A three-dimensional network coordination polymer,
(terephthalato)(pyridine)cadmium, with blue fluorescent emission
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The first terephthalato (TPT) bis-tridentate bridging
cadmium coordination polymer, [(TPT)(py)Cd] 1, with
blue fluorescent emission, was synthesized by a hydro-
thermal reaction between Cd(ClO,),-6H,0, 1,4-dicyano-
benzene and pyridine (py).

The terephthalato (TPT) ligand has been extensively studied in
the field of molecular magnetism on account of its promising
application to areas of technology such as magnetic recording’
due to TPT exhibiting a variety of chelating abilities as
manifested by the formation of dinuclear,® tetranuclear,’
one- and two-dimensional copper(i) systems,® as well as
three-dimensional manganese(i1) coordination polymers.®
More recently, coordinatively unsaturated metal centers in
the extended porous frameworks of Zn;(TPT);-6MeOH and
Zn(TPT)(DMF)(H,0) have been addressed and show a clear
preference for the inclusion of alcohols and gas sorption
properties.®* However, it is noteworthy that in these compounds
TPT adopts a p,-bridging mode of coordination with the metal
atom and no pg-bridging TPT ligands have so far been found.
To our surprise, we have successfully obtained a novel three-
dimensional condensed polymer, [Cd(TPT)(py)], 1, with an
unprecedented pe-TPT-bridging mode under hydrothermal
synthesis conditions using 1,4-dicyanobenzene as starting
material. Moreover, 1 also displays a very strong blue fluor-
escent emission in the solid state. Herein, we report the
synthesis, structure and fluorescence properties of 1 which
represents the first example of a metal coordination polymer
with pe-TPT-coordination.

Polymer 1 was synthesized under hydrothermal reaction
conditions from Cd(ClO,),"6H,0 and 1,4-dicyanobenzene.t In
this reaction, 1,4-dicyanobenzene was hydrolyzed to form TPT
and is considered to be the precursor of TPT. The situation is
quite similar to the reaction system of Fe(ClO,); and 4-pyridine-
carbaldehyde in which 4-pyridinecarbaldehyde is the precursor
of 4-pyridinecarboxylic acid.” The presence of a carboxylate
group in 1 was confirmed by the very strong peaks at 1568, 1535
and 1386 cm™!, in the IR spectrum. No peaks at about 2100
cm ! were found, indicating that the cyano group no longer
exists in 1. It should be emphasized that with the replacement
of 1,4-dicyanobenzene by 1,4-benzenedicarboxylic acid, we
failed to get compound 1, even if the same reaction conditions
were used. This shows that the use of the precursor is crucial
for the synthesis of the novel condensed metal coordination
polymer.

The three-dimensional polymeric structure of 1 was revealed
by an X-ray single crystal diffraction investigation. The local
coordination environment around the Cd(11) ion in 1 can best be
described as approximately pentagonal bipyramidal with the
two bidentate chelating carboxylates and one N atom of pyr-
idine in the equatorial plane and with two monodentate carb-
oxylates in the axial positions, as shown in Fig. 1. Each TPT in
1 adopts a pe-bridging mode to connect with 4 Cd(1) ions (see
Fig. 2) to form a three-dimensional network structure. Though

Fig.1 An ORTEP" view of the coordination polymer [(TPT)(py)Cd]
1. Hydrogen atoms are omitted for clarity.

the TPT carboxylates in 1 can be considered as being in a com-
mon bridging mode (bis-tridentate),® to our knowledge, all of
the carboxylate groups in the known compounds containing
TPT take part in coordination to the metal ion with a syn-syn
bridging mode. Furthermore, the seven-coordination of the
Cd(u) ion is shown by the following. Firstly, two oxygen atoms
of the two different TPT carboxylate anions coordinate with
the Cd(1r) ion almost equally in a bidentate chelating mode. The
Cd-O distances (2.307-2.448 A) are quite similar to normal
Cd-0CO distances (2.251-2.879 A).° Secondly, the Cd-O dis-
tance (2.497 A) in the apical positions is slightly longer than
those in the equatorial position, indicating that it shows some
pendant oxygen characteristics. However, both of these carb-
oxylates are bound asymmetrically with one Cd-O bond length
somewhat longer than the other.? Thirdly, the Cd-N (2.281 A)
distance also has a typical bond length (2.32-2.39 A)." It can
be seen from a perspective view of 1 down the b-axis , as shown
in Fig. 2 (pyridine omitted for clarity) that the TPT anion acts
as bis-tridentate ligand to the two coplanar Cd(11) ions and of
two Cd(n) ions in a different layer, thus resulting in the form-
ation of a very regular three-dimensional network structure
with channel dimensions of 11.23 x 11.23 A. As a result, mole-
cules such as 4- and 3-methylpyridine, imidazole efc. can be
included in this channel. {The seventh coordinated ligand
is labile, this situation is very similar to that of [Cuy(TMA),-
(H,0);], (TMA = 1,3,5-benzenetricarboxylic acid) in which
the lability of the aqua ligands allows their replacement by
other groups.''} To study the thermal stability of compound 1
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Fig. 2 A perspective view of 1 along the b axis (pyridine omitted for
clarity).
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Fig. 3 Fluorescence emission spectrum of 1 in the solid state at room
temperature.

thermogravimetric analysis (TGA) was performed on the poly-
crystalline sample, indicating that one strikingly clean weight
loss step occurred at 220 °C (20.8% loss), corresponding to the
removal of one pyridine molecule per formula unit (22.23%
calculated). Most important is the fact that no weight loss was
recorded between the temperatures 220 and 408 °C, probably
suggesting the formation of a stable phase formulated as
Cd(TPT) (see Fig. 2).

The most important feature of the structure of 1 is that its
three-dimensionally condensed polymeric structure leads to
significant enhancement of fluorescent intensity, almost 100
times larger than that of the free ligand, probably due to the
symmetry decrease of TPT (seriously twisted) in 1 compared
with the free ligand. The emission of 1, 4., =464 nm (Fig. 3),
is neither MLCT (metal-to-ligand charge transfer) nor LMCT
(ligand-to-metal charge transfer) in nature, and can probably be
assigned to the intraligand fluorescent emission since a very
weakly similar emission (J,,,, at 466 nm) is also observed for the
TPT acid. On the other hand, the diffuse reflectance spectrum
of 1 is dominated by an intraligand n—m* transition at 298 nm.
Owing to the blue fluorescence emission of 1 it may be used as
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an advanced material for blue-light emitting diode devices. This
condensed polymeric material may be an excellent candidate for
highly thermally stable and solvent-resistant blue fluorescent
material because 1 is almost insoluble in most common solvents
such as ethanol, chloroform, ethyl acetate, acetone, acetonitrile,
benzene and water. In conclusion, we have synthesized an
unprecedented and novel p-TPT metal coordination polymer
using the precursor of TPT, 1,4-dicyanobenzene, under hydro-
thermal hydrolysis conditions. This opens up a new synthetic
route for novel metal coordination polymers with promising
photo-electronic properties.
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Notes and references

T Preparation of Cd (TPT)(py) 1. Hydrothermal treatment of Cd-
(Cl0O,),+6H,0 (1.2 mmol), 1,4-cyanobenzene (1 mmol), pyridine (1 ml)
and water (10 ml) for 1 day at 140 °C yielded a yellow prismatic crystal-
line product (only one pure phase). The yield of 1 was almost quanti-
tative based on 1,4-cyanobenzene (Found: C, 43.65; H, 2.56; N, 4.01.
(Calc.: C, 43.87; H, 2.53; N, 3.94%). IR(KBr, cm™): 1710vw, 1605vw,
1568vs, 1535vs, 1487m, 1449m, 1386vs, 1296vw, 1221m, 1143m, 1067m,
1038m, 1015m, 890m, 838s, 750s, 706s, 630m, 528m.

i Crystal data for 1. C;H,NO,Cd, monoclinic, C2/c, a =16.9875(4),
b=9.9995(2), c¢=7.8476(1) A, B=104.584(1)°, V' =1290.09(4) A,
Z=4, M=3556, D,=1.83 Mg m®, R,=0.026, wR,=0.059 (2075
reflections), T=293 K, =1.70 mm~'. CCDC reference number 186/
1446. See http://www.rsc org/suppdata/dt/1999/1915/ for crystallo-
graphic files in .cif format.
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