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ABSTRACT 
Thiolate-protected gold nanoclusters (Au(SR) NCs) exhibit molecule-like 
properties that are both remarkable and unusual for metal-based 
nanoparticles. The ultra-small particle size and high stability enables 
Au(SR) NCs to be synthesized with atomic precision, where distinct 
particles have an exact composition of Au atoms and thiolate ligands. 
Recently, crystal structures of atomically-precise Au(SR) NCs (e.g., 
Au25(SR)18 and Au102(SR)44) have been elucidated. This structural 
information enables their fascinating structure and properties to be 
examined in great detail, allowing for the effect of structural components 
(e.g., core, surface, ligand) on the molecule-like properties to be addressed. 
Working towards this remaining challenge, experimental X-ray absorption 
spectroscopy and supporting techniques were utilized as a suitable means to 
study the structure and electronic properties of Au(SR) NCs from an 
element- and site-specific perspective.  
 Herein, studies were devoted to understanding the effect of core 
structure and protecting ligands on the structure and properties of Au(SR) 
NCs and related metal NC systems. The influence of core size and geometry 
is first examined for icosahedral-based and face-centred cubic (FCC)-based 
Au(SR) NCs. It is shown that a difference of only a few Au atoms in the 
core can modulate the valence electronic structure and restructure the 
surface of icosahedral-based Au(SR) NCs. Au(SR) NCs with FCC core 
geometry are found to have a common Au4 core structural component that 
directs the molecule-like electronic properties and temperature-dependent 
bonding properties that are unique to FCC-based Au(SR) NCs. Examining 
the effect of ligand head group, structurally analogous selenolate-protected 
Au NCs reveal the predominate effect of Se on the electronic and bonding 
properties of Au NCs through more covalent Au-ligand interactions. The 
role of water-soluble glutathione ligands on the structure and 
photoluminescence of Au(SR) NCs were then investigated along with a 
comparison to organo-soluble Au(SR) NCs of the same composition. 
Finally, experimental and investigative techniques developed throughout 
this work were extended to study the structure and properties of Au NCs 
stabilized by proteins and the thiolate-protected Ag NC analog, Ag44(SR)30 
NCs. 
 


