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(PhyP)4[Pd-As10S;7): A Sulfosalt with a Large Cluster Anion Whose Structure Resembles a Gondola
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The hydro(solvento)thermal technique was demonstrated to
generate a useful set of experimental conditions which can lead sm/ék

to novel quaternary chalcoarsenate compountisThe hydro-
(solvento)thermal behavior of the;R/M™/[AsQs]®~ (E = R,

N; R = Ph, alkyl; M = metal; Q= S, Se) systems lead to the
synthesis of a number of unusual compounds such agfPh
[INAS3S7],* (MesN)-Rb[BiASsS12],* (PhP)[HG-AS:S], > (MesN)-
[HgAs:Sg],** (MesN)[HgAsSe],* (EuN)[HgAsSe],* (PhP)Hg--
AssSe],* (PPRP(AS:Ss)z],° (PhPRK[Pt(ASS,)s]-1.5H,0,°
B-AgsAsSe,” (MesNH)[AgsAs;Se],” KsAg.As:Se,” KAgsAS,-
Se,” (PhPR[Ni2AS:Ss],8 (MesN),[M0,0,As,S7],8 and (EiN),-
[M0,0,As,Se].8 The most characteristic feature of these com-
pounds is the presence of higher nuclearity{&¥'~ units formed

by the condensation reactions of the fundamental building unit
[AsQs]®". The type and identity of the [A®,]" anions, found

in the isolated compounds, depends on the particular counterion
present, on the metal size and coordination preference and on

the solvent used. Extension of this chemistry to Pd looked

appealing because no quaternary chalcoarsenate compounds with
this metal have been reported. Furthermore, Pd has given rise to

some surprising results under hydro(solvento)thermal condtions.
The great lability of the [Asg?®  anion and its catenation
properties to form higher nuclearity [&3,]" units raises
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Figure 1. Structure of the [Pghs105,]*~ anion with atomic labeling.
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electron reduction product of the linear [{5]°>~ unit* see

interesting prospects f_or similar chemistry in _this_ system. Here gcheme 1. The nature of the reducing agent is unclear but it
we report the synthesis, structural characterization, and optical .qyid be sacrificial [Asg3 anions which exist in excess in
properties of a new molecular palladium thioarsenate compound gg|ytion.

(PhyP)[Pd/AS10S,5] whose unusual anionic structure resembles
a gondola. This “gondola” is held together by both-R&iand
Pd—As bonds.

(PhyP)[Pd/As10S;7] is air-stable and soluble in polar organic
solvents, such as GBN and DMF, forming an orange solutiéh.
The anion in (PEP)[Pd/As10S,;] contains two different thio-
arsenate units, [ASs]*~ and [AsS]°", linked to Pd atoms, and
it is curiously shaped like a gondola, see Figufé As a result,
(PP [Pd/(AS:Ss)2(AS:Ss)7] is @ more descriptive formula. The
[As3Ss]>~ unit is unprecedented and can be viewed as a two-
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We can assign the formal oxidation state of the terminal As
atoms in [AsSs]®> as 3+, while the bridging As atom (i.e. As2
and As9) is assigned an oxidation state #f 1The As—S bond
distances range from 2.256(8) to 2.326(7) A. The-Rsl bond
distances are essentially equal at 2.376(3) A. The34% units

(10) (a) (PhPu[Pd/AS10S:2): A mixture of PAC} (0.044 g; 0.25 mmol), k
AsS; (0.072 g; 0.25 mmol), PRBr (0.628 g; 1.5 mmol), and 0.3 mL of
methanol was sealed under vacuum and kept at Clfor 3 days. The
large red platelike crystals formed were isolated in methanol and washed
with ether (yield= 75% based on Pdgl A semiquantitative elemental
analysis of the red crystals using a scanning electron microscope/energy
dispersive analysis gave an average composition®éhBAs,Ss s The
purity of the material was also confirmed with a comparison of the
calculated and observed X-ray powder diffraction data. (b) The optical
spectrum of (PiPL[Pd:As10S,2] shows a sharp optical transition with
an onset of 623 nm. The Raman spectrum ofFpfiPd;As,0S;,] shows
three absorptions. One at 251 chitentatively assigned to an AS
vibration), a second absorption at 186 ©m(assigned to PdS
vibrations), and a third at 151 crh(perhaps As-Pd stretching).

(11) (a) A Siemens SMART Platform CCD diffractometer was used to collect
data from a crystal of 0.1& 0.10 x 0.01 mm dimensions with a 20
sfframe collection speed and M@K/ = 0.710 73 A) radiation. Lorentz
polarization effects correction and an empirical absorption corréétion
were applied to the data. (b) The crystal was solved by direct methods
and refined using the SHELXTL-5 package of crystallographic programs;
SHELXTL-5 refines onF2. Crystal data at-148°C: a = 28.908(1) %;

b = 18.3744(8) Ac = 24.487(1) A:b = 108.496(1y; V = 12335.2(9)
A3, Z = 4; D. = 1.90 g/cm; space groupgP2i/c (No. 14); u(Mo Ka)
4.125 cmi}; index ranges-37 < h < 25,-24< k< 22,-32<| <
32; total no. of data, 61 114; unique no. of data, 27 18§ € 0.353);
no. of data withF2 > 20(F,?), 27 145; no. of variables, 756; finRIwR?
= 0.1080/0.2133; GOF= 0.782. (c) Blessing, R. HActa Crystallogr.
1995 A51, 33—38. (d) Sheldrick, G. MSHELXTL Version 5.08iemens
Analytical X-ray Instruments, Inc.: Madison, WI, 1994.
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Table 1. Selected Bond Distances (A) for (F[PdAS165:2] Scheme 2
Pd(1)-S(1) 2.323(7) As(1)¥S(1) 2.278(7) {PA; (As;Sg) 5] 2-
Pd(1)-As(2) 2.376(3) As(1)¥S(2) 2.254(7) 4
Pd(1)-S(4) 2.392(7) As(1¥S(3) 2.331(8)
Pd(1)-S(12) 2.427(6) —
As(2)-S(3) 2.259(8)
Pd(2)-S(2) 2.347(7) As(2yS(4) 2.319(7)
Pd(2)-As(2) 2.372(3)
Pd(2)-S(5) 2.388(7) As(3)S(5) 2.315(7)
Pd(2)-S(12) 2.427(7) As(3¥S(4) 2.333(8)
As(3)-S(6) 2.345(9)
Pd(3)-S(13) 2.364(7)
Pd(3)-S(5) 2.368(7) As(4YS(7) 2.226(6)
Pd(3)-S(8) 2.364(6) As(4¥S(9) 2.307(7)
Pd(3)-S(4) 2.406(7) As(4¥S(8) 2.337(7)
Pd(4)-S(8) 2.364(6) As(5¥S(10) 2.347(7)
Pd(4)-S(15) 2.380(7) As(5)S(9) 2.310(7)
Pd(4)-S(13) 2.380(7) As(5¥S(11) 2.229(7)
Pd(4)-S(10) 2.390(7)
As(6)-S(12) 2.226(7) [Pdne1 (ASnSane1) 210
Pd(5)-S(10) 2.374(7) As(6)S(14) 2.316(7)
Pd(5)-S(15) 2.400(7) As(6YS(13) 2.331(7) x
Pd(5)-S(20) 2.400(7) "
Pd(5)-S(22) 2.405(7) As(BS(15) 2.365(7)
As(7)-S(14) 2.337(7)
Pd(6)-S(17) 2.350(7) As(7S(16) 2.223(7)
Pd(6)-As(9 2.378(3 .
Pdg6)):8(2(o)) 2.389((7)) As(8)S(17) 2.257(7) fragments cgnnec_:ted together by aa[@d;zss)z]zf_ unit. ) The )
Pd(6)-S(11) 2.411(7) As(8)S(18) 2.313(8) [Pds(As;Ss)2]4 unit can be thought of as a varl_able spacer
Pd(7)-5(19) 23176) As(8)—S(19) 2.296(8) ﬁ_ethween thle tv_VG[ Pr(]Jl_z[As(AsSg)g]}* _fragmerllts(.jwa_nce se\éeral
. igher nuclearity thioarsenate units are kn it may be
Egg)):é(sz(g)) 223533‘;((‘% ﬁs((?)gg% g%i% pc?ssible to build)Ilonger gondolas through the formation )</)f longer
. S . — . .
[Pd(As,S,),]"" spacers. The simplest example is to replace the
Pd(7)-S(16) 2.437(7) Aé?l%?—)gg% %gég% two [As,;S5]* units with two [AsS;]°~ units and an additional
As(10)-S(22) 2.306(8) Pd atom. The complete extension of this is the insertion of an

oligomeric spacer of the general formula [R&(AsSen+1)]"",

are asymmetrically connected to four Pd atoms forming the bow S&€ Scheme 2. Therefore, the compound reported here could be
and stern of the gondola. The two sulfur atoms associated with @ member of a putative homologous family of gondolas of the
the upper As atoms (i.e. As1 and As8) are bound directly to Pd general formuld [Pcx(As;Se)]o[Pkn1(AsSen+n)al} 2. Access
atoms, while the two sulfides from the lower As atoms (i.e. As3 t0 other members may be possible with further exploration of
and As10) bridge these Pd atoms and the Pd atoms on the floorthe hydro(solvento)thermal chemistry of theER/Pd/[AsQ]*

of the gondola. Th¢Pd[As(AsS;),]} ~ fragment is reminiscent ~ System.

of the molecular species [AGe(TeS)z]? 2 where the Ag is . .
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