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Abstract. In this paper we present the results concerning the growth and the preliminary
characterization of pure and Eu-doped langasite crystals. The X-ray diffraction (XRD) technique was
used to monitor the various stages of the growth process. Mössbauer and optical spectroscopy
techniques were used to investigate the structure of the Eu centers in the langasite crystal.
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1. INTRODUCTION
Trigonal crystals with disordered Ca-gallogermanate structure have attracted
attention due to their potential applications as hosts for transition metal and
lanthanide laser active ions [1–3]. The studies carried out in the past years have
shown that these crystals exhibit a unique combination of useful physical properties
such as luminescence, laser [4–6], piezoelectric [1] and nonlinear optical property [7].
These crystals belong to the trigonal system P321 (Z = 1). The structural
formula is <A>3{B}[C]2[D]4O14, where A, B, C and D correspond to the cation
sites with dodecahedral (twisted Thomson cube), octahedral and, respectively,
tetrahedral oxygen surroundings.
Among these, the langasite (LGS) crystals (La3Ga5SiO14) are widely used in
SAW (surface acoustical waves) and BAW (bulk acoustical waves) devices [8, 9].
In LGS, La3+ occupies A site, Ga3+ locates B, C and half of D sites and Si4+ the
unfilled D sites. In Fig. 1 the unit cell of LGS is shown. The static disorder in LGS
is given by the competition of Ga and Si ions on D sites. The unit cell parameters
are a = b = 8.162 Å, c = 5.087 Å [10].
Ga3+ and Si4+ occupy the D sites with equal probability. Various combinations
4+
of Si and Ga3+ with different probabilities are possible. As a result, various crystal
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Fig. 1 – Cation and oxygen sites in the LGS lattice. The ionic radii are 70%
of the real ones.

fields are experienced by the ion located in the dodecahedral position. If we
observe the optical transitions of a probe ion located in the dodecahedral position,
the lines appear inhomogeneously broadened. In the case of the Mössbauer
transitions the effect of the various crystal (electric gradient and/or magnetic) fields
is a broader line-width of the spectral resonances or the line split (energy-split
becomes larger half of the natural line-width). In the langasite lattice there are four
n. n. (nearest neighbor) D cationic sites seen from the A (dodecahedral) position.
The configurations produced by the Si4+ and Ga3+ ions in the n. n. D positions
could produce nonequivalent optical and Mössbauer centers.
The Eu3+ ion was selected as probe ion since: (i) it substitutes isovalently the
3+
La ion (no charge compensation is necessary); (ii) the optical transition 5D0 ↔ 7F0
takes place between two nondegenerate states; (iii) the 151Eu isotope (47%
abundance) is a Mössbauer isotope, having a high value of the recoilless fraction at
room temperature; (iv) the optical and Mössbauer spectroscopies have the capability
to evidence the local crystalline fields at the probe in the A positions of LGS.
In this paper we report results of the growth procedure of pure and Eu-doped
LGS crystals. XRD is used to monitor synthesis and growth processes. Optical and
Mössbauer spectroscopy are used to detect and to investigate from two different
points of view the effect of the static-disordered nature of crystal fields surrounding
the europium probe in LGS crystal. The preliminary investigations are presented.
2. GROWTH PROCEDURE OF LANGASITE CRYSTAL
Thermal analysis shown that LGS melts congruently at 1470 ± 20°C and up
to the melting temperature has no phase transition [9, 11, and 12]. This opens
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favorable possibility to grow single crystals of LGS from melts, particularly using
the Czochralski pulling technique.
The synthesis of langasite is performed according to the following procedure:
high purity oxides La2O3, Ga2O3, and SiO2 were mixed together and heated at
1150÷1200°C for 4–5 hours. Then the mixture is milled and heated again at
1400°C. After this thermal treatment the composition of the mixture is
La3Ga5SiO14 + LaGaO3 + Ga2O3 + SiO2, the langasite being the dominant phase.
These phases were identified by the X-ray powder diffraction technique. The full
synthesis of langasite takes place during the premelting in crucible.
LGS single crystals were grown by the conventional RF-heating Czochralski
technique. Platinum crucibles with internal diameter 35 mm and 35 mm height
were used. The growth atmosphere was 3% O2 + 97% N2. The seeds parallel to the
c axis were cut from a crystal obtained initially by crystallization on a Pt wire.
A passive after-heater (made from alumina ceramics) was used to decrease the
axial temperature gradient.
Langasite single crystals of satisfactory quality were grown with a pulling rate
between 0.7 and 1 mm/h and a rotation rate of ~15–20 rpm. Crystals of reddish brown
colour with approximately 10 mm in diameter and 30 mm length were obtained.
The synthesis of europium-doped langasite crystals was made in the same
conditions as undoped LGS. Transparent and bubble-free Eu3+ doped (up to 5 at.%,
i.e., 2.35 at% 151Eu) LGS single crystals were obtained.
3. INVESTIGATION METHODS
3.1. X-RAY POWDER DIFFRACTION TECHNIQUE
X-ray diffraction measurements were performed in order to monitor the
synthesis and growing processes. The samples were collected at different stages of
the processes. Finally, the X-ray diffraction spectra were obtained on powders from
pure and europium-doped langasite. A TUR M62 diffractometer and copper target
tube were used for this purpose.
3.2. OPTICAL SPECTROSCOPY
Fluorescence spectra of europium-doped langasite crystals were excited at
room temperature and 10 K. As excitation sources the second harmonic of a Nd: YAG
laser (Quanta Ray DCR II, 532 nm, 10 ns, 20 Hz) and a 50 W high-pressure Xenon
lamp (equipped with suitable filters) were used. For low temperature measurements
the sample was placed on the cold finger of a closed-cycle refrigerator Air Products
Displex 208.
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The luminescence was gathered into a GDM-1000 monochromator equipped
with an S-20 photomultiplier in photon counting configuration and analyzed with a
TURBO MCS. The time resolution of the experimental apparatus was 20 ns.
3.3. MÖSSBAUER TECHNIQUE
The main advantage of the Mössbauer spectroscopy compared with other
techniques consists in the possibility to detect nondestructively the valence state of
the Mössbauer hosting ion, the paramagnetic and ordered magnetic phases in a
simple way. In the present work the advantage of the Mössbauer effect consists
especially in marking off the different ionic vicinities around the Mössbauer probe,
by the hyperfine interactions between the local (electric and/or magnetic)
crystalline fields and the Mössbauer isotope.
In the standard transmission geometry experiment, the γ-ray emitted by the
151Eu:Sm O source of initial activity 100 mCi, is absorbed by the Eu-doped LGS
2 3
sample. All source characteristics are given in Table 1.
Table 1
Characteristics [13] of 151Eu-Mössbauer isotope and its γ-ray
Multipolarity type
Energies

M1+E2
Eγ = 21.542 [103 eV]

Recoil energy

ER = 1.640 [10–4 eV]

Cross-section

σo = 0.24 [10–25 m2]

151Eu-Mössbauer

γ-ray characteristics

Line width resonance
Half-life time of isotope
parent 151
62 Sm

Γ = 47.03 [10–9 eV]
Γo = 0.65 mm/s
Γobs = [1.30÷1.50] mm/s
93 years
Iex = 7/2
πex = +1
τex = 8.8 [ns]

Excited state

µ7/2 = +2.57 [µN]
Q7/2 = 1.500 [10–28 m2]

Nuclear states implied
in the Mössbauer transition

Ig = 5/2
πg = +1

Ground State

µ5/2 = +3.464 [µN]
Q7/2 = 1.155 [10–28 m2]
Other characteristics

Natural abundance of

151Eu

Recoilless factor

a = 47.85%
fM(300 K) = 0.65
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The steps of the spectra analysis are the background line correction, the
smoothing procedure and the fit of spectra. The source and the absorbers were kept
at room temperature. The absorber thickness was about 20 mg/cm2 and 80 mg/cm2
for Eu2O3 and, respectively, Eu2O3 (5%): LGS samples. In order to obtain the γ-ray
intensity spectrum related to energy, the source is moving in the accelerated (sawteeth) mode in the velocity range v ∈ [–13÷+13] mm/s.
4. RESULTS AND DISCUSSION
4.1. X-RAY POWDER DIFFRACTION RESULTS
In Fig. 2 are presented the X-ray diffraction patterns of the La2O3 + Ga2O3 +
SiO2 mixture after the thermal treatment at 1200°C (Fig. 2 (a)), after the thermal
treatment at 1400°C (Fig. 2 (b)) and of the powder of the grown langasite crystal
(Fig. 2 (c)).
Fig. 2(a) shows the pattern of the LaGaO3 phase obtained after the thermal
treatment at 1200°C of the La2O3 + Ga2O3 + SiO2 mixture. After a thermal
treatment at 1400°C the X-ray diffraction spectra already evidenced the presence of
lines of langasite (Fig. 2 (b)).
Finally, Fig. 2 (c) shows the X-ray diffraction spectrum of crystals grown by
the conventional RF-heating Czochralski technique. Only the diffraction lines
corresponding to the langasite phase can be observed.

Fig. 2 – (a), (b) X-ray diffraction patterns of the
La2O3 + Ga2O3 + SiO2 mixture after each of the
two stages of the thermal treatment. Bold italic
letters indicate the crystalline planes of LaGaO3;
normal letters indicate the crystalline planes of
the langasite phase. (c) X-ray diffraction pattern
of the langasite crystal.
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4.2. OPTICAL SPECTROSCOPY RESULTS
The fluorescence spectrum of the transitions 5D0 → 7F0 and 5D0 → 7F1 is
presented in Fig. 3.
The spectrum was excited at room temperature with the second harmonic of a
Nd: YAG laser (at 532 nm). The spectral lines are inhomogeneously broadened
(close to the Gaussian line shape) due to the static disorder of the crystal.
In Fig. 4 the 5D0 → 7F0 line in Eu: LGS crystal is presented. This line is
slightly asymmetric, with a longer tail in the high-energy side. Its asymmetry was
emphasized by fitting it with a Gaussian using only the points of the low-energy
half of the line.
The asymmetry of this line was observed in Eu-doped glasses, where it was
first attributed to the presence of two preferentially occupied environments with
low nonequivalent symmetry [14]. It was shown later that this asymmetry is caused
by the peculiarities of 5D0 → 7F0 transition. This transition is electric- and
magnetic-dipole forbidden and cannot be treated by the Judd-Ofelt [15, 16] theory
because it takes place between two states with J = 0. Kushida [17, 18] interpreted
the asymmetry of this line as being caused by the quadratic dependence of the
transition energy on the crystal-field parameter B20, randomly distributed in the
glass host.

Fig. 3 – Fluorescence spectrum of the transitions 5D0 → 7F0 and 5D0 → 7F1
of Eu3+: LGS.
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Fig. 4 – 5D0 → 7F0 line in Eu: LGS
crystal. In order to emphasize the
asymmetry of the line, it was fitted
with a Gaussian using only the points
of the low-energy half of the line.

The LGS crystal is partially disordered due to the random occupation of the
tetrahedral D sites by Ga3+ and Si4+. The four n. n. D positions relative to the La3+
ion are presented in Fig. 5.
The various configurations of the Ga3+ and Si4+ ions that occupy these D
positions induce different crystal fields at the La3+ position. This effect, if
sufficiently strong, can in principle cause a splitting of the 5D0 → 7F0 line. Such a
splitting was observed in the case of Nd: CNGG and Nd: CLNGG, for the
transition 4I9/2 → 2P1/2 [19]. The absence of this kind of splitting in the case of Eu:
LGS can be attributed to a slighter difference in the charges of the competing ions
(Ga3+ and Si4+) in LGS as compared to CNGG and CLNGG (where ions Nb5+ and

Fig. 5 – The Thomson cubes in the
langasite structure. The four n. n. D
positions that can be occupied either
by Ga3+ and Si4+ are also shown.
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Li+ occupy by competition A sites). Smaller differences caused in the crystal field
by disorder in n. n. D sites could result in an asymmetry of the spectral line
corresponding to the transition 5D0 → 7F0. A small asymmetry is indeed observed
(see Fig. 5), but its cause may also be the long-distance disorder, through a
mechanism similar to that observed by Kushida [16, 17] in glasses. Thus, no
distinction is possible between the near and far disorder using optical fluorescence/
absorption methods with Eu3+ as a probe ion. For the improvement of the results of
optical spectroscopic methods the use of another probe ion that is not subject to the
asymmetry caused by the far disorder may be necessary.
4.3. MÖSSBAUER SPECTRA
The 151Eu Mössbauer spectra were obtained on Eu2O3 (cubic phase) and
151Eu (2.35at%): LGS (see Fig. 6). As one can see the two spectra have different
effects, due to the different concentration of 151Eu in the samples. Moreover, a
careful analysis of these spectra evidences the different shape of the two spectra.
The differences of the positions and the spectrum-shapes suggest different chemical
bonds Eu-O and different surroundings of the Mössbauer nuclide in the two
samples. Using a single line χ2-fit procedure on the europium oxide and 151Eu:LGS
spectra, one observes the different positions of the line resonances. The positions of
the resonance lines point out the trivalent state of the Mössbauer hosting ion.
Applying the background correction and the 2-points adjacent average
smoothing procedure, the spectrum of Eu-doped LGS shows one very large signal
of line-width about 2.62 mm/s and an asymmetric shape, whose position is not far
from the spectrum's center. The single-line shape, which characterizes the 151Eu:LGS

Fig. 6 – The room temperature Mössbauer
spectra on Eu2O3 (cubic phase) and
151Eu:LGS.
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spectrum, suggests a superposition of two resonances. The fit procedure becomes
better if one fits with two resonance lines. That means the Mössbauer nuclide has
two distinct vicinities, approximately cubic vicinities and characterized by a small
electric field gradient quadrupolar. The fit of the spectra is given in Table 2.
On the other hand, the asymmetric shape of the large line resonance
suggested the presence of the quadrupole hyperfine interaction between the 151Euquadrupole moments of the excited and ground states and the electric field gradient
(EFG) at the isotope site. So, the one quadrupole fit of 151Eu:LGS becomes
acceptable too (see Fig. 7 and Table 2).
Indeed, the presence of an EFG at the 151Eu site produces a split of the
implied nuclear levels in the Mössbauer transition and a lot of possible absorption
resonances can appear with respect to the selection rule (∆M =
= M 7 / 2 − M5 / 2 = 0, ± 1). The positions and intensities of the quadrupolar line
resonances are given in Table 3 and shown in Fig. 8.
Table 2
The parameters of the room temperature Mössbauer spectrum of Eu 2O3 and 151Eu:LGS
151Eu

Eu2O3
Fit-Model

r2

vo [mm/s]
ε(vo)
Γobs [mm/s]
eQ7/2VZZ [mm/s]
δCS [mm/s]
Γobs [mm/s]
Io

Singlet fit
0.9502
–0.01(3)
0.031(5)
2.142(2)

Singlet fit
0.8130
–0.23(1)
0.0016(2)
2.62(2)

2O3(2.35%):LGS

Double lines fit 0.8266
I
II
–0.69(4)
0.59(3)
0.0128(4)
0.0086(5)
2.00(4)
1.36(5)

Quadrupole fit
0.8186

–7.1(4)
–0.17(2)
2.06(3)
0.103(1)

Fig. 7 – The successive fit of room temperature 151Eu(2.35at%): LGS, singlet, doublet and the quadrupolar fit.
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Table 3
Line positions and intensities of the quadrupolar hyperfine interaction
151Eu-its neighborhood in a solid matrix [20]
Quadrupole hyperfine interaction of
⏐7/2, i > →⏐5/2, j >

*

151Eu

εi,j

Vi,j

[1/512]

I

j

±7/2

±5/2

21α7/2–10α5/2

42

±5/2

±3/2

3α7/2+2α5/2

30

±3/2

±1/2

–9α7/2+8α5/2

20

±1/2

±1/2

–15α7/2+8α5/2

18

±3/2

±3/2

–9α7/2+2α5/2

20

±5/2

±5/2

3α7/2-10α5/2

12

±1/2

±3/2

–15α7/2+2α5/2

6

±3/2

±5/2

–9α7/2–10α5/2

2

αI = eQVZZ/[4I(2I – 1)]

45

Stick Diagram of Mössbauer spectrum
151
for Eu in EFG; Q5/2/Q7/2=1.155/1.500

Intensity of Resonance
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Fig. 8 – The stick diagram of the
151Eu-quadrupole spectrum.
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The predominance of the one-quadrupole contribution in the signal of the
Mössbauer nuclide suggests the predominance of a cationic vicinity. Taking into
account that the n. n. are four D sites occupied by Si4+ and Ga3+ and a simple
combinatorial probability of their random distribution, P (4, k ; x ) = Ck4 x k (1 − x )4 − k ,
where x is the Si4+/Ga3+ occupancy of the D site, that vicinity corresponds to the
equal occupancies of Si4+ and Ga3+.
5. CONCLUSIONS

Pure and Eu-doped langasite crystals were grown by the Czochralski
technique; X-ray powder diffraction analysis evidenced the presence of the single
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langasite phase. Optical and Mössbauer spectra of the Eu: LGS are specific to the
trivalent europium ion. Optical-spectroscopy investigations could not discriminate
between the effects of the various n. n. configurations on the fluorescence spectrum
of Eu3+. The asymmetry of the spectral line corresponding to the transition
5D → 7F , caused by the effect of far disorder on this multiply forbidden
0
0
transition, obscures the effects of cationic n. n. disorder on the shape of this line.
This problem could be solved using a transition of another probe ion, which is not
subject to the peculiarities of the Eu3+ 5D0 → 7F0 transition. A work in this direction,
using Nd3+ as a probe ion, is in progress.
In spite of the difficulties of the analysis of the Mössbauer spectra, two or
more resonance lines, or quadrupole pattern can fit the asymmetry of the lineshapes, with large line-widths of the resonances. This suggests the presence of
different cationic vicinities, due to the random distribution of Si4+ and Ga3+ in the
D sites. All these results show that the LGS crystals are europium doped and Eu3+
entered A site. We must remark that the 57Fe-Mössbauer technique evidenced the
effect of the Fe3+/Ge4+ random distribution in n. n. in the T1 and Oh sites of the
tetragonal and trigonal gallogermanates [21–24]. So, the authors consider that low
temperature Mössbauer investigation should evidence the presence of the other
vicinities, having k = 0, 1, 3, 4 Si4+/Ga3+ ions in the nearest neighborhood. The
measurements and their analysis are in progress.
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