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Abstract.Graphene, a two-dimensional (2D) material with a hexagonal shape in its atomically thin structure,
exhibits unique electrical properties and has therefore been used in various electronic devices. Hence, obtaining
graphene by acid means using three strong acids, H2504, HNO3, and HCI, proportion (1:2:2/3), understanding
the correlation between the structure and the electrical properties at the nanometric scale is essential. Atomic
force microscopy (AFM) techniques provide the best way to visualize these relationships through their topog-
raphy, which is particularly necessary for future miniaturized devices. This article highlights the characteriza-
tion of graphene's topographic properties using techniques such as AFM, scanning electron microscopy, and
infrared radiation. It is beneficial to the research community working not only with graphene-based materials
but also with graphene composite materials with applications in electronics.
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1 Introduction

Graphene is a material composed of a single layer of carbon atoms arranged in a hexagonal lattice, forming a two-
dimensional (2D) structure [1][2]. Atoms are held together by strong covalent bonds. The weaker van der Waals
forces can bind adjacent graphene layers together but allow them to slide easily [3][4]. Its hexagonal geometry
allows it to have flexibility as well as electrical and mechanical qualities. By functionalization, hydroxyl, epoxide,
and carbonyl groups can be obtained, joined at the base [5]. Graphene oxide (GO) has the same structure as
graphene and retains excellent properties [6].

In recent years, the study of functionalized graphene layers has captured the attention of the scientific commu-
nity due to their mechanical, physical, chemical, and electrical properties. Atomic force microscopy (AFM) has
become a fundamental tool for graphene characterization, allowing high-resolution imaging and precise measure-
ment of its properties at the nanometric scale [7]. A detailed understanding of their topography is crucial for their
potential application in various advanced technologies, such as electronic devices, sensors, and composite mate-
rials. Recent studies have shown that graphene has a tensile strength of approximately 130 GPa and a Young's
modulus of 1 TPa, values that exceed most known materials (Ramos-Hamud, 2017). One way to obtain thin
graphite sheets with graphene surfaces and layers functionalized with NaNO3, KMnO4, and H2S04 at 95-98%
concentration is by the Hummer method [8][9][10]. It can be done by spray coating [11] using three strong acids
[12] or by non-thermal plasma in an SO2 atmosphere at room temperature [13][14]. The morphology and me-
chanical properties of graphene have been studied [15]. The main objective is to evaluate how treatment with
strong acids affects the nanoscopic surface topography of graphite. This research is needed to provide a more
complete understanding of how different production methods and experimental conditions influence graphene
properties, variations in preparation experimental conditions through AFM characterization [16]. To address these
questions, an experimental methodology will be used that includes the characterization of graphene surface sam-
ples produced by the chemical method with strong acids applied by the drip method. This treatment can induce
significant changes in the roughness, structure, and chemical properties of the graphene layers, which can influ-
ence their performance in specific applications. This study contributes to the literature by filling the existing gaps
on the influence of experimental conditions and production methods on the topography of graphite flakes with
graphene surfaces.
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In addition, it provides practical recommendations for obtaining graphene production, which is crucial for its
application in electronic devices and composite materials. The practical implications of this work include the
improvement of graphene production techniques and the development of new graphene-based materials.

2 Methodology
2.1  Reagents

The materials used are 99.9% pure graphite, sulfuric acid 95-97% (EMSURE 1SO), nitric acid 65% (EMSURE),
hydrochloric acid, in a ratio of 1:2:2/3. and ammonium hydroxide 5%.

2.2  Equipment

ECO ball mill to pulverize the graphite, Analytical balance used to weigh the graphite, Branson ultrasonic sonifier
and centrifuge 800D Electric Centrifuge, for characterization, scanning electron microscopy (SEM) of the VEGA
TESCAN brand was used, Fourier transform infrared spectroscopy Perkin EImer Model Spectrum two.

Atomic force microscopy (AFM): A Park Systems (Santa Clara, CA, USA) XE7 atomic force microscope was
used in air contact mode using Park Systems CONTSCR tips (25 kHz, 0.2 N/m typical).

2.3 Strong acids

The 99% pure graphite is pulverized in the ECO BALL MILL, obtaining a 4-gram sample of pulverized graphite.
It is then functionalized by dripping strong acids using the Hummer method. Sulfuric acid, nitric acid, and hydro-
chloric acid are added every 6 hours in proportions of 2:1:2/3 of strong acids [12].

The mixture is placed in a container for 24 hours. Once the graphite is functionalized, it is neutralized with 5%
ammonium hydroxide until a neutral pH is obtained. The graphite/graphene obtained is diluted in 20 mL of de-
ionized water and placed in an ultrasonic sonicator [17][18]. The mechanical exfoliation method is a simple pro-
cedure in which thin sheets of graphene are peeled off [8], at a temperature of 20 °C with a time of 20 minutes,
with repetition 4 times. The sample is transferred in a 15 mL pellet to be centrifuged [19] at a speed of 1500 rpm
for 15 minutes, 3 times. It is then filtered, and graphene is obtained. To characterize graphene by AFM, the sample
is taken, left to dry in a vacuum, and positioned with adhesive tape on a piece of freshly exfoliated mica. For
scanning electron microscopy (SEM) measurements, the graphene sample is placed on a nitrocellulose substrate
to determine its shape and topography. In addition, Fourier transform infrared absorption analysis measurement
is performed with the coupled attenuated total reflectance (FTIR-ATR) module.

3 Results

3.1  Scanning electron microscopy analysis

The SEM images of the samples obtained by functionalization with strong acids show GO sheets with regular
morphology. Sonification and centrifugation exfoliate GO, which occurs when the graphene structures are de-
tached from the functionalized graphite [20], as shown in Fig. 1.
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Oxidized substances usually contain oxygen atoms at the edges of the sheets. These functional groups are

usually hydroxyls, carboxyls, or carbonyls. The distance between these layers is affected by the functional groups
present.

3.2

FTIR analysis

FTIR spectrum analysis of the synthesized sample to investigate the functional groups of the material, as shown
in Fig. 2.

The graphene sample showed different types of oxygen functional peaks, assigned to stretching peaks of width
3445.3 cm-1 and 1583 cm-1 to OH groups. Peak 1641.9 indicates the stretching of C=0 and CO belonging to the

carboxylic groups [21]. Peaks 2024.96 — 2774.6 showed sp3 CH bonds, indicating that the product is made on an
acid base and confirming the presence of carboxylic acid.
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Fig. 2 FTIR of the graphite-graphene sample
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3.3 Atomic Force Microscopy Analysis of the Graphite/Graphene Sample

In the images obtained by AFM, flakes of graphite adhered to the substrate are observed, with several layers that
could be attributed to stacks of functionalized graphene sheets.

Fig.3 AFM surface topographic characterization

Fig. 3 shows the surface topographic characterization of the graphite/graphene samples by atomic force mi-
croscopy. Two topographic profiles are highlighted, obtained along the arrows indicated in the image [22]. The
topographic profile shown in the AFM image shows variations in surface height horizontally of approximately
1.4 um, starting at 0 nm and rising sharply to around 100 nm in 0.2 um, remaining relatively constant with small
fluctuations up to 1.2 um.

The lateral force contrast shows in Figure 4 different regions associated with different local friction between
the tip and the sample, which may be related to different adhesion, which could involve areas of different surface
chemical composition [23][24].

Figure 4. Surface topography (A) and lateral force (B) characterization of the graphite/graphene samples

4 Conclusions

Characterizing graphene's properties at the nanoscale using advanced techniques such as scanning electron mi-
croscopy (SEM) and atomic force microscopy (AFM) has allowed for a deeper understanding of its structure and
properties. Graphene oxide (GO) samples obtained by functionalization with strong acids show sheets with regular
morphology, FTIR peaks of sp3 CH bonds. The topographic profile of graphene shows variations in surface height
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over a horizontal distance. The characterized graphene exhibits exceptional properties for electronic applications,
sensors, energy storage, composite materials, and medicine.
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