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In current study, ZnO and Fe/Co co-doped ZnO (Zn1-x Fe0.05 Cox O where x = 0, 0.005) 
nanoparticles were prepared by using two different methodologies: sol gel method and co- 
precipitation method. The structural properties were determined by X-Ray diffraction 
technique which verifies the hexagonal wurtzite structure of prepared nanoparticles. 
Crystallite size varies from 18.68-37.43 nm for the samples synthesized by co-precipitation 
method and it varies from 19.97-38.45 nm for sol-gel method. Fourier transform infrared 
transmittance spectra were used to investigate the type of functional groups present in all 
the prepared nanoparticles. The UV-Visible absorption spectroscopy was employed to 
investigate the optical properties of ZnO and doping of Fe/Co in ZnO semiconducting host. 
The energy band gap varies from 3.03 - 3.68 eV for the samples synthesized by co-
precipitation method and for sol-gel method, it ranges from 3.13 - 3.86 eV, by increasing 
dopant concentration. Vibrating sample magnetometer was used to inquire the magnetic 
behavior of synthesized nanoparticles which shows the weak ferromagnetic behavior of the 
doped nanoparticles prepared by both the techniques. Samples prepared by co-precipitation 
method showed higher values of saturation magnetization and coercivity as compared to the 
samples prepared by the sol-gel method. In comparison of two synthesis techniques, a slight 
change was observed in the particle size, energy band gap and magnetization values. The 
improved optical and magnetic behavior favors the co-precipitation method rather than sol 
gel method for obtaining room temperature ferromagnetism for practical applications in 
spintronics field. 
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1. Introduction 
 
Nanotechnology, which deals with the particles in the size range 1-100 nm and have high 

surface to volume ratio, is an expanding field in materials science [1]. Nanoparticles (NPs) are the 
basic ingredients for the formation of new species because of their extraordinary size dependent 
characteristics. They exhibit greatly manageable physical, optical, structural and magnetic properties 
depending upon their size [2]. In continuation to nanotechnology, spin-based electronics is an 
interesting field by increasing degree of freedom in nanostructures for technological applications. 
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Diluted magnetic semiconductors (DMSs) are representing linkage between charge-based 
semiconductors and spin-based magnetism [3,4]. Spin addition to the basic electronics increases its 
application hugely including faster operation, storage density and reduction in rate of energy 
consumption [5]. By using both the spin and charge of electrons we will be able to use the ability of 
processing of information and mass storage in the same system. Lower solubility of magnetic 
elements in compounds makes it difficult to make semiconductors magnetic. The control on both 
spin and charge of electrons can be advantageous in semiconductors which have room temperature 
ferromagnetism (RTFM) [6]. 

In order to achieve room temperature ferromagnetism, the use of oxide based 
semiconducting host given preference because they have a wide band gap i.e., transparent to visible 
light and can be densely doped with n type carrier [7]. Oxide based semiconductors also have 
capability to grow at low temperature that will help in restricting the sample in single phase. Even 
though, different NPs are presenting the potency in various fields of technology, but ZnO have 
achieved prime importance due to the numerous uses in transparent conducting oxide (TCO), solar 
panels, ultra-violet lasers, light modulators, piezoelectric devices and light emitting diode (LED) 
etc. [8,9]. 

ZnO is a transparent metal oxide having large exciton binding energy of 60 meV and direct 
band gap of ~3.4 eV even at room temperature. Room temperature ferromagnetism is a desired 
property in spintronics which can be attained by the addition of impurities, either noble metals (e.g. 
𝑃𝑃𝑃𝑃,𝐴𝐴𝐴𝐴,𝑃𝑃𝑃𝑃 etc.) or transition metals (e.g. 𝐴𝐴𝐴𝐴,𝐶𝐶𝐶𝐶,𝑀𝑀𝑀𝑀,𝐹𝐹𝐹𝐹,𝑁𝑁𝑁𝑁,𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶 etc.). Many researchers work on 
zinc oxide semiconductors doped with transition metals (𝑀𝑀𝑀𝑀,𝐹𝐹𝐹𝐹,𝐶𝐶𝐶𝐶,𝑁𝑁𝑁𝑁) to achieve room 
temperature ferromagnetism [10-12]. Considerable work had been done on cobalt doped zinc oxides 
and iron doped zinc oxides as diluted magnetic semiconductors (DMS).  

The work on comparison of the structural, anti-bacterial and photocatalytic properties of 
ZnO nanoparticles prepared by sol-gel and biosynthesis techniques has been done by Md Jahidul 
Haque et al. [13]. Elahe Darvishi et al. also worked on the comparison of the ZnO nanoparticles 
prepared by the green method (using Juglans regia L. leaf extract) and chemical method for the 
enhancement of its bactericidal applications [14]. Various researches proved the increased 
ferromagnetism by increasing doping concentration in iron doped ZnO nanoparticles [15,16].  

M.L. Dinesha et al.  used solution combustion method for synthesis of iron and cobalt co-
doped zinc oxide nanoparticles and they successfully achieved RTFM [17]. D. Sharma, R. Jha et al. 
used co precipitation method for synthesis of iron and cobalt co doped zinc oxide nanoparticles. 
They reported that the RTFM achieved due to the oxygen vacancies and grain boundaries [18-20].  

Although, the abovementioned literature is available on Fe and Co co-doped ZnO 
nanoparticles, but the study of co-doping of both the transition metals in ZnO is insufficient yet. 
Also, there is not even a single research paper available for the comparison of Fe and Co co-doped 
ZnO NPs synthesized by two different techniques. 

Several synthesis techniques have been adopted for the formation of TM-doped 𝑍𝑍𝑍𝑍𝑍𝑍 
nanoparticles, such as sol-gel method, co-precipitation method, auto-combustion method, 
hydrothermal process, solid-state reaction method and many others [21,22]. From all of these, we 
have used co-precipitation method and sol-gel method in which various variables like reaction time, 
reaction temperature and pH have significant impact on the characteristics of NP’s shape and size.  

The present research is focused on fabrication of ZnO and Zn (1-x) Fe0.05 Cox O (𝑥𝑥 =
0, 0.005) nanoparticles by two methods. One is sol-gel method and the other one is co-precipitation 
method. A comparison of structural, optical and magnetic properties of the NPs synthesized by these 
two different methods is discussed here in detail. 

 
 
2. Experimental details 
 
2.1. Materials 
All the raw materials including [𝑍𝑍𝑍𝑍(𝑁𝑁𝑁𝑁3)2 . 6𝐻𝐻2𝑂𝑂] (Sigma − Aldrich),

[𝐹𝐹𝐹𝐹(𝑁𝑁𝑂𝑂3)2. 3𝐻𝐻2𝑂𝑂](Sigma − Aldrich), [𝐶𝐶𝐶𝐶(𝑁𝑁𝑁𝑁)3 .6𝐻𝐻2𝑂𝑂] (Sigma − Aldrich), sodium hydroxide, 
ethylene glycol, citric acid and ammonia were used as received without extra refining. 
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2.2. Synthesis of ZnO and Zn (1-x) Fe0.05 Cox O nanoparticles by sol-gel method 
ZnO and Zn (1-x) Fe0.05 Cox O (x=0, 0.005) nanoparticles were synthesized by using sol gel 

method. Firstly, take the required amount of water (312 ml) in beaker and put the beaker on the hot 
plate. Then added the required amount of [𝑍𝑍𝑍𝑍(𝑁𝑁𝑁𝑁3)2 . 6𝐻𝐻2𝑂𝑂]   in the beaker and start stirring. After 
stirring of 25minutes, we added the required amount of [𝐹𝐹𝐹𝐹(𝑁𝑁𝑂𝑂3)2. 3𝐻𝐻2𝑂𝑂] into the beaker followed 
by constant stirring for more 20minutes to get better results. After that the required amount of 
[𝐶𝐶𝐶𝐶(𝑁𝑁𝑁𝑁)3 .6𝐻𝐻2𝑂𝑂] was added for x=0.005 sample. After stirring for few seconds, the required 
amount of citric acid (2.88 ml) and ethylene glycol (1.26 ml) were added as a catalyst. To maintain 
the pH between 9 and 10, some amount of ammonia was added. After maintaining the pH, the 
temperature was adjusted at 80oC for two hours.  

After two hours, the temperature raised to 120oC and solution was changed to gel form. 
After some time, the gel started burning which assured that the sample was synthesized successfully. 
Then the sample was dried in oven at 80oC for 2 hours. After drying, the sample was ground to 
change it in to fine powder. After that the sample was annealed at 300oC for 3 hours in a box furnace 
under air. After annealing, the samples were ready for different characterizations. Three samples 
(𝑍𝑍𝑍𝑍𝑍𝑍,𝑍𝑍𝑍𝑍 𝐹𝐹𝐹𝐹0.05𝑂𝑂 𝑎𝑎𝑎𝑎𝑎𝑎 𝑍𝑍𝑍𝑍0.995𝐹𝐹𝐹𝐹0.05𝐶𝐶𝐶𝐶0.005𝑂𝑂) were prepared by following the above procedure. 

 
2.3. Synthesis of ZnO and Zn (1-x) Fe0.05 Cox O nanoparticles by co-precipitation method 
ZnO and Zn (1-x) Fe0.05 Cox O (x=0, 0.005) nanoparticles were also synthesized by using co-

precipitation method. Initially, a homogenous mixture was prepared by adding 
[𝑍𝑍𝑍𝑍(𝑁𝑁𝑁𝑁3)2 . 6𝐻𝐻2𝑂𝑂], [𝐹𝐹𝐹𝐹(𝑁𝑁𝑂𝑂3)2. 3𝐻𝐻2𝑂𝑂] and [𝐶𝐶𝐶𝐶(𝑁𝑁𝑁𝑁)3 .6𝐻𝐻2𝑂𝑂] in distilled water. The solution was 
constantly stirred for 1 hour, then added NaOH solution to maintain its pH at 9-11. The 
stoichiometric amounts of all the chemicals were mixed with constant stirring for 2 hours until milky 
brown precipitates were formed.  

The solution was filtered on the filter paper, then washed thoroughly for 3-5 times with 
deionized water and with ethanol. Resulting solution was again filtered followed by drying at 80oC 
for 2 hours in an oven. The sample was grounded into a fine powder and annealed at 300oC for 3 
hours in a box furnace under air. Three samples 
(𝑍𝑍𝑍𝑍𝑍𝑍,𝑍𝑍𝑍𝑍 𝐹𝐹𝐹𝐹0.05𝑂𝑂 𝑎𝑎𝑎𝑎𝑎𝑎 𝑍𝑍𝑍𝑍0.995𝐹𝐹𝐹𝐹0.05𝐶𝐶𝐶𝐶0.005𝑂𝑂) were synthesized by following this procedure. 

 
2.4. Samples’ recognitions 
For the rest of the paper, the correspondence for all samples is given below. 
 

Sample’s formulation Sample’s marker 
𝑍𝑍𝑍𝑍𝑍𝑍 by sol-gel method ZnO (sol-gel) 

𝑍𝑍𝑍𝑍𝑍𝑍 by co-precipitation method ZnO (co-prec) 
𝑍𝑍𝑍𝑍 𝐹𝐹𝐹𝐹0.05𝑂𝑂 by sol-gel method ZnFeO (sol-gel) 

𝑍𝑍𝑍𝑍 𝐹𝐹𝐹𝐹0.05𝑂𝑂 by co-precipitation method ZnFeO (co-prec) 
 𝑍𝑍𝑍𝑍0.995𝐹𝐹𝐹𝐹0.05𝐶𝐶𝐶𝐶0.005𝑂𝑂 by sol-gel 

method 
ZnFeCoO (sol-gel) 

 𝑍𝑍𝑍𝑍0.995𝐹𝐹𝐹𝐹0.05𝐶𝐶𝐶𝐶0.005𝑂𝑂 by co-
precipitation method 

ZnFeCoO (co-prec) 

 
 
2.5. Characterization techniques 
The structural properties of 𝐶𝐶𝐶𝐶- and 𝐶𝐶𝐶𝐶-doped 𝑍𝑍𝑍𝑍𝑍𝑍 nanoparticles were scanned by using 

(X-Pert Philips) X-ray diffractometer by applying 𝐶𝐶𝐶𝐶 − 𝐾𝐾𝐾𝐾 radiations (𝜆𝜆 = 1.54 Å) at 40𝑘𝑘𝑘𝑘 and 
30𝑚𝑚𝑚𝑚 from 2𝜃𝜃 = 20𝑜𝑜– 80𝑜𝑜. Fourier transform infrared (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹) spectroscopy employing (Shimadzu 
IR–Tracer 100) was evaluated in the region of 1400 − 200 𝑐𝑐𝑐𝑐−1, to explain the infrared spectrum 
of transmission. Ultraviolet-visible (𝑈𝑈𝑈𝑈 − 𝑉𝑉𝑉𝑉𝑉𝑉) spectroscopy is employed to interpret optical 
behavior by using UV–Visible spectrometer (Model: lambda 35, Make: Perkin Elmer) at room 
temperature. Magnetic properties (𝑀𝑀 −𝐻𝐻 curves) were determined by the Superconducting 
quantum interference device (SQUID, Model MPMS-3 from Quantum Design Inc.) in State Key 
Laboratory for Mechanical Behavior of Materials, Xi'an Jiaotong University, China, at room 
temperature under an applied field of 10 𝑘𝑘𝑘𝑘𝑘𝑘. 
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3. Results and discussions 
 
3.1. X-Ray diffraction 
Fig.1 displays the XRD spectra of ZnO(co-prec), ZnO(sol-gel, ZnFeO(co-prec), ZnFeO(sol-

gel), ZnFeCoO(co-prec) and ZnFeCoO(sol-gel) nanoparticles. Main diffraction peaks for (1 0 0), (0 
0 2) and (1 0 1) planes confirmed the hexagonal wurtzite structure. For all samples, nine significant 
peaks are noticed, labelled as (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2) and (2 
0 1) with maximum diffraction intensity at (1 0 1) lies between 35.8o to 37.6o.  

The XRD peaks are shifted towards the smaller angle by co-dopant concentration of Co and 
Fe in pure ZnO. It is due to the difference of ionic radii of Zn2+ (0.60 Å), Co2+ (0.58 Å) and Fe3+ 
(0.67 Å). Average crystal size is determined by Debye Scherer’s equation [23], 

 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝐷𝐷)  =  0.9𝜆𝜆/𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽 

 
where 𝜆𝜆 represents the wavelength of the incident radiation i.e 1.45 Å,𝛽𝛽 is the full width at half 
maximum (FWHM) of (101) peak and 𝜃𝜃 is the Bragg’s angle.  

And the unit cell volume is computed by the following relation, 
 

𝑉𝑉 = 0.866𝑎𝑎2𝑐𝑐 
 
where ‘𝑎𝑎’ and ‘𝑐𝑐’ are lattice constants and ‘𝑢𝑢’ is the constant for wurtzite structure computed by the 
relation, 
 

𝑢𝑢 = �
𝑎𝑎2

3𝑐𝑐2
� + 0.25 

 
 

 
 

Fig. 1. XRD patterns of ZnO(co-prec),ZnO(sol-gel), ZnFeO(co-prec), ZnFeO(sol-gel),  
ZnFeCoO(co-prec) and ZnFeCoO(sol-gel) nanoparticles. 

 
 
All the parameters of prepared samples are well match with the JCPDS card number 36-

1451 [24]. Average crystalline size of ZnO sample synthesized by co-precipitation method is 37.43 
nm and for sol-gel method, it is 38.45 nm. The average crystalline size for ZnFeO sample prepared 
by co-precipitation method is 18.68 nm and for the same sample synthesized by sol gel method have 
crystalline size of 19.97 nm. Also, for Co/Fe co doped sample synthesized by co-precipitation 
method, average crystallite size is 23.18 nm and the same sample synthesized by sol gel method 
have average crystalline size of 24.66 nm. This difference in the crystalline size may be due to the 
several times washing in co-precipitation method. As there are no extra peaks in the XRD pattern 
which confirm the formation of single phase for all samples. 
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Table 1 gives the values of lattice parameters ‘a’ and ‘c’ for most intense peaks. Lattice 
parameters are firstly decreased by the doping of Fe in ZnO and then, slightly increased by small 
amount of doping of cobalt which shows that the iron and cobalt atoms are well mixed with the zinc 
oxide atoms and do not change the structure of zinc oxide lattice which also confirms the hexagonal 
wurtzite structure of the prepared sample. It is also confirmed from the table that there is negligible 
variation in the lattice constant values of the samples synthesized by both techniques. As there is 
minor variation in radii of Zn2+ (0.60 Å) and Co2+ (0.58 Å), so the variation in the lattice constants 
of Co co-doped samples is not highly expected. 

The values of unit cell volume ‘V’ are also written in Table 1. The unit cell volume of 
ZnO(co-prec) is 47.60 (Å)3 and of ZnO(sol-gel), it is 47.57 (Å)3. For Co/Fe co-doped sample 
synthesized by co-precipitation method, the volume is 34.36 (Å)3 and for same sample synthesized 
by sol gel method has volume 34.67 (Å)3.  The unit cell volume of the sample ZnFeO prepared by 
co-precipitation method is 32.93 (Å)3 and for same sample prepared by sol gel method, the volume 
is 33.98 (Å)3. The values of unit cell volume seconds the values expressed in the literature [25].  

The variation in values of ‘a’, ‘c’ and ‘V’ by the doping of cobalt and iron is due to intra 
and inter nucleating forces in process of crystallization of ZnO with cobalt and iron ion 
concentration. Sharp peaks for all the samples in the spectrum proved the high crystallization. It is 
necessary to mention here that the crystalline character of wurtzite structure of ZnO is enhanced by 
the addition of Co as a co-dopant into the Fe-doped ZnO. Missing secondary phase related to 
magnetic precipitate unveiled the intrinsic ferromagnetic behavior [26].  A small difference in the 
values of all the parameters is observed for the sample synthesized by co-precipitation and sol-gel 
method, this difference is mainly due to several times washing of samples in co-precipitation 
method. 

 
Table 1. Lattice parameters 𝑎𝑎 =  𝑏𝑏 (Å), 𝑐𝑐 (Å), 2𝜃𝜃,𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 values, d-spacing, crystallite size 

 𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣of 𝑍𝑍𝑍𝑍𝑍𝑍(𝑐𝑐𝑐𝑐 − 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝),𝑍𝑍𝑍𝑍𝑍𝑍(𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑔𝑔𝑔𝑔𝑔𝑔),𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑐𝑐𝑐𝑐 − 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝),𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑠𝑠𝑠𝑠𝑠𝑠 −
𝑔𝑔𝑔𝑔𝑔𝑔),𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑐𝑐𝑐𝑐 − 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) 𝑎𝑎𝑎𝑎𝑎𝑎 𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑔𝑔𝑔𝑔𝑔𝑔)by XRD profile. 

 
Sample Name ZnFeCoO 

(co-prec) 
ZnFeCoO 
(sol-gel) 

ZnFeO 
(co-prec) 

ZnFeO 
(sol-gel) 

ZnO 
(co-prec) 

ZnO 
(sol-gel) 

2θ (degrees) 36.95 36.39 36.95 36.64 37.07 36.98 

d-spacing (Å) 2.43 2.47 2.42 2.45 2.49 2.50 
FWHM (o) 0.45 0.42 0.59 0.54 0.35 0.33 
Crystallite 
size(nm) 

23.18 24.66 18.68 19.97 37.43 38.45 

a (Å) 2.84 2.85 2.80 2.83 3.24 3.72 
c (Å) 4.92 4.93 4.85 4.90 5.21 5.33 
V (Å)3 34.36 34.67 32.93 33.98 47.60 47.57 

 
 
3.2. Fourier Transform Infrared Study 
FTIR spectroscopy is a technique to investigate the elemental constituents and chemical 

bonding [27]. In present work, we have used the transmittance spectra of fourier transform infrared 
for analyzing different vibrational modes of the prepared sample. FTIR transmittance spectrum was 
observed in the wavelength range of 200-1400 cm-1 (Fig.2). The iron doped zinc oxide samples 
synthesized by co-precipitation method shows transmittance peaks at 370, 510, 880 and 1385 cm-1 
and the same sample synthesized by sol gel method shows transmittance peaks at 370, 510, 868, 880 
and 1385 cm-1 as shown in figure. The iron and cobalt co-doped sample prepared by co precipitation 
method shows transmittance peaks at 370, 500, 868 and 1385 cm-1 and the same sample prepared 
by sol gel method have transmittance peaks at 370, 670, 864 and 1385 cm-1 as shown. The 
transmittance peaks from 370 to 510 cm-1 are due to typical bond between zinc and oxygen and also 
due to the stretching vibrations of Zn-O bonds in octahedral positioning. Zn-O bonds in tetrahedral 
arrangement are so strong than the octahedral in prepared sample [28]. 
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Fig. 2. FTIR spectra of (a) ZnO (co-prec) & ZnO (sol-gel) (b) ZnFeO (co-prec) & ZnFeO (sol-gel),  
and (c)  ZnFeCoO (co-prec) & ZnFeCoO (sol-gel) nanoparticles. 

 
 
The different ranges of frequencies along with their respective properties are shown in 

Table.2. The transmittance peak that was found at a frequency of 670 cm−1 in ZnFeCoO sample 
synthesized by sol gel method is due to Fe-O bond vibration [29]. The band frequencies from 850 
to 900 cm-1 are attributed to the bond between oxygen and cobalt. We can also observe that there 
are some additional peaks between 600 to 1000 cm-1 which are due to ZnO and Co-O bonding which 
may be the possibility of some additional faces at higher concentration of iron and cobalt co-doping. 
Transmittance peaks observed at 1125 cm-1 for iron doped sample synthesized by co precipitation 
and sol gel sample are due to C–O stretching vibration [30]. Weak frequency band observed between 
1300 to 1400 cm-1 is due to O-H bonding of water or due to typical organic group of carbon [31-33]. 

The variation in FTIR spectra for the samples synthesized by two different techniques can 
easily be observed from the Fig 2. Table shows the FTIR peaks assignments to different vibrational 
modes for all the six samples. 
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Table 2. FTIR peaks assignment to different vibrational modes of ZnO(co-prec),ZnO(sol-gel), ZnFeO(co-
prec), ZnFeO(sol-gel), ZnFeCoO(co-prec) and ZnFeCoO(sol-gel) nanoparticles. 

 
 

Assignments 
Wavenumber (cm-1) 

ZnO 
(co-prec) 

ZnO 
(sol-gel) 

ZnFeO 
(co-prec) 

ZnFeO 
(sol-gel) 

ZnFeCoO 
(co-prec) 

ZnFeCoO 
(sol-gel) 

Zn-O bond 
(tetrahedral) 
Zn-O bond 
(octahedral) 

Co-O stretching mode 
and ethanol 
precursors 

Microstructural 
changes 

Asymmetric 
stretching of C=O 

bond 
H-O-H bending 

vibration 

 
369 
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3.3. Optical study 
Optical spectra in the range 200 nm to 500 nm wavelength at room temperature is exhibited 

in Fig.3. Different parameters such as band gap, impurities, oxygen deficiency and roughness of the 
surface are responsible for absorbance.  

UV absorption spectroscopy was used to check the impact of Fe and Co doping on optical 
properties of ZnO nanoparticles and also to compare the absorbance for the samples synthesized by 
two divergent methodologies. Strong UV absorption peaks at wavelength 409 nm are noticed for 
ZnO(co-prec) and 395 nm for ZnO(sol-gel) that can be created from the recombination of localized 
level excited electrons below the conduction band with the holes in valence band. The iron doped 
sample have absorption peaks at 359 nm for co precipitation sample and 344 nm for sol gel sample 
as mentioned in the Fig.3. 
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Fig. 3. UV-Visible absorption spectra of (a) ZnO (co-prec) & ZnO (sol-gel) (b) ZnFeO (co-prec)  
& ZnFeO (sol-gel), and (c)  ZnFeCoO (co-prec) & ZnFeCoO (sol-gel) nanoparticles. 

 
 
The absorption peaks for iron and cobalt co-doped sample were observed at 337 nm for co 

precipitation sample and 322 nm for sol gel sample as mentioned. The minor shift of the absorption 
peak for different synthesis technique may be originated because of variation of particle size and 
their arrangement [34]. The observed absorption peaks are shifted towards the shorter wavelength 
due to cobalt concentration. It can be noted that the absorption peaks are shifted with transition metal 
doping is due to the sp-d spin exchange interaction between electrons of host material and localized 
d-electrons of dopant ions [35,36]. So it may results in rise to a positive and negative shift to the 
valence and conduction band edges which results a wider band gap. The Burstein – Moss effect 
explains the blue shift in the UV absorption peak [37], according to this, by increasing carrier 
concentration, the Fermi level merges into conduction band, as a consequence of which the apparent 
band gap enhances and the absorption edge is propelled towards higher energies. 

 Absorbance is entirely relying on different factors such as imperfections in grain structure, 
size of particles and insufficiency in oxygen. Observed increase in value of ‘Eg’ as shown in Table.3 
with doping of transition metal ion and co-doping is may be due to Co and Fe incorporating at 
substitutional or/and interstitial site of wurtzite structure of ZnO [38]. 
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Table 3. Shows the band gap energy for all the samples for respective absorption peaks. 
 

 
Samples 

Absorption peak Energy Band Gap 
λ (nm) Eg (eV) 

ZnO (co-prec) 409 3.03 

𝐙𝐙𝐙𝐙𝐙𝐙 (𝐬𝐬𝐬𝐬𝐬𝐬 − 𝐠𝐠𝐠𝐠𝐠𝐠) 395 3.13 

ZnFeO (co-prec) 359 3.46 

ZnFeO (sol-gel) 344 3.61 
ZnFeCoO (co-prec) 337 3.68 
ZnFeCoO (sol-gel) 322 3.86 

 
 
3.4. Magnetic properties 
Magnetic aspects were investigated by vibrating sample magnetometer (VSM) at room 

temperature. Synthesis technique, doping element and annealing temperature determines the 
magnetic properties of DMS materials. Magnetic investigation proved that, at room temperature, 
undoped ZnO is diamagnetic. Potzger et.al indicated that it remains diamagnetic over magnetization 
reversal, even at lower temperature (5 K) [39]. 

The relation between the magnetization ‘M’ and applied field H i.e. (M-H) curve of all the 
six samples ZnO, ZnFeO and ZnFeCoO annealed at 300 K synthesized by both, co precipitation and 
sol gel method is shown in Fig.4. Pure ZnO samples exhibited diamagnetic behavior for both 
synthesis techniques which is its intrinsic behavior [40]. The sample ZnFeO synthesized by both co 
precipitation and sol gel techniques shows hysteresis and exhibits weak room temperature 
ferromagnetism (RTFM). In previous researches, it was observed that the RTFM was attributed to 
secondary phases of dopant ions and it may also result of some type of exchange interaction [41]. In 
our work, as the secondary phases are absent, so it is concluded that RTFM behavior is result of 
some type of exchange interaction.  The saturation magnetization for ZnFeO, synthesized by co-
precipitation and sol gel method, was observed at 0.34 emu/g and 0.21 emu/g respectively. The 
saturation magnetization was increased in the same sample prepared by co precipitation method. An 
increment in the value of saturation magnetization for co precipitation method may be attributed to 
the phenomenon of washing the sample several times with water and ethanol. This slight change in 
value of saturation magnetization favors co precipitation method rather than sol gel method. The 
retentivity of the sample ZnFeO for co precipitation was 0.001 emu/g and for sol gel method it was 
0.0025 emu/g. The observed values of coercivity for ZnFeO sample synthesized by co precipitation 
was 27 Oe and for sol gel sample it was 24 Oe. Not much difference was found in the values of 
coercivity for both the samples made by co precipitation and sol gel method.  The low value of 
coercivity shows that the prepared sample is a soft ferromagnetic material.  

For ZnFeCoO sample prepared by both co precipitation method and sol gel method also 
shows some hysteresis behavior which also exhibit weak RTFM. The observed value of saturation 
magnetization was 0.128 emu/g for co precipitation sample and it was 0.078 emu/g for the sample 
prepared by sol gel method. The retentivity of the sample ZnFeCoO prepared by co precipitation 
method was 0.0012 emu/g and it was 0.0061 emu/g for the sol gel method. The observed value of 
coercivity for ZnFeCoO sample prepared by co precipitation was 201 Oe and for sol gel sample it 
was 188 Oe. Small difference was observed in the values of coercivity of the same samples 
synthesized by co precipitation and sol gel. Hence, we deduce that magnetic saturation escalates 
with simultaneous doping of Fe and Co [42]. So, in this investigation, obtained ferromagnetism is 
an intrinsic behavior of Fe-doped and Fe–Co co-doped samples [21]. 

By analyzing all the doped four samples, it was concluded that RTFM was achieved to some 
extent and can be improved by changing the doping amount of cobalt. Also, the results favors the 
co-precipitation method rather than sol-gel method for enhanced magnetism. 
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Table 4. Magnetic properties of ZnO(co-prec),ZnO(sol-gel), ZnFeO(co-prec), ZnFeO(sol-gel), 
ZnFeCoO(co-prec) and ZnFeCoO(sol-gel) nanoparticles. 

 
Sample Ms (emu/g) Mr (emu/g) Hc (Oe) 

ZnFeO (co-prec) 0.34 0.001 27 
ZnFeO(sol-gel) 0.21 0.0025 24 

ZnFeCoO(co-prec) 0.128 0.0012 201 
ZnFeCoO(sol-gel) 0.078 0.0061 188 

 
 
 

   
 

 
 

Fig. 4. M-H curves of (a) Pure ZnO (b) ZnFeO (co-prec) & ZnFeO (sol-gel), and  
(c)  ZnFeCoO (co-prec) & ZnFeCoO (sol-gel) nanoparticles. 

 
 
 
 
4. Conclusion 
 
In summary, ZnO and Co/Fe co-doped ZnO (Zn1-x Fe0.05 Cox O; where 𝑥𝑥 =  0, 0.005) have 

been synthesized by two different procedures including sol-gel and co-precipitation techniques. 
Following conclusion have been made on the basis of obtained results: Synthesis method plays a 
crucial role in controlling phase formation, optical and magnetic responses of the nanoparticles. 
All the nanoparticles exhibited the hexagonal wurtzite structure with divergent microstructure. 
Secondary phases were completely absent in all the samples. FTIR analysis also confirms that the 
prepared sample have wurtzite structure. 
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Crystallite size varies from 18.68-37.43 nm for the samples synthesized by co-precipitation 
method, and it varies from 19.97-38.45 nm for sol-gel method. This difference is mainly because of 
several time washing of samples in co-precipitation method. Energy band gap varies from 3.03-3.68 
eV for the samples prepared by co-precipitation method, and it ranges from 3.13-3.86 eV for sol-gel 
method. The slight shift of the absorption peak for different synthesis technique may be originated 
because of variation of particle size and their structural arrangement. 

 It is also concluded that magnetic saturation enhances with simultaneous doping of Fe and 
Co, as compared to only one transition metal (Fe) doping at room temperature. Weak ferromagnetic 
behavior was noticed for the doped nanoparticles prepared by both the techniques. The nanoparticles 
synthesized by co-precipitation technique exhibited high saturation magnetization and high 
coercivity values. The improved magnetic behavior favors the co precipitation method over sol gel 
method for attaining the room temperature ferromagnetism (RTFM) for practical applications of 
spintronics. 
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