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Trinuclear MnIII-NC-FeIII-CN-MnIII Ferromagnetic System
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Extended structures of magnetic centers linked by cyanides
are of great importance in search of high-temperature
ordering magnetic materials.1 Transition metal cyanides are
generally employed to produce various 1D, 2D and 3D
magnetic structures.2 Magnetic properties of metallopor-
phyrins coupled with numerous organic polynitrile bridges
have been extensively studied by Miller et al.3 However,
metalloporpyrin systems bridged by metallocyanides are
unknown. Recently magnetic bimetallic coordination polymers
containing metallocyanide bridges have been reviewed.4 The
MA-CN-MB-NC- linkages turned out to be very useful for
designing high Tc complex-based magnets. Herein we
describe the synthesis, characterization and temperature
dependent magnetic study of new heterometallic trimer
systems consisted of two cationic Mn(TPP)+ centers con-
nected by anionic Fe(CN)63− or Pd(CN)42−, where TPP is a
5,10,15,20-tetraphenylporphine.

The reaction between equimolar amounts of K3[Fe(CN)6]
and [Mn(TPP)]ClO4 only afforded a discrete trimer with a
[Mn(TPP)(H2O)2]+ countercation monomer, [Mn(TPP)-
(H2O)2][{Mn(TPP)}2{Fe(CN)6}]·8H2O·2CH3COCH3 1

5,
instead of a variety of possible chain structures. No 1D
polymer was observed in repeated experiments. Similar
reaction between [Mn(TPP)]ClO4 and K2[Pd(CN)4] pro-
duced [{Mn(TPP)(H2O)}2{Pd(CN)4}]·2H2O·2CH3COCH3

2
6. The different products are raised by different anionic

charge between Fe(CN)63− and Pd(CN)42−. However, the
trinuclear structural motifs are same. Unlike organic nitrile
bridging ligands, both Fe(CN)63− and Pd(CN)42− ions bridge
two Mn(TPP)+ moieties resulted in discrete heterometallic
trinuclear complexes.

Both complexes were characterized by spectroscopic
methods and X-ray crystallography. The IR spectra of 1 and
2 show ν (CN) bands at 2105 and 2136 cm−1, respectively.
These values are shifted to lower wavenumbers relative to
those of K3[Fe(CN)6] and K2[Pd(CN)4], which show 2117
and 2143 cm−1, respectively. These shifts indicate successful
coordinations of the metallocyanide ligands.7 The molecular
structure of the anionic moiety of 1, [{Mn(TPP)}2-
{Fe(CN)6}]−, revealed by X-ray crystallography is shown in
Figure 1. Because the trimer unit of 1 is a negatively

charged, a countercation [Mn(TPP)(H2O)2]+ locates near the
trimer at perpendicular direction. The angle of TPP rings of
the anionic trimer cluster and the TPP ring of [Mn(TPP)-
(H2O)2]+ is 80.42(3)° from their best fitted planes. The
coordination mode of cyanide to Mn(III) highly deviates
from a linearity, ∠(C(67)-N(7)-Mn(2)) = 148.4(4)o. The
bond distances between Mn(2) and N(7) is 2.116(3) Å. This
bending can be attributed to the sp2 type bonding character
of the cyanides proposed by a previous report.8 We believe
this highly distorted structure and the size of Mn(TPP)+ unit
hinder the formation of a 1D chain structure.5 However, the
bond angle Fe(1)-C(67)-N(7), 177.6(4)o, is close to the
linear value. Two acetone and eight water molecules were
found in the crystal structure as solvates. They exhibited
very complicated hydrogen bonds. 

In addition to the ferricyanide system, we could obtain the
tetracyano palladate(II) system and found that it formed a
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Figure 1. Crystal structure of an anionic trimer of 1 (30%
probability). Selected bond lengths (Å) and angles (°): Fe(1)-C(67)
1.928(5), Fe(1)-C(68) 1.945(5), Fe(1)-C(69) 1.945(5), Fe(1)…
Mn(2) 4.9983(7), Mn(2)-N(7) 2.116(3), N(7)-C(67) 1.160(5),
N(8)-C(68) 1.161(5), N(9)-C(69) 1.163(5); C(67)-Fe(1)-C(67)#

180.00 (1), C(67)-Fe(1)-Mn(2) 165.97(13), Symmetry code #: 1-x,
1-y, 1-z.
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similar discrete neutral heterotrimetallic compound instead
of polymeric structures. The crystal structure of 2 is depicted
in Figure 2. The Mn(TPP)+ moieties of the trimers show
highly distorted saddle-type structures in both 1 and 2. The
r.m.s. deviation of the TPP ring of anionic moiety of 1
[{Mn(TPP)}2{Fe(CN)6}]− is 0.2372 Å. The distance of
Mn(2) to the best plane is 0.2080(9) Å. On the other hand,
the r.m.s. deviation of the TPP ring of [Mn(TPP)(H2O)2]+

moiety is only 0.0401 Å. For 2, the r.m.s. deviation of the
TPP ring is 0.1892 Å.

In order to evaluate the magnetic property of 1, thermal
magnetic susceptibilities of 1 were measured on a SQUID
magnetometer in the temperature range 2-300 K. A plot of
χ
M vs. T for 1 (H = 500 Oe) is shown in Figure 3, where χM

is the molar magnetic susceptibility of the single crystals of
the ion pair. 1 shows a ferromagnetic interaction above 24 K
(9.17 µB at 24 K) and drops of magnetic momentum below
24 K. The drops seem to be caused by zero-field splitting of
MnIII ions.5 However, intermolecular antiferromagnetic
interactions should not be ruled out. The room temperature
value, 8.36 µB (8.74 cm3 K mol−1), is slightly smaller than
the expected uncoupled value of {HS MnIII + LS FeIII + HS
MnIII} trinuclear cluster unit and a HS MnIII cationic unit,
8.66 µB (9.38 cm3 K mol−1). Such a smaller value is often
observed on MnIII compounds which have small g values
(< 2.00). In fact, the ferromagnetic interaction between HS
MnIII (S = 2) and LS FeIII (S = ½) through cyanide-bridge
was previously observed by Miyasaka et al. and Choi et al.7

The magnetic susceptibility above 40 K of 1 follows Curie-
Weiss law (χM = C/(T-θ)) with a positive Weiss constant, θ,

of 12.01 K and C is 8.53 cm3 K mol−1. The positive Weiss
constant indicates the ferromagnetic interaction between
MnIII and FeIII centers.

In conclusion, we have prepared new metalloporphyrins
bearing a metallocyanide bridging ligand and studied the
thermal magnetic property of the MnIII-NC-FeIII-CN-MnIII

system which shows a ferromagnetic behavior above 24 K.
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Figure 2. Crystal structure of 2 (30% probability). Selected bond
lengths (Å) and angles (°): Pd(1)-C(45) 2.007(5), Pd(1)-C(46)
2.000(6), Mn(1)-N(5) 2.225(5), Mn(1)-O(1) 2.298(3), N(5)-C(45)
1.153(5), N(6)-C(46) 1.150(5), C(46)-Pd(1)-C(46)# 180.00(1),
C(45)-Pd(1)-C(46) 91.99(19), N(1)-Mn(1)-N(5) 89.45(14), N(3)-
Mn(1)-N(5) 95.40(14), N(4)-Mn(1)-N(5) 88.04(14), N(1)-Mn(1)-
O(1) 87.49(13), Symmetry code #: -x, -y, -z.

Figure 3. Temperature dependence of the magnetic susceptibility
of 1, χM ( ● ) and μeff ( ○ ).


