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Abstract A structural and magnetic comparison is presented for a number of high

nuclearity, higher oxidation state manganese complexes with similar ligation

environments. The complexes considered are hepta-, octa-, ennea-, deca-, and

dodecanuclear and contain only MnIII, except for the dodecanuclear complexes,

which are mixed valence (MnIlI8M n I V 4)' The ground state spins of these

complexes range from very low to very high, and while the dodecanuclear

complexes exhibit unusual AC magnetic susceptibility behavior, none of the other

complexes show such properties. Magnetic properties, as well as structural and

preparative information, are discussed.

INTRODUCTION

In the realm of high spin molecules, one particularly fruitful area of research that

has produced numerous examples of molecules with many unpaired electrons has been the

chemistry of high oxidation state manganese complexes containing carboxylate and oxide

ligation.1,2 Using only a limited palette of ligands and starting materials, a wide range of

manganese nuclearities may be attained, including hepta-,3 octa-,4 ennea-,4 deca-,5 and

dodecanuclear6,7 complexes. Although some success has been achieved in the prediction

of the metal nuclearity of products in coordination chemistry, it is still very difficult to

anticipate the precise structure of the complexes obtained. Likewise, the magnetic

properties of such large aggregates can be difficult to rationalize when known, and nearly

impossible to predict. With various competing coupling pathways present, spin frustration is

almost always a complicating factor in these manganese aggregates; however, this

phenomenon is also the source of some of the large ground states found for these

complexes. The small number of known complexes of this type with average metal

oxidation states ~ III show vastly different magnetic properties, with ground state spins

ranging from S= II 4 to S=O 5. The only discrete molecular species found to exhibit an
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out-of-phase component in their AC magnetic susceptibilities (XM) and hysteresis loops at

low temperatures, have been complexes with the general formula

[Mn \20 12(02CR) 16(H20)4].7,8 These properties are still not completely understood, and it

is desirable to produce additional examples of these bistable molecular materials. Because

only a small number of these large aggregates exist, it becomes important to compile the

known information in a rational way, in order to draw some basic conclusions about

magneto-structural correlations in these complicated systems.

The reaction of [Mn402(02CMe)6(pYh(dbm)2]9, (py = pyridine; dbmH =

dibenzoylmethane) with Et4NCl·xH20 in dichloromethane yields the heptanuclear complex

(NEt4)[Mn704(02CMe)\o(dbm)4].3 The seven distorted-octahedral MnIII ions are

arranged in an extended core of two fused, vertex-sharing [Mn402]8+ units. The structure

of the anion is shown in Figure 1, and the manganese oxide core of the complex is shown in

Table I. The six Jahn- Teller axial elongation axes and one Jahn- Teller compression axis

are not aligned in a parallel manner; in fact, the axes of two of the Mn ions are aligned

perpendicularly relative to the majority of the Jahn- Teller axes.

High field (50 kG) magnetization studies at low temperatures, as well as AC

susceptibility studies, seem to indicate a ground state of S=3 for this complex. However,

there appears to be a low-lying S=2 excited state which complicates the interpretation of the

data. This complex does not exhibit an out-of-phase component of the AC magnetic

susceptibility.




