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The Structure of the Trinuclear Cation
Bis-[p-(tri-1,2,4-triazolo-N*,N?)-triaquonickel]nickel

By Curt W. REIMANN* and MARCELLO ZOCCHI
(Institute for Matevials Research, National Bureau of Standavds, Washington, D.C. 20234)

THE COMPLEX Dbis-[pu-(tri-1,2,4-triazolo-N?,N?)-
triaquonickel]nickel hexanitrate dihydrate,
[(H40)5(CaHgN) gNi]pNi(NO;)g(H,0),, has been
prepared and has been shown by X-ray diffraction
techniques to contain a trinuclear cation. This

the structure was solved by the Patterson and
electron density Fourier methods. Full matrix
isotropic least-squares refinement on all atoms
except hydrogen resulted in an R value of 0-099.

The structure of the complex cation is shown in

FIGURE. Structure of the bis-[u-(tri-(1,2,4-triazolo-N\, N®)-triaguonickellnickel cation. The
average co-ordination distances are Ni{1)-N = 2:10, Ni(2)-N = 2-05, Ni(2)-O = 2-08 A.

complex is therefore one of a class of inorganic
compounds which contain two or more para-
magnetic metal ions per molecule, much studied
by magnetic and spectroscopic means.s? Poly-
nuclear species are well suited to detailed study
because the exchange coupling between para-
magnetic ions in a single molecule is greater than
that between ions from neighbouring molecules.
The compound [(H,0)4(C,H N4)Ni],Ni(NOy)e-
(H,0), separated as purple-blue plates from an
aqueous solution (1:2) of Ni(NO,),; and 1,2,4-tri-
azole. Crystals of this compound are monoclinic
with a = 14:26, b= 1175, ¢ = 14954, B =
127-9°, space group P2,/c, Dy = 1-85, D¢ =
1-84 g.cm.~® and Z = 2. The intensities of 6885
reflections were measured on a diffractometer and

the Figure, which indicates that the nickel atoms
are octahedrally co-ordinated and colinear. The
Ni(1)-Ni(2) separation is 3-78 A. The central
nickel atom is co-ordinated by one nitrogen atom
from each of six triazole rings while the terminal
nickel atoms are co-ordinated by one nitrogen
atom from each of three triazole rings, and by
three molecules of water. These water molecules
are also involved in hydrogen bonding with the
nitrate anions as evidenced by the observed O-O
distances. At the present time anisotropic refine-
ment, location of hydrogen atoms and the elabora-
tion of the hydrogen bonding network are in
progress. Single crystal magnetic and spectro-
scopic investigations are planned.
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