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Lattice dynamics of strontium tungstate
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Abstract. We report here measurements of the phonon density of states and the lat-
tice dynamics calculations of strontium tungstate (SrWO4). At ambient conditions this
compound crystallizes to a body-centred tetragonal unit cell (space group I41/a) called
scheelite structure. We have developed transferable interatomic potentials to study the
lattice dynamics of this class of compounds. The model parameters have been fitted with
respect to the experimentally available Raman and infra-red frequencies and the equilib-
rium unit cell parameters. Inelastic neutron scattering measurements have been carried
out in the triple-axis spectrometer at Dhruva reactor. The measured phonon density of
states is in good agreement with the theoretical calculations, thus validating the inter-
atomic potential developed.
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1. Introduction

Alkaline-earth tungstates, MWO4 (M = Ba, Ca, Sr, Pb) are important because of
their scientific and technological applications. These compounds find their use [1]
in solid-state scintillators and optoelectronic devices. Tungstate divalent scheelite
compound strontium tungstate (SrWO4) finds use in solid state laser applications
and various other technological applications. These compounds exhibit a rich phase
diagram. Recently, crystal structures of these compounds have been studied [2–4]
at high pressures by means of X-ray diffraction and spectroscopic methods. The
compounds undergo a scheelite to fergusonite (space group P21/n) phase transition
at high pressure and temperature. Extensive Raman and infra-red scattering tech-
niques [5] have been used to study the zone centre phonon modes. The acoustic
phonons have been measured using a single crystal of CaWO4 [6]. Ab initio calcu-
lations [3,4] of the zone centre phonon modes have been reported for BaWO4 and
PbWO4.

The study of the phonon properties of these compounds is important in order
to improve the knowledge and control of their thermal and optical properties as
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Table 1. Calculated elastic constants and
bulk modulus of SrWO4 in GPa units.

C11 115
C33 98
C44 26
C66 41
C12 77
C13 55
Bulk Modulus 78

well as for understanding their thermodynamic behaviour under high pressure and
temperature conditions. Earlier, we have used extensive measurements [7,8] of the
phonon dispersion relation in ZrSiO4 up to 80 meV and data for LuPO4 from
the literature [9] for development of transferable interatomic potential models for
ASiO4 (A =Zr, Hf, Th, U) and (RPO4, R =rare earth atom) and (RVO4, R=rare
earth atom). Using these models we could calculate [7,10–12] high pressure and
temperature phase diagrams as well as thermodynamic properties for ASiO4, RPO4

and RVO4 in the ambient pressure as well as high pressure phases. Now in order
to validate the lattice dynamical model developed for SrWO4 we have measured
phonon density of states using a polycrystalline powder of SrWO4.

2. Experimental and lattice dynamical calculations

The inelastic neutron scattering experiment was carried out using the triple-axis
spectrometer at Dhruva reactor. A polycrystalline powder sample of 50 g was placed
inside a sealed aluminum container. Cu(1 1 1) has been used as the monochromator
while Be-filter has been used as the analyzer. The measurements were carried out
in the neutron energy loss mode.

A shell model potential consisting of Coulombic terms and short range terms
has been used. A covalent term is used to explain the stretching frequencies of
the WO4 molecular unit. The parameters of the potentials satisfy the conditions
of static and dynamic equilibrium. The polarizability of the oxygen atoms has
been introduced in the framework of the shell model [13]. The calculations have
been carried out using the current version of DISPR [14]. The model has been
used to calculate the partial density of states, elastic constants, bulk modulus and
variation of specific heat with temperature. The procedure for the calculations of
thermodynamic properties is given in our previous publications [15,16].

3. Results and discussion

We have developed a model for SrWO4 based on our knowledge about related
compounds and on some optical data [5] of SrWO4. Figure 1 shows the comparison
of the zone centre calculated phonons with that of the reported Raman and IR
values. The average deviation between calculated and experimental long wavelength
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Figure 1. Comparison between experi-

mental (filled circles) [3,5] (Raman and IR)

data with computed (open circles) phonon

frequencies.

Figure 2. Partial phonon densities of Sr,

W and O atoms in SrWO4.

Raman and infra-red modes for SrWO4 is 6.4%. Table 1 gives the calculated values
of the elastic constants and the bulk modulus.

The partial densities of states obtained through model calculations are shown in
figure 2. The strontium atoms contribute only in the lower energy range below 40
meV, tungsten contributes mainly in the lower energy range along with a smaller
contribution above 90 meV, and oxygen has a contribution throughout the energy
spectrum from 0 to 40 meV and above 90 meV. There is a band gap between 50 meV
and 90 meV. The computed partial density of states have been used for obtaining
neutron-weighted phonon density of states g(n)(E) (figure 3) and total density of
states g(E) (figure 2) via

g(n)(E) = B
∑

k

4πb2
k

Mk
gk(E). (1)

Here, B is the normalization constant while bk, Mk and gk(E) are the neutron
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Figure 3. Inelastic neutron scattering spectra of the phonon density of states
compared with model calculations. The band around 100 meV has not been
measured.

Figure 4. Calculated specific heat of SrWO4 at constant pressure.

scattering length, mass and partial density of states of the kth type of atom. We
calculate the one-phonon density of states g(E) using the relation

g(E) =
∑

k

gk(E). (2)

The multiphonon scattering estimated using the Sjolander formalism [17] has been
subtracted from the experimental data. Figure 3 gives the comparison between
experimental data and the calculated phonon spectrum. Owing to instrumental
limitations, the highest band is not seen in the collected data. The agreement
between the measured and the calculated phonon spectrum is satisfactory, thus
validating the reliability of the model parameters obtained. The model has further
been used to calculate the thermal properties (figure 4) of the compound such as
the specific heat, thermal expansion, etc.

1138 Pramana – J. Phys., Vol. 71, No. 5, November 2008



Lattice dynamics of strontium tungstate

4. Conclusions

The lattice dynamical model for SrWO4 has been validated by comparing the exper-
imentally measured phonon density of states with theoretically calculated density of
states. The interatomic potential formulated has been used to calculate the vibra-
tional and thermodynamic properties. There are no reported experimental data on
elastic constants in SrWO4. The model may be further extended to study the high
pressure and temperature thermodynamic properties of this class of compounds like
BaWO4, PbWO4, SnWO4, etc.
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O Tschauner, J Lopez-Solano, P Rodŕıguez-Hernandez, S Radescu, A Mujica, A
Munoz and G Aquilanti, Phys. Rev. B73, 224103 (2006)

[3] J Lopez-Solano, P Rodriguez-Hernandez, S Radescu, A Mujica, A Munoz, D Er-
randonea, F J Manjon, J Pellicer-Porres, N Garro, A Segura, Ch Ferrer-Roca, R S
Kumar, O Tschauner and G Aquilanti, Phys. Status Solidi B244, 325 (2007)

[4] F J Manjon, D Errandonea, N Garro, J Pellicer-Porres, J Lopez-Solano, P Rodŕıguez-
Hernandez, S Radescu, A Mujica and A Munoz, Phys. Rev. B73, 144112 (2006)

[5] P J Miller, R K Khanna and E R Lippincott, J. Phys. Chem. Solids 34, 533 (1973)
[6] D K Steinman, J S King and H G Smith, Neutron inelastic scattering (International

Atomic Energy Agency, Grenoble, Switzerland, 1972) p. 219
[7] S L Chaplot, L Pintschovius, N Choudhury and R Mittal, Phys. Rev. B73, 94308

(2006)
[8] R Mittal, S L Chaplot, R Parthasarathy, M J Bull and M J Harris, Phys. Rev. B62,

12089 (2000)
[9] J C Nipko, C-K Loong, M Loewenhaupt, M Braden, W Reichardt and L A Boatner,

Phys. Rev. B56, 11584 (1997)
[10] R Mittal, S L Chaplot, N Choudhury and C-K Loong, J. Phys.: Condens. Matter

19, 446202 (2007)
[11] R Mittal, S L Chaplot, Preyoshi P Bose and N Choudhury, J. Phys.: Conference

Series 92, 012143 (2007)
[12] R Mittal, Alka B Garg, V Vijayakumar, S N Achary, A K Tyagi, B K Godwal, E

Busetto, A Lausi and S L Chaplot, J. Phys.: Condens. Matter 20, 075223 (2008)
[13] G Venkataraman, L Feldkamp and V C Sahni, Dynamics of perfect crystals (The MIT

Press, Cambridge, 1975)
[14] S L Chaplot, BARC External Report No. 972 (1998); unpublished (1992)
[15] S L Chaplot, N Choudhury, Subrata Ghose, Mala N Rao, R Mittal and K N Prab-

hatasree, European J. Mineralogy 14, 291 (2002)
[16] R Mittal, S L Chaplot and N Choudhury, Prog. Mater. Sci. 51, 211 (2006)
[17] A Sjolander, Arkiv fur Fysik 14, 315 (1958)

Pramana – J. Phys., Vol. 71, No. 5, November 2008 1139


