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Abstract 
 

The ability to tune the color point of upconversion (UC) phosphors is important for their applications in light emitting 

displays, lasers and optoelectronic devices to multiplexed biological labeling and enhancing the power conversion 

efficiency of a dye sensitized solar cell. The nanophosphor photoelectrode comprises of: i) Y2O3: Er3+, Yb3+ and ii) 

titanium dioxide (TiO2) paste. The UC nanophosphors incorporated photoelectrode is then used to fabricate the dye 

sensitized solar cell (DSSC) [1], [2]. 
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Introduction 

The ever growing demand of energy and the associated environmental issues has led researchers to develop a self-

production green energy by exploiting the renewable solar energy. The solar energy is one of the best form of renewable 

energy because of its universal presence and self-production Thus, it is advantageous to develop environment friendly 

materials for photovoltaic technology which are cost effective, less toxic and have high stability. [0004] The power 

conversion efficiency (PCE) of  dye sensitized solar cells (DSSCs) depends on the commonly used, light-harvesting, 

ruthenium dyes with band-gap of about 1.8 eV, which can only absorb sunlight in a relatively narrow spectral 

wavelength range between 300 and 800 nm. As a result of this, the spectral response of these solar cells in the near 

infrared (NIR) region is still limited which affects the efficiency of the cell to convert light energy into electrical energy. 

there is a need to develop a rare earth doped oxide based nanophosphor incorporated photoelectrode for DSSC to 

enhance the power conversion efficiency of the solar cell [3], [4].  

 

Working 

The nanophosphor containing photoelectrode of the solar cell addresses the problem of transmission loss by converting 

sub-band gap NIR photon into supra band gap visible photons, thereby increasing the conversion efficiency of the dye 

sensitized solar cell. 

The Y2O3: Er3+, Yb3+nanophosphor is synthesized by using pyridine as a complexing agent. The method of preparation 

of the nanophosphor comprises of the following steps: i) solid powders of Yttrium Nitrate [Y(NO3)3], Erbium Nitrate , 
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and Ytterbium Nitrate are weighed in accurate quantity and dissolved in double distilled water to make stock solutions 

of Yttrium Nitrate, Erbium Nitrate, and Ytterbium Nitrate, ii) Y(NO3)3 and Er/Yb(NO3)3 solutions are taken in different 

stoichiometric ratios and mixed with pyridine to obtain a precipitate of metal hydroxide having a metal ion to pyridine 

iii) concentrated nitric acid is then added to the precipitate and the pH is adjusted to 2-3 to obtain a clear solution of 

pyridine complexed metal nitrates, iv) the clear solution is evaporated on a hot plate at 150°C–180°C with constant 

stirring leading to foaming and puffing of the solution to obtain a black fluffy powder i.e. the precursor powder, and v) 

the precursor powder is calcined at 600°C for 2.5 hr and annealed at 1050°C for 3 hr to obtain the rare earth co-doped 

nanophosphor [3], [5]–[7]. 

 

The method of preparation of the Y2O3: Er3+, Yb3+  incorporated photoelectrode comprises of the following steps: i) 

Y2O3: Er3+, Yb3+ nanophosphor is added to the transparent TiO2 paste to obtain a screen printable paste, and  ii) the 

screen printable paste is then deposited on a fluorine-doped tin oxide (FTO) glass substrate by screen printing technique 

to obtain the photoelectrode.  

 

The UC nanophosphors incorporated photoelectrode is then used to fabricate the dye sensitized solar cell (DSSC). The 

method of fabrication of the dye sensitized solar cell involves the following steps: i) after the printing step, the 

photoelectrode is annealed at 550 oC for 1 hr in a furnace and then cooled from 550 oC to 140 oC to obtain annealed 

electrodes, ii) the annealed electrodes are then immersed into a dye solution for 12 hours to obtain dye sensitized 

electrodes, iii) the dye sensitized electrodes are assembled with a platinum counter electrode with the help of a polymer 

sealant and the space between the electrodes is filled by a liquid electrolyte containing  0.1 M iodine, 0.05 M guanidine 

thiocyanate, and 0.3 M 4-tert-butyl pyridine in acetonitrile, iv) the electrolyte is injected into the device by a vacuum 

back filling technique through a hole on the counter electrode (CE) side, v) the hole is then sealed with a surlyn sheet 

and a microscope cover glass to obtain the DSSC.  

 

Result 

 An upconversion co-doped yttrium oxide nanophosphor with better stability is obtained which is then used to fabricate 

dye sensitized solar cell for increasing the power conversion efficiency of a dye sensitized solar cell. 

 

Conclusion 

Upconversion nanophosphor based photoelectrode for dye sensitized solar cell results in enhancement in the durability 
of the DSSC which owes to the improved NIR to visible light harvesting and the hindering of charge carrier 
recombination properties of the UC phosphor.    
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