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This review dives into the fascinating world of nanoparticles (NPs), exploring their 

creation, properties, and diverse uses. NPs are incredibly small materials, typically 

ranging from 1 to 100 nanometers (nm) in size. They come in various forms, including 

organic, inorganic (metals, ceramics, polymers), and fullerenes. The unique properties 

of NPs, largely due to their tiny size, are revolutionizing many fields. Their high surface 

area, reactivity, stability, and sensitivity make them highly desirable for various 

applications.Multiple synthesis methods exist for creating NPs, enabling researchers to 

tailor them for specific purposes. In recent decades, NPs have found widespread use in 

industry and environmental applications. 
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INTRODUCTION 

The process of delivering drugs, studied within the 

field of pharmaceutical research and development, 

is crucial to the proper administration of 

therapeutic agents, with an intention of letting 

them reach the targeted sites effectively. With the 

recent advances made in nanotechnology, we have 

seen a new series of drug delivery systems 

developing by enhancing the ability and capability 

of NPs to become the carriers of drugs.1 

Advancing the therapy potential of medications, 

which have already focused the attention of many 

researchers in recent years, this innovative 

approach is expected to improve many existing 

drugs.2 Nanoparticles (NPs) materials with 

fabrication dimensions typically in the range of 1–

1,000 nanometres (nm) is an increasingly popular 

field of research and technological 

development.3Nanotechnology-based NP-based 

NDDS have been designed in pharmaceutical 

industry in recent years, and they are promising for 

addressing the aforementioned limitations of 

conventional DDS.Self-assembly, one of the basic 

features of nanotechnology, is a spontaneous 

https://www.ijpsjournal.com/
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structures and it can be directed to fabricate more 

complex structures by exposing them to certain 

chemical or physical stimuli4. The prefix "nano," 

derived from the Greek and Latin words for 

"dwarf" (να̃νoς and nanus, respectively), has 

gained widespread usage in recent years, reflecting 

the surge in scientific exploration of the incredibly 

small realm of nanoscale phenomena.5 In the field 

of pharmaceuticals, nanotechnology has emerged 

as a transformative force, particularly with regard 

to drug delivery systems.6 One major drawback of 

traditional DDS is the persistence of non-

biodegradable residuals in the body following 

administration, which can lead to undesirable toxic 

effects.7 The use of nanoparticles in drug delivery 

offers several advantages and disadvantages, 

which must be carefully considered in the 

development of NDDS. 

Sr 

No. 
ADVANTAGES DISADVANTAGES 

1 

Can significantly improve how 

much medication gets absorbed 

into the bloodstream 

(bioavailability) 

Clumping Together: Nanoparticles, due to 

their small size and large surface area, tend to 

clump together (aggregate). 

2 

Amount of drug delivered is 

directly proportional to the dose 

administered (dose proportionality) 

Limited Drug Capacity: The small size and 

large surface area of nanoparticles can 

sometimes limit how much drug they can 

carry.7 

3 
Nanoparticles allow for smaller 

drug formulations 

Production Difficulties: Traditional methods 

for creating nanoparticles may not be suitable 

for all types. 

4 

The increased surface area of 

nanoparticles allows the medication 

to dissolve faster in the body's 

fluids. 

High Costs: Manufacturing nanoparticles can 

be relatively expensive compared to traditional 

drug formulations. 

5 

Since more of the drug gets 

absorbed, lower doses are often 

needed to achieve the same 

therapeutic effect. 

Safety Concerns: Some processes for making 

nanoparticles involve potentially hazardous 

chemicals. 

6 

Nanoparticles can also help 

minimize differences in drug 

absorption between eating and not 

eating (fed and fasted states)5 

Translation from Lab to Real World: Their 

fragility, instability, and reactivity pose 

challenges for large-scale production and 

storage.6 

7 

Nanoparticles can help reduce the 

impact of food on medication 

absorption  

8 
Their size and surface properties 

can be tailored. 



Nasrin Nasir , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 1044-1052 |Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               1046 | P a g e  
 

9 
Provide precise control over drug 

release. 

10 High drug loading capacity.7 

STRUCTURAL BASIS OF NANOPARTICLE 

Unlike simple molecules, nanoparticles (NPs) 

have a complex structure with three distinct layers: 

1. Surface Layer:  

This outermost layer can be customized with 

various molecules like surfactants, polymers, and 

even metal ions. 

2. Shell Layer:  

This middle layer is made of a different material 

than the core, offering additional functionality. 

3. Core:  

The central part of the NP, often containing the 

drug itself. 

Nanoparticles come in various shapes and sizes, 

categorized based on the number of dimensions 

they exhibit at the nanoscale (1-100 nanometers): 

1. 0-Dimensional (0D):  

These are tiny, nearly spherical objects with all 

three dimensions confined to the nanoscale. Think 

of them as ultra-small dots, often called quantum 

dots. 

2. 1-Dimensional (1D):  

Imagine long, thin structures with only one 

dimension exceeding the nanoscale. Examples 

include nanowires and nanotubes. 

3. 2-Dimensional (2D):  

These are like ultra-thin sheets where two 

dimensions (length and width) are nanoscale, 

while the third dimension (thickness) is much 

smaller. A famous example is graphene. 

4. 3-Dimensional (3D):  

These are more common and encompass most 

traditional nanoparticles, where all three 

dimensions (height, width, and length) fall within 

the nanoscale range. Think of gold nanoparticles 

used in various applications.8 Nanoparticles 

(NPs) can be classified into different categories 

based on their building blocks, size, and shape. 

Three main categories encompass most 

nanoparticles: 

Organic nanoparticles: 

Organic nanoparticles (NPs) are microscopic 

carriers built from natural or synthetic polymers, 

lipids, or proteins. Typically ranging from 10 

nanometers to 1 micrometer in size, they offer 

several advantages for drug delivery: 

• Biocompatibility:  

Organic NPs are often well-tolerated by the body, 

reducing the risk of side effects. 

• Biodegradability:  

They can naturally break down over time, 

minimizing environmental impact. 

• Controlled Release:  

The design of organic NPs allows for controlled 

release of the encapsulated drug, improving drug 

targeting and efficacy. 

• Economics:  

Compared to some inorganic NPs, organic NPs can 

be more cost-effective to produce. Examples of 

well-known organic NPs include micelles, 

dendrimers, ferritin, and liposomes. Some, like 

micelles and liposomes, can even have a hollow 

core (nanocapsule) for drug encapsulation. These 

unique properties make organic NPs a promising 

platform for advanced drug delivery applications.9 

Inorganic nanoparticles 

• Metal NPs:  

Almost any metal can be turned into nanoparticles, 

typically ranging from 10 to 100 nanometers. These 

NPs offer unique properties due to partially filled 

electron orbitals and find applications in drug 

delivery, biomolecule detection, and environmental 
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cleanup. Common examples include gold and silver 

nanoparticles. 

• Ceramic NPs:  

These inorganic NPs are formed from materials like 

oxides and carbides. They come in various shapes 

and are used in catalysis, drug delivery (targeting 

tumors), and dye degradation.8 

• Semiconductor NPs:  

These bridge the gap between metals and non-

metals. They exhibit interesting properties due to 

their tunable bandgaps and are used in electronics, 

photocatalysis, and water splitting applications. 

Examples include Gallium Nitride (GaN) and Zinc 

Oxide (ZnO).9 

• Polymeric NPs:  

These organic NPs can be spheres (nanospheres) or 

capsules (nanocapsules). They offer 

biocompatibility and controlled drug release, 

making them ideal for drug delivery applications. 

• Lipid-based NPs:  

Analogous to polymeric nanoparticles, lipid-based 

NPs also exploit lipids as their elemental 

constituents. The effectiveness of these 

nanoparticles is notable in drug delivery which has 

proven to be effective for cancer therapy among 

others and RNA release during therapies.  

• Carbon-based Nanomaterials:  

Fullerenes, carbon nanotubes (CNTs), graphene — 

these are the progeny of carbon-based 

nanomaterials. NPs that boast unique electrical, 

mechanical, and structural properties owing to their 

lineage as carbon derivatives; industries where 

such materials find value include electronics and 

materials science.10 

HOW NANOPARTICLES DIFFER ? 

When it comes to NPs, their small size is what 

makes them unique. A significant percentage of 

atoms in NPs are located on the surface due to their 

incredibly small size; this results in an unusual 

behavior where surface area dominates over bulk 

materials. Another important factor that affects the 

properties of NPs is quantum mechanics which 

comes into play significantly at nanoscale: these 

properties are influenced by quantum effects. 

And interparticle interactions matter a great deal in 

the nanoworld where, unlike in the wonderfully 

solitary world of single atoms, particles don’t live 

isolated. They live within ‘swarms’ of similar and 

different NPs through weak interparticle forces 

such as Van der Waals forces, electrostatic forces 

and hydration forces. Understanding and expertly 

applying these forces is critical in predicting the 

behaviour of NPs. 

Unusual characteristics of NPs include: 

1. Jolting held: heat conduction between 

particles, as well as Brownian motion in 

suspensions, lead to quick and efficient heat 

transfer. 

2. Thermal Stability: NPs melt earlier than the 

bulk materials due to smaller forces of 

attraction between interatomic bonds on the 

surface. 

3. Chemical Reactivity: With more surface area, 

NPs become more reactive, but also more 

susceptible to environmental impacts 

4. Biocidal Properties: Some NPs exhibit 

antibacterial, antifungal, and disinfectant 

properties. 

5. Oxidising and reducing properties of NPs: 

This is related to the chemical substance. 

Flammability, or not: This depends on the 

material. Corrosive, corrosion control, or 

preventing corrosion: If made of certain 

substances, nanosize materials can work as 

anti-corrosive agents.11 

APPROACHES FOR NP SYNTHESIS: 

There are two main approaches for synthesizing 

NPs with desired properties: 

1. Bottom-up constructive approach:  
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This is a technique that involves building NPs 

starting from smaller building blocks, such atoms 

or clusters. The size and the structure are closely 

controlled. Examples: 

• Nanolithography:  

A technique using light or electron beams to 

create precise patterns on a surface, defining the 

shape and size of NPs. Two Primary Lithography 

Techniques: Masked and Maskless 

• Masked Lithography (common):  

Uses a pre-designed mask to define patterns in a 

light-sensitive material. Light exposure alters the 

material for further processing (etching or 

deposition) to create nanoscale patterns. 

• Maskless Lithography (flexible):  

Offers more freedom for creating custom patterns 

without a mask. Focused beams or probes directly 

manipulate the light-sensitive material for pattern 

formation. 

• Laser Ablation: 

Laser ablation synthesis offers a unique method 

for generating nanoparticles. It utilizes a highly 

focused laser beam to precisely vaporize a target 

material. This intense laser irradiation delivers a 

tremendous amount of energy, causing the 

material to rapidly transition from a solid state 

directly into a vapor state. This vaporized material 

then condenses under specific conditions, leading 

to the formation of nanoparticles. 

• Sputtering:  

Sputtering is a versatile technique used in 

nanotechnology to create thin films of 

nanomaterials. It works by bombarding a solid 

target material with high-energy particles, 

typically from a plasma or gas. These energetic 

collisions eject atoms from the target, which then 

condense and deposit as a thin film on a nearby 

surface. This process allows for precise control 

over the composition and thickness of the 

resulting nanomaterial film. 

• Thermal Decomposition:  

Thermal breakdown offers a novel, practical way 

to make uniform-sized metal nanoparticles. By 

fine-tuning factors like temperature, reactant 

amounts, and stabilizers, researchers can achieve 

desired nanoparticle properties. Thermal 

breakdown is attractive due to its simplicity, 

scalability, and high production yield. It works by 

using heat to break down precursor materials at 

specific temperatures, triggering a chemical 

reaction that forms the nanoparticles.12,14 

2. Top-down Approach (Destructive):  

This method breaks down bulk materials into 

smaller nanoparticles. It's generally simpler but 

offers less control over size and structure. 

Examples include: 

• Mechanical Milling:  

Ball milling reigns supreme as the most cost-

effective method for mass-producing 

nanomaterials. This technique utilizes a high-

energy shaking process. A chamber filled with balls 

(often metal or ceramic) collides with the material 

being processed, grinding it down to nanoscale 

particles. This versatility makes ball milling a top 

choice for creating a wide range of nanoparticles 

and metal alloys. 

• Specific Techniques: 

• Chemical Vapor Deposition (CVD):  

Chemical Vapor Deposition (CVD) is a technique 

for depositing thin films or powders on surfaces. It 

works by introducing gaseous precursors (chemical 

starting materials) into a chamber. These precursors 

react (often requiring extra energy) to form a solid 

material that then coats the surfaces present. This 

versatile process can involve both gas-phase and 

surface-based chemical reactions. 

• Sol-Gel Process: 

The sol-gel process starts with liquid precursors 

like metal alkoxides. These undergo a chain 

reaction involving hydrolysis and 
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polycondensation, forming a colloidal suspension 

(sol) at room temperature and pressure. This sol 

then transforms into a solid gel. By drying and 

calcining the gel, researchers obtain metal oxide 

nanoparticles. The sol-gel process allows for 

control over the shape, morphology, and texture of 

the final nanomaterial. 

• Spinning Method:  

This technique utilizes a spinning disc reactor to 

generate nanoparticles. A precursor solution is 

forced onto a rapidly spinning disc, where it 

spreads and solidifies under controlled conditions. 

This rapid process can be advantageous for 

producing certain types of nanoparticles. 

• Pyrolysis:  

Pyrolysis, heating a material in high temperatures 

without oxygen, is a leading method for industrial 

nanoparticle production. Liquid or gas precursors 

are injected into a furnace, breaking down due to 

intense heat (often from flames, but lasers or 

plasma can be used for faster control). The resulting 

gas stream is then separated to isolate the desired 

nanoparticles. This efficient, scalable process 

makes pyrolysis ideal for mass production.13,15 

NANOPARTICLE CHARACTERIZATION: 

UNVEILING THE TINY 

Characterizing nanoparticles (NPs) is crucial to 

understand their behavior and optimize their 

applications. Key properties analyzed include: 

• Size and Distribution:  

Electron microscopy (SEM/TEM) is the gold 

standard for size and distribution analysis. Other 

techniques like laser diffraction and photon 

correlation spectroscopy are used for specific 

sample types. 

• Surface Area:  

The Brunauer-Emmett-Teller (BET) method is the 

primary technique for measuring surface area, 

which significantly impacts NP behavior. 

• Composition:  

X-ray photoelectron spectroscopy (XPS) is 

extensively used to determine the fundamental 

make-up of NPs. Additional techniques like mass 

spectrometry can offer a complete compositional 

profile. 

THE DIVERSE APPLICATIONS OF 

NANOPARTICLES 

Nanoparticles (NPs) hold tremendous potential 

due to their unique properties and multiple 

applications. Here’s a breakdown of the key areas 

where NPs are having the biggest impact: 

1. Cancer Detection:  

Gold nanoparticles conjugated with antibodies can 

target and bind to precise most cancers cells, 

taking into consideration their detection via 

imaging techniques like dark-area microscopy. 

(Example: HER2-effective breast most cancers 

cells) 

• Skin Cancer Diagnosis: 

 Surface-superior Raman spectroscopy (SERS) the 

usage of gold nanoparticles can probably provide 

rapid and accurate detection of basal cell 

carcinoma (BCC), a not unusual shape of skin 

most cancers. 

• Antibacterial Properties:  

Silver nanoparticles (AgNPs) show off robust 

antibacterial activity because of their interplay 

with bacterial mobile membranes. This makes 

them suitable for diverse packages, together with 

wound healing and antimicrobial coatings. 

• Drug Delivery:  

Nanoparticles may be designed to deliver tablets 

mainly to diseased cells, improving treatment 

efficacy and decreasing facet consequences. 

Researchers are exploring strategies to overcome 

the blood-brain barrier for targeted drug delivery 

to the mind.12 

2. Catalysis: 

Gold Nanoparticles as Catalysts: Despite not being 

appropriate catalysts in bulk shape, gold 
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nanoparticles can become powerful catalysts due 

to the "quantum size impact." This unique 

belongings makes them treasured for various 

chemical reactions, which include hydrogenation 

and oxidation. 

3. Food and Agriculture: 

Nanotechnology in Food Science: 

Nanotechnology offers new possibilities for food 

safety, preservation, and delivery of essential 

nutrients. 

4. Energy Applications: 

Energy Harvesting: NPs with properties like large 

surface area and catalytic activity are being 

explored for harvesting energy from various 

sources, including solar and mechanical energy. 

Energy Storage: Nanoparticles hold promise for 

developing next-generation energy storage 

solutions. 

5. Electronics: 

Printed Electronics: Nanoparticles like carbon 

nanotubes and organic nanoparticles are being 

used to develop printed electronics, offering a 

potentially cheaper and faster alternative to 

traditional methods.16 

6. Medical Imaging: 

Magnetic Resonance Imaging (MRI): Magnetic 

nanoparticles (MNPs) act as contrast agents in 

MRI, enhancing the visibility of specific tissues 

and organs. This improves the accuracy and detail 

of medical scans.17 

THE NANOTECH BOOM: PROMISE AND 

CHALLENGES 

Nanotechnology has exploded in recent years, 

with a surge in research dedicated to nanoparticles 

and their potential applications in various fields, 

especially medicine. However, translating this 

exciting potential into real-world treatments 

remains a significant hurdle. While pre-clinical 

studies (in vitro and in vivo) often show promising 

results, only a small fraction of nanoparticles 

progress to human trials. This highlights the 

challenge of bridging the gap between basic 

science discoveries and practical applications. 

1. Manufacturing Matters 

As mentioned, the ability to manufacture 

nanoparticles continuously and on a huge scale is 

essential for their fulfillment. Factors like price, 

scalability, and preserving preferred homes during 

production turn out to be vital issues. 

2. Safety First 

The precise homes of nanoparticles also boost 

issues approximately their ability toxicity and 

lengthy-term outcomes on human health. 

Extensive protection checks are vital earlier than 

good sized use. 

3. Three. Regulatory Roadblocks 

Regulatory organizations have strict suggestions 

for drug improvement, and nanoparticles 

frequently require new testing protocols due to 

their novel nature. This can upload complexity and 

time to the development method. 

4. The Road Ahead 

The destiny of nanoparticle-based totally remedies 

hinges on overcoming these challenges. Here are 

some key regions for improvement: 

• Translational Focus: Research efforts need to 

prioritize packages with a clear route to 

medical translation, ensuring the chosen 

nanoparticles have a practical threat of 

achieving patients. 

• Manufacturability Matters: Early-stage 

studies should don't forget the feasibility of 

large-scale manufacturing strategies to keep 

away from roadblocks later in improvement. 

• Safety through Design: Rigorous safety trying 

out and an intensive know-how of ability 

dangers are critical for responsible 

development and regulatory approval. 

• Collaboration is Key: Effective collaboration 

between academic researchers and 
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pharmaceutical corporations can bridge the 

distance among simple technology and 

commercialization 

CONCLUSION 

Nanotechnology's software in medicinal drug is 

unexpectedly expanding. Nanoparticles are being 

explored for scientific imaging, prognosis, and 

treatment, with numerous studies progressing via 

medical trials. The pharmaceutical industry is 

actively utilising nanoparticles to expand more 

secure and more effective medicinal drugs. This 

revised model avoids redundancy and makes a 

speciality of the important thing benefits of 

nanoparticles in medicine. It additionally clarifies 

the purpose of characterization strategies and 

emphasizes the developing importance of 

nanomedicine. 
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