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Abstract
A series of pristine and nickel doped copper tellurates possessing a wide range of applications are
studied here. Use of a simple wet chemical route that is co-precipitation method has been employed for
the �rst time, which involves the formation of desired compounds at a relatively lower temperature, thus
modifying their properties. All the prepared compounds are characterized and investigated by XRD, TG –
DTA, XPS, SEM, TEM to examine their phase purity, thermal stability, chemical state, and microstructural
properties. The electrical resistivity studies showed an insulator - semiconductor transition behavior.
Magnetic studies revealed the paramagnetic nature of the material. Antiferromagnetic to paramagnetic
transition was observed at T N ~ 60 K in case of Cu 2.7 Ni 0.3 TeO 6 sample. Thermoelectric studies
indicated a change in conduction mechanism with temperature. Dielectric properties with respect to
frequency showed an increase in dielectric parameters with increasing dopant content.
Photoluminescence property has been studied and found to show emission in the visible region.

1 Introduction
A sustainable approach towards the synthesis of any material has become a necessity due to over
utilization of natural resources. E�cient use of sources with least or no wastage should serve as a good
approach in synthesizing a material. Study of tellurium-containing compounds, especially tellurates show
the potential application in low temperature co-�red ceramics (LTCC) technology as they can be prepared
and sintered at low temperatures [1,2]. Tellurates show a wide range of applications in the �elds of
electronic, magnetic, multiferroics, optics, etc. due to their remarkable solid state properties [3–8].

Doping or substitution of any material with another element is known to bring about change in its
properties thus changing its applicability. It allows one to tune or advance the skills of a material and in
turn provide immense output to the techno world. In the present research, nickel as a dopant is chosen to
alter the behavior of pristine composition due to their ability to hold some interesting physical properties.
A detailed study on copper tellurate and cobalt doped copper tellurate have been discussed earlier [9] to
possess distinct properties.

Nickel being a ferromagnetic element could possibly develop the magnetism in copper tellurate which is
found to be paramagnetic at room temperature. Nickel substituted copper tellurate compounds have been
structurally studied by B. Wedel et al [10] synthesized via melt—quench technique, wherein they
concluded that, nickel doped copper tellurate possesses structure isotype to copper tellurate with
octahedral site shared by both copper and nickel. Solid solutions of (Cu, Ni)3TeO6 synthesized via solid-
state route have been studied for their phase transitions and the effect of nickel substitution for their
various properties [11–13].

Here, we present a precise study over nickel doped copper tellurate for a variety of properties for future
applications via co-precipitation route. The change in properties brought up by simply substituting nickel
in copper tellurate will de�nitely attract many researchers worldwide to explore deeply in the �elds of
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material science. The studies of photoluminescence property open new doors of research for these
materials.

Preparation of such compounds is mostly through to solid state studies, whereas, here we have made use
of a simple wet chemical method that is co-precipitation, which involves very simple methodology of
precipitating the ions in an aqueous form, then drying it and �nally calcining it at the desired temperature.
Such a method involves a lower range of temperature (600—700 °C) than the usual temperature required
via solid state synthesis.
.

2 Materials And Methods
2.1 Sample preparation

Initially, metal nitrate salts were brought in the solution form. These metal ions were precipitated by
means of a suitable base like NaOH. TeO2 was used as a source of Te ions, which was dissolved in NaOH
solution. The hydroxide form of metal ions thus precipitated were �ltered, washed with distilled water and
dried in air. On complete drying the precipitate, it was ground to a �ne size. This precursor was heated at
200 °C for 3 h in an oven. It was again ground to homogenize and �nally sintered at 400 °C for 3 h and
600 °C for 5 h continuously in the air to generate Ni-doped copper tellurate. In this manner, Cu3-xNixTeO6

(x = 0.2, 0.3, 0.4 and 0.5) compositions were prepared.

2.2 Characterization

Thermal analysis of the precursor compound was carried out up to 800 °C at the heating rate of 10 °C
min–1 using STA 409 PC Luxx simultaneous TG-DTA analyzer (Netzsch, Germany) to understand the
thermal behavior of the precursors and thermal stability of the prepared compounds. X-ray diffraction
analysis (XRD) was performed on RigakuUltima IV using Cu Kα radiation (λ = 1.5418 Å) in the 2θ range
10 - 80° which con�rmed the phase formation. Morphological and chemical characterization of the
prepared samples were carried out using the instrument Zeiss Evo18 Scanning Electron Microscope and
energy dispersive spectroscopy (Jeol Japan). Transmission Electron Microscopy (TEM) performed on
Philips CM 200 transmission electron microscope to observe the nature of pristine and doped copper
tellurate particles. X-ray photoelectron spectra (XPS) obtained using PHI Versa probe II instrument, in
order to understand the surface composition and chemical state of the samples. The magnetization of
the doped samples at room temperature and lower temperature (50 K) was checked using Quantum
Design VSM Versa Lab free instrument. Electrical resistivity studies were carried out using a two-probe
conductivity cell in the air for the heating cycle. Two probe TEP measurements set up was used to
measure thermoelectric power property. Dielectric constant and loss tangent were measured with a high-
frequency LCR meter (Wayne Kerr 6500P) at room temperature and also at a higher temperature (600 °C)
over 1 kHz—10 MHz frequency range. All the compounds studied for the photoluminescence property
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using the instrument Jobin Yvon Flurolog–3–11 Spectro�urometer with xenon lamp source to measure
the excitation-emission spectra.

3 Results And Discussion

3.1 TG-DTA
Fig. 1 shows TG–DTA analysis on the precursor of Cu2.7Ni0.3TeO6 synthesized via co-precipitation. An
endotherm in the DTA curve is observed at  250 °C with corresponding weight loss in the TG curve. This
is because of the water present in the precursor which is lost on heating. The loss of adsorbed moisture /
water takes place �rst followed by the loss of lattice water. As mentioned before, the copper tellurate
structure holds a molecule of water within itself [14]. It can be seen from Fig. 1 that the TG curve reveal
two step weight loss process from 30–250 °C with respective kinks in DTA. Thus, this could be
considered for the loss of physisorbed water and structural water. At around 550 °C, DTA shows a sharp
exothermic peak indicating conversion of amorphous to crystalline phase with no weight loss further in
TG curve.

3.2 XRD
X-ray diffraction studies on Cu3-xNixTeO6 (x = 0, 0.2, 0.3, 0.4 and 0.5) tellurates are presented in Fig. 2 All
the peaks are assigned to the cubic system with space group Ia3 [15] and reveal the monophasic
formation of pristine and doped compounds with all peaks corresponding to the reported data (JCPDS
card # 22–0251).

3.3 XPS

The XPS spectra for nickel doped copper tellurate compound Cu2.7Ni0.3TeO6is presented in Fig. 3 (a). Fig.
3 (b) shows spectra for Cu 2p with two major peaks i.e. Cu 2p3/2 and Cu 2p1/2 at 934.49 eV and 954.41
eV along with their respective satellites, con�rming its existence in 2+ oxidation state [16]. The spectrum
for dopant Ni 2p is shown in Fig. 3 (c), which reveals the presence of nickel in 2+ valence, as it displays Ni
2p3/2 major peak at 855.3 eV along with its satellite at 861.6 eV [17,18]. Te 3d spectrum (Fig. 3 d) shows

two peaks at 576.4 eV and 586.7 eV for Te 3d5/2 and Te 3d3/2 representing its Te6+ form [19]. The �tting
spectrum for O 1s (Fig. 3 e) shows characteristic peaks at 529.7 eV and 532 eV which are attributed to
the bonded lattice oxygen and defect oxygen respectively [20].

3.4 SEM
Fig. 4 (a) represents SEM images for Ni-doped copper tellurate for Cu2.7Ni0.3TeO6 composition. They
show cube shaped morphologies with densely packed particles. It is very much clear from the �gure that
the particles possess well-developed grain boundaries. Particle sizes are found to lie in the micron range.
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EDS data is reported for Cu2.7Ni0.3TeO6 and Cu2.5Ni0.5TeO6 (Fig. 4b and 4c). The observed percentage
composition values of each element are in good agreement with the values obtained from theoretical
calculations.

3.5 TEM
The TEM of nickel-doped copper tellurate compounds are presented in Fig. 5 which show agglomerated
particles with irregular morphologies. Particle dimensions are found to lie in the micron range. The
images represent particles of nickel-doped copper tellurates to decrease, with an increase in nickel dopant
concentration. The dense-equiaxial, micro grains are seen to possess well-developed grain boundaries.

3.6 Electrical resistivity

Fig. 6 presents a series of resistivity plots for nickel doped copper tellurate compounds carried out in the
air from room temperature to 450 °C. There appear two distinct regions; one towards the lower side of
temperature which behaves like an insulator and the other semiconductor which lies at a higher
temperature. The resistivity of material remains stable up to the certain value of temperature and then
increases sharply at high temperature (Tc) (Table 1). It is also noticed here that, in the insulator type
region, the value of resistivity is almost same for all the compositions of tellurates. Whereas the
semiconductor region show varied resistivity values as they approach higher temperature.

3.7 Magnetic Study

Cu3-xNixTeO6 (x = 0, 0.3 and 0.5) prepared by co-precipitation method were analysed for their magnetic
property. Pristine copper tellurate and nickel doped copper tellurate as shown in Fig. 7 (a and b) were
found to exhibit a linear variation of M-H curve revealing usual anti-ferromagnetic/paramagnetic spins
favorable at low temperature. Saturation magnetization is not observed in the entire range of magnetic
�eld in all compounds. There is an increasing trend in magnetization observed on doping nickel ion in
pristine copper tellurate. Since Ni is a ferromagnetic ion, it is supposed to show increment in
magnetization as it does. Analyses carried out at 50 K comparatively show higher values than the
analyses carried out at room temperature. Magnetization with respect to temperature was studied at 500
Oe and the plot represents antiferromagnetic to paramagnetic transition at around 60 K as shown in Fig.
7c.

3.8 TEP
Thermoelectric power measurements were carried out in order to measure the conduction phenomena on
the prepared samples, which displayed semiconductor behavior at a higher temperature. Fig. 8 represents
the plot of Seebeck coe�cient versus temperature from 40 - 400 °C for Cu3-xNixTeO6 (x = 0, 0.2, 0.3, 0.4
and 0.5) compounds in a two probe TEP measurement set up. A sudden change in “α” is observed which
immediately drops down to the negative region signifying a conduction mechanism/phase change.
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Similar observations could be drawn from the doped compounds showing p-type to n-type transition [9].
The dropped down values closely resemble the values obtained by DC resistivity measurements (Table 1).

3.9 Dielectric study

Trends of dielectric constant and dielectric loss with a log of frequency were observed for nickel doped
copper tellurates in Fig. 9. This series of compounds were found to show a rise in their dielectric
properties on doping with nickel. Dielectric constant and dielectric loss are high at a lower frequency as at
lower energies, the dipoles lie separated, thus producing high permittivity, further loses it, as polarization
occurs at the higher side of frequency. The properties are raised considerably on replacing the Cu ion by
Ni in small concentration.

The highest concentration of nickel-doped copper tellurate presents similar patterns for dielectric v/s
temperature studies as above. An increase in έ and tan δ is observed with an increase in temperature
because the orientation of dipoles is facilitated at a higher temperature. A drop in έ and tan δ is observed
with increasing frequency as the dipoles are unable to reciprocate to the change in the AC electric �eld
(Fig. 10).

3.10 Photoluminescence study

Fig. 11 shows PL of a pristine Cu3TeO6 along with Ni-doped copper tellurate compound at room
temperature. Excitation in UV region of 260 nm produces an emission in the visible region at ~ 485 nm
with blue-cyan color radiation. The PL spectrum of undoped copper tellurate is dominated by a
strong/intense band. The luminescence intensity was observed to drop down drastically on nickel doping.
As seen in Fig. 11. with an increase in dopant concentration, there is a decrease in the PL intensity,
suggesting that the degree of recombination of electron-hole pair shrink as the dopant develop an
impurity level close to valence band thereby preventing diffusion of electron and hole causing lowering of
PL intensity, thus leading to reduced band gap energy [21,22]. Doped ones show reduced particle sizes
than the un-doped.

4 Conclusion
Nickel doped copper tellurate compounds were successfully synthesized via co-precipitation technique.
The precursor and the �nal samples were investigated for TG-DTA and IR studies to differentiate between
them. The monophasic formation of all the doped compounds has been con�rmed using XRD. The
morphological investigations using SEM and TEM helped in understanding the particle shape and size.
Full scan spectra along with high-resolution individual spectra of the doped compound revealed the
existence of expected ions in their requisite chemical states. A distinct transition from insulator to
semiconductor was observed from the electrical resistivity study. A transition was also noticed from
thermoelectric power study, indicating a mechanism similar to that in electrical resistivity. Magnetization
versus temperature study showed antiferromagnetic to paramagnetic spins at TN. The magnetic property
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with respect to the magnetic �eld showed an increase in magnetism with an increase in the dopant
concentration. The dielectric parameters were determined to examine dielectric behavior.
Photoluminescence study over tellurates provided blue cyan emission with excitation in UV region.
Replacement of Cu with Ni cause the signi�cant tuning of the PL strength hence, �nding its application in
�elds of optoelectronics. Consequently, all the compounds prepared and studied for various properties
are expected to serve for futuristic applications in a wide range of �elds.
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Figure 1

TG–DTA curves of Cu2.7Ni0.3TeO6 precursor
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Figure 2

XRD pattern representing Cu3TeO6 and Ni-doped Cu3TeO6 in one phase
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Figure 3

XPS scan for Cu2.7Ni0.3TeO6 showing (a) full scan (b) Cu 2p (c) Ni 2p (d) Te 3d (e) O 1s peaks
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Figure 4

SEM images of (a) Cu2.7Ni0.3TeO6, (b) EDS of Cu2.7Co0.3TeO6 and (c) Cu2.5Co0.5TeO6 respectively.
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Figure 5

TEM images of Cu2.5Ni0.5TeO6 (a, b) and Cu2.7Ni0.3TeO6 (c, d).
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Figure 6

Plot of log resistivity v/s 1000/T for Cu3-xNixTeO6 (x=0, 0.2, 0.3, 0.4 and 0.5) in air for heating cycle.
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Figure 7

Shows magnetization v/s applied magnetic �eld plots for Ni-doped copper tellurate compounds at room
temperature (a) and at 50 K (b). Antiferromagnetic to paramagnetic transition observed at TN (c).
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Figure 8

Plot of Seebeck coe�cient v/s temperature for Cu3-xNixTeO6 (x=0, 0.2, 0.3, 0.4 and 0.5)
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Figure 9

The frequency-dependent (a) relative permittivity and (b) dielectric loss for Ni-doped Cu3TeO6 at room
temperature.
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Figure 10

The temperature-dependent relative permittivity and dielectric loss for Cu2.5Ni0.5TeO6 at variable
frequencies.
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Figure 11

Photoluminescence spectrum of Ni-doped copper tellurate.


