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 Zinc oxide nanoparticles (ZnO NPs) are metal oxide materials with potential 

applications in various industrial and healthcare fields. Recently, they have 

attracted renewed interest due to the discovery of their unique biological 

activities. In this study, ZnO NPs were synthesized by a green method and 

then coated with pluronic. Techniques such as X-ray diffraction (XRD), Fourier 

transform infrared (FT-IR), scanning electron microscopy (SEM), energy 

dispersive X-ray (EDX), and dynamic light scattering (DLS) were used to 

characterize the structure and morphology of the material. The results 

showed that ZnO NPs synthesized using green tea leaf extract had a particle 

size in the range of 50-100 nm, spherical shape, and an average crystal size 

of 21.825 nm. The nanoparticles after surface modification with Pluronic P123 

showed a more uniform and stable distribution. The antibacterial activity of 

the surface-modified nanoparticles was also evaluated against three bacterial 

strains: Bacillus subtilis, E. coli, and yeast S. cerevisiae. The MIC values obtained 

for ZnO@P123 in these experiments were 0.3 mg/mL, 0.3 mg/mL, and 0.1 

mg/mL, respectively. 
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Introduction 

 

Recently, the exploration of ZnO NPs' antimicrobial 

properties has gained significant traction. Studies have 

demonstrated their potential to counteract a wide range 

of microorganisms, including bacteria, fungi, and viruses 

[1-3]. This opens exciting avenues for their use in 

developing novel antibacterial agents or disinfectants. 

However, traditional methods of ZnO NP synthesis often 

involve harsh chemicals or high temperatures, raising 

concerns about environmental impact and potential 

cytotoxicity. Green synthesis methods, utilizing natural 

resources like plant extracts, offer a more sustainable 

and eco-friendlier alternative [4, 5]. These methods can 

also influence the size, morphology, and surface 

properties of the nanoparticles, impacting their 

functionality. S. Vijayakumar et al. successfully 

synthesized ZnO NPs from Atalantia monophylla leaf 

extract [6]. The obtained nanoparticles exhibited a size 

distribution ranging from 20 to 60 nm, with an average 

size of 30 nm. Antimicrobial assays were conducted 

against a range of Gram-positive and Gram-negative 

bacteria, and the results were evaluated based on the 

zone of inhibition (ZOI) diameter. The maximum ZOI for 

ZnO NPs synthesized from A. monophylla was observed 

against S. aureus (28 mm), followed by E. coli (23 mm), 

B. cereus (21 mm), P. aeruginosa (22 mm), B. subtilis (20 

mm), and K. pneumoniae (19 mm). G. Theophil Anand 

et al. [7] synthesized ZnO NPs using Prunus dulcis. The 

synthesized nanoparticles exhibited a hexagonal 
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wurtzite structure with an average particle size of 

approximately 30 nm. The antibacterial activity test 

results obtained on some bacteria were quite good such 

as E. coli (32 mm), S. aureus (18 mm).  

Tea leaves contain nearly 4,000 different types of 

biological active ingredients, one-third of which are 

polyphenol derivatives, mainly flavonoids. Other 

compounds present in tea are alkaloids such as caffeine, 

theophylline and theobromine), amino acids, 

carbohydrates, proteins, chlorophyll, fluoride, etc.[8-10]. 

Due to the presence of appealing phytochemical 

components, tea leaf extract has been extensively utilized 

in numerous studies to produce different types of 

nanoparticles, including metal nanoparticles: iron (Fe) [11], 

silver (Ag) [12, 13] and metal oxide nanoparticles such as 

magnetite (Fe3O4) NPs [14], copper oxide (CuO) [15, 16]. 

This study explores the green synthesis of ZnO NPs 

using extracts from Camellia sinensis (tea) leaves. 

Additionally, the synthesized ZnO NPs were further 

encapsulated with Pluronic, a biocompatible polymer. 

Pluronic coating can enhance the stability of the 

nanoparticles in aqueous environments, potentially 

improving their dispersion and biocompatibility. 

Following synthesis, various characterization techniques 

were employed to analyze the structure, morphology, 

and size distribution of the Pluronic-coated ZnO NPs. 

Subsequently, the antimicrobial activity of the 

synthesized nanoparticles was evaluated against a panel 

of bacterial strains (Bacillus subtilis and E. coli) and a 

yeast strain (Saccharomyces cerevisiae). This 

investigation aimed to assess the effectiveness of the 

Pluronic coating in modulating the stability and 

antimicrobial efficacy of the green-synthesized ZnO 

NPs. 

 

Experimental 

 

Chemicals 

Zinc acetate dihydrate (Zn(CH3COO)2.2H2O, Merck) is 

the zinc precursor, Pluronic P123 (5.800 Da, Sigma-

Aldrich) is the encapsulating agent. Anhydrous Ethanol 

(EtOH, Emsure), Deionized Water (DI, TDS<5) were used 

as the extraction medium. 

 

Preparation of green tea leaf extract 

Fresh green tea leaves were gathered, and any leaves 

that were damaged, infested with insects, or decaying 

were discarded. Prior to drying at a temperature of 60°C 

for a duration of 24 hours, the leaves underwent two 

rounds of thorough washing using clean water. The dry 

leaves were pulverized into a fine powder and subjected 

to extraction using a solvent mixture of ethanol and 

deionized water (EtOH/DI, 1:1 v/v) at a temperature of 

60°C for a duration of 2 hours. Subsequently, the extract 

was strained using a silk filter to eliminate any remaining 

solid particles. The suspended particles were removed 

using centrifugation at a speed of 5000 revolutions per 

minute for a duration of 5 minutes in order to produce 

the extract of green tea leaves. The given sample was 

refrigerated at a temperature of 5°C for further 

investigation. 

 

Synthesis of ZnO NPs 

The process is similar to our previous publication [17]. 50 

mL of green tea extract was mixed with 100 mL of 

deionized water in a 250 mL Erlenmeyer flask. Zinc 

acetate dihydrate (3.0 g) was dissolved in 50 mL of 

deionized water in another flask. The synthesis reaction 

of ZnO nanoparticles was conducted using ultrasonic 

assistance. The green tea leaf extract underwent 

sonication, while the zinc precursor solution was 

introduced into the reaction mixture using a peristaltic 

pump at a flow rate of 5 mL/min. After completely 

consuming the precursor solution (about 10 minutes), 

the reaction continued for a further 10 minutes before 

the sonication was stopped. The resultant solid from the 

reaction was isolated using centrifugation at a speed of 

10,000 revolutions per minute for a duration of 5 

minutes, followed by drying at a temperature of 50 oC 

for a period of 8 hours. The solid obtained was coarsely 

pulverized prior to undergoing calcination at a 

temperature of 600 oC for a duration of 2 hours, 

resulting in the production of fine, white powdered ZnO 

nanoparticles. 

 

Scheme 1: Synthesis process of ZnO NPs and 

ZnO@P123 
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Modification of ZnO surface with Pluronic P123 

Disperse 1 g of the as-prepared ZnO NPs in 100 mL of 

the EtOH:DI (1:1 v/v) solvent mixture using 

ultrasonication for 5 minutes. Transfer the entire 

dispersion to a 250 mL round-bottom flask. In a 

separate Erlenmeyer flask, prepare 100 mL of a Pluronic 

P123 4 mM solution in DI water. Load the P123 solution 

into a pressure-equalizing dropping funnel. Conduct 

the reaction under magnetic stirring at room 

temperature (average stirring speed: 300 rpm) for 24 

hours. Add the P123 solution from the dropping funnel 

at a controlled rate of 1 mL/minute. After the reaction 

was complete, recover the solid fraction by 

centrifugation (10,000 rpm, 5 minutes). Wash the 

centrifuged solid three times with DI water using 

ultrasonication to remove any unreacted P123. Dry the 

washed product in an oven at 50°C for 12 hours to 

obtain the ZnO@P123 (Scheme 1). 

 

Characterization of nanoparticles 

Field emission scanning electron microscopy (FESEM, 

Jeol-JMS 6490) and scanning electron microscopy (SEM; 

Hitachi S-4800) were used to examine the structural 

morphologies of both bare and Pluronic P-123-coated 

ZnO NPs. Energydispersive X-ray spectroscopy (EDX) 

was applied to determine the surface relative atomic 

percentage. The structural crystallinity of both 

nanoparticles was analyzed using a diffractometer 

(PANalytical X'Pert PRO X-ray). The functional groups of 

bare and coated ZnO NPs were characterized using 

Fourier transform infrared spectroscopy (FTIR, TENSOR 

II, Bruker) by potassium bromide (KBr) method. 

 

Evaluation of the antimicrobial 

The antibacterial activity of ZnO@P123 was determined 

by the minimum inhibitory concentration (MIC) value 

using the disc diffusion method [18]. Briefly, 37.0 g of 

nutrient agar was dissolved in 1,000 mL of distilled water. 

It was then sterilized in an autoclave at 121°C/7 kg for 20 

minutes. The nutrient agar was then poured into sterile 

petri dishes and allowed to solidify. The specific bacterial 

strains were cultured in the nutrient medium and spread 

evenly over the surface of the agar plate using a 

sterilized L-shaped glass rod. ZnO@P123 was added to 

the agar suspension at different concentrations and 

allowed to cool until gelled. The plates were incubated 

at 37°C/24h. The MIC value of ZnO@P123 was then 

determined visually, and the MIC was the lowest 

concentration of ZnO@P123 observed to inhibit the 

growth of the bacterial strains. 

Results and discussion  

 

Synthesis of ZnO NPs using green tea extract 

The infrared spectrum of ZnO NPs synthesized using 

green tea leaf extract is shown in Fig. 1(a). The 

absorption peaks at 453 cm-1 correspond to the Zn-O 

bond, while the broad peak at 3430 cm-1 corresponds 

to the O-H bond of water absorbed on the surface of 

ZnO NPs, which are fundamental features of zinc oxide 

material. Furthermore, there are numerous additional 

absorption peaks that can be detected at the position of 

1625 cm-1, which is indicative of the presence of the C=O 

bond, and at 1120 cm-1, which is characteristic of the C-

OH bond found in phytochemical substances present in 

the extract. The involvement of physiologically active 

chemicals found in green tea leaf extract in the 

formation of zinc oxide nanoparticles is evident. 

The X-ray diffraction (XRD) results for the determination 

of ZnO NPs may be found in Fig. 2(a). The diffraction 

peaks observed at the 2theta diffraction angles are 31.8o, 

34.41 o, 36.28 o, 47.55 o, 56.59 o, 62.89 o, 66.42 o, 67.96 o, 

and 69.09 o. These peaks correspond to the diffraction 

planes (100), (002), (101), (102), (110), (103), (112), and (201) 

of the ZnO crystal hexagonal wurtzite structure. These 

observations match with the PDF 01-071-6424 pattern. 

The XRD spectrum exhibits distinct and slender 

diffraction peaks, suggesting that the produced 

nanoparticles possess a high level of purity and 

crystalline structure.  

 

Fig. 1: FTIR spectra of ZnO NPs (a) and ZnO@P123 (b) 

The average crystal size is determined using the 

Scherrer equation. Where, K is Scherrer's constant, 

which is equal to 0.94 for spherical crystals of ZnO 

nanoparticles and using a CuKα radiation source with a 

wavelength of 1.5406 Å. The results indicate that the 

majority of the crystal sizes, as determined from the 

diffraction peaks, fall within the range of 19-22 nm. 
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However, it should be noted that the crystal size 

calculated at the (103) crystal plane is significantly larger, 

measuring 31.055 nm. The determined mean crystal size 

is 21.825 nm. 

The SEM (Fig. 3a) results indicate that the particles 

exhibit a rather homogeneous size distribution, with the 

majority of particles displaying a spherical morphology. 

Particle clustering into huge clusters is observed. 

Furthermore, the TEM images (Fig. 3b) at the right 

provide confirmation of the sphericsal morphology of 

the particles. The estimation of particle size ranges from 

approximately 50 to 100 nanometers and the image 

exhibits a distinct contrast, allowing for the observation 

of clear boundaries between nanoparticles. 

 
Fig. 2: XRD patterm of ZnO NPs (a) and ZnO@P123 (b) 

 

  

 

  
Fig. 3: SEM (a), TEM (b) images, EDX (c)  and  

distribution of hydrodynamic size (d) and zeta potential 

(e) of ZnO NPs  

The EDX spectrum of ZnO NPs (Fig. 3c). Only the energy 

diffraction peaks corresponding to the elements zinc (Zn) 

and oxygen (O) are seen on the EDX spectrum, while no 

energy diffraction peaks for any other elements are 

detected. This indicates that the ZnO nanoparticles 

generated in their original state are of exceptional purity. 

The hydrodynamic diameter and zeta potential of the 

nanoparticle surface are determined as shown in          

Fig. 3d. Accordingly, the dynamic size of nanoparticles 

is distributed in the range from more than 50 nm to 

more than 500 nm. Which is mainly concentrated in the 

region 190 nm to 340 nm. The observed particle size is 

much larger than that obtained from the electron 

microscope. This can be attributed to the clustering of 

some nanoparticles in the aqueous medium to form 

clusters of larger size. In addition, it can be seen that in 

the SEM image the uniformity is only at a good level, and 

some nanoparticles with large irregular sizes can be 

observed. It is possible that they also contribute to the 

results of particle size distribution obtained as determined 

by DLS. The nanoparticle surface zeta potential was also 

determined to be about -12.72 mV (Fig. 3e). The zeta 

potential amplitude is quite large, which shows that the 

nanoparticle has quite good stability. 

 

Surface modification of ZnO NPs with Pluronic P-123 

The Fourier transform infrared (FTIR) spectrum of the 

surface modified ZnO NPs by Pluronic P123 

(ZnO@P123) is shown in Fig. 1(b). It can be clearly 

observed that the spectrum exhibits all the characteristic 

absorption peaks of ZnO NPs, especially the very 

characteristic peak at the wavenumber range of 450 cm-

1 to 500 cm-1 representing the Zn-O bond. The 

characteristic peaks of water molecules adsorbed on the 

surface of nanoparticles as well as active substances in 

the extract present in the nanoparticles are also 

observed. Notably, the absorption peak at 453 cm-1 of 

ZnO now almost degenerates into a peak at 435 cm-1 

and a shoulder at 502 cm-1. This splitting can be 

attributed to the effect of P123 being attached to the 

surface of the nanoparticles. Another notable point in 

the FTIR spectrum of ZnO@P123 is the appearance of a 

strong absorption band in the range of 850 cm-1 to 1080 

cm-1 with a shoulder at around 950 cm-1, which is the 

characteristic absorption band of P123 polymer [19]. 

Thus, the FTIR spectrum showed the successful 

attachment of P123 onto ZnO NPs. 

The XRD pattern of ZnO@P123 is also presented in Fig. 

2(b). The diffraction peaks of ZnO@P123 are similar to 

those of ZnO NPs, with almost no shift in the diffraction 
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angles. This demonstrates that the surface modification 

of ZnO NPs by P123 does not change their crystal 

structure. 

The morphology of ZnO@P123 was observed through 

SEM and TEM images as shown in Fig. 4a and Fig. 4b. 

The SEM results showed a clear morphological change 

of ZnO after surface modification with P123. Specifically, 

the nanoparticles agglomerated into larger clusters. The 

particle diameter also appeared to increase. 

The results of elemental composition analysis by EDX 

spectrum (Fig. 4c). In addition to oxygen (O) and zinc 

(Zn), the elemental also includes a significant amount of 

carbon (C), with values of 5% by mass and 12.56% by 

number of atoms. This indicates the presence of P123 in 

quite significant amounts, which supports the assertion 

that P123 was successfully attached to the ZnO NPs 

surface. 

 

  

 

  

Fig. 4: SEM (a), TEM (b) images, EDX (c) and 

distribution of hydrodynamic size (d) and zeta potential 

(e) of ZnO@P123 

The hydrodynamic size distribution of ZnO@P123 is 

shown in the graph of Fig. 4d. The results show that the 

Z-Average value is 144.05 nm and the PdI is 0.292. 

Compared to the corresponding values of ZnO NPs, it 

shows that after surface modification with P123, the 

hydrodynamic diameter of the nanoparticles decreased 

and became more uniform. This observation is also 

consistent with the results of zeta potential 

determination of ZnO@P123 presented in Fig. 4e . The 

zeta potential decreased to -16.57 mV, which is more 

negative than that of ZnO NPs. This explains the better 

dispersion and stability of ZnO@P123. 
 

Antibacterial Activity Test 

The ZnO-P123 content was evaluated at concentrations 

of 0.1, 0.3, 0.5, 1.0, and 3.0 for the three bacterial strains 

under investigation. The findings indicated a progressive 

decline in bacterial density with an increasing ZnO-P123 

level. Specifically, when the concentration of ZnO-P123 

reached 0.3 mg/mL, a noticeable reduction in the 

population of E.coli bacteria was detected. Meanwhile, 

the concentrations of 0.3 mg/mL and 0.1 mg/mL of 

bacteria B. subtilis and S. cerevisiae, respectively, 

resulted in a noticeable drop in the quantity of bacteria. 

 

 

 
Fig. 5: Antibacterial efficacy of ZnO@P123 against S. 

cerevisiae (c), B. subtilis (b), and E. coli (a) at varying doses 

(a) 

(b) 

(c) 



Vietnam Journal of Catalysis and Adsorption, 13 – issue 4 (2024) 32-37 

 

https://doi.org/10.62239/jca.2024.070 

37 

 

The minimum inhibitory concentration (MIC) values of 

ZnO-P123 for the three bacterial strains examined, 

namely E. coli, B. subtilis, and S. cerevisiae, are 0.3 

mg/mL, 0.3 mg/mL, and 0.1 mg/mL, respectively. The 

results indicate that ZnO-P123 exhibits a significant 

antibacterial action, particularly against the S. cerevisiae 

bacterial strain. This result suggests the potential use of 

ZnO-P123 in antibacterial activities. 

The antibacterial mechanism of ZnO-NPs is not fully 

understood, but it is thought to involve multiple factors, 

including the release of zinc ions, the generation of 

reactive oxygen species (ROS), and the disruption of 

bacterial cell membranes. Zinc ions can interfere with 

bacterial enzymes and DNA replication, while ROS can 

damage cellular components. The disruption of 

bacterial cell membranes can lead to leakage of cellular 

contents and cell death. 

The observed differences in the MIC values of ZnO-P123 

for the three bacterial strains may be due to variations 

in their cell wall structures and susceptibility to ZnO-NPs. 

E. coli and B. subtilis have a Gram-negative cell wall, 

which is more resistant to the action of ZnO-NPs than 

the Gram-positive cell wall of S. cerevisiae. 

 

Conclusion 

 

The results of this study demonstrate that green tea leaf 

extract is an effective agent for the synthesis of ZnO NPs. 

The as-prepared nanoparticles have a spherical shape, 

a crystal size of 21.825 nm, and a particle size of 50-100 

nm, which are suitable for biomedical applications. 

However, the DLS results showed that they were 

unstable and had relatively poor dispersibility. Surface 

modification of ZnO NPs with the surface-active agent 

Pluronic P123 overcame these drawbacks. The surface-

modified nanoparticles were evaluated for antibacterial 

activity against three bacterial strains: E. coli, B. subtilis, 

and yeast S. cerevisiae, with positive results. This result 

shows the potential application of ZnO-P123 in the 

antibacterial field such as antibacterial bandages, 

antibacterial fabrics, antibacterial drugs in hospitals, or 

antibacterial skin creams. 
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