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 Due to their properties, ZnO nanoparticles have recently been used as 
an additive material in active food packaging. ZnO has a wide band 
gap of about 3.37 eV, making it effectively used under UV light. 
However, ZnO nanoparticles are not effectively used under visible 
light. This study successfully synthesized ZnO-Chitosan-Citronella 
Essential Oil hybrid nanoparticles using sol-gel methods. Adding 
chitosan and citronella essential oil will affect nanoparticles' 
structural and optical properties.  The structural, morphological, and 
optical properties of characterized hybrid nanoparticles were studied 
using X-ray diffraction (XRD) and FTIR, scanning electron 
microscope (SEM), energy dispersive X-ray (EDX), and UV-Vis 
spectroscopy. From XRD, it was obtained that the ZnO nanoparticles 
produced have a hexagonal wurtzite crystal structure with angles of 

2 = 31.76°, 34.48°, 36.30° which are crystal planes with orientations 
(100), (002), and (101), as well as several other peaks for planes (102), 
(110), (103), (200) and (112) with a crystallinity index value of 
86.5390%, and crystallite size of 8.87nm and 7.5335 nm. From FTIR 
Characterization, Zn=O functional groups were also obtained at wave 
numbers 657 and 475 cm-1. The morphology of ZnO nanoparticles 
from SEM spectroscopy shows a spherical shape with agglomeration, 
and the composition of the components Zn, O, and N elements is 
found, which come from chitosan materials. Furthermore, from the 
UV-Vis spectroscopy characterization, it was obtained that the 
absorption occurred in the 380-600 nm region with a band gap energy 
of 3.25 eV (using the tauc plot method), which was slightly different 
from the empirical results of 3.30 eV. The results show potential future 
studies of hybrid nanoparticles, such as additive materials in active 
food packaging. 
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Introduction 

Synthesis of metal oxide-based nanomaterials has recently attracted much attention [1]. One 

of them is the synthesis of zinc oxide (ZnO) nanoparticles, which have wide applications 

because they have a wide energy band gap of about 3.37 eV and a significant binding energy 

of 60 meV [2,3]. In addition, ZnO nanoparticles have a stable wurtzite structure with lattice 

spacing of a = 0.325 nm and c = 0.521 nm [4-6]. This has attracted much research interest due 

to its unique optical, acoustic, luminescent, electronic, and optoelectronic properties. In 

addition to these advantages, ZnO nanoparticles have disadvantages such as a small surface 

area per volume and an energy band gap unsuitable for use with visible light [7]. The material 

cannot absorb visible light if the gap energy (Eg) is higher than the visible light energy, which 

is 3.1 eV. The controlled morphology of ZnO nanoparticles can play a role in minimizing these 

shortcomings. Other material is also needed to help overcome the problem of minimizing the 

energy band gap. Because of the narrow band gap, electrons can easily move from the valence 

band to the conduction band [8]. Thus, ZnO materials are expected to show excitation emission 

with low excitation energy at visible light. Furthermore, this study modified ZnO by adding 

Chitosan and Citronella Essential Oil to overcome its weaknesses. Chitosan has low solubility, 

which can only be dissolved in acidic solvents, but chitosan has biodegradable, antioxidant, 

and antibacterial properties [9,10]. Meanwhile, Citronella Essential Oil is used because it can 

increase the ability of active food packaging to block UV rays [11] and increase antibacterial 

activity [12]. 

ZnO nanoparticles can be synthesized by several methods, such as the green synthesis method 
[13], chemical wet method [14], hydrothermal method [15], and sol-gel method [16,17]. Each 
of these methods has advantages and disadvantages in producing ZnO nanoparticles. For 
example, the green synthesis method has the advantage that the resulting nanoparticles are 
environmentally friendly [18]. However, the green synthesis method has disadvantages, 
namely, the purity of the resulting nanoparticles is not good [19]. Furthermore, the 
hydrothermal method has advantages, namely the relatively good nanoparticle results and the 
efficiency of materials in the synthesis process. Still, the process requires relatively expensive 
costs and high energy [20]. The sol-gel method is quite popular with researchers because the 
fabrication process is relatively easy, the temperature is not too high, and the purity of the 
resulting nanoparticles is quite good [21,22]. However, the disadvantage is that it is quite 
challenging to obtain easily dispersed nanoparticles [23]. According to the advantages and 
disadvantages of each method, the sol-gel method was chosen to obtain nanoparticles with 
good purity and at a lower temperature. 

This study first aims to synthesize hybrid nanoparticles ZnO/Chitosan/Chitronella Essential 
Oil using the sol-gel method. Second, the obtained ZnO nanoparticles' structural, 
morphological, and optical properties should be analyzed for further application development 
as an additive material in active food packaging as an anti-bacterial and light-blocking agent. 

Experimental Method 

Synthesis of ZnO nanoparticles was carried out using the sol-gel method, referring to [24]. The 

initial step was to make a chitosan solution by dissolving chitosan in 2% acetic acid as much 

as 100 mL, and zinc acetate dehydrate (ZAD) with a concentration of 0.68 M as much as 30 mL 

as precursor. Each solution was stirred using a magnetic stirrer for 15 minutes. After chitosan 
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and zinc acetate dehydrate (ZAD) solutions were made, both solutions were mixed for 15 

minutes using a magnetic stirrer hotplate at a speed of 500 rpm at room temperature. After 

mixing the solution, 2 mL of citronella essential oil and 0.2 g of sodium tripolyphosphate 

(STTP) were added as stabilizers. 

 

Figure 1.  Flow diagram of the experiment process 

The solution was stirred for 15 minutes until homogeneous. Furthermore, adjust the pH of the 

solution to pH = 11 using NaOH (11.25 M) at a temperature of 70 ° C. After obtaining a yellow 

precipitate, the precipitate was stirred at a temperature of 60 ° C for 4 hours and homogenized 

using an ultrasonic bath. The precipitate obtained was centrifuged at 6000 rpm for 30 minutes, 

washed until neutral pH (pH = 7) using pure water. The next step is drying the precipitate at 

60°C for 6 hours. Then, the dried precipitate is ground using a mortar, and the final result is 

nanoparticle powder. The ZnO nanoparticle powder was then characterized using X-ray 

diffraction (XRD) to determine its structure, and the surface morphology and composition of 

the ZnO nanoparticle powder were characterized using a scanning electron microscope (SEM) 

and energy dispersive X-ray (EDX). FTIR characterization was conducted to confirm the 
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presence of chitosan and citronella essential oil after the synthesis process. The optical 

properties of ZnO nanoparticle powder's absorption and band gap energy were characterized 

using UV-Vis spectroscopy. 

Result and Discussion 
To determine the structural properties of ZnO nanoparticle samples using X-Ray Diffraction 

(XRD), a Shimadzu 600 with a wavelength of 0.15406nm. XRD characterization was carried 

out to determine the crystal structure, index, and size of ZnO nanoparticles. In addition, 

information about the lattice parameters a and c, Zn-O bond lengths, and the volume of unit 

cells was also analyzed in this paper. The results of the XRD spectrum of ZnO nanoparticle 

samples with the addition of cithosan and citronella essential oil are shown in Figure 1. 

 

Figure 2. XRD spectrum for ZnO nanoparticles with added cithosan and citronella essential oil. 

Based on Figure 2, it can be seen that there are three strong diffraction peaks at 2θ (31.76°, 

34.48°, 36.30°) which are crystal planes with orientations (100), (002), and (101), as well as 

several other peaks for the planes (102), (110), (103), (200) and (112). This pattern refers to pure 

ZnO and has a hexagonal wurtzite-type structure compared to ICDD cards No. 98-010 [56]. 

The highest diffraction peak, namely the plane (101), was also reported by Abdullah et al. [28] 

and Jamdagni et al. [29], which was also shown in this study. In addition, the XRD pattern of 

ZnO hybrid nanoparticles shows low diffraction peaks at 2θ (22°, 29°, 33°, 59°, 68°, 72°, & 78°), 

which indicates lower crystallinity from chitosan [57]. This result confirms that chitosan is still 

present after the synthesis process.  Next, the average crystallite size of ZnO NPs was 

calculated using the Debye-Scherrer equation [30,31] and the Williamson-Hall plot method. 

𝐷 =
0.89𝜆

𝛽𝑐𝑜𝑠𝜃
                    (1) 
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D is the crystallite size,  is the X-ray source used (0.154 nm),  is the full weight at half 

maximum (FWHM), and  is the diffraction angle. Detailed analysis of the XRD spectra for 

crystallite sizes at various reflection angles is shown in Table 1. 

Table 1. Analysis of XRD and the assignments of various reflections of ZnO nanoparticle using Debye-

Scherrer 

Crystal 

Orientation 

Peak Position 

2𝜽 (°) 
FWHM (°) Crystallite size D (nm) 

100 31.86 1.21 6.75 

002 34.44 1.24 6.73 

101 36.31 0.82 10.14 

102 47.59 0.94 9.20 

110 56.67 0.81 11.12 

103 62.93 0.82 11.28 

112 68.22 1.53 6.27 

    Average                                                                                                    8.78 

 

Table 2. Analysis of XRD and the assignments of various reflections of ZnO nanoparticle using 

Williamson-Hall plot method 

𝐊 𝛌(Å) 

Peak 
Position 

 
FWHM (°) X-axis Y-axis Crystallite 

size D (nm) 

𝟐𝛉 𝛃 𝟒𝐒𝐢𝐧𝛉 𝛃𝐂𝐨𝐬𝛉 

0.94 1.5406 

31.81112 0.48341 1.09621018  0.00811408 

7.5335 

34.02385 6.69699 1.170282938 0.111770113 

34.47459 0.27565 1.185319191 0.004594917 

36.31574 0.52198 1.246545251 0.008656591 

47.59693 0.91085 1.614083135 0.014545589 

56.67005 0.71177 1.89850543 0.01093433 

62.93554 0.75302 2.088075421 0.011209836 

68.03589 0.74372 2.23781012 0.010758935 

69.13362 0.7073 2.269467311 0.010165442 

 

Based on Table 1 and Table 2, it can be seen that the crystal size of ZnO nanoparticles added 

with chitosan and citronella essential oil has a nanometer size and this proves that the results 

of the synthesis of ZnO nanoparticles with chitosan and citronella essential oil using the sol 

gel method can be said to be nanomaterials because they have fulfilled the characteristics of 
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nanoparticle size, namely 1-100 nanometers [32]. This result also obtained a lower crystallite 

size than [36], with an average crystallite size of 20 nm to 41.5 nm, and [56], with an average 

crystallite size of pure ZnO of 59.725 nm to 75.340 nm, using the same synthesis method. This 

confirms that adding chitosan and citronella essential oil affects the crystallite size of 

nanoparticles. Crystallite size affects the anti-bacterial properties of nanoparticles, and a lower 

crystallite size will increase the anti-bacterial activity [61]. 

Table 3.  Comparison of average crystallite size between this study and the literature  

Reference Nanoparticles (nm)  Average of crystallite 
size (nm) 

This Study 
ZnO-Chitosan-Citronella Essential 

Oil 

Debye-Scherrer 
equation  

8.78 

Williamson-Hall 
plot method 

7.5335 

[36] ZnO-Tapioca  20-41.5 

[56] ZnO  59.725-75.340 

Another structural property determined from the XRD data is the crystallization index of the 

ZnO nanoparticle sample. The crystallization index, or crystallinity index, is the percentage of 

crystallinity of a material [33]. The higher the crystallinity index value of the material or 

sample, the better the crystal properties. The crystallinity index (Index Crystallinity, CI) is 

calculated using the equation below, and the detailed calculation results are shown in Table 3. 

Based on Table 3, it can be seen that the CI value is 86.5390% or around 86.54%. This means 

that the amount of crystallization in the synthesis process using the sol-gel method is 86.54%. 

Thus, it can be said that the crystal quality of the ZnO nanoparticle sample is good. This is also 

confirmed by the sharpness of the diffraction peaks, which are narrow and sharp, indicating 

that the crystal quality of the resulting ZnO nanoparticles is good, which is also supported by 

the crystal size value, which is characteristic of the nanomaterial. 

𝐶𝐼% =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑡𝑒 𝑎𝑟𝑒

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎
𝑋 100%      (2) 

Table 4. Index crystallinity value 

Crystallite Area Total Crystallite Area Total Area 

3872.61938   

849.29578   

1976.86126   

  17422.74126 20132.79738 

4025.87107  

4169.31005   

959.23849   

1569.54523   

Crystallite Index (%) 86.5390  
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Furthermore, the lattice parameters a and c can be obtained from the XRD data, which are 

calculated using the following formula [30, 34]. 

𝑎 =
𝜆

√3 sin 𝜃(100)
      (3) 

 

and 

 

𝑐 =
𝜆

sin 𝜃(002)
       (4) 

For the dislocation density (δ), which indicates crystal defects, and the unit cell volume (V) are 

calculated using the following equations [31, 35]. 

𝛿 =
1

𝐷2
      (5) 

and 

𝑉 =
√3

2
𝑎2𝑐       (6) 

The bond distance that determines the cation-anion length between Zn and O ions was also 

studied using the equation [5,34]. 

𝐿 = (
𝑎2

3
+ 𝑐2 (

1−2𝑢

2
)

2

)
0.5

    (7) 

where u is the position parameter, which is an internal parameter of the ZnO wurtzite phase, 

which determines the length between Zn and O, where u is the ratio between parameters a 

and c following the equation [34] 

𝑢 =
1

4
+

1

3
(

𝑎

𝑐
)

2
     (8) 

The results of the analysis of the calculation of lattice parameters, dislocation density, unit cell 

volume, and the bond distance are shown in Table 5. 

Table 5. Values of lattice parameters, dislocation density, unit cell volume, and the bond distance 

Orientation 
plan (hkl) 

2() Lattice Parameter 
(Å) 

 (x1015 m-2)  

V(Å)3 

 

L (Å) 

a= b c 

(100) 31.86 3.2403  21.95 47.2990 2.0707 

(002) 34.44  5.2019 22.08 

(101) 36.31     9.73 
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Table 5 shows that the lattice parameters a and c of ZnO nanoparticles added with cithosan 

and citronella essential oil have values of 3.2403 and 5.2019Å. The lattice parameter values are 

the same as the study [36] for ZnO nanoparticles synthesized by an eco-friendly tapioca-

assisted route. Thus, the difference in the synthesis method used to produce ZnO nanoparticles 

does not affect the lattice parameter values a and c, provided that the crystallinity of the ZnO 

material is formed. Furthermore, it is also shown that the value of the dislocation density for 

each crystal plane is different. As we know, dislocation is a defect that occurs in a crystal that 

causes irregularities in the arrangement of atoms in the crystal structure [37]. The presence of 

dislocations in a crystal can be detrimental or beneficial depending on the application. This is 

because the presence of dislocations greatly affects the material's properties. The periodic 

crystal structure will affect the density of the crystal itself. The regularity of the atomic pattern 

in a crystal will be disturbed by the presence of crystallographic defects, so the movement of 

dislocations will be hampered by other dislocations appearing in the sample during the 

synthesis process. As a result, the larger dislocation density value causes the sample to have 

higher hardness. Thus, it can be said that the ZnO nanoparticle sample with preferred 

orientation (002) in the hexagonal wurtzite structure has higher hardness properties compared 

to the crystal orientations (100) and (101). Furthermore, Table 4 shows that the unit cell volume 

of ZnO nanoparticles with cithosan and citronella essential oil shows a value of 47.2990 (Å)3. 

As is known, the unit cell volume of a crystal is the smallest volume that undergoes repetition 

with full crystal structure symmetry. 

Figure 3 shows the Fourier-Transform Infrared (FTIR) spectrum comparison of ZnO-Chitosan-

Citronella Essential Oil, pure chitosan [58], and pure citronella essential oil [59]. ZnO 

nanoparticles with chitosan and citronella essential oil have a spectrum in the range of 400-

4000 cm-1, which strengthens the qualitative data from the XRD results. The spectrum confirms 

the formation of ZnO with a vibration band (475 cm-1), which is a stretching band of Zn-O [30, 

38]. Figure 3 also shows a vibration peak at 3430 cm-1, an O-H group stretching vibration that 

is possible as an oscillation of water molecules [39, 40, 41]. The transmission peak was also 

observed in the 1560 cm-1 region, which is a symmetrical stretching of C=O [42]. Furthermore, 

the maximum and sharpest absorption peak intensity was observed in the 1412 cm−1 region, 

which is a vibration band of the C-O-H and C-H bending groups [37]. The peak observed at 

1051 cm-1 is associated with the functional group of free amino (-NH2) [58]. The band observed 

at 833 cm-1 is the deformation vibration of water molecules [44]. However, in other references, 

absorption at wave number 831 cm-1 is the vibration and bending modes of 𝐶𝑂3
2−[45, 46]. The 

bands observed at 657 and 475 cm-1 are vibrations caused by the presence of metal oxides, 

which are Zn-O stretching vibration [47, 48] 
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Figure 3. (a) FTIR spectrum of ZnO Nanoparticles (b) FTIR spectrum of pure chitosan [58] (c) FTIR 

spectrum of pure citronella essential oil [59]. 
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Surface Morphology Characterization 

Scanning Electron Microscope (SEM) Phenom Pro-X was used to determine the surface 

morphology of ZnO nanoparticles added with chitosan and citronella essential oil. The 

morphology in the form of size and structure of the particles was tested to determine whether 

the resulting particles met the requirements as nanomaterials. The test results using a voltage 

of 15 KV with a magnification of 7.5K and 30K are shown in Figure 4. 

  

                                 (a)                                    (b) 

Figure 4. SEM image-surface morphology with magnification (a) 7.5K and (b) 30K 

Table 6. Average particle size using ImageJ 

No Particle Size (nm) Average (nm) 

1 31.03 

46.532 

2 30.00 

3 33.41 

4 44.32 

5 31.02 

6 70.60 

7 69.29 

8 57.90 

9 34.98 

10 62.77 

 

Based on Figure 4, it can be seen that the morphology of ZnO nanoparticles shows a spherical 

shape [49]. From the SEM image, it can also be observed that agglomeration occurs in ZnO 

nanoparticles, so that the nanoparticles still do not form a perfect sphere. Agglomeration can 

occur because there is a weak force between particles caused by the weak force of the particle 

core [50]; this effect could be influenced by an unstable pH value [60]. Furthermore, using 

ImageJ software, from SEM characterization, particle size measurements were carried out from 
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10 points, and it was obtained that the diameter of ZnO nanoparticles was in the range of 30.0 

to 70.6 nm, with an average diameter of 46.532 nm, as shown in Table 6. This shows that ZnO 

nanoparticles added with chitosan and citronella essential oil have been included in the 

nanomaterial category [51]. These results also confirm the results of the previous XRD analysis. 

Although there are differences in the measurement results of the crystal size from XRD and 

SEM measurements, this is because in XRD, there is a direct interaction between X-rays and 

the constituent atoms, while in SEM, ZnO nanoparticle powder experiences agglomeration, so 

that the measured particle size is a combination of several ZnO particles themselves. 

Next, the composition of ZnO nanoparticles was tested using EDX (Energy Dispersive X-Ray) 

Phenom Pro-X. The result of EDX characterization is shown in Figure 5, and the composition 

of ZnO nanoparticles can be seen in Table 6. 

 

Figure 5. Composition of ZnO nanoparticles with chitosan and citronella essential oil 

Table 7. Composition of ZnO nanoparticles with chitosan and citronella essential oil 

Element Symbol Atomic Conc. (%) Weight Conc. (%) 

Zn 50.15 80.87 

O 38.71 15.28 

N 11.14 3.85 

 

Based on Table 7, it can be seen that the composition of ZnO nanoparticles synthesized by the 

sol-gel method is well-formed, with no contaminant elements. The detected nitrogen element 

also indicates that chitosan has perfectly blended with ZnO nanoparticles, which are dopants 

to reduce the large band gap energy and improve the performance of ZnO nanoparticles so 

that they can become safe additives supported by the Chitosan material. 

Optical Properties of ZnO Nanoparticles 

The optical properties of the prepared ZnO nanoparticle samples were studied using UV–Vis 

spectroscopy characterization. It can be seen in Figure 6 that there is intensive absorption in 

the UV-visible-NIR region, with low to medium energy absorption between about 420–600 

nm. A sharp increase in absorbance located around 380 nm was also observed, related to the 

intrinsic band gap absorption of ZnO, and attributed to the promotion of electrons in the 

semiconductor from the valence band (VB) to the conduction band (CB) [36, 37, 52]. The high 

absorption increase is assumed to be due to the smaller size of ZnO nanoparticles Tadji et al. 
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[53]. This follows the results of XRD characterization, where the ZnO nanoparticle sample has 

a small crystallite size of about 8.78 nm, resulting in high UV light absorption. 

 
Figure 6. Uv-Vis Spectrum of ZnO nanoparticles 

 

Furthermore, from the UV-Vis spectroscopy characterization, the optical band gap of the 

semiconductor or the energy band gap can be determined using the Tauc plot equation [47,54] 

as shown in Figure 6. This methodology uses direct band gap (Eg) data processing, as 

recommended for ZnO [37, 52]. 

    𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
0.5

                                                                         (9) 

where A is a constant, hv is the photon energy, Eg is the allowed energy gap, and n = ½ for 

allowed direct transition. The Tauc’s region tells the structural and thermal disorder present 

in the nanoparticle [47]. The synthesized ZnO nanoparticle sample's band gap (Eg) value was 

obtained at 3.25 eV. The Eg value is lower than the Eg value for ZnO material in bulk size. In 

addition to using the Tauc plot method, the Eg value is also empirically determined using the 

effective mass model [37,55]. 

                                        𝐸𝑔
𝑁𝑎𝑛𝑜 = 𝐸𝑔

𝐵𝑢𝑙𝑘 +
ℎ2

8𝑒𝑟2 [
1

𝑚𝑒
+

1

𝑚ℎ
] −

1.8𝑒2

4𝜋𝜀𝜀0𝑟
                                                 (10) 

Where 𝐸𝑔
𝐵𝑢𝑙𝑘 is 3.37 eV, h is planck constant 6.626 x 10-34Js, e is elementary charge of the 

electron, 1.602 x 10-19C, me is effective electron mass, 2.1864 x 10-31 Kg, mh is effective hole mass, 

4.0995 x 10-31 Kg,  is relative permittivity, 8.66, 0 is vacuum permittivity, 8.864 x 10-12 F/m, 

and r is the radius calculated from the crystallite size obtained by XRD. Based on the 

calculation using the equation, it was obtained as much as 3.30 eV. Furthermore, the 

calculation was carried out. Although there is a difference in the Eg value obtained from the 

Tauc plot method and equation (10), the Eg (nano) results strengthen the Eg value obtained 

from the Tauc plot method, because both calculation methods hatendo reduce Eg when the 

crystallite size becomes large [53]. 



 Indonesian Physical Review. 8(2): 463-480 

475 
 

 
   Figure 7: Tauc plot method of the ZnO nanoparticle sample 

Conclusion 

ZnO-Chitosan-Citronella Essential Oil Hybrid Nanoparticles have been successfully 
prepared. EDX and FTIR confirm the presence of ZnO, chitosan, and citronella essential oil. 
The morphology of ZnO nanoparticles from SEM spectroscopy shows a spherical shape with 
agglomeration, and the composition of the components does not contain contaminants, 
because only Zn, O, and N elements are found in chitosan materials. The agglomeration could 
be affected by an unstable pH value. Based on the results of XRD characterization, it was 
obtained that ZnO nanoparticle powder has a hexagonal wurtzite crystal structure with 

angles of 2 = 31.76°, 34.48°, 36.30° which are crystal planes with orientations (100), (002), and 
(101), as well as several other peaks for the planes (102), (110), (103), (200) and (112) with a 
crystallinity index value of 86.5390%. Hybrid nanoparticles show good results in crystallite 
size compared to pure ZnO nanoparticles from previous studies. Crystallite size of hybrid 
nanoparticle obtained by using Debye Scherrer equation and Williamson-Hall plot method 
obtained as much as 8.87 nm and 7.5335 nm. In addition, calculations were also carried out 
on the lattice parameters a, and c of 3.2403 Å and 5.2019 Å, dislocation density of 21.95 x 1015 
m-2, the volume of the ZnO crystal unit cell of 47.2990 (Å)3, and the Zn-O bond distance of 
2.0707 Å. Furthermore, from the UV-Vis spectroscopy characterization, it was obtained that 
the absorption occurred in the 380-600 nm region with a band gap energy of 3.25 eV (using 
the tauc plot method), which was slightly different from the empirical results of 3.30 eV. From 
this result, it can be concluded that adding chitosan and citronella essential oil could help 
minimize the crystallite size and energy gap of the hybrid nanoparticles. The crystallite size 
obtained in this study shows a significant result. However, the energy gap result does not 
significantly decrease. For future studies, an antibacterial test for the sample might be 
conducted to confirm the antibacterial activity of hybrid nanoparticles. Chitosan and 
citronella essential oil variations might be conducted to decrease the energy gap so that the 
hybrid nanoparticles could effectively work in visible light. 
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