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Infrared and complex dielectric function studies
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Niobate glasses and ceramics [(x Nb2O5 (0.5− x) P2O5) 0.5 Li2O] were prepared by the
melt-quenching method and analysed by means of infrared spectroscopy, X-ray powder
diffraction and complex impedance methods. LiNbO3 crystals were detected for high
niobium content samples. The study of the complex dielectric function of the LiNbO3

ceramics revealed a very broad acoustic resonance mode around 3 MHz. This resonance
was associated to the thickness mode of the LiNbO3 plate ceramic resonator. Electrical
poling was performed at 300◦C for 6 hours under an applied dc potential of 1 kV. Strong
changes were observed on the complex dielectric function of the niobate ceramic after the
poling. The study of the properties of these ferroelectric ceramics is important in view of
possible applications in ultrasonic devices such as delay lines and transducers. C© 2000
Kluwer Academic Publishers

1. Introduction
Recently Komatsu [1] proposed the use of glasses
containing ferroelectric crystals such as LiNbO3 as a
new type of non-linear optical glass. Lithium niobate,
LiNbO3 (LNB), is a ferroelectric material (Curie tem-
perature of 1210◦C) with high efficiency for second
harmonic generation and is widely used as an opto-
electronic device such as in planar waveguides [2].
LiNbO3 crystals also present unusual combinations of
ferroelectric, elastic and piezoelectric properties. Suc-
cessful application of this material in ultrasonic de-
vices, whether as resonators for electromechanical fil-
ter applications or as transducers in devices such as
ultrasonic delay lines is also reported [3]. Glasset al.
[4] reported that vitreous LiNbO3 and LiTaO3 were
prepared by roller quenching of their liquids and the
transparent glasses exhibited dielectric anomalies. The
preparation procedure and the study of dielectric, piezo-
electric and elastic properties of niobate glasses and
ceramics containing LiNbO3 are therefore of interest.
In this work a series of lithium niobophosphate glasses
[(x Nb2O5·(0.5 − x)P2O5)·0.5 Li2O], were prepared
by the melt quenching technique and studied using
infrared spectroscopy (IR), X-ray powder diffraction
(XRD) and complex impedance methods. We found
that a LiNbO3 ceramic is formed for high niobium con-
centration (x= 0.4 andx= 0.5), presenting a resonator
mode around 3 MHz for our plate resonator.

2. Experimental procedure
Samples of 15 g each were prepared by mixing appro-
priate proportion of reagent grade, ammonium phos-
phate (NH4H2PO4), lithium carbonate (Li2CO3) and
niobium oxide (Nb2O5). To prevent excessive boiling
and consequent loss of material during melting, water

and ammonia in NH4H2PO4 were removed by heating
the mixture at 200◦C for several hours. The mixture
was subsequently melted at 1150◦C for 1 h in plat-
inum crucibles in an electric furnace. The melt was
then poured into a stainless steel mould and pressed be-
tween two stainless steel plates. The mould and plates
were pre-heated at 300◦C. The samples are [(x Nb2O5·
(0.5− x)P2O5)·0.5Li2O] with x ranging from 0 to 0.5,
with increments of 0.1, and are designated by S1 to S6
respectively.

2.1. XRD
The X ray powder diffraction (XRD) patterns were ob-
tained at room temperature (300 K) at a scanning rate
of 1 degree minute−1 with a Cu-Kα tube at 40 KV and
25 mA using the geometry of Bragg-Brentano.

2.2. IR
The infrared spectra (I.R.) were measured using KBr
pellets made from a mixture of powder for each
glass composition. The pellet thickness varied from
0.5 to 0.6 mm. The IR spectra were measured from
400 to 1400 cm−1 with a NICOLET 5ZPX FT-IR
spectrometer.

2.3. Complex dielectric function
The complex dielectric function measurements were
done in a HP 4291A Impedance Material Analyzer
in conjunction with a HP 4194 A Impedance An-
alyzer, which jointly cover the region of 100 Hz
to 1.8 GHz. The LNB crystals were grown by the
Czochralski method in air in platinum crucibles [5].
We used LiNbO3 crystals in Z-cut (LNB Z) and Y-cut
geometries (LNBY) (with dimensions 10× 10× 1 and
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10× 10× 1.4 mm3 respectively). Samples S1 to S6
have dimensions of 10× 10× 1.4 mm3. All the elec-
trical measurements (including poling) were done with
the electrode (silver paste electrode) placed over the
highest area of the plate (for the Z-cut LNB crystal the
electrode surface is perpendicular to thez axis, and for
the Y cut, it is perpendicular to they axis).

Electrical poling was performed in the ceramic sam-
ple (S6). The sample was heated at 300◦C for 2 hours in
an electric furnace under applied dc potential of 1 kV
in a high vacuum environment (10−6 mbar of pressure).
Then the temperature was decreased to room tempera-
ture while the voltage was held constant. The applied
dc field was removed after the sample was cooled to
room temperature. The same sample was submitted for
a second poling at 300◦C for 4 hours (see Fig. 4).

For the LNB (LNBZ, LNBY), glass (S2), ceramic
(S6) (see Fig. 3) and the poled ceramic (see Fig. 4) we
are exciting acoustic thickness modes of the resonator
plates (see reference 6). A thickness mode of vibration
in a plate can be interpreted as a standing wave formed
by waves propagating in a direction normal to the major
surfaces. The use of thickness modes has the advantage
that small samples can be used and that the production
requirements are reduced to flatness, parallelism, and
orientation of the major faces of the sample.

3. Results and discussion
3.1. XRD
According to the XRD (see Fig. 1), samples withx rang-
ing between zero to 0.2 show only an amorphous phase,

Figure 1 X-ray powder diffraction patterns at room temperature for the
samples S1, S2, S3, S4, S5, S6〈(xNb2O5·(0.5−x)P2O5)·0.5Li2O〉 (x =
0, 0.1, 0.2, 0.3, 0.4, 0.5 respectively)x-LiNbO3, ×-Phosphate phases
(Li3PO4 + Li4P2O7 + LiPO3).

whereas samples withx> 0.2 are ceramics. If one in-
creases the niobium concentration, the LNB crystalline
phase increases. For sample S6 the lithium niobate is
easily identified [7].

3.2. IR spectra
In this work we will use the results of the literature [8,
9] to interpret the IR spectra of the phosphate glasses
(see Fig. 2). According to Muller [9], the absorption
of the P O group is around 1282–1205 cm−1 in poly-
meric phosphate chains. The stretching bands of P-O−
(NBO—non-bridging oxygen) are around 1150–1050
and 950–925 cm−1. Absorptions at 800–720 cm−1 are
due to P-O-P vibrations (BO-bridging oxygen). The
bands below 600 cm−1 are due to the bending mode
of the PO4 units in phosphate glasses. The spectrum
S1 in Fig. 2 shows the IR spectra of the basic lithium
niobophosphate glasses. The bands at 1279 cm−1

(P O), 1101 cm−1 and 892 cm−1 (P-O−), 798 cm−1

and 742 cm−1 (P-O-P) are present, the bending mode
of PO4 is around 482 cm−1. However with the substi-
tution of P2O5 by Nb2O5 (Fig. 2), strong changes can
be found. The band associated to the bridging oxygen
(P-O-P) disappears and a new band around 600 cm−1

appears (Fig. 2-S4). The abscence of an infrared absorp-
tion band near 1279 cm−1 in the glsses S2 and S3 indi-
cates the absence of the the PO double bond. The band
associated to the non bridging oxygen (P-O−) also de-
creases with the presence of the Nb2O5. For samples S4
and S5 where we have the presence of P2O5 and Nb2O5,

Figure 2 Infrared spectra of the samples S1, S2, S3, S4, S5, S6. The
transmission scales have been displaced vertically for clarity.
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there are three major absorptions around 1103 cm−1,
1033 cm−1 and 620–677 cm−1. The last is probably
associated to the formation NbO6 octahedra. Accord-
ing to the IR data reported in the literature [10], the
NbO6 octahedra present absorption bands around 700
and 610–620 cm−1. In our glass a broad band around
600 cm−1 is clear in Fig. 2-S6. The absorptions around
1103 cm−1 and 1033 cm−1 are associated to theν3
antisymmetric stretching vibration of the PO4 tetrahe-
dra. Results reported in the literature show that the PO4
tetrahedra, present in crystalline phases like metaphos-
phatete and orthophosphate, show an absorption mode
(ν3) which is represented by 2 bands of unequal inten-
sity around 1093 cm−1 and 1038 cm−1 andν4 is around
600 cm−1 [11]. This doubling ofν3 may be due to some
deformation of the PO4 tetrahedron, or to vibrational
coupling between anions in the same unit cell, or both.
The existence of these absorptions in our glass ceramic
is an indication of the existence of the crystalline phase
containing the PO4 tetrahedra. In Fig. 2-S6 where we

Figure 3 Real (ε′) and imaginary (ε′′) dielectric functions of the fundamental thickness mode of the samples LNBY, LNBZ, S6 and S2 (See text).

do not have P2O5 the absorptions associated to the PO4
tetrahedra disappear completly. The broad band around
700–600 cm−1 in spectra S6 is in entire agreement with
the IR spectra of glass-ceramic of LiNbO3 reported in
the literature [10]. These reported results show that both
glassy and crystalline LiNbO3 exhibit only two absorp-
tions bands at 700 and 610–620 cm−1 [10]. These bands
have been assigned to theν3 mode in the corner-shared
NbO6 octahedron. Fig. 1 shows the XRD of samples
S1–S6. In samples S4 and S5 crystalline phases with
PO4 groupings of different degrees of complexity like
Li3PO4, Li4P2O7 and LiPO3 were observed. For the
orthophosphate, Li3PO4, we have an isolated PO−3

4 ,
two tetrahedra joined for the pyrophosphate, Li4P2O7,
and long chains and rings of PO−3

4 complexes for the
methaphosphate, LiPO3. This is in agreement with the
IR modes of 1033 and 1103 cm−1 for samples S4
and S5 in Fig. 2. If the niobium concentration is in-
creased tox= 0.4 the LNB crystalline phase increases.
In Fig. 1-S6 the lithium niobate is easily identified [7].
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3.3. Complex dielectric function
In Fig. 3A and B one has the imaginary (ε′′) and real
(ε′) dielectric functions of LNBZ and LNBY. One can
see the fundamental resonance of thickness mode plate
for two LNB orientations. For these resonator geome-
tries one has fundamental frequencies around 2.4 MHz
and 3.6 MHz which are in good agreement with the the
literature for the parameters of our resonator [5, 6]. For
a LNB resonator with 1 mm thickness with different
crystal orientations one can find frequency resonances
between 1.0 MHz to 4 MHz according to the literature
[6]. In the glass resonator (sample S2) one has a very
clean behaviour (see Fig. 3E and F). However for the
ceramic resonator (see Fig. 3C and D) one can observe a

Figure 4 Real (ε′) and imaginary (ε′′) dielectric functions of the fundamental thickness mode of the samples S6, S61 (S6 with electrical poling
performed at 300◦C for 2 hours under an applied potential of 1 kV) and S62 (S61 with electrical poling performed at 300◦C for 4 hours under applied
potential of 1 kV).

very broad resonance with maximum around 3 MHz for
the LNB ceramic resonator. Electrical poling was per-
formed at 300◦C for several hours under an applied dc
potential of 1 kV, to study the dynamic of this ceramic
acoustic resonator. In Fig. 4 one can see that after the
second poling procedure, the resonances become more
sharp with a short line-width. In Fig. 5 one has the res-
onances around 3 MHz (sample S62) in an expanded
scale. We believe that these resonances are associated
with the orientation of electric dipole moments with the
poling field. In a recent paper [12], the authors discussed
the atomistic origin of the electric dipole moments in
a poled lithium based glass. It was proposed that the
orientation of electric dipole moments is ascribed to a
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Figure 5 Close-up of the resonances of Fig. 4 (sample S62,x = 0.5)
around 3 MHz.

migration of Li+ ions and/or an orientation of structural
units of the glass. In our system, the poling process, is
increasing the definition of the resonances. The exper-
imental results indicate that the LNB microcrystals is
directly associated to the characteristics of the ceramic
plate resonator. The possible applications of these ma-
terials in ultrasonic devices, whether as resonators for
electromecanical filter applications or as transducers in
devices such as ultrasonic delay lines, depend upon a
knowledge of the complete set of elastic, piezoelectric
and dielectric constants as a function of microcrystallite
size and distribution over the matrix. The measurement
of the elastic and piezoelectric constants of this LNB
ceramic, and the control of the size of the microcrystals,
will be a necessary step, for a complete understanding
of the problem.

4. Conclusion
In conclusion, niobate glasses and ceramics [(xNb2O5·
(0.5− x)P2O5)·0.5Li2O] were prepared and the be-
haviour of LiNbO3 crystals formed in the glass was
studied using infrared spectroscopy, X-ray powder
diffraction and complex dielectric measurements. The
results suggest that crystalline ferroelectric LiNbO3 is
formed in samples with high niobium concentration.
The study of the complex dielectric function of the
LNB ceramics revealed a very broad acoustic resonance
mode around 3 MHz for our plate resonator. Strong
changes were observed on the complex dielectric func-
tion after the electrical poling. The use of these tech-
niques gives new informations about these ferroelectric
ceramics in view of possible applications in ultrasonic
devices such as delay lines and transducers.
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