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Zn1.xC0x0, Zn1xCox0 (0 = x = 0.07) samples have been prepared by the co-precipitation method. The

Nanopar: fl‘de" structural and optical properties of Co-doped samples were characterized using XRD, SEM,

(Cio—}?r ecipitation method, Co- EDS, XPS, Raman and UV-Visible spectroscopy. XRD, XPS and Raman spectroscopy results
oping,

show that the ZnO hexagonal wurtzite structure of all samples is preserved and Co?' ions are
replaced by Zn* ions in the ZnO lattice. The average crystallite size of the Zn1-xCoxO
nanoparticles were within the range of 25.64-35.86 nm. It was observed that crystal growth
increased with increasing Co doping to ZnO. It is seen in SEM images that homogeneously
dispersed powders generally have a nanoparticle structure. With the increase of Co
concentration, the (Eg) values of Zn1-xCoxO nanoparticles increased from 3.15 to 3.32 eV.

Optical properties.

1. Introduction

Zinc oxide (ZnO) has attractive physical and chemical properties. Due to thermal and chemical stability, wide direct band gap energy (3.37 eV)
and a large exciton binding energy (60 meV), ZnO is also an interesting material. [1,2]. ZnO are widely used in thermoelectric devices [3], opto-
electronic devices [4], sensors [5], light-emitting diodes [6], catalysis [7], solar cells [8], UV protectors [9], varistors [10]. Transition metal doping
into ZnO have attracted due to its possible multifunctional device applications. In addition, the optical and electronic properties are improved
by doping ZnO with other elements or changing the particle size [11]. The most commonly doped substances in ZnO are Al, Co, Cu, Ni, Mn, Lj, etc.
[12-17]. Compared to other chemical methods like hydrothermal/solvothermal, sol-gel, aqueous solution deposition, and microemulsion, the co-
precipitation method is the most important in the industrial field due to its simplicity, low equipment requirement, high product purity, lower
cost, and ability to produce homogeneous nanoparticles [18-21].

In this study, Zni-xCoxO (0 s x = 0.07) nanoparticles were synthesized by the co-precipitation method using zinc and cobalt nitrate as precursors,
NaOH as a precipitant, and ethanol as a capping agent, and were characterized by structural and optical analysis. Many steel structures such
as high-water tanks, water and oil reservoirs, marine structures, and pressure vessels, including shell elements, are widely under stress.
Furthermore, shell elements are subject to instability owing to the loads applied. The theoretical buckling resistance (theoretical) is based on a
two-branch linear elastic analysis that is suitable for conventional cylinder shells.

2. Experimental Methods

Figure 1 shows the co-precipitation method procedure for the Co doped ZnO samples. 75 ml of purified water and 25 ml of ethanol were charged
into a beaker and heated to 50°C with stirring in a heated magnetic stirrer. Required amounts of Zn(NOs)-6H20 and Co(NOs),-6H20 with (x = 0.00,
0.01, 0.03, 0.05 and 0.07) were added to the solution and it was completely dissolved at 600 rpm with continuous stirring. 50 ml of 1 M NaOH
solution was added dropwise to the solution to induce precipitation. The pH of the mixture was adjusted around 7-7.5. The mixture was stirred
at 50°C for 1 h. The color of the mixture changed from pink to grayish. The temperature was raised and the mixture was continuous stirred at
80°C for additional 1h. After the precipitation was completed, the mixture was allowed to cool to room temperature. The precipitates were
filtered and washed many times with distilled water then dried in a drying oven at 100°C for 2 h. The dried samples were ground in a mortar
and annealed at 500°C for 2 h under air atmosphere.

The crystal structure of the synthesized samples was examined using X-ray diffraction (XRD) (PANalytical Empyrean). Surface morphology and
elemental analysis of the synthesized samples were performed using SEM (Zeiss Sigma 300). Chemical states of elements were done by XPS
spectra (Specs-Flex). UV-visible spectra of samples were determined by WITech alpha 300R. Raman spectra of samples were recorded by alpha
300 confocal.
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Figure 1. The synthesis process by co-precipitation method
3. Result and Discussion
3.1. Structural and morphological analysis

To investigate the crystal structure of ZnixCoxO (0 = x = 0.07) samples calcined at 500°C for 2 h, the XRD analysis was performed (Figure 2). As
shown in Figure 2, the XRD patterns of both pure ZnO and Co-doped samples are all compatible with the standard hexagonal wurtzite structure
of ZnO (JCDD 01-080-7099). No additional peaks are observed for x = 0.01 and 0.03 in Co doped ZnO samples. However, very weak additional
peaks were detected in the x = 0.05 and 0.07 samples, which may be due to the agglomeration of cobalt atoms at higher doping concentrations.
The similarity of the diffraction patterns is attributed to the close match between the ionic radii of Zn?* (0.77 A) and Co®' (0.76 &), which helps
preserve the phase purity of the Co-doped ZnO samples [22].
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Figure 2. XRD pattern of Co doped ZnO samples

The changes in the peak position (20) along the (101) plane is shown in Figure 3. The peak positions are observed to shift to a higher 20 side
(right shift) for x=0.03 and to a lower 20 side (left shift) for x=0.07. The peak positions are not prominently shifted for x= 0.01 and 0.05. This can
be based on the substitution of Co2+ ions in the interstitial position in the ZnO lattice.
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Figure 3. changes in the peak position (20) along the (101) plane

The crystallite sizes of samples with different Co doping concentrations (0 s x = 0.07) were calculated using the Scherrer formula [23] and are
provided in Table 1. The crystallite size increases from 25.64 nm to 35.86 nm with increase in Co concentration. In higher dopant concentrations,
the substitution is affected by chemical thermodynamic limits [24]. The formation of cobalt clusters leads to increase in crystallite size.
Conversely, the nucleation of particles increases when a smaller concentration of Co is added to the ZnO sites. These results are consistent with
the literature [25,26].

Table 1. The average crystal size (D), 20 value, FWHM value of Zn; xCoxO (0 < x = 0.07) nanoparticles.

Samples Average crystal size (D) (nm) 20 (%) FWHM (BX°)
X=0.00 25.64 36.311 0.326
X=0.01 32.14 36.308 0.260
X=0.03 34.40 36.346 0.243
X=0.05 35.27 36.309 0.237
X=0.07 35.86 36.275 0.233
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Figure 4. SEM images of Co doped ZnO samples and EDS image of Zno.93C00.070

The morphology of the synthesized samples was examined by SEM combined with EDS. SEM images of the ZnO undoped and doped with various
concentration of Co (i.e., x= 0.0, 0.01, 0.03, 0.05, and 0.07) annealed at 500°C for two hours are given in Figure 4. SEM analysis show that the all
samples consist of dense, spherical like particles randomly arranged and agglomeration. The average particle size was found to increase with
the increase of Co doping in the ZnO particles. This is in agreement with the particle size results calculated using the Scherrer equation. The
EDS spectrum detected only the presence of Co, Zn, and O atoms, with no other unknown impurities.
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Figure 5. XPS spectra of Zno.ssCosO nanoparticles: the full-spectrum (a), Zn 2p (b),
Co 2p (c), and O 1s (d).

The presence of Co and its oxidation state in Zne.s3C00.070 nanoparticles were determined by XPS analysis. As seen in Figure 5a, the characteristic
peaks correspond only to Zn, Co, and O. A high-resolution scan of Co 2p identifies the exact peak locations for Co 2p*? and Co 2p*? at 778.9 eV
and 794.0 eV, respectively (Figure 5b). This indicates that the dopant atoms are well-incorporated into the Zn-lattice sites. Two strong peaks at
1022.9 and 1044.1 eV in the Zn 2p spectrum are identified as Zn 2p*? and Zn 2p*/?, respectively, supporting that Zn is present as Zn?' (Figure 5c).
The binding energy of O 1s, obtained at 530.0 eV, corresponds to 0% ions in the ZnO lattice (Figure 5d). These results agree with the data in the
literature on Co™ in Zn;«xCox0O [27-30].
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Figure 6. Raman spectra of samples

As observed from Figure 6, the Raman spectra of all samples show Ex"¢" and E.'°%, which are the characteristic phonon vibrations of ZnO at 437
and 97 cm™ originating from the O and Zn sublattices, respectively. The oxygen sublattice vibration optical mode (E2high) was shifted toward
lower frequency (425 cm™) compared to ZnO nanoparticle. The spectra also showed the first and second order multiphonon scattering vibrations
at 184, 331, 665 and 1067 cm™ depending on 2E;'°¥, Ephighlow pjlow and 2A,%%, respectively [31]. Additionally, it is observed that the peaks at 471,
520 and 694 cm™, which are defect-induced modes, appear at higher Co concentrations (x=0.05 and 0.07) and the intensity of the defect peaks
increases with the increase in concentration.

3.2. Optical properties

The band gap of ZnixCoxO nanoparticles was investigated by UV-Visible diffuse reflection spectroscopy. The optical absorption spectra of the
synthesized samples are shown in Figure 7. When the spectra of Co-doped samples were compared to that of pure ZnO, three distinct peaks were
detected at 565, 612, and 656 nm. These peaks represent the transitions 4A2(F)—2A1(G), 4A2(F)—4T1(P), and 4A2(F)—2E(G). In order to determine
the optical band gap (Eg) values of undoped and Co doped ZnO samples, the optical data have been calculated by using Tauc Eq. (1) [33].

ahv? = A (hv-Eg)" @
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Since ZnO has a direct band transition, the n value was taken as 1/2. The (Eg) values for Zni xCoxO nanoparticles were determined from their
absorbance spectra by extrapolating the linear region of the (athv)? plot versus (hv). With the increase of Co concentration, the (Eg) values of Co-
doped ZnO samples increased from 3.15 to 3.32 eV (Figure 8). Similar observations for Co-doped ZnO are also given in the literature. [34,35].
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Figure 7. UV-Visible absorption spectra of samples
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Figure 8. Optical band gap (Eg) values of synthesized samples
4. Conclusion

Zn1xCoxO (x=0.00-0.07) nanoparticles were synthesized using the co-precipitation method. The structural and optical properties of the
synthesized samples are examined using various characterization techniques. The XRD patterns exhibit that the crystal size was found to
increase with the increase in Co content. SEM micrographs indicates the formation of particle shaped nanostructures at all samples. According
to XPS and Raman spectroscopy results, it is seen that Co addition does not affect the wurtzite structure of ZnO. It was shown that cobalt ions
incorporated into the ZnO matrix. The Eg increases from 3.15 eV to 3.32 eV with Co doping. All band gap values for the Co-doped samples are
higher when compared to bulk ZnO (3.15 €V). The obtained results showed that Co doped ZnO nanoparticles are a good candidate for the
optoelectronic devices.
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