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The Department was established in 1997 on the initiative of a group of physicists and chemists of the University of 

Milano. It coordinates the Materials Science Bachelor, Master Courses and Doctorate, the Bachelor and Master 

Courses in Optics and Optometry,  and the Bachelor Course in Chemical Science and Technology. 

Besides research and teaching activities, the Department offers an interlinked system of services, consisting in vo-

cational guidance support, help desk for didactics and student careers, Socrates-Erasmus desk, office for stages in 

private high-tech companies, advanced scientific analyses for private customers. 

Address: building U5-RATIO, Via Cozzi 55, I-20125 Milano 

Phone: +39 02.6448.5101/2/3 

Web site: www.mater.unimib.it 

Secretariat: lucia.rodolfi@unimib.it 

Head: Prof. Anna Vedda 

ISI-CRUI Sectors: Chemistry, Physical Chemistry, Chemical Physics, Spectroscopy, Instrumentation Engi-

neering, Analytical Sciences, Optics and Optometry, Organic Chemistry, Polymer Science, Materials Sci-

ence, Physics, Condensed Matter, Applied Physics 

$%0!24-%.4 ).&/ 

http://www.mater.unimib.it
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HEAD 
Anna Graziella Vedda (Piercarlo Mustarelli from October) 

DEPUTY HEAD 
Piercarlo Mustarelli (Stefano Sanguinetti from October) 

DEPARTMENT COUNCIL 

(Head, Deputy Head, Head of Administration Office, Teach-

ing Board, 3 elected faculty members, 1 elected representa-

tive of technical staff)  

Anna Vedda, Piercarlo Mustarelli, Lucia Rodolfi, 

Stefano Sanguinetti, Silvia Tavazzi, Roberto Scotti, 

Michele Mauri, Francesco Montalenti, Dario Narduc-

ci, Luisa Raimondo  

(from December 2024) Piercarlo Mustarelli, Stefano 

Sanguinetti, Lucia Rodolfi, Stefano Sanguinetti, Sil-

via Tavazzi, Roberto Scotti, Vanira Trifiletti, Barbara 

Di Credico, Sergio Brovelli, Luisa Raimondo  
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CHEMICAL SCIENCES AND 

TECHNOLOGY 

Roberto Scotti 

MATERIALS SCIENCE 

AND NANOTECHNOLOGY 

Stefano Sanguinetti 

OPTICS AND OPTOMETRY 

Silvia Tavazzi 

DOCTORATE 

Francesco Montalenti  

Cristiana Di Valentin (deputy )  

OPTOMETRY AND VISION 

SCIENCE 

Silvia Tavazzi 
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General goals of the Department of Materials Science include competitive Research & Development and Advanced Training, both 

in basic and applied research, in the field of new materials and their industrial applications. 

The main research areas are:   

 materials for environment and energetics  

 materials for photonics and microelectronics  

 materials in cultural heritage  

 nanomaterials and nanomedicine  

 optics and optometry  

 organic and polymeric materials 
 

A significant feature of the research conducted in the Department is the strong collaboration between researchers also affiliated 

to different areas. 

 Besides the main spectroscopic and electrical characterization techniques, advanced materials analysis is achieved by means of 

many experimental techniques such as AFM, STM, ESR, TEM, FIB, NMR, and a number of other advanced instrumentations. 

Research is carried out within the framework of national and international projects, leading to a great number of high-level publi-

cations and patents. 

A further distinctive feature of the Department is its strong integration in the territory. The Department research activities are char-

acterized by a high rate of technological transfer at an industrial level, as demonstrated by the numerous industrial contracts and 

by the high number of patents. 

The educational project aims at forming young professionals highly qualified in both physics and chemistry, able to fit their 

knowledge to the contemporary requirements of the related labour market. Milano-Bicocca University is in fact located in an area 

where highly specialized high-tech companies are abundant, offering stimulating employment opportunities in consolidated appli-

cations like, for example, micro- and opto-electronics and renewable energies. 

Degrees in Materials Science include a bachelor and a master course. In addition, we offer a Dual MSc. Degree track in partner-

ship with the renowned University KU Leuven. This track is focused on sustainable materials, and in the second year, the student 

earns the MSc. Degree in Materials Engineering by KU Leuven and the MSc. Degree in Sustainable Materials (SuMa) by the Eu-

ropean Institute of Innovation and Technology (EIT), in addition to the MSc. Degree in Materials Science and Nanotechnology. 

This unique opportunity enables graduates to directly work in the industry or further specialize by carrying out a PhD. Moreover, 

the bachelor degree in Chemical Science and Technology gives important professional opportunities. 

The bachelor s degree in Optics and Optometry provides solid theoretical and practical foundations in the field of vision science, 

optics, and visual health, preparing students for a professional career as optometrists or for further academic advancement. In 

particular, the MSc Degree in Optometry and Vision Science, allows graduates to deepen their expertise in visual function analy-

sis, advanced instrumentation and contact lens design. The programme also includes interdisciplinary training in neurophysiology 

of vision and applied research, enabling graduates to pursue careers in clinical practice, R&D in the optical industry, or academic 

research.  

Finally, rich opportunities for post-lauream courses and research are offered by the Doctorate in Materials Science and Nanotech-

nology.  
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PROFESSORS EMERITI 

Giorgio BENEDEK (PHYS-04/A), Alessandro BORGHESI (PHYS-03/A)  

FULL PROFESSORS 

Alessandro ABBOTTO (CHEM-05/A), Marco BERNASCONI (PHYS-04/A), Luca BEVERINA (CHEM-05/A), 

Simona BINETTI (CHEM-02/A), Sergio BROVELLI (PHYS-03/A), Angiolina COMOTTI (CHEM-04/A), Cristia-

na DI VALENTIN (CHEM-03/A), Marco FANCIULLI (PHYS-03/A), Livia GIORDANO (CHEM-03/A), France-

sco MEINARDI (PHYS-03/A), Leonida MIGLIO (PHYS-04/A), Francesco MONTALENTI (PHYS-04/A), Pier-

carlo MUSTARELLI (CHEM-02/A), Gianfranco PACCHIONI (CHEM-03/A), Alberto PALEARI (PHYS-03/A), 

Antonio PAPAGNI (CHEM-05/A), Silvia PICOZZI (PHYS-04/A), Riccardo RUFFO (CHEM-02/A), Stefano 

SANGUINETTI (PHYS-03/A), Adele SASSELLA (PHYS-03/A), Roberto SIMONUTTI (CHEM-04/A), Silvia 

TAVAZZI (PHYS-06/A), Anna VEDDA (PHYS-03/A)  

ASSOCIATE PROFESSORS 

Maurizio ACCIARRI (PHYS-03/A), Carlo ANTONINI (IMAT-01/A), Roberto BERGAMASCHINI (PHYS-04/A), 

Emiliano BONERA (PHYS-03/A), Silvia BRACCO (CHEM-04/A), Stefano CECCHI (PHYS-03/A), Massimilia-

no D ARIENZO (CHEM-03/A), Barbara DI CREDICO (CHEM-06/A), Giovanni DRERA (PHYS-03/A), Mauro 

FASOLI (PHYS-03/A), Chiara FERRARA (CHEM-02/A), Anna GALLI (PHYS-06/A), Roberto LORENZI 

(PHYS-03/A), Norberto MANFREDI (CHEM-05/A), Angelo MONGUZZI (PHYS-03/A), Massimo MORET 

HONORARY PROFESSORS 

Marco MARTINI (PHYS-06/A)  



9 

0%/0,% 

ASSISTANT PROFESSORS 

Ottavia BETTUCCI (PHYS-04/A), Charl Xavier BEZUIDENHOUT (CHEM-04/A), Davide CAMPI (PHYS-04/

A), Francesco CARULLI (PHYS-03/A), Norberto CHIODINI (CHIM/07), Francesca COVA (PHYS-03/A), 

Giovanni DI LIBERTO (CHEM-03/A), Sara MATTIELLO (CHEM-05/A), Michele MAURI (CHEM-04/A), 

Alessandro MINOTTO (PHYS-03/A), Silvia MOSTONI (CHEM-03/A), Roberto NISTICO  (CHEM-03/A), Ja-

copo PEDRINI (PHYS-03/A), Jacopo PEREGO (CHEM-04/A), Daniele PERILLI (CHEM-03/A), Nicolò 

PIANTA (CHEM-02/A), Erika PONZINI (PHYS-06/A), Valeria SECCHI (CHEM-04/A), Paulo SIANI (CHEM-

03/A), Irene TAGLIARO (IMAT-01/A), Vanira TRIFILETTI (CHEM-02/A), Giorgio TSEBERLIDIS (CHEM-

02/A), Artur TUKTAMYSHEV (PHYS-03/A), Aldo UGOLOTTI (PHYS-04/A), Stefano VICHI (PHYS-03/A), 

Irene VILLA (PHYS-03/A), Fabrizio ZERI (PHYS-06/A)  

(CHEM-03/A), Fabrizio MORO (PHYS-03/A), Dario NARDUCCI (CHEM-02/A), Fabio PEZZOLI (PHYS-03/A), 

Carlo SANTORO (ICHI-01/B), Mauro SASSI (CHEM-05/A), Emilio SCALISE (PHYS-04/A), Roberto SCOTTI 

(CHEM-03/A), Sergio TOSONI (CHEM-03/A)Σ Giovanni Maria VANACORE (PHYS-03/A) 
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POST DOCS AND RESEARCH FELLOWS 

Omar ABOU EL KHEIR, Debdipto ACHARYA, Raziyeh AKBARI, Dario BARATELLA, Ilaria BARLOCCO, Va-

lentina BELLOTTI, Mouad BIKEROUIN, Alessandro BONARDI, Eleonora BONAVENTURA, Francesco BRU-

NI, Tommaso CAIELLI, Saptarshi CHAKRABORTY, Da CHEN, Chandra CHOWDHURY SARKAR, Andrea 

DAOLIO, Elmira DEHGHAN, Neelan Yalini DEVI, Lorena DHAMO, Valerio DI PALMA, Edoardo DONADONI, 

Cameron James Richard DUNCAN, Mesfin Atlaw ESHETE, Erika GHIGLIETTI, Elisabetta INICO, Mirali JA-

HANGIRZADEH VARJOVI, Shahid KHALID, Ekaterina KUKUSHKINA, Daniele LANZONI, Sara MECCA, 

Lorenzo MIRIZZI, Mauro MONTI, Mohsin MUHYUDDIN, Mohammad Hossein NATEQ, Matteo ORFANO, 

Jacopo ORSILLI, Francesca PALLINI, Tatiana RODRIGUEZ FLORES, Alessandra RONCHI, Iryna ROPA-

KOVA, Fabrizio ROVARIS, Mohammad Reza SHIRZAD KEBRIA, Maryam SOLEIMANI, Fabiana TAGLIET-

TI, Giulia TARRICONE, Beatrice TERNI DE GREGORY, Maria VOCCIA, Chenger WANG, Seyedehraheleh 

YOUSEFIKAFSHGARL, Matteo ZAFFALON, Xiaohe, ZHOU 

PhD STUDENTS 

Stefano ACHILLI, Massimo ALAGIA, Lorenzo ALBERTI, Francesca ALESSANDRINI, Giuseppe ALFINITO,  

Ilaria BERTONI, Matteo BOVENTI, Maria Giulia BRAVI, Fabio BUTRICHI, Matteo CANCIANI, Eleonora CA-

RENA, Mattia CARNEVALE, Nicole CERIBELLI, Ian COLOMBO, Marta COLOMBO, Gualtiero CONTE, 

Chiara DALDOSSI, Marcella DE DIVITTIS, Davide Maria DE LUCA, Lorenzo Vittorio DELL ACQUA, Andrea 

ERROI, Sofia FAINA, Andrea FANTASIA, Alice FAPPANI, Beatrice Matilde FERRARI, Alessandro Raffaele 

FERRARI, Annapia FRATEPIETRO, Giulia FRIGERIO, Diti GAIKWAD, Federico GIULIO, Carla GOBBO, 

Amin Hasan HUSSEIN, Muhammad IMITIAZ, Elena Aurora INCARBONE, Hiba KARAKKAL, Davide LAM-
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SPINOFFS 

Alberto BIANCHI (Graftonica), Francesco BRUNI (G2P), Chiara CAPITANI (G2P), Silvia FERRARIO 

(Graftonica)  

BARDI, Francesko MALAJ, Federica MARELLI, Maryam MARYAM, Antonio MAZZACUA, Alessandro MI-

GLIAVACCA, Seyed Ariana MIRSHOKRAEE, Daniele MONTINI, Atta MUHAMMAD, Muhammad Usman 

MUNIR, Riccardo NARDIN, Mehr Un NISA, Brian Onofrio Giuseppe NOVATI, Aziza OBAID, Sara Fernanda 

ORSINI, Anny Catalina OSPINA PATINO, Irene OSTROMAN, Alice PANCALDI, Gabriele PAOLI, Ivan Clau-

dio PELLINI, Simone PEREGO, Elisa PETRONI, Federico PICIACCHIA, Francesco PIRAINO, Sergio PIVA, 

Luca POLLICE, Andrea PULICI, Armando RIGAMONTI, Falak SHAFIQ, Lorenzo SQUITIERI, Luca STEN-

DARDO, Diego STUCCHI, Giulia TAMBURINI, Axel TOSELLO GARDINI, Nicholas VALLANA, Lorenzo VI-

GANO , Sabrina ZILIANIΣ DƛƻǾŀƴƴƛ ½¦//!b¢9 
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ADMINISTRATIVE STAFF 

Paola IANNACCONE, Lucia RODOLFI, Cristina VALENTINO 

TECHNICAL STAFF 

Sergio BIETTI, Chiara Liliana BOLDRINI, Giovanna CALATOZZOLO, Carmen CANEVALI, Lorenzo FERRA-

RO, Claudio LAGRASTA, Anna MARZEGALLI, Francesco MASPERO, Laura PANZERI, Giorgio PATRIAR-

CA, Luisa RAIMONDO, Giulia Carlotta RIZZO, Silvia TRABATTONI, Bruno VODOPIVEC  
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Alessandro Abbotto, Ottavia Bettucci. Organic and hybrid materials and devices for solar fuels and 

artificial photosynthesis 

Simona Binetti, Maurizio Acciarri, Vanira Trifiletti, Giorgio Tseberlidis. Material and devices for Pho-

tovoltaics (MIB-SOLAR) 

Dario Narducci. Thermoelectricity: Materials and Applications 

Carlo Antonini, Irene Tagliaro. Surface Engineering and Fluid Interfaces (SEFI Lab) 

Angiolina Comotti, Jacopo Perego. Porous materials: design, synthesis, structural characterization 

and switchable molecular dynamics 

Massimiliano D Arienzo, Barbara Di Credico, Silvia Mostoni, Roberto Nisticò, Roberto Scotti. 

Chemistry of inorganic and hybrid materials (NanoMat@Lab) 

Cristiana Di Valentin, Daniele Perilli, Paulo Siani. Theory of 2D and 0D materials: bidimensional 

layers and nanoparticles (NanoQLab) 

Massimo Moret. Crystal growth and characterization: study of polymorphism 

Chiara Ferrara, Piercarlo Mustarelli. Materials for electrochemical energy conversion: synthesis, ex

-situ and operando characterization 

Giovanni Di Liberto, Livia Giordano, Gianfranco Pacchioni, Sergio Tosoni. Theory of inorganic ma-

terials for energy and environment 

Nicolò Pianta, Riccardo Ruffo. Materials for energy storage and energy saving (EES) 

Carlo Santoro. Electrocatalysis and Bioelectrocatalysis LAB (EBLab)  

Norberto Manfredi. Conductive or Photoactive Organic Materials for Energy  

https://www.mater.unimib.it/en/node/1896
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Giorgio Benedek, Marco Bernasconi, Davide Campi. First principles simulations of materials for 

microelectronics 

Emiliano Bonera, Fabio Pezzoli, Jacopo Pedrini. Optical spectroscopy of semiconductors 

Sergio Brovelli, Francesco Carulli, Francesco Meinardi, Angelo Monguzzi, Irene Villa, Valeria 

Secchi. Advanced spectroscopy of functional nanomaterials 

Marco Fanciulli. Materials and spectroscopies for nanoelectronics and spintronics 

Francesca Cova, Mauro Fasoli, Roberto Lorenzi, Alberto Paleari, Anna Vedda. Luminescent ma-

terials for optical technology and ionizing radiation detection 

Roberto Bergamaschini, Leo Miglio, Francesco Montalenti, Emilio Scalise, Aldo Ugolotti. Model-

ing and simulations of semiconductor heteroepitaxy 

Stefano Cecchi, Stefano Sanguinetti, Artur Tuktamyshev, Stefano Vichi. Fabrication and study of 

semiconductor quantum nanostructures (EpiLab) 

Alessandro Minotto, Adele Sassella. Organic molecular films and heterostructures 

Giovanni Maria Vanacore. Laboratory of Ultrafast Microscopy for Nanoscale Dynamics 

(LUMiNaD)  

Fabrizio Moro. Laboratory of Optically Detected Magnetic Resonance Spectroscopy (ODMR) 

Silvia Picozzi. MOdeling and Design of functional Materials (MODEM) 

Giovanni Drera. Characterization of materials electronic structure through X-ray photoelectron 

spectroscopies 
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Anna Galli, Marco Martini. Dating and characterization of ancient materials. Materials science and 

cultural heritage  

Alessandro Borghesi, Erika Ponzini, Silvia Tavazzi, Fabrizio Zeri. Optics and optometry 

Luca Beverina, Sara Mattiello, Mauro Sassi. Functional dyes and pigments for photonics, electronics 

and optoelectronics 

Charl Xavier Bezuidenhout, Silvia Bracco, Piero Sozzani. Generation of nanospaces for polymeriza-

tion and gas capture 

Antonio Papagni. Organic functionalized materials for optoelectronic applications and thermally and 

photochemically activate organic systems with cross-linking potentials 

Michele Mauri, Roberto Simonutti. Synthesis and characterization of novel polymeric nanostructure  
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The global energy demand can be broadly divided into two main sectors: 

a) the production of electricity, and 

b) the production of reagents and fuels for the chemical industry and the transport sector. 

Our research group focuses on the use of renewable, clean, free, and abundant resources particularly 

sunlight, water, carbon dioxide, and atmospheric nitrogen to address both challenges through the devel-

opment of advanced materials and devices for photovoltaics and artificial photosynthesis. 

At the MIB-SOLAR laboratory equipped with an ISO7 clean room and state-of-the-art experimental infra-

structure we investigate organic and hybrid devices for the sustainable conversion and storage of energy. 

Our activity spans two strategic areas: 

the development of systems for the direct production of chemical reagents and sustainable fuels (such as 

hydrogen and green ammonia) from renewable sources, 

the fabrication of next-generation photovoltaic devices, with particular attention to high-efficiency indoor 

solutions such as dye-sensitized solar cells (DSSCs). 

Present energy needs are classified into two main sectors: a) production of electricity; b) production of 

chemicals and fuels for industry, transportation, and agriculture. We focus our interest on the use of clean, 

no cost and abundant sources like sunlight, water, carbon dioxide, and nitrogen for photovoltaics and artifi-

cial photosynthesis. In the MIB-SOLAR and FLEXILAB labs, containing an ISO7 clean room and state-of-

the-art facilities, we investigate materials and devices for artificial photosynthesis and photovoltaics. 

 

ARTIFICIAL PHOTOSYNTHESIS: HYDROGEN AND GREEN AMMONIA PRODUCTION 

The group is engaged in the development of technologies inspired by artificial photosynthesis for the sus-

tainable production of hydrogen and green ammonia through photocatalytic and (photo)electrochemical 

processes powered by solar energy. This approach is based on the use of simple and readily available raw 

materials such as water and atmospheric nitrogen  and molecular organic catalyzers to obtain high val-

ue-added chemical products. 

In particular, artificial nitrogen fixation allows for the production of green ammonia from renewable sources, 

with a drastically reduced environmental impact compared to conventional processes (e.g., Haber-Bosch). 

In addition to its potential as an energy carrier, ammonia is a key component in fertilizer production, making 

this research line central to global food security and the sustainable nourishment of the world's population 

 

Alessandro 

Abbotto 

Ottavia 

Bettucci 
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NEXT-GENERATION ORGANIC AND HYBRID PHOTOVOLTAICS AND HIGH-EFFICIENCY INDOOR APPLICA-
TIONS 

The group develops innovative photovoltaic devices based on organic and hybrid materials, with a focus on scalability, sustaina-

bility of fabrication processes, and efficiency under real-world operating conditions. 

A specific area of interest is the development of dye-sensitized solar cells (DSSCs), optimized for indoor operation under artificial 

light. High-efficiency indoor DSSCs represent a promising solution for powering low-energy electronic devices, such as IoT sen-

sors, monitoring systems, and smart home devices. Thanks to their excellent spectral response under low-light conditions, DSSCs 

are emerging as a key technology for the electronics of the future. 

We investigate dye-sensitized solar cells (DSSC) in unconventional eco-friendly aqueous solvents based on Deep Eutectic Sol-

vents (DES) in order to avoid the use of toxic and volatile components for low light and indoor application. 

 

MAIN FACILITIES 

¶ Fully equipped organic synthesis and characterization laboratories.  

¶ Clean-room labs (MIB-SOLAR and FLEXILAB) for preparation and characterization of photocatalytic and photoelectrochemical 
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Maurizio 

Acciarri 

Simona 

Binetti 

Vanira 

Trifiletti 

Currently, crystalline-Si (c-Si) based devices rule the photovoltaic (PV) market, ac-

counting for about 96% of the total annual production versus 4% for thin film based 

technologies (namely, CdTe, Cu(In,Ga)Se2 (CIGS) and a-Si). In spite of the strong 

market gap between Si and thin film technologies, the development of PV absorb-

ers proper for thin film-based devices is nowadays even more crucial than in the 

past for future applications both in Building/Product Integrated Photovoltaics and in 

tandem devices. Furthermore, the availability of many raw materials used in thin 

film solar devices is seriously decreasing, while both energy and technology need 

for daily life are strongly increasing, which makes material saving crucial. The most 

studied alternatives to CdTe and CIGS in the last years were Cu2ZnSnS4 (CZTS) 

and Cu2ZnSnSe4 (CZTSe), where more abundant and less expensive elements like 

Zn and Sn are used in place of In and Ga. More recently, alternatives based on 

earth-abundant elements emerged, including Cu2MnSnS4 (CMTS) and Cu2FeSnS4 

(CFTS). 

Our research activities deal with the above-mentioned PV absorbers and related 

solar devices. In detail: 
 
SILICON: under the realistic assumption that c-Si based PV modules will dominate 

the PV market in the coming decade, our research activity has been focused on the 

further increase of Si solar cells efficiency (studying the effect of defects mainly by 

spectroscopic techniques), on the characterization of low-price and high-quality 

solar grade silicon feedstock and finally on new initiatives to build high-efficiency 

tandem solar cells. 

CIGS and CuGaS2 (CGS): thin films on glass and flexible substrates (like plastic 

foils) are grown by an innovative hybrid sputtering-evaporation approach 

(combining the advantages of both techniques) and tested both in single junction 

and tandem devices. 

CZTS, CFTS and CMTS are prepared mainly by a soft-chemical route involving the 

coordination of the metals into the solution thanks to the use of DMSO as solvent 

and thiourea as the sulphur source, making it very appealing due to the absence of 

further organic additives and external sulphur sources. The precursors  solution is 

directly deposited by drop-casting onto the substrate without the use of further ex-

pensive and/or industrially non-compatible instruments, making the whole proce-

dure appealing for industrial green application.   
Lately, halide perovskite (HP) solar cells broke into thin film PV technology, propos-

ing themselves as the best companion of silicon and chalcogenide-based thin films 

Giorgio 

Tseberlidis 
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in tandem architecture devices. In this scenario, the HP range of light absorption can be 

tuned, varying the chemical composition, to match the requirements of the tandem counter-

part. Besides, HPs can self-assemble in bulk materials where the charge is confined, for 

this reason, they are called low-dimensional HPs. The charge confinement impact on the 

optoelectronic properties opens the way for various HPs technology applications (e.g. ther-

moelectric generators, memristors and sensors). 
A comprehensive structural and spectroscopic characterization (including scanning elec-

tron microscopy, Raman spectroscopy, X-ray diffraction and photoluminescence) is per-

formed for all these compounds. All thin films are produced, tested and fully characterized 

in prototype devices on rigid and flexible substrates. 
 
MAIN FACILITIES 
¶ Laboratory MIBSOLAR  Building U5, Ground Floor, Room T057-T067 

¶ Chemical Synthesis Laboratory  Building U5, Floor 1, Room 1037 

¶ Electrical and Spectroscopic Measurement Laboratory  Building U5, Floor 1, Room 

1034 

¶ Thermal Treatment Laboratory  Building U5, Floor 1, Room 1041 

¶ Building U9, Room 10 
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Dario 

Narducci 

Thermoelectricity is a class of physical phenomena enabling both the conversion of heat into electricity and 

the extraction of heat (cooling) -- in both cases without the use of any movable part. As such, thermoelectric 

generators are suitable, especially when miniaturized, to harvest low-temperature heat and to make it availa-

ble as electric power (e.g. to distributed sensor networks or to portable devices). Our research activity focus-

es both on materials and devices for suitable applications 

SILICON THIN FILMS 
Energy-selective charge carrier scattering was demonstrated to provide a route to enhance power factor of 

very heavily boron-doped nanocrystalline silicon films, up to the outstanding value of 40 mW/m2K. Research 

under way is meant to materials stabilization and to the extension of the process to n-type nanocrystalline 

silicon films. 

 
SILICON NANOWIRES 
Due to its high thermal conductivity, single-crystalline silicon is not suitable as such for thermoelectric applica-

tions. Nanostructuration offers effective ways to lower its thermal conductivity. Research is focused on the 

use of Metal-assisted Chemical Etching (MaCE) as a simple way to obtain Si nanowires (SiNWs). The pro-

cess, along with the possibility of making electrical contacts localized at Si tips, discloses the opportunity of 

making bulk-like SiNW pads to be embedded into thermoelectric devices, either for cooling or for heat har-

vesting. 

 
PAIRED PHOTOVOLTAIC-THERMOELECTRIC HARVESTERS 
PV cells only convert a fraction of the solar spectrum, releasing a significant amount of energy as heat. Thre-

fore, solar harvesting might be improved through an accurate coupling of PV cells to thermoelectric genera-

tors. Further to energy profitability, hybrid harvesters also meet criteria of economic convenience, which is 

required for pairing to be practically successful. We mostly work on the direct pairing of specially designed 

Bi2Te3 thermoelectric generators with perovskite-based photovoltaic cells. 

 
THERMOELECTRICY UNDER NON-STATIONARY CONDITIONS 
Thermoelectric low efficiencies are basically due to the difficulty of decoupling thermal and electrical conduc-

tivity in real systems. Nanotechnology has shown innovative ways to reach such a target. Additionally, ther-

mal and electrical conductivities in bulk thermoelectrics may be uncoupled by operating thermoelectric gener-

ators in non-steady state mode. We are exploring how feeding time-modulated heat fluxes may enhanced 

conversion efficiencies at maximum power. 
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Carlo 

Antonini 

The Laboratory of Surface Engineering and Fluid Interfaces (SEFI Lab) focuses on research and innovation 

for the development of new technologies towards clean water and energy-efficient processes, two corner 

stones for sustainable development. 

Research activities focus on understanding interfacial transport phenomena, for the design of innovative 

smart interfaces. SEFI Lab is characterized by an interdisciplinary approach, at the interface between ther-

mofluidics, material science and surface micro- and nano- engineering. 

ICEPHOBIC SURFACES 

Surface icing can have many negative consequences in a broad range of fields. To avoid sever issues related 

to ice formation, superhydrophobic surfaces are known to be extremely efficient in terms of reducing ice nu-

cleation and accretion on solid substrates. At SEFI Lab, we rationally design and fabricate advanced materi-

als and surfaces, with hierarchical structuring down to the micro- and nanoscale, providing novel strategies to 

control phase change processes and limiting negative effects of uncontrolled icing or frosting, and developing 

new technological approaches for analyzing icing phenomena. 

ATMOSPHERIC WATER HARVESTING 

Among all water resources, fog harvesting from atmosphere is highly recommended, because it is a passive 

method with a considerably lower pollution and does not require high technology and costly operation and 

maintenance. At SEFI Lab, we are working on a new project on atmospheric water harvesting, named Water-

HaB, spanning from studying the fundamental interaction of water with fibers and meshes, to engineering a 

windcatcher tower, modelled after a Badgir, an ancient Iranian architecture on building rooftops for enhancing 

fog collection. 

ADDITIVE MANUFACTURING (3D PRINTING) 

Among all other manufacturing technologies, we are investigating vat polymerization based Digital Light Pro-

cessing (DLP) technique using liquid photopolymers (resin) as raw material.  Also, we are incorporating me-

tallic powder, few microns in diameter, to test the potential of metal printing from metal-loaded resin suspen-

sions. 

FUNCTIONAL POLYSACCHARIDE COATINGS 

Polysaccharides can be used as coatings to control and reduce interaction between proteins and the capillary 

walls in capillary electrophoresis, with the goal of improving electrophoretic separation. We engineer polysac-

charides using different chemical reactions and use them as capillary coatings. 

Irene 

Tagliaro 
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Angiolina 

Comotti 

The research activity deals with the generation of frameworks containing one-, two- and three-dimensional 

confined spaces with uniform and precisely engineered geometries to create new environments for capture 

of chemical entities. The study is focused on new materials with nanoscale architectures for storage of im-

portant gases, such as methane and hydrogen, considered as clean fuels. Additionally, carbon dioxide and 

other pollutants are removed from nitrogen and hydrogen by selective sequestration in pores. The construc-

tion of stable and robust covalent organic and hybrid frameworks with 3D periodic motifs can increase sepa-

ration, capture and storage of small gas molecules, especially molecular hydrogen. These frameworks can 

arrange sites and receptors into arrays, for interacting with the targeted gas species. The adsorption proper-

ties of the novel materials are superior in many instances to the existing ones and yielded patents for appli-

cations in gas storage and purification. Characterization methods of the porous structures and of the con-

fined gases/vapors is currently achieved by X-ray diffraction techniques: advanced experiments using syn-

chrotron-light and neutron sources are currently performed at various European facilities, such as at ESRF 

(Grenoble) and Elettra (Trieste). In particular, the synchrotron XRD experiments enable the in-situ observa-

tions of the gas arrangement as well as adsorption kinetics. Additionally, the dynamics of gases and vapors 

in the confined state and the identification of weak interactions will be studied in depth by advanced solid 

state NMR spectroscopy. 

A challenging issue is the dynamics of nanoporous solids. The research activity is focused on the insertion 

of molecular rotors in the building blocks of the porous materials, giving access to the control of rotary mo-

tion by chemical and physical stimuli. The combination of porosity with ultra-fast rotor dynamics is investigat-

ed in molecular crystals, covalent organic frameworks and MOFs by complementary techniques, which were 

proved to be sensitive to motion at regimes ranging from 104 to 1011 Hz. Remarkably, the rotor dynamics 

can be switched on and off by guest absorption/desorption, showing a change of material dynamics, which, 

in turn, produces modulated physical responses. Novel fluorinated dipole-bearing molecular rotors can be 

inserted on porous architectures, realizing ordered arrays of fast dipolar molecular rotors. The extremely 

rapid re-orientation in solids is challenging and enables the fabrication of ferroelectric switches, as revealed 

by dielectric measurements. The combination of pore-structure and dipolar rotors can be exploited for stimu-

lated guest release. 

A series of flexible molecular crystals made by azobenzene tetramers, that form porous molecular crystals in 

their trans configuration is pursued. The efficient trans ® cis photo-isomerization of the azobenzene units 

converts the crystals into a non-porous phase but crystallinity and porosity are restored upon Z ­ E isomeri-

zation promoted by visible light irradiation or heating. The photo-isomerization enables reversible on/off 

switching of optical properties as well as the capture of CO2 from the gas phase.  

Jacopo 

Perego 
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Massimiliano 

D Arienzo 

Barbara 

Di Credico 

Roberto 

Nisticò 

Roberto 

Scotti 

INORGANIC MATERIALS FOR POLYMER COMPOSITES: FILLERS AND CUR-
ING ACTIVATORS  
The research focus on the preparation by bottom-up approaches and chemical modification 

and functionalization of i) oxides (mainly ZnO and SiO2) nanoparticles and polysilsesquiox-

anes and of ii) naturally occurring clays, with controlled morphological and surface features, 

employed in a wide range of applications (i.e., automotive, tyre, high performance dielec-

trics, smart-packaging). These materials are designed in collaboration with other academic 

and industrial partners (i.e Corimav, Pirelli Tyres, Nuovo Pignone, Chimar Srl) for the prep-

aration of polymer nanocomposites with high structural and functional properties. 

 

OXIDE-BASED SYSTEMS FOR CATALYSIS, ELECTROCATALYSIS AND 
SCINTILLATORS 
The research aims at i) the synthesis by soft-chemistry methods of morphology-controlled 

oxide nanoparticles (e.g., TiO2, ZnO, MoO3, iron oxides, magnetic ferrites) and porous sys-

tems (macro/mesoporous silica or alumina), and at ii) the study of their (photo)catalytic 

mechanism by spectroscopic and spectromagnetic techniques. The possibility of tailoring 

size, anisotropy, and surface functionalities of these systems by employing catalysts, soft 

templates, capping molecules, are exploited for the modulation of the inorganic-organic 

interfaces. This plays a crucial role in determining their properties and implementation to 

develop advanced hybrid materials for water/air depollution, CO2 photoconversion, Na-ion 

batteries, electrocatalysis and scintillators, also in the frame of MUSA PNRR project in col-

laboration with Eni. 

 

Silvia 

Mostoni 

MATERIALS AND TECHNOLOGIES FOR RECYCLING, CIRCULAR ECONOMY 
& ENVIRONMENTAL REMEDIATION 
The aim of this activity is to study and improve inorganic materials, such as titania, silica, 

and iron oxides, generated as by-products from the recovery industrial processes. The 

main goal is the modification of inorganic nanoparticles, obtained from waste by chemical, 

mechanical or thermal processes, to impart them specific structural and morphological 

properties for the reuse in many applications such as reinforced nanocomposites, or 

wastewater treatment or (photo)catalysts in collaboration with industrial parters (i.e., Fluor-

sid, Opigeo). 

 

MAIN FACILITIES 
¶ Two fully equipped laboratories for inorganic synthesis: solvothermal reactors, furnaces 

for thermal treatment up to 1600°C, Schlenk lines, mixing reactors with impeller, centri-

fuges 
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¶ Bench-scale plants for UV and Vis-light photocatalytic test 

¶ XRPD Diffractometer (Rigaku); 

¶ Scanning Electron Microscopy (SEM, JEOL JCM-7000) 

¶ Attenuated Total Reflectance - Fourier Transform Infrared Spectroscopy (ATR-FTIR) 

analysis 

¶ Thermal analysis (TGA, Mettler Toledo) up to 1400°C coupled with FTIR 

¶ Bruker ESR spectrometer equipped with liquid N2/He Cryostat 
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Cristiana 

Di Valentin 

COMPUTATIONAL NANOMEDICINE 
Emerging semiconducting metal oxide nanostructures (nanospheres, nanotubes, thin films) with photocata-

lytic or magnetic properties are currently opening totally new horizons in nanomedicine (e.g. novel photody-

namic therapies, a new class of contrast agents, magnetically guided drug delivery). We investigate shape 

and size dependent properties, we screen potentially efficient linkers for anchoring surfaces and binding 

biomolecules. We tether various kinds of biomolecules (from oligopeptides and oligonucleotides to small 

drugs) to the activated surface according to the desired functionality. The assembled bioinorganic systems 

may also be labeled with fluorescent markers and contrast agents. 

COMPUTATIONAL ELECTROCHEMISTRY AND FUEL CELLS 
We use electronic structure calculations to design novel electrode materials for electrochemical devices and 

fuel cells, which are as efficient as or even more capable than precious and environmental unfriendly metal 

electrodes. Gibbs free energies of reaction in an aqueous environment for the all the steps of reduction (at 

the cathode) or of oxidation (at the anode) are computed, for example, for the oxygen reduction reaction 

(ORR) or for methanol oxidation reaction (MOR), respectively. Details of the reaction mechanisms and ac-

curate cell onset- or over-potentials can be derived from the Gibbs free energy diagrams. The latter are 

computational quantities that can be directly compared to experimentally obtained cell overpotentials. 

CATALYSIS UNDER COVER (2D LAYERS) 
The catalysis "under cover" is a recent and emerging field of research (see review article by X. Bao and co. 

in Nature Nanotech. 2016, 11, 218), focusing the attention on the chemical reactivity taking place in the 

confined zone between two interfacing materials. Typically, at least one of materials is 2D, e.g. graphene, h-

BN or MoS2. A number of examples of enhanced reactivity have now been reported in the literature, where 

the chemical process is favored if taking place between the two exposed surfaces. Still very little is known 

on the mechanism of this special type of catalysis and on the true role played by the two surfaces. Is the 

space confinement effect a sufficient reason for the enhanced reaction rate or are surface atoms actually 

involved in the reaction steps? Are defects and impurities also active in the promotion of chemical reac-

tions? 

MOLECULAR LAYERS/GRAPHENE HETEROINTERFACES FOR GAS SENSING APPLICA-
TION  
By combining density functional theory calculations with gas-exposure experiments (in collaboration with 

experimental partners), we design novel heterostructures by interfacing graphene with organic and/or orga-

nometallic molecules for gas sensing applications (e.g. breathomics).  

Daniele 

Perilli 

Paulo 

Siani 
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Massimo 

Moret 

Growth of crystals and their morphological and structural characterization is a mandatory step in many 

fields of science and technology. Present state of the art study of crystal growth is widespread and covers 

both natural (geology, biomineralization) and artificial systems (semiconductors, sensors, optics, lasers, 

drugs, plasters). 

Growth of crystals involves complex physico-chemical processes whose study allows a better control and 

optimization of results. Among many phenomena, genesis of polymorphic crystal structures can hamper 

preparation of crystalline materials. Therefore, the study of thermodynamic and kinetic factors directing 

growth toward a specific polymorph is of great relevance in academic and applied research. Among the 

parameters triggering polymorphism are temperature or ambient pressure, impurities/additives active during 

the nucleation stage (including preformed crystals able to select polymorphs by epitaxy), conformational 

flexibility, isotopic substitution. All these variables can be exploited as powerful control parameters for 

reaching the final goal, instead of being a source of unpredictable and irreproducible results. 

Research activities involve: 

CRYSTAL GROWTH 

Growth of crystals with solution methods under ambient or solvothermal conditions (e.g. microporous coor-

dination polymers exhibiting zeolite-like behavior or catalitic properties, aminoacids) allows preparation of 

crystals with size from centimeter to nanometer scale with control of morphology. Crystal of organic materi-

als with medium-high vapor pressure can be grown by sublimation or physical vapor transport. 

GROWTH MECHANISMS 

Study of surface processes during crystal growth in nature, laboratory or manifacturing plants (e.g. setting 

of cements/plasters in the presence of chemical additives) is directed toward aquisition of physico-chemical 

data ranging from the mesoscopic scale to molecular dimensions. Characterization of growing crystal sur-

faces is performed by means of optical microscopy or scanning probe microscopy in controlled environ-

ments. In situ visualization of growth with time evolution reveals microtopographic surface features connect-

ed to growth mechanisms. The microscopic characterization, possibly supported by single crystal X-ray 

diffraction analysis, can be integrated with theoretical modelling of crystal morphology through periodic 

bond chains analysis, where the strength of intermolecular interactions developing within the crystal struc-

ture can be exploited to estimate the theoretical equilibrium and growth crystal morphology. 

MAIN FACILITIES 

¶ Single crystal X-ray diffractometer with temperature control from ca. 80 to 490 K 

¶ Termostatted crystallizers for crystal growth from solution, sublimation, vapor deposition 

¶ Metallographic and stereoscopic microscopes equipped with analizer/polarizer, DIC Nomarski prism, 

frame grabber for time lapse imaging, heating/freezing stage from 90 to 870 K 
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Ferrara 

Piercarlo 

Mustarelli 

MEMBRANES AND MEMBRANE-TO-ELECTRODE ASSEMBLIES (MEAS) FOR POLYMER 
FUEL CELLS 

Polymer fuel cells operating al low temperature (< 100°C) are the systems-of-choice for energy conversion 

for automotive (buses, trucks, shuttles) and for grid applications. At present, the state of the art is repre-

sented by proton-conducting devices operating with Nafion  membranes. These fuel cells suffer of several 

problems, e.g. need of precious metal catalysts (e.g. platinum and platinum-group metals (PGM)), catalyst 

poisoning by CO at low temperature, membrane high cost. Alternative routes are offered by proton-

conducting devices operating in the range 100-200°C, which based on membranes made by polybenzimid-

azole and related composite materials. This allows to reduce the membrane cost. Another intriguing possi-

bility is to move towards anion (OH) conducting membranes, which allow substituting the PGM catalysts 

with other based on cheap elements (e.g. Fe). The research line aims at developing and characterizing 

both proton- and OH-conducting materials. 

SOLID POLYMER AND COMPOSITE ELECTROLYTES FOR ENERGY STORAGE 

At present, the market of electrochemical energy storage is dominated by lithium-ion rechargeable batter-

ies. These batteries, however, have not enough energy density, and are not really safe because of the high 

volatility and flammability of the organic liquid electrolyte. The quest for higher energy density can be 

solved by substituting the graphite anode with a lithium metal one, originating the so-called lithium metal 

batteries (LMB). These batteries require a solid electrolyte able to block the formation of lithium dendrites 

which can cause short circuits and battery faults. The availability of solid electrolytes will also help to solve 

the present safety problems. This research line aims at developing solid electrolytes based on functional 

polymers, e.g. poly(ethylene oxide) (PEO), or on polymer-ceramic nanoarchitectures. 

NMR/MRI OPERANDO CHARACTERIZATION 

The functional characterization of materials involved in electrochemical interfaces, or even in complete de-

vices, cannot prescind from their study under conditions as near as possible to real operation (operando 

conditions). This indeed requires the use of non-destructive characterization techniques, e.g. X-rays, elec-

tron microscopies, of spectroscopies like RAMAN or NMR. This research line aims at developing and ap-

plying advanced methodologies of NMR spectroscopy and micro-imaging (MRI) to the operando investiga-

tion of materials for batteries, supercapacitors and fuel cells. 

MAIN FACILITIES 

¶ Solid-state 400 MHz NMR spectrometer with microimaging accessory 

¶ Test station for fuel cells 

¶ High-pressure/high-temperature autoclave for polymer synthesis 

¶ Test systems for batteries, frequency response analysers, potentiostats/galvanostats (in cooperation 

with Riccardo Ruffo) 
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Tosoni 

The understanding of the structure-properties relationship is of fundamental importance for 

the design of new materials. In our group, we study the nature and properties of inorganic 

materials for energy and environment by Density Functional Theory calculations. Particular-

ly important is the role of theory in the study of active sites or functional groups on surfaces, 

atomic and molecular chemisorption, ultrathin films, supported clusters, solid-liquid interfa-

ces, and for the interpretation of various spectroscopies, IR and Raman, X-ray absorption 

and photoemission, EPR and NMR, optical transitions, STM etc. 

OXIDE SURFACES, METAL SURFACES, AND 2D MATERIALS 

Oxide surfaces and two-dimensional oxides represent a new class of materials with unpre-

cedented properties. Our activity is directed towards the determination of their electronic 

and structural properties: work function changes, regular arrays of adsorption and reactive 

sites, properties of the water-oxide interface, etc. Attention is also devoted to the functiona-

lization of metal- and metal-oxide surfaces with organic molecules, where it is important to 

thoroughly understand the binding mechanism at the surface toward possible applications 

in catalysis and electrocatalysis.  

SINGLE ATOM CATALYSTS AND SUPPORTED CLUSTERS 

We study the interaction of single metal atoms and clusters supported on oxides or carbon-

based materials with particular attention to their activity in catalytic and electrocatalytic 

reactions (water splitting, CO2 reduction, production of solar fuels, synthesis of organic mo-

lecules, decomposition of organic pollutants and recovery of useful raw elements). 

COMPOSITE MATERIALS AND HETEROJUNCTIONS 

Heterojunctions between semiconductors (notably oxides) are a class of materials attrac-

ting growing attention in the field of photocatalysis. This research line aims at the accurate 

description of the band alignment, charge transfer phenomena, quantum confinement, and 

charge carrier separation at the junction by means of state-of-the-art DFT calculations. 

MATERIALS FOR BATTERIES 

Efficient energy storage systems are important, among other technologies, to efficiently 

exploit renewable, but discontinuous, energy sources. Atomistic simulations may assist in 

the design of new electrodes or electrolytes, by elucidating their atomic and electronic 

structures, as well as the properties of electrode-electrolyte interface. Ongoing research 

lines span over various classes of layered and nanostructured electrode materials, to liquid 

and solid-state electrolytes.  
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MAIN FACILITIES 

¶ We rely on 15 computational nodes equipped with AMD Epyc and Opteron CPUs 
(more than 1000 cores in total) and 3 nodes equipped with NVIDIA A100 GPUs.  

¶ Access to CINECA supercomputing centre facilities via an institutional account finan-
ced by the University as well as via peer-reviewed scientific proposals. 
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Riccardo 

Ruffo 

Since the birth of the Department, the electrochemical group is active in fields of Energy Storage and Pro-

duction, Gas Sensing, and characterization of Organic Molecular or Polymeric Materials. Group facilities 

comprise a fully equipped electrochemical lab with several potentiostats-galvanostats, multichannel sys-

tems for long time testing, 3 automatic glove boxes at N2 or Ar, a climatic chamber to control temperature 

and humidity, optical fibers coupled with UV-visible spectrophotometer for in-situ spectroelectrochemistry, 

and a quartz crystal electrochemical microbalance. Furnaces, thick/thin film applicators, and standard 

chemical equipments are available for chemical synthesis and electrode formulations. 

MATERIALS FOR ENERGY STORAGE 

This research line is devoted mainly to the investigation of electrode and electrolyte materials for Electro-

chemical energy storage devices, such as alkaline ion batteries, metal batteries, redox flow batteries and 

organic batteries. Materials are produced by our team or in collaboration with national and international 

research groups. The electrical and electrochemical characterizations carried out using standard tech-

niques such as impedance spectroscopy, DC Hebb Wagner conductivity measurement, cyclic voltammetry, 

potential spectroscopy, galvanostatic cycling, are performed with the aim to investigate the correlation 

among structural, morphological features and functional properties. 

Different kinds of prototypes can be assembled, from low energy coin cells to large, single layer pouch 

cells, as well as three electrode cells for single interface characterization. 

MATERIAL FOR ORGANIC OPTOELECTRONICS 

Since 15 years, the group collaborate with organic chemistries of the department to characterize dye mole-

cules, tiophene and pyrrole based monomers, and poly-tiophene based polymers for electro-optic applica-

tions (solar cells and electrochromic devices). The systems are characterized respect to their electrochemi-

cal and spectroelectrochemical properties in solution or in solid state (as thin film). The electronic proper-

ties, the energy levels, and the electro-optical characteristic are correlated to the chemical structure and to 

the film morphology. Redox mechanisms in conducting polymers are also investigated.  

Nicolò 

Pianta 
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