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ABSTRACT 
 

Three bulk, nano and fiber zinc(II) Schiff base complexes have been synthesized by reaction of 
zinc(II) nitrate with 2-cyano-N′-((4-oxo-4H-chromen-3-yl)methylene)acetohydrazide. The structures 
of the complexes were characterized by elemental and thermal analyses, IR, UV-Vis., powder XRD, 
TEM, SEM in addition to conductivity measurements. The spectroscopic data revealed that the Schiff 
base ligand behaves as a monobasic tridentate ligand. The coordination sites with metal ions are γ-
pyrone oxygen, azomethine nitrogen, and oxygen of the enolic group. The zinc complexes exhibited 
octahedral geometry. The antimicrobial activity of zinc(II) complexes was  screened against Gram–
positive bacteria (Staphylococcus aureus and Bacillus subtilis), Gram–negative bacteria (Salmonella 
typhimurium and Escherichia coli), yeast (Candida albicans) and fungus (Aspergillus fumigatus). 
Photoluminescence properties of the zinc(II) complexes were studied and discussed. The obtained 
fiber zinc(II) complex has fluorescence sensitivity to La3+ ions. Quenching of fluorescence intensity 
of fiber zinc(II) complex detected the of La3+ concentrations as low as 5 µM, thus affording a very 
sensitive detection system for this chemical species. 
 
Keywords: Schiff base; Chromone; Zinc(II) complexes; Antimicrobial activity; Photoluminescence 

properties; fluorescent sensor 

 
Introduction 
 

Metal ions are participated dynamically in all life pictures in the form of complexes. Zinc(II) 
ion is the second most abundant heavy metal ion, after iron, in the human body and has vital function 
in several biological systems. For example, it is considered primordial component of many enzymes, 
transcription factors, and synaptic vesicles in excitatory nerve terminals (Vallee and Falchuk, 1993; 
Berg and Shi, 1996). 

Also, metal complexes derived from the Schiff bases of 3-formyl chromone have a variety of 
applications in biological and physiological activities including antimycobacterial, antifungal, 
anticonvulsant, antimicrobial, antiallergenic, antiviral, antitublin, antihypertensive, anticancer, and 
mushroom tyrosinase inhibition activities (Kulaczkowska and Mazur, 2011; Li et al., 2010).  

The electrospun technique was used in order to control the size and shape of the nano-sized 
obtained materials which give rise to a big specific surface area and tiny pore size fibers having wide 
interesting applications. 

The sensing field is huge area. It is almost the whole natural and synthetic compounds that have 
to be analyzed by a variety of techniques and for different domains. Fluorescent sensors are attracted 
great interest in the recent years not only due to the high sensitivity, the simple instrumentation and 
the low cost (de Silva, 1997; Valeur and Leray, 2000; Mcrae et al., 2009; Xu et al., 2010; Chen et al., 
2012; Jung et al., 2009; Kimand and Bunz, 2006; Huangand and Chang, 2007) but also due to the 
ability to operate in solid, liquid and gaseous media and at all types of interfaces between these phases 
(Alexander, 2009). 

Upon the above facts, the present work aims to synthesis and characterizations of new 
chromone Schiff base complexes of Zn(II) ion in bulk, nano and fiber domains. The antimicrobial 
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activity of Zn(II) complexes was screened against different kinds of bacteria and fungi. 
Photoluminescence properties of Zn(II) complexes were studied with using the zinc fiber complex as 
fluorescent sensor for detection of La(III) ion.  

 
Experimental 
 
Materials 
 

The hydrazone ligand, 2-Cyano-N′-((4-oxo-4H-chromen-3-yl)methylene)acetohydrazide, was 
synthesized following the method described earlier (E1-Shaaer et al., 1998). Ethylcyanoacetate, 
hydrazine hydrate, EDTA disodium salt, Zn(NO3)2.6H2O, Cu(NO3)2.3H2O, Ni(NO3)2.6H2O, 
Co(NO3)2.6H2O, Na2Co3, KCl, CaCl2, Fe(NO3)3.9H2O, Cr(NO3)3, LaCl3, Gd(NO3)2, HgCl, Pb(NO3)2, 
3-formylchromone, poly vinyl alcohol (PVA), nitric acid, erichriom black T and cetyltrimethyl 
ammonium bromide (CTAB) were obtained from BDH or Aldrich.  
 
Measurements 
 

The elemental microanalyses were performed at Perkin-Elmer 2400II elemental analyzer. 
Zinc content was evaluated by EDTA complexometrically (Vogel, 1987) after decomposition of the 
complexes with conc. nitric acid. Decomposition temperatures of the complexess were determined  by 
a Stuart SMP3 melting point equipment. FT-IR spectra (4000–400 cm-1) were performed on a Nicolet 
IS10 spectrometer as potassium bromide discs. Electronic spectra were measured by a Jasco V-550 
UV-Visible spectrophotometer as DMF solutions.  Photoluminescence spectra (PL) emission spectra 
were recorded at room temperature on Perkin Elmer LS55 Luminescence Spectrometer. Molar 
conductivities were measured for 10-3 M solution of the solid complexes in Dimethylformamide using 
WTWD-812Weilheium-conductivity meter; LBR, fitted with a cell model LTA100. TGA-
measurements were performed on a Shimadzu-50 thermal analyzer. X-ray diffraction (XRD) 
measurements were recorded on Bruker AXS D8 Advance diffractometer equipped with a graphite 
monochromator. The morphology of the prepared complexes were observed using transmission 
electron microscope (TEM) equipped with energy dispersive spectroscopic (EDS) microanalysis 
system (JEM-2100CX (JEOL) and  by using scan electron microscope (SEM) QUANTA FEG 250 
instrument. 
 
Synthesis of [Zn(L) 2]1.5H2O (1)  
 

Ethanolic solutions of the ligand, HL, and the metal salt, Zn(NO3)2.6H2O were mixed in a 1:1 
(L:M) molar ratio. 0.1 g of sodium acetate was added as a buffering agent to raise the pH to 5. The 
resulting solution was stirred for about 1 h then heated under refulx from 6 to 8 h. The solid complex 
was separated out on hot, cooled then filtered off, washed with hot ethanol and diethylether and 
finally dried in a vacuum desiccator over anhydrous CaCl2. 
 
Synthesis of [Zn(L) 2]4.5H2O (2) 
 

Ethanolic solutions of Zn(NO3)2.6H2O and  the CTAB were mixed in a 1:0.1 (M:CTAB) 
molar ratio and heated under reflux for 0.5 h after that the ethanolic solution of the ligand was added 
in a 1:1 (L:M) molar ratio. The mixture was heated under reflux for 8 h. The solid complex was 
filtered off, rinsed with hot ethanol and diethylether and lastly dried in a desiccator. 
 
Synthesis of fiber complex (3) 
 

First, PVA solution (8 wt. %) was prepared by dissolving PVA gradually in distilled water at 
80 ºC with vigorous stirring for 1 h. Then, add (1 wt. %) of complex (1) to the previous solution with 
continuous stirring at 80 ºC. The resultant colloidal mixture was stirred also for 1 h. A high-voltage 
power supply was operated as the source of the electric field. The colloidal solution was introduced 
into a plastic syringe which attached to a capillary needle. A positive electrode (anode) connected 
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with the colloidal solution through the capillary needle, and a negative electrode (cathode) was 
attached to a metallic collector which covered with aluminum sheet. The resultant solution was 
typically electrospun at 20 kV and 15 cm working distance (the distance between the needle tip and 
the metallic collector). The formed fiber complex was dried in vacuum desiccator over anhydrous 
CaCl2. 
 
Antimicrobial activity 
 

The antimicrobial activity of the hydrazone ligand and its metal complexes was examined 
against two Gram positive bacteria; Staphylococcus aureus (ATCC 25923) and Bacillus subtilis 
(ATCC 6635), two Gram negative bacteria; Salmonella typhimurium (ATCC 14028) and Escherichia 
coli (ATCC 25922), Candida albicans (ATCC 10231) and Aspergillus fumigatus as fungus strain by 
the standardized disc-agar diffusion method (Rahman et al., 2001). The antibiotic chloramphenicol 
was employed as a standard in the case of Gram-positive bacteria, cephalothin in the case of Gram -
negative bacteria and cycloheximide in the case of fungi. 
 
Results and discussion 
 
 Elemental analyses, physical properties and molar conductivities of the bulk and nano zinc(II) 
complexes are tabulated in Table 1. The Two complexes have higher decomposition temperatures; ˃ 
300 oC. Elemental analyses data showed formation of 1:2; M:L complexes. The molar conductivity 
values of the complexes 1 and 2 are in the range of 6 and 13, respectively, ohm-1 cm2 mol-1 (Table 1), 
demonstrating neutral character of the complexes (Geary, 1971). 
 
Table 1: Analytical and physical data of the zinc(II) complexes 

No.    Complex 
Molecular 
formula 

Colour 
Yield 
(%) 

m.p. 
(˚C) 

Elemental analysis, found %(calcd %) Ωm 
(ohm-1 cm2 mol-1) % C % H % N % M 

1 [Zn(L) 2]1.5H2O C26H19N6O7.5Zn Yellow  85 >300 52.23 
(51.97) 

2.89 
(3.19) 

14.99 
(13.99) 

11.02 
(10.88) 

13 

2 [Zn(L) 2]4.5H2O C26H25N6O10.5Zn Cumin  81 >300 47.52 
(47.69) 

3.09 
(3.85) 

13.29  
(12.83) 

9.67 
(9.98) 

6 

 
IR spectra 
  

The infrared spectral data of the zinc(II) complexes and their tentative assignments are 
recorded in Table 2. The complexes displayed a strong band in the range 3433-3440 cm-1, that may be 
ascribed to ν(OH) of PVA and / or non-coordinated water molecules linked to complexes. The bands 
at 1633 and 1564 cm-1 assigned to (C=O) and (C=N), respectively in the free hydrazone ligand were 
shifted to lower or higher wave number in the complexes, indicating the involvement of the γ-pyrone 
oxygen and azomethine nitrogen in chelation (Shebl et al., 2016; Shebl et al., 2013; Dziewulska-
Kulaczkowska, 2010; Li and Yang, 2010). However, the band at 1692 cm-1 assigned to the CO amide 
(C=O) in the free ligand was disappeared in metal complexes, indicating participation of this group in 
chelation in the enolic form. 

 
Table 2: Important IR spectral data of zinc(II) complexes and their assignment. 

Complex 

 
IR spectral bands (cm-1) 

υ(OH) 
(H2O/EtOH) 

υ(C=O) υ(C=N)  υ(M—O) υ(M—N) 

1 3439 
(br) 

1627 1550  529 467 

2 3440 
(br) 

1625 1536  538 417 

3 3433 
(br) 

1629 1618  531 470 
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The foregoing elucidation is further supported by the appearance of new bands in the ranges 
529-538 and 417-470  cm-1, , which may be attributed to (M-O) and (M-N), respectively (Shebl, 
2017; Shebl and Khalil, 2015; Shebl et al., 2012; Chandra et al., 2001; El-Shazly et al., 2004). The 
characteristic bands (C=O)γ-pyrone, (C=N) and (M—N) of fiber complexes are shifted to higher 
frequency. While the M—O band is shifted to lower frequency.  
 
Electronic spectra and thermal analysis 
 

UV-Vis. is considered evidence and sign in particles size comparison between nano, 
electrospun fiber and bulk complexes. The electronic absorption spectra of the prepared complexes 
were recorded in the range of 200 - 900 nm with DMF solvent. The spectral data were recorded in 
Table 3.  Zinc complexes have three bands attributed to π-π* and charge transfer transitions. The 
absorption bands maximum of complex 2  are appeared at lower wavelength relative to the other 
complexes 1 and 3 confirming that the particle size of complex 2 is smaller than those of the 
complexes 1 and 3 and as detected in nano scale (see later item 3.3 ). On the other side, the spectrum 
of fiber zinc complex 3 shows slight shift to lower wavelength or almost the same absorption bands 
maximum relative to the bands of its bulk complex 1 i.e. the particle size of fiber zinc complex 3 is 
slight smaller or in the same range of particle size of its bulk complex 3. 

The nature of associated water or solvent molecules to be either in the inner or outer 
coordination sphere of the metal ion can be investigated by thermal gravimetric analysis. Complex 1 
was taken as a representative example for thermal analysis. The thermogram of complex 1 showed a 
weight loss in the range 35-133, which corresponds to one and half non-coordinated water molecule 
(weight loss; Calc./Found%; 4.49/3.98). 
 
Table 3: Electronic absorption spectral data zinc(II) complexes 

Complex Color 
Electronic spectral bands λ (nm) 

π–π* 
(aromatic system) 

 
π–π* 

(C=O) 
Charge transfer 

1 Yellow 272  350 432 
2 Cumin 269  347 386 
3 White 260  351 428 

 
Crystal structure and morphological studies 
 

No doubt that single crystal X-ray crystallographic study is the most accurate source for 
information regarding the structure of solid complexes but the difficulty of obtaining crystalline 
complexes makes this technique unsuitable for such a study. However, some other techniques, such as 
X-ray powder diffraction, may be used for characterizing the metal complexes. Thus, X-ray powder 
diffraction (XRD) measurements of the zinc(II) complexes 1 and 2 were performed (Fig. 1). The 
powder X-ray diffraction pattern of the zinc(II) complex 1 and 2 suggested that crystals of current 
complex are not perfect but lying between amorphous and crystalline nature. 

The crystallite size of the zinc(II) complexes 1 and 2 can be estimated from the broadening in 
X-ray spectral peaks by Scherrer formula L = Kλ/β cos θ (Edelstein and Schrier, 2007). Where L is 
the crystallite size, K is always calculated as 0.9,  λ is the wavelength of the X-ray radiation (1.54056 
Aº) and β is the line width of half-maximum height. Values determined for 1 and 2  complexes are 
130 and 41 nm, respectively (Table 5). Small crystal size was distinguished in case of zinc(II) 
complex 2.  

The texture and morphology of the zinc(II) complexes 2 and 3 were observed by transmission 
electron microscopy (TEM) and scan electron microscopy (SEM) as shown in Figs. 2, 3, which 
revealed that zinc(II) nano complex 2 take the spherical shapes which arranged in sheets shape with 
average size 37 nm, which are comparable to that of XRD study. While SEM of zinc(II) fiber 
complex 3 shows random distribution of fibers on the substrate and the films have network structure 
due to accumulation of formed fibers as in spiders web. All the fibers have uniform structures without 
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beads owing to the good electrospinnability conditions and individual fibers have high slenderness. 
Fiber complexe  3 has averge dimeter size 112 nm. 

 

 
Fig. 1: XRD pattern of complexes 1 and 2. 

 

Fig. 2: TEM images of zinc(II) nano complex 2. 
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Fig. 3: SEM images of zinc(II) fiber complex 3. 

Antimicrobial activity 
 The antimicrobial activity of the zinc(II) complexes was investigated against different kinds 
of bacteria and fungi; Staphylococcus aureus (ATCC 25923) and Bacillus subtilis (ATCC 6635) as 
Gram–positive bacteria, Escherichia coli (ATCC 25922) and Salmonella typhimurium (ATCC 14028) 
as Gram–negative bacteria, yeast: Candida albicans (ATCC 10231) and fungus: Aspergillus 
fumigatus and  the results are recorded in Table 4. complex 1 not showed  antimicrobial activity at all 
while the nano complex 2 showed higher activity. The higher activity of the nano complex may be 
due to its small size, which increases its absorption ability on the surface of the cell wall of 
microorganisms and restricts further growth of them (Joseyphus and Nair, 2008).  The fiber complex 
3 show intermediate and low antimicrobial activity which may owing to its characteristic paticles 
shape. Finally, it should be noted that against Bacillus subtilis, the nanocomplex 2 is promissing as its 
activity is comparable to that of the antibiotic chloramphenicol.  
 
Table 4: Antimicrobial activity of zinc(II) complexes. 

 
 

Mean* of zone diameter , nearest whole mm. 

  

O
rg

an
is

m
 

Gram - positive  

bacteria 

Gram - negative bacteria Yeasts and  

Fungi** 

Staphylococcus 

aureus 

(ATCC 25923) 

Bacillus subtilis  

(ATCC 6635) 

Salmonella 

typhimurium 

(ATCC 14028) 

Escherichia 

coli  

(ATCC  25922) 

Candida 

albicans 

(ATCC 10231) 

Aspergillus 

fumigatus 

Concentration 

 

Sample 

1 
mg/ml 

0.5 
mg/ml 

1 
mg/ml 

0.5 
mg/ml 

1 
mg/ml 

0.5 
mg/ml 

1 
mg/ml 

0.5 
mg/ml 

1 
mg/ml 

0.5 
mg/ml 

1 
mg/ml 

0.5 
mg/ml 

1 - - - - - - - - - - - - 
2  - - 24H 23H - - - - - - - - 
3 - - - - 6 L 3 L 7 L 4 L 11 L  7 L 16 I 10 I 

Control # 35 26 35 25 36 28 38 27 35 28 37 26 
*  = Calculated from 3 values. 
** = identified on the basis of routine cultural, morphological and microscopical characteristics. 
–   = No effect.  

 L: Low activity = Mean of zone diameter ≤ 1/3 of mean zone diameter of control. 
 I: Intermediate activity = Mean of zone diameter ≤ 2/3 of mean zone diameter of control. 
 H: High activity = Mean of zone diameter > 2/3 of mean zone diameter of control. 
#: Chloramphencol in the case of Gram-positive bacteria, Cephalothin in the case of Gram-negative bacteria and 
cycloheximide in the case of fungi. 
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Photoluminescence spectra 
 

Photoluminescence (PL) is a sensitive technique for examining the optical properties of 
compounds. Photoluminescence is divided into two class fluorescence and phosphorescence. 
Molecular fluorescence has been utilized in quantitative analysis. 
 The PL spectra of prepared bulk (1), nano (2) and fiber (3) zinc(II) complexes are shown in Fig. 4. 
The values of excitation and emission bands were tabulated in Table 5. Emission band is appeared at 
573, 577 and 340 nm for 1, 2 and 3, respectively. 

 

 

 

Fig. 4: Excitation and emission spectrum for (a) complex 1, (b) complex 2 and (c) fiber complex 3. 
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There are interested results which represented in very high emission intensity for fiber complex 
3 over the others at the region of UV light and bulk complex 1 exhibited more intensity than nano 
complex 2. The maximum of emission band of fiber complex is much shifted to lower wavelength. 
The order of λmax is bulk > nano > fiber complexes. 

There are two factors controlling the emission characters of prepared complexes which 
represent in size and shape of crystals. The role of size is appeared clearly in case of bulk and nano 
complexes which found in shifting the emission band maximum of nano complex to lower 
wavelength as the crystal size is reduced. While the crystals shape is extremely represented in case of 
fibers complex. The shape of fibers not only affected on the emission band maximum which shifted to 
much lower wavelength but also on emission intensity which strongly increased. 
 
Table 5: The values of excitation and emission bands of bulk, nano and fiber zinc(II) complexes. 

Complex Color 
Size 
(nm) 

Shape 
Excitation band 

(nm) 
Emission band 

(nm) 
Intensity of emission 

band (a.u.) 
1 Yellow 130 -- 476 573 225 
2 Cumin 37 Spheres and 

sheets 
453 577 95 

3 White 112 Fibers 284 340 897 

 
Detection of La3+ ion 
 

Lanthanum, La, is considered from the rare earth elements. It has chemical affinities like to 
those of calcium, barium and strontium. Naturally, it found in drinking water and some foods by low 
levels. If a small amount of La is entered into human body over period of time, it can be exist in 
different body tissues but no side effects from this accumulation have been identified and confirmed 
yet (Qazi and Martin, 2008). 

Employment the fibers complexes in the sensing field is unique and novel. To study the effect 
of metal ion on emission properties of nano fiber complex 3, various metal cations including Na+, K+, 
Ca2+, Cr3+, Fe3+, Co2+, Cu2+, Ni2+, Zn2+, Pb2+, Hg+, Gd2+ and La3+ were tested and depicted in Fig. 5. 
Nano fiber complex 3 has strong fluorescence intensity at 328 nm. Upon interaction with La3+ ion, a 
dramatic fluorescence quenching was distinguished. While no significant effect was observed in the 
presence of other metal cations under identical conditions. Based on the investigated results, nano 
fiber complex 3 has good selectivity for La3+ ion over other interfering ions. 

To evaluate the applicability of nano fiber complex 3 as a luminescence probe for the 
quantitative detection of La3+ ion, the emission spectra of the current nano fiber complex 3 in the 
presence of different concentrations of La3+ ion were measured (Fig. 6). The fluorescence intensity is 
dramatically quenched by the addition of La3+ ion. It was found that La3+ quenches the fluorescence of 
nano fiber complex 3 with a concentration dependence that is best demonstrated by a Stern–Volmer 
equation. The Stern–Volmer relationship is represented by the following equation Fo /F = 1 + KSV [Q]. 
Where F and Fo are the fluorescence intensities of the fiber complex 22 in the presence and absence of 
La3+ ion, respectively, [Q] is the La3+ concentration and KSV is the Stern–Volmer quenching constant. 
As represented in Fig. 7, a very good linearity (R = 0.997) is detected in the range of 1-5 µM. KSV is 
found to be 3.99X 105 M ‒1. Upon the previous results, the fiber complex 3 shows high selective and 
sensitive determination of La3+ ion as new fluorescent sensor.   
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Fig. 5: Effect of metal ions (5 µM) on fluorescence intensity of fiber complex 3 (10‒4 M). 

 

Fig. 6: The effect of increasing concentrations of La3+ on the PL intensity of fiber complex 3 (from 0 

to 5 µM: 0, 1, 2, 3, 4, 5 µM). 
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Fig. 7: Stern-Volmer plot for the quenching of the emission of fiber complex 3 by La3+  

Conclusion 
  

Three mononuclear zinc(II) complexes were prepared by reacrtions of Schiff base ligand with 
zinc(II) ion. The structures of the complexes were characterized by elemental and thermal analyses, 
IR, UV-Vis., powder XRD, TEM, SEM in besides conductivity measurements. The resluts showed 
that the ligand acts as monobasic tridentate ligand and the coordination sites with zinc ions are γ-
pyrone oxygen, azomethine nitrogen, and oxygen of enolic group.. The complexation process 
enhanced the biological activity. Photoluminescence emission intensity was very enhanced by zinc(II) 
fiber complex 3 with high fluorescence sensitivity to La3+ ions. 
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