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a b s t r a c t
The copper-containing SiO2 CuOx and SiO2 (CuOx SnOy ) ﬁlms were deposited on to oxidized silicon substrates from the alcoholic solutions employing the sol-gel technique. The morphological and structural
properties of the ﬁlms were investigated by the SEM, EDX, XRD, XPS, XAS. The SEM studies have found
grain shape changes from ﬂower-like agglomerates to regular shaped inorganic ones as a result of adding
the SnCl4 into the sol. So, the tin adding prevents the formation of the ﬂow-like agglomerates. In accordance with XPS data, CuO, CuO2 and CuSiO3 phases present in the both samples. Adding of the tin
decreases the content of CuO2 and increases CuSiO3 on the surface and in volume of the ﬁlms. The
mixed-oxide crystallites are formed in SiO2 CuOx and in SiO2 (CuOx SnOy ) grains consist of copper- oxides
and SnO2 . Presence of tin oxide particles in the ﬁlms decreases the response to NO2 gas, but at the same
time expands the range of detectable concentrations.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
In recent years, developing ways of tuning the structure of materials on speciﬁc morphologies have been one of the most important
goals of materials science. One of the main problems in the synthesis of gas adsorbent and catalytically active nanocomposites is
to increase and develop the surface of active sorbent center [1,2].
In metal-oxide containing nanocomposites, metal-oxide crystallites/nanoparticles often play the role of the adsorption centers
and their adsorption activity depends on the size, shape, structure
and the oxidation state [3–5]. The morphology and phase-structure
composition of nano- microcrystals as well as composition and
morphological details of matrix have great effects on electrical and
adsorption properties of the resulting composites and ﬁlms based
on them [6–8]. The reason of this is that gas-sensing by metal-oxide
semiconductors is based on the oxidation–reduction reaction of
the detected gases occurring on the semiconductor surface, which
leads to an abrupt change in conductance of the sensor. Besides,
the inﬂuence of the matrix surface in directing the nano-unit
nucleation and subsequent organization of metal oxide nanoparticals/microcrystals is observed [9]. Thus, controlled synthesis of
inorganic nanostructures in terms of size and shape strongly motivated by their size and shape dependent gas adsorption and
catalytically properties [10,11]. Copper oxides are capable to formation of variety nanostructures with wide range of active surface,
from cubes [12], octahedrons [13] and rhombic-dodecahedrons
[14] to stars [15], ﬂower-shaped [16] etc. Furthermore, copper and
tin oxides arouse a tremendous interest toward its gas sensing
properties due to signiﬁcant changes of the surface electrical conductivity because of chemisorption and catalytic reactions in the
presence of even low concentration of CO, SO2 , NO2 , etc. [6,17,18].
http://dx.doi.org/10.1016/j.apsusc.2016.02.245
0169-4332/© 2016 Elsevier B.V. All rights reserved.

Bi-component compounds often exhibits better properties (i.e., catalytic activity, electrochemical reactivity and mechanical stability)
in comparison with the single ones owing to the bi-component
composite integrating two types of functional materials [19]. Particular emphasis is placed on the mixed Sn-Cu alloys and SnOx :CuOx
composites since in depends on Cu:Sn interaction allows produce
materials with different surface morphology as well as crystallites
structure and as consequence electrical and adsorption properties
[20,21].
The next important issue is possible oxidation states for copper
in the embedded microcrystals. In fact, copper forms two stable
semiconducting oxides, tenorite (CuO) and cuprite (Cu2 O), and both
can be prepared as embedded NPs/microcrystals in silica matrix
by various chemical and physical methods [22,23]. Conversely, the
formation of single-phase metallic NPs/microcrystals in silica is not
straightforward and has to be pursued by a proper combination of
synthesis parameters and processing conditions.
This task is complicated by the embedding into the silicon
matrix bi-component compounds, like SnOx :CuOx . Consequently,
beyond the control of copper-containing crystallites size and distribution, the tailoring of the guest copper-phase composition in the
host silica matrix constitutes a major concern. Previous our works
reports the changes of morphological and structural characteristics
of SiO2 CuOx ﬁlms in depending on different copper concentrations
in the initial solution [24].
The aim of this work is to compare the morphology, atomic and
electronic structure both SiO2 CuOх and SiO2 (CuOx SnOy ) ﬁlms synthesized at the same amount Cu and addition Sn into the sol, to
elucidate chemical state and the nature chemical bonding of Cu
and Sn at surface and in volume of ﬁlms during the formation of
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samples and preliminary to estimate they inﬂuence on sensitivity
to NO2 .

2. Materials and experimental methods
2.1. Films preparation
A sol for fabrication of the SiO2 CuOx thin ﬁlm was prepared from
the alcoholic solutions on the basis of tetraethoxysisilane with the
addition of Cu(NO3 )2 in an Cu amount of 5 wt.% [25]. Sol of the
Cu/Sn precursor was obtained by the adding of SnCl4 in an amount
of 3 wt.% of Sn to previous solution. The precursors were deposited
on to oxidized silicon substrates by spin coating technique in seven
days after preparation. The ﬁlms prepared by the technique as the
result of this procedure were ﬁrst dried at 150 ◦ C for 2 h and then
annealed at 500 ◦ C for 5 h in air. Thickness of the annealed ﬁlms
was estimated by an elipsometry and SEM methods to be ∼0.2 m
at the bottom of the porous and ∼1.5 m as whole layer for the spin
coater rotating speed of 3000 rpm for 30 s.

ing incidence geometry (∼5◦ to the incident X-ray beam) in order
to enhance the detection efﬁciency.
2.3. Gas sensitive property test
The electrical and gas sensitivity tests were carried out in
the calibration test bench equipped with a heating element [27].
The calibration test bench included a gas chamber (V = 1 dm3 ), a
data-collection system RL-88AC (an analog-digital, digital-analog
converter with the RealLab software). The sensor element was set
on the heater inside the gas chamber. The RL-88AC data-collection
system controlled the resistance by a resistance-voltage converter.
The gas-sensitive characteristics of the ﬁlms were tested to NO2
inputs. The magnitude of the response was deﬁned as the change
in resistance of the sample on exposure to gas. The gas sensing
response (S) was calculated with the formula [28]: S = (Ra − Rg)/Rg,
where Ra is the resistance of the sensing element in air, Rg is the
resistance of the sensing element in a given target gas.
3. Results and discussion

2.2. Films characterization

3.1. Morphology, structure and composition

Surface morphological study of the deposited ﬁlm samples was
carried out using a scanning electron microscopy (LEO 1560, ZEISS)
with operating voltage at 5 kV. Silicon substrate, coating interface
and location of crystallites was studied from the cross sectional
samples. The chemical analysis of the ﬁlms was investigated using
an energy dispersive X-ray (EDX) analyzer (Oxford Instruments).
All measurements were carried out using complex analytic device
based on scanning electron microscope VEGA II LMU with operating voltage at 20 kV and system of the microanalysis INCA ENERGY
450/XT with X-Act DDD detector. The statistical parameters of the
surface morphology, namely the mean-average roughness, were
estimated using Image Analysis software [26].
X-ray diffraction (XRD) phase analysis was performed with an
ARL X’TRA diffractometer, the X-ray source used Cu K␣ radiation
( = 1.5418 Å). All scans were made in the grazing incidence mode,
with incidence angles  of 2 or 3◦ .
Complementary, the bonding structure with element sensitivity
to Cu, Sn and O as well as the local environment of Cu ions was studied by the XPS (X-ray photoelectron spectroscopy), NEXAFS (Near
edge X-ray absorption ﬁne structure) and XANES (X-ray absorption near edge structure) spectroscopies using soft X-rays at the
Russian-German Laboratory (RGL) and hard X-rays at the beamline KMC-2 of BESSY II synchrotron radiation facility (Germany,
Berlin). The XPS spectra of SiO2 CuOx and SiO2 (CuOx SnOy ) ﬁlms
were measured in the normal photoemission registration mode by
using the Phoibos 150 spherical analyzer from Specs at the energy
of monochromatized synchrotron radiation equals to 1030 eV, with
energy resolution of 0.2 eV and probing depth of a ∼5 Å. Deconvolution of the Cu 2p3/2 , Sn 3d5/2 , O 1s XPS peaks was performed with
XPSPEAK software, using the Gaussian/Lorenzian sum function and
a Shirley base line as the background for each peak.
Cu L-edge NEXAFS spectra with photon energy resolution at
0.1 eV were recorded in the total electron yield detection mode
(TEY) measuring the photocurrent emitted from the specimen surface with a typical probing depth of ∼50 Å. The samples were
located at the angle of 45◦ with respect to the incident beam
of monochromatic radiation. The size of the focused spot on
the sample was ∼0.1 × 0.1 mm2 . The Cu K-edge XANES spectra
were measured in ﬂuorescence mode using double-crystal Si1-x Gex
(1 1 1) monochromator. Pre-edge features were collected using
0.3 eV steps whereas the main edge jump was collected with 0.7 eV
till 240 eV above the absorption edge. Samples were set up at graz-

SEM technique was used to examine the surface of the ﬁlms
(Fig. 1) and the analyses indicated that there were large differences
in microstructure between both types of samples. The surface of
the SiO2 CuOx ﬁlm has evenly porous structure (Fig. 1a), formed by
a silica matrix with pores of average diameter ∼8 m. Formation of
the copper oxide ﬂower-like agglomerates are clearly visible both
on the surface of the silica matrix (see example in inset of Fig. 1a)
and embedded within pores (Fig. 1c). As one can see the agglomerates have spherical shape ﬂower-like structure with diameter in
the range of 0.7–1.0 m composed of many interconnected copper
oxides crystallites with the size of 30–50 nm (Fig. 1b). Such ﬂowerlike agglomerates increase the total surface area of the ﬁlms and
play role of the adsorption centers.
Fig. 1(d–f) demonstrate the effect of addition small amount
(3 wt.%) of Sn into cooper-containing sol, that results in changing
of surface morphology of ﬁlms as well as shape and size of crystallites. The silica matrix of tin-containing ﬁlms SiO2 (CuOx SnOy )
has smooth, more densiﬁed morphology with pores in the range
of 1.0–12 m (Fig. 1d). The ﬁlms reveal a large number well separated grains, with sizes in the range of 150–500 nm (Fig. 1d inset,
e). Formed crystallites mainly accumulated inside of the pores
(Fig. 1d). As one can see on Fig. 1f on the bottom of pores there
are, supposedly, copper-containing structures (dark-grey color)
and SnOy particles (light-grey color). Also, the SEM images of the
cross-section SiO2 CuOx and SiO2 (CuOx SnOy ) shows interfaces of
the ﬁlms: composite layer/SiO2 /Si substrate. The thickness of the
composite layer can be estimated as ∼0.2–1.5 m (inside the pores
and a full layer, respectively). Structure of the SiO2 and Si substrate
appears to be ﬂat and featureless, while there is an impure structure
for composite layers.
Both samples were analyzed by X-ray diffraction to determine
the presence of copper and tin crystallized phases. It should be
remarked that a multiphase system is present in both samples. As
shown Fig. 1c (inset) for case of SiO2 CuOx ﬁlm, the diffraction peaks
at  = 25.1◦ , 31.18◦ can be indexed to the SiO2 phase, at  = 34.61◦ ,
34.84◦ are attributed to the typical Cu2 O phase, the diffraction
peaks at  = 41.77◦ , 45.78◦ , 51.80◦ are assigned to the CuO and at
 = 25.67◦ , 27.91◦ to the CuSiO3 . This result is in good agreement
with the other XRD reports [29,30]. In the case of SiO2 (CuOx SnOy )
ﬁlms, apart from diffraction peaks corresponding to the SiO2 CuOx
ﬁlms, there are new diffraction peaks appear at  = 26.57◦ , 33.32◦
and 51.59◦ , corresponding to the SnO2 , indicating the presence of
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Fig. 1. SEM images of the surface morphology of the SiO2 CuOx ﬁlm: (a) scale 10 m (inset 1 m), (b) 200 nm, (c) cross section (2 m) and XRD pattern (inset); SiO2 (CuOx SnOy )
ﬁlm: (d) scale 10 m (inset 1 m), (e) 200 nm, (f) cross section (2 m) and XRD pattern (inset).

this phase in the sample. This observation indicates that the crystal
structure of copper oxides is intact with the addition of tin. Adding
Sn does not lead to the formation of a new mixed phase (diffraction pattern peaks appear at speciﬁc degrees for separate phases of
copper CuO, Cu2 O, CuSiO3 and SnO2 ). The relatively broader diffraction peaks suggests that the smaller crystallite size nucleus. It is
in agreement with SEM data, which indicates that copper oxide
agglomerates includes small crystallites with the size of 30–50 nm.
Besides, we assume that small copper oxides nanoparticles and
copper ions embedded in a silicon matrix, as evidenced by the data
of XPS and XANES presented below. With addition of tin the diffraction peaks of CuOx phase are weaker, that in accordance of Ref. [31]
can be ascribed to well dispersed small CuOx nanoparticles on the
surface of SnO2 .
SEM-EDX study was carried out to clarify chemical composition
in different points of SiO2 (CuOx SnOy ) ﬁlm, namely: silica matrix
(point 1), particles inside of pores (point 2) and bottom of the pore
(point 3). In Fig. 2 the image of surface SiO2 (CuOx SnOy ) ﬁlm under
SEM and corresponding EDX point analysis is shown. Note that the
minimum electron beam spot size achievable for the EDX analysis
was approximately 500 nm, that allows estimate Cu/Sn ratio rather

accurate. The results indicate that the average wt.% ratio of Cu/Sn
is about 18.81/10.73 for this sample.
3.2. XPS investigations
In order to investigate the chemical species formed as result
of addition of the Sn to copper containing solution XPS proﬁles
were obtained by scanning the Cu 2p, Sn 3d and O 1s regions. The
Cu 2p3/2 and Sn 3d5/2 peaks are relatively broad and seem to be
inﬂuenced by the presence of mixed copper and tin species. This
is in agreement with the XRD data, where pattern of the samples contains broad peaks which characterize different states of
copper and tin. In addition, energy shift and breadth of the O 1s
peaks for SiO2 CuOx and SiO2 (CuOx SnOy ) displays that these atoms
must lie in different chemical environments. The shape analysis
of corresponding XPS Cu2p3/2 , Sn3d5/2 and O1s peaks using the
decomposition procedure with Gaussian mixed function was performed (Fig. 3). Decomposition of Cu 2p3/2 peak of the SiO2 CuOx
and SiO2 (CuOx SnOy ) ﬁlms is depicted in Fig. 3a and b respectively.
The summarize binding energy (BE) and relative peak areal intensity of main components of XPS Cu2p3/2 , Sn3d5/2 , O1s peaks of

Fig. 2. EDX point analysis of a selected area (inset) SiO2 (CuOx SnOy ) ﬁlm: silica matrix (point 1), particles inside of pores (point 2) and bottom of the pore (point 3).
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Fig. 3. Decomposition of main components of XPS Cu2p3/2 , Sn3d5/2 , O1s peaks of SiO2 CuOx and SiO2 (CuOx SnOy ) ﬁlms: (a) and (b) decomposition the Cu 2p3/2 of SiO2 CuOx
and SiO2 (CuOx SnOy ) respectively (dot line—Cu2 O, dash line—CuSiO3 , dash dot line—CuO, solid line—ﬁt); (c) Sn 3d5/2 (dot line—SnO, dush line—SnO2, solid line—ﬁt; (d) O 1s
(dot line—SnO2 ).
Table 1
The binding energy (BE) and relative peak areal intensity (S) of main components of
XPS Cu2p3/2 , O1s and Sn3d5/2 peaks of SiO2 CuOx and SiO2 (CuOx SnOy ).
Sample

Cu 2p3/2

O 1s

Sn 3d5/2

BE, eV

S

BE, eV

S

SiO2 CuOx

931.6
933.7
935.0

668
1528
196

531.6
533.6

1638
11168

SiO2 (CuOx SnOy )

931.7
934.2
937.3

164
1856
374

529.8
532.6

5247
9167

BE, eV

S

487.0
486.0

361
1798

SiO2 CuOx and SiO2 (CuOx SnOy ) are presented in Table 1. In accordance to referenced data, the observation of obvious shake-up
peaks (B) in both samples can be attributed to the Cu2+ oxidation state [32], but absence of clear peak B splitting indicates an
availability of the mixed oxidation Cu state [33]. The broadened Cu
2p3/2 peaks were correspondingly decomposed into three distinct

peaks. The lower energy peaks being associated with Cu2 O. The
peaks with maximal intensity correspond to the CuO. The peaks
with higher energy can be attributed to divalent copper compounds
such as Cu(OH)2 or CuSiO3 . To summarize all these facts, the result
indicates that the oxidation state of Cu was heterogeneous with
mixing of Cu2+ and Cu+ states, namely: divalent copper oxide CuO,
with a mixture of monovalent oxide Cu2 O and divalent double
oxide CuSiO3 and/or hydroxide Cu(OH)2 [34]. The Cu 2p binding
energies of Cu(OH)2 and CuSiO3 are almost indistinguishable by
XPS because the binding energies are superimposed. Probability of
Cu(OH)2 formation is small. The Cu(OH)2 decomposes at the temperatures of 50–60 ◦ C. The CuO and Cu2 O oxides formed after the
thermal treatment of the ﬁlms at 500 ◦ C are stable for chemical
transformations to Cu(OH)2 phase. The processes of Cu-Si bonding begin in the sol. The adding of Sn prevents decomposition of
this bond and CuSiO3 is formed in the ﬁlm after thermal treatment.
As one can see from spectral analysis, the relative content of Cu
component is differ for SiO2 CuOx and SiO2 (CuOx SnOy ) ﬁlms. The
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Fig. 4. Normalized Cu K-edge XANES spectra of SiO2 CuOx and SiO2 CuOx SnOy ﬁlms compared with a reference compounds CuO (formally Cu2+ ), Cu2 O (formally Cu+ ) and
natural mineral of black dioptase CuSiO3 (formally Cu2+ ) (a); ﬁrst derivatives of the corresponding XANES spectra (b); inset —Cu L2,3 -edge NEXAFS spectra of SiO2 CuOx and
SiO2 CuOx SnOy ﬁlms compared with a reference compounds: CuO (formally Cu2+ ), Cu2 O (formally Cu+ ).

contribution of Cu2 O decreasing with simultaneous increasing of
Cu2+ for SiO2 (CuOx SnOy ) ﬁlm. As shown in Fig. 3c, the weak peak at
486.0 eV and dominant peak at 487.2 eV for the XPS binding energy
of tin were observed. The Sn 3d5/2 core peak at 487.2 eV may be
assigned to Sn(IV) [34,35]. The low binding energy (BE ∼ 486 eV)
may be characteristic monoxide tin coated by the SnO2 [36]. Majid
et al. [37] have reported that the Cu 2p peaks for SnO2 :CuO samples shift by 0.4 eV towards higher energies from its value for CuO.
It was observed for CuO components in SiO2 (CuOx SnOy ). Similarly,
the core level O 1s spectra of both samples are displayed in Fig. 3d.
A large value FWHM (full width at half maximum) of both ﬁlms
suggests that the XPS line is formed by the electrons of various
oxides of copper, silicon and tin. As one can see, adding tin in the
sample leads to a shift of the oxygen species toward lower energies (an oxide with a greater degree of oxidation), reduction in the
intensity and increase the parameter FWHM from 4.1 to 4.6 eV. The
decomposition of O 1s core peak of both samples shows two main
components: with large intensity at high binding energy and more
small intensity at low binding energy. The binding energy of the
O1s-levels for different structural and surface modiﬁcations of silicon oxide SiO2 may vary from 532.1 eV up to 533.7 eV, respectively
[38]. Also, the high binding energies component with maximum
at 532.5–533.7 eV, having the large value of FWHM can be associated with copper/silicon oxide mixture (531.7 eV) [39], as well as
dioxide SnO2 (530.0–531.2 eV), Cu O binding energy and oxygen
atoms chemisorbed at the surface, that is in a good agreement with
the Yea et al. [40], who have proposed the energetic position of this
component close to 533.0 eV. A more precise analysis is not possible due to large value FWHM and more number of superimposed
peaks.
3.3. XAS study
The XAS (NEXAFS and XANES) spectroscopy has been applied to
understand the differences in oxidation states and local surrounding of Cu ions for both SiO2 CuOx and SiO2 (CuOx SnOy ) ﬁlms. In Fig. 4
(inset) the Cu L2,3 NEXAFS spectra of both samples in compari-

Table 2
Characterization results of ﬁtting Cu L3 -edge XANES spectra with Gaussian functions
for the SiO2 CuOx and SiO2 CuOx SnOy ﬁlms: energy positions (E) and the ﬁtted peak
areal intensities (I) corresponding to (Cu2+ ) and (Cu+ ).
Sample

E (eV) peak
“a”

I [Cu 2+ ] peak
“a”

E (eV) peak
“c”

I [Cu+ ] peak
“c”

SiO2 CuOX
SiO2 (CuOx SnOy )

931.1
930.8

1.27
1.3

934.4
933.9

0.2
0.1

son with referenced compounds are shown. For both samples L3
and L2 resonance peaks are symmetric and display the ﬁne structure, namely divide into two clear features “a”, “c” and “b”, “d”
respectively. The appearance of a shoulder peaks (c, d) above the
L2,3 -edges suggests the existence of a small amount of Cu1+ ions,
while most of the Cu ions are divalent as indicated by the large peaks
“a” and “b” in the spectra of both ﬁlms under studying. The spectral features in the Cu L3 -edge area were analyzed to quantitatively
determine the valence of copper in the both samples. The two peaks
at ∼931.0 eV (due to Cu 2+ ) and ∼934.0 eV (due to Cu 1+ ) were ﬁtted
with Gaussian functions after approximating the background with a
straight line (Table 2). The Cu L2,3 -edge NEXAFS study has provided
evidence for addition of Sn to sol: seen were both the reduction of
an additional absorption peak due to nominally monovalent copper and simultaneous increasing in the intensity of the peak due to
nominally divalent copper. That is suggesting decreasing of Cu2 O
in layers up ∼50 Å, which are working layers of gas sensors. To
investigate deeper layers Cu K-edge XANES spectra of both samples,
referenced compounds and its ﬁrst derivative was analyzed (Fig. 4a
and b respectively). It was found that the energy position and shape
XANES features of as-synthesized samples are closer to that of CuO
and CuSiO3 , rather than those of Cu2 O. But, the differences in the
energy range 8970–9002 eV are observed between samples under
study and CuO as well as CuSiO3 . In accordance with derivatives it
is clear that peak “b” corresponds to CuSiO3 while peak “c” mainly
to CuO. Besides, weak pre-edge peak “a” is observed in CuSiO3 only.
All this clear reﬂects existence of linear combination of signals from
Cu atoms with neighborhood similar to that found in CuO and in
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erates. The average wt.% ratio of Cu/Sn is about 18.81/10.73. The
main phase of copper for both ﬁlms is CuO with lower amount
of Cu2 O and CuSiO3 . The amount of Cu2 O phase decreases, while
CuO and CuSiO3 phase increases with addition tin both on the surface and in deeper layers of the samples. According to SEM, EDX,
XPS studies we assume that mixed-oxide crystallites are formed
and SiO2 (CuOx SnOy ) grains consist of copper-containing oxides
and SnO2 . Presence of tin oxide particles in the ﬁlms decreases the
response to NO2 gas, but at the same time expands the range of
detectable concentrations. So, the effect of mixing copper and tin
oxides in the silicon matrix to the gas sensor response is nonunique
and requests further investigation.
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Fig. 5. Gas sensor response to NO2 gas for SiO2 SnOx CuOy and SiO2 CuOx ﬁlms at
the concentrations range of 1–70 ppm in air at 170 ◦ C. The C1 , C and S1 , S arrows
shows differences in concentration range and sensor response for SiO2 CuOx and
SiO2 (CuOx SnOy ) ﬁlms.

CuSiO3 . Also, energy peak shift “b” to position “b ”, redistribution
of intensity “b” and “c” peaks, appearance of “c ” shoulder at the
SiO2 CuOx SnOy spectrum in comparison with SiO2 CuOx ﬁlm can be
associated with increasing of CuSiO3 after addition of Sn. The results
suggest that CuO and CuSiO3 formed in all volume of samples, not
only at surface.
3.4. Gas sensitivity to NO2
Gas sensitivity of the SiO2 CuOx and SiO2 (CuOx SnOy ) was tested
to NO2 inputs to be varied in the concentrations range of 1–70 ppm
in air at 170 ◦ C. Fig. 5 shows correlation between the phase composition and gas sensitive characteristics of the ﬁlms. As it turned
out, the concentration range of NO2 gas which could be detected by
the sensors is 1–70 and 7–25 ppm for SiO2 CuOx SnOy and SiO2 CuOx
respectively. Thus, the addition of tin allows to extend the range
of detectable concentrations. But, gas sensitivity tests showed that
the sensor response (S) to NO2 gas of SiO2 CuOx ﬁlm is greater than
the response of SiO2 CuOx SnOy one.
In our case, role of the tin is to provide gas sensitivity of the ﬁlm
and the role of the copper is to provide slectivity to NO2 molecules.
That is why the best way to improve gas sensitive is to ﬁnd out
such Sn/Cu ratio wich would provide fast and high response to wide
concentration range and also good selectivity to NO2 gas.
4. Conclusions
Sol-gel method was applied to the preparation of SiO2 CuOx
and SiO2 (CuOx SnOy ) ﬁlms. SEM shows that the addition of SnCl4
in sol affects on surface morphology and shape of crystallites
synthesized ﬁlms. The transition from ﬂower-like copper oxide
agglomerates (700–900 nm) of spherical shape in SiO2 CuOx ﬁlms
to grains (150–500 nm) in SiO2 (CuOx SnOy ) ﬁlms is observed. So,
the tin adding prevents the formation of the ﬂower-like agglom-
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