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Abstract: Two new coordination polymers, namely [Mn(u3-5-nip)(1-meim)2(H20)]» (1) and
{[Co(p-5-nip)(1-meim)3]-H20}n (2) (5-nip: 5-nitroisophthalate, 1-meim: 1-methylimidazole),
were hydrothermally synthesized and characterized by FTIR spectroscopy, elemental analysis,
single crystal X-ray diffraction, and simultaneous thermal analysis techniques. The 5-nip ligand
exhibited two different coordination modes in its structures. In 1 and 2, 1D chains were
generated by 5-nip ligands and metal(II) ions. In 1 and 2, 5-nip ligand coordinated to three
Mn(II) and two Co(II) ions as bis(monodentate) bridging mode and a monodentate and bidentate
chelating modes, respectively. For 1 and 2, 2D supramolecular layers were formed by hydrogen
bonds which were extend into 3D supramolecular structures via n---n stacking interactions
between two symmetry-related imidazole rings of neighboring molecules. Furthermore, optical
and thermal properties of the complexes were also studied.
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INTRODUCTION

In recent years, the field of crystal engineering of coordination polymers has received
considerable interest due to their interesting architectures and their application areas such as
gas adsorption/separation, magnetism, sensor, luminescence, and catalysis, etc. (1-6). For the
above-mentioned applications, the selections of organic building blocks and metal ions are crucial
factors in the construction of coordination polymers with desired architecture (7, 8). Moreover,
several factors as e.g. metal-ligand ratio, temperature, and pH have influence on the final
structure (9). In the synthesis of coordination polymers, aromatic multi-carboxylic acids,
especially dicarboxylic acid as an anionic ligand have been extensively preferred owing to their
diverse coordination modes and structural stabilities in their complexes (10). Hence, in this
study, 5-nitroisophthalic acid was selected as an anionic ligand in the construction of
coordination polymers. It can connect to metal ions with four potential oxygen donor atoms from
two carboxylate groups with the bending angle of 120° and its 5-substituted nitro group has
electron withdrawing ability and steric effect (11-14) (Scheme 1). Moreover, mixed-ligand
coordination polymers (with dicarboxylic acid and N- donor neutral ligand) have been widely
synthesized to improve the structural diversity and dimensionality in the assembly process (7,
15). 1-methylimidazole ligand was used as a secondary neutral ligand to provide geometric need
of metal centers. In this work, two 1D mixed-ligand Mn(II) and Co(II) coordination polymers,
[Mn(p3-5-nip)(1-meim)2(H20)]n (1) and {[Co(h-5-nip)(1-meim)3]-H20}n (2) were
hydrothermally synthesized with 5-nipH2 and 1-meim ligands and characterized by using FTIR
spectroscopy, single crystal X-ray diffraction, elemental analysis, and thermal analysis
techniques (TG/DTA). Moreover, diffuse reflectance spectra of the compounds were recorded

and band-gaps of the complexes were calculated by using Kubelka-Munk function (16).
EXPERIMENTAL SECTION

Materials and measurements

All reagents were of analytical grade and used without further purification. Perkin-Elmer 2400C
elemental analyzer was used for elemental analyses (CHN). FTIR spectra using KBr pellets were
acquired with a Bruker Tensor 27 spectrometer device in the range of 4000-400 cm™!. The diffuse
reflectance spectra (DRS) were obtained with Shimadzu UV-2600 spectrophotometer using
BaSO4 as a reference in the wavelength range 200-800 nm. TG/DTA analyses were measured
on a Perkin Elmer Diamond TG/DTA Thermal Analyzer from 30 to 700 °C under static air. A
Bruker Smart Apex II CCD with a D8-QUEST diffractometer equipped with a graphite-
monochromatic Mo-Ka radiation (A = 0.71073 A) was used for single crystal data collections at
296 K. The structure solutions and refinements were performed with direct methods using
SHELXT and full-matrix least-squares on all F? data using SHELXL in connection with the OLEX2

software (17). Refinements of all non-hydrogen atoms were carried out with anisotropic
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parameters. Molecular graphics were drawn with Mercury software (18). Crystallographic
information files are deposited with the CCDC 1576332 and 1576333.

Syntheses

[Mn(u3-5-nip)(1-meim)2(H20)]» (1): Mn(CH3COO0)2:4H0 (1 mmol, 0.245 g) and 5-
nitroisophthalic acid (5-nipH2) (1 mmol, 0.22 g) were mixed in water (20 mL) and stirred at 70
°C for an hour and then 1- methylimidazole (1-meim) (3 mmol, 0.246 g) was added into the
mixture. The final mixture was placed in a 25 mL closed capped-glass bottle and heated at 120
°C for four days to obtain colorless crystals of 1. (Yield: 0.112 g, 25.11 % based on
Mn(CH3C0O0)2:4H20). Anal. Calcd. for CisH17MnNsO7: C, 43.06; H, 3.84; N, 15.69 %. Found: C,
43.56; H, 3.38; N, 15.13 %. FTIR (KBr, cm™1): 3356, 3288, 3129, 3316, 3089, 2967, 1629,
1612, 1562, 1535, 1453, 1373, 1346, 1106, 942, 840, 762, 738 cm™1.

{[Co(u-5-nip)(1-meim)s]-H20}n (2): The procedure for preparation of complex 2 was similar to
that used for 1, except that the Co(CH3COOQ)2:4H20 (1 mmol, 0.249 g) was used instead of
Mn(CH3COO)2:4H20. After hydrothermal conditions, the resulting mixture was filtered and
evaporated at room temperature. The purple-colored crystals of 2 were obtained (Yield: 0.168
g, 31.58% based on Co(CH3C0O0)2:4H20). Anal. Calcd. for C20H23CoN70O7: C, 45.12; H, 4.35; N,
18.42 %. Found: C, 44.97; H, 4.41; N, 18.02 %. FTIR (KBr, cm™!): 3509, 3373, 3146, 3112,
3051, 2963, 1629, 1615, 1564, 1534, 1368, 1344, 1104, 944, 840, 731 cm™.

N02 NOZ
M
(0] o) (0] (0]
| | \M
.0 O. .0 o—
M M M

Scheme 1: Coordination modes of 5-nip ligand in its compounds

RESULTS AND DISCUSSION

Synthesis and characterization

The complexes were hydrothermally synthesized by using M(CH3COO)2:4H>0 (M: Mn(II) and
Co(II)), 5-nipH2 and 1-meim ligands. The complexes were characterized with various techniques.
In the FTIR spectra of the complexes, the broad bands appearing in the range of 3556-3509 cm~
! are assigned to v(O-H) stretching vibrations of coordinated and uncoordinated water
molecules. For 1 and 2, the bands observed between 3146 and 3051 cm™! are due to aromatic
v(C-H) stretchings. For 1 and 2, aliphatic v(C-H) stretching vibrations of 1-meim ligand
appeared at 2967 and 2963 cm!, respectively. For both complexes, the bands observing
between at 1629 and 1612 cm™! and between at 1373 and 1368 cm™! are due to the asymmetric

(Vasym(COO)) and symmetric (vsym(COO)) stretching vibrations of 5-nip, respectively.
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Description of crystal structure

Table 1 indicates the crystal data and structural refinement parameters.

Table 1: Crystal data and structural refinement parameters for 1 and 2.

1 2
Empirical formula Ci16H17MnNs0y7 C20H23CoN707
Formula weight 446.28 532.38
Crystal system Triclinic Monoclinic
Space group P-1 C2/c
a (R) 8.836 20.570
b (R) 10.162 16.679
c (R) 11.960 15.327
a(®©) 105.12 90
B(°) 105.87 115.99
v(°) 105.30 90
v (A3) 930 4726.8
z 2 8
D.(g cm™3) 1.594 1.496
H (mm1) 0.76 0.78
Measured refls. 44930 58988
Independent refls. 4621 5796
Rint 0.046 0.042
S 1.18 1.21
R1/wR2 0.043/0.110 0.057/0.123
Apmax/ Apmin (eA3) 0.42/-0.78 0.61/-0.55

[Mn(us3-5-nip)(1-meim)2(H20)]n (1). The crystal structure of 1 is given in Figure 1 and
selected bond distances, angles and hydrogen bond geometries are given in Table 2. X-ray result
shows that 1 crystallizes in triclinic system and P-1 space group. The asymmetric unit has one
Mn(II) ion, one 5-nip, two 1-meim ligands, and a coordinated water molecule. As seen in Figure
1, each Mn(II) ion is coordinated by three oxygen atoms from different 5-nip ligands, two
nitrogen atoms from two different 1-meim ligands, and one oxygen atom from one aqua ligand
to form a distorted octahedral geometry. Each nip ligand acts as a ps- bridging ligand to connect
three Mn(II) ions. Two Mn(II) ions are bridged by two carboxylate groups from two different 5-
nip ligands with Mn---Mn distance of 5.017 & to generate [Mn2(CO2).] secondary building unit
(SBU). SBUs are linked by carboxylate oxygen atoms (09) of 5-nip to generate 1D chain with
16-membered rings (Figure 2). 1D chains are extend to 2D supramolecular layer with hydrogen
bonds between carboxylate oxygen atom (04") of 5-nip and coordinated water molecule (07)
and [07---04i = 2.964 A; 07-H7---041 = 155.31°] (ii: 1-X, -y, 1-z) (Figure 3). Moreover, adjacent

2D layers are further connected by n---n stacking interactions between two symmetry-related
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imidazole rings of neighboring molecules forming a 3D supramolecular network (Cgl---Cgl'l =
3.719 A, Cg1: N1-C9-N2-C11-C10, iii: 2-x, 2-y, 2-z) (Figure 3).

Table 2: Selected bond distances (&), angles (°) and hydrogen-bond geometry data for 1*.

RESEARCH ARTICLE

Bond Lengths (A)

Mn1-02i 2.1656 (1) Mn1-N3 2.2292 (2)
Mn1-01 2.1649 (1) Mn1-N1 2.2271 (2)
Mn1-07 2.2985 (1) Mn1-03i 2.1947 (1)
Angles (°)

02'-Mn1-03¥ 93.74 (5) 01-Mn1-02 94.36 (5)
02'-Mn1-N3 90.50 (6) 01-Mn1-07 91.31 (5)
02'-Mn1-N1 89.30 (6) N3-Mn1-07 91.57 (6)
01-Mn1-N1 93.07 (6) N1-Mn1-07 88.33 (6)
03"-Mn1-07 80.63 (5) N1-Mn1-N3 176.98 (6)
03i-Mn1-N3 89.11 (6) 02i-Mn1-07 173.97 (5)
Hydrogen bond geometry (A, °)

0O7-H7B---04i 0.88 1.85 2.722(2) 167 (3)
Q7-H7A---:04V 0.80 2.22 2.964(2) 155 (3)

*Symmetry codes: (i) —x+1, —y+1, —z+2; (ii) x, y+1, z; (iii) x, y—1, z, (iv) =x+1, -y,

-z+1.

Figure 1: The molecular structure of 1
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Figure 3: 3D supramolecular structure of complex 1 generated by hydrogen bonds and n---n
stacking interactions.

{[Co(u-5-nip)(1-meim)3]-H20}n (2). Table 3 shows the selected bond distances and angles.
X-ray result demonstrates that complex 2 crystallizes in monoclinic C2/c space group. There are
one Co(II) ion, one 5-nip, three 1-meim ligands, and one uncoordinated water molecule in the
asymmetric unit (Figure 4). Each Co(II) ion is six-coordinated by three carboxylate oxygen atoms

from two different 5-nip ligands and three nitrogen atoms from three different 1-meim ligands.
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Figure 4: The molecular structure of 2

In 2, 5-nip ligand coordinates to two Co(II) ions in monodentate and bidentate chelating modes
to form 1D zig-zag chain (Figure 5).

Figure 5: 1D chain structure of complex 2.

Adjacent 1D chains expand into 2D supramolecular layer with hydrogen bonding between
carboxylate oxygen atom (02) of 5-nip and uncoordinated water molecule (07) [02:--07 = 2.76
A, 02---H7B-07 = 176.16°] and between uncoordinated carboxylate oxygen atom (O4ii) of
adjacent 5-nip ligand and water molecule (07) [07:--04ii = 2,931 &, 07-H7A.--04ii = 168.27°]
(Figure 6a). Furthermore, 2D layers are further connected by n---n stacking interactions between
two symmetry-related imidazole rings of neighboring molecules forming a 3D supramolecular
network (Cg3---Cg3" = 3.719 A, Cg1l: N1-C9-N2-C11-C10, iv: 1/2-x, 1/2-y, 1-z) (Figure 6b).
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(a)

(b)

Figure 6: (a) 2D supramolecular layer of complex 2 generated by hydrogen bondings (b) 3D

supramolecular structure of complex 2 generated by n---n stacking interactions

Table 3: Selected bond distances (&), angles (°) and hydrogen-bond geometry data for 2*.

Bond Lengths (A)

Co1-04i 2.293 (2) Col-N1 2.115 (2)
Col-03 2.241 (2) Col-N5 2.122 (2)
Col-01 2.0714 (2) Col-N3 2.088 (2)
Angles (°)

03-Co1-04 57.98 (7) N1-Co1-03i 87.17 (8)
01-Co1-04i 177.88 (8) N1-Co1-N5 174.50 (9)
01-Co1-03 120.34 (8) N5-Co1-04i 88.06 (9)
01-Col-N1 88.10 (9) N5-Co1-03i 88.86 (9)
01-Co1-N5 90.63 (9) N3-Co1-04i 89.77 (8)
01-Col-N3 91.90 (8) N3-Co1-03i 147.75 (8)
N1-Co1l-O4i 93.05 (9) N3-Co1-N1 95.31 (9)
N3-Col-N5 90.08 (9)

Hydrogen bond geometry (A, °)

07-H7A---04i 0.85 2.09 2.931(4) 168
07-H7B::-02 0.85 1.91 2.760(3) 176

*Symmetry codes: (i) —x+1/2, y+1/2, —z+3/2; (ii) —x+1/2, y—1/2, —z+3/2, (iii)
—Xx+1, -y, —z+2.

Optical absorption and thermal properties

Solid state UV-Vis diffuse reflectance spectra of the compounds were acquired at room
temperature to determine optical absorption properties and evaluate semiconductor properties.
Solid state UV-Vis absorption spectra and curves of Kubelka—Munk function of free ligand 5-
nipH2 and the complexes as a function of energy are given in Figure 7. The optical band gap (Eg)
was determined by extrapolation from the linear portion of absorption edges based on Kubelka-
Munk function (the curve of (hvF(R))¥? versus photon energy (hv): where, hv is the photon
energy, F(R) is Kubelka-Munk function (F(R) = (1-R)?/2R). The Eg values of 5-nipH2 and
complexes 1 and 2 are 2.93, 2.85 and 2.874 eV, respectively. These results show the semi-
conductive properties of complexes 1 and 2 and complex 1 displays higher conductivity than

complex 2.
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Figure 7: Plots of Kubelka-Munk as a function of energy for free ligand 5-nipH2 and complexes

1and 2.

In order to determine thermal behaviors and stabilities of title complexes, simultaneous TG/DTA

analyses were carried out (Figures 8 and 9). For complexes 1 and 2, the first weight losses in

the temperature range 40-125 °C are related to elimination of coordinated and uncoordinated

water molecules (found: 4.80 %, calcd.: 4.033 % for 1; found: 3.50 %, calcd.: 3.40 % for 2).
After these steps, the weight losses of 35.34% in the temperature range 160-368 °C for 1 and

45.5 % in the temperature range 118-365 °C for 2 correspond to the removal of 1-meim ligands.

On further heating, the complexes were completely decomposed with exothermic picks and

remaining products are possibly MnO and CoO (found: 15.62 %, calcd.: 15.90 % for 1; found:
14.13 %, calcd.: 14.08 % for 2).
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Figure 8: TG, DTG, and DTA curves of complex 1.
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Figure 9: TG, DTG and DTA curves of complex 2.
CONCLUSION

In this study, two new Mn(II) and Co(ll)-coordination polymers were synthesized and
characterized. 5-nip ligand displayed different coordination modes in two structures. 5-nip ligand
acted as a bridging ligand between metal(II) centers to form 1D. 2D and 3D supramolecular
structures are generated through hydrogen bondings and n---n stacking interactions. Optical

band gap results of the complexes showed that complex 1 had higher conductivity than free
ligand 5-nipH2 and complex 2.
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