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Abstract: Tin oxide (SnOs2) as a wide bandgap semiconductor shows promising photocatalytic
properties; however, commercially available precursors, which are costly, are often used to de-
velop its nanomaterial. With its abundant natural resources, Indonesia has the potential to
replace these commercial precursors with locally sourced alternatives. This study explores the
synthesis of SnOy using a local tin chloride (SnCly) and investigates its photocatalytic per-
formance through methylene blue degradation. The SnOs samples were synthesized using the
hydrothermal process at 180 °C for 24 h. Furthermore, to optimize the process, the pH of the so-
lution was also tuned at 1, 7, and 11 to analyze its effect on material properties. Characterization
techniques, including X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray
spectroscopy, UV-Vis spectroscopy, particle size analyzer, zeta potential, and No adsorption-
desorption analysis, were used to evaluate the structural, morphological, and optical properties
of the synthesized materials. The samples synthesized in all pH conditions after the hydrother-
mal process were confirmed to be tetragonal rutile SnOy. Additionally, the crystallite size,
optical properties, and morphology of the samples are affected by different pH conditions. SnOs
synthesized at pH 11 has a high BET surface area of 132.12m?/g and mesoporous properties.
The photocatalytic performance of the synthesized SnOy achieved a degradation of methylene
blue over 95% using UV irradiation for 120 min. The high degradation of dye can be attributed
to the adsorption capability exhibited by the high surface area of the synthesized sample. This
study proves that SnOs synthesized using locally sourced SnCly shows comparable photocat-
alytic performance to commercial materials.

Keywords: Adsorption; Hydrothermal; pH control; Photocatalyst; SnOs

1. Introduction

The decline of the world’s water source quality caused by water pollution threatens human
health. Approximately 70 billion tons of water flow are polluted every year by synthetic dyes that
contain harmful industrially produced compounds in the form of aromatics and heavy metals
(Dutta et al., 2024; Lin et al., 2023). Recently, the advanced oxidation process (AOP) has
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attracted considerable attention due to its strong oxidation capability and ability to remediate
dangerous dyes into less harmful and safer byproducts (Khan et al., 2024). AOPs can be used
using photocatalysts that are non-selective, have high efficiency, and react with light, making
them viable for degrading organic pollutants (Khader et al., 2024).

Research on inorganic semiconductor photocatalysts has mostly used metal oxides, such as
WOj3, TiOz, ZnO, CeO2, and SnO2 (Mohamadpour and Amani, 2024). Among these materials,
tin oxide (SnO2) is a promising candidate as a photocatalyst because of its high stability, non-
toxicity, high oxidation potential, economic feasibility, and environmental safety (Sun et al.,
2022). SnOy is an n-type semiconductor with a rutile crystal structure and a bandgap value of
3.6 eV, indicating high optical transparency in visible light and high photoactivation capabilities
in UV light (Das and Jayaraman, 2014). Previous studies have proven that SnOs reached about
80-90% of methylene blue degradation irradiated under UV light, indicating it as a potential
photocatalytic material (Luque et al., 2020; Honarmand et al., 2019; Kim et al., 2016).

The synthesis of SnOs photocatalysts utilizes various methods, such as sol-gel, co-
precipitation, hydrothermal, electrochemical, microwave-assisted, and solution combustion syn-
thesis (Shabna et al., 2023). The hydrothermal process is a promising method because of its
simplicity and scalability, yielding nanomaterials with favorable properties (Yu et al., 2023;
Byrappa and Adschiri, 2007). The synthesis of hydrothermal SnOs commonly uses Sn hydrated
salts, such as SnCly-2H20 (Li et al., 2009) and SnCly-5H20 (Talebian and Jafarinezhad, 2013).
The pH conditions could also be modified to optimize the process, offering a simple method
to optimize the process by influencing the structural, optical, and morphological properties of
SnOy (Sukriti and Chand, 2019).

Indonesia, which is known for its abundance of tin (Sn) across the Bangka Islands, shows
major potential for providing Sn chemical precursors for SnOs nanomaterial synthesis. Indone-
sia has a total amount of cassiterite mineral of 2.76 tons (Schwartz et al., 1995). Extensive
exploration is needed in using locally sourced minerals as chemical precursors for the research
and development of SnOy photocatalysts. Prior to this research, the local anhydrous SnCly
was utilized for fabricating conductive glass (Lalasari et al., 2018) and electron transport layers
(Yuwono et al., 2023); however, no attempts have been made to use this local precursor for
the synthesis of SnO9 as a photocatalyst. Hence, this study aims to explore the properties of
hydrothermally synthesized SnO2 under various pH conditions using local anhydrous SnCly. Ad-
ditionally, pH was modified at 1, 7, and 11 to simulate acidic, neutral, and basic conditions using
NHj3 as an alternative weaker base, compared to previous studies that used strong bases (NaOH
or KOH) (Zhang et al., 2025; Sato et al., 2013). The resulting materials were then tested for
methylene blue degradation using UV irradiation to further observe their photocatalytic activity
and adsorbent properties.

2. Materials and Methods
2.1 Materials

The synthesis of hydrothermal SnOs were prepared with local anhydrous SnCly (99%, PT
Timah Industri, Cilegon, IDN), NaOH pellets (Merck, Darmstadt, DE), NHs (25%, Merck,
Darmstadt, DE), and HC1 (37%, Merck, Darmstadt, DE). SnOs nanopowder (Sigma-Aldrich, St.
Louis, USA) will also be used as the main standard (Code: STD) for comparison of performance.
Distilled water was used as the solvent to prepare all the solutions within the experiment.

2.2 Methods

The preparation of the solvent for SnOq starts with the dilution of the initial SnCly anhy-
drous to a final concentration of 0.08 M. As much as 40 ml of the precursor solution was taken
and then mixed with 10 ml of 10 mmol NaOH solution that was prepared beforehand. The
solution was then stirred at 700 rpm for 30 min. The initial solution without any modifications
had a pH of 1 (sample TO-1). Notably, the addition of NaOH causes no change in the solution
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pH, as it remains at 1. Subsequently, NHs, as the pH modifier, was added dropwise before
the hydrothermal process until the final pH reached 7 (sample TO-7) and 11 (sample TO-11).
When the solution reached pH 7, white precipitates were formed, turning the clear solution into
a white liquid. At pH 11, the white precipitates dissolved back into the solution, forming a clear
but blurry solution.

After the stirring process was completed, the prepared solution (50 ml in total volume)
was transferred to an 80 ml Teflon chamber and tightly sealed inside a stainless steel autoclave.
The hydrothermal process was conducted using an autoclave inside an electric oven pre-heated
at 180°C. After 24 h, the autoclave was left to cool until it reached room temperature. The
resulting product was divided into its supernatant and precipitate. The precipitate was washed
with distilled water until it reached a neutral pH level. After washing, the resulting precipitate
was dried for 24 hours at 100°C inside an oven and was then crushed using an agate mortar
and pestle for characterization and photocatalytic performance tests.

2.3 Materials Characterization

The phase and structural characteristics of the samples were measured using a PANalytical
Empyrean (Malvern PANalytical, Almelo, Netherlands) X-ray diffractometer (XRD) with a
CuKa radiation source (A = 1.5406 A). Samples were scanned from 26 of 10-90° with scan rate of
0.195°/s and step size of 0.026°. Structural parameters, such as crystallite sizes, were calculated
using Scherrer’s equation (Equation 1) (Suryanarayana and Norton, 1998) and Williamson-Hall
relation (Equation 2), where the lattice strain () relation is denoted in Equation 3 (Pandey
et al., 2015):

KX
d—BCOSQ (1)
50089:%)\—1—4581110 (2)
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where d (nm), the crystallite size, is inverse to  which represents the full width at half
maximum (FWHM) of peaks and the Bragg angle (6). The values proportional to d are the
shape factor, K (0.94) and the X-ray wavelength, .

The morphological characteristics and elemental composition of the samples were inspected
using field emission—scanning electron microscopy (FE-SEM) and energy-dispersive X-ray spec-
troscopy (EDS) using the FEI Quanta 650 FEG (FEI, Oregon, USA). The optical properties
of the SnOy are observed using a UV-Vis diffuse reflectance spectroscopy (DRS) in a Ther-
moScientific Evolution 220 (Thermo Fisher Scientific, Massachusetts, USA) with BaSO4 as a
reference. The corresponding absorption spectra were obtained from the transformed reflectance
data through the Kubelka-Munk function (F(R)) based on Equation 4 (Makula et al., 2018):

K (1-R)?

P(Re) =g = (4)

where K and S are the absorption and scattering coefficients, respectively. Both coefficients
can be calculated based on the sample’s reflectance (R).

The bandgap energy from the synthesized samples were quantified using Tauc’s relation
(Equation 5) (Klein et al., 2023; Makula et al., 2018):

(ahw)w = A(hv — E,) (5)

where hv is the total energy in relation to the photon absorption coefficient, «, which is
proportional to F(Rx). A is the constant and E, denotes the band gap energy according to
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the band structure characteristics represented by the n value in the equation. The exponential
value n of 2 indicates an indirect transition, while % describes a direct transition.

For further characterization of the photocatalytic properties, particle size analysis (PSA)
and zeta potential analysis of diluted samples were performed using the Otsuka ELSZneo (Ot-
suka, Osaka, Japan). For sample preparation, 10 mg of the obtained particles were weighed and
diluted in 10 ml of distilled water. Subsequently, the suspension was sonicated for 10 min until
the solution was transparent. Testing was conducted directly after sonication with a flat surface
cell and repeated 3 times to determine the average particle size and zeta potential.

Ny adsorption-desorption characteristics followed with Brunauer-Emmett-Teller (BET) spe-
cific surface area and Barrett-Joyner-Halenda (BJH) desorption pore size distributions with Mi-
cromeritics 3Flex (Micromeritics, Georgia, USA). Degassing conditions were conducted at 120 °C
for 2 h and measured at a full isotherm condition on a partial pressure range of 0.05-0.998.

2.4 Investigation of Adsorption—Photocatalytic Performance

The photocatalytic activity of the samples was tested using 10 ppm methylene blue dye
(MB) with a custom-made photoreactor using UV light mounted with 3 mercury vapor lamps
(125 Watts each, 220-240 Volts). The procedure was tested using 100 ml of dye solution mixed
with 50 mg of the photocatalyst. The test was conducted for 30 min in the dark condition at
time increments of 5, 10, 15, 20, and 30. During irradiation, the sample-to-lamp distance was
set at approximately 20 cm, with 3700 lumens/m? and tested at room temperature. The total
testing time was 120 min with increments of 5, 10, 15, 20, 30, 45, 60, 90, and 120 min. An
aliquot of 5 ml was taken from the mix and centrifuged to separate the photocatalyst and the
supernatant between each time increment. The initial concentration of MB and changes in the
supernatant were measured with a UV-Vis spectrophotometer at 665 nm. The resulting data
were then used to calculate the dye degradation percentage (Equation 6) (Septiningrum et al.,
2024):

Ag— A
Ao
The Ag denotes the initial absorbance of MB before degradation, and A signifies the changes

in absorbance after degradation performance testing. Based on the changes in absorbance,
kinetic analysis was also conducted based on the first-order reaction denoted in (Equation 7)

(Sagadevan et al., 2022):
Ag

where k describes the rate constant value with respect to the changes in time (¢). The value
of k is represented by the slope of the linearly fitted degradation results based on the changes
of A after testing.

Degradation% = < ) x 100% (6)

3. Results and Discussion
3.1 Crystal Structure of the Hydrothermal SnO,

The XRD pattern of the as-synthesized samples at all pH values are shown in Figure 1.
Structural analysis showed that the diffraction pattern corresponded to tetragonal rutile SnO9
(ICDD 01-077-0448), and no other phases were observed. The rutile phase conforms to the 26
of 26.6°, 33.9°, 37.9°, 51.8°, 54.7°, 57.8°, 61.9°, 65.9°, 71.3°, 78.7°, 83.7° from the database,
with each value corresponding to the (110), (101), (200), (211), (220), (002), (310), (301), (202),
(321), and (222) planes. Despite the differing pH conditions during the hydrothermal process,
no distinct difference in peak positions was observed. However, in terms of their intensity, the
peaks in TO-7 and TO-11 are different from those in TO-1, evident from the broadening of
peaks at (110) and (101), indicating that the crystals experience strain.
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Figure 1 XRD patterns of synthesized samples: (a) TO-1, (b) TO-7, and (c) TO-11

Table 1 presents the crystallite sizes and crystallographic parameters from all the samples.
The lattice parameters of SnOs from all the samples show values similar to those in the database
(ICDD 01-077-0448), further confirming that they have a tetragonal crystal structure. Based on
Scherrer’s equation and Williamson-Hall relation, the pH increase from TO-1 to TO-11 causes
the crystallite size to decrease. The lattice parameters also shifted when the synthesis were
at neutral and basic conditions, which might be attributed to strain within the crystal. The
results of calculation ¢ signify that SnOg crystals experience more strain as the synthesis pH
increases. Furthermore, the negative strain value indicates that the crystal structure experiences
compressive strain (Kerrami et al., 2020). The decrease in the crystallite size and strain in
crystals can be correlated with the formation mechanism of crystals during the hydrothermal
process. The reaction proposed in the formation of SnOs with the hydrothermal process is
written as (Reaction 1) (Wan et al., 2018):

Sn(OH)Z~ — SnOs | +20H~ + 2H,0 (1)

Table 1 Crystallographic calculations for all synthesized samples

g , 1 Scherrer Williamson-Hall Microstrain Lattice Parameter
ample code stalli ite Si _
CFystalhte Crystallite Size cx 103 Unit Cell
Size (nm) (nm) a=b(A) c (A)
Vol.

ICDD

01-077-0448 - - - 4.739 3.187 71.570
TO-1 7.04 5.09 -3.8 4.753 3.183 71.927
TO-7 5.86 4.23 -4.5 4.760 3.180 72.046
TO-11 5.51 3.69 -6.2 4.760 3.180 72.058

Under high temperature and pressure conditions, the Sn species inside the solution hy-
drolyze into an ionic complex with a Sn** oxidation state. The ionic complex will then dissolve
within the solution, and after reaching its supersaturated state, it will precipitate and decompose
into SnOy (Jensen et al., 2012; Mamakhel et al., 2020). Different ratios of Ht and OH™ ions
affect the solubility rate during the hydrothermal process. A larger solubility rate is obtained
when the OH™ species present is more dominant in the solution, promoting individual crystal-
lization at a faster rate (Zhang et al., 2025). The larger crystallite size from TO-1 can be further
correlated with the formation mechanism of the SnO2 during the hydrothermal process. Under
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neutral and basic conditions, the concentration of OH™ ions is relatively higher than that under
acidic conditions, causing the formation of complexing ions to be faster and individual nuclei to
likely appear during the process. With a low concentration of OH™ ions in the acidic condition,
formation of the Sn(OH)g_ becomes slower, causing crystal aggregation during the growth pro-
cess (Wu et al., 2002). Based on the described interactions and results, pH modification affects
the structural properties of the SnOs crystal.

3.2 Morphology of the Hydrothermal SnO-

Morphological characteristics from as-synthesized samples are shown in Figure 2. The
particles have irregular shapes with random sizes. The EDS results (see Table 2) also show
that the synthesized samples can be confirmed as a compound of Sn and O with no impurities
present.

Figure 2 Morphology of the as-synthesized samples: (a-b) TO-1, (c-d) TO-7, and (e-f) TO-11

On closer inspection with a higher magnification, the large structures from TO-1 and TO-11
are formed by particles that are smaller than their large counterparts, as shown in Figure 2.
The formation of bulk fragments consisting of smaller particles indicates agglomeration within
the material (Sukriti and Chand, 2019). In contrast, the surface of particle TO-7 showed no
smaller particles, indicating that agglomeration is not as severe.

Table 2 Mean particle size from PSA and elemental composition from EDS

Mean Particle Elemental Composition (at%)
Sample Code .
Size (nm) Sn 0 Na Cl
TO-1 2121.0 18.39 81.61 - -
TO-7 1975.9 31.44 68.56 - -
TO-11 904.1 24.50 75.50 - -

As the pH increases from the acidic condition, the bulk particles become smaller in size.
This is further supported by the mean particle size results shown in Table 2, where the largest
particle size is TO-1, followed by TO-7, which has a slightly smaller particle size, and the
lowest particle size is TO-11. It is worth noting that although the PSA results show large mean
sizes, smaller particles are visible based on the SEM results. This particle size discrepancy was
probably caused by severe agglomeration from the small particles even after sample preparation,
resulting in inaccurate and larger results. Nevertheless, it is still evident that the PSA results
are related to SEM, where the particle size decreases as pH increases.
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The interaction between the particle size and solution pH during the hydrothermal process is
correlated with the forces involved during the growth process. Under acidic and basic conditions,
the respective H4+ or OH- ions have higher concentrations, resulting in larger ionic charge forces
than Van der Waals forces, promoting individual particle nucleation and growth because of
repelling forces from the same ionic charge. The Van der Waals forces are higher in a neutral
condition, resulting in larger nuclei that can then grow into larger particles (Zhang et al., 2025).
These differing interactions of charge forces during the growth of SnOs in the hydrothermal
process influenced the nanoparticle morphology and size.

3.3 Optimal Properties of the Hydrothermal SnO»

Optical characteristics of the obtained samples are presented through the transformed
Kubelka-Munk spectra shown in Figure 3. The proportional absorption peaks from all sam-
ples were measured at wavelength value of 280-286 nm. At 300-375 nm, an absorption edge is
observed and its characteristic can be confirmed as SnOs (Li et al., 2009; Mishra and Ahmaruz-
zaman, 2022). The effect of pH increase has no obvious effect on the absorption spectra of the
SnO, synthesized.

0.5-] —T0O1
—T0O-7

04 —TO-11
s
8 03
mg
T 02

0.1

0.0

300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Figure 3 UV-Vis transformed Kubelka-Munk spectra of the corresponding SnOs samples

Based on the Tauc’s relation, there is a difference in the £, value from the materials at
different pH conditions (see Table 3). SnO; itself has an E; value of 3.60 eV, yet it is not clear
whether the transition is indirect or direct—as previous studies have shown the possibility of
exhibiting both natures (Karmaoui et al., 2018; Van Pham et al., 2021). Our calculations showed
that the E, value from the synthesized samples corresponded to SnO2 when their structure was
considered as a direct band gap (Table 2). Samples TO-1, TO-7, and TO-11 have direct E,
values of 3.639, 3.578, and 3.586 €V, respectively. It is worth mentioning that these values need
further verification with computational methods.

Table 3 Bandgap energy of the synthesized SnOy samples.

Sample code By (eV)
Indirect Direct
TO-1 3.18 3.639
TO-7 3.13 3.578
TO-11 3.17 3.586

Previous studies have reported that increasing pH values also increases F,, due to the
decrease in crystallite sizes (Habte et al., 2020; Sukriti and Chand, 2019). In this study, the
E, decreased as the synthesis pH increased (Table 3). In the case of TO-1, the value of 3.639
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eV corresponds closely to the bulk value of SnOj, whereas TO-7 and TO-11 have E, that is
different from the initial TO-1. However, it can be observed that TO-7 and TO-11 have close
E, values, which can be correlated with the small difference in their crystallite sizes and similar
unit cell volumes, as shown in Table 1.

3.4 Adsorption-Photocatalytic Study of Hydrothermal SnQO-

Photodegradation experiments on MB degradation were conducted according to the proce-
dure described in the Methods section. The photodegradation performance of the synthesized
samples were compared with the SnO2 nanopowder as the standard (STD) (see Table 4). Figure
4 represents the change in MB concentration in each time increment during dark and irradiated
conditions along with the photodegradation results indicated by the change in dye color. It was
observed that the final degradation percentage from all samples reaches 90%, indicating that it
can compete with STD.

Figure 4 (a) Photodegradation performance results from the samples based on measured
concentration changes. Changes in MB color during the adsorption-photocatalytic process are
presented in bottles, with each row corresponding to samples (b) TO-1, (c) TO-7, and (d)
TO-11

Table 4 Degradation percentage from tested samples in the dark (30 min) and irradiated
conditions (120 min)

Rate constant k (min—1) Degradation (%)
Sample code
Dark Light Dark - Minute 30 Light - Minute 120
STD —2.19x107%  2.82x 1072 4.53 91.72
TO-1 1.57 x 1073 2.29 x 1072 27.89 95.23
TO-7 3.78 x 1073 2.28 x 1072 19.22 93.44
TO-11 3.17x 1073 1.91 x 1072 38.19 95.15

During tests in the dark, degradation of the synthesized samples was observed, signifying
that an adsorption process occurred between the dye solution and the photocatalyst. The Nj
adsorption-desorption graph (see Figure 5) from the SnOy synthesized and STD showed a type
IV isotherm. According to the IUPAC nomenclature, the hysteresis type corresponds to the
H1 hysteresis, indicating that the synthesized samples are mesoporous (Thommes et al., 2015).
Similar Ny adsorption-desorption curves from SnOs have also been reported (Zhu et al., 2007;
Fujihara et al., 2004). Samples TO-1, TO-7, and TO-11 exhibited high surface area, reaching
146.71, 143.88, and 132.12 m? /g, respectively, which is significantly higher than STD, amounting
to only 11.085 m?/g.
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Figure 5 Ny adsorption-desorption characteristics and pore size distribution from (a) TO-1,
(b) TO-7, (c) TO-11, and (d) STD

Consequently, the high surface area can also be inversely correlated with the small pore size
of materials (du Plessis, 2007). The BJH pore size distribution from the synthesized samples
along with STD is presented in Figure 5. The pore sizes of samples TO-1, TO-7, and TO-11 were
1.93, 1.56, and 1.77 nm, respectively. In contrast, the STD sample had a large pore radius of
15.04 nm. The high surface area of the material and small pore size can enhance its adsorption
capability, thereby increasing the degradation rate and final percentage of the MB (Gupta et al.,
2022).

To verify the impact of surface area and pore size on adsorption kinetics, the first-order
reaction rate is expressed in Figure 6a with the corresponding k value listed in Table 4. The
highest adsorption rates were from TO-7, followed by TO-11 and TO-1, with STD being the
lowest due to the low specific surface area and large pore size. Adsorption performance and
kinetics are affected by the interplay of several factors, that include surface area, pore size, and
volume distribution (Bavnhgj et al., 2019). Although TO-7 exhibited the highest rate constant,
the sample still showed lower adsorption performance, which might be due to its lower surface
area and pore volume values (see Figure 4) in the distribution compared to TO-1 and TO-11.

Interestingly, the highest adsorption performance was observed for TO-11 with a rate con-
stant of 3.17 x 103 min~! and degradation percentage of 38.19% after 30 min of degradation
testing in the dark. In contrast, samples TO-1 and TO-7 did not exhibit the same significant
adsorption degradation percentage (see Table 4). Subsequently, degradation by the adsorption
mechanism was not evident from the standard commercial SnOs, only reaching 4.53% after
testing in the dark for 30 min.

Additional characterizations were conducted to further study the adsorption properties of
TO-11 and STD for comparison. The zeta potentials of samples TO-11 and STD were —21.92
and —31.05 mV, respectively. As a synthetic dye, MB has a cationic charge on its surface
(Ighalo et al., 2021). With a negative zeta potential from the samples, differing charges causes
an attraction from electrostatic forces, enhancing the adsorption capability of the photocatalysts
(Azeez et al., 2018).



International Journal of Technology 17(2) 639-653 (2026) 648

Figure 6 Kinetic analysis of the synthesized samples under (a) dark adsorption and (b)
irradiated conditions

The degradation efficiency is then further boosted under light conditions, indicating that the
degradation process involves a synergy between adsorption and photocatalytic activity (Jorgetto
et al., 2023). This is further verified from the higher rate constant in irradiated conditions com-
pared to dark conditions, with TO-1 being the highest, followed by TO-7 and TO-11 (Table 4).
When compared to STD, degradation performance significantly rises in irradiated conditions,
further closing the gap with synthesized samples in terms of performance at the 45-minute mark
(Figure 4a). Consequently, the rate constant from STD is substantially greater for all the syn-
thesized samples, marking its incomparable efficiency in terms of photocatalytic performance.
Nonetheless, with the integration of adsorption and photocatalysis, the final degradation results
of the synthesized samples were comparable with those of STD.

Based on the concentration changes under irradiated conditions, the proposed mechanism
of photocatalysis from SnOs is based on the reaction described below (Skripkin et al., 2024; Sun
et al., 2022) and further described in Figure 7:

S0 + hv = 8005 (0 ) + (R ) 2)
Sn0s (hy ) ) + HaO = SnO, + HT + OH™ (3)
Sn05 (€(cp)) + 02 — Sn0s + 05 (4)
Methylene Blue + OH~ — CO, + Hy0 (5)

Based on the reactions mentioned, the photocatalysis mechanism can be divided into several
stages. The first stage begins with photoexcitation, as described in Reaction (2), where an SnO,
exposed to photons generates electron-hole pairs. Electrons are negatively charged particles
from the valence band, while holes are positively charged and originate from the conduction
band. The energy required for this reaction must meet or exceed the E, of the semiconductor.
Subsequently, photocatalysis continues with the formation of hydroxyl and superoxide radicals
according to Reaction (3) and Reaction (4), respectively. As indicated in Reaction (5), hydroxyl
radicals serve as oxidation agents for organic species that adsorb to the catalyst’s surface and
oxidize the dyes into intermediate compounds. Meanwhile, superoxide radicals contribute to the
production of more radicals after protonation, which then leads to the formation of hydrogen
peroxide (H2O2). The presence of HoO4 triggers subsequent derivative reactions, which produce
radical species that aid the final oxidation of organic pollutants. The end products of dye
degradation produces derivative compounds that are environmentally benign.
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Figure 7 Proposed illustration on the adsorption-photocatalytic dye degradation mechanism

4. Conclusions

In conclusion, SnOy nanomaterials were successfully synthesized from locally sourced pre-
cursors via hydrothermal processing, with pH modification using NHj3 prior to synthesis enhanc-
ing their properties. Shifting from acidic to basic conditions produced the smallest crystallite
and particle sizes, yielding mesoporous materials with an average BET surface area of 140 m?/g.
These property variations led to differing performances in methylene blue degradation, where
the synthesized SnQOs achieved up to 95% degradation, which is likely related to an adsorption-
photocatalytic mechanism. Notably, sample TO-11 exhibited the highest degradation rate due
to its large surface area and negative zeta potential. Despite some deviations from previous
studies, such as reduced surface area and bandgap with increasing pH, the locally derived SnOs
demonstrated performance comparable to standard materials. In addition, future investigations
should be conducted to investigate on the optimization of synthesis procedures using locally
sourced SnOy as photocatalysts.
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