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Electrocatalytic films based on nanodispersed titanium dioxide modified by Ce(l1l) were
synthesized by sol-gel method and characterized by X-ray diffraction and ultraviolet-
visible photocurrent spectra. The average size of nanoparticles was no more than 11 nm.
The XRD results indicated that TiO, and Ce-TiO; electrodes with Ce concentrations up
to 5 % calcined at 500°C consisted of anatase as the unique phase. The photocurrent
spectra of the Ce—TiO, electrodes (0 < Ce concentration < 2% mol.) showed a stronger
current in the UV range and a shift in the flat-band potential (Es,) towards more negative
values than that of TiO, electrodes. Electrocatalytic properties of TiO, and Ce-TiO>
electrodes were investigated in the process of oxygen electroreduction. It has been found
by I-E curves measurements that the potential of oxygen reduction changes with the film
composition. Modifying of TiO; films by Ce(l1l) improves catalytic activity of Ce-TiO;
electrodes ( Ce concentration up to 2% mol.) in the reaction of oxygen electroreduction,
that appears in decreasing of oxygen reduction potential Eo, and increasing of dynamic
range of O, electroreduction potentials. The high electrocatalytic activity of Ce-TiO>
electrodes in the oxygen reduction process may be due to the formation of catalytically
active centers which activity may decrease in the presence of an amorphous phase. The
correlation between photo- and electrocatalytic properties and structural changes occur-
ring in Ce-TiO, films on increasing the cerium content is observed. The electrodes in-
vestigated were distinguished by a high sensitivity to dissolved oxygen ((4-5)-10° g-I'')
and high reproducibility of characteristics in long-time cycling. These electrodes prom-
ise much as reusable electrode materials in electrochemical sensors for the determination
of oxygen in liquids.

Keywo rds: titanium dioxide, cerium, oxygen electroreduction, catalytic activity,
photosensitivity.

INTRODUCTION.Titanium dioxide is a promising material for application in
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optical and protective coatings, electrochem-
ical devices, as oxygen reduction catalyst
environmental photocatalysis, for the gen-
eration of electricity in the solar cells, gas
sensors,etc. The catalytic activity of titania
increases greatly when rare earth do-
pednanoparticles are used [1]. In this paper
we present study results of photo- and
electrocatalytic properties of electrodes
based on nanostructured titanium oxide films
modified by Ce.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Nanoscale titanium dioxide
TiO, was synthesized by the sol-gel method
from titanium(l1V) tetraisopropoxide in the
presence of the non-ionic surfactant Triton
X-100 [1]. An appropriate amount of Triton
X-100 was dissolved in ethanol (EtOH), af-
ter which acetic acid (AcOH) was added to
the solution. Then a titanium dioxide precur-
sor, titanium tetraisopropoxide (TTIP), was
added to the solution with vigorous stirring.
The molar ratio of the components was Tri-
ton X-100 : EtOH : AcOH : TTIP=0.5: 69 :
6 : 1. To prepare TiO, modified with cerium
ions, appropriate amounts of CeCl; were
added into the precursor to reach the cerium
content of 0.5, 1, 2, 3, 5, 8 and 10% mol. To
fabricate TiO, and Ce-TiO, films, transpar-
ent sol was deposited on pre-prepared Ti
substrates and annealed in air at 500 °C.
Preliminary preparation of Ti substrate
included degreasing with acetone or carbon
tetrachloride, as well as chemical etching in
a mixture of HF and HNO; acids for 3-5
minutes, which helps to remowe the surface
oxide layer from the titanium foil, and also
provides better adhesion of TiO, sol with
substrate. Sol was deposited on a conducting
substrate by the immersion method. To this

end, the first sol layer was deposited on a
prepared substrate; after that, the electrode
was dried in an SNOL 58/350 laboratory ov-
en at 120 °C for 10 minutes. This procedure
was repeated 10 times. The electrodes with
deposited layers based on Ce-TiO, sol were
annealed in air in an SNOL 7.2/900 muffle
furnace at t=500°C for 30 min and cooled at
room temperature.

The phase composition and crystal struc-
ture of the obtained samples were studied by
means of a DRON-3M diffractometer (mon-
ochromatic CuK, radiation with nickel filter,
A=1.54184) at 30 kV, 20 mA in an angle
range of 20=10-90°. To identify the
diffractograms, the JCPDS database was
used. The diffractograms were processed us-
ing the computer programs X-Ray and
Match. The size of crystallites (coherent-
scattering regions) of the obtained samples
was calculated from the Scherrer equation
using the most intense (101) anatase diffrac-
tion peak.

The photosensitivity of the samples and
their photoelectrochemical characteristics
(spectral dependence of the photocurrent
quantum yield and flat-band potential) were
estimated from photocurrent values in wave-
length range of 250-600 nm. The
photoelectrochemical inwvestigations were
carried out in 1IN KCI solution in a quartz
electrochemical cell with separated cathode
and anode spaces using an MDR-2 mo-
nochromator and a DKSSh 500 high-
pressure xenon lamp. An Ag/AgCl electrode
was used as a reference electrode, and a plat-
inum electrode was used as an auxiliary
electrode.

The electrocatalytic activity of elec-
trodes based on TiO, and Ce-TiO, films dur-
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ing oxygen electroreduction and the possibil-
ity of using them in sensing system were
studied under potentiodynamic conditions
using a PC-based electrochemical setup,
which had the following characteristics:
measured currents 2-107° = 107 A, potential
scan rate 0.01<50 mV-s™?, working electrode
potential range -4 + +4 V. TiO,- and Ce-
TiO, — based films deposited on a titanium
substrate were used as a working electrode.
The measurements were made in a 0.9%
NaCl solution.

Structure of powders. X-ray patterns of
powders obtained from the precursors of
TiO, and Ce-TiO, films with a cerium con-
tent of 0.5-10 % mol. are shown in fig 1. In
the X-ray patterns of both the initial TiO,
and cerium-doped TiO, there are reflections
typical of the crystalline anatase phase
(JCPDS, no 21-1272). The diffraction peaks
at 25,3°, 37,8°, 48,0°, 53,9°, 55,0° and 62,7°
are identified as the (101), (104), (200),
(105), (211) and (204) reflections of the
crystalline anatase phase. The diffraction
peaks corresponding to the crystalline ceri-
um phase in Ce-TiO, samples are not ob-
served (fig 1).

a
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Fig 1. X-ray patterns of powders obtained at 500
°C from precursors of films with a cerium con-
tent of (% mol.) : 1-0; 2 -0,5; 3-1; 4-2; 5-3; 6—
5; 7-8; 8-10.

B,

As follows from Refs [2-8], cerium can
be in the amorphous state [2], in the form of
crystals of the cubic CeO, phase [3-5], but
the incorporation of cerium ions into the
anatase lattice is also possible [6]. It should
be noted that the method used for making
samples has a strong influence on the crys-
tallization of mixed TiO, and Ce-TiO, ox-
ides. When the sol-gel method is used, the
cubic CeO, phase, besides anatase, crystal-
lizes in the presence of surfactants at a higer
molar Ce content (> 10 %mol.) [7, 8] and
at a higher temperature than when using
acids [2,4].

It can be seen that the anatase reflections
become less intense with increasing Ce con-
tent mpu 26 > 55° (fig 1). According to the
data of the authors of [2], who synthesized
Ce-TiO, powders by the sol-gel method us-
ing Triton X-114 in cyclohexane without us-
ing an acid, this indicates that cerium in Ce—
TiO, powders is probably present as an
amorphous phase, and that the titanium diox-
ide crystallite size depends on the Ce
content.

The broadening of diffraction peaks in-
dicates that the obtained powders are
nanocrystalline. The mean crystallite size
was determined by the broadening of the
most intense (101) peak from the Scherrer
equation:

- kA |
fcosé

where d is the mean crystallite size, k is a
constant (k = 0.9), B is peak half-width, A
and 0 are X-ray wawelength and reflection
agle respectively. The (101) diffraction peak
half-width was determined as the half-width
of the Lorentzian fitting function, which de
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scribes the peak profile. The description of
the profile of this diffraction peak by the
Gaussian function was less satisfactory. The
particle sizes calculated by the above proce-
dure for TiO, and Ce-TiO, samples with a

Tablel.

Ce content of 0.5, 1, 2, 3, 5 %mol. are listed
in table 1. The effect of the Ce content on
the crystallite size D of anatase TiO, is given
in table 1.

As follows from table 1, when the

Structural properties of investigated materials determined by using XRD

. o 3 Lattice parameters

Composition 20, D, A 2 | ) RS
TiO, 25,35 108.1 3.7826 9.5057 136.01
0.5%Ce/TiO, 25,33 97.8 3.7831 9.5175 136.21
1%Ce/TiO> 25,31 97.2 3.7854 9.5236 136.46
2%Ce/TiO, 25,30 82.6 3.7861 9.5230 136.50
3%Ce/TIO; 25,33 84.7 3.7848 9.5271 136.47
5%Ce/TiO; 25,34 72.6 3.7818 9.5372 136.40

Ce content of modified samples is increased,
the particle size decreases, which may be
due to the presence of Ce—O-TiO, bonds,
which impede the growth of crystalline
grains [3,4].

The X-ray spectra of samples with a Ce
content of 8 and 10 % mol. exhibit a weak
broad peak at 26 = 70° (fig 1, curwves 7, 8),
which corresponds to the presence of very
small (~ 1 nm) CeO, crystallites, which
agrees with the data of [2,5]. In spite of the
fact that in the samples with high Ce content
(8 and 10% mol.), cerium is in an amor-
phous phase, as was shown abowve, cubic
CeO, crystallites can nucleate in the bulk of
TiO, anatase [5]. Howewer, they are difficult
to detect by XRD because of very small size,
which is below the limit of detection by
XRD.

The X-ray patterns of Ce-TiO, samples
with a Ce content of up to 2 %mol. , an

nealed at 500 °C (fig 1) exhibited a broaden-
ing of typical anatase peaks and their shift to
smaller angles (table 1, fig 2).

%

250 255 2600 265

20, °

Fig 2. Decomposition of the (101) peak by
means of the Lorentz function in X-ray patterns
of films: 1 -TiOy; 2 - 2%Ce-TiO,.

24.5
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This indicates that cerium ions are in-
corporated into the anatase lattice [6],
though the difference in ionic radius be-
tween titanium (Ti** = 0.68 A) and cerium
(Ce*™ =092 A) is large. The values of the
lattice parameters a and c as well as lattice
volume V, calculated with the aid of the
program X-Ray, increase with increasing the
cerium content of samples to 2% (table 1),
which also indicates the possibility of Ce**
ion incorporation into the anatase lattice.
The obtained data agree with the data of the
authors of [6], who showed that in spite of
the large difference in ionic radius, Ce ions
can replace Ti** ions in the anatase lattice to
form (= Ti-O-Ce-O-Ti=) bonds. In this
case, all TiO, can be saturated with a rela-
tively small amount of Ce (because of the
large difference between the radii of Ti** and
Ce*" ions); the rest of Ce is probably present
on the surface as CeO,. The authors of [6]
also observed an expansion of the anatase
unit cell for Ce-doped samples compared
with pure TiO,, which is an evidence of pos-
sible replacement of Ti** in the anatase lat-
tice by Ce** ions.

In our case, increasing the Ce content
(from 0,5 to 2 % mol.) in TiO, also led to an
expansion of anatase lattice volume (table 1,
fig 3). The increase in anatase lattice volume
for the samples with a Ce content of up to
2 % mol. corresponds to the fact that Ce**
ions are incorporated into the anatase lattice.
At a Ce content of about 2% mol., the TiO,
lattice is already saturated with Ce** ions,
and CeO, is formed as an amorphous phase
or very small nuclei, which agrees with the
data of the authors of [4].

Photoelectrochemical properties of Ce-
TiO, films. It has been found that the investi-

gated electrodes based on Ce-TiO, films (ta-
ble 2, samples 1-6) were photosensitive in a
wavelength range of 250-400 nm, and that
the quantum yield n depended largely upon
the Ce content (table 2, fig 3) and was a
maximum for 1% Ce-TiO, films.

10 N
0.8
0.6
04
0.2 |

0 1 1
2.5 3.5

4.5
hv, eV

Fig.3. The spectral dependences of photocurrent
quantum yield for TiO, and Ce-TiO> films with
cerium content, % mol.: 1-0; 2-0.5; 3-1; 4-2;
5-3; 6-5.

The flat-band potential Eg, and band gap
energy E, for indirect photo-transitions in
the forbidden band of TiO, hawe been de-
termined from the photoelectrochemical cur-
rent quantum yield spectra of electrodes
based on obtained TiO, and Ce-TiO, films
(table 2). The value of the flat-band potential
Ew was determined from plots of photocur-
rent | vs potential E by extrapolating the lin-
ear portions of these plots to intersection
with the abscissa axis [9]. The value of Eg,
allows one to estimate the change in the po-
sition of the conduction-band bottom of the
obtained electrodes and the energy of elec-
trons involved in reduction processes, in-
cluding the oxygen electroreduction process
[9]. To determine the band gap energy E,,
the photoelectrochemical current quantum
yield spectra were reconstructed in the (hv
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Table?2
Photoelectroche mical (n, E4 and E) and electrocatalytic (E1, and AE) properties of Ce-TiO;
electrodes depending on cerium content

Band Oxygen Oxygen
. Photocurrent gap Flat band half-wave | reduction
Ne Composition quantum yield potential .

AU Eo V potential range
& Eg,eV ’ Eip, V AENV
1 TiO, 0.37 3.0 -0.30 -0.70 0,10
2 0.5%CelTiO; 0.52 3.0 -0.32 -0.62 0,18
3 1%Ce/TiO; 0.76 3.0 -0.35 -0.55 0,24
4 2%Ce/TiO; 0.43 3.0 -0.30 -0.60 0,20
5 3%CelTiO, 0.31 3.0 -0.28 -0.63 0,20
6 5%Ce/TiO; 0.24 3.0 -0.25 -0.65 0,16

n)>°~hv coordinates for indirect allowed
transitions in TiO, where 7 is quantum yield,
and hv is quantum energy of light [9].

The value of quantum yield (n) for TiO,
and Ce-TiO, samples was 0.24-0.76 (table
2). It should be noted that for the samples
with Ce content of 0.5, 1 and 2% mol. , a
significant increase in their photosensitivity
relative to unmodified TiO,, which mani-
fests itself by an increase in the quantum
yield of photoelectrochemical current, n (ta-
ble 2, samples 2— 4), and a shift of the spec-
tra to the long-wawelenth region (fig 3,
curves 2— 4) are observed. For the films with
a Ce content of >2%, the values of the quan-
tum vyield of photocurrent were smaller
compared with unmodified TiO, films (ta-
ble2, fig 3, curves 5, 6). In this case, the
band gap energy E, of the investigated elec-
trodes did not change greatly (table 2). Ta

king this into consideration, we can consider
that modification with Ce ions leads to the
formation of photoactive defects in the for-
bidden band of TiO,, whose activity may
decrease with the formation of an amor-
phous phase (fig 3, curves 3, 5). The
explanation of why the value of E; does not
change at different contents of Ce lies in its
usually much lower sensitivity with respect
to progressing structural changes [2].

Electrocatalytic properties of films. The
electrocatalytic properties of the obtained
films of cerium-modified titanium were
studied during oxygen electroreduction. This
process is the basis of the operation of elec-
trochemical O, sensors, which are designed
for the determination of oxygen concentra-
tionin liquid media [8].

The polarization curves for electrodes
based on Ce-TiO, films in physiologic solu-
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tion 0.9%NaCl (pH 6.8) exhibited one
polarographic wave of current at potentials
of -0.5 to -1.0 V (ws silver-chloride elec-
trode) with limiting current corresponding to
oxygen reduction current (fig 4). At poten-
tials of E< - 1.0 V, a hydrogen ewolution re-
action proceeded at the electrodes.

25 -1 mA.cm™
2 L
15
1 F
05
0 1
0.2 0.6 EV 1 1.4
Fig 4. Polarization curves of oxygen

electroreduction on Ce-TiO, electrodes: 1 -
5%Ce-TiO2; 2 — 1%Ce-TiO,. Potential scan
rate 10 mV.s™. Potentials are given relative to
Ag/AgCI reference electrode.

Important characteristics of electrodes
for the analysis of dissolved oxygen concen-
tration are oxygen reduction potential or ox-
ygen reduction half-wawve potential E;, on
the cathodic polarization curve and the width
of “electrochemical window”, AE (dynamic
potential range in which the oxygen content
of the solution can be analyzed). The value
of E;;, should be minimal to eliminate possi-
ble electrochemical side reactions, and the
value of AE should be maximal to achieve
high electrode sensitivity and measurement
accuracy. From fig 4 it follows that in physi-
ologic NaCl solution (pH 6.8), the value of
E,/, at the electrodes with cerium content of
1% is — 0.55 V and is minimal among the

obtained Ce-TiO, electrodes. The dynamic
potential range of O, reduction on these elec-
trodes was 0.24 V. The values of E;;, and AE
for other electrodes are listed in table 2.

From table 2 it follows that modification
of TiO, films with cerium increases the cata-
Iytic activity of electrodes based on them in
the oxygen electroreduction reaction com-
pared with unmodified TiO,, which mani-
fests itself by a decrease in oxygen reduction
half-wave potential and an increase in the
dynamic range of O, electroreduction. The
electrodes with cerium content of 1% (E,;, =
-0.55V, AE = 0.24V) showed the maximum
electrocatalytic activity. At higher cerium
content of films (>2%), the electrocatalytic
activity of electrodes decreased (table 2). For
samples with 5% cerium content, the values
of E;;» = -0.65V, AE = 0.16V were obtained.
The values of stationary potentials for
samples with 1% and 5% cerium content are
equal respectively to 0.17 V and 0.2 V. The
decrease in catalytic activity with increasing
cerium content may be due to, as in the case
of photosensitivity, to the formation of cata-
Iytically active centers (crystalline defects),
whose activity decreases during the for-
mation of amorphous phase.

With repeated cycling of the potential,
the polarization characteristics of the Ce -
TiO, electrodes remained almost unchanged
after the 3rd cycle, which indicates the high
stability of the obtained electrodes and the
possibility of using them to determine the
concentration of dissolved oxygen.

Thus, electrodes based on Ce-TiO,
films are distinguished by high electro-
catalytic activity and stability in the process
of oxygen reduction and are promising for
use in electrochemical oxygen sensors.
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The variation of the electrocatalytic
(Eir) and photoelectrochemical (n and Eg)
properties of the Ce—TiO, films studied in
this work as a function of cerium content is
shown infig 5.

0.8 ", Ein

!
i

0.6f

0.4}

0.2}

0 0.5 1 2 3 5
Ce concentration. % mol.

Fig 5. Dependence of the electrocatalytic (E1/)
and photoelectrochemical (n and Eg) properties
of Ce-TiO; films on cerium content.

Thus, a correlation between photo- and
electrocatalytic properties and structural
changes occurring in Ce-TiO, films on in-
creasing the cerium content is observed.

CONCLUSION. Powders and films of
TiO, modified with Ce ions have been syn-
thesized by sol-gel method. The Ce-TiO,
powders with cerium content of 0.5-10% %
MoOl. (tannealing = 500 °C) had an anatase crys-
tal structure with a crystallite size of up to
11nm.

Electrodes based on Ce-TiO, films were
photosensitive in a wavelength range of
250-400 nm. For samples with Ce content of
0.5, 1 and 2 % mol., an increase in the val-
ues of photocurrent quantum yield and a
shift of spectra to the long-wawelength re-
gion compared with unmodified TiO, were
observed. The subsequent increase of the ce-

rium content led to a decrease in the
photoactivity of samples.

The Ce-TiO, films were distin-
guished by an increased catalytic activity in
the process of oxygen electroreduction,
which manifested itself by a decrease in ox-
ygen reduction half-wave potential and an
increase in the dynamic range of O,
electroreduction compared with unmodified
titanium dioxide films. An increase in
electrocatalytic activity was observed for ce-
rium ion concentrations of up to 1%; the
subsequent increase of the dopant content
led to decrease in the activity of samples
probably because of the formation of an
amorphous phase. Ce-TiO,  electrodes
showed high stability and reproducibility of
characteristics in the process of O,
electroreduction.  Synthesized  electrode
materials are most promising for use in elec-
trochemical sensors for the determination of
O, in liquid media.

CHUHTE3, ®OTO- TA EJIEKTPOKATAIJII-
TNYHI BIIACTUBOCTI HAHOCTPVYKTY-
POBAHUX ITJIIBOK Ce-TiO;

B.C. Bopo6ernp*, I'.5. Konbacos, C.5. O6mo-
BatHa, O.0. Canamaxa, C.B. Kapnenko,
ILA. Pyceubkuit

Incmumym 3azaneHoi ma Heop2aHiyHOI XIMil M.
B.I. Bepnaocvkoeo HAH Ykpainu, npocn. Axa-
oemika Ilannadina, 32/34, Kuis, 03142, Ykpaiuna
*e-mail:vorobetsvs@i.ua

EnexrpokaranituyHi TIUIIBKA Ha OCHOBI
HAHOJIMCIIEPCHOTO TIOKCUY TUTAHY, MOIH (hiKO-
Banoro Ce(Ill), cuuTe30BaHi 30JIb-T€Tb METOIOM
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mudpaxiy i (XRD) Ta CIIEKTPO CKOTI i1

70 ISSN 0041-6045. YKP . XIM . XVYPH ., 2019, .85, Ne 11



Synthesis, photo- and electrocatalytic properties of nanostructured Ce-TiO; films

¢doroenexkrpoxiMmmMHOTO cTpyMy. Cepeaniit pos-
Mip HAHOYACTUHOK HE IepeBully-BaB 11 HM.
Pesynsratn XRD mnoxkaszanu, mo TiO; i Ce-TiO,
nopomkd 3 KoHueHtpamismu Ce 1o 5%,
npoxapeni npu 500 °C, mamum KpHCTaIMHY
CTpyKTypy aHarta3zy. Ha cnekrpax dotoctpymy
Ce-TiO; enexrponiB (koumentpamis 0 < Ce <
2% moi.) criocTepiraBcs OUIbII CUJIBHUN CTPYM
B Y®-niana3oH1 1 3CyB MOTEHIIATY MIOCKU X 30H
(E) o Oulbml Hera-TUBHUX 3HA4Y€Hb, Y
nopisasHHI 3 TIO2 — enekrpoaamu. Enekrpo-
KaTaJliThyH1 BiactuBocTi enekrpoaiB TiO2 i Ce—
TiO, mocmimKyBaaucs B MPOIECI  EIEKTPO-
BIIHOBJIEHHS KWCHIO. 3a pmomomororo I-E-
KpUBUX OylIO BHUSBICHO, IO TOTEHIAI
€JICKTPOB ITHOBJICHHSI KUCHIO 3aJIEKaB Bl CKIIa-
ny wiiBok. Moau dikyBanus mmiBok TI02 3a j10-
nomororo Ce (Ill) moxkpamnye KaTagiTHUHY
akTUBHICTH enekTpoaiB Ce—TiO; (koHLEHTpallis
Ce 110 2 %Mout.) y peakiii eJeKTpOB iITHOBJICHHS
KHCHIO, IO TPOSIBJISIETHCS Y 3MEH IICHHI MTOTEH-
iady BiIHOBIEHHS KucHIO EO, 1 30UmbIIeHHI
JUHAMIYHOTO J1ala30Hy IMOTEHIAIIB eJIEeKTPO-
BimHoBJeHHsS O,. Bucoka enexrpokaTaliTHYHA
akTuBHICTH enekrponie Ce—TiO; y mporieci Bin-
HOBJICHHS KHCHIO , HMOBIpHO, MOXe OyTu 00y-
MOBJICHA YTBOPEHHSM KATaJITHYHO AKTHBHUX
IICHTPIB, aKTUBHICTh KM X MOYKE 3MCH IITyBaTHCSI
B nipucyrHocTi amopdHoi ¢azu. Crocrepiraers-
Csl B3a€MO3B'SI30K MK (DOTO- Ta eNeKTpoKaTali-
TUYHUMH BJIACTUBOCTSIMA Ta CTPYKTYPHUMHU
3MiHamH, 1o BinOyBarThes B miiBkax Ce—TiO;
npu 30UIbIIEHHI BMICTY uepito. JlocnipkyBaHi
EJICKTPOAM BIIPI3HSUIMCS BHUCOKOIO YYTIIUBICTIO
JI0 PO3YMHEHOTO KuCHIO (4-5)-10-6 rext) iBu-
COKOIO BIITBOPIOBAHICTIO XapaKTEPUCTHK IPHU
TpUBAJIOMY NHKTIOBaHHL CHHTE30BaH1 EJIEKT-
pPOIHI MaTepiaii MOXKYTh OyTM BUKOpPHCTaHI B
EJIIEKTPOXIMIMHUX CeHcopax sl Bu3HadeHHs Oy
Y PIIKH X CEPEIOBH ITAX.

KnwodoBi cao0 Ba:AiOKCU TUTAHY, IIEPIid,
€JICKTPOB ITHOBJICHHSI KHCHIO, KaTaliTMYHa aK-
TUBHICTh, (JOTOUYTJIMBICTb.
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DNeKTpoKaTaTuTHYeCKue TJICHKH Ha OCHO-
BE HAHOJUCIIEPCHOTO IMOKCHJIA THTaHA, MOJIH-
¢urupoannoro Ce(Ill), cuHTE3UpOBaHBI 3071b-
reJib METOJIOM M OXapaKTEPH30BaHBI METOJaMHU
pentrenoBckoit qudpakinuu (XRD) u cnekrpo-
CKOITHH  (POTOIIEKTPOXUMHUUYECKOTO TOKa. Pe-
synsTathl XRD moxkazanu, uro TiO, u Ce-TiO;
noporikd ¢ koHunentpanusmu Ce mgo 5%, orto-
#okeHHpie npu 500 °C, umenu KpucTayumaye-
CKYIO CTPYKTYpY aHaraza. Ha crekrpax ¢oToto-
ka Ce-TiO; anexrponoB (konmentpamus 0 < Ce
< 2 % wmomn.) HaOmroxancs 0osee CHIIBHBIA TOK B
V®-auana3oHe ¥ cMelleHHWe MOTESHIMana IIjIo-
ckux 30H (Efp) B CTOPOHY 00Jiee OTpUIIATEIbHBIX
3HA4YCHHUM, 110 cpaBHEHUIO ¢ TIO2-3/1eKTpoIaMH.
IloBBIMEHNE DIIEKTOKATATUTHYECKONM aKTHBHO-
ctu Ce-TiO;2 37eKTpOIOB B MPOIIECCE DIIEKTPO-
BOCCTaHOBJICHUSI KHCIIOPOJa IO CPaBHEHHIO C
HemoauduinpoBanusiM 1102 HabmOMACTCS TS
TIeHOK ¢ koHIeHTpanusmu Ce o 5%. Cunte-
3UpPOBAHHBIC TJIEHKA MOTYT OBITH HCIOJB30Ba-
HBI B DJIGKTPOXUMHYECKH X CEHCOpaX IS OIpe-
nenenust Oy B KUAKAX CPeliax.

KnrmodyeBsie ¢l 0B a: JMOKCH] THTAHA, LIe-
pHIiA, 2JIEKTPOBOCCTAHOBIJICHNE KHCIIOPOa, KaTa-
JAUTHYECKass aKTUBHOCTb, (JOTOYYBCTBUTEIb-
HOCTb.

REFERENCES

ISSN 0041-6045. YKP . XIM . XVYPH ., 2019, .85, Ne 11 71



V.S.Vorobets, G.Ya.Kolbasov, S.Ya.Oblovatna, O.0.Salamakha, S.V.Karpenko, I.A.Rusetskyi

1."Stengl V., Bakardjieva S., Murafa N. Prepa-
ration and photocatalytic activity of rare
earth doped TiO2 nanoparticles . Ma-
ter.Chem. Phys.2009. 114: 217.

. Stathatos E., Lianos P., Tsakiroglou C.
Highly efficient nanocrystalline titania films
made from organic/inorganic nanocom-
posite gels. Micropor. Mesopor. Mat. 2004.
75: 255.

. Matéjova Lenka, Koc¢i Kamila, Reli Martin,
Capek Libor, Hospodkova Alice, Peikertova
Pavlina, Matéj Zdenék, Obalova Lucie,
Wach Anna, Kustrowski Piotr, Kotarba
Andrzej. Preparation, characterization and
photocatalytic properties of cerium doped
TiO2: On the effect of Ce loading on the
photocatalytic reduction of carbon dioxide.
Appl. Catal., B. 2014. 152-153: 172,

. Lin Jun, YuJimmy C. An investigation on
photocatalytic activities of mixed TiO,-rare
earth oxides for the oxidation of acetone in
air. J.Photochem. Photobiology A. 1998.
116(1): 63.

. Fang J, Bi X, Si D, Jiang Z, Huang W.
Spectroscopic studies of interfacial struc-
tures of CeO, —TiO, mixed oxides. Appl
Surf Sci. 2007. 253:8952.

ISSN 0041-6045

6. Matejova L., Vales V., Fajgar R., Matej, Z.,

Holy V; Solcova O. Reverse micelles di-
rected synthesis of TiO2-CeO, mixed oxides
and investigation of their crystal structure
and  morphology. J.Solid  State
Chem. 2013. 198: 485.

. Lopez T., Rojas F., Alexander-Katz R.,

Galindo F., Balankin A. S., Buljan A. Po-
rosity, structural and fractal study of sol-gel
TiO,—CeO, mixed oxides. J. Solid State
Chem. 2004. 177:1873.

. Pavasupree S., Suzuki Y., Pivsa-Art S.,

Yoshikawa S. Preparation and characteriza-
tion of mesoporous TiO—
CeO; nanopowders respond to visible wave-
length. J. Solid State Chem. 2005. 178: 128.

. Kolbasov G.Ya., Vorobets V. S., Korduban

A. M., Shpak A. P., Medvedskii M. M.,
Kolbasova I. G., Linyucheva O. V. Elec-
trodes Based on Nanodispersed Titanium
and Tungsten Oxides for a Sensor of Dis-
solved Oxygen. Russ. J. Appl. Chem. 2006.
79(4): 596.

Hanwinwa 11.07.2019

. YKP. XIM . )KYPH ., 2019, T.85, Ne 11


https://www.sciencedirect.com/science/article/pii/S0926337314000216#!
https://www.sciencedirect.com/science/article/pii/S0926337314000216#!
https://www.sciencedirect.com/science/article/pii/S0926337314000216#!
https://www.sciencedirect.com/science/journal/09263373/152/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1010603098002895#!
https://www.sciencedirect.com/science/article/abs/pii/S1010603098002895#!
https://www.sciencedirect.com/science/journal/10106030/116/1

