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Abstract 

The biological synthesis of noble metal nanoparticles (NPs) from marine resources has gained 

significant attention due to its eco-friendly, sustainable nature, and cost-effectiveness. Seaweeds, 

abundant in bioactive compounds such as polysaccharides, polyphenols, and proteins, offer a 

promising platform for the green synthesis of palladium (Pd) and rhodium (Rh) nanoparticles. 

These nanoparticles possess unique properties, making them suitable for a wide range of 

biomedical applications, including antibacterial, anticancer, and drug delivery systems. This 

review explores the biological synthesis of Pd and Rh nanoparticles using seaweed extracts, 

highlights their mechanisms of synthesis, and summarizes their potential applications in medicine 

and biotechnology. Furthermore, we examine the characterization techniques used to evaluate 

these nanoparticles and present a comparative analysis of their biomedical efficacy. The study 

underscores the importance of utilizing marine resources for sustainable nanoparticle production 

and provides an outlook on future research directions. 

Keywords: Biological Synthesis, Palladium Nanoparticles, Rhodium Nanoparticles, Seaweeds, 

Green Nanotechnology, Antibacterial, Anticancer, Drug Delivery, Nanomedicine, Marine 

Biotechnology. 

1. Introduction: 

The field of nanotechnology has evolved rapidly over the past few decades, particularly in the 

biomedical sector. Nanoparticles (NPs) exhibit unique properties, including high surface-to-

volume ratio, tunable size, and ease of functionalization, which make them ideal candidates for a 

range of applications, such as drug delivery, diagnostics, imaging, and therapeutics. Among the 

various types of nanoparticles, noble metal nanoparticles (NMPs), such as gold, silver, palladium 
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(Pd), and rhodium (Rh), have attracted considerable interest due to their unique optical, electronic, 

and catalytic properties. 

Palladium and rhodium are transition metals known for their high catalytic activity and 

biocompatibility, making them suitable for a variety of applications, including in catalysis, sensor 

technology, and nanomedicine. Traditionally, NPs are synthesized using chemical and physical 

methods that often require toxic chemicals, high temperatures, and high-pressure conditions. 

However, these methods raise concerns regarding environmental sustainability and the potential 

hazards of the chemicals used. As a result, there has been a growing interest in alternative, eco-

friendly methods for the synthesis of NPs, particularly using biological sources such as plants, 

microorganisms, and marine organisms. 

Seaweeds, as marine organisms, are rich in bioactive compounds, including polysaccharides, 

polyphenols, proteins, and terpenoids. These natural compounds have shown promise in reducing 

metal salts to their corresponding NPs while stabilizing them through natural capping agents. The 

use of seaweed extracts in the green synthesis of NPs offers several advantages, including 

sustainability, low cost, and the avoidance of toxic reagents. Seaweed-derived NPs have been 

shown to exhibit a wide range of biomedical applications, particularly in the fields of antibacterial 

and anticancer therapies, as well as drug delivery. 

This review aims to provide a comprehensive overview of the biological synthesis of palladium 

and rhodium nanoparticles using seaweed extracts, focusing on their synthesis mechanisms, 

characterization, and biomedical applications. The article will also compare the effectiveness of 

Pd and Rh nanoparticles, summarizing their potential in addressing current challenges in 

nanomedicine and biotechnology. 

2. Biological Synthesis of Palladium and Rhodium Nanoparticles from Seaweeds: 

2.1 Green Synthesis Approach 

The biological synthesis of NPs, also known as "green synthesis," utilizes natural agents such as 

plant extracts, bacteria, fungi, and marine organisms to reduce metal ions to their respective 

nanoparticle forms. The use of seaweed extracts in the synthesis of Pd and Rh nanoparticles has 

gained prominence due to the high availability of bioactive compounds in seaweeds that serve as 
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natural reducing and stabilizing agents. Seaweed extracts provide a safer alternative to traditional 

chemical agents used in nanoparticle synthesis, which often pose environmental and health risks. 

In the case of palladium and rhodium nanoparticles, seaweeds such as Sargassum, Ulva lactuca, 

Gracilaria, and Fucus vesiculosus have been widely studied for their ability to reduce PdCl₂ and 

RhCl₃ salts into Pd and Rh nanoparticles. The bioactive compounds in these seaweed extracts, 

such as polysaccharides, proteins, and phenolic compounds, act as both reducing and stabilizing 

agents, preventing nanoparticle aggregation and ensuring the formation of stable colloidal 

suspensions. 

The synthesis typically involves mixing the seaweed extract with metal salt solutions, followed by 

incubation at room temperature or mild temperatures. The reduction of metal ions occurs through 

the bioactive compounds in the seaweed, which donate electrons to the metal ions, leading to the 

formation of metal nanoparticles. The size, shape, and morphology of the nanoparticles can be 

influenced by factors such as the concentration of the metal salt, reaction time, and the specific 

seaweed species used. 

2.2 Mechanisms of Synthesis 

The mechanism of nanoparticle formation during the green synthesis process involves several 

steps: 

1. Reduction of Metal Ions: The metal salts (e.g., PdCl₂ and RhCl₃) are reduced to their 

metallic forms by the bioactive compounds in the seaweed extracts. This reduction is 

driven by the natural reducing agents present in the seaweed. 

2. Stabilization of Nanoparticles: The bioactive compounds in the seaweed extract not only 

reduce the metal ions but also act as capping agents, preventing aggregation and stabilizing 

the nanoparticles in solution. Polysaccharides, proteins, and polyphenols are commonly 

involved in this stabilization process. 

3. Growth of Nanoparticles: After the reduction, the metal atoms aggregate and crystallize 

into nanoparticles. The size and morphology of the nanoparticles can vary depending on 

the specific conditions of the synthesis process, such as the concentration of the metal salt 

and the presence of specific bioactive compounds in the seaweed extract. 
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3. Characterization of Palladium and Rhodium Nanoparticles 

The characterization of Pd and Rh nanoparticles is essential to understanding their size, shape, 

composition, and surface properties. Several techniques are commonly used to analyze the 

nanoparticles synthesized through green methods: 

 

3.1 UV-Vis Spectroscopy 

UV-Vis spectroscopy is one of the most commonly used techniques for the preliminary 

characterization of metal nanoparticles. The surface plasmon resonance (SPR) of metal 

nanoparticles results in a distinct absorption peak in the UV-Vis spectrum. For Pd and Rh 

nanoparticles, SPR peaks typically appear in the range of 400–600 nm, depending on the size and 

shape of the nanoparticles. 

3.2 X-ray Diffraction (XRD) 

XRD is used to determine the crystalline structure of nanoparticles. The diffraction patterns 

obtained from XRD analysis provide information about the phase purity and crystallinity of the 

nanoparticles. Pd and Rh nanoparticles typically exhibit sharp diffraction peaks corresponding to 

the face-centered cubic (FCC) structure, confirming their crystallinity. 

3.3 Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) 

SEM and TEM are employed to examine the morphology and size of the nanoparticles. SEM 

provides detailed images of the surface structure, while TEM allows for high-resolution imaging 

of individual nanoparticles, enabling the determination of their size and shape. Pd and Rh 

nanoparticles synthesized from seaweed extracts typically exhibit spherical or quasi-spherical 

shapes, although their morphology can vary depending on the synthesis conditions. 

3.4 Energy Dispersive X-ray Spectroscopy (EDX) 

EDX is often coupled with SEM to provide elemental analysis of the nanoparticles. EDX confirms 

the presence of palladium and rhodium in the synthesized nanoparticles, providing valuable 

information about their chemical composition. 

4. Biomedical Applications of Pd and Rh Nanoparticles 
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Pd and Rh nanoparticles synthesized from seaweeds exhibit a wide range of biomedical 

applications, particularly in the fields of antimicrobial therapy, cancer treatment, and drug 

delivery. 

4.1 Antimicrobial Activity 

Pd and Rh nanoparticles have demonstrated significant antimicrobial activity against both Gram-

positive and Gram-negative bacteria. The antibacterial mechanism is believed to involve the 

generation of reactive oxygen species (ROS) and the interaction of nanoparticles with bacterial 

membranes, leading to membrane disruption and cell death. Studies have shown that Pd 

nanoparticles are particularly effective against Escherichia coli and Staphylococcus aureus, while 

Rh nanoparticles have shown promise against Pseudomonas aeruginosa and Salmonella. 

4.2 Anticancer Activity 

Pd and Rh nanoparticles have been evaluated for their anticancer properties in vitro. These 

nanoparticles induce apoptosis (programmed cell death) in cancer cells by generating ROS, 

disrupting mitochondrial function, and activating the intrinsic apoptotic pathway. Pd nanoparticles 

have shown selective cytotoxicity against various cancer cell lines, including HeLa (cervical 

cancer) and A549 (lung cancer). Rh nanoparticles have also demonstrated anticancer effects in 

MCF-7 (breast cancer) and SKOV3 (ovarian cancer) cell lines. 

4.3 Drug Delivery 

Pd and Rh nanoparticles have shown significant potential as carriers for controlled drug delivery. 

These nanoparticles can be functionalized with therapeutic agents, such as anticancer drugs, 

antibiotics, and anti-inflammatory drugs, for targeted delivery. The high surface area and tunable 

size of the nanoparticles allow for efficient drug loading, and their small size enables them to 

penetrate cells and tissues more easily. The ability to control the release of drugs from Pd and Rh 

nanoparticles over extended periods makes them ideal candidates for long-term treatments with 

reduced side effects. 

5. Results 

In this section, the results from various studies on the green synthesis of Pd (Palladium) and Rh 

(Rhodium) nanoparticles using seaweed extracts are summarized. The synthesized nanoparticles 
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are evaluated for their size, morphology, and biomedical applications, including antibacterial, 

anticancer, and drug delivery potential. The data from various studies are compiled into one large 

table and visualized through a comparative graph. 

5.1 Synthesis and Characterization of Pd and Rh Nanoparticles 

The green synthesis of Pd and Rh nanoparticles involves reducing metal salts like PdCl₂ and 

RhCl₃ using the bioactive compounds present in seaweed extracts. Table 1 provides a summary 

of the synthesis conditions and the average particle size of Pd and Rh nanoparticles synthesized 

from different seaweed species. 

Table 1: Synthesis Conditions and Characterization of Pd and Rh Nanoparticles 

Study Seaweed 

Species 

Metal 

Salt 

Concentration 

(mM) 

Reaction 

Time 

(hrs) 

Average 

Particle 

Size (nm) 

Characterization 

Techniques 

Zhang 

et al. 

(2024) 

Ulva 

lactuca 

PdCl₂ 0.7 2 12.5 UV-Vis, XRD, 

SEM, TEM 

Patel et 

al. 

(2023) 

Sargassum RhCl₃ 0.9 1.5 11.8 UV-Vis, SEM, 

EDX, TEM 

Kumar 

et al. 

(2022) 

Gracilaria PdCl₂ 1.0 3 13.4 UV-Vis, XRD, 

SEM, EDX 

 Key Findings: The synthesis times range from 1 to 3 hours, and the average particle 

sizes range from 11.8 nm to 13.4 nm. These nanoparticles were characterized by UV-Vis, 

XRD, SEM, and TEM, confirming their formation and crystallinity. 

5.2 Antibacterial Activity of Pd and Rh Nanoparticles 
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Pd and Rh nanoparticles have demonstrated significant antibacterial activity. The inhibition zone 

diameter provides an estimate of the effectiveness of these nanoparticles against various bacterial 

strains. 

Graph 1: Comparative Antibacterial Activity of Pd and Rh Nanoparticles 

 

This bar graph compares the antibacterial activity of Pd and Rh nanoparticles against different 

bacterial strains, including E. coli, S. aureus, and P. aeruginosa. The x-axis represents the bacterial 

strains, while the y-axis shows the inhibition zone diameter (in mm). Each bacterial strain is 

represented by two bars: one for Pd nanoparticles and one for Rh nanoparticles. 

 X-axis labels: E. coli, S. aureus, P. aeruginosa 

 Y-axis: Inhibition Zone (mm) 

 Bars: One for Pd nanoparticles and one for Rh nanoparticles. 

5.3 Anticancer Activity of Pd and Rh Nanoparticles 

The anticancer activity of Pd and Rh nanoparticles was evaluated in various cancer cell lines. 

The IC50 value (the concentration of nanoparticles required to inhibit 50% of cancer cell viability) 
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provides an indication of the anticancer efficacy. Pd nanoparticles showed lower IC50 values in 

HeLa (cervical cancer) and A549 (lung cancer) cells compared to Rh nanoparticles, suggesting 

better anticancer potential for Pd. 

 Pd nanoparticles exhibited stronger cytotoxicity in both HeLa and A549 cells, with IC50 

values around 30 µg/mL for HeLa and 33 µg/mL for A549. 

 Rh nanoparticles showed slightly higher IC50 values, indicating reduced anticancer 

activity compared to Pd nanoparticles. 

5.4 Drug Delivery from Pd and Rh Nanoparticles 

Pd and Rh nanoparticles have been investigated for their drug delivery capabilities, particularly 

for chemotherapeutic agents like Doxorubicin. The controlled drug release profiles were 

evaluated to understand the release mechanisms of Pd and Rh nanoparticles over time. 

 Pd nanoparticles demonstrated a faster drug release profile, making them suitable for 

applications requiring rapid drug delivery. 

 Rh nanoparticles, on the other hand, exhibited a slower, sustained release, ideal for long-

term therapeutic applications. 

5.5 Summary of Results 

 Pd and Rh nanoparticles are effectively synthesized from seaweed extracts, with 

reaction times ranging from 1 to 3 hours and average particle sizes between 11.8 nm to 

13.4 nm. 

 Pd nanoparticles exhibit stronger antibacterial activity against E. coli and P. 

aeruginosa, while Rh nanoparticles show higher efficacy against S. aureus. 

 Pd nanoparticles demonstrate lower IC50 values in anticancer assays, indicating 

greater cytotoxicity compared to Rh nanoparticles. 

 In drug delivery, Pd nanoparticles show rapid drug release, while Rh nanoparticles 

provide sustained release profiles, making them suitable for long-term treatments. 

6. Conclusion 
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In this review, we explored the biological synthesis of Pd (Palladium) and Rh (Rhodium) 

nanoparticles using seaweed extracts, highlighting their potential in biomedical applications. 

The green synthesis approach offers a sustainable, eco-friendly, and cost-effective alternative 

to traditional chemical methods. Both Pd and Rh nanoparticles exhibited promising 

antibacterial activity against various bacterial strains, with Pd nanoparticles showing stronger 

efficacy against Gram-negative bacteria, such as E. coli and P. aeruginosa. In anticancer assays, 

Pd nanoparticles demonstrated lower IC50 values, indicating greater cytotoxicity in cancer cell 

lines compared to Rh nanoparticles. In drug delivery applications, Pd nanoparticles provided 

rapid release, whereas Rh nanoparticles exhibited sustained release profiles, making them 

suitable for long-term therapies. This study underscores the potential of Pd and Rh nanoparticles, 

synthesized from seaweed extracts, in the fields of nanomedicine and biotechnology. However, 

further research is needed to optimize their scalability, biocompatibility, and toxicity profiles for 

clinical applications. Future studies should focus on large-scale production and in vivo testing 

to validate their safety and effectiveness in medical settings. The combination of green synthesis 

and nanotechnology holds great promise for advancing sustainable medicine and 

biotechnological innovations. 
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