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ABSTRACT

This research investigates the environmentally benign biosynthesis of copper oxide nanoparticles utilizing the leaf
extract of Trianthema portulacastrum (TP), offering a sustainable substitute for conventional chemical and physical
techniques. The synthesised CuO nanoparticles were thoroughly characterized using many techniques, where FTIR
examination verified the existence of Cu—O bonds, signifying successful nanoparticle production, whilst UV-Vis
spectroscopy displayed a prominent absorbance peak at 722.9 nm, typical of CuO nanoparticles. SEM investigation
revealed primarily spherical particles measuring between 18 and 30 nm, corroborated by DLS observations.
Antimicrobial activity was evaluated using well-diffusion experiments, demonstrating significant antibacterial
efficacy. The CuO nanoparticles demonstrated greater zones of inhibition against Escherichia coli and Salmonella
than ordinary gentamicin, highlighting their potential as effective antibacterial agents. Antifungal activity was
moderate, with inhibition zones measuring 19 mm against Candida albicans and 21 mm against Fusarium.
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INTRODUCTION
Nanotechnology advances medicine, electronics, and environmental science by manipulating materials at
the nanoscale. There are two primary methods for synthesizing nanoparticles: chemical and physical. The
chemical method involves using hazardous chemicals to stabilize nanoparticles and reduce metal atoms,
often leading to significant environmental pollution. On the other hand, the physical method is highly
resource-intensive, requiring expensive equipment, high energy consumption, and extensive testing in
controlled environments. Physical methods, such as laser ablation, evaporation-condensation, and ball
milling, involve manipulating physical properties to produce NPs with precise control over size and shape,
but they require expensive equipment and high energy input.' Precipitation, sol-gel, and hydrothermal
synthesis are scalable nanoparticle production processes; however, they use hazardous chemicals and
produce toxic byproducts, posing environmental and health issues.”> Biological methods, or green
synthesis, utilize plants, bacteria, fungi, and algae to reduce metal ions into NPs, providing an
environmentally friendly, low-cost alternative with narrow size distributions and functionalized surfaces,
although they may be slower and limited by organism growth rates.>> In the past few decades,
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improvements in nanoparticle technology have greatly affected the medical, pharmaceutical, and textile
businesses. Metal nanoparticles, such as silver, zinc, and gold, have been applied as therapeutic agents.®’
Transition metal oxides such as oxides of titanium, ferrites, magnesium, zinc, copper, nickel, gold, and
silver are used in various advanced uses in energy, healthcare, and the environment because they can
effectively attract and hold onto substances, improving their performance.® The production of metal and
metal oxide nanoparticles is moving away from physical and chemical processes and towards biological
methods, which are referred to as biosynthesis or green synthesis.”!'® This method, which promotes
biocompatibility and allows for large-scale production, makes use of reducing agents that are bacteria,
fungi, algae, yeast, and plant extracts.!!:!> Researchers are becoming more interested in the biological
features of metal nanoparticles, especially metal oxides such as copper oxide. CuO nanoparticles
(CuONPs) show superior biological and photocatalytic activities compared to metal nanoparticles.®!?
They can be used in gas monitors, waste treatment, catalysts, batteries, food preservation,
superconductors, solar energy, solar panels, dye removal, field emission devices, and farming. CuONPs
have strong anticancer, antimicrobial, and antioxidant qualities, which make them useful in medicine.
Various physicochemical methods, such as microwave irradiation, thermal breakdown, sol-gel processes,
colloidal synthesis, sonochemical techniques, hydrothermal methods'?, and quick precipitation, have been
used to synthesise CuONPs with desired qualities.'*!> The present study focuses on the synthesis of
CuONPs from the leaves of the medicinal herb Trianthema portulacastrum. The obtained copper oxide
nanoparticles were subjected to characterisation by FTIR, UV, Dynamic light scattering, Morphological
study, diffraction study, and antibacterial studies.

Trianthema Portulacastrum

The Aizoaceae family includes the traditional and culinary plant Trianthema portulacastrum Linn. (TP),
which originates in tropical Asia, Southeast Africa, and tropical America (Uttam et al and Kavitha et al).
TP is a "weed" that grows rampant in areas that receive heavy rainfall and are well-irrigated, including
parts of India and its neighbours Pakistan, Sri Lanka, and Bangladesh. It holds great importance in
Ayurvedic procedures and other forms of traditional Indian medicine'® (Uttam). The pharmacological
effects of the plant are due in part to its rich content of bioactive chemical components, including
alkaloids, glycosides, phenolic compounds, and flavonoids'? (Patil-Patankar). TP has a wide range of
medicinal uses, including as an antioxidant, hepatoprotective agent, antifungal, anti-inflammatory, and
wound-healing agent'8. Trianthema portulacastrum Linn. contains ecdysterone as its principal constituent,
along with other phytochemicals such as trianthenol, leptorumol, 3-acetylaleuritolic acid, 5,2'-dihydroxy-
7-methoxy-6,8-dimethylflavone, 3.,4-dimethoxycinnamic acid, p-methoxybenzoic acid, 5-hydroxy-2-
methoxybenzaldehyde, and beta cyanin.!

Fig.-1: Trianthema portulacastrum Leaves

EXPERIMENTAL

Trianthema Portulacastrum Leaf Extract Preparation

The harvested Trianthema portulacastrum leaves were thoroughly washed with distilled water to remove
any impurities. The leaves were then cut into small pieces to enhance the extraction process.
Approximately 30 g of the prepared leaf material was used in the preparation of an aqueous plant extract.
The extraction process involved boiling the leaf material in 100 mL of distilled water for 1 hour to release
bioactive compounds. After boiling, the mixture underwent filtration using Whatman filter paper No. 44
to separate the solid residues from the liquid extract. The resulting filtrate was further purified by
centrifugation, and the clear supernatant was carefully collected. The extract was then stored in a
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refrigerator at 4 °C for future use. This extract served as a source of bioactive compounds for subsequent
analysis or experimentation.

Synthesis of Copper Oxide Nanoparticles

CuO nanoparticles were synthesized by dissolving 0.1 N copper sulfate (CuSO+ ) in a beaker, heating to
60°C, and stirring using a magnetic stirrer. The prepared leaf extract was added dropwise to the solution
in a basic medium, resulting in a color change from blue to green over 45 minutes, indicating the

reduction of Cu?* to CuO. After the reaction, the mixture was centrifuged at 5000 rpm for 15 minutes to

separate the nanoparticles. The resulting 7PCuO NPs were calcined at 500°C to improve crystallinity and
remove organic residues. The cooled CuO nanopowder was then packed for further characterization and
experimental studies.?

Fig.-2: Biosynthesis of Trianthema portulacastrum-CuONPs

Phytochemical Analysis

Phytochemical examination of primary and secondary metabolites in medicinal plants employs a variety
of conventional techniques. Fehling's carbohydrate test was carried out by mixing equal amounts of leaf
extract with Fehling's A and B reagents, then heating for 3-5 minutes until a red precipitate appeared,
indicating the presence of reducing sugars.?! The iodine test for starch entailed combining 2 mL of
Trianthema portulacastrum leaf extract with iodine and potassium iodide, which resulted in a blue colour
indicating starch. The Biuret test for proteins was performed by mixing 1 mL of leaf extract with 3%
copper sulphate and 10% sodium hydroxide, resulting in the production of violet or red colour,
demonstrating the presence of proteins or peptides.?? Salkowski's test for steroids was used to detect
secondary metabolites, in which Trianthema portulacastrum leaf extract was agitated with chloroform,
and sulphuric acid was added, resulting in a crimson colour that indicated steroids.”> Wagner's alkaloids
test entailed combining the leaf extract with a solution of potassium iodide and iodine, which produced a
precipitate that indicated the presence of alkaloids.?*

ibydeoxy -7-methoxy-S, §-dimethy favone

Fig.-3: Phytochemicals in Trianthema portulacastrum

RESULTS AND DISCUSSION
FTIR Spectrum
The FTIR spectrum of copper oxide nanoparticles displays (Fig.-4) distinct peaks that represent different
functional groups. Indicating the presence of surface hydroxyl groups or water, the wide peak at 3437.46

cm™ is correlated with O-H stretching. The stretching of C-H bonds and the bending of H-O-H bonds
correspond to peaks at 2927.66 cm™ and 1641.1 cm™, respectively, and suggest the presence of organic
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residues and water, respectively. You may see C-O stretching at 1436.91 cm™, C-C vibrations at 1161.38

cm™, and C-C vibrations at 1028.88 cm™. Peaks at 778.25 cm™ and 603.87 cm™ validate the stretching of
Cu-O bonds, which is a hallmark of copper oxide.
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Fig.-4: FTIR Spectrum of 7p- CuO
UV-Vis Absorbance Spectrum
Copper oxide nanoparticles, specifically associated with the electronic transitions of Cu?** ions, are

indicated by the UV-Vis absorbance peak at 722.9 nm, which has an absorbance of 0.345 AU. Since
copper oxide is a semiconductor, its surface plasmon resonance (SPR) or d-d transitions are what cause
this peak to appear in the visible to near-infrared spectrum. Particle size, shape, and surface conditions
can also affect the peak's intensity and location, which proves that the synthesis was effective and that the

material is nanostructured (Fig.-5).
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Fig.-5: UV-Visible Spectrum of 7p-CuONPs

Dynamic Light Scattering (DLS)

With a z-average diameter of 1059.8 nm and a high Poly Dispersion Index of 1.013, copper oxide
nanoparticles aggregate and have a broad size dispersion under DLS analysis. The diffusion coefficient of
1.422x107° cm?/s reflects the presence of large particles or aggregates (Fig.-6). The intensity distribution
spans from 154.8 nm to 4,800 nm, with 52% cumulative intensity, showing that larger particles dominate

the sample which highlights the significant aggregation.
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Fig.-6: DLS of Tp-CuONPs
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Morphological Features of CuO Nanoparticles

The surface morphology of 7p- CuO nanoparticles was analyzed using SEM and is shown in Fig.-7. SEM
shows spherical nanoparticles with slight agglomeration.?> Electrostatic and polarity interactions between
CuO nanoparticles, which are affected by salt precursor concentration, may cause this aggregation. The
particle size of the CuO nanoparticles, as observed in the SEM image, ranges from 18 to 30 nm, which is
in good agreement with the XRD data.
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Fig.-7: SEM Images of Tp- CuO NPs at 1pm and 200 nm

XRD

The X-ray diffraction (XRD) data for copper nanoparticles shown in the Fig.-8 reveal the presence of
multiple phases: metallic copper (Cu), copper (I) oxide (Cuz O), and cuprous chloride. The peak at
43.27° (d = 2.089 A) corresponds to the (111) plane of face-centered cubic (fcc) metallic copper, as per
JCPDS card No. 04-0836. The peak at 35.56° (d = 2.52496 A) is indicative of the (110) plane of cubic
Cuz O. The peak at 28.52° (d = 3.1298 A) may correspond to the (111) plane of CuCl, suggesting the
presence of residual copper chloride in the sample.?® These findings indicate successful synthesis of
copper nanoparticles, with partial oxidation to Cuz O and possible residual CuCl.

¥ ¥ v
alh L it

T T T T T T
20 20 @ s e 70
Pasien [2Them]

Fig.-8: Characterization by X-ray Diffraction
Antimicrobial Assay
Copper oxide nanoparticles (CuO NPs) were tested for their antibacterial and antifungal activities using
the well-diffusion method, as shown in Fig.-9.
The CuO NPs were synthesised using Trianthema portulacastrum leaf extract. In the antibacterial test,
CuO NPs were observed to be effective against gram-negative Escherichia coli, gram-positive
Pneumococci, and Mycobacterium tuberculosis. Compared to the control gentamicin, CuO NPs displayed
bigger zones of inhibition for E. coli, Salmonella, and M. tuberculosis, suggesting that these gram-
negative and gram-positive bacteria were more effectively killed. The zone of inhibition is caused by the
fact that CuO NPs can enter bacterial cells and interact with substances within them, leading to oxidative
stress and a disruption of cellular processes. Gram-negative bacteria may be more susceptible to CuO NPs
due to their distinct cell walls.?’
This was especially true when testing against the gram-negative bacteria Escherichia coli and Salmonella,
which showed higher inhibition. On the other hand, when it came to the antifungal test, CuO NPs showed
modest activity against Candida albicans and Fusarium, with inhibition zones of 19 mm and 21 mm,
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respectively. Gentamicin, on the other hand, showed much greater inhibition zones of 25 mm and 23 mm,
respectively.
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Fig.-9: Bar Chart of Inhibition Zone of Different Microbes at Various Concentrations against the Standard
Gentamicin Antibiotic

These findings suggest that CuO NPs synthesized from T. portulacastrum leaf extract are more effective
as antibacterial agents, particularly against gram-negative bacteria like E. coli and Salmonella, as well as
gram-positive bacteria such as M. tuberculosis, while their antifungal activity is relatively less
pronounced.

CONCLUSION

The biosynthesized CuO nanoparticles exhibited nanoscale features, as confirmed by FTIR and SEM
analyses, which revealed characteristic Cu-O stretching and particle sizes between 18 and 30 nm. The
UV-Vis spectrum verified successful synthesis with a peak at 722.9 nm, indicating a nanostructured
material. Dynamic Light Scattering (DLS) results showed high polydispersity, suggesting nanoparticle
aggregation, which may influence certain applications. Nanoparticles showed exceptional antibacterial
action, notably against gram-negative bacteria like E. coli and Salmonella, with inhibition zones wider
than traditional antibiotics, suggesting they could be a better antibacterial product. Conversely, their
antifungal activity was modest, with inhibition zones of 19 mm and 21 mm for Candida albicans and
Fusarium, respectively. These findings highlight the significant antibacterial potential of CuO NPs while
suggesting the need for further investigation into their antifungal capabilities and broader applications in
antimicrobial and environmental domains.
ACKNOWLEDGMENTS
Authors are grateful to the Management and the students of their institutions for their support.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS
The present work is related to SDG-3: Good Health and Well-being. All the authors contributed
significantly to this manuscript, participated in reviewing/editing and approved the final draft for
publication. The research profile of the authors can be verified from their ORCID ids, given below:

2192
BIOSYNTHESIS OF CuO NANOPARTICLES A. Kasthuri ef al.



A. Kasthuri
V. Senthilkumar

RASAYAN J. Chem.
Vol. 18 | No. 4 |2187-2194 October-December | 2025

© https://orcid.org/0000-0003-3170-7722
© https://orcid.org/0000-0003-1673-3180
© https://orcid.org/0000-0001-6753-1242

K. K. Ilavenil ® https://orcid.org/0000-0002-6794-6533

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES
S. Dubey, T. Virmani, S. K. Yadav, A. Sharma, G. Kumar, A. Alhalmi, Journal of Nanomaterials,
9914079(2024), https://doi.org/10.1155/2024/9914079
R. Vishwanath and B. Negi, Current Research in Green and Sustainable Chemistry, 4, 100205 (2021),
https://doi.org/10.1016/j.crgsc.2021.100205
S. Dhir, R. Dutt, R.P. Singh, M. Chauhan, T. Virmani, G. Kumar, A. Alhalmi, M.S. Aleissa, H.A.
Rudayni, and M. Al-Zahrani, Processes, 11, 2698 (2023), https://doi.org/10.3390/pr11092698
P. Pandian, A. Kasthuri, P. Sameerabanu, and K.K. llavenil, Oriental Journal of Chemistry, 40,
1290(2024), https://doi.org/10.13005/0jc/400510
V. Senthilkumar and K.K. Ilavenil, Rasayan Journal of Chemistry, 17, 1189(2024),
http://doi.org/10.31788/RJC.2024.1738820
S. A. Akintelu and A. S. Folorunso, Stem Cell, 10, 30(2019),
http://doi.org/10.7537/marsscj100419.05
M. Srinivasan, M. Venkatesan, V. Arumugam, G. Natesan, N. Saravanan, S. Murugesan, S.
Ramachandran, R. Ayyasamy, A. Pugazhendhi, Process Biochemistry, 80, 197(2019),
https://doi.org/10.1016/j.procbio.2019.02.010
S. Sundar, G. Venkatachalam, S.J. Kwon, Nanomaterials, 8, 823(2018),
https://doi.org/10.3390/nano8100823
K.K. Ilavenil, A. Kasthuri, P. Pandian, Rasayan Journal of Chemustry, 16, 596(2023),
http://doi.org/10.31788/RJC.2023.1628221
S. Vasantharaj, S. Sathiyavimal, M. Saravanan, P. Senthilkumar, K. Gnanasekaran, M. Shanmugavel,
E. Manikandan, A. Pugazhendhi, Journal of Photochemistry and Photobiology B: Biology, 191,
143(2019), https://doi.org/10.1016/j.jphotobiol.2018.12.026
K.K. Ilavenil, V. Senthilkumar, A. Kasthuri, S. Sivaraman, Materials Today Procedings, (2024),
https://doi.org/10.1016/j.matpr.2024.05.144
M. D. Moroda, T. L. Deressa, A. H. Tiwikrama, T. F. Chala, Next Materials, 7, 100337(2025),
https://doi.org/10.1016/j.nxmat.2025.100337
S.T. Fardood, A. Ramazani, P.A. Asiabi, S.W. Joo, Journal of Structural Chemistry; 59, 1737(2018),
https://doi.org/10.1134/S0022476618070302
P. Pandian, A. Kasthuri, K.K. Ilavenil, S. Abarna, Materials Today Procedings, (2024),
https://doi.org/10.1016/j.matpr.2024.05.143
K. Vishveshvar, M.V. Aravind Krishnan, K. Haribabu, S. Vishnuprasad, BioNanoScience, 8,
554(2018), https://doi.org/10.1007/s12668-018-0508-5
K. Sukalingam, K. Ganesan, K. Ponnusamy, V. Venugopal, /nternational Journal of Pharmaceutical
and Chemical Sciences, 4, 269(2015), https://doi.org/10.21276/ijpcs.2015.4.2.269
D. Kavitha, R. Parvatham, P. R. Padma, International Journal of Pharmacy and Pharmaceutical
Sciences, 6, 675 (2016).
V. Patil-Patankar, in Herbal Formulations, Phytochemistry and Pharmacognosy, 2024, 199(2024),
https://doi.org/10.1016/B978-0-443-15383-9.00031-7
P. Hasanpuri, N. Kataria, H. Kumar, P. Sharma, N. Singh, S.S. Yadav, Phytochemistry Reviews,
1(2024), https://doi.org/10.1007/s11101-024-10046-w
M. A. Pavan Kumar, D. Suresh, A. H. Sneharani, Journal of Dispersion Science and Technology, 46,
1227(2025), https://doi.org/10.1080/01932691.2025 XXX XXX

2193

BIOSYNTHESIS OF CuO NANOPARTICLES A. Kasthuri ef al.


https://orcid.org/0000-0003-3170-7722
https://orcid.org/0000-0003-1673-3180
https://orcid.org/0000-0001-6753-1242
https://orcid.org/0000-0002-6794-6533
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/9914079
https://doi.org/10.1016/j.crgsc.2021.100205
https://doi.org/10.3390/pr11092698
https://doi.org/10.13005/ojc/400510
http://doi.org/10.31788/RJC.2024.1738820
http://doi.org/10.7537/marsscj100419.05
https://doi.org/10.1016/j.procbio.2019.02.010
https://doi.org/10.3390/nano8100823
http://doi.org/10.31788/RJC.2023.1628221
https://doi.org/10.1016/j.jphotobiol.2018.12.026
https://doi.org/10.1016/j.matpr.2024.05.144
https://doi.org/10.1016/j.nxmat.2025.100337
https://doi.org/10.1134/S0022476618070302
https://doi.org/10.1016/j.matpr.2024.05.143
https://doi.org/10.1007/s12668-018-0508-5
https://doi.org/10.21276/ijpcs.2015.4.2.269
https://doi.org/10.1016/B978-0-443-15383-9.00031-7
https://doi.org/10.1007/s11101-024-10046-w
https://doi.org/10.1080/01932691.2025.XXXXXX

21

22.

23.

24.

25.

26.

27.

RASAYAN J. Chem.
Vol. 18 | No. 4 |2187-2194 October-December | 2025

P. Hasanpuri, N. Kataria, H. Kumar, P. Sharma, N. Singh, S. S. Yadav, Phytochemistry Reviews,

1(2024), https://doi.org/10.1007/s11101-024-10001-2

R.S. Verma, N. Kumar, A. Chauhan, P.S. Negi, Phytochemistry Reviews, 19, 951(2020),

https://doi.org/10.1007/s11101-020-09747-9

K. Pandey, T. Y. Uba, F. Bux, M. A. Yahaya, S. A. Gezawa, Ethnobotany Research and Applications,

31, 1(2025), https://doi.org/10.32859/era.31.1.1-26

S. Chandra, R. Khan, A. Avula, S. Sahai, Pharmacognosy Research, 5, 122(2013),

https://doi.org/10.4103/0974-8490.110108

S. R. Balasubramani, L. S. Ewe, S. Senthilkumar, V. N. Murthy, W. K. Yew, R. Baskaran, S. K.

Tiong, Environmental Technology Reviews, 14, 797(2025),

https://doi.org/10.1080/21622515.2025.2547175

R.  Chowdhury, A. Khan, M.H. Rashid, RSC Advances, 10, 14374(2020),

https://doi.org/10.1039/d0ra01479f

Karimiyan, H. Najafzadeh, M. Ghorbanpour, S.H. Hekmati-Moghaddam, Zahedan Journal of

Research in Medical Sciences, 17, €2179(2015), https://zjrms.com/en/articles/2179.html
[RJC-9381/2025]

2194

BIOSYNTHESIS OF CuO NANOPARTICLES A. Kasthuri ef al.


https://doi.org/10.1007/s11101-024-10001-2
https://doi.org/10.1007/s11101-020-09747-9
https://doi.org/10.32859/era.31.1.1-26
https://doi.org/10.4103/0974-8490.110108
https://doi.org/10.1080/21622515.2025.2547175
https://doi.org/10.1039/d0ra01479f
https://zjrms.com/en/articles/2179.html

