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General introduction 

Today, the nanotechnology gained great attention due to its potential applications; it also find 

it multi-use in: information technology, energy, environmental science, medicine, transportation, 

food safety, and among many others. However, the nanotechnology can also be categorized as one 

of the best sciences because having a size ranging from 1–100 nm. There are numerous developed 

methods for synthesizing nanoparticles, which were categorized as physical, chemical, and 

biological methods. These physical and chemical techniques can be carried out in the water, using 

organic solvents, ionic water, microemulsions, or wet chemical procedures. Other techniques for 

creating nanoparticles included gas condensation, vacuum deposition and vaporization, mechanical 

attrition, hydrolysis, condensation, growth and agglomeration, and electrodeposition. Most of these 

processes call for dangerous substances, stabilizing agents, and capping agents that may have 

negative effects in medical settings. An eco-friendly method of creating nanoparticles has been 

developed in response to this concern, and it has many advantages for use in medical and 

pharmaceutical applications [1].  

Metal oxide semiconductor nanomaterial’s exhibiting excellent physical and chemical 

properties are accepted as one of the most important parts of technological applications [2]. In 

addition Mixed  metal  oxides  have  found  increasing  research  focus  and  applications  in  

physics,  chemistry,  materials science and engineering. The combination of two or more metals in  

an oxide matrix can produce materials with novel  physical  and  chemical  properties  leading  to  

relatively  higher  performance  in  various  technological applications [3].the alloying or 

combination-based wide-band gap semiconductors are attractive to various technological 

applications, such as photovoltaic's, and optoelectronic devices [4]. Among them, MgO is one of the 

most investigated metal oxides, because of its facile making and doping. The alloys made from ZnO 

and MgO give wide band gap semiconductors with highly tunable band gaps.Alloying with 

magnesium oxide (MgO) to make Mg-doped ZnO can increase the band-gap energy from 3.3 eV for 

wurtzite ZnO to 7.8 eV for rock salt[5].For the purpose of changing the electrical and optical 

properties of  ZnO,  MgO was often doped into or combined with  ZnO in various ways.  A number  

of  research  efforts  have  been  focused  on the artificial engineering of oxides and semiconductors 

for functional devices applications[6]. The fabrication of thin films and pH is important for those 

applications, because of the size-related effects of their performances [7]. 

The aim of this thesis is to investigate of the physical properties of the thin films of MgO-

ZnO by the spray pyrolysis technique, which were prepared at different experimental parameters on 

the fundamental properties of MgO-ZnO films. The parameters investigated are (substrate 
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temperature, molarity and pH) to understand the effects of these parameters on the properties of this 

material in order to optimize their performance for use in optoelectronic applications. The layers 

developed have undergone morphological, structural, optical and electrical characterizations. 

This thesis is composed of five chapters that are organized as follows: It began with an 

elaborate introduction and find by an general conclusion. 

The first chapter presents a review of thin films MgO and ZnO, also summarize proprieties, 

structural, optical, and electrical, for the last studies. At the end of the chapter, it will outline the 

multiple applications of these films in optoelectronic and photovoltaic fields. 

The second chapter presents a review of the Spray Pyrolysis technique and the different 

procedure effects for depositing undoped and doped Magnesium oxide thin films. In the present 

study, the obtained films will characterize using X-ray diffractometer (XRD), scanning electron 

microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDX) techniques. The electrical and 

optical properties of the films will study using a four-probe setup and a UV- visible 

spectrophotometer, respectively. 

The third chapter discusses the effect of different molar concentrations on the structural, 

optical, and electrical properties of MgO thin films. 

The fourth chapter talks about the effect of pH solution on the structural, optical, 

morphological and electrical properties of MgO thin films. 

The fifth chapter contains an explanation for the deposition of Zn 0.5 Mg 0.5 O thin films. The 

films were deposited with different pH solution, on the structural and optical and properties. 

Finally, there is a conclusion that includes a summary of the main findings, concluding 

remarks, and recommendations for further research. 
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This chapter deals Literature Review of the structural, optical, and electrical 

properties of Magnesium oxide MgO and MgO-ZnO, then exhibits their important 

applications in a variety of fields. 

I.1.Introduction 

     Metal oxides are one of the most attractive types of functional materials because of 

their unusual chemical and physical properties, which cover almost all requirements 

of materials science and solid-state physics. Metal oxides are perfect materials for a 

wide range of applications in ceramics, catalysis, energy conservation and storage, 

sensing, and electronics [1]. Ceramic or metal/alloy oxide films are of scientific and 

technological importance due to their applications in They will continue to contribute 

to many applications and an enormous body of research (e.g., information technology, 

electronics, spintronics, displays, memory units, sensors, biosensors, actuators, active 

surfaces with different characteristics, catalysis, energy harvesting, energy storage, 

environmental and safety concerns, healthcare, bioengineering, medicine, the drug 

industry, etc.)Metal oxides are one of the most attractive types of functional materials 

because of their unusual chemical and physical properties, which cover almost all 

requirements of materials science and solid-state physics. [2].Metal oxides Metal 

oxides nanomaterials such as TiO2 [3],ZnO [4],CuO [5],SiO2 [6],SnO2[ 7] and MgO 

[8]. 

Magnesium oxide (MgO) materials have been attracted a great attention thanks to 

their wide range of technological applications. MgO compound has a cubic crystalline 

structure and belongs to the transparent oxide family. It was characterized as an 

interesting material due to its chemical and thermal stability properties [9], the non-

toxicity and abundance of its constitution [10].and high transmission values near to 

90% [11].and its refractive index and dielectric constant are 1.736 and 10 respectively 

[12]. MgO is an insulator material with wide band gap which is 7.8eV and high 

dielectric constant around 9.8 has attract much attention to be used as dielectric layer 

in order to replace the commonly used dielectric material which is silicon dioxide, 

SiO2[13]. 

 ZnO  may be used as dopant to modify the luminescence of MgO crystals.  because 

the ionic radius of Mg2+(0.057 nm) is close with Zn2+(0.06 nm) in ZnO films, and 

MgO has a larger bandgap (7.7 eV) than that of ZnO material [14]. 
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For the fabrication of Mgx Zn1-x O (MZO) thin films These improvements make 

(MZO) material as useful in a broad area of applications in optoelectronic devices 

such as gas sensors, biosensors and spintronic devices. Furthermore, many researches 

focus on the enhancement of ultraviolet photodetectors based on MZO films [15]. 

different techniques have been carried out, such as sol-gel method [16], spray 

pyrolysis [17], pulsed laser deposition [18] and magnetron sputtering [19]. This last 

deposition technique results a very attractive growth method thanks to uniform 

deposition achieved on large area substrates; it also permits low temperature 

deposition, even at room temperature (RT), at high deposition rates. Finally, the 

sputtered films present good adhesion onto substrates, high chemical stability and 

high density[16]. 

I.2.Magnesium oxide (MgO) 

       MgO is wide band gap (~7.8eV) refractory material with melting point 28520C, 

boiling point 3600oC and density 3.58 g/cm3. It is a highly ionic insulating crystalline 

solid material with halite (rock salt) structure, as shown in Figure 2.1, and with a 

lattice parameter of 4.21Å. It consists of Mg2+ ions and O2- ions held together with 

ionic bonds [20]. The radius ratio falls within the range of 0.41–0.73 A˚ , which is the 

radius ratio of stable octahedral coordination. Existing high bond strength in ionic 

crystal is due to the strong electrostatic forces between ions and hence MgO an ionic 

crystal, exhibits hardness and high melting point and low electrical conductivity. Its 

structural, physical, optical and electronic properties are listed in Table I.1[20]. 
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Figure I.1: Arrangement of Mg2+ and O2- in Magnesium     

oxide(MgO). 

 

Table I.1: Summary of Material properties of MgO[20.] 

 

 

 

 

 

 

     

 

 

 

 

 

Property Parameters values 

Physical Crystal type 

Density 

Melting Point 

Boiling point 

Cubic 

3.85 

g/cm3 

2800 °C 

3600°C 

Chemical Color 

Chemical formula 

Molecular weight 

Number of atoms 

/cm2 

White 

MgO 

40.304 g/mol 

2×1023 

Optical Optical band gap eV 
Absorption coefficient/cm (2µm) 

7.2 
0.05 

Dielctric Dielctric constant 

Refractive index 

9.8 
1.739 
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I.3.Zinc oxide (ZnO) 

  ZnO, one of the II-VI inorganic semiconductor materials, with a wide direct 

band gap (3.37 eV) near the UV range and with a large exciton binding energy (~ 60 

MeV) at RT. Wurtzite structure model of ZnO is shown in Figure I.2.The lattice 

constants of ZnO unit cell are a = 3.250 Å and c = 5.206Å, with c/a ratio of 1.6 [21]. 

The number of nearest neighbor atoms in wurtzite structure is four. Each O (or Zn) 

ion is tetrahedrally surrounded by four Zn (or O) ions. The Zn-O distance of the 

nearest atom is 1.992Å in the direction parallel to the c-axis and 1.973 Å in the other 

direction of the tetrahedral structure .This tetrahedral arrangement indicates the 

covalent bonding nature between Zn and O atoms. The covalent radii of Zn and O 

were reported to be 1.31 Å and 0.66 Å respectively [22]. 

 

 

 

Figure I.2. Wurtzite structure model of ZnO [22]. 
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 I.4.Physical Properties of  MgO , ZnO  and   MgO-ZnO  

I.4.1. Structural Properties of  MgO , ZnO and  MgO-ZnO Synthesized 

In Different Conditions 

 A) Preferred Orientation 

The MgO thin films were crystallized with a cubic structure that can be related to 

obtaining peaks in the XRD diffraction of MgO thin films. The nanostructures of 

MgO thin films were studied by the XRD patterns with MgO the major peaks appear 

in 2θ: 36.80 °, 42. 84°, 62.16°, and 78.44 correspond with the MgO plane of (111), 

(200), (220), and (222) plans of the MgO phase structure.[11] (JCPDS 01-075-

0477)[11]. 

The ZnO thin films polycrystalline were crystallized with a hexagonal structure that 

can be detected peaks at 2θ values of 31.83°, 34.49°, 36.40°, 47.57°, and 56.65°. 

correspond with the plane of (100), (002), (101), (102), and (103) orientations 

(JCPDS card no. 00-036-1451), the predominant peak of (002) crystalline planes 

indicated the preferential[14].  

In (2014)  S.Nisatharaju et al [23] deposited the MgO thin films by spray 

pyrolysis method with 0.05 at 230 °C. Found that the (200) peak is high than other 

diffractions which indicating that the preferred orientation with (200) plan. 

In (2017) Abdelkader Hafdallah  et al [24]. Zinc oxide  (ZnO)  thin films were 

deposited by the pyrolysis spray technique.  The effect of nozzle-substrate distance on 

the structural and optical properties of films was investigated.  The crystallinity of all 

films is improved with nozzle-substrate distance. ZnO films preserve their  (002)  

preferential orientation . 

In recent years,  researchers have focused more on the synthesis of 

nanocomposite of  ZnO / MgO due to their application in advanced technologies. 

Various  physicochemical techniques have been employed to construct nanosized  

ZnO/MgO nanoparticles. 

Magnesium (Mg) is a suitable dopant for improvement of the band gap of ZnO 

films because MgO has a wide band gap of about 7.3 eV. Moreover the ionic radii of 

Mg2+(0.57Å) and Zn2+(0.60 Å) are close, so films are found to be a single phase alloy 

over a wide range of Mg doping levels  [25].so replacement of Zn by Mg should not 

cause a significant change in lattice constants. By dropping suitable Mg into ZnO, it 
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may be possible to obtain a ternary ZnMgO alloy with a wider bandgap. However, the 

large crystal structure dissimilarity between wurtzite-hexgonal ZnO and rock-salt-

cubic MgO can be cause unstable phase mixing[26]. (see Table I.2).  

Zn1− xMgxO films of various Mg compositions (x= 0.0, 0.3, 0.5, 0.7, 0.8, 0.9) 

deposited at 750 °C. The XRD patterns reveal that the films with Mg content, x≤0.5, 

show a highly intense (002) diffraction peak along with a (101) peak which 

corresponds to the wurtzite ZnO phase without any impurity phase. The appearance of 

only (200) peak for films with higher Mg content (x= 0.9) is the sign of cubic single 

phase indicating deviation from wurtzite to rock-salt-cubic structure in Zn1 − xMgxO 

films with an increase in Mg content. The presence of (002)-wurtzite reflection along 

with (200)-cubic reflection at x≥0.7 indicates the coexistence of two phases. The 

observed deviation from the wurtzite structure with increasing Mg content is 

attributed to the fact that when the Mg and Zn atoms bond to the O atom, the Mg 

atom loses electrons more easily than the Zn atom because of the difference in 

Pauling electronegativities, (1.31 for Mg is smaller than that of the 1.65 for Zn). 

Moreover, the large angle between the nearest-neighbor Zn–O bonds and the nearest 

neighbor Mg–O bonds, leads to the stronger interaction between the second nearest-

neighbor Mg–O bonds due to the stronger polarity of the Mg–O bonds, and hence 

results in deviation of crystal structure from wurtzite as the quantity of the Mg–O 

bond is increased. The position of (002) and (200) peaks shifted to higher diffraction 

angles with the increase in Mg content, which manifests itself by the c-axis 

compression .This shows the onset of lattice strain in the films due to the difference in 

ionic radii of Mg2+ (0.57 Å) and Zn2+ (0.60 Å) ions. [27]. 

B(The crystallite size  

The crystallite size of MgO measured by various preparation processes is shown in 

Table 1. observe different sizes have different properties owing to temperature rate in 

the thermal decomposition method; conditions of gel preparation such as the heating 

rate for gel formation, pH, gelling agents, and temperature of gel calcination in the 

sol-gel method. 
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Table I.2: The Preferred Orientation And Thickness Of  MgO ,ZnO And  MgO-ZnO 

Synthesized In Different Conditions. 

S.N. Condition Preferred 

orientation 

Cristallite 

size 

D (n.m) 

Ref. 

 

MgO by 

SILAR    

technique 

 

C=0.1 M 

pH =11.5 

T=400 °C 

 

(200) 

(200) 

 (200) 

(200) 

(200) 

24.74nm 

23.52 nm 

23.18nm 

20.68 nm 

25.00nm 

 

 

[28] 

 

 

MgO by by 

chemical 

spray 

pyrolysis 

technique 

 

Precursor:MgCl2 

C=0.2 mol L−1 

 

Precursor:Mg(NO3)2 

C=0.2 mol L−1 

 

Precursor:Mg(CH3COO)2 

C=0.2 mol L−1 

(200) 

 

(200) 

 

 

(200) 

30.00 nm 

 

16.30 nm 

 

 

37.60 nm 

 

 

 

[29] 

 

ZnO by by 

spray 

pyrolysis 

method 

C=0.2  M 

Zn(CH3C00)2· 2H2O 

T=400°C  

 

 

 (0  0  2) 

 

 

40  nm 

 

     

 

[30] 

 

 

ZnO by by 

Sol-Gel 

Method 

(Zn(CH3COO)2·2H2O) 

C=0.80M 

T= 400 ◦C 

 

 

 (0  0  2) 

  

90 nm 

180 nm 

360 nm 

 

[31] 

 

Zn1−xMgxO 

by sol–gel 

method 

 

pure ZnO, 

2 wt-% MZO,  

4 wt-% MZO,  

6 wt-% MZO  

 

 

(1 0 0  ) 

 

 

 

21n.m 

21n.m 

15n.m 

20n.m 

 

       

 

 

[32] 

Mg-doped 

ZnO (MZO) 

by by spray 

pyrolysis 

method 

Dopant Mg (wt %) 

[MgCl2. (H2O)6] 

C=0.05 M, T= 400 °C 

 (0 0  2) 

(0 0  2) 

 (0 0  2) 

(0 0  2) 

 

13.30 

42.66 

43.81 

40.87 

      

 

[33] 
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C) Lattic parameter  

The lattice constant (see Table I.3), or lattice parameter, refers to the physical 

dimension of unit cells a crystal lattice. Lattices in three dimensions generally have 

three lattice constants, referred to as a, b, and c. However, in the special case of cubic 

crystal structures, all of the constants are equal and we only refer to a. Similarly, 

in hexagonal crystal structures, the a and b constants are equal, and we only refer to 

the a and c constants. A group of lattice constants could be referred to as lattice 

parameters. However, the full set of lattice parameters consist of the three lattice 

constants and the three angles between them. 

 

 

 

 

 

 

 

 

 

 

Figure I.3: Unit cell definition using parallelepiped with lengths a, b, c and angles 

between the sides given by α, β, γ (hk1) [34]. 

D) Strain 

10In general terms, the strain is a macroscopic measure of deformation. Truesdell and 

Toupin, in their famous Classical Field Theories review article in Handbuch der 

Physik, introduce the concept as “The change in length and relative direction 

occasioned by deformation are called, loosely strain (see Table I.3) [34]. 

 

 

 

https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Hexagonal_crystal_system
https://en.wikipedia.org/wiki/Lattice_constant#cite_note-1
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Table I.3 Lattice Constants And Strain Of  MgO, ZnO, And MgO-ZnO Synthesized 

In Different Conditions. 

S.N. Condition Lattice 

constants (Å) 

Strain 

ϵ (L-2m-4) (%) 

Ref 

 

MgO by by 

chemical spray 

pyrolysis 

technique 

 

 

T=500 °C 

T=600 °C 

 

 

a=4.2198 A° 

a=4.2168 A° 

 

1.16.10-3 

0.75.10-3 

 

 

[20] 

 

ZnO 

Ultrasonic 

Spray Pyrolysis 

 

0.1 M zinc acetate 

diluted in methanol 

and deionized 

T=365◦C 

 

 

a= 3.246 A° 

 

c=5.197A° 

 

−0.171 

 

 

[35]  

a= 3.240 A° 

 

c=5.191A° 

 

−0.289 

 

a=3.2463A° 

 

c=5.195A° 

 

−0.204 

ZnOx%/MgO 

[x=30, 40 and 50 

at%] 

Ultrasonic 

Spray Pyrolysis 

(C4H6O4Zn⋅2H2O) 

Mg (CH3COO) 

5 ml of methanol 

7.5 ml ethanol 

12.5 ml of deionized 

water 

T=450C° 

a =b=3.246 

 

a=5.186 

 

-3.87971X1 0–3  

 

 

[36] 
a =b=3.255 

 

a=5.190 

 

−3.1691X 10–3 

a =b=3.243 

 

a=5.175 

 

−6.0116X 10–3 

 

I.4.2. Optical Properties Of  MgO, ZnO, And MgO-ZnO  Synthesis In 

Different Conditions 

Transparent and conductive oxide (TCO) thin films are used practically for various 

application fields such as transparent heaters, heat mirrors, smart windows, and 

optoelectronic devices; in particular, the market for transparent electrodes used in 

touch panels, flat panel displays, or lamps, and thin-film solar cells has been 
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expanding recently. Although many kinds of TCO thin-film materials have been 

developed. [37].  

In (2007) Moses  Ezhil Raj et al [12] investigated the dependence of the optical 

properties of MgO thin films deposited at different temperatures between 400 and 

600°C. The MgO films deposited at 600oC exhibited the highest optical transmission 

(>80%) , and the band gap energy was found to vary from (4.50 to 5.25 eV). 

In (2007) S.Valanarasu et [38]. Observed the transmittance increases with the 

increase of annealing times,  The increment of transmittance value can affect optical 

band gap values due to the increment of carrier concentration on the surface of the 

film value can affect optical band gap values due to the increment of carrier 

concentration on the surface of the film because in the part of optical properties, film 

thickness, and intercrystalline nature can contribute to the identical role. 

In (2006) C.  GÜMÜ  et al [30] ZnO was prepared by the spray pyrolysis technique 

on a glass substrate at 400 °C; characterize thin films are Highly transparent. The film 

possesses high transmittance of over 90 % in the visible region and. The film has a 

direct band gap with an optical value of 3.27 eV . 

We have managed to produce MgO and ZnO grains together inside the film matrix 

which, to our knowledge, is the first appearance of this kind of empirical process in 

the literature. 

In (2011) B .Anuradha et al [39].  investigated the  MgxZn1-xO has a band gap 

energy that can increase from 3.37 to 7.8 eV with the increase of the Mg 

concentration . Also, the experimental observations of MgZnO alloys fabricated under 

different techniques show that the formation of wurtzite structure for large ZnO 

concentrations and the formation of rock salt structure with high MgO concentrations 

and also phase separation may occur with an intermediate range of ZnO 

concentrations. It has been reported that the formation of rock salt structure by 

alloying ZnO as high as 50%  while wurtzite for greater than 54% ZnO. [40]. 

In (2007)  BENHARRATS Farah et al[41]. The crystal structure of MgxZn1-xO 

depend by the value of x. As a result, when x is less than 0.35, the crystal structure is 

hexagonal, and when x is greater than 0.8, the crystal structure is cubic and The gap is 

also affected by x composition. (Figure I.12). 
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Figure I.4: variation of the gap according to the composition x (%)[41]. 

 

In (2004) Yuantao Zhang  et al [42]. was prepared by metal-organic chemical vapor 

deposition (MOCVD)  the  MgxZn1-xO  alloys (0 ≤ x ≤ 0.39)  have optical band gaps 

that range from 3.3 to 3.95 eV. were measured between 200 and 800 nm. These films 

are highly transparent in the visible region from 400 to 800nm and have sharp 

absorption edges in the  UV  region. The transmittance is around 80%  in the visible 

region for all  MgxZn1-xO  films.  The absorption edge shifted to a short wavelength as 

the Mg content increased which indicates the bandgap energy of all  MgxZn1-xO  

depends on the Mg content. Variation of the band gap of the all  MgxZn1-xO  function 

of  Mg content was reported.  The  Eg increases almost linearly up to  3.95  eV with 

the increase of Mg content (0≤ x ≤ 0.39). 
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Table I.4.: Band gap energy and transmittance values Strain Of  MgO, ZnO, And 

MgO-ZnO Synthesized In Different Conditions. 

S.N. Condition Grain 

Crystallite size 

(nm) 

Band gap 

energy 

(eV) 

Transmitenc

e ( % ) 

Ref 

MgO 

by Spray 

Pyrolysis 

Technique 

TS=643 K 119.5 3.57  

 

80–90% 

 

[43]   
TS= 653 K 109.3 3.38 

TS= 663  K 109.7 3.69 

TS= 673  K 105.3 3.64 

TS= 683 K 97.6 3.68 

TS= 693 K 85.3 3.70 

MgO 

by Spray 

Pyrolysis 

Technique 

Precursor of 

MgO 

   

 

 

90% 

 

 

 

 

[44] 

MgCl2 30.00 4.10 

Mg(NO3)2 16.30 4.09 

Mg(CH3COO)2 37.60 4.05 

ZnO 

by Spray 

Pyrolysis 

Technique  

 

 

 

Precursor of 

ZnO T=300°C 

    

 

 

[45] 

Acetate 15 3.02 90% 

Nitrate 200 3.17 80% 

Chloride 245 3.35 30% 

 

ZnO 

by Spray 

Pyrolysis 

Technique 

Zinc acetate 

C=0.1M 

Nozzle-substrate 

distance(cm) 

15, 20, 25 and 3 

 

 

 

 

 

 

 

29 and 31nm 

  

3.21 and  

3.26 eV 

 

80 to 95%. 

 

 [46]  
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Zn1-XMgXO 

By Ultrasonic 

Spray Pyrolysis 

Technique 

 

X=0.3 

 

T=750 °C 

 

        30 nm 

  

    3.73 

 

 

 

 

       90%. 

 

 

 

[47] 

 

X=0.9 

 

T=750 °C 

 

      30 nm 

 

     6.06 

 

A)Refractive index  

The optical reflectance spectra (R) have been used to determine the refractive 

index (n) (see table I.5) . 

Table I.5.: Refractance index values Strain Of  MgO, ZnO, And MgO-ZnO 

Synthesized In Different Conditions. 

N.S Condition n Ref 

MgO 

by spray 

pyrolysis 

technique 

425C 

500C 

1.6 

1.77 

[48] 

 

MgO 

by 

electrodeposition 

technique 

MgSO4.7H2O, 

Citric acid and 

NaOH 

 

2.45  to 1.4 

[49] 

 

ZnO 

by Spray 

Pyrolysis 

Technique 

0.1 M of zinc 

acetate dihydrate 

T=623  K 

1.731 to 1.675 [50] 

MgxZn1-xO  

by pulsed-laser 

deposition 

X=0 

X=0.24 

X=0.36 

2.60 

2.37 

2.27 

[51] 
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I.4.3. Electrical Properties of MgO, ZnO, and MgO-ZnO  Synthesized 

In Different Conditions.  

As mentioned earlier, one of the promising materials belonging to the single metal 

oxide group is magnesium oxide. Magnesium oxide, also referred to as periclase, is an 

inorganic material with a molar mass of 40.31 g/mol and a density of 3.58 g/cm3 . Its 

empirical formula is MgO, and its lattice consists of Mg2+ ions and O2− ions linked by 

an ionic bond in a 1s22s22p6 and 1s22s2p6 configuration, which means that the d-

orbitals are empty in this case. The magnesium oxide structure is of the rock-salt type 

(lattice parameter 4.21 Å )In general, it consists of two intersecting Mg and O lattices 

that are offset relative to each other by 0.5 of the body diagonal [52]. The electronic 

configuration and crystal structure are shown in Figure I.5. 

 

 

Figure I.5. Electronic configuration of Mg2+ and O2− ions and crystal structure of 

MgO . 
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The halite structure (Fm3¯m) is assigned to MgO, which can be regarded as a cubic 

close packing of O ion and all the octahedral sites are filled with Mg+ ions (Fig. 1). 

Each O ion is surrounded by six Mg+ ions and each Mg+ ions is surrounded by six O 

ions to produce 1:1 co-ordination. The radius ratio falls within the range of 0.41–0.73 

A˚, which is the radius ratio of stable octahedral coordination. Existing high bond 

strength in ionic crystals is due to the strong electrostatic forces between ions hence 

MgO is an ionic the crystal that exhibits hardness and high melting point, and low 

electrical conductivity[20]. 

The electronic band of the zinc oxygen are expressed as: 

Zn: 1s2 2s2 2p6 3s2 3p6 3d104s2 

O : 1s22s22p4 

The 2p states of oxygen form the valence band, the 4s states of zinc constitute the 

semi-conduction zone, so to form an ionic bond the zinc atom must yield these two 

electrons from the 4s orbital to an oxygen atom which will subsequently have a 2p 

orbital full with 6 electrons. The ZnO formation reaction is as follows: The electronic 

band structure shows that ZnO is a gap semiconductor direct, the minimum of the 

conduction band and the maximum of the valence band are.The width of the 

forbidden band is of the order of 3.2 eV indicates that it is a direct gap semiconductor. 

The high conductivity of pure ZnO oxides is due to the high concentration of carriers 

(electrons), since the mobility in these films is considerably lower than that in volume 

of the corresponding material. The strong electron concentration is attributed to 

deviation from stoichiometry (or flaws in the structure). [53]. 

MgO has a  band gap of about  6.7  eV.  For  the purpose  of  changing  the  electrical  

and  optical properties  of  ZnO,  MgO  was  often  doped  into  or combined with  

ZnO in various ways  .A number  of  research  efforts  have  been  focused  on 

artificial engineering of oxides and semiconductors for functional device applications 

[54] . 
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Table I.6:  Electrical conductivity values of MgO, ZnO, and MgO-ZnO Synthesized 

In Different Conditions 

N.S Condition Electrical Resistivity 

ρ ( (Ω.cm)-1 

Ref 

MgO 

by Spray 

 Pyrolysis 

400 C° 

425 C° 

450 C° 

475 C° 

500 C° 

            2.12X106 Ωcm 

2.08X106 Ωcm 

1.19X106 Ωcm 

9.14X 105 Ωcm 

7.56X 105 Ωcm 

 

 

 

      [55] 

ZnO 

by spray pyrolysis 

C= 0.1 M 

nozzle fixed = 

15cm 

thickness :425 nm    

and 650 nm 

6.03 × 101 Ωcm  

[50] 

Zn1-xMgxO 

by ultrasonic spray 

pyrolysis technique 

Wurtzite X= 0.3 

   Cubic  X=0.9 

103 Ωcm 

105 Ωcm 

[27] 

 

I.5. Application of  MgO And  ZnO  

Nanostructures of MgO are not only known for the observation of numerous 

phenomena as elaborated in section 1.2 but also because of significant enhancement 

of their applications in a variety of fields [56]. 

https://www.sciencedirect.com/topics/physics-and-astronomy/electrical-resistivity
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Figure I.6: The schematic is depicting the importance of MgO nanostructures in 

numerous field. 

 

Because of its diverse properties, both chemical and physical, zinc oxide is widely 

used in many areas. It plays an important role in a very wide range of applications, 

ranging from tyres to ceramics, from pharmaceuticals to agriculture, and from paints 

to chemicals. [57]. 
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FigureI.7:The schematic is depicting the importance of ZnO nanostructures in 

numerous field. 

 

In recent years, researchers have focused more on the synthesis of ZnO and 

MgO in composite or alloy forms of both nanoparticles due to their application in 

advanced technologies, such as in electronics, catalysis, ceramics, petrochemical 

products, coatings, and many other fields. 

I.6. Conclusion 

To sum up, magnesium oxide thin films, zinc oxide thin films, and doped thin films 

attract great interest in material science. can be used in various potential applications 

such as solar cells due to the n-type and p-type semiconducting, transparent diodes, 

transparent transistors, displays, and defrosting windows because their transparency 

can be used for the UV photodetectors and touch screens due to the good 

responsively. these oxides can be produced by several techniques such as reactive 
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evaporation, molecular beam epitaxy (MBE), magnetron sputtering technique, pulsed 

laser deposition (PLD), spray pyrolysis, sol-gel process, chemical vapor deposition, 

and electrochemical deposition. 
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This chapter explains the spray pyrolysis techniques and describes the elaboration of 

thin films, The different characterization techniques used such as X-ray diffraction, 

UV-Vis spectroscopy, energy dispersive spectroscopy (EDS), and four points probe 

measurements. 

II.1. Introduction  

The growth of MgO and ZnO  thin films have prepared by using several methods such 

as reported in the previous chapter. Many scientists use Spray pyrolysis to improve 

the properties of Magnesium oxide thin film because they can be used for a variety of 

things, including transparent electrodes, photovoltaic devices, solar front panel 

displays, surface acoustic wave devices, low emissivity layers for structural glass, 

various gas sensors, and heat reflectors for high-tech solar cells. The properties of thin 

films differ significantly from those of bulk due to surface and interface effects, and 

this dominates the overall behavior of the thin films. In the advancement of 

nanotechnology and nanoscience[1]. 

II.2. Thin Film Deposition Methods 

Thin Film Deposition is the technology of applying a very thin film of material – 

between a few nanometers to about 100 micrometers, or the thickness of a few atoms 

– onto a “substrate” surface to be coated, or onto a previously deposited coating to 

form layers. Thin Film Deposition manufacturing processes are at the heart of today’s 

semiconductor industry, solar panels, CDs, disk drives, and optical devices 

industries.[2]  

The application of thin films in modern technology is widespread. The methods 

employed for thin-film deposition can be divided into two two broad categories – 

Chemical Deposition and Physical Vapor Deposition Coating Systems[3].  The wide 

classification of thin film deposition techniques is shown in Figure II.1. Among all 

these thin film deposition techniques, Spray pyrolysis deposition offers a wide range 

of advantages over more expensive and vacuum-based other methods of thin film 

deposition. Along with being a simple,  inexpensive, and economic method, it has its 

own advantage of no wastage of material,  no production of gases, it does not require 

very pure starting material, etc.  The  art  and  science  of  electrodepositing  metal  

and  metallic alloys and anodization have been developed for more than a century. 
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Figure II.1: Classification of thin film deposition techniques[4]. 

II.3. Spray Pyrolysis Technique (PS) 

Spray Pyrolysis is a processing technique for preparing thin and thin films, ceramic 

coating, and powder The basic principle involved in the spray pyrolysis technique 

(SPT) is shown in Figure II.2. Unlike many other film depositions, this technique 

represents a process of simple and cost-effective processing, typical spray pyrolysis 

equipment where a solution is sprayed onto a heated surface, where the constituents 

react to generate a chemical product, leaving behind a thin film. The chemical 

reactants are chosen so that, at the deposition temperature, the products other than the 

intended molecule are volatile. The process has long been used to create a clear 
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electrical conductor of SnOx for glass, and it is very helpful for the deposition of 

oxides. Since the ground breaking paper by Chamberlin & Skarman on CdS films for 

solar cells in 1966, there have been various studies in this field, including a review of 

transparent conductors and a bibliography by Pamplin given at a conference on spray 

pyrolysis[5].  

 

 

Figure II.2: General schematic of a spray pyrolysis deposition process[6]. 

Thin film deposition using spray pyrolysis can be divided into three main steps: 

atomization of the precursor solution, transportation of the resultant aerosol and 

decomposition of the precursor on the substrate. 

 Atomization of the precursor solution 

The film quality and the droplet size of the aerosol are typically set by the 

atomization technique. The most commonly used techniques for generating 

droplets are:  

1) The pneumatic method (PS): a relatively pressurized air flow carry the 

solution that contains precursors, the atomization into droplets is composed at 

the nozzle orifice. 
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2) Ultrasonic spray method (USP): an ultrasonic wave generator atomizes the 

solution. The droplet size is more regular and thinner in ultrasonic spray 

nozzle than in pneumatic spray. In addition, comparing with the droplet speed 

in PS, it is low in USP; hence, this may affect the films growth in both 

methods.[7]. 

 Transportation of the resultant aerosol 

This process occurs at the lower end of the nozzle when the solution flow comes into 

contact with air pressure. The type of nozzle is an important parameter of the 

properties of the aerosol droplets and particularly their sizes.During the transport of 

the aerosol, the droplets of the solution containing the precursors move towards the 

heated substrate. Droplets remain in the air and others evaporate turning into powder 

forming a thin layer deposited on the substrate.[8]. 

 Decomposition of the precursor 

Depending on the substrate temperature, four different processes can occur: 

1. In the low temperature regime (process A), the aerosol droplets are projected 

directly onto the surface of the substrate and decompose. 

2. At higher temperatures (process B) the solvent evaporates completely before 

reaching the hot surface of the substrate. The precursor rushes and reacts on 

the surface. It decomposes and undergoes chemical reactions to form the layer 

of the desired material. 

3. At even higher temperatures (process C), the solvent also evaporates before 

the droplet reaches the substrate. The precursor precipitates and passes into the 

gaseous phase in the vicinity of the hot surface. The vapor of the precursor is 

adsorbed on the surface, diffuses and then reacts to form the layer. 

4. At high temperatures (process D) the precursor vaporizes before reaching the 

substrate, and therefore solid particles are formed after the chemical 

transformation in the vapor phase.(see Figure II.3) 
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Figure II.3:Description of the deposition processes[9]. 

II.4.Advantages  of The spray pyrolysis technique 

The spray pyrolysis technique is a new emerging wonderful method in material 

science. It possesses many advantages, in the fabrication of thin film materials for 

progress numerous industrial applications[10].  

 Economical technology; the fact that the used devices do not need to complex 

and expensive systems. 

   Membranes can be deposited on a wide area, with thin films prepared with 

good  adhesion and high stability in their physical properties over time. 

   Transient  sedimentation  is  easy  to  obtain  for  selected  materials  in  

terms  of compositional, optical and electrical properties by mixing two or 

more substances or changing the concentrations of the elements involved in 

membrane composition or changing the temperature of the base. 

 The  preparation  of  membranes  for  a  wide  range  of  materials  with  high  

melting grades is difficult to prepare in other ways. 

II.5.Disadvantage of The Spray pyrolysis technique 

 It requires a lot of efforts  and time to get homogeneous membranes. 

   Only chemical solutions are used and the powder cannot be deposited 

directly. 
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II.6. Experimental details 

The MgO and Zn-doped MgO solutions with different pH were sprayed on the heated 

glass substrates by spraying the pneumatic method which transforms the liquid to a 

formed stream with uniform and fine droplets of 25μm average diameter. The 

deposition was performed at a substrate temperature of 450°C with a deposition rate 

was 5.7 mL /min. The structural properties of MgO and Zn-doped MgO) studied by 

means of X-ray diffraction (XRD Bruker AXS-8D) with CuKα radiation (λ=0.15406 

nm) in the scanning range of (2θ) was between 20° and 80°. The optical transmission 

of the deposited films was measured in the range of (200 – 1000 nm) by using an 

ultraviolet-visible spectrophotometer ( LAMBDA 25) while Scanning electron 

microscopy (SEM) is applied to find surface morphology and energy dispersive X-ray 

(EDX)  to study film elemental composition. Then the electrical resistance R was 

measured by four-point methods. 

II.7.Study of Various Concentrations on MgO thin film 

To prepare the magnesium oxide, we follow these steps. 

II.7. 1.Preparation of the solution 

MgO solution were prepared by dissolving 0.05, 0.1, 0.15, and 0.2 mol L−1 of 

Magnesium nitrate hexahydrate (Mg(NO3)2.6H2O) in the solvent containing equal 

volumes of absolute H2O adding drops of HCl to stabilize the solution. The mixture 

solution was stirred for 3 h at 40°C to get a clear and transparent solution. (see  Table  

II.1) 

Table II .1: The parameters of chemical products. 

 
Chemical name Magnesium nitrate     

hexahydrate 

deionized water Hydrogen chloride 

Molecular formula (Mg(NO3)2.6H2O) H2O HCl 

Volume                 / 50 ml 1 ml 

II.7. 2.Preparation of the films 

To get good results in their properties, we deposited the films during their 

development on glass substrates. Slides made of soda lime glass (SLM) with 



Elaboration and Characterization Techniques 

 

  
Page 37 

 
  

dimensions of (2.5 cm × 2.5 cm × 0.15 cm) were utilized as substrates. The glass 

substrate was cleaned and rinsed in preparation for deposition.The glass substrate was 

utilized, as shown in figure 2.3, and it was cleaned using methanol and acetone for 10 

minutes, then deionized water for 5 minutes, before being dried in the air. ( see 

Figure II.4.) 

 

Figure II.4: Cut glass substrates using a sharp pen. 

MgO samples were fabricated by dropping MgO solution in the glass substrates at 

450°C by a pneumatic spray technique, which is based on the transfer of MgO 

solution to the heated glass substrate in air, and we fixed the distance between the 

heated glass substrate and the spray solution in the gun nozzle at 15 cm, and the 

sample size is 0.1 × 2.5 × 7.5 cm3. The experimental conditions such as the 

concentration of the MgO solution, deposition rate, deposition time, substrate 

temperature, and final measured film thickness of MgO thin films used in this work 

are presented in Table I.. MgO thin films were obtained at several MgO precursor 

molarities in the range of .05–.2 mol L−1. A pneumatic spray technique was used for 

technological applications because it is one of the most important techniques used for 

deposition and large-scale production and because of low cost. (see Figure II.5) 
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Figure II.5: Flow chart showing the schematic diagram for MgO thin films 

preparation. 

II.7:Effect  of pH solution on MgO thin film 

II.7.1:Preparation of solution 

Magnesium oxide MgO thin films have been synthesized by the chemical spray 

pyrolysis technique on glass substrates. The glass substrates were initially clean with 

soap solution, double distilled water, ethanol, acetone. The spraying solution used in 

this work was prepared by dissolving Magnesium acetate powder Mg 

(CH3COO)2.4H2O  diluted  in  a volume distilled water see Table II .2. To investigate 

the role of the pH on the growth of the MgO, the solution was. To different pH 

ranging from MgO thin films deposited at different pH   (2.5, 5, 6.8, 8.30, to 10). The 

pH values were varied by adding precise amounts of hydrochloric acid (HCl) or of 

Magnesium nitrate hexahydrate 

(MgNO3.6H2O) 

 

deionized water +drops HCl 

H2O 

  Mixing  and Stirring for 

3Hrs    

heated glass substrate at 450 C° 

spray solution 

MgO  thin film 
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Sodium hydroxide (NaOH)  to the aqueous solutions as pH controlling agents, where 

the sprayed precursor concentration was fixed to 0.15 M. The Mg2+ ions in the 

solution react with oxygen atoms of compressed air. The deposited films were at the 

temperature of 450°C and, All the pH measurements were carried out with a pH 

meter. as shown in Figure II.6. 

Table II .2:The parameters of chemical products. 

Chemical name Magnesium Acetate 

Tetrahydrate 

Deionized 

Water 

Hydrochloric 

Acid 

Sodium 

Hydroxide 

Molecular formula Mg(CH3COO)2.4H2O H2O HCl NaOH 

Volume / 20 ml drops drops 

Concentration 0.15 M / 1M 2M 

Molecular weight 214.455 g/mol / / 40g/mol 

 

 

 

 

 

 

 

 

Figure II.6: Experimental procedure for the pH adjustment in the MgO solution. 

II.7.2.Preparation of the films 

Magnesium oxide MgO thin films have been synthesized by the chemical spray 

pyrolysis technique on glass substrates as shown in Figure II.7. The glass substrates 

were initially clean with soap solution, double distilled water, ethanol, acetone. 
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Figure II.7: the preparation of  MgO thin films by spray pyrolysis. 

II.8.Influence of pH solution on Zn0.5Mg0.5O thin film 

II.8.1.Preparation of solution: 

 The Zn0.5Mg0.5O nanofilms were prepared by mixing two chemical solutions of  0.15 

M. The solutions were prepared by dissolving Magnesium Acetate Tetrahydrate 

Mg(CH3COO)2.4H2O and Zinc Acetate Dihydrate Zn(CH3COO)2.2H2O in distilled 

water. The melange solution was stirred and mixed for 10 min . was obtained with the 

solution pH= 7.10.  This process is repeated until the pH is changed by adding drops 

of hydrochloric acid (HCl) to the mixture for pH solution  2.50 .then drops of Sodium 

hydroxide for solution pH solution  8.30. As we mentioned before using the pH-meter 

technique;  we obtained various of pH solutions of Zn0.5Mg0.5O thin film (2.5, 7.10,  

and 8.30). (see  Table  II.3). 
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Table II .3:The parameters of chemical products. 

Chemical name Magnesium Acetate 

Tetrahydrate 

Zinc Acetate 

Dihydrate  

Deionized 

Water 

Hydrochloric   

Acid 

Sodium  

Hydroxide 

Molecular 

formula 
Mg(CH3COO)2.4H2O Zn(CH3COO)2.2H2O H2O HCl NaOH 

Volume / / 20 ml drops drops 

Concentration 0.15 M  / 1M 2M 

Molecular 

weight 
214.455 g/mol 219.551g/mol / / 40g/mol 

  

II.8.2.Preparation of the films 

 

 

 

 

 

 

 

 

 

 

 

 

Figure II.8:Flow chart of Spray pyrolysis method for preparation of Zn0.5Mg0.5O   

thin films. 

Magnesium acetate 

hexahydrate  

Mg (CH3COO)2.4H2O   

Magnesium nitrate 

hexahydrate 

Zn (CH3COO)2.2H2O 

deionized water H2O 

  Mixing  and Stirring 

for 10 min    
Sodium Hydroxide 

 add   hydrochloric 

acid (HCl) 

heated glass substrate at 450 C° 

spray solution 

Zn0.5Mg0.5O   thin film Zn0.5Mg0.5O  thin film 
Zn0.5Mg0.5O  thin film 
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II.10. Characterization Techniques 

II.10.1 Structural characterization  

X-ray diffraction is a tool for the investigation of the fine structure of matter. This 

technique had its beginnings in von Laue's  discovery in 1912 that crystals diffract  x-

rays, the manner of the diffraction revealing the structure of the crystal[11]. At first, 

x-ray diffraction was used only for the determination of crystal structure.  Later on, 

however, other uses were developed, and today the method is applied not only to 

structure determination,  but to such  diverse problems as chemical analysis and stress 

measurement, to the study of phase equilibria and the measurement of parti- cle size, 

to the determination of the orientation of one crystal or the ensemble of orientations in 

a polycrystalline aggregate [12]. 

         𝒏𝝀 = 𝟐𝐝𝐡𝐤𝐥𝐬𝐢𝐧 𝜽                                                             (II.1) 

 Where(λ) is the wave length of the X-ray beam, (dhkl) is the spacing between 

theparallel  planes in the  atomic lattice,  (h,k and l)  are the miller indices  of the 

corresponding  lattice  planes  (hkl), θ is  the  angel  between  the  incident  ray  and  

the  scattering planes, and n is  an integer. Waves that satisfy this condition interfere 

constructively and result in a reflected wave of significant intensity. 

. 

 

Figure II.9 .Incident and scattered X-rays in XRD analysis. 
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By measuring the strength of scattered waves from a sample as a function of the 

scattering angle, a diffraction pattern is created. The diffraction pattern exhibits 

extremely strong intensities known as Bragg peaks at the locations where the 

scattering angles meet Bragg's requirement. The average crystalline size, orientation, 

and crystal structure of the films may all be learned via X-ray diffraction 

examinations. The experimentally determined diffraction patterns from the sample are 

contrasted with the expected patterns of the elements and compounds it is likely to 

contain. Conclusions concerning the sample's crystal structure and orientation can be 

made on the basis of this comparison (See Figure II.9) [13]. 

II.10.1.a. Analysis of XRD Data 

After the XRD pattern forms, the value of 2θ is estimated for each diffraction peak, 

and the d-spacing (dhkl) values are computed from 2 values using Bragg's equation. 

These numbers are utilized to derive thin-film crystallographic parameters such as 

phase identification, crystallite size determination, lattice parameter determination, 

etc. 

II.10.1.b.Identification of phases  

Phases of various materials can be identified in the usual way: The observed values 

(interplanar spacing) for the same material synthesized using a standard chemical 

process are compared to normative d values from an ASTM (international American 

Standard for Testing of Materials) standard data file or a JCPDS (Joint Committee for 

Powder Diffraction Standards) data file[14]. This study displays the many phases that 

are present in the sample as well as the atomic planes' miller indices (h, k, and l). The 

absence of reflection peaks suggests that the sample is amorphous. Epitaxial growth is 

shown by a single reflection peak, whereas polycrystalline (heteroepitaxial) 

development is indicated by various reflection peaks. is small, there is no more 

complete destructive interference at  θ ±dθ , which broadens the peak corresponding 

to diffracted beam in proportion to the size of the tiny crystal[15]. Moreover, the XRD 

approach can also afford precise results for lattice parameters, unit cell volume, 

constituents of the coatings, and crystal symmetry with atom positions. 

 



Elaboration and Characterization Techniques 

 

  
Page 44 

 
  

II.10.1.c.Determination of Crystallite Size from XRD Data 

From the X-ray diffraction pattern, the width generated in a peak which knownas full  

width  at  half  maximum  (FWHM)  (See  Figure II.10),The crystallite size was 

calculated using the relation given by Scherrer and formulated as,[16] 

 

𝐃𝐡𝐤𝐥 = 𝟎.𝟗𝛌 𝛃𝐡𝐤𝐥 𝐜𝐨𝐬(𝛉𝐡𝐤𝐥)⁄                                              (II.2) 

 

Where,  

Dhkl - Crystallite size size, ([D] = nm) . 

θhkl - is the diffraction angle in degrees.  

λ - is the wavelength of the X-rays beam (A °).  

β- line broadening at Full Width at Half Maxima (FWHM). 

 

 

Figure II.10: Full width at half maximum (FWHM) of an arbitrary peak. 
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 II.10.1.d.Determination of Lattice Parameter    

By applying Bragg's law to determine the dhkl value, the standard Bravias lattice 

relation for a cubic structure(a = b = c), and Miller indices (hkl) related to the 

reflection orientation as follows, it is simple to derive the lattice parameters  of a 

crystal structure have been determined by equation: 

𝐚 = 𝐝(𝐡𝟐 + 𝐤𝟐 + 𝐥𝟐)𝟏/𝟐                                         (II.3) 

                                              

Two main factors that are present in metal oxide films affect the mechanical strain in 

the films. The first one is the variation in the substrate's and the expanding film's 

coefficients of thermal expansion. The creation of strain in the film lattice is caused 

by the second factor, which is the distortion of the developing film composition from 

stoichiometry. Additionally, the microstrain in the films exhibits a relation with 

(FWHM) by[17]. 

 

        ε= β/4tanθ                                                           (II.4)                                                                                                                                                       

                                           

A dislocation is a flaw in a crystal that results from the lattice in one portion of the 

crystal being misregistered with that in another. Dislocations, in contrast to vacancies 

and interstitial atoms,are not equilibrium flaws; hence, thermodynamic considerations 

are insufficient to explain the importance of including dislocations.Using the formula, 

the dislocation density  is calculated as the number of dislocation lines per unit area of 

the crystal[18]. 

 

δ = 1/ D2 (Lines / m2)                                                                 (II.5)                             
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 II.10.2. Optical characterization 

 The UV-Visible spectrophotometry technique tells us about certain optical properties 

of the material such as the optical absorption threshold, the absorption coefficient, the 

gap optics, Urbach energy, and the refractive index. It can also inform us in some 

cases about the thickness of the sample. 

Ultraviolet-visible spectroscopy or ultraviolet-visible spectrophotometry (UV-Vis or 

UV/Vis) refers to absorption spectroscopy or reflectance spectroscopy in the 

ultraviolet visible spectral region. The absorption or reflectance in the visible range 

directly affects the perceived color of the chemicals involved, it measures the 

intensity of light passing through a sample I and compares it to the intensity of light 

before it passes through the reference I0. The ratio (I/I0 )is called the transmittance 

and it is usually expressed as a percentage (T %). The absorbance, A is based on the 

transmittance[19]. 

 

𝑨 = − 𝐥𝐨𝐠(
𝑻

𝟏𝟎𝟎
%)                                                         (II.6) 

The UV-visible spectrophotometer can be also configured to measure reflectance. In 

this case, the spectrophotometer measures the intensity of light reflected from a 

sample (I), and compares it to the intensity of light reflected from a reference material 

(I0) (such as a white tile). The ratio ( I I0 ) is called the reflectance, and is usually 

expressed as a percentage (R %) (See  Figure II.11). 
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Figure .II.11: Schematic spectrometer of UV-Vis . 

II.10.2.1. Band Gap Calculations 

 Transmission data can be used to determine thin film optical band gap energy. Jan 

Tauc reported that the transmittance data of a thin film coating can be used to 

calculate the absorption coefficient (α) of a coating along the entire wavelength. 

Plotting (αhυ) 1/n versus photon energy results in a Tauc plot, which shows the linear 

drop of the absorption edge. The value of n depends on the type of electron transition 

whether it is direct (n = 1/2) or indirect (n = 2). By extrapolating the linear part of 

Tauc plot toward X-axis, the optical band gap energy is obtained. Figure II.12 shows 

a typical Tauc plot for estimating the band gap energy[20]. 
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Figure II.12:Typical Tauc plot for estimating the band gap energy of a thin film 

II.10.2.2. Disorder calculating (Urbach Energy)  

We observe localized states formed band tails border of the band gap in the valence 

band and conduction. For energies above and below Ev, Ec is the extended state, this 

difference is known as the disorder or Urbach Energy; According to Urbach law, 

Indeed, the absorption coefficient, according to the law of Urbach, is given by the 

relation[21]. ( See Figure II.13) 

 

𝜶(𝒉𝝂) = 𝜶𝟎 𝐞𝐱𝐩 (
𝒉𝝂

𝑬𝒖
)                                                                    (II.7) 

 

 

Where : 

α0: Constant 

EUrb: Energy of Urbach( eV ) 

By plotting ln(α) as a function of hν, we can access the value of EUrb 
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𝐥𝐧 𝛂 = ⌈
𝟏

𝐄𝐔𝐫𝐛
⌉ 𝐡𝛖 + 𝐥𝐧 𝛂𝟎                                     (II.8)                    

The parameter EUrb is the width of the tail of the band which characterizes the disorder 

 

 

 

 

Figure II.13: Example of the determination of the Urbach parameter from the 

Variation of lnα as a function of hυ. 

II.10.3 Morphological characterization 

II.10.3.1. Scanning electron microscope coupled with microanalysis (SEM/EDX): 

Scanning  Electron  Microscop SEM is a technique that can provide information on 

the morphology of a solid sample. It is based on the principle of electron-matter 

interactions. For this, a cannon produces a beam of electrons thanks to a tungsten 

filament heated by the Joule effect in a second vacuum chamber. This beam is 

accelerated by a high voltage created between the filament and the anode. It is then 

focused on the sample and scans the surface line by line, either by a mechanical or 

electromechanical movement[22]. The sample must be conductive, otherwise, it must 

be covered with a thin film of metal (Au, Ag, Cu, etc.) or carbon to allow the electron 
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beam to pass. The interaction of the electron beam with the material produces 

electrons (secondary and backscattered) and X-rays. The analysis of these electrons 

makes it possible to deduce the topography of the sample. 

 Energy dispersive spectrometry (EDX) coupled with SEM allows the determination 

of the chemical composition of the examined surface. It consists in analyzing the X-

rays generated by a sample placed under the kls electron beam of the scanning 

electron microscope (SEM). The radiation emitted during the interaction between the 

x-rays and the material of the sample is transcribed in the form of a spectrum, where 

peaks of variable intensity appear, characteristic of the metallic or mineral elements 

present ( See Figure .II.14) 

 

Figure .II.14:Ray diagram of scanning electron microscopy. 

II.10.4. Fourier transforms infrared spectroscopy (FTIR) 

Electromagnetic radiations in which wavelength extend in the range of 1micron to 1 

mm are termed infrared, which lie between the visible and microwave region. 

Usually, the wavelength used in IR spectroscopy ranged from 2.5-25 microns or 4000 

to 400 wave numbers (waves per cm)[23]. FTIR is mostly used to identify chemicals 
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that are either organic or inorganic. We can also use it to get information on some 

compounds of an unknown mixture. The FTIR can be applied to the analysis of solids, 

liquids, and gases. Today, the FTIR is computerized and it has become more sensitive 

than the other dispersive instruments. The FTIR not only identifies chemicals but also 

identifies the types of chemical bonds (functional groups). To get the absorption 

spectrum of material it absorbs the wavelength of light. By interpreting the IR 

absorption spectrum, we can able to determine the chemical bonds in the molecule. 

We can obtain unique FTIR spectra of pure compounds like a molecular fingerprint. 

The spectrum of unknown materials can be identified by comparison to a library of 

known compounds[24]. West coast analytical service (WCAS) has several IR spectral 

libraries including online computer libraries. The technique is founded upon the 

simple fact that a chemical material shows famous selective absorption in the IR 

region, a diagram of the components of a typical spectrophotometer is shown in 

Figure II.15. 

 

 
 

Figure II.15: Schematic diagram of a Fourier transform infrared spectrometer [23]. 
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II.10.5. Electrical characterization 

Four-Point Probes Measurements 

A 4-point probe system is a powerful tool commonly used to measure the electrical 

resistivity and sheet resistance of semiconductor materials. Compared to a traditional 

2-point probe, a 4-point probe gives more accurate results of material resistivity 

because it eliminates the contact and probe resistance. Typically, this instrument has 

four regularly spaced probes that are arranged in a linear pattern (see Figure.II.16). 

Each pair of adjacent probes is separated by 1 mm. As long as the thickness is known, 

the film resistivity can be measured by applying an electric current through the two 

outside probes and recording the voltage from the two circular probes. The following 

relationship determines the electrical resistivity[25]: 

 

𝝆 = [
𝝅

𝐥𝐧 𝟐
 
𝑼

𝑰
] 𝒅 = 𝑹𝑺d                                               (II.9) 

                                          
where,d is the film thickness, V is the voltage across the inner two probes and I is the 

current passed through the outer two probes. For accurate resistivity measurements, 

the four probes must perfectly attached the film surface and the contact diameter 

should be smaller than the spaces between the probes.[10] 

 

 
 

           
 
 

Figure :II.16: Schematic of in-line four-point probe configuration 
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II.11. Conclusion 
 

In this chapter, We have explained the spray pneumatic method, in addition, have also 

 we have described the preparation of MgO thin films and Zn-MgO, and determined  

the experimental conditions. Finally, we used various characterization methods such 

as XRD,  UV-VIS spectroscopy,  Fourier transforms infrared (FTIR) spectroscopic  

analysis, and electrical characterizations (the four points technique). 
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III.1. INTRODUCTION 

In the latest research, for the important subjects in the field of materials science, the synthesis of 

thin films from a metal oxide (semiconductor), the magnesium oxide (MgO) was used in 

microelectronic and optoelectronic devices due to the good dielectric constant (~ 9.8) and high 

breakdown field (12 MV.cm-1) with compared to the layer of silicon dioxide (SiO2) [1,2]. On the 

other hand, MgO is an important semiconductor material due to the good electrical resistance as well 

as excellent optical and thermodynamic stabilities [1,2]. MgO was slightly crystallized at any 

temperature to the cubic of NaCl structure with lattice parameter a = 0.421 nm [1-3], The optical 

bandgap of MgO thin films varied between 5.6 to 7 eV [1-4] and high stability that are similar to ZnO 

[4]. In addition, MgO was used in a variety of sciences and technology such as optoelectronic devices 

due to the good structure crystallinity and high transparent in the visible region [5,6]. Moreover, the 

MgO thin films can be used in various applications due to the simplicity of synthesis such as solar 

cells, chemical sensors, photodetectors, organic light-emitting diodes, infrared window material, 

ferromagnetic thin films, ferromagnetic thin films, and protective layer in AC-plasma display panels 

[1-9]. 

The MgO thin films can be obtained by various deposition techniques likely reactive evaporation, 

electrochemical deposition, technique of magnetron sputtering, molecular beam epitaxy (MBE), 

pulsed laser deposition, sol-gel process, chemical vapor deposition, and spray pyrolysis [5‒12]. The 

aim of this work, we have used pneumatic spray technique to fabricate the magnesium oxide (MgO) 

thin films, which it studied at several MgO precursor molarites (0.05; 0.10; 0.15 and 0.20 mol.l-1). 

The optical, electrical and structural characterizations of magnesium oxide (MgO) thin films.  

 

III.2. Results and discussion 

III.2.1.Study structural properties 

The effect of MgO concentration on the crystal structure and preferred orientations of the sprayed 

MgO thin films was characterized by the XRD technique. Figure.III.1 shows the XRD patterns of 

MgO thin films deposited with various concentrations of 0.05, 0.10, 0.15 and 0.2 mol.l-1. As the first 

result, All the films exhibited two diffraction peaks at  2  = 22 and 31° related to (002) and (220) 

planes of MgO phase, indicating MgO thin films are polycrystalline cubic structure. The good crystal 

structure showed for a strong peak, which corresponded to the (002) plane of the MgO cubic structure. 

It can be seen that the intensity of the (002) peak of sprayed MgO thin film with 0.15M has a good 

crystallinity, which confirmed the improvement of the crystalline quality and the reduction of defects 
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in the crystal structure. The lattice parameter a of MgO thin films was found in order to 0.421 nm, 

which it agreed with obtained by [18-21]. 

 

  

  

Figure. III.1: XRD spectra of MgO thin film doposited with different molarities. 

 

The crystallite size G of (002) diffraction peak of the MgO thin films was calculated using the 

Scherer’s equation [23]: 





cos

9.0
G                                                 (1) 

where G is the crystallite size, λ is the wavelength of X-ray (λ = 1.5418 A°), β is the full width at 

half-maximum (FWHM), and θ is the angle of diffraction peak. Figure. III.2 shows the variations of 

the crystallite size of the (002) diffraction peak as a function of MgO concentration. It can be seen, the 

crystallite size increased with increasing the MgO concentration from 12.1 nm for 0.05 to 21.4 nm for 

0.20 mol.l-1, which may be due to the improvement of the crystalline quality of MgO.  
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Figure. III.2: the variation of crystallite size of MgO thin film doposited with different molarities. 

 

 

III.2.2. Study Optical properties 

Figure. III.3 shows the relation between transmission and wavelength in the range of (300- 1000 

nm) for magnesium oxide thin films. The transmission for all thin films increases as the wavelength 

increases in the range of (300- 1000 nm) (see Table III.1), which it is corresponds the region 

between the valence band and conduction band. The spectrum shows high transmission in the visible 

and infrared regions, and low in the ultraviolet region. The transmission of MgO thin films decreases 

with increasing of MgO precursor molarity from 0.05 to 0.2M in all deposited films due to the 

increase film thickness (see Table. III.1). On the other hand, the region of the transition (absorption 

edge) between the valence band and the conduction band it is observed between 300–330 nm, this 

attribution can be explain to find low optical band gap energy. Płóciennik et al. [13] have found that 

the absorption edge of MgO films which is of about 160 nm. We concluded that the effect of MgO 

precursor molarity on optical property was observed. 

Reflectance R can be obtained from absorption and transmission spectrum in accordance to the law 

of conservation of energy by the relation [14]: 

1 RTA                             (2) 
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where R is the reflectance, T is the transmission of the films and A is the absorption. Figure. III.4, it 

have been noticed that all the prepared thin films have a different absorption in visible range of the 

spectrum, which shows the relation between the absorption (A) with Transmission (T). The high 

absorption edge value can be find with 0.2M because the increases in the film thickness. 

 

 

Figure. III.3: Variation of transmittance spectra (T) with wavelength (λ) of MgO thin film doposited 

with different molarities. 

Table III.1. Variation of film transmission of MgO as a function of molarity. 

Molarity (mol.l-1) 0.05 0.1 0.15 0.2 

TRANSMISSION (%) BETWEEN 400 AND 800 NM 62 59 41 22 

 

 

Figure. III.4: The relation between absorption and wavelength of deposited MgO thin films. 
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The optical energy gap (Eg) was derived assuming allowed direct transitions between the edge of 

the valence and conduction band. For MgO thin films, we can calculated using Tauc’s equation [15] 

                                n
gEhCh )()(                                                                                                            (3) 

where α is the absorption coefficient,  C is a constant, h�  is the energy of incident photon and n 

depends on the quantum selection rules for different materials which may be equals to  1/2 for direct 

and 2 for indirect band gap. In our case, we have used n=1/2 because it gives an excellent linear fit 

curve in the band-edge region [16]. 

The absorbance (αd=2.303A) has been used to determine the band gap of the evolving MgO film 

by measuring the absorption coefficient as a function of the incident photon energy (h�).  

The graphs of (αh�)2 versus (h�) plots of MgO films fabricated at different molarities were 

obtained. It can be measured by the extrapolation of linear portion of the graph to the energy axis at α= 

0 [15] in the range between 300–330 nm gives band gap energy Eg is shown in Table III.2.  

In the addition of we have used the tail width, which can be calculated using the Urbach rule for the 

absorption coefficient at lower photon energy [17]. 













uE

h
 exp0                                                        (4) 

gives as the values of Eg and Eu at different concentrations of molarities to MgO solution. In the 

other hand, Figure. III.5 shows the variation of optical band gap and Urbach energy of MgO thin 

films as a function molarity. As can be seen, that the band gap energy Eg and Urbach energy Eu are 

dependent to the change in MgO solution, it is clear that the values of Eg are agreements to Eu 

variation. However, can be observe that the band gap energy of MgO thin films decreased slowly with 

incrassating the MgO molarity, this result can be explained by the increase of oxygen with the film 

preparation. As mentioned above, As a result, both a decrease in the optical gap and a broadening of 

the Urbach tail occurred. Similar to our findings, El-Gamal and l Sayed [18] they obtained that the 

optical gap energy of PAM/PVA-loaded MgO NPs was varied between 4.4 to 5.3 eV. However, Fuad 

T. Ibrahim [19] have a highest value of Urbach energy that was found in the range of 1.8-4.2 eV. 

Refractive index (n) of MgO thin films was calculated by using the following formula [20]: 

2
2)1(

4

)1(

)1(
K

R

R

R

R
n 







                                                              (5) 

where R is the reflectance and K  is the extinction coefficient of MgO thin films. The extinction 

coefficient was determined from λ is the wavelength and α is the absorption coefficient by the 

following relation [20]. 
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4
k                                        (6) 

The refractive index n is presented in Table 3, we have observed that the value is smeller then the 2.4. 

Mousa et al. [21] they found that the deposited MgO thin film at 450 °C has a refractive index of about 

3.1. 

Table III.2: Variation of the optical band gap energy Eg and the Urbach energy of MgO thin films 

with different molarities. 

Molarity 

(mol.l-1) 

Optical 

gap Eg 

(eV) 

Urbach energy 

Eu (meV). 

Refractiv

e index 

(n) 

0.05 4.77 519 1.8 

0.10 4.48 465 1.9 

0.15 4.42 420 2.2 

0.20 4.28 375 2.4 

 

 

Figure. III.5: The variation of optical band gap and Urbache energy of MgO thin films as a function 

molarity. 
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III.2.3. Study electrical properties 

The four-point probe is required to measure the sheet resistance of the films. Since negligible 

contact and spreading resistance are associated with the voltage probes, the sheet resistance (RSh) can 

be estimated, when the film thickness less than the spacing between the probes, using the following 

relation [22]: 

I

V
R sh

2ln


                                             (7) 

where I is the applied currant and V is the measurement voltage.  

Table III.3 and Figure. III.6 gives the Rsh values of MgO thin films as a function of concentration 

molarity. As can be seen that the Rsh was found decreases with increasing the concentration molarity. 

The decrease of the resistance can be explain by the increase in the films thickness of the deposited 

MgO thin films with molarity.  

Table III.3.The electrical resistance of of MgO thin films with different molarities. 

Molarity (mol.l-1) 0.05 0.10 0.15 0.20 

I (A)*10-6 0.5 0.5 0.5 0.5 

V1 (V) 0.0712 0.0542 0.0473 0.0325 

V1 (V) 0.0290 0.0473 0.0277 0.398 

V3 (V) 0.0640 0.0521 0.0455 0.217 

RSH (Ω) *107 2.18 2.11 1.87 1.68 

 

 

Figure. III.6.The electrical resistivity variations with different molarities of MgO thin films. 
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III.3. CONCLUSION 

In this study Magnesium Oxide thin films were deposited on galas substrate by pneumatic 

technique. The effects of concentration molarity (0.05; 0.1; 0.15 and 0.2M) were successfully 

investigated. The high transmission was found in the deposited MgO thin film with lowest molarity.  

The transmittance of MgO thin films decreases rapidly as the wavelength increases in the range of 

(300-400) nm, and then increases slowly at higher wavelengths. The band gap of MgO thin films 

decreases as the molarity increases and the band gap values range between 4.8-4.3 eV. The Urbach 

energy values range between 375-519 meV. The electrical resistance of our films in the order 2*107Ω. 

Polycrystalline MgO films with a cubic structure with a strong (002) preferred orientation were 

observed at all sprayed films with maximum crystallite size of 21.4 nm was attained of sprayed film at 

0.2 mol.l-1. The good transmission was found in the deposited MgO thin film with lowest molarity. 
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IV .1. Introduction 

Magnesium oxide thin films are very important scientific and commercial materials [1-5]. 

Nowadays, oxide materials are widely used in the producing of integrated circuits, Opto-, 

acousto- and microelectronics, solar energy, and other areas of modern industry [2,3]. MgO is a 

highly ionic crystalline solid, which crystallizes into a rock salt structure. It has FCC Mg+2and O-

2 sublattices,  with a lattice parameter of (a=b=c=4.21) Å [3-8] and low energy neutral (100) 

cleavage planes [4-6] also MgO is a p-type semiconducting material , Moreover, MgO material 

possesses direct energy ,It is attracting much interest owing to its unique properties such as a 

high dielectric constant (≈9.8) , and a high break down field of 12 MV/cm [5-7]. Furthermore, 

MgO has a direct energy band gap in the region of 3.5–5.67 eV [5, 9-11]. It is characterized by 

high transmission values in the visible range near to 90% [6, 10-13]. In this chapter we have 

prepared the MgO thin films on glass substrate. The effects of pH on structural, morphological, 

optical and electrical properties were investigated. 

IV .2. Results and discussion 

IV.2.1. Structural properties of MgO thin films 

The  X-ray  diffraction  (XRD)  spectrum  of  the  deposit  MgO  thin  film  by spray   pyrolysis  

was presented in  Figure IV.1. The MgO thin films were prepared at different pH values varied 

from 2.5 to 10. It was seen that XRD patterns changed with the pH values. We have observed 

that all diffraction peaks of MgO thin films were observed at the diffraction angle of 10°<2θ<90° 

on the XRD spectrum. These diffraction patterns have cubic (MgO) structures in the (200) and 

(220) plane at pH: 2.5, (111), (200) and (220) at pH: 5, (200) and (220) at pH: 6.8, (200) and 

(220) at pH: 8.30, (111) (200) and (220), at pH: 10. The XRD spectrum of sprayed MgO thin 

films has matched the structure of MgO thin films is cubic structure. It clearly exhibits the peaks 

at angles, 36.93°, 42.90°, 62.29°, 74.67° ,and 78.61° correspond to (1 1 1), (2 0 0), (2 2 0), (3 1 

1), and (2 2 2) planes (JCPDS No. 01-078-0430), planes and no diffraction peaks of other 

compounds were observed. The diffraction peaks were strong and sharp which indicated that the 

prepared samples had good crystallinity. A strong peak observed at 42.92° with the reflection 

plane of (200) confirms the magnesium oxide phase. The XRD result (See Figure IV.1.) 

revealed that the MgO thin film deposited in the acidic medium and neutral medium was also in 

the basic medium, which it’s indicating that the crystallinity of MgO thin films were improved. It 
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can be seen that the crystal structure of the films was affected strongly by the pH values. These 

values are shown in.Table IV.1.  

Figure IV.1:XRD patterns of MgO thin films deposited on glass substrates at different  solution               

pH. 

Table IV.1. The structural parameters of MgO films corresponding to (200) plane. 

   pH Preferred 

  Plane 

  (hkl) 

Standard 

  2θ (°) 

 

   The 

Observed 

  2θ (°) 

Standard 

  d (Å) 

  The  

Observed 

  dhkl (Å) 

    JCPDS Card 

  No. 01-078-0430 

2.5      200      42.88  2,10731 

 
 

5      200      43,06 

 

 2,09897 

 

 

6.8      200 42 ,90    42,94 

 

2,10615     2,10594 061325 

 

8.30      200     42,92 
 

 2,10044 

 

 

10      200      43,03 

 
 2,09951  
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 The crystallite size (D) was estimated from the FWHM of the high intense peaks, namely the 

one corresponding to (200) crystallographic plane, using the Debye–Scherer formula : [14] 

 




cos

9.0
)( hklD                                                                                      (IV.1)           

Where ‘θ’ is Bragg diffraction angle, ‘λ’ is X-ray wavelength (λ=1.5406 Å); ‘k’ is shape factor 

(0.9); ‘β’ is the width of half maximum of the diffraction peak. 

The pH meters have an influence on both the crystallite size and the crystallinity of the 

nanoparticles. From these calculations, it is observed that the crystallite size is decreased from 

16.73 nm to 9.92 nm by increasing the pH level of the solution due to the increase of the FWHM 

value. These values are shown in Table IV.2. 

 

 

 

Table IV.2:Crystallite sizes, dislocation density and strain values of MgO thin films extracted from 

XRD analysis. 

pH FWHM 

(β°) 

D 

(n.m) 

Lattic 

a 

 Strain  

(ɛx10−3) 

Dislocation density 

(δ x1015) 

 

2.5 0.51 16,73 

 

4,21 

 

2,07  

 

3,57  

 

5 0,53 

 

16,10 

 

4,19 

 

2,15  

 

3,85  

 

6.8 0,81 

 

10,53 

 

4,20 

 

3.29   9,01  

 

8.30 0,67 

 

12,73 

 

4,21 

 

2.7  

 

 6.17  

 

10 0,86 

 

9,924 

 

4,20 

 

3.49  10.1  
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Figure IV.2:Crystallite size and FWHM of MgO thin film as a function of the different solution 

pH. 

The pH of the solution is responsible for controlling the supersaturating and eventually the 

crystallite size of the crystallizing species. The solution may become supersaturated when 

increasing the pH of the solution. Supersaturating is critical because it is a driving force for 

crystal nucleation and growth. At higher supersaturating, crystal nucleation dominates crystal 

growth, ultimately resulting in smaller crystals. This result has a good agreement with another 

researcher [15]. 

Elsewhere the crystal lattice parameters for the cubic structure along the (200) at pH: 2.5, (200) 

at pH: 5, (200) at pH: 6.8, (200) at pH: 8.30 and (200) at pH: 10, (200) plane were calculated by 

using the formulas given below, and calculated lattice parameter (a) compared with the standard 

values. It can be seen from Table IV.2 that lattice constant a change according  to pH from 4.21 

Å to 4.19 Å, while the diffraction angle 2θ shifted to higher angles with increasing pH values 

from 2.5 to 10 [16].  
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             𝑑2 =
𝑎2

ℎ2+𝑘2=+𝑙2         (   Cubic Structure)                                         (IV.2)    

where, dhal
 is the interplanar spacing was calculated by Bragg’s law ( ℎ𝑘𝑙 nλ= 2d hkl sin (θhkl)),[17] 

(h, k, l) is the Miller indices. We have an according to the preferred direction of crystal growth is 

recorded in Table IV.1, where it is clear that they are close to the values of  the JCPDS card and 

calculated lattice parameter a compared with the standard values are listed in Table IV.2. It is 

found that the lattice parameters were slightly different, the change that occurs in interplanar 

spacing, and this means that dhkl. They are not equal, which in turn leads to the displacement of 

the atoms from their original position, and thus expansion or compression occurs, that is strain 

(ε) induced in powders as a result of the crystal defects and distortion was estimated using the 

relation. (See Table IV.2). 

 

        ε= β/4tanθ [18]                                                                                            (IV.3)    

 

 

                            Figure IV.3: Crystallite size and the strain as a function solution pH 
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where β is the FWHM and θ is the diffraction angle. From these calculations, it is observed that 

the lattice strain is increased by increasing the solution pH due to the decrease of crystallite size 

of the nanoparticles. 

The dislocation density (  ) is the dislocation lines per unit area of the crystal can be evaluated 

from the crystallite size (D) using the following formula [19]. 

  δ = 1/ D2 (Lines / m2)                                                                        (IV.4)                                                                                           

It is clear that the dislocation densities increased by increasing the pH values of the chemical 

solution, As a consequence, crystal defects are increased.  

 

Figure IV.4 : Crystallite size and the strain as function of solution pH. 

IV.2.2. Optical properties of MgO thin films 

The transmission spectra of the MgO thin films were deposited at different solution pH values. 

The transmission of the films has studied the relationship between transmittance and wavelength 

in the range of (300- 1000 nm), it are shown in Figure IV.5.The transmittance for all thin films 
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increases with increasing wavelength in the ultraviolet - visible region. The spectrum shows high 

transmittance in the visible and low in the ultraviolet region. All deposited films exhibited a 

average transmittance between 25 % and 78% in the visible region, it is found by various  works 

of literature  the in the range 55 to 90 [20,21]. The fundamental absorption edge in the range of 

300–350 nm , is probably due to the excitation and the migration of electron transition from the 

valence band to the conduction band. It can be seen that transmission improved with the increase 

in pH values (2.5, 8.30, to 10). Conversely the transmittance was decreased wit pH values 

increased from (5   to 6.80). The absorption edge shifts were clearly visible at wavelengths lower 

than 400 nm when the variation of absorbance data of MgO thin films was observed. The optical 

property of MgO thin films is affected by the pH of the solution, as can be shown in Figure 

IV.6. However the optical gap energy was amount of energy necessary to move an electron from 

the valence band to the conduction band. 

 

Figure IV.5:Transmittance spectra of MgO thin films with different soltion pH. 
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Figure IV.6: Absorbance spectra of MgO thin films with different solutions of pH values. 

The optical bandgap Eg is measured by the amount of energy necessary to move an electron 

from the valence band to the conduction band. It was found using the classical method by 

extrapolating of the curve at A = 0, Adjust the linear portion of the plot (Ahv) 2 against (hv)( See 

Figure IV.7) [22], according  to the following equations: 

A = α d = − ln T                                                                                      (IV.5)                                                                                                

(Ahʋ) 2 = C(hʋ − Eg)                                                   (IV.6)      

                                                                                   

Where A is the absorbance, d is the film thickness; T is the transmission spectra of thin films; α 

is the absorption coefficient values; C is a constant, hʋ is the photon energy and Eg  is  the band 

gap energy of MgO thin films (see Table 3). While whereas, the disorder in the MgO thin films 

was characterized by the Urbach energy (Eu) has been calculated by the following 

expression[23]:       

                                            A = A0exp (hʋ / Eu)
                                            (IV.7)                                                                                      

Where A0 is a constant hʋ is the photon energy and Eu is the Urbach energy, where A0 a constant 

hʋ is the photon energy. Figure IV.8 shows the drawn of LnA as a function of photon energy hʋ 

for deducing the Urbach energy. 
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 Figure IV.7: Plots of (Ah) 2 versus photon energy of MgO thin films deposited at different 

solution pH. 
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Figure IV.8: Plots of LnA versus photon energy (hν) of MgO thin films deposited at different solution 

pH. 
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Table IV.3.Summarizes the calculated optical band gap energy and Urbach energy for pH=2.5, 

5, 6.8, 8.3,10. The energy (Eg) decreases between 3.9 to 3.70 eV, on the other hand, also the 

Urbach energy increases from 398 to 400 with increasing the pH of MgO thin films. except for 

the pH of solution 8.3 The bandgaps obtained are higher than the reported values, The higher 

bandgaps could be attributed to quantum effects caused by the orderly arrangement of the MgO 

structure[24].  Even so the decrease in the band gap can be due to the influence of various factors 

such as grain size, structural parameters, carrier concentration, presence of impurities, and lattice 

strain [25]. 

Table IV.3. The variation of the band gap energy Eg and the Urbach energy Eu of MgO thin 

film at various pH values. 

pH of solution Energy band gap (eV)Eg Urbach energy Eu 

2.5 3.91 0.398 

5 3.76 0.505 

6.80 3.70 0.953 

8.30 3.97 0.396 

10 3.89 0.472 

 

IV.2.3. The Morphology Properties of MgO Thin Films 

The SEM characterization was used to examine the surface morphology and overall grains 

distribution of the samples. Figure 9 (a-e) shows the SEM images, and Figure IV.9 displays the 

EDX spectra of MgO films deposited at (a) pH = 2.5, (b) 5, (c) 6.8, (d) 8.30, and (e) 10, 

respectively. Through many experimental and theoretical studies the nucleation kinetics over 

films governed by random nucleation and process growth, as well as the extent of agglomeration, 

Affect the distribution and grain size of nanocrystals. The size, shape, also morphology of MgO  

thin films are strongly influenced by the pH of the precursor solution, as can be seen, the growth 

of elaborated films changes with the pH of the solution[15]. At pH = 2.5, a diversity of 

agglomerated grains shapes as a surface was found, illustrating that our film's surface is porous 

and rough. Were observed at PH= 5 and 6.80 the grains become nearly spherical and bigger. 

Otherwise, the pH increased to pH =10, showing spherical grains and smaller. 
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Figure IV.9: SEM images  and EDX spectra of MgO thin films prepared at (a) pH = 2.5, (b) 5.0, 

(c) 6.80, (d) 8.30 and (e)10. 

 

All EDX spectra identify the presence of Magnesium and Oxygen in the deposited films. Also 

the analyses the atomic percentage of the Mg and O compounds are presented in Table IV.4.  As 

can be seen, the atomic percentages of Mg and O elements vary with solution pH. 

Table IV.4: The results of quantitative elemental analysis of MgO thin films. 

pH values Elements Atomic percentage 

2.5 Mg 

O 

63.52 

36.48 

5 Mg 

O 

68.40 

31.60 

6.80 Mg 

O 

59.94 

40.06 
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8.30 Mg 

O 

69.73 

30.27 

10 Mg 

O 

54.49 

45.51 

 

IV.2.4: The Electrical Properties of MgO Thin Films 

The electrical properties of the obtained MgO thin films was measured as a function of pH 

values by using four-probe techniques at room temperature. For measurement of sheet resistance 

(Rsh); the current (I) is applied between the outer two leads and the potential difference (V) is 

measured across the inner two probes [17]. Since negligible contact and spreading resistance are 

associated with the voltage probes, one can obtain a fairly accurate estimation of Rsh using the 

following relation:                                   

R SH =
π       V

ln(2)I
                                                                (IV.8)                                                                                           

 

Where, V is the voltage and I is the current. 

Table IV.5 and Figure IV .10 give the Rsh values of MgO thin films as a function of the pH 

solution. As can be seen that the sheet resistance of MgO thin films were found in increases with 

increasing the pH solutions from 2 to 10. The resistance low at  pH=2.5 may be attributed to the 

presence of more ions Mg in a solution because increases the solubility of increases in the acidic 

solution, therefore, the degree of crystallinity increased for magnesium oxide thin films. 

However, with the increase in pH solution for 8.30 to 10.30 (after addition of NaOH into the 

prepared solution of magnesium oxide), the solubility is decreased in a more basic solution, and 

the resistance rises which leads to an increase in vacancy defects[26]. 
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Table IV.5: The variation Resistance Sheet as function pH solution for Mgnesium oxide thin 

films. 

 

pH 

 

2 5 6.80 8.30 10 

Resistance Sheet 

(ohm/sheet) 

 

1,27E+03 

 

1,04E+04 

 

7,44E+03 

 

1,24E+04 

 

1,69E+04 
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Figure IV.10: The variation Resistance Sheet as function pH solution for Mgnesium oxide thin 

films. 

IV.3.Conclution 

We concluded that the MgO Thin Films have been grown on glass substrates at 450°C by 

various pH solution values (2.5; 5; 8.3 and 10 of pH). The MgO thin films have a strong 

preferential crystallinity with a cubic structure for a high (200) phase, the minimum value of 

crystallite size 9.9 nm is attained of deposit MgO thin film at 450 °C with 10 of pH. The optical 

transmission spectra showed all the sprayed MgO thin films are transparency within the visible 

wavelength region. The band gap of MgO thin films decreases from 3.91 to 3.7 eV as the pH 

increases from 2.5 to 6.8, and the urbach energy was increased. The surface morphology by SEM 
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was indicated that the MgO prepared with pH= 5 and 6.80 the grains become nearly spherical 

and bigger, and for the pH increased to pH =10, showing spherical grains and smaller, this may 

be when coalescence occurs. The thin film obtained with 2.5 of pH has a lower electrical 

resistance. 
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V.1. Introduction 

The oxide semiconductor has attracted a lot of attention for solar cells, liquid crystal 

displays, and optical devices [1]. Recently, metal oxide nanoparticles like ZnO and MgO have 

been studied in nanotechnologies due nanocomposites are great candidates for use in a variety 

of industrial applications due to their superior mechanical qualities, including their high 

melting point, low density, low coefficient of thermal expansion, high thermal conductivity, 

high hardness, and strong chemical stability [2]. The doping of ZnO with magnesium (Mg) to 

obtain the ternary thin films ZnMgO has been reported. In recent years, ZnMgO with a 

smaller band gap than MgO has achieved much interest owing to its significant uses in deep 

ultraviolet optoelectronic detectors [3]. Between the rocksalt structure MgO (7.77 eV) and the 

wurtzite structure  ZnO  (3.37 eV ), there is a significant band-gap variance in thin films[4,5]. 

However, the ionic radii of Mg+2 (0.57 Å) and Zn+2 (0.60 Å) are fairly similar and might alloy 

if they were to change places in the matrix. In this work we have studied a new materials 

based on the enhancement of the Zn0.5Mg0.5O thin films, which were synthesized by chemical 

spray pyrolysis technique on glass using different solution pH values. The structural, optical 

and Electrical properties have been investigated.  

V.2. Results and discussion 

V.2.1. Influence of pH on structural properties of Zn 0.5Mg 0.5O thin films 

The XRD spectrum of elaborated Mg0.5Zn0.5O thin films on glass substrates, which are 

deposited at 450C ° using the Spray pneumatic method formed at various solution pH levels, 

is presented in Figure V.1. The thin films have been prepared at various pH levels of 2.5, 

7.10, and 8.30. specifically, there are highly intense peaks corresponding to  (2 0 0) and (2 2 

0) planes of phase cubic structure for the MgO in all films [6]. On the other hand, for the 

prepared thin film at a solution of pH=2.5 show up the peaks corresponding to (1 0 0) and (1 0 

1) planes accord to the structure wurtzite hexagonal of phase oxide ZnO but are very weaker 

intense than phase MgO peaks. Because Mg atoms are more active than Zn atoms in reacting 

with oxygen, phase separation of MgO and ZnO [7] explains Pauling electronegativities of the 

Mg and Zn atoms to differ (1.31 for Mg is lower than 1.65 for Zn), the Mg atom loses 

electrons more readily than the Zn atom [8]. That is indicating the two phases living together 

and that the peaks do not affect each other’s position. This process seemed to be a new route 

to attain various hybrid thin films that can be used in the optoelectronics industry [9]. 

Conversely, The film deposited at pH values of 7.10 and 8.30 No diffraction peaks of the ZnO 
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phase is observed, demonstrating that Zn2+ ions have successfully entered the MgO lattice [3].    

Nevertheless, As the solution pH increased the diffraction peak intensity considering the (2 0 

0) plane decreased in indicating that the crystallinity was improved. It can be seen that the 

crystal structure of the films was affected strongly by the solution pH values of the deposited 

solution.is caused due to the competition substitution of Zn2+ ions into Mg+2 ion sites  in order 

to capture more O atoms. 
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Figure V.1: The XDR of Zn 0.5Mg 0.5O thin film deposited film deposited at various pH 

levels. 

The crystallite information of the prepare Zn 0.5Mg 0.5O thin films such as diffraction 

angle 2𝛉, diffraction picks (h k l), FWHM, the interplanar spacing value d, Lattice constant, 

crystallite size D, Strain , and Dislocation density was measured as a function of pH levels, 

it's presented in Table V.1. The intensity of the prominent peaks and d spacing values are 

found to decrease slightly with the rise in pH of Zn 0.5Mg 0.5O thin films. Also, the calculated 



Influence  Of pH On The Properties Of Zn0.5Mg0.5O Thin Films  

 

  
Page 92 

 
  

crystallite size of prepared films of the preferred plane  (200)   by the Debye–Scherer formula      

[10]. 





cos

9.0
)( hklD

                                                                     ( V.1  ) 

                                

These results are tabulated in Table V.1, here, the crystalline size crystallite size 

decreased from 30.98 nm to 18.061 nm of solution pH = 2.5 to 7.10 and then increased to a 

maximal value of 72.28 for solution pH=8.30. The increased in the crystallite size due to the 

fact that small crystallites are consumed during crystallization this result has good agreement 

with another researcher [11] In addition to estimate of the lattice parameter (a) for the Zn 

0.5Mg 0.5O  thin films synthesized at various solution pH, can be seen from Table V.1 that the 

lattice constant (a) decreases from 4.21 A to 4.20 A. whereas the diffraction angle 2θ changed 

to higher angles with increasing solution pH values from 2.5 to 8.30. 

Table V.1: The crystallite size D, FWHM, Strain and Dislocation density for Zn 0.5Mg 0.5O  

thin films prepared at different pH solution. 

 

pH 

levels 

 

2𝛉 

 

hkl 

 

FWHM 

 

d-

spacing(Å) 

 

Lattice 

parameter 

(Å) 

 

Crystallite 

size  

D(nm) 

 

Dislocation 

density 

𝜹 (lines /m2) 

 

strain 𝜺 

 

 

 

2.5 

28.44 (201) 0.1181 3.13758 - - - - 

31.71 (100) 0.4723 2,82155 - - - - 

36.29 (101) 0.1968 2.47538 - - - - 

36.97 (111) 0.2362 2.43106 - - - - 

42.92 (200) 0.2755 2.10692 4.21 30.98 1.04E-03 3.06E-03 

 

6228 (22 0) 0.3936 1.49073 - - - - 

 

7.10 

36.85 (111) 0.4774 2.44254 - - - - 

42.84 (200) 
 

0.4723 2.11079 4.22 18.06 3.07E-03 5.26E-03 

62.20 

 

(220) 0.5510 1.49232 - - - - 

 

8.30 

43.07 (20 0) 0.1181 1.10008 4.20 72.28 1. 91E-04 1.31E-03 

62.38 ( 220) 0.2362 2.48856 - - - - 
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The strain and dislocation  density δ of  the  films  are  calculated  from  the following 

relation[12]. 

       ε= β/4tanθ                                                                                              (V.2) 

 

      δ = 1/ D2 (Lines / m2)                                                                                          ( V.3) 

 

The estimated values of strain and dislocation density are shown in Table V.1 and their 

variations are depicted in Figure V.2. According to the result, there is an increasing in the 

strain and dislocation density at solution   pH=  2.5 and  7.10, then showing a decrease at pH=  

equal to 8.3. Maybe that decrease causes the release of stress in the film due to there being a 

strong interaction between the substrate and depositing atoms at various pH levels [13], 

causing dropped inserting atoms Zn in MgO. 
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Figure V.2: The variation a function of pH levels for Zn 0.5Mg 0.5O thin films, a): the 

dislocation density and Strain, b): the lattice parameters and crystallite size. 

 

V.2.2. Influence of pH on optical properties Zn 0.5Mg 0.5O thin films  

Figure V.3 presents the transmittance (T) of the deposits fabricated on glass substrates 

at the temperature 450 C in the range of (300–1100 nm). The optical properties of the 

Mg0.5Zn0.5O thin films at different pH levels presented various information. The optical 

transmission was the largest at 55% at pH= 8.30. In the visible region, the transmission values 

decreased to 22 and 39, at pH = 2.5 and 7.10 (see Figure V.3). Clearly, The absence of 

oxygen, the surface's roughness (surface scattering with the incorporation of Zn2+ in MgO 

affects the transmission, which in turn relies on  the crystalline size and shape), and the 

impurity centers are likely to have an impact on the thin film's transmittance [14]. 
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Figure V.3: the variation of transmittance spectra (T) with wavelength (λ) of Zn 0.5Mg 0.5O  

thin films at different pH solution. 

 

 

The optical absorption of the prepared thin films measured for the transmittance, which 

is dependent on photon energy and the existence of an absorption edge for the wavelength 

interval of 200–1100 nm. In the visible region, the values of absorption were obtained in the 

range of 0.25–0.66. The high photo-absorption is evident in the visible light area between 348 

and 385 nm and for all pH values. The absorption with respect to the wavelength of films is 

shown in Figure V.4. As a result in the case of high pH  film more porous structures in films, 

where precursor may have a high solubility in the water owing to the pH affecting Mg and Zn 

ions dissolution and precipitation[15].it can be seen Mg it have oxidation than Zn ions  

apparently that the absorption value drops as the films pH rises.  
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Figure V.4: The relation between absorption and wavelength of deposited Zn 0.5Mg 0.5O  thin 

films at different pH solution. 

 

V.2.2. a.Energy gap (Eg) 

The optical band gap Eg mainly depends on the wave vector and is a critical 

characteristic of semiconductor thin films. Additionally, optoelectronic devices require it. The 

fundamental absorption edge, which is also used to determine the optical band gap of the film, 

permitted electrons to migrate from the valance band to the conduction band [16]. 

The measurement optical properties such as band gap energy and Urbach energy were 

affected by the absorbance, which it’s presented as a function of photo energy. Starting with 

the extrapolation of the curve that indicates the variation of (Ah)2 as a function of h, one may 

measure the optical gap (Eg). The Eg is obtained when the linear region and the h- axis meet. 

The values of the optical band gap Eg were noticed to increase from 3.77 eV to 4.09 eV while 

the solution pH rises from 2.50 to 8.30. The literature demonstrates that the crystallite size is 

related to the change in band gap value, as can be seen well in Figure V.5.This evidenced by 

the Roth effect.  
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Figure V.5: Plot of (Ah𝜈) 2 versus (h𝜈) of  Zn 0.5Mg 0.5O  thin film at different pH solution. 

 

V.2.2. b.Urbach energy 

Besides, the presence of a structural defect was calculated as illustrated in the given relation 

[7]: 

             A = A0 exp (
hν

Eu
)                                                                                ( V.4) 

                      

Where A0 is a constant h𝜈 is the photon energy and Eu is the Urbach energy. Figure V.6 

shows the drawing of LnA as a function of photon energy hʋ for deducing the Urbach energy. 

We observe a decrease in linear in the Urbach energy Eu from 397 to 321  with an increase in 

levels of pH. 
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Figure V.6: Plot of (LnA) versus (h𝜈) of Zn 0.5Mg 0.5O thin films at different pH solution. 

 

The values of Eg and Eu at various pH solutions for the Zn 0.5Mg0.5O are listed in Table V.2 

and Figure V.7 illustrates how pH influences the optical band gap and Urbach energy of thin 

films the Zn 0.5Mg0.5O. Moreover, it has been discovered that Zn 0.5Mg0.5O thin films' band 

gap energy gradually rose as the pH solution increased; this result may be attributed to 

compositional changes that occurred in Zn 0.5Mg0.5O thin films,  this led to a narrowing of the 

Urbach tail width[17]. 

 

Table V.2: Variation of the optical band gap energy Eg and the Urbach energy of Zn 0.5Mg 0.5O   thin 

films at different pH solution. 

. 

PH Optical gap energy Eg(eV) Urbach energy Eu (meV) 

2.5 3.77 397 

7.10 3.83 366 

8.30 4.09 321 
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Figure V.7: Variation of the optical band gap energy Eg and the Urbach energy of Zn 0.5Mg 0.5O   thin 

films at different pH solution. 

 

V.2. 3. FTIR spectrum   Of Zn 0.5Mg 0.5O thin films 

Figure V.8 illustrated that FTIR spectroscopy is used to analyze changes in chemical 

components, impurity content, and interaction between various samples. Fig. 8 shows the 

FTIR spectra of Zn 0.5Mg 0.5O  thin films synthesized by a pneumatic spray technique 

recorded  in  the  range  of  400-4000  cm-1.T Generally speaking , the metal oxides give 

absorption bands below 1000 cm–1[18], arising due to the inter-atomic vibrations. he bands at 

427 cm−1 correspond to  the absorption peaks of the Zn–O bond and verifies  the presence of 

ZnO ,[19] After that, the formation of MgO crystallite is cubic since the absorbance peak is 

between 1000 and 500 cm-¹.[20]. Here, the strong bands located at 768 and 914cm−1 indicate 

the stretching vibration mode of Mg–O. peaks observed in the spectra at 2923,1588 and 2858 

cm−1  are the stretching and bending vibrations of – OH groups[18], which are associated 

with the adsorbed water on the surface of the ZnO/MgO particles. In the range of 1500–3000 

cm–1 the bands due to adsorbed water and hydroxyl groups can be observed in all of the 

spectra. The intensity gradually decreases as the solution pH increases. It is noted that, this 

band absorption of  pH=2.5 and  8.3 is weaker than pH=7.10  because of the neutral medium.  

According to the data listed above, a strongly basic medium at pH=8.3 results in the finding 

of surface hydroxyl groups, which are known to be important to the photocatalytic process. 
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The active hydroxyl radicals are created when the hydroxyl groups capture holes in activated 

photocatalysts and then oxidize the adsorbed molecules[21]. 
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Figure V.8. FTIR absorbance spectra of of Zn 0.5Mg 0.5O thin films at different pH solutions. 

 

V.2.4. Influence of pH on Morphological properties Zn 0.5Mg 0.5O thin films  

The surface morphology of the Mg0.5Zn0.5O thin films prepared using different solutions of 

pH was studied using the SEM technique, A series of changes in the morphology of the film 

with different values of pH is observed, that obtained shown in Figure 4 at pH=2.5, Mostly 

are composed of big grains appear form sphere and rod-like. Otherwise, the film at  pH=7.20 

has small grains with uniform distribution and is dense which is in good agreement with the 

decrease in crystallite size (18.06 nm).On the other hand, for the value of pH=8.30, the grains 

become nearly spherical and bigger and The distributions of grains are of irregular shape 

throughout all the regions. Small dark areas represent porous in the film and the presence of it 

will increase the electrical resistivity[22]. 
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Figure IV.9: SEM images of Zn 0.5Mg 0.5O  thin films prepared at (a) pH = 2.5, (b) 6.80, (c) 

8.30. 
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V.2.2. Influence of pH on Electrical properties Zn 0.5Mg 0.5O thin films 

Figure 6 shows the variation of the resistance Sheet of the Mg0.5Zn0.5O thin films as a 

function of solution pH. As can be seen, the resistance Sheet value decreases slightly 

(1,28E+06  to 1,22E+06 ohm/sheet)  at pH  =2.5 to pH= 7.10. on the other side at 

pH=8.30 the resistance Sheet value increase (2,31E+06 ohm /sheet).can be explained 

by results in an increase in oxygen vacancies and electrons due to a decrease in the 

ions Mg2+ and Zn+2 , special last caused by the presence of ions -OH  in solution. in 

solution, a consequent band gap widening (3.77  to  4.09) As shown in the Figure V.5. 

2 3 4 5 6 7 8 9

1,2x106

1,4x106

1,6x106

1,8x106

2,0x106

2,2x106

2,4x106

T
h

e
 R

e
s

is
ta

n
c
e

 S
h

e
e
t

 (
o

h
m

/s
h

e
e
t)

Levels of  pH

 

Figure V.8. The resistance Sheet of of Zn 0.5Mg 0.5O thin films at different pH solutions. 

 

V. 3.Conclusion 

Mg0.5Zn0.5O thin films have been grown on glass substrates by spray pyrolysis 

technique at different pH solution values (2.5; 7.10 and 8.30 of pH) was successfully 

investigated. The Zn 0.5Mg 0.5O thin films were observed in high crystallinity with a cubic 

structure with a strong preferential, the maximum value of crystallite size 72.28 nm is attained 

of deposit Mg0.5Zn0.5O thin film at 450 °C with 8.30 of pH. The optical transmission spectra 
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showed all the sprayed Mg0.5Zn0.5O thin films are transparent within the visible wavelength 

region. The band gap of Mg0.5Zn0.5O thin films increases from 3.77 to 4.09 eV as the pH 

increases, The Urbach energy values decreased as the pH increased from 397 to 321 meV.  

The FTIR absorbance spectra measurements confirmed the presence of functional groups and 

chemical bonding in these films. With increasing pH of the solution. From the SEM images, it 

has been perceived that the grain sizes and shapes change to some extent by changing the 

levels of pH the resistance Sheet value increases of the films exhibit a high of 2,31E+06 

ohm/sheet. 
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General conclusion  

The interest in magnesium oxide thin films is fast growing due to their 

importance in many applications in science and technology. Besides acting as an EC 

material, it can also be used as a functional layer material for photovoltaic 

applications. MgO is an insulator with a resistivity of the order of 1010 Ω.cm at room 

temperature.  

In conclusion, highly transparent conductive MgO-ZnO thin films have been 

deposited on glass substrate by spray pneumatic method.The aim of this work is to 

prepare thin films of MgO-ZnO by the spray pyrolysis technique and to study the 

effect of different experimental parameters on the fundamental properties of MgO-

ZnO films. The parameters investigated are (substrate temperature, molarity and PH). 

The understand the effects of these parameters on the properties of this material in 

order to optimize their performance for use in optoelectronic applications. The layers 

developed have undergone morphological, structural, optical and electrical 

characterizations.  

Firstly, we have prepared the MgO thin films on a glass substrate at 450°C at 

different MgO concentrations (0.05, 0.10, 0.15 and 0.2 mol.l-1). Polycrystalline MgO 

films with a cubic structure with a strong (002) preferred orientation were observed at 

all sprayed films with maximum crystallite size of 21.4 nm was attained of sprayed 

film at 0.2 mol.l-1. The good transmission was found in the deposited MgO thin film 

with the lowest molarity. The transmission of MgO thin films decreases rapidly as the 

wavelength increases in the range of (300-400) nm, and then increases slowly at 

higher wavelengths. The band gap of MgO thin films decreases as the molarity 

increases and the band gap values range between 4.8-4.3 eV. The Urbach energy 

values range between 375-519 meV. The electrical resistance of our films in the order 

2*107Ω.  

Secondly, the MgO Thin Films have been grown on glass substrates at 450°C 

by various pH solution values (2.5; 5; 8.3 and 10 of pH). The MgO thin films have a 

strong preferential crystallinity with a cubic structure with high (200) phase, the 

minimum value of crystallite size 9.9 nm is attained of deposit MgO thin film at 450 

°C with 10 of PH. The optical transmission spectra showed all the sprayed MgO thin 

films are transparency within the visible wavelength region. The band gap of MgO 

thin films decreases from 3.91 to 3.7 eV as the PH increases from 2.5 to 6.8, and the 
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urbach energy was increased. The surface morphology by SEM was indicated that the 

MgO prepared with PH= 5 and 6.80 the grains become nearly spherical and bigger, 

and for the pH increased to pH =10, showing spherical particles and smaller, this may 

be when coalescence occurs. The thin film obtained with 2.5 of pH has a lower 

electrical resistance. 

Thirdly, Mg0.5Zn0.5O thin films have been grown on glass substrates at 450°C 

by various pH solution values (2.5; 7.10 and 8.30 of pH). The Zn 0.5Mg 0.5O thin 

films were observed in high crystallinity with a cubic structure with a strong 

preferential, the maximum value of crystallite size 20.63 nm is attained of deposit 

Mg0.5Zn0.5O thin film at 450 °C with 8.30 of PH. The optical transmission spectra 

showed all the sprayed Mg0.5Zn0.5O thin films are transparency within the visible 

wavelength region. The band gap of Mg0.5Zn0.5O thin films increases from 3.77 to 

4.09 eV as the PH increases, The Urbach energy values decreased as the PH increased 

from 397 to 321 meV. FTIR absorbance spectra revealed the presence of the 

stretching vibration mode of Mg–O. peaks stretching vibration bond in MgO thin film 

network. 

 

perspectives 

 Elaboration of  ZrO2 ,  MgS thin films by varying other 

parameters like precursor, the substrates and solvent….etc. 

 Investigating the use of deposited films in PN junctions, 

photocatalysts, and antibacterial applications, among others. 

 

 



 

 

Abstract 

   The aim of this work is to prepare thin films of MgO and alloys MgO-ZnO by the spray pyrolysis 

technique. and to study the effect of different experimental parameters on the fundamental properties of 

thin films, The parameters investigated are (substrate temperature, molarity, and pH). Firstly, we prepared 

the MgO thin films on a glass substrate at 450°C at different MgO concentrations (0.05, 0.10, 0.15, and 

0.2 mol.l-1). the MgO thin films show a cubic structure with a strong (002) preferred orientation and a 

maximum crystallite size of  21.4 nm attained of sprayed film at 0.2 mol.l-1.Good transmission was found 

in  MgO thin film with the lowest molarity. The transmission of MgO thin films decreases rapidly as the 

wavelength increases in the range of (300-400) nm and then increases slowly at higher wavelengths. The 

band gap of MgO thin films decreases as the molarity increases and the band gap values range between 

4.8-4.3 eV.  The electrical resistance of our films is in the order of 2.107Ω. Secondly, the MgO Thin Films 

have been grown on glass substrates at 450°C by various pH solution values (2.5; 5;6.8; 8.3, and 10 pH). 

The MgO thin films have a strong preferential crystallinity with a cubic structure with a high (200) phase, 

the minimum value of crystallite size 9.9 nm is attained of deposit MgO thin film at 450 °C with 10 of pH. 

The optical transmission spectra showed all the sprayed MgO thin films are transparent within the visible 

wavelength region. The band gap of MgO thin films decreases from 3.91 to 3.7 eV as the pH increases 

from 2.5 to 6.8, and the Urbach energy was increased. The surface morphology by SEM indicated that in 

the MgO prepared with pH = 5 and 6.80 the grains become nearly spherical and bigger, and for the pH 

increased to pH =10, showing spherical particles and smaller, this may be when coalescence occurs. The 

thin film obtained with 2.5 pH has a lower electrical resistance. Thirdly, Zn 0.5Mg 0.5O thin films have 

been grown on glass substrates at 450°C by various pH solution values (2.5; 7.10, and 8.30 pH). The  Zn 

0.5Mg 0.5O thin films were observed in high crystallinity with a cubic structure with a strong orientation 

preferential at  (200) , corresponding to the maximum value of crystallite size 72.28 nm attained of deposit 

Zn0.5Mg0.5O thin film at 450 °C with 8.30 of pH. The optical transmission spectra showed all the 

sprayed Zn 0.5Mg 0.5O thin films are transparent within the visible wavelength region. The band gap of Zn 

0.5Mg 0.5O thin films increases from 3.77 to 4.09 eV as the pH increases, The surface morphology of the 

Zn 0.5Mg 0.5O appears at pH=2.5 big grains sphere and rod-like, whereas at pH=7.10 and 8.30 the grains 

become nearly spherical. The thin film obtained with 2.5 and 7.10 pH has a lower electrical resistance.   

Key words:  MgO; MgO-ZnO; Thin films; pH solution; Spray technique 



 
 ملخص

  
ودراسة . بتقنیة الانحلال الحراري بالرش MgO-ZnOوسبائك  MgOالھدف من ھذا العمل ھو تحضیر أغشیة رقیقة من 

درجة حرارة (تأثیر العوامل التجریبیة المختلفة على الخواص الأساسیة للأغشیة الرقیقة ، المتغیرات التي تم دراستھا ھي 
درجة مئویة  450على ركیزة زجاجیة عند  MgO، قمنا بإعداد الأغشیة الرقیقة أولاً ). الركیزة ، المولاریة ، ودرجة الحموضة

بنیة مكعبة ذات اتجاه  MgOتظُھر الأغشیة الرقیقة ). لتر/ مول  0.2، و  MgO (0.05  ،0.10  ،0.15بتركیزات مختلفة من 
تم  1-مول لتر  0.2مرشو عند نانومتر تم الحصول علیھ من الغشاء ال 21.4وحجم بلوري أقصى یبلغ ) 002(مفضل قوي 

بسرعة حیث یزداد  MgOیتناقص انتقال الأغشیة الرقیقة . مع أقل مولاریة MgOالعثور على انتقال جید في غشاء رقیق 
تقل فجوة النطاق للأغشیة الرقیقة . نانومتر ثم یزداد ببطء عند الأطوال الموجیة الأعلى) 400-300(الطول الموجي في نطاق 

MgO 2.107المقاومة الكھربائیة لأفلامنا في حدود . فولت 4.3- 4.8ة المولاریة وتتراوح قیم فجوة النطاق بین مع زیادΩ . ًثانیا
درجة مئویة بواسطة قیم مختلفة لمحلول الأس  450على ركائز زجاجیة عند  MgO، تمت زراعة الأغشیة الرقیقة 

على تبلور تفضیلي قوي مع  MgOتحتوي الأغشیة الرقیقة  ).درجة حموضة 10، و  8.3،  6.8،  5،  2.5(الھیدروجیني 
 MgOنانومتر من غشاء رقیق  9.9، ویتم الوصول إلى الحد الأدنى لقیمة حجم البلورة ) 200(ھیكل مكعب ذو طور مرتفع 

رشھا التي تم  MgOأظھر أطیاف الإرسال البصري أن جمیع الأغشیة الرقیقة . درجة حموضة 10درجة مئویة مع  450عند 
فولت مع زیادة الأس  3.7إلى  3.91من  MgOتقل فجوة النطاق للأغشیة الرقیقة . شفافة داخل منطقة الطول الموجي المرئي

و  5= المحضر مع الأس الھیدروجیني  MgOإلى أنھ في  SEMأشار شكل السطح بواسطة . 6.8إلى  2.5الھیدروجیني من 
، مما یظُھر جزیئات  10= لزیادة الرقم الھیدروجیني إلى الرقم الھیدروجیني تصبح الحبوب كرویة تقریباً وأكبر ، و 6.80

درجة حموضة بمقاومة  2.5تتمیز الطبقة الرقیقة التي تم الحصول علیھا بـ . كرویة وأصغر ، قد یحدث ھذا عند حدوث الاندماج
درجة مئویة بقیم مختلفة  450جیة عند على ركائز زجا Zn 0.5Mg 0.5Oثالثاً ، تمت زراعة أغشیة رقیقة . كھربائیة أقل

في درجة  Zn 0.5Mg 0.5Oلوحظت الأغشیة الرقیقة ). درجة حموضة 8.30،  7.10،  2.5(لمحلول الأس الھیدروجیني 
نانومتر  72.28، وھو ما یقابل القیمة القصوى لحجم البلورات ) 200(تبلور عالیة مع ھیكل مكعب ذو اتجاه تفضیلي قوي عند 

أظھر . من الرقم الھیدروجیني 8.30مع  Cدرجة  450غشاء رقیق عند  Zn0.5Mg0.5Oلحصول علیھا من رواسب التي تم ا
. شفافة داخل منطقة الطول الموجي المرئیة Zn 0.5Mg 0.5Oأطیاف النقل البصري أن جمیع الأفلام الرقیقة التي تم رشھا من 

مع زیادة الرقم الھیدروجیني ، یظھر الشكل  eV 4.09إلى  3.77من  Zn 0.5Mg 0.5Oتزداد فجوة النطاق للأغشیة الرقیقة 
كرة حبیبات كبیرة وشبیھة بالقضیب ، بینما عند درجة الحموضة  2.5= عند درجة الحموضة  Zn 0.5Mg 0.5Oالسطحي لـ 

بمقاومة  pH 7.10 و 2.5تتمیز الطبقة الرقیقة التي تم الحصول علیھا برقم . تصبح الحبیبات شبھ كرویة 8.30و  7.10= 
 .كھربائیة أقل
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Résume 

 
L'objectif de ce travail est de préparer des couches minces de MgO et d'alliages MgO-ZnO par la technique de 

pyrolyse par pulvérisation. et d'étudier l'effet de différents paramètres expérimentaux sur les propriétés 

fondamentales des films minces, Les paramètres étudiés sont (température du substrat, molarité et pH). Dans un 

premier temps, nous avons préparé les couches minces de MgO sur un substrat de verre à 450°C à différentes 

concentrations de MgO (0,05, 0,10, 0,15 et 0,2 mol.l-1). les films minces de MgO présentent une structure cubique 

avec une orientation préférée forte (002) et une taille de cristallite maximale de 21,4 nm atteinte du film pulvérisé à 

0,2 mol.l-1. Une bonne transmission a été trouvée dans le film mince de MgO avec la molarité la plus faible. La 

transmission des films minces de MgO diminue rapidement à mesure que la longueur d'onde augmente dans la plage 

de (300-400) nm, puis augmente lentement à des longueurs d'onde plus élevées. La bande interdite des couches 

minces de MgO diminue à mesure que la molarité augmente et les valeurs de la bande interdite se situent entre 4,8 et 

4,3 eV. La résistance électrique de nos films est de l'ordre de 2.107Ω. Deuxièmement, les couches minces de MgO 

ont été développées sur des substrats de verre à 450 ° C par différentes valeurs de pH de la solution (2,5 ; 5 ; 6,8 ; 8,3 

et 10 pH). Les films minces de MgO ont une forte cristallinité préférentielle avec une structure cubique à phase 

élevée (200), la valeur minimale de taille de cristallite 9,9 nm est atteinte de dépôt de film mince de MgO à 450 °C 

avec 10 de pH. Les spectres de transmission optique ont montré que tous les films minces de MgO pulvérisés sont 

transparents dans la région des longueurs d'onde visibles. La bande interdite des couches minces de MgO diminue de 

3,91 à 3,7 eV lorsque le pH augmente de 2,5 à 6,8. La morphologie de surface par SEM a indiqué que dans le MgO 

préparé avec pH = 5 et 6,80, les grains deviennent presque sphériques et plus gros, et pour le pH augmenté à pH = 

10, montrant des particules sphériques et plus petites, cela peut être le cas lorsque la coalescence se produit. Le film 

mince obtenu avec un pH de 2,5 a une résistance électrique plus faible. Troisièmement, des couches minces de Zn 

0,5 Mg 0,5 O ont été développées sur des substrats de verre à 450°C avec différentes valeurs de pH de solution (2,5 ; 

7,10 et 8,30 pH). Les films minces de Zn 0,5Mg 0,5O ont été observés en haute cristallinité avec une structure 

cubique avec une forte orientation préférentielle à (200) , correspondant à la valeur maximale de taille de cristallite 

72,28 nm atteinte du dépôt de film mince de Zn0,5Mg0,5O à 450° C à 8.30 de pH. Les spectres de transmission 

optique ont montré que tous les films minces de Zn 0,5 Mg 0,5 O pulvérisés sont transparents dans la région des 

longueurs d'onde visibles. La bande interdite des couches minces de Zn 0,5 Mg 0,5 O augmente de 3,77 à 4,09 eV 

lorsque le pH augmente. La morphologie de surface du Zn 0,5 Mg 0,5 O apparaît à pH = 2,5 gros grains sphériques 

et en forme de bâtonnet, alors qu'à pH = 7,10 et 8.30 les grains deviennent presque sphériques. Le film mince obtenu 

avec 2,5 et 7,10 pH a une résistance électrique plus faible. 

Mots clés : MgO ; MgO-ZnO; Films minces; solution pH ; Technique de pulvérisation. 



 

 

Abstract 

   The aim of this work is to prepare thin films of MgO and alloys MgO-ZnO by the spray pyrolysis 

technique. and to study the effect of different experimental parameters on the fundamental properties of 

thin films, The parameters investigated are (substrate temperature, molarity, and pH). Firstly, we prepared 

the MgO thin films on a glass substrate at 450°C at different MgO concentrations (0.05, 0.10, 0.15, and 

0.2 mol.l-1). the MgO thin films show a cubic structure with a strong (002) preferred orientation and a 

maximum crystallite size of  21.4 nm attained of sprayed film at 0.2 mol.l-1.Good transmission was found 

in  MgO thin film with the lowest molarity. The transmission of MgO thin films decreases rapidly as the 

wavelength increases in the range of (300-400) nm and then increases slowly at higher wavelengths. The 

band gap of MgO thin films decreases as the molarity increases and the band gap values range between 

4.8-4.3 eV.  The electrical resistance of our films is in the order of 2.107Ω. Secondly, the MgO Thin Films 

have been grown on glass substrates at 450°C by various pH solution values (2.5; 5;6.8; 8.3, and 10 pH). 

The MgO thin films have a strong preferential crystallinity with a cubic structure with a high (200) phase, 

the minimum value of crystallite size 9.9 nm is attained of deposit MgO thin film at 450 °C with 10 of pH. 

The optical transmission spectra showed all the sprayed MgO thin films are transparent within the visible 

wavelength region. The band gap of MgO thin films decreases from 3.91 to 3.7 eV as the pH increases 

from 2.5 to 6.8, and the Urbach energy was increased. The surface morphology by SEM indicated that in 

the MgO prepared with pH = 5 and 6.80 the grains become nearly spherical and bigger, and for the pH 

increased to pH =10, showing spherical particles and smaller, this may be when coalescence occurs. The 

thin film obtained with 2.5 pH has a lower electrical resistance. Thirdly, Zn 0.5Mg 0.5O thin films have 

been grown on glass substrates at 450°C by various pH solution values (2.5; 7.10, and 8.30 pH). The  Zn 

0.5Mg 0.5O thin films were observed in high crystallinity with a cubic structure with a strong orientation 

preferential at  (200) , corresponding to the maximum value of crystallite size 72.28 nm attained of deposit 

Zn0.5Mg0.5O thin film at 450 °C with 8.30 of pH. The optical transmission spectra showed all the 

sprayed Zn 0.5Mg 0.5O thin films are transparent within the visible wavelength region. The band gap of Zn 

0.5Mg 0.5O thin films increases from 3.77 to 4.09 eV as the pH increases, The surface morphology of the 

Zn 0.5Mg 0.5O appears at pH=2.5 big grains sphere and rod-like, whereas at pH=7.10 and 8.30 the grains 

become nearly spherical. The thin film obtained with 2.5 and 7.10 pH has a lower electrical resistance.   

Key words:  MgO; MgO-ZnO; Thin films; pH solution; Spray technique 



 
 ملخص

  
ودراسة . بتقنیة الانحلال الحراري بالرش MgO-ZnOوسبائك  MgOالھدف من ھذا العمل ھو تحضیر أغشیة رقیقة من 

درجة حرارة (تأثیر العوامل التجریبیة المختلفة على الخواص الأساسیة للأغشیة الرقیقة ، المتغیرات التي تم دراستھا ھي 
درجة مئویة  450على ركیزة زجاجیة عند  MgO، قمنا بإعداد الأغشیة الرقیقة أولاً ). الركیزة ، المولاریة ، ودرجة الحموضة

بنیة مكعبة ذات اتجاه  MgOتظُھر الأغشیة الرقیقة ). لتر/ مول  0.2، و  MgO (0.05  ،0.10  ،0.15بتركیزات مختلفة من 
تم  1-مول لتر  0.2مرشو عند نانومتر تم الحصول علیھ من الغشاء ال 21.4وحجم بلوري أقصى یبلغ ) 002(مفضل قوي 

بسرعة حیث یزداد  MgOیتناقص انتقال الأغشیة الرقیقة . مع أقل مولاریة MgOالعثور على انتقال جید في غشاء رقیق 
تقل فجوة النطاق للأغشیة الرقیقة . نانومتر ثم یزداد ببطء عند الأطوال الموجیة الأعلى) 400-300(الطول الموجي في نطاق 

MgO 2.107المقاومة الكھربائیة لأفلامنا في حدود . فولت 4.3- 4.8ة المولاریة وتتراوح قیم فجوة النطاق بین مع زیادΩ . ًثانیا
درجة مئویة بواسطة قیم مختلفة لمحلول الأس  450على ركائز زجاجیة عند  MgO، تمت زراعة الأغشیة الرقیقة 

على تبلور تفضیلي قوي مع  MgOتحتوي الأغشیة الرقیقة  ).درجة حموضة 10، و  8.3،  6.8،  5،  2.5(الھیدروجیني 
 MgOنانومتر من غشاء رقیق  9.9، ویتم الوصول إلى الحد الأدنى لقیمة حجم البلورة ) 200(ھیكل مكعب ذو طور مرتفع 

رشھا التي تم  MgOأظھر أطیاف الإرسال البصري أن جمیع الأغشیة الرقیقة . درجة حموضة 10درجة مئویة مع  450عند 
فولت مع زیادة الأس  3.7إلى  3.91من  MgOتقل فجوة النطاق للأغشیة الرقیقة . شفافة داخل منطقة الطول الموجي المرئي

و  5= المحضر مع الأس الھیدروجیني  MgOإلى أنھ في  SEMأشار شكل السطح بواسطة . 6.8إلى  2.5الھیدروجیني من 
، مما یظُھر جزیئات  10= لزیادة الرقم الھیدروجیني إلى الرقم الھیدروجیني تصبح الحبوب كرویة تقریباً وأكبر ، و 6.80

درجة حموضة بمقاومة  2.5تتمیز الطبقة الرقیقة التي تم الحصول علیھا بـ . كرویة وأصغر ، قد یحدث ھذا عند حدوث الاندماج
درجة مئویة بقیم مختلفة  450جیة عند على ركائز زجا Zn 0.5Mg 0.5Oثالثاً ، تمت زراعة أغشیة رقیقة . كھربائیة أقل

في درجة  Zn 0.5Mg 0.5Oلوحظت الأغشیة الرقیقة ). درجة حموضة 8.30،  7.10،  2.5(لمحلول الأس الھیدروجیني 
نانومتر  72.28، وھو ما یقابل القیمة القصوى لحجم البلورات ) 200(تبلور عالیة مع ھیكل مكعب ذو اتجاه تفضیلي قوي عند 

أظھر . من الرقم الھیدروجیني 8.30مع  Cدرجة  450غشاء رقیق عند  Zn0.5Mg0.5Oلحصول علیھا من رواسب التي تم ا
. شفافة داخل منطقة الطول الموجي المرئیة Zn 0.5Mg 0.5Oأطیاف النقل البصري أن جمیع الأفلام الرقیقة التي تم رشھا من 

مع زیادة الرقم الھیدروجیني ، یظھر الشكل  eV 4.09إلى  3.77من  Zn 0.5Mg 0.5Oتزداد فجوة النطاق للأغشیة الرقیقة 
كرة حبیبات كبیرة وشبیھة بالقضیب ، بینما عند درجة الحموضة  2.5= عند درجة الحموضة  Zn 0.5Mg 0.5Oالسطحي لـ 

بمقاومة  pH 7.10 و 2.5تتمیز الطبقة الرقیقة التي تم الحصول علیھا برقم . تصبح الحبیبات شبھ كرویة 8.30و  7.10= 
 .كھربائیة أقل
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Résume 

 
L'objectif de ce travail est de préparer des couches minces de MgO et d'alliages MgO-ZnO par la technique de 

pyrolyse par pulvérisation. et d'étudier l'effet de différents paramètres expérimentaux sur les propriétés 

fondamentales des films minces, Les paramètres étudiés sont (température du substrat, molarité et pH). Dans un 

premier temps, nous avons préparé les couches minces de MgO sur un substrat de verre à 450°C à différentes 

concentrations de MgO (0,05, 0,10, 0,15 et 0,2 mol.l-1). les films minces de MgO présentent une structure cubique 

avec une orientation préférée forte (002) et une taille de cristallite maximale de 21,4 nm atteinte du film pulvérisé à 

0,2 mol.l-1. Une bonne transmission a été trouvée dans le film mince de MgO avec la molarité la plus faible. La 

transmission des films minces de MgO diminue rapidement à mesure que la longueur d'onde augmente dans la plage 

de (300-400) nm, puis augmente lentement à des longueurs d'onde plus élevées. La bande interdite des couches 

minces de MgO diminue à mesure que la molarité augmente et les valeurs de la bande interdite se situent entre 4,8 et 

4,3 eV. La résistance électrique de nos films est de l'ordre de 2.107Ω. Deuxièmement, les couches minces de MgO 

ont été développées sur des substrats de verre à 450 ° C par différentes valeurs de pH de la solution (2,5 ; 5 ; 6,8 ; 8,3 

et 10 pH). Les films minces de MgO ont une forte cristallinité préférentielle avec une structure cubique à phase 

élevée (200), la valeur minimale de taille de cristallite 9,9 nm est atteinte de dépôt de film mince de MgO à 450 °C 

avec 10 de pH. Les spectres de transmission optique ont montré que tous les films minces de MgO pulvérisés sont 

transparents dans la région des longueurs d'onde visibles. La bande interdite des couches minces de MgO diminue de 

3,91 à 3,7 eV lorsque le pH augmente de 2,5 à 6,8. La morphologie de surface par SEM a indiqué que dans le MgO 

préparé avec pH = 5 et 6,80, les grains deviennent presque sphériques et plus gros, et pour le pH augmenté à pH = 

10, montrant des particules sphériques et plus petites, cela peut être le cas lorsque la coalescence se produit. Le film 

mince obtenu avec un pH de 2,5 a une résistance électrique plus faible. Troisièmement, des couches minces de Zn 

0,5 Mg 0,5 O ont été développées sur des substrats de verre à 450°C avec différentes valeurs de pH de solution (2,5 ; 

7,10 et 8,30 pH). Les films minces de Zn 0,5Mg 0,5O ont été observés en haute cristallinité avec une structure 

cubique avec une forte orientation préférentielle à (200) , correspondant à la valeur maximale de taille de cristallite 

72,28 nm atteinte du dépôt de film mince de Zn0,5Mg0,5O à 450° C à 8.30 de pH. Les spectres de transmission 

optique ont montré que tous les films minces de Zn 0,5 Mg 0,5 O pulvérisés sont transparents dans la région des 

longueurs d'onde visibles. La bande interdite des couches minces de Zn 0,5 Mg 0,5 O augmente de 3,77 à 4,09 eV 

lorsque le pH augmente. La morphologie de surface du Zn 0,5 Mg 0,5 O apparaît à pH = 2,5 gros grains sphériques 

et en forme de bâtonnet, alors qu'à pH = 7,10 et 8.30 les grains deviennent presque sphériques. Le film mince obtenu 

avec 2,5 et 7,10 pH a une résistance électrique plus faible. 

Mots clés : MgO ; MgO-ZnO; Films minces; solution pH ; Technique de pulvérisation. 
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