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INVESTIGATION OF THE STRUCTURAL, OPTICAL, AND 

ELECTRICAL CHARACTERIZATION OF FeO-DOPED ZnO 

NANOPARTICLES 

A. Haj Ismail,1,2 F. Haj Jneed,3 and E. A. Dawi1,2  UDC 539.2 

In this work, FeO-doped ZnO nanoparticles (FeO-ZnO NPs) were synthesized by the chemical method of sol-
gel coating on glass substrates with concentrations of [0%, 3%, and 5%]. The properties of the synthesized 
FeO-doped ZnO NPs films were investigated in terms of their structural, optical, and electrical properties. X-
ray diffraction (XRD) was used to study the crystal structure, crystal growth, and chemical composition of the 
samples. The UV-Vis spectra of the synthesized films show a blue shift in the optical bandgap of the ZnO 
nanoparticles integrated with FeO. Electrical properties of the FeO-doped ZnO-NP films were investigated as 
a function of temperature. A linear relationship between ln(R) and 1/T was found. 
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INTRODUCTION 

Nanoparticles (NPs) are currently experiencing a wide scientific and technological interest due to their optical, 
catalytic, and electrical properties and because some of their specific physical properties are different from those of the 
corresponding bulk material [1-5]. Nowadays, NPs are extensively studied, either in arrays or as single particles in 
various scientific applications such as improved solar cells [6,7], chemical (bio) sensors [8], medical treatment and 
diagnostics [9]. Among the available nanomaterials, semiconducting nanoparticles are a large class that have gained 
much scientific interest due to their useful properties and applications in various fields in biomedicine [10,11] and 
biology [12,13]. Metal oxide NPs are considered as one of the prominent and most widely used materials due to their 
diverse characterizations and functionalities. Among the various metal oxide NPs, the zinc oxide (ZnO) shows good 
activity and stability under irradiation in both acidic and basic atmosphere. However, the pure ZnO shows much lower 
photocatalytic activity even under UV irradiation due to its wide band gap (3.37 eV) [14]. To improve the 
photocatalytic activity, it is necessary to couple ZnO with another semiconductor with a lower band gap. Iron oxide 
(FeO) is a p-type semiconductor with a small band gap (2.2 eV) and coupling with ZnO, leads to the formation of 
heterojunctions. The photo-generated electrons of ZnO readily migrate to FeO, leading to an enhancement of the 
photocatalytic activity. The physical, optical, and chemical properties of ZnO and FeO make them excellent candidates 
for use in heterogeneous catalytic applications, sensors, photodetectors, and ultraviolet applications. Moreover, the use 
of ZnO NPs offers a promising technology for reducing environmental pollution. 

The aim of this study is to synthesize FeO-doped ZnO NPs and further analyze their structural, optical, and 
electrical properties. A detailed overview of the method is given, followed by a discussion of the resulting structural, 
optical, and electrical properties of the FeO-doped-ZnO NPs samples. 
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MATERIALS AND METHODS 

The FeO-doped ZnO photocatalysts were prepared by simple co-deposition using sol-gel dip coating technique, 
which is a simple method that requires considerably less equipment and is widely used in coating technology [15]. 
Glass substrates were prepared with a size of 5 x 2.5 cm2 and then, cleaned with hydrochloric acid (HCI, concentration 
of 5%) in a water bath for 30 minutes. Occasionally, the samples were cleaned with distilled water and ethanol (99% 
purity) before drying with hydrogen flow. For precipitation, zinc chloride (ZnCl2, 99%) was mixed with ferric chloride 
(FeCl3) (at 0%, 0.03%, and 0.05%) in highly purified distilled water and mixed with a magnetic mixer for 2 hours to 
achieve complete solubility. The glass substrates were placed on a heater and the temperature was gradually increased 
from 300K to 500K. To obtain a good thickness of the prepared thin films, three rounds of the coating process were 
carried out. Finally, the thin films were gradually cooled and then, annealed at 800K for an annealing time of 2 hours. 

RESULTS AND DISCUSSION 

Structural Properties 

An X-Ray diffraction system (XRD) was used to analyze the structural characteristics of the FeO-doped-ZnO 
samples. The XRD uses a copper cathode with a wavelength of λ = 1.54178 Å, a current of 0.1 mA, a voltage of 35 kV, 
and a rotation angle of 2θ in the range 20–80° and with a shift of 0.1o every 10 s. Figure 1 shows that the incorporation 
of FeO into the ZnO ions results in a notable decrease in the relative intensity of all XRD peaks. Besides, XRD peaks 
indicate broadening at half maximum with increasing FeO doping percentage in the ZnO films. The estimation of the 
crystallite size D can be obtained from the Scherrer equation [8]: 
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where K = 0.94 is the Scherrer constant, λ is the wavelength of the radiation, β is the width at the half-peak-height of 
an XRD line, and θ is the diffraction angle. XRD results are presented in Table 1. 

Optical Properties 

A UV device (WIN5-SPERTROPHOTO METER) was used to analyze the optical properties of the prepared 
ZnO thin films. The spectrum of FeO-doped ZnO NPs is studied in a wavelength range of 300-800 nm and presented in 
Fig. 2. A peak shift is observed in the presented spectra, which corresponds to the presence of both ZnO and FeO. Also, 
an increase in the thickness of the thin film results in a change in the height of the peak, following the Ampere’s low: 

 0 exp xI I  , (2) 

TABLE 1. Overview of the XRD Parameters and Crystallite Size 

 Crystallite size, nm 
Peak 100 002 101 

FeO-doped ZnO, 0% 25.81 23.57 26.79 
FeO-doped ZnO, 3% 22.37 21.49 24.35 
FeO-doped-ZnO, 5% 20.65 19.72 21.13 
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Fig. 1. X-Ray diffraction (XRD) pattern of FeO-
doped ZnO nanoparticles. 

 
 
 
where I is the light intensity on the film, 0I  is the intensity of the incident light, and α	is the absorption coefficient. As 

can be seen, a decrease in the absorbance is observed, which is correlated to indirect transitions between the valence and 
conduction bands according to the Lucy equation: 

 2( )gh В h E     . (3) 

Here, α	is the absorption coefficient, hν is the energy of the incident photon, Eg is the energy band, and B is a constant 
given as: 
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where E0 is the initial energy, n is the refraction index, and 0  is the electrical conductivity at an absolute zero 

temperature. Furthermore, the energy gap was obtained using the following equation: 

 

Fig. 2. Spectra of the prepared thin films 
deposited on glass substrates. 
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The energy gap of the prepared thin films is presented in Table 2. The energy gap is observed to be maximum 
for pure thin films. However, with decreasing the purity of the sample, the energy gap is found to decrease. 

Electrical properties 

The temperature dependence of electrical conductivity of the FeO-doped ZnO thin films was analyzed using the 
following equation: 

 /
0 exp T   , (6) 

where ρ is the resistivity, T is the temperature, and / 2aE KT  .  

To discuss the electrical conductivity, we investigated the relationship between the resistivity and temperature 
for FeO-ZnO (5%) thin films at three different electrical potentials of (5 V, 10 V, and 15 V) as shown in Fig. 3. It shows 
that as the temperature increases, the resistivity of the films decreases for the whole range of the selected voltages. 
Figure 4 shows the relationship between the resistance and the inverse temperature for three selected voltages (5 V, 
10 V, and 15 V). A linear relationship between ln(R) and 1/T can be seen. The activation energy for different electric 
potentials can be obtained from the slope of ln(R) and 1/T, which is shown in Table 3.  
  

TABLE 2. The Energy Gap of Prepared Thin Films 

Sample Eg 
FeO-doped ZnO 0% 3.14 
FeO-doped ZnO 3% 2.90 
FeO-doped ZnO 5% 2.72 

 

Fig. 3. The resistance as a function of temperature of 
FeO-ZnO (5%) thin films at three different electrical 
potentials (5 V, 10 V, and 15 V). 
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TABLE 3. Activation Energy and β at Different Electrical Potentials 

V, V 5 10 15 
β 10875 10745 10305 
Ea 0.8831 0.8567 0.8393 

 

Fig. 4. The relation between ln(R) and 1/T of FeO-ZnO 
(5%) thin films at three different electrical potentials 
(5 V, 10 V, and 15 V). 
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CONCLUSIONS 

We have investigated the properties of thin films of FeO-doped ZnO (with the concentrations of [0%, 3%, and 
5%]). The analysis of the structural properties corresponding to the crystalline dimensions of the thin films confirmed 
a nanostructure in the prepared thin films. Moreover, the absorption spectrum of the thin films shows that an increase in 
the percentage of FeO used leads to an increase in the width of the peak of the absorption spectrum. Furthermore, it was 
found that there is a linear relationship between ln(R) and 1/T. Finally, the activation energy at different differential 
potentials was investigated and a decrease in activation energy with increasing voltage was observed. 
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