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Abstract

Many properties of LiTa@are influenced by insertion or substitution of #lement in this network. We
focus our attention on the existence of the defaetthe structure of materials LiTa@o determine the
substitution mechanism of Mg-doped these compodiadsglifferent levels. A new approach based on the
variation of the Curie-temperature is introduced aombined with different vacancy models to explhie
mechanism of substitution of Mg in LiTa@he calculated values ot Bre close to the experimental data.
Keyword: Ceramics; Defects; Models; Phase transitiaT aOs.

1. Introduction

The lithium tantalate has been studied and knowantty many applications due to its propertieslatto-
optics, electro-acoustic and non-linear optics.dReclevelopments in integrated optics and its apfiins
to signal processing (waveguides for telecommuiunat recording technology...) were conducted [1-4]
LiTaO; is a ferroelectric material [5], it has a crydtdtice able to accommodate ions through a mectranis
of insertion or substitution, each element intrasthiinto the network promotes a perturbation thdtiges a
new ordering of ions from the matrix and therefitre ferroelectric properties are being modifieghessally
the Curie temperaturecT The most physical properties of LiTa@nd solid solutions derived from it are
sensitive to the existence of intrinsic and extdrdefects appearing in these materials [6-16].eXplain
these structural defects we based on the theofgrdelectric phase transition. The calculationthed T
which depends on the composition x, shows thaintreases or decreases as a function on dopirigawit
third cation [17] which allows us to interpret theechanism of substitution of Mgin LiTaO, where the
solid solution[18](see Fig. 1) are most extensive the stoichiomeric join (LiTa@Mg,Ta0g)
corresponding to substitution mechanism:

3Li"+Ta™ « 4Mg™ )

But for solid solutions off this join the substitut mechanism is:
5Li" » Ta™ 2)
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Fig.1. Locus of Mg-doped solid solutions in the systegO:MgO-T&0s

The general experimental formula that represergsstiid solutions in the ternary systemQ@iMgO-
Ta,Os is: Liygy.5M04 Ty, . «O5 [18] where X is the composition and y is the @ite¢he element M. All
these solid solutions are isolated close to LiJa@ide the ternary system.,0-MgO-Tg0Os. The great
objective of our work is to understand the mechanid substitution of Mgin LiTaO; on the basis of
calculation of the § by introducing a new vacancy models.

2. Theory

In this work, we assume that the ceramic Lifa©formed by the parallel plans along the polas dg",

each plan represents the same type of atoms, Fgpr2sents the linear structure showing the posiif

each ion, and the latter represents a plan ofdh@edype of ions in the unit cell of order s. Thstahces
between planes (Li, Ta, and O a T=0°K) argoRa= 2.30°A), R.0 (Ry;= 0.601 °A),

OR 12.0(R1=0.954 °A), Riita (Ror =a—Rio—Ryo) [19].
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Fig. 2: Linear vibration of ions Ly Ta* and 3G

We avoid the detail of the theory of ferroelectriznsition in the LiTa@that is similar to that given in
reference [20-23] and we report only the usefukreggions in the appendix.
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At 0°K, the soft mode frequency’ is proportional to the Curie temperature We substitute” by the
expression (A.11) to obtain the following relatitvat allows calculating the Curie temperature:

T2 _Mo+M M (MMM, (R (P 3)
’ a)ZZ M0+M1+M2 MZ)M*:LM*Z I:)l P*Z ©

Where X and Xare respectively the stoichiometric and non stoitletric compositions.

3. Results and discussion

In Table 1 we have presented the different vacamagiels and the theoretical values gfcbrresponding to
each label (solid solution).

Table 1 Theoretical and experimental temperature of swsidtions studied

Label Proposed formula X y(Mg) J(°C)[18] Tw(°C)
A -0.024 0.0275 688 661
D [Li6ay MO g Tay s Vigs ausydlT@ 1ig 069 oM 5d9;  -0.0205 0.039 692 683
G -0.019 0.058 710 712
C 0.019 0.012 688 684
F [LI 1-5x-3y Mg 5y/3 Ta x5 V24X< 5+4y/1[Ta 1+4x 5-7y/Ng 7y){ -AJQS 0025 0025 707 698
H 0.018 0.039 695 695
B 0 0.021 696 681
E [Li) sy MO sTa, Vs dlTa g,:Mg 4 JO 0 0.035 718 701
I 0 0.078 733 755
J 0 0.103 765 780

- Onthejoin stoichiometric composition(x=0)
The substitution mechanism of the solid solutionsBEB | and J is represented by the vacancy model:
[LI 1-5x-3y Mg 4y/3 Ta X V4x+5y/J[Ta l-8y13Mg 8y/lo ( 4)
Where [.] represents the sublattice and V dentiesacancy
In the sublattice [Li] the excess of Tand Mg" occupies the vacant sites of Li with creationhaf vacancy
in this sublattice .
In the sublattice [Ta] we have: 8y 8y
(?)Taf’* - (?)Mg”
On doping LiTa@Q with Mg®*, we see that Mg occupies the vacant sites of Li and Ta with déferrates

and the F increases with increasing %MgO.

(5)

- Off thejoin stoichiometric composition
« When “X” takes the negative values, the substitutieechanism of solid solution A,D and G

is described by the vacant model :

[LI 1-5x-3y Mg 4y/3 Ta X4 Vlg)k 4+5y/1[Ta 1+3x 4-8y/Ng 8y/3\/ -Bx]p:% (6)
« When “X" takes the positive values, the substitutisechanism of solid solution C,F and H
is described by the vacant model :

[LI 1-5x-3y Mg 5y/3 Ta X5 \% 24% 5+4y/1[Ta' 1+4x 5-7y/3lv|g 7y¥ -/4>;|QS (7)
For those last models the Kgand T&"occupy the vacant sites of [Li], and KMgccupies the vacant site in
the sublattice [Ta], with creation of vacancy imkitices [Li] and [Ta].
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Conclusion

The application of the theory of ferroelectric phésnsition for solid solutions studied in thenty system
Li,O-MgO-Tg0s [18] in the vicinity of LiTaQ gives a good description of experimental results.
comparative study between theoretical and expetaheesults of T shows that our proposed new vacancy
models are able to describe substitutional mechamdg-doped lithium tantalate.
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APPENDI X

The energy of the electrostatic interaction of tharged long lines is,

W=gqab? InZ-

i
(A1)
Where 5 - NG with b, I, Rij, gi and Ni is the cell parameter, the line lengtte tlistance between the
' Ib
lines, the charge of ions and their number respelgti We deduce the full energy of interaction tdnges
such as:

(A.2)
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2
Where B, :m(R_J@)n with Rﬁ.’ is the equilibrium distance between planes and the index of non
| bn [

electrostatic repulsion for interacting planes.
If we put: x; =R, - R’ then the energy writes:

2 ez _
U, =99 L, 2, €aanid (A3)
b n R; ( Fg’) 2
2
The coefficientc;ij :s qoq2 n describing the interaction between Li and O pla@sswell as for Ta and O)

i
are obtained by differentiating (A.3) from;
However, the interaction between Li and Ta will degl from the total energy:

e’a g
u, =599, 2 8 (A4)
b Ri R
Thec, coefficients are
_c. = _39.9.€°
Clio=Cy=-3"75—n

(A.5)

_ _ 4.9,€°
ClLina=C, = 6R2221 n
ql, g2 and qO are respectively the electric chargégadt Li+ and G- ions. To solve the dynamic problem,

we reduced the structure of the charged planes sgstem of vibration of linear lattice (Fig. 1). &h
displacements of the three ions are indicated_(y*),u (Ta*) us and & ©?*). Then, the system is

described by the differential equations as:

MUs = Clo(gs+1_ us) + C21(V s us)
M 2'73 :C21(Us _Vs) + Czo(fs_ us) (A.6)
M ogs :C20(Vs _fs) +C10(Vs1—fg

M1, M2, MO are respectively the masses of the element&iTand 30. The choice of solutions in the form
of plan waves:

—_ i (et +ask) . -
f,="fe With f=u,voré A7
leads to a system, of linear equations, which hasrdrivial solution. In order, =fe'*=¥ to obtain the

fundamental frequencies of the optical branchespuwtd=0 in the determinant equation €0). Then, we
get the following equation:

o -Ba#+D =0 (A.8)
Where

B :C]-O(i"'i)"'czl(_l"'_l)"'Czo(_1+_1)
M1 MO M, M, M, M,

and

D = M, +M,+M
M 1M ZM 0
The two optical modes are given by:

: (CloC 20 + C:10(: 21+ C 21C 23 (Ag)
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of, :%B J_r(%BZ - D)¥? (A.10)

For small parametgy4D /B?*) << 1)) we deduce:

&é:R:nele+M2+Moﬂ , af:B—aJZ
B b MMM, P, 2

Where:

P1:3qOR221_ql|%0_ qu\g(
And (A.11)
p o (RuRe)’ (1, 1) (RoR) 1, 1, (RRY 1, 1,

q2 Ml MO ql MZ MO 3q0 Ml MZ

(2012)www.jmaterenvironsci.com

231



