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We have demonstrated green synthesis of ZnO nanoparticles using Moringa oleifera leaves (Mor-ZnO NPs) extract 
by co-precipitation method under 450oC for 2 hours with different pH-5, pH-7, and pH-8. The physical properties (i.e. 
structural, morphology, and absorbance) have been analyzed using X-ray diffraction (XRD) measurement, scanning electron 
microscopy (SEM), and ultraviolet-visible (UV-Vis) spectrophotometer. Furthermore, to investigate the functional group and 
antioxidant activity we performed Fourier transform infra-red (FTIR) analysis and 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
assay. Structurally, all samples possess polycrystalline hexagonal wurtzite structure. Morphologically, the pH values affect 
the morphology of Mor-ZnO NPs. Optically, the Mor-ZnO NPs with pH-8 have strong absorption in the range of short 
ultraviolet (200-280 nm). We predict that the basic pH value on green synthesize of Mor-ZnO NPs tune the near band edge 
absorption (NBA), which relates to the recombination of the free excitons. Whereas, based on the FTIR spectra analysis, the 
Zn-O stretching can be identified at 442.67 cm-1, 458.67 cm-1, and 442.67 cm-1 for Mor-ZnO NPs with the pH-5, pH-7, and 
pH-8, respectively. According to DPPH assay, the Mor-ZnO NPs with pH-8 at 200 mg/ml has higher inhibition rate (67.7%). 
Hence, we believed that the Mor-ZnO NPs are potential antioxidants. 
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Introduction

In the last three decades, ZnO as a nanomaterial 
semiconductor has still become an interesting research 
subject due to the wide direct band gap energy and 
strong binding exciton energy of 3.37 eV and 60 meV, 
respectively [1, 2]. Instead of that, it has high chemical 
stability, high electrochemical coupling coefficient, 
broad range of radiation absorption, high photostability, 
good transparency, high electron mobility, strong room 
temperature luminescence, high thermal and mechanical 
stability at room temperature, and broad range of 
radiation absorption [3, 4]. Hence, ZnO is believed to be 
a potential candidate nanomaterial for broad applications 
in nanotechnology [5]. Moreover, Raha et al. believed 
that as the second abundant metal oxide after iron, the 
ZnO is inexpensive, safe, and easy to be prepared in 
any forms [3].

Recently, the manipulation of atoms at the nanoscale 
has become of great interest. Nanoparticles (NPs) 
with a size in the range between 1 nm to 100 nm 
potentially offer numerous applications in wide areas 
such as biomedicine, optoelectronics, catalysts, etc. 
[6]. Moreover, many reports have shown that the 
physical properties such as structure, shape, size, and 
morphology of ZnO nanoparticles (NPs) strongly depend 
on synthesize methods [3].

Most ZnO NPs have been demonstrated by bottom-
up approaches such as evaporation, chemical vapor 
deposition, chemical bath deposition, sol-gel method, 
precipitation, etc [7-9]. Compared with other methods, 
the synthesis method of ZnO NPs using the plant 
extract belongs to the bottom-up approach, which offers 
simplicity, no additional chemicals, an environmentally 
friendly, reliable method, low toxicity, and low cost 
[10]. As well known, the plant extract consists of a 
phytochemical compound that is naturally present in 
seeds, flowers, leaves, roots, and peels and can be used 
for the biological reduction of metal ions [11, 12].

Sondergaard et al. report that the crystallinity, size, 
and morphology of ZnO NPs depend on the synthesis 
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conditions i.e., temperature, precursor, and pH [13]. 
Therefore, the synthesis of ZnO NPs using biological 
techniques has been carried out using plant extracts such 
as Momordica charantia, Amaranthus caudatus, Abutilon 
indicum, Clerodendrum infortunatum and Clerodendrum 
inerme, Azaridacta intica, Tabernaemontana divaricata, 
Kalopanax septemlobus, Conyza Canadensis, Glycosmis 
pentaphylla, and Cogtus igneus [14]. Vinotha et al. 
reported that the ZnO NPs synthesized by Cogtus 
igneus extract showed promising antibacterial and 
biofilm inhibitory effects against the pathogenic bacteria 
Streptococcus mutans, Lysinibacillus fusiformis, Proteus 
vulgaris, and Vibrio parahaemolyticus [14]. Nevertheless, 
compared to the other leaves, Moringa Oleifera contains 
very important bioactive compounds (i.e. vitamins, 
flavonoids, phenolic acids, and glucosides) for improving 
biomedicine [11]. Matinise et al. reported that the ZnO 
NPs could be obtained by biosynthesis-based Moringa 
Oleifera leaf extract as a chelating agent for Zn2+ [15]. 
Furthermore, ZnO NPs produced by biosynthesis have 
better antioxidant activity than chemical processes [16]. 
As suggested by Gherbi et al., the formation of ZnO 
NPs during biosynthesis is strongly influenced by the 
pH of the solution [17]. Moreover, Alias et al. reported 
that the ratio of H+ or OH− influence the metal-oxygen 
bonds, hence, plays an important role to control shape 
and size of ZnO [18]. 

In this paper, the green synthesis of Mor-ZnO NPs 
has been demonstrated using co-precipitation methods 
with a temperature of 450oC for 2 hours with different 
pH values (5, 7, and 8). Precipitation has been chosen 
due to its offer of low cost, simple method, scalable, 
and has been used to synthesize various kinds of ZnO 
nanostructures [19]. 

Experimental Methods

Preparation of Moringa oleifera leaves extract
The leaves of Moringa oleifera were produced by 

local farmers in the northern Bekasi region, West Java, 
Indonesia. The leaves of Moringa oleifera were washed 
with deionized water to remove impurities from the 
leaves. The cleaned leaves of the Moringa oleifera plant 
were then dried at room temperature (32°C) for 3 to 5 
days. Dry leaves of Moringa oleifera were ground into 
a powder using a blender. 

The extract used for the reduction of zinc ions (Zn2+) 
to ZnO-NPs was prepared by adding 20 grams of powder 
leaves into a 200 mL beaker along with 100 mL of 
deionized water at 60°C for 20 minutes under a hot plate 
magnetic stirrer and a dark light was given. A yellow 
aqueous solution was obtained. The extract was allowed 
to cool at room temperature and filtered with Whatman 
filter paper to avoid organic solid residues. The Moringa 
oleifera leaf extract is then diluted by adding deionized 
water. The concentration ratio of the extract to deionized 
water is 1:10, creating a liquid Moringa oleifera extract.

Biosynthesis of ZnO NPs
The 20 mL of Moringa oleifera liquid leaf extract was 

placed in a 150 mL beaker and heated to 70°C using 
a magnetic stirrer with a hot plate. When the extract 
temperature reached 70 to 80°C, 2.195 grams of zinc 
acetate dihydrate [Zn(CH3COOH)2·2H2O] was added as 
a precursor. After 20 minutes, a NaOH solution is added 
dropwise for adjusting the pH values of the solution from 
5 (acidic), 7 (neutral) to 8 (alkaline). The mixture is 
heated under constant temperature of 80°C and stirring 
constantly, until the color of the mixture changes from 
golden yellow to pale yellow. The mixture is then left 
to stand for an hour, whereby a white-milky precipitate 
forms. The resulting pure white precipitate is washed 
three times with de-ionized (DI) water to remove acetate 
followed by centrifuging at 1000 rpm for 10 minutes. To 
evaporate the solvent and remove the organic residue, 
the precipitate is then dried in an oven at a temperature 
of 100°C for 4 hours. Finally, we obtained the ZnO 
NPs by annealing the dried precipitated in an oven at a 
temperature of 450°C for two hours. 

Results and Discussion

The X-ray diffraction (XRD) measurement (with 
CuKa radiation PAN-analytical) has been performed to 
characterize structural properties of Mor-ZnO NPs. Fig. 
1 shows XRD pattern of the Mor-ZnO NPs with pH-5, 
pH-7, and pH-8. We observed nine crystal planes (Miller 
indices) of Mor-ZnO NPs with the hkl are (100), (002), 
(101), (102), (110), (103), (200), (112), and (201). As 
seen in Fig. 1, the Mor-ZnO NPs for all pH condition 
have three intense peaks corresponding to the (100), 
(002), and (101) planes. As observed, there is no other 
phase besides ZnO. Moreover, based on the Inorganic 
Crystal Structure Database (ICSD) number #98-018-

Fig. 1. XRD pattern of the Mor-ZnO NPs with pH-5, pH-7, 
and pH-8.
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0050, all the samples possess polycrystalline hexagonal 
wurtzite structure. Normally, the ZnO NPs cannot be 
formed perfectly under acidic conditions (pH-5) due 
to few concentration of OH- ions. Meanwhile, for the 
neutral conditions (pH-7), there is equivalently number of 
reaction OH- ions and H+ ions [18]. However, according 
to the XRD pattern, we believed the ZnO NPs grown by 
green synthesis under acidic and neutral pH condition is 
highly crystalline due to annealing process [20]. Further 
analyses, we then calculated crystallite size by using 
Debye-Scherer equation [6] and structural parameters 
of the Mor-ZnO NPs. 

As summarized in the Tables 1-3, the lattice parameters 

do not show any significant change, hence, the ratio 
of c/a value for all samples of Mor-ZnO NPs about 
~1.60 which in good agreement with the ICSD. The 
diffraction angle of Mor-ZnO NPs is not significantly 
shifted for all the plane of reflections. Meanwhile, the 
full width of half maximum (FWHM) corresponds to the 
crystallite size and micro strain of the samples. Further 
calculations, the average crystallite size of Mor-ZnO NPs 
for pH-5, pH-7, pH-8 are 52.57 nm, 67.23 nm, 64.42 
nm, respectively. Moreover, the average micro strain of 
Mor-ZnO NPs for pH-5, pH-7, pH-8 are 0.22%, 0.15%, 
and 0.17%, respectively. Based on these results, the pH 
value affects the crystalline properties of Mor-ZnO NPs. 

Table 1. The structural parameters of Mor-ZnO NPs with pH-5.

Table 2. The structural parameters of Mor-ZnO NPs with pH-7.

Table 3. The structural parameters of Mor-ZnO NPs with pH-8.
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Gherbi et al. believed that the crystallite size reduces 
by the increasing pH value [17]. To the best of our 
knowledge, the concentration of OH− ions affect the 
particle size. Then, by increasing pH, the nucleation rate 
higher and the particle size would decrease. Furthermore, 
others reported that the increasing pH value will enhance 
the crystallinity of ZnO NPs [21]. 

Scanning electron microscopy (SEM) was performed 
to observe the morphology of the powder of Mor-ZnO 
NPs with different pH. Fig. 2 shows the SEM images of 
Mor-ZnO NPs with pH-5, pH-7, and pH-8. As seen in 
the figure, the morphology of the powder of Mor-ZnO 
NPs with pH-5 indicated the strong agglomeration and 
the nanoparticles dimension smaller than others. Further 
investigation, to assess the elemental composition of 
Mor-ZnO NPs with pH-5, pH-7, and pH-8, the energy 
dispersive x-ray (EDX) was performed. As confirmed, 
there are two elements i.e. Zn and O with no other 
elements related to impurities. Table 4 is the summary 
of the compositional elements of Mor-ZnO NPs with 
pH-5, pH-7, and pH-8. As seen in Table 4, both atomic 
and weight percentage of Zn increase by the pH values. 
Meanwhile, the oxygen composition of ZnO tends to 
decrease by the increasing pH values. We believed that 
the pH value affects the hydrolysis and condensation 

reactions during nucleation process. Hence, the elemental 
composition and morphology depend on the amount of 
H+ or OH− ions presented during the green synthesis 
process [17]. 

Figure 3 shows the absorbance of Moringa oleifera 
leaf extract and Mor-ZnO NPs with different pH. As 
seen in the figure, Mor-ZnO NPs with pH-8 have strong 
absorption in the range of short ultraviolet (200-280 
nm) compared to Mor-ZnO NPs with pH-5 and pH-7. 
We predict that the strong absorption in the range of 
ultraviolet (UV) Mor-ZnO NPs with pH-8 relates with 
the ZnO purity, which the intensity significantly increased 
in the basic condition. Moreover, oxygen controlled 
the availability to form zinc hydroxide. As result, we 
observed the absorption due to excitation electrons from 
the valence to conduction band (excitonic absorption) 
is stronger than the deep level absorption (DLA). 
According to our results, the processing condition (pH 
value) can tune the near band edge absorption (NBA), 
which relates to the recombination of the free excitons 
[22]. Hence, we believed that the Mor-ZnO NPs can be 
used as UV light emitting diode (UV-LED).

Figure 4 shows the Fourier Transform Infrared (FTIR) 
spectra to observe the functional groups of Mor-ZnO 
NPs which synthesize by the different pH values. To 
the best of our knowledge, Moringa oleifera has two 

Fig. 2. The SEM images of Mor-ZnO NPs with pH-5, pH-7, and pH-8.

Fig. 3. FTIR spectra of Moringa oleifera leaf extract and Mor-
ZnO NPs with different pH-5, pH-7, and pH-8.

Fig. 4. Absorbance spectra of Mor-ZnO NPs with different pH-
5, pH-7, and pH-8.
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important compounds i.e., flavonoids and phenolic 
acids which have an important role in the reduction 
process for synthesizing Mor-ZnO NPs. According 
to the FTIR spectra of Mor-ZnO NPs in the spectral 
range of 400 to 4000 cm-1 as depicted in the Fig. 4, 
we observed bands in the range of ~632 to 416 cm-1 
which is indicating stretching mode of vibration (Zn-O) 
from Mor-ZnO NPs. Moreover, we observed the peaks 
of Zn-O stretching mode from Mor-ZnO NPs with the 
pH-5, pH-7, and pH-8 at 442.67 cm-1, 458.67 cm-1, and 
442.67 cm-1, respectively. As seen in Fig. 4, the Zn-O 
stretching of Mor-ZnO NPs (pH-8) has an intense peak 
at 442.67 cm-1.

An antioxidant is a compound which can prevent 
the cells from the damage of reactive oxygen species. 
Natural antioxidants have the potential ability to control 
diseases and improve human health [14]. To determine 
the antioxidant activity of Mor-ZnO NPs with pH-5, pH-
7, and pH-8 we have demonstrated DPPH assay. Table 
5 is the summary of the DPPH assay to observe the 
antioxidant activity of Mor-ZnO NPs with pH-5, pH-7, 
and pH-8. Our results show that the inhibition rate of 
Mor-ZnO NPs for each concentration increases with the 
pH values. Furthermore, we found that 200 mg/ml of 
Mor-ZnO NPs with pH-8 have a higher inhibition rate 
(67.7%) than other samples. Hence, we believed that the 
Mor-ZnO NPs are potentially acting as an antioxidant 
which originates from the presence of proteins and amino 
acids along with other phytochemicals constituents [23]. 
However, detailed observation of Mor-ZnO NPs to 
obtained highest inhibition still needs to be established.

Conclusions

In conclusion, the green synthesize of Mor-ZnO NPs 
have been demonstrated by co-precipitation method with 

different pH under 450oC for 2 hours. The XRD pattern 
confirmed that all the Mor-ZnO NPs have polycrystalline 
hexagonal wurtzite structure. The SEM images showed 
that all the Mor-ZnO NPs agglomerated with different 
unit sizes. The FTIR spectrum in the range of ~632 to 
~416 cm-1 indicate stretching mode (Zn-O) of Mor-ZnO 
NPs. The higher pH will cause the nucleation rate and 
the purity of Mor-ZnO NPs to be higher than other 
samples. As results, the Mor-ZnO NPs with pH-8 have 
strong absorption in the range of short ultraviolet (200-
280 nm).
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