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Syntheses and Structures of LIAuS and LAUS, Table 1. Crystal Data and Structure Refinements for LiAuS and

LisAuS,
Fu O H vuting Y LiAuS LizAuS,
u Qiang Huang, Yuting Yang, ,
L . formula weight 235.97 281.91
Christine Flaschenriem, and James A. Ibers* space group Fddd Ibam
) ) ) a(A) 8.9252(15) 5.763(1)
Department of Chemistry, Northwestern University, b (A) 8.9686(15) 11.281(2)
2145 Sheridan Road, Evanston, lllinois 60208-3113 c(A) 11.2062(19) 6.276(1)
V (A3 897.0(3) 408.1(1)
: z 16 4
Receied September 29, 2000 T(K) 153(2) 153(2)
4 (Mo Ka, A) 0.71073 0.71073
; pealc (g/c®) 6.989 4.589
Introduction T em £60.58 368 3
Gold nanoparticles and gold complexes have attracted  R(F)?(Fo> > 20(F?) 0.0270 0.0304
considerable attention because of their remarkable luminescent Rw(Fo’)° (all data) 0.0682 0.0757

propertiest—” These gold complexes exhibit attractive Au
Au™ interactions, for example an interaction of 3.308(2) A in
[Au3(CH3N=COCH;)3], a compound that shows remarkable
solvent-stimulated luminescengeContacts between linearly
coordinated Ali centers that are shorter than 3.5 A in length
are considered attracti¥e® Such weakly attractive interactions,
which are ca. #11 kcal/mol in energy,® are the result of  fjx12 employed in the syntheses, was synthesized from a reaction of
correlation effects enhanced by relativistic effeéts! stoichiometric amounts of elemental Li and S, dissolved in liquid
In a search for extended solid-state structures that exhibit shortammonia at 194 K under an,Nitmosphere. The compounds LiAuS

AuT---Au™ interactions our attention has turned to several and LkAuS, were prepared by the reactions of mixtures of 2.0 mmol
ternary alkali metal (A) gold (Au) chalcogenides (Q) synthesized Li,S, 0.5 mmol Au, and 4.0 mmol S. These mixtures were loaded into

AR(F) = 3 |IFol — IFell/3 |Fol. ° Ru(Fe?) = [YW(Fs* — FAZ 3 wko]*,
w1 = 0%(F?) + (0.04F,2)? for F?2 > 0; w = 0%(F,?) for Fo? < 0.
Experimental Section

Synthesis.The following reagents were used as obtained: Li (Alfa,
99.9%), Au (Alfa, 99.96-%), and S (Alfa, 99.5%). L5, the reactive

recently by means of the reactive flux technigusith AQy (x
> 2) fluxes!®15 One such repott presented a monoclinic cell
and atomic coordinates for LiAuS that immediately suggested

an incorrect crystal system. Subsequent examination of the cell

and coordinates with the programs MISS¥Mand XPREP’

fused-silica tubes under an Ar atmosphere in a glovebox. Two tubes
were sealed under a 10 Torr atmosphere and then placed in a
computer-controlled furnace. The tubes were kept at 793 and 773 K,
respectively, for 96 h, and then cooled at 3 K/h to 298 K. The reaction
mixtures were washed free of alkali chalcogenides with dimethylfor-
mamide and then dried with acetone. Orange blocks of LIAuS were

suggested that the structure of LiIAuS should be described in tonq in the first tube, and light yellow flat needles ofAUS; as well

the orthorhombic system. Since no intensity data were available, as orange blocks of LiAuS were found in the second. EDX analyses
it was necessary to resynthesize the compound to ascertain ifwith a Hitachi S-4500 scanning electron microscope confirmed the
the monoclinic cell was incorrect. In the course of this synthesis, existence of Au and S in both the light yellow and orange samples.
the compound IAUS, was also synthesized. Here we report Both materials decompose in air. This has prevented the measurement

its structure along with the correct crystal structure for LIAuS.
In both structures, short interactions exist between linear two-
coordinated Al cations.
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of their luminescence properties.

Crystallographic Studies.Single-crystal X-ray diffraction data were
collected with the use of graphite-monochromatized Mo riddiation
(A = 0.71073 A) at 153 K on a Bruker Smart-1000 CCD diffracto-
meter!® The collection of the intensity data was carried out with the
program SMART® Cell refinement and data reduction were carried
out with the use of the program SAINF and face-indexed absorption
corrections were performed numerically with the use of the program
XPREPY Then the program SADABS was employed to make
incident beam and decay corrections.

The structures were solved with the direct-methods program
SHELXS and refined with the full-matrix least-squares program
SHELXL of the SHELXTL.PC suite of prograni8. Each final
refinement included anisotropic displacement parameters and a second-
ary extinction correction. Additional experimental details are shown
in Table 1. Table 2 gives positional parameters and equivalent isotropic
displacement parameters and Table 3 presents selected bond distances
and bond angles.

The structure of LiAuS was reported previously in a monoclinic
cell (@ = 8.994(2) Ab' =8.956(2) A,c =7.201(3) A8’ = 128.68-

(1)°) in space grouic2/c.t® This incorrect cell is related to the present
correct orthorhombic cell (space gro&uldd) by the transformation
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Table 2. Atomic Coordinates and Equivalent Isotropic ab'
Displacement Parameters for LIAuS andAuS, a e
atom X y z Uq(A2)2 O/C/QOY\ L /%\ _ f{o
LiAuS 0 f
Li 1/8 1/8 0.478(2)  0.017(5) X ® ®
Au 0 0 0 0.0132(3)
S 1/8 0.4122(5) 1/8 0.0103(7) e § s @
LizAuS, - L &
Li1 0 0.230(2) 1/4 0.021(6) Ng @ [
Li2 1/2 0 1/4 0.015(7) |
Au 0 0 0 0.0090(3) ®
S 0.2929(4) 0.14073(17) 0 0.0103(6) R
@ Ueq is defined as one-third of the trace of the orthogonaliZgd e/g Qy N
tensor.

) ) Figure 1. Unit cell of LiAuS along [010] showing the correct cell in
Table 3. Selected Bond Distances (A) and Angles (deg) for LIAUS  sglid lines and the incorrect cell in dashed lines.

and LkAuS;

LiAuS LizAuS,
Li—S x2 2.52(2) Lit-S x2 2.450(15)
Li—S x2 2.53(1) Lit-S x2 2.517(11)
Au-S x2 2.307(3) Li2-S x4 2.5311(16)
Aus+-Au x2 3.1632(4) AuS x2 2.317(2)
S-Au-S 180 Au--Au x2 3.1383(6)
S-Au-S 180

matrix (0 1 0,—1 0 0, 1 0 2), and the new coordinates are related to
the old ones by the transformation matrix (0 -, 0%,, 0 0%,). The
relation between these cells is shown in Figure 1.

Results and Discussion Figure 2. Unit cell of LizAuS, along [001] showing the Au-Au
interactions.

The structure of the compound;zRiuS,, which is isostructural
with that of NaAgS,,2! is shown in Figure 2. It consists of

The unit cell of LIAuS is shown in Figure 1. LiIAuS contains
infinite zigzag_one-dimensioné[AuS*] chains that run along
[101] and [1 O 1. Each Li atom is tetrahedrally coordinated to isolated linear SAU—S units. These isolated [AuS] units
four S atoms in four individual chains. The present metrical _ o jinked together by short Aet-Au* interactions of 3.1383-
data (350 not di_ffer significantly from those determined previ- (6) A (Table 3) to form chains along [001]. The chains are
ously: -El]e tLI;hS d'St?gCSS of 5295572(? .anf! G2.532(01)E Ahare separated by Li atoms, which are tetrahedrally coordinated to
comparablé 10 those ot 2. (2. ( ) A in LiGaS* Eac four S atoms in four individual units. Bond distances (Table 3)
Au atom in LIAuS is linearly coordinated to two S atoms by LizAuS, are normal
an Au-S d_|stance of 123'307(3) A, to be _compared_wnh that of No Li/Au/Se or Li/Au/Te structures have been reported. The
2.32(1) A in CsAgS,.13 Each Au atom in the chain has two two known Li/Au/O structures are tAuOs2 and LkAUO, 22
very close Au neighbors at a Au-Au™ distance of 3.1632(4) )i, compounds with four-coordinated &u ’
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