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We have succeeded in synthesizing electrocatalysts in which catalytically
active sites consisting of metal complexes are introduced between the layers of layered manganese
oxides, and the layers are regarded as a reaction field (= nano reaction field). Specifically, in
addition to using a single metal complex as the active site, we have succeeded in synthesizing
electrocatalysts in which multiple metal complexes exist in a coexistent state. Furthermore, the
interlayer environment during various electrochemical reactions was successfully observed using
operando spectroscopy. These results led us to propose (1) a concerted reaction mechanism between
adjacent active sites specific to nano-reaction fields and (2) the modulation effect of solvent on
the hydrogen bonding network, as factors controlling the activity of electrocatalytic reactions in
nano-reaction fields.
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Figure 5.1 (a) XRD patterns of the electrodeposited electrodes with TBA . The patterns were taken
before and after immersion for 1 h in solution with the indicated metal ions. XPS spectra of the (b)
Nls, (¢) Ni2p, and (d) Cu2p photoemission lines for TBA/MnO,, Ni/MnO,, Cu/MnO, and
NiCu/MnO,. All spectra were calibrated to the adventitious carbon at 284.8 ¢V and background-
corrected using a Shirley background.
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F_ilgure 5.3 Linear sweep voltammograms of (a) Ni/MnO,, (b) Cu/MnO, and (c) NiCu/MnO, at 10 mV
s in 1.0 M NaOH and 0.1 M NH,CI-1.0 M NaOH. Chronoamperogram and calculated faradaic
efficiencies for AOR and OER products after 1 h of potentiostatic electrolysis at 1.5 and 1.9 VRrHE.
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Figure 5.4 In situ ATR-IR spectra of (a) NiCu/MnO, (b) Ni/MnO: and (c) Cu/MnO: obtained during
linear sweep voltammetry in a potential window from 1.0 VruEe to 2.0 Vrag in 0.1 M NH4Cl-1 M NaOH.
A reference spectrum obtained at 1.0 Vrue in 0.1 M NH4Cl-1 M NaOH is subtracted.
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Figure 5.5 Summary of the proposed reaction mechanism for the AOR on Ni/MnO2, Cu/MnO: and
NiCu/MnOs.
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