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ABSTRACT 
 
Inorganic particles do not have carbon in their backbone and are produced through various geochemical processes, i.e. they are not biological in nature. 
It is a common practice to use inorganic particles to formulate nanoparticles as their size is near nanoscale dimensions. Various inorganic particles such 
as silver, gold, silica, alumina and magnetite have been used to fabricate nanoparticles. These nanoparticles are used in different fields, such as magnetic 
recording, chemical sensing, anti-microbial assays and enzyme immobilization. They have several advantages due to their increased surface area-to-
volume ratio, enhancing their reactivity. This review will discuss various inorganic particles used for nanoparticle preparation and their structure, 
properties, and applications in biomedical engineering. The major applications of formulated nanoparticles are used in biomedicines for drug delivery. 
They can deliver the drug to the specific site by crossing many biophysical, biochemical and biological barriers. 
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INTRODUCTION 
 
Nanotechnology plays an important role in the field of science 
and engineering and has advanced the work to the molecular and 
cellular levels. The unique properties of nanomaterials make them 
an excellent tool of the future; however, their real applications in 
life sciences are limited in the present time1-2. Inorganic particles 
are an efficient tool for fabricating nanoparticles3 and 
immobilization matrices for biomolecules like antibodies, 
peptides, proteins, ligands, and oligonucleotides4. The 
nanoparticles are smaller and thus provide a larger surface area to 
volume ratio; hence, the detection devices built using them are 
portable and have low operating costs. One of the remarkable 
properties of metallic nanoparticles is their superplastic 
behaviour. These nanoparticles offer many advantages, such as a 
low amount of sample and fast and sensitive detection5. Efficient 
detection is possible as the energy band gap is increased when the 
particle dimensions of semiconductor materials are reduced to a 
size smaller than or equal to Bohr’s radius. When the size of noble 
metals is reduced below the electron mean free path, the 
absorption in the visible-near-UV region increases significantly6. 
 
INORGANIC NANOPARTICLES 
 
Magnetic Nanoparticles 
 
Magnetic nanoparticles have a surface effect and finite sizes that 
dominate their individual magnetic properties, and due to this, 
they offer certain advantages such as a high saturation field, 
shifted loops after cooling, and superparamagnetism7. The 
ferromagnetic particles, below the size of less than 15 nm, contain 
a single magnetic domain, which gives them uniform 
magnetization in any field. The behaviour of magnetic particles 
and atomic paramagnets above blocking temperature is similar. 
The magnetic nanoparticles are used widely such as in magnetic 
recording media, magnetic inks for bank cheques, magnetic 

resonance contrast media, magnetic seals in motors, and 
therapeutic agents in cancer treatment.  
 
Synthesis 
Magnetic nanoparticles can be synthesized using techniques such 
as gas phase deposition, water in oil microemulsion and sol-gel 
hydrothermal method.  
 
Gas Phase Deposition Method: In this method, iron organic 
salts or organometallic compounds are decomposed at high 
temperatures so that iron particles are precipitated from the gas 
phase. This process of thermal decomposition is known as 
pyrolysis. 
 
Water In Oil (w/o) Microemulsion Method: Nanosized water 
droplets are stabilized using surfactant molecules at water/oil 
interphase after being dispersed into the oil. Different types of 
nanoparticles, like silica-coated iron oxide nanoparticles, 
magnetic polymeric iron oxide nanoparticles, and iron oxide 
nanoparticles, have been prepared using this method.  
 
Applications 
Magnetic nanoparticles play a significant role in bio-
nanotechnology and biological sample preparation. Magnetic 
nanoparticles enhance the capturing of targeted bacteria, and this 
process is known as immune-magnetic separation. The 
nanoparticles are modified with carboxylic acid, thiols, or 
amines8, then specific antibodies are chemically grafted on them, 
and under controlled conditions, the bacteria are easily 
recognized and extracted using a magnetic field. Using immune-
magnetic separation, Salmonella bacteria were isolated from milk 
samples9.    
 
Silica Nanoparticles 
 
Silica nanoparticles are considered an important candidate for 
diagnosing several diseases, drug delivery systems, gene therapy, 
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and bioimaging10. Silica nanoparticles (SNPs) are prepared on a 
large scale as these are biocompatible and highly hydrophobic, 
with a large surface area and pore volume. 
 
Synthesis 
The SiNPs with narrow size distribution and controlled size are 
achieved using a sol-gel process first used by those who 
synthesized SiNPs of size 0.05 to 2 nm with the help of 
ammonium solution catalyst and TEOS (tetraethyl 
orthosilicate)11. The size and morphology of SiNPs are affected 
by sodium silicate concentration, reaction temperature, and 
amount of alcohol present in the reaction mixture12.    
 
Applications 
Silica nanoparticles are used for different applications, such as 
supporting fluorescent labels used in bioimaging. Nucleic acids 
and proteins can be detected using multi-coloured FRET 
(fluorescence resonance energy transfer) nanoparticles 
synthesized using three organic dyes, and these nanoparticles can 
be excited using a single wavelength to generate multiple 
emission signatures13. SiNPs can also be used in cancer detection 
by labelling the SiNPs (30 nm) using fluorescein isothiocyanate 
(FITC)14; human lung adenocarcinoma was detected using FITC-
SiNPs conjugated with cell-penetrating peptide, TAT (trans-
activating transcriptional activator)15. These nanoparticles 
(mesoporous SiNPs) could also be used in drug delivery due to 
their surface construction, which makes them an efficient carrier 
of different drugs and molecules16.     
 
Quantum Dot Nanoparticles 
 
The semiconductor nanocrystals whose electronic band structure 
changes with three-dimensional particle size confined within a 
few nanometres of space are called quantum dots (QDs). They 
possess photostability, noble optical properties, and well-defined 
spectral properties, so they are used as biomolecular labels, 
detection probes,17, and in vitro biomedical imaging.    
 
Synthesis 
QDs can be synthesized using different materials, such as a 
mixture of type III-V compounds (GaAs, InAs, GaP, GaN, etc.), 
type II-VI compounds (ZnS, CdS, ZnO, CdSe, ZnSe, etc.) or pure 
materials like selenium18. The most common types of QDs are 
generated by a mixture of cadmium and selenium (CdSe). Their 
fluorescence varies from blue to red depending on the size of the 
QD formed, ranging from 2-10 nm19. The main part of the QD 
structure is its core shell, which contains nearly 1000 atoms7 and 
is coated by a zinc sulphide (ZnS) layer to protect it from 
chemical degradation20.  
 
Applications 
Fluorescent molecules such as rhodamine and fluorescein are 
used to label biomolecules such as antibodies to enhance 
diagnostic sensitivity21. Inorganic semiconductor QDs are used 
for biomedical diagnosis due to their non-fluorescent bleaching. 
Compared to organic fluorescent molecules, QDs have narrow 
and sharp emission peaks and broader excitation spectra, which 
allow them to be excited by single light sources and do not have 
signal overlap. These are also used for capturing images and 
detecting targets in real-time and in multiple labelling 
experiments like bar code22.    
 
SHG-active Nanoparticles 
 
The Second Harmonic Generation (SHG) nanoparticles are the 
recent type of nanoparticles used in bioimaging. They possess 
unique optical properties, such as they lack a centre of inversion 
in their crystalline structure and without phase-matching 

conditions, they can generate second harmonic signals23. In the 
Two-Photon Excited Fluorescence (TPEF), one photon (2ω 
frequency) is converted from two incident photons (ω frequency), 
and this frequency conversion efficiency is due to the volume 
effect and is very high24. This high-frequency conversion 
efficiency is helpful in the detection of nanoparticles 
approximately 100 nm in size. On the other hand, in SHG, the 
virtual states are involved, and the initial energy is not lost during 
internal conversion or non-radiative vibrational relaxation. Due 
to this property, SHG-active nanoparticles are used in detecting 
photostability, multiphoton microscopy,25 and deep imaging26 of 
tissues and living cells 27,28 as good resolution is provided by the 
presence of two photons at the microscope's objective. This 
imaging could be enhanced by coupling the nanoprobes with 
quantum dots and fluorescent dyes. 
 
Synthesis 
SHG-active nanoparticles can be synthesized through different 
physical and chemical routes. By varying the concentration of 
reactants, LiNbO3 nanoparticles of controlled size (<50 nm) can 
be synthesized29. These nanoparticles could also be obtained by 
reduction of Nb salts followed by hydrolysis by LiH. SHG-active 
nanoparticles made up of ZnO and BaTiO3 are commercially 
available30,24 and are prepared by hydrothermal treatment and sol-
gel processes 31,32.     
 
Applications 
SHG-active nanoparticles can be used to detect cells (Keratin-
forming tumour cell line HeLa) using high contrast ZnO 
nanoparticles incorporated with folic acid and stabilized by 
phospholipid micelles33. BaTiO3 (barium titanate) nanocrystals 
modified by silane-conjugation with aminopropyltriethoxysilane 
(APTES) followed by amine group modification and IgG 
antibody functionalization can be used for in vitro cell imaging30. 
KNbO3 nanoparticles can be used to obtain real-time images of 
cardiomyocytes derived from embryonic stem cells during 
embryonic stem cell evolution34. The novel and highly stable L-
asparaginase (L-ASP) entrapped gelatin alginate nanoparticles 
(GANp) have been synthesized to develop an easily reproducible, 
sensitive, and selective fibre optic asparagine biosensor35. 
 
CONCLUSION 
 
It has been found that with technological advancements, the focus 
is shifting towards nanotechnology. Several materials have been 
used to develop nanomaterials; inorganic particles are one of the 
efficient tools for the fabrication of nanoparticles. Gold, silver, 
iron, and silica are used for nanoparticle synthesis. Recently, 
SHG-active nanoparticles have been synthesized, which have 
proved to be an efficient tool for diagnosing different diseases and 
bioimaging. Inorganic nanoparticles have revolutionized the 
medical and biological areas and paved new paths toward 
improving human health.  
 
REFERENCES 
 
1. Grainger DW, Okano T. Biomedical micro- and 

nanotechnology. Adv Drug Del Rev 2003; 55: 311-313. 
2. Hood JD, Bednarski M, Frausto R, Guccione S, Reisfeld RA, 

Xiang R, Cheresh DA.  Tumor regression by targeted gene 
delivery to the neovasculature. Sci 2004; 296: 2404-2407. 

3. Huang Z, Ren J, Qu XA. Reversible DNA–silver 
nanoclusters-based molecular fluorescence switch and its use 
for logic gate operation. Mol BioSyst 2012;8: 921-926. 

4. Cushing BL, Kolesnichenko VL, O'Connor CJ. Recent 
advances in the liquid-phase syntheses of inorganic 
nanoparticles. Chem Rev 2004; 104: 3893-3946. 



Deshna	Jain	et	al	/	Int.	J.	Res.	Ayurveda	Pharm.	15	(2),	2024	

 

156	

5. Manz A, Graber N, Widmer HM. Miniaturized Total 
Chemical Analysis Systems: a Novel Concept for Chemical 
Sensing. Sens Actuators B 1990; 1: 244-248. 

6. Bohren CF, Huffman DR. Absorption and Scattering of Light 
by Small Particles. New York: Wiley.1983 

7. Batlle X, Labarta A. Synthesis of biocompatible SPION-
based aqueous ferrofluids and evaluation of radiofrequency 
power loss for magnetic hyperthermia. J Physc D: Apply Phys 
2002;35: 15-19. 

8. Elaissari A, Chatterjee J, Hamoudeh M, Fessi H. Structure 
and Functional Properties of Colloidal Systems in: Hidalgo-
´A lvarez, R. (Eds.), CRC Press, 2009; p. 315-337  

9. Joo J, Yim C, Kwon D, Lee J, Shin HH, Cha HJ, Jeon S. A 
facile and sensitive detection of pathogenic bacteria using 
magnetic nanoparticles and optical nanocrystal probes. 
Analyst 2012; 137:3609-3612. 

10. Devi MG, Balachandran  SA. Review on synthesis, 
characterization and applications of silica particles. Int J Eng 
Res Technol 2016; 4:249–255. 

11. St¨ober W, Fink A, Bohn E. Controlled growth of 
monodisperse silica spheres in the micron size range. J 
Colloid Interface Sci 1968;26: 62-69. 

12. Wang W, Fu X, Tang J, Jiang L. Preparation of submicron 
spherical particles of silica by the water-in-oil microemulsion 
method. Colloids Surf A 1993; 81: 177-180. 

13. Wang L, Tan W. Multicolor FRET Silica Nanoparticles by 
Single Wavelength Excitation. Nano Lett 2006; 6: 84-88. 

14. Santra S, Dutta D, Moudgil BM. Functional Dye-Doped 
Silica Nanoparticles for Bioimaging, Diagnostics and 
Therapeutics. Food Bioprod Process 2005; 83: 136-140. 

15. Gary-Bobo M, Mir Y, Rouxel C, Brevet D, Hocine O, 
Maynadier M, Gallud A, Da Silva A, Mongin O, Blanchard-
Desce M, Richeter S, Loock B, Maillard P, Mor`ere A, Garcia 
M, Raehm L, Durand JO. Multi-functionalized mesoporous 
silica nanoparticles for the in vitro treatment of 
retinoblastoma: Drug delivery, one and two-photon 
photodynamic therapy. Int J Pharm 2012;432: 99-104. 

16. Li H, Fu Y, Zhang L, Liu X, Qu Y, Xu S, Lu C. In situ route 
to novel fluorescent mesoporous silica nanoparticles with 8-
hydroxyquinoline zinc complexes and their biomedical 
applications. Microporous Mesoporous Mater 2012; 151: 
293-302. 

17. Murphy CJ. Optical sensing with quantum dots. Anal Chem 
2002; 74: 520A-526A. 

18. Alivisatos P. The use of nanocrystals in biological detection. 
Nat Biotechnol 2003; 22: 47-52. 

19. Chuto G, Chaumet-Riffaud P. Les nanoparticules. M´edecine 
Nucl´eaire 2010;34:370-376. 

20. Dabbousi BO, Rodriguez-Viejo J, Mikulec FV, Heine JR, 
Mattoussi H, Ober R, Jensen KF, Bawendi MG. (CdSe)ZnS 
Core−Shell Quantum Dots: Synthesis and Characterization of 
a Size Series of Highly Luminescent Nano crystallites. J Phys 
Chem B 1997; 101: 9463-9475. 

21. Chandezon F, Reiss P. Nanotechnologies pour l’électronique, 
l’optique et la photonique. Technique de l&#39;ingenieur 
2004; NM2030. 

22. Parak WJ, Pellegrino T, Plank C. Labelling of cells with 
quantum dots. Nanotechnol.2005;16:9–25. 

23. Brasselet S, Zyss J. Nonlinear polarimetry of molecular 
crystals down to the nanoscale. C R Phys 2007;8: 165-179. 

24. Dantec RL, Mugnier Y, Djanta G, Bonacina L, Extermann J, 
Badie L, Joulaud C, Gerrmann M, Rytz D, Wolf JP, Galez 
C. Ensemble and Individual Characterization of the 
Nonlinear Optical Properties of ZnO and BaTiO3 
Nanocrystals. J Phys Chem C 2011; 115: 15140-15146. 

25. Xuan LL, Brasselet S, Treussart F, Roch JF, Marquier F, 
Chauvat D, Perruchas S, Tard C, Gacoin T. Balanced 
homodyne detection of second-harmonic generation from 
isolated subwavelength emitters. Appl Phys Lett 2006;89: 
121118. 

26. Extermann J, Bonacina L, Cuna E, Kasparian C, Mugnier Y, 
Feurer T, Wolf JP. Nanodoublers as deep imaging markers 
for multiphoton microscopy. Opt Express 2009;17: 15342-
15349. 

27. Brasselet S, Zyss J. Nanocrystals for quadratic nonlinear 
imaging: Characterization and applications, in Masuda Y 
(Eds.), Nanocrystals, 2010; p. 249-270. 

28. Dempsey WP, Fraser SE, Pantazis P. SHG nanoprobes: 
Advancing harmonic imaging in biology. Bio Essays 2012; 
34: 351-360. 

29. Mohanty D, Chaubey GS, Yourdkhani A, Adireddy S, 
Caruntu G, Wiley JB. Synthesis and piezoelectric response of 
cubic and spherical LiNbO 3 nanocrystals. RSC Adv 2012; 2: 
1913-1916. 

30. Hsieh CL, Grange R, Pu Y, Psaltis D. Bioconjugation of 
barium titanate nanocrystals with immunoglobulin G 
antibody for second harmonic radiation imaging probes. 
Biomat 2010; 31: 2272-2277. 

31. Jacobsohn M, Banin U. Size Dependence of Second 
Harmonic Generation in CdSe Nanocrystal Quantum Dots J 
Phys Chem B 2000; 104: 1-5. 

32. Baruah S, Dutta J Hydrothermal growth of ZnO 
nanostructures. Sci Technol Adv Mater 2009; 10:32-36  

33. Kachynski AV, Kuzmin AN, Nyk M, Roy I, Prasad PN. Zinc 
Oxide Nanocrystals for Non-resonant Nonlinear Optical 
Microscopy in Biology and Medicine. J Phys Chem 2008; 
C112: 10721-10724. 

34. Magouroux T, Extermann J, Hoffmann, P, Mugnier Y, Le-
Dantec R, Jaconi ME, Kasparian C, Ciepielewski D, 
Bonacina L, Wolf JP. High-Speed Tracking of Murine 
Cardiac Stem Cells by Harmonic Nanodoublers. Small 2012; 
8: 2752-2756. 

35. Singh A, Verma N, Kumar K. Fabrication and 
Characterization of L-asparaginase Entrapped Polymeric 
Nanoparticles for Asparagine Biosensor Construction. 
Materials Today: Proceedings 2022. DOI: 
10.1016/j.matpr.2022.05.227. 

 
Cite this article as: 
 
Deshna Jain, Teena Pathak and Kuldeep Kumar. Role of inor-
ganic particles for the formulation of nanoparticles: A Review. 
Int. J. Res. Ayurveda Pharm. 2024;15(2):154-156  
DOI: http://dx.doi.org/10.7897/2277-4343.15256   

 
 

Source of support: Nil, Conflict of interest: None Declared 
 

Disclaimer:	IJRAP	is	solely	owned	by	Moksha	Publishing	House	-	A	non-profit	publishing	house,	dedicated	to	publishing	quality	research,	while	
every	effort	has	been	taken	to	verify	the	accuracy	of	the	content	published	in	our	Journal.	IJRAP	cannot	accept	any	responsibility	or	liability	for	
the	site	content	and	articles	published.	The	views	expressed	in	articles	by	our	contributing	authors	are	not	necessarily	those	of	IJRAP	editor	or	
editorial	board	members.	
 


