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Synthesis of colloidal suspensions of CoOx/C
nanomaterials using laser ablation of solids in liquids
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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 colloida
suspension of carbon nanoparticles (CNPs) and another of graphene oxide nanosheets (GONSs). The effect of the liquid medium was studie
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. Ir
addition, the optical properties of the colloidal suspensions were evaluated using fluorescence spectroscopy. The results show that ablatio
in deionized water produces 04 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 nanopatrticles embedde
in a carbon matrix. These cobalt oxide and carbon-based nanomaterials have broad potential in biomedical applications and energy storag
devices.
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1. Introduction ity and structural stability of carbon. As a result, CoOx/C
nanocomposites have been established as attractive candi-
ates for applications in supercapacitors, catalysis, controlled

Nanoscale cobalt oxides have attracted considerable intere . . .
rug delivery, and bioimaging platforms [4-6].

due to their catalytic, electrochemical, and optical properties;
making them attractive candidates for applications ranging Laser-assisted synthesis has become established as a
from sensors and heterogeneous catalysis to energy storagewerful tool for the production of advanced nanomateri-
devices and biomedicine [1-3]. However, their efficiency canals. In particular, laser ablation of solids in liquids (LASL)

be limited by low intrinsic conductivity and the tendency of enables the design of nanomaterials with unique properties
nanoparticles to agglomerate. A common strategy to reduceompared to those obtained through conventional synthe-
these limitations is to combine them with carbon nanomatesis routes. This technique is considered low cost, as both
rials, which provide greater stability, conductivity, and a suit-the solid targets and the solvents used are generally cheaper
able surface for dispersing and protecting the particles. Thithan the salts or metal precursors used in traditional chem-
combination can result in nanocomposites with synergistiécal methods. In addition to its accessibility, LASL is a
properties, reflected in more efficient charge transfer, greatdrighly versatile methodology capable of generating high-
structural stability, and improved optical or electrochemicalpurity nanoparticles by irradiating a solid target immersed
behavior. Nanomaterials based on metal oxides and carban a liquid medium. The possibility of combining differ-
combine the functionality of metal oxide with the conductiv- ent targets and solvents facilitates the synthesis of a wide
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range of materials, including metal nanoparticles, oxides, alfWohler), using a 50 ml glass vessel forming an optical path
loys, carbides, among others [7-9]. Likewise, when the lig-of 1.9 cm. The cobalt target was irradiated for 30 min using
uid medium contains preformed carbon nanomaterials, tha pulsed Nd:YAG laser (Surelite, Continuum) with an emis-
technique enables the direct formation of nanocompositesion wavelength of 1064 nm and a repetition rate of 20 Hz;
[10,11], further expanding its potential for design and func-the target was constantly moved to avoid irradiation in the
tionalization. same place. To focus the laser pulses (105 mJ), a lens was
Nanoparticles of cobalt and its oxides have been syntheplaced 9.6 cm from the target, forming a 1 mm diameter spot
sized using laser ablation and fragmentation techniques ion the surface of the target, giving a per pulse laser fluence
liquids. In particular, laser fragmentation of Co [12,13], CoO of 13.37 J/cm.
[12], Co;04 [12,14,15], and CgOs; [16] powders dispersed Subsequently, the cobalt target was irradiated in two lig-
in deionized water has resulted in the production of CoO [15]uid media containing carbon nanomaterials: a colloidal sus-
Co;0, [12-15], and CgO3 [16] nanoparticles. Similarly, pension of CNPs and another of GONs. The suspensions
laser ablation of a solid Co target in deionized water prowere previously obtained by ultrasonic irradiation of coffee
duced C@O, nanoparticles [17,18]. When organic solventsbjochar dispersed in toluene and hydrogen peroxide. The
such as toluene or acetone are used as the liquid medium, itéynthesis and characterization of these materials has already
possible to synthesize core-shell nanoparticles of Co@C [19een reported by our research group previously [21]. The lig-
and CaC@C [20]. In all these studies, the synthesis paramuid media were prepared as follows. For the colloidal suspen-
eters vary widely, with wavelengths between 355 and 1064ion of CNPs, 3.5 ml of the colloidal suspension in toluene
nm, irradiation times from 10 to 60 min, and energies rangwas diluted in 16.5 ml of isopropyl alcohol (Trademark). To
ing from 30 mJ to 20 J. As can be seen, there are few reporisrevent oxidation of the cobalt target, the colloidal suspen-
on the synthesis of nanocomposites and core-shell structurggon of GONs in hydrogen peroxide was dehydrated &Q@5
of cobalt and carbon, since the synthesis has been carried oyging a hot plate, and a solution was then prepared by plac-
mainly in water as the liquid medium. ing 4.63 mg of the dehydrated material in 20 ml of deionized
In this work, colloidal suspensions of CoOx/C nanoma-water (Wohler).
terials were synthesized using LASL. In the first stage, the  Figyre 1b) shows a photograph of the colloidal suspen-
cobalt target was irradiated using deionized water as the lidgjon of cobalt oxide nanoparticles obtained using deionized
uid medium to establish the conditions for the synthesis ofyater as the liquid medium, which has a brown color. Fig-
the nanomaterials. Subsequently, two liquid media containgres 1¢) and 1d) show photographs of the colloidal suspen-

ing carbon nanomaterials were used: a colloidal suspensions of CoOx/C nanomaterials obtained using the colloidal
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 e
spectroscopy, Raman spectroscopy, transmission electron mi

croscopy, and fluorescence spectroscopy. The results indicat
that ablation in deionized water produces;Og nanoparti-
cles, while ablation in colloidal suspensions of carbon nano-
materials generates two types of structures: carbon-coate(
CoOx nanoparticles and spherical CoOx nanoparticles em-
bedded in a carbon matrix. These results reveal how the lig-
uid medium modulates the formation of CoOx nanopatrticles,
providing important information for designing nanomaterials
with potential applications in biomedicine and energy stor-
age.

2. Experimental - v —
— T == ———®
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2 1 Synthesis CoOx nanoparticles CoOx/C nanomaterials using the CoOx/C nanomaterials using the
using deionized water lloidal suspension of carbon colloidal suspension of graphene
nanoparticles oxide nanosheets
b) ¢) d)

Colloidal suspensions of CoOx/C nanomaterials were ob-
tained using the LASL technique. In a first stage, the syn-

hesi diti blished usi bal FIGURE 1. a) Experimental diagram used for the synthesis of
thesis conditions were established using a cobalt target a lloidal suspensions of CoOx/C nanomaterials. b) Cobalt oxide

deionized water as the liquid medium. The experiments,anoparticles obtained using deionized water as the liquid medium.
were carried out as illustrated in Fig. 1a), a cobalt targeicoox/C nanomaterials obtained using c) the colloidal suspension
(2.54 cmin diametex 0.40 cm thick, 99.95% purity, Kurt J. of CNPs and d) the colloidal suspension of GONs as the liquid
Lesker Company) was immersed in 20 ml of deionized watemedium, respectively.
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suspension of CNPs and the colloidal suspension of GONdpidal suspension was dripped onto a microscope slide and
respectively. For comparison purposes, the liquid media arthe liquid medium was evaporated at @ using a hot plate.
shown in the image. We can see that the colloidal suspen- The morphological and structural characterization of the
sions obtained from the ablation process have a brown huganomaterials was performed using a transmission electron
compared to the liquid media used, which have a translucenthicroscope (JEOL 2100) with an acceleration voltage of
hue (colloidal suspension of CNPs) and a yellowish hue (col200 kV. Image acquisition was performed on samples pre-

loidal suspension of GONSs). pared by evaporation at room temperature of a drop of the
o colloidal suspension on a grid.
2.2. Characterization The photoluminescence emission spectra were ob-

. . . tained using a spectrophotometer (Fluoromax-p, Jobin-Yvon-
CoOx nanoparticles were characterized using Raman Speﬁ’oriba) with an excitation wavelength of 370 nm. The spec-

:/r\(/)hscopy gng }g;msmlssu?[n _ellectron rr':llcro?cqpyd (TEM%'tra were obtained by placing 3.5 ml of the diluted colloidal
ereas LoLX/L nanomalenals were characterized morp ghspension in a quartz cuvette with an optical path length of
logically and structurally using infrared spectroscopy (FTIR),10 mm. The dilution was performed by placing 3 ml of the
Ra_man spectrosc_opy, and TEM' In addition, the optical PrOP%l0idal suspension in 4 ml of deionized water or isopropyl
erties of the colloidal suspensions of CoOx/C nanomaterlalsdlcohol
were characterized by fluorescence spectroscopy. '
Raman characterization was performed with a Raman
spectrometer (Xplora Plus, Jobin-Yvon-Horiba) using a3. Results and discussion
green laser X = 532 nm) with a power of 2.5 mW. A 50X
objective lens was used to focus the laser beam on the sarB:1. Cg,0, nanoparticles
ple.
spectra were taken on an spectrometerFigure 2 shows the results obtained from the characterization
FTIR t tak IR t terFi 2sh th Its obtained f the ch terizati
(IRPrestige-21, Shimadzu) from 550 to 4000 chfor the by Raman spectroscopy and TEM of the sample obtained us-
liquid media (CNPs and GONSs) and the colloidal suspensionsg deionized water as the liquid medium. The Raman spec-
of Co nanomaterials. For the analyses, part of the coltrum [Fig. 2a)] shows bands at , , ,an m
f CoOx/C ials. For th ly p f th [ Fig. 2 h band 192, 480, 618, and 689'c
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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 the3;Oq phase of cobalt and bending vibrations of the C-H bonds in theithd CH
oxide [22,23]. In addition, a signal can be seen at 520 tm groups [24]. The signals at 1725 and 1250 ¢nare due to
which corresponds to the silicon substrate on which the santhe stretching of the C=0 and C-O bonds [25]. The band at
ple was placed for analysis. 1580 cnt! is attributed to the bending of C=C bonds in aro-
Figure 2b) shows a low-magnification TEM image of the matic rings [24]. The signal at 1120 crhis assigned to the
nanoparticles obtained, where it can be seen that the particlsgmmetric stretching of the C-O bonds in the C-O-C group
are partially agglomerated. Analysis of the size distribution[26]. The band at 1070 cmt is assigned to the asymmet-
[Fig. 2c)] indicates that the nanoparticles have an average diic stretching of C-O-C [25]. A broad, intense band is ob-
ameter of 10.43 nm. Figure 2d) shows a high-resolution imserved at 905 cm' associated with the bending vibration of
age (HRTEM) of the nanoparticles obtained, in which it is C-H bonds [26] or the asymmetric stretching vibration of Si-
possible to see the planes associated with the cubic structué@bonds [27] in the substrate on which the sample was placed
of the Ca O, phase of cobalt oxide, such as the (111) planefor analysis. Likewise, a signal was recorded at 1018 tm
with an interplanar distance of 0.46 nm, and the (222) plan&lue to the symmetric stretching of C-O-C [25]. And the sig-
with an interplanar distance of 0.23 nm, which are approxal at 740 cm! is due to the bending vibration of the C-H
imate to those reported on the PDF-01-074-1657 chart fobonds [26]. In addition, for COOx/CNPs we can observe a
C030;4. broad band at 3360 cm which is due to the stretching vi-
These results indicate that under the ablation condition®ration of the hydroxyl groups [24]. Furthermore, no signals
described in the Experimental section and using deionize@ssociated with Co bonds were observed, which are presentin
water as the liquid medium, only G0, nanoparticles are the range of 576 to 661 cm corresponding to metal-oxygen
obtained. This coincides with the findings reported by A.(Co-O) vibration modes [28].
Roustaet al. [17] and E. N. Ghaenet al. [18], who also Figure 3b) shows the infrared spectra of the sam-
synthesized CgD, nanoparticles by ablating a cobalt target ple obtained using the colloidal suspension of GONs
in deionized or distilled water. However, Roustzal. report  (CoOx/GONSs) and the liquid medium used during ablation
particle sizes close to 50 nm, which are larger than those o{GONSs). For CoOx/GONSs, a broad band around 3260 tm
tained in this work. It is important to note that they used acan be observed, which is due to the stretching vibration of
higher laser fluence (100 J/&which increases the amount the hydroxyl groups. The signal at 1595 thattributed to
of ablated material and the energy transferred to the targethe asymmetric stretching of C=C bonds undergoes a slight

thus favoring the formation of larger particles. shift towards 1572 cm' after the ablation process. In addi-
tion, we can see bands at 1373, 1010, and 1033'aassoci-

3.2 CoOx/C nanomaterials ated with the vibrations of the C-H bonds and the stretching
of the C-O bonds, respectively. Additionally, it is observed

3.2.1. FTIR spectroscopy analysis that the signal at 1705 cm, corresponding to the vibrations

of the C=0 bonds, disappears completely after ablation. This
Figure 3a) shows the infrared spectrum of the sample obbehavior suggests a reduction process of the material. Given
tained using the colloidal suspension of CNPs (CoOx/CNPs)that CoOx particles are generated directly in a liquid medium
For comparison purposes, the infrared spectrum of the ligef graphene oxide nanosheets, it is reasonable to assume that
uid medium (CNPs) is included. The bands at 2957, 2924the laser beam interacts with them, removing part of the oxy-
2858, 1460, and 1377 cm are assigned to the stretching genated functional groups and thus promoting their reduction
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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 series of planes, with a separation between layers of ap-

signals associated with Co-O bonds. proximately 0.35 nm, which is close to the separation be-
tween graphite layers [32]. Selected area electron diffrac-
3.2.2. Raman spectroscopy analysis tion (SAED) analysis reveals the formation of a ring pattern

[Fig. 5d)], indicating that the sample obtained is polycrys-

Figure 4 shows the Raman spectra of the materials obtaingdlline. We have a ring that can be assigned to the (511)
using the colloidal suspension of CNPs [Fig. 4a)] and the colplane of the CgO, phase of cobalt oxide, a ring assigned
loidal suspension of GONSs [Fig. 4b)] as liquid media duringto the (200) plane of metallic cobalt, and a ring assigned
the laser ablation process. to the (100) plane of graphitic carbon or the (200) plane of

In the Raman spectrum for CoOx/CNPs, the D bandthe CoO phase of cobalt oxide, according to the information
at 1360 cn! and the G band at 1560 cmh can be ob- incards PDF-01-074-1657, PDF-01-089-7093, PDF-00-008-
served due to the presence of the carbon material used du#415, and PDF-01-074-2392.
ing synthesis, as well as weak signals around 476, 511, and In general, the use of organic solvents and alcohols dur-
680 cnT!, which are attributed to the presence of;0Q. ing laser ablation synthesis leads to the formation of carbon-
For CoOx/GONS, the D band at 1366 tmand the G band coated nanoparticles, as well as nanoparticles embedded in
at 1573 cn! can be seen, confirming the presence of thecarbon matrices, and even the generation of carbides [33-
carbon material used during synthesis. Additionally, we have86]. In this case, as already mentioned, carbon-coated CoOx
bands at 478, 517, and 680 tfy which correspond to the nanoparticles were obtained. TEM analyses suggest the pres-
Co30, phase of cobalt oxide. ence of CgOy4, Co0, and metallic cobalt nanoparticles; how-

The ratio between the intensities of the D and G bandsver, Raman spectroscopy only shows the presence of the
(Ip/Ig) in carbon materials is related to the degree of strucCo;0, phase. It is important to remember that Raman spec-
tural disorder; the higher thé, /I value, the more struc- troscopy is a volumetric technique, while TEM provides lo-
tural defects the sample contains and the lower the degree oflized information at the nanometer scale. Further analysis
order [31]. For the CoOx/CNPs sample, we hdyg/I; =  is needed to determine if it is possible to have any other phase
0.56, while for the CoOx/GONs sample, we hdyg/I; = of cobalt oxides.
0.90, which is greater than for the material obtained with the ~ On the other hand, the use of solvents with low oxygen
colloidal suspension of CNPs, indicating a higher degree ofontent tends to decrease the degree of oxidation of nanopar-

structural disorder. ticles generated by laser ablation. However, even HPLC-
grade liquids may contain traces of atmospheric gases which
3.2.3. TEM analysis can influence the ablation process [37]. In fact, several au-

thors have reported that the presence of atmospheric gases
Figure 5 shows TEM images for the sample obtained withcan modify the synthesis of nanomaterials obtained by laser
the colloidal suspension of CNPs (CoOx/CNPs). Fig-ablation [38,39]. Isopropyl alcohol can also act as an oxi-
ure 5a) shows spherical nanopatrticles, and the size histogradizing agent, promoting the simultaneous formation of metal
[Fig. 5b)] indicates that the particles have an average size afanoparticles and metal oxides [40,41].
13.06 nm. The image inserted in Fig. 5¢) shows a spheri- The formation process of CoOx/CNPs nanomaterials can
cal particle coated with a carbon layer approximately 13 nrbe described as follows. During ablation, the energy from the
thick. In the HRTEM image, it is possible to see in greaterlaser pulses is transferred to the metal target, increasing its
detail that the layer surrounding the particle is composed of
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6 N. ENRIQUEZ-SANCHEZ et al.

T ¥ T ¥ T ¥ T ¥ T

X =13.06 nm V7] CoOx/CNPs

50 f 4
ﬁ/ LogNormal
7%

40

NN

AMNMLIMNI00

N

DN

30

20

<2

=

I

7,

NN

Number of particles

10+

MmN

%

Particle size (nm)

0 |

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 wofith an interplanar distance of 0.21 nm corresponding to
electrons, atoms, and cobalt ions. Similarly, part of the lasegraphitic carbon [42]. SAED analysis reveals the formation
energy is distributed to the liquid medium-the colloidal sus-of a ring pattern [Fig. 6d)] due to the (220) and (622) planes
pension of CNPs in toluene/isopropyl alcohol-where the laseof the CgO, phase. We can also observe a ring that can be
beam interacts with the CNPs and the solvent, causing theassigned to the (100) plane of graphitic carbon or the (200)
decomposition. This decomposition not only contributes carplane of the CoO phase of cobalt oxide, according to the
bon material to the nanomaterials formed, but also genelinformation in cards PDF-01-074-1657, PDF-01-074-2392,
ates reactive species that, during the nucleation and growtiind PDF-00-008-0415.
of the nanoparticles, interact with the electrons, atoms, and When the colloidal suspension of GONs was used, spher-
ions from the cobalt target, promoting the formation of theical CoOx nanoparticles embedded in a carbon matrix were
different phases of cobalt oxide. obtained. Similar to what was observed in the previous
Figure 6a) shows a low-magnification image of the nanosample, TEM analyses indicate the presence gf@;cand
materials obtained using the colloidal suspension of GON£00O nanoparticles; however, Raman spectroscopy only de-
(CoOx/GONSs). In it, spherical particles within a carbon ma-tects signals corresponding to the;Cq phase. Therefore,
trix can be observed. The size histogram, Fig. 6b), indicatesomplementary techniques are needed to better identify the
that the particles have an average size of 8.66 nm. Figure 6@hases present in the nanoparticles generated during the ab-
shows an HRTEM image of the nanoparticles obtained, iHation process.
which it is possible to see the planes that make up the crys- The mechanism of formation of these nanomaterials can
talline structure of the nanopatrticles, such as the (100) planke described as follows. As explained above, laser pulses

Rev. Mex. Fis72041004
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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, artdy graphene oxide prevents complete transformation to the
atoms released from the cobalt target, in addition to generao;O, phase.
ing oxidizing species from the water in the liquid medium.  These results indicate that when the ablation medium
The material ejected from the target reacts with these oxieontains preformed carbon nanomaterials, it is possible to
dizing species, giving rise to different phases of cobalt ox-synthesize two types of structures: carbon-coated CoOx
ides. Subsequently, the nucleation and growth of nanopartihanoparticles and spherical CoOx nanoparticles embedded
cles begin, which become trapped and immobilized betweem a carbon matrix. For example, A. G. Rad al. [43]
the GONSs [29,30]. report the synthesis of cobalt oxide/graphene nanocompos-
Additionally, GONs can absorb part of the laser beam’sites using a two-step process. In the first stage, a graphite
energy, which promotes their deformation and the eliminatarget is irradiated in distilled water to generate graphene
tion of some oxygenated functional groups, resulting in theimanosheets; subsequently, this colloidal suspension is used as
partial reduction. This energy absorption acts as a filter thaa liquid medium for the laser ablation of a cobalt target. This
limits the amount of energy arriving at the cobalt target, thugproduces cobalt oxide nanoparticles with an average size of
modifying the formation conditions and promoting the for- 25 nm deposited on the graphene nanosheets. Similarly, M.
mation of a phase mixture. This occurs even when ablatioiKhandelwalet al. [44] describe the production of graphene
experiments are performed for 30 min, which in laser ablananosheets decorated with {L& nanoparticles using laser-
tion in water would be sufficient to obtain exclusively Qo assisted pyrolysis. These results, like those obtained in the
nanoparticles. Consequently, the effective energy reachingresent work, highlight the potential use of laser-assisted ma-
the target is not sufficient to stabilize a single metal ox-terial synthesis and processing for the development of novel
ide phase, or the early immobilization of the nanoparticlesmaterials with diverse applications.
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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 C=0 bond vibrations is observed. This suggests the partial

elimination of some oxygen functional groups and, therefore,
Figure 7 shows the photoluminescence emission spectra oB-slight reduction in graphene oxide after laser irradiation.
tained at an excitation wavelength of 370 nm for the col-This reduction could contribute to the observed loss of pho-
loidal suspensions of CoOx/C nanomaterials (CoOx/CNP#oluminescence. However, to elucidate more precisely the
and CoOx/GONSs). The emission spectra of the liquid me-mechanisms by which the incorporation of CoOx nanoparti-

dia used during the ablation process (CNPs and GONs) a@les modifies the emission intensity, it will be necessary to
also included for reference. use complementary techniques, such as time-resolved fluo-

For the sample synthesized from the colloidal suspensiofESCENCE Spectroscopy.
of CNPs [Fig. 7a)], the incorporation of CoOx nanoparti-
cles does not produce significant changes in the shape or pg- Conclusions
sition of the emission band (434 nm), compared to the lig-
uid medium used during ablation. The inset in the figureThe results obtained show that the solvent used during the
shows a photograph of both suspensions under UV illuminasynthesis of nanomaterials by laser ablation is an impor-
tion (\ = 370 nm), where the beam path exhibits a blue huetant parameter that significantly influences the composition
in both cases. On the other hand, in the sample obtained fromnd structure of the final products. When deionized wa-
the colloidal suspension of GONSs [Fig. 7b)], the position ofter is used as the liquid medium, €0, nanoparticles with
the emission band (452 nm) remains virtually unchanged afan average diameter of 10.43 nm are formed. In contrast,
ter the incorporation of CoOx. However, a decrease in phothe use of colloidal suspensions of carbon nanomaterials as
toluminescence intensity is observed compared to the liquithe ablation medium leads to the formation of two types of
medium used during ablation. The corresponding insert agai@oOx/C nanomaterials: carbon-coated CoOx nanoparticles
shows illumination under the UV lamp. (= 370 nm), where  (CoOx/CNPs) and spherical CoOx nanoparticles embedded
the beam path is visible in blue-green tones. in a carbon matrix (CoOx/GONs). TEM analyses reveal the
Fluorescence intensity can decrease through variougresence of Cg,, CoO, and metallic cobalt nanoparticles;
mechanisms, among which two widely studied quenching’0Wever, Raman spectroscopy only shows the presence of
processes stand out: dynamic quenching, associated with cdl® C&O4 phase. The use of complementary characteriza-
lisions, and static quenching, related to the formation of com{ion techniques is therefore necessary to accurately identify
plexes. Various substances can act as fluorescence inhibitof§€ Phases formed during the ablation of the cobalt target in
including metal ions, which are capable of reducing photolu-f30||0'da| suspensions of carbon nanomaterials. Furthermore,
minescence in carbon nanomaterials. Previous studies halfévas observed that in the case of CoOX/GONS, the incorpo-
shown that incorporating these ions into carbon nanomatd@tion of CoOx nanoparticles modifies the photoluminescent
rials can decrease photoluminescence intensity. This is p&mission intensity of the colloidal suspension of GONs. This
cause metal ions can interact with functional groups preserfiécrease in emission intensity could be associated with the
on the surface of the material, forming non-fluorescent comreduction of graphene oxide by laser iradiation.
plexes that enable new non-radiative deactivation pathways,
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