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Abstract
Bimetallic nanocomposites have evolved into a significant smart material in the recent past. Owing 
to the growing interest, we herein report the biosynthesis of bimetallic silver doped copper (Cu-Ag) 
nanocomposites using green methods by utilizing aqueous extract of Carica papaya leaves. The optical 
property and the surface morphology of the nanoparticles were determined by using various analytical 
techniques like Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), 
Energy Dispersive X-ray Analysis (EDAX) and Transmission Electron Microscopy (TEM). The redox 
behaviour of the bimetallic nanocomposites was studied using Cyclic Voltammetry (CV) with platinum 
electrode in 0.1M KCl solution at different scan rates and concentrations. The FTIR revealed the presence 
of active components of the leaf extract which played the roles of surfactants, stabilizing, capping, 
and reducing agents. Similarly, SEM with EDAX exhibited the presence of spherically agglomerated 
Cu-Ag nanocomposites and TEM images revealed a particle size of 20 nm. The gradual increase in 
peak current was observed in CV with increase in the scan rates and concentrations apparently. The 
bimetallic nanocomposites showed potential anti-bacterial, anti-cancerous activity and the reports 
are provided in detail.
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iNtRODUCtiON
 The field of nanotechnology has emerged 
into great area of interest within the present 
scenario of research in material science. The 
synthesis of mono and bimetallic nanocomposites 
is important as they provide many pathways and 
applications such as biomedical drug delivery1,2 
water treatment3 agriculture4 sensors5 and 
textiles.6 The efficacy in terms of number of 
particles that can be prepared and the high 
surface area to volume ratio are the significant 
reasons for nanoparticles to be effective in small 
amounts.7 The literature revealed the use of 
Physio-Chemical for the synthesis of mono and 
bimetallic nanocomposites. The preparation 
of Ag nanoparticles is generally done by the 
chemical reduction of silver salt solution in water 
or an organic solvent to produce an organic 
suspension and for synthesizing Cu nanoparticles, 
the most common approach is by creating  
microemulsions.8 It is also worthy to note that 
the microemulsion method is expensive since it 
requires a large amount of surfactant and organic 
solvents9,10 and other physical methods using 
laser ablation,11 radiolysis or aerosol techniques,12 
although remarkably effective, requires costly 
instruments and large amount of energy.13 
The chemicals employed are both toxic and 
cause environmental pollution. Therefore, more 
emphasis is shown on techniques and studies 
that use chemical free green approach for the 
synthesis of nanocomposites. A much-defined 
structure, morphology, size of nanoparticles is 
obtained through green methodologies than 
through physical and chemical methods.14 Green 
synthesis and stabilization of metal nanoparticles 
are found to be more efficient for the synthesis of 
nanocomposites.15,16 The main aim of this study 
is to reduce the usage of toxic chemicals for the 
synthesis by utilizing the plant extract as reducing 
and stabilizing agent. Metal ions are reduced 
to nanoparticles by plant extract which acts as 
reducing agent in a single step.17

 Bimetallic nanocomposites are a result 
of alloying of two metals. Besides their individual 
properties, the two combined metals show more 
efficacious nature due to their synergistic effect, 
thus proving to be more advantageous over the 
individual monometallic nanoparticles. A review 
on literature reveals many methods of synthesis 

of bimetallic nanoparticles but a few using plant 
extracts. Therefore, plant extracts which contains 
alkaloids, flavonoids, terpenoids and polyphenols 
reduce the metal and stabilize the synthesized 
nanocomposites.18-20 There are reports on efficient 
biobased green methods to synthesise palladium 
and iron nanoparticles using Terminalia chebula 
aqueous extract.21 The aqueous leaf extract 
contains polyphenols and the hydroxyl groups in 
polyphenols act as reducer and stabilizer in the 
synthesis of Cu-Ag bimetallic nanocomposites.22 
Among all the nanoparticles, silver and copper are 
very important due to their physical, chemical, and 
biological properties and their applications in wide 
areas. This Ag-Cu bimetallic nanocomposites has 
significant catalytic property and can be a potent 
biosensor. Their high conductivity is another 
attractive feature that increase their usability. 
Their anticancer and antibacterial behaviour is of 
great medical scope as well.
 Carica papaya which belongs to the family 
Caricaceae is well known for its various nutritional 
and health benefits. The fruit and leaf extract exhibit 
antioxidant and antimicrobial properties. Their 
extracts are used to treat diabetes, indigestion and 
even for curing open wounds. The fruit is proven 
to have effective anticancer property too. Some 
biomolecules present in Carica papaya are caffeic 
acid, chlorogenic acid, kaempferol, quercitin, 
carpaine, choline, etc. These biomolecules (Fig. 
1) are responsible for their reducing, capping and 
stabilizing properties, making it possible for the 
formation of nanocomposites. Schemes 1 and 2 
show the mechanism of the reduction of copper 
and silver ions to their nanocomposites with the 
help of terpenoids and alkaloids respectively. In this 
study, we have synthesised Cu-Ag nanocomposites 
through simultaneous reduction of Ag and Cu 
ions using Carica papaya aqueous leaf extract 
and evaluated their redox, antibacterial and 
anticancerous efficacy.

MATERIALS AND METHODS
Materials
 The chemicals for the synthesis were 
chosen to be of Analytical grade (AR) and were 
used as such without any purification. Double 
distilled water was used for preparing the plant 
extract. The leaves of Carica papaya were collected 
from Chennai, India.
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Preparation
 Fresh Carica papaya leaves were collected 
from the city of Chennai, Tamilnadu, India. It was 
cleaned with distilled water to remove impurities 
which can potentially hamper the process and 
then it was dried completely without any moisture. 
The dried leaves were finely powdered using 
mechanical grinder and then stored. 5g of plant 
leaves with 100 mL of double distilled water is 
taken in a 500 mL beaker and warmed at 70°C 
for about 1h and then it was cooled to room 
temperature. This solution was filtered to get clear 
aqueous extract and was refrigerated for further 
use.
Biosynthesis of Ag-Cu bimetallic nanocomposites
 In this green eco-friendly method, the 
stock solution (1mM) was prepared using silver 
nitrate [AgNO3], Cupric nitrate [Cu(NO3)2] and 
aqueous extract of Carica papaya leaves. Standard 
solutions of AgNO3 and [Cu(NO3)2] were prepared 
and a known volume of the solution was added 
to 1% solution of the extract to prepare the 
requisite Cu-Ag nanocomposites. To achieve the 

standardisation, several trials were carried out at 
different concentrations of standard solutions and 
plant extract and the normalization was achieved 
by adding 10 mL of aqueous plant extract to 
10mL of each 1mM AgNO3 and 1mM [Cu (NO3)2] 
which was made to undergo constant stirring at 
room temperature (RT). The addition of plant 
extract was done slowly and carefully monitored 
to prevent the agglomeration of the particles 
and after complete addition of plant extract, the 
mixture is stirred for about 3h at 80°C at constant 
temperature and pH.
Electrochemical Measurements
 To evaluate the electrochemical activity 
of Cu-Ag bimetallic nanocomposites, Cyclic 
Voltameter (CHI 604E) was employed. The three-
electrode cell consists of Ag/AgCl in 1M KCl as 
reference electrode, Pt wire as counter electrode 
and platinum electrode as working electrode. The 
electrochemical analysis was carried out with 0.1M 
KCl as supporting electrolyte. The electrochemical 
response of Cu-Ag nanocomposites was plotted.

Fig. 1. Biomolecules found in leaves of Carica papaya.
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Scheme 1. Bioreduction of copper/silver ions to copper/silver nanocomposites by terpenoids.

Scheme 2. Bioreduction of copper/silver ions to copper/silver nanocomposites by alkaloids.

Antibacterial studies
Test bacterial Strain
 The synthesized nanocomposites were 
tested for antibacterial activity using Bacterial 
strain Staphylococcus aureus MTCC 96 and the 
selected strain was obtained from MTCC (IMTECH, 
Chandigarh, India).
In vitro antibacterial activity
 Well diffusion method23 was employed 
to determine the antibacterial activity. The 
sample plates were prepared by adding 25 mL 
of molten Mueller Hinton agar into a sterile Petri 
plate (Himedia, Mumbai, India). The plates were 
allowed to solidify, after 18h growth (OD adjusted 
to 0.6) 100 µl of test pathogenic bacteria cultures 
were transferred into the plate and the culture 
lawn was made by using sterile cotton swabs. 
The pathogenic bacteria could dry and settle and 
after five minutes a sterile cork borer was used 
to make 5 mm well on the agar. The test samples 
were dissolved in sterile water and loaded into 
wells with various concentrations such as 25µg/
well, 50µg/well, 75µg/well and 100µg/well. The 
azithromycin (30µg/well) added well served as 
positive control. The plates were incubated at 
37°C in an exceedingly bacteriological incubator 
for 24h.24 The antibacterial activity of the 
nanocomposites was determined by measuring 
the diameter of zone of inhibition around the 

sample well and using antibiotic zone inhibition 
as standard (Himedia, Mumbai, India). 
Anti-Cancerous studies
 The anticancerous activity of the 
bimetallic nanocomposites was evaluated by 
trypsinization procedure25 on HeLa cells Dulbecco’s 
Modified Eagle’s Medium (DMEM), which was 
obtained after removing the growth medium. 
The procedure involves the addition of 10% fetal 
calf serum (FCS) into the disaggregated cells of 
DMEM in 25 mL flask. Further, the passage of cells 
is suspended, and the cells are homogenized with 
the help of a pipette.24 well culture plate is filled 
with 1 mL of homogenized cell suspension with 
various concentration of test sample (0 to 200ug/
mL) and incubated at 37°C for 48hrs after which 
the cells were examined. Cytotoxicity assay was 
carried out using (3-(4, 5-dimethyl thiazol-2yl)-2, 
5- diphenyltetrazolium bromide (MTT). The 
experimental procedure involves reduction of 
MTT and is found to be one of the most frequently 
used methods for measuring cell proliferation and 
cytotoxicity. 

ResUlts AND DisCUssiON
FTIR spectroscopy
 Silver doped copper (Ag-Cu) bimetallic 
nanocomposites were synthesized through a 
green chemistry route with aqueous extract of 



  www.microbiologyjournal.org959Journal of Pure and Applied Microbiology

Jacob et al. | J Pure Appl Microbiol | 16(2):955-966 | June 2022 | https://doi.org/10.22207/JPAM.16.2.18

Carica papaya leaves by reduction of metal ions. 
The FTIR spectra indicated the O-H stretching of 
phenols and N-H stretching of amides, C-H bond 
of the aldehydic functional group, C=O group, C=C 
and C-C aromatic stretching, N-H, C-H and amino 
group which indicated the presence of phenols, 
polyphenols, amino acids and primary amines. The 
band 3588 cm-1 can be attributed to the overtone 
of the amide N-H band and the stretching vibration 
of the O-H group, is attributed to the OH groups 

in phenols, carbohydrates and/or proteins present 
in the sample as shown in the Fig. 2. The peaks 
at 2919 cm-1 and 2853 cm-1 are attributed to the 
C-H stretching and the band at 1631 cm-1 are due 
to the stretching vibration of carbonyl groups. 
The absorption band at 1342 cm-1 26 correspond 
to the C-N stretching vibration band of aliphatic 
amines. To summarise, the absorption bands 
observed at 3588 cm-1, 2919 cm-1, 1631 cm-1,1628 
cm-1 and 1342 cm-1, are correlated to the amine 

Fig. 2. FTIR spectra of Cu-Ag bimetallic nanocomposites from Carica leaf extract.

Fig. 3 a-b. SEM image and EDAX of the bimetallic nanocomposites of Cu-Ag formed using Carica papaya leaf extract.
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Fig. 4 a-d. TEM micrograph of the Cu-Ag nanocomposites which revealed that nanoparticles were predominantly 
spherical and monodispersed.

and phenolic groups present in the aqueous plant 
extract27 and are involved in the reduction and 
stabilization of the Cu-Ag nanocomposites during 
the bio mediated synthesis.28

electron microscopy analysis
 The SEM studies were carried out 
with an accelerating voltage of 30 KV at 60000x 
magnification, to determine the surface 
morphology of the particles. The diameters of 
the Cu-Ag bimetallic nanocomposites were found 
to be around 20 nm to 50 nm. EDAX is an analytical 
technique used for the elemental analysis of 
a sample which confirmed the presence of Ag 
and Cu nanoparticles as shown in Fig. 3(a-b). 
Presence of K and S might be originated from 
the Carica papaya leaves extract that are present 

on the surface of the nanocomposites due to 
adsorption.29 Therefore, the finding from EDAX is 
in accordance with TEM in which the biomolecules 
from the Carica papaya leaves was responsible as 
the stabilizing and reducing agents as shown in Fig. 
4 a-d. From EDAX graph which is also observed that 
the intensity of Cu nanoparticles is greater than 
Ag nanoparticles. The Cu-Ag nanocomposites are 
mostly spherical in shape.30,31 The concentric circles 
in SAED images indicated the polycrystalline nature 
of the synthesized bimetallic nanocomposites (Fig. 
4(c).
Cu-Ag nanocomposites electrochemical response
 The redox behaviour of the bimetallic 
nanocomposites is determined by using Cyclic 
Voltammetry.32,4 The bimetallic nanoparticle with 
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the colloidal media (Carica papaya leaf extract) 
of different concentrations (0.001M, 0.005M, 
0.008M, 0.01M and 0.02M) were studied using 
CV technique at various scan rates from 20 mV/s 
to 100 mV/s. It is assumed that the interaction 
of the bimetallic nano system with the colloidal 
surrounding can generate oxides33 which may 
contribute to the electrochemical response 
observed as shown in Fig. 5 a-b. The CV curve 
shows strong anodic and cathodic peaks34 and 
the anodic peak was attributed to the oxidation of 
Ag0 into Ag+ whereas cathodic peak indicates the 
reduction of the two components, Cu2+ into Cu+ and 
Ag+ into Ag0 respectively. Since the electrochemical 
reaction is a multi-electron and multi-step in 
nature it is observed that the bimetallic system 
had undergone quasi-reversible electron transfer 
process as shown by the CV curves in Fig. 5 c-d.

Antibacterial Activity
 The synthesized Cu-Ag bimetall ic 
nanocomposites were tested for its antibacterial 
act iv i ty  against  gram posit ive bacter ia 
Staphlyococcus aureus [Fig. 6 a], Bacillus subtilis 
[Fig. 6 b] and gram negative bacteria Escherichia 
coli [Fig. 6 c], Pseudomonas aeruginosa [Fig. 6 d]. 
The zone of inhibition (ZOI) test is a qualitative 
way of determining the antibacterial efficacy 
of the bimetallic nano composites and the 
study revealed that the ZOI was 24 mm for the 
concentration 100µg/well as shown in Table 1. 
There is tremendous increase in the antibacterial 
activity when Cu-Ag bimetallic nanocomposites 
were used. This can be widely used in antimicrobial 
coating in medical instruments and in textiles. 
Test samples were more active than the standard 
antibiotic which was clearly seen in Fig. 6.

Fig. 5 a-b. Randles sevcik plot for bimetallic nanoparticle of colloidal media with different concentration 0.001M, 
0.005M, 0.008M, 0.01M, 0.02M at scan rate of 60 mV/s.

Fig. 5 c-d. Randles sevcik plot for bimetallic nanoparticle of colloidal media with different scan rate 20 mV/s to 100 
mV/s at concentration of 0.008M.
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Fig. 6 a, b, c, d. are the antibacterial activity of synthesized Cu-Ag nanocomposites against Staphylococcus aureus(+), 
Bacillus subtilis(+), Escherichia coli(-) and Pseudomonous aeruginosa(-) respectively.

Anti-cancerous Activity
 The studies of the in-vitro cytotoxicity 
activity revealed that the HeLa cell lines (25) 
are prone to be cytotoxic when tested with Cu-
Ag bimetallic nanocomposites against standard 
doxorubicin. The tested sample concentrations are 
treated for about 48 hrs in which the cytotoxicity 
effect is observed in HeLa cell line35 and it is also 
indicative that there is an increase in cytotoxicity 

of HeLa cell lines with increased concentration 
of showed drug. The IC50 concentration against 
HeLa cell lines to the tested Cu-Ag bimetallic 
nanoparticles was found to be 48.19(µl/mL).The 
maximum percentage of HeLa cell lines viability 
was observed at a concentration of 3.1 µl/mL and 
this indicates that the bimetallic nanocomposites 
has a potential cytotoxic activity shown in Table2.

Table 1. Antibacterial activity of Cu-Ag bimetallic nanoparticles synthesized from Carica papaya leaf extract

Concen.  ZOI (mm) ZOI (mm) ZOI (mm) ZOI (mm)
(µg/well) Staphylococcus Baccillus Pseudomonous  Escherichia
 aureus Subtilis aeruginosa coli

25 17 10 7 8
50 19 12 8 10
75 21 15 9 12
100 24 17 10 14
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CONClUsiON
 The Cu-Ag bimetallic nanocomposites 
have been synthesized with Carica papaya 
aqueous leaf extract in an exceedingly pure eco-
friendly manner which contained the bioactive 
components that acted as reducing and stabilizing 
agents. The FTIR spectra showed the presence of 
bioactive components of the aqueous plant extract 
which had helped in reducing and stabilizing 
Cu-Ag bimetallic nanocomposite thus making 

the entire process greener and eco-friendly. 
The SEM/EDX analysis confirms the presence 
of metallic Cu and Silver with a visualization to 
surface morphology and substantiated with TEM 
images. The TEM revealed the average particle 
size of the bimetallic nanocomposite to be 20 nm 
which was in accordance with SEM /EDAX studies. 
The CV studies showed the redox behaviour of 
the bimetallic nanocomposites and therefore the 
peak current gradually increases with increase 
in scan rates and concentrations. Linear plots of 
Peak Current (ip ) vs. ν1/2 (Scan rate ) provide 
evidence for a chemically reversible redox 
process and also the presence of Ag0/Cu0 couple. 
Antibacterial activity confirms that Cu-Ag bimetallic 
nanocomposites are of high antibacterial efficacy 
and hence it can be employed in the potential 
treatment against bacteria. The investigation on 
the synthesized bimetallic nanocomposites on 
cancer cells may provide a pathway for further 
research in treatment of cancer using bimetallic 
nanocomposites in future. Table 3 gives the review 
of Ag-Cu nanoparticles in literature.

Fig. 7.  Anticancerous activity of Cu-Ag bimetallic nanoparticles against HeLa cell lines.

Table 2. In vitro cytotoxic effect of Cu-Ag bimetallic 
nanocomposites Vs HeLa cell lines

Sample concen.  HeLa Cell 
(µl/mL)  viability(%)

0 100
1.5 94.02
3.1 76.61
6.2 74.49
12.2 61.62
25.0 51.32
50.0 41.03
100.0 18.77
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