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Abstract
Two polymorphs of LaTaTiO6, i.e. monoclinic and orthorhombic, were synthesized by solid-state reaction technique.

Both were found to be isostructural with analogous niobium compounds which were used as structural models. Structu-

ral characterization was performed on X-ray powder data by Rietveld refinement procedure which resulted in final Rwp

values of 7.01 and 7.52% for orthorhombic and monoclinic form, respectively. Comparisons between both title com-

pounds are given and their plausibility is proved by bond valence sums and global instability index calculations. For the

monoclinic polymorph, dielectric properties measured at 1 MHz are also given. 
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1. Introduction

Different lanthanum titanates are known for their
pronounced dielectric properties that are of interest main-
ly in wireless communications applications.1,2 Plenty of
them have been prepared while trying to stabilize the un-
stable perovskite La2/3TiO3 compound with the addition of
the third metal oxide into the La2O3–TiO2 system.3,1 With
this aim, the following metal oxides were used: MgO,4

CaO,5–7 SrO,7–9 BaO amongst earth-alkali metals,7 Al2O3

and Ga2O3 of group III elements,10–13 SiO2,
14 GeO2 and

PbO of group IV,15,16 Mn2O3 and Fe2O3 of the first row
transition elements,17,18 ZrO2 and Nb2O5 of second row
transition elements.19–21 All these ternary systems and
their thermal equilibria were widely studied and the effort
resulted in a formation of numerous new compounds.

However, little is known about the equilibria and
crystal structures in ternary system with Ta2O5. To the best
of our knowledge, until now, few ternary oxides were pre-
pared, but only one crystal structure has been determined
(La3Ti2TaO11) while several others have been proposed to
be representatives of slab perovskite-like structures.22,23

The motivation to explore this system were similarities
between ionic radii and other chemical features of Ta5+

and Nb5+ that should enable preparation of new (possibly
isostructural) compounds. Recently, the structural features

of orthorhombic LaTaTiO6 were published as a part of a
LnTaTiO6 series (Ln = trivalent lanthanoid) with the cha-
racteristic structural change from aeschynite to euxenite
type as a consequence of different Ln3+ ionic radii.25 He-
rein, we report on the synthesis and structures of two La-
TaTiO6 polymorphs and their interconversion as a conse-
quence of the synthesis temperature change. The plausibi-
lity of both crystal structures was additionally confirmed
by bond valence sums and global instability index calcula-
tions. For the monoclinic form, the dielectric properties
are also given. 

2. Experimental

2. 1. Materials and Synthesis
Both polymorphs of LaTaTiO6 were prepared as pa-

le yellow powders by the conventional solid-state reaction
technique, using La2O3 (Alfa Aesar 99.99%), Ta2O5 (Alfa
Aesar 99.85%) and TiO2 (Alfa Aesar 99.8%). Prior to
weighing the weight loss of La2O3 was checked by hea-
ting at 1300 °C. 

Stoichiometric amounts of oxides were homogeni-
zed in a mortar and then milled in a YTZ planetary ball
mill using ethanol as a media. Dried powders were unia-
xially pressed into pellets and calcined in air at 1100 °C
for 20 h. After the first calcination the powders were crus-
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hed and milled in a planetary mill, dried, pressed and sin-
tered at temperatures from 1100 to 1420 °C for 20 h, in or-
der to obtain orthorhombic and monoclinic polymorphs,
respectively. The samples were quenched in air after-
wards.

2. 2. Physical Measurements

The capacitance and dielectric losses were measu-
red at 1 MHz using Agilent 4284A LCR meter in tempe-
rature range from 20 to 90 °C. Due to the porosity of the
orthorhombic polymorph which was already observed in
literature the measurements were performed only for the
monoclinic form.25 For the same reason, the polished and
thermally etched cross-sections were analyzed only for
the monoclinic form by using FE-SEM SUPRA 35VP
(Carl Zeiss), equipped with an energy-dispersive spectro-
meter (EDXS, Inca 400, Oxford Instruments) and the re-
sults of elemental analysis yield molar ratio La:Ta:Ti
1:1:1. The corresponding SEM/BSI micrograph confir-
ming the purity of the monoclinic form is shown in Fig.
1. In case of orthorhombic compound, the absence of im-
purity lines confirms that the composition of the product
is the same as the composition of the initial reaction mix-
ture. 

Powder X-ray diffraction data for the structural cha-
racterization were collected on Panalytical X’Pert PRO
MPD powder diffractometer equipped with Ge(111) Jo-

hannson type monochromator. For Rietveld refinement,
Topas Academic program suite was used.24 An initial ex-
tensive PDF-database search showed resemblance of ex-
perimental powder patterns with these of LaNbTiO6.

26,27

Therefore, coordinates of both orthorhombic and monoc-
linic forms of LaNbTiO6 were used as starting models.
During the Rietveld refinement procedure, in both cases
the background was described with a third order Cheby-

Table 1: Crystal data, data collection and refinement data.

Crystal data
Chemical formula LaO6TaTi LaO6TaTi

Mr 463.73 463.73

Crystal system, space group Monoclinic, C2/c Orthorhombic, Pnma
Temperature of measurement (K) 293 293

a, b, c (Å) 11.23779(7), 8.86188(6), 10.94020(7), 7.57994(4),

5.27180(3) 5.45951(3)

β (°) 115.3982(4) 90

V (Å3) 474.265(6) 452.736(5)

Z 4 4

Radiation type Cu Ka1, λ = 1.54059 Å Cu Ka1, λ = 1.54059 Å

μ (mm–1) 33.445 35.036

Specimen form, colour Irregular, pale yellow powder Irregular, pale yellow powder

Data collection
Diffractometer PANalytical X’Pert PRO MPD diffractometer PANalytical X’Pert PRO MPD diffractometer

Specimen mounting Flat plate Flat plate

Data collection mode Reflection Reflection

Scan method Continuous Continuous

2θ values (°) 2θmin = 10, 2θmax = 120, 2θstep = 0.033 2θmin = 12, 2θmax = 120, 2θstep = 0.033

Refinement
R factors and goodness of fit Rp = 0.059, Rwp = 0.075, Rexp = 0.034,  Rp = 0.054, Rwp = 0.070, Rexp = 0.031, 

RBragg = 0.042,  χ2 = 2.236 RBragg = 0.017, χ2 = 2.243

Excluded regions none none

No. of data points 3333 3273

No. of parameters 33 33

No. of restraints 0 0

Figure 1: SEI/BSI micrograph of polished and thermally etched

cross-section of the ceramic based on the compound LaTiTaO6, sin-

tered at 1420 °C for 20 h (i.e. monoclinic polymorph).
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shev polynomial and for the description of peak profiles,
Thompson-Cox-Hastings pseudo-Voigt function was
used.28 The scale factor, zero error, unit cell parameters
together with atomic positions were also refined. In case
of monoclinic polymorph, one isotropic displacement pa-
rameter for all atoms was refined and in case of orthor-
hombic phase, three of them were included into refine-
ment, each for a specific atom type. Altogether 33 para-
meters were refined for each polymorph. The refinement
proceeded smoothly and resulted in Rwp values of 7.01%
and 7.52% for orthorhombic and monoclinic phase, res-
pectively. Rietveld plots for 2theta range 10(12)–60 de-
grees can be seen in Figure 2 (for the whole 2theta range,
they can be found in Supporting Information). Details on
data collection and refinement as well as crystal data are
given in Table 1.

3. Results and Discussion

3. 1. Description of Structures of Both 
Polymorphs

The fundamental building unit of both title com-
pounds is BO6 octahedron (B=Ta, Ti) in which site B is
statistically occupied by tantalum and titanium ions. Ne-
gatively charged BO6 octahedral network is charge-balan-
ced with lanthanum cations. Common formula for both
compounds is AB2O6. 

Crystal data for both polymorphs and their atomic
coordinates together with site occupancies and isotropic
displacement parameters are presented in Tables 1 and 2,
respectively.

The orthorhombic polymorph represents a structu-
re of aeschynite type which seems to be quite frequent 
in the group of tantalum compounds with large cations,
e.g. EuTa2O6,

29 SrTa2O6
30 and CaTa2O6.

31 Some com-
pounds in which Ta (or Nb cations) are partially 
exchanged with Ti4+ of similar size and/or mixed occupa-
tion of large cations’ sites also crystallize in this 
structure type, e.g. CeNbTiO6

32 and LaNbTiO6
26 amongst

ternary oxides and stoichiometrically more complex
(Ca0.75Ce0.25)(Nb0.95Ta0.63Ti0.42)O6.

33 For the aforementio-
ned oxides, only in the case of LaNbTiO6, polymorphism
between orthorhombic and monoclinic polymorph was
observed,26, 27 and for the case of CaTa2O6 an orthorhom-
bic and cubic (i. e. A-deficient perovskite) polymorphs
were described.31,34

In the aeschynite structure type pairs of edge-sha-
ring octahedra ((Ta,Ti)2O10-units) connect via axial oxy-
gens O3 and O4 (both lying on a mirror plane, Wyckof si-
te 4c) into double octahedral chains. These are further
connected with four adjacent double chains of the same

Table 2: Atomic coordinates, occupancies and isotropic displacement parame-

ters for both LaTaTiO6 polymorphs.

Monoclinic polymorph
x y z Occ. Biso

La1 0.5 0.6974(1) 0.25 1 0.24(2)

Ta1 0.2653(1) 0.9179(1) –0.4502(2) 0.5 0.24(2)

Ti1 0.2653(1) 0.9179(1) –0.4502(2) 0.5 0.24(2)

O1 0.3563(7) 0.917(1) –0.044(2) 1 0.24(2)

O2 0.6447(8) 0.7525(9) 0.037(2) 1 0.24(2)

O3 0.6433(8) 0.545(1) 0.652(2) 1 0.24(2)

Orthorhombic polymorph
x y z Occ. Biso

La1 0.04176(9) 0.25 0.5411(2) 1 0.53(2)

Ta1 0.14358(8) –0.0050(1) 0.0398(2) 0.5 0.35(2)

Ti1 0.14358(8) –0.0050(1) 0.0398(2) 0.5 0.35(2)

O1 –0.0233(7) 0.0344(9) 0.227(1) 1 0.21(9)

O2 0.2128(7) 0.0547(9) 0.369(1) 1 0.21(9)

O3 0.1447(9) 0.25 –0.042(2) 1 0.21(9)

O4 0.1255(9) –0.25 0.146(2) 1 0.21(9)

a)

b)

Figure 2: Rietveld plots for (a) orthorhombic and (b) monoclinic

polymorph for 2theta range 10(12)–60° (experimental=blue, calcu-

lated=red, difference profile=grey). Lower vertical bars represent

reflection positions. Intensity in arbitrary units. 
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kind via (yet unshared) four equatorial vertices and nega-
tively charged (TaTiO6)

3– network is thus obtained. Lant-
hanum counter-cations are positioned on mirror planes at
Wyckoff site 4c forming a link between special positioned
O3 and O4 oxygens from the same double chain with si-
milar La–O(3,4) bond distances around 2.5 Å. The orthor-
hombic structure with characteristic aeschynite channels
is depicted in Figure 3.

The distance between the octahedral cations that
share an edge is 3.1725(12) Å. The distances between cor-
ner-sharing octahedral cations are 3.7135(13) and
3.8664(13) Å within the same double-octahedral chain,
and 3.5887(13) Å between the adjacent ones. Lanthanum
ions from the same channel are 3.9243(4) Å apart while
those from different channels are of course further apart
from each other, i. e. 5.9267(14) Å or more. The distance
ranges metal-oxygen and coordination numbers are pre-
sented in Table 3.

As already ellucidated by Jahnberg, aeschynite
structure type is closely related to perovskite type.31 The
main difference is the presence of double-octahedral
chains (edge and corner-sharing) in aeschynites instead of
single octahedral chains in perovskites where only corner-
sharing between octahedra is present.

Figure 3: The polyhedral representation of the orthorhombic LaTa-

TiO6 polymorph with characteristic double octahedral (TaTiO6)-

chains and intermediate La3+ ions.

In the monoclinic form only edge-sharing between
BO6 octahedra is present (three edges of each octahedron
are shared with three adjacent octahedra). The obtained
structure comprises (100) layers of corundum-like fused
hexagonal rings. In this way, negatively charged (Ta-
TiO6)

3– layers are formed between which La3+ counter-
ions are placed occupying special positions on twofold
axis (Wyckof site 4e). Each of them is coordinated with 8
oxygens, four from each of the adjacent anionic layers, in
a shape of fourfold antiprism. The La–O distances in the
aforementioned fourfold antiprism towards both anionic
layers are the same and are in the range 2.388(10) –
2.863(10) Å. The first coordination spheres of Ta and Ti
ions are presented in Table 3. The view on the monoclinic
structure along b axis is presented in Figure 4.

Figure 4: Representation of anionic (TaTiO6)
3– layers and interme-

diate La3+ cations in monoclinic LaTaTiO6. 

The monoclinic structure is related to PbSb2O6-
structure type which consists of the same structural motif
but possesses higher (trigonal) symmetry.35 For clarity,
only metal ions will be used for their comparison. In Pb-
Sb2O6, hexagonal rings formed by Sb5+ ions are comple-
tely regular and planar. Moreover, Pb2+ ions are positioned
in the centres of these hexagonal rings and the hexagons
coincide (they lie exactly one over another with no displa-
cements). However, in LaTaTiO6 hexagons formed by
Ta/Ti atoms are not far from regular with four Ta/Ti–Ta/Ti
distances of 3.0105(17) Å and two of 3.0164(16) Å and
their internal angles are in the range between 111.53–
125.91°. The maximum displacement of Ta/Ti from the
described planes of Ta/Ti-defining hexagons is ±0.052(1)
Å. The key difference between PbSb2O6 and monoclinic
LaTaTiO6 arises from the shifts between hexagons in bet-

Figure 5: View on hexagonal layers formed by B-ions and A-ca-

tions in between in (a) PbSb2O6 and (b) monoclinic LaTaTiO6.

a)

b)
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ween adjacent layers and the shifts of La3+ ions from the
centre of B-hexagons which lowers the symmetry to mo-
noclinic. With these shifts A-atom changes its coordina-
tion from 12 in PbSb2O6 to 8 in LaTaTiO6. The described
differences are depicted in Figure 5.

The dielectric constant of the monoclinic form,
measured at 1 MHz is relatively low (ε = 25). However,
the values of electric loss (tan δ = 6.7 × 10–4) and tempera-
ture coefficient of the dielectric constant, (τk = 44 ppm/K)
which was measured between 20–90 °C, are quite low and
as such promising for the use in various electronic compo-
nents. 

Despite of the same composition and as such, the sa-
me features of the present ions (radii, ionic charges) two
completely different structures were obtained at two diffe-
rent synthesis temperatures. The orthorhombic phase was
prepared at lower temperature as the monoclinic one
(1100 vs. 1380 °C). When the pure monoclinic or pure
orthorhombic phase was reheated at the intermediate tem-
peratures and quenched in air afterwards, the reflection
peaks of the other phase also appeared – the interconver-
sion between both structures is therefore possible and re-
versible. In the intermediate temperature region, i.e.
around 1300 °C, both phases co-exist. Powder patterns of
the samples obtained at different temperatures are depic-
ted in Figure 6.

According to Pauling, structures with more sharing
of faces > edges > vertices are less stable due to larger re-
pulsion between cations (in our case octahedrally coordi-
nated Ta5+ and Ti4+). When comparing metal-metal distan-

ces of both polymorphs we can conclude that edge-sha-
ring Ta/Ti atoms in monoclinic polymorph get closer than
in the orthorhombic one (3.0105(17) and 3.0164(16) Å vs.
3.1725(12) Å) and this may cause additional repulsion.
The opposite is true for distances between La3+ ions which
are shorter in the orthorhombic form where La3+ ions are
positioned in the channels and are 3.9243(4) Å apart whi-
le in the monoclinic form La–La distances 4.3799(13) Å
within the layer and 5.1658(3) Å between the layers. 

3. 2. Bond Valence Sums and Global 
Instability Index Analysis
Bond valence sums for metal ions together with the

corresponding distance ranges towards oxygen atoms, as
well as global instability indices for both structures, are
given in Table 3. Bond valence sums were calculated ac-

cording to the formula                           where R0 and Rij are

expected and experimentally determined bond lengths
between the atoms i and j, and B is a constant (0.37 Å for
oxide compounds). Values of R0 as proposed by Brown &
Altermatt (2.172 Å for La–O, 1.920 Å for Ta–O and 1.815
Å for Ti–O) were used in all calculations.36

In both compounds, bond valence sums calculations
fairly reproduce the expected atomic valences of metal
ions and as such additionally confirm the plausibility of
the obtained structures. Slightly higher values for Ta5+

should be connected with the larger size of the latter in

Figure 6: Powder patterns of LaTaTiO6 synthesized at different temperatures, from top: 1100 (pure orthorhombic), 1200, 1300, 1350 and 1400 °C

(pure monoclinic).
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comparison with Ti4+ as they share the same crystallo-
graphic site in the obtained (average) crystal structure.36,37

Locally, beyond the scope of diffraction techniques, oxy-
gen atoms probably lie somewhat closer to metal centre in
TiO6-octahedra and the bond lengths Ta–O are expected to
be slightly longer. In both structures, BVS for La3+ are
comparable and close to the nominal atomic valences. The
same is true for the global instability index (GII) that mea-
sures the extent to which the BVS rule is violated over the
whole structure.38 Due to the similarity of individual bond
valence sums, both GIIs are consequently of similar value. 

Furthermore, no significant differences for the orthor-
hombic polymorph were observed when comparing with the li-
terature data based on neutron and synchrotron measure-
ments.25 Metal-oxygen bond lengths, BVS and GII for the latter
are also given in Table 3. It can be clearly seen that all afore-
mentioned quantities do not differ much and that also in our ob-
tained structure, oxygen positions are satisfyingly determined. 

4. Conclusions

In the present paper two polymorphs of LaTaTiO6 as
oxides with general formula AB2O6, found as single pha-

ses in the ternary phase diagrams of the corresponding
metal oxides, were structurally characterized. By pattern-
matching it was concluded that they are isostructural with
analogous niobium compounds which were used as initial
structural models and refined with Rietveld refinement
procedure. The orthorhombic polymorph belongs to
aeschynite group while the monoclinic one reminds on tri-
gonal PbSb2O6 structure. Both obtained structures comply
with the rules of crystal chemistry that results in BVS not
far from nominal atomic valences and low GIIs. For mo-
noclinic polymorph, the low electric loss (tan δ = 6.7 ×
10–4) and temperature coefficient of the dielectric constant
(τk = 44 ppm/K) seem to be quite promising. 

The final structural data (including coordinates, dis-
placement and geometrical parameters) have also been
deposited with FIZ Karlsruhe Crystal Structure Deposi-
tion (CSD) Center as supplementary material with the de-
position numbers 423393 and 423394 for monoclinic and
orthorhombic LaTaTiO6, respectively. Copies of the data
can be obtained, free of charge, contacting crysdata@fiz-
karlsruhe.de
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Povzetek
S pomo~jo sinteze v trdnem stanju smo pripravili dve polimorfni modifikaciji LaTaTiO6, monoklinsko in ortorombsko.

Izkazalo se je, da sta obe izostrukturni z analognima niobijevima spojinama, ki smo ju uporabili za za~etna strukturna

modela. Strukturno karakterizacijo smo izvedli na osnovi rentgenskih pra{kovnih podatkov z Rietveldovo metodo, ki je

vodila do kon~nih Rwp vrednosti 7,01 % za ortorombsko oziroma 7,52 % za monoklinsko obliko. V ~lanku so podane

primerjave med kristalnima strukturama obeh polimorfov, katerih pravilnost smo dodatno potrdili z izra~unom vsot vez-

nih valenc in globalnega nestabilnostnega indeksa. Za monoklinsko obliko smo pri frekvenci 1 MHz izmerili tudi die-

lektri~ne lastnosti.


