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Abstract ZnO nanoparticles with and without 8 mol % Ce dopant were synthesized by

precipitation method and the prepared samples were treated with various types of non-

thermal plasma in order to study their effects on the morphology and photocatalytic

activity of the samples. As-prepared Ce-doped ZnO has a hexagonal wurtzite structure and

the crystal system was not changed by the plasma treatment. The morphology of Ce-doped

ZnO was changed from spherical particle to flower and rod-like shapes by the plasma

treatment. The particle size of the treated Ce-doped ZnO is smaller in comparison with that

of untreated sample. The photodegradation of methylene blue by the plasma-treated Ce-

doped ZnO in aqueous solution is higher than that of the untreated Ce-doped ZnO. The

enhancement of the photocatalytic activity by the plasma-treated samples may come from

the particle size reduction, enhancement in charge separation efficiency and increase of the

surface area.

Keywords Ce-doped ZnO � Non-thermal plasma � Morphology � Photocatalysis �
Methylene blue

Introduction

In the recent years nanoparticles have gained a lot of attention due to their potential

applications in various areas of technology. For example, nanostructured ZnO compounds

have attracted great interest in their novel optical, sensor, electronic, mechanical and
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photocatalytic properties [1–3]. Unfortunately, ZnO has a drawback in photocatalytic

applications, which is due to exhibition of its photoactivity only under ultraviolet light.

This is related to its wide band gap (3.37 eV). Also, suppression of the recombination of

photogenerated electron–hole pairs will improve the efficiency of photocatalytic activity.

Doping with metals or metal oxides is one solution for improving the charge separation and

reduction of band gap energy [3].

In recent years, assembling of nanocrystalline structures into the desirable hierarchical

nanostructures has attracted much attention due to the size and shape-dependent properties

of nanomaterials [4]. The hierarchical nanostructures can be classified into either the

structures with nanoscale building blocks extended into more than one dimension or the

structures with multiple components which show improved physical and chemical prop-

erties for broad applications [5]. Among the various hierarchical nanomaterials, the study

of hierarchical semiconductor nanostructures is of particular interest for applications in

photocatalysis, solar cells, sensors, adsorption, reduction of metal ions and optical prop-

erties [6–12]. In particular, ZnO hierarchical nanostructures have proven to be a potential

material for photocatalytic applications.

Several ZnO nanostructures with diverse size and morphology like nanorods [13],

nanowires [14], flower-like [15], nanotubes [16], nanosheets [17], nanobelts [18], nano-

spheres [19], and cabbage-like [20] has been successfully synthesized.

Many methods have been developed to produce ZnO hierarchical nanostructures, such

as magnetron sputtering deposition [21], hydrothermal methods [22], template-free

chemical method [23], electrochemical deposition [24], microwave treatment [25], and

thermal-evaporation process [26]. Recently, the hydrothermal method has become the

subject of interest in the synthesis of ZnO hierarchical nanostructures because of its simple

procedure, moderate-temperature and low cost. More recently, non-thermal plasma tech-

niques including radio frequency (RF) discharge, glow discharge and silent discharge have

been used for surface modification, morphological changes, treatment of wastewater and

modification of the activity and stability of catalysts [27–39]. However, there are few

reports on the effect of morphological alterations on the catalytic activity of materials. For

example, Zen-Hung et al. [28] synthesized the flower-like Ag2O nanostructures from Ag

colloids by O2 and H2 plasma treatment and tested it for photocatalytic degradation of

methylene blue (MB). Khataee et al. [27] have investigated the conversion of natural

zeolite microparticles to nanorod structures by glow discharge plasma. In this work, Ce-

doped ZnO was prepared by precipitation method and modified by different non-thermal

plasma. The degradation of MB solution by plasma treated Ce-doped ZnO under UV

irradiation was performed and compared with the photocatalytic activity of non-treated Ce-

doped ZnO. The results show that the plasma treatment improved the photocatalytic

activity.

Experimental Section

Chemicals and Materials

All commercial reagents such as zinc sulphate heptahydrate (ZnSO4•7H2O), cerium sul-

phate tetrahydrate (Ce(SO4)2•4H2O), sodium hydroxide and methylene blue were ana-

lytically pure, purchased from Merck (Germany) and used without further purification. De-

ionized water was used throughout the study.
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Synthesis of the Nanostructures

The ZnO and Ce-doped ZnO nanoparticles were synthesized by simple precipitation

method. Zinc sulphate heptahydrate (ZnSO4•7H2O) was used as zinc oxide source. In a

typical procedure route for synthesis of the nanostructures, zinc sulphate heptahydrate

(0.02 mol) was dissolved in 100 ml of de-ionized water under vigorous stirring at room

temperature. Then aqueous solution of sodium hydroxide (0.1 M) was slowly added into

the solution under stirring until pH of the solution reached to 12. The white precipitates

formed were filtered out and washed several times with deionized water to remove the

unreacted reagents. Finally, obtained precipitated solid was dried at 80 �C and then was

calcinated at 300 �C for 3 h. For the synthesis of Ce-doped ZnO, cerium sulphate

(8 mol % with respect to zinc sulphate) were dissolved in de-ionized water and then the

solution was added drop by drop into the aqueous solution of zinc sulphate. Then, solution

of sodium hydroxide (0.1 M) was added drop wise into the above prepared solution under

stirring until pH of the solution reached to 12. The yellow precipitates formed were filtered

and washed with de-ionized water. Subsequently, the prepared precipitates were dried at

80 �C and then calcinated at 300 �C for 3 h.

Plasma Treatment Procedure

The glow discharge plasma system for the plasma treatment of samples is illustrated in

Fig. 1. The plasma reactor is made of a Pyrex tube reactor with size of 40 cm 9 5 cm.

Powder sample (1 g) on the Pyrex plate was placed in the positive column region of the

tube and dispersed in the area of 3 9 5 cm2. Because the plasma has a homogenous

Fig. 1 Schematic diagram of non-thermal plasma experimental setup for treatment of synthesized Ce–ZnO
sample
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electric field (in the positive column), so, homogeneity of treatment occurs in morpho-

logical modification of the catalyst. Different gas plasma was used to modify of the

morphology of Ce–ZnO sample. The Pyrex tube was evacuated, and argon, helium,

nitrogen or oxygen was introduced into the reactor with keeping the pressure in a range of

25–75 Pa. Then, plasma was generated by applying a high DC voltage (1200–1300 V)

[27]. The plasma treatment time ranged from 30 to 60 min. The approximate temperature

of the samples after 60 min plasma irradiation was about 45–48 �C. Hereafter, the Ce–ZnO
treated with argon, helium, nitrogen and oxygen plasma will be coded as Ce–ZnO–Ar, Ce–

ZnO–He, Ce–ZnO–N2 and Ce–ZnO–O2, respectively. Then, the photocatalytic efficiency

of the obtained samples which suffered various plasma treatments were assessed by

measuring the decomposition of MB. In advance of the whole analytical measurement,

experiments for obtaining the optimum operating pressure and time were done and

revealed that the samples treated under 50 Pa with the plasma treatment time of 30 min

showed the highest catalytic activity. So, the feed gas of 50 Pa and the plasma treatment

for 30 min were fixed afterward.

Photocatalytic Test

The ultra-violet light photocatalytic activities of non-doped ZnO, untreated and treated Ce–

ZnO were evaluated by studying of the photodegradation of MB. Irradiations were carried

out using a tube-shaped Krypton lamp (400 W high pressure lamp) with maximum

emission at 365 nm without filter which was placed vertically in the reactor. The distance

between the lamp and reactor was 40 cm, and the intensity of the UV radiation reaching

the reactor was measured to be about 30 mW/cm2 by a radiometer. The temperature of

degradation reaction was kept at 25 �C using a water bath. Prior to the illumination, 50 ml

of the MB solution (2 9 10-5 M) containing 40 mg of the samples was stirred for 20 min

in dark condition to achieve adsorption–desorption equilibrium between MB and photo-

catalyst surface. After removing the catalyst from solution by centrifugation, the spectra

were measured and the change in absorbance of the MB at its wavelength of maximum

absorbance (665 nm) was followed as a function of irradiation time. The concentration of

MB was evaluated with a standard calibration curve which was obtained as a relation

between the known concentrations in the range of 1 9 10-6–5 9 10-5 M and the mea-

sured absorbance at 665 nm.

Characterization Techniques

X-ray diffraction pattern of samples was carried out at room temperature using a Philips

PW1820 X-ray diffractometer with Cupper-Ka radiation operated at 40 kV–30 mA (scan

rate being a 0.02�deg./s in 2h) and within a range of 2h of 10–70�. The sample morphology

was observed by scanning electron microscopy (SEM, Philips XL30) equipped with an

EDS attachment for compositional analysis. The population distribution was counted by

microstructure measurement software. Zn and Ce contents were determined by ICP-OES

(inductively coupled plasma-optical emission spectroscopy). Measurements were made on

a ICP-OES Vista-Pro (Varian), after dissolution of the solid samples in a HNO3:HCl

mixture (1/3 ratio). The UV–Vis reflectance spectra were measured with a UV-2100

Shimadzu spectrophotometer attached with an integral sphere in the reflectance mode,

using BaSO4 as a reference. The BET surface area of the samples was determined by

Sibata SA-1100 surface area analyzer. Photoluminescence spectra (PL) of the samples

were carried out by a fluorescence spectrophotometer (Hitachi F-7000). The change of MB
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concentration was determined by a RAYLEIGH (UV-1800) ultraviolet–visible scanning

spectrophotometer.

Results and Discussion

XRD Analysis

The powder XRD patterns were used to characterize the effects of the addition of Ce on the

crystallinity and crystal phase of ZnO. Figure 2 shows the XRD patterns of pure ZnO and

Ce–ZnO with various morphologies arose from the plasma treatment (Fig. 3). It can clearly

be seen from the XRD profiles that all the samples are highly crystallized. All the peaks

can be indexed to the hexagonal wurtzite crystal structure of ZnO. The XRD patterns of all

the untreated and plasma treated Ce-doped ZnO are similar to that of pure ZnO, suggesting

that there is no change in the crystal structure originated from cerium doping and plasma

Fig. 2 XRD pattern of undoped
ZnO, Ce-doped ZnO and plasma
treated Ce-doped ZnO samples:
a undoped ZnO, b Ce-doped
ZnO, c Ce–ZnO–Ar, d Ce–ZnO–
He, e Ce–ZnO–N2 and f Ce–
ZnO–O2
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treatment processes. However, morphological evidences indicate that as-prepared Ce-

doped ZnO nanopowder changed its shape into cauliflower-like or rod-like by the plasma

treatment (Fig. 3). These kinds of morphology change demonstrate that the plasma treat-

ment breaks their original structure and constructs different structure even with keeping the

original crystal system (hexagonal wrutzite). There were no apparent peaks relating to the

separate dopant materials (Ce, CeO2 and Ce2O3). This could be attributed to the fact that

the dopant metal/metal oxide was too low in concentration and/or has amorphous structure.

The average grain sizes are calculated using the Scherrer’s equation from the full width at

half maximum of (101) peak and the results are summarized in Table 1. It is interesting to

note that the particles size of plasma-treated Ce-doped ZnO is smaller than that of the

Fig. 3 SEM images of: a undoped ZnO, b Ce-doped ZnO, c Ce–ZnO–Ar, d Ce–ZnO–He, e Ce–ZnO–N2

and f Ce–ZnO–O2
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untreated Ce-doped and pure ZnO (Table 1), which is consistent with the SEM

observation.

Morphology and Compositional Analysis

The surface morphology and composition of the untreated and plasma-treated samples were

determined by SEMequippedwith EDS analyzer. Figure 3 shows SEMmicrographs of ZnO,

untreated and plasma-treated Ce-doped ZnO. The particle and diameter size distribution are

shown in Fig. 4. Figure 3a is a SEM micrograph of pure ZnO nanoparticles; the most of the

nanoparticles have an approximately spherical shape with the average size of A49.5 nm

(Fig. 3a). Figure 3b shows that surfacemorphology of untreatedCe–ZnO sample is similar to

that of the pure ZnO and the Ce–ZnO nanoparticles were constructed of agglomerates of fine

particles with the average size of A45.4 nm. SEM image of Ce–ZnO–Ar indicate that the

sample consists of massy flower-like (Broccoli-like or Cauliflower) nanostructures (Fig. 3c)

consisting of nanorods with an average size of A18.2 9 186.8 nm. Ce–ZnO–He is rod-

shaped nanocrystals which are distributed spatially in regular direction (Fig. 3d). Nanorods

Fig. 4 Particle and diameter size distribution plots of: a undoped ZnO, b Ce-doped ZnO, c Ce–ZnO–Ar,
d Ce–ZnO–He, e Ce–ZnO–N2 and f Ce–ZnO–O2
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of Ce–ZnO–He have an average size of A41.6 9 414.2 nm (Fig. 3d). This image confirm

that the morphology of Ce–ZnO is completely converted to nanorods crystals after plasma

treatment. The Ce–ZnO–N2 sample shows a similar morphology to the Ce–ZnO–He

(Fig. 3e). It can be seen that theCe–ZnO–N2were composed of nanorodswith an average size

of A38.7 9 256.3 nm (Fig. 3e). Ce–ZnO–O2 is relatively spherical nanoparticles with an

average size ofA41.4 nm (Fig. 3f). On the other hand, it can clearly see that the nanoparticles

are well relatively spherical and particles size was changed than that of untreated Ce–ZnO

during the oxygen plasma treatment.

To check the chemical composition of the untreated and plasma treated Ce–ZnO

samples EDS spectroscopy analysis was performed. Figure 5 shows the EDS analysis of

Ce-doped ZnO samples. The existence of the Ce dopant can be clearly observed in the

spectra. It was found that the achieved Ce-doped ZnO samples are composed of Zn, O and

Ce elements and no other peak is observed, demonstrating the high purity of the Ce–ZnO

samples. Since EDS analysis illustrates only elemental composition of single points of

catalyst surface, it is not trustworthy. Therefore, the real Ce content in Ce-doped ZnO

Fig. 5 EDS analysis of: a Ce-doped ZnO, b Ce–ZnO–Ar, c Ce–ZnO–He, d Ce–ZnO–N2 and e Ce–ZnO–O2
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samples (8 mol % Ce as nominal) was measured by ICP-OES (Table 1). The values of Ce

concentration (mol %) in the Ce–ZnO samples were 6.9, 6.5, 6.8, 6.6 and 6.8 mol % for

untreated Ce–ZnO, Ce–ZnO–Ar, Ce–ZnO–He, Ce–ZnO–N2 and Ce–ZnO–O2, respec-

tively. It was found that the chemical composition of plasma treated samples is close to the

nominal concentration of Ce.

The surface area of undoped ZnO, untreated and treated Ce–ZnO samples was deter-

mined using the nitrogen gas adsorption method (Table 1). The results indicate that surface

area increased by doping of Ce and plasma treatment. The order of surface area is as

follows: Ce–ZnO–Ar[Ce–ZnO–He[Ce–ZnO–N2[Ce–ZnO–O2[Ce–ZnO[ZnO.

UV–Visible Diffuse Reflectance Spectra

Figure 6 shows the UV–Vis absorption spectra of the samples. The Ce-doped ZnO

exhibited a red-shift in the optical absorption band toward the visible regions as compared

with the undoped ZnO. It can be said from Fig. 6 that the plasma treatment leads a red-shift

in the absorption edge and the increased absorption intensity of the samples. The band gap

energy (Eb) of the untreated and plasma-treated Ce-doped ZnO samples can be calculated

by the equation, Eb = 1239.8/k, where k is the wavelength (nm) of the adsorption edge

(Table 1). The optical adsorption edge was obtained from spectra by the intercept on the

wavelength axis for a tangent drawn on absorption spectra. Dopant-induced red shift and

increased absorption can arise the improved formation rate of e-/h? pairs, which may

result in higher activity of the photocatalyst [40].

Photoluminescence (PL) Study

PL spectra of the samples are measured with an excitation wavelength of 370 nm at room

temperature are shown in Fig. 7. The PL spectrum of pure ZnO nanostructure consists of a

band edge emission around 410 nm and defect-state emission bands around 460 nm

Fig. 6 Diffuse reflectance spectra of synthesized ZnO and Ce-doped ZnO and treated Ce–ZnO with
different non-thermal plasma
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(Fig. 7a). These peaks are attributed due to the presence of various types of defects in the

as-prepared ZnO. The probable defects can be interstitial Zn or O (Zni or Oi), zinc vacancy

(VZn) or the oxygen antisite (OZn) [41, 42]. It is obvious that the increasing of Ce sig-

nificantly decreases the PL intensity. The Ce centers in Ce–ZnO act as traps to the excited

electrons thus reduce the PL efficiency. Decreased UV emission was considered due to the

increase of the nanoradiative defects and decrease of Ce–ZnO nano size. The PL spectra of

plasma-treated Ce-doped ZnO nanostructures at two different pressures are shown in

Fig. 7b–e. It was found that the shape of the spectrum of the plasma-treated Ce-doped ZnO

were similar even with different treatment pressure, but the PL intensity of the samples

treated with any type of plasma with a higher pressure becomes lower. The lower PL

emission for the plasma-treated Ce–ZnO samples suggests that the recombination of

electrons and holes is greatly prevented. The mechanism will be discussed with the pho-

tocatalytic activity results in the next section again.

Fig. 7 PL spectra of: a ZnO and Ce-doped ZnO, b Ce–ZnO–Ar (at 25 and 50 Pa), c Ce–ZnO–He (at 25 and
50 Pa), d Ce–ZnO–N2 (at 25 and 50 Pa) and e Ce–ZnO–O2 (at 25 and 50 Pa)
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Evaluation of Photocatalytic Activity

Photodegradability of Methylene Blue

The photocatalytic performance of the samples has been evaluated for the degradation of

MB (Fig. 8). The MB was not decomposed by UV irradiation in the absence of ZnO. When

UV light was not irradiated, the MB was stable but adsorbed a little. It was observed that

photoactivity of Ce–ZnO is higher than that of pure ZnO. Figure 8 indicates that the doping

of Ce into ZnO improves the photocatalytic efficiency and this fact suggests that Ce doping

might create the trap centers for electrons or holes [43]; this result on the photocatalytic

activity study is consistent with the results obtained in the PL study.

Effect of Plasma Treatment

To evaluate the photoactivity of the plasma treated Ce-doped ZnO and determine the

optimum conditions of plasma treatment, photodegradation experiments on MB were

carried out by Ce–ZnO samples modified by Ar plasma. The results are given in Figs. 8

and 9. It is found from Fig. 8 that, the photocatalytic activity of the treated Ce–ZnO is

higher than that of untreated Ce–ZnO. Also, time of 30 min treatment is better than 60 min

treatment. So, 30 min time was selected as the optimum time for all the experiments.

Effect of Plasma Gas Pressure

In order to study the effect of plasma gas pressure on the photocatalytic activity, the Ce–

ZnO samples were treated at 25, 50 and 75 Pa for 30 min. It is clear that from Fig. 9,

photodegradation of MB enhances with increasing of plasma gas pressure. In the other

hand, the MB degradation by the Ce–ZnO treated at plasma gas pressure of 50 Pa is higher

Fig. 8 Photodegradation of MB in absence and presence of ZnO and also in presence of Ce–ZnO and
argon-treated Ce–ZnO at 25 Pa and different time under UV irradiation (Experimental conditions: pH = 7,
catalyst weight = 40 mg, dye concentration = 2 9 10-5 M and temperature = 25 �C)
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than that at 25 Pa and the photocatalytic activity of the samples treated at 75 Pa is almost

the same as that at 50 Pa. It can be thought from these results that the effect of plasma gas

pressure on the photocatalytic activity might reach the upper limit at 50 Pa. Therefore,

50 Pa of plasma gas pressure is adopted for the optimum experimental condition.

Effect of Photocatalyst Weight

Photoactivity of semiconductor materials strongly depends on catalyst weight. The effect

of weight of plasma-treated Ce–ZnO samples on the degradation of MB was evaluated in

the range of 40–80 mg at pH = 7 and with constant dye concentration of 2 9 10-5 M. As

shown in Fig. 10, the photodegradation of MB enhances with increasing of photocatalyst

weight from 40 to 80 mg at 60 min degradation time. It is clear that from Fig. 10, the MB

degradation by the treated Ce–ZnO by catalyst dose of 60 mg is higher than that at 40 mg

and the photocatalytic activity of the samples at 80 mg is almost the same as that at 60 mg.

It can be concluded from these results that the effect of catalyst weight on the photocat-

alytic activity might reach the upper limit at 60 mg. Therefore, 60 mg of catalyst weight is

adopted as the suitable dosage for the all experiments.

Effect of Solution pH

The effect of pH on photocatalytic activity of MB was examined by keeping all other

experimental conditions in the range of 3, 7 and 10. As can be seen in Fig. 11, the

degradation efficiency was abruptly decreased in solutions in acidic pH. The decline in the

Fig. 9 Photodegradation of MB in presence of treated Ce–ZnO by different gas at different pressure (25, 50
and 75 Pa) for 30 min under UV irradiation (Experimental conditions: pH = 7, catalyst weight = 40 mg,
treatment time = 30 min, dye concentration = 2 9 10-5 M and temperature = 25 �C)
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photodegradation in acidic pH may be due to dissolution or photodecomposition of Ce–

ZnO. The high degradation was achieved to be at pH 10. The highest degradation rate at

pH 10 and decreased rates at lower pH might be ascribed to the fact that the isoelectric

point of ZnO is 8.7–10.3 [44]. The electrostatic neutrality may increase the adsorption of

MB and increase the photodegradation.

Effect of Initial Concentration of Methylene Blue

The photodecomposition of MB was performed at initial concentrations of 1 9 10-5 (not

shown in Fig. 12), 2 9 10-5 and 3 9 10-5 M. It was observed in advance that the

degradation ratio of MB at the initial concentration of 1 9 10-5 M is similar to that of

2 9 10-5 M by 15 min UV-irradiation. Because the change in absorption is larger in

2 9 10-5 M than 1 9 10-5 M, 2 9 10-5 M results was drown with 3 9 10-5 M results

in Fig. 12. When the initial concentration increased by 3 9 10-5 M, the degradation ratio

decreased from the 2 9 10-5 M case; this may come from the UV-light shadowing effect

by MB itself (Fig. 12). Then, it is concluded that 2 9 10-5 M initial concentration of the

MB is the optimum.

Reusability of Catalyst

The durability of the photocatalysts is very important for practical applications. In order to

investigate reusability and stability of the Ce-doped ZnO photocatalyst, the photodegra-

dation experiments were carried out in optimized conditions (temperature = 25 �C, cat-
alyst weight = 60 mg, dye concentration of 2 9 10-5 M and pH = 10). In the

Fig. 10 Photodegradation of MB in presence of different amount of plasma treated Ce–ZnO by different
plasma under UV irradiation (Experimental conditions: pH = 7, pressure = 50 Pa, treatment time = 30 -
min, dye concentration = 2 9 10-5 M and temperature = 25 �C)
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Fig. 11 Effect of pH on the photocatalytic degradation of MB in presence plasma treated Ce–ZnO samples
(Experimental conditions: catalyst weight = 60 mg, pressure = 50 Pa, treatment time = 30 min, dye
concentration = 2 9 10-5 M and temperature = 25 �C)

Fig. 12 The Effect of initial dye concentration on the photocatalytic degradation of MB in presence of
plasma treated Ce–ZnO samples (Experimental conditions: catalyst weight = 60 mg, pressure = 50 Pa,
treatment time = 30 min, pH = 10 and temperature = 25 �C)
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experiments, the used treated Ce–ZnO samples were washed with de-ionized water and

dried at 50 �C for 12 h and used again. Figure 13 shows the result of the degradation tests

using the recycled Ce-doped ZnO for six times. It can be seen that the photocatalytic

activity of the plasma-treated Ce-doped ZnO nanostructures did not decrease noticeably

throughout the whole six cycles of degradation tests. The results indicate that the Ce–ZnO

was reasonably stable under the circumstances used in this research.

Conclusion

ZnO and Ce-doped ZnO nanoparticles were prepared by precipitation method and Ce-doped

ZnO were modified by different non-thermal plasma. The Physical and chemical properties

of the plasma-treated Ce–ZnO samples were analyzed by XRD, SEM, EDX, ICP-OES, DRS,

BET and PL analysis. XRD results confirmed that the crystal system of the modified samples

was not changed during the plasma treatment. SEM images showed that the morphology of

the Ce–ZnO sample was completely changed to nanoflower by Ar plasma and nanorod-like

by He and N2 plasma treatment. However, O2 plasma did not change the nanoparticle shape

of Ce-doped ZnO but to reduce their size slightly. The photocatalytic performance of

untreated and plasma-treated Ce–ZnO samples indicated that the dye elimination efficiency

was increased. In order to obtain maximum degradation efficiency, effect of various

parameters such as plasma gas pressure, catalyst loading, pH and initial concentration of dye

on the degradation of MB on Ce-doped ZnO nanostructures was carried out. The amount of

catalyst for plasma-treated Ce-doped ZnO samples was found to be suitable with 60 mg. The

degradation of MB was found to be effective in the basic pH range. The repeatability of

photocatalytic activity of plasma-treated Ce-doped ZnO was also tested.
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