
Inorganic Chemistry Communications 24 (2012) 40–42

Contents lists available at SciVerse ScienceDirect

Inorganic Chemistry Communications

j ourna l homepage: www.e lsev ie r .com/ locate / inoche
Syntheses, structures and magnetic properties of cyano-bridged Sm(III)M(V)
(M=Mo, W) assemblies with zigzag chains

Xiao-Zhen Yang a, Hu Zhou a, Su-Yan Qian a, Ai-Hua Yuan b,⁎, Hong-Bo Zhou c, You Song d,⁎⁎
a School of Material Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China
b School of Biology and Chemistry Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China
c School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 212013, China
d State Key Laboratory of Coordination Chemistry, Nanjing National Laboratory of Microstructures, School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, China
⁎Corresponding author. Tel./fax: +86 51185638920
⁎⁎Corresponding author. Tel.: +86 2583593739; fax:

E-mail addresses: aihuayuan@163.com (A.-H. Yuan),

1387-7003/$ – see front matter © 2012 Elsevier B.V. All
http://dx.doi.org/10.1016/j.inoche.2012.07.047
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 18 June 2012
Accepted 24 July 2012
Available online 29 July 2012

Keywords:
Octacyanometalate
Lanthanide
Zigzag chain
Magnetic properties
The reaction of Sm3+ ionwith [M(CN)8]3− (M=W,Mo) units in the presence of the chelated ligandphenhas iso-
lated two octacyanometalate-based assemblies [Sm(phen)(DMF)5][M(CN)8]·CH3OH·H2O (M=Mo, 1; W, 2).
Single crystal X-ray diffraction analysis revealed that both compounds are isostructural and the structure consists
of Sm3+ centers and [M(CN)8]3− units linked alternatively to generate a one-dimensional (1D) zigzag chain. The
chains are further connected together through hydrogen-bonding and π-π stack interactions to form a 3D supra-
molecular network. The magnetic results revealed that the ferromagnetic interactions were observed between
Sm(III) and M(V) centers in both compounds.

© 2012 Elsevier B.V. All rights reserved.
Cyano-bridgedmetal assemblies have been focused on the design and
synthesis of new molecule-based magnets from the viewpoint of poten-
tial utility for functional materials [1–5]. Recently, octacyanometalates
[M(CN)8]3−/4− (M=Mo, W) have received increasing attention owing
to their flexible coordinationmodes [6]. On the other hand, the coordina-
tion geometries of lanthanide ions are difficult to control because of their
liability and the absence of design strategies. Thus, it will be challenging
to synthesize octacyanometalate-based lanthanide assemblies with spe-
cific topologies and thereforemagnetic properties. However, recent stud-
ies indicated that the chelated ligands were employed to control the
number and spatial arrangement of coordination positions available on
metal centers for CN-bridging, hence generating low-dimensional archi-
tectures rather than extended networks [7,8]. Our group has applied
this building strategy in the preparation of cyano-bridged 4f-3d/4d/5d
helical chains [9,10]. As a part of a detailed study of cyano-bridged assem-
blies, above success inspires us to further construct magnetic systems
with low-dimensionalities and unique magnetisms.

In this contribution, we presented the syntheses, crystal structures
and magnetic properties of two isostructural octacyanometalate-
based lanthanide compounds [Sm(phen)(DMF)5][M(CN)8]·CH3OH·H2O
(M=Mo, 1; W, 2) with 1D zigzag chain by the self-assembly of
[M(CN)8]3− units and Sm3+ ion in the presence of the chelated ligand
phen.
.
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Single crystals of both compounds were prepared by combining a
CH3OH solution of Sm(NO3)3·6H2O (0.05 mmol) and phen (0.15 mmol)
with a CH3OH/DMF (V/V=3/1) solution of [HN(n-C4H9)3]3[M(CN)8]·
4H2O (M=Mo, W) [11] (0.05 mmol) by the slow diffusion method at
room temperature in the dark. After about two weeks, orange block-
shaped crystals were obtained. IR (KBr), νC≡N for compound 1: 2172,
2144, 2114 cm−1; νC≡N for compound 2: 2171, 2145, 2109 cm−1.

Single crystal X-ray diffraction analysis revealed that com-
pounds 1 and 2 are isostructural and crystallize in the monoclinic
systemwith space group P21/c [12]. Here only the structure of com-
pound 1 was described in detail (Fig. 1). The asymmetric unit of
compound 1 consists of one [Sm(phen)(DMF)5]3+ cation, one
[Mo(CN)8]3− anion, one crystallized CH3OH and H2O molecules. The
eight-coordinated [Mo(CN)8]3− unit adopts a slightly distorted square
antiprism, where two CN groups are bridged to adjacent Sm atoms and
the others are terminal. The metric parameters of the [Mo(CN)8]3− unit
are typical for octacyanometalates [13–15]. The Mo1-C bond distances
range from2.155 to 2.175 Å, and theMo1-CN angles remain almost linear
with the maximum deviation from linearity of 3.6° (Supplementary ma-
terial, Table S1). The Sm center exhibits a nine-coordinated environment
with two cyano-nitrogen atoms, two nitrogen atoms from one phen li-
gand, and five oxygen atoms from five DMF molecules. The coordination
geometry around the Sm atom is a tricapped trigonal prismatic with the
capping positions occupied by N1, N6i and N10 atoms (symmetry code:
(i) x, −y+1/2, z+1/2). The average Sm1-N and Sm1-O bond lengths
are 2.627 and 2.418 Å, respectively. Due to the large ionic radii of the lan-
thanide ions, the cyanide bridges are exceptionally long and the Sm1-NC
bonds are bent (164.4~176.1°), opposition to the linear Mo1-CN units.
The geometrical data of the Sm(III) center conform to those reported for
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Fig. 3. Temperature dependence of χMT for compounds 1 and 2.Fig. 1. ORTEP diagram of compound 1, showing the 30% probability thermal motion el-
lipsoid. All hydrogen atoms, crystallized CH3OH and H2O molecules, and carbon and ni-
trogen atoms of coordinated DMF molecules have been omitted for clarity. Symmetry
codes: (i) x, −y+1/2, z+1/2; (ii) x, −y+1/2, z−1/2.
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the compounds [Pr(tmphen)(DMF)5][M(CN)8]·DMF·2H2O (M=Mo,W)
[10].

As a result, the Sm3+ ions and [Mo(CN)8]3− units are linked in an
alternating fashion, generating 1D 2,2-zigzag chains running parallel
to the crystallographic 21 axis, which are separated by the DMF mol-
ecules and phen ligands (Fig. 2). The nearest interchain distances for
Mo1⋯Mo1 and Mo1⋯Sm1 are about 9.862 and 5.801 Å, respectively.
Two terminal cyano ligands and one crystallized H2O molecule are in-
volved in the hydrogen bonding network. Thus, the {SmIIIMoV} chains
interact through hydrogen-bonding (O7-H7X⋯N5, O7-H7Y⋯N7iv,
symmetry code: (iv)−x+1, −y, −z) and π–π stacking interactions
(face–face distance of 3.433 Å) between two adjacent interchain
aromatic rings of phen from neighboring chains, forming a 3D
supramolecular network.

The temperature-dependent magnetic susceptibilities of both com-
pounds were investigated in the temperature range of 1.8–300 K in a
field of 100 Oe (Fig. 3). The χMT values at 300 K are 0.57(1) and
0.55(2)cm3 K mol−1, which are higher than the expected value
(0.46 cm3 K mol−1) calculated on the basis of the free ion approxima-
tion taking only the 6H5/2 ground state into consideration (J=5/2,
gJ=2/7 for Sm(III), and S=1/2, g=2 for M(V)) [16]. The disagreement
can be attributed to the presence of thermally populated excited states,
which iswell-known for cyanide-based Sm(III) compounds [17–24]. On
cooling the temperatures, the χMT values decrease to reach the mini-
mum 0.47(1) at 15 K and 0.46(2)cm3 K mol−1 at 10 K. Obviously,
the nature of the magnetic coupling between Sm(III) and M(V) ions
cannot simply be determined from the decrease of χMT, which should
be due to the superposition of thermal depopulation of the low-lying
excited states of Sm(III) and the Sm(III)-M(V) magnetic interaction.
With a further decrease of temperatures, the χMT values sharply in-
crease to 0.63(1) and 0.58(2) cm3 K mol−1 at 1.8 K, suggesting a ferro-
magnetic character, which can be ascribed to the ferromagnetically
Fig. 2. Perspective view of 1D zi
coupled Sm(III) and M(V) spins overcoming the depopulation of the
Stark levels of Sm(III) ion.

The field dependence of the magnetization and ac susceptibility
was performed to get more insight in the type of magnetic interac-
tions. The magnetization (Fig. 4) of both compounds increases mono-
tonically as the magnetic field increases and reach the unsaturated
values of 1.24(1) and 1.21(2) NμB at 70 kOe, which are higher than
those (0.9~1.1 NμB) observed in other octacyanometalate-based
Sm(III) compounds with ferromagnetic interactions [5,19,21,22,25].
So the magnetic interactions between Sm(III) and M(V) ions in our
case are also ferromagnetic. The χ′ component of ac susceptibility in-
creased monotonically as temperature decreased and no signal was
observed in the χ″ component, suggesting the absence of the long-
range magnetic ordering for both compounds at low temperatures
(Fig. S1).

In summary, two isostructural octacyanometalate-based Sm(III)
M(V) (M=Mo, W) zigzag chains have been prepared and character-
ized structurally and magnetically. The ferromagnetic interactions
were found between Sm(III) and M(V) ions through cyanide bridges.
The building block strategy presented here indicated that the aromat-
ic chelated ligands were crucial to construct low-dimensional sys-
tems rather than extended networks. Further work along this line is
in progress in our laboratory.
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Appendix A. Supplementary data

CCDC numbers: 884439(1) and 884440(2) contains the supple-
mentary crystallographic data for compounds 1 and 2. This data can
gzag chain for compound 1.
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Fig. 4. Field dependence of themagnetization performed at 1.8 K for compounds 1 and 2.
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be obtained free of charge from the Cambridge Crystallographic Data
Centre viawww.ccdc.cam.ac.uk/data_request/cif. Selected bond lengths
(Å) and angles (°) for compounds 1 and 2. Temperature dependence of
the ac susceptibility for compounds 1 and 2. Supplementary data
associated with this article can be found, in the online version, at
http://dx.doi.org/10.1016/j.inoche.2012.07.047.
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