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A dye-sensitised solar cells (DSC), a complex system, exhibits emergent photovoltaics not obvious 
from properties of the individual components, such as a transparent conduction oxide (TCO) 
electrode, titanium oxide (TiO2) nanoporous film, dye adsorbed on TiO2, electrolyte like I–/I3

– 
reduction–oxidation (redox) mediator in acetonitrile, and a platinum electrode. Hence, the chemical 
input of 4-tert-butylpyridine (TBP) into DSC multiply interacts with the components, and then 
improves the open circuit voltage (Voc) but reduces the short circuit current (Isc) in I–V output. 
However, no one has distinguished the multiple interactions and correlated the interactions with the 
influences on I–V output due to the complexity of the system. To deal with the multiple interactions, 
we adapt a conceptual framework and methodology from coordination chemistry because it has 
already established the theory and techniques to analyse multiple chemical interactions for metal 
complexes in solution [1, 2]. First, we titrated the photovoltaic interface and electrolyte with TBP to 
identify the stepwise chemical interaction processes. Second, we set an interaction model bridging 
the hierarchical gaps between the multiple interactions and the I–V output to address the influences 
on outputs from the amount of the inputs, using Marcus theory to describe back electron transfer 
from TiO2 to electrolytes. From the viewpoint of the interaction model and interactions observed, we 
are able to comprehend the processes of the complex system and suggest a direction to improve Voc 
without sacrificing Isc in DSCs. The suggestion is supported by our previous experiments although 
we could not identify the mechanism to improve the efficiency at the time [3, 4]. Therefore, we can 
conclude that the conceptual framework and methodology adapted from coordination chemistry is 
beneficial to enhance the emergent outputs of complex systems [5]. 
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