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The hydro(solvento)thermal technique was demonstrated to
generate a useful set of experimental conditions which can lead
to novel quaternary chalcoarsenate compounds.1-3 The hydro-
(solvento)thermal behavior of the R4E+/Mn+/[AsQ3]3- (E ) R,
N; R ) Ph, alkyl; M ) metal; Q) S, Se) systems lead to the
synthesis of a number of unusual compounds such as (Ph4P)2-
[InAs3S7],4 (Me4N)2Rb[BiAs6S12],4 (Ph4P)2[Hg2As4S9],5a (Me4N)-
[HgAs3S6],5a (Me4N)[HgAsSe3],5b (Et4N)[HgAsSe3],5b (Ph4P)2[Hg2-
As4Se11],5b (Ph4P)2[Pt(As3S5)2],6 (Ph4P)2K[Pt(AsS4)3]‚1.5H2O,6
â-Ag3AsSe3,7 (Me3NH)[Ag3As2Se5],7 K5Ag2As3Se9,7 KAg3As2-
Se5,7 (Ph4P)2[Ni 2As4S8],8 (Me4N)2[Mo2O2As2S7],8 and (Et4N)2-
[Mo2O2As2Se7].8 The most characteristic feature of these com-
pounds is the presence of higher nuclearity [AsxQy]n- units formed
by the condensation reactions of the fundamental building unit
[AsQ3]3-. The type and identity of the [AsxQy]n- 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 conditions.9

The great lability of the [AsQ3]3- anion and its catenation
properties to form higher nuclearity [AsxQy]n- units raises
interesting prospects for similar chemistry in this system. Here
we report the synthesis, structural characterization, and optical
properties of a new molecular palladium thioarsenate compound
(Ph4P)4[Pd7As10S22] whose unusual anionic structure resembles
a gondola. This “gondola” is held together by both Pd-S and
Pd-As bonds.
(Ph4P)4[Pd7As10S22] is air-stable and soluble in polar organic

solvents, such as CH3CN and DMF, forming an orange solution.10

The anion in (Ph4P)4[Pd7As10S22] contains two different thio-
arsenate units, [As2S5]4- and [As3S6]5-, linked to Pd atoms, and
it is curiously shaped like a gondola, see Figure 1.11 As a result,
(Ph4P)4[Pd7(As2S5)2(As3S6)2] is a more descriptive formula. The
[As3S6]5- unit is unprecedented and can be viewed as a two-

electron reduction product of the linear [As3S7]5- unit,4 see
Scheme 1. The nature of the reducing agent is unclear but it
could be sacrificial [AsS3]3- anions which exist in excess in
solution.
We can assign the formal oxidation state of the terminal As

atoms in [As3S6]5- as 3+, while the bridging As atom (i.e. As2
and As9) is assigned an oxidation state of 1+. The As-S bond
distances range from 2.256(8) to 2.326(7) Å. The As-Pd bond
distances are essentially equal at 2.376(3) Å. The [As3S6]5- units
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large red platelike crystals formed were isolated in methanol and washed
with ether (yield) 75% based on PdCl2). A semiquantitative elemental
analysis of the red crystals using a scanning electron microscope/energy
dispersive analysis gave an average composition of P1Pd1.9As2S5.6. 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 (Ph4P)4[Pd7As10S22] shows a sharp optical transition with
an onset of 623 nm. The Raman spectrum of (Ph4P)4[Pd7As10S22] shows
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Figure 1. Structure of the [Pd7As10S22]4- anion with atomic labeling.

Scheme 1
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are asymmetrically connected to four Pd atoms forming the bow
and stern of the gondola. The two sulfur atoms associated with
the upper As atoms (i.e. As1 and As8) are bound directly to Pd
atoms, while the two sulfides from the lower As atoms (i.e. As3
and As10) bridge these Pd atoms and the Pd atoms on the floor
of the gondola. The{Pd2[As(AsS3)2]}- fragment is reminiscent
of the molecular species [Ag2Te(TeS3)2]2-,12 where the Ag is
replaced with Pd and the [Te(TeS3)2]4- fragment is replaced by
the isoelectronic [As(AsS3)2]5- unit. The two{Pd2[As(AsS3)2]}-

fragments are connected together by a [Pd3(As2S5)2]2- fragment.
The latter forms the walls and the floor of the gondola. The Pd
atoms have a slightly distorted square-planar coordination with
Pd-S bond distances ranging from 2.363(7)-2.405(7) Å, and
S-Pd-S angles ranging from 83.4(2) to 95.9(2)°. Selected bond
distances are given in Table 1.
It is useful to regard the gondola as two{Pd2[As(AsS3)2]}-

fragments connected together by a [Pd3(As2S5)2]2- unit. The
[Pd3(As2S5)2]2- unit can be thought of as a variable “spacer”
between the two{Pd2[As(AsS3)2]}- fragments. Since several
higher nuclearity thioarsenate units are known,1-8 it may be
possible to build longer gondolas through the formation of longer
[Pdx(AsySz)2]n- spacers. The simplest example is to replace the
two [As2S5]4- units with two [As3S7]5- units and an additional
Pd atom. The complete extension of this is the insertion of an
oligomeric spacer of the general formula [Pd(n+1)(AsnS(2n+1))]n-,
see Scheme 2. Therefore, the compound reported here could be
a member of a putative homologous family of gondolas of the
general formula{[Pd2(As2S6)]2[Pd(n+1)(AsnS(2n+1))2]}-(n+2). Access
to other members may be possible with further exploration of
the hydro(solvento)thermal chemistry of the R4E+/Pd/[AsQ3]3-

system.
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Table 1. Selected Bond Distances (Å) for (Ph4P)4[Pd7As10S22]

Pd(1)-S(1) 2.323(7) As(1)-S(1) 2.278(7)
Pd(1)-As(2) 2.376(3) As(1)-S(2) 2.254(7)
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(2)-S(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(4)-S(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)
Pd(5)-S(10) 2.374(7) As(6)-S(14) 2.316(7)
Pd(5)-S(15) 2.400(7) As(6)-S(13) 2.331(7)
Pd(5)-S(20) 2.400(7)
Pd(5)-S(22) 2.405(7) As(7)-S(15) 2.365(7)

As(7)-S(14) 2.337(7)
Pd(6)-S(17) 2.350(7) As(7)-S(16) 2.223(7)
Pd(6)-As(9) 2.378(3)
Pd(6)-S(20) 2.389(7) As(8)-S(17) 2.257(7)
Pd(6)-S(11) 2.411(7) As(8)-S(18) 2.313(8)

As(8)-S(19) 2.296(8)
Pd(7)-S(19) 2.317(8)
Pd(7)-As(9) 2.376(4) As(9)-S(18) 2.275(8)
Pd(7)-S(22) 2.387(7) As(9)-S(21) 2.294(8)
Pd(7)-S(16) 2.437(7) As(10)-S(20) 2.312(8)

As(10)-S(21) 2.283(8)
As(10)-S(22) 2.306(8)

Scheme 2

Communications Inorganic Chemistry, Vol. 37, No. 8, 19981671




