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Abstract 

 

Emerging photovoltaic technologies such as dye sensitized solar cells (DSSCs) and 

organic solar cells (OSCs) have recently gained much attention and are on the step of being 

commercialized. Bulk-heterojunction hybrid solar cells containing inorganic nanocrystals and 

semiconducting polymers are still lagging behind the DSSCs and fullerene derivative-based 

OSCs in respect of device performance. Nevertheless, hybrid solar cells have the potential to 

exceed better performance while still retaining the benefits such as low-cost, thin and flexible, 

and easy to produce, due to the fact that NCs have the features of tunable band gap, high 

absorption coefficient, and high intrinsic charge carrier mobility. 

This Ph.D research work has focused on the development of bulk-heterojunction hybrid 

solar cells based on surfactant free inorganic semiconductor nanocrystals and nanostructured 

films as counter electrode for DSSCs. Both the materials and device structures are investigated 

and optimized systematically in respect of nanocrystals/nanostructures synthesis, hybrid blend 

preparation and device fabrication, leading to improved power conversion efficiency (PCE). 

Metal chalcogenides (PbS and SnS) have been processed in the laboratory by continuous spray 

pyrolysis (CoSP) and precipitation technique in order to avoid the high cost of commercially 

available materials. 

Chapter I of the thesis discusses the history and working principle of solar cells which 

comprises of the literature survey and overview of various generations of solar cells with the 

main focus on hybrid solar cells and counter electrode for dye sensitized solar cells. A review on 

PbS nanocrystals and their use with conjugated polymers for solar cells fabrication has been 

presented.  
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Chapter II is dedicated to discussion of synthesis and experimental techniques used 

during the thesis. Several structural, optical, morphological features are critically studied using 

wide varieties of techniques namely, Glancing angle X-ray diffraction (GAXRD), UV-visible 

absorption and Photoluminescence (PL), Scanning electron microscope (SEM), Transmission 

electron microscope (TEM) and Atomic force microscopy (AFM). These techniques were 

extensively utilised during the course of the thesis. Spectral and electrochemical studies such as 

Fourier transforms infrared (FTIR) and Cyclic voltammetry (CV) of nanocrystals and thin films 

were systematically carried out. Specific surface area and surface chemistry of nanocrystals and 

thin films were studies using Brunauer-Emmett-Teller (BET) and X-ray photoelectron 

spectroscopy (XPS). Photovoltaic characterizations such as current-voltage and IPCE or the 

external quantum efficiency (EQE) measurements were systematically performed. 

Chapter III reports an efficient, cost effective and less time consuming method suitable 

for mass production of surfactant free quantum dots (QDs) of lead sulfide (PbS). PbS 

nanocrystals (NCs) were first synthesized by continuous spray pyrolysis (CoSP) technique and 

de-agglomeration into PbS quantum dots (QDs) is achieved by vigorous mechanical grinding 

using mortar and pestle. The broadening in XRD peaks of ground NCs as compared to as 

synthesized PbS NCs clearly indicated the reduction in particle size to be QDs of PbS. The TEM 

images also showed that ground PbS NCs were nearly spherical in shape having an average 

diameter in the range of 4-6 nm. The shift in optical gap from 0.41 eV to 1.47 eV supported the 

QD formation. 

Chapter IV reports the dispersion of surfactant free PbS nanocrystals in poly (3-

hexylthiophene) (P3HT). Hybrid polymer solar cells (HSCs) with configuration ITO/PEDOT: 

PSS/P3HT: PbS/Al has been fabricated with different PbS loading and the role of surfactant free 
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PbS NCs in these devices has been studied. With the increase in PbS NC content, the device 

efficiency increases first and then decreases, the device having 30 wt% of PbS NCs shows the 

best performance with an energy conversion efficiency of 1.6%.  

In order to improve the efficiency of HSCs, surfactant free lead sulfide (PbS) NCs has 

also been prepared using precipitation method. Apart from mechanical grinding further 

sonication has been done using high power probe sonicator in chlorobenzene solution. The P3HT 

polymer was added into the chlorobenzene solution containing well dispersed PbS QDs. HSCs 

have been fabricated with different active layer thicknesses. The device with optimum thickness 

showed the improved efficiency of 1.75%. 

Chapter V describes the usefulness of the CoSP technique for deposition of 

nanostructures SnS film as a counter electrode in an I3
-
/I

-
 based dye sensitized solar cells 

(DSSCs). The CoSP technique has been used to deposit uniform layers of SnS nanostructures on 

top of conducting glass substrate. Structural, morphological and optical properties of as-

synthesized SnS nanostructured films showed the formation of (101) oriented orthorhombic SnS 

with nanoflakes having quantum confinement in terms of the blue shift in the optical band gap. 

X-ray photoelectron spectroscopy (XPS) analysis also confirms the formation of pure SnS with 

Sn in +2 oxidation state. The DSSCs of 0.25 cm
2
 area with SnS nanostructured CE exhibits 

lower power conversion efficiency (2.0 ± 0.06%) than that for the cell with standard platinum 

(Pt) CE (4.5 ± 0.13%). 

Finally Chapter VI discusses overall conclusions and the future scope of the present 

study. 
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