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By dispersing aqueous precipitant in liquid paraffin to prepare a W/O emulsion then adding chitosan (CS) solution, CS
microcapsules have been successfully prepared. It is a facile way to prepare polymer microcapsules by using aqueous precipitant or
nonsolvent as template, which avoids the removal of template and would free from the necessity to cross-link the microcapsule
as usual methods to directly form dense shell. e hollow feature of the obtained materials is revealed. e diameter of the
microcapsules ranges from several 𝜇𝜇m to over 100 𝜇𝜇m. Magnetic CS microcapsules have been prepared in this way when Fe3+ and
Fe2+ weremixedwith CS to prepare amixture starting solution.e appearance andmicrostructure of the compositemicrocapsules
were studied. e results indicate that the formed Fe3O4 nanoparticles are embedded in the CS matrix evenly due to strong
interaction between the Fe3O4 nanoparticles and theCSmolecules.e Fe3O4 content and themagnetic properties of the composite
microcapsule were measured. e composite microcapsules were calcined in air at 700○C to prepare pure inorganic hollow
microspheres. It is general to prepare hollow polymeric or composite particles by using this method.

1. Introduction

Hollow polymeric microcapsules have characteristics such as
low density, high speci�c surface area, surface permeability,
and economical, which make them promising applications in
chemistry, biotechnology, and materials science [1–3]. e
preparation of polymeric microcapsules has oen involved
self-assembly of amphiphilic block copolymers [4, 5], sacri-
�cial core-template method [2, 6–10], and emulsion poly-
merization [11, 12]. At the same time, some of the above-
mentioned, technologies could be combined to produce
novel hollow polymeric microcapsules [13, 14]. Moreover,
hollow polymer microcapsules have also be prepared by
microencapsulation method [15–17].

Chitosan (CS), a kind of natural hydrophilic polysaccha-
ride, is nontoxic and biocompatible. Some approaches, espe-
cially sacri�cial template method, have been developed to
prepare the chitosan hollow microspheres or microcapsules.

For example, cross-linked N-methylated chitosan hollow
microspheres have been prepared by using templates of
cyclohexane droplets [18].e obtained hollowmicrospheres
show pH sensitivity and may be applied as drug car-
rier. Li et al. [19] prepared uniform-sized hollow chitosan
microspheres by sacri�cial template method. In that case,
chitosan molecules were adsorbed onto the surface of sul-
fonated polystyrene templates through electrostatic interac-
tion between the sulfonic acid groups on the templates and
the amino groups of chitosan. Subsequently, the adsorbed
chitosan layer was cross-linked with glutaraldehyde. Aer
removal of the sulfonated polystyrene core, chitosan hollow
microspheres were obtained to have an average diameter of
about 842 ± 41 nm. Stimuli-responsive multilayer chitosan
hollow microspheres were fabricated by sacri�cial template
method combined with a sequential layer-by-layer electro-
static assembly technique [20].erein, polystyrene sulfonate
templates were used to absorb polycations of CS molecules,
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F 1: Schematic process of preparing the polymer microcapsules.

which then absorb polyanions of carboxymethyl chitosan.
e size of the �nal hollowmicrospheres is claimed tomainly
depend on the template size. However, the preparation
of hollow chitosan microsphere by the sacri�cial template
method is tedious and the process of removal of templates
may ruin the shells.

In this paper, it is aimed to fabricate hollow chitosan
microcapsules by a facile template-free way, which is similar
as the microencapsulation method. e microencapsulation
method usually requires a double emulsion (W1/O/W2);
namely, a water in oil emulsion (W1/O) should be dispersed
in a secondwater phase (W2).emiddle oil layer containing
polymer will form the shell of the �nal polymer microcap-
sule aer evaporation of the oil (water immiscible organic
solvent), while the internal water produces the hollow feature
of the �nal microcapsules. is method has the advantage
of avoiding the removal of template, because the template is
water. For example, Yu et al. [17] have successfully prepared
biocompatible polyestermicrocapsules in thismanner, which
is claimed to be a template-free approach.erefore, aqueous
precipitant or nonsolvent other than just a normal aqueous
phase was �rstly dispersed in oil in this work, and then a
polymer solution was added to be precipitated at the surface
of the nonsolvent droplets to form the hollow microcapsules.
e aqueous template avoids the removal of template as usual
methods for preparation microcapsules, and the aqueous
precipitant or nonsolvent would free from the necessity of
cross-linking of themicrocapsule to directly formdense shell.
Moreover, magnetic composite microcapsules have also been
in situ prepared simultaneously from the mixture solution
of chitosan and ferriions by this method. e composite
microcapsules were further calcined in air to produce pure
inorganic hollow microspheres. In addition, alginate hollow
microcapsules were prepared by this method too. e prepa-
rations of the microcapsules have been described, and the
obtained microcapsules were characterized. It is expected to
develop a new method of fabrication of polymer microcap-
sules by using aqueous nonsolvent as template.

2. Experimental

2.1. Materials. Chitosan (CS), with a degree of deacetyla-
tion of 90%, was purchased from Jinan Haidebei Marine
Bioengineering Co., Ltd (Shandong, China). e viscosity-
average molecular weight (𝑀𝑀𝜂𝜂) of CS was determined in a
0.1mol/L CH3COONa/0.2mol/L CH3COOH buffer at 30○C

to be 1.44 × 105 g/mol according to [𝜂𝜂] = 6.589 × 10−3 ⋅
𝑀𝑀0.88 [21]. Sodium alginate (SA) with a weight-average
molecular weight (𝑀𝑀𝑤𝑤) of 7 × 104 g/mol was supplied by
Xiamen Renchi Chemical Industry Co. Ltd (Xiamen, China).
Calcium chloride (CaCl2), glutaraldehyde (GA), hexahydrate
ferric chloride (FeCl3⋅6H2O), tetrahydrate ferrous chloride
(FeCl2⋅4H2O), ammonia, acetone, and acetic acid are analyt-
ical reagents, while ethanol petroleum ether, liquid paraffin,
and Span-80 are industrial grades, respectively. e reagents
were purchased from commercial resources in China and
were used as received.

2.2. Preparation of Microcapsules. e preparation of the
polymer microcapsules is schematically shown in Figure 1.
Namely, 20mL 25% ammonia aqueous solution was dropped
into an 80mL 5% (volume fraction) span-80/liquid paraffin
solution under stirring in a �ask. A reverse emulsion was
obtained aer stirring at a speed of 400 rpm for over 0.5 h
(step a). en, 15mL CS/Fe3+/Fe2+ mixture solution was
added dropwise into the reverse emulsion with stirring (step
b). e mixture solution with CS weight concentration of
5wt% was prepared by mixing CS 2wt% acetic acid solution
with ferri ions aqueous solution according to the solution
weight ratio of 1 : 1, where the ferri ion aqueous solution
before mixing had Fe3+ and Fe2 concentrations of 1.0 and
0.5mol/L, respectively. A continuous 1 h stirring was carried
out aer the total addition of mixture solution.en the �ask
was placed in a 40○C bath, and 5mL GA was added with
stirring for another 1 h (step c). Aer that, the slurry was
�ltrated then washed in turn with petroleum ether, ethanol,
acetone, and distilled water to obtain the �nal magnetic CS
microcapsules (step d). Pure CS microcapsules were also
prepared in the same procedure as above, except that pure CS
solution was used.

Moreover, SA microcapsules were prepared in the same
way. By using the same amounts of reagents as the prepara-
tion of the CS microcapsules, 1 wt% CaCl2 aqueous solution
was dispersed in span-80/liquid paraffin solution to prepare
the reverse emulsion, and then a 2wt% SA aqueous solution
was added under stirring. Aer cross-linking and washing,
SA microcapsules were prepared.

2.3. Characterizations of Microcapsules. e microcapsules
in wet state and aer ambient dried were observed with
a ME600 optical microscope (OM, Nikon, Japan). e wet
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F 2: OM images of the wet magnetic CS microcapsules (A), the microcapsules aer drying in air (B), and the wet SA microcapsules
(C).

microcapsules were vacuum dried and then were coated with
a thin layer of gold (approximately 2 nm) to observe their
microstructures by using a scanning electron microscope
(SEM, LEO 1530, LEO, Germany), or the wet microcapsules
were directly observed by using an XL30 SEM apparatus
equipped with a cold stage (FEI, Holland). Moreover, the
magnetic CS microcapsules were calcined in air at 700○C for
2 h, and the obtained product was also coated with gold to be
observed by the SEM apparatus.

Transmission electronmicroscopy (TEM)was performed
with a JEM-2100 electron microscope (JEOL, Tokyo, Japan)
at 200 kV. e wet magnetic CS microcapsules were embed-
ded in epoxy resin, and then the ultrathin sections were
obtained via sectioning on an LKB-8800 ultratome.

Fourier transform infrared (FTIR) characterizations of
the CS-based microcapsules were performed on a Nicolet
Avatar 360 instrument (Nicolet, Madison,WI, USA) at 25○C.
emicrocapsules were �rstly vacuum dried at 40○C for over
48 h and then grounded to mix with KBr to produce disks for
the measurements.

X-ray diffraction (XRD) patterns of the CS-based micro-
capsules were recorded by using a PANalytical diffractome-
ter (PANalytical, e Netherlands) with Cu-K𝛼𝛼 radiation.
e vacuum-driedmicrocapsules were continuously scanned
from10○ to 80○ (2𝜃𝜃) at a speed of 0.0167○/s.

ermogravimetric analysis (TGA) measurements of the
microcapsules were performed with a NETZSCH 409EP
thermal analyzer (Netzsch, Germany) under air atmosphere
at a heating speed of 10○C/min from 25 to 700○C.

A vibrating sample magnetometer VSM-5-15, (TOEI
Industry Co., Ltd, Japan) was used to assess the magnetic
properties of the magnetic microcapsules. Certain amount
of the microcapsules was positioned in the magnetometer
and was balanced before measurements.e hysteresis of the
magnetization was determined by increasing magnetic �eld
intensity (H) from −20000 Oe to +20000 Oe at 27○C, and the
magnetic properties for the spheres were evaluated in terms
of saturation magnetization (𝑀𝑀𝑠𝑠) and coercivity.

3. Results and Discussion

3.1. Preparation of theMicrocapsules. Figure 2 shows the OM
images of the obtained microcapsules. It can be seen that
spherical microparticles have been successfully prepared

(Figures 2(A) and 2(C)). As illustrated in Figure 1, reverse
microemulsion ofW/O can be prepared uponmixing ammo-
nia aqueous solution or CaCl2 aqueous solution with span-
80/liquid paraffin solution. When dropping the polymer
solutions into the microemulsions, the CS will be precipi-
tated due to the neutralization reaction between the solvent
of acetic acid and the ammonia, while the SA will be
precipitated by Ca2+ crosslinking, respectively. When the
CS/Fe3+/Fe2+ mixture solution was added, the ferri ions
would be precipitated along with the CS at the same time.
e precipitated polymers were further cross-linked by GA
in order to strengthen the obtainedmicroparticles, otherwise
the particles would be easily broken. e obtained particles
reveal several 𝜇𝜇m to over 100 𝜇𝜇m in diameter, but shrink
apparently aer drying in air (Figure 2(B)), indicating hollow
structure of the particles.

e particles were viewed by SEM, with the images
shown in Figure 3. e SEM images of particles prepared
from pure CS (Figure 3(A)) and from CS/Fe3+/Fe2+ mixture
(Figure 3(B)) show empty pocket structure, which should
be resulted from shrinkage of the particles by removal of
the inside water during drying. e empty pocket structure
clearly evidences the hollow feature of the obtainedmaterials.
Moreover, the wet particles were directly observed by using
an environmental SEM apparatus equipped with a cold stage
sampler. e SEM image shown in Figure 3(C) indicates
spherical particle of the composite material, although wrin-
kled surface is observed due to the shrinkage of the particle
during observation. A broken particle was magni�ed to
show hollow feature of the inner part (Figure 3(D)). ese
results clearly indicate that polymer would be precipitated to
form the shell of microcapsules, as schematically shown in
Figure 1. According to microemulsion, the size of dispersed
precipitant or nonsolvent droplets can be tuned by adjusting
the concentration of emulsi�cation agents or the stirring rate
[16, 22], so the scale of the microcapsules is expected to be
tunable.

3.2. Microstructures of the Microcapsules. When the acidic
mixture solution of ferri ions and CS was added to the
emulsion containing alkali ammonia solution, the CS and
the iron ions could be precipitated at the same time due to
the fast neutralization reaction. It has been suggested [23]
that the ferri ions were transformed into Fe3O4. However,
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F 3: SEM images of a pure CS (A) and a magnetic (B) CS microcapsules. e SEM images of the magnetic CS microcapsules shown in
(C) and (D) were obtained by using an environmental SEM apparatus equipped with a cold stage sampler.

F 4: TEM image (A), high-resolution TEM image (B), and electron diffraction pattern of the composite microcapsules (C). e insert
is an enlarged part of (B) to show the lattice spacing of (311) planes of cubic magnetite.
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F 5: XRD patterns of the pure CS (a) and the composite (b)
microcapsules.

the composite microcapsules exhibit smooth and dense
structure, and no obvious phase separation has been found, as
shown in Figure 3.eTEM image of the obtained composite
microcapsules is shown in Figure 4(A). It can be observed
that the formed Fe3O4 nanoparticles are almost evenly
embedded in the CS matrix, and no obvious agglomerate
of the Fe3O4 nanoparticles can be found. e scale of the
Fe3O4 nanoparticles is in the range from 10 to 20 nm. High-
resolution TEM image of the Fe3O4 shown in Figure 4(B)
indicates each particle is a well-ordered crystal. e distance
between two adjacent lattice fringes is measured to be
about 0.25 nm, which corresponds to the lattice spacing of
(311) planes of cubic magnetite [24]. Moreover, the well-
crystallized structure of the Fe3O4 nanoparticles can also
be evidenced by the characteristic electron diffraction rings
shown in Figure 4(C), whose positions correspond to the
crystallographic parameters of the fcc structure of magnetite
[25, 26].

e XRD patterns of the pure CS and the composite
microcapsules are shown in Figure 5. e pattern of pure CS
reveals only broad diffraction at 2𝜃𝜃 around 19.8○.e pattern
of the compositemicrosphere exhibits six characteristic peaks
at 2𝜃𝜃 = 30.1○, 35.5○, 43.1○, 53.4○, 57.0○, and, 62.6○, which can
be indexed to the diffraction planes of (220), (311), (400),
(422), (511), and (440) for the crystallized structure of the
Fe3O4, respectively. e result is consistent with the TEM
observation described above. At the same time, it is interest-
ing to note the disappearance of the diffraction peak of CS
in the XRD pattern of the composite microcapsules, which
might be caused by the presence of Fe3O4 nanoparticles in
the CS matrix.

e FTIR spectra of the pure CS microcapsules and
the Fe3O4 nanoparticle contained composite microcapsules
are shown in Figure 6. e pure CS microcapsules show a
typical FTIR spectrum of CS. e peaks at around 897 and
1160 cm−1 in the FTIR spectrum are assigned to saccharide
structure of CS, and its C–O–C functional groups are found
to locate at 1051 and 1089 cm−1. e characteristic bands of
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F 6: FTIR spectra of the pure CS (a) and the magnetic
composite (b) microcapsules.
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F 7: TGA curves of the pure CS (a) and the magnetic
composite (b) microcapsules.

amide-I, amide-II, and amide-III for CS are found at 1658,
1592, and 1380 cm−1, respectively. e peak at 1422 cm−1 is
attributed to the –NH deformation vibration of the amine
groups belonging to CS. For the composite microcapsules,
the spectrum is similar to that of pure CS, except that some
peaks shi to lower or to higher frequencies. It is noted that
the FTIR spectrum of the composite microcapsules exhibits
a strong band at 579 cm−1, which is assigned to magnetite
Fe3O4 [23]. erefore, the shis of the characteristic bands
of CS in the spectrum of the composite microcapsules could
be attributed to the presence of Fe3O4 nanoparticles in the
CS matrix. Moreover, the shis indicate strong interaction
between CS and the Fe3O4 nanoparticles [20, 27–29], so
that, the interaction bene�ts the stabilization of the formed
Fe3O4 nanoparticles by the neighboring CS molecules and
prevents them from agglomerating, which is consistent with
the SEM and TEM observations. e interaction between
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F 8: Hysteresis loop of the magnetic composite microcapsules at room temperature (a) and a photo picture to show the magnetic
property of the magnetic composite microcapsules (b).

F 9: SEM images of hollow magnetic CS microcapsules aer calcination.

CS and the Fe3O4 nanoparticles may also interfere with the
crystallization of CS, as shown in Figure 5.

3.3. Properties of the Composite Microcapsules. e Fe3O4
content in the composite microcapsules was determined by
TGA [23]. Figure 7 shows the thermograms of the pure
CS and the composite microcapsules. e thermogram of
the pure CS microcapsules exhibits three obvious stages of
weight losses, corresponding to the removal of absorbed
water, the thermal decomposition of CS, and the oxidation
of charred CS.e ash content of CS is thus determined to be
1.9%. e composite microcapsules display similar thermal
behavior as the pure CS microcapsules. However, almost
constant weight residue is found for the composite microcap-
sules when the temperature is higher than 640○C, suggesting
the presence of only iron oxide and ash. erefore, the
weight content of Fe3O4 in the composite microcapsules is
calculated to be 39.1%. According to our previous work [23],
the Fe3O4 content could be tuned easily by changing the
starting amount of ferri ions.

e magnetic properties of the composite microcapsules
were measured with a vibrating sample magnetometer, with
the results shown in Figure 8(a). e invisible hysteresis

suggests superparamagnetic property of the material. It is
known that the character of the ideal superparamagnetic
materials with size less than 20 nm is zero coercivity and
zero remanence. e present result indicates that the Fe3O4
nanoparticles in the composite microsphere are less than
20 nm, which is consistent with the TEM observation. e
𝑀𝑀𝑠𝑠 of the composite microsphere determined from the
hysteresis loop is 13.9 emu/g, indicating reasonable magnetic
property (Figure 8(b)). e magnetic microcapsules might
have remarkably advantageous biomedical applications [30,
31] like holding drug for target drug delivery, as heating
agent for anti-cancer magnetic hyperthermia treatment, and
so forth.

e composite microcapsules were calcined in a muffle
furnace at 700○C. e SEM images of the obtained products
are shown in Figure 9. It is found that the calcined material
retains spherical shape (Figure 9(A)), and a broken micro-
sphere indicates the hollow feature of the particles (Figure
9(B)). It is known from the TGA results that the CS in the
composite microsphere could be thermally decomposed at
this temperature totally, so the residue would be only iron
oxide. erefore, the hollow particle of pure iron oxide has
been prepared.
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4. Conclusions

In this work, CS and CS composite microcapsules were
prepared by the method of reverse emulsi�cation, in which
aqueous precipitant or nonsolvent other than normal aque-
ous phase was used to directly result in the hollow feature
of the materials. e diameter of the microcapsules ranges
from several 𝜇𝜇m to over 100 𝜇𝜇m, which is believed to be
tunable by adjusting the concentrations of emulsi�cation
reagents and the stirring rate. When Fe3+ and Fe2+ are mixed
with CS to prepare a mixture solution, magnetic composite
microcapsules can be prepared. e experimental results
indicate that the formed Fe3O4 nanoparticles are embedded
in the CS matrix evenly. It is found that strong interaction
exists between the Fe3O4 nanoparticles and theCSmolecules,
which stabilize the Fe3O4 nanoparticles and prevent them
fromagglomerating.eFe3O4 nanoparticles are in the range
from10 to 20 nm,which endues the compositemicrocapsules
with superparamagnetic properties. Based on the hollow
feature of the composite microcapsules, hollow inorganic
particles of pure iron oxide can be prepared aer calcining
the obtained composite microcapsules. e microcapsules
might have potential applications in �elds such as waste water
treatment, drug delivery, and catalyst carrier.

Acknowledgments

is work was funded by the National Basic Research Pro-
gram of China (973 Program, 2010CB732203); the Funda-
mental Research Funds for the Central Universities of China
(no. 2010121055); the Scienti�c and Technological Innova-
tion Platform of Fujian Province of China (2009J1009).

References

[1] Z. Q. Shi, Y. F. Zhou, and D. Y. Yan, “Preparation of poly(𝛽𝛽-
hydroxybutyrate) and poly(lactide) hollow spheres with con-
trolled wall thickness,” Polymer, vol. 47, no. 24, pp. 8073–8079,
2006.

[2] T. Wu, Z. S. Ge, and S. Y. Liu, “Fabrication of thermoresponsive
cross-linked poly(N-isopropylacrylamide) nanocapsules and
silver nanoparticle-embedded hybrid capsules with controlled
shell thickness,” Chemistry of Materials, vol. 23, no. 9, pp.
2370–2380, 2011.

[3] X. X. Liu and M. Jiang, “Preparation and some research high-
lights of polymer vesicles and hollow spheres,” Acta Polymerica
Sinica, no. 9, p. 1007, 2011.

[4] D. E. Discher and A. Eisenberg, “Polymer vesicles,” Science, vol.
297, no. 5583, pp. 967–973, 2002.

[5] D. Y. Chen andM. Jiang, “Strategies for constructing polymeric
micelles and hollow spheres in solution via speci�c intermolec-
ular interactions,” Accounts of Chemical Research, vol. 38, no. 6,
pp. 494–502, 2005.

[6] C. H. Ye, O. Shchepelina, R. Calabrese, I. Drachuk, D. L. Kaplan,
and V. V. Tsukruk, “Robust and responsive silk ionomer micro-
capsules,” Biomacromolecules, vol. 12, no. 12, pp. 4319–4325,
2011.

[7] W. Liu, G. Chen, G. He, Z. He, and Z. Qian, “Sacri�cial
functional polystyrene template to prepare chitosan nanocap-
sules and in vitro drug release properties,” Journal of Materials
Science, vol. 46, no. 20, pp. 6758–6765, 2011.

[8] J. P. Deng, Y. Yu, S. Dun, and W. T. Yang, “Hollow polymer
particles with nanoscale pores and reactive groups on their rigid
shells: preparation and application as nanoreactors,”e Journal
of Physical Chemistry B, vol. 114, no. 8, pp. 2593–2601, 2010.

[9] M. Sgraja, J. Bertling, R. Kümmel, and P. J. Jansens, “Inorganic
and hybrid hollow spheres by coating of microcapsules as
templates,” Journal of Materials Science, vol. 41, no. 17, pp.
5490–5494, 2006.

[10] G. Réthoré and A. Pandit, “Use of templates to fabricate
nanoscale spherical structures for de�ned architectural con-
trol,” Small, vol. 6, no. 4, pp. 488–498, 2010.

[11] Y. Wang, G. Jiang, M. Zhang, L. Wang, R. Wang, and X. Sun,
“Facile one-pot preparation of novel shell cross-linked nano-
capsules: inverse miniemulsion RAFT polymerization as an
alternative approach,” SoMatter, vol. 7, no. 11, pp. 5348–5352,
2011.

[12] H. Strohm,M. Sgraja, J. Bertling, and P. Löbmann, “Preparation
of TiO2-polymer hybrid microcapsules,” Journal of Materials
Science, vol. 38, no. 8, pp. 1605–1609, 2003.

[13] H. L. Xu, X. K. Liu, and D. Y.Wang, “Interfacial basicity-guided
formation of polydopamine hollow capsules in pristine O/W
emulsions—toward understanding of emulsion template roles,”
Chemistry of Materials, vol. 23, no. 5110, pp. 5105–5110, 2011.

[14] R. L. Harbron, T. O. McDonald, S. P. Rannard, P. H. Findlay,
and J. V. M. Weaver, “One-pot, single-component synthesis
of functional emulsion-templated hybrid inorganic-organic
polymer capsules,” Chemical Communications, vol. 48, pp.
1592–1594, 2012.

[15] S. Freitas, H. P. Merkle, and B. Gander, “Microencapsulation
by solvent extraction/evaporation: reviewing the state of the
art of microsphere preparation process technology,” Journal of
Controlled Release, vol. 102, no. 2, pp. 313–332, 2005.

[16] J. Li, S. Wang, H. Liu, S. Wang, and L. You, “Preparation
and characterization of polystyrene/polycarbonate composite
hollow microspheres by microencapsulation method,” Journal
of Materials Science, vol. 46, no. 10, pp. 3604–3610, 2011.

[17] X. Yu, Z. L. Zhao, W. Nie et al., “Biodegradable polymer micro-
capsules fabrication through a template-free approach,” Lang-
muir, vol. 27, no. 16, pp. 10265–10273, 2011.

[18] X. Peng and L. Zhang, “Surface fabrication of hollow micro-
spheres from N-methylated chitosan cross-linked with gul-
taraldehyde,” Langmuir, vol. 21, no. 3, pp. 1091–1095, 2005.

[19] H. Li, M. Wang, L. Song, and X. Ge, “Uniform chitosan
hollow microspheres prepared with the sulfonated polystyrene
particles templates,” Colloid and Polymer Science, vol. 286, no.
6-7, pp. 819–825, 2008.

[20] C. Lu, B.Mu, andP. Liu, “Stimuli-responsivemultilayer chitosan
hollow microspheres via layer-by-layer assembly,” Colloids and
Surfaces B, vol. 83, no. 2, pp. 254–259, 2011.

[21] X. Xiong, J. Duan,W. Zou, X.He, andW.Zheng, “ApH-sensitive
regenerated cellulose membrane,” Journal of Membrane Science,
vol. 363, no. 1-2, pp. 96–102, 2010.

[22] Z. R. Pan, Polymer Chemistry, Chemical Industry Press, Beijing,
China, 2008.

[23] W. Zou, H. Geng, M. Lin, and X. Xiong, “Facile one-pot prepa-
ration of superparamagnetic chitosan sphere and its derived
hollow sphere,” Journal of Applied Polymer Science, vol. 123, no.
6, pp. 3587–3594, 2012.

[24] J. Ge, Y. Hu, M. Biasini et al., “One-step synthesis of highly
water-soluble magnetite colloidal nanocrystals,” Chemistry, vol.
13, no. 25, pp. 7153–7161, 2007.



8 Journal of Chemistry

[25] D. I. Chernichko and G. B. Khomutov, “Synthesis of ordered
iron oxide nanoparticle arrays in planar DNA complexes,”
Inorganic Materials, vol. 45, no. 11, pp. 1370–1288, 2009.

[26] S. H. Xuan, L. Y. Hao, W. Q. Jiang, X. G. Gong, Y. Hu, and Z. Y.
Chen, “A facile method to fabricate carbon-encapsulated Fe3O4
core/shell composites,”Nanotechnology, vol. 18, no. 3, Article ID
035602, 2007.

[27] J. H. Park, K. H. Im, S. H. Lee et al., “Preparation and char-
acterization of magnetic chitosan particles for hyperthermia
application,” Journal of Magnetism and Magnetic Materials, vol.
293, no. 1, pp. 328–333, 2005.

[28] S. R. Bhattarai, R. Bahadur, S. Aryal, M. S. Khil, and H. Y. Kim,
“N-Acylated chitosan stabilized iron oxide nanoparticles as a
novel nano-matrix and ceramic modi�cation,” Carbohydrate
Polymers, vol. 69, no. 3, pp. 467–477, 2007.

[29] M. T. Klepka, N. Nedelko, J. M. Greneche et al., “Local atomic
structure and magnetic ordering of iron in Fe-chitosan com-
plexes,” Biomacromolecules, vol. 9, no. 6, pp. 1586–1594, 2008.

[30] M. Tada, T. Kanemaru, T. Hara, T. Nakagawa, H. Handa, and
M. Abe, “Synthesis of hollow ferrite nanospheres for biomedical
applications,” Journal ofMagnetism andMagneticMaterials, vol.
321, no. 10, pp. 1414–1416, 2009.

[31] M. Kawashita, K. Sadaoka, T. Kokubo, and Z. Li, “Enzymatic
preparation of hollow magnetite microspheres for hyperther-
mic treatment of cancer,” Journal of Materials Science, vol. 17,
no. 7, pp. 605–610, 2006.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Inorganic Chemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

 International Journal ofPhotoenergy

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Carbohydrate 
Chemistry

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Physical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

 Analytical Methods 
in Chemistry

Journal of

Volume 2014

Bioinorganic Chemistry 
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Spectroscopy
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Medicinal Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Chromatography  
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Applied Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Theoretical Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Spectroscopy

Analytical Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Quantum Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Organic Chemistry 
International

Electrochemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Catalysts
Journal of


