Graphene vs. reduced graphene oxide: fluorescence quenching in hybrid nanostructures.

Magdalena Twardowska', Joanna Niedziétka-Jonsson®, Sinéad Winters*®,
Georg S. Duesberg®®, Sebastian Mackowski', Izabela Kaminska®?

YInstitute of Physics, Department of Physics, Astronomy and Applied Informatics, Nicolaus Copernicus
University, Grudzigdzka 5/7, Torun, Poland
%Institut fir Physikalische & Theoretische Chemie — NanoBioSciences, TU Braunschweig, Hans-
Sommer-Strafl3e 10, 38106 Braunschweig, Germany
*Institute of Physical Chemistry PAS, Kasprzaka 44/52, Warsaw, Poland
“Centre for the Research on Adaptive Nanostructures and Nanodevices and Advanced Materials and
BioEngineering Research, Trinity College Dublin, Dublin 2, Ireland
®School of Chemistry, Trinity College Dublin, Dublin 2, Ireland

magda@fizyka.umk.pl
Abstract

Since its discovery in 2004, graphene has been one of the most studied materials. Although at
first, reduced graphene oxide (rGO) was considered less important, and was described often as a
distorted form of highly crystalline graphene, easy and cheap processing, combined with solubility in
various solvents, has made rGO a very attractive material for coupling with other nanostructures. It has
been already shown that graphene as well as rGO are very strong energy acceptors.[1-7] The efficiency
of the energy transfer depends on particular design and choice of the components comprising the hybrid
nanostructure.

In our experiments we probe interactions in hybrid nanostructures consisting of silver nanowires
(AgNW) and natural photosynthetic complexes peridinin-chlorophyll-protein (PCP) placed in the vicinity
of graphene and rGO. In such nanostructures, in addition to the energy transfer, also strong plasmonic
interactions take place. These effects were studied using advanced fluorescence microscopy and
spectroscopy techniques.

Two architectures of hybrid nanostructures were examined. Firstly, we simply mixed PCP,
AgNW and rGO in a polymer matrix. Secondly, we fabricated a more complex structure, where PCP
was chemically bound via biotin-streptavidin to AQNW. The conjugate (PCP@AgNW) was then either
mixed with rGO or deposited on rGO, as well as on mono- or bilayer graphene.

The experiment conducted on the mixture showed that plasmonic fluorescence enhancement of
PCP [8] is almost completely cancelled by the presence of rGO. The degree of quenching strongly
depends on the time of mixing, and the sequence of adding ingredients. In contrast, for the
PCP@AgNW conjugate mixed with or deposited on rGO no interaction is observed, suggesting that the
rGO flakes do not penetrate the conjugate thus inhibiting the energy transfer and quenching. Finally,
deposition of the PCP@AgNW conjugate on mono- or bilayer CVD graphene leads to strong quenching
of fluorescence intensity. In addition, substantial reduction of plasmon scattering at the ends of the
nanowires is observed when deposited on graphene.

The results indicate that graphene and 2D graphite-derived materials can be considered as
strong candidates for applying in artificial photosynthesis, optoelectronics, and biosensor design.

Research was supported by the DEC-2013/10/E/ST3/00034 project from the National Science Center
of Poland.

References

[1] S. Mackowski, I. Kaminska, Applied Physics Letters 107 (2015) 023110.

[2] XF. Zhang, F. Li, J. Photochemistry and Photobiology A 246 (2012) 8.

[3] Y. Wang, D. Kurunthu, G. W. Scott, C. J. Bardeen, J. Phys. Chem. C 114 (2010) 4153.

[4] M. Samal, P. Mohapatra, R. Subbiah, CL. Lee, B. Anass, J. A. Kim, T. Kim, D. K. Yi, Nanoscale 5
(20) (2013) 9793.

[5] L. Gaudreau, K. J. Tielrooij, G. E. D. K. Prawiroatmodjo, J. Osmond, F. J. Garcia de Abajo, F. H. L.
Koppens, Nano Lett. 13 (5) (2013) 2030.

[6] ZY. Chen, S. Berciaud, C. Nuckolls, TF. Heinz, LE. Brus, ACS Nano 4 (5) (2010) 2964.

[7] M. Twardowska, D. Chomicki, J. Niedziétka-Jénsson, |. Kaminska, S. Mac¢kowski, Nanospectroscopy
1 (2015) 33.

[8] D. Kowalska, B. Krajnik, M. Olejnik, M. Twardowska, N. Czechowski, E. Hofmann, S. Macékowski,
The Scientific World Journal 2013 (2013) 670412.


http://pubs.rsc.org/en/results?searchtext=Author%3ASin%C3%A9ad%20Winters

