
Contents 

 

Contents 

Acknowledgement………………………………………………………………………………………i 

Abstract.......................................................................................................ii  

Chapter (1) Introduction & Literature Survey  

1.1 Introduction…..……………………………….…………………………………………………….1 

1.2 Nanostructure Verses Photovoltaic Cells…………..…………………………………….2 

1.3 Dye-Sensitized Solar Cells………………..……………………………………………………3 

1.4 Aim of the Work…………………….………………………………………………......4 

1.5 Literature Survey……………………………………………………………………………………6  

Chapter (2) Theoretical Review 

2.1 Energy Crisis……………………………………………………………………………………….21 

2.2 Solar Cells as Renewable Energy Source………………………………………….……21 

2.3 Device Structures and Operation Principles…………………………………………….23 

2.3.1 Bilayer PV Cells…………………………………………………………….………………23 

2.3.2 Bulk-Heterojunction (BHJ) PV Cells…………………………………………………24 

2.4 Electrolyte ………………………………………………………………….………………………26 

2.4.1 Liquid Electrolytes………………………………………………….…………………….27 

2.4.2 Polymer Electrolytes………………………………………………..……………………29 

2.5 Working principle of Solar Cell……………………….……………………………………..30 

2.6 Polyvinyl Alcohol…………………………..………………………………………….………….32 

2.7 Polymer Nanocomposites………………………………………………………………………33 

2.8 Optical Absorption Spectroscopy…….…………………..…………………………………35 

2.8.1 Fundamental Absorption……………………………………………………………….35 

2.9 Band Tailing Effect and Potential Fluctuations…………………………………........39 

2.9.1 Urbach Tail……………………………………………………………………………….…41 

2.10 Complex Impedance Spectroscopy…………………………………………………….…43 

2.11 Types of Electrical Conduction…………………………………………….………………48 

2.11.1 Electronic Conduction…………………………………………………………………48 

2.11.2. Ionic Conduction………………………………………………………………….……48 



Contents 

 

2.12 D.C. Electrical Conductivity………………………………………………………………….48 

2.13 A.C.Electrical Conductivity…………………………………………………………………..49 

2.14 Ionic Conductivity………………………………………………………………………..…....50 

2.15 Dielectric Properties…………………………………………………………………….……..54 

2.16 Types of Polarization…..………………………………………………………………………54 

2.16.1 Electronic Polarization………………………………………………………………54 

2.16.2 Ionic Polarization………………………………………………………………….….54 

2.16.3 Dipolar Polarization………………………………………………………………….55 

2.16.4 The Interfacial (Space Charge) Polarization………………………………..55 

2.17 Dielectric Relaxation……………………………………………………………………………55 

Chapter (3) Experimental Techniques 

3.1 Preparation of solid polymer electrolyte Films………………………………………..58 

3.2 X-ray Diffraction Characterization………………………………………………………….58 

3.3 Scanning Electron Microscope……………………………………………….……………..59 

3.4 FTIR Spectral Characterization………………………………………….………………..60 

3.5 Thermogravimetric Analysis………………………………………………….………………60 

3.6 Impedance spectroscopy…………………………………………………..………………….61 

3.7 Optical Absorption and Transmission Spectroscopy……………….……………….62 

Chapter (4) Results and discussion 
 Section (A) 

Characterization of PVA/CuI polymer electrolytes 

4.A.1 X-Ray Diffraction Investigation………………………………………………………….64 

4.A.2 Scanning Electron Microscopy…………………………………………………………….67 

4.A.3 Thermogravimetric Analysis (TGA)………………………………………………………69 

4.A.4 FTIR Spectroscopy…………………………………………………………………………….74 

Section (B) 

Electrical and Dielectric Properties of PVA/CuI Polymer Electrolytes 

4.B.1 Complex Impedance Analysis……………………………………………………………78 

4.B.2 AC Conductivity for PVA/CuI Polymer Electrolyte…….………………………….80 

4.B.2.1 Frequency Dependence of the Total Conductivity.……………………….84 



Contents 

 

4.B.2.2 Temperature Dependence Of The Total Conductivity…………………….89 

4.B.3 Dielectric Properties of PVA/CuI Polymer Electrolytes ……..…………………..93 

4.B.3.1 Frequency Dependence of the Dielectric Parameters………………….93 

4.B.3.2 Temperature Dependence of the Dielectric Parameters………………97 

Section (C) 

Optical Absorption of PVA/CuI Polymer Electrolytes 

4.C.1 Ultraviolet and Visible Analysis…………………………………………………………103 

4.C.2 Determination of Optical Energy Gap ( gE )………………………………………..103 

Conclusions………………………………….…………………………………………………….112 

References………………..………………..……………………………………………………..113  




