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Abstract:
Dye sensitized solar cells are commonly regarded as one of the most promising next generation solar cell technology1, because they have good performance and can be made relatively inexpensively without intensive purification and fabrication steps. However, the liquid electrolyte of conventional DSSCs are prone to leakage and evaporation—hindering DSSC applications, durability, and thermal stability.  Novel polymer electrolyte DSSCs can overcome shortcomings and can enhance the cell I-V behavior. Recent experimental studies have demonstrated that polymer electrolytes are promising alternatives to liquid electrolytes in DSSCs2-4.  Currently, there is a need for better understanding how polymer electrolyte chemistry affects cell performance. Accurate first-principles models can provide the better understanding, and the needed insight and guidance. By properly describing the physical and electrochemical processes occurring inside the cells, it is possible to elucidate the competing effects of DSSC components on the overall cell performance and guide experimental work.  

Continuing our previous work5 on mathematical modeling of a liquid-electrolyte DSSC, in this work theoretically and experimentally we investigate the effects of polymer-electrolyte chemistry on the performance of polymer-electrolyte DSSCs.   Furthermore, to gain a complete understanding of the photochemical processes inside the DSSCs, a first-principles macroscopic model is developed and integrated with experiments using initiated chemical vapor deposition (iCVD) to synthesize and incorporate the polymer electrolytes within the mesoporous TiO2 photoanode. The model is used to elucidate the effects of polymer chemistry on the cell performance, and to determine how and why the photochemical processes inside such solar cells are altered by poly(2‐hydroxyethyl methacrylate) (PHEMA), poly(glycidyl methacrylate)  (PGMA), and poly(4-vinylpyridine) (P4VP). By varying the polymer electrolyte chemistry, this work show that DSSC cell characteristics, including open circuit voltage, short circuit current density, and fill factor can be tuned.  Parameter estimation using the macroscopic model indicates that a shift in the conduction band of TiO2 and a suppression of the back electron transfer at the dye-TiO2-electrolyte interface are induced by the methyl ester of PGMA, the pyridine group of P4VP, and the hydrophilic pendant group of PHEMA. The estimated differences between the TiO2 conduction band edge and the redox potential of the electrolyte are 0.873 eV, 0.994 eV and 1.059 eV for P4VP, PGMA, and PHEMA, respectively. Estimates of the recombination rate constant for PVP and PGMA are, respectively, 65% and 39% lower than that for PHEMA. 
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