
A novel cyano-bridged heteronuclear complex
[Sm(DMF)4(H2O)2Mn(CN)6·H2O]n has been synthesized based
on the reaction of K3Mn(CN)6, Sm(NO3)3·6H2O and N,N-
dimethylformamide (DMF).  The crystal structure shows that
title complex is a one-dimensional chain complex with two cis-
CN bridging ligands between Sm atom and Mn atom.  The
measurement of magnetic property evidences an antiferromag-
netic interaction between Sm and Mn atom.  It is very interest-
ing that title complex exhibits unusual magnetic properties,
such as long-range magnetic ordering, critical temperature Tc =
18 K and stronger coercive force Hc = 600 Oe. 

Recently a considerable effort has been devoted to the
research of cyano-bridged lanthanide-transition metal complexes,
which can show abundant structures and magnetochemistry.1–15

In this paper, we employed N,N-dimethylformamide (DMF) as a
hybrid ligand to synthesize the cyano-bridged chain complex
[Sm(DMF)4(H2O)2Mn(CN)6·H2O]n, which displays a remarkable
variety of magnetic behavior and a rich structural chemistry. 

An ORTEP drawing of this complex molecule with the
atom numbering scheme is given in Figure 1.16 The Sm atom is
eight coordinated consisting of six oxygen atoms from four
DMF molecules and two H2O molecules as well as two nitro-
gen atoms from the two cis-bridging CN ligands.  The bond dis-
tances of Sm–N are 2.527(6) Å (Sm–N(1)) and 2.532(5) Å
(Sm–N(5)), respectively. The bond distances between Sm and
the O atoms from H2O molecules range from 2.394(4) to
2.456(5) Å; and range 2.363(4) to 2.402(5) Å between Sm and
the O atoms from DMF molecules.  The bond angle consisting of

the bridging CN and Sm (C(1)–N(1)–Sm and C(5)–N(5)–Sm) are
159.5(5)°, 161.9(5)° respectively.  The bond angle of
N(1)–Sm–N(5) is 76.10(5)°.  The geometry of the Mn(CN)6

3– ion
is approximately octahedron with the coordination of six CN lig-
ands.  The bond lengths of Mn–C range from 1.978(7) to
2.001(6) Å, and the bond distances of the two cis-bridging CN,
Mn1–C1 and Mn1–C5 are 1.993(6) Å and 2.001(6) Å, respec-
tively.  The two cyano-bridged coordination in the complex leads
to the distortion of the bond angle C1–Mn1–C5 (94.8(2)°).  The
bond angle of Mn–C–N ranges from 173.0(6)° to 178.7(6)°. The
C–N bond distances range from 1.141(9) to 1.162(9) Å. 

There exist two types of hydrogen bond in the unit cell.
One is the intrachain hydrogen bond between the coordinated
water molecule in one complex unit and the CN of another
complex unit.  Another is the interchain hydrogen bond which
is involved in the one uncoordinated water molecule in the
space among the unit cells of the complex.  The O atom of the
uncoordinated water molecule forms the hydrogen bond with
the H atom of the coordinated water molecule while the H atom
of the crystallized water molecule forms the other hydrogen
bond with the terminal group CN, which can be regarded as a
intermolecular hydrogen bond tetrahedron.  It is interesting to
note that because there exist C(1)–Mn–C(5) of 94.8(2)° and
N(1)–Sm–N(5) of 76.10(5)° in the two cis-bridging CN, the
one-dimensional chain structure between Sm and Mn,
–Mn–C(1)N(1)–Sm–N(5)C(5)–Mn–C(1)N(1)–Sm–, seems as if
to be the β-folding chain of protein molecule.

The viable temperature susceptibility (1.5 ~ 300 K) was
measured by a MagLab-2000 magnetometer under the applied
magnetic field of 10000 Oe.  The χm

–1 versus T is nearly a
straight line above 25 K, which it obeys the Curie–Weiss law.
The Curie and Weiss constants, C and θ, are 2.09 cm3 K mol–1

and –20.22 K, respectively, based on the equation χm =
C/(T–θ).  The negative Weiss constant indicates an overall
intramolecular antiferromagnetic interaction between the adja-
cent SmIII (S = 5/2) and MnIII (S = 1) ions through the cyano
bridge at higher temperature range, which is due to the strong L
S coupling of Sm(III).  We further measured magnetic suscepti-
bility for the crystal sample of SmMn in the lower range of
temperature (4 ~ 56 K) under the applied magnetic field of 500
Oe (Figure 2), which shows that there exists weak ferrimagnetic
behavior between 4 K and 25 K.  The χmT value is 1.35 cm3 K
mol–1 at 55.2 K and decreases slowly with decreasing tempera-
ture, down to a minimum value of 0.98 cm3 K mol–1 at 25 K.
Upon cooling, the χmT value increases sharply up to a maxi-
mum value of 6.86 cm3 K mol–1 at 12 K and then decreases
quickly below this temperature.  The weak ferrimagnetic behav-
ior for the one-dimensional structural complex suggests the
onset of three-dimensional magnetic ordering. 
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In Figure 3, the temperature dependence of the alternating
current magnetic susceptibility shows that both in-phase, χ', and
out-of-phase, χ", components of the ac magnetic susceptibility
exist for SmMn in the range of temperature 5 ~ 28 K.  The meas-
urements were made by cooling the compound in a close zero
field and then measuring at driving frequency of 111 Hz with
zero-applied dc field.  The observance of χ" is due to long-range
magnetic ordering in certain extent, and consequently a strong
coercive behavior is expected.  When the external magnet field is
reversed with a certain frequency in the ac susceptibility experi-
ment, the magnetization of the sample must respond to this oscil-
lating external magnetic field.  In the case of a simple paramag-
net the magnetization of the sample can relax very rapidly
(nanoseconds), and can follow the oscillating external field.
Thus no out-of-phase component (imaginary part) of the ac sus-
ceptibility is expected for the simple paramagnet.  If the magneti-
zation of the sample relaxes slowly, then there must be a nonzero
imaginary component.  Such is the case for the crystals sample of
SmMn.  The SmMn complex exhibits three temperature depend-
ent χ" peaks, respectively in the regions 16 ∼ 19.5 K, 15 ∼ 17 K
and 12 ∼ 14 K.  The dominant peak is within 16 ∼ 19.5 K. This is
consistent with the χ' versus temperature plots, where there are
also three peaks in the ranges 12 ∼ 14.5 K, 14.5 ∼ 16.5 K and 16
∼ 20 K,, respectively (Figure 3).  The physical meaning of these
three peaks may be due to the three magnetic phase transfer,
which belongs to the three-dimensional magnetic ordering behav-
ior.  The fact that the one-dimensional structural complex of
SmMn exhibits three-dimensional magnetic ordering behavior
verifies that the interchain hydrogen bond interaction play an
important role in the magnetic interaction for SmMn complex.

Now we have not the sufficient reason to interpret the strange
and interesting magnetic behavior.  The Tc is best determined to
be 18 K by the first χ'(T) peak maximum, which is higher than
the critical temperature (Tc = 11.7 K) of the three-dimensional
Ln–Cr(CN)6 reported in reference 1.  The origin of the magnetic
ordering and relatively strong Hc in one-dimensional network
should be ascribed to the strong magnetic anisotropy of Sm(III). 

Figure 4 shows field-dependent magnetization (M–H) hys-
teresis data for the SmMn complex under the applied magnetic
field from –1000 to +1000 Oe at 5.7 K.  It is interesting to note
that this hysteresis loop reveals a stronger coercive field Hc of 600
Oe and a remnant magnetization MR of 0.69 Nβmol–1.  This inter-
esting magnetic behavior is ascribed to the stronger interaction
between different chain of the complex.  The excellent magnetic
property of [SmMn]n complex is found only in quite a few cyano-
bridged rare earth-transition metal complexes.1,11,12 The magneti-
zation curve at the range of 0–5 T indicated that the SmMn com-
plex has not attained saturation magnetization at 5 T.
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