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ABSTRACT: Establishment of a sustainable energy society has been strong
driving force to develop cost-effective and highly active catalysts for energy
conversion and storage devices such as metal−air batteries and electrochemical
water splitting systems. This is because the oxygen evolution reaction (OER), a
vital reaction for the operation, is substantially sluggish even with precious
metals-based catalysts. Here, we show for the first time that a hexagonal
perovskite, BaNiO3, can be a highly functional catalyst for OER in alkaline
media. We demonstrate that the BaNiO3 performs OER activity at least an
order of magnitude higher than an IrO2 catalyst. Using integrated density
functional theory calculations and experimental validations, we unveil that the
underlying mechanism originates from structural transformation from BaNiO3
to BaNi0.83O2.5 (Ba6Ni5O15) over the OER cycling process.

■ INTRODUCTION

Oxygen evolution reaction (OER) is a vital process for diverse
energy storage devices. For instance, the rechargeable metal−air
batteries (MxO2 → Mx + O2)

1,2 and fuel generation through
water splitting reactions (H2O → H2 + 1/2O2)

3 are two
archetype examples. The efficiency of the systems is critically
dependent on the OER, but even with precious metal catalysts,
the low activity is still a major concern leading to significant
overpotential. Recently, it was proposed that perovskite oxides
produced high OER activity comparable to state-of-the-art
IrO2; ever since a number of researches have been focused on
the development of the perovskite structure catalysts and
identification of essential descriptors of OER activity from
fundamental perspective.4−13 A perovskite oxide (crystal
structure ABO3 where A is a rare-earth or alkaline-earth
metal and B is a transition metal) is more cost-effective and
highly active compared with conventionally utilized noble
metals and is pliable in physical, chemical, and catalytic
properties.
Recently, using corner-shared pseudocubic perovskites in an

alkaline solution (4OH− → O2 + 2H2O + 4e−), Suntivich et al.5

suggested that the filling of eg level electrons of the surface
cation can be a descriptor for OER activity. They proposed that
the OER activity is high because the occupancy is close to one
and the degree of the covalency in the chemical bond between
the transition metal and oxygen is high.5 We realized that few
studies have been published on hexagonal perovskite catalysts
for the OER despite numerous reports on perovskite

catalysts.6−12 Grimaud et al. reported the OER activity and
stability of hexagonal perovskite oxides (Ba6Mn5O16 and
Sr6Co5O15).

13 They suggested that the electronic structure of
transition metal oxides, such as face-shared (f-s) and prism (P)
in hexagonal perovskites, plays a critical role in the OER activity
and stability.
We focused on a BaNiO3 (Ba6Ni5O15) material (t = ∼1.13, t

refers to Goldschmidt’s tolerance factor), which has a hexagonal
perovskite structure with the face-shared (f-s) [NiO6]
octahedral oriented to chain units (NiO3)∞

∞−. The Ni
oxidation states are crystallographically equivalent in BaNiO3,
but it has been suggested that intermediate phases, BaNiOx (2.3
< x < 2.67) and BaNi0.83O2.5 (Ba6Ni5O15), derived from phase
transformations of BaNiO3 induce supermixed valence states of
Ni2+, Ni3+, and Ni4+,14−16 developing the distorted-prism (P)
coordination. The mixed oxidation state can promote OER
activity via redox reaction of *OOH (known as a rate-
determining step in OER), which might be fast.11,17−19

However, the crystal and electronic structures of BaNiO3 and
BaNi0.83O2.5 have never been investigated under the context of
electrochemistry for energy applications. Here, we provided
fundamental information on hexagonal perovskites of BaNiO3

and BaNi0.83O2.5 as new candidates of perovskite-type catalysts
for the OER. The OER activity of the BaNiO3 was improved
during the OER cycles, which is far beyond of the state-of-the-
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art IrO2 catalyst over OER cycling experiments. Using density
functional theory calculations, we unveiled the underlying
mechanism leading to the high OER catalytic activity of the
BaNi0.83O2.5. We setup the model systems of three perovskites
of BaNi0.83O2.5, BaNiO2, and BaNiO3 to carefully analyze
variations of the electronic as well as geometrical structures. To
explicitly represent the OER activity, we calculated thermody-
namic free energy diagrams for each of the three perovskite
model systems. Using integrated experimental analysis and
density functional theory (DFT) calculations, we found that the
high activity of the BaNiO3 can be derived from a natural phase
transformation from BaNiO3 to BaNi0.83O2.5 during the OER
cycling process. Our finding suggested that the Ni-based
hexagonal perovskites can be promising for OER catalysts
meeting the principles previously speculated.5,9,17

■ RESULTS AND DISCUSSION

The hexagonal perovskite BaNiO3 was synthesized via flux-
mediated crystal growth.20 The BaNiO3 has hexagonal-rod
shapes with an average thickness of 100 μm (Figure 1a and
Figure S1). EDS measurements indicate that the BaNiO3 crystal
was composed of Ba and Ni with an atomic ratio of ∼1:1
(Table S1). Moreover, Ba and Ni atoms were uniformly
distributed across the whole sheet (Figure S2), indicating the
uniform chemical composition. The crystal structure of the
BaNiO3 was refined in hexagonal symmetry with space group
P63/mmc and unit-cell parameters a = b = 5.660 Å and c =
4.801 Å (Figure 1b and Table S2). Figure 1c represents the
crystal structure of the BaNiO3 projected down [110]. The
face-shared (f-s) NiO6 octahedra form chains running along
[001]. Figure 1d shows a typical atomic-level HAADF−STEM
image of ultrathin BaNiO3 crystals. It can be found that all the
atoms were closely packed into a hexagonal structure, and Ni
atoms (dark gray) were located at the center surrounded by six
Ba atoms (light gray) in the view along the [001] direction,

which shows identical atomic arrangements with the crystal
model as shown in Figure 1e. The interatomic distances of Ba−
Ni and Ni−Ni were ∼3.523 and ∼5.802 Å, respectively. This
corresponds to the results obtained from the structural
modeling data (Figure S3). The SAED patterns of the
BaNiO3 synthesized via flux-mediated crystal growth demon-
strate a single-crystalline feature (Figure 1f).
The OER currents of the BaNiO3 and IrO2 were obtained in

0.1 M KOH electrolyte by using a rotating-disk electrode at a
rotating speed of 1600 rpm and at a scan rate of 10 mV s−1

(reference electrode Hg/HgO (Figure S4)). To separate the
surface area effect from the intrinsic catalytic activity, the
surface area-normalized kinetic current density (specific activity,
is) of the BaNiO3 as a function of potential versus RHE is
represented in Figure 2a. The surface area of the BaNiO3 was
0.301 m2 g−1 (Figure S5). The initial specific current at 1.6 V
was approximately 2.42 mA cm2

oxide, which surpasses 0.32 mA
cm2

oxide of the IrO2. Furthermore, the currents after 50 cycles
and 150 cycles were comparable to that of state-of-the-art
Ba0.5Sr0.5Co0.8Fe0.2O3−δ (BSCF82)5 and (Pr0.5Ba0.5)CoO3−δ,

12

showing approximately 4.56 and 4.99 mA cm2
oxide, respectively

(Figure 2a). With respect to the specific OER activity
normalized by electrochemical surface area (ECSA), the
BaNiO3 catalyst after 250 cycles was also higher at 6.32 mA
cm−2

ECSA compared with 4.52 mA cm−2
ECSA (initial) of the IrO2

catalysts at 1.6 V (Figure S6 and S7).2 The anodic current
around 1.43 V appeared during 50 cycles, and the OER current
was significantly enhanced simultaneously (Figure S8). The
pseudocapacitance behavior can appear due to oxidation of Ni
atoms as reported earlier.21−24 Recently, some reports show
that surface amorphization can enhance the OER activity in
alkaline media.10,25,26 In fact, the catalyst reported by Suntivich
et al. was also unstable in base, and that their perovskite
“catalyst” was actually a precursor for the active composi-
tion.5,10 Thus, the significant increase in the OER activity

Figure 1. Morphology and crystal structures of the BaNiO3. (a) SEM image of the BaNiO3 synthesized via flux-mediated crystal growth. White
rectangle represents the sample position for the TEM analysis. The BaNiO3 was a hexagonal-rod shape with a thickness of ∼100 μm. (b) XRD
patterns of the BaNiO3. It corresponds to a hexagonal perovskite structure with space group P63/mmc. (c) Schematic of the BaNiO3 crystal structure.
The face-shared (f-s) NiO6 octahedra form chains running along [001]. (d) Atomic-level HADDF image of the BaNiO3. (e) Schematic of the
BaNiO3 crystal structure. It shows identical atomic arrangements with the BaNiO3 as shown in the HADDF image. The interatomic distances of Ba−
Ni and Ni−Ni were ∼3.523 and ∼5.802 Å, respectively. It corresponds to the results obtained from the structural modeling data. (f) SAED pattern
along the [001] zone axis. The BaNiO3 synthesized via flux-mediated crystal growth has a single-crystalline feature.
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during 50 cycles may be attributed to the surface amorphization
of the small amount of Ni species (Figure S9). Thereafter, the
OER activity of the BaNiO3 was stable for 1000 cycles with
deactivation rate of 11.1%, which is lower than the results for
IrO2 (IrO2 is considered to be an unstable catalyst in alkaline
media25) and similar or slightly higher compared with the
results of stable catalysts recently reported (SrNb0.1Co0. 7Fe0. 2-
O3−δ , LiCo0.8Fe0.2O2, (La0.613Ca0.387)2NiO3.562 , and
others).27−31 However, we believe that the OER stability can
be further enhanced by several approaches such as insertion of
other metal oxides or change of the composition ratio. It is
well-known that the d-band center energy (εd) is an important
descriptor for a bond strength between transition metal and an
adsorbate.32 The key idea is the higher lying is the εd with
respect to Fermi energy the stronger is the chemisorption for
the fixed d-band filling. There have been several reports that the
O p-band center could work as a descriptor for OER catalysis
similarly to the d-band center model,12 that is, the closer O p-
band energy center is to the Fermi energy the higher the OER
activity. Our calculations showed that O p-band energy centers
of BaNiO3, BaNiO2, and BaNi0.83O2.5 with respect to Fermi
energy were −2.14, −2.49, and −1.79 eV, respectively.
Therefore, OER activity of the BaNi0.83O2.5 should be the
highest among the three perovskites oxides. Furthermore, The
BaNi0.83O2.5 has the O p-band resembling the double

perovskite, which implies that the hexagonal perovskites are
stable against surface amorphization (Figure 2b and Figure
S10). It can be also supported by the low deactivation rate from
150 cycles to 1000 cycles (Figure S8) and stable chronopten-
tiometric responces (Figure S11). Recently, Mefford et al.
suggested oxygen intercalation in LaMnO3 perovskite pseudo-
capacitor electrodes in alkaline media. The oxygen intercalation
can build V*Mn (Mn vacancy) and then gives rise to manganese
surface segregation.24 In this respect, it would be possible to
form Ni vacancies in the BaNiO3 during the OER cycles, which
leads to phase transformation into BaNi0.83O2.5 or BaNiO2. To
determine the phase transformation of the BaNiO3, we examine
the changes in the local structure obtained by analysis of the
extended X-ray absorption fine structure (EXAFS) of the
BaNiO3 before and after OER cycling (Figure 2c). The reduced
distance of Ni−O was shifted from ∼1.62 Å (interatomic
distance ∼1.92 Å) to ∼1.54 Å (interatomic distance ∼1.84 Å)
after the OER cycling. Moreover, the reduced distance of the
Ba−Ni was also shifted from ∼3.22 Å (interatomic distance
∼3.52 Å) to 3.35 Å (interatomic distance ∼3.65 Å). These
changes in the interatomic distances demonstrate the phase
transformation of the BaNiO3 to BaNi0.83O2.5, supported by
DFT calculations (Figure 2d,e).
As another electronic structure effect, we calculated the filling

of eg-energy levels in the perovskite oxides since the eg-orbital

Figure 2. OER activities and phase transformation of the BaNiO3. (a) OER specific activities of the BaNiO3 during the OER cycles.5,12,13 Error bars
represent sd from at least five independent measurements. The specific activity after OER cycling was comparable to state-of-the-art
Ba0.5Sr0.5Co0.8Fe0.2O3−δ (BSCF82). (b) Evolution of the potential at 0.5 mA cm−2

oxide versus the O p-band center relative to EF (eV) of the BaNiO3.
The O p-band center relative to the Fermi level was computed by DFT. Solid outlined circles represent the results reported by other researchers, and
dotted outline circles (C) represent the BaNiO3, BaNi0.83O2.5, and BaNiO2 calculated by DFT. The filled dotted outline circles (E) indicate the
results via experimental measurements in this study. (c) Fourier transforms (FT) of EXAFS of the BaNiO3 before and after the OER cycles. The Ni
K-edge X-ray absorption was acquired in the TEY mode. The FT was calculated between 3.5 and 13.0 A−1 after weighting by k3. Note that the
interatomic distances of the Ni−O and Ba−Ni in the BaNiO3 were shifted to lower and higher positions after the OER cycles, respectively. (d)
Schematic of the BaNiO3 crystal structure with the interatomic distances calculated by DFT. (e) Schematic of the BaNi0.83O2.5 crystal structure with
the interatomic distances calculated by DFT. The shift of the interatomic distances of the BaNiO3 corresponds to that of the results calculated by
DFT, which demonstrates that the BaNiO3 was naturally transformed into the BaNi0.83O2.5 during the OER cycles.
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of a d-band in the transition metal directly overlaps with the pz
orbital of oxygen leading to substantial Pauli repulsion via
orbital orthogonalization. According to Sabatier’s principle the
eg orbital filling should be optimized (about 1.2) to secure high
OER activity as proposed by Shao-Horn’s group.5,33 We
obtained the eg-orbital fillings of 0, 2, and about 1.4 for BaNiO3
(Ni4+ (t2g)

6(eg)
0), BaNiO2 (Ni

2+ (t2g)
6(eg)

2), and BaNi0.83O2.5
(Ni2+ (t2g)

6(eg)
1, Ni3+ (t2g)

6(eg)
1, and Ni4+ (t2g)

6(eg)
2),

respectively (Figure 3a−c). The schematic of the BaNiO2
crystal structure is shown in Figure S12. Accordingly our
results indicate that BaNi0.83O2.5 should produce the highest
OER activity, and the BaNiO3 should be the lowest among the
three perovskite oxides. Figure 3d shows the relation between
the OER catalytic activities of the BaNiO3, BaNi0.83O2.5, and
BaNiO2 as a function of eg electron occupancy. The OER
activity of the BaNiO3 was different between the results of the
experimental measurements and computational DFT analysis.
It may be because the phase transformation rapidly starts at the
early OER cycle (Figure S13 and Table S3). In the BaNi0.83O2.5,
the OER activity obtained from the experimental measurements
corresponded to the computational DFT analysis. It demon-
strates that the phase transformation of the BaNiO3 into the
BaNi0.83O3 leads to the enhancement of OER activity by the
change in eg electron occupancy. The high activity of the
BaNi0.83O2.5 would be also attributed to the change in Ni
coordination. The formation of Ni vacancies in BaNi0.83O2.5

changes the face-shared (f-s) coordination into distorted prism
(P), lowering Ni oxidation states (Figure 3a,b). The Ni K-edge
X-ray absorption near edge structure (XANES) spectra of the
BaNiO3 shows that the absorption edge position shifts toward
lower energy side after the OER cycling, suggesting a
concomitant decrease (Ni4+ → Ni2+/Ni3+) in the Ni oxidation
state (Figure S14).34,35 X-ray absorption spectroscopy (XAS)
Ni L2,3-edge spectra provided further information on Ni
oxidation states (Figure S15). It shows two characteristic
lines, originated with transitions from the 2p3/2 (L3, 2p3/2 → 3d,
∼853 eV) and 2p1/2 (L2, 2p3/2 → 3d, ∼870 eV) levels (split by
the spin−orbit interaction) to empty levels of the 3d band. All
spectra were aligned using a NiO standard (L3 = ∼853 eV).
The Ni L2,3-edge spectra of the BaNiO3 before the OER cycling
showed that Ni is predominantly in a 4+ oxidation state.36 After
the OER cycling, a change in valence from Ni4+ to Ni3+/Ni2+

due to oxygen nonstoichiometry of the BaNi0.83O2.5 occurs by
an increase in the first peak intensity while the second peak
diminished. The L2-edge peak was also shifted from ∼873 to
∼870 eV. This demonstrates Ni supermixed valence in
stoichiometric BaNi0.83O2.5 (Ni2+, Ni3+, and Ni4+). XAS O 1s
(K-edge) spectra reflect the O 2p weight hybridized into the
unoccupied states of the transition metal and alkali rare-earth or
rare-earth ions (Figure S16). The pre-edge region from ∼528
to ∼533 eV is described as oxygen 2p states hybridized with the
transition metal 3d states. The peaks from ∼534 to ∼540 eV

Figure 3. Schematics of phase transformation and the evidence of the OER activity of the BaNiO3. (a) Schematic of the BaNiO3 crystal structure
with the interatomic distances calculated by DFT. (b) Schematic of the BaNi0.83O2.5 crystal structure with the interatomic distances calculated by
DFT. (c) Schematic of the BaNiO2 crystal structure with the interatomic distances calculated by DFT. (d) The relation between the OER catalytic
activity, defined by the overpotential at 0.05 mA cm−2

oxide, of OER current, and the occupancy of the eg electron of the transition metal. Solid outline
circles represent the results reported by other researchers, and dotted outline circles (C) represent the BaNiO3, BaNi0.83O2.5, and BaNiO2 calculated
by DFT. The filled dotted outline circles (E) indicate the results via experimental measurements in this study. (e) Free energy diagrams of the
BaNiO3, BaNi0.83O2.5, and BaNiO2 depending on the reaction coordinates.
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can be assigned to O 2p states mixed with Ba 5d and Ni 4sp
states.37 The peak of the BaNiO3 before the OER cycling
appeared at ∼529 eV. This feature may be associated with the
presence of higher Ni oxidation state (Ni4+) than Ni3+.38 After
OER cycling, the peak at ∼529 eV disappeared, and a new peak
appeared at ∼532 eV where the addition of an electron in the eg
sub-band is related. The broad peak at ∼532 eV was slightly
shifted from the peak of NiO at ∼531.5 eV, which may be
associated with the distortion of Ni coordination (e.g., eg sub-
band splitting to z2 and x2 − y2).38 All XAS spectra support that
the Ni supermixed valence and coordination distortion are
developed in the BaNi0.83O2.5. In correlation with the OER
activities, this finding suggests that HS Ni2+ in P coordination is
more active than Ni4+ in f-s coordination, which resembles the
suggestions of Grimaud et al. on the relationship between Co
coordination and OER activity.13

To quantitatively predict OER performance, we calculated
the free energy diagram in an alkaline medium on the
thermodynamic aspect. The methodology has been widely
applied to various catalytic processes.39,40 We assumed the
overall OER mechanism, 4OH− → O2 + 2H2O + 4e−,
composed with four elementary reaction steps as eqs 1−4 as
suggested by Goodenough and associates.41 We only
considered intermediates involving electrons in the reactions.

* + → * + +− −HO OH O H O e2 (1)

Δ = Δ * − Δ * − Δ

− − −− −

G G G G(HO ) (O ) (H O)

(e OH ) eU
1 2

* + → * +− −O OH HOO e (2)

Δ = Δ * − Δ * − − −− −G G G(O ) (HOO ) (e OH ) eU2

* + → * + +− −HOO OH OO H O e2 (3)

Δ = Δ * − Δ * − Δ

− − −− −

G G G G(HOO ) (OO ) (H O)

(e OH ) eU
3 2

* + → * + +− −OO OH HO O e2 (4)

Δ = Δ * − Δ * − Δ

− − −− −

G G G G(OO ) (HO ) (O )

(e OH ) eU
4 2

Here, ΔG1−4 represent the free energy of each intermediate in
the OER mechanism obtained by ΔG = ΔE + ΔZPE − TΔS +
eU. ΔE is the calculated DFT energy. ΔZPE and ΔS are the
change of zero point energy and entropy, respectively. These
corrections are adopted from standard tables for gas phase
molecules.42 The asterisk behind an intermediate signifies the
active site on the surface of perovskite. To estimate the effect of
the electron’s chemical potential under applied potential (U),
we linearly shifted the free energy by eU. The free energy of
H2O, O2, and OH− was obtained by using DFT energy of H2O
and H2 in the gas phase. The energy of H2O is corrected with
zero point energy and calculated at the pressure of 0.035 bar
since the free energy of H2O in liquid phase is the same as that
in gas phase. To minimize DFT energy for oxygen, we utilized
the free energy of the formation of water (1/2O2 + H2 →
H2O), and the free energy of OH−(aq) was estimated by the
reaction of H2O(l) = H+(aq) + OH−(aq). The free energy of
OH− was found using the overall reaction of OER (4OH− →
O2 + 2H2O + 4e−) in alkaline electrolyte. The overall equation

can be rearranged as ΔG(OH−) = {ΔG(total) − ΔG(O2) −
2ΔG(H2O)}/4. The corrected free energy of O2 and 2H2O was
subtracted from the total free energy of the overall OER
reaction, which is equal to 4.92 eV (1.23 × 4), then divided by
4, which gives free energy of OH−. The free energy for each
elementary step at U = 0 is calculated and presented in Figure
3e by dotted lines. All OER steps in the free energy diagram at
U = 0 are uphill meaning endothermic processes. That is at U =
0, the OER reaction needs 4.92 eV of energy to proceed, and
the equivalent potential (Ueq) can be found as 1.23 V (4.92 V/
4) since all the four reaction paths should be needed. When
equivalent potential is applied (dashed lines in Figure 3e), the
formation of O* and OOH* become downhill (i.e.,
exothermic) for BaNiO3 and BaNiO2, while BaNi0.83O2.5
becomes exothermic in formation of O* and OH*.
We defined the overpotential of OER as ηOER = UOER − Ueq,

where the OER potential (UOER), the least potential necessary
for all the reactions to become downhill, was determined by the
magnitude of the rate-determining step of OER, UOER =
max[ΔG1, ΔG2, ΔG3, ΔG4]. In Figure 3e, the overpotential of
each perovskite is shown: the BaNi0.83O2.5 has the smallest
overpotential and BaNiO3 has the largest, which excellently
agreed with the outcomes by the calculated eg-filling.
Interestingly, the rate-determining step in all three perovskite
oxides is the formation of OO* from HOO*. This indicates
that the larger the difference in binding energy of HOO* and
OO* intermediates is the better the OER activity. The
adsorption energy of OOH decreases (more positive in energy
value) in the order of BaNi0.83O2.5, BaNiO2, and BaNiO3. The
strong binding energy was due to the O in OOH that is bound
to the other O. The O in OOH being negatively charged is
inclined to the partially positively charged Ba, which stabilizes
HOO*. The angle of O−O−Ni in the OOH was measured as
122.34°, 120.61°, and 113.74° for BaNiO3, BaNiO2, and
BaNi0.83O2.5, and we identified that BaNi0.83O2.5 forms a smaller
angle than the others. The OO* adsorption energies were
determined, and the order of the strength of binding energy
was the same as that for the HOO*. This can be explained by
the geometry of adsorbed O2 on the perovskite oxide surfaces.
The adsorbing O in OO* on BaNiO3 and BaNiO2 surfaces
were bent slightly (about 175° and 142°, respectively). On
BaNi0.83O2.5, however, both the O adsorbed on Ni, dramatically
enhancing the adsorption energy. Although OO* stabilized on
BaNi0.83O2.5, HOO* also absorbs much more strongly.
Therefore, the difference between HOO* and OO* on
BaNi0.83O2.5 is still larger than the other two. This is the
underlying mechanism leading to highest OER activity of
BaNi0.83O2.5: the difference of the free energies between OO*
and HOO* on BaNi0.83O2.5 is maximized among the three
perovskite oxides as represented by the smallest overpotential.
If we can find a perovskite that can still adsorb HOO* strongly
but binds OO* more weakly, we can lower overpotential.

■ CONCLUSIONS
We provided basic information on the interplay between crystal
structures of the BaNiO3 and BaNi0.83O2.5 and OER activity for
the first time. The phase transformation of BaNiO3 into
BaNi0.83O2.5 appeared during the OER cycling. The OER
activity of BaNi0.83O2.5 was comparable to those of state-of-the-
art BSCF82 and double perovskites. It is associated with the
change in eg occupancy and local structures of Ni between the
BaNiO3 and the BaNi0.83O2.5. First, eg occupancy near zero of
the BaNiO3 was changed into eg occupancy near unity of the
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BaNi0.83O2.5. Second, the change in Ni local structure was
derived from the formation of Ni vacancy in the BaNiO3, and a
concomitant decrease (Ni4+ → Ni2+/Ni3+) in the Ni oxidation
state (supermixed valence) altered f-s coordination into P
coordination. Moreover, the BaNi0.83O2.5 showed stable OER
activity during 250 cycles because of the O p-band center for Ni
neither too close nor too far from the Fermi level. Lastly, the
difference between the free energy of OO* and HOO* of
BaNi0.83O2.5 was the smallest in this study, which leads to
achieving the smallest overpotential. All experimental results
corresponded to the results calculated by DFT and suggestions
previously reported by several authors. Hence, we suggest that
BaNi0.83O2.5 can be a new family of perovskite catalysts for the
OER in alkaline media, and the formation of B-site defects
(ABO3) would be a way to enhance the OER activity of the
hexagonal perovskite catalysts.
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