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a b s t r a c t

A novel 1D tubular coordination polymer [ZnL(dca)2]n (dca = dicyanamide, L = 2-(3-pyridylmethylthio)-
5-(4-pyridyl)-1,3,4-oxadiazole) constructed by the unsymmetrical bridge ligands L spirally winding
around two double-chain pillars Zn(dca)2 was synthesized and characterized.

� 2009 Elsevier B.V. All rights reserved.
1,3,4-Oxadiazole exhibiting excellent luminous property and
biological activity such as antiphlogosis and antisepsis, has drawn
recent great attention in organic synthesis, medicinal chemistry
and materials science [1–4]. For example, in combination of an
electron transporting moiety 1,3,4-oxadiazole with a hole
transporting moiety carbazole, Huang et al. created a fascinating
compound 2-(4-biphenylyl)-5-(4-carbazole-9-yl)phenyl-1,3,4-
oxa-diazole to design high-performance blue electroluminescent
devices [4]. As for coordination chemistry, it has been a hotspot
to tailor polytopic ligands based on the intentional modification
of 1,3,4-oxadiazole through introducing functional groups such
as mercapto, pyridyl and sulfanilamide to enforce/enhance the de-
sired properties and coordination flexibility, and some metal-or-
ganic complexes with novel structures and properties have been
reported [5–8]. However, 1,3,4-oxadiazole-containing unsymmet-
rical ligands and their coordination compounds are comparatively
uncommon [9,10]. As well known, using unsymmetrical bridging
ligands as building blocks is currently selection for assembling no-
vel helical architectures and optical materials [11,12]. Thus we
simultaneously introduce mercapto and pyridyl groups into the
backbone of 1,3,4-oxadiazole, and hope that the unsymmetrical
configuration, coordination variety and flexibility of the resulting
multifunctional ligands are in favor of construction for aesthetic
structural motifs with gracious functions. Here we wish to commu-
nicate a novel 1D tubular coordination polymer [ZnL(dca)2]n (1)
(L = 2-(3-pyridylmethylthio)-5-(4-pyridyl)-1,3,4-oxadiazole, dca =
ll rights reserved.
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dicyanamide), together with its electrooptical and fluorescent
properties.

Ligand L shown in Scheme 1 was synthesized via a nucleophilic
substitution reaction of 5-(4-pyridyl)-2-mercapto-1,3,4-oxadiazole
and 3-(chloromethyl)pyridine under alkaline condition [3,9,10,13].
Compound 1 was synthesized as colorless block crystals by slow
evaporation of an ethanol/methanol solution of L, Na(dca)2 and
Zn(NO3)2�6H2O [14]. IR spectra disclose characteristic absorptions
of 2313, 2261 and 2186 cm�1 for dca and 1623, 1546 and
1459 cm�1 for aromatic rings in 1. Crystallographic analysis [15]
reveals that compound 1 is a discrete 1D tubular architecture
extending along the b-axis (Fig. 1).

In the structure, each zinc(II) atom locates at a distorted octahe-
dral environment with four nitrogen atoms from dca in the equa-
torial plane, and a 3-pyridyl nitrogen atom and a 4-pyridyl
nitrogen atom from different L at the axial sites (Fig. 2). The bond
lengths of Zn–N range from 2.065(7) to 2.234(7) Å, and among
which the Zn–N5dca of 2.234(7) Å is slight longer compared with
those in literature [16–20]. The widely used versatile ligand dca
anions acting as bidentate bridges adopt an end-to-end coordina-
tion mode, and doubly link with Zn(II) metal centers to form 1D
annular structures with a separation of Zn(II)� � �Zn(II) being
7.463 Å. The double chain is almost linear and every cycle in the
chain is a 12-membered Zn(dca)2Zn ring with a flat configuration,
being similar to the double dca-bridged 1D polymers [16–18]. A
striking structural feature of 1 is that unsymmetrical ligands L
select the double-chain Zn(dca)2 as pillars, wind around two pillars
through its 3-pyridyl and 4-pyridyl nitrogen atoms ligating to
metal centers in different pillars, and form a 1D tubular polymer
with a 21 axis running through the tube (Fig. 1). Half dca anions
of every pillar reside in the tube, which mainly results in the
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Fig. 1. (a) View of dca-bridged double-chain pillars Zn(dca) and (b) 1D tubular
coordination polymer constructed by bridges L spirally winding around two
double-chain pillars in 1.

Fig. 2. Perspective view of the coordination environment of the Zn(II) ion in 1.
Selected bonds (Å) and angles (�): Zn1–N1 2.117(9), Zn1–N5 2.220(7), Zn1–N7
2.074(7), Zn1–N5C 2.220(7), Zn1–N7C 2.074(7), Zn1–N4B 2.153(9), N7–Zn1–N1
92.7(3), N7–Zn1–N5 90.3(4), N1–Zn1–N5 90.6(3), N7–Zn1–N7C 98.4(4), N7C–
Zn1–N1 92.7(3), N7–Zn1–N4B 91.2(2), N1–Zn1–N4B 174.0(3), N1–Zn1–N5C
90.6(3), N7C–Zn1–N5 170.5(3), N7C–Zn1–N4B 91.2(2), N7–Zn1–N5C 170.5(3),
N7C–Zn1–N5C 90.3(4), N4B–Zn1–N5C 84.8(3), N4B–Zn1–N5 84.8(3), N5C–Zn1–N5
80.8(6). A x, 1/2-y, z; B -x, y-1/2, -z; C x, -y-1/2, z; D x, y-1, z.

Scheme 1. Schematic representation of ligand L.
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disorder of C12 in the half dca anions. The Zn(II)� � �Zn(II) distance
bridged by L is 7.085 Å. Notably, every unsymmetrical ligand L al-
lows a spiral configuration with the 4-pyridyl group being coplanar
with the oxadiazole group (the dihedral angle being 6.3�) and the
S-bonded 3-(methyl)pyridyl group reversely being perpendicular
with the oxadiazole group (the dihedral angle being 91.5�), being
obviously different from the almost flat configuration of analogue
Fig. 3. View of discrete tubular polymeric units aligning in parallel along b-axis and comp
neighbouring tubes to result in an overall 2D sheet.
[9,10]. Especially, the thioether moiety embedded in the backbone
of L not only constrains the C–S–C angle being close to 90�
(96.6(5)�) but also allows the free rotation of the two bound groups
along C–S bonds, thereby endowing ligand L with flexible
conformations to cater for assembling requirement. Perhaps the
lementary interchain interdigitation through the p–p stacking interactions between



Fig. 4. Solid state photoluminescent spectra of 1 (solid line) and free ligand L
(dotted line) at room temperature.
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flexibility of the ligand on the thioether moiety plays an important
role in the construction of the tubular structure. In a sense, com-
plex 1 is a helical-tube polymer with a chiral void of an opening
size about 14 � 6 Å2 and a pitch of 7.463 Å, being dissimilar to
the triple chain polymer containing double dca-bridged chains
and the tubular polymer with the wall being similar to that of a
carbon nanotube [19–21]. Although many 1D helical polymers
and some 1D tubular architectures have been reported up to
now, the helical-tube structure in 1 constructed by a bridge ligand
spirally winding around two double-chain pillars is authentically
rare [11,12,21–23].

In the crystals, all the discrete tubular polymeric units align in
parallel along b-axis. Complementary interchain interdigitation oc-
curs with the p–p stacking interactions between 3-pyridyl groups
of the neighbouring tubes, which results in an overall 2D sheet
[Fig. 3 and S1].

The electronic absorption spectra of L and 1 were respectively
recorded in methanol with a concentration of 1.0 � 10�5 M in a
200–600 nm region using a UnicoTMUV-2102 PC UV–vis spec-
trometer at room temperature (Fig. S2). Two intense bands with
maxima at 207 and 279 nm distinctly character L, which may be
assigned to intraligand contribution of p ? p* transition. As for
1, two stronger absorptions centered at 208 and 281 nm are
slightly bathochromic in comparison with free ligand L, which
mainly originates from p ? p* charge transition of L.

The photoluminescent spectra of 1 and free ligand L were mea-
sured with a Hitachi F-4500 system at room temperature. A DMF
solution of L (1.0 � 10�4 M) excited at 308 nm emits photolumi-
nescence with a single broad band at kmax = 366 nm. When excited
at 326 nm, the emission property of solid L is very similar to that of
the DMF solution sample only with the maximum emission wave-
length undergoing a slightly blue-shift to 362 nm. The emission of
1 in solid centers at 395 nm as excited at 343 nm (Fig. 4). Although
the maximum emission wavelength of 1 undergoes a red-shift of
33 nm, the emission band is very similar to that found for free li-
gand L in terms of position and band shape. Therefore, the emission
nature of 1 is a ligand-centered emission as reported for Zn(II) or
other d10 metal complexes with N-donor ligands [24,25]. The
intensity increase of the luminescence for 1 can be explained by
the bridge coordination of L with the metal center increasing the
rigidity of L and reducing the nonradiative relaxation process.

In summary, we have successfully synthesized a novel 1D
tubular luminescent Zn(II) coordination polymer with the designed
unsymmetrical bridge ligand L containing biologically active group
1,3,4-oxadiazole.

Supplementary material

CCDC 743772 contains the supplementary crystallographic data
for complex 1. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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