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A novel octanuclear hydroxonickel(II) complex possessing a

unprecedented cube molecular structure with eight Ni(II) ions

at each vertex, six l4-OH� groups closing each face and twelve

exo-bidentate pyrazolate ligands (l2-pz) spanning each edge, has

been synthesized and its magnetic properties investigated.

Molecular spin clusters have become one of the foremost

topics in modern coordination chemistry. Apart from the

synthetic challenge and their aesthetically pleasing structures,

these polymetallic species can display unique magnetic proper-

ties, such as single molecule magnet (SMM) behavior,1 or have

potential uses in quantum computing.2 In the past decade,

considerable effort has been directed toward developing a

rational approach to the generation of such fascinating clus-

ters, containing paramagnetic ions with diverse polygonal and

polyhedral structural motifs.3 Among them, the synthesis of

molecular cubes has been the focus of much excitement, most

likely because the cube is the most common platonic solid

encountered in the macroworld. Despite the interest in cubes,

only a few examples of molecular cubes, prepared using a

range of different design principles, have been reported,4–6 and

their generation presents a significant challenge.

Here, we present a new octanuclear Ni(II) cubane-type

structure of formula [Ni(bma)(H2O)3][Ni8(OH)6(pz)12]�6DMSO

(1) (bma = bis(2-benzimidazolylmethyl)amine) containing

pyrazolate (pz) as exo-bidentate ligands. This complex exhibits

dominant antiferromagnetic exchange between the S = 1

centres of the octanuclear cluster.

The reaction of Ni(OAc)2�2H2O with pz and bma in MeOH

gives a blue precipitate, which can be recrystallised from a

DMSO solution. Blue prisms of 1 suitable for single crystal

X-ray diffraction were obtained after two weeks at air.z
Although the complex only crystallised in DMSO, further

reactivity studies have shown that the m-pz and bma ligands

are NOT chemically exchangeable. The persistence of the Ni8

core in these reactions suggests that this structure is composed

of a particularly stable Ni : m-pz : bma ratio.

The structure of 1 consists of octanuclear Ni(II) anions

[Ni8(OH)6(pz)12]
2�, a mononuclear Ni(II) cation [Ni(bma)-

(H2O)2]
2+ and DMSO molecules of crystallization (see

ESI, Fig. S1w). Fig. 1 shows the anionic structure of

[Ni8(OH)6(pz)12]
2�. The complex crystallized in the triclinic

crystal system, and the four nickel coordination sites

(Ni1, Ni2, Ni3 and Ni4) are crystallographically independent

of each other. However, the cluster is highly symmetrical, a

pseudo four-fold axis lies on the central m4-OH� group (O1)

and each metal ion is in a similar coordination environment.

Each anionic cube, [Ni8(OH)6(pz)12]
2�, resides in position

around the crystallographic center of inversion (symmetry

transformation of �x, �y + 1, �z) and contains eight Ni(II)

ions located at the vertices of the cube, six m4-OH� groups

capping each face and twelve exo-bidentate pyrazolate brid-

ging ligands (m-pz) spanning each edge, thus affording the

necessary Ni : m4-OH : m2-pz ratio of 8 : 6 : 12.

The closed cube structure is confirmed by the equally short

Ni–Ni bonds of B2.98 Å and the Ni� � �Ni� � �Ni angles at the

corners of B901 (Fig. 1 and Fig. 2). Hydroxide groups

Fig. 1 ORTEP view of the octanickel anion of 1 with the atom

numbering scheme for the metal coordination environments (the

hydrogen atoms are omitted for clarity). Thermal ellipsoids are drawn

at the 30% probability level (symmetry code: A = �x, �y + 1, �z).
Selected bond lengths (Å): Ni1–Ni2 2.9575(11), Ni1–Ni3A 2.9867(10),

Ni1–Ni4 2.9973(10), Ni2–Ni3 2.9748(10), Ni2–Ni4A 2.9968(10),

Ni3–Ni1A 2.9868(10), Ni4–Ni2A 2.9967(10).
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bridging in an m4 manner is rather rare, and few complexes

involving first row transition metal ions are known.8 Complex

1 is, in fact, the second example of a cube with a face-capping

m4-OH� group.6f Furthermore, to the best of our knowledge,

only one tetranuclear pz-bridging Ni(II) cluster complex has

been described in the literature.9 The [Ni(bma)(H2O)3]
2+

cations of 1 consist of mononuclear octahedral Ni(II) com-

plexes, in which each Ni(II) ion is coordinated to one alkyla-

mino- and two imidazolyl-N atoms from a tridentate bma

ligand, and three O atoms from H2O molecules. Each [Ni(b-

ma)(H2O)3]
2+ cation is disordered over two positions above

an inversion center (symmetry transformation of �x + 1, �y
+ 2, �z + 1) (see ESI, Fig. S2w).The preference of all the

pyrazole groups in the Ni8 cluster to lie as far apart as possible

supports a very open structure, whereby the neighboring Ni8
anions and Ni cations are well isolated from each other, with

closest distances of 3.729 Å (C11� � �C11AA, AA = �x, �y +

1, �z+ 1) and 4.263 Å (C30� � �C1), respectively, between their

outermost carbon atoms (see ESI, Fig. S3w).
Fig. 3 shows the temperature dependence of the wMT

product for 1, where wM is the magnetic susceptibility per nine

Ni(II) ions. The value of wMT for 1 at room temperature was

ca. 5.66 cm3 mol�1 K. This value is lower than that expected

for nine isolated S = 1 centers (9.0 cm3 mol�1 K for g = 2.0).

This is indicative of the presence of antiferromagnetic ex-

change couplings. Upon cooling, the wMT for 1 decreases,

reaching at plateau at 20 K. At this temperature, the wMT

value (1.20 cm3 mol�1 K) is equivalent to that expected for an

isolated S =1 Ni(II) ion (g = 2.195). These features confirm

the presence of antiferromagnetic exchange couplings in the

Ni8 cube complex, leading to a singlet (S = 0) spin ground

state. At temperatures lower than 10 K, decreasing of the wMT

product, associated with the axial magnetic anisotropy of the

Ni(II) mononuclear counterion [Ni(bma)(H2O)3]
2+, is ob-

served. In fact, attending to the geometric considerations,

two different exchange couplings (Ja and Jb) must be consid-

ered. One of them, corresponding to the edge of a cube (Ja),

involves a pyrazole and two hydroxo (m4-OH) groups as

bridging ligands. On the other hand, in the coupling related

to the diagonal of the cube face (Jb), only a m4-OH group

mediates between the Ni(II) ions. The existence of more than

one exchange coupling prevents a unique set of J values from

being obtained. This is the reason why density functional (DF)

calculations have been carried out using the NWCHEM

package, in order to evaluate the magnitude of the J cou-

plings.10,11 The methodology used here has been described in

previous work.12 More details about these calculations can

be found in the ESI.w The values obtained by this procedure

are Ja = �6 cm�1 and Jb = �58 cm�1. Starting from these

values, the magnetic data have modelled using the following

Hamiltonian:

H = �Ja[Ŝ1�Ŝ2 + Ŝ1�Ŝ4 + Ŝ2�Ŝ3 + Ŝ3�Ŝ4 + Ŝ1A�Ŝ2A

+ Ŝ1A�Ŝ4A + Ŝ2A�Ŝ3A + Ŝ3A�Ŝ4A + Ŝ1�Ŝ3A + Ŝ2�Ŝ4A

+ Ŝ3�Ŝ1A + Ŝ4�Ŝ2A] � Jb[Ŝ1�Ŝ3 + Ŝ2�Ŝ4 + Ŝ1A�Ŝ3A

+ Ŝ2A�Ŝ4A + Ŝ1�Ŝ4A + Ŝ2�Ŝ3A + Ŝ1�Ŝ2A + Ŝ4�Ŝ3A

+ Ŝ3�Ŝ2A + Ŝ4�Ŝ1A + Ŝ2�Ŝ1A + Ŝ3�Ŝ4A]

+ D[Ŝ5z
2 � 1

3S5(S5 + 1)]

where the notation is that employed in Fig. 2 and D is the axial

magnetic anisotropy for the mononuclear [Ni(bma)(H2O)3]
2+

species. The least-squares fit of the experimental data by full-

matrix diagonalization gives exchange coupling constant va-

lues of �2.6 and �87.9 cm�1 for Ja and Jb, respectively. The

axial magnetic anisotropy of the [Ni(bma)(H2O)3]
2+ complex

is then equal to �5.7 cm�1. The g-factor values found for the

Ni(II) ions in Ni8 and the counterion mononuclear complexes

are 2.159 and 2.195, respectively. The agreement factor,

defined as R = S[(wMT)exp � (wMT)calc]
2/S[(wMT)exp]

2 is then

equal to 6 � 10�7.

Among Ni(II) complexes, those containing pz as an exo-

bidentate bridging ligand mainly focus on dinuclear systems13

and, to the best of our knowledge, only one tetranuclear

pz-bridged Ni(II) complex has been reported in the literature.9

In contrast, complex 1 seems to be a unique example of

compact ‘‘cubane-like’’ systems resulting from the self-assembly

of binary exo-bidentate pz ligands, hydroxo ligands and Ni(II)

metal ions. Our strategy has been revealed as a successful one to

assemble transition metals owing to their matching small-sized

coordination geometry. As the modelling of the magnetic

properties of a large molecular spin cluster like 1 is difficult

because of competitive interactions, we have shown that DF

calculations can allow a robust and meaningful determination

of the exchange coupling parameters within the cluster to be

obtained.
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Fig. 2 Schematic view of the Ni8(m4-O)6 cubic core in 1.

Fig. 3 A plot of wMT vs. T (J) in the range 2.0–300 K at 2000 Oe for 1.
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Using Mo-Ka radiation (0.71070 Å), a total of 22 203 reflections were
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