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Abstract 
The copper nanoparticles films has been prepared via the reduction of copper salts 

CuSO4•5H2O by UV-lamps. The irradiation time changed from 15 min. to one hour effects on 

the morphology of dispersed copper nanoparticles were studied. The structure properties of the 

films were determined by X-ray diffraction, the change on the surface morphology was 

observed using atomic force microscope (AFM). Finally, The optical transmission of thin films 

was measured by UV-VIS spectrometer, during the preparation of observed that the color of 

dispersion gradually changed from blue coloration, brown finally dark brown by changing with 

irradiation time .As well as studies the biochemical and antibacterial effect of nano colloid 

studying by using Pseudomonas aeruginosa, Bacillus subtitis, Escherichia coli and Klebsiella 

phenmoniae. The copper nanoparticles is increasing its antibacterial activities. Actions of 

copper nanoparticles synthesized in both above method was also observed against both gram 

(-) and gram (+) bacteria. 
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 Introduction 

Semiconductor nanoparticles (NPs) have attracted incredible interest because of their specific 

physical and chemical properties. ZnO is an II-VI n-type semiconductor and has the following 

properties: good transparency, wide band gap energy (3.37 eV), large exciton binding energy 

(60 meV), strong room-temperature luminescence. Because of these important properties, ZnO 

is used to antibacterial activities, gas sensors, laser diodes, photocatalyts, 

solar cells, luminescences, sunscreens, etc. 

Nanomaterials have attracted much more attention due to their physical and chemical 

properties, as well as their technological applications. Metal oxides, particularly ZnO NPs 

have great attention in the research community because of their outstanding optical and 

electrical properties. However, ZnO NPs have a fast recombination rate of charge carrier 

limitation because of their high optical band gap energy. As 

known, the recombination process conducted in ZnO NPs strongly depends upon their 

structural and optical properties. To overcome this limitation, various methods have been 

adopted and one of the best interesting approaches is single- or co-doping transition metal ions 

into ZnO. Several studies have suggested that doping of Ag, Mn, Cu, Co, Fe, Ce, Al, and so on 

can improve the properties of ZnO NPs. 

Nowadays, the properties of Fe3+/Co2+ ions substituted ZnO NPs intensively investigated. 

Saleh and Djaja [8] have investigated the physical properties of Fe3+ doped ZnO NPs 

synthesized by co-precipitation method. They observed the decreasing trend of the crystallite 

sizes and band gap energy with an increase in Fe3+ content. Mishra and Das [9] have also 

reported about Zn1−xFexO (x = 0.03, 0.05, and 0.07) NPs synthesized by a chemical route. They 

identified that the structural parameters and optical properties of ZnO NPs are influenced by 

Fe substitution. Nair et al. used the co-precipitation method to synthesize ZnO and Co-doped 

ZnO NPs [10]. They reported the formation of phase pure NPS with wurtzite ZnO structure 

and blue shifting of the absorbance spectrum towards higher frequency with increasing the Co 

concentration. They also indicated that doping of Co enhances the antibacterial property of 

ZnO NPs. 

 Materials and Methods 

Materials 

Polyvinyl alcohol (PVA) purchased from Acros (USA) has a molecular weight ≈ 6000 g/mol. 

Carboxymethyl cellulose (CMC) supplied by Lanxess (Germany), in combination with Zinc 

acetate dehydrate (Zn(CH3COO)2·2H2O) as a precursor supplied by the Sigma Aldrich 

company. 

Synthesis of ZnO Nanoparticles 

Thyme (Z), Hibiscus rosa-sinensis (K), and Daucus carota (G) were rinsed using tap water, 

followed by double-distilled water and ethanol to remove any trace of contamination. The 
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plants were then dried at room temperature. About 10 g of each plant was ground in an agate 

mortar. The obtained powder was mixed separately with 250 mL of distilled water adjusted at 

about 75 °C for 1 h. The mixture was then filtered using Whatman filter paper No. 1. The 

obtained solutions were stored in dark bottles at 4 °C. A 0.01 M aqueous solution of zinc 

acetate dihydrate (Zn(CH3COO)2·2H2O) was prepared and stored as a stock solution. 95 mL 

of the stoke solution was mixed with 5 mL of the plant extract, where each plant was in a 

separate flask. The resulting mixture was incubated for one hour at 75 °C while being 

continuously shaken at 150 rpm. As a result, bio-reduced salt ultimately settled in the flasks in 

the form of white precipitate. The supernatant was poured, and the precipitate was centrifuged 

and washed four times with deionized water to assure the elimination of contaminants [20]. 

2.2.1 Preparation of the Polymer Blend and Its Nanocomposites 

The preparation steps are shown in Scheme 1. In brief, 2 g of both polyvinyl alcohol (PVA) 

and carboxymethyl cellulose (CMC) were vigorously stirred individually in deionized water. 

The obtained solutions were then mixed for about 3 h until a clear, bubble-free mixture solution 

was obtained. The final mixture was then divided into four equal parts. The same quantity of 

ZnO nanoparticles synthesized from different plants, viz., thyme, rosella (Hibiscus sabdariffa), 

and carrots designated as shown in Table 1, was mixed with the blend sample using a sonicator 

homogenizer. Samples were then incubated at 50 °C for 2 days after being decanted into plastic 

Petri dishes to ensure evaporation of any solvent traces. The final product was in the form of 

thin films that were stored in a vacuum desecrator until use. Table 1 shows the symbols for the 

samples that were synthesized with different ZnO nanoparticles made from different plants. 

Scheme 1  

 
The preparation steps of the (CMC/PVA)/ZnO nanocomposites 

Measurements 

Characterization of Polymer Nanocomposites 

The molecular interaction between the nanocomposite constituents is exhibited in Scheme 2. 

The crystallinity of the prepared nanocomposite samples was examined through an X-ray 

diffractometer (X'Pert PRO) with Cu Kα radiation at 30 kV and a wavelength of 0.15406 nm 

in room temperature. The structural features of all samples were investigated using a Fourier 

transform infrared (FTIR) spectrometer (Nicolet iS10) in the spectral region of 4000 cm−1 to 

400 cm−1. The prepared composites were coated on copper grids (200 mesh) and inspected by 

HRTEM (JEM-2100) at 200 kV for transmission electron microscopic examination to examine 

the particle size and morphology of the prepared nanocomposites. The optical properties of the 

prepared composites were tested using a spectrophotometer (V/570 UV/VIS–NIR, JASCO, 

Japan) in the range of 200–1100 nm. 

Scheme 2 
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Molecular interaction of PVA and CMC 

Evaluation of Antibacterial Activity 

Usually, the antibacterial activities of the present composites were estimated by the disc 

diffusion technique using inoculums consisting of 106 bacterial spreads on Mueller–Hinton 

agar plates [21]. The activities of Bacillus subtilis as Gram-positive bacteria, Escherichia 

coli as Gram-negative bacteria, and Candida albicans as fungi were examined for the 

synthesized samples by the qualitative technique. 20 mL of Mueller agar was placed into sterile 

petri dishes, allowed to harden, and then dried in the incubator. A total of roughly 106 cells 

were spread out on the agar plate using a sterilized glass rod, and the plate was then allowed to 

dry to a standard turbidity of 0.5 McFarland. The discs of samples were placed on top of agar 

plates that had been planted. The agar plates were incubated for one day at 37 °C. Each plate 

was tested after incubation. For each bacterium, positive control of streptomycin (100 mg/mL) 

is utilized. The disc’s diameter as well as the diameter of the inhibition zones were measured. 

Zones are measured to the closest full millimeter using calipers or a ruler placed on the back 

of the upright petri dish. 

CONCLUSIONS 

Pure  and  yttrium-doped  ZnO  nanoparticles  were synthesized  by  the  co-precipitation  

method.  Lattice parameters and unit cell volume increases with  increasing Y concentration, 

indicating successful doping of Y ions into ZnO lattice. The average crystalline size is in the 

range 16-30 nm. The energy band gap decreases with increasing Y content. Antibacterial  

activity was observed using  the disc diffusion  method.  Undoped  ZnO  (S1)  nanoparticles  

have antibacterial activity  against S. aureus. The doping of Y in ZnO (S4) increases its 

potential against E. coli, B. subtilis, S. typhi and no effect against S. aureus. 
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