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Abstract: Nanoparticles can be synthesised in an easy and eco-friendly methods using plant extracts. The present study deals 
with green synthesis and characterization of Copper oxide and Iron oxide nanoparticles using Plumbago auriculata floral 
extract. In this report, aqueous phase green synthesis of specifically copper oxide and iron oxide nanoparticles utilising the 
floral parts of this plant is elucidated for the first time. Aqueous floral extract of fresh flowers were utilised for the synthesis of 
nanoparticles. The aqueous extract acts as both reducing and capping agent. The synthesised oxide nanoparticles of copper and 
iron were confirmed by the change of colour after addition of floral extracts into CuSO4.5H2O and FeCl3.6H2O solutions 
respectively. The synthesised nanoparticles were characterised by UV-Visible Spectroscopy and Scanning Electron 
Microscopy(SEM). The UV/VIS spectroscopy showed the absorption peaks at 346nm and 348nm for Copper oxide and Iron 
Oxide nanoparticles prepared respectively. CuONPs and IONPs nanoparticles were validated by the SEM analysis and the 
average size of certain selected particles ranged from 120nm to 200nm. It was observed that the aqueous floral extract can 
reduce copper and iron ions into oxide nanoparticles within a day. Thus, nanoparticles can be synthesised in a sustainable and 
nontoxic manner by this method. 
Keywords: Green synthesis, Nanoparticles, Plumbago auriculata Lam., Aqueous floral extract, Copper oxide, Iron oxide 
 

I. INTRODUCTION 
Nanoparticles are microscopic particles whose size is measured in nanometers [1] and nanostructures have led to revolutionary 
developments in many scientific fields [2]. Nanoparticles are a topic of intense scientific interest since they have a wide range of 
potential uses in industries including electronics, optics, agriculture, biomedicine, etc. The shape and size of nanomaterials are 
directly related to many of the intriguing features of nanoparticles. The proportion of surface atoms in nanoparticles is high, and 
they exhibit shape-dependent features that are used in catalysis, optics, data storage, etc. Additionally, nanoparticles are well suited 
for use in a variety of disciplines due to their physical characteristics, such as melting point, density, optical characteristics, 
electrical conductivity, chemical stability, etc. Numerous nanoparticles have been thoroughly examined and put to use in various 
applications, such as for gold and silver nanoparticles, while research is still underway to look into potential uses in a variety of 
other sectors [3]. Metal oxide nanoparticles have drawn attention due to their unique and uncommon physical and chemical 
properties [4]. The importance of metal oxide nanoparticles in a variety of sectors, including material chemistry, medicine, 
agriculture, information technology, biomedicine, optics, electronics, catalysis, environment, and energy, among others, makes them 
as prominent materials [5], [6]. 
Among the earliest metals used by humans was that of copper. The primary basis for this is that it is a native metal, which implies 
that it may be found naturally in a usable form, and that it possesses beneficial metallurgical qualities. Great electrical conductivity, 
high ductility, good heat conductivity, and corrosion resistance are all advantages of copper. However, it is also helpful in the 
medical profession. Before the science of bacteria was fully comprehended, centuries ago, people intuitively sensed copper's 
antimicrobial capabilities. Water-carrying vessels that were made from copper were less prone to algal growth and slime formation 
than other metals [7]. 
Copper's antibacterial capabilities are still being studied by scientists, and many think they may be able to address the issue of 
resistant germs spreading in hospitals [8]. Apart from that copper nanoparticles are of great interest due to easy availability, low cost, 
and their similar properties to those of noble metals [9], [10]. CuNPs can also be used in sensors, heat transfer systems [11], and 
electronics (fuel cell and solar cell), as catalysts in many reactions [12], [13].Therefore it is assumed that CuONPs could inherit 
these properties. 
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Iron is an essential component for plants and animals. In the case of humans, iron is an essential part of haemoglobin; the red 
colouring agent of the blood that transports oxygen through our bodies. Due to its widely varied oxidation states, crystal formations, 
low cost, magnetic capabilities, and environmentally benign makeup, iron oxide has received much research [14]. Therefore, 
numerous scholars chose to investigate iron oxide nanoparticles (IONPs) because of its intriguing features and wide range of uses, 
including bioremediation, diagnostics, cosmetics, and biomedicine [15]. 
Typical physical and chemical methods have been significantly replaced with biological synthesis methods using microorganisms, 
enzymes or plant extracts, as they are eco-friendly approaches [16]. Chemical synthesis has been found to be  costly, toxic and 
potentially dangerous to the environment [17]. Using plants for biosynthesis of nanoparticles is a particularly useful approach than 
other biological ways as it eliminates the challenges associated with microbial culture maintenance [18]. Nanomaterials synthesized 
using plant extracts exhibit enhanced properties which could be of great interest to us instead of their bulk counterparts [19]. The 
amount of accumulation of NPs varies with reduction potential of ions, and the reducing capacity of plant depends on the presence 
of various polyphenols and other heterocyclic compounds [20]. 
Due to increasing popularity in the use of plant extracts, we have used the floral extracts of Plumbago auriculata plant in this project 
for the synthesis of desired nanoparticles. This plant has been mostly found in South Africa's tropical and subtropical regions and is 
a native of that country. Thus it is frequently encountered around the Southern and Eastern Capes.  These days, it is grown in Sri 
Lanka, China, Southern Europe, and England as well. In India, this plant is considered as one of the important medicinal plants by 
the local tribes of Maharashtra and is cultivated as outdoor and indoor ornamental plant. 
Plumbago auriculata (‘Nila chitrak’ in Hindi) is basically a scrambling shrub with tons of health benefits and mesmerising blue 
flowers. It grows up to 5-10ft in height and the shrub is dark green in colour but  after maturity it changes its colour to light brown. 
The leaves have a delicate texture, green in colour, and tiny gland spots. The underside of the plant's leaves is covered in a white 
residue. Beautiful blue flowers are produced by the shrub, which blooms in the summer. Plumbago often flowers all year round, 
with the exception of the harshest winter months. This shrub's flowers include glandular hairs that release mucilage, a sticky 
substance that aids in trapping tiny insects. Fruits are capsules that split into five parts. 
The Latin word "Plumbum," is the source from which the English name "Plumbago" is derived, it refers to an effective treatment for 
lead poisoning. The medicinal plant Plumbago contains a very potent secondary metabolite called ‘plumbagin’, which has many 
therapeutic properties. The plant's root, bark, and aerial portions are used for their herbal medicinal properties since they contain a 
variety of chemical components. In Ayurveda, it is used to cure a wide range of illnesses, including inflammation, fever, headaches, 
toothaches, and excruciating physical pain. It has anti-oxidant properties, acts as an analgesic, and also stimulates the neurological 
system [21]. 
 

II. MATERIALS AND METHODS 
A. Chemicals  
Analytical grade copper sulphate pentahydrate (CuSO4.5H2O) and ferric chloride hexahydrate (FeCl3.6H2O) chemicals were used in 
this study without any further purification. 
 
B. Collection of Flowers  
Flowers of Plumbago auriculata were collected from Yuvaraja’s College campus, University of Mysore, Mysuru. 
 
C. Preparation Floral Extract   
Weigh 20g of fresh flowers and wash them thoroughly in distilled water for a few minutes. The washed flowers are dried, chopped 
into fine pieces and boiled in 100ml of distilled water for 15minutes in a 500ml borosil beaker. The extract obtained was filtered 
through muslin cloth and then through Whatmann no: 1 filter paper (pore size 25μm) and used immediately for the biosynthesis of 
copper oxide and iron oxide nanoparticles. 
 
D. Green Synthesis of CuONPs Nanoparticles  
For the synthesis of CuONPs, 5ml of fresh flower extract was added to 25ml of 1% aqueous  copper sulphate in 250 ml borosil 
conical flask at room temperature. The colour of the extract changes from light purple to greenish brown in colour indicating the 
formation of CuONPs. This solution is placed inside a BOD incubator, where it is left in the shade for 24 hours to allow the 
reactions to complete. 
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E. Green Synthesis of IONPs Nanoparticles  
FeCl3.6H2O was used as the precursor for the synthesis of the iron oxide nanoparticles. The synthesis of iron oxide nanoparticles 
was done by adding 0.01 M Ferric chloride and the fresh flower extract in 1:1 proportion separately in clean sterilised flasks. The 
solution resulting from the addition of flower extract and 0.01 M Ferric Chloride was blackish brown in colour. There was an 
immediate colour change of the floral extract after its addition into the ferric chloride solution. The solution is left in shade, inside a 
BOD incubator for 24 hours for the reactions to get completed. 

 
F. Extraction of Nanoparticle Samples  
To collect the nanoparticle samples, the reaction mixture was centrifuged two times at 4000rpm for 10 min and washed twice with 
distilled water and alcohol respectively. The obtained greenish brown colour samples of copper oxide and blackish brown colour 
samples of  iron oxide was then dried in a vacuum drier. The product obtained is grounded to fine powder. 
 
G. Characterization Techniques  
All ultraviolet-visible (UV-vis) spectra were recorded on the Beckman Coulter DU 730 UV-vis spectrophotometer. The absorption 
spectra of the prepared NPs was recorded by taking the aqueous dispersion of the NPs and scanned in the range of 200–900 nm, 
operated at the resolution of 1nm. Distilled water was taken to adjust the baseline.  
Scanning electron microscopy (SEM) was used study the morphological features of synthesised nanoparticles. SEM images were 
recorded using Carl Zeiss Germany,Model : EVO MA 15 SEM instrument at the IOE Research Facility of University of Mysore, 
India. 
 
H. Antibacterial Activity   
Escherichia coli  and Bacillus subtilis species were collected from the Dept. of Microbiology, Yuvaraja's college, University of 
Mysore. The sub-cultures were maintained using nutrients agar media for further use. The zone of inhibition was calculated using 
the agar plate well diffusion method. E. coli and Bacillus subtilis were cultured in nutrient agar broth and kept at 37 0C for the 
duration of a night. The experiment made use of this overnight culture of bacteria in nutrient broth. For each bacterium in this 
procedure, a sterilised nutrient agar plate was used.  
Then using a sterile cotton swab, these two bacterial pathogens were applied to the agar plates. These plates were then given time to 
dry. A sterile cork borer of approximately 8.0 mm diameter was then used to drill four wells in each agar plate. The suspension of 
the antibiotic streptomycin (0.1ml of 25 μg/ml), distilled water, 30 μl and 70 μl  of the produced NPs stock solutions (1 mg/ml) were 
then added to these dug wells separately for each strain. DMSO was used to prepare the stock solutions. Distilled water served as 
the negative control, and the antibiotic served as the positive control.  
The plates were left in place for 1 hour to allow for complete diffusion, then incubated for 24 hrs at 37 0C and measured the 
diameter of inhibitory zones in millimetres. 
 
I. Antifungal Assay 
The fungal species Aspergillus niger and Fusarium oxysporum were collected from the Dept. of Microbiology, Yuvaraja’s college, 
University of Mysore. The sub-cultures were maintained using potato dextrose agar media for further use. The agar well diffusion 
method was used to assess the NPs antifungal activity.  
The prepared fungal inoculums were utilised to evaluate the antifungal activity of the NPs. 20 ml of the prepared potato dextrose 
agar medium was added to each of the 90 mm Petriplates. After that the petriplates were left in the laminar airflow chamber to allow 
the media to get solidified. The spread plate technique was used to inoculate the petriplates and  0.5ml of the fungal inoculum was 
used for each plate.   
Then three wells were made on the agar plate using a 8 mm standard cork borer. To each well, different concentrations of NPs (30 
and 70 μl of 0.30 mg/ml NPs) and distilled water (negative control) were added. DMSO was used to prepare the stock solutions of 
synthesised nanoparticles. Standard sterile discs presoaked in Bavistin (1ml of 25 μg/ml)  were used as positive control. The plates 
were then sealed and incubated for two days at room temperature.  
After that, the impact of NPs on fungal pathogens was assessed and compared to the reference standard antibiotic disc employed in 
the current investigation. Finally, the zone of inhibition was measured using a standard scale to determine the antifungal activity.  
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Fig. 1: Various steps involved in the preparation of NPs sample: (a) image of the flowers, (b) floral extract, (c) 1% CuSO4, (d) 0.01 
M FeCl3.6H2O, (e) formation of CuONPs (f) formation of IONPs, (g) finely crushed CuONPs nanoparticles, (h) finely crushed 

IONPs nanoparticles 
 

III. RESULTS AND DISCUSSION 
A. Synthesis of CuONPs 
Copper sulphate was used as a precursor in the synthesis of the CuONPs, and fresh flower extract served as reducing and capping 
agent. Visually, the transformation of the solution's colour from light blue to greenish brown indicates the formation of copper oxide 
nanoparticles. To get rid of any undesirable particles, distilled water and then ethanol were used to wash the synthesized CuONPs. 
CuONPs was then dried, crushed, and characterized using a variety of techniques. 

 
B. Synthesis of IONPs  
For the synthesis of IONPs, the different phytochemicals included in the fresh floral extract function equally as reducing and 
stabilising agents. Due to the interaction of these phytochemicals with metal ions, which enabled the creation of iron oxide 
nanoparticles, black coloured precipitates were produced. When iron salt solution and floral extracts are combined under specific 
reaction circumstances, Fe3+ cannot be reduced to Fe0; instead, iron oxide nanoparticles (IONPs) are produced as a result of a 
reaction between the iron ions and phytochemicals [22]. 

 
C. UV – Vis Spectroscopy 
One of the most essential characterization techniques for studying nanoparticles is UV-Vis analysis. By using a UV-Vis 
Spectrophotometer, the surface plasmon resonances (SPR) of synthesised oxide nanoparticles has been investigated. The stimulation 
of SPR causes the absorption of visible radiation, which gives nanoparticles their distinct colours. The colour of the solution is also 
expected to alter as the size of the nanoparticles changes. Therefore, the production of nanoparticles is extremely sensitive to the 
UV-Vis absorption spectrum. The UV-Vis spectra of each of the samples is displayed in Fig. 2. The highest peak bands of copper 
oxide nanoparticles was observed at 346 nm and that of iron oxide nanoparticles was at 348 nm. 
Pure Cu NPs have a peak near 590 nm, and CuONPs exhibit a peak in the region of 250 nm, according to the studies in the various 
literature. CuONPs are thought to make up the majority of the synthesised particles because the measured UV results for the 
synthesised copper particles are closer to the latter. The same is true for IONPs, as multiple literature reviews indicate that their peak 
observations fall within a range of 250–350 nm. 
 
 
 
 

 
 
 
 
 

a        b 
Fig. 2: UV-Visible spectrum of (a) CuONPs, (b)  IONPs 
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D. SEM (Scanning Electron Microscopy) 
Further data about the morphology and size specifics of the produced nanoparticles was revealed by scanning electron microscopy. 
The typical SEM image reveals that the product largely contained copper oxide and iron oxide nanoclusters with a panoramic 
perspective, and the size of some chosen particles measured between 120 and 200 nm. Using Image J software, the nanoparticles 
were measured from the SEM image. Average size of the selected CuONPs and IONPs was found to be 146nm and 180nm 
respectively. The distorted shape of the nanoparticles with their smooth and jagged edges is shown in the SEM photos. Due to the 
plant extract's sticky nature, SEM revealed that the nanoparticles have become slightly agglomerated. The SEM micrographs taken 
at low resolution is depicted in the inset of Fig. 3. Small nuclear particles are self-aggregated and orient themselves to form larger 
particles. 
 

 
 
 
 
 
 
 
 
 
 
 

a        b 
Fig. 3: SEM images of (a) CuONPs, (b) IONPs 

 
E. Antibacterial Activity of Nanoparticles 
The antibacterial activity of green synthesised nanoparticle suspensions of different concentrations was done against a gram 
negative and gram positive bacteria such as E.Coli and Bacillus subtilis. The antibacterial agents (NPs) were put to the test for its 
capacity to  rupture bacterial cells using the well diffusion method. In Table 1 & 2, the antibacterial activity investigated against 
gram-negative and gram-positive bacteria at different sample concentrations is depicted. 

 
Table 1: Antibacterial activity of copper oxide nanoparticles 

 Inhibition zone (mm) 
Microbial culture +ve 

control 
-ve 

control 
30µl 70µl 

Escherichia coli 24 0 16 17 

Bacillus subtilis 25 0 17 19 
 

Table 2: Antibacterial activity of iron oxide nanoparticles 
 Inhibition zone (mm) 

Microbial culture +ve 
control 

-ve 
control 

30µl 70µl 

Escherichia coli 24 0 13 15 

Bacillus subtilis 25 0 15 17 
 
According to some researchers, the antibacterial characteristics of nanoparticles are a result of their nanoscale size, which enables 
them to aggregate or deposit on the surface of the bacterial strains under study [23]-[25]. Due to the existence of phytochemical 
components, plant extracts may possibly have antibacterial activity in addition to the NPs [26]. To understand the precise 
mechanism of NPs against bacterial strains, there are a variety of hypotheses that are involved.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue X Oct 2022- Available at www.ijraset.com 
    

 1213 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 
 

One of the proposed mechanism involves the association of copper with oxygen and its reaction with sulfhydryl (-S-H) groups on 
the cell wall to form R-S-S-R bonds, thereby blocking respiration and causing cell death. In general, the production of reactive 
oxygen species (ROS), oxidative stress brought on by ROS, and the interaction of ions released by nanoparticles, with thiol groups 
(-SH) of the bacterial cell caused the iron oxide nanoparticles to exhibit their antibacterial properties. This alters the structure of the 
microorganisms and prevents DNA replication and protein synthesis [27], [28].  
The existence of an inhibitory zone strongly suggests that membrane disruption is a component of the biocidal activity of 
nanoparticles. The degree of suppression is dependent on both the initial bacterial concentration and the nanoparticles concentration. 
The smaller size of the particles may cause them to adhere more closely to the surface of the bacterial cells, breaking the membrane 
and allowing internal components to leak out, killing the bacterial cells.  

 
 
 
 
 
 
 
 
 
 

 
 

 
 

a        b 
Fig. 4: The antibacterial effect of CuONPs on pathogens (a) E. coli & (b) B. subtilis 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

a        b 
Fig. 5: The antibacterial effect of IONPs on pathogens (a) E. coli & (b) B. subtilis 

 
F. Antifungal Activity of Nanoparticles 
The fungi F. oxysporum and A. niger were used as role model fungi to test the antifungal activities of IONPs.The well diffusion 
method was used to test the ability of the antifungal  agent (NPs) against the fungal cells. The antifungal activity studied against the 
fungal species  at different concentrations of samples are shown in Table 3 & 4. 
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Table 3: Antifungal activities of copper oxide nanoparticles 

 Inhibition zone of microbes (mm) 

Microbial culture +ve 
control 

 -ve 
control 

30µl 70µl 

Fusarium oxysporum 22 0 15 17 

Aspergillus niger 23 0 14 14 

 
Table 4: Antifungal activities of iron oxide nanoparticles 

 Inhibition zone (mm) 
Microbial culture +ve 

control 
-ve 

control 
30µl 70µl 

Fusarium oxysporum 24 0 14 15 

Aspergillus niger 25 0 16 15 
 
Because NPs have a high surface-to-volume ratio, they can firmly cling to fungal cell surfaces. Additionally, because of its small 
size, it can enter cells directly harming the cell wall. When NPs directly interact with cell surfaces, they alter the permeability of the 
membranes thereby causing oxidative stress in fungal cells, which ultimately leads to the suppression of cell development and 
eventually cell death [29]. A recent literature has discussed the potential for membrane damage brought on by direct or electrostatic 
interaction between iron oxide nanoparticles and cell surfaces, cellular internalisation of NPs, and the generation of active oxygen 
species such H2O2 in cells as a result of metal oxides [30]. Moreover, iron oxide NPs synthesised using Plumbago auriculata showed 
significant antifungal activities against both F.oxysporum and A.niger as displayed in Fig 6-7.  

 
 
 
 
 
 
 
 
 

a        b 
Fig. 6: The antifungal effect of CuONPs on pathogens (a) Fusarium oxysporum & (b) Aspergillus niger 

 
 
 
 

 
 
 
 
 
 
 
 

a        b 
Fig. 7: The antifungal effect of IONPs on pathogens (a) Fusarium oxysporum & (b) Aspergillus niger 
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IV. CONCLUSION 
An effective way to produce eco-friendly nanomaterials for biological applications is by the green synthesis of nanoparticles 
utilising plant extracts. Using floral extracts from Plumbago auriculata nanoparticles were created. UV-visible spectroscopy analysis 
was used to principally monitor the reduction of copper ions into copper oxide nanoparticles and iron ions into iron oxide 
nanoparticles. Using the SEM technique, particle shape and size were investigated.  
The synthesized CuONPs and IONPs  have shown antibacterial and antifungal properties. With the observation of the obtained 
results, the antimicrobial capabilities of the biosynthesized CuONPs and IONPs are assumed to be promising contenders for medical 
applications. Consequently, the biosynthesized nanoparticles may be useful in the delivery of drugs. To characterize the 
biomolecules involved in the bioreduction of CuONPs and IONPs, the current research can be further expanded. 
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