Energy transfer in graphene-based nanostructures
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Among two-dimensional materials one of the best-known is graphene, which exhibits
extraordinary electronic and optical properties.l For that reason, it has found a number of potential
applications in photonics and optoelectronic.

Fluorescence resonance energy transfer (FRET) can occur when the emission spectrum of a
donor overlaps with the absorption spectrum of an acceptor. One of the factors that strongly influences
this process is a distance between the two. It might result in quenching of donor emission in the
presence of an acceptor that is accompanied by shortening of donor fluorescence lifetime.**

In this work we exploit graphene as an energy acceptor. The spectral overlap required to
observe FRET can be easily achieved as graphene exhibits 2,3% absorbance over the whole visible
range up to the infrared.* As an energy donors we applied natural photosynthetic complexes and
semiconductor nanocrystals. We study both a distance dependence of FRET, as well as an influence of
excitation energy on the efficiency of the process. To achieve distance variations between emitters and
graphene, we covered CVD graphene with silica layers of thickness up to 15 nm. Fluorescence
intensities and lifetimes were measured using confocal microscopy and time-resolved fluorescence
spectroscopy.

The observed energy transfer from emitters to graphene results in shortening of fluorescence
lifetime. The efficiency of the energy transfer shows strong distance dependence. The efficiency may
also vary with wavelength of excitation or emission of energy donor. The results indicate a great
potential for using graphene as a component of biologically functional hybrid nanostructures.
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