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Department of Chemistry, Faculty of Science, Division of Polymer Chemistry, Hacettepe University, Ankara, Turkey

ABSTRACT

Dextran-coated iron oxide nanoparticles (DIONPs) with appropriate surface chemistry exhibit many
interesting properties that can be exploited in a variety of biomedical applications such as magnetic
resonance imaging (MRI) contrast enhancement, tissue repair, hyperthermia, drug delivery and in cell
separation. This paper reports the experimental detail for preparation, characterization and investigation
of thermal and dynamical mechanical characteristics of the dextran-coated Fes0, magnetic nanopar-
ticles. In our work, DIONPs were prepared in a 1:2 ratio of Fe(ll) and Fe(lll) salt in the HCl solution with
NaOH at given temperature. The obtained dextran-coated iron-oxide nanoparticles structure—property
correlation was characterized by spectroscopic methods; attenuated total reflectance-Fourier transform
infrared spectroscopy (ATR-FTIR) and XRD. Coating dextran on the iron-oxide proof of important peaks
can be seen from the ATR-FTIR. Dramatic crystallinity increment can be observed from the XRD pattern
of the iron-oxide dextran nanoparticles. The thermal analysis was examined by differential scanning cal-
orimetry (DSC), thermal gravimetric analysis (TGA) and differential thermal analysis (DTA). Dynamical
mechanical properties of dextran nanoparticles were analysed by dynamic mechanical analysis (DMA).
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Thermal stability of the iron oxide dextran nanoparticles is higher than that of the dextran.

Introduction

Iron oxide nanoparticles (IONPs) have been studied exten-
sively over the past few decades to fabricate various novel
contrast agents. Nano-sized Fe;O, (magnetite) is an important
member of spinel type ferrite. Based on their unique meso-
scopic physical, thermal, mechanical and chemical properties;
magnetic nanoparticles are one of the best candidates for
multiple in vivo biomedical applications such as tissue repair,
cellular therapy such as cell labelling, targeting and as a tool
for cell-biology research to separate and purify cell popula-
tions, magnetic fluids-quided carriers for localizing drugs or
radioactive therapies, magnetic storage, tumor hyperthermia
and magnetic resonance imaging (MRI) [1-8]. All of these bio-
medical applications require that the nanoparticles have high
magnetization values, a size smaller than 100 nm, and a nar-
row particle size distribution. By another word, the control of
the monodisperse size is very important because the physical
and chemical properties of nanoparticles are strongly under
the influence of these properties. Therewith, the major advan-
tage of using particles with this size is ability to easier attach-
ment of ligands (their higher effective surface areas), high
stability (lower sedimentation rates) and improved tissue dif-
fusion. As well as, special surface coating of the magnetic
particles require, which has to be not only non-toxic and bio-
compatible but also allow a targetable delivery with particle
localization in a specific area. Magnetic nanoparticles can be
glue to different molecules such as: enzymes, proteins, drugs

or nucleotides antibodies. In addition, nanoparticles can be
directed to a tissue, organ, and can be directed to an organ
tumour web using an external magnetic field [9,10]. For bio-
compatible usage, iron oxide nanoparticles are the best
choice because of their biological, superparamagnetic behav-
iour and good chemical stability [11].

The nanostructure is based on an inorganic core of iron
oxide (y-Fe,Os, Fe30,), coated with some polymers such as
dextran, chitosan, poly(ethylenimine) (PEI) and poly(ethylene
glycol) (PEG) [12-14]. Dextran is a polysaccharide (CgHq0O05s),
composed exclusively of alpha-D (1-6) linkages with some
unusual 1,3 glucosides linkages at branching points. Dextrans
are used to coat iron oxide nanoparticles in aqueous solution.

The first report of the formation of magnetite in the pres-
ence of dextran was by Molday and Mackenzie [15]. As noted
above derivative of dextran-coated magnetic nanoparticles
are a powerful platform for these applications [16]. According
to pharmacokinetic and toxicity studies, the derivative of dex-
tran has revealed these nanomaterials can be sufficiently non-
toxic, biodegradable [17,18] and extended vascular retention
times. On the other side, dextran-coated iron oxide nanopar-
ticles (DIONPs) are a well-established platform for the synthe-
sis of multifunctional imaging agents [19]. These include
monocrystalline iron oxide nanoparticles [20]. Some nanopar-
ticles with iron cores and carbohydrate coatings have been
approved for human usage. The US Food and Drug
Administration (FDA) in 1996, approbate as the first nanopar-
ticle-based iron oxide imaging agent for the detection of liver
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lesions. A smaller monodisperse version, Combidex has been
used to image occult prostate cancer lymph-node metastases
in humans.

Various methods have been developed for the preparation
of iron oxide nanoparticles such as: co-precipitation method;
hydrothermal synthesis techniques are an alternative method
for the preparation of highly crystalline iron oxide nanopar-
ticles, microemulsion and inverse microemulsion, thermal
decomposition of organic precursors, sol-gel technique, wet
grinding method, reduction of hematite by CO/CO,, y-ray
radiation, hydrolysis and oxidation of Fe(OH), by H,0,
[21-29]. In order to design nanoparticles for specific applica-
tions, surface structure, atomic structure of the particle and
its magnetic structure or spin dynamics should be known.
Specifically, for metallic nanoparticles this includes under-
standing atomic symmetry and chemistry of the interior
atoms and surface atoms, as well as the dynamics of both
interior and surface spins. For the case of iron oxide nanopar-
ticles, the surface energy and synthesis methodology may
also lead to the stabilization of defects [30].

This work expresses the effort to understand the prepar-
ation of DIONPs in situ co-precipitation methods and nature of
the interaction mechanism and thermal stability of dextran
with iron oxide. This study describes the synthesis route of
DIONPs and physical properties characterization by using XRD
and attenuated total reflectance-Fourier transform infrared
spectroscopy (ATR-FTIR). The thermal analysis was examined
by differential scanning calorimetry (DSC), differential thermal
analysis (DTA) and thermal gravimetric analysis (TGA).
Dynamical mechanical properties of magnetic dextran nano-
particles were analysed by dynamic mechanical analysis (DMA).

Materials and methods
Materials

All chemicals used were of reagent without further purifica-
tion. Ferrous chloride tetrahydrate (FeCl,-4H,0), ferric chloride
(FeCl3-6H,0), aqueous ammonia, hydrochloric acid (HCI), nitric
acid (HNOs) and dextran (molecular weight ~40000) are pur-
chased from Sigma-Aldrich. De-ionized water was used in the
synthesis of nanoparticles and in the rinsing of clusters.

Synthesis of iron-oxide dextran nanoparticles

Iron-oxide nanoparticles were prepared by co-precipitation
method which is probably the simplest and offers some
advantages: simple and rapid preparation, easy control of

FeCl3.6H20/FeCl24H20( 1:1)

particle size and composition, various possibilities to modify
the particle surface state allowing making homogenous and
stable dispersions in liquid or solid media. Iron oxides (Fe3O,4
or yFe,0s3) are usually prepared by an aging stoichiometric
mixture of ferrous and ferric salts in aqueous medium. Ferric
chloride hexahydrate (FeCls-6H,0) and ferrous chloride tetra-
hydrate (FeCl,-4H,0), in the 2M HCl were mixed at 95°C
(Fe*T/Fe3™ =14). After this process, the mixture was dropped
into 220 ml of NaOH (2.2 mol/l) solution under vigorous stir-
ring for about 35 min. Black precipitate immediately formed
and the precipitate of magnetite was transformed into
v-Fe,03 particles by repeated treatment with HNO3 (2.0 mol/l)
and FeNOs (0.3 mol/l) solutions (Scheme 1). The acidic precipi-
tate was isolated by decantation on a magnet, separated by
centrifugation (6000 rpm), then washed in acetone and dis-
persed in deionized water.

Dextran solution (20 g/100 ml water) was heated for 1h at
90°C with successive mixing (250 rpm/min). In this time,
40 ml of 5M NaOH was added to the solution. Ferrite solution
(30ml) containing stoichiometric ratio of 1:2 of FeCls-6H,0
and FeCl,-4H,0 was added dropwise to the solution. The sus-
pension was incubated for 1h at 95°C with mild stirring. The
5M NaOH was added dropwise to generate a pH of 11. The
precipitate was centrifuged and washed with deionized
water. The product was separated by centrifugation
(1000 rpm) and dried at 45°C (Scheme 1).

Characterization of iron-oxide dextran nanoparticles

X-ray diffraction (XRD)

The X-ray diffraction, (XRD) patterns were obtained from a
Rigaku D-Max 2200 powder diffractometer. The XRD diffracto-
grams were measured at 20, in the range 2-50°, using a
Cu-Ka incident beam 1=1.54059 A°), monochromated by a
Ni-filter. The scanning speed was 1°/min, and the voltage and
current of the X-ray tubes were 40kV and 30 mA, respectively.
The Bragg equation was used to calculate the interlayer spac-
ing (d) nA=(2d sinB), where n is the order of reflection, and
0 is the angle of reflection. Crystallinity of the nanocompo-
sites was calculated using the Equations (1) and (2)

JOO s?l.(s)d
S (M

Joo s?I(s)d

0

X =

where s is the magnitude of the reciprocal-lattice vector
which is given by s=(2sin6)/4 (0 is one-half the angle of

Scheme 1. The preparation pathway of DIONPs.

NaOH, 90° C, 1h




deviation of the diffracted rays from the incident X-rays, and
A is the wavelength); I(s) and I.(s) are the intensities of coher-
ent X-ray scattering from both crystalline and amorphous
regions and from only crystalline region of polymer sample,
respectively,

W,
%X, <

=—+-x100
We + W,

(2)
where W, and W, are the areas of the crystalline and
amorphous portions in the X-ray patterns, respectively.

Attenuated total reflectance-Fourier transform infrared
spectroscopy (ATR-FTIR)

ATR-FTIR spectra of dextran-iron oxide magnetic nanopar-
ticles and were taken with a Mattson FTIR spectrophotometer
in the 4000-400cm™' range where 30 scans were taken at

4cm™! resolution.

Differential thermal analysis (DTA) and thermal gravimet-
ric analysis (TGA)

DTA and TGA of the dextran-iron oxide magnetic nanopar-
ticles were recorded using Shimadzu DTG-60H thermal ana-
lyser in dynamic nitrogen atmosphere (100 ml/min) at a
heating rate of 10°C/min, in platinum crucibles as sample
vessel, using a-Al,O3 as reference.

Dynamic mechanic analysis (DMA)

Dynamic mechanic behaviours of dextran and dextran-iron
oxide magnetic nanoparticles were analysed by Dynamic
Mechanic Analyser (DMA Q800, TA Instruments). Dextran and
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(b)

341819

246703

3407 41

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 423

dextran-iron oxide nanoparticles (mixed with Al,05 50:50 wt.
%) were put into the power holder of DMA and then tem-
perature dependences were measured (3°C/min at 1Hz). The
storage modulus (E'), loss modulus (E”), damping factor (tan
d=E"/F'), dynamic force (DF), complex modulus (CM),
dynamic viscosity (DV) and complex viscosity (CV) were
recorded with increasing temperature for dextran and dex-
tran-modified iron oxide magnetic nanoparticles at the same
conditions.

Results and discussion

Characterization of iron-oxide dextran nanoparticles by
ATR-FTIR

DIONPs were prepared by co-precipitation methods in alka-
line medium. Figure 1 shows the ATR-FTIR spectra of the (a)
dextran (b) dextran coated-iron oxide magnetic nanoparticles.
In region of 3600-1600cm™" bands appear: a broad band
centered at 3363cm™' and 1650cm™" assigned to the OH
stretching v(O-H) and H-O-H (5 O-H) vibrational bands due
to adsorbed water molecules in the sample the weak signal
at 2860cm™" [31]. The band at 1451 cm™' may be due to
C-O-H deformation vibration with contributions of O-C-O
symmetric stretching vibration of carboxylate group [32]. The
stronger peaks appear in the range of 1155-866cm™' mainly
attributed to the stretching vibration of C-O-C [33]. The
spectrum shows one mode around 1014cm™' assigned to

the v(C-0O) stretching mode in the ring [34]. Peak intensities
and positions at 915, 866, 765 cm~ ' in the ATR-FTIR spectrum
display the characteristic absorptions of dextran (a1, 3 of
glycoside unit).

The bands observed in the 687cm™’
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Figure 1. ATR-FTIR spectra of the (a) dextran and (b) DIONPs.
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corresponds to the Fe-O vibrations modes of y-Fe,0s of octa-
hedral structure, and the bands in the 450 cm™' assigned the
Fe-O vibrations modes of tetrahedral structure. Iron oxide
particles also show O-H absorption at about 3500cm™" due
to the physically absorbed water molecules. The results of
ATR-FTIR are accordance with the literature [35] for the dex-
tran coating and iron oxide nanoparticle [36]. The coating
mechanism on iron oxide can be enlightened depending on
the ATR-FTIR peak assignments. After coating some signifi-
cant band shifts can be observed especially in the region
below 1000cm™'. The absorption of dextran on the iron-
oxide proof can be seen in the DIONPs 2920, 1420 and
1401 cm™" peaks assigned to the dextran molecule v(C-H)
and &(C-H) vibrational modes (Figure 1(b)).

Taking into considerations of ATR-FTIR spectroscopically
results, this coating most probable mechanism can be pro-
posed by hydrogen bonding of the dextran hydroxyl groups
and iron oxide particle surface (Scheme 2). Water lies in
between the dextran and iron oxide surface forming inter-
and intramolecular hydrogen bonds [37]. This can be
explained by O-H bands merging and broadening at the
~3400cm™". In the region between 1500 and 1000cm™"
peaks of free dextran are reduced after coating. Polar reactive

groups between the oxide and dextran atoms form to physic-
ally interactions.

Characterization of iron-oxide dextran nanoparticles by
XRD

The XRD patterns of dextran (a) and DIONPs (b) can be seen
from the Figure 2. A series of characteristic peaks were
observed in the XRD pattern at 20 of 30.1, 34, 42, 53.4, 55
and 62.7 marked by their indices of 220, 311, 400, 422, 511,
440 crystal faces of Fes0, spinel structure (Figure 2(a,b)) [28].
The refinement of XRD spectra indicated that no other phases
except the maghemite are detectable. The positions and rela-
tive intensities of the reflection peak of MNPs agree with the
XRD diffraction peaks of standard Fe;O, samples indicating
that the black-coloured magnetic powders are magnetite
nanoparticles that agree well with the literature [38]. Sharp
peaks also suggest that the Fes0, nanoparticles have good
crystallized structure. Peak broadening observed is consistent
with the small particle size. It was found that the magnetite
crystallites could be well indexed to the inverse cubic spinel
structure of Fe30, [39,40]. The distance between layers in the
crystal structure d (nm) values of was calculated according to

Scheme 2. Proposed dextran coating mechanism of nanoparticles via hydrogen bonding.
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Figure 2. The X-ray diffraction patterns of samples prepared: dextran (a) and DIONPs (b).



Table 1. XRD parameters of dextran and DIONPs.
The distance between layers

20 in the crystal structure d (nm) Crystalline form
65 1.4336 Fe

45 2.0069 Fe

43 2.0607 FeO

36 2.4700 FeO

37 2.4455 Fe,03

33 2.7578 Fe,03

56 1.6414 Fes0,4

45 1.9910 Fes0,

the Bragg law [41]. The d values are given in Table 1. The dis-
tance between layers in the crystal structure d (nm) are
attributed the crystal form of Fe, FeO, Fe,03 and Fe;0,. A ser-
ies of characteristics crystal peaks and d values indicate the
dextran-coated nanoparticles were prepared successfully [42].
Using XRD patterns of dextran and dextran nanoparticles
according to the equation, 4% crystallinity (% X.) was calcu-
lated. Amorphous character of the dextran homopolymer (%
X.=2.11) change to the semi-crystalline structure when the
iron oxide coating in dextran iron nanoparticles (%
X.=22.83) (Figure 2). This dramatic change in crystallinity can
be explained the iron oxide crystal structures [41].

Characterization of iron-oxide dextran nanopatrticles by
thermal methods

The thermal stability of dextran and dextran-coated nanopar-
ticles was identified by TGA, DSC and DTA method. Thermal
degradation of studied systems is complicated, so for easy
following all curves (DSC, TGA and DSC) can be divided into
three main ranges (I: 30-200°C, Il: 200-400°C and il
400-800°C), even if any stage is composed of two or more
less clear, overlapped processes. The thermogravimetric data
were obtained from thermogravimetric analyser (TGA) per-
formed under dry nitrogen atmosphere over a temperature
range of 30 to 800°C at a heating rate of 10°C/min.
Thermograms of dextran and DIONPs are shown in Figure 3.
As can be seen from the Figure 3, the temperature of onset
decomposition of dextran is lower than the dextran-coated
nanoparticles. During heating up to the 800°C temperature,
the dextran shows two significant decomposition stages
(Figure 3(a)). The first decomposition stage in the tempera-
ture range from 20 to 150°C represents the water evolving.
The weight loss of dextran is quite small (3%) because of the
removal of absorbed physical and chemical water [39]. The
second one in the temperature range of 250-350°C with
mass loss of 77% corresponds to the organic breakdown of
polysaccharide dextran chains, the total mass loss up to
800 °C was. This weight loss in this stage is connected to the
rupture of polysaccharide chains (including dehydration,
deamination, deacetylation, breaking of glycoside bonds, and
pyranose ring opening), vaporization, and elimination of deg-
radation products [43]. There is no significant weight change
from 400 to 800°C, implying the within the temperature
range. The thermal decomposition of dextran-coated nano-
particles occurs through three stages. The first stage is related
to the physically absorbed water of dextran, second step
decomposition corresponds to the dextran main chain
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Figure 3. TGA thermograms of the (a) dextran and (b) DIONPs.

DSC
mW

10.00

0.00

-10.0f
0.00

100.00 200.00

Temp [C]

300.00 400.00

Figure 4. DSC thermograms of the (a) dextran and (b) dextran-iron oxide
nanoparticles.

around 250-300°C. When the dextran decomposed com-
pletely, the residual substance mostly is magnetic
nanoparticles.

Figure 4 shows the DSC curves of dextran (Figure 4(a))
and dextran-iron oxide nanoparticles (Figure 4(b)) (DIONPs).
In the case of pure dextran, the broad endothermic peak
starting at 55°C was ascribed to the water evolving or
pseudo melting peak [44]. The glass transition temperature
(Tg) of dextran was approximately 102°C (Figure 4(a)), was
almost the same as that of and dextran-coated magnetic
nanoparticles, shown in Figure 4(b). At temperatures higher
than 270°C, the breakdown of the organic skeleton of dex-
tran took place. The difference nature of the DSC between
the dextran and dextran nanoparticles can be explained by
the restricting effect of the presence of Fes04 magnetic
nanoparticles in polymer matrix [36].

In order to analyse the nature of the bonding between
the dextran and iron oxide and its evolution with tempera-
ture and to support the other thermal methods differential
thermal analyses was used. DTA curves (Figure 5(a,b)) reveal
that the energy is systematically released during thermal deg-
radation of dextran and dextran-coated nanoparticles.
Although the small peak can be seen for the dextran at
102 °C, the sharp transition peak belongs to the nanoparticles
at the same temperature range. Small deflection on DTA
curve corresponding to maximum rate of the last decompos-
ing process is observed in two types of samples. The carbon
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residue at 800°C is almost the same in all studied polymer
and polymer-iron oxide specimens. The results of DSC are
agreeable with the DTA results seen in Figure 4. The nature
of the curve showed that dextran was coated on the surface
of Fe30,4 nanoparticles [37,45].

Characterization of iron-oxide dextran nanopatrticles by
DMA

DMA has been widely used for polymer and nanoparticles
characterization for the investigation of segmental chain
motions and for determining the viscoelastic character of pol-
ymers and nanoparticles from the glass to the rubber state
over a specific range of temperature and oscillatory fre-
quency. This technique also describes as the applying and
oscillating force to a material and its response to that oscillat-
ing force [46] and it measures the stiffness and damping
properties of a material and determines the E’, E” and tan a.

DTA
uV
50.00
0.00
0.00 200.00 400.00 600.00 800.00
Temp [C]

Figure 5. DTA thermograms of the (a) dextran and (b) dextran-iron oxide
nanoparticles.

The dynamic mechanical properties of dextran and dextran-
iron oxide nanoparticles were analysed by DMA (Figures
6-12). Limited studies were found in literature for the
dynamical mechanical properties and analysis of dextran iron
oxide nanoparticles. This study will be an important guidance
and pathway in dynamic mechanical behaviour. The E/, E”
and tan & of dextran and dextran-coated magnetic nanopar-
ticles are shown in Figures 6-8. Storage modulus behaviour
of dextran exhibits decreasing tendency with increasing tem-
perature as the increased chain mobility of the dextran mole-
cules and can be explained by the softening of the polymer.
For the magnetic nanoparticles, the same behaviour was
observed but the higher storage modulus than dextran sam-
ple as in the nanoparticles chain mobility of polymer was
restricted because of the presence of iron oxide particles. In
the loss modulus-temperature curves, same trend was
observed as that of storage modulus and the peak maximum
was increased with the modification of iron oxide with dex-
tran. This may be explained by the interaction of the polar
group, i.e. hydroxyl group of the dextran and iron oxide
groups. This was also summarized at Table 2. In addition to
storage and loss modulus, similar behaviour was observed
for the tan & curves with increasing temperature (47]. The
glass transition temperature (Tg) is usually described or
accompany with a large number of chain segments motions
of chains in polymer. There are several methods to determine
the Tg, but DMA is the most sensitive method for the defin-
ition of the glass transition. For DMA; a temperature scans at
constant frequency can generate a finger print of the materi-
al's relaxation process and its glass transition temperature
(Tg). At Figures 6-8, the T, values were observed at 70, 69,
69°C for dextran and 73, 92, 93°C for dextran-coated mag-
netic nanoparticles from the E’, E” and tand, respectively. The
higher T, values for the dextran-coated nanoparticles may
signify that the nanoparticles process stronger and this
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Figure 6. DMA plots of dextran (E/, E” and tan & vs. T).
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Figure 8. DMA plots: (A) dextran, (B) dextran-iron oxide nanoparticles.

behaviour also related with the interactions such as
hydrogen bonding and dipole-dipole interactions due to its
specific groups. In addition to glass transition peak, dextran-
coated magnetic nanoparticles show a broad Ty peak with a
shoulder at 80°C at the loss modulus and tan 6 plots and
these appeared peaks may result from the interaction from
the H-bonding between hydroxyl groups of dextran and iron
oxide. On the other hand, according to loss modulus and tan
d curves of dextran, another transition was observed before
Ty at 54°C. The transition below Ty (sub-Ty transition) can be

associated by the motions of side chain groups or the evolv-
ing of the physically bound water. When compared the T
values obtained by DSC, DTA and DMA, there is a small dif-
ferences can be seen. The difference can be explained by the
highest sensitivity of the DMA measurements [48].
Depending on measurements way of the Ty values, a signifi-
cant difference observed between dextran and nanoparticles
due to the nanoparticles formation was summarized at Table
3. As can be seen that after Ty values, differences were big-
ger as the formation of the nanostructure in the
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Figure 9. DMA plots of dextran (DF and CM vs. T).
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Figure 10. DMA plots of dextran-iron oxide nanoparticles (DF and CM vs. T).

nanoparticles. DMA curves of DF- and CM-T curves for dex-
tran and nanoparticles are shown in Figures 9 and 10, and
DV- and CV-T curves are shown in Figures 11 and 12. The dif-
ference between dynamic force (A) is 2.00 at 50°C, 4.19 at
100°C and 4.62 at 150°C for the dextran and nanoparticles.
Complex viscosity decreased with increasing temperature as
expected. Dynamic viscosity increased up to 92 and 69°C
and then a peak viscosity was reached viscosity decreased
with increasing temperature for the dextran-coated nanopar-
ticles and dextran and this may because of the raptures of
granules.

Conclusion

DIONPs were prepared by co-precipitation method by iron
salts in the presence of dextran solution. Comparable pecu-
liarities and coating mechanism of the dextran and DIONPs
were enlightened by using ATR-FTIR. The ATR-FTIR results of
the nanoparticles showed the presence of characteristic
stretching bands proved a clear evidence for the formation of
iron-oxide nanoparticles inside the polymer. The crystalline
structure and patterns also were investigated by XRD.
Thermal stability and structure relationship were examined by
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Figure 12. DMA plots of dextran-iron oxide nanoparticles (DV and CV vs. T).

Table 2. Storage modulus (SM) and complex viscosity (CM)-temperature (T) results of dextran and dextran-iron oxide nanoparticles.

SM (GPa) x 10% at (°C) CV (GPa s) x 10% at (°C)

Polymer and nanoparticles 30 50 100 150 200 30 50 100 150 200
Dextran 5.77 5.61 4.87 4.42 3.83 0.32 0.31 0.27 0.24 0.21
Dextran-iron oxide nanoparticles 6.68 6.56 6.08 5.76 5.53 0.37 0.36 0.34 0.32 0.31
Table 3. DMA parameters [tan 5, dynamic force (DF) and A = (DF,—DF,)] of dextran and dextran-iron oxide nanoparticles.
Tan 3, (°C) DF (N), (°C) A (N), (°C)

Polymer and nanoparticles Ts (onset) Ts (max) Ty 50 100 150 50 100 150
Dextran 45 55 69 19.26 16.71 15.16 - - -
Dextran-iron oxide nanoparticles 39 58 93 21.26 20.90 19.78 2.00 4.19 4.62
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the DSC, DTA and TGA. Ty values and the other parameters
of DMA also supported to these results. The results of DMA
demonstrated that the glass transition temperature of the
composite increased with increase in concentration of nano-
particles. DMA results also showed an increase in storage
modulus and decrease in tan & consequently up on increas-
ing the loading of filler in the dextran matrix. For the future
aspects, examined and enlightened peculiarities of DIONPs
can be used as potential biomedical materials due to the bio-
compatible and non-toxic nature.
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