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SUMETH SIRIROJ : DIAMONDOID COUNTER ELECTRODES FOR
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DIAMONDOID/ADAMANTANE/[121]TETRAMANTANE/DYE-SENSITIZED

SOLAR CELLS (DSSCs)/COUNTER ELECTRODE

Dye-sensitized solar cells (DSSCs) are an alternative type of solar cells which
provide much benefit, comparing to commercial silicon or thin film solar cell e.g. low-
cost in production, easy to fabricate (no requirement of high technology), transparency,
and lighter. However, DSSCs are still not widely in use because the efficiency is still
lower than commercial silicon solar cell. The highest recording efficiency of DSSCSI is
only half of a commercial silicon solar cell. Normally, the best electrode of DSSCs are
made from platinum. It is necessary to look for a new type of electrode which could
give higher efficiency. Here, we show that counter electrodes of our DSSCs can be
made from diamondoids (nanometer-size diamond-like molecules which can be
synthesized cheaply or extracted from petroleum waste) and the efficiency can be
maintained or improved.  When the counter electrodes are made of adamantane
(smallest member of diamondoid) on a gold substrate, the power conversion
efficiencies are already comparable to Pt electrodes. Then, when the larger
diamondoids, [121]tetramantane, are used instead, the efficiencies can outperform Pt
reference by more than 28%. This predominantly results from a superior short-circuit
current density of up to 27 mA/cm?, which we attribute to an adjustable work function

of our diamondoid electrodes. However, iodine electrolyte of DSSCs destroyed the gold



v

substrates and shortens the cell lifetime greatly. To solve the problem, platinum is then
selected as the substrate of diamondoid film. After modifying the surface by piranha
solution, diamondoid growth on Pt substrate can improve efficiency about 11% from
Pt substrate and maintain good stability. On the other hand, diamondoids coated on a
silicon substrate via chemical vapor deposition technique (CVD) counter electrode also
provide a good stability and large current density but the lower in fill factor from a
higher resistant leading the efficient only half of Pt electrode. As diamondoid films can
reduce the work function and can improve the solar cell efficiency, this study suggests
the potential use of diamondoid electrodes in a range of other catalytic processes such

as perovskite solar cells, batteries, supercapacitors, and photocatalytic cells.
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