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The title compound, (C4H12N)4[Ta6Cl18]Cl, crystallizes in the

cubic space group Fm3m. The crystal structure contains two

different types of coordination polyhedra, i.e. four tetrahedral

[(CH3)4N]+ cations and one octahedral [(Ta6Cl12)Cl6]3ÿ

cluster anion, and one Clÿ ion. The presence of three different

kinds of Cl atoms [bridging (�2), terminal and counter-anion]

in one molecule makes this substance unique in the chemistry

of hexanuclear halide clusters of niobium and tantalum. The

Ta6 octahedron has an ideal Oh symmetry, with a TaÐTa

interatomic distance of 2.9215 (7) AÊ .

Comment

In the hexanuclear halide clusters [M6X12]n+ (M = Nb and Ta,

X = Cl and Br, and n = 2, 3 and 4), the lowest oxidation

potentials for the oxidation of [M6X12]2+ to [M6X12]3+ to

[M6X12]4+ have been found for [Ta6Cl12]n+ (Eisenbraun &

SchaÈ fer, 1985). Consequently, the largest number of

compounds containing [M6X12]n+ (n = 3 or 4) has been

isolated for this cluster, by using oxidants that are not common

for the oxidation of other members in the [M6X12]n+ series. For

example, fast air-oxygen oxidation of [Ta6Cl12]2+ to [Ta6Cl12]4+

in an alkaline medium has been used as a method of

preparation of crystalline cluster hydroxides [Ta6Cl12(OH)6]2ÿ

(BrnicÏevicÂ et al., 1984) or methoxides (BrnicÏevicÂ et al., 1988).

A direct synthesis of the title compound, (I), which contains

[Ta6Cl12]3+ ions, has now been accomplished in a one-step

oxidation of the [Ta6Cl12]Cl2�6C2H5OH precursor in ethanol

solution in the presence of Me4NCl, using air as an oxidant.

Compound (I) consists of four tetrahedral [(CH3)4N]+

cations, one octahedral [(Ta6Cl12)Cl6]3ÿ cluster anion and one

Clÿ counter-anion (Fig. 1). The Ta6 octahedron has an ideal Oh

symmetry, with a TaÐTa interatomic distance of 2.9215 (7) AÊ

(Table 1). This value is in good agreement with the TaÐTa

bond lengths found for other compounds containing the

[Ta6Cl12]3+ cluster unit, speci®cally with the values [2.925 (1)

and 2.911 (1) AÊ , respectively] found in CsPb[(Ta6Cl12)Cl6]

(Cordier et al., 1999) and [(Ta6Cl12)Cl(H2O)5][HgBr4]�9H2O

(VojnovicÂ et al., 1997). Simultaneously, the TaÐTa bond length

in (I) is intermediate between the TaÐTa bond lengths

[2.889 (1) and 2.973 (1) AÊ ] found in In4[(Ta6Cl12)Cl6] (BaÂ jan &

Meyer, 1995) and [N(CH3)4]2[Ta6Cl12(OH)6]�21H2O (Beck et

al., 1997), which contain [Ta6Cl12]2+ and [Ta6Cl12]4+ ions.

Compound (I) is the ®rst in the chemistry of hexanuclear

halide clusters of niobium and tantalum to have three

different kinds of Cl atoms present simultaneously in the same
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Figure 1
A view of (I), with the atomic numbering scheme. Displacement ellipsoids
are drawn at the 50% probability level and H atoms have been omitted.

Figure 2
A packing diagram of (I), viewed along the c axis. Ta atoms are shown as
black circles, Cl atoms as circles ®lled with horizontal lines, N atoms as
crossed circles and C atoms as open circles.
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molecule; 12 Cl atoms are bridging (�-Cl), six Cl atoms occupy

terminal octahedral coordination sites and one Cl atom is

a counter-anion. The TaÐ(�-Cl) interatomic distance

[2.449 (2) AÊ ] is the same as that found for [(CH3)4N][Ta6Cl12-

(H2O)6]Br4 (BrnicÏevicÂ et al., 1985), i.e. intermediate between

the mean values [2.464 (2) and 2.414 (5) AÊ ] found for

[Ta6Cl12(C2H5OH)6][(Mo6Cl8)Cl6] (BasÏic et al., 1998) and

H2[(Ta6Cl12)Cl6]�6H2O (Thaxton & Jacobson, 1971), which

contain [Ta6Cl12]2+ and [Ta6Cl12]4+ entities, respectively. The

TaÐClterminal bond length [2.540 (3) AÊ ] is comparable to the

values [2.531 (4) and 2.574 (2) AÊ , respectively] found for trans-

[(Ta6Cl12)Cl2(PEt3)4]�CHCl3 (Imoto et al., 1990) and CsPb-

[(Ta6Cl12)Cl6] (Cordier et al., 1999).

The interatomic CÐN distances in the tetrahedral

[(CH3)4N]+ cations are as expected for a single CÐN bond

[mean 1.408 (9) AÊ ].

The crystal packing of cations and anions in the unit cell of

(I) is shown in Fig. 2. The packing is in¯uenced exclusively by

attractive interionic forces. The [(Ta6Cl12)Cl6]3ÿ cluster anions

are situated at the corners and centers of the faces of the unit

cell, while the Clÿ counter-anions lie in the centers of eight

octants that make up the unit cell, in a manner similar to that

observed in CaF2-type structures. The [(CH3)4N]+ cations,

located around the cluster anion, and Clÿ counter-anions

occupy one-half of the possible crystallographic positions, thus

satisfying the charge neutrality of the compound.

The title compound is paramagnetic, as found for the

[Ta6Cl12]3+ ion. The magnetic susceptibility in the temperature

range 5±300 K is nearly constant (�eff = 1.4±1.6 BM), indi-

cating that there are no interacting [Ta6Cl12]3+ cluster entities.

Experimental

Ethanol solutions of freshly prepared [Ta6Cl12]Cl2�6C2H5OH (10 ml,

0.376 g, 0.202 mmol) and (CH3)4NCl (5 ml, 0.133 g, 1.212 mmol) were

mixed in air. The reaction ¯ask was degassed with a stream of dry

nitrogen and the reaction mixture was stirred with a magnetic stirrer

for half an hour, after which the contents of the ¯ask were transferred

into an ampoule, which was ®lled with dry nitrogen, sealed and left at

room temperature. Dark-green octahedral single crystals appeared

on the walls of the ampoule after one month.

Crystal data

(C4H12N)4[Ta6Cl18]Cl
Mr = 2055.83
Cubic, Fm3m
a = 18.1781 (4) AÊ

V = 6006.8 (2) AÊ 3

Z = 4
Dx = 2.273 Mg mÿ3

Mo K� radiation

Cell parameters from 25
re¯ections

� = 20.4±23.2�

� = 11.75 mmÿ1

T = 100 (2) K
Octahedron, dark green
0.15 � 0.12 � 0.12 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

!/2� scans
Absorption correction: empirical

(North et al., 1968)
Tmin = 0.201, Tmax = 0.244

1958 measured re¯ections
412 independent re¯ections
351 re¯ections with I > 2�(I )

Rint = 0.063
�max = 27.9�

h = ÿ23! 0
k = ÿ23! 0
l = ÿ23! 0
3 standard re¯ections

frequency: 60 min
intensity decay: 54%

Re®nement

Re®nement on F 2

R(F ) = 0.027
wR(F 2) = 0.068
S = 1.15
412 re¯ections
24 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0331P)2

+ 58.2675P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.91 e AÊ ÿ3

��min = ÿ1.10 e AÊ ÿ3

Data collection: CAD-4 Software (Enraf±Nonius, 1988); cell

re®nement: CAD-4 Software; data reduction: HELENA (Spek, 1997);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: WinGX (Farrugia, 1999); software used to

prepare material for publication: ORTEP-3 (Farrugia, 1997).
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Supplementary data for this paper are available from the IUCr electronic
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Table 1
Selected geometric parameters (AÊ , �).

TaÐTai 2.9215 (7)
TaÐCl1ii 2.449 (2)
TaÐCl2 2.540 (3)

NÐC2 1.41 (1)
NÐC1 1.407 (8)

TaiiiÐCl1ÐTa 73.23 (6)
Cl1iiÐTaÐTai 95.92 (2)
Cl1vÐTaÐTai 53.39 (3)
Cl1ÐTaÐTai 143.39 (3)
Cl2ÐTaÐTai 135

Cl1iiÐTaÐCl1vi 163.23 (6)
Cl1iiÐTaÐCl1v 88.781 (9)
Cl1iiÐTaÐCl2 81.61 (3)
C1ÐNÐC1vii 110.4 (6)
C2ÐNÐC1 108.6 (7)

Symmetry codes: (i) 1
2ÿ y; 1

2ÿ z; 1ÿ x; (ii) z; xÿ 1
2;

1
2� y; (iii) 1

2� y; zÿ 1
2; x; (iv)

1ÿ z; 1
2ÿ x; 1

2ÿ y; (v) x;ÿy; 1ÿ z; (vi) z; 1
2ÿ x; 1

2ÿ y; (vii) 3
2ÿ z; xÿ 1

2; 1ÿ y.


