In situ decoration of gold nanoparticles on TiO,/cellulose nanocomposites: An application
toward dye-sensitized solar cells on paper substrates
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Abstract

Dye-sensitized solar cells (DSCs) have long been envisaged as a cost-effective alternative to
conventional inorganic solid state photovoltaic technologies (PV), but further optimization of the cells
performance and manufacturing processes for large scale production is still underway. The major
processes occurring in a DSC include photoexcitation of dye molecules, charge generation and electron
percolation within a mesoporous metal oxide semiconductor, and electron scavenging by the electrolyte
ionic species [1,2]. Recent studies suggest the use of one-dimensional morphologies such as
nanotubes, nanowires and fibers in an attempt of improving electron transport in the semiconductor,
also providing a larger surface area for dye adsorption and enhancement of the light harvesting
efficiency. Among these alternatives, photoanodes made of cellulose fibers embedded with conductive
nanoparticles and photosensitizers, and with a much lower tortuosity of the pores compared to
mesoporous nanoparticulated films, apparently offers a decisive advantage. In fact, with the advent of
printed electronics, paper has emerged as a focus area for researchers developing innovative paper-like
substrates for lightweight, flexible, electronic devices such as DSCs [3,4]. The obvious motivation of this
work was to demonstrate the potential of incorporating light-harvesting nanostructures and titania
nanoparticles into cross-linked cellulose fibers, and use this new material architecture as a
semiconductor for DSCs. Nanosized TiO, particles were deposited and grafted on cellulose fibers
surface by using a sol-gel method at low temperature (<100 °C) and titanium isopropoxide as the TiO,
precursor. The as-prepared paper-like semiconductor was sintered at moderate temperatures (<200 °C)
and sensitized with N719 ethanol dye solution. Complete DSCs were characterized by means of
electrochemical impedance spectroscopy to elucidate how composition and topography of the
composite semiconductor impact on its global performance. Under one-third Sun - typical lower-light,
real-world light conditions, tens of micro A-cm™ were obtained with DSCs made of commercial bleached
Eucalyptus globulus kraft paper. Although this was a very promising outcome, the low electric
conductivity of the paper based substrates is still envisaged as one of the main bottlenecks toward PV
and printed electronic applications. To further enhance the conductivity of paper, a sort of
nanostructured carbon materials could be employed but that would limit the optical properties of the
semiconductor [5]. Conjugation of gold nanoparticles (AuNP) with titania and cellulose fibers became
the focus of this research, as these quantum sized particles may play two important roles: (i)
preservation/enhancement of the semiconductor optical properties in the UV-visible light wavelength; for
small monodispersed gold quantum dots the surface plasmon resonance phenomena causes an
absorption of light similar to that of N719 ruthenium based dye, with a characteristic narrow absorption
band observed at 530 nm [6]; (i) promotion of electric contact among titania aggregates [7] and
cellulose fiber cross-linking [8].

Electrodes made from commercial printing paper samples, in which titania nanoparticles had previously
been grafted to cellulose fibers by the in situ precipitation method described above, were dipped into a
solution of AuNPs stabilized with tannic acid and sodium citrate for 24h. After dipping, the electrodes
were rinsed and dried at room temperature and used as photoelectrodes for DSCs. The performance of
DSCs fabricated with AUNP@TiO, decorated commercial bleached kraft paper grafted on FTO (F:SnO.,)
conductive glass was assessed by means of electrochemical impedance spectroscopy and
photocurrent density vs. photovoltage characteristic data. Results are in line with previous studies
reporting high adsorption of gold nanoparticles on paper, attributed to the interaction between the
hydroxyl groups of the tannin acid-metal ion complex and cellulose through hydrogen bonding and
minor Van-der-Wall interactions [8].

At the present time, research is being oriented to solve scaling-up issues related to substrate film
adhesion and foster the development of stable, high-performance devices for energy conversion and
smart packaging solutions.
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Figure 1. Schematic diagram of the paper-based semiconductor grafted on fluor-doped tin oxide
transparent conductive glass (FTO); SEM image of titania surface coated cellulose fibers: the inset
shows a dye-sensitized solar cell made with a AUNP@TIiO,/Cellulose nanocomposite electrode.



