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Er;Ni,Te,: The Most Rare-Earth Metal-Rich Ternary Chalcogenide
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Synthetic exploration of metal-rich chalcogenides of group IV
and V early transition metals incorporating the Brewdéfengert
concept of polar intermetallic bondihdnas provided a great
variety of new chemistry. Recent extension of this research to
the electron-poorer rare-earth metal systems has produced
SaNi,Tex? SgMTe, (M = Mn, Fe, Co, Ni, Pd¥,DysMTe, (M
= Fe, Co, Ni)? YsM,Te, (M = Fe, Co, Ni)? RsM,Te; (R = Gd,

Dy, Er, M = Co, Ni)f and RMTe; (R = Gd, Er, M= Co, Ni,

Ru)” The new compound EXi,Te, reported here represents the
most metal-rich of the ternary rare-earth chalcogenides. Rare-
earth elements and many of their compounds exhibit a range of
fascinating physical properties originating from localized 4f
electrons. The magnetic properties of rare-earth systems have
received extensive attention due to their technological importance
and scientific challenges. Magnetic properties of the title com-
pound were measured and analyzed in this report.

ErsNi and NiTe were prepared by direct reaction of stoichio-
metric elements (Er foil, Ames Lab 99.99%; Te powder, Alfa
99.99%; Ni powder, Alfa 99.95%) via arc melting and solid-state
reactions in sealed silica tubes, respectively. Appropriate ratios
of Er, ErNi, and NiTe were wrapped in molybdenum foil, which
was sealed in flame-baked silica tube under vacuum. This vessel
was heated between 800 and 11 for 7 days; the product
contained EiNi,Te, in 80—90% yield, with ErTe as the only other
observable phasz_e Ina Gu'n'er_ pO\_Nder d'ﬁra_(:t'on_ pattern. T_he Figure 1. Approximate [010] projection of the ENi,Te, structure. Er
target compound is also accessible in quantitative yield by heatingand Ni atoms are shown as dark circles with and without bonds,
the above vessel at 85C for 4 weeks or by using molybdenum  respectively. Te are open circles-Efe and E+-Ni bonds are not shown

foil within a niobium tube as the reaction container. Black rods for clarity. Circled regionsl and2 are depicted below.

suitable for single-crystal X-ray studies were obtained, and the ) ) ) o
compound was found to adopt a new structure type with space (1)- Finally, vertex condensation forms links between individual
grouplmm2 (No. 44). Synthesis of the cobalt analogue afforded layers that result in the overall 3-D structu®. (Tellurium atoms

an isostructural compound in high yield. reside between the metametal bonded layers, doc planes.
The structuréof Er;Ni,Te,, projected along the [010] direction,

is shown in Figure 1. The basic structural unit is a distorted, Ni- 0.

centered, tricapped trigonal prism (TTP) of Er that is fused with

like prisms by sharing the Etriangular bases to form an infinite 1

[(ErsErsErs2)Ni] chain that propagates along thexis. These

infinite chains are condensed to form corrugated layers across
thebc plane by sharing Er zigzag chains, which are composed of
capping Er atoms on one TTP and inner Er on the adjacent TTP
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at 110 K on a Bruker SMART CCD diffractometer, which indicated a S : :
body-centered orthorhombic cell. A total of 1823 reflection$ {526 TTPs as fundamental building blocks, but following different

< 58°) were collected, of which 770 were uniqug.( = 0.0995). The
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Figure 3. The ac susceptibility of polycrystalline fi,Te,. Inset:
temperature dependence;gf and ym1.
(d) ZryFe
Magnetic measurements on a polycrystalline sample (12.74 mg)
were carried out with the use of a Quantum Design (model
Figure 2. Arrangements of TTPs into (a) single chains in theCtrAl, MPMS-5) SQUID magnetometer. Temperature-dependent sus-
structure, (b) double chains in the Ji€Te structure, (c) layers in the  ceptibility data were collected from 2 to 300 K at a field of 1000
Er7Ni_2'_I'e2 structure, and (d) a 3-D netwo_rk in thesBe structure_._EarIy G. The magnetic susceptibility datg)(were corrected for the
D rge! il A s wension Metlsparamagneic mpuriy (ErTe) contbutighior sample hoider
contribution, and for the intrinsic diamagnetic contributién;

condensation schemes (Figure 2). In thgCliAl-type structure, ~ témperature independent paramagnetism was found to be negli-
bonding between the capping and apical atoms of adjacent TTPsgible within the experimental error.
interconnects single TTP chains. In theF#Te structure, double Between 100 and 300 Ky is fit with the Curie-Weiss

chains are formed by edge condensation of single chains, andexpressiony = C/(T — 6); a) ! versusT plot (Figure 3, inset)
the so-formed double chains are stitched together into a 3-D gaveC = 10.6+ 0.2 andf = 4.1(4) K. The effective moment,
network by forming longer bonds between the capping atoms not g ~ V/8C, was 9.21+ 0.09 ug, to be compared with 9.58
involved in condensation. As described previously, formation of calculated for free Br (“l115:). Reporteduen values for EsTes, 4
condensed intermetallic layers becomes characteristic in theErTel4and Er metdf are 9.50+ 0.14, 9.35+ 0.14, and 8.98
ErNi,Te, structure. Successive layers are shifted relative to one 0.18uz, respectively. The more numerous the-Er bonds, the
another along the direction and are linked together by sharing lower the observeg.s. The effective moment for ENi,Te; is
capping atoms such that Te atoms are accommodated at twaat the expected place in this series.

chemically inequivalent sites between the layers. A similar but ~ ap 5¢ susceptibility measurement demonstrates an ordering
more symmetrical layer architecture is found in the structure of {ansition atTc = 16.5 K (Figure 3). Ordering in ENi,Te, and
ZrsFe, which inturn is closely related to hexagonal-close-packing in Er metal T = 18 K) can be attributed to the RKKY exchange
metals. Adjacent layers in the s structure stack vertically in — jnteraction between the Er moments, which is indirect in nature

Figure 2d, sharing one Zr atom in every TTP unit. This 3-D  4nq js mediated through itinerant conduction electf8n&.This
network is even more condensed due to the formation of extensive;s the first metal-rich rare-earth chalcogenide for which a magnetic

Zr—Zr bonds between the layers. transition has been observed.
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