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ABSTRACT 

A simple chemical precipitation method is employed for the synthesis of ZnO nanorods using zinc acetate precursor 
in basic medium. The synthesized zinc oxide nanoparticles are characterized using x-ray diffraction analysis, 
transmission electron microscopy, diffuse reflectance spectroscopy, photoluminescence and bet surface area 
analysis. These zinc oxide nanorods are used for the photocatalytic decolorization of crystal violet dye and the rate 
enhancement is achieved by air purging under sunlight radiation. Effective dye removal is attained by optimizing the 
parameters such as the effect of pH, catalyst dosage and initial dye concentration and the nature of the interaction of 
hydroxyl and superoxide anion radicals with the crystal violet dye is discussed in this paper. 
Keywords: ZnO Nanorods, Crystal Violet, Air Oxidation, Solar Radiation. 
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INTRODUCTION 
A very large amount of dye effluents is being released by various industrial processes such as paper and 
pulp manufacturing, plastics, dyeing of cloth, leather treatment and printing which have been 
considerably increased over the last few decades.1,2 Synthetic organic dyes from the textile industries are 
mainly non-biodegradable, creating major environmental pollution and health hazards. Crystal violet is 
one such cationic, triaryl methane dye which is widely used in the preparation of navy blue and black inks 
for printing purposes. It is also used as a coloring agent for various products such as fertilizers, types of 
antifreeze, detergents, and leather. The dye is also used as a histological stain3-5 despite its extensive 
applications, crystal violet is reported to be persistent in the environment for a long duration and hence it 
poses a toxic effect to the aquatic and human life and therefore it is regarded to be a biohazard substance. 
Since this dye molecule is considered to be a toxic agent6,7 it has to be eliminated, by converting it into 
eco-friendly products using a large variety of semiconductor nanoparticles is considered to be a 
demanding area of research. Many scientific reports suggested the use of semiconductor photocatalyst for 
the efficient conversion of organic pollutants into relatively harmless products such as minerals, CO2 and 
water8,9. ZnO is an n-type semiconductor photocatalyst with a large number of active sites. It has a wide 
bandgap of 3.2 Ev.10 Surface and core defects, such as oxygen vacancies, zinc and oxygen interstitials 
provide active sites for preventing the electron-hole recombination. This, in turn, enhances the generation 
of superoxide and hydroxyl radicals, which is found to be responsible for the photocatalytic dye 
degradation process.11,12 Thus, ZnO is extensively studied as a photocatalyst in water treatment 
application due to its low cost, favorable optical, electronic and catalytic properties.13,14 Recently, 
Nirmalya Tripathy et al., reported the photocatalytic degradation of crystal violet dye under UV 
irradiation using ZnO nanonails.15 In 2010, Swaminathan et al. confirmed the photocatalytic degradation 
of Acid Black 1 dye by cyclic voltammetric measurements and Chemical Oxygen Demand analysis.16 
Srivastava et al., reported the synthesis of zinc oxide semiconductor nanoparticles by electrochemical 
method for the degradation of nitrobenzene and azo dye.17 In this paper, we report the photocatalytic 
degradation of crystal violet dye using zinc oxide nanorods enhanced by air oxidation under sunlight. The 
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results obtained from the research work showed that about 96% of the crystal violet dye got degraded 
within 50 minutes by using the only 25mg of zinc oxide nanocatalyst which clearly showed that the 
synthesized zinc oxide nanorods are promising materials for the removal of other triaryl methane class of 
compounds. 

EXPERIMENTAL 
The Zinc acetate Dihydrate salt (M.W. 219.50, purity 98.5%) was purchased from Sisco Research 
Laboratories Pvt.Ltd., sodium hydroxide from Merck and ethanol (99.9%) was purchased from Changshu 
Hongsheng Fine Chemical Co. Ltd. The capacity of the air pump used for the experiments is 3W and air 
supplied is 2.5L/min. Crystal violet dye (molecular formula C25H30ClN3, MW 407.99 and λmax = 590 
nm) was obtained from S. D.Fine Chemicals. The chemical structure of the dye is shown in Fig.-1. 
 

 
Fig.-1: Chemical Structure of the Crystal Violet Dye. 

 
The morphological characterizations of the synthesized zinc oxide nanoparticles were investigated by 
scanning electron microscopy (JEOL JSM-7600F FEG-SEM) equipped with energy dispersive 
spectroscopy (EDS-Bruker), and transmission electron microscopy (TEM CM 200). The crystallinity and 
crystal phase of the as-synthesized ZnO nanoparticles were analyzed by X-ray diffraction (XRD, Rigaku) 
patterns with Cu-kα Radiation (λ = 1.54178 Å) at a  scan rate of 40 kV. To study the recombination of 
electron-holes in the photocatalyst, the PL emission spectrum of the sample is measured with 
Shimadzu/RF6000 and the bandgap of the semiconductor is determined by the diffuse reflectance 
spectroscopy (Shimadzu/ UV 2600). The surface area and pore volume are determined by the nitrogen 
adsorption/desorption analyzer. 
  
General Procedure 
Synthesis of Zinc Oxide Nanoparticles 
Zinc acetate dihydrate is used as a precursor to prepare the zinc oxide nanoparticles. About 0.5g of zinc 
acetate dihydrate is dissolved in a minimum quantity of double-distilled water. 2mL of ethanol and 
sodium hydroxide is used as a strong base to precipitate the salt solution. A thick white precipitate is 
obtained and the mixture is stirred continuously for 30 minutes and then dried in the hot air oven at 1000C 
for 3 hours and then it is calcined at 4500C. 
 
Photocatalytic Degradation Experiments 
The varying stock solutions of crystal violet dye (10mg to 50mg/L) is prepared, from which 50mL was 
withdrawn for each experiment. All the photocatalytic experiments were carried out on sunny days 
between 11 am to 2 pm. Before, exposing the dye solution to sunlight irradiation the initial absorption 
peak was recorded.  The reaction was carried out in the open air and the solution was continuously mixed 
by pumping to provide aeration. The experiment was continued for 3 hours, at appropriate intervals 2mL 
of the dye solution is withdrawn and centrifuged to separate the catalyst. The effect of pH was studied by 
adjusting the solution using 0.1N NaOH and 0.1N HCl. The blank experiments were performed in the 
dark at room temperature following the above procedure. The percentage decolorization was calculated 
using the formula: 

𝐶0 − 𝐶

𝐶0
× 100 
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Where C0 is the initial concentration of the dye solution and C is the concentration of the dye solution at 
time t. 

RESULTS AND DISCUSSION 
Catalyst Characterization 
The morphology of the synthesized zinc oxide nanocatalyst is examined by FESEM and TEM analysis.  
 

                                                                               
 

Fig.-2: a and b shows the FE-SEM Images and the EDAX Spectrum of the Synthesized Zinc Oxide Nanoparticles 
 

  
Fig.-2c and 2d show the TEM Images of the Synthesized Zinc Oxide Nanoparticles. 

 

From Figs.-2a and 2c it is found that the synthesized zinc oxide particles posses a moderate rod-like 
structure with the particle size ranging from 24.5nm to 55.5nm. Additionally, the dark-spotted circles in 
the SAED pattern indicate the crystalline nature of the zinc oxide nanorods. This result is in agreement 
with that found to zinc oxide nanoparticles prepared from similar precursors18,19. The typical EDAX 
spectrum of the zinc oxide particles in Fig.-2b shows the presence of zinc and oxygen elements in major 
composition which confirms the successful formation of zinc oxide nanoparticles without any impurities. 
Further, the crystallinity, band gap value, surface area, optical property, and structural disorders and the 
defects of the as-synthesized ZnO nanorods were examined by XRD, UV-DRS, nitrogen adsorption-
desorption analyzer and room-temperature PL spectrum, respectively.  
XRD spectrum of the synthesized zinc oxide nanoparticles shows that all the diffraction peaks were 
indexed to the hexagonal wurtzite phase of zinc oxide. The diffraction peaks at 2θ = 31.8, 34.5, 36.4, 
47.6, 56.8, and 63.0 shown in Fig.-3a corresponds to the crystal planes (100), (002), (101), (102), (110), 
and (103), respectively, which is following the JCPDS file no. 36-1451.20 From the obtained XRD results, 
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it is found that (101) peak is the most intense one which is also the preferred growth plane of zinc oxide 
nanoparticles. Bandgap energy (Eg) of the zinc oxide nanocatalyst is obtained using the following 
relation: 

Eg =  
1240

λ
 

Where, Eg is the bandgap energy in electron volts (eV) and λ is the wavelength (nm) corresponding to 
maximum absorption. The Eg of nanocatalyst synthesized using chemical precipitation method was found 
to be 3.12 eV respectively (as shown in Fig.-3b), which matches well with literature.21  Room temperature 
Photoluminescence spectrum of ZnO generally shows three major peaks: the first peak is a UV emission 
peak around 380 nm, the second peak is a green emission peak around 520nm and the third is a red or 
orange emission peak around 600 nm.22 PL spectrum of the synthesized zinc oxide nanoparticles was 
recorded with 254 nm excitation (Fig.-3c). PL emission curve of as formed ZnO nanorods showed a peak 
at 396 nm which may be due to the electron-hole pair recombination or band to band recombination23,24 
and the broad green emission peak at 523nm correspond to the presence of singly ionized oxygen 
vacancies.25 The surface area is one of the most important factors that influence the catalytic activity of 
the semiconductor nanoparticles. The nitrogen adsorption-desorption isotherms of the as-synthesized zinc 
oxide nanoparticles are shown in Fig.-3d. From the BET surface area measurements, it is found that the 
specific surface area of the zinc oxide nanocatalyst is 19.593m2/g and its pore volume is 0.099cc/g. 

 
         

   
 

Fig.-3: 3a shows the XRD Pattern of the Synthesized ZnO Nanoparticles, 3b shows the UV-DRS Plot for the 
Synthesized ZnO Nanoparticles, 3c shows the PL Spectrum of the Synthesized ZnO Nanoparticles and 3d shows the 

N2 Adsorption-Desorption Isotherm Pattern of ZnO Nanoparticles 
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Photocatalytic Degradation of Crystal Violet Dye 
Effect of pH 
The effect of pH in the range of 3–12 and experimental conditions (25mg of ZnO catalyst, 10 mg/L dye 
concentration) on the overall rate of decolorization is studied. The maximum decolorization efficiency 
was obtained in alkaline pH=10 shown in Fig.-4. This may be because, in acidic pH values, the 
photodecomposition of zinc oxide nanoparticles may take place.26  On the other hand, there is an increase 
in several hydroxyl ions, at higher pH values and it consequently leads to an increase in the 
photodecolorization process. But when the pH value is so high there is an abundant number of hydroxyl 
ions around catalyst which compete with dye molecules in adsorption on the surface of photocatalyst; this 
causes a decrease in photodecolorization efficiency.27 

 
Fig.-4: 0.01g/L Crystal Violet Dye Solution, 25mg of ZnO Catalyst, pH varied from 3 to 12, Airflow Rate = 

2.5L/min under Sunlight. 
Effect of Catalyst Dosage 
The optimum amount of zinc oxide catalyst for the effective decolorization of crystal violet dye is found 
out by varying the catalyst concentration from 5mg to 55mg for 10mg/L of the dye solution shown in 
Fig.-5. Initially, by increasing the catalyst concentration till 25mg there is an increase in dye degradation 
beyond which a decrease in the decolorization rate is observed. This is due to fact that active sites 
required for the photocatalytic dye decolorization increases by increasing the catalyst concentration and 
beyond the addition of 25mg of catalyst to the dye solution there is an increase in the turbidity of the 
suspension and decrease in sunlight penetration occurs as a result of which a decrease in the 
photodecolorization process is observed.28  

 
 

Fig.-5:  0.01g/L Crystal Violet Dye Solution, ZnO Catalyst Dosage Varied from 5mg to 55mg, pH = 10, Air Flow 
Rate = 2.5L/min under Sunlight. 
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Effect of Initial Dye Concentration 
Only a negligible percentage of the dye gets decolorized in the absence of the catalyst which shows that it 
is resistant to self photolysis. About 96% of crystal violet dye got degraded within 50 minutes in the 
presence of ZnO catalyst, air oxidation under solar light at pH=10. From these findings, it is clear that 
solar light, air oxidation and a semiconductor photocatalyst are needed for the effective degradation of 
crystal violet dye.  The effect of varying initial dye concentrations on the degradation of crystal violet dye 
with ZnO has been investigated by selecting a concentration range of 10mg/L to 50mg/L under the 
experimental conditions of catalyst concentration 25mg, pH range 10 and continuous air oxidation which 
is shown in Fig.-6. The experimental results show that an increase in dye degradation up to 30mg/L of 
dye solution is observed beyond which there is a decrease in the rate of the degradation process. The 
formation of hydroxyl radicals and its ability to react with dye molecules decides the rate of the dye 
degradation process. At higher dye concentrations there is a decrease in the probability of the dye 
molecules to react with .OH radicals and hence a decrease in the dye degradation rate is observed.29 

 
Fig.-6:25mg of ZnO Catalyst, pH = 10, Initial Crystal Violet Dye Concentration Varied from 0.01g/L to 0.05g/L, 

Air Flow Rate = 2.5L/min under Sunlight. 
Degradation Mechanism 
Under solar irradiation, the electron gets excited from the valence band of ZnO to the conduction band 
which leads to the generation of an electron and hole30,31. Then the electron and holes generated take part 
in the photocatalytic degradation process by producing highly reactive radical species like hydroxyl and 
superoxide radicals which react with the dye molecules to give non-hazardous degradation products.  
 
ZnO + h𝜗              ZnO(e-

CB + h+
VB) 

e- + O2  O2
.- 

O2
.- + CV             Degradation Products of CV 

h+
VB + H2O               H+ + OH- 

h+
VB + OH-              HO. 

HO. + CV              Degradation Products of CV 
 
The major products of degradation of crystal violet dye in aqueous solution by advanced oxidation 
processes were reported by other researchers. According to Huan he et al.,32  the photocatalytic 
degradation of CV took place by three major processes such as N-de-methylation, destruction of 
conjugated structure and opening-benzene ring and the major products obtained in the destruction of CV 
dye was reported to be a series of N-de-methylated products and in the secondary stage organic acids, 
such as oxalic acid, terephthalic acid, phthalic acid, benzoic acid and 3-hydroxybenzoic acid and so on, 
were the low molecular intermediates which resulted from the cleavage of the triphenylmethane ring in 
CV structure. Similar findings were reported by Hongzhe Chen et al.,33 the intermediates and products 
formed in the process of degradation of CV dye were mono-, di-, tri-N-de-methylated intermediates 
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corresponding to the m/z peaks 372, 358, 344 and 330 detected by the LC-MS analysis and he also 
reported the presence of another peak with m/z of 371 which might be due to the isomerization of CV and 
this intermediate undergoes a faster degradation than with that of CV, making it hard to be detected and 
the intermediates with smaller molecular weight were glycol, 2-hydroxypropanoic acid and pyrocatechol. 
  

CONCLUSION 
ZnO nanorods were successfully synthesized by a simple chemical precipitation method. Enhanced 
degradation of crystal violet dye is possible by effective air purging under solar irradiation within a very 
short period 50 minutes. Thus this simplest, low-cost and effective technique can be employed for the 
degradation of other triphenylmethane dyes let out from the textile as well as other dyeing industries.  
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