Pre prints.org

Article Not peer-reviewed version

Effect of Orange Fruit Peel Extract
Concentration on the Synthesis of Zinc
Oxide Nanoparticles

Getachew Tizazu * and Emebet Wondimu
Posted Date: 10 June 2024
doi: 10.20944/preprints202405.0630v2

Keywords: zinc oxide; nanoparticle; reducing agent; surface energy; band gap and size of zinc oxide
nanoparticles

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2235771

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 June 2024 d0i:10.20944/preprints202405.0630.v2

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Effect of Orange Fruit Peel Extract Concentration on

the Synthesis of Zinc Oxide Nanoparticles

Emebet Wondimu and Getachew Tizazu *

Department of Physics, Bahir Dar University, Bahir Dar, Ethiopia
* Correspondence: getachewtizazu@gmail.com

Abstract: In this investigation, the impact of reducing agent concentration on the synthesis of zinc oxide
nanoparticles was examined. During the synthesis, an assessment of ionic conductivity was carried out,
revealing a significant increase in conductivity prior to the introduction of the reducing agent, followed by a
sharp decrease upon its addition. Characterization of the ZnO NPs involved UV-visible spectroscopy, scanning
electron microscopy, Fourier Infrared Spectroscopy, and X-Ray Diffraction analysis. The outcomes suggest that
the characteristics of the ZnO NPs are influenced by the concentration of the reducing agent during the
synthesis process. Notably, the ZnO NPs synthesized with a higher concentration of reducing agent exhibited
a narrower optical band gap and increased surface energy. Furthermore, employing a concentration of 0.5 v/v
resulted in the rapid production of nanoparticles with relatively uniform sizes. Conversely, concentrations
below 0.5 v/v lead to slow formation, while concentrations exceeding 0.5 v/v yielded non-uniform
nanoparticles.
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1. Introduction

Metal oxide nanoparticles can be synthesized using environmentally friendly reducing agents
such as plant extracts [1]. These methods are nowadays more preferred than chemical and physical
methods because they are non-toxic and less costly [2]. There are studies on the effect of the reducing
agent concentration on the size and shape of metal nanoparticles. Rajalakshmi et al. studied the effect
of the concentration of Impatiens balsamina L. plant flower extract (utilized as a reducing agent) on
the synthesis of silver nanoparticles and observed that high concentration of extract led to the
production of smaller nanoparticles [3]. Similarly, Kim et al. explored variations in reducing agent
concentration during the synthesis of gold nanoparticles. Their findings indicated that an increase in
reducing agent concentration resulted in a reduction in the size of AuNPs, [4]. Despite the prevalent
preference for green synthesis over chemical methods, there is a notable absence of comparative
research on the effects of reducing agent concentration on the characteristics of zinc oxide
nanoparticles (ZnO NPs) in existing literature. Therefore, in this paper, we studied the effect of
reducing agent concentration on the size of ZnO NPs, which are one of the most widely used metal
oxide nanoparticles for device fabrication and preparation of beauty products [5]. In the investigation,
SEM analysis was used to confirm shape and size, and EDX was utilized to check the purity and
composition of the NPs. FTIR was employed to examine the stretching and bonding, X-Ray
Diffraction was used to investigate the structure and average size, and UV-vis was utilized to study
the optical properties of the ZnO NPs.

2. Materials and Methods

Zinc oxide nanoparticles were synthesized by employing various concentrations of orange peel
extract as a reducing agent. Following this, the absorption spectra of the samples were measured
using a UV-Vis spectrometer (DR6000 model, Germany). The band gap energy of the ZnO
nanoparticles was determined from the UV-visible spectra using the Tauc plot methodology [6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Additionally, the nanoparticle size of ZnO was calculated based on the band gap utilizing the
effective mass model (Equation 1) [7].
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Where, EEF“F is the bulk band gap of ZnO (3.2eV)[8], h =6.625x10™* J-s, 1 is particle

radius (m), m, is the free electron mass (9.:|.1><:|.0_31 Kg), m; is effective mass of an electron

(0.24m,), m;j, is effective mass of the hole (0.45m, ), e is the charge on an electron(1.602 x107™°C),
&, is the permittivity of free space (8.85x102 C2 m?), and & is relative permittivity (3.7)[3].

Additionally, the concentration of the nanoparticles was determined using the Beer-Lambert law,
A = acl, where A is absorbance, a is the molar extinction coefficient with unit of M~ em, L is the path
length of the sample (1 cm), and c is the number of suspensions of ZnO NPs (M)[9]. The FT-IR spectra
were recorded using a Perkin Elmer spectrum two spectrometer. The XRD patterns were acquired
by X-Ray Diffractometer (XRD-6000, Shimadzu, Japan) using Cu Ka radiation (A = 0.15406175 nm).
Based on the XRD data, the crystalline size of the ZnO NPs was obtained using the Debye-Scherer
KA
Bcos 6
ray (0.15406175 nm), k is the shape factor or Scherer’s constant (0.94), 0 is Bragg’s diffraction angle,
and f3 is the full width of the XRD peak at half maximum[10]. Besides, after the determination of
the crystal structure using XRD and the determination of the size from the energy gap, the surface

equation D = where, D is the average size of the crystalline, A is the wavelength of the X-

2
energy of the ZnO NPs , Vnano = Yo (1 — rr—") , can be readily calculated based on the size (r),

bond energy , and lattice constants of the unit cell[11]. Moreover, the morphology and particle size
were studied using a scanning electron microscope (JEOL JSM-6701F) and the elemental composition
was determined using an energy dispersive X-Ray Spectrometer (ZEISS SIGMA). The thermal
stability was analyzed by thermogravimetric analysis (BJHENVEN, HCT-1).

3. Result and Discussions

Figure 1a shows the variation in the conductivity of the ZnO NPs’ forming solution over time.
Initially, there was a sharp increase in conductivity that was attributed to the dissolution of the
precursor, leading to an increase in the number of ions in the solution. Subsequently, a plateau in
conductivity was observed between 5 and 60 seconds, indicating complete dissolution of all
precursors with no further ion addition. In the final stage, a decrease in conductivity was noted
because of the introduction of a reducing agent, which facilitated the reduction of ions to neutral
nanoparticle forming atoms. Figure 1b illustrates the UV—vis absorbance spectra of ZnO NPs
fabricated using varying concentrations of orange peel extract (0.25 v/v, 0.35 v/v, 0.5 v/v, and 1 v/v).
The shift in peak wavelength toward longer wavelengths as the concentration of the orange peel
extract increases is attributed to the increased availability of electron donors at a higher concentration
of the reducing agent. These electron donors aid in the reduction of precursor ions into their
corresponding neutral atoms. Figure 1c is the Tauc plot of the ZnO NPs synthesized using a
concentration of 0.25 v/v orange peel extract and the band gap is 3.37.
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Figure 1. a) Plot of conductivity versus time of reaction b) UV-vis spectra of the ZnO NPs synthesized
using different concentrations of orange peel extract as a reducing agent and c) the Tauc plot of the
ZnO NPs synthesized using a concentration of 0.25 v/v orange peel extract. .

Figure 2a-d are plots of the band gap, size, surface energy, and concentration of the ZnO NPs
against the concentration of the extract utilized during the synthesis process. It is evident from the
plot that an increase in the concentration of the extract leads to a reduction in the band-gap values
and an increase in the size of the ZnO NPs. This phenomenon occurs as a result of the conversion of
more Zn+ to Zn as the concentration of the reducing agent rises, thereby increasing the surface
reaction rate. The band gap widens as the particle size decreases, since the proximity of electron-hole
pairs results in a non-negligible columbic interaction, leading to heightened kinetic energy. In figure
2¢, the observed increase in surface energy with increasing reducing agent concentration can be
attributed to the subsequent increase in size leading to a larger surface area and ultimately a higher
surface energy. The peaks on UV-vis spectra can be utilized to calculate nanoparticle concentrations
via the Beer-Lambert law (equation s1). To accurately calculate the concentration as per Equation s1,
it is essential to have knowledge of the molar extinction coefficient specific to the nanoparticles under
consideration, see figure s7. The extinction coefficient has been determined for ZnO NPs in
correlation with their particle size. The relevant data was extracted from ref[12] and it was replotted
using matplotlib, (figure s2) and a mathematical correlation between the extinction coefficient and
particle size was established(see equation s8). In figure 2d, the plot shows a rapid increase in the
number of ZnO NPs as the concentration of the reducing agent increases from zero to 0.35 v/v,
however, after 0.35 v/v, the rate of change decreases. This phenomenon can be attributed to the critical
role that zinc ions and the reducing agent play in the production of zinc oxide nanoparticles.
Manipulation of only one factor, such as the concentration of the reducing agent in this scenario, can
significantly impact the rate of nanoparticle formation, provided that a sufficient quantity of zinc ions
is available for reduction. Conversely, if the concentration of the reducing agent increases without a
corresponding increase in zinc ions, there will be no significant influence on the formation rate.
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Figure 2. a-d) plot of optical bandgap, size, surface energy, and number of ZnO NPs versus
concentration of the reducing agent.

Figure 3a illustrates the FTIR spectra of ZnO NPs synthesized using varying proportions of
orange peel extracts. The FTIR spectra of alcohols, phenols, or water molecules exhibit a significant
peak around 3414-3442 cm™ attributed to O-H stretching. Peaks within the range of 1400-1649 cm!
are linked to C=0O stretching, while the band at 1398 cm-! is associated with the bending vibration of
COH. Furthermore, Zn-OH stretching vibrations are denoted by small, intense bands at 875 cm!
and 712 cm. Figure 3b shows the XRD pattern of ZnO NPs synthesized using 0.5 v/v orange peel
extract. The ZnO NP diffraction peaks were determined to be zincate phases with hexagonal wurtzite
crystal structures and lattice constants of a = b = 3.248532 and c = 5.203366. The estimated average
crystalline size (D) of the synthesized zinc oxide nanoparticles was found to be 19.2 nm.
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Figure 3. a) FTIR spectra of aqueous orange peel extract and ZnO NPs and b) XRD pattern of the ZnO
NPs,.

The morphology of the ZnO NPs was revealed by SEM analysis, as depicted in Figure 4. The
particle sizes observed in the SEM images ranged from 75 to 180 nm with an average particle size 100
nm, demonstrating consistency with prior research outcomes[13]. Discrepancies in the average
particle size reported by XRD (19.2 nm) and SEM (100 nm) may be due to the extended storage
duration (90 days for SEM and 10 days for XRD) before SEM analysis, which could lead to particle
aggregation and coalescence. Elemental analysis was performed using energy dispersive X-ray
spectroscopy (EDX), and the existence of zinc was confirmed by the presence of a few peaks between
1 and 10 Kev, including a significant peak at 1 keV (Figure 4b). The zinc and oxygen elements are
present with a weight percentage of 83.22% and 16.78%, respectively, which is close to the bulk
weight percentage of zinc oxide (80 for Zn and 20 for O). In addition, the analysis showed atomic
percentages of 54.82% for zinc and 45.18% for oxygen, with an atomic percentage composition
similar to the results reported in related studies.
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Figure 4. a) SEM image of the ZnO NPs synthesized using 0.5 v/v orange peel extract and b) elemental
analysis with EDX.

4. Conclusions

In the present study, the observed decrease in conductivity during the synthesis process
provides preliminary evidence for the reduction of zinc ions and the potential formation of ZnO NPs.
UV-vis spectral analysis confirmed that the maximum absorption was in the 365 to 380 nm range,
which is specific for ZnO NPs. Furthermore, the optical band-gap energies were determined from
UV-vis spectroscopic data using the Tauc plot. An increase in the concentration of the reducing agent
resulted in a decrease in the ZnO NPs band gap and a shift in the absorption maxima toward higher
wavelengths. FTIR analysis showed characteristic peaks at 436, 443, and 450 cm, confirming the
formation of ZnO NPs. XRD analysis confirmed the hexagonal wurtzite structure of the ZnO NPs,
with well-matched diffraction peaks. The SEM analysis confirmed the size and morphology of the
nanoparticles. The elemental composition, elemental mapping, and purity were determined by EDX
studies.
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