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Synthesis and Structural Characterization of (Ag1-xAuy)SreTe, 8 respectively. During the investigation of

(n-BusN)sAuSn,Teg the quaternary AtSn—Sb—Te system, using the extractive

method, we isolatech{BusN),AuSnTes, which contains a new

ternary Zintl anion that employs a [gFes] dimer as a ligand

to form a discrete cluster. Here we describe the synthesis and

NEC Research Institute, 4 Independence Way, characterization of this new ternary telluride compound.
Princeton, New Jersey 08540

Chwanchin Wang' and Robert C. Haushalter**

Experimental Section

Receied February 26, 1998 Synthesis.Since materials described herein are sensitive to both

) moisture and oxygen, the operations were performed under an inert
Introduction atmosphere. Elemental starting materials, K (99.95%, Cerac), Au
(99.95%, Cerac), Sn (99.8%, Cerac), Sb (99.999%, Cerac), Te (99.5%,

Considerable interest has developed in the search of SOIUb.IeCerac), and tetrabutylammonium bromide (99%, Aldrich), were used

ChalCOQen'qu and polychalcogenides mainly re_Iated to the'ras received. The ethylenediamine (99.5%, Aldrich) was dried ovep CaH
structural diversity and tendency toward catenation. Researchyng gistilled, and was again distilled from a red solution S#.

on the exploration of binary chalcogenide and polychalcogenide The freshly distilled ethylenediamine was then stored in a He
systems, utilizing several low-temperature synthetic techniqé®s,  atmosphere.

has produced many compounds with unusual structures and A pentanary alloy with the nominal composition ofAUSnSh:-
properties. Comparatively few ternary compounds have beenTe; was prepared by the fusion of;Ke, SnTe, Sb, Au, and Te in
investigated, however, especially in the telluride system. Among stoichiometric proportions in a silica tube under an Ar atmosphere.
these synthetic techniques, the extractive method, which wasOne gram of the alloy was treated with 10 mL of ethylenediamine and
first used to study the Zintl ions, continues to yield new ternary stjrred for 12 h, and then the brown extrgct was filtered and Iaygred
and quaternary telluride compounds with novel structures and with equal volume of a saturated solution of tetrabutylammonium

. - - - . bromide in ethylenediamine. Two weeks later, dark red chunky crystals
interesting properties. Our primary goal is to develop new types ) . ; _

T . . f (n-BusN SnT lated tely 16% Id.
of anionic ligands and/or to use the known binary telluride of (n-BuN)AuSnTe, were isolated in approximately o nie

. . : . Energy-dispersive X-ray analysis on selected crystals from the products
anions as ligands that can be incorporated into the ternary orgaye an approximate ratio of 1.3:2:6.3 for Au/Sn/Te. The composition

quaternary telluride compounds. Recently, our studies of ternary of the alloy does not seem to be crucial since the title compound could
telluride systems, using the extractive method to incorporate also be obtained by extracting a quaternary alloy with exact composition
anionic ligands of the [A§e]"" type, have proven to be  of KsAuSnTes.
successful. These telluride compounds inclua@s;N),Cuz- X-ray Study. A dark red crystal of i-BusN)sAuSnTes of ap-
AssTerst3 and (EiN)sKAUAs,Tes. 24 Meanwhile, the incorpora-  proximate dimensions 0.2& 0.16 x 0.10 mm was selected and
tion of the [SnTq] tetrahedron as a building block in the mounted in a glass capillary. Single-crystal X-ray data were collected
construction of molecules and one-dimensional chain structuresggn‘"‘e riigﬁl((goil\zlc‘;n% ggﬁ%mﬁter:'gfggg’ge&mm ﬁg;t::g‘dg Gg‘:(de
i 15 . 16 ' )
?S?Pi:lflggﬁzséi\/ser?Tg-gkygﬁg -lrr? ,th eKtlgr(r?Qr);S;r-lr da t&f;‘?}’( ed. radiation at 20C. Orthorhombic cell constants and an orientation matrix

were obtained from a least squares refinement using 20 centered
17 -
metal quaternary compounds, {ELAusSrTey™" and (EiN)sAu reflections in the range of 14 260 < 20°. Intensity data were collected

(+h, +k, +I) in the w—26 scanning mode for reflections with 4 20
< 40°. Three check reflections were monitored every 150 reflections
nd showed no significant change during the data collection process.

T Current address: Princeton University, Department of Chemistry,
Princeton, NJ 08544.
* Current address: Symyx Technologies, 3100 Central Expressway, Santa®

Clara, CA 95051. A total of 7836 reflections were measured, of which 2837 reflections
(1) Wachhold, M.; Sheldrick, W. SAngew. Chem., Int. Ed. Endl997, with | > 30(l) were considered as observed. The data set was corrected
36, 206. for absorption using the scan technique based on three reflections
@ \{\iiogégé,T'; Pennington, W. T.; Kolis, J. W.Am. Chem. S0992 and decay (16%). Space groBpcawas determined by the systematic
(3) Wood, P. T.; Pennington, W. T.; Kolis, J. Worg. Chem 1994 33 absences and Wilson statistics. _ _
1556. The structure was solved by direct methods and refineB asing
(4) Liao, J.-H.; Kanatzidis, M. GJ. Am. Chem. Sod.99Q 112 7400. teXsancrystallographic software package. Neutral atomic scattering
(5) Warren, C. J.; Haushalter, R. C.; Bocarsly, A.B.Alloys Compd. factors, corrected for the real and imaginary parts of anomalous
1995 229, 175. dispersion, were obtained from standard sout®esmtropic refinement

(6) Burns, R. C.; Corbett, J. Dnorg. Chem.1985 24, 1489.

(7) Haushalter, R, CAngew. Chem., Int. Ed. Engl985 24, 432. of (n-BusN)3;AuSn.Tes showed reaso_nable thermal (_:oeff|C|ents for gll
(8) Haushalter, R. CAngew. Chem., Int. Ed. Englo85 24, 433. heavy at_oms._AII the_ carbon and nltr_ogen atoms in all three qatlons
(9) Sunshine, S. A.; Kang, D.; Ibers, J. A.Am. Chem. S0d987, 109, were refined isotropically and then fixed. Two carbon atoms in the
6202. cations were refined with disordered models. Since all thReNGnd
8(1); Eanathzi(litis, l\é. %Cféehm. Mééterlggr? 2, 383- 1887 3 196 C—C bond distances in all three cations were fairly irregular, they were
aushalter, R. CJ. Chem. Soc. em. Comm . ; ; )
, ' 19 respectively restrained to 1.45 and 1.54 A for the refinement. The
(12) Park, C.-W.; Salm, R. J.; Ibers, J. Angew. Chem., Int. Ed. Engl. P y
1995 34, 1879.
(13) Wang, C.-C.; Haushalter, R. Chem. Commuril997 1457. (18) Dhingra, S. S.; Seo, D.-K.; Kowach, G. R.; Kremer, R. K.; Shreeve-
(14) Wang, C.-C.; Haushalter, R. C., submitted. Keyer, J. L.; Haushalter, R. C.; Whangbo, M.Ahgew. Chem., Int.
(15) Dhingra, S. S.; Haushalter, R. Chem. Mater1994 6, 2376. Ed. Engl.1997, 36, 1087.
(16) Wang, C.-C.; Haushalter, R. Chem. Commuril997 1719. (19) Ibers, J. A.; Hamilton, W. Anternational Tables for X-ray Crystal-
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Table 1. Crystallographic Data fom{BusN)sAuSr.Tes

empirical formula GeHioaN3AUSTEs
a A 25.930(6)

b, A 35.876(9)

c A 16.334(5)

Vv, Ad 15195(5)

z 8

fw 1927.35
space group Pbca(No. 61)
T(°C) 293

2 (A) 0.71073
Pcalcd (g/Cma) 1.685
w(mm) 4.869

Ra (%) 6.2

Ra? (%) 8.1

AR(F) = Z(IFol — IF/X(IFol)- "Ra(F) = [ZW(IFo| — [Fel)?
SW(IFo|)3Y2, w = 1/oe?.

Table 2. Important Interatomic Distances (A) and Bond Angles
(deg) for f-BusN)sAuSnTes

Aul-Tel 2.550 (4) AutTe6 2.546 (5)

Sni-Tel 2.738 (5) Sn2Te3 2.781 (5)

Sni-Te2 2.650 (5) Sn2Te4 2.782 (5)

Sni-Te3 2.785 (5) Sn2Te5 2.635 (5)

Snl-Te4 2.783 (5) Sn2Teb6 2.743 (5)
Tel-Aul-Teb6 166.6(2) Te3Snl-Te4d 93.9(1)
Aul-Te6-Sn2 81.8(1) SntTe3-Sn2 83.2(1)
Snl-Te4—-Sn2 83.3(1) Te6Sn2-Te3 108.4(2)
Aul-Tel-Snl 82.8(1) Te6Sn2-Te4 109.3(2)
Tel-Snl-Te2 115.1(2) Te6Sn2-Te5 116.2(2)
Tel-Snl-Te3 108.8(2) Te5Sn2-Te3 116.0(2)
Tel-Snl-Te4 107.4(2) Te5Sn2-Te4 110.6(2)
Te2-Sn1-Te3 116.4(2) Te3Sn2-Te4 94.0(1)
Te2-Snl-Te4 113.1(2)

hydrogen atoms were included as fixed contributors but not refined.
Anisotropic refinement of all heavy atoms in-BusN)sAuSr,Tes gave

the final residualR = 6.2% with reasonable anisotropic thermal
ellipsoids. The highest and lowest peaks in the final difference Fourier
map are 1.52 aneé-0.58 e/R, respectively. A summary of crystal and
data collection parameters are listed in Table 1.

Results and Discussion
In the known binary tin telluride compounds, there exist four

Notes

Figure 1. Perspective view of the [AuShies]*~ anion (50% probability
ellipsoids) with the labeling scheme. The bending of both theT&ijf~
anion and the linear [Auhg unit results in a highly strained
[AuSn,Tes]®~ anion.

[AuSn,Teg]®~ anion and tetrabutylammonium cations. The unit
cell contains eight [AuSiTeg]3~ anions with each completely
separated by tetrabutylammonium cations. The structure of the
[AuSn,Tes]®~ anion (Figure 1) is composed of a slightly bent
[AuTez] unit and a dimeric [Sgleg]~ anion. The discrete
dimeric [SnTes]*™ anion, built up from an edge sharing of two
[SnTe]* tetrahedra, was reported in (WM\)4SnpTes.?2 The
average terminal and bridging Siie bond distances (2.64(1)
and 2.77(2) A) in the [AuSiTeg]*~ anion are close to those of
(MesN)4SneTes (2.695(8) and 2.799(7) AR Kin(en),SnTe-
1.5en (2.691(2) and 2.766(2) Rand CsSneTe; (2.683(4) and
2.804(6) A)23 Although the [SkTeg]4~ anion occurs in both
(n-BusN)4AuSn,Tes and (MaN)sSn.Tes, the most distinctive
difference of two [SpTes]*™ anions is that the four-membered
ring of [SneTey] in the former forms a butterfly shape in which
each Sn atom is bent inward by°18vhile in the latter, all four
atoms are coplanar. This is also evidenced by a shorteS&n
distance, 3.696 A ([AuSiTes]*") vs 3.783 A ([SaTes]*") and

by the much longer T@minarT&erminal distance, 7.74 vs 6.70
A. This bending restraint is resulted from the bonding between
the Au and two terminal Te atoms from the dimeric {B&]*~
anion. The [AuTg] unit in the [AuSnTes]3~ anion also exhibits

a bent geometry with an angle of 166.6(ZJo our knowledge

types of molecular structures. These include the tetrahedralthis is the most distorted angle of the linear [AJ@nit (Q =

[SnTe]* aniorf® and three dimeric anions, [ghe;]?~,%!

[SnpTeg]* 22 and [SaTes]* .23 While Zintl anions of the

As,Tg]"™ type act as ligands toward the synthesis of new
&,

chalcogens) and obviously results from the incorporation of a
putative linear [AuTg] unit into the five-membered [AuSnEke
ring. The average AuTe bond of 2.548(3) A is comparable to

materials, the successful incorporation of the fundamental those observed in (RR)[K AusTes(en)] (2.576(4) AY and

[SnTe] tetrahedron as a building block in many telluride

(PPNYAuU,Te, (2.548(6) A)24 Thus, the [AuSHTeg]3~ anion,

compounds also suggest the applicability of using ligands of formed by sharing Te atoms between the [AgTenit and the

the [SrTe]" type in the construction of new structur®s!®
The investigation of the quaternary AGn—Sb—Te system has
led to the isolation of the new ternary telluride compoumd, (
BuN),AuSnsTes, which indeed uses a known dimeric p$as]*~

dimeric [SnTes]* anion, displays a highly strained geometry.
The distances between the Au and Sn atoms are 3.446 and 3.500
A, which indicate no significant interactions compared to the
Au—Sn bond of 2.852 A in the alloy AuS&. Given the

anion as a ligand to bind the Au atom. These results demonstratepxidation state | for Au and IV for Sn, anetll for Te, the

the potential of utilizing other Zintl anionic ligands of the
[SnTe]" type.

The selected bond distances and angles-@u;N),AuSn-
Tes are listed in Table 2. The single-crystal diffraction data
revealed thatr(-BusN),AuSn,Tes consists of an unprecendented

(20) Eisenmann, B.; S¢Fex, H.; Schrod, HZ. Naturforsch. Teil BL983
38, 921.

(21) Bjorgvinsson, M.; Mercier, H. P. A.; Mitchell, K. M.; Schrobilgen,
G. J.; Strohe, Glnorg. Chem.1993 32, 6046.

(22) Huffman, J. C.; Haushalter, J. P.; Umarji, A. M.; Shenoy, G. K.;
Haushalter, R. Clnorg. Chem.1984 23, 2312.

(23) Brinkmann, C.; Eisenmann, B.; S¢ég H. Mater. Res. Bull1985
20, 299.

charge of AuSsil'es is —3 which is in agreement with the charge
of —3 established from the single-crystal structure determination.
The bond valence sum calculations resulted in sums of 4.00
and 4.05 for the Snl and Sn2 atoms, respectively, and 1.02 for
the Aul aton¥® These results also confirm the charge assign-
ment of each atom inn(BusN)sAuSn,Tes.

The telluride 0-BusN)sAuSnTes represents the first com-
pound that uses a dimeric [Jres]*~ anion to construct the

(24) Haushalter, R. Anorg. Chim. Actal1985 102 L37.

(25) Jan, J.-P.; Pearson, W. B.; Kjekshus, A.; Woods, Sé&h. J. Phys.
1963 2252.

(26) Brown, I. D.; Altermatt, DActa Crystallogr., Sect. B985 41, 244.
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structure. Also, the 9-atom anionic cluster is the smallest ternary strategy can be extended to other types of anionic ligands, for
Zintl telluride anion that has been synthesized to date. The example, [MQy]"~ (M = group 13 elements and € chalco-
research of Zintl compounds, incorporating ligands of both gens) in the synthesis of Zintl compounds with novel structures
[AsTe]"™ and [SpTe]" types, has proven to be very and unusual properties. We are currently investigating ternary
successful by using the extractive technique. To further our and quaternary systems incorporating ligands of eitheTE5Ji~
investigation of ligands of this [Siig]"" type, we isolated or [IncTe]"™ type and characterizing the compounds thus
another ternary silver tin telluride compound whose complexed formed.

structure is also built up by an unusual polytelluride Zintl anion
of the [SpTe]"" type2” Owing to the successful use of binary
or, perhaps, ternary Zintl anions to bind metal atoms, this

Supporting Information Available: Four X-ray crystallographic
files, in CIF format, are available free of charge via the Internet at
http://pubs.acs.org.
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