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Graphene and carbon nanostructures are wide-
ly spread nowadays for the use in electronic devic-
es fabrication. However, graphene itself could be 
strained to use for the aims of flexible electronics 
and the Internet of Things due to the poor dispers-
ibility in solvents (except the toxic ones) and its bad 
reinforcement to polymers. In this regard, a mate-

rial capable to overcome these issues is one of the 
graphene derivatives – graphene oxide (GO). GO 
forms stable water and ethanolic suspensions and 
is convenient to be used in water-processable depo-
sition techniques on arbitrary substrates. Multiple 
ways, which are globally divided into thermal and 

Fig. 1.  
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chemical approaches, have been proposed to con-
vert GO to an electrical conductor. 

In our group, we use the local thermal effect in 
the form of high power laser irradiation to remove 
the structural oxygen groups and control electrical 
conductivity. This way we also perform patterning 
with the desired geometry, contrary to the cases of 
other methods [1].

However, GO also is suffering from several 
disadvantages. Harsh oxidation produces vacancy 
defects that could not be removed completely fol-
lowing any reduction pattern [2]. What is more im-
portant, mechanical robustness of rGO on flexible 
substrates is insufficient, which limits its applica-
tions in sensors and wearables. Hereby we propose 
a green, scalable and easy-to-perform method of 
synthesis of graphene functionalized with aromatic 
compounds (ModG). We developed a way of bulk 
graphite electrochemical exfoliation with simulta-
neous diazonium functionalization. ModG demon-
strates highly hydrophilic behavior and could be 
used as a GO alternative in terms of films fabrica-
tion on multiple substrates, including flexible ones. 

In the same way, as for GO, we used a laser ir-
radiation approach to remove aryl functionalization. 

Noticeably, resulting material (LModG) demon-
strates higher conductivity values compared to rGO 
prepared under the same conditions [3].

We performed a full characterization of ModG 
and LModG films on glass and polymer substrates. 
Contact angle experiment results indicated a drastic 
change in wettability after laser treatment, which 
indirectly demonstrates a successful removal of 
functional groups, which was also proved using IR 
spectroscopy. X-ray diffraction and Raman spec-
troscopy showed a high ModG crystallinity. Atomic 
force microscopy showed a thickness and conduc-
tivity of single layers. 

An especially important finding is that ModG 
laser treatment on polyethylene terephthalate (PET) 
leads to the fabrication of not only conductive but 
highly mechanically robust structures. X-ray pho-
toelectron spectroscopy data prove our theory that 
local temperature treatment leads to a formation of 
LModG/PET composite structure. Therefore this 
water and scratch-resistant material shows a high 
potential for the use in flexible electronics. 

For now, LModG was used for the fabrication 
of chemical, electrochemical, skin conductance and 
bending sensors.
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Production of high environmental classes mo-
tor fuel components requires to reduce the content 
of aromatic hydrocarbons in them and increase the 

content of hydrocarbons with isostructure, which 
also increase the octane number of fuel.




