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Cobalt ferrite hollow spheres with chitosan (CoFe2O4/CS) were synthesized by two different approaches using
the solvothermal method. The first approach involves in-situ incorporation of FeCl3:6H2O and CoNO3:6H2O in
the solvothermal reaction (M1) and in second approach already prepared CoFe2O4 nanoparticles (NPs) using
the thermal decomposition method was placed in the solvothermal reaction to form the hollow spheres (M2).
Structural identification of the samples were characterized by Fourier transform infrared spectra (FTIR), powder
X-ray diffraction (XRD), scanning electronmicroscopy (SEM), transmission electronmicroscopy (TEM), thermo-
gravimetric analyses (DSC-TGA) and energy dispersive X-ray spectroscopy (EDX). Themagnetic properties were
evaluated using a vibrating sample magnetometer (VSM). The presence of chitosan on the hollow sphere was
confirmed by FTIR. The XRD analyses proved that the synthesized samples were cobalt ferrite with spinel struc-
ture. The structure of the surface and the average particle size of the spheres were observed by SEM and TEM
showing the nano scale of the CoFe2O4 component. Structural characterization demonstrating that chitosan
does not affect the crystallinity, chemical composition, and magnetic properties of the CoFe2O4/CS. This work
demonstrates that the CoFe2O4/CS prepared using the as synthesized CoFe2O4 NPs have better structural and
magnetic properties.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Magnetic chitosan hollow spheres are rather cheap, non-toxic, alkali
resistant, corrosion resistant, easily degradable, easily recyclable, and
with potential applications in catalysts, chemical sensors, drug delivery
[1], photonic crystal, low-density structuralmaterials and in biotechnol-
ogy [2]. Structural and magnetic properties of hollow spheres are given
by their chemical composition, size and shape. Those materials usually
reveal special properties in addition to the individual contributions [3,
4]. Therefore, preparation of hollow nanomaterials with controllable
crystal structure and morphology gets great attention. Numerous syn-
thetic techniques have been explored including chemical co-precipita-
tion [5], thermal decomposition [6] and hydrothermal or solvothermal
[7] methods and, in addition, methods utilizing templates in order to
obtain hollow structures [8]. However, controllable preparation of
nanostructures with desired size, shape and magnetic properties and
functionalizable surface in a one-step simple and low cost method pre-
sents still a great challenge. For biomedical applications, chitosan-coat-
edmagnetic hollow spheres are generally synthesized by in situ coating
method which is alkaline coprecipitation of Fe(II) and Fe(III) precursors
les, Centro de Ingeniería de
vestigaciones Científicas (IVIC),
in aqueous solutions of hydrophilic chitosan polymers. These polymers
serve to limit the core growth of iron oxide during the preparation, to
stabilize via steric repulsions when the nanoparticles disperse in aque-
ous media, and to reduce the opsonization process in vivo [9]. Several
works [2,10], have been reported in the synthesis of hollow
nanomaterials, however the optimization of the structural andmagnet-
ic properties still remains a challenge. In the present work, we report
the influence of the preparation method on the morphology and mag-
netic properties of cobalt ferrite hollow spheres with chitosan using a
simple solvothermal process with CoFe2O4 nanoparticles previously
prepared by the thermal decomposition method and the formation of
the CoFe2O4 nanoparticles in-situ in the solvothermal reaction with a
ferrous precursor and their characterization by IRFT, XRD, SEM, TEM,
TGA and magnetic measurements. The great advantage of the present
work comparedwith those previously reported [11] is that themagnet-
ic properties of the hollow spheres can be optimized by controlling the
size of the nanoparticles previously formed by the thermal decomposi-
tion method.

2. Experimental

CoFe2O4/CS hollow spheres were prepared using the same
solvothermal procedure but in two different ways; in-situ and ex-situ
incorporation of CoFe2O4NPs into the chitosan (CS).



Fig. 1. FTIR spectra of M1 and M2 CoFe2O4/CS hollow spheres.

Fig. 2. X-ray powder diffraction patterns of M1 and M2 CoFe2O4/CS hollow spheres.
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2.1. In-situ synthesis of CoFe2O4/CS hollow spheres (M1)

In-situ incorporation of CoFe2O4 NPs was done by adding 1.60 g of
FeCl3:6H2O, 0.8 g of CoNO3:6H2O, 2.5 g of chitosan, 3.6 g of NaOAc and
1.0 g of PVP to 50 mL of ethylene glycol to give a transparent solution.
This mixture was then transferred to a Teflon-lined autoclave (80 mL)
for treatment at 250 °C for 13 h. Finally, ethanol was added to the sam-
ples, separated via centrifugation and dried in an oven at 60 °C for fur-
ther use.

2.2. Ex-situ synthesis of CoFe2O4/CS hollow spheres (M2)

In this process the CoFe2O4 ferrite NPs were prepared separately by
the thermal decomposition method [6]. The procedure consisted on
mixing Fe(acac)3, Co(acac)3, 1,2 hexadecanediol, oleic acid, oleylamine
and benzyl ether. The nuclei formation and the growth of the Nps
were obtained when temperature was increased to 200 °C for 30 min
with argon and heated to reflux at 265 °C for another 30min. Ex-situ in-
corporation of previously prepared CoFe2O4 NPs was done by adding
1.0 g of CoFe2O4 NPs, 2.5 g of chitosan, 3.6 g of NaOAc and 1.0 g of PVP
to 50 mL of ethylene glycol to give a transparent solution. This mixture
was then transferred to a Teflon-lined autoclave (80 mL) for treatment
at 250 °C for 13 h. Finally, ethanol was added to the samples, separated
via centrifugation and dried in an oven at 60 °C for further use.

2.3. Characterization

The crystal structure of the samples was identified by X-ray powder
diffraction performed in a Bruker D8-Focus X-ray diffractometer (XRD)
equipped with parallel beam geometry and Cu K radiation (λ=1.5406
Ǻ), operated by DifraccPlus software with a voltage of 40 kV, current of
30 mA and angles ranged from 5 to 90° in 0.020 steps. Infrared spectra
were recorded using a Perkin Elmermodel 1650 FT-IR spectrometer be-
tween 4000 and 250 cm−1. SEM analysis was performed in a FEI Inspect
F50 scanning electronmicroscope,workingwith an acceleration voltage
of 8–10 keV, attachedwith energy dispersive X-raymicroanalysis, EDAX
8500 (silicon drift detector (SSD)). TEM analysis was carried out in a FEI
spirit instrument (120 Kv) electron microscope. The thermal properties
were studied using SDTQ600 simultaneousDSC - TGA thermogravimet-
ric system. Hysteresis loopswith amaximum field of 1Tweremeasured
in a Vibrating Sample Magnetometer Varian Techtron 155 at room
temperature.

3. Results and discussion

3.1. Fourier transform infrared (FTIR)

The bonding between chitosan and CoFe2O4 NPs of the samples M1
andM2was confirmed by FTIR measurements in the Fig. 1. The charac-
teristic band of the intrinsic Fe\\O stretching of the spinel structure is
observed between 560 and 590 cm−1 for both samples, corresponding
to vibrations of the metal at the tetrahedral site. In the range of 370–
410 cm−1 are the Fe\\O stretching vibrations of the octahedral site
[5]. The peaks at around 897 and 1159 cm−1 are assigned to the saccha-
ride structure of the chitosan, and its C\\O\\C functional groups are
found at 1052 and 1071 cm−1. The characteristic bands of amide I,
amide II, and amide III for CS can be found at 1658, 1596, and
1380 cm−1, respectively. The peak at 1546 cm−1 is attributed to the
\\NH deformation vibration of the amine groups belonging to CS [12].
For the M2 sample, additionally, two characteristic bands are observed
at 2923 cm−1, corresponding to asymmetric and symmetric stretching
of C\\H bonds of the aliphatic chain, these absorptions suggest that
the NPs prepared by the thermal decomposition method are coated
with oleic acid [13]. In the spectra of the sample M2, it is apparent
that the absorption line at 1158 cm−1 and the amide absorptions be-
came relatively larger than those in the sample M1. This fact indicates
that there was strong hydrogen bonding between the oxygen in
CoFe2O4 and the hydrogen in the amino group (\\NH2) in chitosan,
which explains the larger amide absorptions in the spectra of the sam-
ple M2.
3.2. X-ray powder diffraction (XRD)

XRD patterns of the samples M1 and M2 in the Fig. 2 show the for-
mation of ferrite structure and reveal that all peaks correspond to the
characteristic peaks of cubic spinel type lattice of CoFe2O4 (JCPDS le
No. 22-1086). The sample M1 show very broad peaks, indicating the
ultra ne nature of these nanoparticles. The XRD spectrum of chitosan
is reported in various literature [14]which shows peakswith low inten-
sity values around 2θ = 25° as it was shown for the M1 sample.



Table 1
Elemental analysis of M1 and M2 CoFe2O4/CS hollow spheres.

Element Atomic %

M1 M2

Co(K) 0.40 0.85
Fe(K) 2.12 2.03
O(K) 18.47 28.85
C(K) 79.01 68.63

844 S. Briceño et al. / Materials Science and Engineering C 78 (2017) 842–846
3.3. Thermogravimetric analyses (DSC - TGA)

For better understanding the physical and chemical changes that
may have occurred during the formation of the CoFe2O4/CS hollow
spheres, thermogravimetric analysis was performed. Thermogravimet-
ric curves and its derivative (DSC) of M1 and M2 samples are displayed
in Fig. 3. This figure shows three stages of weight losses in the DSC
graph. The first stage occurred between 30 and 160 °C that is associated
with the removal of water. The maximum rate of this process occurs at
63 °C. Then the chitosan begin to degrade at about 230 °C and the tem-
perature of final decomposition is around 500 °C, the weight loss is sig-
nificant (68%). The third, mass loss stage occurs around 600 °C in both
samples and could be associated with the conversion of CoFe2O4 to
CoO, which are the stable phase [15,16].

3.4. Energy dispersive X-ray analysis (EDX)

The objective of performing EDX analysis on the samples was to in-
vestigate the elemental composition. The data of elemental analysis of
the CoFe2O4/CS hollow spheres are shown in the Table 1. Quantification
of the EDX spectrum for the sample M2 showed that the ratio of Co, Fe,
and Owas about 1:2:4, suggesting that the hollow spheres had a chem-
ical formula of CoFe2O4 and no contamination elements are detected.

3.5. SEM and TEM

SEM and TEM images of the samples M1 and M2 are shown in the
Fig. 4. Fig. 4a shows the CoFe2O4 NPs obtained in situ by the
solvothermal reaction with a ferrous precursor. The average particle
size distribution obtained from TEM show that the mean size of the
Fig. 3. Thermogravimetric analysis (DSC - TGA) ofM1 andM2CoFe2O4/CS hollow spheres.
NPs ranges from 4 ± 2 nm, with irregular shapes and agglomerated.
At the synthesis conditions used, excessive alkali induces the Fe+2 and
Fe+3 ions hydrolyzing faster, leads to nanoparticles rapidly changing
into larger sized clusters with arbitrary smaller shaped nanoparticles.
In the Fig. 4b we observe the morphology like spheres of the CoFe2O4

nanoparticles obtained using the thermal decomposition method with-
out and with chitosan. The average particle size distribution obtained
from TEM shows that the mean size of the NPs ranges from 6 ± 2 nm
and the NPs are uniform in size and morphology. Fig. 4c and d reveals
that each hollow sphere it is composed of aggregates of more primary
nanoparticles. The general morphology of the samples observed by
SEM and typical images at different magnifications are shown in Fig.
4e and f, it was observed that the major morphological feature is a reg-
ular spherical shape with an average particle diameter of about 100 nm.
The high magnification SEM image (Fig. 4f) reveals the hollow interior
of the sphere. The thickness of the shell consisting of the hollow spheres
is about 40 to 50 nm.
3.6. Magnetic measurements (VSM)

Fig. 5 shows the magnetization versus applied field curves obtained
for the samplesM1 andM2 at room temperature. The remanentmagne-
tization (1.6 and 3.8 emu/g) and coercivities (4.3 and 7.3 mT) obtained
for the samples correspond to very soft ferromagnetic materials with a
small response to the external magnetic field. The results shows the
maximum magnetization (Mm) obtained for the sample M2
(28.9 emu/g) compare with the sample M1 (15.6 emu/g), attributed
to the greater degree of crystallinity (Fig. 2), the uniform morphology
and best dispersion behavior of the nanoparticles (Fig. 3). The irregular
morphology of the sampleM1 (Fig. 3a)might influence the value ofMm
as a contribution from surface anisotropy. As the sample M2 (Fig. 3b) is
almost spherical in shape, a zero contribution from surface anisotropy
must be expected. A further reduction of Mm in the sample M1 could
be attributed to incomplete crystallization of the ferrite after the reac-
tion synthesis [17]. The better dispersibility with more uniform shapes
of nanoparticles leads to more ordered inner magnetic vector, and so
the stronger magnetic behavior [18]. The above results demonstrate
that maximum magnetization of the hollow spheres is greatly influ-
enced by dispersion properties of the NPs in the hollow sphere.
4. Conclusion

In summary, cobalt ferrite CoFe2O4/CS hollow spheres have been
successfully synthesized using CoFe2O4 NPs formed in situ and ex situ
on the solvothermal method. The prepared hollow spheres exhibit
sphericalmorphologywith a narrow size distribution.Magnetic proper-
ties are in influenced greatly by dispersibility and shape of particles.
CoFe2O4/CS hollow spheres synthesized using CoFe2O4 NPs formed ex
situ exhibit superior structural and magnetic properties. This approach
can be an efficient route to fabricate cobalt ferrite spheres in large
scale. The advantage of the presentwork is that themagnetic properties
of the hollow spheres can be optimized by controlling the size of
the nanoparticles formed previously by the thermal decomposition
method.



Fig. 4. TEM images of the (a) In-situ, (b) Ex-situ CoFe2O4 nanoparticles, (c) M1, (d) M2 CoFe2O4/CS hollow spheres. SEM images of the (e) M1, (f) M2 CoFe2O4CS hollow spheres. Average
particle size distribution.

Fig. 5.Magnetization versus applied field at room temperature of M1 andM2 CoFe2O4/CS
hollow spheres.
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