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A nonanuclear nickel(Il) complex [Nig(PyA)1o(tts-OH)2(te2-OH) (142~
OHy)2(H20)g](ClO4)4+12H,0, containing pyridine-2-aldoximato monoan-
ion, PyA, has been structurally and magnetochemically charac-
terized. The nickel(ll) ions, linked together via several bi- or
trifurcated oximato, hydroxo, and water bridges, are antiferromag-
netically coupled with the coupling constants J; = -26.5 cm™!
and J, = —7.0 cm™1, resulting in a ground state of S = 1.

has also been well documented. Among the exchange-
coupled oximate-bridged nickel(ll) complexes structurally
characterized during the last 30 years, there are only a few
complexes that have been subjected to variable-temperature
magnetic susceptibility measuremehtas a result of this
scarcity of available data, no magnetostructural correlation
has yet been obtained; hence, more oximate-bridged para-
magnetic complexes of nickel(ll) are warranted. Moreover,
nickel(ll) is known to have a large single-ion zero-field

Complexes containing two or more metal ions are of Splitting and often gives rise to ferromagnetic coupfirigus,
increasing interest because of their relevance to biological Polynuclear nickel(ll) complexes are potential candidates for
systems (as evidenced by the many multinuclear complexe§'\/”\/|3-9
in biology): and to molecular magnetistnPolynuclear The complexation between nickel(ll) and pyridine-2-
systems are ideal candidates for the synthesis of single-2ldoxime, HPyA, in an aqueous solution was studied by
molecule magnets (SMMg)The prerequisites for molecules Orama et alf the structure in the solid state was found to
to show SMM behavior are the presence of a high-spin consist of two monomeric neutral tris complex [Ni(PyA)
ground state and a significant negative zero-field-splitting (PYAH)]® units held together by two hydrogen bondings,
parameteD. So, the interest in polynuclear compleke$ O:+H---O. On the contrary, for copper(ll) the presence of
3d transition metals has been augmented by the search fothe trinuclear species [GPyA);(OH)]** containing the
new magnetic clusters. Despite the interest in the propertiescentral core C¢OH in both an aqueous solution and the solid
of such systems, synthetic methods have yet to reach thestate has been documentédlve herein report a nonanuclear
level of efficiency attained with mononuclear complexes. hickel(ll) complex with asynpyridine-2-aldoxime ligand,

The oxime ligandscan connect two metal ions owing to  [Nie(PYA)10(us-OH)2(2-OH)2(u2-OHz)2(OHz)6] (ClO4) 4*
their versatility in coordination ability. That the oximate as
bridging ligands can efficiently transmit exchange cougling
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Figure 1. ORTEP view of the Nig complex.

12H,0 (1), underlining the versatility of this oxime ligand
to adopt a variety of coordination modes yielding a nona- gigyre 2. Metallic core in the Nl complex.
nuclear nickel(ll) complex. There are very few nonanuclear
nickel(ll) complexes known that have been characterized of 4;-OH), and a coordinated water. Ni5 and Ni8 are also in
magnetically'? a N,O, octahedral environment, with one pyridine nitrogen,
The nonanuclear compleixwas isolated as a light-orange  one oximic nitrogen, ong,-bridging oximate oxygen, one
microcrystalline solid from an aqueous solution of pH 8.0, u#3-OH, and two terminally coordinated water groups. The
adjusted with dilute NaOH, containing Ni&6H,O and metal core might be described as a centered hexagonal
HPYA in a 1.1 molar ratio, to which NaClQvas added as  bipyramid of nickels (Figure 2). A similar nonanickel(ll) has
the counteranion. One of the single crystalsbtained by been described in the literature.
slow evaporation of a methanelater (2:1) solution ofL There are at least eight strong hydrogen bondings prevail-
was used to determine the molecular structure by X-ray ing between the oximate, hydroxo, and water oxygens
crystallography at 100 K (Figure 1). The lattice consists of (Supporting Information). The eight hydrogen atoms bonded
a discrete nonanuclear tetracation, 4 perchlorate anions, ando the bridging oxygens are observed. The-B---O bond
12 water molecules of crystallization. There are two types lengths lie in a small range of 2.62.76 A and presumably
of oximic groups: (i) two-atom N-O bridging groups, N2 are responsible for building up the supramolecular structure
01, N12-011, N32-031, N42-041, N52-051, and in 1. The average €N, —N—Oy—, and —N—u,-O, bond
N82—081, and (iiju»-O bridging oximates, 021, 061, O71, distances are 1.280, 1.347, and 1.378 A, respectively, which
and O91. The nonanuclear complex can be described as tware identical with those in other comparable structéird$e
[Ni" 4(PyA)s(uus-OH)(uu2-OH)(u-OHy) (H20)s] * moieties con- Ni—Ooy distances lie in the range of 2.082.174 A and
nected to a centrally placed Ni(ll) ion, Ni7, through four are in accordance with the expectation thati-O.x bond
us-oximate oxygens, 021, 061, O71, and 091, and two lengths are significantly longer than the-ND, distances.
trans-disposeds-OH groups, 0153 and O156, thus yielding The Ni—N bond distances are consistent with normal
an octahedral Ni#Os core. As shown in Figure 2, a covalent bonds for high-spin Ni(ll)&ions with oximate
schematic view of the Nicore structure, there are two ligands. Theuz-O153H acts as a bridge between Ni2, Ni7,
identical NiNJO, environments for Nil and Ni3 with two  and Ni8. Similarly, O156H is @s-bridging ligand for Ni5,
pyridine nitrogens, two oxime nitrogens, ameOH, and one Ni7, and Ni9. The hydroxide ions, O152H and O155H, act
u2-OH, bridging groups. All of the oxime groups are as uy-bridging ligands between Nil, Ni6 and Ni3, Ni4,
deprotonated, and the nickel atoms are linked together viarespectively. In the cluster there are two different sets of
bi- or trifurcated oximato, hydroxo, and water bridges. There Ni—O—Ni bond angles lying in the ranges of 93.702.2
are three types of NipD, cores in which the pairs Ni2 and 108.4-114.6.
Ni9, Ni4—Ni6, and Ni5-Ni8 possess the same types of  The magnetic susceptibility data for polycrystalline samples
donor atoms. The ligand atoms around Ni2 and Ni9 are one of 1 were collected in the temperature range 6280 K in
pyridine nitrogen, one oximic nitrogen, ong-OH, two an applied magnetic fieldfd T and are displayed as squares
oximate oxygens, and one-OH, bridging oxygen. The  in Figure 3 as a plot of the magnetic momept vs
coordination environment around Ni4 and Ni6 differs from temperature ). The effective magnetic moment pfs =
that for the Ni2-Ni9 pair in that there are, instead of two, 8.20ug (ymT = 8.40 cn¥ mol~* K) for 1 at 290 K is smaller
only oneu,-bridging oxygen oximate, one,-OH (instead than the spin-only value expected for nine isolated Ni(ll)
ions of uer = 8.49ug with gni = 2.0, indicating an overall
(12) Papaefstathiou, G. S.; Escuer, A;; Vicente, R.; Font-Bardia, M.; Solans, antiferromagnetic spin coupling between the Ni(ll) centers.
13) é;yzgl'%g‘iz*fgdfcc:‘;_’};aj@?,\l‘f;%ggleil‘Z‘_S%‘é'l%’ monociinie,  Accordingly, the magnetic moment decreases monotonically

space grout2/c, a = 24.704(2) Ab = 31.015(3) Ac = 26.032(2)
A, B=100.13(2J, U = 19635(3) B, T= 100 K,Z = 8,D, = 1.736 (14) Pajunen, A.; Mutikainen, |.; Saarinen, H.; Orama,aViKristallogr.—

glcm?, (Mo Ka) = 1.899 mnt?, 103 240 reflections collected, 12 807 New Cryst. Struct1999 214, 217-220.
unique Rnt = 0.0984),R; = 0.0717 { > 20(l)); Ry = 0.0926 (all (15) For example: Weyheriliar, T.; Wagner, R.; Khanra, S.; Chaudhuri,
data). P. Dalton Trans.2005 2539-2546.
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Figure 4. Plot of VTVH measurements. The solid line represents the best
least-squares fit parameters given in the text.
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Chart 1

J2
Ni(5) ¥
Ni(6) | Ni(9)
7NN
Ni(1) Ni(7) Ni(3)
Ni(2) Ni(4)
X Ni(8)
Jo

with decreasing temperature, reaching a value.pf= 2.51
us (ymT = 0.79 cn? mol ™ K) at 2 K.

A close examination of the structure indicates that there
are five different types of bridging groups for transmission
of exchange coupling between the Ni(ll) centers vth=
1.0: (i) diatomic—NO—, (ii) us-oximate —N—0O, (iii) u2-
OH, (iv) uz-OH, and (v)u>-OH,. To avoid overparametri-

zation, we have considered a model, shown as the coupling

scheme in Chart 1, with two exchange-coupling constants
J: andJ,, whereJ; represents the interactions throughl—

O— and u,-OH groups, wheread, represents the paths
involving us-oximate,—N—O andus-OH groups. We have
neglected the exchange path involvingOH, because the
exchange coupling for the Ni(ll) centers throughOH; is
reported to be negligibly smdit.We have used the simplest
model, viz., a twad model, in order to make it possible to
analyze the magnetic data. In other words, with a single
coupling constant that takes into account all exchange
pathways to be equal, it is not possible to simulate the
experimental data.

have reduced the matrix to 243243 (=3°) by considering
five nickel centers because the structural data indicate that
two tetranickel units are connected with the central Ni7. The
exchange-coupling model shown in Chart 1 was considered
for simulation of the experimental magnetic data using the
irreducible tensor operator approativith the Heisenberg
Hamiltonian in the form oH = —2JS§. The best-fit para-
meters obtained from the simulation shown as the solid line
in Figure 3 arel; = —26.5cm?, J, = —7.0 cn'!, withg =
2.15. That theJ; interaction through the diatomic NO
bridging is stronger than th® interaction mediated through
the us-oximate oxygen is in accordance with the correspond-
ing literature value$® All so-far-reported oximate-bridged
nickel(ll) complexe% exhibit moderate to weak antiferro-
magnetic interactions lying betwedr= —7 and—40 cnt™.
That complex1 with nine nickel(ll) centersSy = 1.0,
possesses & = 1.0 ground state has also been confirmed
by the variable-temperature {2 K) and variable-field (1,

4, and 7 T) magnetization (VTVH) measurements (Figure
4). From the best fit with a fixe®= 1.0, we have evaluated
the zero-field-splitting paramet& to be Ds—; = 2.7 cn1?t
with g = 2.14. We want to stress that all of our attempts
to fit the VTVH measurements with a negatiie value
failed.

To conclude, we have utilized the polymetallic bridging
ability of an oxime, HPyA, to self-assembly a nonanuclear
Ni(ll) complex that has been magnetochemically character-
ized to possess af = 1.0 ground state with = +2.7
cm?!
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is apparent that procedures are required that employ SYM-illy cluster, and X-ray crystallographic data (CIF). This material
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