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Introduction

Polychalcogenides are, in general, characterized by the oc-
currence of E�E bonds (E=S, Se, Te). Due to the formation
of oligomeric or polymeric anions, these types of compounds
often crystallize with low-dimensional structures that can
give rise to interesting physical properties, such as charge-
density waves (CDWs), anisotropic optical properties, or
thermoelectricity. Especially in polytellurides, extended Te�
Te bonding is frequently observed. The crystal structures of
all lanthanide polytellurides LnTen (Ln=Y, La, Ce±Lu; n>
1.5), for example, contain one-dimensional chains or two-di-
mensional square nets of the anions. Depending on the elec-

tron count, these square nets are prone to distortions and
many of the compounds are found to crystallize with com-
mensurately or incommensurately modulated superstruc-
tures, rather than with a high-symmetry square arrangement
of the chalcogen atoms.[1,2] The structures of the rare-earth
dichalcogenides LnE2�d (0�d<0.4), as well as those of
some related pnictides LnY2 (Y=P, As, Sb) and pnicochal-
cogenides LnEY can, for example, be regarded as super-
structures of the ZrSSi type (cf. e.g., ref. [2] and references
cited therein).

Rare-earth tritellurides LnTe3 were first described in the
1960s.[3] According to these early investigations, all of the
compounds crystallize with a NdTe3-type structure in space
group Cmcm (No.63). The structure consists of puckered
[LnTe] double slabs and square-planar [Te] layers stacked
along the b axis in the order -[LnTe]-[Te]-[Te]-. A single-
crystal X-ray structure determination of SmTe3, confirmed
the structure-type assignment.[4] However, the electron dif-
fraction patterns of several LnTe3 compounds exhibit satel-
lite reflections due to incommensurate lattice distortions,
which were described to be of the CDW type.[5] The origin
of the modulation can be understood by the considerable
nesting of the Fermi surface. As a consequence of the distor-
tion, an energy gap at the Fermi surface occurs. A direct ob-
servation of this energy gap by angle-resolved photoemis-
sion spectroscopy has been reported for CDW-hosting
SmTe3.

[6] Nevertheless, refinements of the modulated struc-
tures of the LnTe3 compounds have not yet been published.
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Abstract: Single crystals of LaSeTe2
have been prepared by reaction of the
elements in a LiCl/RbCl flux at 970 K
for seven days. Satellite reflections ob-
served in diffraction experiments indi-
cate the presence of an incommensu-
rate lattice distortion, which is of the
charge-density-wave (CDW) type. The
modulated structure has been solved
from X-ray data at 173, 293, and 373 K.

LaSeTe2 crystallizes in the 3+1-dimen-
sional orthorhombic superspace group
Cmcm(00g)s00 (No. 63.2) with lattice
parameters of a=4.295(1), b=

25.371(4), c=4.306(1) ä (173 K), a=
4.297(1), b=25.408(4), c=4.309(1) ä
(293 K), and a=4.309(1), b=25.481(6),
c=4.321(1) ä (373 K). The modulation
vector q= (0, 0, 0.288) does not change
over the temperature interval. Electron
holographic investigations confirm the
existence of the modulation and help
to visualize the charge-density wave.

Keywords: charge-density wave ¥
electron holography ¥ lanthanides ¥
polychalcogenides ¥ solid-state
structure

Chem. Eur. J. 2003, 9, 5865 ± 5872 DOI: 10.1002/chem.200305148 ¹ 2003 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim 5865

FULL PAPER



Recently, we reported the structure of PrSeTe2, an or-
dered ternary rare-earth polychalcogenide adopting the
NdTe3 structure.[7] PrSeTe2, in contrast to all binary com-
pounds of this structure type, does not show any satellite re-
flections in X-ray or electron diffraction experiments at
room temperature. However, for LaSeTe2, a further example
of this class of compounds, satellite reflections are indeed
observed. The results of our investigations on this CDW
compound are reported here.

Results and Discussion

HREM and electron holography : High-resolution electron
microscopy (HREM) and selected area electron diffraction
(SAED) are widely used in the structural investigation of
solids. In both imaging techniques, however, the amplitude
of the image wave, which corresponds to the intensity of the
image, is transmitted, whereas the phase information is par-
tially lost. In electron holography, both the phase and the
amplitude of the image wave are transferred simultaneously.
This additional information allows the visualization of phase
shifts caused by the investigated object. Electron holography
has, until now, mainly been used in materials science to
image potential and charge distribution in ceramic or semi-
conducting materials, for example, charge distribution across
interfaces between doped layers or across quantum well
structures.[8] However, electron holography can also be used
to visualize the direction and magnitude of charge-density
waves, as will be demonstrated in the following.

Any modulation in LaSeTe2 would be expected to occur
in the [Te] net and should thus be visible in the pseudo-tet-
ragonal ac plane. Several crystals were checked along the
[010] zone axis by HREM and by their Fourier transforms
(FT), which corresponds to the conventional diffraction
image. In the high-resolution micrographs of the majority of
the crystals examined several domains with different orien-
tations were observed. It is not clear whether this is a conse-
quence of the preparation (grinding) of the crystals or a fea-
ture of original crystal growth. As a consequence, it is neces-
sary to choose very small, highly ordered parts of the
HREM image for a distinct imaging of satellite reflections
for the FT. This, in turn, leads to low contrasts and poor in-
tensities because of the small number of scattering centers.

The domain structure of the material can be seen in
Figure 1 (top). The corresponding Fourier transform, depict-
ed in the bottom part of Figure 1, shows a set of Bragg re-
flections, indicating an almost quadratic mesh with lattice
parameters of 4.30 and 4.31 ä. These data match quite well
with those obtained from X-ray investigations (cf. Table 1).
However, satellite intensities, indicated by arrows, are
hardly visible in the FT.

In the top part of Figure 2, the reconstructed phase
image of an electron hologram of LaSeTe2 is depicted. The
FT of an electron hologram originally contains the central
band, sometimes called auto correlation function, which cor-
responds to the conventional diffraction pattern, and two
sidebands, which contain the phase information of the com-
plex image wave. After masking out the central band and

one sideband, the complex image wave is obtained by in-
verse FT of the remaining sideband. The FT of this recon-
structed phase image of the electron hologram, depicted in
the bottom part of Figure 2, clearly shows the Bragg reflec-
tions and two first-order satellite reflections, indicated by
arrows. These main reflections and satellites are used to re-
build an image of the superstructure in direct space
(Figure 3). The striped structure observed in Figure 3 indi-
cates the orientation and width of the modulation wave of
approximately 15 ä.

X-ray structure refinement : Complete X-ray data sets at
three different temperatures (173, 293, and 373 K) were col-
lected for one suitable single crystal. Assuming isotypic
average structures for PrSeTe2 and LaSeTe2 at room temper-
ature,[7] a conventional three-dimensional starting model in
space group Cmcm is easily available and the corresponding
refinement converges to wR2=0.044 for 19 parameters and
361 reflections (data set recorded at 173 K). However, some
reflections which should be systematically absent due to the
extinction conditions of this space group are observed with
I>3sI (see below).

Figure 1. High-resolution micrograph (top) with its Fourier transform
(bottom) showing weak satellite intensities (marked with white arrows)
due to the occurrence of the superstructure.
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The satellites obey the superspace reflection condition
0klm, m=2n, indicating the presence of a superspace glide
plane perpendicular to the a axis. The modulation vector is
q=gc* with g=0.288. On this basis, the 3+1-dimensional
superspace group was assigned as Cmcm(00g)s00 (No.63.2)
according to the standard setting of the International Tables
for Crystallography, Part C.[9]

If the general positional atomic modulation function M
is given as a sum of harmonic functions, Mx(n) can be ex-
pressed as Equation (1):

MxðnÞ ¼
Xm

n¼1

Snx sinð2pnnÞ þ Cnx cosð2pnnÞ ð1Þ

Similar expressions are obtained for My(n)and Mz(n).
The symmetry restrictions generated by the site symmetry
common to all atoms reduces the first harmonic terms (n=
1) to that given in Equation (2):

MxðnÞ ¼ Snx sinð2pnnÞ MyðnÞ ¼ MzðnÞ ¼ 0 ð2Þ

It is then easy to generate an initial phasing model for
the modulation by introducing small amplitude waves and
trying all possible combinations of signs of S1x for the differ-
ent atoms. Since it was expected that the main contribution
to the modulation would come from the Te atoms, the
number of combinations could be reduced to four possibili-
ties that are equivalent pairs. The proper choice turned out
to be that of using opposite signs for S1x(Te(1)) and
S1x(Te(2)). After making this choice, refinement proceeded
smoothly. Because of the lack of higher order satellites with
intensities above the detection threshold, it was deemed
prudent not to introduce higher order harmonics for the de-
scription of the modulated behavior. In the final stages of
the refinement, modulation waves for the lanthanum and se-
lenium atoms, as well as modulation waves for the displace-
ment parameters of all atoms were introduced. This led to a
considerable drop in the R values for the satellite reflec-
tions, despite the small modulation of the displacement pa-
rameters. The structure model, however, yielded four fairly
high residual electron density peaks (up to 5 eä�3) close to
the positions of all four atoms in the refinement. This was
determined to be a consequence of twinning of the crystal,
the twin symmetry element being the mirror plane in (1≈ 01).
The twin refinement converged to the residuals given in
Table 1 with a twin fraction of 0.11(2); the subsequent dif-
ference Fourier map was featureless (cf. Table 1). The twin-
ning explains the appearance of reflections that should be
systematically absent. Because of the comparatively small
scattering contribution of the second individual, not many
satellites with intensities above the detection threshold are
observed for this twin component. The refinements for the
data sets collected at 293 and 373 K yielded comparable re-
sults and the resulting structure models exhibit only minor
differences in the displacement parameters and the disloca-
tion of the Te atoms (cf. Tables 1 and 2). The following
structure description is based on the results of the low-tem-
perature data collection (173 K). Information concerning
crystallography, data collection, and structure refinement for
all three data collections and refinements is listed in Table 1.
The results of the refinement calculations are given in
Table 2, interatomic distances and angles in Table 3.[10]

Structure description and discussion : Figure 4 shows the
average structure of LaSeTe2; the close relationship to the

Figure 2. Reconstructed phase image of the electron hologram (top) and
its power spectrum (FT, bottom) of the phase image with satellite reflec-
tions indicated by white arrows.

Figure 3. Recalculated image of the power spectrum of the phase image.
Only one set of main reflections and its satellites were chosen in order to
rebuild the superstructure. Evidently, a striped structure appears, indicat-
ing the orientation and width of the superstructure to be about 15 ä.
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NdTe3 type is immediately ap-
parent. The structure consists of
puckered double layers of lan-
thanum and selenium atoms
that are separated by two
square-planar layers of telluri-
um atoms.

Lanthanum is surrounded
by four tellurium (3.42±3.43 ä)
and five selenium atoms (3.05±
3.12 ä) forming a monocapped
tetragonal antiprism. The sele-
nium atom is coordinated by
five lanthanum atoms in a
square-pyramidal manner. The
La�Se distances in the tetrago-
nal base plane are approximate-
ly 3.11 ä, while the apical lan-
thanum atom is slightly closer
(3.05 ä). The shortest Se�Te
distances of about 3.97 ä are
too large to be considered as
bonding.

In the average structure,
every tellurium atom is sur-
rounded by four other tellurium
atoms in a square-planar fash-
ion at distances of 3.04 ä (Te�
Te intralayer distance). These
distances are only 11% longer
than the sum of the covalent
radii (2.74 ä) and fall within
the typical range for bonding
involving hypervalent tellurium
atoms.[11] The coordination
sphere is completed by two lan-
thanum atoms at distances of
3.42 ä.

The modulation mainly af-
fects the tellurium positions
and thus primarily alters the

Table 1. Crystallographic and refinement data for LaSeTe2.

LaSeTe2 at 173 K LaSeTe2 at 293 K LaSeTe2 at 373 K

superspace group Cmcm(00g)s00
(No.63.2)

Cmcm(00g)s00
(No.63.2)

Cmcm(00g)s00
(No.63.2)

a [ä] 4.295(1) 4.297(1) 4.309(1)
b [ä] 25.371(4) 25.408(4) 25.481(6)
c [ä] 4.306(1) 4.309(1) 4.321(1)
V [ä3] 469.2(1) 470.4(1) 474.4(2)
g [8] 0.288 0.288 0.288
1calcd [gcm

�3] 6.69 6.66 6.61
m [mm�1] 28. 8 28.7 28.5
q range [8] 3.2±28.1 3.2±28.0 3.2±29.3
reflections measured 5527 8289 6144
independent reflections 854 801 959
observed reflections [I>3s(I)] 536 459 560
main reflections 356 334 397
observed reflections [I>3s(I)] 351 323 388
satellites reflections 439 467 562
observed reflections [I>3s(I)] 180 136 172
Rint/Rsigma 0.0362/0.005 0.039/0.009 0.051/0.008
weighting scheme w=1/[s2(I)+ (0.0016(I2)] w=1/[s2(I)+ (0.0016(I2)] w=1/[s2(I)+ (0.0016(I2)]
min/max transmission 0.069/0.761 0.124/0.795 0.135/0.796
exctinction parameter residu-
als

0.10(1) 0.04(2) 0.20(2)

main reflections and satellites
R1/wR2 (I>3s); R1/wR2 (all I) 0.018/0.058; 0.036/0.070 0.027/0.076; 0.048/0.087 0.022/0.064; 0.046/0.074
main reflections only
R1/wR2(I>3s); R1/wR2(all I) 0.016/0.056; 0.017/0.057 0.024/0.070; 0.025/0.071 0.019/0.060; 0.020/0.060
satellites only
R1/wR2(I>3s); R1/wR2(all I) 0.037/0.069; 0.180/0.119 0.056/0.121; 0.238/0.177 0.053/0.095; 0.236/0.151
gooF (I>3s)/(all I) 1.13/1.21 1.32/1.56 1.13/1.28
largest diff. peak/hole [eä�3] 1.50/�1.62 2.96/�3.06 1.75/�1.97

Table 2. Atomic coordinates, displacement parameter Ueq (ä
2î104) and Fourier coefficient S1x of the modula-

tion function for LaSeTe2.

173 K 293 K 373 K
atom x y z Ueq S1x y Ueq S1x y Ueq S1x

La 0 0.1766(1) 1=4 49(1) 0.0059(2) 0.1767(1) 59(2) 0.0051(2) 0.1767(1) 98(1) 0.0051(2)
Se 0 0.2968(1) 1=4 49(1) 0.0008(3) 0.2967(1) 60(2) 0.0008(4) 0.2966(1) 100(1) 0.0005(3)
Te(1) 0 -0.0715(1) 1=4 65(3) �0.0224(3) �0.0717(1) 85(2) �0.0195(5) �0.0716(1) 129(1) �0.0198(4)
Te(2) 0 0.5718(1) 1=4 68(3) 0.0198(3) 0.5718(1) 86(2) 0.0175(5) 0.5718(1) 132(1) 0.0160(4)

Ueq is defined as 1/3 of the trace of the orthogonalized Uij tensors.

Table 3. Average, minimum, and maximum interatomic distances [ä]
and angles [8] for LaSeTe2 at 173 K.

av min max max�min

La�Se 3.047(1) 3.047(1) 3.047(1) 0
La�Se 3.116(1) 3.101(1) 3.132(1) 0.031
La�Se 3.117(1) 3.101(1) 3.133(1) 0.032
La�Se 3.116(1) 3.101(1) 3.132(1) 0.031
La�Se 3.116(1) 3.101(1) 3.133(1) 0.032
La�Te(1) 3.428(1) 3.427(1) 3.429(1) 0.002
La�Te(1) 3.428(1) 3.427(1) 3.429(1) 0.002
La�Te(2) 3.418(1) 3.382(1) 3.457(1) 0.075
La�Te(2) 3.421(1) 3.382(1) 3.457(1) 0.075
Se�Te(2) 3.970(1) 3.970(1) 3.971(1) 0.001
Se�Te(2) 3.970(1) 3.970(1) 3.971(1) 0.001
Te(1)�Te(2) 3.043(1) 2.934(1) 3.155(1) 0.221
Te(1)�Te(2) 3.036(1) 2.930(1) 3.160(1) 0.230
Te(1)�Te(2) 3.044(1) 2.934(1) 3.155(1) 0.221
Te(1)�Te(2) 3.052(1) 2.923(1) 3.160(1) 0.237
aTe-Te-Te 89.98(3) 86.44(4) 94.08(5) 7.64

Figure 4. Average structure of LaSeTe2; projection approx. along [100];
La: black circles, Se: open circles, Te: grey circles.
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distances and angles within the [Te] layer. The slight sinusoi-
dal modulation of the Te atoms can be visualized by the sec-
tion of the Fourier maps along the modulation direction
(Figure 5). The Te�Te distances vary between 2.92 and

3.16 ä, illustrating the tendency to form oligomeric Tem
n�

ions. The definition of a maximum Te�Te bonding distance
is somewhat arbitrary, but if we consider only distances less
than 3.00 ä, the [Te] layer can be described as containing
™V-shaped∫ trimers and ™N-shaped∫ tetramers, as well as
heptamers resulting from the connection of one trimer and
one tetramer (Figure 6, left). Distorted Te nets containing
™V-shaped∫ trimers along with other tellurium entities are
found in the modulated structures of K1/3Ba2/3AgTe2,

RbUSb0.33Te6, and K0.65Ag2Eu1.35Te4
[12,1] (isolated Te3

2� trim-
ers are, of course, frequently found, e.g., in the structures of
A2Te3 (A=alkali metal)[13]). If we take Te�Te distances of
up to 3.04 ä (i.e. , the Te�Te distance in the undistorted net
of the average structure) into account, these oligomeric enti-
ties are then interconnected to give one-dimensional infinite
chains (Figure 6, right), which show some similarities to the
one-dimensional Te3

2� chains in the structure of Tl2Te3 and
the distorted Te net in K2.5Ag4.5Ce2Te9.

[14, 1]

Since S1x(Te(1)) and S1x(Te(2)) are of opposite sign and
of similar amplitudes, the overall coordination of the lantha-
num atoms is not much influenced by the modulation. The
bond valence sum for La changes only slightly over one
modulation period and shows almost no noticeable differen-
ces compared to that in the unmodulated structure.[15] The
dislocations of the lanthanum and especially the selenium
atom are so small that effective changes in their coordina-
tion geometry can be neglected.

A simple electron count according to the Zintl±Klemm
concept shows that if we consider lanthanum as La3+ and se-
lenium as Se2�, each Te atom has to carry a formal charge of
�0.5 giving the structural formula [LaSe]1+[Te]0.5�[Te]0.5�.
As has been stated previously, covalently bonded 44 nets of
chalcogen atoms with an electron count of six or more va-
lence electrons per atom are prone to distortion due to a
Peierls type instability.[16] Different types of distortions have
been observed in compounds of this type. In the stoichio-
metric rare-earth dichalcogenides LnE2.0 (with E=S, Se,
Te), which have a larger amount of excess electrons per E
atom in the square layer (formally E1�), a localization of
electrons in oligomeric anionic units, mainly in E2

2� dimers,
turns out to be the most favorable.[17] Most of the rare-earth
diselenides and ditellurides are semiconductors, but metallic
behavior was reported, for example, for LaTe2 and
CeTe2.

[17k,f] The lanthanide chalcogenides LnE2�d (0<d<0.4)
contain chalcogen vacancies, as well as monomeric and oli-
gomeric anionic entities in their defective [E] layer, and
they are usually semiconducting (cf. ref. [18]). Lanthanide
tritellurides LnTe3 and dilanthanide pentatellurides Ln2Te5
were found to host charge-density waves. The modulations
of the compounds LnTe3 and the related dichalcogenides
LaSe2 and LaTe2 have been discussed in terms of Fermi sur-
face nesting,[4,19,20] and the direction of the distortions can be
deduced from the nesting vectors. Nevertheless, SmTe3 and
Sm2Te5 still exhibit metallic conductivity parallel to the [Te]
layers in their modulated state, indicating that only a partial
gap opens over the Fermi surface.[4] Semimetallic or semi-
conducting behavior is also found for some ternary and qua-
ternary rare-earth polytellurides.[1] DFT (density functional
theory) calculations of the band structure were in a first step
carried out based on the average structure of LaSeTe2, sug-
gesting that the compound should be a poor metal in its
non-modulated state. The complete density of states (DOS)
is given in the right-hand part of Figure 7. A non-zero DOS
at the Fermi level suggests metallic behavior for the non-
modulated phase of LaSeTe2. The left-hand part of this
figure shows the band structure; bands with Te contributions
are emphasized. As can be seen from the figure, states at
the Fermi level have mainly Te 5px and 5py contributions, in-

Figure 5. Fourier map plotted along the modulation direction (t); the cal-
culated position of the Te atoms is given by the central grey line; only
positive contour lines are given; one contour line per 20 eä�3.

Figure 6. Projection on the [Te] net of the modulated structure of
LaSeTe2. Te�Te distances up to 3.0 ä (left) and up to 3.04 (right) ä are
indicated as bonds.
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dicating that the metallic conductivity should essentially be
related to these bands. In the Te�Te crystal orbital overlap
population curve based on extended H¸ckel calculations of

the average structure (Figure 8), the electron excess dis-
cussed above is clearly visible in the occupation of anti-
bonding states below the Fermi level. A second calculation
was performed at the extended H¸ckel level, with the atoms
of the Te nets arranged in a sevenfold supercell (a, b, 7c ;
space group C2/c) as a commensurate approximation of the
modulated structure (Figure 9). Although the modulation
leads to an alteration of the Te�Te distances of less than
five percent, a fairly large change in the dispersion of the
bands along the modulation direction (G!Z) results. Fur-
thermore, the top of the highest occupied band and the

bottom of the lowest unoccupied band are clearly shifted
away from each other along the G!Y direction, and an indi-
rect band gap opens as a consequence. According to these
results the modulated phase of LaSeTe2 should be consid-
ered to be a semimetal, consistent with the description as a
compound with imperfect Fermi surface nesting.

The temperature dependence of the electrical resistivity
of LaSeTe2 as a powder pellet is given in Figure 10. The neg-
ative slope of the resistivity between 4 K and room tempera-
ture indicates semiconducting or semimetallic behavior, in
accordance with the calculation based on the commensurate
approximation of the modulated structure. The resistivity
data suggests that a change in the transport properties
occurs slightly above room temperature; this should be cor-
related with a transition into a non-modulated state. At
373 K, however, satellite reflections are still present. The
displacement parameters of all atoms increase with increas-
ing temperature, while the dislocations of the Te atoms de-
crease (cf. Table 2); this can be taken as a further hint for a
transition to a non-modulated state. The modulation vector
q does not change noticeably between 173 and 373 K.

Figure 7. Left: Band structure of the average structure of LaSeTe2, states
with Te contributions are given as fat bands. Right: total density of states
(DOS) of the average structure; G= (0, 0, 0), Y= (1=2, 0,0), Z= (0, 0, 1=2),
T= (1=2, 0,

1=2).

Figure 8. Plot of the crystal orbital overlap population for the Te�Te in-
teractions.

Figure 9. Band structure of the modulated phase of LaSeTe2 (commensu-
rate approximation in a sevenfold supercell); the opening of the indirect
band gap is emphasized with the box; G= (0, 0, 0), Y= (1=2, 0,0), Z= (0, 0,
1=2).

Figure 10. Plot of the resistivity versus temperature.
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Experimental Section

Preparation : All preparational steps were carried out under dried argon
(Messer-Griesheim, Krefeld, Germany, 99.96%). Stoichiometric amounts
of lanthanum (Chempur, Karlsruhe, Germany, powder, 99.9%), selenium
(Strem, Kehl, Germany, powder, 99.99%), and tellurium (Fluka, Germa-
ny, pieces, 99.999%) were loaded into silica ampoules together with a
tenfold excess of a 1:1 mixture of LiCl and RbCl as flux material. LiCl
and RbCl (both: Merck, Darmstadt, Germany, 99+ %) were dried by
heating under dynamic vacuum prior to use. The ampoules were sealed
under vacuum and placed into an oven. The mixtures were heated to
970 K at 10 Kmin�1 and kept at this temperature for 7 days. The am-
poules were then cooled to room temperature (0.03 Kmin�1) and
opened. The flux was removed with water, and the crystals were washed
with ethanol and then dried in air. Thin, shiny gold platelets with sizes up
to 0.2 mm grew under these conditions.

Analysis : EDX analyses (Zeiss Digital Scanning Microscope 982 Gemini
with Noram Voyager analytic unit) showed no detectable impurities of
flux or other element in the crystals and confirmed the composition of
the compound.

Electron microscopy : HREM and electron holography were carried out
at the Triebenberg Special Laboratory (Dresden) with a Philips CM200
FEG\SuperTwin-Lorentz Microscope. The microscope was equipped with
a field emission gun operating with an accelerating voltage of 200 kV.
Holograms were taken at a magnification of 868.000î , with hologram
fringe spacings of 1.6 ä (corresponding to a nominal resolution of 3.2 ä)
and a biprism voltage of 230 V. Micrographs and holograms were record-
ed with a 1î1 k CCD-camera and were fed into the computer for on-line
processing and reconstruction in nearly real-time mode. The holograms
were evaluated by the software Digital Micrograph 3.3.1 (Gatan). In the
holographic experiments, the incoming wave is separated into an object
and a reference wave. The reference wave runs through vacuum and is
not influenced by the object. A biprism superimposes both waves to pro-
duce the interference pattern, the electron hologram. The digitalized
hologram was processed in the computer, where the phase and the ampli-
tude of the recorded wave was reconstructed.

For these investigations, the crystals were ground under ethanol. Some
drops of this suspension were placed on a copper grid coated with a
holey carbon foil. The ethanol was then allowed to evaporate. Due to
their laminar structure, the crystals cleave quite easily to give very thin
platelets, some being transparent to the electron beam. In addition, this
preparation method results in a preferred orientation of the platelets per-
pendicular to [010], the desired orientation for both electron diffraction
and holography. The samples were then coated with a carbon layer to
prevent radiation damage and charging. Due to the mechanical strain
during grinding, distortion and translocation of atomic layers (e.g., a slip-
ping of the [Te] layers) can easily occur, leading to stacking faults in the
crystals.

X-ray investigations : Several crystals of LaSeTe2 were mounted on quartz
capillaries and precession images were recorded. No satellite reflections
were observed in zero-level layer photographs, but after long exposures
satellites did appear in the upper-level records h1l near main reflections
with L=2n, and h2l near main reflections with L=2n+1, indicating a
one-dimensional incommensurate modulation of the structure. Subse-
quently, a suitable crystal of dimensions 0.02î0.06î0.15 mm3 was mount-
ed on a diffractometer (STOE IPDS-II, MoKa radiation, graphite mono-
chromator) equipped with a N2-cryosystem (Cryostream controller 700,
Oxford, UK) for temperature control, and complete data sets including
first-order satellites were recorded at 173, 293, and 373 K. Absorption
corrections of the 3+1-dimensional data sets were performed using the
program JANA2000;[21] the shape of the crystal was determined and re-
fined based on average structure data using the STOE software pack-
age.[22] The full-matrix least-squares refinements of both the average and
modulated structures were carried out with JANA2000 against F2. Extinc-
tion effects were corrected according to Becker and Coppens.[23]

Calculations : DFT (density functional theory) calculations were per-
formed with the WIEN97 code with the LAPW (linearized augmented
plane wave) method.[24] The muffin-tin radii were chosen to be 2.5 au for
La, Te, and Se. RKMAX and GMAX were taken to be 9 and 13 au�1, re-
spectively. The generalized gradient approximation functional PBE-GGA

was used as the exchange-correlation functional.[25] The Brillouin zone in-
tegration was performed by means of a tetrahedron method with 155 in-
equivalent k points corresponding to 1000 k points throughout the whole
Brillouin zone within the SCF cycles.[26] For calculation of the density of
states (DOS) 392 inequivalent k point (3000 k points in the Brillouin
zone) were used. The extended H¸ckel calculations were performed by
using the program YAeHMOP with the following parameters: orbital en-
ergies Hij [eV] (coefficient z1): Se: 4s �20.50 (2.44), 6p �14.40 (2.07);
Te: 5s �20.80 (2.51), 5p �14.80 (2.16); La 6s �7.67 (2.14), 6p �5.01
(2.08), 5d �8.21 (3.78); double z-functions for La: 0.7765, 1.381,
0.4586.[27]

Electrical transport properties : Since the single crystals obtained by flux
reactions were too small for electrical contacting, the resistivity was
measured on powder pellets using van der Pauw×s method.[28]

Representation of the crystal structure : Figures displaying parts of the
crystal structure were generated with DIAMOND.[29]
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