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1. Introduction

Colloidal nanoparticles are advantageous for studying morphology and composition dependent 

catalytic properties due to the variety of controllable synthesis strategies available. (1-3) Here we look two 

important aspects of nanoparticle synthesis – morphology and surface chemistry, and how these can be 

utilized in the synthesis of catalytic nanoparticles. Colloidal synthesis allows for independent tailoring of 

size, structure and chemical composition, providing a versatile platform to study synergistic effects in 

bimetallic catalyst nanoparticles. Noble metals such as Pd and Pt are key industry catalysts but due to 

their high cost and low availability the development of earth-abundant and inexpensive alternatives is a 

critical issue across all area of catalysis. Alloying catalytic metals such as Pd and Pt with non-precious 

metals such as Ni, Cu and Fe, is an effective strategy for sustainable nanoparticle synthesis. Furthermore, 
developing new catalyst architectures such has hollow nanostructures, as shown in Figure 1(a) can 

effectively minimize the use of noble metals without compromising catalytic performance and durability.   
Surface capping ligands are often an essential part of colloidal nanoparticle synthesis, however 

their impact on catalytic behavior is challenging to elucidate. The effect of three capping ligands 

commonly used in colloidal synthesis - oleylamine, dodecanethiol, and polyvinylpyrrolidone (PVP) is 

assessed. (4) Thermal and chemical ligand removal can significantly alter the catalytic behaviour of 

colloidal nanoparticles as shown in Figure 1 (b). While ligand removal is certainly preferential for some 

catalytic systems, there is a growing interest in using surface ligands to promote a specific reaction 

pathways and controlling chemo- or regio-selectivity, which remains a key challenge in nanoparticle 

catalyzed reactions. We show that modifying the nanoparticle surface environment through 

functionalization can also improve catalyst stability under reaction conditions and promote catalyst 

recyclability. 

Figure 1: (a) The synthesis of hollow alloy nanoparticles. (b) The change in % conversion with removal 

of PVP capping ligands form Pd nanoparticle surface  
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