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Abstract: In this study, the zinc oxide (ZnO) films have been prepared via the green-synthesis 
method with rind extract of red watermelon (Citrullus lanatus) as bio-stabilizer, at various acidity 
(pH) conditions. The ZnO films were prepared as thin films by spin-coating colloidal ZnO onto a 
glass substrate. The physical properties of ZnO films were characterized using UV-Vis 
spectrophotometer, XRD, SEM/EDX, and FTIR. The photocatalytic activity of ZnO films was 
evaluated systematically in the degradation process of methylene blue (MB). The sample prepared 
at pH 12 possesses the highest purities and exhibits the maximum degradation percentage of 
94.61%, with a reaction rate constant of 0.019 min-1. The efficiency of the ZnO photocatalyst has a 
strong correlation with the pH value in the synthesis process. Based on the results of this study, 
ZnO films prepared via green synthesis using Citrullus lanatus show an effective photocatalytic 
activity in degradation of MB, so that it could be developed in the photocatalytic process of water 
purification. 
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1. Introduction 
Organic dyes originating from modern industries such 

as textiles, paper, food, and rubber are harmful to the 
environment. Conventional techniques for removing 
organic dyes, such as coagulation, coprecipitation, 
biodegradation, filtration, and adsorption, give a 
relatively low level of purification and potentially 
provide toxic by-products1). Thus, it needs to involve 
another purification technology to achieve desired water 
quality. The photocatalytic oxidation process is the most 
realistic solution in water purification processes2,3), due 
to its high efficiency, low cost, and environmentally 
friendly4). Because it could effectively remove different 
kinds of organic dyes, research on photocatalytic 
materials is gaining popularity5). 

In the photocatalytic process, the degradation of 
organic dyes involves a semiconductor material to 
produce highly reactive oxidizing species for the 
oxidation of pollutants6). Zinc oxide (ZnO), CeO2, ZrO2, 
TiO2, and other oxides are frequently used as 
photocatalysts to breakdown organic pollutants into 
simpler soluble compounds1,7). Among these 
semiconductors, ZnO is very well applied as a 
photocatalyst due to its high electron mobility, wide 
bandgap energy (3.37eV), and high exciton binding 

energy (60 meV)8). ZnO material is also environmentally 
friendly, easy to obtain, non-toxic, and safer than other 
metal nanoparticles9). 

Photocatalyst activity is determined by the ability to 
photo-generate hole-electron pairs of a metal oxide 
semiconductor10,11). ZnO with dimensions less than 100 
nm possesses excellent surface reactivity and 
photocatalytic effectiveness because it can absorb more 
solar spectrum and light quantum12,13). The surface 
reactivity and performance of ZnO are dependent on 
their shape and size, which may be influenced by the 
synthesis method and preparation conditions. 

Photocatalyst materials are generally made in powder 
form to maximize contact with organic dyes14,15). A 
powdered catalyst, on the other hand, needs a water 
separation process after the photocatalyst is completed16). 
An application of ZnO thin film to reduce several 
pollutants has gained much attention. Physical 
techniques to fabricate ZnO thin film such as chemical 
vapor deposition17), magnetron sputterin18), and laser 
evaporation2, offered high accuracy, but they require 
high costs to provide the equipments19). However, 
another highly advantageous physical technique is 
spin-coating which offers low-cost fabrication, uniform 
growth, smooth surfaces, and simple working principles 
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20,21). In addition, ZnO thin film prepared via the wet 
chemical method may improve photocatalytic activity22). 
However, wet chemical methods may result in other 
harmful waste to the environment. 

Several studies have found that the crystalline 
structure of ZnO nanoparticles derived from plant 
extracts is related to effective dye degradation.  Rupa et 
al. (2019) has created crystalline-shaped ZnO 
nanoflowers utilizing an active ingredient found in sea 
buckthorn fruit to create crystalline nanoparticles that 
may increase the photodegradation rate of industrial 
dye23). ZnO nanoparticles synthesized utilizing extracts 
from various parts of the Heliotropium indicum 
performed a remarkable photocatalytic degradation of 
methylene blue (MB) dyes with high photocatalytic 
efficiency of up to 90%24). ZnO photocatalyst by a green 
method using lemon juice shows a semispherical particle 
with the size of 21.5 nm. In the degradation of methyl 
orange, methyl red, and methylene blue dye solutions, 
ZnO nanoparticles shown improved photocatalytic 
activity25). A green chemistry synthesis of Gynostemma 
pentaphyllum based zinc oxide by the co-precipitation 
approach shown a decolorization performance of 89% 
removing hazardous dye malachite green under UV 
illumination26). Green synthesis ZnO nanoparticles 
mostly exhibits better optical and intensity emission 
peaks24). Various ZnO microstructures such as nanorod27), 
spherical28), and quasi-spherical29) have also been 
produced using as Sambucus ebulus30) and Ananas 
comosus31) extracts. The hexagonal nanoparticle structure 
of ZnO might generate more active site  to interact with 
the toxic dye molecules and accelerate the reaction32). 

Green synthesis-based photocatalyst films can be 
made using a simple and minimum equipment, with 
comparable performance to other methods. Green 
synthesis relies on bio-based reducing agents33,34) that are 
foundin plants extract35), microorganisms36), and sea 
creatures37). Plant and biological extracts function as 
stabilizers, reducing agents, templates, and nucleation 
mediates in the growth of nanoparticles38,39). In this study, 
the discarded red watermelon (Citrullus lanatus) rind 
will be used as a bio-stabilizer by taking the extract. Red 
watermelon rind (RWR) was chosen because it contains 
phenolic compounds such as vanillic, sinapic, 
p-coumaric, chlorogenic, and p-hydroxybenzoic acid. 
The phenolic compounds act as reducing agents as well 
as stabilizers in ZnO nanoparticles growth40). The 
application of fruit peel extract is more desirable because 
it may also overcome environmental problems with a 
simple extraction process. Several studies related to 
green synthesis-based ZnO nanoparticles have been also 
applied in environmental remediation41), biomedicine42), 
catalysis43), and water purification44). 

In this study, ZnO film was fabricated by spin-coating 
a colloidal ZnO onto a glass substrate. The colloidal ZnO 
mixture was obtained via the green-synthesis method 
using RWR extract at various acidities (pH). The 

physical properties of ZnO films were analyzed by 
UV-Vis spectroscopy, XRD, SEM/EDX and FTIR. The 
photocatalytic activity was evaluated in the degradation 
process of MB. 

 
2. Materials and methods 

The research conducted is to observe MB degradation 
from ZnO nanoparticles photocatalyst activity with the 
help of bio-stabilizer from RWR waste extract. There are 
several important steps that need to be done such as 
preparation of RWR extract, fabrication of ZnO synthesis, 
characterization, and photocatalyst test. Utilization of 
organic waste such as RWR as a bio-stabilizer is highly 
recommended, especially the nature of ZnO which is 
non-toxic and environmentally friendly, so as to reduce 
and prevent unwanted waste. The synthesis of 
nanoparticles using green extract is considered very 
practical because the source is easy to find, besides that 
the source used is unused green waste so it has a higher 
economic value. 

 
2.1  Preparation of RWR extract 

Citrullus lanatus was purchased from a local market in 
Pekanbaru, Riau Province, Indonesia. The RWR was cut 
into small pieces up to 1 cm in size using a sterile knife 
and then dried in the sun to remove the moisture content. 
The dried rind was ground to get a powder form. 5 grams 
of RWR powder was dissolved in 200 ml of deionized 
water and heated at 80°C for 30 minutes while stirring45). 
The extract was filtered using Whatman filter paper and 
stored in the refrigerator at 4°C. 

 
2.2  Greensynthesis of ZnO films 

About 50 ml of RWR extract with a concentration of 
25 g/l was heated at constant temperature of 80°C for 23 
minutes46). Then, zinc nitrate hexahydrate solution 
(0.335M) was added to the RWR extract. The sample pH 
was varied by adding sodium hydroxide solution (0.1M) 
to obtain a pH of 6, 8, 10, and 12. The sample was heated 
at 80°C while stirring using a magnetic stirrer until 
colloidal ZnO was formed. Subsequently, 1 ml of ZnO 
colloid was coated onto a glass slide substrate which had 
been cleaned successively with DI water, acetone, and 
ethanol under sonication for 15 minutes at a temperature 
of 30°C. ZnO colloid was dripped onto the substrate and 
spin-coated at 2000 rpm (AC220V/20Hz/40W) for 30 
seconds followed by heating at 100°C. The coating 
process was carried out 20 times, so that the ZnO colloid 
was evenly distributed on the substrate. After that, the 
crystallization process was carried out by annealing the 
ZnO film at a temperature of 400°C for 3 hours47). 

 
2.3 Characterization techniques 

UV-Vis absorption properties, structural properties, 
morphology along with elemental composition, and 
functional groups of ZnO films were analyzed using a 
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UV-VIS spectrophotometer analytic Jena type Specord 
200 Plus, Shimadzu 7000 diffractometer with Cu-Kα 
radiation (λ = 1.54056 Å), SEM with energy dispersive 
X-ray (SEM-EDX) FEI Inspect-S50 type and FTIR 
spectroscopy Prestige 2100, respectively. 

 
2.4 Photocatalytic activity test 

The photocatalytic activity of the ZnO films was 
evaluated in the degradation of MB solution under 
ultraviolet light. The ZnO film was placed in 50 ml of 10 
ppm MB solution, and the adsorption-desorption process 
was carried out for 1 hour. The MB solution was then 
irradiated using a 40 Watt ultraviolet-C lamp (λ = 253.7 
nm) at 25 cm distance. During the irradiation, the MB 
solution was stirred using a magnetic stirrer, so that the 
ZnO film, which acts as a catalyst material, could work 
homogeneously. 3 ml of test solution was sampled every 
30 minutes. The sampled solutions were then evaluated 
using a UV-Vis Spectrophotometer before irradiation and 
after irradiation every 30 minutes. The rate of 
degradation was determined from the absorption peak of 
MB at a wavelength of 664 nm using a first-order kinetic 
equation model: 
 

ln � 𝐴𝐴
𝐴𝐴0
� = −𝑘𝑘𝑘𝑘 (1) 

 
and efficiency of degradation is calculated using the 
following equation: 
 
𝐷𝐷𝐷𝐷 = 𝐴𝐴0𝐴𝐴𝑡𝑡

𝐴𝐴0
× 100% (2) 

 
where, 𝐷𝐷𝐷𝐷 is degradation efficiency, 𝐴𝐴0 is the initial 
absorbance, 𝐴𝐴𝑡𝑡 is the absorbance at time 𝑡𝑡 (minutes), 
and 𝑘𝑘 reaction rate constants are determined from the 
curve gradient of ln[𝐴𝐴/𝐴𝐴0] versus time (𝑡𝑡)48). 

 
3. Results and discussion 

The results of the green synthesis of ZnO were 
analyzed from several characterization techniques such 
as UV-Vis spectrometer, XRD, SEM/EDX, and FTIR 
spectroscopy. In addition, the absorption spectrum of the 
ZnO photocatalyst test results was also carried out at the 
MB concentration. This aims to determine the nature of 
the green synthesis of ZnO based on RWR extract as a 
bio-stabilizer that has been made. 

 
3.1 UV-Vis absorption spectrum analysis 

Figure 1 shows the UV-Vis absorption spectrum of 
ZnO films synthesized using RWR extract. ZnO films at 
pH variations of 6, 8, 10, and 12 gave maximum 
absorbance of 1.277, 1.382, 1.431, and 1.519, 
respectively. Based on these results, it can be said that 
the greater the pH value, the better the absorption ability 
of ZnO49). It implies that the level of pH affects the 
growth rate of ZnO. The higher the pH, the faster the 
ZnO nanoparticles are formed50). This is related to 

previous research by Alahdal et al. (2022), where the 
production of ZnO nanoparticles at the same pH 12 had 
optimal growth and greater absorbance compared to pH 
6. However, the absorbance of ZnO nanoparticles 
decreased slightly when approaching pH 14 due to the 
low single dispersion in the formation of ZnO 
nanoparticles. Meanwhile, in acidic medium or lower 
than pH 6, ZnO nanoparticles cannot be formed because 
they are only formed in neutral and base medium51). The 
strong absorbance of all ZnO films produced by green 
synthesis is in the 300 nm to 370 nm ultraviolet 
wavelength region. Meanwhile, in the visible light region, 
ZnO absorption is weak. The absorption in this area 
indicates that the synthesized ZnO nanoparticles have 
been formed52). 

 

 
Fig. 1: UV-Vis absorbance spectrum of ZnO films. 

 
In addition, the bandgap energy of the ZnO films was 

determined by the Tauc plot technique. The approach 
using this technique is done by extrapolating the curve 
(αhυ)2 vs (hυ) and intercepting the x-axis, where α is the 
absorbance coefficient, while hυ is the energy at different 
wavelengths. The (αhυ)2 vs (hυ) curves of ZnO films at 
different pH values are shown in Fig. 2. 

 

 
Fig. 2: The bandgap energy in the ZnO film for each pH level. 

 
The bandgap energy of ZnO films ranges from 3.088 

eV to 3.156 eV. The bandgap energy gets smaller with 
increasing pH value. The bandgap energy of ZnO films 
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obtained is lower than the ZnO's bandgap energy value, 
which is generally 3.37 eV53). These results are related to 
previous research by Akir et al. (2016) and Geetha et al. 
(2016), that has been carried out that the absorbance 
capacity of environmentally friendly ZnO nanoparticles 
based on green synthesis lies in the range of 300 nm to 
400 nm with bandgap energy obtained around 3.1 eV to 
4.0 eV54,55). The bandgap energy obtained is small 
enough that more electrons move to a higher energy level 
and absorb a lot of photons in the excited state because 
the distance from the valence band to the conduction 
band is narrow. The energy band gap has an important 
relationship with visible light and UV light because it is 
related to absorption at the wavelength of the material, so 
photocatalytic activity can be affected by sunlight56). 
Bandgap energy is inversely proportional to the light 
absorption ability of a material. The smaller the bandgap 
energy value, the greater the light absorption from the 
material57). Therefore, the ZnO film produced from this 
method has the potential to be applied as a photocatalyst. 

 
3.2 XRD analysis 

Figure 3 shows the diffraction pattern of ZnO films 
analyzed from XRD characterization. In the crystal plane 
(100), the crystalline intensity of ZnO increased with 
increasing pH value. In addition, an increase in the pH 
value indicates a narrower and sharper diffraction peak, 
which is known from full width half maximum (FWHM). 
This indicates that the higher the pH value, the higher the 
crystallinity58). The crystallinity properties were analyzed 
from the size of the crystals and the lattice parameters of 
the ZnO films, which are shown in Table 1. The crystal 
size of the ZnO films increases with adding pH value, 
where the crystal growth that occurs is getting faster. The 
lattice parameter obtained from each ZnO film is almost 
the same, with a = ~3.241 Å and c = ~5.185 Å. The size 
of this lattice parameter is not much different from the 
size of the ZnO lattice parameter in general, that the 
value of a is 3.249 Å and c is 5.205 Å59). 

 

 
Fig. 3: XRD pattern of ZnO films. 

 
There is an asterisk (*) in the diffraction pattern of Fig. 

3 which indicates an impurity originating from the 
bioactive compounds in the RWR extract. These results 

have been previously reported47). In addition, there is 
also a diffraction peak that appears at 32° to 33° which is 
confirmed to contain impurities. This is also based on the 
reference of previous studies, where the impurity 
diffraction peak looks more intense and narrows on the 
side of the diffraction peak of the formed ZnO film 
crystal60). RWR extract has succeeded in acting as a 
stabilizer as well as a reducing agent in mediating the 
growth of ZnO nanoparticles, as in previous studies 
using potato extract in removing impurities from ZnO 
nanoparticles61). The ZnO phase of the sample is present 
at a diffraction angle of 31.89°, 34,55°, 36.37°, and 
47.62° with hkl planes (100), (002), (101), and (102) 
(JCPDS No. 36-1451). This diffraction pattern gives a 
hexagonal wurtzite type ZnO crystal structure. The 
advantage of this wurtzite structure is that it can facilitate 
the excitation of electrons because the crystal structure is 
arranged repeatedly, so it is very well utilized in the 
photocatalyst process57). 

 
Table 1. Crystal sizes and lattice parameters of ZnO films. 

Sample 
2θ 
(°) 

FWHM 
(Rad) 

Crystal 
sizes 
(nm) 

a 
(Å) 

c 
(Å) 

pH 6 36.32341 0.01095 13.918 3.274 5.185 
pH 8 36.33342 0.00971 15.702 3.245 5.190 
pH 10 36.37196 0.00892 17.103 3.241 5.190 
pH 12 36.36523 0.00790 19.290 3.241 5.194 

 
3.3  SEM-EDX analysis 

Figure 4 shows the surface morphology and particle 
size distribution graph of ZnO films based on SEM 
image with a magnification of 50,000 times. The surface 
morphology of the obtained ZnO films is a spherical 
shape. This morphological form has also been reported in 
previous studies using Soka leaf extract (Ixora coccinea) 
as a reducing agent in ZnO formation38). Based on these 
SEM images, the difference in pH values did not affect 
the morphological changes of the ZnO particles. Table 2 
shows the particle size for ZnO films and their standard 
deviations. ZnO films particle size ranged from 78.72 nm 
to 92.28 nm. The ZnO film sample at pH 6 had the 
smallest and most uniform particle size compared to 
other samples. The greater the pH value during the 
synthesis process, the greater the agglomeration that 
occurs, so that the particle size becomes larger62). Overall, 
the formed ZnO particles have almost uniform sizes, 
evidenced by their low standard deviation values or 
about < 20 nm. 

 
Table 2. Particle sizes of ZnO films. 

Sample ZnO 
Particle Size 

(nm) 
pH 6 78.72 ± 12.52 
pH 8 85.10 ± 14.50 
pH 10 90.36 ± 15.57 
pH 12 92.28 ± 15.30 
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Information about the elemental composition of ZnO 
films was characterized based on the energy dispersive 
X-ray shown in Fig. 5. The purity of the ZnO films was 
proven by the elemental composition of the ZnO films. 
The purest sample of ZnO films only contained zinc (Zn) 
and oxygen (O) without were any other elements found 
at the pH 12 sample. Meanwhile, the samples with the 

most impurities, such as silicon (Si), calcium (Ca), and 
magnesium (Mg) were contained at pH 6. Therefore, it 
explains that the greater the pH value, the purer the ZnO 
formed. These other elements are due to the bioactive 
compounds found in RWR extract, which are used as 
reducing agents. Similar results were also obtained 
previously using Albizia lebbeck stem bark extract50). 

 

 
Fig. 4: SEM images and histograms of particle size distribution of ZnO films based on (a) pH 6, (b) pH 8, (c) pH 10, and (d) pH 12. 

 

 
Fig. 5: EDX spectrum in determining the elemental composition of ZnO films with different pH levels. 

 
3.4 Functional group analysis 

Figure 6 shows the infrared spectrum of the compound 
bonding group from ZnO colloids with the green 
synthesis method using RWR extract. The functional 
groups of ZnO samples were analyzed using FTIR 
spectroscopy. The absorption peaks (opposite of 
transmittance) of ZnO samples include O-H, C-H, N-H, 
C-O, C-N, and Zn-O. These absorption peaks are at 
different wavenumbers, which are presented in Table 3. 

The absorption peak due to stretching of the O-H 

functional group of the ZnO sample at pH 6 was 
indicated by the appearance of a wide peak at 3530 cm-1. 
The content of O-H comes from the secondary 
metabolite compound of RWR extract. The presence of 
Zn and O compound bonds was indicated by two strong 
absorptions at wavenumbers from 340 cm-1 to 550 cm-1. 
The absorption at 340 cm-1 was from the E2 mode, i.e., 
hexagonal ZnO. At the same time, a peak at 550 cm-1 is 
associated with deficiency and vacancy of oxygen in the 
ZnO complex defect. Regarding the absorption of this 
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Zn-O functional group, the ZnO sample pH 6 has the 
lowest absorption at 367 cm-1. This Zn-O binding proves 
that the ZnO formed is in a hexagonal phase without 
oxygen deficiency63). 

The other absorption peaks of functional groups found 
in the ZnO films are alkane (C-H), amine (N-H), 
carboxylic acids (C-O), and aromatic compounds (C-N). 
Those functional groups are derived from the secondary 
metabolites of RWR extract. Based on Table 3, the 
higher pH value in the synthesis process, some 
compounds are vanished due to the reduction of Zn2+ 
ions to Zn0. At pH 6, there is an absorption peak at 
3149.90 cm-1 from stretching the O-H functional group, 
while at pH 8, 10, and 12, there is no absorption peak at 
the same position. In addition, at pH 12, there is an 
absorption peak at 889.24 cm-1 which comes from 
stretching of the N-H functional group. Therefore, this 
explains that several functional groups in RWR extract 

play an important role in reducing the formation of ZnO 
nanoparticles. Similar results have been previously 
reported using watermelon fruit extract64). 

 

 
Fig. 6: FTIR spectra of ZnO samples. 

 
Table 3. Functional groups of ZnO samples. 

Functional Group 
Wavenumber (cm-1) 

pH 6 pH 8 pH 10 pH 12 
O-H (Alcohol) 3590.39 3549.39 3532.24 3524.61 

3149.90 - - - 
1662.50 1653.92 1662.50 - 
1562.38 1537.59 1553.80 1570.96 

C-H (Polyphenol) 2942.04 2925.83 2925.83 2924.91 
N-H (Amina) 2369.01 2360.43 2369.01 2369.01 
C-O (carboxylic acid) 1387.90 1379.32 1387.90 1387.90 
C-N (Aromatic) 1038.93 1047.51 1030.35 - 

831.08 897.82 905.45 889.24 
Zn-O (ZnO phase) 515.48 – 365.78 573.90 – 347.21 556.48 – 343.68 565.06 – 345.63 

 
3.5 Capability of photocatalytic activity 

The results of examining the photocatalytic activity of 
ZnO films through the degradation process of MB 
solution are shown in Fig. 7. 

 

 
Fig. 7: Absorbance of MB solution at λ = 660 nm. 

 
Figure 7 is the curve of MB solution absorbance at λ = 

660 nm during the degradation process using ZnO films. 
As ZnO pH 12 sample was applied as a catalyst, the MB 
solution absorbance decreased drastically in 150 minutes. 
The photocatalytic reaction begins when the light is 

irradiated onto the semiconductor. The ZnO 
semiconductor absorbs energy and experiences electron 
excitation to the conduction band, leaving holes in the 
valence band. The holes and electrons then react with 
H2O and O2 to produce hydroxyl radicals (OH-) and 
superoxide anion radicals (O2

-) to decompose MB 
solution. The gap between the valence band and 
conduction band in this incident plays an important role 
in the degradation of the dye solution65). The narrower 
bandgaps cause a lot of light absorption, so that it can 
degrade the dye faster. This has been confirmed from the 
narrow bandgap energy value and the increasing pH 
value during the synthesis process. The ZnO sample at 
the highest pH has the smallest bandgap energy, which is 
3.088 eV, causing this sample to degrade MB faster than 
other ZnO samples. 

The kinetics of the reaction rate of the MB degradation 
process using ZnO films analyzed by plotting the 
ln[𝐴𝐴/𝐴𝐴0]  curve as a function of irradiation time is 
presented in Fig. 8. These results indicate that the 
photocatalyst activity of the ZnO films obtained follows 
the pseudo-first-order reaction rate law66). The reaction 
rate constant (𝑘𝑘) is known by Eq. 2. The highest value 
for the reaction rate constant belongs to the pH 12 
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sample at the value of 0.01935 min-1. These results 
indicate that ZnO films are suitable for efficient 
photocatalyst materials because they show a relatively 
large line slope to provide a high percentage of 
degradation (Fig. 9). A high percentage of degradation 
indicates a lot of radical formation S to decompose the 
MB dye64). The variation of the pH level of the ZnO 
films affects the degradation efficiency. Based on Fig. 9, 
the ZnO layer has the highest efficiency, with a pH 12 of 
94.61%. The lowest efficiency is found at pH 6, with a 
degradation percentage value of 30.39%. Photocatalyst 
activity is also influenced by other factors such as the 
structure and shape of the surface. Therefore, ZnO films 
as photocatalysts can be potentially developed in the 
water purification process. 

 

 
Fig. 8: Fitting plots of first-order kinetic model reaction rate. 

 

 
Fig. 9: Photocatalytic degradation of MB solution in ZnO films 

with different pH values from green synthesis. 
 

4.Conclusion 
ZnO films have been fabricated by spin-coating the 

green synthesized ZnO using RWR extract and applied 
as photocatalysts through the degradation process of MB. 
The optical absorption of ZnO films increases with the 
pH value with corresponding bandgap energy of 3.088 
eV to 3.156 eV. The XRD pattern indicates that the ZnO 
films have a hexagonal wurtzite structure. The surface 
morphology of ZnO films based on SEM images is 
spherical. The EDX spectrum provides information that 
the higher the pH value of the ZnO films, the purer the 
sample obtained without any impurities. Based on the 
FTIR spectrum, there is a dominant O-H functional 

group on ZnO films, and the Zn-O bond is in the 
wavenumbers 343.68 cm-1 to 573.90 cm-1. Photocatalyst 
efficiency strongly correlates with the pH conditions in 
the synthesis process, as supported by the analysis of its 
physical properties. The optimum efficient pH value of 
ZnO films as photocatalyst material is pH 12, with a 
degradation percentage of 94.61%. Based on the results 
of this study, ZnO films provided with the green 
synthesis method using RWR extract shown good 
photocatalytic activity and will be effective in degrading 
MB. 
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