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The ternary SiO,-Gd,03-Eu,0; system was synthesized by TEOS hydrolysis in an aqueous medium via a sol—gel
route. Thermal analysis showed that gel dehydration occurred mainly in the low-temperature region and was associated
with the removal of physically adsorbed and weakly bound water. The apparent activation energy was 30—34 kJ/mol for
the ternary gels and about 40 kJ/mol for the SiO, gel, indicating predominantly physical water binding. The calcined
samples exhibited characteristic Eu®" red emission, with the strongest band at 612 nm corresponding to the *Do—"F>
transition. The maximum luminescence intensity was obtained for the Si0,-Gd,0;-Eu,O; composition of 92:5:3 after
calcination at 1000 °C, while further rare-earth oxide addition caused concentration quenching. The optimal excitation
wavelength was 393 nm. The same 92:5:3 sample calcined at 700 °C showed the highest methylene blue adsorption
capacity of 108.32 mg/g, which decreased to 79.08 mg/g after calcination at 1000 °C. These results show that the
luminescence and adsorption properties of SiO,-Gd,03-Eu,O3 materials can be tuned by controlling the composition,
calcination temperature, and acid—base state of the surface.
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Introduction

The use of silica (SiO,) as a host matrix
for rare-earth ions has attracted considerable
attention because of its chemical stability,
thermal resistance, and suitability for
luminescent material systems [1,2]. Owing to
the presence of surface silanol groups and the
possibility of incorporating metal ions into the
silica network, SiO.-based materials are widely
used as carriers for optically active rare-earth
ions [3].

The synthesis route and the silica source
strongly affect the structure and optical
properties of SiO:-rare-earth systems. Various
approaches have been used to prepare silicon
oxide—metal oxide materials, including co-
precipitation from solution, modification of pre-
synthesized SiO: matrices with metal ions, and
combined methods [4 - 6]. In particular, SiO,-
Gd,05 > and SiO,-Eu,O; materials have been

synthesized using either silicon oxide isolated
from kaolin followed by impregnation with
rare-earth salt solutions, or co-precipitation
from a TEOS solution containing Gd®" and Eu®*
nitrates [4]. For Eu,03;—S10; nanopowders, the
transition intensity ratio n = ICDy—'F,) /
I°Do—'F;) was 1.25 for the kaolin-derived
sample and 2.5 for the TEOS-derived sample,
indicating that both the silica precursor and the
synthesis method significantly influence the
local environment of FEu®" ions and,
consequently, the luminescence behavior [4].
Eu’" ions are widely used as luminescent
centers and spectroscopic probes because their
characteristic *Do—F; transitions are sensitive
to the local symmetry of the surrounding
environment. In Eu*'-doped oxide and glass
systems, intense red emission is commonly
observed near 612-613 nm, corresponding to
the hypersensitive electric-dipole transition
5D0—>7F2 [7]. For this reason, the combination
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of Eu’" and Gd*" in silica-based matrices is of
particular interest. Previous studies on silica
xerogels and powders modified with Eu** and
Gd** have shown direct excitation of Eu’" at Aexc
= 393 nm through the 7F0—>5L6transition, as
well as excitation features related to Gd*" at Aexc
= 273 nm, corresponding to the 887/2—>61£
transitions [8—10]. However, the role of Gd’

should be considered carefully, since enhan-
cement of Eu?*" emission may arise not only
from direct Gd**—Eu’" energy transfer, but also
from changes in the local environment and
distribution of Eu** ions within the matrix [11].

The surface structure and chemical state
of the oxide matrix are also closely related to
the luminescence of rare-earth ions. In Eu’'-
doped Si0,-Gd,O3; materials, adsorbed water
and hydroxyl-containing species can act as non-
radiative quenching centers, reducing the
emission intensity of Eu*" . Heat treatment can
reduce these quenching centers and induce
structural changes, thereby affecting the
luminescent response of the material [12, 13].

In addition to optical properties, the acid—
base characteristics of the surface are important
for evaluating the behavior of luminescent
oxide materials. The concentration and nature
of surface active centers can correlate with the
electro-optical properties of materials; for
example, Bronsted basic centers may be related
to the intensity of defect-related emission bands
[14]. This indicates that surface chemistry can
play an important role in determining both
electro-optical and adsorption-related properties
[15, 16].

There are many methods for determining
the surface properties of substances: IR, X-ray,
NMR spectroscopy, EPR, adsorption methods,
etc [19, 20]. Among them, the indicator
adsorption method is useful for evaluating acid—
base centers on oxide surfaces. This method has
been applied to Si0,-Gd,03-Eu,0O3 powders
obtained from solution, showing that specific
adsorption increases with increasing pK, of the
indicators and rises sharply at pK, = 9.4,
confirming the presence of active basic centers
[18].

Since these surface centers can also
participate in the adsorption of organic
molecules, methylene blue adsorption can be
used as an additional probe of the surface
activity of SiO,containing materials. Meso-
porous silicon dioxide samples exhibit good
adsorption properties with respect to methylene
blue dye, with a maximum adsorption capacity
of 192 mgg' [17, 21], demonstrating the
importance of surface charge, porosity, and
active adsorption sites in the interaction
between SiO, -based materials and dye
molecules [22, 23]. Thus, the combined analysis
of acid—base properties and methylene blue
adsorption provides complementary information
about the surface state of the material.

Although binary SiO,-Gd,Os3 and SiO,-
Eu,0; systems have been reported, they are
limited in their ability to simultaneously
combine the structural and surface functionality
of silica, the red-emitting properties of Eu®*,
and the possible modifying effect of Gd*" on the
local environment and distribution of rare-earth
ions. Therefore, the ternary S10,-Gd;03-Eu,04
system provides a suitable platform for tuning
both optical and surface-related properties.
Besides, the relationship between component
concentration, heat treatment, surface acid—base
properties, adsorption activity, and Eu’
luminescence in this ternary system remains
insufficiently clarified. Therefore, the aim of
this work is to synthesize the SiO,-Gd,0s-
Eu,0; system by a TEOS-based sol—gel route in
an aqueous medium and to investigate the
thermal behavior, surface acid—base properties,
methylene blue adsorption activity,
luminescence  characteristics, and  their
interrelationship in the obtained materials.

Experimental part

Synthesis. For synthesis, 0.1 M solutions
of Gd(NO3)3'6H20 u Eu(N03)3'6H20
(chemically pure), tetracthoxysilane (98%)
(chemically pure), and deionized water were
used as starting components.
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The SiO,; Si0,-Gd,03-Eu,03 systems were
synthesized according to the block diagram
shown in Fig.1

Preparation of solutions
Gd(NO,); 0,1M; Eu(NO;); 0,1M
TEOS

TEOS,

Gd(NO,); 0,1M; Eu(NO,),

Deionized water \

Magnetic stirrer, 45 °C - 4h.

_/ 0,1M

Drying at 50 °C - 3d

Gel formation

Thermal treatment

Fig.1.. Block diagram of the production and investigation of the SiO,-Gd,0;-Eu,05 system

The solutions were mixed together so that the
ratio of silicon, gadolinium, and europium
oxides was as follows [18]:

Samples w, %
Ne 1 100 % SiO, - 0 Gd,O3 — 0 Eu,04
Ne 2 95% Si0, - 3% Gd,0;— 2% Eu,0;
Ne3 92% SIOQ -5% Gd203— 3% EUQO3
No 4 90 % Si0; - 6 % Gd,03—4 % Eu,0;

The prepared solutions were stirred on a
magnetic stirrer combined with a thermostat at a
temperature of 45°C for 4 hours, the pH of the
solution before stirring was checked to be
around 6-7. The rotation speed of the magnetic
stirrer was kept constant in all experiments. The
mixtures obtained after stirring were dried at
50°C for 3 days. After gel formation, the
samples were subjected to thermal analysis. The
thermodestruction processes were studied using
thermogravimetry (TG) and  differential
scanning calorimetry (DSC) methods on

“NETZSCH STA 449 F3 Jupiter” simultaneous
thermal analyzer. The samples were placed in
platinum crucibles and heated in a nitrogen
atmosphere from 20°C to 500°C at a rate of
5°C/min [24].

Characterization.

To study the adsorption capacity for
methylene blue (MB), acid-base properties, and
luminescence, gel samples were annealed at
temperatures of 700 °C and 1000 °C for 4 hours
in a muffle furnace. The adsorption value was
determined by spectrophotometric measurement
of the decrease in MB dye concentration in the
solution after reaching adsorption equilibrium
[25]. MB solution with an initial concentration
of 150 mg/dm*® was prepared, to construct a
calibration curve by dilution, 10 solutions with
concentrations of 0.75-13.50 mg/dm?® were
obtained. The sample weights were placed in a
conical flask, 25 cm?® of indicator solution was
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added, mixed, and centrifuged. One cm? of the
clarified solution was taken and the optical
density was measured at a wavelength of 400
nm. The adsorption activity X (mg/g) was
calculated using the formula:

(C;—C,-K)-0.025
m

X =

where C; - the concentration of the initial
indicator  solution, mg/dm3 ;. Cp - the
concentration of the solution after contact with
the sample, mg/dm’; K - the dilution factor of
the solution; 0,025 - the volume of the indicator
solution, dm>; m - the mass of the sample, g.

To study the distribution of surface
centers according to their acid-base properties,
the Hammett method was used with six
indicators with pK, values ranging from +0.80
to +12.80 [26]. The solutions under study were
examined in 1 mm thick cuvettes relative to
distilled water on a “KFK-2MP”
photocolorimeter at a wavelength
corresponding to the absorption maximum of
each indicator (Table 3).

where ¢ - the indicator concentration, mol/dm?;
V - the sample volume, dm’; Dy - the optical
density of the initial indicator; D; - the optical
density of the indicator after sorption by the
sample; D, - the optical density of the blank
sample (solvent + material sample); a;, a, - the
sample weights, g.

An Ocean Optics 2000+
spectrophotometer was used to measure
luminescence spectra in the range of 200-900
nm (the spectrometer's sensitivity range is from
200 to 1000 nm). and the oscillations were
excited using a semiconductor laser with a
wavelength of 405 nm.

Results and discussion

During the synthesis of samples using the
method shown in Figure 1, silicic acids are
obtained as a result of TEOS hydrolysis
according to equation (1), followed by
adsorption of metal ions on the surface of silicic
acid (2). Next, silanols bind to each other,
forming a bond = Si — O — Si = with the release
of water and alcohol (3), (4); metal ions are
incorporated into the siloxane skeleton (5),
leading to the formation of dimers, trimers, and

g = &V | IBo=Dal | 1Do=Ds larger SiO, polymers [18].
D, aq az
(C,H;s0);= Si — (OC,Hs) + H,O — Si(OH)4 + 4 C,HsOH (1);
Eu’” — Si(OH)4— Gd** Q);
=Si— (OH) + (HO)-Si=—>=Si—-0-Si= +H,0 3);
= Si— (OC,Hs) + (HO)-Si= — =Si—0-Si= + C,HsOH (4);
=Si-0-Si=+Me" — =Si—-0---Me-Si= (5).

Silicon particles and silicon polymers
suspended in a solvent will crosslink, forming a
network, facilitating a transition from a liquid to
a solid state, leading to the formation of gels.

The thermal degradation process of the
gel was studied using synchronous thermal
analysis (Fig. 2, 3).

The thermal behavior of the gel was
investigated by synchronous thermal analysis

(Figs. 2, 3). A major mass loss of 88-93% was
observed in the temperature range of 30-119 °C
(TG curve) (Fig. 3, Table 1). Such a high mass
loss is characteristic of gel-derived materials
and can be attributed mainly to the removal of
physically adsorbed and weakly bound water
[19].The degree of conversion, o, was
calculated from the TG curves in the
temperature range of 30-135 °C using the
expression

AZERBAIJAN CHEMICAL JOURNAL Ne 3 2026



76 S.LNIFTALIEV et al.

/\ 8i02-Gd205-Euz03 = 100:0:0 Tendo

Si0:-Gd203-Eux0s = 95:3:2

Si0:-Gdz03-Fuz0;s = 92:5:3

DSC, mW/mg

8i02-Gd203-Eu20s = 92:5:3

100 200 300 400 500 600 700 800 900 1000
T, °C

Fig.2. DSC curves during heating of the Si0,-Gd,0;-Eu,0; system with different ratioS

Si0,- Gd,0, - Eu,0, = 100:0:0
Si0,- Gd,0, - Fu,0, = 95:3:2
Si0,- Gd,0, - Eu,0, =92:5:3
Si0,- Gd, 0, - Eu,0, = 90:6:4

100 -
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Mass (%)
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Fig.3. TG curves for heating the Si0,-Gd,03-Eu,0; system with different ratios
Table 1. Results of gel analysis using the thermal method
Samples Temperature peak, °C; To;ilS:ve;)ght ii?\;g;g:iigg;tgn
Si10,-Gd,03-Eu, 04 thermal effect, J/g i J/mol >
100:0:0 COH;%;’(‘ gg;%é%g;f;goc’ 88,11 40.00
95:3:2 Cogglf’; gzez;kc3?7‘7}2f/gc 93,39 30.13
92:5:3 C‘”E‘;Lf;’f;k;:c? 6121 5 1J?g1°c; 92,89 32.33
90:6:4 Corggixggfgliéfgls? J’ZgOC; 91,83 34.44
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x

where Am; is the mass loss at a given
temperature and Ammax is the total mass loss
of the process.

The o-T curve exhibits an S-shaped
profile, indicating that water removal proceeds
continuously with increasing temperature rather
than through several clearly separated mass-loss
steps (Fig. 4). This process can be described as
a transformation of the type A(solid) —
B(solid) + C(gas), in which water is released
from the solid phase.

Ami
Amomax

The rate of the process was considered to
depend on both temperature and degree of
conversion and can be written in the general
form:

da

— = o(Df(@)

where o is the degree of conversion and 7 is
time.
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Fig.4. Dependence of the degree of conversion o on T during dehydration of the SiO,-Gd,03-Eu,0;5 gel system with

ratios: a) 100:0:0, b) 95:3:2, ¢) 92:5:3, d) 90:6:4
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The temperature dependence of the rate
constant was described by the Arrhenius
equation:

a

w(T) = Aexp(— RT

where A is the pre-exponential factor and Ea is
the activation energy.

In the present study, the dehydration process
was approximated by a first-order kinetic
model. This model was used as an apparent
description of the main dehydration step rather
than as proof of a unique reaction mechanism.
For kinetic treatment, the experimental data
were linearized by plotting (—lga) versus
(1000/T) (Fig. 5).

The linearized plots show a high degree
of linearity (R* > 0.96), supporting the use of
this approximation within the selected
temperature range. The activation energy was
determined from the slope of the linear section
according to the Arrhenius relationship.

The activation energy obtained for
dehydration was 30—40 kJ/mol. This relatively
low value indicates that the mass loss is mainly
associated with the removal of water species
weakly interacting with the silica-based matrix.
In gel systems, such behavior is characteristic
of dehydration/desorption processes. Water
molecules may interact with the silica matrix to
different extents, mainly through physical
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adsorption and hydrogen-bonding interactions
with surface hydroxyl groups. Therefore, the
large mass loss observed in this work can be
attributed to the combined removal of adsorbed
water species with different binding strengths.
This interpretation is more consistent with
dehydration/desorption than with structural
decomposition of the siloxane framework. In
[3] the authors also showed that the desorption
energy of water is 2644 kJ/mol, which
corresponds to the physical adsorption of water.
In [27] the authors obtained that the activation
energy (E. ~ 45 kJ/mol) and desorption heat
(AQ ~ 46 klJ/mol) are practically identical.
Therefore, the value of ~45 kJ/mol is consistent
with the energy required to break approximately
two hydrogen bonds per water molecule, which
is typical for strong physical adsorption on
silicon surfaces containing —OH groups.

When excited by UV light with a
wavelength of 405 nm, samples of the system
annealed at 700 °C and 1000 °C emitted red
light (Figs. 6, 7). We observe five main
emission peaks: 578 nm (*Dy—'F, transition),
590 nm (°Dy—'F transition), 612 nm ("Dy—'F,
transition), 649 nm (°Dy—'F; transition), and
697 nm (°Dy—'F4 transition). When Eu’" ions
are excited, electrons transition to higher energy
levels and then relax without emission to a
stable peak level of 5Do. From 5Do, electrons
return to the 'F; level (J=0,1,2,3,4) and red light
1s emitted.

It can be seen that for all samples, the
most pronounced emission peak is at 612 nm
with a 5D0—>7F2 transition. The 5D0—>7F1
transition is magneto dipole, the intensity of
which practically does not depend on the
substrate and the environment. In contrast, the
*Dy—'F, transition is electric dipole, which has
increased sensitivity, and its intensity strongly
depends on the local environment: it is activated
in low-symmetry structures and suppressed in
more symmetric environments [7].

The luminescence intensity of all samples
calcined at 1000 °C was significantly higher

than that of the samples calcined at 700 °C,
which is consistent with previous reports [28].
This enhancement can be attributed not only to
the reduction of surface-related luminescence
quenching centers but also to changes in the
local environment around Eu** ions.

These surface centers are schematically
illustrated in Fig. 9. In the Si0;-Gd,0;-Eu,03
system, Eu®*" ions act as the main red-emitting
centers, residual surface hydroxyl groups, such
as =Si—OH and =Si(OH)., are likely to act as
non-radiative quenching centers owing to high-
energy O-H vibrations. In addition, defect-
related deprotonated oxygen species, such as —
O™ groups, may also contribute to non-radiative
relaxation  pathways..  With  increasing
calcination temperature, the concentration of
these quenching centers decreases, thereby
enhancing Eu** emission.

The transition intensity ratio
n=ICDy—"F,)/1°Dy—F}) was used to evaluate
the monochromaticity and local symmetry of
Eu’*  emission. High color purity is
characterized by a large n value. In this study, n
was higher than 4 for most samples and reached
4.5 for the 92:5:3 sample, which is higher than
that reported for the binary Si0,-Eu,03 3 system
[4]. This result indicates high color purity and a
highly asymmetric coordination environment
around Eu?* ions, as reflected by the dominance
of the hypersensitive electric-dipole transition
Do—"F2 over the magnetic-dipole transition
Do—7F1. Therefore, the enhanced Eu®**
emission may be mainly associated with
changes in the local environment and
distribution of Eu** ions caused by the presence
of Gd**. In addition, although the PLE spectrum
does not provide clear evidence of efficient
Gd**—Eu’" energy transfer in the high-energy
region, possible contributions from indirect or
less efficient energy-transfer pathways between
rare-earth ions cannot be completely excluded
[30,31].
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The ratio of the system components
affects the emissivity of the sample. It can be
seen that the radiation intensity increases with
an increase in the ratio of Gd and Eu
components and is associated with an increased
number of luminescence centers. At 700 °C the

maximum europium content. After annealing at
1000 °C, the highest radiation intensity was
observed in sample 3 (Si0,-Gd;0s3-Eu,0; —
92:5:3). With a further increase of the Gd and
Eu ratio, the radiation intensity decreased,
which may be due to the interaction between

highest radiation intensity is observed in sample ~ Eu’" ions and luminescence quenching [29]

4 (S10,-Gd;03-Eu03 — 90:6:4), with the

20000
Si0,-Gd,0,-Lu,O, = 95:3:2 - 700°C]
2 Si0,-Gd,0,-Eu,0, — 92:5:3 - 700°C
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Fig.6. Emission spectra for Si0,-Gd,03-Eu,0; systems of various compositions, pre-calcined
at 700 °C: a) 95:3:2, b) 92:5:3, ¢) 90:6:4
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Fig.7. Emission spectra for Si0,-Gd,03-Eu,03 systems of various compositions, pre-calcined
at 1000 °C: a) 95:3:2, b) 92:5:3, ¢) 90:6:4
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Fig.9. Schematic diagram of the surface of the Si0,-Gd,03-Eu,03 system
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Since the emission band at 612 nm is the
most intense in the photoluminescence spectra
(Figs. 6, 7), the excitation spectrum was
recorded by monitoring the red emission at 612
nm, corresponding to the *Dy— Fatransition of
Euv?**. The photoluminescence excitation (PLE)
spectrum of the Si0,-Gd,0;-Eu,05 system was
measured in the 350-550 nm range and is
shown in Fig. 10.

The observed narrow excitation bands are
assigned to  intraconfigurational — 4f{—4f
transitions of Eu** from the “Fo ground state to
the excited states *Dy4 (362 nm), 5GJ~/5L7 (371-

7F"—)SL(,
(393 nm)

Intensity (a.u.)

390 nm), °Lg (393 nm), °D; (416 nm), °D, (465
nm), and °D; (525 nm) [29]. Among these
transitions, the band at 393 nm, corresponding
to the 7F0—>5L6 transition, exhibits the highest
excitation efficiency for generating the 612 nm
red emission. This transition is known as one of
the strongest direct excitation channels of Eu**
in the near-UV region [7,32]. Therefore, the
selection of 393 nm as the excitation
wavelength is supported not only by the
maximum intensity observed in the PLE
spectrum, but also by the spectroscopic nature
of the Eu®" "Fp—"L transition.

$i0,-Gd,0,-Eu,0, = 92:5:3 - 1000°C

7 5
F,—D,
(465 nm)
g 5
F,—"D,
(525 nm)
7 5
F,—"D,
(416 nm) L\\‘
f\l\.‘,\.._ol\'/‘l\l . y M.AAA'A AL y . .
425 450 475 500 525 550

A (nm)

Fig.10. Excitation spectra of the S10,-Gd,03-Eu,0; system was monitored by the red emission at
Aem = 612 nm.

In contrast, the excitation bands at 362,
416, 465, and 525 nm are less intense under the
same monitoring conditions, indicating that
these excitation pathways are less efficient in
populating the emitting *Do level in the present
system. Thus, 393 nm can be considered the
optimal excitation wavelength for Eu’" red
emission at 612 nm under the investigated
experimental conditions.Sample 3 (SiO,-
Gd,03-Euy03 with a content of 92:5:3) was

used to study the acid-base properties of the
surface and its ability to adsorb MB. According
to preliminary data [18], the activation energy
of the hydrolysis reaction during the synthesis
of this sample has a minimum value, which
means that the hydrolysis reaction rate during
the formation of this ternary system is
maximum, and obtaining material of this
composition in industrial quantities is less
energy-intensive.
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The distribution of indicator adsorption
centers on the surface of the studied systems
showed several characteristic regions, among
which weakly acidic and strongly basic/donor
centers were predominant. These centers were
identified using indicators with pK, values of
approximately 5.0 and 12.8, respectively (Fig.
8, Table 2). The region corresponding to
strongly acidic/Brensted acidic centers is
associated with surface hydroxyl groups,
primarily isolated silanol groups (=Si—~OH) and
geminal silanol groups (=Si(OH),), located on
the silica surface and structural defects. The
relatively low contribution of this region,
especially after high-temperature calcination,
indicates a decrease in the amount of free
hydroxyl-containing Brensted sites. This can be
attributed to dehydroxylation and condensation
of neighboring silanol groups with the
formation of siloxane bonds (3).Thus,
calcination promotes the removal or partial
blocking of free =Si—OH and =Si(OH), groups,
reducing the concentration of strong Brensted
acidic centers on the surface.

The weakly acidic region is likely
associated with rare-earth-containing surface
sites involving Eu’" and Gd** ions (2),(5) [35].
Due to their high positive charge and vacant
orbitals, these ions may act as weak Lewis
acidic centers and polarize neighboring silanol
groups. Partial shielding of free Brensted
silanol sites by rare-earth ions may also
contribute to the redistribution of acidic centers
toward the weakly acidic region. The stronger
contribution of this region after calcination at
1000 °C can be attributed to surface
restructuring and improved accessibility of
Eu**/Gd**-related Lewis acidic sites, despite the
simultaneous decrease in free silanol groups.
The high adsorption intensity in the pK, = 12.8
region indicates the presence of strong
basic/donor centers. Following the
interpretation proposed in [5], metal ions on the
silica surface can facilitate the sorption of OH™
ions, thereby enhancing the electron-donating
properties of the surface. Accordingly, the
strong adsorption at pK, = 12.8 may be related

to rare-earth-containing surface sites, sorbed
hydroxide ions, hydroxyl groups, and electron-
rich oxygen species. Overall, the change in the
distribution of adsorption centers with
calcination temperature reflects the combined
effects of dehydroxylation, surface
reconstruction, partial blocking of Brensted

silanol sites, and exposure of rare-earth-
containing active sites.
For the Si0,-Gd,03-Eu;0O;  sample

(calcined at 700 °C), the adsorption activity
according to MB per 1 g of product — 108.32
mg/g. In the Si0;-Gd;03-Eu,0O3 sample
(calcined at 1000 °C), the adsorption activity is
lower — 79.08 mg/g. The sorption capacity
according to MB can be determined by the
content of micropores with a width of 1.06—1.95
nm and mesopores with a width of 2.00-2.24
nm in the structure of sorbents [33]. In addition
to structural parameters, the chemical
composition of the adsorbent surface also
affects the adsorption value. Thus, MB, being a
cationic dye, will interact with negatively
charged centers on the adsorbent surface, which
will lead to increased adsorption. The acid
center creates a local positive charge or an
electron deficit region. This area repels MB
cations and prevents MB adsorption [34], which
means that in the Si0,-Gd,0s3-Eu,O; system,
there 1s an excess of negatively charged centers
on the surface, which is consistent with the
results of the study of the acid-base properties
of the surface presented above.

Conclusions

The Si0,-Gd,03-Eu,O5 ternary system
was successfully synthesized by TEOS
hydrolysis in an aqueous medium. Thermal
analysis showed that the main mass loss of the
gels occurs in the low-temperature region and is
associated with the removal of physically
adsorbed and weakly bound water. The results
demonstrate that heat treatment plays a key role
in controlling both the surface state and
luminescence behavior of the materials.
Calcination changes the acid—base state of the
surface, reduces hydroxyl-related quenching
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centers, and may promote structural
rearrangement of the oxide matrix, which
facilitates a more favorable local environment
for Eu’" ions, thereby enhancing Eu’" emission.
The samples exhibited characteristic Eu®" red
emission dominated by the *Do—7F: transition
at 612 nm, while the 393 nm band,
corresponding to the 'Fp—’Lg transition, was
the most effective excitation channel. The high
n = I(5D0—>7F2)/ISD0—>7F1) values indicate a
highly asymmetric local environment around
Eu** ions, which may be associated with the
modifying effect of Gd** in the silica matrix. At
the same time, higher-temperature calcination
increased the relative contribution of acidic
surface centers, leading to a decrease in
methylene blue adsorption capacity. The
composition  Si0,-Gd,03-Eu,0; = 92:5:3
showed the most favorable balance between
luminescence performance and adsorption
activity. Overall, the functional properties of
this ternary oxide system can be tuned through
the component ratio and calcination
temperature, confirming its potential as a
multifunctional material combining Eu’*
luminescence ~ with  surface  adsorption
functionality.
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Si0,—Gd,03-Eu,05; SISTEMLORININ SINTEZI VO SOTHI XASSOLORININ TODQIQi
Niftaliyev S. I., Kuznetsova 1.V., Tran Nhat Anh, Ciraqov F.M.

Uckomponentli SiO2-Gd.0s—Eu.0s sistemi sol-gel iisulu ilo sulu miihitdo tetraetoksisilamin (TEOS) hidrolizi
naticasinds sintez edilmisdir. Termiki analiz gostormisdir ki, gelin dehidratlasmasi osason asagi temperatur sahasinds
bas verir vo fiziki adsorbsiya olunmus, eloco do zoif bagli suyun uzaqlasdirilmast ilo olagadardir. Ugkomponentli gellor
tiglin gortinan aktivlogsmo enerjisi 30-34 kC/mol, SiO2 geli ti¢iin isa toxminan 40 KC/mol toskil etmisdir ki, bu da suyun
osason fiziki xarakterli baglanmasini gostorir. Kalsinasiya olunmus niimunslor Eu®** ionlarma xas qirmizi
liminessensiya niimayis etdirmisdir; an intensiv zolag 612 nm-do miisahido olunmus vo *Do—7F: kegidino uygun
golmisdir. Maksimal liiminessensiya intensivliyi 1000 °C-ds kalsinasiya olunmus SiO>—Gd203—Eu0s = 92:5:3 torkibli
niimunads olds edilmisdir, nadir torpaq oksidlarinin miqdarimin daha da artirilmasi iso konsentrasiya sénmasina sobob
olmugdur. Optimal hoyacanlandirma dalga uzunlugu 393 nm olmusdur. Eyni 92:5:3 torkibli, 700 °C-do kalsinasiya
olunmus niimuna metilen mavisina gors on yiiksok adsorbsiya tutumuna — 108,32 mg/q — malik olmus, bu goéstarici
1000 °C-do kalsinasiyadan sonra 79,08 mg/g-a godar azalmigdir. Alinmis naticolor gostorir ki, SiO2—Gd20:—Eu20s
materiallarinin liminessensiya vo adsorbsiya xassslori torkibin, kalsinasiya temperaturunun vo Sothin tursu—osas
vaziyyatinin idars olunmasi ils tonzimlons bilor.

Agar sozlar: SiOr-Gd:0s—FEu:0; sol—gel sintezi; tetraetoksisilan; europium liiminessensiyasi; metilen mavisinin
adsorbsiyasi,; sathin tursu—oasas xassalori.



