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摘 要：將吡啶-3,4-雙羧酸與 NaOH 反應，再與 CuBr2·4H2O 與 1,10-菲囉啉加水混合，利用水

熱反應合成，得到含銅(Ⅱ)的配位錯合物，其化學式為{[Cu(pda)(phen)]·H2O}n (pda =吡啶-3,4-
雙羧酸根, phen = 1,10-菲囉啉)。使用元素分析儀、FT-IR 光譜儀及 X-Ray 晶體繞射儀，測定

產物晶體結構及其性質，X-Ray 測定結果顯示錯合物是以銅(Ⅱ)離子為配位中心，含兩個 O
原子，以及三個 N 原子和一個未配位晶格水分子；分別來自兩個吡啶雙羧酸上的O 原子，和

吡啶雙羧酸上的氮原子及菲囉啉環上的兩個氮原子，配位構成些微扭曲平方角錐型幾何結

構。晶體結構由於吡啶雙羧酸以及晶格水分子的分子內氫鍵 (C−H···O)作用、芳香環之間的 
π···π 吸引力以及 C−H···π作用力，自組裝成(3-D)三維空間無限延伸的網狀結構，使得此晶體

結構很穩定。 
 
關鍵詞：水熱合成、吡啶-3,4-雙羧酸、1,10-菲囉啉、氫鍵 
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Abstract: A metal-organic coordination polymer, {[Cu(pda)(phen)]·H2O}n (pda= 
pyridine-3,4-dicarboxylate, phen = 1,10-phenanthroline), has been  hydrothermally synthesized 
from the reaction of CuBr2･4H2O, NaOH, 3,4-pdaH2 and phen. The structure was characterized by 
elemental analysis, FT-IR and single-crystal X-ray diffraction.  The asymmetric unit of the title 
compound contains a five-coordinate Cu(Ⅱ) ion with a distorted square pyramidal geometry , 
defined by three N atoms and two carboxyl-O atoms from chelating 1,10-phenanthroline and 
pyridine-3,4-dicarboxylate ligands. The asymmetric unit also contains an uncoordinated water 
molecule. The structure exhibits a two-dimensional layer, which further forms a three-dimensional 
supramolecular network via weak C−H···O hydrogen bonding, π···π stacking interaction and 
C−H···π interaction. 
 
Key words: Hydrothermal Synthesis, Pyridine-3,4-dicarboxylic acid, 1,10-phenanthroline, 

Hydrogen bonding. 

I. Introduction 

    In the last few years, several studies have used rigid, multifunctional ligands to bridge metal 
ions into two- or three-dimensional structures. Multi-carboxylate ligands have been proved to be 
good candidates because they can be regarded not only as hydrogen-bonding acceptors but also as 
hydrogen-bonding donors, depending upon the number of deprotonated carboxylic groups1. These 
ligands usually posses high symmetry, for instance, pyridine-2,6-dicarboxylic acid and 
pyridine-3,5-dicarboxylic acid has been used successfully to synthesize such materials2-19.  
    Recently, several metal complexes containing anionic forms of pyridine-3,4-dicarboxylic acid, 
have been synthesized20-23 . In this study, we report the synthesis, crystal structure and 
characterization of a copper(II) polymer, {[Cu(pda)(phen)] ･ H2O}n, where pda represents 
pyridine-3,4-dicarboxylate and phen represents 1,10-phenanthroline (Scheme 1). The title 
compound is a 2-D supramolecular material base on mixed ligands of pyridine-3,4-dicarboxylate 
and 1,10-phenanthroline. 
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Scheme 1 

II. Experimental Section 

Materials and methods 
    All chemicals purchased were reagent grade and used without further purification. Elemental 
analysis (C, H and N) was performed on a Heraeus CHN-O-Rapid elemental analyzer. FT-IR 
spectra were recorded in the range 400-4000 cm-1 on a Bruker Vector 22 FT-IR spectrophotometer 
using a KBr pellet. All measurements were performed at room temperature. 

X-ray Crystallographic Analysis 
    Diffraction data of the title compound were collected on a Bruker SMART CCD area detector 
diffractometer with graphite-monochromatized Mo Kα radiation (λ= 0.71073 Å) in ψ and ω scan 
modes. All the structures were solved by direct methods using the program SHELXS 9724 and 
refined by full-matrix least-squares methods on F2 using the program SHELXL 97.All 
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in geometrically 
calculated positions. The crystallographic data and experimental details for structural analyses are 
summarized in Table 1. Selected bond lengths for the title compound are listed in Table 2. 
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Synthesis 
    A mixture of pyridine-3,4-dicarboxylic acid (0.0336 g, 0.20 mmol) , NaOH (0.10 M, 4 mL) 
and 5 mL deionized water was stirred for 30 min in air. A mixture of CuBr2⋅4H2O (0.0455 g, 0.20 
mmol), 1,10-phenanthroline (0.0365g, 0.20mmole) and 5 mL deionized water was stirred for 30 
min in air. The two solutions were transferred to a 23-mL Teflon-lined stainless steel autoclave, 
and the autoclave was sealed, heated to 418 K under autogenously pressure for 2 day, and then 
cooled to RT at a rate of 0.5 K/ hr. Blue crystals were obtained (yield 66.83 % based on copper). 
Elemental analysis calcd. for CuC19H13N3O5  (Mw = 426.86)：C, 53.41;  H, 3.06;  N, 9.84 %. 
Found：C, 54.03;  H, 3.05 ; N, 9.75 %. IR(KBr)（cm-1）：3537(m)、3461(m) 、1640(s) 、1614(s) 、
1516(w)、1433(m) 、1386(s)、1154(w)、854(s) 、683(w). 

III. Results and Discussion 

    The title compound has been prepared by hydrothermal reactions under nearly neutral 
conditions (the pH value adjusted to ~7.0). Copper (Ⅱ) bromide (CuBr2⋅4H2O) reacts with 
pyridine-3,4-dicarboxylic acid , NaOH and 1,10-phenanthroline at 418 K to give  
pyridinedicarboxylate-copper(Ⅱ) compound. The product is stable in air and insoluble in water and 
common organic solvents such as ethanol, acetonitrile, tetrahydrofuran, 1,2-dichloroethane, acetone 
and DMF. 
    When the preparation of compound was tried in the absence of NaOH, the reaction only gave 
very poor crystalline products, and therefore we gave up further characterizations. 
    The title compound was obtained as blue crystals in relatively high isolation yield (66.83 
%).The FT-IR spectrum of  compound exhibits peaks at 1640, 1614, and 1433 cm-1 that can be 
assigned to the asymmetric and symmetric C=O stretches, respectively(Fig 1). The absence of the 
characteristic bands at around 1724 cm-1 in compound attributed to the protonated carboxylic group 
indicates the full deprotonation of pda ligand upon reaction with Cu ions. The two absorption peaks 
at 3537 and 3561 cm-1 are assigned to νO–H of uncoordinated lattice water molecule25. 
    The valence sum calculations give the average value of 1.89 for Cu atom26, suggesting that all 
Cu centers are in the +2 oxidation state (3d9). The subunit structure of title compound as shown in 
Fig. 2. The Cu(Ⅱ) ion has a slightly distorted square pyramidal coordination geometry with an 
CuN3O2 core, involving two N atoms from one phen ligand and one N atom from pda ligand, two 
O atoms from two different pda dianions. The title compound has the same Cu−O bond distances of 
1.976(3) Å, while the Cu−N bond distances range from 2.009(3) to 2.263(3) Å (Table 2). The 
Cu—N distance 2.263(3)Å is significantly longer than the normal bond length, which reflects the 
weak axial interactions as expected for Jahn-Teller distorted copper (II) complexes. The value of 
structural parameter τ is 0.13, showing a distorted square pyramidal structure, where τ is defined as 
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τ = (α-β)/60°, where α and β are the largest angles (α> β) around a penta-coordinated metal center 
27 (τ is equal to 0 for an ideal square pyramidal geometry). 
    The pda ligands act as tridentate ligand (Chart 1) and connect the Cu centers, forming a 
two-dimensional layer (Fig 3), Base plane vectors: (0 1 0). The pyridine ring plane of pda and the 
phen plane are nearly perpendicular to each other, the dihedral angle28 being 99.4(5)0. The title 
compound is has no classic hydrogen bonding interactions, but weak C−H···O hydrogen-bonding is 
observed in the crystal structure (Table 3) 29. 
    In addition, C−H···π interaction C5−H5···Cg4 (N3/C13-C16) are present in the crystal 
structure (full details and symmetry codes given in Table 3). π···π stacking interactions are also 
observed, the centroid-centroid distances between Cg1 (Cu1/N1-N2/C11-C12)···Cg5(iii) 

(C4-C7/C9/C11-C12), Cg2 (N1/C1-C4/C12)···Cg5(iv) and Cg3 (N2/C7-C11)···Cg5(iii)  are 3.975(2), 
3.814(2) and 3.677(2) Å[symmetry code：(iii) -x, -y, 1-z , (iv) -x, -y, 1-z], respectively (Fig 4). The 
structure exhibits a two-dimensional layer, which further forms a three-dimensional supramolecular 
network via weak C−H···O hydrogen bonding, π···π stacking interaction and C−H···π interaction30. 

IV. Conclusions 

    In this study, a Cu(Ⅱ) polymer has been synthesized and structurally characterized. The 
synthesis of the title compound not only proves that the hydrothermal reaction in preparing new 
metal-organic hybrid materials is successful but also shows that weak intermolecular interactions 
(C−H···O hydrogen-bonding, π···π stacking interactions and C−H···π interactions) contribute to the 
formation of higher-dimensional network.  

Table 1 Crystal data 

Cu (C12 H8N2) (C7H3 NO4)(H2O) Z = 4 
Mr = 426.86 Dx = 1.691Mg m-3 
Monoclinic  P2(1)/n  Mo Kα radiation 
a = 7.6396(4) Å  Cell parameters from 3871 
b =19.6502(10)Å Reflections 
c =11.3050(6) Å θ = 2.5-250 
 µ = 1.343 mm-1 
β = 98.920(1)0 T = 295(2) K 
 Blue  
V =1676.58(15) Å3 0.15x 0.10x 0.05 mm3 
Data collection  
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Bruker SMART CCD area-detector 4064 independent reflections 
Diffractometer 3142 reflections with I > 2σ(I) 
ψ and ω scans Rint = 0.0556 
Absorption correction: multi-scan    θmax = 28.330 
(SADABS; Sheldrick, 1995) h = −9→8 
Tmin = 0.88370 , Tmax = 0.96803 k = −18→26 
11171measured reflections l = −15 →15 
Refinement  
Refinement on F2   H-atom parameters not refined 
R[F2 > 2σ(F2)] = 0.0563 w =1/[σ2(Fo2)+ 0.0487P2+1.5843P] 
wR(F2) = 0.1121 where P = (Fo2+2Fc2)/3 
S = 1.079   (∆/σ)max = 0.001 
4064 reflections   ∆ρmax = 0.627e Å-3 
253 parameters ∆ρmin = −0.386 e Å-3 

Table 2 selected geometric parameters (Å,0) 

N2−Cu1 2.037(2) N1−Cu1 2.009(3) 
O3−Cu1 1.976(2) O1−Cu1 1.976(3) 
N3−Cu1 2.263(3) O1−Cu1−N1 174.58(11) 
N2−Cu1−O3 166.71(19)   

Table 3 Hydrogen-bonding geometry (Å, 0) 
Cg4 is the centroid of the N3/C13─C16 ring 

D−H···A D−H H···A   D···A   ∠D−H···A 

Intra C1−H1A···O2(i) 0.929 2.326 3.249(3) 172 
C2−H2A···O2(ii) 0.930 2.522 3.217(5) 132 

Intra C10−H10A···O3 0.930 2.586 3.392(4) 145 
Intra C14−H14A···O4(i) 0.930 2.414 3.188(4) 141 

C5−H5C···Cg4(iii) 0.931 2.733 3.609(2) 159 

   Symmetry code: (i) 0.5+x, 0.5-y, 0.5+z  (ii) -0.5+x, 0.5-y, 0.5+z  (iii) -x, -y, 1-z 
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Chart 1 The 3-connected mode of the pda ligand. 

Figure 1 The FT-IR spectrum of the title compound. 
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Figure 2 Molecule structure of the title compound (Symmetry code: (i) 0.5+x, 0.5-y, 0.5+z 
(ii) -0.5+x,0.5-y,0.5+z), the H atoms are omitted for charity. 

 
 
 

Figure 3 View of two-dimensional layer connected by the pda ligands in title compound from the b 
direction, the H atoms are omitted for charity. 
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Figure 4 View of the stacking arrangement of the title compound along bc-plannar, showing weak 
hydrogen-bonding and π−π stacking interactions 
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