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In the work the thermal behaviour of the magnetic nanoparticles modi�ed with polysaccharide dextran of
di�erent weight ratios to the magnetite Fe3O4 was investigated using thermoanalytical methods � di�erential
scanning calorimetry and thermogravimetric analysis. The adsorption of dextran on the magnetic nanoparticles
was con�rmed and the in�uence of the dextran amount in the modi�ed magnetic �uid on the thermal decomposi-
tion of the complex system was studied. The results showed that magnetite catalyzed the thermal decomposition
of dextran, the adsorbed dextran showed lower initial decomposition temperatures in comparison with the free one.

PACS: 47.65.Cb, 65.80.−g

1. Introduction

Magnetic nanoparticles dispersed in di�erent liquid
carrier solutions (colloidal suspensions) have been very
attractive recently, because of their unique magnetic
properties and �uidity. They have a wide range of tech-
nical and biomedical applications [1, 2] such as magnetic
separation, targeted drug delivery etc. They can be used
as therapeutical agents against wide range of tumours
(breast cancer, ovarian carcinoma, lung cancer, head and
neck carcinomas) and amyloid diseases (Alzheimer's and
Parkinson's diseases and type II diabetes mellitus) as-
sociated with presence of amyloid aggregates in various
parts of the body.

The stability of the iron oxide based magnetic nanopar-
ticles used in biomedicine is greatly improved by the addi-
tion of a suitable biocompatible substance without caus-
ing any allergic or rejective reactions in the human body.
To produce such biocompatible surfaces, it is necessary to
form a permanent chemical bond between magnetic par-
ticle surface and the biocompatible material. Polyethy-
lene glycol, polysaccharide dextran, protein bovine serum
albumin or poly (D,L-lactide-co-glycolide) polymer are
the most used biocompatible agents for the modi�ca-
tion of the magnetic nanoparticles [3�7]. In the present
work we used dextran for modi�cation of sodium oleate
coated magnetic nanoparticles. Dextran is a polymer
(C6H10O5)n that interacts with metals in aqueous solu-
tions and covers its surface. The thermal analysis (di�er-
ential scanning calorimetry (DSC) and thermogravimet-
ric analysis (TGA)) of the biocompatible complex system
with di�erent feed weight ratios of dextran to magnetite
Fe3O4 was performed with the aim to con�rm the adsorp-
tion of dextran on magnetic nanoparticle surfaces and to

determine the in�uence of the dextran concentration on
the stability and the thermal decomposition of the com-
plex biocompatible system.

2. Experimental

Typically ferric chloride hexahydrate (FeCl3·6H2O),
ferrous sulphate heptahydrate (FeSO4·7H2O) and ammo-
nium hydroxide (NH4OH) were used for magnetite syn-
thesis. Sodium oleate was obtained from Riedel�de Haën,
polysaccharide polymer dextran and all other chemicals
were obtained from the Sigma-Aldrich.
The co-precipitation method of ferric and ferrous salts

in an alkali aqueous medium was used to prepare spheri-
cal magnetite particles [8]. In a typical synthesis, aqueous
solution of Fe3+ and Fe2+ in a molar ratio 2:1 was pre-
pared by dissolving in deionised water. To this mixture of
Fe3+ and Fe2+, an excess of hydroxide ions was added at
room temperature, under vigorous stirring. After wash-
ing the precipitate of magnetite nanoparticles by mag-
netic decantation and heating up to 50 ◦C, the surfactant
sodium oleate (C17H33COONa, theoretical ratio 0.7 g to
1 g of Fe3O4) was added to the mixture to prevent the
agglomeration of the particles. This mixture was stirred
under heating until the boiling point was reached. Mag-
netite particles stabilized by oleate bilayer were dispersed
in water. Agglomerates were removed by centrifugation
for 30 min. The system at this stage is denoted below as
the initial magnetic �uid (MF). Finally, polysaccharide
polymer dextran (DEX) with a molecular weight approx-
imately of 64 kDa was added to the initial magnetic �uid
MF in weight ratios of dextran/Fe3O4 varying from 0.25
to 2.5 at the temperature of 50 ◦C. The mixture was
stirred for half an hour. In this way, the magnetic �uid
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containing magnetic nanoparticles coated with sodium
oleate and dextran (MFDEX) was formed.
The thermal properties of the prepared biocompatible

magnetic �uid after the lyophilization were characterized
by DSC and TGA methods. DSC measurements were
performed using Perkin Elmer DSC7 calorimeter at the
rate of 10 ◦C/min up to the temperatures of 450 ◦C in the
�owing nitrogen atmosphere and TGA was carried out
using a SETARAM thermobalance model TGDTA92 at
the heating rate of 10 ◦C/min in the temperature range
of 25 to 700 ◦C in the argon atmosphere.

3. Results and discussion

Biocompatible magnetic �uids based on iron oxide
(Fe3O4) particles stabilized by sodium oleate and mod-
i�ed with dextran of di�erent feed amounts, were pre-
pared and characterized. Their magnetic properties and
the structure were studied in the previous papers [9, 10]
where their superparamagnetic behaviour at the room
temperature was con�rmed. The mean hydrodynamic
diameter for MKDEX particles with DEX to magnetite
ratio of 0.5 was found to be 65 nm and the magnetic
diameter of the particles was 10 nm.
DSC measurements for pure dextran and lyophilized

MF, for the physical mixture of pure dextran and
lyophilized MF and for MFDEX with di�erent DEX to
magnetite feed weight ratios x (varying from 0.5 to 2.5)
were carried out. The typical DSC traces can be seen in
Fig. 1. In the case of pure dextran, the broad endother-
mic peak starting at 50 ◦C was ascribed to the water
evolving [11]. At temperatures higher than 270 ◦C, the
breakdown of the organic skeleton of dextran took place.
The initial MF, i.e. magnetic nanoparticles without dex-
tran modifying, shows three only slight endotherms that
can be associated with impurities in the initial magnetic
�uid. In the case of the physical mixture of pure dextran
and lyophilized MF where dextran is not adsorbed on the
magnetic nanoparticles, only the simple superposition of
the pure dextran and initial MF traces is observed. In
the case of MFDEX, where dextran is adsorbed on mag-
netic nanoparticles, the onset of the dextran decomposi-
tion was shifted to the temperatures of up to 50 ◦C lower.
The results of thermogravimetric measurements are

shown in Figs. 2 and 3. Figure 2 shows typical thermal
decomposition curves of MFDEX, i.e. dextran-modi�ed
magnetic nanoparticles with di�erent feed ratio DEX to
magnetite. The curves of pure MF and dextran compo-
nents are added for comparison.
Corresponding derivative TG curves can be seen in

Fig. 3. During heating up to the temperature of 600 ◦C,
the dried initial magnetic �uid MF shows one signi�cant
decomposition stage starting at about 300 ◦C that is con-
nected with the evaporation of sodium oleate used for
the stabilization of the magnetic nanoparticles. The to-
tal mass loss up to 600 ◦C was 34%. The thermal decom-
position of free dextran occurs through two good distin-
guished stages.

Fig. 1. DSC traces of pure dextran, magnetic �uid
without dextran (MF), physical mixture of MF and dex-
tran and DEX-modi�ed magnetic �uid MFDEX with
di�erent dextran to magnetite weight ratios.

Fig. 2. Thermal decomposition traces of pure dex-
tran, magnetic �uid without dextran (MF) and dextran-
-modi�ed magnetic �uid MFDEX with di�erent dextran
to magnetite weight ratios.

Fig. 3. Derivative thermogravimetric curves of pure
dextran, magnetic �uid without dextran (MF) and
dextran-modi�ed magnetic �uid MFDEX with di�erent
dextran to magnetite weight ratios.
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The �rst decomposition stage in the temperature range
from 20 to 150 ◦C represents the water evolving (mass loss
8%). The second one in the temperature range of 250�
350 ◦C with mass loss of 80% corresponds to the organic
breakdown of polysaccharide dextran chains, the total
mass loss up to 600 ◦C was 86%. The thermal decom-
position of dried dextran-modi�ed magnetite nanoparti-
cles with chosen feed amounts of dextran to magnetite
x = 0.5, 1.2 and 2.0 occurs through three stages. The
�rst two stages are related to the thermal decomposi-
tion of dextran, whereas the last one with the decompo-
sition of sodium oleate coating magnetic nanoparticles,
and does not depend on the amount of dextran added
to the MF.
However, dextran adsorbed on the magnetic nanopar-

ticles surface decomposes at lower temperatures than free
dextran. The starting of the organic skeleton breakdown
occurs at temperature of about 50 ◦C lower. These re-
sults are in accordance to DSC measurements mentioned
above. It can be said that the magnetite nanoparticles
catalyze the thermal decomposition of dextran.
A catalytic e�ect of magnetite towards the degradation

of organic coating has already been reported in the liter-
ature [11]. The maximal temperature of the main decom-
position peak increases with the increasing DEX/Fe3O4

ratio, whereas start and end temperatures of the decom-
position stage are not changed, they are in the range of
200�330 ◦C. Total mass losses up to the temperature of
600 ◦C for the samples of MFDEX with DEX to mag-
netite ratios of 0.5, 1.2 and 2.0 were 38, 46, and 55%,
respectively. Derivative TG curves in Fig. 3 show the
uniformity of the decomposition of the complex system
with dextran-modi�ed magnetite nanoparticles.

4. Conclusion

Biocompatible magnetic �uid modi�ed with dextran
was successfully prepared and thermally characterized.
DSC and TG analyses con�rmed the adsorption of dex-
tran on sodium oleate coated magnetic nanoparticles and
the stability of the complex system. Catalytic e�ect of
the magnetite towards the degradation of dextran was
observed. The obtained results make dextran-modi�ed

magnetic �uids of potential interest as the therapeutic
agents e�ective in medical purposes.
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