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Abstract: In this investigation, the impact of reducing agent concentration on the production of zinc oxide
nanoparticles (ZnO NPs) 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, employing a concentration of 0.5 v/v resulted in the production of nanoparticles
with relatively uniform sizes. Conversely, concentrations below 0.5 v/v led to slow formation, while
concentrations exceeding 0.5 v/v yielded non-uniform nanoparticles. Furthermore, the ZnO NPs synthesized
with a higher concentration of reducing agent exhibited a narrower optical band gap and increased surface
energy.
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1. Introduction

Metal oxide nanoparticles have a variety of applications, including optoelectronics, biosensors,
beauty products and solar cell [1]. The synthesis of uniform-size metal oxide nanoparticles with a
well-defined size is crucial for these applications [2]. Metal oxide nanoparticles are produced by
physical, chemical, and green synthesis processes [3]. According to the literature, some of the harmful
compounds we employ in physical and chemical procedures may be present in the generated metal
oxide nanoparticles, which could be dangerous if used in the medical area [4]. Besides, these kinds of
preparations need a lot of energy and contain dangerous substances that pose a risk to biological
systems. Metal oxide nanoparticles can be synthesized using environmentally friendly reducing and
capping agents that prevent agglomeration, such as plant extracts [5]. These methods are nowadays
more preferred than chemical and physical methods because they are non-toxic and less costly.
There are studies on the effect of the concentration of reducing agents 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 [6].
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 AuNDPs, [7]. 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 [9]. In the investigation, SEM analysis was used to confirm size and
structure, and EDX was utilized to check the purity and composition. FTIR was employed to examine
the stretching and bonding, X-ray diffraction (XRD) was used to investigate the shape and average
size, and UV-vis was utilized to study the optical properties of the ZnO NPs.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

Chemicals and Materials: The orange fruit was purchased from the local market in Bahir Dar
City, Ethiopia. Zinc nitrate dihydrate [Zn (NOs): 2H20, 99.5%)], sodium hydroxide (NaOH, 98%),
ferric chloride (FeCls (10%)), Wagner’s reagent, sulfuric acid (H250s, 98%), ethanol (98%) and
hydrochloric acid (HCl, 35.4%), were purchased from Abron, India. All glassware was thoroughly
cleaned using deionized water and ethanol then dried in an oven prior to use. The equipment
employed in the synthesis of nanoparticles includes an electronic digital balance (Ohaus Corporation,
Switzerland), a Whatman filter paper for the separation of resulting solids from the liquid phase, a
magnetic stirrer and hot plate (IKA RH digital, Germany) to ensure a consistent mixture by agitation,
a pH meter (model: 902) for monitoring pH levels, and a conductivity meter (model: 4510, Jenway)
for assessing conductivity. Furthermore, an oven (model: Ambala Cantt-133001 HR, India) was
utilized for drying the samples, while a Muffle furnace (Model: ME2.5-12G]J, China) was used for
calcination purposes. Other essential items included a test tube, a ceramic crucible, measuring
cylinders for liquid volume measurements, volumetric flasks for the preparation of various solution
concentrations, and a thermometer for temperature monitoring.

Preparation of Orange Fruit Peel Extract: To obtain the extracts, the orange fruit was washed
repeatedly with deionized water to remove all the dust and particulate matter and dried before being
peeled as thinly as possible. The oranges were peeled, and then the peel was dried in an oven at 60 °
C for 24 hours until completely dry and then ground into a moderately fine powder. The 50 g orange
peel extract powder was placed in a 500 ml conical flask with 250 ml of deionized water. The mixture
was then stirred and boiled for 3 hours at 60 ° C on a magnetic stirrer. The solution was allowed to
cool to room temperature for approximately 15 minutes and filtered twice using Whatman filter
paper. Finally, the resulting orange peel-filtered extract was stored in a cool and dry place for further
experimental use. The general procedure for the preparation of orange peel extract is shown in Figure
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Figure 1. Steps involved in the preparation of orange peel extract.

Phytochemical test of orange fruit peel extract: Phytochemical tests include for the presence of
flavonoids, polyphenols, alkaloids, tannins, and glycosides in the extract. The evaluation of
flavonoids involved the addition of 4 ml of orange peel extract to a test tube, followed by treatment
with 2 ml of a 10% NaOH solution. To test for alkaloids, 2 ml of orange peel extract was mixed with
5 drops of Wagner's reagent (1.27 g of iodine and 2.0 g of potassium iodide in 100 ml of water. The
glycoside examination was carried out by dissolving a small amount of orange peel extract in 1 ml of
distilled water, followed by the addition of aqueous sodium hydroxide. The tannin evaluation was
carried out by mixing 1 ml of orange peel extract, 1 ml of distilled water, and 2-3 drops of lead acetate
(Pb(C2H302)2) solution in a test tube. Lastly, the phenol test involved adding a few drops of a 10%
aqueous ferric chloride solution to 1 ml of the orange peel extract in a test tube.
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Preparation of Zinc Nitrate Dihydrate Solutions (Zn (NOs)22H:0): Zinc nitrate dehydrate (10
g) was dissolved in 500 ml of deionized water (0.1M). The solution was kept under constant stirring
for 20 minutes with a magnetic stirrer to completely dissolve the zinc nitrate. This solution was used
in the production of zinc oxide nanoparticles.

Synthesis of ZnO NPs: The impact of varying concentrations of orange peel extract on the
characteristics of the ZnO NPs was examined by adjusting the ratio of orange peel extract to zinc
nitrate dihydrate solution. For instance, sample A was created by combining 25 ml of orange peel
extract with 100 ml of zinc nitrate dihydrate (0.5: 2), sample B by mixing 35 ml of orange peel extract
with 100 ml of zinc nitrate dihydrate (0.75: 2), sample C by blending 50 ml of orange peel extract with
100 ml of zinc nitrate dihydrate (1: 2), and sample D by mixing 100 ml of orange peel extract with 100
ml of zinc nitrate dihydrate solution (2:2 ratio). Following stirring of the mixtures at 60 ° C for 2 hours
using a magnetic stirrer, a 2.0 M NaOH solution was gradually added until the solution reached a
pH of 12. Stirring continued for an additional 30 minutes until a solid product of a pale cream color
was achieved. To eliminate any residual impurities or unreacted components, the precipitate was
washed three times with ethanol and deionized water. Subsequently, the precipitate was dried in an
oven at 60 ° C for a duration of 36 hours to ensure complete drying. The resulting product was then
subjected to calcination at 400 ° C for 2 hours. During the synthesis, conductivity measurement was
carried out using a conductivity meter (model: 4510, Jenway). A smartphone was used to record the
measurements. First, 100 ml of zinc nitrate dihydrate solution was added to a beaker and its
conductivity was measured. Next, 50 ml of orange peel extract was added to the zinc nitrate dihydrate
solution. The mixture was stirred for 2 hours at 60 ° C using a magnetic stirrer, during which a
reduction process occurred. This process was evident by a decrease in the conductivity of the solution
and a gradual change in color to pale yellow, as shown in Figure 2. This color change served as an
initial evidence for the formation of ZnO NPs. Finally, the formation of ZnO NPs was confirmed by
measuring the conductivity of the solution.

Zinc nitrate dihaydrate Add orange peel
solution extract

ZnO NPs solution
g

Figure 2. Schematic diagram of the conductivity measurement during the synthesis of ZnO NPs.

2.1. Characterization of the Synthesized ZnO NPs:

The characterization of the synthesized ZnO NPs was performed using various techniques,
including ultraviolet-visible (UV-vis) spectroscopy, Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy
(EDX), and thermogravimetric analysis (TGA).

Ultraviolet-visible (UV-Vis) spectroscopy: For the purpose of measuring UV-visible spectra, a
specimen was prepared by utilizing 1 mg of ZnO NPs dispersed in 10 ml of ethanol. A reference was
established by employing a blank cuvette containing the dispersing ethanol. The samples' absorption
spectra across the wavelength range of 200 — 800 nm were obtained using a spectrometer (DR6000
model, manufactured in Germany). The band gap energy of the ZnO NPs was determined from the
UV-visible spectra through the utilization of the Tauc plot methodology (Equation 1).

(ahv)*™ = K(hv — Eg)........... 1

Where, hv is the photon energy, K is the proportionality constant, E; is the band gap energy,

and n is equal to ¥z for direct band gap, and « represents the absorption coefficient.
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Fourier transforms infrared spectroscopy (FT-IR): The FT-IR spectra of the ZnO NPs were
recorded using a Perkin Elmer spectrum two spectrometer that scans from 4000 cm™ to 400 cm™. The
sample for the FT-IR test was prepared by mixing ZnO NP with potassium bromide (KBr) and
pressing it into a pellet.

X-ray diffraction (XRD): The XRD patterns of ZnO NPs were performed on an XRD-6000 X-ray
diffractometer (Shimadzu, Japan) using Cu Ka radiation (A = 0.15406175 nm). The scan range ( 20)
was from 10 ° to 80°, and the scan rate was 2 ° per minute. From the XRD data, the crystalline size of
the ZnO NPs was obtained using the Debye-Scherer equation; see equation 2.

KA

Where, D is the average size of the crystalline, A is the wavelength of the X-ray (0.15406175 nm),
k is the shape factor or Scherer’s constant (0.94), O is Bragg’s diffraction angle, and 3 is the full width
of the XRD peak at half maximum.

Scanning electron microscopy with energy dispersive X-ray (SEM-EDX): The morphology,
particle size and elemental composition of ZnO NPs were studied using a scanning electron
microscope (JEOL JSM-6701F) with an energy dispersive X-ray spectrometer (EDX) (ZEISS SIGMA).
Images were obtained at an operating voltage of 10 kV.

Thermogravimetric Analysis (TGA): The thermal stability of the ZnO NPs was analyzed by
thermogravimetric analysis (BJHENVEN, HCT-1). It was scanned at a rate of 15 °C/min in the range
of 20 to 800 ° C under ambient conditions.

2.2. Mathematical Models

Size Determination of the ZnO NPs from UV Vis Spectroscopy: Before determining the size,
the band gap of the ZnO NPs was determined through the utilization of the Tauc plot in UV Vis
spectroscopy. Subsequently, the size of the ZnO NPs was derived from the band gap by employing
the effective mass model (Equation 3). After solving Equation 3, the size of the ZnO NPs can be
obtained using Equation 4.

By = Efuty (1 + i*) _LEe _ 0028 <i+ 1*)_1 ........ 3
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Where, EF“¥ is the bulk band gap (3.3eV), & =6.625x 107 J-s, ris particle radius (m), m,
is the free electron mass (9.11><10_31 kg), m is effective mass of a conduction band electron in
ZnO (0.24 m,), my, is effective mass of a valence band hole in ZnO (0.45m,, ), e is the charge on an
electron( 1.602x107°C), &, is the permittivity of free space (8.854x 10C°N'm?), ¢ is

relative permittivity of zinc oxide (3.7) [10].

Determination of Surface Energy: The estimation of surface energy for ZnO NPs can be readily
calculated based on the bond energy, bulk surface energy, and lattice constants of the unit cell [11].
The correlation among bulk surface energy, lattice parameter, and bond energy is defined by
equation 5. Furthermore, the calculation of surface energy for nanoparticles with radius r is
achievable through equation 6. The numerical values of the constants include Avogadro’s number
(Na=6.02214 x 10”23 mol"), lattice parameter (a) for zinc oxide is 0.32 nm, critical radius ro for zinc
oxide nanoparticles is 1.6 nm, and bond energy of zinc oxide (Eav) is 284.1 kJ/mol [12].
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Determination of concentration of ZnO NPs: The number of ZnO NPs was estimated from
UV-vis spectroscopy using the Beer-Lambert law, see Equation 7 [13]. Furthermore, the uniformity
of the ZnO NPs was estimated from the FWHM of the UV-vis spectra.

Where A is absorbance, ¢ is the molar extinction coefficient with unit of M1 cm™, 1 is the path
length of the sample (1 cm), and c is the number of suspensions of ZnO NPs (M).

3. Result and Discussions

Phytochemical tests: Figure 3 illustrates the phytochemical tests of the orange peel extracts
where A, B, C, D, and E corresponds to a screening for alkaloids, flavonoids, tannins, glycosides, and
phenols, respectively. Table 1 is the results of the phytochemical examination. The test has yielded
evidence that the orange peel extract contains phytochemicals capable of reducing zinc. Furthermore,
these phytochemicals may encapsulate and stabilize zinc oxide nanoparticles.

Figure 3. a) Orange fruit peel extract and b) test tubes for phytochemical screening where A, B, C, D,
and E corresponds to a screening for alkaloids, flavonoids, tannins, glycosides, and phenols,
respectively.

Table 1. Results of phytochemical screening of orange peel extracts.

No Phytochemicals | Test/regents Observed color Result
1 Alkaloid Wagner reagent | A reddish-brown +
precipitate

2 Flavonoids Alkaline regent | Yellow ++

3 Tannins Lead Acetate Yellow precipitate ++

4 Glycosides General test Yellow +

5 Phenols Ferric Chloride | Greenish-black ++

Test

Keys: ++ = Present in excess, + = Present in excess

Visual Observation: A visual observation of the change in color during synthesis served as our
initial confirmation of the formation of ZnO NPs, depicted in Figure 4. When zinc nitrate
dihydrate solution (displayed in Figure 4A) was mixed with the orange fruit peel extract (shown in
Figure 4B), it led to the manifestation of a faint yellow color (illustrated in Figure 4C).. Subsequent
introduction of sodium hydroxide for the purpose of precipitation (as indicated in Figure 7D)
generated a white precipitate (demonstrated in Figure 4E), a finding that aligns with previous
research. These alterations in color serve as a reliable indication of the effective fabrication of ZnO
NPs.
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Figure 4. Color changes were observed during the formation of ZnO NPs. Shown are: (A)
Zn(NO3)2-:6H20 solution (colorless), (B) orange peel extract (orange), (C) ZnO NP (pale yellow),
(D) NaOH solution (colorless) and (E) final precipitate of ZnO NP (white).

Conductivity Measurement Analysis: In addition to visual confirmation, ionic conductivity
measurement was conducted to explore the kinetics of zinc oxide nanoparticle formation. Figure 5
shows the variation in the conductivity of the 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, signifying the formation of
ZnO NPs.
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Figure 5. Plot of conductivity versus time of reaction.

Ultraviolet-Vis Absorption Spectroscopy Analysis: UV-vis spectroscopy was utilized to
investigate the optical characteristics of the ZnO NPs, as illustrated in Figure 6. The solution
containing zinc nitrate dihydrate exhibited a wide peak at 302 nm, indicating the light absorption by
the metal ions in the solution. Similarly, the orange peel extract displayed a distinct peak at 297 nm,
corresponding to the presence of polyphenolic compounds in the extract.

2.0
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Figure 6. UV-visible absorption spectra of orange peel extract and zinc nitrate solution.

Figure 7 illustrates the UV-vis absorbance spectra of ZnO NPs fabricated using varying
concentrations of orange peel extract (0.5:2, 0.75:2, 1:2, and 2: 2) which showed absorption peaks at
369.5, 372, 374, and 377 nm, respectively. The presence of a distinct, intense peak, devoid of other
minor peaks within the absorption spectrum, indicates the high purity of synthesized ZnO NPs. 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. This indicates that increasing the concentration of the reducing agent promotes the
generation of a large number of nanoparticles, evident in a more pronounced signal during
absorbance measurement.

-ZnO (0.5:2 ratio)
ZnO (0.75:2 ratio)
ZnO (1:2 ratio)
ZnO (2:2 ratio)

0.6 - 377 nm

0.5 -
372 nm

0.4 4

Absorbance (a.u)

369.5 nm

0.3 1

0-2 T T T T T T
300 350 400 450 500 550 600

Wavelength (nm)

Figure 7. UV-vis spectra of ZnO NPs at different concentrations of orange peel extract.

The band gap of the ZnO NPs was determined using the Tauc plot (Equation 1). Figure 8 (A, B,
C, and D) illustrate various concentrations of reducing agents, specifically the ratios of 0.5:2, 0.75:2,
1:2, and 2:2. Analysis of the Tauc plot revealed that the band gap values for samples A, B, C, and D
are 3.27 eV, 3.24 eV, 3.23 eV, and 3.21 eV, respectively. Table 2 is the energy band gap of the
nanoparticles versus the concentration of the reducing agent.
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Figure 8. UV-Vis absorption spectrum of ZnO NPs alongside the corresponding Tauc plot.

Specifically, sample A is associated with a ratio of 0.5:2, sample B with a ratio of 0.75:2, sample C with

a ratio of 1:2, and sample D with a ratio of 2:1.

Table 2. Energy band gap of the ZnO NPs for different concentration of orange peel extract.
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No |Zno NPs with Stirring time Solution | Calcination | Wavelength | Band Area

different Before After |T°C T°C (nm) gap (eV)

concentration of | adding adding

OPE NaOH NaOH
1 0.25(0.5:2 ratio) |2 hr 30 min | 60°C 400°C 369.5nm  |3.27eV |47.87739
2 10.35(0.75:2ratio) |2 hr 30 min | 60°C 400°C 372 nm 3.24¢eV |57.66076
3 0.5(1:2 ratio) 2hr 30 min | 60°C 400°C 374 nm 3.23eV [69.62568
4 1(2:2 ratio) 2 hr 30 min |60°C 400°C 377 nm 3.21eV |[71.8859%4

Figure 9 illustrates a graph showing the relationship between the energy band gap of ZnO NPs
and the concentration of the reducing agent. A variation in the band gap is observed with changes in
the concentration of orange peel extract. In particular, ZnO NPs with the highest orange peel extract
concentration (1 v/v or 2: 2 ratio) demonstrate the lowest band gap energy of 3.21 eV. Consequently,
it is evident from these findings that an increase in the concentration of orange peel extract leads to a
reduction in the band-gap values. To further investigate the cause of the energy band reduction while
increasing the concentration of orange peel extract, the size of the nanoparticle was determined using
the effective mass model.

3274 =
3.26 1

3.25 4
3.24 I\
3.23

3.21 4 u

Optical band gap (eV)

02 03 04 05 06 07 08 09 1.0
Concentration (v/v)

Figure 9. Optical bandgap of ZnO NPs versus concentration of the reducing agent.

Size Determination from the Band Gap: The size of the ZnO NPs was determined based on
the band gap using the effective mass model (Equation 4). Figure 10 illustrates the relationship
between the size of the ZnO NPs and the concentration of the reducing agent. The increase in
reducing agent concentrations leads to a corresponding 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.
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Figure 10. Plot of the size of ZnO NPs versus the concentration of reducing agents.

Determination of the surface energy of ZnO NPs: Surface energy serves as a crucial parameter
for nanoparticles, influencing various aspects such as their growth mechanism, morphology,
reactivity in different environments, as well as surface segregation. The determination of surface
energy is dependent on the size of the ZnO NPs, as indicated in Equation 6. Within this study, the
surface energy of the ZnO NPs was established on the basis of its size. The relationship between
surface energy and the size of ZnO NPs is illustrated in Figure 11a, revealing an increase in surface
energy with the growth of ZnO NPs. Additionally, Figure 11b presents the correlation between
surface energy and the concentration of the reducing agent. 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.
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Figure 11. a) plot of surface energy of ZnO NPs versus their size and b) plot of surface energy of
ZnO NPs versus the concentration of the reducing agent.

Estimation of the Number of ZnO NPs: Nanoparticles made from semiconductors strongly
interact with light at a specific wavelength. Their unique extinction peaks on UV-vis spectra can be
utilized to calculate nanoparticle concentrations via the Beer-Lambert law (equation 7). To accurately
calculate the concentration as per Equation 7, it is essential to have knowledge of the molar extinction
coefficient specific to the nanoparticles under consideration. The extinction coefficient has been
determined for ZnO NPs in correlation with their particle size. The relevant data was extracted from
ref [14] and it was replotted using matplotlib, see Figure 12. The fitting process was carried out
utilizing SymPy optimize, to establish a mathematical correlation between the extinction coefficient
and particle size. The fit equation is &=0.02564 r® + 0.02051 r2 - 0.2084 r + 1.511 with R square value of
0.99 and the number of nanoparticles can be estimated using equation 8

_ A
"~ (0.02564 73 + 0.02051 2 — 0.2084 r + 1.511)]
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Figure 12. Plot of the extinction coefficient versus the size of the ZnO NPs.

Figure 13 illustrates a graph showing the amount of ZnO NPs present in the solution in relation
to the concentration of the reducing agent. Rapid growth in the ZnO NPs count occurs as the
concentration of the reducing agent increases from zero to 0.4, after which the rate of change
decelerates with further increases in concentration. 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 zincions
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 13. is a plot of the number of ZnO NPs in the solution as a function of the reducing agent
concentration.

Estimation of the Uniformity of the ZnO NPs: The uniformity of the nanoparticles can be
related to the values of the full width at half-maximum of the UV-vis spectra. Figure 14 is a plot of
the full width at half maximum of the UV-vis spectra of the ZnO NPs versus concentration of the
reducing agent. The plot shows an increase in the FWHM as the concentration of the reducing agent
increased, indicating the formation of different sizes of ZnO NPs. This is because as the concentration
of the reducing agent increases, the non-uniformity of the ZnO NPs increases because more and more
Zn* is reduced to Zn, thereby creating new nucleation.
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Figure 14. plot of FWHM of UV-vis spectra of the ZnO NPs versus reducing agent concentration.

Furrier transform infrared (FTIR) spectroscopy analysis: Figure 15a shows the FTIR spectrum
of orange peel extract that shows absorption bands at 2924 cm-1 associated with unsaturated groups
(C-N), at 1739 cm-1 indicating the presence of C=0 stretching bands, at 1640 cm-1 corresponding to
the stretching of the functional groups C = C and C = O, at 1427 cm-1 associated with the N-H group
of amides, and at 1059 cm-1 related to the vibration of bending of C-H. Figures 15b-d illustrate the
FTIR spectra of ZnO NPs synthesized using varying proportions of orange peel extracts (0.5:2, 0.75:2
and 1:2 ratios). The FTIR spectra of alcohols, phenols, or water molecules exhibit a significant peak
around 3414-3442 cm-1 attributed to O-H stretching. Peaks within the range of 1400-1649 cm-1 are
linked to C=O stretching, while the band at 1398 cm-1 is associated with the bending vibration of
COH. Furthermore, the bands spanning from 1000 to 1300 are attributed to the C-O stretching of

esters and carboxylic functional groups. Zn-OH stretching vibrations are denoted by small, intense
bands at 875 cm-1 and 712 cm-1.
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Figure 15. FTIR spectra of aqueous orange peel extract and ZnO NPs.

XRD Analyses: Figure 16 shows the XRD pattern of ZnO NPs synthesized using zinc
nitrate dihydrate and orange peel extract in 1:2 ratios. The distinct diffraction peaks at 260 = 31.782,
34.44°, 36.27°, 47 .57°, 56.62°, 62.89°, 67.98° and 69.12° were assigned to planes (100), (002), (101), (102),
(110), (103), (112), and (201), respectively. 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
¢ =15.203366. The results obtained are in good agreement with those previously reported. The average
crystalline size of the zinc oxide nanoparticles was determined using the Debye-Scherer equation
(Equation 2). The estimated average crystalline size (D) of the synthesized zinc oxide nanoparticles
using orange peel extract was found to be 19.2 nm.

(101)

100)

Intensity(a.u)
002)

20 (degree)
Figure 16. XRD pattern of green synthesized ZnO NPs using orange peel extract.

Table 3. Average crystalize sizes calculated from equation 2 of the the ZnO NPs synthesized using 1:
2 ratio of orange peel extract and zinc nitrate dehydrate. .

ZnO NPs (1:2) ratio
hkl 20(degree) |FWHM (degree) crystallite size (D) nm
100 31.750 0.4052 13.89897
002 34.460 0.2933 13.80266
101 36.266 0.378 21.29968
102 47.57 0.6589 29.64922
110 56.67 0.4738 23.09783
103 62.842 0.5358 13.73866
112 67.98 0.7177 20.05706
201 69.13 0.7263 18.00588
Average crystallite size (D) nm = 19.20

Thermogravimetric Analysis (TGA): Thermogravimetric analysis was conducted to investigate
the thermal stability of ZnO nanoparticles. The results of this investigation were also employed to
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authenticate the existence of organic molecules that function as capping agents, as the decomposition
of organic molecules at lower temperatures leads to weight loss, thus confirming the presence of such
agents. A sample weighing 1 g of zinc oxide nanoparticles was heated to 850 © C with subsequent
weight loss recording. The weight loss plot against temperature for the zinc oxide nanoparticles is
shown in Figure 17. The graph illustrates four distinct weight loss phases within the defined
temperature range. The initial decomposition, which occurs between 30 ° C and 60 ° C with a weight
loss of 0.37%, is related to the elimination of surface impurities adhered to zinc oxide. The subsequent
phase, observed from 60 ° C to 305 ° C with a weight loss of 0.56%, is attributed to the evaporation of
water molecules and the dehydration of hydroxyls. The third phase, which spanned 305 ° C to 326°C,
resulted in a weight loss of 1.12%, possibly due to the breakdown of the organic compounds that
protect the synthesized ZnO NPs. The final phase of weight loss is associated with the decomposition
of any residual organic components or the conversion of specific inorganic species present in ZnO
NPs at temperatures ranging from 326 ° C to 670°C, leading to a weight loss of 0.5%. After 670 ° C,
no substantial weight loss was observed, which confirms the thermal stability of the ZnO NPs.
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Figure 17. Weight loss versus temperature plot of zinc oxide nanoparticles.

Scanning Electron Microscope (SEM) Analysis: The morphology of the ZnO NPs was
revealed by SEM analysis, as depicted in Figure 18. The particle sizes observed in the SEM images
ranged from 75 to 180 nm, demonstrating consistency with prior research outcomes [15].
Discrepancies in the average particle size reported by XRD (19.2 nm) and SEM (50-180 nm) may be
due to the limited sampling region in the SEM image and the extended storage duration (90 days for
SEM and 10 days for XRD) before SEM analysis, which could lead to particle aggregation and
coalescence.

EMT = 10.00 kV Signal A = inLens System Vacuum = 2.430-06 III\\
WD= 9.2mm Mag = 100.00 K X Gun Vacuum = 1.470-09 mbar

Figure 18. SEM image of the ZnO NPs synthesized using zinc nitrate dihydrate and orange peel
extract in 1:2 ratios.
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Energy Dispersive X-ray Spectroscopy (EDX) Analysis: Elemental analysis was
performed using energy dispersive X-ray spectroscopy (EDX), and the results are summarized in
Table 4. 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, as shown in the EDX spectra (Figure 19 (A)). 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. The distribution of elements within a
sample is depicted in elemental mapping images, as shown in Figures 19 (B and C). The absence of any
other elements suggests that the zinc oxide nanoparticles that were produced are extremely pure.

Zn

Figure 19. (A) EDX spectrum of ZnO NPs; (B and C) elemental mapping image the ZnO NPs.

Table 4. Elemental composition of ZnO NPs from the EDX analysis.

Element Weight% Atomic %

(0] 16.78 45.18
Zn 83.22 54.82
Total: 100.00 100.00

4. Conclusions

In the present study, zinc oxide nanoparticles were effectively produced using orange peel
extract as a reducing agent which is an environmental friendly and economical procedure. The
synthesized zinc oxide nanoparticles were characterized using UV-vis, FT-IR, XRD, SEM, EDX, and
TGA. Initially, the formation of zinc oxide nanoparticles was confirmed by a visual change in color
from pale yellow to a white precipitate. The observed decrease in conductivity during the synthesis
process provides preliminary evidence for the reduction of zinc ions and the potential formation of
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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. Furthermore, the XRD analysis showed that the average crystal
sizes of the ZnO NPs is 19.2 nm. SEM analysis confirmed the size and morphology of the
nanoparticles. The elemental composition, elemental mapping, and purity were determined by EDX
studies. TGA confirmed a total weight loss of 1.56% of the nanoparticles when heated to 670 ° C.
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