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The present research work was carried out to investigate synthesis and light induced catalytic 

activity of metal oxides nanoparticles. The metal oxides were synthesized through sol gel 

method and doped with Fe2O4 to enhance the photosensitization via photo Fenton’s reaction. 

The synthesized nano sized particles were utilized in the photocatalytic degradation of two 

organic dyes Methylene blue (MB) and Thymol blue (TB). The morphology was 

characterized via scanning electron microscope (SEM) and X-ray diffraction spectrometry 

(XRD). The photocatalytic activity was performed under UV and sun light and the results 

were recorded with UV-spectrophotometer. The catalytic performance of all the catalysts 

was found remarkable and all the catalysts were recovered from the solution without major 

loss of quantity or any damage to the quality. All the catalysts were capable to be utilized 

several times for the degradation purpose.  
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1. Introduction 

Water is a gift of nature occupying 70% of earth and 

comprising about 90% of cellular composition, but the 

industrial development have given rise to many issues 

including water contamination, leaving behind a negative 

impact on the environment and a serious threat to all species of 

organism surviving on the blue planet. The disposal of 

industrial wastes in water bodies make them unfit to be utilized. 

The waste contains chemicals that may cause fatal diseases or 

even death of living things.  Large number of aquatic lives are 

wasted every year and many of the terrestrial organisms 

including human are proven to different types of diseases 

which sometimes get a pandemic situations as well [1-5].  The 

high concentration of heavy metals in industrial effluent is 

thought to be carcinogenic and mutagenic to living things [6-

8]. In ancient times when scientific methods were not much 

developed, some simple methods like Coagulation, 

flocculation, sedimentation, filtration, and disinfection were 

used for waste water treatment, but they were time consuming 

and less effective. Also all these traditional methods required a 

large space, leave behind chemical waste and not enough 

developed to eliminate all harmful toxicants [9, 10]. Among 

the newly established water decontamination processes, 

advanced oxidation processes (AOPs) base on redox reactions 

have achieved prominence because they are considered to be 

the most effective approaches to degrade most of the 

contaminants including organic pollutants [11-15]. AOPs are 

non selective methods that can oxidise any kind of water 

pollutants into nontoxic compounds like small inorganic ions, 

CO2, and H2O. The basic mechanism of AOPs are based on the 

production and utilization of hydroxyl radicals (•OH), due to 
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their high reduction potential (2.80 V vs. Normal hydrogen 

electrode), they can degrade a wide range of organic pollutants; 

including the most stable ones [16-18]. The main classes of 

AOPs include ultraviolet (UV) photolysis, hydrogen peroxide 

photo-Fenton, photo-ozonation, and heterogeneous 

photocatalysis. However, the popularity of heterogeneous has 

increased because they got the advantage of using sunlight, 

which is a no cost source of energy [19]. 

Fujishima and Honda pioneered photocatalysis research 

in 1972 when they used TiO2 electrodes in water splitting [20-

23]. For the degradation and removal of a wide variety of 

organic pollutants in contaminated water, Photocatalysis 

emerged as one of the most effective techniques of AOPs that 

can speed up the degradation of waste water. Photocatalysis 

utilize sunlight energy which is cost free and plentiful in nature, 

hence it adds to its economical values. Also photocatalysis is a 

low or no waste producing process, using highly reactive 

chemical species with high oxidation capacity to break 

complicated structures [24-27]. Photocatalysis via 

heterogeneous catalysis can completely mineralize 

contaminants at low temperatures and pressures, that’s why it 

is favoured in the treatment of polluted gaseous and liquid 

wastes [28-34].  

Metal oxides (MOs) have already been reported to be utilized 

for the purpose of photocatalysis. There are several reasons for 

this, but the most important among all is the availability and 

complete mineralization of the contaminants. That’s why MOs 

are frequently used for the decontamination of industrial waste 

water. Although there is a limitation of higher energy band gap, 

i.e. to excite the electron, MOs require higher energy but the 

problem can be solved by doping the MOs with a metalloid 

possessing a lower band gap which sensitizes MOs to absorb 

light energy in visible region [35]. This issue can be well solved 

by ferric oxides as it has been reported in several research 

efforts. The lower band gap will help to degrade the organic 

dyes in the industrial effluents with much ease at lower energy 

or it can be done by natural sunlight rays and this adds to the 

economical values as well [36, 37]. 

The present research effort aims the preparation and utilization 

of metal oxide nanoparticles (MONPs) including, Ca, Ba, Cu 

and Zn for the photolysis of organic dyes as a model for waste 

water treatment. The aforementioned metals were doped with 

ferric oxide for the purpose of photosensitization so that the 

nanoparticles could absorb light in visible range and show 

efficiency in the photolysis of the selected organic dyes. 

 

2. Materials and Methods 

2.1 Experimental Chemical Reagents  

The chemicals utilized in this particular research work include 

CaCl2, BaCl2, ZnCl2, CuSO4, FeCl2, KHP, NH4Cl and NH4OH. 

The dyes utilized during this research effort were Methylene 

Blue (MB) and Thymol Blue (TB). All chemicals were of 

analytical grade provided by Merck sigma and used without 

any further purification. 

Figure 1: Scanning Electron Microscopy of Ca-Ferrites (a, b), 

Ba-Ferrites (c, d), Cu-Ferrite (e, f) and Zn-Ferrites (g, h) 

Showing Morphological Features of Metal-Ferrites 

2.2 Instruments and Equipments 

UV-Visible Spectrophotometer, Digital Balance, Centrifuge, 

Oven, pH-meter, Magnetic stirrer, Furnace, XRD and SEM. 

All these instruments were provided by University of 

Peshawar, Pakistan. 

2.3 Synthesis of nanoparticles 

The nano catalysts were prepared through sol gel method by 

dissolving  calculated amounts of the above mentioned salts in 

100mL distilled water to prepare 0.2M solution of CaCl2, 

BaCl2, ZnCl2 and CuSO4. A 0.4M aqueous solution of FeCl2 

was prepared by dissolving calculated amount of FeCl2 in 

distilled water. 50mL from each solution was taken in separate 

beakers and mixed with 50mL of 0.4M FeCl2 solution. The 

solutions were basified with NH4OH and continuously stirred 

for two hours at 70°C.  

2.4 Washing and Drying 

a b

c d

e
f

g h
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The solutions were allowed to cool and filtered wit Wattmann 

filter paper and then washed several times with distilled water. 

The solid products were dried in an oven before calcinations. 

2.5 Calcination of Product Samples 

The synthesized metal oxides were heated in a muffle furnace 

for 6 hours at 600°C. The purpose of calcining the product was 

crystal growth and removal of carbonates. The sample products 

were allowed to cool at room temperature before 

characterization through SEM and XRD. 

2.6 Scanning Electron Microscopy (SEM) 

The morphology of the prepared nanoparticles was examined 

with SEM, provided by Centralized Research Laboratory 

(CRL) University of Peshawar (UOP). The SEM reveals 

porous and amorphous state for Barium nanoparticles, while 

Copper, Zinc and Ca showed crystalline nature with flakes of 

regular geometry. However, all the MONPs were porous up to 

some extent.  

2.7 X-ray Diffraction Crystallography (XRD)  

The XRD of metal nanoparticles show their structural features. 

It is evident that Ca, Cu and Zn show regular crystalline 

structures with two prominent peaks for calcium and copper 

ferrites and a single sharp peak for zinc ferrites, however 

Barium ferrites are synthesized amorphous with bunch of 

peaks (Figure 2).  

2.8 Degradation of Organic Dyes 

The catalytic activity of the synthesized nanoparticles was 

examined by the degradation of two organic dyes Methylene 

Blue (MB) and Thymol Blue (TB) under UV and sunlight 

radiations. The process was completed by irradiating the 

aforementioned dyes for 120 minutes in the presence of a 

calculated amount of the catalysts and recording the data with 

UV-visible spectrophotometer (Figure 3). In two separate 

flasks 3ppm solutions of the dyes were prepared and from each 

solution 10mL was taken in two separate vials. The dyes were 

then exposed with continuous stirring to light source for 10 

minutes after adding 0.01g of a catalyst and the degradation 

was recorded with UV-visible spectrophotometer provided by 

ICS/UOP. These steps were repeated in the presence of UV and 

sunlight several times with all four catalysts for MB and TB till 

their solutions were got degraded. A clear solution indicated 

the removal of dyes. The degradation efficiency was calculated 

using formula: 

Degradation Efficiency (%) = (1-C/C0)*100 

3. Results 

The present investigation about the synthesis of MONPs and 

their utilization for the treatment of industrial waste water 

containing organic dyes was found successful. The synthesized 

catalysts were found proficient to degrade MB and TB 

(selected as test samples) completely in a photosensitized 

reaction (Figure 3). The nano size catalysts were recovered 

from the test solutions and could be reutilized several times. 

The nano size of the catalysts was quit helpful in the process of 

degradation by providing larger surface area (Figure 1). As 

catalysis is a surface phenomenon, so the greater the surface 

area higher will be the chances for a reaction to take place. This 

was probably the most influencing factor for the higher 

catalytic efficacy of the synthesized nanoparticles. The 

catalytic action to decontaminate the dyes was found higher 

under UV radiations as compared to exposure to sun light, the 

possible reason may be the difference in wavelength of 

radiations (Figure 3). Copper and Zinc being transition metals 

possessing a [Ar] 3d¹⁰ 4s¹ and [Ar] 3d¹⁰ 4s2 electronic 

configuration respectively are completely filled electronic 

system and considered relatively more stable than a partially 

filled orbital, hence it requires comparatively higher energy to 

excite the valence electron. All the catalysts showed their 

efficiency to degrade up to 80 percent of both dyes in UV and 

sunlight as well. The catalytic activity of copper ferrites was 

found to be the most efficient one followed by zinc ferrites. 

Calcium and Barium being the members of s-block were 

comparatively less efficient than copper and zinc. 

4. Discussion  

Photocatalysis is a completely different approach from 

catalysis as it requires light as an activation source, which 

activates the photocatalyst to accomplish the desired chemical 

process [4, 6]. Photocatalysis makes many reactions possible 

which are difficult to occur in normal conditions due to energy 

barriers [7].  Photosynthesis is a natural photosensitized 

process which can help us better understand the process of 

photocatalysis. Nano sized catalysts that can be sensitized 

through a light source is an easy, economically accepted and 

environmental friendly source that help to degrade organic 

pollutants in no time is an amazing approach for waste water 

treatment [11]. The present investigation is also an effort 

towards the understanding of photocatalysis and the possible 

role of metal oxide nanoparticles from alkaline earth metals 

and first transition series, all of them doped with ferrites for 

better results of oxidation activities. As already discussed the 

results of all the tested metal oxide nanoparticles were 

remarkable with transition metals comparatively more efficient 

[14, 22]. The prepared nanoparticles were easy to synthesize 

with in a lab with some basic instruments and can be tested for 

the degradation of any type of complex organic dyes. It’s an 

amazing mode to decompose aqueous organic dyes and a 

forward step for the promotion of nanotechnology.   
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Figure 2: X-Ray Diffraction Analysis of Metal Nanoparticles 

 

 
 
Figure 3: Catalytic Degradation of MB and TB With MONPs. 

 

 
5. Conclusion It is concluded that all the synthesized nanoparticles proved to 

be highly efficient source for the degradation of organic dyes 

and opening a new chapter of industrial waste water treatment 
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via advance oxidation process. The catalysts activity as evident 

from the results section have shown Cu and Zn ferrites to be 

the more efficient among all four types of NPs as both of these 

belong to first transition series providing comparatively shorter 

band gap for electronic excitation.  Calcium and barium ferrites 

also proved high efficiency but comparatively lower to that of 

Cu and Zn. Comparatively speaking the synthesized catalysts 

was excellent in their catalytic performance completing 

degrading the organic dyes.  
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