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Abstract

The conductivity of Pr,,Ba,Co0;s (x = 0 - 1/3) was measured in air as a func-
tion of temperature using a four-probe DC technique. The obtained data indi-
cate that conductivity is governed by the following factors: hole concentration,
hole mobility, oxygen exchange with the atmosphere, sample’s magnetic and
phase state. The total conductivity was shown to be dominated by the small
polaron holes over the whole temperature range studied. A combined defect
chemical model based on the small polaron hopping mechanism was developed
to quantitatively describe the conductivity temperature dependence. A novel
approach was suggested for estimating the parameters of the model, yielding,
among other quantities, the electron and hole mobilities, mobility activation
energies, and transference numbers. This approach is not limited to the stud-
ied compounds and can be applied to the wide range of similar systems. The
results obtained also demonstrate that praseodymium-barium cobaltites are
promising cathode materials for solid oxide fuel cells due to their high conduc-
tivity and low activation energy of conduction.

Key findings

e Partial substitution of barium for praseodymium in PrCoOs-s significantly increases the
conductivity and decreases the conductivity activation energy.

e The conductivity temperature dependence was quantitatively described using the pro-
posed defect chemical model based on the small polaron hopping mechanism.

e A novel approach applicable to the wide range of oxide systems was developed for esti-
mating the electron and hole mobilities, mobility activation energies, and transference num-
bers.

Accompanying
information

Article history

Received: 04.06.2026
Revised: 07.07.2026
Accepted: 15.07.2026
Available online: 15.07.2026

Keywords

Cobaltites; Defect structure; oxygen non-
stoichiometry; conductivity; small polaron
hopping model

Funding

This work was prepared within the frame-
work of the budgetary plans of the Hydro-
gen Energy Laboratory (Ural Federal Uni-

versity).

Supplementary information

Transparent peer review:

Sustainable Development Goals

© 2026, the Authors. This article is published in open access under the terms and conditions of the Creative Com-
mons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-

use of the work in any medium provided the original work is properly cited.

1. Introduction

RE1-xBxC00s-5 cobaltites (RE - rare-earth element, B - alka-
line-earth element) attracted significant interest due to
their unique electrical and magnetic properties. In particu-
lar, high mixed oxide-ion and electron conductivity makes
these compounds promising materials for cathodes in solid
oxide fuel cells (SOFCs) [1-7], electrodes of supercapaci-
tors [8-11], electrocatalysts for oxygen evolution reac-
tion (OER) and oxygen reduction reaction (ORR) [12,13] etc.

Among the alkaline-earth-doped praseodymium cobal-
tites those containing strontium, Pri-xSrxCo0O3-s, have been

investigated to a greater extent [1,14-19]. Their crystal
structure and phase behavior [1,14-19], magnetic properties
[16,18,19], oxygen nonstoichiometry [1,17,18] and electrical
conductivity [1,14,16,17,19] have been studied. Partial sub-
stitution of Sr for Pr in PrCoOs-5s was shown to result in a
significant increase of the total conductivity with simulta-
neous decrease in its activation energy [14,17,19]. In con-
Pri-xBaxCo03-s,
have not been studied in detail. Moon et al. [20] showed
that total in the
Pro.9Cao.1C003-5 — Pro.9Sr0.1C003-5 — Pro.gBao.1Co03-5 under the

trast, praseodymium-barium cobaltites,

conductivity increases series of
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same conditions. Electrocatalytic activity of cation-disor-
dered Prz/3Bai/3C003-5 oxide was demonstrated by Zhang et
al. [13] to exceed that of other recognized electrocatalysts,
such as cation-ordered double perovskite PrBaCo020s-5, for
both OER and ORR. Monotonic decrease of Prz/3Bai/3C00s3-s
total conductivity in the temperature range 473 - 1273 K in
air was also observed upon heating in [13]. Although the
authors [13] did not discuss it, one can assume that the
aforementioned behavior is due to the simultaneous in-
crease of the oxygen nonstoichiometry, §, in the oxide. In-
deed, significant reduction of Pri-xSrxCo0Os3-s oxides conduc-
tivity was observed with increasing 6 due to the simultane-
ously decreasing hole concentration [17].

Thus, oxygen nonstoichiometry governs the total con-
ductivity of the oxides exhibiting substantial deviation from
oxygen stoichiometry. We have already shown in our recent
study [21] that Pri-xBaxCo0s-s cobaltites (x > 0.1) are capa-
ble of noticeable oxygen exchange. The defect structure
model developed therein [21], when combined with the
electrical conductivity measurement data, will allow dis-
cussing particularities of charge transfer in these oxides.

Therefore, the present work was aimed to (i) provide
the results of the total conductivity measurements of
Pri-xBaxCo0s-5 (x = 0 — 0.33) oxides as a function of temper-
ature in air; (ii) analyze conductivity behavior based on the
available defect structure model and (iii) elucidate the
charge transfer mechanism in these compounds.

2. Experimental

Powder samples of Pri-xBaxCo03-5 (x = 0, 0.05, 0.1, 0.15, 0.2,
0.25, 0.3 and 1/3) oxides used in this work were taken from
the batch prepared for the previous study [21], where the
X-ray diffraction (XRD), scanning electron microscopy with
energy dispersive spectroscopy (SEM-EDS), dilatometry,
and thermogravimetric analysis (TG) were used to analyze
the chemical and phase compositions, oxygen nonstoichi-
ometry, and defect and crystal structure of these cobaltites.

The ceramic samples for the conductivity measurements
were prepared according to the procedure described else-

where [21]. Briefly, the corresponding powders of
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Pr;-xBaxCo03-5 were pressed at about 40 MPa into
~3.5%3.5x30 mm3 bars that were subsequently sintered at
preselected temperatures for 24 h in air atmosphere with
50 K-h* as a heating/cooling rate. The following sintering
temperatures were employed: PrCoOs.s - 1400 °C,
Pro.gsBao.osCo03-5s — 1390 ©°C, Pro.9gBao.1Co03-5 - 1390 °C,
Pro.ssBao.15C003-6 - 1350 °C, Pro.sBao.2Co003-5s — 1350 °C,
Pro.7;5sBao25C003-5§ — 1300 °C, Pro.yBao.3Co0s-5 - 1300 ©°C,
Pr2/3Bai/3C003-5 — 1300 ©°C. As a result, the ceramic bars with
relative densities of at least 90% were prepared.

The surface morphology and elements distribution in
the as-prepared ceramic samples were studied by using
VEGA 3 scanning electron microscope (Tescan, Brno, Czech
Republic) equipped with an Ultim Max 40 detector (Oxford
Instruments, Abingdon, UK). According to the results of
SEM-EDX analysis the uniform elements distribution was
confirmed. The average chemical composition of the sam-
ples was found to be in good agreement with the nominal
one within the uncertainty limits of +0.01 mole of element
per mole of oxide (=95 % confidence level).

Conductivity of the Pri-xBaxCo0s-s ceramic samples pre-
pared accordingly was measured using the standard four-
probe DC method. The measurements were carried out in
static mode in air in the temperature range of 50 - 1050 °C
with steps of 10 °C for the samples with 0 < x < 0.1 and
50 °C for those with x > 0.1. A detailed description of the
experimental setup and technique is provided else-
where [22]. The conductivity value at a given temperature
was determined as the steady-state reading following the
two-hour stabilization period. The measurements were rec-
orded throughout sequential heating and cooling cycles un-
til reproducible results were obtained. Coincidence of the
data obtained upon heating and cooling indicates in favor
of equilibrium values of the total conductivity.

3. Results and discussion

¢ ——PrCo0O,

—e— Pry 4Bay ;C00,

800 1000 1200

T, K

400 600

1400

The total conductivity of the Pri-xBaxCo03-s5 samples meas-
ured as a function of temperature in air is shown in Fig-
ure 1. Figure 2 shows the data replotted as log(oT) vs. 1/T
plot.
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Figure 1 Total conductivity of Pr,,Ba,CoO55 vs. temperature in air: 0 < x < 0.1 (left) and 0.15 < x < 1/3 (right). Lines are guides to the

eye only.
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Figure 2 Total conductivity of Pr,,Ba,Co0O55, 0 < x < 0.1 (left) and 0.15 < x < 1/3 (right), depending on temperature. The inset shows
lower temperature data for the sample with x=0.3: red and blue dashed lines are the results of linear fitting, the vertical black dotted

line marks the phase transition temperature determined earlier [21].

Comparison of the data on total conductivity for the Ba-
containing oxides with those obtained earlier for Sr-con-
taining ones [14,17] reveals their similarity up to certain
extent. As follows from Figure 1, the total conductivity
grows with the amount of Ba, x. The effect is more pro-
nounced in the low-temperature range where all the sam-
ples possess constant oxygen content equal to 3 for those
with 0 < x < 0.25, 2.99 for x = 0.3 and 2.96 for x = 0.33, as
shown in [21]. Hence, negative charge caused by Ba doping
is mostly compensated by the formation of positively
charged holes and their concentration increases as a result.
However, this is not the only reason for increasing conduc-
tivity. Indeed, the increase in x from 0.1 to 0.25 leads to a
2.5-fold increase of the hole concentration at 300 K,
whereas the actually measured conductivity grows by al-
most an order of magnitude. Therefore, barium doping
must increase both the concentration and the mobility of
holes in Pri-xBaxCo0O3-s.

As seen in Figure 2, at relatively low temperatures when
all the samples possess constant oxygen content the total
conductivity is thermally activated, since the log(cT) vs.1/T
curves have all negative slope. These curves are slightly
nonlinear, which is most pronounced for the samples with
X < 0.15 in which the Co3* spin state transition occurs, as
discussed in [21]. However, even for the samples with
x > 0.15 the log(oT) vs. 1/ T curves consist of two linear seg-
ments, as shown as an example in the inset of Figure 2 for
x = 0.3. Interestingly, an intersection of the segments is ob-
served at the temperature close to that of the Pnma to R3¢
phase transition determined by thermal analysis elsewhere
[21]. Hence, the aforementioned nonlinearity can be caused
by the change in both the magnetic and phase states of the
samples. The calculated effective activation energy of con-
ductivity, W = -R-(dIn(cT))/(d(1/T)) [23], where R is the
universal gas constant, is summarized in Figure 3. As seen,
in the temperature range where all the samples possess
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constant oxygen content their W values are positive, span-
ning from 0.8 to 0.04 eV depending on x and T, which indi-
cates thermally activated charge transfer, presumably
through hopping of holes. Also, for the samples with x < 0.2
a maximum is observed on the temperature dependence of
W. This peculiarity is in line with similar variation of the
thermal expansion coefficient [21] and heat capacity [24]
due to the change of the magnetic state of the samples as-
sociated with the spin transition of cobalt cations [25-28].
As a result, the conductivity activation energy includes an
energetic penalty for the charge transfer between the cobalt
cations possessing significantly different physical state
(spin state, local lattice strain, etc.) in addition to the usual
site-to-site hopping energy. The influence of the spin tran-
sitions on various properties is less severe in the case of the
samples with higher dopant level, 0.2 < x < 1/3, at least in
the temperature range of 300-800 K [21,24].

At temperatures higher than 800 K, as seen in Figure 3,
W decreases for all the studied samples, becoming negative
due to decreasing concentration of holes as a result of oxy-
gen release from the oxide lattice as shown in ref. [21].
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Figure 3 Effective activation energy of conductivity of

Pr,,Ba,Co05;5 vs. T. Lines are guides to the eye only.
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Figure 4 Total conductivity of Pr, gBa, ,C005.5s measured (black cir-
cles) at pO, = 0.21 atm and fitted using Eq. (3) (solid red line) and
Eq. (5) (solid blue line). Oxygen nonstoichiometry (blue trian-
gles) [21] are given for the sake of comparison. The upper limit of
the temperature range employed for fitting Eq. (3) is marked with
asterisk.

Let us now derive the model description for the meas-
urement data. As discussed above, the charge carriers hop-
ping model can be employed [23,29,30] for quantitative
analysis of the experimental data given in Figures 1 and 2.
Within the framework of this model electrons and holes are
believed to be localized in Pri:-xBaxCoO3-s lattice on the Co3*
sites (Co¥,, in Kréger-Vink point defects approach with stoi-
chiometric PrCoOs as a reference crystal), forming localized
electrons, Co?* (Cog,), and localized holes, Co4* (Co¢,), re-
spectively. Then, the total conductivity of Pri-xBaxC003-5 can
be calculated as a sum of partial conductivities of electrons,
0., holes, g, and oxide ions, g;,,. The latter is caused by the
presence of oxygen vacancies in nonstoichiometric
Pri-xBaxCo0s-5 and is usually much lower than o, and o and,
hence, can be neglected [29]. Electron and hole conductivi-
ties, in turn, are determined by the product of charge value
(q;=z;F, where F - Faraday constant), mobility (., and up,
respectively) and concentration of charge carriers. Within
the hopping model charge carrier mobility can be expressed

w,
AN Wi . . .
as u; = lTe rr [31], where N is the site fraction of unoccu-

pied hopping positions, Wi is the activation energy of
charge carrier mobility, and Aiis the pre-exponential factor.
Thus, the total conductivity of Pri-xBaxCo0O3-s is given as:

A, _We Ap _Wa
0 = F £ e RI Cogo][ Cogo] + F e /T Cotol[ Cogol, (1)

where [ Cog,] and [ Cog,] are the electron and hole concen-
trations, respectively, and Ae, An, W, and W), are the pre-ex-
ponentials and activation energies of electron and hole mo-
bility, respectively.

The concentrations of holes and electrons can be calcu-
lated as functions of oxygen nonstoichiometry, 6, and T us-
ing the defect structure model proposed and successfully
verified in our previous work [21] using fitted AH; = 42.5
kJ-mol? as enthalpy of cobalt disproportionation equilib-
rium:
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Thus, the a priori unknown parameters that need to be
optimized in Eq. (1) are only Ae, An, W, and W,. They can be
determined by fitting Eq. (1) to the measured conductivity
of Pri-xBaxCo00s-s.

However, prior to the fitting procedure, Eq. (1) can be
simplified by taking into account that both concentration
and mobility of holes in Pri-xBaxCoO3-5 are significantly
higher than those of electrons [29,30,32]. For example, it
can be easily shown using the defect structure model [21]
that the concentration of holes in the samples with 0.2 < x
< 1/3 is 10° times greater than that of electrons at room
temperature. This ratio decreases to about 10 at 1000 K and
upon further heating in air atmosphere quickly approaches
1 due to both Co3* disproportionation and consumption of
holes upon oxygen release. The latter, nevertheless, is sup-
pressed at T < 900 K in air, and one can safely assume that
at least below this temperature in air the overall conductiv-
ity of the Pri1-xBaxCo0s3-5 (x = 0.2 - 1/3) oxides is mostly dom-
inated by holes with their transference number being suffi-
ciently close to 1. That is, at T < 900 K the total conductivity
can be approximated as:

A w
o ~ 0y = Fte RT[ Cop, ][ Cof . ®

The temperature dependence of mobility employed in
Eq. (3) with Wh as a constant is applicable if phase or spin
transitions do not occur in the oxides studied upon heating.
No noticeable influence of the spin transitions on conduc-
tivity could be observed above room temperature in the
Pri-xBaxCo03-5 samples with 0.2 < x < 1/3, but these oxides
exhibit Pnma — R3c phase transition [21] causing the tem-
perature variation of Wh as discussed above. Hence, an ap-
propriate mathematical expression for Wh = f(T) is needed.
Assuming that orthorhombic (s. g. Pnma) and rhombohe-
dral (s. g. R3c) phases themselves possess constant activa-
tion energies, with Wh of the oxide more or less abruptly
changing between these constant values at the phase tran-
sition temperature, Wh in Eq. (3) can be approximated with
the following logistic function:

Who —Wh1
1+ exp (—k [% - Titr])

where W, ; and W,,, are the activation energies of hole mo-

Wh = Wh,l + ) (4)

bility in the orthorhombic and rhombohedral phases, re-
spectively, k is the steepness of the logistic function, and Tt
is the phase transition temperature. Practically, the larger
the value of k, the narrower the temperature range around
the T where switching between the two values of Wh oc-
curs. Since T was determined earlier [21], substituting Eq.
(4) into Eq. (3) leads to g;, as a function of T with four un-
known parameters: An, Wh,1, Wh,> and k, which can be read-
ily determined by fitting Eq. (3) to the conductivity meas-
ured at T < 900 K. The typical result of such fitting for
Pr:-xBaxCo003-5 (0.2 < x < 1/3) is shown as an example in Fig-

2Cog, 2 Cogy + Cogy- (2) ure 4 for the sample with x = 0.2.
40f9 DOI: 10.15826/chimtech.10068
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Table 1 Results of the optimization of the conductivity model for Pr,,Ba,C00;_s oxides.
K- -mol *
Cobaltite ———— W1, eV Wy, eV” W, ev* kK* T, K* R%***
V:s-cm
Pr,3Ba,.C00;.5 149 + 11 0.051 + 0.002 0.044 + 0.006 0.18 + 0.02 593 0.99
Pr,,:Bas2:C00, 155+ 7 0.040 £ 0.001 0.050 + 0.003 0.21 + 0.02 -2000 * 500 528 0.99
Pr,,Ba,;C00,5 178 £ 9 0.040 + 0.001 0.063 + 0.004 0.24 + 0.02 506 0.99
Pr,/;Ba,;;C00,.5 258 + 51 0.043 + 0.006 0.070 + 0.020 0.28 + 0.05 -2464 + 700 506 0.97

* Numbers following ‘+’ sign represent an expanded uncertainty U, = ku, determined from a combined standard uncertainty of the fit u, and a coverage

factor k =2 (level of confidence 95 %);
** Pnma to R3c phase transition temperature taken from [21];
**% R? is a goodness of fit determination coefficient.
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Figure 5 Optimized parameters of Egs. (3) - (5) as a function of x
for Pr,.,Ba,Co0,s oxides.

As seen in Figure 4, above around 900 K the measured
conductivity exhibits systematic positive deviation from the
function fitted at T < 900 K using Eq. (3). This deviation in-
creases with oxygen nonstoichiometry due to the simulta-
neously decreasing concentration of holes and increasing
concentration of electrons. Therefore, the said deviation
can be treated as a partial electron conductivity. By rear-
ranging Eq. (1), the following expression for total conduc-
tivity can be obtained

A w; A We
o = F e R [ Cogol[Cogo] + F ot e RI Cogl[Cofl,  (5)

where L = ;ﬁ is the ratio of the pre-exponentials of hole and

electron mobilities, and Wh is given by Eq. (4). We is as-
sumed to be temperature-independent. The first term in
Eq. (5), i.e., oy, is determined as described above by means
of fitting Eq. (3) to the conductivity measured below 900 K.
The second term, hence, can be determined by fitting
Eq. (5) with fixed (already determined) parameters A, and
W), to the conductivity data in the whole temperature range
studied. Moreover, the ratio of the pre-exponentials of hole
and electron mobilities, L, can be fixed equal to 1 during the
fitting procedure irrespective of the sample’s composition.
The reason is that the localized charge carriers, both elec-
trons and holes, are moving in the same sublattice, whereas

50f9

a pre-exponential in its simplest interpretation is depend-
ent on the product of carrier jump attempt frequency and
square of the carrier jump length [31], hence, 4, = 4,. The
only variable parameter remaining in the Eq. (5), therefore,
is W,. The results of such two-step fit procedure are also
shown in Figure 4 for Pro.sBao.2Co03-5 sample as an exam-
ple. As seen, the observed total conductivity and that calcu-
lated according to Eq. (5) coincide well. The optimized, as
described above, parameters of Egs. (3) and (5) for the sam-
ples of Pri-xBaxCo0s-s with 0.2 < x < 1/3 are summarized in
Table 1 and shown in Figure 5 as a function of barium con-
tent x.

The activation energy Wh,: corresponding to the lower
temperature orthorhombic phase varies only slightly with
the composition, as seen in Figure 5. At the same time, both
We and Wh,2 of the higher temperature rhombohedral phase
noticeably increase with the concentration of Ba, x, in
Pri-xBaxCo0s-s5. The reasons behind this increase require ad-
ditional studies. However, it is well-known that charge car-
rier transfer in the perovskite-type cobaltites occurs
through -Co-0O-Co- chains, hence, everything affecting the
degree of cobalt’s and oxygen’s orbitals overlap is expected
to change the activation energy of the charge carrier mobil-
ity. Among the factors of such influence are various struc-
tural distortions (octahedra rotation, etc.), thermal expan-
sion, spin state transitions, and oxygen nonstoichiometry.
The latter disrupts the continuity of the -Co-O-Co- chains
through oxygen vacancy formation and additionally in-
creases the interatomic distances through chemical expan-
sion. Both of these consequences of increased nonstoichi-
ometry should raise the activation energy of mobility for
Pr;-xBaxCo03-5 with higher barium content, which possess
higher 6.

The as-optimized parameters of Eq. (3) - (5) enable sep-
arate evaluation of the partial conductivities of electrons
and holes in Pri-xBaxCoOs-s oxides and estimation of their
transference numbers. The latter can be calculated using
the following equations:

[ = Oe 1 ®)
e = < T 7
We —_ Wh [ COCO]
1+exp (—RT ) [Col]
Op 1
th =—= 7 ) (7)
Wh - We [ COCO]
1+exp (—RT )[ Cor, ]

DOI: 10.15826/chimtech.10068
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Figure 6 Transference numbers of electrons and holes in
Pr,..Ba,Co0O;s oxides as functions of temperature in air.

where te and tn are the transference numbers of electrons
and holes, respectively. Their values, calculated accord-
ingly, are shown in Figure 6 as functions of temperature in
air.

It follows from Figure 6 that, regardless of chemical
composition, up to about 1100 K the contribution of elec-
trons to the overall charge transfer does not exceed ~ 7%,
in line with the qualitative conclusions discussed above. It
is also of interest that the effect of barium doping on te is
non-monotonic, as can be seen from Figure 6. When x in-
creases from 0.2 to 0.25, the transference number of elec-
trons somewhat decreases, and upon further growth of Ba
content it increases. The reason behind this peculiar behav-
ior of te is related to the change of the mechanism of charge
compensation. At relatively low x negative charge caused
by substitution of Ba?* for Pr3* is mainly compensated by
the formation of holes, whereas at higher doping levels the
formation of positively charged oxygen vacancies becomes
increasingly important.

From practical point of view, it is important that substi-
tution of praseodymium with barium in PrCoOs-5 leads to a
significant increase in conductivity and oxygen exchange
rate as reported elsewhere [13,20]. Notably, for the oxides
heavily doped with barium the activation energy of the con-
ductivity is lower than that reported for other potential
cathode materials, such as Ndi-xSrxMnOs:5 (W ~ 0.07 - 0.27
eV) [33], Lao4SrosFeOs3s (W ~ 0.1 - 0.3 eV) [34],
Lai.4Bo.6Nio.6Feo.404+5 (W ~ 0.17 €V) [35], Bai-xPrxFei1-yCoyOs3-
5 (W ~ 0.14 - 0.29 eV) [36]. It should be said that related
cobaltite PrBaCo206-5 possessing double perovskite crystal
structure and similar elemental composition was shown to
provide relatively small polarization resistance (0.05 - 0.12
Ohm-cm? at 650 - 700 °C) [37]. We can expect the same for
Pri-xBaxCo03-5 (x = 0 — 1/3). The combination of relatively
low activation energy and sufficiently high conductivity
makes praseodymium-barium cobaltites promising candi-
dates for cathode materials for solid oxide fuel cells.
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The availability of literature data on the electrical con-
ductivity of PrCoOs-s [12,14,38-42], Pro.9Bao.1CoOs-5 [20],
and Prz/3Bai/3C003-5 [13] allows for a comparison of the re-
sults obtained in the present work with those reported pre-
viously. This is summarized in Figure 7 for PrCo0Os-5 and in
Figure 8 for the praseodymium-barium cobaltites.

The conductivity temperature dependence curves pre-
sented in Figure 7, with the exception of the data reported
by Ren [40], are characterized by a sharp increase at tem-
peratures above 500 K. However, the conductivity values
themselves differ significantly among the different studies.
The results obtained in the present work show the best
agreement with those reported by Liu [12]. Possible reasons
for the discrepancies in the reported conductivity values
are the difference in the density of the ceramic samples
used, the presence of impurities both within the bulk mate-
rial and at the grain boundaries of praseodymium cobaltite.

1200

—e— Liu [12]
—e— Kostogloudis [14] *
1000 { —=— Shu [38]

e

—e— Ren [40]

800 ., Hashimoto [41]

/
/

6004 This work

o, S-cm™

400 ~

900 1100 1300

T, K

Figure 7 Total conductivity temperature dependence of PrCoO;.s
measured in this work in comparison with literature
data [12,14,38-42]. Lines are guides to the eye only.

300 500 700

2600
—e— PrygBa; ,C00, ;: this work
2300 —e— Pr,;Ba,,;C00, ;: this work
o —e— Pr,;Ba,;C00, ;: Zhang [13]
2000 ~ e —e—Pr,,Ba,,Co0, : Moon [20]
e 1700 -
5
d) 1400 -
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800 -
500 -
200 T T T T T
300 500 700 900 1100 1300
T,K

Figure 8 Total conductivity temperature dependences of
Pr,4Ba, Co055 and Pr,/;Ba,;;C00;.s measured in this work in com-
parison with literature data [13,20]. Lines are guides to the eye
only.

DOI: 10.15826/chimtech.10068


https://doi.org/10.15826/chimtech.10068

Chimica Techno Acta 2026, vol. 13(4), No. 10068

As shown in Figure 8, a very good agreement is observed
between the data reported by Moon [20] and those obtained
in the present study for Pro.9Bao.iCoOs-5. In contrast, the
[13]
Pr2/3Bai/3C00s-5 are significantly lower than those obtained

conductivity values reported by Zhang for
in the present work. It is noteworthy, however, that the
overall shape of the o(T) dependence determined in the pre-
sent study is essentially identical to that reported by Zhang
[13]. In [13] the Prz/3Bai/3C00s5-5 ceramic sample was cooled
from the sintering temperature (1150 °C) to room tempera-
ture at a relatively high rate of 5 K-min™. As a result, the
sample may have retained a lower oxygen content than the
equilibrium value, which could account for its reduced elec-

trical conductivity.

4. Limitations

A key drawback of the proposed model for the conductivity
of praseodymium-barium cobaltites is that it does not ac-
count for the effect of oxygen nonstoichiometry on the ac-
tivation energy of electron and hole mobility. The form of
this dependence usually is not known. A possible solution is
to introduce trial functions (e.g., linear or quadratic) de-
scribing the influence of oxygen nonstoichiometry on the
activation energy of charge carrier mobility. However, this
may lead to excessive parameterization of the model, which
would negatively affect the fitting results.

5. Conclusions

Total conductivity of praseodymium-barium cobaltites
Pri-xBaxCo0s-5 (0 < x < 1/3) was measured in air in the tem-
perature range of 323 - 1323 K. All the oxides exhibited pre-
dominantly hole conduction over the whole temperature
range studied. Barium doping was shown to increase the
total conductivity in the temperature range 320 < T < 800
K as a result of the increase in both the concentration and
the mobility of holes (Co4* ions). The temperature depend-
ence of the conductivity was found to exhibit complex be-
havior due to an interplay between the change of the sam-
ples’ magnetic state, the change of their phase state, and
the change in their chemical composition as a result of ox-
ygen exchange with ambient atmosphere.

A novel two-step approach combining the defect struc-
ture model of Pr;-xBaxCoOs-s with the localized carrier hop-
ping mechanism of charge transfer was successfully applied
to describe quantitatively the total conductivity measured
as a function of temperature, yielding separate estimation
of the partial conductivities of holes and electrons as well
as related charge-transfer characteristics. Our approach
not only paves the way for better understanding of the
charge transfer mechanisms in strongly nonstoichiometric
solids capable of chemical exchange with the surrounding
atmosphere, but also opens new possibilities for the analy-
sis of other related properties such as, for example, thermo-
EMF, magnetic susceptibility at high temperature, etc. Such
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an interconnected, consistent interpretation of the large set
of related materials’ properties is of utmost importance for
understanding the behavior of such complex substances as
cobaltites with perovskite-type structure.

The successful application of our approach required de-
tailed understanding of the defect chemistry of the oxide
material. The other necessary restriction applies to the ma-
terial itself: it should be possible to find sufficiently wide
temperature range where the oxide possesses fixed concen-
tration of dominating charge carriers due to, for example,
kinetic limitations of the oxygen exchange with the atmos-
phere. This condition is fulfilled for the studied cobaltites
below around 700 K. Other than that, we believe that the
outlined methodology is universal and can be applied to a
wide range of nonstoichiometric oxides.

For potential practical application of the studied cobal-
tites, we should mention that low activation energy com-
bined with high conductivity, especially pronounced for
barium-rich compositions, makes Pri-xBaxCo03-5 cobaltites
competitive candidates for cathode materials of intermedi-
ate-temperature solid oxide fuel cells.

Supplementary materials

No supplementary materials are available.
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