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i. Physical properties and types of the nanoparticles, Nanoparticles of various basic pharmaceutical forms of
Āyurveda and green nanotechnology

Physical Properties and Types of Nanoparticles

Physical Properties

Size and Surface Area1.
Nanoscale typically refers to dimensions of 1–100 nm.
High  surface-to-volume  ratio profoundly influences reactivity, stability, and drug loading capacity (in
pharmaceutical applications).
Properties such as melting point,  conductivity,  color,  and  magnetic  behavior  can  differ  significantly
from bulk materials.

Shape and Morphology2.
Nanoparticles may be spherical, rod-like, tubular (e.g., carbon nanotubes), plate-like, or branched
(dendritic).
Shape can impact cellular uptake, circulation half-life, and in vivo distribution.

Surface Chemistry and Charge3.
Surface functionalization  (e.g.,  with polymers or ligands) modulates solubility,  biocompatibility,  and
target specificity.
Zeta  potential influences colloidal stability, aggregation behavior, and interactions with biological
membranes.

Optical and Electronic Properties4.
Quantum confinement in semiconductor quantum dots or plasmon resonance in noble metal nanoparticles
(Au, Ag) yield unique optical signatures.
Metal oxide nanoparticles (e.g., Fe₂O₃, TiO₂) exhibit diverse photocatalytic and magnetic properties
leveraged in diagnostics and drug delivery.

Mechanical Strength5.
Nanomaterials such as graphene or carbon nanotubes exhibit exceptional tensile strength, relevant to
composite materials and biomedical scaffolds.

Types of Nanoparticles

Metal and Metal Oxide Nanoparticles1.
Examples: Gold (AuNPs), Silver (AgNPs), Iron Oxide (Fe₃O₄), Zinc Oxide (ZnO).
Applications: Drug delivery, hyperthermia (magnetic Fe₃O₄), sensors, and antimicrobial coatings (AgNPs).

Polymeric Nanoparticles2.
Formed from biodegradable polymers (PLGA, chitosan, alginate).
Controlled drug release profiles, surface modifiability for targeted delivery.

Liposomes and Lipid-Based Nanocarriers3.
Phospholipid vesicles with an aqueous core.
Widely used in delivering hydrophilic and hydrophobic drugs, triggered release mechanisms, and reduced
toxicity to healthy tissues.

Dendrimers4.
Highly branched, tree-like macromolecules.
Precisely defined architecture with multiple functional endpoints, enabling drug conjugation, gene delivery,
or imaging probes.

Quantum Dots5.
Semiconductor nanocrystals with size-tunable fluorescence (e.g., CdSe/ZnS).
High photostability, utilized in bioimaging and diagnostic assays (though concerns exist over heavy metal
toxicity).

Carbon-Based Nanomaterials6.
Fullerenes, Graphene, Carbon Nanotubes (CNTs).
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Unique mechanical, electronic, and thermal properties; can be functionalized for biomedical uses or used in
energy devices.

Nanoparticles in Basic Āyurvedic Pharmaceutical Forms

Historical Context of Metallic Preparations

Bhasma1.
Fine powders of metals (e.g., gold, silver, iron), minerals, or ashes, processed through repeated incineration
and purification steps (Shodhana, Marana).
Classical Āyurvedic texts describe these formulations for enhanced bioavailability and therapeutic efficacy.

Rasa Shastra2.
Specialized branch dealing with mercury (rasa), metals, and mineral-based therapies. Some of these
preparations may inherently yield nanoscale particle sizes upon repeated calcination and grinding.

Modern Characterization3.
Studies using TEM, SEM, XRD have revealed bhasmas often contain nano- and submicron structures.
Hypothesized that smaller particle size improves absorption, targeting, and reduced toxicity (when
properly prepared).

Nanoparticle Insights for Āyurvedic Forms

Enhanced Bioavailability1.
Nano-sized particles (bhasma) may cross biological barriers, aiding in targeted delivery of metal ions or
trace elements believed beneficial in Ayurveda.

Stability and Safety2.
Traditional methods of repeated incineration (Puta system) could remove toxic organic residues, reduce
heavy metal toxicity.
Regulatory aspects require modern toxicity  and  pharmacokinetic studies to ensure safety and
reproducibility.

Integration of Nanotechnology3.
Converging green synthesis methods with classical Āyurvedic principles (e.g., herbal extracts as reducing
agents) can yield safer, standardized nanoformulations.

Green Nanotechnology

Concept and Rationale

Sustainable Synthesis1.
Minimizing hazardous reagents, byproducts, and energy consumption.
Emphasis  on  biological  resources (plant extracts, microbes) for reducing or stabilizing agents in
nanoparticle production.

Eco-Friendly Approaches2.
Phytosynthesis: Leaf, fruit, or bark extracts containing polyphenols, flavonoids that can reduce metal salts
to nanoparticles.
Microbial Synthesis: Bacteria, fungi, algae that secrete metabolites or enzymes catalyzing nanoparticle
formation.

Advantages3.
Lower toxicity for researchers and end-users.
Reduced environmental footprint compared to chemical or physical methods (thermal decomposition,
chemical vapor deposition).

Examples of Green Synthesis

Gold and Silver Nanoparticles via Plant Extracts1.
E.g., Azadirachta indica (neem), Ocimum sanctum (tulsi), and other medicinal plants.
Often yield stable nanoparticles with potential antimicrobial, anticancer properties.
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Bimetallic and Composite Nanostructures2.
Combining metals or doping with other elements (e.g., doping with iron) for catalytic or biomedical
applications.

Scaling Up3.
Challenges in controlling particle size distribution, reproducibility, and batch-to-batch consistency.
Ongoing research focuses on industrially scalable, cost-effective, eco-friendly protocols.

Convergence with Āyurveda

Utilization of Ayurvedic herbs and extracts in green nanotech not only aligns with the principle of natural
synergy but also resonates with the tradition of using plant-based decoctions (Kasayas) in Bhasma preparation.
Could yield novel “herbal-metal nanoformulations” with potential enhanced therapeutic indices.

Concluding Remarks
Nanoparticles—with their distinctive physical properties (high surface area, tunable optical/electronic characteristics,
modifiable surface chemistry)—have revolutionized drug delivery, diagnostics, and materials science. In parallel, certain
Āyurvedic metal and mineral preparations (Bhasma, Rasa dravyas) exhibit nano-scale features, suggesting an
ancient conceptual framework for achieving enhanced efficacy and reduced toxicity through repeated incineration and
herbal treatments.

The  rise  of  Green  Nanotechnology aims to unify environmentally sustainable methods with high-precision
nanofabrication—potentially harmonizing classical Ayurvedic processes (phytochemical-assisted transformations) and
cutting-edge nanobiotechnology. Continued interdisciplinary research spanning traditional  medicine,  modern
nanoscience,  and  industrial  eco-innovation stands to refine nanoparticle-based therapeutics, ensuring safety,
efficacy, and environmental responsibility for 21st-century healthcare.
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