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Abstract Two new 1-D coordination polymers [M"
(3-Bzpy):(N(CN)),] (M =Cd (1), Cu (2), 3-Bzpy =
3-benzoylpyridine) have been synthesized and structurally
characterized by single-crystal X-ray diffraction and IR.
Single-crystal X-ray diffraction reveals that the complexes
1 and 2 are isostructural and all crystallize in mono-
clinic P2,/c space group with cell dimensions: a =
6.3889(16) A, b = 7.6496(12) A, ¢ = 26.767(6) A, f =
99.131(19)°, V=1291.6(5)A%>, Z=2 for 1 and
a=64483(9) A, b= 7.5449(10) A, ¢ = 25.965(4) A,
B = 98.559(10)°, V = 1249.2(3) A%, Z = 2 for 2. Struc-
ture analysis manifest that 1 and 2 are all 1-D chains
structures which parallel to the crystallographic b axis
through end-to-end coordination by bidentate bridging
dicyanamide ligands. Magnetic property of complex 2 was
further investigated.

Keywords Dicyanamide - 1-D chain - Crystal structure -
Magnetic property
Introduction

Recent 10 years have seen a growing interest on dicyan-
amide ligand, due mainly to its remarkably versatile
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bridging modes [1-4] and the diverse magnetic properties
[5-10]. The fascinating topological structures of dicyan-
amide can act as a uni-, bi-and tri-dentate ligand, which
make it possible to construction various supramolecular
architectures by introducing different ancillary ligand [10,
11]. Many coordination polymers of this kind have been
reported. For example, one-dimensional (1-D) for (M
(pyr)2(N(CN),),] (M = Mn, Co, pyr = 2-pyrrolidone)
[11], 2-D for b-[Cu (dca),(pyz)], (pyz = pyrazine) [12]
and 3D for M(dca),(bpeado) (M = Mn, Fe, Co, Ni, Cu;
dca = dicyanamide; bpeado = 1,2-bis(4-pyridyl)-ethane-
N,N'-dioxide) [10]. Even, there have diamond-like net-
works [13], a-Po type networks [14] and CdSO4-like
networks [15] structures of this kind. The unusual mag-
netic properties displayed by these coordination polymers
including long-range ferromagnetic ordering, ferromagne-
tism, weak ferromagnetism and paramagnetism [16]. In
our previous work, we have successfully introduced
3-benzoylpyridine as ancillary ligand of dicyanamide
system and obtained an interesting structure [17],
Enlightened by this success, we reported here the synthe-
sis, crystal structure of two 1D coordination polymers [M"
(3-Bzpy)o(N(CN),),] (M = Cd (1), Cu (2), 3-Bzpy =
3-benzoylpyridine), and further investigated the magnetic
property of 2.

Experimental

General Remarks

All chemicals used (reagent grade) were commercially
available. Na [N(CN),], was purchased from ACROS

Company. Elemental analyses were performed by a Vario-
EL III elemental analyzer for carbon, hydrogen, and
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nitrogen of the complex 1 and 2. Infrared spectra were
recorded on a SHIMADZU IR prestige-21 FTIR-8400S
spectrometer in the spectral range 4,000—400 cm™', with
the samples in the form of potassium bromide pellets.
Temperature-dependent magnetization (M-T) of complex 2
were measured in the temperature range from 2 to 300 K
using a quantum design vibrating sample magnetometer in

a physical property measurement system.
X-ray Crystallographic Study

The single-crystal X-ray diffraction data of the complex 1
and 2 were collected at 298 K with graphite-monochro-
mated Mo-Ko radiation (4 = 0.071073 nm), a Rigaku
SCXmini diffractometer with the w-scan technique for 1
and a Bruker SMART APEX diffractometer equipped with
CCD area detector for 2 were used [18]. The lattice
parameters were integrated using vector analysis and
refined from the diffraction matrix, the absorption correc-
tion was carried out by using the Bruker SADABS program
with multi-scan method. 2,954 (2,856) independent
reflections and 2,448 (2,398) with I > 2.0a(I) for 1 (2)
were observed. Crystallographic data, data collection, and
refinement parameters for complex 1 and 2 were given in
Table 1. The structures of them were solved by full-matrix
least-squares methods on all F* data, and used the
SHELXS-97 and SHELXL-97 programs [19] for structure
solution and structure refinement respectively. Reliability
factors were defined as R1 = Z(IFyl — IF )/ZIFyl and the
function minimized was Ry, = [Zw(F3 — Fo; 2)*w(Fo)*1”,
where in the least-squares calculation the unit weight was
used. All non-hydrogen atoms were refined anisotropically,
and hydrogen atoms were inserted at their calculated
positions and fixed at their positions. Selected structural
parameters are listed in Table 2. The molecular graphics
were prepared by using the DIAMOND program [20].
CCDC-836397 and CCDC-836398 contains the supple-
mentary crystallographic data in CIF format for the com-
plex 1 and 2 reported in this paper. These data can be
obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

Synthesis of Complexes 1 and 2

Complex 1 (CpgH;gCdNgO,) was prepared as follows:
0.12 mmol (21.96 mg) 3-benzoylpyridine was added
slowly to a 10 ml stirring aqueous solution of 0.12 mmol
(30 mg) Cd(NO;),-3H,O, the mixture was stirred for
10 min, after which, 10 ml methanol-water solution of
0.24 mmol (21.36 mg) sodium dicyanamide was added.
The resulting solution was stirred for additional 30 min
and then filtered. The filtrate was collected and left

Table 1 Crystal data and structure refinement for complexes 1 and 2

Complex

1

2

Empirical formula
Formula weight

CygH;3CdNgO,
610.91

Ca3H;3CuNgO,
562.05

Crystal size (mm) 0.08 x 0.08 x 0.03 0.5 x 0.5 x 0.1
Crystal system Monoclinic Monoclinic
Space group P2(1)/c P2(1)/c
(Mo Ka) (A) 0.71073 0.71073
a/A 6.3889(16) 6.4483(9)
b/A 7.6496(12) 7.5449(10)
c/A 26.767(6) 25.965(4)
of° 90.00 90.00

pre 99.131(19) 98.559(10)
/° 90.00 90.00

V (A3 1291.6(5) 1249.2(3)
z 2 2

Deae Mg m™) 1.571 1.494

p (mm™") 0.888 0.918
F(000) 612 574

T/IK 293(2) 293(2)

Theta range of data

collection (°)

3.11 <0 < 25.00

3.13 < 0 < 27.50

Reflections collected 12466 12313

Unique reflections 2948 2856

Goodness-of-fit on F* 1.147 1.104

hkl range —T7<h<1 —8<h<8
-8 <k<8 —-9<k<9
—34<1<34 -33<1<33

Ry, wRy [(I > 20(D)]

R1, wR2 (all data)

Apmin and max (e~A73)

0.0457, 0.0977
0.0578, 0.1033
0.821, —0.781

0.0555, 0.1409
0.0673, 0.1486
0.913, —0.950

undisturbed. Colorless needles

crystals

formed after

3 days in high yield (83% based on Cd). Elemental
analysis for 1, Anal. Calcd. (%): C, 55.05; N, 18.34; H,
2.97. Found: C, 55.08; N, 18.39; H, 3.00. IR (KBr pellet,
cm™'): 2305, 2227, 2170, 1650, 1598, 1450, 1426, 1373,
780, 705, 690, 650.

The blue prism crystals of complex 2 (C,gH;3CuNgO,)
was prepared in the same way as 1 by using
Cu(NO3),-3H,0O (28 mg) instead of Cd(NOj3),-3H,0, the
final yield is 80% (based on Cu). Elemental analysis for 2,
Anal. Calcd. (%): C, 59.84; N, 19.94; H, 3.23. Found: C,
59.83; N, 19.96; H, 3.24. IR (KBr pellet, cmfl): 2308,
2226, 2170, 1650, 1595, 1450, 1428, 1370, 780, 708, 690,
655. The IR spectra of compounds 1 and 2 show the
characteristic bands for 3-benzoylpyridine in the region
1,450-1,650 cm ™! and 690780 cm™!. The bands around
2,200 cm™ " are due to dicyanamide ligands. Absorption at
650 cm ™! can be attributed to the Metal-N vibration.

@ Springer
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Table 2 Selected bond lengths (A°) and angles (°) for complexes 1 and 2

Complex 1
Cd(1)-N(1) 2.346(3) N(1)-Cd(1)-N(1A)
Cd(1)-N(2) 2.333(3) N(1)-Cd(1)-N(2)
Cd(1)-N(3) 2.321(3) N(1)-Cd(1)-N(2A)
N(2)-C(13) 1.118(5) N(1)-Cd(1)-N(3)
N(4)-C(13) 1.281(5) N(1)-Cd(1)-N(3A)
N(4)-C(14) 1.279(5) N(1A)-Cd(1)-N(2)
N(3)-C(14) 1.124(5) N(1A)-Cd(1)-N(2A)
N(1A)-Cd(1)-N(3)
N(1A)-Cd(1)-N(3A)
N(2A)-Cd(1)-N(3)
Complex 2
Cu(1)-N(1) 2.038(2) N(1)-Cu(1)-N(1A)
Cu(1)-N(2) 1.991(2) N(1)-Cu(1)-N(2)
Cu(1)-N(4) 2.489(3) N(1)-Cu(1)-N(2A)
N@4)-C(14) 1.121(4) N(1)-Cu(1)-N(4)
N(3)-C(14) 1.291(5) N(1)-Cu(1)-N(4A)
N(2)-C(13) 1.127(4) N(1A)-Cu(1)-N(2)
N(3)-C(13) 1.281(5) N(1A)-Cu(1)-N(2A)

N(1A)-Cu(1)-N(4)
N(1A)-Cu(1)-N(4A)
N(2A)-Cu(1)-N(4)

180.00(16) N(2A)-Cd(1)-N(3A) 92.69(12)
90.07(11) N(2)-Cd(1)-N(2A) 180.00(16)
89.93(11) N(3)-Cd(1)-N(3A) 180.0
92.24(12) C(13)-N(2)-Cd(1) 139.0(3)
87.76(12) C(14)-N(3)-Cd(1) 161.0(4)
89.93(11) N(2)-Cd(1)-N(3A) 87.31(12)
90.07(11) N(2)-Cd(1)-N(3) 92.69(12)
87.76(12) N(2)-C(13)-N(4) 171.6(5)
92.24(12) N(3)-C(14)-N(4) 172.05)
87.31(12) C(11)-N(1)~Cu(1) 119.8(2)

C(12)-N(1)~Cu(1) 122.3(2)

180.00(4) N(2A)-Cu(1)-N(4A) 92.08(10)
90.72(10) N(2)-Cu(1)-N(2A) 180.0
89.28(10) N(@)-Cu(1)-N(4A) 180.00(13)
89.73(9) C(13)-N(2)-Cu(1) 158.2(3)
90.27(9) C(14)-N(4)-Cu(1) 140.9(3)
89.28(10) N(2)-Cu(1)-N(4A) 92.08(10)
90.72(10) N(2)-Cu(1)-N(4) 87.92(10)
89.73(9) N(@)-C(14)-N(3) 170.2(4)
90.27(9) N(2)-C(13)-N(3) 169.6(4)
87.92(10) C(11)-N(1)-Cu(1) 119.73(19)

C(12)-N(1)-Cu(1) 122.1(2)

Results and Discussion
Structural Description

Complexes 1 and 2 are isostructural and crystallize in
monoclinic P2,/c space group. They are all centrosym-
metric, take 1 for example, the asymmetric unit of 1 con-
tains one 3-benzoylpyridine ligand, one 1/2 occupied Cd"
atom and two 1/2 occupied dicyanamide ligands, as shown
in Fig. 1. The Cd" atom, as shown in Fig. 2, which lies on
an inversion center, is best described as ideal octahedral

Fig. 1 An ORTEP diagram of the asymmetric unit of complex 1
showing the atom-labeling scheme and displacement ellipsoids drawn
at the 20% probability level

@ Springer

Fig. 2 Perspective view down the a axis of complex 1 with thermal
ellipsoids drawn at the 50% probability level

environment tetragonally compressed from O;, symmetry,
with two N atoms from the trans arranged 3-benzoylpyri-
dine ligands (with Cd(1)-N(1): 2.346(3) A; Cd(1)-N(1A):
2.346(3) A; N1-Cd1-N1: 180.00(16)°) occupy the axial
positions and the four N atoms from the dicyanamide
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ligands (with Cd(1)-N(2): 2.333(3) A; Cd(1)-N@3):
2.321(3) A; N(2)-Cd(1)-N(2): 180.00(16)°; N(3)-Cd(1)—
N(3): 180.0% N(3)-Cd(1)-N(2): 92.69(12)°; N(3)-Cd(1)-
N(2A): 87.31(12)°) lie in the equatorial plane. The
dicyanamide ligand possesses pseudo-C,, symmetry with
C=N bond distances ranging from 1.118(5) to 1.124(5) A,
and coordination to the Cd" center with C(13)-N(2)-Cd(1)
and C(14)-N(3)—Cd(1) bond angles of 139.0 (3) and 161.0
(4)°, respectively.

The Cd" atom and the two monodentate 3-Bzpy ligands
reside on the mirror plane parallel to the crystallographic
a axis through end-to-end coordination by bidentate
bridging dicyanamide ligands, which act as bridges in p-1,
5 model. A similar trend has also been observed in
Mn[N(CN),]1,(2,4"-bpy), (2,4’-bpy = 2,4'-bipyridine) [21].
Polymeric 1-D chains are generated along the a axis with
neighboring chains staggered a/2 (Fig. 2). The packing of
the complex along the b axis is shown in Fig. 3. The
centroid-to-centriod distances between 3-benzoylpyridine
of adjacent chains are change from 4.079 to 4.164 A,
meaning that there are weak 7m—m stacking interactions
among neighboring polymeric 1-D chains. The Cd"...Cd"
intrachain length is 7.650 A. For complex 2, the centroid-
to-centriod distances change from 4.110 to 4.128 fA, and
the Cu™..-Cu" intrachain length is 7.545 A. The centroid-
to-centriod distances and metal---metal intrachain length
are all bigger than the reported Mn[N(CN),]»(2,4'-bpy),
(2,4'-bpy=2,4'-bipyridine) [21].

Fig. 3 A Packing diagram which perspective view down the b axis of
complex 1
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Fig. 4 The plots of yMT and 1/yM (inset) versus T for complex 2

The magnetic susceptibility of compound 2 was mea-
sured in the temperature ranging from 2 to 300 K and under
1999.985 Oe field. As shown in Fig. 4, it indicate a domi-
nant antiferromagnetic interactions and possesses a yMT
value of 0.50646 cm® mol ' K at 300 K [the correspond
effective magnetic moment is 1.998 BM, which is close to
that expected for an isolated copper (II) ion (1.73 BM)], the
value decrease slowly as the temperature lowered, reaching
0.43274 cm® mol ™! K at 50 K. Then it decreased rapidly
and reaching 0.13147 cm® mol~" K at 2 K. The yM values
of complex 2 increases from 0.00168 cm® mol™" at 300 K
to a maximum of 0.0695 cm® mol~' at about 2 K. The
1/yM versus T plot for 2 could fit with Curie-Weiss
equation yM = C/T — 0) from 2 to 300 K, giving
Weiss constant C = 0.51 cm® mol ™' K and 0 = —7.85 K
(R = 0.9986).

Conclusions

In summary, we have successfully synthesized two coor-
dination polymers bridged by dicyanamides. Structure
analysis indicates that the frameworks of complexes 1 and
2 are 1-D chain structures which parallel to the b axis, and
there are weak m—rn interactions in the crystal structure.
These features are the common gender of complex within
this kind.
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