
INTRODUCTION

Nanoparticles (NPs) are submicron
particles with diameters ranging from 1 to 100 nm
and made of inorganic or organic materials. As
compared with bulk materials, NPs have many
unique characteristics1. Although real uses of NPs
in life sciences are still rarely found,  great features
of these materials propose a very good future for
their use in this field2-4.

Magnetic nanoparticles (MNPs) are one
of the types of NPs which exhibit some response to
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applying magnetic field. In this regard, MNPs have
various unique magnetic properties including
superparamagnetic, high magnetic susceptibility,
low Curie temperature, etc. In addition, these
materials have been used in various industrial,
medical, and environmental domains such as
medical diagnosis and treatment5, 6 magnetic fluids7,
biomedicine7-9, catalysis10, magnetic energy
storage11, data storage12. Some of important
features of MNPs making them a great choice for
medical applications are non-toxicity,
biocompatiblilty, and high-level aggregation in the
desired tissue.
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ABSTRACT

Magnetic nanoparticles (MNPs) have demonstrated their great potentials in medical
applications. Technology advancements in synthesis and modification of nanoscale materials
have advanced the development of different medical applications of MNPs. This paper reviews the
main chemical and physical properties of MNPs important in medical applications. Pharmacokinetics
and cellular adsorb of MNPs are largely associated with their physicochemical characteristics.
Superparamagnetic, high magnetic susceptibility, high coercivity, non-toxicity, biocompatibility,
and low Curie temperature are crucial characteristics of MNPs making them appropriate for
various medical applications. The three main categories of medical applications of MNPs are
targeted drug delivery, magnetic hyperthermia, and contrast agent for magnetic resonance imaging.
Among the main chemical and physical properties of MNPs, the most important ones are coercivity,
non-toxicity, biocompatibility, high magnetic susceptibility, and morphology, hydrodynamic size,
charge, and other surface properties
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In addition, applying external magnetic
field causes to movement of MNPs to the desire
location or induce heating because of their inducible
magnetization attributes. These characteristics make
them attractive for different applications including
separation techniques and contrast enhancing
agents for MRI to drug delivery systems, magnetic
hyperthermia, etc13-15. Nevertheless, one of the most
important problems for utilization of MNPs is to
choose the materials for the made of nanostructure
materials with adjustable chemical and physical
attributes.

In this regard, a number of researchers
suggested various forms of MNPs with different
chemical compositions for some biomedical
applications to utilize in some magnetic
phenomena, including enhanced magnetic
moments and superparamagnetic. To improve
magnetic properties as well as physical behaviors
of NPs, some properties such as composition, size,
morphology and surface chemistry can be tailored
to various processes16,17.

Different applications require specific
characteristics of MNPs. For instance, in data storage
applications, the particles must be stable, switchable
magnetic state to exhibit bits of information and not
affected by temperature fluctuations18, 19. To use
MNPs in therapy and biology and medical diagnosis,
they must be stable in water at pH 7 and in a
physiological environment. In addition, the colloidal
stability of this fluid will depend strongly on the
charge and surface chemistry causing both Steric
and Coulombic repulsions as well as depend on
the dimensions of the particles, which should be so
small so that  gravitation force induced precipitation
can be avoided20. To use MNPs for biomedical
applications, they must be encapsulated with a
biocompatible polymer to barricade manipulation
from the original structure, biodegradation and the
formation of large accumulation when they are
subjected to magnetic field exposure. The drugs can
bind to the NPs coated with polymer by covalent
attachment, entrapment on the particles or
adsorption21, 22.

The other main advantage of MNPs is their
high effective surface areas and lower
sedimentation rates23-25. The two main characteristics

of MNPs to be used in biomedical applications are
non-toxicity and non-immunogenicity. In addition,
these particles should be small enough to maintain
in the circulation and to transit via the capillary
systems of tissues. To control the motion of MNPs in
the blood vessels with an external magnetic field,
the MNPs must have a high magnetization26, 27. The
synthesis method of NPs can characterize the
shape, the surface chemistry of the particles, the
size distribution, the particle size as well as magnetic
properties28,29. In this regard, ferri- and ferromagnetic
nanoparticles synthesized by grinding bulk
materials, whereas using plasma atomization and
wet chemistry techniques spherical shape MNPs
can be synthesized. In addition, spherical shaped
particles, depending on the synthesis method, can
be formed in crystalline or amorphous morphology30,

31. Furthermore, the synthesis method can
determined new characteristics for MNPs such as
high saturation field, superparamagnetic, high field
irreversibility, extra anisotropy contributions32.

The present paper focuses on the chemical
and physical properties of main MNPs in medical
applications. The relationships between these
characteristics and their performance in different
applications are discussed.

Magnetic properties of nanoparticles
The behavior of substances under an

influence of an external magnetic field is determined
by two factors: susceptibility and permeability.
Susceptibility (χ) describes the magnetization level
(M) of a material in the presence of an external
magnetic field (H):

M  = cH ...(1)

The permeability indicates the magnetic
induction (B) change induced by an external
magnetic field (B= µH). The matter with high
permeability reveals a low resistance in reaction to
magnetic field33. All materials based on their
susceptibility to magnetic fields, are categorized into
several groups:

Diamagnetic
These materials in the presence of external

magnetic field induce weak magnetic moment
antiparallel to external field. Therefore they have
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small and negative susceptibility (-10-6  to 10-3).
When the external field is removed, the spins come
back to initial position and they do not show
magnetic features. Water, wood, quartz (SiO2),
copper, silver, and most of organic compounds are
examples of diamagnetic materials. The common
property of this material is that all of them have
filled electronic subshells34.

Paramagnetic
Paramagnetic substances show weak

magnetic field in parallel to applied external field.
The susceptibility of these is positive and in the
range of (10-5 to10-3). After elimination of external
field, their magnetic moment does not persist.
Aluminum, oxygen, magnesium and lithium have
paramagnetic properties35, 36.

Ferromagnetic
Ferromagnetic materials are also known

as magnets have a large and positive susceptibility.
The susceptibilities of ferromagnetic substance are
determined by external field, temperature and their
atomic structures. Unlike two other categories, their
magnetic properties are persistent even after
elimination of magnetic field. Indeed, after
employing of strong magnetic field, the spins of
substance are aligned with field. In this time, the
maximum magnetization that is named saturation
magnetization is obtained. When the magnitude of
the field is decreased, the reduction of total
magnetization is occurred due to returning of spins
to their first directions. However, the magnetic
moment of these materials is stable even in the
zero field37. In addition, small ferromagnetic
materials with the size in the range of tens of
nanometers have one large magnetic moment. In
the blocking temperature, particles can rotate freely.
Therefore after elimination of external field, net
magnetization is lost and it becomes zero[38].
Indeed, in this condition, they show
superparamagnetic properties. They have higher
magnetic susceptibilities in comparison to
paramagnetic materials. By this features, they can
preserve their colloidal stability and be useful for
biomedical applications. As mentioned earlier, the
superparamagnetic properties are observed in
small particles but decreasing of size is associated
by several important issues. After reduction of size,

the surface effects are revealed because of
increasing the surface-to-volume ratios10.

Properties for Medical Applications
Biocompatibility and Toxicity

MNPs should be biocompatible, nontoxic,
and stable for in vivo applications. These features
can be controlled by changing the size and the
coating’s properties of nanoparticles24, 39.  It has
been shown that metallic magnetic substances (iron,
nickel and cobalt) are toxic, due to their oxidation
and acid erosion. For these reasons, the coating of
magnetic nanoparticles to protection of them
against degradation is essential40. For biomedical
application, magnetic nanoparticles should have
the ability to escape from reticuloendothelial system
(RES) to reach their target. Upon administration of
nanoparticles into the blood stream, the
opsonization process occurs. In this process, NPs
are coated with proteins of plasma and later are
deleted by phagocytic cells and they cannot reach
target cells41, 42. To avoid this event, NPs are coated
by organic layer such as surfactants and polymers
or inorganic species such as silica and carbon. This
additional layer can increase the circulation time
and colloidal stability of  MNPs43, 44.

Size of Nanoparticles
The small nanoparticles with the size in

the range of 10 to 50 nm are the best selection for
in vivo applications, these nanoparticles have
several Benefits45:
1. It is possible to improve colloidal stability and

avoid aggregation by reducing magnetic
interaction of nanoparticles. To obtain this,
the size of NPs should have
superparamagnetic features. Therefore the
reducing of size is necessary to achieve
superparamagnetic properties.

2. The dipole-dipole interaction is proportional
to the sixth power of the particle radius (r6).
Therefore by reducing size, the dipolar
interactions become small and the particle
aggregation is decreased.

3. Small NPs can avoid the Precipitation.
4. Small NPs have larger surface area for

certain volume. It can improve the efficiency
of coating and targeting process.

5. Small NPs can be stable in water at pH = 7
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Saturation magnetization of magnetic
nanoparticles

Having a high saturation magnetization
gives NPs two abilities45

1. External magnetic field can control the motion
of particles in the blood

2. The particles can be moved close to the
targeted pathologic tissue.

CONCLUSION

This study reviewed some physical and
chemical characteristic of MNPs that are crucial for
medical applications. Advances in preparation of
MNPs with control of their properties have introduced
new particles for diagnostic applications such as
utilization of MNPs in hyperthermia, magnetic drug
delivery, gene delivery and magnetic resonance
imaging, etc. In order to take advantage of these
applications, the properties of MNPs must be known

as well as their behaviors under various conditions.
The success of MNPs can be affected by
physicochemical properties, size, shape, and
surface chemistry which can characterize their
biodistribution, pharmacokinetic, and
biocompatibility. To characterize and control the
physicochemical properties of MNPs, we must be
aware of synthesis and coating processes. Various
structure models for MNPs have been reported each
having some advantages. In order to synthesize new
MNPs and find their behavior in the body, developing
and using more advanced technologies is of prime
significance.

ACKNOWLEDGMENTS

The present study was financially
supported by Ahvaz Jundishapur University of
Medical Sciences (Grant No.: u-93185)

REFERENCES

1. LaConte, L., N. Nitin, and G. Bao, Magnetic
nanoparticle probes. Materials Today, 2005.
8(5): 32-38.

2. Davaran, S. and A.A. Entezami, Synthesis and
hydrolysis of modified poly vinyl alcohols
containing Ibuprofen pendent groups. Iran
Polym J, 1996, 5(3): 188-191.

3. Spanhel, L., et al., Photochemistry of colloidal
semiconductors. 20. Surface modification and
stability of strong luminescing CdS particles.
Journal of the American Chemical Society,
1987,109(19): 5649-5655.

4. Steigerwald, M.L. and L.E. Brus, Synthesis,
stabilization, and electronic structure of
quantum semiconductor nanoclusters.
Annual Review of Materials Science, 1989,
19(1) ,. 471-495.

5. Ali, Y., et al., Applications of Upconversion
Nanoparticles in Molecular Imaging: A
Review of Recent Advances and Future
Opportunities. Biosci., Biotech. Res. Asia,
2015, 12(Spl.Edn.1): p. 131-140.

6. Ali, Y., et al., Dye-Doped Fluorescent
Nanoparticles in Molecular Imaging: A
Review of Recent Advances and Future
Opportunities. Material Science Research

India, 2014, 11(2).
7. Jordan, A., et al., Magnetic fluid hyperthermia

(MFH): Cancer treatment with AC magnetic
field induced excitation of biocompatible
superparamagnetic nanoparticles. Journal of
Magnetism and Magnetic Materials, 1999,
201(1): p. 413-419.

8. Kolhatkar, A.G., et al., Tuning the magnetic
properties of nanoparticles. International
journal of molecular sciences, 2013, 14(8):
15977-16009.

9. Vallejo-Fernandez, G., et al., Mechanisms of
hyperthermia in magnetic nanoparticles.
Journal of Physics D: Applied Physics, 2013,
46(31): p. 312001.

10. Lu, A.H., E.e.L. Salabas, and F. Schüth,
Magnetic nanoparticles: synthesis,
protection, functionalization, and application.
Angewandte Chemie International Edition,
2007, 46(8): p. 1222-1244.

11. Frey, N.A., et al., Magnetic nanoparticles:
synthesis, functionalization, and applications
in bioimaging and magnetic energy storage.
Chemical Society Reviews, 2009, 38(9):
2532-2542.

12. Singamaneni, S., et al., Magnetic



29YADOLLAHPOUR & RASHIDI, Orient. J. Chem.,  Vol. 31(Spl Edn.), 25-30 (2015)

nanoparticles: recent advances in synthesis,
self-assembly and applications. Journal of
Materials Chemistry, 2011, 21(42): p. 16819-
16845.

13. Horák, D., et al., Magnetic microparticulate
carriers with immobilized selective ligands
in DNA diagnostics. Polymer, 2005. 46(4): p.
1245-1255.

14. Neuberger, T., et al., Superparamagnetic
nanoparticles for biomedical applications:
possibilities and limitations of a new drug
delivery system. Journal of Magnetism and
Magnetic Materials, 2005. 293(1): p. 483-496.

15. Jordan, A., et al., Presentation of a new
magnetic field therapy system for the
treatment of human solid tumors with
magnetic fluid hyperthermia. Journal of
Magnetism and Magnetic Materials, 2001.
225(1): p. 118-126.

16. Tartaj, P., et al., The preparation of magnetic
nanoparticles for applications in biomedicine.
Journal of Physics D: Applied Physics, 2003.
36(13): p. R182.

17. Gupta, A.K. and M. Gupta, Synthesis and
surface engineering of iron oxide
nanoparticles for biomedical applications.
Biomaterials, 2005. 26(18): p. 3995-4021.

18. Ersoy, H. and F.J. Rybicki, Biochemical safety
profiles of gadolinium based extracellular
contrast agents and nephrogenic systemic
fibrosis. Journal of Magnetic Resonance
Imaging, 2007. 26(5): p. 1190-1197.

19. Morcos, S., Nephrogenic systemic fibrosis
following the administration of extracellular
gadolinium based contrast agents: is the
stability of the contrast agent molecule an
important factor in the pathogenesis of this
condition? 2014.

20. Thakral, C., J. Alhariri, and J.L. Abraham,
Long term retention of gadolinium in tissues
from nephrogenic systemic fibrosis patient
after multiple gadolinium enhanced MRI
scans: case report and implications. Contrast
media & molecular imaging, 2007. 2(4): p.
199-205.

21. Sosnovik, D.E., M. Nahrendorf, and R.
Weissleder, Molecular magnetic resonance
imaging in cardiovascular medicine.
Circulation, 2007. 115(15): p. 2076-2086.

22. Moghimi, S.M., A.C. Hunter, and J.C. Murray,

Long-circulating and target-specific
nanoparticles: theory to practice.
Pharmacological reviews, 2001. 53(2): p.
283-318.

23. Park, J., et al., One nanometer scale size
controlled synthesis of monodisperse
magnetic Iron oxide nanoparticles.
Angewandte Chemie, 2005. 117(19): p.
2932-2937.

24. Nitin, N., et al., Functionalization and peptide-
based delivery of magnetic nanoparticles as
an intracellular MRI contrast agent. JBIC
Journal of Biological Inorganic Chemistry,
2004. 9(6): p. 706-712.

25. Puntes, V.F., K.M. Krishnan, and A.P.
Alivisatos, Colloidal nanocrystal shape and
size control: the case of cobalt. Science, 2001.
291(5511): p. 2115-2117.

26. López-Quintela, M.A., et al., Microemulsion
dynamics and reactions in microemulsions.
Current opinion in colloid & interface
science, 2004. 9(3): p. 264-278.

27. Thorek, D.L., et al., Superparamagnetic iron
oxide nanoparticle probes for molecular
imaging. Annals of biomedical engineering,
2006. 34(1): p. 23-38.

28. Sjögren, C.E., et al., Crystal size and
properties of superparamagnetic iron oxide
(SPIO) particles. Magnetic resonance
imaging, 1997. 15(1): p. 55-67.

29. Lee, Y., et al., Large scale synthesis of uniform
and crystalline magnetite nanoparticles
using reverse micelles as nanoreactors
under reflux conditions. Advanced Functional
Materials, 2005, 15(3): p. 503-509.

30. Chung, S., et al., Biological sensors based
on Brownian relaxation of magnetic
nanoparticles. Applied physics letters, 2004,
85(14): p. 2971-2973.

31. Grossman, H., et al., Detection of bacteria in
suspension by using a superconducting
quantum interference device. Proceedings
of the National Academy of Sciences, 2004,
101(1): p. 129-134.

32. Grancharov, S.G., et al., Bio-functionalization
of monodisperse magnetic nanoparticles
and their use as biomolecular labels in a
magnetic tunnel junction based sensor. The
Journal of Physical Chemistry B, 2005,
109(26): 13030-13035.



30 YADOLLAHPOUR & RASHIDI, Orient. J. Chem.,  Vol. 31(Spl Edn.), 25-30 (2015)

33. Marinin, A., Synthesis and characterization
of superparamagnetic iron oxide
nanoparticles coated with silica. 2012.

34. Hyeon, T., et al., Synthesis of highly crystalline
and monodisperse maghemite
nanocrystallites without a size-selection
process. Journal of the American Chemical
Society, 2001, 123(51): p. 12798-12801.

35. Sun, S., et al., Monodisperse FePt
nanoparticles and ferromagnetic FePt
nanocrystal superlattices. Science, 2000,
287(5460): p. 1989-1992.

36. Sun, S., et al., Monodisperse MFe2O4 (M=
Fe, Co, Mn) nanoparticles. Journal of the
American Chemical Society, 2004, 126(1): p.
273-279.

37. Weissleder, R. and U. Mahmood, Molecular
Imaging 1. Radiology, 2001, 219(2): 316-333.

38. Gu, H., et al., Facile one-pot synthesis of
bifunctional heterodimers of nanoparticles:
a conjugate of quantum dot and magnetic
nanoparticles. Journal of the American
Chemical Society, 2004, 126(18): p. 5664-
5665.

39. Bulte, J.W. and D.L. Kraitchman, Iron oxide
MR contrast agents for molecular and cellular
imaging. NMR in Biomedicine, 2004, 17(7):
p. 484-499.

40. Fischer, D., et al., In vitro cytotoxicity testing
of polycations: influence of polymer structure

on cell viability and hemolysis. Biomaterials,
2003, 24(7): p. 1121-1131.

41. Shenoy, D.B. and M.M. Amiji, Poly (ethylene
oxide)-modified poly ([-caprolactone)
nanoparticles for targeted delivery of
tamoxifen in breast cancer. International
journal of pharmaceutics, 2005, 293(1): p.
261-270.

42. Briley-Saebo, K., et al., Hepatic cellular
distribution and degradation of iron oxide
nanoparticles following single intravenous
injection in rats: implications for magnetic
resonance imaging. Cell and tissue research,
2004, 316(3): p. 315-323.

43. Owens III, D.E. and N.A. Peppas,
Opsonization, biodistribution, and
pharmacokinetics of polymeric
nanoparticles. International journal of
pharmaceutics, 2006, 307(1): p. 93-102.

44. Roberts, M., M. Bentley, and J. Harris,
Chemistry for peptide and protein
PEGylation. Advanced drug delivery reviews,
2002, 54(4): p. 459-476.

45. Issa, B., et al., Magnetic nanoparticles:
surface effects and properties related to
biomedicine applications. International
journal of molecular sciences, 2013, 14(11):
p. 21266-21305.


