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Introduction

Nanomaterials are materials with at least one dimension 

in the nanometer scale, typically ranging from 1 to 100 

nanometers. These materials exhibit unique properties due 

to their small size, such as increased surface area, quantum 

effects, and enhanced mechanical, electrical, and optical 

properties [1,2]. Nanomaterials can be classifi ed into various 

categories based on their composition, structure, and 

properties. One of the most common types of nanomaterials 

is nanoparticles, which are particles with dimensions in the 

nanometer scale. Nanoparticles can be made from a variety 

of materials, including metals, metal oxides, carbon-based 

materials, and polymers. These materials have applications in 

fi elds such as catalysis, sensing, drug delivery, and imaging. 
Another important class of nanomaterials is nanotubes, 
which are cylindrical structures with nanoscale dimensions. 
Carbon nanotubes, in particular, have attracted signifi cant 
attention due to their exceptional mechanical, electrical, and 
thermal properties. These materials are used in applications 
ranging from electronics and energy storage to aerospace 
and biomedical devices. Nanoporous materials are another 
category of nanomaterials that have a high surface area 
and pore volume. These materials are used in gas storage, 
separation, and catalysis applications. Nanocomposites are 
materials composed of two or more nanoscale components and 
are also important in various industries, including automotive, 
aerospace, and construction. The properties of nanomaterials 
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are infl uenced by their size, shape, composition, and structure. 
For example, quantum effects become more pronounced 
at the nanoscale, leading to unique electronic and optical 
properties. Additionally, the high surface area-to-volume ratio 
of nanomaterials enhances their reactivity and adsorption 
capacity. Nanomaterials have a wide range of applications in 
various fi elds, including electronics, medicine, energy, and 
environmental remediation [3,4]. In electronics, nanomaterials 
are used to develop high-performance transistors, sensors, 
and displays. In medicine, nanomaterials are employed for 
drug delivery, imaging, and tissue engineering. In energy, 
nanomaterials play a crucial role in solar cells, batteries, and 
fuel cells. In environmental remediation, nanomaterials are 
used for water purifi cation, air fi ltration, and waste treatment. 
Despite their numerous advantages, nanomaterials also pose 
challenges in terms of health and environmental risks. The 
small size and high reactivity of nanomaterials can lead to 
unintended consequences, such as toxicity and environmental 
pollution [4]. Therefore, it is essential to conduct thorough risk 
assessments and implement appropriate safety measures when 
working with nanomaterials. In conclusion, nanomaterials are 
a diverse and versatile class of materials with unique properties 
and a wide range of applications. As research in this fi eld 
continues to advance, nanomaterials are expected to play an 
increasingly important role in shaping the future of technology 
and innovation. Nanomaterials offer several advantages over 
conventional materials due to their unique properties at the 
nanoscale. One key benefi t is their increased surface area-
to-volume ratio, which enhances reactivity and allows for 
improved performance in various applications. Additionally, 
nanomaterials exhibit size-dependent properties, such as 
enhanced mechanical strength, electrical conductivity, and 
optical properties, making them highly versatile for different 
uses. Their small size also enables precise control over material 
properties, leading to tailored functionalities for specifi c 
applications [5,6]. In the future, nanomaterials are expected 
to revolutionize industries such as healthcare, electronics, 
and environmental sustainability. They hold the potential 
to enable advancements in targeted drug delivery systems, 
high-performance electronics, and effi cient energy storage 
devices. Overall, the continued development and utilization of 
nanomaterials are poised to drive innovation and create new 
opportunities across a wide range of fi elds.

Advantages

Nanomaterials offer several advantages over conventional 
materials due to their unique properties at the nanoscale. Some 
of the key benefi ts of nanomaterials compared to traditional 
materials include:

Enhanced mechanical properties: Nanomaterials exhibit 
superior mechanical strength, hardness, and fl exibility 
compared to bulk materials. This makes them ideal for 
applications requiring high durability and resistance to wear 
and tear.

Increased surface area: Nanomaterials have a high surface 
area-to-volume ratio, allowing for improved reactivity and 

adsorption capabilities. This property is benefi cial for catalysis, 
sensing, and fi ltration applications [2,7].

Enhanced electrical and optical properties: Nanomaterials 
possess unique electrical and optical properties, such as 
quantum confi nement effects and plasmonic behavior. These 
properties enable the development of advanced electronic 
devices, sensors, and photonic technologies.

Tailored chemical and physical properties: Nanomaterials 
can be engineered to exhibit specifi c chemical, physical, and 
biological properties by controlling their size, shape, and 
composition. This tunability allows for custom-designed 
materials with desired functionalities [7].

Biocompatibility and bioactivity: Some nanomaterials are 
biocompatible and exhibit bioactive properties, making them 
suitable for biomedical applications such as drug delivery, 
imaging, and tissue engineering.

Environmental benefi ts: Nanomaterials can be used for 
environmental remediation, pollution control, and sustainable 
energy applications. They offer effi cient catalytic properties, 
adsorption capabilities, and photocatalytic activity for 
environmental cleanup and energy conversion processes [8].

Future benefi ts

In terms of future benefi ts, nanomaterials hold great 
potential for various industries and technologies. Some of the 
anticipated future benefi ts of nanomaterials include:

Advanced healthcare solutions: Nanomaterials are 
expected to revolutionize healthcare by enabling targeted drug 
delivery, personalized medicine, and non-invasive diagnostics. 
They can enhance the effi cacy and safety of medical treatments 
while reducing side effects [9].

Energy storage and conversion: Nanomaterials are 
poised to improve energy storage devices like batteries and 
supercapacitors by enhancing their performance, durability, 
and effi ciency. They also hold promise for renewable energy 
technologies such as solar cells and fuel cells.

Smart materials and devices: Nanomaterials can be 
integrated into smart materials and devices with responsive, 
adaptive, and self-healing properties. These materials have 
applications in robotics, electronics, aerospace, and other 
high-tech industries [10,11].

Environmental sustainability: Nanomaterials offer 
sustainable solutions for environmental challenges, including 
water purifi cation, air fi ltration, waste treatment, and 
renewable energy generation. They can contribute to a cleaner 
and greener future. Overall, nanomaterials have the potential 
to drive innovation, improve quality of life, and address 
global challenges in diverse fi elds. Continued research and 
development in nanotechnology will unlock new opportunities 
for harnessing the benefi ts of nanomaterials in the years to 
come [12].
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tunability makes quantum dots valuable for applications in 
displays, lighting, and biological imaging. Another key aspect 
of quantum dots is their high photoluminescence effi ciency. 
When excited by light or electricity, quantum dots emit bright, 
colorful light with narrow emission spectra. This property 
is advantageous for producing vibrant and energy-effi cient 
displays, as well as for use in sensors and medical imaging. 
Furthermore, quantum dots have unique electronic properties 
that can be tailored for specifi c applications [17]. They can be 
engineered to exhibit properties such as high charge carrier 
mobility, making them promising for use in transistors, solar 
cells, and quantum computing. Additionally, quantum dots 
have shown potential in the fi eld of quantum cryptography and 
quantum information processing due to their ability to generate 
entangled photon pairs and exhibit quantum coherence. In 
summary, quantum dots' size-dependent optical properties, 
high photoluminescence effi ciency, tunable electronic 
properties, and potential for quantum technologies make 
them a versatile and promising material with a wide range of 
applications in areas such as displays, lighting, sensors, and 
quantum computing [7,18].

Metal nanoparticles: Metal nanoparticles are nanoscale 
particles composed of metal atoms, typically ranging in size 
from 1 to 100 nanometers. These nanoparticles exhibit unique 
physical and chemical properties that differ from their bulk 
counterparts, making them valuable in various applications 
across different industries. One important detail about metal 
nanoparticles is their high surface area-to-volume ratio. Due 
to their small size, metal nanoparticles have a signifi cantly 
larger surface area compared to their volume [19]. This property 
enhances their reactivity and makes them effective catalysts in 
chemical reactions, such as in the production of fi ne chemicals 
and pharmaceuticals. Another key aspect of metal nanoparticles 
is their optical properties. These nanoparticles can exhibit 
localized surface plasmon resonance, a phenomenon where 
the metal's free electrons collectively oscillate in response to 
incident light. This property gives metal nanoparticles unique 
optical characteristics, making them useful in applications such 
as sensing, imaging, and photothermal therapy [20]. Metal 
nanoparticles also possess excellent electrical and thermal 
conductivity, making them suitable for use in electronics, 
sensors, and energy storage devices. Their small size and 
tunable properties allow for the design of advanced materials 
with enhanced performance. Furthermore, metal nanoparticles 
have antimicrobial properties and are used in various 
biomedical applications, including drug delivery, imaging, 
and cancer therapy. In summary, metal nanoparticles offer a 
wide range of unique properties and applications due to their 
small size and distinctive characteristics. Their high surface 
area-to-volume ratio, optical properties, conductivity, and 
antimicrobial effects make them valuable materials in fi elds 
such as catalysis, electronics, biomedicine, and environmental 
remediation [21,22].

Nanowires: Nanowires are one-dimensional structures 
with diameters on the nanometer scale and lengths that can 
range from micrometers to millimeters. They are typically 
made of various materials such as metals, semiconductors, 

Types of nanomaterials preparation

Carbon nanotubes: Carbon nanotubes are cylindrical 
structures composed of carbon atoms arranged in a hexagonal 
lattice. They exhibit unique properties such as high strength, 
fl exibility, and electrical conductivity, making them valuable 
in various fi elds including electronics, materials science, 
and nanotechnology. One important detail about carbon 
nanotubes is their exceptional mechanical strength. They are 
one of the strongest materials known, with a tensile strength 
exceeding that of steel [13]. This property makes them ideal 
for reinforcing composite materials and creating lightweight 
yet durable structures. Another key aspect of carbon nanotubes 
is their electrical conductivity. They can conduct electricity 
better than copper, making them suitable for applications in 
electronics and nanoelectronics. Carbon nanotubes have been 
used in the development of high-performance transistors, 
sensors, and conductive fi lms. Furthermore, carbon nanotubes 
have a high aspect ratio, meaning they have a large surface area 
relative to their volume. This property makes them effective 
in applications such as energy storage devices, catalysis, and 
drug delivery systems. In summary, carbon nanotubes possess 
remarkable mechanical strength, electrical conductivity, and 
high aspect ratio, making them versatile materials with a wide 
range of potential applications in various industries [6].

Graphene: Graphene is a two-dimensional material 
composed of a single layer of carbon atoms arranged in a 
hexagonal lattice. It is known for its exceptional properties, 
including high electrical conductivity, mechanical strength, 
and thermal conductivity. One important detail about graphene 
is its electrical conductivity. Graphene is an excellent conductor 
of electricity, surpassing even copper and other traditional 
conductive materials. This property makes graphene valuable 
in the development of high-speed electronics, sensors, and 
transparent conductive fi lms. Another key aspect of graphene 
is its mechanical strength. Despite being only one atom thick, 
graphene is incredibly strong and fl exible. It has a tensile 
strength greater than that of steel, making it suitable for 
reinforcing composite materials and creating lightweight yet 
durable structures. Graphene also exhibits outstanding thermal 
conductivity, allowing it to effi ciently dissipate heat [14]. This 
property is essential for applications in thermal management, 
such as in electronic devices and energy storage systems. 
Furthermore, graphene's large surface area and unique 
electronic properties make it promising for applications in 
energy storage, catalysis, and biomedical devices. In summary, 
graphene's exceptional electrical conductivity, mechanical 
strength, thermal conductivity, and unique electronic 
properties make it a highly versatile material with a wide range 
of potential applications in various industries [15,16].

Quantum dots: Quantum dots are nanoscale semiconductor 
particles that exhibit unique optical and electronic properties 
due to quantum confi nement effects. These tiny structures are 
typically composed of materials such as cadmium selenide, 
lead sulfi de, or indium arsenide. One important detail about 
quantum dots is their size-dependent optical properties. 
The size of a quantum dot directly infl uences its bandgap, 
which in turn determines the color of light it emits. This 
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or insulators and exhibit unique properties that make them 
valuable in nanotechnology and electronics. One important 
detail about nanowires is their high aspect ratio. Due to their 
small diameter and elongated shape, nanowires have a large 
surface area relative to their volume. This property makes them 
ideal for applications such as sensors, catalysts, and energy 
storage devices where surface interactions are crucial. Another 
key aspect of nanowires is their tunable electrical and optical 
properties [23]. By controlling the composition, size, and 
structure of nanowires, researchers can tailor their electrical 
conductivity, bandgap, and optical properties for specifi c 
applications. This versatility makes nanowires promising for 
use in nanoelectronics, photovoltaics, and optoelectronics. 
Nanowires also exhibit mechanical fl exibility and strength, 
allowing them to be integrated into fl exible electronics and 
nanomechanical devices. Their small size and high surface-
to-volume ratio enable effi cient energy conversion and storage 
in nanoscale devices. Furthermore, nanowires can serve as 
building blocks for nanoscale devices and systems, enabling 
the development of novel technologies such as nanoscale 
sensors, transistors, and nanolasers. In summary, nanowires' 
high aspect ratio, tunable properties, mechanical fl exibility, 
and versatility as building blocks make them valuable materials 
for a wide range of applications in nanotechnology, electronics, 
and materials science [24].

Nanoparticles: Nanoparticles are particles with dimensions 
ranging from 1 to 100 nanometers in at least one dimension. They 
exhibit unique properties due to their small size, large surface 
area-to-volume ratio, and quantum effects. One important 
detail about nanoparticles is their size-dependent properties. 
As the size of nanoparticles decreases, their physical and 
chemical properties can change signifi cantly [25,26]. This size-
dependent behavior makes nanoparticles valuable in various 
applications, such as catalysis, drug delivery, and imaging. 
Another key aspect of nanoparticles is their large surface area-
to-volume ratio. This property allows nanoparticles to interact 
more effectively with surrounding molecules, making them 
effi cient catalysts, sensors, and drug carriers. The high surface 
area also enhances the reactivity and adsorption capacity of 
nanoparticles. Nanoparticles also exhibit quantum effects 
at the nanoscale. These effects can lead to unique optical, 
electronic, and magnetic properties that differ from those of 
bulk materials. Quantum dots, for example, are semiconductor 
nanoparticles that emit light of specifi c wavelengths based 
on their size, making them useful in displays, imaging, 
and biological labeling. Furthermore, nanoparticles can be 
engineered with specifi c shapes, compositions, and surface 
modifi cations to tailor their properties for specifi c applications. 
This versatility allows nanoparticles to be utilized in a wide 
range of fi elds, including medicine, electronics, environmental 
remediation, and energy storage. In summary, nanoparticles 
possess size-dependent properties, a large surface area-to-
volume ratio, quantum effects, and tunable characteristics, 
making them versatile materials with diverse applications in 
science, technology, and industry [27].

Nanomaterials in the pharmaceutical industry

Nanomaterials play a crucial role in pharmaceutical 
preparation due to their unique properties and potential 

applications in drug delivery, diagnostics, and therapeutics 
[2,7]. These materials, typically ranging in size from 1 to 100 
nanometers, offer several advantages in the fi eld of medicine. 
One key role of nanomaterials in pharmaceutical preparation is 
their ability to enhance drug delivery effi ciency. Nanoparticles 
can encapsulate drugs, protecting them from degradation and 
improving their bioavailability. By controlling the size, shape, 
and surface properties of nanoparticles, researchers can tailor 
drug release profi les and target specifi c tissues or cells, leading 
to improved therapeutic outcomes. Moreover, nanomaterials 
enable targeted drug delivery, reducing systemic side effects 
and improving treatment effi cacy [13,28]. Functionalized 
nanoparticles can be designed to selectively bind to specifi c 
receptors or biomarkers on diseased cells, allowing for precise 
drug delivery to the desired site. This targeted approach 
minimizes off-target effects and enhances the therapeutic 
index of drugs. In addition to drug delivery, nanomaterials 
have revolutionized diagnostics in pharmaceutical preparation. 
Nanoparticles can be engineered to detect biomarkers or 
pathogens with high sensitivity and specifi city, enabling early 
disease detection and personalized medicine. Nanotechnology-
based diagnostic tools, such as biosensors and imaging agents, 
have signifi cantly improved disease diagnosis and monitoring 
[2,13]. Overall, the role of nanomaterials in pharmaceutical 
preparation is multifaceted, encompassing drug delivery, 
targeted therapy, and diagnostics given in Figure 1. 

Common excipients used in nanoparticle formulation

Nanoparticle formulation includes stabilizers like 
surfactants (e.g., Poloxamer, Tween), polymers (e.g., 
polyethylene glycol, PLGA), and cryoprotectants (e.g., sugars 
like sucrose). These components help stabilize nanoparticles, 
control particle size, enhance drug loading, and improve 
biocompatibility and stability during formulation and storage 
[28,29].

Polymers: Large molecules composed of repeating 
structural units known as monomers. There are various types 
of polymers, including synthetic polymers like polyethylene, 
polypropylene, and polystyrene, as well as natural polymers 
like proteins, cellulose, and DNA. Polymers play a crucial role 
in numerous industries and applications due to their diverse 
functions and properties [28]. One of the key advantages of 
polymers is their versatility and tunable properties. By varying 
the monomer composition, molecular weight, and structure, 
polymers can be tailored to meet specifi c requirements for 
different applications. For example, polymers can be engineered 
to exhibit desired mechanical strength, fl exibility, thermal 
stability, and chemical resistance, making them suitable for a 
wide range of uses in industries such as packaging, automotive, 
construction, and healthcare [11,28,30].

Additionally, polymers offer advantages such as lightweight, 
cost-effectiveness, and ease of processing. Compared to 
traditional materials like metals and ceramics, polymers are 
often lighter in weight, which is advantageous for applications 
where weight reduction is critical, such as in the aerospace and 
automotive industries. Moreover, polymers can be produced 
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in large quantities at relatively low cost, making them 
economically viable for mass production. The processability 
of polymers also allows for effi cient manufacturing through 
techniques like injection molding, extrusion, and 3D printing. 
However, along with their numerous advantages, polymers also 
have certain disadvantages that need to be considered. One of 
the main drawbacks of some polymers is their susceptibility to 
degradation under environmental conditions such as exposure 
to UV radiation, heat, and chemicals [2,7]. This can lead to 
issues like discoloration, embrittlement, and loss of mechanical 
properties over time. Furthermore, some polymers may pose 
environmental concerns due to their non-biodegradable nature, 
contributing to plastic pollution and waste accumulation. In 
conclusion, polymers encompass a wide range of materials 
with diverse types, functions, advantages, and disadvantages 
[28,31]. Their versatility, tunable properties, and cost-
effectiveness make them indispensable in various industries 
and applications. However, challenges such as environmental 
impact and degradation issues highlight the importance of 
sustainable polymer design and recycling practices to mitigate 
potential drawbacks. By understanding the characteristics and 
behavior of different polymer types, researchers and industries 
can continue to innovate and optimize the use of polymers for 
a sustainable and effi cient future [22,28,32] given in Table 1.

Surfactants: Compounds that play a crucial role in 
various industries and everyday products due to their unique 
properties. There are several types of surfactants, including 
anionic, cationic, nonionic, and amphoteric surfactants, each 
with distinct characteristics and functions. Anionic surfactants, 
such as sodium lauryl sulfate, are commonly used in cleaning 
products for their excellent foaming and emulsifying 
properties. Cationic surfactants, like cetyltrimethylammonium 
bromide, are often found in hair conditioners and fabric 
softeners due to their ability to provide a positive charge and 

improve product performance. Nonionic surfactants, such as 
polysorbate 80, are known for their compatibility with various 
substances and are frequently used in pharmaceuticals and 
personal care products [43]. Amphoteric surfactants, like 
cocamidopropyl betaine, exhibit both positive and negative 
charges, making them versatile and suitable for a wide range 
of applications. Surfactants serve several essential functions in 
products and processes. They act as emulsifi ers, helping to mix 
oil and water-based ingredients in formulations like lotions 
and creams. Surfactants also function as detergents, reducing 
the surface tension of liquids to facilitate the removal of dirt 
and grease. In addition, surfactants can stabilize emulsions, 
preventing the separation of immiscible components in 
products like salad dressings and cosmetics. Furthermore, 
surfactants play a crucial role in wetting agents, allowing 
liquids to spread evenly on surfaces, and enhancing cleaning 
effi ciency. Overall, surfactants contribute to the effectiveness, 
stability, and performance of a wide range of products across 
industries [7,44].

Despite their numerous advantages, surfactants also have 
some disadvantages that need to be considered. One common 
concern is their potential environmental impact, as certain 
surfactants can be toxic to aquatic life and may persist in 
the environment. Additionally, some surfactants can cause 
skin irritation or allergic reactions in sensitive individuals, 
highlighting the importance of proper safety precautions 
and labeling in product formulations. Surfactants may also 
contribute to foam pollution in water bodies, affecting 
aquatic ecosystems and water quality [45]. Furthermore, the 
production and disposal of surfactants can have energy and 
resource implications, necessitating sustainable practices and 
alternatives to minimize environmental harm. In conclusion, 
surfactants play a vital role in a wide range of applications, 
offering unique properties and functions that enhance the 

Figure 1: Role of Nanomaterials in Pharmacuetical Industry
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Table 1: Types of Polymers and their Physicochemical Properties.

Type of 
excipients

Examples
Physicochemical properties

Molecular weight Solubility
Surface 
charge

Stability Compatibility Density Melting point

Polymers

Polyethylene glycol 
(peg)

200 to 20,000 g/
mol

Water Neutral Highly stable
Both hydrophilic 
and hydrophobic 

substances

1.124 g/cm3 
(20 °c)

33 - 40 °c [33]

Polyvinylpyrrolidone 
(pvp)

111.14 g/mol Water −10 mv Up to 175 °c Good compatible 1.2 g/cm3 150 °c [34]

Poly lactic-co-
glycolic acid (plga)

30,000-60,000 
g/mol

Organic solvents −25.70 mv  2-8 °c
Biocompatible and 

biodegradable
1.53 g/ml at 25 

°c (lit.)
 262 

°c (lit.) [35]

Hydroxypropyl 
methylcellulose 

(hpmc)
1261.4 g/mol Water

−2.14 to −3.4 
mv

Ph range of 3.0 
to 11.0

Soluble in polar 
organic solvents

1.39 g/cm3  225-
230 °c [36]

Polyethylene oxide 
(peo)

 above 20,000 g/
mol

Water −18.0 mv
Decomposed 

between 330 °c 
and 430 °c

Water
 1.11 

– 1.144g/cm3 66 - 70 °c

Polyvinyl alcohol 
(pva)

44.05 g/mol
Soluble in water, slightly 

soluble in ethanol
_ 36.4 mv

Decomposed 
between 130 to 

260 °c

Soluble in water, 
slightly soluble in 

ethanol
1.19 g/cm³ 180 to 190 °c

Poly (methyl 
methacrylate) 

(pmma)
9.710 5 daltons

Soluble in polar & organic 
solvents

− 26.8 mv Up to 200 °c Toluene or acetone 1.17–1.20 g/cm3 320°f [37]

Polyethylene 
terephthalate (pet)

228.199 g/mol
Soluble in water and many 

organic solvents
-13.5mv −60° to 220 °c

Pet is highly resistant 
to dilute acids, oils, 

and alcohols
1.38 g/cm³ 260 °c. [38]

Polyvinyl acetate 
(pva)

86.09 grams per 
mole (g/mol)

Soluble in benzene, 
chloroform, methanol, 
acetone, butyl acetate

− 56.6 and − 
72.6 mv

150–190 °c Plasticisers 1.38 g/cm³ 260 °c

Polystyrene
 104.1 

g/mol

Organic solvents (ethyl 
acetate, dichloromethane, 

dmf, dmso, thf, and 
toluene)

 −29.0 ± 1.0 
mv

Good resistance 
to moisture, 

chemicals, and 
temperature 
fl uctuations

Not be compatible 
with certain solvents, 

such as acetone
0.96–1.05 g/cm3 240 to 260 °c 

[39]

Polypropylene 10k-40k g/mol
Soluble in p-xylene at 

140 °c
4.56 μeq per 

gram

Should not be 
stored near 
fl ammable 

material such as 
paint or petrol

It resists most strong 
mineral acids and 

bases
0.96–1.05 g/cm3 160 °c [40]

Polyethylene
Up to 200,000 g/

mol

Dissolved at elevated 
temperatures in aromatic 

hydrocarbons such as 
toluene or xylene

−33 to +55 
mv

High-impact 
ps (10% 

polybutadiene) 
is much stronger 

even at low 
temperatures

Not resistant to 
strong oxidizing 

agents such as nitric 
acid, fuming sulfuric 

acid, or halogens

0.96–1.05 g/cm3 240 to 260 °c

Polyurethane 548.589 g/mol
Soluble in highly polar 

substances
6.39 ± 2.4 

mv
Decomposed 

more than 200°f

Ethanol (95%), 
alcohol, hydraulic 
fl uid, aliphatic 
hydrocarbon, 

hydrochloric acid 
(18.5%), inorganic 

acid

0.05 - 1.7 g/cm3 71.0 - 221 °c

Polycarbonate 272.29 g/mol
Soluble in environmentally 

friendly solvents like 
methylethyl ketone

1.2–1.3 kj/
(kg)

Withstand 
temperatures 

between - 80°f to 
200°f

Partial compatibility 
between PU and pvc

0.05 - 1.7 g/cm3 295 – 315 °c 
[41]

Polyacrylonitrile 53.064 g/mol

N,n-
dimethylformamide (dmf), 

dimethyl sulphoxide 
(dmso), dimethylacetamide 
(dmac), chloroacetonitrile, 

dioxanone, dimethyl 
phosphite

−19 mv to 
20 mv

Degradation at 
280-450 °c

Polar solvents, 
such as 

dimethylformamide, 
dimethylacetamide, 

ethylene, and 
propylene carbonates, 

and in aqueous 
solutions

1.184 g/cm3 300 °c (572 °f; 
573 k) [17,42]

Polybutadiene
>100,000 grams 

per mole

Soluble in hexane, 
methanol, ethanol, and 

water
-50 mv

Excellent thermal 
stability

High compatibility 
with aliphatic 
hydrocarbon 

polymers

0.90 - 0.92 g/cm3 About 80 °c [28]
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performance of products and processes. Understanding the 
different types of surfactants, their functions, advantages, 
and disadvantages is essential for formulators, manufacturers, 
and consumers to make informed decisions regarding product 
development, usage, and environmental impact. By balancing 
the benefi ts and drawbacks of surfactants and adopting 
responsible practices, stakeholders can harness the potential 
of these versatile compounds while minimizing their potential 
negative effects on health and the environment given in Table 
2 [22,46].

Lipids: A diverse group of organic compounds that play 
essential roles in the human body. There are several types 
of lipids, including triglycerides, phospholipids, sterols, and 
sphingolipids, each with distinct structures and functions. 
Triglycerides, the most common type of lipid, serve as a 
major energy source and storage form of fat in the body. They 
provide insulation and protection for organs, as well as serving 
as precursors for various hormones. Phospholipids are crucial 
components of cell membranes, forming a lipid bilayer that 
regulates the passage of molecules in and out of cells. Sterols, 
such as cholesterol, are important for cell membrane structure, 
hormone synthesis, and bile acid production. Sphingolipids 
are involved in cell signaling and cell recognition processes 
[22]. The advantages of lipids in the body are numerous. They 
provide a concentrated source of energy, with each gram of 
fat containing more than twice the calories of carbohydrates 
or proteins. Lipids also aid in the absorption of fat-soluble 
vitamins (A, D, E, and K) and help maintain healthy skin and 
hair. Additionally, lipids play a crucial role in cell signaling, 
serving as messengers that regulate various physiological 
processes in the body. Certain types of lipids, such as omega-3 
fatty acids, have anti-infl ammatory properties and are 
benefi cial for heart health [7,54].

Despite their important functions, lipids can also have 
disadvantages when consumed in excess. High intake of 
saturated fats and trans fats, commonly found in processed 
foods, can lead to an increased risk of cardiovascular diseases, 
obesity, and other health issues. Excessive consumption of 
cholesterol-rich foods can contribute to the development 
of atherosclerosis and heart disease. It is essential to 
maintain a balanced diet that includes healthy fats, such as 
monounsaturated and polyunsaturated fats while limiting 
the intake of unhealthy fats to promote overall health and 
well-being. In conclusion, lipids are vital components of a 
healthy diet and play diverse roles in the human body [53,55]. 
Understanding the different types of lipids, their functions, 
advantages, and potential disadvantages can help individuals 
make informed dietary choices to support optimal health and 
well-being. By incorporating a variety of healthy fats into their 
diet and avoiding excessive consumption of unhealthy fats, 
individuals can harness the benefi ts of lipids while minimizing 
potential risks to their health as shown in Table 3.

Chelating agents: Chemical compounds that have the ability 
to form coordination complexes with metal ions by donating 
electron pairs to the metal ion. These compounds play a 
crucial role in various industrial, environmental, and biological 

processes due to their unique properties. There are several 
types of chelating agents, including ethylenediaminetetraacetic 
acid (EDTA), citric acid, diethylenetriaminepentaacetic acid 
(DTPA), and hydroxycarboxylic acids like gluconic acid. Each 
type of chelating agent has specifi c characteristics that make 
them suitable for different applications. The primary function 
of chelating agents is to sequester metal ions and form 
stable complexes, thereby preventing the metal ions from 
participating in undesired chemical reactions [17,28]. Chelation 
can be used in various industries such as water treatment, food 
preservation, and pharmaceuticals to control the presence of 
metal ions and improve product stability. Chelating agents 
also fi nd applications in medicine, where they are used to treat 
heavy metal poisoning by forming complexes with toxic metal 
ions and facilitating their excretion from the body. One of the 
key advantages of using chelating agents is their ability to 
enhance the stability and solubility of metal ions in solution. 
By forming stable complexes with metal ions, chelating 
agents can prevent the precipitation of insoluble metal salts 
and improve the effi ciency of various chemical processes. 
Additionally, chelating agents can act as corrosion inhibitors by 
forming protective layers on metal surfaces, thereby extending 
the lifespan of equipment and infrastructure [60].

However, chelating agents also have certain disadvantages 
that need to be considered. One potential drawback is the 
environmental impact of chelating agents, as some compounds 
may persist in the environment and pose risks to ecosystems. 
Additionally, chelating agents can sometimes exhibit selectivity 
towards specifi c metal ions, which may limit their effectiveness 
in certain applications. Furthermore, the use of chelating agents 
in food and pharmaceutical products may raise concerns about 
potential health risks associated with prolonged exposure to 
these compounds. In conclusion, chelating agents play a vital 
role in various industries and applications by sequestering 
metal ions and forming stable complexes. Different types of 
chelating agents offer unique advantages and disadvantages, 
making them suitable for specifi c purposes. Understanding the 
properties and functions of chelating agents is essential for 
optimizing their use in different processes while minimizing 
potential risks. Further research and development in chelation 
chemistry can lead to the discovery of novel chelating agents 
with improved effi ciency and reduced environmental impact 
given in Table 4 [61].

Conclusion

In conclusion, nanomaterials stand at the forefront of 
scientifi c innovation, promising transformative advancements 
across numerous fi elds from healthcare to electronics, energy, 
and environmental sustainability. Currently, these materials 
have already demonstrated their potential through applications 
such as targeted drug delivery systems in medicine, enhanced 
electronic properties in nanoelectronics, and improved 
effi ciency in energy storage and conversion technologies. 
Looking forward, the future prospects for nanomaterials 
appear exceptionally bright. Anticipated developments include 
personalized medicine enabled by nanoscale biosensors, 
quantum leaps in computing through quantum dots, and smart 
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Table 2: Types of Surfactants and their Physicochemical Properties.

Type of 
excipients

Examples
Physicochemical properties

Molecular weight Solubility Surface charge Stability Compatibility Density
Melting 

point

Surfactants

Sodium lauryl sulfate 288.38 g/mol
Highly soluble in 
water and non-

volatile
-24.2 mv

Thermal 
degradation at 

380 °c

Strong acids, oxidizing 
agents, or certain 

cationic surfactants
1.01 g/cm3 204-207 °c 

[47]

Polysorbate 80 1,310.86 g/mol

Soluble in polar 
solvents such 
as ethanol and 

methanol

-24.2 mv

Fairly stable 
excipient under 

standard storage 
conditions

Compatible with 
alkanolamides and 

amphoterics
1.01 g/cm³ 206 °c [48]

Sorbitan monolaurate 429.6 g/mol
Soluble in non-
polar solvents

−50 mv 

Soluble in 
2-ethoxyethanol, 

ethanol, and 
methanol

Compatible with 
sorbitan monolaurate 20 

eo - polysorbate 20
1.032g/cm3 93 to 98 °c 

[6, 26]

Poloxamer 188 8400 daltons >100 g/l -47.3 ± 3.6 mv
Degraded at 40 

°c/75% rh

Compatible with the 
components of the drug 
product and safe for the 
route of administration

1.06 g/cm3 
(25 °c)

52 °c

Benzalkonium chloride 368.03 daltons
Very soluble in 

water
+ 6.6 mv

Stable over a 
wide pH and 

temperature range

Incompatible with 
aluminum, anionic 

surfactants, nonionic 
surfactants in high 

concentration, hydrogen 
peroxide, iodides, kaolin, 

nitrates, silver salts, 
soaps, and also some 

rubber and plastic mixes

0.98 g/cm3

127 - 133 
°c [7,49]

Span 80 428.60 g/mol

Insoluble in 
water and 
soluble in 

organic solvents

+93 mv

Used to stabilize 
aqueous 

formulations 
of medications 
for parenteral 
administration

Compatible with acrylic/ 
vinylic/ UV, epoxy, 
natural oils, waxes, 

esters, polyesters and 
polyurethane

0.986 g/ml
10-12� 
[48,50]

Tween 80 1,310 g/mol
Miscible in 

water (0.1 ml/
ml)

12.23 ± 0.25 mv Stable at 2 - 8 °c

Miscible with alcohol, 
cottonseed oil, corn oil, 
ethyl acetate, methanol, 

and toluene, but 
insoluble in mineral oil

1.08 g/cm3

24-27 °c 
(75-81°f) 

[51]

Cetyltrimethylammonium 
bromide

364.45 g/mol

Solubility in 
water is 36.4 

g/l at 20 °c (68 
°f) - completely 

soluble

Depending on 
the method of 

determination an 
average of 95.00 

± 0.25

Heating to 30-35 
°c may be required 

for complete 
solubilization 

stable for up to 6 
months at room 

temperature

Soluble in water 0.968 g/ml
249-253 °c 

[52]

Sodium dodecyl sulfate 288.38 g/mol
Soluble in water 

(200 mg/ml)
18.53 ± 5.44 mv

Sds undergoes 
hydrolysis 
at elevated 

temperatures, 
especially in an 
acidic medium

Soluble in water (200 
mg/ml)

1.01 g/cm³ 206 °c [6]

Sorbitan monostearate
430.62 g/mol

Soluble in 
ethanol (50 mg/
ml), isopropanol, 
mineral oil, and 
vegetable oil. 
Insoluble in 

water

-29.2 ± 2.24mv
Remain stable up 

to 42 °c in a water-
air interface

Insoluble in water and 
dispersible in hot water

1.00 g/cm3

54-57 
°c(lit.) [53]

Polysorbate 20 1,227.54 g/mol

Soluble in water, 
alcohol, and 

glycerol but is 
insoluble in oil

−2.22 ± 0.86

Stored somewhere 
cool, dark, and dry, 

polysorbate 20 
should last at least 

2 years

Practically insoluble in 
liquid paraffi  n and fi xed 
oils, and also miscible 

in alcohol, dioxane, and 
ethyl acetate

1.06 g/cm³ 98.9 °c

Stearic acid 284.48 g/mol

Soluble in 
organic solvents 

such as 
ethanol, dmso, 
and dimethyl 
formamide

−14 mv

Stable under 
recommended 

storage conditions 
below +30 °c

With a polar head group 
that can bind with metal 
cations and a nonpolar 

chain

941 kg/m³
69.3 °c 

[28]
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Table 3: Types of Lipids and their Physicochemical Properties.

Type of 
excipients

Examples
Physicochemical properties

Molecular 
weight

Solubility
Surface 
charge

Stability Compatibility Density
Melting 

point

Lipids

Phosphatidylcholine
786.129 g/

mol

At room temperature in 
chloroform, ethanol, and 

hexane containing 3% 
ethanol

−20 mv
Easily oxidized due to 
its unsaturated fatty 

acid structure

Soluble (100 mg/ml) 
at room temperature 

in chloroform, ethanol, 
and hexane containing 3% 

ethanol

1.305 g/cm3 41.3 °c [6]

Phosphatidylethanolamine 299.21 g/mol

Practically insoluble 
in h2o and me2co, but 
freely soluble in chcl3 

(5%) and et2o, and 
slightly soluble in etoh

-70 mv Stable at -20 °c
Chloroform: 50 mg/

ml, slightly hazy, brown-
yellow

1.47g/
ml(20°c)

175 °c [56]

Ceramide
500 to 1,000 

g/mol
Insoluble in water due to 
their hydrophobic nature

+40 mv
15 °c at 25 mol % and 

above

Highly compatible with a 
variety of similarly natural 

ingredients.
0.9596 g/cm3 94-95 °c

Sterols
414.72 g/mol

Soluble in water
−15.2 ± 3.5 

mv

Susceptible to 
oxidation by reactive 
oxygen species, light, 

UV light, ionizing 
radiation, chemical 

catalysts, lipid 
hydroxyperoxides, and 
enzymatic reactions

-
1.052 g/ml

148.5 °c 
[57]

Eicosapentaenoic acid 
(epa)

302.451 g/
mol

Solvents such as 
ethanol, dmso, and 

dimethyl formamide 
purged with an inert gas 

can be used

-
Epa is more stable 

than dha in krill oil (ko)

Incompatible with water 
but compatible with 

organic solvents such 
as ethanol, chloroform, 

and ether. Its solubility in 
water is very limited due 

to its hydrophobic nature.

0.943 g/ml at 
25 °c (lit.)

-54 °c [28]

Myristic acid 228.37 g/mol

Soluble in organic 
solvents such as 

ethanol, dmso, and 
dimethyl formamide 

(dmf)

-

Store in a dry, cool, 
and well-ventilated 

place. Keep the 
container closed when 

not in use.

- 862 kg/m³ 54.4 °c [58]

Lauric acid
200.3178 g/

mol

Soluble in organic 
solvents such as 

ethanol, dmso, and 
dimethyl formamide

−50 to 5 
mv

Lauric acid be stored 
as supplied at room 

temperature

Compatibility with both 
water and oil

880 kg/m³ 43.2 °c

Linolenic acid 278.43 g/mol
Very soluble in acetone, 
benzene, ethyl ether, and 

ethanol
±30 mv Oxidatively unstable

Shown to have an 
antithrombotic effect

900 kg/m³ -11 °c [59]

Table 4: Types of Chelating agents and their Physicochemical Properties.

Type of 
excipients

Examples
Physicochemical properties

Molecular weight Solubility
Surface 
charge

Stability Compatibility Density
Melting 

point

Chelating 
agents

Ethylenediaminetetraacetic 
acid (edta)

292.24 g/mol
Soluble in water: 

0.5 g/l (20 °c) - 2.2 
g/l (80 °c)

-120 mv

Very stable 
complexes with 

most divalent and 
trivalent metal ions

Not compatible with 
oxidizing agents

860 kg/m³ 2401 °c [11]

Diethylenetriaminepentaacetic 
acid 393.35 g/mol

The solubility of 
dtpa is a function 

of ph
-

Dtpa forms stable 
complexes with 

most divalent and 
trivalent cations.

 compatible with 
solid-state optical 

components, such as 
diode lasers

G/cm3 219-220 °c 
(lit.)

Succimer
560.7 g/mol.

It forms 
water-soluble 
chelates and, 
consequently, 
increases the 

urinary excretion 
of lead

-
Relatively stable at 
room temperature

 it binds with high 
specifi city to ions of lead 

in the blood to form a 
water-soluble complex

1.6±0.1 g/cm3 125 °c (257 
°f) [62]

Deferoxamine hydrochloride
560.7 g/mol

Freely soluble 
in water and 

slightly soluble in 
methanol

 + 27.13 ± 
0.21 mv

Stable at room 
temperature

Deferoxamine decreases 
levels of aluminum 

hydroxide by inhibition of 
GI absorption.

1.2±0.1 g/cm3 140 °c [28]
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materials that respond dynamically to their environment. 
These advancements not only promise to revolutionize 
industries but also hold the key to addressing global challenges 
such as clean energy production, environmental remediation, 
and sustainable manufacturing. However, achieving these 
future potentials requires addressing critical challenges such 
as ensuring the safety of nanomaterials, scaling up production 
methods, and addressing ethical and regulatory concerns. 
By navigating these challenges with rigorous research, 
collaboration, and responsible governance, nanotechnology 
stands poised to redefi ne possibilities and drive innovation 
toward a more sustainable and technologically advanced future.
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