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Abstract: Two new Schiff base complexes, [NiL]CIO; 1 and [CuL]ClO40.5H,0 2, were
synthesized and characterized, where L is the 1:1 condensation product of salicylaldehyde and
diethylenetriamine. Their crystal structures and magnetic properties were determined and
investigated. The H-bonding interactions concern just in neighbor cation and anion, do not extend
into network for both 1 and 2. The temperature dependence of the magnetic susceptibilities
(2-300K) showed that 1 is diamagnetism and 2 is paramagnetism with weak antiferromagnetic
exchange interactions between adjacent spin carriers, no magnetic ordering taking place in these two
complexes.
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Recently, continuing efforts have been taken to explore mol ecul e-based ferromagnets both
experimentally and theoretically’, while the critical temperatures of these materials are
normaly very low so far’. In order to obtain high critical temperature (T,
molecule-based magnets, it is important to enhance cooperating interactions between
molecules, thus the better approach is to construct the coordination polymers by
assembling transition metal ions with organic ligands®. In our research project, we have
paid attention to design and synthesize molecul e-based magnets assembled by H-bonding
interactions, and found that the T, value was significant higher when the dimensions of the
H-bonding interactions increased®. Herein we report the crystal structures and magnetic
properties of two new Schiff base complexes with H-bonding interactions.

Complexes 1 and 2 were prepared by refluxing equivalent molar ratios of
salicylaldehyde, diethylenetriamine and corresponding M(ClO.), (M = Cu**, Ni®") using
ethanol as solvent. Their chemical structures and purities were determined and checked
by spectra and elemental analysis’. Single crystals of both 1 and 2 suitable for X-ray
structure analysis were grown by diffusing diethyl ether into the ethanol solution of these
complexes, and the dimensions of crystals selected are 0.20x0.10x0.10 mm? for 1 and
0.20x0.15x0.10 mm?® for 2, respectively®. Single crystals of 1 and 2 were put on an
Enraf-Nonius CAD-4 diffractometer. Intensity data were collected at room temperature
using graphite monochromatic Mo-Kao. radiation (A = 0.71073 A). The structure was
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solved by direct method and refined on F? by full-matrix least-square method using
SHELXTL'. All the nonhydrogen atoms were refined anisotropically, hydrogen atoms
were placed in their calculated positions and refined following the riding model, but the
hydrogen atomsin solvent H,O for complex 2 were not added.

The Ni atom is bonded by one O atom and three N atoms of Schiff baseligand L™ ina
[NiL]" cation, the Ni-N bond lengths are in the range of 1.843(5)-1.936(6) A, Ni-O bond
length is 1.830(4) A, and the bond angles of O(1)-Ni(1)-N(1), N(1)-Ni(1)-N(2),

Figurel ORTEP draw with 30% thermal possibility for 1
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N(2)-Ni(1)-N(3) and N(3)-Ni(1)-O(1) are 96.8(2), 86.5(3), 86.5(3) and 90.3(2)°,
respectively, thus the Ni atom exhibits a square coordination geometry, and the derivation
from the least-square plane of N(1)N(2)N(3)O(1) is just 0.0385(23) A (Figure 1). The
dihedral angel between the coordination plane and the benzene ring is only 5.77(35)°,
which are almost parallel to each other. The [CIO,4] anion is disorder, the H-bonding
interactions concern just in neighbor cations and anions, do not extend into network
(Figure 2), the corresponding geometric parameters about H-bond interactions are listed
inthe Table 1.

The complex 2 isisostructural with the complex 1, but there are two cations of [CuL]*,
two anions of [ClO,] and a solvent H,O molecule in an asymmetric unit. One of thetwo
anions is disorder to like the complex 1, the solvent H,O molecule is near by the Cu(2)
atom, and the distance between O(w1) and Cu(2) is 2.755(4)A. The Cu-N bond lengths are
in the range of 1.898(12)-2.029(12) A in the Cu(1) moiety versus 1.928(15)-2.034(11) A
in the Cu(2) moiety, Cu-O bond length is 1.894(9) A in the Cu(1) moiety (1.882(9) A in
the Cu(2) moiety). In part of [Cu(1)L]*, the bond angles of O(1)-Cu(1)-N(1),
N(1)-Cu(1)-N(2), N(2)-Cu(1)-N(3) and N(3)-Cu(1)-O(1) are 95.0(5), 84.2(6), 85.0(6) and
95.9(4)°, respectively. The correspondence bond angles in part of [Cu(2)L]" compare
with that in part of [Cu(1)L]*. The two Cu atoms of both [Cu(1)L]* and [Cu(2)L]"
moi eties exhibit approximate square-planar N3O coordination sphere, which are similar to
the Ni atom in the complex 1. The [Cu(1)L]* cations and the neighbor [Cu(2)L]" cations
form dimer though H-bond interactions of N(6)'-H(6A)"... O(1) and N(3)-H(3B)...O(2)
(symmetric codei = x+1, y, z) asshown in Figur e 3, the parameters of H-bond interaction
are summarized in Table 1.

The temperature dependence magnetic susceptibilities for polycrystalline samples of
1 and 2 were measured on a MagLab system 2000 magnetometer (2-300 K). The
complex 1 isdiamagnetism in the temperature range of 2-300 K, thisresult isin agreement
with the square-planar molecular structure of [NiL]" (Ni**, 3d® and s=0). The plots of
xm-T and ymT-T of 2 aredisplayed in Figure 4. Based on the crystal structure, the dimer
with s = 1/2 magnetic exchange model was selected to fit the magnetic susceptibility data,
and the magnetic susceptibility as the temperature function is expressed as follows (spin
Hamiltonian isH = -2J5,3,):

. 2Ng®uh 1 70 1)

keT  (3+exp(-2J/kgT))
where the symbol N, g, us, kg and J have norma meaning, and y, represents the
diamagnetic contribution of core. The best fitting gives the parameter —1.55 K of J, 2.08
of g-factor, -5.8x10 emu mol™ of y,, and the agreement factor R= 1.2x10° (R defined as
Slmons(i) — (ZmeacD] /5[ (zmoes(i)] ). These resuits reflect there exist very weak
antiferromagnetic interactions between the Cu®* ions in a dimer, so the ground state is
singlet.

Summarily, the main goal of this work was to design molecular magnetic materials
with larger dimensionality based on H-bonding interactions as mentioned in the
introduction, but it was not achieved. So our presently research work, in which both
intermolecular H-bond interactions and coordination polymerizations will be taken into
account, are in progress.
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Tablel The parameters of H-bonding interactionsfor 1 and 2

D-H H...A Z(D-H...A)l° d(D-H...A) /A
N(3)-H(3B) H(3B)...0(2) 161.9 3.202(9)
Complex 1 N(3)-H(3B) H(3B)...0(3)' 139.9 3.310(12)
N(3)-H(3B) H(3B)...O(5')’ 134.3 3.316(11)
Symmetry codei = 1-x, 1-y, 1-z
N(3)-H(3A) o(10) 165.7 3.021(19)
N(3)-H(3B) o) 137.2 2.900(15)
Complex 2 N(6)-H(6A) o(1y 158.6 3.127(14)
N(6)-H(6B) O(3) 147.6 2.995(13)

Symmetry codei = x+1,y, z;j =x-1,V, z; k = -X, -1/2+y, 3/2-z

Figure4 ym (), xmT (0) asthe functions of temperature and solid
line representing theoretic calculation result for 2
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