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The addition of SnO2 on the electrical conduction properties of
polycrystalline cerium oxide (CeO2) was investigated. Samples
have been prepared via a co-precipitation route. The electrical
conduction of a samples series, CeO2 and mixed oxide 5%SnO2CeO2 and 20%SnO2-CeO2 has been analyzed using electrical
impedance spectroscopy, in the temperature range 25 to 500°C,
in different gases. The polycrystalline SnO2–CeO2 samples
exhibit a higher electronic grain boundary conductivity and
higher activation energy compared to a pure CeO2 sample.
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INTRODUCTION*
SnO2 is among the oxides frequently used as a
material for sensors and as a component of oxidation
catalysts. This material exhibits a high charge carrier
mobility and a strongly dispersing conduction band
which are among the requirements to be a good gas
sensing material. The overall electrical conductivity
of SnO2 particles is dependent on the concentration of
oxidizing and reducing agents in the surrounding
atmosphere. For example, the chemisorption of
oxygen on these particles leads to a depletion of
charge carriers within the surface layer, by pulling
electrons out of the tin oxide particle surface1
whereas in the presence of reducing agents the
desorption of oxygen increases the charge carriers
concentration.2
*
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CeO2 provides the unique capability of
promoting oxidation reactions, due to its ability to
easily generate oxygen vacancies acting as active
sites and presents mixed ionic and electronic
conductivity.3 Various studies have been made to
investigate the electrical properties of undoped
cerium oxide. The grain and grain boundary
conductivity were investigated using impedance
spectroscopy and reported for microcrystalline
CeOx.4-7 The grain boundary behavior of undoped
ceria is well-explained in terms of a space-charge
model.8,9 The reported values of the activation
energies and the ionic and electronic conductivity
for undoped cerium oxide has been explained
usually by the impurity level and the variability in
microstructure.4, 5, 10
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Impedance spectroscopy is a non-destructive
technique, which has been used extensively to
determine the electrical properties of materials.11-14
The resistance of metal oxide semiconductors can be
affected by temperature as well as by ambient
gases.15, 16 Since the interaction of these materials
with gaseous medium depends on their structure and
surface, impedance spectroscopy is a useful tool for a
detail characterization.17
DC measurements show only the overall effect of
all individual contributions to electrical conduction
and polarizing effects arising from different sources
like grain and bulk boundaries, intergranular contact
and grain/electrode contact.18 Mixing dissimilar
oxides adds a new parameter since they are liable to
form new stable compounds, which can lead to
totally different physicochemical properties and
catalytic behavior.19
The current paper focuses on the investigation of
the effect of tin oxide loading on the morphology and
electrical conduction properties of polycrystalline
cerium oxide. In situ impedance spectroscopy
measurements were used to identify their related
electrical behavior in presence of different gases and
to determine the activation energy of conductivity.
EXPERIMENTAL
Sample preparation. The preparation of the catalyst samples
was previously given.20 The mixed oxides obtained were labelled
as follows: Sn5–Ce for the sample containing 5 wt% of SnO2 and
Sn20–Ce for the sample with 20 wt% tin oxide content.
Morphology. The morphology of polycrystalline powders
was studied by means of Scanning Electron Microscopy (SEM).
The synthesized particles of pure CeO2 and mixed oxides
5%SnO2-CeO2 and 20%SnO2-CeO2 were characterized using
high-resolution microscope, FEI Quanta 3D FEG model,
equipped with EDS Apollo X detector. It was used an accelerating
voltage of 15 kV at a pressure of 2•10-5 - 7•10-6 mbar.
Impedance spectroscopy. The electrical conduction
properties of the samples were determined using an impedance
spectrometer SOLARTRON 1260A (AC voltage of 500vmV,
frequency range from 2 MHz to 20 Hz) in different gases with
temperatures between room temperature and 500°C. The
pellets were coated with silver paste on both surfaces and then
heated at 150°C for 1 hour for a good contact with the
electrodes. The measurements were performed by successive
thermal cycling heating–cooling cycles, and changing the
gases according with the following protocol: DHe1, DHe2,
DO, CO were DHe-dry helium, DO-dry oxygen and COcarbon monoxide in helium (5%) are.

RESULTS AND DISCUSSION
CeO2, 5% and 20%(wt)SnO2-CeO2 were
prepared by co-precipitation20 and have been

characterized elsewhere.21 As it was done
previously21 for pure ceria and for mixed oxides
the XRD pattern showed the diffraction lines of
cerianite crystallite having fluorite structure (as
identified using the standard data JCPDS 34-0394)
responsible for the unique properties of ceria to
release and uptake oxygen under different
conditions; the crystallinity of ceria decreases with
increasing of the SnO2 loading. The crystalline size
of samples decreases with the increasing of the
SnO2 loading, namely, from 149 Å for CeO2
sample to 75 and 43 Å for Sn5-Ce and Sn20-Ce,
respectively. Also, the lattice parameter decreases
reflecting the contraction of the ceria crystal
lattice, and/or the formation of oxygen vacancies.
In Fig. 1 -a), b) and c), micrographs of CeO2
and mixed oxides 5%SnO2-CeO2 and 20%SnO2CeO2 powders (abbreviated as Sn5-Ce and Sn20Ce) are shown.
It can be observed a change in morphology of
CeO2 with the addition of tin oxide, however the
size of particles was still in the nanometer range.
The average particle diameter of CeO2 sample was
measured to be less than 10 nm, and for Sn5-Ce
and Sn20-Ce between 8 and 40 nm.
Impedance spectroscopy analysis. The
impedances Z = Z' + j Z″ (Z' and Z″ being,
respectively, the real and imaginary components)
were represented using Nyquist plots (X = Z',
Y = − Z″). The software Zview22 was used to fit
the impedances of specific electrical circuits to the
Nyquist experimental data (Nyquist representations).
The equivalent circuits associated with each
sample used in fitting the physical parameters
related to impedance measurements were based on
parallel RC circuits shown in Fig. 2.
At low temperature (<500°C), the impedance of
such parallel RC circuits is expressed as a function
of frequency ω as follows:
1/Z = 1/R + C(jω) or Z = R/[1 + R・C・(jω)] (1)
where R is the resistance (associated with the
intersection of the Nyquist circle with real Z' axis),
C is the capacitance and ω is the angular frequency
expressed in rad/s.
Figs. 3, 4 and 5 summarize the typical
impedance spectra collected at 250°C, in different
atmospheres, dry helium (DHe1 and DHe2), dry
oxygen (DO) and 5%CO in He mixture (CO) from
pure CeO2, 5%SnO2-CeO2 and 20%SnO2-CeO2
samples, respectively. The impedance parameters
obtained by fitting experimental impedance data to
a RC parallel circuit are listed in Table 1.

Mixed oxides catalysts
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Fig. 1 – SEM Images for fresh CeO2 a), Sn5-Ce b) and Sn20-Ce c).

Fig. 2 – The equivalent electrical circuit used in fitting the experimental impedance data.
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Fig. 3 – Nyquist plots of impedance analyses at 250°C for CeO2 sample.
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Fig. 4 – Nyquist plots of impedance analyses at 250°C for Sn5-Ce sample.
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Fig. 5 – Nyquist plots of impedance analyses at 250°C for Sn20-Ce sample.

Table 1
The fitted parameters, resistance (Ω) and capacitance (F), related to impedance measurements
Sample/Gas
atmospheres
DHe1
DHe2
DO
CO

CeO2

Sn5-Ce

Sn20-Ce

R=6.26E+06
C=9.82E-12
R=1.62E+06
C=1.55E-11
R=7.58E+05
C=1.79E-11
R=1.94E+06
C=1.59E-11

R=2.85E+06
C=1.27E-11
R=1.61E+06
C=1.12E-11
R=3.77E+05
C=1.23E-11
R=1.41E+06
C=2.13E-11

R=8.68E+05
C=1.22E-11
R=7.56E+06
C=1.59E-11
R=6.50E+06
C=1.97E-11
R=3.73E+06
C=2.10E-11
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Figs. 3, 4 and 5 represent a series of Nyquist
plots at 250°C for all samples. The plots constitute
unique Nyquist circles associated with the graincore conduction. If two circles are observed
(associated with grain-boundary and grain-core
conduction) with a linear contribution at low
frequency this corresponds to conduction and
diffusion at the electrodes. This contribution might
be assimilated mainly to an ionic conduction
diffusion along grain boundaries and at the
electrode interfaces.
All the semicircular lines in the complex plane
in Figs. 3, 4 and 5 yield to an arc. For CeO2 and
Sn5-Ce samples the shrinkage of semicircle is
observed by passing from first dry helium (DHe1)
to second (DHe2). For Sn20-Ce, as SnO2 loading
increased, an opposite behaviour is observed,
namely the semicircle obtained at second helium
(DHe2) is higher than those obtained at DHe1.
For microcrystalline materials, the grain
boundaries serve to block the motion of the
predominately mobile oxygen vacancies as they
traverse the depletion region and migrate from one
grain to the next. For nanocrystalline materials,
because the volume fraction of grain boundaries is
large, substantial electron transport along grain
boundaries, by-passing the grain interiors, can occur.
In an impedance measurement, this electrondominated case reveals itself as a single arc in the
Nyquist representation (where electrode behavior is
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excluded).5, 23 Microcrystalline materials, in contrast,
generally display two impedances arcs, with the higher
frequency arc attributable to bulk (grain interior)
transport and the lower frequency arc to transport
across high impedance grain boundaries.24, 25
The impedance spectra of the samples are
characterized by one single semicircle, which in the
framework of the space charge effect corresponds to
the grain boundary conductivity.9 The DC resistivity
of the samples is dominated by grain boundaries.
Only one semicircle is observed, which is probably
from bulk and grain boundary resistance.
From the values of R obtained by fitting the
spectra, the conductivity can be estimated. The
Arrhenius plots of conductivity for all the samples
by heating in different atmospheres (DHe2-dry
helium, DO-dry oxygen and CO-carbon monoxide)
in the domain of temperature 200-500°C are shown
in Figs. 6, 7 and 8; they illustrate the difference
between mixed and pure materials and between
Sn5-Ce and Sn20-Ce.
Figs. 6, 7 and 8 show temperature dependence
of the conductivity of the samples. The
conductivities of all the co-precipitated samples
and CeO2 increase with increasing the temperature
in a range of 200-500°C.
The activation energies, Ea, obtained from the
log σ versus 103/T plot in helium (DHe2), oxygen
(DO) and carbon monoxide (CO) (Figs. 6, 7 and 8)
are listed in Table 2.

Fig. 6 – Arrhenius plots of conductivity in DHe2, temperature range 200-500°C.
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Fig. 7 – Arrhenius plots of conductivity in DO, temperature range 200-500°C.

Fig. 8 – Arrhenius plots of conductivity in CO, temperature range 200-500°C.
Table 2
The activation energies of DC conductivities (eV)
Sample
CeO2
Sn5-CeO2
Sn20-CeO2

DHe2
0.47±0.00
0.51±0.00
0.65±0.01

Kim et al.26 observed that the activation
energies for the O' and O" species on the SnO2
surface are 0.6 and 1.0 eV, respectively. The O'
and O" species represent negative defects which
are single and double charged. For an n-type metal
oxide semiconductor, the electron concentration is

DO
0.24±0.00
0.21±0.00
0.57±0.01

CO
1.10±0.01
1.20±0.02
1.12±0.01

determined mainly by the concentration of
stoichiometric defects such as oxygen vacancy
present in material.
As the SnO2 loading is increased the activation
energy increases in case of inert gas (DHe2). In
oxidation conditions, for dry oxygen (DO) the

Mixed oxides catalysts
3.

activation energy decreases by adding tin oxide (Sn5Ce). An increasing is seen only at 20%SnO2. In
reducing conditions, by flushing in carbon monoxide,
the activation energy keeps quite close values.
The apparent activation energy values are 1.11.2 eV. It is shown that nanocrystalline samples
have Ei=1.0–1.3 eV, which is close to the reported
value for the grain boundary conductivity.6, 27

7.

CONCLUSIONS

8.
9.

The results of cerium oxide and co-precipitated
tin-cerium oxide investigation using impedance
measurements are reported. The morphology of the
synthesized particles of pure CeO2 and mixed
oxides 5% SnO2-CeO2 and 20%SnO2-CeO2 were
analyzed by Scaning Electron Microscopy.
The impedance spectra consist of one
semicircle in the Nyquist plot for all samples
which was assigned to the grain boundary
electronic conductivity. The grain boundaries
effect becomes more dominant over grain
contribution.All the samples were sensitive to
carbon monoxide. The apparent activation energies
for conduction depend on the used temperature and
the gas atmosphere. These results indicate a mixed
electronic-ionic conduction mechanism, depending
on the experimental conditions.
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