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Characteri zati on of MOROF- 3

IR (KBr, cm-1): 3422, 1603, 1488, 1446, 1399, 1347,
1321, 1040, 757, 723, 699, 579, 528.
Guest solvent molecules of as-synthesized MOROF-3 are

slowy evacuated at room tenperature for 12 hours, as
confirmed by thernogravinetric and elenental analysis of
the resulting solid. The X-ray powder diffraction of
evacuated solid only presents four highly broad discernible
diffraction |Iines, in accordance wth the loss of
crystallinity and degradation at |ong range. However, the
fact that FT-IR of evacuated solid shows identica

absorption bands to those of the as-synthesized MOROF- 3 and
that no other weight loss is observed up to 200 °C
suggested the sustenance of the connectivity and framework
of each (6,3) network. A conparable magnetic behaviour for
the as-synthesized and evacuated/ anorphous MOROF-3 also
corroborates this hypothesis.

Magneti c neasurenents of MOROF-3

Due to the fact t hat MOROF- 3 slowy | oses
crystallinity in contact with the air, an as-synthesized
crystalline sanple of MOROF-3 had to be kept in pyridine
and et hanol during magnetic neasurenents. So it was placed
in acylindrical Teflon container filled with pure pyridine
and drops of ethanol, which was closed hernetically with a
screw-on |lid to prevent evaporation of the solvent due to
the I ow pressure inside the sanple chanber. Then, nagnetic
properties of an evacuated anorphous sanple of MOROF-3
(exposed to the air for 24 hours) were also neasured. The

tenperature dependence of ¢ T is alnost the same as for
the as-synt hesi zed sanple; as shown in Figure 2S.
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Magneti c behavi or of MOROF-3 at high tenperatures.

For Co(ll) conplexes, the decrease of ¢y T value at
high tenperature may be due to the depopulation of the
hi gher energy Kraner’s doublets of the Co(ll) centers wth
a ‘T, term as ground state. The ‘T, ground state is split
into a sextet, a quartet and a Kraner’s doublet by spin-
orbit coupling (see B. N. Figgis, M Gerloch, J. Lews, F.
E, Mabbs, G A Wbb, J. Chem Soc. A 1968, 2086). The
Ham | t oni an describing the spin-orbit coupling is given by
Eq. 1,

H,, = -AkALS (1)

where k and A are the orbital reduction factor and spin-

orbit coupling, respectively. The inclusion of the A factor
is due to the use of T-P isonmorphism That is, A appears to
di sti nguish between the matrix elenents of the orbital
angul ar nonent um oper ator cal cul ated with the wavefuncti ons
of the ground ‘T, term and those calculated with the use of
P-basis (|1, -1> |1, 0> and |1, -1>). So, A can be defined
by the synbolic equation: L(T) = - AL(P). In the weak
crystal-field limt, one obtains that A = 3/2 (a val ue used
in nost of the studies dealing with the magneti sm of Co(Ill)
conmpounds) whereas in the strong crystal-field Iimt one
gets A = 1.

In order to analyze the nmagnetic interactions between
the Co(ll) ions and radicals in MROF-3, we studied,
firstly, the magnetic behaviour at high tenperature
assum ng that no magnetic interaction between the different
spin carriers occurs.

There are seven crystallographic different octahedral
Co(Il) units in MOROF- 3. However, the coordination
environnents for all the sites are very simlar, with two
carboxylate groups of two different PTMIC noieties
coordinated in axial positions (trans positions). In a
first approach, we can consider the six-coordinated Co(ll)
ions identical and axially distorted. Under an axial
distortion, the triplet orbital *T, ground state splits into
a singlet ‘A, and a doublet ‘E levels with an energy gap of
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D( D> 0 neans that ‘A, is lower in energy). The one-center
operator responsible for an axial distortion can be
expressed as in Eq. 2,

H,_ = D[LZZ —;L(L + 1)} (2)

The full Hamltonian involving the spin-orbit coupling,
axial distortion and Zeeman interaction is given in Eq. 3.

H = —AKALS + D[LZZ - ;L(L + 1)} + B(—AkL + g, S)H (3)

From this HamiItonian, the nagnetic susceptibility for a
si x-coordinated Co(ll) axially distorted, 1y, can be
cal culated. No analytical expression for the magnetic
susceptibility, which depends on A k, A and D, can be

derived from Eq. 3 and we nust use matrix diagonalisation
techni ques to obtain it.

Because of MOROF-3 contains six Co(ll) ions and four
radicals, in absence of any magnetic interaction between
the different spin carriers, the magnetic susceptibility

(x.) can be calculated as wth Eq. 4,

X =0Xco + 42k (4)
where 1y, corresponds to the magnetic susceptibility per
radical is given by Eqg. 5.

2 2
1=y (5)
Matrix diagonalization techniques allowed wus to
determ ne the values of the different paranmeters inplied in
Eq. 4. The best-fit paranmeters using the experinental data
for T > 30 K are: A = 1.47(1), X = -110(5) cm' k =
0.96(2), and D < |100] cm' The value of g, was fixed to

2.0 to avoid over-paranetrization. The calculated curve
mat ches wel|l the experinental data in the tenperature range
30 < T < 300 K The values of the paraneters obtained are
within the range of those reported for high-spin octahedral
Co(ll) conplexes. The energy gap between the orbital
singlet, ‘A, and the orbital triplet, ‘E, nust be very
small (D < |100] cm’), indicating a low distortion, in
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agr eenent with the high magnetic nonent at room
tenperature. Both the sign and magnitude of D are not
unanbi guous and simlar fits are obtained for values of D
in the range -100 < D < +100 cmi'. For our cal cul ation, the
t heoretical curve corresponds to D = 0.

Figure 1S. Shortest circuit composed of six PTMTC moieties
and six Co(II) ions. The latter are represented by filled

balls.
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Figure 2S. Magnetic properties of as-synthesized MOROF-3.
T value as a function of the tenperature for MOROF-3 at

different applied nmagnetic fields: (0)100 G (¢) 500 G
(0)1000 G (+)1500 G (A)3000 G (+)5000 G and (9) 10000 G

HIT

Figure 3S. Magnetic field dependence of the magnetization
at 1.8K.
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Fi gure 4S. Conparison of the magnetic properties of an as-

synthesized (o) and evacuated/ anorphous (A) sanples of

MOROF-3. 4T value as a function of the tenperature for

MOROF-3 at 5000 G Theoretical curves are calculated with
the paraneters given in the text for the case of D= 0 cm'.



