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Abstract  
    In this paper, we report the synthesis of ZnO nanoparticles using Moringa Oleifera (Drumstick) leaves 

as natural precursor via precipitation method. Formation and characterization of ZnO nanoparticles was 

established by UV-VIS spectroscopy, Fourier transform infrared spectroscopy, scanning electron 

microscopy and X-ray diffraction. The synthesized nanoparticles have hexagonal wurtzite structure of an 

average grain size of 52 nm confirmed from X-ray diffraction analysis. The synthesized ZnO nanoparticles 

have been employed as photocatalytic agent to degrade the organic dye viz. Titan yellow under visible 

light by exposing the visible light for one hour. ZnO nanoparticles degraded almost 96% of titan yellow 

dye. We also studied the antibacterial activity and it was found that the synthesized ZnO nanoparticles 

have potential applications in antibacterial activity. For antibacterial studies we used Bacillus subtilis as 

a gram positive and Escherichia coli as gram negative bacteria. 
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1. INTRODUCTION

   In modern research era of any branch of 

science, nanotechnology has find enormous 

interest. Nanoparticles (NPs) play an 

essential role as building blocks of 

nanotechnology. Nowadays, nanoscience as 

well as nanotechnology is widely applied in 

different fields mainly in sensor, electronic, 

antibacterial, water purification, cosmetic, 

biomedical, pharmaceutical, environ-

mental, catalytic and material applications. 

The size, crystallinity and morphology of 

the nonmaterial can greatly influence their 

catalytic, magnetic, electronic and optical 

properties [1]. The main advantages of 

nanoparticles synthesis at room temperature 

and from plant extracts are partly fulfill the 

green synthesis [2]. The metal and metal 

oxide nanoparticles are synthesized by 

physical, biological, chemical and very 

recent green approaches. Recently, green 

synthesis has become popular way to 

synthesize NPs due to its low cost, 

environment compatibility, synthesizable in 

ambient atmosphere and non-toxicity [3]. 

The noticeable importance of Zinc oxide 

and ZnONPs is found as very good 

semiconductor in nature with wide range of 

band gap (3.37) having room temperature 

dependent high excitation binding energy 

(60 meV) [4]. Zinc oxide and ZnONPs have 

excellent thermal and chemical stability 

with exceptional optical behavior [5]. Now 

a day the considerable interest was seen in 

biosynthesis of different nanoparticles as 

well as photo degradation properties. 

Recently different metal and metal oxide 

nanoparticles were reported for their 

efficient photo degradation effect in 

presence of visible light illumination [6]. 

Since, different plant extracts are the main 

source of large scale synthesis of NPs via 

green way which includes the synthesis of 
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several noble metal nanoparticles like Au, 

Ag and Pd. For this extracts from different 

plant organs e.g. geranium leaves, 

lemongrass, neem leaves, aloe-vera and 

others have been reported [7, 8, 9, 10, 11]. 

Moreover the important applications of 

ZnONPs towards environmental and 

biological fields are like drug delivery, 

biological sensing, biological labeling, gene 

delivery and nano medicine are reported 

[12, 13, 14, 15]. ZnONPs also have artificial 

protected applications for antibacterial, 

anti-diabetic, antifungal, acaricidal, pre-

diculicidal, larvicidal activities [16, 17, 18, 

19, 20]. Different medicinal plant and their 

leaf and calyx extract are found to have 

important properties such as diuretic, 

antioxidant, blood pressure suppressive, 

chemo-protective, hypotensive, anti-tumor 

and anti-cancerous effect [21, 22, 23, 24, 

25]. Various organic color dyes were 

applied to the textile industry, during dye 

fabrication of textile a large amount of 

wastewater containing toxic and colored 

dyestuff   have led to the severe surface 

water and ground water contamination. 

Such toxic pollutants usually removed by 

various physical and chemical methods, 

such as electrocoagulation [26], coagulation 

/ flocculation [27] and coagulation/carbon 

adsorption process [28]. Karunakaran et al. 

[29] showed the antimicrobial properties of 

ZnONPs towards both gram positive and 

gram negative bacteria. Mahdiyeh et al. [30] 

synthesized ZnO nanowires via hydro-

thermal process at 90 °C from zinc acetate 

dihydrate. Moj et al. [31] have bio-

synthesized silver nanoparticles using Mine 

Soil Bacteria as natural precursor that 

showed antibacterial activity. 

   In our present work we have synthesized 

ZnONPs by using Moringa Oleifera 

(Drumstick) leaves as natural precursor. 

The dimension of prepared nanoparticles 

was about 52 nm and different techniques 

used for its characterization. We also 

studied the photocatalytic activity of 

synthesized ZnO nanoparticles to degrade 

the organic dye titan yellow as a 

representative dye and antibacterial activity 

against gram positive and gram negative 

bacteria. 

 

2. EXPERIMENTAL 

2.1. Collection of Sample  

   Fresh Moringa Oleifera leaves were 

collected from university campus. Leaves 

were washed thoroughly by water and were 

allowed to dry in air at room temperature. 

 

2.2. Chemicals, Solvents and Starting 

Materials 

   Zinc acetate dihydrate, ammonium 

carbonate, sodium hydroxide pellets and 

other chemicals were purchased from 

Merck (India) Ltd. All chemicals were used 

without further purification. 

 

2.3. Preparation of Moringa Oleifera 

Leaf Extract 

   5 grams of Moringa Oleifera leaves were 

washed thoroughly with distilled water and 

both surface of leaves were sterilized using 

alcohol by gentle rubbing. These leaves 

were heated for 40 min in 100 ml of distilled 

water at 50O C. Then the extract was filtered 

with Whatman 41 filter paper. The filtrate 

was stored in a cool and dry place. 

 

2.4. Synthesis of Zinc Oxide 

Nanoparticles 

   For the synthesis of zinc oxide 

nanoparticles by precipitation reaction 

process, 10 ml of Moringa Oleifera leaf 

extract was mixed with 50 ml 20% NaOH 

solution. Then 5 ml solutions of that 

mixture and 50 ml distilled water were 

taken in a 250 ml beaker and kept stirring 

for 1 h. Then zinc acetate (2.1g in100ml 

water), ammonium carbonate (0.96g in 

100ml) solutions were added drop wise into 

the beaker simultaneously with constant 

stirring. After the completion of reaction, 

the suspension was kept stirring at 750 rpm 

for 1h at 24oC temperature. Finally, 

precipitate was filtered, washed with 

ammonia solution followed by ethanol for 

several times. Then the precipitates were 

dried under vacuum for 12 hours and 

calcinated in a hot air oven at 350oC for 5 
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hours [Figure 1]. Then zinc oxide 

nanoparticles were collected and stored in 

vacuum for further use. 

 

2.5. Physicochemical Characterization of 

ZnO Nanoparticles 

   The synthesized ZnO-NPs were 

characterized by UV–visible 

spectrophotometer (Perkin Elmer Lambda 

35) at wavelength of 350–500 nm. The 

chemical composition and the functional 

groups present in the synthesized ZnONPs 

were studied by using Perkin Elmer 

(LI60300 spectrum two Lita SN 96499) 

FTIR-ATR spectrometer using KBr pellet 

in the range of 4000–400cm −1. The size and 

morphology of the synthesized ZnONPs 

were characterized by X-ray diffraction 

(XRD) pattern and Scanning Electron 

Microscopy (SEM). The XRD pattern was 

measured by X-ray diffraction analyzer 

Benchtop PROTO AXRD with CuKα target 

and Ni- filter in the range of 10 to 80. The 

SEM images were obtained by using 

Scanning Electron Microscope at voltage 

15 KV (Model no-JEOL JSM 5800). 

 

2.6. Photocatalytic Activity of ZnONPs 

under Visible Light 

   The photo-catalytic degradation activity 

of titan yellow dye solution was evaluated 

by the synthesized ZnONPs. All the 

experiments were performed in the 

presence of sun light. Prior to the 

experiment, a suspension was arranged by 

adding 100 mg of synthesized ZnONPs and 

100 ml of titan yellow dye solution (1.2×10-

4M) in a 250 ml beaker placed on a 

magnetic stirrer at sunlight. Later, the 

mixture solution was kept in the dark for 10 

min to set up the adsorption equilibrium. 5 

ml reaction mixtures were taken at regular 

time interval (10 min) and centrifuged the 

solution for measurement. The absorption 

spectrum of the suspension mixture was 

measured periodically using an UV–visible 

spectrophotometer.  

   The percentage of dye degradation was 

calculated using the following formula: 

Synthesis of ZnONPs and Dye degradation

Preparation 
of Drumstick 
leaf extract

Synthesis of Zinc Oxide Nanoparticles

50 ml 20% NaOH +
Zinc acetate + Ammonium carbonate

Calcinations  at 4500C 
for 5 hours

Dye degradation
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 Figure 1. Various steps of ZnONPs 

synthesis. 

 
   Percentage of dye degradation, 

              = 
(Ao− At)

Ao
 x 100% 

where, Ao is the initial dye absorbance and 

At is the dye absorbance at time t. 

 

2.7. In Vitro Antimicrobial Activity  

   Antibacterial activity of the ZnONPs was 

tested by Agar Cup Method [32] for 

qualitative antimicrobial screening. Two 

test microorganisms (Bacillus subtilis and 

E. coli) were used for this analysis. In this 

technique, sterilized Nutrient Agar Plates 

were prepared and to it, the test organism 

i.e. Bacillus subtilis and E. coli were 

swabbed uniformly throughout the nutrient 

agar medium with the help of sterile cotton 

swab. Then with the help of Cork Borer, 

wells were prepared on the surface of 

nutrient agar plates. Then the prepared ZnO 

nanoparticles were placed in the wells of the 

plate and the nutrient agar plates were 

incubated at 370C for 24h. At the end of the 

incubation period, the plates were examined 

for evidence of zone of inhibition which 

appeared as a clear area around the wells 

and was measured in cm unit. 

 

3. RESULTS AND DISCUSSION  
   The present study reports the use of dried 

leaf for the synthesis of nanoparticles which 

are free from external stabilizing and 

accelerating agents and does not require 
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continuous agitation. The appearance of 

white precipitate is a clear indication of the 

formation of ZnONPs formed in the 

reaction mixture. 

 

3.1. UV-VIS Spectra Analysis 
   Figure 2 shows the absorption spectrum 

of the synthesized ZnONPs with the 

absorption peak around 361 nm. It indicates 

that ZnONPs displays excitation absorption 

(at 361 nm) due to their large excitation 

binding energy at room temperature. The 

sharp bands of zinc colloids were observed 

at 361 nm, which proves that the zinc ion is 

efficiently reduced by the Moringa Oleifera 

leaf extract. The wavelength of 361 nm 

absorption peak confirms the occurrence of 

blue-shifted absorption spectrum with 

respect to the bulk value (377 nm) of the 

ZnONPs, due to the quantum confinement 

effect, which is in good agreement with the 

previous report [33]. 

 
Figure 2. UV-Visible of ZnO nanoparticle. 

 

3.2. FTIR Analysis 
   FTIR measurement (Figure 3) was carried 

out to identify the possible biomolecules in 

Moringa Oleifera leaf extract responsible 

for capping leading to efficient stabilization 

of the ZnONPs. The FTIR spectra shows the 

presence of bonds due to −OH stretching 

frequency around 3444 cm-1. However, 

peaks at 2918 cm−1 and 2852 cm−1 are 

attributed to the asymmetric and symmetric 

stretching vibrations of −CH2 group 

respectively. The peak at 1614 cm-1 results 

from the stretching bands of C=O 

functional groups (Rastogi and Aruna-

chalam, 2011). The peak at around 1383 

cm-1 present in ZnO signified amide band of 

the random coil of protein [34]. The peak at 

682 cm-1 indicates the stretching vibrations 

of ZnO nanoparticle which is consistent 

with that reported earlier [35]. The region 

between 400 and 600 cm-1 is assigned for 

metal-oxygen bond. In addition to the 

absorption bands of the biomolecules used 

as reduction and stabilization (capping 

agents), the absorp-tion peak at 440 cm-1 

indicate the presence of ZnONPs [36]. 
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Figure 3. FTIR spectra of leaf extract of 

Moringa Oleifera (---) and Synthesized ZnO 

Nanoparticles (---). 

 

3.3. XRD Analysis of ZnO Nanoparticles 

   XRD patterns of synthesized ZnONPs 

reflect that all the diffraction peaks of 

ZnONPs matches with the standard 

ZnONPs data. Diffraction peaks (Figure 4) 

of XRD are very well matched with the 

hexagonal wurtzite structure by comparison 

with the data from JCPDS card No. 89-1397 

[37]. The sharp and intense peaks in Fig. 4 

indicate that the samples are highly 

crystalline. The pattern can be indexed for 

diffractions from the (1 0 0), (0 0 2), (1 0 1), 

(1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2) and 

(2 0 1) planes. No other diffraction peaks 

corresponding to impurity is found 

confirming the high purity of the 

synthesized products. From the XRD data, 

it was found that the peaks are broad; 

suggesting that the crystallites have sizes in 

the nanometer range and the diameter (D) 

was calculated using Debye-Scherrer’s 

formula 

𝐷 =
Kλ

βcosθ
 

   Where K is the Scherrer constant, λ is the 

X-ray wavelength, β is the peak width of 

half maximum, and θ is the Bragg 
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diffraction angle [38]. The average 

crystallite size of zinc oxide is estimated by 

XRD data and it was obtained around 52nm. 

 
Figure 4. XRD patterns of ZnO 

nanoparticles. 

 

3.4. SEM Analysis 

   After the substantiation of XRD results 

the sample was further preceded for the 

SEM study. The size, shape and surface 

morphology of the ZnONPs is clearly 

indicated by SEM image as shown in Figure 

5. Detailed structural characterizations 

demonstrate that the synthesized products 

are spherical and crystalline in structure and 

their diameters were about 52nm.  

 

  
Figure 5. SEM images of green synthesized 

ZnO nanoparticles. 

 

3.5 Photocatalytic Activity of ZnONPs 

under Visible Light 
   Photo-catalytic degradation of titan 

yellow dye was performed using green 

synthesized ZnONPs in different time 

intervals are shown in Figure 6. Titan 

yellow is an aromatic heterocyclic chemical 

compound. The spectrum of the titan yellow 

solution (Figure 6) in aqueous medium 

shows characteristics peaks at 226, 321 and 

407 nm. 

   Then after several time intervals in the 

presence of ZnONPs suspension the 

absorbance decreases from 407 nm in 

presence of visible light illumination is 

probably due to the breakdown of the 

chromospheres. 
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Figure 6. Adsorption changes of Titan 

yellow aqueous solution at room 

temperature in the presence of ZnO 

nanoparticles obtained under visible light 

irradiation. 
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Figure 7. Photo degradation efficiency of 

titan yellow dye with time. 

 

   The photo-catalytic properties of the 

synthesized ZnONPs are well known and it 

depends on several factors like size, 

morphology, surface area and electronic 

state of metal of that particular 

nanoparticles. The self-degradation of titan 

yellow dye in presence of visible light was 

negligible in the absence of photo-catalyst 

but in presence of our synthesized 

nanoparticles the dye depredate almost 

96%. It was previously reported that 

particle sizes play important role as 

photocatalytic degradation, the photo-

catalytic activity decreases due to decrease 

in surface area [39]. The decreases of 

absorbance of titan yellow dye solution to 
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presence of ZnONPs proved that the 

synthesized nanoparticles have significant 

photo degradation ability.  

   It can be seen from Figure 7 that the 

degradation efficiency increases over time. 

Table 1 shows the comparison of the 

degradation (%) of different dye using 

ZnONPs in the various range of dye 

solution pH. From the table it can be 

concluded that our synthesized 

nanoparticles show excellent degradation at 

minimum time range. The color change of 

dye solution is shown in Figure 1(inside 

picture). 

 

 

Table 1. Effect of catalyst loading on the photo catalytic degradation of various dyes. 
Photo-

catalyst 

Dye degraded Irradiating/tim

e 

Range of 

solution pH 

% of 

Degradation 

References 

ZnO Methyl Orange 120 min 2.0–12.0 ~60% Comparelli et 

al. [40] 

ZnO Alizarin Yellow 40 min 5.0–12.2 ~80% Hayat et al. [41] 

ZnO Methyl Green 1440 min 4.0–10.0 100% Mai et al. [42] 

ZnO Rhodamine B 100 min 4.5–10.5 100% Zhai et al. [43] 

ZnO Methyl Red 120 min 2.0–12.0 ~80% Comparelli et 

al. [40] 

ZnO Remazol Red F3B 60 min 6.0–10.0 ~98% Akyol and 

Bayramoglu 

[44] 

ZnO Eosin Y 120min 2.0–12.0 74% Chakrabarti 

and Dutta [45] 

ZnO C.I. Acid Yellow 23 60min 2.28–9.52 93% Behnajady et 

al.[46] 

ZnO Methyl Orange 120min 2.0–12.0 ~95% Chen et al. [47] 

ZnO Methylene Blue 120mi 4.5–10.5 76% Chakrabarti 

and Dutta [45] 

ZnO Congo Red 120min 6.0–11.0 97% Annadurai et al. 

[48] 

ZnO Reactive Black 5 60 min 3.0 –11.0 ~60% Amisha et al. 

[49] 

ZnO Basic Blue 11 1440 min 1.0–7.0 ~98% Lu et al. [50] 

ZnO Titan yellow 60 min 2.0–12.0 ~96% In our work 

 

3.6 Antibacterial Activity  

   The anti-bacterial activity of the ZnO 

nanoparticles were tested for gram positive 

and gram negative bacteria. The results are 

shown in Table: 2 clearly represent the 

excellent anti-bacterial activity of ZnO 

nanoparticles against Bacillus subtilis 

(gram positive) and E. coli (gram negative). 

The experimental outcomes undeniably 

suggest an effective growth inhibitory 

activity of the nanoparticles upon both the 

microorganisms and strong activity 

alongside Bacillus subtilis and E. coli. 

 

  
Figure 8. Zone of inhibition of ZnO 

nanoparticles against Bacillus subtilis and 

E. coli. 

 

Table 2.   Diameters of inhibition zone (cm) 

of ZnONPs against bacterial species. 
Samples Zone of inhibition (cm) 

Bacillus subtilis Escherichia coli 

ZnONPs  3.5 cm 3.3 cm 
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4. CONCLUSION 
   In this work we have synthesized ZnO-

NPs by a very simple and efficient 

precipitation method using Moringa 

Oleifera leaf extract as natural precursor. 

The main advantage of this synthesis is its 

simple and cost-effective synthetic route. In 

this way we can extract Moringa Oleifera 

leaf for large scale production of ZnONPs. 

The formation of ZnO nanoparticles was 

confirmed by FE-SEM, and XRD analysis. 

The synthesized nanoparticles are very 

much active in degrading titan yellow dye 

solution and catalyze the decolonization in 

presence of visible light illumination. The 

synthesized ZnO-NPs were studied for 

antibacterial   activities against pathogenic 

bacteria like Bacillus subtilis and E. coli at 

a very low concentration. It may be 

concluded from study of all the above 

factors, that this procedure is an efficient 

method of preparation of nanoparticles.  
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