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Development of transition-metal-based materials for energy-generation and energy-storage technologies
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In order to achieve a low-carbon society preventing global warming, the promotion of natural energy and energy saving are essential.
Therefore both energy generation and energy storage technology are important for stable energy supply. In this study, rhenium
complexes as photocatalysts to convert CO, into chemical fuels as energy generation technology and a new electrode material for
sodium-ion battery as energy storage technology were investigated.

As a photocatalyst to convert CO, to CO, we synthesized a novel rhenium complex, Re(btp)(CO)sCl with a widely n-conjugated
bathophenanthroline (btp) ligand, and CO production properties were investigated in a CO,-saturated DMF-triethanolamine solution.
The CO production capacity was enhanced to 8.73 mol/cat-mol-2h, which was seven times higher than conventional Re(bpy)(CO)CI
(bpy = 2,2'-bipyridine) catalyst. Moreover, four different rhenium complexes, Re(bpy-R)(CO)sCl (R = H, CH3;, COOH, or CN), were
synthesized and the effect of substituent groups (Rs) on the CO production properties were investigated. The conversion efficiencies of
CO, to CO were subjected to be effected by the introduced substituent groups in the bpy moieties. The ability of Re(bpy-R)(CO);ClI (R =
H or CH; or COOH) to produce CO has a linear relationship to molar absorption coefficients of rhenium complexes at the irradiated
light wavelength.

As a positive electrode material for sodium-ion battery, charge/discharge properties of NaCuO, in a Na/NaCuO, cell were evaluated
in three voltage ranges of 0.75 - 3.0, 1.7 - 4.2 and 0.75 — 4.2 V. It was found that charge/discharge properties and cycling-induced new
products of NaCuO, electrode depend on the voltage ranges. In the voltage range of 0.75 — 4.2 V, NaCuO, showed reversible capacity of
190 mAh/g after tenth cycles with an average voltage of 2.5 V vs. Na/Na®. The results of ex-situ XRD analysis of NaCuO, electrode at
various charged/discharge stages revealed that NaCuO, is converted to NaCuO after the second cycles and then reversible structural
changes proceed between NaCuO and CuO.
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Fig. 1. Strategy for realizing low-carbon society.
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Fig. 3. Charge/discharge reaction for Na-ion secondary battery.
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Fig. 4. Absorbance at 290 nm for Re(btp) in DMF-TEOA solution
during 365 nm irradiation.
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Table 1. Degradation rate constants for Re(bpy-R) under 365-nm
light irradiation.

Re(bpy-R) ky(s1) AE, (eV)[12]

R=H 5.35x10* 0.01

R=CH,; 341x104 -0.32

R=COOH 3.87x10* —0.15
S 8
= Re(bpy-COOH) .
£
E
= 36 Re(bpy-COOH)
© E Lox a
Ey 5°
< Re(bpy-CHy) 4 Re(bpy-CHy) |
2 =3
E E 2 Re(bpy-H)
o 2|  RepyH £l " Relbpr-C)
v M 8 “(l 40 80 - 120
*g 0 Re(bpy-.Clj) o Irradiation time (min) -
e *

2000 4000 6000 8000 10000

Molar absorption coefficient £ at 365 nm (M1cm™)

Fig. 5. CO amount vs. molar absorption coefficient (g) at 365-nm
plots for each Re complexes. Inset; CO amount vs. irradiation time
plots.
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Fig. 6. (i) Charge-discharge curves of a Na/NaCuO, cell at 1.7-4.2 V
(top) and dischage-charge curves of that at 0.75-3.0 V (bottom). (i)
XRD patterns  of (@) NaCuO, powder and (b)-(d)
NaCuO,-containing electrodes at various voltage stages.
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Fig. 7. (i) Charge-discharge curves of a Na/NaCuO, cell at 0.75-4.2
V. (i) XRD patterns of NaCuO,-containing electrodes at various
voltage stages.
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