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Two new second-order nonlinear optical coordination poly-
mers, zinc cadmium tetraselenocyanate ([ZnCd(SeCN)4]n, 1)
and cadmium mercury tetraselenocyanate ([CdHg(SeCN)4]n,
2), have been synthesized by reactions of self-assembly.
Their structural, optical, and physicochemical properties
were characterized by X-ray diffraction, infrared and Raman
spectroscopy, electronic spectra, and thermal analyses. Struc-
ture analyses reveal that they belong to the tetragonal sys-
tem I4̄ space group. The cell dimensions for 1: a = 11.3420(1),
b = 11.3420(1), c = 4.6326(1) Å, V = 595.94(1) Å3, Z = 2, Dc =
3.331 g·cm–3, R1 = 0.0411, wR2 = 0.1058; for 2: a = 11.6579(7),

Introduction
It is well known that the rapidly developing area of re-

search on supramolecular architectures has provided impli-
cations for the rational design of functional materials[1,2]

and a number of the assemblies are predominantly con-
trolled by the coordination preferences of the transition
metal and the ligand building blocks.[3,4] Recent develop-
ments in the specific, efficient syntheses by self-assembly
processes of coordination complexes have afforded a variety
of unusual topologies such as molecular helicates, grids,
ladders, rings, and boxes.[5,6] Self-assembly of polynuclear
structure has received considerable attention from research-
ers in areas ranging from chemistry to solid-state physics
and biology.[7] Some complexes are of interest not only for
their unusual structures and the simple synthetic methods
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b = 11.6579(7), c = 4.5109(4) Å, V = 613.06(8) Å3, Z = 2, Dc =
3.970 g·cm–3, R1 = 0.0432, wR2 = 0.1031. The structural fea-
tures of 1 and 2 are Cd–Se=C=N–Zn and Hg–Se=C=N–Cd
bridges, respectively, which lead to the formation of an infi-
nite three-dimensional (3D) network. Consistent with their
polar structures, compounds 1 and 2 exhibit powder second
harmonic generation (SHG) responses much stronger than
urea, indicating quite a promising application potential as
useful nonlinear optical (NLO) materials.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

used to prepare them, but also because they allow the prep-
aration of polynuclear complexes in which several poten-
tially interesting metal centers are designed to link in a well-
defined spatial array. The use of metal complexes to func-
tion as molecular devices is one of the major interests in
coordination chemistry.

There has been considerable interest in the synthesis of
new materials with optical nonlinearities because of their
potential use in device applications in telecommunications,
optical computing, optical storage, and optical information
processing. However, organic systems can suffer from prob-
lems such as volatility, low thermal stability, and mechani-
cal weakness. The low-energy d–d transitions present in ne-
arly all organometallic compounds, normally observed in
the visible light region, will limit the usefulness of these
materials. On the other hand, the inorganic ligands such as
the ambidentate thiocyanate (SCN–) and the selenocyanate
(SeCN–) ligand, can govern the nonlinearities for the metal
complexes from the viewpoint of molecular design.[8] In
particular, the group IIB divalent d10 ions, Zn2+, Cd2+, and
Hg2+ complexes, have attracted our interest for their unique
characteristics of pale color and high thermal stability.[9]

As a result of the unsymmetrical nature of complexes,
optical activity can occur as specific physical effects such as
nonlinear optical (NLO) response.[10] The incorporation of
the strong conjugation ligands, such as the asymmetric sele-
nocyanate (SeCN) groups in the title polymers with a three-
dimensional (3D) network, can introduce strong electronic
asymmetry and electron delocalization in the whole unsym-
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metrical structure, resulting in large second-order micro-
scopic and macroscopic nonlinearity. Considering this, at-
tention has been paid to the following facts: (1) The large
nonlinear optical response comes with a big conjugation
system, which is able to provide sufficient electronic chan-
nels for the photoelectric process. (2) The electronic nature
of the metal center has an influential effect on the nonlinear
optical interactions. In particular, the d orbital of the transi-
tion metal can become a component of the π conjugation
system, thus extending the electronic interactions; (3) Re-
ducing the molecular symmetry can help the formation of
a noncentrosymmetric space group. Then, specific crystalli-
zation techniques are taken into account to form a proper
crystal lattice, in which the good microscopic NLO response
can be collected rather than eliminated; (4) Making use of
the coordination bond or forming the polymeric complex
to connect molecules and sequentially control the alignment
of molecules in the crystal, the interaction for the bulk
NLO response could be accumulated.

As far as we know, the preparation of selenocyanate-con-
taining metal–inorganic compounds along with their char-
acterization have been reported, but the NLO properties of
the selenocyanate-containing polymers have scarcely been
described hitherto. Referring to the title NLO polymers, we
have systemically carried out research[11] not only on the
preparation, crystal growth, physicochemical, and nonlin-
ear optical properties of the complexes, but also on the de-
sign and structure–property relationship, which is original
and different from other related reports.[12] In the crystal
growth process, we used a one-step building-block approach
capable of forming a chemically stable system, which en-
abled us to grow the high-quality and transparent poly-
meric single crystals, in contrast to the complicated ap-
proach used before resulting in mixtures of small molecular
compounds or perhaps even monomers. In this context, the
building-block approach of self-assembly for the synthesis
of coordination polymers illustrates both the importance of
metal-ion geometry and the effect that the ligand backbone
can have on network construction. This article deals with
two novel 3D coordination polymers, [ZnCd(SeCN)4]n (1)
and [CdHg(SeCN)4]n (2), and their preparation, crystal
growth, structures, and NLO properties are described.

Results and Discussion

Single-Crystal Growth

The chalcogenocyanate ion, SeCN–, is a linear triatomic
pseudohalide and a highly versatile ambidentate ligand with
a polarizable π system. It can coordinate to transition-metal
ions through either the hard nitrogen or the soft selenium
atom, or both, giving rise to linkage isomers or polymers.

The crystal growth processes of 1 and 2 were carried out
in one step by self-assembling in aqueous solutions contain-
ing cadmium chloride, potassium selenocyanate, and zinc
chloride (for 1) or mercury chloride (for 2). Preparations
were accomplished by two continuous reactions, where M
= Zn or Hg:
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4 KSeCN + MCl2 = K2M(SeCN)4 + 2 KCl

K2M(SeCN)4 + CdCl2 = MCd(SeCN)4 + 2 KCl

We have obtained good single crystals from RMS and
the experiments showed that the success of growing large
and high-quality single crystals with low defect density was
highly dependent on the purity of the starting materials.
Several foreign metallic cations, such as Al3+, Fe3+, Co2+,
Ni2+, Cu2+ and so forth, would badly influence the quality
of the crystals, especially their transparency. Meanwhile, the
crystal growth processes of the two polymers were affected
by the pH value of RMS. We optimized the pH values of 1
and 2 solutions at 3.5–5.0 to get well-developed and trans-
parent single crystals. As potassium selenocyanate
(KSeCN) easily decomposes in air, the entire crystallization
process was performed in a desiccator in vacuo. Moreover,
the experiments indicated that the colors of 1 and 2 solu-
tions easily turn slightly red or gray when the precipitates
form as byproducts at a relatively high temperature, al-
though the crystals show no decomposition and hygro-
scopic effect at atmospheric pressure and room tempera-
ture.

IR and Raman Spectra

Figure 1 and Figure 2 show the IR transmission spectra
of 1 and 2 crystals. The assignments of the main character-
istic IR band frequencies observed for KSeCN,[13]

Cd(SeCN)4Zn,[12a] 1, and 2 are listed in Table 1. It is known
that in IR spectra of the metal (M) complexes containing
monodentate SeCN ligands, νCN often lies higher than
2085 cm–1, νCSe lies at about 700–620 cm–1 (N–M bonding)
or 550–500 cm–1 (Se–M bonding), and δSeCN lies near
425 cm–1 (N–M bonding) or 370 cm–1 (Se–M bonding).[14]

From Table 1, one can see the sharp increase in frequencies
of νCN stretching and νCSe stretching and the decrease in
frequencies of δSeCN bending in 1 and 2 compared with the
corresponding bands in the free selenocyanate radical of
KSeCN. This can be explained by the electron transport
model.[15] In 1 and 2 crystals, the SeCN group is a good

Figure 1. IR transmission spectra of 1 crystal.
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electron supplier, whereas Zn2+, Cd2+, and Hg2+ are all
strong electron acceptors. The electron transformation from
SeCN– to Zn2+, Cd2+, and Hg2+ ions makes the wave-
numbers of CN and CSe stretching vibrations increase sig-
nificantly and that of SeCN bending vibrations decrease.
This confirms the presence of M–N and M–Se bands in
their structures.

Figure 2. IR transmission spectra of 2 crystal.

Table 1. Assignments of the main characteristic IR band frequencies
[cm–1] observed for KSeCN,[13] Cd(SeCN)4Zn,[12a] 1, and 2.

KSeCN Cd(SeCN)4Zn 1, [ZnCd(SeCN)4]n 2, [CdHg(SeCN)4]n

νCN 2070 2154 2158 2140
νCSe 558 628 625 606
δNCSe 424, 416 420, 406 417, 403 407, 393

The Raman spectra (Figure 3 and Figure 4) of AB-
(SeCN)4 (A = Zn, B = Cd for 1; A = Cd, B = Hg for 2),
recorded at room temperature in the frequency range from
50 to 2500 cm–1, consist of four frequency regions (below
100 cm–1, lattice vibration modes; 100–300 cm–1, vibration
bands of A and B centers; 300–1200 cm–1, NCSe internal
vibration modes; and 2100–2200 cm–1, CN stretching vi-

Figure 3. Raman spectra of 1 crystal.
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bration modes). According to the vibrational spectra,[16] the
Raman peaks can be assigned as ν1 [a doubly degenerate
B(SeCN)4 bending vibration mode], ν2 [a doubly degenerate
A(NCSe)4 bending vibration mode], ν3 (a SeCN bending
vibration mode), ν4 (a doubly degenerate SeCN bending vi-
bration mode), ν5 (a CSe stretching vibration mode), and
ν6 (a CN stretching vibration mode). The Raman peaks (ν1

and ν2) are split on the low-wavenumber side owing to the
distortion of the B(SeCN)4 and A(NCSe)4 tetrahedra in
AB(SeCN)4 crystals. The observed bands along with their
vibrational assignments are summarized in Table 2.

Figure 4. Raman spectra of 2 crystal.

Table 2. Assignments of the main characteristic Raman vibrational
spectra data [cm–1] observed for 1 and 2.

Assignment[a] 1, [ZnCd(SeCN)4]n 2, [CdHg(SeCN)4]n

δSeBSe 141, 158, 184 138, 159
δNAN 254 253
δSeCN 402, 418 394, 407
νCSe 631 612
2δSeCN 804, 838 792, 818
νCN 2114, 2155, 2172 2135, 2153

[a] A stands for Zn in 1 and for Cd in 2; B stands for Cd in 1 and
for Hg in 2.

UV/Vis Spectra

Linear absorption spectra of 1 and 2 powders, resolved
in dimethyl formamide (DMF), were determined with a 1-
cm path and a concentration of 1×10–5 mol·dm–3. The
spectra show a distinctly strong absorption band at about
270 nm for 1 and 266 nm for 2. Additionally, the solid-state
electronic spectra show an intense band at approximately
263 nm for 1, and 268 and 311 nm for 2. These bands may
be assigned to the metal-mediated ligand π�π* charge
transition of the polymeric metal–selenocyanate system.
Such a transition is believed to be the origin of the NLO
response.[8a]
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Thermal Stability and Solubility

Thermogravimetric analyses (TGA) of 1 and 2 were per-
formed on the single-crystal samples. The TGA curves of
the two complexes exhibited that 1 was stable up to its de-
composition temperature of 345.5 °C without showing any
melting process and 2 did not melt until the decomposition
temperature of 278.2 °C, indicating the high stability of
each polymeric structure. Furthermore, in water, 1 is stable
at atmospheric pressure and 65 °C for several days without
decomposition and hydrolysis, while 2 decomposes and hy-
drolyzes if it is kept at over 45 °C for several hours.

Because of the poor solubility of 1 and 2 in common
solvents, no considerably large single crystal can be grown.
The experiments show that the crystals exhibit relatively
high solubilities in a mixture of water and acetone (v/v =
1:3); while acetone is very volatile, they can be easily recrys-
tallized and purified by this mixed solvent.

Description of the Structures

Some valuable experiences have been accumulated that
enhance the possibility of obtaining the optimal crystalli-
zation. Single crystals obtained have low R values: polymer
1, R1 = 0.0411 and wR2 = 0.1058; and polymer 2, R1 =
0.0432 and wR2 = 0.1031. The latter final R indices [I �
2σ(I)] and the crystal size 0.26×0.22×0.14 mm of 2 are su-
perior to those in the related article.[12b] The crystal struc-
tures of 1 and 2 are shown in Figure 5 and Figure 6 and
their molecule stackings are shown in Figure 7 and Fig-
ure 8, respectively. Crystallographic data and structure re-
finements for 1 and 2 are summarized in Table 3 and se-
lected bond lengths [Å] and angles [°] are shown in Table 4.

Figure 5. Crystal structure with the atom-numbering scheme of 1.

Crystals 1 and 2 consist of two kinds of slightly flattened
coordinate tetrahedrons with a local symmetry of D2d: for
1 one is ZnN4 and the other is CdSe4 and for 2 one is CdN4

and the other is HgSe4. The central atoms, Zn and Cd in 1
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Figure 6. Crystal structure with the atom-numbering scheme of 2.

Figure 7. Molecular packing of polymer 1.

Figure 8. Molecular packing of polymer 2.
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Table 3. Crystallographic data and refinements for 1 and 2.

Compound 1 2

Empirical formula C4CdN4Se4Zn C4CdHgN4Se4

Formula mass 597.69 732.91
Temperature [K] 293(2) 293(2)
Wavelength [Å] 0.71073 0.71073
Crystal system, space group tetragonal, I4̄ tetragonal, I4̄
Unit cell dimensions [Å] a = 11.3420(1) a = 11.6579(7)

c = 4.6326(1) c = 4.5109(4)
Volume [Å3] 595.942(15) 613.06(8)
Z, calculated density [g·cm–3] 2, 3.331 2, 3.970
Absorption coefficient [mm–1] 15.976 26.080
F(000) 532 632
Crystal size [mm] 0.22×0.18×0.16 0.26×0.22×0.14
Theta range for data collection [°] 2.54 � θ � 29.30 2.47 � θ � 28.21
Reflections collected/unique 2130/745 [R(int) = 0.0628] 2180/740 [R(int) = 0.1012]
Data/restraints/parameters 745/0/32 740/0/33
Goodness-of-fit on F2 1.049 1.103
Final R indices [I � 2σ(I)] R1 = 0.0411, wR2 = 0.1058 R1 = 0.0432, wR2 = 0.1031
R indices (all data) R1 = 0.0428, wR2 = 0.1070 R1 = 0.0533, wR2 = 0.1054
Largest diff. peak and hole [e·Å–3] 0.809 and –1.779 1.236 and –1.972

Table 4. Selected bond lengths [Å] and angles [°] for 1 and 2.

1

Cd(1)–Se(1)#1 2.6651(8) Zn(1)–N(1)#5 1.964(8)
Cd(1)–Se(1)#2 2.6651(8) Zn(1)–N(1) 1.964(8)
Cd(1)–Se(1) 2.6651(8) Zn(1)–N(1)#6 1.964(8)
Cd(1)–Se(1)#3 2.6651(8) Se(1)–C(1) 1.798(8)
Zn(1)–N(1)#4 1.964(8) N(1)–C(1) 1.163(12)
Se(1)#1–Cd(1)–Se(1)#2 113.10(4) N(1)#5–Zn(1)–N(1) 107.9(3)
Se(1)#1–Cd(1)–Se(1) 107.688(18) N(1)#4–Zn(1)–N(1)#6 107.9(2)
Se(1)#2–Cd(1)–Se(1) 107.688(18) N(1)#5–Zn(1)–N(1)#6 112.7(5)
Se(1)#1–Cd(1)–Se(1)#3 107.689(18) N(1)–Zn(1)–N(1)#6 107.9(2)
Se(1)#2–Cd(1)–Se(1)#3 107.688(18) C(1)–Se(1)–Cd(1) 95.1(3)
Se(1)–Cd(1)–Se(1)#3 113.10(4) C(1)–N(1)–Zn(1) 177.6(8)
N(1)#4–Zn(1)–N(1)#5 107.9(2) N(1)–C(1)–Se(1) 179.6(8)
N(1)#4–Zn(1)–N(1) 112.7(5)

2

Hg(1)–Se(1) 2.6680(13) Cd(1)–N(1) 2.169(12)
Hg(1)–Se(1)#1 2.6680(13) Cd(1)–N(1)#5 2.169(12)
Hg(1)–Se(1)#2 2.6680(13) Cd(1)–N(1)#6 2.169(12)
Hg(1)–Se(1)#3 2.6680(13) Se(1)–C(1) 1.811(15)
Cd(1)–N(1)#4 2.169(12) N(1)–C(1) 1.140(19)
Se(1)–Hg(1)–Se(1)#1 106.91(3) N(1)–Cd(1)–N(1)#5 112.9(9)
Se(1)–Hg(1)–Se(1)#2 114.73(6) N(1)#4–Cd(1)–N(1)#6 112.9(9)
Se(1)#1–Hg(1)–Se(1)#2 106.91(3) N(1)–Cd(1)–N(1)#6 107.8(5)
Se(1)–Hg(1)–Se(1)#3 106.91(3) N(1)#5–Cd(1)–N(1)#6 107.8(4)
Se(1)#1–Hg(1)–Se(1)#3 114.73(6) C(1)–Se(1)–Hg(1) 95.6(4)
Se(1)#2–Hg(1)–Se(1)#3 106.91(3) C(1)–N(1)–Cd(1) 172.2(16)
N(1)#4–Cd(1)–N(1) 107.8(4) N(1)–C(1)–Se(1) 177.1(15)
N(1)#4–Cd(1)–N(1)#5 107.8(5)

or Hg and Cd in 2, are located at the center of the fourfold
inversion axis. From Table 4, one can see that all the Se–C–
N bond angles in the two crystals are very close to 180°,
that is, the SeCN group is almost perfectly linear. Therefore,
the bond parameters of 1 and 2 are quite similar and it is
not strange that both of them belong to the tetragonal sys-
tem I4̄ space group. Furthermore, the most striking features
of the structures are the Cd–Se=C=N–Zn bridges and Hg–
Se=C=N–Cd bridges, which effectively lead to the forma-
tion of an infinite three-dimensional (3D) network in a zig-
zag way. The coordination modes in the structures can be
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rationalized in terms of the hard–soft acid–base (HSAB)
concept.[17]

The structural characteristics of 1 and 2 account for
quite high physicochemical stability. They both possess high
thermal stability and do not show hygroscopic or decompo-
sition effects at room temperature to a great extent because
of the presence of this strong polymeric structure. The
asymmetric arrangements of Se and N atoms around the
metal atom give rise to asymmetrical metal coordination
and highly asymmetric electronic distribution about the
metal atom. The extended π conjugation system within the
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3D network structure, with the high polarizabilities of both
the metal and the ligand, can induce desirable physical
properties such as NLO effects.[8a,18]

X-ray Powder Diffraction

The X-ray powder diffraction (XRPD) patterns and dif-
fraction indices of 1 and 2 are shown in Figure 9 and Fig-
ure 10, respectively. The tetragonal unit-cell parameters cal-
culated by the TREOR program[19] according to the values
of 2θ in the XRPD patterns are a = 11.3352, c = 4.5709 Å,
V = 587.30 Å3 for 1, and a = 11.6450, c = 4.2155 Å, V =
571.65 Å3 for 2, which agree well with the results deter-
mined by the Siemens SMART CCD area detector dif-
fractometer mentioned above.

Figure 9. XRPD pattern and diffraction indices of 1 crystal.

Figure 10. XRPD pattern and diffraction indices of 2 crystal.

Optical Properties

As for the feature of unsymmetrical structure, NLO ac-
tivity can occur as specific physical effects. Complexes 1 and
2, with the noncentrosymmetric space group I4̄, were ex-
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pected to give rise to efficient SHG effects for NLO applica-
tion. Preliminary experimental results confirmed this and
showed they both displayed strong powder SHG efficienc-
ies. The SHG intensity was determined by the powder tech-
nique of Kurtz and Perry,[20] in which the second harmonic
output was generated by irradiating powder samples of ran-
domly oriented crystallites. The incident radiation came
from a Q-switched and mode-locked Nd:YAG laser, and the
results indicate that the power SHG efficiency of 1 is supe-
rior to that of 2. The 532 nm second harmonic intensities
of 1 and 2 powders were estimated as about 45 and 25 times
that of NLO urea powders by direct frequency doubling of
a laser diode at 1064 nm at room temperature. We assume
that the high nonlinearity of the two crystals is attributed to
two structural factors. One is the conjugated charge-moving
bridges (Cd–Se=C=N–Zn for 1 and Hg–Se=C=N–Cd for
2) that connect all the distorted tetrahedrons together, and
the other is the effective sum of the microscopic hyperpolar-
izabilities originating from the parallel molecular stacking
in the direction of the fourfold inversion axis. The second
harmonic responses of 1 and 2 evidently resulted from the
polar arrangement of all the bridging SeCN– groups, as the
utilization of the asymmetric ligands can introduce elec-
tronic asymmetry, which is essential for a SHG response.[21]

Considering their high thermal stability and tolerance to
hydrolysis, both 1 and 2 are considered as quite promising
SHG materials. Now we are managing to improving the
SHG output efficiency along with exploring better crystal
growth conditions.

Conclusions

The present study shows that a rational design utilizing
suitable ligands and metal ions has prepared new supramo-
lecular polymers with nonlinear optical property. The syn-
thetic approach is based on self-assembly of the functional
components into well-defined crystalline materials, which
allows important structure–property relationships to be es-
tablished. The title crystals possess better stability and do
not show any decomposition and hygroscopic effects at
room temperature, but the pH value sensitivity in solution
and the physicochemical change at high temperature show
the difficulties of single-crystal growth. X-ray diffraction in-
vestigations reveal that they crystallize in the same nonce-
ntrosymmetric space group, I4̄. The high degree of polariz-
ability of the chosen metal and the ambidentate ligand
SeCN–, together with the three-dimensional (3D) network
structures, provide the crystals with a large interaction force
between molecules, which in turn induces large macroscopic
NLO properties. The SHG intensities of 1 and 2 were ob-
served to be much stronger than that of urea powders be-
cause of the presence of distorted AN4 (A = Zn or Cd) and
BSe4 (B = Cd or Hg) tetrahedra in the 3D structure. In
summary, being 3D coordination polymers, 1 and 2 have
emerged as two promising candidate materials for genera-
tion of blue-violet light using a diode laser and this, their
high SHG efficiency, excellent optical transparency, and
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high thermal stability make them attractive for device appli-
cations. Further studies on related properties are currently
under way.

Experimental Section
General: Potassium selenocyanate (KSeCN) was prepared by the
method given in the literature.[22] All other starting materials were
analytical reagent grade (Purity � 98.0%) and used as purchased,
and all the synthetic and growth processes were carried out in aque-
ous solutions. Elemental analyses were performed with a Perkin–
Elmer 240 instrument. IR spectra were recorded with a Nicolet
FTIR 170SX instrument (KBr discs) in the 4000–400 cm–1 region.
The far-IR spectra (500–100 cm–1) were recorded in Nujol mulls
between polyethylene sheets. UV/Vis spectra were recorded with a
UV-265 spectrophotometer. TGA analyses were recorded with a
Perkin–Elmer Pris-1 DMDA-V1 analyzer in nitrogen at a heating
rate of 5 °C min–1. The second-order nonlinear optical tests were
carried out by the powder second harmonic generation (SHG)
method.[20]

Room-temperature Raman spectra of the two crystal powders were
measured on a LABRAM microscopic Raman spectrometer with
a slit width of 100 nm, using a 100 mW argon ion laser at
514.53 nm with a power density of 5 mW·µm–2 at the sample. The
Raman spectra with a resolution of 0.15 cm–1 and a wavelength
precision of 0.5 cm–1 in a wavenumber range from 50 to 2500 cm–1

were collected.

The XRPD patterns of the 1 and 2 crystals were registered with a
Rigaku D/Max-γA diffractometer, operated at 40 KV and 40 mA,
using a Cu target tube and a graphite monochromator. Fixed scat-
ter and divergence slits of 1° and a 0.15-mm receiving slit were
used. The intensity data were recorded by continuous scan in a 2θ/
θ mode from 10° to 70° with a step size of 0.02° and a scan speed
of 4°min–1.

Syntheses

[ZnCd(SeCN)4]n (1): Cadmium chloride (CdCl2) (0.03 mol, 5.50 g)
was dissolved in deionized water (30 mL) at room temperature.
This solution was added slowly to a colorless solution (50 mL) con-
taining zinc chloride (ZnCl2) (0.03 mol, 4.09 g) and potassium sele-
nocyanate (KSeCN) (0.12 mol, 17.29 g). The stoichiometric mix-
ture was stirred for 1 h and then filtered. The resulting filtrate was
kept standing and evaporated slowly in a desiccator in vacuo over
calcium chloride. Two weeks later, the colorless and transparent
tetrahedral-shaped single crystals were obtained. Yield 12.98 g
(72.4%). ZnCd(SeCN)4 (597.69): calcd. C 8.03, N 9.36; found C
8.07, N 9.39.

[CdHg(SeCN)4]n (2): This complex was prepared in an analogous
way to that of 1. Cadmium chloride (CdCl2) (0.03 mol, 5.50 g) was
dissolved in solution and then added slowly into a colorless solu-
tion containing mercury chloride (HgCl2) (0.03 mol, 8.14 g) and
potassium selenocyanate (KSeCN) (0.12 mol, 17.29 g) with stirring.
After 1 h the stoichiometric mixture was filtered and evaporated
slowly in a desiccator in vacuo. Twenty days later, the silvery gray
and transparent tetrahedral-shaped single crystals were obtained.
Yield 14.85 g (67.5%). CdHg(SeCN)4 (732.91): calcd. C 6.55, N
7.64; found C 6.59, N 7.67.

Crystallographic Structure Determination: High optical quality 1
and 2 single crystals suitable for X-ray diffraction analyses were
grown from their reaction mother solutions (RMS) by the solvent-
evaporation method and then separated and dried, respectively. A

www.eurjic.org © 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2006, 2900–29072906

single crystal of polymer 1 or 2 with suitable dimensions was
mounted on a glass fiber and data collections were performed using
a Siemens SMART CCD area detector diffractometer with Mo-Kα

radiation with ω-scan mode (λ = 0.71073 Å). The structures were
solved with direct methods using the program SHELXTL[23] and
refined anisotropically with SHELXTL using the full-matrix least-
squares procedure.

CCDC-207921 (for 1) and -207922 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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