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The Fe,P structure (P62m) features two 3-fold Fe positions and both 2-fold and 1-fold P sites, and variations in
occupancies of the latter pair yield the reported diversity of results. The known ScsTTe, examples for T = Fe—Ni
are herein extended to four heavier transition metal T derivatives. An attempt to synthesize bismuth analogues led
to the novel inverse derivative in which fractional Te (vice T) occupies the smaller tricapped trigonal prismatic
(TTP) Sc polyhedron, and Bi rather than Te occurs in the larger TTP of Sc, with parallel reversal of polarity in the
bonding. The reported LugTe, which is distributed as LusTeLu,, is the only example in which a transition metal
occupies the normal 2-fold P or Te non-metal position, with corresponding large effects on the bonding. Lutetium
otherwise does not form RsTTe, analogues, but the novel LusMoSh, isotype occurs instead. Extended Hiickel
calculations are presented for five examples, and the structural and bonding regularities and varieties are discussed
further.

Introduction hexagonal F&-type structures, $ETe,, T = Fe— Ni,® and
DysTTey, T = Fe—Ni.? To these can be added the zirconium
analogues ZiTTe,, T = Mn — Ni, Ru, Pt and HfNi;—Sky,
X ~ 0.251

The well-known hexagonal Ee-type structur&®® is

Metal-rich compounds formed between an early transition
metal, a late transition metal, and a late main-group element
(non-metal) exhibit a variety of novel stoichiometries,

structures, and bonding. All of these appear to reflect the -~ ) X
unusually strong bonding that occurs between early and IateeXh'b'ted by hundreds of alloys and intermetallic compounds.
One distinctive feature of this structure type is that both the

transition metals, as first noted by Brewer in intermetallic . . )
systemd. A large group of such ternary phases occur as iron and phosphorus sites are double, viz., Fe(l), Wyckoff

metal-rich halides, both as isolated clusters and in extended®'® 3f, Fe(ll) 3,9' P(1) 1b, and P(Il) 2 or, _IlteraIIy, asng .
chain motifs23 Chalcogen and pnictogen compounds with Thus, many mixed but ordergd compositions are pos&blg in
early—late transition metal combinations yield a completely higher order compounds. Mixed metals on the two Fe sites
different group of compounds that are generally more metal- 2PP€ar more common, and plr;ases such as le‘Nb_Bnd

rich and, accordingly, more two- or three-dimensional in RAgG_e, 1'32 Y, Sm, Gd-Lu,® occur as ordered inter-
metak-metal bonding. The largest group has been reported metallics: . . ) i
among ternary compounds of the rare-earth elements, scan- Compounds in which the two phosphorus sites are dis-
dium in particular, with tellurium. These include the families tinguished by different elements are principally an inter-
of orthorhombic SeNizTe;,” orthorhombic ¥T.Te,, T = Fe, (7) Chen, L.; Corbett, J. DI. Am. Chem. SoQ003 125,1170

Co, NP (with metal columns rather than sheets), orthorhom- (8) Maggard, P. A.: Corbett, J. Dnorg. Chem200Q 39, 4143.

bic SgTTe,, T = Pd> Ag, Cu, Cd° the tetragonal chain (9) Bestaoui, N.; Herle, S.; Corbett, J. D.Solid State Chen200Q 155,
phase SgTsTes, T = Ru, Os! and two groups with the (10) ?,;,ang, C.: Hughbanks, Tnorg. Chem.1996 35, 6987.

(11) Kleinke, H.J. Alloys Compd1998 270, 136.
* Author to whom correspondence should be addressed. E-mail: jdc@ (12) Hyde, B. G.; Andersson, $horganic Crystal Structures]. Wiley:

ameslab.gov. New York, 1989; p 88.
(1) Brewer, L.; Wengert, P. RMetall. Trans.1973 4, 83. (13) Rundgvist, S.; Jellinek, Acta Chem. Scand.959 13, 425.
(2) Corbett, J. DJ. Alloys Compd1995 229, 10. (14) Miller, G.; Cheng, Jinorg. Chem.1995 34, 2962.
(3) Corbett, J. DInorg. Chem.200Q 39, 5178. (15) Marking, G.; Franzen, H. R. Alloys Compd1994 204, L16.
(4) Maggard, P. A.; Corbett, J. Dnorg. Chem.1999 38, 1945. (16) Gibson, G.; Pitgen, R.; Kremer, R. K.; Simon, A.; Ziebeck, K. R. A.
(5) Maggard, P. A.; Corbett, J. b. Am. Chem. So200Q 122, 10740. J. Alloys Compd1996 239, 34.
(6) Chen, L.; Corbett, J. Dnorg. Chem.2002 41, 2146. (17) Dwight, A. E J. Less-Common Met973 30, 1.
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ReTT',, New Variants of the FeP Structure Type

Table 1. Some Reaction Compositions, Conditions, and Products

loading reactiorts source; product phase analysis
SgRuTe arc melt; HTF, 1135, 1w HTF95% SeRuTe2 (FeP)
SgOsTe arc melt; HTF, 1300, 1 w HTF; 85% g0sTe (FeP)£15% ScTe (NiAs)
SgRhTe arc melt; 90% SeRhTe (FeP) £ 10% ScTe (NiAs)
HTF, 1300, 48 h 85% SRhTe (FeP), 15% ScTe (NiAs)
SalrTe; arc melt; >95% SglrTe, (FeP)
HTF, 1300, 48 h >90% SelrTe; (Fe:P),~10% ScTe (NiAs)
SaPtTe arc melt 90% S¢PtTe (SePdTe type), 10% ScTe (NiAs)
HTF, 1300, 48 h 85% SPtTe, 15% ScTe (NiAs)
SgPdTe tube furn., 1050, 72 h 95% gedTe (SaPdTe type)
LusSb arc melt; HTF, 1200+ 90% LusMoSh® (FeP type¥

aHTF = high-temperature vacuum furnace€,. ° All products identified by Guinier X-ray powder diffractioAData crystal for X-ray diffraction solution
as well.9 Reference 5¢ See text.

metallic example, such as ZoAl,'® and the RTT', types the Bi reaction) at high temperatures. (Some may still erode the
noted above in which R may be Sc, Y, or Dy, T is a late Tatubing as well as the Mo foil itself, but to a much smaller extent.)
transition metal, and Tis Te or, in one case, Sb, although Some slow decomposition with time at 1300 is evident in many
examples with other R or other main-group elements are Systems (Table 1). _ o _
presumably feasible. Here, we report some additional diverse ~1he bestway to synthesize pure;8de; phases is via annealing
compounds of the FB-type family that nicely demonstrate at 1000°C for 1 week without arc-melting and with the Ta held
more of the structural and electronic flexibility of the parent within sealed evacuated silica jackets and heated in conventional
. . tube furnaces. The best way to grow diffraction-size single crystals
type: (1) SeTTe; with T being the 4d or 5d elements Ru, Hbe 1 way to grow & ' 1ze Single cry

o g is via annealing the arc-melted products at 13@ for 48 h
Os, Rh, and Ir as derivatives of e Te," (2) LusMoSh, as followed by slow cooling to room temperature. The latter was done

the first example of a lutetium antimonide under the i, 4 graphite-heated vacuum furnacexif100°C) with a residual
circumstance that LiTTe; analogues do not appear to be pressure less than 10Torr. which also eliminates any possibility
stable, and (3) the anti-type examplesB&Bio (X ~ 0.8) in of hydrogen impurities. Usually, the samples partially melted in
which only main-group elements occupy both phosphorus the early stages, and small crystals that were suitable for single-
sites and with a reversal of the usual disposition according crystal X-ray diffraction could be picked from the product or from
to electronegativity. Another anti-example occurs in the the inner Mo surface. The yields of the target compounds according
newly discovered LgTel® This has a parallel distribution to relative intensities of the Guinier powder diffraction components

as LuTeLuw, but the bonding has not been considered before Were generally pretty high#(85%). All the reactions with Ru, Os,
in any deta,il Rh, and Ir succeeded on the first try. All the compounds are stable

in air at room temperature for a couple of months, and crystals of
Experimental Section S TeygBigg are sp staple for more than a year. Similar reactions
were also established in the Sed-Te and Se-Pt—Te systems,

SynthesesAll reactions were loaded in a glovebox filled with  pyt these form the orthorhombic §@e, (Se:PdTe type, derived

Ar. The rare-earth metals Sc (chunk) and Lu (powder) were used from SgTe) instead, as do ¥TTe, (T = Pd, Pt)2° The last is

as supplied from Ames Laboratory (99.99%), the late transition interesting in that the parent binary membesT¥ cannot be

metals Ru, Os, Rh, and Ir as powders from Alfe90.5%), and Te synthesized, in contrast to g2t

ingots, Bi pieces and Sb powder were from Aldrich (99.99%). The A wide variety of similar reactions in the S®i—Te system all

purities of all starting elements were checked by EDS analyses asfajled to give any comparable §iTe,type phase, producing

well. ) _ . _ instead orthorhombic $Bis?> cubes, ScTe (NaCl) sheets, and
All compounds were synthesized by typical solid-state chemistry |eftover Sc. Nonetheless, a few rod crystals that gave the structure

methods on a scale of about 300 mg total. Some details are listedof and analyzed as, the anti-typesBe sdBix ss (Delow) were picked

in Table 1. For each reaction, a pressadn. diameter pellet of  from the surface of the Mo foil after reaction of the arc-melted

the appropriate mixture was first arc-melted for 20 swi0 amp pytton at 1300°C for 48 h. This and the Ta inner wall were also

current on a water-cooled copper hearth in the Ar atmosphere within ~gyered with well dispersed smaller crystals, probablyB&c

a glovebox after Zr shot had first been melted to purify further the yariations in reaction temperature or prior treatment were not as

atmosphere. (The minimum current was utilized for the Bi reaction.) yseful. The physical separation of the leftover Sc from the initial

The sample pellet was subsequently inverted and arc-melted agaigaction (2.5 mol of Sc/mol of $Bis for a loaded S¢TeBi,

to promote homogenization. The total weight losses after arc- ¢composition) appeared to be a major limitation. We assume that

melting because of volatilization were under 4% unless noted. The {he well-isolated rods of $Ees 8Bi1 s grew instead by a customarily

buttons were crushed into smaller pieces in an agate mortar andnot.yery-efficient, dynamic vapor phase transport reaction, doubt-

then ground into a fine black powder for Guinier X-ray powder jessly autogenous in nature, as with ZéClompositions determined

examinations so as to identify crystalline phases at that point. The py single-crystal structural refinements of two crystals werg Sc

powders were then pelletized again, wrapped in molybdenum foil, Tep 70 Biveaw and SeTen 707sBi1esa@Which are in accord with

and sealed into tantalum tubing. The molybdenum foil helped to he EDS results for the latter, in at. %. Calcd [found]: Sc, 70.8
protect (at least) the inner wall of the Ta container from direct

reaction with the late transition metal components (and with Te in (20) Chen, L.; Corbett, J. D. Unpublished research.
(21) Maggard, P. A.; Corbett, J. Angew. Chem., Int. Ed. Engl997,

(18) Krypyakevich, P. I.; Burnashova, V. V.; Markiv, V. YRepa. Akad. 36, 1974.
Nauk. Ukr. RSR, Ser. A.: Fiz-Tekhn. Met. Nal@7Q 32, 828. (22) Haase, M.; Block, H.; Jeitschkdy/. Z. Anorg. Allg. ChenR001 627,
(19) Chen, L.; Corbett, J. O1. Am. Chem. So@003 125 7794. 1941.
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Table 2. Lattice Dimensions of RI'T'; (FeP-Type) Phases, R Sc,
Lu; T = Ru, Os, Rh, Ir, Te, Mo; T= Te, Sb, Bi, Lu

compounds a(A) b (A) V (A3)
SeRuTe? 7.681(1) 3.844(2) 196.4(1)
SOsTeb 7.627(2) 3.864(1) 194.67(9)
SqRhTe’ 7.718(1) 3.8379(7) 197.98(5)
SqlrTe? 7.681(8) 3.853(4) 196.8(4)
ScsTen 707(sBiv.sso] 7.6821(3) 4.0815(4) 208.60(2)
LusTeLwPb< 9.000(3) 3.687(2) 258.6(2)
LugMoSh> 7.935(1) 4.2630(9) 232.43(7)

aLattice parameters determined from Guinier powder datk2 lines
indexed.” Lattice parameters and composition determined from single-
crystal data‘ Reference 19.

[74.0(6)]; Te, 9.40 [9.3(8)]; Bi, 19.8 [16.7(8)]. This was equivalent
to SG.00(s)l €0.75(7B11.35¢7y The latter examination should eliminate
all significantly stabilizing impurity elements heavier than B, Figure 1. [001] section of the hexagonalsRT', structure with the cell
whereas the high vacuum precludes a hydride. Otherwise, we domarked. Key: red, (3f) Sc or Lu; pink, (3g) Sc or Lu; yellow, (1b) Ru, Rh,
not understand the substoichiometry Os, Ir, Mo or Te; green, (2¢) Te, Bi, or Sb. All of the metahetal contacts
. o ) ’ o are marked up through 5.0 A.
Following the surprising discovery of klie }° natural curiosity . .
led us to load parallel LtSb reactions. The compositions 4Sb Results and Discussion

and LuSb, both gave a major RB-type product by powder Crystal Structure. The overall structure of most ternary
diffraction analysis, tentatively Li$b, but single crystal structural RsTT'» (Fe:P-based) compounds projected along [001] is

refinements of crystals from both reactions gave only about 75% P— . . ;
Sh occupancy of the 1b site. But a test for phase breadth via fourShown in Figure 1, with a bond cutoff in the drawing of 5.0

more reactions loaded between 31 and 38 at. % Sb instead all gavé&' All atoms lie on mirror planes, the, 3fand 2c (red, green)
as the main products L8b20 (ScAs; typed) plus LuSb (NaCl) atoms atz = 0, and the 3g and 1b (pink, yellow) atiomszat
in the powder patterns. An EDS check helped us to clarify that the = '/. In the parent structure, 3f and 3g are occupied by Fe,
apparent Sh-deficient occupancy of the 1c site from single-crystal @nd the independent 2c and 1b both contain P, but in an
results were instead those fordMioSk, [at. % calcd [found]: Lu, appreciable range of ternary members, the 3f and 3g (red,
66.7 [62(4)]; Mo, 11.1 [11.1(6)]; Sb, 22.2 [27(2)]], or &fuy pink) sites are usually occupied by the same early metal,
Moz .o7eShe.62y The two reactions that gave this phase also produced the 1b site (yellow) is usually favored for a later transition
distinctly brittle Mo foil, the Mo source. Other T explorations metal, and, up to recent times, 2c (green) always belonged
yielded a series of new orthorhombic fluTe, phases* to a main group element. This gives the familiedRe; (R
X-ray Crystallography. All single-crystal data sets were col- = S¢8 Dy:® T = Fe, Co, Ni), ZETTe, (T = Mn—Ni, Ru,
lected at room temperature with the aid of a Bruker AXS SMART P1) .10 ZrsCoAl,, 8 ZrFeSn,?” and HETSh: (T = Fe,Co,Ni)i
APEX CCD-based X-ray diffractometer and monochromatized Mo To these are here addedsSEe,, T = Ru, Rh, Os, and I,
Ka radiation. Lattice constants are given in Table 2, and some and LuMoSh.

crystallographic details are listed in Table 3. Given the clear powder The general motif of this /T, structure type-Figure

pattern identifications, most structures were sofétlassuming ) i . ;

the FeP-type space groupé2m. In accord, the mean values of 1—consists of centered tricapped trigonal prisms (TTP)

IE2 — 1] in all cases strongly suggested that the structures were further cqndensed to fo_rm the 3-D hexagonal structure. There
noncentrosymmetric. Table 4 lists the positional and displacement are two kinds of confacial TTPs: the smaller metal one (red)

parameters and site occupanciesl) for the four representative  centered by a (yellow) (T) atom and two larger metal ones

compounds in the standard settidgBoth S¢OsTe and Se- (pink) centered by the green'{Telement. Both share their

Ten797sPives2(e) Crystals were racemic twins, the components triangular faces with like polyhedra to generate chains along
twinning under the law+{1 0 0, 0—1 0, 0 0—1] with minor [001]. Each rectangular face of the trigonal prisms is outer-
components of 18.01% and 18.48%, respectively. FeRBTe, capped by the other R element type. Finally, the 2c-centered

although Rh at the 1b site has a large isotropic parameter compare
with that for Te, this is not the BB-type binary compound “%¢
Tes” according to the high synthetic yield. The occupancy of Rh .
freely refined to 100.7(7)% with this thermal parameter; in addition, U_Sually, th_e 1b_ site (yef”OW) surround_ed by the smaller
a binary compound with this structure is not known. The same thing tigonal prism is occupied by a relatively smaller, late
happens with SOsTe, a larger 1b site thermal parameter but with  transition metal (/= Mn, Fe— Ni, Ru, Rh, Os, Ir). Data on

full occupancy. In the case of SleBiay, two crystals from the the six new compounds reported here are given in Tables 1
synthesis (above) both gave essentially the same resulfEe,Sgiy and 2 and, for the four structures refined, in Tables 3 and 4.
Bi1esnyand SeTep 797sPi1es2s) Also, the Bi:Te ratio was strongly ~ Table 5 summarizes specific and average bond distances of
supported by EDS results (above) from one of the single crystals. different types in the latter four J¥T', compounds.

For LusMoSk, once the presence of Mo was clarified by EDS, The antitype S¢Tey¢Bi1s Shows a very nice site prefer-

9TP are interconnected with 1b-centered TTPs through
relatively short (strong) innerouter R-R interactions.

the structure was refined without event. ence, which may simply arise because Bi is larger than Te
(23) Berger, R.; Nolaeng, B. I.; Tergenius, L.Acta Chem. Scand.981, (25) SHELXTL6.10. Bruker AXS, Inc.: Madison, WI, 2000.

A35, 679. (26) Blessing, R. HActa Crystallogr.1995 A51, 33.
(24) Chen, L.; Corbett, J. Onorg. Chem, accepted. (27) Kwon, Y.-U.; Sevov, S. C.; Corbett, J. Bhem. Mater199Q 2, 550.
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Table 3. Some Data Collection and Refinement Paraméters

empirical formula SeRhTe SeO0sTe SaTen797(5Bi1.682(8) LusMoSh,

fw 627.87 715.16 722.9 1389.26

space group? P62m (No. 189),1 P62m (No. 189),1 P62m (No. 189),1 P62m (No. 189),1
abs. coeff, mrh 13.976 28.397 49.914 69.973

deale Mg/m?3 5.266 6.100 5.76 9.925

R1, WwR2 | > 20|] 0.0139, 0.0333 0.0166, 0.0489 0.0105, 0.0240 0.0176,0.0391

R1, wR2 (all datd) 0.0139, 0.0333 0.0167, 0.0490 0.0105, 0.0240 0.0176, 0.0391

a | attice parameters in Table 2In the majority of cases, all allowed reflections were also observed].

Table 4. Positional and Equivalent Isotropic Displacement Parameters
(x10°) for Four SgTT', Structures

atom  Wyckoff site X y z Ueq) site occ.#1)
SaRhTe
Sci 3f 0.24202) O 0  14(1)
Sc2 39 0.6068(2) 0 Y, 16(1)
Te 2c 1/3 2/3 0 12(1)
Rh 1b 0 0 Y, 24(1)
SeOsTe?
Scl 3f 0.23863) 0 0 7(1)
Sc2 3g 0.6126(4) 0 %,  8(1)
Te 2c 13 23 0 5(1) Figure 2. Groups of diverse intermetallic compounds with amFFe
Os 1b 0 0 Y 16(1) structure type that are discussed in the present paper. The arrows indicate
SeTe Bi 2 how the compounds are derived from thefR£Te parent through chemical
Scl 3f 0_2373‘(735(5 6'682(80 1001) ilerssttailtlllJ;iorr; 3r:i’cggi’tig’ and 2c are Wyckoff symbols for the four independent
Sc2 39 0.6076(2) 0 Y,  9(1) ystallograp :
Bi 2c Y3 23 0 10(1) 0.841(4) ) ]
Te 1b 0 0 Y 10) 0.797(5) crystal structure can also be interchanged, e.g., with Te and
LugMoSh,? Bi, to yield the evidently novel antitype &gy Biie
tﬂ; gg %'%3‘(1)371((11)) % 1/0 8(71()1) Substitution of Sc by Lu (or Dy) is not a surprise, but the
Sh 2¢ y, 20, o 8(1) fact that Lu atoms themselves can also occupy the 2c site in
Mo 1b 0 0 Y2 9(1) LusTeLw, is, illustrating not only a presumed size effect but

also the electronic flexibility of this type of structure. Again,
the discovery of the electron poorer dMioSh, the first
(1.51 vs 1.37 A in metallic radff) and then naturally fits  |ytetium antimonide, also shows that Te and Sb have similar
the larger TTP better. (l\(l)ote that both main-group element cemical properties in this metal-rich intermetallic system.
sites are only about 80% occupied.) From Os to Bi, the As described beforéthe SeTTe, (M = Fe, Co, Ni)

trigonal faces of two TTP do not change much (Table 5), - . . . .
but they are 0.22 A farther apart along thelirection with compounds exhibit a dominant one-dimensionality of metal
metal bonding within the TTP chain along tbéirection in

Bi owing to differences in something akin to the van der ¢ f bond dist Il as Mullik | |
Waals radii. This size-determined site preference is evidently erms ot bond distance as well as u_' en overiap popula-
again the case with Lglie!® the first example with the tions (MO_P)' In contrast, £TTe; (T = Mn—Ni, Ru, Pt)
principal metallic element also occupying the nominally phase¥ W|th electron-richer transition metqls have metal
interstitial 2¢ site. In the case of kMoShy, the Lul—Lul metal bonding arrays that have been described as fully three-
dimensional, corresponding to greater filling of the broad

interaction is the shortest among all £lu distances, in : _ :
parallel with the strong LMo interactions in the Mo-  conduction band. However, the opposite trend is seen on

centered TTP of Lul at essentially the sum of single bond comparing the electron-poor kTe (LusTeLw,, VEC = 30)
metallic radii?® These unusual site occupancies are well With SGOsTe (VEC = 38), in which the metatmetal array
reflected in bonding differences as well (see below). in the former is more three-dimensional because of the
Figure 2 schematically summarizes the relationships greater delocalization achieved with the metallic lutetium in
among all of these EB-type intermetallics relative to the the 2c sites provides stronger metatetal bonding. (This
parent Sg-eTe. The subgroup S(RU/Os)Te phases are  aspect is considered in the next section.)
isoelectronic compounds, and these T elements can also be Theoretical Calculations and Comparisons.To gain
substituted by Co, Rh, or Ir, their respective neighbors in further understanding of the characteristics and differences
the periodic table. Some of the same substitutions are foundamong these compounds, extendetkél calculations were
with the DyTTe, subgroup. Interestingly, the slightly  carried out within the tight-binding approximation for the
eIectrop—nt_:her Pt and Pd exam.ples of s B, do_ not SgRuTe, SgOsTe, “ScsTeBi,”, LugMoSh,, and LyTe
crystallize in the FgP structure, but in an orthorhombic s_heet examples with the aid of the CAESAR prograhilo make
structure related to that of gie > We report here the first  yhe results more appropriate to the charge distributions in
evidence that the types of atoms at 2¢ and 1b sites in they,ee ynconventional compounds and also more comparable
to each other, interated;Hparameters of Sc and Te were
taken from SgFeTe,? whereas such data for Fe, Ru, Os,

aRefined component has been converted to standard setting.

(28) Pauling, L Nature of the Chemical Bon@rd ed.; Cornell University
Press: lIthaca, NY, 1960; p 403.
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Table 5. Selected and Average Bond Distances (A) in Sorg€TR Compounds

atom pairs SeRhTe SeOsTe ScsTen.soPBi1e8() LusMoSh, LugTe?

R1-R1 3.235(3) 3.152(4) 3.158(2) 3.308(1) 4.318(2)
R2-R2 4.114(3) 4.095(4) 4.096(2) 4.217(1) 4.835(3)
R1-R2, av 3.32 3.30 3.39 3.51 3.59

i—o, small TTP 3.273(1)%4) 3.223(2) &4) 3.3287(8) k4) 3.4728(6) k4) 3.611(2) k4)
o—i, large TTP 3.407(2)%2) 3.448(3) k2) 3.501(2) k2) 3.5856(8) &2) 3.545(2) k2)
R1-T (3f—1b) 2.678(1) 2.654(2) 2.7365(8) 2.8619(6) 3.100(2)
R1-T' (3f—2c) 2.988(1) 2.970(2) 2.9983(8) 3.0790(6) 3.283(2)
R2—-T (3g—1b) 3.035(2) 2.951(3) 3.015(1) 3.1416(8) 3.479(2)
R2-T' (3g—2c) 3.0537(6) 3.054(1) 3.1250(4) 3.2360(4) 3.345(1)

alLusTeluw, ref 19.
ScsOsTe: ScsTeBi2 LusMoSb:

LI R S X g

LusTeLu2

T

Energy (eV)

-10.0 |

-12.0

-14.0 ¢t

Figure 3. DOS (upper) and COOP (lower) data fo§TR', compounds: (a) $SOsTe; (b) SeTeBiy; (¢) LusMoShy; (d) LusTe (LusTeLuy). The horizontal
dashed lines mark the Fermi levels.

and Lu were obtained from a full charge-iterative calculations interactions. The four small peaks arounrd 0.5 to —8.5
in which orbital energy parameters for these atoms were eV represent mainly Os(sSclp bonding states, whereas
varied to self-consistency as a function of Mulliken charge the pronounced peak at7.0 eV originates mainly from Os
transfer. The Sb and Bi parameters and the standard orbitald and Sc1 d states, with smaller contributions from Sc2
exponents were taken from Alvar&zand Mo parameters . The states abové- are mainly Sc d states with some Os
were estimated from those of Zrand Ru. All parameters  d and are initially bonding, as is usual in these electron-
used are listed in Supporting Information in Table S3. poor phases. There is a clear distinction between nearest-
Figure 3 shows the total and some partial densities-of- nejghbor SctOs intermetallic bonding interactions, which
states (DOS) (top) and COOP (crystal orbital overlap ¢4 just below (and abovef, and the more polar SeZle
population) (bottom) plots for four of theeRT'> phases in ponding which falls lower£12 to—14 eV) with a counter
the energy range 0f 14.0 t0—2.0 eV. For SgOsTe (a),  antibonding states abow&. (This effect is familiar in many
the states from-14.0 t0—10.5 eV correspond t0 Te(BSEC  eta1rich Se-Te phases, in which it is reflected in lower
(29) Ren, J.; Liang, W.; Whangbo, M.-KCAESAR for WindowsPrime- Sc-Sc MOP values for those Sc with Te neighb®fsThis
Color Software, Inc., North Carolina State University: Raleigh, NC, distinction is clear in the charges deduced for 3dTSe,
1995. phases with 7= Fe, Ru, and Os according to the Mulliken

(30) Alvarez, A.Tables of Parameters for Extended ¢tel Calculations, . .
Parts 1 and 2 Barcelona, Spain, 1987. approximation, Table 6, namely Sct@.7 to —0.6 eV) vs
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ReTT',, New Variants of the FeP Structure Type

Table 6. Effective Atom Charges in SomesRT'; Phases as Calculated ~ Table 7. Selected MetatMetal Distances (A) and Mulliken Overlap

by Extended Hakel Means Populations (MOP)
SgFeTe? SaRuTe SaOsTe atom -atom 2 SgO0sTe MOP LugTe MOP
Wyckoff site  atom charge atom charge atom charge R1-R1, basal 3.152(4) 0.163 4.318(2) 0.032
— — — R1-R1 alongc 3.864(1) 0.109 3.687(2) 0.159
gf Séf:; 0(')7417 Sscclz 0'5(218 Scslc2 0'553 69 R2-R2 basal 4114(3) 0000 4835(3) 0.045
22 To _062 Te _061 Te —0.60 R2-R2, alongc 3.864(1) —0.003 3.687(2) 0.272
1b Fe 1 08 RU l 92 Os '0 86 R1-R2 (av) 3.30 0.095 3.59 0.240
: : : i—o small TTP 3.223(2) 0.125 3.611(2) 0.210
: o—ilarge TTP 3.448(3 0.033  3.545(2 0.300
SgTeBi? LusTeLw, LugMoSh, Rl—T'(gRS) ® 3.283(2() ) 0.380
Wyckoff site  atom charge atom charge atom charge R2-T'(R3) 3.345(1) 0.353
3f Sel 008 Lul 029 Lul —o041 T'—T'(R3BR3) (alongr) 3.687(2) 0.242
39 Sc2 0.05 Lu2 —-0.01 Lu2 0.29
ig _'?' g-gé %U3 —8-32 |\S/|b _%Eﬁ Some selected metaietal distances and MOP data for
e -0. e -0. 0 . .
the two representatives &sTe (VEC = 38) and LyTelLw,
* Reference 8" Calculated with full occupancies. (VEC = 30) are listed in Table 7 for comparison. As before,

SC2 (0.5 t0+-0.7 eV). Naturally. th  elect i the metal bonding in $SOsTe is expected to be more one-
c2 (F0.5 to+0.7 eV). raturally, the most electronegalive - ;,0ngional character in the TTP chain. The strongest
element Te has a negative charge, whereas the electron-rich

T = Fe, Ru, and Os have positive effective charge2,0 bgnding Iies.in the small TTP .chain cpntgining O.S’ namely,
dropping to+0.9 eV as the mixing with Sc becomes notably within the tr_|gonal t_)ase, theﬂo_capplng "?terac“"”? and
larger and the interactions become less polar with heavier "¢ RT-R1 interactions along in decreasing magnitude.
period d elements. (Interestingly, these S@l charge The large trigonal prism has nearly no metaietal bonding.

transfers are in the direction first postulated by Brewer and !N contrast, the spread of bonding into a 3D metal network
Wengert from an acid-base viewpoint.) character in LgiTe is obvious. The strongest Hlu bonding
The novel anti-typic S ey ¢Bix  (calculated for full rather is within the larger Lu3-centered TTP; the weakest is in the
than~80% occupancies) exhibits a broader and less polar Small TTP around Te with a MOP only8% of the largest
Bi(6p)—Sc2-based band at midenergies, whereas Te in theone (0.032 vs 0.380). (Of course, the Coulomb contributions
Scl TTP is now the more polar. Both effects level the are doubtlessly in inverted order.) As a simple scale of 3D
approximate charges with only Te being somewhat negative bonding character, the inter-TTP-chain interactions in these
and with Bi as a modest electron donBg.is barely lowered ~ two examples have distinguishable differences; that ig Lu
with the observed occupanciesSaTeysBiiss (in a rigid Te (Lu2—Lul, 3.61 A, MOP 0.210) has a MOP value around
band approximation), and only some nonbonding-TFe, 55% of that for the largest Ltulu interaction, whereas that
Sc-Bi states are emptied. The conversion tosMoSh, in SeOsTe (Scl-Sc2, 3.45 A, MOP 0.033) is just20%
shows two notable effects. First, the+lu interactions are of the largest. The reason is more likely to be that Te at 2c
strong and give rise to broader tliu bonding states,  sjtes is more electronegative and at lower energy, which
paralleling the similar behavior already discussed foe-Dy  drains more electron density from the-S8¢ metal network
Te vs SgTe* and broadening the empty portion of £lu than Lu3 does from the LuLu network. The more polar

bonding states (COOP) te2 eV. The Lu-Sh(p) band and  g¢_Te interactions help the localization of the -S8c
COOP are with better mixing lower and broader than, e.g., interactions

for Sc-Te, and the Lu-Mo band is broader, again giving
appreciable charges to Sb and Me).9 and+2.1, respec-
tively.

Finally LugTe or, better for comparison, klieLu, shows Both the crystal and electronic structures show that the
the largest changes (Figure 3d). The much broader conduc—4y and 5d derivatives of SeeTe, namely SeTTe, (T =
tion band and LerLu COOP curves are _strikingz as the-tu Ru, Os, Ru, Ir), keep a dominant 1D TTP-chain character in
Lu states here (and for l‘?MOSbZ) remain bonding to well the metat-metal bonding, but the S€T heteroatomic
above Er. The lowest lying Lu-Te states correspond to interactions become less polar with the heavier d period

particularly strong interactions with Lul, the only close | ts. Th | anti-typic St 4Bi1 sh S
neighbor to Te, around-11 eV, and the weaker (longer) S'cments. thenovelan -ypIC 3 11,6 SNOWS & nice size-
determined site preference, as doegllau The latter is also

Te—Lu2 bonding. Again, the surface Lul atoms (with Te X . ) o .
neighbors) tend to have positive charge, whereas all the innerthe first example in which the principal metallic element also
atoms have stronger ktLu bonding and relatively negative occupies the interstitial site that is usually favored for a non-
charge$ Naturally, Te has a negative charge. The innermost Metal, and its metaimetal bonding tends to become more
atom Lu3, which is not a Te neighbor, has the most negative 3D with a lower VEC and fewer polar metahon-metal

Conclusions

charge,—0.32, and, in parallel, all of the strongest-tLu interactions. The heavier variants of ,Pe family, the

bonding interactions. electron-poorer Lgl'e and LyMoSh,, show strong Lu-Lu
interactions which give rise to broader £uu bonding

(31) Herle, P. S.; Corbett, J. Dnorg. Chem 2001 40, 1858. bands. The diversity among fRestructure type members in

Inorganic Chemistry, Vol. 43, No. 2, 2004 441



Chen and Corbett

terms of stoichiometries, electron counts, and bonding Acknowledgment. We thank Marina Vondrova for as-
characteristics as well as in the chemical resemblance ofsistance with the $ETe, reactions. This research was
neighboring elements, even metals and non-metals thereinsupported by the National Science Foundation, Solid State
illustrates some of the fascinating character of solid-state Chemistry, via Grants DMR-9809850 and -0129785 and was

chemistry. carried out in the facilities of the Ames Laboratory, U.S.
These results beg for some predictive output, i.e., regarding P€Partment of Energy.
the stabilities of LySb, SeSbTe, SaTSh, and the like. Supporting Information Available: Tables of X-ray data

Unfortunately, the answers always depend on the relative collection and refinement results, anisotropic displacement param-
stabilities ofalternateproducts as well, many of which may  eters, and parameters used in extendédkdlicalculations. This
involve now unknown compositions and structures. The material is available free of charge via the Internet at http://
synthetic experiment often gives the answer much more PuPs-acs.org.

quickly and reliably. 1C0302581

442 Inorganic Chemistry, Vol. 43, No. 2, 2004





