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Abstract: Tellurides have attracted an enormous interest in the quest for materials addressing future
challenges, because many of them are at the cutting edge of basic research and technologies due to their
remarkable chemical and physical properties. The key to the tailored design of tellurides and their
properties is a thorough understanding of their electronic structures including the bonding nature.
While a unique type of bonding has been recently identified for post-transition-metal tellurides,
the electronic structures of tellurides containing early and late-transition-metals have been typically
understood by applying the Zintl−Klemm concept; yet, does the aforementioned formalism actually
help us in understanding the electronic structures and bonding nature in such tellurides? To answer
this question, we prototypically examined the electronic structure for an alkaline metal lanthanide zinc
telluride, i.e., RbDyZnTe3 , by means of first-principles-based techniques. In this context, the crystal
structures of RbLnZnTe3 (Ln = Gd, Tb, Dy), which were obtained from high-temperature solid-state
syntheses, were also determined for the first time by employing X-ray diffraction techniques.
Keywords: polar intermetallics; tellurides; chemical bonding analysis

1. Introduction
Because of their remarkable chemical and physical properties, chalcogenides, which comprise
at least one chalcogen atom in a reduced oxidation state relative to its elemental form, have gained
great interest in the quest for materials that are exploited in technologies to address future
challenges [1]. Among the family of chalcogenides, tellurides are of particular interest, because several
tellurides are at the forefront of technologies and basic research, including explorative efforts
in charge-density-waves [2–4], phase-change data storage devices [5,6], thermoelectrics [7,8],
and topological insulators [9], to name a few. In light of such a relevance of tellurides for basic
research, it is also mandatory to determine and understand their electronic structures, because the
knowledge of the electronic structure for a given material provides valuable information regarding its
chemical and physical properties [10]. Hence, understanding the electronic structures of solid-state
materials including tellurides ultimately also allows us to tailor their properties, as demonstrated by
different high-throughput computational material design approaches [11]. Accordingly, how can the
electronic structures of tellurides be described?
More recent explorative efforts on tellurides, which contain (post-)transition elements and were
assigned to the family of “Incipient Metals”, revealed an exclusive bonding mechanism being a
combination of electron localization and delocalization [12,13]. In the cases of tellurides comprising
group-I/II-elements and transition metals, the electronic structures have typically been interpreted by
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applying the Zintl−Klemm concept [14,15]. This idea was originally [16] employed to describe the
(formal) valence-electron transfers from the more electropositive to the more electronegative main
group elements in intermetallics. From the applications [17,18] of the Zintl−Klemm concept, it was
also concluded that the more electronegative elements are arranged in clusters and fragments that are
typically encountered for elements being isoelectronic to these so-called Zintl anions. In connection with
applications of the Zintl−Klemm idea, it was also inferred that rare-earth-metal−tellurium interactions
should be described as ionic [19–21]; however, more recent research [22–24] on lanthanide−tellurium
bonding showed that lanthanides rather act as d-elements, like the remaining transition metals, and not
as electron-donors like, for instance, alkali metals.
An additional examination [22,24–26] of the electronic structures for such binary, ternary,
and quaternary tellurides, which contain copper or silver, revealed that the late-transition-metal−
tellurium interactions change from bonding to antibonding states below the respective valence band
maxima. This outcome was in good agreement with previous research proposing a covalent bonding
nature [27] and occupied antibonding states in the framework of closed-shell interactions [28,29]
for such late-transition-metal−tellurium contacts. At this point, one may wonder how such latetransition-metal−tellurium interactions may emerge for late-transition metals being electron-richer
than copper and silver. To answer this question, we examined the electronic structure for a previously
unknown quaternary alkali metal lanthanide zinc telluride, i.e., RbDyZnTe3 , that was obtained
from high-temperature solid-state reactions. In doing so, we were able to quantitatively compare
the zinc−tellurium interactions to the lanthanide−tellurium and alkali-metal−tellurium interactions,
which were expected to be mixed-metal-like and ionic, respectively (please note that the term
“mixed-metal-like” refers to late-transition−post-transition-metal interactions, whose bonding nature
is similar to that of transition-metal−tellurium interactions). Herein, we present the results of these
explorations and provide the very first structure report for the isostructural RbLnZnTe3 (Ln = Gd, Tb, Dy).
2. Materials and Methods
2.1. Syntheses
All sample preparations were conducted under a dry argon atmosphere within a glove box
(MBraun® , Garching, Germany; O2 < 0.1 ppm by volume; H2 O < 0.1 ppm by volume) to prevent
any oxidation of the used chemicals as well as the obtained products being sensitive against air
and moisture. The starting materials were powders of RbCl (Sigma Aldrich® , St. Louis, MO, USA,
99.8%), the respective lanthanides (smart-elements® , Vienna, Austria, Dy: 99.99%, Tb: 99.95%; abcr® ,
Karlsruhe, Germany, Gd: 99.9%), zinc (laborhandel.de, Hüfingen, Germany, 99.995%), and tellurium
(Merck® , Darmstadt, Germany, >99 %), which were weighted in the initial ratios of 0.84 mmol RbCl,
0.35 mmol Zn, 0.70 mmol Ln, and 1.40 mmol Te. Powders of the lanthanides were obtained from filing
larger ingots, whose surfaces were polished prior to every use, while all traces of water were removed
from rubidium chloride prior to the transfer into the glove box. The latter was employed as reactive
flux—an approach typically [30] employed to synthesize such quaternary tellurides. The reaction
mixtures were first finely ground and then loaded into one-side closed silica tubes, which were
flame-sealed under a dynamic vacuum of at least 2 × 10−3 mbar. The reaction mixtures were heated
utilizing computer-controlled tube furnaces and the following temperature program: heat to 850 ◦ C
within 30 h, keep that temperature for 96 h, slowly cool down to 300 ◦ C with a rate of 4 ◦ C/h, and, finally,
equilibrate to room temperature within 3 h. The obtained samples were grey or red-grey powders
with metallic luster and contained small crystals, which were selected for further X-ray diffraction
experiments (see Section 2.2). Phase analyses based on powder X-ray diffraction patterns, which were
collected for the diverse, obtained samples, revealed that the quaternary tellurides were obtained in
measurable yields (see Figure 1).
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2.2. X-ray Diffraction Studies and Crystal Structure Determinations
To determine the yields of the quaternary tellurides and feasible by-products, phase analyses were
accomplished based on the powder X-ray diffraction patterns collected for the diverse samples. To do so,
the obtained samples were first ground and then loaded into capillaries, which were subsequently sealed
and transferred to the used powder X-ray diffractometers. Alternatively, the ground samples were fixed
between Mylar sheets with the aid of grease and then sealed in sample holders, which were subsequently
transferred to the employed powder X-ray diffractometers. The sets of powder X-ray diffraction data
(Table 1) were collected at room temperature with the aid of STOE® StadiP diffractometers (Stoe® & Cie,
Darmstadt, Germany; Cu Kα1 radiation; λ = 1.54059 Å), which were equipped with area and DECTRIS®
MYTHEN detectors, respectively. The WinXPow software package [31] was utilized to control the
respective measurements and to further process the obtained raw data, while the phase analyses
were carried out by comparing the experimentally determined powder X-ray diffraction patterns
of the samples to those simulated for the quaternary tellurides as well as all possible side-products.
The comparisons of the collected powder X-ray diffraction patterns to those which were simulated for
the quaternary tellurides and the side-products were conducted with the programs WinXPow and
Match! [32], respectively.
Table 1. Details of the crystal structure investigations and refinements for RbLnZnTe3 (Ln = Gd, Tb, Dy).
Formula

RbGdZnTe3

form wt.
space group
a (Å)
b (Å)
c (Å)
volume (Å3 )
Z
density (calc.), g/cm3
µ (mm−1 )
F(000)
θ range (◦ )

690.89

index range
reflections collected
independent reflections
refinement method
data/restraints/parameters
goodness-of-fit on F2
final R indices [I > 2σ(I)]
R indices (all data)
Rint
largest diff. peak and
hole, e− /Å3

RbTbZnTe3

RbDyZnTe3

692.56
696.14
Cmcm
4.419(1)
4.395(1)
4.410(2)
16.072(5)
16.058(5)
16.144(6)
11.716(4)
11.651(4)
11.671(4)
832.0(4)
822.3(4)
831.0(5)
4
4
4
5.515
5.594
5.564
26.797
27.648
27.842
1148
1152
1156
2.53−25.64
2.54−25.65
2.52−25.62
−5 ≤ h ≤ 5
−5 ≤ h ≤ 5
−5 ≤ h ≤ 5
−15 ≤ k ≤ 19
−19 ≤ k ≤ 16
−19 ≤ k ≤ 19
−14 ≤ l ≤ 14
−14 ≤ l ≤ 13
−12 ≤ l ≤ 14
2031
2385
2367
473
468
473
Full matrix least squares on F2
473/0/23
468/0/23
473/0/23
1.176
1.190
1.258
R1 = 0.019; wR2 = 0.043
R1 = 0.018; wR2 = 0.036
R1 = 0.032; wR2 = 0.079
R1 = 0.020; wR2 = 0.044
R1 = 0.018; wR2 = 0.036
R1 = 0.032; wR2 = 0.079
0.024
0.020
0.040
1.077 and −0.900

0.667 and −0.922

2.051 and −2.067

package [31] was utilized to control the respective measurements and to further process the obtained
raw data, while the phase analyses were carried out by comparing the experimentally determined
powder X-ray diffraction patterns of the samples to those simulated for the quaternary tellurides as
well as all possible side-products. The comparisons of the collected powder X-ray diffraction patterns
to those
which
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Figure 1. Measured and simulated powder X-ray diffraction patterns of (a) RbGdZnTe3 , (b) RbTbZnTe3 ,
and (c) RbDyZnTe3 : reflections arising from the side-products RbCl [33], ZnTe [34], and ZnTe6 O13 [35] are
marked by the diverse symbols. A closer inspection of the measured powder X-ray diffraction patterns
also points to the presence of additional reflections (~25◦ ), which correspond to unknown phases.

For the determinations of the crystal structures of the quaternary tellurides, sets of single-crystal
X-ray intensity data were collected at room temperature by utilizing a Bruker® APEX CCD
diffractometer (Bruker Inc.® , Madison, WI, USA; Mo Kα radiation; λ = 0.71073 Å). Prior to the collection
of the single-crystal X-ray diffraction datasets, samples were first selected from the bulk materials and
then fixed in capillaries, which were sealed and transferred to the aforementioned diffractometer for
initial inspections of the quality of the selected samples and the collection of the single-crystal X-ray
intensity datasets. The integrations of the sets of raw data and the multi-scan absorption corrections
were conducted using the programs [36] SAINT+ and SADABS, respectively, while identifying the
reflection conditions for the single-crystal X-ray intensity datasets was accomplished by means
of the XPREP code [37], which suggested the space group Cmcm (no. 63) for the tellurides.
The aforementioned space group was used for the initial structure solutions based on applying
direct methods (SHELXS-97 [38]), while the structures were refined in full matrix least-squares of

Crystals 2020, 10, 916

5 of 13

F2 (SHELXL-97 [38,39]), including anisotropic displacement parameters (Table 2). CCDC 2031653,
2031660, and 2031661 contain the crystallographic data for this paper. These data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the CCDC, 12 Union Road,
Cambridge CB21EZ; Fax: +44-1223-336033; E-Mail: deposit.ccdc.cam.ac.uk.
Table 2. Atomic positions and equivalent displacement parameters for RbLnZnTe3 (Ln = Gd, Tb, Dy).
Position

x

Gd1
Te1
Te2
Rb1
Zn1

4a
8f
4c
4c
4c

0
0
0
0
0

Tb1
Te1
Te2
Rb1
Zn1

4a
8f
4c
4c
4c

0
0
0
0
0

Dy1
Te1
Te2
Rb1
Zn1

4a
8f
4c
4c
4c

0
0
0
0
0

Atom

y
RbGdZnTe3
0
0.37160(3)
0.06418(4)
0.74613(7)
0.46104(8)
RbTbZnTe3
0
0.37212(2)
0.06422(3)
0.74653(5)
0.46119(6)
RbDyZnTe3
0
0.37263(4)
0.06422(6)
0.74683(10)
0.46143(11)

z

U eq , Å2

0
0.06048(4)

0.0147(2)
0.0156(2)
0.0135(2)
0.0304(3)
0.0184(3)

1
4
1
4
1
4

0
0.05945(3)
1
4
1
4
1
4

0
0.05871(6)
1
4
1
4
1
4

0.0149(1)
0.0157(1)
0.0138(1)
0.0301(2)
0.0186(2)
0.0123(3)
0.0131(3)
0.0114(3)
0.0279(4)
0.0161(4)

2.3. Computational Details
To provide an insight into the electronic structure and bonding nature for the ALnZnTe3 -type
tellurides, we prototypically examined the electronic structure of RbDyZnTe3 . Prior to the bonding
analysis, full structural optimizations, which included lattice parameters and atomic positions,
were accomplished using the projector augmented wave method [40] that was also employed for
the electronic band structure computations and implemented in the Vienna ab-initio simulation
package [41–45] (VASP). In all computations, correlation and exchange were described by the generalized
gradient approximation of Perdew, Burke, and Ernzerhof (GGA−PBE) [46], and the energy cut-off of the
plane-wave basis sets was 500 eV. A 24 × 6 × 8 k-points set was used to sample the first Brillouin zone,
and all computations were considered to be converged, as the energy difference between two iterative
steps fell below 10−8 eV/cell (and 10−6 eV/cell) for the electronic (and ionic) relaxations. The dysprosium
4f states were treated as core-like in all computations—an approach that can be adopted because the
valence electrons residing in the 4f states are typically localized and, hence, barely contribute to overall
bonding in a given solid-state material [47–49].
A bonding analysis was completed based on the projected crystal orbital Hamilton population
approach [50] (pCOHP) that is a variant of the COHP method [51,52]. Within the latter approach,
the off-site entries of the densities-of-states (DOS) matrix of a given material are weighted with the
corresponding Hamilton matrix elements to unfold bonding, non-bonding, and antibonding states.
Because the crystal orbitals employed in the COHP approach require the uses of basis sets, in which
the electronic structures correspond to a local nature instead of a delocalized one as within plane-wave
representations, the outcome of the plane-wave-based computations had to be transformed in all
electron contracted Slater-type orbitals. The aforementioned transformations were accomplished
by means of the Local Orbital Basis Suite Towards Electronic-Structure Reconstruction (LOBSTER)
program [50,51,53,54], in which transfer matrices are applied to the results of plane-wave-based
computations in order to construct the crystal wave functions. In doing so, we also determined the
gross populations for all atoms and subtracted them from the respective valence electron counts to
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obtain the Mulliken and Löwdin charges [55]. Representations of the DOS and the pCOHPs were
generated
ofREVIEW
the wxDragon [56] code, shown in Figure 2.
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3. Results and Discussion

3. Results
and Discussion
RbLnZnTe
3 (Ln = Gd, Tb, Dy) were obtained from high-temperature reactions of rubidium
chloride, zinc, tellurium, and the respective lanthanides (see Section 2.1) and crystallized with
RbLnZnTe3 (Ln = Gd, Tb, Dy) were obtained from high-temperature reactions of rubidium chlothe KCuZrS3 -type [57] of structure (Pearson Symbol oS24; Z = 4), which has been frequently [58]
ride, zinc, tellurium, and the respective lanthanides (see Section 2.1) and crystallized with the
adopted by quaternary alkaline-metal early-transition-metal late-transition-metal chalcogenides.
KCuZrS3-type [57] of structure (Pearson Symbol oS24; Z = 4), which has been frequently [58] adopted
A comparison of the volumes of the unit cells of RbLnZnTe3 (Ln = Gd, Tb, Dy; Table 1) to those of
by quaternary alkaline-metal early-transition-metal late-transition-metal chalcogenides. A comparithe isostructural cesium-containing [59] tellurides (VCsGdZnTe3 = 863.55 Å3 ; VCsTbZnTe3 = 857.10 Å3 ;
son of the volumes of the unit cells of RbLnZnTe3 (Ln = Gd, Tb, Dy; Table 1) to those of the isostrucVCsDyZnTe3 = 851.11 Å3 ) shows that the unit cell volumes of the
latter are larger than those of the
tural cesium-containing [59] tellurides (VCsGdZnTe3 = 863.55 Å3; VCsTbZnTe3 = 857.10 Å3; VCsDyZnTe3 =
former. This
is because of the decreased covalent radius [60] from cesium (2.44 Å) to rubidium (2.20 Å);
851.11 Å3) shows that the unit cell volumes of the latter are larger than those of the former. This is
yet, the unit cell volumes within the series RbLnZnTe3 (Ln = Gd, Tb, Dy) solely exhibit a very small
because of the decreased covalent radius [60] from cesium (2.44 Å) to rubidium (2.20 Å); yet, the unit
variation—a circumstance that has also been encountered for different polar intermetallics containing
cell volumes within the series RbLnZnTe3 (Ln = Gd, Tb, Dy) solely exhibit a very small variation—a
heavier lanthanides [24,61–63]. In the following, the crystal structure of this type of quaternary telluride
circumstance that has also been encountered for different polar intermetallics containing heavier lanwill be prototypically depicted for RbDyZnTe3 .
thanides [24,61–63]. In the following, the crystal structure of this type of quaternary telluride will be
An inspection of the RbDyZnTe crystal structure reveals that each unit cell comprises one
prototypically depicted for RbDyZnTe3 3.
rubidium position (Wyckoff site 4c), one zinc position (Wyckoff site 4c), and one dysprosium position
An inspection of the RbDyZnTe3 crystal structure reveals that each unit cell comprises one ru(Wyckoff site 4a), which are enclosed by diverse types of tellurium polyhedra. The zinc atoms
bidium position (Wyckoff site 4c), one zinc position (Wyckoff site 4c), and one dysprosium position
are encompassed by the tellurium atoms in a tetrahedral fashion within [Zn@Te4 ] units, while the
(Wyckoff site 4a), which are enclosed by diverse types of tellurium polyhedra. The zinc atoms are
dysprosium atoms are located in the centers of tellurium octahedra as represented by the formula
encompassed by the tellurium atoms in a tetrahedral fashion within [Zn@Te4] units, while the dys[Dy@Te6 ] (note that the indices of the tellurium atoms refer to the respective coordination numbers
prosium atoms are located in the centers of tellurium octahedra as represented by the formula
in the diverse tellurium units). Each [Dy@Te6 ] unit shares two common edges with the two nearest
[Dy@Te6] (note that the indices of the tellurium atoms refer to the respective coordination numbers
in the diverse tellurium units). Each [Dy@Te6] unit shares two common edges with the two nearest
neighboring [Dy@Te6] units within one linear ∞1[Dy@Te6 ] chain, which is connected via common tel-
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neighboring [Dy@Te6 ] units within one linear 1∞ [Dy@Te6 ] chain, which is connected via common
tellurium vertices to neighboring 1∞ [Dy@Te6 ] chains. These linear chains of tellurium octahedra
enclosing the dysprosium atoms are tilted relative to each other such that the sheets of the 1∞ [Dy@Te6 ]
chains propagating parallel to the a and c axes are puckered.
As each 1∞ [Dy@Te6 ] chain in the sheets is tilted relative to its nearest neighboring chains, tetrahedral
voids open up between the chains of the octahedral tellurium units enclosing the dysprosium atoms.
These tetrahedral voids are occupied by the zinc atoms, while each tetrahedral [Zn@Te4 ] unit is
connected via two common tellurium vertices to two neighboring [Zn@Te4 ] units within a linear
1 [Zn@Te ] chain. The puckered sheets of the 1 [Zn@Te ] and 1 [Dy@Te ] chains are separated from
4
4
6
∞
∞
∞
each other by the rubidium atoms, which, in turn, are sandwiched by the aforementioned sheets along
the b axis. The rubidium atoms are located in the centers of bicapped trigonal tellurium prisms, which
are condensed via the trigonal bases into linear 1∞ [Rb@Te8 ] chains along the a axis.
In summary, the crystal structures of the ALnZnTe3 -type tellurides are composed of puckered
sheets of linear 1∞ [Zn@Te4 ] and 1∞ [Ln@Te6 ] chains and layers of 1∞ [A@Te8 ] chains that propagate
parallel to the ac plane and are stacked along the b axis. An application of the Zintl−Klemm
concept to this type of telluride points to an electron-precise valence-electron distribution according
to the formula (A+ )(Ln3+ )(Zn2+ )(Te2− )3 ; however, as pointed out in the Introduction, more recent
research indicated that such Zintl−Klemm treatments could be misleading for characterizing the
nature of lanthanide−tellurium bonding. Furthermore, it was shown (see Introduction) that the
late-transition-metal−tellurium interactions change from bonding to antibonding states below the
Fermi levels for certain tellurides. Hence, how will these heteroatomic interactions emerge for a
quaternary telluride containing a late-transition-metal being electron-richer relative to those inspected
as part of the aforementioned examinations? To answer this question, we followed up with an
examination of the electronic structure and nature of bonding for the dysprosium-containing telluride.
An examination of the densities-of-states (DOS) curves for the quaternary RbDyZnTe3 reveals that
the Fermi level falls in a band gap between 0 eV and around 1.34 eV (Figure 3). Such a characteristic at
the Fermi level of a given solid-state material is frequently [18] encountered for Zintl phases and can
typically [64] be considered as an electronically favorable situation that appears also to be evident for
RbDyZnTe3 . An additional inspection of the DOS corresponding to the energy regions near the valence
band maximum and conducting band minimum indicates that these states largely stem from the Te-5p
and Zn-4s/3d orbitals, with minor contributions from Dy-5d atomic orbitals. A comparison of the
Mulliken and Löwdin charges reveals that the charges computed for rubidium are close to the charge
predicted by the Zintl−Klemm treatment (see above); however, the Mulliken and Löwdin charges
calculated for dysprosium, zinc, and tellurium are evidently smaller than the charges proposed by
applying the Zintl−Klemm concept to RbDyZnTe3 . The outcome of the Mulliken and Löwdin charge
population analyses implies that nearly full valence electron transfers are evident from rubidium to the
tellurium atoms such that the rubidium−tellurium separations should be regarded as ionic interactions.
Because the population analyses based on the Mulliken and Löwdin charges point to a clear absence of
full valence electron transfers for the dysprosium-tellurium and zinc-tellurium contacts, the bonding
nature related to the aforementioned separations can barely be depicted as ionic.
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the Dy-5d−Te-5p and Zn-3d/4s−Te-5p interactions. A comparison of the percentages of the cumulative
–IpCOHP to the net bonding capabilities reveals that the contributions of the Dy-5d−Te-5p interactions
are higher than those of the Zn-3d/4s−Te-5p interactions, because the latter interactions show a lower
bond frequency and slightly smaller −IpCOHP/bond values than the former. Accordingly, there is a more
bonding character between the Te-5p and the Dy-5d orbitals than between the Te-5p and the Zn-3d/4s
orbitals (notably, the Zn-3d bands also show rather small dispersions at around −7 eV), as the latter
interactions change from bonding to antibonding states below the valence band maximum.
As such transitions from bonding to antibonding states have also been determined by previous
research [66,67] on zinc−post-transition-metal interactions, it could also be concluded to depict the
zinc−tellurium interactions as mixed-metal-like interactions. Furthermore, it should also be noted
that our bonding analysis clearly indicates that the dysprosium−tellurium interactions can hardly be
described as ionic, as dysprosium rather acts as a d-metal [68]—an outcome that is in full agreement with
our previous research on the bonding nature of lanthanide−tellurium interactions (see Introduction).
At this point, one may wonder if this sort of telluride should be rather assigned to the group of the Zintl
phases or the family of polar intermetallics. While the knowledge of the valence electron concentration
helps us in distinguishing between Hume—Rothery and polar intermetallic phases, it is hard to
arrange a frontier between Zintl phases and polar intermetallics by means of the valence electron
concentration [69–71]. Because the antibonding states in Zintl phases are usually [18] unoccupied and
well separated from non-bonding and bonding states, the populations of antibonding zinc−tellurium
states below the valence band maximum are in stark contrast to the aforementioned electronic
structure criterion of Zintl phases. Hence, the electronic structure of RbDyZnTe3 is best described
as a polyanionic network, which consists of polar-covalently bonded zinc and dysprosium centered
tellurium polyhedrons and monoatomic rubidium cations enclosed by the aforementioned network.
4. Conclusions
In the quest for materials showing the requested task-specific properties, there is a need to
understand their electronic structures, including the nature of bonding, because the interpretations of
the electronic structures of solid-state materials allow us to extract invaluable information regarding
their chemical and physical properties. Among solid-state materials, tellurides have attracted
particular interest, as many tellurides are at the cutting edge of basic research and technologies; yet,
are the Zintl−Klemm treatments, which are typically carried out to understand the valence electron
distributions in tellurides, helpful to understand the electronic structures and bonding nature of
tellurides containing transition-metals? Furthermore, should tellurides comprising transition-metals
be viewed at as Zintl phases or polar intermetallics?
To answer these questions, we prototypically examined the electronic structure and bonding nature
of RbDyZnTe3 , which crystallizes with the KCuZrS3 -type of structure. In doing so, we also provided
the first structural reports on the previously unknown RbLnZnTe3 (Ln = Gd, Tb, Dy), whose crystal
structures are composed of two different types of layers that propagate parallel to the ac plane and
are stacked along the b axis. One of the layers comprises linear chains of bicapped trigonal tellurium
prisms enclosing the rubidium atoms, while the other layer consists of linear chains of tellurium
tetrahedra and octahedra encompassing the zinc and dysprosium atoms, respectively. An application
of the Zintl−Klemm concept to the ALnZnTe3 -type tellurides proposes an electron-precise valence
electron distribution according to the formula (A+ )(Ln3+ )(Zn2+ )(Te2− )3 . However, the outcome of
the first-principles-based examinations of the electronic structure and bonding nature of RbDyZnTe3
clearly shows that an application of the aforementioned formalism provides a rather simplified picture
of the electronic structure and could also be misleading: the nature of bonding of the heteroatomic
contacts between the rubidium and the tellurium atoms should be described as ionic, while the
nature of the Dy−Te and Zn−Te interactions should be classified as polar-covalent or mixed-metal-like.
This outcome is in stark contrast to an ionic description of the lanthanide−tellurium interactions,
which have been previously proposed for tellurides comprising lanthanides (see Introduction). As the

Crystals 2020, 10, 916

10 of 13

structures of these tellurides are best described as polar-covalently bonded frameworks enclosing
monoatomic (alkali metal) counterions, the ALnZnTe3 -type tellurides rather show characteristics of
polar intermetallics and, hence, should be assigned to the family of polar intermetallics.
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