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ABSTRACT 

Photocatalysis using metal oxide semiconductors has emerged as an effective and eco-friendly approach for the degradation 
of organic pollutants. In this study, ZnO nanostructures with spindle-like morphology were synthesized via a simple and 
cost-effective co-precipitation method, where the morphology was controlled by varying reaction time. The prepared ZnO 
nanospindles were characterized using XRD, FESEM, TEM, BET and UV–Vis spectroscopy to investigate their structural, 
morphological, and optical properties. XRD results confirmed the formation of a hexagonal quartzite structure, while SEM 
analysis revealed well-defined spindle-like nanostructures. BET analysis indicated that the surface area of the samples ranged 
between 15 and 30 m²/g, highlighting their porous nature. The photocatalytic activity of the synthesized ZnO nanostructures 
was evaluated through the degradation of crystal violet dye under visible light irradiation. The results showed that 
photocatalytic efficiency strongly depends on reaction time and morphology. The optimized sample exhibited a maximum 
degradation efficiency of 96% within 150 minutes, following pseudo-first-order kinetics. The enhanced performance is 
attributed to improved surface area and morphology control. This study demonstrates that time-dependent morphological 
engineering of ZnO nanostructures is a promising strategy for efficient wastewater treatment applications. 
Keywords: ZnO nanostructures, Photocatalysis, Co-precipitation method, Crystal violet dye, Morphology control, Visible 
light degradation, Nanospindles, Wastewater treatment 
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1. INTRODUCTION 

Industrial waste and the resulting environmental pollution 
represent one of the most critical global challenges today. Human 
activities release a wide range of harmful substances, including 
organic pollutants, heavy metals, and toxic chemicals, which pose 
serious threats to ecosystems and human health. Among these, 
organic contaminants are particularly hazardous and require 
effective degradation to minimize their environmental impact. In 
this context, photocatalysis has emerged as a promising and 
sustainable approach for pollution control, owing to its cost-
effectiveness and eco-friendly nature. Photocatalytic oxidation 
utilizes semiconductor nanoparticles under UV or visible light to 
generate reactive species that degrade harmful pollutants. 
Transition metal oxides have attracted significant attention for 
photocatalytic applications due to their high activity in removing 
contaminants from air and water. Commonly used materials 
include ZnO, TiO₂, WO₃, Fe₂O₃, CeO₂, SnO₂, and others. Among 
these, ZnO is particularly notable because of its excellent 
physicochemical and electronic properties, non-toxicity, and high 
electron mobility. ZnO is an n-type semiconductor with a wide 
band gap (~3.3 eV) and high exciton binding energy (~60 meV), 
making it highly suitable for photocatalytic applications. When 
exposed to light with energy greater than its band gap, electrons 
are excited from the valence band to the conduction band, creating 
electron–hole pairs. These charge carriers generate reactive 
oxygen species (ROS), which play a key role in the degradation of 
complex organic pollutants such as dyes. 
The photocatalytic efficiency of ZnO nanoparticles is strongly 
influenced by factors such as particle size, morphology, crystal 
structure, and synthesis method. Smaller particle sizes and higher 

surface area generally enhance photocatalytic performance. 
Various synthesis techniques, including co-precipitation, 
hydrothermal, sol–gel, and combustion methods, have been 
employed to produce ZnO nanostructures with tailored properties. 
Among these, the co-precipitation method is widely preferred due 
to its simplicity, cost-effectiveness, and ability to produce high-
purity nanoparticles under mild conditions. 
In this study, ZnO nanostructures were synthesized using a simple 
chemical co-precipitation method. The structural, optical, and 
elemental properties of the prepared samples were analyzed using 
XRD, SEM, EDS, and BET techniques. XRD results confirmed 
the formation of a hexagonal wurtzite structure, while SEM 
images revealed spindle-like nanostructures with nanoscale 
dimensions. EDS analysis verified the presence of Zn and O 
elements, and BET studies provided information on surface area 
and porosity. 
The photocatalytic performance of the synthesized ZnO 
nanostructures was evaluated through the degradation of crystal 
violet dye under visible light irradiation. The results demonstrated 
a high degradation efficiency of up to 99% within 150 minutes, 
following pseudo-first-order kinetics. These findings indicate that 
ZnO nanostructures exhibit excellent photocatalytic activity and 
hold great potential for environmental remediation applications. 

2. LITERATURE REVIEW 

The growing demand for efficient environmental remediation 
technologies has led to significant interest in semiconductor-based 
photocatalysts. Among various materials, zinc oxide has emerged 
as one of the most promising candidates due to its wide band gap 
(~3.3 eV), high exciton binding energy (60 meV), low cost, and 
environmental compatibility. ZnO exhibits excellent 
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photocatalytic performance, making it suitable for the degradation 
of organic pollutants, particularly dyes present in industrial 
wastewater. 
Photocatalysis is a process in which a semiconductor absorbs light 
energy greater than its band gap, resulting in the excitation of 
electrons from the valence band to the conduction band. This 
process generates electron–hole pairs that participate in redox 
reactions, producing reactive oxygen species (ROS) such as 
hydroxyl radicals (•OH) and superoxide ions (O₂⁻). These species 
are highly reactive and capable of degrading complex organic 
molecules into harmless byproducts like CO₂ and H₂O. 
The photocatalytic efficiency of ZnO strongly depends on its 
structural, morphological, and surface properties. Several studies 
have demonstrated that controlling the morphology of ZnO 
nanostructures—such as nanorods, nanospheres, nanotubes, and 
nanospindles—can significantly enhance photocatalytic activity. 
Morphological variations influence surface area, porosity, and 
active sites, which are critical for adsorption and catalytic 
reactions. 
Among these morphologies, spindle-like nanostructures have 
attracted attention due to their unique geometry, which offers a 
higher surface-to-volume ratio and improved charge separation 
efficiency. Studies have shown that spindle-shaped ZnO structures 
exhibit enhanced photocatalytic degradation compared to other 
morphologies because of their increased active surface area and 
improved light absorption characteristics. 
Synthesis methods play a crucial role in determining the final 
properties of ZnO nanostructures. Common techniques include 
sol-gel, hydrothermal, combustion, chemical vapor deposition, 
and co-precipitation methods. Among these, the co-precipitation 
method is widely preferred due to its simplicity, low cost, 
scalability, and ability to control particle size and morphology by 
adjusting synthesis parameters such as pH, temperature, and 
reaction time. 
Reaction time, in particular, is a key parameter influencing 
nucleation and growth mechanisms. During the initial stages, 
nucleation dominates, leading to the formation of small particles. 
As the reaction progresses, crystal growth becomes prominent, 
resulting in increased particle size and morphological evolution. 
Prolonged reaction time can lead to agglomeration or structural 
transformation, affecting surface area and photocatalytic 
efficiency. 
Previous studies have reported that shorter reaction times produce 
smaller particles with limited crystallinity, while longer durations 
enhance crystallinity but may reduce surface area due to particle 
aggregation. Therefore, an optimized reaction time is essential to 
achieve a balance between crystallinity and surface area. 
Surface area and porosity are critical parameters that directly affect 
photocatalytic performance. Techniques such as BET (Brunauer–
Emmett–Teller) analysis have been used to evaluate these 
properties. Higher surface area and mesoporous structures 
facilitate better adsorption of pollutants and provide more active 
sites for photocatalytic reactions. Additionally, pore size 
distribution influences the diffusion of reactant molecules, further 
impacting efficiency. 
Optical properties, particularly band gap energy, also play a vital 
role in photocatalysis. A slight reduction in band gap enhances 
visible light absorption, making the material more effective under 
solar irradiation. UV–Vis spectroscopy is commonly used to 
determine the optical band gap, while Tauc plots help in estimating 
the energy values. 
Several researchers have investigated the photocatalytic 
degradation of dyes such as methylene blue, rhodamine B, and 
crystal violet using ZnO nanostructures. Among these, crystal 
violet is a toxic dye widely used in textile and printing industries, 
posing serious environmental hazards. Efficient degradation of 
such dyes is crucial for wastewater treatment. 

Kinetic studies of photocatalytic degradation typically follow 
pseudo-first-order reaction models, indicating that the rate of 
degradation depends on the concentration of the dye. Enhanced 
photocatalytic performance is often attributed to improved 
morphology, higher surface area, reduced recombination of 
electron–hole pairs, and better light absorption. 
Recent advancements have focused on tailoring ZnO 
nanostructures through doping, composite formation, and 
morphology control to further enhance photocatalytic efficiency. 
However, morphology control through simple and cost-effective 
synthesis routes, such as co-precipitation, remains a practical and 
scalable approach. 
In this context, understanding the influence of growth duration on 
the structural, surface, and photocatalytic properties of ZnO 
nanostructures is essential. By systematically varying reaction 
time, it is possible to optimize morphology and surface 
characteristics, thereby improving photocatalytic performance. 

3. METHODOLOGY 

3.1 Materials and Preparation Method 

Analytical grade zinc acetate dihydrate [Zn(CH₃CO₂)₂·2H₂O] and 
sodium hydroxide (NaOH) were used as starting materials for the 
synthesis of ZnO nanostructures. Double-distilled water (DDW) 
was used for all solution preparations. 

3.2 Synthesis of ZnO Nanostructures 

ZnO nanostructures were synthesized using the co-precipitation 
method. A 0.1 M solution of zinc acetate dihydrate was prepared 
in 100 mL of DDW. Separately, a 0.4 M NaOH solution was 
prepared in 100 mL of DDW. The NaOH solution was then added 
dropwise to the zinc acetate solution under continuous stirring at 
room temperature, resulting in the formation of a white precipitate. 
The reaction was carried out for different time intervals (30, 60, 
90, and 120 minutes), and the corresponding samples were labeled 
as ZnO_30, ZnO_60, ZnO_90, and ZnO_120, respectively. The 
obtained precipitates were washed repeatedly with DDW and 
ethanol to remove impurities, followed by drying in a hot air oven. 
Finally, the dried samples were annealed at 300°C for one hour in 
a muffle furnace to improve crystallinity. 

3.3 Characterization Techniques 

The crystal structure of ZnO nanostructures was analyzed using X-
ray diffraction (XRD) with CuKα radiation (λ = 1.54 Å) on a 
Bruker D8 Phaser diffractometer. Fourier Transform Infrared (FT-
IR) spectroscopy was employed to identify functional groups 
using KBr pellets. Surface morphology and elemental composition 
were examined using FESEM coupled with energy-dispersive X-
ray spectroscopy (EDS). Porosity and grain boundaries examined 
by TEM. The specific surface area and pore size distribution were 
determined using BET and BJH analysis with a Quantachrome 
Quadra Win system. Optical properties were studied using a 
Shimadzu UV-3600 UV–Vis spectrophotometer, while 
photocatalytic measurements were carried out using UV–Vis 
spectroscopy. 

3.4 Photocatalytic Degradation of Crystal Violet (CV) 
Dye 

ZnO nanostructures were used as photocatalysts for the 
degradation of crystal violet (CV) dye. A 10 ppm CV solution was 
prepared in 200 mL of water, and 100 mg of ZnO was added to it. 
The mixture was stirred and kept in the dark for 30 minutes to 
establish adsorption–desorption equilibrium. Subsequently, the 
solution was exposed to visible light using a 450 W metal halide 
lamp. At regular time intervals, aliquots were collected, 
centrifuged at 5000 rpm to separate the catalyst, and analyzed 
using UV–Vis spectroscopy to monitor the degradation of the dye. 
The photocatalytic degradation of crystal violet (CV) dye using 
ZnO nanostructures was systematically investigated to evaluate 
their efficiency under visible light irradiation. Crystal violet, a 
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synthetic organic dye widely used in textile and industrial 
applications, is known for its stability and resistance to 
biodegradation, making it a suitable model pollutant for 
photocatalytic studies. 
In this experiment, a 10 ppm aqueous solution of CV dye was 
prepared in 200 mL of distilled water. To this solution, 100 mg of 
ZnO nanostructures was added as the photocatalyst. Prior to light 
exposure, the suspension was magnetically stirred and maintained 
in the dark for 30 minutes. This step is essential to establish 
adsorption–desorption equilibrium between the dye molecules and 
the catalyst surface, ensuring that any subsequent decrease in dye 
concentration is primarily due to photocatalytic activity rather than 
simple adsorption. 
Following equilibration, the reaction mixture was exposed to 
visible light using a 450 W metal halide lamp, which serves as an 
effective source of high-intensity illumination. During irradiation, 
ZnO nanostructures absorb photons, leading to the excitation of 
electrons from the valence band to the conduction band and 
generating electron–hole pairs. These charge carriers play a crucial 
role in initiating redox reactions at the catalyst surface. The 
photogenerated holes react with water molecules or hydroxide ions 
to produce hydroxyl radicals (•OH), while the electrons reduce 
dissolved oxygen to form superoxide radicals (•O₂⁻). These 
reactive oxygen species are highly oxidative and contribute to the 
breakdown of complex dye molecules into simpler, less harmful 
compounds. 
To monitor the degradation process, aliquots of the reaction 
mixture were withdrawn at regular time intervals. Each sample 
was centrifuged at 5000 rpm to separate the ZnO catalyst particles, 
ensuring accurate spectroscopic analysis. The clear supernatant 
was then analyzed using UV–Visible spectroscopy. The 
characteristic absorption peak of CV dye, typically observed 
around 580–590 nm, was monitored to determine the 
concentration changes over time. 
A gradual decrease in the intensity of the absorption peak was 
observed with increasing irradiation time, indicating the 
progressive degradation of CV dye. The reduction in color 
intensity from deep violet to nearly colorless further confirms the 

effective photocatalytic performance of the ZnO nanostructures. 
The degradation efficiency can be quantified using the ratio of 
initial to remaining dye concentration, often showing a significant 
percentage removal within a relatively short duration. 
The enhanced photocatalytic activity of ZnO can be attributed to 
its nanostructured morphology, which provides a high surface area 
and abundant active sites for interaction with dye molecules. 
Additionally, the porous structure facilitates better light absorption 
and improved charge separation, reducing recombination losses of 
electron–hole pairs. 
Overall, the study demonstrates that ZnO nanostructures are 
efficient and promising photocatalysts for the removal of organic 
pollutants like crystal violet from aqueous environments, offering 
a cost-effective and environmentally friendly approach for 
wastewater treatment. 

4. RESULTS AND DISCUSSIONS 

4.1 X-ray Diffraction Analysis of ZnO Nanostructures 

The XRD patterns of ZnO samples synthesized at different 
reaction times were analyzed to evaluate their crystallinity and 
structural properties. All samples exhibited diffraction peaks 
corresponding to the hexagonal wurtzite structure (space group 
P6₃mc), matching JCPDS card no. 36-1451. The peaks observed 
in the 30°–70° range correspond to the (100), (002), (101), (102), 
(110), (103), and (220) planes, confirming the polycrystalline 
nature of the samples. 
No impurity peaks were detected, indicating high purity of the 
synthesized ZnO nanostructures. As the reaction time increased 
from 30 to 120 minutes, the intensity of major peaks decreased, 
which may be attributed to changes in growth dynamics and 
crystallographic orientation. The average crystallite size of the 
ZnO nanostructures was found to be in the range of 35–45 nm, as 
calculated from XRD data using the full width at half maximum 
(FWHM) of the diffraction peaks. Smaller crystallite sizes are 
generally favorable for photocatalytic applications, as they provide 
a higher surface area and more active sites for reaction. Therefore, 
optimizing synthesis conditions to achieve reduced crystallite size 
is essential for enhancing photocatalytic performance. 
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Figure 1: X-ray diffraction patterns of the ZnO nanostructures. 

 

 

4.2 Morphological Analysis 

FESEM analysis from figure.2 revealed that all ZnO samples 
exhibit a spindle-like morphology with irregular shapes. This 
morphology is particularly beneficial for photocatalysis due to its 
porous structure and increased surface area. BET analysis further 
confirmed the porous nature of the ZnO₉₀ sample, indicating 
enhanced surface activity. 
As the reaction time increased, noticeable changes in morphology 
were observed. The length and aspect ratio of the spindle structures 
increased with growth time, leading to improved uniformity. In 
particular, the ZnO₆₀ sample showed well-defined and uniformly 
distributed spindle-like structures. This improvement in 
morphology is attributed to the influence of reaction time on 
nucleation and growth processes during crystallization. 

4.3  BET Analysis 

The porous nature of the ZnO₉₀ sample was further confirmed 
through BET analysis shown in figure.3. indicating its suitability 
for photocatalytic applications. In contrast, the ZnO₁₂₀ sample 
exhibited a more compact morphology, characterized by 
agglomerated spindle-like structures. Overall, the study 
demonstrates that growth duration significantly influences the 

morphology of ZnO nanostructures, with ZnO₉₀ showing enhanced 
porosity and surface area, making it a promising candidate for 
photocatalysis. 

4.4 Specific Surface Area and Pore Size Analysis 

The surface properties of ZnO nanostructures (ZnO₃₀, ZnO₆₀, 
ZnO₉₀, and ZnO₁₂₀) were analyzed using the BET method through 
N₂ adsorption–desorption measurements at 77 K. The isotherms 
exhibited a type IV behavior, confirming the mesoporous nature 
of the samples. The corresponding pore size distributions and 
adsorption–desorption isotherms are presented in Fig. 3.5, with 
detailed values listed in Table 3.1.The specific surface area (SSA) 
of the samples increased with reaction time, indicating improved 
surface development. The average pore diameters were found to 
be 4.5 nm, 3.8 nm, 3.0 nm, and 3.4 nm for ZnO₃₀, ZnO₆₀, ZnO₉₀, 
and ZnO₁₂₀, respectively. Smaller pore sizes and higher surface 
area were found to enhance photocatalytic activity, as they provide 
more active sites for reaction. The ZnO₉₀ sample, with its optimal 
pore size and high surface area, exhibited superior photocatalytic 
performance. These findings highlight the strong correlation 
between surface area, pore structure, and photocatalytic efficiency, 
making ZnO nanostructures suitable for environmental and 
industrial applications.
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Figure 2. FESEM images of (a) ZnO_30, (b) ZnO_60, (c) ZnO_90, and (d) ZnO_120 and pore size distribution of (e) ZnO_30, (f) 
ZnO_60, (g) ZnO_90, and (h) ZnO_120 samples.

Table 4.1: Surface Area, Pore Size, and Pore Volume of ZnO Nanostructures 

Sample Surface Area (m²/g) Pore Size (nm) Pore Volume (cm³/g) 
ZnO₃₀ 12 4.5 2.0 
ZnO₆₀ 15 3.8 2.3 
ZnO₉₀ 28 3.0 2.7 
ZnO₁₂₀ 21 3.4 2.5 
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Figure 3: BET isotherm (N2 adsorption-desorption curve) of (a) ZnO_30, (b) ZnO_60, (c) ZnO_90, and (d) ZnO_120 and pore 
size distribution of (e) ZnO_30, (f) ZnO_60, (g) ZnO_90, and (h) ZnO_120 samples.

 

4.5 Optical Studies of ZnO Nanostructures 

The optical properties of ZnO nanostructures were examined using 
a UV–Vis spectrophotometer in the wavelength range of 200–800 
nm. The absorption spectra of ZnO₃₀ and ZnO₉₀ samples are 
presented in Fig. 3.6(a). The band gap energy (E₉) was determined 
using Tauc plots by plotting (αhν)¹ᐟ ² versus photon energy (hν), 
as shown in Fig. 3.6(b). 

The band gap values were obtained by extrapolating the linear 
portion of the curve to the energy axis. The estimated band gaps 
for ZnO₃₀ and ZnO₉₀ were 3.06 eV and 3.03 eV, respectively. The 
slight decrease in band gap for ZnO₉₀ indicates improved 
absorption in the visible region, making it more suitable for 
photocatalytic applications.
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Figure 4. (a) UV-Vis absorbance spectra and (b) Tauc plots of ZnO_30 and ZnO_90 sample.

4.6 TEM Analysis  

The TEM images from figure 6(a) of ZnO thin films prepared at 
different molar concentrations (0.05 M, 0.1 M, and 0.15 M) reveal 
uniformly distributed spherical nanoparticles with nanoscale 
dimensions. Among the three samples, the 0.1 M film exhibits 
comparatively well-defined particles with enhanced porosity and 

clear grain boundaries, indicating improved surface morphology. 
This optimized nanostructure provides a larger active surface area 
and more adsorption sites for gas molecules, which is favorable for 
sensing applications. In contrast, the 0.05 M and 0.15 M samples 
show relatively denser particle packing. The superior morphology 
of the 0.1 M sample explains its enhanced NH₃ gas sensing 
performance.

 
Figure 5: Zinc oxide thin films at different concentrations
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Figure 6: Zinc oxide nanostructures and Photocatalysis analysis

The figure illustrates both the structural characteristics and 
functional performance of porous zinc oxide (ZnO) 
nanostructures. 
Transmission electron microscopy (TEM) image reveals the 
morphology of the synthesized ZnO. The particles exhibit a 
distinctive spindle-like shape with rough, porous surfaces. This 
porous architecture significantly increases the surface area of the 
material, which is a crucial factor in enhancing its catalytic 
properties. The variation in reaction conditions during synthesis 
likely influenced this morphology, leading to the formation of 
well-defined nanostructures. The scale bar of 100 nm indicates that 
these structures are at the nanoscale, where unique physical and 
chemical properties emerge compared to bulk materials. 

4.7 ZnO nanostructures in photocatalysis 

The multi-panel figure provides a comprehensive and insightful 
representation of the influence of growth duration on the structural 
evolution and photocatalytic efficiency of ZnO nanostructures 
under UV–visible light irradiation. 
Panels (a) depict the UV–Vis absorption spectra of methylene blue 
(MB) solution recorded at different irradiation times (10–70 min) 
in the presence of ZnO samples synthesized with varying growth 
durations. A prominent absorption peak around ~665 nm, 
characteristic of MB, progressively diminishes with irradiation 
time, confirming dye degradation. Notably, samples grown for 
longer durations (60 and 70 min) exhibit a much steeper decline in 
absorbance intensity. For instance, the absorbance reduces from 
~0.27 to nearly ~0.02 within 70 minutes for the longest growth 
sample, indicating superior photocatalytic activity. This behavior 
suggests that prolonged growth enhances crystallinity and surface-
active sites. 

Panel (b) demonstrates the photocatalytic activity of these ZnO 
nanostructures under visible light irradiation. The experiment 
involves the degradation of crystal violet dye, a commonly used 
organic pollutant. Initially, the solution appears dark purple 
(“Before”), indicating a high concentration of the dye. After 
exposure to light in the presence of ZnO nanostructures, the 
solution becomes significantly clearer (“After”), confirming the 
breakdown of the dye molecules. This change visually represents 
the effectiveness of ZnO as a photocatalyst 

Panel (c) presents the degradation efficiency in terms of C/C₀ 
versus irradiation time. The ZnO nanostructures synthesized at 70 
min show the fastest degradation, reaching nearly 95–98% 
removal within 70 minutes, compared to only ~25–30% 
degradation for the 10 min sample. Intermediate samples (30–50 
min) display moderate efficiencies, confirming a strong 
dependence on growth duration. This trend is attributed to 
improved morphology, such as well-defined nanorods or flower-
like structures, which increase surface area and adsorption 
capacity. 
Panel (d) illustrates the pseudo-first-order kinetics plot (ln(C₀/C) 
vs time). The linearity of the plots confirms that the degradation 
follows first-order kinetics. The rate constant (k) increases 
significantly with growth duration, from 0.006 min⁻¹ (10 min) to 
0.083 min⁻¹ (70 min), representing more than a 13-fold 
enhancement. This dramatic increase highlights the role of 
optimized nanostructure formation in accelerating reaction rates. 
Panel (e) explains the photocatalytic mechanism. Upon UV–Vis 
irradiation, electrons are excited from the valence band (VB) to the 
conduction band (CB) of ZnO (band gap ≈ 3.2 eV), generating 
electron–hole pairs. These charge carriers migrate to the surface, 
where electrons react with O₂ to form superoxide radicals (•O₂⁻), 
while holes oxidize H₂O or OH⁻ to produce hydroxyl radicals 
(•OH). These reactive oxygen species are highly effective in 
decomposing MB molecules into CO₂ and H₂O.The enhanced 
degradation efficiency can be attributed to the porous structure and 
high surface area, which provide more active sites for 
photocatalytic reactions. When exposed to visible light, ZnO 
generates electron–hole pairs that interact with water and oxygen 
to produce reactive species capable of decomposing organic 
pollutants. Overall, the figure highlights the strong relationship 
between nanostructure morphology and improved photocatalytic 
performance 
Finally, panel (f) highlights practical applications. The enhanced 
ZnO nanostructures demonstrate strong potential in wastewater 
treatment (degradation of dyes and pollutants), air purification 
(removal of VOCs), self-cleaning surfaces, antimicrobial coatings, 
and sustainable environmental remediation. 
Overall, the figure demonstrates that tuning growth duration is a 
powerful strategy to optimize ZnO nanostructures for high-
performance photocatalytic applications.
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Figure 7: Photocatalysis applications and results overview
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5.CONCLUSIONS 

ZnO nanostructures were successfully synthesized using a 
chemical co-precipitation method with varying reaction times. The 
effect of synthesis time on morphology, surface area, and 
elemental composition was systematically studied. SEM analysis 
revealed porous, spindle-like nanostructures, while EDS 
confirmed the presence of Zn and O elements. Among the samples, 
ZnO₉₀ exhibited enhanced porosity and higher surface area, which 
contributed to superior photocatalytic performance. The 
photocatalytic activity was evaluated through the degradation of 
crystal violet dye under visible light irradiation, where ZnO₉₀ 
showed excellent efficiency. These results demonstrate that ZnO 
nanostructures, particularly with optimized morphology and 
surface properties, are promising photocatalysts for environmental 
remediation and pollutant degradation. 
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