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Part VI – Research Activities 
Research activities keywords: Experimental nanoscience: surfaces and nanostructures. Magnetic 

nanostructures. Graphene and 2D materials. Molecular assembly on surfaces.  

I am responsible of a surface and nano-science laboratory at Department of Physics La Sapienza 

with an experimental activity focused on nanostructures at surfaces.  

During my whole experience, I have designed and realized several experimental facilities on 

campus. During my PHD thesis, (i) I participated to the construction of the first experimental 

apparatus for high resolution electron energy loss spectroscopy in Italy, then (ii) I personally 

contributed to the creation of the LOTUS (Low Temperature Ultraviolet Spectroscopy) laboratory 

at the University of Modena (laboratory moved to Rome in 2003) with high-energy (less than 4 meV) 

and angle (less than 0.01o) resolved photoemission spectroscopy.  In November 1999 I moved to the 

Department of Physics La Sapienza where a surface science/nanoscience experimental activity was 

missing. I have designed realized a complete ultra-high-vacuum (UHV) system for core level 

photoemission (XPS), Auger and thermal desorption spectroscopies with all ancillary facilities to 

deposit organic and organometallic molecules with high controlled molecular beam sources. 

Now, a new perspective is open with the realization of a spectro-microscopy laboratory financed 

by MIUR-Dipartimento di eccellenza. I have designed a UHV apparatus for spatially-resolved X-

ray photoemission at low temperature (below 20 K) and the design of  micro-Raman and 

luminescence all in UHV, in collaboration with a working group, collecting different expertise of our 

department. A third chamber, connected with the spectro-microscopy stages, will be dedicated to the in-

situ growth of 2D materials, and nanostructures on surfaces. This spectro-microscopy apparatus is 

strategic to study and functionalize 2D materials. The project on gravitational waves financed by MIUR 

can exploit this expertise of spectro-microscopies to characterize, optimize and discover new 

materials/solutions for the coating of the mirrors of VIRGO/LIGO projects. 

Recent research activity 
Since 2010, my research activity is focused on  graphene and 2D materials and magnetic low 

dimensional systems, with three main items described in detail below: (i) magnetic nanostructures; 

(ii) 3D nanoporous and microporous graphene; (iii) molecular precursors for 2D materials. A 

summary of the highlights of my previous activity  (1985-2010) is  summarized in the following.  

MAGNETIC NANOSTRUCTURES 

Ferromagnetic and anti-ferromagnetic coupling of spin 

molecular interfaces with high thermal stability 

Magnetic remanence at room temperature of molecular spin 

interfaces opens the possibility to produce single-bit 

operational spintronic devices. A significant contribution to 

this field has been given by realizing highly ordered 

molecular spin networks with robust ferromagnetic or 

antiferromagnetic response, up to device working 

temperature. These advanced organic spin-interface 

architectures are constituted by metal phthalocyanine molecules magnetically coupled with 3d metallic 

ferromagnetic layer(s), mediated by graphene. The robust antiferromagnetic coupling is stabilized by 

a super-exchange interaction, driven by the molecular orbitals responsible of the magnetic ground state 

and electronically decoupled from the underlying metal via the graphene layer, as confirmed by 

theoretical predictions.  Changing the central metal atom, i.e. the orbital configuration, the coupling 

switches from ferromagnetic to antiferromagnetic. In perspective, the magnetic remanence at RT of 

these archetypal spin interfaces, once paired with a tunable magnetic substrate, opens the possibility to 

produce future operational spintronic devices. 
G. Avvisati, C. Cardoso, A. Ferretti, D. Varsano, P. Gargiani, and M. G. Betti  Ferromagnetic and antiferromagnetic 

coupling of spin molecular interfaces with high thermal stability  Nano letters, 18 (4), pp 2268–2273  (2018)    

G. Avvisati, P. Mondelli, A. Baraldi, F. Presel, P. Gargiani, and M. G. Betti   Super-exchange pathways for MnPc magnetic 

coupling with Co in a spin interface mediated by graphene Physical Review B  98, 115412 (2018)                                                                                              
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Tuning the magnetic response of 3d metals 

intercalated under graphene. Magnetic 

nanostructures can be promising candidates for high-

density magnetic storage and spintronic devices when 

their ground-state has high magnetic moment and high 

spin flip energy to obtain stable magnetic configurations 

against thermal fluctuations.  

I succeeded to exploit dimension and symmetry 

reduction in transition metal / alloys, realizing layer(s) 

with unprecedented spin moments 

and magnetic anisotropy.  

Kinetically controlled growth and 

intercalation of Fe and Co beneath 

Gr is the strategic and viable route 

to obtain the highest spin and orbital 

moment  among all 3d transition 

elements. These strong 

ferromagnetic interfaces with a 

homogeneous, smooth  equiatomic 

FeCo layers intercalated under 

graphene,  present an out of plane 

easy magnetization axis, that 

switches by only increasing the 

number of layers. This is a 

significant breakthrough towards the control at the atomic scale of magnetic response of low dimensional 

magnetic systems, with tunable easy-magnetization direction, enhanced spin moments and magnetic 

anisotropy, in an inert and protect spin architecture thanks to the 2D graphene cover [1,2]. 
1-D. Pacile, S. Lisi, I. Di Bernardo, M. Papagno, L. Ferrari, M. Pissarra, M. Caputo. S. K. Mahatha, P. M. Sheverdaya, 

P. Moras, P. Lacovig, S. Lizzit, A. Baraldi, M. G. Betti, C. Carbone,  Electronic structure of the Graphene/Co interface  

Physical Review B   B 90 (19), 195446  (2014) 

2-G. Avvisati, P. Gargiani, D. Lizzit, M. Valvidares, P. Lacovig, F. Sacchetti, C. Petrillo, Maria Grazia Betti Strong 

ferromagnetic coupling and tuned magnetic axes of FeCo layers intercalated under graphene   

submitted to Physical Review Materials (2019) 

                                                                         

NANOPOROUS and MCROPOROUS GRAPHENE FOR ADVANCED DEVICES 

The employment of a single graphene sheet in 3D devices is 

not straightforward, and a strong research effort is oriented 

toward the design of 3D structures, preserving the 

remarkable electronic, optical, and transport properties of 

suspended 2D sheets. The design challenges of 3D 

nanoporous graphene (NPG) structures are focused on 

enhancing the surface active areas and on ensuring a 

topological structure with highly connected layers and 

negligible density of lattice and edge defects. An advanced 

state of the art nano-photoemission and micro-Raman 

study has unveiled that the electronic and vibrational 2D 

graphene properties are preserved in highly interconnected 

3D NPG, fabricated in the University of Tohoku (Japan) 

[1,2]  

Functionalized (doped) graphene in this 3D form opens new 

routes for a wide range of applications in 3D devices for example in Li batteries.  Micrometer-size 
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graphene flakes have been already 

exploited in an electrochemical cell, 

however, Li ions adsorb on the borders 

and defects of the graphene flakes, thus 

Li cycling is reduced [3]. NPG thanks 

to its continuous 2D structure, with 

extremely low defect density, may 

constitute an ideal scaffold for Li up-

take and possibly cycling. In our 

preliminary results, we have 

demonstrated that there is a much 

higher absorption content of NPG 

(47% higher than for graphite) thanks to the porous structure a now we are looking forward to realize 

a prototype of Li cell battery in a tight collaboration with electrochemistry experts.    
1- I. Di Bernardo, N. Motta, C. Chen, J. Avila, M. C. Asensio, Y. Ito, M. Chen, G. Avvisati, S. Lupi, C. Mariani, M. G. 

Betti,  Two-dimensional hallmark of highly interconnected three-dimensional nano-porous graphene  ACS Omega  2 (7), pp 

3691–3697 (2018)   

2- I. Di Bernardo, G. Avvisati, C. Chayou, J. Avila, M. C. Asensio,  H. Kailong, Y. Ito, P. Hines, J. Lipton-Duffin, L. 

Rintoul, N. Motta, C. Mariani, and M. G. Betti  Topology and doping effects in three-dimensional nanoporous graphene 

Carbon  131, pp. 258-265  (2018)                                                                                                    

 3- F. Bonaccorso, J. Hassoun, M. G. Betti, M. Angelucci, R. Cingolani, S. Panero, V. Pellegrini, B. Scrosati, An advanced 

lithium-ion battery based on a graphene anode and a lithium iron phosphate cathode, Nano Lett., 2014, 14 (8), pp 4901-6  

 

MOLECULAR PRECURSORS FOR 2D MATERIALS 

Surface-assisted chemical reaction of single molecular 

units can be used to assemble nanostructures with 

desired properties. The surface-induced 

polymerization of molecular monomers into extended 

chains has been used as the seed of graphene 

nanoribbon (GNR) formation, where nano-sized 

graphene has the advantage of a quantum-size 

derived energy gap. A viable route to successfully 

align graphene nanoribbons on surfaces has been 

proposed exploiting the reconstructed channel of a 

Au(110) surface [1].   

Molecular precursor can be also employed to obtain 

single layer of 2D material, optimizing the 

stoichiometry to tune the electronic properties. In this perspective, the advantage of having a 2D material, 

based on the graphene properties, but with an energy gap, pushes to the integration of C with h-BN 

layers, towards the formation of a 2D BCN compound.  We recently exploited a direct and fast synthesis 

route to grow boron–carbon–nitrogen layers by microwave-assisted plasma enhanced chemical vapour 

deposition by using methylamine borane as molecular precursor, in collaboration with Prof. F. Leardini 

(Universidad Autonoma de Madrid). We obtained controlled and reproducible B–C–N layers onto thin 

Cu foils. High doping levels have been reached, inducing strong modifications of the electronic, optical 

and transport properties of C-rich and h-BN-rich phases. This synthesis procedure can open new routes 

towards the achievement of homogeneous highly mixed ternary B–C–N semiconducting phases [2]. 
1- L. Massimi, O. Ourdjini, L. Gavioli, E. Cavaliere, A. Ferretti, C. Cardoso, C. Mariani, M.G. Betti   Surface-Assisted 

Reactions toward Formation of Graphene Nanoribbons on Au(110) Surface  J. Phys. Chem. C, 2015, 119 (5), pp 2427–2437  

2- F. Leardini, N. Jiménez-Arévalo, I. Jiménez Ferrer, J. Ramón Ares, P. Molina, C.  Gómez Navarro, Y. 

Manzanares,  Granados, F. J. Urbanos, F. J. García-García, A.del Campo, G. Avvisati, M. G. Betti, C. Mariani  A 

fast synthesis route of Boron-Carbon-Nitrogen thin layers towards highly mixed ternary B-C-N phase    2D Materials  

6, (2019) 035015                                                                                                          
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Research activity in Rome (2000-2010) 

 
MOLECULES ASSEMBLED ON SURFACES 

This line of research, financed by two PRIN 2004 (national coordinator) and PRIN 2008 (national 

coordinator) has to two main subjects (i) -conjugated molecules for molecular electronics. (ii) 

ordered magnetic molecular structures on surfaces to enhance the magnetic anisotropy  

(i) Molecular electronics devices based on -conjugated molecular systems can be an alternative to solid-

state electronics. We investigate the mechanisms driving the electronic structure and the charge layer at 

molecular-surface interfaces. A significant breakthrough has been the understanding of the interaction 

process of -conjugated systems on the surfaces, overcoming the physisorption or chemisorption 

dichotomy and a model has been proposed in a paradigmatic system: pentacene on metal surface (1). A 

prerequisite to control the parameters for applications of organic molecules in new nano-devices is the 

control of barrier formation at the interface and a successful model has been proposed for nanolayers 

molecular heterostructures [2] 

(i) Single magnetic atoms on surfaces, albeit showing enhanced magnetic tend to aggregate on surfaces 

without forming regular patterns and can present a decreased magnetic response due to the interaction 

with the surface. Magnetic metal atoms embedded into the organic cage of organic oligomers 

constitute an efficient method for achieving regular networks of magnetic units at the nanoscale, 

while the organic surround acts as a binding anchor to the surface. Paramagnetic molecules form highly 

long-range ordered magnetic molecular architectures on metallic surfaces. The individual spins in the 

molecules centers can interact with the underlying metal surface giving rise to a Kondo lattice, observed 

for the first time combining photoemission, scanning tunneling spectroscopy and magnetic dichroism 

experiments [3]. 

The spin and orbital configuration can be reduced by the molecular interaction with the substrate [4].  

We propose to use graphene as a buffer layer between the magnetic molecules and the substrate with 

the double effect of acting as a decoupling and of enhancing the magnetic anisotropy of the magnetic 

organometallic spin network [] 
1- Ferretti, C.Baldacchini, A. Calzolari, R. Di Felice, A. Ruini, E. Molinari and MG Betti, Phys. Rev Lett. 99, (4) 

046802,2007;  

2- Barrier formation at organic interfaces in a Cu (100) -benzenethiolate-pentacene Heterostructure Betti, M.G. et 

al. Phys. Rev. Lett 100 (2), 027601, 2008  

3- Spin and orbital configuration of metal phthalocyanine chains assembled on the Au (110) surface Phys. Rev B 

87 (16), 165407 (2013) 

4- Gargiani, Pierluigi; Betti, Maria Grazia; Ibrahimi, Amina Taleb; Patrick Le Fèvre, Silvio Modesti, Orbital 

Symmetry of the Kondo State in Adsorbed FePc Molecules on the Au(110) Metal Surface  Journal of Physical 

Chemistry C,   120 (50)  28527-28532   (2016);  

5- Simone Lisi, Pierluigi Gargiani, Mattia Scardamaglia, Nicholas B. Brookes, Violetta Sessi, Carlo Mariani, 

and Maria Grazia Betti, Graphene-Induced Magnetic Anisotropy of a Two-Dimensional Iron Phthalocyanine 

Network J. Phys. Chem. Lett., (2015), 6,  1690–1695                                                                              

 

Research activity in Modena and CNR 
In the 1992 -1999 (researcher at Modena University) the research was centered on these main issues: (i) 

semiconductor-metal transition in the semiconductor surfaces, At increasing temperature, the Si 

dimers at the surface undergo a dynamics with symmetrical configurations (flip-flop and twist dynamics) 

inducing a surface metallization below the surface melting temperature  (ii) 2D electron gas on the 

semiconductor surfaces. The self-consistent solution of the equation of Schroedinger-Poisson allowed 

to find the potential, the position of the energy levels of the sub-bands and the density of accumulated 

charge for the two-dimensional gas for III-V semiconductor surfaces at different doping levels and the 

results were in excellent agreement with the experimental.  

The results were obtained thanks to the performance on the new laboratory LOTUS (Low Temperature 

Ultraviolet Spectroscopy) laboratory, funded by PRA-INFM. In 1996, I personally contributed to the 

creation of the LOTUS  and I was involved in the design and construction of the angle-resolved 

photoemission system. and I realized a He lamp for a UV source. The LOTUS laboratory for ultraviolet 

photoemission spectroscopy with high energy resolution (4 meV), and angle resolution (0.1°), and low 



17 
 

temperature (10K) was the first lab on campus with these experimental performances in Italy. 

From 1989 to 1992 I was researcher at the ISM-CNR Frascati and I was responsible of a UHV laboratory 

with Auger and inelastic electron scattering spectroscopies. The main object of research was the study 

of two-dimensional ordered systems in the CNR-laboratory and synchrotron light laboratories in 

Frascati PULS and LURE Paris. Study of electronic transitions and the gap of two-dimensional 

ordered systems (Bismuth and Antimony of III-V semiconductors) to discriminate the structural 

configurations and the metal or insulator state. 

During the PhD thesis at the University of Modena I collaborated to the development of the first high-

resolution electron energy loss spectroscopy system in Italy. Pioneering works on the anisotropy of 

electronic excitations in semiconductors have been published and a model to interpret the collective 

plasmon and phonon excitations in III-V semiconductors doped has been successfully proposed to obtain 

information on the evolution of the depletion/accumulation region in semiconductors. Several results are 

reported in textbooks, see for example F. Bechstedt “Principles of Surface Physics “, Springer 2003 and 

W. Kress, FW Wette “Surface Phonons” Springer 1991 

 




