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Abstract 

This study looks at how to sustainably develop ZnSO₄·H₂O (Gunningite) and ZnO (Wurtzite) nanoparticles using 

gelatin-based colloids, focusing on their ability to break down dyes. Zinc acetate and zinc sulfate heptahydrate were 

used as starting materials, with gelatin helping to stabilize the process. After heating at 550 °C for 4 hours, the 

nanoparticles were analyzed for their surface area and composition. Gunningite had a higher surface area of 61.5 m²/g, 

compared to Wurtzite’s 11.4 m²/g. Elemental analysis showed Gunningite contained 71% zinc, 21% oxygen, and 2% 

sulfur, while Wurtzite had 69% zinc and 31% oxygen. The photocatalytic activity was tested by degrading methylene 

blue under UV light. Gunningite had better results, achieving 87% degradation compared to Wurtzite's 72%. This was 

due to Gunningite’s larger surface area and smaller particle size, making it more effective for treating dye wastewater. 

Future studies could explore larger-scale synthesis and industrial uses. 
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1. Introduction  

Gunningite (ZnSO₄·H₂O) and Wurtzite (ZnO) 

represent two distinct zinc-based minerals [1,2], 

each characterized by unique chemical 

compositions, crystal structures, and formation 

environments [3,4]. Gunningite, a hydrated zinc 

sulfate mineral  [5], crystallizes in a monoclinic 

system with low symmetry and forms under low-

temperature [6], oxidizing conditions as a 

secondary mineral in sulfide vapor alteration 

zones [6]. In contrast, Wurtzite, a high-

temperature polymorph of ZnO, adopts a 

hexagonal crystal system and often coexists with 

* Corresponding Author. 
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sphalerite in hydrothermal and metamorphic 

environments [7]. The differences in their physical 

properties further reflect their contrasting 

natures: Gunningite is softer, less dense, and 

highly soluble in water, making it distinct from 

the more robust and thermally stable Wurtzite [8]. 

Moreover, Wurtzite's piezoelectric properties, 

derived from its hexagonal lattice, offer potential 

for functional applications. This comparative 

understanding of Gunningite and Wurtzite 

underscores the role of mineralogical diversity in 

tailoring materials for environmental and 

industrial uses [3,9]. 

Due to its sulfate composition, gunningite 

does not exhibit the same optical properties as 

wurtzite which exhibits semiconducting 

properties and is often studied for its potential in 

electronics and optoelectronics due to its wide 

band gap (~3.37 eV) and photoluminescence Zn 
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[10,11]. Primarily a mineralogical curiosity, 

gunningite does not have significant industrial 

applications. In other hand, due to its 

semiconducting properties, wurtzite is of great 

interest in materials science, particularly for 

optoelectronic applications, such as light-emitting 

diodes (LEDs) and solar cells [12]. In natural, 

Gunningite (ZnSO₄·H₂O) and Wurtzite (ZnO) form 

under different geological and environmental 

conditions, leading to their distinct crystal 

structures and chemical compositions [13]. 

Gunningite is a secondary mineral that typically 

forms in the oxidation zones of zinc-rich sulfide 

ore deposits, such as sphalerite (ZnO) [3,10]. Its 

formation involves the chemical weathering and 

alteration of primary sulfide minerals in the 

presence of water and oxygen, which leads to the 

conversion of sulfides into sulfate minerals. The 

key factors for gunningite formation include:  

Oxidizing Environment: Gunningite forms when 

sulfide minerals, such as sphalerite, are exposed 

to oxygen and water. The oxidation of ZnO 

(sphalerite) produces zinc ions (Zn²⁺) and oxygen 

ions (O²⁻) [14,15]. 

Gunningite contains water in its crystal 

structure, so it typically forms in areas where 

there is some moisture, either from groundwater 

or surface water. It generally forms at relatively 

low temperatures compared to other zinc-bearing 

minerals, such as zinc sulfides.In some cases, 

gunningite can form when zinc sulfate-rich 

solutions evaporate, leaving behind the hydrated 

sulfate mineral.Gunningite is often associated 

with other secondary minerals like goslarite 

(ZnSO₄·7H₂O), which can transform into 

gunningite through dehydration. Wurtzite is a 

primary mineral that typically forms under high-

temperature and hydrothermal conditions. It is a 

polymorph of zinc sulfide (ZnO) and can form 

through several geological processes. Key factors 

in the formation of wurtzite include: Wurtzite 

commonly forms in hydrothermal veins, where 

hot, zinc-rich fluids from deep within the Earth 

ascend and precipitate zinc sulfide in the wurtzite 

structure as they cool.  Wurtzite is a high-

temperature polymorph of ZnO, meaning it forms 

at higher temperatures compared to the more 

common sphalerite (the cubic form of ZnO). At 

temperatures above approximately 1,020 °C, 

wurtzite becomes the stable form of ZnO. Wurtzite 

can also form during the metamorphism of zinc 

ore bodies, where heat and pressure cause the 

recrystallization of sphalerite into the hexagonal 

wurtzite structure [16].  

The laboratory-scale synthesis of Gunningite 

is rarely performed, while the synthesis of 

Wurtzite typically relies on limited synthetic 

materials and involves the use of toxic chemicals, 

alongside high energy and cost demands. The use 

of natural materials has emerged as a popular 

approach to reduce environmental pollution in 

material synthesis reactions. Previous studies 

have successfully synthesized Gunningite and 

Wurtzite using synthetic templates; however, no 

research has yet explored the synthesis of 

Gunningite and Wurtzite using gelatin as a 

template, nor compared their photocatalytic 

performance in methylene blue degradation. This 

study aims to compare the characteristics of 

Gunningite and Wurtzite synthesized with gelatin 

and evaluate their performance as photocatalysts 

in methylene blue degradation. 

 

2. Materials and Method 

2.1  Materials 

The materials used in this research include 

37% HCl (Sigma-Aldrich, Merck KGaA, Mr 36.5 

g/mol), aquadest (Smart-Lab, Mr 18 g/mol), 

triblock copolymer pluronic P123 (Sigma-Aldrich, 

Merck KGaA, Mr 5750 g/mol), commercial gelatin 

(Gelita, Mr 90,000 g/mol), tetraethyl orthosilicate 

(TEOS, Sigma-Aldrich, Merck KGaA, Mr 208.33 

g/mol), zinc acetate dihydrate Zn(CH3COO)2.2H2O 

(pro analysis, Merck Germany), 98% H2SO4 (pro 

analysis, Merck, Mr 98.08 g/mol), methylene blue 

(Sigma-Aldrich, Merck KGaA, Mr 319.85 g/mol), 

plastic wrap, label paper, and tissue. 

 

2.2  Synthesis of Gunningite 

First, 0.0346 grams of gelatin was dissolved 

in 30 mL of water and mixed with 3.39 grams of 

ZnSO4 heptahydrate. The mixture was stirred for 

24 hours, then placed in a hydrothermal reactor at 

100 ºC for 24 hours. After the hydrothermal 

process, the product was filtered and dried in an 

oven at 100 ºC for approximately 5 hours. Finally, 

calcination was performed using a muffle furnace 

at 550 ºC for 4 hours to remove impurities. 

 

2.3  Synthesis of Wurtzite 

 A total of 3.704 g of zinc acetate 

(Zn(CH3COO)2·2H2O) and 0.03 g of gelatin were 

dissolved in 30 mL of ethanol. After allowing the 

solution to settle completely, it was filtered using 

filter paper and a Buchner funnel. The residue 

was washed three times with 100 mL of distilled 

water until the pH became neutral. The 

precipitate was then dried in an oven at 120 ºC for 

12 hours and subsequently calcined in a furnace 

at 550 ºC for 4 hours (Figure 1). 

 

2.4 Methylene blue photocatalysis 

A 500 mL methylene blue solution at 10 ppm 

was prepared, and 200 mL of the solution was 

transferred into an Erlenmeyer flask within a 

photocatalytic reactor. A total of 20 mg of 

photocatalyst was added, resulting in a 5 ppm 

methylene blue solution. The catalyst was allowed 

to adsorb in a sealed, dark environment for 30 
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minutes to achieve homogeneity and adsorption 

equilibrium. Subsequently, the solution was 

distributed into 13 dark vials, with one labeled as 

"Co" to indicate the initial concentration. Over 30 

minutes, every 10 minutes, three vials that were 

not exposed to UV light were removed. The 

remaining nine vials were placed in a shaker 

inside the reactor, where the photocatalytic 

process was initiated by turning on a 20-watt 

Xenon UV lamp. Samples of 5 mL were collected 

at 10-minute intervals and sealed to prevent 

further reactions. The absorbance of each vial was 

measured using a UV-Vis spectrophotometer at 

665 nm immediately after the process or within 24 

hours to prevent deactivation. 

 

2.5  Characterizations 

The instruments used for sample analysis 

include X-Ray Diffraction (XRD, Pananalytical, 

Version PW 3050/60), Fourier Transform Infrared 

(FTIR) Spectrophotometer (Shimadzu 21, 0.5 cm⁻¹ 

resolution), and Scanning Electron Microscopy 

with Energy Dispersive X-Ray (SEM-EDX), where 

images were captured using a JEOL JSM-700 

microscope at an accelerating voltage of 15.0 kV. 

Additionally, sample testing was conducted using 

an Ultraviolet-Visible (UV-Vis) 

Spectrophotometer (Shimadzu UV-3600) at a 

wavelength of 665 nm. 

 

3. Result and Discussion 

Figure 2 illustrates the XRD patterns of ZnO 

samples synthesized via hydrothermal treatment 

in the presence of gelatin. The diffraction peaks 

observed at 2θ values of 31.74°, 34.37°, 36.17°, 

47.45°, and 56.52° correspond to the (100), (002), 

(101), (102), and (110) planes of the wurtzite ZnO 

structure, in agreement with JCPDS file 36-1451. 

The XRD pattern of ZnO synthesized from zinc 

sulfate exhibited prominent diffraction peaks at 

2θ = 18.86°, 26.41°, 27.12°, 29.46°, 35.86°, 41.34°, 

43.05°, 46.23°, 50.47°, 53.95°, 54.90°, and 56.92°, 

corresponding to the formation of gunningite 

crystals. This phase represents a stable hydrated 

form of ZnSO₄, further confirming the crystalline 

nature of the synthesized material. The XRD 

profiles reveal sharp and distinct diffraction 

peaks, indicating the absence of detectable 

impurities. These results confirm that the 

samples exhibit a single-phase structure with 

high crystallinity. The average crystallite size of 

the ZnO materials was calculated using the 

Scherrer equation, which is widely used for 

determining crystallite size from XRD data. The 

estimated average crystallite sizes for ZnO 

wurtzite samples synthesized hydrothermally in 

gelatin-containing solutions were determined to 

be 88 nm and ZnO Gunningite were 23 nm. 

Figure 1. Synthesis Process: a) Dissolve zinc source ; b) Settle solution; c) Filter residue; d) Wash 

residue; e) Dry precipitate; f) Calcine sample; g) Pre-calcine h) Post-calcine 
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Sample Cristalinity 

(%) 

Cristallyte 

size (nm) 

Agregat 

size 

(µm) 

ZnO 

Gunningite 

53.47 23.80 3.25 

ZnO 

Wurtzite 

96.73 28.79 3.78 

Figure 3 presents the  FTIR spectra of ZnO 

synthesized via the hydrothermal method in 

gelatin-containing solutions. The FTIR spectra of 

the ZnO samples exhibit a broad absorption band 

in the 3200–3600 cm⁻¹ range, corresponding to O–

H stretching vibrations from adsorbed water 

molecules on the sample surface [17]. The intense 

FTIR absorption band at 443 cm⁻¹ is assigned to 

Zn–O bond vibrations, further confirming the 

formation of the wurtzite ZnO structure [18]. No 

additional absorption bands were observed that 

would indicate the presence of carbon impurities 

within the structure. However, the powder sample 

derived from zinc sulfate (ZS) precursor exhibited 

a broad absorption band at 3420 cm⁻¹, which 

corresponds to the stretching vibrations of 

hydroxyl groups or adsorbed water molecules [19]. 

The band observed at 1671 cm⁻¹ was attributed to 

the H-O-H bending vibration [20]. Furthermore, 

absorption bands at 1230 cm⁻¹ and 1091 cm⁻¹ were 

assigned to asymmetric and symmetric S=O 

stretching vibrations, respectively, providing 

clear evidence of the presence of sulfate anions 

within the structure [21]. The Zn-O bonds were 

characterized by a sharp peak at 505 cm⁻¹, while 

the low-intensity absorption peak at 419 cm⁻¹ in 

the ZS sample was associated with the bending 

vibration of Zn-O in zinc hydroxide salt [22]. 

The SEM micrographs of ZnO in both 

Wurtzite and Gunningite phases reveal a densely 

packed cubic-like structure (Figure 4). It is 

postulated that the adsorption of gelatin onto the 

negatively charged O-terminated surface restricts 

growth along the c-axis, thereby promoting the 

development of the observed cubic morphology. 

When the zinc precursor was switched from zinc 

sulfate to zinc acetate, the densely aggregated 

cubic-like structures were observed to 

disaggregate into a more disordered arrangement.  

The corresponding EDS spectrum for the 

Wurtzite phase confirmed the presence of only Zn 

and O, as evidenced by the characteristic X-ray 

peaks. The atomic composition was determined to 

be 51.32% Zn and 48.68% O. SEM analysis 

revealed that the particle sizes ranged from 

approximately 3.25 µm to 3.78 µm. In the case of 

Gunningite synthesized using zinc sulfate as a 

precursor, the SEM analysis demonstrated the 

formation of cubic particles with a size of 

approximately 3.25 µm. In contrast, Wurtzite 

synthesized from zinc acetate exhibited larger 

aggregates with a non-uniform morphology, with 

particle sizes measuring around 3.78 µm. 

The effect of the zinc precursor on the 

photocatalytic performance of ZnO was 

thoroughly investigated via the photodegradation 

of methylene blue. ZnO in the Wurtzite phase, 

synthesized using zinc acetate with a gelatin 

template, exhibited a slightly lower methylene 

blue degradation efficiency compared to 

Table 1. Crystallite size of Wurzie and Gunningite 

synthesis by presence of gelatin 

Figure 2. XRD of Gunningite and Wurtzite 

synthesis by gelatin and the standart 

Figure 3. FTIR spectra of Wurtzite and Gunningite 
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Gunningite, derived from zinc sulfate (Figures 5-

6). The reduction in particle and crystallite sizes 

in Gunningite is postulated to increase the surface 

area and pore volume, thereby enhancing the 

adsorption of methylene blue molecules onto the 

catalyst surface during the photocatalytic process. 

Additionally, SEM and EDX analyses confirmed 

that Gunningite synthesized with gelatin as a 

template possesses uniform cubic-like structures 

containing sulfur atoms. The presence of sulfur is 

known to enhance the activity of chemisorbed 

oxygen species during aerobic photocatalytic 

reactions. These highly reactive oxygen species 

facilitate the formation of hydroxyl radicals, 

which are crucial for the photodegradation of 

methylene blue. In contrast (Figure 5), the 

Wurtzite phase synthesized with gelatin as a 

template, using zinc acetate as the precursor, did 

not incorporate sulfur as a functional group. As a 

result, the limited removal of MB was attributed 

to physical adsorption on the Zn and O surface. 

Photocatalytic experiments conducted under UV 

irradiation with an initial methylene blue 

concentration of 5 ppm achieved 87% and 72% 

removal efficiency within 90 minutes using 

Gunningite and Wurtzite, respectively, 

synthesized via the gelatin templating method 

(Figure 6). 

The photocatalytic degradation mechanism 

begins with the excitation of electrons from the 

valence band to the conduction band of ZnO, 

creating hole (h+): 

 

ZnO + ℎ𝑣 → 𝑒− + ℎ+   (1) 

 

Dissolved oxygen or O₂ adsorbed on the surface of 

the photocatalyst captures the excited electrons 

and is reduced to form superoxide radicals: 

 

𝑒− + O2  →  O2
⊡−     (2) 

 

The superoxide radicals then react with H₂O to 

produce hydroperoxide radicals (HO₂•) and 

hydroxyl radicals (OH•), both of which are strong 

oxidizing agents capable of degrading organic 

molecules:  

 

O2
⊡− + 2H2O →  HO2

⊡ +  OH⊡   (3) 

 

Simultaneously, the holes generated by light 

excitation are trapped by H₂O on the 

photocatalyst surface, leading to the formation of 

hydroxyl radicals (OH⊡): 

Figure 4. SEM and distribution particle of Gunningote and Wurtzite using gelatin as template 
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ℎ+ + H2O →  OH⊡ + H+    (4) 

 

The hydroxyl radicals (OH•) then oxidize the 

organic pollutant (methylene blue) into carbon 

dioxide and water: 

 
OH• + 𝑀𝐵 →  CO2 + H2O (𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠)
      (5) 

Finally, recombination of the electron (e⁻) and hole 

(h⁺) occurs, completing the photocatalytic cycle: 

 

𝑒− + ℎ+  → ZnO     (6) 

 

It can thus be concluded that the sample material 

with superior photocatalytic activity is 

Gunningite which syntesis by gelatin as template. 

This conclusion is supported by the 

characterization results of the Gunningie sample 

and its notable photocatalytic efficiency in 

degrading the methylene blue dye. 

The adsorption-desorption isotherms of 

Gunningite (ZnSO₄·H₂O) and Wurtzite (ZnO) 

(Figure 8)   nanoparticles were analyzed to better 

understand their surface properties and how 

these relate to their photocatalytic performance. 

The results revealed that Gunningite exhibited a 

significantly higher specific surface area (61.5 

m²/g) compared to Wurtzite (11.4 m²/g), as seen in 

the adsorption isotherms. The higher surface area 

of Gunningite indicates a greater number of active 

sites available for adsorption, which is a crucial 

factor in the photocatalytic degradation of 

methylene blue. In contrast, Wurtzite's lower 

surface area limited its adsorption capacity, thus 

affecting its photocatalytic efficiency. 

The adsorption-desorption behavior of both 

samples also correlates with their photocatalytic 

performance. Gunningite showed a much higher 

degree of methylene blue degradation (87%) under 

UV light, likely due to its larger surface area and 

smaller pore size (24.5 nm), which allow for more 

efficient adsorption and faster interaction with 

the substrate. On the other hand, Wurtzite, with 

a larger pore size (53.7 nm) and lower surface 

area, achieved a lower degradation rate (72%). 

This suggests that the surface properties, 

particularly the surface area and pore structure, 

play a crucial role in enhancing the photocatalytic 

activity of the materials. These findings 

underscore the importance of surface 

characteristics in determining the effectiveness of 

photocatalysts in environmental remediation 

applications. 

Figure 5. Decolororisation of  Methylene Blue 

after degraded by  (a) Gunningite and (b) 

Wurtzite. 

(a) 

(b) 

Figure 6. Methylene Blue Photodegradation of 

(a) Gunningite and (b)Wurtzite 

Figure 7. XRD  of  Gunningite  and  Wurtzite 

synthesis by gelatin and the standart from 

JCPDS ZnO of Gunningite  and  ZnO of 

Wurtzite 

Figure 8. Isotherm adsorption-desorptio of 

Gunningite (ZnSO₄·H₂O) and Wurtzite 

(ZnO) 
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Sample  % Wt 

Zn O S 

Gunningite 77 21 2 

Wurtzite 69 31 - 

The adsorption performance in initial step of 

photodegradation of a material is closely related 

to its chemical composition, as revealed by 

elemental analysis using techniques such as 

Energy Dispersive X-ray (EDX). ZnO wurtzite, 

consisting of 69% zinc and 31% oxygen by weight, 

has a composition that supports its photocatalytic 

behavior, where zinc is the key component 

responsible for adsorbing methylene blue (Figure 

9, Table 2). The high zinc content in ZnO provides 

sample active sites for the adsorption of 

methylene blue molecules, facilitating their 

interaction with the material during the 

photocatalysis process. However, its relatively 

lower oxygen content might limit the material’s 

efficiency in some applications, as oxygen 

typically helps in improving the adsorption 

capacity and interaction with pollutants. 

There are more active sites available for 

adsorption when materials like metal-organic 

frameworks (MOFs) or composites have a higher 

zinc concentration. Hydroxyl groups and other 

functional groups that aid in the binding of 

cationic dyes can be found in these active spots 

[23]. Methylene blue is a cationic dye, which 

means it is positively charged in solution. High Zn 

concentration might generate a positively charged 

environment on the adsorbent due to the presence 

of Zn²⁺ ions. This increases the electrostatic 

interaction between the positively charged MB 

molecules and the negatively charged sites on the 

adsorbent. Materials with high Zn content often 

exhibit greater surface area and porosity, which 

allows for more extensive contact between the 

adsorbent and dye molecules. A larger surface 

area provides more opportunities for adsorption to 

occur, thereby increasing overall capacity [24]. 

The inclusion of zinc can improve some chemical 

interactions between MB and the adsorbent. For 

example, Zn ions can interact with functional 

groups on the dye or adsorbent, enhancing 

adsorption efficiency [25]. The adsorption process 

is frequently pH-dependent. High Zn 

concentration may aid to maintain optimal pH 

conditions for dye adsorption. At specific pH 

values, the ionization of functional groups on the 

adsorbent may be adjusted to improve interaction 

with cationic dyes [24]. In contrast, gunningite, 

with a composition of 71% zinc, 21% oxygen, and 

2% sulfur, demonstrates a more favorable 

adsorption profile. The higher zinc content 

compared to ZnO suggests that gunningite offers 

more available sites for adsorbing molecules. The 

presence of sulfur (2%) in gunningite, as indicated 

by the EDX analysis, introduces a chemical 

modification to the material that may alter the 

interaction between the surface and adsorbates. 

Sulfur could influence the surface properties, 

creating additional functional sites for adsorption 

and enhancing the overall adsorption capacity of 

the material. This difference in elemental 

composition between ZnO and gunningite 

suggests that gunningite may offer better 

performance in adsorption-based applications, 

particularly in photocatalytic processes, due to its 

higher zinc and sulfur content. 

Sulfur vacancies in Gunningite can operate as 

active sites for charge carrier separation, 

increasing photocatalytic efficiency. The insertion 

of sulfur vacancies increases electron mobility 

while decreasing photogenerated charge carrier 

recombination rates [26]. The addition of sulfur 

can alter the electronic structure of Gunningite, 

resulting in a larger light absorption spectrum. 

This increase enables the material to use a 

broader range of the solar spectrum, which is 

advantageous for photocatalytic applications [27]. 

Gunningite's sulfur contributes to the charge 

carrier dynamics' optimization. Sulfur may lower 

electron and hole recombination rates and 

stabilize excited states, all of which are essential 

for sustaining strong photocatalytic activity [28]. 

Table 2. Element content of sample by EDX 

analysis 

Figure 9. EDX for mapping analysis for (a) 

Gunningite (ZnSO₄·H₂O) and (b) Wurtzite 

(ZnO) 

(a) 

(b) 
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Material Surfactant Type Synthesis Conditions Physicochemical Properties Catalytic Performance Ref  

Wurtzite ZnO None Combustion synthesis at 

400°C 

Hexagonal wurtzite structure 

with lattice constants 

a=3.2511 Å, c=5.2076 Å 

Not reported [30] 

Wurtzite ZnO None Low-temperature synthesis Fluorescent nanoparticles Not reported [31] 

MoS₂ CTAB, SDS, SDBS Hydrothermal synthesis 

with single precursors 

Morphology varies depending 

on surfactant 

HDS activity varies; MoS₂-

SDBS exhibited superior 

performance 

[32] 

Hierarchical 

Mordenite 

[3-

(Trimethoxysilyl)propyl

]octadecyldimethylamm

onium chloride 

(TPOAC) 

Hydrothermal synthesis 

with TPOAC/SiO₂ molar 

ratio 

Mesoporous structure with 

uniform distribution 

High stability and 

selectivity in benzene 

alkylation 

[33] 

Nanoporous 

Gold 

None Dealloying through cyclic 

electrode potential 

Surface-dominant {111} or 

{100} 

Enhanced electrocatalytic 

activity 

[34] 

ZSM-5 Zeolite Novel anionic 

surfactant 

Hydrothermal synthesis Hierarchical structure Superior catalytic 

performance 

[35] 

Hydroxyapatite 

(HAP) 

Various surfactants Surfactant-assisted 

synthesis 

Varies in morphology and 

chemical properties 

Activity in CO oxidation [36] 

ZnO/Mesoporous 

Silica 

Gelatin- P123 Bisurfactant -assisted 

synthesis 

Mesoporous structure Efficiency 92% [37] 

Polymeric 

Surfactants 

None Catalyzed condensation Surface-active polymers Potential for catalytic 

applications 

[38] 

Noble Metal 

Nanoparticles 
None Colloidal synthesis Surfactant-free nanoparticles Improved catalytic activity [39] 

Mesoporous 

silica 
gelatin gelatin as pore expander Gelatin as natural surfactan 

High adsorption 

performance 
[40] 

Iron oxide Gelatin Gelatin assited surfactant Gelatin as co-template 
High photocatalytic 

performance 
[41] 

Gunningite gelatin Gelatin assited surfactant Gelatin as co-template Efficiency 87% 
This 

Work 

Sulfur species can interact with photogenerated 

holes, effectively trapping them and inhibiting 

recombination. This interaction increases the 

availability of reactive species for photocatalytic 

processes [26]. When coupled with other elements 

or compounds, sulfur can have synergistic effects 

that increase photocatalytic activity. Sulfur, for 

example, when combined with other materials to 

make metal sulfides or composites, can increase 

overall performance by optimizing electrical 

characteristics [29]. 

Table 3 highlights the role of different 

surfactants, including gelatin, in synthesizing 

various materials and their corresponding 

catalytic and physicochemical properties. Gelatin 

stands out as a natural surfactant with significant 

contributions to material synthesis, particularly 

in replacing synthetic surfactants. Unlike 

synthetic surfactants like CTAB, SDS, and SDBS, 

which are costly, have low sustainability, and 

involve complex production processes with 

hazardous chemicals, gelatin offers a more 

sustainable and economical alternative. Derived 

from abundant and inexpensive by-products such 

as animal bones or skin, gelatin provides an 

environmentally friendly and cost-effective 

solution for large-scale material production. 

Table 3. Comparison of material performance different typeof surfactan 

Several studies, including this work, 

demonstrate that gelatin significantly enhances 

the physicochemical and catalytic properties of 

materials. For example, in this research, gelatin-

assisted synthesis improved the adsorption and 

photocatalytic performance of gunningite, 

achieving an efficiency of 87%. Similarly, gelatin 

as a co-template in iron oxide synthesis resulted 

in high photocatalytic performance, while its use 

in mesoporous silica enhanced adsorption 

capabilities. These results underscore gelatin's 

ability to produce materials with superior 

physicochemical properties and competitive 

catalytic performance compared to those 

synthesized with synthetic surfactants. For 

industrial applications, gelatin's abundance, low 

cost, and excellent performance make it a 

promising candidate for sustainable material 

synthesis. 

Table 4 compares the band gap values and 

photocatalytic performance of various zinc-based 

materials for methylene blue (MB) 

photodegradation. It shows that the band gap of 

these materials varies, with ZnO nanostructures 

exhibiting a band gap of 3.35 eV, which is 

commonly associated with high photocatalytic 

activity for MB degradation. Materials, such as 
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Sample Name 
Band Gap 

(eV) 
Photocatalytic Performance on Methylene Blue Reference  

ZnO Doped with Chloride 

Ions 

2.99 – 2.59 Increased MB degradation efficiency with higher 

chloride concentration 

[42] 

Ag-Doped ZnO Not 

mentioned 

Enhanced photocatalytic activity under visible light [43] 

ZnO Nanostructures 3.35 High photocatalytic activity for MB degradation [44] 

ZnO Nanostructures with 

Chloride 

3.42 – 3.16 Improved MB degradation efficiency with lower 

band gap 

[30] 

Sample Name Reusability Stability Note Reference 

ZnO Nanorods 83% (cycle 1), 83% 

(cycle 2), 81% (cycle 3), 

80% (cycle 4) 

Slight decrease in 

efficiency (less than 3% 

after 4 cycles) 

Excellent reusability with 

minimal decline in efficiency 

after four cycles 

[45] 

Ag/ZnO 

Nanocomposite 

Slight decrease after 

five cycles in removing 

MB, MO, CR dyes 

Significant recyclability, 

slight efficiency loss after 

5 cycles 

Significant recyclability for 

organic dye removal 

[46] 

Ag-ZnO 

Nanocatalyst 

95% (cycle 1), 89.5% 

(cycle 4) 

High stability, slight 

reduction in 

photodegradation 

efficiency 

High stability with minor 

reduction in efficiency after 

four cycles 

[44] 

ZnO NPs 93.25% (cycle 1), 

86.63% (cycle 5) (MB), 

91.06% (cycle 1), 

83.61% (cycle 5) 

(Rhodamine B) 

High stability with less 

than 10% reduction in 

efficiency after 5 cycles 

Excellent photocatalytic 

activity with high stability 

after five cycles 

[25] 

Mg-ZnO 

Nanorods 

82% (cycle 1), 75% 

(cycle 4) 

Slight decrease in 

efficiency (from 82% to 

75% after 4 cycles) 

Slight reduction in efficiency 

after four cycles of 

photodegradation of MB and 

ciprofloxacin 

[47] 

ZnO doped with chloride ions display a band gap 

range of 2.99 to 2.59 eV, which corresponds to an 

increased MB degradation efficiency as chloride 

concentration rises. The reduction in band gap is 

typically linked to enhanced photocatalytic 

activity, allowing these materials to utilize a 

broader spectrum of light, including visible light, 

for the photodegradation process. 

Although the band gap values for gunningite 

and wurtzite were not measured in this study, 

based on trends observed in similar materials, it 

can be predicted that their band gaps would fall 

within a range that facilitates efficient 

photodegradation of methylene blue to CO₂ and 

water. In particular, materials with lower band 

gaps, such as those in the ZnO doped with chloride 

range, typically exhibit improved photocatalytic 

performance under visible light, which is 

advantageous for large-scale applications. If this 

prediction is confirmed by experimental results, 

these materials, including gunningite and 

wurtzite, could offer effective and sustainable 

alternatives for the photodegradation of organic 

pollutants like methylene blue, aligning with the 

trends seen in other zinc-based photocatalysts. 

Zinc-based photocatalysts exhibit significant 

potential for large-scale applications due to their 

outstanding reusability and stability in 

photodegradation processes. As shown in the 

Table 5, materials like ZnO nanorods maintain 

high efficiency over multiple cycles, with only a 

slight decline from 83% to 80% over four cycles, 

demonstrating exceptional durability. Similarly, 

Ag/ZnO nanocomposites and Ag-ZnO 

nanocatalysts exhibit notable recyclability, with 

minor efficiency losses even after several reuse 

cycles, making them highly promising for 

industrial applications. Their ability to retain 

more than 80% of their initial photodegradation 

efficiency highlights their resilience under 

repetitive use, a critical requirement for cost-

effective, large-scale deployment. 

Table 4. Band gap of zinc based material  for methylene blue photodegradation 

Table 5. Reusability and stability of catalyst based zinc materials for methylene blue photodegradation 
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Sample CO (ppm) 

Model 

Pseudo Zero Order Pseudo first order Pseudo second order 

k R2 K R2 k R2 

Gunningite 5 0.00449 0.9164 0.0226 0.9979 0.0146 0.9247 

Wurtzite 5 0.03750 0.9483 0.014 0.9938 0.0058 0.9719 

Furthermore, the stability of zinc-based 

materials ensures consistent performance in 

degrading methylene blue and other organic 

pollutants. For instance, ZnO nanoparticles show 

less than a 10% reduction in efficiency after five 

cycles, indicating robust structural integrity and 

chemical resilience. The slight efficiency losses 

observed in Mg-ZnO nanorods and other zinc 

composites suggest that further optimization 

could yield even more durable catalysts. These 

attributes, combined with their scalability and 

compatibility with existing technologies, position 

zinc-based photocatalysts as key candidates for 

addressing environmental challenges in 

wastewater treatment and beyond. Their promise 

in large-scale applications lies in their capacity to 

combine efficiency, stability, and reusability, 

making them an ideal solution for sustainable 

photocatalysis. 

Although gunningite and wurtzite were not 

specifically tested for reusability and stability in 

this study, observing the trends in the table 

suggests that these materials may exhibit similar 

properties. Zinc-based photocatalysts, as 

demonstrated by ZnO nanorods, Ag/ZnO 

nanocomposites, and other derivatives, generally 

show high reusability and stability with minimal 

efficiency loss over multiple cycles. This trend 

highlights the robustness of zinc-based materials, 

which retain their structural integrity and 

photocatalytic activity even after prolonged use. 

Considering their chemical composition and 

similarity to other zinc-based catalysts, it is 

reasonable to predict that gunningite and 

wurtzite could exhibit excellent reusability and 

stability in photodegradation applications. These 

materials are likely to maintain a high percentage 

of their initial efficiency over several cycles, with 

only slight reductions, aligning with the 

performance trends observed for other zinc-based 

photocatalysts. This prediction further 

emphasizes the potential of gunningite and 

wurtzite as promising candidates for sustainable 

and large-scale photocatalytic applications in the 

future. 

Table 6 and Figure 10 presents data on the 

photodegradation kinetics of methylene blue on 

two materials, gunningite and wurtzite, analyzed 

using three kinetic models: pseudo-zero-order, 

pseudo-first-order, and pseudo-second-order. 

Based on the coefficient of determination (R2), the 

pseudo-first-order model provides the best fit for 

both materials, with R2 values of 0.9979 for 

gunningite and 0.9938 for wurtzite. These high R2 

values suggest that the photodegradation kinetics 

are predominantly governed by the pseudo-first-

order mechanism, implying that the degradation 

rate is directly proportional to the methylene blue 

concentration. 

Furthermore, the reaction rate constants (k) 

for the pseudo-first-order model reveal differences 

in the photodegradation efficiency of the two 

materials. Gunningite exhibits a k value of 

0.0226, which is higher than that of wurtzite at 

0.014, indicating that gunningite is more effective 

at degrading methylene blue under the studied 

conditions. In contrast, the pseudo-zero-order and 

pseudo-second-order models yield lower R2 values, 

indicating their limited suitability in describing 

the photodegradation kinetics compared to the 

pseudo-first-order model. These findings 

underscore the relevance of the pseudo-first-order 

Table 6. Kinetic of methylene blue photodegradation of gunningite and wurztite 

Figure 10. Kinetic of Guninggite (blue line) and Wurtzite (orange line) use model Pseudo- (a) Zero; (b) 

First; and (c) Second order plot of methylene blue photodegradation 

(a) (b) (c) 
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model in characterizing the photocatalytic 

degradation behavior of methylene blue on both 

materials. 

 

4. Conclusion 

In conclusion, this study emphasizes the 

significant potential of Gunningite (ZnSO₄·H₂O) 

and Wurtzite (ZnO) nanoparticles, synthesized 

using gelatin-based colloids, for advanced 

photocatalytic applications. Gunningite 

demonstrated exceptional photocatalytic 

performance, achieving 87% degradation of 

methylene blue under UV light, compared to 72% 

for Wurtzite. The enhanced activity of Gunningite 

is attributed to its higher specific surface area of 

61.5 m²/g, in contrast to Wurtzite’s 11.4 m²/g, 

which provides more active sites for adsorption 

and facilitates faster interaction with the dye. X-

ray diffraction (XRD) analysis confirmed the 

successful formation of both materials, with 

Gunningite showing characteristic peaks 

corresponding to ZnSO₄·H₂O, while Wurtzite 

displayed typical ZnO patterns. Fourier 

Transform Infrared (FTIR) spectroscopy indicated 

distinct functional groups in both materials, with 

Gunningite showing additional sulfur-related 

peaks (S–O and O=S=O), which were absent in 

Wurtzite, confirming the presence of sulfur. 

Elemental analysis via Energy Dispersive X-ray 

(EDX) revealed that Gunningite contained 71% 

zinc, 21% oxygen, and 2% sulfur, while Wurtzite 

consisted of 69% zinc and 31% oxygen, reflecting 

the differences in their composition and 

highlighting the impact of sulfur on Gunningite’s 

enhanced performance. 

These findings underscore the critical role of 

surface properties, composition, and tailored 

synthesis in the development of more efficient 

photocatalysts. With its high photocatalytic 

efficiency, larger surface area, and unique sulfur 

content, Gunningite offers significant promise for 

environmentally sustainable solutions in the 

degradation of organic pollutants, particularly in 

wastewater treatment. Further studies could 

explore the scalability of this synthesis method 

and its industrial applicability for large-scale 

environmental remediation. 
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