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ABSTRACT The oxygen reduction
reaction (ORR) is one of the most
technologically important reactions for a
variety of electrochemical energy storage
and conversion technologies. It is important
to design and develop advanced preciousmetal-free materials capable of catalyzing
this sluggish reaction at sufficient rates for
practical applications. In our recent efforts
at Los Alamos, cost-effective nitrogendoped graphene nanocomposites have been
prepared via the graphitization of
heteroatom polymers, combined with
transition metals as catalysts, and
nanostructured supports such as carbon
nanotubes and metal-organic frames as
templates. The unique physical and
chemical properties of graphene, such as
high surface areas, high chemical stability,
excellent electron conductivity, and
graphitic basal plane structure, are
beneficial for enhancement of catalytic
activity. Nitrogen doping into graphene can
deliberately tune the electronic and
geometric properties, thereby facilitating
the ORR. As a result, the graphene-rich
composite catalysts exhibit substantially
improved activity for the ORR in
nonaqueous electrolytes as compared to
those of currently used carbon blacks and
Pt/carbon catalysts, evidenced by both
rotating disk electrode evaluation and Li-O2
battery experiments. The synthesisstructure-activity correlations for the

graphene nanocomposites were further
established by tuning their synthetic
chemistry. This allows us to investigate how
the resulting morphology and nitrogendoping functionalities influence the catalyst
activity. This unique in situ formation of
nitrogen-doped graphene directly from
heteroatom polymers provides a new route
for preparation of functional graphene
nanocomposites for sustainable
electrochemical energy storage and
conversion applications.
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