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The principal aim of my research is the covalent functionalization of graphene with
organic molecules. This would allow to finely tune or enhance the system's physical and
chemical properties, resulting in a valuable synergistic combination.
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covalent attachment of
a nitrophenyl group

Diels-Alder reaction with DMBD

(b)
covalent functionalization via \
diazonium reaction (ArN,X)
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Graphene
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[Angew. Chem. Int. Ed., 2015, 54, 10734; Chem. Rev., 2012, 112, 6156]
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Covalent functionalization of nanocomposite graphene systems, aimed at achieving:
e realization of new sensors exploiting organic molecules as active sites onto
graphene surface (selective interaction with target molecules);
* implementation of nano-catalyst materials (nanoparticle bonding or metal-free
configuration);
 fabrication of graphene/molecule/graphene heterostructures towards multilayer
stacking and 3D graphene materials.

4\
N7 Vés = 100 mV d-spacing

[Adv. Electron. Mater., 2018, 4, 1800021] [Chem. Commun., 2014, 50, 10672] [Angew. Chem. Int. Ed., 2010, 49, 8902]
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CYCLOADDITION REACTION

A 1,3-dipole (dienophile) reacts with a m-system In collaboration with G. Signore @ NEST we

(diene/dipolarophile), to form a five-membered ring selected the 1,3 dipolar cycloaddition with

azomethine ylide o

CHNH,CH.COOH

» high selectivity (close to the diene)
A

OH DMF, reflux 98 h

» reversible process

‘ COMMUNICATION

Organic functionalisation of graphene

Vasilios Georgakilas,* Athanasios B. Bourlinos.* Ra
Panagiotis Dallas,” Athanasios K. Stubos“ and Christ

Received (in Cambridge, UK) 22nd October 2009, Accepted 14th o
First published as an Advance Article on the web 13th January 20|
DOL: 10.1039/b922081j

Graphene sheets derived from dispersion of graphite in pyridine
were functionalised by the 1.3 dipolar cycloaddition of azomethine
yvlide. The organically modified graphene sheets are easily dispersible
in polar organic solvents and water. and they are extensively
characterised using several spectroscopic and microscopy techniques.

“raphene is a monolayer of carbon atoms densely packed into
v dimensional hexagonal crystal lattice that has recently
1 great attention from both the experimental and

stable dispersions which contains, in a large part, monolayer
and few-layer graphenes. The advantage of this method is that
it produces graphene layers free of oxygen groups or defects,
which in turn means high electrical conductivity.

Recently, our group, in an effort to further develop the
work of Coleman and co-workers, managed to disperse
graphite in a variety of organic solvents, including some
perfluorinated aromatic molecules and pyridine, in noticeable
yields (0.1-1 mg ml ') using a combination of extended

[L. Bellucci @ NEST]
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STM/STS REsuLTs ON EG

Section A, (261,22) to (487.289)
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DEFECTS INTRODUCTION
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DEFECTS INTRODUCTION

lon bombardment (N*) on EG ~ 2 def / 100 nm?
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DEFECTS INTRODUCTION

lon bombardment (N*) on EG
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DEFECTS INTRODUCTION

lon bombardment (N*) on EG
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DEFECTS INTRODUCTION

lon bombardment (N*) on EG

PhD student:
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Exfoliated graphene flakes
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Electron bombardment (EBL) on flakes
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30 kV, 40.000 uC/cm?
Step size: 100 nm
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[F.Bianco @ NEST]

PhD student: Luca Basta



39 year PhD report ~ NANOSCIENCES ~ Tuesday 20t October, 2020

DEFECTS INTRODUCTION
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Electron bombardment (EBL) on flakes

oaooq|||'..0'
F5A00000R Y Y YY" '

A bl AR R Y Y Y Y )

30 kV, 40.000 uC/cm?
Step size: 100 nm

[F.Bianco @ NEST]
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DEFECTS INTRODUCTION

Electron bombardment (EBL) on flakes
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DEFECTS INTRODUCTION  _ — pristine flake
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DEFECTS INTRODUCTION

Electron bombardment (EBL) on flakes
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Electron bombardment (EBL) on flakes
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DEFECTS INTRODUCTION
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Electron bombardment (EBL) on flakes

Intensity at 1345 cm™ Intensity at 1499 cm™!
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FUNCTIONALIZATION OPTIMIZATION

» Dispersed graphene VS rGO

NS
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[Scientific Rep., 2017, 7, 3825] I
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WHAT’S NEXT

Investigation on defects
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WHAT’S NEXT

Investigation on defects Synthesis of a new ylide
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WHAT’S NEXT

Investigation on defects
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Synthesis of a new ylide

HN

[A.Moscardini @ NEST]

Patterned functionalization
with:

» Fluorophores

» Gold NP (with linker)
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WHAT’S NEXT

Investigation on defects
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Synthesis of a new ylide

HN

[A.Moscardini @ NEST]

Patterned functionalization
with:

» Fluorophores

» Gold NP (with linker)

... back to EG

Atomic resolution (!)
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OTHER PHD ORIENTED ACTIVITIES

» July 2020: tutorship as Science
Class SNS tutor at the
Orientation week (online)
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