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Two new complexes [Zn2(pzdc)(L)2(H2O)]2n• 2nH2O (1) and [Mn(µ2-O)(H2O)2-(HL)]2n• 2nNIPH (2) (H2pzdc = pyrazine-2,3-dicarboxylic acid, HL = 3-(2-Pyridyl) pyrazole, H2NIPH = 5-nitroisophthalic acid) have been hydrothermally synthesized and structurally characterized by elemental analysis, IR spectrum, UV spectrum, TG, fluorescence spectrum and single-crystal X-ray diffraction. Complex 1 shows two-dimensional (2D) network, which was stabilized by O-H• • • O, C-H• • • O hydrogen bonding and π-π interactions and extended into 3D supramolecular architecture. Complex 2 is zero-dimensional structure, which was further extended into 3D supramolecular framework through N-H• • • O, O-H• • • O, C-H• • • O hydrogen bonds and π-π interactions.

Introduction

The design and synthesis of metal-organic coordination polymers relied on the selection of ligands and metal ions has become a very attractive research field. This is motivated not only by the intriguing structural diversity but also by the demand of applying functional materials into the fields of catalysis, porosity, magnetism, luminescence and nonlinear optics. [START_REF] Uppadine | Three-level synthetic strategy towards mixed-valence and heterometallic [2×2] gridlike arrays[END_REF][2][3] In general, grids with various sizes and shapes can be synthesized by choosing suitable single metal ions and organic ligands such as carboxylates and N-donor groups. [START_REF] Hines | Exploring control of cadmium halide coordination polymers via control of cadmium(II) coordination sites utilizing short multidentate ligands[END_REF][5][6] Self-assembly is a complex process, highly influenced by many factors, such as the coordination geometry of metal ions, the nature of organic ligands, solvent system, temperature, pH value of the solution, the ratio between metal salt and ligand, the templates and the counter anions. [START_REF] Hong | A silver(I) coordination polymer chain containing nanosized tubes with anionic and solvent molecule guests[END_REF][START_REF] Hong | A nanometer-sized metallosupramolecular cube with Oh symmetry[END_REF][9][10][START_REF] Noro | Framework engineering by anions and porous functionalities of Cu(II)/4,4'-bpy coordination polymers[END_REF][12][START_REF] Kasai | Flexible coordination networks with fluorinated backbones. Remarkable ability for induced-fit enclathration of organic molecules[END_REF][START_REF] Du | Proton-controlled inter-conversion between an achiral discrete molecular square and a chiral interpenetrated doublechain architecture[END_REF] Except for these factors, other forces such as hydrogen-bonding, π-π interactions, metal-metal interactions can also greatly influence the supramolecular topology and its dimensionality. [START_REF] Li | Synthesis, crystal structure and theoretical calculations of a copper(II) coordination polymer assembled by 4,4'-oxydibenzoic acid and 1,4-bis(Imidazol-1-ylmethyl)-benzene ligands[END_REF][START_REF] Pan | Hydrothermal syntheses and crystal structures of two complexes of cobalt and manganese assembled by 4,4΄-oxydibenzoic acid[END_REF][START_REF] Liu | Syntheses and characterization of six coordination polymers of zinc(II) and cobalt(II) with 1,3,5-benzenetricarboxylate anion and bis(imidazole) ligands[END_REF] Therefore, these considerations made us investigate new coordination structures with pyrazine-2,3-dicarboxylic acid (H2pzdc), 5-nitroisophthalic acid (H2NIPH) and chelating ligands. In this manuscript, we reported the syntheses, crystal structures, IR, UV, 

X-ray crystallographic

Single-crystal X-ray diffraction data for 1 and 2 were measured on a Bruker Smart Apex II CCD diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) at 293 K. The structure was solved with the direct method of SHELXS-97 and refined with full-matrix least-squares techniques using the SHELXL-97 program. [START_REF] Sheldrick | Programs for X-ray Crystal Structure Solution[END_REF][START_REF] Sheldrick | Programs for X-ray Crystal Structure Refinement[END_REF] Anisotropic thermal parameters were assigned to all non-hydrogen atoms. The hydrogen atoms were placed at the calculated positions and refined as riding atoms with isotropic displacement parameters. Crystallographic parameters and the data collection statistics for structure 1 and 2 are listed in Table 1. Selected bond lengths and bond angles are shown in Table 2. Further crystallographic parameters have been deposited with the Cambridge Crystallographic Data Centre (no. 1468826 (1), 1439401 (2); deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk/data_request/cif).

Results and discussion

IR Spectrum

Complex 1: Two bands at 1637 and 1357 cm -1 can be attributed to (v(OCO)assym) and

(v(OCO)sym), [START_REF] Devereux | Synthesis, X-ray crystal structures and biomimetic and anticancer activities of novel copper(II)benzoate complexes incorporating 2-(4′-thiazolyl)benzimidazole (thiabendazole), 2-(2-pyridyl) benzimidazole and 1,10-phenanthroline as chelating nitrogen donor ligands[END_REF] respectively. The Δν (ν(OCO)assym -ν(OCO)sym) is 280 cm -1 (>200), exhibiting the presence of monodentate linkage of carboxylates in the dianions. Therefore the carboxylates coordinate to the metal as monodentate ligands via the carboxylate groups. [START_REF] Farrugia | Windows Program for Crystal Structure Analysis[END_REF] The absence of the characteristic bands at abound 1700 cm -1 in complex 1

were owing to the protonated carboxylic group indicates that the complete deprotonation of pzdc ligand upon reaction with Zn ions. [START_REF] Fu | The structure and fluorescence properties of two novel mixed-ligand supramolecular frameworks with different structural motifs[END_REF] Moreover, X-ray diffraction analysis further attributes the existence of monodentate coordination manners of the carboxylate groups and prence deprotonation of pzdc ligands.

Complex 2: Infrared spectroscopy of complex 2 shows the typical anti-symmetric (1606 cm -1 ) and symmetric (1334 cm -1 ) stretching bands of carboxylate groups. The absence of the characteristic band around 1700 cm -1 in complex 2 owing to the protonated carboxylic group indicates that the present deprotonation of NIPH ligand. Moreover, the strong and broad band centered at 3413 cm -1 for 2 is owing to the H-O-H stretching vibration of water molecule in the light of the known structure. [START_REF] Nakamoto | Infrared Spectra and Raman Spectra of Inorganic and Coordination Compound[END_REF] In the crystal structure of complex 1, the HL ligands take µ3 coordination mode and the completely deprotonated pzdc ligands show one kind of coordination mode, namely, monodentate bridging mode. As a result, two Zn(II) ions are linked by four HL ligand to form dinuclear subunits, which are bridged by pzdc ligands to yield a two-dimensional (2D) network architecture (Fig. 2). Each Zn(II) shows a distorted square-pyramidal coordination structure.

It is worth noting that hydrogen bonding interactions are important in the synthesis of supramolecular architecture. [START_REF] Krische | [END_REF] There are existent in O-

H• • • O and C-H• • • O hydrogen
bonding interactions between carboxylate oxygen atom, carbon atoms and coordinated water molecules in complex 1 (Table 3). In addition, there are π-π interactions (Fig. 

Table 3. Hydrogen bonds for complex 1 and 2

Complex 2 crystallizes in the triclinic system, space group P-1 and features a zero-dimensional structure. The coordination environment of Mn(II) in 2 is displayed in Fig. 4. There are two Mn(II) ion, two NIPH ligand, two HL ligand, four coordinated water 3). Moreover, In complex 2, 5-member ring of HL and 6-member ring of NIPH ligand centroid distances are 3.6879(10) Å for 1) and C( 9)C( 10)C( 11)C( 12)C( 13) C( 14) rings (x, y, z), with the vertical distance to be 3.2664(7) Å, indicating the existence of π-π effect, so that the structure is more stable. Therefore, a three-dimensional supramolecular network structure is formed by such hydrogen bonds and π-π stacking (Fig. 5).

D-H•••A d(D-H) d(H•••A) d(D•••A) ∠(DHA) 1 O(5)-H(5A)• • • O(3) 0.
N(1)N(2)C(3)C(2)C(
In order to check the purity of polymer 1 and 2, powder X-ray diffraction of the as-synthesized sample were measured at room temperature (Fig. S1). The peak positions of experimental patterns are in good agreement with the simulated ones, which clearly indicates good purity of 1 and 2. [START_REF] Gilbert | Essentials of Molecular Photochemistry[END_REF][START_REF] Han | Hydrothermal syntheses, crystal structures and magnetic properties of two copper(II) complexes involved in situ ligand synthesis[END_REF] Thermal analysis

The thermal stability of complex 1 was tested in the range of 50~700 ℃ under a nitrogen atmosphere at a heating rate of 5 ℃• min -1 . The TGA curve of complex 1 is shown in Fig. S2. 

It

Photoluminescent properties

The emission spectrum of complex 1 in the solid state at room temperature is displayed in Fig. 6. It can be reviewed that complex 1 shows blue photoluminescence with an emission maximum at ca. 460 nm upon excitation at 375 nm. By way of studying the nature of these emission bands, we first investigated the photoluminescence properties of free pyrazine-2,3-dicarboxylic acid, and indicated that it does not emit any luminescence in the range of 400~800 nm. And then we discussed the emission spectrum of HL itself and the result confirmed that it does not emit any luminescence in the range 400~800 nm, which has also been proved previously. [START_REF] Rendell | Fluorescence and Phosphorescence[END_REF] Therefore, on the basis of previous literature, [START_REF] Zheng | Recent advances in luminescent monomeric, multinuclear, and polymeric Zn(II) and Cd(II) coordination complexes[END_REF] the emission band could be assigned to the emission of ligand-to-metal charge transfer (LMCT). For possessing strong fluorescent intensity, it appears to be good candidates for novel hybrid inorganic-organic photoactive materials.

UV Spectrum Analysis

The UV spectra for complex 2 (Fig. 7), H2NIPH and HL ligands have been studied in the solid state. For H2NIPH and HL ligands, there are 277 and 245 nm absorption bands, respectively, while 275 nm for complex 2, which should be assigned to the n→π* [START_REF] Mohamed | Synthesis, investigation and spectroscopic characterization of piroxicam ternary complexes of Fe(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) with glycine and DL-phenylalanine[END_REF][START_REF] Dong | Seven copper coordination polymers based on 5-iodo-isophthalic acid: halogen-related Bonding and N-donor auxiliary ligands modulating effect[END_REF][START_REF] Glasson | New nickel(II) and iron(II) helicates and tetrahedra derived from expanded quaterpyridines[END_REF][START_REF] Pandey | ) and copper(II)[END_REF] transition of HL ligand in 2. However, upon ligand coordination to Mn 2+ ion, the absorption intensity increases. 

Conclusions

In general, we have described two new supramolecular zinc, manganese coordination polymers. In 1, the pyrazine- 

Figure 1 .

 1 Figure 1. The coordination environment of the Zn(II) center in 1. Symmetry

Figure 2 .

 2 Figure 2. View of the two-dimensional network along a axis (Carbon atoms

) in complex 1

 1 between pyrazine ring of pzdc ligand and pyrazole ring of HL ligand. The centroid-to-centroid distance between adjacent ring is 3.456(2) Å for N(4)N(5)C(14)C(13)C(12) and N(1)C(3)C(4)N(2)C(5)C(6) (x, y, z) rings. The perpendicular distance is 3.1530(15) Å for N(4)N(5)C(14)C(13)C(12) and N(1)C(3)C(4)N(2)C(5)C(6) (x, y, z) rings. Thus, the two-dimensional networks are further extended into a three-dimensional supramolecular framework through hydrogen bonds and π-π interactions, which play an important role in stabilizing compound 1.

  molecule and two µ2-O atoms in the molecular structure. Each Mn(II) ion is six-coordinated by two coordinated water molecules (O(7), O(9)), two µ2-O atoms (O(8), O(8A)) and two nitrogen donors (N(2) and N(3)) from HL ligand to supply a distorted octahedral coordination structure. One coordinated water molecule (O(9)), one µ2-O atom (O(8)) and two nitrogen atoms (N(2), N(3)) define an equatorial plane, whereas the axial coordination sites are employed by the other coordinated water molecule (O(7)) and µ2-O atom (O(8A)). The Mn-O distances fall in the range of 2.1346(14)~2.3336(14) Å, and Mn-N bond length fall in the 2.2264(14)~2.2556(14) Å, which are all in the normal range and the coordination angles around Mn(II) ion are in the range of 73.95(5)º ~168.77(5)º .In 2, the HL ligand adopts classic chelating mode, while NIPH ligand was not involved in coordination, which just play a role of balance charge. Two Mn(II) ions are linked by two µ2-O atoms to form dinuclear subunits, and exhibits zero-dimensional structure.Further study of the crystal packing of complex 2 suggests that there are three kinds of N-H• • • O, O-H• • • O and C-H• • • O hydrogen bonding interactions between nitrogen atom of HL ligand, carboxylate oxygen atoms of NIPH ligand, coordinated water molecule and carbon atoms of HL and NIPH ligands (Table

  displays that the first weight loss of 49.5% from 60 to 192 ℃ corresponds to the release of water molecules and HL ligand (calcd:50.0%). Upon further heating, an obvious weight loss (26.2%) occurs in the temperature range of 192~525 ℃ , corresponding to the removal of pzdc ligands (calcd: 27.1%). After 525 ℃ no weight loss is found, which indicates the complete decomposition of 1.
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 3 Figure 3. A view of p-p stacking interactions in complex 1.

Figure 4 .

 4 Figure 4. The molecular structure of complex 2. Symmetry codes: A: -x-1, -yt2, -z.
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 5 Figure 5. View of the 3D supramolecular architecture of 2 formed by
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 6 Figure 6. Solid-state emission spectrum of 1 at room temperature.
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 7 Figure 7. The UV spectrum of 2 at room temperature.

Figure captions:Fig. 1 .

 1 Figure captions:

Fig. 2 .

 2 Fig. 2. View of the two-dimensional network along a axis (Carbon atoms and one

Fig. 3 . 1 Fig. 4 .

 314 Fig. 3. A view of π-π stacking interactions in complex 1

Fig. 5 .

 5 Fig. 5. View of the 3D supramolecular architecture of 2 formed by hydrogen-bonding

Fig. 6 .Fig. 7 .

 67 Fig. 6. Solid-state emission spectrum of 1 at room temperature

  

  

Table 1 .

 1 Crystallographic parameters and summary of data collection for 1 and 2

	Parameter	Complex 1	Complex 2
	Empirical formula	C44H32 N16O11Zn4	C32H30Mn2N8O18
	Fw (g/mol)	1222.34	924.52
	Crystal system	Monoclinic	Triclinic
	Space group	C2/c	P-1
	a [Å ]	29.465(2)	7.5193(5)
	b [Å ]	12.4103(8)	10.7808(6)
	c [Å ]	14.7059(9)	11.4968(7)
	α [ ˚ ]	90.00	88.3880(10)
	β [ ˚ ]	117.727(2)	86.9260(10)
	γ [ ˚ ]	90.00	85.5920(10)
	Volume [Å 3 ]	4760.1(6)	927.61(10)
	Z	8	1
	Dc(g/cm 3 )	1.706	1.655
	GOF	1.014	1.110
	Reflns collected/unique 4206/3233	3611/3382
	Rint	0.0491	0.0100
	R1 [I>2σ(I)]	0.0333	0.0291

Table 2 .

 2 Selected bond lengths (Å) and bond angles (deg) for 1 and 2

	1

  2,3-dicarboxylate ligands function in monodentate bridging coordination mode, the HL ligands take µ3 coordination mode. As a result, two Zn(II) ions are linked by four HL ligand to yield dinuclear subunits, which are bridged by pzdc ligands to form a two-dimensional network structure. In 2, the HL ligand takes classic chelating mode, while NIPH ligand was not involved in coordination, which just play a role of balance charge. Two Mn(II) ions are linked by two µ2-O atoms to form dinuclear subunits, and exhibits zero-dimensional structure. It is worthy to note that the intermolecular hydrogen bonds and π-π interactions play an important role in the supramolecular structure and extended complex 1 and 2 into 3D supramolecular framework. complexes of a hexadentate pyridine amide ligand. Effect of donor atom (ethervs. thioether) on coordination geometry, spin-state of cobalt and MIII-MII redox potential. Dalton Trans. 2011, 40, 10758-10768.
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 3 Hydrogen bonds for complex 1 and 2
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