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A B S T R A C T

One of the most important and latest directions of scientific and technological progress is the creation and 
production of new materials. The main trend remains in the development of materials with improved properties 
through the application of nanotechnology. The last 20 years of scientific research have demonstrated the sig-
nificant role of nanotechnology in various fields of science and technology, including biology and medicine. This 
paper is devoted to the production and characterization of micro/nanofiber layers containing microparticles and 
nanoparticles of luminescent glasses, suitable for the application in photodynamic therapy.

1. Introduction

Nanotechnology is currently experiencing dynamic growth. This 
rapidly evolving field focuses on the study of materials at the nanoscale, 
typically measured in nanometers [1]. Nanotechnology has significant 
implications across multiple scientific disciplines, including physics, 
chemistry, and molecular biology. The applications of nanomaterials are 
extensive and diverse, ranging from electronics to the chemical industry. 
In medicine, the ability of nanoparticles to deeply penetrate tissues, 
cells, and nuclei can be particularly beneficial [2–5]. The advancements 
in molecular diagnostics and the identification of patient-specific bio-
markers pave the way for improved therapies and targeted drug de-
livery. However, the increasing use of nanotechnology necessitates the 
study of nanoparticle safety and the assessment of their toxic effects on 
the environment and human health [6–8].

Nanofibers are structures with diameters on the nanometer scale, 
typically between 100 and 800 nanometers [9,10]. These fibers can be 
derived from various polymers, leading to different physical properties 
and applications. Natural polymers used to create nanofibers include 
collagen, cellulose, silk fibroin, keratin, gelatin, and polysaccharides such 
as chitosan and alginate. Synthetic polymers include polylactic acid (PLA), 
polycaprolactone (PCL), polyurethane (PU), poly(lactic-co-glycolic acid) 
(PLGA), poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), and poly 
(ethylene-vinyl acetate) (PEVA). The diameter of nanofibers depends on 
the type of polymer used and the production method [11–16].

Polymeric nanofibers are unique due to their high surface area to 
volume ratio, significant porosity, notable mechanical strength, and 

flexibility in functionalization compared to their microfiber counter-
parts [17,18]. Nanofibers prepared by electrospinning have shown to 
mimic and behave similarly to the extracellular matrix. As a culture 
medium, they stimulate cell growth and allow the formation of orga-
nized cellular structures [19–21]. The small diameter of electrospun 
nanofibers, which closely matches that of the extracellular matrix, and 
their high surface area to volume ratio make them ideal for cell 
attachment, proliferation, and differentiation. These unique properties 
of electrospun nanofibers make them suitable for various medical ap-
plications [22–27]. Photodynamic therapy (PDT) is a clinically utilized 
treatment approach that combines light, oxygen, and a photosensitizing 
agent to selectively destroy cancer cells. The process involves the acti-
vation of a photosensitizer by a specific wavelength of light, leading to 
the generation of reactive oxygen species (ROS) that induce cellular 
damage and apoptosis. PDT has shown significant promise in treating 
various types of cancers, skin disorders, and infections.

Recent research has explored the use of micro- and nanofibers in PDT 
to improve the delivery and targeting of photosensitizers. These fibers, 
due to their tunable properties, offer excellent drug-loading capabilities 
and facilitate better control over the release of therapeutic agents. 
Additionally, their small size allows them to penetrate deeper into tis-
sues, enhancing the treatment’s effectiveness and minimizing collateral 
damage to surrounding healthy cells. Nanofiber-based PDT systems, 
often created using biocompatible and biodegradable materials, have 
gained attention for their ability to enhance the localization and accu-
mulation of photosensitizers at the tumor site. These fibers can be loaded 
with photosensitizers and administered directly to the target area, 
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ensuring precise treatment with reduced systemic side effects [28–31].
In addition to the above developments, recent research has high-

lighted the potential of luminescent materials for enhancing photody-
namic therapy (PDT) [32]. Specifically, incorporating rare-earth 
elements such as samarium oxide (Sm₂O₃) into glass-based nanofibers 
has proven effective in producing stable orange-red emissions, which are 
well-suited for biomedical imaging and therapeutic applications. This 
emission range is particularly beneficial for PDT due to its deep tissue 
penetration and efficient activation of photosensitizers [33].

Silica-based glasses derived from tetraethyl orthosilicate (TEOS) 
serve as excellent hosts for rare-earth dopants, offering optical trans-
parency, biocompatibility, and structural stability. When fabricated via 
electrospinning, TEOS-based sol-gel systems yield uniform nanofiber 
layers with high surface area and tunable porosity. These characteristics 
make them ideal platforms for incorporating luminescent agents while 
preserving fiber morphology and luminescent efficiency even after 
thermal treatment [34–35].

Studies have shown that Sm³⁺-doped silica nanofibers retain their 
luminescent properties post-calcination, and their emission intensity 
and stability can be tuned by adjusting dopant distribution and con-
centration [34]. Such fibers can function as both drug delivery vehicles 
and internal light sources, supporting synergistic effects in PDT. More-
over, their chemical and mechanical resilience ensures functionality 

under physiological conditions [35].
Future directions in this area include the development of multi-

functional nanofiber systems capable of combining therapy, imaging, 
and real-time diagnostic feedback. Enhancing biocompatibility, opti-
mizing dopant levels, and improving uniformity of luminescent particle 
dispersion remain key areas of focus for bringing these materials closer 
to clinical use [36–37].

In this study, were prepared electrospun micro/nanofibers composed 
of TEOS, PVP and powder of synthesized six phosphor glasses with 
varying chemical compositions, focusing on samarium oxide as a pri-
mary dopant. The goal was to evaluate the prepared fibers their lumi-
nescent properties and determine which composition would be most 
suitable for use in PDT. By exploring the role of samarium oxide in 
optimizing luminescence, we aim to push forward the development of 
materials that enhance light-based therapies in the medical field.

2. Experimental

2.1. Preparation of glasses

The preparation of glasses by melting involved several steps. First, 
the relevant raw materials were weighed out (according to Table 1–3
and their mixture was homogenized for 10 minutes in a porcelain mortar 
to obtain homogenous glass batch. The raw materials used for the 
preparation of glasses were sodium carbonate, magnesium oxide, cal-
cium carbonate, silica gel, zinc oxide, sodium dihydrogen phosphate, 
samarium oxide. The glass batch was gradually loaded into a PtRh 
crucible. The crucible, covered with a lid, was placed in an electric 
furnace with Superkanthal heating elements, where the glass batch was 
melted at a temperature of 1480 ◦C. Melting proceeded for one hour 
initially. After one hour, the melt was regularly stirred by circular 
movement of the crucible. The melt was stirred every 15 minutes, a total 
of 5 times. After melting was completed, the melt was poured into a 
stainless-steel mould, where it solidified into the shape of an ingot. 
Subsequently, the ingot was placed in a tempering furnace. To remove 
internal stress, the ingot was tempered at a temperature of 520 ◦C for 1 
hour. The ingot was then cooled to room temperature over the course of 
the next day.

2.1.1. Grinding of glass
For the production of micro/nanofibers from carrier polymers with 

glass particles, it was necessary to grind the glass into the smallest 
possible particles. A zirconia (ZrO2) grinding jar with zirconia grinding 
balls of 5 mm in diameter from LOID was used for grinding the selected 
glass. An extremely high-energy ball mill, Retsch E-MAX, capable of 
grinding particles down to the nanometer range, was employed for this 
purpose. The grinding was conducted for 10 minutes at a speed of 800 
revolutions per minute. The weight ratio of glass to grinding balls in the 
jar was 1:15. Before grinding, the glass was crushed into smaller shards 
using a hammer in an iron mortar to facilitate the grinding of most of the 
sample. After grinding, the particle size distributions of the samples 
were evaluated using a laser confocal microscope Olympus OLS5000. A 
very small amount of powdered sample was placed into a 

Table 1 
The atomic composition of the glass batches [%].

Glass composition without oxygen [at. %] Na Zn Al Si Ge Eu Sm Ca P Mg Sum

G01 36.68 00.00 00.00 35.14 00.00 00.00 0.54 10.68 3.63 13.33 100.00
G02 36.68 24.16 00.00 35.00 00.00 00.00 0.54 00.00 3.62 00.00 100.00
G03 29.83 22.53 00.00 34.59 00.00 00.00 0.54 3.50 9.02 00.00 100.00
G04 37.01 23.00 00.00 35.32 00.00 00.00 0.55 1.25 1.83 1.04 100.00
G05 23.53 9.80 1.96 62.75 00.00 1.96 00.00 00.00 00.00 00.00 100.00
G06 23.53 9.80 1.96 52.94 9.80 1.96 00.00 00.00 00.00 00.00 100.00

Table 2 
Composition of the glass batches [g].

Glass composition 
[g]

G01 G02 G03 G04 G05 G06

Na2CO3 00.00 00.00 16.83 17.26 125.54 10.78
Na2SO4 24.00 20.45 00.00 00.00 00.00 00.00
ZnO 00.00 35.38 33.38 33.38 75.35 6.47
Al(OH)3 00.00 00.00 00.00 00.00 14.67 1.26
SiO2 44.58 37.84 37.84 37.84 300.00 25.76
GeO2 00.00 00.00 00.00 00.00 00.00 8.29
Eu2O3 00.00 00.00 00.00 00.00 32.49 2.79
Sm2O3 2.00 1.70 1.70 1.70 00.00 00.00
CaCO3 12.64 00.00 3.57 2.23 00.00 00.00
NaH2PO4⋅2H2O 5.44 4.63 23.31 23.31 00.00 00.00
MgO 11.34 00.00 00.00 0.76 00.00 00.00
Sum 100.00 100.00 116.63 116.48 548.06 55.35

Table 3 
Used chemicals for glass batches.

Raw materials Chemical formula Manufacturer M [g/mol]

Sodium sulfate Na2SO4 Penta 142.04
Calcium carbonate CaCO3 Lachema 100.09
Magnesium oxide MgO Lachema 40.32
Silica gel SiO2 Acros organics 60.08
Zinc oxide ZnO Lachema 81.38
Sodium dihydrogen 
phosphate

NaH2PO4⋅2H2O Penta 156.01

Samarium (III) oxide Sm2O3 Puralab 348.72
Europium (III) oxide Eu2O3 Puralab 351.92
Germanium dioxide GeO2 Puralab 104.61
Aluminum oxide Al(OH)3 Lachema 78.00
Sodium carbonate Na2CO3 Lachema 105.99
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microcentrifuge tube and filled with isopropyl alcohol to a final volume 
of 1.5 ml. The microcentrifuge tube was placed in an ultrasonic bath for 
3 minutes to disperse the sample. Subsequently, one drop of the sample 
was placed on a microscope slide and allowed to air-dry to evaporate the 
solvent. The sample was scanned using a microscope, and data was 
generated using the Particle Analysis tool, which was then converted 
into individual particle sizes using software. The analysis results are 
based on measurements of at least 5000 particles.

2.1.2. Preparation of the solution for fiber spinning
The spinning solution consisted of two components—TEOS (tet-

raethyl orthosilicate) and PVP (polyvinylpyrrolidone)—to which 
ground glass particles were added. The TEOS and PVP solutions were 
prepared separately and then mixed together in the appropriate ratio to 
achieve the desired viscosity, ranging from 0.120 to 0.200 Pa⋅s.

2.1.3. Preparation of TEOS solution
To prepare the TEOS solution for fiber spinning, an acidified titration 

solution of ethanol (denatured with methanol) and distilled water was 
first prepared. Separately, TEOS was mixed with ethanol in another 
container and then homogenized by stirring. This homogenized TEOS- 
ethanol mixture was then slowly titrated with the acidified ethanol- 
water solution while stirring gently. The formulations for these solu-
tions are provided in Table 4. The solution was then stored in the 
refrigerator, where it remains usable for electrospinning even after 
several months.

Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12

Table 4 
Formulations of solutions for preparing TEOS solution.

Type of solution mHCl (36 %) [g] mH2O[g] mEtOH[g] mTEOS[g]

Titration solution 0.08 4.92 8.71 00.00
TEOS solution 00.00 00.00 8.71 50.00

Table 5 
Used chemicals for micro/nanofibers.

Raw materials Chemical formula Manufacturer M [g/mol]

Tetraethyl orthosilicate C8H20O4Si Sigma Aldrich 208.33
Polyvinylpyrrolidone (C6H9NO)n Sigma Aldrich 1300,000.00

Table 6 
Electrospinning device parameters.

Needle and collector distance 15 cm

Voltage 20 kV
Extrusion speed 1 ml/h
Volume of solution per sample 2 ml
Inner diameter of the needle 1.067 mm

Table 7 
Elemental composition of selected points obtained by EDS analysis of the G01 
sample.

Element Spectrum 
5 
[wt. %]

Spectrum 
6 
[wt. %]

Spectrum 7 
[wt. %]

Spectrum 8 
[wt. %]

Spectrum 9 
[wt. %]

O 34.6 50.7 53.2 54.7 54.4
Si 36.5 34.5 39.6 42.3 45.5
Na 25.3 2.4 3.2 3.0 3.1
Sm – 2.3 – – –
Ca 3.6 5.1 2.0 – –
Al – – – – –
Mg – 5.0 2.0 – –

Table 8 
Elemental composition of selected points obtained by EDS analysis of the G02 sample.

Element Spectrum 1 [wt. %] Spectrum 2 [wt. %] Spectrum 3 [wt. %] Spectrum 4 [wt. %] Spectrum 5 [wt. %] Spectrum 6 [wt. %] Spectrum 7 [wt. %]

O 45.6 47.9 34.7 41.8 44.2 47.3 46.2
Si 37.0 46.2 34.2 29.7 33.6 47.4 39.8
Zn 12.3 4.3 25.7 23.5 12.1 4.0 10.7
Sm 1.9 – 2.4 1.5 2.0 – –
Na 3.2 1.6 3.0 3.5 1.9 1.3 3.3
C – – – – 6.2 – –

Table 9 
Elemental composition of selected points obtained by EDS analysis of the G03 
sample.

Element Spectrum 1 [wt. %] Spectrum 2 [wt. %] Spectrum 3 [wt. %]

O 48.4 50.2 52.9
Si 42.1 33.1 34.6
Zn 6.6 11.4 8.3
Sm – 1.3 0.9
Na 2.9 2.4 2.1
Ca – 1.6 1.2

Table 10 
Elemental composition of selected points obtained by EDS analysis of the G04 
sample.

Element Spectrum 2 
[wt. %]

Spectrum 4 
[wt. %]

Spectrum 7 
[wt. %]

Spectrum 8 
[wt. %]

Spectrum 9 
[wt. %]

O 40.7 45.2 47.4 48.8 49.2
Si 51.3 31.8 45.6 42.2 37.4
Zn 4.0 16.7 3.8 5.7 6.0
Sm – 1.2 – – 1.7
Na 3.3 5.1 3.2 2.4 5.7
Al – – – – –
Ca 0.7 – – 1.0 –

Table 11 
Elemental composition of selected points obtained by EDS analysis of the G05 
sample.

Element Spectrum 1 
[wt. %]

Spectrum 2 
[wt. %]

Spectrum 3 
[wt. %]

Spectrum 4 
[wt. %]

Spectrum 5 
[wt. %]

O 21.8 38.6 44.5 31.0 45.6
Si 32.1 42.6 48.1 28.1 45.0
Zn 4.3 7.2 2.9 2.3 3.1
Eu 2.9 7.0 1.9 – 2.6
Na 38.1 3.5 2.7 1.7 3.7
Al 0.9 1.2 – – –
C – – – 3.4 –
Cl – – – 3.6 –
Au – – – 27.4 –
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2.1.4. Preparation of PVP solution
A solution of polyvinylpyrrolidone (PVP) was prepared in a weight 

ratio of 1:6 with ethanol. The PVP was added to the ethanol and left to 
dissolve under stirring until a clear solution was obtained.

2.1.5. Preparation of the solution for electrospinning
The TEOS and PVP solutions were mixed in a weight ratio of 2:2,5:1 

(TEOS:PVP:glass particles). First, the PVP and TEOS solutions were 
combined and allowed to homogenize under stirring for 10 minutes. In 
the second step, the ground glass particles were added, and the solution 
was stirred for an additional 10 minutes. The third step involved placing 
the solution in an ultrasonic bath for 3 minutes to increase its viscosity. 
After removing the solution from the ultrasonic bath, it was stirred again 

for 10 minutes.

2.2. Electrospinning

The prepared solution for electrospinning was drawn into a 10 ml 
syringe, which was then placed into a syringe pump (Fig. 1, left). An 
aluminum foil was placed in front of the metal collector (Fig. 1, right), 
and a glass fiber mesh was secured onto the foil using rubber bands. The 
micro/nanofibers were collected on this mesh. A stainless-steel needle, 
gauge 17 with a blunt end, was positioned at the center of the setup. A 
high-voltage power supply was connected to this needle, with the other 
contact attached to the metal collector of the device (Fig. 1, right). The 
solution was pumped from the syringe through a tube into the needle, 
where the polymer solution received an electrical charge. The polymer 
drop at the needle tip was then deformed by electrical forces into a 
Taylor cone, from which micro/nanofibers were formed as they flew 
from the needle tip to the metal collector (Fig. 1). The resulting micro/ 
nanofiber layer was left to air dry overnight to remove any remaining 
solvent. The dried layer was then calcined in a furnace at 650 ◦C for 1 
hour, with a temperature ramp of 1 ◦C per minute, to calcine the TEOS 
and burn out the PVP, resulting in a purely inorganic product.

2.2.1. Parameters of electrospinning device

2.3. Characterization of the prepared micro/nanofiber layers

2.3.1. Laser confocal microscope
To capture images using the Olympus LEXT OLS5000 laser confocal 

microscope, a small section of the prepared micro/nanofiber layer was 
cut and attached to a glass slide for imaging. Various magnification 
levels and 3D scans were obtained, as the fibers are layered. Images of 
the samples were collected both before and after firing, but the paper 
only includes the results obtained after firing.

2.3.2. Scanning electron microscopy (SEM) and energy dispersive 
spectroscopy (EDS)

For imaging using the TESCAN MIRA SEM, a small piece of the 
prepared micro/nanofiber layer was detached and secured to a carbon 
tape on a stub, followed by gold coating. Various magnifications were 
employed to capture images that highlighted different fiber details in 
both secondary electron (SE) mode and backscattered electron (BSE) 
mode. The fiber and glass particle compositions in the samples were 
verified through EDS point analysis, with measurement errors ranging 
from 0.1 to 0.7 weight percent for each element. Images were obtained 
for the samples both prior to and after firing.

Table 12 
Elemental composition of selected points obtained by EDS analysis of the G06 
sample.

Element Spectrum 1 
[wt. %]

Spectrum 2 
[wt. %]

Spectrum 3 
[wt. %]

Spectrum 4 
[wt. %]

O 47.0 33.0 46.9 48.6
Si 32.3 34.5 48.3 46.9
Zn 10.6 – 1.9 1.8
Eu 5.5 6.5 – –
Na 3.6 12.2 0.6 0.6
Al 1.0 – – –
Ge – 13.8 2.4 2.2

EDS was used to verify the composition of the fibers and glass particles for each 
sample. For samples G01 to G04, samarium atoms were detected inside the 
particles, while for samples G05 and G06, europium atoms were detected. The 
spectra of the fibers without particles contained 40–50 % silicon and 40–50 % 
oxygen in most measurements.

Fig. 1. Electrospinning device EF050 Needle Starter Kit.

Fig. 2. Particle size distribution of glass G01.

Fig. 3. Particle size distribution of glass G02.
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2.3.3. Transmittance spectra
The transmittance spectra of all glass samples were recorded in the 

visible (VIS) region using a UV–VIS-NIR spectrophotometer (UV-3600, 
Shimadzu). Data were collected with a 1 nm step size.

3. Results and discussion

3.1. Glass grinding

Figs. 2–7 illustrate the results of the glass grinding process, presented 
as particle size distribution graphs. Grinding with the high-energy E- 
MAX mill resulted in particles ranging from a few to several tens of 
micrometers. For glasses G01 to G04, 70 % of the particles are smaller 

than 10 micrometers. In contrast, for glass G05, only 25 % of the par-
ticles are smaller than 10 micrometers, while all particles in glass G06 
fall within the 10–25 micrometer range. These variations are likely due 
to the different compositions of the glasses, particularly the phosphorus 
content in glasses G01 to G04. In comparison, glasses G05 and G06 are 
silica glasses without phosphorus, as the grinding conditions were 
identical for each sample.

3.2. Characterization of the prepared micro/nanofiber layers

3.2.1. Images of micro/nanofiber layers
To characterize the micro/nanofibers and determine the morphology 

of their surface, images were taken using a laser confocal microscope 
and a scanning electron microscope. Fig. 8a shows the layer just mo-
ments after being produced by electrospinning. This layer is highly 
flexible, bendable, and relatively strong, but it is water-soluble due to 
the presence of organic polyvinylpyrrolidone in the micro/nanofibers. 
After high-temperature pyrolysis, which is necessary to calcinate the 
organic components and sinter the TEOS, the layer becomes signifi-
cantly more brittle and less flexible. However, it then consists solely of 
inorganic components – silica and glass particles – granting it high 
thermal and chemical resistance.

3.2.2. Laser confocal microscope
The fired layers were subsequently analyzed using optical and elec-

tron microscopy to determine the thickness (average circular cross- 
section) of the micro/nanofibers, as well as their structure, defects, 
surface morphology, and to verify the composition of the glass particles 
and fibers after firing in the furnace. Figs. 9–14 contain images taken 
with the laser confocal microscope in the visible spectrum. Figs. 15–20
show images obtained via scanning electron microscopy and EDS anal-
ysis. In images with lower magnification, a dense network of micro/ 
nanofibers can be observed, with scattered glass particles visible at 
higher magnifications. The glass particles are either adhered to the fi-
bers or directly encapsulated by the polymer fibers. These particles tend 
to cluster into larger aggregates. Certain defects in the fibers, such as 
broken fibers and granules, contribute to the layer’s brittleness aside 
from the burnout of polyvinylpyrrolidone. Fig. 19b provides a detailed 
view of the surface of submicron fibers, revealing a porous surface, with 
fiber diameters ranging from hundreds of nanometers to several mi-
crometers (e.g., Fig. 20b). This variability is mainly due to the inability 
to maintain constant laboratory conditions – particularly temperature, 
humidity, and the degree of crosslinking in the TEOS solution.

The images also show considerable free space, which could poten-
tially be used to add more particles by adjusting the initial solutions for 
electrospinning, spraying particles directly, or pressing multiple layers 
together to densify the particles and fibers. This would be desirable to 

Fig. 4. Particle size distribution of glass G03.

Fig. 5. Particle size distribution of glass G04.

Fig. 6. Particle size distribution of glass G05.

Fig. 7. Particle size distribution of glass G06.
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increase the luminescence intensity for measuring singlet oxygen gen-
eration in solutions with photosensitive substances in subsequent aca-
demic studies.

3.2.3. Scanning electron microscopy with EDS

3.2.4. Transmittance spectra
The transmittance spectra are shown in Fig. 21. In samples con-

taining samarium atoms (G01-G04), absorption bands can be observed 

around wavelengths of 472 nm and 401 nm. In samples containing 
europium atoms (G05 and G06), the absorption bands are shifted; the 
first absorption band appears at a wavelength 465 nm, and second at 
393 nm. These absorption bands perfectly match the transmittance and 
excitation spectra measurements performed in previous studies, where 
the compositions of glasses G01 – G06 were first used and measured on 
polished glass blocks, confirming the ability of glass particles inside the 
nanofiber layer to absorb radiation [38-40]. The transmittance values on 
the "y" axis vary, ranging from 0 to 6 %. These differences are due to the 
varying thicknesses of the analyzed layers as well as the different fiber 

Fig. 8. a). Layer of micro/nanofibers prepared by electrospinning a solution of PVP, TEOS, and glass particles of G06, b) Sample of the micro/nanofiber layer after 
firing in a furnace containing TEOS and glass particles of G06.

Fig. 9. Image of the G01 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b) 100x.

Fig. 10. Image of the G02 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b)100x.
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morphologies. It is not possible to guarantee the homogeneity of all 
samples during fiber production, as factors such as laboratory temper-
ature, relative humidity, and others play an important role. This in-
homogeneity also explains the absence of the absorption edge in the 
measured samples, as photons from the radiation source can pass 
through the free space between fibers or be reflected from the fibers to 
the detector even at very low wavelengths.

4. Conclusion

This study aims were to prepare and analyze luminescent micro/ 

nanofibrous layers via electrospinning. The process involved glass 
melting and grinding to obtain particles with the required size distri-
bution, incorporating these particles into a polymer matrix, and pro-
ducing micro/nanofibers using electrospinning. The layers were then 
examined using confocal laser microscopy and scanning electron mi-
croscopy to analyze their morphology and structure, followed by testing 
their optical and luminescent properties.

The results of this study provide valuable insights into the charac-
teristics and potential applications of the developed micro/nanofiber 
layers. These layers, which incorporate luminescent micro and nano-
particles, have shown significant potential for absorbing and emitting 

Fig. 11. Image of the G03 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b) 100x.

Fig. 12. Image of the G04 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b) 100x.

Fig. 13. Image of the G05 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b) 100x.
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radiation, which is critical for their future use in both science and 
medicine. A comprehensive analysis of the fiber production process, 
including their morphology, structure, and chemical composition, un-
covered specific properties that are vital for further development and 
practical application. The research detailed the grinding process of the 
glasses and the determination of particle size distribution necessary to 
achieve the desired morphology of the micro/nanofiber layers. 
Furthermore, the samples were analyzed using techniques such as laser 
confocal microscopy and scanning electron microscopy, which provided 

deeper insights into the morphology and structure of the fibers pro-
duced. The findings revealed that both the diameter of the fibers and the 
distribution of particles within them can vary based on production 
conditions, indicating opportunities for further optimization. Photody-
namic therapy represents a promising area for the application of these 
materials, as prior studies have demonstrated the effectiveness of 
luminescent glasses. Future investigations should focus on more exten-
sive testing of these fibers in combination with various photosensitive 
agents and their responses to light, aiming to better understand and 

Fig. 14. Image of the G06 sample after firing in a furnace taken with a confocal microscope, magnification a) 20x, b) 100x.

Fig. 15. Image from scanning electron microscopy of the G01 sample after firing in a furnace, a) 20x, b) 100x, c) Image from scanning electron microscopy of the 
G01 sample after firing in a furnace used for EDS analyses.

Fig. 16. Image from scanning electron microscopy of the G02 sample after firing in a furnace, a) 20x, b) 100x, c) Image from scanning electron microscopy of the 
G02 sample after firing in a furnace used for EDS analyses.
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exploit their properties for innovative therapeutic methods. In a clinical 
context, incorporating these micro/nanofiber layers could significantly 
improve the efficacy and safety of photodynamic therapy. This research 
thus paves the way for new innovations in the treatment of cancer and 
other serious illnesses, offering renewed hope for patients around the 
globe.
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Fig. 17. Image from scanning electron microscopy of the G03 sample after firing in a furnace, a) 20x, b) 100x, c) Image from scanning electron microscopy of the 
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Fig. 18. Image from scanning electron microscopy of the G04 sample after firing in a furnace, a) 20x, b) 100x, c) Image from scanning electron microscopy of the 
G04 sample after firing in a furnace used for EDS analyses.

Fig. 19. Image from scanning electron microscopy of the G05 sample after firing in a furnace, a) 20x, b) 100x, c) Image from scanning electron microscopy of the 
G05 sample after firing in a furnace used for EDS analyses.
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