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Abstract Nearly monodisperse hollow α-Fe2O3 micro-
spheres composed of nanoparticles have been successfully
synthesized through a facile template-free hydrothermal
method. The products were characterized by X-ray diffrac-
tion, scanning electron microscopy and transmission elec-
tron microscopy. It is shown that the hollow α-Fe2O3 mi-
crospheres consist of well-aligned α-Fe2O3 nanoparticles
with a mean diameter of about 15 nm. This facile reac-
tion route presents an efficient method for mass production
of monodisperse hollow magnetic nanomaterials. The final
α-Fe2O3 microspheres exhibit special magnetic properties
with a small remnant magnetization of 0.09 emu g−1 and a
high coercivity of 1121.67 Oe at room temperature.

1 Introduction

Morphology-controlled synthesis of functional nanostruc-
tured materials has attracted increasing attention among sci-
entists and industrialists, because of their important role in
shaping future technological advances in magnetic, elec-
tronic, optoelectronic, and memory devices. Among differ-
ent particle geometries, hollow metal oxide spheres have re-
cently received much attention. This interest is primarily fu-
eled by the ability to confine chemicals for controlled re-
lease, isolate metal nanoparticle catalysts to prevent ripen-
ing, create high-surface area materials for batteries, and cre-
ate low-index-of refraction materials [1–7].
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Hematite (α-Fe2O3), the most stable iron oxide under
ambient conditions, is of scientific and technological im-
portance, mainly due to its magnetic properties and chem-
ical stability. Developing new routes for the preparation
of α-Fe2O3 nanocrystals with various sizes and shapes
and investigating their distinguished properties is of con-
siderable interest. For instance, Wan group have selected
FeCl3 · 6H2O, urea, and tetrabutylammonium bromide as a
precursor, utilizing ethylene glycol as a solvent to achieve
novel 3D flowerlike iron oxide and it showed an excellent
ability to remove heavy-metal ions and other pollutants in
water treatment [8]. Ganguli et al. have reported a reverse
micellar route to synthesize iron oxalate nanorods using
cetyltrimethyl ammonium bromide as surfactant. Spherical
α-Fe2O3 nanoparticles were obtained by decomposition of
these nanorods at 500°C [9]. Recently, three-dimensional
(3D) urchin-like α-Fe2O3 superstructures have been synthe-
sized by Fu et al. through a template-free hydrothermal syn-
thetic route using FeSO4 · 7H2O and NaClO3 as reagents
and display weak ferromagnetic behavior [10]. These stud-
ies were important for understanding the formation of com-
plex α-Fe2O3 microspheres and their potential applications.
Despite these advances, however, these methods mentioned
above relied on relative higher temperature and special
equipments or surfactants and templates. Therefore, devel-
opment of a simple synthetic methodology for preparation
of novel micro-nanostructured α-Fe2O3 superstructures is a
major challenge till now. To the best of our knowledge, the
studies about the microspheric self-assembly of aggregated
α-Fe2O3 nanoparticles with hierarchically hollow structures
by a simple hydrothermal method (without any catalysts or
templates) are still less reported.

Herein, a facile one-step and template-free synthesis of
monodisperse hollow α-Fe2O3 microspheres by hydrother-
mal method was reported. Compared with the methods men-
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tioned above, this synthetic procedure has the advantages
of simplicity (without any special equipments, organic sol-
vents or templates). Furthermore, the magnetic properties of
the as-synthesized hollow α-Fe2O3 microspheres have been
investigated.

2 Materials and methods

All reagents were analytical grade from Shanghai Chemical
Reagent Ltd. and were used without further purification. In
a typical experiment, 7.5 mmol FeCl3·7H2O and 0.75 mmol
of NaH2PO4 were dissolved in 25 mL de-ionized water in
a flask at room temperature, respectively. Then, the ferrous
solution was added dropwise into the NaH2PO4 solution and
stirred with a magnetic stirrer until a primrose yellow trans-
parent solution was obtained. The mixed solution was trans-
ferred into a 60 mL Teflon-lined stainless steel autoclave.
The autoclave was then sealed and slowly heated to 200°C.
Afterwards, the autoclave was maintained at the same tem-
perature for several hours. After being cooled to room tem-
perature, the products were isolated by centrifugation, re-
peatedly washed with de-ionized water and absolute ethanol
several times to remove the remaining NaCl, NaH2PO4 and
other impurities. Finally, the products were dried in air at
60°C for 5 h.

The phase structure and phase purity of the as-synthe-
sized powders were examined by X-ray diffraction (XRD,
Holland Philips X’pert X-ray diffractometer with Cu-Kα

radiation, λ = 1.5406 Å) at 40 kV, 30 mA over the 2θ

range 20–70°. The surface morphology and sizes of the
products were observed by field-emission scanning elec-
tron microscopy (FE-SEM, Zeiss, Germany, supra 55 micro-
scope with an accelerating voltage of 20 kV) with energy-
dispersive spectra. High-resolution transmission electron

microscopy (HRTEM) images and selected area electron
diffraction (SAED) patterns were taken with a Hitachi
Model H-800 transmission electron microscope operating
at 20 kV. Magnetic measurements for the samples in the
powder form were carried out at room temperature using
a vibrating sample magnetometer (VSM) with a maximum
magnetic field of 10 kOe.

3 Results and discussion

The crystal structure and phase composition of the prod-
ucts obtained at 200°C for 12 h were characterized by XRD
and EDX analysis. As shown in Fig. 1a, according to the
main diffraction peak locations, the sample could be easily
indexed to a hexagonal α-Fe2O3. The calculated cell con-
stants a = 0.5038 nm and c = 1.377 nm was in good agree-
ment with the standard data (JCPDS No. 33-0664). In ad-
dition, no diffraction peaks other than those from α-Fe2O3

are detected, indicating high purity of α-Fe2O3 products.
Furthermore, the EDX method was utilized to identify the
chemical composition of our products. It was observed that
the as-prepared sample mainly contained Fe and O ele-
ments (Fig. 1b) in addition to the Cu peaks which came
from sputtering, further confirming the formation of iron ox-
ides.

The morphology of the products obtained at 200°C
for 12 h was determined by FESEM. Figure 2a is the
overall morphology of the products, which indicates that
the obtained product consisted of large-scale uniform mi-
crospheres. The magnified FESEM image shown in Fig. 2b
clearly displays that the surfaces of these spheres with di-
ameters of 150–200 nm are not smooth. Obviously, they
are composed of small primary particles. Close observa-
tion as shown in the inset in Fig. 2b reveals that the in-

Fig. 1 (a) X-ray diffraction (XRD) pattern and (b) energy-dispersive X-ray analysis (EDX) of the samples obtained at 200°C for 12 h
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Fig. 2 SEM images of hollow
α-Fe2O3 microspheres obtained
at 200°C for 12 h: (a) the overall
morphology; (b) the magnified
SEM image; (c) close
observation of (a)

Fig. 3 TEM of hollow α-Fe2O3
spheres obtained at 200°C for
12 h (a) and high-resolution
TEM image; (b) selected area
electron diffraction (SAED)

dividual α-Fe2O3 nanoparticles have a mean diameter of
about 10–20 nm. α-Fe2O3 nanoparticles get attached to-
gether and assemble into microsphere structure. The hollow
structure of the microspheres can be clearly seen in Fig. 2c,
where the partly broken microspheres show the hollow fea-
ture. The ordered arrangement of the nanoparticles on the
edge of the broken microsphere also can be seen. The av-
erage shell thickness of the microsphere is about 10 nm.
The FESEM image at high magnification further reveals
that the nanoparticles have a rodlike morphology with about
several tens of nanometers in diameter and 10–20 nm in
length.

The products obtained at 200°C for 12 h were further
characterized by HR-TEM accompanied by selected area
electron diffraction (SAED). As shown in Fig. 3a, the prod-
ucts clearly show the hollow structure, and the strong con-
trast between the dark edges and the pale center confirms
that almost all the spherical particles have a hollow cavity in-
side. The detailed observation in Fig. 3a reveals the fact that
the thickness of the shell is about 10 nm. The correspond-
ing SAED pattern (in the inset of the Fig. 3a), which is very
sharp, shows that the product is highly crystalline, which is
also in agreement with the XRD result. The HR-TEM image
in Fig. 3b shows the lattice image obtained at the edge of
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Fig. 4 The hysteresis loop of the as-synthesized products at 200°C

the particles, demonstrating clearly the lattice fringes of the
walls around several small mesopores, and the continuous
lattice fringes demonstrate the single-crystal nature of the
particle, the lattice spacing of 0.368 correspond to (012) lat-
tice planes, giving additional evidence that the nanoparticles
are highly crystalline. The stability of these microspheres
is extraordinarily good at ultrasonic conditions, though they
are composed of nanoparticles. These microspheres could
keep their morphology intact when the ultrasonic time was
prolonged from 5 to 30 min.

It is well known that the magnetic properties of materials
have been believed to be highly dependent on many factors,
such as the morphology, size, and crystal structure (includ-
ing impurities or substitutions) of the as-synthesized sam-
ple [11–14]. Nanoscaled α-Fe2O3 often exhibits unusual
magnetic behaviors, which are different from those of the
bulk sample, owing to the shape- and size-dependent ef-
fects [15, 16]. Therefore, the magnetic property measure-
ments of the as-synthesized α-Fe2O3 microspheres were in-
vestigated. Figure 4 shows the magnetic hysteresis loops of
the samples obtained at 200°C at room temperature in the
applied magnetic field sweeping from −10 to 10 kOe. The
hysteresis loops (M–H ) do not reach saturation, even at the
maximum applied magnetic field. The hysteresis loop of the
products obtained at 200°C shows weak ferromagnetic be-
havior with a remanent magnetization of 0.09 emu g−1 and
a coercivity of 1121.67 Oe at room temperature. The val-
ues of the remanent magnetization and coercivity of the hol-
low α-Fe2O3 microspheres are higher than those of urchin-
like α-Fe2O3 superstructures (4.68 × 10−3 emu g−1 for
remanent magnetization and 92.23 Oe for coercivity, re-
spectively) [10]. The higher remanent magnetization and
coercivity observed in the present study must be asso-
ciated with the unique morphology and structure of the
hollow α-Fe2O3 microspheres and nanorods. The assem-
bled hollow α-Fe2O3 microspheres and nanorods in fact

consisted of many primary nanoparticles with a diame-
ter of 20 nm, which makes the number of subparticles
increase, resulting in the enhancement in the values of
remanent magnetization and coercivity. Therefore, it can
be concluded that the remanent magnetization and coer-
civity value decreased as the size of the corresponding
α-Fe2O3 nanostructures increased. The small coercivity of
α-Fe2O3 nanocrystals suggests that they belong to semi-
hard magnetic materials, which may find applications as re-
lay, switch, semi-fixed storage, and in magnetooptical nan-
odevices [17, 18].

4 Conclusion

In summary, hollow α-Fe2O3 microspheres have been syn-
thesized by hydrothermal method without the use of any
template or organic surfactant. The hollow microspheres are
composed of α-Fe2O3 nanoparticles. The final α-Fe2O3 mi-
crospheres exhibit special magnetic properties with a small
remnant magnetization of 0.09 emu g−1 and a high coerciv-
ity of 1121.67 Oe at room temperature. This facile and en-
vironmentally friendly hydrothermal method endows large-
scale synthesis of the hollow α-Fe2O3 microspheres and
good crystal quality, which may pave the way for the po-
tential applications of these hollow microspheres as build-
ing blocks in gas sensors, heterogeneous catalysis, optical
devices, and microreactors.

Acknowledgements This work has been supported by the National
Nature Science Foundation (50903040), China Postdoctoral Science
Foundation (20090451169), Jiangsu Postdoctoral Science Founda-
tion (0901078C), Jiangsu Key Lab of material tribology Foundation
(kjsmcx0905), and the Senior Intellectuals Fund of Jiangsu University
(09JDG003).

References

1. F. Caruso, R.A. Caruso, H.M. Lhwald, Science 282, 1111 (1998)
2. A.D. Dinsmore, M.F. Hsu, M.G. Nikolaides, M. Marquez, A.R.

Bausch, D.A. Weitz, Science 298, 1006 (2002)
3. H.C. Zeng, J. Mater. Chem. 16, 649 (2006)
4. H.G. Yang, H.C. Zeng, Angew. Chem. 116, 5318 (2004)
5. J. Goldberger, R. He, Y. Zhang, S. Lee, H. Yan, H.J. Choi, P. Yang,

Nature 422, 599 (2003)
6. X. Huang, C. Guo, J. Zuo, N. Zheng, G.D. Stucky, Small 5, 36

(2009)
7. Z.C. Wu, K. Yu, S.D. Zhang, Y. Xie, J. Phys. Chem. C 112, 11307

(2008)
8. L.S. Zhong, J.S. Hu, H.P. Liang, A.M. Cao, W.G. Song, L. Wan,

J. Adv. Mater. 18, 2426 (2006)
9. A.K. Ganguli, T. Ahmad, J. Nanosci. Nanotechnol. 7, 2029 (2007)

10. L.P. Zhu, H.M. Xiao, X.M. Liu, S.Y. Fu, J. Mater. Chem. 16, 1794
(2006)

11. H.G. Yang, H.C. Zeng, Angew. Chem. 43, 5930 (2004)
12. N.K. Chaudhari, J.S. Yu, J. Phys. Chem. C 112, 19957 (2008)
13. T.P. Raming, A.J. A Winnubst, C.M. Van Kats, A.P. Philipse,

J. Colloid Interface Sci. 249, 346 (2002)



Template-free synthesis of hollow α-Fe2O3 microspheres 563

14. B. Tang, G.L. Wang, L.H. Zhuo, J.C. Ge, L.J. Cui, Inorg. Chem.
45, 5196 (2006)

15. W.Y. Yin, X. Chen, M.H. Cao, C.W. Hu, B.Q. Wei, J. Phys.
Chem. C 113, 15897 (2009)

16. M. Sorescu, R.A. Brand, D.M. Tarabasanu, L. Diamandescu,
J. Appl. Phys. 85, 5546 (1999)

17. M.B. Tian (ed.), Magnetic Materials (Tsinghua University, Bei-
jing, 2001)

18. R.F. Ziolo, E.P. Giannelis, B.A. Weinstein, M.P. O’Horo, B.N.
Ganguly, V. Mehrotra, M.W. Russell, D.R. Huffman, Science 257,
219 (1992)


	Template-free synthesis of hollow alpha-Fe2O3 microspheres
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


