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T he energy storage sector facilitates 
research on the development of 
novel electrodes for metal-ion 

batteries, and economic catalysts for metal-
air batteries, fuel cells and water-splitting 
devices. In Li-ion batteries (LIB), after 
the great success of LiFePO4 as a cathode, 
phosphate-based materials have been 
extensively studied.1 LIB empower suites 
of portable electronics and (hybrid) electric 
vehicles, while for large-scale micro-to-
mega stationary grid storage purposes a 
more economical option such as sodium-ion 
batteries (SIB) has been developed. In this 
quest, the viability of metaphosphate as a 
cathode for SIB has been recently explored 
where NaTM(PO3)3 [TM = Fe, Co] showed 
reversible Na+ (de)intercalation.2,3

In parallel, there has been a great interest 
in exploring Li-based cathodes (LiFePO4 
and LiCoO2) for the oxygen evolution 
reaction (OER).4 Herein, we have studied 
NaTM(PO3)3 [TM = Co, Ni] metaphosphate 
class of materials for OER in alkaline pH. 
The reversible M3+/M2+ redox reaction in 
metaphosphates leads to the possibility 
for that these battery insertion materials 
could split water and evolve oxygen under 
an applied potential.5 A simple solution 
combustion and solid-state method was 

used to synthesize NaCo(PO3)3 followed by 
annealing in air (NCoM-Cb-Air and NCoM-
SS-Air) as well as in argon (NCoM-Cb-Ar 
and NCoM-SS-Ar) atmosphere resulting 
into four Co-containing catalysts. This 
study was further extended to NaNi(PO3)3 
prepared by a solid-state method. Powder 
X-ray diffraction patterns (XRD) of solid-
state prepared NaCo(PO3)3 and NaNi(PO3)3 
are shown in Fig. 1a and b respectively, 
with their respective SEM micrographs as 
insets. Cubic NaCo(PO3)3 exhibits excellent 
OER activity with huge current density 
(Fig. 2a). The mass activity of combustion-
synthesized metaphosphate catalyst 
annealed in argon atmosphere (NCoM-Cb-
Ar) was found to be 536.5 A g-1, which is 
higher than state-of-the-art RuO2 (332 A 
g-1). The overpotentials of all four Co-based 
catalysts were compared with NCoM-Cb-Ar 
showing the lowest overpotential of 340 mV, 
similar to that observed for RuO2 (340 mV). 
These were measured at 10 mA cm-2 current 
density during OER. The NaCo(PO3)3 
catalyst showed the lowest overpotential 
with the least loading compared to other PO4-
based catalysts, as reported in the literature 
(NaCoPO4 and Na2CoP2O7) without addition 
of any amorphous carbon during the 
slurry preparation.6 This study was further 
extended to NaNi(PO3)3, where the material 
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Fig. 1: (a) XRD pattern of NaCo(PO3)3 catalyst along with reference of NaZn(PO3)3 (ICSD # 90484) with inset of SEM image of solid-state synthesized 
NaCo(PO3)3, and (b) XRD pattern of NaNi(PO3)3 catalyst along with reference of NaNi(PO3)3 (ICSD # 59357) in the 2θ range of 10-60°. Inset: SEM image of 
solid-state synthesized NaNi(PO3)3.

was tested in Ar-saturated 0.1 M KOH 
(Fig. 2b). The material could reach 10 mA 
cm-2 at an overpotential of 370 mV, whereas 
RuO2 could not even reach 10 mA cm-2 of 
current density in 0.1 M KOH electrolyte. 
The remarkable inherent OER activity in 
NaCo(PO3)3 and NaNi(PO3)3 arises due to 
the corner-shared TM-O6 and pyrophosphate 
(P2O7)4- units (inset of Fig. 2a and b) which 
are isolated, i.e. not edge shared, causing 
a stable crystal chemistry during OER 
reaction. Also, the presence of P makes TM 
more electrophilic acting as a good catalytic 
center for OH- adsorption.

In conclusion, NaTM(PO3)3 [TM = Co, Ni] 
metaphosphates are shown to be an efficient 
and economic class of catalyst for oxygen 
evolution reaction. These redox-active 
materials showed superior OER activity 
than RuO2 in alkaline solution. In particular, 
NaCo(PO3)3 showed a surprisingly high 
catalytic activity of OER in 1 M KOH with 
an overpotential of 340 mV at a current 
density of 10 mA cm-2. Similarly, in the 
case of Ni-analogue of metaphosphate the 
overpotential was found to be 370 mV at a 
current density of 10 mA cm-2 in 0.1 M KOH 
electrolyte.      
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Fig. 2: (a) OER Linear sweeping voltammograms (LSVs) for cubic NaCo(PO3)3 catalysts (combustion synthesized annealed in air NCoM-Cb-Air and argon 
NCoM-Cb-Air, solid-state prepared annealed in air NCoM-SS-Air and argon NCoM-SS-Air) and RuO2 in 1 M KOH Ar-saturated solution at 1,600 rpm. Inset: 
Corner sharing [Co-O6] octahedra (pink) and [P-O4] tetrahedra (yellow) building blocks in NaCo(PO3)3. (b) iR-corrected OER LSVs polarization curves 
for orthorhombic NaNi(PO3)3 catalysts (combustion synthesized) and RuO2 in 0.1 M KOH Ar-saturated solution at 1,600 rpm. Inset: Corner sharing [Ni-O6] 
octahedra (green) and [P-O4] tetrahedra (yellow) building blocks in NaNi(PO3)3.
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