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Analyzed intermediate of electrocatalyst toward artificial photosynthesis by in-situ mythology

R REREREHMNAT T HE=ZF 8 F KM
18 F 4R R AR

A 50 & B

For electrocatalysts, the key factor of activity is the intermediate state of catalyst. Hence, my research focused on determining the intermediate toward artificial photosynthesis by both in-situ XAS and
XRD. For the anode part, metal oxides of the spinel family have shown great potential. By utilizing several in situ analyses, we could conclude a universal rule that the activities for OER in the metal oxide
systems were determined by the occurrence of a phase transformation, and this structural transformation could work well in both crystallographic sites (Td and Oh sites). In addiction, the phase
transition would happen within the non-oxide catalyst, the reactive species that are really in charge of the target reactions are evidently not the initial phases in alkaline electrolyte. After determining the
real phase during reaction, the mechanism of OER can also be revealed by in-situ XAS. A new catalyst which is made of nanoclusters of y-FeOOH covalently linked to a y-NiOOH support may allow a
reaction path involving iron as the oxygen evolving center and a nearby terrace O site on the y-NiOOH support oxide as a hydrogen acceptor, and it can achieve higher activity. On the other hand,In situ
XAS revealed the active sites to be discrete Fe3+ ions, coordinated to pyrrolic nitrogen (N) atoms of the N-doped carbon support, that maintain their +3 oxidation state during CO2 reduction, probably
through electronic coupling to the conductive carbon support. Electrochemical data suggest that the Fe3+ sites derive their superior activity from faster CO2 adsorption and weaker CO absorption than
that of conventional Fe2+ sites. Besides, the stability of atomically dispersed type catalyst can also be revealed. In iron case, the oxidation state would be reduced under higher applied voltage. And the
same situation would also happen in another element. The cu atom would assemble into cluster after -0.8V, and the selectivity of product would reduced at this potential. It can be realize that the
selectivity displayed as cu cluster rather than atomically dispersed cu. In summary, in-situ method can reveal the intermediate of catalyst efficiently and can understand the factor to the activity.
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Fig§. Operando XAS charactenzauon. Fe K-edge XANES spectra (lefi) and the 1% denvative of the spectra (nght) of (A)
Fe**-N-C and (B) Fe**-N-C as dry powder (black), and loaded on glassy carbon electrodes al open cireuit potential (OCFE
blue), 0.1 V (hght blue). -0.2 V (green), -0.3 V (dark green). -0.4 V (dark blue), -0.5 V (red) and 0.6 V {pink) vs RHE. with
the spectra of Fe;O; (blue dashed), Fe** TPPCI (green dashed), FeO (pink dashed) and Fe foil (orange dashed) as relerences.
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Fig. 1 Electrochemical performance and gas evolution for a series of samples of MFe204 (M = Fe, Co, Ni,
Zn). (a) OER polanzation curves were performed upon a RDE system in alkaline electrolyte (0.5 M KOH:
pH B 13.6). Inset: Cyclic voltammogram of each sample. (b) Steady-state Tafel (overpotenual vs. log
current density ) measurements i alkalime electrolyte. (¢) Companson of current density from OER
polarization curves were determined at Z = 0.43 V. (d) Oxygen gas evolution (solid ling) with the error bar
and the charge throughout the circuit (dashed line) for each sample Uncertainnes are standard deviation of
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Fig. 2 Contour plots of in situ grazing-anglo X-my diffiaction signals of CoFc204 and NiF<204 sampies in of all spectra. (b) Fourier transform of Fe Kedge EXAFS spectra for NF-AC-NiOX-Fe and the for Cu-N-C (A)under different potential (B) under constant potential of -0.8V

an agqueous solution with relevant current density as function of applied voltage i both cases.

comresponding references. (¢) Proposed structural model ol NF-AC-NiOX-Fe showing y-FeOOH
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NiOX-Fe dunng the OER.
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