture components, while 
mass spectrometry ensures molecular identification. 

 

Nuclear Magnetic Resonance (NMR) spectrometer. 
Managed by CRIETT, it is used for structural elucidation of 
synthesized products. This technique allows the determination of 
atomic connectivity as well as the presence of impurities. The 
instrument operates in solution and enables the acquisition of 
both one- and two-dimensional spectra, analyzing signals from ¹H, 

¹³C, and heteronuclei such as ¹⁹F and ³¹P. 



 

Thermogravimetric Analysis (TGA). Managed by CRIETT, it 
is used to evaluate the thermal stability of substances. The 
instrument records sample weight changes as temperature 
increases, allowing the assessment of degradation processes, 
solvent loss, and/or the presence of inorganic residues. 
Measurements can be performed under either inert or air 
atmosphere. 

 

Differential Scanning Calorimetry (DSC). This instrument 
performs calorimetric analyses under nitrogen atmosphere and 
allows the measurement of thermal properties such as 
melting/crystallization temperatures and glass transition 
temperatures. It operates in a temperature range from -80 to +400 
°C, according to predefined thermograms with controlled 
heating/cooling rates. 

 

HPLC/SEC system. Managed by CRIETT, HPLC is used for 
the separation, identification, and quantification of non-volatile 
and/or thermolabile compounds. In SEC mode, it is used for the 
analysis of polymer samples in THF to determine molecular 
weights and polydispersity indices relative to standards. 

 

Instron 34TM-10 universal testing machine. The instrument 
allows tensile and compression tests to be performed. It is 
equipped with two load cells (10 kN and 1 kN) and specimen 
holders for tensile testing, enabling the determination of 
properties such as Young’s modulus, toughness, and elongation at 
break. The machine has a maximum travel distance of 1172 mm 
and a variable test speed ranging from 0.05 to 508 mm/min. 

 

 

Spin coater. It enables the preparation of thin and ultra-thin films 
for various applications, such as spectroscopic and morphological 
analyses (e.g., X-ray, IR, etc.). It also allows the coating of different 
substrates (e.g., paper, textiles, glass, etc.) with polymeric films. 

 



• D) Characterization of antineoplastic activity 

 

Flow cytometer FACSCalibur, a DBSV instrument essential for 
assays aimed at characterizing the mechanisms of action underlying 
antitumor activity (cell death, ROS production, uptake, etc.). 

 

iMark microplate reader (BIO-RAD), a DBSV instrument used 
to perform viability assays for evaluating the antiproliferative effects 
of identified natural active compounds, as well as ELISA tests and 
protein quantification for Western blot analysis. 
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The subunit can also use the confocal microscope managed by 
CRIETT for assessing the subcellular localization of fluorescent 
natural products. 

 

The Billups-Rothenberg hypoxia chamber can be used to 
reproduce controlled hypoxic conditions by insufflating a gas 
mixture with an oxygen concentration of 0.1%. 

 

Nikon Eclipse Ts2R fluorescence microscope. A DBSV 
instrument that allows the acquisition of images to be correlated 
with data obtained by flow cytometry. 

 

The laminar flow hood, managed at departmental level, is used in 
biological laboratories to protect the operator and the surrounding 
environment from biological agents (generally pathogenic 
microorganisms); it also prevents cross-contamination, ensuring 
sterile working conditions. 



 

The subunit can also use the Tecan Infinite 200 PRO plate 
reader for absorbance, fluorescence, and luminescence 
measurements. Thanks to its compatibility with multiwell plates, it 
allows simultaneous analysis of numerous samples, making it a key 
instrument for rapid and efficient biological profiling of the studied 
molecules. 

 


