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Abstract

Green synthesis has emerged as a sustainable and cost-effective alternative to conventional chemical methods for the fabrication of metal 
nanoparticles. In current research, palladium nanoparticles (PdNPs) were synthesized using blueberry fruit extract through an eco-friendly green synthesis 
approach. The phytochemical constituents present in blueberry extract served as effective reducing and stabilizing agents, facilitating the formation of 
PdNPs without the need for hazardous chemicals. The synthesized nanoparticles were comprehensively characterized employing “scanning electron 
microscopy (SEM), ultraviolet–visible (UV–Vis) spectroscopy, X-ray diffraction (XRD), transmission electron microscopy (TEM). XRD results exhibited 
characteristic diffraction peaks at 39.98° (111), 46.49° (200), and 67.95° (220), confirming the crystalline nature and face-centered cubic (FCC) structure 
of PdNPs. Morphological investigations by SEM and TEM suggested formation of predominantly spherical nanoparticles with sizes ranging from 30±5 
nm. Furthermore, biogenically synthesized PdNPs displayed promising antibacterial activity against Gram-positive and Gram-negative” bacterial strains. 
Biosynthesis “of palladium nanoparticles employing aqueous blueberry fruit extract and their potential application as” Antibacterial agents.
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Introduction
The rapid development of nanoscience and nanotechnology has 

significantly transformed modern scientific research, making the 
field one of the most influential areas of the twenty-first century. 
The progress of nanotechnology largely depends on the ability 
to synthesize metal NPs with controlled size, morphology, shape 
and to integrate them effectively into complex systems for diverse 
applications. Among the various methods available for nanoparticle 
production, biological or green synthesis becomes “sustainable and 
environmentally friendly alternative to” conventional physical as well 
as chemical approaches [1-3]. Biogenic nanomaterials offer several 
advantages, encompassing lower energy consumption, reduced 
toxicity, and utilization of renewable biological resources. Various 
biological entities such as microorganisms, plants, and animal-derived 
materials “have been employed as reducing and stabilizing agents for 
nanoparticle synthesis [4-6]. In particular, plant-mediated synthesis 
has gained considerable attention because of its cost-effectiveness, 
eco-friendliness, simplicity nature. The abundance of phytochemicals 
present in plant extracts enables the efficient reduction” of metal ions 
from their oxidized states to their corresponding zero-valent metallic 
nanoparticles.

Blueberry (Vaccinium Corymbosum), belonging to Ericaceae 
family, rich source of diverse phytochemicals and bioactive 
compounds. The fruit contains substantial amounts of polyphenols, 
flavonoids, anthocyanins, proanthocyanidins, and Vitamin C,Vit K1, 
Vit E, and other minerals that display a variety of biological activity 
[3]. blueberries have been “reported to possess antibacterial, anti-
inflammatory, antiviral, antioxidant, antimutagenic, anticarcinogenic, 
antitumor, and antiangiogenic properties [7]. Due to these therapeutic 
benefits, they have long been” employed in conventional medicine for 
treating and preventing microbial infections [8].

Concentration and composition of phenolic compounds in 
blueberries vary with cultivar, geographical location, climatic 
conditions, fruit maturity, harvesting time, and storage conditions. 
blueberries are recognized for their health benefits [9-10], 
including the prevention of dental caries, periodontal diseases, 
urinary tract infections, inflammation, digestive disorders, and 
hypercholesterolemia.

In current research, PdNPs were synthesized employing 
aqueous blueberry extract (ABE) and evaluated for their biological 

Figure 1: Cyanidin “and peonidin are the major anthocyanin glycosides 
found in fruit. Quercetin glycosides are the major flavanols in blueberry fruit; 
myricetin glycosides are present in lesser quantities. The triterpenoid ursolic 
acid is also present in” blueberry fruits.

Figure 2: Graphical “representation of the green synthesis of PdNPs using 
phytochemicals present in the” ABE.

Figure 3: UV-vis absorption spectra of biogenic ABE  PdNPs.

Figure 4: (a) FTIR spectrum of ABE, (b) FTIR spectrum of ABE PdNPs.
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applications. PdNPs possess excellent oxidation resistance, stability, 
biocompatibility, and catalytic activity, along with superior optical, 
electronic, and plasmonic properties. Their “face-centered cubic 
(fcc)” crystal structure enables formation of diverse morphologies 

[11-12], while their exceptional hydrogen absorption capacity makes 
them valuable for sensing, storage, and catalytic applications.

Conventional “physical and chemical synthesis methods 
frequently necessitate expensive equipment, high energy input, and 
toxic reducing agents, generating” hazardous by-products that limit 
biomedical applications. In contrast, green synthesis offers simple, 
environmentally friendly, cost-effective alternative. Biological 
resources like “plant extracts act as natural reducing and stabilizing 
agents, enabling controlled NP synthesis. ABE serves as an efficient 
reducing and capping agent for the one-step synthesis of eco-friendly 
PdNPs. This sustainable approach offers a promising route for 
forming functional PdNPs with potential applications in catalysis, 
environmental” remediation, and biomedicine [13-15].

Furthermore, a comprehensive survey of the existing literature 
revealed that blueberry (Vaccinium Corymbosum) fruit extract has 
previously been discovered for green synthesis of PdNPs. Therefore, 
we reveal eco-friendly synthesis and stabilization of PdNPs employing 
ABE as “both reducing and capping agent. The synthesized PdNPs 
were thoroughly characterized using a range of spectroscopic 
and microscopic techniques, including Transmission Electron 
Microscopy (TEM), Fourier Transform Infrared (FTIR) spectroscopy 
UV–Visible spectroscopy. In addition, the biological efficacy of 
the prepared nanoparticles was evaluated by investigating their 
antibacterial properties, signifying their potential for biomedical” and 
therapeutic applications.

Figure 5: XRD pattern of biosynthesized ABE PdNPs.

Figure 6: SEM image of ABE PdNPs.

Figure 7: (a) TEM image, (b) particle size distribution of ABE PdNPs.

Figure 8: Antibacterial “study of biogenic ABE PdNPs against pathogenic 
Gram-positive (Bacillus subtilis, Enterococcus faecalis) and Gram-negative 
(Pseudomonas aeruginosa, Klebsiella pneumonia). (a) 0 μg per well, (b) 50 
μg per well, (c) 100 μg per well, (d) 150 μg per well, (e) 200 μg per” well, (f) 
azithromycin (30 μg mL−1).
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Materials and Methods 
Materials

Ripen fruits of blueberry were purchased from a local market 
in Hyderabad, India our university garden. We bought palladium 
chloride (PdCl2) from Mumbai, India’s S.D. Fine Chemicals. 
Analytical-grade reagents were all utilized without additional 
purification. During experiment, double-distilled (DD) water was 
utilized.

Preparation of Aqueous blueberry Fruit Extract

To remove dust, surface contaminants, and fungal spores, the 
fruits were thoroughly cleaned multiple times with distilled water. 
10 g of fresh blueberries were crushed and homogenized in 100ml of 
DD water to make the aqueous extract. Resulting mixture then 
centrifuged to separate the solid residues and obtain a clear extract. 
The supernatant was collected and kept at 5 °C for subsequent usage 
in biosynthesis of PdNPs.

Green Synthesis of Palladium Nanoparticles (PdNPs)

They were synthesized employing aqueous blueberry extract as 
a bioreducing and stabilizing agent. Briefly, adding dropwise 1mL 
of aqueous blueberry extract to 10mL of a 1mM aqueous palladium 
(II) chloride (PdCl2) solution under continuous stirring. Reaction 
mixture was treated with microwave irradiation for 2min. Reduction 
occurs slowly by the appearance of an intense black color, highlighting 
reduction of Pd²⁺ ions as well as formation of PdNPs. The PdNPs 
synthesis has been initially confirmed by visual observation and 
subsequently verified using UV–Visible spectroscopic analysis in 
wavelength ranging 300 to 500nm. Synthesized nanoparticles were 
then collected by centrifugation at 6000 rpm, washed to remove 
residual impurities, and dried for further characterization and 
applications.

Antibacterial Activity

The agar “well diffusion method” biosynthesized PdNPs’ 
antibacterial activity [16–17]. Four bacterial strains were chosen as 
test organisms: Pseudomonas aeruginosa, Klebsiella pneumoniae, 

(Gram-negative bacteria), and Enterococcus faecalis, Bacillus subtilis 
(Gram-positive bacteria).

The “antimicrobial activity of AgNPs has been assessed utilizing 
agar well diffusion approach. Preparing nutrient agar plates 
and allowed to solidify under laminar airflow conditions. After 
solidification, bacterial” cultures uniformly swabbed onto agar 
surface. Wells created in agar utilizing sterile 1 mL micropipette tips 
and filled with nanoparticle “solution at a concentration of 100µg 
mL⁻¹. Following 37°C, zones” of inhibition have been assessed.

Results and Discussion
UV–Visible Spectral Analysis

The formation of palladium nanoparticles was initially confirmed 
through UV–visible spectroscopy by comparing the absorption 
characteristics of the precursor palladium chloride solution and 
the synthesized nanoparticles. Unlike AuNPs & AgNPs, exhibiting 
characteristic localized surface plasmon resonance (LSPR) bands 
responsible for their vivid colors, palladium nanoparticles generally 
do not display a distinct surface plasmon resonance peak. Instead, 
they are characterized “by a broad and continuous absorption profile 
across the visible region ([18-19].

(Figure 3) presents the UV–visible spectra of the PdCl2 solution 
and the PdNPs obtained after microwave irradiation using blueberry 
fruit extract. The PdCl₂ solution exhibited a prominent absorption 
band around 425 nm, attributed to ligand-to-metal charge transfer 
(LMCT) transitions and d–d electronic transitions related to Pd (II) 
ions. Following nanoparticle formation, this characteristic absorption 
peak disappeared, demonstrating complete reduction of Pd (II) ions” 
to metallic palladium. In contrast, the synthesized PdNPs displayed 
broad absorption band extending from the near-ultraviolet to visible 
region, which is characteristic of PdNPs and confirms their successful 
formation.

FTIR

The successful formation of palladium nanoparticles (PdNPs) 
stabilized blueberry fruit extract was further confirmed by FTIR 
analysis via identifying various “functional groups in NPs reduction 
and stabilization. Figure 3 represents FTIR spectra of” the fruit extract 
and the synthesized PdNPs. O–H as a broad absorption band at 3285 
cm⁻¹, whereas aliphatic C–H stretching vibrations in the fruit extract 
were identified as a weak peak at 2851cm⁻¹. The bands detected at 
1602 & 1404cm⁻¹ were “attributed to the symmetric and asymmetric 
stretching vibrations of COO⁻ and C=O groups, correspondingly. 
Carbonyl” and carboxylate functional groups’ C–O stretching 
vibrations were linked to a strong, abrupt peak at 1013cm⁻¹ [42].

Comparison of FTIR spectra of fruit extract and PdNPs revealed 
slight shifts in peak positions and variations in peak intensities, 
indicating the involvement of these biomolecules in nanoparticle 
formation. Additionally, a new peak appeared at 1720 cm⁻¹ in the 
PdNP spectrum, corresponding to stretching vibration of C=O group. 
Such spectral changes suggest interactions between functional groups 
of phytochemicals and palladium ions, leading to “reduction of Pd(II) 
to Pd(0) and” subsequent stabilization of synthesized nanoparticles.

XRD Analysis

XRD analysis took place for investigating crystalline structure of 

Figure 9: Histogram “of antibacterial activity of biosynthesized” ABE PdNPs.
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biogenically synthesized PdNPs. As illustrated “in (Figure 5) XRD 
pattern exhibited distinct diffraction peaks” at 2θ values 39.98°, 
46.49°, & 67.95°, which were “indexed to (111), (200), and (220) 
lattice planes, respectively. The” presence of these reflections confirms 
the successful formation of crystalline metallic palladium with FCC 
structure. Additionally, observed “diffraction pattern closely matches 
standard” JCPDS data for palladium, verifying phase purity as well as 
crystallographic identity of the synthesized NPs.[20]

Among the observed reflections, (111) plane “exhibited the 
highest intensity, suggesting that crystal growth preferentially 
occurred along this” direction. Applying “equation, full width at half 
maximum (FWHM) of (111) diffraction peak was computed for” 
determining “average crystallite size of the produced PdNPs. The” 
average crystallite size determined was roughly 6.7nm.

SEM and TEM Analysis

Employing morphology of synthesized PdNPs was investigated. 
The “NPs had a mostly spherical morphology and a rather uniform 
distribution, as” seen in (Figure 6a).

Further structural and size characterization was carried out using 
TEM. The TEM images suggested the formation of well-dispersed 
nanoparticles with homogeneous morphology under optimized 
synthesis conditions [21]. Particle size analysis obtained from the 
histogram plot (Figure 7 b) indicated an average particle size is 30±5 
nm. TEM demonstrated that the nanoparticles were composed of 
aggregated nanocrystalline domains arranged into extended and 
well-defined network-like structures. These observations confirm the 
successful formation of small, crystalline, and uniformly distributed 
palladium nanoparticles.                     

Antibacterial Activity

The agar has been employed to assess the biogenic PdNPs’ 
antibacterial activity. Test organisms included “two Gram-positive 
bacterial strains (Enterococcus faecalis and Bacillus subtilis) and 
two Gram-negative strains (Pseudomonas aeruginosa and Klebsiella 
pneumoniae). The antibacterial activity of synthesized nanoparticles 
was verified by development of a distinct inhibition zone surrounding 
PdNP-treated wells following a 24-h incubation period (Figure 13). 

Significant antibacterial action against both Gram-positive as well 
as Gram-negative bacteria was also demonstrated by” aqueous 
cranberry fruit extract utilized for PdNP production [22–25]. Primary 
mechanism of metal NPs antibacterial action is their ingestion and 
contact with bacterial cell membranes, which disrupts membrane 
transport. Additionally, nanoparticles may interact with cellular 
enzymes and DNA, resulting in respiratory inhibition and cell death.

Findings of present study revealed “that the biogenically 
synthesized palladium nanoparticles exhibited greater antibacterial 
activity against Gram-negative bacterial strains than against Gram-
positive strains, as” “summarized in (Table 1). These observations 
align with previously reported research on antimicrobial properties 
of palladium nanoparticles. As illustrated in (Figures 8) (Figure 9), 
the PdNPs synthesized using aqueous blueberry fruit extract showed 
pronounced bactericidal effects, particularly against Gram-negative 
bacteria.

Enhanced susceptibility of “Gram-negative bacteria may be 
attributed” to their relatively thin peptidoglycan layer, facilitating 
easier penetration” of nanoparticles into the bacterial cell. Once 
internalized, the PdNPs can interfere with essential cellular and 
metabolic functions, ultimately leading to bacterial growth inhibition 
and cell death. Conversely, thicker peptidoglycan wall present in 
Gram-positive bacteria might act as a protective barrier, reducing 
nanoparticle penetration and antibacterial effectiveness.

Furthermore, the phytochemical compounds from the blueberry 
fruit extract that remain adsorbed on the nanoparticle surface 
as capping agents may contribute synergistically to the observed 
antimicrobial activity, thereby enhancing the overall bactericidal 
performance of the synthesized PdNPs against Gram-negative 
microorganisms.

Conclusion
By blueberry fruit extract with a PdCl2 solution, green techniques 

were successfully employed to generate palladium nanoparticles. This 
has been validated by UV-visible spectrum analysis, eliminating SPR 
peak. PdNPs’ face-centered cubic structure and crystalline character 
were validated by XRD analysis. The biosynthesized PdNPs’ spherical 
shape, particle size 30±5 nm demonstrated by TEM images.  PdNPs 
antibacterial activity generated from aqueous blueberry fruit extract 
was assessed “against Gram-positive (Enterococcus faecalis, Bacillus 
subtilis), Gram-negative (Klebsiella pneumonia, Pseudomonas” 
aeruginosa) bacteria. Results showed a significant zone of inhibition.

References
1.	 Malik S, Muhammad K, Waheed Y (2023) Nanotechnology: A Revolution in 

Modern Industry. Molecules 28:  661.  

2.	 Samuel MS,  Ravikumar M, Ashwini JJ,  Selvarajan E,  Patel H, et al. (2022)  
A Review on Green Synthesis of Nanoparticles and Their Diverse Biomedical 
and Environmental Applications. Catalysts 12: 459. 

3.	 Nair GM, Sajini T, Mathew  B (2022) Advanced Green Approaches for 
Metal and Metal Oxide Nanoparticles Synthesis and Their Environmental 
Applications. Talanta Open 5:  100080. 

4.	 Santhoshkumar J,  Rajeshkumar S,  Venkat Kumar S (2017) Phyto-Assisted 
Synthesis, Characterization and Applications of Gold Nanoparticles—A 
Review. Biochem. Biophys. Rep 11: 46-57. 

5.	 Bhakyaraj K, Kumaraguru S,  Gopinath K, Sabitha V,  Kaleeswarran P,  et 
al. (2017) Eco-Friendly Synthesis of Palladium Nanoparticles Using Melia 

Table 1: The antimicrobial properties of ABE PdNPs.

https://pubmed.ncbi.nlm.nih.gov/36677717/
https://pubmed.ncbi.nlm.nih.gov/36677717/
https://www.mdpi.com/2073-4344/12/5/459
https://www.mdpi.com/2073-4344/12/5/459
https://www.mdpi.com/2073-4344/12/5/459
https://www.sciencedirect.com/science/article/pii/S2666831921000503?__cf_chl_rt_tk=z3jmhPk3VsIDmk13UlxdlIQMC6imQLvZom9aL5ty2bY-1782730455-1.0.1.1-cE3Tb54Q_W3qDSo4GsHnC_12mPirKLo7_5wXz3glLE0
https://www.sciencedirect.com/science/article/pii/S2666831921000503?__cf_chl_rt_tk=z3jmhPk3VsIDmk13UlxdlIQMC6imQLvZom9aL5ty2bY-1782730455-1.0.1.1-cE3Tb54Q_W3qDSo4GsHnC_12mPirKLo7_5wXz3glLE0
https://www.sciencedirect.com/science/article/pii/S2666831921000503?__cf_chl_rt_tk=z3jmhPk3VsIDmk13UlxdlIQMC6imQLvZom9aL5ty2bY-1782730455-1.0.1.1-cE3Tb54Q_W3qDSo4GsHnC_12mPirKLo7_5wXz3glLE0
https://www.sciencedirect.com/science/article/pii/S2405580817301103?__cf_chl_rt_tk=PJFHjMaS7_5OYH8d_xVzk07uFBA4JN8JP9s6s9XZSmg-1782730581-1.0.1.1-so6DZZ8VDOkgSWT5BXqiOPOuq2jWi6g1XnWU4JVNhD0
https://www.sciencedirect.com/science/article/pii/S2405580817301103?__cf_chl_rt_tk=PJFHjMaS7_5OYH8d_xVzk07uFBA4JN8JP9s6s9XZSmg-1782730581-1.0.1.1-so6DZZ8VDOkgSWT5BXqiOPOuq2jWi6g1XnWU4JVNhD0
https://www.sciencedirect.com/science/article/pii/S2405580817301103?__cf_chl_rt_tk=PJFHjMaS7_5OYH8d_xVzk07uFBA4JN8JP9s6s9XZSmg-1782730581-1.0.1.1-so6DZZ8VDOkgSWT5BXqiOPOuq2jWi6g1XnWU4JVNhD0
https://link.springer.com/article/10.1007/s10876-016-1114-8
https://link.springer.com/article/10.1007/s10876-016-1114-8


JOURNAL OF CHEMISTRY & APPLIED BIOCHEMISTRY Banu R.

Citation: Banu R, Mohan KC. Phytochemical-Assisted Synthesis of Palladium Nanoparticles from Aqueous Blueberry Extract and their Antibacterial 
Activity. J Chem Applied Biochem. 2026;7(1): 125.06

Azedarach Leaf Extract and Their Evaluation for Antimicrobial and Larvicidal 
Activities The Synthesis of Pd NPs. Biochem. Biophys. Rep. 28: 463-476. 

6.	 Tuong T, Phan V,  Huynh  TC,  Manivasagan P, Mondal S,  Oh J (2019) An 
Up-To-Date Review on Biomedical Applications of Palladium Nanoparticles. 
Nanomaterials 10: 66.  

7.	 Kumar Petla R,  Vivekanandhan S,  Misra M,  Kumar Mohanty A, 
Satyanarayana N (2012) Soybean (Glycine max) Leaf Extract Based Green 
Synthesis of Palladium Nanoparticles. J. Biomater. Nanobiotechnol 3: 14-19. 

8.	 Sheny DS, Philip D,  Mathew J (2012) Rapid Green Synthesis of Palladium 
Nanoparticles Using the Dried Leaf of Anacardium occidentale. Spectrochim. 
Acta A Mol. Biomol. Spectrosc 91: 35-38. 

9.	 Vishnukumar P, Vivekanandhan S, Muthuramkumar S (2017) Plant-Mediated 
Biogenic Synthesis of Palladium Nanoparticles: Recent Trends and Emerging 
Opportunities. ChemBioEng Rev 4: 18-36. 

10.	Vinodhini S, Vithiya BSM,  Prasad TAA (2022) Green Synthesis of Palladium 
Nanoparticles Using Aqueous Plant Extracts and Its Biomedical Applications. 
J. King Saud. Univ. Sci 34: 102017. 

11.	Shuanghui LJ, Guangyue Y,  Xinting W,  Ye S, Yong W,  Ding  LY (2024) The 
Genus Quercus: Metabolites, Biological Activity and Mechanisms of Action. 
Phytochem. Rev24: 259-302. 

12.	Valencia-Avilés E,  Estrella García-Pérez M,  Guadalupe Garnica-Romo M,  
de Dios Figueroa-Cárdenas J,  Meléndez-Herrera E, et al. (2018) Antioxidant 
Properties of Polyphenolic Extracts from Quercus Laurina, Quercus 
Crassifolia, and Quercus Scytophylla Bark. Antioxidants 7: 81. 

13.	Coman NA, Nicolae-Maranciuc A,  Bert L, Nicolescu A,  Babotă M,  et al. 
(2024) Green Synthesis of Metallic Nanoparticles from Quercus Bark 
Extracts: Characterization and Functional Properties. Antioxidants 13: 822. 

14.	Chicea D, Nicolae-Maranciuc A, Chicea LM (2024)  Silver Nanoparticles-
Chitosan Nanocomposites: A Comparative Study Regarding Different 
Chemical Syntheses Procedures and Their Antibacterial Effect. Materials 17: 
1113. 

15.	Ak T, Gülçin I (2008) Antioxidant and Radical Scavenging Properties of 
Curcumin. Chem. Biol. Interact 174: 27-37. 

16.	Gülc I (2007) Comparison of in Vitro Antioxidant and Antiradical Activities of 
L-Tyrosine and L-Dopa. Amino Acids 32: 431-438. 

17.	Özyürek M, Güçlü K, Apak R (2011) The Main and Modified CUPRAC 
Methods of Antioxidant Measurement. TrAC Trends Anal. Chem  30: 652-
664. 

18.	Sözgen K, Cekic SD, Tütem E, Apak R (2020) Spectrophotometric Total 
Protein Assay with Copper(II)–Neocuproine Reagent in Alkaline Medium. 
Talanta 68: 1601-1609. 

19.	Coman NA, Babotă M, Nădășan I, Dinică Ș, Ștefănescu R, et al. (2023) 
Mocan, A.; Tanase, C. Comparative Study on the Chemical Composition and 
Biological Activity of Polyphenolic Extracts Obtained from Maclura pomifera 
(Raf.) C.K. Schneid Bark and Periderm. Bioresources 18: 8104-8119. 

20.	Siddiqi KS,  Husen A (2016)  Green Synthesis, Characterization and Uses of 
Palladium/Platinum Nanoparticles. Nanoscale Res. Lett. 2016 11 :482.  

21.	Syazwan Osman M, Alwani Ali Bashah N, Amri N, Izzuddin Kasmir S, Iqbal 
Dewa Safri A, et al. (2018) Azahar Mohd Ariff, M.; Yaakob, N. Biosynthesis of 
Gold Nanoparticles Using Aqueous Extracts of Mariposa Cristia Vespertillonis: 
Influence of PH on Its Colloidal Stability. Mater. Today Proc 5: 22050-22055. 

22.	Gulbagca F, Aygün A, Gülcan M, Ozdemir S, Gonca S, Şen F (2021) Green 
Synthesis of Palladium Nanoparticles: Preparation, Characterization, and 
Investigation of Antioxidant, Antimicrobial, Anticancer, and DNA Cleavage 
Activities. Appl. Organomet. Chem 35: e6272. 

23.	Al-Radadi NS (2019)  Green Synthesis of Platinum Nanoparticles Using 
Saudi’s Dates Extract and Their Usage on the Cancer Cell Treatment. Arab. 
J. Chem 12: 330-349. 

24.	Favier I, Pla D, Gómez M (2020) Palladium Nanoparticles in Polyols: 
Synthesis, Catalytic Couplings, and Hydrogenations. Chem. Rev 120: 1146-
1183. 

25.	Tahir K , Nazir S, Ahmad A, Li B, Ali Shah SA, et al. (2016) Biodirected 
Synthesis of Palladium Nanoparticles Using: Phoenix Dactylifera Leaves 
Extract and Their Size Dependent Biomedical and Catalytic Applications. 
RSC Adv 6: 85903-85916. 

https://link.springer.com/article/10.1007/s10876-016-1114-8
https://link.springer.com/article/10.1007/s10876-016-1114-8
https://www.mdpi.com/2079-4991/10/1/66
https://www.mdpi.com/2079-4991/10/1/66
https://www.mdpi.com/2079-4991/10/1/66
https://d1wqtxts1xzle7.cloudfront.net/82168040/JBNB20120100001_78119628-libre.pdf?1647309925=&response-content-disposition=inline%3B+filename%3DSoybean_Glycine_max_Leaf_Extract_Based_G.pdf&Expires=1782734569&Signature=BZw1OJnIRxQt~bOFhpiv~axULyuILdjNl3bNRWz70PcVSLvzzpR7P4qMK-QTk5B7hkF0VsB7SjF462TKZlTJLKdPtml4SsEO-Z2B7Eo0ek5Cj~M8ezb6H~UqtTurNr7mBZSoNf~d37BlC2GX2tudI-YwZovYYWvFfC7Vq4mb1XsqCL5itdWkv7TN9JNDkbx2ZDKj4DFrMnY8TL7w14WBHU-IEo9Fsqg9aermtWYxW0IWztk2Fop7eaWktOEHUwmSK6saal~soUGpPvmc21tHzZV1k1qgbfiCnk-UJXIMPORT
https://d1wqtxts1xzle7.cloudfront.net/82168040/JBNB20120100001_78119628-libre.pdf?1647309925=&response-content-disposition=inline%3B+filename%3DSoybean_Glycine_max_Leaf_Extract_Based_G.pdf&Expires=1782734569&Signature=BZw1OJnIRxQt~bOFhpiv~axULyuILdjNl3bNRWz70PcVSLvzzpR7P4qMK-QTk5B7hkF0VsB7SjF462TKZlTJLKdPtml4SsEO-Z2B7Eo0ek5Cj~M8ezb6H~UqtTurNr7mBZSoNf~d37BlC2GX2tudI-YwZovYYWvFfC7Vq4mb1XsqCL5itdWkv7TN9JNDkbx2ZDKj4DFrMnY8TL7w14WBHU-IEo9Fsqg9aermtWYxW0IWztk2Fop7eaWktOEHUwmSK6saal~soUGpPvmc21tHzZV1k1qgbfiCnk-UJXIMPORT
https://d1wqtxts1xzle7.cloudfront.net/82168040/JBNB20120100001_78119628-libre.pdf?1647309925=&response-content-disposition=inline%3B+filename%3DSoybean_Glycine_max_Leaf_Extract_Based_G.pdf&Expires=1782734569&Signature=BZw1OJnIRxQt~bOFhpiv~axULyuILdjNl3bNRWz70PcVSLvzzpR7P4qMK-QTk5B7hkF0VsB7SjF462TKZlTJLKdPtml4SsEO-Z2B7Eo0ek5Cj~M8ezb6H~UqtTurNr7mBZSoNf~d37BlC2GX2tudI-YwZovYYWvFfC7Vq4mb1XsqCL5itdWkv7TN9JNDkbx2ZDKj4DFrMnY8TL7w14WBHU-IEo9Fsqg9aermtWYxW0IWztk2Fop7eaWktOEHUwmSK6saal~soUGpPvmc21tHzZV1k1qgbfiCnk-UJXIMPORT
https://www.sciencedirect.com/science/article/pii/S1386142512000765?__cf_chl_rt_tk=1JWsaQAUgOOXPGhPTHw3OJ3824f0p3Frgg93cxA0.Yk-1782731030-1.0.1.1-ESFu0yP6d850hDCpseVRVlTMqcp9Yrpq_quClouPCS8
https://www.sciencedirect.com/science/article/pii/S1386142512000765?__cf_chl_rt_tk=1JWsaQAUgOOXPGhPTHw3OJ3824f0p3Frgg93cxA0.Yk-1782731030-1.0.1.1-ESFu0yP6d850hDCpseVRVlTMqcp9Yrpq_quClouPCS8
https://www.sciencedirect.com/science/article/pii/S1386142512000765?__cf_chl_rt_tk=1JWsaQAUgOOXPGhPTHw3OJ3824f0p3Frgg93cxA0.Yk-1782731030-1.0.1.1-ESFu0yP6d850hDCpseVRVlTMqcp9Yrpq_quClouPCS8
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201600017
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201600017
https://onlinelibrary.wiley.com/doi/abs/10.1002/cben.201600017
https://www.sciencedirect.com/science/article/pii/S1018364722001987?__cf_chl_rt_tk=uuzYvEs_LblHyDUiMBaz2.QfmwvMa0uvAotQgxKUI80-1782731176-1.0.1.1-Zv6e0y0iD__8yknTSE5l_VnmP1uZ6OW1H9XCI2NPZ0E
https://www.sciencedirect.com/science/article/pii/S1018364722001987?__cf_chl_rt_tk=uuzYvEs_LblHyDUiMBaz2.QfmwvMa0uvAotQgxKUI80-1782731176-1.0.1.1-Zv6e0y0iD__8yknTSE5l_VnmP1uZ6OW1H9XCI2NPZ0E
https://www.sciencedirect.com/science/article/pii/S1018364722001987?__cf_chl_rt_tk=uuzYvEs_LblHyDUiMBaz2.QfmwvMa0uvAotQgxKUI80-1782731176-1.0.1.1-Zv6e0y0iD__8yknTSE5l_VnmP1uZ6OW1H9XCI2NPZ0E
https://link.springer.com/article/10.1007/s11101-024-09935-x
https://link.springer.com/article/10.1007/s11101-024-09935-x
https://link.springer.com/article/10.1007/s11101-024-09935-x
https://www.mdpi.com/2076-3921/7/7/81
https://www.mdpi.com/2076-3921/7/7/81
https://www.mdpi.com/2076-3921/7/7/81
https://www.mdpi.com/2076-3921/7/7/81
https://www.mdpi.com/2076-3921/13/7/822
https://www.mdpi.com/2076-3921/13/7/822
https://www.mdpi.com/2076-3921/13/7/822
https://www.mdpi.com/1996-1944/17/5/1113
https://www.mdpi.com/1996-1944/17/5/1113
https://www.mdpi.com/1996-1944/17/5/1113
https://www.mdpi.com/1996-1944/17/5/1113
https://www.sciencedirect.com/science/article/pii/S0009279708002573?__cf_chl_rt_tk=A_Guu_I.hCHf8uf.tuGs1BHwDntH2cj3ZgMYcun5Q2o-1782731743-1.0.1.1-JidT_BYxZXLDyP7kGPsJ.if3Vn0j.cDVGjU6B9gN2TM
https://www.sciencedirect.com/science/article/pii/S0009279708002573?__cf_chl_rt_tk=A_Guu_I.hCHf8uf.tuGs1BHwDntH2cj3ZgMYcun5Q2o-1782731743-1.0.1.1-JidT_BYxZXLDyP7kGPsJ.if3Vn0j.cDVGjU6B9gN2TM
https://link.springer.com/article/10.1007/s00726-006-0379-x
https://link.springer.com/article/10.1007/s00726-006-0379-x
https://www.sciencedirect.com/science/article/pii/S0165993611000173?__cf_chl_rt_tk=CPUux5e5.F7EbtUlgBDQ2GRNmiTTzEYG2lUAFD0AxaU-1782731909-1.0.1.1-Z3LJwKiup3r89WW8j_DARv_4_eVjp646A1Q0clnjA2c
https://www.sciencedirect.com/science/article/pii/S0165993611000173?__cf_chl_rt_tk=CPUux5e5.F7EbtUlgBDQ2GRNmiTTzEYG2lUAFD0AxaU-1782731909-1.0.1.1-Z3LJwKiup3r89WW8j_DARv_4_eVjp646A1Q0clnjA2c
https://www.sciencedirect.com/science/article/pii/S0165993611000173?__cf_chl_rt_tk=CPUux5e5.F7EbtUlgBDQ2GRNmiTTzEYG2lUAFD0AxaU-1782731909-1.0.1.1-Z3LJwKiup3r89WW8j_DARv_4_eVjp646A1Q0clnjA2c
https://www.sciencedirect.com/science/article/pii/S0039914005005084?__cf_chl_rt_tk=refdpoCDI0vV0YkwXexd1A9gfYKK4D.Hgqqn88rsvA0-1782732171-1.0.1.1-Jsvj7iqJl.i6QZbITkh4GIZ74c2mn3BOHqIF2QhIV3M
https://www.sciencedirect.com/science/article/pii/S0039914005005084?__cf_chl_rt_tk=refdpoCDI0vV0YkwXexd1A9gfYKK4D.Hgqqn88rsvA0-1782732171-1.0.1.1-Jsvj7iqJl.i6QZbITkh4GIZ74c2mn3BOHqIF2QhIV3M
https://www.sciencedirect.com/science/article/pii/S0039914005005084?__cf_chl_rt_tk=refdpoCDI0vV0YkwXexd1A9gfYKK4D.Hgqqn88rsvA0-1782732171-1.0.1.1-Jsvj7iqJl.i6QZbITkh4GIZ74c2mn3BOHqIF2QhIV3M
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A1100348/detailv2?sid=ebsco%3Aplink%3Acrawler-gcd&id=ebsco%3Agcd%3A173599326&crl=c&jrnl=19302126&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A1100348/detailv2?sid=ebsco%3Aplink%3Acrawler-gcd&id=ebsco%3Agcd%3A173599326&crl=c&jrnl=19302126&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A1100348/detailv2?sid=ebsco%3Aplink%3Acrawler-gcd&id=ebsco%3Agcd%3A173599326&crl=c&jrnl=19302126&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A12%3A1100348/detailv2?sid=ebsco%3Aplink%3Acrawler-gcd&id=ebsco%3Agcd%3A173599326&crl=c&jrnl=19302126&link_origin=scholar.google.com
https://link.springer.com/article/10.1186/s11671-016-1695-z
https://link.springer.com/article/10.1186/s11671-016-1695-z
https://www.sciencedirect.com/science/article/pii/S2214785318318662?__cf_chl_rt_tk=m7bvrDLUx1r4q372xO81sI6XQBx5cpJeM_owVteWDlQ-1782732875-1.0.1.1-Zx2Rn7MCrLAQQYeHHa5I7nE2WcMMvdP2Xi9mSkc9vSo
https://www.sciencedirect.com/science/article/pii/S2214785318318662?__cf_chl_rt_tk=m7bvrDLUx1r4q372xO81sI6XQBx5cpJeM_owVteWDlQ-1782732875-1.0.1.1-Zx2Rn7MCrLAQQYeHHa5I7nE2WcMMvdP2Xi9mSkc9vSo
https://www.sciencedirect.com/science/article/pii/S2214785318318662?__cf_chl_rt_tk=m7bvrDLUx1r4q372xO81sI6XQBx5cpJeM_owVteWDlQ-1782732875-1.0.1.1-Zx2Rn7MCrLAQQYeHHa5I7nE2WcMMvdP2Xi9mSkc9vSo
https://www.sciencedirect.com/science/article/pii/S2214785318318662?__cf_chl_rt_tk=m7bvrDLUx1r4q372xO81sI6XQBx5cpJeM_owVteWDlQ-1782732875-1.0.1.1-Zx2Rn7MCrLAQQYeHHa5I7nE2WcMMvdP2Xi9mSkc9vSo
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6272
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6272
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6272
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6272
https://www.sciencedirect.com/science/article/pii/S1878535218301151?__cf_chl_rt_tk=Tk0cEJnE0eyoRT32da4XVmRK2N_JpqJN5.2xAt2hG_M-1782732845-1.0.1.1-NX4GyAyS.Hx63mmwGdAgYZypuAWrWAuJxwFkkTnjVi8
https://www.sciencedirect.com/science/article/pii/S1878535218301151?__cf_chl_rt_tk=Tk0cEJnE0eyoRT32da4XVmRK2N_JpqJN5.2xAt2hG_M-1782732845-1.0.1.1-NX4GyAyS.Hx63mmwGdAgYZypuAWrWAuJxwFkkTnjVi8
https://www.sciencedirect.com/science/article/pii/S1878535218301151?__cf_chl_rt_tk=Tk0cEJnE0eyoRT32da4XVmRK2N_JpqJN5.2xAt2hG_M-1782732845-1.0.1.1-NX4GyAyS.Hx63mmwGdAgYZypuAWrWAuJxwFkkTnjVi8
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.9b00204
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.9b00204
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.9b00204
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11409a/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11409a/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11409a/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra11409a/unauth

	Title
	Abstract

	Introduction
	Materials and Methods  
	Results and Discussion 
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Table 1

