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Nanoscale composite materials based on titanium dioxide and tin were obtained. The
obtained powders were characterized by XRD, EDS, SEM, TEM, BET and UV-VIS spectros-
copy. The XRD spectrum reveals anatase and rutile structure. Increasing the amount of
tin in the composites leads to increase of crystallite size, lattice parameters, pore radius
and decrease of specific surface area and pore volume. Analysis of nitrogen sorption-
desorption isotherms for the synthesized samples showed the presence of a hysteresis loop
which is the evidence for mesoporous structure of the powders. Absorption spectra of the
nanocomposites showed a bathochromic shift as compared with pure TiO,. It was found
that tin additives leads to band gap narrowing of TiO,. Photocatalytic activity of some
cationic dyes (Safranin T, Rhodamine C) under UV and visible irradiation in the presence
of composites of Sn/TiO, was investigated. The composite samples were photocatalytically
active in destruction of the cationic dyes in water solutions under UV and visible irradia-
tion. It may be connected with the narrowing of band-gap width, participation of tin in
inhibition of electron-hole recombination, prolongation of charges lifetime, increasing of
efficiency of interfacial charge separation from TiO, to tin and formation of doping
electronic states.

Keywords: titanium dioxide, tin, composites, photocatalysis, dyes.

ITonydyeunl HaHOpasMepHble KOMIIOBUTHBIE MATEpPUAJbl Ha OCHOBE AMOKCUIA TUTAHA U
osoBa. PenrrenodasoBulii amanus mokasan Hajauuue (hpasbl aHaTasa ¥ PyTHJA BO BcexX o0pas-
max. BulfBJIeHO, UTO ¢ yBeJIUUEHNEM KOJUYEeCTBa OJOBA B KOMIIOBUTAX PasMepbl KPUCTAJIJIN-
TOB, MAPAMETPHI PelleTKH U pagnuyc Iop YBEeJIWUYUBAIOTCHA, a yAeJbHasd MOBEPXHOCTh U 00heM
mop yMeHbInanTcda. MecaemoBanne mMs3oTepM COPOIIUU-AECOPOIUYN a30Ta A CHUHTEe3UPOBAH-
HBIX TIOPOIITKOB TOKA3aJ0 HaJNuWe TeTJ U I'MCTepesnca, YTO CBUAETENLCTBYEeT 00 MX Me30Ilo-
pucroii cTpyKType. B cmeKTpax MOTJIONEHWSI HAHOKOMIIO3UTOB HAOJI0ZaeTcs 0ATOXPOMHBIHN
CABUT 1O CPABHEHMIO ¢ YHCTHIM [i0,. YcTaHOBIEHO, YTO JOGABKHU 0JIOBA IPUBOAAT K YMEHb-
LIEHUIO IIMPHHEI 3amperteHHoil 3ol Ti0,. Mccaenopana (GoToKaTAINTHYECKAS TeCTPYKIUA
KaTUOHHBIX Kpacurenei (cadppauun T, pomamuu C) nmpm BosmelicTBuu obaydeHus yabrpadu-
OJIETOBBIM K BHUIWMBIM CBETOM B IIPHCYTCTBHM ME30IIOPHCTEIX HaHOKoMIoauTos Sn/TiO,.
KommosuTtubsie o6pasimpl okKaszaanchk OoJsiee (POTOKATAJIUTUYECKH AKTUBHBIMU B JAEeCTPYKIIUIU
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KaATUOHHBIX KpacuTejeil B BOJHBIX PACTBOPAX TOJ BO3AelicTBUEM 00JydYeHUS YALTpaduioneTo-
BEIM U BUAVMBIM CBETOM II0 CPaBHEHWIO C YUCTBIM AWOKCUAOM THUTAHA. OTO MOKET OBITH
CBSBAHO C CY:KEHHeM IIUPUHBI 3ampelieHHoil 30HBI, C YUACTUEM OJIOBA B WHTHUOUPOBAHUU
mpoIlecca PeKOMOUMHAIINY 3JeKTPOHOB U ABIPOK, MPOJOHTUPOBAHUEM KU3HU 3apANOB, C yBe-
audeHreM 3(pPeKTUBHOCTHU pasjeseHus 3apAJoB Ha rpaHuIle pasgena das, a TakKe ¢ GoOpMU-
POBaAHMEM MOTOJHUTEJIbHBIX HJIEKTPOHHBIX YPOBHEII.

HochigxeHHA CTPYKTYPHUX, TEKCTYPHUX, ONTHYHUX Ta (POTOKATANITHIHUX BJIACTUBOC-
reit Sn/TiIO, manokommnosuris. T.0. Xanasxa, C.B.Kanuwan, J1.0O,Jasudenro, B.B.Ilepmaios,
C.M.Illepbaxos

Ozep:kaHo HAHOPO3BMIpHI KOMIIOSUTHI MaTepianw HA OCHOBI AIOKCHAY THTAHY Ta OJOBA.
ITopomiku oxapaKTepusoBaHO 3 BUKopucTanuam metonis PPA, CEM, TEM, BET, Y® rTa
BUAUMOI cnieKTpocKormil. PenrrenodasoBuil ananis mokasaB HaaBHicTh (asu aHaTasy Ta py-
Ty B ycix spaskax. BusasieHo, 1o 3i 30inbNIeHHAM KiJTBKOCTI 0JIOBA Y KOMIIOBMTAX
BiiOyBaeThcs 30ibIITeHHA PO3MipiB KpucraniTiB, mapaMeTpiB TpaTku, pajgiycy mop Ta 3MeH-
IeHHsA TUTOMOI TTOBepxHi 1 06’emy mop. HocaimxeHnus isorepMm copdiii-mecopbiiii azoTy misa
CHUHTE30BaHUX IOPOIIKIB MTOKa3aJ0 HASBHICTL HeTJi ricTepe3ucy, 110 CBIAUUTEL PO iX Me30-
MOPYBATY CTPYKTYPY. ¥ CIEeKTPax MOTJIMHAHHA HAHOKOMIIOBUTIB CIIOCTEPITaeThCA 6aTOXPOM-
Huil scyB y mopiBHamHI 3 umerum TiO,. Beramosmeno, mo Ko6aBKM 0JI0BA HPUBBOJAATH [0
aMeHIIeHHA INupuHM 3ab6opoHenoi somm TiO,. Mocmimxeno (GoToKaTaNiTHUHY NeCTPYKIIiIO
Karionnux Gapsuukis (cadpanin T, pomamin C) ming gicro onpomiHioBauHA yiabTpadionseToBuM
TA BUAMMMM CBiTJIOM 3a IPHCYTHOCTi Me3oIopyBaTnx HaHoKoMmosuTis Sn/TiO,. Kommosurai
3pasKM BUABUJIUCA OiNBIT (POTOKATANITUUHO aKTUBHUMHU Y MeCTPYKI[il KaTioHHUX OapBHUKIB
y BOAHMX PO3UMHAX Mix Ai€l0 ONpoMiHIOBAHHA yAbTpadioseToBUM Ta BUAMMUM CBiTIIOM ¥
MOPiBHAHHI 3 UMCTUM AioKcuaoM TuTaHy. lle Moike OyTU TOB’A3aHUM 3i BBYKEHHAM NIUPU-
HU 3ab0poHeHOl 30HM, 3 YUaCTIO 0JI0Ba B iHTiOyBaHHI mpolecy pekoMOGiHallil eTeKTPOHIB Ta
MipOK, TTOMOBIKEHHAM JKUTTA 3apATiB, 31 30iablTeHHAM e(deKTUBHOCTI PO3TiJeHHS 3apamiB Ha

Mexi posainy das, a TakoK 3 GOPMYBAHHAM AOJAATKOBUX €JEeKTPOHHUX PiBHIB.

1. Introduction

Titanium dioxide is a widely used photo-
catalyst, however, it has several serious dis-
advantages: insufficiently high quantum
yield of the reaction, wide band gap
(3.2 eV), high rate of electron-hole recombi-
nation, and peculiarity of light adsorption
by TiO, resulting in its photochemical activ-
ity only in UV region of spectrum. But ul-
traviolet light occupies only 4 % of sun-
light; on the other hand, visible light ac-
counts about 43 %. Thus, it seems more
practical and favorable to use the visible
light rather than ultraviolet light for the
degradation process. So, an urgent problem
in photocatalysis is a search for photocata-
lytic systems which are active under visible
light irradiation that gives an opportunity
of their widespread practical application.

Researchers try to shift the optical sensi-
tivity of TiO, from the UV to the visible-
light region and to decrease the band gap
and rate of electron-hole recombination for
the efficient use of solar energy by many
methods, such as metal loading, doping and
coupling of composite semiconductors [1-4].

Combining semiconductors give one of
the ways to solve the above mentioned prob-
lems. Besides, the study of semiconductor
nanoparticles attracts attention of re-
searchers because of their unique optical
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and electrical properties. In recent years,
scientists started to focus on Sn/TiO, sys-
tem. For example, R.M.Mohamed et al. used
TiO, nanospheres, doped by tin for aniline
synthesis [1], D.Nithyadevi et al. investi-
gated the properties of TiO,—SnO, compos-
ite nanoparticles [5], Y.Zhao et al. received
uniform Ti;_,Sn,0, nanocrystal colloids [6],
I.Rangel-Vazquez et al. examined Sn doped
TiO, photocatalysts for photocatalytic deg-
radation of 2,4-dichlorophenoxyacetic acid
[7].

As we know, SnO, is an optoelectrical
n-type semiconductor, as well as TiO,. The
band gap energy level of SnO, is higher
than that of TiO,; the conduction band of
Sn0, is at a lower level than that of TiO,.
The higher reduction power of electrons and
the higher oxidation power of holes corre-
spond to the higher position of conduction
band and the lower position of wvalence
band, respectively. Therefore, combining
two semiconductors with different energy
levels for their corresponding conduction
and valence bands can provide an approach
to achieve better applications by increasing
the efficiency of charge separation, charge
carrier lifetime, interfacial charge transfer
rate and extending the energy range of pho-
toexcitation [8, 9].

So, the aim of our work was to prepare
nanosized Sn/TiO, composites with photo-
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catalytic activity under visible light irradia-
tion and investigation the influence of tin
and its amount on structural, textural, op-
tical and photocatalytic properties of the
composites.

2. Experimental

2.1. Preparation of composites

Oxide titanium-tin composites were ob-
tained through calcination of mixtures of
titanium (IV) tetrabutoxide (Aldrich), citric
acid, castor oil and SnCl, (0.1, 0.5, 1, and
2 g) [10]. The samples designated as
0.18n/Ti0,, 0.58n/TiO,, 1Sn/TiO,, and
28n/TiO,, respectively, were prepared by an-
nealing of each mixture at 500°C during
2 h in the presence of air oxygen. Before
annealing, the mixture was carefully stirred
up to yield uniform mass. One more TiO,
sample was prepared using the above proce-
dure without addition of SnCl,.

2.2. Characterization of photocatalysts

The prepared photocatalysts were fully
characterized by powder XRD to verify
their crystalline structure using diffrac-
tometer Dron-4-07 (Russia) at CuKo radia-
tion (with a copper anode and nickel filter)
in reflection beam and the Bragg-Brentano
registration geometry (26=10-70°). All
XRD peaks were checked and assigned to
known crystalline phases. Average crystal-
lite size was determined using broadening
of the most intensive band by means of the
Debye-Scherrer equation [11]:

D = 0.9A/Bcosb,

where 0.9 is a constant, A is a wavelength,
nm. Crystalline sizes were determined
through characteristics of the most inten-
sive peaks. Interplanar distance (d, nm) was
calculated using the Wulff-Bragg’s equa-
tion: nA = 2dsin®, where n = 1 is the order
of reflection, A =0.154 nm is the wave-
length, 6 is the scattering angle, degrees.
Thereby, d = ni/2sin6.

Diffuse reflectance spectra of the pow-
ders were measured using Perkin-Elmer
Lambda Bio 85 spectrophotometer in the
range between 200 and 1000 nm which al-
lows one to convert data of corresponding
spectra using the Kubelka-Munk equation.
The band gap value (Ej) was calculated ac-
cording to [12] using the following formula:
E, =1239.8/L where A (nm) is the wave-
length of absorption edge in the spectrum.
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To analyze the sample composition (ele-
mental analysis) and its morphology a scan-
ning electron microscope (SEM JSM 6490
LV, JEOL, Japan) with an integrated sys-
tem for electron microprobe analysis INCA
Energy based on energy-dispersive and
wavelength-dispersive spectrometers (EDS +
WDS, OXFORD, United Kingdom) with
HKL Channel system was used.

Transmission electron microscopy (TEM)
for received material was carried on a
transmission electron microscope JEM-1200
EX (JEOL, Japan).

The values of specific surface (S,,) of the
samples as well as distribution of pores by
volume were determined using Quantachrom
NovaWin2 device. The specific surface of
the samples was obtained from isotherms of
nitrogen sorption-desorption using the
Brunauer-Emmet-Teller (BET) approach
[18]. The pore radius (R) and the pore vol-
ume (V,,;) were calculated from desorption
branches of the isotherms using the Barret-
Joiner-Halenda method [14].

2.3 Photocatalytical experiment

We choose cationic dyes safranin T (ST)
(C =0.03 g/1) and rhodamine C (RB) (C =
0.03 g/1) as models of pollutants to evaluate
the composites degradation activity under
visible light irradiation, because these dyes
are widely applied, are stable under visible
irradiation and difficult for biodegradation.

Photocatalytic activity of the samples
was evaluated by rate constants of destruc-
tion (k) of the models. Before irradiation,
catalyst suspension (2 g/l) in aqueous sub-
strate solution was left in dark up to
achieve the adsorption equilibrium. Irradia-
tion of aqueous solutions of these dyes was
performed at room temperature in a quartz
reactor in the presence of air oxygen. As a
light source we used a high-intensity Na
discharge lamp GE Lucalox (Hungary) with
power of 70 W, the latter emitting in the
visible region with maxima at 568, 590 and
600 nm.

Concentrations of the substrates were
measured by spectrophotometric technique
using Shimadzu UV-2450 spectrophotometer
at A =520 nm for SF and A = 552 nm for
RD. Photocatalytic rate constants for the
model compounds were calculated using the
pseudo-first-order kinetics equation [15].

3. Results and discussion

Investigation of the obtained powders by
means of energy-dispersive spectroscopy
based on energy-dispersive technique proves
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Fig. 1. Energy-dispersive spectrometry (EDS)
spectrum and EDS elemental mapping of
0.13n/TiO,,.

that these materials include Ti, O, and Sn
elements, no unexpected elements being de-
tected (Fig. 1).

Weight content of Sn in the range from
0.1Sn/TiO, to 2Sn/TiO, enhances from 7.21,
9.64, 11.43 to 14.35 %, respectively. The
EDS elemental mappings from a selected
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area show that atoms of Sn, O and Ti are
distributed evenly and uniformly in the
samples (Fig. 1).

Crystalline structure of the photocata-
lysts was identified by using XRD. Diffrac-
togram of pure titanium dioxide shows in-
tensive peaks at 20 = 25.4; 37.8; 48.0,
which belongs to anatase phase and at 20 =
27.4; 41.2; 54.2; 56.7 characteristic of ru-
tile phase (Fig. 2, a). All the composite sam-
ples revealed weak peaks at 20 = 25.4;
38.94; 48.2, which belong to the anatase
phase (Fig. 2, a) and intense peaks corre-
sponding to the rutile phase at 20 = 26.76,
34.04, 38.12, 51.92, 54.2, 62.12, 64.8 and
66.2.

In contradiction to results of the works
[5, 7] the peaks characteristic of brookite
phase, were not found. It is known [16-18],
that additives of Cd, Au, Mn and Ag en-
hance the powders crystallization and pro-
mote the transition of the anatase to rutile.
Thus, intensive peaks of the rutile were dis-
covered in all the samples. It should be
pointed out that addition of tin and further
increase of its content in the powders led to
shifting of the rutile peaks to lesser angles
20 to the position of SnO, rutile (Fig. 2, a).
This may be explained by substitution of
Ti** ions with Sn4* ions in the crystal lat-
tice, because Ti4* ion radius (53 nm) is close
to the tin ion radius (69 nm) [1]. The
anatase peaks are not shifted as tin content
increases. Besides, tin oxide has a tetrago-
nal crystal system with the rutile structure,
but lattice constants of SnO, rutile are
greater than those of TiO, rutile. As a re-
sult, introduction of tin into titanium diox-
ide should lead to the lattice expansion, i. e.

LA

0128 1050DLI

20kV  X6,000 2um

b)

Fig. 2. a: XRD spectra for: 1 — TiO,, 2 — 28n/TiO,, 3 — 1Sn/TiO,, 4 — 0.5Sn/TiO, (A — anatase,
R — rutile), b: SEM-images of the 0.1Sn/TiO, sample in secondary electrons mode (right) and

reflected electrons (left).
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Fig. 8. TEM-images: a — TiO,, b — 0.5Sn/TiO, sample.
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Fig. 4. a) Isotherms of nitrogen sorption-desorption obtained at 20°C for some investigated samples:
I — TiO,, 2 — 18n/Ti0,, 3 — 28n/TiO,; b) Pore size distribution for the samples: I — TiO,, 2 —
0.18n/Ti0,, 3 — 0.58n/TiO,, 4 — 1Sn/TiO,, 5 — 28n/TiO, (b).

to increase of TiO, lattice parameters [19].
Indeed, the lattice parameters of the com-
posite samples increase as compared with
pure titanium oxide.

Analysis of SEM-images of the samples
shows that they consist of roundish agglom-
erates (Fig. 2, b). Crystallite size in the ag-
glomerates of titanium dioxide as calculated
through the Debye-Scherrer equation equals
to 11.68 nm (anatase 101) and 7.67 nm (ru-
tile 110). In the case of composite samples
are in the range from 0.5Sn/Ti0, to
28n/TiO, their values increase from 6.06 to
7.60 nm (anatase 101) and from 21.41 to
30.72 nm (rutile 110). This is supported by
the studies using TEM (Fig. 3).

Analysis of nitrogen sorption-desorption
isotherms obtained at 20°C for the synthe-
sized samples (Fig. 4, a) shows the presence
of a hysteresis loop which is the evidence
for mesoporous structure of the powders
[20]. The isotherms correspond to type IV of
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IUPAC classification for mesoporous mate-
rials with H1 type of the hysteresis loop
[21]. Predominance of the pores up to
10 nm is characteristic of pure titanium di-
oxide, whereas for the composite samples
this value is 5—20 nm (Fig. 4, b).

Specific surface area of the samples falls
from 47.56 to 40.0 m2/g with increasing of
tin content (Table 1). These results are in
accordance with the XRD data, because the
enhancement of tin content leads to rise of
crystallite size in the both phases, leading
to decrease of the specific surface area of
the samples.

Mean pore volume and radius of pores in
the composite samples are greater than
those in pure titanium dioxide (Table 1). In
the range of the samples from 0.1Sn/TiO, to
2Sn/TiO, the mean pore volume decrease
from 0.2 to 0.164 ¢cm?2/g, whereas the mean
pore radius increase from 7.91 to 8.2 nm,
which is in accordance with the fact of en-
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Fig. 5. a) UV-Vis diffuse reflectance spectra
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b) hv, eV

of samples: 1 — TiO,, 2 — 0.18Sn/Ti0,, 3 —

0.5F28Sn/TiO,, 4 — 1Sn/TiO,, 5§ — 2Sn/TiO,; b) Square of extinction coefficient as dependent of
incident irradiation energy for powders: I — 0.1Sn/TiO,, 2 — 0.5Sn/TiO,, 3 — 1Sn/TiO,, 4 —

2Sn/TiO,.

Table 1. Structural characteristics and
band gap widths of samples

Sample Ssp, mz/g Vtgt, R, nm Eg, eV
cm®/g
TiO, 43.90 0.140 5.83 3.48
0.1Sn/Ti0, | 45.65 0.200 7.91 3.31
0.5Sn/Ti0, | 47.56 0.170 7.30 3.32
1Sn/TiO, 44.25 0.163 7.40 3.33
25n/TiO, 40.00 0.164 8.20 3.41

hancement of the particle size at tin content
enhancement in the samples.

Absorption spectra of the nanocomposites
(Fig. 5) show a bathochromic shift as com-
pared with the absorption band of the pure
sample. The UV-VIS spectra reveal that the
absorption edge from TiO, to 2Sn/TiO, is
placed in the range of 393-410 nm (Fig. 5,
a). This may indicate that tin and TiO,
nanoparticles were integrated to form
Sn/TiO, nanocomposites [22]. Modification
of titanium dioxide with tin also leads to
band gap narrowing for the composites (Fig.
5, b, Table 1), as well as to emerging of
additional energy levels in the band gap of
TiO, below the valence band that leads to
sensitizing of Sn/TiO, composites to irradia-
tion in the visible region of spectrum. The
same band gap reduction for titanium diox-
ide modified with tin was observed by the
authors of [1]. This is explained by inser-
tion of Sn atoms into the titanium dioxide
crystal lattice [23].
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Table 2. Rate constants of photocatalytic
destruction (kd-104, s™1) of dyes under UV
and visible irradiation

Samples ST RB
k104, 571
uv VIS uv VIS

Without sample | 0.210 - 0.17 -

TiO, 2.215 - 1.12 -
0.18n/TiO, 5.640 | 0.486 | 5.22 | 0.230
0.55n/TiO, 5.705 | 0.590 | 5.95 | 0.786
1Sn/TiO, 7.200 | 0.810 | 5.93 | 1.126
28n/Ti0, 5.630 | 0.470 | 5.09 | 0.710

Photocatalytic activity of the nanocom-
posite samples under UV irradiation in-
creased by 2.5 times in the reaction of SF
degradation and 5 times in the reaction of
RD destruction compared to the pure tita-
nium dioxide sample (Table 2).

The dyes in water solutions, as being ex-
posed to visible light either without any
catalyst, or in the presence of pure titanium
oxide show no concentration changes. When
the dyes in water solutions were treated
with the wvisible light in the presence of
composites, decrease of the ST and RB con-
centrations was observed, the rate constants
of processes were dependent on the catalyst
composition and structure (Table 2).

The experimental results reveal that the
rate constants of photocatalytic destruction
of the both dyes under UV and visible irra-
diation increased with icreasing of tin con-

Functional materials, 25, 1, 2018
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tent in the range from 0.1Sn/TiO, to
1Sn/TiO, because heterojunction of two
phases may act as a photogenerated electron
trap and increases the lifetime of electron-
hole recombination [24]. In the composite
materials, the holes tend to localize on the
surface of photocatalyst and may take part
in the photooxidation [22]. Also, tin addi-
tives may greatly enhance the generation of
hydroxyl radicals by TiO, [24], which re-
sults in enhancement of the photocatalytic
activity. The high photocatalytic activity of
the obtained nanocomposite samples seems
to be connected with the decrease of the
band-gap width, which was proved by the
authors of [1].

In our case, addition of tin narrows the
band gap of the composites as compared with
the pure TiO, (8.48 eV); it also leads to
emerging of additional energy levels in the
band gap of TiO, below the valence band; that
leads to sensitizing of Sn/TiO, composites at
irradiation in the visible region of spectrum.

However, further enhancement of tin
content in the range from 18n/TiO, to
28n/TiO, leads to the lower sample activity
in the both reactions, because of Sn atoms
can serve as electron-hole recombination
centers [25] and hence the photocatalytic
activity decreases. The sample 1Sn/TiO,
with weight content of Sn 11.483 % shows
the highest photocatalytic activity in the
both reactions.

Destruction of rhodamine C is accompa-
nied with a slight (up to 5 nm) shift of the
absorption band maximum to shorter waves.
According to [26], such a displacement cor-
responds to de-ethylation of the dye mole-
cule, mainly on catalyst surface, the process
of chromophore degradation taking place
basically in solution. In our case, the de-
struction of chromophore ring obviously
prevails, which was confirmed by a drastic
decrease of optical density at the absorption
band maximum. Additional oxidation occurs
furthermore, which is confirmed by de-
crease of absorption band at A < 250 nm
and by investigations of the authors of the
article [27]. Any new absorption bands in
the spectra of both dyes are not detected.

4. Conclusions

Mesoporous nanccomposite materials
Sn/TiO, with different tin content were syn-
thesized. The energy-dispersive spectroscopy
based on energy-dispersive technique proves
that these materials have a uniform distri-
bution of Ti, Sn and O. The nanocomposites
crystallize as anatase-type and rutile-type
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structures. It was established, that addition
of tin to the powders led to shifting of
rutile peaks to lesser angles which can be
explained by the fact that Sn** ions are
partially replace Ti** ions in the TiO, lat-
tice. Increasing the amount of tin in com-
posites leads to increase of the crystallite
size, lattice parameters, pore radius and de-
crease of specific surface area and pore vol-
ume. Absorption spectra of the nanocompo-
sites show a bathochromic shift to the long-
wave range. Band-gap width of the
composite materials lessens compared to the
band-gap width of pure TiO,, which may be
explained by insertion of Sn atoms into tita-
nium dioxide crystal lattice. The composite
samples were photocatalytically active in
the destruction of cationic dyes under UV
and visible light irradiation, in contrast
with pure titanium dioxide which acted as
the photocatalyst only under UV irradia-
tion. This may be attributed to the narrow-
ing of band-gap width, participation of tin
in the inhibition of electron-hole recombina-
tion, prolongation of charges lifetime, in-
creasing of efficiency of interfacial charge
separation from TiO, to tin and formation
of doping electronic states. It was found
that optimal photocatalytic activity is
reached at Sn loading equal to 11.43 wt. %.
Thus, the composite materials proved to be
perspective photocatalysts. They could be
used in environmental photocatalysis for in-
dustrial waste purification of wvarious or-
ganic impurities, in particular, the dyes
that are stable in the environment.
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