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Rubidium neodymium dimolybdate, RbNd(MoO4)2, microcrystals have been fabricated by solid state

synthesis at T¼550–6001C by t¼324 ks. Crystal structure of RbNd(MoO4)2 has been refined by Rietveld

method in space group Pbcn with cell parameters a¼5.1772(1) Å, b¼18.7293(4) Å, and c¼8.2774(1) Å

(RB¼5.05%). The crystal structure of RbNd(MoO4)2 consists of layers of MoO4 tetrahedrons corner-

sharing with NdO8 square antiprisms. These layers are perpendicular to b-axis of the unit cell. About 20

narrow Raman lines have been observed in Raman spectrum recorded for RbNd(MoO4)2 powder

sample.

& 2010 Elsevier B.V. All rights reserved.
1. Introduction

Complex molybdates display a variety of crystal structures and
possess useful electro-physical, optical and catalytic properties
[1–8]. Double molybdates containing alkali and trivalent metals
are well known in literature and belong to the wide crystal family
MLn(MoO4)2 (M—alkali metal and Ln—lanthanide) having impor-
tant properties and applications. The molybdates MLn(MoO4)2 are
excellent Ln-doped laser hosts [9]. Due to strong distortion of
MoO6 octahedrons many molybdates are characterized by
noncentrosymmetric crystal structure [1,2,10–14]. Complex
molybdates containing Ln3 + ions in low-symmetry positions
are promising for the creation of new effective laser mediums
[14–18]. This study aims to synthesize the RbNd(MoO4)2

microcrystals and evaluate the morphological, structural and
vibrational properties of the compound. Formation of binary
molybdate RbNd(MoO4)2 was previously found in quasi-binary
system Rb2MoO4–Nd2(MoO4)3 [19].
2. Experimental

Middle-temperature solid state synthesis was applied to create
the RbNd(MoO4)2 crystals. MoO3 (99.9%), Rb2CO3 (99.99%) and
ll rights reserved.
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tuchin).
Nd2O3 (499.9%) were used as starting materials. Initially
rubidium molybdate and neodymium molybdate were prepared
by solid state reactions [20]. To avoid a loss of molybdenum oxide
due to its high volatility, heat treatment of stoichiometric
mixtures was started at T¼450 1C and followed by step-wise
increase in temperature up to T¼600 (Rb2MoO4) and 800 1C
(Nd2(MoO4)3). These molybdates were mixed and annealed at
T¼550–600 1C by time t¼324 ks to yield RbNd(MoO4)2. The
temperature was increased gradually with the step of 50 1C and
the reaction mixtures were calcinated for 180–360 ks at each
annealing stage with intermittent grindings in every 72 ks. As a
result of synthesis a lilac powder is formed, whose color is typical
for neodymium-bearing oxides. Phase compositions of the
products were evaluated by X-ray powder diffraction analysis
with Bruker D8 ADVANCE instrument. Micromorphology and
chemical composition were observed by SEM and EPMA with LEO
1430 device.

The X-ray powder patterns for the Rietveld analysis were
collected at room temperature (T¼24 1C) with a Bruker D8
ADVANCE powder diffractometer in the Bragg–Brentano geome-
try and a linear Vantec detector (CuKa radiation, step size 0.0161,
counting time 2 s per step). The data were collected over the angle
range 2y¼5–1001. Peak positions were determined with the
program EVA available in the PC software package DIFFRAC-PLUS
supplied from Bruker. X-ray patterns of the title compound were
indexed using the program McMaille [21]. Almost all reflections
were indexed in orthorhombic space group Pbcn with cell
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Table 1
Main parameters of processing and refinement.

Space group Pbcn

a (Å) 5.1772(1)

b (Å) 18.7293(4)

c (Å) 8.2474(1)

V (Å3) 799.76(3)

2y-interval range (deg) 5–100

Number of reflexions 411

Number of refinement parameters 28

RB 5.05%

RDDM 11.91%

Fig. 1. SEM image of RbNd(MoO4)2 microcrystals.
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parameters a¼5.18 Å, b¼18.73 Å and c¼8.25 Å except several
minor intensity peaks that could not be assigned definitely.
RbNd(MoO4)2 is supposed to be isostructural to TlPr(MoO4)2;
hence we use atomic coordinates in TlPr(MoO4)2 to refine the
structure of RbNd(MoO4)2 [22]. All refinements and data
processing have been performed by DDM program [23]. The
pseudo-Voigt function was used to model the peak profiles. The
thermal parameters of all ions were refined isotropically and had
reliable values. The refinement of structure was stable and led to
minimal R-factors. The main parameters of processing and
refinement are reported in Table 1.

Unpolarized Raman scattering spectra were recorded from
powder sample using a triple grating spectrometer TriVista 777
and a line of 532 nm of solid state laser (200 mW) at room
temperature. Spectral resolution was �1 cm�1 (FWHM).
Fig. 2. X-ray diffraction pattern of RbNd(MoO4)2 at room temperature.

Table 2
Coordinates of atoms, isotropic thermal parameters (Biso) and occupation of atom

positions (p) of RbNd(MoO4)2 structure at T¼24 1C.

Atom p X Y Z Biso (Å2)

Rb 1.0 1/2 0.2675(2) 1/4 2.7(1)

Nd 1.0 0 0.0086(1) 1/4 2.0(1)

Mo 1.0 0.5214(8) 0.1014(1) 0.9791(3) 1.7(1)

O1 1.0 0.733(3) 0.103(1) 0.142(3) 1.3(6)

O2 1.0 0.731(3) 0.097(1) 0.817(2) 1.0(6)

O3 1.0 0.261(4) 0.035(1) 0.011(5) 3.5(8)

O4 1.0 0.411(4) 0.189(1) 0.979(2) 3.4(6)
3. Results and discussion

In Fig. 1 the morphology of final product is shown. Microcrystals
are formed by slightly agglomerated plate-like crystals with typical
dimensions 12�6�1 mm3 and smoothed edges. Crystal habit
appears to be governed by a layered structure typical for
MLn(MoO4)2-type molybdates.

Experimental (dots) and theoretical (lines) X-ray diffraction
curves obtained for RbNd(MoO4)2 are shown in Fig. 2. A good
relation between experimental and theoretical curves is evident.
The atomic coordinates, isotropic thermal parameters and
occupations of atom positions revealed for RbNd(MoO4)2 are
presented in Table 2. A set of main bond lengths is shown in
Table 3. The crystal structure refined is shown in Fig. 3. The crystal
structure of RbNd(MoO4)2 consists of layers of MoO4 tetrahedrons
corner-sharing with NdO8 square antiprisms. These layers are
perpendicular to b-axis of the unit cell. The NdO8 square
antiprism shares edge with another NdO8 antiprism; hence all
of them build a rod along c-axis. Rubidium atoms are located
between MoO4–NdO8 layers and coordinated by six oxygen ions.
Since Mo ion has four short Mo�O lengths d(Mo�O)¼1.72–
1.85 Å (Table 3) and two very long Mo�O lengths
d(Mo�O)¼2.77–2.79 Å, polyhedron MoOn may be represented
as highly distorted octahedron.

Raman spectrum of RbNd(MoO4)2 crystals is shown in Fig. 4.
About 20 narrow Raman lines were observed in the experimental
spectrum. In the range of stretched vibrations of MoOn polyhedra
(800–1000 cm�1) five lines were observed and this range is
shown in detail in Fig. 5. The narrowest (FWHM is 6.4 cm�1) and
intensive line is detected at 936 cm�1. This line can be considered
as an analog of Mo¼O stretch line of a-MoO3 crystals (995 cm�1)
[24–26]. Two lines at 802 and 864 cm�1 with FWHM of 17 and
20 cm�1, respectively, are evidently wider. The line of 819 cm�1

in Raman spectrum of a-MoO3 crystal with width triple as large as
that of 995 cm�1 line can be considered as a fingerprint for 802
and 864 cm�1 lines of RbNd(MoO4)2 crystal. We guess that the
difference in the linewidths of 936 and 864 cm�1 lines relates to
different contributions of Mo atoms. The distribution of Mo
isotopes in natural abundance causes the distribution of
vibrational frequencies if Mo atoms are involved in the
vibration. Another interesting feature of Raman spectrum of
RbNd(MoO4)2 crystal is the intense low-frequency mode at
50 cm�1 shown in Fig. 6. The low-frequency mode in the range
30–60 cm�1 is often found for crystals with layering structure
(e.g. chalcogenides). This mode could correspond to elastic-like
vibrations of the layer.



Table 3
Main interatomic distances in structure of RbNd(MoO4)2 at T¼24 1C.

Bond Length (Å)

Rb�O4a 2.71(2)

Rb�O4 2.96(2)

Rb�O2 2.95(2)

Nd�O3 2.44(4)

Nd�O1 2.42(2)

Nd�O2 2.48(2)

Nd�O3a 2.74(4)

Mo�O2 1.72(2)

Mo�O4 1.74(2)

Mo�O1 1.74(2)

Mo�O3 1.85(2)

a
�x, y, 0.5�z.

Fig. 3. Crystal structure of RbNd(MoO4)2 at room temperature.

Fig. 4. Raman spectrum of RbNd(MoO4)2.

Fig. 5. Raman spectrum of RbNd(MoO4)2 in the range of Mo�O stretch vibrations

with the fit by Lorentz functions.

Fig. 6. Low-frequency part of Raman spectrum of RbNd(MoO4)2.
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4. Conclusions

Binary molybdate RbNd(MoO4)2 is formed by solid state synthesis
and crystal structure is refined by Rietveld method. The plate-like
shape of RbNd(MoO4)2 microcrystals appeared to be governed by
layered crystal structure, resulting in anisotropic microcrystal
growth. Low-symmetry positions are found for Nd3+ ions. Spectro-
scopic parameters confirm layered character of the crystal lattice.
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