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Abstract
The advancement in conservationist strategies for development of nanoparticles is elemental to the subject of nanotech-

nology. Green protocols are highly preferred over conventional methods as they are environmentally benign. Certain

phytochemicals in plant extracts exhibit natural tendencies of bio-reduction of salts. They also possess the ability of

stabilizing these reduced particles by capping them. In present study leaf extract of Catharanthus roseus, an evergreen

subshrub has been utilized for production of AgNPs and CuO-NPs. Synthesized nanoparticles were evaluated for their

cadmium, chromium removal and antibacterial potential against S. aureus. AgNPs and CuO-NPs were optimized by

varying salt concentration, leaf extract concentration and time interval to obtain better yield. UV–Vis spectroscopy was

used to detect biogenic AgNPs and CuO-NPs. Wavelength range used for AgNPs and CuO-NPs was 300–700 and

200–700 nm successively. The morphology of nanoparticles was determined to be spherical and within 100 nm using SEM

images. FT-IR investigation confirmed the presence of amines and alcohols in AgNPs. IR spectra of CuO-NPs revealed the

ubiety of aldehydes/ ketones and carboxylic acids. The average distribution for silver was 602.9 nm and for copper

was1066 nm as confirmed by DLS analysis. Further zeta-potential for AgNPs and CuO-NPs was recorded -16.4 mV and -

6.18 mV. Kirby Bauer test for S.aureus show maximum ZOI i.e. 16 mm in case of AgNP (50 ll) and 10 mm in case of

CuO-NP (50 ll). Highest chromium and cadmium removal was observed in case of biogenic silver nanoparticles i.e.

47.84% and 5.68% respectively. This is the first work that presents a comparative study of biogenic AgNPs and CuO-NPs

from the leaf extract of Catharanthus roseus. Our findings can also help in improving the current scenario of metalloid

pollution in soil and water environments. Hence, proper scaling up can make biogenic AgNPs and CuO-NPs a noteworthy

tool in industries as well.

Keywords Catharanthus roseus � Silver nanoparticles � Copper oxide nanoparticles � Biogenic synthesis �
Cadmium removal � Chromium removal � Antibacterial

Introduction

Nanotechnology has been anticipated to bring revolution in

twenty-first century. A swift rise in the area is observed all

round the globe. One of the outcomes of research in nan-

otechnology is the production of nano sized particles.

These are particulates below the size of 100 nm. Some

nanoparticles such as quantum dots are almost zero

dimensions. Metallic nano sized particles are of extreme

interest with respect to electrical, optical and catalytic

properties [1]. It is noted that nanoparticles have a ten-

dency for detoxification of environmental pollutants [2].

They can transform pollutants into some neutral forms

thus, minimising threats to ecosystem. Aquatic environ-

ments have been studied for the nature and behaviour of

nanoparticles [3]. Nanoremediation can thus be considered

a worthwhile strategy to cleaning harmful pollutants from

environment. Nanoremediation techniques prove to be

inexpensive and require fewer infrastructures. The power

consumption is less [4].

Advancement in technologies cannot be achieved at the

cost of environment safety. There are a number of ways for

the synthesis of metallic nanoparticles but green synthesis
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is considered best. Biological methods also called as bio-

genic/ biomimetic route for synthesis, is one of the most

popular method of generating metal nanoparticles. Green

synthesis poses no threats to the environment. High avail-

ability of raw material, low cost, low energy consumption

and reduced health hazards are few benefits of this method.

The infrastructure and chemical requirements are almost

negligible when compared to sophisticated techniques.

Within biogenic synthesis there is a wide variety of

methods to be explored. In the past nanoparticles have been

synthesized from plants, fungi and bacteria, also called

biolabs. Bacteria have the ability to reduce metal salts and

thus forming metallic nanoparticles. The process includes

both intracellular and extracellular cell functions. Organic

functional group present in bacterial cell wall aid in

reduction process. Many metallic nanoparticles have been

synthesized using different strains of bacteria [5]. Another

yet effective route of synthesis of nanoparticles is by

actinomycetes. It has been stated that it’s an intracellular

process. The metal ions are trapped in cell wall of mycelia

of actinomycetes by carboxylate ions (electrostatic inter-

action) and are reduced to nanoparticles. The polydiversity

of nanoparticles is good. They are also very stable and have

great biocidal features towards pathogens. Similarly, fungi

also possess the ability to reduce and stabilize nanoparti-

cles. They have enzymes and proteins which help them in

the reduction process [6]. Reza synthesized zirconium

nanoparticles from Penicillium species [7]. As mentioned

in literature by Nayak et al., [8] amount of nanoparticles

produced using fungi is more, when compared to bacteria.

They are easily handled by simplest of nutrients [9]. In case

of algae, the presence of electronic charge on cell wall

promotes growth and nucleation. This provides rapid and

economical route for generation of nano sized particles

[10]. Capping agents are present in algal extracts.

Polysaccharides regulate the shape as well as size of NPs.

Stability of nanoparticles is good, facilitated by the pres-

ence of terpenoids and flavanoids in algal extracts. These

nanoparticles are mostly used for medical purposes [11].

Viruses, enzymes, peptides and other biological molecules

are also employed to produce nanoparticles.

Apart from all the above mentioned routes the most

common is using plants for producing metallic nanoparti-

cles [12]. A vast diversity of plant having medicinal

importance exists on earth. The green synthesis process is

rather free of complicated protocols. Scaling up the process

is simple.Various parts used in nanoparticle synthesis as

mentioned in literature are leaves, flowers, bark, fruits,

roots and stem [13]. Particle range of sixteen to twenty

eight nanometres has been reported previously [14].

Mubarakali et al., 2011 [15] reported antimicrobial prop-

erties of biogenic NPs synthesized by Mentha piperita.

Podophyllum hexandrum synthesized AgNPs block cell

functions of HeLa damaging DNA as reported by Jeyaraj

et al., 2013 [16]. Cissus quadrangularis synthesized titat-

nium dioxide nanoparticles are also bacteriocidal as

reported by Priyadarshani et al. [17]. Cinnamon has also

been used used to generate AgNPs with antimicrobial

activities [18]. AgNPs have been tested effective for gram

positive as well as gram negative bacteria. They have

bacteriocidal properties against MDR bacteria [19, 20].

Raina et al. [21] stated that silver and copper oxide

nanoparticles are highly effective in catalytic and photo-

catalytic degeneration of various dyes like MO, PR, MR

and EY. Nanoparticles are employed in biosensors [22].

Introduction of nanotechnology in field of medicine and

imaging is highly anticipated. Nanoparticles aid in drug

delivery systems stated by Pandey and Khuller [23]. HIV

interaction with NPs upto nanometer size has been studied

by Elechiguerra et al. [24]. Barabadi [25] concluded that

antineoplastic gold and silver nanoparticles are effective

against cervical, breast and prostate cancer cell line.

AuNPs were also fabricated from aqueous extract of jel-

lyfish and Pongamia pinnata for harvesting its anticancer

potential [26]. Although a vast number of studies indicate

efficiency of P-NPs in biomedical applications, there have

been evidences of genotoxicity caused due to these

nanoparticles. Genetic toxicity of a biosynthesized metallic

nanoparticle is dependendent upon its synthesis parame-

ters, dose, time and specific concentration. Disregarding

the side effects can pose a serious threat to human life

therefore FDA recommends all drugs to be tested for any

carcinogenic, mutagenic and teratogenic effects before

drug trials and marketing such nanoparticle infused treat-

ments. [27]. Cosmetics, toothpaste and other daily house-

hold commodities also incorporate M-NPs to enhance their

properties [28]. In the field of agriculture fertilizers that

release slowly are designed using NPs in order to prevent

environment degradation [29]. Apart from the above stated

areas nanoparticles have enhanced crops [30], used for

immobilization of proteins [31], function in bioremedia-

tion. They play important role in diagnosis and therapy

[32]. They are key elements in modern technology. Nan-

otechnology has made its way to solving the problem of

metalloid pollution. It has been proven that carbon nan-

otubes can be used to remove Ar(V) ions from water [33].

In an investigation by Ali et al. [34] cellulose functional-

ized with Zn2? and Ag? was capable of removing metal

ions from water.

Increasing urbanization has resulted in the release of

toxic pollutants like pesticides, heavy metals, dyes etc. in

water bodies and soil [35]. Heavy metals are metallic

elements that have normally higher atomic density than

4000 kg/m3. Toxicity of heavy metals is inevitable even if

they are present in traces. Many of the heavy metals like

Cu, Fe, B, Ni, Mo etc. are daily requirement in plant
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growth. Regardless if these heavy metals accumulate

beyond their permissible limit, they can cause negative

impacts on plant as well as soil creatures [36]. Heavy metal

exposure for a long period of time can cause significant

damage to brain, spinal cord and other vital organs.

Metalloid pollution is a cause of cancer, sclerosis and

Alzheimer’s disease [37]. Metallic nanoparticles illustrate

widespread applications in the area of medicine and envi-

ronmental remediation.

With a wide variety of methods available for synthesis

of nanoparticles, it is important to select an eco-friendly,

cost effective and simple methodology. Therefore, present

study focuses on production of metallic nanoparticles from

Catharanthus roseus. Besides being extensively available,

the plant also has curative properties. Catharanthus roseus

is angiosperm, dicot plant that produces vinblastine and

vincristine. The two terpene indole alkaloids play a vital

role in fighting cancer [38]. The extract from leaves in

ethanol has antidiabetic effects. This has been determined

from the hypoglycaemic properties of its alkaloids [39].

Catharanthus roseus also posesses antimicrobial properties

[40]. It shows high antioxidant, antihelmithic, anti-ulcer

and wound healing properties. Vinpocetine synthesized by

the plant indicates memory enhancing properties and thus

can be useful in curing Alzheimer’s disease [41].

In the present investigation silver and copper oxide

nanoparticles were prepared from leaf extract of Catha-

ranthus roseus, a plant with high medicinal value. To

obtain maximum yield of nanoparticles various parameters

were standardized and synthesised nanoparticles were tes-

ted for cadmium and chromium remediation. A compara-

tive antibacterial response of fabricated nanoparticles with

reference to their size, morphology, yield, bactericidal

property was also studied. In the last decade, countless

studies have been conducted to produce plant mediated

nanoparticles and testing their antibacterial potential.

Finally, in this investigation we have focused biofabricat-

ing two nanoparticles in order to evaluate their potential

against bacteria and also their contribution in environment

remediation. The current study focuses on heavy metal

removal in concentrated cadmium and chromium solutions.

This can be expanded further for treatment of industrial

wastewater sample. Optimization strategies will open

opportunities for scaling up the process.

Materials and Methods

Catharanthus roseus Linn was identified within Delhi

Technological University campus, Delhi. Fresh leaves were

harvested. Salts of silver nitrate and copper sulphate were

obtained from Plant tissue culture laboratory DTU. Stocks

of heavy metals was prepared and kept for further use.

Nutrient broth (NB) media, Nutrient agar (NA) and strep-

tomycin were purchased from Hi-media.

Preparation of Leaf Extract and Metal Solutions

C. roseus leaves were washed thoroughly and dried for

about an hour. 10 g of leaves were weighed and were

added to a 200 ml beaker. 100 ml of milli-Q was added to

the beaker. The beaker was heated to 60 0C for about

10 min to procure leaf extract. The beaker was allowed to

cool off. Later the extract was filtered (using Whatman

filter paper no. 1) into a 200 ml Erlenmeyer flask. Prepared

plant extract was stored at 4 0C. Different concentrations

(namely 1 mM, 3 mM and 5 mM) of silver nitrate and

copper sulphate solutions were prepared by adding the

calculated amounts of salt into 100 ml of milli-Q water.

The flasks containing salt solutions were covered in alu-

minium foil and stored at room temperature [42].

Synthesis of Nanoparticles

To synthesize AgNPs 90 ml of 1 mM AgNO3 salt solution

was mixed with 10 ml of Catharanthus leaf extract. The

solution was then kept in an incubater shaker at 45 0C at

100 rpm for 24 h. Similar procedure was performed to

synthesize copper oxide nanoparticles where 90 ml of

1 mM CuSO4 salt solution was mixed with 10 ml of

Catharanthus leaf extract. The solution was then kept in an

incubater shaker at 45 0C at 100 rpm for 24 h.

Optimization of Nanoparticles

To determine the effect of concentration of salt solution on

nanoparticle synthesis varied concentrations of AgNO3 salt

solution (1 mM, 3 mM and 5 mM) was mixed with plant

leaf extract in the ratio 9:1 [43]. They were kept in an

incubator shaker at 45 0C at 100 rpm for 24 h. To deter-

mine concentration effects of plant extract, different vol-

umes (1 ml, 2 ml and 3 ml) plant extract was added with

1 mM of AgNO3 solution. The solutions were kept in an

incubator shaker at 45 0C at 100 rpm for 24 h. To deter-

mine how time affects nanoparticle synthesis, 1 mM of

silver salt solution was added to plant leaf extract in the

ratio 9:1. Three different sets of nanoparticle solutions

were prepared. One solution was incubated at 45 0C at

100 rpm for 24 h, while the other two were incubated in

same condition for 48 h and 72 h respectively. Similar

procedure was repeated for copper oxide nanoparticles. All

solutions were analysed using UV–Visible spectropho-

tometer (Perkin Elmer) for detecting formation of

nanoparticles.
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Heavy Metal Removal Using Nanoparticles

1 ml each of biogenic silver and copper oxide nanoparti-

cles from Catharanthus leaf extract was added to 50 ppm

chromium and cadmium stock solutions. The absorbance of

the mixture was taken at 0 h. The mixture was then kept in

an incubator shaker at 100 rpm at room temperature.

Another reading for absorbance was taken after 24 h.

Unknown concentration of heavy metal salt corresponding

to their absorbance at 0 h and 24 h were calculated using

standard curve [44]. Heavy metal removal efficiency was

calculated using the equation given below.

R% ¼ C0 � Ct

C0

� �
� 100

where, R% is the removal efficiency of heavy metals. C0

and Ct are concentration at 0 h and 24 h after addition of

nanoparticles.

Antibacterial Testing

Nutrient broth and nutrient agar media was prepared and

autoclaved. The pH of media was adjusted to 7. Nutrient

agar was poured into two petri-plates inside LAF chamber

and left to solidify. 20 ml of nutrient broth was inoculated

with Staphylococcus aureus. The inoculated media was

given incubation at 37 0C overnight for the bacteria to

grow. Antibacterial testing were performed using disc

diffusion method. 100 ll of culture media was poured onto

the agar plates and was spread evenly using a glass

spreader. Four sterile discs were placed on the agar plate at

proportioned distance in each plate. In first plate one disc

acts as control which is loaded with 30 ll of streptomycin.

The other three discs were loaded with newly synthesized

AgNPs. The amount of nanoparticle solution loaded was

10 ll, 30 ll and 50 ll respectively. Similarly another plate

was prepared for CuO-NPs. Both the plates were given

incubation overnight at 37 0C. The plates were observed

the next day.

The complete summary of materials and methodology

used is given in Fig. 1.

Results and Discussion

Visible Observation

Formation of AgNPs and CuO-NPs from leaf extract of

Catharanthus is indicated by a visible colour change in

both solutions. The phytochemicals existing in plant extract

reduce silver nitrate and copper sulphate solutions. Extra-

cellular synthesis is preferred for nanoparticle synthesis as

it introduces lesser chemical impurities and makes

nanoparticle extraction simpler [45]. For a long time ple-

thora of studies have focused on various mechanisms by

which nanoparticles are formed but none of the studies by

far have established a basic agreeable mechanism. After

analysing previous literature a sketch of the supposed

mechanism was outlined (Fig. 2). This includes four main

steps i.e.; reduction of the metal salts such as AgNO3,

CuSO4.5H2O etc., nucleation and growth of nanoparticles.

Finally capping and stabilization occurs [13]. Silver nitrate

solution turns from transparent to dark brown (Fig. 3a)

while copper solution turns yellow from a light blue

solution (Fig. 3b). The colour changes occur because of

deviation in surface plasmon resonance. Maximum colour

change is observed in solution containing 3 ml leaf extract,

5 mm of salt solution and 72 h incubation. This is due to

increase in number of ions and reaction time. Similar

observations were made by Roy [42] and Raina [21] in

their investigation.

UV–Vis Spectroscopy Analysis

Ultra violet visible spectroscopy was utilized to detect the

formation of nanoparticles in a solution very conveniently.

Bioactivity of nanoparticles is dependent upon several

factors such as charge present on surface, functional group

attached, morphology, structure and size of a nanoparticle.

Different experimental attributes like temperature, pH, and

concentration of reactants often impact surface chemistry

of an inorganic nanoparticle thus influencing its biological

activity [46, 47, 48, 49, and 50]. Silver and copper oxide

nanoparticles were therefore optimized under various

conditions like varying metal salt concentration [51], leaf

extract concentration, [52] and time [53]. UV–Vis spec-

troscopy spectra prove that higher the salt concentration,

higher is the yield of nanoparticles. Both silver and copper

nanoparticle yield was maximum at 5 mM concentration of

silver nitrate and copper sulphate. (Fig. 4) Higher salt

concentration provides more ions to be reduced and sta-

bilized into nanoparticles. Similarly, higher the leaf extract

concentration higher will be nanoparticle yield. In case of

both silver and copper where leaf extract and salt solution

were added in the ratio 3:7, higher amount of nanoparticle

formation was observed. (Fig. 5) This increases the amount

of reducing agents in the process. Silver and copper NPs

observed after 72 h time period had more colour intensity

due to increase in reaction time. (Fig. 6) The above results

were obtained by observing SPR peak of both NPs where

maximum absorption takes place. The results are in

agreement with previous literature [43]. Absorption range

of 300- 700 nm was used for AgNP and 200- 700 nm was

used for CuO-NP. Centrifugation of obtained AgNP and

CuO-NP solution was done and it was found that silver

nanoparticle solution gave higher amount of precipitate
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Characterization of AgNPs & CuO-
NPs

1. UV-Visible spectroscopy
2. SEM analysis
3. FT-IR analysis
4. DLS analysis
5. Zeta-potential analysis

Applications

1. Heavy metal removal
2. Antimicrobial studies

Optimization of AgNPs & CuO-NPs

1. Effect of  leaf extract concentration
2. Effect of time interval
3. Effect of salt concentration

Fig. 1 Schematic representation

of materials and methodology

used in current study

Fig. 2 Schematic representation

mechanism of nanoparticle

formation
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than copper nanoparticle solution. Thus, we conclude that

AgNPs have better yield in the process. Similar observa-

tions were made by Ruparelia et al. [54]

Scanning Electron Microscope (SEM) Analysis

SEM images were taken at different resolutions i.e.;

200 nm, 300 nm and 1 lm. Silver nanopartcle size ranged

Fig. 3 a) Colour change in

5 mM AgNO3 after formation

of AgNPs b) Colour change in

5 mM CuSO4.5H2O after

formation of CuO-NPs
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Fig. 4 a) Effect of silver nitrate

concentration on AgNP

synthesis b) Effect of copper

sulfate concentration on CuO-

NP synthesis
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from 58.4 nm- 97.4 nm. Spherical shaped particles were

obtained which were evenly distributed (Fig. 7a and b).

Copper oxide nanoparticles size ranged from 70.1 nm-

99.3 nm. They were found to be clustered at some points.

They were also uneven and irregular in shape (Fig. 7c and

d). The images confirm that copper oxide nanoparticles

were comparatively larger than silver nanoparticles.

Imaging of sample using SEM is done by scanning the

sample with high energy beam of electrons. It uses a raster

scanning pattern. SEM analysis was performed using Carl

Zeiss EVO SEM machine. SEM provided details of mor-

phology of synthesized silver and copper oxide nanopar-

ticles which were comparable to findings of Ghiuta et al.

[55], Hemmati et al., [56] and Hasheminya and Dehghan-

nya.,[57]. The clustering of nanoparticles could be the

outcome of bonding between capping organic compounds

[58]. A study reported that nanoparticles with size below

5 nm can easily penetrate into tissues and have better renal

clearance. Spherical and rod shaped nanoparticles are

better taken up by the cell thus making shape and size of

nanoparticle an important factor affecting its bioactivity.

[59]

FT-IR, DLS and Zeta-Potential Analysis

Another parameter that can influence that can influence

biological activity of plant mediated MNPs is their func-

tionalization [59]. For that purpose FT-IR (Bruker) analysis

was done to determine molecular vibrational and organic

groups that actively participate in the bio-reduction process

of Ag? and Cu2?. Identification of capping agents was

possible with the help of FT-IR. The analysis was done in

different regions of absorbance between 3500 cm-1-

1000 cm-1. IR spectra of silver nanoparticles presented a

narrow peak at 3315.91 cm-1 that corresponded to –OH

group (alcohol). Other peaks obtained were 2804.66 cm-1,

2155.54 cm-1 and 1636.37 cm-1 which corresponded to –

CH (alkane), C:C (alkyne) and –NH2 (primary and sec-

ondary amines) respectively (Fig. 8a).

IR spectra of copper showed a wide peak at

3303.19 cm-1 specifying existence of –OH bridge (acid).

The other two peaks were obtained at 2889.86 cm-1 and

1636.26 cm-1 correspond to the fact that C-H (alkane) and

C = O (aldehyde, ketone, ester or carboxylic acid)

respectively, are present (Fig. 8b).

Nilavukkarasi et al. [60] investigations showed a com-

parable result. Parallel peak was obtained in case of R.

tuberosa synthesized CuONPs which represented the OH
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Fig. 5 a) Effect of leaf extract

concentration on AgNP

synthesis b) Effect of leaf

extract concentration on CuO-

NP synthesis
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bridge (carboxylic acids) [61]. Peak at 1636.26 resonates

with gold nanoparticle peak which represented C = O

stretch in a study by [62]. FT-IR analysis for AgNP, CuO-

NP and ZnNP were also done by Vijayakumari et al. [63].

Occurrence of aldehydes, alkyne, alkanes carboxylic acids

and ketonic groups substantiate the fact that phytochemi-

cals from leaf extract act as capping gentsfor stabilizing

nanoparticles Długosz, et al. [64].

DLS uses variation of time of scattered light from sus-

pended particles which are under Brownian motion. It

helps in obtaining hydrodynamic radius (Rh) of particles

[26]. Three different peaks were obtained 567 nm,

156.8 nm, 5185 nm and the mean size distribution of silver

nanoparticles was 602.9 nm. Polydiversity index (PDI)

recorded was 0.835 and intensity of the peak was 62.1%

(Fig. 9a). Average size distribution for copper oxide

nanoparticles was 1066 nm with peaks at 901.4 nm,

219.0 nm and 101.8 nm. Polydiversity index (PDI) recor-

ded was 0.648 and intensity of the peak was 74.5%

(Fig. 9b).

DLS analysis also indicated that the the average diam-

eter in case of copper was higher than that of silver. Osibe

and Aoyagi. [62] also stated that average size determined

by DLS is always greater than SEM or TEM because of

binding of bio-organic compounds to the core of

nanoparticles which does not happen in case of micro-

scopy. Increased size of AgNPs and CuO-NPs could also

be due to the layering water molecules in sample [65].

Zeta-potential and zeta-deviation of AgNP was -

16.4 mV and 3.94 mV respectively (Fig. 10a). Zeta-po-

tential and zeta-deviation recorded for copper was -

6.18 mV and 3.40 mV respectively (Fig. 10b). Both the
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Fig. 6 a) Effect of time interval

on AgNP synthesis b) Effect of

time interval on CuO-NP

synthesis
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particles do not have long term stability and can experience

rapid agglomeration unless they are sterically protected.

Since the surface charge determination of liquid nanopar-

ticle solutions was unsatisfactory electrical potential of

particle was studied. The potential taken at the shear plane

is called zeta potential. It helped in determining the surface

morphology, stability and surface adsorption studies of

suspended particle [66]. The samples were characterized

using Malvern Panalytical instrument. The results were

analogous to results obtained from Melia azedarach [67].

Thirumagal and Jeyakumari [68] stated that negative zeta

potential of nanoparticle is a result of adsorption of OH-

ions. A study also suggested that positively charged

nanoparticles bind cell membrane effectively and nega-

tively charged nanoparticles avoid NP internalization due

to electrostatic repulsion [59]. Jahan et al. [69] in his

observations concluded that higher values of zeta potential

prevents agglomeration of particles because of repulsion

between similarly charged ions.

Heavy Metal Removal Potential

Maximum heavy metal removal efficiency was observed

with AgNPs for chromium with a removal efficiency of

47.84%. Cadmium removal efficiency was 5.68%.

Removal efficiency for CuO-NP for chromium and cad-

mium was observed to be 2.11% and 2.91% respectively

(Fig. 11). Overall both metallic nanoparticles are effective

against cadmium and chromium. But the results also reveal

that AgNPs have far superior activity that copper in case of

chromium removal. Former had a better performance in

case of cadmium as well. Dlamini et al. [70] Samrot et al.

[71] support our findings. Investigations have revealed that

heavy metal removal by silver and copper oxide nanopar-

ticles is a result of adsorption phenomenon. The large

surface area of nanoparticles provide bigger surface area

for cadmium and chromium to be adsorbed [44]. Chro-

mium and other heavy metals are adsorbed onto the surface

of metallic nanoparticles and are reduced. Mechanism of

action these biogenic particles are explained in previous

literature [72]. Marimuthu et al., [73] in their literature

gave evidences of water treatment by metallic nanoparti-

cles. The removal chromium using heavy metals have been

Fig. 7 a) SEM image of silver nanoparticles at 200 nm resolution b) SEM image of silver nanoparticles at 300 nm resolution c) SEM image of

copper oxide nanoparticles at 1 lm resolution d) SEM image of copper oxide nanoparticles at 200 nm resolution
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discussed by Kumari and Tripathi [74]. Heavy metal

removal efficiencies using plant mediated MNPs are also

dependent upon contact time and pH [75]. These

nanoparticles can also be surface coated on membranes for

water treatment [76]. Langmuir and Freundlich isotherm

model studies for heavy metal remediation have been

elucidated by Kumar et al. [77].

Antibacterial Potential

Biosynthesized copper and silver nanoparticles were stud-

ied for their bacteriocidal properties using standard

microbiology assay of zone of inhibition (ZOI). For the

experiment disc diffusion technique was used. Test was

performed against gram positive bacterial Staphylococcus

aureus. Control drug streptomycin of 10 mg/ml concen-

tration was used. Different concentrations of silver and

copper oxide nanoparticles were used. Figure 12a) indi-

cates activity of biogenic AgNPs on S. aureus. Inhibitory

regions measured for 10 ll, 30 ll and 50 ll concentrations

of biogenic AgNP was 7 ± 0.2, 14 ± 0.2 and

16 ± 0.2 mm respectively. Figure 12b) indicates activity

of biogenic CuO-NPs on S. aureus. Readings recorded for

10 ll, 30 ll and 50 ll concentrations of biogenic CuO-NP

was 5 ± 0.2, 8 ± 0.2 and 10 ± 0.2 mm respectively.

Results clearly show that AgNPs have a tremendous

antibacterial potential and performe better than CuO-NPs

aa well as control drug streptomycin. Antibacterial activity

Fig. 8 a) FT-IR spectrum of

silver nanoparticles b) FT-IR

spectrum of copper oxide

nanoparticles
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is dependent upon surface to volume ratio of nanoparticles.

Biogenic AgNPs have smaller size and spherical shape

while CuO-NPs have irregular morphology and compara-

tively larger size. This makes silver nanoparticles more

potent than copper [78]. Polyphenols present in leaf extract

have bacteria killing properties. Nanoparticles bind to these

polyphenolic compounds. Since nanoparticles are extre-

mely small sized particles and have a large surface area,

Fig. 9 a) Size distribution of

silver nanoparticles b) Size

distribution graph for copper

oxide nanoparticles

Plant-Mediated Synthesis and Characterization of Silver and Copper Oxide Nanoparticles: Antibacterial… 1707

123



they act as vehicles for those polyphenols. Reaching the

target bacteria using nanoparticles they rupture the proto-

plasmic membrane and eventually cause cell death [79].

Biogenic silver and copper oxide NPs have been used for

their antimicrobial potential in the past. Rajeshkumar et al.

[80] synthesized CuO-NPs from Cissus arnotiana. Aza-

dirachta indica and Coriandrum sativum have also been

used for the prosuction of AgNPs and CuO-NPs [81]. In a

research conducted by Phan et al. [82] comparitive

antibacterial testing was done where silver had a better

bacteriocidal effect against E.coli while copper gave better

results against B. Subtilis. Silver nanoparticles have pre-

viously shown good bacteriocidal effect against Kleibsella,

Shigella, P. aeruginosa and Bacillus anthraces [83].

Recent studies on potential of biogenic silver and copper

oxide nanoparticles against bacteria have been done by

Bindhu et al., Rahmal et al., Maghimaa and Alharbi.

[84–86].

Fig. 10 a) Zeta-potential of

silver nanoparticles b) Zeta-

potential of copper oxide

nanoparticles
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The antibacterial activity of AgNP and CuO-NP syn-

thesized from C. roseus is given below in Table 1.

Conclusion

Biogenic synthesis, moreover synthesis of desired

nanoparticles from plants has numerous advantages over

conventional methods with regard to the environment. The

diverse range of raw materials available and simple pro-

tocols are an added benefit to the process. Many studies

propose the synthesis mechanism of nanoparticles, most of

them reveal the reduction metals into nascent ions. The

morphology and number of nanoparticles synthesized are

affected by various conditions. These conditions are time,

pH, temperature, metal salt conc., concentration of plant

extract.Yield of silver nanoparticle was better than copper

oxide nanoparticles even when similar conditions were

provided in both experimental setups. The nanoparticles

synthesized in this study were both found to be spherical

and within 100 nm range. The heavy metal removal

capability of silver was found to be far superior than copper

in case of chromium. Copper and silver have fewer ten-

dencies to remove cadmium. Silver and copper oxide

nanoparticles both have bacteriocidal effect against S.

aureus. AgNPs results reveal a larger ZOI than CuO-NPs.

47.84 %

2.11 %

5.68 %

2.91 %

AgNP

CuNP

Removal Efficiency % Cadmium Removal Efficiency % ChromiumFig. 11 Heavy metal removal

efficiency of AgNPs and CuO-

NPs

(b)(a)

Streptomycin 10 µl 

Streptomycin

30 µl 50 µl 

50 µl 

30 µl 

10 µl 

Fig. 12 a) Effect of AgNP on S.
aureus b) Effect of CuO-NP on

S. aureus

Table 1 Antibacterial testing

using Zone of inhibition

analysis

Microbe Nanoparticle Control (Streptomycin) ZOI (mm) Zone of Inhibition (mm)

10 ll 30 ll 50 ll

Staphylococcus aureus AgNP 11 7 14 16

CuO-NP 13 5 8 10
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Apparently the synthesis of both nanoparticles cost the

same therefore, this establishes silver nanoparticles supe-

rior than copper oxide nanoparticles.
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