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Abstract
The development and photoluminescence analysis of Eu3+or Dy3+ ions in the matrix of lithium titanate (Li2TiO3) ceramics by using a solid state

reaction method are reported. Emission spectra of Eu3+:Li2TiO3 ceramics have shown strong red emission at 611 nm (5D0! 7F2) with

lexci = 392 nm (7F0! 5L6) and from the Dy3+:Li2TiO3, a blue emission at 493 nm (4F9/2! 6H15/2) and also an yellow emission at 582 nm

(4F9/2! 6H13/2) have been observed with lexci = 366 nm (6H15/2! 6P5/2). Both the rare-earth ions containing ceramics have displayed their

brighter emission performance from their measured spectral results. In addition, X-ray diffraction (XRD), Fourier transform infra red (FTIR)

spectroscopy, scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDAX) have been used to characterize the structural

properties of (Eu3+ or Dy3+):Li2TiO3 ceramics.
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1. Introduction

Rare-earth (RE) luminescent materials have considerable

practical applications involving the production of different

visible fluorescent colors, such as cathode ray tubes, lamps and

X-ray detectors etc [1]. Photoluminescence in such optical

materials could be attributed to f–f or f–d transitions of rare-

earth ions and their photoluminescence intensity would depend

on the site symmetry or nature of ligands, i.e. the covalency

between the rare-earth ions and the ligands around them [2].

Rare-earth ion containing materials could perform well in

respect of efficient and narrow emissions from them in the

visible region [3]. From the literature, it is noted that AlN, GaN,

ZnO and TiO2 could be found more attractive semiconductor

host matrices for RE ions because of their possessing relatively

wide band gaps and also their high refractive indices [4–7].

Among them, TiO2 could be a good host to excite RE ions more

efficiently to result in with intense luminescence phenomenon

from them [8–10]. Luminescence of the titanate-type com-

pounds has the potential for their use in optoelectronic
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applications [11]. TiO2 possesses a good mechanical resistance

and stability even in some corrosive environments and therefore

it has widely been used in the development of stable host

matrices such as BaTiO3, SrTiO3, CaTiO3 and TiO2-based

oxide composites, namely TiO2–SiO2, TiO2–CeO2, TiO2–ZrO2

and TiO2–Fe2O3 have been synthesized [12–15]. BaTiO3 and

SrTiO3 are well known examples with a renewed focus to

explore luminescence studies in the titanate perovskite [16–18].

Several groups have investigated the effect of lithium ion on

the luminescent properties and reported the enhancement of

photoluminescent efficiency [19–21]. Photoluminescence stu-

dies on lithium tantalate, lithium niobate, lithium aluminate and

lithium tetra borate have extensively been carried out [22–27].

Since there exists no reports so far on lithium titanate (Li2TiO3)

with rare-earth ions, we have undertaken the present work to

prepare and analyze the emission spectral properties of

Eu3+:Li2TiO3 and Dy3+:Li2TiO3 ceramic powders.

2. Experimental

Rare-earth ion containing lithium titanate ceramics were

prepared by heating a mixture with a ratio of 1 mol of lithium

carbonate (Li2CO3) and 1 mol of titanium dioxide (TiO2) and

0.2 mol of rare-earth oxide of 99.99% purity in an ambient
d.
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Fig. 1. Synthesis of RE3+:ceramics.

Fig. 2. XRD pattern of (a) Eu3+:Li2TiO3 and (b) Dy3+:Li2TiO3 ceramics.

G.B. Kumar, S. Buddhudu / Ceramics International 35 (2009) 521–525522
atmosphere. The chemicals weighed were powdered with

acetone in an agate mortar for 2 h to obtain homogeneous

mixture and then those were collected into porcelain crucibles

each separately. It was gradually raised to 700 8C, at which the

finely powdered mixtures were kept for 5 h. We have heated the

samples at 600 8C, 700 8C and 850 8C, respectively and found

that emission intensity was good enough at 700 8C, hence this

temperature is preferred. The synthesis method has clearly been

shown in Fig. 1. Structural characterization of these samples

has been carried out from the X-ray powder diffraction

measurements on a XRD 3003TT Seifert diffractometer with

CuKa radiation (l = 1.5406 Å) at 40 kV and 20 mA and the 2u

range was varied between 108 and 708.
Morphology and average grain size of the ceramic powder

were examined on a Philips XL30 ESEM. For an average grain

size analysis, the sample was coated with a thin layer of gold by

using a JEOL fine coat ion sputter FC-1100 unit to avoid the

possible charging of the specimen. The scanning electron

microscopy (SEM) image was obtained for samples by using a

35 m camera attached to a high resolution recording system.

Fourier transform infra red (FTIR) spectrum of the sample was

carried out on a Thermo Nicolet -5700 Spectrophotometer

using the KBr pellet technique in the range of 4000–400 cm�1.

Both the excitation and the emission spectra of lithium

titanate:RE3+ ceramics were recorded on a SPEX Fluorolog-3
Fig. 3. SEM images of (a) Eu3+:Li2TiO
fluorimeter attached with a Xe-arc lamp (450 W) with the

datamax software for acquiring the spectral data.

3. Results and discussion

X-ray diffraction (XRD) patterns of Eu3+:Li2TiO3 and

Dy3+:Li2TiO3 powders are shown in Fig. 2. By using XRD

analysis software namely POWD, we have observed that the

structures of them are orthorhombic natured. SEM micrographs

of the Eu3+:Li2TiO3 and the Dy3+:Li2TiO3 ceramics are shown

in Fig. 3. The obtained micrographs show that the particles are

agglomerated and the average diameter of the grain size is in

the range of 100–200 nm. The elemental analysis of the

synthesized products was performed using the energy

dispersive X-ray analysis (EDAX) technique which is attached

to the SEM system for its use, when desired and the measured

patterns are presented in Fig. 4. EDAX analysis was carried out

mainly to confirm the presence of RE ions in the ceramics

prepared and the results confirm their presence. However, the

EDAX of the matrix could not show the presence of lithium

because of its lighter weight [28,29]. Fig. 5 shows the FTIR

spectra of Eu3+:Li2TiO3 and Dy3+:Li2TiO3 ceramics. FTIR

bands have been analyzed for identifying the functional groups.
3 and (b) Dy3+:Li2TiO3 ceramics.



Fig. 4. EDAX spectra of (a) Eu3+:Li2TiO3 and (b) Dy3+:Li2TiO3 ceramics.
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The bands at 1426 cm�1 and 866 cm�1 are due to the vibration

of CO3
2� anions, indicating the absorption of CO2 molecules

on the surface of the samples [30]. The band at 2360 cm�1 is

due to the Ti–O vibrations [31]. The band at 3460 cm�1 is

attributed to the absorption of OH molecules [32].

The excitation spectrum with an emission band at 611 nm

(5D0! 7F2) has shown a broader and intense excitation band at

299 nm and it has been identified as a charge transfer band

(CTB). In oxides, it has been reported that a charge transfer

band due to Eu3+–O2� interaction might arise [33]. The other

bands that are located at 360 nm, 380 nm, 392 nm, 413 nm and

463 nm are assigned to the electronic transitions of 7F0! 5L9,
7F0! 5G3, 7F0! 5L6, 7F0! 5D3 and 7F0! 5D2 transitions,

respectively. The emission spectrum of Eu3+:Li2TiO3 ceramics

with excitation at 392 nm has been shown in Fig. 6. The intense

emission bands in the range of 570–700 nm are assigned to the

electronic transitions of (5D0! 7FJ = 1–4) and the transitions

such as 5D0! 7F2,4,6 transitions are electric dipole (ED)

transitions. Among them, 5D0! 7F2 has been a hypersensitive
Fig. 5. FTIR spectra of (a) Eu3+:Li2TiO
transition that follows the selection rule of DJ = 2 and hence it

demonstrates a bright red emission from Eu3+:Li2TiO3

ceramics. The other emission bands at 579 nm, 590 nm,

650 nm and 704 nm are assigned to 5D0! 7F0, 7F1, 7F3 and 7F4

transitions, respectively [34].

The excitation spectrum of Dy3+:Li2TiO3 is shown in Fig. 7

with excitation bands at 325 nm, 354 nm, 366 nm and 387 nm,

and which are assigned to the electronic transitions of 6H15/

2! 6P3/2, 6P7/2, 6P5/2 and 4I13/2, respectively. A broadband in

the region of 280–320 nm has been attributed to be a charge

transfer band of Dy3+–O2� interaction [35]. Among them,
6H15/2! 6P5/2 at 366 nm is an intense one and with this, an

emission spectrum has been recorded with emission bands 4F9/

2! 6H15/2 and 4F9/2! 6H13/2 at 493 nm (blue) and 582 nm

(yellow), respectively. 4F9/2! 6H15/2 transition is mainly a

magnetically allowed which varies a little with the crystal field

strength change around the Dy3+ ion and 4F9/2! 6H13/2 is a

forced electric dipole transition with DJ = 2, which is strongly

influenced by the host environment [36].
3 and (b) Dy3+:Li2TiO3 ceramics.



Fig. 6. (a) Excitation and (b) emission spectra of Eu3+:Li2TiO3 ceramics.

Fig. 7. (a) Excitation and (b) emission spectra of Dy3+:Li2TiO3 ceramics.
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4. Conclusions

We summarize that the rare-earth (Eu3+ or Dy3+) ions

containing Li2TiO3 ceramics have been synthesized by using a

solid state reaction method and these materials have shown

orthorhombic structure and the average diameter of the grain

size of the material is in the range of 100–200 nm. Based on the

emission results, we suggest these ceramics are brightly

luminescent and novel optical materials.
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