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ACETONE VAPOR SENSORS BASED
ON TIN DIOXIDE DOPED BY Au NANOPARTICLES

The effect of nano-sized gold particles on the adsorption-sensitive properties of SnO2—Au sen-
sors under the detection of acetone vapors has been studied. Different techniques for the prepa-
ration of SnO2—Au nanocomposites with an average Au particle size of 2 nm were applied. It
has been found that a fivefold increase in the sensor response to acetone vapors and threshold
sensitivity (Cim) of 0.1 ppm are achieved by adding gold to tin diozide in the colloidal form
during synthesis. While adding gold in ion form (Aw (III)) leads to a growth of the sensor
response to acetone vapors by 2.7 times and defines Cum of 0.2 ppm. The slope of the cal-
ibration curves of the SnO2—-Au sensors allows registering acetone vapors at concentrations
ranging from Cim to 5 ppm. This concentration range can be used for the express diagnostics
in diabetes. The enhanced sensitivity of SnO2—-Au sensors to acetone vapors can be explained
by an increase in the adsorption-catalytic activity of tin ions as a result of the modifying effect
of sulfate groups and the envolving of highly dispersed gold in the adsorption — catalytic process
of oxidation of acetone molecules.
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1. Introduction

To diagnose various diseases and to monitor the
health status of patients with certain chronic illnesses,
different methods to identify markers (substances ac-
companying these diseases in the human body) are
used [1,2]. In particular, the possibilities of determin-
ing some markers in human exhale in dental diseases
and diabetes are being widely studied [3, 4]. Many of
these biomarker substances are present in the exhale
of a healthy person, but their concentration increases
in the case of a disease.

When diagnosing diabetes, acetone vapors are de-
termined in the exhale of a person, since the concen-
tration of other substances is considerably lower. Dif-
ferent methods of determination of acetone vapors are
being developed. In recent years, along with the most
common method of chromatography [gas chromatog-
raphy with a plasma photometric detector (PPD)],
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intensive work is underway to establish the possibil-
ity to determine acetone vapors using sensors [5]. Me-
tal oxide resistive sensors are predominantly studied
among different types of sensors [5]. An intensive ex-
perimental work has been carried out to test different
metal oxide materials as acetone sensors [5, 6]. The
interest in these type of sensors is caused by the
fact that this might be a new area of their appli-
cation. The research being carried out should show
how this direction will be applicable in the practice
of express diagnostics.

The search for promising materials for acetone va-
por sensors appeared mainly empirically. Different
types of oxide materials doped with activating addi-
tives have been tested [5-7]. It was shown that the
most promising are WO3- and ZnO-based materi-
als. However, other semiconducting metal oxides may
also be applicable. SnOs is a traditional and widely
used material in the production of gas sensors for
toxic and flammable gases. It is suitable for the ma-
chine technology of sensor manufacturing. Tin diox-
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ide is characterized by high thermal and chemical sta-
bilities and has a wide band gap of 3.6 eV. The gas
sensitivity of SnOs-based sensors is significantly im-
proved, when doped with different additives [8,9].

Nano-sized oxide materials are used for acetone
sensors. Different methods for the synthesis of nano-
sized metal oxides have been developed. This allows
one to obtain particles with different morphology:
rods, bars, sticks, threads, fibers, tubes, thin sheets
and strips, flowers, petals, porous structures, etc.
All these anisotropic particles with the size ranging
from 120-500 nm to 1-2 pm consist of small isotropic
particles, the diameter of which corresponds to the
nanometer range (less than 100 nm). Various organic
additives are used in the synthesis of anisotropic
nanoparticles of metal oxides (citrate ions, dimethyl-
formamide, pluronic, PVP, surfactants). Such synthe-
ses are carried out in an ethanol/HyO mixture by
the template or carbon-thermal method. The pres-
ence of C-containing substances not only promotes
the growth of particles of a given shape, but also
contributes to the formation of an oxide structure
with a high concentration of structural defects. Par-
tial reduction of oxides leads to the formation of
oxygen vacancies and ions with a lower than the
main oxidation state. In addition, the synthesis with
carbon-containing additives promotes the formation
of metastable phases of metal oxides (WOj3, InyO3,
ZnO), which may have the adsorption and conduc-
tive properties different from that of the stable phases
[5-7]. However, the influence of these factors remains
poorly studied. It is known that the highest sensi-
tivity threshold (0.007-0.067 ppm) to acetone vapors
is achieved by doping SnOs with carbon and nitro-
gen [8,9].

In the synthesis of SnO2 materials for acetone sen-
sors, SnCly and SnCl; are most often used as precur-
sors. Although it is known that the use of other tin
salts makes it possible to exclude the negative effect
of chloride ion impurities on the adsorption-catalytic
properties of SnOs-sensors. The modifying effect of
sulfate ions on the surface state of different metal
oxides is known. Sulfate ions improve their catalytic
properties in oxidation reactions [10-13].

This work is aimed at the study of the effect of
the nano-sized gold particles on the gas sensitivity of
the SnOs—Au nanocomposites to acetone vapors. A
distinctive feature of the studied SnO>—Au nanocom-
posites is that both components (SnOs, Au) are nano-
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sized. Tin dioxide was synthesized via SnSO, as a
starting material according to the previously devel-
oped technique that allows one to obtain nano-sized
tin dioxide particles with surface modified by sulfate
groups [11].

2. Materials and Experiments
2.1. Methods of synthesis

Tin dioxide (SnO3) was synthesized by the sol-gel
method via SnSOy4 salt. The synthesis technique in-
cludes a preliminary treatment of SnSO,4 (20 g) with
20 ml of HySOy4 (98 wt.%) under the heating at 200 °C
for 10 min. At the end of the reaction, the solution
was diluted with distilled water up to 200 ml. Then
the ammonia solution (5 vol.%) was added drop-
wise until pH 8 was reached. The obtained precipitate
was separated by a the centrifugation and washed 3
times with distilled water. Next, 50 ml of distilled
water and 0.1 ml of sulfuric acid (98 wt.%) were
added to the precipitate. The suspension was ultra-
sonicated (f = 22 kHz, P = 130 W) for 2 minutes
and SnOs - nH50 sol was prepared. According to the
TEM analysis, after the heating, SnOs - nH>O xero-
gel at 600 °C, SnO5 powder was obtained with a nar-
row particle size distribution and the average diame-
ter d ~ 5.5 nm [10-12].

The SnOs—Au nanocomposites were obtained by
adding the colloid solution of gold or HAuCly solution
into SnOs - nH50 sol in the quantity corresponding to
0.15 at.% of Au relative to SnOs. The formation of
SnOs—Au nanocomposite occurs under the thermal
treatment of hydroxylated amorphous tin oxide con-
taining nano-sized Au particles or Au ions, respec-
tively.

To obtain the colloidal solution of gold, AuCl; ions
were reduced by sodium borohydride in the presence
of 5-(2-mercaptoethyl) tetrazole stabilizer [14]. The
size of Au particles in a colloidal solution was 1.9 +
4+ 0.1 nm. Au particles retain their size, when added
to SnOs—Au nanocomposite. The sample obtained
with the use of the gold colloidal solution is denoted
as SnOy-Au.

No gold particles were detected by the TEM me-
thod in SnO2—Au nanocomposites obtained by adding
Au (ITT) into the SnOg-nH20 sol. This can be ex-
plained by both the small size and the specific mor-
phology of the gold particles. According to the XPS
data presented below, the gold content on the sur-
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Fig. 1. Photographs of the sensor (@) and sensing element of
SnO2 (b) and SnO2-Au'll (¢)

face of this sample is 5 times lower than the amount
added into the sol during the synthesis and consti-
tutes 0.03 at.%. This result may indicate the encap-
sulation of Au particles with tin dioxide under condi-
tions of joint formation of the SnOs—Au nanocompos-
ite from a colloidal solution of SnOs - nH,O + Au!!
during thermal dehydration. The optical spectrum of
such composite allows us to suggest that the gold par-
ticles are about 2 nm in size. This sample is denoted
as SnOy—Au''! (see Tabl. 1).

2.2. Methods of characterization

The samples were characterized by the transmis-
sion electron microscopy (TEM), infrared (IR) spec-

Table 1. The samples studied in this paper

Sensu}g Au stat Stabilizer c.)f Au day, nm
material nanoparticles
SnO2 - - -
SnO2-Au’ Nanoparticles | 5-(2-mercapto- 1.94+0.1
ethyl)-tetrazole
SnOz-Aul!! HAuCly - ~2
218

troscopy, X-ray photoelectron spectroscopy (XPS),
and UV-Vis spectroscopy. The grain size distribu-
tion was ascertained on a LEO-906E transmission
electron microscope. The IR-spectra were recorded
on an AVATAR-330 (Thermo Nicolet) spectrometer
equipped with a Smart Diffuse Reflectance acces-
sory in the wavelength range of 400-4000 cm™!. The
XPS spectra were measured from the surface of
the original samples. XPS signals were recorded
by using a Thermo Scientific K-Alpha XPS sys-
tem (Thermo Fisher Scientific Inc., UK) equipped
with a microfocused monochromatic Al Ka X-ray
source (1486.68 eV). UV-Vis absorption spectra were
recorded by using a Shimadzu UV-2550 spectro-
photometer.

2.3. Manufacturing the sensors
and measuring their characteristics

To manufacture the sensing elements, the SnOy and
SnO2—Au powders were ground thoroughly in ethanol
to obtain the corresponding pastes. The pastes were
used to form thick-film layers on microplatforms for
sensors. The general view of the sensor and sensing
element is depicted in Fig. 1. The thickness of the
sensitive layer was about 150 pm.

The standard microplatforms made of aluminium
oxide substrates with platinum heater and measuring
electrodes were used. The microplatform width was
1.6 mm, and the thickness was 0.25 mm. The sens-
ing elements were mounted in a standard casing (see
Fig. 1, a). The resistance of the sensors in wet air (Ry)
and standard acetone-air mixtures (R;) were mea-
sured in a constant voltage mode. The temperature-
dependent responses of the sensors were mainly ac-
quired at 50 ppm of acetone vapors.

3. Results and Discussionl
3.1. Gas-sensing properties

The dependence of the sensor response on the work-
ing temperature, when detecting 50 ppm acetone
vapors, are presented in Fig. 2. Adding gold into
the nanocomposites leads to a significant growth of
the output signal of the SnOs-based sensors. The re-
sponse increases by 5 times in the case of SnOy—Au®
sensors and by 2.7 times in the case of SnOy-Au!
sensors in comparison with SnOg sensors. The opti-
mal temperature interval for the detection of acetone
vapors is at higher temperature for sensors contain-
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Fig. 2. The sensor response vs working temperature graphs of

the SnO2, SnO2—Au!, and SnO2-Au® sensors under detection
of acetone vapors (50 ppm)

ing gold particles. Effective acetone detection is ob-
served for these sensors in the interval from 300 to
390 °C with a maximum at 340-370 °C. The wide
temperature interval of the acetone vapors detection
might indicate the implementation of an additional
and more efficient detection mechanism on the sur-
face of the SnOs—Au sensors in comparison with the
SnO, sensor.

Dynamic parameters can indicate different mecha-
nisms of acetone detection by SnOs—Au® sensor. Fi-
gure 3 shows the dependences of the sensor responses
to 10 ppm of acetone vapors vs time. The response
time measured for SnOs—Au sensors is short enough
(36 s). Recovery to 70% of initial parameters of
SnO,-Au® sensors, after the end of the gas sup-
ply, occurs quickly, and then it slows down and be-
comes as slow as for SnOs sensors. This may in-
dicate the difficulty in the desorption of acetone
molecules or products of its oxidation. The changes
in the electrical characteristics of SnO;—Au® sen-
sors can be described by two of the known mech-
anisms: the direct adsorption-desorption of volatile
organic compounds on the SnOs surface |7, 15] and
oxidation-reduction, the so-called “oxygen vacancy
model” [16]. It was found that acetone molecules
are adsorbed at the SnOs surface on tin ions by
the oxygen of the carbonyl group with the trans-
fer of electron density to the oxide [15, 17]. The in-
termediate and final products of the adsorption of
ketones on oxides have been studied in [18]. Sur-
face acetate is the most common product of the
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Fig. 3. Dynamic characteristics of the SnO2 (a), SnOo—Aull!
(b), and SnO2-Au® (c) sensors under detection of acetone va-
pors (10 ppm)

chemisorption of ketones on the surfaces of oxides at
350 °C [17,19].

The study of sensors for the determination of low
concentrations of acetone vapors (less than 5 ppm)
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Table 2. The samples studied in this paper

Sample Au, at%, BE, eV a =BE Sn 3d5/; BE, eV S-0 (IR)
(XPS) Audfs ) KE Sn MNN (XPS) S 2p
SnO2-Au’ 0.12 84.0 (Au?) SnO2, Sn?*, impurity 169.3 SO2™, bident
0.15 at% [SnO5Vo) So3~ SOZ2~, monodent
SnOo-Au!l 0.03 83.9 (AuP) SnO, 169.3 SO2™, bident
0.15 at% 84.9 (AutAuy,) So2-
—a— 500, SnOz-Au® and SnO,-Au™ nanocomposites are pre-
139 —o—sn0,-Au0) sented in Table 2. Some results on the study of sam-
—a— S$n0_-Au(lll) ples by the XPS, Auger, and IR spectroscopy methods
are also presented.
i According to the XPS data, the gold content on
the surface of the SnOs—Au samples is different. The
2 amount of 0.12 at.% was found in SnOy-Au’ sam-
<] ple and 0.03 at.% — in SnOs—Au'! sample. The Au

0 1 2 3 4
C, ppm

Fig. 4. Dependences of the response of SnO2, SnO2-Au?, and
SnOs—AuM! sensors on the concentration of acetone vapors

deserves a special attention. This interval can be used
for the express diagnosis of diabetes. As is known,
the acetone content is 0.3-0.9 ppm in the exhale of
a healthy person. The acetone concentration in the
exhale may grow up to 1.8-5.0 ppm for a person with
diabetes. Figure 4 shows the dependences of the re-
sponse of sensors on the concentration of acetone va-
pors. The slopes of the the curves for SnOs—Au sen-
sors allow one to distinguish between small changes
in the acetone vapor concentration from a minimal
detectable value up to 5 ppm. The SnO5, sensors do
not possess such ability.

3.2. Structural features

A significant difference in the properties of the SnOo—
Au® and SnOs—Au™ sensors is observed. The struc-
tural features of these nanocomposites are considered
to explain the differences in the properties of the sen-
sors. The structural characteristics of these nanocom-
posites were studied in details in our previous work
[12]. The states of Au and the surface of SnOy in
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4f and Au 3d lines in the spectra of SnOy-Au’
and SnO,-Au'! samples have low intensity and large
width (FWHM 3d5 /5 ~ 4 eV), which is a result of the
small size of gold particles. The shape of the Au4f7 /o
and Au 4d;s/; lines with the maxima at 84.04 0.1 and
335.240.1 eV indicates the occurrence of the Au’
state in the SnOy-Au sample. In the XPS spectrum
of SnOs-Au'! sample, the Au 4ds /5 line is hardly
distinguishable, whereas two Au 4f7/, low-intensity
peaks with BE = 83.9 and 84.9 €V are registered. The
first peak corresponds to the Au® state. The second
one can be attributed to Au® state [20]. Thermal
treatment at 600 °C should have evoked the complete
transformation of Au'" ions to the metal state of gold
(Au®). However, this conversion might be hindered in
SnOs - nH,0 + Au''! amorphous system, by resulting
in the stabilization of the partially oxidized state of
gold on the surface of gold clusters — (Au,,)Au™.

A slight shift in the position of the maximum of the
Sn 3ds, line at 487.3 £ 0.1 eV toward lower binding
energies in the spectrum of SnOs—Aug sample may
be caused by imperfections of its structure caused by
the appearance of oxygen vacancies [SnO5Vy] in the
environment of tin cations [21]. A large oxygen defi-
ciency may cause the appearance of Sn?* cations in
the SnOs structure [22].

The modified Sn Auger parameter (o =BE Sn
3dss2 + KE Sn MNN AES) [20] is a more reliable
indicator of tin state. The measured value of this pa-
rameter indicates the occurrence of SnOy phase in
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Table 3. Comparison of the properties of some acetone sensors

Material Morphology CLim, Temp. G = Ro/Rg, Type of sensor Ref.
ppm °C 50 ppm
SnO2 *NP, dsno, = 4-6 nm 0.5 320 6 Planar electrode This
substrate paper
SnO2—-Au NP, dsy0, = 4-6 nm 0.1 340 30 Planar electrode Same
day = 1.9 nm substrate
SnOo-Au!ll NP, dsno0, = 4-6 nm 0.2 340 16 Planar electrode ”
dAw = 2 nm substrate
SnO» Multichannel **NFs 310 11.4 Alumina [27]
d = 150-250 nm substrate
SnO» Hollow micro-spheres - 280 - Ceramic tube (28]
600-900 nm
AufsnO2 dSn02 = 20-50 nm 5 220 30
SnO2 NFs d = 150 nm - 200 6 Planar electrode [29]
Rh—-SnOs dsno, = 6-10 nm 200 60 substrate
SnOa9 NFs d = 120-150 nm 5 200 4 Planar electrode [30]
Ru—SnOs dsno, = 6-9 nm 0.5 200 40 substrate
SnOs2 Nanospheres, 290 12 Ceramic tube [30]
Au/SnO2 dsno, = 7-12 nm, 5 280 71
Pd/SnO2 daw = 3-10 nm - 250 42
PdAu/SnO2 0.1 250 109

*NP — nanoparticles; **NFs — nanofibers.

Sn0; and SnOy-Au'™ samples. In addition, this does
not exclude Sn?t admixture occurred in SnOs-Au’
sample.

The S 2p peak with BE~/169.3 eV attributed to
SO?[ ion is registered in the XPS spectra of the sam-
ples [23]. The sulphur content was estimated on the
surface of the samples to be 2.7-3.1 at.%.

IR spectroscopic data confirm the presence of
SO,-groups in the samples. Bidentate bound sulfate
groups SO~ predominate [24]. The line at 820 cm™—*
in the spectrum of SnOy-Au® sample can be an at-
tribute of the monodentate O-coordinated SO3 group
on SnO, surface. Annealing the samples at 600 °C
also promotes the formation of sulfate groups on the
surface of tin dioxide.

The presence of sulfate-sulfite groups in the sam-
ples can be explained by the adsorption of SOs on
SnOs surface. Sulphate ions, included in SnOs - nH,O
sol from precursors (SnSO4, HsSO4), are source
of SO,. In the case of SnOy-Au’ sample, the S-
containing stabilizer of Au colloidal particles 5-(2-
mercaptoethyl)tetrazole is an additional source of
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SOs. Thermal destruction of this substance occurs
in stages [25]. A large amount of gaseous products
is formed as a result of the destruction of the tetra-
zole ring. Sulfur removal occurs at the last stage
(500-600 °C). These factors have a significant ef-
fect on the formation of the crystal structure and
surface of Au and SnOs particles from amorphous
SnOs - nH>O xerogel. These factors also explain the
appearance of structural defects, primarily oxygen
vacancies and Sn’t cations in the SnOs—Au® sam-
ple, since structural oxygen from SnOs-nH;O and
SnOs can take part in the oxidation of the stabi-
lizer of Au colloidal particles. Disordered fragments
of the tin dioxide structure (Sn,Os,—1) and the
Au/Sn, Oy,_1 boundaries can act as oxygen activa-
tion centers.

It is known [13,26] that the adsorbed forms of SO,
change the nature of active centers on the surface
of metal oxides. They increase the strength of Lewis
acid sites (surface metal ions) due to the induction
effect. The induction effect consists in a shift of the

electron density from tin cations by SO5 molecules.

221




E. Ovodok, V. Kormosh, V. Bilanych et al.

Thus, two factors — the defectiveness of the SnO5_,
structure and the presence of adsorbed forms of SO9
allows explaining the high sensitivity of SnOs—Au®
sensors to acetone vapors. The higher response of the
SnO,-Au® sensors as compared to the SnOs—Au'
sensors is explained by the high defectiveness of the
SnO, surface and the high concentration of Au on
their surface.

Table 3 shows some parameters of the sensors stud-
ied in this work in comparison with other SnOs sen-
sors. In the selected tin dioxide sensors, the synthe-
sis of the sensitive material was carried out, by us-
ing carbon-containing organic substances and poly-
mers. The sensors based on SnO, without dopants
and doped with Au are discussed in [27,28]. For com-
parison, SnOs sensors doped with Ru or Rh [29, 30]
are considered. Ruthenium, like gold, is a catalyst
for the partial oxidation of organic substances. The
catalytic activity of rhodium is poorly studied. The
PdAu/SnO; sensor with a bimetallic additive is char-
acterized by the highest sensitivity threshold to ace-
tone vapors among the SnOs sensors doped with no-
ble metals [31].

The SnOs—Au nanocomposites investigated in this
work differ from the materials listed in Table 3 by the
smallest sizes of SnOs and Au particles, as well as by
a low concentration of gold. However, they are highly
sensitive to low concentrations of acetone vapors. The
threshold sensitivity of SnOs—Aug sensors is compa-
rable to that of PdAu/SnOy sensor. This bimetallic
sensor is characterized by a synergistic effect that
increases their sensitivity. Other sensors (Au-SnOs;
Au/SnOs2; Rh-SnOs; Ru-Sn0s) have a lower thresh-
old sensitivity to acetone.

The response of SnOy-Au® sensor is comparable or
less than that of other Au—SnO, sensors when de-
tecting 50 ppm acetone. This can be explained by
the lower content of Au (0.15 at% or 0.2 wt%.)
in SnO,-Au’ than in other sensors with higher re-
sponse — Au/SnO3, PdAu/SnOy (0.9507%) [30], Rh—
SnO2 (0.5 mol. % Rh) [30], Ru-SnOz (2 mol.%
Ru) [31].

4. Conclusions

The addition of colloidal gold with a particle size of
1.940.1 nm, stabilized by 5-(2-mercaptoethyl) tetra-
zole, into the SnOs - nH5 O sol enhances the sensitivity
of the SnOs—Au® sensors to low concentrations of ace-
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tone vapors. The threshold sensitivity of SnOy—Au®
sensors to acetone is 0.1 ppm.

The slopes of the concentration curves of SnOo—
Au® sensors allow one to detect acetone concentra-
tions in the interval from 0.1 ppm to 5 ppm, which is
necessary for the express diagnosis of diabetes.

The high sensitivity of SnOs—Au sensors to ace-
tone vapors is due to the effect of SO, groups on the
adsorption activity of SnOs surface and the evolving
of highly dispersed Au in the process of oxidation of
acetone molecules.
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of an international Ukrainian—Belarusian grant (Be-
larusian RFFR grants No. X21UKRG-002), Him-
reagent 2021-2025 No. 2.1.04.02.
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HATIIBIIPOBLIHUKOBI OKCUIU

METAJIIB, JIETOBAHI HAHOUYACTUHKAMU
30JI0TA, JIJIsI BUKOPUCTAHHS

B F'A3BOBUX CEHCOPAX AIIETOHY

JocitiizKeHO BIIMB HAHOPO3MIPDHHX YACTHHOK 30JI0Ta Ha -
COpOIiiHO-1yTIUB] BJIacTUBOCTI ceHcopiB Ha ocHOBI SnOz—Au
IIPH JIeTEKTYBAHHI IMapiB areTony. Bynn Bukopucrasi pisai Me-
TOJM TPUTOTYyBaHHA HaHOKOMIO3uTiB SnO2-Au i3 cepemmim
po3mipom wactuHOK Au 2 HM. BeraHoBieHo, mo n’stTukpaTtHe
30iabIIeHHs BiATyKy CEHCOpa Ha Iapy alleTOHY Ta IIOPOroBa
qytiusictb (Clim) 0,1 ppm JocaraioTbes Ipy JA0IaBaHHI 30710~
Ta 10 JIOKCHIY OJIOBa B KOJIOImHIiM popmi B mporeci cuHTE3Yy.
Honasanusa 3osora B ionniit dopmi (Au(IIl)) npusogurs mo
3017bIIEHHS BIATyKY CEHCOpa Ha IIapy aleToHy B 2,7 pa3u i Bu-
3na4da€ Cliy, 0,2 ppm. Haxun rpajyroBaibHUX KPUBUX CEHCO-
piB SnO2—Au [103BoJIsIE pEECTPYBATH IAPH AIIETOHY B Iiana3oHi
koHueHTpariit Big Cliy, 10 5 ppm. Ileit niana3on KoHIEeHTpAIiN
MOKHa BHKODHUCTOBYBATH JJIsi €KCIIPEC-JiarHOCTUKH I[yKPO-
poro giabery. Ilinsumieny uayriusictb SnO2—Au-ceHCOpiB 10
napiB alleTOHY MOKHA MOSICHUTHU MiJIBUINEHHSM aJcopOIiiiHo-
KaTaJITUIHOI aKTUBHOCTI 10HIB 0JI0Ba B pe3yJsibTaTi MOAudiKy-
04901 ail cysnbdaTHUX I'Pyn Ta 3ajydeHHsI BHCOKOJUCIEPCHO-
ro 30J10Ta JI0 aJCOPOLitHO-KATAJITUIHOTO IIPOIECY OKHCIEHHS
MOJIEKYJI aIl€TOHY.

Karwwoei caoesa: SnO2, HAHOYACTUHKH 30JI0TA, CEHCOPU
alEeToHY.
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