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Recent years have seen a remarkable increase in research activities related to the synthesis of 
metallic nanocrystals. This intense interest is fueled by the unique and fascinating properties 
delivered at such size domains. Indeed, electrons confinement by nanocrystals is a powerful 
means to modulate electronic, optical and magnetic properties of a material. Most current 
strategies employ chemical synthesis to formulate unique nanoparticle morphologies by exploiting 
the versatility of liquid reaction media to control the formation mechanisms. Although the 
chemistry of metal nanocrystal synthesis is not complicated, understanding the nucleation and 
growth processes in complex liquid media and the influence of each chemical species is altogether 
a different challenge. It is in this regard, that we have utilized liquid cell transmission electron 
microscopy to visualize relevant growth phenomenon at the nanoscale. This recent in situ 
technique allowed us to study in real time the dynamics of growth of Au and Au-Cu nanoparticles 
in reaction media of controlled composition. The primary goal of this thesis was to distinguish the 
kinetics effects (related to the flow of matter) and the thermodynamics effects (related to the 
environment-dependent equilibrium of nanostructures) on final nanoparticle shapes. In addition to 
this, systematic studies were performed to separate the inevitable beam effects from the 
influence of specific synthesis parameters such as the seed crystal morphology and the organic 
functionalization that are of primary importance for colloidal chemists. Beam induced phenomena 
were also utilized to understand the solution chemistry of the exposed solvent which is in turn 
responsible for driving reversible redox reactions in bimetallic nano-systems. 
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