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The title compound was made by fusion of a stoichiometric mixture of the pure elements“&.50@e structure
(monoclinic,P2/c, Z=8,a=17.037(6)b = 12.253(1)c = 18.105(4) A8 = 117.24(23) is made of alternating
one- and two-dimensional sections with the same compositionghif8s,, and can be considered as two coexisting

polymorphic forms of the same compound. The chains and layers in these sections are made of repeating semicubane

motifs of [InzAss]>~ that are connected to each other by-As bonds in the chains, and by both-As and
In—In bonds in the layers. According to magnetic measurement and EHMO calculatigh®ASsis a closed-

shell compound that fulfills the Zintl concept.

Introduction

The structural chemistry of the heteroatomic anions of groups
13 (Tr from Triels= Al, Ga, In, Tl) and 15 (Pn from Pnictogens

= P, As, Sh, Bi), [THPn]9, is quite rich! Already character-

(99.95%, from Acros), In (99.9%, from Alfa-Aesar), and As (99.5%,
from Alfa-Aesar) were used as received. Mixtures of them were loaded
in niobium containers that were then sealed by arc welding under argon.
The containers were enclosed in fused-silica ampules that were flame
sealed under vacuum. These assemblies were heated 4€C500 4

ized are a number of such species with different compositions, days and were then cooled to room temperature at a rate’Gffier
charges, and connectivities. Most of them are built of Tr- hour. Initially, the compound was synthesized from a reaction intended
centered tetrahedra of Pwhich share edges and/or corners to to produce heteroatomic deltahedral clustergA#g]®~ isostructural
build structures of all dimensionalities. Some of them, such as and isoelectronic with the known nine-atom clusters of group 34, &

K10nsShy, Ba;GayShy, and ATr.Prg, exhibit Pn-Pn bonds,
but until recently, only one compound with F1r bonds was

known, NaGaSh;.2 However, this latter group has grown

substantially lately, and now includes/GgBie,? K T1,Shs, and
the isostructural KTl;Bis,* (K or Rb)InsBig which differ
structurally from CsngBig despite the same stoichiome®rif;1-

IneBio,> and BaGaSh,.6 Here we report the synthesis and quite

remarkable structure of yet another compound with-Tir

Later, after the stoichiometry was established from the structure
determination, G#nszAs, was made in high yield from a mixture with
the corresponding composition. The synthesis can be successfuly carried
out at temperatures up to 80C, above which arsenic reacts with the
container. The compound is highly air- and moisture-sensitive and
crystallizes as dark-gray to black bars or plates with some coal-like
luster.

Structure Determination. Crystals of the compound were mounted
in glass capillaries (inside a drybox) and checked for singularity on an

bonds, CgnsAs,. The anionic part of the structure contains both  Enraf-Nonius CAD4 single-crystal diffractometer (Maxkradiation,
chains and layers of interconnected defect cubanes of threel = 0.71073 A). A quadrant of a sphere of data was collected on the
indium and four arsenic atoms. Furthermore, even more unusual best crystal (bar-like, 0.2 0.04 x 0.04 mm) at room temperature
both the layers and the chains have exactly the same overall(20max = 50°, @ — 26 scans). The structure was solved in the
composition of [IRAs4]5~, and the compound can be considered monoclinic space group2y/c and refined (or?) with the aid of the

as made of two coexisting polymorphic forms of itself.

Experimental Section

Synthesis All manipulations were performed inside a nitrogen-filled
glovebox with moisture level below 1 ppm. The starting materials Cs

(1) Reviews: (a) Eisenmann, B.; Cordier, G.@hemistry and Bonding

of Zintl Phases and lonKauzlarich, S. M., Ed.; VCH Publishers:

New York, 1996; p 61. (b) ScHer, H.; Eisenmann, BRev. Inorg.
Chem.1981 3, 29.

(2) Cordier, G.; Ochmann, H.; Stles, H. Mater. Res. Bull.1986 21,
331.

(3) Bobev, S.; Sevov, S. Gnorg. Chem.1999 38, 2672.

(4) (a) Chi, L.; Corbett, J. Dinorg. Chem2001, 40, 2705. (b) Gascoin,
F.; Sevov, S. C., unpublished results. The structure g3 iBis (C2/
¢, a=10.171(7)b = 17.437(8),c = 20.190(9) A = 103.66(4))
was independently determined before the structure fl#6h; was
published.

(5) Bobev, S.; Sevov, S. CJ. Solid. State. Chem.submitted for
publication.

(6) Kim, S.-J.; Kanatzidis, M. Glnorg. Chem.2001, 40, 3781.

SHELXTL-V5.1 software package. Empirical absorption correction was
applied using the Xabs program. Details of the data collection and
refinement are given in Table 1, while the final positional and equivalent
isotropic displacement parameters and important distances are listed
in Tables 2 and 3, respectively.

Magnetic Measurements.The magnetization of 43 mg of €8s-

As, was measured on a Quantum Design MPMS SQUID magnetometer
at a field d 3 T over the temperature range-1P50 K. The sample
was sealed in a fused-silica tubing (1.8.3 mm) between two tightly
fitting rods of the same material. The results showed negative and
temperature-independent magnetic susceptibility varying wittith7—

1.0) x 104 emu mot* (after correction for the holder).

Extended Htckel Calculations. Calculations within the tight
binding approximation were carried out for the anionic parts of the
structure on the basis of 100 points using the extended “ekel
method® Employed were the following atomic orbital parameteks

(7) Queneau, V.; Sevov, S. Gngew. Chem., Int. Ed. Engl997, 36,
1754,
(8) Hoffmann, R.J. Chem. Phys1963 39, 1397.

10.1021/ic0106540 CCC: $20.00 © 2001 American Chemical Society
Published on Web 10/10/2001



Synthesis and Characterization ofs[DgAs, Inorganic Chemistry, Vol. 40, No. 24, 2006255

Table 1. Selected Data Collection and Refinement Parameters for  Table 3. Important Distances (A) in GB:As,

CsInsAs, layers chains
formula P Nl AslL  2.774(2)  Ind  As5  2.726(2)
Shace goug oo 2 e e 2o
h 1 s . S .
lattice parameters g: ggg;(? é AS3 2.730(2) As8 2.733(2)
= 18-105( 4) A In2 Asl  2790(2)  Ins As5  2.753(2)
G 1172 A As2  2.742(2) As6  2.726(2)
AT 1((1§ & Asé  2.738(2) As7T  2.681(2)
. N : In3 3.032(1) As8 2.661(2)
[:ﬂ;‘“on*’l Mo K, 071073 A N3 Asl  2811(2) In6  As5  2.951(2)
abs coeff 295,40 crt As3 2.829(2) As6 2.859(2)
density (calcd) 5.175 g/cin 1?24 % g%gg)) AS5 ﬁff gggggg
Rindices ( > 201)* R1=4.04%, wR2= 11.22% Asl Inl 2'774(2) 5 2'753(2)
Rindices (all data) R+ 7.98%, wR2= 14.59% In2 2.790(2) In6 2.951(2)
®R1 = 3|[Fol — |Fdl/3|Fol and wR2= {[SW{(Fo* — (Fo/%/ 3 28112)  As6  Ind 2663(2)
[TW(F2)2} 12, for Fe2 > 20(Fe?) andw = [0%(Fo)? + (0.110P)2 + As2 Inl 2.671(2) In5 2.726(2)
120.754#] 71, whereP = [(Fo)2 + 2(Fo)?/3. In2 2.742(2) In6 2.859(2)
As3 In1 2.716(2) As7 In4 2.704(2)
Table 2. Atomic Coordinates and Equivalent Isotropic In1 2.730(2) In5 2.681(2)
Displacement Parameters forB8As, In3 2.829(2) As8 In4 2.733(2)
As4 In2 2.738(2) In5 2.661(2)
atom X y z L In3 2.719(2) In6 2.858(2)
In1 0.49455(7)  0.1245(1) 0.05163(7)  0.0127(3)
In2 0.46951(8)  0.7675(1) 0.27854(8)  0.0135(3)  plock is a dimer of semicubanes, each made of three indium
:22 _g'g’gg’gggg)) 8'%3&)) 0 262021%3%8) 08'1031032%3) and four arsenic atoms (Figure 3), i.e., a cubane with one
In5 000391(8) 09935(1)  0.20104(8) 0.0135(3) Missing indium vertex. Defect cubanes of the same type are
In6 0.08593(8)  0.3754(1) —0.10236(8)  0.0153(3) known in other compounds as well. For example, semicubanes
Asl 0.3896(1) 0.1272(1) 0.1320(1) 0.0135(4)  of [Sng(S or Se)] are connected by corner sharing and/or with
As2 0.4218(1)  0.6844(1) —0.0996(1)  0.0143(4) bridging atoms to form layers in G3nsS;> and CsSnSe,.0
ﬁzi 8'2283% 8'2%?8% g'iégg% 8-812%2 The semicubanes of [}As,] in CssIn3zAs, are connected by two
: : : : In—As bonds within each dimer. These are two equivalentinl
As5 0.1519(1)  0.1234(1) 0.2728(1)  0.0149(4) , . ]
As6  —0.0441(1) 0.5424(1) —0.1766(1) 0.0141(4) As3 bonds (relateo_l by an inversion center) of 2.716(2) A in the
As7 0.1066(1) 0.8776(1) —0.0774(1) 0.0152(4) layers, and the pairs of Ir4As6 and In5-As8 (related by the
As8  —0.0445(1)  0.2096(1) —0.1792(1)  0.0136(4) 2; screw alongb) with distances 2.663(2) and 2.661(2) A in
gz% 8-3‘%%2%23 8-‘153%8 8-8223;&;3 8-83228; the chains. The chains, as it can be seen in Figure 2, can be
Cs3 0.56229(9)  0.6336(1) 0.13809(8)  0.0314(3) a_Iso descrl_bed simply as repeating monomers of sem|cubane_s,
Cs4 0.35530(8)  0.3980(1) 0.03044(8) 0.0304(3) since the dimers are connected_ to each _other_by the same pairs
Cs5 0.21641(7)  0.1340(1) —0.09427(7)  0.0208(3) of In—As bonds as those forming the dimer itself. However,
Cs6 0.35164(7)  0.8540(1) 0.03547(7)  0.0203(3) dimers are chosen in this description in order to underline the
Cs7 0.20982(7) ~ 0.6202(1) ~ -0.10380(8)  0.0229(3)  similarities with the layers. The dimers in the layers are
gzg 8:%282;28 8:2;‘8128; '8:%%3% 8:8%28; connected to each other by -tin bonds. These bonds,

Cs10 0.25051(9)  0.9120(1) 0.18704(9) 0.0314(3) 3:032(1) .A, are between the two indium atoms that are not
involved in the intradimer bonding, In2 and In3 (Figures 2 and
andfy As 4s—16.22 eV and 2.23, 4p-12.16 eV and 1.89; In 55 3). This distance compares well with similar+m distances
12.60 eV and 1.90, 5p- 6.19 eV and 1.68. observed in other compounds with the pnictogens, 3.004(5) and
2.976(4) A in CsingBig,3 2.85(2) A in K7InsBig,5 and 2.982(6)

A in K11IngBig.® The corresponding bond overlap population
The structure of Gs#nzAs, is unique in that it is made of  calculated by the extended Ekel method is substantial, 0.731.
alternating sections with different dimensionalities (Figure 1). There are four such bonds per dimer and they provide the second

Layers parallel to thé,c plane and isolated chains along the  dimension of the layers.

axis are stacked on top of each other. The alternating portions  The In—As distances fall in three different categories depend-

containing these motifs, between the broken lines in Figure 1, ing upon the coordination of the indium atom. The shortest

are separated by the cesium cations, but some of the latter aréyonds are around indium atoms bonded to four arsenic atoms,

also found within the sections between chains and within holes j.e., In1, In4, and In5, and range from 2.66H2)774(2) A.

in the layers. The chains are well isolated from each otthgr ( They are quite typical for IrAs distances and compare well

= 5.324(2) A) and from the sheetsh{, = 5.484(2) A). with similar distances observed ingligGesAs;7 (2.591(9)-

Remarkably, the composition of the chain section is exactly the 2,784(8) A)11 K4lnsAss (2.611(1)-2.793(1) A)12and NalnAs;

same as that of the layer section,s@gAs,. It is, therefore, (2.671(2)-2.774(2) A)®® In the second category fall the

like a structure made of alternating polymorphic forms of the distances around indium atoms bonded to three arsenic and one

same compound.
A closer look at the chains and layers (Figure 2) reveals that (10) Sheldrick, W. S.; Wachhold, Mdingew. Chem., Int. Ed. Engl997,

they are built of one and the same building block that is just 36, 206, and references therein. _ e

connected to itself differently in the two fragments. The building ghfféi;fg}';e\r,‘vﬁéhébg?ﬁh%Ifﬁird FSQ'ta(t:é' éﬁghféé?igd %ﬁ?nnor’

(12) Birdwhistell, T. L. T.; Klein, C. L.; Jeffries, T.; Stevens, E. D,;
(9) (a) Clementi, E.; Roetti, GAt. Data Nucl. Data Table$974 14, 177. QO’Connor, C. JJ. Mater. Chem1991 1, 555.
(b) Janiac, C.; Hoffmann, Rl. Am. Chem. So0d.99Q 112, 5924. (13) Cordier, G.; Ochmann, H. Kristallogr. 1991, 195 105.

Results and Discussion
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Figure 1. A view of the structure of G#nsAs, along theb axis of the monoclinic cell (outlined; is horizontal). The structure is made of sections
(shown separated by broken lines) containing alternatingly chains and layers. The chains are aagish¢he viewing direction), while the

layers are parallel to thie, c plane. The bonds between In (large open circles) and As (filled circles) are shown as open, whitelthieoimds in

the layers are shown as filled. The small, isolated circles are the cesium cations. The chain and layer sections are of the same corgposition, Cs
InsAss, and the structure can be considered as a coexistence of two polymorphic forms with different dimensionality of the same compound.

Figure 3. Closer side views (parallel to the plane of the layers and
perpendicular to the axis) of the bonding in a) the layers and b) the
chains of CginzAss. The missing vertexes of the semicubanes of-[In
As,4] and the bonds to them are shown with broken lines.

found at the three-bonded indium atom, In6 in the chains, with
distances of 2.858(2), 2.859(2), and 2.951(1) A. This elongation
is not surprising considering that this indium atom carries a lone
level) of a) the lavers and b the chains i < viewed normal o pair ofelectrons_ which W!|| str(_)ngly repel other atoms with lone
theb,)c pla)ne. Sh)gwn as bo)xed is the sarrEeSbAui‘I‘ding unit of the chains pairs, such as its arsenic neighbors, A.Ss’ As6, and As8. The
and the layers, dimers of semicubanes. Each semicubane is made oftverage calculated bond overlap population for these three bonds
three indium and four arsenic atoms shown as full and crossed iS the lowest, 0.262, compared with 0.380 for all other &s
ellipsoids, respectively. The semicubanes are bonded by twaésdn bonds. The longer distances of the second category compared
bonds (open) in each dimer. They are further connected to each othertg those of the first category can be explained similarly. While
by the same pair of liAs bonds (open) in the chains, but with four  the electrons of the indium atoms bonded to four arsenic atoms
In=In bonds (filled) in the layers. are substantially withdrawn toward the latter, they are not so
indium atoms, i.e., In2 and In3, with distances from 2.719(2) much so for the indium atoms with +in bonds due to the

to 2.829(2) A. In the third category are the longest s bonds same electronegativity. As a result of this, the latter indium

Figure 2. ORTEP drawings (thermal ellipsoids at the 90% probability
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atoms experience stronger repulsion from the lone pairs of the of semicubanes, connects differently and forms extended motifs
arsenic atoms. These same effects are observed in all otheof different dimensionality while keeping the same charge and,
compounds with T+Tr bonds and/or a three-bonded Tr correspondingly, the same requirement for countercations. We
atom2-514 have not been able to find any other compound that exhibits
There are only two- and three-bonded arsenic atoms in theboth chains and layers at the same time, let alone of the same
structure. Two of each kind are found in the layers, and there composition and charge.
are one two-bonded and three three-bonded in the chains. The The results from the magnetic measurements, a negative
indium atoms are distributed as follows: three four-bonded in temperature-independent magnetic susceptibility, and from the
the layers and two four-bonded and one three-bonded in theextended Hakel calculations, a band gap of more than 6 eV,
chains. These bonding schemes, in turn, define the charges oftonfirm the closed-shell nature and composition of the com-
the chains and the layers. Thus, in accordance with the octetpound. The density of states shows a broad band frdrh to
rule, four- and three-bonded indium atoms carry formal charges —16 eV, which represents the-+tfs bonding interactions and
of 1— and 2-, respectively, while three- and two-bonded arsenic the arsenic lone pairs. A band from9.5 to —10.5 eV
atoms are neutral or-4, respectively. When applied to the corresponds to the taln bonds, while the highest filled band
above-mentioned bonding schemes, the formulas become [(4b4is at —8.0 to —8.5 and is due to the lone pairs at the three-
In17)3(2b-As")2(3b-AS),] for the layers and [(4b-I)2(3b- bonded In6.

In?7)(3b-AS)3(2b-As )] for the chains. This, however, totals  acknowledgment. We thank the Petroleum Research Fund,
the same charge for both the Iaye_rs an(_j the Cha"'@."@"]ﬁ ’ . administered by the ACS, for financial support of this research.
or expressed for the repeating unit of dimer of semicubanes, it i ) ) o

is [InsAsg].1%~ Again, it is quite remarkable that one and the Supporting Information Available: An X-ray crystallographic file

same building block of exactly the same composition, a dimer in CIF format. This material is available free of charge via the Internet
’ at http://pubs.acs.org.
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