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1. Introduction 

Nanotechnology is one of the rapidly developing concepts in the field of Science and Technology [1]. 

Nanoparticles acquire much importance due to their excellent chemical and thermal stability [2]. Physical, 

chemical, electrical and optical properties have a significant role in the size and shape of the nanomaterials. 

[3],[4],[19]. Zinc oxide is an inorganic material, classified as a semiconductor in group II-VI. It has a broad energy 

band gap of 3.37 eV, high binding energy of 60 meV [5].  

ZnO has unique optical and chemical behaviors which can be easily reformed [6]. ZnO nanoparticles have a 

tremendous potential application in Ultra- violet lasers, piezoelectric transducers, dye-sensitized solar cells and 

biological applications such as biosensors, bioimaging, drug delivery, biological sensing, biological labeling, gene 

delivery, drug delivery and Nano medicine along with its antibacterial, antifungal and anti-diabetic activities 

[6]-[9],[21]-[23]. Lower cost, UV blocking properties, high catalytic activity, large surface area are the advantages 

of nanostructured ZnO particles compared to other metal nanoparticles [7],[24].  

Synthesis of nanoparticles via green routes has become popular among researchers due to its low cost, clean, safe, 

synthesis in ambient atmosphere, non-toxicity, environmental compatibility etc. [2],[7],[10]. Nanoparticles are 

bio-synthesized directly from metal or metal salts, in the presence of some organic material or plant extract [4],[18]. 

The use of plants and/or plant leaf extract offers a biological method for the controlled and precise synthesis of 

several metallic nanoparticles with well-defined diverse sizes and shapes [7],[20]. The properties of the 

semiconductor such as band gap or electrical conductivity can be controlled by doping a selective element into 

ZnO. Furthermore, an increase in surface area and decrease in particle size can be done by doping transition metals 

such as Manganese, Chromium, Nickel, Cobalt into ZnO [10],[11]. Carica papaya originated from the low lands of 

eastern Central America is also known as papaya or paw-paw. It has been widely cultivated in tropical countries for 

AB ST R ACT  

In this work, Zinc Oxide (ZnO) and Mn-doped ZnO nanoparticles were green synthesized using Carica papaya extract by the Co-precipitation 

method. X-ray diffraction (XRD) results revealed the formation of ZnO and Mn-doped ZnO nanoparticles with the wurtzite crystal structure 

(hexagonal). Due to the presence of dopant Manganese (Mn) the optical spectra showed a redshift in the absorbance spectrum. Structural and optical 

properties of the end product showed that the manganese ions (Mn
2+

) substituted the Zinc ions (Zn
2+

) without altering the Wurtzite structure of ZnO. 

Fourier Transform Infrared Spectroscopy (FTIR) spectra confirm the presence of metal oxide present in the end product. The antibacterial efficiency 

of ZnO and Mn-doped ZnO nanoparticles were studied using the agar well diffusion method against Gram-positive and Gram–negative bacteria. It is 

obvious from the results that Mn doped ZnO nanoparticles exhibit better antibacterial activity than ZnO nanoparticles. 
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its edible fruit for hundreds of years and has also been used in traditional ethnic health applications [12]. Phenolic 

compounds, alkaloids, glycosides, amino acids, antioxidant vitamins and minerals were the constituents of the 

extracts of Carica Papaya which may be responsible for their observed antioxidant activities [25],[26]. Alkaloids 

have established broad-spectrum antibacterial activity and are also used as analgesics and narcotics for pain relief 

[13]. In the present work, we report simple, efficient and cost-effective green synthesis of ZnO and Mn doped ZnO 

nanoparticles using Carica papaya leaf extract which acts as a reducing and capping agent. The purpose of this 

work was to compare the performance of biosynthesized ZnO and Mn-doped ZnO nanoparticles for better 

antibacterial activity using the co-precipitation method. 

2. Experimental methods 

2.1. Materials 

Pure and Manganese doped zinc oxide nanoparticles were synthesized by Co-Precipitation method. All the 

analytical reagents were obtained from Merck Chemicals and used without further purification. Zinc nitrate 

hexahydrate (Zn (NO3)2.6H2O) was used as a host precursor, manganese acetate hexahydrate (Mn 

(CH3COO)2.4H2O) was used as dopant precursor. Sodium hydroxide (NaOH), Plant extract and de-ionized 

water were used in precursor solutions. 

2.2. Preparation of Plant Extract 

Fresh leaves of Carica Papaya were collected from fields, near Dr. N.G.P Arts and Science College, Coimbatore, 

India. The leaves were thoroughly washed for 2-3 times with double distilled water and dried at room temperature. 

5 g of Carica papaya leaves was added to 100 mL of distilled water and was heated for 60 min in 100°c. Then 

Papaya leaf extract was filtrated using Whatman paper no.1 and the extract was stored for further studies. 

2.3. Synthesis of Zinc Oxide Nanoparticles 

ZnO nanoparticles have been prepared using the required precursors by Co precipitation method. An aqueous 

solution of 1 M Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) was dissolved in 100 mL double distilled water (DDW) 

and stirred for about 15 minutes at room temperature. In the above solution, add 20 mL of plant extract (5:1) to 

aqueous solution drop wise and stirred again for 15 minutes.  

Later, 1 M Sodium hydroxide (NaOH) was dissolved in 100 mL double distilled water and the solution was stirred 

for 15 minutes. Finally, the NaOH solution was added to the above solution and continuously stirred for 1 hour at 

room temperature.  

After 1 hour, the deposited white precipitate is centrifuged and washed with distilled water and ethanol several 

times. After centrifugation (3000 rpm), the samples were dried in hot plate at 100°C for 2 hours. Then, the prepared 

ZnO nanoparticles are powdered using mortar and stored for further studies. 

2.4. Synthesis of Mn doped Zinc Oxide nanoparticles  

Mn doped ZnO nanoparticles have been prepared using Co precipitation method. Initially, an aqueous solution of 

1M Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) was dissolved in 100 mL double distilled water (DDW) to which 5 
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wt% of Manganeous acetate was added and stirred for 15 minutes. Then 20 mL of plant extract (5:1) was mixed to 

it and stirred again for next 15 minutes. Secondly, 1M Sodium hydroxide (NaOH) was dissolved in 100 mL double 

distilled water and stirred for another 15 minutes. Finally, the NaOH solution was added to the above solution and 

continuously stirred for 1 hour at room temperature. After 1 hour, the deposited white precipitate is centrifuged and 

washed with distilled water and ethanol several times. After centrifugation (3000 rpm), the samples were dried in 

hot plate at 100°C for 2 hours. Then, the prepared ZnO nanoparticles are powdered using mortar and stored for 

further studies. 

2.5. Characterization 

The synthesized ZnO nanoparticles were characterized using various spectroscopic techniques. Structural 

properties such as crystalline structure, average crystalline size, cell parameters, and phase identification were 

analyzed using X-ray diffractometer. Optical properties were analyzed using UV and FTIR techniques. UV–visible 

spectrum was recorded between 200 and 800 nm using UV–Visible spectrophotometer. Fourier transform infrared 

(FTIR) analysis of the nanoparticles was carried out with Fourier transform spectrometer at a frequency range of 

4000-400 cm
-1

.  

2.6. Evaluation of Antibacterial Activity 

The anti-bacterial activity of pure ZnO and Mn doped ZnO (5 wt.%) were tested against each Gram-positive and 

Gram-negative pathogenic such as Staphylococcus aureus and Escherichia coli respectively. Anti-bacterial activity 

of nanoparticles was determined by agar well diffusion method. The bacterial suspension was seeded on MHA 

(Muller Hinton Agar) plates. The nutrient broth culture medium was prepared which is then sterilized in an 

autoclave at 120°C for an hour. The ZnO and Mn doped ZnO nanoparticles of 0.015g (15 µL) are dissolved in 1mL 

of DSMO (dimethyl sulfoxide). The cultures of the bacteria were inoculated in 100mL of the nutrient broth and 

incubated for 24 hours at 37°C. The medium was transferred into the petriplate; once it solidifies the inoculated 

pathogenic was swabbed around the medium to allow growth using a loop. In each of these plates four wells were 

cut out using a sterilize cork borer. Using a micro pipette, 100 μL of different concentrations (25μL, 50μL and 75 

μL) of nanoparticles and negative control was added in to different wells. A positive control antibiotic disc was 

placed in the plate and kept in the incubator at 37°C for 24 hours. A positive control without the test sample was 

also observed. Finally, the antibacterial activities were studied by measuring the diameter around the undoped and 

doped ZnO nanoparticles. The diameters of the inhibition zones were measured by using millimeter scale. 

3. Results and Discussion 

3.1. XRD Analysis 

Fig.1 shows the X-ray diffraction patterns of the green synthesized and Mn doped ZnO (5 wt%) with Carica Papaya 

extract nanoparticles by Co-precipitation method. The obtained diffraction peaks are well indexed with JCPDS 

card no. 36-1451. The sharp and intense peaks indicate that samples are highly crystalline and confirm the 

hexagonal wurtzite structure of ZnO with lattice parameter a = 3.187 Å and c = 5.258 Å. The growth of 

nanoparticles has taken place along the easy direction of crystallization of ZnO, which can be confirmed by the 
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high intensity (1 0 1) peak [14]. The prominent peak of undoped ZnO is 36.59 whereas in the case of Mn doped 

ZnO is 32.51. The formation of small-sized particles can be confirmed from the broadening of the peak. The 

diffraction peaks of Mn doped sample show a small shift towards larger and smaller angles when compared to ZnO.  

 

Fig.1. The XRD pattern of Carica Papaya extract ZnO and Mn doped ZnO 

The crystalline size of ZnO and Mn doped ZnO can be calculated using Debye-Scherrer equation (D).  

         
  

          
                            (1) 

Where, D - Crystalline size, K – Shape factor (0.89), λ – Wavelength of Incident radiation, βD – peak width in Full 

Width Half Maxima,  - Diffraction angle.  

The average grain size of un doped ZnO is 7.75 nm and Mn doped ZnO is 8.48 nm. The crystalline size of ZnO 

nanoparticles increases with the increase in concentration of Mn. Table 1 exhibits the relation of crystalline size of 

ZnO and Mn doped ZnO nanoparticles. Increase of crystalline size due to the presence of dopant (Mn) which may 

be due to less solubility of Mn in ZnO.  

The diffraction peaks at 2θ (degrees) – 32.42°, 34.09°, 36.59°, 46.55° and 56.19° are respectively indexed to (1 0 

0), (0 0 2), (1 0 1), (1 0 2) and (1 1 0) planes of ZnO. These miller indices are in good accordance with JCPDS card 

no. 36-1451 (Lattice: Primitive, Space group: P63mc [186]).  

The lattice parameters „a’ and „c’ can be calculated from (1 0 0), (0 0 2) peaks using the Eq.2. Calculated lattice 

parameters are almost similar to JCPDS card No.36-1451 value of ZnO. The presence of Mn causes a slight 

variation in lattice parameters. This variation may be accounted for the fact that ionic radius of Zn
2+

 (0.60) is 

smaller than that of Mn
2+

 (0.66). 

                              
 

  
 

 

 
[
        

  
]  

  

  
            (2) 

Where, d – Interplanar distance, h,k,l – Miller indices,  a, c – lattice Constant. 
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Table 1. Crystalline size and Lattice parameters of ZnO and Mn doped ZnO 

 

The same results were also reported in Rekha et al. [14]. Table 2 shows that dislocation density ( ) and bond length 

(l) increases with the presence of dopant (Mn) while Micro-strain (ɛ) and APF (%) decreases. The slight shift of the 

XRD peaks with the Mn doped ZnO represents that Mn has been effectively doped into the ZnO host structure at 

the Zn site. Some impurities are observed which may due to excess oxide content and impurities present in plant 

extract. The average Dislocation density ( ) is determined by using Williamson Smallmann equation, which only 

depends upon crystalline size (D), 

   
 

  
                                   

The volume of the obtained nanoparticles (V) can be calculated using the formula, 

  
 

 
 (

 

 
)
 

                         

Then the volume of the ZnO and Mn doped ZnO unit cell (v) also has been determined using the equation, 

  
√ 

 
  c                     (5) 

From the volume of the unit cell and the volume of the crystallite, we can estimate the number of unit cells per 

crystallite (n) using the equation, 

  
 

 
       (

  

   
)           

Where, n – number of unit cell,  V – Volume of Unit cell, v – Volume of crystallite.  

The estimated values in Table 2 clearly showed that the increase in number of unit cells per crystallite. The 

estimation of ZnO bond length (l) is another way of confirming the presence of dopant. The following relation will 

estimate the bond length „l‟ of ZnO and Mn doped ZnO, 

  √                                      

Bond length has been found to 1.7456 Å for Zn-O and it increases to 1.7467 Å for 5 wt% Mn doped ZnO, which 

also confirms the substitution of Mn
2+

 in ZnO matrix. Furthermore, the intensities of all diffraction peaks are 

similar which indicates that the growth of ZnO and Mn doped ZnO in all the planes are same and isotropic [8]. The 

values of APF are listed in Table 2 and it can be determined using the Eq.8. Approximately 74 % is the APF of bulk 

Sample Crystalline Size (nm) 

Lattice Parameters 

c/a ratio 

a (Å) c(Å) 

ZnO 7.75 3.187±0.062 5.258±0.052 1.650±0.048 

Mn doped ZnO (5 wt%) 8.48 3.189±0.06 5.358±0.152 1.685±0.083 
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hexagonal ZnO material but in our case the APF of ZnO and Mn-doped ZnO nanoparticles is found to be nearly 

73.29 % and 71.74%, respectively. It means that APF in nano crystals are slightly smaller than that of bulk 

materials due to less solubility of Mn in ZnO. Atomic Packing Factor can also be calculated using the formula, 

                     
   

 √  
                 

Table 2. Additional parameters of ZnO and Mn doped ZnO 

Sample 

Volume of 

the particles 

V (nm)
3
 

Volume of 

the unit 

cell v (Å
3
) 

No. of unit 

cells n=V/v 

Dislocation 

density ‘ ’ 

(x10
16

) 

Micro-Stra

in ‘ɛ’ 

(x10
-4

) 

Bond 

length ‘l’ 

(Å) 

APF 

(%) 

ZnO 243.7270 46.25±1.37 5.2699 1.8709 51.8266 1.7456 
73.2

9 

Mn doped 

ZnO 

(5wt%) 

320.3091 47.19±0.43 6.7877 2.3743 48.0731 1.7467 
71.7

4 

 

3.2.  UV - Vis Spectroscopy 

Fig.2 shows the UV – Vis spectra of ZnO and Mn doped ZnO with Carica Papaya extract. The ZnO exhibit‟s its 

absorption peak at 360 nm and Mn doped exhibit‟s absorption peak at 364 nm with band gap of 3.451 eV and 3.413 

eV, respectively.  

 

Fig.2. UV spectra of ZnO and Mn doped ZnO 
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The position of the absorption spectra is observed to shift towards the higher wavelength side due to Mn doped 

concentration in ZnO. This indicates that the band gap of ZnO material decreases with the doping concentration of 

Mn
2+

 ion. The decrease in the band gap or red shift can be explained by the negative Burstein–Moss effect. This is 

the phenomenon that the Fermi level merges into the conduction band width increase of the carrier concentration. 

The red shift in the absorption spectra depicts the incorporation of Mn inside the ZnO lattice. It may be due to the 

Micro strain due to Mn doping which cause a change in band structure of doped ZnO resulting in red shift [10]. The 

band gap energy can be determined using the formula: 

    
  

 
               

Where, Eg – Energy gap, h- Planck`s Constant, c- Velocity of light, λ – Wavelength. 

3.3.  FTIR Analysis 

Fig.3 illustrates the FTIR Spectra of green synthesized ZnO and Mn doped ZnO nanoparticles using Carica Papaya 

extract. Fourier Transform Infrared Spectroscopy of ZnO and Mn doped ZnO a nanoparticle has been used to 

determine the presence of vibrational bands in the prepared samples.  

 

Fig.3. FTIR spectra of ZnO and Mn doped ZnO 

Normally, the FTIR spectra give information about the presence of functional groups, molecular geometry and 

inter- or intra molecular interactions in the prepared samples. It depicts a sequence of absorption bands in a sort of 

400 and 4000 cm
−1

. The peaks in the range 600-800 cm
-1

 of FTIR spectra of Mn doped ZnO broadened when 

compared it with Pure ZnO, which is due to the presence of Mn
2+

 ions. In the spectra of ZnO, the characteristic 

vibration peaks at 447 and 516 cm
−1

 due to the vibration of Zn and O atoms in ZnO [15]. The bands observed at 618 

cm
−1

 correspond to Zn–O bond, which confirms the presence of end product [3]. The peak at 995 cm
-1

 is associated 

with the strong C=C bending. The peaks at 1388 and 1627 cm
−1

 are attributed to the medium bending of C-H and 
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strong stretching of C=C of the sample, respectively. The appearance of peak at 1766 cm
−1

, 2924 cm
-1

 and 3495 

cm
-1 

in fig.3 is may be due to the strong C=O stretching, medium C-H stretching and strong O-H stretching due to 

the water present in the ZnO nanoparticles [16]. On the other hand, the FTIR spectra of Mn doped ZnO nanoparticle 

is almost same as the spectra of ZnO, except the vibrational peaks at 445 cm
-1

, 517 cm
-1

 and 635 cm
-1

 which 

corresponds to the vibration of Zn and O atoms in ZnO and the formation of Mn doped ZnO nanoparticles. Table 3 

shows different vibration modes of Carica Papaya ZnO and Mn doped ZnO end product. In general, papaya leaf 

extract has the various phytochemical components like flavonoids, phenols etc. These components can act as both 

capping and reducing agent that are strongly attached on the surface of Zn precursors. 

Table 3. FTIR vibration frequencies for different modes of ZnO and Mn-doped Zn 

ZnO 
Mn doped 

ZnO 
Vibrational modes 

447 

516 

618 

995 

1388 

1627 

1766 

2924 

3495 

445 

517 

635 

1038 

1388 

1627 

1766 

2924 

3478 

Zn 

O 

Zn-O 

Strong C=C bending 

Medium bending of C-H 

Strong stretching of C=C 

Strong C=O stretching 

Medium C-H stretching 

Strong O-H stretching 

 

3.4.  Antibacterial Activity 

The antibacterial activity of pure, Mn doped green synthesis ZnO nanoparticles and antibiotic (Gentamicin) are 

investigated against Gram positive and Gram-negative pathogenic bacteria‟s such as E. coli and S. aureus using 

agar well diffusion method. The results in table 4 and table 5 showed that the synthesized ZnO and Mn doped ZnO 

nanoparticles expressed anti-bactericidal activity against the both Gram negative and Gram-positive bacteria.   

From fig.4 and fig.5, it is noted that Mn doped ZnO samples prevented the growth of bacteria‟s remarkably and 

formed well-defined zones around the samples. The increase in the zone of inhibition in Mn doped ZnO sample is 

caused by the substitution of Mn ions into the Zn ion sites. Moreover, increase in concentration (25μL, 50μL, 75μL) 

can also enhance the increase in the Zone of inhibition is noted in fig.6 and fig.7.   

The negative control could not exhibit any zone of inhibition. ZnO and Mn doped ZnO exhibited remarkable 

antibacterial activity against all tested bacterial strains. Gentamicin was used as reference drug. The following 

tables show the antibacterial activities of Mn doped ZnO against tested organisms. 
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Table 4. Antibacterial activity of ZnO nanoparticles 

Test Organisms 

Diameter of Zone of Inhibition (mm) 

25 μL 50 μL 75 μL Positive Control 

E. coli 20 23 25 21 

S. aureus 18 21 23 16 

 

Table 5. Antibacterial activity of Mn doped ZnO nanoparticles 

Test Organisms 

Diameter of Zone of Inhibition (mm) 

25μL 50μL 75 μL Positive Control 

E. coli 24 27 28 16 

S. aureus 21 25 27 21 

 

The antibacterial activity of the ZnO nanoparticles may be related to several mechanisms including the generation 

of reactive oxygen species (ROS) on the surface of the particles, release of Zn
2+

 ions from the ZnO samples and the 

penetration of these nanoparticles which contributes to the mechanical destruction of cell membrane. The hydroxyl 

radicals and superoxide anions are negatively charged and hence they cannot penetrate into the cell membrane, but 

they can cause fatal damage to proteins, Deoxyribonucleic acid and lipids, whereas, H2O2 can penetrate directly 

into the cell wall and kill the bacteria [17]. 

 

Fig.4. The Inhibition zones caused by ZnO nanoparticles against E. coli and S. aureus 
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Fig.5. The Inhibition zones caused by Mn doped ZnO nanoparticles against E. coli and S. aureus 

These results showed the Mn doped ZnO nanoparticles have more potential antibacterial effect on Gram negative 

bacteria than Gram positive bacteria. The dopant (Mn) enhances the antibacterial activity of ZnO over Escherichia 

coli and Staphylococcus aureus which is evident from the following graphs. 

  

Fig.6. Antibacterial activity of ZnO nanoparticles against E. coli and S. aureus 

  

Fig.7. Antibacterial activity of Mn doped ZnO nanoparticles against E. coli and S. aureus 
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These results showed the Mn doped ZnO nanoparticles have more potential antibacterial effect on Gram negative 

bacteria than Gram positive bacteria. The dopant (Mn) enhances the antibacterial activity of ZnO over Escherichia 

coli and Staphylococcus aureus which is evident from the following graphs. 

4. Conclusion 

In the present work, green synthesis using Carica Papaya extract with ZnO and Mn-doped ZnO nanoparticles with 

hexagonal crystal structure were synthesized by co-precipitation method. Results of XRD analysis revealed 

average crystalline size of 7.75 and 8.49 nm for ZnO and Mn-doped ZnO nanoparticles.  

The absorption studies confirmed the existence of manganese at zinc sites in Mn-doped ZnO nanoparticles. UV–

Vis studies revealed that the optical band-gap energy is 3.41 and 3.45 eV for ZnO and Mn-doped ZnO nanoparticles 

respectively. FTIR analysis also confirms the presence of Mn dopant through the peak shifting from 618 cm
−1

 to 

635 cm
−1

. The Mn-doped ZnO nanoparticles show better antibacterial activity against the E. coli bacteria than 

against others when doping level is higher (5 wt%) and duration of time is longer.  

This better antibacterial efficiency at higher doping levels is due to the interstitial incorporation of Mn and Zn, the 

resultant increase in the carrier concentration and the increase in the crystallite size as evidenced by XRD results. 
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