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Abstract—The SiO,, Gd,05;—Si0, and Eu,0;—Si0, were synthesized by two ways — using the silicon oxide
isolated from kaolin and using the silicon oxide obtained by hydrolysis of tetraethoxysilane. Agar-agar (poly-
saccharide) was added as a structure-forming agent and the freeze-drying was used for obtaining powders.
DSC and TG up to 700°C revealed endothermic effects corresponding to the loss of free moisture, the
decomposition of metal hydroxide and hydroxogroups (=Si—OH) from the silica surface. The powders cal-
cined at 700°C are X-ray amorphous. The morphology of the samples was studied using transmission elec-
tron microscopy (TEM) and dynamic light scattering (DLS). The hydrodynamic size of the particles synthe-
sized from kaolin, determined using DLS method, exceeds the particle size established by TEM. The hydro-
dynamic size of the nanoparticles obtained from tetraethoxysilane is within the particle size determined by
TEM. The agglomerates formed by particles synthesized from tetraethoxysilane are less strong than those
obtained from kaolin. In the Eu,0;—SiO, system-based composition obtained using tetraethoxysilane,
nanocrystallinity with a particle size of 8—40 nm was detected. The luminescence excitation spectra for the
Eu,0,—Si0, samples syn-thesized by both ways differ in the ratio of the supersensitive >Dy—’F, and
magnetodipole °Dy—’F, transition bands. For the Gd,0;—SiO, nanopowder obtained from
tetraethoxysilane, an increase in the 5D0—7F , inten-sity, as well as the appearance of a second 5D0—7F 1 peak

were observed.
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INTRODUCTION

The synthesis and study of mesoporous mesophase
silicate materials (MSNSs), as well as metal composites
based on them, are continuously gaining attention of
many researchers. Due to their unique properties
(high specific surface area more than 1000 m?/g, large
pore volume up to 2 cm?/g, nanodispersity) and long-
range order structure (in contrast to the well-known
silica gels and aerogels) MSNs have already found
wide application in the processes of selective sorption
[1, 2], catalysis [3, 4], and as nanoreactors [5, 6] for
the synthesis of various materials. Promising direc-
tions are related to the use of MSNs as optical biosen-
sors [7, 8] and the development of a new generation of
drugs for targeted delivery of the active substance to
specific areas of the body [9, 10].

The methods for synthesizing silicate materials are
also diverse [11]. Mesoporous silicon oxide can be
obtained from TEOS (tetraethyl orthosilica) and RH

(Rise husk) [11]. The authors [12] synthesize meso-
porous polymetallic silicate from red clay. In [13] the
silicon/reduced graphene oxide (Si/rGO) was synthe-
sized from clay. The structural features make meso-
porous Si/rGO a very suitable anode material for lith-
ium-ion batteries. Mesoporous silicon oxide was syn-
thesized from iron ore tailings by fusion with alkali
followed by acid leaching [14]. The obtained samples
have a specific surface area up to 544.68 m?/g of irreg-
ular mesoporous structure; they show good adsorption
properties with respect to the methylene blue dye
(maximum adsorption capacity corresponded to 192
mg/g). In [15] bimodal silica particles of nanometer
and micrometer size were obtained from bentonite
clay, which was subjected to thermal and acid treat-
ment to reduce the alumina content and increase the
amount of silica.

The presence of reactive silanol groups (= Si—OH)
[16] on the surface of silica particles makes it possible
to modify them using various methods [17, 18], regu-
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late their electrosurface properties [19], aggregative
stability, porous structure [20], and obtain com-
pounds with a wide range of applications [21, 22]. The
authors [23] determined the amount of sobbed water
and silanol groups on the silica surface by thermograv-
imetric analysis. A large number of silanol groups
reduce the cohesion of the silica-oxygen framework of
the material, and hence its stability.

Metal oxide compositions (metal oxide — silicon
oxide) can be obtained using various methods: copre-
cipitation (copolycondensation) of metal oxide with
the base material, by impregnation — intercalation of
metal oxides in a previously synthesized matrix and by
various combinations of these methods [24—26]. Ulti-
mately, a variety of composites different from the
structure of the siloxane skeleton and the nature of the
introduced metal atom are formed. The synthesis
methods developed so far make it possible to obtain
both individual framework compounds and oligo-
meric metalorganosiloxanes [27, 28].

The gadolinium oxide — mesoporous silicon diox-
ide system (Gd—MS) can be used as an alternative for
the synthesis of contrast agents for magnetic reso-
nance imaging (MRI) [29]. MRI mainly uses chelated
gadolinium compounds, which are toxic and accumu-
late in tissues. Nanodispersed gadolinium silicates are
less toxic and remain in the bloodstream longer. The
higher content of gadolinium in the silicate than in the
chelate complexes will increase the sensitivity and
reduce the dosage of these drugs. In [29], Gd—MS was
prepared using a sol-gel method. The particles are
nanosized and can easily penetrate the cell.

In [30] the authors obtained mesoporous amor-
phous-crystalline SiO, and SiO,—Gd,0; nanopow-
ders (NPs) by pulsed electron beam evaporation
(PEBE). Phase analysis showed amorphous and three
crystalline phases in the Gd,O; nanopowder. The
effect of silicon oxide doping on the textural, mag-
netic, and luminescent properties of Gd,0;—SiO,
NPs was studied. The size and volume of interparticle
pores of Gd,0;—SiO, NPs depended on the dopant
content contributed to an increase in amorphousness
and the concentration of various structural defects.
Annealing and doping led to the degradation of the
Gd,0; matrix crystallinity. The correlation of concen-
tration dependence of porosity, paramagnetic
response, and intensity of pulsed cathodolumines-
cence spectra in Gd,0;—Si0, NPs was established.

Among the rare-carth elements, europium stands
out, because it has a long lifetime of excited states and
emission in the visible part of the spectrum, which
determines the prospects of its use for the diagnosis of
various diseases. Red and blue solid luminescent
nanopowder due to the presence of the Eu?*/Eu?* ions
in the SiO, matrix has been successfully synthesized
using sol-gel method by drying the precursor gels at
room temperature followed by annealing at 500 and
1000°C in ambient air [31]. The phase and morphol-
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ogy of the nanopowder were determined by X-ray dif-
fraction, Fourier transform infrared spectroscopy
(FTIR), and transmission electron microscopy
(TEM). The transformation of europium oxide from
the amorphous phase to the monoclinic phase was
observed as a result of annealing, and its effect on the
optical properties studied by UV spectroscopy and
photoluminescence (PL) are discussed in detail. A red
shift was observed at the edge of the absorption band
due to annealing, and the bandgap energy also
decreased. Luminescent Eu* species in a silica matrix
exhibit intense red emission at 614 nm.

The aim of this work is to synthesize systems
Gd,05—Si0, and Eu,0;—Si0,, to study the
morphology and thermodestruction processes of
the obtained materials, to determine their
luminescent properties. This study has been
performed with the prospect of creating the
ternary systems Gd,0;—Eu,0;—Si0,, which can be
used in medicine for opti-cal imaging simultaneously
with MRI [32].

MATERIALS AND METHODS

For the synthesis, as the initial components
nitrates Gd(NO;);6H,0, and Eu(NO,);-:5H,0
(chemically pure), ammonium hydroxide NH; H,O
(chemically pure), crystalline agar-agar (Denagar 900
GA), kaolin (PLAST-RIFEY), and tetraethoxysilane
have been used.

The systems SiO,, Gd,0,;—Si0,, Eu,0;—-Si0O, were
synthesized by two ways according to Scheme 1 and
Scheme 2 (Fig. 1).

Scheme 1. SiO, was obtained from kaolin. Its sam-
ple was fused with sodium and potassium carbonates
at 900°C, then obtained alloy was leached with
hydro-chloric acid. The white precipitate was washed
with water, dried, and calcined at 1000°C. The
calcined SiO, was loaded into the chemical reactor,
water and 1% agar-agar solution were added, 0.1 M
solutions of gadolinium (or europium) nitrate and
ammonium hydroxide were added dropwise under
stirring. The obtained gels were washed, freeze-dried,
and calcined at 750°C for 4 h.

The obtained by Scheme 1 samples were desig-
nated as following: SiO, isolated from kaolin — Sik,
SiO, modified with Gd,0; — SikGd, SiO, modified
with Eu,05; — SikEu.

Scheme 2. SiO, was obtained by hydrolysis of tet-
raethoxysilane in ammonia solution. For this purpose,
tetraethoxysilane solution was mixed with gadolinium
(or europium) nitrates and 1% agar-agar solution was
added. The mixture with all components was heated
to 70°C with continuous stirring for 2 h. The resulting
gel was dried at 105°C for 3 h, then washed with water
to a neutral medium and calcined for 4 h at 750°C.

The obtained by Scheme 2 samples were desig-
nated as following: SiO, isolated from tetraethoxysi-
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Fig. 1. Two schemes of the synthesis of SiO,, Gd,03;—Si0, and Eu,03;—SiO;: (a) using SiO, from kaolin, (b) using SiO, obtained

by hydrolysis of tetracthoxysilane (TEOS).

lane — Sit, SiO, modified with Gd,0; — SitGd, SiO,
modified with Eu,0; — SitEu.

Thermodestruction processes were studied by ther-
mogravimetry (TG) and differential scanning calo-
rimetry (DSC) using NETZSCH STA 449 F3 Jupiter
simultaneous thermal analyzer in platinum crucibles.
The samples were heated in a nitrogen atmosphere to
1000 °C at a rate of 5 K/min. The temperature
measurement error +1.5 %. Discreteness of indications
of loss of weight 0.025 mkg.

The structure of the sample was examined using a
transmission electron microscopy (TEM) using
ZEISS Libra 120 microscope. Samples of nanopowder
for TEM study were prepared as follows: grids with a
thin film of amorphous carbon were dipped into the
powder suspension with gelatin solution. The
excess liquid was removed using ashless filter paper.

The particle size was determined by dynamic
light scattering (DLS) on a Malvern Zetasizer Nano
ZSP spectrophotometer with noninvasive
backscattering  optics (NIBS). An aqueous
suspension of the non-water-soluble powders was
prepared by sonication treatment with the emitter
frequency of 20 kHz for 5 min on the SONICATOR
Q500 ultrasonic disperser. 2 ml of aqueous suspension
of the tested material after ultrasonic treatment was
placed in a translucent cuvette. Chemical and
elemental composition was deter-mined using a wave
X-ray fluorescence spectrometer Bruker S8 Tiger.
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The accelerating voltage was 60 kV, Bruker Quant
Express technique for non-standard analysis of
chemical elements have been used.

The phase composition was determined by
powder X-ray diffraction analysis in a
monocrystalline silicon cuvette using diffractometer
Bruker D2 PHASER (Cu Ko radiation).

Diffraction spectrophotometer Ocean
Optics USB2000+XR1 was used to measure the
photolumi-nescence spectra in the range of 200—
900 nm. Semi-conductor LED module High
Power  Lighting-H77GV1BT-V1 with radiation
wavelength 380 nm and laser module Osram LD
PL-TB450 with radiation wavelength 445 nm were
used as excitation sources. For the measuring the
photoluminescence spectra the suspension was
deposited on a clean quartz substrate and dried.

RESULTS AND DISCUSSION
Synthesis of Materials

During the fusion of kaolin with
carbonates according to Scheme 1 (Fig. 1a) a
mixture of alkaline silicates and aluminates is

formed:

1
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Table 1. Results of the thermal analysis (DSC and TG) of samples after freeze drying
1% endothermal effect 2"d endothermal effect 39 endothermal effect
Overall
Sample temperature temperature temperature
interval, °C mas;loss, interval, °C mas;loss, interval, °C masi/loss, mass loss, %
DSC 7 DSC 7 DSC 7
. 30—150 12.4 310—500 7.41 — 19.81
k
SikGd (peak 80.8) (peak 423.4)
SikFu 25—150 12.52 350—500 7.45 — 19.97
(peak 79.4) (peak 417.2)
SitGd 25—145 12.60 340-490 7.45 620—700 2.57 22.62
(peak 86.4) (peak 400.2) (peak 684.8)
SitEu 25—140 12.58 345-500 7.45 628—695 3.53 23.56
(peak 88.6) (peak 400.3) (peak 676.4)

Leaching of the alloy with hydrochloric acid leads
to the formation of a white precipitate H,SiOs:

Na,O - SiO, + 2HCI — H,SiO, + 2NaCL  (2)

Calcination results in the loss of water in silicic
acid:

H,Si0; — Si0, + H,0. 3)

The resulting silicon oxide interacts with metal
hydroxides obtained from nitrates:

Me (NO3)3 + 3NH3 ° Hzo
— Me(OH), + 3NH,NO;,
2Me (OH), + SiO, — Me,0; - Si0, +3H,0,  (5)

where Me = Gd or Eu.

The chemical processes occurring according to the
Scheme 2 (Fig. 1b) can be described by the following
equations:

Si(OC,Hs), +4H,0 — Si(OH), +4C,H;OH, (6)

Me (NO;), + 3NH; - H,0
— Me(OH), + 3NH,NO;,

2Me (OH), +Si(OH), — Me,0; - SiO, + 5H,0. (8)

As a result of the synthesis according to both
schemes the gel-like products were obtained. During
the evaporation of liquid from gel, the capillary pres-
sure arising in small pores can become great. For
example, in pores of size 1 nm, a pressure of the order
of 1.5 x 108 Pa occurs [33]. As a rule, the presence of
some pore size distribution leads to the collapse of the
porous structure. Therefore, to maintain gel integrity,
it is necessary to minimize either the pressure drop or
the capillary pressure itself. One way of minimizing
the capillary pressure is to add organic molecules that
resist drying by a more uniform pressure distribution
in the gel structure [33]. For the production of ceram-
ics different gelling agents of inorganic and organic

4

(7)
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nature (gelatin, agar, agarose, carrageenan, etc.) have
been used [34, 35]. In [35] the authors used agar-agar
as a structure-forming agent retaining water in its
structure during drying of gadolinium oxide gel. In
this study during the synthesis according to both
schemes we added agar-agar (polysaccharide) which
retains its gelling properties within a wide pH range.

Freeze drying is used in both schemes. This type of
drying has a significant impact on the nanostructure
of products, their characteristics, the possibility of fur-
ther processing, and stability during storage [36].

Thermal Analysis

The results of the investigation of thermal destruc-
tion processes of the samples obtained after freeze dry-
ing by thermal analysis (TG and DSC) are presented
in Table 1 and Fig. 2.

The DSC curves of the SikGd and SikEu samples
obtained by Scheme 1 (Fig. 2a) after freeze drying
revealed two endothermic effects with close values of
temperature and mass loss. The first effect (25—
150°C) corresponds to the loss of free moisture, the
second one (310—500°C) — to the decomposition of
metal hydroxide on the surface of silicon oxide by
reaction (5), in this temperature range the removal of
agar-agar also occurs.

The samples SitGd, SitEu obtained according to
the Scheme 2 (Fig. 2b) after freeze drying demon-
strates the lose mass in three steps: the first corre-
sponds to the loss of free moisture, the second to the
decomposition of metal hydroxide and silicon hydrox-
ide by reaction (8) and the removal of agar-agar, the
third (620—700°C) to the removal of the remaining
hydroxogroups (= Si—OH) unbound to metal atoms
from the silica surface. The higher total mass loss
(22.62 and 23.56%) compared to the mass loss of the
samples obtained according to the Scheme 1 (19.81
and 19.97) indicates moisture retention in the silicon
oxide structure. The difference in mass loss of the
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Fig. 2. DSC curves for the samples after freeze drying.

samples obtained according to different schemes ~3—
4% (Table 2), which approximately corresponds to the
content of hydroxyl groups in mesoporous silica [23].
The change in mass occurs up to 700°C. No peaks of
exothermic effects, which may correspond to the crys-
tallization of monoclinic europium oxide, europium
or gadolinium silicates, or other processes up to
1000°C, were detected in DSC curves.

Phase Analysis and Composition

X-ray phase study of the samples calcined at 700°C
showed that all systems are X-ray amorphous — there
were no diffraction peaks on the X-ray patterns. How-
ever, in the systems SiO,—Gd,0; and SiO,—Eu,0,
heated to 1000°C the formation of crystalline hydrox-
ides, rare-earth oxides, as well as their polymorphic

transformations were noted [30, 31]. So, we can pre-
sume that some conditions in the technology chosen
in this study constrain the crystallization processes.
For example, agar-agar and freeze drying are used in
both diagrams. Presumably, the retention of water in
the agar-agar structure and its gradual release during
heating keeps the amorphous phase of the systems
longer and prevents the crystallization of the products.

The chemical and elemental composition of sam-
ples after calcination showed their purity — there are
only the elements Si, Gd, Eu, O in stoichiometric
ratios to form oxides with proper formula (third col-
umn in Table 2). For example, for the sample Sit, the
mass ratio Si: O =46.7 : 53.3%, which corresponds to
Si0,. For the sample SitGd, the mass ratio Si: O : Gd =
42.1 :49.3 : 8.6%, corresponding to the formation of
Si0,—Gd,0;.

Table 2. Content and particle size of the samples obtained according to Scheme 1 and Scheme 2

Particle size, nm
Method of synthesis Sample Formula
TEM Peak DLS

Scheme 1 Sik amorphous SiO, 200—-270 450
SikGd amorphous Si0,—Gd,0; 60—270 59

460

SikEu amorphous Si0,—Eu,0;, 200-700 830

Scheme 2 Sit amorphous SiO, 8-29 12
SitGd amorphous Si0,—Gd,0; 6—29 18

SitEu nanocrystalline | SiO,—Eu,05 8—40 15

GLASS PHYSICS AND CHEMISTRY Vol. 49 No.2 2023
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Fig. 3. The morphology determined by TEM and DLS of sample obtained according to the Scheme 1.

Morphology

The results of the morphology of samples are sum-
marized in Table 2. The size of the particles obtained
according to Scheme 1 is much greater than of the par-
ticles synthesized according to Scheme 2.

Samples of SiO, obtained according to the Scheme 1
(Fig. 3a) shows that the particles are spherical in
shape, agglomerated, and their sizes are within the
range of 200—270 nm as visible on the particle size dis-
tribution histogram. An average hydrodynamic radius
of 450 nm determined using DLS method is higher
than the radius determined by TEM. The actual mea-
sured hydrodynamic particle diameter (DLS) can be
larger than the dry particle diameter (TEM), it is all a
matter of a sample preparation. To perform DLS the
nanoparticles were suspended in water making them
hydrated, whereas for TEM the samples were dried on
a grid. The use of two different and complementary
methods provides an overall assessment of both parti-
cle size and morphology [37].

Results for SiO,—Eu,0; particles obtained accord-
ing to the Scheme 1 (Fig. 3b) shows a changed shape
of the particles — they are less rounded and the edges
resemble the shape of a polygon. The dimensions are
increased to 700 nm. The average hydrodynamic
radius of 827 nm determined using the DLS method is
also higher than the radius determined by TEM.

The image of round particles SiO,—Gd,0;
obtained according to Scheme 1 (Fig. 3c) is similar to
the image of silicon oxide particles. But the size distri-
bution is different: 60—270 nm. The hydrodynamic
sizes shows a bimodal distribution of the particles with
peaks of 59 nm and 459 nm, which is formed typically
by mixing particles with different growth mechanisms.
That is, for the systems containing gadolinium oxide,

GLASS PHYSICS AND CHEMISTRY Vol.49 No.2

the formation mechanism of silicon oxide particles
and gadolinium oxide particles is different. This fact
must be taken into account when creating a technology
for the synthesis of compositions for various purposes
based on the Gd,05-Si0O, system.

Particles of the materials obtained according to the
Scheme 2 are nanoscale particles (Fig. 4). SiO, sam-
ples (Fig. 4a) are spherical in shape, agglomerated,
and their sizes are in the range of 8—29 nm. The
hydrodynamic radius — 12 nm (DLS) is within the
radius determined by TEM.

Particles of SiO,—Eu,0; samples obtained accord-
ing to the Scheme 2 (Fig. 4b) are oval-shaped
nanoparticles, agglomerated, and their sizes are within
the range of 8—40 nm. The average hydrodynamic
radius is 15 nm. The point electronogram shows that
the sample contains nanoparticles with crystalline
ordering unlike the previously described particles
where electronograms contain only halo rings typical
of amorphous particles.

Figure 4c shows the SiO,—Gd,0; particles
obtained using the Scheme 2. The nanoparticles are
almost spherical particles with a diameter of 6—29 nm
and an average hydrodynamic particle diameter of
18 nm. Spherical gadolinium oxide nanoparticles are
distributed on the surface of silicon dioxide as visible
on SEM image.

Note that the hydrodynamic size of the nanoparti-
cles obtained according to the Scheme 2 is within the
range of the particle sizes determined by TEM, which
is due to the sample preparation technology. The fact
is that an aqueous suspension of the material was pre-
pared by ultrasonic treatment for 5 min. Apparently it
destructed unstable agglomerates to nanosize, which
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Fig. 4. The morphology determined by TEM and DLS of sample obtained according to the Scheme 2.

did not occur with the powders prepared according to
the Scheme 1.

Luminescence Analysis
The luminescence spectrum in the Eu,0;—
SiO, system synthesized according to the

Scheme 1 (SikEu) consists of characteristic emission
lines of the Eu®' ion corresponding to electron transi-
tions inside the 4f-shell (Fig. 5a). Each transition is
split into two Stark lines: ’F,—D, (541 and 545 nm);
SDy—"F, (587 and 594 nm); °Dy—'F, (619 and
622 nm); D,—"F; (647 and 652 nm); D,—'F, (698
and 702 nm). Moreover, an intense line D,—"F;
(611 nm) is observed in the luminescence spectrum.
Due to the presence of distortions in the Eu** crystal
lattice, the electrodipole transition *Dy—’F, is more
intense than the magnetic-dipole transition >Dy—"F,.
The ratio of the transition intensity n = I(°Dy—

)/1CDy— )3 is the criterion for the monochroma-
t1c1ty of the E luminescence. High color purity is

characterized by large values of 1. In this study, n =
1.25. This value is small, indicating that the europium
ion is intercalated in the silicate matrix, which causes
the luminescence attenuation process.

The luminescence spectrum of the nanocrystalline
sample obtained according to the Scheme 2 (SitEu) is
shown in Fig. 5b. The difference in the spectra of the
powder synthesized by different Schemes is mani-
fested in the ratio of the supersensitive °D,—’F, and
magnetodipole ’D,—’F, transition bands. The value of
N for SitEu increases up to 2.5. The sharp increase in
the intensity of the supersensitive transition with
respect to the magnetodipole transition indicates high
symmetry of the coordination environment of the

GLASS PHYSICS AND CHEMISTRY  Vol. 49

europium cation, as well as the formation of the nano-
crystalline phase [38.

The Iuminescence spectrum in the Gd,O0;—
SiO, system synthesized according to the
Scheme 1 (SikGd, Fig. 6a) consists of a broad band
’Dy—F, (700 nm) and two narrower bands 'F,—D,
(542 and 544 nm), °D,—’F, (610 nm). For the nano-
powder synthesized according to Scheme 2 (SitGd,
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Fig. 5. Luminescence spectrum in the Eu,03;—SiO,
system: a) synthesized according to Scheme 1; b) syn-thesized
according to Scheme 2.
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Fig. 6. Luminescence spectrum in the Gd,03—SiO,
system: (a) synthesized according to Scheme 1;
(b) synthesized according to Scheme 2.

Fig. 6b) there is an increase in the intensity of ’D,—F,
(610 nm) and the appearance of a second D,—'F,
peak (627 nm). As is well known, the luminescence
intensity is determined, among other reasons, by the
average distance between the luminescence centers.
Obtaining of the nanoparticles according to Scheme 2
instead of microparticles synthesized by Scheme 2 is
similar to the increasing of rare-earth atoms concen-
tration in the silicate matrix resulting in a slight
increase in luminescence.

CONCLUSIONS

Synthesis of the SiO,, Gd,0;—Si0,, Eu,0,—Si0O,
systems by two ways — using the silicon oxide isolated
from kaolin and using the silicon oxide obtained by
hydrolysis of tetraethoxysilane, allowed to obtain
powders with different morphologies and lumines-
cence properties. Using kaolin as starting material,
results in particle size determined by DLS method (up
to 450 nm for SiO, and Gd,0;—Si0, and 830 nm for
Eu,0;—Si0,) was significantly greater than that of the
samples determined by TEM (270 nm for SiO, and
Gd,0,;—Si0, and up to 700 nm for Eu,0;—Si0O,),
which is associated with the existence of a hydrated
shell formed during sample preparation of powders for
DLS. In case of tetracthoxysilane as initial substance
for the synthesis of silicon oxide, the sample sizes
determined by DLS and TEM methods are approxi-
mately the same if use the ultrasonic treatment (12—18
nm for DLS and 6—40 nm for TEM). Only sample of
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Eu,0;—Si0,, synthesized using tetraethoxysilane is
nanocrystalline (8—40 nm), all others are X-ray amor-
phous. The nanocrystallinity is also evidenced by a
sharp increase in the intensity of the supersensitive
transition with respect to the magnetodipole transition
in the luminescence spectrum of the Eu,0;—
SiO, sample compared with that obtained
according to another way.

In the luminescence spectrum of the Gd,O0;—
SiO, nanopowder synthesized using tetrae-
thoxysilane compared to that obtained using the
kaolin, the intensity of ’Dy—’F, increases and a second

peak of °Dy,—’F, appears. The increase of lumines-
cence is a result of the obtaining of nanoparticles using
tetracthoxysilane compared to  microparticles
obtained using the kaolin.

Finally, the results of this study demonstrate the
ability to control the morphology and properties of
Si0, — rare earth oxide systems not only by way of syn-
thesis, but also by the choice of starting materials for
silicon oxide.
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