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INTRODUCTION

Metal�organic coordination polymers are com�
pounds composed of metallic centers (single atom,
cluster, or polynuclear complex) combined by organic
bridging ligands to one�, two�, or three�dimensional
periodic structures. The considerable interest in these
items is related to both the extensive opportunities for
the controlled design they provide and the presence of
a series of valuable functional properties such as sorp�
tion and selective separation of gas mixtures [1, 2],
catalytic [3, 4] and luminescence properties [5], etc.

The effective synthetic strategy for the preparation
of these compounds is the use of polycarboxylic acids,
which are made to react with transition metal salts in
nonaqueous media under solvothermal conditions.
The structure and properties of the final coordination
polymer are determined by numerous factors: the
coordinating ability of the metal, the solvent used for
the reaction, and especially by the geometry of the car�
boxyl groups of the organic ligand, the ligand size, and
the stereochemistry as a whole [6].

2,5�Thiophenedicarboxylic acid is a widely used
ligand for the preparation of coordination polymers.
The five�membered aromatic system ensures the steric
rigidity of Тdc2–, while the angular arrangement of the
carboxylate groups (144°) allows the design of struc�
tures with unusual topologies [7]. It is also important
for the design that H2Тdc can be coordinated in differ�
ent modes: 2,5�thiophenedicarboxylate can function
as monodentate [8, 9], bridging bidentate [8–11],
bridging tridentate [9, 12], and even tetradentate
ligand; both symmetric [11, 13] and unsymmetric [14]
coordination is possible. There are examples of one�,
two�, and thee�dimensional different�ligand Mn(II),
Co(II), Cu(II), and Zn(II) coordination polymers

based on thiophenedicarboxylates and N�donor
ligands [11, 12]. Two� and three�dimensional coordi�
nation polymers based only on thiophenedicarboxy�
lates were prepared for lanthanides (Tb(III) [13, 15],
Dy(III), Ho(III), Er(III) [16], etc.) and 3d metals (for
example, Cu(II) [17], Co(II) [14], and Mn(II) [11]).
Some of the coordination polymers show interesting
luminescence and magnetic properties [14, 16, 18].

This communication reports the synthesis, struc�
ture, and thermal and luminescence properties of a
new two�dimensional coordination polymer based on
zinc(II) thiophenedicarboxylate [Zn2(Nmp)2(Тdc)2] ⋅
2Nmp ⋅ 0.5H2O (I).

EXPERIMENTAL

The starting compounds, zinc nitrate hexahydrate,
2,5�thiophenedicarboxylic acid, urotropine (Ur),
N�methylpyrrolidone, and acetone were at least
reagent grade commercial chemicals. IR spectra were
recorded in the 4000–400 cm–1 range in KBr pellets
on a Scimitar FTS 2000 FT IR spectrometer. Thermo�
gravimetric analysis (TGA) was performed in a He
atmosphere on a Netzch TG 209 F1 thermal analyzer,
the samples being heated at a linear rate of 10°C/min.
Elemental analysis of carried out at the analytical lab�
oratory of the Nikolaev Institute of Inorganic Chem�
istry using a Euro EA 3000 instrument. Powder X�ray
diffraction data were obtained on a Shimadzu XRD
7000S powder diffractometer (CuK

α
 radiation). The

fluorescence spectra were measured on a Varian Cary
Eclipse instrument.

Synthesis of I. A mixture of zinc nitrate hexahy�
drate (300 mg, 1 mmol), 2,5�thiophenedicarboxylic
acid (170 mg, 1 mmol), urotropine (140 mg, 1 mmol),
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and N�methylpyrrolidone (25 mL) were sonicated for
10 min and heated at 100°С in a glass vial with screw
cap for 48 h. The resulting crystals were washed with
N�methylpyrrolidone (2 × 10 mL) and acetone (2 ×
10 mL) and dried in air. Yield 152 mg (17% in relation
to Zn).

IR (ν, cm–1): 3442, 3095, 2956, 2883, 1675, 1618,
1529, 1473, 1375, 1262, 1113, 1021, 987, 852, 805,
773, 682, 562, 514.

TGA. Found: Δm = 44%.Calculated for the loss of
4Nmp + 0.5H2O in I: Δm = 46%.

X�ray diffraction. X�ray diffraction data were col�
lected at 100 K on a Bruker Apex Duo four�circle
automated diffractometer equipped with a two�coor�
dinate detector (ϕ and ω scan modes, λ(CuK

α
) =

1.54178 Å, graphite monochromator). The crystal
data and X�ray experiment details are summarized
in Table 1. The absorption corrections were applied
based on divergence of equivalent reflections
(SADABS) [19]. The structure was solved by the
direct method and refined by full�matrix least squares
method in the anisotropic (except for hydrogen
atoms) approximation (SHELX�97) [20]. The posi�
tions of hydrogen atoms of the organic ligands were
calculated geometrically and refined by the riding
model. Selected interatomic distances and
bond angles are summarized in Table 2. Full tables of
interatomic distances and bond angles, atom coordi�
nates, and atom displacement parameters are depos�
ited with the Cambridge Crystallographic Data
Centre (no. 920495; deposit@ccdc.cam.ac.uk or

For C32H41N4O12.5Zn2

anal. calcd. (%):  C, 43.8; H, 4.7; N, 6.44; S, 7.3.

Found (%): C, 44.1; H, 4.9; N, 6.7; S, 6.9.

Table 1. Crystallographic data and X�ray experiment details
for structure I

Parameter Value

Molecular formula C33.5H43.5N4.5O12.5S2Zn2

M 904.09

System Tetragonal

Space group P4/ncc

a, Å 20.3027(5)

c, Å 20.1273(7)

V, Å3 8296.5(4)

Z 8

ρcalcd, g/cm3 1.448

μ, mm–1 2.906

F(000) 3744

Crystal size, mm 0.10 × 0.06 × 0.04

Scan range on θ, deg 3.08–67.66

Ranges of indices h, k, l –14 < h < 24, –20 < k < 25, 
–24 < l < 24

The number of measured/inde�
pendent reflections

34790/3720

Rint 0.0811

The number of reflections with 
I > 2σ(I)

2825

Tmax/Tmin 0.8926/0.7598

GOOF on F 2 1.042

R�factors (I > 2σ(I)) R1 = 0.0471, wR2 = 0.1363

R�factors 
(for all reflections)

R1 = 0.0663, wR2 = 0.1524

Residual electron density 
(max/min), e/Å3

0.775/–0.558

Table 2. Selected bond lengths and bond angles in I*

Bond d, Å Bond d, Å

Zn(1)–O(11) 2.051(3) Zn(1)–O(14)iii 2.059(3)

Zn(1)–O(12)i 2.016(3) Zn(1)–O(1) 1.976(3)

Zn(1)–O(13)ii 2.013(3)

Angle ω, deg Angle ω, deg

O(11)Zn(1)O(14)iii 162.28(12) O(13)iiZn(1)O(14)iii 87.11(13)

O(12)iZn(1)O(11) 88.35(12) O(1)Zn(1)O(11) 98.70(12)

O(12)iZn(1)O(14)iii 87.97(13) O(1)Zn(1)O(12)i 106.65(12)

O(13)iiZn(1)O(11) 88.16(12) O(1)Zn(1)O(13)ii 100.91(12)

O(13)iiZn(1)O(12)i 152.43(12) O(1)Zn(1)O(14)iii 98.96(12)

*  The coordinates of dependent atoms were obtained with the following symmetry codes: i y + 1/2, x – 1/2, –z + 1/2; ii y + 1, –x + 1/2, z;
iii –x + 1, y + 1/2, –z + 1/2.
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http://www.ccdc.cam.ac.uk/data_request/cif) and
are available from the authors.

RESULTS AND DISCUSSION

Zinc nitrate hexahydrate served as the source of
zinc in the synthesis of coordination polymer I. This
starting compound reacted with 2,5�thiophenedicar�
boxylic acid, which functioned as the bridging ligand.
As solvents, N,N�dimethylformamide, dimethyl sul�
foxide, N,N�dimethylacetamide, N�methylpyrroli�
done, and N,N�diethylformamide were tested. Good�
quality light yellow crystals were obtained in N�meth�
ylpyrrolidone. Urotropine was also added to the reac�
tion mixture (Zn(NO3)2 ⋅ 6H2O : H2Tdc : Ur = 1 : 1 : 1),
although it is not present in the structure of the final
compound. We attempted to reproduce the experi�
ments without uropropine, which yielded poor�qual�
ity irregular coarse crystals.

According to X�ray diffraction data, the zinc coor�
dination polyhedron is a tetragonal pyramid formed
by five oxygen atoms of four Тdc2– and Nmp ligands
(Fig. 1). The Zn(1)–O bond lengths (1.976(3)–
2.059(3) Å) fit in the normal bond length distribution
for Zn(II) complexes with C.N. 5. The zinc
atoms combined by four bidentate carboxyl groups
form the paddle�wheel secondary building block
{Zn2(COO)4(Nmp)2}. These blocks combined with
the Тdc2– ligands (type of coordination (κ1�κ1)�(κ1�
κ1)�μ4) form layers in the хy plane containing square
windows with dimensions 6 × 6 Å (Fig. 2). The mutual
orientation of the layers gives rise to a system of chan�
nels of two types along the z axis. Channels of the first
type are occupied by guest Nmp molecules, the space
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Fig. 1. Structure of the secondary building block, “Chinese
lantern” in I (50% probability ellipsoids). The hydrogen
atoms are omitted.

(a) (b)

Fig. 2. (a) Fragment of the structure of compound I. (b) View along the z axis; schematic view of the mutual arrangement of layers
in the structure of I. The hydrogen atoms and the guest Nmp molecules are omitted.
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of the second�type channels is occupied by coordi�
nated Nmp molecules and solvation water (Fig. 2).

The IR spectrum of compound I exhibits C=O
stretching bands for N�methylpyrrolidone at 1675 cm–1.
A very weak band occurs at 3342 cm–1 and corresponds
to О–Н(Н2О) symmetric stretching vibrations, which
attests to almost complete absence of water in the
coordination polymer. The 1618 and 1375 cm–1 bands
are due to asymmetric and symmetric stretching vibra�
tions of the Тdc2– carboxyl group [21, 22].

The TGA of compound I performed in a helium
atmosphere showed a 44% weight loss in the range
from room temperature to 250°С, which may be
attributed to the removal of four Nmp molecules (both
coordinated and guest molecules) and 0.5H2O (the
calculated value is 46%). The subsequent weight loss is
associated with decomposition of the coordination
polymer (Fig. 3). The elemental analysis data (C, H,
N) are consistent with X�ray diffraction and TGA
data, and, hence, compound I can be identified as
[Zn2(Nmp)2(Тdc)2] ⋅ 2Nmp ⋅ 0.5H2O.

The phase purity of compound I was confirmed by
powder X�ray diffraction. The experimental X�ray dif�
fraction pattern of compound I coincides with that
calculated from single crystal X�ray diffraction data.

For investigation of the luminescence properties of
solid compound I, its fluorescence spectrum at room
temperature was recorded. The photoluminescence
spectrum of compound I was measured in the range of
300–800 nm with λexcit = 340 nm. The spectrum shows
a strong broad emission band with a maximum at
480 nm, which can be assigned to ligand to metal
charge transfer.

Thus, we developed a method for the synthesis of an
intricate coordination polymer [Zn2(Nmp)2(Тdc)2] ⋅
2Nmp ⋅ 0.5H2O based on 2,5�thiophenedicarboxylate.

The structure of the polymer was determined by X�ray
diffraction and its thermal and luminescence properties
were studied. These compounds are of interest for further
studies as regards their sorption characteristics.
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Fig. 3. (a) TG and (b) DTA curves for compound I; heating
rate 10°C min–1.


