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Compounds in the Sr3Ti1-yZryNb4O15 system were investigated by synchrotron
X-ray powder diffraction. New structural models are proposed for all
compositions across the series. These models include a doubled unit cell and
orthorhombic symmetry. A solid solution was found to persist across the
composition range from y = 0 - 1. Variable temperature studies reveal phase
transitions from orthorhombic to tetragonal symmetry on heating.
1.

Introduction
Compounds of the general formula A1A22B1B24O15 have been shown to form with a
tungsten bronze type structure. The tungsten bronze structure consists of a network of corner
sharing BO6 octahedra with A cations located in interstitial sites. The A1 site is a 12coordinate site and the A2 site is a larger 15-coordinate site. Combined with a smaller,
unnocupied, 9-coordinate C site, these A and C sites form channels through the structure
running along the c-direction. The compositional and structural flexibility of tungsten bronzes
allows for a variety of A and B site cations as well as cation mixing in these sites. A site
cations tend to be large alkali, alkaline earth or Pb2+ cations. The B sites are occupied by
smaller transition metal cations such as Ti4+, Zr4+, Ta5+ and Nb5+. Tungsten bronze type
compounds have been shown to display technologically important properties, finding use in
volatile memory, actuators, infrared radiation detection as well as in optical applications
amongst others [1-4].
Sr3TiNb4O15 and Sr3ZrNb4O15 are compounds which form with tungsten bronze type
structures. Both have been described in the literature. While a variety of different models
have been reported for Sr3TiNb4O15 [5-7], Sr3ZrNb4O15 has only one mention in the literature
[8] and no detailed structural analysis has been performed on it.
This report is on the the results of synchrotron X-ray powder diffraction investigations
of the Sr3Ti1-yZryNb4O15 system from, y = 0 - 1, at both room temperature and high
temperatures.
2.

Sample preparation
Polycrystalline powder samples were prepared using standard solid state synthesis
techniques. Reagent oxides and carbonates: SrCO3 (Sigma Aldrich, 99.9 %), TiO2 (Aithaca,
99.999 %), ZrO2 (Aithaca, 99.99 %) and Nb2O5 (Aithaca, 99.999 %) were weighed out in
stoichiometric ratios with x values of: x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0. Samples were ground
either by hand using an agate mortar and pestle or by an agate ball mill. These samples were
then pressed into dense pellets or rods using a pellet press at 8 tonnes for pellets or
hydrostatic press at between 50-60 MPa for rods. The samples were calcined at 950 ºC for 36
h and then sintered with intermittent grinding at 1300 ºC for periods between 24 h to 96 h.
Synchrotron X-ray powder diffraction data were collected on the powder diffraction
beamline, 10-BM, at the Australian synchrotron using the MYTHEN microstrip detector and
a Si(111) monochromator that accepts the beam directly from a bending magnet source.

28

Proceedings – 38th Annual Condensed Matter and Materials Meeting – Waiheke Island, Auckland, NZ, 2014

3.
3.1

Results
Room Temperature
For Sr3TiNb4O15 three models are reported in the literature with slight variations
between them. The first proposed model for Sr3TiNb4O15 was that it formed with a tetragonal
tungsten bronze structure, with space group P4bm [5]. The second model in the literature was
for a C-centred othrhombic structure with space group Cmm2 [6]. The final model proposed
before this work was for a primitive orthorhombic structure with space group Pba2 [7]. All
these models were refined against our synchrotron X-ray diffraction data and the Pba2 model
gave by far the best fit to the data. However, the data provided evidence that there was an
unreported doubling of the unit cell in the c-direction. Additionally, we found that a better fit
to the data could be achieved with space group Pna21 [9]. The refinement profile for the
Sr3TiNb4O15 model against the data can be seen in Fig. 1.

Fig. 1. Refinement profile for Sr3TiNb4O15. Red crosses are observed data, blue lines are the calculated
pattern and the black line is the difference between them. The grey region is excluded from the refinement.

As for the titanium analogue, Sr3ZrNb4O15 was reported to form with a tetragonal
structure [8]. Refinements against synchrotron X-ray diffraction data indicate that it is
isostructural to Sr3TiNb4O15. All diffraction patterns reveal peak splitting which is evidence
of the orthorhombic symmetry. Reflections of the type hk1 are present in all patterns
indicating a doubling of the unit cell along the c-direction (see Fig 2).

Fig. 2. Section of synchrotron X-ray powder diffraction pattern for Sr3ZrNb4O15. Shown is the 211 reflection,
the presence of which indicates a unit cell doubling along c.
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The unit cell dimensions and volumes for each composition are seen to increase linearly
across the composition range. This is consistent with a solid solution forming and is in
agreement with Vegard’s law (see Fig. 3).

Fig. 3. Left, synchrotron X-ray diffraction patterns across Sr3Ti1-yZryNb4O15 (from bottom to top: y = 0, 0.2, 0.4,
0.6, 0.8, 1). Top right, plot of cell volume as a function of composition. Bottom right, plot of cell parameters as
a function of composition.

3.2

High Temperature
High temperature synchrotron X-ray diffraction data were collected for all members
across the Sr3Ti1-yZryNb4O15 composition range at 300 - 950 K. It was found that every
composition underwent an orthrhombic, Pna21, to tetragonal, P4bm, phase transition on
heating (Fig. 4). The transition to tetragonal conicided with disappearence of superlattice
reflections, which indicated the doubled unit cell. The phase transition temperatures were
found to be proportional to the zirconium content in the sample. Higher zirconium content
samples underwent the transition at a higher temperature.

Fig. 4. Refined structure of Sr3ZrNb4O15. Left, room temperature Pna21 structure. Right, high temperature P4bm
structure. Top, looking down c axis, bottom, looking down the a axis.
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The orthorhombic strain (b-a/b+a), as a function of temperature was determined for
each composition in the series. Analysis of the strain showed that the structure continously
evolved towards the higher symmetry tetragonal structure upon heating, but at the final stages
the transition occurred abruptly (Fig. 5). For Sr3ZrNb4O15 without the abrupt phase transition
the strain would indicate a transition temperature of 990 K instead of the 800 K observed.
This type of behaviour has been observed before in other compounds, e.g. spinel type
CuCrO4 [11] and perovskite type LaMnO3 [12] both show a gradual change in lattice
parameters and then an abrupt shift at the transition point.

Fig. 5. Left, a and b cell parameters for Sr3ZrNb4O15 as a function of temperature. Right, orthorhombic strain,
(b-a)/(b+a) as a function of temperature.
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