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The two most metal-rich lanthanide antimony phases known were obtained from high-temperature solid state
syntheses, that for TmsSh being of greater difficulty because of its apparent incongruent melting. The TmsSh
phase crystallizes in the tetragonal space group P4,/n (No. 86) with a TisP-type (Pearson: tP32) structure, a =
12.2294(5) A, ¢ = 5.9852(5) A, and Z = 8. The phase Lu;Shs exhibits a Sc;Ass-type tetragonal structure, /4/mcm
(No. 140) (1156), with a = 15.5974(7) A, ¢ = 8.8130(7) A, and Z = 8. Both structures are described in terms of
compact arrays of condensed chains of metal polyhedra (tetrahedral, tetrahedral star, trigonal prismatic, cubic)
together with six- to nine-coordinate Sh in metal polyhedra. Magnetic susceptibility data on the paramagnetic Tms-
Sh are also reported.

Introduction and, usually, metallic properties to significant covalency

The plethora of new metal-rich compounds that have come :)et\r/]\{een the delehctrop05||t|\{ehand eIe;:tLonegatlve cc:jmpomfants.
to the forefront in recent years reveal the remarkable and n this regard, the metal richness of the compounds is often

almost innumerable ways in which the component atoms Canmeas;ured by the metal/nonmetal element ratio which is in

bond and arrange themselves in periodic solids. Among these MY interesting cases large enough to not only ensure formal

metal-rich pnictides, chalcogenides, and halides of the reduction of the anion but also leave valence electrons for
electron-poorer transition metals have provided a large M=M mterat_:tlons. We report_ here the_ syntheses a nd
number of remarkable examples. The newest and least strL_Jcturz_il refinements of the first two binary lanthanide
precedented new compounds and structures are often foun(ﬂéﬁt'modmfess that are more reduced thagSim namely, Trs
for the lanthanide(Ln) elements or, with inclusion of the and LuShs. ) .
group 3 elements SeLa, what are collectively termed the ~ Although the TiP structure type of the first is widely
rare-earthmetals (R). known among the phosphides, arsenides, silicides, stannides,
Among the basic structural features of these metal-rich @nd germanides of Ti, Zr, Hf, Nb, and Tahe occurrence
derivatives are highly condensed metal polyhedra such ag0f trivalent metals in this strgcture type r_las been reported
octahedra or trigonal prisms which are often linked directly ©NlY for YaSb and that according to an assignment of powder
or through the intervening anions into chains, layers, or 3D d|ffract|on_ datef’ (The 1990 report of I,'d‘Sbg IS not copS|d—
arrays. A great diversity of bonding is witnessed in such ered creditabte-see the Results and Discussion section.) The
compounds, ranging from overriding metahetal bonding ~ N€W LuTes compound represents only the second example
of the SgAs; structure type that was reported by Berger and
* To whom correspondence should be addressed. E-mail: jcorbett@ co-workers in 1981 without much detdfl. These two
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Sh systems driven not only by the belief that the antimonides Table 1. Some Crystal and Structural Refinement Parameters for
may afford useful thermoelectric materials but also by the TMsSb and LuSb

thought that such novelties as recently uncovered in other  empirical formula TreSb LuShs
antimony systems, viz., Z£a;Shy,™* Mgs »:Smy 77Sh,*? and fw 628.54 1590.0
LueMoSh,,*®* and the very unusual metal-rich lutetium ny_tSt Sﬁ, tetragonal tetragonal
H . . unit cell dimens
compounds of the neighboring tellurifmay be found. a=b, A 12.2294(5) 15.5974(7)
c 5.9852(5) 8.8130(7)
Experimental Section Vv, A3 895.14(9) 2144.0(2)
space groupZ P4,in (No. 86), 8  14/mcm(No. 140), 8
SynthesesSingle crystals of the title compounds were obtained  density (calcd) (Mg/rf) 9.328 9.852
following high-temperature reactions of mixtures of the high-purity ?bsl‘?og_ff (Mo Ku), mm™  64.63 71.14
elements Tm or Lu pieces (99.95%, Ames Laboratory) and Sb ina’ inciees:

> ) . R1, wRZ[l > 20(1)] 0.0274, 0.0506 0.0180, 0.0304
chunks (99.99%, Johnson-Matthey)lifz in. diameter Nb tubing (all data) 0.0323, 0.0518 0.0257, 0.0314

welded under an Ar atmosphere. (Ta is not as satisfactory with
Sb11) The tubes were further jacketed in evacuated and sealed silica
containers and heated in resistance furnaces.
The TmSb phase was eventually obtained>i85% vyield (plus
<5% of an unknown phase represented by a line iear 32°)
from a reaction of that composition that was first quenched from
1050 °C afte a 3 day equilibration. The quenched product was
then annealed at 40 for 7 days prior to cooling at 3C/h. Prior
reactions had shown that quench and anneal at60&lone were
not suitable. In addition, other reaction conditions did not give good
yields of the target phase: (a) fast cooling (@h) from 1250
°C to room temperature, (b) intermediate annealing at 700 or 400
°C, or (c) slow cooling alone to 800 or 60C. These behaviors
suggest that Tgsb undergoes a peritectic formation/decomposition
reaction at relatively low temperatures, as bounded above. On the
other hand, metal-rich compositions, & reacted in parallel with
those of TmSb gave no evidence for the analogougSBrphase,
yielding only PgSb** plus a few extra powder pattern lines.
Explorations in the metal-rich region of the &b system

aR1 = 3(|Fo — Fel)/Z(|Fol), WR2 = [SW(Fo2— F2)/SWFH Y2

Single-Crystal Studies.Selected single crystals were mounted
in thin-walled capillaries inside a glove box designed for crystal
mounting and then examined on a Bruker APEX diffractometer
equipped with a CCD detector, a graphite monochromator, and a
Mo Ka fine-focus sealed tubé. (= 0.71073 A). Three sets of 606
frames of data were collected at room temperature fogSinwith
a scan width of 0.3in w and an exposure time of 10 s per frame.
The reflection intensities were integrated with the SAINT subpro-
gram in the SMART software packa§eusing a narrow-frame
integration algorithm. The integration of the data for the indicated
tetragonal unit cell yielded a total of 7462 reflections to a maximum
6 angle of 28.20(0.75 A resolution), of which 1079 were observed
(I > 20(1)) and independent (completenes97.9%,Ry,; = 5.07%).
Empirical absorption corrections were made using the multiscan
technique with the SADABS prograth Space group determination
by the XPREP program in the SHELXTL 6.1 software pacRage
- i . suggestedP4,/n (No. 86) or Imma (No. 74) on the basis of
indicated that two new phases were formed according to the Gu'n'ersystematic absences, and the mean valugEaf— 171(0.839)

powdler pat.tirrls /osfghe perdUCtS of.varlo%ssr_iactlznf.l_IZ particular, o, qested that the structure is centrosymmetric and in the former.
Sampies Vl‘"t u f_ molar prcl)porthr;lslo - an o (co;npare No systematic absence violations or inconsistent equivalents were
to Luy;Tey') were first arc-melted with losses of1.3 wt %. The o lved All four independent atoms were located with SHELXS

two pEOdlfJCtS eitr:jer Witlrofﬂlgr ;vith st(Jjbsequent annhealing in Tac?t using direct methods, and the structure was refined anisotropically
1200°C for ~1 day all yielded powder patterns that contained - 3g \ ariaples) with the aid of SHELXTL 6.1 and full-matrix least-

~90% of the pattern of what turnegl out to be the title phase of squares orF2 for all reflections to give convergence at Ri
Lu;Sks. The results suggest that this phase melts congruently Of 5 74%. WR2= 5.06% forl > 20(1) data and 3.23 and 5.18% for

very nearly so. Well-shaped crystals came from the last of the four all data, respectively. The largest residual peaks were 1.632 and
reaction products, the 11:4 sample after annealing. On the other_1 800 eA-3

hand, somewhat Sh-richer reactions yielded the noveMio$h,

) . . The solution of the crystal structure of $3b; took place in a
(a site-occupancy variant of ffe type) after annealing through

) - . . closely parallel manner. A sphere of data in reciprocal spacé to 2
incorporation of some Mo from the protective foil used to wrap _ 56.32 was collected from the best specimen with 10 s/fframe
the arc-melted butto.n"é. ) ) ) exposures. The tetragonal space grddfmcm (No. 140) was
Powder X-raly Diffraction. Powder diffraction data were  gyongly indicated, and the structure was readily solved therein by
recorded at-22°C on a Huber 670 Guinier camera equipped With  gjrect methods and refined without problem with the aid of
an area detector and CuoKradiation ¢ = 1.540598 A). The  SHELXTL. Absorption was corrected with the aid of the SADABS
|nvest|gayons were carrleq out or? samples held between two Mylar . tine to give 736 observed reflectionsy 20(1), Ry = 0.0589).
sheets with the help of a little Apiezon grease and mounted on the Thg fina anisotropic refinement with seven independent atoms and
twin-ring assembly inside the glovebox. The presence of each title 33 \5riaples converged at R2 0.0180,wR2 = 0.0304 forl >
phase was established by visual comparison of the observed patter(|) data. This also yielded quite uniform displacement ellipsoids
with that generated from the lattice parameters, space group, anteycept for 4 of Lus which was a little larger (2:1) normal to the
the atomic positions subsequently determined from a single-crystal plane of its four nearest neighbors (see Discussion). The largest
study. Impurity detection is estimated to be of the order of 5% in  AF residuals were 1.46 andl.27 eA3 both<2 A from Lu atoms.

terms of equivalent scattering. Some crystal and refinement data for both studies are collected in
. Table 1.
(11) Ganguli, A. K.; Gupta, S.; Corbett, J. Borg. Chem2006 45, 196. Magnetic Susceptibilities. Data for TmSh were measured at
(12) Gupta, S.; Ganguli, A. K.; Corbett, J. Dorg. Chem20086 45, 8175. ) . .
(13) (13) Chen, L. Corbett, J. Dinorg. Chem2004 43, 436. fields of 1 amd 3 T over a range of 6300 K with the aid of a
(14) Abdusalyamova, M. N.; Rakhmatov, O. L.; Faslyeva, N. D.; Tchuikw,
A. G. J. Less-Common Me1988 141,L.23. (16) SMART Bruker AXS, Inc.: Madison, WI, 1996.
(15) Chen, L.; Xia, S.-Q.; Corbett, J. Inorg. Chem.2005 44, 3057. (17) SHELXTL Bruker AXS, Inc.: Madison, WI, 2000.
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Table 2. Atomic Coordinates % 10°) and Equivalent Isotropic
Displacement Parameters{A 10%) for TmzSk?

Wyckoff X y z U(eq)
Tmi & 15022(4)  66109(4)  22406(7)  58(1)
Tm2 8 53039(4)  7346(4) 25739(7)  50(1)
Tm3 8 10960(4)  22328(4)  51580(7)  54(1)
Sbl g 4872(5)  20968(5)  1202(11)  50(2)

ay (eq) is defined as one-third of the trace of the orthogonalizéd
tensor.

Table 3. Bond Lengths (A) in TrsSb

Figure 1. The distorted tricapped trigonal prism of Tm that surrounds

Tm(1)-Tm(1) 3.2689(9) Tm(2)Tm(3) 3.5591(6) each Sb atom in Tgsb (~[010] infinite perspective). The Tm atoms are
Tm(1)-Tm(1) 3.7813(4) Tm(3yTm(3) 3.4956(9) color-coded as in Figure 2.
Tm(1)-Tm(2)  3.4058(7)  Tm(3}Tm(3)  3.7375(8)

Tm(L)-Tm(2) 3.5956(7) Tm(1Sb(l) 3.0996(8)

Tm(1)-Tm(2)  3.6257(6)  Tm(LySb(l) 3.2269(8)

Tm@)-Tm(2)  3.7399(7)  Tm(2ySb(1) 3.0599(8)

Tm(L)-Tm(3) 3.7173(7) Tm(2)Sb(1) 3.1822(8)

Tm(1)-Tm(3)  3.8105(7)  Tm(2ySb(l) 3.2583(8)

Tm@)-Tm(2)  3.4950(9)  Tm(3)Sb(1) 3.0496(8)

Tm2)-Tm(2)  3.6432(9)  Tm(3}Sb(1) 3.0664(8)

Tm(2)-Tm(3) 3.3915(6) Tm(3)Sb(1) 3.0772(8)

Tm(2)-Tm(3)  3.5345(6)  Tm(3)Sb(l) 3.1103(8)

Quantum Design (MPMS) SQUID magnetometer. The weighed
sample was held between two fused silica rods within a tightly
fitting outer silica tube, and the assembly was sealed under h&lium.

The raw data were corrected for the susceptibility of the container
and the diamagnetic contributions of the ion cofes.

Results and Discussion

The new TmSb and LuShk; phases represent the first
lanthanide examples of these stoichiometries, the first
structural refinement of any F®-type RSb, and the first
confirmation of the singular structure reported for the rather
distant SgShs;. The syntheses of these two new lanthanide
antimonides turned out to be very different in their facilities
(Experimental Section). TgBb was secured in good yield
after an (assumed) melt of that composition had been
quenched and then annealed for a week-at00 °C (but
not as high as 608C), presumably because the 33b melts
low and quite incongruently. On the other hand;Tey was
obtained in high yield from compositions in its neighborhood
following either arc melting or subsequent annealing of the
melted product at 1200C for about 1 day.

TmsSbh. The tetragonal structure of T38b (P4./n), the
first rare-earth metal example for which this structure type
has been quantified, is of asP generic classificatioff, a
lower symmetry member of a sizable class ofBAype

Figure 2. ~[001] Projection of the structure of tetragonal 33b (P4./n)
color-coded by atom number: Tm1, golden (center of tetrahedral star chain);
Tm2, orchid (bridging atoms); Tm3, red (tetrahedral chain); Sb, blue. The
chains and polyhedra along thea#es are highlighted. TmSb bonds are
omitted for clarity.

the relatively complex unit cell in Figure 2. A simplified
description of the structure follows. The basic metal poly-
hedra consist of commensurate chains of Tm3 (red) tetra-
hedra that share opposite edges along tagig at'/s, Y4, z

(top left), etc., plus a parallel chain of shartdrahedral
star units built of Tm1 (golden) and Tm2 (orchid) alofg,

phaseg! Positional and distance data are collected in Tables s, ; etc. The wider black “bonds” emphasize these features,

2 and 3. As shown explicitly in Figure 1 in an infinite-

but the overall array, distorted somewhat because of its

[010] view, the antimony (vice P) resides in a somewhat complexity, exhibits additional (marked) metahetal con-
distorted tetrakaidecahedron (better known as a tricappediacts over a range of 3.278.89 A. All the additional T

trigonal prism), with Tm-Sb distances in a moderately
narrow range of 3.053.26 A. However, this description
neglects the significant and distinctive roles of the three Tm
atom types, as shown color-coded in a near-[001] view of

(18) Guloy, A. M.; Corbett, J. Dlnorg. Chem.1996 35, 4669.

(19) Selwood, P. IMagnetochemistryinterscience Publishers: New York,
1956.

(20) Lundstrom, T.; Snell, P.-CActa Chem. Scand 967, 21, 1343.

(21) Hyde, B. G.; Andersson, $organic Crystal Structureslohn Wiley
& Sons: New York, 1989; pp 366370.

Tm bonds involve the more protruding Tm2 atoms (orchid).
In more detail, the two metal chains are generated from Tm3
metal dimers (3.50 A, red) and from Tm1 dimers (3.27 A,
golden) that are both positioned normald@nd alternate

by 9¢° down that axis according to the symmetry. The
repeat distances in the simpler red tetrahedral chain so
generated alternate between 3.74 and a long 4.03 A, the latter
length included for geometric completeness, whereas these
repeats are 3.74 and 3.78 A in the golden chain of tetrahedra.

Inorganic Chemistry, Vol. 46, No. 6, 2007 2189
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magnetic order, as also indicated by the magnetization curves
at 2 and 300 K given in the Supporting Information, Table
S3. There is no suggestion of such a localized state in the
structure, however.

Lu,Shs. An 1990 study of the LuSb phase diagram via
DTA and powder pattern data concluded the existence of
only LusSb and LgSks in this region? However, the new
lines in their X-ray powder data were evidently used only
for qualitative evidence as no structural assignment for the
metal-richer phase was noted. However, the ease and
directness with which we obtained high yields of only;£u
Sh; and free metal (judging from Guinier powder patterns)
from compositions with Lu/Sb proportions of 3.0 and 2.75
(Experimental Section) strongly suggest that the earlier
association of an Lygsb composition with an incongruent
1290°C melting point must be in error. (According to their
phase diagram this marked the decomposition afSl(s)
into ~LusSb(l) plus LyShks(s).) (An incongruent melting
point of 1240°C has been reported fors8b8) Lu,Sb may

The tetrahedral star description for the latter results becausebe a reasonable alternative for their powder pattern data,

all facing pairs of triangular faces on the chain of Tml

tetrahedra are capped by Tm2 atoms (orchid) to generate P

second larger and inverted chain of tetrahedra. (These-Tm2
Tm1 distances range between 3-860 A to the vertices
and 3.74-3.89 A to atoms in the shared TmTm1 edges.)
(This tetrahedral star construction is a common feature in
intermetallic structure®) The Tm2 atoms also bridge edges
or bond exo to atoms in the simpler red chain at 3.3%6

A. (A complete equivalent to Figure 2 with distances marked
is given in the Supporting Information, Figure S1.) Finally,
although it is not very clear in this figure, the Sb atoms (blue)

lie between the metal chains, being positioned at the same

level in z and side-on to each type of dimer, and achieve
moderately regular 9-fold bonding to all Tm atoms (marked
in Figure 1). A view of this SbTpolyhedron with the same

although substantial contamination may have also been
resent inasmuch as the thermal analysis samples in this
composition region were held in fused silica containers and
heated as high as 166Q700°C.

The only previous report of this structure type came from
a 1981 single-crystal diffractometer study of the parent Sc
As:.2 Its synthesis, which started with the elements in a silica
container and was followed by arc-melting and a brief
annealing at 1200C by induction heating, evidently gave a
quite low yield. The structure was largely described in
comparative qualitative terms. Our synthetic explorations of
the Lu—Sb and related systems, with the great advantage of
Ta containers, have revealed that a number of new phases
are formed

A summary of some crystallographic data for;Bbs is

orientation as in Figure 2 and enumerated distances is giverdiven in Table 1, and the atom positional and distance data

in the Supporting Information, Figure S2.

Magnetic Properties Molar magnetic susceptibilities of
powdered TrgSb crystals were measured over the temper-
ature range of 2350 K. Figure 3 shows that the variation
of the inverse magnetic susceptibility as function of tem-
perature can be well fit to a CuridVeiss relation over
substantially the entire temperature range (Wéss- 4.2
K). The calculated spin-only moment over the entire tem-
perature region is 6.5 per Tm atom. This value is
somewhat smaller than the theoretically predicted moment
of Tm3*, 7.56 ug. The apparent reduction in the moment
can probably be attributed to a small impurity content or
orbital quenching, although a high magnetic anisotropy of
Tm iong® or the presence of some Pmwith a smaller
moment (4%9) in this well-reduced metallic phase cannot be
eliminated?* A small decrease in the magnetic susceptibility
belov 5 K may signal the onset of short-range antiferro-

(22) Haussermann, U.; Svensson, C.; LidenJSAm. Chem. Sod.998
120, 3867.

(23) Cooper, B. R.; Vogt, OPhys. Re B 197Q 1, 1211.

(24) Lawrence, J.M.; Riseboroughs, P. S.; Parks, RR&p. Prog. Phys.
1981, 44, 1.
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are collected in Tables 4 and 5. Figure 4 shows the tetragonal
structure (4/mcn) viewed down the short (8.8 Ayaxis with
three types of polyhedra highlighted to give a better
understanding of the results. The Lu atoms are represented
by red-brown spheres and the Sb atoms by yellow spheres.
Bonds are shown fodl (Lu—Sb) < 3.20 A and ford (Lu—

Lu) < 3.40 A, generally to not obscure the construction,
although values of the latter up to 3.45 A or higher are
probably also important in this relatively condensed structure.
The three colored polyhedra shown mark those about
Sbl and Sb2, green and brown, and the metal-rich gLa2)
around Lu4 as a pale blue cube, respectively. In addi-
tion, fairly obvious square planar Sb1l atoms about Lu5 at
0,04, ¥2,4,,4,4, etc. define another polyhedral array, and a
cube of bridging Lu3 around this can also be included
(below). These polyhedra are all intercondensed via shared
atoms, as shown.

Metal polyhedra about the antimony “glue” atoms provide
the principal interconnections in the structure via shared Lu
atoms. The Lu atoms in the unusual (green) polyhedra about
seven-coordinate Sb1l are shared with three like units about
a central Lu5 as well as with the brown (Sb2) and blue (Lu4)
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Figure 4. ~[001] Projection of the tetragonal crystal structure of$ks (14/mcn) with the Lu (red-brown) and Sb (yellow) atoms as spheres. The colored
polyhedra are centered by Sb1 (green), Sb2 (brown), and Lu4 (light blue).

Table 4. Atomic Coordinates % 10°) and Equivalent Isotropic Table 5. Bond Lengths (A) in LyShs

Displacement Parameters{A 10%) for Lu;Shs? Lu(1)-Sb(2) 3.9452(6) Lu(3)Sb(2) 2.9611(5)
atom  Wyckoff X y z U(eq) Lu(1)—Sh(2) 3.0596(9) Lu(3ySh(2)x 2 3.0820(4)
Lu(l)-Lu(2) x 2 3.3265(5)  Lu(3ySh(2)x2  3.1870(4)
Lul 16 16%88(2)  66SSB()  19423(5)  US) |0y ).z 338698  Lu@rlu() | 3.4469(4)
L2 o e, e, S I Lu(D)—Lu(1) 3.4235(9)  Lu@ByLu®)x 2  3.7488(6)
L i 123553 1670) 2242 LuM—Lu@) x 2 35512(5)  Lu(3rLu(3) 3.7488(6)
r - o S ! 118(2) Lu(1)—Lu(4) 3.6852(5)  Lu(3)Lu(l) 3.7854(5)
R T N 1 I e L B OO

u — X . u X .
Sb2 & 71946(4)  21946(4) 0 118(2) Lu(2)—Lu(2) 3.2593(8)  Lu(5yLu(3)x8  3.4469(4)
aU (eq) is defined as one-third of the trace of the orthogonalldéd ::Ug;*fb(%) X 39?26655((:;)) g&(gtu%; ) gggﬁggg

u —LUu X . u X .
fensor. Lu@)-Lu() x 2 3.3992(4)  Sb(ZLu(l)x 2  3.0596(9)
polyhedra via common Lu3 and Lu2 atoms, respectively. tﬂ%itﬂg; i gggégg gg%ta% g-gggg&)
The brown units about Sb2, approximately trigonal antipris- Lu(2)-Lu(3) 3.7861(7)  Sb(Z}Lu(2) x 2 3.0857(5)
matic to Lu neighbors, interconnect green (Sb1) groups and Lu(2)-Lu(3) 3.9038(6)  Sh(HLu(3) x 2 3.1870(4)
share LutLul edges to generate zigzag chains arotynd Lu(4)-Lu(2) x 8  3.3992(4)  Sh(tyLu(1) 3.3869(4)

14, z, etc. The polyhedron about Sb1 (green) can be described

as a trigonal prism (Lu2, Lu3, Lugpriented along that is 3.26 or 4.02 A in length. In contrast, the cube of Lu3 about
unicapped by Lu5. Finally, Lu4 centers a parallel metal-rich the central Lu5 has radial separations (not drawn) comparable
region along 0%, z, etc., with each Lu4 being eight-bonded to those about Lu4, 3.45 A, and cube edges that are in turn
within a rather distorted cube of Lu2 that shares faces down 0.4—0.5 A longer. The anisotropic environment about Lu5
this projection. (Figure S4 shows this isolated polyhedron is likely responsible for its somewhat largersUvalue
drawn in infinite projection to illustrate the distortions.) The (Experimental Section).

8-fold Lu4—Lu?2 radial distances are a longer 3.40 A here,  The reported structure of @s;!0 differs only qualitatively

and the Lu2-Lu?2 edges of the rather distorted cube are either from the present one, principally in that it contains a split

Inorganic Chemistry, Vol. 46, No. 6, 2007 2191



position for the equivalent of Sc4, two atoms with 50%
occupancy (and largedlvalues) that are separated by 0.44
A around the mirror plane a = Y,. This disorder likely
resulted because scandium within the distorted (So®)e
(Figure 4, blue) is relatively too small. Correspondingly, the
reported Sc4Sc2 distances of 3.06 and 3.34 A compare
with Pauling’s single bond metallic distance of 2.88%g

value that would probably correspond to an unreasonably

high bond order in this situation.

The overall structures illustrated here achieve to amazing
degrees rather regular (and therefore presumably efficient)
packing of two types of atoms for these stoichiometries,

examples that maximize the more polar F®@b or Lu—Sb

Gupta et al.

support delocalized metallic bonding among these. Although
the numbers are an oversimplification, there are formally 6
or 12 excess electrons per Tab or LuShk; (beyond the
requirements of Sb) in a “metallic” role, corresponding to
2.0 or 1.7 electrons per metal atom, respectively.
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