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Highlights 
• One new Pb(II) complex has been synthesized with DIPT and HL. 

• The complex 1 has been characterized by IR and single crystal X-ray diffraction.  

• The PXRD, TGA, UV and Luminescent property were also investigated.  

• The calculated absorption value is in closed the experimental result.  

• Intermolecular hydrogen bonding give rise to 2D supramolecular arrangements.  
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Abstract: In this report, a new coordination complex Pb(CDIPT)2(L)2 (CDIPT= 

10-chloro-2-(2,4-dichlorophenyl)-1H-imidazo[4,5-f]-[1,10]phenanthroline, HL= 2,4-dichlorophenyl 

acrylic acid) has been synthesized and fully characterized by elemental analysis, IR spectroscopy, UV 

spectrum, single-crystal X-ray diffraction analysis, luminescence spectra, TGA and powder X-ray 

diffraction. The structural analysis showed that the complex 1 is a zero dimensional structure with 

seven coordinated Pb(II) ion. And further, the adjacent complex units are extended into a 2D 

supramolecular network through the H-bonds [ N(4)-H(4)···O(4) and N(7)-H(7)···O(1) ]. The 

luminescence explorations demonstrated that complex 1 has good optical properties. In addition, the 

quantum chemistry calculations were performed with the Gaussian09 program. 

Keywords: Crystal structure; Pb(II) complex; Luminescence; Quantum chemistry calculations 

 

1. Introduction 

Coordination complexes are crystal materials with periodic network formed by self-assembly of 

metal ions or metal clusters and organic ligands. Coordination complexes have become a hot topic in 

the field of new materials due to their adjustable structures, high crystallinity and controllable porosity. 

[1-6]. Coordination complexes can be divided into one-dimensional chain structure, two-dimensional 

layer structure and three-dimensional network [7-9]. And now, it is easy to acquire the different 

coordination complexes with desired structures and properties. There are lots of methods to synthesize 

the coordination complexes such as evaporative solvent method, diffusion method, hydrothermal or 

solvent-thermal method, ultrasonic and microwave method etc. [10-12]. 
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The center metal ions and organic ligands show the decisive role for the structures and functions 

of targeted coordination complexes [13-15]. The selection of metal centers of coordination complexes 

almost covers all metals, including main group elements, transition elements, lanthanide metals, etc. 

[16-22]. The different valence states and coordination capacities of different metal ions can also affect 

the structures and properties of materials. For organic ligand’s selection, the transition from the 

earliest easily collapsed nitrogen heterocyclic ligands to the stable carboxylic acid ligands [23]. In 

order to solve the collapse of coordination complexes which were removing guest molecules, chemists 

began to synthesized coordination complexes with one or more functional groups based on anion and 

neutral ligands. The combination of different functional groups greatly expanded the application scope 

of coordination complexes [24]. Due to large specific surface area, adjustable channel, easy 

functionalization and interesting topological structure, researchers have made great advances in fields 

such as molecular magnetics, photoluminescence, ion exchange, gas storage, and catalysis.[25-34]. 

Heterocyclic compounds play an important role in coordination chemistry [35-39]. 

1,10-phenanthroline and its derivatives [39] have been widely studied on account of their unique 

structures and properties. Each 1,10-phenanthroline molecule is composed of three aromatic rings, 

which has strong conjugation and is easy to coordinate with a variety of metal ions to produce 

complexes with unique functions. Because it has a good conjugated system, which can increase the 

thermal stability and fluorescence intensity of coordination complexes [41-43]. Therefore, it has 

widespread applications in optical, magnetic and fluorescent materials.   

β-substituted phenylacrylic acid has good coordination ability and thermal stability. For example, 

S. Han, etc. [44] investigated the synthesis, crystal structure and theoretical calculation of triphenyltin 

(IV) polymer based on 2,4-dichlorophenylacrylic acid. H. Y. Sun, etc. [45] successfully synthesized a 

novel Co(II) by using 2-(2,4-dichlorophenyl)-1H-imidazo[4,5-f]-[1,10]phenanthroline as the 

N-heterocyclic ligand and the 3-(2-chlorophenyl)acrylic acid. Therefore, it is meaningful to study the 

β-substituted phenylacrylic acid as carboxylic acid ligand in coordination complexes.  

In order to further exploring the structural type of the coordination complex and the coordination 

mode of central Pb(II) ions, our group synthesized a Pb(II) coordination complex using 

2,4-dichlorophenyl acrylic acid (HL) and 2-(2,4-dichlorophenyl)-1H- 

imidazo[4,5-f]-[1,10]phenanthroline (DIPT). 

2. Experimental 

2.1 Synthesis of 2, 4-dichlorophenyl acrylic acid  

The synthesis of HL (Route 1): A mixture of 3.7 g malonic acid (0.035 mol), 4 mL pyridine, 8 mL 

toluene, 5.7 g 2, 4-Dichlorobenzaldehyde (0.033 mol), 0.35 mL aniline (catalytic) are added in a 

round-bottom flask, added. The mixed solution was refluxed for 3-4 h under electromagnetic stirring, 

taken away the solvent by vacuum distillation, added K2CO3 solution and ethyl acetate, then stirred for 

                  



15 minutes. The organic layer was neutralized by HCl solution and the resulting solid was washed, 

filtered and dried, then obtained target compound. Productivity: 64.6%. Elemental analysis: calcd. (%) 

for C9H6O2Cl2: C, 49.80; H, 2.79; found (%): C, 48.04; H, 2.81. IR (KBr, cm
-1

): 2823(w), 2567(w), 

1690(s), 1619 (m), 1579(m), 1469(m), 1211(m), 982(m), 862(m), 815(m), 769(m). 
1
H NMR (DMSO, 

ppm, 400Hz) : 12.71 (s, 1H, H6), 7.96 (d, 
3
J(H-H) = 8.0 Hz, 1H, H3), 7.81 (d, 

3
J(H-H) = 16.0 Hz, 1H, 

H4), 7.72(s, 1H, H1), 7.48 (d, 
3
J(H-H) = 8.0 Hz, 1H, H2), 6.65 (d, 

3
J(H-H) = 16.0 Hz, 1H, H5). 

 

Route 1 

 

2.2 Synthesis of 2-(2,4-dichlorophenyl)-1H-imidazo[4,5-f][1,10]phenanthroline 

The synthesis of DIPT (Route 2): A mixture of 2.2 mL 2,4-dichlorobenzaldehyde (0.020 mol) , 

4.20 g 1,10-Phenanthroline-5,6-dione (0.020 mol), 5.0 g ammonium acetate (0.060 mol), 40 mL 

glacial acetic acid were added in a round-bottom flask and the reaction was monitored by TLC 

technique. After the reaction ended, reaction mixture was extracted by dichloromethane and resultant 

products was purified by column chromatography (benzene : ethyl acetate = 9 : 1). Productivity: 

69.8%. Elemental analysis: calcd. (%) for C19H10Cl2N4: C, 62.48; H, 2.76; N, 15.34. found (%): C, 

62.04; H, 2.08; N, 14.88. IR (KBr, cm
-1

): 3379(w), 1672(s), 1554(m), 1096(m), 803(m), 738(m), 

562(m). 
1
H NMR (DMSO, ppm, 400 Hz): 13.97 (s, 1H, H7), 9.07(d, 2H, H3,H4), 8.89 (d, 2H, H1,H6), 

7.98 (d, 
3
J(H-H) = 8.0 Hz, 1H, H8), 7.92 (s, 1H, H10), 7.84(s, 2H, H5,H2),7.69 (d, 

3
J(H-H) = 8.0 Hz, 1H, 

H9). 

 

Route 2 

2.3 Synthesis of complex 1 

The synthesis of complex 1: 83.44 mg PbCl2 (0.0003 mol), 219.13 mg DIPT (0.0006 mol) and 

83.44 mg HL (0.0003 mol) were mixed according to the material ratio of 1 : 2 : 1, added 36 mL tap 

water and stirred thoroughly at room temperature for 20min. Then adjusted pH=6.5 with NaOH 

solution. The reaction mixture crystallized in a 50 mL Teflon-lined autoclave for 5 days at 160 ℃, and 

                  



then cooled to room temperature at 5 ℃/h. A large number of yellow block crystals were obtained at 

the bottom of the kettle, washed with distilled water and dried naturally with a yield of 6.8% (in terms 

of Pb). The experimental value of element analysis is (%): C, 46.69; H, 1.94; N, 5.05. The theoretical 

value of element analysis is (%): C, 46.71;H, 1.95;N, 5.00. 

2.4 physical measurements 

The IR spectrum was described through Perkin-Elmer 240C spectrometer in the range of 

4000~400 cm
-1

. The UV spectrum was carried out a JASCO V-770 ultraviolet spectrophotometer in 

the range of 200~800nm. TGA was performed using a Rigaku Thermo Plus-EVO analyzer in nitrogen 

with a heating rate of 10 ℃/min. The luminescence spectra for the powdered solid samples were 

measured at room temperature and the spectra were collected with a Hitachi F-4600 fluorescence 

spectrometer. Powder X-ray diffraction ( PXRD ) data was recorded on a Rigaku model RINT Ultima 

III diffractometer by depositing powder on glass substrate, from 2θ = 1.5° up to 60° with 0.02° 

increment. The date of 
1
H NMR were obtained Bruker AVANCE III HD 400M. The quantum 

chemistry calculation of complex 1 was performed with the Gaussian09 program [46] at the 

B3LYP/GenECP level (the 6-31+G(d) basis set for C, H, O, N, Cl) and LANL2DZ basis set for Pb). 

The initial state structure for the title complex 1 was obtained from the X-ray refinement data (cif). 

The initial state structure we adopted the approximate structure model was not optemized, while the 

triplet state structure is optemized at the same level.  

2.5 X-ray crystallography  

Crystal structure measurement was performed on a Bruker SMART APEX II CCD diffractometer 

equipped with a graphite-monochromatic Mo Kα (λ = 0.71073 nm) radiation by using the φ and ω 

scan mode at 296 (2) K [47]. The structure was solved by direct methods with SHELXS program [48] 

and refined with SHELXL-2016/6 [49] by full-matrix least-squares techniques on F
2
. All 

non-hydrogen atoms were refined anisotropically. Crystallographic data and Structure Refinement 

parameters for the complex 1 in Table 1. Selected bond lengths (Å) and bond angles (°) are in Table 2. 

Hydrogen bond lengths (Å) and bond angles (°) are listed are in Table 3. The Crystallographic data 

have been deposited with the Cambridge Crystallographic Data Centre: deposition numbers CCDC 

1977916. These data may be obtained free of charge from the Cambridge Crystallographic Data 

Center through http:// www.ccdc.cam.ac.uk/data_request/cif.

                  



Table 1. Crystallographic data and Structure Refinement parameters for the complex 1. 

Empirical formula C56H28Cl10N8O4Pb 

Formula weight 1438.55 

Temperature 296(2) K 

Wavelength (Å) 0.71073 

Crystal system Orthorhombic 

Space group Pn21a 

a (Å) 33.112(3) 

b (Å) 14.3543(15) 

c (Å) 11.3282(12) 

α (º) 90 

β (º) 90 

γ (º) 90 

Volume (Å3) 5384.3(10) 

Z 4 

Density ( Mg/m3) calculated 1.775 

Absorption coefficient (mm-1) 3.687 

F(000) 2816 

Crystal size (mm3) 0.28 × 0.26 ×0.25 

Theta range (°) 1.878-25.009 

Limiting indices -39 ≤ h ≤ 39, -17 ≤ k ≤ 14, -13 ≤ l ≤ 12 

Reflections collected / unique 27332 / 8580 [Rint = 0.0479] 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6914 / 5 / 629 

Goodness-of-fit on F2 1.048 

Final R indices [I > 2σ (I)] R1 = 0.0410, wR2 = 0.0939 

R indices (all data) R1 = 0.0575, wR2 = 0.0999 

Largest diff. peak and hole (e Å-3) 0.623 and -1.344 

 

Table 2. Selected Bond Lengths (Å) and Bond Angles (°) 

Bond Dist. Bond Dist. Bond Dist. 

Pb-O(1) 2.486(9) Pb-O(3) 2.643(9) Pb-N(6)                    2.795(5) 

Pb-N(1)                    2.527(4) Pb-N(2)                    2.549(5) Pb-N(5)                    2.709(6) 

Angle (°) Angle (°) Angle (°) 

O(1)-Pb-O(3) 90.4(3) O(1)-Pb-N(1) 76.1(3) O(1)-Pb-N(2) 79.8(3) 

O(1)-Pb-N(6) 147.3(3) O(1)-Pb-N(5) 126.3(3) O(3)-Pb-N(6) 105.5(3) 

O(3)-Pb-N(5) 134.7(3) N(1)-Pb-O(3) 141.1(3) N(1)-Pb-N(6) 73.6(3) 

N(1)-Pb-N(2) 63.9(3) N(1)-Pb-N(5) 79.4(3) N(2)-Pb-O(3) 78.0(3) 

N(2)-Pb-N(6) 75.9(3) N(2)-Pb-N(5) 128.6(3) N(5)-Pb-N(6) 59.3(3) 

 

Table 3. Hydrogen Bond Lengths (Å) and Bond Angles (°) 

 

3. Results and discussion 

D–H···A d(D–H) d(H···A) d(D···A) ∠DHA 

N(4)-H(4)···O(4)    0.86 1.88 2.731(17) 170.7 

N(7)-H(7)···O(1) 0.86 2.14 2.898(14) 147.3 

                  



3.1 Description of crystal structure 

It’s interesting that a hydrogen atom on the carbon at position 10 of the DIPT ligand was 

replaced by a chlorine atom. According to references[50-51], the Speculative principle is as follows 

(Route 3): under a definite temperature and pressure, PbCl2 as a single electron transfer reagent, 

captures a single electron on the imidazole ring and causes the DIPT ligand to generate free radical 

positive ions. The corresponding resonance formula reacts with PbCl2
-

 and obtains the 

10-chloro-2-(2,4-dichlorophenyl)-1H-imidazo[4,5-f][1,10]phenanthroline (CDIPT). 

 

Route 3 

 

The structure of complex 1 is described in Fig. 1, each central Pb(II) is seven-coordinated by 

four nitrogen atoms (N1, N2, N5, N6) from two CDIPT ligands and three carboxylate oxygen atoms 

(O1, O2, O3) from two different deprotonation of HL, it can be regarded as a distorted 

heptacoordinate pentagonal bipyramid in Fig. 2. Deprotonation of HL has two coordination modes: 

monodentate bridging and bidentate chelating coordination. The structure analysis shows that the 

complex 1 is a zero dimensional structure. There exist hydrogen bonds [ N(4)-H(4)···O(4) and 

N(7)-H(7)···O(1) ] between the two bridging ligands CDIPT and deprotonation of HL in the complex 

1, there are intermolecular which stabilizes the structure and promote the formation of 2D 

supramolecular network (Fig. 3 and 4).  

                  



 

Fig. 1 Crystal structure of the complex 1. 

 

Fig. 2 Coordination environment of the Pb2+. 

                  



 

Fig. 3 Hydrogen bond linking of neighboring molecules (Some atoms are omitted).  

 

Fig. 4 The 2D structure of complex 1 . 

3.2 IR spectrum 

                  



 
Fig. 5 IR spectra of complex 1. 

 

IR spectra of complex 1 was shown in Fig.5. From the infrared spectra of complex 1, the main 

characteristic peaks of complex 1 are 3430, 3064, 1633, 1530, 1456, 1430, 1371, 1278, 1092, 1041, 

973, 812,736 cm
-1

. At 3430 cm
-1

, the absorption peak is wide and scattered, which indicates that the 

complex 1 contains water. The peak at 3064 cm
-1

 is mainly the stretching vibration of C-H(-C=C-H) 

[52]. At 1633, 1530 cm
-1

, they should be attributed to the asymmetric stretching vibration absorption 

peak of C=O on the carboxyl group, and at 1456, 1430 cm
-1

, they should be classified as the 

symmetric stretching vibration absorption peak of C=O, indicating that the carboxyl group in the 

ligand participates in coordination [53] and the coordination pattern of carboxyl group are single 

dentate bridging and double dentate chelating. The peak at 1371 cm
-1

 should be attributed to the 

stretching vibration of C-N. Around 1092 cm
-1

, this region mainly includes the in-plane bending 

vibration of C-H [54], stretching vibration of C-Cl, and single-bond skeleton vibration of C-C. At 812 

and 736 cm
-1

, there are the characteristic peaks of substituted aromatic ring [55]. It is consistent with 

the results of elemental analysis and single crystal structure analysis of the complex 1. 

3.3 UV spectrum and Fluorescence spectrum  

Its solid UV spectrum and fluorescence spectrum are studied. The relationship between structure 

and property is discussed.  

The UV spectrum was used to test the wavelength range of 200-800 nm, as shown in Fig. 6. The 

ligand HL has a strong absorption peak at 200-380 nm, the DIPT has a strong absorption peak at 

200-450 nm. Similarly, the complex 1 has shown strong peak at 200-500nm can be assigned to π→π* 

transition of the aromatic ring and n→π* transition of the carboxyl, one weaker peak at 500-520 nm 

and presumably originates from metal-to-ligand transition. The shift in the position and strength of 

the characteristic absorption peaks are due to the redistribution of the electron cloud and electron 

transfer between the ligands and metal ions after the coordination between the metal ions and ligands. 

                  



 

 
Fig. 6 UV spectrum of the ligands and complex 1 

The solid state luminescent properties of complex 1, ligand HL and DIPT have been tested at 

room temperature and the fluorescence emission spectra of them are illustrated in Fig. 7. the 

excitation wavelength of HL, DIPT and complex 1 has also tested (insert of Fig.7). The emission peak 

of the ligand HL is located at 408 nm (excitation at 320 nm) and the ligand DIPT is located at 426 nm 

(excitation at 352 nm), the emission spectrum of complex 1 shows a maximum emission wavelength 

at 481 nm (excitation at 384 nm). Compared to the ligand DIPT and HL, complex 1 exhibits a 

significant red shift, which can be assigned to the formation of the complex. Fluorescence analysis 

showed that the complex had good optical properties and could be used as a potential optical material 

[56].  

 

 
Fig. 7 Emission spectrum of ligands and complex 1 in solid state. 

3.4 PXRD and Thermal Analyses 

PXRD of complex 1 was carried out at room temperature in order to confirm the phase purity in 

                  



Fig. 8. The experimental PXRD pattern is closely matched with the simulated pattern from 

single-crystal structure, revealing the good phase purity of the bulk crystalline material. 

 
Fig.8 PXRD patterns of complex 1. 

The TGA experiment was performed under N2 atmosphere at a heating rate of 10 ℃/min. As 

shown in Fig. 9, the anhydrous complex 1 begins to decompose at 270 ℃ and ends above 470 ℃. 

Within the temperature range of 50-800 ℃, only one section of weightlessness of complex 1 

corresponds to the loss of organic ligands, and the final residual is the oxide of Pb. The 

weightlessness of the whole process is 85.12 % (theoretical estimate of 84.48%). In conclusion, the 

thermal data is in reasonable agreement with the crystal structure analysis and complex 1 exhibited 

good thermal stability. 

 
Fig. 9 TGA curves of complex 1 

 

3.5 Theoretical Calculation 

                  



 The calculation covered 107 atoms, 1508 basis functions, 2860 primitive gaussians, 313 α 

electrons and 313 β electrons for the model of complex 1. The total molecular energy is 

=-203942.207 eV, the energies of HOMO and LUMO are -3.126 eV and -5.344 eV, respectively, with 

the ΔE (ELUMO-EHOMO) value to be 2.219 eV. Selected atom net charges and electronic configuration 

of the title complex at the B3LYP/(6-31 + G(d) (for C, H, O, N and Cl) and LANL2DZ (for Pb) levels 

are listed in Table 4. The calculation results show that electronic configurations of the central Pb atom 

is 6S
1.96

6p
0.53

7p
0.02

, N atoms are 2S
1.38~1.39

2p
4.04~4.08

3S
0.01

3p
0.01~0.02

47p
0.01

and those of O and Cl atoms 

are 2S
1.70~1.72

2p
4.99~5.06

3S
0.01

3p
0.02~0.03

3d
0.01~0.02

and 3S
1.86~1.87

3p
25.11~5.12

3d
0.01

. It can be concluded from 

the calculation that the coordination of Pb(II) ion with N and O atoms is mainly on the 2s and 2p 

orbitals. All O atoms give electrons to the Pb(II) ion in the 2s, 2p, 3d orbitals and form coordination 

bonds. N atoms form coordination bonds with Pb(II) ion through 2s, 2p and 3p orbitals. So the Pb(II) 

ion gets some electrons from the O atoms of the deprotonation of HL ligand and the N atoms of the 

CDIPT ligand. N1, N2, N5, N6, O1, O2, O3 have more negative charges, generally speaking, the 

more negative charges, the stronger nucleophilicity, the stronger its ability to form coordination 

complexes with the metals. Thus, according to valence-bond theory the atomic net charge distribution 

in the HL and CDIPT show obvious covalent interactions between the coordinated atoms and Pb(II) 

ion. 

Table 4 Selected atom net charges and electronic configuration of complex 1 at the B3LYP/(6-31 +G(d) (for C, H, 

O, N and Cl) and Lanl2dz (for Pb) levels 

Atom Charge Electron configuration 

Pb 1.494 [core]6S(1.96)6p( 0.53)7p( 0.02) 

N1 -0.493 [core]2S(1.38)2p( 4.08)3p( 0.02)4p( 0.01) 

N2 -0.483 [core]2S(1.39)2p( 4.07)3p( 0.02) 

N5 -0.463 [core]2S(1.39)2p( 4.04)3S( 0.01)3p( 0.02)4p( 0.01) 

N6 -0.460 [core]2S(1.39)2p( 4.05)3p( 0.02) 

O1 -0.776 [core]2S(1.71)2p( 5.03)3p( 0.02)3d( 0.01) 

O2 -0.797 [core]2S(1.71)2p( 5.04)3p( 0.03)3d( 0.02) 

O3 -0.778 [core]2S(1.70)2p( 5.06)3d( 0.01) 

O4 -0.722 [core]2S(1.72)2p( 4.99)3S( 0.01) 

Cl1 0.016 [core]3S(1.86)3p( 5.11)3d( 0.01) 

Cl4 -0.003   [core]3S(1.87)3p( 5.12)3d( 0.01) 

 

UV spectral analysis of complex 1 has been investigated by TD-DFT method (Fig. 10). It can be 

seen from the UV visible spectra, the calculated absorption maximum values has been found to be 

341nm. The calculated absorption value is in good agreement with the experimental result.  

                  



 

Fig. 10 Calculated and experimental absorption values of complex 1. 

The 341 nm absorption peak is mainly due to the transition of electrons from the HOMO-2 

orbital to the LUMO orbital, it contributed 56.43 % of the main absorption peak. The others, 

HOMO-3 → LUMO, 4.84 %; HOMO-1 → LUMO, 3.37 %; HOMO-1 → LUMO+1, 31.17 %; 

HOMO-1 → LUMO+3, 4.19%. According to molecular orbital theory, HOMO has the important role 

of giving electrons first, while LUMO receiving electrons. The HOMO and LUMO are presented in 

Fig. 11, The HUMO-2 orbital electron cloud is provided by the double bond carbon atoms on the 

deprotonation of HL ligand molecule and the whole CDIPT molecule, after absorbing the light 

energy, it jumped to the CDIPT ligand molecule on the LUMO orbital. 

 

Fig. 11 The molecular orbitals of the complex 1. 

In the emission spectrum, complex 1 has the maximum luminescence intensity at 481 nm. In 

calculation, the optemized triplet state has an emission peak of 532.9 nm as a difference between 

                  



triplet and ground singlet states at ground state molecular geometry, it is very close to the 

experimental results. And the calculation indicates that the complex 1 emitted fluorescence. 

 

Fig. 12 Calculated and experimental emission peak of complex 1. 

 

 

4. Conclusion 

In this work, a new 0 dimensional Pb(II) complex has been successfully synthesized by using 

DIPT as a nitrogen-donor ligand and HL as an oxygen-donor carboxylic acid. The complex 1 was 

analyzed by single-crystal X-ray diffraction analysis and the result showed that seven coordination 

Pb(II) presents a distorted heptacoordinate pentagonal bipyramid structure. The complexes formed a 

two-dimensional network by intermolecular hydrogen bonds. The calculation results showed 

reasonable electronic configurations of the central Pb atom and the existence of the coordination bond 

in the complex is fully confirmed. The theoretical results of the calculated absorption and emission 

values are close to those of experiments. In addition, the complex which has good thermal stability 

and red shift in solid state, is expected to be further applied in the future. 
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Graphical abstract 

A new coordination complex Pb(CDIPT)2(L)2 (1) was synthesized with 

2-(2,4-dichlorophenyl)-1H-imidazo[4,5-f][1,10]phenanthroline (DIPT) and 2,4-dichlorophenyl 

acrylic acid(HL). Complex 1 was characterized by elemental analysis, IR spectroscopy, PXRD and 

single-crystal X-ray diffraction analysis. Each central Pb ion is a distorted heptacoordinate pentagonal 

bipyramid by four nitrogen atoms from two DIPT ligands and three carboxylate oxygen atoms from 

two different deprotonation of HL. Based on this, the properties of the complex 1 were further studied, 

fluorescence spectra showed that the complex has obvious red shift. TGA indicated that the complex 

has good thermal stability. In addition, the complex was calculated by quantization method. The 

stability and bonding characteristics of the complex were described, which were in good agreement 

with the experimental results. 

 

 

 

 

                  


