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Abstract

Dye-sensitized solar cells (DSCs) have attained considerable attention during
the last decade because of the potential of becoming a low cost alternative
to silicon based solar cells. Although efficiencies exceeding 10% in full
sunlight have been presented, major improvements of the system are however
limited. Electron transport is one of the processes in the cell and is of major
importance for the overall performance. It is further a complex process because
the transport medium is a mesoporous film and the pores are completely
filled by an electrolyte with high ionic strength, resulting in electron-ion
interactions. Therefore, present models describing electron transport include
simplifications, which limit the practical use, in terms of improving the DSC,
because the included model parameters usually have an effective nature.
This thesis focuses in particular on the influence of the mesoporous film on
electron transport and also on the influence of electron-ion interactions. In
order to model diffusion, which is assumed to be the transport process for
electrons in the DSC, Brownian motion simulations were performed and
spatial restrictions, representing the influence of the mesoporous film, were
introduced by using representative models for the structure. The simulations
revealed that the diffusion coefficient is approximately half the value for
electrons and ions in mesoporous systems. To study the influence of ions,
a simulation model was constructed in where electric fields were calculated
with respect to the net charge densities, resulting from the different charge
carrier distributions. The simulations showed that electron transport is highly
dependent on the nature of the ions, supporting an ambipolar diffusion
transport model. Experimentally, it was found that the transport process is
dependent on the wavelength of the incident light; we found that the extracted
current was composed of two components for green light illumination, one
fast and one slow. The slow component showed similar trends as the normal
current. Also we found that the transport coefficient scaled linearly with film
thickness for a fixed current, which questions diffusion as transport process.
Other experiments, investigating various effects in the DSC, such as the effect
of different cations in the electrolyte, are also presented.
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