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Core-Shell Structure of Y,0,/TiO, for Use in Dye Sensitized Solar Cells
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Abstract: The deposition of a thin insulating layer around the TiO, film to form a “core-shell” structure is
a promising approach for the modification of electrodes. This is currently one of the focuses in the dye
sensitized solar cell (DSC), which has received much attention for development of low-cost and simple
assembly technology. In this paper, yttrium oxide (Y:0-), as a shell material, was coated onto the TiO, film
by a dipping method. The Y.0J/TiO. “core-shell” electrode was then used to fabricate the DSC. The
composition and structure of the Y:0J/TiO, film were measured. The effects of the Y.O; layer on the
flat-band potential, electron recombination, and the characteristics of DSC were investigated in detail.
Results suggest that the flat-band potential of the film shifted negatively when TiO. was coated with Y.O,
while electron recombination loss at the TiO./electrolyte/dye interface was effectively reduced. As a result,
the “core-shell” electrode provided a longer electron lifetime value compared with the uncoated TiO,
electrode and ultimately the open-circuit voltage increased dramatically. Studies show that the cell
performance can be improved by the introduction of a proper amount of Y,Os to the DSC.
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Fig.1 Schematic representation of core-shell

structure electrode
(a) prepared in situ; (b) prepared by dipping method
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Table 1 XPS data of the uncoated and Y.O;-coated TiO, films"
Element Bare TiO: Treated by 0.10 mol-L™' Y(NO) Treated by 0.40 mol-L™' Y(NO:):
EdeV’ x/%° Ev/eV x/% EveV x/%
Cls 284.82 20.88 284.79 21.43 284.81 21.04
Ti2p 458.61 22,13 458.56 22.05 458.59 21.80
Ols 529.82 56.99 529.76 56.42 529.81 57.03
Y 3d - - 157.93 0.10 157.87 0.13

“TiO; films were treated by Y(NO.): aqueous solution with different concentrations, "E,: binding energy. “x: atomic percentage
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Fig.2 HRTEM images of Y,0/TiO;
HRTEM: high resolution transmission electron microscoopy; TiO.
films were treated by (a) 0.10 mol-L™" Y(NOs),, (b) 0.40 mol-L"'
Y(NO,), aqueous solution.
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Fig.3 Absorbance (at 780 nm) of Y0/ TiO,
film in different bias
TiO, films were treated by 0. 0.10, and 0.40 mol-L™' Y(NO,);
aqueous solution. The thickness of TiO: film is 2 pm.
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Fig.4 Effect of treatments by Y(NO:); aqueous solution with different concentrations on the (a) dark
current and (b) charge transfer resistance

Inset in (b) shows the corresponding equivalent circuit model. R.: system resistance, R, and Ci: charge transfer resistance and electric capacity at

electrolyte/Pt-TCO (transparent conductive oxide) interface, R, and C: charge transfer resistance and electric capacity at TiOy/electrolyte/dye

interfaces, W.: Warburg diffusion resistance in the electrolyte
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Table 2 Effect of treatments by Y(NO:); aqueous solution with different concentrations on the J—} performance of DSC*

(Y(NOs))/(mol-L™) V,/mV JSmA-cm™) FF 7%
0 756 10.86 0.62 5.10
0.02 762 10.68 0.65 5.30
0.05 763 10.68 0.65 5.31
0.10 772 10.62 0.66 5.39
0.15 781 10.56 0.66 5.46
0.40 789 8.28 0.67 4.34

*The thickness of TiO: film is 9 pm without scattering layer; V..: open circuit voltage, J.: short circuit current density,

FF: fill factor, #: photoelectric conversion efficiency
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Fig.5 UV-Vis spectra of Y.O4/TiO: film sensitized by dye
TiO: films were treated by Y(NO:): aqueous solution with different

concentrations.
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