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Effect of Tantalum Substitution on Dielectric Constant
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B. Sawickia, G. Dąbrowskab, E. Filipekb, T. Grońa,∗, H. Dudaa,
S. Pawlusa and P. Urbanowicza

aInstitute of Physics, University of Silesia, Katowice, Poland
bFaculty of Chemical Technology and Engineering, West Pomeranian University of Technology, Szczecin, Poland

The electrical measurements of ZnSb2−xTaxO6 phases with x = 0.0, 0.1, 0.25, 0.75, 1.6 have revealed insulating
behavior with strongly decreasing electrical conductivity when tantalum x content is increased. As a consequence,
high values of relative permittivity εr and loss tangent tan(δ) were observed, that decreased with increase of
temperature and frequencies, for samples with low Ta content, below x = 0.75. In turn, for samples richer in
tantalum, εr reaches 14, and tan(δ) becomes as low as 0.02 for x = 1.6. These effects have been interpreted either
by the framework of the relaxation processes, or by the spatial charge polarization leading to the low energy loss
of materials.

DOI: 10.12693/APhysPolA.136.633
PACS/topics: 72.80.Sk, 77.22.–d, 77.22.Gm

1. Introduction

Antimonates and tantalates of transition metals of
the general formula MM′2O6 (M = Zn, Cd, Pb, Ni;
M′ = Sb, Ta) are interesting because of their applica-
tions in structural, electrical, and optical properties [1–3].
Antimonates MSb2O6 (M = Zn, Mg, Ba, Cd) are n-
type semiconductors [1–3]. ZnSb2O6 and MgSb2O6

make interesting electrode material for dye sensitized
solar cells (DSSC) [1]. Recently, much attention has
been paid to ZnSb2O6 and ZnTa2O6, because of their
possible application in photocatalysis and sensors for
detection of nitrogen oxides and hydrogen sulfide [4].
Other possibility is to apply them as materials for di-
electric microwave devices used for satellite communica-
tion [5]. In the ZnSb2O6–ZnTa2O6 system a limited sub-
stitutional solid solution of the formula ZnSb2−xTaxO6

for 0 < x ≤ 1.6 crystallized in a tetragonal system and
adopted a tri-rutile type structure. IR studies showed
extension of the crystal lattice and the shift of the posi-
tion of IR absorption bands towards higher wave num-
bers. In turn, UV–vis–NIR studies showed an increase
in the energy gap in the range of 3.65–4.60 eV for
0.25 ≤ x ≤ 1.60 [6]. The experimental densities dexp
of ZnSb2−xTaxO6 determined in argon with the help of
an Ultrapyc 1200e ultrapycnometer increased with in-
crease of tantalum content, as well as the calculated
ones dcal [6].

In the present work we have measured electrical
conductivity, relative permittivity, and loss tangent of
ZnSb2−xTaxO6 phases.
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2. Experimental details

All samples of the ZnSb2−xTaxO6 system were ob-
tained by the solid-state method (details in [6]).

The electrical conductivity was measured by the DC
method using a KEITHLEY 6517B Electrometer/High
Resistance Meter. Broadband dielectric spectroscopy
measurements were carried out using pellets, polished
and sputtered with (≈ 80 nm) Ag electrodes in the
frequency range from 200 Hz to 1 MHz with a LCR
HITESTER (HIOKI 3532-50, Japan) within the tem-
perature range of 79–400 K. For the electrical measure-
ments, the powder samples were compacted in a disc form
(10 mm in diameter and 1–2 mm thick) using a pressure
of 1.5 GPa. They were then sintered for 2 h at 923 K.
The electrical and thermal contacts were made by a silver
lacquer mixture (Degussa Leitsilber 200).

3. Results and discussion

The samples of ZnSb2−xTaxO6 solid solution (x = 0.0,
0.1, 0.25, 0.75, 1.6) are insulators at low tempera-
tures, while in higher ones they are strongly active.
The electrical conductivity decreased sharply with in-
crease of tantalum x content although in non-Arrhenius
manner (Fig. 1).

Broadband dielectric spectroscopy measurements
showed a strong dependence on temperature and fre-
quency. Dielectric constant εr reaches a value up to 1.500
(Fig. 2) and high loss tangent tan(δ) > 10 (Fig. 3) for
samples with low Ta content, below x = 0.75. On the
contrary, a weak dependence of these quantities on tem-
perature and frequency was observed for samples with
contents of x = 0.75 and 1.6, which have low value of
εr ≈ 14 and very low losses below tan(δ) = 0.01.

(633)

http://doi.org/10.12693/APhysPolA.136.633
mailto:tadeusz.gron@us.edu.pl


634 B. Sawicki, G. Dąbrowska, E. Filipek, T. Groń, H. Duda, S. Pawlus, P. Urbanowicz

Fig. 1. Electrical conductivity (lnσ) vs. reciprocal
temperature 103/T of ZnSb2−xTaxO6.

The most spectacular result of this research is a dra-
matic change in εr and tan(δ) due to tantalum dop-
ing between x = 0.25 and x = 0.75. The above re-
sults are interpreted as (i) part of the dipole relaxation

for samples with small Ta content and as (ii) the spa-
tial charge polarization for samples richer in tantalum,
for which the freedom of electron or ion charge is lim-
ited. The polarization mechanisms described above
are shown in the diagram at 300 K and at 100 kHz
(Fig. 4). Interestingly, no spatial charge polarization in
the M2FeV3O11 (M = Mg, Zn, Pb, Co, Ni) ceramics was
observed [7].

A closer look at the spectra shown in Figs. 2 and 3
suggests that high values of both dielectric and energy
losses are accompanied by dipole relaxation visible as
anomaly in T -dependence of εr and tan(δ) that moves
to lower temperatures with decreasing frequency, and
high accumulation of electric charge in samples (up to
x = 0.25) of lower density, related to lower amount
of Ta in the solution (Fig. 5). When quantity of Ta,
and consequently density of the material increases, then
the accumulation of electric charge decreases strongly
as well as intensity of dipole relaxation. Whereas it is
still visible, although slightly for a sample with tanta-
lum content x = 0.75 above 300 K, it completely disap-
pears for a sample with x = 1.6, for which the energy
loss falls below tan(δ) = 0.02. In other words, there
is no dielectric relaxation, and there is no energy loss.

Fig. 2. Dielectric constant εr vs. temperature T of ZnSb2−xTaxO6 solid solution recorded in the frequency range of
200 Hz–1 MHz.
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Fig. 3. Loss tangent tan(δ) vs. temperature T of ZnSb2−xTaxO6 solid solution recorded in the frequency range of
200 Hz–1 MHz.

Fig. 4. Dielectric constant εr and loss tangent tan(δ)
vs. temperature T of ZnSb2−xTaxO6 solid solution
recorded at 300 K and at 100 kHz.

Fig. 5. Calculated (dcal) and experimental (dexp) den-
sities and porosity level (pl) vs. temperature T of
ZnSb2−xTaxO6 solid solution. Data of dcal and dexp
taken from [6].
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The estimated level of porosity pl from calculated dcal
and measured dexp densities with an average value be-
low one percent does not have a significant impact on
the processes described above. A similar phenomenon
was observed for Pb1−3x�xGd2x (MoO4)1−3x(WO4)3x
materials (x = 0.0455, 0.0839, 0.1154, 0.1430, 0.1667, and
0.1774, where � denotes vacancies) [8] and for RE2W2O9

ceramics (RE = Pr, Sm–Gd) [9] that have a higher den-
sity. The accumulation of electric charge is also influ-
enced by those ions that have unscreened electrons in
unfilled shells. For example, a colossal dielectric ef-
fect was observed in (Co, Mn)Pr2W2O10 [10] and in
CoEu4W3O16 [11].

4. Conclusions

The samples of ZnSb2−xTaxO6 solid solution (x = 0.0,
0.1, 0.25, 0.75, 1.6) were characterized by electrical
conductivity and dielectric spectroscopy measurements.
We have noticed insulating properties of measured sam-
ples with the residual conductivity strongly activated at
higher temperatures as well as strong dependence on tem-
perature, frequency, and tantalum content at least up to
x = 0.25 of relative dielectric constant and loss tangent,
well described by existence of the dipole relaxation mech-
anism. In turn, for samples richer in tantalum, and hence
denser, i.e. for x > 0.75, the relaxation mechanism dis-
appeared in favor of the accumulation of electric charge.
Both mechanisms strongly depended on the amount of
Ta directly related to the density of the sample, and the
level of porosity did not have much impact on them. The
materials under study with a high content of tantalum
can be successfully used for the production of lossless
capacitors.
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