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Biosynthesis of metal nanoparticles is a cost-effective and environmentally 
friendly technology. In the present study, copper nanoparticles (CuNPs) 
were synthesized using white tea leaf extracts. They were then 
characterized for their chemical structure and evaluated ability for the 
methylene blue (MB) degradation in the adsorption system with H2O2. 
XRD and FTIR analyses revealed that the CuNPs were present as an 
amorphous phase, with the O-H polyphenol compound bound to the Cu 
ion. The XPS deconvolution indicated the presence of Cu2+ and Cu+ in the 
CuNPs. TEM images revealed that the average particle size was less than 
10 nm. The CuNPs synthesized using different precursors exhibited 
effective ability for the MB degradation in the adsorption system. Based 
on the adsorption theory, the pseudo-second-order model fitted well with 
the experimental data, and the thermodynamic calculation suggested that 
the reaction was endothermic, and spontaneous. The CuNPs synthesized 
using the CuSO4 precursor exhibited higher antibacterial activity 
compared to those synthesized using Cu(NO3)2. In conclusion, white tea 
leaf extract is an inexpensive and easily available precursor for the 
biosynthesis of copper nanoparticles. Further analysis based on an 
assumed degradation work will be considered in future work. 
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INTRODUCTION 
 

Nanotechnology has been consistently mentioned as a leading technology in global 

research (Muhammad 2022; Padmanabhan 2023). It is used in electrical, medical, 

biological, and agricultural fields. Nanoparticles, with dimensions ranging from 1 to 100 

nm, exhibit altered physical and chemical properties including shape, size, and composition 

(Gurunathan et al. 2009). Currently, considerable research is focused on exploring the 

synthesis of nanomaterials using biomass as a subject of widespread interest. 

Bio-nanotechnology is well-recognized to utilize organic substances, plant 

polysaccharides, or polyphenols as the basis for redox reactions. These plant materials offer 

several advantages, such as productivity, eco-friendliness, a wide range of sources, and 

cost-effectiveness. Recent studies have reported the economic benefits of using green 

processes involving plant extracts for the synthesis of nanoparticles, such as ZnO, Ag, 

mailto:wenchangzhao@foxmail.com


 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 
 

 

Huang et al. (2024). “Copper-based nanoparticles,” BioResources 19(3), 5031-5046.  5032 

Cu/CuO, Fe0, MgO, and Co3O4 nanoparticles (Pugazhendhi et al. 2019; Rama et al. 2020; 

Hao et al. 2021; Chakraborty et al. 2022; Parvathalu et al. 2023; Safdar et al. 2023; Vieira 

et al. 2023). These studies elucidate that the green synthesis process remains a popular 

subject in recent years. 

Copper is of great interest in the field of nanotechnology. It is one of the most 

important trace elements for both plants and animals and is essential for growth in these 

organisms. In addition, copper is a p-type semiconductor with unique optical, thermally 

conductive, magnetic, mechanical, and electrical properties, all of which are extensively 

used in various applications, including catalysis, ceramics, sensors, electronics, and 

pigments (Kanninen et al. 2008; Magdassi et al. 2010; Rafique et al. 2017; Zhao et al. 

2020; Mohammed et al. 2023; Slimane et al. 2023). Copper also exhibits significant 

bioactive properties and has high biocompatibility and non-toxicity, rendering it potentially 

suitable for medical and pharmaceutical applications.  

For purposes of discussion within this article, the term CuNPs will be used to 

describe a range of copper-based nanoparticles having chemical compositions that possibly 

include different oxides or zero-valent copper metal. Pérez-Alvarez et al. (2021) used 

cotton textile fibers to synthesize CuNPs, and this approach offers the benefit of 

eliminating the use of toxic chemical-based reducing agents. Thakur et al. (2018) evaluated 

the effectiveness of the root and leaf extracts of Asparagus adscendens Roxb in the 

synthesis of CuNPs. They stated that some pathogenic bacteria could be scientifically 

avoided. Amjad et al. (2021) reported the successful synthesis of CuNPs using the extract 

from Fortunella margarita leaves. Ananda et al. (2021) reported the synthesis of CuNPs 

using a medicinal plant named Vernonia amygdalina. 

In addition, the use of nanocopper materials could reduce the adverse impact of 

agriculture on the environment (White and Unrine 2019). Based on the high-throughput 

experiments, it has been discovered that the CuNPs exhibit lower toxicity towards soil and 

water compared to Cu+2 (Keller et al. 2017). Moreover, trace copper nanoparticles exert a 

favorable effect on the regulation of soil microorganisms and plant growth (Qu et al. 2022). 

The relevant literature indicates that the environmental behavior of CuNPs and its toxic 

effects on soil and water are influenced by various factors, such as pH, temperature, 

ultraviolet light, and minerals, etc. However, after a certain degree of enrichment in the 

environment, the CuNPs exert a negative impact on aquatic plants, animal cells, soil 

microorganisms, and the overall environment (He et al. 2020; Fu 2021).  

Nanomaterials are ideal for applications in the treatment of dye wastewater. Dye 

wastewater is being generated in increasing amounts in various nations owing to economic 

development and the increasing demands of the residents. This has led to serious 

environmental issues, which have not been resolved so far through a proper treatment 

approach. The dyeing industry is known to be water-intensive with complex dye processing, 

which exerts a negative impact on human and aquatic lives (Vasantharaj et al. 2019; Kumar 

2021; Rahimi and Alihosseini 2022).  

White tea originates primarily and is mainly produced in the eastern region of 

Fujian Province. It is a unique type of tea with a relatively high concentration of 

polyphenols compared to black tea and dark tea, and it has the simplest manufacturing 

processes. The previous studies by the authors’ research group have confirmed that the 

used black tea, oolong tea, and tea stem may be employed as effective adsorbents for the 

adsorption of dyes from the aqueous phase after the treatment of the extract (Hu et al. 2019; 

Lin et al. 2020; Liu et al. 2023). These tea extracts may be used as potential bioactive 

species for the biosynthesis of metal nanoparticles. These advantages related to the multiple 
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functions of tea extracts and their biomass in a solid state demonstrates the potential of tea 

waste for environmental applications. The use of the extract from white tea for the synthesis 

of CuNPs has not been reported, to the best of the author’s knowledge, in any previous 

study. Therefore, the present study aimed to explore the viability of synthesizing CuNPs 

using white tea leaf extract and evaluating their structural properties, and adsorption 

activity. The main objectives were to achieve a complete enrichment of tea waste for the 

synthesis of metal nanoparticles and their possible applications. 

 

 

EXPERIMENTAL 
 

Materials 
All the chemical reagents used in this study were of analytical grade. Anhydrous 

CuSO4 and Cu(NO3)2·3H2O were purchased from Sinopharm Chemical Reagent Co., Ltd. 

(Shanghai, China). The methylene blue was from Changde Bickman Biotechnology Co., 

Ltd. (Changde, China). The H2O2 was obtained from Xilong Technology Co., Ltd. (Beijing, 

China). White tea leaves were provided by the local tea market in Ningde City, Fujian 

Province (Tiecha Tea Company).  

 
Synthesis of Copper Nanoparticles 

Fifty grams of the white tea leaves were ground into powder. The powder was 

mixed with 1 L of distilled water in a 2 L beaker and stirred for 2 h to obtain the extract. 

Subsequently, 0.3 mol/L of CuSO4 and Cu(NO3)2 solution were added to the white tea leaf 

extract at a volume ratio of 1:2 and stirred homogeneously in a rotary shaker for 12 h. After 

the reaction, the mixed solutions were centrifuged at 10000 rpm for 5 min to obtain the 

solid state synthesized Cu-nanoparticles (CuNPs). The synthesized CuNPs were dried in 

an oven at 353 K for 48 h to obtain dry CuNPs samples. The synthesized CuNPs from 

CuSO4 were designated as BS, while those from Cu(NO3)2 were designated as BN in the 

present study. 

 
Characterization of Copper Nanoparticles 

The crystalline structure of CuNPs was analyzed by X-ray powder diffraction 

(XRD, Bruker D8A-A25) from 5° to 80° at a scanning rate of 1°/min. Fourier transform 

infrared spectroscopy was used to evaluate the functional groups of the synthesized CuNPs 

within the range 4000 to 400 cm-1 (FTIR, Thermo Scientific Nicolet iS10). Raman spectra 

were recorded at room temperature in the wavelength range of 200 to 3500 cm-1 with the 

spectral resolution of 10 cm-1 using a Raman spectrometer equipped with a He-Ne laser for 

excitation (Thermo Scientific DXR2 model). The X-ray photoelectron spectrometer (XPS, 

Thermo Scientific Nexsa) was used to analyze the chemical state of the elements on the 

surface of CuNPs. The UV spectrophotometer, from Shimadzu Corporation, Japan, was 

used to determine the absorbance of the MB solution at 667 nm. The distribution and size 

of CuNPs were characterized by transmission electron microscopy (TEM, Hitachi 

HT7800), and Nano Measurer 1.2 was used to estimate the size range of particles. 

 
Degradation Experiment 

The synthesized CuNPs were evaluated to investigate the degradation of MB in a 

batch experiment. The adsorption system with/without H2O2 was considered. For the 

adsorption experiment without H2O2, 100 mg of CuNPs samples were weighed and mixed 
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with an MB solution in a liquid-solid ratio of 1 L/g in a conical flask. In the adsorption 

experiment with H2O2, a ratio of 30% H2O2 and CuNPs was controlled at 0.01 mL/g under 

the same conditions as the experiment without H2O2. The mixed solution was operated in 

a thermoregulated shaker at a shaking speed of 200 rpm. After the reaction, the solution 

was centrifuged at 4000 rpm for 3 min, and the supernatant was analyzed using UV-Vis at 

667 nm to determine the MB concentration. The degradation efficiency of MB was 

calculated using the following equation, 

Degradation efficiency(%)=
𝐶0−𝐶𝑡

𝐶0
× 100                            (1) 

where C0 and Ct represent the initial concentration and the MB concentration at any time 

t, respectively. 

 
Kinetics Model 

The pseudo-first-order and second-order kinetic models have been widely used to 

fit the experimental data for adsorption experiments. The pseudo first-order model can be 

described by the following linear form (Hubbe et al. 2019),  

log(𝑄𝑒 − 𝑄𝑡) = 𝑙𝑛𝑄𝑒 −
𝐾𝑝𝑓

2.303
𝑡                                              (2) 

where Kpf is the constant of the pseudo first-order rate, Qe is the amount of MG degraded 

at equilibrium, and Qt is the amount of MB adsorbed at equilibrium at time t (min). 

The pseudo-second order kinetic model is based on the sorption capacity of the 

solid phase and can be expressed in linear form as shown follows (Ho 2006), 

𝑡

𝑄𝑡
=

1

𝐾𝑝𝑠𝑄𝑒
2 + (

1

𝑄𝑒
) 𝑡                                                               (3) 

where Kps is the constant of the pseudo second-order rate. 

 
Antibacterial Activity 

The antibacterial activity of the CuNPs against Gram-positive, Staphylococcus 

aureus (ATCC25923) was evaluated using paper disc diffusion method. A sterile cotton 

swab was dipped in the prepared bacteria solution with a concentration of 0.5 MCF 

(McFarland unit, equals to an optical density comparable to the density of a bacterial 

suspension with a 1.5*108 colony forming units (CFU/mL)) and applied to the entire 

surface of the Mueller-Hinton broth medium. After the bacterial solution was evenly 

distributed, the paper containing the BS and BN samples was pasted and taken out to 

measure the diameter of the inhibition zone after a constant temperature of 310 K for 24 h. 

 

 

RESULTS AND DISCUSSION 
 
XRD, FTIR, and Raman Analysis of CuNPs 

The synthesized Cu-nanoparticle samples were subjected to XRD, FTIR, Raman, 

and XPS spectroscopic analyses to understand their chemical structures. Both BS and BN 

exhibited a similar trend, with a noticeable bulge feature at 2θ = 22°. This observation 

could be explained by the fact that the organic compounds from the tea leaf extract were 

adsorbed as capping or stabilizing agents. This observation was confirmed in the 

subsequent FTIR analysis as well. In addition, no distinct Cu0, CuO, or Cu2O peaks were 

detected in this study, indicating that the crystal of the synthesized Cu-nanoparticle sample 
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probably exhibited an amorphous structure. Similar XRD results have also been reported 

in previous studies (Machado et al. 2015; Liu et al. 2018). The white tea extract is rich in 

active biomolecules, which cause the copper ions to become immediately involved in the 

formation of CuNPs. However, since the standard reduction potential of copper is +0.16 

V, not much time might be available for the formation of the crystalline phase of CuNPs 

in such a reducing medium, resulting in an amorphous form. Similar phenomena have been 

observed in another report (Ayadi et al. 2022). Another possibility is that the samples might 

have contained quite small amount of zero-valent copper, which was difficult to detect in 

XRD as well as the subsequent FTIR and Raman analyses. 
 

 
 
Fig. 1. Spectroscopy patterns of CuNPs (a) XRD (b) FTIR, (c) Raman and (d) Raman local map 
(250 to 1000 cm-1) 

 
The FTIR spectra of the BS and BN samples revealed a similar pattern (Fig. 1b). 

The absorbance peak appearing at around 3440 cm-1 in both samples was attributed to the 

stretching oscillation of O-H present in the tea polyphenols. The sharp split band at 2362 

to 2364 cm-1 was observed. This probably can be attributed to CO2. A false peak can arise 

when the CO2 concentration varies between when running the calibration and when 

running the sample (Taraschewski et al. 2005). Further, bands appeared at 1623 to 1627 

cm-1 corresponded to the C=O stretching of the carbonyl, while the band at 1051 to 1113 

cm-1 was associated with the in-plane scissoring of CH2 (Priya and Velraj 2012) or the O-

H polyphenol compound bonded to the Cu ion (Duman et al. 2016). These observations 

suggested that the groups bound to the surface of CuNPs were related to the flavonoids 

present in the white tea leaves (Makwana et al. 2014; Sutradhar et al. 2014). 
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Raman spectroscopy is a versatile and sensitive technique for surface analysis to 

elucidate the chemical interactions and the vibrational properties of materials. The peaks 

detected at 634 and 635 cm-1 corresponded to the typical Bg mode of the Raman active 

node associated with the symmetric oxygen stretching of Cu-O. Similar observations have 

been reported in previous studies (Ahmed et al. 2013; He et al. 2016). Notably strong and 

broad peaks appeared at 1346 and 1566 cm-1. The peaks that appeared around 1346 and 

1355 cm-1 corresponded to the feature of disorder, defined as the D-peak, while the peaks 

appearing around 1566 and 1588 cm-1 reflected the first-order scattering of sp2 carbon 

atoms and were defined as the G-peak (Li et al. 2023). The occurrence of the D and G-

peaks was attributed to the presence of tea polyphenols and other carbonaceous bioactive 

species in the white tea extract, particularly the species that chelate and stabilize the copper 

to form CuNPs. The intensity ratio (ID/IG) of the D and G peaks is normally calculated to 

reflect the degree of defects in the carbon layers and the degree of covalent modification. 

In this study, the ID/IG values for BS and BN were determined to be 0.423 and 0.462, 

respectively. These values indicated fewer defects and a more ordered structure. The above 

observations were consistent with the findings of the XRD analysis, with no distinct 

diffraction peaks corresponding to the Cu species, although a noticeable hump feature 

indicated the presence of carbonaceous species. In summary, the CuNPs in the present 

study had an amorphous form of crystalline phase. 

 
Fig. 2. XPS analysis and deconvolution result (a) wide-range scan of BS (b) Cu 2p fitting of BS 
(c) wide-range scan of BN, and (d) Cu 2p fitting of BN 

 

 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 
 

 

Huang et al. (2024). “Copper-based nanoparticles,” BioResources 19(3), 5031-5046.  5037 

XPS Analysis 
The BS and BN samples were evaluated for surface elemental composition and 

electronic state using XPS. The wide-range scan revealed the presence of Cu, O, C, and S 

as the main elements on the surface of both samples (Figs. 2a-b). As depicted in Fig. 2b, 

the Cu 2p3/2 region exhibited doublet peaks and demonstrated the coexistence of Cu+ at 

933.8 eV and Cu2+ at 935.9 eV after deconvolution. Moreover, the peaks were detected at 

941.2 to 944.5 eV, belonging to the shake-up satellite and interpreted the presence of the 

paramagnetic chemical states of Cu2+.  

The characteristics peak of 953.8 cm-1 in the Cu 2p1/2 region appeared with a 

binding energy gap close to 19.9 eV between the peaks of Cu 2p3/2, providing further 

evidence for the formation of CuO (Siddiqui et al. 2020). Unlike the BS sample, the BN 

sample presented no significant split peaks in the Cu 2p3/2 and Cu 2p1/2 regions. The 

intensity of the satellite peak of the BN sample was weaker than that of the BS sample. In 

particular, the satellite peaks shifted to 940.2 and 942.8 eV, which was slightly lower than 

those of the BS sample. These findings indicated that Cu+ was the most important species 

in the BN sample. 

 

TEM Analysis of CuNPs 
The TEM images revealed that the synthesized CuNPs had a spherical structure, 

with an average size of 6.42 nm noted for the BS sample, and 7.09 nm for the BN sample 

(Fig. 3). The TEM images confirmed the feasibility of biosynthesizing CuNPs from white 

tea extract and achieving the nanostructure of CuNPs, as reported in the present study.  

 

 
Fig. 3. TEM images of (a) BS sample and (c) BN sample and grain size distribution histogram of 
(b) BS sample and (d) BN sample 
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Degradation of MB for Synthesized CuNPs 
The application of the synthesized CuNPs to the degradation of MB together with 

sole adsorption was evaluated (Figs. 4a and 4b). It was found that less than 50% of the 

degradation efficiency was achieved at 30 min in the sole adsorption for both samples. The 

degradation efficiency of MB increased with reaction time, and at 60 min, the values of 

approximately 75% and 73% were reached for the BS and BN samples, respectively. A 

slight increase in the degradation efficiency was observed for the BN sample, while the BS 

sample exhibited much higher degradation efficiency. This observation indicated that the 

interaction between the MB molecules and the synthesized CuNPs in the present study was 

favorable and that both the samples exhibited adsorption affinity for MB. On the other 

hand, in adsorption system with H2O2, a rapid degradation efficiency of approximately 

70% and 40% was achieved for the BS and BN samples, respectively, after 5 min. After 

60 min, approximately 90% of the degradation efficiency was achieved for the BS sample 

and nearly 80% degradation efficiency was achieved for the BN sample, which is strong 

evidence that the CuNPs functioned as effective catalysts for the degradation of MB 

molecules under the experimental conditions. Further evaluation of the effect of different 

H2O2 concentrations on the efficiency of the two samples revealed that the degradation 

efficiency increased with the increasing H2O2 concentration for both samples (Figs. 5a and 

5b). The higher the H2O2 concentration, the greater the number of hydroxyl radicals that 

are formed, and consequently, the greater the driving force for the degradation of MB 

molecules over the CuNPs. 

In order to understand the effects of reaction temperature, experiments were 

conducted at different temperatures in the range of 278 to 318 K. The degradation 

efficiency was observed to increase from 83% to 95% for the BS sample and from 76% to 

93% for the BN sample at 120 min, when the temperature was increased from 278 to 318 

K (Figs. 6a and 6b). The following could be the reasons for this result: (i) the kinetic energy 

of MB molecules increased at a higher temperature, promoting the collision frequency 

between the active sites of CuNPs, and (ii) a higher reaction temperature accelerated the 

rate of hydroxyl radicals generation from H2O2 in the presence of CuNPs. As described 

above, under experimental conditions, both BS and BN samples exhibited acceptable levels 

of degradation of MB in this study. 

 

 
Fig. 4. Degradation of MB for the synthesized CuNPs in different reaction system (a) BS sample 
(b) BN sample  
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Fig. 5. Degradation of MB for the synthesized CuNPs in different H2O2 concentrations (a) BS 
sample (b) BN sample  
 

 
Fig. 6. Degradation of MB for the synthesized CuNPs at different reaction temperatures (a) BS 
sample (b) BN sample  
 
Kinetics of CuNPs 

The kinetic relationships for the adsorption of MB using BS and BN samples were 

determined based on pseudo-first-order and pseudo-second-order models. The fitting 

results of the kinetic models are presented in the Fig. 7 and Table 1. The pseudo-second-

order model presented a strong fit, with a coefficient of determination of over 0.998, while 

the pseudo-first-order model showed relatively lower correlation. The calculated 

adsorption capacities (Qmax) for the BS and BN samples were 19.3 and 26.4 mg/g, 

respectively, in the pseudo-first-order model and 49.7 and 46.9 mg/g, respectively, in the 

pseudo-second-order model.  

The Qmax values calculated for the pseudo-second-order model agreed well with the 

experimental values (Qexp), indicating the superiority of the pseudo-second-order model in 

predicting the kinetic of the MB degradation. The favorable fits to the pseudo-second-order 

model elucidated that the rate of adsorption was determined by the diffusion of dye 

molecules within a network of very small pores (Hubbe et al. 2019).  
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Fig. 7. Linear fitting plots of (a) pseudo-first-order, (b) pseudo-second-order model for the 
adsorption of MB 

 
Table 1.  Kinetics Parameters of the Adsorption of MB by CuNPs  

Condition 

Pseudo-first-order Pseudo-second-order 

Qexp 
(mg/g) 

K1 

(1/min) 
R2 

Qmax 
(mg/g) 

K2 

(1/min) 
R2 

Qmax 
(mg/g) 

BS+MB+H2O2 47.837 0.037 0.979 19.271 0.005 0.999 49.068 

BN+MB+H2O2 44.304 0.031 0.931 26.442 0.002 0.998 46.948 

 

Thermodynamic Investigation 
Thermodynamic analysis can provide valuable insights into the spontaneous 

condition of the reaction. Thermodynamic parameters are calculated based on the third law 

of thermodynamics. The equilibrium constant of CuNPs is calculated at different 

temperatures, assuming that CuNPs is in an equilibrium state. The change in Gibb’s free 

energy is used to determine the thermodynamic parameters shown as following equations,  

            △𝐺0 = R T ln K                                                       (4)   

            𝑙𝑛 𝐾 = −
△𝐻0

𝑅𝑇
+

△𝑆0

𝑅
                                                         (5) 

where ∆G0 is the standard Gibbs free energy, and R is the gas constant. T is the absolute 

temperature, and K is the rate constant of reaction at the equilibrium state. The enthalpy 

(ΔH0) and entropy (ΔS0) can be calculated from the slope and intercept of the linear straight 

by plotting ln K versus 1/T. 

The calculated thermodynamic parameters for BS and BN samples at different 

temperatures are listed in Table 2. The ΔG0 values calculated at different temperatures were 

negative for both samples and ranged from -1.48 to -3.19 KJ/mol for the BS sample and 

from -1.19 to -3.03 KJ/mol for the BN sample. The value of ΔG0 decreased with increasing 

temperature, indicating that the interaction between MB, H2O2, and CuNPs is a favorable 

and feasible degradation process that occurs spontaneously with an endothermic reaction 

over the temperature ranges of 278 to 318 K. The positive ΔS0 values were noted for both 

BS and BN samples, which indicates an increase in disorder at the interface between MB 

and the CuNPs. 
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Table 2. Thermodynamic Parameters of Synthesized CuNPs at Different 
Temperatures for Adsorption of MB  

T(K) 
ΔG0 (kJ/mol) ΔH0 (kJ/mol) ΔS0 (kJ/mol•K) 

BS BN BS BN BS BN 

278 -1.479 -1.194 

6.917 4.255 0.030 0.020 

288 -1.781 -1.390 

298 -2.427 -2.249 

308 -2.854 -2.758 

318 -3.186 -3.030 

 
Antibacterial Activity of the Synthesized CuNPs  

The antibacterial activity of the synthesized CuNPs was evaluated against 

Staphylococcus aureus using the disk diffusion test, which revealed different results (Fig. 

8). The BS sample exhibited a higher antibacterial ability with an inhibition zone of 12 

mm, while the BN sample led to an inhibition zone of just 2 mm. Several studies have 

indicated that metal ions released from nanoparticles can bind to the negatively charged 

bacterial cell wall, leading to cell wall rupture. In addition, these particle ions may interact 

with the DNA and protein biomolecules, leading to a crosslinking process that distorts the 

helical DNA and protein structures, thereby disrupting the essential biochemical processes 

occurring in the body (Kim et al. 2011). The antibacterial ability of a material depends on 

the particle size and the ion release rate as they are more easily adsorbed and have a larger 

surface area (Azam et al. 2012). Skandalis et al. (2017) used the leaf extracts of Arbutus 

unedo to synthesize the Ag particles sizes of 40 nm and 58 nm. The antibacterial activity 

showed that the bacterial membrane was destroyed after 10 h of interaction with a particle 

size of 40 nm, while 58 nm nanoparticles destroyed the membrane after 24 h.  The similar 

trend can be found for Zn and Cu nanoparticles in other reports (Álvarez-Chimal et al. 

2022; Lai et al. 2022). In the present study, the average particle size of BS sample was 

estimated to be 6.42 and 7.09 nm for the BN sample, respectively. In comparison to the 

BN sample, the BS sample exhibited a smaller particle size than the BN sample, leading to 

an effective antibacterial ability.   
 

 
 
Fig. 8. Antibacterial activity of (a) BN and (b) BS against Staphylococcus aureus 
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CONCLUSIONS  

 
1. Green synthesis of copper-based nanoparticles (CuNPs) using white tea extract 

presented a spherical structure with a size between 6.42 and 7.09 nm. X-ray 

photoelectron spectrometry (XPS) demonstrated the presence of Cu2+ and Cu+ in the 

CuNPs.  

2. The synthesized CuNPs exhibited the ability to decrease the concentration of MB in 

solution. Two kinds of mechanisms were considered to account for such results. First, 

the kinetic data and temperature-dependent equilibrium adsorption capacities were 

consistent with diffusion-controlled adsorption of the MB onto the CuNPs. Secondly, 

future work might consider whether or not the data could be fitted to equations based 

on the catalytic degradation of the MB. The temperature-dependence indicated that the 

process was thermodynamically favorable and that it occurred spontaneously as an 

endothermic reaction. 

3. CuNPs synthesized using CuSO4 exhibited antibacterial activity against 

Staphylococcus aureus. 
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