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Abstract— Zn1-xFexO (x=0,4,6,8,10) nanoparticles were synthesized using co-precipitation technique at low temperature. X-ray diffraction 
confirms that the samples have a single-phase wurtzite structure which the bond lengths and the dislocation density increases with an 
increasing dopant concentration which attributed to the different ionic radii of Fe ions substituted in the ZnO lattice. Optical constant such 
as optical energy band gap Eg and the reflective index, and the dielectric constant have been determined. The direct optical band gap and 
the Urbach energy of the Zn1-xFexO NPs decreased with increasing Fe content. The refractive index,  the lattice dielectric constant and the 
optical conductivity are increased with increasing Fe content.   

Index Terms— Zn1-xFexO NPs, optical energy band gap , the reflective index, the optical conductivity  

——————————      —————————— 

1 INTRODUCTION                                                                     

The most important functional semiconductor materials for 

optoelectronic devices piezoelectric transducers and gas sen-
sors, is ZnO [1-3], because ZnO is a wide-band gap II-VI semi-
conductor material, it has a wurzite-type crystal structure and 
a direct gap of 3.37 eV at room temperature,  and a large exci-
ton binding energy of 60 MeV [4-6].  TM doped ZnO have a 
technological advantage for their favorable magnetic, the opti-
cal and electronic properties required for spintronics materials 
and optoelectronic devices. [7-18]. Fe doped ZnO nanoparti-
cles have been prepared in different ways, for example, me-
chanical alloying, Hydrothermal method ,solid-state reaction 
and sol–gel method [19-23].  According to the literature sur-
vey, there are many  reports of Fe doped ZnO NPs prepared 
by co- precipitation method. Most of the researcher focus on 
the ferromagnetic behavior of Fe doped ZnO nanoparticles. 
However, Fe-doped ZnO can be an important material for 
uses its optical properties in different applications; thus, it is 
important to study these properties and the correlation be-
tween them. Because the addition of 3d transition metal ions 
can change the Fermi energy state by raising the valance band 
maximum and lowering the conduction band minimum, thus 
reducing the band gap by increasing the concentration of Fe, 
that is compatible with our results. Thus, it is expected that the 
doping of Fe metal ion into the ZnO matrix will change the 
optoelectronic properties as well.  In this work, the effects of 
Fe doped ZnO NPS on the structural and optical properties of 
ZnO nanoparticles will be studied. 
 

2   EXPERIMENTAL  
The preparation of Zn1-xFexO NPs in a nanoparticle form is 
achieved by using the Co-precipitation technique in our pre-
vious essay [24]. Optical characterization was carried out at RT 
using a Shimadzu UV-3600 UV–vis-near-IR spectrophotome-
ter in the wavelength range 250–800 nm. 
 

3 RESULTS AND DISCUSSIONS 
3.1. CHARACTERIZATION 
 
X- ray diffraction pattern of Zn1-xFexO NPs shows that the 
samples have a single-phase wurtzite structure, with the aver-
age particle size 30 nm, and decreases with increasing dopant 
concentration. This decrease attributed to the small ionic radi-
us of Fe ions compared to that of Zn ions[25].  The effect of 
doping Fe on the bond length of ZnO nanoparticles was stud-
ied. The bond length has been calculated according to the fol-
lowing formula [26]: 

𝑙 = ��𝑎
2

3
+ �1

2
− 𝑢�

2
𝑐2�                  (1) 

Where a and c are lattice parameters and u is an internal pa-
rameter, the bond lengths are given in Table (1). This variation 
may occurs due to the different ionic radii of Fe ions substitut-
ed in the ZnO lattice [27]. 
 
Table 1: The XRD data of Zn1-xFexO NPs, the bond length (L)  

and the dislocation density (δ). 
 

x δ x10-3(1/nm)2 L(nm) 

0 1.014 2.596 

0.04 1.141 2.606 

0.06 1.231 2.587 

0.08 1.126 2.605 

0.1 1.173 2.605 

 

  The dislocation density (δ), defined as the length of disloca-
tion lines per unit volume of the crystal, is determined by us-
ing Williamson and Smallman's relation [28]: 

𝛿 = 𝑓 𝐷2⁄                                  (2) 
Where f is unity factor, giving a minimum dislocation density.  
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From Table (1), it is observed that δ increases by  increasing 
the Fe content. This can be attributed to the degradation in 
crystallinity and the disorder in the ZnO NPs, as a result of the 
addition of Fe. 
 
 
3.2 OPTICAL PROPERTIES 
3.2.1 OPTICAL BAND GAP AND URBACH ENERGIES OF  

Zn1-xFexO NPS. 
 
     The absorbance spectra of Zn1-xFexO NPs shown in Fig.(1a).  
It is observed that the absorbance increases with the addition 
of Fe contents. Also, the optical band gap Eg can be calculated 
using Tauc's relation [29]  

(𝛼ℎ𝜈) = 𝐴�ℎ𝜈 − 𝐸𝑔�
1 2⁄

             (3) 
 

Where α is the absorption coefficient ,(hν) is the photon ener-
gy and A is the probability parameter for transition. This im-
plies that the optical band gap of the ZnO nanostructure has a 
direct optical transition. It is well known that the direct transi-
tions across the band gap are feasible between the valence and 
the conduction band edges in k-space. In this transition pro-
cess, the total energy and momentum of the electron-photon 
system must be conserved.  
 

 
 

Fig. 1: (a) The main frame represents UV-vis   absorption 
 spectra, and (b) shows the plots of (αhν)2 versus hν. 

 
The  direct band gap were obtained from plots  of (αhν)2 ver-
sus hν at RT enables us to estimate the Eg values by extrapo-
lating the linear part of (αhν)2 to zero as shown in  Fig.(1b), 

and the obtained Eg values are tabulated in Table 2. The opti-
cal band gap shifted slightly to lower energies than that of the 
pure ZnO.  Thus, in our samples, the s-d and p-d exchange 
interactions give rise to a negative and a positive correction to 
the conduction and the valence band edges, respectively 
which reduced the band gap by adding Fe content [30-32]. 
 
 
Table 2. The direct energy band gaps, Urbach energies and the 

dispersion parameters for Zn1-xFexO NPs. 
 

x Eg (eV) EU (eV) ε � 𝑒2

𝜋𝐶2
�� 𝑁

𝑚∗�∗10−6 

0.0 3.28 2.18 7.63 3.74 

0.04 3.06 1.6 9.43 5.70 

0.06 2.94 1.48 10.03 6.57 

0.08 2.92 2.53 10.05 6.37 

0.1 2.79 2.84 13.88 7.59 

 
 
The absorption coefficient near the fundamental absorption 
edge is exponentially dependent on hυ and obeys the empiri-
cal Urbach relation, the Urbach energy can be calculated ac-
cording to the following relation [33] 
 

𝛼 = 𝛼𝑜𝑒𝑒𝑒 �
ℎ𝜈−𝐸𝐼
𝐸𝑈

�                   (4) 

Where 𝐸𝐼 and αo are constants and EU   is the Urbach energy 
which refers to the width of the exponential absorption edge. 
Eq. (4) describes the optical transition between occupied states 
in the valence band tail to unoccupied states of the conduction 
band edge. EU values were calculated from the slopes of the 
graphs shown in Fig.2, using the relationship EU =
(𝑑 lnα hν⁄ )−1, and given in Table 2.  
 

 
Fig.2: ln (α) versus hν. 

 
The increase of EU suggests that the atomic structural disorder 
of Zn1-xFexO NPs increases by Fe doping. This decrease would 
lead to a redistribution of states from the band to the tail, al-
lowing a large number of possible band to tail and tail to tail 
transitions [34]. 
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3.2.2 REFRACTIVE INDEX DISPERSION  
      The refractive index plays an important role in optical 
communication and designing of the optical devices. The re-
fractive index (n) can be calculated as follows[35] : 
 

𝑛 = �1+𝑅
1−𝑅

�+ � 4𝑅
(1−𝑅)2 − 𝑘2                 (5)  

 
Where the reflectance (R) given by ,[𝑅 = 1 −�(𝑇 ∗ exp (𝐴))] 
and the extinction coefficient, 𝑘, ( 𝑘 = 𝛼𝛼 4𝜋⁄ ) Fig.3. shows the 
refractive index distributions of Zn1-xFexO NPs. The values of 
n are tabulate in the table 2, the values of the refractive index 
are found to increase with the addition of Fe. Such increase in 
n may extend the usability of these materials as antireflection 
coating. 

 
Fig. 3: The variation in refractive index (n) versus  wave-

length (λ), and the inset  shows the plots of   n2 vs. λ2 
 
      The values of the lattice dielectric constant (ε) and the ratio 
of carrier concentration to the electron effective mass 
( 𝑒2 𝜋𝐶2⁄ )(𝑁 𝑚∗⁄ ) can be calculated by considering the de-
pendence of n2 on λ2 ( in the inset  Fig. 3) according to the fol-
lowing dispersion relation [36]: 

𝑛2 = 𝜀 − � 𝑒2

𝜋𝐶2
� � 𝑁

𝑚∗� 𝛼2              (6) 
The values of these parameters are shown in Table2. The val-
ues of the dielectric constant increased with increasing Fe con-
tent, and the ratio of carrier concentration to the electron effec-
tive mass increased also, this means that Fe content increases 
the charge carrier concentration, this is consistent with the 
decrease in Eg with increasing Fe content also with the XRD 
results where the crystallinity enhancement is related to the 
defects and charge carriers [37].  
 
3.2.3 THE OPTICAL CONDUCTIVITY OF Zn1-xFexO NPS   
      The optical conductivity means the electrical conductivity 
results from the movement of the charge carriers due to alter-
nating electric field of the incident electromagnetic waves [38]. 
The real part represents the in-phase current, while the imagi-
nary part represents the π/2 out of-phase inductive current. 
The real (σ1) and imaginary (σ2) components of optical con-
ductivity are described as [39,40] 

𝜎1 =  𝜔𝜀``𝜀0 ,            𝜎2 = 𝜔𝜀`𝜀0                  (7) 
Where ω is the angular frequency and ε0 is the free space die-
lectric constant. The real σ1 and the imaginary σ2 parts of the 
optical conductivity for Zn1-xFexO NPs are shown in Fig. (4a, 
4b). The values of the imaginary part of the optical conductivi-
ty are larger than that of the real part of optical conductivity.  
Also, it can be seen that both of the two parts of the optical 
conductivity values vary with Fe content as the optical proper-
ties of s are strongly influenced by their structural characteris-
tics. According to these results, it can be suggested that all of 
these optical parameters for Zn1-xFexO NPs will be changed 
with Fe content and could be used in optical devices and op-
toelectronic applications. 
 

 
Fig.4:  (a) The real parts, and (b) The imaginary part of the 

 optical conductivity  versus  hν. 
 
   4 CONCLUSION 
 
   The bond lengths and the dislocation density increases with 
the increase of the dopant concentration. The direct optical 
band gap and the Urbach energy of the Zn1-xFexO NPs de-
creased with increasing Fe content. Also the optical constants 
were determined and these parameters were changed with Fe 
dopant. The refractive index and the carrier concentration to 
the electron effective mass increased. The lattice dielectric con-
stant and the optical conductivity are increased with increas-
ing Fe content. Based on these results, the Zn1-xFexO NPs 
would be a promising candidate for various optoelectronic 
applications. 
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