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In this study, we examined the capacity of photocatalytic degradation 
catalyzed by TiO2 NPs and ZnO NPs to remove the tetracycline TC drug in 
different solution pHs (3–10). TiO2 NPs and ZnO NPs powders were 
prepared using the hydrothermal method and characterized via FESEM, 
TEM, TGA, and XRD. The effects of several method factors, such as weight of 
photocatalyst (0.1-0.4 g), concentration of TC drug (25-100 mg/L), different 
pH values (3-10), and irradiation time, on the removal of TC drug were 
studied. The photocatalytic degradation capacity of TC drug was fast in the 
present optimum condition (pH 10) and slower in (pH 3) of TiO2 NPs and 
ZnO NPs; the degradation capacity of the TC drug under UV light decreased 
with an increasing concentration of TC drug. The photocatalytic degradation 
capacity of TiO2 NPs is 81.33%, while the photocatalytic degradation 
capacity of ZnO NPs is 92.45 %. These data underline the use of effective, 
eco-friendly, easily available, and low-cost TiO2 NPs and ZnO NPs as 
photocatalysts for degrading TC drugs in aqueous solutions. Therefore, as 
shown by the results, the photocatalytic degradation of the TC drug using 
zinc oxide nanoparticles is greater than that using TiO2 nanoparticles. 
© 2024 by SPC (Sami Publishing Company), Asian Journal of Green 
Chemistry, Reproduction is permitted for noncommercial purposes. 
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Introduction 

The environmental risks posed by the 

effluents generated by the wastewater industry 

are classified as the main source of 

groundwater pollution [1, 2]. Wastewater 

resulting from hospital waste, including drugs 

and pharmaceuticals, constitutes one of the 

most hazardous types of waste, causing 

numerous diseases in animals [3-5]. Many 

semiconductors have been used as photo 

catalysts to extract various liquid wastes from 

their aqueous solutions. Pharmaceutical 

pollutants in water contaminated with high 

temperature, acidity and other soluble 

substances are affected [6, 7]. The main 

pollution in wastewater comes from waste from 

pharmaceutical factories and hospitals. There 

are many techniques to get rid of these 

dangerous pollutants from wastewater, as 

photo-oxidation is considered as a very 

important technology that is used in many fields 

and has high efficiency in removing toxic liquid 

pollutants in Water environment. Some of the 

common ways utilized to remediate 

pharmaceuticals pollutants like Tetracycline TC 

and its degradation products like: coagulation, 

membrane filtration adsorption, sedimentation 

and photo degradation [8, 9]. The use of 

Advanced Oxidation Processes (AOPs) as a 

potential solution. AOPs are driven via 

generation of highly oxidizing free radicals 

which are talented of mineralizing 

pharmaceuticals and therefore removal the 

formation of pollutions. Photo-catalysis is one of 

the Advanced Oxidation Processes that has 

received substantial attention due to its 

potential for being economically useful at a 

commercial scale [10]. TiO2 NPs has been the 

photo catalyst of choice due to its eco-friendly, 

chemical stability, and high degradation 

capacity when illuminated with UV light .There 

are three natural poly-morphs of TiO2, brookite, 

rutile, and anatase [11-13].  

Zinc oxide (ZnO) is a wide band gap (Eg = 

3.37 eV at 25 °C, near-UV spectral region) semi-

conductor with high exaction binding energy 

(60 meV) enabling persistence of excitonic 

emission processes at or above room 

temperature. It has great potential for various 

applications, such as UV light emitters, photo 

catalysts, surface acoustic wave devices, 

piezoelectric transducers, optical waveguides 

[14, 15]. Among metal oxides, ZnO is a 

prototypical n-type material with numerous 

applications, including catalysts, gas sensors, 

visitors, transparent electrodes, etc. Renewed 

interest has recently emerged for its ultraviolet 

light emission capabilities [16-19] .  

Titanium dioxide is a robust semiconductor 

material with a band gap of 3.2 eV which has 

been extensively explored for heterogeneous 

photo catalysis due to its non-toxic nature and 

easy availability. Nevertheless, wide band gap of 
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TiO2 restricts its operational range to only UV 

region that is less than 5% of whole solar 

spectrum, relatively fast recombination of 

photo-exactions (e−, h+) is another drawback 

associated with TiO2 that lowers its photo 

catalytic performance. One constraint 

associated with doping approach is that it can 

sometimes also reduce the redox potential of 

charge carrier species that results in decline of 

photo catalytic efficiency [20-26].  

Tetracycline, which has different brand 

names, is named for its four ("tetra-") 

hydrocarbon rings ("-cycl-") derivation ("-ine") 

[27]  is an antibiotic in the tetracycline's family 

of drugs, utilized to treat a number of infections, 

like plague, cholera, acne, brucellosis, malaria, 

and syphilis. Its chemical formula is C22H24N2O8 

with  molar mass of 444.440 g·mol−1, and 

chemical structure of a drug, as displayed in 

Figure 1 including side effects have diarrhea, 

poor tooth, sun burning, vomiting, kidney 

problems rash, and loss of appetite [1-3, 27, 28]. 

 

Figure 1. Chemical structure of tetracycline drug 

[27] 

Experimental  

Materials and Methods 

All of the chemical reagents used (Sigma-

Aldrich), all chemicals used in the research that 

degree analytical and used directly without 

purification (i.e. Titanium Dioxide Purity 

(99.0%), Zinc Oxide Purity (99.0%)). 

Tetracycline TC drug was purchased from 

factory Samara-Iraq, the spectra of UV–Vis 

absorption of solution 100 mg/L of TC drug was 

analyzed, at 235 nm was chosen as indicator for 

removal rates of TC drug. Titanium dioxide 

nanoparticles and zinc Oxide were previously 

prepared by the hydrothermal method [4, 29]. 

Photo catalytic degradation experiments 

The UV-A light source (wavelength: 366 nm), 

was placed at a distance from solution surface 

in the reactor. The source of UV-A light open 

after on 10 min started of the reaction; 100 mL 

of the solution TC drug with concentration 50 

mg/L was placed in a glass beaker, an 

appropriate 0.3 g from catalyst TiO2 NPs or ZnO 

NPs  was added to it, and light source, magnetic 

stirrer, were turned on for photocatalytic 

experiment. The absorbance was measured, and 

the concentration after photocatalytic 

degradation Ct mg/L was calculated according 

in calibration curve. The PDE% was selected as 

the evaluation index for the photo degradation 

of TC drug calculated in Equation (1). 

PDE (%) =  (C0 − Ct) C0⁄ ×  100            (1)    

Where, PDE% is percentage of removal; C0 is the 

initial concentration; and Ct is the residual 

concentration after a selective time of 

degradation of drug under studying.  

Results and Discussion 

FE-SEM image of different structures are 

displayed ZnO NPS and TiO2 NPs it was 

conducted to reveal the morphological 

characteristics of different samples. The results 

are depicted in Figure 2a, in which a zinc oxide 

nanoparticle was observed in the form of a 

white spherical structure stacked in regular 

layers, one above the other and in Figure 2b 

titanium oxide nanoparticles appeared in the 

form of a spherical structure that was brown 

color and was not arranged in organized layers,  
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Figure 2. EF-SEM image a) TiO2 NPs, b) ZnO NPs and TEM image, and c) TiO2 NPs , d) ZnO NPs 

but rather in the form of a random and 

disorganized spherical structure [6, 30]. 

TEM image was used to determine the particle 

size, morphology and crystal structure of TiO2 

and ZnO nanoparticles. Zinc oxide appears in 

the form a white, spherical crystalline structure. 

This is evidence of the purity of the prepared 

surface and also of thecalcination at 500 °C that 

increased the purity of zinc oxide nanoparticles 

[13, 31, 32]. The particle structure of TiO2 NPs is 

presented in a spherical stacked structure and 

is uniformly indicated as a dense small black 

spherical packed together closely, as shown in 

Figure 2d. 

X-Ray diffraction patterns of TiO2 NPs 

The diffraction peaks were observed at 

25.3°, 37.9°, 48.2°, 54.5°, 55.3°, 62.02°, and 

68.7°, which correspond to the (101), (108), 

(004), (112), (211), (200), (106), and (212) 

lattice planes of anatase TiO2 the crystal shape 

of the diffraction peaks appear clear and sharp, 

as depicted in Figure 3a [33, 34]. X-Ray 

diffraction patterns of zinc oxide nanoparticles 

are observed in Figure 3 b.  

The diffraction pattern  

Nine peaks appear at 31.7°, 34.4°, 36.2°, 

47.5°, 56.5°, 62.8°, 66.4°, 67.9°, and 69.1, which 

correspond to the (100), (002), (101), (102), 

(110), (103), (200), (112), and (201), reflection 

planes, at the same order. The ZnO PNs better 

crystalline structure and pure phase with highly 

crystalline produced due to very sharp and 

intense peaks [35, 36]. 
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Figure 3. X-ray diffraction of a) TiO2 NPs and b) ZnO NPs 

The most important technique used to 

determine the thermal stability of the 

preparation surface is the thermogravimetric 

analysis (TGA) technique, where the mass of the 

sample is determined versus temperature or 

time, to study the stability and thermal stability 

of the nanopartical, and also indicate the purity 

of the nanocomposites, the TGA curve for (TiO2 

NPs and ZnO NPs) in the temperature range of 

10-560 °C. The TGA curve of TiO2 NPs and ZnO 

NPs appears to show no thermal decomposition 

or weight loss [5, 37]. It appears as a straight 

line due to the high thermal stability of the 

nanocomposite. Therefore, TiO2 NPs and ZnO 

NPs exhibit higher resistance to thermal 

degradation compared to other nanoparticles, 

as shown in Figure 4. 

Effect of TC drug concentration  

To evaluate the suitability of the ZnO NPs 

and TiO2 NPs in solution as a photo catalyst for 

degradation of TC drug, the initial concentration 

of TC drug solution is crucial in determining the 

photocatalytic degradation of TC drug solution. 

The effect of concentration of TC drug on 

degradation capacity was studied via altering 

the concentration TC drug (25-100 mg/L) at 

weight of each ZnO NPs and TiO2 NPs 0.3 g. The 

degradation capacity of TC drug under UV- light 

decreased with increasing concentration of TC 

drug. As a result, the capacity quantity of OH 

radical available for TC drug photocatalytic 

degradation decreases, causing in a drop in TC 

drug  degradation [13, 37], as demonstrated in 

Figure 5. 
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Figure 4. Thermogravimetric analysis (TGA) technique of ZnO NPs and TiO2 NPs 

 

Figure 5. Effect of photocatalytic degradation of TC drug at different concentration by use two surface ZnO 

NPs and TiO2NPs 

Effect of mass catalyst 

To investigate the effect of the catalyst on the 

photocatalytic efficiency of stimulation, 

different weights of each of ZnO NPs and TiO2 

NPs were used, ranging from 0.1 to 0.4 g and 50 

mg/L concentration of TC drug and at 25 °C, as 

demonstrated in Figure 6. From Figure 6, it is 

obvious that when the amount of the catalyst  

for two surface ZnO NPs and TiO2 NPs increase, 

the photocatalytic degradation  increases first 

and remains constant at a given scale. However, 

when the amount of the catalyst exceeds 0.4 

g/L, the degradation does not change. This may 

be due to the additional free catalyst particles 

that form in the aggregation process, and also 

due to the phenomenon known as screening [2, 

5, 38]. 
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Figure 6. Effect of photocatalytic degradation of TC drug at different masses of a) ZnO NPs and b) TiO2 NPs 

Effect of pH 

pH is important factor in the photo 

degradation of pharmaceutical. The pH can 

greatly affect the TC drug solution for the 

photocatalytic process as well as the properties 

of the TC drug and its surface zinc oxide and 

titanium dioxide nanoparticles. Figure 7 shows 

the effect of pH on the photocatalytic 

degradation process of TC drug solution using 

0.3 g of each one (i.e. zinc oxide and titanium 

dioxide nanoparticles). It has been observed 
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that the activity of the photocatalytic process is 

low in acidic media and increases with 

increasing the pH of TC drug solution until it 

reaches the basic pH [13]. It was found that the 

decomposition efficiency in alkaline media is 

almost constant at pH 10. Thus, the pH of the 

solution affects the absorption of TC drug 

solution and the separation of photo generated 

charge carriers on the surface of the photo 

catalyst zinc oxide and titanium dioxide 

nanoparticles. According to the zero charge 

point, the surface of TiO2 NPs and ZnO NPs are 

supposed to be positively charged in acidic 

solution and negatively charged in alkaline 

solution. Accordingly, pH variation can affect 

the efficiency of photo degradation of TC drug 

solution [23, 39]. 

Photo catalytic degradation: A Comparison 
among TiO2NPs and ZnO NPs 

A solution of Tetracycline TC drug 50 mg/L was 

degraded under UV-light at time of 15 min in 

the dark (adsorption). After that in every 

solution, ZnO NPs or TiO2 NPs 0.3 g/200 ml was 

added. Photo degradations have been carried 

out for 60 min. After this, photo catalytic 

activity percentages. Photocatalytic degradation 

and comparison between TiO2 NPs and ZnO NPs 

shows that ZnO NPs degrade active principles in 

solution faster than TiO2 NPs [26]. Thus, 

degradation percentages were evaluated with 

the dark (adsorption) associated no any 

photocatalytic degradation of solution drug but 

give best degradation of TC drug solution after 

10 min and a comparison of photocatalytic 

degradation at time of 60 min shows that 

difference between TiO2 NPs and ZnO NPs for 

TC drug is outstanding and specially for ZnO 

NPs give the best photocatalytic degradation, 

because ZnO NPs has a large surface area and 

good dispersion in the solution while TiO2 NPs  

has a small specific surface area, compared to 

ZnO NPs, and requires a longer time than zinc 

oxide to decompose TC drug 100% [8,9] as 

shown in Figure 8.  

 

Figure 7. Effect of photocatalytic degradation of TC drug at solution pH a) ZnO NPs and b) TiO2 NPs 
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Figure 8. Photocatalytic degradation: A comparison between TiO2 NPs and ZnO NPs 

Conclusion  

In this study, the efficiency of 

photodegradation of zinc oxide and titanium 

dioxide nanoparticles in decomposing 

pharmaceuticals in an aqueous solution was 

determined. Among several types of 

pharmaceuticals, the tetracycline TC drug was 

chosen. The decomposition of a TC drug 

solution was mainly carried out under UV 

irradiation for a fixed period of time in the 

presence of a small amount of zinc oxide and 

titanium dioxide nanoparticles. ZnO NPs 

decompose TC drugs faster than TiO2 NPs, so 

ZnO NPs show better photodegradation 

efficiency than TiO2 NPs. Because ZnO NPs have 

a large surface area and good dispersion in the 

solution, while TiO2 NPs have a small specific 

surface area compared to ZnO NPs, and require 

a longer time than zinc oxide to decompose TC 

drug 100%. 
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