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Abstract
The thin layers of ZnOx%/MgO [x = 30, 40 and 50 at%], were prepared by the spray 
pyrolysis method on glass substrates at 450  °C, then tested for methyl blue (MB) 
degradation under visible irradiations. The ZnOx%/MgO [x = 30,40 and 50 at%] 
thin films were analysed by X-ray diffraction (XRD), scanning electron microscopy 
(SEM), UV–Vis spectroscopy and Mott-Schottky analysis. X-ray diffraction analysis 
revealed that the layers have a polycrystalline nature of hexagonal (wurtzite) and 
cubic structure. Microstructures the films were also analyzed using scanning elec-
tron. The films show a radical change in the surface morphology in accordance with 
the XRD results. The above analyses confirm the co-existence of a mixture of the 
wurtzite (ZnO) structure and cubic phase of MgO. The use of these mixed layers 
in the photo degradation of MB gave satisfactory results. Indeed, the photocatalytic 
tests showed the efficiency of Mg diluted ZnO films with the best yield in the case 
of 50% diluted ZO films. It was confirmed that the ZnO50%/MgO had a profound 
effect on reduction of band gap and photocatalytic performances.

Keywords  ZnOx%/MgO thin films · Structural · Microstructural and optical 
properties · Photocatalysis

Introduction

Oxides semiconductor in the form of thin-film, and in particular zinc oxide (ZnO), have 
been the subject of a great deal of research work. The development of these materials 
is linked to their interesting physical properties. ZnO is a semiconductor exhibiting an 
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attractive electrical and optical properties. The importance of its exciton binding energy 
(60 meV), and the width of its forbidden band (3.37 eV), make it a good candidate 
for applications in different technological sectors, such as the production of transpar-
ent electrodes, gas detection, photocatalysis, and ultraviolet detectors or laser diode 
emitting in blue or ultra violet, [1, 2], recent works are studying new ZnO formatting 
for applications as catalysts or sensors with good chemical properties. A new porous 
material has been obtained at low temperature in an acoustic cavitation reactor from Zn 
(OH)2. The process is based on triggering the reaction between NH3 and Zn(OH)2 by 
ultrasonic activation in an aqueous medium [3].

The improvement in the properties of thin films of ZnO is commonly carried out 
through doping. Among the various dopants, the doping of ZnO with magnesium 
(Mg) to obtain the ternary thin films ZnMgO has been reported [4]. This new material 
indicates a wider band gap than ZnO and the potential of modulating the band gap by 
changing the rate of Mg, has received much attention due to its potential applications in 
ultraviolet optoelectronic devices [5]. These new thin films Zn1−xMgxO have emerged 
as one of the most important compounds in semiconductors due to their high binding 
energy [6] and also improved the photocatalytic yields [7–10].

Recently, different technological processes have been to deposit ZnO in thin layers 
[11–19]. One can mention the chemical methods, and the physical methods, whose 
physical properties of the material are strongly linked to the preparation methods. 
Among the new avenues that have been explored is the ultrasonic spray method. The 
advantage of this method consists of a better control of the size and distribution of the 
droplets, which in particular affects the homogeneity of the deposit, and therefore the 
quality of the layers. On the other hand, the pyrolytic spraying technique or reactive 
chemical spraying in liquid phase of precursors dissolved in water, derives its advan-
tages from its simplicity, without vacuum and with local means. Furthermore, it has 
a low cost and also compared to other deposition methods such as PVD deposition. 
However, the physical and chemical properties of the thin films, thus, prepared depend 
on the deposition parameters such as the temperature of the substrate, the type and con-
centration of the precursors, the flow rate of the solution, the geometry of the device, 
etc. [20–22].

The objective of this work is the development of ZnOx%/MgO [x = 30, 40 and 50 
at%] thin layers diluted by the technique of ultrasonic spray pyrolysis, on glass sub-
strates. The structural, morphological, Mott-Schottky and optical characterization of 
the samples were performed. In addition the films were tested as catalysis for the meth-
ylene blue degradation.

The specific objective is to switch from doping to dilution in order to improve the 
optical properties, in particular by changing the optical gap energy range in order to 
enrich the catalytic properties.
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Experimental part

Film preparation

The ultrasonic pyrolysis spray method is used as a main method to develop ZnOx%/
MgO [x = 30, 40 and 50 at%] thin layers [20–22]. In this work, we will change the 
quantities of solvents, the deposition time as well as the flow rate in order to obtain 
very homogeneous layers. We have used the following precursors: Zinc acetate 
(C4H6O4Zn⋅2H2O) (Fulka 99.9%); and magnesium acetate Mg (CH3COO) (Fulka 
99.9%); as the source material for Zn and Mg, which were dissolved in5 ml of meth-
anol (Merck 99.5%) and 7.5 ml ethanol (Merck 99.5%) mixed with12.5 ml of deion-
ized water (resistivity 18.2 MO cm). The solution is mixed for 1 h using a heating 
magnetic stirrer. Thin films were deposited onto microscope cover glass substrates 
(30 × 10 × 1.2 mm3), with solution flow rate 0.25 ml/min, at temperature of 450 °C 
and the testimony time was fixed at 1 h.

Analysis of the semiconductor‑electrolyte interface

Mott-Schottky experiment was carried out in 0.5 M Na2SO4 aqueous solution using 
a frequencie of 1 kHz at an applied potential ranging from − 1 to 0.2 V main-tain-
ing an ac amplitude of 10 mV at each of the potentials. All electrochemical experi-
ments were carried out in a borosilicate glass cell with a three electrode configura-
tion using a Pt counter electrode and an Hg/HgCl (SCE) reference electrode, and all 
potential here after reported are with respect to this reference electrode. The SC thin 
film of 4.75 cm2.

Photodegradation of MB

The photochemical reactor used consists of a dark chamber, with a magnetic rod 
stirrer, and a beaker containing 10  ml of the colored solution. The thin layer is 
immersed in the MB (10  ml) solution so that the surface deposit under the fluo-
rescence light of a lamp Philips germicide (G15T8/15  W) which emits mainly at 
wavelength of 254 nm, the distance between lamp and beaker was set at 7 cm. The 
concentration was determined, by measuring the absorbance, of the MB solution for 
well-defined time intervals by UV–Vis spectrophotometer.

Characterization techniques

For the structural properties X-ray diffraction was performed using X-ray diffrac-
tometer (MiniFlex600) with Cu Kα radiation, 0.15418 nm). The morphology of the 
films was examined by scanning electron microscopy (TESCAN_VEGA3) equipped 
with energy dispersive X-ray spectroscopy (EDS) for chemical analysis. The opti-
cal properties are determined by measuring the transmittance of the films using a 
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SpectroScan 80D spectrophotometer UV–Vis in the 190–1100  nm spectral range. 
Mott-Schottky) were measured by a CHI660E electro chemical workstation (CHI 
Instruments, Shanghai Chenhua Inc.).

Results and discussion

Crystalline structure of MZO thin film

Fig. 1 shows the typical XRD patterns of all prepared samples in the 2θ range of 
10–80°. The data show the presence of phase mixtures characterized by the follow-
ing peaks, related to (100) (002) (101) characteristic of the wurtzite phase of ZnO 
according to the map (00-036-1451) [16–18], while the peak around 2θ = 29° can be 
assigned to the MgO phase according to the map (00-030-0794). Therefore, no pref-
erential orientation was observed, yet three directions, with varying intensities were 
detected because of the Mg content (x = 0.3, 0.4 and 0.5) which is clearly higher 
than the thermodynamic solubility limit (x = 0.04) [23].

The intensity of the peaks varies according to the rate of Mg in the films is due 
to the insertion of Mg in the ZnO network, we notice that the most intense charac-
teristic peak of the wurtzite phase (002) at 34°, gradually decrease to a minimum 
intensity at a concentration of (50%), and the same chosen for the peak (100) is that 
this indicates that the wurtzite structure is degraded at this concentration, the fact 
that the position of the peak relative to the plane (002) is greater than the position of 
the reference peak (undoped ZnO), thus, indicating the presence of internal stresses 
in the material when the foreign atoms are inserted into the crystal lattice. The other 
part of the peak intensity of the MgO phase increases with the level of Mg in the 
films and takes a maximum intensity at a rate of 40%.

Fig. 1   XRD patterns of ZnOx%/MgO thin films (with x = 30, 40 and 50 at%) grown onto glass substrate 
by ultrasonic spray pyrolysis at 450 °C
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For Zn0.50Mg0.50O films presented two characteristic structure image of two 
phases ZnO (a hexagonal wurtzite structure) and MgO (a cubic structure of 
NaCl type) are equal, although large deviation (5.0  eV), phase cubic, metastable 
Zn1−xMgxO thin films can be developed with Mg incorporation greater than 50% 
due to the similarity in the ionic radius between Mg2+ (0.078) nm and Zn2 + (0.083) 
nm which allows a replacement in one or the other structure [24]. This means that 
the coexistence of the two phases confirms the success of the dilution of Mg in ZnO.

The microstructural parameters such as size of crystallites, the density of disloca-
tions, deformation, residual stresses) and probability of defects stacking of the CIZO 
layers are calculated from the width at mid-height of the peak diffraction (002) and 
the peak of the MgO phase. The values obtained of the phases listed in Table 1. The 
size of the crystallites was calculated using the Scherrer formula [25]:

Here D is the size of the crystallites, λ the wavelength of the X-rays corresponds 
to the wavelength of the Kα1Cu lines (1.54056A °), θ the Bragg angle (diffraction) 
and β the width at mid-peak height (FWHM).

The decrease in the size of the crystallites from 35.65 to 23.84 nm of the wurtzite 
phase shows a degradation of the crystallinity of the thin MZO layers, this decrease 
is accompanied by the increase in stacking defects due to the presence of the phase 
of MgO, which is due to the increase in specific surface.

There is an increase in the lattice parameter then decreases with the Mg content 
which promotes the incorporation of the Mg particles into the ZnO network. Since 
the ionic radius of Mg2 + (0.078 nm) is close to that of Zn2 + (0.083 nm), inclusions 
of Mg should cause tangible structural changes, accompanied by a decrease in the 
residual stress with a negative sign indicating a compression of the structure which 
confirms the birth of new phase (MgO).

Surface morphology of MZO thin films

Fig. 2a–c show the top view SEM images of the MZO thin layers obtained on glass 
substrates by polarysis spray. In these figures, the surface of the MZO thin films are 
completely covered by aggregates. For Zn0.70Mg0.30O films, it is characterized by 
the presence of grains in the form of nano-dots and nanotubes (nanopetals) distrib-
uted over the entire surface of the substrate. While, in the case of the Zn0.60Mg0.40O 
and Zn0.50Mg0.50O layers it is well illustrated that the surface is made of aggregates 
between grains in the form of nanoderms, between them other morphology of the 
MgO phase which appears in the form of black pores through these nano-grains. 
These increase with the level of Mg which explains by the difference between the 
ionic rays Zn2+(0.083 nm) and Mg2+(0.078 nm) and which confirms the insertion of 
Mg into the ZnO network which induces a stress causing pores in the thin film lead-
ing to increase with the rate of dilution [26]. It is important to note that the porosity 
of the films increases the surface accessibility of the material, which is suitable for 
catalytic applications as will be shown hereafter.

(1)D = k�∕�cos�
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Fig. 2   SEM images of a–c ZnOx%/MgO thin films. The images a, b and c correspond to the Mg atomic 
content of 30%, 40% and 50%
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Chemical composition of MZO thin films

The chemical compositions of ZnOx%/MgO [x = 30, 40, 50 at%] were determined 
from EDS analysis. The elemental analysis spectrum represented in Fig. 3, clearly 
indicates the presence of the emission lines of zinc, oxygen and magnesium. How-
ever, two additional emission lines that are attributed to silicon and calcium were 
also observed. The presence of this chemical element originates from the glass sub-
strates, and the high intensity of these two peaks explained by the low thickness of 
the thin films [20–22].

Optical properties of MZO thin films

Fig. 4 shows the transmission spectra of MZO thin films as a function of wavelength 
in the range 190–1100 nm.

The appearance of all the transmission spectra measured in our samples is the 
same. In the visible region, the samples exhibit an average T transmission varying 
between 76 and 78% over a wide wavelength range from 400 to 1100 nm, which 
gives MZO films the character of thin transparent layers that can be used as optical 
windows for solar cells. The dispersion parameters of the films were evaluated using 
a single-effective-oscillator fit, proposed by Wemple et  al. [20–22, 27]. The solid 
line in Fig. 4 correspond to the curve fitting and the symbols represent the experi-
mental data, the experimental data are listed in Table 2.

All the films show sharp cut-off at the UV region together with uniform trans-
mittance within the visible spectrum. This can be explained by the incorporation 
of Mg2 + in ZnO because of the assemblage between their ionic rays, which due 
to the increase in the values ​​of the optical gap energy, this cut in the UV region 
is accompanied with a good transmission which corresponding to the change in 

Fig. 3   Example of EDS spectrum recorded for Zn0.70Mg0.30O thin films
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crystal structure. These results confirm the coexistence of two-phase crystal mix-
ture in a good agreement with XRD and SEM analyses [28, 29].

We notice that the gap energy of the thin films ZnOx%/MgO [x = 30, 40.50 
at%] for the wurtzite phase of ZnO are at equal or slightly higher values (3.62 eV, 
3.28 eV, 3.23 eV), these values ​​decrease with the decrease of the Mg content in 
the film. In addition, these values ​​are much smaller in comparison to those of the 
optical gap of pure ZnO under the same conditions (3.25  eV) [20–22]. Indeed, 
this is due to the insertion of Mg2 + into ZnO, which is responsible for the dis-
covery of a systematic blue change in the band gap suggests that Mg2+ has been 
correctly incorporated into the wurtzite ZnO lattice. [30]

For the MgO phase that appears, the values ​​of the optical gap energy is a little 
lower than that of pure MgO produced by pyrolysis spray of 5.25 eV [31], these 
results may be due to the degree of non-stoichiometry of the deposited layers, 
which may be due to the difference of atomic interaction phenomena associated 
with the lattice coming into play due to the crystalline nature with the presence 
of oxygen vacancies and zinc interstitials. This induces a change in the electronic 
structure of surfaces leading to a reduction in the ionic gap and in turn its total 
band gap [32]. On the other hand, in the bulk, the thermodynamic limit solid 

Fig. 4   Transmission spectra of ZnOx%/MgO thin films deposited on glass substrate at 450 °C. Measured 
(full circles) and calculated (solid lines) transmittance spectra of films

Table 2   Dispersion parameters of the ZnOx%/MgO thin films extracted by fitting the experimental data

Samples Thickness (nm) Eg (eV) ZnO Eg (eV) MgO n at 598 nm n∞ P

30%Mg_ZnO 196 3.62 3.84 1.67 1.55 0.2508
40%Mg_ZnO 204 3.28 3.82 1.72 1.61 0.2079
50%Mg_ZnO 219 3.23 3.84 1.58 1.46 0.3320
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solubility of MgO in ZnO is stated to be about 4% [33]. The limit solid solubility 
of MgO in ZnO for thin films has been stated to be about 33 mol% when depos-
ited using the pulsed laser deposition (PLD) technique [34], 25% when depos-
ited using the sol–gel spin-coating technique [35], and 43% when deposited using 
the molecular beam epitaxy (MBE) technique [36]. And 21% as ultrasonic spray 
pyrolysis in the same condition [4]

The increase in optical gap energy values of MZO ​​is explained by the Burstein-
Moss phenomenon [37], which demonstrates that the donor electrons occupy the 
states at the bottom of the conduction band, and the Fermi level shifts towards 
the conduction band in the heavily doped semiconductor (in our case diluted) 
requires more energy resulting in an increase in the band gap [25, 37]. Therefore, 
confirms that there is an interaction between the two structures.

Fig.  5 presents the calculated refractive indices [20] of ZnOx%/MgO films. 
The values ​​of the refractive index is a little lower compared to that of pure ZnO 
1.77 [20–22], the refractive index is more sensitive to the structural defect and its 
decrease confirms the existence of structural defects which indicates a share the 
success of dilution of ZnO by Mg.

The porosity P is calculated from optical constants using the Lorentz–Lorenz 
equation [20]:

Here the value of nfilm represents the refractive indices of porous ZnOx%/MgO 
films at 598  nm and nbulk represents the refractive indices of ZnO bulk which 
is 1.996 at same wavelength, presented in Table  2, the values ​​e the porosity is 
greater than that of pure ZnO synthesized under the same conditions at a value 
of P = 0.1659 [20], which is explained by the change of the crystal structure. This 
increase leads to the increase of the surface d ’adsorption [38]. We notice that the 

(2)P = 1 −
[(

n2
film

− 1
)(

n2
bulk

+ 2
)

∕
(

n2
film

+ 2
)(

n2
bulk

− 1
)]

Fig. 5   Refractive index of ZnOx%/MgO thin films Refractive deposited onto glass substrate at 450 °C
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films of Zn0.50Mg0.50O take a maximum value in comparison with the other per-
centage in a good agreement with DRX and SEM results.

When ZnO is doped or diluted with a metal, the optical gap is directly affected, 
inducing the possibility of disappearance of the borders of the valence (Ev) and 
conduction (Ec) band. This generates the formation of states located at the end of 
the band at the borders of the forbidden band limited by the valence band and the 
conduction band. This difference expresses the disorder in a material known as 
Urbach energy.

In our case, we observed that the gap energy of diluted ZnO is greater than that 
of pure ZnO [20–22]. This has been attributed to the disorder generated by the 
defects in the ZnO matrix. In order to confirm this hypothesis, the Urbach energy 
was calculated. According to Urbach’s law [39], the expression of the absorption 
coefficient (α) is given by the formula:

Here EUrb is the energy of Urbach in eV and hv is the energy of the photon in 
eV. EUrb is defined by plotting the logarithm of the absorption coefficient, and 
then by taking the inverse of the slope of the linear part of the plotted curve.

Fig.  6, shows the determination of the Urbach energy by extrapolation for 
the different types of samples developed, as well as the following variation the 
level of Mg. It was found that the more the dilution rate increases, the more the 
values ​​of Urbach’s energy increase. Therefore, the disorder structural increases. 
This pace remains the same for all MZOs, except for Zn0.50Mg0.50O, where the 
energy value of Urbach increases slightly reaching the value of 898.86 meV, so 
this structure presents greater disorder compared to other MZO (40 and 50 at%) 
[40–42].

(3)ln(�) = ln (�0) + (hv∕EUrb)

Fig. 6   a Plot of ln (α) vs energy to evaluate the Urbach energy ZnOx%/MgO thin films, b variation of 
Urbach energy as a function Mg diluted concentration in the films
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Mott‑Schottky (MS) analysis

In order to gain insights into the intrinsic electronic properties of photoanode such 
as flat band potential (Vfb) and carrier concentration (ND), Mott-Schottky (MS) 
curves were recorded as shown in Fig. 7. These curves were analysed by measuring 
the capacitance at the electrode/electrolyte interface as a function of applied poten-
tial using the following Eq. (4) [43].

Here C is the interfacial capacitance, ϵs is the dielectric constant of the semicon-
ductor, ϵ0 is the permittivity of free space, e is the electronic charge, ND is the donor 
density, V is the applied potential, Vfb is the flat band potential, kB is the Boltzmann’s 
constant and T is the absolute temperature. The flat band potential of the semicon-
ductor—electrolyte interface can be obtained from the intercept on the potential axis 
where as the slope of the straight line is inversely related to the carrier concentra-
tion, ND ( Slope = 2

ϵsϵ0A
2eND

 ). The positive slope of the M-S plots of ZnOx%/MgO 
(x = 30, 40, 50 at%), as shown in Fig. 7, confirms the n-type semiconductivity of the 
material and the estimated flat band potentials were − 0.325 ± 0.001 V, − 0.352 ± 0.0
01 V and − 0.134 ± 0.001 V. The donor density of the ZnOx%/MgO (x = 30, 40, 50 
at%) semiconductors as calculated from the slope of the M-S plots using the dielec-
tric constant ( ϵs ) as 8.5, is found to be of the order of 9.27 × 1016  cm−3, 
7.23 × 1016  cm−3 and 2.16 × 1016  cm−3, we notice that the values of ND decreased 
with the rate of Mg and the low value of ND for 50%Mg/ZnO can interpret the 
improvement of the catalytic properties at this rate. The energy band diagram for 

(4)
1

C2
=

2

ϵsϵ0A
2eND

(

V − Vfb −
KBT

e

)

Fig. 7   Mott-Schottky plots of ZnOx%/MgO (x = 30, 40, 50 at%) films in 0.5 M Na2SO4 aqueous solution 
in dark condition. Plots were recorded at 1 kHz with an ac amplitude of 10 mV at each potential
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ZnOx%/MgO (x = 30, 40, 50 at%) has been presented in Fig. 8 showing the conduc-
tion band (CB) position at  − 0.325  V, − 0.352 Vand − 0.134 Vy and that of the 
valence band (VB) at + 3.295 V, + 2.928 V and + 3.096 V when measured at pH 9 
working solution.

The Fermi energy (EF) level of ZnOx%/MgO (x = 30, 40, 50 at%) was estimated 
from the flat band potential obtained from the Mott-Schottky analysis. The offset 
between the EF level and the conduction band (ECB) could be estimated according to 
equation below

Here k, T, and NC are Boltzmann constant, temperature, and the effective density 
states at the bottom of the conduction band. The NC could be calculated from equa-
tion below

Here m* and h are the effective electron mass and Planck constant. The effec-
tive electron mass of 0.27 mo are used for calculating the NC of doped ZnO in the 
ZnOx%/MgO (x = 30, 40, 50 at%) The band gaps obtained from the Tauc plots (the 
(a.h.v)2 versus (h.v) curve) were used to calculate the ECB and EVB for doped ZnO 
in the ZnOx%/MgO (x = 30, 40, 50 at%). The Fermi energy (EF) values calculated 
for ZnOx%/MgO (x = 30, 40, 50 at%) were estimated at 0.094  eV, 0.100  eV and 
0.131 eV.

Photocatalytic activity of MZO thin films

In this part of the study, the photocatalytic measurements are carried out under 
UV in the presence of diluted samples (30% Mg_ZnO, 40% Mg_ZnO and 50% 

(5)ECB − EF =
K.T

e
ln
NC

ND

(6)NC = 2

�

2.
∏

.m∗.K.T

h2

�

3

2

Fig. 8   Schematic showing the band diagrams of a-c ZnOx%/MgO (x = 30, 40, 50 at%) semiconductor. 
The Schematic a–c correspond to the Mg atomic content of 30%, 40% and 50%
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Mg_ZnO), used as photocatalysis for methylene blue (MB) degradation. The photo-
catalytic activities are presented in Fig. 9.

The UV–Visible spectra of an MB solution obtained, characterized by two 
absorption bands located at approximately 614 and 664 nm is assigned to the sul-
fur–nitrogen conjugated system [44, 45]. From this figure, we notice a decrease in 
the main band with time of contact. Absorption varies from photocatalyst to photo-
catalyst. The maximum absorption value of MB in all spectra is 1.6 and over time is 
reduced indicating that methylene blue has been photo degraded.

MB decomposes continuously during the entire irradiation time for all MZO thin 
films. In the case of Zn0.5Mg0.50O, after 90 min of irradiation, we notice a total deg-
radation (100%) which indicates that the best degradation is obtained at this con-
centration, compared to the other thin layers (30%, 40%). The absorbance of MB 
undergoes a large decrease during UV illumination, indicating the degradation and 
dissociation of MB into H2O and CO2.

Fig. 10 shows the kinetics of the degradation reaction of methylene blue in solu-
tion, and he calculated kinetic parameters of MB degradation are shown in Table 3, 
according to the following equation (7) [46].

  
While the unit of (pseudo-) order rate constant k is the inverse of the unit of time 

used (min−1), X is the amplitude of the process, E is the endpoint, both of them have 
the same units as the measured quantity A.

One can see that the degradation of our dye perfectly follows a pseudo first 
order kinetics. While the k values for remaining thin layers were 30%Mg_ZnO 
(0.0028  min−1), 40%Mg_ZnO (0.0049  min−1), 50%Mg_ZnO (0.0051  min−1). The 
highest k value of 50%Mg_ZnO thin films verified that the effect of Mg which 

(7)A = X ∗ exp(−k ∗ t) + E

Fig. 9   The effect of Zn0.70Mg0.30O thin film on the absorption spectra of MB solution (10  ml, 
8 × 10−2 M) for different reaction time under UV light illumination
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improved the separation efficiency of photoinduced charge carriers and optical 
absorption in the visible region is the reason for increased photocatalytic activity.

Mechanism for the photocatalytic degradation of ZnO and MZO thin films

When the UV light illuminates ZnO, there is a displacement of an electron on the 
conduction band (eCB

‐) and the formation of a gap, called a hole (hVB +) in the 
valence band. The electron can thus participate in reduction reactions (photo-reduc-
tion) and the hole in oxidation reactions (photo-oxidation). The hole can oxidize a 
water molecule adsorbed on the surface of the photocatalyst to form a highly reac-
tive hydroxyl radical and the electron can reduce an oxygen molecule adsorbed and 
formed a superoxide radical capable of participating in turn in oxidation reactions 
[29, 46]. The flat band potentials of ZnOx%/MgO (x = 30, 40, 50 at%) semiconduc-
tors were found to be − 0.325 ± 0.001 V, − 0.352 ± 0.001 V and − 0.134 ± 0.001 V. It 
is apparent that the flat band potentials findings support our photocatalytic perfor-
mances. And, the ZnO50%/MgO thin films had the high flat band potentials The 
redox potential of the photo-generated holes (− 0.134 V) is high enough to drive the 
MB oxidation reaction (MB → MB + , Eo =  + 0.01  V, in pH 7 condition), and the 
material exhibits excellent photoelectrochemical oxidation behavior.

The improvement in the photocatalytic performance of ZnO diluted with Mg 
can be attributed to a number of factors interpreting the photocatalytic efficiency of 
the thin films of Zn0.50Mg0.50O compared to the two thin films Zn0.70Mg0.30O and 
Zn0.60Mg0. 40O:

Fig. 10   Degradation kinetics of MB aqueous solutions by ZnOx%/MgO thin films [with x = 30, 40 
and 50 at%] without UV light illumination. The films were prepared by using different spray pyroly-
sis. The photocatalytic process at UV-light follows first-order kinetics according to the equation 
A = X*exp(− k*t) + E, (circles) Experimental data circles and (solid lines) fitted curve (solid lines). Here 
A0 is the initial absorbance of the dye solution, A(t) is the absorbance at time t, and k is the rate constant 
of photocatalysis
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Crystal structure

The photocatalytic efficiency of the catalyst varies considerably depending on its 
crystalline structure and in our case the structure depends on the concentration 
of Mg which well illustrates the formation of two phases. Therefore a change in 
the crystal structure which affects several parameters, The mobility of the charges 
shouted in the matrix of the ZnO semiconductor under the impact of photons, 
the size of the grains, the specific surface, the OH content of the surface, the 
adsorption of the species to be decomposed, the adsorption of UV photons are 
the parameters whose effect and play a key role on the photocatalytic yield [47], 
which is improved at a rate of 50% or the real coexistence of the two crystal struc-
tures can be considered with the same percentage of exitance.

The effect of morphology

The spherical structure of our layers can induce porosity and further increases 
the contact surface of pollutants thus the photocatalytic activity [38]. In addition, 
we can produce hollow spherical particles which create an internal reflection of 
light allowing to absorb a maximum of photons. The presence of pores due to the 
insertion of Mg improves the trapping of charges at the surface of the catalyst. 
The increase in performance is certainly due to an improvement in separation of 
photogenerated charge carriers. This improvement thus generates a reduction in 
the rate of recombination of the electron pairs. [48] and also emerges that the 
photocatalytic efficiencies are influenced by the concentration, the efficiency of 
Zn0.50Mg0.50O is 1.35 times greater than that of Zn0.70Mg0.30O and Zn0.60Mg0.40O.

The effect of the optical gap

For these reactions to occur, the hole must have a fairly positive potential and the 
electron must have a fairly negative potential. The capacity of a photocatalyst to 
produce these reactions and, therefore, directly linked to the width and the posi-
tion of its forbidden band is the potential of the valence and conduction bands. 
The optical results showed that the dilution with Mg leads to obtaining two opti-
cal gape and at the same time increases the values ​​of the forbidden band causing 
a higher redox potential of the pairs of electrons/photo-generated holes, which 
considerably increases the catalytic efficiency of MZO films [48].
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Conclusion

During this study, we developed by spray pyrolysis, thin films of ZnOx%/MgO 
[x = 30,40, and 50 at%] deposited on glass substrates at 450  °C. We have also 
studied the influence of the Mg on structural microstructural, optical, and photo-
catalytic properties of MZO thin films.

Magnesium dilution was found to introduce pores on the surface of the films 
and deteriorate the crystallinity movies with mixture structure wurtzite and cubic 
(ZnO + MgO). The transmission spectra of MZO thin films indicate that the films 
is transparent in the visible and opaque in the UV. The optical bandgap calcula-
tion of films increases with increasing dilution concentration with Mg. The photo 
catalytic test on methylene blue shows the dilution efficiency with 50% MB deg-
radation dilluted MZO layers increase the efficiency photocatalytic which con-
firmed by the Mott-Schottky analysis.
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