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Abstract: This paper reviews the recent advances in the 

photocatalytic and antibacterial activities of Zinc oxide (ZnO), 

doped ZnO synthesized by using different methods like 

hydrothermal, co-precipitation, Sol-Gel methods. Materials with 

different morphologies and structures have been investigated by 

different methods like, Xray diffraction (XRD), Field emission 

scanning electron microscopy (FESEM), Fourier transform 

infrared(FTIR), under UV, Visible light and sunlight 

irradiations. Zinc oxide (ZnO) is used as a photocatalyst in the 

field of environmental applications. However, the large band gap 

of ZnO and the massive recombination of photo generated 

charge carriers especially in its Nano size. The majority of the 

data reveals superior performance of doped ZnO nanomaterials 

compared to undoped ZnO nanomaterials. The doped ZnO 

exhibits highest photocatalytic and antibacterial activity among 

all nanomaterials. The degradation of the textile dyes depends on 

both its concentration as well as the amount of photocatalyst. 
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I. INTRODUCTION 

n the past decades, environmental problems have increased 

seriously with the development of the industry and 

economy of human activities [1]. Population growth, coupled 

with industrialization and urbanization, has resulted in a 

scarcity for water thus leading to water crisis and 

significances on the environment. In recent years much of the 

water bodies has been polluted due to discharge of effluents 

from various industries. Contaminations of wastewater from 

industrial area contain nonbiodegradable, toxic, and 

carcinogenic effluents, including organic dyes and heavy 

metals, that pose a serious environmental threat. Among 

several other industries, textile one of the major effluent 

discharger with several toxic non-degradable substances. 

Textile industry uses various dyes and chemicals for its 

dyeing and bleaching processes. This will contain harmful 

substances include a number of dyes, based on benzidine 

structures or heavy metals, both known to be toxic. Most of 

these chemicals are directly discharged to wastewater, which 

increase the biological and chemical oxygen demand in water 

Thus, there is an urgent demand for the development 

of better techniques to provide water sources free of 

contaminants.  This led inevitably to alterations in the quality 

and ecology of receiving water bodies. These pollutants can 

also seep down and affect the ground water deposits. When 

this polluted water is used for irrigation, it also affects the 

properties of soil, which makes it unstainable for further 

cultivation.  

This brings new challenges to the researchers 

(environmentalists). Several attempts have been made to 

regulate and control the quality of effluents that are 

discharged from industries into water bodies. But all these 

attempts go in vain because of the high cost. It has provided 

the impetus to sustain the fundamental and applied research in 

the aspect of environmental remediation [2]. Numerous 

methods have been followed for the degradation of textile 

dyes that is listed in table 1. 

Table 1: Various dye removal methods from wastewater 

Physical methods Chemical methods Biological 

methods 

 Adsorption 

 Ion exchange 

 Filtration 

 Coagulation/fl
occulation 

 Fenton reagent 

Technique 

 Ozonisation 

 Photocatalytic 
methods 

 

 Aerobic 

degradation 

 Anaerobic 

degradation 

Among several advanced processes, photocatalytic 

process attracts considerable attention as a method for the 

degradation of organic pollutants from water. This process 

provides an interesting route for the destruction of toxic and 

hazardous pollutants, from complete mineralization 

alternatives to well established oxidation technologies, 

including ozonolysis or oxidation with H2O2 under UV light 

irradiation. This technique uses light with wavelength energy 

(band gap energy) to excite the semiconductor particles and to 

produce an electronhole pair. Therefore, the photocatalyst 

process is simple, low cost, and versatile for a wide range of 

pollutants (detergents, dyes, pesticides, and volatile organic 

compounds [3]. 

1.1. Zinc oxide semiconductor photocatalysis 

Semiconductor photocatalysis is one of the advanced 

physicochemical processes applicable in the photo 
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degradation of environmental organic pollutants and toxic. 

Zinc oxide (ZnO) is a promising semiconductor photocatalyst 

on account of its wide band gap of 3.7 eV, low cost, 

nontoxicity, and good oxidizing power [4]. By contrast, 

electronhole recombination is a major impediment to the 

widespread applications of its photocatlytic activity. 

Compared with TiO2, ZnO can absorb a larger portion of UV 

spectrum and shows superior photocatalytic properties. Some 

problem remains to be solved in its applications, such as the 

fast recombination of photo generated electronhole pairs. 

Therefore, improving the photocatalytic activity of ZnO has 

become the hot topic among researchers in recent years. One 

approach is to combine the ZnO with other materials to form a 

hybrid photocatalyst system, which consequently improves 

the separation of photo generated electronhole pairs. 

II. ZNO NANOPARTICLES: SYNTHESIS METHOD 

Currently, several new routes have been established 

for the synthesis of ZnO nanoparticles, including 

organometallic precursor method, micro emulsion process, 

solgel synthesis, physical vapor deposition, precipitation, 

solgel combustion, and solvothermal and hydrothermal 

methods. 

2.1. Hydrothermal 

Hydrothermal is one of the promising methods to the 

synthesis of ZnO nanoparticle because of its operational 

simplicity, good control over the shape and dimensions, 

capability of largescale production, synthesis at a relatively 

lower temperature (200°C), low cost, and convenient method 

[5]. 

In advance, the sonochemical method has been 

introduced by combining the hydrothermal and the 

sonochemical synthesis processes of ZnO. This method used 

to overcome the limitation of both hydrothermal and 

sonochemical methods, including yielding certain repetitive 

stable morphologies (e.g. hexagonal rods) and post treatments 

required to obtain other desired morphologies. 

2.2. Sol-gel 

Solgel method has gained particular interest due to 

its cheapness, reliability, repeatability, and simplicity. It 

recorded ZnO nanoparticles with good control of size, with 

high purity that are homogenous, and with morphology 

obtained through the solgel methods under careful control of 

the process, growth of nuclei, and adsorption of the surfactant. 

Initially, the pH level of the synthesis medium was adjusted 

with a weak base, such as ammonia, followed by heating with 

nitrite precursors to convert the sol into a high viscosity gel 

[6]. Increasing the temperature of the gel causes an 

exothermic combustion process to perform. Further, a 

substance resulting in the annealing process produces the final 

product.  

 

2.3. Template-based method 

The templatebased technique on the synthesis of 

ZnO has been applied because of its simple and fast synthesis 

route and to enable better control over the morphologies of 

ZnO nanostructured under ambient conditions. The higher 

catalytic activity of ZnO nanofiber produced by the 

templatebased method is attributed to structural differences, 

including surface areas and surface defects [7]. 

2.4. Electrospinning 

Conventionally, the electrospinning method is used 

to prepare polymer fibers with diameters ranging from tens of 

nanometers to sub micrometers. The same method has been 

applied in the fabrication of one dimensional inorganic ZnO 

nanoparticles. This method is advantageous because of its 

large surface area, form flexibility, limitation on serious 

aggregation, three dimensional open structure, large specific 

surface area, low resistance to flow of gas and liquids through 

a bundle of fibers, easy scaleup, and reusability [8]. 

III. PHOTOCATALYTIC DEGRADATION OF DYES 

The degradation of methylene blue (MB) was 

evaluated in the presence and absence of ZnO under UV 

irradiations [9]. In the absence of ZnO, there is no degradation 

of MB.The characteristic peak of MB (λ = 664 nm) is used as 

a standard for the determination of photocatalytic activity. 

Intensity of absorbance peak depends upon the irradiation 

time, The irradiation time is increased, intensity of absorbance 

peak declined. 83% degradation of MB is achieved in the 

presence of ZnO[10]. The degradation reaction kinetics 

followed a first order at a low concentration of the dye. 

The authors examined the photo-stability of ZnO 

nanoflowers. 74% of the photo-degradation efficiency 

obtained after the 3 consecutive recycles this will indicate the 

good photo-stability of the nanoflowers. The rate of recovery 

is found to be about 90%; this shows great applicability of 

ZnO nanoflowers in industrial photocatalysis processes[11]. 

The photocatalytic degradation of methyl orange 

(MO) was assessed by using ZnO nanosheets and nanotubes 

after prolonged exposure to UV light in aqueous solution.At 

different time intervals of the photo-degradation reactions 

over ZnO nanosheets and ZnO nanotubes were taken to the 

optical absorption spectra of MO solution.   For both samples, 

the degradation behaviors are found to be similar but the time 

consumed for degradation is different. These results showed 

that the degradation efficiency depends on the morphology of 

ZnO. The effect of photo-degradation efficiency is ascribing 

to the following reason: when the size of ZnO crystals is 

decreases, the amount of the dispersion of particles per 

volume in the solution increases resulting in the enhancement 

of photon absorbance. ZnO nanosheets are found to be more 

effective on the degradation of MO than the nanotubes, 

possibly due to their higher surface area and consequent larger 

contact area between photocatalyst and target material [12]. 
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The degradation of organic azo-dye N, N, N’, N’-

tetra ethylated rhodamine (RhB) was examined under UV 

irradiation. The degradation of RhB was done with different 

amounts of ZnO photocatalysts. In the absence of a catalyst, 

only a slow decrease in the concentration of RhB is observed 

under UV irradiation. The photocatalytic activity is dependent 

on the nature of ZnO films. The activity showed the following 

order: ZnO films deposition at 2 days’ time, 1 day time, 3 

days’ time, and ZnO films deposition at 5 hours’ time. After 

the degradation, the regenerated photocatalyst are washed and 

dried before further use. 87% of degradation is completed 

after 5 runs [13]. 

3.1. Degradation of Dyes Using Metal-Doped ZnO 

The degradation of MO was investigated using ZnO 

and silver-doped zinc oxide NPs in aqueous solutions under 

UV irradiations [14]. The studies were carried out with Ag-

doped ZnO NPs prepared with diverse molar ratios of 

Zn(NO3)2 and AgNO3, viz. 0, 0.01, 0.03, 0.05 and 0.07 

labeled as AZ0, AZ1, AZ3, AZ5 and AZ7. Ag-doped ZnO 

NPs possessed higher photocatalytic activities than pure ZnO. 

The photocatalytic activities of Ag-doped ZnO first increased 

with increasing Ag content up to 3% (AZ3), and slightly 

decreased with further increase in content of Ag. AZ3 is found 

to be the most active which shows a photocatalytic activity 

about 2 times higher than pure ZnO (AZ0). Further, it is also 

found that the degradation rate of MO under the real sunlight 

irradiation is complete after irradiation for 100 min by adding 

sample AZ3.  

Aluminum-doped zinc oxide (AZO) was prepared 

with different electrical conductivities under different post-

calcined atmospheres [15]. AZO possessed more 

photocatalytic activity than pure ZnO which is ascribed to the 

Al
3+

 entering into the ZnO lattice substituting the Zn
2+

 site 

which made the particle size small and caused an increase in 

the carrier concentration. The photocatalytic activities of AZO 

in different post-calcined atmospheres are different, with the 

sample post-calcined under reduced atmosphere (CO) 

showing highest photocatalytic activity. This is because under 

reduced atmosphere the generated oxygen is consumed, 

prompting the larger generation of oxygen vacancy which 

makes the Al
3+ 

effectively substitute the Zn
2+

 sites. So the 

carrier concentration increases, causing a reduction in 

resistivity. As the carrier concentration increases, the 

intermediate energy gap between VB and CB become more 

active. Therefore, during light irradiation the free electrons are 

easily decomposed from the AZO, resulting in the formation 

of positively charged hole allowing better electrical 

conductivity. The hole generates H+ and •OH from H2O 

whereas the electrons activate O2 to become superoxide anion 

radicals •O2 in air. This reacted with H2O, forming H2O2 

which further yielded reactive •OH [16]. The generated 

radicals caused MO dye decomposition.    

Photocatalytic degradation of cresols was studied 

under visible light irradiation using commercial zinc oxide 

(CZnO), manganese-doped zinc oxide (Mn-doped ZnO) and 

uncalcined zinc oxide (U-ZnO) [17]. The photocatalytic 

activities of the nanomaterials depend on the adsorption of the 

amount of removable pollutants over nanomaterials. The 

number of adsorbed cresols on the C-ZnO, U-ZnO and Mn 

dopedZnO were evaluated. The results are given in increasing 

order C-ZnO ≤ U-ZnO ≤ 0.5% Mn ≤ 1% MndopedZnO. 

However, the adsorption decreases above 1% Mn. The 

adsorption of cresols on 1% Mn-doped ZnO is the highest 

attributing to it has the highest Brunauer-EmmettTeller (BET) 

surface area.   

The reaction rates and degradation efficiency are in 

the following order 1% Mn-doped > U-ZnO> C-ZnO. This is 

attributed to characteristics of the photocatalyst such as 

decreasing particle size, agglomeration size and increasing 

surface area. Therefore, the improvement of degradation 

efficiency and rate of reaction is due to the surface area 

difference [18]. 

Reactive oxygen species (ROS) generations by pure 

and Se doped ZnO NPs were investigated for degradation of 

trypan blue (TB) under UV light (340–360 nm). This 

wavelength region corresponds to the order of band gaps of 

the doped and pure ZnO NPs. The degradation of TB was 

examined by oxidative processes. The dye degradation 

efficiency is several folds higher for Se-doped ZnO NPs than 

that of pure ZnO NPs. Such high efficiency of dye 

degradation by Se-doped ZnO NPs is attributed to higher ROS 

generation. The results on ROS induced dye degradation are 

consistent with the literature. The doping of Se in ZnO NPs 

enhanced ROS generation and this led to higher dye 

degradation than pure ZnONPs [19].Table 2 provides the 

performance of photocatalytic activities for textile dye 

degradation using pure and doped ZnO photocatalyst. 

IV. ANTIBACTERIAL ACTIVITIES OF 

PHOTOCATALYSTS 

The antibacterial activities of ZnO and Ag-doped 

ZnO suspensions of particles of different sizes around 17 nm 

and 12 nm towards Gram positive (M. leutus) and Gram 

negative (K. pneumonia) bacteria were investigated in 

aqueous Luria broth (LB) by the well diffusion method [20]. 

While on decreasing particle size the antibacterical activity is 

increased,this is due to the reactivity and ability of penetration 

is greater that of smaller particles leads to increase in the 

surface area to volume ratio of small sized particles. The 

observed mean inhibition zones for ZnO are around 14 and 18 

mm against M. leutus. When Ag-doped ZnO nanorods were 

studied against the same bacteria and these values are 

increased to 19 and 23 mm [21]. 

Ag-doped ZnO[22] showed a much stronger 

antibacterial activity on Gram-positive bacteria than on Gram-

negative bacteria. The difference in activity against these two 

types of bacteria is explained as due to the presence of an 

outer membrane covering the peptidoglycan layer in Gram 

negative bacteria. The antibacterial activities for S. aureus of 
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Ag-doped ZnO powders were higher than for commercial 

ZnONPs [23]. 

Dutta et al reported an anomalous behaviour in the 

antibacterial activity of Se-doped ZnO NPs against E. coli. 

Culture media containing this bacterial strain was treated with 

Se-doped ZnO NPs in a wide range of concentrations. They 

observed a delay in the onset of bacterial growth as also an 

enhancement in the inhibition of bacterial growth with 

increasing concentration of NPs. Surprisingly, although 

bactericidal condition could be achieved with pure ZnO NPs, 

only 51% growth inhibition was observed for the same 

concentration of Se-doped ZnO NPs.  Therefore, the 

possibility of Se acting as additional micronutrients for 

bacterial growth and ROS scavenging capability was 

explored. Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) measurements on culture media treated with Se-

doped ZnO NPs revealed that 30% of the total Se content in 

the Se-doped ZnO NPs is released into the media. The effect 

of Se content on the antibacterial activity was studied by 

spiking the equivalent Se concentration in the culture media 

pre-treated with pristine ZnO NPs. These studies revealed that 

the Se release from the Se doped ZnO NPs were used as 

micronutrients and they may also take part in scavenging ROS 

from the culture media. [24]. 

The antibacterial property of ZnO coated cotton 

fabrics was evaluated by measuring the value of the zone of 

inhibition [25]. No inhibition zone is seen surrounding 

uncoated cotton fabric against two types of bacteria [26]. 

However, the ZnOSiO2 hybrid nanocomposite-coated cotton 

fabrics present a clear inhibition zone, and its width is larger 

against S. aureus compared to E. coli. The greater sensitivity 

of Gram-positive compared to Gram-negative bacteria to ZnO 

NPs is probably due to their difference in the cell membrane 

structure [27]. The antibacterial properties of ZnO NPs is due 

to reactive oxygen species, probable production of free 

radicals, and metal ions release. It is reported that the 

antibacterial activity of ZnO NPs depends on their 

morphology. The coated cotton sample at method B (zinc 

acetate added directly to sol solution) with a lower ZnO 

content presents a larger inhibition zone width compared to 

method A (zinc acetate added indirectly to sol solution) 

because the synthesized ZnO NPs in method B presents a 

stabilized and uniform structure. [28]. 

Table 2: Series on photocatalytic activities of ZnO photocatalyst 

Materials 
Photocatalytic 

Methods 
Pollutant   Photodegradation (%)    References 

ZnO particles Electrodeposition Acid orange 7     99% [5] 

ZnO – tetrapod 
Chemical Vapor 

Deposition 
Rhodamine 6G 95%     [29] 

ZnO Precipitation Methylene Blue   90–99%       [30] 

ZnO – particle size 

20–200 nm 
Precipitation 

Methyl Orange 

Acid Red 27 

Acid Red 88 

90% 

99% 

99%    

    [30] 

ZnOnanoleaves Sonochemical Rhodamine B     80%   [31], [32]  

Ag-doped ZnO Hydrothermal Methyl Orange 94% [19] 

Al-doped ZnO Solution Combustion Methyl Orange 92% [20] 

Se -doped ZnO 
Thermo mechanical 

method 
Trypan Blue (TB) 89.2% [23] 

Mn-doped ZnO Co- Precipitation Crystal violet 95% [33] 

 

V. CONCLUSION 

Many researchers have been synthesized, studied and 

reported the metal, nonmetal doped nanomaterials, and 

nanocomposite of ZnO. The synthesized nanomaterials were 

used for photo-degradation of organic pollutants in aqueous 

media under UV, Visible and sun light irradiation. Doping of 

nonmetals into ZnO modified the electronic absorption 

properties of ZnO. The band gap narrows thus, extending the 

optical absorption of ZnO into the visible light region. Non- 

metal doping ZnO enable to harvest more photons thereby 

improving their photocatalytic activity. While on compare 

with non-metal, Metal-doped ZnO shows an enhanced 

photocatalytic activity for degradation of the organic 

pollutants possibly by facilitating the electron hole separation. 

Nanocomposites of ZnO enhance the photocatalytic activity 

due to increased active sites. The active site is increased the 

concentration of the dye and the amount of the photocatalyst 

had an effect on the photocatalytic degradation of the dyes. As 

the concentration of the dyes increased the photocatalytic 

activity of the photocatalyst decreased. Also, it suggests that 

the antibacterial potential of modified ZnO and 
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nanocomposite is higher than the unmodified ZnO.Hence, it 

emphasizes that these materials can also be used for the 

degradation of textile dyes. 
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