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Abstract
Zinc oxide nanoparticles (ZnO NPs) prepared via eco-friendly synthesis (using orange peels) are investigated. Pseudomonas 
Aeruginosa as a gram negative bacteria and Bacillus subtilis and Staphylococcus Aureus as a gram positive bacteria are used 
for studying antibacterial activity. XRD, FTIR-ATR and UV–Vis data confirmed the formation of ZnO NPs. Also, from 
XRD, UV–Vis data, optical band gap and HRTEM affirmed that the size of ZnO NPs prepared by chemical method is greater 
than that green synthesis methods. TGA and DTG indicates the high thermal stability of ZnO NPs prepared by chemical 
method than that prepared to green synthesis method. Antibacterial effect showed the slightly superior of the ZnO prepared 
by chemical method on the Prepared by green method at levels 50 and 100 ppm, while no differences found at 150 ppm in 
the Pseudomonas aeruginosa and B. subtilis. On the other hand, the comparable results for two zinc oxide nanoparticles in 
the S. aureus.
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1  Introduction

Now days, scientists directed to use green methods that use 
environmentally sustainable materials that are compatible 
for pharmaceutical and medicine applications where the syn-
thesis process does not use harmful chemicals. This method 
saves resources, non toxic and is cost-effective, which is 
advantages over other chemical processes. The biocompat-
ibility of bio-inspired NPs in biomedicine and related fields 
provides very interesting applications [1]. Green synthesis 
of nanomaterial, created through the process of regulation, 
control, cleaning, and remediation. Such methods are used 
for minimize or prevent waste from accumulation, reduction 
of pollution as well as renewable of materials used in many 
application [2].

Nanomaterials are taken the attention of scientists in 
modern technology. These materials are classified as materi-
als which their size less than about 100 nm. These materials 
are of interest because of they have unique optical, magnetic, 
electrical, antibacterial and many other properties that will 
have enormous uses on different fields of science [3–5]. 
Some nanomaterials exist naturally and some are created 
chemically; the latter are specifically developed for use in 
various application such as electronic products, clothing 
that is stain-resistant, medicines, feeds and foods [6, 7]. The 
chemical reactivity and strength of these nanomaterials are 
dependent on the surface area to volume ratios [8–10].

Nano-sized ZnO exhibits various morphologies and 
reveals strong antibacterial activity by a wider aspect of 
researchers over a wide range of bacterial species. In both 
microscale and nanoscale forms, ZnO is currently being 
studied as an antibacterial agent [11].When particle size 
is decreased to the nanometer scale, ZnO exhibits substan-
tial antimicrobial activity, then nano-sized ZnO will inter-
act with the surface of bacterial surface and/or it is core 
where it reaches the cell and subsequently exhibits distinct 
bactericidal mechanisms. Most of the interactions between 
these distinctive materials and bacteria are toxic and have 
been used for antimicrobial applications, such as in the food 
industry [12].One of the most productive fruits in the world 
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is the orange fruit. As the primary by-product of citrus, 
orange fruit peel is abundant in a number of anti-oxidants 
of natural origin. Orange peel is known to be used to prepare 
ZnONPs which are used as stabilizer [13, 14].

In present work, ZnO NPs will prepared using chemical 
and green synthesis method. Structural, optical, morphology 
and antibacterial activity of the ZnO NPs that prepared by 
two different method are studied.

2 � Materials and Methods

2.1 � Materials

Materials used: orange peel, from the wastes of the juice 
factories; Zinc nitrate [Zn(NO3)2·6H2O] as the zinc precur-
sor (Sigma-Aldrich); sodium hydroxide (El-Gomhoria for 
chemicals), Poly ethylene glycol (300 M. wt), deionized 
water; nutrient agar medium(fluka, code:70148).

2.2 � Preparation of Peel Extracts

Orange peel were washed then placed in oven at 60 °C for 
12 h, after the completely dryness it was grounded to get 
fine powder, Afterwards, put 1:10 (W/V) powder to deion-
ized water was stirred for 2 h at 40 °C water bath. Finally, 
the mixtures were centrifuged at 4 °C at 2000×g for 15 min. 
The resulting extract was stored in argon atmosphere for 
later use.

2.3 � Synthesis of Zinc Oxide Nanoparticles

2.3.1 � Green Sol–Gel Method

Mixing zinc nitrate (1 M) was a zinc precursor with orange 
peel extract as a reduced and surfactant reagent under vig-
orous stirrer for 2 h. After that, the white precipitate was 
obtained to separate it made centrifugation at 3000×g for 
15 min. the precipitate was dried at 60 °C overnight.

2.3.2 � Sol–Gel Chemical Method

Mixing zinc nitrate (1 M) was a zinc precursor with sodium 
hydroxide as a reduced reagent in a deionized water which 
is mixed before with polyethylene glycol (300 M. wt) as a 
surfactant reagent under vigorous stirrer for 2 h. After that, 
the white precipitate was obtained, to separate it made cen-
trifugation at 3000×g for 15 min. the precipitate was dried 
at 60 °C overnight.

Two different samples of nano zinc oxide produced 
were calcinated at 350 °C, then the samples ready to be 
characterized.

2.4 � Measurement Techniques

X-ray diffraction (XRD) is performed PANalytical X’Pert 
Pro target Cu-Kα with secondary monochromator Holland 
radiation, the tube operating at 45 kV with 0.1540 nm wave-
length) over a 2θ range of (5°–80°). FTIR-ATR spectral data 
are collected using Vertex 80 Bruker (made in Germany) 
at room temperature in the range 4000–400 cm−1. UV/Vis. 
spectral data collected using Jasco V-630 spectrophotom-
eter in the range 200–1000 nm at room temperature. High 
– Resolution Transmission Electron Microscope (HRTEM) 
was performed by JEM-2100F electron microscope with 
accelerating voltage of 200 kV. Thermogravimetric analy-
sis (TGA) and it is derivative (DTG) using A Perkin-Elmer 
TGA-7 from room temperature up to 1000 °C with heating 
rate of 10 °C/min.

2.5 � Antimicrobial Assay of Zinc Oxide Nanoparticles

The antimicrobial potential of the Zinc oxide nanoparticles 
synthesized from the two different methods. The pathogenic 
microorganisms used in this study included three bacterial 
strains Pseudomonas aeruginosa (ATCC27853), Bacil-
lus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 
6538). Qualitative evaluations were carried out in nutrient 
agar plates according to [15, 16]. The inoculation of all 
microorganisms was prepared from fresh overnight broth-
cultures that were incubated at 37 °C [17]. The inoculum 
size of these pathogenic strains was prepared and adjusted to 
approximately 0.5 McFarland standard (1.5 × 108 CFU/mL), 
25.0 µL of bacterial suspensions were inoculated into each 
plate containing 20.0 mL of the sterile nutrient agar medium 
(NA). After the media cooled and solidified, the prepared 
samples were applied on the surface of that inoculated agar 
plates which prepared previously at three levels 50, 100 and 
150 ppm. These seeded plates were placed in the refrigerator 
for 1 h, followed by incubation at 37 °C for 24 h and zones 
of inhibition (ZI) were measured in mm [16].

3 � Results and Discussions

3.1 � X‑Ray Diffraction (XRD)

XRD is a powerful technique for estimating the structure 
of organic, inorganic and metal oxide materials. Also, 
it helps for identifying the crystal size and crystallinity 
of materials. Figure 1 shows XRD of ZnO NPs by using 
chemical method and green synthesis method. As seen 
ZnO NPs using chemical method, there are a diffraction 
peaks which has a crystalline structure at 2θ = 31.6°, 34.4°, 
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36.2°, 47.5°, 56.6°, 62.8°and 67.9° which corresponded to 
lattice planes (100), (002), (101), (102), (110), (103) and 
(112) [18–20] respectively which corresponds to refer-
ence code number 01-075-9742 that exhibited a hexagonal 
structure with no other any other phases was observed. 
While for ZnO prepared using green synthesis method, 
the diffraction peaks have less crystal structure compared 
the ZnO prepared by chemical method at 2θ = 31.8°, 44.4°, 
64.8°and 67.6°. The difference between the crystalline 
diffraction peaks of the two methods because of differ-
ences in crystal size and arrangement of atoms inside ZnO 
structure.

The average crystallite size was calculated using the 
Debye–Scherrer equation [21]

where C is the crystal size, k is a constant (0.915), λ is the 
X-ray wavelength and equal to 0.154 nm, β is the full width 
at half maximum (FWHM) of the diffraction peak (in radian) 
and θ is the Bragg’s diffraction angle (in degree) of the peak 
maximum. The average crystal size of Zno NPs was found 
to be 26 nm and 2.8 nm for chemical and green synthesis 
method respectively.

(1)C = K�∕�cos�

The density of dislocation is defined as the length of dis-
location lines per unit volume of the crystal. In materials 
science, a dislocation inside a crystal structure is a crystal-
lographic defect, or irregularity. Many of the properties of 
materials are greatly influenced by the presence of disloca-
tions. Other dislocations present in the sample hinder the 
movement of a dislocation. Therefore, a greater density of 
dislocation means a larger hardness. To evaluate the disloca-
tion density, an analysis of the X-ray line profile was used. 
The dislocation density (δ) was calculated in the sample 
[22].

The dislocation density for ZnO NPs synthesized from 
chemical and green methods are found to be 1.47 × 10–3 nm−2 
and 127.5 × 10–3 nm−2.

3.2 � Fourier Transform Infrared‑Attenuated Total 
Reflection (FTIR‑ATR)

Figure 2 shows that FTIR-ATR of ZnO NPs prepared by 
chemical and green methods. Figure 2a shows bands at 
3404  cm−1 and at 1391  cm−1 which are related to O–H 
stretching and bending vibration from adsorbed water 
from air and atmospheric moisture [23].The absorption at 

(2)� = 1∕C2

Fig. 1   XRD of ZnO NPs prepared by a chemical and b green synthe-
sis methods

Fig. 2   FTIR-ATR of ZnO NPs prepared by a chemical and b green 
synthesis methods



4253Journal of Inorganic and Organometallic Polymers and Materials (2021) 31:4250–4259	

1 3

877 cm−1 is due to the formation of tetrahedral coordination 
of Zn. The bands at 564 cm−1, 491 cm−1 and 417 cm−1 are 
assigned to metal–oxygen bond which is Zn–O bond [24, 
25].While in Fig. 2b, for ZnO NPs prepared by green syn-
thesis method, the stretching vibration of O–H group is seen 
at 3367 cm−1. C–H stretching vibration is seen at 2984 cm−1. 
The band at 1596 cm−1 and 1401 cm−1 is corresponded to 
the stretching vibration of carbonyl and carboxylate group. 
The C–O stretching vibration is seen at 1047 cm−1. The 
bands at 637 cm−1, 557 cm−1 and 454 cm−1 confirmed the 
presence of ZnO NPs which are attributed to Zn–O [26–28]. 
The difference in position of wavenumber and appearance of 
other peaks are related to difference in method of prepara-
tion, arrangement of molecules and particle.

3.3 � Optical Properties

UV–Vis of ZnO NPs prepared by chemical and green syn-
thesis method is illustrated in Fig. 3. As seen in Fig. 3 that 
ZnO NPs prepared by chemical method, there is a sharp 
peak at 375 nm and its agreed with that reported in previ-
ous literature [29–32] and for ZnO NPs prepared by green 
synthesis method, there is fine peak at 348 nm [33] which 
confirmed the formation of ZnO NPs. As observed the 
maximum absorption wavelength for ZnO NPs prepared 
by chemical method is larger than that for ZnO NPs pre-
pared by green synthesis method that mean that the size 

of nanoparticles is large for chemical method compared 
with that prepared by green method and that agreed with 
XRD results.

The absorption coefficient (α) for ZnO NPs prepared by 
chemical and green synthesis method is calculated using 
the following equation [34]

where D and A are the thickness and absorbance of 
sample. Figure 4 shows the plot between α and hʋ for ZnO 
NPs prepared by chemical and green synthesis method, 
values of absorption edge are determined by extrapolating 
the linear portion of the plot with photon energy (hʋ). Val-
ues of absorption edge obtained are 1.55 eV and 3.86 eV 
for ZnO NPs prepared by chemical and green synthesis 
method, respectively. Direct band gap energy is calculated 
using tauch relationship as follow [35]:

where ρ and Eg are constant and band gap energy. Fig-
ure 5 shows the plot between (αhʋ)2 and hʋ, values of 
Eg are obtained by extrapolating the linear portion of the 
plot with photon energy (hʋ). As seen values of band gap 
for ZnO NPs prepared by chemical and green synthesis 
method are 2.71 eV and 4.49 eV, respectively. This mean 
that the particle size increases with decreasing the band 
gap energy [32], also the degree of disordering for ZnO 
NPs prepared by chemical method is higher than that pre-
pared by green synthesis method.

(3)�(�) =
2.303

D
A

(4)(�h�)2 = �
(

h� − Eg

)

Fig. 3   UV–Vis spectra of ZnO NPs prepared by a chemical and b 
green synthesis methods

Fig. 4   Relation between α and hʋforZnO NPs prepared by chemical 
and greensynthesis methods
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3.4 � High Resolution Transmission Electron 
Microscope (HRTEM)

Figure 6 shows HRTEM of ZnO NPs prepared by chemical 
and green synthesis method. As seen in Fig. 6a that ZnO 
NPs prepared by chemical method have large clusters with 
irregular shapes like pseudospherical shape and some of 
them has straight borders that smoothed with cubic shape 
with average size ranges from 20 to 60 nm while ZnO pre-
pared by green synthesis method have small size with spher-
ical shape that have been coagulated in large blocks ranged 
from 2–6 nm. The difference in the diameters observed for 
the study of XRD and HRTEM may be due to the likely 
inherent restriction associated with the use of XRD, since 
it reflects only the average diameter of the particle size that 
caused diffraction (crystal size) while HRTEM measure the 
particle size that taken in certain area.

3.5 � Thermogravimetric Analysis (TGA) and It’s 
Derivative (DTG)

TGA and DTG of ZnO NPs prepared by chemical method 
and green synthesis method are seen in Fig. 7. The first 
decomposition losses for the two samples from 22 to 
240 °C are regarded to dehydration of water adsorbed on 
the surface. The second decomposition losses from 240 
to 550 °C are attributed to decomposition of Zn (OH)2 
to ZnO NPs. The third decomposition losses from 550 to 
1000 °C are regarded to the decomposition of the resid-
ual surfactant. As seen that the total weight loss for ZnO 
NPs prepared by chemical method and green synthesis 
method are 26% and 52%, respectively that is mean that 

the thermal stability of ZnO NPs prepared by chemical 
method is more stable than that prepared to green syn-
thesis method regarding to the high purity of ZnO NPs 
prepared by chemical method and these results agreed with 
XRD data.

3.6 � Antimicrobial Activity

Antimicrobial activity for zinc oxide nanoparticles syn-
thesized by two different methods; chemical method (a) 
and Green method (b) at three levels 50, 100, 150 ppm 
are shown in Fig. 8. The results showed that the inhibition 
zone of B. subtilis for ZnONPs at 50, 100 and 150 ppm 
Produced by green method gives 10, 13 and 20 mm while 
the ZnO NPs produced by chemical method give 18, 20 
and 21 mm, respectively. In addition, the inhibition zone 
of Pseudomonas aeruginosa for ZnO NPs at 50, 100 and 
150 ppm produced by green method gives 11, 15 and 
20 mm while the ZnO NPs produced by chemical method 
give 18, 21 and 22 mm, respectively. On the other hand 
the comparable results found for the inhibition zone of S. 
aureus for ZnO NPs at 50, 100 and 150 ppm Produced by 
green method gives 10, 10 and 13 mm while the ZnO NPs 
produced by chemical method give 11, 10 and 13 mm, 
respectively. The results showed the slightly superior of 
the ZnO prepared by chemical method on the Prepared by 
green method at levels 50 and 100 ppm, while no differ-
ences found at 150 ppm in the Pseudomonas aeruginosa 
and B. subtilis. On the other hand, the comparable results 
for two zinc oxide nanoparticles in the S. aureus (Fig. 9) 
[29, 36, 37].

Fig. 5   Relation between (αhʋ)2 and hʋforZnO NPs prepared by chemical and green synthesis methods
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4 � Conclusion

Structural, optical, morphological and antibacterial activ-
ity of ZnO NPs prepared by chemical method and green 
synthesis methods (using orange peels) are studied. XRD 
confirmed the formation of ZnO NPs with crystal size 
26 nm and 2.8 nm for chemical method and green syn-
thesis methods respectively. Bands appeared in range 
600–400 cm−1 in FTIR-ATR proved the presence of metal 
oxide nanoparticles (ZnO NPs). UV–Vis data confirmed 

the formation of ZnO NPs at 375 nm and 348 nm for 
chemical method and green synthesis methods respec-
tively. Band gap energy and HRTEM for ZnO NPs pre-
pared by chemical method are higher than that prepared by 
green synthesis method and that agreed with XRD results. 
The thermal stability of ZnO NPs prepared by chemical 
method is more stable than that prepared to green syn-
thesis method. The comparable antibacterial effect was 
detected between two different ZnO NPs at 150 ppm on 
the Pseudomonas aeruginosa, B. subtilis and S. aureus.

Fig. 6   HRTEM of ZnO NPs prepared by a chemical and b green synthesis methods
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Fig. 7   TGA and DTG for ZnO NPs prepared by a chemical and b green synthesis methods



4257Journal of Inorganic and Organometallic Polymers and Materials (2021) 31:4250–4259	

1 3

Fig. 8   Antimicrobial activity for ZnO NPs prepared by a chemical and b green synthesis methods
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