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Abstract: An effortless method was reported for synthesis of Cu-Zn bimetallic 

nanoparticles by using leaf extract of Areva lanata as a reducing and capping agent. 

Characterization of the prepared nanoparticles was done by UV-Visible spectroscopy, 

FT-IR, SEM, EDX and TEM. These synthesized Cu-Zn bimetallic nanoparticles were 

used as photocatalyst for 82.6% degradation of Malachite Green dye by sunlight 

irradiation under optimum conditions and also used to study the antimicrobial activity 

against bacteria Staphylococus aureus, Streptococcus pyogenes, Micrococcus luteus, 

Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia by well diffusion 

method. 

Key words: Bimetallic nanoparticles (BMNPs), Areva lanata, Malachite green (MG), 

Photodegradation, Antimicrobial activity.  

INTRODUCTION 

Nanotechnology is the wing of science which deals with very small structures of 0.1 to 100 nm in 

size1. In recent year’s nanotechnologies and nanomaterial attract tremendous attention because of its 

huge applications2. Synthesis of nanoparticles can be achieved by bottom-up process which comprises 
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building up of the atoms or molecules. Top-down process includes making tinier and tinier structure 

by etching from the bulk material3.Nanoparticles have physical properties like specific area, shape, 

aggregation and size, state of size distribution, surface morphology and structure containing 

crystallinity, solubility and defect structure. Nanoparticles have Chemical properties the elemental 

distribution of nanomaterials and its surface chemistry like photocatalytic properties and zeta potential 
4,5. Physical and chemical properties exhibited by nanoparticles are unique when compared to the bulk 

material.ls6. Nanoparticles used in various fields like medicine, manufacturing material, 

environmental, electronic and energy7. 

Various metallic nanoparticles such as silver, zinc, magnesium, gold, alginate, silver and copper can 

be produced by chemical, physical and biological methods8.  Due to some toxic chemicals absorbed 

on the surface of metals more harmful effects have been associated with chemical synthesis methods. 

Biological methods are eco-friendly and best alternative towards chemical and physical methods for 

the synthesis of nanometals. Nanoparticles synthesized by using plants or plant extracts9, 10, 

microorganisms11,12, fungus13 and enzymes14 are developed as ecofriendly and important branch of 

nanotechnology. Bimetallic nanoparticles consists of two different metals have more concern when 

compared to monometallic nanpoparticles from both technological and scientific point of view15, 16. 

Now a day’s biosynthesized bimetallic nanoparticles are used in imaging, labeling, luminescence 

tagging, drug delivery and biomedical field because of their rapport in invivo are screening17. 

Biosynthesized bimetallic nanoparticles also have great catalytic activities18. 

Environmental pollution is one of the major and most urgent problems of the modem world. Textile 

industry releases coloured water during fabrics dyeing process and industries such as dyestuff, 

distilleries, tanneries and paper mills are also releases highly coloured waste water into environment 

which causes pollution19.Malachite Green (MG) is a cationic green crystalline dye belongs to 

triphenylmehane group and water soluble20. MG is largely used wood, leather, jute, silk and cotton 

industries for dyeing. When MG enters into water bodies and food chain because of its carcinogenic 

and mutagenic nature MG can cause toxic effects on living organisms21. For elimination of dyes 

photocatalytic process is more advantageous and can degrade many organic chemicals when 

compared to other degradation processes of dyes. 

Traditional methods like herbal extracts used to the synthesis nanometal particles have shown 

extensive consent in medicine. These synthesized nanometal particles have great bactericidal activity 

than bulk metals because of its adsorption at bacterial surface22.Metals like copper, silver, gold, nickel 

etc., nanometal are hypothesized to be able to participate in sub-cellular reactions as their size is 

comparable to biological molecules23.Bimetallic nanoparticles composed of two different metals have 

drawn a greater interest than the monometallic nanopaticles due to the properties differ from pure 

elemental particles include unique size dependent, optical, electronic, thermal, catalytic and biological 

effects24.       

Herein, an effortless method for synthesis of Cu-Zn bimetallic nanoparticles (BMNPs) by using leaf 

extract of Areva lanata as a reducing and capping agent was reported and by using these BMNPs 

photodegradation of MG dye by solar light irradiation was also studied.  

EXPERIMENTAL 

1. Materials: Chemical reagents used (copper sulphate and zinc sulphate) in this study were of 

analytical grade. Deionised water was used to clean glassware, prepare chemical solutions and 

throughout experimental procedure. Fresh leaves of Areva lanata were collected from agricultural 

fields located at Neelavathi village in Vizianagaram district, Andhra Pradesh, India. 
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2. Preparation of plant leaf extract: 100g of fresh leaves were weighed and thoroughly 

cleaned with running tap water to eliminate debris on surface of leaves followed by deionised 

water to remove other contaminants from leaves and dried up under shade for 9 days. These 

leaves were sliced into tiny pieces and made powder by using home blender. The obtained 

powder placed in refrigerator at 4oc which was taken in air tight container. Now 200 mL 

deionised water was taken in 500 mL beaker to this 10g stored powder weighed and added. 

The contents in the beaker boiled for 30 minutes with occasional stirring with glass rod and 

then cooled to acquire room temperature. The cooled leaf broth was filtered 2 times with 

Whatman No.1 filter paper and reserved in refrigerator at 4oc. This was taken as leaf extract 

throughout the experiment.  

3. Synthesis of Cu-Zn bimetallic nanoparticles: Equimolar (25 mM) concentrations of copper 

sulphate and zinc sulphate solutions were prepared separately in 100 ml volumetric flask by 

dissolving 0.6242 gms, 0.4368 gms weight of CuSO4 and ZnSO4 respectively. Synthesis of 

Cu-Zn BMNPs was done by taking 50mL of copper sulphate solution in beaker to this 90ml 

of leaf extract was added drop wise through burette.  50mL of zinc sulphate solution was 

added to contents in the beaker by drop wise. During addition process beaker was placed on a 

magnetic stirrer for continues agitation. Now this mixture was heated up to 50oc for 40 

minutes. These synthesized BMNPs were accomplished by doing centrifugation at 6000 rpm 

for 15 minutes. The obtained BMNPs were washed by using deionised water 2 times to 

remove unwanted constituents. The resultant BMNPs particles used for characterization. 

4. Photodegradation experiment: Photocatalytic activity of Cu-Zn BMNPs was examined for 

degradation of malachite green dye. Initially, 50 ppm of malachite green stock solution prepared.  

Then Reaction mixtures were prepared by adding certain amount of Cu-Zn BMNPs to 100 mL of 

malachite green distinct concentrations. The pH of the reaction mixtures were altered by adding 

H2SO4 or NaOH solutions when required. Now this mixture was agitated for 30 minutes in dark 

condition to attain adsorption-desorption between malachite green and Cu-Zn BMNPs. Sun light used 

as irradiating source to reaction mixture for study degradation during 11am to 2 pm. At regular 10 

minutes time intervals aliquot of the reaction mixture is collected, centrifuged to remove the 

photocatalyst particles and analyzed for absorbance using UV-Visible Spectrophotometer (200 nm to 

800 nm). The effect of concentration of BMNPs on catalyst loaded and also based on concentration of 

dye was observed. Malachite green shows the highest absorption25 at 617nm. To determine the 

percentage of degradation of MG solution following equation {1} was used. 

 

% degradation = (
A0−At

A0
) × 100  …   {1} 

Where, A0 is the initial absorbance of the MG solution at 0 minutes and At is the absorbance of the 

degraded solution after time t minutes26. 

5.Characterization: Formation of Cu-Zn BMNPs was confirmed by UV-Visible absorption spectra 

are measured using UV-2450 SHIMADZU double beam spectrophotometer, FTIR using Bruker, 

SEM, EDX studies are done by using Hitachi S-3700N machine and the morphology of BMNPs was 

done by TEM analysis Jeol/JEM 2100 machine 
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RESULTS AND DISCUSSION 

1. UV-Visible spectral analysis: UV-Visible absorption spectra of Cu-Zn BMNPs is revealed in 

Figure.1.The characteristic surface plasmon resonance (SPR) band observed in Cu-Zn BMNPs which 

is not observed for mono Cu and Zn nanometals27-29. 

 

Figure.1: UV-Visible absorption spectra of Cu-Zn bimetallic nanoparticles 

 

2. FTIR spectral analysis: FTIR describes chemical bonds in molecules by generating an infrared 

absorption spectrum. FTIR measurements are used to identify different functional groups present in 

biomolecules responsible for the bioreduction of Cu+2, Zn+2precursors and capping/stabilization of 

copper zinc BMNPs. The intense, broad bands were observed and compared with standard values to 

analyze the functional groups in Areva lanata leaf extract and biosynthesized Cu-Zn BMNPs. FTIR 

spectrum of Areva lanata leaf extract and synthesized Cu-Zn BMNPs by using Areva lanata leaf 

extract were shown in Figure.2 (a) and Figure.2 (b). The comparison of the FTIR spectra of both 

Cu-Zn BMNPs and leaf extract of Areva lanata clearly indicates the existence of the plant extract 

phytomolecules on the surface30 the Cu-Zn BMNPs. 

 

 

Figure.2 (a): FTIR spectrum of Areva lanata leaf extract 



Phyto-biological …                                                                                                           Sravani Datla  et al.   

772 IJGHC, June 2019 –August 2019; Sec. A; Vol.8, No.3, 768-781.;    DOI: 10.24214/IJGHC/GC/8/3/76881.  
 

 

 

Figure.2 (b): FTIR spectrum of Cu-Zn bimetallic nanoparticles 

The spectrum of Areva lanata leaf extract shows major peak positions at 3329, 3290, 2860, 1640, 

1556, 1019, 825 and 690-570cm-1.A broad and intense band at 3329 and 3290cm-1 are due to O-H 

vibrations of phenols, alcohol and carboxylic acid group or N-H stretching vibration of amines present 

in the extract the other peaks at 2860, 1640, 1556, 1019, 825 and 690-570cm-1corresponds to 

vibrations of C-H of aldehyde, C=O stretching, N-H bending of amines, C-O stretching, C-Cl groups 

respectively. The spectrum of Cu-Zn BMNPs shows major peak positions at 3296, 2141, 1637, 1098 

and 746-582cm-1. The change in band between 690-570 cm-1 to 746-582 cm-1 shows presences of Cu-

Zn nanoparticles which are not observed in individual nanoparticles31,32.  

3. SEM and EDX analysis: Figure.3 shows scanning electron microscopic images of Cu-Zn BMNPs 

with various magnifications. From this, it can be clearly noticed that bimetallic nanoparticles prepared 

are in size of <100 nm in diameter From energy dispersive X-ray can analyze all the elements present 

in prepared BMNPs by Areva lanata leaf extract. Figure.4 and Table.1 shows EDX spectrum and 

elemental composition indicates the presences of Cu, Zn and O which confirms the formation of Cu-

Zn bimetallic nanoparticles. The standard electrode potential of Zn2+ is less than of Cu2+. Therefore 

Cu remains in the reduced form Cu0 while the Zn metal encapsulates copper in its Zinc oxide from. 

This is also supported by the EDX study. 
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Figure 3: SEM images of Cu-Zn bimetallic nanoparticles 

  

Figure.4: Cu-Zn bimetallic nanoparticles EDX spectra 

Table 1: Elemental analysis of Cu-Zn bimetallic nanoparticles 

Element Weight% Atomic% 

O K 74.95 92.28 

Cu L 19.92 6.17 

Zn L 5.13 1.55 

Total 100  
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4. TEM analysis: Figure.5 shows the transmission electron microscopy (TEM) images and selected 

area electron diffraction (SAED) pattern for synthesized Cu-Zn BMNPs from Areva lanata leaf 

extract. From these images, it was observed that Cu-Zn BMNPs were formed with spherical 

morphology and crystalline structure below 100 nm in size. This is in good agreement with SEM 

images. 

 

   

Figure 5: TEM and SAED images of Cu-Zn bimetallic nanoparticles 

5. Photodegradation of MG: To study the photocatalytic activity of the Cu-Zn BMNPs on malachite 

green visible region in UV-visible spectrophotometer was used. Absorption spectrum of 10 ppm 

malachite green was shown in Figure 6(a). Highest absorption peak at 617 nm was observed and 

taken as to monitor the photodegradation of malachite green dye. 

Effect of contact time: Photodegradation capacity of the Cu-Zn BMNPs on malachite green dye was 

studied by batch mode experiments. The efficiency of BMNPs on degradation of MG is increased by 

increasing contact time. The effect of contact time is carried out by taking 10 ppm of 100 ml MG and 

10 mg of BMNPs which is shown in Figure 6(b). An optimum contact time of 90 minutes is taken for 

MG dye degradation onto BMNPs. Initially, degradation of dye by using BMNPs is begun to be fast 

and then become constant with the increase of contact time33. This is due to strong attractive forces 

between the dye and the BMNPs and also all BMNPs sites were vacant at during initial period but 

after some time it steadily approached about consistent value when equilibrium was reached because 

of decrease in the number of vacant sites being available for further dye removal34,35. 
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Figure.6 (a): Absorption spectrum of 10 ppm 

Malachite Green dye 

 

Figure.6 (b): The effect of contact time on % of 

degradation 

 

Effect of concentration of MG: Initial concentration of MG effects photodegradation rate. For this, 

concentration of BMNPs was kept constant at 10 mg and time of irradiation 90 minutes. Different 

initial concentrations 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm of MG dye solutions were 

prepared. The rate of degradation can be shown graphically in Figure 6(c). The maximum 

degradation observed at 5 ppm then decreases by increase in the concentration of MG. As the MG dye 

initial concentration increases the % of degradation decreases36,37. This is due to large dye molecules 

were adsorbed on surface of BMNPs at initial concentration of dye. As the increase in dye 

concentration, intense coloured solution was formed which decreases the path length of photons 

entering into solution there by only fewer photons attain BMNPs surface. Therefore, the % of 

photodegradation reduced when concentration of dye is high there by the path length was further 

decreased38,39. 

Effect of pH:pH of dye solution can influence the adsorption of dye on photocatalyst. Originally, 

Malachite green dye solution is having pH value at 5. The initial concentration of malachite green 

solution 10 ppm and the concentrations of the photocatalyst 10 mg were kept constant with time of 

irradiation 90 minutes. Different solutions of various pH values of 4 to 9 were prepared. Degradation 

efficiencies were compared after 90 minutes which was shown in Figure 6(d).  

 

Figure.6 (c): The effect of concentration of dye 

on % of degradation 

 

Figure.6 (d): The effect of pH on % of 

degradation 
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It is observed that by increasing pH of the MG dye solution, the degradation of MG dye on the 

photocatalyst enhances up to pH 6 and then onwards decreases. Upto pH 6 i.e. under acidic 

conditions, the catalyst has stabilized semiconductor structure which help in the photo induced 

degradation of the dye. But after pH 6 i.e. in neutral and even in basic conditions, the surface structure 

of the semiconductor undergoes changes so that it does not support the degradation process. This may 

be because of the surface either gets reduced to zinc oxides. 

Effect of dose of photo catalyst: In photodegradation process, one among parameters of decolorizing 

of dye solution is photocatalyst dosage40. To avoid wastage and provide the entire absorption of 

photons optimization of catalyst dosage is important41. For this dosage amount was varied from 10 mg 

to 80 mg taken in 100 ml of 10 ppm MG dye at pH 6 with contact time 90 minutes. The degradation 

of MG was shown in figure 6(e). 

 This concluded that, by increasing dosage of catalyst from 10 mg to 30 mg in 100 ml, the degradation 

of MG dye enhances because the increase in amount of catalyst would increase the reactive sites that 

produce more reactive species42. Further increase of catalyst dosage 40 mg to 80 mg degradation of 

MG dye decreases because the suspension has more turbidity, which reduces the solar light 

penetration43,44. 10 mg of catalyst was taken as optimum dosage for degradation.  

 

Figure.6 (e): The effect of dosage of catalyst on % of degradation 

 

6. Antimicrobial activity of Cu-Zn BMNPs: The Cu-Zn BMNPs are used in antibacterial screening 

in vitro for six organisms Staphylococus aureus, Streptococcus pyogenes, Micrococcus luteus, 

Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia by well diffusion method and 

the obtained results are given in Table 2 and illustrated in Figure 7. The Cu-Zn BMNPs inhibit the 

growth of different bacteria. The Cu-Zn nanoparticles showed maximum inhibition on Klebsiella 

pneumonia (17mm), followed by Escherichia coli (15mm), Staphylococcus aureus (14mm), 

Micrococcus luteus (12mm), Pseudomonas aeruginosa (6mm) and minimum antibacterial activity on 

Streptoconccus pyogenes (2mm). Cu-Zn BMNPs show high antibacterial activity agaist Klebsiella 

pneumonia. Cu-Zn BMNPs show better activity on Klebsiella pneumonia than standard Rifampicin 

drug. 
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Figure 7: Antibacterial images of Cu-Zn BMNPs against Staphylococcus aureus, Streptococcus 

pyogenes, Micrococcus luteus, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumonia. 
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Table 2: Antimicrobial activity of Cu-Zn BMNPs 

 

Bacteria 360 mg/mL 180 mg/mL 90 mg/mL 45 mg/mL Activity 

Staphylococcus 

aureus 
14 mm 11 mm 8 mm 4 mm Moderate 

Streptococcus 

pyogenes 
2 mm 1 mm Nil Nil Low 

Micrococcus 

luteus 
12 mm 9 mm 3 mm 1 mm Moderate 

Escherichia 

coli 
15 mm 10 mm 5 mm 3 mm Moderate 

Pseudomonas 

aeruginosa 
6 mm 3 mm Nil Nil Low 

Klebsiella 

pneumonia 
17 mm 12 mm 10 mm 5 mm Moderate 

The solvent control of methanol and DMSO had no effect on bacterial growth of antibacterial drug 

Rifampicin have varied activity against bacteria tested. Rifampicin has shown highest activity, ZOI 

(zone of inhibition), on Micrococcus luteus, Staphylococcus aureus on concentration of 5 mg/ml. The 

Zone of inhibition values of standard drug Rifampicin shown in Table 3. 

Table 3: ZOI values of standard drug Rifampicin 

 

Bacteria ZOI values Activity 

Staphylococcus  aureus 22 mm High 

Streptococcus pyogenes Nil No 

Micrococcus  luteus 42 mm High 

Escherichia coli 21 mm High 

Pseudomonas aeruginosa Nil No 

Klebsiella pneumonia 10 mm Moderate 

 

CONCLUSION 

An environmentally friendly method is projected to synthesize bimetallic Cu-Zn nanoparticles from 

Areva lanata leaf extract. From SEM and TEM analysis results, the formed Cu-Zn BMNPs are in 

spherical morphology and crystalline structure with size below 20 nm. From EDX study the BMNPs 

appears to be in the form of Cu-ZnO due to the presence of excess of oxygen and also the synthesis 

reation being an open system. The photocatalytic activity of these nanoparticles is examined under 

sunlight for degradation of MG dye which is environmental pollutant. The % photodegradation of MG 
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dye changes with parameters such as contact time, concentration of MG dye, pH, photocatalyst 

dosage. From this research study on bimetallic Cu-Zn BMNPs synthesized from Areva lanata leaf 

extract, the optimum conditions found in the degradation of MG dye is pH 6, weight of catalyst 10 

mg, dye concentration of 10 ppm and contact time of 90 minutes. The degradation is obtained as 

82.6% under these optimum conditions. . Synthesized Cu-Zn BMNPs showed antimicrobial activity 

against six bacteria (Staphylococcus aureus, Streptococcus pyogenes, Micrococcus luteus, 

Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumonia). Cu-Zn gave better results 

against Klebsiella pneumonia among six bacteria than standard drug Rifampicin. 
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