Exploiting molecule-surface interaction to exfoliate few layers graphene
in liquid
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Graphene has drawn a lot of attention in recertiasudue to its desirable properties such as
extremely high electron mobility, electric and timat conductivity, optical transparency, and
high mechanical strength. It consists of a singtenéic layer of spbonded carbon atoms
arranged in a honeycomb lattice. Graphite exfartirom proper solvents is one of the
methods to produce graphene. The overcoming ofvéimeder Waals interactions between
adjacent carbon layers likely leads to the exfaratof the topmost stacked parallel layers
from graphite, to produce high quality graphenege Téxfoliation can be performed by
different chemical methods in liquid phase. Onéhefsimplest approach to disperse graphene
sheets is ultrasonic treatment in organic solvéht |

In this study, we investigated the liquid phaseokafion of highly ordered pyrolytic graphite
(HOPG) and a few layers of graphene (FLG) obtaimedolid-state graphitization from SiC
substrate, by exploiting the interaction of thebcar surface with aqueous solutions of
Methionine and Dimethyl sulfoxide (DMSO), both wi#dnd without sonication-assisted
techniques. Diluted Methionine and DMSO solutioB80hg/ml) were dropped onto freshly
cleaved HOPG. After one hour incubation, sampleewased with Milli_Q water and dried
under a nitrogen streamdditional external forces for exfoliation were thentroduced by
employing sonication of graphite in these orgamlvents. The surface exfoliation process
has been followed by atomic force microscopy (AFMjray photoelectron spectroscopy
(XPS) and Raman spectroscopy.

AFM analysis allowed us to monitor the morphologichanges of the HOPG and FLG
surfaces upon interaction with the organic solwgioh typical tapping mode amplitude AFM
image of a sample dropped with Methionine is shawRig 1a. Ordered domains consisting
of parallel rows with three-fold orientation can bleserved on the surface. A few globular
structures, preferentially located at the domaimrgaries, are likely due to Methionine
adsorption on HOPG surface [2,3]. Very similar tesswere observed for DMSO (Fig 1b)
regarding both the formation of nanostructured dasmand the incubation time needed for
their formation. However, interaction with DMSO dsato a reduction of the amount of
globular material and to an increase of the donsme. The ripple formation can be
interpreted in terms of a weakening of the van \8@als interactions between the topmost
graphite layers. Such a weakening could leads wweakly bound graphene-like layer,
undergoing a rippling process.

As shown in Fig (1b-c), typical domains with paghlrows were observed in samples
exfoliated with sonication in Methionine, while pigs were never observed on samples
sonicated in DMSO.

On the other hand, the same method was used thatefthe FLG on SiC samples. Structure
properties of graphene grown on SiC are stronglgctfd by the substrate polytype and
polarity. Growth of epitaxial graphene was obsergadoth (0001) or Si-face and (000-1) or
C-face surfaces of SiC. Typically, the thicknesataal is relatively poor on C-face due to a
significant thickness variation across the samle |



The exfoliation of the FLG from the C-face was gmatl by XPS and Raman spectroscopy.
The increase of the §iXPS signal of the SiC substrate and the incredgbeosubstrate
Raman signal upon sonication can be related togdsam the graphene layer number [5].
Raman spectroscopy allowed also to monitor thecttral changes and defect formation
following sonication.

The combined AFM and XPS analysis indicates thaingt treatment (sonication in DMSO)
results in the presence of defects and graphekesflan the surface. On the other hand, mild
treatment (dropping in Methionine and DMSO or satian in Methionine) leads to the
formation of highly ordered rippled domains thanhdae interpreted as a precursor step
towards graphene exfoliation likely due to the pree of loosely bound rippled graphene
layers.
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Figure 1: AFM images of HOPG surface after treatintigna) drop Meth, b) drop DMSO and
¢) sonication in Meth d) sonication in DMSO



