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Abstract: The perovskite oxides CaMnO3-δ, Ca0.5Sr0.5MnO3-δ, and SrMnO3-δ were synthe-
sized in air using a solid-state method, and their structural, electrical, and electrocatalytic
properties were studied in relation to their oxygen evolution reaction (OER) performance.
Iodometric titration showed δ values of 0.05, 0.05, and 0.0, respectively, indicating that
Mn is predominantly in the 4+ oxidation state across all materials, consistent with prior
reports. Detailed characterization was performed using X-ray diffraction (XRD), scanning
electron microscopy (SEM), iodometric titration, and variable-temperature conductivity
measurements. Four-point probe DC measurements revealed that CaMnO3-δ (δ = 0.05) has
a semiconductive behavior over a temperature range from 25 ◦C to 300 ◦C, with its highest
conductivity attributed to polaron activity. Cyclic voltammetry (CV) in 0.1 M KOH was
employed to assess OER catalytic performance, which correlated with room-temperature
conductivity. CaMnO3-δ exhibited superior catalytic activity, followed by Ca0.5Sr0.5MnO3-δ

and SrMnO3-δ, demonstrating that increased conductivity enhances OER performance. The
conductivity trend, CaMnO3-δ > Ca0.5Sr0.5MnO3-δ > SrMnO3-δ, aligns with OER activity,
underscoring a direct link between electronic transport properties and catalytic efficiency
within this series.

Keywords: XRD; solid-state reaction; perovskite oxides; oxygen deficiency; oxygen evolution;
conductivity

1. Introduction
The development of efficient and stable electrocatalysts for the oxygen evolution

reaction (OER) is critical to advancing renewable energy technologies, including water
splitting and fuel cell systems. Transition metal oxides, particularly perovskite oxides
with the general formula ABO3-δ, have drawn considerable interest as cost-effective al-
ternatives to precious metal catalysts for OER due to their tunable structural, electronic,
and catalytic properties. In this study, we investigate three manganese-based perovskite
oxides: CaMnO3-δ, Ca0.5Sr0.5MnO3-δ and SrMnO3-δ. Their structures and properties were
vigorously studied before [1,2]. Each of these materials offers a unique configuration of the
A-site cation and oxygen vacancy concentration (δ), factors that can significantly influence
their electronic structure, conductivity, and ultimately their catalytic activity for OER.

The electronic transport properties of perovskite oxides are closely tied to their catalytic
performance. Conductivity in these materials can be affected by factors such as oxygen
vacancies, the oxidation state of the transition metal, and structural parameters such as
the Mn–O–Mn bond angle. Prior research suggests that oxygen vacancies and charge
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transport pathways directly influence OER activity, as higher electronic conductivity can
facilitate efficient electron transfer during catalytic reactions [2]. In this work, we focus
on the synthesis and characterization of CaMnO3-δ, Ca0.5Sr0.5MnO3-δ and SrMnO3-δ to
understand how structural and electronic variations impact their OER performance.

We synthesized these oxides via solid-state reactions in air and performed a com-
prehensive analysis using X-ray diffraction (XRD), scanning electron microscopy (SEM),
iodometric titration, and temperature-dependent electrical conductivity measurements. We
measured their OER catalytic activity using cyclic voltammetry (CV) in an alkaline medium
(0.1 M KOH), where CaMnO3-δ exhibited superior performance, likely due to its higher
conductivity attributed to polaron conduction.

The oxygen evolution reaction (OER) mechanism in alkaline solutions has been ex-
tensively studied by various researchers [3,4]. The widely accepted mechanism consists
of four steps, each involving a single electron transfer [3,4]. Initially, the reaction begins
with the adsorption of hydroxide ions (OH−) onto the active site of the catalyst, typically a
metal site (M) [4]. In the second step, a hydroxide ion from the electrolyte extracts a proton
from the M-OH complex, leading to the formation of M-O and water. In the third step, the
M-O species reacts with another hydroxide ion to produce a peroxide intermediate. Finally,
in the fourth step, this peroxide intermediate interacts with a hydroxide ion, resulting in
the formation of oxygen and water, while the catalyst is regenerated [3,4].

1. M + OH− → M–OH + e−

2. M–OH + OH− → M–O + H2O + e−

3. M–O + OH− → M–OOH + e−

4. M–OOH + OH− → M + H2O + O2 + e−

This study highlights the direct correlation between room-temperature conductivity
and OER activity, establishing that conductivity plays a pivotal role in enhancing catalytic
efficiency. We propose that optimizing the electronic structure and oxygen vacancy content
can significantly improve OER performance in perovskite oxide materials. These findings
not only contribute to the fundamental understanding of structure–property relationships
in manganese-based perovskites but also provide insights for designing effective, non-
precious metal OER catalysts.

2. Experimental Method
The materials CaMnO3-δ, Ca0.5Sr0.5MnO3-δ, and SrMnO3-δ were synthesized in air

using a solid-state synthesis method. Precise amounts of CaCO3 (Alfa Aesar, Haverhill,
MA, USA, 99.95%), Mn2O3 (Alfa Aesar, Haverhill, MA, USA, 99.998%), and SrCO3 (Sigma
Aldrich, St. Louis, MO, USA, 99.99%) powders were mixed thoroughly with an agate
mortar and pestle. The resulting mixture was pressed into pellets and calcined in air at
1000 ◦C for 24 h using an MTI furnace. Following calcination, the samples were ground
and sintered at 1200 ◦C for another 24 h under the same atmospheric conditions, with both
heating and cooling rates set at 100 ◦C per hour.

The phase purity and structural properties of the polycrystalline samples were ana-
lyzed using powder X-ray diffraction (XRD) at room temperature with a Bruker D2 Phaser
diffractometer employing Cu Kα1 radiation (λ = 1.54056 Å). Rietveld refinements were
conducted using GSAS software I [5] with the EXPEGUI interface [6]. Morphological
analysis was carried out using high-resolution field-emission scanning electron microscopy
(SEM). Electrical properties were assessed via 4-point probe DC measurements on the
prepared pellets, with conductivity tested over a temperature range from 25 to 300 ◦C
at a heating rate of 3 ◦C per minute. Oxygen content in the materials was determined
through iodometric titration [7], where approximately 50 mg of each sample was dissolved
in 100 mL of 1 M HCl with excess KI (~2 g). A 5 mL aliquot of the solution was titrated
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with 0.025 M Na2S2O3, and near the endpoint, 0.2 mL of starch solution was added as an
indicator. All titration procedures were conducted under an argon atmosphere.

The electrocatalytic performance of the materials was evaluated using a three-electrode
electrochemical workstation equipped with a rotating disc electrode set to 1600 rpm. The
electrochemical cell consisted of a glassy carbon electrode loaded with the catalyst as
the working electrode, a commercial platinum electrode as the counter electrode, and an
Ag/AgCl (in 3 M NaCl) electrode as the reference. To prepare the working electrode, a cat-
alyst ink was made by mixing 35 mg of the sample with 20 µL of Nafion solution (5% w/w
in water/1-propanol) in 7 mL of tetrahydrofuran (THF), followed by vortex agitation. The
resulting suspension was then coated on a glassy carbon electrode of 5 mm diameter or
0.196 cm² area by applying four successive layers of 10 µL each. OER measurements were
carried out in a 0.1 M KOH electrolyte that was deaerated by purging with argon gas for at
30 min before the CV measurement. CV measurement was accomplished at a scan rate of
10 mV s−1 within the potential range of 0 to 0.8 V versus Ag/AgCl.

The potential relative to the reversible hydrogen electrode (RHE) was calculated using
the Nernst equation, as follows:

ERHE = EAg/AgCl + 0.059 pH + E0
Ag/AgCl (1)

3. Result and Discussion
In the case of perovskite oxides, we can predict the role of ionic radius of A-site cation

in the manifestation of the structure of the compounds using the widely accepted following
Goldschmidt tolerance factor and ionic radius relation [8]

t =
rA + rO

√2(rB + rO)
(2)

where rA, rB and rO are the radius of the A-cation, B-cation, and oxygen. If ‘t’ is greater
than 1, the structure would be hexagonal or tetragonal [8–10]. If ‘t’ is between 0.9 and 1,
the structure would be cubic [9]. If it is between 0.71 and 9, then the structure would be
orthorhombic or rhombohedral, and if ‘t’ falls below 0.71, other different structures could
be expected [9,10]. In our case, the A-site cations include Ca, Ca0.5Sr0.5 and Sr. Based on
the different ionic radii, the structures of these materials are expected to be different.

The crystal structures of the compounds were characterized by the analysis of Powder
X-ray diffraction (XRD). CaMnO3-δ was found to have an orthorhombic structure with
Pnma space group, as reported before [11]. Figure 1a shows the crystallographic structure
of CaMnO3-δ. In the stoichiometric perovskite, CaMnO3, each Mn4+ ion is surrounded by
six oxygen anions, forming MnO6 octahedra that share corners with adjacent octahedra.
This arrangement creates a three-dimensional network, characteristic of the perovskite
structure, where the MnO6 units are linked together through shared oxygen atoms at their
corners. The octahedra are tilted from that of the normal cubic structure, leading to the
structural distortion [12]. This distortion can lead to lattice polarization [13,14]. Figure 1b
shows the refinement profile and crystal structure of CaMnO3-δ. The refined structural
parameters are listed in Table 1. Ca0.5Sr0.5MnO3-δ shows cubic structure with Pm-3m space
group. Though one report mentioned its structure as orthorhombic with the δ value similar
to 0.05, it also mentioned the cubic structure but with δ = 0.02 and 0.25 [15]. In our case,
we tried to fit its XRD data with those models mentioned before in the literature [15] but
the fitting did not work. Goldschmidt tolerance factor and ionic radius relation can be
applicable in such a condition. Figure 2 shows the crystal structure and Rietveld refinement
profile of Ca0.5Sr0.5MnO3-δ. The refined structural parameters for this material are listed
in Table 2. When Ca in Ca0.5Sr0.5MnO3-δ is substituted by Sr to get SrMnO3-δ, the crystal
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structure transforms from cubic to the hexagonal structure of 4H-SrMnO3-δ. It has P63/mmc
space group, as reported before [16,17]. Note that all the three materials were prepared in
identical conditions. The structure of SrMnO3-δ is shown in Figure 3. The refined structural
parameters for this material are listed in Table 3. Tetravalent Mn occupies the space inside
the octahedron. In SrMnO3-δ, oxygen octahedra containing Mn4+ ions are organized into
face-sharing pairs that are further connected through corner-sharing within the cubically
stacked “A” layers. This compound is notable for exhibiting both cubic and hexagonal
polymorphs, making it a rare example in the family of perovskite oxides. The structural
flexibility between cubic and hexagonal forms is influenced by the oxygen deficiency (δ),
which plays a significant role in determining the polymorphic form of SrMnO3-δ.

Table 1. Refined structural parameters for CaMnO3-δ using powder X-ray diffraction data; Space
group: Pnma, a = 5.2864(4) Å, b = 7.4634(5) Å, c = 5.2714(4) Å, V = 53.889(6) Å3, Rp = 0.047, wRp = 0.059,
χ2 = 1.112.

Element x y z Uiso Occupancy Multiplicity

O1 0.4969(31) 0.25 0.071(4) 0.012(7) 1 4
O2 0.294(2) 0.030(3) 0.718(3) 0.005(4) 1 8

Mn1 0.0 0.0 0.5 0.002(1) 1 4
Ca1 0.033(1) 0.25 −0.006(3) 0.007(2) 1 4

20 30 40 50 60 70 80

 

 

2θ (degree)
(a) (b)

Figure 1

Figure 1. CaMnO3-δ (a) crystallographic structure with unit cell, (b) Reitveld refinement profile for
the PXRD.

Table 2. Refined structural parameters for CaSrMnO3-δ using powder X-ray diffraction data; space
group: Pm-3m, a = 3.7771(1) Å, V = 53.886 Å3, Rp = 0.0506, wRp = 0.0632, χ2 = 1.370.

Element x y z Uiso Occupancy Multiplicity

Ca1 0.5 0.5 0.5 0.025(2) 0.5 1
Sr1 0.5 0.5 0.5 0.025(2) 0.5 1

Mn1 0.0 0.0 0.0 0.036(3) 1 1
O1 0.5 0.5 0.0 0.068(3) 0.9867 3
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Figure 2

Figure 2. Ca0.5Sr0.5MnO3-δ (a) crystallographic structure with unit cell, (b) Reitveld refinement profile
for the PXRD.

In SrMnO3-δ, the Mn-O bond distances exhibit significant variation, measured at 1.81,
1.87, 1.91, and 2.03 Å, which can be attributed to the dual types of polyhedral connectivity:
face-sharing and corner-sharing. While a direct comparison of bond distances across the
compounds SrMnO3-δ, CaMnO3-δ, and Ca0.5Sr0.5MnO3-δ is not entirely appropriate due to
their structural differences, it is observed that the average Mn-O bond distance in SrMnO3-δ

(1.91 Å) is slightly longer than in CaMnO3-δ and Ca0.5Sr0.5MnO3-δ (1.89 Å). Additionally,
the Mn-O-Mn bond angles in SrMnO3-δ reflect the structural variations, with angles as small
as 80.9(3)◦ in the face-sharing octahedral dimers, whereas the corner-sharing octahedra
exhibit a larger Mn-O-Mn bond angle of 166(1)◦ [2]. However, Ca0.5Sr0.5MnO3-δ contains
only one type of Mn-O-Mn angle, which is 180◦, as expected from a cubic perovskite
structure. In the case of CaMnO3-δ, the average Mn-O-Mn angle remains 180◦, but the
tetrahedral geometries are regularly tilted to cause structural destruction which is believed
to create lattice polarization and polarons in the compound [12,13,18,19].

Table 3. Refined structural parameters for SrMnO3-δ using powder X-ray diffraction data; space
group: P63/mmc, a = 5.4549(8) Å, b = 5.4549(8) Å, c = 9.0905(8) Å, V = 270.496 Å3, Rp = 0.0529,
wRp = 0.0699, χ2 = 1.890.

Element x y z Uiso Occupancy Multiplicity

Sr1 0.0 0.0 −0.197(7) 0.020(6) 0.5 4

Sr2 0.333(3) 0.666(7) 0.250 0.020(6) 1 2

Mn1 0.333(3) 0.666(7) 0.572(7) 0.031(4) 1 4

O1 0.5 0.0 0.0 0.020(6) 0.9000 6

O2 −0.898055 0.898055 0.750000 0.020(6) 0.9000 6
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Figure 3. SrMnO3-δ (a) crystallographic structure with unit cell, (b) Reitveld refinement profile for
the PXRD.

The morphology and grain sizes of all the three materials (Ca2, CaSr and Sr2) were
analyzed using scanning electron microscopy (SEM). Figure 4 presents the SEM images
of the sintered pellets for each material, highlighting the surface morphology and grain
structure. These images provide insights into the grain size and distribution, which are
crucial for understanding the material’s microstructural properties and their potential
impact on electrical and catalytic performance. It seems that the grain sizes are the smallest
for SrMnO3-δ. Ca0.5Sr0.5MnO3-δ shows the diffused crystallites. From the SEM images, it
seems that the grain size decreases with the increase in the average A-site cationic radius
in this series. Note that the ionic radius of Ca is the smallest. It shows that the structural
morphology is also affected by the average ionic radius of A-site cations. The bigger the
average ionic radius, the smaller the crystallite size. All the materials look porous in the
SEM images.

(a) Ca2Mn2O6-δ (b) CaSrMn2O6-δ (c) Sr2Mn2O6-δ

5 μm 5 μm 5 μm

Figure 4

Figure 4. Scanning electron microscopy images of CaMnO3-δ (a), Ca0.5Sr0.5MnO3-δ (b), and SrMnO3-δ

(c) from left to right.
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Iodometric titration shows the δ value 0.05, 0.05, and 0.0 for CaMnO3-δ, Ca0.5Sr0.5MnO3-δ

and SrMnO3-δ, respectively, which show that all materials contain almost all Mn in 4+
oxidation state. These values are similar to those of previous reports [11,15,16,20].

3.1. Electrical Conductivity

The study of the electrical properties of these materials was performed by the four-
point probe technique through direct current (DC) measurement. In the DC method, the
output current (I) is measured by applying a constant voltage (V), and the resistance (R) is
determined using Ohm’s law:

R =
V
I

(3)

The resistance values obtained are then used to calculate the electrical conductivity (σ)
using the equation [21]:

σ =
1
R
× L

A
(4)

where L and A represent the voltage probe spacing and cross-sectional area of the
pellet from where current passes, respectively. The electrical conductivities of the
compounds were also obtained at different temperatures from 25 to 300 ◦C. Through-
out the studied temperatures, the electrical conductivity of the Ca—material is the
highest while that of the Sr—material is the lowest with the conductivity order of
CaMnO3-δ > Ca0.5Sr0.5MnO3-δ > SrMnO3-δ. Figure 5 shows the conductivity of the ma-
terials at room temperature through 300 ◦C.
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Figure 5. Temperature-dependent total electrical conductivity of CaMnO3-δ (red stars), Ca0.5Sr0.5MnO3-δ

(green spheres), and SrMnO3-δ (blue triangles).

Perovskite oxides have transition metal cations at B-site. Generally, these B-site cations
have flexible multiple oxidation states such as Mn3+/Mn4+. When there are different
oxidation states of B-site cations in a compound, electrons hop from one cation to another
through Mm+-O-Mn+ bond system resulting into electrical conduction [22,23]. However,
there are reports for perovskite oxides which do not possess B-site cation with multiple or
different oxidation states [24]. Still it demonstrates the electrical conductivity, though very
small in magnitude. Our compounds are also of similar type where the B-site cation do
not possess significant multiple oxidation states. Ca2 material has structure distorted from
regular cubic structure where octahedra are tilted [12]. This structural distortion can lead
to lattice polarization [13,14,19]. This lattice polarization is responsible for the formation
of small polarons in the crystal [19,25]. These polarons are responsible for the electrical
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conductivity at room temperature [19,25]. These types of small polarons due to structural
distortion are not formed in CaSr and Sr2 material. Hence, Ca2 material has the highest
conductivity at room temperature. The oxygen content play significant role in conductivity
as it determines the concentration of Mm+-O-Mn+ bond systems in a compound. The δ

values for Ca2, CaSr and Sr2, materials are 0.05, 0.05, and 0.00, respectively.
CaSr material has 1800 of Mn-O-Mn bond angles while Sr2 material has a lower bond

angle because of the face sharing. Since M-O bond is formed by the overlap of Mn-3d
orbital with O-2p orbital, larger M-O-M bond angles have better orbital overlap which
leads to better conductivity [26]. The shorter the M-O bond distance, the greater the orbital
overlap and the wider the conduction band which makes the material more conductive [26].
Thus, the Sr2 material has the lowest room temperature conductivity (almost zero) due to
nil Mn3+/Mn4+ ratio and the smaller bond angle.

We also studied the temperature dependent conductivity of these materials. Figure 5
shows the temperature dependent electrical conductivity of the three materials. The con-
ductivity measurement of the three materials at different temperatures exhibits increasing
conductivity with the rise of temperature. It indicates the semiconductive nature of the
materials. In such perovskite oxide materials, which show the semiconductor type conduc-
tivity, the materials demonstrate the loss of oxygen with the rise in temperature [27,28].
Most of the Mn remains in 4+ oxidation state before the loss of oxygen to balance the over-
all charge of the stoichiometric compound. When oxygen is lost due to heat, some Mn4+

get reduced to Mn3+ forming Mn3+-O-Mn4+ conduction pathways. Thus, the conduction
pathways Mn3+-O-Mn4+ increase with the rise of temperature [29,30]. The charge transport
mechanism can be expressed by Kroger–Vink notations. The loss of oxygen produces
oxygen vacancies [29].

The Kroger and Vink equations are surprising: in a theoretical solid solution classically
expressed as:

Ca(2+)Mn(4+)(1−y) Mn(3+)(y) O(2−)(3−x) VO (x)

we should have the relation: y = 2x.
2Mn4+ + è → 2 Mn3+ + 2h•

2 h• + OX + è → ½ O2 (gas) + V••

The equation according to K and V would therefore be written using the doubly
charged vacancy V••:

2 MnX + OX ==> 2 Mn′ + 1/2 O2 (gas) + Vo
••.

Here, Ox, V••
o and h• represent lattice oxygen, oxygen vacancy, and hole, respectively.

As the temperature increases, the process of formation and consumption of the holes
increases with the increase of the concentration of the oxygen vacancies due to increased
oxygen loss. These holes are responsible for p-type conductivity [29,30]. Hole mobility
increases with the temperature rise. The relation between the conductivity and the mobility
of the charge carrier for temperature-activated conductivity can be represented as

σ = neµ (5)

where σ, n, e, and µ are the conductivity, concentration of electrons/holes, charge of the
electron, and mobility of the charge carriers, respectively.

3.2. Correlation Between OER and Conductivity

Many perovskite oxides have shown electrocatalytic activity toward OER [31,32]. We
also investigated the electrocatalytic activity of these materials for OER, to see the relation
of their conductive nature with catalytic activity. The OER activities of the three materials
were studied by cyclic voltammetry. For oxygen evolution reaction (OER) measurements,
numerous studies have incorporated carbon black into the electrode composition to im-
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prove electrical conductivity and optimize the catalyst’s utilization. The addition of carbon
black helps facilitate efficient charge transfer within the electrode, thereby enhancing the
overall performance of the OER process [33–35]. However, recent studies have revealed that
carbon plays a more intricate role beyond merely serving as a conductive support. It can
actively participate in the catalytic process, influence the electrochemical environment, and
interact with the catalyst, potentially affecting its activity and stability during the oxygen
evolution reaction (OER). These findings suggest that carbon’s role in OER is multifaceted,
contributing to both the physical and chemical properties of the electrode [36,37]. For
example, X-ray absorption near-edge spectroscopy study of Ba0.5Sr0.5Co0.8Fe0.2O3/carbon
composite electrode demonstrated the reduction of Co during the composite preparation
process [38]. for this reason, some researchers have studied OER without carbon black [26].
We also followed the OER experiments without carbon black. It has been found that CaSr
material shows intermediate onset potential (~1.6 eV) for oxygen generation, while the Ca
and Sr material show the lowest (~1.54 eV) and largest (~1.68) onset potential, respectively.
However, these catalysts are inferior to RuO2 or IrO2.

The mass activity (A/g) was also calculated for CaMnO3-δ, Ca0.5Sr0.5MnO3-δ and
SrMnO3-δ. This was done using the catalyst loading mass (0.1 mgcat cmGEO

−2) and the
measured current density J (mA cmGEO

−2). The inset in Figure 6a compares the OER mass
activity of the three materials at 1.80 V vs. RHE. The CaSr material shows the intermediate
mass activity (0.42 A/g), while the Ca and Sr material show the largest (1.1 A/g) and lowest
(0.28 A/g) mass activity toward OER, respectively.
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(a) (b)
Figure 6. (a) Polarization curves of OER with the mass activities in inset and (b) Tafel slope for
CaMnO3 (red), Ca0.5Sr0.5MnO3-δ (green) and SrMnO3 (blue).

The Tafel slope is commonly used to study the kinetics of the oxygen evolution reaction
(OER) and is evaluated using the Tafel equation: [39,40]

η = a + b log j (6)

where η is the overpotential, and j is the current density. The Tafel plot (η vs. log j) provides
insights into both electron and mass transport, reflecting the efficiency of the electrocata-
lyst’s activity [41,42]. A lower Tafel slope typically indicates faster reaction kinetics and
enhanced OER performance [42]. The Tafel slopes for CaMnO3-δ, Ca0.5Sr0.5MnO3-δ and
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SrMnO3-δ are found to be 104.9 mV/dec, 160.3 mV/dec, and 167.4 mV/dec, respectively,
as shown in Figure 6b. Among these, CaMnO3-δ exhibits the lowest Tafel slope, correlating
with its superior OER activity, suggesting that it facilitates more efficient charge transfer
compared to the other materials. Similarly, Ca0.5Sr0.5MnO3-δ and SrMnO3-δ show interme-
diate and the highest Tafel slope. Since CaMnO3-δ presents the superior performance, its
stability was tested in terms of CV cycles. It is stable only up to 20 cycles.

These OER experiments show the trend of the comparative catalytic activity as
CaMnO3-δ > Ca0.5Sr0.5MnO3-δ > SrMnO3-δ. Note that the conductivity trend also follows
the same direction as CaMnO3-δ > Ca0.5Sr0.5MnO3-δ > SrMnO3-δ. It shows the correlation
between conductivity and OER catalytic activity.

4. Conclusions
The structure of AMnO3-δ transforms from orthorhombic through cubic to hexag-

onal as Ca decreases and Sr increases. CaMnO3-δ is orthorhombic, Ca0.5Sr0.5MnO3-δ

is cubic and SrMnO3-δ is hexagonal. CaMnO3-δ has the highest conductivity due
to polaron activity and SrMnO3-δ has the lowest conductivity due to the absence of
oxygen vacancy and the smallest Mn-O-Mn bond angle or structural effect. Their
electrocatalytic activity toward OER demonstrated the catalytic performance order as
CaMnO3-δ > Ca0.5Sr0.5MnO3-δ > SrMnO3-δ in terms of onset and mass activity. This trend
follows the same trend of conductivity, showing the direct relation between conductivity
and OER catalytic activity in the series of materials.
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