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Abstract:  In the present study we have synthesized Ag/Cu bimetallic nanoparticle with average size 

of 18 -26 nm, which is  confirmed by UV-Vis spectroscopy, Powder-XRD, SEM-EDX and HR-TEM.  The 

plant, Artemisia roxburghiana root extract was used for the reduction purpose of metal ion formed 

during dissolution. The synthesized nanoparticles was screened for anti-oxidant and anti-microbial 

activities against many common pathogens. 
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Introduction  

The alloy or core shell structure of bimetallic nanoparticles offers a great area of technological and 

scientific interest owing to its excellent application in the field of magnetic[1], optic[2], electronic[3] and 

heterogenous catalysis[4]. The properties of bimetallic nanoparticles are somewhere more advanced and 

diverse in comparison to their monometallic counterparts[5]. Several bimetallic nanoparticles have find 

its application as drug delivery agents[6] and biosensor[7]. The medicinal properties of silver can be 

tailored during the synthesis of mono or bimetallic properties and the engineered bimetallic 

nanoparticles can give desired specific application. In this way the synthesis of bimetallic nanoparticles 

by green route has broaden the horizon of Nano-chemistry. The Ag-Cu bimetallic nanoparticles[8] along 

with other bimetallic nanoparticles such Ag-Au[9] has been synthesized by using plants or its parts. The 

antioxidant[10] and antimicrobial activity[11] of reported bimetallic nanoparticles has shown to have 

enhanced activity. The bimetallic nanoparticles can be made by one of the several available methods 

such as seed mediated growth, laser ablation and chemical reduction. Despite the fact that the methods 

frequently used for the synthesis of bimetallic nanoparticles are associated with use of hazardous 

chemical and solvent and once the chemical waste generated come in contact with vital part of our 

environment, it effects are adverse. The use of chemicals for the synthesis of bimetallic nanoparticles 

is the not only environmental concern, the use of auxiliary stabilisers with high cost instruments which 

essential to provide required conditions for the synthesis, are also a matter of concern. The advantage 

of green chemistry[12] methods over conventional methods is not only its cost effectiveness but also its 

environmental compatibility which make it a better method for the synthesis of not only bimetallic 

nanoparticles but also any kind of nanomaterials. The synthesis of bimetallic nanoparticles by green 

chemistry route has been reported earlier in some details however the number of papers available on 

bimetallic nanoparticles are limited in numbers. 

In this research paper we have synthesized Ag-Cu bimetallic nanoparticles for the first time by using 

Artemisia roxburghiana leaf extract as reducing and stabilising materials. The synthesized 

nanoparticles were characterised by FT-IR, Powder XRD, HR-SEM and HR-TEM which confirms the 

average size of bimetallic nanoparticles are in range of 18-26 nm. After the characterisation the 

http://www.jetir.org/


© 2019 JETIR April 2019, Volume 6, Issue 4                                                         www.jetir.org  (ISSN-2349-5162) 

 

JETIR1904F98 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 628 
 

bimetallic nanoparticles were screened against many common pathogens. The antioxidant activity of 

synthesized bimetallic nanoparticles were performed by DPPH method.   

Materials and methods 

Preparation of plant extract 

5 grams of washed and dried roots of Artemisia roxburghiana  was dipped into 100 ml of distilled 

water in a round bottom flask which was boiled for 30 min. at 80 0C . Then  the mixture was allowed 

to cool at room temperature, filtered two times  with Wattaman filter paper no. 4. The filtrate was 

placed in refrigerator for further experimentation. 

Salt solution 

4 mM solution of AgNO3  (Silver nitrate) and CuSO4 (Copper sulphate)  was prepared by dissolving 

calculated amount of AgNO3 and CuSO4 in 100 ml of distilled water separately. The solutions of silver 

nitrate and that of copper sulphate were kept for 1 hr to obtain true homogenous solution.  

All chemicals used for preparation of solution of AgNO3 and CuSO4 was purchased from Sigma 

Aldrich with maximum assay 99.999 %. 

Synthesis of nanoparticle[13-16] 

The synthesis of nanoparticles was done by using concept of green chemistry. Water was used as 

solvent in the synthesis. Plant extract was mixed with AgNO3 solution at 100 0C for 30 min at magnetic 

stirrer. CuSO4 solution was mixed with slight elevation in temperature upto 800C. The  formation of 

nanoparticles was confirmed by colour changes and finally by recording UV-Visible spectra of the 

sample. On the addition of silver nitrate solution to the plant extract  the colour of resulting solution 

was light green and further when copper sulphate solution was added to the silver colloid of silver the 

colour of the solution become pale yellow.  

Characterisation 

The characterisation of synthesized bimetallic nanoparticles was done by the instrumental techniques 

such UV-Vis spectroscopy, FT-IR, HR-SEM and HR-TEM. UV-Vis spectroscopy was used during the 

synthesis for the determination of formation of bimetallic nanoparticles. There are a range of 

biomolecules present in the various part of the plant Artemisia roxburghiana. As we have mentioned 

earlier that leaf of plant has been use for the reduction which contain many biologically active 

molecules. The functional group present in these biologically active molecules was studied with the 

help of FT-IR which in turn compared with FT-IR data of synthesized bimetallic nanoparticles. The 

crystallographic properties of nanoparticles was done examining powder XRD data.  The surface and 

shape of nanoparticles were determined by HR-TEM and HR-TEM.   

UV-Visible Spectroscopy :The UV spectrophotometer was used to monitor the synthesis of 

nanoparticles as it gives us information about the path of synthesis. When plant extract was mixed with 

silver salt solution then the reduction of Ag+ ion get reduced due presence of active molecules present 

in the plant extract which gives light green colour to the solution with absorption in UV-Vis 

spectroscopy near 435 nm but when copper salt solution was mixed the spectrum become different due 

formation of composite structure which incorporates Cu+ as second centre in the nanostructures. The 

UV-Visible spectrum was recorded at 0 min, 30 min ,1 hour and 1.5 hour which illustrate the 

corresponding changes occur during synthesis. The UV-Visible spectral analysis also confirms the 

formation of bimetallic nanoparticles by giving different absorption at 435 nm when silver nitrate was 

added to the plant material and it become changed when copper acetate was added to it.  

IR-Spectroscopy 

IR spectroscopy was done   using   plant material as well as synthesised nanoparticles which reveals 

that about 90% of the functional   groups present in the plant material has been transferred to 

nanoparticles. Many functional groups such carbonyl group, hydroxyl group, amino group and multiple 

bonds are present in the nanoparticles. 

In   synthesised NPs. a small peak appeared at 1710  cm-1which confirm the presence of carbonyl group 

in the NPs while it is very strongly present in the plant material. A band at 1635 cm-1 in  FT-IR spectrum 
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was due to carbon carbon double bond. The absorption peak at 3500 cm-1 was assigned  for the hydroxyl 

group. 

XRD Spectroscopy  

The XRD   of synthesised nanoparticle was done by using PANalytical XPERT-PRO D3663 

diffractometer. The average crystallite size of synthesized nanoparticles was varying from 16.0 nm to 

36.5 nm with cubic structure. The peak position with 2ϴ values are 38.320
, 44.470, 64.640, 77.560 and 

81.610
  are indexed as (111), (200), (220), (311) and (222) planes, which is found to be in good 

agreement with those of silver copper composite data obtained from International Center Diffraction 

Data Card with reference code 01-077-6540.  

The formation of bimetallic nanoparticles was also confirmed by the comparison with the reported 

work on the bimetallic nanoparticles[13-15]. The similar lattice constant of Ag and Cu confirms that no 

mismatch observed for Ag/Cu bimetallic nanoparticles further it also resemble with monometallic 

counterparts 

 

 

  

                            graph 1                                                                               graph 2 

  

                                graph 3                                                                            graph 4 

The graphs (1) is UV-Vis monitoring of green synthesis of composit material at time intervals at 30 

min, 1 hour and 1.5 hours. Graph (2) is for the is IR spectrum of plant material in the powder form. 

Graph (3) is IR spectra of synthesized nanoparticles for the comparative study. Graph (4) is XRD 

pattern for the value of 2theta. 
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S.No. h k l PP(2ϴ) Crystallite 

size  

1 1 1 1 38.32 24.2 nm 

2 2 0 0 44.47 21.1 nm 

3 2 2 0 64.64 33.0 nm 

4 3 1 1 77.56 36.5 nm 

5 2 2 2 81.61 16.6 nm 
Table.1  X-Ray Diffraction pattern Ag/Cu composite.                                     Elemental composition of NPs 

SEM of Sample :The scanning electron micrography was done by using Carl Zeiss MA15EVO18 

model of SEM instrument which gives the surface morphology and EDX data of the synthesised 

composite nanoparticles. The SEM data revealed that the synthesised nanoparticles has lower volume 

maximum surface area with good surface morphology. The Energy Dispersive X-Ray analysis (EDX) 

revealed that the percentage composition of Elements present in the synthesised NPs. The EDX 

analysis shows an intense signal at 5 KeV thus indicating the presence of elemental silver and copper 

with weak signals of oxygen, chlorine and sulphur. 

              

                          image (1)                                                                                       image (2) 

Image (1) SEM image of sample at 67.82 KX magnification and image (2) is the SEM image of same sample at 35.50 KX 

magnification 

The silver present 28.2% while Cu present in 2.76% by weight which indicate that the composite 

material of Ag and Cu has been formed. 

              

                    image (3)                                                                                   image (4)                                                                                               

HR-TEM images of synthesized nanoparticles (1) image at 100 nm magnification image (4) at 50 nm magnification 

Quantitative results
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TEM Analysis The Transmission Electron Microscopic (TEM) analysis has performed Tecnai, u-Twin 

50-300 KV instrument has shown That the particle size vary from 8 nm to 26 nm with spherical shape.  

Antimicrobial activity of synthesised bimetallic NPs.[17-18] 

The MIC based antibacterial activity of aqueous Ag/Cu bimetallic nanoparticles against E. coli, S. 

aureus, B. cereus and P. aeruginosa has been provided in the table 2. The bimetallic nanoparticles has 

shown interesting activity against both gram positive and gram negative bacteria in relatively low 

concentration. It can be concluded that the aqueous solution releases silver and copper ion due to its 

formation of stable dispersion at molecular level. The diffusion of silver and copper ions was slow 

which is one of the important factor in the antibacterial activity of the bimetallic nanoparticles. 

Therefore it can be deduced that the prolonged action of the materials can be obtained due its slow 

release of ions in stabilised medium. The mechanism by which bimetallic nanoparticles inhibit the 

growth of E. coli[19], S. aureus, B. cereus and P. aeruginosa[20,21] has been reported earlier. The 

synthesized bimetallic nanoparticles ensure the continuous release of silver and copper along with 

certain biologically active metabolites that may attaches itself with the negatively charged cell wall of 

bacteria that get ruptured due to these oppositely charged ions.   

  Petriplates containing 20ml Muller Hinton medium (for bacterial species) and 20ml Sabouraud 

Dextrose agar (for fungal isolates) were seeded with 24hr culture of bacterial and fungal strains 

respectively. Wells were cut and 20 µl of the sample diluted in distilled water for different 

concentrations were added. The plates were then incubated at 37°C for 24 hours. The antibiotic activity 

was assayed by measuring the diameter of the inhibition zone formed around the well. Oxytetracyclin 

(800ppm) disc was used as a positive control for bacterial strains while Fluconazole (1000ppm) was 

used as positive control for fungal strains. 

                 

                    
         Image (5)                       Image (6)                        Image (7)                       Image (8) 

The image (5) is the for the antimicrobial activity against E.coli image (6) for the activity against S. aureus, image (7) activity 

against B.serius and image (8) for the activity against P. aeruginosa 

 

                            Zone of Inhibition (cm) 
Name of Pathogen                                      

Nanoparticles 

Oxytetracyclin (800ppm) 

25 

mg/ml 
50 

mg/ml 
100 

mg/ml 
+ve Control 

E. coli 1.0 1.2 1.4 4.0 
S. aureus 0.9 1.1 1.3 3.4 
B. cereus Nil 0.8 1.2 3.0 

P. aeruginosa 1.1 1.4 1.7 2.3 

   Table 2 represents zone of inhibition in cm at various concentration of nanoparticles against positive 

control which is Oxytetracyclin (800ppm concentration). 

Antioxidant oxidant activity[19-21] The antioxidant activity of the synthesized nanomaterials was 

performed through DPPH (2,2-diphenyl-1-picrylhydrazyl, λmax=517 nm) methods. DPPH method is 

widely used to determine the free radical scavanging activity of natural compound or nanomaterials. 

This method is based on the detrmination of the scavanging ability of antioxidant materials towards 

stable radicals. The antioxidant activity through  DPPH method which furnish a  IC50 value 48 in 

comparison to the standard  Ascorbic acid. It was found that the synthesised composite material is 

capable for the reduction of free radicals in value nearby Ascorbic acid.  
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Table 3.Antioxidant Activity of Sample in Ethanol         Graph 5. DPPH Free Radical Scavenging Activity of Sample 

 

Conclusion. It can be concluded that the synthesised nanoparticles has good biological and antioxidant 

activity due to presence of Ag and Cu on association with plant’s active metabolites the activity has 

been enhanced. Further due to larger surface area and lower volume of the synthesised nanoparticles 

has potential to be used in heterogenous catalysis for many specific reactions.  
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