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Abstract The 3d -ca t ion-subst i tu ted perovski tes
Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ and Sr2CuNbO6 − δ

were synthesized using the solid state technique. Conductivity
measurements showed that the investigated phases
exhibited mixed-electronic-ionic conductivity, and the total
conductivity decreased in the row Sr2MnNbO6 − δ–
Sr2Cr0.5Mn0.5NbO6 − δ–Sr2CuNbO6 − δ. The O

2−-conductivity
was measured by oxygen permeation technique, and it was
found that the Cu- and Cr-containing samples exhibited ∼0.5
order of magnitude higher ionic conductivities at 500 °C, and
lower activation energies, 0.85 ± 0.02 and 0.90 ± 0.02 eV,
respectively, than Mn-containing compound Sr2MnNbO6 − δ

(1.16 ± 0.03 eV). The conductivity, thermogravimetry and
Raman measurements showed that these compositions did
not intercalate the water and did not exhibit proton conductiv-
ity, but showed good chemical stability at high water vapour
pressure. In contrast, the solid solution Sr2.9 − xCuxNb1.1O5.65

(x = 0.07; 0.15) with double perovskite structure was able to
water uptake and to proton transport, but had a low chemical
stability.

Keywords Perovskite . Niobates . Conductivity . Raman
investigations . Chemical stability

Introduction

Perovskite oxides ABO3 have received widespread attention
due to their unique properties. It is common knowledge that
90% of the elements of the periodic table are stable in a pe-
rovskite structure and that multicomponent perovskites could
be synthesized by partial substitution of cations at either A- or
B-sites [1]. This makes it possible to synthesize new perov-
skite compounds with the aim to enhance desired properties
and develop new applications.

Some of the most important applications of perovskites are
their using as components of solid oxide fuel cells (SOFC) and
more promisingly of intermediate temperature solid oxide fuel
cells (IT-SOFC) and electrolysers (IT-SOE) [2]. Perovskite
oxides, as electrode material for IT-SOFC, should possess
sufficiently high electronic and oxide-ion conductivities, open
porosity, thermal and chemical compatibilities with the elec-
trolyte and long-term stability in operating conditions [3, 4].
Because of these unique properties, perovskite systems may
be used both as cathodes and anodes. In recent years, systems
with the double perovskite structure have been investigated
intensively as anode materials (especially molybdenum-
containing double perovskites) and promising results have
been obtained [5–7].

It should also bementioned that perovskite materials can be
employed in all-perovskite SOFCs which exhibit good char-
acteristics [8, 9]. The all-perovskite SOFC’s could increase the
electrochemical and thermomechanical compatibilities of
SOFC system and eliminate the interactions between electro-
lyte and electrode.

One of the strategies to obtain mixed conductors as poten-
tial electrode material for IT-SOFC is the introduction of tran-
sition elements with variable oxidation states (usually 3d-ele-
ments in the periodic table) in B-sublattice of known crystal-
line matrix. The double perovskites, with large oxygen
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deficiency, niobates and tantalates of alkaline earth elements,
are the most widely studied as oxygen-ion and proton conduc-
tors. The examples are Sr3NbO5.5 [10, 11], Sr3TaO5.5 [12–14],
Ba2CaNbO5.5 [5, 15, 16] and Ba2CaTaO5.5 [17]. It can be
assumed that the introduction of 3d-elements in B-sublattice
of double perovskites A2BB′O6 − δ may lead to an increase in
electronic conductivity while the high oxygen-ion conductivity
is maintained. We believe that these perovskites are a good
model system for the study of interrelations between the nature
of 3d-elements and various high-temperature properties. At the
same time, from a fundamental point of view, materials with
mixed conductivity are of interest to researchers not only due to
the wide variety of their practical applications in various elec-
trochemical devices, but also as objects with interesting trans-
port properties where the two kinds of species are mobile.

Therefore, in this paper, we focused on substituted strontium
niobate in which the selected 3d-elements are Mn, Cu and Cr.
The Sr2MnNbO6 − δ, Sr2CuNbO6 − δ and Sr2Cr0.5Mn0.5NbO6 − δ

perovskites were the objects of the study. We report on the var-
ious high-temperature properties important for electrode mate-
rials. The compounds Sr2MnNbO6 − δ and Sr2CuNbO6 − δ were
earlier described as magnetic materials [18, 19], but composition
Sr2Cr0.5Mn0.5NbO6 − δwas first synthesized and described in the
present work.Moreover, we attempted to compare the properties
of these phases with the Cu-substituted strontium niobates from
the homogeneity range of Sr2.9 − xCuxNb1.1O6 − δ (x = 0.07;
0.15), described in [20–22]. The difference between these com-
pounds is due to the presence of strontium in the octahedral sites
in the compositions Sr2

cub(Sr0.83Cu0.07Nb1.10)
oсtO6 − δ (x = 0.07)

and Sr2
cub(Sr0.75Cu0.15Nb1.10)

oсtO6 − δ (x = 0.15), as opposed to
the Sr2(MnNb)oс tO6 − δ , Sr2(CuNb)oс tO6 − δ and
Sr2(Cr0.5Mn0.5Nb)

oсtO6 − δ perovskites, where a half of B-
cation sites are occupied by 3d-metal cations. As it will be shown
below, this difference causes the appearance of proton transport
in Sr2.9 − xCuxNb1.1O6 − δ.

In this study, we report on the synthesis, the crystal struc-
ture and characterization of Sr2MnNbO6 − δ, Sr2CuNbO6 − δ

and Sr2Cr0.5Mn0.5NbO6 − δ perovskites as potential electrode
materials. The measurements of electrical conductivity (ionic
and electronic) were discussed. The chemical/structural stabil-
ity of niobate ceramics to high water vapour pressure (40 bar,
550 °C, 10 h) was compared.

Experimental

Synthesis

The compositions of Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ,
Sr2CuNbO6 − δ and solid solutions Sr2.9 − xCuxNb1.1O6 − δ

(x = 0.07; 0.15) were prepared by a solid-state method. The
high-purity powders of SrCO3 (99.99% purity, VEKTON,
Ukraine), Nb2O5 (99.99% purity, REACHIM, Russia),

Mn2O3 (99.99% purity, REACHIM, Russia), CuO (99.99%
purity, REACIM, Russia) and Cr2O3 (99.99% purity,
REACHIM, Russia) were used. The starting reagents were
preliminary dried prior weighting; stoichiometric quantities
of the reagents were mixed with ethanol in agate mortar and
then heated in several steps: 800 °C—10 h, 1000 °C—10 h,
1200 °C—20 h and 1500 °C—10 h. The intermediate grind-
ings were made after each stage.

X-ray diffraction

The X-ray powder diffraction (XRD) analyses of the ground
pellets were made on a Bruker Advance D8 diffractometer
with Cu Kα radiation at voltage 40 kVon a tube and a current
of 40 mA. The shooting was made in the interval 2θ = 25–75°
at steps of 0.05θ and 1 s exposure per point. The unit-cell
parameters of dried and hydrated samples were determined
through Rietveld refinement using Fullprof software. The
number of refined parameters were varied from 11 to 17, in-
cluding a fifth-order polynomial for describing the back-
ground, unit-cell parameters, atomic coordinates. Values of
the reliability factor χ2 ranged from 1 to 2.5.

Conductivity measurements

Measuring the total conductivity

The ceramic bar samples (30 × 4 × 4 mm) used for the elec-
trical measurements were sintered at 1550 °C for 6 h. The
samples typically had a relative density of around ∼95% (den-
sity of the sintered samples was determined by Archimede
method). The four-probe DC measurements were performed
as a function of temperature under dry and wet air (see details
below). The two outer probes were used to apply current to the
sample and the two inner probes to measure the resulting
potential drop across the specimen. The electrodes were made
from platinum wires.

Themeasurements of the temperature dependencies of con-
ductivities were performed in ‘dry’ and ‘wet’ air from 1000 to
200 °C every 10–20 °C with a cooling rate of 1o/min and with
1 h equilibration times before each measurement. The ‘wet’
air was obtained by bubbling the air at room temperature first
through distilled water and then through saturated solution of
KBr (pH2O = 2·10−2 bar). The ‘dry’ air was produced by
flowing the gas through P2O5 (pH2O = 3.5·10−5 bar). The
humidity of the gases was measured by H2O-sensor
(‘Honeywell’ HIH-3610).

Determining the O2− conductivity by permeation
measurements

The method is based on the direct determination of the steady
flow of oxygen through the specimen (at constant
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temperature) under a small gradient of the oxygen chemical
potential within the sample. The details on the oxygen perme-
ability measurements were published earlier [23–26].
According to Wagner theory, when a dense ceramic sample
having mixed oxygen ionic and electronic conductivity is
placed under an oxygen chemical potential difference, the
fluxes of oxygen ions and electron charge carriers in the ce-
ramics bulk will be induced, and the oxygen permeation flux
density is given by:

jO2
¼ RT

16F2L
∫
PO″

2
P
O
0
2

σionσel

σion þ σel
dlnPO2

where j(O2) is the O2 flux, pO2 is the oxygen partial pressure,
R and F are the gas and Faraday’s constants, T is temperature,
L is the thickness of the membrane, σion and σel are the partial
ionic and electronic conductivities. When the value of ΔpO2

is known, the conductivity factor (so-called ambipolar
conductivity) χc ¼ σion⋅σel

σionþσel
can be determined. This method

is useful for determining small minority charge carrier con-
ductivities. When σion < < σel or σel < < σion, the smaller
conductivity can be determined. So, in the case of mixed con-
ductor, in which the electronic conduction predominates (σel
> > σion), this method allows determining the ionic conduc-
tivity σion.

The experimental cell for oxygen permeation measure-
ments is shown in Fig. 1. The cell includes an oxygen pump
(an oxygen sensor) and the studied membrane. The measure-
ments were performed on disks with a diameter of 12 mm and
thickness of ∼1.5 mm. The disks were glass-sealed into yttria-
stabilized zirconia (YSZ) tube at 1000 °C. No electrodes were
used on the samples for these measurements. One side of the
sample disk was exposed to air. The oxygen partial pressure at
the other side was reduced by using YZS oxygen pump
(Fig. 1), and the value of ΔpO2 on both sides of the pellet
was monitored by YZS oxygen sensor (Fig. 1). So, the mem-
brane was exposed under a controlled drop of oxygen chem-
ical potential.

When the rate of the oxygen flux through the specimen
became equal to the rate of removal of oxygen out of the cell,
a stationary condition was established, and the value of current
achieved a constant value (I). Thus, the relation between the
measured electric current, that was equivalent to the oxygen
flux through the specimen, the EMF (E), that corresponded to
the drop of partial oxygen pressures and conductivity factorχc

can be expressed asχc = I/E(L/S), where L is the thickness and
S is the cross-sectional area of the specimen.

We performed some studies for the samples with a thick-
ness of 1 cm, and there were no differences in the results
obtained. So, we propose that the surface exchange process
is negligible, and the oxygen flux through the membranes is
limited by oxygen volume diffusion and not by the oxygen
surface exchange. In this situation, J(O2) (the specific oxygen

permeability) [25] is proportional to the ambipolar conductiv-
ity, which makes it possible to calculate the ionic conductivity.

Autoclave treatment

Autoclave treatment (protonation) was made at constant tem-
perature and highwater vapour pressure. The autoclave device
‘Top Industrie’ (operating range up to 600 °C and up to 90 bar
H2O) was used [27–34]. The ceramics were placed on the
gold-foil holder, put in the autoclave chamber and the required
volume of water was added. The water used was saturated
with CO2 at room temperature. The dwell water pressure is
adjusted by controlling the maximal pressure of 40 bar when
the temperature reaches ∼400 °C. A small decrease of the
pressure is observed during the protonation (550 °C, 10 h),
which indicates consumption of water by the ceramic pellets.
The pellets are then broken in two parts to make possible the
Raman analysis from the pellet core to its surface.

Raman spectroscopy

A HR800 LabRam setup from Horiba Scientific Jobin Yvon,
excited with 514.5 nm (Coherent Ar+ ion laser) excitation
(spectral range 10–4000 cm−1) and a Labram Infinity from
Dilor (spectral range 150–4000 cm−1), excited with 532
(YAG laser) and 633 nm (He laser) were used for all Raman
measurements. We used ×100 and ×50 microscope objectives
(Olympus). The laser power was locked around 1 mW (at the
sample). The investigations were made at room temperature in
air.

Thermogravimetric analysis (TG)

TG-analysis was carried out on a STA (simultaneous thermal
analyser) 409 PC analyser (Netzsch) coupled with a quadru-
pole mass spectrometer QMS 403 C Aëolos (Netzsch). The
samples were heated at the rate of 10 °C/min in a corundum
crucible under a flow of argon (99.999% purity,
pH2O = 2.5 × 10−3 bar) at the temperature range 40–1100 °C.

Fig. 1 Schematic drawing of the electrochemical cell used for
determining the O2− conductivity by permeation measurements
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Results and discussions

XRD characterization

Room temperature X-ray diffraction (XRD) data showed that
all prepared materials were single phase and characterized by
a cubic symmetry with an ordinary perovskite parameter:
a = 0.3953(9) nm for Sr2MnNbO6 − δ (Fig. 2a),
a = 0.3965(8) nm for Sr2Cr0.5Mn0.5NbO6 − δ (Fig. 2c) and
a = 0.3968(1) nm for Sr2CuNbO6 − δ (Fig. 2d). The XRD data
for Sr2CuNbO6 − δ are in good agreement with reference [21],
but there are discrepancies in the literature on the choice of the
space group for Sr2MnNbO6 − δ [19, 35, 36]. Tao & Irving
[35] point out that the pattern looks like a typical primitive
perovskite oxide; however, the appearance of a weak peak at
2Θ 37.6o indicates some B-site ordering and, therefore, space

group Fm3m was chosen for Rietveld refinement. But S.E.A.
Yousif et al. have reported that Sr2MnNbO6 − δ is stable in
tetragonal structure [29]. M.W. Lufaso et al. [36] clarified that
compound Sr2MnNbO6 − δ possess shot-range cation ordering
and that it is difficult to detect the extent of ordering at the
local scale. Perhaps different time–temperature treatments
during synthesis might lead to the different extent of ordering
in B-sublattice of Sr2MnNbO6 − δ. The question whether this
ordering is due to variations in heat treatment or to other rea-
sons remains to be answered. Because no additional reflec-
tions were observed in the XRD pattern for the Mn-contained

sample, the structural model with space group Pm3m was
used for Sr2MnNbO6 − δ. We also attempted to adopt space

group Fm3m, but no improvement of the fit (R-value) was
observed. So, these three compounds, including first synthe-
sized Sr2Cr0.5Mn0.5NbO6 − δ composition, were characterized

in the same space group Pm3m.
The compositions, Sr2.83Cu0.07Nb1.1O6 − δ (Fig. 2e) and

Sr2.75Cu0.15Nb1.1O6 − δ (Fig. 2f), crystallize in the cubic space

group Fm3m and show doubled perovskite parameters
a = 0.8294(3) nm and a = 0.8284(1) nm, respectively. This
is in accordance with the literature [20, 22] and indicates an
ordering of B-cations. Because the B-site ordering in double
perovskites A2BB′O6 depends on differences in charge be-
tween B and B′ cations and their ionic radii, the differences
between Nb5+ and Sr2+ lead to long-range cation ordering in
the Sr-containing phases.

Conductivity measurements

The total conductivities as a function of temperature in
t h e d r y ( pH 2O = 3 . 5 × 1 0 − 5 b a r ) a n d w e t
(pH2O = 2 × 10−2 bar) air are shown in Fig. 3. Electrical
conductivity of investigated phases decreased in the row
Sr2MnNbO6 − δ – Sr2Cr0.5Mn0.5NbO6 − δ – Sr2CuNbO6 − δ,

and the differences between the samples were essential. The

conductivity value for the most conductive sample
Sr2MnNbO6 − δ was 0.255 S/cm at 970°С. The activation
energy for this sample was the lowest (0.34 ± 0.01 eV) com-
pared to the other samples (∼0.5 eV). The values for electrical
conductivity in dry and wet atmospheres were about the same.
The total conductivities for Cu-substituted strontium niobate
Sr2.9 − xCuxNb1.1O6 − δ [20] and strontium niobate
Sr2.91Nb1.06O6 − δ [11] are shown for comparison. The data
shown in Fig. 3 clearly indicates the influence of the nature of
3d-element on conductivities and this may be due to a change
in the band gap.

The temperature dependencies of the oxygen-ion conductiv-
ities for the samples Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ

and Sr2CuNbO6 − δ are shown in Fig. 4.
The activation energy was measured at around ∼1 eV,

which is typical for oxygen-ionic transport. The Cu- and Cr-
containing samples exhibited higher ionic conductivities and
lower activation energies (0.85 ± 0.02 and 0.90 ± 0.02 eV,
r e s p e c t i v e l y ) t h a n Mn - c o n t a i n i n g c ompound
Sr2MnNbO6 − δ. The differences in oxygen-ion conductivities
reached ∼0.5 order of magnitude at 500 °C. It is obvious that
the increasing oxygen deficiency may lead to the increase of
oxygen ion conductivity (if the formation of defect clusters
and ordering of oxygen vacancies are negligible), so, under-
standing of the oxidation states of the transition metals is
needed to determine the oxygen deficiency. But that is beyond
the scope of this study. It was shown [37] that the compound
Sr2CuNbO6 − δ contains high proportions of Cu1+ ions and
oxygen vacancies, and the Cu2+/Cu1+ ratio is 1. Therefore, a
value of 0.875 was estimated for the oxygen site occupancy
[37]. For the Sr2MnNbO6 − δ compound, it was shown that the
Mn exists in the Mn3+ oxidation state [35], and in ambient air,
the stoichiometry was essentially SrMn3+0.5Nb5+0.5O3.
Unfortunately, there is no information on the oxidation state
of chromium in Sr2Cr0.5Mn0.5NbO6 − δ compound, and it is
uncertain whether Cr and Mn exhibit the oxidation state of +3
in the sample obtained in air. It should also be emphasized that
for correct discussion of the ionic conductivity, an analysis of
the mobility of ionic carriers is also needed. Considering all
these observations and the fact that mobility of oxygen de-
pends on the nature of the B-O bond, we can conclude that
it is difficult to characterize the relationship in oxygen-ion
conductivities for the investigated samples. At the same time,
we can assume that the compound Sr2CuNbO6 − δ exhibits
higher oxygen ion conductivity because of a high concentra-
tion of oxygen vacancies.

The oxygen ion transference number can be obtained from
the ratio of the measured oxygen-ion conductivity and total
conductivity. The values were found to be ∼10−1 for
Sr2CuNbO6 − δ, ∼10−2 for Sr2Cr0.5Mn0.5NbO6 − δ and
∼10−4 for Sr2MnNbO6 − δ at 600–700 °C (Table 1).

The variation of water vapour partial pressure does not
affect significantly the conductivity, therefore, we can assume
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the absence of proton conductivity in Sr2MnNbO6 − δ,
Sr2Cr0.5Mn0.5NbO6 − δ and Sr2CuNbO6 − δ. In contrast, stron-
tium niobate Sr2.91Nb1.06O6 − δ [11] and Cu-substituted solid
solution Sr2.9 − xCuxNb1.1O6 − δ [20] show an increase in

conductivities in wet air towards to measurements in dry air
below 550°С (Fig. 3). This behaviour is typical for high-
temperature proton conductors and is the result of the insertion
of water and the appearance of proton current carriers. These
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differences can be explained by the presence of divalent cat-
ions Sr2+ at B-cation sites. Differences in the sizes and charges
of Sr2+ and Nb5+ions lead to chess-type ordering between B-
cations, and the oxygen vacancy is formed between Sr2+ and
Nb5+ cations. It means that Sr2+ adopts a coordination number
less than six. From a crystallo-chemical point of view, the
presence of coordination-unsaturated polyhedrons in
perovskite-related structures makes possible the water disso-
ciative insertion from gas phase [17, 38]. In other words, the
oxygen vacancies are filled with oxygen from the water mol-
ecule, and the coordination number comes to 6 again. The
tetrahedral coordination is unstable for Sr2+, therefore, the
water insertion and formation of proton defects can take place.
The absence of proton transport in studied compounds

Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ, Sr2CuNbO6 − δ is
not surprising considering that the oxygen vacancies are
formed between two neighbouring 3d–cation and Nb5+ cation.

In summary, comparing Figs. 3 and 4, we can conclude that
the nature of 3d-elements did not significantly affect the mag-
nitude of the oxygen-ion transport, and the values for oxygen
ion conductivity were close to the oxygen-ion conductivity in
strontium niobate and other niobates of alkaline earth metals
[11], while proton transport was negligible. At the same time,
the total conductivity (Fig. 3) varied by orders of magnitude
because of significant changes in electronic contribution. The
presence of 3d-elements significantly increased the electron
conductivity, especially for Mn-containing sample
Sr2MnNbO6 − δ.

Structure of the samples, ageing tests and corrosion
products

Because vibrational spectroscopy, especially Raman scattering,
is more efficient than XRD for detecting corrosion phases,
especially amorphous ones or with poor crystallinity [27, 28,
34], the Raman spectra of the samples Sr2MnNbO6 − δ,
Sr2Cr0.5Mn0.5NbO6 − δ and Sr2.75Cu0.15Nb1.1O6 − δ were both
made before (Fig. 5) and after (see further) autoclaving inves-
tigations. The observation of a spectrum indicates that some
domains are locally not cubic, since no Raman bands are ex-
pected for a cubic perovskite [39–41]. Thus, the substitution in
B-sublattice of strontium niobate by 3d-elements increases the
distortion of perovskite structure.

For compositions with ordinary simple perovskite struc-
ture, the one mode of Nb-O stretching vibrations is observed
in the Raman spectra (∼810 cm−1), that is consistent with the
regular octahedral environment of niobium [42, 43].
Conversely, there are two modes of Nb-O stretching vibra-
tions (∼810 and ∼770 cm−1) for double perovskite
Sr5.51Cu0.29Nb2.2O11.3 due to different environments of niobi-
um as a result of the presence of oxygen vacancies.

After autoclaving investigations, the phases with complete
substitution of alkaline earth element in the B-sublattice
Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ and Sr2CuNbO6 − δ

exhibit good chemical stability (Fig. 6). This is confirmed by
the lack of any Raman signature in the 3200–3500 cm−1 range
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Table 1 The values of the oxygen ion transference numbers, calculated
as σion/σtot, where σtot is total conductivity, measured independently by
four-probe DCmethod, and σion is the oxygen-ion conductivity, measured
by permeation method

Composition Temperature range, °C tion

Sr2MnNbO6 − δ 600–700 2 × 10−4–6 × 10−4

Sr2Cr0.5Mn0.5NbO6 − δ 600–700 2 × 10−2–3 × 10−2

Sr2CuNbO6 − δ 600–700 1 × 10−1–2 × 10−1
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where the signature of hydroxides should appear [37, 28]. They
almost do not change in mass after autoclaving and do not
intercalate the water as confirmed by TGA. Conversely Cu-
substituted strontium niobates within the homogeneity range
Sr2.9 − xCuxNb1.1O6 − δ (x = 0.07; 0.15) react with water (Fig. 7).

XRD patterns for Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ

and Sr2CuNbO6 − δ before and after autoclaving were the
same, and additional peaks of possible impurities were not
observed. The lattice parameters and crystal structure were
also refined by Rietveld analysis. Fig.2b shows the result of
Rietveld fit for Sr2MnNbO6 − δ after 10 h of ageing tests. A
good agreement between the calculated profiles and the ex-
perimental data was observed as confirmed by the reliability
factors (Rwp = 6.23, Re = 3.82, χ2 = 1.86).

In contrast, the compositions of Sr2.83Cu0.07Nb1.1O6 − δ and
Sr2.75Cu0.15Nb1.1O6 − δ are capable of water uptake/loss (Fig. 7)
and proton transport can occur, as it was shown earlier [20, 22].

At the same time, these compositions have poor chemical
stability.
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Ageing tests results for Sr2.83Cu0.07Nb1.1O6 − δ and
Sr2.75Cu0.15Nb1.1O6 − δ are summarized in Fig. 8a, b, respec-
tively. The formation of SrCO3 is confirmed by characteristic
modes at 258 and 1071 cm−1 [44–46]. The modes in the re-
gion 3300–3600 cm−1 correspond to the stretching vibrations
of oxygen-hydrogen bonds assigned to strontium hydroxides.
The rather well-defined TGA loss at ∼400 °C fit well with the
dehydration of Sr(OH)2.

Conclusions

The 3d-cation substituted perovskites Sr2MnNbO6 − δ,
Sr2Cr0.5Mn0.5NbO6 − δ, Sr2CuNbO6 − δ and solid solution
Sr2.9 − xCuxNb1.1O6 − δ (x = 0.07; 0.15) were synthesized using
solid state techniques. The Rietveld refinements show that the
samples Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ and
Sr2CuNbO6 − δ exhibit simple perovskite structures without
noticeable ordering of the octahedral cations. In contrast, the
compositions of solid solution Sr2.9 − xCuxNb1.1O6 − δ

(x = 0.07; 0.15) have double perovskite structure because of
long range ordering of the octahedral site cations. These dif-
ferences can be explained by the presence of divalent cations
Sr2+ at B-cation sites in Sr2.9 − xCuxNb1.1O6 − δ, while in the
niobates Sr2MnNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ and
Sr2CuNbO6 − δ a half of B-cation sites are occupied by 3d-
metal cations.

Conductivity measurements showed that the investigated
phases exhibited mixed electronic-ionic conductivity and the
introduction of 3d-elements in B-sublattice significantly in-
creased electronic conductivity, especially for Mn-containing
sample Sr2MnNbO6 − δ. The presence of 3d-elements did not
lead to significant change in oxygen-ion conductivity in com-
parison with electronic conductivities. At the same time, the
Cu and Cr-containing samples exhibited ∼0.5 order of magni-
tude higher ionic conductivities at 500 °C, and lower activa-
tion energies, 0.85 and 0.90 eV, respectively, than Mn-
containing compound.

The TG and Raman measurements showed that the com-
positions with simple perovskite structure Sr2CuNbO6 − δ,
Sr2Cr0.5Mn0.5NbO6 − δ and Sr2MnNbO6 − δ did not intercalate
the water and exhibited good chemical stability at high water
vapour pressure. The compositions Sr2.83Cu0.07Nb1.1O6 − δ

and Sr2.75Cu0.15Nb1.1O6 − δ, in contrast, were capable of water
uptake and proton transport, but these compositions showed
poor chemical stability at high water vapour pressure.

This investigation indicates that the compositions
Sr2CuNbO6 − δ, Sr2Cr0.5Mn0.5NbO6 − δ and Sr2MnNbO6 − δ

combine high transport properties and the chemical stability
that allows to consider these phases as promising materials for
the creation of oxygen-permeable membranes as well as elec-
trodes for solid oxide fuel cells.
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