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Abstract The thermal stability of two kinds of dextran-

coated magnetite (dextran with molecular weight of 40,000

(Dex40) and 70,000 (Dex70)), obtained by dextran

adsorption onto the magnetite surface is investigated in

comparison with free dextran in air and argon atmosphere.

The thermal behavior of the two free dextran types and

corresponding coated magnetites is similar, but atmosphere

dependent. The magnetite catalyzes the thermal decom-

position of dextran, the adsorbed dextran displaying lower

initial decomposition temperatures comparative with the

free one in both working atmospheres. The dextran

adsorbed onto the magnetite surface decomposes in air

through a strong sharp exothermic process up to *450 �C

while in argon atmosphere two endothermic stages are

identified, one in the temperature range 160–450 �C and

the other at 530–800 �C.

Keywords Dextran-coated magnetite � Thermal analysis �
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Introduction

Biocompatible colloids based on nanometric superpara-

magnetic iron oxide nanoparticles have a wide range of

biomedical and diagnostic applications [1–4]. The stability

of these colloid suspensions is greatly improved by addi-

tion of suitable polymeric dispersants, which can effec-

tively prevent the adhesion of particles during thermal

motion. The adsorbed polymer layer should completely

cover the particles and should be as closely packed as

possible to keep away the iron oxides from a direct contact

with blood proteins and phagocytosis-associated receptors.

One of the most common coatings for biocompatible

iron oxide-based colloids are derivate of dextran [5–12].

Dextran is a polysaccharide polymer (Fig. 1) composed

exclusively of a-D-glucopyranosyl units (C6H10O5) with

varying degrees of length (n) and branching points (usually

1,3 glucosidic linkages).

In aqueous strong alkaline solution, dextran interacts

with hydroxyl groups presented on bare magnetite surface.

The surface covering leads to formation of aggregates with

hydrodynamic diameters between 20 and 150 nm [13].

Several physical and chemical routes have been adopted

for synthesis magnetite nanoparticles (powders and films)

among which we mention: coprecipitation [14, 15], flow

injection synthesis technique [16], water in oil emulsions

[17, 18], variants of sol–gel methods [19], hydro/solvo-

thermal processes [20], thermal decomposition of different

precursors [21], electrochemical deposition under oxidiz-

ing conditions [22], and sonolysis [23], etc.

This study presents the thermal stability of two kinds of

dextran-coated magnetite (dextran with molecular weight

of 40,000 (Dex40) and 70,000 (Dex70), respectively),

obtained by adsorbtion of the polymer (dextran) onto the

magnetite surface.
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Experimental

Synthesis

A two step synthetic route was used, using Fe(NO3)3�9H2O

(Merck, p.a.), FeSO4�7H2O (Merck, p.a.), dextran (molec-

ular weight of 40,000 and 70,000, Fluka, p.a) ammonium

hydroxide solution (25%, Reactivul, p.a.) as raw materials.

Magnetite (Fe3O4) were prepared by coprecipitation of

Fe(NO3)3�9H2O (4.04 g) and FeSO4�7H2O (1.38 g), molar

ratio = 2:1, by addition of NH4OH 25% till a pH * 10.

The black precipatate has been washed several times

through decantation. A solution composed of 3 g dextran in

30 ml water (20% dextran) was added under stirring to the

resultant magnetite. Subsequently, the dispersion was

maintained for 1 h at 80 �C under stirring. The separation

of the composite was performed by centrifugation (1 h

15,000 rpm min-1).

Structure investigations

The FTIR investigations were performed on BIO-RAD FTIR

125 type spectrophotometer in KBr pellets and the structure

of the as-resulted powders was examined with a DRON

X-ray powder diffractometer linked to a data acquisition and

processing facility. Cu Ka radiation (k = 1.540598 Å) and a

graphite monochromator have been used.

Thermal investigations

The thermal investigations were carried under static air, with

sample mass about *20 mg at heating rates of 5 �C min-1

on a Netzch thermobalance STA 409 PC/PG type.

Results and discussions

Characterization of dextran-coated magnetite

In order to confirm the modification of magnetite surface

with dextran, FTIR spectra of dextran-coated magnetite

and free dextran were recorded (Fig. 2). The dextran

spectrum (Fig. 2a) exhibits the polysaccharide character-

istic absorbtion bands: 3,432 cm-1due to OH stretching,

1,637 cm-1 due to water molecule bonding, 2896, 1462,

and 1342 cm-1 assigned to m(C–H) and d(C–H) vibrational

modes, 941, 865, and 766 cm-1 due to a-glucopyranose

ring deformation modes [24]. In dextran-coated magnetite

(Fig. 2b), the bands below 1,000 cm-1 are overlapped by

the Fe–O bands with two maxima at 580 and 419 cm-1.

The rest of dextran bands showed no spectral changes upon

coating.

The crystalline structure and phase purity were deter-

mined by powder XRD. The diffraction peaks of the dex-

tran-coated magnetite sample are characteristic for a spinel

structure of nanoscaled magnetite (Fig. 3).

The crystallite sizes calculated applying the Debye–

Scherrer formula based on the half-width of the first five

most intense peak of the magnetite phase were in the range

8–10 nm.
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Fig. 2 FTIR spectra of a Dex40 and b Dex40-coated magnetite
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Fig. 1 Molecular formulation of dextran with 1–3 branching
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Fig. 3 X-ray diffraction pattern of Dex40-coated magnetite

182 O. Carp et al.

123



Thermal stability of dextran-coated magnetite

The thermal decomposition curves (TG, DTG and DSC) of

the dextran-coated magnetites obtained both in air and

argon atmosphere are presented in Figs. 4, 5, 6, and 7. The

thermal behaviors of the free dextran (Dex40 and Dex70)

and corresponding coated magnetites are similar but

atmosphere dependent.
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Fig. 4 Thermal decomposition curves of Dex40 and Dex40 coated

magnetite (heating rate 5 �C min-1, static air atmosphere): a TG;

b DTG and c DSC
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Fig. 5 Thermal decomposition curves of Dex70 and Dex70 coated

magnetite (heating rate 5 �C min-1, static air atmosphere): a TG;

b DTG and c DSC
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In air atmosphere, the free dextran decomposes in three

distinctive decomposition stages. The first decomposition

step (50.5–155.5 �C/47.0–157.57 �C, mass loss of 7.33 and

8.77% for Dex40/Dex70, respectively) represents the

endothermic water evolving. At temperatures higher than

250 �C the breakdown of the organic skeleton starts. A

complex degradation process occurs in the temperature

range 269.5–427.0 �C/258.0–413.5 �C. The resultant reg-

istered mass loss is 73.18%/72.76% (Dex40/Dex70). Three

exothermic maxima are evidenced on DSC curves, at

245.6, 334.2, and 373.8 �C (Dex40) and 251.7, 328.4, and
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Fig. 7 Thermal decomposition curves of Dex70 and Dex70 coated

magnetite (heating rate 5 �C min-1, argon atmosphere): a TG; b DTG

and c DSC
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370.0 �C (Dex70). The first of them, is associated with a

weak effect, (DH = 58.58 J g-1/76.29 J g-1, Dex40/

Dex70), the exothermicity of the reaction increases with

the increase in decomposition. Rising the temperature, a

final exothermic decomposition process occurs (427.0–

587.5 �C/413.5–598.2 �C) characterized by a mass loss of

16.94%/19.49% (Dex40/Dex70). It is worth to be men-

tioned that Dex70 presents also a small gradual mass loss

of 1.53% up to 760 �C.

The thermal behavior in air atmosphere of the corre-

sponding coated magnetites presents significant differences.

A first weak endothermic process (48.3–156.3 �C/

40.5–165.5 �C, mass loss of 4.12%/4.42% for Dex40/

Dex70), assigned to adsorbed water elimination is fol-

lowed by a strong exothermic one (156.3–368.3 �C/

165.5–370.5 �C, mass loss of 23.83%/22.15%, Dex40/

Dex70) which may be attributed to dextran oxidative deg-

radation. The DSC curves reveal at 451.0 �C/442.0 �C

(DH = 39.28 J g-1/45.68 J g-1, Dex40/Dex70), an exo-

thermic peak, assigned to c-Fe2O3 ? a-Fe2O3 transforma-

tion. The final mass loss (4.12%/1.13%, Dex40/Dex70) is

developed gradually in the temperature range 368.3–

750 �C/370.5–780.0 �C, corresponds to the elimination of

carbonaceous residue deposited on the magnetite surface.

The magnetite catalyzes the thermal decomposition of

dextran in air, the bonded dextran displaying lower

decomposition temperatures in comparison with the free

one. The initial decomposition temperature decreases with

*100 �C: (269.5 ? 156.3 �C/258.0 ? 165.5 �C (Dex40/

Dex70)), the final with *220 �C; (587.5 ? 368.3 �C/

598.2 ? 370.5 �C (Dex40/Dex70)), and the one corre-

sponding to the maximum decomposition rate of the

decomposition step with maximum weight loss (TDTG max)

with *70 �C: (324.4 ? 256.7 �C/325.8 ? 246.1 �C

(Dex40/Dex70)). Contrary to the decomposition of free

dextran where four exothermic maxima were identified on

DSC curve, in the case of coated magnetite a single strong

maxima at 262.6 �C/251.9 �C (Dex40/Dex70) is displayed.

The thermal behavior of dextran and corresponding

coated magnetites is different in inert (argon) atmosphere

comparative with air one.

Two endothermic steps are identified in dextran

decomposition on heating till 1,000 �C. The total mass loss

is 84.31%/86.97% (Dex40/Dex70) meaning that not all the

dextran is decomposed till this temperature. The first step,

42.1–152.0 �C/37.2–139.6 �C (mass loss of 5.34%/7.05%,

Dex40/Dex70) represents the water evolving, while the

second 262.2–497.2 �C/274.0–434.0 �C (mass loss of

78.96%/71.2%, Dex40/Dex70) the decomposition of the

organic compound. A gradual decrease of the mass (6.02%)

is registered for Dex70 in the temperature range

434.0–1,000 �C.

The thermal decomposition in argon of the corre-

sponding coated magnetite presents three distinct

stages. The decomposition starts with water evolving

(43.0–158.8 �C/37.7–152.2 �C, mass loss of 3.71%/4.25%,

Dex40/Dex70). The next two corresponds to dextran

breakdown and evolving. The first one (168.0–463.0 �C/

167.2-452.2 �C, mass losses of 18.49%/19.02%, Dex40/

Dex70) is characterized by a single DSC peak (TmaxDSC =

278.0 �C and 282.0 �C). As in the case of the air thermal

decomposition, the magnetite catalyzes the thermal

decomposition of dextran, the adsorbed dextran displaying

lower decomposition temperatures comparative with the

free one. The initial decomposition temperature of the

dextran decreases with *100 �C: 262.2 ? 168.0 �C/274.0

? 167.2 �C (Dex40/Dex70). The second dextran decom-

position stage (573.2–773.4 �C/537.2–792.2 �C, mass los-

ses of 14.78%/15.62%, Dex40/Dex70) is characterized by

two/four DSC maxima (TmaxDSC = 681.2 and 736.6 �C

(Dex40) and TmaxDSC = 653.3, 692.5, 746.6, and 790.9 �C

(Dex70)). At least one of these peaks from each sample

may be assigned to the reduction of magnetite to the non-

stoichiometric wustite Fe1 - xO and/or metallic iron due to

the interaction with the evolved gases [25, 26]. A proof for

this affirmation is the higher mass losses in argon atmo-

sphere in comparison with air one (in argon mass losses of

36.98%/38.89% were obtained while in air only 27.95%/

26.57% (Dex40/Dex70)).

Analyzing the above data the following decomposition

mechanism may be advanced:

– the decomposition of free dextran in air commences

with the breaking of the polymeric bonds, process

which is associated with an endothermic thermal effect.

The above process was not evidenced on DSC curves

due to the overlapping with the beginning of the

degradative oxidation, process coupled with an exo-

thermic effect. As consequence, only a small exother-

mic effect is registered on the DSC curves at 245.6 �C/

251.7 �C (Dex40/Dex70). On further heating, the

decomposition of dextran progresses through three

exothermic steps.

– in the case of the air thermal decomposition of coated

magnetite, the polymeric bond breaking is accompa-

nied by a strong and rapid oxidative degradation of

the adsorbed dextran due to the catalytic effect

introduced by the iron cations. A catalytic behavior

of iron cations toward the degradation of organic

coatings, is already reported by the literature in the

case of amino acid-coated magnetite [27]. However,

unlike the amino acid-coated magnetite, where an

abnormal high c-Fe2O3 ? a-Fe2O3 conversion tem-

perature is registered, (TmaxDSC * 580 �C), in the
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present study hematite formation occurs in the usual

temperature range (TmaxDSC * 450 �C).

– two decomposition stages are registered in argon

atmosphere for the dextran-coated magnetite while

the corresponding anhydrous dextran decomposes only

in a single one. Such behavior may have two origins.

The first one is the different nature of the dextran-

magnetite bonding, a hydrogen bonding, and a chem-

ical one (the formation of a surface complex). The two

types of bonding may be formed either during the

synthesis process of the coated magnetite or during the

heating treatment. Another explanation of this behavior

may be a stepped decomposition of the coated dextran.

Further investigations are in progress to elucidate this.

Conclusions

The free anhydrous dextran decomposes in air through two

distinctive decomposition stages at temperatures up to

600 �C. The decomposition starts with the polymeric bond

breaking, followed by oxidative degradation of organic

entity. In argon atmosphere only one decomposition stages

is identified.

The decomposition of anhydrous-bonded dextran com-

mences at lower temperatures, due to the catalytic effect of

magnetite.

The two decomposition stages of the coated dextran in

argon atmosphere suggest two types of dextran-magnetite

binding, namely a hydrogen and a coordinative bond. Further

investigations are in progress to prove this affirmation.

While in air atmosphere the conversion c-Fe2O3 to

a-Fe2O3 is identified, in argon the magnetite reduction to

wurstite and/or metallic iron is advanced to occur.

The proposed synthetic route provides dextran-coated

magnetite with bondings between the two components stable

up to 150 �C, a useful characteristic for their applications.
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