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Abstract
Sonochemistry, or the study of chemical processes caused by ultrasonic vibrations, has emerged as a

transformational instrument in the pharmaceutical research. This review investigates the industrial
uses and developments of sonochemical techniques in the pharmaceutical industry, focusing on their
involvement in drug synthesis, formulation, extraction, and nanoparticle creation. When in
comparison to traditional procedures, ultrasonic stimulation allows for faster reactions, higher yields,
and lower energy use.

Sonochemistry in drug formulation allows for the development of new delivery methods such as
liposomes, nanoparticles, and emulsions with high stability and bioavailability. Furthermore,
ultrasonic-assisted extraction procedures provide an effective and environmentally responsible way to
isolate bioactive chemicals from natural sources. The manufacture of pharmaceutical nanoparticles
via sonochemical techniques exhibits perfect control over particle size and distribution, which is
critical for targeted drug administration and therapeutic effectiveness.

Keywords - Sonochemistry, ultrasonic radiations.

INTRODUCTION

The study of increasing Chemical reactions involving movement of mass. speeds in varied ultrasound
settings known to be Sonochemistry. Any form of waves. that is a frequency higher than variety of
normal Humans auditory perception (above 16 kHz) is considered an ultrasound. To feed Ultrasonic
radiation convey power into the fluid's layer recurring pattern with variations as well as compressing
during their move via a fluid substrate The fluid is subjected to both beneficial and detrimental pressure
during phases of compaction with absence. causing compounds to move toward each other. !

The phenomenon known as acoustic cavitation occurs in three stages are as follows:

Rupture

Bubbling development

implosive breakdown- 12

The next step happens after tiny particles have taken shape.; inertial effects might cause a tiny cavity
to form fast when the intensity is too great. At low acoustic intensities, the cavity grows via rectified
diffusion; this process takes several more acoustic cycles before it finally expands. [*) In next phase
happens when gap becomes so enlarged that it is unable to use power to stay alive.l¥l. By creating a
unique extremely energetic micro-reactors or the natural world, the intense pressures and temperatures

at this moment allow disintegration containing molecules from trapped gasses during collapse holes
(5]
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In a broad sense, the study of the relationship between matter and energy is known as chemistry. Energy
is necessary for chemical processes to continue in one way or another; chemistry ceases when the
temperature gets close to absolute zero. But the nature of this relationship is something that one can
only control to a limited extent [¢l. The diffuse power of sound is concentrated through cavitation.
Sonochemistry and sonoluminescence are caused by this fundamental phenomenon. Cavitation-
induced bubble collapse results in extremely short lives, high pressures, and significant local heating
(7.

Green Chemistry

Designing hazardous goods and methods to reduce or eliminate their use or manufacture of hazardous
materials is called "green chemistry. [)."It is not unexpected was utilized in all Considering this
purpose, what field groups.®

Types of Green Chemistry

The Atomic Industry

Reduced Dangerous Substance Production

Creating Healthy Substances

Healthier Reactive Settings and Solutions

Effectiveness of Power

Utilizing Alternative Sources of Food

Equations Reduction

Oxidation

Biomimicry

Sonochemistry

History of Green Chemistry

1920s

The phenomenon of cavitation, where bubbles form and collapse in a liquid, was first described.
Researchers began to investigate how ultrasound could affect chemical reactions.

1930s-1940s

Initial experiments focused Regarding how frequent showings vibrations affect various substances.
Some studies noted changes in reaction rates.

1950s

Sonochemistry gained traction, particularly in fields like organic chemistry. Researchers began to
systematically explore its potential, leading to significant discoveries.

1960s

The introduction of powerful ultrasonic devices allowed for more controlled experiments, enhancing
understanding of cavitation and its effects on chemical processes.

1970s and 1980s

With the introduction of real-time imaging techniques like B-mode ultrasound, which made it possible
to see blood flow and organs in real time.

1990s

The Modern Era 3D and 4D ultrasound, which provide more interactive and detailed views,
particularly in obstetrics, are the result of technological advancements."’

Objective of Sonochemistry

Reaction Enhancement

Accelerate chemical reactions by creating high-energy conditions that increase reaction rates and
yields.

Nanomaterial Synthesis

Make it easier to create nanoparticles and nanomaterials with precise dimensions and characteristics.
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Enhanced Mixing

Especially in systems with heterogeneous compositions, attain superior reactant mixing and dispersion.
Degradation of Pollutants

In environmental applications like wastewater treatment, use ultrasonography to break down
pollutants.

Clinical Uses

Use ultrasonic techniques to improve the solubility and bioavailability of pharmaceuticals.

Catalyst Activation

Enhance chemical reactions’ catalytic effectiveness by activating catalysts. In general, Sonochemistry
seeks to use ultrasonic energy to more efficiently and sustainably propel chemical reactions.
Application of Sonochemistry

The process of synthesizing nanomaterials can be improved by ultrasound, leading to more
homogeneous and dispersed nanoparticle sizes.

Catalysis

Especially in organic synthesis, sonication can boost selectivity, catalyze more reactions, and speed up
chemical reactions significantly.

Sonochemistry is used in environmental remediation to break down pollutants. For example, it can be
utilized to improve the breakdown of organic contaminants in wastewater treated by ultrasonic
treatment.

Food Industry

Using ultrasound helps enhance emulsification procedures, extract tastes and biological components,
and preserve food.

Pollutant Degradation

Through processes like sonolysis and sonochemical oxidation, ultrasound can degrade organic
contaminants in wastewater, including colours and medications.

Soil Remediation

Sonochemistry has the potential to aid in the breakdown of pollutants present in soil, hence enhancing
its efficacy in the remediation of hazardous waste sites.

Waste Treatment

It improves industrial effluent treatment by boosting the effectiveness of chemical reactions that
neutralize dangerous materials.

Microbial Disinfection

By using ultrasound instead of harsh chemicals to inactivate bacteria and pathogens in water, water
quality can be improved.

Extraction of Valuable Resources

It helps to promote recycling and cut waste by assisting In the extraction of bioactive compounds from
waste materials.

Carbon Dioxide Reduction

As part of carbon capture initiatives, sonochemical processes can help convert CO2 into valuable
chemicals.

Advantages of Sonochemistry

Increased Reaction Rates:

The energy that ultrasound provides causes a rise in the frequency of reactant collisions, which speeds
up reactions.

Better Product Formation and Higher Yields: Especially in complex processes, the cavitation process
might result in improved yields.
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Selective Chemistry

Certain processes or pathways can be accelerated by ultrasound, which increases product creation
selectivity.

Mild Conditions

The presence of harsh chemicals or extremely high temperatures is not always necessary for many
sonochemical reactions to take place.

Lessened Solvent Use

Sonochemistry promotes greener chemistry by enabling reactions in smaller solvent quantities or even
without solvent.

Nanoparticle Synthesis

This method works well for creating highly shaped and sized nanoparticles that can be used in a variety
of ways.

Emulsification

Emulsions are crucial to the food, cosmetic, and pharmaceutical sectors, and ultrasound can help them
form more effectively.

Waste Reduction

More sustainable methods are aided by increased efficiency, which frequently results in less by-product
creation. Sonochemistry is an all-around flexible method that can improve a lot of chemical synthesis
and processing features.

Disadvantages of Sonochemistry

Equipment Costs

The acquisition and upkeep of premium ultrasonic instruments can be costly.

Energy Consumption

If the process uses a lot of energy, operating costs will increase.

Limited Scale-Up

Because ultrasonic conditions do not translate well, scaling reactions from the laboratory to the
industrial scale might be difficult.

Temperature management

Ultrasonic wave heat might make temperature management more difficult and possibly impact reaction
results.

Complexity of Reactions

It might be challenging to predict outcomes because of the sometimes intricate and poorly understood
systems at play.

Material Restrictions:

Be processed using ultrasonic technology, and some may react or deteriorate in an undesirable way.
Safety Concerns

There are a number of concerns associated with high-intensity ultrasound, including the possibility of
operator exposure and damage from cavitation.

Limited Reaction Types

Sonication is beneficial for some chemical reactions but not others, which may limit its use. To
effectively use sonochemistry in research and industrial applications, it is imperative to comprehend
these limitations.

Types of Sonochemical Reactions

Sonochemical Synthesis

A creation of complicated Natural substances and heterocycles is aided by ultrasound through a process
known as sonochemical synthesis.
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Application of Sonochemical Synthesis

A creation with Organic Matter

Ultrasound has the ability to speed up a variety of organic reactions, such as coupling, oxidation, and
reduction reactions.

Polymerization

Sonochemistry can start radical and step-growth polymerization processes, which can result in the
creation of polymers with precise molecular weights and topologies.

Material Functionalization

This process is used to change a material’s qualities, like its biocompatibility or catalytic activity, and
to functionalize its surfaces.

Inorganic Compound Synthesis

Metal sulfides and complex metal oxides can be created synthetically using sonochemical techniques,
which frequently results in unusual structures and characteristics.

Sonochemical Reduction

Ultrasound can help reduce functional groups. For example, it can help reduce nitro compounds to
amines.

Application of Sonochemical Reduction

Creation of Nanotechnology

A metal nanoparticle (such as silver, gold, and platinum) from their ionic predecessors is frequently
accomplished by sonochemical reduction.

Environmental Remediation

Dye, pesticides, and heavy metals are just a few of the contaminants that can be efficiently broken
down via sonochemical reduction. The pollutants can be broken down by reactive species produced by
the cavitation process.

Sonochemical Oxidation

By employing different oxidants, it can encourage the oxidation of alcohols to aldehydes or ketones.
Application of Sonochemical Oxidation

Water Treatment

Organic chemicals, colors, and medications are among the toxins and pollutants that sonochemical
oxidation effectively removes from water. It produces species that are reactive and capable of oxidizing
these contaminants, such as hydroxyl radicals.

Organic Synthesis

Sonochemical oxidation can speed up additional oxidation processes and convert alcohols into
carbonyl compounds (aldehydes or ketones) with better yields and reaction times.

Food processing

By oxidizing bacteria that cause spoiling and breaking down dangerous compounds, this technique can
improve food preservation and boost shelf life and safety.

Pharmaceuticals

It can help with drug compound synthesis, enhancing reaction conditions and boosting the production
of active pharmaceutical ingredients (APIs) with greater efficiency.

Sonochemical Dehydration Reaction

Alcohols can be more easily dehydrated to create ethers or alkenes by removing water with the use of
ultrasound.

Application of Dehydration Reaction

Biomass Conversion

This technique increases the production of targeted products by aiding in the dehydration of sugars and
other bio-based feedstock’s, which can be used to convert biomass into useful chemicals.
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Water Removal in Food Processing

Sonochemical methods can be used in the food industry to assist in the dehydration of fruits and
vegetables, improving shelf life and preservation while preserving nutritional value.

Environmental remediation

By transforming pollutants into less toxic chemicals, sonochemical dehydration can help break down
toxins in wastewater.

Pharmaceutical Industry

Sonochemical dehydration, which creates more potent solid forms, can improve the solubility and
bioavailability of pharmaceuticals in formulation.

Sonochemical Polymerization

Ultrasound can be used to start and speed up polymerization processes, especially when organic
polymers are being formed.

Application of Sonochemical Polymerization

Drug Delivery Systems

This approach makes it possible to create polymers that can encapsulate medications, improving their
bioavailability and allowing for regulated release. This makes it valuable for use in pharmaceutical
applications.

Coatings & Films

Ultrasonic polymerization can create coatings and thin films with certain characteristics, such
improved adhesion, water resistance, or UV stability.

Environmental Applications

It can be used to create polymers that are utilized in the treatment of water and the mitigation of
pollution, such as organic or heavy metal absorbents.

Biomedicine

Sonochemical techniques facilitate the creation of biocompatible and biodegradable polymers for
prosthesis, scaffolding, and tissue engineering.

Synthesis Of Sonochemistry

Reviewing just one class will complete a review since the kind along with category of substances
generated Sonochemically, it is grown to such an extent. To make the material easily available, We've
organized manufacturing process as appropriate Collectively in this section. This makes the process
similarities easier for readers to understand and helps us concentrate on their significance. With the
exception of situations in which the physical and chemical effects operate concurrently, a sonochemical
manufacturing process is equivalent to the ultrasonic chemical action. The basic principles chemical
process. This fundamental knowledge facilitates the analysis and optimization of the sonochemical
process.

MINI ULTRASONIC M
MEDGEARS ‘SRl

Figurel: Ultrasonic probe

3568 www.ijprdjornal.com



Review on: Sonochemistry and its Applications Related to Pharmacy Vaishali Shejal et al.

As seen in Fig. 1, a standard Sonochemical apparatus comprises on ultrasonic a message transmitter
and a tool for probing. The ultrasonic probe creates the natural flowing conditions for material
synthesis when it is triggered by dipping it into solving then utilizing an indicator. The creation of a
nanomaterial is preceded by a sequence of chemical reactions, the nature of which is determined by
the reactants involved.!'"]

Metal Compound

Due to their good electrical, magnetic, and other applicable properties, ease of synthesis, and good
commodity value, transition metals and metal compounds are widely synthesized. In contrast to metal
oxides, which are made from acetates, metal carbides, which are made from their carbonyl precursors,
are often amorphous.!!!

Metal Carbide

High chemical and physical stability characterize Crystals of metallic hydroxide, which are frequently
utilized as catalysis or are produced sonochemically from their carbonyl precursor. Because of their
comparable catalytic qualities to those of platinum and ruthenium, tungsten and molybdenum carbide
nanoparticles are frequently employed as economically viable substitutes. In order to lessen the
harmful effects of substances like CFCs, chlorophenols, chlorobenzenes, etc., metal carbide
nanoparticles are also employed in the process of dehalogenation. Compared to other traditional
procedures such activated carbon absorption, incineration, catalytic oxidation, etc. ',

The potential of HDH is nonetheless limited by the incapacity of commercial catalytic metals and metal
carbide nanoparticles that are manufactured conventionally to overcome deactivation because of their
dehydrogenation tendency and residual effect. High surface area Mo2C and W2C nanoparticles
produced sonochemically are able to dissolve more carbon-halogen bonds concurrently, preventing
deactivation.'?],

Figure 2: Image of molybdenum nanostructures were made via heat breakdown (B) and
sonochemistry (A).

Metal Oxide

As the generation of oxide is simple and common, Metallic oxide sonochemical processing is
increasing in variety with regard to diversity metallic material than nitrates carbide particles, and
different metallic substances. Oxide nanoparticles’ readily available features, which provide incredibly
helpful applications in a variety of sectors, are the primary driving force for the widespread production.
The acetate precursor of metal oxides is typically used to create them. A homogenous solution of low
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vapor pressure metal acetate is created by dissolving it in water in most sonochemical cases. Sonication
then creates crystalline metal oxide nanoparticles from this solution!!*].

A distinct situation involved the application of PVP (polyvinylpyrrolidone) in conjunction with the
solution of sodium hydroxide with urea, which altered the reducing agent and CuO nanoparticle
crystallization pattern (Fig. 3). In addition to their shared catalytic capability, these CuO nanoparticles
have an important chelating characteristic !4,

Figure 3: Center and bottom of copper oxide made with both natural and synthetic decreasing

agent, urea was used to get ready samples [a-c]; hydroxide was used to prepare samples [d-f].
Metal
Pure transition metal nanoparticles are extremely unsteady but challenging to synthesis. Suslick’s
original publication Within the crystalline iron’s sono-chemical production were revolutionary and
generated a a lot of focus within field of sonochemistry '), When the produced paramagnetic nickel
was dissolved in hydrogen peroxide, it demonstrated good catalytic activity, making it suitable for
electrochemical applications. The synthesis of stable metal nanoparticles would otherwise require a
stabilizer, support, etc. 1%, These metals, however, do not have the usual chemical inertness in
nanoform because of the severe scale, and they have useful features. When gold nanoparticles are
synthesized using hydroxauric acid (HAuCl4) as a precursor, they can take on a variety of shapes and
sizes when subjected to sonication. These nanoparticles can be observed in Figure 4. (A) 17,
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Figure 4:(A). (B) a TEM picture of a hexagonal bipyramid platinum nanotechnology at 40 tilt
angles; (C) TEM image of various shaped metallic nanoparticles generated upon ultrasound of
HAuCIHA.
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Metallic Or Supported Metallic Complex

Small silica spheres are frequently employed in this capacity because they provide a harmless, sticky
surface for the development of materials and are easily removed by etching. It has been demonstrated
that the use of microspheres enhances the dispersion and adds controllability to active nanomaterials
like Fe, Ni, and Mo, improving their catalytic properties ['8). Sonochemically generated Fe and MoS2
nanoparticles supported by silica showed that the sample’s catalytic properties were significantly
higher than those of traditionally manufactured samples ['. The sonochemical sample actively worked
towards CO hydrogenation even at temperatures below 250 °C, but the conventional sample exhibited
no activity. Similar to this, a MoS2-silica nanocomposite demonstrated strong catalytic activity over a
broad temperature range when it came to the hydrodesulfurization (HDS) of thiophene. Additionally,
alumina microspheres can serve as an effective support, particularly when it comes to metals like In
silicon dioxide silver does not develop uniformly. As shown in Fig. 5 2%

Figure 5: TEM pictures of moly oxide tiny particles produced on microspheres of silicon
dioxide at varying sensitivities

Carbon and Carbon Analogue

The exfoliating impact of ultrasound, which eliminates the requirement for stringent processing
conditions needed by many conventional procedures, considerably aids in the synthesis of such
materials. Let’s start with graphene, which is commonly referred to as the “magic material.”
Conventionally produced graphene is subjected to extreme pressure, high temperatures, and other
harsh conditions that can damage its surface and alter its chemical and physical properties, hybridize
it, and other effects ). The two-step procedure involved sonicating Silicate circles, ferric oxide, and
paraxylene. Sonication for twenty minutes produced carbon nanotubes with one. were produced, which
later stuck to the surface of the silica spheres, as illustrated in Figure 6. Second, HF was used to wash
away the silica particles from the sonicated solution, resulting in a fiber-like structure primarily made
of SWCNT. Utilizing silica powder was essential since samples that were sonicated without it did not
generate SWCNTs. Sonochemistry can be used to synthesis very pure SWCNT with nominal flaws in
just two steps and an hour. Unlike many other approaches, this method does not require extended
processing times, harsh conditions, or additional purification '],
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Silica powder

/ Ultrasonication

Ferrocene
solution

Figure 6: Sonication of silicon circles, paraxylene, and ferric oxide results in the emergence
of a single-walled nanotube made of carbon on the outer layer of silica

- -
layer crystal CO.absorption of layer crystal
, ’

exfoliated layers CO, penetrates between layers

Figure 7: Utilizing ultrasonic and supercritical carbon dioxide, layers of substances are exfoliated
The solution’s temperature did not rise over 45 degrees Celsius, and the exfoliated sheets held up
without the need for a stabilizing agent. Fig. 7.

Methods of Sonochemistey

Sonochemical Synthesis of Pharmaceutical Compounds

Sonochemical synthesis is the process of creating medicinal substances by using ultrasonic energy to
induce chemical reactions.

Application

Active pharmaceutical ingredients synthesis

The synthesis of active pharmaceutical ingredients (APIs) involves producing high-quality and pure
APIs in an efficient manner.

Green Chemistry

Adhering to ecologically friendly methods by minimizing by-products and reducing the use of
solvents.

Complex molecule construction

Enabling the multi-step synthesises and cyclization processes required to create complex medicinal
chemistry.
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Advantages

Enhanced Reaction Rates

Notably faster reaction rates than with traditional processes.

Enhanced Purity and Yields

Reduced contaminants and cleaner responses with increased conversion rates.

Energy Savings

Because of the localized high energy conditions, less energy is needed.

Disadvantages

Challenges with Scalability

Sonochemical methods at the laboratory scale might be difficult to transfer to industrial scales.

Wear for Equipment

Extended exposure to ultrasonic radiation can deteriorate probes or reactor materials.

Preparation Of Drug Nanoparticles And Nanocarriers

Nanoparticles and nanocarriers, which are essential for targeted medication delivery systems, are
created using ultrasound-assisted techniques. Uniform particle size distribution, improved stability,
and regulated medication release patterns are all guaranteed by sonochemistry.

Applications

Drug delivery by polymeric, lipid-based, and inorganic nanoparticle creation

The process of delivering medication to particular bodily locations.

Liposomes and Micelles

Improved lipid-based medication delivery systems for both hydrophilic and hydrophobic substances.
Solid Lipid Nanoparticles (SLNs:)

Enhanced drug loading capacity and encapsulation efficiency.

Advantages

Improved Encapsulation of Drugs

Increased drug loading and encapsulation effectiveness.

Scalability

For large-scale production, methods such as ultrasonic emulsification can be ramped up.
Disadvantages

Possible Degradation of Sensitive Drugs

High energy environments have the potential to break down thermolabile or delicate medicinal
substances.

Problems with Reproducibility

For consistent combining the nanoparticles, it is imperative to maintain consistent ultrasonic settings.
Enhanced Of Drug Solubility and Bioavailability

Poor water solubility affects a lot of pharmacological substances, which reduces their bioavailability
and effectiveness as treatments. Sonochemical methods such as emulsification, particle size reduction,
and cavitation-induced micelle production enhance solubility.

Application

Solid Dispersion Formation

Using carriers to create solid medication dispersions that improve solubility.

Cyclodextrin Complexation

Enabling the incorporation of pharmaceuticals into cyclodextrin voids to enhance their solubility and
stability.
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Amorphization of drugs

Transforming crystalline pharmaceuticals into more soluble amorphous forms is known as
“amorphization.”

Advantages

Enhanced bioavailability

Higher rates of dissolution result in improved absorption and therapeutic effects.

Decreased Dosage Requirements

Higher solubility may minimize negative effects through enabling lower dosages.

Versatility

Suitable for a large class of poorly soluble medications.

Disadvantages

Concerns about stability

Highly soluble forms may return to less soluble ones over time.

Process optimization necessitates precise control of ultrasonic settings in order to obtain targeted
solubility increases without damaging the medication.

Extraction Of Active Pharmaceutical Ingredients from Natural Sources

The extraction of bioactive chemicals from plant materials and other natural sources is improved by
ultrasound-assisted extraction (UAE). Ultrasound’s mechanical actions break down cell barriers,
facilitating mass transfer and solvent penetration.

Application

Phytochemical Extraction:

Bioactive chemicals such as terpenoids, flavonoids, and alkaloids can be effectively extracted using
phytochemical extraction.

Herbal Medicine Production

The process of producing herbal medicines involves standardizing extracts to ensure greater
consistency and purity.

Natural Product Isolation

Enabling the extraction of substances for the purpose of developing new drugs through the isolation of
natural products.

Advantages

Greater Recovery of Target Compounds

When compared to traditional extraction techniques, higher extraction yields are achieved.
Decreased Extraction Time

Quicker processing times as a result of improved mass transfer.

Minimum Solvent Consumption

Large amounts of solvents are not required for more effective extraction.

Disadvantages

Thermal Breakdown Hazards

Sensitive chemicals may be deteriorated by excessive temperatures caused by cavitation.

Scale-Up Challenges

Industry effective extraction requires particular machinery to be maintained.

Formulation Of Emulsions and Suspensions

In order to create stable pharmaceutical emulsions and suspensions, sonochemistry is essential.
Immiscible liquids are finely dispersed by ultrasound, which guarantees that the active ingredients are
distributed uniformly.
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Application

Topical Formulations

Creams, lotions, and ointments with a consistent consistency are made using topical formulations.
Injectable Emulsions

Producing stable oil-in-water emulsions for injectable medication delivery systems.

Oral Suspensions

Improving the uniformity and stability of liquid dose forms.

Advantages

Enhanced Stability

Phase separation and creaming are reduced when droplet size is lowered.

Improved Homogeneity

Equitable dispersion of both active as well as inactive components guarantees reliable dosage.
Scalability

Large-scale pharmaceutical manufacturing can be converted to ultrasonic emulsification.
Disadvantages

Heat Generation

Components that are reactive to warm may be impacted by a possible rise in temperatures.
Equipment maintenance

To guarantee dependable operation, acoustic equipment needs to be maintained on a regular basis.
Sonochemical Sterilization and Disinfection

Ultrasound can help sterilize and disinfect healthcare items and machinery. The mechanical forces of
damage microbial cells, increasing the effectiveness of disinfection operations.

Application

The sterilization process of Aqueous Formulations

Improved pathogen elimination or deactivation in injecting and consumable solutions.
Machinery cleaning

Machines cleaning includes eliminating biofilms and microbiological pollutants from manufacturing
machinery and surfaces.

Packing sterilizing

Entails treating items in packaging to achieve hygiene standards.

Advantages

Non-Thermal Process

Ideal for heat-sensitive medicinal goods.

Enhanced Performance

When used in conjunction with other sterilizing procedures such as UV or chemical substances, there
are synergistic benefits.

Environmental advantages

Less reliance on disinfectant chemicals reduces environmental effect

Disadvantages

Insufficient Sterilization

Supplementary treatments may be required to obtain total sterile.

Product Degradation

High-intensity ultrasound may degrade delicate medicinal components.
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Sonochemical Modification of Excipients

Utilizing sonochemical processes, excipients the inert substances in medicine formulation can have
their usefulness improved. Excipients’ physical and chemical properties can be changed by ultrasound,
which enhances their functionality in systems for drug delivery.

Application

Reducing the size of excipient particle to improve disperse and dissolving is known as particle size
reduction.

Surface alteration

Improving excipients’ interactions and stability with active pharmaceutical ingredients. The process of
adding functional groups to polymers for use as coatings, fillers, or binders is known as polymer
functionalization.

Advantages

Enhanced Efficiency

Drug stability, bioavailability, and release characteristics can all be enhanced by modified excipients.
Tailored Properties

Adapting excipient features to certain formulation specifications.

Efficiency

Modification procedures are completed more quickly than with traditional chemical approaches.
Disadvantages

Process Control

To accomplish desired alterations without deteriorating excipients, precise control of ultrasonic factors
is required.

The ability to scale Issues

State-of-the-art ultrasonic equipment is needed for large-scale consistent alteration.
Sonoelectrochemistry In Drug Synthesis

It is the combination of ultrasonic irradiation and electrochemical procedures used to manufacture
medicinal molecules. The synergistic effects of ultrasound and electrochemistry enhance reaction rates,
selectivity, and yield.

Application

Electrosynthesis of APIs

The efficient creation of complicated pharmaceutical compounds using electrochemical processes.
Surface function refers to the modification of electrode surfaces to assist specific drug production
reactions.

Green Synthesis

Eliminating the need for chemical reagents and harsh circumstances by combining electrochemical
and sonochemical processes.

Advantages

Improved Reaction Effectively

Higher mass transfer and lower overpotentials improve reaction kinetics.

Selectivity

Increased control over reactive pathways results in greater selectivity for desired products.
Conservation

Reduced environmental effect by reducing reagent and use of energy.

Disadvantages

System Complexity

The integration of ultrasonic and electrochemical components necessitates advanced equipment and
knowledge.

3576 www.ijprdjornal.com



Review on: Sonochemistry and its Applications Related to Pharmacy Vaishali Shejal et al.

Energy Consumption

Increased power consumption from ultrasound and electrolysis might raise operating expenses.
Sonocatalysis For Advanced Pharmaceutical Reactions

Sonocatalysis is the use of catalysts combined with ultrasonic irradiation to promote medicinal
processes. Ultrasound improves catalyst scattering, regenerates active sites, and enables reaction
processes.

Application

Catalytic Drug Analysis

Using sonocatalysts to efficiently synthesize medicinal molecules. Impurity degradation refers to the
removal of by products and impure during medication manufacturing using sonocatalytic techniques.
Green Oxidation Processes

Sonocatalysis is used for environmentally friendly oxidation procedures within medication
manufacture.

Advantages

Reaction Efficiency

Ultrasound and catalysis have beneficial interactions, resulting in faster reaction rates and greater
yields.

Ecological Benefits

The reduction in hazardous reagents and waste formation is consistent with environmentally friendly
chemical concepts.

Disadvantages

Catalyst Stability

Prolonged sonication can destroy some catalysts, demanding a strong catalyst structure.
Optimization Requirements

Achieving a balance between ultrasonic settings and catalyst characteristics needs substantial
development.

Improved Catalyst Performance

Improved dispersion and renewal result in longer catalyst.[?!

Advancement Of Sonochemistry

Sonochemistry the application of ultrasonic vibrations to accelerate chemical reactions—has made
great strides, especially in the fields of material production and green chemistry. Acoustic cavitation,
the fundamental mechanism, produces concentrated high temperatures and pressures that speed up
reactions, use less energy, and facilitate procedures that would be difficult to carry out under normal
circumstances. The manufacture of nanoparticles, the breakdown of contaminants, and even the
production of biofuels has all advanced recently. Sustainable practices in chemical manufacture have
been aided by the expansion of sonochemical reactors’ industrial uses through the development of more
efficient reactors. This expanding field is positioned as a major role in developing sustainable
chemistry since it provides eco-friendly solutions and enhanced efficiency across multiple sectors.
Substrate Versatility

The ability of sonochemical procedures to handle and handle a wide range of chemical substrates. In
this overview, the idea of substrate versatility in sonochemistry is explored, with a focus on the kinds
of substrates that can be transformed sonochemically, the underlying mechanisms that permit this
versatility, applications in diverse sectors, advantages, difficulties, and future possibilities.
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Types of Substrates in Sonochemical Process

Organic Compounds

Hydrocarbons and Functionalized Organics

Reactions in hydrocarbons and their derivatives, such as hydroxylation, oxidation, and coupling, can
be facilitated by sonochemical techniques.

Heterocyclic Compounds

Essential to agrochemicals and medicines, heterocycles are synthesized and functionalized with the
help of ultrasonic energy.

Polymers

Controlled molecular weight distribution and branching are made possible by the use of sonication in
polymerization operations.

Inorganic Compounds

Metal nanoparticles

Sonochemical synthesis is a popular method for creating metal nanoparticles with regulated size and
shape, such as palladium, silver, and gold.

Metal Oxides and Sulfides

Metal oxides and sulfides are crucial for catalysis and material science, and ultrasound helps them
form.Coordination Complexes: Metal-ligand complexes with exact stoichiometry can be assembled
via sonochemistry.

Biomolecules

Proteins and Enzymes

Ultrasound can cause conformational changes that make it easier for an enzyme to activate or fold a
protein.

Nucleic Acids

DNA fragmentation and the creation of products based on nucleic acids are facilitated by sonochemical
techniques.

Carbohydrates and Lipids

For use in food science and healthcare, ultrasound helps to change carbs and lipids.

Composite Material

Nanocomposites

By allowing nanoparticles to disperse throughout polymer matrices, sonochemistry improves the
material’s structural characteristics.

Hydrogels

In order to create hydrogels with specific mechanical and swelling properties, cross-linking and
formation are facilitated by ultrasonic energy.

Sonofragmentation

Within the larger subject of sonochemistry, sonofragmentation is a specialized method that uses
ultrasonic vibrations to cause molecules, particles, or materials to break apart. In order to accomplish
accurate and effective fragmentation, this technique takes advantage of the special physical phenomena
produced by ultrasound, such as cavitation. Because sonofragmentation can be used to a wide range of
scientific and industrial fields, such as biotechnology, medicines, environmental remediation, and
nanotechnology, it has attracted a lot of attention. With the help of pertinent sources, this thorough
review explores the workings, advantages, applications, difficulties, and future potential of
sonofragmentation in sonochemistry.

Key Features of Sonofragmentation

Ultrasonic Frequencies

These frequencies are usually between 20 kHz and many MHz.
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Energy Density

Effective fragmentation is ensured by a high energy density at the cavitation site.

Versatility

Suitable for a broad spectrum of materials, such as polymers, biological macromolecules, inorganic
particles, and organic compounds.?!

CONCLUSION

The study of chemical reactions and processes influenced by ultrasonic sound waves, has many uses
in a variety of industries, including drugs. Its key advantage is that it improves response speeds, yields,
and selectivity, which can increase performance in pharmaceutical processes. Sonochemical synthesis
is the process of creating medicinal substances by using ultrasonic energy to induce chemical reactions.
The study of how ultrasonic waves affect chemical systems is known as sonochemistry, and it has
several uses in the pharmaceutical industry. It provides creative ways to enhance drug development,
manufacturing, and distribution procedures. Using ultrasonic vibrations, sonochemistry improves
reaction rates, generates more products, and allows for the synthesis of special molecules that would
otherwise be difficult to make. The production of nanoparticles of drugs, which enhance solubility,
bioavailability, and therapeutic efficacy, is made easier by sonochemistry in pharmaceutical
formulations. Furthermore, it is essential to the emulsification procedures used to create sophisticated
drug delivery systems including liposomes, micelles, and polymeric nanoparticles. In order to provide
patient-specific treatment and minimize adverse effects, these technologies are crucial for controlled
release and focused drug administration.
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