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ABSTRACT
This paper provides an overview of how the surface properties of ferromagnetic nanoparticles dispersed in fluids is
modified by natural and biocompatible polymers. Among common magnetic nanoparticles, magnetite (Fe3O4) and
maghemite (-Fe203) are popular candidates because of their biocompatibility. Natural polymeric coating materials are
the most commonly used biocompatible magnetic nanoparticle coatings. In this paper, recent progresses in the methods
of ferrofluids surface modification by the common natural polymers consisting of dextran, chitosan, gelatin and starch
are reviewed.
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INTRODUCTION
A magnetic fluid is a fluid in which fine magnetic

particles are suspended in a carrier liquid. There are
two major types of magnetic fluids; magneto-
rheological fluids and Ferrofluids. The main
difference of these two types is the size of magnetic
particle. The former is the suspension of micrometer
sized particles and the latter is the suspension of
nanometer sized single domain magnetic particles.
Broadly when particles size is between 5-40 nm the
fluid is called Ferrofluid. The most important special
property of ferrofluids is that they exhibit magnetic
field dependent viscosity which allows tuning of the
viscosity by changing the field in a fraction of second.
The second special property is that properties of
ferrofluids can be controlled by external magnetic
field. The third is that they can generate heat when
exposed to an alternating magnetic field. The fourth
remarkable property is tunable magnetic properties
of nanoparticles. Coercivity, Curie temperature and
magnetic susceptibility of magnetic nanoparticles

can be improved and tuned by nanoparticle size and
synthesis method [1-3].

For biomedical applications a nanoparticle must
has high saturation magnetization, stability,
biocompatibility and interactive functions at the
surface. For in/vivo applications magnetic iron
nanoparticles are main candidates [1]. Among
magnetic iron oxides, magnetite (Fe3O4) and
maghemite (-fe203) are popular candidates because
their biocompatibility has already been proven [1,
4]. Iron oxide nanoparticles have hydrophobic
surfaces and tend to agglomerate if suitable surface
modification is not applied [1, 5]. The clusters caused
by agglomeration would show different behavior due
to strong magnetic dipole-dipole interaction [5].
Therefore surface modification for prevention of
agglomeration is imperative. Surface modification
can also be done for attachment of bioactive
molecules. This surface modification can be carried
out by adding atomic layers of organic polymers,
inorganic metallic or oxides [1]. The most commonly
used biocompatible magnetic nanoparticle coatings
are natural polymeric coating materials consisting
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of dextran, chitosan, gelatin and starch. Recent
progresses in the surface modification of ferrofluids
by natural polymers are reviewed in this paper.

Dextran
Dextran is a long chain polymer composed of

glucose with mostly -1, 6 glycoside linkages. In
alkaline solutions dextran interacts with hydroxyl
groups present on iron oxide particles [6]. It has been
shown that dextran coating is biocompatible [7] and
stable in most tissues environments [8]. Dextran is
also biodegradable, inexpensive, non-toxic and easily
available [9] and it enhances the blood circulation
time [10, 11].

In recent years the most common dextran coated
iron oxide synthesis method has been co-
precipitation. Easo and mahanan [12] synthesized
superparamagnetic iron oxide nanoparticles by insitu
co-precipitation of ferrous and ferric salts with base
tethrametylammonium hydroxide in the presence of
urea. The produced particles were found to have a
narrow size distribution. They observed that
synthesized particles have negligible effect on cell
adhesion capacity and morphology of L929 cells.

One problem in application of dextran is that
dextran with molecular weight below 60 kDa will filter
through the glomerulus and cause problem [13].
Considering this factor surasuaty et al. [14]
synthesized high molecular weight coated iron oxide
nanoparticles by alkaline co-precipitation of ferrous
and ferric salts in aqueous solution. They reported
high degree of blood compatibility and high stability
(about 4 months).

Anastasia et al. investigated the effect of co-
precipitation type on properties of dextran coated
iron oxide nanoparticle [15].

They found that timing of the addition of the dextran
into the reaction mixture has strong effect on
nanoparticle polymers. They reported that semi-two-
step methods based on the simultaneous injection of
recuing agent and the dextran solution into the
reaction mixture of the synthesizing has the best
performance. They also reported that many of the
nanoparticle properties can be tuned by adjusting
the timing of dextran addition to the reaction.

For gaining more stability double coating
nanoparticles can be produced. For example Barros et
al. [16] were formed magnetic nanoparticle double
coated with dextran and chitosan by layer-by-layer
deposition method and reported 60 days stability.

Fig. 1 shows a schematic of one step Dextran coated
Iron oxide nanoparticle synthesis in which co-
precipitation reaction is completed at 85 oC for an hour
after addition of the reducing agent (ammonium
hydroxide).

Chitosan
Chitosan is a biocompatible, biodegradable and

bioactive polyamino-saccharide which has been
widely used in biological applications [17, 18]. As it
can be observed in Fig. 2 the amino group (NH2) of
chitosan is bonded to the particle.

Various methods have been used to produce
chitosan coated magnetic nanoparticles such as
blending [19] and co-precipitation [20]. Mainly the
chitosan particles are formed through the
electrostatic interaction between positively charged
chitosan and negatively charged tripolyphosphates
(TPP). Li et al. [21] synthesized Fe3O4-chitosan
nanoparticles by the covalent binding of chitosan
onto the surface of hydrothermally prepared Fe3O4
nanoparticle. They reported that the coating did not
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Fig 1. A schematic of Dextran coated Iron oxide nanoparticle one step synthesis
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change the spinel structure of Fe3O4 and the produced
nanoparticles were mono-disperse with spherical
shape.

Song et al. [22] synthesized chitosan coated Fe3O4
nanoparticles by combining Fe3O4 and chitosan
chemically modified with PEG and lactobionic acid
(LA) group in one step. They reported that the
nanoparticles were stable, non-cytotoxic and non-
tissue toxic.

Zamora Mora et al. [23] encapsulated Fe3O4
nanoparticles into chitosan cross linked with
tripolyphosphades. They observed that size of
chitosan shell is increased and the results of
cytotoxic analyses proved its biocompatibility.

Gelatin
Gelatin is a mixture of peptide and proteins derived

from collagen partial hydrolyses. It is low toxic bio
degradable and non-immunogenic [24]. In the
synthesis procedure of gelatin coated nanoparticles
adjusting the cross-linking degree of the layer is so
important and it affects many of particle properties
[25].

Recently Che et al. [25] produced magnetic
nanoparticle coated by gelatin layer. They used
glutaraldehyde as cross- linking agent to adjust the
amount of cross-linking.

Gelatin also can be used in Ferrogels. Helminger
et al. [26] presented a synthesis method to produce
biocompatible Ferrogels with gelatin, gel matrix and
magnetic nanoparticles. They reported that different
cross-linking degree of gel leads to different
mechanical and magnetic properties of the gel.

Starch
Starch is a carbohydrate consisted of glucose units

which are joined by glycosidic bonds and is
synthesized by most of the green plants as energy
storage medium.

Cross-link starch coated iron oxide nanoparticles
have attracted attention for biomedical applications.
Cole et al. [27] produced long circulation life magnetic
nanoparticles of PEG modified cross-linked starch
coated iron oxide nanoparticles. They reported good
stability and performance of starch coated
nanoparticles. Other researchers reported successful
synthesis and application of iron oxide nanoparticle
coated with starch [28, 29].

CONCLUSION
All in all, The best candidate for using as

biocompatible magnetic nanoparticle coatings are
natural polymeric coating materials including
dextran, chitosan, gelatin and starch. This paper
presented a general overview of these biocompatible
and biodegradable coating materials in ferrofluids
surface modification for in/vivo applications.
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