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Report:

ABSTRACT: Supported, bimetallic catalysts have shown great promise for the selective hydrogenation of CO>
to methanol. In this study, we decipher the catalytically active structure of Ni-Ga-based catalysts for the
hydrogenation of CO> to methanol. To this end, model Ni-Ga-based catalysts, with varying Ni:Ga ratios, were
prepared by a surface organometallic chemistry approach. In situ differential pair distribution function (d-PDF)
analysis revealed that catalyst activation in H: leads to the formation of nanoparticles of a Ni-Ga face-centered
cubic (fcc) alloy and a small quantity of Ga which is not alloyed (GaOy). Structure refinements of the d-PDF
data allowed to determine the amount of both Ga alloyed and GaOx species. In situ X-ray absorption
spectroscopy experiments confirmed the presence of alloyed Ga and GaOx and indicated that upon alloying with
Ga the electronic structure of Ni (viz. Ni%) is different to that of the pure metal. Both the Ni:Ga ratio in the alloy
and the quantity of GaOy are found to be descriptors for methanol selectivity and methanol formation rate. The
highest methanol selectivity and formation rate are associated with a Ni-Ga alloy with a Ni:Ga ratio of ~ 75:25
in combination with a small quantity of oxidized Ga species (0.14 molcaox molnit). Further, operando infrared
spectroscopy experiments allowed us to hypothesize that GaOx species play a role in the stabilization of formate
surface intermediates, which are subsequently further hydrogenated to methoxy species and ultimately to
methanol. Our work demonstrates that the alloying of Ni with Ga is key to attain a high methanol selectivity (by
minimizing CO and CH4 formation) while oxidized Ga species enhance the rate of methanol formation.
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