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In this study, we examined the temperature dependence of the second-harmonic �SH� intensity and Raman shift

in the langasite-type Ba3Ga2Ge4O14 �BGG� and Na2CaGe6O14 �NCG� crystalline phases. The SH intensity curves

revealed an anomalous temperature behavior around 370�C and 270�C in the BGG and NCG phases, respective-

ly. Furthermore, as a result from the Raman spectral measurement, it was suggested that the anomaly observed

in the lagasite-type phases originated in the A-site. �Received July 15, 2005; Accepted August 19, 2005�

Key-words : Langasite-type phase, Second-harmonic generation, Raman spectroscopy, Temperature dependence

1. Introduction

Langasite �La3Ga5SiO14�-type crystals �space group P321�

are expected to be promising materials for surface acoustic

wave devices for mobile communications. To date, a number

of langasite-type single crystals have been grown and exten-

sively investigated from the standpoint of their piezoelectric

property.1�–5� It is reported that the langasite crystal has no

phase transition up to the melting temperature, meaning that

the langasite crystal should not show any structural changes.

However, from research on the langasite-type single crystals,

an anomalous temperature behavior could be noticed.6�–9�

Lakin et al. reported that the La2.7Nd0.3Ga5SiO14 crystal had

anomalies of thermal expansion of the unit cell.6� In addition,

the observation of an abnormal thermal expansion above

230�C was also reported for the Sr3TaGa3Si2O14 crystal by

Wang et al.9� Nevertheless, the origin of the anomaly is still

unclear.

The optical property is a result from the interaction between

the incident light, and the atom, ion and lattice in the material.

That is to say, a variation in the optical properties corresponds

to the change in the bonding state in the crystal. Therefore, it

is expected that the second-order optical nonlinearity and

Raman spectroscopy are quite sensitive to the change in the

distance between the oxygen and cation in the crystal10� and

the phase transition.11�,12� In this study, we measured the

second-harmonic �SH� intensity and Raman shift in the lan-

gasite-type Ba3Ga2Ge4O14 and Na2CaGe6O14 phases as a func-

tion of the temperature for the first time in order to check the

anomalous temperature behavior in the langasite-type phases

and to clarify which site acts as the key role in the anomaly.

2. Experimental

2.1 Sample preparation

The langasite-type phases examined in the present study

were Ba3Ga2Ge4O14 �designated as BGG� and Na2CaGe6O14

�NCG�. The BGG and NCG polycrystalline samples were

synthesized by fully-crystallization of the glasses with the

stoichiometric composition of the BGG and NCG.13� The for-

mations of the single phases of the BGG and NCG crystals

were confirmed by powder X-ray diffraction analysis. The

obtained polycrystalline samples were ground, pressed into

pellets at 103 kg�mm2 and re-sintered at 1000�C for 12 h in air.

These samples were polished on both sides to a thickness of

about 0.2 mm in order to fit the sample box on a heat stage for

temperature control of the samples.

2.2 Second-harmonic generation and Raman spectral

measurements

Temperature dependence of the SH intensity for the lan-

gasite-type crystalline samples was measured on the basis of

powder technique developed by Kurtz and Perry.14� The SH

intensity measurement was carried out using the fundamental

wave of a Q-switched Nd: yttrium-aluminum-garnet �YAG�

laser at the wavelength of 1064 nm �Quanta-Ray, Spectra-

Physics� as the incident light. The temperature around the lan-

gasite-type crystalline samples was adjusted using the heat

stage �LK–600PM, Linkam Scientific Instruments, Ltd.� in

the range from room temperature �R.T.� to 550�C. The SH

signal generated from the samples was detected by a photo-

multiplier tube after shutting off the incident light �1064 nm�.

The temperature dependence of the Raman scattering spectra

was measured by excitation of an Ar� laser operating at 488.0

nm �ILT 5000, Ion Laser Technology, Inc.�. The output

power of the laser is �15 mW. The temperature control of

the samples was also performed by the heat stage. The range

of the wavenumber in the Raman spectral measurements was

250–1200 cm�1.

3. Results

Figure 1 shows the SH intensities as a function of tempera-

ture for the langasite-type phases in this study, together with

the result for the BaTiO3 polycrystalline phase as an example.

For the BaTiO3 phase, the SH intensity curve is drastically
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Fig. 1. Temperature dependence of SH intensities in langasite-type

Ba3Ga2Ge4O14 and Na2CaGe6O14 crystalline phases *solid line+. The

BaTiO3 phase synthesized by a solid-state reaction is also included in

this figure *dashed line+. The value of the SH intensity for the BaTiO3

phase is multiplied by 0.5 in order to better fit in this graph.

Fig. 2. Raman scattering spectra of langasite-type Ba3Ga2Ge4O14

and Na2CaGe6O14 phases. The spectrum of the La3Ga5SiO14 phase

synthesized by a solid-state reaction at 1350,C is also included.
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decreased with the increasing temperature, and eventually

reaches a minimum at �125�C. On the other hand, the lan-

gasite-type crystalline phases showed no significant changes

in the SH intensities unlike the BaTiO3 sample �Fig. 1�.

However, a small�hump	and�discontinuity	could be ob-

served around 370�C and 270�C in the SH intensity curves of

the BGG and NCG phases, respectively.

The Raman spectra of the BGG and NCG crystalline phases

are shown in Fig. 2, together with that of La3Ga5SiO14 phase.

The BGG and NCG phases indicated significantly simple and

clear Raman spectra, allowing us to distinguish each Raman

band. However, in the La3Ga5SiO14 phase, the Raman bands

in the spectrum are vague in the lower and middle wavenum-

ber regions in spite of its high crystallinity, which was con-

firmed by the powder XRD. The BGG and NCG phases are

quite appropriate for the investigation of the Raman shift as a

function of temperature, therefore, these phases have been

selected as the specimen in this study.

The temperature dependence of the typical peak shift of

the Raman bands in the BGG and NCG phases are shown in

Fig. 3. The SH intensity curves of the BGG and NCG phases

are shown together with Fig. 3. In the middle and higher

wavenumber regions, the Raman peaks were monotonically

shifted to lower wavenumbers, corresponding to the increase

in the bond distance due to the thermal vibration. On the other

hand, in the lower wavenumber region of both samples ��300

cm�1, and �280 and �400 cm�1 for the BGG and NCG

phases, respectively�, the response of the Raman shifts to

the temperature also revealed the hump or the discontinuity at

400�C and 200–300�C in the BGG and NCG phases, respec-

tively.

4. Discussion

It is known that the BaTiO3 crystal has a ferroelectric-parae-

lectric phase transition around 125�C, i.e., Curie point �Tc�,

and its spontaneous polarization, Ps, decreased as the temper-

ature reached the Tc, and finally disappeared at the Tc accord-

ing as Curie–Weiss' law, i.e., Ps
�Tc–T�1�2. This result for

the BaTiO3 phase clearly indicates that the measurement of the

SH intensity as a function of temperature is valid for this ex-

perimental system. In this study, the behavior of the SH inten-

sity curves are quite similar to the response of the Raman

shifts at elevated temperature; the position of the hump and

the discontinuity of the SH intensity curves is well overlapped

at that of Raman shift. Therefore, it is considered that the

hump detected in the SH intensity curves implies a structural

change.

The anomalous Raman shift around �300 cm�1 in the

BGG phase and �280 and �400 cm�1 in the NCG phase

could also be confirmed. According to the Raman spec-

troscopic studies, these Raman bands could be assigned to the

Ba–O ��300 cm�1�, Na–O ��280 cm�1� and Ca–O vibra-

tion modes ��400 cm�1�.15�–20� The chemical formula of the

langasite-type crystals is represented by A3BC3D2O14, where

elements A and B occupy the deca- and octahedral sites,

respectively, and elements C and D occupy the different tetra-

hedral sites. In the langasite structure, the large atoms, such as

alkali, alkari earth and lanthanide elements, occupy the deca-

hedral A-site. Meanwhile, the Raman scattering originated in

the dipole moment of the crystal, and then the polarization

could be modulated by the atomic displacement due to the lat-

tice vibration in the crystal. This means that the peak shift in

the Raman band exactly corresponds to the change in the bond

distance. Hence, the hump and discontinuity seen in the

Raman band shifts of the langasite-type phases most likely

originated from the anomalous motion of the A–O bond.

It is reported that the size of the atom occupying at the

A-site significantly influences the d11 of the piezoelectric
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Fig. 3. Variation in the peak shift as a function of temperature of the langasite-type *a+ Ba3Ga2Ge4O14 and *b+ Na2CaGe6O14 phases. The peaks

plotted in Figs. 3*a+ and *b+ are indicated by the arrows in Fig. 2.
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constant21� and the second-order optical nonlinearity.13� In

principle, the SH signal observed from the langasite-type poly-

crystalline samples is coming from only the d11 element of the

second-order optical nonlinear coefficient of the correspond-

ing single crystal, because the point group of the langasite-type

crystal is D3 �32�.
14� In this study, it was strongly suggested

that the anomaly, that is, the small hump and discontinuity

observed in the SH intensity curves in the temperature range

of R.T.–550�C, directly reflects the anomalous behavior of the

A–O bond in the langasite structure. However, it is still not

clear why the A-site indicates such an anomalous behavior.

Therefore, more detail investigations, for example, high-tem-

perature X-ray and its Rietveld analyses, are necessary. Fur-

ther study is now in progress.

Pavlovska et al. reported that under compression, the

volume of the AO8 decahedra with weak bonds was first

decreased.22� In addition, the displacement of a part of La

atom was recently found in the langasite-type crystal.23� These

reports suggest that the A-site is a possible site to trigger the

structural change. Mill et al. described that the isomorphous

phase transitions, e.g., jumpwise changes in atomic coor-

dinates, formation of a new position, etc., are possible in the

langasite structure in the high temperature region.24� There-

fore, it is probable that the anomaly detected in the Raman

spectral measurement indicates the isomorphous phase transi-

tion proposed by Mill et al.

5. Summary

In this paper, we presented the anomalous temperature

behavior of the langasite-type Ba3Ga2Ge4O14 �BGG� and

Na2CaGe6O14 �NCG� crystalline phases based on optical and

spectroscopic measurements. The anomalous behaviors were

detected at �370�C and �270�C in the BGG and NCG

phases, respectively, using the second-harmonic intensity

measurement as a function of temperature. In addition, the

similar anomaly could also be confirmed at 350�C and

200–300�C in the Raman shift of the BGG and NCG phases,

respectively. It was strongly suggested that these behaviors

originated in the motion of the A-site in the langasite struc-

ture. It was considered that our study revealed this intrinsic

peculiarity in the langasite-type crystal using an optical tech-

nique for the first time.
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