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Introduction
Nanoparticles are particles that range from 1-100nm in diameter [1]. They can be 

naturally occurring or possess anthropogenic sources. These particles have been in use since 
days of old, but the advent of new technology has made it possible for them to be observed 
[2]. The particles small size and high surface area contributes to its peculiar physicochemical 
properties such as reactivity, which makes them useful in this advancing scientific age [3]. 
They are used in a wide range of applications in medicine: drug delivery, fluorescent biological 
labels [4], and everyday life: surface treatment of fabrics and lightweight vehicles [5]. Sound 
is a wave that travels through a medium. It is created when a vibrating particle transmits its 
energy of motion to particles in its surroundings, generating a pressure wave. Sound is a part 
of everyday life and has proven not only be useful in music but a necessity in nanoparticle 
analysis. It interacts with materials as the latter absorbs, reflects, refracts and dissipates 
sound energy. An example is the use of music in altering water structure to generate different 
patterns of the same water molecule [6]. An aspect of sound – the ultrasound – which 
constitutes high frequency sound waves is safe, non – invasive and has its usage in medical 
diagnosis, submarine detection [7-9] and other ultrasonic endeavors in fields like material 
science and food technology [10,11]. This review evaluates the different methods in which 
sound waves are used in nanoparticle modification for healthcare and industrial applications. 
It also discusses the current research trends in the scope of sound in nanotechnology and 
highlights the gaps that need to be addressed.

Synthesis and Applications 
In drug delivery, nanoparticles produce sound during movement to the target site, reducing 

their speed due to the sound – pressure interaction. In analyzing this, the impact of sound in the 
early developmental stages of nanostructures was analyzed. A composite nanostructure was 
developed and lower frequencies from various ultrasound machines were applied resulting 
in fast movement of particles [12]. The results were confirmed with advanced biomedical 
imaging techniques. Progress has been made in this scope. Here, ultrasound is utilized 
in studying on the nano scale, in lipid shell drug interactions in real time. Functionalized 
nano-coated drugs can be fabricated with sound. Low frequency ultrasound in drug release 
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analysis produces cavitation, which leaves the focal points of 
delivery in the cell destroyed. A different approach, involving smart 
nanoparticles and higher ultrasound frequencies is employed. 
In this instance, a focal point of the target cell’s lipid membrane 
bilayer reacts with the sound waves, whiles the membrane barrier 
enclosing the nano-coated vesicle releases the drug and then 
the cell membrane heals [13,14]. In nano-assembly of particles, 
their distinct physicochemical characteristics can be affected by 
electrostatic interactions to generate fairly – fragile composites. 
The use of sound in joining nanoparticles can offset this drawback 
to produce functional and durable composites. Phosphate bonded 
mesoporous particles have been produced by using ultrasound on 
processed nanoparticles [15]. The integrity of the nanostructures 
was kept by this technique. Moreover, mechanically fabricated 
composites with nanoparticles are on the rise. Nano- sieves have 
been made with acoustic excitation of particles. The interaction 
of sound with a particle affects the surrounding particles and can 
draw them together. Sound waves were applied to a packed bed of 
micro-particles and nanoparticles were drawn onto it [16]. 

Sound has been used to study nanoparticle behaviour. A 
thermal sono-sensitivity of nanoparticles with tissue–mimicking 
phantoms has been carried out. For temperature increase, density 
and attenuation, materials doped with the nanoparticles were 
heavier than those doped with the micro-particles. The reverse is 
the case when considering backscattering coefficients. Nanoparticle 
tissue–mimicking phantoms absorbs much more ultrasound thus, 
generates much more heat than micro–particle tissue–mimicking 
phantoms [17]. Its relevance can be seen in cancer studies as they 
improve sound efficiency for treatment. Magnetic nanoparticles 
were considered due to its vast use in biomedicine. Thermal doses 
affect the shape of lesions as sonosensitizers contribute to the 
heating during ultrasound [18].

Conclusion
Nanoparticles possess diverse properties which are essential to 

various research fields [19,20]. This review highlighted the physics 
of sound and nanoparticle perspective in fabrication, modification 
and synthesis which can be utilized in broader applications than 
those in the literature.

References
1.	 Shashy M (2007) Nanoparticles in modern medicine: State of the art and 

future challenges. Int J Nanomedicine 2(2): 129-141.

2.	 Delphine S, Hynd R (2015) Nanotechnology: from the ancient times to 
nowadays. Foundations of Chemistry 17: 187-205.

3.	 Ibrahim K, Khalid S, Idrees K (2019) Nanoparticles: Properties, 
applications and toxicities. Arabian Journal of Chemistry 12(7): 908-
931. 

4.	 Salata O (2004) Applications of nanoparticles in biology and medicine. J 
Nanobiotechnology 2: 3. 

5.	 Muhammad S, Xiaowei L (2019) Nanotechnology in transportation 
vehicles: An overview of its applications, environmental, health and 
safety concerns. Materials (Basel) 12(15): 2493. 

6.	 Masaru E (2015) How music affects water and what this means to us. 
Latest Products RSS.

7.	 Jin Chao W, Chuang-Ying W, Zeng-Qiang, H, Yi-Teng W, Xiao-Hua H 
(2020) Submarine karst morphology detection method based on multi-
frequency ultrasound. Measurement 155: 107532.

8.	 Roozbeh A, Richard C (2007) A pioneer in the detection of modern 
ultrasound: Robert William Boyle (1883-1955). Ultrasound in Medicine 
and Biology 33(1): 3-14.

9.	 Paul N, Grace R (1998) The history of Ultrasound. Surgical Clinics of 
North America 78(2): 179-195.

10.	Jose M, Jose A, Carlos L, Hugo S (2018) Ultrasonic advances applied to 
material science. Ultrasonics 83: 1-236.

11.	Malgorzata N, Aleksandra F, Magdalena D, Katarzyna R, Artur W (2018) 
Effect of ultrasound treatment during osmotic dehydration on bioactive 
compounds of cranberries. Ultrasonics 83: 18-25.

12.	Abbas M, Alqahtani M, Algahtani A, Kessentini A, Loukil H, et al. (2020) 
Validation of nanoparticle response to the sound pressure effect during 
the drug-delivery process. Polymers (Basel) 12(1): 186. 

13.	Shamit S, Robin C (2019) Thermodynamic state of the interface during 
acoustic cavitation in lipid suspensions. Phys Rev Materials 3: 055602. 

14.	Amgad R, Heba A, Swathy R, Leslie Y (2020) High frequency 
sonoprocessing: A new field of cavitation-free acoustic materials 
synthesis, processing and manipulation. Advanced Science 8(1).

15.	David B, Geraldine M, Bruce L, Reza R, Francois B, et al. (2013) Ultrasonic 
phosphate bonding of nanoparticles. Advanced Materials 25(41): 5953-
5958. 

16.	Ruhollah H, Adrian N (2019) Sound wave activated nano-sieve for 
enrichment of nanoparticles. Lan on a Chip 18(19): 3032-3044.

17.	Gambin B, Kruglenko E, Tymkiewicz R, Litniewski J (2019) Ultrasound 
assessment of the conversion of sound energy into heat in tissue 
phantoms enriched with magnetic micro- and nanoparticles. Med Phys 
46(10): 4361-4370. 

18.	Kaczmarek K, Hornowski T, Kubovcikova M, Timko M, Koralewski M, et 
al. (2018) Heating induced by therapeutic ultrasound in the presence 
of magnetic nanoparticles. ACS Appl Mater Interfaces 10(14): 11554-
11564. 

19.	Susan H, Piperno S, Layani M, Magdassi S, Shpaisman H (2019) Directed 
assembly of nanoparticles into continuous microstructures by standing 
surface acoustic waves. J Colloid Interface Sci 536: 701-709. 

20.	Mian C, Feiyan C, Chen W, Zhiyong W, Long M, et al. (2017) Observation of 
metal nanoparticles for acoustic manipulation. Advanced Science 4(5).

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/17722542/
https://pubmed.ncbi.nlm.nih.gov/17722542/
https://link.springer.com/article/10.1007/s10698-015-9235-y
https://link.springer.com/article/10.1007/s10698-015-9235-y
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/1477-3155-2-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/1477-3155-2-3
https://pubmed.ncbi.nlm.nih.gov/31390752/
https://pubmed.ncbi.nlm.nih.gov/31390752/
https://pubmed.ncbi.nlm.nih.gov/31390752/
https://www.sciencedirect.com/science/article/abs/pii/S0263224120300695
https://www.sciencedirect.com/science/article/abs/pii/S0263224120300695
https://www.sciencedirect.com/science/article/abs/pii/S0263224120300695
https://www.sciencedirect.com/science/article/abs/pii/S0301562906017716
https://www.sciencedirect.com/science/article/abs/pii/S0301562906017716
https://www.sciencedirect.com/science/article/abs/pii/S0301562906017716
https://www.sciencedirect.com/science/article/abs/pii/S003961090570308X
https://www.sciencedirect.com/science/article/abs/pii/S003961090570308X
https://www.sciencedirect.com/journal/ultrasonics/vol/83/suppl/C
https://www.sciencedirect.com/journal/ultrasonics/vol/83/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0041624X17301968
https://www.sciencedirect.com/science/article/abs/pii/S0041624X17301968
https://www.sciencedirect.com/science/article/abs/pii/S0041624X17301968
https://pubmed.ncbi.nlm.nih.gov/31936759/
https://pubmed.ncbi.nlm.nih.gov/31936759/
https://pubmed.ncbi.nlm.nih.gov/31936759/
https://journals.aps.org/prmaterials/abstract/10.1103/PhysRevMaterials.3.055602
https://journals.aps.org/prmaterials/abstract/10.1103/PhysRevMaterials.3.055602
https://onlinelibrary.wiley.com/doi/full/10.1002/advs.202001983
https://onlinelibrary.wiley.com/doi/full/10.1002/advs.202001983
https://onlinelibrary.wiley.com/doi/full/10.1002/advs.202001983
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201301818
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201301818
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201301818
https://pubs.rsc.org/en/content/articlelanding/2019/lc/c9lc00369j
https://pubs.rsc.org/en/content/articlelanding/2019/lc/c9lc00369j
https://pubmed.ncbi.nlm.nih.gov/31359439/
https://pubmed.ncbi.nlm.nih.gov/31359439/
https://pubmed.ncbi.nlm.nih.gov/31359439/
https://pubmed.ncbi.nlm.nih.gov/31359439/
https://pubmed.ncbi.nlm.nih.gov/29560717/
https://pubmed.ncbi.nlm.nih.gov/29560717/
https://pubmed.ncbi.nlm.nih.gov/29560717/
https://pubmed.ncbi.nlm.nih.gov/29560717/
https://www.sciencedirect.com/science/article/abs/pii/S0021979718312979
https://www.sciencedirect.com/science/article/abs/pii/S0021979718312979
https://www.sciencedirect.com/science/article/abs/pii/S0021979718312979
https://onlinelibrary.wiley.com/doi/full/10.1002/advs.201600447
https://onlinelibrary.wiley.com/doi/full/10.1002/advs.201600447
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

