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Abstract: A binuclear Zn(II) complex of formula {[Zn(BCPPO)H2O]·3C2H5OH}n (1) [H2BCPPO = Bis 
4-carboxyphenyl phenyl phosphine oxide] has been synthesized and structurally characterized by 
single crystal X-ray diffraction, Powder X-ray diffraction (PXRD), Thermogravimetric analysis 
(TG), Elemental analysis (EA) and Infrared spectroscopy (IR). As revealed by the single crystal 
X-ray diffraction, in the binuclear Zn(II) complex, two paddle-wheel-type Zn2 units were connected 
by four BCPPO ligands to form one-dimensional chains. Their antibacterial activity was evaluated 
by using a minimal bactericidal concentration (MBC) benchmark. The binuclear Zn(II) complex 
shows excellent and long-term antibacterial activity against Escherichia coli and Staphylococcus 
aureus. In addition, the Photoluminescence properties of the binuclear Zn(II) complex was also 
investigated.  
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1. Introduction 

In recent years, coordination polymers (CPs), which are assembled by metal ions/clusters and 
organic ligands, have attracted considerable attention owing to their fascinating structural 
topologies and potential applications in gas storage, separation, drug delivery, chemical absorption, 
luminescence, electronics, catalysis and their biological activity [1–10]. In particular, the luminescent 
coordination polymers have become an active topic of investigation due to the various applications 
in chemical sensors, photochemistry and electroluminescent display [11–14]. General d10 transition 
metal are particularly remarkable candidates in the construction of photoluminescence materials 
because the metal is hard to oxidize or reduce [15–17].  

In the past decades, plenty of people have suffered from diseases caused by unsafe drinking 
water and food containing bacteria such as Escherichia coli, Staphylococcus aureus and Bacillus subtilis. 
The traditional low molecular weight antibacterial materials have many disadvantages, such as 
toxicity to the environment and short-term antibacterial activity. Hence, there is an urgent need for 
the development of effective antibacterial materials. Among chemical disinfectants, metal/metal 
oxide nanoparticulate systems, as well as coordination polymers (CPs), have attracted increasing 
attention because CPs can be easy recycled to minimize the environmental problems and CPs with 
high surface area show more active sites resulting in excellent antibacterial activity [18–21].  
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With the above issues in mind, in order to design and synthesize coordination polymers and 
explore the potential application in photochemistry and antibacterial, in the present work, a 
binuclear Zn(II) complex of formula {[Zn(BCPPO)H2O]·3C2H5OH}n (1) [BCPPO = Bis 
4-carboxyphenyl phenyl phosphine oxide] has been synthesized and structurally characterized by 
single crystal X-ray diffraction; powder X-ray diffraction (PXRD), Figure S1; Elemental analysis (EA) 
and Infrared Spectroscopy (IR), Figure S2; thermogravimetric analysis (TG), Figure S3. The complex 
1 shows excellent and long-term antibacterial activity against Escherichia coli and Staphylococcus 
aureus. In addition, the Photoluminescence properties of the binuclear Zn(II) complex was also 
investigated. 

2. Experimental Section 

2.1. Materials and Methods 

Bis 4-carboxyphenyl phenyl phosphine oxide was prepared (Scheme 1) according to the 
published procedure [22]. All the other chemicals were of reagent grade and were used as 
commercially obtained without further purification. Elemental analyses (for C or H) were carried 
out on an Elementar Vario EL III elemental analyzer (Hanau, Germany). PXRD measurements were 
performed with a Bruker AXS D8 Advance instrument (Karlsruhe, Germany). The FT-IR spectra 
were recorded in the range 4000–400 cm−1 on a Nicolet 330 FTIR Spectrometer (Nicolet Instrument 
Inc., Madison, WI, USA) using the KBr pellet method. TGA experiments were performed using a 
PerkinElmer TGA 7 instrument (PerkinElmer, Billerica, MA, USA, heating rate of 10 °C min−1, 
nitrogen stream).  

 
Scheme 1. The synthesis procedure of H2BCPPO. 

2.2. Synthesis of {[Zn(BCPPO)H2O]·3C2H5OH}n (1) 

A mixture of Bis 4-carboxyphenyl phenyl phosphine oxide (0.015 mmol, 5 mg) and 
Zn(NO3)2·6H2O (0.10 mmol, 30 mg) were dissolved in 4 mL of mixed solvents of DMF/C2H5OH/H2O 
(2:1:1). After ultrasounding at room temperature for 10 min. The glass tube was sealed and placed in 
an oven and slowly heated to 75 °C from room temperature in 10 h, kept at 75 °C for 72 h, and then 
slowly cooled to 30 °C. Colorless block-shaped crystals suitable for X-ray diffraction analysis were 
separated by filtration with the yield of 0.029 g, 49.6% (based on zinc). Anal. Calc. (found) for 
C26H33O9PZn: C, 53.30 (53.34); H, 5.68 (5.71). IR (KBr): m (cm−1) = 3435 (s), 1650 (s), 1556 (s), 1495 (w), 
1404 (s), 1167 (s), 1119 (s), 1018 (m), 848 (w), 777 (m), 734 (s), 700 (m), 564 (m), 501 (m), 437 (m). 

2.3. X-ray Crystallography 

Single crystal of the complex 1 with appropriate dimensions was chosen under an optical 
microscope and quickly coated with high vacuum grease before being mounted on a glass fiber for 
data collection. Data were collected on a Bruker Apex II Image Plate single-crystal diffractometer 
with graphitemonochromated Mo Ka radiation source (k = 0.71073 A°) operating at 50 kV and 30 mA 
for complex 1. All absorption corrections were applied using the multi-scan program SADABS [23]. 
In all cases, the highest possible space group was chosen. The structure was solved by direct 
methods using SHELXS-97 [24] and refined on F2 by full-matrix least-squares procedures with 
SHELXL-97 [25]. Atoms were located from iterative examination of difference F-maps following 
least squares refinements of the earlier models. Hydrogen atoms were placed in calculated positions 
and included as riding atoms with isotropic displacement parameters 1.2 times Ueq of the attached 
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C atoms. All structures were examined using the Addsym subroutine of PLATON [26] to assure that 
no additional symmetry could be applied to the models. The crystallographic details of complex 1 
are summarized in Table 1. Selected bond lengths and angles for complex 1 are collected in Table 2. 

Table 1. Crystal data for complex 1. 

Empirical Formula C20H15O6PZn
Formula weight 447.66 
Temperature (K) 293(2) 
Crystal system monoclinic 

Space group C2/c 
a (Å) 23.5029(6) 
b (Å) 10.2695(3) 
c (Å) 17.9148(5) 
α (°) 90 
β (°) 100.861(3) 
γ (°) 90 

Volume (Å3) 4246.52(19) 
Z 8 

ρcalc (mg/mm3) 1.400 
μ (mm−1) 1.263 
F (000) 1824.0 

Index ranges −20 ≤ h ≤ 27, −12 ≤ k ≤ 12, −21 ≤ l ≤ 20 
Reflections collected 8476 

Independent reflections 3735 [Rint = 0.0300, Rsigma = 0.0442] 
Data/restraints/parameters 3735/0/254 

Goodness-of-fit on F2 1.072 
Final R indexes [I ≥ 2σ (I)] R1 = 0.0436, wR2 = 0.1190 
Final R indexes [all data] R1 = 0.0554, wR2 = 0.1257 

Largest diff. peak/hole (e Å−3) 0.60/−0.34 

Table 2. Selected bond lengths (Ǻ) and angles (°) for complex 1. 

Zn1-O2 1 2.038(3) Zn1-O1w 1.978(3) Zn1-O1 2.021(3) 
Zn1-O4 2 2.035(3) Zn1-O3 3 2.048(2) O21-Zn1-O3 2 87.85(13) 

O1w-Zn1-O2 1 98.41(13) O1w-Zn1-O1 103.08(13) O1w-Zn1-O4 3 101.13(12) 
O1w-Zn1-O3 2 100.73(12) O1-Zn1-O2 1 158.51(13) O1-Zn1-O4 3 87.59(12) 
O1-Zn1-O3 2 87.54(12) O43-Zn1-O2 1 88.93(12) O43-Zn1-O3 2 158.15(11) 

Symmetry codes: 1 2 − X, 3 − Y, 1 − Z; 2 1/2 + X, 1/2 + Y, +Z; 3 3/2 − X, 5/2 − Y, 1 − Z. 

2.4. Antibacterial Activity 

The complex was dissolved in N, N-dimethylformamide (DMF) and tested against two 
reference strains for antibacterial activity, by use of a modified version of the twofold serial dilution 
method [27] in which the concentration of the complex was repeatedly reduced by half in sterile 
culture medium containing broth as nutrient. The strains were incubated for 16 h in culture medium 
at a constant temperature of 37 °C after being activated then added to test tubes containing the 
complex. Readings were taken after incubation for 24 h at 37 °C. All other test conditions were 
standardized. Turbidity in all tubes was estimated visually, and the lowest drug concentration 
inhibiting growth was defined as the minimum inhibitory concentration (MIC). After continuous 
incubation for 48 h, the minimal bactericidal concentration (MBC) was also defined. 
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The following are available online at www.mdpi.com/link. X-ray Powder Diffraction Analyses; 
IR Spectra; Thermogravimetric Analyse; The solid state photoluminescence spectra of complex 1 and 
H2BCPPO at room temperature. CCDC 1055678 contains the supplementary crystallographic data 
for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data 
Centre via http://www.ccdc.cam.ac.uk/data_request/cif. 

3. Results and Discussion 

3.1. Structural Description of {[Zn(BCPPO)H2O]·3C2H5OH}n (1) 

A single-crystal X-ray crystallographic study reveals that the Zn(II) coordination polymer 
crystallizes in the space group C2/c with Z value of 8. As can be seen from Figure 1, complex 1 is a 
one-dimensional chain consisting of paddle-wheel {Zn2(COO)4} clusters and BCPPO ligands. The 
coordination environment of the Zn(II) ion is shown in Figure 2. The Zn(II) ion is five-coordinate and 
displays a typical ZnO5 square-pyramidal coordination geometry. Each Zn(II) ion bonds to one 
oxygen donor’s atom from one water [Zn1-O1w 1.978(3) Å] in the apical position, and four 
carboxylate oxygen donor atoms from four BCPPO ligands [Zn1-O1 2.021(3) Å, Zn1-O2 2.038(3) Å, 
Zn1-O3 2.048(2) Å, Zn1-O4 2.035(3) Å] in the basal plane. Two zinc ions are bridged by four 
carboxylate groups to form the paddle-wheel binuclear zinc carboxylate clusters {Zn2(COO)4} with 
Zn-Zn distances of 2.9822(8) Å. The {Zn2(COO)4} clusters are further linked by four BCPPO ligands 
to create a one-dimensional chain, Figure 1. It is worth pointing out that the tetrahedral geometry at 
P provides an organic building block that greatly favors the formation of 3-dimensional polymers. 
However, in complex 1, the P = O unit of BCPPO does not coordinate with any Zn(II) ion, resulting 
in the formation the one-dimensional chain. 

 
Figure 1. The one-dimensional chain structure of complex 1. 



Crystals 2017, 7, 112  5 of 8 

 

 
Figure 2. The coordination environment of Zn(II) center of complex 1. 

3.2. Photoluminescence Properties 

In order to demonstrate the potential application of the complex, the photoluminescence 
spectra of complex 1 and H2BCPPO were investigated in the solid state at room temperature. As 
shown in Figure S4, the ligand displays emission peak at 429 nm upon excitation at 396 nm, which 
can be attributed to the intralig and π*-π or π-n electronic transition. However, the emission peak of 
complex 1 appears at 447 nm with 18 nm of red shift when compared with the H2BCPPO ligand, 
which is probably assigned to a mixture characteristic of intraligand and ligand-to-ligand charge 
transition as Zn(II) ion belongs to d10 electronic configurations and is difficult to oxidize or reduce 
[28]. 

3.3. Antibacterial Activity 

In order to explore the potential application of complex 1 in an antibacterial situation, the 
antibacterial activity of the complex 1 was assayed against Escherichia coli, and Staphylococcus aureus. 
The inhibiton zone test graphs of H2BCPPO, DMF and complex 1 against Escherichia coli and 
Staphylococcus aureus are shown in Figure 3. As can be seen, H2BCPPO and DMF did not show 
antibacterial activity; however, complex 1 had some antibacterial activity to both of the two model 
bacterial strains, which means that the antibacterial activity has relations with complex 1. The 
twofold serial dilution method was employed to further investigate the antibacterial activity of the 
complex 1. The results indicated that the minimum bactericidal concentration of complex 1 against 
Escherichia coli, and Staphylococcus aureus is 0.0625 and 0.125 mg/mL, respectively, which are similar 
to those reported previously for Zn(II) complexes [29,30]. Therefore, complex 1 has potential 
applications as a broad-spectrum antibacterial agent. 
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Figure 3. The inhibition zone test graphs of H2BCPPO (A), N, N-dimethylformamide (DMF) (C), 
complex 1 (E) against Escherichia coli and H2BCPPO (B), DMF (D), comnplex 1 (F) against 
Staphylococcus aureus, respectively. 

4. Conclusions 

In summary, a dinuclear Zn(II) complex has been synthesized and structurally characterized. 
As revealed by the single crystal X-ray diffraction, in the dinuclear Zn(II) complex, two 
paddle-wheel-type Zn2 units were connected by four BCPPO ligands to form one-dimensional 
chains. The dinuclear Zn(II) complex shows excellent and long-term antibacterial activity against 
Escherichia coli and Staphylococcus aureus. In addition, the photoluminescence spectra show that the 
dinuclear Zn(II) complex could be useful for a wide range of photochemistry and electroluminescent 
display applications. 

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4352/7/4/112/s1, 
Figure S1: The powder XRD patterns and the simulated one from the single-crystal diffraction data for complex 
1; Figure S2: FT-IR spectra of complex 1; Figure S3: TG curve of complex 1; Figure S4: The solid state 
photoluminescence spectra of complex 1 and H2BCPPO at room temperature. 
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