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Molecules with a large number of unpaired electrons are
potential building blocks for magnetic materi&ts. In a related

An ORTEP drawing of compled is shown in Figure 1,
where the [MY Mn"'gMn'" 6(15-O)s(13-O)2(us-OEt)] 12+ core is

active area of research the focus has been on nanoscale magnetaso shown. It can be seen that the 13 manganesgg$X-,

materials’—8
fragmenting bulk ferromagnets or ferrimagnets; however, this

Nanoscale magnets have been prepared by two u3-0?-, and sixuz-OEt™ ions are arranged in a distorted

supercubane [MpOg(OEt)]'?" core. Eight of the oxygen

gives a material with a range of particle sizes. Only one class atoms are located at the vertices of the cube and the other six
(four examples) of molecules has been characterized thatoxygen atomsus-O?") are found near the face centers. Twelve

behaves as a single-molecule magnét. These molecules have

of the manganese ions are found at the centers of edges, and

12 manganese ions and exhibit magnetization hysteresis loopgne is at the body center of the supercubane. Every manganese

below 3 K. Here we report the synthesis, X-ray structure, and
magnetochemical properties of a Mireomplex that has a novel
supercubane [MAMn" gMn""g(15-O)e(u3-O)o(t3-OEL)] 12T core.
This core is structurally similar to a piece of a cubic metal oxide
extended lattice. &= 1%, ground state (15 unpaired electrons)
is found for the complex, a ground state that is explicable in
terms of two interpenetrating spin sublattices. The complex
is, in essence, a piece of an extended matalde antiferro-
magnet.

A 25 wt % solution of [M@N]JOH (0.213 g, 2.34 mmol) in
methanol (1 mL) was added dropwise to a methaeirahy-
drofuran (1:1) solution of Mn(gCPh}-2H,0 (1.0 g, 2.71 mmol)
and 2,2-biphenol (0.10 g, 0.54 mmol). The resulting solution
was stirred for 10 min and then heated to boiling for 1 h.
Evaporation to dryness, followed by washing with methanol,
gave a red-brown crystalline product. Crystals of [Mns-
O)6(u3-0)2(us-OEt)s(O.CPh) 4] (1) were obtained by dissolving
some of the product in THF/EtOH and layering this solution
with CH,Cl,. A single-crystal X-ray diffraction stud§ showed
that complexi at 192 K is monoclinic with space grou@/c
(unit-cell constants = 24.936(13) Ab = 15.129(8) A.c =
29.015(14) AV = 10688(10) &, Z = 4, dcac = 1.595 g cm3,

u = 1.559 mnT1?, 9608 reflections collected, 7309 observed (
> 4.00(F)), R = 4.22% andR, = 5.70%).
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ion is six-coordinate with six oxygen atom ligands. Each of
the 12 benzoate ligands symmetrically bridges between two Mn
ions. In addition to the novel supercubane structure, two other
features of compled are unusual;us-O?~ ions are very rare;
and a MW, Mn"", Mn" mixed-valence composition with three
oxidation states is very unusual. As far as we know, there is
only one other example of@-O%~ bridge found in [(GHs)sY s-
(u-OCHg)4(us-OCHs)4(us-0)].17 A bond valence sum analydfs
confirms that the central manganese ion Mn(7) is'end is
interacting with six MH' and six M ions. It is extremely
rare to have a molecule form spontaneously that has a metal
ion present in three different oxidation states. The manganese
ions labeled Mn(1), Mn(1a), Mn(2), Mn(2a), Mn(3), and Mn-
(3a) are the MH ions, as substantiated by the tetragonally
elongated Jahn-Teller distortion present at each of thesé Mn
ions.

In view of the fact that the core of compléxbears a strong
resemblance to a piece of an extended metal oxide lattice, it
was of interest to characterize the magnetochemistry of complex
1. Variable-temperature {2320 K) magnetic susceptibility data
were determined for a polycrystalline sample in a 10.0 kG dc
magnetic field employing a SQUID susceptometer. In the inset
of Figure 2 is shown a plot of the effective magnetic moment
(uerr) per molecule versus temperature. The valueugf
increases with decreasing temperature from 18.ét 320 K
to a maximum of 18.%g at~180 K, below whichue decreases
to become eventually 9.0 at 2.00 K. Curiously, there is a
region of almost linear decreasezg in the 80-10 K range.

Variable-field (10.6-50.0 kG) magnetization data run in the
2—30 K range are shown in Figure 2. The data are plotted as
reduced magnetizatiodl/Nug (whereM is magnetizationN
is Avogadro’s number andg is the Bohr magneton), versus
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Siemens R 3m/V diffractometer equipped with a graphite monochro-
mater and Mo Kt radiation atl = 0.71073A using thev—26 scan
(3.0-50.0°). Of the 9608 reflections collected, 9417 were unigig: (
= 1.63%). The structure was solved by direct methods by using the
Siemens SHELXTL PLUS (PC version) computer program. Refine-
ment was carried out by full-matrix least-squares methods, with all
non-hydrogen atoms assigned anisotropic thermal parameters. Two
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were described as idealized rigid bodies. The disorder was described
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of 664 parameters were refined. Some 7309 obserived #.00(F)]
reflections gaveR = 4.22% andR, = 5.70%.
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Figure 2. Plot of reduced magnetizatioM/Nus, versus the ratio of
the magnetic field to the absolute temperatité;, for complex1. M

is magnetizationN is Avogadro’s numberys is the Bohr magneton,

H is the magnetic field, andl is the temperature. Data were measured
in the 2.0-4.0 K range for the magnetic fields oA} 10.0 kG, @®)
20.0 kG, @) 30.0 kG, and W) 40.0 kG and in the 2:8630.0 K range

at (@) 50.0 kG. The solid lines result from least-squares fitting the
data to the spin Hamiltonian and the bestfitas found with aS=

15/, ground state wittb = 0.33 cnt! andg = 1.87. The inset shows

a plot of the effective magnetic momente) per molecule versus
temperature measured for a polycrystalline sample of combiexa
10.0 kG field.

explained in analogy to those for extended metal oxides. For
such a metal oxide that is an antiferromagnet the long-range
ordering of spins generally results from two interpenetrating
sublatticeg® Half of the metal ions are found in sublattice A;
each metal ion in sublattice A usually has as its nearest neighbors
metal ions in sublattice B. Thus, in one type of ordering in an
extended antiferromagnet there are alternating layers of ions in
the two different sublattices. Th8 = 1%/, ground state of
complex1 can be rationalized analogously. If the 13 Mn ions
in the core (see Figure 1b) are assumed to be grouped in three
layers, then th& = 1%, ground state can be explained. In the
top layer there are two Mhand two Md' ions [Mn(2a), Mn-

(3a), Mn(5) and Mn(6)], which if all ions had their spins aligned
Figure 1. (a) The structural framework and (b) the supercubane'fMn ~ Would giveS= %/ + /> + 4 + %, = 1¥,. The middle layer

MN" Mn"g(z4s-O)e(tt3-O)o(uz-OEt)] 22 core of [Mnya(us-O)s(uz-O)alits- has one MY, two Mn'"', and two M ions to giveS= 2Y, if
OEt)(O.CPh)7] (1) with the atom numbering scheme. The hydrogen all spins are aligned for this layer. Thus, the first and third
atoms of the benzoate groups were omitted for clarity. Thermal |ayers each hav& = 18/, whereas the middle layer h&=
ellipsoids are shown at the 50% probability level. 21, |f the spins are aligned “up”, “down”, and “up” from the

the ratio of the magnetic field H divided by the absolute first to the second to the third layer, then comptexvould
temperatureT. In a field of 50.0 kG the value of M/ have a ground state with = *%,. o

approaches saturation at a value of 13.0. Least-squares fitting !t Will be interesting to confirm the spin alignment suggested
of the dat® (solid lines) indicate that complekhas aS= 15/, above for _compIeXL to see that it is ma_gnetma!ly behaving as
ground state. The poorer fit of reduced magnetization data at@ Small piece of an extended metakide antiferromagnet.
the lower fields could reflect the situation that the ground state Efforts are underway to try to generalize the synthesis of
is not the only state populated at low temperatures in a relatively COmplex1 to see if other pieces of extended metal oxides of
small field. This is an intriguing result, for it can be rationalized  larger size can be prepared.

by assuming that the magnetic properties of comflean be Acknowledgment. This work was supported by NSF Grant
CHE-9420322 (D.N.H.).
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(19) In the least-squares fitting procedure for the reduced magnetization
data, it is assumed that a ground state of spiis the only state
populated in the 2:804.0 K range and the magnetization is calculated

with eq 1. In this equatiodEi/SH is the change in energy of thith anisotropic thermal parameters and hydrogen atom coordinates and
isotropic thermal parameters for [Mfus-O)s(uts-O)2(us-OEt)s(O--
_ P [OF; s / P B CPh)] (1) (17 pages). Ordering information is given on any current
M= Nﬁ SH. ex KT Z ex KT @ masthead page.

level in response to a change in the magnetic field. The energies 1C9607200

of various sublevels of the ground state are obtained by diago-
nalization on each iteration of the spin Hamiltonian matrix that (20) Goodenough, J. Blagnetism and the Chemical Banidterscience
includes the Zeeman and axial zero-fi&&? interactions. Publishers: New York, 1963; pp 86.31.






