
Linear metal string complexes have attracted much attention
because of potential applications of molecule-based magnetic
and electronic materials.  Six linear tri-nuclear di-(2-
pyridyl)amine (Hdpa) complexes containing Ni, Cu, Co, Cr, Ru
and Rh atoms have been reported since 1990.1 In recent years
several research projects were conducted to replace the axial
ligands of metal string complexes by such molecules as NCS–,
BF4

–, N(CN)2
–, N3

– and PF6
–.2 An axial replacement can tune

the metal-metal distances of the metal string complexes.  The
first trinuclear complex with a nitrate axial ligand is reported in
this context.

The crystal structure of the title compound is shown in Fig. 1.
Crystal and experimental data are listed in Table 1.  The atomic
coordinates, equivalent isotropic displacement parameters and
occupancies are given in Table 2.  The structure is a linear

Scheme 1

trimetallic unit with a spiral arrangement of four dipyridylamido
ligands.  The spiral arrangement results from steric crowding of
the β-carbon hydrogen atoms on the pyridyl rings.  In the title
complex the Ni–Ni bonds of 2.3982(5) and 2.4074(5)Å are
slightly shorter than that of Ni3(dpa)4Cl2.  The NO3

– anions in
the [Ni3(dpa)4]2+ chromophe occupy the axial coordination sites
of the two terminal nickel atoms.  Ignoring the Ni–Ni
separations, the central Ni atom is four-coordinated with a
rhombohedral geometry and involves the four independent
deprotonated nitrogen atoms of the dpa anions.  Usually in low-
spin square co-planar nickel systems, the Ni–N distance is about
1.90 Å, which is comparable to the mean Ni–N distance of
1.892(3)Å in the title complex.  The terminal nickel atoms are
five-coordinate, square pyramidal, giving a slight rhombohedral
component, NiN4O chromophome.  The mean Ni–N distance,
2.086(2)Å, is significantly longer than those of the central NiN4

environment, but is consistent with the equatorial Ni–N
distances of 2.0 – 2.1 Å usually found in square-based pyramidal
nickel(II) compounds.  The axial Ni–O distance is 2.043(2)Å.
Obviously, the terminal nickel atoms have high spin and the
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Fig. 1 Crystal structure of [Ni3(dpa)4(NO3)2].

Formula: C40H32N14Ni3O6

Formula weight = 980.93
Crystal system: orthorhombic
Space group: P212121    Z = 4
a = 13.8992(3)Å
b = 16.5637(4)Å
c = 17.6535(4)Å
V = 4064.23(16)Å3

Dx = 1.603 g/cm3

(MoKα) = 1.443 mm–1

T = 150(2)K
R = 0.0328
wR = 0.0716
(∆ )max = 0.939 eÅ–3

(∆ )min = –0.568 eÅ–3

No. of reflections used = 9327
No. of parameters refined = 569
Goodness-of-fit on F2 = 1.060
Measurement: Brucker Smart CCD
Program system: Bruker SHELXTL
Structure determination: SHELXL-97
Refinement: full-matrix

Table 1 Crystal and experimental data
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central nickel atom has low spin, which is consistent with other
nickel string complexes.3
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Table 2 Atomic coordinates and equivalent isotropic 
displacement parameters (Å2)

Atom x y z Ueq occ

Table 3 Selected bond distances (Å) and angles (˚)


