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Development of base-metal nanocluster catalysts for synthesis of chemicals from
sustainable carbon resources
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We studied heterogeneous catalytic methods for one-step reductive conversion
of sustainable carbon sources (C02, carboxylic acids) into chemicals. We developed three catalytic
systems that convert carboxylic acids to esters, alcohols and alkanes, three catalytic systems that
convert levulinic acid to pyrrolidones, valerolactone, and pentanoic acid and methods for
methylation of amines under CO2+H2, amide hydro?enation, sulfoxide-sulfone hydrodeoxygenation. Each
catalyst acted as a reusable heterogeneous catalyst and gave the target product in a high yield for
a wide range of substrates. Mechanistic and structural studies showed a catalyst design guideline
based on activation of C=0 bond by Lewis acidic support and hydrogen dissociation on adjacent metal

nanoparticles.
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Table 1 Pt-catalyzed hydrogenation reactions.

o cat. (1 mol%)
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Catalyst Acid-base Yield (%)
Character® 1 2 3 4
Pt-MoOX/TiO, L acid 92 0 (95)° 99 85
Pt/Nb,Os L acid 60 180)° | 24 | 39
Pt/SnO, weak L acid 5 90 77 12
PYTIO, L acid-base 6 45 (2)° 51 6
Pt/ZrO, L acid-base 2 63 62 3
Pt/Al,O4 L acid-base 1 17 89 3
Pt/CeO, L acid-base 1 12 (1)° 71 2
Pt/HMFI B acid 1 32" 56 10
Pt/MgO base 1 4 74 2
Pt/SiO, 0 1 77 4
Pt/C 1 0 69 0

* Lewis (L) and Brensted (B) acidity and basicity
estimated by IR study of probe molecules.
®Yield of dodecane
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