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Abstract—perivatives of graphene have become important
materials due to their excellent properties. Graphene oxide and reduced
graphene oxide are especially interesting because they are relatively
easy, cheap and quick to produce. Among many possible applications,
reduced graphene oxide is a good candidate for sensor applications. Its
properties can be controlled at the production stage. The precursor used
and the method of oxidation have a significant influence on its
properties. Therefore, it is worth taking a closer look at them. In this
paper we analyse the influence of the oxidation method on the size of
the reduced graphene stock, which determines the sensitivity of the rGO
layer. We used AFM microscopy for this purpose.

Graphene andderivatives of grapheneare of greatinterest
due to theiruniquechemicaland physical properties [1—
4]. However, derivatives of graphene such as graphene
oxide (GO) or reduced graphene oxide (rGO) are more
suitable for sensor applications. It is because, pristine
graphene has not danglingbonds, defectsandadditional
functional groups which havea significantinfluence on
gasadsorption [1]. High cost of graphene fabrication and
low capacity of productionare an additional problem [1].
Considering GO and rGO, rGO is more suitable for
sensorapplications due to its much higher conductivity
(GO shows insulating or semi-conducting behavior
whereas rGO has electrical conductivity of~6300Scm™)
and richer sorption sites (specific surface area of GO is
890 m?gtwhereasrGOis ~2600 m?g™) [5-6].
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Fig. 1. Exemplary AFM image of rGO stacks.
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Reduced graphene oxide (Fig. 1) is a p-type
semiconductor that is obtained from the graphite by
oxidation and further reduction (chemical, thermal,
electromechanical, or other method). This process,
generally, reduced the GO oxygen content, removed
functional groups and defects in atomic-scale lattice [7-
8]. Thus, itallowsto obtain a material similarin structure
to pristine graphene but much cheaper. The choice of
oxidationand reduction method isimportant because its
significantly affects the properties of the reduced
graphene oxide [9]. For example, it determines the
number and type of functional groupsaswellas the size
of rGO affectingthe sensitivity of thesensor [10-12]. So,
rGO produced by various methods will have various
chemicaland physical properties.

In this paperwe analyze the influence of the oxidation
method onthe size of the rGOstack. To measure these
parameters, we used the atomic force microscopy
(NT-MDT,NTEGRA Prima platform).

AFM is a powerfultool fortheacquisition of topographic
data of the surface of various materials and theiranalysis.
The basic parameters thatcan be determined from AFM
measurementsare max and minheight of the surface,
roughness, average roughness, x andy dimensions of the
selected area, root-mean-square coefficient (RMS), and
etc. The principle of the AFM operationis presented in
[13]. Generally, AFM can operate in three modes:
contact, non-contactand intermittent contact mode. We
used in ourinvestigationthe intemmittent-contact mode,
which eliminates the disadvantages of those previously
mentioned. The measurements were performed with the
following parameters: frequency: 1 Hz, number of points
per line: 256. The obtained data (AFM images) were
analyzed using Nova Software.

To investigate how different oxidation methods affectthe

size of the reduced graphene oxide, we fabricated a few
samples.
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Fig. 2. Scheme of samples preparation.

Firstly, we took 3 samples (1 g) of flake graphite (F).
Secondly, we oxidized each of themusingone ofthe tree
methods (C, E, M). Methods C isthe modification of the
Hummers’ method while methods E and M are the
modification of the Tour’s method. The parameters of the
oxidation process were selected in such a way that the
obtained graphite oxide was characterized by thehighest
possible degree of oxidation. The parameters of the
oxidationprocessareshownin Table 1.

Table 1: The parameters of the oxidation process

Method
C E M
acidbase | H.SO; | H:SO, Ezggj
oxidizing HNO3 NaNQOs, KMnNO;,
mixture KMnQO4 KMnQO4 KNO3
time 24h 2h 5h

In that way, we obtained 3 samples of graphite oxide
(GOF-C, GOF-E and GOF-M, depending on the oxidation
method). Further processes were exactly the same for all
graphite oxides: we performed thermally reduction
(900°C, 0.5h) and sonic exfoliation. We called the
obtainedsamplesas: rGOF-C, rtGOF-E and rGOF-M. The
generalscheme of preparation of reduced graphene oxide
is shown in Fig. 2. The obtained materials were no single-
layered, they containeda few layersarranged in a stack.
Forsuch materials, we performed the AFM measurements
and compared the sizes of reduced graphene oxide stacks.
The summary of the results is shown in Fig. 3. Finally,
based on this data, we drew the conclusions. To check
whetherour conclusions were reproducible for reduced
graphite oxides obtained from the other graphite
precursors (scaled, synthetic), we repeated the entire
preparation process for other precursors (scaled and
synthetic). The samples obtained in thisway were called:
rGOS-C, rGOS-E, rGOS-M for a scaled precursor and
rGOE-C, rGOE-E, rGOE-M fora synthetic precursor.
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Fig. 3. Thesize of reduced graphene oxides obtained using flake
graphite and various oxidation method.

It can be seen in Fig. 3 that the size of rGOF-E and
rGOF-C is the smallestanddoes not exceed the size of
(2x1) pm. The rGOF-M stack is bigger than the others
(average 3x1 micrometers). The similarly situation is
observed for reduced graphene oxides obtained from
scalargraphite (Fig. 4). The biggest size is registered for
rGOS-M stack. ForrGO obtained from scalar precursor,
the sizes of rGOS-E stack are the mosthomogeneous and
the smallest (max. 0.8x0.5 pm) while the sizes of
rGOS-M and rGOS-C stacks are morevaried. Theirsizes
do not exceed a few by a few micrometres.
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Fig. 4. Thesize of reduced graphene oxides obtained using scalar
graphite and various oxidation method.

© 2022 Photonics Society of Poland



doi: 10.4302/plp.v14i3.1154

PHOTONICS LETTERS OF POLAND, VOL. 14 (3),47-49(2022) 48

1,25
® rGOE-C
1,00 x x
|0 % | e rGOE-E
x rGOE-M
g 0,75
= L ]
-§° X L ]
&
= 0,50 X e o
X X
P X
0,25
” L ] x
. ®
b
0,00
0 0,2 0,4 0,
Width, pm

Fig. 5. Thesize of reduced graphene oxides obtained using synthetic
graphite and various oxidation method.

Figure 5 presentsthe size of the rGO stack obtainedfrom
synthetic graphiteand oxidized usingvarious (C, E, M)
methods. All stacks (independent from the type of
oxidation method) are small in size and mostly do not
exceed (1x0.5) um. Itallows usto concludethat for the
samples obtained from synthetic graphite, the oxidation
method does not havemuchinfluence on the rGO stack
size.

Summarizing, the reduced graphite oxides obtained using
the E oxidation method are the smallest, while those
obtained by the M methodarethe mostheterogeneous. In
our opinion, among the analyzed materials, the most
suitable for sensor purposes seem to be those oxidized
usingthe E method (based on[14-17], the size of rGO’s
grains used as a sensing layer are about 1 or a few
micrometers). However, this requires additional research
including FT-IR measurements, gas and responsetesting.
Such investigations are currently in progress.
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