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INTRODUCTION

Quantum Dot Sensitized Solar Cells (QDSC) (1-2) can become competitive if one could achieve power conversion efficiencies comparable to other emerging solar cell technologies. The factors limiting the power conversion efficiency in QDSC include recombination of charge carriers with redox couple at the semiconductor interface, slower hole transfer and counter electrode performance. We have now undertaken a series of steps to alter the properties of semicondctor nanocrystals to improve the performance of QDSC. By doping optically active transition metal ions, e.g., Mn2+, it is possible to modify the electronic and photophysical properties of quantum dots (QD). The dopant creates electronic states in the midgap region of the QD thus altering the charge separation and recombination dynamics. Mn doped CdS show emission at ~ 585 nm due to the Mn d-d transition.3 However, this transition is both spin and orbitally forbidden resulting in a very long lifetime in the range of several hundreds of μs. By employing Mn2+ doping of CdS, we have now succeeded significantly in improving QDSC performance compare to undoped system. This study marks an important milestone in overcoming the barrier of achieving power conversion efficiency greater than 5 %.
EXPERIMENTAL

The photoactive semiconductor electrodes were prepared by successive ionic layer adsorption and reaction (SILAR). In brief, 0.1 M cadmium nitrate in methanol was used as cation source and 0.1 M sodium sulfide in 1:1 methanol and water as anion source. To incorporate doping of Mn2+, manganese acetate (0.0075 M) was mixed with cadmium nitrate. This allowed coadsorption of Mn2+ and Cd2+ ions, which in turn facilitated incorporation of Mn2+ in the CdS film. The cadmium and selenide ion precursor solution for CdSe was prepared by mixing 0.03 M cadmium nitrate and 0.03 M selenium oxide with 0.06 M sodium borohydride, respectively, in degassed ethanol inside a glove box under N2 atmosphere. All the working electrodes were finally coated with 2 cycles of ZnS. The counter electrode was prepared by doctor blading Cu2S and reduced graphene oxide (RGO) composite on FTO glass. 1 M sodium sulfide and 1 M sulfur dissolved in water was used as the liquid electrolyte. The cells were assembled in sandwich fashion using a paraflim spacer. Solar cell performance was evaluated under simulated AM1.5 irradiation conditions. Details of fabrication of the electrodes are mentioned in reference (3).
RESULTS

We prepared four different types of semiconductor photoanodes: (a) 10 SILAR cycles of undoped CdS, (b) 10 SILAR cycles of Mn-doped-CdS, (c) 5 cycles of undoped CdS followed by 8 cycles of CdSe (CdS/CdSe), and (d) 5 cycles of Mn-doped CdS followed by 8 cycles of CdSe (Mn-doped-CdS/CdSe). The overall photocurrent response obtained from incident photon carrier conversion efficiency (IPCE) matches well with the absorption spectra. The J-V characteristics of these four QDSCs are presented in Figure 1. The open circuit voltage for CdS and CdS/CdSe is around 0.5 V. However an increase in [image: image1.png]2
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Figure 1: J-V characteristics of different working electrodes measured under AM 1.5 global filter of 100 mW/cm2 sunlight. 
the photovoltage is seen in the Mn-doped CdS (VOC = 583 mV) and CdS/CdSe (558 mV) films. Similarly, Mn-doped films also exhibited significant increase (20%) in the photocurrent as compared to the corresponding semiconductor films without dopants. The increase seen in the short circuit current and the open circuit voltage with Mn-doped system is reflected in the overall power conversion efficiency. This can be attributed to the long lifetime of the Mn d-d transition. The efficiency of 5.42% obtained with Mn-doped CdS/CdSe film is one of the highest performing QDSC reported to date (3).
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