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Four new coordination polymers namely {[Mn2(BT)(DPS)2(H2O)6]�10H2O}n (MnBTDPS), {[Co2(BT)(DPS)2-
(H2O)6]�10H2O}n (CoBTDPS), {[Cu2(BT)(DPS)(H2O)4]�5H2O}n (CuBTDPS) and {[Zn2(BT)(DPS)2]�6H2O}n

(ZnBTDPS), where BT = 1,2,4,5-benzenetetracarboxylate and DPS = di(4-pyridyl) sulfide, were synthe-
sized and characterized by thermal analysis, vibrational spectroscopy (Raman and infrared) and single
crystal X-ray diffraction analysis. In all compounds, the DPS ligands are coordinated to metal sites in a
bridging mode and the carboxylate moiety of BT ligands adopts a monodentate coordination mode, as
indicated by the Raman spectra data through the Dm (masym(COO) � msym(COO)) value. According to
X-ray diffraction analysis, MnBTDPS and CoBTDPS are isostructural and in these cases, the metal centers
exhibit a distorted octahedral geometry. In CuBTBPP, the Cu2+ centers geometries are best described as
square-pyramids, according to the trigonality index s = 0.14 for Cu1 and s = 0.10 for Cu2. On the other
hand, in ZnBTDPS, the Zn2+ sites adopt a tetrahedral geometry. Finally, the four compounds formed
two-dimensional sheets that are connected to each other through hydrogen bonding giving rise to
three-dimensional supramolecular arrays.

� 2010 Elsevier B.V. Open access under the Elsevier OA license.
1. Introduction

The supramolecular chemistry is one of the most promising
areas of research in chemistry [1], because of the wide variety
of compounds structural topologies and their various applications
as optic, electronic and magnetic devices or microporous materi-
als [2–4]. Recent studies show the complexity in the construction
of metal–organic networks [5]. Among the factors that affect the
final structure topology, we can cite the organic ligands conforma-
tions and their coordination ability, the metal center geometries,
the solvent polarity and the reaction medium pH conditions
[6,7].

Organic aromatic polycarboxylate ligands have been extensively
employed in the preparation of such metal–organic compounds
with multidimensional networks [8]. In this aspect, 1,2,4,5-
benzenetetracarboxylate (BT), known as pyromellitato anion, is a
good candidate for the construction of novel metal–organic hybrid
compounds since eight O-donor atoms are available for coordina-
tion, generating various and sometimes surprising molecular archi-
x: +55 32 2102 3314.
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tectures [9–14]. Furthermore, carboxylate ligands exhibit a
versatile coordination behavior, including bridging coordination
modes that provide exchange-coupling pathways when paramag-
netic metals are involved [15]. Several pyromellitato complexes
with various transition metals have been reported in the literature
[16,14,13,17], mainly combined with nitrogen ligands such as 2,20-
bipyridine and 4,40-bipyridine [18–24]. There are also examples of
pyromellitato complexes with lanthanide ions [25].

The introduction of bidentate N-ligands in the system may lead
to new structural evolution, adjusting these metal–organic hybrid
compounds dimensionality [8]. The di(4-pyridyl) sulfide (DPS) li-
gand is essentially bent around the sulfur atom (C–S–C, 100�) pre-
senting some flexibility in contrast to linear rigid ligands such as
4,40-bipyridine [26]. DPS ligand can act in the bridging coordina-
tion mode and has been exploited to produce a number of new
coordination polymers [27,5,28–31]. However, it is important to
mention that 3D coordination polymers containing DPS ligands
are very rare [30].

In this work, we report the synthesis, spectroscopic properties
and crystal structures of four new compounds of Mn2+, Co2+, Cu2+

and Zn2+ all containing the nitrogen ligand DPS and the polycar-
boxylate anion 1,2,4,5-benzenetetracarboxylate (pyromellitate
anion).
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2. Experimental

2.1. Materials and methods

The di(4-pyridyl)sulfide (DPS) ligand can be obtained according
to the published method [32], however, it was synthesized follow-
ing the procedure adopted for di(2-pyridyl)sulfide (2-DPS) ligand
[33]. A mixture of 4-mercaptopyridine (2.5 g, 22 mmol), 4-bro-
mo-pyridine (4.3 g, 0.22 mmol) and potassium carbonate (4 g) in
dimethylformamide (15 mL) was heated under reflux for 48 h.
After cooling, the solvent was removed by rotary evaporation.
The yellow solid was obtained after extraction using dichlorometh-
ane:water solvent mixture. Yield: 3.93 g, 94%. Mp 68–69 �C.

All solvents and reagents were commercially available, pur-
chased from Aldrich� and used without further purification. Ele-
mental analyses for C, H and N were carried out on a Perkin-
Elmer 2400 analyzer. Infrared spectra were recorded on a FT-IR Bo-
men MB102 spectrometer in the frequency range 4000–400 cm�1

with an average of 128 scans and 4 cm�1 of spectral resolution
using KBr pellets. Fourier-transform Raman spectroscopy was car-
ried out using a Brucker RFS 100 instrument equipped with an
Nd3+/YAG laser operating at 1064 nm in the near infrared and a
CCD detector cooled with liquid nitrogen with an average of
1000 scans and 4 cm�1 of spectral resolution. Thermal analysis
(TG/DTA) data were collected on a Shimadzu TG-60 using 3.0 mg
packed in alumina crucible. Samples were heated at 10 �C/min
from room temperature to 800 �C in a dynamic nitrogen atmo-
sphere (flow rate = 100 mL/min).

2.2. Synthesis of the compounds

An ethanolic solution of H4BT (70 mg, 0.26 mmol) was neutral-
ized by addition of an aqueous solution Na2CO3 (58.42 mg,
0.52 mmol) and stirred for 20 min. Then, an ethanolic solution of
DPS (52 mg, 0.26 mmol) was added. After that, an aqueous solution
of the appropriate hydrated metal chloride (0.26 mmol in the
10 mL of water) was added by slow diffusion. In all cases, colored
solids precipitated and were filtered off. The resulting solutions
were set aside and after one week single crystals were collected
and analyzed by thermal analysis, vibrational spectroscopy and
X-ray diffraction techniques.

2.2.1. {[Mn2(BT)(DPS)2(H2O)6]�10H2O}n (MnBTDPS)
Color: yellow. Yield: 42%. Anal. Calc. for Mn2C30O24H50N4S2: C,

35.16; H, 4.92; N, 5.47%. Found: C, 35.31; H, 4.82; N, 5.54%. IR
(KBr, cm�1): 3417(F), 1615(F), 1590(F), 1582(F), 1546(F), 1482(F),
1416(F), 1368(F), 1317(m), 1249(m), 1222(m), 1182(f), 1106(m),
1067(m), 1008(m), 829(F), 724(F). Raman (1064 nm, cm�1):
3070(F), 1610(o), 1592(F), 1550(m), 1487(f), 1429(m), 1382(mf),
1324(f), 1230(m), 1173(F), 1115(F), 1068(m), 1015(mF), 821(f),
727(f), 669(f).

2.2.2. {[Co2(BT)(DPS)2(H2O)6]�10H2O}n (CoBTDPS)
Color: pink. Yield: 35%. Anal. Calc. for Co2C30O24H50N4S2: C,

35.51; H, 4.77; N, 5.52%. Found: C, 35.32; H, 4.72; N, 5.53%. IR
(KBr, cm�1): 3385(F), 1601(o), 1590(F), 1559(F), 1485(F), 1420(F),
1378(F), 1328(F), 1224(m), 1176(mf), 1135(m), 1106(m),
1018(m), 817(F), 725(F). Raman (1064 nm, cm�1): 3070(F),
1602(F), 1589(F), 1547(f), 1492(f), 1432(m), 1373(f), 1323(F),
1232(m), 1187(f), 1121(F), 1068(m), 1015(F), 829(f), 721(f), 663(f).

2.2.3. {[Cu2(BT)(DPS)(H2O)4]�5H2O}n (CuBTDPS)
Color: blue. Yield: a small amount. Anal. Calc. for Cu2-

C20O17H28N2S: C, 33.01; H, 3.88; N, 3.85%. Found: C, 34.05; H,
3.76; N, 3.81%. IR (KBr, cm�1): 3424(F), 1615(F), 1591(F), 1553(F),
1491(F), 1419(F), 1371(F), 1330(F), 1223(f), 1189(f), 1110(f),
1065(f), 1028(f), 818(m), 730(m). Raman (1064 nm, cm�1):
3080(F), 3070(F), 1614(o), 1597(o), 1557(f), 1482(f), 1422(m),
1360(f), 1325(mF), 1228(m), 1186(m), 1116(F), 1067(m), 1027(F),
830(F), 732(f), 662(m).

2.2.4. {[Zn2(BT)(DPS)2]�6H2O}n (ZnBTDPS)
Color: colorless. Yield: 38%. Anal. Calc. for Zn2C30O14H30N4S2: C,

41.63; H, 3.49; N, 6.47%. Found: C, 41.65; H, 3.17; N, 5.91%. IR (KBr,
cm�1): 3434(F), 3095(F), 1618(F), 1597(o), 1555(m), 1492(f),
1431(m), 1384(F), 1328(F), 1234(F), 1174(F), 1116(F), 1070(m),
1034(F), 822(m), 733(F). Raman (1064 nm, cm�1): 3066(F),
3091(F), 1634(o), 1598(F), 1547(f), 1496(f), 1411(m), 1356(mf),
1339(f), 1237(m), 1181(f), 1126(F), 1069(F), 1030(mF), 828(f),
740(m), 664(m).

2.3. X-ray diffraction

Single crystal X-ray data of all compounds were collected using
a Bruker Kappa CCD diffractometer with Mo Ka (k = 0.71073 Å) at
room temperature. Data collection, reduction and cell refinement
were performed by COLLECT [34], EVALCCD [35] and DIRAX [36]
programs, respectively. The structures were solved and refined
using SHELXL-97 [37]. An empirical isotropic extinction parameter
x was refined, according to the method described by Larson [38]. A
multiscan absorption correction was applied [39]. Anisotropic dis-
placement parameters were assigned to all non-hydrogen atoms.
Hydrogen atoms were located from Fourier difference maps and
isotropic displacement parameters were refined in group. The
structures were drawn by ORTEP-3 for Windows [40] and Mercury
[41] programs.
3. Results and discussion

The metallic complexes, hereafter named MBTDPS, where
M = Mn2+, Co2+, Cu2+ and Zn2+, were obtained by the diffusion of
the respective metal chloride aqueous solution into an ethanolic
solution containing both DPS and BT ligands. The analytical data
suggest the stoichiometric ratios as (2:1:2)/(M:BT:DPS), for
M = Mn2+, Co2+ and Zn2+, and (2:1:1)/ (M:BT:DPS) for copper
compound.

Thermal analysis data of four compounds have been deposited
as Supplementary material (Fig. S1). In the TG curve of all com-
pounds, a first mass loss between 32 and 100 �C is observed and
was attributed to the release of water molecules. In MnBTDPS
curve, this loss corresponds to 12 H2O (Obsd., 20.29%; Calc.,
21.09%), in CoBTDPS to 4 H2O (Obsd., 7.14%; Calc., 7.10%), in CuB-
TDPS to 7 H2O (Obsd., 17.37%; Calc., 17.32%) and in ZnBTDPS to 6
H2O (Obsd., 13.03%; Calc., 12.48%). These dehydration paths were
identified in the DTA curves by endothermic events at 75, 38, 55
and 47 �C for MnBTDPS, CoBTDPS, CuBTDPS and ZnBTDPS,
respectively.

Above 150 �C, four mass losses were identified in the curve of
MnBTDPS, being attributed to other four water molecules release
and to organic ligands partial decomposition. At 750 �C, the high
percentage final residue of 43.27%, indicates the incomplete ther-
mal decomposition up to this temperature. CoBTDPS TG curve pre-
sents a second mass loss in the 41–100 �C temperature range that
corresponds to another dehydration path with the release of 10
H2O (Obsd., 17.87%; Calc., 17.75%). This path was identified in
the DTA curve as an endothermic event at 86 �C. Above 200 �C,
the decomposition of the organic constituents takes place and at
750 �C the final residue of 17.95% probably contains 2 mol of CoO
along with some carbonized material. In CuBTDPS and ZnBTDPS
TG curves, after the dehydration paths, stability plateaus are



C.C. Corrêa et al. / Inorganica Chimica Acta 367 (2011) 187–193 189
observed up to 300 �C and above this temperature, the decomposi-
tion of organic ligands occurs in both cases.

Vibrational spectra of the compounds MBTDPS and the main
vibrational modes were deposited as Supplementary material (Ta-
ble S1) and are in agreement with crystal data. The infrared spectra
of the compounds MBTDPS show a broad band around 3400 cm�1

assigned to mOH, indicating that all compounds present water mol-
ecules in their structures, in accordance to the thermal analysis re-
sults. Also, they exhibit similar characteristics with regard to the
mCC/CN pyridine ring stretching modes of DPS ligand. In all cases,
the main pyridine ring vibrational bands shift from 1568 cm�1

and 1478 cm�1 in free DPS to about 1590 and 1490 cm�1. In fact,
the presence of mCC/CN at higher wavernumbers in complexes is
indicative of metal coordination to DPS pyridine nitrogen atoms,
as observed for other compounds containing pyridine derivative li-
gands described in the literature [5,42–48].

The most interesting aspect of the Raman spectra of these com-
pounds is concerned to the bands related to asymmetric and sym-
metric stretching modes of COO groups from the carboxylate
ligands. For these compounds, these bands appear at approxi-
mately 1610 and 1230 cm�1, respectively. In this class of com-
pounds, the difference between masym(COO) and msym(COO) (Dm)
in comparison to the corresponding values in ionic species is cur-
rently employed to determine a characteristic carboxylate group
coordination mode [49,50]. In the Raman spectrum of the sodium
1,2,4,5-benzenetetracarboxylate (Na4BT) the masym(COO) and msym-
(COO) are, respectively, 1605 and 1440 cm�1 (Dm = 165 cm�1).
For the four complexes, these values are larger than the one of
the sodium salt, MnBTDPS (Dm = 380 cm�1); CoBTDPS (Dm =
370 cm�1); CuBTDPS (Dm = 386 cm�1) and ZnBTDPS (Dm =
397 cm�1) indicating that in all complexes the carboxylate group
is coordinated to the metal center in a monodentate fashion.
3.1. Crystal structures

The polymeric nature of compounds MBTDPS was revealed by
single crystal X-ray diffraction structural analysis. Table 1 exhibits
Table 1
Crystal data of MBTDPS compounds.

Compound MnBTDPS CoBTDP

Formula C30H50Mn2N4O24S2 C30H50C
Formula weight (g mol�1) 1024.74 1032.72
Crystal system triclinic triclinic
Space group P�1 P�1
Unit cell dimensions
a (Å) 10.125(9) 9.917(1
b (Å) 11.308(5) 11.154(
c (Å) 11.788(9) 11.723(
a (�) 63.338(5) 63.990(
b (�) 77.670(7) 78.250(
c (�) 80.150(6) 80.630(
V (Å3) 1173.95(15) 1137.0(
Z 1 1
Crystal size (mm) 0.27 � 0.16 � 0.08 0.26 � 0
dcalc (g cm�3) 1.449 1.508
l(Mo Ka) (cm�1) 0.710 0.9074
Tmin/Tmax 0.6193/0.9415 0.8248/
Measured reflections 15,649 13,862
Unique reflections 5302 5146
Observed reflectionsa 3332 3714
No. parameters 292 300
Rb 0.0517 0.0465
wRa 0.0989 0.1094
S 1.041 1.022
RMS peak (e Å�3) 0.069 0.073

a ½F2
o > 2rðF2

oÞ�.
b ½Fo > 2rðFoÞ�.
crystal data and Tables S2–S5, the main geometrical parameters of
the four complexes.
3.2. {[Mn2(BT)(DPS)2(H2O)6]�10H2O}n (MnBTDPS) and
{[Co2(BT)(DPS)2(H2O)6]�10H2O}n (CoBTDPS)

Comparing the listed crystallographic parameters (Table 1), it
can be noticed that compounds MnBTDPS and CoBTDPS are iso-
structural. Fig. 1 presents part of the crystalline structure of these
compounds elucidating the coordination spheres of two crystallo-
graphically independent metal centers. Both metals adopt a dis-
torted octahedral geometry with the core MO4N2 in a trans
arrangement. The M1 atom is coordinated to two oxygen atoms
O1 and O1i from the carboxylate group, two oxygen atoms O5
and O5i from water molecules and two nitrogen atoms N1 and
N1i from DPS ligand [symmetry codes: i(�x, 1 � y, 1 � z)]. The
M2 atom is coordinated to four oxygen atoms O6, O6iv, O7 and
O7iv from water molecules and two nitrogen atoms N2 and N2iv

from DPS ligand [symmetry codes: iv(�1 � x, 3 � y, �z)]. As can
be seen in Fig. 1, the metal sites M1 and M2 are located in inversion
center of the structure. The M–O and M–N bond distances and
some selected bond angles are displayed in Tables S2 and S3 and
it can be noticed that M–N bonds are longer than M–O ones.

Two carboxylate groups of BT ligands are coordinated to the
metal centers in a monodentate mode, as indicated by vibrational
spectroscopy results, and BT ligands are connecting M1 atoms
along the crystallographic b-axis with M1� � �M1 distance of
11.3083 (5) Å for MnBTDPS and 11.154 (5) Å for CoBTDPS. DPS
ligands act in a bridging mode connecting M1 and M2 sites with
M1� � �M2 distances of 11.027 (8) and 10.948 (10) Å for manganese
and cobalt compounds, respectively. These connections lead to
closed paths of approximately 11 � 22 Å dimension, formed by
six metals (four M1 and two M2), two BT ligands and four DPS
ligands, giving rise to 2D rhombohedral sheets as shown in
Fig. 2.

Considering the metals M1 and M2 as nodes and using program
package TOPOS [51], the network of these compounds can be
S CuBTDPS ZnBTDPS

o2N4O24S2 C20H28Cu2N2O17S C30H30Zn2N4O14S2

727.5 865.44
monoclinic triclinic
P21/n P�1

0) 13.692 (3) 8.967(5)
5) 12.039(2) 9.318(7)
8) 16.888 (3) 10.813(10)
4) 90.00 76.910(6)
10) 90.01(3) 73.410(6)
8) 90.00 75.280(5)
15) 2783.7(10) 825.90(11)

1 1
.14 � 0.02 0.44 � 0.18 � 0.13 0.22 � 0.17 � 0.04

0.847 1.740
0.829 1.657

0.9081 0.6479/0.8184 0.6961/0.9389
18,045 10,159
5934 3725
4628 2559
383 236
0.0427 0.0526
0.1182 0.1081
1.444 1.039
0.093 0.107



Fig. 1. Crystal structure of compounds MnBTDPS and CoBTDPS. Symmetry codes: i(�x, 1 � y, 1 � z); ii(x, �1 + y, z); iii(�x, 2 � y, 1�z) and iv(�1 � x, 3 � y, �z). The hydrogen
atoms and the lattice water molecules have been omitted for clarity.

Fig. 2. 2D arrangement of compounds MnBTDPS and CoBTDPS.
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described as a bi-nodal 4,2-connected network with short Schläfli
symbols (64 8 10)(6) for M1 and M2, respectively.

One two-dimensional sheet interacts with other parallel sheets
through O–H� � �O hydrogen bonds between oxygen atoms from
coordinated water molecules of one sheet and free oxygen atoms
from carboxylate groups of adjacent sheets generating a three-
dimensional arrangement. The geometric parameters of hydrogen
bonds observed in these compounds are listed in Tables S2 and S3.
Fig. 3. ORTEP view of structural fragment of compound CuBTDPS. The hydrogen
atoms and the lattice water molecules have been omitted for clarity; [symmetry
codes: i(�0.5 + x, 1.5 � y, 0.5 + z) and ii(0.5 + x, 1.5 � y, 0.5 + z)].
3.3. [Cu2(BT)(DPS)(H2O)4]�5H2O}n (CuBTDPS)

Fig. 3 shows a structural fragment of compound CuBTDPS. It
can be noticed two crystallographically independent Cu2+ centers.
Cu1 is coordinated by five oxygen atoms being three from water
molecules (O9, O10 and O11) and two from a carboxylate group
(O1 and O6). Cu2 is also penta-coordinated by three oxygen atoms
being two from carboxylate groups (O4 and O7) and one from a
water molecule (O12) and by two nitrogen atoms (N1 an N1i) from
the DPS ligand. In this compound, the trigonality index [52] values
s are 0.14 and 0.10 for Cu1 and Cu2, respectively, indicating that
both sites geometry is best described as slightly distorted square-
pyramid. Table S4 exhibits some selected bond distances and an-
gles for CuBTDPS. For Cu1, the basal plane is formed by O1, O6,
O10 and O11 and the apical position is occupied by O9 atom and
for Cu2, and the basal plane is formed by O4, O7, N1 and N1i while
the apical position is occupied by O12 atom. Cu1–O9 and Cu2–O12
bond distances are much longer than any other Cu–O or Cu–N dis-
tances, characterizing the presence of Jahn–Teller effect. BT ligands
carboxylate groups are coordinated in a monodentate mode, as
suggested by vibrational spectroscopy data. In this case, it can be
noticed that C–O bond distances, in which the oxygen atom is
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coordinated to the metal center (C7–O1, 1.256(4); C8–O4,
1.258(4); C9–O6, 1.256(4) and C10–O7, 1.259(4) Å) are longer than
the C–O bond distances in which the oxygen atom is free (C7–O2,
1.226(4); C8–O3, 1.222(4); C9–O5, 1.225(4) and C10–O8,
1.240(4) Å), indicating the double-bond character in the last ones.

BT ligands bridge Cu1 and Cu2 sites while the DPS ligands link
only Cu2 sites forming a two-dimensional network, as can be seen
in Fig. 4, where several closed paths can be identified. Considering
Cu1 and Cu2 as nodes of these closed paths and using the program
package TOPOS this compound network topology is described as
6,8-connected bi-nodal system with short Schläfli symbols (310

410 57 6) (38 46 5) for Cu1 and Cu2, respectively.
This two-dimensional sheet interacts with other parallel sheets

through hydrogen bonds between oxygen atoms from water mol-
ecules of one sheet and free oxygen atoms from the carboxylate
groups of adjacent sheets [O9� � �O3 = 2.821(4) Å; O9� � �O8 =
2.750(4) Å; O12� � �O5 = 2.749(3) Å] giving rise to a three-dimen-
sional arrangement.
Fig. 5. ORTEP view of structural fragment of compound ZnBTDPS. The hydrogen
atoms and the lattice water molecules have been omitted for clarity; [symmetry
codes: i(�x, 1 � y, 2 � z); ii(�1 � x, 1 � y, 2 � z) and iii(x, y, 1 + z)].

Fig. 6. View along the crystallographic b-axis of the 14-members ring formed by Zn
centers and BT ligands in ZnBTDPS compound. Hydrogen atoms and lattice water
molecules were omitted for clarity.
3.4. {[Zn2(BT)(DPS)2]�6H2O}n (ZnBTDPS)

Fig. 5 shows the crystal structure of ZnBTDPS, in which the Zn2+

coordination sphere presents a distorted tetrahedral geometry. Zn
centers are coordinated to two oxygen atoms (O1 and O3) from BT
ligands carboxylate groups and to two nitrogen atoms (N1 and N2)
from DPS ligands. Table S5 exhibits selected bond distances and
angles. The Zn–N bond distances are slightly longer than Zn–O
ones. Similarly to CuBTDPS, the C–O bonds, in which the oxygen
atom is not involved in the coordination toward the metal center,
(C11–O2, 1.232(5) and C13–O4, 1.232(5) Å) are shorter than the C–
O bonds containing the coordinated oxygen atom (C11–O1,
1.280(5) and C13–O3, 1.291(5) Å).

All four carboxylate groups of BT ligands act in a monodentate
coordination mode toward the metal centers, connecting four zinc
sites, forming rings of fourteen members as can be seen in Fig. 6.
DPS ligands also act in a bridging coordination mode connecting
the metal centers generating a 2D coordination network. Consider-
ing Zn sites as nodes and using program package TOPOS, this net is
a 7-connected uninodal system that can be described with short
Schläfli symbols (36 414 6).

This 2D sheet (Fig. 7) interacts with adjacent sheets through
weak non-classical hydrogen bonding (CH� � �O) between DPS li-
gand CH groups of one sheet with carboxylate free oxygen atoms
of adjacent sheets resulting in a three-dimensional supramolecular
arrangement.
Fig. 4. 2D arrangement of CuBTDPS viewed along the crystallographic b-axis. The lattice water molecules have been omitted for clarity.



Fig. 7. 2D arrangement of ZnBTDPS along crystallographic b-axis. The lattice water has been omitted for clarity.
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4. Conclusion

The syntheses of four new coordination polymers involving
Mn2+, Co2+, Cu2+ and Zn2+ metal ions and di(4-pyridyl) sulfide
(DPS) and 1,2,4,5-benzenetetracarboxylate ion (BT) as ligands are
described. All compounds were characterized by means of thermal
analysis, vibrational spectroscopy (infrared and Raman) and single
crystal X-ray diffraction analysis. In all cases, both BT and DPS li-
gands are coordinated to metal centers in the bridging mode, giv-
ing rise to two-dimensional coordination polymers with different
network topologies.

Compounds MnBTDPS and CoBTDPS are isostructural. The me-
tal sites adopt octahedral geometry, where DPS ligands bridge M1
and M2 sites, while 1,3-carboxylate groups from BT ligands con-
nect M1 sites, generating a 2D rhombohedral sheet. The network
can be described as a 4,2-connected bi-nodal system with short
Schläfli symbols (64 8 10)(6) for M1 and M2, respectively. In com-
pound CuBTDPS, both Cu2+ sites adopt square-pyramid geometry.
BT ligands bridge Cu1 and Cu2 sites through carboxylate groups in
a monodentate coordination mode, while the DPS ligands connect
Cu2 sites, generating 2D sheets with different closed paths. The
system is described as 6,8-connected bi-nodal network of (310

410 57 6) (38 46 5) topology for Cu1 and Cu2, respectively. The
Zn2+ ions adopt tetrahedral geometry in compound ZnBTDPS, in
which DPS ligand acts in bridging coordination mode and BT li-
gands connects four zinc atoms, through carboxylate groups in a
monodentate coordination mode. These links generate a 7-con-
nected uninodal 2D network of (36 414 6) topology.

Comparing the network topologies of the four compounds, it is
noteworthy that Mn2+, Co2+ and Cu2+ compounds form bi-nodal
systems, while Zn2+ compound is uninodal. This fact can be ex-
plained by the presence of two crystallographically independent
metal sites in the asymmetric unit of the first three compounds.
It is also interesting to note that only Mn2+ and Co2+ compounds
are isostructural, although the same ligands, stoichiometric ratio
and synthesis conditions have been used in all cases. This can be
explained by the metals preferred geometry, which in the case of
manganese and cobalt is octahedral, while for copper and zinc is
square-pyramid and tetrahedral, respectively.

Finally, it has been shown that BT ligand, which has eight oxy-
gen atoms available for coordination toward metal centers or that
can act as potential acceptors of hydrogen bonds, is a good candi-
date to construct supramolecular arrays. As a result of BT ligand
presence in all compounds, three-dimensional supramolecular
arrangements, driven by hydrogen bondings that clearly control
the system crystal packing, were achieved.
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