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Crystal structure analysis of Cd(aepn)(NCS)2 [aepn � (2-aminoethyl)(3-aminopropyl)amine] reveals that each

cadmium(II) possesses distorted octahedral geometry and is linked to four different nearest cadmium centres via

thiocyanate groups and non-chelated arms of the triamine ligands forming a chain linked system of a hyperbranched

polymeric molecule.

Cannas et al.1,2 reported the synthesis and single
crystal structure of triamine complexes of cadmium(II)
thiocyanate. They proposed the structure of Cd-
(aepn)(NCS)2 [aepn � (2-aminoethyl)(3-aminopropyl)amine;
NH2CH2CH2NHCH2CH2CH2NH2] as a discrete ®ve co-
ordinated species on the basis of a 0kl Weissenberg photo-
graph.2 Recently we synthesized these complexes to explore
their thermal behaviour in the solid state.3 Interestingly
we found that Cd(aepn)(NCS)2 upon heating undergoes
melting and remains a supercooled liquid at room tempera-
ture. Such a novel behaviour led us to explore the exact
molecular structure. The structure is a three dimensional
polymer, the synthesis and characterisation of which is
of great current interest in the search for molecular based
materials.4±7 The novelty of this compound is that it is a
branched molecule synthesized in a single step, often called
a hyperbranched polymer.8±10

The structure determination reveals that the complex
has stoichiometry, Cd(aepn)(NCS)2 with the occurrence
of Cd±N1±C1±S1±Cdi (i �ÿ x � 1, yÿ 1/2, ÿz � 1/2)
zigzag in®nite chains along crystallographic direction b and
Cd±N4±C5±C6±C7±N5±Cdii (ii �ÿ x � 1/2, ÿy � 1,
zÿ 1/2) alone c. An ORTEP view with the atom numbering
scheme showing the hyperbranched polymeric structure of
the molecule is shown in Fig. 1, where each cadmium acts
as a centre of branching. One of the thiocyanate groups
(N1C1S1) bridges in the m(N,S) mode to the nearest
cadmium centres and the other (N2C2S2) is monodentate
through N2. The ethylenic part of the ligand is chelated to
form a ®ve membered ring and the propylenic arm is used
as a non-chelating end to bridge another adjacent cation.
Thus each cadmium centre is linked to four di�erent nearest
cadmium centres via thiocyanate groups and non-chelated
arms of the triamine ligands to form a chain linked system
of a polymeric molecule. Each cadmium atom possesses
distorted octahedral geometry. Two nitrogen atoms (N3,
N4) of the chelated portion of the aepn, one symmetry
related nitrogen atom (N5iii, iii �ÿ x � 1/2, ÿy � 1, z � 1/2)
of the non-chelated portion of the amine and one nitrogen
atom (N2) of the terminal thiocyanate group (N2C2S2)
de®ne the equatorial plane. The apical positions of the
octahedron are occupied by one nitrogen (N1) of
the bridging thiocyanato group (N1C1S1) and the symmetry
related sulfur atom (S1iv, iv �ÿ x � 1, y � 1/2, ÿz � 1/2).
The degrees of distortion from an ideal octahedral geometry

are re¯ected in the cisoid [85.1(2)±104.9(3)8] and the trans-
oid angles [164.1(3)±175.9(3)8].
The ®ve membered chelate ring Cd±N3±C3±C4±N4

adopts an open envelope geometry with C3 on the ¯ap,
0.594 AÊ away from the least squares plane de®ned by
the other four ring atoms. The Cd±N distances are in the
range 2.306(8)±2.393(7) AÊ comparable to corresponding
values in similar systems.1,2 The Cd±S1 distance (2.723 AÊ ),
Cd±N1±C1 (168.68) and Cd±N2±C2 angles (160.88) are sig-
ni®cantly di�erent from those reported [Cd±S 2.93 and
2.80 AÊ , Cd±N±C(NCS) 1408] by Cannas et al.1 The thiocya-
nate ligands are almost linear. Other bond lengths and
angles in the ligand are close to expected values.
The conclusion made by Cannas et al.2 for the structure

of Cd(aepn)(NCS)2 on the basis of a 0kl Weissenberg photo-
graph was not correct. Determination of the crystal struc-
ture clearly show that it is a polymeric molecule where each
cadmium centre possesses distorted octahedral geometry.
In Cd(dien)(NCS)2

1 [dien � bis(2-aminoethyl)amine] the
NCS groups are linked to adjacent cadmiums as
the amine arm of dien has the right length to bridge the
Cd±NCS±Cd chain and make it a one dimensional polymer.
Here simultaneous bridging through the propylenic arms
of aepn and thiocyanate group between the two adjacent
cations does not occur as the length of the former is not
compatible with the bridged Cd±NCS±Cd chain. As a result
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Fig. 1 ZORTEP plot of Cd(aepn)(NCS)2 with atom numbering
scheme; 3 ÿx � 1/2, ÿy � 1, z � 1/2; 4 ÿx � 1, y � 1/2, ÿz � 1/2
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a three dimensional branched polymric molecule is formed
by Cd(aepn)(NCS)2. This is the ®rst ever example where
aepn forms only one chelate ring and uses the non-chelating
end to bond to another metal atom.

Experimental

(2-Aminoethyl) (3-aminopropyl)amine(aepn) was purchased from
Aldrich Chemical Company Inc. and used as received. All other
chemicals used were of AR grade.

Synthesis of Cd(aepn)(NCS )2.ÐThis was synthesized3 by adding
the ligand (2 mmol) dissolved in ethanol (5 ml) to an ethanolic
(5 ml) solution of cadmium(II) thiocyanate (2 mmol) and ®ltered.
The ®ltrate was kept in a CaCl2 desiccator. After a few days the
colorless shining crystals which separated were ®ltered o�, washed
with ethanol and dried in a CaCl2 desiccator. Yield 75% (Found:
C, 24.5; H, 4.2; Cd, 32.3; N, 20.2; S, 18.4; Calc. for C7H15CdN5S2:
C, 24.3; H, 4.3; Cd, 32.5; N, 20.3; S, 18.5%)

Crystal Structure Analysis.ÐSingle crystals were obtained by
recrystallisation of [Cd(aepn)(NCS)2]n from ethanol. A crystal
suitable for X-ray analysis was mounted on an Enraf-Nonius CAD-
4 di�ractometer equipped with a graphite monochromator and
Cu-K� (� 1.5418 AÊ ) radiation. The unit cell parameters and crystal
orientation matrix were determined by least squares re®nements
of the setting angles of 25 re¯ections (10<�<40 88). Crystal and
instrument stabilities were monitored with a set of three standard
re¯ections measured over 100; in all cases variations were insigni-
®cant. The collected intensity data were corrected for Lorentz-
polarisation e�ects11 and an empirical absorption correction was
also employed (Tmin/Tmax 0.6062/0.9841). Atomic coordinates are in
Table 1.
The structure was solved by the Patterson method followed by

successive Fourier synthesis and re®ned through full-matrix least
squares on F 2 using SHELXL 9312 with anisotropic thermal
parameters for all non-hydrogen atoms. Hydrogen atoms were
constrained to ride on the respective carbon or nitrogen atoms
(C±H 0.97, N±H 0.900 AÊ ) with an isotropic displacement parameter
equal to 1.5 times the equivalent isotropic displacement
parameter of their parent atoms. The re®nement of 137 least-
squares variables converged to residual indices R1 � 0.0467,
wR � 0.1158 with I>2s(I). The ®nal Fourier di�erence map

showed maximum and minimum peak heights at 2.156 and
ÿ1.430 e AÊ ÿ3, respectively. The largest one, being within 1.03 AÊ

of the cadmium atoms, had no chemical signi®cance. The largest
shift/esd in the ®nal cycle of re®nement was 0.062. Complex
neutral-atom scattering factors were used.13 All calculations were
carried out using the SHELX 86,14 SHELXL 93,12 PARST15 and
ZORTEP16 programs.

Crystal data.ÐC7H15CdN5S2, orthorhombic space group P212121,
a � 7.652(3), b � 11.926(6), c � 14.498(3) AÊ , V � 1323.1(9) AÊ 3,
Z � 4; Dc � 1.736 g cmÿ3, � � 16.007 mmÿ1, F(000) � 688; re¯ec-
tions collected 1575, independent re¯ections 1575, � range for
data collection 4.80±74.508, data/restraints/parameters 1519/0/137;
goodness of ®t on F 2 1.039; R1 � 0.0696, wR2 � 0.3456; (all data);
absolute structure parameter17 0.02(2); extinction coe�cient
0.0017(3). Full crystallographic details excluding structure factors,
have been deposited at the Cambridge Crystallographic Data Centre
(CCDC). See Instructions for Authors. J. Chem. Research (S),
1998, Issue 1. Any request to the CCDC for this material should
quote the full literature citation and the reference number 423/10.
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Table 1 Atomic coordinates (�105 for Cd,�104 for other
atoms) and equivalent isotropic displacement parameters
(AÊ 2�103) for Cd(aepn)(NCS)2; Ueq is defined as one third
of the trace of the orthogonalized Uij tensor

Atom x y z Ueq

Cd 40 232(6) 56 261(4) 24 249(3) 20(1)
S1 7771(3) 2299(2) 3433(2) 39(1)
C1 6429(11) 3316(7) 3197(6) 28(2)
N1 5503(13) 4057(7) 3020(7) 45(2)
S2 ÿ625(3) 3542(2) 657(2) 43(1)
C2 824(12) 4081(7) 1359(6) 30(2)
N2 1864(11) 4467(7) 1858(6) 38(2)
N3 6336(10) 6717(6) 3079(5) 32(2)
C3 7920(10) 6421(8) 2563(7) 35(2)
C4 7527(12) 6485(8) 1525(7) 37(2)
N4 6207(9) 5638(6) 12695) 27(1)
C5 5702(13) 5761(8) 319(6) 35(2)
C6 4611(13) 4794(8) ÿ32(6) 34(2)
C7 3606(12) 5043(8) ÿ886(6) 33(2)
N5 2531(10) 4121(6) ÿ1210(5) 30(2)
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