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TAKING THE BEST OF TWO MATERIALS

COVALENT STRUCTURE HYDROGEN BONDING
OF THE BUILDING
BLOCK
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BETTER EFFICIENCY
THAN MONOMER
AND POLYMERS IN
PHOTOVOLTAICS...
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PARADIGM SHIFT: FROM 1D POLYMERS...
TO 2D MATERIALS !
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many faces of graphene as a chemical platform

/ OPTICALLY ACTIVE \
MOLECULES
(ORGANIC SEMICONDUCTORS)

b3 \%” :
& v" 4

\
ﬂD - ASSEMBLY BY
GRAFTING TO GRAPHENE

% e ./10..”@...“.7\

GRAFTING TO LINEAR
POLYMERIC SCAFFOLDS

Q"\.

P

NManechemistry Lab



LQ:

GRAPHENE RESEARCH @ ISOF

APPLICATIONS
GRAPHENE 7 TRANSPARENT CONDUCTING
GRAPHITE (NEWEST AND MOST STUDIED ' o ?:J’:::\:nient)

CARBON-BASED MATERIAL)

'\.'\.'\.'\..« <
o ELECTRON ACCEPTOR

:b (excellent charge mobility, very
% high surface area)

COATINGS

A (inert, high barrier to oxygen

and moisture)
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/ GRAPHENE PRODUCTION AND RESEARCH @CNR Bologna \\
SOLUTIONS MONOATOMIC SHEETS COATINGS
in water and solvents, gram scale Size from 1 to 100 um on silicon, glass, quarz, metals...
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GRAPHENE AS A MOLECULE m:

EPOXIDES

OXYDRILS

GRAPHENE

CARBOXYLS
OXIDE

Journal of Materials Chemistry, (2012), 22, 18237
Chemical Communications, (2011) 47, 168S.
Journal of Materials Chemistry, (2010) 20, S052.

)




J

GRAPHENE OXIDE: LSQ'
Size control on 2 orders of magnitude (1-100 um)
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COVALENT GRAFTING OF OPTICALLY ACTIVE MOLECULES
BY DIRECT MW ASSISTED SYLYLATION OF GO

I\
® ”/\/\Si(OEt);,

tionalization
GO | g =
100 W, 80°C, 5 * Journal of Materials Chemistry,
40 min, DMF ‘ (2010) 20, 9052.

Facile covalent functionalization of graphene oxide using microwaves:

bottom-up development of functional graphitic materials™ a)

Manuela Melucci,
Philipp Klar.” Cinzia Casiraghi.” Paolo Samori® and Vincenzo Palermo™
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SUBSTITUTION OF ACTIVATED GO-COOH

wo C6 linker
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Graphene—organic hybrids as processable, tunable platforms for
pH-dependent photoemission, obtained by a new modular approacht
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New solubility/optical and responsive properties of\ k
graphene-organic hybrids

GOT4 - improved solubility GOT3: pH induced

fluorescence switch
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GRAPHENE AS A SUBSTRATE

Steps involved in graphite exfoliation

m:

A) Solubility and self-assembly of each dye in
solution (not discussed here)

D) (Eventual) re-aggregation of the
sheets in solution

C) Exfoliation of GRAPHENE
in solution

B) Adsorption of dye on graphite
surface
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Nanoscale, 5, 4205 (2013).
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MONITORING EXFOLIATION WITH OPTICAL SPECTROSCOPY m:

a) PS1 b) PS2
I SO, SO, I SO, SONICATION OF GRAPHITE IN AN EXCESS OF DYE
Il Hoi II iOH
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Nanoscale, 5, 4205 (2013).

Abs

MONITORING EXFOLIATION PROCESS BY
OPTICAL SPECTROSCOPY
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MODELLING OF PS2 INTERACTION WITH GRAPHENEI_\ e
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PS4

MODELLING OF PS4 INTERACTION WITH GRAPHENE . k
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Interaction with GRAPHENE
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UNRAVELING ey
GRAPHENE-MOLECULE-SOLVENT INTERACTION

) o Suspension stability with pH
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Kelvin Probe Force Microscopy

*Maps the electric potential
with resolution of few nm and
few mV.

*Contactless, minimal
perturbation of sample
potential.

*Can be performed on working
devices (transistors,
photovoltaic blends)
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Review paper: Palermo, V., et al., Advanced Materials, (2006) 18, 145.



Improved charge mobility in Polythiophene-RGO FET
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Charge transport in graphene-polythiophene blends as studied by Kelvin
Probe Force Microscopy and transistor characterization™

Andrea Liscio.” Giulio Paclo Veronese,” Emanucle Treossi,” Francesco Suriano,” Francesco Rossella,’
Vittorio Bellani.* Rita Rizzoli.** Paolo Samori™ and Vincenzo Palermo™
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ALL-GRAPHENE ELECTRONICS?

Single- or few layers
conductive graphene as
source-drain and
interconnects

Semiconducting, finite-gap ALL-GRAPHENE

graphene ribbons as active

ayer FET ?

Insulating graphene oxide or

graphane, eventaully locally

reduced to have conductive
throughs

Direct integration by
deposition on silicon
conventiional devices

V. PALERMO, Chem. Commun., 2013, 49, 2848
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SONICATION IN DMF CHEMICAL ELECTROCHEMICAL
MONO+=MULTILAYERS, ALL MONOLAYERS,
SMALL LATERAL SIZE LARGE LATERAL SIZE MONO + BI-LLAYERS
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LAYER-BY LAYER EXFOLIATION, STRONG OXIDATION, SHALLOW DEFORMATION AND CRACKING
NO GAS PRODUCTION INTERCALATION AND BY GAS PRODUCTION,
EXFOLIATION IN DEPTH INTERCALATION

ELECTROCHEMICAL EXFOLIATION
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