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Dinuclear manganese(III,IV) and (IV,IV) complexes, [an—
(N4—py)2(0)2](C104)3-H20 (1) and [an(N4—py)2(O)2](C104)4°CH3CN-—
HZO (2), were prepared, where N4—py represents tris(2-pyridyl-
methyl)amine. Both complexes 1 and 2 exhibited strong anti-
ferromagnetic interaction with J=-159 and -137 cm_l, respectively.

55

ESR spectrum of 1 showed a sixteen Mn hyperfine pattern at g=2,

which is indicative of a Mn(III,IV) trapped valence state.

Dinuclear or tetranuclear manganese site involved in photosystem II in green
plants has been known to play an essential role in the oxidation of water to

1)

molecular oxygen. Although details of structure of the manganese site and reac-
tion mechanism associated with water oxidation are still ambiguous, manganese ions
undergo higher oxidation states in the catalytic cycle. Dinuclear and tetra-

nuclear manganese complexes in higher oxidation states such as three and four are
important as model compounds for the manganese site in PS II. However, there have

been reported only a limited number of dinuclear manganese(III,IV)2—4) and
(IV,IV)S)

of both manganese(III,IV) and (IV,IV) complexes with the same ligand system.

complexes, especially only one example has been known for the isolation
2a,5a)

In this communication, we report the syntheses and some physicochemical
properties of dinuclear manganese(III,IV) and (IV,IV) complexes with two oxo
bridges, [Mn2(N4—py)2(O)2](C104)3-H20 (1) and [Mn2(N4—py)2(O)2](C104)4-CH3CN-—
H,0 (2), where N,-py is tris(2-pyridylmethyl)amine.

Complex 1 was prepared as follows: To a solution of N4—py (1 mmol) and
Mn(ClO4)2-6H20 (1 mmol) in 20 cm3 of H,0 was added several drops of 35% H,0,.
The pH of the solution was adjusted to ca. 8 by adding an aqueous solution of
NaHCO3. The resulting dark green solution was left to stand overnight to give
dark green crystals. Recrystallization was carried out from hot water. Found: C,
41.64; H, 3.49; N, 10.59%. Calcd for C36H36N802(C104)3Mn2-H20: C, 41.62; H, 3.69;
N, 10.79%.

Complex 2 was obtained by electrochemical oxidation of 1 in acetonitrile at
1.20 V vs. SCE. During the oxidation green powder was precipitated out. Found:
Cc, 38.85; H, 3.68; N, 10.65%. Calcd for C,_H, N,O (C104)4Mn *CH,CNeH,0: C, 38.70;

36736 2 3 2
H, 3.50; N, 10.69%.
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The average oxidation state of manganese ions in 1 was determined by the
redox titration: manganese(III) and (IV) ions were reduced to manganese(II) by
the reaction of a calculated amount of excess oxalic acid and then the amount of
remaining oxalic acid was titrated by a potassium permanganate standard solution.

The result thus obtained proved that the average oxidation state of the manganese

ions is 3.5 (the experimental value=3.4). The molar conductivities of 1 and 2 in
acetonitrile are 406 and 501 Q—l cm2 mol_l, indicative of a 3 : 1 electrolyte and a
4 : 1 one, respectively. On the basis of the average oxidation state of manganese

ions, and the molar conductivity data as well as electrochemical and magnetic
properties (vide infra), it is concluded that complexes 1 and 2 are formulated

I11T,, IV v
as [Mn~ "~ "Mn (N4—py)2(0)2](C104)3-H20 and [Mn2 (N4-py)2(0)2](C104)4-CH3CN'H20,
respectively, where two manganese ions are linked by two oxo bridges as was found

]3+ or 4+ ) The presence of aceto-

1

in [an(phen)4(0)2 (phen=1,10—phenanthr01ine).2c
nitrile in 2 was confirmed by the appearance of the Vv(CN) of CH3CN at 2240 cm
in the IR spectrum.

Figure 1 shows a cyclic voltammogram of 1 in acetonitrile containing ca. 0.1
3 (n—C4H9)4NC104
electrode. The complex exhibits two sets of reversible redox waves at 0.24 (Eal)
and 1.04 (Ebl) V vs. SCE. Controlled potential electrolysis of 1 was carried oét
in order to éetermine the numbers (n) of electron transfered in the above two

processes. The reduction at 0.00 V and the oxidation at 1.20 V (vs. SCE) gave the

mol dm~ at glassy carbon electrode by using an SCE as reference

n value of 0.97 + 0.02. Thus the above two redox couples correspond to the redox
reactions of Mn(III,IV)/Mn(III,III) and Mn(IV,IV)/Mn(III,IV), respectively. From
the separation of Eal and Ebi, comproportionation constant (K at 20 °C) of the
following reaction ié calculéted to be 5.8 x 1013, indicating that the mixed
valence complex is considerably stabilized.
[MnIV—MnIV] + [MnIII—MnIII];::::2[MnIII—
The magnetic moments (peff/an) of 1 and 2 varied from 2.33 and 2.23 B.M. at
300 K to 1.79 and 0.66 B.M. at 80 K, respectively. Figure 2 shows temperature

MnIV]

dependences of the magnetic suscepti-
bilities of 1 and 2 over the temperature
range 80 - 300 K. The results were 10pA [
analyzed by an isotropic spin-spin

exchange interaction model (K=—2Jsl-82).
The experimental values were well inter-
preted in terms of the following para-

1 p1p=100 x 107% emu

meters: J=-159 cm
mol_l, impurity=0.3% as monomeric manga-

nese(III) complex for 1; J=-137 em™!, TIP

=100 x 10°% emu mo17}, impurity=0.25% as . . . .
monomeric manganese(III) complex for 2, 1.5 1.0 0.5 0.0
where g=2.00 was used for fitting. Thus E/V vs. SCE

both complexes exhibit strong antiferro- Fig. 1. Cyclic voltammogram of 1 in

magnetic interaction between Mn(III) and acetonitrile. The scan rate is 100
-1

(IV), and Mn(IV) and (IV) ions, respec- mV s
tively. These values are comparable to
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3+ 4+

those of [an(phen)4(0)2]

(J=-134 - -150 cm_l) and [Mn, (phen),h(0),] (J=-144
2 4 2
2b,c)

cm_l), indicating that the structures of the present complexes are similar to
those of the above phen complexes.

The frozen solution ESR spectrum of 1 exhibits a sixteen 55Mn hyperfine
pattern at g=2 at 77 K (Fig. 3a). The spectrum showed no appreciable change in
shape upto 200 K. Such a sixteen hyperfine pattern at g=2 is expected for an anti-
ferromagnetically coupled Mn(III,IV) dimer with a spin state of S=1/2 where two
manganese ions are inequivalent. A simulation of the spectrum was carried out by
using the following spin Hamiltonian,

H=ngHzSz + ngB(HXsX + H sy) + A 4S8 I 4+ Axyl
Axy2(sx1x2 y y2)

A preliminarily simulated spectrum is given in Fig. 3b. The resonance fields are

almost reproduced by using the parameters (gz=gxy=2.002, Azl=AXy1=151 G, and

A22=Axy2=75 G). Introduction of small anisotropies in g (2.002 - 2.007) and A

(a few gauss) tensors caused no significant change in spectrum. Little anisotropy

v (8,Tp1 + SyTy1) * B p8,T,5 +

in g and A tensors implys that the structures of two manganese moieties are close
to the regular octahedron. ESR results indicate that the complex is in a firmly
trapped mixed valence state.

Complex 1 showed absorption bands in acetonitrile in the visible region at

15200 cm—1(€=620 mol_1 cm_1 dm3J, 17830 cm-1(€=760 mol_1 cm_1 dm3), and 22570 cm_1
(€=1490 mol'—1 cm—1 dm3), which resemble those of [an(phen)4(0)2]3+ except for
-1 2a)

the absence of intervalence band (IT) at ca. 12000 cm The absence of IT
band in the present complex suggests that degree of electron delocalization is
smaller than that in the phen complex. The absorption spectrum of 2 in aceto-
nitrile showed several bands in the visible and near infrared regions, which is
4(0)2]4+ :
The absorption bands of 2 were located at 11800 cm ~(shoulder:

quite different from that of [an(phen) that has no absorption bands in the

. . 2a
visible region. )

5.0F
n (a)
.64 4 (a)
2 -0
=1
£
v 3.0f
]
T
o 2.0
< (b) (b)
Xﬁ
1.0p
ot L 1 i ) L | 1
100 200 300 0.25 0.30 0.35 0.40
T/K H/T
Fig. 2. Temperature dependence of Fig. 3. ESR spectrum of 1 in aceto-
magnetic susceptibilities of 1 (a) and nitrile at 77 K (a) and a simulated
2 (b). one (b) obtained with the parameters

described in the text.
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€2200 mol™t em”? dm3), 12500 cmgl(shoulder: €~240 mol t em ™! dm3), 15600 cm t
(e~1100 mol™t cm™! dm3), 16700 cm (shoulder; €~900 mol ' cm * dm>), 18800 cm -
(£~1000 mol t em™} am3), 21700 cm ! (shoulder: e~3100 mol * cm™} dm>), and 23990

cm 1 (€%5000 mol™ ! em ! dm?)

to show two d-d bands (4A29————a4T2g and 4Tlg in Oh symmerty) at higher energy

.6) Mn(IV) is isoelectronic with Cr(III) and expected

than Cr(III) complexes. The band at 15600 cm“1 may not be attributable to the
d-d transitions because of its high intensity and low transition energy. We
tentatively assigned the bands to charge transfer transitions from bridging oxo
groups to dm* orbitals of Mn(IV) ions. The bands at higher energy than 15600 cm-1
are probably ascribed not only to the d-d transitions but also charge transfer
transitions from bridging oxo and/or pyridyl groups to dn* and/or do* orbitals of
Mn(IV). The bands at 11800 and 12500 cm-1 are tentatively assigned to the spin
forbidden transitions (4A2g-——-——~2T1g and/or 2Eg). Although the intensity of the
spin forbidden transition is generally very small, such intensity enhancement
(2200 mol ! em ! am?) may be interpreted in terms of cooperative effect in the
dinuclear unit which was also observed in dinuclear high spin iron(III,III) com-
plexes.7)
Recently Ramarai et al. reported that [an(phen or bpy)4(0)2]3+ oxidized H,0

8) The present complex, however, did not show

to 0, in the presence of Ce(IV) ions.
such oxidation in similar conditions.
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