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A dinuclear Ni"' complex, [Niy(L),(H,0)(NCS),]-3H,O (1) in
which the metal atoms are bridged by one water molecule
and two p,-phenolate ions, and a thiocyanato-bridged di-
meric Cu"! complex, [Cu(L)NCS], (2) [L = tridentate Schiff-
base ligand, N-(3-aminopropyl)salicylaldimine, derived from
1:1 condensation of salicylaldehyde and 1,3-diaminopro-
pane], have been synthesized and characterized by IR and
UV/Vis spectroscopy, cyclic voltammetry and single-crystal
X-ray diffraction studies. The structure of 1 consists of dinu-
clear units with crystallographic C, symmetry in which each
Ni'l atom is in a distorted octahedral environment. The Ni-O

distance and the Ni-O-Ni angle, through the bridged water
molecule, are 2.240(11) A and 82.5(5)°, respectively. The
structure of 2 consists of dinuclear units bridged asymmetri-
cally by di-p, 3-NCS ions; each Cu''ion is in a square-pyrami-
dal environment with 7 = 0.25. Variable-temperature mag-
netic susceptibility studies indicate the presence of dominant
ferromagnetic exchange coupling in complex 1 with J =
3.1 cm™, whereas complex 2 exhibits weak antiferromag-
netic coupling between the Cu' centers with J = -1.7 cm™.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Dinuclear metal complexes and ligands facilitating their
formation have been extensively investigated due to their
potential applications in many field of chemistry.l'"1% The
essential requirements for the formation of these dimeric
complexes are an unsaturated coordination environment of
the single-coordinated metal ion and the presence of bridg-
ing atoms or groups. The bridging abilities of the phenolate
oxygen atom['!! and polyatomic moieties!!> ] (e.g. Nj,
NCO, NCS, NCSe) have been exploited extensively for the
synthesis of dinuclear species. However, it is very difficult
to predetermine the structure of the self-assembled species
when both types of bridging groups are present. Parameters
that should be considered to achieve the desired species in
such cases include the nature of the metal ions and their
coordination requirement. In order to have an insight into
the controlling parameters we have synthesized complexes
of Ni'm and Cu" with thiocyanate and the tridentate Schiff-
base ligand L (Scheme 1), prepared by 1:1 condensation of
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salicylaldehyde and 1,3-propanediamine. We have found
that Ni' forms a phenolate-bridged dinuclear complex with
thiocyanate acting as terminal ligand, whereas Cu'! yields
an end-to-end thiocyanato-bridged dinuclear species having
phenoxo as the terminal ligand.

OH

Y NH,

L

The structural and magnetic properties of dinuclear
nickel(1) complexes with bridging ligands have received
considerable attention over the past two decades. Magneto-
structural correlations have been made and interesting
trends have emerged. Among these compounds, the azide
group has been predominant due to its versatility as a li-
gand. When the N3~ anion acts as bridging ligand, normally
the end-to-end 1,3-coordination mode gives antiferromag-
netic coupling, while the end-on 1,1-mode gives ferromag-
netic coupling, but for very large M—1, 3-N3—M bond angles
the magnetic coupling may be reversed.!'®1°] For the SCN~
anion the bridging mode usually involves a 1,3-coordina-
tion mode with both nitrogen and sulfur atom bound to
the metal ions. From crystal structures it has been shown

Scheme 1. Ligand L.
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experimentally that in Ni>* dinuclear complexes, all dinu-
clear [Niy(u-NCS),] cores have approximately the same
angles and distances, and they generally show low ferro-
magnetic behavior, which was explained by Ginsberg et
al.l% and Duggan et al.l'%l Ferromagnetic interactions
have been found, generally, in octahedrally coordinated di-
meric nickel(mr) complexes with 1,3-thiocyanatel'®!71 and
-selenocyanate bridges.!'8]

When the phenolate acts as a bridging ligand through
the oxygen atom in dinuclear nickel(ir) complexes, generally
antiferromagnetic behaviour was found;?*23 only three
complexes showing ferromagnetic coupling have been de-
scribed in the literature.’ Complex 1, is, to the best of our
knowledge, the first dinuclear complex in which the octahe-
dral Ni* ions share a face, and it is therefore of consider-
able interest that its magnetic behavior is ferromagnetic.

The study of polynuclear complexes of Cu'l with pseu-
dohalogen bridges has received considerable attention in re-
cent years.”>?%1 Again, there are many examples of such
complexes in which the azide group acts as a bridge. By
contrast the literature available for magneto-structural stud-
ies on Cu'! complexes containing the bridging thiocyanate
groups is scarce, as this ligand is less versatile and also less
efficient as a transmitter of magnetic interactions than the
azide.’*?71 Most of the previously reported asymmetric
end-to-end 1,3-thiocyanate-bridged Cu'™ compounds have
octahedral geometry and exhibit very low values of J or
paramagnetic behavior.[2°-28:2%1 There are only a few exam-
ples of double bridged end-to-end thiocyanato dimers in
which the Cu'' atoms are five-coordinate.?®-3%1 The design
of molecule-based magnets relies on the presence of both
intra- and intermolecular coupling. Therefore, the identifi-
cation of structural features that can be correlated with the
strength and sign of this interaction clearly constitutes a
necessary step in such design.

Results and Discussion

Synthesis

The monocondensed ligand N-(3-aminopropyl)salicyl-
aldimine (L) was prepared as [NiL,] by the reaction of Ni!l
nitrate, salicylaldehyde and 1,3-propanediamine (see Exp.
Sect.). [NiL,] reacted readily with Ni(SCN), in a 1:1 molar
ratio in methanolic solution to produce the p,-phenolato-
and aqua-bridged complex [Niy(L),(H,O)(NCS),]:3H,O
(1). The free ligand (L) which was isolated by removing
nickel as bis(dimethylglyoximato)nickel(1r) from [NiL,], on
reaction with the methanolic solution of copper acetate fol-
lowed by ammonium thiocyanate yielded the thiocyanato-
bridged dinuclear complex [Cu(L)NCS], (2).

IR Spectra

In the IR spectrum of complex 1, a strong band at
2091 cm ! is due to v(CN) of the N-bonded thiocyanate and
a band at 1626 cm™! is due to v(CO) of the phenolato-
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bridged ligand. The broad band in the range 3391-
3340 cm™! is assigned to the O—H stretching vibrations of
uncoordinated and bridged water molecules.

In complex 2, only one v(CN) vibration at 2094 cm ™' is
observed, due to the presence of bridging thiocyanato li-
gands and the v(CS) is assigned at 782 cm™!. The C=N
stretch of the phenolate ligand is observed near 1630 cm™!
in both complexes. The two primary NH, stretching modes
are clearly seen in 2 near 3310 and 3185 cm™! for the asym-
metric and symmetric vibrations respectively.

Description of Structure 1

The molecular structure of 1 is shown in Figure 1. Se-
lected bond lengths and angles are summarized in Table 1.
The dimeric structure shows a crystallographic two-fold

Figure 1. Perspective view of the complex 1 (30% thermal prob-
ability ellipsoids, for clarity hydrogen atoms and uncoordinated
water molecules are omitted).

Table 1. Selected bond lengths [A] and angles [°] for compound
[Nix(L)>(H>0)(NCS),]:3H,0 (1).

Nil-Ol11 1.990(10)  Nil-O11A 2.131(9)
Nil-N18 2.035(10)  Nil-0100 2.240(11)
Nil-N1 2.039(12)  Nil-NilA 2.953(4)
Nil-N22 2.085(11)

O11-Nil-NI8 91.54)  OI1A-Nil-0100  75.5(3)

O11-Nil-N1 92.6(4)  NI8-Nil-NI1 91.3(5)

O11-Nil-N22 167.8(4)  NI18-Nil-N22 98.6(5)

NI1-Nil-N22 93.9(5)  Ol1A-Nil-Ol1 76.3(4)

NI8-Nil-O11AM 163.8(4)  C11-O11-Nil 124.8(8)
NI-Nil-O11A 99.7(4)  C11-O11-NilA  141.2(8)
N22-Nil-O11A 92.5(4)  Nil-O11-NilA 91.5(4)

011-Nil-0100 78.3(3)  NI8-Nil-0100 91.8(4)

NI-Nil-0100 170.54)  N22-Nil-0100 94.5(4)

Nil-0100-NilA 82.2(5)

[a] A represents symmetry element —x, y, 0.5 — z.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2377



FULL PAPER

S. Banerjee, M. G. B Drew, C.-Z. Lu, J. Tercero, C. Diaz, A. Ghosh

axis through the bridging water molecule O100. The dinu-
clear unit is formed by two Ni'l atoms labeled Nil and
NilA, bridged by this water molecule and by the two p,-
phenolato oxygen atoms O11 and O11A of the Schiff-base
ligands. The two equivalent nickel atoms have distorted oc-
tahedral environments. The basal plane Ni,N,O, is formed
by the two nitrogen atoms N18 and N22 and the two oxy-
gen atoms O11 and O11A of the bridging phenoxo ligands.
The N1 atom of the thiocyanato terminal ligand and the
0100 atom of the bridging aqua ligand occupy the axial
positions. The two Ni atoms are separated by 2.953(4) A
with two Ni—O11-Ni bridge angles of 91.5(4)° and one Ni—
O100-Ni bridge angle of 82.5(5)°. The basal bond lengths
around the Ni atom are in the range of 1.990(10)-
2.131(9) A. The apical bond lengths are Nil-NI
2.039(12) A and Nil-0100 2.240(11) A, the bond angle be-
ing O100-Nil-N1 170.5(4)°. The Ni-NCS distance,
2.039(12) A, is as expected. However, the Ni-OH, distance,
2.240(11) A, although comparable to those found in some
aqua-bridged dinuclear Ni'' complexes,!! is much longer
than the range 2.09-2.16 A reported for few other known
examples of water bridges in Ni'! structures.*?! Some of this
bond lengthening can be accounted for by the involvement
of the bridging water molecule in hydrogen bonds to an-
other water molecule O101. Another water molecule 0102
is also hydrogen-bonded to the nitrogen atom of the thiocy-
anato ligand (Figure 2). The cis angles in the nickel polyhe-
dra are all within 15° of 90° (Table 1). These distortions can
be rationalized as resulting from the ligand constraints in
the molecule, particularly in the bridging system.

Figure 2. Hydrogen bonding in complex 1 involving uncoordinated
water molecules (30% thermal probability ellipsoids, water mole-
cules uninvolved in hydrogen bonding are omitted for clarity).

Description of Structure 2

Figure 3 shows an NCS-bridged copper dimer [Cu,(L),-
(L-NCS),], in which the asymmetric units are related by a
centre of inversion. Selected bond lengths and angles are
summarized in Table 2. The intradimer Cu—Cu distance is

2378 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

5.863 A. The copper atoms are located in a distorted
square-pyramidal environment as revealed by the trigonal
index, 7 = 0.25. The value of 7 is defined as the difference
between the two largest donor-metal-donor angles divided
by 60, a value which is 0 for the ideal square pyramid and
1 for the trigonal bipyramid®*! In the present case 7 is cal-
culated as (176.8 — 161.4)/60 = 0.25. The elongated square-
pyramidal (4 + 1) geometry of the copper(11) centers is con-
structed from a basal plane containing three ligating atoms,
0O, N2, N3 of the tridentate Schiff-base ligand and a nitro-
gen atom, N1 from the thiocyanate group. In addition, the
elongated apical position is occupied by the weakly bonded
sulfur donor atom S’ from the other centrosymmetrically
related thiocyanato bridge at a distance of 2.952(1) A (sym-
metry operation: '/, — x, '/, — 3, 1 — z); the bond angle
at the axially coordinated Cu-S'-C1’ being 102.6(1)°. The
metal-nitrogen and metal-oxygen distances involving the
equatorial plane (CuON3) agree well with those generally
found in five-coordinate Cu'’ complexes.?°-3% The metal
atom is 0.064 A above the basal plane in the direction of
the apex, which is usual for square-pyramidal geometry.
The dimeric units are related by translation along the y axis
to form extended chains by strong interdimer hydrogen
bonding between the amine nitrogen atom of one dimeric
unit and the phenolate oxygen atom of the adjacent dimeric
unit (N2A-+O = 2938 A, H2A--0 = 2.067 A, ~N2-
H2A-+-O'" = 162.67°) (Figure 4). The shortest interdinuclear
Cu'l-Cu'! distance between the two H-bonded units is

Figure 3. Perspective view of complex 2 (30% thermal probability
ellipsoids).

Table 2. Selected bond lengths [A] and angles [°] for compound
[Cu(L)NCS], (2).

Cu-O 1.910(2) Cu-N2 2.019(3)
Cu-N3 1.964(3) Cu-§'l 2.952(1)
Cu-N1 1.995(3)

0-Cu-N3 93.33(11) NI1-Cu-N2 85.04(12)
O-Cu-NI 86.57(11) S'-Cu-NI1 92.15(10)
N3-Cu N1 176.77(12) S'-Cu-O 101.08(8)
0-Cu-N2 161.37(12) S'-Cu-N3 84.70(9)
N3-Cu-N2 95.97(12) S-Cu-N2 95.8310)

[a] The primes (') refer to atoms related by the symmetry operation:
Uy —x, U=y, 1 -z
2 s> 2= .
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3.571 A. Numerous (thiocyanato)Cu'' complexes have been
described in the literature; however, it is worth noting that
most of them are made up of dinucluear entities and have
octahedral coordination around Cu'' containing di-p, 3-
NCS bridges!!”! whereas in the present complex end-to-end
thiocyanato-bridged dimer the Cu' atoms are five-coordi-
nate.

Figure 4. Molecular packing view of 2 along the y direction; the
intermolecular hydrogen bonds are shown as dashed lines.

Electronic Spectra

The peaks in the electronic spectrum, taken in the solid
state (Nujol mull) and in acetonitrile solution are similar in
the two complexes.

The dinickel complex 1 exhibits two distinct bands at 610
and 874 nm and a weaker band near 773 nm. The first two
bands can be assigned to the spin-allowed d-d transition
Ty—Ay, and T« A,,, respectively, and the weaker
band to the spin-forbidden transition 'Eg<—A,,. These val-
ues are in agreement with the literature values for octahe-
dral Ni'' compounds.’¥

The dicopper complex 2 shows a d-d transition around
612 nm. The UV absorption band observed at 358 nm can
be assigned to the charge transfer transition. Strong absorp-
tion bands in the region 280 nm are clearly also due to
charge transfer.

Electrochemical Study

The cyclovoltammogram of complex 1 in acetonitrile
solution (Pt electrode) under nitrogen displays a electro-
chemically irreversible (AE, = 120 mV) oxidative response
attributed to the Ni"/Ni"" couple at +0.70 V vs. SCE.

The cyclovoltammogram of the copper complex 2 re-
corded in dry acetonitrile solution (vs. SCE) at ambient
temperature exhibits a reversible signal at +1.1 V (AE, =
80 mV). The redox process is assigned to Cu?*/Cu* oxi-
dation. No reductive response of either Cu?*/Cu!* or Cu?*/
Cu was observed in the cathode sweep.

To ascertain the stoichiometry of the redox couple of the
Cu'" complex 2 we performed constant potential exhaustive
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electrolysis at +1.25 V under ambient conditions. The cou-
lomb count of the experiment revealed one electron oxidat-
ive transfer from Cu?* resulting in the formation of Cu'!
analogs. The oxidized Cu™ compound, however, is not iso-
lable at room temperature but stable enough for EPR study
at 77 K (toluene/acetonitrile mixture) to determine the me-
tal valence. The oxidized compound is EPR-inactive under
frozen glass conditions (77 K), thereby confirming the for-
mation of a diamagnetic Cu'"! species.

The other possibility of ligand oxidation has been far
outweighed from this experimental observation, which
otherwise would have resulted in an odd electron paramag-
netic species (s = 1/2), sensitive towards EPR measurement.
Therefore, it is justified to conclude the oxidative response
at +1.1V to be associated with a Cu'/Cu'! oxidation in-
stead of an energetically unfavourable phenolate moiety
based ligand oxidation event.

Magnetic Properties

The variable-temperature magnetic properties yy7 vs. T’
of 1 and 2 are illustrated in Figures 5 and 6, respectively.
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Figure 5. Plot of 57 [cm? mol™! K] vs. T [K] in the range 2-300 K
for 1. The solid line is generated from the best-fit magnetic parame-
ters. Inset: Plot of M/Np vs. H for complex 1.

0.854

075 ]
5 ]
£ ;
“c 065 s 1
© f Sos
= 060 ;
3
0.554 0.0 _
o 0 15000 30000 45000
0.50+ H/ Gauss 1]
0 50 100 150 200 250 300
T/ K

Figure 6. Plot of yy T [cm® mol™! K] vs. T [K] in the range 2-300 K
for 2. The solid line is generated from the best-fit magnetic parame-
ters. Inset: plot of M/Np vs. H for complex 2.
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In complex 1 the y\7 values (ya is the molar suscep-
tibility for two Ni! ions) show a gradual increase from a
room-temperature  value of 2.70cm 'mol'K to
3.25cm 'mol 'K at 6 K, followed by a drop at lower tem-
perature. This behavior is typical of a system exhibiting
dominant intramolecular ferromagnetic exchange coupling.
The ymT vs. temperature curve for 1 was least-squares-
fitted {by minimizing the function R = Z[(ymD)exp. —
G Dcatca P/Z(emTexp 2} to the theoretical expression of
magnetic susceptibility of Ginsberg et al.[*] from the
Hamiltonian

H = -2JS18, ~ D(Si177 + S57%) — gBH(S) + S5) — Z'J'S(S)

in which J is the intradimer exchange parameter, D the sin-
gle-ion zero-field splitting, and Z'J’ the parameter for effec-
tive interdimer exchange; it is assumed that g, = g, = g. =
g. The resulting y\ expression is:

am = 2NG?BPBK[F(T — 4Z'J'Fy) + 2F (1 —4Z'J'F)

Fy and F' being complicated functions of temperature, zero-
field splitting, and the intradimer exchange parameter J.

The best-fitting parameters obtained are J = 3.1(1) cm ',
g=229(1), D=181)em™! Z'J' = -0.2(1) cm™" with R =
1.8x 103, These values should be considered with caution
because, although the Ginsberg expression gives accurate
values of J and g, the parameters D and Z'J’ are not well
determined from magnetic susceptibility data.l3>*3>1 The
value of the reduced molar magnetization is 3.55 N when
the field is 5T (inset, Figure 5). This small value can be
explained by the presence of either parameter D or antifer-
romagnetic interdimer interactions or by a combination of
the two.

For complex 2 the value of y\7 at 300 K is 0.83, which
is expected for two magnetically quasi-isolated spin doub-
lets (g > 2.00). This value remains practically constant
upon cooling and then decreases sharply in the low-tem-
perature region attaining a value of 0.50 at 2 K; no maxi-
mum of the magnetic susceptibility (yp vs. T) is observed.
These observed features are characteristic of very weak
antiferromagnetic interactions between copper(ir) ions. We
have analyzed the magnetic data through a simple Bleaney—
Bowers expression for a copper(i) dimer,*9 derived
through the isotropic Hamiltonian H = —JS|S,, where J is
the exchange coupling parameter and S; = S, = 1/2 (inter-
acting local spins). Least-squares fitting leads to the follow-
ing parameters: J = —1.71(1)cm™!, g = 2.10(1), and R =
3x107° {R is the agreement factor defined as: R =
Z[(XMT)exp - (XMT)calcd.]Z/Z(XMT)exp?}- Considering that in
complex 2 the dinuclear entities are linked by structurally
strong hydrogen bonds, the fit of the magnetic data has
been carried out, too, by the Bleaney—Bowers expression
taking into account the J' intermolecular parameter. The
best-fit parameter obtained was J = —1.8cm™!, J =
0.10cm™!, g = 2.10 and the same R value. The small posi-
tive J' value indicates that the hydrogen intermolecular in-
teractions could be ferromagnetic. The value of the reduced

2380 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

molar magnetization is 1.55 N when the field is 5 T (inset
in Figure 6). The shape of the curve formed by the experi-
mental points does not follow the Brillouin formula. This
feature is also indicative of the small antiferromagnetic
coupling.

Discussion

Complex 1

The demonstration of a linear dependence of the ex-
change coupling constant (J) with the Cu-O-Cu bridge an-
gle in planar dihydroxy-bridged dicopper(i1) complexes has
turned out to be one of the most useful and best known
magneto-structural correlations.?”! Unlike hydroxo- and
alkoxo-bridged Cu'' dinuclear complexes*® structural mod-
eling and magneto-structural correlations are scarce in
nickel(11) complexes, due to fewer number of known com-
plexes and to the large number of structural parameters that
affect the superexchange mechanism in these systems. Dinu-
clear nickel(i) complexes in which one or two phenolate
groups act as bridges are generally found to be antiferro-
magnetic.?9-23 Ferromagnetic behavior has been found in
only three complexes® of which one has not been structur-
ally characterized,”*! while the other two have one of the
nickel ions in a five-coordinate, trigonal-bipyramidal coor-
dination environment. Correlations of the superexchange
coupling in centrosymmetric Ni-O-Ni dinuclear nickel(1r)
complexes made by Nanda et al.,*'! and a quantumchemi-
cal ab initio study by Wang el al.,**1 show that the value of
the exchange coupling constants is directly proportional to
the Ni-O-Ni bridge angles or Ni-*Ni distance. The results
(at least qualitatively) are in very good agreement with ne-
arly all measurements on such complexes: Thus, for Ni-O—
Ni angles in the region of 90° the coupling is ferromagnetic
with J values in the order of 10 cm!. The magnetic proper-
ties of 1, which contain a distorted octahedral geometry
around the Ni?>* ions and with a noncentrosymmetric struc-
ture, are interpreted in terms of two different bridges, the
phenolate and the H,O. The Ni-O-Ni' bridge angle
through the phenolato ligand is 91.5(4)° and the Ni--Ni
distance is 2.953(4) A. The Ni-O100-Ni’ bridge angle
through the oxygen atom of the water molecule is 82.2(4)°
and the Ni-~0100 distance is 2.240(11) A. Taking into ac-
count the small Ni-+*Ni distance and the small angles in the
bridges, it is reasonable to assume a ferromagnetic exchange
through the two kinds of bridges.

Complex 2

A weak but significant interaction between the copper(ir)
centers is observed through the end-to-end thiocyanato in-
trametallic bridges. Complex 2 shows the following features:
(a) the copper(i) centers are bridged by two thiocyanate
ions in an asymmetric end-to-end fashion, (b) the copper(ir)
ions are five-coordinated, (c) the nitrogen atom of the SCN
bridge ligand lies in the equatorial plane and the sulfur li-
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gand occupies the axial position. Few complexes with these
characteristics are reported in the literature.l3!

The majority of the complexes described in the literature
with NCS -bridged ligand(s) with an N(basal)-S(apical)
disposition, exhibit either very low values of J or paramag-
netic behavior.?6328:291 This behaviour is characteristic of
all complexes and does not seem to depend on either the
topology of the copper(m) centers (usually octahedral) or
the existence of single or double p-NCS bridges.

EPR Measurements

The X-band EPR spectra of complexes 1 and 2 were re-
corded on microcrystalline powders at temperatures from
280 to 4 K.

It is of interest to note that in complex 1 the spectrum,
recorded at low temperature, shows only one absorption at
very low field (Figure 7a). For an axial integer S = 2 spin
system, the zero-field interaction (D parameter) splits the
my levels into two doublets mg = |£2) and |+1) and one m
= 0 state. Transitions between these Kramer doublets are
not possible due to the D value expected for the nickel(1r)
ion. For a rhombic distortion, the E parameter splits the
mg = |£2) and mg = |£1) Kramer doublets giving a 4, and
A4y gap at zero field. The value of 4, is strongly dependent
on E and is usually much greater than the gfH energy of
an X-band measurement. In contrast, the 4, increases as a
function of E?/D and the *2 transition usually lies in the
low-field region of the spectra.[*] This type of EPR spec-
trum is similar to that previously reported for manga-
nese(11), iron(1v), and tetranuclear cobalt(ir) spectra.[?46-41]

1000 2000 3000 4000

0 1000 2000 3000 4000 0
HIG HIG
a) b)

Figure 7. EPR spectra of polycrystalline complexes 1 (a) and 2 (b)
at 4 K.

The X-band EPR spectra of complex 2 shown in Fig-
ure 7b shows absorption features of axial symmetry with g,
=2.22 and g, = 2.08. The observed g inequality (g > g,)
is consistent with the square-pyramidal geometry of com-
plex 2 with the unpaired electron residing in the 3d,> - or-
bital thereby making 2By, the ground state.

Eur. J. Inorg. Chem. 2005, 2376-2383 www.eurjic.org

Conclusions

Two new complexes of Ni'l and Cu!' thiocyanate have
been synthesized using an N,N,O-donor Schiff-base ligand.
The tridentate ligand is chelated and the thiocyanate ion is
coordinated to metal centers through the nitrogen atom in
both complexes, as expected. However, the construction of
the dinuclear entities occurs in very different ways. In com-
plex 1 two Ni ions are bridged through the phenolate oxy-
gen atom, and a water molecule acts as an additional bridge
to complete the hexacoordination around the nickel ion. On
the other hand, the sulfur atom of the N-bonded thiocyan-
ato ligand coordinates axially to bridge the two copper
atoms in complex 2. The weak axial coordination and con-
sequently the square-pyramidal geometry around Cu'' is
probably dictated by the active Jahn-Teller effect of the d°
system. Thus, the nature of the metal ion plays a very im-
portant role in the self-assembly of the mononuclear units
into the dinuclear complex. From the magnetic point of
view complex 1 is the first example where dinucluear Ni'l,
simultaneously bridged by phenolato and aqua ligands, ex-
hibits ferromagnetic behaviour.

Experimental Section

Starting Materials: Salicylaldehyde, 1,3-diaminopropane, Cu-
(OACc),"H,0, ammonium thiocyanate and Ni'l salts were purchased
from commercial sources and used as received. HPLC grade aceto-
nitrile, was used for electrochemical and UV/Vis measurements and
all other solvents were of reagent grade and were used without
further purification.

Physical Measurements: Spectral measurements were carried out
using the following equipments: UV/Vis (both in acetonitrile solu-
tion and solid), Hitachi-U 3501 Spectrophotometer. IR (KBr disc),
Perkin-Elmer RXI FT-IR spectrometer and Nicolet Magna IR 750
Series II. A Perkin—Elmer 240C elemental analyzer was used for
microanalysis (C, H, N). The magnetic measurements were carried
out in the “Servei de Magnetoquimica (Universitat de Barcelona)”
on polycrystalline samples (20 mg) with a Quantum Design
SQUID MPMSXL susceptometer in the temperature range of 2—
300 K and the magnetic field was 1 T. Magnetization measurements
were carried out in the same instrument at 2 K. EPR spectra were
recorded on powder samples at X-band frequency with a Bruker
300E automatic spectrometer, varying the temperature between 4
and 300 K. Electrochemical measurements were performed under
nitrogen using a PAR model Versastat-2 electrochemical analyzer,
with a platinum working electrode under dry nitrogen. The sup-
porting electrolyte was tetracthylammonium perchlorate (TEAP),
and the potentials are referenced to the saturated calomel electrode
(SCE) without junction correction.

N-(3-Aminopropyl)salicylaldimine (L): The complex Dbis(3-ami-
nopropylsalicylideneiminato)nickel(i1) (C,oH,sN4Ni) was prepared
by the method of Elder.[*?l A solution of the ligand (10 mmol) was
obtained by refluxing the Ni'' complex (2.06 g, 5mmol) with
2 equiv. of DMG (1.16 g, 10 mmol) in methanol (20 mL) for 2 h
and filtering the precipitated bis(dimethylglyoximato)nickel(1r) ac-
cording to the procedure of Burke and McMillin.[3!

[Ni(L)>,(H,O)(NCS),]-3H,0 (1): Ni(SCN), (0.351 g, 1.5 mmol),
dissolved in 10 mL of hot methanol, was added to a methanolic
solution (10 mL) of bis(3-aminopropylsalicylideneiminato)nickel(1r)
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(0.619 g, 1.5 mmol) and stirred for 10 min. The colour of the solu-
tion turned to light green. The resulting solution, on keeping at
room temperature for several hours, yielded a dark green crystalline
solid. It was filtered and dissolved in a minimum volume of aceto-
nitrile and kept in a refrigerator. Upon slow evaporation of the
solvent, dark green crystals of complex 1, suitable for X-ray analy-
sis appeared after 2d. Yield: 0.529 g (86%). Cy,H34N¢Ni,OgS,
(660.06): calcd. C 40.03, H 5.19, N 12.73; found C 39.90, H 5.14,
N 12.72.

[Cu(L)NCS]; (2): To a solution of L (0.534 g, 3 mmol) in methanol
(10 mL), Cu(OAc),'H>O (0.598 g, 3 mmol), dissolved in a mini-
mum volume of hot methanol, was added and stirred for 30 min.
To the resulting solution, a methanolic solution of NH;SCN
(456 mg, 6 mmol) was added. The blue solution yielded needle-
shaped crystals on keeping at room temperature for 24 h. Yield:
0.824 g (92%). C;1H13CuN;0S (298.02): caled. C 44.21, H 4.38, N
14.06; found C 44.15, H 4.30, N 14.51.

X-ray Crystallography: Data for both crystals were measured with
Mo-K,, radiation (4 = 0.71073 A) using a MARresearch Image
Plate System for 1 and a Siemens SMART CCD diffractometer for
2. For 1 the crystals were positioned at 70 mm from the image plate.
100 frames were measured at 2° intervals with a counting time of
2 min. Data analysis for 1 was carried out with the XDS pro-
gram*¥ and for 2 with the SHELXAL™ V.5.03 program.*’! The
structures were solved by direct methods (SHELX-86 program for
11461 and SHELXTL for 2). Absorption corrections were carried
out using DIFABS*”! for 1 and SADABS for 28! The structures
were then refined to convergence on F? using SHELXL for 114
and SHELXTL for 2. The non-hydrogen atoms were refined with
anisotropic thermal parameters in all cases. For 1 the hydrogen
atoms bonded to carbon atoms were included in geometric posi-
tions and given thermal parameters equivalent to 1.2 times those
of the atoms to which they are attached. All calculations were car-
ried out using SHELX-86, SHELXL-93, PLATON-99 for 1 and
Siemens SHELXTL, Bruker SHELXTL for 2. Selected bond
lengths and bond angles of the crystals are presented in Tables 1
and 2. while selected crystallographic data for the two complexes
are summarized in Table 3. Repeated recrystallization from aceto-
nitrile failed to produce good-quality crystals of 1. The poor qual-
ity of the crystals of 1 gave rise to misshapen large spots in the
diffraction pattern which in turn led to high R values. CCDC-
256766 (1) and -256767 (2) contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of

Table 3. Crystallographic data for complexes 1 and 2.

1 2
Empirical formula C22H34N6Ni20652 C] 1H13CUN3OS
M 660.09 298.84
System monoclinic monoclinic
Space group C2/c C2/c
a[A] 8.735(11) 20.5473(10)
b [A] 15.950(17) 7.2149(3)
c[A] 21.31(2) 18.0073(7)
B° 100.807(10) 108.0170(10)
V [A3] 2916(6) 2538.62(19)
zZ 4 8
D [mg m™) 1.503 1.564
T [K] 293(2) 293(2)
u [mm™] 1.480 1.871
Independent reflections 2438 2216
Rin 0.0796 0.0166
Collected reflections 6483 3888

[ > 20(D)], Ry, wR, 0.1423, 0.3010 0.0425, 0.1078

2382 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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