
 
 

STUDIES ON CHEMICAL SOLAR CELLS: 
DESIGN, FABRICATION AND 

CHARACTERIZATION 
 

Thesis Submitted 
By 

 
EMAN MOHAMED MOHAMED AHMED  

 
B.Sc. (Chemistry) 2007 

 
To 

CHEMISTRY DEPARTMENT 
FACULTY OF SCIENCE 

AIN SHAMS UNIVERSITY 
 

For 
 

THE DEGREE  
M.Sc. in CHEMISTRY 

 
As a partial fulfillments for requirements of Master of 

Science 
 

(2013) 



                                                                                                   LIST OF ABBREVIATIONS 

XVIII 
 

List of Abbreviations 

 

β  The line width at half-maximum height. 

ARapp Apparent absorption. 

ARo Absorbance at zero time. 

ARt Absorbance at time t. 

εRs The dielectric constant of the semiconductor. 

CB Conduction band. 

DSSCs Dye-sensitized solar cells. 

e The electron charge. 

ERg Band gap energy. 

eV Electron volt. 

FF Fill factor. 

HOMO Highest occupied molecule orbital. 

hr Hours. 

hυ Photons energy. 

IRmax Maximum current. 

IPCE The incident monochromatic photon-to-current 

conversion efficiency. 

IRsc Short circuit current. 

JRsc Short circuit current density. 

k Rate constant. 

L The crystallite site. 



                                                                                                   LIST OF ABBREVIATIONS 

XIX 
 

LUMO Lowest unoccupied molecule orbital. 

mA Milliampere 

min Minutes. 

MLCT Metal to ligand charge transfer. 

mM Millimolar. 

MPP Maximum power point. 

M Rwt Molecular weight. 

N3 dye cis-dithiocyanato bis(4,4′-dicarboxy-2,2′-bipyridine) 

ruthenium (II) (Ru(dcbpyHR2R)R2 R(NSC)R2R ,(BuR4 RN)R2R 

[Ru(dcbpyHR2R)R2 R(NSC)R2R]. 

N719 cis-bis(isothiocyanato)bis(2,2′bipyridy1-

4,4′dicarboxylato) ruthenium (II) bis-tetrabutyl 

ammonium (BuR4RN)R4 R [Ru(dcbpy)R2 R(NSC)R2R]. 

nm Nanometer. 

PEG Poly ethylene glycol. 

pH Negative logarithm of hydrogen ions concentration. 

PRmax Maximum power output. 

PV Photovoltaic. 

R Reflectance. 

RR∞ Absolute remittance. 

RE Renewable energy. 

RR-133 Remazole red RB-133 

SAED Selected area electron diffraction pattern. 



                                                                                                   LIST OF ABBREVIATIONS 

XX 
 

SEM Scanning electron microscope. 

TCO Transparent conducting oxide. 

TEM Transmission electron microscope. 

UV Ultraviolet radiation. 

V Volt. 

VB Valence band. 

Vis Visible light. 

VRmax Maximum voltage. 

VRoc Open Circuit Voltage. 

W Watt. 

XRD X-ray diffraction. 

η Efficiency of the solar cell. 

λ Wavelength. 

ν P

* Wave number. 

 

 
 



                                                                                                                    LIST OF TABLES  

XVII 
 

List of Tables 

 

Table (3.1) Photostability rate kinetics of the three dyes 

under different conditions. 

87 

Table (3.2) The crystal parameters data of porous TiO R2. 91 

Table (3.3) Photoelectrochemical data obtained with the 

DSSC sensitized by various kinds of commercial and 

natural dyes. 

100 

 

 



                                                                                                                 LIST OF FIGURES 
 

IX 
 

List of Figures 

 

Figure (1.1) The solar spectrum, AM 0 (a) in space and the 

terrestrial direct (b) and global normal insulation on a tilted 

PV module plane (c) incident radiation under AM1.5 

conditions, according to the ASTM standards. Direct = 

small solid angle about the sun, global = direct +diffuse 

light from the remainder of the sky. 

5 

Figure (1.2) Solar electricity cost as a function of 

efficiency and material cost. The three solar cell 

generations are labeled in the areas as I, II, and III. Taken 

from (Lewis, 2007), originally from (Green, 2003). 

7 

Figure  (1.3) Schematic of a liquid electrolyte dye-

sensitized solar cell. 

14 

Figure (1.4) Operating principles of DSSC (Jung and 

Mengjin, 2011). 

22 

Figure (1.5) Typical shape of the current-voltage curve of a 

photovoltaic cell showing the  open circuit voltage VROCR, 

short circuit current IRSCR, and the maximum power point 

MPP, and  the current and voltage at the MPP: IRMPPR, VRMPPR.  

26 

Figure (1.6) (a) Basic chemical structures of the most 

abundant   anthocyanidins. (b) Chemical structures of 

anthocyanidins in acidic and basic media. (c) Chelation 

30 



                                                                                                                 LIST OF FIGURES 
 

X 
 

mechanism of Anthocyanidins with TiOR2R. 

1TFigure (1.7) Chemical structure of the N719 ruthenium 

complex used as a charge-transfer sensitizer in dye-

sensitized solar cells. The N3 dye has the same structure, 

except that all four carboxylates are protonated. 

32 

Figure (2.1) Chemical structures of the dyes. 43 

Figure (2.2) the typical sandwich-like structure of DSSC 

(Laura et al., 2011). 

54 

Figure (3.1) UV-Vis absorption spectra of; (a) 

Anthocyanin (0.5 g/L) (b) RR-133 (4x10 P

-5
PM) and (c) 

Coumarine (1x 10 P

-4
PM) dye solutions. 

60 

Figure (3.2) Change in the UV-Vis. absorption spectrum of 

dye solutions of Anthocyanin 0.5g/L (pH=2.6) under UV-

Vis light irradiation. 

61 

Figure (3.3) Change in the UV-Vis. absorption spectrum of 

dye solutions of RR-133 (4×10P

−5
PM) (pH=4) under UV-Vis 

light irradiation. 

62 

Figure (3.4) Change in the UV-Vis. absorption spectrum of 

dye solutions of Coumarine (1x 10 P

-4 
PM) (pH=8) under UV-

Vis light irradiation. 

 

63 

Figure (3.5) Photostability rate kinetics of the solutions of; 

(■) 4×10P

−5
PM   RR-133, (▲) 1x 10 P

-4 
PM Coumarine, and (●) 

64 



                                                                                                                 LIST OF FIGURES 
 

XI 
 

0.5g/L Anthocyanin dyes under 100 W/mP

2 
PUV-Vis light. 

Figure (3.6) Change in the UV-Vis. absorption spectra of 

dye solutions of Anthocyanin 0.5g/L ((pH=3) under UV-

Vis light irradiation and 1 g.LP

-1
P TiO R2R with continuous 

stirring. 

65 

Figure (3.7) Change in the UV-Vis. absorption spectra of 

dye solutions of RR-133 (4×10P

−5
PM) (pH=4.5) under UV-

Vis light irradiation and 1 g.LP

-1
P TiO R2R with continuous 

stirring. 

66 

Figure (3.8) Change in the UV-Vis. absorption spectra of 

dye solutions of) Coumarine (1x 10P

-4 
PM) (pH=7) under UV-

Vis light irradiation and 1 g.LP

-1
P TiO R2R with continuous 

stirring. 

67 

Figure (3.9) Photostability rate kinetics of solutions from; 

(●) 4×10 P

−5
PM   RR-133 and (■) 0.5g/L Anthocyanin dyes 

under   100 W/mP

2
P UV-Vis light + 1 g.LP

-1
P TiOR2 R Degussa P-

25.  

69 

Figure (3.10) Photostability rate kinetics of solutions from 

(▼)1x 10P

-4 
PM Coumarine dye under   100 W/mP

2
P UV-Vis 

light + 1 g.LP

-1
P TiOR2 R Degussa P-25.  

70 

Figure (3.11) Representation of Photodecomposition rate 

kinetics of pure solutions of the three dyes under 100 

W/mP

2
PUV-Vis light and in presence of 1 g.LP

-1
P TiO R2R Degussa 

71 



                                                                                                                 LIST OF FIGURES 
 

XII 
 

P25.   

Figure (3.12) Change in the UV-Vis. absorption spectra of 

dye solutions of Anthocyanin 0.5g/L (pH=4) under UV-Vis 

light irradiation, 1 g.LP

-1
P TiO R2R Degussa P25 and 20 mM 

IR2R/IR3RP

-
P electrolyte solution with continuous stirring. 

72 

Figure (3.13) Change in the UV-Vis. absorption spectra of 

dye solutions of RR-133 (4×10P

−5
PM) (pH=4.5) under UV-

Vis light irradiation, 1 g.LP

-1
P TiOR2 R Degussa P25 and 20 mM 

IR2R/IR3RP

-
P electrolyte solution with continuous stirring. 

73 

Figure (3.14) Change in the UV-Vis. absorption spectra of 

dye solutions of Coumarine (1x 10 P

-4 
PM) (pH=7) under UV-

Vis light irradiation, 1 g.LP

-1
P TiOR2 R Degussa P25 and 20 mM 

IR2R/IR3RP

-
P electrolyte solution with continuous stirring. 

74 

Figure (3.15) Photostability rate kinetics of the solutions 

from; (●) 4×10P

−5
PM   RR-133 and (■) 0.5g/L Anthocyanin 

dyes under   100 W/mP

2
P UV-Vis light in presence of 1 g.LP

-1
P 

TiOR2 R Degussa P25 and 20mM IR2R/IP

-
PR3 R electrolyte solution. 

75 

Figure (3.16) Photostability rate kinetics of the solutions 

from (▼)1x 10P

-4 
PM Coumarine dyes under   100 W/mP

2
P UV-

Vis light in presence of 1 g.LP

-1
P TiO R2R Degussa P25 and 

20mM IR2R/IP

-
P R3R electrolyte solution. 

76 

Figure (3.17) Representation of Photostability rate kinetics 

of pure solutions of the three dyes under 100 W/mP

2
PUV-Vis 

76 



                                                                                                                 LIST OF FIGURES 
 

XIII 
 

light in presence of 1 g.LP

-1
P TiO R2R Degussa P25 and 20 mM 

KI/IR2R electrolytes. 

Figure (3.18) UV-Vis. apparent absorption spectra of the 

dye Anthocyanin 0.5g/L (pH=3) under UV-Vis light 

irradiation and 1 g.LP

-1
P porous TiO R2R prepared by sol-gel 

(hydrothermal) method. 

79 

Figure (3.19) UV-Vis. apparent absorption spectra of the 

dye RR-133 (4×10P

−5
PM) (pH=4.5) under UV-Vis light 

irradiation and 1 g.LP

-1
P porous TiO R2R prepared by sol-gel 

(hydrothermal) method. 

80 

Figure (3.20) UV-Vis. absorption spectrum of pure 

aqueous dye solution of 1x 10 P

-4 
PM Coumarine under UV-

Vis light irradiation and 1 g.LP

-1
P porous TiO R2R prepared by 

sol-gel followed by hydrothermal at 180°C for 12 h. 

80 

Figure (3.21) Photostability rate kinetics of the solutions 

from; (▼) 4×10P

−5
PM   RR-133 and (●)1x 10 P

-4 
PM Coumarine 

dyes under   100 W/mP

2
P UV-Vis light in presence of 1 g.LP

-1
P 

porous TiOR2R prepared by sol-gel followed by hydrothermal 

at 180°C for 12 h. 

81 

Figure (3.22) Photostability rate kinetics of the solutions 

from (■) 0.5g/L Anthocyanin dye under   100 W/mP

2
P UV-

Vis light in presence of 1 g.LP

-1
P porous TiO R2R prepared by 

sol-gel followed by hydrothermal at 180°C for 12 h.  

82 



                                                                                                                 LIST OF FIGURES 
 

XIV 
 

Figure (3.23) Effect of light irradiation on the diffuse 

reflectance color change of: a) Anthocyanin dye adsorbed 

on TiOR2 R thin film electrode. 

83 

Figure (3.24) Effect of light irradiation on the diffuse 

reflectance color change of RR-133 dye adsorbed on TiO R2 R 

thin film electrode. 

83 

Figure (3.25) Effect of light irradiation on the diffuse 

reflectance color change of Coumarine dye adsorbed on 

TiOR2 R thin film electrode. 

84 

Figure (3.26) Effect of light irradiation on the diffuse 

reflectance rate kinetics of Anthocyanin dye adsorbed on 

TiOR2 R thin film electrode. 

85 

Figure (3.27) Effect of light irradiation on the diffuse 

reflectance rate kinetics of RR-133 dye adsorbed on TiO R2 R 

thin film electrode. 

85 

Figure (3.28) Effect of light irradiation on the diffuse 

reflectance rate kinetics of Coumarine dye adsorbed on 

TiOR2 R thin film electrode. 

86 

Figure (3.29) Representation of Photostability rate kinetics 

of the three dyes adsorbed on TiO R2R thin film electrodes and 

exposed to 100 W/mP

2 
PUV-Vis light irradiation. 

86 

Figure (3.30) UV–Vis Absorption spectrum of KI (0.5 M) 

/IR2 R(0.05 M) electrolyte solution. 

88 



                                                                                                                 LIST OF FIGURES 
 

XV 
 

Figure (3.31) Photostability rate kinetics of the solutions 

from KI (0.5 M)/IR2 R(0.05 M) electrolyte. 

89 

Figure (3.32) XRD pattern  of pure colloidal TiO R2 R  

nanocrystals. 

91 

Figure (3.33) UV-Vis / diffuse reflectance spectra for: 

TiOR2 R Degaussa P25 and Porous TiOR2 R Prepared by sol-gel 

method. 

93 

Figure (3.34) Plot of (αhν)P

2
P versus photon energy (hν) for 

the two thin films. 

93 

Figure (3.35) diffuse reflectance spectra for the three dyes 

adsorbed to TiOR2 R thin film.  

94 

Figure (3. 36) TEM image of the TiOR2R film electrode.   95 

Figure (3. 37) HR-TEM  image of the TiOR2R film electrode.   96 

Figure (3. 38) SAED image of the TiOR2R film electrode. 96 

Figure (3.39) SEM image of the TiOR2 R film electrode.   97 

Figure (3.40) the operation principle of the fabricated 

DSSCs based on Hibiscus dye sensitizer. 

98 

Figure (3.41) I–V characteristics of the DSSCs based on 

the three dyes under investigation at 1 sun irradiation, 100 

mW/cmP

2
P. 

99 

Figure (3.42) Representation of the efficiencies of 

photoelectric conversion % η of DSSC sensitized by 

Anthocyanin, RR-133 and coumarine dyes. 

102 



                                                                                                                 LIST OF FIGURES 
 

XVI 
 

Figure (3.43) Change in current efficiency of DSSCs 

fabricated by Anthocyanin dyes of the DSSCs under 

investigation upon exposure to 1 sun irradiation, 

100mW/cmP

2
P for four hours. 

103 

Figure (3.44) Change in current efficiency of DSSCs 

fabricated by RR-133 dye of the DSSCs under investigation 

upon exposure to 1 sun irradiation, 100mW/cmP

2
P for four 

hours. 

104 

Figure (3.45) photo-to-current efficiency (η) against the 

time for DSSCs fabricated by (■) Anthocyanin and (●) RR-

133 dyes. 

104 

 



                                                                                                   ACKNOWLEDGMENT 

II 

ACKNOWLEDGMENT 

 

 I would like to thank Professor Dr. M. S. A. Abdel 

Mottaleb for offering me the opportunity to carry out this 

interesting research work under his kind supervision, guidance, 

following up the research and offering all the available lab 

facilities in the Nano-Photochemistry labs. I am also indebted to 

Prof. Abdel-Mottaleb for suggesting the timely and interesting 

point of research, discussing and reading the manuscript 

critically.   

 I also wish to thank Dr. Hoda Hafez, for following up the 

progress of the research and offering all available lab facilities at 

the Nano-Photochemistry and its Environmental Applications 

Laboratory at the Environmental Studies and Research Institute 

(ESRI) and for her guidance, interest and support.  

 I would like to give special thanks to Dr. Essam Bakir for 

his guidance on the research and for his interest and 

encouragement.  

 I wish to express my sincere appreciation to 

Environmental Studies and Research Institute (ESRI), Sadat 

City, Menuofia University, where I have done some experiments 

required for this work. 

 



                                                                                                        AIM OF THE WORK 

1 

                                    Aim of the Work 

 The   performance of   dye   sensitized   solar cells (DSSCs) 

is   mainly based on the dye as a sensitizer.  The stability, as well 

as the absorption spectrum of the dye sensitizers and the 

anchorage of the dye to the surface of TiO R2 Ris important 

parameters determining the efficiency of the cell. Generally, 

transition metal coordination compounds (ruthenium polypyridyl 

complexes) are used as the effective sensitizers, due to their 

intense charge-transfer absorption in the whole visible range and 

highly efficient metal-to-ligand charge transfer. However, 

ruthenium polypyridyl complexes contain a heavy metal, which 

is undesirable from point of view of the environmental aspects. 

Moreover, the process to synthesize the complexes is 

complicated and costly. Alternatively, natural dyes can be used 

for the same purpose with an acceptable efficiency. The 

advantages of natural dyes include their availability and low cost. 

 Natural dyes have become available alternative to expensive 

and rare organic sensitizers because of its low cost, easy 

attainability, abundance in supply of raw materials and no 

environmental threat. The nature as well as the molecular 

structure of these dyes strongly affects performance of the dye-

sensitized solar cells. 

 

 


