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Abstract 

This paper presents a green synthesis of plant modified copper oxide nanoparticles (CuO 

NPs) using Justicia adhatoda L. (J. adhatoda) aqueous leaves extract. The nano particles of 

CuO were synthesized by using CuCl2.2H2O and Justicia adhatoda L. aqueous leaves extract 

of various concentrations (1% - 5%) with simultaneous addition of NaOH at 80
o
C. The 

synthesized CuO NPs were studied by XRD (X-ray diffraction)), Ultra violet- Diffuse 

reflectance spectroscopy (UV-DRS), Fourier transform infrared spectroscopy (FT-IR). The 

morphology of sample was studied by Scanning electron microscopy (SEM) and High-

resolution transmission electron microscopy (HR-TEM). The antibacterial activity of 

synthesized CuO NPs was executed against gram-positive bacteria of Staphylococcus aureus 

(strain MTCC 6908), Bacillus subtilis (strain MTCC 0441) and gram-negative bacteria of 

Escherichia coli (strain MTCC 1557) and Klebsiella aerogenes (strain MTCC 0039). The 

antifungal activity of synthesized CuO NPs was studied against the funguses of Aspergillus 

fumigatus (strain MTCC 0343),Aspergillus niger (strain MTCC 1344),Candida albicans 

(strain MTCC 0227)andPenicillium chrysogenum (strain MTCC 0947). The XRD pattern 

reveals the formation of single phasic CuO with monoclinic structure up to 2% concentration 

of plant extract. A peak at 370 nm in UV-DRS spectra shows the evolution of CuO NPs and a 

band gap of 1.47eV is observed. Peaks were obtained in FT-IR confirms that the CuO NPs is 

formed from bioactive compounds containing in plant extract. SEM and HR-TEM images 

depicts that CuO NPs are spherical morphology and the mean value of grain size are differing 
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from 20 to 40 nm. Antibacterial activity finds the maximum zone of inhibition (27.2 +0.9 

mm) with E. coli in 250µg/L. The synthesized CuO NPs also shows good antifungal activity 

and finds the maximum zone of inhibition with P.chrysogenum is 17.7+0.6 mm in 250µg/L. 

Thus, this process can be utilized to synthesize stable CuO NPs via rapid, eco-friendly and 

cost-effective technique. CuO NPs is observed to be a promising candidate for better 

antibacterial and antifungal agent. 

Keywords: CuO NPs; Plant mediated Synthesis; Justicia adhatoda L. leaves extract; 

Antibacterial activity; Antifungal activity. 
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1. Introduction 

Now a day‟s metal oxides play a significant role in many industrial sectors. In which copper 

oxide (CuO) have been playing a vital role due to the characteristics of catalytic [1], electric 

[2], photocatalytic [3], optical [4], antioxidant [5], anticancer [6] and antibacterial properties 

[7]. In recent time metal oxide nanoparticles are finding enhanced applications than the bulk 

materials. Therefore, researchers are showing keen interest in the synthesis of metal oxide in 

nano scale. There are many bottom-up techniques such as sol–gel technique [8], 

sonochemical [9], alkoxide based route [10], electro chemical methods [11], precipitation-

pyrolysis [12], microwave irradiations [13], solid-state reaction method [14], thermal 

decomposition of precursor [15] and phytogenic synthetic route are reported to synthesize 

metal oxide nanoparticles. Among these, phytogenic synthetic route finds considerable 

attention due to eco-friendly, non-toxic, and cost effective. The stabilizing agent used in 

conventional methods leads to pollute the environment. It is evident that the constituents in 

plant containing phytochemicals such as poly phenolic play an important role of stabilizing 

and reducing agent for the synthesis of metal oxide nanoparticles [16]. On this basis, many 

attempts have been made to synthesize CuO NPs using plant such as Malva sylvestris [17], 

Cassia auriculata [18], Carica papaya [19] and Indigofera tinetoria [20]. Recently copper 

compounds attracted more interest due to its high antibacterial and antifungal activity [21]. 

Several nanoparticles of metallic compounds have been reported so far such as copper, silver 

and gold which exhibit strong antimicrobial activity. Among these compounds, copper 

attracts much attention to researchers due to its cheaper cost and good antimicrobial activity 

[22]. In 1761, copper was used in the form of a weak copper sulphate solution soaked with 

seed grains to prevent seed-borne fungi in agriculture work for the first time. As a metallic 

fungicide, the compounds of copper play vital role in agricultural application practices [23]. 

mailto:mskumargpm2003@gmail.com
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A mixture of lime, water and copper sulphate known as Bordeaux mixture and Burgundy 

mixture (composition of sodium carbonate and copper sulphate) were used as a prospective 

fungicide in France and United states in 1880‟s for the fight against mildew on grapes. In the 

era of nineteenth century, scientists made an observation that the cholera made no effects on 

copper workers from USA. Hence from 20th century usage of Cu compounds became 

widespread [24]. It is unfortunate that the compounds of copper may became toxic for fish 

and other organisms [25]. Biosafety study on Cu NPs, CuO and CuSO4 showed that Cu NPs 

are less toxic than other copper compounds [26]. But the synthesis of Cu NPs is challenging 

due to their high tendency to oxidation. Oxidation of copper results in the formation of Cu2O 

and CuO converts into Cu
2+

 during the process of preparation and storage [27]. Comparing 

CuO and CuSO4, CuO is less toxic. Another study divulged that the CuO NPs are effective 

antimicrobial properties than the bulk form of CuO and it is also stable than Cu NPs [28]. The 

present studyreports the synthesis of CuO NPs using aqueous extract of J. adhatoda leaves.  

J. adhatoda commonly is known as Malabar mut in English and Adhatoda in Tamil. It is a 

tropical shrub with lance-shaped leaves of 10-15 cm by its length. It belongs to the family of 

Acanthaceae and genus of Justicia. J. adhatoda is heritage used to treat cough, cold, 

tuberculosis and asthma [29]. Physico-chemical screening of J. adhatoda leaves was reported 

elsewhere [30-31]. From the literature study, it is observed that J. adhatoda (whole plant 

parts) contains rich in alkaloids, tannin, saponin, phenolics and flavonoids.  CuO NPs and 

with carbon composites using J. adhatoda leaves were synthesized by P.G. Bhavyasree et al., 

K. S. Dayana et al., and Md. J. Islam et al., [32-34]. CuSO4 was used as predecessor for 

synthesis of CuO NPs and studied antibacterial property for several bacterial species. 

  The current investigation explores the synthesis of CuO NPs using Justicia adhatoda L. 

leaves aqueous extract. It observes the probable utilization of CuO NPs as a antibacterial and 

antifungal agent against bacterial species of Bacillus subtilis,Staphylococcus 

aureus,Escherichia coli andKlebsiella aerogenes and fungal species of Aspergillus 

fumigatus,Aspergillus niger,Candida albicans and Penicillium chrysogenum species. 

 

2. Experimental methods 

2.1. Preparation of plant extract 

J. adhatoda leaves plugged freshly and washed several times with tap water and with 

deionized water were collected. The collected leaves were dried with air at room temperature 

for couple of weeks.About 5g of air-dried leaves were weighed to prepare 5% stock solution. 

The weighed air-dried leaves of J. adhatoda were cleaned again in distilled water and the 

same was chopped into very small pieces. The leaves were made as a fine paste using pestle 
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and mortar and then 250mL distilled water was added. It was heated to 60
0
C with 

simultaneously stirring for 30 min using magnetic stirrer. The colloidal solution was filtered 

through filter paper of Whatman No.1 and then it was kept in freezer for future studies.  

2.2. Synthesis of CuO nanoparticles 

     For the formation of copper oxide nanoparticles analytical grade of copper chloride 

dihydrate (CuCl2.2H2O, 98.5% purity, Merck), sodium hydroxide (NaOH, ≥97.0% purity, 

Merck) and ethanol (99.9%) were used. From the stock solution (5%) of plant extract, 1%, 

2%, 3% and 4% respectively were prepared by dilution with distilled water. 200 mL of CuCl2 

(50mM) solution was mixed with 20 mL of 1% aqueous plant extract and stirred continuously 

using magnetic stirrer at room temperature for half an hour. The light blue color solution 

changes to light yellowish green color, which shows the initial formation of copper oxide 

nanoparticles. Then temperature of solution was raised to 80+2
o
C and maintained for 20 min. 

Now, nearly 20mL of 1M NaOH is added drop by drop and then contents stirred continuously 

for 30 min. The pH of the solution is 12. After the addition of NaOH causes immediate 

formation of brownish black precipitate from yellowish green color which indicates the 

generation of CuO NPs. The precipitate is washed with deionized water followed by ethanol 

repeatedly for the removal of surface impurities on the particles. The precipitate is dried at 

110+2
o
C in hot air oven for 2 h. Then the same experiment is repeated to synthesize CuO 

NPs by using 2%, 3%, 4% and 5% of plant extract respectively. But the consumption of 

NaOH increases with increase in plant concentration (21, 29, 36, 40 mL for 2%, 3%, 4% and 

5% of plant extract respectively). There is no precipitate is observed immediately for 3%, 4% 

and 5% of plant extract concentration. Fig. 1 shows the graphical abstract of J. adhatoda 

mediated synthesis of CuO NPs. 

 

2.3. Characterization techniques 

The X-ray diffraction patterns determine the crystal phases of the synthesized CuO NPs using 

Bruker Analytical D8 X-ray System with a radiation (Cu- Kα) of 1.54178Å covering the 

angle between the ranges of 10-80
0
. The phytogenic synthesized CuO NPs were characterized 

through Shimadzu UV-Vis Diffuse reflectance Spectrum (DRS) spectrophotometer UV 2600 

model and measured in the range between 200-800 nm. Infrared spectrum obtained due to 

Fourier Transform effect from the spectroscope Shimadzu model: IR affinity-1in the range 

400 – 4000cm
-1 

using ATR mode was employed to estimate the functional groups present in 

the biosynthesized of CuO nanoparticles. To understand the morphology and size of the 

synthesized CuO nanoparticles, High Resolution Transmission Electron Microscopy (HR-
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TEM) and Scanning Electron Microscopy (SEM)were studiedusing JEOL Company,JAPAN; 

Model no.: JEM-2100F and TESCAN VEGA3/Czech Republic respectively. 

 

Fig. 1. Flow chart for the synthesis of CuO NPs from aqueous extract of J. adhatoda leaves 

 

2.4. Antibacterial activity assay 

     The obtained CuO NPs was analyzed for antibacterial activity using Agar disc diffusion 

method. The Bacterial strains of gram-positive bacteria of Staphylococcus aureus (strain 

MTCC 6908), Bacillus subtilis (strain MTCC 0441) and gram-negativebacteria of 

Escherichia coli (strain MTCC 1557), Klebsiella aerogenes (strain MTCC 0039) were 

collected from Chandigarh Microbial Type Culture Collection Centre (MTCC), India. The 

prepared discs with 6mm diameter from Whatman No. 1 filter paper were disinfected at 

120+2 °C using autoclave. On completing the disinfection, the discs with moisture were dried 

on exposing it with hot air oven at 50+2 °C and various concentration (50, 100, 150, 200 & 

250 µg/L) of CuO NPs control discs and discs were prepared. The CuO was dissolved in 

dimethyl sulphoxide (DMSO) and it was used as negative control. Nitrofurantoin (300µg/L) 

was utilized as positive control. The dried plates were protected at 37+2ºC for 24-36 h. 
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Succeeding the protection period, the formed zone diameter around the disc paper was taken 

in millimeter and values are noted. Each experiment was carried out with three triplicates and 

their average values were documented. 

2.5. Antifungal activity assay 

The synthesized CuO NPs was treated for antifungal activity using Agar disc 

diffusion method. The funguses of Aspergillus fumigatus (strain MTCC 0343);Aspergillus 

niger (strain MTCC 1344),Candida albicans (strain MTCC 0227) and Penicillium 

chrysogenum (strain MTCC 0947) were obtained from Microbial Type culture Collection 

Centre (MTCC), Chandigarh, India.  The Potato Dextrose Agar (PDA) loaded with petri dish 

was sterilized for 20 min and cooled to room temperature. Using sterile swab, the plates with 

media were seeded with the respective microbial suspension. The discs of 6mm diameter 

were prepared from filter paper of Whatmann No. 1. The same were disinfected by autoclave 

at 120+2°C. After the disinfection, the discs were introduced onto hot air oven at 50+2 °C for 

the removal of moisture. Then several concentrations (50, 100, 150, 200 & 250 µg/L) of CuO 

NPs discs separately were located on each control discs and petri plates were prepared. The 

CuO NPs was dissolved in DMSO and it was used as negative control. Amphotericin-B (10 

µg/L) was used as positive control (standard). The plates were kept at 28+2 ºC for incubation 

about 72 hrs. After this process, protection zone is formed and the zone diameter was 

measured in mm. Each experiment was carried out with three triplicates and their mean 

values were documented. 

 

3. Results and discussions 

3.1 Powder X-Ray diffraction 

      The samples obtained from synthesis are subjected to XRD and the patterns recorded are 

shown in the Fig.2. The XRD patterns show the single phasic CuO NPs up to 2% of plant 

extract concentration. Matching of observed major peaks was found from the X-ray 

Diffraction pattern of Joint Committee Powder of Standard, JCPDS card number 00-048-

1548 is conforming the monoclinic phase of copper oxide nanoparticles. Na6Cu2O6 phase was 

formed as a secondary phase for > 3% of plant extract concentration. The major peaks are 

observed around at 2θ values of 17.1 and 24.2 degree (Fig. 2c) are related to Na6Cu2O6. The 

intensity of peaks increases with increase in plant extract and NaOH concentration.  This 

could be due to excess addition of NaOH with increase in plant extract concentration. A 

detailed study is needed for further on this issue. From the observation of XRD result, plant 

concentration of 2% is the optimal concentration for the synthesis of CuO NPsusing 

J.adhatoda.  The crystallite size can be arrived using Scherrer’s formula; D = 𝐾𝜆/ 
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𝛽𝑐𝑜𝑠𝜃where, the crystallite size is taken as „D‟, the grain sharp factor is assigned to be „K‟ 

(0.94), the incident X-ray wavelength (1.5418 Å) is said to be „λ‟ and full width half 

maximum (FWHM) is assigned to be „𝛽‟. The mean value of crystallite size of the 

synthesized CuO NPs is calculated and the CuO NPs crystallite size is found to be 40nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2. XRD patterns of CuO NPs synthesized from aqueous extract of J. adhatoda 

leaves (a) 1%, (b) 2% and (c) 3% concentrations respectively 

 

3.2. UV-Visible spectra 

The UV-DRS absorption spectra of the J.adhatoda mediated CuO NPs is presented in Fig. 3. 

A wide absorption peak is obtained around 370 nm shows the formation of CuO NPs. The 

energy band gap of J.adhatoda mediated CuO NPs were calculated using Tauc plot method 

which was obtained from Kubelka–Munk relation [35]. The band gap was observed as 

1.47eV which is closure to the band gap of CuO bulk found in the literature [36]. From the 

value of band gap, it is suggested that J.adhatoda mediated CuO NPs is found to be used as a 

good visible light photo catalyst. 
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Fig. 3. Tauc plot of CuO NPs with inset of UV-DRS spectra of synthesized CuO NPs from 

1% aqueous extract of J. adhatoda leaves 

 

3.3. FT-IR spectra 

        FT-IR spectra of J. adhatoda dried leaves powder and CuO NPs synthesized from 1% of 

J.adhatoda leaves extract are depicted in the Fig.4 (a) & (b) respectively. FT-IR spectrum of 

J. adhatoda leaves powder was matched with the result of Ponvel et al [37] and Suvidya et al 

[38]. In the Fig.4 (a), a wide band at 3273 cm
-1

 is attributed to OH
-
 group and sharp peaks at 

2920 & 2850 cm
-1

 are assigned to aliphatic -CH2 and -CH stretching vibrations. A band at 

1726 cm
-1

 is related to -C=O group. A broad band at 1608 and 1097 cm
-1

 are ascribed to -NH 

and -C-O-C- stretching vibrations respectively. In the Fig. 4 (b), a sharp peak at 597, 511 and 

430 cm
-1

 respectively are corresponded to typical metal-oxygen vibrations of Cu-O [39, 40]. 

The peaks at 3441 and 3344 cm
-1

 are related to OH
-
 group. From result of FT-IR spectra of 

J.adhatoda leaves powder and CuO NPs indicates that the CuO NPs is synthesized from the 

phyto constituents of J.adhatoda leaves extract. 
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Fig. 4. FTIR spectra of (a) Dried powder of J. adhatoda leaves and (b) CuO NPs synthesized 

from 1% aqueous extract of J. adhatoda leaves 

 

3.4. Scanning Electron Microscopy  

     SEM was utilized to analyze the morphology of nanoparticle. The SEM image of CuO 

NPs synthesized from 1% plant extract is shown in Fig.5. The particles are in the sphere-

shaped morphology and the mean particles size is differing from 40 to 70 nm. Particle size 

analyzer was performed for CuO NPs synthesized from 2% plant extract (Figure is not 

shown) and it was observed that the mean value of particle size was around 320 nm. From the 

observation of SEM and particle size analyzer result, lower concentration of plant extract 

produces lesser size of nanoparticles. 

 

3.5. High Resolution Transmission Electron Microscopy  
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      A TEM image of CuO NPs synthesized from 1% plant extract is presented in the Fig.6. It 

is observed that all the particles are uniform size with spherical morphology and free from 

agglomeration. The mean particles size is differing from 20 to 40 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. SEM image ofCuO NPs synthesized from 1% aqueous extract of J. adhatoda leaves 
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Fig. 6. HR-TEM image ofCuO NPs synthesized from 1% aqueous extract of J. adhatoda 

leaves 

3.6. Antibacterial activity of CuO NPs 

       The antibacterial activity of CuO NPsderived from J. adhatoda plant extract was treated 

against gram-positive bacteria of Bacillus subtilisStaphylococcus aureus, and gram-negative 

bacteria of Escherichia coli and Klebsiella aerogenes. The zone of inhibition images of 

bacterial strains is depicted in the Fig.7. The results of CuO NPs antibacterial activity are 

presented in the Table 1. CuO NPs synthesized from J. adhatoda plant extract shows that 

significant result on antibacterial activity against both Gram- negative and Gram- positive 

bacteria.The inhibition activity of CuO NPs is represented in bar graph (Fig.8) and maximum 

zone value (27.2 +0.9 mm) at 250 μg/Lagainst E- coli is observed.  This result is significantly 

higher value for E- coli so far reported [41, 42-43]. The antibacterial results show that the 

gram-positive bacteria are less prone to CuO NPs when compared with the gram-negative 

bacteria. This activity difference is due to the factors such as structure, composition, 

variances of cell membrane of the bacteria and morphology of nanoparticles, temperature of 

synthesis and the duration of interaction with microorganisms of CuO nanoparticles [44-47]. 

Gram-positive bacteria have heavier murein cell membranes related to the Gram-negative 

bacteria [48]. The thickening of cell wall of the structure of Gram-positive bacteria leads 

difficult to penetrate CuO NPs into the cell wall, causing in a low antibacterial activity. The 

detailed mechanism against antibacterial activity was discussed elsewhere [25]. There are 

three different mechanisms were discussed based on coordination effects, oxidative stress and 

non-homeostasis effects that clarify how Cu NPs induce adverse effects on eukaryotic cells. 

Hou et al elaborated the toxicity effect of CuO NPs against microorganism, algae, plants, 

invertebrates, and vertebrates [49]. From their studies, it is predicted that the small size of 

nanoparticles can easily penetrate the cell wall through the stomas present in cell membrane 

or the presence of transporter proteins on the plasma membrane allows the metal ion through 

it. The entered nanoparticles onto cells via endocytosis interact with oxidative organelles 

such as mitochondria. Further, redox active proteins activate reactive oxygen species (ROS: 

OH radicals, O2
-
 and H2O2) formation in cells and Cu

2+
 ions from the CuO NPs can stimulate 

ROS by several chemical reactions. ROS can stimulate DNA strand breaks and disturb gene 

expression. Besides, Cu
2+

 ions have the capacity to form chelates with protein biomolecules 

forming metalloproteins bonds resulting the inactivation of biomolecules. The Cu
2+

 ions 

released from CuO NPs increase their local concentration and disrupt cellular metal cation 

homeostasis to result in cell toxicity. Moreover, the increase in local concentration of Cu
2+
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ions around the bacterial cell from CuO NPs causes disruption of cellular metal cation 

homeostasis to outcome of cell toxicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Zone of inhibition of CuO NPs against bacteria (a) Staphylococcus aureus, (b) 

Bacillus subtilis, (c) Escherichia coli and (d) Klebsiella aerogenes 
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Fig. 8. Bar graph representing Zone of inhibition of CuO NPs against various bacteria 

Table 1. Antibacterial activity of CuO NPs with variable concentrations 

Concentration 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Escherichia 

coli   

Klebsiella 

aerogenes  

Zone of Inhibition (diameter in mm)   

50µg/L 17.4 +1.0 16.0 +1.7 18.5 +1.1 16.5 +0.8 

100 µg/L 19.4 +1.1 18.7 +0.7 20.4 +1.1 16.7 +0.8 

150 µg/L 20.2 +0.6 20.2 +1.4 21.3 +0.9 17.0 +0.5 

200 µg/L 20.5 +1.0 20.3 +1.1 23.2 +0.6 18.4 +0.9 

250 µg/L 23.4 +1.1  26.5 +0.8 27.2 +0.9 19.4 +1.0 

Std -300 µg/L 23.0 +0.7 20.4 +1.0 14.5 +0.7 17.8 +0.7 

 

3.7. Antifungal activity of CuO NPs 

The antifungal activity of J. adhatoda plant extract derived CuO NPs was tested against the 

funguses of Aspergillus fumigatus,Aspergillus niger,Candida albicans and Penicillium 

chrysogenum. The zone of inhibition images of fungal strains is shown in the Fig. 9. The 

effects of the antifungal activity of CuO NPs are presented in the Table 2. A bar graph is 

representing the inhibitory activity against various fungal stains is shown in the Fig. 10. 

Maximum zone of inhibition (17.7 +0.6 mm) is observed for P. chrysogenum at 250 μg/L 

which is higher than that of positive control Amphotericin-B. The results obtained for 

antifungal activities are comparable with previous study reported by Vanathi et al [50].The 

mechanisms of inhibition growth of fungi by CuO NPs are very limited. Safaeia et al 

presented the detailed mechanism for funguses [51]. They inferred that nanoparticles can 

enter the cell wall of the fungi via pores on the surface and can destroy the cell membrane by 

resulting inactivity of fungi. Moreover, metal oxide NPs can induce oxidative stress on cell 

membrane due to the production of ROS and disturbing the stability of cell which finally 

causing fungal death. Cu
2+

 ions produced from the CuO NPs may diffuse through cell wall 

and generate stress that consequently leads to death of fungi by interrupting the respiratory 

dehydrogenation and electron transfer chain. The role of all intercellular organelles such as 

lysosome, endoplasmic reticulum, ribosome, and mitochondria were interrupted due to the 

diffusion of CuO NPs into the fungi by producing ROS. The effective antifungal activity was 

observed for the nanoparticles are having the size lesser than 50 nm. These nanoparticles are 
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easily transferring metal ions through the pores of the nucleic membrane and attaching to 

DNA, which interrupt the processes such as transcription, replication and translation and 

finally undergo fungal death. Further investigations are required to understand much deeper 

expertise the mechanism of antifungal activity of CuO NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Zone of inhibition of CuO NPs against fungus (a) Aspergillus fumigatus, (b) 

Aspergillus niger, (c) Candida albicans and (d) Penicillium chrysogenum 
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Fig. 10. Bar graph representing Zone of inhibition ofCuO NPs against various funguses 

 

Table 2. Antifungal activity of CuO NPs with variable concentrations 

Concentration 

Aspergillus 

fumigatus 

Aspergillus 

niger 

 Candida 

albicans 

Penicillium 

chrysogenum 

Zone of Inhibition (diameter in mm) 

50 µg/L 12.3 +1.2 13.4 +0.8 10.5 +0.7 13.7 +1.4 

100 µg/L 12.6 +1.2 14.6 +1.1 12.4 +1.0 14.0 +1.7 

150 µg/L 13.4 +1.1 14.4 +1.2 13.4 +0.8 15.7 +0.6 

200 µg/L 14.5 +1.1 15.6 +1.0 14.5 +1.0 16.6 +0.9 

250 µg/L 15.7 +1.0 16.4 +1.0 15.5 +1.0 17.7 +0.6 

Std -10 µg/L 11.3 +1.1 10.6 +0.8 15.3 +1.0 11.6 +1.5 

 

 

4. Conclusions 

      The current study reported the synthesis of CuO NPs using aqueous extract of J. 

adhatoda leaves with various concentrations. Powder XRD patterns confirmed the single 

phasic CuO NPs up to 2% concentration of plant extract. Above 2% plant extract 

concentration produced the secondary phase of Na6Cu2O6. UV-DRS spectra agreed the result 

of Powder XRD and the band gap was 1.47 eV. The peaks were observed in FT-IR spectra of 

both plant leaves and CuO NPs substantiated that the CuO NPs were synthesized from the bio 

reduction by the aqueous extract of J. adhatoda   leaves. SEM image showed that the 

particles were in spherical shaped with uniform morphology. TEM image reported that the 

spherical morphology of CuO NPs with the particles sizes was differing from 20 to 40 nm. 

Antimicrobial activity of CuO NPs was good agreement against bacteria and funguses. 

Maximum zone of inhibition was 27.2 +0.9 mm against E. coli and 17.7 +0.6 mm against P. 

chrysogenum at 250 μg/L respectively for antibacterial and antifungal activity of CuO NPs. 

This study was successfully synthesized the CuO NPs through cost effective and environment 

friendly approach and moreover CuO NPs could be used a potential candidate for good 

antibacterial and antifungal applications. 
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