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Abstract: In this paper, we present the analysis of room temperature IR
and Raman spectra of CsLiMoO,/ CsLiWQ, stabilize in cubic structural
form. The expected vibrational modes in infrared and Raman spectra are
estimated using factor group analysis and assignment of observed modes
is attempted based on FGA predictions, reported assignments of internal
modes of MoO4/WQy in various compounds and splitting of degenerate
internal modes. The results are discussed in terms of their effect on
electronic band structure. Infrared and Raman spectra of polycrystalline
alkali metal double molybdates CsLiMoO,/ CsLiWO, were measured in
the range 40-1000 cm” at room temperature. To determine the
symmetries and nature of the observed modes a factor group analysis has
been performed. The crystal structure of the compounds studied depends
on the type of cation and changes from trigonal to monoclinic and
triclinic (for the lithium and sodium derivatives). The assignment of the
observed bands to the respective internal and external vibrational modes
is proposed.

Keywords: Infra-red spectra, Raman spectra, vibrational symmetry,
group theoretical analysis

1. Introduction

Molybdates and tungstates are promising materials due to their high
ionic and electron conductivity, luminescence, ferroelectric, piezoelectric
and catalytic properties’. The transition metal oxides of molybdates/
tungstates with dy configuration belong to the most stable class of materials
used as photo anodes. They find wide applications as scintillation detectors,
laser host materials and in optical fibers. Transition metal tungstates /
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molybdates have been studied widely due to their use as laser host and
display materials. However, the tungstates / molybdates of alkali metals are
rarely explored. Aleksandrov et al® studied the double alkali tungstates
CsLiWO; (CLM) and molybdates CsLiMoO; (CLM) and RbLiMo0O,
(RLM) in their ferroelectric phase. These belong to cubic eccentric space
group T4*/F43m and show remarkable piezoelectric effect and second optic
harmonic generation 3. Their structure is based on a frame of corner linked
MoO; and LiOy tetrahedra and topologically related to high cristobalite form
of SiO,. The cristobalite form is shown in figure 1. Cristobalite has an
isometric structure, in which six-membered rings of (SiO4)'4 tetrahedra are
stacked parallel to (111). This arrangement of tetrahedra is analogous to the
stacking of spheres in cubic closest packing. The large disorder produced
due to variation of alkali ionic size gives interesting properties and variety
of structural phases in these materials. It is also interesting to note that
indirect band-band transitions in transition metal molybdates / tungstates are
assisted by internal vibrations of tetrahedral ion. Therefore any distortion
created at local level could be utilized for application by manipulating the
band energy gap. Thus, the vibrational studies become very important,
especially in double alkali molybdates / tungstates, for which such
vibrational studies are sporadic only.

2. Phonon modes in CsLiWO4/CsLiMoOQOy4: Factor Group Analysis

The expected vibrational modes in infrared and Raman spectra are
estimated using factor group analysis and assignment of observed modes is
attempted based on FGA predictions, reported assignments of internal
modes of MoO4/WQ, in various compounds and splitting of degenerate
internal modes. CsLiMoO, undergoes a series of phase transitions from high
temperature cubic phase (Space group F43m/Td?) to trigonal phase at 211 K
(Space group R3m/C’3,) which transforms into monoclinic phase (Bm/C’s)
at 177 K. the Number of formula units in unit cell Z=4, 3 & 2 respectively
in cubic/trigonal and monoclinic phase. Crystal exhibits ferroelectricity
below 221K? Similar structural transition sequence is also reported in
CsLiWO, with T.; from cubic to trigonal phase) at 221K and Tc, (from
trigonal to monoclinic phase) at 191K. The number of formula units is also
same in each phase as that in CLM. The unit cell parameters and density is
shown in Table 1.

The crystal structure is based on a frame of corner linked MoO4 and
LiO; tetrahedral and is topologically related to the high cristobalite form of
SiO; as shown in Figure 1.
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Table 1: Phase sequence and Unit cell parameters in CsLiMoO,/CsLiWO,
CsLiWw0, Phase II1 Phase IT Phase T Transition
Monoclinic Trigonal Cubic temperature
(To)
State Ferroelectric Ferroelectric | Paraelectric 1-II T, =
7=2 7=3 7=4 221K
-1 T, =
191K
Space group Bm-CS3 R3m-C3V5 F43m-Td2
Unit cell | a=5.85A; b=5.86A | a=5.91A; a=8.350A
Parameters c=10.25A00=125.5" | 0=59.5°
CsLiMoO, Phase III Phase II Phase I Transition
Monoclinic Trigonal Cubic temperature
(To)
State Ferroelectric Ferroelectric | Paraelectric | I—II T, =
7=2 =3 7=4 211K
-1 T, =
177K
Space group Brn-Cs3 R3m-C;, F43m-Td2
Unit cell | a=5.84A; b=5.86A | a=5.89A; a=8.318A
Parameters c=10.21A00=125°30" | 0=59".29

Figure .1: Cristobalite structure of SiO,; CLM and CLW stabilize in the same form.

Large alkali cation occupy one half of the 12 coordinated laves
polyhedral of frame. The Wyckoff position are Li* (4c), Cs* (4b), Mo**(4a)
and 02'(3bi). The former three have (43m/Ta) site symmetry, whereas 9bi
has C; symmetry. At room temperature, four cations of each types in unit
cell occupy the Ty sites, where as 16 O* occupy C; sites. The numbers of
atoms that remain invariant under various symmetry operation of factor

group are shown in table 2.

Table 2: Number of invariant atoms in each symmetry operation of Td group in
CsLiMoO,/CsLiWO,
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Symmetry element— E 8C, 3G, 6S, 60,
T,> —Space group

Nr(Li) 4 4 4 4 4
Rg(Cs) 4 4 4 4 4
Nr(Mo) 4 4 4 4 4
Nr(O) 16 0 0 0 0
Ng(CsLiMo/WOy) 28 12 12 12 12

The factor group analysis results are given in table 3.

Table 3: Results of Factor Group Analysis for CsLiMoO,/CsLiWO,

D 0 120 180 90 0
Cos @ 1 -0.5 -1 0 1
2Cos @ * 1 3 0 -1 -1 1
xr(L1) 12 0 4 4 4
1r(CS) 12 0 -4 -4 4
1&(Mo) 12 0 4 4 4
xw(0) 48 0 0 0 0
Nr(P) 28 12 12 12 12
Nr(S) 12 12 12 12 12
Ng(S-V) 04 0 0 0 0
Xr(N) 84 0 -12 -12 12
1r(T) 36 0 -12 -12 12
YR (trans) 3 0 -1 -1 1
wr(T”) 33 0 -11 -11 11
1rR) 12 0 0 0 0
xr(1) 39 0 -5 -5 5

Irreducible representations: .
XI Li= 4F2; xl Cs = 4F2; XI Mo/W = 4F2; xl o= 2A1+2A2+4E+6F1+6Fz
XI CsLiMoO4 = 2A1+2A2+4E+6F1+18F2

Accordingly, the total 84 modes belong to (2A; +2A,+4E+6F;+18F;)
irreducible symmetry species. Translation modes of Li*/Cs*/W?* belongs to
4F, whereas those 0% to 2A; +2A,+4E+6F+6F,, the acoustic modes
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belongs to 6F,. The analysis also shows contribution from Cs, Li, Mo /W
and O atoms to the vibrations of CsLiMo0O4/CsLiWO, crystals. . The
internal vibration of M0042'/W 042' ; VI(A1) v2(E) and v3 / v4(F;) will not get
split in this state. However, Factor group splitting may produce bands in
polycrystalline material.

3. Experimental

CsLiMoO, and CsLiWOQO, are prepared using stiochiometric ratio of
Cs,COs3, Li;CO3 and WOs3 using standard solid state route. The detailed
structural studies are performed to confirm the single phase formation and
are reported elsewhere. Infra-red spectra of the powders were measured in
KBr pellets using Bruker IFS 66v IR spectrophotometer and in
polyethylene. The Raman spectra of the powder were taken on using Dilor
Raman Spectrophotometer with Ar' laser using 488 nm wavelength with
Laser power 200 mW at the sample. Spectral slit width was 4 cm™ and
integration time 1 sec.

4. Results & Discussion

The measured room temperature Infra-red spectra of CsLiMoO4 (CLM)
and CsLiWO, are compared in figure 2 in 50-500cm-1 range.

Table.4 Assignment of observed Vibrational Modes in CsLiMoQO,/ CsLiWO,

CsLiWO0, CsLiMoO, Assignments
IR Raman IR Raman
996 (s) 937 (s) vi, Mo/WO,”
934 (m) 917 (m) V1, Mo/WO,”
893 (w, sh) v, Mo/WO,>
859 (vs, asym) 846 (w, sh) 849 (vs) 850 (m) v, Mo/WO,>
608 (s) 722 (m) 597 (vvw)
522 (w) v 4, Mo/WO,>
491 (w) v 4, Mo/WO,>
425 (m) 440 (v. broad) Vo, Mo/W 042'
357 (m) 333 (vs, asym.) 344 (w) Vo, Mo/WO42'
316 (s) 323 (vs)
261 (w) 359 (vw) 212 (vvw) 218 (w)
327 (vs) 175 (vvw)
143 (w) 157 (broad) 144 (vw)
113 (vvw) 90 (sh) 119 (w)
64 (vs) 56 (sh, s) 71 (vs, b) 84 (m)
- 44 66 (W)
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Figure 2 Observed room temperature FTIR spectra of CsLiWO, and CsLiMoO,

Raman shifts in the 30-1100 cm™ are for the two materials are compared
in figure 3. Inset shows the Raman spectra in 40-4000 cm’ range. The
observed vibrational modes are shown in table 3. As shown in the figures,
Raman spectra do not show any band above 1100 cm'l, whereas bands are
seen in IR spectra above this wave number. These are the bands due to the
presence of water in matrix used in IR spectra. Thus, the analysis is
confined to modes observed up to 1100 cm™, the range of internal vibrations
of tetrahedral unit and the various lattice modes. In double alkali
molybdates/tungstates, the effect of size of alkali ions and charge factors are
known to influence the spectral features. Therefore, in the analysis an
attempt has been made to understand these effects by keeping the ratio of
ionic radii of two alkali ions constant. As seen in the figures, the IR and
Raman spectra from two materials are almost similar. Thus, the crystal
symmetry of two materials is same which is well known in these materials.
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Figure 3: Observed room temperature Raman spectra of CsLiWO, and CsLiMoO,

3.1 Assignments of Vibrational Modes

An isolated tungstates WO,* or molybdates MO4> has Ty symmetry.
The internal vibrations under T4 symmetry transforms as A;([];, totally
symmetric bending), E([l,, asymmetric bending) and 2F( [l3,[]4
asymmetric and symmetric stretch). Rotational and translational motions
under Ty symmetry transform as F; and F, species respectively. The
rotational and translational motion of the free molecule becomes the
librational and translational lattice modes in the crystal. A correlation
diagram between molecular point group and unit cell group reveals the
splitting of degeneracy’s of degenerate modes and the nature of non-
degenerate modes. However, in this case it does not give any useful
information as the point group symmetry for polyatomic units and unit cell
group is same. Thus it is expected that degeneracy will not be lifted.
Occurrence of two bands and not four as predicted by FGA means that
factor group splitting is not very strong. Further, higher frequency shift in
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comparison to free state modes suggest that even though site symmetry is
T4, the oxygen atom disordering is present. The highest frequency range
850-1100 cm™ is assigned to [}, totally symmetric stretching of the MO,*
tetrahedron, the 720-820 cm-1 range belongs to the triply degenerate modes
13, and the 300-400 cm-1 range contains the doubly ([],) and triply ([14)
degenerate deformation vibrations of MO,>. The range below 200 cm-1
belongs to external crystal vibrations-the translational modes of A", B* and
MO42' and the librational modes of MO42' 69 1t is evident from the table,
the internal vibrations; especially [1; and [J3 are sensitive to charge/ size
effect'®. The ionic radii of Cs is 1.67A and that of Li is 0.67 A : the ratio
Tion (AT/BY) is 2.49. 1t is well known that in A'B**MO4 (CaMo004) scheelite
structure) the distribution of A* and B** depends upon this ratio. The
distribution of ions at Ca position in scheelite structure is statistical if the
ratio is less than 1.27 and ordered if it is more than 1.32'. Therefore, in the
present case of cristobalite structure, for the ratio as high as 2.49, it is
expected to be ordered. Further, it is well known that for ordered structure,
the []; range shows two narrow intense band. Thus, the bands observed at
996 and 934 cm-1 in tungstates and those observed at 937 and 917 cm™ in
molybdates are assigned to [!; modes. The corresponding bands in IR
spectra are missing as is expected for totally symmetric modes of tetrahedra
at Ty site. Similarly, the strong band at 859 cm™” in IR and at 846 in Raman
spectra in tungstates and that the corresponding bands at 849 (IR) and 893
and 850 cm™ in Raman can be associated with [l3 modes from intensity
considerations. This clearly infers that alkali ions are ordered in these
materials.

The bands at 316, 356 cm-1 and around 425 cm™ with strong asymmetry
at 440 cm are observed in the IR spectra of CLW; the corresponding
spectral features in CLM are at 440 and 333 cm™ with the later having
strong asymmetric feature at around 300 cm™. The Raman spectra gives
strong band at 323 cm™ with a very weak feature at 344 cm-1 in CLW and
at 328 and .360 cm™ in CLM. These bands are associated with (1, and [,
A strong band at 721 cm™ is seen only in CLM Raman spectra are however
not seen in CLW. The lattice odes in case of CLM are well resolved
whereas for CLW we get a broad band. Whereas, the [14/ [, components are
resolved in CLW but show broad band in CLM; [], is asymmetric. The
reason for this may lie in the charge controlled interaction that may differ in
two materials. In an ordered structure, the coulomb interaction between A™,
B* ions, the most probable way of ordering is such that each ion of the same
type is surrounded ( in the second coordination sphere)only by the ion of
other type. This may lead to the lowering of effective site symmetry and
splitting of []; modes. A careful examination of the intensity and band
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splitting pattern of internal modes in two materials suggests that this
interaction is more pronounced in molybdates than in tungstates. This is just
opposite to what is reported for A, B”* ions interaction with tungstates and
molybdates. The role of factor group splitting can also not ruled out at this
stage, as the [J3 band in IR and Raman differs significantly (13 cm'l) in
tungstates, whereas there is virtually no factor group splitting in molybdates.
More careful experiments are needed to further understand this point.

4. Conclusions

Room temperature infra-red and Raman spectra of double alkali
tungstates and molybdates having large and small alkali ions are reported
and analyzed using group theoretical approach. The detailed factor group
analysis is made and the symmetry species associated with internal and
external crystal modes are presented based on cubic space group. The effect
of the large ratio of the alkali ions radii on the charge ordering is
investigated and the observed splitting in [/;[1[][J[]3 modes infers that the
alkali ions are ordered in the materials. However, the interaction between
alkali ions and tungsten/molybdates are different resulting into different
spectral features in them.
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