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Abstract Polycrystalline LnTiTaO6 (Ln = Ce, Pr, Sm)

compounds were prepared in the solid state ceramic

route. The powders were calcined between 1250 �C and

1300 �C and sintered between 1480 �C and 1520 �C.

The materials were characterized by XRD and SEM.

The dielectric properties were measured in the fre-

quency range 1 kHz–5 MHz. The absorption spectra

and photoluminescence spectra of the samples were

analysed. The materials are useful as gain media in

micro lasers because of the optical absorption and

photoluminescence.

1 Introduction

Inorganic luminescent crystalline materials that

absorb energy and subsequently emit the absorbed

energy as light are currently gaining wide spread

interest due to the rapid developments in the field of

optoelectronic devices. Materials with good concen-

tration of lanthanides have importance as they can be

used as an ideal gain media in laser diode pumped

micro lasers. It is better to use intrinsic concentrations

of rare earths on ceramic systems than doping since

doping may cause lattice mismatch due to difference

in the ionic radii, charge and dopant segregation

effects [1, 2]. Wachtel et al. [3] reported Mg4Nb2O9 as

a good luminescent material having self activated

photoluminescence at room temperature and You

et al. [4] reported that its luminescent properties can

be enhanced by doping it with Cerium. A lot of

materials have been reported having luminescent

properties using various dopants.

The single phase occurrence of a special group of

materials with general formula A3+B4+C5+O6 was

reported for the first time by Kazantsev et al. [5].

They reported the optimum conditions for the forma-

tion of LnTiTaO6 polycrystals. The rare earth titanium

tantalum compounds with rare earth atomic number in

the range 57–66 have an orthorhombic aeschynite

structure and compounds with rare earth atomic

number of 67–71 have an orthorhombic euxenite

structure. Later Holcombe studied the crystal structure

of AlTiTaO6 and YTiTaO6 [6, 7]. In 1987 Maeda et al.

suggested the possibility of using rare earth titanium

tantalates and niobates for microwave frequency

applications [8]. Sebastian et al. reported the possibility

of using SmTiNbO6 ceramics as good dielectric Res-

onators [9]. Qi et al reported the preparation of

RETiNbO6 (RE = Nd, Pr, Er) single crystals by Laser

Heated Pedestal Growth and RETiNbO6 (RE = Nd,

Pr) by the modified Czochralski growth method [10,

11]. Optical Spectroscopic studies of LnTiNbO6

(Ln = Pr, Nd and Er) were reported by Qi et al. [12].

They suggested that the materials are of potential

applications as gain media in micro lasers due to the
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intense optical absorption and luminescence which is

due to the high concentrations of lanthanide ions in the

crystal and the odd parity distortions which enhances

the transitions. Later the dielectric resonator proper-

ties of lanthanide titanium tantalates were reported by

Surendran et al. [13]. EuTiNbO6, EuTiTaO6 and

Y0.5Eu0.5TiNbO6 were reported as good scintillators

for gamma ray and neutron registration [14]. In this

paper we report the photoluminescence and low

frequency dielectric behavior of poly crystalline

CeTiTaO6 (CTT), PrTiTaO6 (PTT) and SmTiTaO6

(STT) ceramics for the first time.

2 Experimental

The LnTiTaO6 (Ln = Ce, Pr and Sm) compounds have

been synthesized through the conventional solid state

ceramic route. The oxides CeO2, Pr6O11, Sm2O3, TiO2

and Ta2O5 with purity >99.9% were used. The

stochiometric mixtures of oxides were mixed in an

agate mortar in distilled water medium and dried. The

powder was then calcined in the range1250–1300 �C

for 5 h in air. The calcined powder was ground well

and mixed with PVA (4 wt%) as the binder and dried

again. This was again ground to fine powder and

shaped into cylindrical compacts of about 11 mm

diameter and 2 mm thickness with a pressure of about

100 MPa. The samples were sintered between 1480 �C

and 1520 �C for 5 h in air.

The bulk densities of the samples were measured by

the Archimedes method. The phase purity and struc-

ture were studied by X-ray diffraction (XRD) using

Cu-Ka radiation (Philips Expert Pro).

For low frequency dielectric studies the pellets were

made in the form of a disc capacitor with the specimen

as the dielectric medium. The capacitance and con-

ductance of the samples were measured using an LCR

meter (Hioki-3532-50) with in the frequency range

1 kHz–5 MHz. The samples were thermally etched

50 �C below the sintering temperature and microstruc-

ture was recorded using scanning electron microscopy

(SEM) (Hitachi-S2400).

The photoluminescence spectra of the samples were

measured using Flurolog�-3 Spectroflurometer. The

photons from the source were filtered by an excitation

spectrometer. The monochromatic radiation was then

allowed to fall on the disc samples and the resulting

radiation was filtered by an emission spectrometer and

then fed to a photomultiplier detector. The variation of

intensity was recorded as a function of wavelength. The

absorption spectra were also measured using a Jasco

UV-Visible spectrophotometer

3 Results and discussion

The XRD patterns of LnTiTaO6 (Ln = Ce, Pr and Sm)

compounds are shown in Fig. 1. These materials

crystallize in the aeschynite orthorhombic structure as

reported in one of our earlier communications [13].

The cell volume, theoretical density and dielectric

properties are given in Table 1.

The variation of dielectric constant of the samples

with respect to frequency is shown in Fig. 2. The

dielectric constant gradually decreases with increase in

frequency and finally reaches almost a constant value for

CTT. But for PTT and STT the dielectric constant shows

no significant variation. The conductance is very small at

low frequencies which is of the order of 10–7 W–1 for CTT

and 10–9 W–1 for PTT and STT. The variation of

conductance with increase in frequency is shown in

Fig. 3.The conductance reaches of the order of about

10–6 W–1 above 1 MHz.

The microstructures of the samples are given in

Fig. 4. These pictures show uniform distribution of

grains of size 2–4 lm. The packing density, uniformity

and homogeneity of particles are more for CTT than

others. The low conductivity observed for PTT and

STT compared to CTT may be due to considerable

grain boundary scattering arising from the roughness

seen on the morphology of the samples. Grain bound-

ary scattering is dominant in polycrystals.

The absorption spectra of the samples in the

wavelength region 225–820 nm are shown in Fig. 5.

For CTT there is no considerable absorption in this

region. For PTT there is a strong absorption band

around 600 nm. There are absorption bands between

400 nm and 500 nm. The STT sample has strong

absorption between 300 nm and 500 nm.

The photoluminescence spectra obtained at the

excitation wavelength 400 nm of the samples are given

in Fig. 6. The strong line of CTT at 695.3 nm is due to
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Fig. 1 XRD patterns of (a) CTT, (b) PTT and (c) STT
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the transition 3G0
3 � 0A3 of cerium. The weaker lines at

about 549.8 nm and 662.2 nm are due to the transitions
1D0

1 � 0A1 and 3H0
6 �0 A6 respectively. For PTT the

lines at about 661.6, 500.5 and 548.9 nm are due to the

transitions 4I0
9=2 �0 A11=2, 6L13=2 �0 A0

11=2 and
6L13=2 �0 A0

13=2 respectively of praseodymium. For

STT the strong line at about 695.2 nm is due to the
7F5 �7 G0

4 transition of samarium. The other two lines

at about 548.5 nm and 659.4 nm are due to 7F0 �0 A0
1

and 9D5 � 7D0
4 respectively.

Table 1 Structural and dielectric properties of LnTiTaO6 (Ln = Ce, Pr and Sm) ceramics

Material Sintering
Temperature (�C)

Cell Volume
(A�)3

Theoretical
Density (g/cc)

% Density Dielectric constant
at 1 MHz

Conductance at
1 MHz · 10–6 (W–1)

CTT 1500 446.33 6.91 93 9.22 8.97
PTT 1570 443.96 7.01 95 22.06 5.11
STT 1570 435.97 7.29 92 13.42 3.21
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Fig. 2 Variation of dielectric Constant (er) of LnTiTaO6 ceram-
ics with frequency
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Fig. 3 Variation of conductance of LnTiTaO6 ceramics with
frequency

Fig. 4 SEM micrographs of LnTiTaO6 (Ln = Ce, Pr and Sm)
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4 Conclusion

The LnTiTaO6 (Ln = Ce, Pr, Sm) were prepared in the

solid state ceramic route. The powders were calcined

between 1250 �C and 1300 �C and sintered between

1480 �C and 1520 �C. The materials were characterized

by XRD and SEM. The dielectric properties were

measured in the frequency range 1 kHz- 5 MHz. The

photoluminescence and absorption spectra were ana-

lyzed. The materials are useful as gain media in micro

lasers because of the optical absorption and photolu-

minescence. Work is in progress by substituting other

lanthanide elements. The optical properties can be

improved by doping with suitable materials.
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Fig. 5 Absorption spectra of LnTiTaO6 ceramics
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Fig. 6 Photoluminescent spectra of LnTiTaO6 ceramics
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