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Application of Bi-based topological insulators as catalysts for the synthesis of urea derivatives
(Mnstitute of Science Tokyo) OSekai Narita,' Jiang Li,! Masayoshi Miyazaki,' Hideo Hosono,!
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Topological insulators (TIs) are insulators in the bulk interior, but exhibit unique high
electronic conductivity at their surfaces. This surface state is known as topological surface
states (TSSs), and it is theoretically extremely robust and attractive as a catalyst.

In this study, we applied Bi-based TIs as catalysts for synthesizing urea derivatives from CO,
0., and amines. When using n-butylamine as a substrate, the corresponding urea derivative was
synthesized even at room temperature, and 99% yield was achieved in 4 h at 40°C. The
recycling test revealed that only Bi,Ses with topologically insulating ground state showed
stable activity over at least twenty times (Fig. 1) and no catalyst leaching into the reaction
solution. This stable catalytic activity is considered to be realized by TSSs of TIs.

Comparing the electronic state of Bi,Se; before and after the catalytic reaction, oxygen
species bonded with surface Se is estimated to be an intermediate of the reaction. The reaction
mechanism analysis using DFT calculations revealed that O, is activated to the singlet state by

the strong spin-orbit coupling of Bi.
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Fig. 1 Recycle measurement of
Bi»Ses, Se/Al,O3 and BiSe
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Fig. 2 Dissociation process of molecular oxygen
over BiSe; estimated by DFT calculations

- [C]C404-2pm-11 -



	尿素誘導体合成触媒としてのBi 系トポロジカル絶縁体の応用

