J. Mater. Environ. Sci. 2 (2) (2011) 196-200 Khalil et al.

JMES

Substitution M echanism of Ni:LiTaO;

A.Khalil 1, N. Masaif 2, A. Jennane?, K. Maaider !

!Laboratoire Rayonnement & Matiére—Equipe de RedhePhysique de la Matiére et
Modélisation, Faculté des Sciences et Techniqueietsité Hassan®, BP 577 Settat Maroc
2 Université Hassan®j, Ecole Nationaleles Sciences Appliquées BP 77 Khouribga Maroc

Received 06 Feb. 2011, Revised 30 Mar 2011; Acdep@eMar 2011
* Corresponding author. E-mail_: maaiderr@gmailtmoTel : +212 67337383, Fax: +212 522728401

Abstract

A new approach to the intrinsic and extrinsic defbsystems, considering them as one integratedifual
system, is developed for complex oxides. The strimbgrrelation of these subsystems becomes esfyecial
apparent when concentrations of both defect clemsesomparable. Experimental results on tanthditeim
LiTaOs; doped with nickel, we will verify the reliabilitgf this results by our theorWe focus our attention on
the existence of intrinsic defects in the structcaeise variations of physico-chemical materialsaldj to
determine precisely the substitution mechanisnme$¢ compounds for different levels doping of Ni.
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| ntroduction

The fast development of optoelectronics, acoustotainics and photonics demands new materials with
improved characteristics. Sometimes the requestedity] or parameters can be successfully achievewh f
well-known commonly used materials with respectihanges to the defect system of the material. Hewev
mainly the lack of knowledge on the rather compédainterrelations between intrinsic and extrirdiects,
their mutual influence and correlation often does allow us to overcome some drawbacks of the nadter
characteristics in order to make them fit entitelghe specific industrial requirements.

The structure of ferroelectric LiTa@LT) as well as that of LINDQ(LN) belong to space group R3c
and can be considered as a superstructueeAl{O; corundum structure, with Liand T&" cations along the
c-axis [1]. LT and LN are well-known to be narromnage nonstoichiometric compounds; in LT, the solid
solubility range extends from about 46 to 50.4% kigD at room temperature [2]. The Curie temperatwye T
decreases linearly with decreasingQiconcentratiof3,4]. Different defect models were proposed tooact
for non stoichiometry. The following lattice impections can be considered: antisite defect’Nb lithium
vacancy V., niobium vacancy ys., niobium on structural vacancy Rip lithium on structural vacancy 1,
oxygen vacancygds- and interstitial oxygen OThe exact ratios of the relative concentratichthese defects
in the crystals have not yet been reliably deteeahiriThe oxygen vacancy model was eliminated [5m8] a
among the cation site vacancy models, the Lixgigancy model [5,7,8] seems more probable thamtie
site vacancy model [9-11]. Different works were lmhed on LN or LT doped with different cationsg8.,2].
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Nickel (Ni) in relation with the substitution mecham when the Ni content increases. In the present
paper we propose defect models in order to integame observed phenomena such as change of stibstit
mechanism.

Vacancy Models of Ni-doped lithium tantalate

According to the literature, we found that somehatg like Paul [13], Katsumata [14] and Bennani] [i&ve
insisted that the substitution mechanism changés the concentration of Ni, determining the tempaea
transition T and ionic conductivity of ceramic LT, doped nickel

The samples used in experimental studies [15] werpared starting from €O; carbonate, T®s and NiO
oxydes. The mentioned reagents weighted and mineithéd required amounts according to the following
chemical reaction.

(0.49- X/2)Li,CO, + (0.502— X /10)Ta,0; + XNiO — Liygs T8, g0 sNi,Os + (049-Xx/2)CO, (1)

From the table 1 below, given the chemical analysedulae and proposed. The number of vacancies
was calculated by subtraction of the amount ofocasites, considering a main substitution mechanism
5Li*+Ta*-5Ni*". The errors in the formulae obtained were estithétebe about 0.8% for Li, 0.1% for Ta,
and 0.5% for Ni.

We found that there are two substitution modelthia structure doped non-stoichiometric. The fiwdt be
valid for the concentrations lower than 3% andsbeond, for those superior than or equal to 3%.

Table 1: experimental chemical formulas [15] and propo$edlT doped nickel.

%Ni | Experimental formulas analysed Proposed formulas

0 Lio.o77T @1.00493 [Lio.077T30.005V0.01d[Ta]O3

1 Lio.o72 Ta1.002Ni 0.010 O3 [Lio.os T@0.0015Ni 001V 0.0169[Ta]O3

2 Lio.os51 @1.001Ni 0.0203 [Lio.os5T@0.001 Nio.02 V 0.024[Ta] O3

3 Lio.042T3.999Ni 00303 [Li0.942dNi 0,029V 0.029][T@0.999Ni 0.001O3
S Lio.012T3.998Ni 005003 [Lio.91Ni 0,048V 0.054[T@0.998Ni 0.00dO3
8 Lio.897T3.988Ni 0.0803 [Li0.897Ni 0.068V 0.035][T@0.988Ni 0.01dO3
15 Lio.s36 T@0.973Ni 0.1503 [Lio.836Ni 0123V 0.041][T@0.073Ni 0.02403
20 Lio.78 T30.964Ni 0.2003 [Lio.780Ni 0.164V 0.056][ T @0.9064\i 0.03dO3

In Fig. 1, the result of normal Ta site {(ameasurement is presented. The,fands to decrease with Ni
doping. The variation of Fg indicates two Ni-substitution changes found. Be® mol. %, that is | region,
the Ta remains constamiith Ni concentration increase. In region Il, tha Tecrease linearly with Ni
concentration increase.

We proposed that for Ni doping concentration urierol% (1), the substitution mechanism is:
[LI 1—5x—3yTax—yNi4yD4x][Ta][ 03] (2)

In region Il, we have:

[ Li1+5x—13y N i(5y—><) [ 4(2y-xX) ] [Tat—(x—y) N i(x—y) ] [Os] 3)
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where,[] represent the vacancy. We represent these masisiibed previously, in the following condensed
form,

[LialNia2ma3Da4]|.TaﬁlNi,BZD/?SD,B4J[OS] (4)
and K = g K
With K=M, g and g=u, B. Herea andp allow the two models to be identified as follows:
i) Model (a) corresponds ta =1-5x-3y, a =4y, B=1, B,=0; and<*2 =a,K, +a,K;, K =PB1Ky+P2Ks
andk ; =K.
i)  Model (b) corresponds too,=1+5x-13y, 0,=5y-X, B=1l-x+y, B=x-y; andK, =a,K, +a,K,,
K =B,K, + B,K; andK, =K.

In this representation=p=0 signified that ions and vacancies are absethése nonstoichiometric
models.This result reveals the Ni incorporatiohiiiaOs;, which gives quantitative and qualitative discassi

1,005 R - | '+ Tt r 1 r T T r T +r T 7T 1
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Figure 1: Plot of normal Ta site (g as function of Ni doping concentration.

Results and discussion

- Substitution model of Ni <3%

From the above table, a change in the substitutiechanism is observed to y = 3 mol% Ni. We
proposed a vacancy model that is based on thaithddirh [15,16], to describe the structure of non-
stoichiometric substitution where Ta cations whe &r excess takes place in the sublattice ofulithi
(Li).This model (a) is given by:

Li M Ni ,,0, (5)

1-5x-3y 1+ x-y
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whose expression is modified by considering theéouar sublattice of the structure and showing up the
vacancy V) which permit compensation of the charge, where:

[LI 1—5x—3y|vI x—yNi4yD4x][ M ][ OS] (6)

It is defined by two phenomena that take placéatsublattice [Li], while the other two sublattifé&a)
and [O]) remain intact:

Substitution of the five atoms of lithium by a medtom Ta is to say:

5xLi " o Ta® +4x0 7)
Next, a substitution of three cations lithium anghetal cation (Ta) by four doping divalent cations:
Ta>* +3x L * o 4xNji? 8)

- Substitution model of Ni 3%

From the formulae given in Table 1, it is seen thi is obtained for a Ni content comprised betwee
2 and 3%. For higher Ni contents, Ni cations shdaddocated on both Li and Ta sites, which is dhelt

LI 1—5x—13y|vI 1-(x-vy) NI 4y03 (9)

As in the previous case, the various sublatticethef structure are considered in showing the
concentration of vacancie¥( allowing compensation to equilibrium the globbhoge:

[ Li1+5x—l3y N i(5y—x)\/4(2y—x) ][ M 1-(x-y) N i(x—y) ][03] (10)
The model (b) given by (9) is defined by two typpésubstitutions:

+« In the sublattice [Li]

13xLi* o 5Ni?* +8x[ and40 + Ni** o 5Li "
8xLi* o 4Ni? +4x[ 1j1

+ In the sublattice [Ta]:

(x-y)xTa* o (x-y)xNi?* 112

What characterized this last model from the fibgti¢ that the metal Sublattices [Li] and [Ta] ath
concerned with the substitution, which involveslaemg the cations of lithium Liby Such as nickel Ki and
Ta" cations.

In contrast, in the model (a), the site [Ta] is ptetely filled by its own cations Thand it’s the site
[Li] where any substitution takes place. This isngued up in a replacement of some atoms Li by afbans
who are in excess in the composition non-stoichtamehey will be substituted in their laps witther atoms
by Li doping elements Ni (7 and 8).

As the number of seats that can be occupied bgtdrmas in the sites [Li] is limited by the field 0bn-
stoichiometric, so it makes sense to have a sanoraf the substitution at some rate doping whichr&sponds
to 3 mol% N for Ni-doped LiTa®
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Conclusion

We have proposed the new vacancy models whichtdeeta describe substitutional mechanism in Ni-dbpe
lithium tantalite. When Ni cations are insertedtie lattice (%Ni<3%), it is thus probable that thae
preferentially located on the lithium sites andlaep the tantalum atoms. Beyond 3%, Ni cations lshba
located on both Li and Ta sites.
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