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A new tetranuclear manganese(ll) compound, [Mn4Lg](ClO4), (L is the Schiff base derived from 2-pyridylaldehyde
and 2-aminophenolate), has been synthesized and characterized structurally and magnetically. The compound is
the first example of tetramanganese clusters with centered planar trigonal topology in which a central Mn(ll) ion is
connected with three peripheral Mn(ll) ions by double phenoxo bridges, generating a trigonal Mn[(z-phenoxo),Mn]s
core. Magnetic studies have demonstrated a very weak ferromagnetic interaction between the central and peripheral
Mn(ll) ions, which leads to a high-spin ground state (S = 10). The ferromagnetic interaction has been tentatively
related to distortion of the metal coordination environments after comparing the magnetic and structural data of the
known Mn(ll) complexes with similar bridging moieties.

Introduction although the structure has not yet been fully understood.

Polynuclear manganese clusters have received considerablg hus far, NUMErous Miclusters ha_we been repqrted, the core
interest in recent years. The interest arises, in part, from theStructure varying from butterfly-like, cubane-like, adaman-
interesting magnetochemical properties of polynuclear com- tane-like, tetrahedral, rhomboidal, linear to “pair-of-dimer”,
plexes. One of the focuses in this respect is to achieve @nd others:” Surprisingly, the trigonal Mpstructure with
molecular systems with high-spin ground states via intramo-
lecular ferromagnetic coupling or ferromagnetic-like effects, (4) (a) Saudo, E. C.; Grillo, V. A; Knapp, M. J.; Bollinger, J. C;
which are attractive as potential precursors to molecular Efﬁzr‘;i’i'_ J(b)C'A;u"é)?;"dg_Ck,\j_ogj;Dbil'?‘é;’cnl”séfuﬁ,gir?i_fhfrg’yiggf 5.
magnetic materials or as single-molecule magnets (SMMs). Wemple, M. W.; Brunel, L. C.; Maple, M. B.; Christou, G.;
Another important impetus for investigating polynuclear Mn uegdfi\cl\ljzmlg- RI/IJ- V/?/”_l- g‘]i%ms- ngl'a% Tls?g 4&?&-.(%) rﬁgtt)g:; S(-; .
clusters lies in their biological relevance. It has become Hénd’rickson? D. N.J. Am. Chem. Sod996 118,7746. (d) Wang, |
accepted that the water-oxidizing complex (WOC) of Photo-
system |l contains a tetranuclear manganese aggregate,

S.; Wemple, M. S.; Tsai, H.-L.; Folting, K.; Huffman, J. C.; Hagen,
K. S.; Hendrickson, D. N.; Christou, Ghorg. Chem200Q 39, 1501.
(e) Andres, H.; Basler, R.; Gudel, H.-U.; Aromi, G.; Christou, G.;
Buttner, H.; Ruffle, BJ. Am. Chem. So200Q 122, 12469. (f) Yoo,
J.; Brechin, E. K.; Yamaguchi, A.; Nakano, M.; Huffman, J. C;
Maniero, A. L.; Brunel, L.-C.; Awaga, K.; Ishimoto, H.; Christou,
G.; Hendrickson, D. NInorg. Chem.200Q 39, 3615.

(5) (a) Ferreira, K. N.; lverson, T. M.; Maghlaoui, K.; Barber, J.; lwata,
S.Science2004 303 1831. (b) Rutherford, A. W.; Boussac, 8cience
2004 303 1782. (c) Mukhopadhyay, S.; Mandal, S. K.; Bhaduri, S.;
Armstrong, W. H.Chem. Re. 2004 104,3981. (d) Zouni, A.; Witt,
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a layer of the methaneiwater buffer solvent (10 mL, in 1:1 volume
ratio), which was in turn layered carefully by a methanol solution
(5 mL) of the HL ligand (1 mmol, 0.20 g, 0.2 mol&). The tube
was sealed and left to stand at room temperature. Mauve crystals
of 1 appeared in 2 weeks. According to elemental analyses and IR
spectra, the polycrystalline samplelofan be prepared by mixing
the reactants directly in the methaneVater solution (in 1:1 volume
ratio) with a yield of 56.2%. Anal. Calcd for Hs4Clo-
MnyN1,0:4 C, 53.98; H, 3.40; N, 10.49. Found: C, 53.69; H, 3.86;
N, 10.48. IR (cml): 1588s, 1481s, 1460s, 1299m, 1274s, 1250m,
1148m, 1095s, 865m, 778m, 751m, 622m, 588m, 529m, 517m.
Caution! Although not encountered in our experiments, per-
chlorate salts in the presence of organic ligands are potentially
explosive. Only a small amount of the materials should be prepared

a Mn atom at the center (centered trigonal cluster) has notand handled with care. _ _
yet been reported, although the topology is rather simple and  Crystallographic Studies.Diffraction intensity dqta of the single
may exhibit interesting magnetic properties: the ferromag- crystal of 1 were collected at 293 K on a Nonius Kappa CCD

netic interaction between the central metal ion and the apica

ones would lead to a® = 10 ground state with the spin

structure illustrated in Scheme 1a, while the antiferromag-

netic interaction would lead to a8= 5 ground state with

|diffractometer, equipped with graphite-monochromated Mo K

radiation ¢ = 0.710 73 A). Empirical absorption corrections were
applied using the Sortav prograAll structures were solved by
the direct method and refined by the full-matrix least-squares
method or2 with anisotropic thermal for all non-hydrogen ato#s.

the spin structure iII_ust_rated in Scheme 1b. A tetranuclear Hydrogen atoms were placed at calculated positions and refined
Fe(Ill) cluster with this simple topology and double methoxo isotropically.

bridges [Fe(OCHs)s(dpm), where Hdpm= dipivaloyl-

Crystal data: @Hs4CloMngN1,014, fw = 1601.93, tetragonal,

methane] has been reported to behave as a single-molecul®4, a = 16.5007(4)c = 14.9099(4) AV = 4059.56(18) & T =
magnet in which the double methoxo bridges mediate 293 K, Z = 2, u(Mo Ka) = 0.738 mn1i, 50714 reflections

antiferromagnetic interaction to give rise to the expe@ed

measured, 9250 uniquB; = 0.1517), GOF= 1.043,R1 = 0.568

= 5 ground state (Scheme 1b). Herein, we reported the for 4485 observed reflections;R2(F?) = 0.1035 for all data.

structural and magnetic characterization of the first;Mn
cluster that exhibits this interesting topology. The compound,

[Mn4Lg](ClOy)2 (1, HL is the Schiff base derived from

Results and Discussion

Synthesis. Compound1 has been obtained by slow

2-pyridylaldehyde and 2-aminophenol), contains the trigonal diffusion between the aqueous solution containing manganese

Mn(I)[( u2-phenoxoyMn(ll)] 5 cluster core in which very

perchlorate and sodium azide and the methanol solution

weak ferromagnetic interactions are operative through the containing the Schiff base HL. By carrying out the reaction

double phenoxo bridges, leading tdSa= 10 ground state
not well isolated from other low-lying states.

Experimental Section

Materials and Physical MeasurementsAll the starting chemi-

of Mn(ll) and HL in the presence of azide ions, we initially
intended to synthesize Mn(HL complexes with azido ions

as bridges, as we have done successfully with other Schiff
bases? However, in the present case it turned out that the
azido ion is absent in the final product. Nevertheless, it seems

cals were of A. R. grade and used as received. The L ligand wasthat the azido salt plays an important role in the formation
prepared by the condensation reaction of 2-pyridylaldehyde with of 1. We carried out the reaction in the same solvent system
2-aminophenol in ethanol according to the literature procediure. in the absence of sodium azide, but the color (yellow) and
Elemental analyses (C, H, N) were performed on an Elementar infrared spectrum of the product were inconsistent with that
Vario EL analyzer. The IR spectrum was recorded on a Nicolet 5f 1 and the analytical data suggested a complex of
Magna-IR 750 spectrometer equipped with a Nic-Plan Microscope. composition [Mn(L)(HL)ICIQ. Thus, it is likely that the

The electrospray mass spectrum (ESI-MS) was obtained on a LCQ
system (Finnigan MAT). Temperature-dependent magnetic mea-
surements were carried out on a Quantum Design SQUID MPMS
XL-7 magnetometer with an applied field of 500 Oe, and field-

azide salt acts as a base to deprotonate the phenol group of
the HL ligand so that the phenolate oxygens can act as
bridges. Along this line, we attempted to synthediie the

dependent measurements were performed on an Oxford MagLabPresence of other bases such as _NaOAC apl Estead of
2000 magnetometer at 1.8 K. Diamagnetic corrections were madeNaNs, but all these efforts were in vain: the color (dark-

with Pascal’'s constants.

Synthesis of [MnyLg](ClO 4),, 1. Above an aqueous solution (10
mL) of Mn(ClQ,),-6H,O (1 mmol, 0.36 g, 0.1 mol t!) and NaN
(2 mmol, 0.13 g, 0.2 mol t1) in a test tube was carefully added

(7) Murray, K. S.Adv. Inorg. Chem 1996 43, 261 and references therein.

(8) Barra, A. L.; Caneschi, A.; Cornia, A.; de Biani, F. F.; Gatteschi, D.;

Sangregorio, C.; Sessoli, R.; Sorace,JJLAm. Chem. S0d999 121,
5302.
(9) Bamfield, P.; Price, R.; Miller, R. G. J. Chem. Soc. (A)969 1447.
(10) O’Connor, C. JProg. Inorg. Chem1982 29, 203.
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brown) and the infrared spectra of the resulting solid products

(11) (a) Blessing, R. HActa Crystallogr.1995 A51, 33. (b) Blessing, R.
H. J. Appl. Crystallogr.1997, 30, 421.

(12) (a) Sheldrick, G. MSHELXTL Version 5.1; Bruker Analytical X-ray
Instruments Inc.: Madison, WI, 1998. (b) Sheldrick, G. SHELXL-
97, PC Version; University of Giingen: Gidtingen, Germany, 1997.

(13) (a) Ribas, J.; Escuer, A.; Monfort, M.; Vicente, R.; Certe.; Lezama,
L.; Rojo, T.Coord. Chem. Re 1999 193—-195 1027 and references
therein. (b) Gao, E.-Q.; Bai, S.-Q.; Yue, Y.-F.; Wang, Z.-M.; Yan,
C.-H. Inorg. Chem 2003 42, 3642. (c) Gao, E.-Q.; Yue, Y.-F.; Bai,
S.-Q.; He, Z.; Zhang, S.-W.; Yan, C.-Bhem. Mater2004 16, 1590.



Tetramanganese(ll) Cluster

Table 1. Selected Bond Lengths (A) and Angles (deg) for Complex

Mn1-01 2.133(3) Mn2-01 2.159(3)
Mn1-N1 2.281(5) Mn2-02 2.183(3)
Mn1-N2 2.222(4) Mn2-03 2.166(3)
Mn3—02 2.142(3) Mn3-N4 2.217(4)
Mn3—-03 2.128(3) Mn3-N5 2.272(4)
Mn3—-N3 2.296(4) Mn3-N6 2.226(4)
01-Mn1-O1A  81.35(18) O+Mn2—-01A 80.18(17)
01-Mn1-N1 139.99(15) 0:Mn2-02 94.30(11)
01-Mn1-N2 73.25(15) 0+Mn2-03 95.46(11)
O01-Mnl1—-N1A 103.02(14) O+Mn2—-02A 171.02(11)
0O1-Mnl1—N2A 124.61(13) O0+Mn2—-03A 92.93(11)
N1-Mn1—N1A 98.4(2) 02-Mn2—02A 92.02(15)
N1-Mnl1-N2 71.87(18) 02-Mn2—-03 80.48(11)
N1-Mn1—N2A 94.02(16) O2Mn2—03A 91.87(11)
N2—Mn1-N2A 158.7(2) 03-Mn2—-03A 169.03(16)
02—Mn3—-03 82.30(11) O3Mn3—N3 142.64(12)
02—-Mn3—N3 102.11(12) 03Mn3—N4 73.59(13)
02—Mn3—N4 119.92(12) 03-Mn3—N5 105.35(13)
02—Mn3—N5 142.25(13) 03-Mn3—N6 125.00(13)
02—Mn3—N6 73.97(13) N4Mn3—N5 97.46(14)
N3—Mn3—N4 72.22(14) N4-Mn3—N6 159.88(14)
N3—Mn3—N5 93.63(12) N5-Mn3—N6 71.56(14)

) o ) N3—Mn3—N6 91.28(13) Mn+0O1-Mn2  99.24(13)
Figure 1. Perspective view of the tetramanganese cluster with the atom- Mn3—02—Mn2 98.13(11) Mn3-03—Mn2 99.09(12)
labeling scheme. Thermal ellipsoids were drawn at 30% possibility. C8—01-Mnl 116.9(3) C801-Mn2 131.7(3)

. ) ) C36-02—Mn2 129.5(3) C36:02—-Mn3 116.6(3)
were all inconsistent with those df It seems that NajN C20-03-Mn2  128.8(3) C26-03-Mn3  116.0(3)

provides the most suitable basicity that induces the formation
of 1. Presumably, the other bases mentioned above, whose
basicity is stronger than that of NgNnay lead to hydrolysis ~ ments: the N(pyridyh-Mn—N(azomethine) and O(phen-

aSymmetry code A:—x + 1, -y + 2,z

and oxidation of the Mn(ll) ion. Moreover, the OAgon oxo0)—Mn—N(azomethine) bite angles of the ligands are
may coordinate with manganese ions, competing with L to restricted to values smaller than°7the cis OFMn1—N2A,
prevent the formation of. 02—-Mn3—N4, and O3-Mn3—N6 angles are enlarged to

The IR spectrum of the complex exhibits a strong 120-12%, and the trans O(phenoxeMn—N(pyridyl) angles
absorption at 1588 cm due to thev(C=N) vibration of the (O1-Mn1—N1, 02-Mn3—N5, and O3-Mn3—N3) vary
Schiff ligand. The very strong absorption centered at 1095 from 140.0 to 142.6, which deviate from the ideal angle
cmtindicates the presence of the perchlorate ion, and most(180°) by as much as about 40All six L ligands in the
of the other bands are attributable to the absorptions of thecluster are further coordinated to the central Mn2 atom via
pyridyl and phenyl fragments in the L ligand. The complex their phenolate oxygens, completing a pseudo-octahedral
is insoluble in water but soluble in ethanol, methanol, and [MnOg] coordination environment around Mn2, and hence,
DMF. The ESI-MS spectrum of the complex in ethanol did each apical Mn(ll) ion is linked to the central one through a
not exhibit any peak corresponding to the tetranuclear cluster.double phenoxo bridging moiety. The distortion of the Mn2

Structural Characterization. The crystallographic analy-  sphere is much less significant than that of the apical Mn(ll)
sis revealed that the structure bfconsists of tetranuclear  spheres. The cis ©Mn2—0 angles are in the range of
Mn(ll) cluster dications, [MglLg)?", with perchlorate ions  80.2-95.5°, and the trans angles are about 170he
as counterions. A perspective view of the cluster is shown Mn2—0O distances fall in a narrow range of 2.1593)
in Figure 1 with selected bond distances and angles listed in2.183(3) A and are slightly longer than the Mn(apieal)
Table 1. ones. Detailed examination of the bond parameters around

The cluster ion contains a Mn(l1)}¢-O)Mn(ll)] 5 trigonal Mn2 shows the coordination environment approaches 3-fold
core with a Mn atom (Mn2) at the center and three Mn atoms symmetry very closely.

(Mn1, Mn3, Mn3A) at the apexes and lies on a crystal- The independent double-phenoxo bridging moieties in
lographic 2-fold axis that passes through Mn2 and Mn1. Each the cluster show only minor differences. The M@—Mn,

of the apical Mn(ll) ions is ligated by two deprotonated L O—Mn(apical)-O, and G-Mn2—0 angles are in the narrow
ligands, which are tridentate via the pyridyl nitrogen, imine ranges of 98.499.2, 81.3-82.#, and 80.2-80.5, respective-
nitrogen, and phenolate oxygen atoms, to complete a highlyly, while all the Mrr--Mn distances spanned by the phenoxo
distorted octahedral [MniD,] sphere. Although Mnl1 and  bridges are equal within experimental error, taking the value
Mn3 are crystallographically independent, their bond dis- 3.27 A. Due to the presence of the 2-fold axis through the
tances and angles are similar. As expected, the-Mn  cluster, the four Mn atoms are strictly coplanar and form
distances [2.217(4)2.296(4) A] are longer than the MO a centered isosceles triangle. The apical angle-MKk®11---
ones [2.133(3)2.142(3) A]. The three donor atoms of each  Mn3A is 58.8, and the basal and side edge lengths are,
ligand occupy the meridional positions around the metal ion respectively, 5.69 (Mn3-Mn3A) and 5.59 A (Mn1:-Mn3).

and form two five-membered chelate rings, imposing very  The Mn1-01-Mn2—01A bridging ring is strictly planar,
large angular distortions upon the coordination environ- which is imposed by the 2-fold symmetry, and the Mn2

Inorganic Chemistry, Vol. 44, No. 3, 2005 679
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02A—Mn3A—03A and Mnt-O1-Mn2—01A rings, respec- 8 15 TRE I ¢ 55 o5
tively. Therefore, the tetranuclear molecule has a propeller @ 4q | I RS 7 F - S
shape and is chiral. Neighboring molecules are related by 4 ® 55
rotations to give a heterochiral but noncentrosymmetric o e
structure. The molecules in the crystal are well separated from 0 | | | | | | L
each other with the shortest MrvIn distance between neigh- 6 1 2 3 4 5 6 7 8 9 10
boring clusters being 10.34 A. The perchlorate ions reside be- Total spin S
tween the tetranuclear clusters, and there are wedk-€O Figure 4. Relative energy levels of th&, Sa[spin states, wher8is the

hydrogen bonds between the cluster and the perCh'OratetOtal spin of the cluster anf is the spin sum of the three apical Mn ions.

ion: C15-H---06(—x + 2, —y + 1,2) and CE-H---07(, whereSy = Su + Se + Sis We neglected the interactions

—X+2,—z+ 1). The H--O and G--OAdistanc;s and the  p,oreen apical Mn(ll) ions. The eigenvalues of the above
C—H---O angle are, respectively, 2.52 A, 3.35 A, and 148.7 Hamiltonian, omitting the common terd&(S + 1)/2, are
for the former and 2.57 A, 3.19 A, and 124 r the latter. given by

Through these hydrogen bonds each perchlorate ion bridges
two clusters and each cluster interacts with four perchlorate E(SS) = —(I2)[S(S+ 1) — Su(Sy + 1)]
ions, resulting in the 3D structure af(Figure 2).

Magnetic Properties. The molar magnetic susceptibility =~ whereS s the total spin of the cluster arfg is the spin
() of the cluster was measured at 500 Oe in the3@0 K sum of the three apical Mn ions. There are a total of 42
temperature range (Figure 3). Th& value per cluster at  energy levels with differenSr and Sy values (Figure 4).
300 K is 17.6 emu mof K, corresponding to the spin-only  Applying the eigenvalues to the van Vleck equation yields
value (17.5 emu mot K) expected for four isolated high-  a theoreticaly vs T expression
spin Mn(ll) ions. Upon cooling, thgT product increases

monotonically and reaches 25.0 emu MdK at 2 K. The Z; S(S+ 1)(2S+ 1) exp[-E(SS,)/KT]
1/ vs T plot obeys the CurieWeiss law with6 = 1.5 K B Ng’p°
andC = 17.8 emu mot! K. These features suggest thata %~ _

o o . 3K(T - ©)
ferromagnetic interaction is operative through the double Z (2S+ 1) exp-E(SS,)/KT]
phenoxo bridges. Z

Taking into account that the bridging parameters (M1 _ _
and Mn+-Mn distances and MRO—Mn angles) exhibit only ~ where the symbols have their usual meanings. The

slight differences for the Mn2Mn1 and Mn2-Mn3 pairs, parameter has been introduced to correct for secondary
we apply the Heisenberg model to describe the exchangeeffects arising from zero-field splitting and intermolecular

between the central() and apical &, S», andSy) spins  interactions. Since the clusters are well separated in the
crystal lattice, the intermolecular interactions should be very

H=-J8S,+S8S.,+ 889 =—I8S, small, if any. The main secondary effect should be the zero-

680 Inorganic Chemistry, Vol. 44, No. 3, 2005
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measured
uncoupling S = 5/2 system
----8§=10

1 2 3 4 5 &

HIT

Figure 5. Field dependence of magnetizationlodit 1.8 K (scattered open
circles). The lines represent the magnetization pei Muster calculated
from the Brillouin function with different spins.

field splitting of the Mn(ll) ion in the highly distorted
coordination geometry. The least-squares simulation of the orthogonality is achieved, overall ferromagnetic couphfi.
experimental data by this expression wghixed at 2.00
yieldedJ = 0.31 cmtt and® = —0.93 K. The small and
positiveJ values suggest the double phenoxo bridges in the magnetic interaction changes from antiferromagnetic to
cluster mediate a very weak ferromagnetic interaction. The ferromagnetic at a certain angle (in most cases aroufid 98
ferromagnetic interaction tends to align the four Mn(Il) spins However, magnetostructural analyses for coupled Mn(ll) and
in parallel, yielding a ground state with the highest spin Fe(lll) complexes are far more difficult intrinsically due to
(S= 10 with Sy = 15/2, Scheme 1a).

To further verify the weak ferromagnetic interaction,
magnetization vs field measurements have been performedaccount for high-spin®dons!!’Nevertheless, some semiem-
at 1.8 K. The molar magnetizations per Meluster in the
field range of 0-6 T are shown in Figure 5 together with
the Brillouin magnetization curves for the uncoupled Mn
cluster and th&= 10 and 5 coupled states. The solid curve
represents the theoretical magnetization of the, kloster
in which the fourS = 5/2 ions are magnetically isolated
(J = 0). When ferromagnetic coupling exists between the
central and peripheral Mn(ll) ions, the magnetization will
saturate more rapidly than that in the uncoupled system. If magnetic coupling mainly to the distortion of the coordination
the ferromagnetic coupling is increased and becomes stronggeometry based on extendeddkel MO calculations.
enough to give a well-isolate® = 10 ground state, the

ground state is only about 24% at 1.8 K, and as expected, it
decreases as the temperature is increased. Accordingly, the
measured magnetization has more contributions from excited
states of lower spins than from the ground spin. The above
discussion is qualitatively valid, although we have ignored
zero-field splitting effects. The negativ® value suggests
that the zero-field splitting effects should cause a decrease
in magnetization, so the phenomenon that the magnetization
of 1increases more rapidly than that of the uncoupled system
should be due to ferromagnetic coupling between Mn(ll)
ions.

Although ferromagnetic coupling between Mn(ll) ions is
well established for the azide bridge in thel,1 mode'?
the ferromagnetic coupling between Mn(ll) ions mediated
by the phenoxo bridge id is rare. For dimeric Cu(ll) or
Ni(ll) complexes it is well known that bigtphenoxo), bis-
(u-alkoxo), and big(-hydroxo) bridges can mediate overall
antiferromagnetic coupling or, in the case that accidental

Good correlations between the exchange intedahd the
M—0O—M bridging angle have been established, and the

complications arising from the larger numbers of magnetic
orbitals and exchange pathways that have to be taken into

pirical correlations betweehand bridging parameters have
been reported for diiron(lll) complexes containipgphe-
noxo, u-alkoxo, oru-hydroxo bridges/ suggesting thaf
correlates strongly with FeO distances whereas its depen-
dence on the MO—M bridging angle is very weak. It is
interesting to note that nearly all these diiron(lll) complexes
display antiferromagnetic interactions, and only one has been
reported to be ferromagneti# The authors ascribed ferro-

The number of oxygen-bridged dimanganese(ll) complexes

magnetization should approach the theoretical Brillouin curve is much smaller than that of the Fe(lll) analogues, probably
for S= 10 (the dashed curve in Figure 5). On the other hand, due to the tendency of Mn(ll) to be oxidized. A number of
if the coupling were antiferromagnetic, the magnetization dimanganese(ll) complexes with a phenoxo bridge and one
would increase less rapidly than that in the uncoupled system.or two other bridges (frequently carboxylato groups) have
The dotted Brillouin curve saturating at 1Q3Neepresents  been reporte®?* among which all the magnetically char-
the case that the antiferromagnetic interaction is strong acterized species were found to exhibit antiferromagnetic

enough to give a well-isolate8 = 5 ground state. In the
present case df, the magnetization increases more rapidly
than that of the uncoupled system and saturates ai20
confirming the ferromagnetic interaction, but it saturates
much more slowly than that in th®@= 10 Brillouin curve,
consistent with the weakness of the ferromagnetic interaction (15) (a) Hay, P. J.; Thibeault, J. C.; Hoffmann,RAm. Chem. Sod975
and the presence of secondary effects v@th< 0. In fact,
for J = 0.31 cm! the spin states are poorly isolated with
the first excited statg$, Sa[= |9, 13/2) at only 0.78 cm*
above thes= 10 ground state. According to the Boltzmann
distribution law we calculated the population distribution of

the spin states at zero field and different temperatures. With

J = 0.31 cm?, the population percentage of tige= 10

(14) (a) Crawford, V. H.; Richardson, H. W.; Wasson, J. R.; Hodgson, D.
J.; Hatfield, W. Elnorg. Chem1976 15, 2107. (b) Merz, L.; Haase,
W. J. Chem. Soc., Dalton Tran98Q 875. (c) Handa, M.; Koga, N.;
Kida, S.Bull. Chem. Soc. Jpri.988 61, 3853. (d) Thompson, L. K;
Mandal, S. K.; Tandon, S. S.; Bridson, J. N.; Park, Mliarg. Chem.
1996 35, 3117.

97, 4884. (b) Lofsch, J.; Quotschalla, U.; Haase, Worg. Chim.
Acta 1987 131, 229. (c) Hodgson, D. Prog. Inorg. Chem1975
19, 173. (d) Nanda, K. K.; Thompson, L. K.; Bridson, J. N.; Nag, K.
J. Chem. Soc., Chem. Commu®94 1337.

(16) Ginsberg, A. Plnorg. Chim. Acta Reul971, 5, 45.

(17) (a) Werner, R.; Ostrovsky, S.; Griesar, K.; Haase,l\érg. Chim.
Acta2001, 326, 78 and references therein. (b) Gorun, S. M.; Lippard,
S. J.Inorg. Chem.1991, 30, 1625.

(18) Snyder, B. S.; Patterson, G. S.; Abrahamson, A. J.; Holm, R.. H.
Am. Chem. Sod989 111, 5214.
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intramolecular interactions with-J < 10 cnt®. For (u- As mentioned, in the present Miomplex some cis bond
phenoxo)big(-carboxylato)dimanganese(ll) complexes, Dubois angles around the apical Mn(ll) ions are expanded up té 125
et al. established recently a rough linear magnetostructuraland some trans angles are reduced to about. 1ginilar
correlation between thd value and the average Mn distortion occurs for the ferromagnetic hisglkoxo)diman-

O(phenoxo) distanced(in-o0), and the general trend isJ ganese(ll) complexé while the ferromagnetic big¢phe-
decreasing asly,-o increased® Some dimanganese(ll) noxo)dimanganese(ll) complex exhibits more significant
complexes with the bigtphenoxo), big¢-alkoxo), or bis- distortion: the chelating carboxylato group dictates a very
(u-hydroxo) bridge have also been report&d? While most small cis angle of 55 and the four largest angles lie in the

of them exhibit antiferromagnetic couplingd < 10 cni?) narrow 133-140° range®® It is difficult to distinguish the
with dyn—o = 2.07—2.16 A2 only a bisf-alkoxo) complex cis and trans angles in such a structure. On the other hand,
and a bisg-phenoxo) complex, both witby,—o = 2.15 A, the antiferromagnetic species exhibit relatively small distor-
have been found to exhibit weak ferromagnetic interactions tion. The largest distortion was observed for [Mn(SALRS)]

(J = 1.0 and 0.8 cml, respectivelyf32* In the present {SALPS =  N,N'-[1,I'-dithiobis-(phenylene)]bis-

ferromagnetic big(-phenoxo)-bridged Mn complex, the (salicylideneaminatpj?2in which the largest cis angle and
Mn—O distances are between 2.13 and 2.18 A. Apparently, the smallest trans angle are 208nd 153, respectively.
with these limited data it is impossible to deduce a correlation Although the data available are limited, the above observation
between the nature of the coupling adg,—o for these may suggest that the nature of magnetic coupling in this class
complexes. We also compared these complexes in terms ofof complexes correlates with the distortion of the coordina-
the Mn—O—Mn bridging angle (8#103) and the Mn:- tion geometry. Perhaps the distortion, in conjunction with
Mn distance (2.983.37 A), and no simple magnetostructural other factors, dictates a proper relative orientation for the
correlation is evident concerning the nature and magnitudeinteracting magnetic orbitals so that accidental orthogonality
of the magnetic coupling. However, close inspection into is achieved. This proposal, in accordance with the extended
structural data reveals that the metal environments in the Hiickel MO calculations for an Fe(Ill) specié&s very rough
ferromagnetic species are highly distorted from octahedral. and only tentative, and theoretical calculations and more
experimental data are needed to verify and revise it.
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