M. J. CONDENSED MATTER

VOLUME 12, NUMBER 2

SEPTEMBER 2010

Experimental And Theoretical Study Of The Substitution Mechanism In
The W6+: Litao3 Correlated With The Ferroelectric Properties

M. TAHIRI*, N. MASAIFY 3 E. M. LOTFI? and A. JENNANE®®

1 - Laboratoire Rayonnement & Matiére—-Equipe de Recherche Physique de la Matiére et Modélisation, Faculté des Sciences et Techniques,
BP 577 Settat Morocco.
2 - Département Génie Mécanique, ENSET, B.P.: 6207, Rabat Instituts, Université Mohammed V- Souissi - Rabat, Morocco.

3 - Université Hassan 1%, Ecole Nationale des Sciences Appliquées, BP 77 Khouribga, Morocco.

Abstract: The purpose of the present work is to report the latest results of our experimental and theoretical non-
stoichiometry investigations of solid solutions isolated close to LiTaO; inside the ternary system Li,O-Ta,Os-(WO;),
correlated with the ferroelectrics transitions. Dielectric measurements performed on ceramic samples have shown that
ferro-paraelectric temperatures transitions T¢ varied along the solids solutions, as the stoichiometry deviates from
LiTaO;. A Safaryan’s theory of ferroelectric transition and the various vacancy models in this work reproduce well the
experimental results by explaining the substitution nature of Tungsten hexavalent (W) in LiTaOs.

l. Introduction

Lithium Tantalate (LiTaO;, LT) is well known
ferroelectric materials which have been the subject of
extensive theoretical and practical investigations due
to their properties in electro-optic, electro-acoustic and
nonlinear-optics, and to their many applications in
various fields of modern technology such as optical
wave guides, optical memories, information storage by
holography and electro-optic devices, it has a high
threshold for photorefractive damage, compared to that
of LN, [1-4], in the LiTaO; the solid solubility range
extends from a bout 46 to 50, 4 %mol of Li,O at room
temperature [5], the structure of ferroelectric LiTaO;
belongs to the space group R3c, and present a
transition of phase at 665° C. A lot of the physical
properties of LiTaO; were found to be sensitive to the
quantity and quality of incorporated impurities within
their network and deviated from their original
stoichiometry, for example doping with the WO;,
because its lattice may contain a deficit anionic and
cationic excess, we allowed the synthesis of new solid
solutions in nonstoichiometric LiTaO; neighbourhood
inside the ternary diagram Li,O-Ta,0s-(WOs3) , [6]. In
this work a new approach was developed to explain
the mechanism of substitution the WO; in LiTaO; for
different lines (I, A, B, C, D, E, F, G, H, L, J)[7] in
table 1. Using the Curie temperature dependence on
the ion mass, charge and distance between them, this
approach showed that the considered models gave the
best description of the substitution the WO; in the
LiTaO3 .
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lines | Chemical formula Formula of the
of the synthesis composition limit
- LiTaO; LiTaO;
| Lin Tal_x/503 L1TaO3 -—= leO
A Li1+4x Tal_zxwx 03 LiTaO3---Li6W06
B Li1+7x Tal_5x W3x 03 LiTaO3———Li4W05
C Lin Tal_SX W4X 03 LiTaO3———Li6W4015
D Li]_x/7 Tal_x W6x/7 03 LiTaO3---Li
6W6021
E Lil—x Tal_XWX 03 LiTaO3---WO3
F LiiTar17023Wisw23 LiTaOs3---Ta;W4O3
0;
G Lil_x Ta1_4x/7 ng/14 03 LiTaO3---Ta2W3OI4
H Lii Taisyin Wewi LiTaO;---
O; Ta,W,0y,
L Lil—x Ta W x/6 03 LiTaO3---T36WOIg
J Lil_x Ta1+x/5 03 LiTaO3---Ta205

Table 1: Formula and limits of the different solid
solutions within the ternary diagram Li,0—Ta,Os—

(WO3),

I1. Curie temperature of lithium

tantalate

In this paper, we consider that the solid solution
LiTaO; consist of a single crystal on the basis of their
structure. The figure 1 represents a dispositions of
crystal planes in unit cell of crystal LN. Safaryan’s
new approach on the ferroelectric transition in the
crystal LiNbO; is tested another time in order to
explain the mechanism of substitution the WO; in the
LiTaOs; for different lines [7]. Having the energy of
interaction per ion [8], the problem of dynamic
vibration is reduced to linear vibration in figure 2. The
detail of the theory of ferroelectric transition is similar
to that of reference [9]. Show that at T.=0°K the
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distances between planes (Li, Ta and O) are denoted:
Ro.0(a=2.30°A), R 1i.0 (Ry0=0.601 “A), R 1,0 (Ri0=
0.954 °A), R 112 (Ry; =a—R5—Ry) [10].
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Figure 1: Different planes in an elementary cell of LiTaO3

The interactions between planes i and j
are described by

_eqq

ij 042

' b(RY)

n, so we can write finally for

LiTaOs;, Cj coefficients are:

_ 0o9,€"
CLi—O =C20 :38T2220n

2
Cra0=Cy= 3& n
bR, (1)

_ 0,0,€’
Cira=Cy =212
Li-T 21 szzl

Where: qi, q» and qo are the electric charge of Ta™",
Li" and O, respectively. The displacements of the

Equation (3) has two optical modes, in the following
we take a soft mode that corresponding to a bass

frequency a)zz .
a)fZ:%(F +VF’—4H) )
For small parameter ((4H/F”) <<1)
we deduce
o} =F -}

, H _ne*(M,+M,+M,)P ®)

CTETT b(MMM,)P,

three ions are denoted by
us (I-a5+)9 vs(L|+) a'nd é:s(oz_)
— 5

thy Vil §J 4 vy 6:-1 g Vi

I =30t .=B5* * -1

atome (0) atome (1) atome (2)

Figure 2 : Linear vibration of ions Li’, Ta>" et 30>

then, the system differential equations of vibration is:

M.l =C, (&, —Us) +C, (v —Uy)
MZ‘./.S = CZl(us _Vs) + Czo(gs _Vs) (2)
Mogs = Czo(Vs _53) + Clo(us—l _53)

Where: M, M, and M, are the masses of Ta, Li and O
respectively. We show the solutions in the form of

et with h =u, v or &

A system (2) has a nontrivial solution. We put k=0(the
acoustic solution equal to zero) in the determinant
equation 4 = @. in order to obtain de fundamental

frequencies of optical branches. Then we obtain the
equation (3).

plan waves: h, =he

o' -Fo*+H =0 (3

Where
H—CC(1+1+1)+
e MOMI MIMZ MOMZ
1 1 1
C,,C( + + )+
MOMI M0M2 MIMZ
1 1 1
C,.C,( + + )
e MOMZ M1M2 MOMI
F=C (;+;)+C (;+;)+C (L_FL)
10 MO Ml 20 MO M2 12 Ml M2
With
Pl :3qu221 _quzzo_qulzo
(6)
o~ RuRw (1 1 RR (1T
q, Mz Mo 39, Mz M1
RaRy? (L1
q2 Ml MO

The element X represents the exact stoichiometric
composition and X" is the nonstoichiometric
composition.

X(M,q,T,o; ,p,p,)—> X (M,q.T @, p,p,)
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At T=0°K the soft mode a)zz is proportional to a Curie

temperature, and then the following relation of
temperature is:

T ) M,+M, +M;( MMM, P P,
T_fw_fM0+M1+MZ[M;M1*M;](?J[PTJ M
This formula allows us to calculate the Curie
temperature T, of different lines in order to compare

with those measured experimentally.

I11: Application of the proposed
lacunars models

To explain the mechanism of substitution the w®" in
LiTaO; based on the Curie temperature, we have
proposed in the table 2, the experimental [7] and the
proposed formula of different lines, which ® denotes a
gap. We put each expression of

M, ,M;,M; ,q,,q,and q,in equation (7) for
different lines, we obtain the expression of Curie
temperatures depending on the composition x, the
results are grouped in the table 3.To can represent the
variation of the Curie temperature you must calculate
the y = number of cations - 2, for each line.

Table 2: Experimental and proposed model for
different lines.

lines | Chemical formula of the Proposed models
synthesis

LiTa03
Lijsy Tay.gs05

[Li][Ta][O3]

[Lijy/5]Tag_y/5 Li /5103

|

A | Lire TaraWs 05 i} 2,0Ta] 25 W 5 © 1] O3

B | Lim Tars, Wa, Os [i17JTa; 5, Wax © 20 O3

C [ Lir Tars, Wat O [ T15x Wax © ] O3

D | Diir Tas Wewr Os - | [Ligx/7 W7llTayx Wsy7 ©
2x/7193

E | Liix Ta;xWx Os [Lij_x Wyi10© oy10][Ta 1x Woy10 ©
w0103

F | LiixTarinsWises Os | [Lij 4 Ta 17423 Wigy 230

22x/231[Ta] O3

[Lij_x Ta _4x/7
Wox/14913x/141[Ta] O3

[Lij_x Wy/11910x/1 10T 5%/11
Wsy/11103

[Lij_x W x/695x/61[Tal O3
[Lij_x Tay/s5© 45/51lT,103

e
G Li ™ Taj4x7 Wogia O3

H Lij« Tapsyi Wewnn O3

L Lijx Ta W v O3
J Lijx Tajays O3

Table.3:Proposed formula with her expression of Curie
temperature.

Expression of Tc
temperature

lines Proposed formula

| LijysliTagys - Li

7+ (1-0.1880(1-0.16x)(1 +0.511X) -

51[03] T (1-0.191X)(1+0.070x)(1+0.2%)

c

A [Lil+4x][Ta1-2x W X ® TC

1-0.98%)(1+0.75x
03 ( X )

xJ

- _(1=3.570(1-0.8%)(1-0.63%) -

c

B | [Lij+7xllTasx W3x © | T

(1-1.96x)(1+1.33X)
2x] O3

- _(1-626x)(1-14x)(1-13%) -

4

c [Lij4x][T15x Wax O «l .
04 (1-0.91x)(1+0.21x)

7 _ (=089(1-0.69%)1-02) -

Cc

D | [Lijx7 W wollTajx T

(1-027%)1+0.12X)1+2.24x)
Wsx/7 0257103

_(1-064(1-0.14x)(1-0.100(1+071Y)._

c

E Lil_x W0 © oxi0l[Ta 1

T+ (041001 X X1-+008X1+035).-

Wou10© w10 1 03 1+05x

7o 1+0.013x

F | [Lipx Ta 17523 Wigx "= ]
1+0.24x

/239 22x/231[Ta] O3

G |[Lix Ta 47 102 (1+0.033%) -

Woy/140913x/14][Ta] O3 1+0.582x
H [Lij W _(1—0454x)(1+0047x)(1+0()9x)(1+o_405)()_|_
x - C
(1-0@7x)1+0461x)
x/11910x/111[Ta5%/11
Wsx/11103
« 1+0.100x
L Lii_, W ® Ta L |
E)}lx x/695x/6](Ta] e
Jo|Mix  Ta g5 © Tf:%n
A7X
4x/51lTall03] +
IV- Results

Table 4: Comparison of Curie temperatures
measured and calculated.

Line | X jimite Tcexp(°C) £10°C Tc th
)
I 0.10 640 651
A 0.06 380 472
B 0.02 370 542
C 0.0375 540 620
D 0.25 435 401
E 0.25 600 571
F 0.23 607 614
G 0.20 538 582
H 0.20 605 601
L 0.21 515 482
J 0.12 485 520
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Figure 4:Variation of Curie temperature with ' for studied
solid solutions.

V. Discusson

Only available octahedral sites are at stake, the
tetrahedral sites are not affected, assumptions take
into account considerations related the symmetry
and size of ions involved. For lines A, B and C,
they are in the area of excess cationic, the number
of Li" ions is much larger than Ta>*, W®" appear
to preferentially occupy the sites vacated Ta
While, for line D, it lies in the area of cationic
deficit, the number of Li" cations is relatively
larger than Ta’", there is a lack of ions and it is
likely that the W®" ions occupy the sites vacated
of Li and Ta with variable rates. Regarding the
lines: E, F, G, H and L the number of ions of Ta >"

is larger than that of Li", so the excess Ta’" and
we appear to occupy vacant sites of Li, except
for line H, where W® probably occupies the
vacant sites of Li and Ta with variable rates.
Finally for line J the excess Ta seems occupy
vacant sites of Li, with creation of gaps in the
network of Li.

V1. Conclusion

The application of the theory of ferroelectric’s
phase transition of solid solutions studied in the
vicinity of LiTaO; gives a good description of the
experimental results. A comparative study
between the experimental and theoretical results
of temperature shows that our proposed models
explain well the mechanism of substitution in
LiTaO3.
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