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In the present work, carbon nanoparticles were synthesized by using a simple and cheap procedure.
These nanostructures were elaborated by the electrochemical technique under various conditions. The
morphological study of the carbon nanoparticles was observed by scanning electron microscopy. The
Raman, the Fourier transform infrared, and X-ray photoelectron spectroscopies were used to investigate
the structure of the prepared nanoparticles. The identification of carbon bonds, diameter sizes, and
their distribution are exhaustively discussed. Carbon structures at the nanoscale with high surface area
were observed. They are active and functional to create favorable sites for different applications such
as hydrogen storage, optoelectronics or photonics
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1. Introduction

Today, the term of nanocarbon is used to de-
note a family of carbon allotropes [1, 2] having
nanoscale dimensions [3], and depending on the
type of a three-dimensional arrangement of carbon
atoms [4, 5]. Therefore, there are new carbon
materials with allotropic varieties such as: car-
bon nanotubes [6, 7], graphite, nanofibers [8, 9],
fullerene [10], graphene [11, 12], and carbon quan-
tum dots (CQDs), which are porous and carbon-
based. They represent the most studied ele-
ments and may be used in solid storage and re-
versible treatment [11]. Several synthetic tech-
niques, including the matrix method [13, 14], the
etching of metal carbides [15, 16] and the sol–
gel treatment [17, 18] have been employed to
prepare and elaborate porous carbon materials.
These techniques can control the pore structures
in microporous (> 2 nm), mesoporous (between
2 nm and 50 nm) and macroporous (> 50 nm)
materials [19].

Carbon properties, such as high mechanical
strength, efficient heat transfer coefficient, long
life and thermodynamic kinetics that rapidly ab-
sorb and release molecules, make them materials of
choice for many applications: photonics, optoelec-
tronics, advanced electrodes, nanomedicine [20–23]
and hydrogen storage [24]. In addition, carbon-
based materials have the advantage of being
lighter than the inorganic compounds available on
the market [25, 26].

Many techniques of elaboration were used to pre-
pare carbon quantum dots (CQDs). In 2004, Xu
et al. [27] used an arc discharge technique to make
single-walled carbon nanotubes (SWNTs). An-
other method, the laser ablation experimental tech-
nique, was used in 2006 to synthesize CQDs by Sun
et al. [28], and in 2011, by Li et al. [29]. Also,
Lei et al. [30] prepared in 2017 specimens of CQDs
by using the combustion thermal method and Deng
et al. [31], in 2014, used the electrochemical process
to elaborate CQDs with particle size of 2.4 nm.

In the current paper, we have used an electro-
chemical process because it is simple, efficient and
non-cost to prepare three samples based on car-
bon nanostructures with different allotropies and
morphologies at the nanoscale. Their character-
izations were made by means of scanning elec-
tron microscopy (SEM), Raman, the Fourier trans-
form infrared (FTIR) and X-ray photoelectron
spectroscopy (XPS).

2. Experimental

As part of the experimental research method-
ology, graphite was used as a carbon source by
an electrochemical technique. Two graphite rods
(used as electrodes) were emerged in 400 ml of
ethanol (C2H5OH), while a voltage applied was ap-
plied between 50 V and 70 V by an electric gener-
ator, and the temperature changed between 30 ◦C
and 60 ◦C for 42 h. In Table I, different conditions
of the three prepared samples are demonstrated.
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TABLE I

Different preparation conditions of the three samples.

Sample Voltage applied [V] T [ ◦C]
a 70 60
b 70 30
c 50 30

The samples are noted with a, b, c with reference
to each part of Fig. 1. Following the preparation
of the colloidal carbon particles in ethanol, they
were dried on a conductive aluminum foil for their
characterization.

3. Results and discussion

3.1. SEM analysis

Figure 1 displays three SEM images. It illustrates
the distribution and morphology of random car-
bon nanoparticles with different diameters in spher-
ical particles form. These carbon nanoparticles are
interconnected and agglomerated with irregularly
sized pores forming a rough surface with high and
large surface area. The dispersed carbon nanopar-
ticles and their voids on Al foil with such structures
of high microporosity present some sites for stor-
ing hydrogen molecules. Also, the distance between
nanoparticles can be used like an external site for
storage.

Hydrogen can basically be adsorbed on nanocar-
bons in two different ways: (i) by physisorption,
i.e., interacting by Van der Waals (VdW) forces,
or (ii) by chemisorption, i.e., by forming a chem-
ical bond with the carbon atoms, and the bind-
ing energy is theoretically evaluated between 0.01
and 0.06 eV [32]. The larger the surface, the more
high storage capacity we get. At low pressures and
at low temperatures (77 K) it is assumed that the
amount of hydrogen adsorbed increases by 1 wt%
per 500 m2/g of surface area for the nanocarbon
adsorbent [33].

Figure 1a shows the obtained morphology under
60 ◦C, 70 V for 42 h. It shows dispersed carbon
nanoparticles with the size of less than 10 nm, which
can be considered as carbon quantum dots (CQDs).
One can also observe particles with sizes ranging
from 100 to 200 nm, which are due to the agglom-
eration during heating on Al foils. On the other
hand, in Fig. 1b, it is observed that the nanopar-
ticles of carbon have diameters of less than 10 nm
prepared at 30 ◦C and 70 V. Even here, in Fig. 1c,
we can observe carbon nanoparticles with diame-
ters ranging from 10 nm to 50 nm — they were pre-
pared at 30 ◦C and 50 V at the same time. Anwar
et al. [34], in 2019, used the hydrothermal method
to prepare CQDs molecules using high temperature
and they obtained nanoparticles with the size of less
than 10 nm [35]. Also, in 2010, Zhang et al. [36]
used the same method to elaborate CQDs with

Fig. 1. SEM images of the prepared samples, (a)
at 60 ◦C, 70 V and 42 h, (b) at 30 ◦C, 70 V and 42 h,
(c) 30 ◦C and 50 V for 42 h.

a size of 2 nm. Likewise, Li et al. [37], in 2018,
synthesized the graphene quantum dots of less than
6 nm which were doped by sulfur along with the
reduced graphene oxide hybrids. In 2015, Yuxiang
and Guangjie [38] prepared activated carbon fibers
(ACFs) by chemical activation with KOH and they
obtained nanoparticles mesopores with diameters
ranging between 2 and 4 nm with a high surface
area of 1371 m2.

3.2. Raman analysis

Raman spectra are presented in Fig. 2. Figure 2a
shows a band located at about 1105 cm−1 related
to a (C–O–C) band [39]. Another band, called
the D band, is observed at 1319 cm−1 and corre-
sponds to a graphite phonon qualified by several
defects that activate the disorder of carbon nano-
materials [40]. A third peak at 1529 cm−1 de-
fines the band of graphite G, linked to the exis-
tence of the carbon nanostructure of graphite, and
the 1651 cm−1 frequency asserts vibrational vec-
tors by defects [40]. Figure 2b shows two different
peaks, the first at 1332 cm−1 (D band), attributed
to defects in the carbon system, and the second
at 1579 cm−1 (G band) of the vibration in the car-
bonaceous graphite bonding plane (C–C). Thus, as
shown in Fig. 2c, two main peaks are observed: D
and G bands located at 1328 cm−1 and 1581 cm−1,
respectively. Our Raman results are compara-
ble with the work of Hodkiewicz [41]: for car-
bon allotrope, graphite, composed entirely of (C–C)
bonds, the main band has shifted from 1582 cm−1.
In other materials, like multilayer graphene (MLG),
the D band was located at 1349 cm−1 [42]. In gen-
eral, the presence of disorder in the graphitic lattice
is associated with the D band around 1350 cm−1

and the G band located around 1620 cm−1.
In another way, the ratio of ID/IG is used to iden-

tify the nature of carbons prepared, see Table II.
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Fig. 2. Raman spectra of the three different sam-
ples; (a) 60 ◦C, 70 V and 42 h, (b) 30 ◦C and 70 V
at the same time and (c) 30 ◦C, 50 V and 42 h.

TABLE II

The calculated ratio intensities between D and G
bands from the Raman spectra of the three samples.

Sample ID/IG
D band
[cm−1]

G band
[cm−1]

Identification

a 0.78 1319 1529 GO
b 0.45 1332 1579 graphite
c 0.60 1328 1581 rGO

The D to G bands intensity ratio ID/IG is typ-
ically used to estimate the size of the sp2 domain
of graphite-based materials as well as the ratio of
sp3/sp2 hybrid carbon sites present in the carbonic
materials.

In general, the ID/IG ratio presents the degree
of structural order. Therefore, when the structure
of the material is more ordered, the ID/IG ratio is
more decreased.

3.3. FTIR analysis

The analysis of a FTIR spectroscopy device
is shown in Fig. 3. FTIR curves of all sam-
ples are similar — they present exactly the same
bands. The peaks in the range between 3320 cm−1

and 3330 cm−1 are for the formula of the group
(O–H) [43]. Peaks from 2970 cm−1 to 2980 cm−1

present the diatomic carbon band (C–C) [43].
The bands from 2880 cm−1 to 2885 cm−1 reveal

the existence of the hydrocarbons (C–H) band [43]
while peaks in the range of 1390 cm−1 correspond to
the carbon monoxide stretching (C–O) or the car-
boxylic acid (C–O–O–H) [43]. Different peaks vary-
ing between 1280 cm−1 and 1330 cm−1 indicate the
presence of dicarbon monoxide with a formula of
(C–O–C), and the peaks ranging from 1040 cm−1 to
1090 cm−1 are for the carbon monoxide (C–O) [43].
Our FTIR results may be compared with those of
Zolfaghari et al. [44], who oxidized the commer-
cial activated carbon (AC) with nitric acid and

Fig. 3. Curves obtained by FTIR spectroscopy for
the three samples (a), (b) and (c).
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Fig. 4. The C 1s curves obtained by XPS spec-
troscopy.

the (C–O) bands occurred around 1100–1700 cm−1

and with those of Aziz Fencan and al. [39], who
in 2015 had two bands of (O–H) and (C–O) in
the range of 2800–3200 cm−1 and 1650–1700 cm−1,
respectively [45].

3.4. XPS analysis

The surface of carbon quantum dots was ana-
lyzed by X-ray photoelectron spectroscopy (XPS),
as shown in Fig. 4. Chemical bonds of the three
specimens were indicated and resulted in the first
case (see Fig. 4a) with many binding energies; three
intense peaks at 285.2, 286.8, and 289.1 eV, re-
spectively, corresponded to the dicarbon (C–C),
dicarbon monoxide (C–O–C) and carbon dioxide
(O–C–O) bonds [46–48]. For the second condition
(see Fig. 4b), we observed four-component peaks
which represented (C–C) at 285.3 eV, (C–O–C)
at 286.8 eV, (C–O) at 287.8 eV and (O–C–O) for the
binding energy of 289.2 eV [46–48]. For the last con-
dition (see Fig. 4c), the four peaks centered at 284.9,
286.5, 288.3, and 289.4 eV, representing the chem-
ical binding of (C–C), (C–O–C), (C–O), and
(O–C–O) [46–48].

The comparison of our XPS results with [49]
showed many components of graphite such as:
(C–C) at 284.4–285.1 eV, (C–H) for 285.0–285.2 eV,
(COOH or COOR) with 288.0–289.5 eV and (C–O)
at 286.0–287.0 eV. Carbon black had three C 1s
components, (C–C), (C–O) and (COOH/COOR),
which had the range of 284.3–284.8, 285.4–286.4,
and 288.9–289.4 eV, respectively. Also, for the

components of carbon nanotubes CNTs, they had:
(C–C) of 284.7–286.0 eV, (C–O) for 285.8–286.8 eV
and carbonates at 288.3 eV [49].

The characterization of the nanocarbon struc-
tures by the Raman and XPS spectroscopies showed
the appearance of carbon particles with oxygen.
Oxygen proves that the carbons obtained are ox-
idized due to the emergence of graphite in ethanol,
which has a chemical formula (C2H5OH). The ra-
tio of ID/IG has an estimated value of 0.45 for the
graphite element and 0.60 for the rGO (reduced
graphite oxide), while XPS confirms the presence
of the carbon element and oxygen in the prepared
sample. This study showed the distribution of car-
bonic surfaces analyzed by the SEM technique at
the nanometric scale, which opens perspectives and
objectives to be achieved in the field of energy stor-
age in materials with a nanocarbon structure.

4. Conclusion

In this experimental research, we have used the
electrochemical process as a mean of preparation of
three samples. It shows that there is a possibility to
create and develop particles in the form of nanos-
tructured carbon. The synthesized carbon nanopar-
ticles were characterized by SEM, Raman, FTIR,
and XPS. The SEM images have shown spherical
nanoparticles (CQDs) with sizes of less than 10 nm
in conditions of 70 V and 30 ◦C for 42 h. The Ra-
man spectroscopy shows the formation of nanopar-
ticles of graphite based on nanocarbons: rGO and
graphite oxide (GO). The FTIR and XPS analysis
confirmed the existence of the carbon elementary
composition.
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