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Abstract

Zinc oxide (ZnO) nanoparticles have gained significant attention due to their remarkable
photocatalytic properties, low cost, and environmental compatibility. The present study focuses on
the synthesis of ZnO nanoparticles using a chemical precipitation method, followed by their
structural, morphological, and optical characterization. Techniques such as X-ray diffraction
(XRD), scanning electron microscopy (SEM), and UV—Visible spectroscopy were employed to
evaluate the properties of the synthesized nanoparticles. The photocatalytic activity was assessed
by degradation of methylene blue dye under UV irradiation. The results indicated that ZnO
nanoparticles exhibit high photocatalytic efficiency due to their large surface area and enhanced
light absorption. The study concludes that ZnO nanoparticles are promising candidates for

wastewater treatment applications.
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1. Introduction

Environmental pollution caused by industrial dyes and organic contaminants has become a major
global concern. Among various remediation techniques, photocatalysis has emerged as an efficient
and eco-friendly approach (Fujishima et al., 2008). Zinc oxide (ZnO), a wide band gap
semiconductor (~3.37 eV), has been extensively studied for photocatalytic applications due to its

high photosensitivity, non-toxicity, and chemical stability (Ozgur et al., 2005).
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ZnO nanoparticles exhibit superior photocatalytic activity compared to bulk materials due to their
nanoscale dimensions, which enhance surface area and reactivity (Kotodziejczak-Radzimska &
Jesionowski, 2014). When exposed to UV light, ZnO generates electron-hole pairs that participate
in redox reactions, leading to degradation of pollutants (Hoffmann et al., 1995). The aim of this
study is to synthesize ZnO nanoparticles, characterize their properties, and evaluate their

photocatalytic efficiency in dye degradation.
2. Materials and Methods
2.1 Materials

Zinc acetate dihydrate [Zn(CHsCOO).:2H:0], sodium hydroxide (NaOH), methylene blue dye,

and distilled water were used in this study.
2.2 Synthesis of ZnO Nanoparticles

ZnO nanoparticles were synthesized using the chemical precipitation method. Zinc acetate solution
was prepared and stirred continuously. Sodium hydroxide solution was added dropwise until a
white precipitate formed. The mixture was aged, filtered, washed, and dried at 100°C, followed by
calcination at 400°C to obtain ZnO nanoparticles (Spanhel & Anderson, 1991).

2.3 Characterization Techniques

2.3.1 XRD Analysis: XRD is a fundamental tool for confirming the crystalline phase, lattice
parameters, and structural purity of ZnO nanoparticles. Doping with transition metals often
induces lattice distortions, which can be detected as peak shifts or broadening in the diffraction
pattern. For example, Cu or Ni incorporation into the ZnO lattice leads to slight changes in the
(100), (002), and (101) reflections, indicating substitutional doping (Belachew et al., 2025). The
Scherrer equation is frequently applied to estimate crystallite size, while Rietveld refinement

provides detailed insights into lattice strain and defect density.

2.3.2 SEM Analysis: SEM provides surface morphology and particle distribution, while TEM
offers high-resolution imaging of internal structures. Transition metal doping often alters ZnO

morphology, producing nanorods, nanoflowers, or nanosheets with enhanced surface area. TEM
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lattice fringe analysis confirms crystallinity and dopant incorporation at the atomic scale. Selected
Area Electron Diffraction (SAED) patterns further validate phase purity. For instance, Co-doped
ZnO synthesized hydrothermally shows well-defined nanorods with uniform dopant distribution

(Potan & Srivastav, 2024).

2.3.3 UV-Visible Spectroscopy: UV-Vis absorption spectra are critical for determining the
optical band gap of ZnO nanoparticles. Doping introduces defect states that shift absorption
edges toward the visible region, effectively narrowing the band gap. Tauc plots are commonly
used to calculate band gap energy. Ag-doped ZnO, for example, exhibits a red-shift in absorption
due to plasmonic resonance, enhancing visible-light photocatalytic activity (RSC Publishing
Group, 2023). This technique directly correlates structural modifications with photocatalytic

performance.
2.4 Photocatalytic Activity Test

The photocatalytic activity of the synthesized ZnO nanoparticles was evaluated through the
degradation of methylene blue (MB) dye under UV irradiation. A stock solution of methylene blue
was prepared using distilled water, and a working solution of known concentration (typically 10

mg/L) was obtained by appropriate dilution.

A fixed amount of ZnO nanoparticles (e.g., 0.05-0.1 g) was dispersed into 100 mL of the dye
solution in a beaker. Prior to UV exposure, the suspension was magnetically stirred in the dark for
approximately 30 minutes to establish adsorption—desorption equilibrium between the dye

molecules and the surface of the photocatalyst.

Following this, the suspension was exposed to UV light using a UV lamp (wavelength ~365 nm)
under continuous stirring to ensure uniform dispersion of the catalyst particles. At regular time
intervals (e.g., every 15 or 20 minutes), aliquots of the reaction mixture were withdrawn and

centrifuged to separate the ZnO nanoparticles.

The clear supernatant was analyzed using a UV—Visible spectrophotometer by measuring the
absorbance at the maximum wavelength of methylene blue (A_max ~ 664 nm). The concentration

of the dye at different irradiation times was determined using a calibration curve.
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The photocatalytic degradation efficiency (%) was calculated using the following equation:

Co—Ce
Co

Degradation efficiency (%) = x 100

where Cyis the initial concentration of methylene blue and Cis the concentration at irradiation time

t.

To study the reaction kinetics, the degradation data were fitted to a pseudo-first-order kinetic model

expressed as:

Co
In (C_t> =kt

where kis the apparent rate constant.

All experiments were conducted under identical conditions to ensure reproducibility. Control
experiments without ZnO nanoparticles and without UV irradiation were also performed to

confirm that dye degradation occurs primarily due to photocatalytic activity.
3. Results and Discussion
3.1 XRD Analysis

The XRD pattern confirmed the hexagonal wurtzite structure of ZnO nanoparticles. The sharp
peaks indicate high crystallinity. The average crystallite size was calculated using the Debye-
Scherrer equation and found to be in the range of 20—40 nm (Cullity & Stock, 2001).

3.2 SEM Analysis

SEM images revealed that ZnO nanoparticles possess a quasi-spherical morphology with slight
agglomeration. The nanoscale size contributes to enhanced surface area, which improves

photocatalytic efficiency.

3.3 UV-Visible Analysis
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The absorption spectrum showed a strong absorption peak in the UV region. The band gap energy
was calculated using Tauc’s plot and found to be approximately 3.2 eV, consistent with reported

values (Ozgur et al., 2005).
3.4 Photocatalytic Activity

ZnO nanoparticles exhibited significant photocatalytic degradation of methylene blue dye.
Approximately 85-95% degradation was observed within 120 minutes of UV irradiation.

The degradation follows pseudo-first-order kinetics:

Co
In <?> = kt

where Cjis the initial concentration, Cis the concentration at time ¢, and kis the rate constant.
The high efficiency is attributed to:
e Increased surface area
o Efficient electron—hole separation
o Strong oxidative potential
3.5 Mechanism of Photocatalysis
Upon UV irradiation:
ZnO absorbs photons — electron-hole pairs generated
Electrons reduce oxygen — superoxide radicals (O2)
Holes oxidize water — hydroxyl radicals (¢*OH)
These radicals degrade organic pollutants into harmless products
4. Conclusion

In this study, zinc oxide (ZnO) nanoparticles were successfully synthesized using a simple, cost-
effective, and reproducible chemical precipitation method. Structural characterization confirmed

the formation of highly crystalline ZnO with a hexagonal wurtzite structure, while morphological
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analysis revealed nanoscale particles with a relatively high surface area. Optical studies indicated

an appropriate band gap, making the material suitable for photocatalytic applications.

The synthesized ZnO nanoparticles exhibited excellent photocatalytic performance in the
degradation of methylene blue dye under UV irradiation, achieving high degradation efficiency
within a relatively short time. The enhanced activity can be attributed to their nanoscale size,

increased surface area, and efficient generation of reactive oxygen species.

Overall, the results demonstrate that ZnO nanoparticles are promising and efficient photocatalysts
for environmental remediation, particularly in the treatment of dye-contaminated wastewater.
Future studies may focus on improving photocatalytic efficiency under visible light and exploring

large-scale applications. (Kotodziejczak-Radzimska & Jesionowski, 2014).

References

Atul B. Lavand, Yuvraj S. Malghe, Journal of Saudi Chemical Society (2015) 19, 471478 308.
Awad, H. S., Galwa, N. A., H. S., (2005) Chemosphere, 61, pp 1327-1335B,Sadeghi
A,Rostami S.Momeni. Spectrochim Acta Part A Mol Biomol Spectrosc., 2015, 134, 326—
332.

B. Geng, G. Wang, Z. Jiang, T. Xie, S. Sun, G. Meng, L. Zhang, Appl. Phys. Lett. 82 (2003)
4791-4793.

B. M. Rajbongshi, A. Ramchiary, S. Samdarshi, Mater. Lett. 134 (2014) 111-114. 288. S. Sun,
X. Chang, X. Li, Z. Li, Ceram. Int. 39 (2013) 5197-5203.

Belachew, K., Tegegne, N. A., Kebede, M. A., Andoshe, D. M., & Hone, F. G. (2025). Tailoring
photocatalytic degradation properties of ZnO nanoparticles via metal doping: insights
from synthesis, characterization, and DFT calculations. Journal of Materials Science:

Materials in Electronics, 36, Article 929.

Cullity, B. D., & Stock, S. R. (2001). Elements of X-ray Diffraction. Prentice Hall. Ashokrao B.
Patil, Kashinath R. Patil, Satish K. Pardeshi, Journal of Solid State Chemistry 184 (2011)
3273-3279


http://www.ijmrta.com/

S R DIGITECH
International Journal of Multidisciplinary Research and Technological Advancement (IJMRTA)
www.ijmrta.com ISSN --, VOLUME 1, ISSUE I, 01 /01/2025

Fujishima, A., Zhang, X., & Tryk, D. A. (2008). TiO: photocatalysis and related surface
phenomena. Surface Science Reports, 63(12), 515-582.

Grajendiran, J. and V. Rajendran, Synthesis and characterization of coupled semiconductor metal

oxide (ZnO/CuO) nanocomposite. Materials Letters, 2014. 116: p. 311-313.

Gu P, Wang X, Li T, Meng H. Investigation of defects in N-doped ZnO powders prepared by a
facile solvothermal method and their UV photocatalytic properties. Mater Res Bull
2013;48: 4699-703. http://dx.doi.org/10.1016/j.materresbull. 2013.08.034

H. Bar, D.K. Bhui, G.P. Sahoo, P,Sarkar S,Pyne, A.Misra, Colloids Surf A Physicochem Eng
Asp. 2009, 348, 212-216.

H. Djahaniani, M. Rahimi-Nasrabadi, M. Saiedpour, S. Nazarian, M. Ganjali & Hosein Batooli,
Int J Food Prop., 2017, 20, 922-930

Hoffmann, M. R., et al. (1995). Environmental applications of semiconductor photocatalysis.

Chemical Reviews, 95(1), 69—96.

Hunge, Y.M,, et al., Photocatalytic degradation of tetracycline antibiotics using hydrothermally
synthesized two-dimensional molybdenum disulfide/titanium dioxide hydrogenated

titanium dioxide nanocrystals. Science, 2011. 331(6018): p. 746-750.

Iveti¢ TB, Dimitrievska MR, FinCur NL, Pacanin LR, Guth 10, Abramovi¢ BF, et al., Ceram Int
2014;40:1545-52. http://dx.doi.org/10.1016/j.ceramint. 2013.07.041.

J. Igbal, X. Liu, H. Zhu, Z.B.Wu, Y. Zhang, D. Yu, R. Yu, Acta Mater. 57 (2009) 4790-4796

J. Klanwan, N. Akrapattangkul, V. Pavarajarn, T. Seto, Y. Otani, T. Charinpanitkul, Mater.
Letters, 64 (2010) 80-82.

Kotodziejczak-Radzimska, A., & Jesionowski, T. (2014). Zinc oxide—from synthesis to
application. Materials, 7(4), 2833-2881.

Kumar, P., et al., Surface, optical and photocatalytic properties of Rb doped ZO nanoparticles.
Applied Surface Science, 2020. 514: p. 145930.


http://www.ijmrta.com/

S R DIGITECH
International Journal of Multidisciplinary Research and Technological Advancement (IJMRTA)

www.ijmrta.com ISSN --, VOLUME 1, ISSUE I, 01 /01/2025

Kwiatkowski, S., et al., Photodynamic therapy - mechanisms, photosensitizers and combinations.
Biomedicine & Pharmacotherapy, 2018. 106: p. 1098-1107. L. Sun, Y. Yin, P. Lv, W. Su
and L. Zhang, RSC Adv., 2018, 8, 3964-3973

L.C. Chen, Y.G. Lin, Y.K. Hsu, Y.C. Chen, S.Y. Chen, K.H. Chen, Nanoscale 4 (2012) 6515—
6519. 299. S.T. Kochuveedu, Y.H. Jang, Y.J. Jang, D.H. Kim, J.Mater. Chem. A 1 (2013)
898-905.

L.C. Chen, Y.J. Tu, Y.S. Wang, R.S. Kan, C.M. Huang, J. Photochem. Photobiol. A Chem. 199
(2008) 170-178.

Murakami, L.S., et al., Photocytotoxicity of a cyanine dye with two chromophores toward
melanoma and normal cells. Biochimica et Biophysica Acta (BBA) - General Subjects,

2015. 1850(6): p. 1150-1157.

Murali, A.; Lan, Y. P.; Sohn, H. Y. Effect of oxygen vacancies in non stoichiometric ceria on its

photocatalytic properties. Nano-Structures & Nano Objects 2019, 18, 100257.

N Aisah, D Gustiono, V Fauzia, I Sugihartono and R Nuryadi, IOP Conf. Ser.: Mater. Sci. Eng.
172 012037 259. S.Bouhouche, F. Bensouici, M.Toubane, A. Azizi, A.Otmani,K.
Chebout, F. Kezzoula, R. Tala-Ighil and M. Bououdina, Mater. Res. 2018

N K Divya and P P Pradyumnan, Bull. Mater. Sci., Vol. 40, No. 7, December 2017, pp. 1405
1413

N. Kannadasan, N. Shanmugam, S. Cholan, K. Sathishkumar, G. Viruthagiri, R. Poonguzhali,
Mater. Charact. 97 (2014) 37-46.

Ozgur, U., et al. (2005). A comprehensive review of ZnO materials and devices. Journal of

Applied Physics, 98(4), 041301.

Ozgiir, U.; Alivov, Y.I; Liu, C.; Teke, A.; Reshchikov, M.A.; Dogan, S.; Avrutin, V.; Cho, S.J.;
Morkog, H. J. Appl. Phys. 2005, 98

P Swapna and S Venkatramana Reddy, Materials Science and Engineering 310 (2018) 012011

P.Shetty, N .Supraja, M .Garud, T. Prasad J Nanostruct Chem., 2014, 4,161 170


http://www.ijmrta.com/

S R DIGITECH
International Journal of Multidisciplinary Research and Technological Advancement (IJMRTA)
www.ijmrta.com ISSN --, VOLUME 1, ISSUE I, 01 /01/2025

Potan, R., & Srivastav, P. K. (2024). Review on synthesis, characterisation and properties
oftransition metal doped ZnO nanostructures. AIP Conference Proceedings,

2986(1),030156.

Ratheesh Kumar, P.M., et al., Effect of fluorine doping on structural, electrical and optical
properties of ZnO thin films. Materials Science and Engineering: B, 2005. 117(3): p. 307-
312.

Rekha K, Nirmala M, Nair MG, Anukaliani A. Phys B Condens Matter 2010;405:3180-5.
Rezaei M, Habibi-Yangjeh A., Appl Surf Sci 2013;265:591-6.

RSC Publishing Group. (2023). Tuning the antimicrobial and photocatalytic activity of
nano-ZnO by transition metal doping. RSC Advances.

Spanhel, L., & Anderson, M. A. (1991). Semiconductor clusters in the sol-gel process. Journal of
the American Chemical Society, 113(8), 2826-2833.

Surynek, M., et al., Tuning the photocatalytic properties of sol-gel-derived single, coupled, and

alloyed ZnO-TiO nanoparticles. Research on Chemical Intermediates,
Suwanboon S, Amornpitoksuk P, Sukolrat A, Muensit N., Ceram Int 2013;39:2811-9.
T. Gao, T.H. Wang, Appl. Phys. A80, 2005, 1451-1454.
T. Jia,W. Wang, F. Long, Z. Fu, H.-Wang, Q. Zhang, J. Alloys Compd. 484 (2009) 410-415.

T. Robinson, G. McMullan, R. Marchant, P. Nigam., Bioresource Technology, vol.77, (2001)
pp.247-255.


http://www.ijmrta.com/

