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Si0,:TiO, composites were obtained by saturation of SiO,-matrices (with a porosity of ~
80 % and ~ 42 %) with a suspension of TiO, nanoparticles and subsequent annealing to
700°C. It was shown that, due to annealing of the composites in the temperature range of
400-700°C, there was observed agglomeration of TiO, nanoparticles in the pores of the SiO,-ma-
trices, that manifested itself in an increase of the absorption in wavelength range of 390—
800 nm. The presence of diffraction rings in the electron microdiffraction images confirms
formation of TiO, crystallites in §i0,:TiO, composites. The content of titanium in the composite
less than 1 % relative to silicon did not allow to reveal crystalline TiO, phase in the composites
by powder X-ray diffraction method. TiO, is probably present in the composites based on
Si0,-matrices with high porosity both in the form of crystallites and in amorphous state.
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Komnozurni marepiann ma ocsopi Hanonopucrux SiO,-marpuns i manmouacrunok TiO,.
O.M.Beskposna, I.M.IIpumyna, O.M.Bosx, 0.0.I'yprarenko, A.M.IHanownirx, [J.C.Cogpo-
noe, F0.B.Tapaneys

Orpumano xommosuru SiO,.TiO, maaxom macuuemns SiO,-marpuns (3 mopucricTio ~
80 % i ~42 %) cycnensiero maHouactTuHOK [i0, i mojameIIMM BigmasoM Jo TeMImepaTypu
700°C. Ilokasano, 110 y pesyabTaTi Bimmaay KoMiosuTis B iHTepBasi Temmneparyp 400—-700°C
crocrepiraeTeca aryiomepania HanouacTuHOK 110, y mopax SiO,-marpuri, mo npoasiaeTses
B 30inbmenHi morauHanua B inTepBasi moBKUH XBuAb 390-800 mM. YTBOpPEeHHS KPUCTATITIB
TiO, y xommosurax SiO,:TiO, mizreepmxye HaspHicTs AudpakmifiHmx Kizens Ha sHIMKax
eneKTpoHHOI Mikpoaudpakiii. Bmict B KoMImosuTi THTaHy MO BiIHONIEHHIO 0 KPEMHilO
meHnIe Him 1 % He XO3BONMIO BUABHTH Kpucraniuny dasy TiO, y KoMIOSUTaX MeTOLOM
IOpOMmEKOBOI peHTreniseskol gudparnii. MmosipHo, TiO, y KoMIIO3UTaX Ha OCHOBI BHCOKOIIO-
puctux SiO,-MaTpunp IPUCYTHIN AK y BUTIAAL KpUCTANiTiB, Tak i B aMopdHOMY cTaHi.

IMomyuensr xommoautsl Si0O,:TiO, myrem Haceimenus SiO,-maTpur (¢ mopucroeTsio ~ 30 % u
~ 42 %) cycnemsmeit mamouactur, 1i0, u IOcjeyoOIIUM OTKMUroM g0 TemmepaTypsl 700°C.
ITorxasano, uTo B pesyapraTe OTMKHUIa KOMIIO3UTOB B nHTepBaie remieparyp 400—700°C mabiro-
Iaerca ariomepanua HaHodactun 110, B nopax SiO,-MaTpHIEI, UTO IPOABIAETCA B yBeJlMde-
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HUHN TIOTJIONIeHuA B uHTepBajte nnuH BonH 390-800 mm. OGpasosanme kpuctamautoB 1i0, B
rkommosurax Si0,:TiO, mogrsep:gaer Hammune TU(PPAKIMOHHBIX KOJl Ha CHHMKAX 3JIEK-
TpouHOI Murpoxudparnuu. Comep:KaHne B KOMIIOBUTE THUTAHA II0 OTHOIIEHUIO K KPEMHUIO
meHee 1 % He mosBonAN0 OGHAPYXKHUTh KpHcrasamdeckyio dasy TiO, B KoMmosuTax MeTomom
IIOPOITKOBOH PEHTreHOBCKOH audparunu. Beposarso, TiO, B KoMIIOSHTAaX Ha OCHOBE BEICOKOIIO-
pucteix SiO,-MaTpuIl IPUCYTCTBYET KAK B BUE KPUCTAJLUINTOB, TAK U B aMOP(HOM COCTOAHUH.

1. Introduction

Organo-inorganic sol-gel hybrid com-
pounds attract attention of researchers due
to their ability to combine the functional
properties of organic and inorganic con-
stituents, uniformly distributed into a bulk
of the samples, in one material. Today sol-
gel synthesis is one of most diverse and
promising methods of "soft” chemistry for
creation of nanostructured oxides that can
be effectively used in the field of photonics
and photocatalysis [1]. An increased inter-
est in nanoporous structures based on SiO,
synthesized by sol-gel method [2, 3] is due
to the optical quality of these materials,
and to a significant expansion of the field
of their use for creation of new optoelec-
tronic devices. SiOj-matrices are highly
transparent in Vis-NIR spectral range, and
possess high mechanical and radiation resis-
tance combined with high absorption capac-
ity and chemical stability [2].

In a number of papers there is considered
preparation of nanoporous silicate matrices
with nanoparticles distributed in a macro-
volume, including PbS nanocrystals with a
diameter of 5-15 nm, for creation of nar-
row-band-gap semiconductors [4]. As shown
in [5, 6], incorporation of metal oxide
nanoparticles, in particular, titanium diox-
ide (TiO,) nanocrystals with a high cubic
susceptibility (x(3), into a dielectric matrix,
increases the nonlinear optical (NLO) re-
sponse of the matrix due to appearance of
additional charge carriers. Such materials
may find practical application in ultrafast
optical switches and laser limiters [5, 6]. On
the other hand, due to the presence of
anion-exchange properties, for example, in
highly porous silica-titanium matrices, they
may effectively encapsulate dyes sensitive
to pH, for creation of sensors to be used in
determination of acidity of media. In par-
ticular, the obtaining of encapsulated indi-
cator sol-gel silica-titania nanocomposite
matrices was reported in [7]. In [8] there
was considered creation and application of
mesoporous SiO,—TiO, hybrid nanoparticles
and thin films based on them as optical pH
sensing and optochemical sensors. Nanopor-
ous composites with high transparency in
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the visible range of the spectrum can be
used as photoactive media. For instance, in
[9] amorphous TiO, with long-range atomic
disorder was shown to play an important
role in photocatalytic performances and be
used as a base for fabrication of novel
amorphous nanomaterials for photochemical
applications.

Nanostructured materials made from ti-
tanium dioxide (TiO,) are attractive for ap-
plication in the fields of photocatalytic deg-
radation of pollutants, photoreduction of
carbon dioxide, and photocatalytic organic
synthesis. As shown in [9], some physico-
chemical properties of TiO,, such as light
absorption, surface adsorption, separation
of charge carriers, photocatalytic reactivity,
etc. may be defined by disordered arrange-
ment of its atoms. Amorphous materials
have the typical structure of atomic disor-
der over long distances, and are isotropic
both physically and chemically. Due to these
properties they exhibit high activity in pho-
tocatalysis caused by efficient absorption of
light and high specific surface area. The
latter to a considerable extent defines the
fact that amorphous TiO, can play an im-
portant role in improvement of the photo-
catalytic activity of the material. TiO,
nanoparticles and clusters (synthesized from
titanium tetra-iso-propoxide precursor) have
an increased chemical activity [10, 11].
Moreover, they can be easily applied in the
form of monolayer nanocoatings on sub-
strates, as well as be incorporated into po-
rous matrices.

The aim of this work was to synthesize
Si0,-matrices with variable density and po-
rosity, to obtain SiO,:TiO, composites on
their base by incorporating TiO, nanoparti-
cles into nanoporous SiO,-matrices with
subsequent annealing SiO, TiO, to high tem-
peratures, to study the structure as well as
the spectral and luminescent properties of
these composites.

2. Experimental

Si0,-matrices were synthesized using the
sol-gel method by hydrolysis of
tetraethoxysilane (TEOS; Aldrich) with the
addition of nitric and hydrofluoric acids
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(HF), ethanol and distilled water as de-
scribed in [3, 12]. The solid xerogels were
shaped as parallelepipeds with the dimen-
sions ~ 0.45x0.45x1.5 cm3. The samples of
pure SiO,-matrices were annealed in air at
temperatures up to 700°C, the rate of tem-
perature rise was 100°C/hr and then
150°C/hr. The porosity of the matrices was
estimated by the hydrostatic weighing
method as in [12, 13].

Synthesis of amorphous titanium-oxo-
alkoxo nanoparticles was carried out by the
sol-gel method in a special reactor for
preparation of nanostructured TiO, with
turbulent fast micromixing [10, 14]. Tita-
nium (IV) isopropoxide)/propan-2-ol (Alrich)
and the mixture of H,O/propan-2-ol were
used as precursors, isopropanol being the
solvent. The temperature of the reaction
mixture was maintained to an accuracy of
0.1°C. As a result, there were obtained TiO,
clusters and TiO, nanoparticles with a size
of 2-5 nm which remained stable during
the period from three hours to a day. The
size of the nanoparticles was controlled
using a fiber-optical probe by the method of
dynamical scattering of He—Ne laser radia-
tion. SiO,:TiO, composites were prepared by
saturation of SiO,-matrices (annealed to
700°C) with TiO, nanoparticles in iso-
propanol. Then the composites were dried at
60°C and annealed at temperatures up to
400°C, 550°C and 700°C in air. After that
Si0,:TiO, composites were annealed at
700°C during 4 hours. Two types of SiO,-
matrices were used for saturation by TiO,
nanoparticles: the ones with a porosity of ~
30 % (type SiOy-matrice (A)) and ~ 42 %
(type SiO,-matrice (B)). The porosity was
regulated by the addition of HF acid in the
synthesis of pure SiO,-matrices. Accordingly,
after saturation, there were obtained
Si0,:TiO5(A) and the SiO,:TiOy(B) composites.

The absorption spectra of the samples
were measured by means of a Lambda 35
UV/Vis Spectrophotometer (Perkin-Elmer,
USA) in 200-1100 nm region. The lumines-
cence spectra were obtained wusing a
fluorimeter FluoroMax-4 (Horiba dJobin
Yuon, USA). The infrared spectra of the
crystals and of the powders were recorded
using Spectrum One PerkinElmer at room
temperature in 400-4000 cm™! region with
a resolution of 1 em™! by the KBr pellet
technique. The structure of SiO, xerogel
was checked using a transmission electron
microscope (TEM) (EM-125, SELMI,
Ukraine) with an accelerating voltage of
100 kV. The samples for TEM investigation
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were prepared by the following procedure:
the samples of the composites were ground
between two glass plates with subsequent
deposition on a carbon film without prelimi-
nary sonication (SiO,:TiO5(A)) or after soni-
cation during 80 sec in isopropyl alcohol
(Si05:TiO, (B)).

The crystalline structures of pure SiO,-
matrice, Si0,:TiO, composites annealed at
temperatures up to 580°C, SiO,:TiO, powder
and quartz glass were investigated by a X-
ray three-crystal diffractometer (TCD) in
CuK-radiation (A = 1.54051 A) as in [15].
The phase composition of the synthesized
Si0,:TiO, sample (annealed during 4 hours
at 700°C) was established by the method of
X-ray phase analysis. For X-ray analysis
there was used a Siemens D500 powder dif-
fractometer (CuK, radiation, graphite
monochromator, Bragg-Brentano geometry).

All the studies were performed at room
temperature.

3. Results and discussions

There were synthesized pure SiO,-
matrces meant for their subsequent satura-
tion with TiO, nanoparticles for the making
of Si0,.TiO, composites. It is known that
HF acid used as a catalyst for the sol-gel
process allows to synthesize SiO,-matrices
with a controlled porosity [3, 16]. Earlier ,
we obtained SiO,-matrices with an open po-
rosity from 32 % to 75 % [12] and used
them for saturation with organic molecules
[12, 13].

It should be noted that the structure of
SiO,-matrices saturation with a solution of
nanoparticles is a branched system of SiO,
chains which form interconnected pores. At
the same time, the samples of SiO,-matrices
should not be destroyed during their satura-
tion with active additives. As shown in our
paper [12], at the formation of the samples
with a porosity less than 30 % and high
density there arise additional stresses in the
xerogel structure due to the appearance of
a large number of small pores. Such SiO,-
matrices can be mechanically destroyed as a
result of annealing, or upon saturation with
the solutions, and introduection of the solu-
tion containing TiO, nanoparticles into the
bulk of such SiO,-matrices may be difficult.
Si0,-matrices had pores with a size of
600 nm and more when their porosity in-
creased above 55 % [12]. That may lead to
the formation of cracks in the samples when
they are saturated by the solution of TiO,
nanoparticles, as well as during drying and
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a)

Fig. 1. TEM images of SiO,:TiO, (A) (a) and SiO,:TiO, (B) (b) composites annealed at a temperature

up to 580°C.

annealing of the composites. Based on these
factors, the matrices with an open porosity
of 30-55 % were selected for the obtaining
of Si0,.TiO, composite materials. The mass
ratio of Ti:Si in the SiO,:TiOx(B) composite
determined by atomic emission spectrometry
was found to be 81073 wt. %.

The morphology of SiO,:TiO, composites
was investigated using TEM (Fig. la—c). We
have previously shown [12] that the struec-
ture of pure SiO,-matrices is formed by
chains of 6-12 nm nanoparticles and small
(5—12 nm) pores. There are also large pores
with a size of 100-200 nm and more, which
facilitate penetration of the solvent and
TiO, nanoparticles deep into the saturated
SiOy-matrices. As follows from Fig. la, the
pores are not observed in the structure of
Si0,:TiO5(A) composite. This is probably
due to the filling of the pores with TiO,
nanoparticles. At the same time, the TEM
image of the sample of SiO, TiOx(B) sub-
jected to ultrasonic treatment testifies to
the presence of agglomerates with a size up
to 29 nm which consist of smaller particles,
and of the ones with a size up to 50 nm
(Fig. 1b).

Using the methods of microdiffraction
and X-ray structural analysis there were
performed structural studies of the obtained
composites (Fig. 1, Fig. 2). The presence of
diffraction rings in the images of SiO,:TiO, (A)
and SiO,:TiOy(B) composites measured using
TEM points to possible formation of TiO,
crystallite phase (Fig. la,b). The curves of
coherent scattering regions (CSR) of bulk
samples of pure SiO, matrices, SiO,:TiO5(B)
composite, ground SiO,:TiO5(B) composite,
and quartz glass are shown in the diffracto-
grams (Fig. 2a) measured on a three-crystal
diffractometer. All the curves are charac-
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terized by the presence of a wide halo in the
region of 22-23° with small CSR. This con-
firms amorphous structure of the studied
samples, and is apparently due to amor-
phous structure of SiO,-matrice itself [17].
An additional peak with larger CSRs for
pure SiO,-matrice (curve 1) and
Si0,:TiOy(B) composite (curve 2) testifies to
the presence of a bulk sample texture asso-
ciated with peculiarities of xerogel forma-
tion. The surface texture was not analyzed
due to the fact that the penetration depth
of X-rays varied from hundredths to tenths
of a millimeter, depending on the density of
the material and radiation, thereat the size
of the unit cell is usually much smaller (of
the order of several angstroms or tens of
angstroms).

According to the results of studying the
samples of SiO,:TiOx(A) and SiO,:TiOy(B)
composites (annealed at 700°C for 4 h) by
powder diffraction, we can say that the
phase TiO, in the crystalline form is not
observed in the samples (Fig. 2b). This is
possibly due to the fact that the used
method does not allow to reveal the pres-
ence of TiO, nanocrystals at their low con-
centration in SiO,-matrice (as mensioned
above, Ti concentration with respect to Si
does not exceed 1 %).

To estimate the effect of TiO, nanopar-
ticles on the surface state of the xerogel,
there were measured IR spectra of SiO,-
matrices with different porosities before
their saturation with TiO, nanoparticles,
and those of the finished samples (Fig. 3).
The IR spectra of the samples have absorp-
tion bands with maxima at 810-801 em™!; a
broad absorption band in the region of
1080-1240 cm~! with a maximum at 1100—
1080 ecm™!;  shoulder-shaped absorption

Functional materials, 27, 4, 2020
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Fig. 2. Diffractograms of: pure SiO, matrix (1), SiO,:TiO, (B) composite annealed at a temperature up
to 580°C (2), SiO,:TiO,(B) powder from this composite (3), quartz glass (4) (a); and of SiO,:TiO, (A) (1)
and 8i0,:TiOy(B) (2) composites annealed during four hours at 700°C (b).

bands with maxima at 1240 em ™1 and 960—
964 ecm™l; and a band in the region of
1750-1640 em~!. It should be noted that

the Dbands with wavenumbers from
1080 ecm™1 to 1200 cm™! correspond to
Si—-O(-Si) vibrations, the band in the

960 cm™! region is bound up with Si—-O(H)
stretching vibrations, while the peak at ~
1100 cm ! is due to Si-O(-Si) stretching vi-
brations of a more linear structure of the
xerogel [18]. The shift of the frequencies of
stretching vibrations of Si—-O-Si towards
higher wavenumber values (higher frequen-
cies) is correlated to strengthening of the
network in the matrices [19]. The presence
of the absorption peak in the region of
1060 em™! for sol-gel TiO-SiO films, also
observed in [20], may be attributed to asym-
metric vibration of Si—O-Si bonds. In [21]
the appearance of the peaks at 793 cm™!
and 1110 ecm™! was explained by symmetric
and asymmetric Si—-O-Si stretching vibra-
tion, respectively.

The position of the band bound up with
Si—O(=Si) vibrations for pure SiO,-matrices
of type (A) and SiO,. TiO5(A) composite cor-
responds to the region of 1083 ecm™! (Fig. 3,
spectra 1 and 3). For pure SiO,-matrices of
type (B) and SiO,. TiOy(B) composite it is in
the region of 1096 cm™! (Fig. 3, spectra 2
and 4) (Fig. 3, spectra 2 and 4). The initial
SiOy-matrices had different porosities: -~
30 % for type (A) and ~ 42 % for type (B).
For the synthesis of the former there was
used a smaller amount of HF acid. The ob-
served shift of the peak towards higher
wavenumbers in the case of a higher HF
concentration is in good agreement with our
earlier investigation [12]. Note that in [12]
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Fig. 3. FTIR-spectra of: pure SiO,-matrix of
type (A) (1), pure SiO,-matrix of type (B) (2),
Si0,:TiOx(A) composite (3), SiO,:TiO,x(B) com-
posite (4). Pure SiO,-matrix and SiO,:TiO,
composites were annealed at a temperature
up to 700°C.

we reported a shift in the position of the
peaks towards higher wavenumbers from
1089 cm™! to 1104 em™~1 with an increase in
HF concentration used in the synthesis of
the matrices (when the porosity of matrices
changed from 30 to 75 %).

Weakening of the absorption band inten-
sity in the region of 960-964 ecm™! (bound up
with vibrations of Si—O(H) bonds [18]) in com-
parison with the intensity of the absorption
bands of pure SiO,-matrice of the type (A)
(Fig. 3, spectra, 2) is clearly seen in the IR
spectrum of SiO,:TiO5(A) composite (Fig. 3,
spectra 3). At the same time, the absorption
band in the region of 960-964 cm™! is not
observed in the IR spectrum of SiO,.TiOx(B)
composite (Fig. 3, spectrum 4). Such a
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Fig. 4. Transmission spectra of pure SiO,-
matrix of type (B) without TiO, (1), SiO,.TiO, (A)
composite annealed at 580°C (6), and
8i0,:TiOy(B) composite, annealed at tempera-
tures of 60°C (2), 400°C (3), 580°C (4), 700°C
(5). All pure SiO,-matrices before saturation
of TiO, were previously annealed at a tem-
perature up to 700°C.

change in the spectrum is probably due to
the interaction of OH groups on the silica
surface with TiO, nanoparticles.

As seen from Fig. 4, pure SiO,-matrix is
highly transparent in the wavelength range
of 500—-800 nm. Its spectral transmission is
90 % at 600 nm and 95 % at 800 nm. The
transmission of pure SiO,-matrice after its
saturation with TiO, nanoparticles decreases
to 64 % and 68 % for SiO,:TiOx(A) compos-
ite (Fig. 4, spectrum 6) and to 70 % and
76 % for SiO,:TiOy(B) composite (Fig. 4,
spectrum 2) for the wavelengths of 600 nm
and 800 nm, respectively. Upon further an-

Absorption, a.u.

200 400 600

nealing of SiO,:TiOy(B) composite in the
temperature range of 400—-700°C, the trans-
mission of the sample decreases to 62—58 %
at 600 nm and to 72-70 % at 800 nm (Fig. 4,
spectra 3-—5).

The absorption spectra
matrices and SiO,:TiO5(B)
nealed in the temperature range of 400—
700°C are shown in Fig. 5a. The increase in
the absorption value for the samples of
Si0,: TiOx(B) composite in the wavelength
range of 410-800 nm is caused by consoli-
dation of TiO, nanoparticles in the pores of
SiO,-matrices due to possible formation of
clusters from TiO, nanoparticles at the an-
nealing of the composite. This effect is es-
pecially noticeable in SiO,:TiO5(B) composite
annealed at 700°C for 4 hours (Fig. 5, spec-
trum 6): in this case there is observed a
significant increase in the absorption of the
composite samples from ~ 3870 nm towards
larger wavelengths. According to [20], TiO
nucleation in TiO,—SiO, films (synthesized
from tetraethylorthosilicate and tetrabutyl
titanate) occurs in the range 550-750°C.

As seen from the absorption spectra of
Si0,:TiOy(B) composite (Fig. 5a), there is a
shift of the edge of the fundamental absorp-
tion band in the composite relative to pure
Si0,-matrice by ~ 50 nm toward lower ener-
gies (i.e., to higher wavelengths). As is
known, the position of the fundamental ab-
sorption edge of SiO,:TiOy(B) sample at
3.6 eV corresponds to the band gap for amor-
phous oxo-alkoxy titanium nanoparticles [14].
Annealing of the composite at temperatures
from 400°C to 700°C did not lead to a signifi-
cant transformation of the absorption spec-
trum of the sample (Fig. 5a, b). Such a fact

of pure SiO,-
composite an-

25
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N
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-
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Fig. 5. Absorbance spectra of pure SiO,-matrix of type (B) without TiO, (1), SiO,:TiO,(B) composite
annealed at temperature of 60°C (2), at temperatures up to 400°C (3), 580°C (4), 700°C (5) and
annealed at 700°C during 4 hours (6) depending on wavelength (a) and energy (b). Before saturation
with TiO, all pure SiO,-matrices were previously annealed at a temperature up to 700°C.
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Fig. 6. Luminescence spectra of SiO,:TiO, (B) composite, annealed at a temperature up to 700°C;
Ao = 4.134 eV (300 nm). SiO,-matrix synthesized with HF and before saturation with TiO, was
previously annealed at a temperature up to 700°C (a); and luminescence spectra of pure SiO,-matri-
ces with a porosity of 28 % (1-3) and 55 % (4) (synthesized with HF and annealed at a temperature
up to 650°C). SiO,-matrices were excited at: A,, = 300 nm (1), A,, = 400 nm (2), A,, = 8340 nm (3)

and A,, = 800 nm (<) (b).

may testify to the absence of formation of a
significant amount of the crystalline phase

of TiO, [22].
Measurements of the photoluminescence
spectra of pure SiOy-matrix and of

Si0,.TiO, composite showed that for the
pure matrix luminescence was absent (as in
[12]). In the luminescence spectrum of the
composite there was observed a broad peak
caused by radiative recombination of elec-
tron-hole pairs in TiO, nanoparticles with a
maximum at 362 nm (3.4 eV) [23] (Fig. 6a).
This peak is most probably caused by elec-
tron transitions from deep traps inside the
forbidden zone which are usually associated
with disturbances of the structure of TiO,
nanoparticles caused by oxygen vacancies.
Such defects are formed during preparation
of TiO, nanoparticles. A slight increase in
the luminescence intensity in 2.7 eV
(459 nm) region is probably bound up with
luminescence of oxygen vacancies on the
surface of TiO, nanoparticles [23]. This
peak is absent in the luminescence spectra
of TiO, nanoparticles with a minimum
amount of oxygen vacancies, that, as a rule,
agrees with the data in [24]. In addition, it
is obvious that the high ratio of the sur-
face-to-volume of TiO, nanoparticle ensures
the existence of a large number of oxygen
vacancies on its surface. In the literature
there are various data on the bands in the
luminescence spectrum of TiO, nanoparti-
cles. For example, in [25] luminescence
bands at 3.1, 3.19, 3.01 and 2.98 eV (at
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Aer = 830 nm) were observed for crystalline
TiO, films annealed up to temperatures of
200°C, 300°C, 400°C and 500°C, respectively.
Moreover, for amorphous TiO, membranes
there was observed a broad luminescence band
with a maximum at 3.8 eV under excitation
by X-ray radiation with an energy of 450 eV
[26]. As shown in [20], nanostructured tita-
nium dioxide also may have a luminescence
band in the range of 360—550 nm.

It should be noted that the pure SiO,-
matrices synthesized in this work (annealed
in the temperature range of 500-700°C) do
not exhibit intrinsic luminescence upon ex-
citation of luminescence in the wavelength
range of 300-400 nm (Fig. 6b). This distin-
guishes our matrices from the sol-gel films
containing SiO,, which photoluminescence
the authors of [20] attribute to oxygen re-
lated defects on Si leading to a blue emis-
sion band. So, luminescence in pure sol-gel
SiO, samples is probably influenced by the
method of their preparation.

The annealing of the synthesized
Si0,:TiO, composite to 700°C during prepa-
ration of the samples for measurement of
the luminescence spectrum was caused by
the fact that further increase in the anneal-
ing temperature could result in a worsening
of the quality of SiO,-matrice.

The presented SiO,:TiO, composites with
TiO, nanoparticles and nanocrystallites in
an amorphous highly porous matrices may
be used as photocatalysts.
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At the same time, the pores that remain
in the composites after saturation of SiO,-
matrces with TiO, nanoparticles, may also
cause light scattering. In the case of filling
these pores with an optically transparent
material, the scattering of light in the vis-
ible region of the spectrum can be reduced.
Therefore, after filling these pores with po-
lymethyl methacrylate (for example, polym-
erization of methyl methacrylate in the
pores), light transmission by such a compos-
ite in the optical range can significantly
rise. This makes it possible to use such a
modified composite in photonies and may be
a subject for further research.

4. Conclusions

Si0,:TiO5(A) and SiO,:TiOx(B) composites
were obtained by saturation of pure SiO,-ma-
trices (with a porosity of ~ 30 % and ~ 42 %,
respectively) with TiO, suspension and sub-
sequent annealing at temperatures up to
700°C. Annealing of SiO,:TiOy(B) composite
in the temperature range of 400-700°C in-
creased the absorption in the visible spectral
range, which might be caused by agglomera-
tion of TiO, nanoparticles in the pores of
SiO,-matrices. The observed luminescence of
TiO, nanoparticles in  SiO,: TiOx(B) composite
in the range of 360-460 nm (at A, =
300 nm) is due radiative recombination of
charge carriers at deep defect levels formed
by oxygen vacancies. The presence of diffrac-
tion rings in the electron microdiffraction im-
ages of the samples of SiO,TiOy(A) and
Si0,:TiO5(B) composites points to the pres-
ence of TiO, crystallites. However, the low
(less than 1 %) concentration of titanium
relative to silicon in the composite did not
make it possible to reveal the presence of
crystalline TiO, phase in the annealed com-
posites by powder X-ray diffraction method.
TiO, is present in SiO,TiOy(A) and
Si05:TiO5(B) composites based on highly po-
rous SiOy,-matrices in the form of crystal-
lites and in amorphous state, which allows
to use them as photocatalysts.
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