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Formation of Gallium Dimers in the Intermetallic Compounds RsGas (R = Sc, Y, Ho, Er,
Tm, Lu). Deformation of the MnsSis-Type Structure
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The RGa (R = Sc, Y, Ho, Er, Tm, Lu) phases were prepared by high-temperature solid-state techniques. The
structure of monoclinic S6Ga was determined by single-crystal X-ray diffraction mea@2/(n, No. 12,Z = 4,
a=8.0793(5) Ab = 14.003(1) A,c = 5.9297(3) A5 = 90.994(53), and those of the isotypicsRa, R=,

Ho, Er, Tm, Lu, were determined by Guinier powder diffraction. The neyG8g¢structure is a deformation of

the hexagonal MgBi; type (P6s/mcm) and contains two types of gallium dimers wid{Ga—Ga)= 2.91 and 3.14

A. The closely spaced Sc1 chains in the parenSitype transform to zigzag chains in concert with displacements

of the uniformly spaced gallium atoms to form dimers within distorted confacial square antiprisms of Sc. Matrix
effects appear important in the different 8G@nd lengths. Electronic calculations reveal that the transformation
from the hypothetical MgBi; to the SeGa; type is aided by antibonding Gé&5a interactions between the dimers

that are pushed abovg- and Ga-Ga and Ga Sc bonding states just belokk that are stabilized. $6&; is

appropriately metallic. Except for B Sc, Lu,

the arc-melted §&a compounds above slowly transform on

annealing at 1150C and below into tetragonal B&is-type structures.

Introduction

Compounds with the MyBis-type structure have been sources
of useful chemical instruction as well as of significant experi-
mental errors, both deriving from a remarkable flexibility of

often happen quite unexpectedly through contamination by a
third element, such as from water or oxygen, and this may even
lead to a unique stabilization of some ternary phasEer
example, SeAl;4Te, is stable in this structure type for 1
x > 0.8, but neither binary end member s8Ik or SgTes, can

this particular structure type to accommodate a great range ofp, synthesize# Compounding these problems is the fact that

host substitutions as well as to bind diverse interstitialsThe

latter variable has led to extensive studies of several families

of compounds ZShZ? ZrsSnZ ZrsPhsZ,* LasPsZ,®
LasGesZ,® LasSrsZ,” AesPrsZ (Ae = alkaline-earth metal;
Pn= pnictogenf~1%and RPrBr (R = rare-earth metaf The

electron-richer hosts among these can bind up to 20 different Z
elements, usually a main-group element or transition metal, in

an antiprismatic interstitial metal site. The B-site substitutional
chemistry in these B3 compounds that has been explored
includes MTr3—Sh (M = Ti, Zr, Hf; Tr = Al, Ga),12 Zrslr3 Ty

(T = Pt or Os)!3 and more recently, SErs—xXy (for Tr = Al,

Ga; X=Sn, Sh, Te}* These interstitial or substitution reactions
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many MnSis-type examples were identified decades ago,
usually according to X-ray powder diffraction patterns, and have
never been reevaluated using modern diffractometry techniques.
For those wishing to make chemical sense out of this large class
of compounds, it is first essential to know their compositions
and structures accurately.

The RGa; (R = rare-earth element) compounds were first
reported some years ago to have either thd8&structure type
for R =Y, La, Nd, Sm-Dy or the Mn;Siz structure type for
the smaller R= Sc, Y, Ho—Tm, Lu!>16However, single-crystal
studies a few years ago revealed that the La, Gd, and low-
temperature Y examples actually crystallize in a distorte£r
version, more commonly known as the 8& type, whereas
Guinier X-ray powder data indicated that the quenched Y, Ho,
and Er members with nominal M8is-type structures were
irregular as well?” The former LaGas and both forms of ¥Ga
were also found to exhibit Pauli-like magnetic susceptibilities
characteristic of a metallic state. Our motivation for studying
the RGa; systems began with discrepancies evident in the
volume and axial length trends across thesBigrtype solution
series SgGas—«(Sn, Sb, or Tg) in which sharp deviations from
Vegard's law (linearity) occur, i.e., mostly a compression of
the ¢ axis of the ideal hexagonal unit cell, asapproached 0
(SaGa). Also, splittings of several Guinier powder-pattern lines
characteristic of the MyBis structure were apparent in these
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Table 1. Lattice Constants and Cell Volumes o§@&s; Phases Table 2. Selected Crystal and Refinement Data fogGa?
(C2/m) fw 867.92
compound a, A b, A c, A p.deg VA3 space groupZ C2/m(No. 12), 4

SeGa  8.0793(5) 14.003(1) 5.9297(3) 90.994(5) 670.76(7) d°(7\';|” Ochg)rsm - 1"62251’2

Lu:Ga;  8.4021(4) 14.553(9) 6.2811(5) 91.11(5) 767.87(8) 4 alrestraints/params 10/0/42

TnuGa, 8.4670(8) 14.647(1) 63489(8) 91.28(1) 787.2(1) RS IERL S PAOTA 0.0887, 0.1720

ErGa;  8.5081(8) 14.721(2) 6.3776(4) 91.30(1) 798.6(1) . _

HosGa 8.5571(8) 14768(1) 6.4195(8) 91.35(6) 811.0(1) largest diff peak and hole, eA  1.946 (0.96 A from Ga2)-1.905

YsGa;  8.616(2) 14.859(3) 6.516(2) 91.46(2) 834.0(4) *R1= 3 IFol — IFcll/XIFol; wR2 = {3 [W(Fe? — F/ X [W(Fe)]} 2,
2

aFrom Guinier powder diffraction data with Si as the internal W= 0or "

standard, 23C, 1 = 1.540 56 A. Table 3. Atomic Coordinates and Equivalent Isotropic

Displacement Parameters{A 10°) for SaGas

regions!* A single-crystal diffraction study of these anomalies

for SaGa and powder pattern examination of othesGgs atom _ Wyckoff X y z Ueay
systems have illuminated the first substantive distortion of the ga% g”l‘ 0605070%32) 00 2008(1 0-07 3%(74)3 1%1)1
MnsSis structure type, and subsequent electronic band structure 21 42 0 @ 0 '1777(g)) 05 ®) 15(1())
calculations have afforded a useful description of the bonding g¢o 81 0.3785(3) 0.1205(2) 0.7551(4)  15(1)
changes. Sc3 4m 0.2628(5) 0 0.2570(6)  16(1)
Sc4 42 0 0.1551(3) 0 16(1)

Experimental Section aU(eq) is defined as one-third of the trace of the orthogonalizged

SynthesesGallium (Johnson-Matthey) and the rare-earth elements tensor.
Sc, Y, Ho, Er, Tm (Ames Laboratory) were used as received with stated
purities greater than 99.9%. All starting materials and reaction products ABS 1° and structural models were obtained and refined with the
were handled in a helium-filled glovebox that included a built-in arc  SHELXTL program? Intensity statistics were ambiguous, but refine-
melter. About 306-350 mg of the elements necessary to givGR ment tests of all three possible space gro@® Cm and C2/m
compositions were weighed out, and the rare-earth-metal componentsproduced the lowest residuals and smallest positional erroGZon,
were pelletized into 10 mm diameter disks with the aid of a hydraulic Some data collection and refinement parameters are given in Table 2.
press. Gallium metal liquifies upon compression and so could not be The refinement converged at R1/WR2.064/0.172, using a full-matrix
easily pelletized. Therefore, the R pellet and the solid gallium piece least-squares refinement 68 and a reflection:variable ratio of 14.7:1
were transferred to the water-cooled copper hearth, with the rare-earthThe positional and isotropic-equivalent displacment parameters for
metal component on top, and these were arc-melted together at 70 ASgGa; are given in Table 3. Additional data collection, refinement,
for 20 s per side, with intermittent melting of a zirconium getter for and anisotropic displacement parameters and all near-neighbor inter-
oxygen. Pellet weight losses were typically 2% and did not affect  atomic distances are given in the Supporting Information. The distances
the overall sample compositions significantly. The arc-melted pellets were calculated utilizing the more accurate lattice parameters determined
were then sealed into 9 mm i.d. tantalum tubing, transferred to a high- with the aid of Guinier powder diffraction. The Supporting Information
temperature vacuum furnace (Thermal Technology), annealed at 1150material and thd=/F listing are available from J.D.C.
°C for 2 days, and cooled to 105C over 20 h. Then the power was Band Calculations.Extended Hukel band calculations were carried
turned off. X-ray powder patterns taken both before and after annealing out within the tight-binding approximatihfor the real and for the
typically indicated quantitative yields>@5%) and better crystallinity hypothetical undistorted (MSis-type) structure of S6Ga at 150
after annealing. However, the annealing and cooling procedure resultedk-points spread out over the irreducible wedggparameters employed
in partial (=25%) conversion of the (Y, Ho, Er, TaGa compounds  ere those values obtained by iteration to charge consistency for the

to the BaSis; type, which confirmed an earlier repdrtwhile (Sc, full structure (eV): Sc 4s;-7.33; Sc 4p~3.53; Sc 3d-6.89; Ga 4s,
Lu)sGas remained the unchanged (nominal) #3i type. —14.58; Ga 4p;—6.75.

Powder X-ray Diffraction. The powder diffraction patterns of the
samples were obtained with the aid of Enraf-Nonius Guinier cameras Results and Discussion
and monochromatic Cu d& radiation. The brittle samples were o )
powdered, mixed with standard silicon (NIST) as a calibrant, and placed ~ Structural Description. A near-[001] view of the SfGa;
between two strips of cellophane tape on a frame that was mounted onstructure is given in Figure 1, with selected-S8c and Ga
the camera rotation motor. Refined lattice parameters for all six Sc  Ga distances labeled in A. The complex scandium network
Gag-type phases are given in Table 1, arranged in order of increasing (black atoms) is constructed from four symmetry-inequivalent
unit cell volume. positions. The Sc2 and Sc3 atoms define distorted chains of
Single-Crystal X-ray Diffraction. Shiny black single crystals were  ~qnfacial trigonal antiprisms along/4,02), (0Y,2), clear
selected from a reaction loaded asGa and were sealed inside 0.3 remnants of Mn2 in the MySis structure when viewed in terms

mm glass capillaries. Crystal qualities were inspected with Laue q¢ o jarger C-centered orthorhombic cell. The faces are nearly
photographs, and the best crystal was selected for data collectionona” .

Bruker CCD diffractometer operating at room temperature with Mo equilateral with S,'de Iengths»G..BG A) that differ by 0.018(9)

Ka radiation. Three sets of 30 frames with 15 s exposures were usegA, whereas the interatomic distances between the two faces
to determine provisional lattice constants and the crystal system. Thefange from 3.48 to 3.64 A. The Sc1 and Sc4 atoms (the former
lattice constants, angles, and absences suggested a C-centered monbinear chain of Mn1) describe a zigzag chain spaced at 2.98 A
clinic space group wit =~ 91.°, which is a small angular distortion  alongc, and these serve to edge-bridge three antiprismatic Sc
of the C-centered orthorhombic equivalent to the parent hexagonal cell chains at 3.36 to 3.60 A. It should be noted here that to aid in
of MnsSis that is obtained by the transformaticm p, Clne{ /2, —'/z, 0; the visualization of the 3D structure, some arbitrary distance

"2, 2, 0; 0, 0, 1]= [a, b, Clomno One-half a sphere of reflections was  ¢ytoff limits (supported by band calculation results) have been
collected to @ ~ 56°, utilizing 30 s frame exposures. The reflections, used in drawing some of the contacts.

when integrated and filtered with SAINTPLUSyielded 1719 allowed
rflectl?_ns of Whl(t:_h 619 were lyrgquiha:;]d obsekrved>(20|). AnSAD (19) Blessing, R. HActa Crystallogr.1995 ASL 33.
absorption correction was applied with the package program " (20) SHELXTL Bruker, AXS, Inc.: Madison, WI, 1997.

(21) Hoffmann, R.J. Chem. Phys1963 39, 1397. Whangbo, M;
(18) SAINTPLUSBruker AXS, Inc.: Madison, WI, 1996. Hoffmann, R.J. Am. Chem. S0d.978 100, 6093.
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Figure 1. Near-[001] view of the monoclinic $6a; structure with
selected SeSc and Ga-Ga distances labeled in units of A. Black atoms
represent scandium, and white atoms represent gallium. The symmetry
elements are a vertical mirror planeyat 0,Y/, and centers of symmetry

in the dimers and confacial antiprims {&, 0O, etc.) (99.9% probability
displacements appear in all figures).

Ly
"

<

Two types of centric gallium dimers (open ellipsoids) with
bond distances of 2.91 A (GalGal) and 3.14 A (Ga2Ga2)
are located in cavities defined by portions of two antiprismatic
and two zigzag chains of scandium. Tbg, environment around
Gal-Gal is better seen in the [010] section aroynd 1/, in
Figure 2a. The gallium atoms are each located in distorted
trigonal prisms of Scl,2,4 that share SScl edges. (Each
trigonal prism shares edges with two other trigonal prisms down ‘
c that are formed by the Scl, Sc4 zigzag chains.) DistancesFigure 2. (a) A [010] section of the structure of &&a;, showing the
from Gal to the vertexes of the surrounding Sc trigonal prisms pairs of augmented edge-sharing scandium trigonal prisms about(Gal)

. S " and the open Sei3—1-3 face through which the dimer extends. (The
are quite similar, 2.852.89 A, and additional Sc3 atoms above Sc3 atoms lie on a mirror plane normal to the view.) (b) Similar

their rectangular f(_i‘_::es ﬁl__4_4 and +1-2-2) give each environment about the longer (Ga2¥he reduced centrosymmetric
Gal atom two additional neighbors at 2.91 and 3.02 A (dashed) symmetry (compare Figure 1) splits nearly all dimensions of and within

for a total coordination of eight Sc. Note that the side edges of the trigonal prisms by-0.1-0.2 A (not marked) except for the fixed
the prisms in this view vary greatly, 3.37 A for Se3c2, 4.35 d(Sc1-Sc4)= 2.98 A. The atom colorings are as in Figure 1.
A for Sc4—Sc4, and 4.97 A for Se¢iScl; that is, their basal Table 4. Atomic Displacements (A) in $6a from the Ideal

faces are distinctly nonparallel. (The trigonal prism edges c_centered Orthorhombic Equivalent of the #8i-Type Structure
surrounding (Gazk)exist in Figure 1 only as the long unmarked

horizontal SctScl and Sc4Sc4 connections across the central atom typé X y z
square around/,/»,, plus the Sc2Sc2 edges.) Because of Gal —0.088 0 —0.241
the distortions, it is probably more useful to describe the-Gal g?f +%032 18'%4 +%129
Gal dimer as bonded through the more open-&&l-Sc3- Sc2 —0.036 +0.042 +0.030
Scl face common to two distorted, confacial square antiprisms Sc3 0 0 0
(3, 3, 2, 4). Sca 0 -0.163 0

_The S'Wa“on arou_nd (_Gaéz)w'thm a similar square unit in a|n the hexagonal setting there are only three unique atom positions:
Figure 1, is necessarily different because (Gaap been rotated  5c1= Sca= (Sclhex (Y5, s, 0); Sc2= Sc3= (SC2hex, (X, O, Ya);
by ~60° from that of (Gal)just described and possesses only Gal= Ga2= (Ga)ex (X, 0, ¥4).
a center of symmetry. In Figure 2b, each Ga2 now has six rather
than three independent distances to the trigonal prismatic appears to force the elongation of the latter, that is, a matrix
scandium atoms at 2.82.95 A (not labeled), very similar to  effect. The interdimer separation between the (Ga®jts is
the closest six Sc atoms about Gal. The face-capping Sc2 atomsorrespondingly a little less than between (Ga3)6 vs 3.8 A.
here (dashed) are at 2.90 and 3.10 A, the latter to the upperThe distortion about the second dimer also opens up the top
Sc2 being 0.08 A longer than in Figure 2a. The similar distances basal face of the trigonal prism by 0:48.23 A.
for the Ga2-centered trigonal prism edges are 3.36 A forSc2 The SeGa; structure is the result of a complex 3-D network
Sc3, 4.52 A for SctScl, and 4.84 A for Se4Sc4. The crux adjustments necessary to accommodate the dimers, the formation
of the difference in the two dimers seems to lie in the intervening of which seems to be electronically driven (below). Numerical
distorted squares. The GaGal bond lies between two Scl displacements of the various atoms from those in the equivalent
atoms separated by 4.97 A, while that for G&®a2 occurs C-centered orthorhombic MSBis-type structure are listed in
between two Sc4 atoms 4.84 A apart, 0.14 A less. (The other Table 4. The linear M1 metal chain atoms in the parent are
Sc3-Sc3 and Sc4Sc4 diagonals on the common waist are displaced alternately along by ~0.15-0.16 A (Figure 1).
longer, 5.17 and 5.11 A, respectively.) With very comparable Naturally Gal and Ga2 undergo substantial changes aipng
Ga—Sc neighbor distances about Gal and Ga2 dimers (eachmoving toward a like atom, more so for Gal in the shorter
lies across a center of symmetry), the “squeeze” of the two Sc4 dimer. The combined displacements of Scl, Sc4, Gal, and Ga2
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Table 5. Interatomic Distances (A) and Corresponding Pairwise
Overlap Populations (OP) in §8a

atom atom distance OoP atom atom distance OP

Ga2 Sc3 2.827(2) 0.390 Scl Sc4 2.983(2) 0.148
Ga2 Sc2 2.829(2) 0.387 Sc2  Sc3 3.355(5) 0.094
Gal Sc2 2.847(4) 0.376 Sc2  Sc2 3.373(7) 0.090
Ga2 Scl 2.837(3) 0.340 Sc2 Sc2 3.478(6) 0.066
Ga2 Sc4 2.829(2) 0.313 Sc2  Sc3 3.514(5) 0.062
Gal Sc4 2.894(4) 0.313 Scl  Sc2 3.362(5) 0.061
Ga2 Sc2 2.905(4) 0.288 Sc3 Sc4 3.388(5) 0.055
Gal Sc3 2920(6) 0.264  Sc2 Sc3 3.564(5) 0.053
Ga2 Scl 2.955(2) 0.264  Sc2 Sc2 3.633(6) 0.046
Gal Scl 2.886(4) 0.255 Scl Sc2 3.488(4) 0.040
Ga2 Sc4 2.937(4) 0.238 Sc2 Sc4 3.452(4) 0.038
Gal Sc3 3.023(6) 0.220 Sc2 Sc4 3.593(5) 0.021
Ga2 Sc2 3.100(4) 0.187 Scl Sc3 3.594(5) 0.019
Ga2 Sc2 3.369(4) 0.097

Gal Sc3 3.495(5) 0.061

Gal Gal 2.913(5) 0.363
Ga2 Ga2 3.140(4) 0.224

and gallium orbitals are projected out in both. The Fermi level
cuts through a large conduction band composed primarily of
scandium orbitals with small gallium contributions nesy,
particularly in the real structure. The two DOS are fairly similar
in major features except for a divergence of both Sc and Ga
contributions from just belovieg on distortion, which have to
Figure 3. Section of the SfGa; structure alon@ around the Sct do with the electronic nature of the distortion. The results are
Sc4 (black) zigzag chain with the surrounding (Gat)d (Ga2) dimers clearly consistent with the observed resistivity30 #Q cm at
(black bond_s). T_he latter atoms define octahedra about the Sc atomsygq K, with 0.13% K1) and temperature-independent Pauli-
(compare with Figure 2). like paramagnetic susceptibility of §&a (ym(corr) = 6.3 x

10~4 emu mof? between 6 and 290 K.

The corresponding crystal orbital overlap population (COOP)
curves for the SeSc, Se-Ga, and GaGa interactions in the
real and model structures are drawn on the same scale in Figure
5. The Fermi level passes through the middle of strongly
bonding Se-Sc interactions and, as usdaksleaves many of
the bonding scandium states empty in both structures, while
the Se-Ga bonding interactions are more nearly optimized in
. the two structures. Differences between these alternatives are
most conspicuous and important in the-@aa COOP data,
wherein the large antibonding spike né&rin the undistorted
structure (part Il of Figure 4) broadens, decreases in amplitude
by over 50%, and splits into two distinct peaks for the two
gallium dimers. The former characteristic arises from closed-
shell interactions in part Il betwearominalisolated G& units

are better appreciated in Figure 3, which shows the zigzag chain
of Sc1,4 atoms running vertically. Each of these is surrounded
by a distorted gallium octahedron, either two Ga2 dimers and
the ends of two Gal dimers (Sc4) or the ends of four Ga2 dimers
and one Gal dimer (Sc1), all at 2:83.96 A. The chain atoms
Scl and Sc4 move orthogonally away from the nearest dimer
formation. This alternation of two (Ga2yith one (Galydimer
alongzis now more evident in the projection in Figure 1 as the
three columns of dimers that surround the Scl, Sc4 “maypole’
at1/,, ~0.34,z, etc. Referring back to Figure 2, this distortion
of the scandium zigzag chain lengthens the edges of the
scandium trigonal prisms through which the gallium atoms bond.
Isostructural Compounds. Previous research demonstrated
that RRGa; compounds containing rare-earth metals larger than
holmium form in either the \85i; type (Ce, Pr) or the_ BSis at ~3.5 A, and which the segregation into dimers splits into
type (La, Nd, Sm, C.;d’ Tb, Dyyrf Some ex_penme_ntal lower-lying inter- and higher-lying intradimer antibonding states.
evidence for the heavier rare-earth gallides having a distorted The splitting is larger with the greater displacement of Gal to
MnsSis structure was noted befdféout not investigated farther. form the shorter dimer, which pushes more states aEeyaot
It has now proved possible to prepare isotypic heavier rare- shown). The lower méximum in the G&a antibonding pair

e_arth a_nalogues of the monoclinictc,Seg (_Table_l), the (_:eII nearEg originates with the greater interdimer separation between
dimensions and presumably the gallium dimer distances mcreas-(Gal)Z (3.8 A), whereas the higher arises from the shorter

it?g for Iargljc_er R. The BGa phastﬁs forllzzsql;%oo%Tm gbltained interdimer (Ga2) separation (3.6 A) for which a significant
y arc-melting appear metastable at © or below as number of states are emptied. Thus, some-Ga antibonding
they (only) partially transform to a B8i; version on cooling  |e\els je., electron holes, lie abo& and drive the dimer

(see ExperlmenFaI Section for ‘?'e‘a"s): . formation, sort of a Peierls distortion. Bonding-S8a states
Band Calculations. Extended Huakel (tight-binding) calcula- ;

. Hust belowEr in part Il of Figure 4 are also lowered by the
tions seemed necessary to understand more about the electronigq;ortion (Figure 5)
structures and the distortion of the ideal §8i-type structure. .

. . The complex 3-D structure of §8a provides a wide variety
Figure 4 shows the total densities of states.(DOS) on the same¢ qistances and apparent bond strengths. To help clarify these,
scale for both the real $6a (part | of Figure 4) and a

the at i d dist listed in Table 5in d di
hypothetical undistorted MgSiz type (part Il of Figure 4) © alom pairs and distances are 1S1ed i 'avie s In gescending

. . ; L . order of pairwise overlap populations (G bond strength).
modeled dimensionally e_lccord!ng to the unsplit lines of the pasm The Se-Ga overlap populations decrease fairly regularly with
powder pattern. (The dimension estimated by extrapolation

of lattice constants for substitutional solutions would actually 22y maggard, P. A.; Corbett, J. D. Am. Chem. So@00Q 122, 838.
be somewhat largéf) Partial contributions of the scandium (23) Maggard, P. A.; Corbett, J. Dnorg. Chem.1998 37, 814.
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Figure 4. Total densities of states (DOS) for the reakGa; structure (1)

and for the undistorted MBis-type model (I). The total gallium and

scandium orbital contributions are projected out in each. The Fermi levels are marked by dashed lines.
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Figure 5. Crystal orbital overlap population (COOP) curves for totat-Sc, Se-Ga, and GaGa interactions in the real 88a; structure (I) and
in the undistorted MsBis-type model (I1). Note the displacement of bonding features just b&pwn distortion to lower energies or abotze.

increasing distances over a range 0-30M61 for 2.83-3.49

A, a“normal” behavior. (The Hamilton populations will not be
very different in view of the similaH; values for Sc 3d and
Ga 4p?%) The most obvious exception is Gascl with a 0.255
OP, fairly low on the list for a distance of 2.89 A. This Sc1 sits
above and below the center of the Ga@al bond, more in the

st region. The correspondird{Ga2-Sc4) above and below the
longer dimer is 2.83 A (more crowded) and has a larger OP,

fairly large electronegativity differences are also possible. Tests
of the electron-poor or -deficient regimes with triels &rGa,

In, Tl) are especially severe because of the extreme negative
oxidation states that would be required for the formation of
formal closed-shell (Zintl) phases. TheRs compositions with
MnsSis-type structures have always been interesting because
the triel elements are isolated here. These phases have accord-
ingly been considered as possible closed-shell Zintl phases with

0.313. Other structural situations have shown that distances alonelectronic balance between®Rand TP~ oxidation states,
may be poor measures of bond populations and, presumablyajthough the latter seems quite extreme and improbable. (But

of strengthg3 In the Se-Sc metal framework, the largest OP,
0.148, goes with the SeiSc4 repeat in the zigzag chain at 2.98
A. The next larger SeSc OP’s,~0.09, are within the scandium
triangular faces in thab plane, Sc2-Sc3 and Sc2Sc2 at 3.36
and 3.37 A, that generate the antiprismatic chain dowfhe
remaining Se-Sc contacts are mostly3.4 A with fairly small
OP’s, <0.06, which makes it difficult to outline specific trends.
As expected, the shorter (Galas the larger OP, 0.363, vs
0.224 for (Ga2). The most reduced scandium atoms lie nearer
the Ga-Ga dimers, which were partially oxidized in the
distortion.

General Discussion

we now know that the MgBi; structures reported for HelLu,

Y, and Sc gallides were in error because of inadequate powder
pattern resolution or care.) The alternatives in such extreme
circumstances are either to delocalize some of the high electron
concentration on the anions into a conduction band (as well as
into polar-covalent RTr bonds, which does not change the
oxidation state) or to transform into a structure with smaller
anion charge requirements, e.qg., theBzitype with an anionic
constitution that gives oxidation-state limits of §m)(Tr>") and

two formally excess electrons. This structure is known for
gallides of several earlier elements in the lanthanide series, La
Dy generally and Y, and these are in any case metallic with the
distorted BgSiz structure version of the B3 type that is

More general and useful considerations of the structures andcommon with large cations and small anidh3he present Se

their electronics among this collection of-3 compounds with

(24) Glassey, W. V.; Hoffmann, Rl. Chem. Phys200Q 113 1698.

Gas-type examples represent a still greater perturbation of the
anion structure. Even more electron-deficientB3rversions
are also known for G&a and SmGas, both of which are
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metallic, and the GaGa distances therein are notably short, F, and the dimers in the latter appear to be appropriately
2.493(1) and 2.658(4) A, respectively, evidently because of shorter2é Those in CaGa and CaZns are even shorter and
greater loss of what could be described as higher lyirg ( more electron-deficient.
electrons?® .
The new SeGa; structure (and those for R Ho, Er, Tm, Conclu§|ons )
Lu, Y as well) present an alternative, with lessened electron _ A Series of isostructural compoundg®; (R = Sc, Y, Ho,
requirements for the anions via the formation of two (nominal) Ef, Tm, Lu) are shown to have a new distorted version of the
Ga® dimers and three excess electrons formally. The structuresfamiliar MnsSis structure type. Structural features of the new
at the melting points could well be the higher symmetrysSig SaGas type include trigonal antiprismatic chains of Sc packed
type (P6s/mcm), which undergo probable second-order transi- into a ne_arly hexagonal arrangement, e_ach antiprism ha_vmg Six
tions on cooling to the $Ga; type with only dimers. Even so, connections to closely spaced scandlum zigzag chains that
the observed result is still metallic, and more of an intermetallic €NCl0se two types of gallium dimers of different lengths. The

in characteristics than the valence phase implied by the extremed@llium environments are distorted confacial square antiprisms
charge distribution cited. Among the knowrGRs prospects, ~ ©f scandium that share edges down dreis. The new Sfa;

the scandium compound probably has the lowest lying conduc- is metgllic. Electror!ic calculations revela.l that the distortion and
tion band because of the high charge-to-radius ratio of the formation of Ga anions allows (a) significant displacement of
cations. We surmise that this drives the formation of only antibonding dimer levels to abover and (b) appreciable
dimers, as opposed to thesBg version, by delocalization of = 10Wering of Ga-Ga and Ga Sc states just belo.
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