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In the past several decades, metal-azido system has been
considered to be one of the most attractive systems in the
design and synthesis of the magnetic materials at room
temperature.1 The bridging azide ligand is one of the most
versatile ingredients for the creation of new materials.
According to the valence bond theory, linear azide ligand
has an important resonance structure, N−=N+=N−, which
features the prominent bridging character from the outer
nitrogen donors.2 The possible bridging modes of the azide
ligand lead its complexes to an important challenge in the
field of crystal engineer (Scheme 1). The coordination modes
of azide ligand have important effect on the properties. For
example, the end-end (μ2-1,3-N3, EE) and end-on (μ2-1,1-
N3, EO) fashions usually mediate antiferromagnetic and
ferromagnetic interactions, respectively.3 Meantime, the struc-
tures and topologies of metal-azido complexes as versatile
precursors attract much attention in the construction of
bridged arrangements.4 The significance of the topological
research not only realizes in the understanding of the multi-
dimensional framework structures, but in the synthetic
strategy of possible networks with desired properties.1b,5 In
this work, we present the structural and topological analysis
of a 3D nitrate-bridging heterometal-azido inorganic poly-
mer, [Cd7Na4(NO3)12(N3)6] (1), which was synthesized through
solvothermal reaction and characterized with fluorescence.

Experimental

Materials and Physical Measurements. The reagents
and solvents were used directly as supplied commercially
without further purification except 3-amino-1,2,4-triazole
(Atr, mp 158-159 oC, yield: 92.0%) synthesized as literature.6

The IR spectrum was recorded on a Nicolet Magna 750 FT-
IR spectrometer with KBr pellet in the range 4000-400 cm−1.
Elemental analysis of N was carried out on a Vario EL III
elemental analyzer. The solid-state fluorescent excitation
and emission spectra were performed on a FluoroMax-3
spectrophotometer at room temperature with excitation and
emission slits at 5.0 nm, increment 1.0 nm and integration
time 0.1 s. Optical diffuse reflectance spectrum was mea-
sured at room temperature with a Lambda 900 UV-vis
spectrophotometer. The instrument was equipped with an
integrating sphere and controlled by a personal computer.
The sample was ground into fine powder and pressed onto a
thin glass slide holder. The BaSO4 plate was used as
reference. The absorption spectrum was calculated from
reflection spectra by the Kubelka-Munk function: α/S = (1-
R)2/2R, α is the absorption coefficient, S is the scattering
coefficient which is practically wavelength independent when
the particle size is larger than 5 μm, and R is the reflectance.

Synthesis of [Cd7Na4(NO3)12(N3)6] (1). The reaction was
carried out by heating Cd(NO3)2·4H2O (0.0309 g, 0.1 mmol),
NaN3 (0.0131 g, 0.2 mmol), and 3-amino-1,2,4-triazole
(0.0085 g, 0.1 mmol) with 5 mL DMF and 5 mL EtOH in a
Teflon-lined stainless steel autoclave at 170 °C for five days,
then cooled with a step of 2 °C/h to obtain suitable color-
less block crystals of 1. Elemental analysis (%) calcd. for
Cd7N30Na4O36: N 22.41; found: N 22.53. IR (cm−1, KBr):
3393.65 (m), 2975.22 (w), 2078.14 (s), 2036.56 (w), 1583.66
(s), 1432.92 (s), 1341.91 (m), 1290.18 (w), 1249.66 (w),
1201.49 (m), 1093.09 (w), 1049.13 (w), 1021.65 (w), 663.42
(m), 611.18 (w). 

Structural Determination and Refinement. Date collec-
tion of 1 was performed on Rigaku Mercury CCD diffracto-
meter equipped with graphite-monochromated MoKα radia-
tion (λ = 0.71073 Å). Intensity data were collected by the
narrow frame method at 293 K and corrected for Lorentz
and polarization effects as well as for absorption by the ω
scan technique and were reduced using CrystalClear pro-
gram.7 The structure was solved by direct methods using
SHELXTLTM package of crystallographic software8 and
refined by full-matrix least-squares technique on F

2. All
non-hydrogen atoms were refined with anisotropic thermal
parameters. A summary of the structural determination andScheme 1. The reported coordination modes of azide ligand.



1770     Bull. Korean Chem. Soc. 2011, Vol. 32, No. 5 Notes

refinement for the title compound is listed in Table 1 and the
selected bond distances and angles are shown in Table 2.

Results and Discussion

Synthesis of [Cd7Na4(NO3)12(N3)6] (1). 1 was obtained
from the solvothermal reaction of 3-amino-1,2,4-triazole,
Cd(NO3)2 and NaN3. However, the resulting inorganic frame-
work didn’t contain Atr. To confirm what happened, we did
two contrast tests under the same conditions: one repeated
the experimental process of 1, whose resulting crystals were
same as 1 with the same cell parameters; the other one
without Atr ligand, which gave white powder. Therefore, the
possible role of Atr ligand in the process may relate with its
weak acidity (pKa = 4.04).9 It is commonly found that
Atr can be easily deprotoned with a changing pKa under
solvothermal reaction.10 Atr ligand as a reversed factor might
decrease the reaction rate of the two inorganic components,
and supply a suitable crystallization environment.

Structural Description of [Cd7Na4(NO3)12(N3)6] (1). The
single crystal analysis reveals 1 is a 3D heterometal-azido
inorganic polymer, in which its asymmetric unit comprises
of one sixth Cd1, one eighth Cd2, one sixth Na1, a half NO3

−

and a quarter N3
−. The three-quarter positive charges on one

sixth Cd1,one eighth Cd2, and one sixth Na1 were balanced
by a half NO3

− and a quarter N3
−. The coordination environ-

ments of Cd1 and Cd2 are similar, which both locate in
CdN3O3 face octahedrons (Figure 1): three N atoms from
three separated N3

− ligand, and three O atoms from three
NO3

− anions respectively occupy the apexes of the triangular
facets in the octahedron. The similar situation can be found

in the coordination geometry of Na1. With the Cd1···Cd2
(3.263(1) Å) separations (Table 2), Cd1 centers alternately
connect Cd2 into a Cd8 cube. N3

− ligands adopt μ4-1,1,1,1
mode asymmetrically binding Cd centers on each face of the
Cd8 cube with the Cd-N bond distance difference close to
0.018 Å (Cd1-N3 = 2.422(1) Å; Cd2-N3D = 2.440(1) Å).
Each Cd1···Cd2 edge is bridged by a NO3

− with μ2-1,2

Table 1. Crystal and experimental data of 1

1

Empirical formula Cd7N30Na4O36

Color and Habit colorless block

Crystal Size (mm3) 0.314 × 0.276 × 0.214

Crystal system Cubic

Space group I-43m

a ( ) 13.807(1)

V ( 3) 2631.8(4)

Z 2

Fw 1875.06

Dcalcd (Mgm−3) 2.366

μ (mm−1) 2.924

F(000) 1756

θ (°) 2.95 to 28.15

Reflections measured 3293

Independent reflections 596 (Rint = 0.0315)

Observed Reflection [I > 2σ(I)] 477

Final R1
a, wR2

 b [I > 2σ(I)] 0.0809, 0.2202

R1
a, wR2

 b indices (all) 0.0921, 0.2339

GOF on F2 1.052

(Δ/σ)max/min 0.000, 0.000

Largest difference peak (e −3) 2.245, −1.230

R1
a = (Σ||Fo| − |Fc || / Σ |Fo|). wR2

b = [Σ (w(Fo
2 − Fc

2)2) / Σ (w |Fo
2|2)]1/2

Table 2. Selected bond distances ( ) and bond angles ( o ) for 1

bond distances

Cd1-O1A 2.358(4) Cd2-Na1I 3.183(5)

Cd1-N3 2.422(1) Na1-O1B 2.398(5)

Cd1-Na1 3.122(5) Na1-O2D 2.346(5)

Cd1-Cd2 3.263(1) N1-N2 1.122(9)

Cd2-N3D 2.440(1) N2-N3 1.304(8)

Cd2-O2H 2.229(3)

Angles

O1A-Cd1-O1B 82.40(14) O2H-Cd2-Cd1 133.92(2)

O1A-Cd1-N3 175.63(14) O2A-Cd2-Cd1 78.24(8)

O1B-Cd1-N3 94.33(10) N3D-Cd2-Cd1 47.61(3)

N3-Cd1-N3D 88.79(14) N3G-Cd2-Cd1 107.61(10)

O1A-Cd1-Na1 49.52(9) Na1I-Cd2-Cd1 125.70(2)

N3-Cd1-Na1 126.12(10) O2I-Cd2-Cd1F 78.24(8)

O1A-Cd1-Cd2 75.31(9) Cd1-Cd2-Cd1F 89.39(2)

O1B-Cd1-Cd2 133.08(2) O2D-Na1-O2 74.61(19)

N3-Cd1-Cd2 109.05(10) O2D-Na1-O1B 176.0(2)

N3D-Cd1-Cd2 48.07(3) O2-Na1-O1B 102.27(9)

Na1-Cd1-Cd2 124.83(2) O2-Na1-O1C 176.0(2)

O1A-Cd1-Cd2F 133.08(2) O1B-Na1-O1C 80.7(2)

Cd2-Cd1-Cd2F 90.61(2) O2-Na1-Cd1 135.59(12)

O2H-Cd2-O2A 79.29(13) O1B-Na1-Cd1 48.41(13)

O2I-Cd2-N3D 174.15(13) O2-Na1-Cd2A1 44.41(12)

O2A-Cd2-N3E 96.23(10) O1A-Na1-Cd2A1 131.59(13)

N3D-Cd2-N3E 87.97(14) Cd1-Na1-Cd2A1 180.00(9)

O2H-Cd2-Na1I 47.46(8) Cd2A1-O2-Na1 88.13(14)

N3D-Cd2-Na1I 126.69(10)

Symmetry code: A = z−1/2, −x+1/2, −y+3/2; B = y−1/2, z−1/2, x+1/2; C
= −x+1/2, y−1/2,−z+3/2; D = y, −z+1, −x+1; E = −z+1, −x, y+1; F = x,
−y, −z+2; G = −x, y, −z+2; H = −y+1/2, z−1/2, −x+3/2; I = −x+1/2,
−y+1/2, z+1/2.

Figure 1. The coordination spheres of metal centers in 1. Sym-
metry code: A = z−1/2, −x+1/2, −y+3/2; B = y−1/2, z−1/2, x+1/2;
C = −x+1/2, y−1/2, −z+3/2; D = y, −z+1, −x+1; E = −z+1, −x,
y+1; F= x, −y, 2−z; G = −x, y, 2−z; J = −z+1, x, −y+1; K = −x+1/2,
−y+1/2, z−1/2; L = −x, −y, z; M = −x+1/2, y+1/2, −z+3/2; N = z−1/
2, 1/2+x, 1/2+y; O = 1/2+y, z−1/2, 1/2+x.
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mode. The neighboring Cd8 cubes are further connected by
Cd···Na separations (Cd1···Na1 = 3.122(5); Cd2···Na1 =
3.183(5) Å) on each apex. Thus, a Cd1···Na1···Cd2 bridge is
formed among the cubes. The formed metal bridges are
stabilized by the bridging NO3

− anions through μ4-1,1,2,2
mode. Each segment of the Cd1···Na1···Cd2 metal bridge is
connected by nitrate oxygen atoms: Cd1···Na1 by three
separated μ2-1,1-O1 atoms, Cd2···Na1 by μ2-2,2-O2 atoms.
In brief, each Cd8 cube is connected by six μ4-1,1,1,1-N3

− on
each face, and twelve μ2-NO3

− on each edge to form a
discrete [Cd8(N3)6(NO3)12] subunit. The present structure,
Na1 atoms play an crucial role in the fabrication of the final
structure: the [Cd8(N3)6(NO3)12] subunits are further fabri-
cated into a 3D framework by Cd1···Na1···Cd2 separations
(Figure 2). 

With the topology analysis of this framework using
TOPOS 4.0 program package,11 we will have better insight
into the structure. Regarding on the aforementioned
structural features and A. F. Wells’ topology definition,12

apparently, Na atom could be regarded as 2-connected node,
and [Cd8(N3)6(NO3)12] subunit as a 8-connected node. The
vertex extended point symbol is (4.4.4.4.4.4.4.4.4.4.4.4.43.
43.43.43.43.43.43.43.43.43.43.43.618.618.618.618). Therefore, the
overall structure of 1 can be simplified to a uninodal 8-
connected body-centered-cubic (bcu)13 topology with a
Schläfli symbol of (424.64), which also is known as CsCl
lattice (Figure 3). To our knowledge, noticeably, only few
examples of the uninodal 8-connected net have been report-
ed: 4451767 topology,14 planar periodic self-penetrated (4,4)
net,15 and four same (424.64) net.16 The examples of (424.64)
topology are all of metal-organic frameworks.

Optical Properties. The optical absorption spectrum
property of 1 was assessed by its optical diffuse reflectance
data.17 The Kubelka-Munk (or remission, F) function con-
verted from the diffuse reflectance data was plotted accord-
ing to the diffuse reflectance data. Optical absorption spec-
trum indicates the optical gap Eg = 5.48 eV, suggesting that
the compound behaves as insulator. The fluorescent property
of 1 was explored in the solid state at room temperature. It
can be observed that the title compound produces pale blue
fluorescence with an emission peak at ca. 410 nm excited
under UV light at 342 nm (Figure 4). The emission can be
assigned to ligand-to-metal charge transfer (N3 → Cd
LMCT).18 However, the compound can not be regarded as a
good candidate for blue emission materials because of the
deviation from the wavelength of blue ray (435-480 nm).

Supplementary Material. Crystallographic data for the
structure reported here have been deposited with FIZ
Karlsruhe (Deposition CSD Number: 422540). Further details
of the crystal structure investigation may be obtained from
Fachinformationszentrum Karlsruhe, 76344 Eggenstein-
Leopoldshafen, Germany (fax: (+49)7247-808-666; e-mail:
crysdata@fiz-karlsruhe.de, http://www.fiz-karlsruhe.de/
request_for_deposited_data.html) on quoting the appropriate
CSD number.

Figure 2. The 3D framework of 1. For clarity, N3 ligands are
omitted.

Figure 3. The uninodal 8-connected body-centered-cubic (424.64)
topology of 1.

Figure 4. The solid-state emission spectrum of 1 (λex = 342 nm)
recorded at room temperature.
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