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After being exposed to chemically reactive materials such as radical oxygen and high energy
ultraviolet lights, the crystalline of graphene lattice was massively modified and the ambipolarity
was heavily altered. However, those alterations could be restored to the near pristine level after
recovery. Judging from the chemically robust behavior of graphene ambipolarity and its crystalline,
it may suggest that graphene possess a promising chemical stability. Moreover, after the adsorption
of ferritin and E. coli onto the graphene layer, the position of Dirac point positively shifted, but in
the same time, no decrease in electron mobility was observed. This may indicate that graphene
possess high bio-sensitivity and in the same time high bio-compatibility. From all the results of these
experimental investigations, it seems reasonable conclude that graphene possess a great chemical
stability; and a high bio-sensitivity and bio-compatibility in the same time, which are very important

criteria in realizing graphene-based sensing devices in the future.

Interaction with radical oxygen

The changes in electrical properties of graphene after being oxidized through UV/O3 treatment
were investigated. Reactive oxygen atoms chemically reacted with carbon atoms of graphene, which
was confirmed from the XPS spectra. The electron mobility of the graphene layer decreased as a
result of oxidation. The electrical characteristics such as carrier mobility recovered to the level
before oxidation after conducting reduction of the oxidized graphene with thermal and non-thermal
treatment through UV-irradiation. This suggests that the oxidation of graphene with UV/ O3
treatment is both thermally and non-thermally reversible. Thus, | also concluded that
UV/Os-treatment and UV-irradiation might be prominent candidates to be used in oxidation and

reduction, and furthermore on more advance chemical functionalization of graphene.
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Interaction with ferritin

I have successfully constructed a p-n junction on G-FET through iron-cored ferritin adsorption.
By utilizing iron-cored ferritin, | was able to construct a stable p-n junction and a p-n junction which
can also operate even the electric field was applied through the water-gate. Moreover, | also
investigated the interaction between ferritin and electron beam. | found that EB-irradiation could
cause ferritins to become positively charged and the electrostatic characteristic of ferritin could also
be restored by supplying water making the p-n junction reversible. | hope that these findings would
contribute to research on controlling electrical properties of graphene and development of

graphene-based information processing and storage technology as well as sensing devices.

Interaction with E. coli

I found that even for multilayer G-FETs, the Dirac point of ambipolar curve shifted positively
in a considerably great amount after the adsorption of E. coli bacteria, exhibiting the real possibility
of high sensitivity in G-FET based biosensor. This positive shift of Dirac point indicates that E. coli
was negatively charged and this particular negative charge caused the ambipolar curve to positively
shift. The minimum shift of Dirac point was 20 V, which is equivalent to 2 x 108 V/m electric field.
The maximum shift was beyond 40 V. The Dirac point shift of the remaining devices was around 30
V, which is equivalent to 3 x 10® V/m electric field. | expected that these data would benefit the

more systematic investigation of the sensitivity of biosensors based on G-FETSs.
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