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The results of experimental and analytical studies of the electrical
conductivity for different solid solutions synthesized in a vicinity of
LiTaOs3 in the ternary system Lio O—TazO5—(WO3)2 are presented.
It is shown that the electrical conductivity increases linearly with
the Curie temperature. The experimental conductivity between
200 and 700 °C was measured using an LCR bridge HP4192A on
ceramics sintered at 1250 °C. Within the theoretical approach to
the defect structure analysis combined with our proposed vacancy
models, the theoretical results are in a good agreement with the
experimental data.

1. Introduction

Lithium tantalate (LT) has been recently considered in
a large number of theoretical works and applications in
electrooptics, electoacoustics, and nonlinear optics due
to its properties. LT does not have the perovskite struc-
ture. The structure of ferroelectric LiTaO3 belongs to
the space group R3c and can be considered as a super-
structure of the a-Al,O3 corundum structure. Within
the oxygen cages, the cations appear along a trigonal
polar c-axis [1]. This material, which shows a ferroelec-
tric behavior, is well known to be a narrow-range non-
stoichiometric compound and is a ferroelectric at room
temperature. The material [2]| consists of the stacking of
oxygen octahedra TasOg and LipOg, where two ions LiT
and Ta’t occupy two thirds of the oxygen octahedra,
and the other third is empty. It is likely for host ions by
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the mechanism of insertion and/or substitution, giving
rise to a wide field of nonstoichiometry.

In any preparation or synthesis, the ratio Li/Ta varies
in a wide range. This variation has a great influence on
the physico-chemical properties of the material [3, 10]
such as the electrical conductivity, the Curie tempera-
ture, density, etc.

In works [11-16], the conductivity related to domain
walls in ferroelectrics, different conduction mechanisms,
and different types of walls was studied.

In the present work, the experimental conductivity be-
tween 200 and 700 °C is measured, by using an LCR
bridge HP4192A on ceramics sintered at 1250 °C. The
plots of the electrical conductivity between 400 and
700 °C have linear variations of the Arrhenius type. We
analyze only the electrical conductivity as a function of
the temperature for lithium tantalate doped with WOs5
at different compositions x. The experimental models
[17] studied in this work are: The line C that has the
formula Lij;,Ta)_5,W4;03, and the line H where its
formula is Li;_,Tajs5,/11Wez/1103. The calculation of
the electrical conductivity allows us to understand and
to explain the mechanism of substitution of WO3 in
LiTaOgs. The suggested models are presented in Table
1. The model C which belongs to the cation area excess
is represented by the formula [Lij 4. |[Tai—5, W4, V]Os3,
where || represents the sublattice and © denotes the
vacancies. In this model, the sublattice of Li is satu-
rated, while the excess of WO3 occupies the vacant sites
in the sublattice of Ta, with the creation of vacancies
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Table 1. Chemical formula obtained by the analysis, and the proposed formula according to the C, H, and LiTaOs3
models, with the values of activation energy and log(oo) for different lines at different compositions x

Line Experimental Proposed formula Compositi Eaexp. Log(o0)(Q2~! cm™1)
formula on (z) (V)
LiTaO3 B ~ 081 s
C Lit42Ta1—5: W4, 03 [Lil+z][Talf5IW4z@x]O3 0.0125 0.79 0.4
0.01 1.32 8.6
0.0375 0.87 2.9
H LitzTays2/11Wea/103  [Li1—2Wa)11©100/11][Ta150 /11 Wi /1103 0.10 1.28 3.4
0.20 0.59 -3.6
Li,0 —_
7
E -8 =ye==LiTaO exp.
p -9 =0m=C,,(x=0.0375)
IC:_1 0 -Q—H.xp(x=0_2)
~ T
o1 V\
c
—~ 2 \\
-13
-14 \
-15
-16
-17
y | / | V. “.” : 1 VitV -18 110 1.1 1.2 1.3 1.4 1.5 1.6
TaO,  TgWo, TaW,0, TaW,0,, TaW,0,, . . ) } ) ] ]

Fig. 1. Extent of different solid solutions synthesized in the ternary
diagram LioO — TasOs5 — (WO3)2

in this network. The other model H, which belongs to
the cation area deficiency, is described by the formula
[Li1—2Wa/110100/11)[Ta1-52/11 Wsey11] Os. In this va-
cancy model, the excess of Wt occupies the vacant sites
of Li and Ta with variable rates. The calculated values
and the experimental data of the conductivity of models
C and H and the pure LiTaOj3 are in good agreement.

2. Experimental Part

The experimental technique and the preparation of the
solid solutions have been described in [17]. The mea-
surements of conductivity were made between 200 and
720 °C with the use of an LCR bridge HP4192A on ce-
ramics sintered at 1250 °C. E.M. Lotfi [17] showed ex-
perimentally that the conductivity o(1/T) between 200
and 700 °C for some solid solutions, which are located
in the ternary system LisO-TasO5—(WOj3)2 and repre-
sent the areas of excess cationic and cationic deficits (see
Fig. 1), increases with the temperature, but there are
the points of inflection near temperatures of 300-400 °C.

We will focus only on the values of conductivity mea-
sured between 400 °C and 720 °C. Figure 2 represents
the logarithmetical conductivities measured at different
compositions z as a function of the reciprocal temper-
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1000/T(K")

Fig. 2. Thermal evolution of the experimental values of conduc-
tivity as a function of 103/T measured between 400 and 720 °C,
at 10 KHz for solid solutions of composition limits of the system
LiQO*T&iQOs*(WOg)Q

ature, where the plots of conductivity reveal the linear
Arrhenius type. In what follows, we consider only lines
C and H and the nonstoichiometric line LiTaO3.

3. Theoretical Approach

Here, we consider that the solid solution LiTaOgs con-
sists of a single crystal. On the basis of its structure,
Safaryan’s new approach to the ferroelectric transition
in the crystal LINbOg3 was tested recently in order to ex-
plain the mechanism of substitution of WO3 in LiTaO3
for different lines. The details of the theory of the ferro-
electric transition are similar to those in [18, 20]. In this
work, we report only on the useful expressions. Below,
the elements X and X™* are related to exactly stoichio-
metric and nonstoichiometric compositions, respectively.
At T = 0 °K, the soft mode frequency w3 is proportional
to the Curie temperature. So, relation (1) allows us to
calculate the Curie temperature, and Table 2 regroups
the formula for T7:

T QQ—MHM%LMJX

© - w2 Mo+ My + My
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T able 2. Curie temperature T™ as a function of the nonstoichiometric composition «, for C and H vacancy models

Line ‘ Proposed Formulae ‘ T = g(x)Te
) (1 —0.89z)(1 — 0.69z)(1 — 0.2z)
C L Ta1—5:Waz Ve ]O TF =
(Lt ][Tor—5e Wae Va]Os ¢ (1—0.912)(1 + 0.21x) ¢
. (1 —0.454z)(1 + 0.047z)(1 + 0.09x)(1 + 0.406x)
H Lil —2W, 11V Taq_ w O T = T
[Li TWg /11 101/11][ a1—5z/11 51/11] 3 c (1—0.0272)(1 + 0.461z) c

T able 3. Equations of theoretical conductivity and the values of nonstoichiometric functions of different lines for

different compositions x

Line Logo* = Logo, — Bz Composition g(z) Eaexp. Faipe. Log (00)
() (eV) @' em™h)
LiTaO3 —1.5—-9.762 - 0 0.84 0.83 -1.5
C —1.4-9.56z 0.0125 0.98 0.79 0.8 -0.4
8.6-15.98z 0.01 0.99 1.32 1.36 8.6
2.9-10.53z 0.0375 0.96 0.87 0.86 2.9
H 3.4-162 0.10 0.96 1.28 1.32 3.4
—3.6-7.37z 0.20 0.93 0.59 0.58 -3.6
=== LiTaO exp==o==LiTaO the doped with WOs:
A =0=C,,,(x=0.0375) =m=C,_ (x=0.0375)
FI| -8k —w—Hm(X:O.Z)—*—HmE(X:O.Z) __Ea
e of 0" =ope FBTZ. (3)
o . \
HU auf \D Then we can write Eq. (3) in the following form:
| -12p .
G -13f \f\ E 103
N—r” * a
-14f \ Logo® =Logog — ————= ——. (4)
5t = Rt T
— f : .
a7k The function g(x) characterizes the defects of the
18 bttt structure. Assuming that
1000/T(K™) 103 E,
Fig. 3. Experimental and theoretical conductivities as a function = T’ - KBg(x)103 ’

of 103 /T for solid solutions of the composition of the system LisO—

Ta205—(W03)2
Pr Py
— — | T..
) <P1> (Pz*) ‘

The electrical conductivity can be described by the
Arrhenius law

(MOM1M2 O

Mg My M;

_ _Eq
— KT,
o = oge KBTc

(2)

where g is the pre-exponential factor, E, is the acti-
vation energy, Kp is the Boltzmann constant, and 7 is
the Curie temperature (K). Note that the presence of
nonstoichiometry in the form of lattice vacancies influ-
ences the physical properties of LiTaO3 such as the elec-
trical conductivity. In this case, we must redefine the
Arrhenius law, by taking this effect into account. We
introduce the conductivity ¢* to explain the role of the
defect structure in nonstoichiometric lithium tantalate
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we can write

(5)

The results of calculations are represented in Table 3.

Logo™ = Logog — Bz.

4. Results and Discussion

The effect of the incorporation of WO3 in LiTaO3 on
the conductivity is studied on the basis of our proposed
models. Those models have been tested by comparing
the experimental data with the calculated values of con-
ductivities within this theoretical approach. We note
that the plots which represent the calculated and exper-
imental conductivities are parallel. The resemblance of
these results allows us to think that our proposed mod-
els explain the mechanism of substitution in LiTaOg.
Figures 2 and 3 represent the plots of the conductiv-
ity as a function of 10%/7. The conductivity increases
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Fig. 4. Variation of the conductivity as a function of the compo-
sition x for three values of T¢

with the temperature, so the solid solutions belonging
to the cationic excess area are more conductive than
those in the cationic deficit area. In Fig. 4, the plots
of line C show that the conductivity decreases slightly
with increasing the composition x. This phenomenon
may be due to the blockage of ions Li™ responsible for
the conduction by the excess of tungsten. In the case
of nonstoichiometric undoped LiTaO3, Masaif et al. [21]
have shown that the increase of the conductivity with
the composition z results from an increasing Ta density
and a decreasing Li density.

5. Conclusion

In the present work, we have studied, within our ap-
proach, the conductivity as a function of the tempera-
ture and composition x in LiTaOg ceramics doped with
WO3. The theory of ferroelectric phase transition com-
bined with our proposed vacancy models gives a good
agreement with the experimental results. The compari-
son of our vacancy models and the experimental values
of conductivities shows that the proposed models can be
used to describe the defects and the mechanism of substi-
tution in the structure of LiTaO3 doped with tungsten.
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JOCJIAXKEHHA EJIEKTPOIIPOBIJIHOCTI
HECTEXIOMETPUYHOI'O LiTaO3 3 JOMIIITKOK WO3

M. Taxipi, H. Macaip, A. Horcennan, E.M. Jlomgi
Pezmowme

IIpecraBieHo pe3yabTaT €KCIIEPUMEHTAJIBHUX 1 AaHAJIITUYHIX J10-
CJIiJI2KEHDb €JIEKTPOITPOBIAHOCTI PI3HUX TBEPAUX PO3UYNHIB, CHHTE30-
Banux noousy LiTaO3 y rpukomnonenTHiit cucremi LioO—TagOs—
(WO3)2. ITokasano, mo eaeKTpoupoBiAHicTh 3pocrae JiiHifHO 31
3pocranusiM Temieparypu Kropi. Bumipu 3po6ieno LCR-micTkom
tuny HP4192A na kepawmini, sinnaseniit upu 1250 °C. Banpono-
HOBaHI BAKaHCIOHHI MOJEJI CIIJIBHO 3 BiJIOMUM METOIOM aHaJI3y
nedeKTHUX CTPYKTYDP [100pe y3rOJKYIOThCHA 3 JaHUMH €KCIEePHU-
MEHTY.
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