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The title compound, [Nb6Cl12(H2O)6]Cl2�3C10H8N2, is an

example of a ‘hybrid’ inorganic–organic compound, where

the inorganic and organic parts do not interact by covalent

bonds but are joined by hydrogen bonding. The inorganic part

contains a hexanuclear mixed-valence niobium cluster aqua

cation [Nb6(�-Cl)12(H2O)6]2+, with the typical {M6X12}

structure, and two Cl� counter-ions. The organic part consists

of two crystallographically independent 2,20-bipyridine mol-

ecules; one is planar and lies on a centre of symmetry, and the

other is twisted by 42.1 (5)�. The Nb—Nb, Nb—Cl and Nb—O

bond distances are close to those found in other salts of this

cation. The inorganic and organic parts are joined together by

an extended system of hydrogen bonds. Six of the 12 H atoms

of the aqua ligands form hydrogen bonds with the N atoms of

the bipyridine molecules, and the other six with Cl� anions. At

the same time, the bipyridine molecules use both N atoms in

hydrogen bonding with two cluster cations. Each Cl� anion

forms three Cl� � �H—O bonds with the three cluster cations.

The resulting three-dimensional framework shows a non-

trivial example of a (12,3,2,2) connected net. The disposition

and relative orientation of the cluster cations and the

geometric requirements of the hydrogen-bonds dictate the

conformations of the bipyridine molecules.

Comment

The chemistry of niobium clusters has developed rapidly in

recent years (Brnicevic, Kojic-Prodic et al., 1995; Brnicevic,

Planinic et al., 1995; Brnicevic, 1999; Perrin, 1999; Prokopuk &

Shriver, 1999). Facile procedures for the preparation of

substituted compounds with an Nb6Cl12 cluster core enable

new compounds with various apical ligands to be obtained.
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The title compound, (I), is an example of a ‘hybrid’ inor-

ganic–organic compound, where the inorganic and organic

parts do not interact by covalent bonds but are joined by

hydrogen bonds. The inorganic part contains a hexanuclear

mixed-valence niobium cluster aqua cation, [Nb6(�-Cl)12-

(H2O)6]2+ (Fig. 1), and two Cl� counterions. The organic part

consists of two crystallographically independent 2,20-bipyrid-

ine molecules (Fig. 2).

The cluster core in the cation has the typical {M6X12}

structure of an octahedron of metal atoms with halogen

bridges on each edge. In addition, there are six coordinated

terminal water molecules, one per Nb atom. The whole cation

lies on a centre of symmetry (Wyckoff position 1a). The Nb—

Nb, Nb—Cl and Nb—O bond distances (Table 1) are quite

close to those found in other salts of this cation, namely

[Nb6Cl12(H2O)6](CH3O)2�8H2O (Brnicevic, Planinic et al.,

1995) and [Nb6Cl12(H2O)6](CH3O)2�0.25CH3OH�6H2O

(Brnicevic, Kojic-Prodic et al., 1995).

The two crystallographically independent 2,20-bipyridine

molecules possess different conformations: one of them is

planar and located on an inversion centre, while the other is

twisted by 42.1 (5)� and lies in a general position. The reason

for this difference can be found in an analysis of the hydrogen

bonding in the crystal, where all possible hydrogen bonds are

realised (Table 2). Six of the 12 H atoms of the H2O ligands

form hydrogen bonds with the N atoms of the bipyridine

molecules and the remaining six with Cl� anions. At the same

time, the bipyridine molecules use both N atoms in hydrogen

bonds with two cluster cations. Each Cl� anion forms three

Cl� � �H—O hydrogen bonds with three cluster cations.

In the crystal packing one can select ‘inorganic’ layers of

clusters and Cl� anions joined together by hydrogen bonds

(Fig. 3). These layers lie in the (001) plane. The bipyridine

molecules join the layers by means of N� � �H—O hydrogen

bonds (Fig. 4). The centrosymmetric planar bipyridine mol-

ecule joins clusters in the (0,1,0) and (0,0,1) positions, with a

cluster–cluster distance of 14.304 Å. The twisted molecule
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Figure 1
The cluster cation in the crystal structure of (I). Displacement ellipsoids
are drawn at the 50% probability level. Unlabelled atoms are related to
labelled atoms by the symmetry operation (�x, �y, �z).

Figure 2
The organic molecules in the crystal structure of (I). Displacement
ellipsoids are drawn at the 50% probability level. Unlabelled atoms are
related to labelled atoms by the symmetry operation (�x, 1 � y, 1 � z).

Figure 3
The crystal packing of (I), showing the inorganic layers without the
bipyridine molecules. Hydrogen bonds are shown by dashed lines.

Figure 4
The crystal packing of (I), showing the inorganic layers joined by
bipyridine molecules. Hydrogen bonds are shown by dashed lines. The H
atoms of the bipyridine molecules have been omitted for clarity.



joins clusters in the (0,0,0) and (0,0,1) positions with a shorter

cluster–cluster distance of 12.258 Å. This difference between

the cluster–cluster distances results from the fact that the

centre of the planar bipyridine molecule lies exactly on the

line between the centres of the cations, while the centre of the

twisted molecule is located away from this line (the centre–

centre–centre angle is 114.8�). Taking into account the rigid

geometry of the cluster cation, one can state that the positions

of the cations and their relative orientations, along with the

hydrogen-bonding geometry, dictate the conformations of the

bipyridine molecules.

The resulting three-dimensional framework shows a non-

trivial example of a (12,3,2,2) connected net (O0Keeffe et al.,

2000). According to the results of the ADS subprogram of the

TOPOS4.0 program set (Blatov et al., 2000) the topology of

the hydrogen-bond net can be characterized by the total

Schläfli symbol of {43}2{48;622;831;105}{4}2{6}.

Experimental

An aqueous solution (10 ml) of K4Nb6Cl18 (50 mg, 0.037 mmol) was

mixed with a solution of bpy (34.7 mg, 0.222 mmol) in ethanol (3 ml).

The mixture was boiled for 30 min, and then left at room tempera-

ture. After one week, a dark-green solid, (I), was obtained. This was

decanted, washed with ethanol and dried in air (yield 18.7 mg,

31.0%).

Crystal data

[Nb6Cl12(H2O)6]Cl2�3C10H8N2

Mr = 1630.41
Triclinic, P1
a = 10.1546 (12) Å
b = 11.2503 (15) Å
c = 12.2583 (11) Å
� = 74.822 (4)�

� = 74.551 (4)�

� = 70.901 (4)�

V = 1251.8 (3) Å3

Z = 1
Dx = 2.163 Mg m�3

Mo K� radiation
Cell parameters from 3551

reflections
� = 2.5–28.2�

� = 2.12 mm�1

T = 292 (2) K
Prism, dark green
0.09 � 0.03 � 0.01 mm

Data collection

Bruker X8 APEX CCD area-
detector diffractometer

! and ’ scans
Absorption correction: multi-scan

(SADABS; Bruker, 2005)
Tmin = 0.871, Tmax = 0.980

12802 measured reflections

5658 independent reflections
4317 reflections with I > 2�(I)
Rint = 0.033
�max = 27.5�

h = �13! 13
k = �14! 14
l = �11! 15

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.094
S = 1.02
5658 reflections
298 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0401P)2

+ 1.4105P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 1.27 e Å�3

��min = �0.67 e Å�3

Table 1
Selected geometric parameters (Å, �).

Nb1—Nb2i 2.9213 (6)
Nb1—Nb2 2.9239 (6)
Nb1—Nb3 2.9128 (6)
Nb1—Nb3i 2.9141 (6)
Nb1—Cl1 2.4731 (13)
Nb1—Cl2 2.4724 (13)
Nb1—Cl3 2.4581 (13)
Nb1—Cl5 2.4622 (12)
Nb1—O1 2.214 (3)
Nb2—Nb3i 2.9204 (7)
Nb2—Nb3 2.9246 (7)

Nb2—Cl1 2.4641 (12)
Nb2—Cl2i 2.4522 (12)
Nb2—Cl4 2.4656 (13)
Nb2—Cl6 2.4673 (13)
Nb2—O2 2.228 (4)
Nb3—Cl3 2.4679 (12)
Nb3—Cl4 2.4621 (13)
Nb3—Cl5i 2.4719 (11)
Nb3—Cl6i 2.4619 (13)
Nb3—O3 2.219 (4)

Cl1—Nb1—Nb2i 143.90 (3)
Cl1—Nb1—Nb2 53.54 (3)
Cl1—Nb1—Nb3 96.25 (3)
Cl1—Nb1—Nb3i 96.02 (3)
Cl2—Nb1—Nb2i 53.30 (3)
Cl2—Nb1—Nb2 143.65 (3)
Cl2—Nb1—Nb3 96.07 (3)
Cl2—Nb1—Nb3i 95.92 (3)
Cl3—Nb1—Nb2i 96.81 (3)
Cl3—Nb1—Nb2 95.73 (3)
Cl3—Nb1—Nb3 53.91 (3)
Cl3—Nb1—Nb3i 143.89 (3)
Cl5—Nb1—Nb2i 96.43 (3)
Cl5—Nb1—Nb2 96.15 (3)
Cl5—Nb1—Nb3 143.95 (3)
Cl5—Nb1—Nb3i 53.95 (3)
O1—Nb1—Nb2i 134.23 (11)
O1—Nb1—Nb2 135.41 (11)
O1—Nb1—Nb3 134.36 (10)
O1—Nb1—Nb3i 135.64 (10)
Cl1—Nb2—Nb1i 143.47 (3)
Cl1—Nb2—Nb1 53.83 (3)
Cl1—Nb2—Nb3i 96.07 (3)
Cl1—Nb2—Nb3 96.15 (3)
Cl2i—Nb2—Nb1i 53.94 (3)
Cl2i—Nb2—Nb1 143.58 (3)
Cl2i—Nb2—Nb3i 96.33 (3)
Cl2i—Nb2—Nb3 96.11 (3)
Cl4—Nb2—Nb1i 95.39 (3)
Cl4—Nb2—Nb1 96.38 (3)
Cl4—Nb2—Nb3i 143.17 (3)
Cl4—Nb2—Nb3 53.54 (3)
Cl6—Nb2—Nb1i 95.09 (3)

Cl6—Nb2—Nb1 96.85 (3)
Cl6—Nb2—Nb3i 53.58 (3)
Cl6—Nb2—Nb3 143.20 (4)
O2—Nb2—Nb1i 135.36 (9)
O2—Nb2—Nb1 134.99 (9)
O2—Nb2—Nb3i 135.54 (11)
O2—Nb2—Nb3 134.82 (11)
Cl3—Nb3—Nb1 53.59 (3)
Cl3—Nb3—Nb1i 143.59 (3)
Cl3—Nb3—Nb2i 96.61 (3)
Cl3—Nb3—Nb2 95.50 (3)
Cl4—Nb3—Nb1 96.75 (3)
Cl4—Nb3—Nb1i 95.65 (3)
Cl4—Nb3—Nb2i 144.00 (3)
Cl4—Nb3—Nb2 53.65 (3)
Cl5i—Nb3—Nb1 143.65 (3)
Cl5i—Nb3—Nb1i 53.65 (3)
Cl5i—Nb3—Nb2i 96.02 (3)
Cl5i—Nb3—Nb2 96.13 (3)
Cl6i—Nb3—Nb1 95.42 (3)
Cl6i—Nb3—Nb1i 97.23 (3)
Cl6i—Nb3—Nb2i 53.75 (3)
Cl6i—Nb3—Nb2 144.08 (3)
O3—Nb3—Nb1 135.15 (10)
O3—Nb3—Nb1i 134.84 (10)
O3—Nb3—Nb2i 134.47 (11)
O3—Nb3—Nb2 135.17 (11)
Nb2—Cl1—Nb1 72.63 (3)
Nb2i—Cl2—Nb1 72.77 (3)
Nb1—Cl3—Nb3 72.50 (3)
Nb3—Cl4—Nb2 72.81 (4)
Nb1—Cl5—Nb3i 72.40 (3)
Nb3i—Cl6—Nb2 72.66 (4)

N3—C1—C1ii—N3ii 180.000 (1) N1—C11—C6—N2 137.9 (5)

Symmetry codes: (i) �x;�y;�z; (ii) �x;�yþ 1;�zþ 1.

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H11� � �N1iii 0.80 (4) 1.94 (5) 2.720 (5) 167 (6)
O1—H12� � �N3iv 0.83 (4) 1.96 (2) 2.768 (5) 165 (6)
O2—H21� � �Cl7v 0.84 (5) 2.31 (5) 3.136 (4) 170 (6)
O2—H22� � �N2vi 0.83 (4) 1.93 (3) 2.740 (6) 162 (6)
O3—H31� � �Cl7iv 0.82 (5) 2.27 (5) 3.095 (4) 172 (6)
O3—H32� � �Cl7vii 0.82 (4) 2.34 (2) 3.145 (4) 167 (6)

Symmetry codes: (iii) �xþ 1;�yþ 1;�z; (iv) �x;�y þ 1;�z; (v) x� 1; y� 1; z; (vi)
x � 1; y� 1; z� 1; (vii) x� 1; y; z.

C-bound H atoms were positioned geometrically and refined as

riding, with C—H = 0.93 Å and Uiso(H) = 1.2Ueq(C). The H atoms of

the coordinated water molecules were located in a difference elec-

tron-density map and refined with Uiso(H) fixed at 0.05 Å�2 and O—
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H bonds restrained to 0.82 (2) Å. The highest residual peak of

1.27 e Å�3 is situated 0.51 Å from atom Cl7.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX2;

data reduction: APEX2; program(s) used to solve structure:

SHELXTL (Bruker, 2005); program(s) used to refine structure:

SHELXTL; molecular graphics: SHELXTL; software used to

prepare material for publication: local programs.
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