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The title coordination polymer, [Cd(NH2NHCSNH2)(HS)2]n.
nH2O, has been obtained by self-assembling from the reaction of a
methanol/water (volume ratio, 1/1) solution containing cadmium
chloride with equivalent amount of succinic acid and thiosemicar-
bazide. The X-ray crystal analysis reveals that the cadmium atoms
are bridged by HS� ligands and mutual sulfur atoms which con-
tribute to formation of the infinite one-dimensional (1D) inorgan-
ic–organic chain in a zig-zag way. The second harmonic genera-
tion (SHG) response of the complex is much stronger than that
of urea.

During recent years, there have been much attention in the de-
sign and synthesis of novel compounds with unusual and tailorable
structures which are very important steps toward the discovery and
fabrication of technologically useful materials.1–3 Crystal engi-
neering4 based on the use of either coordinative bonds or weaker
intermolecular interactions and the synthesis of low dimensional
organic–inorganic hybrid materials presents an attractive new
direction in solid-state chemistry.5–7 Chemists have devoted their
efforts and dreamt about the ability to assemble compounds in
similar way that a bricklayer would erect a building.8,9 It has been
proven that one effective way to take advantage of the superior
qualities of both inorganic and organic materials is to combine
them in the same compound which is called ‘‘multifunctional
hybrid materials’’.10

The discovery of the thiocyanato complexes of cadmium(II)
as new NLO materials, in which the metal atoms are bridged line-
arly by thiocyanate ions, has already been reported.11,12 The sulfur-
bridged examples containing S2�, HS�, or S2

2� ligands have also
been studied,13 but their peculiar properties have scarcely been re-
ported. From this expectation and as our continuous work to seek
novel NLO materials,13c we have synthesized the title complex,
[Cd(NH2NHCSNH2)(HS)2]n.nH2O 1, which forms an infinite
one-dimensional (1D) chained structure constructed by self-assem-
bling and represents our first successful attempt in utilizing thio-
semicarbazides and HS� as bridging ligands to form new NLOma-
terials. The crystal structure was determined by the single-crystal
X-ray diffraction method.

Compound 1 was prepared in an methanol/water (volume ra-
tio, 1/1) solution containing cadmium chloride with equivalent
amount of succinic acid and thiosemicarbazide. The pH value must
be controlled at 4.5–5.0. The mixture was stirred under reflux for
2 h and then cooled and filtered. The filtrate was left standing
and evaporated slowly at room temperature. One week later, color-
less single crystals suitable for X-ray structural analysis14 were ob-
tained (Yield: 72.5%; Anal. Calcd for 1: C, 4.17; H, 3.13; N,
14.60%; Found: C, 4.09; H, 3.27; N, 14.78%).

In this context, we use a building-block approach of self-as-
sembly for the synthesis of coordination polymer illustrating both

the importance of metal-ion geometry and the effect that ligand
backbone can have on network construction. Such an usual synthe-
sis method results in a novel complex with unusual structure con-
taining bridged HS� ions probably due to the hydrolyzation and/or
decomposition of thiosemicarbazide in the hot sourish solution.15

The crystals obtained are quite stable and show no decomposition
and hygroscopic effect in air.

The electronic spectrum of compound 1 show distinctly a
strong and symmetrical absorption band at ca. 275.4 nm (log" ¼
4:67) in DMF (dimethyl formamide) and ca. 248 nm in the solid-
state (Figure 1). These bands may be attributed to the metal-medi-
ated ligand � ! �� charge transition located on the bidentate
thiosemicarbazide ligands. Such a transition is believed to be the
origin of the NLO response.12a The compound also show a very
weak absorption band in the visible region, which is only present
in the solid spectra and might be assigned to the charge-transfer
transition between the ligand and the cadmium, this optical absorp-
tion band is also associated with large second-order activity. On
the other hand at 900 nm through 1200 nm in wavelength, the crys-
tal had the slight additive appearance of absorption. In addition,
thermogravimetric analyses (TGA) of the crystalline sample
showed a total weight loss of 27.9% at 260.7 �C, indicating the for-
mation of CdSO4 (calcd 27.7%). No weight loss and melting proc-
ess were recorded before this decomposition temperature, except
for a slight loss of 5.9% of the sample at 163.3 �C due to the depar-
ture of the crystalline water (calcd 6.2%), suggesting the high sta-
bility of the polymeric structure.

Atom labeling and principal structural features of polymeric
[Cd(NH2NHCSNH2)(HS)2]n.nH2O reveal that the respective cad-
mium(II) atoms are 1N5S-hexacoordinated, one unidentate sulfur
atom from HS�, one nitrogen atom from a thiosemicarbazide li-
gand and four sulfur atoms from two bridging HS� ions and from
two adjacent thiosemicarbazide ligands, building up slightly dis-
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Figure 1. The absorption spectrum of compound 1.
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torted octahedral geometries. Neighbouring cadmium atoms are
bridged by sulfur atoms from the bidentate thiosemicarbazide
(N,S-chelate) and HS� ligands, contributing to the formation of
the one-dimensional (1D) inorganic–organic hybrid chain in a
zig-zag way (Figure 2).

Coordination bond lengths of Cd(1)–N(1), Cd(1)–S(2), Cd(1)–
S(1), and Cd(1)–S(3) are normal. Whereas the C–N and C–S bond
distances in the thiosemicarbazide ligands are intermediate be-
tween single- and double-bond lengths, suggesting to some extent
the electronic delocalization effect on the ligand upon complex for-
mation and agreeing well with our previously synthesized com-
pounds.16 As illustrated in Figure 2, the thiosemicarbazide ligand
in the five-membered ring of Cd(1)S(1)C(1)N(2)N(1) is almost
planar [mean deviation 0.0004 �A], and such neighbouring planes
are almost parallel to each other [dihedral angle between them
3.4�]. Meanwhile, the four-membered ring of Cd(1)S(1)Cd(1A)-
S(3A) is also nearly planar [mean deviation 0.0027 �A] with maxi-
mum deviation of 0.0029 �A at atom Cd1, and such adjacent planes
are almost vertical to each other [dihedral between them 89.2�].
Furthermore, hydrogen bonds of N–H���O(w), N–H���S, and
O(w)–H(w)���S are observed which serve to link the polymeric
chains and stabilize the whole supramolecular structure (Figure 3).

As a result of the unsymmetrical nature of complexes, optical
activity can occur as specific physical effects.17 Compound 1 crys-
tallizes in space group Cc. Preliminary experimental results
showed that the sample displayed a strong powder SHG efficien-
cy.18,19 The SHG efficiency of 1 crystalline powder was estimated
to be ca. 20 times as large as that of urea crystalline powder by di-
rect frequency doubling of a laser-diode at 1064 nm at room tem-
perature. We assume that the thiosemicarbazide ligands mainly
contribute to the effect, since the utilization of asymmetric ligands
can introduce electronic asymmetry (push–pull effect) which is es-
sential for a SHG response.20

In conclusion, the present study shows that a rational design
utilizing suitable ligands and metal ions has prepared a new supra-
molecular polymer with nonlinear optical property. The synthetic
approach is based on self-assembly of the functional components
into well-defined crystalline materials, which allows important

structure–property relationships to be established.21 X-ray diffrac-
tion analyses of 1 show that intermolecular hydrogen bonds can ef-
fectively link the 1D polymeric chains together and stabilize the
molecular packings. The coordination polymer synthesized may
be a promising candidate as NLO materials owing to its strong
powder SHG efficiency, excellent optical transparency and consid-
erable thermal stability. Further studies on related properties are
currently under investigation.
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Figure 2. Structure of the one-dimensional infinite chain of 1 along the
b axis.

Figure 3. Projection of polymeric chains along the b axis (left) and c axis
(right) of 1 crystal. Hydrogen bonds are indicated by dashed lines.
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