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Abstract: Drug nanocarriers have been continuously improved to promote satisfactory release 
control. In this sense, luminescent materials have become an alternative option in clinical trials due 
to their ability to monitor drug delivery. Among the nanocarriers, silica stands out for structural 
stability, dispersibility, and surface reactivity. When using ceramic nanocarriers, one of the 
challenges is their interaction and selectivity capability for organic molecules, such as drugs. In order 
to overcome such adversity, superficial modifications can be carried out to enable a higher affinity 
for the desired drug. Thus, the present study aimed to obtain silica nanoparticles (NPs) doped with 
low concentrations of europium (III) superficially modified by (3-aminopropyl)triethoxysilane 
(APTES) to assess their interaction with the model drug cloxacillin benzathine. This drug was 
chosen because it is part of the ampicillin family and is commonly used in several treatments. Near-
spherical and homogeneous silica NPs were obtained via sol-gel synthesis, with particle sizes of 
approximately 21 nm. It was possible to verify the fluorescence capacity of the silica NPs when 
doped with europium (III) in a mole percent that varied from 0.5 to 3.0%. A 10% volume percent of 
APTES caused the silica nanoparticles to increase the degree of hydrophobicity, with a shift in the 
contact angle from 8° to 51°. After surface modification by APTES, the silica nanocarrier (10 gꞏL−1) 
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achieved a satisfactory degree of CLOX incorporation (25 gꞏL−1), increasing the adsorptive capacity 
to values above 50%. Therefore, silica NPs doped with europium (III) in a low percent of 0.5% 
(mole) modified by APTES showed promising results as an alternative option for trials and clinical 
studies of drug incorporation. 

Keywords: silica; nanoparticles; europium; surface modification; nanocarriers 

 

1. Introduction 

Nanoparticles (NPs) have been studied over the years in several areas, especially in the 
biomedical field, to detect and release drugs in etiologic agents at the cellular level, being applied 
from diagnosis to treatment [1–3]. Biomedical applications such as anti-cancer drugs, enzymes, and 
DNA transporters are up-and-coming since they explore the structure of the NPs, which often present 
a large surface area [4,5]. The size of the synthesized NPs is critical, as studies demonstrate that 
particles with diameters greater than 100 nm are quickly sequestered by the reticuloendothelial 
system, accumulating in the liver and spleen before the drug reaches the target cells and tissues. 
However, smaller NPs (less than 50 nm in diameter) modified with polyethylene glycol (PEG) 
showed decreased organ sequestration in the reticuloendothelial system, presenting prolonged 
circulation times [6]. 

One of the most notable applications is the delivery detection of the asset to the target cells 
during disease treatments and image mapping in tissues [7,8]. In order to enable the best 
development of the currently existing techniques, fluorescent NPs have been studied to make 
sensitive signaling to biological targets. The challenge has been to develop luminescent, non-toxic, 
and biocompatible nanomaterials that serve as biological markers with good cell visualization and 
ultra-sensitive immunoassays [9]. Rare earth fluorescent elements are occasionally present in 
spectroscopic probes for studies of biomolecules and their functions, such as biological targets, 
immunology, and contrast agents in the non-invasive diagnosis of tissue pathology employing 
Nuclear Magnetic Resonance (NMR) [10]. These materials combine fluorescence and magnetic 
resonance to resolve both image resolution and depth and provide a diagnostic tool for in vitro and in 
vivo studies, improving the visualization of biological materials and increasing the collected data's 
credibility. 

Furthermore, in biological labeling, these bimodal probes are explored in photodynamic therapy 
interventions to target tumors and drug carriers. In addition, bimodal probes are of interest to 
researchers due to their high performance and good biocompatibility [11]. The addition of rare earth 
elements in nanoparticles assesses structural distortions based on changes in photoluminescent 
properties [12–16]. Thus, NPs doped with low concentration fluorescent elements are suitable 
materials for producing bright, attractive imaging labels, particularly for medical diagnosis 
methodologies that include histology and flow cytometry [17]. 

A promising candidate for biomedical applications is a silica-based material that presents high 
monodispersity, stability, and solubility in aqueous solutions even under physiological conditions, in 
addition to low intrinsic toxicity [18,19] and facilitated methods of surface characterization [20,21]. 
In its synthetic form, crystalline phases such as quartz, tridymite, and cristobalite can be obtained 
depending on the temperature, pressure, and degree of hydration employed in the manufacturing 
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process. In its amorphous form and high reactivity surface, this material presents thermal stability, 
high surface area, and porous structure. Preparation methods for silica NPs are simple, well known, 
and some of them, such as the sol-gel method, can be used to synthesize monodispersed silica NPs 
and produce a wide variety of other ceramic materials [22]. One of the advantages of using silica as a 
nanocarrier is the possibility of surface modification according to the coveted functionalities, 
allowing the NPs to interact strongly, in different ways, to a wide variety of biological agents as 
antibodies, protein complexes, and nucleic acids, among others [23].  

In this sense, one of the biological compounds of interest is antibiotics since they are widely 
used in bacterial treatments and act in several organs of the human body. Thus, the drug delivery 
control enables drug performance assessments in specific microorganisms and minimizes the use of 
toxic dosages, improving patient care [24]. Cloxacillin is a beta-lactam antibiotic that belongs to the 
penicillin family and inhibits bacterial wall synthesis. This medication has numerous clinical 
indications and is remarkably effective in managing and treating staphylococcal bacterial infections. 
Therefore, it can be used to treat several conditions, such as pneumonia, urinary tract infections, 
impetigo, cellulitis, septic arthritis, and wound infections [25–27]. However, the direct applicability 
of nanocarriers in biological tissues requires a more intense control of the NPs properties through the 
addition of stabilizers [28,29] and other additives, which may be relevant in future studies based on 
this paper. 

Therefore, the present work aimed to develop luminescent silica nanocarriers doped with 
europium (III) superficially modified with (3-aminopropyl)triethoxysilane (APTES), an amino-silane 
compound of great interest in biological molecules.  Thus, this work sought to improve luminescent 
nanocarriers with more remarkable affinities for organic assets that favor drug delivery and 
biological monitoring. 

2. Materials and methods 

2.1. Materials 

The Sigma Aldrich materials used were 98%  tetraethyl orthosilicate (TEOS), ammonium 
hydroxide solution (NH4OH), 99% (3-aminopropyl)triethoxysilane (APTES), and 99.9% europium 
(III) oxide. The  cloxacillin benzathine (CLOX, HPLC 97.5%) standard was obtained from Hebei 
Huari Pharmaceuticals Corporation .The solvents used were 99.5% ethyl alcohol (Vetec-Sigma 
Aldrich), 99.5% toluene p.a. (Dinâmica), 98.5% sodium phosphate monobasic (NaH2PO4, Synth), 
and sodium phosphate dibasic heptahydrate (Na2HPO4ꞏ7H2O, Synth). All aqueous solutions were 
prepared with ultrapure water (Milli-Q). 

2.2. SiO2 nanoparticles (NPs) doped with europium (Eu3+) preparation  

SiO2 NPs were synthesized by the previously described Stöber sol-gel method [30]. The 
reagents TEOS, ethyl alcohol, water, and ammonium hydroxide solution were used to prepare a 
solution. The solution was kept under constant stirring for 60 min at room temperature and 
consecutively evaporated until a solid material was obtained. This material was then subjected to 
heat treatment for 180 min at 350 ºC and 120 min at 400 ºC. In order to obtain the Eu3+ doped SiO2 
nanoparticles in the Si1–xEuxO2 stoichiometric proportion, 10 mL of a previously prepared solution of 
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nitric acid (HNO3) and Eu3+ ions (0.5 to 3.0% in weight) from Eu2O3 were added to the precursors 
during the SiO2 synthesis. 

2.3. Silica surface functionalization with (3-aminopropyl)triethoxysilane (APTES) 

The SiO2 NP functionalization aimed to increase the hydrophobic character of the NPs and, 
consequently, increase their affinity for organic molecules (drugs). For this purpose, the organosilane 
reagent (3-aminopropyl)triethoxysilane (APTES) was used. The functionalization procedure was 
adapted from Kresge et al. [31]. For all methods, 0.5 g of the previously dried SiO2 NP was dispersed 
in toluene under constant stirring for approximately 1 h at room temperature. Then, the organosilane 
reagent (APTES), either dispersed or not in the water, was added, and the solution was kept under 
reflux for 24 h. Subsequently, the material was washed in toluene (no fixed volume) and dried  
at 80 °C. The specific variations in the volumes of toluene, water, and APTES for each 
functionalization method are shown in Table 1. 

Table 1. Variations in the volumes of toluene, water, and APTES for each functionalization method. 

Method Volume of Toluene (mL) Volume of Water (mL) Volume of APTES (mL) 
S1 15 - 1 
S2 15 - 2 
S3 9 1 0.5 
S4 18 2 1 
S5 9 1 1 
S6 8 2 0.5 
S7 9.5 0.5 0.5 

2.4. Characterizations 

Field Emission Gun Scanning Electron Microscopy (FEG-SEM) was used to characterize the 
size, shape, and distribution of the NPs in a JSM-6701F JEOL® microscope operating at 7 kV. The 
X-ray diffraction technique (XRD) was used to obtain information on the degree of crystallinity of 
the NPs. These measurements were performed in a LabX XRD-6000 Shimadzu® equipment using 
Cu-Kα radiation source (1.5406 Å), at 2θ from 4° to 80° and a scanning step of 1°ꞏmin−1. The 
specific surface area of the silica NPs was determined by nitrogen adsorption analysis at 77 K in a 
Micromeritics ASAP-2020 equipment using the Brunauer–Emmett–Teller (BET) method. 
Fluorescence spectroscopy was performed on the doped silica NPs using a SPEX® 1680 FluoroLog 
(0.22 m) commercial spectrofluorometer and a Xe lamp (393 nm excitation) in the spectral range 
from 500 to 700 nm. Luminescence quantum yield analysis was performed according to the 
procedure described in the literature [32] with sodium salicylate (Sigma-Aldrich, 60%) as the 
quantum yield standard.  Fourier Transform Infrared (FTIR) spectroscopy in ATR mode was used to 
evaluate possible impurities and perform additional structural characterization of the NPs. The 
spectra were recorded from 400 to 4000 cm−1 in a Vertex 70 Bruker® equipment. Nuclear Magnetic 
Resonance (NMR) spectroscopy measurements of 29Si in solid-state were performed to confirm 
surface modifications in the functionalized samples in an Avance III HD 400 MHz Bruker® 

equipment, operating at 10 kHz. From the characteristic chemical displacement (δ) of a given 
structure, it is possible to identify a sample. The spectra were obtained via simple pulse with high 
power decoupling (HPDEC), a relaxation time of 10 s, and a pulse length of 5 µs. 
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Thermogravimetric Analysis (TGA) was used to confirm the presence of APTES in the silica NPs 
and quantify the percentage of the organic molecule present. The analyses were carried out for the 
functionalized samples (5 to 10 mg) in STA 409 Netzsch® equipment, in alumina crucibles, at a 
limit temperature of 900 ºC, under N2 flow a heating ramp of 10 ºCꞏmin−1. Contact angle 
measurements were performed to quantify the degree of hydrophobization of the silica NPs after 
surface modification by APTES. The procedure was carried out in CAM 101 KSV® equipment,  
with 100 mg of each sample pressed into pellets. A drop of water was deposited on the surface of the 
samples inside the equipment, and an optical system captured the respective images. The Zeta 
Potential (ZP) measurements were used to verify the stability and the charge magnitude between the 
NPs, in a Zetasizer Nano ZS90 Malvern® equipment. For these measurements, approximately 5 mg 
of the NPs was dispersed in water using an ultrasonic tip for 2 min before each analysis.  

2.5. Silica nanocarrier assays: Incorporation and release capacity of CLOX 

Adsorption studies were carried out to evaluate the affinity degree of the modified silica NPs 
with the antibiotic cloxacillin benzathine (CLOX). Initially, 300 mg of the adsorbent materials were 
added in 30 mL of an aqueous solution containing CLOX (25 mgꞏL−1), which was then kept under 
constant stirring (800 rpm) for 24 h at room temperature (25 °C). The suspension was centrifuged, 
and the supernatant solution was analyzed by UV-Vis Spectroscopy in UV-1601PC Shimadzu® 
equipment, in the spectral range from 190 to 230 nm. The drug incorporation (mg CLOX g−1 silica) 
of the nanocarriers was calculated based on Eq 1. For UV-Vis spectrophotometry, aliquots were 
diluted in a phosphate buffer solution (pH 7.4), prepared from a mixture of NaH2PO4 (1.2 g), and 
Na2HPO4ꞏ7H2O (13.4 g) in 1 L. 

	 	 mg	CLOX	 	silica	 	 	 	 	 	 	

	 	 	 	 	
              (1) 

In the release assay of the modified nanocarrier incorporated with CLOX, 300 mg of the 
material was used for 30 mL of a phosphate buffer solution (pH 7.4) in duplicate. After a 24 h 
exposure of the NPs to the solution under magnetic stirring at room temperature, the suspension was 
centrifuged and the supernatant was analyzed by UV-Vis spectrophotometry. 

3. Results and discussion 

The FEG-SEM analysis, shown in Figure 1a, revealed a near-spherical NP morphology and an 
average size of 21.35 nm (±6.12 nm), shown in Figure 1b, obtained with ImageJ software. The silica 
average particle size tends to be smaller in basic pH medium (NH4OH) since the hydrolysis reactions 
are slower and favor the condensation steps avoiding the undesired increase in the size of silica 
particles [33]. Therefore, with precise control of the reaction conditions of the Stöber method, it is 
possible to acquire highly monodisperse NPs with diameters ranging from 15 to 800 nm [34]. 
Additionally, the nitrogen adsorption analysis by BET method showed that the silica NPs have 
values of 266.7 m2ꞏg−1 of external surface area, 18.7 m2ꞏg−1 of micropore area, and 58.1 Å of pore 
size. Thus, homogeneous and porous nanoparticles were obtained through the performed synthesis. 
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Figure 1. FEG-SEM image of silica sol-gel nanoparticles (a) and their size distribution 
histogram (b). 

The XRD results are shown in Figure 2, in which structural analyses were performed for  
both pure and Eu3+ doped silica NPs. The diffractograms presented an amorphous halo at 
approximately 23.72°, agreeing with those presented by Syadi et al. [35]. In addition, as described in 
the methodology section, Eu3+ was added in the stoichiometric ratios of Si0.995Eu0.005O2, 
Si0.99Eu0.01O2, and Si0.97Eu0.03O2, and presented halos in the same positions, without any 
displacement, as also shown in Figure 2.  

 

Figure 2. X-ray diffractograms of the SiO2 NPs and the Eu3+ doped SiO2 NPs in the 
stoichiometric ratios of Si0.995Eu0.005O2, Si0.99Eu0.01O2, and Si0.97Eu0.03O2. 

The transmittance FTIR spectra are shown in Figure 3, in the wavenumber range from 400  
to 4000 cm−1. This range is often used to characterize the Si–O–Si vibrational absorption modes, 
along with phase separation and silicon crystallization from silica-based research [36]. Figure 3 
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highlights the range of interest from 1600 to 400 cm−1 with more details, in which most events are 
concentrated. All samples presented remarkably similar profiles. The absorption bands in the range 
between 1110 and 1070 cm−1 are correlated to the asymmetric stretching vibration of the siloxane 
group (Si–O–Si) [37,38]. The absorption band in the range between 815 and 790 cm−1 is associated 
with the Si–O–Si symmetric bond bending vibration [37–39]. The bands between approximately  
478 cm−1 and 460 cm−1 are assigned to the siloxane rocking vibrational mode [37,39]. Therefore, as 
shown in Figure 3, the Si–O–Si rocking, bending, and stretching vibrational modes are correlated to 
the adsorption bands at approximately 450 cm−1, 800 cm−1, and 1080 cm−1, respectively [40]. 

 

Figure 3. Transmittance FTIR spectra of the SiO2 NPs and the Eu3+ doped SiO2 
stoichiometric NPs (Si0.995Eu0.005O2, Si0.99Eu0.01O2, and Si0.97Eu0.03O2). 

Initially, the emission spectrum for the Eu3+ doped SiO2 NPs from Si0.97Eu0.03O2 was 
performed and is presented in Figure 4a. The spectrum shows that the emission is related to the direct 
excitation of the Eu (III) metal center. The observed result of higher excitation intensity at 392 nm is 
similar to the Eu3+ doped silica reported in the literature [41]. Figure 4b shows the fluorescence 
emission spectra of the Eu3+ doped SiO2 NPs, with a 392 nm excitation wavelength. These results 
highlight the Eu3+ importance in the presence of luminescence properties in the doped materials. It is 
possible to observe that all doped samples presented similar profiles and activities with a europium 
luminescent profile for all Si1–xEuxO2 compositions [42]. The emission bands located at 580, 591, 
and 614 nm are visible even for the lowest Eu3+ concentration (0.5% mole percent) [43,44]. 
Additionally, it is noteworthy that the increase in the Eu3+ concentration (up to 3.0% mole percent) 
caused an increase in the emission intensity, as expected. Thus, the silica NPs doped with the lowest 
concentration of rare earth europium (III) Si0.995Eu0.005O2 were chosen for the subsequent surface 
modifications with APTES nanocarrier may be subsequently applied with a low degree of toxicity 
due to the lower content of the fluorescent element. Additionally, the quantum yield was calculated 
for the chosen Si0.995Eu0.005O2 NPs and the result was 8.99%, which is consistent with another work 
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found in the literature for Eu3+ doped silica NPs [45] with a similar quantum yield value (7.94%         
at 255 nm). 

 

Figure 4. (a) Fluorescence excitation spectra for Eu3+ doped SiO2 and (b) stoichiometric 
NPs (Si0.995Eu0.005O2, Si0.99Eu0.01O2 and Si0.97Eu0.03O2). 

The FTIR spectra, shown in Figure 5, were focused on surface modifications related to APTES. 
Initially, it is possible to observe that all samples exhibited the characteristic bands of the main 
vibration modes of the SiO2 bonds located between 450 and 795 cm−1 and correlated to the Si–O–Si 
symmetrical vibrations. At approximately 955 cm−1 is attributed to the presence of Si–OH groups, 
and the band at 1062 cm−1 is associated with the Si–O–Si asymmetric stretching vibrations. All band 
assignments follow the literature [12]. The FTIR results also suggest the absence of structural or 
adsorbed contaminants. APTES in the different functionalized silica NPs is correlated to the band 
around 690 cm−1, which is associated with the asymmetric flexion of O–Si–O [12] and indicates the 
presence of the organic molecule. It is important to note that the changes were subtle and best 
evidenced in samples S2, S4, and S5, which indicates that the modification methods were more 
expressive for the silica NPs with higher APTES content. 

Figure 6 presents the thermogravimetric analysis to complete the verification of organic matter 
residue on the silica surface. TGA weight loss is attributed to the loss of organic matter present on 
the silica surface. Samples S4 and S5 showed higher weight losses of 22.5% and 22.0%, respectively. 
Samples S2, S3 and S7 presented weight losses of 17.5%, 12.5% and 12.5%, respectively. Studies in 
the literature report the importance of a small amount of water to favor modifications [46] instead of 
large amounts of water, promoting silane polymerization. 
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Figure 5. FTIR spectra of sol-gel SiO2 NPs, functionalized samples S1, S2, S3, S4, S5, 
S6, and APTES. 

 

Figure 6. Thermogravimetric analyses of pure sol-gel SiO2 NPs and functionalized S2, 
S3, S4, S5, and S6 samples. 

The 29Si NMR analysis, shown in Figure 7, was performed to confirm surface modification by 
APTES, samples before (pure SiO2), and functionalization (S4 and S5). The pure SiO2 sample 
(before APTES functionalization) presented three chemical shifts at −110, −101, and −92 ppm, 
characteristic of the SiO2 structure. The signal at −110 ppm is attributed to Q4 species, with four 
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siloxane connections (Si–O–Si). The signal at −101 ppm is correlated to Q3 units, with three siloxane 
groups and one silanol connection (Si–O–H). The chemical shift at −92 ppm is attributed to Q2 
species with two siloxane and two silanol connections. Both functionalized samples S4 and S5 
presented chemical shifts at −67 and −58 ppm, which refer to the modified silica structure due to the 
substitution of Si–O–H bonds with Si–O–Si–R bonds. These shifts confirm the surface modification 
of the silica with APTES and corroborate the FTIR data. All chemical shifts observed are in 
accordance with the values reported in the literature [47] for these materials. 

 

Figure 7. 29Si NMR spectra of pure sol-gel SiO2 NPs and APTES functionalized silica 
samples S4 and S5. 

Figure 8 illustrates the contact angle measurement used to select the silica with the highest 
amount of silane on the surface, responsible for the probable increase in hydrophobicity. Figure 8a 
presented an average angle of 7.88° for pure SiO2, with high hydrophilicity. Figure 8b,c presented 
the angles obtained from the surface analysis of the functionalized S4 and S5 samples, with values  
of 50.98° and 45.36°, respectively. This increase in contact angles verifies the expected increase in 
hydrophobicity related to the APTES surface modification of the silica [48]. 

 

Figure 8. Contact angle images of (a) sol-gel SiO2 NP, (b) S4, and (c) S5 samples. 
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The FTIR spectra of silica NPs before and after CLOX incorporation are shown in Figure 9. 
The characteristic bands of the drug are located at 625 cm−1 and in the spectral regions from 1350  
to 1710 cm−1 and from 3540 to 3780 cm−1. Samples S4 and S5, modified by APTES, were selected 
for this analysis due to their better interaction with organic molecules (higher hydrophobicities). 
Figure 9 also shows that the functionalized samples S4 and S5 presented a greater capacity to 
incorporate the drug when compared to pure SiO2. Thus, it is possible to infer that the APTES 
modification was essential to increase the efficiency of the CLOX incorporation. 

 

Figure 9. FTIR spectra before and after CLOX incorporation of functionalized samples 
S4 and S5 and pure SiO2. 

After obtaining the modified ATPES SiO2 NPs, drug adsorption tests were performed to 
confirm the effects on the capacity of NPs to incorporate CLOX. Figure 10 shows that the APTES-
modified silica NPs (S4) presented almost 50% adsorption superiority compared to pure silica. The 
greater capacity for CLOX incorporation of the APTES-modified sample is due to its higher affinity 
for the organic molecules present in the functionalized silica support. 

In addition, the drug adsorption capacity, calculated in mg of CLOX divided by g of silica,  
was 0.8 mg CLOX g−1 silica for pure NPs and 1.5 mg CLOX g−1 silica for functionalized NPs. These 
values are correlated with the hydrophobicity of the drug, which makes it difficult to disperse it in an 
aqueous medium and favors drug adsorption on functionalized silica. 
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Figure 10. UV-vis spectroscopy related to the adsorption assay of CLOX incorporated 
by pure SiO2 NPs and functionalized NPs (S4). 

The improved performance of the APTES-modified silica and better affinity due to the presence 
of organic groups, correlated to their hydrophobic interactions, is attributed to other factors such      
as electrostatic attraction and hydrogen bonds, which are likely to influence the adsorption      
process [13–16]. 

Regarding electrostatic interactions, CLOX has a negative surface charge (−11.40 mV) due to 
the predominance of four carboxyl groups throughout the molecule, in addition to sulfur and a 
chlorine atom. The SiO2 NPs (−22.5 mV) also have a negative surface value, which minimizes the 
attraction between the silica nanocarrier and the target molecule. Zeta potential analysis (ZP) 
obtained the surface charge values described in the methodology section. Thus, the inefficiency of 
the incorporation process for samples that APTES did not modify was corroborated by the non-
existent electrostatic attractions between the drug and the silica surface [49]. However, the ZP values 
obtained for samples modified by APTES are positive (+11.8 mV), which justifies their electrostatic 
attraction and better drug interaction.  

Therefore, it is possible to infer that the APTES modification of the surface has an essential 
role in the adsorption process for CLOX. The organic groups on the silica surface increase drug 
interaction and favor the adsorption process [50]. Thus, as observed in Figure 10, the APTES-
modified silica nanocarriers became more attractive, enabling better drug incorporation efficiency. 

Once the drug was incorporated into the nanocarrier, the aim was to evaluate its release capacity 
and assess the availability of the antibiotic. Figure 11 shows that, after 24 h of exposure, there was a 
release of approximately 90 to 95% of the amount initially incorporated into the modified silica NPs, 
which shows their capability to deliver the drug in a medium that simulates the blood pH. 
Additionally, the results suggest that the release of CLOX increases after 2 h and achieve a 
maximum of around 6 h. Thus, APTES-modified silica NPs can become a promising form of drug 
support since they favor greater transport efficiency and drug-delivering monitoring. 
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Figure 11. (a) UV-vis spectroscopy of CLOX release by silica NPs and (b) release 
capacity during 24 h exposure to phosphate buffer solution (pH 7.4). 

4. Conclusions 

Homogeneous SiO2 NPs were effortlessly obtained through the sol-gel process and presented a 
particle size of approximately 21 nm. The structural alteration with doping of europium (III) ions at a 
low concentration of 0.5% (mole) promoted the silica NPs, previously non-luminescent, to 
fluorescent materials. The APTES surface modification of the silica NPs was satisfactory, with an 
increase in the degree of hydrophobicity (contact angle from 7° to 50°), which favored the 
interaction with organic molecules. The modified NPs enabled a greater degree of CLOX 
incorporation, with a 50% increase in the ability to adsorb the drug. This increase was attributed to 
the more significant interaction of the NPs with the organic groups and the change in surface charge, 
from negative to positive, promoting greater electrostatic attraction between the silica NPs and the 
drug. Therefore, the silica NPs doped with europium (III) and superficially modified with APTES 
showed promising results to be applied as a luminescent nanocarrier, with potential drug delivery 
monitoring through image analysis. 
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