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Table 4. Selected geometric parameters (A, °) for
Cs;NiCls
Cs1—CIt! 3.638(2) cs2—Cn® 3.4386 (8)
Csl—C12" 3.8231(14)  Cs2—CI2 3.627(2)
Cs2—C12" 3.431(2) Ni—C12" 2245(2)
CI2" —Ni—Ci2"" 111.23(6)  CIR2™—Ni—CI2"™" 106.01 (11)
Symmetry codes: (i) —x, v, 1 —z; (i) | =y, x, | =21 (iii) L —x, =¥, 2— 1t
(iV)x, L4y, 22 (V) L=y, b+, L= v, T =oivipy— 4, L —x, o= s

(vii) § —y, S +x,2—

o=t

For Cs3NiCls, residual electron density greater than 1 ¢ A~*
was observed. The largest positive peak in the final difference
Fourier map was 0.70 A from Cs2 and the largest negative
peak was 0.69 A from Cs2.

For both compounds, data collection: CAD-4 Software
(Enraf-Nonius, 1989); cell refinement: LSUCR (Evans et al.,
1963); data reduction: NRCVAX (Gabe et al., 1989); pro-
gram(s) used to solve structures: SHELXS86 (Sheldrick, 1985);
program(s) used to refine structures: SHELXL93 (Sheldrick,
1993); molecular graphics: ATOMS (Dowty, 1995): software
used to prepare material for publication: SHELXL93.

Supplementary data for this paper are availablc from the IUCr
electronic archives (Reference: JZ1253). Services for accessing these
data are described at the back of the journal.
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Abstract

The new tetra(alkali metal) ditantalum undecasulfides
A;Ta:S); (A = Rb, Cs) were prepared at low temperature
via the molten-flux method. The crystal structures con-
sist of well separated A* and [Ta.S;;]* " ions. Within the
anions, the Ta atoms display a sevenfold coordination
by S5~ units and S°~ anions; the coordination polyhe-
dra can be described as distorted pentagonal bipyramids.
Two such bipyramids share common faces, thus forming
the [Ta>S;;]*~ anion.

Comment

Reactions in molten alkali-polychalcogenide melts
(Sunshine ez al., 1987) have led to a wide variety of new
compounds with interesting new structures (Kanatzidis
& Sutorik, 1995). During our investigations into the re-
action of group V metals with such melts, we were able
to prepare a number of new ternary chalcogenomet-
allates, e.g. K4yNb-S,; (Bensch & Diirichen, 1996a).
KeNb,S>s (Bensch & Diirichen, 1996b), Ki4Nb>S)4
(Bensch & Diirichen, 1997), A¢Nb;sS-» (A = Rb, Cs;
Bensch & Diirichen, 1996¢) and NaNbS, (Bensch et
al., 1998). Most of these contain an Nb.S,, unit of
two face-sharing pentagonal bipyramids as a main struc-
tural ‘building block’. The tendency to form this unit is
also documented for the lighter homologue vanadium,
for example, [V2S5004]1®~ (Simonnet-Jegat et al., 1996),
and fer group VI chalcogenometallates as in the com-
plex anions [M0>S40-]°~ (Coucouvanis & Hadjikyria-
cou, 1987) and [W-S,,;]°~ (Manoli ez al., 1987).

The title compounds Rb,Ta-S,; and Cs,Ta,S,, are
isotypic with the previously reported sulfides K;Ta,S;
(Schreiner er al., 1989) and KyNb-S,, (Bensch &
Diirichen, 1996a). Their structures consist of complex
[Ta»S; '~ anions that are well separated from the
alkali cations. The complex anion [Ta»S;;]’~ is best
described as two face-sharing distorted pentagonal TaS-
bipyramids. In both bipyramids, one apical position is
occupied by a terminal monosulfide S°~ anion and the
second by one S atom of a neighbouring S5~ dumbbell.
Within the pentagonal plane, two n°-bound S5~ units
and one 1-S>~ unit bridging the two Ta’* centres are
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found. Hence, the anion may be described as [Ta;(u-
S)(p-n?m'-82)2(n?-S2)2(S).1*~. Fitting the [TaxSy]*~
anion of Rb;Ta;S;; onto the [Ta,S,;]*~ anion of the
caesium compound shows that the two anions are
essentially identical, as the mean deviation of the atomic
positions is only 0.02 A. Therefore, except for the A—
S distances, only the bond distances for the rubidium
compound will be discussed. The Ta—S bonds within
one bipyramid can be divided into three groups: one
short bond of 2.23(1)A, ﬁvg with medium bonods
between 2.44(1) and 2.49(1)A [<)§> = 247 (2)A],
and one long separation of 2.83 (1) A, which must be
regarded as a weak interaction. The S—S distances
in the S5~ dumbbells are 2.08 (1) A, which is in the
range expected for an S—S single bond. Using a cutoff
of 3.95A, the mean Rb---S distances in RbsTa,Si;

S3

Fig. 1. View of the [Ta;S1,]*~ anion in RbyTa;S,; with ellipsoids
drawn at the 70% probability level. The broken lines between the
Ta and S atoms indicate the long Ta—S interatomic distances.

Fig. 2. Packing diagram of Rb;Ta,S;; (view along the b axis).
The displacement ellipsoids of the rubidium cations are drawn at
the 70% probability level. The [Ta:S,;]*~ anions are drawn as
polyhedra for clarity.
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are 3.55(19)/0% for Rbl [coordination number (CN) 9],
3.57(21) A for Rb2 (CN 9), 3.47 (14) A for Rb3 (CN 8)
and 3.40(18) A for Rb4 (CN 8). For CssTa,S;, the
values for the Cs---S separations are 3.67(18) A for
Csl (CN 10), 3.70 (18) A for Cs2 (CN 9), 3.61(14) A
for Cs3 (CN 8) and 3.52(13) A for Cs4 (CN 8), with
a cutoff at 4.0 A. These values are in agreement with
the sum of the ionic radii [1.84 A for S, 1.63 A for Rb
(CN 9) and 1.78 A for Cs (CN 9); Shannon, 1976].

Experimental

Both compounds A3Ta;Si) (A = Rb, Cs) were prepared in the
same way by combining A,S; with tantalum and additional
sulfur in the ratio 2:1:4. A,S; was prepared by the reaction of
stoichiometric amounts of A and S in liquid ammonia under
an argon atmosphere. The starting materials were thoroughly
mixed in a dry box and then loaded into Pyrex-glass ampoules,
which were subsequently evacuated (4 x 10~ mbar; 1 mbar =
100 Pa) and sealed. The ampoules were heated to 773 K,
held at that temperature for 6 d and then cooled to room
temperature at a rate of 2 K h™'. The resulting melts were
washed with DMF and ether. The products consisted of
orange crystals of AsTa>S),. The powder patterns could be
successfully indexed on the basis of the orthorhombic unit
cells. The compounds are stable in dry air for a long period.

Rb4Tazs]1
Crystal data

Rb4TazSu

M, = 1056.44
Orthorhombic
Pca2|

a = 13.4806(13) A
b =17.6909(6) A
c=18.1758 (15) A
V=1884.4(3) A’
Z=4

D, =3724 Mg m™*
D,, not measured

Data collection

Stoe AED-II diffractometer

w-26 scans

Absorption correction:
face-indexed numerical

(SHELXTL/PC; Siemens,

1990)

Tin = 0.047, Thax = 0.136
5651 measured reflections
4958 independent reflections

(includes Friedel pairs)

Refinement

Refinement on F°

R[F? > 20(F%)] = 0.035
wR(F?) = 0.092

S =1.027

4958 reflections

Mo Ko radiation

A=071073 A

Cell parameters from 102
reflections

f = 18.3-25.0°
p = 23,063 mm™'
T=29312)K

Rectangular block
0.16 x 0.15 x 0.14 mm
Orange

3928 reflections with
I > 20D

Rin = 0.024

Omax = 32.50°

h=-2—20

k=0 — 11

I=-8—27

4 standard reflections
frequency: 120 min
intensity decay:

negligible

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.00111 (8)
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154 parameters

w = U[o*(F2) + (0.0558P)%]
where P = (FZ + 2F2)/3

(A/0)max < OOQI

Aprax = 3.63 ¢ A7°

Apmin = —1.99 ¢ A3

Rb4TﬂzS|| AND CS4T32$]|

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute structure: Flack

Table 1. Selected bond lengths (A ) for Rb,Ta-S,,

Tal—S1 2.232(3)
Tal—S6 2442 (3)
Tal—S2 2.448 (3)
Tal—S4 2.488(3)
Tal—S5 2.491(3)
Tal1—S3 2.496 (3)
Tal—S10 2.829(3)
Ta2—S11 2.228(3)
Ta2—S7 2.449 (3)
CsqTa:Sn

Crystal data

CS4Tazs||

M, = 1246.20
Orthorhombic

Pca2,

a=13913 (4 A
b=7989(2) A
c=18327(5)A_
V =2037.1 (10) A3
Z=4 .
D, =4.063 Mg m™~
D,, not measured

Data collection

Stoe AED-II diffractometer

w—280 scans

Absorption correction:
face-indexed numerical

(SHELXTL/PC, Siemens,

1990)

Tin = 0.011, Trax = 0.068
5388 measured reflections
4736 independent reflections

(includes Friedel pairs)

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.038

wR(F?) = 0.104

S =1.070

4736 reflections

155 parameters

w = U[o?(F2) + (0.0807P)?]
where P = (F} + 2F))3

(A/0)max < 0.001

Apmax = 408 e A3

Apmin = —422 e A3

(1983)
Flack parameter =

—0.036 (11)
Ta2—S8 2461 (%)
Ta2—S9 2477 (3)
Ta2—S4 2491 (3)
Ta2—S10 2492 (3)
Ta2—S3 2.833(3)
$2—S3 2076 (4)
$5—S6 2077(5)
$7—S10 2086 (4
$8—89Y 2074 (4

Mo Ka radiatjon

A=0.71073 A

Cell parameters from 94
reflections

6 = 16.1-26.7°
4= 18.884 mm™'
T=293(2)K

Rectangular block
0.46 x 0.44 x 0.25 mm
Orange

4352 reflections with
1> 20()

Rire = 0.028

Omax = 32.45°

h=-2-20

k=0— 12

l=-5—-27

4 standard reflections
frequency: 120 min
intensity decay:

negligible

Extinction correction:
SHELXI93 (Sheldrick,
1993)

Extinction coefficient:
0.00168 (11)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute structure: Flack

Table 2. Selected bond lengths (,i ) for CsiTa-S,

Tal—S1 2.234(3)
Tal—S2 2442 (3)
Tal—S6 2.449 (3)

(1983)
Flack parameter =

0.000 (10)
Ta2—S8 2461 (3)
Ta2—S9 2465 (3)
Ta2—S4 2493 (3)

Tal—SS 2485 (%) Ta2—S10 2.496 (3)
Tal—S4 2.488(3) Ta2—S3 2.853(3)
Tal—S3 2.496 (3) S§2—83 2.076 (4)
Tal—S10 2.826(3) S5—S6 2071 (5
Ta2—S11 2.223(3) S7—S10 2.081(4)
Ta2—S7 2.446 (3) S8—S89 2.069 (4)

The origin was fixed by floating-origin restraints (Flack
& Schwarzenbach, 1988). The Flack (1983) parameter was
determined using 1446 Friedel pairs in the case of the
rubidium compound and 968 pairs for the caesium compound.
The highest residual electron-density peak in both cases was
located near the Ta2 atom (at 0.92 A in Cs;Ta:Sy; and 0.72 A
in Rb.;Ta:S“).

For both compounds, data collection: D/F4 (Stoe &
Cie, 1992a); cell refinement: DIF4; data reduction: REDU4
(Stoe & Cie, 1992b); program(s) used to solve structures:
SHELXS86 (Sheldrick, 1985); program(s) used to refine struc-
tures: SHELXL93 (Sheldrick, 1993); molecular graphics: XP
in SHELXTL/PC (Siemens, 1990); software used to prepare
material for publication: CIFTAB in SHELXL93.

Financial support by the Deutsche Forschungsgemein-
schaft (DFQG) is gratefully acknowledged.

Supplementary data for this paper are available from the 1UCr
electronic archives (Reference: JZ1249). Services for accessing these
data are described at the back of the journal.
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