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The problem to solve  
•  The abuse of groundwater resources practiced 

causes more contamination in ground waters. 
•   Therefore, purification and recycling of water 

will become a necessity in the near future in the 
region.  

•  The most common organic pollutants are: 
(dyes, herbicides,  pesticides, insecticides, 
along with pharmaceutical compounds and so 
on) In addition to heavy metals, viruses, 
bacteria, and fungi. Most of these contaminants 
reach to ground and surface water causing 
severe pollution for these important resources. 
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•  To participate in solving this problem, we 
concentrate our research efforts on water and 
soil purification 

•  Different types of methods and strategies have 
been followed to reduce water contaminants. 
But most of these are expensive or less 
efficient.  

•  Recently solar energy has been widely 
investigated in a self-cleaning technology and 
photocatalysis (Green sustainable method). 

•   The core issue in these technologies is related 
to the development of light-sensitive 
semiconducting materials. 4 



Idea of Semiconductors 
Band Diagram: Semiconductor with Non Doping 

EF 
EC 

EV 

Conduction band 
(Partially Filled) 

Valence band 
(Partially Empty) 

T > 0 
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In semiconductor photocatalysis, electron–hole pairs 
degrade of toxic pollutants.  
holes act as powerful oxidant to oxidize toxic organic 
compounds  
electrons can reduce toxic metal ions to metals 

when semiconductor absorbs a photon with suitable energy (hν > Ebg), one 
electron is excited from the valence band to the conduction band. 
The process called  electron-hole formation 
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UV	Irradiation	Experiments	Using	TiO2	
	

Schematic Mechanism of Photo-Excitation TiO2  
(Semiconductor)  by UV Light 
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Sand was used as a substrate for TiO2 to ease the catalyst 
recovery. 
2.0 g sand/TiO2(containing 0.1g TiO2)  used for 
photodegradation  50 ml (10 ppm) Phenazopyridine in 
water by 150 W UV mercury/Xenon lamp 
 
Kinetics and different parameters were studied 
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The challenge was to find suitable substances that can 
sensitize TiO2 in degrading organic contaminants 
under solar simulator light, taking into account:  
1- efficiency  
2- recyclability 
3- cost   
4- environmental safety. 
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   In This work: 
-  TiO2 was sensitized using a short bandgap 

semiconductor nanoparticles CdS [TiO2/CdS ]. 

-  Sand particles were used as a substrate for the 
prepared catalyst system in order to recover the used 
catalyst [Sand/TiO2/CdS].  

-  The catalyst systems were used in photo-degradation 
phenazopyridine in water  
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Schematic Mechanism of Photo-Excitation CdS@TiO2 
 
Visible Light Sensitization 
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2-	X-ray	Diffraction	(XRD)	

CdS Type Peak position 
(2θ) deg. 

FWHM 
Rad. 

D=(0.9λ)/(FWHM COSθ) 
  λ = 0.154 nm 

Non-annealed 26.7 0.008381 17.0 nm 

Pre-Annealed 26.7 0.0071587 19.9 nm 

Scherrer 
equation: 
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SEM	images	for	non-annealed	TiO2/CdS	

17	nm	
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Solar	Simulator	Photodegradation	Experiments	
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CdS@TiO2 Under Visible Irradiation   [PhPy] 
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Shortcoming: CdS Decomposition 

During the Photo-Degradation Experiments, CdS was 
observed to be decomposed to Cd2+ ions Which increased 
the toxicity of remediation water 

18 



As seen in Photo-degradation of PhPy,  CdS shows 
ability to decompose during the photo-degradation 
experiment. This behavior limited its application in 
water remediation 

Many strategies have been used to prevent CdS 
decomposition like: 

 1- Annealing 
 2- pH variation   
 3- Solid supports for catalyst 

No observable enhancement was observed  
on CdS stability 19 



Natural dyes as an alternative in sensitization of TiO2 
in photo-degradation process under solar  

simulator light 
 

1- Anthocyanin  
2- Curcumin 

Due to the decomposition of CdS during the water 
remediation process, a save not expensive natural 
dyes were used as an alternative for CdS sensitizer. 
 
Different parameters, AC supporting, Anthocyanin 
and Curcumin sensitizers, and Kinetics studied 
were done.  
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1.Hibiscus dye [Karkade]:
TiO2 was sensitized with Anthocyanin dyes which was extracted from hibiscus,  and tested for degradation of both contaminants model (  Methyl Orange  & Phenazopyridine. HCl).

Hibiscus dye [Karkade]

TiO2 was sensitized with Anthocyanin dyes which was extracted 
from hibiscus,  and tested for degradation of both contaminants 
model (  Methyl Orange & Phenazopyridine. HCl).
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Schematic Mechanism for Natural Dye 
Sensitized TiO2 under visible light 
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Curcuma dye: 
TiO2 was sensitized with Curcuma dyes which was 
extracted,  and tested for degradation of both contaminants 
model (  Methyl Orange  & Phenazopyridine. HCl). 
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ZnO for Photodegradation of 
Phenazopyridine 

 
ZnO is more efficient than TiO2 in UV  absorbtion. 
 
So that naked ZnO may degrade contaminants 
with direct solar energy using the small fraction of 
UV light therein. 
 
Different parameters, AC supporting, CdS 
sensitizer and Kinetics studied were done.  
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Complete meniralization of 
Phenazopyridine and Methyle Orange 

Photo-degradation  products 
 

Organic Contaminant  à  CO2 +H2O +  Minerals (SO3-2, SO4-2, NO3- , …….) 
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Our Nanotechnology Research 
Activities in Thin Film Solar Cells 
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Photoelectrochemical solar cell PEC Devices using 
Thin film semiconductors 
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In this work we enhanced efficiency and stability by 
controlling Annealing and cooling rate 
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We did comparative assessment study 
*  ECD give good contact & Uniformity 
*  CBD give soundly good thickness : efficiency and stability 
increases 
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•  The different CdS films then are Coated with MnPyP/Polysiloxane matrices, 
Momin Jaradat MSc Thesis 
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How about to CdSe film 
electrodes 

-  CBD CdSe were enhanced by annealing 
-  CBD CdSe films could not show PEC activity 
-  CBD CdSe films were very unstable under PEC conditions 
-  Coated CdSe electrodes showed remarkable activity and 

stability 
-  Further enhancement achieved by pre-annealing the CdSe 

electrode followed with coating  
-  Stability and efficiency were increases by combination 

technique: ECD followed by CBD 

52 



Then promotion to CuS and CuSe 
Why Cu?? 
-Less hazardous than Cd 
 
Challenges with CuS & CuSe film electrodes: 
-  Very unstable 
-  Very low conversion efficiency 
-We need to examine our technique here: 
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An-Najah Results with Others: 
U.S. Department of Energy (DOE) 
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Conclusion 
•  Thin film semiconductor electrodes can be 

stabilized by simple economic methodology 
developed in these laboratories 

•  Electro-active compounds, embedded inside 
insoluble matrices, can enhance efficiency (~18%) 
& stability at same time. 

•  Band edge positions can be shifted as desired 
•  Charge transfer catalysis mechanism is proposed 
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