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Abstract The mixed valence dodecanuclear complex [Mn12012(OzCEth6(HzOh]
may be reduced by one electron to give (PPh4)[MnlZO 12(OzCEth6(HzO)4]·
Reduction of the complex occurs at one MnIII ion to give an unusual trapped
valence MnIlMnIII7MnIV 4 complex. This formulation is supported by X-ray
crystallography at both low temperature and room temperature. DC (2.0-4.0K, 20
50 kG fields) and AC (2.0-30 K, 1.0 and 0.0050G fields, 25-1000 Hz frequencies)
magnetic susceptibility measurements indicate ground states of S=9 and S= 1912 for
the neutral and reduced species, respectively. (PPh4)[MnlZ01z(OzCEth6(HzO)4]
exhibits an out-of-phase component of the AC magnetic susceptibility (XM) which
has a frequency dependent maximum. This is a very unusual property for a
discrete molecular species to display. The neutral analog shows two peaks in the
XM vs. T plot. DC measurements also show the presence of prominent hysteresis
loops, and field-cooled and zero-field-cooled magnetization data are not
superimposed at low temperatures. The unusual magnetic relaxation properties
persist even in polystyrene-doped samples of the complexes, indicating that this
behavior arises from intramolecular rather than intermolecular properties.

INTRODUCTION

High spin molecules, both inorganic- and organic-based, have been actively sought

as potential building blocks for molecule-based magnets. A particularly interesting class of

molecules are the mixed valence (MnIIIsMnIV 4) complexes of general formula

[MnlZOlZ(OzCRh6(HzO)4].1-S The synthesis of [MnlZ012(OzCMe)16(HzO)4] (1), the

first of these complexes, was published over ten years ago.z The general structure is a

MnIV404 cubane surrounded by a non-planar ring of 8 MnIII ions, all strongly

interconnected by a network of 1..L3-oxidebridges. The metal oxidation states are easily

distinguished by the Jahn-Teller axial elongation of the MnIII ions. We became interested

in complexes of this type when a low yield synthesis of [MnlZOlZ(OzCPh)16(HzO)4] (2)

was obtained through a comproportionation reaction of (NBun4) [Mn04] wi th

Mn(OzCMeh·4HzO in the presence of benzoic acid.3 A high yield synthesis of this
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compound was subsequently obtained through ligand substitution of complex 1 with

benzoic acid. Both 1 and 2 show ground states with very large numbers of unpaired

electrons (S=9 or S= 10 in a 20 kG field, depending on the lattice solvent in the solid).1

In addition to simple substitution of the carboxylate ligands, much more drastic

changes to the core of the complex can be effected. Four FeIlI ions may be incorporated in

place of four non-adjacent outer MnIII ions to yield the complex

[Fe4Mns(02CMeh6(H20)4].4 The addition of an extra electron at each of the four FellI

sites induces a large change in the magnetic interactions leading to an increased

anti ferromagnetic interaction overall and an S=2 ground state spin. In addition to metal

substitution, all of the Mn12 complexes exhibit a chemically reversible one-electron

reduction when examined by cyclic voltammetry.l,4 The reduction of 2 occurs at a readily

accessible potential, and iodide is a sufficiently strong reducing agent for bulk generation

of the reduced complex. Iodine is an easily separable by-product, and a variety of salts of

[2]- may be isolated.4a

[Mn12012(02CRh6(H20)4] complexes have recently become the focus of

increasing attention because of unusual AC magnetic susceptibility behavior,1,5 including

the presence of a frequency dependent out-of-phase component (XM)' They exhibit a type

of molecular hysteresis5.6 which was previously unknown in molecular complexes in which

there is no evidence for long range magnetic order. This is believed to result from the high

magnetic anisotropy of these molecules due to near-parallel alignment of the J ahn- Teller

axes of the outer MnIlI ions. 6 Because of fundamental interest in these dodecanuclear

manganese aggregates, it was important to fully characterize a one-electron reduced species,

and perform extensive DC and AC magnetic studies to test for the presence of these unusual

molecular properties. Our recent results 7.S are described in this summary.

ISOLATION AND CHARACTERIZATION OF THE ONE-ELECTRON REDUCTION

PRODUCT AND ITS NEUTRAL ANALOG

Initial attempts to crystallize the one-electron reduction product of 2 did not give X

ray quality crystals, thereby motivating further ligand substitution experiments to produce a

range of Mn12 systems for characterization studies. The propionate derivative,

[Mn12012(02CEth6(H20)3], (3) may be synthesized through the removal of MeC02H as a

toluene azeotrope from the reaction of 1 with excess propionic acid. The neutral complex

shows a chemically reversible reduction at 0.02 V vs. ferrocene/ferrocinium. Reduction of

3 with PPh4I yields the stable complex, (PPh4)[Mn12012(02CEth6(H20)4] (4).




