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Double layer (DL) ZnO/ZnO:Ag has been synthesized with variations in molarity of
0.1, 0.3, 0.5, and 0.7 M and its application as a degrading agent for methanil yellow
dye. This study aims to determine the effect of the molatity of the DL ZnO/ZnO:Ag
on crystallinity and photocatalytic activity for methanil yellow degradation. DL
Zn0O/ZnO:Ag was synthesized using sol-gel technique and deposited with spray
coating technique. The results of DL ZnO/ZnO:Ag were characterized by XRD to
determine the crystallinity and particle size. The photocatalytic activity was carried
out by immersing the DL ZnO/ZnO:Ag layer in 10 ppm methanil yellow solution
and irradiating it with UV light for 4 hours and then tested using UV-Vis spectroscopy
to get the percentage of methanil yellow degradation. The results showed that the
crystallinity of the DL ZnO/ZnO:Ag for all molarity variations had a hexagonal
wurtzite structure. Grains size increase as molarity increases from 0.1 to 0.5 M.
However, if the concentration continues to be increased to 0.7M, the grain size
decreases. Photocatalytic activity is increasing every hour, as indicated by the
increasing percentage of degradation. Precursor in 0.5 M has the maximum
petrcentage of degradation is 25.32%.
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Introduction

usage, but about 12% of this azoic dye is wasted in
water. The disposal of azoic dyes into water is very

The increasing number of population and the
number of industries will have an impact on
environmental changes, one of which is a decrease
in water quality (Goel & Chaudhary, 2018). The
decrease in water quality over the last few years is
due to the rapidly growing industrialization of
pollution to cater the needs of a growing
population (Masunga et al., 2020). Some industries
such as the paper, textile, ink and paint industries
dispose of dye in the aquatic system in large
amounts which are contaminants that can be toxic
in water (Sangari, 2018). The textile industry uses
various types of dyes, one of which uses azoic dyes.
The most which is used widely dyes are azoic dyes
which when used as a dye then approximate 70%

dangerous because of the stable azo group (-N=N)
so that it cannot decomposed (Masunga et al.,
2020).

Methanil yellow or often called acid yellow 36 is one
of the azoic dyes that is often used in the textile
industry. Metanil yellow is a dye that is difficult to
degrade and is hepatotoxic and can cause cancet.
(Masunga et al., 2020). Metanil yellow has a chemical
group CisH14N3038Na which if consumed in the long
term can cause eye irritation and liver damage (Gita
Bhernama et al., 2017). Previous studies have shown
that azo methanol yellow enters the human body
through food and beverage consumed was contain
water has been contaminated with Metanil Yellow
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which can cause toxic effects on various physiological
systems and enter the bloodstream. When the
Methanyl Yellow dye reaches vatious organs of the
human body, the cell metabolism will be disrupted
resulting in vital organs in the body experiencing a
state of oxidative stress which can be harmful to
human health (Ghosh et al., 2017).

To overcome this problem, a photocatalyst utilization
technology was introduced as a photo degradation of
pollutants. A more promising water purification
technique than conventional method is using
photocatalyst (Baruah et al, 2012). Semiconductor
that is often chosen among transition metal oxides is
zinc oxide (ZnO) because it has many advantages
(Priyadharshini et al., 2022). ZnO has many advantages
due to its high thermal and chemical resistance,
photocatalytic ~ (Anggita &  Sutanto,  2010),
antimicrobial and antibacterial properties (Azizi et al.,
2013). ZnO is an advantageous photocatalyst material
due to the band gap energy 3.37 ¢V which has a higher
electron mobility and a better lifetime than TiO2.
(Taheri et al., 2017). ZnO is a material that can be used
as a photocatalyst. ZnO in the form of nanoparticles
is able to degrade dyes better than TiO2 because ZnO
nanoparticles have a relatively high surface area.
(Priyadharshini et al., 2022).

Pure ZnO cannot be used directly in most applications
because it still has poor optical properties caused by
point defects such as Zn interstitial or vacancies of
oxygen atoms (Al-Jawad et al., 2018). To overcome the
weakness of these optical properties, it is necessary to
add dopants. addition of dopants can increase the
energy between the valence band and the conduction
band (Masunga et al, 2020). Silver (Ag) dopant
addition has been extensively studied due to the ion's
larger size, high solubility and minimum orbital energy
of 8 (Hosseini et al., 2015). Ag-doped ZnO can
increase photocatalytic activity. This is due to the
substitution of Ag atoms in the Zn atomic sites into
the ZnO lattice (Tarwal & Patil, 2011).

The effect of molar variations on ZnO affects the
thickness of the coating. Increasing the thickness of
the coating will affect the morphology and
optoelectronic  properties (Taheri et al., 2017).
Previous studies with double layer (DL) deposition on
semiconductors can increase the activity of
photocatalytic semiconductors (Sutanto et al., 2015).
The DL ZnO/ZnO:Ag in previous studies could
degrade methylene blue better than the ZnO single
layer and an increase in the molar concentration of the
DL ZnO/ZnO:Ag could reduce the energy gap
(Anggita et al.,, 2021). This research will study the
manufacture of DL ZnO/ZnO:Ag using the sol-gel
method and will be varied with various molar

concentrations of Zinc 0.1M, 0.3M, 0.5M, and 0.7M
with the aim of knowing the crystallinity and the ability
of photocatalytic activity in degrading dyes methanil
yellow.

Methods

2.1 Preparation of Double Layer ZnO/ ZnO:Ag

The process of making ZnO and ZnO:Ag solutions
using the sol-gel method. ZnO sol-gels were prepared
by dissolving Zinc acetate dehydrate (ZnAc:
Zn(COOCH3)2.2H>0 and monoethanolamine (MEA:
HOCH:CH:NH>) in isopropanol solution
((CH3):CHOH) at room temperature (Nagayasamy et
al., 2013). The concentration of ZnAc used in this
study was 0.1M, 0.3M, 0.5M, and 0.7M and the molar
ratio of MEA and ZnAc was 1:1. The ZnO solution
was stirted and annealed at 70°C for 30 minutes to
obtain a clear and homogeneous ZnO sol-gel. Ag was
prepared by adding Silver Nitrate to ZnO solution
with a percentage of 4% of the number of moles of
ZnAc then stirring and annealing at 70°C for 30
minutes to obtain a homogeneous ZnO:Ag sol-gel.

Spray coating technique is a technique used to deposit
double layers of ZnO/ZnO:Ag. This spray coating
technique is done by spraying ZnO sol-gel on a glass
substrate at 300C for 1 hour, then spraying ZnO:Ag
sol-gel on top of the ZnO layer for 1 hour at the same
temperature. After the ZnO/ZnO:Ag layer is formed,
the sintering stage is continued. This sintering stage by
placing a DL ZnO/ZnO:Ag in a furnace at 500°C to
produce silver nanoparticles embedded on the ZnO
surface.

2.2 Characterization

XRD (X-Ray Diffraction) was carried out to determine
the crystal structure and grain size formed on DL
Zn0O/Zn0O:Ag. The crystal size was determined using
the Scherrer method based on the width of the x-ray
diffraction peaks. Calculation of crystal value using
Equation 1 (Nagayasamy et al., 2013).

A

b= Kﬁcose (1)

D is the crystal size of the material, K is constant (0.9),
A is X-ray wavelength used, 8 is the FWHM value of
the selected peak, 0 diffraction angle.

2.3 Photocatalytic Analysis

The photocatalytic ability of DL ZnO/ZnO:Ag to
degrade Methanol yellow dye is using UV-Vis
spectroscopy to obtain the percentage of degradation.
The method used is to take small samples every hour
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from a solution of methanil yellow dye that has been
treated with DL ZnO/ZnO:Ag which is irradiated
with UV light for 4 hours every hour. To calculate the
percentage of degradation using Equation 2 (Ali et al.,
2015).

Degradation=(Cq — C¢)/Co X 100% )

Co is the concentration before being given treatment
and Ct is the concentration after being given
treatment.

Result and Discussions

3.1. Structural Properties of Double Iayer ZnO/ ZnO:Ag

Figure 1
The result XRD pattern of DL ZnO/ ZnO:Ag
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Figure 1 is the result XRD pattern of DL

Zn0O/ZnO:Ag. All XRD pattern results show that all

Table 1
Grain size of Double layer ZnO/ Zn0O:Ag

samples are polycrystalline. From the XRD pattern
that has been obtained, show lattice otientation [100],
[002], [101], [102], [110], [112] which indicate that the
pattern of the hexagonal wurtzite crystal structure of
ZnO (Tarwal & Patil, 2011)(Jabeen et al., 2017) and
there is a lattice orientation [200] at an angle of 20
44.04° which indicates the Ag phase with a face
centered cubic (fcc) crystal structure according to data
of JCPDS 36-1451 and JCPDS 4-0783 (Azizi et al.,
2013).

The absence of an impurity phase at the diffraction
peak indicates that Ag ions have been successfully
incorporated into the ZnO matrix structure (T. Ali et
al., 2018)(Tarwal & Patil, 2011). The diffraction peaks
of ZnO and Ag did not shift with increasing molarity.
The absence of a shift in the XRD peaks made it
possible that the number of substituted Ag ions at the
Zn site was not significant. The very low doping of Ag
and the difference in radii between the Ag and Zn ions
resulted in the separation of Ag particles at the ZnO
crystallite grain boundaries (Karunakaran et al., 2011)
(Georgekutty et al., 2008). The addition of molarity to
the ZnO/ZnO:Ag double layer affects the high peak
intensity which will affect the crystallinity
(Mohammadi et al., 2010). Crystal size is influenced by
the FWHM value, where the higher the intensity, the
smaller the FWHM value and the greater the crystal
size (Masruroh et al., 2013). The diffraction peak of
ZnO [101] increases in intensity with increasing
molarity, this will affect the crystal size. To get the
crystal size, you can use the Scherrer equation (eq. 2.1)
so that the crystal size is obtained as Table 1.

Molar Grain Size (D) Mean Grain
Concentration 20 (°) hkl FWHM (°)  d-spacing (nm) (nm) Size (nm)
M)
31.7768 100 0.3149 0.2816 26.22 28.20
" 34.4271 002 0.2755 0.2605 30.18
31.7583 100 0.2755 0.2818 29.97 32.58
0.3 34.4294 002 0.2362 0.2605 35.20
31.8021 100 0.2362 0.2814 34.96 38.60
0.5 34.3327 002 0.1968 0.2612 42.23
31.8006 100 0.3149 0.2814 26.22 28.20
0.7 34.4117 002 0.2755 0.2606 30.18
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Grains size increase as the molarity increases from
0.1M to 0.5M. The increase in molarity resulted in the
number of zinc ions contained, so that the kinetics of
ZnO growth was faster and resulted in high intensity
(Baneto et al.,, 2014)(Sakthivelu et al., 2011). The
increase of intensity indicate that the increase of
crystallite size (Afaah et al., 2019). However, if the
concentration continues to be increased to 0.7M, the
grain size decreases. This is because the addition of
increasing concentrations can affect nucleation, so that
new sites appear to host thin film formation (Baneto
et al., 2014).

3.2 Photocatalytic  Performance — of  Double — Layer
Zn0/ ZnO:Ag

The photocatalytic activity of DL ZnO/ZnO:Ag in
degrading methanil yellow dye at a concentration of 10
ppm (parts per million) for four hours showed a
decrease in the absorbance value can be seen in Table

2.

Table 2
DPercentage Degradation of Donble Layer ZnO/ ZnO:Ag

Irradiatin Degradation (%)

Time (hour) 0.1M 0.3M 0.5M 0.7M
1 1,54 7,03 11,86 5,88
2 6,16 10 12,18 11,24
3 8,49 11,55 16,13 15,79
4 12,18 17,16 25,32 16,82

Table 2 shows an increase in the percentage of
degradation with increasing time of UV exposure to
the ZnO/ZnO:Ag double layer. The degradation
percentage also increased according to the increase in
molarity from 0.1IM — 0.5M. However, there was a
decrease in degradation when the molar concentration
reached 0.7M. Increased molar concentration can
increase the production of electrons and holes so as to
produce more hydroxyl ions. The more hydroxyl ions
will bind to free radicals and will increase the
photocatalytic activity. The double layer can inhibit the
electron-hole recombination process so that the
oxidation and reduction processes that occur on the
catalyst surface take longer and can increase
photocatalytic activity (Sutanto et al., 2015).

The presence of Ag ions on the surface of ZnO can
inhibit  electron-hole  recombination,  thereby
increasing its photocatalytic activity (Jia et al., 2012).
As the concentration of Ag increases, the
photocatalyst activity of ZnO:Ag should also increase.
However, the results showed that the photocatalytic
activity of the ZnO/ZnO:Ag double layer decreased
when the molar concentration reached 0.7M. This can
be caused when the Ag content reaches above the
optimal value limit, Ag metal can act as an electron-
hole recombination center due to the electrostatic
force of negatively charged silver and positively

charged holes making it easy to recombine and reduce
its photocatalytic activity (Jia et al., 2012).

Figure 2
DPercentage degradation of double layer ZnO/ ZnO:Ag
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4. CONCLUSION

The crystallinity of the ZnO/ZnO:Ag double layer for
all molar variations had a hexagonal wurtzite structure.
Grains size increase as the molarity increases from
0.IM to 0.5M. However, if the concentration
continues to be increased to 0.7M, the grain size
decreases. Photocatalytic activity is increasing every
hour, as indicated by the increasing percentage of
degradation. The degradation percentage also
increased according to the increase in molarity from
0.1M — 0.5M. However, there was a decrease in
degradation when the molar concentration reached
0.7M. The 0.5M molar variation has the maximum
percentage degradation with a percentage value of
25.32%.

References

Afaah, A. N.; Asib, N. A. M., Umbaidilah, S. Z.,
Rusop, M., & Khusaimi, Z. (2019). The effect of
annealing temperature on the properties of Ag+
doped ZnO thin films. AIP Conference Proceedings,
2157(August).
https://doi.org/10.1063/1.5124650

Al-Jawad, S. M. H., Sabeeh, S. H., Taha, A. A, &
Jassim, H. A. (2018). Studying structural,
morphological and optical properties of
nanoctrystalline ZnO:Ag films prepared by sol—
gel method for antimicrobial activity. Journal of
Sol-Gel Science and Technology, 87(2), 362-371.
https://doi.org/10.1007/s10971-018-4724-9

Ali, S. M., Farooq, W. A., Baig, M. R, Shar, M. A., Atif,
M., Alghamdj, S. S., AlGarawi, M. S., Nacem-Uz-
Rehman, & Aziz, M. H. (2015). Structural and
optical properties of pure and Ag doped ZnO
thin films obtained by sol gel spin coating



Phy. Educ. Res. J. Vol. 5 No. 1 (2023), 7-12

technique. Materials Science- Poland, 33(3), 601—
605. https://doi.org/10.1515/msp-2015-0091

Ali, T., Ahmed, A., Alam, U., Uddin, L., Tripathi, P., &
Muneer, M. (2018). Enhanced photocatalytic and
antibacterial activities of Ag-doped TiO2
nanoparticles under visible light. Materials
Chemistry  and ~ Physies, 212,  325-335.
https://doi.org/10.1016/j.matchemphys.2018.0
3.052

Anggita, S. R., Ghozali, A., & Kusuma, H. H. (2021).
Effect of concentration double layer
Zn0O/ZnO:Ag on optical and photocatalytic
properties. [OP  Conference  Series:  Earth —and
Environmental Science, 1796(1).
https://doi.org/10.1088/1742-
6596/1796/1/012106

Anggita, S. R., & Sutanto, H. (2016). Preparation and
Microstructure of Ag Doped on ZnO. J. Nat.
Science & Math Res., 2(2), 148-152.

Azizi, S., Ahmad, M. B., Hussein, M. Z., & Ibrahim,
N. A. (2013). Synthesis, antibacterial and thermal
studies of cellulose nanocrystal stabilized ZnO-
Ag heterostructure nanoparticles.  Molecules,
18(0), 6269-6280.
https://doi.org/10.3390/molecules18066269

Baneto, M., Enesca, A., Lare, Y., Jondo, K., Napo, K.,
& Duta, A. (2014). Effect of precursor
concentration on structural, morphological and
opto-electric properties of ZnO thin films
prepared by spray pyrolysis. Ceramics International,
40(0), 8397-8404.
https://doi.org/10.1016/j.ceramint.2014.01.048

Baruah, S., Pal, S. K., & Dutta, J. (2012).
Nanostructured Zinc Oxide for Water
Treatment. Nanoscience and Technology-Asia, 2(2),
90-102.
https://doi.org/10.2174/221068121120202009
0

Georgekutty, R., Seery, M. K., & Pillai, S. C. (2008). A
highly  efficient  Ag-ZnO  photocatalyst:
Synthesis, properties, and mechanism. Journal of
Physical  Chemistry C, 112(35), 13563-13570.
https://doi.org/10.1021/jp802729a

Ghosh, D., Singha, P. S., Firdaus, S. B., & Ghosh, S.
(2017). Metanil yellow: The toxic food colorant.
Asian Pacific Journal of Health Sciences, 4(4), 65—60.
https://doi.org/10.21276/apjhs.2017.4.4.16

Gita Bhernama, B., Safni, S., & Syukri, S. (2017).
Degradasi Zat Warna Metanil Yellow dengan
Penyinaran Matahari dan Penambahan Katalis

TiO2-SnO2.  Lantanida  Journal, 3(2), 116.
https://doi.org/10.22373/1j.v3i2.1653

Goel, A., & Chaudhary, M. (2018). Highly dispersed
PVP-supported It—Ni bimetallic nanoparticles as
high performance catalyst for degradation of
metanil yellow. Bulletin of Materials Science, 41(3).
https://doi.org/10.1007/512034-018-1591-5

Hosseini, S. M., Sarsari, I. A., Kameli, P., & Salamati,
H. (2015). Effect of Ag doping on structural,
optical, and photocatalytic properties of ZnO
nanoparticles. Journal of Alloys and Compounds,
640, 408-415.
https://doi.org/10.1016/j.jallcom.2015.03.136

Jabeen, M., Javed, M. T., Ashraf, M. W., Tayyaba, S.,
Kumar, R. V, & Okara, D. (2017). Synthesis of
ZnO Nanorods on Aluminum Foil for Ethanol

Sensing at Low Temperature. Digest Journal of
Nanomaterials and Biostructures, 12(4), 981-992.

Jia, Z. G., Peng, K. K, Li, Y. H., & Zhu, R. S. (2012).
Preparation and photocatalytic petformance of
porous ZnO microrods loaded with Ag
Transactions of Nonferrons Metals Society of China
(English Edition), 22(4), 873-878.
https://doi.org/10.1016/S1003-
6326(11)61259-4

Karunakaran, C., Rajeswari, V., & Gomathisankar, P.
(2011). Optical, electrical, photocatalytic, and
bactericidal properties of microwave synthesized
nanocrystalline Ag-ZnO and ZnO. Solid State

Sciences, 13(5), 923-928.
https://doi.org/10.1016/j.solidstatesciences.20
11.02.016

Masruroh, Manggara, A. B., Lapailaka, T., & Triandi,
R. (2013). Penentuan Ukuran Kiristal (Crystallite
Size) Lapisan Tipis Pzt Dengan Metode Xrd
Melalui Pendekatan Persamaan Debye Scherrer.
Erudio Journal of Edncational Innovation, 1(2), 24—
29. https://doi.org/10.18551/erudio.1-2.4

Masunga, N., Mamba, B. B., & Kefeni, K. K. (2020).
Trace samarium doped graphitic carbon nitride
photocatalytic activity toward metanil yellow dye
degradation under visible light irradiation.
Colloids  and ~ Surfaces  A:  Physicochemical — and
Engineering  Aspects,  602(April),  125107.
https://doi.org/10.1016/j.colsurfa.2020.125107

Mohammadi, M., Rokn-Abadi, M. R., & Arabshahi, H.
(2010). Investigations on impact of post-heat
temperature on structural, optical and electrical
properties of Al-doped ZnO. Indian Journal of
Science and Technology, 3(2), 110-112.

https:/ /ejournal.walisongo.ac.id/index.php/ perj/index

11


https://ejournal.walisongo.ac.id/index.php/perj/index

Phy. Educ. Res. J. Vol. 5 No. 1 (2023), 7-12

Nagayasamy, N., Gandhimathination, S., &
Veerasamy, V. (2013). The Effect of ZnO Thin
Film and Its Structural and Optical Properties
Prepared by Sol-Gel Spin Coating Method. Open
Journal of Metal, 03(02), 8-11.
https://doi.org/10.4236/ojmetal.2013.32A2002

Priyadharshini, S. S., Shubha, J. P., Shivalingappa, J.,
Adil, S. F., Kuniyil, M., Hatshan, M. R., Shaik, B.,
& Kavalli, K. (2022). Photocatalytic Degradation
of Methylene Blue and Metanil Yellow Dyes
Using Green Synthesized Zinc Oxide (ZnO)

Nanocrystals. Crystals, 12.
https://doi.org/doi.org/10.3390/
cryst12010022

Sakthivelu, A., Saravanan, V., Anusuya, M., & Prince,
J. J. (2011). Structural, Morphological and
Optical Studies of Molarity Based ZnO Thin
Film. Journal of Ovonic Research, 7(1), 1-7.

Sangari, N. U. (2018). Role of (-cyclodextrin in
enhanced photocatalytic decolorization of
metanil yellow dye with TiO2. Asian Journal of

Chemistry, 30(10), 2294-2298.
https://doi.org/10.14233 /ajchem.2018.21468

Sutanto, H., Wibowo, S., Hidayanto, E., Nurhasanah,
1., & Hadiyanto, H. (2015). Synthesized of
Double Layer Thin Film ZnO/ZnO:Ag by Sol-
Gel  Method for  Direct Blue 71
Photodegradation.  Reakror, 15(3), 175-181.
https://doi.org/10.14710/reaktor.15.3.175-181

Taheri, M., Abdizadeh, H., & Golobostanfard, M. R.
(2017).  Formation of wurchin-like ZnO
nanostructures by  sol-gel  electrophoretic
deposition for photocatalytic application. Journal
of Alleys and  Compounds, 725, 291-301.
https://doi.org/10.1016/j.jallcom.2017.07.173

Tarwal, N. L., & Patil, P. S. (2011). Enhanced
photoelectrochemical performance of Ag-ZnO
thin films synthesized by spray pyrolysis
technique. Electrochimica Acta, 56(18), 6510-6516.
https://doi.org/10.1016/j.electacta.2011.05.001

12

https:/ /ejournal.walisongo.ac.id/index.php/ perj/index


https://ejournal.walisongo.ac.id/index.php/perj/index

