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Magnetic nanoparticles are classified as nanoparticle that can be manipulated within a magnetic fields. These particles
are so small in nature and display all those features which are usually not observed in larger structures when regarded
as molecules thus making them useful in numerous biomedical applications.

Keywords: Hydrothermal Amalgamation; Thermal Decomposition;
Magneto-caloric Effect; Cobalt nanoparticles

Introduction

Nano sized magnetic nanoparticles display excellent paramagnetic
properties which make them useful in numerous applications [1].
Such as assembly of discrete super paramagnetic ferrite nanoparticles
in to beaded layouts resulting in increased magnetic potential [2].
Besides these nanoparticles act as carrier molecules for specific
ligands or functional groups to deliver them to precise locations
under the influence of a peripheral magnetic field [3]. In order to
reduce nanoparticle accretion, nanoparticle surface is modified using
silica or phosphoric acid based surfactants to enhance their perpetuity
in solution [4]. Such treated magnetic nanoparticles is useful in
many medical applications such as in cell disruption techniques,
immunoassay, clinical diagnostic, drug/DNA delivery etc [5,6].

Synthesis of magnetic nanoparticles
Following are some methods through which magnetic nanoparticles
could be fabricated

Chemical and Biological Methods

Currently, chemical precipitation methods for the synthesis of
magnetic nanoparticles produces structurally stable nano entities
with unique morphology [7].

1. Thermal Decomposition

It is the mostly used method which involves the chemical breakdown
of substance at raised temperature [8]. It requires the consumption
of organometallic compounds such as acetylacetonates dissolved in
organic solvents such as Ethylenediamine, benzyl ether and carbonyls
with surfactants such as polyvinyl pyrrolidone, hexadecylamine,
oleic acid, oleylamine, cetyltrimethyl ammonium bromide etc.
[9,10].

2. Hydrothermal Amalgamation
It involves the use of colloidal solution at high vapor pressure to
form magnetic nano particles of definite size and shape [11].

3. Microwave assisted Amalgamation
It employs the heating of solvents or solids with microwave radiation
[12].

4. Template assisted Amalgamation
In this process suitable base template is chosen to fabricate
nanoparticles of definite size and shape [13].

5. Thermodynamic Assembly of nanostructures

A type of bottom-up nanofabrication approach which organizes
magnetic nanoparticles into multidimensional arrays under the effect
of an external field [14].

6. Bio based Amalgamation method
Using a biological organism such as plants, microbes, fungi, yeast
etc as nanofactories for synthesis of magnetic nanoparticles either
intracellularly or extracellularly [15].

Properties of Magnetic Nanoparticles

1. Magnetic Property

Magnetic nanoparticles of size range from 1 to 100 nm display super
paramagnetic characteristics caused by thermal fluctuations that
is capable of demagnetizing a stable assembly [16]. Thus making
them suitable to be used in therapy treatments and targeted drug
delivery [17].

2. Magneto-caloric Effect

It is defined as the capability of magnetic nanoparticles to become
heated when placed in a magnetic field and when displaced from
such field it restores its original temperature [18]. Such feature of
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magnetic nanoparticles provides a favorable way for refining therapy
treatments [19].

Types of Magnetic Nanoparticles

1. Iron nanoparticles

Iron oxide based nanoparticles offers several advantages such as
permanency, low price, non-toxic reagents and physical/chemical
plasticity [20]. Thus making them appropriate to be used in medical
applications such as drug delivery, magnetic parting, biosensors,
and MRI etc [21]. Besides iron based nanoparticles protected with
gold, silica or silver coatings re also useful [22].

2. Cobalt nanoparticles

Such magnetic nanoparticles are not that commonly used due to cobalt
toxicity issue [23]. However carbon-coated cobalt nanoparticles were
embedded with organic polymers for drug delivery [24].

3. Nickel nanoparticles

Methods such as pyrolysis, thermal decomposition, sol-gel process
etc were used to synthesize carbon encapsulated Nickel nanoparticles
[25].

Applications of Magnetic Nanoparticles

1. Magnetic parting

Magnetic nanoparticles are widely used in bio-separation techniques
by labelling the specific biological molecule with theses magnetic
entities to be separated under an applied magnetic field [26]. An
example is the use of magnetic beads for the separation /ablution
of biomolecules [27].

2. Diagnostics

Using magnetic nanoparticles in non-invasive imaging procedures
such as magnetic resonance imaging is widely used as diagnostic
tools to envisage the assembly and function of tissues [28].

3. Biosensors
Magnetic biosensors are used in the identification of specific
molecular targets due to their discrete magnetic properties [29].

4. Drug delivery
Magnetic nanoparticles serves as carriers of the drugs for local drug
delivery system for tumorous cells [30].

5. Therapy
Magnetic nanoparticles have been used for targeted therapeutic
heating of tumors termed as hyperthermia [31].

Conclusion
Thus magnetic nanoparticles offers numerous advantages for
which they are employed in various biomedical and engineering
applications.

References

1. Kodama R H (1999) Magnetic nanoparticles. Journal of
magnetism and magnetic materials 200: 359-372.

2. LuAH, Salabas E E, Schiith F (2007) Magnetic nanoparticles:
synthesis, protection, functionalization, and application.
Angewandte Chemie International Edition 46: 1222-1244.

3. Berry C C, Curtis A S (2003) Functionalization of magnetic
nanoparticles for applications in biomedicine. Journal of physics
D: Applied physics 36: R198.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kim D K, Zhang Y, Voit W, Rao K V, Muhammed M
(2001) Synthesis and characterization of surfactant-coated
superparamagnetic monodispersed iron oxide nanoparticles.
Journal of Magnetism and Magnetic Materials 225: 30-36.
Pankhurst Q A, Connolly J, Jones S K, Dobson J J (2003)
Applications of magnetic nanoparticles in biomedicine. Journal
of physics D: Applied physics 36: R167.

Ito A, Shinkai M, Honda H, Kobayashi T (2005) Medical
application of functionalized magnetic nanoparticles. Journal
of bioscience and bioengineering 100: 1-11.

Hyeon T (2003) Chemical synthesis of magnetic nanoparticles.
Chemical Communications 8: 927-934.

Teja A'S, Koh PY (2009) Synthesis, properties, and applications
of magnetic iron oxide nanoparticles. Progress in crystal growth
and characterization of materials 55: 22-45.

Laurent S, Forge D, Port M, Roch A, Robic C et al., (2008)
Magnetic iron oxide nanoparticles: synthesis, stabilization,
vectorization, physicochemical characterizations, and biological
applications. Chemical reviews 108 2064-2110.

Hong RY, Pan T T, Li H Z (2006) Microwave synthesis
of magnetic Fe304 nanoparticles used as a precursor of
nanocomposites and ferrofluids. Journal of Magnetism and
Magnetic Materials 303: 60-68.

Rivas-Sanchez M L, Alva-Valdivia L M, Arenas-Alatorre J,
Urrutia-Fucugauchi J, Perrin M, et al., (2009) Natural magnetite
nanoparticles from an iron-ore deposit: size dependence on
magnetic properties. Earth, planets and space 61: 151-160.
Hsin Y L, Lin C F, Liang Y C, Hwang K C, Horng J C et
al., (2008) Microwave arcing induced formation and growth
mechanisms of core/shell metal/carbon nanoparticles in organic
solutions. Advanced Functional Materials 18: 2048-2056.

Ye E, Loh X J (2013) Polymeric hydrogels and nanoparticles:
amerging and emerging field. Australian Journal of Chemistry
66: 997-1007.

Jackson A M, Myerson J W, Stellacci F (2004) Spontaneous
assembly of subnanometre-ordered domains in the ligand shell
of monolayer-protected nanoparticles. Nature materials 3: 330.
Thakkar K N, Mhatre S S, Parikh R Y (2010) Biological synthesis
of metallic nanoparticles. Nanomedicine: Nanotechnology,
Biology and Medicine 6: 257-262.

Berkowitz A E, Kodama R H, Makhlouf S A, Parker F T,
Spada F E et al., (1999) Anomalous properties of magnetic
nanoparticles. Journal of magnetism and magnetic materials
196: 591-594.

Akbarzadeh A, Samiei M, Davaran S (2012) Magnetic
nanoparticles: preparation, physical properties, and applications
in biomedicine. Nanoscale research letters 7: 144.

Poddar P, Gass J, Rebar D J, Srinath S, Srikanth H et al.,
(2006) Magnetocaloric effect in ferrite nanoparticles. Journal
of magnetism and magnetic materials 307: 227-231.

Liu J P, Fullerton E, Gutfleisch O, Sellmyer D J (Eds.) (2009)
Nanoscale magnetic materials and applications. Springer
Science.

Carpenter E E (2001) Iron nanoparticles as potential magnetic
carriers. Journal of magnetism and magnetic materials 225:
17-20.

Hadjipanayis C G, Bonder M J, Balakrishnan S, Wang X, Mao
H et al., (2008) Metallic iron nanoparticles for MRI contrast
enhancement and local hyperthermia. Small 4: 1925-1929.
Chen M, Yamamuro S, Farrell D, Majetich S A (2003) Gold-
coated iron nanoparticles for biomedical applications. Journal

Adv Nanoscie Nanotec, 2019

www.opastonline.com

Volume 3 | Issue 3 | 2 of 3


https://www.opastonline.com/

23.

24.

25.

26.

of applied physics 93: 7551-7553.

Bonnemann H, Brijoux W, Brinkmann R, Matoussevitch N,
Waldofner N et al., (2003) A size-selective synthesis of air stable
colloidal magnetic cobalt nanoparticles. Inorganica Chimica
Acta 350: 617-624.

Kobayashi Y, Horie M, Konno M, Rodriguez-Gonzalez B,
Liz-Marzan L M (2003) Preparation and properties of silica-
coated cobalt nanoparticles. The Journal of Physical Chemistry
B 107: 7420-7425.

Estournes C, Lutz T, Happich J, Quaranta T, Wissler P et al.,
(1997) Nickel nanoparticles in silica gel: preparation and
magnetic properties. Journal of magnetism and magnetic
materials 173: 83-92.

Pankhurst Q A, Thanh N T K, Jones S K, Dobson J (2009)
Progress in applications of magnetic nanoparticles in
biomedicine. Journal of Physics D: Applied Physics 42: 224001.

27.

28.

29.

30.

31.

Colombo M, Carregal-Romero S, Casula M F, Gutierrez L,
Morales M P et al., (2012) Biological applications of magnetic
nanoparticles. Chemical Society Reviews 41: 4306-4334.
Sandhu A, Handa H, Abe M (2010) Synthesis and applications
of magnetic nanoparticles for biorecognition and point of care
medical diagnostics. Nanotechnology 21: 442001.

Veiseh O, Gunn J W, Zhang M (2010) Design and fabrication of
magnetic nanoparticles for targeted drug delivery and imaging.
Advanced drug delivery reviews 62: 284-304.

McBain S C, Yiu H H, Dobson J (2008) Magnetic nanoparticles
for gene and drug delivery. International journal of nanomedicine
3:1609.

Gu H, Xu K, Xu C, Xu B (2006) Biofunctional magnetic
nanoparticles for protein separation and pathogen detection.
Chemical Communications pp. 941-949.

Copyright: ©2019 Nida Tabassum Khan. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Adv Nanoscie Nanotec, 2019

www.opastonline.com

Volume 3 | Issue 3 | 3 of 3


https://www.opastonline.com/

