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INTRODUCTION

Significant progress has been made in the synthesis of high performance nanocatalysts using solution based approaches (1-3). Thus the specific activity of NPs can be greatly improved by the decrease in their size and by tuning their composition. It has also been shown that catalytically active NPs with certain shapes can dramatically affect the reaction pathways and change the selectivity of reactions. Control of the size and shape of NPs is often achieved by the introduction of certain surfactant molecules that play a key role in synthesis of NPs.38-41 These molecules form complexes with the precursors and bind onto the surface of NPs affecting their nucleation and growth processes. As a result, the surface of the NPs synthesized in solution is covered by a layer (full or partial) of capping ligand molecules.
The goal of our study is to examine and to understand the role of common capping ligands on the catalytic functionality of Pt and Co/Pt NPs in selective hydrogenation of alkynes into alkenes (4). Here we report that addition of primary alkylamines to Pt and CoPt3 NPs can drastically increase the selectivity for alkene from 0 to > 90% without affecting the catalytic activity. 

EXPERIMENTAL

The Pt and CoPt3 NPs were synthesized according to slightly modified procedures described in Refs. 5 and 6, respectively.
The hydrogenation reaction was carried out in a stainless steel reactor at room temperature for 3 hr under H2 atmosphere (200 psig). In a standard condition, the reaction solution was prepared by dispersing Pt nanoparticles in 1.0 mL dodecane containing 3.75 wt % (255 mM) of 4-octyne. The amount of Pt in the solution was controlled in the range of 0.4–0.6 mg. The composition of the solution after hydrogenation reaction was analyzed by gas chromatography–mass spectrometry (GC-MS) instrument composed of an Agilent 6890 GC system and a 5973 Network Selective Detector.
RESULTS

Combined experimental/computational study addresses the general subject of capping ligands as modifiers of catalytic functionality of nanoparticles and presents a methodology for understanding the role of surface modification in defining/affecting the catalysts’ activity and/or selectivity. We demonstrate that sufficient concentrations of primary alkylamine ligands result in higher than 90% selectivity towards selective hydrogenation at an overall activity of 99.9%. Capping ligands with too low adsorption energies, as compared to those of the subtrates, have little or no effect on selectivity. Capping ligands with too high adsorption energies significantly reduce activity. 
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Figure 1: TEM images of (a) 3.5 nm Pt and (b) 4.5 nm CoPt3 NPs; (c) Composition of the reaction products of 4-octyne hydrogenation in the solutions containing only “clean” NPs and NPs with 0.13 M of 1-octylamine. 
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