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ABSTRACT

Co2+ & Er3+ co-doped ZnO nanocrystals were synthesized by the hydrothermal method at 180°C and pH= 12 for 
48 h. Powder XRD patterns indicate that the Zn1-2xErxCoxO crystals (0.00<x≤0.035) are isostructural with ZnO. The 
cell parameters increase for Er3+ and Co2+ upon increasing the dopant content (x). SEM images show that doping 
of Er3+ and Co2+ into the sites of Zn2+ does not change the morphology of ZnO. The FT-IR results indicate that the 
change in the peak position of ZnO absorption bands reflect that Zn-O-Zn network is perturbed by the presence of 
Er and Co in its environment. Semiconductor properties of these oxides are investigated by UV-Vis spectroscopy 
that there are red shifts as well as decreasing intensity of absorption peaks in doped nanomaterials.
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Zinc oxide has recently been the point of considerable 
attention due to its wide band gap (3.37 eV) and large 
free exciting band energy (60 meV). Zinc oxide in 
normal environmental conditions and thermodynamic 
equilibrium has the structure of hexagonal wurtzite, 
with lattice constants a = 3.2495 Å and c = 5.2069 Å [1, 
2]. In such structure the ions of oxygen and zinc have 
coordination number 4 with opposing charges, which 

occupy only 44% of volume of zinc oxide crystal. This 
void space thus created, is the source of defects in the 
ZnO. Doping methods have been extensively utilized 
for modifying the structures of ZnO nanoparticles to 
achieve new or improved chemical and physical prop-
erties [3-6]. Nano zinc oxide have so far been synthe-
sized using methods such as hydrothermal [7], sol-gel 
[8], microwave [9], etc. and also doped systems by 
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using many of the Lanthanides and transition metal. 
Nevertheless, so far, there is no report about co-dop-
ing of Lanthanides and transition cations into the lat-
tice of ZnO. So, this paper maybe considered to be the 
first report on the subject. 

2. MATERIALS AND METHODS

All chemicals were of analytical grade and used 
without further purification from Merck company. 
Zn(NO3)2.6H2O, Co(NO3)2.6H2O and Er2O3 were 
used as Zinc, Cobalt and Erbium sources, respec-
tively. NaOH was used for alkalinizing of reaction 
solution. ZnO powder with different Co2+ and Er3+ 
co-doping concentrations (0, 1, 2, 3, 3.5 and 4 mol%) 
were prepared by hydrothermal method. Usually, 
Zn(NO3)2.6H2O, Co(NO3)2.6H2O and Er2O3 were dis-
solved in distilled water to obtain 0.2 mol/L mix solu-
tions. 20 mL of 2 mol/L sodium hydroxide solutions 
was slowly added into above-mentioned mix solution, 
stirred at room temperature for 30 min and then moved 
to a Teflon-lined stainless steel autoclave of 100 mL 
capacity. The autoclave was sealed, maintained at 
180°C for 48 h and then cooled to room temperature. 
The green precipitate obtained was filtered and washed 
with ethanol and deionized water. It was dried at room 
temperature. Phase identification was performed with 
X-ray powder diffractometer (XRD D5000 Siemens) 
with Cu-Kα radiation. The morphology of the materi-
als was examined using a JEOL JSM6700F Scanning 
Electron Microscope. The Fourier transformed infra-
red (FT-IR) spectra for these samples were obtained 
using Tensor 27 spectrometer. The absorption spectra 
were recorded with UV–Vis spectrophotometer (Shi-
madzu 1700). Cell parameters were calculated with 
Cellref program from powder XRD patterns.

3. RESULTS AND DISCUSSION

Figure 1 shows the powder XRD patterns of the  
Zn1-2xErxCoxO nanoparticles with Co and Er co-doping 
concentrations of x= 0.00, 0.01, 0.02, 0.03, 0.035 and 
0.04. These XRD patterns show that no other impu-
rity phases exist for doping concentrations up to 3.5%. 

The Co and Er co-doping does not change wurtzite 
structure of ZnO. XRD pattern of Zn0.92Er0.04Co0.04O 
sample displays a weak undesired peak at 29.31°, 
which corresponds to the (200) diffraction peak of 
Er2O3. In order to study the effect of Er and Co co-

Figure 1: Compared XRD patterns of (a) pure ZnO, (b) 

Zn0.98Er0.01Co0.01O, (c) Zn0.96Er0.02Co0.02O, (d) Zn0.94Er0.03Co0.03O, 

(e) Zn0.93Er0.035Co0.035O, (f) Zn0.92Er0.04Co0.04O.

Figure 2: High-resolution of (101) diffraction peak of  

Zn1-2xErxCoxO, (a) x= 0.00, (b) x= 0.01, (c) x= 0.02, (d) x= 

0.03, (e) x= 0.035. 
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doping, a careful analysis of the position of the XRD 
peaks indicate that there is a shifting in peak’s posi-
tion towards lower 2θ value with increasing Er and Co 
contents (Figure 2).

The lattice parameters calculated from the XRD 
data demonstrate that their values increase with the 
increase of Er and Co co-doping (see Table 1). The 
two results above are understandable, because the ef-
fective ionic radius (0.881 Å) of Er3+ and (0.745 Å) 
of Co2+ in tetrahedral configuration is larger than Zn2+ 
(0.74 Å). Figure 3 shows the SEM images of 1% and 
3.5% Er and Co co-doped ZnO nanoparticles which 

are homogeneous and agglomerated. It is clear from 
the SEM images that the particles are nearly spherical 
in shape. In general, the average size of the particles 
augments with the increase of dopant content which 
varies from 55 nm for 1% to 65 nm for 3.5% Er and 
Co co-doped samples.

In addition, it is found that, the size of the particles 
become larger with the increase of Er3+ and Co2+ co-
doping concentration. To study the change in Zn–O 
bonding due to the Er and Co substitution, FTIR mea-
surements of Er and Co co-doped ZnO was carried out 
as shown in Figure 4. The FTIR spectra show main 
absorption bands near 3400 cm-1 represent O–H mode, 
band arising from the absorption of atmospheric CO2 
on the metallic cations at 2350 cm-1. The absorption 
band at 542 cm-1 is the stretching mode of ZnO. 

However, in case of 0%, 1% and 3.5% Co and Er 
co-doped samples, the value of absorption bands were 
found to be blue shifted at 542, 538 and 530 cm-1, re-
spectively. The change in the peak position of ZnO 
absorption bands reflects that Zn–O–Zn network is 
perturbed by the presence of Er and Co in its environ-
ment. FTIR results also indicate that Er and Co is oc-
cupying Zn position in ZnO matrix as observed in the 
XRD measurements.

Semiconductor properties of the as-prepared ZnO 
nanostructure samples were revealed by UV–Vis 

Samples a (A˚) c (A°)
ZnO 3.2419 5.1908

Zn0.98Er0.01Co0.01O 3.2467 5.1956

Zn0.96Er0.02Co0.02O 3.247 5.1976

Zn0.94Er0.03Co0.03O 3.2488 5.2005

Zn0.93Er0.035Co0.035O 3.2499 5.2057

Table 1: Lattice constants (a and c) of Zn1-2xErxCoxO.

Figure 3: SEM images of Zn1-2xErxCoxO nanoparticles (a) x= 

0.01 and (b) x= 0.035.

Figure 4: FT-IR spectra of Zn1-2xErxCoxO nanoparticles (a) 

x= 0 (b) x= 0.01 and (c) x= 0.035.
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spectra, as shown in Figure 5.
The spectra portrays a characteristic absorption 

peaks of ZnO at wavelength of 350-400 nm which 
can be assigned to the intrinsic band-gap absorption 
of ZnO due to the electron transitions from the valence 
band to the conduction band (O2p → Zn4s). There are 
red shifts as well as decreasing intensity of absorp-
tion peaks in doped nanomaterials. The band gaps of 
undoped, 1% and 3.5% Co & Er co-doped ZnO are 
3.32, 3.22 and 3.18 eV, respectively. As it is found, 
the band gap decreases while dopant content increases 
and it looks as though the increase in the diameter of 
the synthesized nanoparticles has been very likely a 
contributing factor.

4. CONCLUSIONS

Nanoparticles of zinc oxide were purely synthesized 

by hydrothermal method. XRD patterns confirm that 
Zn1-2xErxCoxO nanocrystals with dopant content, x of 
up-to 0.035 crystalize with wurtzite hexagonal struc-
ture. SEM images indeed indicate that no change in 
the morphology of ZnO has taken place as a result of 
doping. The red shift observed in the FT-IR spectrums 
are related to the perturbing in the ZnO matrix caused 
by Co2+ and Er3+ cations replacing the Zn2+. UV-Vis 
spectra confirm that the band gap decreases with in-
crease in the amount of dopant.
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Figure 5: UV-Vis spectra of Zn1-2xErxCoxO nanoparticles (a) 

x= 0 (b) x= 0.01 and (c) x= 0.035.


