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Zinc oxide nanoparticles (ZnO NPs) were successfully synthesized by a green method using 

Cumin and Curcuma and zinc acetate dihydrate [Zn (CH3COO)2. 2H2O]as salt precursors. The 

particle size and phase structure of zinc oxide were determined by X-ray diffraction and field 

emission scanning electron microscopy. The produced zinc oxide nano particles are crystalline 

with a grain size of 23–30 nm and agglomerated form. Energy Dispersive Spectrum (EDX) 

results affect the composition of Zinc and Oxygen, giving high energy signals of 76.9.4% and 

23.1% for Oxygen and zinc, respectively. (FT-IR) spectroscopic analysis shows the absorption 

peak of Zinc and oxygen Zn–O bonding between 400 and 600 cm-1. The different 

characterization methods carried out prove the formation of nano Zinc oxide. The ZnO NPs 

were used as catalysts for the photodegradation of methylene blue under visible light radiation. 

The results indicate that the prepared ZnO material excellently removed MB methylene blue 

after 120 min, this green method of synthesis was found to be eco-friendly. 
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1. Introduction 

Progress in nanotechnology have led to fabricated of new nanosized materials with a range of 

applications, such as in nanomedicine consumer products, and nanoelectronics [1, 2]. For its their distinct 

physical and chemical properties compared to their bulk counterparts[3], these materials have been 

acquired great importance in Last few years[4]. Nanostructures of several metal oxides have been 

synthesized and have various applications in various fields. Zinc oxide has large band gap (3.3 eV) 

semiconductor. It has applications in gas sensors, dye degradation, solar cells, and more [5, 6]. ZnO 

nanoparticles have been synthesized using different physical and chemical methods, inclusive arc 

discharge [7] Sol–Gel [8] pulsed laser ablation [9] hydrothermal l [10]. Due to its advantages over 

physical and chemical methods used green synthesis method has been employed to synthesize zinc oxide 

nanoparticles, as it does not involve dangerous chemicals and is cost-effective. and eco-friendly [11, 12]. 

It uses biological materials which are easily extractable from plants cumin and curcuma were used as they 

are easily available. Triterpenic acids, tannins, flavonoids, alkaloids are found in phytochemicals present 

in this Cumin and Curcuma extract [13]. When plant materials are extracted, the content of polyphenols 

can be improved. The dried seeds were found to have polyphenols in the extract. It is well known that 

these polyphenols have strong antioxidant properties. Our findings imply that flavonoids were present in 

the plant seeds' aqueous extract, by chemical reduction these phytoconstituents act as stabilizing and 
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reducing agents and synthesize metal oxide, these phytoconstituents create metal oxide nanoparticles and 

serve as stabilizing and reducing agents. Intensely colored Methylene Blue (MB) is a frequent water 

contaminant and is used in textile dyeing and printing. Dye impurities in events from the textile, printing, 

and industrial sectors contribute significantly to environmental pollution. This trash gets into the aquatic 

ecosystem, endangering the health and ecology of aquatic life and ultimately having an impact on human 

life. There are several methods for removing dyes from rivers and other bodies of water, including 

adsorption, osmotic pressure, coagulation, and others, but each has advantages and disadvantages of its 

own. Among the several methods used, photocatalytic treatment for dye removal offers a reasonably 

priced and environmentally beneficial solution to this issue. Due to its unique physical and chemical 

characteristics, ZnO nanoparticles, are indispensable nanoparticles used in many aspects of daily life. 

They have been widely used as additives in cosmetics, antibacterial agents, biomedical imaging, rubber, 

and textile industries [14-17]. Aside from their diverse uses in the field of catalysis, the present 

investigation involved the production of ZnO NPs through the utilization of a green synthesis approach, 

green methods are easy, cheap and environmentally safe methods that are manufactured using plant 

extracts. Aside from their diverse uses in the field of catalysis, the present investigation involved the 

production of ZnO NPs through the utilization of a green synthesis approach, green methods are easy, 

cheap and environmentally safe methods that are manufactured using plant extracts. after direct expose 

sun light to study photocatalytic degradation of methylene blue. 

2.Experimental Procedure 

Synthesis green methods: cumin and Curcuma, zinc acetate dehydrate [(CH3COO)2Zn.2H2O] and 

purity (99%) were used as a solvent. cumin first has been Rinse it with distilled water. After that, the 

curcuma was left to dry then Weigh 10 grams of cumin and Curcuma and mix them with deionized water. 

The aqueous extracts were obtained after boiling for 15 minutes, then left to cool and placed in different 

container. After cooling, the product was filtered through Filter paper and keep at 40° Even it was needed 

Another application.then (0.1M) zinc acetate was dissolution in 50 mL deionized water in a container and 

then placed on a magnetic stirer for 15 minutes until homogenous .then taken (10ml) cumin, (10 ml) 

curcuma, Both are merged with 10 mL of Zn (CH3COO) 2 2H2O solution in a beaker using a magnetic 

stirer for 15 minutes and then permissible to stand in the room temperature for 24 hours before the test. 

Chemical method: 

(0.1 mol) zinc acetate was dissolved in 50 ml of deionized water in a container and then placed on a 

magnetic stirer for 15 minutes until homogeneous, 3.1 gm of NaOH were taken and dissolved in 50 ml 

deionized water and added drop by drop to the zinc acetate solution on a magnetic stirer for 15 minutes to 

complete the dissolution process, then the solution was left for an hour to obtain a homogeneous solution. 

Figure 1 shows the steps of preparing zinc oxide. the solution was washed, filtered and dried at 100 C
o
 a 

for one hour to become ready for the required tests, to obtain the weight to be dissolved within the 

previous standard, the following relationship was used equ(1)[18]:  

M = (Wt/MWt). (1000/V) …………… (1) 
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Figure :1 step preparing Zinc Oxide 

Photocatalytic behavior of ZnO NPs 

 

Due to their high photocatalytic activity, ZnO nanoparticles can be used as photocatalysts. under natural 
sunlight Photodegradation experiment was carried out and done in the June month at11:30 am the 

intensity of solar radiation was 13.654MJ, it was utilized a 50 mg L solution in water of methylene blue 

dye with a 5 mg/20 mL ZnO NP catalytic dose in this study. UV absorbance was measured at 0 minutes, 
30 minutes, 60minutes, 90 minutes, and 120minutes after combining the two solutions (dye and catalyst).  

 

2.Result and Discussion 

 Structural Characteristics 

The X-ray diffraction patterns of ZnO nanostructures produced by green synthesis using cumin, curcuma 

extract and chemical method are offered in Fig. 2. The diffraction peaks at 2θ=31.769 °, 34.42 °, 36.25° 
and 56.6° correspond to the 100, 002, 101and 102 diffraction planes, respectively, presented in Table .1 and 

are related to ZnO with a hexagonal wurtzite structure in accordance with the Joint Committee on Powder 

Diffraction Standards (JSPDS Card number 00-036-1451). The highest intense (002) peak observed at 
34.42° in the XRD patterns reveals that the ZnO nanostructures indicate preferential growth along the 

(100) direction.[12]. The crystallite size of ZnO nanostructures can be evaluated from the highest intensity 
peak (002) using the Scherrer formula. The calculated crystallite size was found ranging from (33,36 and 

40) nm for cumin, curcuma and chemically, respectively using the Debye–Scherer Equation was obtained 
from the XRD spectrum [19-22]:

 

𝐷 =
0.9 λ

β cos 𝜃
 ……. (2) 

Where D is the ZnO crystallite size (nm), λ = 0.15418 nm, β is the full width at half maximum (FWHM) 

and θ is the Bragg angle. Films undergo dislocation and strain in their structure, from Equations (3) and 

(4), respectively
 
these parameters were calculated [11].  

ε= 
𝛽𝑐𝑜𝑠 𝜃

4
 ……………. (3) 

δ =
1

D2
 ………… (4)  
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Figure 2: XRD pattern of as-synthesized ZnO using Cumin, Curcuma extract and chemical method  

 

Table 1: Summary of X-Ray characterization for the ZnO  

 
Crystal plane 

 
2θ 

 
FWHM 

 
Crystallite size 

D(nm) 

 
𝛆x1014 

lines.m-2 

 

𝛅 𝒔𝒕𝒓𝒂𝒊𝒏 
X10-3  

Cumin extract 

(100) 31.76  0.643 23.83 1760.7 1.546 

(002) 34.3 0.87 28.523  12.28 2.415  

(101) 36.3 0.696 25.08 15.89 3.144 

(102) 56.5 0.651 23.8 17.66 1.433 

Curcuma extract 

(100) 31.68 0.437 23.4 18.2 1.05 

(002) 34.325 0.384 24.6 16.5 0.917 

(101) 36.24 0.427 23.19 18.5 1.14 

(102) 56.58 0.69 25.06 15.9 1.518 

Chemical method 

(100) 31.76 0.437 30.83 12.7 0.71 

(002) 34.3 0.385 30.60 17.361 0.81 

(101) 36.3 0.437 28.13 17.36 1.49 

(102) 56.5 0.624 23.06 30.36 1.98 

 

Compositional analysis and Surface Morphology 
Scanning electron microscopy images were taken at various magnifications to examine the size and shape 

of the nanoparticles synthesized, as shown in Fig. 3(a, b, c). The surface morphology accentuates the 

formation of nanoparticles in their agglomerated shape. Different literatures indicate the influence of 

surface morphology and its relationship to the characteristic activity of zinc oxide [13]. Procedure (a), 

using Cumin extract, (b) using Curcuma extract and (c), by chemically method 

 It was found rugged surface, majority of particles are horizontal in shape, also agglomerated form of 

some nanoparticles is seen to be spherical and others are irregular in shape the average size of 
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nanoparticles found to be 24 nm for sumin as shown in Fig. 5a, 25 nm using Curcuma extract Fig .5b and 

28 nm with chemical methos Fig .5c, as indicated by the X- ray diffraction (XRD) result [15]. 

green synthesized ZnO nanoparticles EDX measurement result is shown in Fig. 3 (a, b, c) using 

instruments EDX the element analysis of green synthesized zinc oxide nanoparticles. Chemical purity and 

stoichiometry of the specimens were investigated. The EDX spectrum confirms the presence of Zn and O 

ions in zinc oxide nanoparticles synthesized using Cumim and Curcuma extract and Chemical methods. 

 The elemental analysis detected 70.7% of zinc and 29.3% of oxygen for sample using Cumin, 76.9% of 

zinc and 23.1% of oxygen using Curcuma,46%9of Zinc and 28.1% of oxygen, for chemical method 

respectively all suggesting that the ZnO has perfect purity and very few other elements can be seen. 

Fig.3(a, b, and c) provides evidence of the existence of minute quantities sodium and Carbon alongside 

zinc and oxygen as Impurities [23]. 

 

Figure 3a: SEM images and EDX spectra of ZnO prepared by cumin extract technique. 

 

Figure 3b: SEM images and EDX spectra of ZnO prepared by curcuma extract technique. 
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Figure 3c: SEM images and EDX spectra of ZnO prepared by chemical method. 

  

FT‑IR analysis 
 

To certain the formation presence of Zn–O bond and to identify the phytoconstituents FT-IR spectroscopy 

measurements are performed using an FTIR spectrometer .Fig. 4(a, b, c) shown FT-IR spectrum of green 
synthesized ZnO-NPs, The spectral peaks 3655 cm

−1
 and 3797 cm

−1
 are due to O–H stretching vibration of the 

hydroxyl group from the water adsorbed , The peak about 1565 cm
−1

 is due to the C=O stretching , The peak 

around 2359 cm
−1

 is due to C–H stretch ,The peaks at 1725 cm
−1

 corresponds to ZnO bending distortion 

vibrations. The intense vibrational bands at 663 cm
-1

 are assigned to the stretching mode for the formation of zinc 
oxide nanoparticles [24, 25].  

 

Figure 4: FT‐IR spectra of as-synthesized ZnO using(a) cumin, (b) curcuma, and (c)chemical method. 
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Optical Properties  
Cumin and Curcuma extract is highly rich in numerous phytochemicals especially phenolics and 
flavonoids (ellagic acid, and luteolin), functionalization and Size properties for nanoparticles carry a 

private role in changing the properties of materials [14].  
 ZnO NPs generally show UV absorption bands in the λmax ranges from300 to 355 nm Figure 5. Shows 

the absorption intensity for zinc oxide, measured in the wavelength range from 300 to 900 nm. Zinc oxide 

nanoparticles prepared using the chemical method of cumin and Curcuma extract showed a maximum at 

308 nm, which is confirming by Literature [15, 16] The band gap energy of ZnO NPs was found to be 

(2.4, 3.15, 3.35) eV for cumin, curcuma extract and chemical method respectively as calculated from plot 

in Figure 6, which is similar to the band gap energy reported for ZnO (wide band gap 3.10 – 3.39 eV) [19, 

20]. These results primarily certain the formation of ZnO NPs following our approaches and it was 

observed that the energy gap depends on the size and increases with decreasing crystal size of the ZnO 

nanostructure and is also affected by surface defects.  

 

 

 

 

 

 

 

 

Figure 5: Absorbance of as-synthesized ZnO using Cumin, curcuma and chemical method 

 

 

 

Figure 6: (αhυ)2 for ZnO NPs with photon energy 
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The effectiveness of as-synthesized ZnO NPs on the degradation of methylene blue (MB), a typical model 

water contaminant. The photocatalytic degradation of a methylene blue solution under sunlight for 

samples using cumin, curcuma extract and [Zn (CH3COO)2. 2H2O]. Nanoparticle photocatalytic activity 

is affected by a different of parameters including Radiation intensity, size and surface area. The solution 

put on the magnetic stirrer in the dark for 60 min to equilibrate the adsorption. Subsequently, the samples 

were illuminated by sunlight analyzed by UV-vis Fig. 7. 

Fig. 8 (a, b, c) illustrates the absorbance spectrum of ZnO nanoparticles prepared using sumin,  curcuma 

and chemical method and shows the photocatalytic dye degradation activity of NPs by using MB. 

Following 120 min, the absorbance decreased, suggesting that ZnO NPs degraded the dye for three 

samples.  

Spectroscopy result showed with maximum adsorption wavelength of MB of 660 nm respectively [15,  16, 

22]. The best photocatalytic dye degradation using Curcuma extract at wavelength 660 nm.  

 

Figure 7: stages Decomposition of methylene blue dye 

 

 

Figure 8a: Absorption as a function of wavelength for degradation of MB blue using Cumin extract 
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Figure 8b: Absorption as a function of wavelength for degradation of MB blue using Curcuma extract 

 

 

 

Figure 8c: Absorption as a function of wavelength for degradation of MB blue using chemical method 

 

 

4. Conclusion 

 ZnO nanoparticles were synthesized by a green method using Cumin and Curcuma extracted and 

chemically. ZnO has the hexagonal wurtzite structure form and ZnO NPs size in the range of 23-30 nm. 
This was revealed by XRD diagram. energy gap of synthesized ZnO was (2.4, 3.15, 3.35) eV for Cumin, 

Curcuma extract and chemically respectively, Zinc Oxide NPs confirm degraded a methylene-blue 

solution of 50 mg/L for 120 min under sun light and showed activity in dye degradation (MB) greater by 
using Curcuma extract at wavelength 660 nm than that of cumin and chemical method. Thus, this study 

signifies a simple cheap and eco-friendly way to synthesize ZnO-NPs from Cumin and Curcuma 
extracted, and how to use them as a green photocatalyst for practical uses. 

 

0

1

2

400 500 600 700 800 900

A
b

so
rb

an
ce

(a
.u

) 
Wave length(nm) 

pure

30 min

60 min

90 min

120 min

0

0.2

0.4

0.6

0.8

1

1.2

1.4

350 450 550 650 750 850 950

A
b

so
rb

an
ce

(a
.u

) 

Wave length(nm) 

pure

30 min

60 min

90 min

120 min



Nedal A. Hussain, MJPAS, Vol. 3, No. 3, 2025 

 

27 

Acknowledgment: 

The author thanks the Department of Physics, College of Science - Mustansyriah University for providing its 

laboratory facilities. We would like to thank everyone for their participation in any manner in this initiative. 

Reference 

[1] R. Saini, S. Saini, and S. Sharma, "Nanotechnology: the future medicine," (in eng), J Cutan 

Aesthet Surg, vol. 3, no. 1, pp. 32-3, Jan 2010, doi: 10.4103/0974-2077.63301. 
[2] C. J. Durrant et al., "Ferromagnetic resonance of patterned chromium dioxide thin films grown by 

selective area chemical vapour deposition," Journal of Applied Physics, Article vol. 117, no. 17, 

2015, Art no. 17b707, doi: 10.1063/1.4907766. 
[3] Z. J. Kamil, M. J. Zoory, and H. J. Mohamad, "LIBS technique for plant mineral ratio analysis and 

environmental and agricultural importance: a comprehensive review," European Physical Journal 
D, Review vol. 78, no. 3, 2024, Art no. 27, doi: 10.1140/epjd/s10053-024-00818-6. 

[4] H. J. Mohamad, Y. M. Abdul-Husaain, and U. A. S. Al-Jarah, "The structural, optical, and 

morphological properties of NiO-Cu prepared by spray pyrolysis technique," Microwave and 
Optical Technology Letters, Article vol. 62, no. 11, pp. 3519-3526, 2020, doi: 10.1002/mop.32500. 

[5] D. Nohavica and P. Gladkov, "ZnO NANOPARTICLES AND THEIR APPLICATIONS – NEW 
ACHIEVMENTS." 

[6] D. Raoufi, "Synthesis and microstructural properties of ZnO nanoparticles prepared by 

precipitation method," Renewable Energy, vol. 50, pp. 932-937, 2013/02/01/ 2013, doi: 
https://doi.org/10.1016/j.renene.2012.08.076. 

[7] H. N. Azlina, J. N. Hasnidawani, H. Norita, and S. N. Surip, "Synthesis of SiO2 nanostructures 
using sol-gel method," Acta Physica Polonica A, vol. 129, pp. 842-844, 2016. 

[8] N. Hussain, L. Latif, and H. Mohamad, "Preparation of silver sulphide (Ag2S) thin films by 

chemical bath deposition for photocatalytic application," Indonesian Journal of Electrical 
Engineering and Computer Science, vol. 31, p. 692, 08/01 2023, doi: 

10.11591/ijeecs.v31.i2.pp692-699. 
[9] P. M. Aneesh, A. M, and M. Jayaraj, "Synthesis of ZnO nanoparticles by hydrothermal method," 

Nanophotonic Mater IV, 09/13 2007, doi: 10.1117/12.730364. 

[10] A. Nusseif, N. Hussain, and R. S. Sabry, "Preparation and Wettability of Zinc Oxide 
Nanostructures by Oxidation of Zinc Foil in Hot Water," 10/01 2023. 

[11] J. Singh et al., "The potential of green synthesized zinc oxide nanoparticles as nutrient source for 
plant growth," Journal of Cleaner Production, vol. 214, pp. 1061-1070, 2019/03/20/ 2019, doi: 

https://doi.org/10.1016/j.jclepro.2019.01.018. 

[12] J. Singh, T. Dutta, K. H. Kim, M. Rawat, P. Samddar, and P. Kumar, "'Green' synthesis of metals 
and their oxide nanoparticles: applications for environmental remediation," (in eng), J 

Nanobiotechnology, vol. 16, no. 1, p. 84, Oct 30 2018, doi: 10.1186/s12951-018-0408-4. 
[13] R.-F. Wang et al., "Pomegranate: Constituents, Bioactivities and Pharmacokinetics," Fruit Veg. 

Cereal Sci. Biotechnol., vol. 4, 01/01 2010. 

[14] N. Parshi, D. Pan, V. Dhavle, B. Jana, S. Maity, and J. Ganguly, "Fabrication of lightweight and 
reusable salicylaldehyde functionalized chitosan as adsorbent for dye removal and its mechanism," 

International Journal of Biological Macromolecules, vol. 141, pp. 626-635, 2019/12/01/ 2019, 
doi: https://doi.org/10.1016/j.ijbiomac.2019.09.025. 

[15] A. S. Al Rahbi et al., "Green synthesis of zinc oxide nanoparticles from Salvadora persica leaf 

extract: Characterization and studying methyl orange removal by adsorption," Water Practice and 
Technology, vol. 19, no. 4, pp. 1219-1231, 2024, doi: 10.2166/wpt.2024.042. 

[16] A. Hatamie et al., "Zinc oxide nanostructure-modified textile and its application to biosensing, 
photocatalysis, and as antibacterial material," Langmuir : the ACS journal of surfaces and colloids, 

vol. 31 39, pp. 10913-21, 2015. 

https://doi.org/10.1016/j.renene.2012.08.076
https://doi.org/10.1016/j.jclepro.2019.01.018
https://doi.org/10.1016/j.ijbiomac.2019.09.025


Nedal A. Hussain, MJPAS, Vol. 3, No. 3, 2025 

 

28 

[17] F.-X. Xiao, S.-F. Hung, H. B. Tao, J. Miao, H. B. Yang, and B. Liu, "Spatially branched 

hierarchical ZnO nanorod-TiO2 nanotube array heterostructures for versatile photocatalytic and 
photoelectrocatalytic applications: towards intimate integration of 1D–1D hybrid nanostructures," 

Nanoscale, 10.1039/C4NR04886E vol. 6, no. 24, pp. 14950-14961, 2014, doi: 
10.1039/C4NR04886E. 

[18] A. M. Milon, D. Usha, M. Sankar, and B. M. Ashwin, "Synthesis of ZnO nanoparticles from zinc 

acetate dihydrate – An environmental friendly technique," Materials Today: Proceedings, 03/01 
2023, doi: 10.1016/j.matpr.2023.02.429. 

[19] A. J. Mohammed and S. A. Hamdan, "Study the Effect of Calcined Temperature on Structural, 
Optical and Magnetic Properties for Cobalt Ferrite Nanostructure," Mustansiriyah Journal of Pure 

and Applied Sciences, vol. 2, no. 3, 2024. 

[20] R. Al-Mousawi, A. Saeed, M. Al-Kadhemy, and K. Abbas, "Degradation of Organically Polluted 
Water by Photocatalysis of SnO2: CuO Nanocomposite Under the Influence of Sunlight," 

Mustansiriyah Journal of Pure and Applied Sciences, vol. 1, no. 3, pp. 103-121, 2023. 
[21] R. Vinayagam, R. Selvaraj, P. Arivalagan, and T. Varadavenkatesan, "Synthesis, characterization 

and photocatalytic dye degradation capability of Calliandra haematocephala-mediated zinc oxide 

nanoflowers," Journal of Photochemistry and Photobiology B: Biology, vol. 203, p. 111760, 
2020/01/01/ 2020, doi: https://doi.org/10.1016/j.jphotobiol.2019.111760. 

[22] T. S. Aldeen, H. E. Ahmed Mohamed, and M. Maaza, "ZnO nanoparticles prepared via a green 
synthesis approach: Physical properties, photocatalytic and antibacterial activity," Journal of 

Physics and Chemistry of Solids, vol. 160, p. 110313, 2022/01/01/ 2022, doi: 

https://doi.org/10.1016/j.jpcs.2021.110313. 
[23] F. A. Alharthi, A. A. Alghamdi, A. A. Alothman, Z. M. Almarhoon, M. F. Alsulaiman, and N. Al‐

Zaqri, "Green Synthesis of ZnO Nanostructures Using Salvadora Persica Leaf Extract: 
Applications for Photocatalytic Degradation of Methylene Blue Dye," Crystals, 2020. 

[24] K. Singh, J. Singh, and M. Rawat, "Green synthesis of zinc oxide nanoparticles using Punica 

Granatum leaf extract and its application towards photocatalytic degradation of Coomassie 
brilliant blue R-250 dye," SN Applied Sciences, vol. 1, no. 6, p. 624, 2019/05/22 2019, doi: 

10.1007/s42452-019-0610-5. 
[25] J. Silver, S. Lubis, and M. Ramli, "Green Synthesis, Characterization, and Photocatalytic Activity 

of Zinc Oxide Nanoparticles on Photodegradation of Naphthol Blue Black Dye," Jurnal Kimia 

Sains dan Aplikasi, vol. 26, pp. 363-371, 11/30 2023, doi: 10.14710/jksa.26.9.363-371. 

 

https://doi.org/10.1016/j.jphotobiol.2019.111760
https://doi.org/10.1016/j.jpcs.2021.110313

