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Development of catalytic hydrogenation of carbon dioxide to methanol under low
energy conditions directed toward carbon recycling
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In this study, we investigated novel amidine-copper catalysts through both
of homogeneous and heterogeneous catalyst design by utilizing integrated amidine structures directed
toward low-temperature hydrogenation of carbon dioxide to methanol. The new copper catalysts with
multidentate amidine ligands and amidine-functionalized polymer supports were successfully developed

and found to have high catalytic activities at a relatively low temperature of 100° C in the
hydrogenation of carbon dioxide to formate. The catalyst design based on the high electron-donating
and coordination ability to copper of the integrated amidine structures was validated, especially in
the heterogeneous catalyst design with a nanoparticle structure that is essentially different from
conventional copper-based heterogeneous catalysts.
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product PS-DBU T[°C] t[h] yield [%]?® mean size [nm]® Cu(0)/Cu(l)¢

A a 90 20 93 25.0 0.52/0.48
B a 130 4 94 18.6 0.68/0.32
Cc b 90 20 929 10.0 0.58/0.42
D b 130 4 92 10.1 0.46/0.54

4Yield of immobilized Cu determined by ICP-AES and CHN elemental analysis.
bpetermined by HAADF-STEM. “Determined by XAFS at SPring-8 BL16B2.

Cu CO2
2- 20M 2-tert-
-1,1,3,3- (BTMG) Cu 500
CO2 30atm H: 30atm 100°C 21
TON 3 DBU (b)
Cu(l) Cu
(D) Cu(l)
A D Cu D (entry 1vs
4) cC D Cu(l) Cu D
(entry3vs4) Cu D (TON=2)
Cu D
CO: 40atm H2 40atm 100°C
TON = 2450 (entry 5) Cu
CO:
DBU
3 Cu CO2
Co, + Hy + BTMG —»CatalySt [BTMG—H]*[HCO,]
2-propanol
[BTMG] =2.0M 100°C, 21 h

entry catalyst BTMG/catalyst P(CO,/H,) [atm] yield [%]* TON

1 A 500 30/30 41 199
2 B 500 30/30 44 221
3 C 500 30/30 55 272
4 D 500 30/30 73 361
5 D 30000 40/40 8 2450

aMolar ratios of the product/initial BTMG determined by 'H NMR.
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