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Abstract 
This paper presents the use of zinc oxide in photo catalytic mineralization of Acridine. Photocatalysis 
refers to the addition of light to a semiconductor usually metal oxides and sulphides, which results in 
moving electrons from valence band to conduction band which may either be homogenous activated 
(same phase) or heterogeneous (different phase).The standard curve of AO dye was determined by the 
preparation of the standard solution at different concentration ranging from 20-60ppm and measure 
the absorbance at 490nm wavelength using UV-2100 spectrophotometer. The photocatalytic 
performance of ZnO photocatalyst was carried out in the presence of visible irradiation in an 
immobilized reactor of suitable dimension  surrounded with aluminium reflectors to avoid irradiation 
loss in the system. Factors such as nano-particle size dye concentration, pH loading and peroxide 
presence makes ZnO suitable for photo-mineralization/degradation despite being high temperature 
annealing. Finally Advanced oxidation processes provide an efficient alternative for treating 
wastewater contaminated with toxic organic compounds, with high oxidation power, the hydroxyl 
radicals are capable of totally or partially degrading practically all classes of organic compounds 
present in aqueous medium or in soils, resulting in the complete mineralization of these compounds or 
in their conversion to more biodegradable products. 
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Introduction 
Semiconductors are particularly useful as photocatalysts because of a favourable 
combination of electronic structure, light absorption properties, charge transport 
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characteristics and excited-state lifetimes (Dimitris 2011). A semiconductor, by definition, is 
nonconductive in its undoped ground state because an energy gap, the bandgap, exists 
between the top of the filled valence band and the bottom of the vacant conduction band. 
Thus, electron transport between these bands must occur only with appreciable energy 
change. In semiconductor photocatalysis, excitation of an electron from the valence band to 
the conduction band is accomplished by absorption of a photon of energy equal to or higher 
than the bandgap energy of the semiconductor. Metal oxide semiconductors hold great 
promise for application in conversion of solar to chemical energy by photo-catalysis (Lan et 
al., 2015). Metal oxide semiconductor materials, such as TiO2, ZnO, Fe2O3, CdS, and ZnS have 
been found to be attractive photocatalyst because they are environmentally sustainable with 
high catalytic efficiency in the degradation of various detergents, dyes and volatile organic 
compounds into carbon dioxide and water under UV light irradiation. These cost-efficient, 
effective, and environment-friendly materials can be used to alleviate environmental 
problems.  Surface area and surface defects of metal oxides are important factors for 
enhanced photocatalytic activity (Priya 2015). The higher effective surface area leads to 
higher adsorption of organic molecules, while enhanced photocatalytic activities lead to its 
efficient degradation. Among various semiconductors, zinc oxide (ZnO) exhibits higher 
efficiency in the photocatalytic degradation of some organic dyes than other semiconductors 
because it has a comparable band gap (3.2 eV) with relative large quantum efficiency in 
comparison to other commonly used photocatalysts (Vasile 2016).Also, it has great potential 
application in room temperature UV lasers, sensors and photocatalysis due to its unique 
electrical and optical properties such as low dielectric constant, high chemical stability, good 
photoelectric and piezoelectric behaviour (Chih-Wei 2013). Therefore, it is extremely possible 
that ZnO will become another photocatalyst after TiO2, which is widely applied to treatment 
of contaminant (Kodihalli et al., 2012). 
 
Zinc oxide has received significant importance in the field of photocatalysis because it is a 
representative n-type semiconductor, with a wide band gap and a high excitation binding 
energy of 60meV, and produces electron hole pairs under UV light or visible light irradiation 
(Kodihalli et al., 2012). The electron and hole can interact with the O2 adsorbed on the surface 
of the photocatalyst and H2O to generate O2- and OH-, which can reduce and oxidize the 
organic contaminants completely into their respective end products (CO2 and H2O, 
respectively) (Vasile 2016). The higher photocatalytic activity of ZnO is also attributed to the 
large number of defects such as oxygen vacancies, interstitial zinc atom from the donor 
states, while zinc vacancies and interstitial oxygen from the acceptor state (Shindeet al., 2011).  
The photocatalytic test find out that it’s fast, effective, ecofriendly, economically viable and 
efficient method in the wastewater treatment (Chandan et al., 2013). It has been found that 
solar detoxification is one of the promising methods for the disinfection of the wastewater. 
Solar detoxification process uses sunlight as the primary energy input required in reactions 
that break down contaminant molecules in CO2 and water (Alex et al., 2013). The 
combination of light and catalyst has proven very effective for wastewater purification. The 
solar photo catalytic detoxification uses near ultraviolet band of the solar spectrum 
(wavelength under 390nm) to promote oxidative/reductive reactions (Niyaz 2012). Photo 
catalysis can be conveniently applied for the degradation of organic dye pollution because it 
can mineralize organic dyes completely into H2O and CO2, and mineral acids without 
bringing secondary pollution (Judy et al., 2003). The photo catalyzed decolourization of a dye 
in solution is initiated by the photo excitation of the semiconductor, followed by the 
formation of electron hole pair on the surface of catalyst. The high oxidative potential of the 
hole in the catalyst permits the direct oxidation of the dye to reactive intermediates (Soares et 
al., 2007). Another reactive intermediate which is responsible for the degradation is hydroxyl 
radical (OH.). It is either formed by the decomposition of water or by reaction of the hole 
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with OH-. The hydroxyl radical is an extremely strong, non-selective oxidant, which leads to 
the partial or complete mineralization of several organic chemicals. 
 
Dyes are complex unsaturated aromatic compounds with accomplishing characteristics like 
color, intensity, solubility, fastness and substantivizes (Sushilkumar et al., 2009). It could be 
compounds with different colorings particles, each varying in type from each other in terms 
of chemical composition and are used for coloring textiles in different colors and shade that 
are completely soluble in aqueous media. Organic dyes are used in the textile, paper, plastic 
leather, food and other industries. About half of these dyes are azo compounds, such as 
methyl orange, Congo red, and acridine orange, which contain chromophore in their 
molecular structures (Sushilkumar et al., 2009). However, effluents containing these dyes are 
discharged into lakes, rivers or ground waters during the dyeing process and contain many 
health hazards such as mutagenic and carcinogenic. These dyes can lead to very serious 
environmental problems, due to their good stability under ambient conditions (Ahmad et al., 
2010). 
 
Methodology  
Preparation Of Acridine Orange (Ao)  
A 500ppm stock solution of acridine orange dye was prepared by dissolving 0.5g of the dye 
in a 1000cm3 volumetric flask with small amount of distilled water and filled to the mark. 
 
Calibration Curve 
The standard curve of AO dye was determined by preparing the standard solution at 
different concentration ranging from 20-60ppm and measure the absorbance at 490nm 
wavelength using UV-2100 spectrophotometer.    
 
Results and Discussion 
 
Absorption Spectra of Acridine Orange 
The wavelength of maximum absorption of acridine orange was screened and determined by 
plotting a graph of absorbance against wavelength and maximum absorption was found at 
300nm and 470nm with the absorbance of 1.06 and 1.369 respectively. From figure1 below, 
470nm was found to be the wavelength of maximum absorption of acridine orange because 
highest absorption peak was observed at this wavelength. 

 
Fig.1 Graph of absorbance versus wavelength 
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Calibration Curve 
The calibration curve for the degradation of acridine was determined by plotting a straight 
line graph, using the linear graph equation (y= mx) where y is the absorbance, m and x are 
slope and AO concentration respectively which is to calculate the final concentration of AO. 
It is evident from figurebelow that the plot is accurate because it gives high correlation 
coefficient (R2) of 0.993 

 
Fig.2 Graph of absorbance versus concentration of AO 

 
Effect of Initial Dye Concentration  
The effect of initial acridine orange dye concentration was studied over zinc oxide 
photocatalyst under visible light irradiation at constant catalyst loading and solution pH. 
The tested initial concentrations were 20ppm, 30ppm, 40ppm, 50ppm and 60ppm in the 
presence of 0.5g zinc oxide and solution pH of 7. 

 
Fig.3 Graph of efficiency versus concentration 
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From the graph, the degradation/mineralization efficiency of acridine orange dye decreased 
as the initial concentration increased. The degradation efficiency of acridine orange decreases 
from (91.11%) to (75%). The decrease in the degradation efficiency at high concentration 
could be due to the dye solution become more and more dense which can hinder the light 
from reaching the catalyst surface. Thus, lesser photon can reach the catalyst surface which 
can result in lesser generation of active radicals to degrade the dye. At high concentration of 
acridine orange dye, the increased amount of AO can also increase the adsorption of AO 
molecules onto the catalyst surface. Since the number of active radicals generated on the 
surface of the catalyst did not increase under the constant light intensity and irradiation time, 
there will be lesser active radicals to attack the dye molecules and led to lower degradation 
efficiency. Furthermore, the concentration of intermediates also increased with increasing 
dye concentration. When the radicals attacked the dye molecules at high concentration, a lot 
of intermediates can be generated. These intermediates can compete with the parent 
molecules for limited active sites on the catalyst surface (Xiaoqinget al., 2017). 

 
Effect of pH 
The effect of the initial pH of the dye was studied as pH is considered to be one of the most 
important parameters that can affect the photocatalytic degradation process. The initial pH 
of the dye was varied from pH 5 to 9. The studies were carried out with 20ppm acridine 
orange dye solution and 0.5g catalyst dose. It is quite evident that from the graph that as the 
pH of dye solution changes from alkaline to acidic, the percentage degradation is increasing. 
In the alkaline pH range, the degradation was 90% after 150min of photocatalytic treatment 
at pH 9.0. In the acidic condition, when pH was decreased from 6.0 to 5.0 the degradation 
increased upto 97.47%. So the maximum degradation has been found at pH 5.0 after 150min 
of irradiation. 

 
Fig.4 Graph of percentage degradation versus PH 
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positively charged in acidic solution and negatively charged in basic solution. Because the 
dye is negatively charged, the acidic solution favors the adsorption of dye onto photocatalyst 
surface (Xiaoqinget al., 2017). 

  
Effect Of Catalyst Loading 
After optimizing pH, the catalyst loading is another important parameter which has strong 
influence on the degradation kinetics of dye solution. ZnOphotocatalyst was used in the 
process. In order to determine the optimal amount of catalyst concentration, a series of 
experiments were carried out using different amount of ZnO catalyst varying from 0.5g to 
2.5g, at optimized pH of 7.0 and 20ppm initial dye concentration and the result is presented 
in figure5;. The graph depicts that as the amount of catalyst increases from 0.5g to 2.5g, the 
percentage degradation increases from 81.40% to 85.0%.  

 
Fig.5 Graph of percentage degradation versus catalyst 

 
Maximum degradation rate has been achieved with catalyst dose of 2.0g and it was 
considered as the optimum dose for the degradation of acridine orange dye solution for 
subsequent analysis. 
 
The increased degradation rate that follows the increase in the catalyst loading can be 
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Kinetic Study 
The kinetic studies of the photocatalytic degradation of acridine orange at the optimum 
condition have been investigated in terms of pseudo first order and pseudo second order 
rate equation. The rate constant (k) for this heterogeneous photocatalysis was evaluated as 
a function of the initial concentration of original species. It is quite evident from the two 
figures below (figure6and 7) that the process profile followed an apparent pseudo-first 
order kinetic with correlation coefficient (R2) value of 0.856 and rate constant of 0.028. 
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Fig.6Graph of pseudo-first order kinetic 

 

 
Fig.7: graph of pseudo-second order kinetic. 

  
 
Conclusion 
Advanced oxidation processes provide an efficient alternative for treating wastewater 
contaminated with toxic organic compounds, with high oxidation power, the hydroxyl 
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of these compounds or in their conversion to more biodegradable products. Acridine orange 
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effectively used for the degradation and decolorization of dye and other organic compounds 
in water. The treatment has been carried out with the variation in parameters like solution 
pH, catalyst loading and initial dye concentration.The effect of operating parameters such as 
pH, dye concentration and catalyst loading for the degradation of acridine orange dye were 
also studied. 
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