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High-spin molecules with an easy-axis magnetic anisotropy show
slow magnetic relaxation of the spin reorientation along the
magnetic anisotropy axis, and at very low temperature, the spin
does not thermally flip but flips via quantum processes. These
molecules have a double minimum potential for the reversal of the
magnetic moment and are called single-molecule magnets (SMMs).
SMMs, which have possible applications as very small memory
devices, are fundamentally interesting due to quantum phenomena
for future applications in quantum computid&ince the discovery
of the first SMM of a dodecanuclear manganese compieeany ) ) _
homometal SMMs composed of V, Mn, Fe, and Ni ions have been G’iggf?i'z),OMF:]TE)Z_OI,'\‘]’}%?“%" ,S\l?le(gtze_dN?ngfggg;)(’d,\elg)bs'\f?fn;
prepared, and their quantum behaviors have been extensively gg 5(2); Mn-04—Ni 103.3(2).
studied® By combining different metal ions, on the other hand, it
should be possible to prepare molecules with larger magnetic
anisotropy and higher spin ground states due to ferro- or antifer-
romagnetic interactions. Today, the number of heterometal SMMs
is still limited,® even though SMMs will lead to an understanding
of quantum tunneling effects through synergy of heterometal spins.
We report here a new heterometal SMM of [NuNi'",Cl,(salpa)]
(salpa= N-(2-hydroxybenzyl)-3-amino-1-propanol), which showed
a steplike hysteresis loop characteristic of an SMM. st

A reaction of 1:1 mixtures of psalpd and metal chlorides in
methanol gave dark-red crystals of [MiNi">Cly(salpaj] (1) in a Figure 2. ymT versusT (left) plot and field dependence of magnetization
high yield (40%)8 1 crystallized in a tetragonal space group of atthe field indicated (right) fot. The solid lines are the best fits using the
144/a.° The structure consists of an incomplete face-sharing double values in the text.
cube that is composed of two Mnand two NI' ions (Figure 1).

Metal ion positions were confirmed by bond valence sum calcula- 2) for the uncorrelated Mhand Ni' ions. TheymT values gradually
tions'® and the short coordination bond lengths for the'Mons. increased as the temperature was decreased and reached a maximum
The Mr'" and Ni' ions are doubly bridged to form a dinuclear unit value (18.56 emu mot K) at 6.0 K, followed by sudden decrease.
by two oxygen atoms (04 and 02), and the symmetrically related The magnetic susceptibility data indicate that the molecule has a
dinuclear cores are linked by two phenoxo (O3 and 03*) and two relatively large spin ground state, such&s- 5 and 6, of which
alkoxo (02 and 02*) groups ip, andus fashions, respectively. Curie constants are 15 and 21 emu moK, respectively.

The Mr" ion has square pyramidal coordination geometry. The Magnetization data were collected as a function of the temperature
equatorial positions are occupied by three oxygen (O1, O4, and @nd applied magnetic field (Figure 1S in the Supporting Informa-
02) and one nitrogen (N1) atoms, and a phenoxo oxygen atom tion). The magnetic susceptibility and low-temperature magnetiza-
(03*) coordinates from the apical position. The'Non has an tion data for the powder sample were simultaneously analyzed by
N;O,Cl; chromophore, and the coordination bond lengths of the USing a HeisenbergDirac—Van Vleck spin Hamiltoniar; where

Ni' jon are longer than those of the Mrion. The NI' ions are  three exchange coupling constaniini, Jwnni-, and Jyini+) and
separated by 3.101(2) A, and interatomic distance of the lsimd uniaxial zero-field splitting parameters were assumed and constant
Nil is 3.065(2) A. values of TIP (50x 10°¢ and 240x 10® emu per Mn and Ni

DC magnetic susceptibility measurementsXavere performed ions, respectively) were used in the calculation. Least squares
in the temperature range from 1.8 to 300 K (Figure 2). Fh& calculation gave the best fit parametersgf, gni, Jvnni, Jvnnis,
value at 300 K is 8.768 emu mdl K, which is somewhat larger ~ Jnini, andD being 1.915(5), 2.206(5), 4.5(1) cf 4.3(1) e,

than the value of the Curie constant (8.00 emuTh#l with g = —7.9(2) cnt?, and —0.85(1) cnt*, respectively, and simulation
curves calculated using these parameters were in good agreement
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with the experimental data (Figure 2). The ground spin state is,
therefore, S= 6, and the first excited state 8= 5 is above 5 K.
In addition, the fit with all positive] values was inferior.

10.1021/ja042217p CCC: $30.25 © 2005 American Chemical Society
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Figure 4. Magnetization hysteresis loop for oriented crystal ofeasured
B/ Tesla in an eicosane matrix at 0.55 K.
Figure 3. Selected high-field EPR spectra on single crystals wieasured
at 375.1 GHz and plots of the field frequency versus resonance magnetic ~ Supporting Information Available: Crystallographic details in CIF
field for the observed peaks (inset). The applied magnetic field is tilted format and details of magnetic data analyses. This material is available

48° with respect to the easy axis. Solid lines on theersusB plots result free of charge via the Internet at http:/pubs.acs.org
from a least-squares fit using the parameters described in the text. ’ T
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