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Physical properties in molecular-based materials depend mainly
on intermolecular cooperation. Therefore, any progress in master-
ing the assembly of molecules in the solid state is of general
concern to numerous fields such as magnetism as well as
electronic or nonlinear optical materials for example.

In the field of molecular-based magnets most of the chemical
routes aim to the building of 3D networks as a prerequisite to
high Curie temperatures (Tc) below which a material behaves like
a magnet.,1-5 In this frame, the metal-radical approach, in which
radicals are used as bridging ligands for metal ions, is particularly
appealing for it combines both the versatility of organic and
inorganic spin carriers, which moreover interact generally strongly.4,6

Following this way, and using chelating nitronyl nitroxide radicals,
we successfully synthesized and characterized layered 2D com-
pounds with honeycomb structures andTc below 50 K.7,8 In an
other approach K. Inoue and H. Iwamura, using polynitroxide
radicals, have succeeded to synthesize 2D and 3D metal-radical
coordination polymers withTc up 50 K.9-11 The latter was, to
now, the unique example of 3D network among this class of
compound.

Taking advantage of these works we synthesized the tetrakis-
[4-(N-tert-butyl-N-oxyamino)phenyl]methane (tetranitroxide).12

Indeed, several publications have shown that the use of molecular
blocks based on the substituted tetraphenylmethane unit lead
efficiently to the building of organic and inorganic 3D frame-
works.13-17

We report herein the crystal structure and magnetic properties
of {[Mn(hfac)2]2(tetranitroxide) }n (hfac) hexafluoroacetylac-
etonate) obtained by slow interdiffusion of a heptane solution
containing dehydrated MnII(hfac)2 in a dichloromethane solution
of the tetranitroxide18

{Mn(hfac)2]2(Tetranitroxide) }n crystallizes in the tetragonal
P41212 space group.19 The asymmetric unit which comprises one
tetranitroxide ligand and two Mn(hfac)2 units is shown in Figure
1. Both MnII(hfac)2 units coordinate two nitroxide groups in a
cis conformation, but the two crystallographically independent
maganese(II) ions Mn1 and Mn2 have opposite octahedral
configuration respectively∆ andΛ. The crystal structure is shown
in Figure 2; it consists of two independent and neutral 3D
polymeric metal-radical networks of the diamond type, which
interpenetrate in a fashion similar to those found for Zn(CN)2.14,15

Each Mn(hafc)2 unit bound two nitroxide groups to have the
Mn(II) ions octahedral and act as an anchorage node for two
tetranitroxide units which promote the three-dimensional building.
Each of the two interpenetrated networks are built separately from
four of the eight independent positions of the crystal group.20 The
interpenetrated networks have the effect to fill partially the large
cavities induced by the 3D structure and increase the crystal
packing. However, the density is still very low (d ) 1.269 g cm-3)
if compared with other hexafluoroacetylacetonato derivatives
(dmean) 1.60 g cm-3). As has already been mentioned, the crystal
structure is reminiscent of catenane compounds in the way that
the two infinite networks interlock.
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The product of the magnetic susceptibility with tempera-
ture (ømolT) is 4.0 emu K mol-1 at 300 K for the molecular unit
{[Mn(hfac)2]2(tetranitroxide)}21 (see Figure 3). Upon cooling it
decreases only a little down to 60 K (3.75 emu K mol-1), and
more abruptly below. The value at 300 K is smaller than expected
if the two manganese(II) ions (S ) 5/2) and the four nitroxide
radicals (S) 1/2) were magnetically independent (ømolT ) 10.50
emu K mol-1). Furthermore, in the range 300-60 K ømolT
is consistent with strong antiferromagnetic couplings between
the manganese(II) ions and the two coordinated nitroxide
radicals.

This leads to a ground spin stateS) 3/2 (ømolT ) 3.75 emu K
mol-1 for two S ) 3/2). The decrease observed below 60 K

suggests that the resulting spinS ) 3/2 are weakly and antifer-
romagnetically coupled in the solid state which prevents any
magnetic behavior. Accordingly, the temperature dependence of
the magnetic susceptibility was fitted considering three spin units
S2-S1-S3 (S1 ) 5/2 and S2 ) S3 ) 1/2) in which S1 is
antiferromagnetically coupled (J) with S2 andS3 [F(J,T)].22 An
additional coupling (Z′J′) based on the molecular field approxima-
tion was introduce in the fitting process (øfit) to take into account
the magnetic behavior at low temperature.23,24 The best fit was
obtained forJ ) -200 cm-1, Z′J′ ) -0.1 cm-1, g ) 2.05. A
value of-200 cm-1 for the manganese(II)-nitroxide interaction
is in agreement with previous finding.6 The-0.1 cm-1 value for
Z′J′ could be reasonably attributed to through-space intermolecular
interactions rather than the coupling through the tetranitroxide.
Indeed, the shortest intramolecular distance between the manga-
nese(II) ions through the tetranitroxide bridging ligand calculated
by summing all of the bond lengths is 20.907(3) Å, while the
shortest intermolecular distance is 10.027(3) Å. Moreover the
central sp3 carbon (C1) is not expected to mediate strong
superexchange interactions.

Despite the lack of spontaneous magnetization the present
compound is a rare example of 3D metal-radical coordination
polymer. Furthermore, it highlights the strength and usefulness
of metal coordination chemistry in supramolecular engineering.
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Figure 1. Molecular building block{[Mn(hfac)2]2(tetranitroxide)}. The
fluorine atoms are omitted for clarity. Selected bonds (Å) and angles
(deg). O-N ) 1.288(4)-1.302(4), Mn1-O3i ) 2.096(2), Mn1-O1 )
2.105(2), Mn2-O4ii ) 2.098(2), Mn2-O2 ) 2.098(2)‚, Mn1-O(hfac)
) 2.131(3)-2.161(4), Mn2-O(hfac)) 2.106(3)-2.142(4), Mn-O-N
) 128.5(3)-131.1(3).i ) y - 1/2, -x + 1/2, z - 1/4, ii ) y + 1/2, -x +
1/2, z - 1/4.

Figure 2. The crystal structure showing the two interpenetrated 3D
networks projected along [010] direction. The hfac andtert-butyl groups
are omited for clarity.

Figure 3. Temperature dependence of the magnetic susceptibilityømol

(b) and of its product with temperatureømolT (9). The solid lines represent
the best-fit curves.
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