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Abstract 

As such, green synthesis is regarded as an important tool to reduce the destructive effects associated with the 

traditional methods of synthesis for nanoparticles commonly utilized in laboratory and industry. They are 

environmentally friendly because the toxic chemicals produced during the biosynthesis of the nanoparticles can 

be degraded with the help of enzymes present in the microbes. In this work, we summarized the fundamental 

processes and mechanisms of green synthesis approaches, especially for bimetallic of Cu and Ag nanoparticles 

using natural extracts. The synthesized Cu-Ag nanoparticles were characterized by XRD, FT-IR, PSA, FL, and 

TGA. The antibacterial activity was tested on B. subtilis, E. coli, Staphylococcus, Enterobacter and 

Pseudomonas. The stability of nanoparticles and the associated surface engineering techniques for achieving 

biocompatibility are also discussed. Finally, we covered applications of such synthesized products to 

environmental remediation in terms of antimicrobial activity. 
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Introduction 

In materials science, “green” synthesis has gained 

extensive attention as a reliable, sustainable, and eco-

friendly protocol for synthesizing a wide range of 

materials/nanomaterials including metal/metal 

oxides nanomaterials, hybrid materials, and 

bioinspired materials. Nanostructured metallic 

materials have been of great interest because the 

control of their size, distribution, structure, 

morphology and medium composition, allows 

absorbing and dispersing the energy of the medium in 

a different way compared to that in microscopic 

materials, changing drastically physical, chemical, 

mechanical, magnetic, biological, optical, electrical, 

physicochemical and catalytic properties (Liz-

Marzan, 2004). In recent years, bimetallic NPs have 

been developed and used for various applications in 

the fields of chemistry, material science, 

biotechnology, and environmental protection. 

Bimetallic NPs containing copper (Cu) and silver (Ag) 

with a high fraction of surface atoms and high specific 

surface area have been widely studied (Ikram et al., 

2020). Therefore, many studies are required to 

develop simple shape-controlled synthesis methods of 

Ag/Cu bimetallic nanoparticles (Ag/Cu NPs) (Li et al., 

2015; Liu et al., 2014). Silver nanoparticles synthesis 

using the plant. Leaf extract mediated silver 

nanoparticles synthesis of Capparis spinosa L. was 

evaluated for biological activity (Cioffi et al., 2005). 

The antimicrobial properties of silver NPs are well-

established with several mechanisms for their 

bactericidal effects being proposed (Chaloupka et al., 

2010; Xiu et al., 2012; Pal et al., 2009; Sondi and 

Salopek-Sondi, 2004), copper NPs have also been 

shown to act promisingly as bactericidal agents, 

although only a few studies on their antibacterial 

properties have been reported (Jeon et al., 2003). 

Many researchers examine that Cu NPs being less 

expensive as compared to Ag NPs and display 

improved antibacterial and antimicrobial activities 

(Dang et al., 2011; Liu et al., 2015; Sun and Xia, 

2002). Beside this, the synthesis of Cu NPs is more 

challenging than that of Ag nanoparticles, because Cu 

NPs get oxidized very quickly during synthesis and 

lead to the formation of secondary compounds such 

as CuO, Cu2O and Cu (OH)2 than that of mono atomic 

Cu metal (Tan et al., 2013; Tan et al., 2010; (Ma et 

al., 2016). In this paper we report preparation of Cu-

Ag bimetallic nanoparticles in environmentally 

benign stabilizing agent via a green route and the 

antibacterial activity of both the as such stabilized 

metal solutions. The antimicrobial properties of Cu-

Ag bimetallic nanoparticles are well-established and 

several mechanisms for their bactericidal effects have 

been proposed. Although only a few studies have 

reported the antibacterial properties of Cu-Ag 

bimetallic nanoparticles, they show Cu-Ag bimetallic 

nanoparticles have a significant promise as 

bactericidal agent. 

 

Materials and methods 

Chemicals and Plant Material Collection 

All the reagents purchased were of analytical grade 

and used without any further purification. Silver 

nitrate (AgNO3) and Copper nitrate (CuNO3) was 

purchased from Sigma-Aldrich with ≥ 99.5% purity. 

Fresh leaves of Tabernaemontana divaricata was 

collected from the local area land, Idaikal, India.  

Distilled water was used for preparing aqueous 

solutions all over the experiments.   

 

Preparation of Leaf Extract 

Fresh leaves of Tabernaemontana divaricata were 

collected and washed with tap water at first, and then 

the surface was washed under running water with 

distilled water until no impurities remained. Then, 

the fresh leaves were cut and weighed about 10g and 

dissolved in 100mL of distilled water. The mixture 

was heated for 20 minutes at 60°C while stirring 

occasionally and then allowed to cool at room 

temperature (Marslin et al., 2018). The mixture was 

filtered using the Whatman no:1 filter paper.  The 

extract was stored in the refrigerator for further use to 

synthesize Ag nanoparticles from the AgNO3 

precursor solution.   

 

Green Synthesis of Cu-Ag Bimetallic Nanoparticles  

AgNO3 powder was dissolved in distilled water to 

prepare a 200mL stock solution in a flask and 

maintained in magnetic stirrer for 20 minutes. CuNO3 
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powder was dissolved in distilled water to prepare a 

200mL stock solution in a flask and maintained in 

magnetic stirrer for 20 minutes. Both the metal salt 

solutions were mixed and heated for 10 min at 95°C. 

40mL of the plant extract was added to the salt 

solution. The mixture was maintained at room 

temperature for 24 h followed by centrifugation, and 

dried at Hot air over at 60°C for 24 h.  

 

 

Fig. 1. Synthesis of Cu-Ag NPs. 

 

Antibacterial activity of bimetallic NPs 

Agar Well Diffusion Assay 

The antibacterial property of the Cu-Ag NPs was 

determined by using the bacterial species including 

the pathogenic bacteria such as Gram-positive 

Staphylococcus aureus and Bacillus subtilus, and 

Gram-negative Escherichia coli, Enterobacter, and 

Pseudomonas fluorescens by the well diffusion 

method. The different concentrations used were at 

25µl, 50µl, 75µl and 100µl for the identification of 

antimicrobial activity of the above bacterial species. 

All the plates were incubated at 37°C for 24 hours, 

and the zone of inhibition of bacteria was measured. 

 

Result & discussion 

UV Visible Spectroscopy Analysis 

The UV-vis spectra were measured to characterize 

optical properties of Ag-Cu NPs (Fig. 2). The 

absorption spectrum of Ag-Cu NPs gives a typical 

surface plasmon resonance (SPR) band of Ag from 

210 to 350nm with a peak at about 245nm. The 

synthesized silver and copper nanoparticles covered 

with biomolecules are well dispersed in solutions and 

fairly stable up to 3 months as indicated by retention 

of brown Colour of the solution. In case of copper 

nanoparticles, these results clearly indicate the 

formation of mixture of CuO and Cu2O nanoparticles 

as previously reported in literature [Yin et al., 2005, 

Rahman et al., 2009].  

 

Fig. 2. UV spectrum of Cu-Ag NPs. 

 

Fourier Transform Infrared Spectroscopy Analysis 

 

Fig. 3. FT-IR spectra of Cu-Ag NPs. 
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FTIR analysis has been done in the wave number 

range from 450/cm to 4000/cm. The sample was 

admixed with KBr, thoroughly mixed and pelletized 

by pressing under sufficient pressure before FTIR 

analysis. Cu-Ag NPs are analysed by FTIR 

spectrometer and are shown in Fig. 3. The peak for O-

H stretch, H-bonded alcohols, phenols was obtained 

at 3444cm-1 . The peaks at 3369 and 2924cm-1 are 

associated with N-H stretch1˚, 2˚ amines, amides and 

C-H stretch alkanes (Therese Marie and Drexel, 2016; 

Hikmah et al., 2016). The peak at 2025cm-1 is 

associated with Nitrile C=N Stretch. The peak at 

1713cm-1 indicated C=O (saturated aldehyde) 

Aldehydes & Ketones and that at 1620cm-1 was 

associated with C=C stretch (conjugated) alkenes. The 

peak for the carbonyl group was obtained at 1383cm-1. 

The peaks at 1270 and 1099cm-1 are associated with 

C─O carboxylic acids and C-N Amines. The peak for C-

Br stretch alkyl halides was obtained at 574cm-1. The 

peaks indicated the existence of many functional 

groups in the aqueous extract of Tabernaemontana 

divaricata liable for the formation of stable Cu-Ag NPs 

(Therese Marie and Drexel, 2016; Hikmah et al., 2016). 

 

Table 1. Peak table of Cu-Ag NPs. 

SN 
Peak        
(cm-1) 

Functional Group 

1 3444 
O-H stretch, H-bonded alcohols, 
phenols 

2 3369 N-H stretch1˚, 2˚ amines, amides 
3 2924 C-H stretch alkanes 
4 2025 Nitrile C=N Stretch 

5 1713 
C=O (saturated aldehyde) Aldehydes & 
Ketones 

6 1620 C=C stretch (conjugated) alkenes 
7 1383 C-F stretch alkyl halides 
8 1270 C─O carboxylic acids 
9 1099 C-N Amines 
10 781 C-H bend (mono) aromatics 
11 574 C-Br stretch alkyl halides 

 

X-ray diffraction analysis  

The phase and crystal structure of the synthesized 

nanoparticles are studied using XRD analysis. XRD 

patterns of Ag-Cu nanoparticles are shown in Fig. 4. 

The main characteristic diffraction peaks for silver are 

observed 27.6, 46.06, 54.65, 67.30 and 77.19 with 

correspond to crystallographic planes of (110), (111), 

(211), (222) and (311) respectively (Klabunde and 

Richards, 2001;). There are three main characteristic 

diffraction peaks for copper observed 32.0 and 74.29 

with correspond to crystallographic planes of (111) 

and (220). The results are similar to the results as 

reported by Jawhara et al., (2019) where all eight 

characteristic diffraction peaks of silver and copper 

appeared (Niu et al., 2018). 

 

 

Fig. 4. XRD pattern of Cu-Ag NPs. 

 

All the peaks are well indexed to face centered cubic 

(fcc) phase of crystalline Ag (JCPDS card no.4-783) 

and fcc phase of crystalline Cu (JCPDS card no. 4-

836). The peaks corresponding to bimetallic NPs fall 

in between the peaks of Ag and Cu indicating that the 

new phases formed are homogenous Ag-Cu alloy 

phases rather than completely separated phases of Ag 

and Cu. The difference in lattice parameter also 

indicates the formation of alloy NPs (Valodkar et al., 

2011; Sonal et al., 2019). The silver nanoparticles 

contain high atomic density facet as (111) in all 

samples that are known to be highly reactive (Hikmah 

et al.,2016). The average crystalline size of Cu-Ag 

bimetallic nanoparticle is 24nm. 

 
Scanning electron microscopy analysis 

The SEM images justify the structural and 

morphological behavior of the bimetallic 

nanoparticles. From SEM analysis (Fig. 5), it was 

observed that the three different morphologies of Cu-

Ag bimetallic samples are successfully obtained, 

including cube, rod and trapezium nanostructures 

(Tamayo et al., 2014; Li et al., 2015).  It is also 

analyzed that with the increase of Cu molar ratio, 

surface area becomes high because, with the 
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impregnation of nanoparticles, micropores get 

developed on biosynthesis. 

 

 

Fig. 5. SEM micrographs of Cu-Ag NPs. 

Further, EDS with elemental mapping was used to 

confirm the bimetallic structure and the distribution 

of Ag/Cu (Manisha Sharma et al., 2017). The mean 

grain size of bimetallic Ag-Cu NPs was found to be ~ 

100nm. Likewise, (Shankar et al. 2003; Deepika 

Sharma et al., 2020) have also reported the average 

crystallite size between the ranges of 80-120nm for 

Ag-Cu NPs. 

 

EDX analysis was carried out to understand the semi 

quantitative elemental composition of copper and 

silver particles. The peaks showed the presence of 

copper and silver (Fig. 6) particles (Liu et al., 2014). 

Total metal content was quite high to justify the 

purity of metallic nanoparticles. 

 

 

Fig. 6. EDS Spectrum of Cu-Ag NPs. 

 

Dynamic Light Scattering analysis 

 

Fig. 7. DLS image of Cu-Ag NPs. 

The synthesized Cu-Ag NPs were ultra sonicated and 

suspended in the ethanol solution. The sizes of the 

agglomerated colloids in the suspensions were 

estimated using particle size analyzer (PSA). From 

the analysis the particle size is found to be 60nm 

and is in good accordance with the crystallite size of 

Cu-Ag NPs i.e. twice that of the crystallite size 

(Chattopadhyay and Patel 2009). The particle size 

distribution and average particle Size of Cu-Ag NPs 

results are shown in Fig. 7. The formation of 

physical mixture in both samples however, can be 

ruled out since the bimetallic nanoparticles are 

different in a lot of aspects such as dispersion color, 

surface plasmon resonance (UV), shape or 

morphology (SEM), among others. 
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The distribution of each metal within a particle and 

their organization is known to vary depending on the 

synthetic approach used in the preparation of 

bimetallic nanoparticles (Rosbero et.al, 2016). In 

DLS, light from a coherent source is directed at a 

particle suspension where it is scattered (Filella et al., 

1997 and Schurtenberger et al., 1993). Due to the 

random Brownian motion of the particles, the 

scattering fluctuates with time due to the constantly 

changing distances of the scatterers. Hence the size of 

ionic liquid and plant extract mediated nanoparticles, 

determined by DLS, may appear smaller than plant 

mediated nanoparticle without ionic liquid when 

palladium is considered. Plant-mediated 

nanoparticles are in most studies fast aggregating. 

DLS in this work is recorded after four hours of 

ageing. DLS has previously been used to determine 

the size distribution profile of nanoparticles in 

suspension (Saxena et al., 2010 and Francois et al., 

2020). 

 

Thermogravimetric and Differential Thermal 

Analysis (TGDTA)  

 

Fig. 8. TGDTA image of Cu-Ag NPs. 

 

The TG analysis of Cu-Ag NPs synthesized by using 

Tabernaemontana divaricata is represented in Fig. 

8. The temperature range is 50⁰ C to 700⁰ C. The 

initial weight loss observed at 54⁰ C corresponds to 

that of loss of nitrates compounds. The peak observed 

after 230⁰ C corresponds to decomposition of 

covalently bond organic material, mainly nitrate 

which was converted into oxide at the time of 

synthesis. From DTA curves of Cu-Ag NPs the 

exothermic peak present in between 250⁰ C to 550 °C 

can be observed due to desorption and decomposition 

of nitrate compounds. In TG analysis, the initial 

weight loss observed is below the 54⁰ C, it shows that 

the loss of water which is evaporated on the surface of 

the sample. Beyond this temperature the peak 

increment is because of adsorption due to the 

decomposition of covalently bound organic material 

(Ruparelia et al., 2008; Tamayo et al., 2014).  The 

weight loss of the Cu-Ag NPs synthesized is calculated 

to be 20.5%. 

 

Fluorescence spectroscopy analysis 

 

Fig. 9. Fluorescence spectrum of Cu-Ag NPs. 

 

Fluorescence spectra of Cu-Ag NPs were recorded at 

room temperature by Fluorescence spectrophoto 

meter as shown in Fig. 9. Measurements were made 

over the wavelength range of 300-900nm. Intensities 

of maximum wavelength emissions were collected 

from the experiments as shown in Fig. 9 and the 

emission values were plotted as wavelength (nm) vs 

Intensity (A.U). As reported previously, the rotation 

speed of the rotating electrode has a significant effect 

on the particle size and degree of aggregation, and at 

higher rotational speed, the synthesis of smaller 

nanoparticles is favorable. We also observed that 

 

Enhancement in the rotation speed of the rotating 

electrode is accompanied by a decrease in the size of 

the prepared Ag NPs (Ma et al., 2004 and Paranga et 

al., 2012). Fig. 8 shows three characteristic peaks of 

Cu-Ag NPs. The lower emission peak was attributed 

at 417nm representing the Cu-Ag NPs formation and 

a higher emission peak was measured with an 

excitation wavelength of 646nm may attribute to the 

surface defects. 
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The fluorescence spectra were the most preferable 

technique for investigating energy levels. An increase 

in fluorescence intensity with increasing Cu-Ag NPs 

size was observed. 

 

Antibacterial Activity 

Antibacterial activity of incorporated Cu-Ag NPs was 

performed by agar well diffusion method against 

Staphylococcus aureus, Bacillus subtilis, 

Enterobactersp, Pseudomonas auroginosa, and E. 

coli (Fig. 10). Pathogenic bacteria are grown in 

nutrient broth and 24 h culture of these strains were 

swabbed uniformly onto the individual’s plates 

containing Muller hinton agar using sterile cotton 

swabs. About 5 wells were made and the purified Cu-

Ag NPs at different weight like 25µl, 50µl, 75µl and 

100µl were added into each well on all plates. The 

plates were incubated for 24 h at 37°C in an 

incubator. After incubation the different levels of zone 

formation around the well was measured. Also the 

zone of inhibition of Cu nanoparticles is somewhat 

larger than Ag nanoparticles. In case of bimetallic 

systems, the zone of inhibition increases with 

increasing Cu concentrations which again supports 

the efficiency of Cu nanoparticles. 

The results indicated that the metallic nanoparticles 

exhibited excellent antibacterial activity against 

bacteria even at concentrations as low as 0.3mg/L. 

Therefore, it could be concluded that silver and 

copper ions could be released through aqueous starch 

solutions owing to the stable dispersion at molecular 

level in the solution. The slow diffusion of metal ions 

from the stabilizing medium is responsible for the 

antibacterial activity. It may be reasonably presumed 

that such a composite of metallic nanoparticles with 

biopolymers will benefit prolonging the release time 

of Ag particles and preserving the sustained 

antibacterial behaviour. The results in Table 1 also 

indicate that the nanoparticles are more effective 

against E. coli than S. aureus. (Kim et al., 2007; 

Mayur Valodkar et al., 2011) reported greater biocidal 

efficiency of silver nanoparticles for E. coli, and 

attributed it to difference in cell wall structure 

between gram negative and gram positive 

microorganisms. Among the two metals, copper was 

observed to be more efficient than silver unlike 

reported (Ruparelia et al., 2008, Mayur Valodkar et 

al., 2011), who attributed lower activity of copper 

nanoparticles to the oxide layer present on the 

surface. 

 

 

Fig. 10. Zone of inhibition of Cu-Ag NPs against various bacterial strains.  
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Table 2. Zone of inhibition of Cu-Ag bimetallic NPs 

against selected bacterial Strains. 

Concen

tration 

Zone of Inhibition (mm in diameter) 

Bacill

us sp 

E. 

coli 

Enteroba

cter sp 

Staphylococ

uus aureus 

Pseudomo

nas sp 

25µl 1.2 1.2 1.6 1.5 1.1 

50µl 1.2 1.4 1.7 1.7 1.2 

75µl 1.4 1.7 2.0 1.9 1.4 

100µl 1.6 1.9 2.1 2.0 1.6 

 

Conclusion 

This work highlights the green synthesis of bimetallic 

Cu-Ag NPs using Tabernaemontana divaricata leaf 

extract. The novelty of this work was the usage of 

Tabernaemontana divaricata leaves extract as 

capping reagent to reduce the average bimetallic 

particle size to 60nm. Various structural and 

morphological characterizations of the as-prepared 

nanoparticles through particle size analyzer, SEM, 

EDX, and XRD showed the complete synthesis of 

copper-silver nanoparticles with a very low amount of 

their respective oxides.  

 

Application studies for the as-prepared bimetallic 

nanoparticles exhibited an excellent antibacterial 

ability to show that the zone of inhibition was almost 

similar for both gram-positive and gram-negative 

bacteria. Thus, a cost-effective, non-toxic, and green 

technique to produce high-quality copper-silver 

bimetallic nanoparticle system is reported. A detailed 

study on the industrial and commercial application of 

the prepared bimetallic nanoparticles can be carried 

out as future scope of the present work. 
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