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Abstract:
Initiated chemical vapor deposition (iCVD) is used for the synthesis and integration of polymer electrolyte thin films, such as poly(4-vinylpyridine) (P4VP) and polyvinylpyrrolidone (PVP), within the mesoporous TiO2 photoanode of dye sensitized solar cells (DSSCs). DSSCs with the conventional liquid-electrolyte are prone to leakage and evaporation—hindering DSSC applications, durability, and thermal stability. Polymer electrolytes do not suffer from these disadvantages and can also enhance the cell current-voltage (I-V) behavior.  However, spin coating and drop casting to deposit the polymer electrolytes lead to incomplete pore filling of the polymer inside the mesoporous TiO2 photoanode, resulting in poor electrical contact and lower efficiency. To alleviate these pore filling concerns, the polymer electrolytes were fabricated using the novel, solvent-free technique of initiated chemical vapor deposition (iCVD)1,2. iCVD is generally an adsorption limited technique where the reagents for polymerization, the monomer and initiator, are heated to a vapor that can easily penetrate into the mesoscale voids of the TiO2 photoanode. The initiator is activated by a heated filament (250-350 C) and polymerization as thin films occurs inside small crevices and on surfaces. 

By understanding the competition between surface reaction kinetics and mass transport into the mesovoids, iCVD polymerization allows for uniform coatings on nanoscale geometries and is an exceptional technique for allowing polymerization within the mesoporous structure of TiO2. The surface reaction kinetics and mass transport have been found to depend on the relative pressure of monomer, , which is an adsorption parameter that provides a measure of the surface availability of the monomer. By carefully controlling , nearly 100% pore filling of the TiO2 structure has been achieved as estimated by thermogravimetric analysis (TGA)3. This is significantly higher than that achievable with liquid techniques like spin coating or drop casting of polymer solutions.  This work will show that iCVD polymer electrolytes can be effectively integrated within TiO2 mesoporous photoanodes to produce enhanced DSSCs. By varying the polymer electrolyte chemistry, DSSC characteristics, including open circuit voltage, short circuit current density and fill factor, can be tuned.  To gain a better understanding on the effect of the polymer electrolyte, experimental techniques such as UV-VIS absorption, intensity modulated spectroscopy, and impedance spectroscopy have been used. Furthermore, FTIR, NMR, and XPS spectroscopic analyses confirm that the polymers formed are stoichiometric in composition expected of linear homopolymers and chemically identical to ones formed with liquid solution methods. 
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