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The Department of Chemical Sciences i _an overview

The Department of Chemical Sciences - DISC - was founded in 2004. It was a merger of
three Departments: Inorganic, Metallorganic and Analytical Chemistry, Physical Chemistry,
and Organic Chemistry Departments. 79 Faculty members and 60 technical and
administrative employees work at DiSC that hosts also 17 scientists of the National
Research CounC|I State-of-the-art facilities are available at DiSC, such as high-field NMR,
mass and EPR spectrometers, autonomous computational facility.
Also AFM, STM, XPS, XRD, Mdssbauer and time-resolved,
femtosecond laser equipments are available to researchers at DiSC,
as well as all key instrumentation to run full-equipped laboratories
e SR for the synthesis and characterization of chemical compounds. The
research activities of DiSC focused on six main research areas:
chemistry for life sciences; chemistry for energy, environment and cultural heritage;
materials, nanomaterials and surface science; supramolecular chemistry and
nanochemistry;  synthesis, reactivity and catalysis; theoretical and computational
chemistry.

DiSC offers three B.Sc. programs (Chemistry, Industrial Chemistry, Materials Science,
Science and Technology for the Environment) three M.Sc. (Chemistry, Industrial Chemistry
and Materials Science) and two graduate programs: Molecular Sciences and Science and
Engineering of Materials and Nanostructures. Recently signed MoU include those with the
University of Giessen, the Indian Institute of Chemical Technology-Hyderabad, the Korean
Kyungpook National University, the Tianjin University, the Beijing University of Chemical
Technology and the Shanghai Institute of Organic Chemistry-CAS.

Graduates programs

The Graduate Course of Molecular Sciences (Corso di Dottorato in Scienze Molecolari,
SM) offers a highly competitive PhD program for a comprehensive education in the fields
of Chemistry, Biochemistry, Materials Chemistry and Pharmaceutical Chemistry. Research
activities are complemented by advanced courses in novel areas of molecular sciences.
The program offers a wide variety of topics: synthesis, characterization and applications of
molecular and supramolecular systems towards new materials, surfaces and interfaces;
development of innovative methodological approaches in theoretical, physical, organic and
analytical chemistry; design, synthesis and characterization of bioactive molecular
systems. The SM reference Departments are Chemical Sciences and Pharmaceutical
Sciences.

The Graduate Course in Science and Engineering of Materials and Nanostructures (Corso
di Dottorato in Scienza e Ingegneria dei Materiali e delle Nanostrutture, SIMN) offers a
program that combines complementary expertises in nanoscience and nanotechnology for
the development of innovative materials. SIMN students deal effectively with the design,
production, characterization and modeling of materials and innovative devices, through the
understanding and use of nanostructure-function relationships for the material under
investigation, in view of a specific application. The SIMN reference Departments are
Chemical Sciences, Physics and Astronomy and Industrial Engineering.
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Analytical Chemistry

Permanent Staff Prof. Paolo Pastore | Prof. Andrea Tapparo | Prof. Sara Bogialli | Prof.
Valerio Di Marco | Prof. Marco Frasconi | Dr. Denis Badocco | Dr. Gabriella Favaro
Contacts Tel.: +39 049 827 5182 | Fax.: +39 049 827 5175

e-mail: paolo.pastore@unipd.it | web: www.chimica.unipd.it/analitica/english

The Analytical Chemistry Laboratories are equipped with high resolution LC-MS (Q-TOF
by Agilent and Q-Exactive by Thermo), ICP-MS (Agilent), GC-MS (Thermo) and many other
instruments dedicated to the following research lines:

- optical sensors

- emerging contaminants in the environment and food

- atmosphere chemistry

- metal-ligand complexation in aqueous solutions for chelation therapy

- applied analytical chemistry

The group is currently involved in some national and international Projects. The
international one is coordinated by a research group of the Department of Physics to which
the present group adheres: (FP7-SEC-2012-1 n. 312713) TAp WAter RAdioactivity Real
Time Monitor (TAWARA_RTM).

Recent key publications

- A0One Shot 0 a n-ainhibiorssand amalogld3 i counterfeit herbal natural
products using an UHPLC-DAD-QTOF system, Anal. Bioanal. Chem., 2015, 407, 6207-
6216.

- Definition of the limit of quantification in the presence of instrumental and non-
instrumental errors. Comparison among the various definitions applied to the calibration
of zinc by ICP-MS, Spectrochim. Acta B, 2015, 114, 81i 86.

- The metallome of human placenta in gestational diabetes mellitus, Metallomics, 2015,
7,1146-1154.

- Local and regional components of aerosol in a heavily trafficked street canyon in central
London derived from PMF and cluster analysis of single particle ATOFMS spectra.
Environ. Sci. Tech. 2015, 49, 3330-3340.

- Environmental fate and exposure; neonicotinoids and fipronil. Environ. Sci. Pollut. Res.
2015, 22, 35-67.
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Applied Organometallic Chemistry

Permanent Staff Prof. Andrea Biffis | Dr. Cristina Tubaro
Contacts Tel.: +39 049 827 5216 | +39 049 827 5655 | Fax: +39 049 827 5223
e-mail: andrea.biffis@unipd.it | cristina.tubaro@unipd.it

The focus of the research of the group lies in the design, synthesis and characterisation of
selected classes of organometallic compounds with potential application as catalysts, as
bioactive compounds or as building blocks for advanced materials and devices
(luminescent devices, liquid crystals etc.). In particular, the main target are late transition
metal complexes with stable N-heterocyclic carbene ligands (NHCs). The structure and
properties of the carbene ligands are matched to the type, oxidation state, and coordination
geometry of the metal centre to yield complexes with the desired properties. Ongoing
research projects are the following:

- Synthesis of dinuclear gold complexes with di-NHC ligands: photoluminescence
properties, reactivity of gold(l) complexes in oxidative addition, anti-cancer activity;

- Synthesis characterization and application of transition metal complexes with novel
heteroditopic di-NHC ligands (imidazol-ylidene and triazol-ylidene);

- Synthesis of iridium(lll) complexes with chelating di-NHC ligands as catalysts for water
oxidation and transfer hydrogenation;

- Synthesis, characterization and application of mono- and dinuclear complexes of late
transition metals with novel N-phosphanyl carbene ligands;

- Catalytic properties of selected carbene complexes in technologically relevant reactions
(e.g. C-H bond activation, cross-couplings, nitrene transfers, alkyne additions) and under
non-conventional reaction conditions (e.g. in ionic liquids).

Recent key publications

- Poly-NHC Complexes of Transition Metals: Recent Applications and New Trends, Adv.
Organomet. Chem., 2015, 63, 203-288.

- Group 10 Metal Complexes with Chelating Macrocyclic Dicarbene Ligands Bearing a
2,6-Lutidinyl Bridge: Synthesis, Reactivity, and Catalytic Activity, Organometallics,
2014, 33, 2182-2188.

- N-Heterocyclic dicarbene iridium(lll) catalysts enabling water oxidation under visible
light irradiation, Eur. J. Inorg. Chem., 2014, 665-675.

- N-Phosphorylated Azolylidenes: Novel Ligands for Dinuclear Complexes of Coinage
Metals, Organometallics, 2013, 32, 718-721.

- Blue-emitting dinuclear N-heterocyclic dicarbene gold(l) complex featuring a nearly unit
quantum yield, Inorg. Chem., 2012, 51, 1778-1784.
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Bioinorganic Chemistry

Permanent Staff Prof. Dolores Fregona
Contacts Tel.: +39 049 827 5159/5727/5845| Fax.: +39 02 700500560
e-mail: dolores.fregona@unipd.it | web: www.chimica.unipd.it/bioinorg/

The research of the lab is at the interface between inorganic chemistry, biology and
medicine. The following main research lines are currently
being carried out:

- Development of groundbreaking anticancer metal [e.g.,
Au(i/lly, Ru(ly, Cu(ll) and 2zn(ll)] derivatives with a
remarkable antitumor activity (AA) greatly prevailing on toxicity
(TOX), contrary to most chemotherapeutic drugs

- Functionalization of antibodies with metal complexes for the
developing new biosensors for clinical applications and early
detection of tumor markers in blood and/or urines

- Development of anti-inflammatory agents for the treatment of
acute and chronic inflammation

In particular, our experience starts from the synthesis of coordination compounds and the
close use of several spectroscopic techniques to characterize the newly synthesized
complexes, and arrives to the investigation of the anticancer/antinflammatory activity both
in vitro and in vivo. Our researches include also the study of the solution properties of the
new medicinal agents under physiological-like conditions, their mechanism of action and
interaction with biomolecules.

To achieve our goals, we exploit a highly interdisciplinary strategy which combines and
merges different backgrounds and professional expertise encompassing aspects of organic
and inorganic chemistry, biology, pharmacology and medicine.
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Recent key publications

- Is matching ruthenium with dithiocarbamato ligands a potent chemotherapeutic weapon
in oncology? Future Med. Chem. 2016, in press. (doi:10.4155/fmc.15.175).

- Gold(lll) Complexes in the Oncological Preclinical Arena: From Aminoderivatives to
Peptidomimetics. Current Topics In Medicinal Chemistry, 2016, 16, 360-80.

- Gold(llh)-pyrrolidinedithiocarbamato Derivatives as Antineoplastic Agents Chemistry
Open, 2015, 4, 183-191.

- Target selective micelles for bombesin receptors incorporating Au(lll) dithiocarbamato
complexes, Intern. J. Pharmaceutics, 2014, 473, 194-202.

- Preclinical activity of multiple-target gold(lll)-dithiocarbamato peptidomimetics in
prostate cancer cells and xenografts, Future Med. Chem. 2014, 6, 1249-1263.
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Biomolecular Structure

Stefano Roberto Massimo Elisabetta Andrea Paolo
Permanent Staff Prof. Stefano Mammi (P.1.) | Prof. Roberto Battistutta (P.1.) | Dr.Massimo
Bellanda | Dr. Elisabetta Schievano | Dr. Andrea Calderan (ICB-CNR) | Dr. Paolo Ruzza
(ICB-CNR)

Contacts Tel.: +39 049 827 5293 | Fax.: +39 049 827 5829

e-mail: stefano.mammi@unipd.it | web: www.chimica.unipd.it/stefano.mammi

The research of the Biomolecular Structure Group is addressed to the study of peptides
and proteins. We investigate their chemical and structural properties with the goal to
elucidate the molecular mechanisms at the basis of their biological activity in natural
processes. We then apply this knowledge to try to modify the properties of selected targets
(for instance for biotechnological applications) or to correct them when correlated to
pathological states. The main experimental techniques we employ are multidimensional
NMR and protein crystallography.

Another focus of our research is the application of NMR, in combination with multivariate
statistical analysis, to the metabolomic study of complex matrices such as food extracts
and biological fluids. The applications range from the development of new methods to the
traceability of food products to the development of new analytical tools to establish the in
vivo effects of exogenous substances.

Our main research lines are the following:

- Structural, functional and inhibition studies of oncogenic protein kinases CK2 and CDK2

- Structural and functional characterization of SulP/SLC26 anion transporters

- Enzyme engineering for industrial applications

- Structure and interactions of proteins involved in the peculiar redox metabolism of
pathogenic organisms

- Fragment-based drug discovery by NMR and crystallography

- Metabolomic analysis of food extracts and biological fluids

- Traceability of foodstuff

- Synthesis and characterization of peptide and peptidomimetics

Recent key publications

- Molecular architecture and the structural basis for anion interaction in prestin and
SLC26 transporters, Nat. Comm. 2014, 5, 3622-35.

- lron-sulfur cluster binding by mitochondrial monothiol glutaredoxin-1 of Trypanosoma
brucei: molecular basis of iron-sulfur cluster coordination and relevance for parasite
infectivity, Antioxid. Redox Signal., 2013, 19, 6651 682.

- Fly Cryptochrome and the Visual System, Proc. Natl. Acad. Sci. U.S.A., 2013, 110,
6163-6168.

- Characterization of Markers of Botanical Origin and Other Compounds Extracted from
Unifloral Honeys, J. Agr. Food Chem., 2013, 61, 1747-1755.

- Ceftriaxone blocks the polymerisation of U-synuclein and exerts neuroprotective effects
in vitro, ACS Chem. Neurosci., 2014, 5, 30-38.
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Bio-Organic Chemistry

Cristina Barbara Marta Marina Alessandro Fernando Marco

Permanent Staff Cristina Peggion | Barbara Biondi | Marta De Zotti | Marina Gobbo |
Alessandro Moretto | Fernando Formaggio | Marco Crisma

Contacts Tel.: +39 049 827 5277| Fax.: +39 049 827 5829

e-mail: fernando.formaggio@unipd.it | web: www.chimica.unipd.it/bocgroup

The Bio-Organic Chemistry is focusing on the exploitation of conformationally constrained
peptides for applications in organic, physical, biophysical and supramolecular chemistry.
The group is currently engaged in the following research lines:

- synthesis, conformation, mechanism of action and bioactivities (antibacterial and
antitumor) of the naturally-occurring peptaibiotics

- antimicrobial photodynamic therapy

- textiles functionalized with antibacterial peptides for
biomedical applications

- peptide nanotechnology: peptido-rotaxanes, peptide- unhapoy

decorated metal nanopatrticles, self-assembled peptide —
polymers antibacteria
- synthesis and conformation of peptides with rigid and |

well-defined 3D-structure (e.g., -, Bio- and 2.0s-helices K molecule
or turns) . .
- peptide helices as rigid structural elements for \/ cotton

spectroscopic studies and for electron transfer and
photovoltaic applications

Research projects recently funded:

- PRAT-UNIPD (2015-2017): Innovative natural fibers
functionalized with antimicrobial peptides

- FIRB-MIUR (2014-2017): Peptide-based
Conformational Switches: Design, Synthesis, and
Applications

- PRIN-MIUR (2013-2016): Synthesis, structural
characterization and anticancer activity of peptide foldamers acting on tumor cells and
monocytes/macrophages
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Recent key publications

- A terminally protected dipeptide: from crystal structure and self-assembly, through co-
assembly with carbon-based materials, to a ternary catalyst for reduction chemistry in
water, Soft Matter, 2016, 12, 238-245.

- Conjugation of photosensitisers to antimicrobial peptides increases the efficiency of
photodynamic therapy in cancer cells, Photochem. Photobiol. Sci. 2015, 14, 1238-1250.

- Cotton functionalized with peptides: characterization and synthetic methods, J. Pep.
Sci. 2014, 20, 547-553.

- The peculiar N- and C-termini of trichogin GA IV are needed for membrane interaction
and human cell death induction at doses lacking antibiotic activity, BBA Biomembranes,
2015, 1848, 134-144.

- Mimicking Nature: A Novel Peptide-based Bio-inspired Approach for Solar Energy
Conversion, ChemPhysChem, 2014, 15, 64-68.
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Chemistry of Cultural Heritage

Permanent Staff Prof. Renzo Bertoncello | Dr. Luca Nodari (IENI-CNR)
Contacts Tel.: +39 049 827 5204 | Lab: +39 049 827 5854 | Instr. Lab: +39 049 827 5173
e-mail: renzo.bertoncello@unipd.it | luca.nodari@ieni.cnr.it

The investigation in material science of Cultural Heritage Artefacts are mainly devoted to
the study of inorganic materials (glass, ceramics and metals) by using honZonventional
spectroscopic techniques, as XZays photoelectron spectroscopy (XPS) and Mdéssbauer
Spectroscopy. By using these facilities, we investigate about technology processes and
alteration phenomena in various Cultural
Recently the group has worked in Cappella degli Scrovegni in Padova, in the San Marco
Church mosaics and in the artistic glasses of San Giovanni e Paolo Churches in Venice.
Nowadays the equipment provided to Cultural Heritage Research Group are:

- Portable LIBS (Laser Induced Breakdown Spectroscopy)

- Portable microZXRF (XZRay Fluorescence)

- 57Fe Mdssbauer Spectroscopy operating in transmission (micro-invasive) and reflection
(micro-invasive, nondnvasive mode)

- XPS (XzZay Photoelectron Spectroscopy)

- AFM (Atomic Force Microscopy)

- FEGZSEM equipped with detector for EDS analyses

- Optical microscopy

- Climatic Chamber

Also accessible to the group Raman, IR, UV4/is Spectroscopies together with SIMS
(Secondary lon Mass Spectrometry) and in collaboration with Louvre Museum Laboratories
we have access to IBA (lon Beam Analyses) techniques. Moreover, the group has reached
an optimum research experience in projecting and synthetizing silica based coating for
glass, ceramic and metallic substrates. The mentioned facilities allow deep investigations
focused on surface analyses (XPS and AFM), on local electronic environment of Fe
(Mossbauer spectroscopy) and qualitative and quantitative in situ elemental analysis (XRF
and LIBS). Surface analyses give important informations on the first layers (nanometric
scale as magnitude order) of the investigated materials, allowing the comprehension of the
possible modification induced by ageing, by corrosion etc., on the sample. Mdssbauer
spectroscopy plays a special role on the Fe studies. This nuclear technique describes very
deeply the chemical interactions between Fe nuclei and the chemical environment, allowing
the description of all the phenomena that modify the physicZhemical properties of the Fe
nuclei themselves.
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Electrocatalysis and Applied Electrochemistry

Permanent Staff Prof. Armando Gennaro (P.l.) | Prof. Abdirisak Ahmed Isse | Dr. Christian
Durante

Contacts Tel.: +39 049 827 5132| Fax.: +39 049 827 5289

e-mail: armando.gennaro@unipd.it | web: www.chimica.unipd.it/electrochem/

The ECAE Laboratory is equipped with electrochemical apparatus and other analytical
facilities and the group currently pursues the following research lines:

- Preparation and physico-chemical characterization of electrocatalytic materials for
electrochemical processes in the fields of energetics (fuel cells), electrosynthesis and
pollution remediation (mainly halogenated volatile organic compounds)

- Electrochemical approaches to Atom Transfer Radical Polymerization and Atom Transfer
Radical Cyclization

- Electrochemical reduction of carbon dioxide

- Electrocarboxylation of different substrates (halides, ketones, olefins) for the synthesis of
fine chemicals and/or pharmaceutical compounds

- Electrochemical reduction of organic halides in molecular solvents and in ionic liquids and
characterization of inherently chiral ionic liquids

- Electrochemical technologies for wastewater treatments

Recent key publications

- Electrochemically Mediated Atom Transfer Radical Polymerization, Science, 2011, 332,
81.

- Metal-Support Interaction in Platinum and Palladium Nanoparticles Loaded on Nitrogen
Doped Mesoporous Carbon for Oxygen Reduction Reaction, ACS Appl. Mater.
Interfaces 2015, 7, 1170-1179.

- Electrochemistry and Chirality in Bibenzimidazole Systems, Electrochim. Acta 2015,
179, 250-262.

- Reductive cleavage of carbon-chlorine bonds at catalytic and non-catalytic electrodes
in 1-butyl-3-methylimidazolium tetrafluoroborate, Phys. Chem. Chem. Phys. 2015, 17,
31228-31236.

- Mechanism of Photoinduced Metal-Free Atom Transfer Radical Polymerization:
Experimental and Computational Studies, J. Am. Chem. Soc., 2016, 138, 2411-2425.

11
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EPR Spectroscopy

Permanent Staff Prof. Donatella Carbonera | Prof. Antonio Toffoletti | Prof. Lorenzo
Franco | Prof. Marilena Di Valentin| Dr. Antonio Barbon | Dr. Marco Ruzzi | Dr. Alfonso
Zoleo

Contacts Tel.: +39 049 827 5144 | Fax.: +39 049 827 5161

e-mail: donatella.carbonera@unipd.it | web: www.chimica.unipd.it/eprgroup/

The EPR spectroscopy group is focused on the development and application of Electron
Paramagnetic Resonance (EPR) techniques to Material Science (graphene, metal
nanoparticles, organic electronics, organic photovoltaics, cultural heritage materials), and
Biology (natural and artificial photosynthetic systems, Hydrogenases and bio-inspired
analogs for the photo-bioproduction of hydrogen; protein motions as detected by spin
labelling techniques)

The instrumental facilities of the EPR Laboratory at DiSC include:

- An X-band CW- and pulsed-EPR spectrometer, equipped with pulsed ENDOR and
PELDOR accessories

- Two X band CW and ENDOR spectrometers

- A time-resolved EPR spectrometer for analysis of light-induced processes

- A Q-band EPR spectrometer with CW, pulsed, ENDOR, PELDOR and time-resolved
accessories

- Optically detected Magnetic Resonance (ODMR) spectrometer.

All spectrometers are equipped with variable temperature systems, for measurements from
4 Kto 400 K.

Recent key publications

- Probing the Solvent Accessibility of the [4Fe-4S] Cluster of the Hydrogenase
Maturation Protein HydF from Thermotoga neapolitana by HYSCORE and 3p-ESEEM,
Journal of Physical Chemistry B 119, 2015, 13680-13689.

- Porphyrin Triplet State as a Potential Spin Label for Nanometer Distance Measurements
by PELDOR Spectroscopy, J. Am. Chem. Soc., 2014, 136, 6582-6585.

- Au-25(SEt)(18), a Nearly Naked Thiolate-Protected Au-25 Cluster: Structural Analysis
by Single Crystal X-ray Crystallography and Electron Nuclear Double Resonance, ACS
Nano, 2014, 8, 3904-3912.

- Time-resolved EPR of photoinduced excited states in a semiconducting polymer/PCBM
blend, J. Phys. Chem. C, 2013, 117, 1554-1560.

- Degradation Products from Naturally Aged Paper Leaves of a 16th-Century Printed
Book: A Spectrochemical Study, Chem. Eur. J., 2013, 19, 9569-9577.

12
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Laser Spectroscopy and Nanophotonics

Permanent Staff Prof. Renato Bozio (P.l.) | Prof. Camilla Ferrante | Prof. Danilo Pedron |
Prof. Elisabetta Collini | Dr. Roberto Pilot | Prof. Raffella Signorini

Contacts Tel.: +39 049 827 5681| Fax.: +39 049 827 5681

e-mail: renato.bozio@unipd.it | web: www.chimica.unipd.it/Isnp/

The group has a long standing experience in the investigation of inter- and intra-molecular
charge and energy transfer, fast coherent and incoherent dynamics, and nonlinear optical
response in complex systems like molecular crystals, molecular aggregates, metal and
semiconductor nanoparticles. Recently optical properties of properly synthetized
nanostructured materials, like core-shells, spherical nanoparticles and metallic substrates
have been investigated, with particular attention to the near-field spectral distribution, in
view of application as optical sensors, and to the nanoparticles-proteins/cells interactions.
Nonlinear optical properties of these materials have also been exploited for the realization
of optical devices, like optical limiters, nanolasers and microfluidic circuits.

The techniques set up to investigate nonlinear phenomena are:

- Micro and Macro Raman Spectroscopies: RRS, SERS, WS-SERS

- Two-photon induced fluorescence and Z-scan

- Transient Absorption with fs time resolution

- Two-Dimensional photon echo experiments

- Time Resolved Fluorescence Microscopy: FLIM and FCS

- Fabrication of Microfluidic devices for cell growth and kinetic studies.

Most prominent financial support comes from two European grants and two Italian grants
from MIUR, among these two most prominent ones are: Starting Grant of the European
Research Council (E. Collini): QUantum-coherent drive of ENergy TRansfer along HEL.ical
structures by polarized ligh (http://www.chimica.unipd.it/quentrhel/); FIRB 2011
RBAP11X42L_002 (R. Bozio): Dalle single molecule al modello animale: un approccio
integrato allo studio dei segnali intra e inter-cellulari; PRIN2012 (R. Bozio): New aspects of
resonance energy transfer in organized media: dynamical effects and optical control.

Recent key publications

- Evaluation of gold nanoparticles toxicity towards human endothelial cells under static
and flow conditions, Microvascular Res., 2015, 97, 147-155.

- Wavelength dispersion of the local field intensity in silver-gold nanocages, PCCP, 2015,
17, 7355.

- Role of Core-Shell Interfaces on Exciton Recombination in CdSe-CdxZn1-xS Quantum
Dots, J. Phys. Chem. C, 2014, 118, 24117-24126.

- Investigation into the Heterostructure Interface of CdSe-Based Core-Shell Quantum
Dots Using Surface-Enhanced Raman Spectroscopy, ACS Nano, 2013, 7, 6649-6657.

- Spectroscopic signatures of quantum-coherent energy transfers, Chem. Soc. Rev.,
2013, 42, 4932-4947.
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Molecular Materials & Modeling

The M3 group

Permanent Staff Lidia Armelao | Gregorio Bottaro | Maurizio Casarin (P.l.) | Daniel Forrer
| Silvia Gross | Marta M. Natile | Marzio Rancan | Andrea Vittadini | Pierluigi Zanonato
Contacts Tel.: +39 049 827 5164 | Fax.: +39 049 827 5161

e-mail: maurizio.casarin@unipd.it | web: www.chimica.unipd.it/m3/

Design, synthesis, characterization, and modeling of supramolecular structures and of
nanocrystalline inorganic colloids with applications ranging from energy to nanomedicine
by way of catalysis and optics are at the core of our scientific activity. Innovative inorganic
nanostructures are obtained in the former case through strategies of molecular self-
assembly by exploiting non-covalent, selective and directional interactions, in the latter one
by sustainable wet chemistry and colloidal routes. Furthermore, organic-inorganic hybrid
materials are prepared starting from suitably functionalized inorganic building blocks. All
the systems are studied and characterized with advanced experimental and computational
techniques.

Besides spectroscopic and analytical techniques available in our department (IR, Raman
and UV-Visible spectroscopies, H, 13C, 3P and bidimensional - H,H, H,P and H,C - NMR
solution spectroscopy, elemental analyses, magnetic susceptibility, conductance
measurements), structural studies on suitable single crystals or on powder samples are
also carried out. Advanced synchtron-assisted analytical methods (XAS, photoemission,
SAXS) complement the chemico-physical and structural characterization at Home. The
computational power available to M3 includes 4 parallel machines, with a total power of 8
TFLOPS and a file storage capacity of 5.5 TB. Open-source (Quantum Espresso),
commercial (ADF and Gaussian) and in-house developed software are currently used.

M3 leads a National project devoted to the Multiscale Material Modeling started in February
2013: DESCARTES (Development of Energy-targeted Self-assembled supramolecular
systems: a Convergent Approach through Resonant information Transfer between
Experiments and Simulations).

Recent key publications

- Electrolyte-Gated WOs3; Transistors: Electrochemistry, Structure, and Device
Performance, J. Phys. Chem. C. 2015, 119, 21732.

- Smart Grafting of Lanthanides onto Silica via N,N-Dialkylcarbamato Complexes. Inorg.
Chem., 2016, 55, 939.

- Pursuing the Crystallization of Mono- and Polymetallic Nanosized Crystalline Inorganic
Compounds by Low-Temperature Wet-Chemistry and Colloidal Routes, Chem. Rev.,
2015, 115, 114409.

- Double Level Selection in a Constitutional Dynamic Library of Coordination Driven
Supramolecular Polygons, Inorg. Chem., 2014, 53, 7276.

- Hydrogen capture by porphyrins at the TiO2(110) surface, Phys. Chem. Chem. Phys.,
2015, 17, 30119.
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Molecular Electrochemistry and Nanosystems

Permanent Staff Prof. Flavio Maran (P.l.) | Prof. Sabrina Antonello
Contacts Tel.: +39 049 827 5147
e-mail: flavio.maran@unipd.it | web: www.chimica.unipd.it/marangroup/pubblica/

The MEN Group focuses on molecular aspects of electrochemical reactions and
nanosystems from both fundamental and applied (nanomedicine, redox catalysis)
viewpoints. Specific research topics include:

- Electron Transfer through Molecular Bridges and Interfaces

- Dissociative Electron Transfer

- Molecule-like and Quantized Monolayer-Protected Metal Clusters: Properties, Redox
Catalysis, Drug Delivery Systems

- Electrochemical Sensors for Cancer Biomarkers

- Self-Assembled Monolayers of Conformationally Constrained Peptides

- Biomimetic Membranes

The MEN Group is equipped with state-of-the-art electrochemical instrumentations,
including electrogenerated chemiluminescence and scanning electrochemical microscopy,
STM and AFM, PM-IRRAS and UV-visible spectrometers, HPLC, mass spectrometry, etc.

Recent key publications

- Auxs(SEt)1s, a Nearly Naked Thiolate-Protected Auas Cluster: Structural Analysis by
Single Crystal X-ray Crystallography and Electron Nuclear Double Resonance, ACS
Nano, 2014, 8, 3904i 3912.

- Electron Transfer through 3D Monolayers on Auzs Clusters, ACS Nano, 2014, 8, 2788-
2795.

- Interplay of Charge State, Lability, and Magnetism in the Molecule-like Auzs(SR)is
Cluster, J. Am. Chem. Soc., 2013, 135, 15585-15594.

- Effect of Orientation of the Peptide-Bridge Dipole Moment on the Properties of
Fullerene-Peptide-Radical Systems., J. Am. Chem. Soc., 2012, 134, 10628-10637.

- Ultrasensitive Nanostructured Immunosensor for Stem and Carcinoma Cell
Pluripotency Gatekeeper Protein NANOG., Nanomedicine, 2012, 7, 957-965.
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Molecular Recognition and Catalysis

Permanent Staff: prof. Giulia Licini (P.l.) | prof. Cristiano Zonta
Contacts

Tel.: +39 049 827 5289

e-mail: giulia.licini@unipd.it | web: http://www.chimica.unipd.it/lab108/

The Molecular Recognition and Catalysis group is interested in all aspects of selective
catalytic transformations and molecular recognition, and especially in the design,
discovery, and study of systems that catalyze fundamentally useful organic reactions, in
particular oxidations. In addition, we apply the tools of physical-organic chemistry to gain
insight into the transition structure geometries and molecular recognition events that control
reactivity and selectivity.

The following topics in selective catalysis are currently under investigation in our
laboratories:

- Synthesis of Highly Symmetric Multidentate Ligands and their Applications in Catalysis

- Mimics of Physiologically Important Metallo-Enzymes (haloperoxidases, lignin-
peroxidases)

- New Approaches to Catalyst Design and Recycling in Green Chemistry

- Self-Assembled Molecular Cages;

- Hybrid Receptors for Anions in Water

Recent key publications

- Reuvisiting the Hammett rho Parameter for the Determination of Philicity: Nucleophilic
Substitution with Inverse Charge Interaction, Angew. Chem. Int. Ed., 2013, 52, 2911-
2914

- Non-Covalent Activation of a Titanium(lV) Oxygen Transfer Catalyst, Chem. Eur. J.,
2013, 19, 9438-9441.

- Mononuclear Iron(lll) Complexes as Functional Models of Catechol Oxidases and
Catalases, Eur. J. Inorg. Chem., 2015, 21, 3478-3484.

- Vanadium Catalyzed Aerobic Carbon-Carbon Cleavage, Coord. Chem. Rev., 2015,
255, 21651 2177.

- Multi-metallic Architectures from Self-assembly of Amino Acids and tris(2-
pyridylmethyl)amine Zinc(ll) Complexes. Circular Dichroism Enhancement by
Chromophores Organization, Chem. Eur. J., 2016, in press
(10.1002/chem.201600480).
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Multi-functional Nanomaterials

[1-Fe203-Fe203 nanoflowers for Hz production by Vapor Deposition

Permanent Staff Prof. Chiara Maccato (P.l.) | Dr. Alberto Gasparotto | Dr. Davide Barreca
(CNR)

Contacts Tel.: +39 049 827 5234 | Fax.: +39 049 827 5161

e-mail: chiara.maccato@unipd.it

The Multi-functional Nanomaterial Group has an internationally recognized know-how in

the fabrication and modification of nanoarchitectures with variable dimensionality by

chemical vapor deposition (CVD), either thermal- or plasma-enhanced (PE-CVD), Radio

Frequency (RF)-Sputtering and their original combinations. In this regard, attention is also

devoted to the synthesis of molecular precursors, endowed with high volatility, stability to

air/moisture and clean decomposition patterns under both CVD and PE-CVD conditions.

The developed systems, subjected to an advanced thorough characterization, are

investigated as unique multi-functional platforms for sustainable end-uses, encompassing
photo-activated applications (Hz production by photocatalysis and photoelectrochemical

water splitting, environmental remediation, light-triggered self-cleaning and anti-fogging

systems), molecular detection of flammable/toxic gases, but also anodes for Li-ion batteries

and magnetic materials.

The group is, or has been, recently involved in various national and international projects

in the field of inorganic nanomaterial design, characterization and functional investigation,

among which the following two European Consortia:

- NMP4-SL-2012-310333: A Wat er Oxi dat i GuostaiNadbleSolardHydeogep st s f or
Production through Visible-L i ght Act i vi t y o(http:/Svew. IbIRrGyEEEU/) X )

- FP7-PEOPLE-ITN-2008-2 38 40 9 AEur opean Research Trainin
Materi al s: Il nnovative Concepts for t heir Fabri
(ENHANCE) (http://www.enhance-itn.eu/)

The group has a first-class track record, corresponding to 101 publications on ISI Journals,

20 other publications, 3 national/international patents and 110 conference communications

(of which 17 invited lectures/seminars), only in the period 2010-2015.

Recent key publications

- F-Doped Co304 Photocatalysts for Sustainable H> Generation from Water/Ethanol, J.
Am. Chem. Soc., 2011, 133, 19362.

- Surface functionalization of nanostructured Fe;Os; polymorphs: from design to light-
activated applications, ACS Appl. Mater. Interfaces, 2013, 5, 7130.

- Enhanced hydrogen production by photoreforming of renewable oxygenates through
nanostructured Fe;O3 polymorphs, Adv. Funct. Mat., 2014, 24, 372 .

- Fe0s-TiO2 nano-heretostructure photoanodes for highly efficient solar water oxidation,
Adv. Mater. Interfaces, 2015, 2, 1500313.

- An old workhorse for new applications: Fe(dpm)s as a precursor for low-temperature
PECVD of iron(lll) oxide, Physical Chemistry Chemical Physics, 2015, 17, 11174.
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Nano & Molecular Catalysis

Permanent Staff Prof. Marcella Bonchio | Prof. Mauro Carraro | Dr. Andrea Sartorel | Dr.
Giacomo Saielli (ITM-CNR)

Contacts Tel.: +39 049 827 5670 | +39 049 827 5256 | +39 049 827 5252

e-mail: marcella.bonchio@unipd.it | mauro.carraro@unipd.it | andrea.sartorel@unipd.it |
giacomo.saielli@unipd.it | web: www.chimica.unipd.it/NanoMolCat

The group has established a highly interdisciplinary activity on the study of novel bio-
inspired catalytic systems, molecular materials and functional hybrid architectures. Main
topics include:

- Artificial photosynthesis and sustainable photosynthetic processes, which involve: (i)
activation of multi-redox routines powered by light irradiation, (ii) the research on water
splitting catalysts designed at the molecular level and evolved to complex hybrid systems.
Polyoxometalate complexes, in particular, are used as the homogeneous analogs of metal-
oxide catalytic phases.

- Design of synthetic enzymes (synzymes) able to interact with diverse biological targets
involved in ROS-related diseases.

- Membrane science: development of novel synthetic and functional membranes.

- Computational modelling: DFT calculations of spectroscopic properties of organic and
organometallic systems and MD simulations of ionic liquids and ionic liquid crystals.

The group is involved in the following projects:

H2020-WATER-2015 VICINACQUA: fintegrated aquaculture based on sustainable water
recirculating system for the Victoria Lake Basin (2016-2018); CaRiPaRo Foundation,
Starting Grants AMYCORES: fCatalytic Nano-Amyloids Entangled by Metallo-Cores To
Disarm Oxidative Stresso0  ( 2201B)¢ Bilater Italo-P o | i s h A gDbeeewpment bf A
metal chelators to prevent metal-induced neurodegenerative disorderso(2016-2018); Italo-
Israelian Scientific & Technological Cooperation project SOGNO: A Supr amol ecul ar
Organization of Graphene-anchored Photosynthetic Nano-A r r a(204462016); Bilateral

CNR-CAS (Chinese Academy of ExBecimeatal @aedstheoreticglr e e me n t
studies of viologen based ionic liquid crystals for the development of stimuli-responsive

materialso ( 2201B)4 FP7-NMP-2012-SMALL-6 SACS fSelf-Assembly in Confined

S p a c(2002-2016).
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Recent key publications

- Four-component relativistic DFT calculations of 13C chemical shifts of halogenated
natural substances. Chem. Eur. J. 2015, 21, 18834.

- Photocatalytic Water Oxidation by a Mixed-Valent Mn"sMn'VO3; Manganese Oxo Core
that Mimics the Natural Oxygen-Evolving Center, Angew. Chem. Int. Ed., 2014, 53,
11182.

- Water oxidation surface mechanisms replicated by a totally inorganic tetraruthenium-
oxo molecular complex Proc. Natl. Acad. Sci. USA. 2013, 110, 4917.

- Knitting the Catalytic Pattern of Artificial Photosynthesis to a Hybrid Graphene
Nanotexture ACS Nano, 2013, 7, 811.

- Tetrametallic molecular catalysts for photochemical water oxidation Chem. Soc. Rev.,
2013, 42, 2262.
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Nanostructures & Optics

)

NOL =

Permanent Staff Prof. Moreno Meneghetti and Dr. Vincenzo Amendola
Contacts Tel.: +39 049 827 5127 | +39 049 827 5673

e-mail: moreno.meneghetti@unipd.it | vincenzo.amendola@unipd.it
web: www.chimica.unipd.it/nanostructures.optics

The interest of the NOL is to engineer nanostructures (NS) with new functions and with
particular attention to their linear and non linear optical properties.

The laboratory is developing NS for Surface Enhanced Raman Scattering applications in
particular for detection and imaging of biological analytes in vitro, ex vivo and in vivo.[1-2]
These nanostructures are then functionalized with targeting units like Antibodies which
show the ability of recognizing a target unit for applications in nano-biomedicine,[1] for
example tumour associated antigens, or in the Cultural Heritage.[2]

The NOL is also involved in using and in understanding on the basis of models, the
properties of carbon nanostructures like functionalized carbon nanotubes and graphene
nanostructures.[3]

Laser assisted synthetic techniques are applied to the development of plasmonic and
magnetic NS,[4] also exploitable as multimodal contrast agents.[5]

Recent key publications

- Plasmonic Nanostructures for SERRS Multiplexed Identification of Tumor-Associated
Antigens, Small, 2012, 8, 3733-3738.

- Alternative SERRS probes for the immunochemical localization of ovalbumin in
paintings: an advanced mapping detection approach, Analyst, 2013, 138, 4532-4541..

- Fluorescence dynamics and fine structure of dark excitons in semiconducting single-
wall carbon nanotubes; Journal of Physics, Condensed matter, 2012, 24, 255501.

- What controls the composition and the structure of hanomaterials generated by laser
ablation in liquid solution?, Phys. Chem. Chem. Phys., 2013, 15, 3027-3046.

- Magneto-Plasmonic Au-Fe Alloy Nanoparticles Designed for Multimodal SERS-MRI-CT
Imaging, Small, 2014, 10, 24761 2486.
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Organic Chemistry for the Environment and Health

Permanent Staff Prof. Cristina Paradisi (P.l.) | Dr. Ester Marotta
Contacts Tel.: +39 049 827 5661| Fax.: +39 049 827 5289
e-mail: cristina.paradisi@unipd.it | web: www.chimica.unipd.it/cristina.paradisi/

We have two lines of research

1. Non-thermal (alias non-equilibrium) plasmas as a means to induce chemical processes
of high activation energy of importance for g |

the environment and energy

- advanced oxidation for air remediation

- advanced oxidation for water remediation
- syngas production via methane dry
reforming i conversion of the two major greenhouse gases into useful feedstock

2. Synthesis and characterization of new derivatives of polyphenols and other natural
compounds to improve bioactivity

- prodrug approach: modulation of physical chemical properties of the natural compound
via reversible functionalization to prevent metabolization and increase systemic
concentration of the parent compound

- targeting approach: synthesis of mitochondria targetted derivatives of natural compounds
for cancer therapy

O/l:I—F'F'hg‘
HO. )\ .
[T =) Concentration at the
! I desired site of action
Mitochondriotropic Polyphenol (inside mitochondria)

The group is currently involved in the European Project CMST COST Action TD1208:
Electrical discharges with liquids for future applications
(http://www.cost.eu/domains_actions/cmst/Actions/TD1208)

Recent key publications

- Investigation on plasma-driven methane dry reforming in a self-triggered spark reactor,
Plasma Process. Polym., 2015, 12, 808-816.

- Products and mechanism of verapamil removal in water by air non-thermal plasma
treatment, Chem. Eng. J., 2016, 292, 35-41.

- Treatment of methyl orange by nitrogen non-thermal plasma in a corona reactor: The
role of reactive nitrogen species, J. Hazard. Mater., 2015, 300, 754-764.

- Synthesis and evaluation as prodrugs of hydrophilic carbamate ester analogues of
resveratrol, Molecular Pharmaceutics 2015, 12, 3441-3454.

- Amino acid carbamates as prodrugs of resveratrol, Scientific Reports, 2015, 5, 15216.
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Organic Materials

Permanent Staff Prof. Tommaso Carofiglio | Prof. Michele Maggini | Dr. Miriam Mba | Prof.
Enzo Menna

Contacts Tel.: +39 049 827 5662 | Fax.: +39 049 827 4192

e-mail: tommaso.carofiglio@unipd.it | michele.maggini@unipd.it | miriam.mba@unipd.it |
enzo.menna@unipd.it | web: www.chimica.unipd.it/lab205

Organic synthesis towards functional materials is at heart of the group, whose research
focuses mainly on the chemical functionalization of carbon nanostructures for solar energy
conversion and biomedical applications; the use of nanocellulose as a platform for bio-
inspired functional materials and the preparation of functional supramolecular gels. We
often use the microfluidics toolbox to study reactions or surface absorption kinetics, the
controlled functionalization of nanosystems or the batch-to-flow transposition of active
pharmaceutical ingredients of industrial interest. Main characterization techniques for
organic synthesis and materials, including high-field and solid-state NMR, NIR absorption,
TGA and DSC thermal analysis, AFM-STM at ambient conditions, benchtop flow reactors
and cleanroom facilities are commonly accessed by the group components.

Recent key publications

- A peptide topological template for the dispersion of [60]fullerene in water, Org. Biomol.
Chem. 2015, 13, 348-352.

- Covalent functionalization enables good dispersion and anisotropic orientation of multi-
walled carbon nanotubes in a poly(L-lactic acid) electrospun nanofibrous matrix
boosting neuronal differentiation, Carbon 2015, 95, 725-730.

- Templating the Self-Assembly of Pristine Nanostructures in Water, Chem. Eur. J. 2014,
20, 3888-3893.

- A nanocellulose dye conjugate for multi-format optical pH-sensing, Chem. Commun.,
2014, 50, 9493-9496.

- On the trade-off between processability and opto-electronic properties of single wall
carbon nanotube derivatives in thin film heterojunctions, J. Mater. Chem. C. 2015, 3,
303-312.
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Physical Organometallic Chemistry

T

Permanent Staff Prof. Saverio Santi (P.l.) | Dr. Annalisa Bisello | Dr. Roberta Cardena
Contacts

Tel.: +39 049 827 5119 | Fax.: +39 049 827 5161

e-mail: saverio.santi@unipd.it | web: www.chimica.unipd.it/cinetica/

The Physical Organometallic Chemistry Group is
equipped with two electrochemistry work stations for low
current measurements with ultramicroelectrodes, one FT-
vis, near-IR,-mid-IR spectrometer with a fibre optic probe

Q)?QO .:o. and an Optical Transparent Thin Layer (OTTLE) cell for

low temperature spectroelectrochemistry. Several NMR
spectrometers from 200 to 600 MHz are also available together with a BBI-Z-grad
probehead for the detection of low frequency nuclei (e.g. 1°2Rh, 5Fe, W, 3°K). The
following research lines are pursued:

- Electron transfer activation in multimetallic complexes of polycyclic bridging ligands.

- Charge transfer properties of mixed-valence bi- and trimetallic complexes.

- Reversible photochromism of ferrocenyl(bis-azobenzene) branched polymers.

- Peptides mediated electron transfer.

- Hybrid aminoacid ferrocenyl arylene ethynylene systems: sensors towards metal ions.

The group is currently involved in the PRAT 2014 Project of University of Padova
fiBenzotrithi ophecappedéleatrroareingy |stasdd @ Janwaty 2045.

Recent key publications

- Charge Transfer Properties of Benzo[b]thiophene Ferrocenyl Complexes
Organometallics, 2015, 34, 4451- 4463.

- Key multi(ferrocenyl) complexes in the interplay between electronic coupling and
electrostatic interaction Dalton Trans., 2015, 44, 5234- 5257.

- Design, Synthesis and Optoelectronic Properties of Aminoacid Derivatives of
Poly(arylene ethynylene) Platforms: Hybrid Bio-Synthetic Systems for Sensoring
Applications Curr. Org. Chem., 2015, 19, 1063- 1076.

- Charge Transfer Properties in Cyclopenta[llphenanthrene Ferrocenyl Complexes
Organometallics 2014, 33, 1135- 1143.

- New bis-ferrocenyl end-capped peptides: synthesis and charge transfer properties
Biopolymers, 2013, 100, 14- 24.

22

©
e
)
IS0
O
2
(@)



mailto:saverio.santi@unipd.it
file:///C:/Users/utente81/Desktop/Disc_new_final/www.chimica.unipd.it/cinetica/
file:///C:/Users/pubblicazioni/(Fc)2peptides/Finale/Revised/Pepsci cover.pdf

Polymer Science

Permanent Staff Prof. Carla Marega | Prof. Valerio Causin | Dr. Roberta Saini
Contacts Tel.: +39 049 827 5233 | Fax.: +39 049 827 5161

e-mail: carla.marega@unipd.it

web: www.chimica.unipd.it/grsp/pubblica/indexinglese.htm

In the labs of the Polymer Science Group, different kinds of polymers and nanocomposites
are studied, focusing particularly on their morphological and structural aspects
(crystallization, lamellar morphology, polymorphism).

The study, conducted on different scales, allows to obtain a global and complete picture of
the considered materials. In fact, by wide angle X-ray diffraction (WAXD) the molecular
structure, the type of crystalline cell and the dimensions of crystallites are studied, by small
angle X-ray scattering (SAXS) and electron microscopy the lamellar morphology is
investigated. From acquired diffractograms, in order to obtain the crystallinity degree,
lamellar thicknesses and distributions, sophisticated computer software is used.

Once characterization data have been obtained as a function of process or formulation
parameters, the influence of these latter factors on polymer morphology and physical-
mechanical properties is determined, with the purpose of obtaining a structure-property
correlation to be used in the design of materials. The study is completed by thermal analysis
(DSC and simultaneous DSC-TGA)and optical microscopy.

Besides composite polymeric fibers are prepared via electrospinning, using as fillers: silver
particles, clays, carbon nanotubes, carbon quantum dots, graphene and others.

Recent key publications

- Synthesis and photochemical applications of processable polymers enclosing
photoluminescent carbon quantum dots, ACS nano, 2015, 9, 4156.

- Covalent functionalization enables good dispersion and anisotropic orientation of multi-
walled carbon nanotubes in a poly(L-lactic acid) electrospun nanofibrous matrix
boosting neuronal differentiation, 2015, 95, 725.

- Characteristics of TEMPO-oxidized cellulose fibril-based hydrogels induced by cationic
ions and their properties, Cellulose, 2015, 22, 1993.

- Self-Welding 1-Butene/Ethylene Copolymers from Metallocene Catalysts: Structure,
Morphology and Mechanical Behavior, Journal of Applied Polymer Science, 2014, 131,
401109.

- A Direct SAXS Approach for the Determination of Specific Surface Area of Clay in
Polymer-Layered Silicate Nanocomposites, Journal of Physical Chemistry, 2012, 116,
7596-7602.
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