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Two low-dimensional compounds, KSnAsS5 and K2SnAs2S6, were
prepared using liquid polythioarsenate salts, and the results differ
from those obtained with the well studied thiophosphate flux.
KSnAsS5 crystallizes in the orthorhombic space group Pbam with
cell parameters of a ) 8.136(2) Å, b ) 13.784(4) Å, c ) 7.428-
(2) Å. KSnAsS5 features the unusual pyramidal species [AsS2(S2)]3-.
K2SnAs2S6 crystallizes in the trigonal space group P3h with cell
parameters a ) 6.717(5) Å, b ) 7.204(8) Å, γ ) 120°. The
compounds were obtained by controlling the Lewis basicity of the
K2S/As2S3/S flux. The optical, thermal, and spectroscopic properties
of the compounds are reported.

In view of the considerable body of information now
available on polychalcophosphate fluxes,1 it is timely to ask
how the correspondingpolychalcoarsenatefluxes perform
as synthetic tools and what type of phases are likely to form.
Because P and As are members of the same group in the
periodic table, one might expect simple analogues both in
composition and structure. However, there seems to be a
significant divide at the P-As boundary in terms of chemical
and electronic behavior in these two elements. A marked
difference in their ionization energies could give rise to
different redox behavior. For example, whereas the most
stable oxidation states of P as evidenced by the frequency
of the [P2Q6]4- 2 and [PQ4]3- 3 (Q ) S, Se) anions in known
phases are+4 and+5, this is not likely to be the case for
As because of the greater stability of the+3 state and the
extreme rarity of the+4 state. The corresponding ethane-

like unit [As2Q6]4- (ubiquitous in P chemistry) does not exist;
however, other anions such as [As2Q5],4- 4 [AsQ3],3- 5 are
known and might form in the melt. Conversely, in P
chemistry, these species are unknown or are extremely rare.
The only species common in both elements are the classical
tetrahedral [PQ4]3- and [AsQ4]3- 6 anions. Therefore, we
anticipate a sharp contrast between [AsxQy]z- and [PxQy]z-

chemistry.
Here, we report on the reactivity of Sn in thioarsenate

melts of increasing Lewis basicity and the isolation of
KSnAsS5, a new structure type with infinite chains and the
rare pyramidalâ-[AsS4]3- ligand, and the layered K2SnAs2S6.
KSnAsS5 forms by dissolving Sn in liquid “K2As2S14” at
500 °C.7 The structure8 contains extended chains oriented
parallel to thec-axis and separated by K+ ions, Figure 1a.
The key unit in the chain is a centrosymmetric [Sn(AsS2-
(S2))]2 dimeric core that propagates down the chain with
bridging µ2-S2- ions. The pyramidalâ-[AsS4]3- anion
features the As3+ ion and a disulfide unit, and it is very
different from the well-known As5+ speciesa-[AsS4]3-.

All three terminal sulfur atoms are involved in binding
the two Sn4+ ions. The terminal atom, S(1), of the disulfide
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group serves to bridge the Sn atoms in the core, Figure 1b.
The formally Sn4+ centers possess a highly distorted
octahedral coordination that is imposed by the ligation of
the [AsS4]3- anion. The S(4)-Sn-S(4) angle of 169.66(6)°
deviates significantly from 180°. The Sn-S distances vary
between 2.486(1) and 2.666(1) Å. The Sn-Sn distances
within the core and between the cores are 3.967 and 3.461
Å, respectively. The adjacent chains are separated by
hexacoordinated K+ ions with a mean K-S distance of
3.342(2) Å.

This pyramidal unit is to be contrasted with the highly
symmetrical tetrahedralR-[AsS4]3- anion which is formally
an As5+ species and isostructural to the more familiar [PS4]3-

anion. Therefore, we recognize here a radical departure of
the thioarsenate flux chemistry from that of the thiophosphate
which we attribute to the significant electronegativity dif-
ference in the two elements.

Theâ-[AsS4]3- anion has been stabilized from a sulfur-rich
flux, formally “K 2As2S14”, which apparently is not oxidizing

enough to produce As5+. It is possible that the two isomers
are in fact in equilibrium with each other. Presumably, this
equilibrium would be sensitive to the basicity of the flux
which to a large extent is controlled by the formal K2S/
As2S3/S ratio, and by the nature of the alkali ion. Thus, by
controlling such equilibria in the flux, one could favor
different thioarsenate anions to produce different outcomes.
The â-[AsS4]3- ligand has been seen only in molecular
[Pt3(AsS4)3]3- and [Pd3(AsS4)3]3-.9

In KSnS(AsS4), we discovered a glass forming property.
The material melts at 400°C and when cooled to room
temperature forms a red glass. However, the melt slowly
generates SnS2 nanocrystals (confirmed by X-ray diffraction)
which are found embedded in the glassy matrix.

The trigonal compound K2SnAs2S6
10 formed in a mixture

of K2S/Sn/As2S3/S at 500°C using a 3/1/1/10 ratio (i.e.,
formally molten “K6As2S16”). It is isomorphic to the rare
mineral Erniggliite, Tl2SnAs2S6,11 and has [SnAs2S6]2-

layers12 consisting of SnS6 octahedra and [AsS3]3- pyramids,
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nitrogen, with DMF and washed with ether. Microprobe analysis (EDS)
gave an average composition of K2.0Sn1.0As1.9S6.0. The Raman
spectrum displays three strong peaks at 318, 340, and 399 cm-1. The
far-IR spectrum of the compound shows three strong peaks at 350,
270, and 154 and medium to weak peaks at 404, 302, 247, and 228
cm-1. The material melts at 490°C and crystallizes at∼406°C without
apparent decomposition, as evidenced by the powder pattern taken
after crystallization from the melt. The optical spectrum of K2SnAs2S6
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Figure 1. (a) ORTEP packing diagram of KSnAsS5 looking down thec
axis. The large ellipsoids with open quadrants are K+ ions. S atoms are
small open ellipsoids, As atoms are small ellipsoids with open quadrants,
and Sn atoms are ellipsoids with a completely filled quadrant. (b) ORTEP
representation and labeling of a single chain of KSnAsS5. Selected bond
distances (Å): Sn(1)-S(2), 2.4863(13); Sn(1)-S(4), 2.5540(14); Sn(1)-
S(1), 2.6661; S(1)-S(3), 2.038(2); As(1)-S(4), 2.2172(14); As(1)-S(3),
2.2912(19). Selected bond angles (deg): S(2)-Sn(1)-S(4), 87.49; S(4)-
Sn(1)-S(1), 84.65; S(4)-As(1)-S(3), 97.63; S(4)-As(1)-S(4), 104.52.

Figure 2. (a) View of K2SnAs2S6 looking down the [110] direction. Large
gray circles between the layers are K+ ions. Small black circles are Sn
atoms, small gray circles are As atoms, and open circles are sulfur atoms.
(b) Single layer of [SnAs2S6]2- with the eight member-S-Sn-S-As-
S-Sn-S-As- rings. Selected bond distances (Å): Sn-S, 2.572(4); As-
S, 2.264(4). Selected bond angles (deg): S-As-S, 96.48(13); S-Sn-S,
84.15(12); S-Sn-S, 95.85(12); S-Sn-S, 180.0. (c) Local coordination
environment of K ions with bond lengths. The apparent bonding interaction
of the As atom with the K ion at 3.337(2) Å is shown.

COMMUNICATION

3606 Inorganic Chemistry, Vol. 41, No. 14, 2002



Figure 2a,b. Topologically, the structure is TiS2-type with
Sn2+ cations in the octahedral Ti positions and [AsS3]3-

anions at the pyramidal S positions. However, the [AsS3]3-

pyramids are inverted in a way that the As3+ atoms of a
[AsS3]3- anion on the top side of a [SnAs2S6]2- slab lie
toward the slab’s interior so that the lone electron pair is
directed to the bottom side, Figure 2a. This “expanded TiS2”
structure creates large rings in the layers that dominate the
two-dimensional network. The Sn-S bond distances are all
equal at 2.572(4) Å. The closest interlayer distance is 4.419
Å, and the closest Sn-Sn distances within the layer and
between the layers are 6.717 and 7.204 Å. The layers are
separated by seven coordinate K+ ions. Noteworthy is the
unusual and surprising interaction at 3.337(2) Å between K+

ions in the layers and the As atom of a [AsS3]3- ligand, which
in fact lies on the opposite side of the [SnAs2S6]2- slab,
Figure 2c. This is possible because of the inverted nature of
the [AsS3]3- anion as explained previously.

We have shown that by changing the Lewis basicity of
the flux we can control the reactivity of Sn and outcome of
the reaction. Namely, a relatively K2S-poor/polysulfide-rich
flux (“K 2As2S14”) favors KSnAsS5 with the disulfido
â-[AsS4]3- unit as the dominant species, whereas by increas-
ing the fraction of K2S (forming “K6As2S16”, the major
constituents are K2Sn2S5 and K3AsS4) the polysulfide anions
break down as the Lewis basicity increases and KSnAsS5 is
destabilized in favor of K2SnAs2S6 and the [AsS3]3- anion.
This chemistry has no direct counterpart in the corresponding
Sn polythiophosphate systems.
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