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n-TiO; and n-TiO;:Ag nanopowders were synthesized by the method of electric explosion of wires (EEW). The
doping of nanopowders took place during the explosion of titanium wire, on the surface of which an Ag.0 layer of
the appropriate mass was applied. The energy of the explosion was equal to E = 3.1-E,, where Ej is the energy of
sublimation of the metal. Based on the synthesized nanopowders, mesoporous n-TiO; and n-TiOz:Ag films were
formed. The phase composition of the surface of several series of n-TiO, and n-TiO,:Ag samples under different
annealing conditions was studied by X-ray photoelectron spectroscopy. The XPS spectra of the Ti2p- and Ag3d-
levels were decomposed by the Gauss-Newton method into interconnected components 2p3/2p 12 and 3ds;/3dz, with
parameters AE = 5.76 eV; I/, = 0.5 and AE = 6.0 eV; 1,/ = 0.66 to take into account the spin-orbit splitting of the
pair respectively. The paper presents histograms of the contributions of the components to the Ti2p- and Ag3d-
spectra, which vary depending on the degree of doping and annealing conditions for 4 series of samples. According
to XPS data, on the surface of EEW nanopowders TiO; and TiO;:Ag titanium is represented by Ti*"- and Ti**- states,
silver by Ag’-, Ag'*- and Ag**- states. In all series of samples, the contribution of the Ti**- state simultaneously
increases with an increase in the absolute Ag content, which is a consequence of the lattice distortion through the
formation of a surface phase with Ti—O-Ag bonds. Annealing at 300 °C in air leads to an increase in the
contribution to the spectra of Ti**- states of ExTi2ps» = 458.3 eV and Ag'" - states. Pretreatment of the samples with
hydrogen peroxide before annealing leads to an increase in the contribution of oxide-hydroxide phases of titanium
and Ag’- states. Annealing of the samples at 300 °C in argon with pretreatment with hydrogen peroxide leads to an
increase in the contribution to the spectra of Ti**- states with EpTi2ps, = 458.8 eV, oxide-hydroxide phases of
titanium and Ag’. It has been found that the direction of redox processes on the surface of n-TiO: after the action of
H,0; and subsequent annealing in air depends on the state of hydration of the original nanopowders.
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INTRODUCTION EXPERIMENT AND DISCUSSION OF THE
Electric explosion of wires (EEW) is a RESULTS
promising technology for the synthesis of TiO, Powders n-TiO,, n-TiO2:3 %Ag and
nanopowders for photocatalysis. Due to the n-TiO2:5 wt. %Ag were synthesized by the EEW
nonequilibrium state of the EEW process, TiO; method in a dry air atmosphere by a Ti/Ag,O
nanopowders have significant photocatalytic explosion. The explosion energy was equal to
activity, which is associated with a high density E=3.1E,, where E is the sublimation energy
of catalytically active centers [1]. In this work, Ti. The aim of the study is to found by the XPS
for the first time by the EEW method, TiO, was method the values of the Ti*"/Ti",
doped with silver during the explosion. Doping Ag’/Ag"/Ag*, and Ag/Ti ratios depending on
with silver makes it possible to optimize the the annealing conditions and methods for
photo- and electrocatalytic characteristics of modifying the sample surface using hydrogen
n-TiO, nanopowders [2—8]. Important for the peroxide. The charge states of metals and the
practical applications of electro-explosive n-TiO- relative content of the doping element are the
nanopowders is the study of the effect electronic main characteristics of the surface of sensors,
structure of hydrogen peroxide, which is used as photo- and electrocatalysts. Obtaining this
a surface modifier on the surface. information makes it possible to optimize the

stages of catalysts synthesis and makes it
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possible to carry out controlled synthesis of
TiO,. The formation of mesoporous nanofilms
based on #n-TiO, and #»-TiO)Ag was an
intermediate stage in the development of an
active element for a gas sensor. The films were
10x10 mm in size and were homogeneous in the
nano and macro ranges. An important parameter
of films is their nanodispersed structure. The
resulting films can be used in photo- and
electrocatalysis.

The electronic structure of the n-TiO, and
n-TiO,:Ag was studied by X-ray photoelectron
spectroscopy (XPS) using a spectrometer with an
energy analyzer PHOIBOS-100_SPECS
(EMgK=1253.6eV, P=300W) [9]. The
accuracy of determining the maximum of
Ti2psp»-line was £0.05 eV, the working vacuum
in the chamber was 1-10 Pa, the samples were

annealed at 300 °C in air or argon. The annealing
temperature was limited in order to inhibit the
desorption of silver. Some samples before
annealing were in contact with hydrogen
peroxide (10 min; 7= 90 °C). Sample 21 series 7
was hydrated for 3 h in humid air at room
temperature (Table 1).

JSM 6700F SEI

50KV X33,000

100nm

applied to aluminum substrates measuring Fig. 1. Electron micr'oscopic image of the film of
10x10 mm. The samples n-TiO2:Ag were electroexplosive TiO,
Table 1. List of samples and annealing conditions
Series of samples/ annealing conditions Number/sample
Series 1 1.TiO,
Initial nimf)s owders 2.Ti0x:Ag3 %
p 3.TiO2zAg5 %
. 4.TiO;
Series 2 .
L o . 5.Ti0:Ag3 %
Annealing in air at 300 °C for 45 min 6.Ti02:Ag5 %
Series 3 7.TiO;
H>0; treatment followed by annealing in air 8.TiO2:Ag3 %
at 300 °C for 45 min 9.Ti02:Ag5 %
Series 4 10.TiO,
Treatment with H,O, followed by annealing 11.TiO2:Ag3 %
in Ar at 300 °C for 45 min 12.Ti02:Ag5 %
Series 5 13.TiO;
L o . 14.TiO2:Ag3 %
Annealing in air at 450°C for 45 min 15.Ti02:Ag5 %
. 16.TiO;
Series 6 :
L o . 17.Ti02:Ag3 %
Annealing in Ar at 450 °C for 45 min 18.TiO:Ag5 %
The effect of annealing at 300 °C in air and AE=576¢eV; 1i/IL=0.5 and AE=6.0eV;

argon with preliminary contact with hydrogen
peroxide of a part of the samples on the phase
composition of their surface was studied. In
Fig. 1 the SEM image of a mesoporous film from
electroexplosive TiO; is presented.

The spectra of TiZ2p- and Ag3d- levels were
decomposed into interconnected components
2p3o2p12 and 3dsp/3ds, with the parameters
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I/ =0.66 to take into account the spin-orbit
splitting of the pair respectively. The
decomposition was carried out by the Gauss-
Newton method in the mode of bound
parameters. The intensity of the components and
their binding energy varied. The width of the
components and the ratio of the contributions of
the Gauss-Lorentz distributions during the
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decomposition of the spectra were fixed. The
area of the components was determined after
subtracting the background by the Shirley
method [10-12]. The integral intensities of the
components thus obtained are proportional to the
content in the samples of non-equivalent
titanium and silver ions.

4+

T Ti
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N

In Figs. 2-3 the TiZ2p- and Ag3d- spectra of
the series 1 initial nanopowders decomposed into
components are presented.

In Figs. 45 histograms of relative
contributions of components of Ti2p- and Ag3d-
spectra, respectively, for all series of samples of
TiO,, Ti02:3%Ag, TiO2:5 %Ag are presented.
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Fig. 2. Decomposed into components TiZp- spectra of TiO, TiO2:3%Ag, Ti02:5%Ag (samples 1-3 series 1)
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Fig. 3. Decomposed into components Ag3d spectra of TiO2:3%Ag, Ti02:5%Ag (samples 2-3 series 1)
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Fig. 4. Rrelative integral intensities of the components of the Ti2p- line of the samples TiO,, TiO2:3%Ag,

Ti02:5 %Ag series 1-4

Series 2

air_300°C

Relative content Ag, %
8
1

3%

5% 3%

5%

Series 3
H02_air_300°C

B B 367.2 eV Ag2*0
B C 367.7 eV Agy1*0

D 368.2 eV Ag?

3%

[CJE 368.8 eV AgNO;

Series 4
H202 _Ar_300°C

5% 3% 5%

The silver content in series, wt.

Fig. 5. Relative integral intensities of the components of the Ag3d- line of samples TiO2:3 %Ag, TiO2:5 %Ag series 14

Analysis of the phase composition of the
surface of electroexplosive  nanopowders
Ti0O,:Ag depending on the degree of their doping
and annealing conditions was carried out on a
series of samples:

Series 1. The main feature of the initial
nanopowders of series 1 (Fig. 4) is a significant
content of Ti*'- states with EvTi2ps,=457.5eV
[13], which indicates both a high degree of
surface defects and the formation of Ti—-O-Ag
bond [6]. The contribution from
EvTi2ps,=458.3 eV and from
EvTi2ps;,=458.8 eV, according to [14], are
related to Ti*'- states of oxide phases. The signal
in the EyTi2p3, = 459.4 eV region corresponds to
the Ti*" states of the oxide-hydroxide phases of
titanium. From Fig. 4. it is seen that when doped
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in the samples of series 1, the relative contents of
Ti**- states increase, mainly due to Ti*'- states
with EyTi2ps, = 458.3 V.

The components on the spectra of the Ag3d-
line (Fig. 5) with EwyAg3ds,=367.2, 367.7 and
368.2 eV are associated with Ag**-, Ag'"- and
Ag’ - silver states, respectively [12, 15-16].

As the content of the doping element
increases, the Ti’"- states increase (Fig. 4), which
indicates the insertion of silver into the TiO;
lattice and the formation of Ti—-O—Ag bonds.
Substitution of Ti*'- ions by Ag™- ions, taking
into account the difference of their ionic radii
(Ri*" = 0.75A; Rag® = 1.08A; Rag'" = 1.29A), is
possible only on the surface of nanoparticles due
to structural relaxation, for example, the
appearance of Ti*'- states.
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In the EvAg3ds,=368.8 eV region, there is
a small contribution that can be related to the
synthesis explosion of the AgNOs phase in an air
[16-17].

In general, for electroexplosive nanopowders
of series 1, the dominant in the phase distribution
of the parent metal is the content of Ti*- states
with  EvTiZ2p3»=458.3 eV, which may be
associated with the anatase phase [13-15, 18—
20]. In the sample with 5%Ag (Fig.4) the
relative content of Ti*'- states is maximum. The
content of metallic silver is dominant in the
phase distribution of the doping metal, and the
relative content of Ag’ is maximum in samples
with 3 %Ag (Fig. 5).

Series 2. Annealing in air leads to a linear
increase on the surface of samples of relative
content of Ti*'- states with Ey, = 458.3 eV, which
is associated with the anatase phase. Also during
doping with increasing silver content, the content
of Ti**- states increases (Fig.4). According to
the results of the decomposition of Ag3d-
spectra, a relative decrease in the content of
metallic silver in this series of samples is
observed due to its oxidation to Ag,O (Fig. 5).

Series 3. Treatment with hydrogen peroxide
of samples before their annealing in air leads to
an increase for all samples of the contribution of
oxide-hydroxide phases with FEp=459.4¢V
(Ti*"). The relative content of Ti*'- states of the
oxide phase with EyTiZ2ps»=458.8 eV, which
can be associated with rutile [13]. However, the
signal in the region TiZ2ps, =458.8 eV can also
belong to the hydrated oxide phase TiO,-OH.
The relative content of Ti*"- states with
E,=458.3¢eV decreases in comparison with
series 2, but remains dominant. The content of
Ti**- states also decreases.

According to Ag3d spectra, after annealing
there is a reduction of part of the oxide phases of
silver to metal. In the sample TiO2:3 %Ag, the
relative content of metallic silver in comparison
with the oxide phases becomes dominant and the
largest among all series (Fig. 5).

Series 4. Hydrogen peroxide treatment of
samples of TiO, and TiO,:Ag before annealing
and change of air environment during annealing
to argon leads to the dominance of the phase
with E, =458.8 eV (Ti*, rutile) and increase the
contribution of oxide-hydroxide phases of
titanium (Ti*", Ey» = 459.4 eV) for all samples of
the series (Fig. 4). In the sample TiO,:3 %Ag,
the relative content of metallic silver is
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dominant. As in the previous case, this is a
consequence of the reduction of the surface
oxide phase of Ag,O under the action of H,O»
before annealing.

In general, the relative contents of Ti*'-
states in TiO2:Ag increase during doping.
Annealing in air and argon of nanopowders in
contact with hydrogen peroxide leads to an
increase in the oxide-hydroxide phases of
titanium with the simultaneous reduction of
some oxides of silver to metal.

In each series of samples, as the silver
content increases during doping, the content of
Ti**- states simultaneously increases, which may
indicate the formation of a surface phase with
Ti—O-Ag bonds.

For all series of samples, the maximum
content in samples with 5 %Ag is the content of
Ti**- states, and in samples with 3 %Ag - the
relative content of Ag’ (Figs. 4-5).

Fig. 6 shows the total silver content (Ag/Ti,
wt.) on the surface of TiO,:Ag nanopowders for
various series.

Series 1. In electroexplosive nanopowders,
the total silver content on the surface always
exceeds the mass values specified in the
synthesis. This can be explained by the fact that
silver can form metallic and oxide phases only
on the surface of already formed TiO;
nanoparticles and at the interfaces of
agglomerates due to a significant difference in
ionic radii and lower melting point values.

Series 2. Upon annealing at 300 °C in air,
the Ag/Ti value for the samples TiO:3 %Ag and
TiO2:5 %Ag  (series 2,  Fig.6) increases,
respectively, to 5—7 %, which is the result of the
action of the processes of silver segregation onto
the surface of the agglomerates. According to the
XPS data, after annealing at 300 °C in air, the
main phases on the surface of the nanopowder
are silver oxides.

Series 3. After the action of H,O; and further
annealing in the samples of series 3 (as
compared with samples of series 2), the total
silver content Ag/Ti and, Fig. 6) decreases to 3—
5 % (with a simultaneous increase (Fig. 5) of the
relative content of metallic silver).

That is, a decrease in the value of Ag/Ti t
was recorded and, although the reducing effect
of HO, on Ag,O and AgO should lead to an
increase in Ag/Ti and due to a decrease in the
content of silver oxides with a low desorption
temperature. This can be caused by the



O.M. Korduban, T.V. Kryshchuk, V.O. Kandyba, V.V. Trachevskii

destruction under the action of H»,O, of the
interface in the agglomerates of silver oxides, a
decrease in their size and growth of the specific
surface, and as a consequence, the activation of
oxidation and desorption processes.

Series 4. The largest accumulation of silver
(up to 9-12%) on the surface of TiO::Ag

nanopowders occurs during their contact with
H,0; and annealing in argon (series 4), which is
associated with inhibition of oxidation processes
and, accordingly, desorption. According to the
XPS data, after annealing, in the samples of
series 4, the content of metallic silver in relation
to the oxide phases is maximum (Fig. 5).

\ —&-Ti0,:3% Ag
\ —o-Ti0,:5% Ag

12 4 Ag/Ti, wt.
104
- 8
2
£ 6+
(o)}
<
44
24
0 T T
0 1 2
Fig. 6.
depending on the annealing conditions
With an increase in the annealing

temperature to 450 °C (series 5-6), which is
higher than the desorption temperature of the
Agr,O and AgO oxides (Tgesorp- ~250-350 °C),
regardless of the gas medium, the total silver
content on the surface within a short time sharply
decreases to 2-3 % (Ag/Ti, Fig. 6).

Thus, in the range of annealing of 300-350 °C,
should be expected enrichment of the surface
with silver as a result of segregation processes.
With an increase in the TiO,:Ag annealing
temperature (for example, up to 400450 °C in
order to form the anatase phase), the processes of
desorption of silver oxides should be taken into
account.

In the process of studying the effect of
hydrogen peroxide on electroexplosive TiO»
nanopowders, a change in the direction of redox
processes on their surface was established. Fig. 7
shows the dependence of the phase composition of
the surface of series 7 (Table 2) annealed TiO»
nanopowders on their preliminary treatment with
hydrogen peroxide and the state of the surface.

Table 2. List of samples and annealing conditions

Series,N

The total content of silver Ag/Ti, wt. on the surface of TiO,:3 %Ag and TiO.:5 %Ag nanopowders,

Fig. 7 shows that the state of the surface of
the samples before their contact with hydrogen
peroxide and subsequent annealing in air affects
the ratio of nonequivalent states of titanium.

In the sample TiO, (20), dried and modified
with hydrogen peroxide before annealing,
compared with the initial sample TiO, (19)
increases the content of Ti**- states and Ti*'- states
with E,=458.3 ¢V, which bind to the anatase
phase and decreases the content of Ti*'"- states that
bind to the rutile phase and oxide-hydroxide
phases.

In the sample TiO; (21), the surface of which
before contact with H>O, was hydrated, the
content of Ti**- states decreases, the content of
Ti**- states that bind to the rutile phase becomes
dominant and the content of titanium oxide-
hydroxide phases increases.

Thus, the hydration degree of TiO;
nanopowders treated with hydrogen peroxide
before annealing in air determines the direction
of redox processes on their surface.

Series of samples/ annealing conditions

Number/sample

Series 7
Annealing in air at 450 °C for 45 min

19.TiO; dried sample
20.Ti0, dried sample, H>O, treatment
21.TiO», hydrated sample, H,O» treatment

552
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T|02, annealing 450°C in the air
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Relative integral intensities of Ti2p-line components for TiO, nanopowders of series 7 annealed at 450 °C in

air: sample 19 - dry surface, no treatment before annealing; sample 20 - treatment with hydrogen peroxide
dry surface before annealing; sample 21 - treatment with hydrogen peroxide hydrated surface before

annealing

CONCLUSIONS

According to the XPS data, on the surface of
electroexplosive nanopowders TiO,, TiO;:Ag
titanium is presented by Ti’*- and Ti*'- states,
silver by Ag’-, Ag''- and Ag”- states.

In all the series of samples with increasing
absolute content of Ag simultaneously increases
the contribution of Ti’**- states, which is a
consequence of the lattice distortion due to the
formation of the surface phase with the Ti-O-Ag
bonds.

Annealing at 300 °C in air increases the
contribution to the spectra of Ti*'- states, which
are associated with the anatase phase and the

contribution of Ag''- states. Pretreatment of
samples with hydrogen peroxide before
annealing leads to an increase in the contribution
of oxide-hydroxide phases of titanium and Ag’-
states.

Annealing of the samples at 300 °C in argon
with pretreatment with hydrogen peroxide leads
to an increase in the contribution of the rutile
phase, oxide-hydroxide phases of titanium and
Ag’- states.

The direction of redox processes on the
surface of n-TiO, after the action of H,O, and
subsequent annealing in air depends on the state
of hydration of the initial nanopowders.

Hocaimkennst Merogom P®C nosepxHi HaHonopomkiB TiO2:Ag

O.M. Kopay6an, T.B. Kpumyxk, B.O. Kanau6a, B.B. TpaueBcbkuii

Tuemumym 3azanvhoi ma Heopeaniunoi ximii im. B.I. Beprnaocvkozo Hayionanwvhoi akademii nayk Ykpainu
npocn. Akademixa Ilannaodina, 32/34, Kuis, 03680, Ykpaina, tarkry@ukr.net
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Memooom enekmpuunozo eubyxy nposionuxie (EBII) cunmesosano nanonopowxu n-TiO> ma n-TiOz:Ag.
Jlezysanns HaHONOPOWIKIG 8i00Y8ANOCH NIO YAC BUOYXY MUMAHOB020 OPOMY, HA NOBEPXHIO SIKO20 DYI0 HAHECEeHO wap
Ag>0 6ionogionoi macu. Enepeis eubyxy oopisuweana E = 3.1'E., de E. — enepein cyonimayii memany. Ha ocrogi
CUHME308AHUX HAHONOPOWIKIE chopmosaro meszonopyeami n-TiO; ma n-TiO,:Ag naiexu. Memooom penmeenigcokol
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gomoenekmponnoi cnekmpockonii docniodiceno ¢pazosuti cknad nosepxti xinekox cepiti n-TiO> ma n-TiO:Ag
3paskie npu piznux ymosax sionany. POC-cnexmpu Ti2p- i Ag3d-pienie 6yau posxnadeni memooom I ayca-Hviomona
Ha 38 ’s3aHi Midc c00010 0Jis 6PAXYBAHHS CRIH-OPOIMANILHO20 PO3UjenIeHHsl napu KoMnonenm 2ps;/2p i 3ds;/3ds; 3
napamempamu AE = 5.76 eB; I;/I; = 0.5 ma AE = 6.0 eB; I,/I, = 0.66 sionosiono. B pobomi npueedeni 2icmoepamu
eknaoie komnonenm y Ti2p- ma Ag3d- cnekmpu, aKi 3MiHIOIOMbCA 6 3AN€HCHOCMI 8I0 CIMYNEHs Nle2y8aAHHA MA YMO8
sionany ons 4 cepiti 3pasxie. 3a oanumu P®C na nosepxui EBII - nanonopowrkie n-TiO; ma n-TiOz:Ag muman
npeocmasnenuti Ti**- ma Ti**- cmanamu, cpibno - Ag’-, Ag'*- ma Ag’*- cmamamu. B ycix cepisx 3paskie 3i
36invuennam abconomnozo émicmy Ag oonouacro spocmaec exnad Ti'*- cmanis, wo € HACTIOKOM GUKPUGTEHHA
Ipamku uepes opmyeanus nosepxnesoi gazu 3i 36’ siskom Ti—O—Ag. Bionan npu 300 °C 6 nogimpi npu3600ums 00
spocmanna exnady 6 cnexmpu Ti**- cmanie EssTi2ps, = 458.3 eB ma Ag'™- cmanie. Ilonepedns obpobra 3paskie
nepekucom 800HI0 neped ix GIONANOM NPU3600UMsb 00 30iIbUIEHHS 6KIA0Y OKCUOHO-CIOPOKCUOHUX (a3 Mumany ma
Ag’- cmanis. Bionan spasxie npu 300 °C ¢ apzoni 3 nonepednvoio 06pobKoI0 nepekucom 600HIO NPu3co0uUms 00
36invwenns exnady 6 cnexmpu Ti'*- cmanie 3 E36Ti2ps» = 458.8 eB, okcudno-ziopoxcuonux gaz mumany ma Ag’.
Bcmanosneno, wo nanpamox oxKucHio8anbHO—8I0H06I08ANbHUX npoyecié Ha nosepxui n-Ti0, nicisa 0ii H,O: ma
nooanbulo2o 8i0Nany 8 NOGIMPI 3a1eHCums 8i0 Cmauy 2iopamo8anoCcmi GUXIOHUX HAHONOPOUIKIS.

Knwuosi cnosa: n-TiO; n-TiO:Ag, penmeeniscoka omoeiekmpoHHa CneKmpOoCKOnis, eieKmpuyHuti euoyx
npoGIOHUKIG

HccnenoBanue merogom POC nosepxHocTu HaHonopowmkoB TiO2:Ag
AM. Kopay6an, T.B. Kpumyk, B.A. Kangpi6a, B.B. TpaueBckmii

Hnucmumym obweti u neopeanuueckoti xumuu um. B.1. Bepnadckozo Hayuonanwhoii akademuu Hayxk Yxpaunol
npocn. Akademuxa Ilannaduna, 32/34, Kues, 03680, Yxpauna, tarkry@ukr.net
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Memoodom snexmpuueckozo 83pwiea npoooHukos (IBII) cunmesuposanvt Hanonopowxu n-TiO> u n-TiOz:Ag.
Jlecuposanue HAHONOPOWKOE NPOUCXOOULO NPU E3PbIGE MUMAHOBOU NPOBOLOKU, HA NOBEPXHOCHL KOMOPOU ObLl
Hanecen caou Ag>O coomsemcmsyioweli maccol. DHepeusi e3pvisa bviia pasna E = 3.1'E. 20e E. — suepeus
cyonumayuu memanna. Ha ocnoge cummesuposannvlx HAHONOPOWK08 chopmuposanvl meszonopucmoie n-Ti0» u
n-TiO,:Ag naenxu. Memooom penmeeH08CKOU OMOINEKMPOHHOU CREKMPOCKONUL UCCIe008AH (aA308blil cOCMAs
nosepxnocmu neckonvkux cepuil n-TiO u n-TiO>:Ag 0bpa3yos npu paznuunsix ycaosuax omoicuea. POC- cnekmpul
Ti2p- u Ag3d- yposueii bviiu pasnodxcenvl memooom Iaycca-Hvromona Ha cessannble medcdy cobou 0ns yuema
CRUH-OPOUMANLHO20 pacujeniieHuss napvl Komnowewm 2ps3n/2pip u 3dsp/3ds, ¢ napamempamu AE = 5.76 3B;
1/, = 0.5 u AE = 6.0 3B; 1;,/I, = 0.66 coomsemcmsenno. B pabome npueedenvl cucmoepammol 6K1a008 KOMNOHEHM
6 Ti2p- u Ag3d- cnexmpol, KOMopbie MEHAIOMCA 8 3A6UCUMOCINYU OM CIMENeHU Je2UPOBANUs U YCIOBULL OmaIcU2a O
4 cepuui obpaszyos. I[lo oannvim POC na nosepxnocmu IBII - nanonopowxos TiO» u TiO::Ag muman npedcmasinen
T3t u Ti**- cocmosanusimu, cepebpo Ag’ -, Ag'*- u Ag*" - cocmosnusamu. Bo écex cepusx obpaszyos c yeenuuenuem
abconromnozo codepaicanus Ag oonoepemento sospacmaem exaad Ti* - cocmoanuii, umo aensemcsa ciedcmeuem
uckasiceHusi peuiemku depesz gopmuposanue nogepxnocmuol ¢haszvl co ceazvio Ti-O-Ag. Omorcue npu 300 °C 6
6030yxe npueodum Kk pocmy exnada 6 cnexmpoul Ti'*- cocmosnuii E.Ti2ps» = 458.39B u Ag'*- cocmosanuii.
Ilpeosapumenvras obpabomka o00pa3yo8 nepexucvlo 8000p00d Neped UX OMAHCUSOM NPUBOOUM K YBETUYEHUIO
6K1ada oxcuoHo-2uopoxcudnvix ¢as mumana u Ag’- cocmosnuii. Omocue obpaszyos npu 300 °C 6 apeone c
npedeapumensioti 00pabomroll NEPexKucbio 6000poda NPUEOOUM K yeeaudenuio éxiada 6 cnexmpol Ti'' - cocmosnuil
¢ E.,Ti2ps, =458.8 3B, oxcuono-zudpoxcuonoix @as mumana u Ag’ Ycmanoenemo, umo mnanpasnenue
OKUCTUMENbHO—60CCMAHOBUMENbHBIX npoyeccos Ha nogepxrnocmu n-TiO» nocne Oeticmeust H>O; u Oanvhetiwezo
omaicuea 6 8030yxe 3a6UCUN OM COCMOAHUS 2UOPAMUPOBAHHOCU BLIXOOHBIX HAHONOPOULIKOG.

Knroueswvie cnosa: n-TiO,, n-TiO::Ag, penmeenosckas omosieKmpoHHAs CNeKMpPOCKONUs, 3JIeKMpPUudecKutl
83pbl6 NPOBOOHUKOB

554 ISSN 2079-1704. CPTS 2020. V. 11. N 4



XPS studies of the surface of TiO2:Ag nanopowders

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Ranjan P., Nakagawa S., Suematsu H., Sarathi R. Synthesis and photocatalytic activity of anatase/rutile TiO,
nanoparticles by wire explosion process. INAE Lett. 2018. 3(4): 189.

Zhao Z., Hwang S.H., Jeon S., Hwang B., Jung J.-Yu., Lee J., Park S.-Hu Three-dimensional plasmonic
Ag/TiO; nanocomposite architectures on flexible substrates for visible-light photocatalytic activity. Sci. Rep.
2017.7: 8915.

Diesen V., Jonsson M. Formation of H,O; in TiO, photocatalysis of oxygenated and deoxygenated aqueous
systems: a probe for photocatalytically produced hydroxyl radicals. J. Phys. Chem. C. 2014.118(19): 10083.
Wu Z., Guo K., Cao S., Yao W., Piao L. Synergetic catalysis enhancement between H,O, and TiO, with single-
electron-trapped oxygen vacancy. Nano Res. 2020. 13: 551.

Benkoula S., Sublemontier O., Patanen M., Nicolas C., Sirotti F., Naitabdi A., Gaie-Levrel F., Antonsson E.,
Aureau D., Ouf F.-X., Wada Sh.-1., Etcheberry A., Ueda K., Miron C. Water adsorption on TiO; surfaces
probed by soft X-ray spectroscopies: bulk materials vs. isolated nanoparticles. Sci. Rep. 2015. 5: 15088.

Gogoi D., Namdeo A., Golder A.K., Peela N.R. Ag-doped TiO, photocatalysts with effective charge transfer for
highly efficient hydrogen production through water splitting. Int. J. Hydrogen Energy. 2020. 45(4): 2729.
Shwetharani R., Sakar M., Fernando C.A.N., Binas V., GeethaBalakrishna R. Recent advances and strategies
applied to tailor energy levels, active sites and electron mobility in titania and its doped/composite analogues
for hydrogen evolution in sunlight. Catal. Sci. Technol. 2019. 9(1): 12.

Cao Y., Tan H., Shi T., Tang T., Li J. Preparation of Ag-doped TiO, nanoparticles for photocatalytic
degradation of acetamiprid in water. J. Chem. Technol. Biotechnol. 2008. 83(4): 546.

Shpak A.P., Korduban A.M., Medvedskij M.M., Kandyba V.O. XPS studies of active elements surface of gas
sensors based on WOs-, nanoparticles. J. Electron Spectrosc. Relat. Phenom. 2007. 156-158: 172.

Briggs D., Seach M.P. Practical Surface Analysis by Auger and X-ray Photoelectron Spectroscopy. (Chichester
— New York: John Wiley & Sons Ltd., 1983).

Wagner C.D., Moulder J.F., Davis L.E., Riggs W.M. Handbook of X-ray Photoelectron Spectroscopy. (New
York: Perkin-Elmer Corporation, 1979).

Nefedov V.I. Roentgenoelectronic Spectroscopy of Chemical Compounds. (Moscow: Khimiya, 1984). [in
Russian].

Satoh N., Nakashima T., Kamikura K., Yamamoto K. Quantum size effect in TiO, nanoparticles prepared by
finely controlled metal assembly on dendrimer templates. Nat. Nanotechnol. 2008. 3. 106.

Sikdar S., Pathak S., Ghorai T.K. Aqueous phase photodegradation of rhodamine B and p-nitrophenol
desctruction using titania based nanocomposites. Adv. Mater. Lett. 2015. 6(10): 867.

Wint T.H.M., Smith M.F., Chanlek N., Chen F., Oo T.Z., Songsiriritthigul P. Physical origin of diminishing
photocatalytic efficiency for recycled TiO, nanotubes and Ag-loaded TiO» nanotubes in organic aqueous
solution. Catalysts. 2020. 10(7): 737.

Ferraria A.M., Carapeto A.P., Botelho do Rego A.M. X-ray photoelectron spectroscopy: silver salts revisited.
Vacuum. 2012. 86(12): 1988.

Thomas S., Durand D., Chassenieux C., Jyotishkumar P. Handbook of Biopolymer-Based Materials: From
Blends and Composites to Gels and Complex Networks. (John Wiley & Sons, 2013). P. 61.

Agirseven O., Rivella D.T.Jr., Haggerty J.E.S., Berry P.O., Diffendaffer K., Patterson A., Kreb ],
Mangum J.S., Gorman B.P., Perkins J.D., Chen B.R., Schelhas L.T., Tate J. Crystallization of TiO, polymorphs
from RF-sputtered, amorphous thin-flm precursors. AIP Adv. 2020. 10(2): 025109.

Eremenko A., Smirnova N., Gnatiuk I., Linnik O., Vityuk N., Mukha Y., Korduban A. Silver and Gold
Nanoparticles on Sol-Gel TiO,, ZrO,, SiO, Surfaces: Optical Spectra, Photocatalytic Activity, Bactericide
Properties. In: Nanocomposites and Polymers with Analytical Methods. Chapter 3: Composite Materials. 2011.
P.51.

Linnik O., Petrik I., Smirnova N., Kandyba V., Korduban A.M., Eremenko A., Socol G., Stefan N., Ristoscu C.,
Mihailescu I.N., Sutan C., Viorel M., Djokic V., Janackovic D. TiO,/ZrO; thin films synthesized by PLD in low
pressure N-, C- and/or O-containing gases: structural, optical and photocatalytic properties. Digest Journal of
Nanomaterials and Biostructures. 2012. 7(3): 1343.

Received 02.11.2020, accepted 25.11.2020

ISSN 2079-1704. CPTS 2020. V. 11. N 4 555




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


