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Fe1_,CrzSnSbOg solid solution shows semiconducting behaviour with the activation energy decreasing from
FEa =0.64 eV for x = 0.0 to Ea = 0.32 €V for x = 1.0 in the intrinsic conductivity temperature region as well as
the n-type conduction at room temperature. The [-V characteristics and the conductance G at 300 and 400 K
showed symmetrical and nonlinear behavior in the voltage range (—100, 100 V) suggesting the electron emission
over the potential barrier especially for the boundary compounds FeSnSbOg and CrSnSbOg. These effects are
discussed in the context of the energy gap Es > 1.6 eV many times greater than the thermal energy £T'.
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1. Introduction

The oxides SnO;, Fe;Os, CroOs, and SboO4 and
known compounds formed with the participation of these
oxides, due to their chemical, magnetic, electrical and
catalytic properties are particularly attractive for basic
research and for a large number of prospective applica-
tions. The compounds, which are formed with the partic-
ipation of said oxides include, among others, FeSnSbOg
and CrSnSbQOg. These compounds are isostructural, they
crystallize in the tetragonal system and they have the
rutile-type structures [1, 2]. A new continuous sub-
stitution solid solution of a Fe;_,Cr,SnSbOg type is
formed in the FeSnSbOg—CrSnSbOg system. The phase
has been obtained in air by the high-temperature solid-
state reaction from appropriate mixtures of oxides and
from the specially synthesized compounds: CrSnSbOg
and FeSnSbOg [3]. In Fe;_,Cr,SnSbOg, the crys-
tal lattice of the solid solution diminishes as x de-
creases, which is manifested as decreasing volumes of
unit cells.

Recently, the ultraviolet-visible and near-infrared
(UV-Vis-NIR) diffuse reflectance spectra recorded at
room temperature and in the wavelength range
of 200-800 nm as well as transformed using the
Kubelka—Munk function [4] showed that the en-
ergy gap, FEg, in Fe;_,Cr,SnSbOg increases non-
monotonically with increasing content z, i.e. E, = 1.67,
1.88, 1.89, 1.96 and 2.01 eV for x = 0.0, 0.25, 0.5, 0.75,
and 1.0, respectively [5]. These values of energy gap are
characteristic for the semiconductors with low conductiv-

ity.
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This paper presents the electrical properties of
Fe;_,Cr,SnSbOg solid solutions as well as the con-
siderations on the electron emission over the potential
barrier.

2. Experimental details

The electrical conductivity o(7T") and the I-V charac-
teristics of Fe;_,Cr,;SnSbOg have been measured in the
intrinsic region with the aid of the DC method in the
temperature range 300-400 K using a KEITHLEY 6517B
Electrometer/High Resistance Meter. The thermoelec-
tric power (S) was measured at room temperature with
the aid of a Seebeck Effect Measurement System (MMR
Technologies, Inc., USA).

3. Results and discussion

The results of ¢(T') measurements of Fe;_, Cr,SnSbOg
(where x = 0.0, 0.25, 0.5, 0.75, 0.9, 1.0) showed a typi-
cal Arrhenius behaviour in the intrinsic region with the
activation energy in the temperature range 350-400 K.
The activation energy E4, determined from the formula
o = ogexp(—FEa/kT), decreases from 0.64 eV for x = 0.0
to 0.32 eV for x = 1.0. In general, the large con-
ductivity and large carrier activation for the boundary
compounds FeSnSbOg and CrSnSbOg are only observed
(Fig. 1). The I-V characteristics at 300 and 400 K
(Figs. 2 and 3) show symmetrical behavior in the volt-
age range (—100, 100 V) and the conductance G increases
nonlinearly with the increasing voltage (Figs. 4 and 5).
The results of thermoelectric power (S) measurements
of Fe;_,Cr,;SnSbOg solid solutions at room tempera-
ture showed the n-type conductivity for all samples, i.e.:
S = —780, —302, —285, and —280 'V /K respectively for
x = 0.0, 0.5, 0.9, and 1.0.
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Fig. 1. Electrical conductivity (Ino) vs. reciprocal

temperature (103/T) for Fe;_,Cr;SnSbOs.
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Fig. 2. The I ——V characteristics of Fe;_,Cr;SnSbOsg
at 300 K.

The question arises what mechanism is responsible
for the electrical conductivity and the electron emission
in the solid solutions under study. Our polycrystals
are weak semiconductors with the energy gap of more
than 1.6 €V [5]. Therefore, it is unlikely that the ther-
mal energy kT is able to activate the electrons to the
conduction band.
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Fig. 3. The I——V characteristics of Fe;_,Cr;SnSbOg
at 300 K.
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Fig. 4. Conductance G vs. the applied voltage V of
Feq1_,Cr,SnSbOg at 300 K.

It is well known that in a case of low carrier concentra-
tion the thermionic emission processes may occur and the
carrier transport can take place over the potential bar-
rier. The not-increased carrier emission is characteristic
for the ohmic behavior for which the voltage dependence
of amperage (I o V) is linear for V"< 0.2 V [6]. Carrier
emission can be increased by the:
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Fig. 5. Conductance G vs. the applied voltage V' of

Fei_.Cr,SnSbOg at 400 K.

1. Poole effect according to the relationship: G
exp(aE) [7], where G is the conductance, E is the
electric field and « is a constant,

2. Poole—Frenkel effect according to the relationship:
G o exp(B(E)'/?) [8], where 3 is a constant,

3. phonon assisted tunneling [9, 10],
4. direct tunneling for £ > 107 V/cm [10, 11].

Two recent cases concern the low temperatures and
strong electric fields.

The results of rough simulations of the Poole—Frenkel
model for the chosen solid solution Fe;_,Cr,SnSbOg
(z = 0.00, 0.25, 0.5) at 400 K are presented in Fig. 6.
These simulations showed best fit for the following func-
tions: G = 2.5 x 1072 exp(0.15 x (V)¥/2) for = 0.00,
G = 25 x 107 exp(0.1 x (V)¥2) for x = 0.25, and
G = 3 x 1072 exp(0.31 x (V)/2) for 2 = 0.50. From
the graph (Fig. 6) one can see that only in the low volt-
age up to 25 V the carrier emission follows according to
the Poole-Frenkel model. It is worth noting that the
highest emission of electrons is observed for boundary
compounds, and much smaller for their solid solutions.

4. Conclusions

The results mentioned above suggest that the n-type
electrical conductivity may be connected with the compe-
tition between the mixed valence of Fe?t and Fe?* ions
(responsible for the n-type conductivity) as it was ob-
served in FeoV4013 doped with Mo [12]. For the
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Fig. 6. Conductance G vs. the applied voltage V at

400 K for Fe;_,Cr;SnSbOg¢ (z = 0.0, 0.25, 0.50). Sim-
ulation of Poole-Frenkel (PF) model is marked by solid
line.

CrSnSbOg matrix the n-type conductivity may be mainly
due to the presence of oxygen vacancies. As in the case
of a surplus of oxygen ions, as it is, for example, in
CraVy_Mo,O13405: [13] the hole conductivity is ob-
served. Alternatively, the increase of both the intrin-
sic conductivity and emission of electrons can also come
from the charge compensation linked with the recombi-
nation of the current carriers, which takes place through-
out the localized states in the forbidden band [14] or from
the Poole—Frenkel field-assisted emission mechanism [15].
The nature of these states can be linked with the exis-
tence of the structure defects and the grain-boundaries
with the depletion layers of the adjacent grains.
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