Novel Nanomaterials for Organic Photovoltaics

Abstract

Organic solar cells based on conducting polymers have been developing over the past
twenty years, but it is only in the last decade that they have attracted scientific and
economic interest because of a rapid increase in performance with a new world record of
12% efficiency in 2013 [1].

The use of carbon nanomaterials in organic solar cells is increasing because of the ease of
production and low cost of materials. Carbon nanotubes have been proposed for organic
solar cells as electrodes [2, 3] or in order to replace the fullerenes as an acceptor material
[4, 5]. The recent discoveries of the electronic and optical properties of the graphene and
graphene oxide have made them the latest novel materials for organic solar cells [6, 7]. In
2012, an efficiency of 1.3% was achieved with a solar cell containing an active layer
composed of only carbon nanomaterials [8] and an efficiency of 0.1% was achieved with a
solar cell made entirely of carbon nanomaterials [9].

Not only carbon nanomaterials but also recent discoveries of the strong interaction
between the light and small metallic structures are already influencing the research in the
solar cell field. The idea is to include these structures inside an organic solar cell without
compromising the architecture and the cost. Research groups around the world are
demonstrating how it is possible to boost the performance of the organic solar cells by
incorporating metallic nanoparticles with a resulting increase in the efficiency of up to 30%
compared to the standard efficiency of an organic solar cell [10, 11].

Nanomaterials of this kind can generate a number of important physical effects, opening up
new avenues in the photovoltaics field. For this reason, it is important to investigate the
electronic properties of these materials in the organic solar cells to understand if they can
be the right candidates for the new generation of organic solar cells.

Specifically, we are investigating the electronic properties of doped and bulk graphene
oxide, graphene and gold nanoparticles by combining microscopy studies (AFM, TEM, UHV-
STM, KPFM, SEM), spectroscopy studies (UPS, XPS, UV-Vis) and electrical studies in order to
understand how these materials can be incorporated into the organic solar cells and into
which step of the fabrication process. We are also fabricating and testing devices with these
novel materials focusing on understanding how they influence the performance of the
organics solar cell from an electrical and physical point of view.
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