
Journal of Crystallization Process and Technology, 2014, 4, 39-45 
Published Online January 2014 (http://www.scirp.org/journal/jcpt)  
http://dx.doi.org/10.4236/jcpt.2014.41006  

39 

Single Crystal Growth of Lanthanum(III) Molybdate(VI) 
(La4Mo7O27) Using H3BO3 Flux 

Muthaiyan Rajalakshmi, Ravanan Indirajith, Rengasamy Gopalakrishnan* 
 

Crystal Research Laboratory, Department of Physics, Anna University, Chennai, India. 
Email: *krgkrishnan@annauniv.edu, krgkrishnan@yahoo.com 
 
Received February 3rd, 2012; revised August 17th, 2013; accepted August 22nd, 2013 
 
Copyright © 2014 Muthaiyan Rajalakshmi et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
In accordance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the 
intellectual property Muthaiyan Rajalakshmi et al. All Copyright © 2014 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 
Single crystals of La4Mo7O27 have been successfully grown by the flux growth method H3BO3 as the flux in a 
plantium crucible using the starting materials of La2O3, H3BO3 and MoO3 in a molar ratio of 0.16:0.16:0.68, in 
which H3BO3 acted as a flux. Transparent colorless crystals were obtained with size of 0.8 × 0.3 × 0.2 mm3 under 
the optimized crystal growth conditions: growth temperature of 727˚C, growth time of 95 h and cooling rate of 
0.5˚C/hr. A well-developed morphology of the crystals was observed and analyzed. The preparation process of 
starting materials on crystal growth was investigated. The grown crystals were characterized by powder X-ray 
diffraction (PXRD), EDAX, SEM, UV-Vis, photoluminescence studies, thermal analysis, dielectric studies and 
second harmonic generation (SHG). The results are presented and discussed. 
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1. Introduction 
In the past few decades, due to the fast development of 
the laser technique, nonlinear optical (NLO) crystals 
have been playing an important role, and have been 
widely used in high-speed information processing, opti-
cal data storage, laser medicine, laser frequency conver-
sion, signal communications, optical modulating, etc. in 
the expanding field of integrated optics [1-4]. Rare-earth 
elements have unique characteristics unlike most of other 
elements on the periodic table. These consist of thirty 
elements all together separated into two different groups: 
lanthanides (fifteen total) and actinides (fifteen total). 
The lanthanides are elements famous for their 4 f shell 
level that resides deep inside the atom itself. Each lan-
thanide contains a 4 f orbital shielded by 4 d and 5 p or-
bital electrons. Electrical, optical, photonic and thermal 
uses were deduced from research with each rare-earth 
element. The extensive research for the new rare earth (R) 
and other element complex borates is of great interest  

because of their potential applications in nonlinear optics 
(NLO) and laser engineering. The isoformular com-
pounds Eu4Mo7O27 [5] and Gd4Mo7O27 [6] have a similar 
structure. 

The flux growth technique is particularly preferable 
because it readily allows crystal growth at a temperature 
well below the melting point of the solute. In addition, 
crystals grown from flux have an enhedral habit and a 
reasonably lower degree of dislocation density. In this 
paper, the flux growth of La4Mo7O27 single crystals by 
high temperature solution growth technique (flux growth 
method) is reported. The structure of La4Mo7O27 crystal 
was first described by Benjamin van der Wolf et al. [7]. 
La4Mo7O27 crystallizes in the orthorhombic system, 
space group Pca21, with a = 14.1443 (14) Å, b = 7.2931 
(4) Å, c = 22.9916 (13) Å, V = 2371.7 (3) Å3 and Z = 4. 
For the growth of crystals by flux method, not only the 
nature of flux is important, but also the ratio of flux is 
essential. Many trials were made to obtain a good trans-
parent crystal from flux growth. Nevertheless, this mate-*Corresponding author. 
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rial also has some intrinsic weaknesses and it is typically 
difficult to grow high quality crystals to a size practical 
for optical applications. 

2. Synthesis and Crystal Growth 
Crystals of the orthorhombic phase La4Mo7O27 (lantha-
num molybdenum oxide) were obtained from a non- 
stoichiometric melt in the pseudo-ternary system La2O3- 
MoO3-B2O3. The title compound of La4Mo7O27 was syn-
thesized using high-temperature solid-state technique. 
The starting materials were La2O3 (99.99%, AlfaAesar), 
H3BO3 (99.8%, Merck) and MoO3 (99.95%, Himedia) in 
a molar ratio of 0.16:0.16:0.68. An excess of 0.5 - 0.8 
mol H3BO3 was added to compensate any loss due to 
vaporization of H3BO3 in the process of high-temperature 
reaction. The experiments were carried out in a resis-
tance-heated furnace. A controller (Eurotherm, model No. 
2704) with an accuracy of ±0.01˚C was used to control 
the furnace temperature. Figure 1 shows the schematic 
setup used for the growth of lanthanum molybdenum 
oxide single crystals. The furnace was made up of silicon 
carbide rods and thick ceramic slabs are used as the walls 
of the furnace. 

The starting materials of La2O3 (99.99%, AlfaAesar), 
H3BO3 (99.8%, Merck) and MoO3 (99.95%, Himedia) 
were mixed in a molar ratio of 0.16:0.16:0.68 in a plati-
num crucible and preheated at 1023 K for 90 h to de-
compose the boron acid. After 95 h at this temperature 
the sample was quenched in air, washed with water at 
60˚C. A series of grinding and heating were performed 
prior to final heating at 827˚C and cooled at rate of 0.5/h 
to 820˚C and quenched again in air. Figure 2 shows the 
temperature profile of the experiment. A further similar 
heating-cooling cycle yielded colourless crystals of 
La4Mo7O27 and they were separated mechanically from 
the solidified melt. The La4Mo7O27 crystal was very sta-
ble in air and in moist environments, which demonstrated 
that it is chemically stable and non-hygroscopic. Samples 
obtained were checked by powder X-ray diffraction 
analysis to confirm the single-phase of La4Mo7O27. 

Several ratios of La2O3:H3BO3:MoO3 were tried for 
growing La4Mo7O27 crystals, but the ratio 0.16:0.16:0.68, 
 

 
Figure 1. Schematic of furnace setup for the growth of 
La4Mo7O27 single crystal by flux growth technique. 

yielded crystals. Table 1 shows the experimental sum-
mary of the La4Mo7O27 crystal growth. The present ex-
perimental investigation showed that La4Mo7O27 crystals 
with good optical quality grown from H3BO3 solvent 
(flux). Transparent, colorless single crystals with dimen-
sions 0.8 × 0.3 × 0.2 mm3 were obtained. Figure 3 shows 
the as grown La4Mo7O27 crystal from flux growth tech-
nique. 

3. Results and Discussion 
3.1. XRD Analysis 

Powder XRD analysis of the La4Mo7O27 was performed 
using the desktop Bruker, D2 Phaser Instrument with a 
diffracted-beamed monochromator set for CuKα (λ = 
1.5418 Å) radiation at room temperature in the an gular 
range of 2θ = 10˚ - 70˚, with a scan step width of 0.01˚, 
and a fixed counting time of 1 s/step. The obtained pow-
der XRD pattern is shown in Figure 4. The experimental 
Powder XRD pattern of La4Mo7O27 is in good agreement 
with the literature data [7].  

3.2. EDX Studies 

The EDX analysis is a powerful tool in determining the 
presence of the constituent elements in a given sample. 
The EDX measurements were made using an INCA 200 
energy dispersive X-ray micro-analyzer. Figure 5(a) 
shows surface region of sample for EDX analysis. The 
red colour square region indicates the experimental por-
tion for EDX. The EDX spectrum is shown in Figure 5(b) 
and the elemental composition is figured in Table 2. The 
presence of the constituent elements (lanthanum, mo-
lybdenum and oxygen) of the La4Mo7O27 crystal was 
confirmed by the occurrence of their respective peaks. 
There are no signs for the presence of flux in the crystal. 
Hence, the formation of “flux-free” La4Mo7O27 crystal is 
 

 
Figure 2. Temperature profile used for the growth of lan-
thanum molybdenum oxide single crystals. 
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Table 1. Summary of the crystal growth experiment. 

La2O3:MoO3:B2O3 Temperature for crystallization (˚C) Cooling rate (˚C/h) Size and quality of crystals grown 

0.16:0.16:0.68 827 1 Poor 

0.16:0.16:0.68 827 0.5 (0.8 × 0.3 × 0.2 mm3),  
(0.2× 0.2 × 0.1 mm3) 

0.16:0.16:1 827 0.1 - 

0.16:0.2:2 827 0.1 - 

0.16:0.2:3 827 0.1 - 

 

 
Figure 3. As grown La4Mo7O27 crystal from flux growth technique. 

 

 
Figure 4. Powder XRD pattern of La4Mo7O27. 

 
confirmed. 

3.3. SEM Studies 

The SEM image (Figure 6) shows that the as grown lan-
thanum molybdenum oxide crystal exhibits uniform  
hexagonal shape. Most of the crystals were found to have 

hexagonal plate shape with typical edge angles of 45˚ 
and with very flat surfaces. The size of the one crystallite 
is about 3.85 µm length, 472.0 nm in diameter. The 
smooth surfaces and the sharp edges confirmed that these 
small single crystals are of high quality. Generally 
speaking, the growth morphology of a crystal is deter- 
mined by the relative growth rates of all the possible  
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(a)                                            (b) 

Figure 5. (a) Surface region of the La4Mo7O27 crystal; (b) The EDX spectrum of the La4Mo7O27 crystal. 
 

Table 2. Elemental compostion of the La4Mo7O27 crystal. 

Element Wt% At% 

Ok 27.97 70.92 

MoL 61.49 26.00 

LaL 10.54 03.08 

 
faces. 

3.4. UV-Vis Studies 

The absorption spectrum of lanthanum molybdenum ox- 
ide is shown in Figure 7(a). According to the experi-
mental measurements, the crystal has a transparent re-
gion in the 455 - 2500 nm range with a cutoff at 455 nm. 
The absorption decreases rapidly around 450 nm. There-
fore, there is little optical absorption in the visible region 
of the UV-Vis-NIR spectrum. Crystals of lanthanum 
molybdenum oxide may be useful for applications in the 
wavelength region of 450 - 2500 nm. At the wavelength, 
just above 500 nm, there is a sudden increase in absor-
bance in the crystal due to electronic excitation of lan-
thanum molybdenum oxide. Since the crystal is possess-
ing delocalized electron cloud for charge transfer, the 
absorbance is less between 500 and 2000 nm. Hence, the 
crystal can be used for SHG and optical applications [8]. 

3.5. Optical Band Gap 
Optical band gap of the title compound was calculated 
from the transmittance spectrum. The measured trans-
mittance (T) was used to calculate the absorption coeffi-
cient (α) using the following formula, 

12.3026 log
T

t
α

   
 =              (1) 

where, t is the thickness of the sample.  
The optical band gap (Eg) was evaluated from the 

transmission spectrum and the optical absorption coeffi- 
cient (α) near the absorption edge is given by the Tauc’s 

 
(a) 

  
(b) 

Figure 6. SEM micrographs of lanthanum molybdenum 
oxide crystals. 
 
equation [9,10].  

( )m
gh A h Eυα υ= −             (2) 

where, A is a constant, α is the optical absorption coeffi-
cient, h is the Planck’s constant and ν is the frequency of 
the incident photon, Eg the optical band gap and m is a 
constant which characterizes the nature of band transition. 
Among all possible transitions, m = 1/2 is more suitable 
for this crystal since it gives the best linear curve in the 
band edge and hence the transition is direct allowed. The 
band gap was calculated from the plot between hν and 
(αhν)1/2 as shown in the Figure 7(b). The optical band 
gap is found to be 2.6 eV for lanthanum molybdenum 
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(a) 

 
(b) 

Figure 7. (a) Absorbance spectrum of the grown lanthanum 
molybdenum oxide; (b) Plot of photon energy with (αhν)1/2 
of lanthanum molybdenum oxide. 

 
oxide. 

3.6. Photoluminescence (PL) Analysis  
Photoluminescence is the process by which a material is 
bombarded with photons, excited, and then emits photons 
back. The optical behaviour of the title compound was 
analysed by PL measurements using HORIBA JO-
BINYVON Luminescence spectrometer. Argon ion laser 
was used as an input source with excitation wavelength 
of 488 nm for present study. The recorded spectrum is 
shown in Figure 8, in which, the maximum intensity is 
observed around 534 nm. Generally, a green-yellow 
emission is observed in PL spectra, due to recombination 
of photo generated holes with singly ionized charge state 
of specific defect [11]. However, absence of the green 
yellow emission in the sample indicates the potential of 
strategy to produce a low concentration of oxygen de- 
fects and high optical quality of single crystal La4Mo7O27 

 
Figure 8. Photoluminescence spectrum of La4Mo7O27 excited 
by a 488 nm laser. 
 
[12,13]. The emission of 534 nm could not contribute to 
the transition from the conduction band to the valence 
band. The emission does not originate from a transition 
between the conduction and valence band; it comes from 
a deep-level or trap-state emission. 

3.7. Thermal Analysis 
The thermal stability of the crystal is a very important 
factor for potential application. In order to know the 
thermal stability of the material, thermogravimetric analy-
sis (TGA) as well as differential thermal analysis (DTA) 
were carried out on polycrystalline samples of La4Mo7O27 
in flowing N2 ambient. For this purpose, a NETZSCH 
STA 409 C/CD simultaneous DT/TG analyser with a 
heating rate of 2.5 K/min was employed. The TGA 
thermogram is shown in Figure 9. From the figure, it is 
evident that the compound is stable up to 100˚C and the 
compound begins to decompose at this temperature. 
Structural phase transitions occur in the sample and two 
more endothermic peaks indicate phase transitions at 
91.4˚C and 107.2˚C.  

3.8. Dielectric Studies 

The dielectric study of La4Mo7O27 was carried out using 
the instrument, HIOKI 3532-50 LCR HITESTER. The 
capacitance (C) and quality factor (Q) of the sample at 
different temperatures and with different frequency were 
measured. The compound was prepared in pellet form of 
circular cross section (area ~0.90 × 10−4 m2 and thickness 
~0.30 × 10−2 m) by applying pressure. The pellets were 
then sintered in air for 12 hrs at 50˚C. The pellet covered 
with film of silver paint on the opposite surfaces to ob-
tain a good contact was inserted between the two silver 
electrodes. The dielectric constant ( )ε ′  and dielectric 
loss ( )ε ′′  of the sample were calculated using the fol-
lowing equation [14,15].  
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0

 Ct
Aε

ε ′ =                 (3) 

Q
εε

′
′′ =                   (4) 

where C is the capacitance of the capacitor in Farad, d is 
the thickness, A is the face area of the pellet, 0ε  is the 
permittivity of free space and Q is the quality factor re-
spectively.  

The plots of dielectric constant ( )ε ′ and dielectric loss  

with frequency for various temperatures are shown in 
Figures 10(a) and (b). The dielectric constant is high in 
the lower frequency region and variation of dielectric 
constant ( )ε ′  with logf decreases with increase in fre-
quency. The very high value of dielectric constant at low 
frequencies may be due to the presence of all the four 
components namely, space charge, orientational, elec-
tronic and ionic polarisations. The dielectric loss was 
also studied as a function of frequency for different tem-
peratures and is shown in Figure 10(b). The low dielec- 
tric loss at high frequencies for the given sample indi-   

 

 
Figure 9. TG/DTaaaG curves of La4Mo7O27. 

 

 
(a)                                                         (b) 

Figure 10. (a) Variation of dielectric constant ( )′ε  with logf; (b) Variation of dielectric loss ( )′′ε  with logf. 
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cates very high purity of the material. These curves sug-
gest that the dielectric loss is strongly dependent on the 
frequency of the applied field. 

3.9. Second Harmonic Generation 
A high-intensity Nd:YAG laser (λ = 1064 nm) with a 
pulse duration of 10 ns was passed through the powdered 
sample of La4Mo7O27. The SHG behaviour was con-
firmed by the Kurtz-Perry powder technique [16] from 
the output of the laser beam having the bright green 
emission (λ = 532 nm). The second harmonic signal of 
1.3 mV for La4Mo7O27 was obtained for an input energy 
of 2 mJ/pulse. But the standard KDP gave a SHG signal 
of 14.5 mv for the same input energy.  

4. Conclusion 
The single crystal of size 0.8 × 0.3 × 0.2 mm3 La4Mo7O27 
was grown by high-temperature solution growth tech-
nique (flux growth) using H3BO3 as flux and was con-
firmed by X-ray diffraction and FTIR studies. The opti-
cal absorbance data gave maximum absorption from 500 
- 2000 nm. Its optical band gap values and the refractive 
index (n) were calculated. The PL studies showed a sharp 
peak at 2.32 eV. The thermal studies reveal that the 
compound is stable up to 100˚C and the compound be-
gins to decompose at this temperature. Structural phase 
transitions occur in the sample and two more endother-
mic peaks indicate phase transitions at 91.4˚C and 
107.2˚C. The low dielectric loss at high frequencies for 
the given sample indicates very high purity of the mate-
rial. The SHG behaviour was confirmed by the Kurtz- 
Perry powder technique. 1.3 mV was obtained as an 
output for La4Mo7O27 compared with standard KDP ma-
terial. 
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