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Abstract

Due to the superlative physical properties intrinsic to graphene, there is considerable 
interest in its incorporation into high performance nanocomposites. Pristine graphene 
has been shown to have a Young’s modulus of order 1 TPa, is claimed to be the strongest 
material ever measured, has exceptional thermal and electrical conductivity and 
is impermeable to gases. This combination of properties makes it of interest for 
multifunctional nanocomposites, using graphene for mechanical reinforcement but 
also to improve conductivity and barrier properties. Fabricating such nanocomposites 
requires bulk quantities of graphene, the developments of methodologies for dispersing 
them, and techniques for characterizing the starting material and the nanocomposites.
Many of the techniques developed for producing bulk quantities of graphene introduce 
defects or changes to the homogeneous sp2 structure of graphene, either through 
intentional covalent functionalization, as is the case for graphene oxide, or inadvertently 
as part of the processing. We will address the question of how this alteration to the 
covalent structure effects the physical properties of graphene, at what point is graphene 
no longer graphene like? Through controlled functionalization we will show how the 
electronic, mechanical and chemical properties change as the level of functionalization 
is increased, starting with pristine graphene and ending with graphene oxide.

Graphene oxide is a fascinating material in itself. Despite over 100 years of research, the 
structure and chemistry of graphene oxide are still under debate. We will show how, 
through increased understanding of the physical and chemical structure of graphene 
oxide, the oxygen functionalities can be used as the starting point for further chemical 
modification, of particular interest for increasing solubility and improving interface 
properties. 

Finally, we will show how the orientation of graphene flakes within a nanocomposite can 
be determined by polarized Raman spectroscopy and directly related to the degree of 
mechanical reinforcement through direct calculation of the Krenchel factor.
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