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We developed efficient reactions for highly challenging molecule
transformations using carbon dioxide as a feedstock with the aid of heterogeneous catalysts.
Specifically, novel heterogeneous catalysts were synthesized and used for the synthesis of organic
compounds. As a result, the desired compounds were obtained in high yields, establishing
environmentally friendly and energy-efficient reaction conditions. In the future, we plan to further

apply these findings to a wider range of organic compound synthesis.
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Figure 1. HAADF-SEM images of the Re(5)/support samples (support = TiO,, SiO,, Al,O3;, MgO, V,0s,
ZrOs, NbyOs, and CeO»); Re = 5 wt%.
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Figure 2. Particle-size distributions of the Re(5)/support samples (support = TiO», SiO,, A,O3, MgO, V,0s,
ZrOs, Nb,Os, and CeO») derived from the STEM observations. Atomically dispersed Re atoms were
counted as a single atom, while Re species consisting of two to nine Re atoms were counted as sub-
nanoclusters. Re clusters/nanoparticles consisting of more than ten atoms were categorized by their sizes
(0.5-2 nm, 2-4 nm, and >4 nm). n.d. denotes “not detected”.
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Figure 3. E.s of a Re adatom on various support-oxide surfaces as a function of (a) O-vacancy-formation
energy (Eovac), (b) electron affinity (EA), (¢) ionization potential (IP), (d) band gap (BG), (e) surface energy
(Esurf), () electronegativity (EN), and (g) Bader charge.
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Figure 4. Valance-band maxima and conduction-band minima with respect to the vacuum level (the
negatives of the IP and EA, respectively) for the support-oxide surfaces. Also shown is the work function
with respect to the vacuum level (the negative of the Ef) for the Re atom (red line) obtained from DFT
calculations using the PBEsol functional.
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