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Microdomains and Diffuse Scattering in K2In12Se19
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Electron and X-ray di4raction studies on the new compound
K2In12Se19 indicate disorder of one-dimensional units due to the
existence of pronounced di4use scattering. The di4use intensities
are torus-shaped, with the axes of the rings collinear to c*.
Observations by high-resolution electron microscopy (HREM)
con5rm the presence of three-dimensionally ordered domains
with variable size which are separated by antiphase boundaries.
The sizes of the domains determine the shape of the di4use
intensity. Starting from the average structure it is possible to
develop a model of domains which are three-dimensionally or-
dered. This model serves as a basis for simulated HREM images
and electron di4raction patterns that show good agreement with
experimental data. The di4use scattering could be simulated
qualitatively on the basis of a nonperiodic model of the real
structure which consists of randomly packed rods. ( 2001
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INTRODUCTION

Many mixed-valence indium chalcogenides contain iden-
tical blocks of structural elements which could be regarded
as &&bricks'' (1) establishing di!erent crystal structures and
chemical compositions through variable combinations of
their connection. Like with a construction kit, it should be
possible to predict the structure and composition of hypo-
thetical compounds. The initial motivation for preparations
in the system K}In}Se was the search for new ternary
mixed-valence selenides of potassium and indium consistent
with the predictions derived from the construction kit.

A by-product of these syntheses was red crystals of the
normal valence compound K

2
In

12
Se

19
, which crystallizes in

a new structure type according to X-ray di!raction analysis
on single crystals. They showed a combination of sharp
Bragg re#ections and ring-shaped di!use intensities indicat-
ing a deviation from a strictly three-dimensionally ordered
1To whom correspondence should be addressed. Fax: #49-
07116891091. E-mail: lkienle@sim.mpi-stuttgart.mpg.de.
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structure (2, 3). Temperature-dependent X-ray di!raction
(4) on single crystals shows a signi"cant decrease in intensity
of the di!use scattering with increasing temperature. The
observations could be interpreted in terms of two distin-
guishable types of disorder, a static one at low temperatures
and a dynamic one at higher temperatures. At 670 K a high-
temperature phase of K

2
In

12
Se

19
is formed and the di!use

scattering completely disappears. The distribution of di!use
intensity could easily be visualized by inspection of recipro-
cal layers perpendicular to c*. Every second layer in this
direction exhibits only di!use rings.

Circular features of di!use scattering have been reported
frequently in recent years, e.g., for quasicrystals (5) and
many compounds related to the #uorite-type structure ((6)
and references quoted therein) including the important oxy-
gen ion conductors CSZ (7) and YSZ (8). In the case of the
#uorite phases several experimental methods and simula-
tion procedures were used; however, no unifying model of
the real structure could be established despite very similar
di!use features for many compounds with di!erent com-
positions. A common starting point for the description of
the real structure of these compounds is based on static
perturbations of the #uorite structure by the formation of
small regions with an ordered structure (9, 10). The nature
of the ordered regions could not be elucidated, and several
models were established on the basis of clusters (11) or
domains with a three-dimensionally ordered structure,
which are for instance separated by antiphase boundaries
(APBs) (8). These great variations in the structure models
emphasize the problems of the interpretation of di!use
scattering in general. A prerequisite to analyze di!use scat-
tering is the solution of the average structure (¹

.%!463%
"

293 K) omitting all di!use scattering and re"ning the
structure on the basis of the Bragg re#ections by conven-
tional X-ray methods. For K

2
In

12
Se

19
this strategy led to a

new structure type (space group R31 , a"13.852(2) As ,
c"17.595(4) As ) including statistical disorder. The disorder
is limited to 50% of all indium atoms which partially
occupy centers of face-sharing Se

4
tetrahedra (positions

In2 and In3). The site occupation factors (sof) of these
indium atoms converge to approximately 0.5. Due to the
connection of the tetrahedra the interatomic distances of the
0022-4596/01 $35.00
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disordered indium atoms are unreasonably short
(d

I/~I/
"1.149 As ), and it is quite obvious that the average

structure has no physical meaning with respect to the
indium sites. Apart from this discrepancy the structure
re"nement does not exhibit any crystallographic anomalies,
like pronounced anisotropic thermal displacements or the
necessity to include split positions. These observations are
"rst indications that the relationship between the average
and the real structure must be well de"ned.

The main goal of our investigations by electron micros-
copy was to work out the nature of the statical disorder
by interpretation of the di!use scattering phenomena and
to develop reasonable models of the real structure of
K

2
In

12
Se

19
on the basis of experimental data.

EXPERIMENTAL

K
2
In

12
Se

19
could be prepared (12) by heating (1270 K for

3 h) stoichiometric mixtures of the elements in evacuated
dry quartz glass ampoules. Annealing at 950 K for 14 days
leads to a homogeneous sample and the formation of well-
shaped crystals. Selected single crystals of K

2
In

12
Se

19
were

crushed in an agate mortar under n-butanol to obtain thin
wedge-shaped crystallites. A perforated carbon/copper net
was coated with the suspension, leaving the crystallites in
random orientations after drying. These nets were "xed in
a side-entry, double-tilt holder with the tilting limited to
a maximum of $253 in two directions. The electron micros-
copy studies were performed with a Philips CM30/ST
(spherical aberration constant C

S
"1.15 mm) equipped

with a LaB
6

cathode. Operating at a voltage of 300 kV the
point resolution is 1.9 As . SAED patterns were obtained
using a diaphragm which limited the di!raction to a selected
area of 2500 A_ in diameter. Computer simulations of
kinematical electron di!raction patterns and HREM
images (multislice formalism) were performed using the
EMS program package (13) (parameters for the image simu-
lation: defocus spread *"70 As , illumination semiangle
a"1.2 mrad). Fourier transforms of high-resolution images
were calculated using the software Digital Micrograph 2.5
(Gatan). HREM images and SAED patterns were recorded
with a Slow Scan CCD Camera (Gatan, 1024]1024 pixels).
In order to reduce noise all HREM images were "ltered
after Fourier transformation using a band-pass mask, with
no loss of essential structural information in the following
Fourier transformation.

RESULTS

SAED

First we examined several di!raction patterns obtained
by tilting experiments in order to analyze shape and system-
atic appearance of di!use intensities. All zone axis patterns
exhibit sharp Bragg re#ections that can be indexed assum-
ing the cell has disordered average structure. In most of the
observed di!raction patterns additional di!use intensities
appear on well-de"ned positions between the Bragg re#ec-
tions. Except for the presence of di!use intensities there is no
indication of a symmetry reduction of the average structure.
In order to describe the positions of the di!use intensities
a double cell (a

$06"-%
"a

!7%3!'%
, c

$06"-%
"2c

!7%3!'%
) is used and

indexing and all directions refer to the new cell. Di!use
scattering is limited to layers in reciprocal space perpen-
dicular to c* and occur only at the positions hkl with
l"2n#1. The di!use intensities symmetrically surround
those positions with no observed Bragg re#ections. For
instance the SAED patterns of the zone axes [001], [241],
and [4M 41] show di!use scattering not in the zero-order Laue
zone (ZOLZ) but in the "rst-order Laue zone (FOLZ), as
observed via convergent beam di!raction (CBED, microdif-
fraction (14, 15)). The shape of the di!use scattering mani-
fests itself in many examined ZOLZ as two sharp and very
close intensity maxima separated by approximately
0.02 As ~1. The pairs of maxima result from cutting the
torus-shaped di!use intensities through their centers. The
orientation of these two maxima depends on the respective
zone axis and can be predicted using stereographic projec-
tions of real and reciprocal space. We found that the vector
within the reciprocal layer which is orthogonal to the con-
nection line between two intensity maxima together with the
adjusted zone axis and c* are located on the same great
circle. For instance in the di!raction patterns of the zone
axes orientations [100], [11 11], and [122] (see Fig. 1) the
connection lines are perpendicular to [001]*, [11 121 ]*, and
[0111 ]*. For several crystallites [0111 ]* could be orientated
perpendicular to the beam direction, and e.g. the zone axes
patterns [511] and [41 11] could be obtained. Consistent
with the stereographic projections these patterns are char-
acterized by di!use intensity doubles slightly tilted from
parallel orientation to [0111 ]*. By the combination of di!er-
ent sections through reciprocal space we conclude that the
three-dimensional di!use intensities could be characterized
as torus-shaped; the axes of the rings are parallel to c*.

According to the dynamical disorder (see temperature-
dependent X-ray analysis in (4)) we expected crystals cooled
with variable speed to show di!erences in the intensities of
the di!use scattering. Surprisingly, such di!erences were not
detected for crystals quenched from 700 K to liquid nitro-
gen temperatures and crystals cooled at 10 K/min, respec-
tively. Only upon close examination we observed slight
variations for the distance between the di!use intensity
maxima in SAED.

As a "rst conclusion, because there is no streaking of all
Bragg and di!use intensities along c*, the crystallites are
well ordered in one direction ([001]) only. During the
SAED observations we also found ordered crystallites with-
out any occurrence of di!use scattering. Those crystallites
exhibit sharp re#ections exactly located at the positions hkl



FIG. 1. SAED on static disordered (left) and ordered (middle) crystallites of K
2
In

12
Se

19
for zone axes [100] (a), [11 11] (b), and [122] (c). Enlarged

sections are inserted showing examples for di!use and superstructure re#ections (see arrows). The reciprocal directions perpendicular to the orientations of
the double spots with di!use intensity are marked in the di!raction patterns of the statically disordered crystals (left). Right: simulations of the di!raction
patterns (kinematical approximation) of the ordered crystals using the data of model A or B, see Table 1.
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with l"2n#1; see for instance the di!raction patterns in
Fig. 1 (zone axes patterns of [100], [11 11], and [122]). All
re#ections could be indexed on the basis of the doubled cell
(see above), the Laue class is 31 . By analyzing the re#ection
conditions we concluded that only two spacegroups are
meaningful to describe the structure of the ordered crystals:
R3 and R31 .

Three-Dimensionally Ordered Structures

The main purpose of this section is to develop reasonable
structure models for the ordered crystals of K

2
In

12
Se

19
starting without any restrictions from symmetry. Taking
into account the experimentally observed doubling of
the c-axis (referring to the hexagonal setting) the average
structure was transformed to space group P1 with the
metrics of a rhombohedral cell, a"b"c"14.193 As ,
a"b"c"58.433.

By full occupation of 12 (from 24 possible) positions of the
indium atoms we derived 2,704,156 di!erent ordered struc-
ture models. The number of meaningful superstructures
could be decreased by considering four essential structural
requirements: (I) the meaningless short interatomic distan-
ces (d

I/~I/
"1.149 As ) between disordered indium positions

in the average structure must be avoided. (II) At least one
position derived from In2 in the average structure must be
occupied, because the coordination sphere of the atom Se1
consists of six positions In2 exclusively. These two require-
ments decrease the number of possible ordered structures
to 4095. Taking into account that the average structure is
an artifact generated by some kind of superposition, the
number of possible ordered structures could be decreased



FIG. 2. Left: Group}subgroup relationship between the average struc-
ture and the superstructure of K

2
In

12
Se

19
. Right: Splitting of In2 and In3.
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further. The positions In2 and In3 of the average structure
are occupied with equal weight (sof"0.5) which cannot
result from any superposition of In2 and In3. Hence there
is the requirement (III) that, from all transformed positions
of In2 and In3, six must be occupied, leading to 924 possible
ordered structures. Excluding distances below d

I/~I/
"

3.39 As as requirement (IV) results in four possible ordered
structures that can be regarded as two pairs of related
structures. These are characterized by higher symmetries
than P1.

Two of them are enantiomorphs and can be described in
the space group R3 without any need of doubling the c-axis
of the trigonal single cell of the average structure. The
observed superstructure re#ections exclude these structure
models.

The second pair of structures (in the following called
model A and model B) must be described with the doubled
TABLE 1
Atomic Coordinates for the Superstructure Models A and B;

Occupied Positions Are Marked

Atom Site x y z Model A Model B

K1a 6c 1
3

2
3

0.08340 ] ]
K1b 6c 1

3
2
3

0.58340 ] ]
Se1 6c 2

3
1
3

0.08333 ] ]
Se2a 18f 0.14811 0.73188 0.62154 ] ]
Se2b 18f 0.14811 0.73188 0.12154 ] ]
Se3a 18f 0.47638 0.29736 0.67899 ] ]
Se3b 18f 0.47638 0.29736 0.17899 ] ]
Se4a 18f 0.43155 0.01447 0.60151 ] ]
Se4b 18f 0.43155 0.01447 0.10151 ] ]
In1a 18f 0.53954 0.98232 0.65838 ] ]
In1b 18f 0.53954 0.98232 0.15838 ] ]
In2a 18f 0.78274 0.25364 0.11779 ]
In2b 18f 0.78274 0.25364 0.61779 ]
In3a 18f 0.55533 0.04380 0.54601 ]
In3b 18f 0.55533 0.04380 0.04601 ]
cell in space group R31 . Using the crystallographic group}
subgroup relation (16, 17, see Fig. 2), the symmetry reduc-
tion of the average structure is consistent with an isomor-
phous transition (i2). This transition is characterized by
a doubling of the cell (c

$06"-%
"2c

!7%3!'%
) and a splitting of

each position of indium atoms, for instance the positions
In2 and In3 of the disordered structure model into In2a,b
and In3a,b. An alternating and full occupation of two of the
four available positions was introduced as the basis for the
ordering of the indium atoms and the formation of the
superstructure. In the case of model A the positions In2a
and In3b are occupied; model B is characterized by a full
occupation of the positions In2b and In3a. It is important
to note that these two structures are related by a vectorial
shift of 1

2
co (see Table 1). Both exhibit the same di!raction

pattern.
The shift could be regarded as a pseudotranslation con-

served from the higher symmetry of the average structure. In
fact all atoms are reproduced by this pseudotranslation
FIG. 3. High-resolution images of a disordered region (case (I), see text)
in the orientation [11 11] with di!erent defocus values (* f ); computer-
simulated images are shown as insets (thickness t"84 As ). The unit cell in
this projection is displayed in the image with * f"100 As ; the FFT was
calculated from a square section of an image with * f"!1000 As .



FIG. 4. Structural interpretation of the high-resolution images (orientation [11 11]) for disordered and ordered regions of the crystals. The simulated
images were calculated at Scherzer defocus (t"28 As ).

FIG. 5. High-resolution images of an ordered region (case (II)) in the
orientation [11 11] with di!erent defocus values (* f ); computer-simulated
images are shown as insets (t"84 As ). The unit cell in this projection is
displayed in the image with * f"100 As ; the FFT was calculated from
a square section of an image with * f"!900 As .
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except for the indium atoms which cause the superstructure
and which are found to be disordered in the model of the
average structure. These superstructure models allow us to
calculate the positions and intensities of all re#ections for
the structure of the ordered crystal. The simulated patterns
(see Fig. 1) are in convincing agreement with the observed
ones.

HREM

Several orientations of the crystallites were examined by
HREM, for instance those with prominent di!use scattering
in the electron di!raction patterns. For all orientations
except zone axes [001], [241], and [41 41] regions of the
crystallites could be examined which are characterized by
disorder resulting in di!use intensities in Fourier transforms
of these images.

It is useful to separate the ordering phenomena of the
observed crystallites into three categories (I)}(III) according
to the contrast of the images and the shape and the existence
of intensities at positions hkl with l"2n#1 in the fast
Fourier transforms (FFTs) of the images.

(I) Disordered regions of the crystallites without any
indication of short range order show good agreement with
simulated images calculated on the basis of the average
structure model; see the series of images in Fig. 3 (zone axis
[11 11]). The disorder leads to images with no periodic di!er-
ences in contrast at di!erent defocus values that could be
associated with the doubling of the unit cell due to the
ordering of the indium atoms. The structural interpretation
of the contrasts in Fig. 4 by a comparison of the simulated
image with the projection of the average structure clearly
indicates that the disorder of the indium atoms results in



FIG. 6. Crystallite with ordered microdomains (case (III)). HREM image (* f"100 As ) in the orientation [11 11] with Fourier transforms of selected
regions (a) and (b) showing strong di!erences in the intensity of the di!use scattering.
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identical contrast in the marked regions of the simulated
image. The FFTs of the experimental images exhibit neither
re#ections hkl with l"2n#1 nor di!use intensities in the
surrounding of these positions, see Fig. 3, but only the Bragg
intensities consistent with the disordered average structure.
It should be mentioned that SAED patterns of such crystals
always indicate weak additional intensities (sharp or di!use)
at or near the positions hkl with l"2n#1 con"rming that
the disordered regions without any signi"cant short-range
order of the crystallites are very small.

(II) Three-dimensionally ordered crystallites with long-
range order and sharp superstructure re#ections hkl,
l"2n#1, in the FFTs of the images are shown in Fig. 5. In
contrast to the observations on the crystallites of case (I)



FIG. 7. Visualization of APDs. Inverse Fourier transforms of images in the orientations (a) [11 11] and (b) [210] after applying a band mask filter which
extracted exclusively the di!use intensities, see circles in the Fourier transforms. The shift between the APDs is emphasized by the inserted arrows.

391MICRODOMAINS AND DIFFUSE SCATTERING IN K
2
In

12
Se

19
these images display characteristic periodic changes which
are shown in the orientation [11 11] for di!erent defocus
value. Obviously, the cell of the ordered structure is doubled
compared to the cell of the average structure. The contrast
of the images correlates well in a defocus series with
simulated images calculated on the basis of one of the
ordered superstructure models A or B (see Fig. 5 and
Table 1). The relationship between structure and contrast is
shown for Scherzer defocus in Fig. 4, bottom. Due to the
ordering of indium atoms in the superstructure model the
contents of the marked regions in the projection of the
structure are di!erent from case (I), which leads to charac-
teristic changes of the contrast in high-resolution images
(see marks in Fig. 4). The good agreement between the
contrast of experimental and simulated images can also be
observed in all other examined zone axes, giving evidence
for a correct description of the structure of the ordered
crystals by the structure models A or B.

(III) Crystallites with short-range order displaying di!use
intensities surrounding the positions hkl with l"2n#1 in
the FFTs are shown in Fig. 6 for zone axis [11 11]. The shape
of the di!use intensities in the FFTs is found to be the same
as the observed one in the corresponding di!raction pat-
terns (see Fig. 6, bottom left, and Fig. 1b, left). The intensity
of the di!use scattering in the FFTs shows large variations
in di!erent regions of the crystals indicating di!erent de-
grees of order; see examples in Fig. 6. This corresponds to
the signi"cant contrast changes in the image indicating the
presence of microdomains of an ordered structure. The
images of crystals with microdomains are di$cult to inter-
pret because of the averaging between the di!erent domains;
however, the contrast of the individual ordered domains is
equivalent to the one found for case (II). Information about
the size of the domains and their relative orientations could
be obtained by applying a Fourier "lter which extracted the
di!use intensities for the inverse Fourier transformation.
The resulting images (demonstrated in Fig. 7, for the zone
axis [11 11] and [210]) may show artifacts due to the "ltering.
Yet, they verify the presence of ordered microdomains.
These "gures display clearly that there are two types of
microdomains which are shifted to each other by a well-
de"ned translation. On closer examination of the images
taking into account di!erent orientations, e.g. [210], the
shift vector corresponds to 1

2
co referring to the cell of the

superstructure models.
All three cases (I)}(III) suggest the existence of a complex

microstructure of domains. The essential feature in the real
structure of K

2
In

12
Se

19
is the presence of domains with



FIG. 8. Separation of the structure of K
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Se
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along a Kagomè net shown for the orientation [001]. The rods are built by the atoms displayed in

light gray color (located in the hexagons of the superimposed Kagomè net, see (b)); the indium and selenium atoms of the frame placed in the triangles of
the Kagomè net (see (a)) are shown in dark gray.
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variable sizes, each consisting of one of the two possible
superstructures described above. In case (I) a seemingly
disordered structure with no short-range order results from
superimposing unit cells of both superstructures on a very
"ne scale in the sense of a disordered intergrowth. It
is important to emphasize that these crystallites are
not formed from the unit cells of the average structure
due to the discussed structural anomalies. In cases (II)
the microdomains reach a size of several nanometers,
and possibly complete crystallites consist of one domain
only. Case (III) is the intermediate between cases (I)
and (II). The domain structure of the crystals can be
interpreted on the basis of ordered microdomains of both
types of possible superstructures which are separated
by APBs. The di!erent antiphase domains (APDs) easily
adjust to each other because of the existence of the pseudo-
translation by 1

2
co which includes all atoms except In2a,b

and In3a,b.



FIG. 9. Neighboring rods in the structure of K
2
In

12
Se

19
. The coordination of the atoms Se1 (by In) and K1 and K2 (by Se) are displayed in polyhedral

representation. (a) Neighboring rods in position A generate an unusually short distance d
I/~I/

(indicated by the line); (b) one rod in position A and one rod
in position B.
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In conclusion the di!use di!raction phenomena observed
around hkl with l"2n#1 depend strongly on the domain
size adopting di!erent ranges of ordering between short-
and long-range order.

Models of the Real Structure

For a better understanding of the observations ob-
tained by electron di!raction and HREM it is necessary
to "nd a description of the structure of K

2
In

12
Se

19
based on disorder of structural elements ordered in them-
selves.

The structure can be divided into two parts, a Kagomè-
like partial structure (&&host structure'') of indium and sel-
enium atoms and inserted rods parallel to [001] which
contain those indium positions (In2, In3) which were found
to be disordered in the average structure. The projection of
the structure along [001] displays these features together
with a superimposed Kagomè net (see Fig. 8). In this projec-
tion the atoms of the host structure are located inside the
triangles while the rods are positioned within the hexagons
of the Kagomè net. The two possible three-dimensional
periodic superstructures possess the same host structure,
and all atoms of this structure exhibit the pseudotranslation
by the vector 1co . The essential di!erence between the super-
2

structures lies in the two di!erent positions of the otherwise
identical rods (called A and B according to superstructure
model A and B) shifted by the vector 1

2
co relative to each

other. In the case of a crystal containing APDs these di!er-
ent positions of the rods coexist.

The interatomic distances of the indium atoms within
a single rod and between two di!erent rods are essential.
The formation of the superstructures discussed results in an
optimal value d

I/~I/
(shortest distance, 3.949 As ) within

a single rod. The distances between rods constitute a more
complicated problem because of the possibility of a disorder
of the rods in positions A and B. Two di!erent combina-
tions of the rods exist: rod A (B) neighboring rod A (B) and
another one with rod A (B) neighboring rod B (A) (see
Fig. 9). The last case is exclusively realized in domain crys-
tals and leads to the formation of APB. A disordered crystal
with both arrangements of the rods is characterized by
d
I/~I/

"3.528 As for combination AA (BB) and
d
I/~I/

"4.049 As for combination AB as shortest distances
between indium atoms of di!erent rods, respectively. An
ordered crystal with only AA or BB arrangements shows
d
I/~I/

"3.528 As , i.e., electrostatically unfavorable contacts
between the rods. Formation of APB in the case of a dis-
ordered crystal increases the interatomic distances between
the indium atoms.



FIG. 10. Crude simulation of the di!use scattering in di!erent orientations. The displayed spheres of the structure have a diameter of 134 As . (a) [001],
(b) [11 11], (c) [100], examples of di!use intensities are marked by an arrow. (d) In#uence of the domain size on the shape of the di!use scattering,
orientation [11 11]. The distance between the double spots with di!use intensity increases with decreasing domain size.
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For topological reasons it is in principle not possible to
reach the optimum con"guration with rods in position
A having exclusively neighbors of rods in position B and
vice versa in an undistorted structure. This becomes im-
mediately clear by looking at the best feasible con"gura-
tions of the triangles (AAB and ABB). Even in these optimal
cases neighboring rods in position A or rods in position
B are present. This special peculiarity of the real structure of
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K
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12
Se

19
could be characterized by the concept of struc-

tural frustration (18). In conclusion the real structure of
K

2
In

12
Se

19
is a compromise resulting in the formation of

microdomains of an ordered structure, which are dis-
ordered.

Approximate Simulation of the Diwuse Scattering

In order to con"rm the developed real structure model of
K

2
In

12
Se

19
its di!use scattering was simulated by Fourier

transformation of images of the real structure. As a "rst
approach only the indium atoms within the di!erent rods
are taken into account because the intensity of the di!use
scattering depends on the structural di!erence between rods
of types A and B, i.e., on the di!erences in the positions of
the indium atoms in the di!erent rods. These simulations
consist of two steps. (I) A three-dimensional but nonperiodic
real structure model of ordered microdomains separated by
APB must be constructed. Starting from the zone axis
orientation [001] we created spheres that consist of ordered
domains each containing one type of rod (A or B) only. As
the di!use intensities of the [001] pattern are located in the
FOLZ the Fourier transform of this picture shows no dif-
fuse scattering (see Fig. 10). (II) This three-dimensional
structure model is then tilted to orientations that should
exhibit di!use scattering and the Fourier transforms are
calculated. In this way we were able to qualitatively repro-
duce the di!use scattering of several experimentally exam
ined orientations, for instance [100] and [11 11] (see
Figs. 10b, 10c and Figs. 1a, 1b).

The simulations are also very useful to show the in#uence
of the domain size on the shape of the di!use intensities,
starting from one extreme case, the ordered crystal with
sharp superstructure re#ections in the FFT (Fig. 10d, left)
and ending in the disordered crystal formed by superimpos-
ing the two possible ordered rods on a microscopic scale.
The FFT shows exclusively sharp Bragg re#ections corre-
sponding to the average structure (Fig. 10d, right). The
simulations in Fig. 10 indicate that for the intermediate
cases an increasing distance between the di!use intensity
maxima occurs with decreasing size of the single domains.
This leads to an increasing size of the internal diameter of
the di!use rings in FOLZ in the orientation [001] with
decreasing size of the ordered domains.

Soon the domain structure of K
2
In

12
Se

19
will be ana-

lyzed by numerical Fourier transformation in order to get
a full simulation of the reciprocal space including higher
order Laue zones. The main goal of these simulations is to
quantify the range of domain sizes and their distribution.
Averaging over larger crystal volumes these two main fea-
tures of the real structure determine the sharp pro"le and
circular shape of the di!use scattering. First simulations
indicate that the range of domain sizes is very narrow. Thus
the APBs of the domains should approximately be equis-
paced. A second important point is the orientation of the
APB. In [001] they must be randomly orientated, thus
being responsible for the circular character of the di!use
intensities in the FOLZ of this orientation. The results of the
numerical Fourier transformation will be discussed in a sep-
arate publication.
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