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ABSTRACT 

 Gold nanoparticles between 1 and 10 nm in diameter exhibit size-dependent 

electronic and optical properties that cannot be explained by molecular science and 

which deviate significantly from their bulk counterparts.  For example, the melting 

temperature of gold nanoparticles less than 5 nm in diameter is around 300 °C [1], 

whereas bulk gold melts at over 1000 °C [2].  Gold nanoparticles require precise control 

over particle diameter in order to exploit and tailor their unique properties; however, 

tuning the size reproducibly and predictably has proved to be a challenge.  One of the 

most difficult obstacles to overcome is nanoparticle aggregation, since nanoparticles 

flocculate at room temperature quite readily.  In 1994, Brust et al. solved the aggregation 

problem by introducing monolayer protection coatings on gold nanoparticles, in which 

organic ligand molecules are attached to the nanoparticle surface and create a physical 

barrier between the gold core and solvent.  This was a definitive solution to size stability, 

since nanoparticles never aggregate, however the synthesis method does not generate 

monodisperse nanoparticles and has poor size-tuning capabilities.   

 We developed a synthesis method for gold nanoparticles that improves greatly 

upon the Brust method.  Starting from scratch, we discovered a “sweet zone” for 

aqueous gold nanoparticles, revealing how to make “naked” (stabilizer-free) gold 

nanoparticles which are continuously and precisely controlled between 3.2 and 5.2 nm in 

diameter, both reproducibly and predictably.  Naked nanoparticles are then coated with 

organic 1-dodecanethiol ligand molecules, and transferred to hexane.  Since all reaction 

byproducts remain in the water-phase, no postsynthesis cleaning or size-filtering is 

necessary, reducing the total synthesis time from ~24 hours in the Brust method, to less 

than 10 minutes. 

 Surprisingly, our nanoparticles are highly negatively charged in nonpolar 

solvents.  This unexpectedly caused nanoparticles to be unstable in toluene but stable in 

hexane.  Consequently, nanoparticles float to the air-toluene interface, and after 

evaporation of toluene, form large 2D monolayer films of nanoparticle that are uniform 

at nanometer, micrometer, and millimeter length scales.  This facile 2D self-assembly 

method also displays extremely size-dependent features in the 3.2 – 5.2 nm range. 
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 Additionally, we managed to expand our synthesis method to include smaller 

gold nanoparticles. Since small gold clusters less than 2 nm in diameter are 

exponentially more efficient than other conventional catalysts, we labored to synthesize 

nanoclusters with diameters less than 2 nm, and fortunately, reduced the synthesis time 

to 2 minutes.  With complete size control of gold nanoparticles between 1 and 5 nm, we 

have developed a truly novel synthesis method that forms a strong basis for many 

interesting studies. 

 We have also discovered a novel method for place exchange reactions of organic 

molecular coatings.  Ligand exchange of water-soluble thiols for alkylamines was 

performed at room temperature and occurred in less than 10 seconds, and allowed for the 

phase-transfer of nanoparticles from nonpolar solvents back to water.  This method is 

extremely useful for the biological nanoparticle community as they are already using 

nanoparticles for drug delivery, DNA sensing, and molecular recognition. 

 


