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Nitronyl nitroxides (NITR), 2-R-4,4,5,5tetra- 
methyl-A*-imidazolyl-I-oxyl-3-oxides, form a large 
variety of different spin clusters when coordinated 
to metal ions [l], and unusual spin states can be 
stabilized as ground states of molecular units in this 
way. For instance, we reported [2] a ground S = 
12 state for a hexanuclear complex of formula 
[Mn(hfac),(NITPh)] 6, where hfac is hexafluoro- 
acetylacetonate, and a ground S = 9/2 state for 
Gd(hfac)s(NITPh)* [3]. 

Of particular interest are the closed rings of 
spins, because they can be used to test the models 
the extrapolation of which provides the thermo- 
dynamic properties of infinite chains. Among these, 
beyond [Mn(hfac)2(NITPh)] 6 mentioned above, 
we reported [4] also two complexes of formula 

Mhfac)2(NITEt)l~, where M = Ni or Co, in which 
the nitronyl nitroxide binds in a p-1,1 fashion to 
two metal ions, as shown in Scheme 1. The coupling 
between metal and radical is antiferromagnetic, 
therefore these compounds provide examples of 
simple ferrimagnetic rings. 

We have now found that [Mn(F,bzac)2(NITMe)]2, 
Fabzac = benzoyl trifluoroacetonate, has a similar 
structure, and we want to report it here together 
with the magnetic properties which show that this 
compound has a ground S = 4 state. 

*Authors to whom correspondence should be addressed. 
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Experimental 

Preparation of (Mn(F, bzac), NITMe] 2 
Mn(Fsbzac)2*2H20 was prepared by mixing a 

stoichiometric amount of benzoyl trifluoroacetonate 
with Mn(CH&00)2*4H20 in water. The radical 
was prepared as previously described [5,6]. 
Mn(Fsbzac)2*2H20 (0.5 mmol) was dissolved in 
100 ml of boiling n-heptane. The solution was mixed, 
under stirring, with 0.55 mmol of NITMe radical. 
After a few minutes the violet solution was filtered 
and allowed to cool down very slowly. Purple crys- 
tals were collected after 24 h and analyzed well 
for Mn(Fabzac)*NITMe. 

Magnetic Measurements 
Variable temperature magnetic susceptibility was 

measured by using a fully automatized Aztec DSM5 
susceptometer equipped with an Oxford CFI200S 
continuous-flow cryostat and a Bruker B-El5 elec- 
tromagnet operating at 1.35 T. Diamagnetic correc- 
tions were estimated from Pascal’s constants. 

X-ray Crystallographic Analysis 
Diffraction data for [Mn(Fsbzac)2NITMe]2 were 

collected at room temperature with an Enraf Nonius 
CAD4 four-circle diffractometer equipped with 
MO Ka radiation. The data were corrected for 
Lorentz and polarization effects but not for absorp- 
tion and extinction. Crystal data: M= 656.46; 
monoclinic space group a/c; a = 27.829(4), b = 

11.505(2), c = 24.150(4) A; /3 = 128.90(5)“; Z = 8; 
p = 1.449 g cmh3; X = 0.71069 A. The Patterson 
map revealed the position of manganese atoms 
while the other atoms were found by successive 
Fourier synthesis using the SHELX-76 package 
[7]. Anisotropic thermal factors were introduced 
for the heavy atoms, the oxygen, the fluorine, the 
carbon atoms of the methyl groups, and those of 
the phenyl groups bound to the hydrogen atom. Hy- 
drogen atoms were introduced in futed and idealized 
positions with isotropic thermal parameters 20% 
larger than those of the relative carbon atoms. The 
refinement with 2879 IF,,1 > 4ulF,I converged to 
final values of R = 0.069 and R, = 0.08 1. 

Results and Discussion 

The crystal structure of [Mn(F3bzac)2(NITMe)] 2 
consists of centrosymmetric dimers, as shown in 
Fig. 1. Each manganese(I1) ion is hexa-coordinated 
by two F3bzac molecules and two oxygen atoms 
of two different NITMe radicals, so that the nitroxyl 
group acts as a p-1,1 bridging ligand. The metal- 
F,bzac oxygen distances are fairly similar to each 
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Fig. 1. ORTEP view of the [Mn(F3bzac)z(NITMe)]z 
molecule. 
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Fig. 2. XT vs. T product for [Mn(F3bzac)2NITMelz. The 
solid line represents the best fit (see text). 

other, ranging from 2.114(4) to 2.157(6) A, while 
the manganese-NITMe oxygen distances are longer, 
2.224(4) and 2.281(5) A. The manganese-manganese 
distance is 3.646(2) A, and the Mn-Oi-Mn angle 
is 108.1(2)“. The other 0-Mn-0 angles are closer 
to 90”, as expected. The nitronyl nitroxide frag- 
ment has its usual shape. The N,-Or distance, 
1.320(3) A, is longer than the N2-O2 distance, 
1.272(4) A. No relevant interdimer contacts are 
observed. 

The temperature dependence of XT for [Mn(F,- 
bzac)2(NITMe)] 2 is shown in Fig. 2. The room 
temperature Value corresponds to &ff = 7.8 fig. 
On cooling XT increases until below 100 K it reaches 
a plateau corresponding to Il,ff = 8.9 pg, which 
agrees well with that expected for S = 4. The nature 
of the ground state is confirmed by polycrystalline 
powder EPR spectra recorded at 4.2 K which show 
a fine structure of c. 1000 G with four transitions 
at fields higher than He. As is often the case for 
these large spin systems, the low-field transitions 

are complicated by the presence of forbidden tran- 
sitions. 

The temperature dependence of XT and the low 
temperature limit both agree with a ferrimagnetic 
ring of alternating S = 5/2 and S = l/2 spins. If we 
assume that the manganese-radical interactions 
are identical, the energy levels can be expressed 

as PI 

$JdS&,2 + l>-SdS, + l)-Sz(S2 + 111 

+ $J34[&4@34 + I)- S3@3 + l)-S4@4 + 111 

+;J[s(s + 1) - S*2@,2 + I> - S34@34 + 1)l 

where subscripts 1 and 2 refer to manganese, and 
3 and 4 to the radical; Si2 = S, t S2, S34 = S3 t S4, 
S = s,z t s34. 

If only nearest-neighbor interactions are in- 
cluded, i.e. if only J is allowed to be different from 
zero and positive, the magnetic behavior is that 
expected [9] for ferrimagnetic rings, with XT ini- 
tially decreasing, passing through a minimum at 
Tmin = 2.45 J/k which corresponds to p,ff = 7.9 pg, 
and then increases reaching a plateau corresponding 
to S = 4, &ff = 8.9 pg. The fact that we see XT 
increasing on decreasing temperature means that 
the minimum is at higher temperatures than 300 K. 

If we fit quantitatively the data we find J= 142 
cm-‘, a value much smaller than that previously 
reported for p-1,3 bridging nitronyl nitroxides with 
manganese [IO]. A similar decrease in the coupling 
constant was previously observed for nickel(H) 
[l l] for which J> 400 cm-’ for p-1,3 coordina- 
tion and c. 100 cm -’ for /*-1,l coordination [3]. 
The decrease in the coupling is easily understood 
on the basis of overlap considerations: apparently 
the overlap between the metal and radical magnetic 
orbitals decreases when the metal binds in a p-1,1 
fashion compared to the p-l,3 fashion. 

Supplementary Material 

Detailed reports for structure determinations 
including tables for fractional coordinates of non- 
hydrogen atoms, interatomic distances and intra- 
molecular angles, anisotropic thermal parameters, 
hydrogen parameters and structure factors (24 
pages) are available from the authors on request. 
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