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Raman studies on ferroelectric properties of KT a0.6Nbo..4O3 (KTN)

The ferroelectric transition in KT ao.�bo.4O3 (KTN) was investigated by light scattering measurements up to 1300 cm-1 as a function of temperature. A careful analysis of the temperature dependence of the optical phonon lines before and after the cubic -tetragonal transition shows. anomalies at the ferroelectric -paraelectric transition. This transition is proceeded in the cubic phase by the formation of precursor clusters as in very dilute KTN crystals. The precursor clusters process can be induced by the relaxation of correlated off-centred Ta S+ or Nb S+ ions.

l. Introduction

Results and discussion

Crystalline parameters

Raman spectroscopy measurements

show only well assigned second-order bands, which follow the normal light polarization effect.
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Fig. 3. Raman spectra of KT a0.6Nbo.403 in the frequency and temperature ranges> 600-1200 cm-1 and 300-425K.

At 385 K the spectrum becomes more compli cated to be analyzed. Both second-order and first order bands present a particular evolution. The second-order bands increase, whereas, the first-order bands decrease in intensity when the temperature increases. Likewise the shoulder which occurs on the low frequency side of the S5 peak for the spectra at 385 K is located at a frequency very close to the one-phonon peak F4 detected below T c . In addition the peak F2 can be estimated to appear in the spectrum at 385 K.

The above observation can be thoroughly un derstood in relation to the structural phase transitions when reporting the temperature dependence of the intensity and the frequency position are analysed for the peaks. The temperature dependence of the inten sity and the area for the peak F4 are reported in Fig. 4. The peak F4 presents a nearly constant values in the low temperature phase from 300 to 350 K and then exhibits a steep fall at around T c: , Above T c the intensity and the area have a significant values which decrease with increasing temperature, so that it vanishes at around 425 K. The peaks F3, F2 and F 1 respectively decrease in intensity when the tempera ture increases. Above Tc they present a value dif ferent from zero.

The thermal evolution of the intensity for the first order peak F6 and the second order peak S6 are Arca of the peak F4(A, tn 100----------------- shown in Fig. 5. When the temperature increases, the first order peak F6 decreases whereas the second order one increases. This behavior characterize the ferroelectric-paraelectric phase transition.

Discussion and conclusions

From the results obtained in present study, we can deduce the mechanism of the ferroelectric paraelectric phase transition in this KTN composition.

At high temperatures (T > 400K) the structure is cubic and the niobium and/or tantalum ions are on sites. The Raman spectrum exhibits only second order phonon bands. Whe'Jl__ the temperature is decreased and approaches the phase transition, either the niobium and/or tantalum ions hop between several off-centre positions, as revealed by the appearance of quasi-elastic scattering. The dipolar clusters which form around relaxing niobium locally break the selec tion rules and thus lead to activation above Tc of the first-order phonon lines which are nom1ally forbidden in the cubic phase. These lines concern the soft phonon mode and the three hard modes associated with KTN lattice. These phenomena characterise an intennediate state which on average retains cubic symmetry and is locally a precursor of the rhom bohedral structure of the low-temperature .phase as seen be Fontana [16].

At Tc the relaxation mode slows down [20] and the polar clusters are mainly growing. Below Tc either Nb and/or Ta ions are frozen in, giving rise to polarization along the [ 111] axis, consistent with the rhombohedral structure. However, the crystal struc ture at room temperature is tetragonal, suggesting that the spontaneous polarization is parallel to the c axis which is identical to [ 111] in rhombohedral structure. The spontaneous polarization decreases slowly from the rhombohedral phase to the tetragonal phase in agreement with the disorder occured in the matcrial. As shown by the increase in the intensity of the soft and hard vibrational modes as the temperaturc decreases, the niobium and/or the tantalum ions move more cooperatively in the low-temperature phase, so that ferroelectric long-range order can be reached. This description was observed for dilute con centrated KTN crystal (2 and 9 at. % of Nb) by Fontana [16] and it can hold for this highly con centrated KTN (40 at. %).

  The ppase transitions in potassium niobium tantalate have been widely investigated by various experimental techniqLes. In the K1N solid -solution system, a multic�tical point occurs at a niobium concentration corresr,onding to x === 0.05. Above this Nb concentration KTN undergoes a cubictetragonal -orthorh Jmbic -rhombohedral sequence of phase transit .. ..>ns, where various transition temperatures change with increasing niobium con centration. A number of investigations have produced results suggesting that the phase transitions in KNbO3 are not simply displacive but also have order disorder character. Studies of the same type have * Corresponding author also led to similar conclusions regarding the phase transitions in the K1N system. These studies have included early X-ray experiments [ 1-2] that gave structural indications of a 'disorder type' sublattice and dielectric properties investigations in which the dielectric constant deviated from the Curie -Weiss law, thereby suggesting the presence of low -frequency ionic motion within a disordered sublattice [3]. Subsequently, the quasielastic -scattering fea tures observed in Raman experiments [4-5] have provided additional evidence of dynamic disorder. At temperatures well above the paraelectricferroelecttic transition, KTN exhibits a 'soft mode' that is generally characteristic of a nominally dis placive phase transition. The temperature dependencc of such 'soft mode' has previously been treated using anharmonic lattièe models of varying sophistications. Kugel et al. [6] have applied a three -dimensional version of this latter model to account for the• ob served soft -mode frequency of KTN samples having a wide range of Nb concentrations. In this approach, the soft -mode frequency, which is very sensitive to the O-Ta and O-Nb coupling, is significantly altered by the non linear polarizability of the oxygen ions. This work asserts that it is the temperature depend ence of the charge density deformation along the O Ta and O-Nb chains that drives the paraelectricferroelectric phase transition in KTN. In our latest works, we have presenting the dielectric, pyroelectric and piezoelectric measurements [7-8]. In the present work, we present new compara tive Raman scattering measurements performed on KT ao.�bo.4O3. These results are analysed in com parison with the previous results by Kugel et al. [ 6] and ïnterpreted taking into account the recent knowledge previously mentioned. The nature of the low-temperature polar phase is discussed using these dynamical considerations together with additional X ray diffraction results.

  �bo_4O3 ceramic was sintered at 1120•c for 2h30mn under air atmosphere using LiF additive ( 1 % mass). The pellets have the shape of dises with dimensions 7mm diameter and about 1mm thickness. The compactness • of the ceramic is close to 0.96. The pellets were pulverized and sealed in glass tube for Raman analysis. The X-ray diffraction (XRD) studies were performed using a Philips X-ray diffractometer (PWI 710). The Raman spectra of polycrystalline samples sealed in glass tubes were recorded on an RTI Dilor Instrument using the 514.5 nm and the 488.0 nm exciting Iines of a Spectra-Physics argon ion laser.

The 4 -

 4 ray diffraction studies were perfonned at room temperature using a powder obtained by grinding ceramic. The intensity measurements were performed step by • step with 15 second for a step of 0.02• in 28. The used radiation is the CuKa. Fig. l shows the powder X-ray diffraction patterns of KTao .�0. 4O3 at room temperature which can be indexed in the tetragonal structure with space group P4mm and the unit cell dimensions are: a = 4.0059 (3) and c = 3.9896 (3). These dimensions of unit cell are in agreement with that determined for parents KNbO 3 and KTaO 3 [10-11).
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 1 Fig. 1. Powder X-ray diffraction recording for KT a0.6Nbo.403 at 300K.
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 23 Fig. 2. Raman spectra of KT a0.6Nbo.40J in the frequency . 1and temperature ranges -100-1000 cm-and 90-425 K.
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 45 Fig. 4. Thermal evolution of the area and the intensity for the peak F4,