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Polar intermetallics and Zintl phases of group 14 elements
exhibit a rich variety of complex structures and chemical
bonding!? In this regard, the Zintl concept provides a simple
and useful way to rationalize relationships between stoichiometry,
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crystal structure, and chemical bonding along the border betweenFigure 1. (a) A [NiSig]*~ chain in BaNiSis; (b) [001] view of the crystal

metals and nonmetals. structure of BaNiSi;. Atoms are represented as follows: Ba, large light

Investigations on polar intermetallic trielides and tetrelides pose SPheres; Ni, small dark spheres; and Si, small gray spheres.
intriguing questions about their ability to accommodate high
negative charges, open-shell electronic structures, and multiplenal compositions. The narrow homogeneity range and the refined
bonding*7 Recent studies aim to understand structural, chemical, chemical composition were confirmed by microprobe/wavelength
and electronic characteristics of “electron-deficient” Zintl phases dispersive (WDS) analysis of bulk and single crystal samples and
that exhibit chemical bonding, wherein normal pictures of singly the observation that single-phase samples were only obtained from
bonded anionic metalloids is insufficient, and hence implies the reactions with nominal stoichiometry of BéiSis. As a general
presence of multiple bonding. The complex Zintl phases, §rCa Precaution, all manipulations were carried out under purified Ar-

In,Ge and CgngSn, are illustrative example=’ Their electronic

atmosphere in a glovebox with moisture level8.1 ppm.

and crystal structure patterns emphasize the need to understand The crystal structure ot was determined by single crystal

the stabilization of intermetallia-systems.
A challenge in inorganic chemistry is the synthesis of main

X-ray diffraction!® The crystal structure, as shown in Figure 1,
features infinite chains gf[NiSis] separated by Ba atoms. The

group compounds, other than carbon, that exhibit unsaturation chains consist of equilateral Sriangles stacked in an eclipsed

or aromaticity’® Successful syntheses of molecular cyclogalfene,
cyclotrigermeniunt¢ cyclotrisilené provide the stimuli to prepare

manner, forming columns of face-shared tigonal prisms. Ni
and Ba atoms form nominal “BHi” layers, with Ni located at

new inorganic unsaturated hydrocarbon analogues among polarthe centers of the Si trigonal prisms. Ba atoms cap rectangular
intermetallics. It has been reported that aromatic Zintl anions faces of the trigonal prisms formed by eclipsed Siangles,

isoelectronic to cyclopropenium, such as{i8nand [Ing]> were
formulated to exist in the superconducting phase, Ba&md the
ternary, CalngSns.%°

The title compound BAiSi; (1) was obtained in high yield

essentially isolating the [Niglichains. There are two independent
[NiSis]* chains that run parallel to theaxis. One chain passes
through the origin with Si-Si and Ni-Si distances of 2.454(12)
and 2.426(4) A, respectively. A second chain lies alotg ¥,

by reacting stoichiometric amounts of the pure elements (with a 7] with Si—Si and Ni~Si distances of 2.438(9) and 2.420(3) A,
slight excess of Ba) at high temperatures under argon using anrespectively. The observed N&i and Si-Si distances compare
arc furnace. The compound was initially obtained as a minor phasefavorably to the Pauling single bond distances of(Si) 2.400

from our attempts to prepare “BaNpSiSilver needle-like crystals

A and (SSi) 2.354 A and those found in planar cyclic Si

of 1 obtained from the as-cast melt were found to be air-stable n-systems!14The relatively longer SiSi distances agree with
up to 1 day, but reacted strongly with moisture. Subsequently, the trend observed in the-GC bonds ofi;3-cyclopropenyt-metal

the compound was prepared in high yiekld5%) from the reac-
tion of stoichiometric amounts of Ba, NiSi, and Si within welded
Ta tubes at 900C. The lack of an appreciable phase width in
BaNiSis is indicated by the relatively invariant lattice parameter
and unit cell volumes refined from patterns of a number of nomi-
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Figure 2. Total density of states of [Nigi*~ in BaNiSiz. The Sg
projection is shaded black, and its bands are labeled accordingly. Ni p
and g bands are not shown. The Fermi levEE)is set to 0 eV.

The Ni-centered trigonal prismatic silicide chains in the unique
crystal structure of compountl are similar to chains found in
NbSe that reportedly exhibit novel charge density wave (CDW)
behavior? However, significant SeSe bonding between Se
atoms of neighboring chains was observed in Nb®ecloser
structural relative ol is found in the oligomeric [ZnG#~ cluster
in CsZnGe;, wherein Zn atoms occupy trigonal prismatic sites
formed by the eclipsed condensation of two ,G®ramidal
clusterst?
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The most significant Ni Si interactions are manifested in the
&' () and €'(*) bands. Atk = 0 (I'), &' (.r) is honbonding
between Ni porbital and ther-states of Si and transforms to a
bonding combination ak = z/2a (X) leading to the observed
dispersion. The HOMO§g'(x*), exhibits significant mixing
between the Ni (g and 4, and Si p, orbitals. Antibonding
interactions irg’(z*) at k= 0 (I), as shown in Scheme 1, become
Scheme 1

) %f%j%@ %EE%I%
%I%@E%@ %ES@I%

significantly bonding ak = /2a (X). The dispersion of tha,"-

() and €'(*) bands provides an electronic rationale for the
observed stability of the chain structufeThe €'(,7*) bands are
partially filled only up to where the metaligand states are
bonding. Fragment MO analyseskat O (T') indicate the charge
assignment as [I%Bi;*~]. However, Mulliken population analyses
indicate charges are [Ni(Sis)®"] that suggests significant hy-
bridization of Ni and Sj due to the extended nature of the chain.

The S rings are notable features of the crystal structure. There Possible “back-bonding” from the “electron-rich”;8i moiety
have been reports of solid-state ring structures for silicon that to the metal is indicated by the significant mixing of empty Ni p

are mainly derived from six-member benzene-like uHiB3etailed

states with filled Sja,'" () states. The average overlap populations

investigations of these electron-deficient silicides and germanidesfor the Ni—Si and Si-Si bonds are 0.225 and 0.636, respectively.

indicate the existence of cyclic tetrelidesystems that were
characterized as having partially filled states'**5It is tempting

The overlap population between Si atoms of face-to-fage Si
triangles is negligible. Hence, the interaction of the][imer

to associate the structure to a Zintl electronic scheme aswith Ni may be considered analogous to that observeg®n

(Ba?M),Ni?*[Si3).5~ However, the identical electronegativities of

cyclopropenyl-metal complexes, and that the [NiSichains are

Ni and Si dispute this simple assignment. It is more appropriate solid-state analogues of an eclipsegf-8i;)Ni polymer!® A

to depict the infinite chain as a one-dimensional [NiSianion.
This leads us to liken it to an infinitely stacked face-to-face
metallocene polyméf Transition metal sandwich complexes with
unsaturated cyclicfand As ligands are known and characterized
as having metallocene-like interactiofi§.o our knowledge, metal
complexes or polymers with cyclig®-Si; 7-donor ligands have
not yet been reported.

To understand the bonding in the [NiBI chain, one-

significant implication of the existence df is the promise of
stabilizing new main-group solid-state cyclicsystems, as in
inorganic metallocene analoguéd?

Magnetic and resistivity measurements on pressed pellets
indicatel to be Pauli paramagnetic and metallic over the range
10—-300 K (o298« = 7 x 107% Q/cm). A report on the isostructural
nickel germanide will be published in a forthcoming reFért.
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