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a b s t r a c t

The Ln(Ti0.8Sn0.2)TaO6 (Ln = Nd, Sm) ceramics are prepared through the solid-state ceramic route. The
structure of the materials is studied using X-ray diffraction and Raman spectral analysis. The microstruc-
ture is analyzed using scanning electron microscopy and the elemental composition by energy dispersive
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spectrometry. The dielectric properties in the radio as well as in the microwave frequencies are studied.
The photoluminescence property of the samples is also analyzed. The materials have dielectric constants
32.3 and 31.1, temperature coefficient of resonant frequency +1.5 ppm/K and −6 ppm/K and high qual-
ity factor and hence suitable for the fabrication of devices in microwave communication. Moreover, the
compounds are useful in the field of optoelectronics since they produce intense emission lines in the
pectroscopy
hotoluminescence

visible region.

. Introduction

Polycrystalline ceramic materials have widespread applications
n the field of microwave communication and optoelectronics.

aterials with low loss, high permittivity (εr) and low temperature
oefficient of resonant frequency (�f) are useful as dielectric res-
nators in microwave devices. These requirements can be achieved
y suitable substitution and doping. The ceramics which can absorb
nergy and subsequently emit the absorbed energy as light can be
ade useful in the fabrication of ceramic lasers.
The A3+B4+C5+O6 combination constitutes a special group of

eramics, whose phase pure existence was first established by
azantsev et al. [1]. The crystal structure [2,3] and the microwave
ielectric properties [4,5] of LnTiTaO6 (where Ln is a lanthanide)
ere reported earlier. Attempts were made to obtain desirable
icrowave dielectric properties by suitable substitution and dop-

ng in LnTiTaO6 ceramics. Surendran et al. [6], Solomon et al. [7],
ishi et al. [8,9] and Padma Kumar et al. [10–12] have studied the

ubstitutional effects of lanthanides in the A site. The �f was reduced
o zero approximately without much compromise in the values of
he εr and quality factor by these substitutions. As per the reports
y Joseph et al. [13] and Oishi et al. [9], the εr and �f decrease with

n increase in concentration of Ta in LnTi(Nb/Ta)O6 ceramics. The
artial substitutions of Sb for Ta and Zr for Ti were reported by
adma Kumar et al. [14] and Solomon et al. [15], respectively. Due
o these substitutions, there was an increase in quality factor and a
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decrease in εr and �f. The doping effects of ZnO [16], WO3 and MoO3
[17] in LnTiTaO6 ceramics were also reported. By the ZnO doping,
the εr and quality factor were increased and the �f was decreased,
with considerable reduction in the sintering temperature. The WO3
and MoO3 addition increased the quality factor and reduced the �f
without much variation in εr. Since Ti and Sn are tetravalent ele-
ments with slightly different ionic radii, it is possible to replace Ti
partially by Sn. The compound obtained by the substitution of 20%
Sn in the Zr site of ZrTiO4 [18] ceramic was reported as an excel-
lent composition for microwave applications. The �f of ZrTiO4 was
reduced approximately to zero by this substitution. Hence it may be
possible to reduce the positive �f of LnTiTaO6 ceramics also by the
partial substitution of Sn in the Ti site. Qi et al. [19] have reported
the optical absorption and photoluminescence of LnTiNbO6 crys-
tals in 1997. Jacob et al. [20] have reported the photoluminescence
and low frequency dielectric properties of LnTiTaO6 (Ln = Ce, Pr, Sm)
ceramics. Padma Kumar et al. [21] studied the effect of Bi substitu-
tion in the Ln site of these ceramics. A detailed structural analysis
of LnTiTaO6 ceramics has been carried out by Thorogood et al. [22],
using synchrotron X-ray powder diffraction and neutron diffrac-
tion techniques. Recently, Solomon et al. [23] and Dhwajam et al.
[24] have reported the microwave dielectric and optical proper-
ties, respectively, of PrTiTaO6–YTiNbO6 ceramic composites. This
paper reports the synthesis, characterization, photoluminescence
and microwave dielectric properties of Sn-substituted LnTiTaO6

(Ln = Nd, Sm) ceramics for the first time.

2. Experimental

Conventional solid-state ceramic route was used to prepare polycrystalline sam-
ples. High purity Nd2O3, Sm2O3, TiO2, SnO2 (CDH, 99.9%) and Ta2O5 (NFC, 99.9%)
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ere weighed in stoichiometric ratios and mixed thoroughly in acetone medium
n a ball mill for 2 h. The powder was dried and then calcined at 1200 ◦C for 4 h
n electrically heated furnace. The calcined powder was again ground well for 2 h

ith acetone as the wetting medium. The specimen was again dried well and 5 wt%
olyvinyl alcohol was added as a binder and again ground well and dried. The pow-
er was then pressed at a pressure of 150 MPa using hydraulic press in the form of
ylindrical pellets. The pellets were then sintered in a controlled heating schedule of
◦C/min up to 600 ◦C and soaked for an hour to expel the binder. This was followed
y heating the samples at a rate of 5 ◦C/min up to 1380 ◦C with a soaking time of 4 h.
he samples were then furnace cooled to room temperature.

The sintered densities of the well-polished samples were measured using
rchimedes method. The sintered pellets were powdered in an agate mortar and
sed for X-ray diffraction (Philips Expert Pro) studies using Cu K� radiation. Polished
amples, thermally etched at 1320 ◦C for 30 min, were used for Scanning Electron
icroscopy (SEM) (JEOL JSM 5610 LV). The dielectric constant and the quality factor

f the samples were measured in the microwave frequency range using cavity res-
nator method with the network analyzer (Agilent 8753 ET). For this the specimen
as placed on a quartz cylinder placed at the center of a cylindrical brass cavity
hose diameter is 3–4 times greater than that of the sample. The microwave sig-
al was coupled to the specimen through loop probes and TE01� mode of resonance
hose quality factor is intimately related to the dielectric loss was identified. The

emperature coefficient of resonant frequency (�f) was also measured over 30–70 ◦C
ith the heating setup attached to the computer interfaced network analyzer.

For radio frequency dielectric studies, thin pellets were made in the form of a disc
apacitor with the specimen as the dielectric medium. The capacitance and conduc-
ance of the samples were measured using an LCR meter (Hioki-3532-50) within
he frequency range 1 kHz to 1 MHz. The absorption spectra of the samples were
ecorded using Double beam UV–vis spectrometer Jasco-D550. The photolumines-
ence spectra of the samples were recorded using Flurolog®-3 Spectroflurometer.
aman spectra of selected samples were recorded and analyzed with a Bruker
FS100/S spectrometer (resolution of 4 cm−1 from 50 to 1000 cm−1 using Nd:YAG

aser source, lasing at 1064 nm and power 150 mW and by a germanium diode
etector).

. Results and discussion

The XRD patterns of Nd(Ti0.8Sn0.2)TaO6 (NTST) and
m(Ti0.8Sn0.2)TaO6 (STST) ceramics are given in Fig. 1. As per
arlier reports [1,5] the LnTiTaO6 with Ln = Ce, Pr, Nd, Sm, Eu,
d, Tb and Dy crystallize in the orthorhombic structure with
eschynite symmetry and with Ln = Ho, Er, Yb and Y crystallize in
he orthorhombic with the euxenite symmetry. The XRD peaks
re indexed on the basis of the ICDD file numbers 20-1361 and
2-1452. The euxenite reflections are marked as (*) in the pattern.
oth the samples show reflections prominently of aeschynite
ymmetry. There are some reflections of orthorhombic euxenite
ymmetry also. The euxenite reflections are more in STST when
ompared to NTST compositions. This may be due to the lesser
onic radius of Sm than that of Nd. The tendency to become
uxenite from aeschynite increases with the decrease in ionic
adii of lanthanides [5]. The structure is further confirmed using
aman spectra given in Fig. 2. Paschoal et al. [25] have reported
he Raman spectra of RETiTaO6 (RE = Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
o, Er, Yb and Y) and have clearly differentiated the features of

he characteristic Raman bands of both the structures. Accordingly
d and Sm compounds have aeschynite structure and positive
f values. The Raman spectra recorded in the present study, for
TST and STST show good resemblance to that reported for the
orresponding compounds [25] except for some of the bands.
he region of the stretching vibrations of the TaO6 octahedron
tself is highly characteristic in both the structures. The symmetric
tretching A1g mode, which is the highest wavenumber band, is
eak in the aeschynite structure but is highly intense and has
component to the lower wavenumber side around 790 cm−1

n the euxenite structure. The asymmetric stretching Eg mode is
ntense in the aeschynite while it is less intense and somewhat

road in the euxenite structure. In the present study, the intensity
attern of these two modes is in good agreement with that of the
eschynite structure. Paschoal et al. [25] have reported that the
1g mode of the NdTiTaO6 is at 864 cm−1 and that of SmTiTaO6

s at 866 cm−1. In the present study the corresponding band is
Fig. 1. The XRD patterns of NTST and STST ceramics.

observed at 863 cm−1 in NTST and at 851 cm−1 in STST. The shifting
of the A1g mode to the lower wavenumber side is a characteristic
of euxenite structure. However, the Eg mode is observed at the
same position as reported earlier—namely at 671 cm−1 in NTST
and 675 cm−1 in STST. The band at 481 cm−1, in the region of the
bending vibrations of the octahedron, and the one at 118 cm−1 in
STST are characteristics of euxenite structure. The medium intense
band at 418 cm−1 in NTST indicates euxenite structure also in
NTST.

The SEM images of NTST and STST ceramics are given in Fig. 3.
From these images it is evident that the samples are sintered with
minimum porosity. Most of the grains have the characteristic shape
of aeschynite orthorhombic structured lanthanide titanium tanta-
lates [8] with an average size of 1 �m. There are a few grains with
different morphologies and it may be due to the co-existence of
slight euxenite orthorhombic structure. Fig. 4 shows the EDS of
NTST and STST ceramics. These spectra substantiate the presence of
the stoichiometric concentrations of the constituents in the sample.

The microwave dielectric properties of the NTST and STST

ceramics are given in Table 1. The NdTiTaO6 has εr = 43.1 and
�f = +30 ppm/K and SmTiTaO6 has εr = 41.8 and �f = +24 ppm/K [5]. It
can be observed that when 20% Sn is substituted for Ti the dielectric
constant is decreased and thermal stability is achieved, still main-
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Fig. 2. Raman spectra of NTST and STST ceramics.

f NTST
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Fig. 3. SEM images o
aining a high quality factor. In LnTiTaO6 ceramics, the transition
rom aeschynite to euxenite structure occurs between Ln = Dy and
n = Ho. For DyTiTaO6 εr = 34.6 and �f = +7 ppm/K and for HoTiTaO6

r = 23.1 and �f = −8 ppm/K [5]. From Table 1 it is clear that the NTST

able 1
he microwave dielectric properties of the NTST and STST ceramics.

Compound D (mm) L (mm) Density (g/cc) Resonant fre

NTST 10.07 5.01 7.1 5.2981
STST 10.18 4.72 7.35 5.4236
and STST ceramics.
and STST ceramics have εr and �f values between those of DyTiTaO6
and HoTiTaO6. Therefore we can expect a transition of symmetry
from aeschynite to euxenite if the εr is between 34.6 and 23.1 and
�f is between +7 and −8 ppm/K. Hence the microwave dielectric

quency (GHz) Dielectric constant Q × f (GHz) �f (ppm/K)

32.3 24,160 +1.5
31.1 16,270 −6
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Fig. 4. EDS of NTST and STST ceramics.

roperties of NTST and STST ceramics are in good agreement with
he inference from X-ray diffraction analysis and Raman spectral

nalysis.

The variation in εr with respect to logarithm of frequency (log f),
n the radio frequency region (1 KHz to 1 MHz) is given in Fig. 5. The
r decreases slightly with an increase in log f. This small variation

Fig. 5. Variation in εr with log f, in the radio frequency region.
Fig. 6. Variation of conductance with log f in the radio frequency region.

confirms the highly sintered nature of the ceramic samples. The
dielectric constant at 1 MHz and that at the microwave frequency
are almost the same for NTST and some difference for STST. Fig. 6
shows the variation of conductivity with log f in the radio frequency
region. This is complimentary to the variation in εr. Fig. 7 gives
the variation in loss factor (tan ı) with respect to log f. The tan ı
decreases with an increase in log f and minimum at 1 MHz.

The absorption spectra of the samples are given in Fig. 8. The
bands are often broad and strongly influenced by chemical envi-
ronmental factors. Both the samples have absorption bands in the
visible region. As per the report by Jacob et al. [20] the LnTiTaO6
ceramics have emission lines in the visible region. Fig. 9 gives
the photoluminescence spectra of NTST and STST ceramics when
excited by radiation of wavelength 400 nm. The samples have
intense emission lines in the visible region. The transitions of the
constituent elements of the compounds causing emission are iden-
tified on the basis of the data book by Payling and Larkins [26].
For NTST, the strong emission line at 454.9 nm can assign 5I6–0A0

5
and/or 5F3–5F0

2 and/or 3P0
0–3D1 transitions. The weak emission line

at 491.7 nm can assign 4F1.5–2D0
2.5 transition. The strong emission

line at 569 nm can assign 2F2.5–0A0
2.5 transition. The emission line

at 682 nm can assign 4P2.5–4D0 transition. For STST the emission
3.5
line at 478.5 nm and 529 nm can assign 7F2–5F0

3 and 3F2–3F0
2 tran-

sitions, respectively. The very strong emission line around 598 nm
can assign 7F0–7D0

1 and/or 3F3–5F0
2 transitions.

Fig. 7. Variation in loss factor (tan ı) with respect to log f.
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Fig. 8. Absorption spectra of NTST and STST.
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Fig. 9. Photoluminescen

. Conclusions

The Nd(Ti0.8Sn0.2)TaO6 (NTST) and Sm(Ti0.8Sn0.2)TaO6 (STST)
eramics are prepared through the conventional solid-state
eramic route. The compounds are characterized using X-ray
iffraction analysis, Raman spectral analysis, scanning electron
icroscopy and EDS analysis. The prominent phase in both the

amples is the aeschynite orthorhombic structure. Small propor-
ion of euxenite structure is also exhibited by both the compounds.
he proportion of euxenite structure is more in STST than in NTST.
he dielectric properties in the radio as well as in the microwave
requencies are studied. The photoluminescence property of the
amples is also analyzed. A correlation study is done between the
tructure and measured properties. The materials can be suitable
or the fabrication of devices in microwave and optical communi-
ation.
cknowledgements
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