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The incommensurately modulated structure of the fresnoite

framework-structure type compound Ba2TiGe2O8 has been

solved using a (3 + 1)-dimensional superspace approach. The

structure is orthorhombic and adopts the superspace group

Cmm2(0,�,1/2)s00 with � ' 0.635 at room temperature. The

re®nement was based on neutron powder diffraction data

obtained from a powdered single crystal grown by Czochralski

pulling. The modulation parameters that were obtained

support the idea that frozen-in rigid-unit modes cause the

modulation. The modulation is mainly manifested by posi-

tional displacements of O atoms. Barium ions are either

eightfold, ninefold or tenfold coordinated in the one-

dimensional modulated structure. A signi®cant improvement

of the bond-valence sum for both barium positions is achieved

by the introduction of the positional modulation. This ®nding

strongly suggests that underbonded barium positions are

critically involved in provoking the incommensurate modula-

tion in Ba2TiGe2O8.
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1. Introduction

In 1965, during geological studies of sanbornit deposits in

eastern Fresno County, CA, a new barium silicate mineral was

found and named fresnoite, Ba2TiSi2O8 (BTS) (Alfors et al.,

1965). The crystal structure of BTS comprises corner-

connected SiO4 tetrahedra and TiO5 square pyramids

arranged in sheets that are interspersed with layers of Ba ions

(Masse et al., 1967; Moore & Louisnathan, 1969). Ba2TiGe2O8

(BTG) was described as isostructural to BTS (Masse & Durif,

1967), and other compounds that adopt or closely resemble

the fresnoite framework structure include Sr2TiSi2O8 (STS)

(HoÈ che et al., 1999, 2002), Ba2VSi2O8 (Feltz et al., 1975; Liu &

Greedan, 1994), K2V3O8 (Galy & Carpy, 1975; Liu &

Greedan, 1995), Rb2V3O8 (Liu & Greedan, 1995), Cs2V3O8

(Andrukaitis et al., 1990) and (NH3)2V3O8 (Liu & Greedan,

1995).

The existence of incommensurate modulations in room-

temperature phases of the piezoelectric and pyroelectric

fresnoites BTG, BTS and STS has only relatively recently

become apparent (Markgraf & Bhalla, 1989; Markgraf et al.,

1990; HoÈ che et al., 1999, 2002). The symmetry characterization

of these closely related (although not identical) incommen-

surate structural modulations (superspace-group symmetries,

incommensurate primary modulation wavevectors etc.) and

the structural origin of the various phase transitions in the

modulated phases, however, remain somewhat problematic

(Halliyal et al., 1985; Iijima et al., 1981; Schmid et al., 1978).

Kimura et al. (1973) reported that BTG is modulated at

room temperature. The unit cell needed to be doubled along
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cp (where p denotes the parent or average structure) and

multiplied by 11 along only one of the two initially equivalent

h110i�p directions. The structure has orthorhombic rather than

tetragonal symmetry. A room-temperature `average structure'

(essentially isomorphous to that of BTS except for a slight

orthorhombic strain distortion) was then reported by Iijima et

al. (1981) (in space group Cmm2; a = 12.31, b = 12.292,

c = 5.366 AÊ , i.e. a = ap ÿ bp, b = ap + bp, c = cp, cf. Fig. 1a).

From the electron-density distribution of this average-struc-

ture re®nement, it was deduced that the deviation from the

parent structure, which causes the additional satellite re¯ec-

tions reported by Kimura et al. (1973), had to be associated

with the bending of the bridging GeÐOÐGe angles of the

Ge2O7 pyrogermanate groups, i.e. with tetrahedral rotation

about cp. Furthermore, the values of the anisotropic thermal

displacement parameters (Iijima et al., 1981) (Fig. 1b) clearly

indicate that they are very unlikely to merely stem from

thermal vibration but might be caused by a positional modu-

lation superimposed over the average structure.

Iijima et al. (1981) also reported that a high-temperature

phase transition within BTG at 1123 K was improper ferro-

elastic in character. The satellite re¯ections of the room-

temperature phase are reported to disappear on heating

through the transition. Moreover, Markgraf & Bhalla (1989)

described an additional low-temperature phase transition (at

�223 K on cooling and �273 K on heating) that is apparent in

dielectric, ultrasonic and pyroelectric measurements. This low-

temperature phase transition was proposed to have lock-in

transition character with the modulation wavevector magni-

tude along a* locking into a multiple of 1/3.

Most recently, Withers et al. (2002) presented a thorough

rigid-unit mode (RUM) analysis of the inherent displacive

structural ¯exibility of the ideal fresnoite framework-structure

type. Six zero-frequency RUM modes and two close-to-zero-

frequency quasi-RUM (q-RUM) modes were found to exist

for any modulation wavevector. These RUM modes are all

associated with rotations of the constituent SiO4/GeO4 tetra-

hedra and TiO5 square pyramids around in-plane (i.e.

perpendicular to c) rotation axes. A seventh RUM mode,

which involves the rotation of the constituent rigid polyhedra

around c, was found for the very speci®c modulation wave-

vector q � 0.30h110i�p. The latter RUM mode was identi®ed as

playing a major role in the various incommensurately modu-

lated structures observed in Ba2TiGe2O8, Ba2TiSi2O8 and

Sr2TiSi2O8.

The current paper presents the superspace-symmetry

determination of the incommensurately modulated room-

temperature phase of BTG. The structure re®nement from

neutron powder-diffraction data fully corroborates the

hypotheses formulated on the basis of the RUM analysis.

2. Experimental

2.1. Sample preparation

A single-crystalline BTG boule (approximately 60 mm long

and 15 mm in diameter) was grown using the automated

Czochralski pulling technique with radio-frequency induction

heating. Owing to the high melting temperature of this

material an iridium crucible had to be used, and therefore the

growth was performed under ¯owing argon. Pulling rates of

0.5 mm hÿ1 and a crystal rotation of 10 minÿ1 were chosen.

The axial temperature gradient above the melt was adjusted to

ca 10 K cmÿ1 by the application of an active afterheater.

Because of the lack of a seed, an iridium rod was used for

seeding.

2.2. Diffractometry

Neutron single-crystal diffraction experiments were

conducted at Studsvik Neutron Research Laboratory in

Sweden with a 6 � 6 � 6 mm cube cut off the Czochralski-

Figure 1
[001] projection of the Ba2TiGe2O8 average crystal structure (after Iijima
et al., 1981): (a) the interconnection of TiO5 pyramids and Ge2O7

pyrogermanate groups underlines the structure of the sheet silicate;
(b) displacement ellipsoids (95% probability level), particularly of O
atoms, were found to be highly anisotropic.



pulled BTG single crystal. Since the single crystal was found to

host pronounced internal stresses, which were frozen in during

the tetragonal-to-orthorhombic phase transition that was

passed through during cooling, subsequently neutron powder

diffraction was performed at the high-resolution powder

diffractometer (HRPD) at ISIS.

For this purpose, the above-mentioned Czochralski-pulled

BTG single-crystal cube (ca 3 g in weight) was ®nely ground.

HRPD comprises a time-of-¯ight (TOF) spectrometer with a

�d/d resolution of �4 � 10ÿ4, which allows the resolution of

lattice-plane spacings down to 0.3 AÊ . For further processing,

TOF data were converted into 2� data using a home-made

computer program by simply applying Bragg's law,

1/d = 2sin�/�, with a wavelength, �, ®xed to 1.0 AÊ . This

conversion is a simpli®cation of the TOF data, which have

rather complex standard deviations and pro®le functions at

different d values. The converted diffraction data that are used

in the structure re®nement can therefore not fully describe the

complex nature of the TOF data. The use of this simpli®cation

is believed to be the main reason why the deviation between

the experimental and calculated diffractograms is larger at

lower 2� angles (2� < 24.0�). In the re®nement procedure, 2�
values between 26.85 and 27.20� were excluded, since in this

range neutrons scattered by the vanadium collimator do

contribute to the diffractogram.

The software JANA2000 (Petricek & Dusek, 2000) was used

for structural re®nement of Ba2TiGe2O8 with a one-dimen-

sional incommensurate modulation.

3. Structure determination

The neutron powder-diffraction data obtained at ISIS are of

excellent quality (as illustrated by Fig. 2), particularly at high

scattering angles. Owing to the favourable scattering length in

the compound studied, satellite re¯ections are clearly seen

above the background (Fig. 3).

The modulated structure of orthorhombic Ba2TiGe2O8 was

re®ned in the (3 + 1)-dimensional superspace group

Cmm2(0,�,1/2)s00 with � ' 0.635. The superspace group

symmetry was derived from the extinction conditions

Fhhklmi = 0 unless h + k = 2n (the C-centring) and l + m = 2n

[the centring condition in (3 + 1) dimensions] and Fh0klmi = 0

unless l = 2n (the s-glide). Details of the data acquisition and

structure re®nement parameters of the (3 + 1)-dimensional

re®nement, which readily converged to Roverall = 0.061 for a

total of 2768 independent re¯ections (1088 main and 1698

satellites), are compiled in Table 1. Atomic positions and

anisotropic displacement parameters are given in the supple-

mentary material,1 and the displacive modulation wave para-

meters are listed in Table 2. The background was ®tted by

eight Chebyshev polynomial coef®cients, the peak shapes

were modelled using a pseudo-Voigt pro®le function and the
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Figure 2
Neutron powder-diffraction data acquired at the HRPD beamline at ISIS
(top line), the simulated neutron diffractogram (after re®nement of the
modulated structure) (middle line), and the difference between theory
and experiment (bottom line). Note that the diffraction intensities were
multiplied by a factor of 8 between 2� = 41 and 59� and by a factor of 40
between 2� = 59 and 77�. At around 2� = 27� (within the range indicated
by the grey box), intensities stemming from the vanadium collimator
were excluded from the re®nement.

Figure 3
Detail of the experimental neutron powder diffractogram. The satellite
re¯ections (e.g. around 2� = 24.15�) are very pronounced and occasion-
ally even clearly separated from the main re¯ections.

1 Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SN0029). Services for accessing these data are described
at the back of the journal.
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asymmetry of the Bragg peaks was modelled with two Berar±

Baldinozzi asymmetry parameters.

Only ®rst-order satellites could be observed in the diffrac-

tion pattern, which indicates a harmonic type of modulation.

A discontinuous modulation, e.g. a crenel function, would give

higher-order satellites. Therefore, only ®rst-order positional

modulation functions were re®ned.

In order to check the validity of the rigid-unit mode model,

a combination of angular and distance constraints (compiled

in Table 3) were imposed on the structure during re®nement.

Under such conditions, the overall R value (main plus satellite

re¯ections) remained at Roverall = 0.100 (Rmain = 0.094,

Rsatellite = 0.109). After releasing the angular restrictions, R

values recovered to Roverall = 0.081, Rmain = 0.073 and

Rsatellite = 0.092. This ®nding proves that GeO4 tetrahedra and

TiO5 pyramids are not entirely rigid but exhibit a certain

degree of ¯exibility.

4. Discussion

In a recent analysis of rigid-unit modes hosted by the fresnoite

framework structure (Withers et al., 2002), the modulated

structure in BTG was identi®ed as resulting from the

condensation of one of the two initially symmetry-equivalent

q = "h110i�p + c�p/2 (" � 0.3) type II RUM modes. Following

similar procedures to those set out by Withers et al. (2000), an

analytical expression for the rotations and shifts of the

constituent polyhedra associated with this q � 0.3h110i�p zero-

frequency RUM mode of distortion was derived indepen-

dently. After some manipulation this procedure enabled a

picture of the resultant RUM displacement pattern to be

derived for a condensed q = "[110]�p + c�p/2 mode (Fig. 7 of

Withers et al., 2002).

Coef®cients of the sine and cosine parts of the modulation

waves could be readily obtained from the present analysis of

the neutron diffraction data (cf. Table 2). Consequently,

atomistic representations of the modulated structure for

different initial phases of the modulation waves, t, can be

easily generated (Figs. 4a±4e). The striking similarity of our

Fig. 4(a) and Fig. 7 of Withers et al. (2002) impressively

illustrates the validity of the approach introduced by Withers

et al. (2000).

With the information obtained from neutron diffraction

data, a very instructive representation of the modulated

structure of BTG can be obtained, where approximants of the

structure are plotted for closely spaced t values. Fig. 4 shows a

series of ®ve approximants for t = 0, . . . , 0.2 (�t = 0.05), and

an even more illustrative Pack & Go PowerPoint presentation

is given in the supplementary material. Series of approximants

with increasing t can be interpreted in two ways. Firstly, they

represent the modulated structure at different loci within the

BTG crystal, and secondly, they can be regarded as time-

dependent snapshots of the ideal P4bm parent BTG structure

characterized at temperatures above the non-modulated-to-

Table 1
Experimental details.

Crystal data
Chemical formula Ba2TiGe2O8

Chemical formula weight 595.7
Cell setting, superspace group Orthorhombic, Cmm2(0,�,1/2)s00,

� ' 0.635
a, b, c (AÊ ) 12.291 (2), 12.274 (2), 10.733 (3)
V (AÊ 3) 1619.2 (10)
Z 8
Density (g cmÿ3) 4.876
Modulation wavevectors q = [0 0.635 0]*²
Crystal form, colour Finely powdered single crystal,

colourless
Powder weight (g) �3

Data collection
Diffractometer HRPD beamline at ISIS
Radiation type Neutrons
Absorption correction None
2� range (�) 23.2±96.9 (26.9±27.2 skipped)
Data collection method Phi rotation
No. of measured, independent and

observed parameters
4294, 4294, 3207

No. of independent and observed
satellites

2760, 1978

Criterion for observed re¯ections I � 3�(I)
h, k, l, m range 0 � h � 18

0 � k � 19
ÿ16 � l � 16
ÿ1 � m � 1

Re®nement
R, wR (all re¯ections) 0.061, 0.049
R, wR (main re¯ections) 0.056, 0.043
R, wR (®rst-order satellites) 0.068, 0.058
R, wR (pro®le) 0.060, 0.059
No. of parameters used in re®nement 107
Weighting scheme 1/I

² Note that in this sort of situation, it is convention to double the real parent cp axis to
remove the rational component of the primary modulation wavevector (Janssen et
al., 1995).

Table 2
Fourier amplitudes of sine (s) and cosine (c) displacive modulation
functions.

Wave x y z

Ba1 s,1 0.0085 (11) 0 0
c,1 0.0064 (11) 0 0

Ba2 s,1 0 0.0123 (10) 0
c,1 ÿ0.0066 (9) 0 0.0146 (9)

Ge1 s,1 0.0024 (6) 0 0
c,1 ÿ0.0121 (6) 0 0

Ge2 s,1 0 0.0107 (5) 0
c,1 0.0175 (7) 0 ÿ0.0021 (10)

Ti1 s,1 0 0 ÿ0.0070 (14)
c,1 0.0043 (11) ÿ0.0204 (12) 0

O1 s,1 0.0142 (5) ÿ0.0360 (7) ÿ0.0204 (12)
c,1 0.0038 (6) ÿ0.0198 (8) ÿ0.0008 (15)

O2 s,1 0 0 0
c,1 ÿ0.0478 (10) 0 0

O3 s,1 0.0256 (6) 0.0195 (5) ÿ0.0050 (8)
c,1 0.0173 (6) ÿ0.0073 (5) ÿ0.0051 (9)

O4 s,1 0 0 0
c,1 0.0200 (9) 0 0

O5 s,1 0.0071 (10) 0 0
c,1 ÿ0.0059 (10) 0 0

O6 s,1 0 0.0115 (10) 0
c,1 0.0084 (9) 0 ÿ0.0018 (11)

O7 s,1 0 0 ÿ0.0055 (11)
c,1 0.0024 (12) ÿ0.0229 (9) 0



modulated phase transition by dynamically excited rigid-unit

modes.

As proved by the introduction of bond-length and bond-

angle constraints into the re®nement, a signi®cant distortion of

the TiO5 and GeO4 polyhedra is superimposed on these

dynamically excited RUMs. In Fig. 5, OÐGe1ÐO and

OÐGe2ÐO bond angles are plotted versus t; compared with

actual bond-angle values of the non-modulated structure,

deviations of up to about 6� can be discerned. The average

values for (Ge1)O4 and (Ge2)O4 tetrahedra, however, differ

by less than 0.05% and are generally very close to the ideal

value of 109.47� for a regular tetrahedron. Within the GeO4

tetrahedra, bond lengths are virtually not affected by the

modulation and in TiO5 pyramids bond-length changes and

OÐTiÐO bond-angle distortions are within experimental

uncertainties. In fact, TiO5 pyramids essentially rotate about
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Table 3
Constraints (�, AÊ ) imposed on the modulated BTG structure during
re®nement to test the validity of the rigid-unit mode model.

Constraint Value

O6ÐGe2ÐO4 109.4
O3ÐGe2ÐO4 109.4
O3ÐGe2ÐO6 109.4
O1ÐGe1ÐO2 109.4
O5ÐGe1ÐO2 109.4
O5ÐGe1ÐO1 109.4
Ge1ÐO5 1.70
Ge1ÐO2 1.70
Ge1ÐO1 1.70
Ge2ÐO4 1.70
Ge2ÐO3 1.70
Ge2ÐO6 1.70
Ti1ÐO1 1.90
Ti1ÐO3 1.90
Ti1ÐO7 1.73

Figure 4
Series of 1 � 3 � 2 approximants of the incommensurately modulated
BTG structure in projection along [001]: (a) t = 0.01, (b) t = 0.05,
(c) t = 0.1, (d ) t = 0.15, (e) t = 0.2. For t = 0.25 to t = 0.45, the series is
reiterated in the opposite order [from a to e and the whole series (t = 0.0
to t = 0.45), i.e. a to e to a] is repeated once again between t = 0.5 and
t = 0.95. A much clearer presentation is given in the supplementary
material.

Figure 5
Dependence of OÐGeÐO bond angles on the initial phase of the
modulation waves, t: (a) Ge1 sites and (b) Ge2 sites. For comparison,
bond angles measured in the non-modulated structure and the main value
for the modulated structure (average over all OÐGeÐO angles and all t
values) are given.
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their c axes and it is found that TiO5 pyramids belonging to

subsequent layers move slightly off phase, like a coupled

pendulum.

Returning to Figs. 4(a)±4(e), it can be clearly seen that along

the c axis upper and lower sheets are distorted about barium

sites in antiphase. Moreover, the sets of two pentagonal rings

encircling different barium sites are found to be more (Ba2) or

less (Ba1) symmetric. Consequently, on average, t-dependent

bond-valence sums (Brese & O'Keeffe, 1991) are more

favourable for Ba2 (Fig. 6). In the non-modulated structure,

Ba2 has a very unsatisfactory bond-valence sum of only 1.70.

With the introduction of the positional modulation, on

average, the bond-valence sum can be very much improved to

1.95. Similarly, the bond-valence sum of Ba1 is improved from

1.81 (non-modulated structure) to 1.88. These results support

the idea that the modulation is provoked by signi®cantly

underbonded large cations in the fresnoite framework struc-

ture. This hypothesis was initially established for melilites (e.g.

Seifert et al., 1987) and more recently extended to the fres-

noites during structural studies at Sr2TiSi2O8 (HoÈ che et al.,

2002). Ba2TiGe2O8 is similar to Sr2TiSi2O8 in that the bond-

valence sums for titanium and germanium are close to their

optimum values, irrespective of whether modulation waves are

introduced or not.

As changes in the bond-valence sums are caused by changes

in bond length, the t dependence of the BaÐO distances is

worth considering. Since barium ions are usually coordinated

with eight or more oxygen ions, BaÐO bond lengths are

generally rather large. In the fresnoite framework structure,

barium is said to be tenfold coordinated. This fact implies that

barium and oxygen ions further apart than 3.5 AÊ should not be

considered as bonded since, in the non-modulated average

structure, BaÐO bond lengths (cf. Table 4) do not exceed

3.5 AÊ . Plotting the interatomic distances, d, between Ba1 and

the surrounding oxygen ions (Fig. 7a), and the distances

between Ba2 and the associated oxygen-ion positions (Fig. 7b)

for the modulated structure against t reveals coordination

changes across the modulated crystal. With the de®nition

introduced above, Ba1 is eightfold coordinated for t = 0,

ninefold coordinated for t = 0.16 and tenfold coordinated for

t = 0.4. Averaging over t, a coordination number of 9.0 for Ba1

Figure 6
t-dependence of bond-valence sums for Ba1 and Ba2 positions in the
modulated BTG structure. Values averaged over t and without
modulation waves are also plotted. For bond-valence calculations within
the non-modulated structure, a cut-off radius of 3.5 AÊ was used, while in
the modulated structure, a cut-off at 3.2 AÊ was employed.

Table 4
BaÐO bond lengths measured in the average structure.

Crystallographic sites Bond distance (AÊ ) Degeneracy

Ba1ÐO3 2.672 (6) 1�
Ba1ÐO6 2.812 (12) 2�
Ba1ÐO5 2.814 (15) 1�
Ba1ÐO1 2.886 (21) 2�
Ba1ÐO4 3.081 (25) 2�
Ba1ÐO7 3.428 (6) 2�
Ba2ÐO6 2.704 (18) 1�
Ba2ÐO3 2.818 (10) 2�
Ba2ÐO4 2.870 (23) 2�
Ba2ÐO2 2.890 (27) 1�
Ba2ÐO1 3.167 (24) 2�
Ba2ÐO7 3.423 (6) 2�

Figure 7
BaÐO bond length as a function of t. Coordination numbers of barium
ions based on the 3.5 AÊ limit are given in the plot in boxes: (a) Ba1ÐO
distances and (b) Ba2ÐO distances. Greater distances are not shown.



is found. Setting the bond-length limit slightly higher (3.6 AÊ )

even results in an elevenfold coordination close to t = 0.7 and

0.57, since two atoms that are more than 4 AÊ apart in the

average structure will approach Ba1. A similar scattering of

local coordination numbers has been reported by Bindi et al.

(2001) for the large cation in a natural melilite (Bindi et al.,

2001). In the Ba1ÐO d-versus-t plot, the average distances of

initially identically spaced species are preserved (e.g. two

atoms at a distance of 4.03 AÊ from Ba1 in the average struc-

ture simultaneously get closer to/further away from Ba1 by the

same amount). This symmetry about lines of constant d is not

found in the d-versus-t plot for Ba2. Here, degenerate

distances resolve into branches that are symmetric about lines

of constant t. Within the 3.5 AÊ limit the coordination number

for Ba2 is always between 8 and 9; the average value is 8.4.

In agreement with ®ndings reported by Bindi et al. (2001)

for X and O3 sites in the closely related X2T1(T2)2O7 melilite

structure, strong residual electron densities in the neighbour-

hood of the actual modulated positions of Ba1, Ba2 and O3

sites in Ba2TiGe2O8 do exist. Therefore, modulations of the

thermal parameters were introduced. R values decreased from

0.056 to 0.041 (main re¯ections) and 0.068 to 0.053 (satellites),

respectively. However, the re®nement quickly became

unstable, which indicates that the information contained in the

powder-diffraction data is not detailed enough to support such

re®nements. In conclusion, the occurrence of thermal-

displacement parameter modulations in BTG is very likely,

but because of the lack of single-crystal neutron diffraction

data (highly-strained crystal) this modulation cannot be

further investigated.

Figs. 4(a)±4(e) further show that there are two clearly

distinct pyrogermanat groups. While the (Ge1)2O7 groups

easily skew (in antiphase with the neighbouring group one

sheet layer above or below), the (Ge2)2O7 groups merely

rotate rigidly about the bridging oxygen ion located at their

centre of mass (the corresponding group in the neighbouring

sheets rotates slightly out of phase). Based on these ®ndings, a

hypothesis concerning the structural changes associated with

replacing germanium sites in BTG by silicon can be posed.

Schmid et al. (1978) reported on the complete miscibility of

Ba2TiGe2O8 and Ba2TiSi2O8 and pointed out that the space

group of the mixed crystal changes at a 1:1 ratio of silicon and

germanium (Cmm2 on the germanium-rich side and Pb4m on

the silicon-rich side). Taking into consideration the higher

stiffness of the OÐSiÐO bond, it is reasonable to assume that

silicon can be incorporated until all Ge2 sites are replaced by

silicon, and any further increase in the silicon content will

disturb the inherent ¯exibility of the BTG structure and cause

a change in the crystal symmetry. Currently, a Ba2TiSiGeO8

sample is under investigation in order to check the validity of

the suggested mechanism.

Although t-dependent trajectories of oxygen-ion positions

reproduce precisely the shape of displacement ellipsoids, the

latter are still slightly anisotropic after considering the

modulated structure (Fig. 8). This might be indicative of the

subsequent lower-temperature phase transformation

described by Markgraf & Bhalla (1989), which might,

according to Withers et al. (2002), be associated with the

condensation of a still not-frozen-in RUM mode.
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Figure 8
Displacement ellipsoids on the 95% probability level superimposed on
the 1 � 3 � 2 approximant of the modulated BTG structure for t = 0.01.
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