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Synthesis of colloidal suspensions of CoOx/C
nanomaterials using laser ablation of solids in liquids
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f Laboratorio de Investigación y Desarrollo de Materiales Avanzados,
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In this work, colloidal suspensions of CoOx/C nanomaterials were synthesized using laser ablation of solids in liquids. In the first stage,
experiments were carried out using a cobalt target and deionized water as the liquid medium in order to establish the conditions for the
synthesis of the nanomaterials. Subsequently, the cobalt target was irradiated in two liquid media containing carbon nanomaterials: a colloidal
suspension of carbon nanoparticles (CNPs) and another of graphene oxide nanosheets (GONs). The effect of the liquid medium was studied
as an important parameter, which determines the composition and structure of the final products. The resulting CoOx/C nanomaterials were
characterized morphologically and structurally using infrared spectroscopy, Raman spectroscopy, and transmission electron microscopy. In
addition, the optical properties of the colloidal suspensions were evaluated using fluorescence spectroscopy. The results show that ablation
in deionized water produces Co3O4 nanoparticles with an average diameter of 10.43 nm, while ablation in colloidal suspensions of carbon
nanomaterials led to the formation of two types of structures: carbon-coated CoOx nanoparticles and spherical CoOx nanoparticles embedded
in a carbon matrix. These cobalt oxide and carbon-based nanomaterials have broad potential in biomedical applications and energy storage
devices.

Keywords: Laser ablation; photoluminescence; carbon nanostructures; cobalt oxides; CoOx/C nanomaterials.

DOI: https://doi.org/10.31349/RevMexFis.72.041004

1. Introduction

Nanoscale cobalt oxides have attracted considerable interest
due to their catalytic, electrochemical, and optical properties,
making them attractive candidates for applications ranging
from sensors and heterogeneous catalysis to energy storage
devices and biomedicine [1-3]. However, their efficiency can
be limited by low intrinsic conductivity and the tendency of
nanoparticles to agglomerate. A common strategy to reduce
these limitations is to combine them with carbon nanomate-
rials, which provide greater stability, conductivity, and a suit-
able surface for dispersing and protecting the particles. This
combination can result in nanocomposites with synergistic
properties, reflected in more efficient charge transfer, greater
structural stability, and improved optical or electrochemical
behavior. Nanomaterials based on metal oxides and carbon
combine the functionality of metal oxide with the conductiv-

ity and structural stability of carbon. As a result, CoOx/C
nanocomposites have been established as attractive candi-
dates for applications in supercapacitors, catalysis, controlled
drug delivery, and bioimaging platforms [4-6].

Laser-assisted synthesis has become established as a
powerful tool for the production of advanced nanomateri-
als. In particular, laser ablation of solids in liquids (LASL)
enables the design of nanomaterials with unique properties
compared to those obtained through conventional synthe-
sis routes. This technique is considered low cost, as both
the solid targets and the solvents used are generally cheaper
than the salts or metal precursors used in traditional chem-
ical methods. In addition to its accessibility, LASL is a
highly versatile methodology capable of generating high-
purity nanoparticles by irradiating a solid target immersed
in a liquid medium. The possibility of combining differ-
ent targets and solvents facilitates the synthesis of a wide
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range of materials, including metal nanoparticles, oxides, al-
loys, carbides, among others [7-9]. Likewise, when the liq-
uid medium contains preformed carbon nanomaterials, the
technique enables the direct formation of nanocomposites
[10,11], further expanding its potential for design and func-
tionalization.

Nanoparticles of cobalt and its oxides have been synthe-
sized using laser ablation and fragmentation techniques in
liquids. In particular, laser fragmentation of Co [12,13], CoO
[12], Co3O4 [12,14,15], and Co2O3 [16] powders dispersed
in deionized water has resulted in the production of CoO [15],
Co3O4 [12-15], and Co2O3 [16] nanoparticles. Similarly,
laser ablation of a solid Co target in deionized water pro-
duced Co3O4 nanoparticles [17,18]. When organic solvents
such as toluene or acetone are used as the liquid medium, it is
possible to synthesize core-shell nanoparticles of Co@C [19]
and Co3C@C [20]. In all these studies, the synthesis param-
eters vary widely, with wavelengths between 355 and 1064
nm, irradiation times from 10 to 60 min, and energies rang-
ing from 30 mJ to 20 J. As can be seen, there are few reports
on the synthesis of nanocomposites and core-shell structures
of cobalt and carbon, since the synthesis has been carried out
mainly in water as the liquid medium.

In this work, colloidal suspensions of CoOx/C nanoma-
terials were synthesized using LASL. In the first stage, the
cobalt target was irradiated using deionized water as the liq-
uid medium to establish the conditions for the synthesis of
the nanomaterials. Subsequently, two liquid media contain-
ing carbon nanomaterials were used: a colloidal suspen-
sion of carbon nanoparticles (CNPs) and another of graphene
oxide nanosheets (GONs). The influence of the ablation
medium on the morphology, structure, and optical properties
of the resulting nanomaterials was evaluated using infrared
spectroscopy, Raman spectroscopy, transmission electron mi-
croscopy, and fluorescence spectroscopy. The results indicate
that ablation in deionized water produces Co3O4 nanoparti-
cles, while ablation in colloidal suspensions of carbon nano-
materials generates two types of structures: carbon-coated
CoOx nanoparticles and spherical CoOx nanoparticles em-
bedded in a carbon matrix. These results reveal how the liq-
uid medium modulates the formation of CoOx nanoparticles,
providing important information for designing nanomaterials
with potential applications in biomedicine and energy stor-
age.

2. Experimental

2.1. Synthesis

Colloidal suspensions of CoOx/C nanomaterials were ob-
tained using the LASL technique. In a first stage, the syn-
thesis conditions were established using a cobalt target and
deionized water as the liquid medium. The experiments
were carried out as illustrated in Fig. 1a), a cobalt target
(2.54 cm in diameter× 0.40 cm thick, 99.95% purity, Kurt J.
Lesker Company) was immersed in 20 ml of deionized water

(Wöhler), using a 50 ml glass vessel forming an optical path
of 1.9 cm. The cobalt target was irradiated for 30 min using
a pulsed Nd:YAG laser (Surelite, Continuum) with an emis-
sion wavelength of 1064 nm and a repetition rate of 20 Hz;
the target was constantly moved to avoid irradiation in the
same place. To focus the laser pulses (105 mJ), a lens was
placed 9.6 cm from the target, forming a 1 mm diameter spot
on the surface of the target, giving a per pulse laser fluence
of 13.37 J/cm2.

Subsequently, the cobalt target was irradiated in two liq-
uid media containing carbon nanomaterials: a colloidal sus-
pension of CNPs and another of GONs. The suspensions
were previously obtained by ultrasonic irradiation of coffee
biochar dispersed in toluene and hydrogen peroxide. The
synthesis and characterization of these materials has already
been reported by our research group previously [21]. The liq-
uid media were prepared as follows. For the colloidal suspen-
sion of CNPs, 3.5 ml of the colloidal suspension in toluene
was diluted in 16.5 ml of isopropyl alcohol (Trademark). To
prevent oxidation of the cobalt target, the colloidal suspen-
sion of GONs in hydrogen peroxide was dehydrated at 75◦C
using a hot plate, and a solution was then prepared by plac-
ing 4.63 mg of the dehydrated material in 20 ml of deionized
water (Wöhler).

Figure 1b) shows a photograph of the colloidal suspen-
sion of cobalt oxide nanoparticles obtained using deionized
water as the liquid medium, which has a brown color. Fig-
ures 1c) and 1d) show photographs of the colloidal suspen-
sions of CoOx/C nanomaterials obtained using the colloidal

FIGURE 1. a) Experimental diagram used for the synthesis of
colloidal suspensions of CoOx/C nanomaterials. b) Cobalt oxide
nanoparticles obtained using deionized water as the liquid medium.
CoOx/C nanomaterials obtained using c) the colloidal suspension
of CNPs and d) the colloidal suspension of GONs as the liquid
medium, respectively.
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suspension of CNPs and the colloidal suspension of GONs,
respectively. For comparison purposes, the liquid media are
shown in the image. We can see that the colloidal suspen-
sions obtained from the ablation process have a brown hue
compared to the liquid media used, which have a translucent
hue (colloidal suspension of CNPs) and a yellowish hue (col-
loidal suspension of GONs).

2.2. Characterization

CoOx nanoparticles were characterized using Raman spec-
troscopy and transmission electron microscopy (TEM).
Whereas CoOx/C nanomaterials were characterized morpho-
logically and structurally using infrared spectroscopy (FTIR),
Raman spectroscopy, and TEM. In addition, the optical prop-
erties of the colloidal suspensions of CoOx/C nanomaterials
were characterized by fluorescence spectroscopy.

Raman characterization was performed with a Raman
spectrometer (Xplora Plus, Jobin-Yvon-Horiba) using a
green laser (λ = 532 nm) with a power of 2.5 mW. A 50X
objective lens was used to focus the laser beam on the sam-
ple.

FTIR spectra were taken on an IR spectrometer
(IRPrestige-21, Shimadzu) from 550 to 4000 cm−1 for the
liquid media (CNPs and GONs) and the colloidal suspensions
of CoOx/C nanomaterials. For the analyses, part of the col-

loidal suspension was dripped onto a microscope slide and
the liquid medium was evaporated at 70◦C using a hot plate.

The morphological and structural characterization of the
nanomaterials was performed using a transmission electron
microscope (JEOL 2100) with an acceleration voltage of
200 kV. Image acquisition was performed on samples pre-
pared by evaporation at room temperature of a drop of the
colloidal suspension on a grid.

The photoluminescence emission spectra were ob-
tained using a spectrophotometer (Fluoromax-p, Jobin-Yvon-
Horiba) with an excitation wavelength of 370 nm. The spec-
tra were obtained by placing 3.5 ml of the diluted colloidal
suspension in a quartz cuvette with an optical path length of
10 mm. The dilution was performed by placing 3 ml of the
colloidal suspension in 4 ml of deionized water or isopropyl
alcohol.

3. Results and discussion

3.1. Co3O4 nanoparticles

Figure 2 shows the results obtained from the characterization
by Raman spectroscopy and TEM of the sample obtained us-
ing deionized water as the liquid medium. The Raman spec-
trum [Fig. 2a)] shows bands at 192, 480, 618, and 689 cm−1.

FIGURE 2. a) Raman spectrum, b) low-magnification TEM image, c) size distribution histogram, and d) high-resolution image of the sample
obtained using deionized water as the liquid medium.
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The bands found correspond to the Co3O4 phase of cobalt
oxide [22,23]. In addition, a signal can be seen at 520 cm−1,
which corresponds to the silicon substrate on which the sam-
ple was placed for analysis.

Figure 2b) shows a low-magnification TEM image of the
nanoparticles obtained, where it can be seen that the particles
are partially agglomerated. Analysis of the size distribution
[Fig. 2c)] indicates that the nanoparticles have an average di-
ameter of 10.43 nm. Figure 2d) shows a high-resolution im-
age (HRTEM) of the nanoparticles obtained, in which it is
possible to see the planes associated with the cubic structure
of the Co3O4 phase of cobalt oxide, such as the (111) plane,
with an interplanar distance of 0.46 nm, and the (222) plane
with an interplanar distance of 0.23 nm, which are approx-
imate to those reported on the PDF-01-074-1657 chart for
Co3O4.

These results indicate that under the ablation conditions
described in the Experimental section and using deionized
water as the liquid medium, only Co3O4 nanoparticles are
obtained. This coincides with the findings reported by A.
Roustaet al. [17] and E. N. Ghaemet al. [18], who also
synthesized Co3O4 nanoparticles by ablating a cobalt target
in deionized or distilled water. However, Roustaet al. report
particle sizes close to 50 nm, which are larger than those ob-
tained in this work. It is important to note that they used a
higher laser fluence (100 J/cm2), which increases the amount
of ablated material and the energy transferred to the target,
thus favoring the formation of larger particles.

3.2. CoOx/C nanomaterials

3.2.1. FTIR spectroscopy analysis

Figure 3a) shows the infrared spectrum of the sample ob-
tained using the colloidal suspension of CNPs (CoOx/CNPs).
For comparison purposes, the infrared spectrum of the liq-
uid medium (CNPs) is included. The bands at 2957, 2924,
2858, 1460, and 1377 cm−1 are assigned to the stretching

and bending vibrations of the C-H bonds in the CH3 and CH2

groups [24]. The signals at 1725 and 1250 cm−1 are due to
the stretching of the C=O and C-O bonds [25]. The band at
1580 cm−1 is attributed to the bending of C=C bonds in aro-
matic rings [24]. The signal at 1120 cm−1 is assigned to the
symmetric stretching of the C-O bonds in the C-O-C group
[26]. The band at 1070 cm−1 is assigned to the asymmet-
ric stretching of C-O-C [25]. A broad, intense band is ob-
served at 905 cm−1 associated with the bending vibration of
C-H bonds [26] or the asymmetric stretching vibration of Si-
O bonds [27] in the substrate on which the sample was placed
for analysis. Likewise, a signal was recorded at 1018 cm−1

due to the symmetric stretching of C-O-C [25]. And the sig-
nal at 740 cm−1 is due to the bending vibration of the C-H
bonds [26]. In addition, for CoOx/CNPs we can observe a
broad band at 3360 cm−1 which is due to the stretching vi-
bration of the hydroxyl groups [24]. Furthermore, no signals
associated with Co bonds were observed, which are present in
the range of 576 to 661 cm−1 corresponding to metal-oxygen
(Co-O) vibration modes [28].

Figure 3b) shows the infrared spectra of the sam-
ple obtained using the colloidal suspension of GONs
(CoOx/GONs) and the liquid medium used during ablation
(GONs). For CoOx/GONs, a broad band around 3260 cm−1

can be observed, which is due to the stretching vibration of
the hydroxyl groups. The signal at 1595 cm−1 attributed to
the asymmetric stretching of C=C bonds undergoes a slight
shift towards 1572 cm−1 after the ablation process. In addi-
tion, we can see bands at 1373, 1010, and 1033 cm−1 associ-
ated with the vibrations of the C-H bonds and the stretching
of the C-O bonds, respectively. Additionally, it is observed
that the signal at 1705 cm−1, corresponding to the vibrations
of the C=O bonds, disappears completely after ablation. This
behavior suggests a reduction process of the material. Given
that CoOx particles are generated directly in a liquid medium
of graphene oxide nanosheets, it is reasonable to assume that
the laser beam interacts with them, removing part of the oxy-
genated functional groups and thus promoting their reduction

FIGURE 3. Infrared spectra of samples obtained using a) colloidal suspension of CNPs and b) colloidal suspension of GONs as the liquid
medium, respectively.
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FIGURE 4. Raman spectra of samples obtained using a) colloidal suspension of CNPs and b) colloidal suspension of GONs as the liquid
medium, respectively.

[29,30]. As in the previous case, it is not possible to observe
signals associated with Co-O bonds.

3.2.2. Raman spectroscopy analysis

Figure 4 shows the Raman spectra of the materials obtained
using the colloidal suspension of CNPs [Fig. 4a)] and the col-
loidal suspension of GONs [Fig. 4b)] as liquid media during
the laser ablation process.

In the Raman spectrum for CoOx/CNPs, the D band
at 1360 cm−1 and the G band at 1560 cm−1 can be ob-
served due to the presence of the carbon material used dur-
ing synthesis, as well as weak signals around 476, 511, and
680 cm−1, which are attributed to the presence of Co3O4.
For CoOx/GONs, the D band at 1366 cm−1 and the G band
at 1573 cm−1 can be seen, confirming the presence of the
carbon material used during synthesis. Additionally, we have
bands at 478, 517, and 680 cm−1, which correspond to the
Co3O4 phase of cobalt oxide.

The ratio between the intensities of the D and G bands
(ID/IG) in carbon materials is related to the degree of struc-
tural disorder; the higher theID/IG value, the more struc-
tural defects the sample contains and the lower the degree of
order [31]. For the CoOx/CNPs sample, we haveID/IG =
0.56, while for the CoOx/GONs sample, we haveID/IG =
0.90, which is greater than for the material obtained with the
colloidal suspension of CNPs, indicating a higher degree of
structural disorder.

3.2.3. TEM analysis

Figure 5 shows TEM images for the sample obtained with
the colloidal suspension of CNPs (CoOx/CNPs). Fig-
ure 5a) shows spherical nanoparticles, and the size histogram
[Fig. 5b)] indicates that the particles have an average size of
13.06 nm. The image inserted in Fig. 5c) shows a spheri-
cal particle coated with a carbon layer approximately 13 nm
thick. In the HRTEM image, it is possible to see in greater
detail that the layer surrounding the particle is composed of

a series of planes, with a separation between layers of ap-
proximately 0.35 nm, which is close to the separation be-
tween graphite layers [32]. Selected area electron diffrac-
tion (SAED) analysis reveals the formation of a ring pattern
[Fig. 5d)], indicating that the sample obtained is polycrys-
talline. We have a ring that can be assigned to the (511)
plane of the Co3O4 phase of cobalt oxide, a ring assigned
to the (200) plane of metallic cobalt, and a ring assigned
to the (100) plane of graphitic carbon or the (200) plane of
the CoO phase of cobalt oxide, according to the information
in cards PDF-01-074-1657, PDF-01-089-7093, PDF-00-008-
0415, and PDF-01-074-2392.

In general, the use of organic solvents and alcohols dur-
ing laser ablation synthesis leads to the formation of carbon-
coated nanoparticles, as well as nanoparticles embedded in
carbon matrices, and even the generation of carbides [33-
36]. In this case, as already mentioned, carbon-coated CoOx
nanoparticles were obtained. TEM analyses suggest the pres-
ence of Co3O4, CoO, and metallic cobalt nanoparticles; how-
ever, Raman spectroscopy only shows the presence of the
Co3O4 phase. It is important to remember that Raman spec-
troscopy is a volumetric technique, while TEM provides lo-
calized information at the nanometer scale. Further analysis
is needed to determine if it is possible to have any other phase
of cobalt oxides.

On the other hand, the use of solvents with low oxygen
content tends to decrease the degree of oxidation of nanopar-
ticles generated by laser ablation. However, even HPLC-
grade liquids may contain traces of atmospheric gases which
can influence the ablation process [37]. In fact, several au-
thors have reported that the presence of atmospheric gases
can modify the synthesis of nanomaterials obtained by laser
ablation [38,39]. Isopropyl alcohol can also act as an oxi-
dizing agent, promoting the simultaneous formation of metal
nanoparticles and metal oxides [40,41].

The formation process of CoOx/CNPs nanomaterials can
be described as follows. During ablation, the energy from the
laser pulses is transferred to the metal target, increasing its

Rev. Mex. Fis.72041004
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FIGURE 5. a) Low-magnification TEM image, b) size distribution histogram, c) low-magnification TEM image and HRTEM image showing
a coated particle, and d) SAED pattern of nanomaterials obtained using the colloidal suspension of CNPs as the liquid medium.

temperature and generating a plasma plume composed of
electrons, atoms, and cobalt ions. Similarly, part of the laser
energy is distributed to the liquid medium-the colloidal sus-
pension of CNPs in toluene/isopropyl alcohol-where the laser
beam interacts with the CNPs and the solvent, causing their
decomposition. This decomposition not only contributes car-
bon material to the nanomaterials formed, but also gener-
ates reactive species that, during the nucleation and growth
of the nanoparticles, interact with the electrons, atoms, and
ions from the cobalt target, promoting the formation of the
different phases of cobalt oxide.

Figure 6a) shows a low-magnification image of the nano-
materials obtained using the colloidal suspension of GONs
(CoOx/GONs). In it, spherical particles within a carbon ma-
trix can be observed. The size histogram, Fig. 6b), indicates
that the particles have an average size of 8.66 nm. Figure 6c)
shows an HRTEM image of the nanoparticles obtained, in
which it is possible to see the planes that make up the crys-
talline structure of the nanoparticles, such as the (100) plane

with an interplanar distance of 0.21 nm corresponding to
graphitic carbon [42]. SAED analysis reveals the formation
of a ring pattern [Fig. 6d)] due to the (220) and (622) planes
of the Co3O4 phase. We can also observe a ring that can be
assigned to the (100) plane of graphitic carbon or the (200)
plane of the CoO phase of cobalt oxide, according to the
information in cards PDF-01-074-1657, PDF-01-074-2392,
and PDF-00-008-0415.

When the colloidal suspension of GONs was used, spher-
ical CoOx nanoparticles embedded in a carbon matrix were
obtained. Similar to what was observed in the previous
sample, TEM analyses indicate the presence of Co3O4 and
CoO nanoparticles; however, Raman spectroscopy only de-
tects signals corresponding to the Co3O4 phase. Therefore,
complementary techniques are needed to better identify the
phases present in the nanoparticles generated during the ab-
lation process.

The mechanism of formation of these nanomaterials can
be described as follows. As explained above, laser pulses

Rev. Mex. Fis.72041004
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FIGURE 6. a) Low-magnification TEM image, b) size distribution histogram, c) HRTEM image, and d) SAED pattern of nanomaterials
obtained using a colloidal suspension of GONs as the liquid medium.

produce a plasma plume composed of electrons, ions, and
atoms released from the cobalt target, in addition to generat-
ing oxidizing species from the water in the liquid medium.
The material ejected from the target reacts with these oxi-
dizing species, giving rise to different phases of cobalt ox-
ides. Subsequently, the nucleation and growth of nanoparti-
cles begin, which become trapped and immobilized between
the GONs [29,30].

Additionally, GONs can absorb part of the laser beam’s
energy, which promotes their deformation and the elimina-
tion of some oxygenated functional groups, resulting in their
partial reduction. This energy absorption acts as a filter that
limits the amount of energy arriving at the cobalt target, thus
modifying the formation conditions and promoting the for-
mation of a phase mixture. This occurs even when ablation
experiments are performed for 30 min, which in laser abla-
tion in water would be sufficient to obtain exclusively Co3O4

nanoparticles. Consequently, the effective energy reaching
the target is not sufficient to stabilize a single metal ox-
ide phase, or the early immobilization of the nanoparticles

by graphene oxide prevents complete transformation to the
Co3O4 phase.

These results indicate that when the ablation medium
contains preformed carbon nanomaterials, it is possible to
synthesize two types of structures: carbon-coated CoOx
nanoparticles and spherical CoOx nanoparticles embedded
in a carbon matrix. For example, A. G. Radet al. [43]
report the synthesis of cobalt oxide/graphene nanocompos-
ites using a two-step process. In the first stage, a graphite
target is irradiated in distilled water to generate graphene
nanosheets; subsequently, this colloidal suspension is used as
a liquid medium for the laser ablation of a cobalt target. This
produces cobalt oxide nanoparticles with an average size of
25 nm deposited on the graphene nanosheets. Similarly, M.
Khandelwalet al. [44] describe the production of graphene
nanosheets decorated with Co3O4 nanoparticles using laser-
assisted pyrolysis. These results, like those obtained in the
present work, highlight the potential use of laser-assisted ma-
terial synthesis and processing for the development of novel
materials with diverse applications.

Rev. Mex. Fis.72041004
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FIGURE 7. Photoluminescence emission spectra of samples obtained using a) colloidal suspension of CNPs and b) colloidal suspension of
GONs as the liquid medium, respectively.

3.2.4. Fluorescence spectroscopy analysis

Figure 7 shows the photoluminescence emission spectra ob-
tained at an excitation wavelength of 370 nm for the col-
loidal suspensions of CoOx/C nanomaterials (CoOx/CNPs
and CoOx/GONs). The emission spectra of the liquid me-
dia used during the ablation process (CNPs and GONs) are
also included for reference.

For the sample synthesized from the colloidal suspension
of CNPs [Fig. 7a)], the incorporation of CoOx nanoparti-
cles does not produce significant changes in the shape or po-
sition of the emission band (434 nm), compared to the liq-
uid medium used during ablation. The inset in the figure
shows a photograph of both suspensions under UV illumina-
tion (λ = 370 nm), where the beam path exhibits a blue hue
in both cases. On the other hand, in the sample obtained from
the colloidal suspension of GONs [Fig. 7b)], the position of
the emission band (452 nm) remains virtually unchanged af-
ter the incorporation of CoOx. However, a decrease in pho-
toluminescence intensity is observed compared to the liquid
medium used during ablation. The corresponding insert again
shows illumination under the UV lamp (λ = 370 nm), where
the beam path is visible in blue-green tones.

Fluorescence intensity can decrease through various
mechanisms, among which two widely studied quenching
processes stand out: dynamic quenching, associated with col-
lisions, and static quenching, related to the formation of com-
plexes. Various substances can act as fluorescence inhibitors,
including metal ions, which are capable of reducing photolu-
minescence in carbon nanomaterials. Previous studies have
shown that incorporating these ions into carbon nanomate-
rials can decrease photoluminescence intensity. This is be-
cause metal ions can interact with functional groups present
on the surface of the material, forming non-fluorescent com-
plexes that enable new non-radiative deactivation pathways,
ultimately leading to the extinction of photoluminescence
[45,46]. In the case of CoOx/GONs, the infrared spectrum
does not show the formation of new compounds; however,
the disappearance of the band at 1705 cm−1 associated with

C=O bond vibrations is observed. This suggests the partial
elimination of some oxygen functional groups and, therefore,
a slight reduction in graphene oxide after laser irradiation.
This reduction could contribute to the observed loss of pho-
toluminescence. However, to elucidate more precisely the
mechanisms by which the incorporation of CoOx nanoparti-
cles modifies the emission intensity, it will be necessary to
use complementary techniques, such as time-resolved fluo-
rescence spectroscopy.

4. Conclusions

The results obtained show that the solvent used during the
synthesis of nanomaterials by laser ablation is an impor-
tant parameter that significantly influences the composition
and structure of the final products. When deionized wa-
ter is used as the liquid medium, Co3O4 nanoparticles with
an average diameter of 10.43 nm are formed. In contrast,
the use of colloidal suspensions of carbon nanomaterials as
the ablation medium leads to the formation of two types of
CoOx/C nanomaterials: carbon-coated CoOx nanoparticles
(CoOx/CNPs) and spherical CoOx nanoparticles embedded
in a carbon matrix (CoOx/GONs). TEM analyses reveal the
presence of Co3O4, CoO, and metallic cobalt nanoparticles;
however, Raman spectroscopy only shows the presence of
the Co3O4 phase. The use of complementary characteriza-
tion techniques is therefore necessary to accurately identify
the phases formed during the ablation of the cobalt target in
colloidal suspensions of carbon nanomaterials. Furthermore,
it was observed that in the case of CoOx/GONs, the incorpo-
ration of CoOx nanoparticles modifies the photoluminescent
emission intensity of the colloidal suspension of GONs. This
decrease in emission intensity could be associated with the
reduction of graphene oxide by laser irradiation.
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