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TeS; Radical Anions in CuBrCu,,TeS,**
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Copper(1) halides have recently proven to be “solid
solvents” for molecules of the elements of Groups 15 and
16. Thus, neutral and low-charged phosphorus polymers were
detected and structurally characterized in, for example,
(Cul);P,1M and (CuBr);,Cu,P,,.?! Compounds of copper(r)
halides with selenium or tellurium contain neutral homoa-
tomic chains, such as J![Te] in CuClTe,,! or six-membered
rings, as in CulSe;.[¥ Heteroatomic chalcogen chains in which
selenium and tellurium (.![SeTe]®) or sulfur and tellurium
atoms alternate (! [STe]®)) can also be obtained in a copper (i)
halide matrix. In CulSe,y;Te,; tellurium-rich six-membered
rings Seq_ Te, (x <3) were detected for the first time in the
solid state.! Degradation of the neutral chalcogen chains
A[STe] led to (Cul);Cu,TeS;, which is the first copper
chalcogenide halide to contain a complex thiotellurate(1v)
ion.l®! Like (Cul),Cu,SbSs,"! this compound can be described
as a composite compound of copper(l) iodide and a copper
thiometalate.

Here we report the preparation, crystal structure determi-
nation, and ESR spectroscopic investigations of CuBr-
Cu,y,TeS, (1). In this compound the novel TeS;™ radical anion
and the unknown polychalcogenide ion TeS3~ were identified
and structurally characterized. Compound 1 crystallizes as
very thin, square or rectangular black platelets. Top illumina-
tion of the crystals indicates their tendency for twinning by a
characteristic reflection pattern. Scanning electron micro-
graphs of the edge of a broken platelet (Figure 1) show the
pronounced two-dimensional character of the solid com-
pound. The thickness of the single sheets is significantly
smaller than 1 um. Nevertheless, the crystal structure could be
determined.['”) Figure 2a shows the three-dimensional struc-
ture of 1. The copper atoms Cu4, which are located between
the layers on a position with an occupancy of 20%, are
omitted in order to emphasize the two-dimensional character
of the structure. The layers are stacked along [001] and are
made up of tetrahedrally coordinated copper atoms. The
coordination polyhedra are [CuBr,S,] for Cul and Cu2, and
[CuS,] for Cu3. The Cu-S distances are 2.288 A, and the Cu -
Br distances 2.512 A. The [CuS,] polyhedra are located in the
center, and the [CuBr,S,] polyhedra at the upper and lower
borders of the layers. Further building blocks are bent TeS,
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Figure 1. Scanning electron micrograph ( x 1200) of the edge of a broken
platelet of 1. The thickness of the layers is significantly smaller than 1 um.
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groups. Assuming a composition of CuBrCuTeS, (see Fig-
ure 2 a) these groups bear a total charge of — 1; that is, they are
radical anions TeS5.

However, the corresponding stoichiometric compound
CuBrCuTeS, has not yet been obtained. The structure of 1
can be formally derived from this hypothetical compound by
intercalating 0.2 copper atoms per formula unit between the
layers. The resulting compound can be described as
(CuBr)sCug[TeS,],"[TeS,]>~. Despite the mixed-valent char-
acter, copper occurs exclusively as tetrahedrally coordinated
Cu* ions. The TeS3;~ and TeS3~ units cannot be distinguished

1956 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998
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Figure 2. a) Crystal structure of 1. The Cu4
atoms, which are statistically distributed be-
tween the layers, are omitted. This results in the

ze idealized composition CuBrCuTeS,. b) Section
g B:_l of a layer showing the tetrahedral surrounding
[oR-} of the copper atoms. The TeS, groups are drawn
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by X-ray diffraction data at room temperature. Two almost
identical TeS, groups with Te—S distances of 2.375 A are
present in the crystal structure. The Te—S bond length is
similar to those in the TeS}  ions of (Cul);Cu,TeS;,"
ACuTeS;, and AAgTeS; (A = alkali metall'?), but is about
0.11 A shorter than that in the formally neutral chalcogen
chains (,}[STe]) of CuXSTe (X = Cl, Br).[! This unexpected
finding can be explained by the number of covalent S—Te
bonds, that is, one per sulfur atom in TeS, and in TeS%~, but
two in ![STe]. The average S-Te-S bond angle of 101.9° in
TeS; is slightly larger than that of [STe] and about 3-5°
larger than that of TeS3~ in (Cul);Cu,TeS;. In contrast to the
heteroatomic polychalcogenide ions [S,Se, J*~ in a-
CsCu(S,Se,_,) and [S,Seq_,]*>~ in CsCu(S,Seq_,),*! the posi-
tions of the different chalcogen atoms in the TeS, groups can
be clearly distinguished. Tellurium occupies exclusively the
central position, whereas sulfur is located only at the terminal
positions.

The crystal structure arrangement is respon-
sible for the pronounced layer character of 1. The
[CuS,] groups are located in the center and the
[CuS,Br;] polyhedra at the borders of the layers.
y However, it is not possible to extend the layers to
—Cul/  form a regular three-dimensional tetrahedral
structure. Both sulfur and tellurium are coordi-
nated to copper (Figure 2b), but tellurium occu-
pies “cation sites” in the structure. As a conse-
quence, the construction of a three-dimensional
tetrahedral structure is terminated at the tellu-
rium positions (Figure 2b).

The novel anion TeS5™ is a further member of
the large group of triatomic radicals with 19
valence electrons and a 2B, ground state.'
Other relatively stable compounds that predom-
inantly consist of light atoms are the radicals
ClO3™1 and SO3~ [ (which is in equilibrium with
S,077) as well as the homologous radicals
SeO; "1 NO#-81 NF;,l'1 the ozonide ion
O3, and the deep blue S5~ ion?'! (a component
of lapis lazuli®?). A survey of ESR investigations
of this class of radicals, including a discussion of
correlations and an estimation of the participa-
tion of d orbitals, has been already published.['*]

A powder sample of 1 was investigated at
35K in an X-band ESR spectrometer. An
intense signal was observed with axial splitting
of the g components within the limits of the
linewidth (Figure 3, Table 1). Hyperfine splitting
could not be detected.®! Owing to very fast relaxation, the
ESR signal broadens at higher temperature and is no longer
visible. A similar observation was made for the main group
radical B¢l ,?Y which is similar to TeS; in that a 5p element
with numerous available atomic states participates in the spin
distribution.

SeO3, a lighter homologue of TeS3, also shows an almost
axial splitting of the g components with g, > g,, g;; a similar
pattern was observed for O3 (Table 1). As expected, the
deviation of g, from the free electron value of 2.0023 and the g
anisotropy Ag=g, —g; increase when light atoms are sub-
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Figure 3. ESR spectrum of CuBrCu,,TeS, at 3.5 K and 9.64281 GHz.
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Table 1. ESR data of radicals with 19 valence electrons.

81 218 (81) Ag=g —g T[K] Ref
0; 20174 2.0025/2.0013  (2.0019)  0.0161 77 [20]
SeO;  2.0317 2.0066/1.9975  (2.0021)  0.0342 77 [17]
TeS;  2.0804 2.0085/2.008511 (2.0085)  0.0719 35 this work

[a]

g, and g; can differ by at most 0.01.

stituted by heavier homologues with much higher spin —orbit
coupling constants (Table 1).l'*17 Since a major part of the
spin density of, for example, SeO3" is located at the central
atom, g, and Ag are significantly higher when tellurium is
present instead of selenium. The results of the ESR inves-
tigations (Figure 3), including the considerable linewidth and
the fast relaxation, are in accord with the structural identi-
fication of TeS5™. Thus, a new example has been added to this
group of well-known inorganic radicals.

Experimental Section

CuBrCu,,TeS, (1) was prepared by the reaction of stoichiometric amounts
of CuBr, Cu, Te, and S in the ratio 1:1.2:1:2 in evacuated silica ampoules.
The mixture of starting materials was melted at 600°C, homogenized by
grinding, and then tempered at 390 °C. Black, shiny square or rectangular
platelets were obtained together with a microcrystalline powder after 14 d.
The purity and the sample quality was checked by X-ray powder
diffraction. Microcrystalline samples with the composition CuBrCu,,TeS,
were investigated at 3.5 K with an Bruker ESP300 X-band ESR spectrom-
eter. The composition of selected single crystals was determined by semi-
quantitative energy dispersive X-ray analysis analysis (EDX): found:
Cu:Br:Te:S =0.350:0.169:0.158:0.324 (calcd: 0.355:0.161:0.161:0.322).
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Rapid Phosphodiester Hydrolysis by
Zirconium(v)

Reina Ott and Roland Kriamer*

Nonenzymatic hydrolysis of the phosphodiester backbone
of nucleic acids is an attractive research aim in molecular
biology. Bioconjugates of hydrolytically active metal com-
plexes and antisense-oligonucleotides may have important
applications as artificial restriction enzymes since they have
much greater sequence-specificitiy than their natural counter-
parts.' In addition, the treatment of incurable diseases by the
in-vivo silencing of the genetic code of pathogenic proteins on
the RNA or DNA level has been attempted.”! RNA is more
susceptible to hydrolysis than DNA and various low molec-
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