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Structural Analysis for active sites of manganese-nickel mixed oxide
electrocatalysts and their electrochemical properties
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Manganese-based bimetallic spinel oxide electrocatalysts are widely used for oxygen evolution reaction
(OER) and oxygen reduction reaction (ORR). Identifying their active sites and their reaction mechanisms are
essential to further promote their catalytic performance. Here we report a systematic investigation, by means
of Mn L2 3-edge, Ni Ly 3-edge, and O K-edge XANES measurements, on tetragonal and cubic NixMns.xO4 (X
=0, 0.5, 1, 1.5, 2) spinel oxides for a highly active catalysts for ORR. From the Mn L, 3-edge, the ratio of
Mn3* increases with increasing the cobalt content up to X = 1, while the Mn#* ratio increases in X > 1. The
Ni Lz3-edge shows no obvious change with the increase of X. Furthermore, from O K-edge, it was
demonstrated that the spinel structure is formed containing Mn?* and Mn3* in the octahedral site. On the
other hand, for NizMnQO4 which has relatively high catalytic activity for ORR, we found that a new peak
exists in a mixed Mn3/Mn** state between the peak (~642 eV) assigned to Mn** and the peak (~644 eV)
assigned to Mn** during applying potential for the ORR (below 0.6 V vs RHE).
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Fig. 1. Mn Ljz-edge XANES spectra of Fig. 2. Ni Loz-edge XANES spectra of
NixMns.xOa, along with reference compounds. NixMns.xOa, along with reference compounds.
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Fig. 3. O K-edge XANES spectra of NixMns-xOy,
together with reference compounds of Mn and Ni oxide.
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Fig. 4. Mn Lys-edge XANES spectra of Fig. 5. Ni Lzsedge XANES spectra of
NixMns3.xO4 at the applied potential for the ORR NixMn3.xO4 at the applied potential for the ORR
(0.60 V and 0.30 V vs RHE), in addition to the (0.60 V vs RHE), in addition to the reference
reference compounds. compounds.
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