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Uniform mesoporous superparamagnetic 3D hematite superstructures self-assembled using

nanoparticles as building blocks have been successfully obtained in large quantities via an oleic acid-

assisted one-pot solvothermal route. The as-obtained products were characterized by X-ray

diffraction, X-ray photoelectron spectroscopy, Raman spectroscopy, scanning electron microscopy,

transmission electron microscopy, Fourier transform infrared spectroscopy and N2 absorption-

desorption isotherm. Some factors influencing the phase and morphology of the products were

systematically investigated. Reaction time plays an important role in phase transition of the products

from magnetite (microspheres), to hematite (mesoporous 3D superstructures), to maghemite

(magnetic chains). Notably, ultrafine nanoparticles or cubic superstructures can also be obtained

without oleic acid or instead by other additives. Oleic acid-assisted self-assembly and dissolution-

recrystallization process is proposed based on experimental investigation and analysis. The magnetic

study reveals a surprising phenomenon that the mesoporous 3D hematite superstructures exhibit a

unique superparamagnetic behavior with a high saturation magnetization at room temperature,

which is seldom reported thus far for the mesoporous 3D hematite superstructures. Uniform

mesoporous superparamagnetic 3D hematite superstructures probably have potential application in

magnetorheology, catalysis and water treatment.

Introduction

Over the past few years, the fabrication of three-dimensional (3D)

hierarchical magnetic superstructures self-assembled by using

nanoparticles (0D),1 nanorods (1D),2 nanoplates3 or nanosheets

(2D)4,5 as have attracted a great deal of attention because of their

unique properties and potential applications as compared with the

fundamental building blocks.6,7 Generally, the simplest synthetic

route to 3D magnetic superstructures is probably self-assembly, in

which ordered aggregates are formed in a spontaneous process.8–10

It has been demonstrated that the magnetic properties, such as

saturation magnetization (Ms) and coercive force, are closely

related to the morphology, size and crystallinity of magnetic

materials.11–14 However, the self-assembly of nanoscale magnetic

particles into complex 3D architectures with controllable mor-

phology and well-defined crystalline structure remains one of main

challenges for material synthesis and device fabrication.

As an important n-type semiconductor with an optical band gap

of 2.1 eV,15 hematite (a-Fe2O3) is the most thermodynamically

stable phase among iron oxides and has potential applications in

magnetic devices,16,17 photocatalysis,18 lithium ion batteries,1,19 gas

sensors,20,21 pigments,22,23 owing to its nontoxicity, low processing

cost, and high resistance to corrosion. Stimulated by the promising

applications, considerable efforts have been devoted to the

synthesis of hematite nanostructures with different morphologies.

To date, well-defined nanostructures of hematite with different

dimensionalities such as 0D (nanoparticles),24 1D (nanorods,25

nanowires,26 nanotubes,27 nanospindles,28 nanofibers29), 2D (nano-

flakes,15 nanocages,30 nanorings,20 nanofilms31), and 3D (cubes,25

hollow spheres,16 dentritic crystals,32 urchin-like flowers33) super-

structures have been successfully obtained by a series of solution-

based routes and vapor-phase processes. Especially, 3D super-

structures of hematite which allow exploration of the collective

properties of nanoscale particles often produce more active sites or

exhibit more interesting electrical,33 optical,28 catalytic,18 and

magnetic properties25 than those of the 2D or 1D architectures.

Therefore, it is meaningful to develop simple and feasible routes to

the synthesis of 3D hematite superstructures with controllable

morphology and well-defined crystalline structure. As known, bulk

hematite has a first-order magnetic transition at TM = 263 K, which

is called Morin transition. Below TM, the antiferromagnetic (AF)

spins are oriented along the c-axis. Above TM, spins lie AF in the
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basal plane of the crystal with a ferromagnetism component.34 So it

is easy to understand that kinds of 3D hematite superstructures

generally show ferromagnetism component at room temperature.

However, the magnetic properties of 3D hematite superstructures

dependent on the particle size, structure and packing density are

variable.35

In this work, we firstly report a facile solvothermal route to

synthesize uniform mesoporous superparamagnetic 3D hematite

superstructures on a large scale. 3D hematite superstructures are

constructed of self-assemblies of thousands of nanoscale particles

under the direction of oleic acid (OA). Importantly, there exists a

great deal of slit among nanoscale particles so that 3D hematite

superstructures are provided with mesoporous structures. Besides,

magnetite microspheres and maghemite magnetic chains were also

obtained as the reaction time was reduced or increased, indicating

that the phase transition comes about. Notably, ultrafine nano-

particles and cubic superstructures can be obtained without OA or

instead by other additives. On the basis of the experimental

investigation and analysis, oleic acid-assisted self-assembly and

dissolution-recrystallization process are proposed to understand

the formation of mesoporous 3D hematite superstructures. The

magnetic properties of the as-synthesized products are studied

using a superconducting quantum interface device magnetometer.

Experimental

Sample preparation

All of the chemical reagents used in this experiment were of

analytical grade and used without further purification. Iron(III)

acetylacetonate (Fe(acac)3) was purchased from Aldrich. OA,

triethylene glycol (TEG), dodecylamine (DAM) and ethanol

were purchased from the Shanghai Chemical Reagent Company.

The mesoporous superparamagnetic 3D hematite superstruc-

tures were synthesized by a facile solvothermal route. In a typical

procedure, 0.5 mmol (0.1766 g) of Fe(acac)3 were dispensed into

15 mL of TEG and magnetically stirred for 15 min. Next, 5 mL

of OA was added and constantly stirred for 15 min. The resulting

mixture was then sealed into a Teflon-lined autoclave, followed

by solvothermal treatment at 200 uC for 8 h in an electric oven.

After the treatment, the reddish-brown products were collected,

washed three times with ethanol, and then vacuum-dried at 50 uC
for 8 h.

Characterization

The morphologies of the products were observed with field-

emission scanning electron microscopy images (SEM) on a JEOL

JSM-6300F SEM. Transmission electron microscopy (TEM) and

high resolution transmission electron microscopy (HRTEM)

were performed with a JEOL-2010 microscope operated at an

accelerating voltage of 200 kV with a tungsten filament. The

phase and composition of the products were determined by a

Rigaku D/Max-cA rotating-anode X-ray diffractometer

equipped with monochromatic high-intensity Cu-Ka radiation

(l = 1.54187 Å). X-Ray photoelectron spectroscopy (XPS) was

performed with an XPS instrument (ESCALAB 250, Thermo)

using Al Ka X-ray source (1486.6 eV). Raman spectroscopy was

recorded on a confocal microscopy DXR SmartRaman

Spectrometer (Thermo Scientfic) with an excitation wavelength

of 532 nm. Fourier transform infrared (FTIR) spectroscopy was

performed with a spectrophotometer (Nicolet IS10, Thermo-

Fisher, USA). The thermal gravimetric (TG) and differential

scanning calorimetry (DSC) curves were measured on a DTG-

60H/DSC-60 thermal analyzer (Shimadzu, Japan) with a heating

rate of 20 uC min21 in flowing air. The BET surface area and

pore size distribution were measured with a Micromeritics

Coulter (USA) instrument. The magnetic properties of the

products were measured on a superconducting quantum inter-

ference device (SQUID) magnetometer.

Results and discussion

Structure, composition and morphologies

The phase structure and composition of the as-obtained samples

were characterized by XRD, XPS and Raman spectroscopy.

Fig. 1 shows the XRD patterns of as-obtained products for

different reaction times, indicating that the crystallization and

phase structure of the as-obtained samples can be controlled by

varying the reaction time. When the reaction time is as short as

0.75 h, the crystallization of the products is poor (Fig. 1a). As the

reaction time was increased to 4 h, the products underwent an

obvious crystallization process (Fig. 1b,c). Besides, the XRD

patterns shown in Fig. 1b,c indicate that magnetite (Fe3O4) or

maghemite (c-Fe2O3) was obtained. Herein, caution should be

taken when identifying magnetite or maghemite simply based on

their ordinary XRD patterns, due to the same spinel structure

and similar lattice parameter a (0.8350 nm for c-Fe2O3 [JCPDS

No. 24-0081, No. 04-0755] and 0.8378 nm for Fe3O4 [JCPDS No.

89-0691]).36 XPS and Raman analysis were carried out for 4 h for

identification of the as-obtained samples. As shown in Fig. 2a

and b, the binding energies obtained in the XPS were corrected

for specimen charging by referencing the C1s line to 284.5 eV.

The survey reveals that the products for 4 h are composed of Fe

and O (Fig. 2a). In the high-resolution Fe2p spectrum (Fig. 2b),

two distinct peaks were found at a binding energy of y710.6 eV

for Fe2p3/2 and y724.1 eV for Fe2p1/2, which is quite consistent

with the handbook values of magnetite.37 The Raman spectrum

presented in Fig. S1{ further confirm the magnetite phase of the

Fig. 1 XRD patterns of as-obtained products for different reaction

times (a) 0.75 h, (b) 2 h, (c) 4 h, (d) 8 h, (e) 16 h.
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as-obtained samples for 4 h. The characteristic band in the

Raman spectrum is centered at 667 cm21, which belongs to the

typical A1g mode of magnetite.38,39 After 8 h of reaction time,

well-defined XRD patterns were observed and all diffraction

peaks were perfectly indexed (Fig. 1d), which is well in agreement

with the standard data of the rhombohedral crystalline phase of

a-Fe2O3 (JCPDS No. 89-0597).20 However, the XRD patterns of

the as-obtained samples for 16 h indicate that the rhombohedral

crystalline phase of hematite has transformed into magnetite or

maghemite with the same spinel structure. XPS and Raman

analyses were used again to identify the samples for 16 h, as

shown in Fig. S2 and Fig. S1.{ XPS analysis indicates that the

products for 16 h are also composed of Fe and O (Fig. S2a). The

difference with that for 4 h is that two distinct peaks at a binding

energy of y710.4 eV for Fe2p3/2 and y724.1 eV for Fe2p1/2 with

a satellite peak at y719.3 eV are observed (Fig. S2b),{ which is

the characteristic of Fe3+ in Fe2O3.
20 Moreover, the Raman

spectrum of the as-obtained products for 16 h shows the

characteristic bands of maghemite around 350, 500, and 700 cm21

(Fig. S1),{ which can be easily distinguished from the magnetite

one.38–40 On the basis of XPS and Raman analysis, the products

for 16 h belong to maghemite. The phase transition from

magnetite to hematite, to magnetite is seldom seen in the previous

literature and may be ascribed to the solvothermal treatment with

high temperature and pressure.41

The morphologies and microstructures of the as-obtained

samples were examined by SEM, TEM and HRTEM. Fig. 3a

shows a typical SEM image of the products for 8 h. It can be

clearly observed that the products are composed of densely

packed spherical particles with a good size distribution of

2.1y2.3 mm (seen in the inset of Fig. 3a). The SEM image with

high-resolution shows that thousands of nanoparticles loosely

assemble to construct 3D hematite superstructures (Fig. 3b). A

typical TEM image demonstrates that 3D hematite super-

structures have no large voids inside (Fig. 3c). Fig. 3d shows

the surface microstructures of 3D hematite superstructures,

which further verifies that the superstructures are indeed

composed of a large quantity of nanoparticles. The HRTEM

images (Fig. 3e,f) show the lattice images obtained at the edge of

two different nanoparticles. It demonstrates clearly the lattice

fringes with interplanar spacing of 2.67 and 3.71 Å (3.74 Å

shown in Fig. 3f), corresponding to the (104) and (012) planes of

the crystalline hematite, respectively.42 Analysis of the nanopar-

ticles by HRTEM demonstrates that the single nanoparticle is

well crystallized in the same direction and belongs to single

crystalline.

Surface chemical structures and thermal stability

The surface chemical structures and thermal stability of the as-

obtained samples for 8 h were characterized by FTIR spectro-

scopy and TG-DSC measurement. In the FTIR spectrum

(Fig. 4a), the adsorption peak at 3442 cm21 is due to the

characteristic peak of –OH. The peaks at 2925, 2855, 1635, 1411

and 1060 cm21 accord with the characteristic peaks of OA

Fig. 2 (a) XPS spectrum of as-obtained products for 4 h, (b) high-resolution Fe2p spectrum.

Fig. 3 (a) Typical SEM image, (b) high-resolution SEM image, (c)

TEM image, (d) high-resolution SEM image in profile, (e,f) HRTEM

images of the as-obtained samples for 8 h (the inset in Fig. 3a is the

histogram of particle size distribution).
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molecules.43 Nonetheless, the correlative literature demonstrates

that TEG molecules have notable FTIR absorption at 3430,

2923, 2845, 1120y1060 cm21, which corresponds to O–H, C–H

and C–O stretching vibrations of TEG molecules.44 Obviously,

the FTIR absorption bands of TEG molecules are matched with

those shown in Fig. 4a to a great extent. Other adsorption peaks

at 568 and 479 cm21 can be assigned to the vibrations of Fe–O.45

The FTIR spectroscopy analysis reveals that the surface of 3D

hematite superstructures not only contains OA molecules, but

also TEG molecules. As the TG curve of the as-obtained samples

for 8 h shown in Fig. 4b, the weight loss from 30 to 400 uC
corresponds to the solvent evaporation and decomposition of

organic components. Besides, there are two exothermic peaks at

about 265 and 546 uC on the DSC curve which may be ascribed

to the heat release from the decomposition of organic

components and the further crystallization process of hematite

without any weight loss, respectively.46

Surface area and porosity

Fig. 5 shows a typical N2 adsorption/desorption isotherm and

the pore size distribution of the as-obtained samples for 8 h. The

special surface area is as high as 78.3 m2 g21, which is much higher

than the value of hematite hierarchically hollow microspheres

reported previously in literature (20 m2 g21).5 The amount

adsorbed rose linearly along with the increase of relative pressures,

as shown in Fig. 5. This corresponds to the characteristics of type

IV isotherm with a type H4 hysteresis loop associated with the

loose assemblages of numerous nanoparticles forming slit-like

pores, which was confirmed by the SEM image (the inset in Fig. 5)

Fig. 4 (a) FTIR spectrum, (b) TG-DSC curves of the as-obtained samples for 8 h.

Fig. 5 N2 absorption–desorption isotherm, the corresponding pore size distribution and a colorful image of the as-obtained samples for 8 h (insets).
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Additionally, the hysteresis loop appears at the middle pressure

region (P/P0 = 0.3y0.8), suggesting the presence of mesopores.47

The pore size distribution (the inset in Fig. 5) shows that the size of

most of the pores is y2.2 nm, which further proves the loose

structures constructed by self-assembly of nanoparticles. Thus, the

as-obtained mesoporous 3D hematite superstructures with high

surface area have potential application in the catalysis and water

treatment.

Formation mechanism

To understand the formation mechanism of the mesoporous 3D

hematite superstructures, the effect of reaction parameters (time,

amount of Fe(acac)3 and additives) on the resultant products

was investigated in detail. Fig. 6 shows typical morphological

evolvement for different reaction times of 0.75, 4, 12 and 16 h. At

a short reaction time of 0.75 h, microspheres with a smooth

surface and bright spots emerged as initial products (Fig. 6a).

The size of the microspheres ranges from 3.3 to 4.2 mm, as shown

in Fig. S3a.{ According to the SEM image of the broken

microspheres (see ESI, Fig. S3b), the reason for the bright spots

could be ascribed to the unwashed solvents. After reaction of 4 h,

the surface of the microspheres starts to get slightly rough

(Fig. 6b). When the reaction time was increased to 12 h, the

morphology of the products is similar to that of 8 h except that

the mesoporous structures begin to disappear (Fig. 6c).

Surprisingly, the magnetic chains self-assembled by two or

several microspheres come about as the reaction time was

extended to 16 h (Fig. 6d). Up to date, the reports related to the

maghemite magnetic chains obtained without the applied

magnetic field are seldom found. The transition of crystalline

structures may be responsible for the formation of the magnetic

chains, and an exact reason should further be investigated. These

results indicate that the reaction time plays a key role in

determining the size and morphology of the products.

Fig. 7 displays the SEM images of the samples prepared with

different amount of Fe(acac)3. As shown in Fig. 7a, microspheres

with a slightly rough surface were obtained when the amount of

Fe(acac)3 was doubled. The size of the microspheres has an

uniformity of y2 mm, but no obvious porous structures can be

seen. As the amount of Fe(acac)3 was halved, monodisperse

submicrospheres with a rough surface were obtained (Fig. 7b)

and the particle size ranges from 450 to 650 nm according to the

histogram of the particle size distribution (see ESI, Fig. S4a).

With a quarter of the amount of Fe(acac)3, a larger number of

aggregates and a few sphere-like structures were achieved

(Fig. 7c). Hence one can see that the size and morphology of

the products can be tuned by adjusting properly the amount of

Fe(acac)3.

In our typical procedure, OA was chosen as an additive to

bedeck magnetic particles and reduce their surface energy.

However, ultrafine magnetic nanoparticles were obtained with-

out the existence of OA (Fig. 8a). The average size of the

ultrafine magnetic nanoparticles is 9.1 nm based on the statistical

results shown in Fig. S4b.{ A standard deviation of 0.9 nm

demonstrates the high monodispersity of the ultrafine magnetic

nanoparticles. Interstingly, the magnetic nanoparticles dispersed

in the solvent of ethanol instantaneously exhibit wonderful

behavior of magnetic fluid when an external magnetic field was

applied by a magnet (see inset in Fig. 8a). When 1 mL of OA was

dropped into the reaction system, microspheres with slight

smooth surface were easily achieved (Fig. 8b). Taking place of

5 mL of OA by 5 mL of DAM, a mass of aggregates consisting of

irregular microspheres or particles come about (Fig. 8c). When

2.5 mL of OA and 2.5 mL of DAM were mixed as additives,

cubic superstructures with a defective surface were received

(Fig. 8d). The high-resolution SEM image of the samples (see the

inset in Fig. 8d) indicates that the cubic superstructures could be

assembled by larger numbers of nanoparticles in the form of

oriented attachment.

Based on the above experimental results, we propose a

possible formation mechanism for the mesoporous 3D hematite

superstructures as shown schematically in Fig. 9. Initially, rapid

stirring was used to accelerate the dissolution and coordination

Fig. 6 SEM images of the as-obtained samples for different reaction

times (a) 0.75 h, (b) 4 h, (c) 12 h, (d) 16 h.

Fig. 7 SEM images of the samples prepared with different amounts of

Fe(acac)3 (a) 1 mmol, (b) 0.25 mmol, (c) 0.125 mmol.
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of Fe(acac)3 in TEG solution, and then under the solvothermal

conditions, the iron alkoxide was decomposed to become the

nuclei and quickly grew into the primary magnetite nanoparticles

capped by OA.48 In the next growth stage, thousands of OA-

capped magnetite nanoparticles self-assembled into magnetite

microspheres. Generally, the driving force for magnetic nanopar-

ticles assembly into the microspheres may originate from the

inherent magnetic interaction or other physical or energetic means,

such as Brownian motion,49 van de Waals forces,50 hydrogen

bonds51 and crystal-face attraction.52 Moreover, it has been

reputed that the subunits assembly can be driven through the

binding affinities between organic ligands and inorganic nanopar-

ticles or promoted by the interactions among surface-capped

ligands.53 In this context, control experiments demonstrate that the

microspheres can’t be achieved in the absence of OA or being

replaced by other additives (Fig. 6a, c and d), which indicates that

OA plays a crucial role in directing the magnetic nanoparticles

assembly into microspheres. According to the results of FTIR

spectroscopy analysis (Fig. 4a), van de Waals force and/or

hydrogen bonds among the capping OA molecules may be the

most probable candidates for the driving force of self-assembly.

With the increase of solvothernal time, magnetite microspheres

with a smooth surface come about by a transient Ostwald ripening.

However, the magnetite microspheres with a smooth surface are

metastable. According to the Gibbs-Thompson equation and

Fick’s first law, the chemical potential of a particle increases with

the decrease in particle size, meaning that the equilibrium

concentration near a small particle is higher than that near a large

one. The resulting concentration gradient would lead to the

diffusion of molecular-scale species from smaller to larger

particles.48 Generally, the inner particles in the microspheres can

be considered as smaller particles because they have high

curvature. Therefore, they are capable of diffusing to the outer

area by the dissolution-recrystallization process.54 In our case, the

dissolution-diffusion of the smaller particles would be partially

inhibited because the OA molecules anchor to the smaller particles.

However, those smaller particles protecting from dissolving

underwent phase transition under the solvothermal environment

with high temperature and pressure so that mesoporous 3D

hematite superstructures rather than hollow structures formed

after a long dissolution-recrystallization process.41

Magnetic properties

The magnetic properties of the mesoporous 3D superstructures

(8 h), microspheres (4 h) and magnetic chains (16 h) were

measured at room temperature from 215 000 Oe to 15 000 Oe,

and their hysteresis loops are shown in Fig. 10. From the plots of

M versus H (Fig. 10a), the Ms of the mesoporous 3D super-

structures is 28.9 emu g21, which is much higher than the reported

value of bulk hematite.34 Interestingly, the remnant magnetization

and coercivity (Hc) of the mesoporous 3D superstructures are also

close to zero (seen in the inset of Fig. 10a), indicating the

appearance of superparamagnetic state. The zero field cooled

(ZFC) and field cooled (FC) magnetization study was also

performed to prove the superparamagnetic state (see ESI, Fig.

S5).{ The ZFC curve shows an increase of the magnetization up to

the maximum value at 158 K, which corresponds to the super-

paramagnetic blocking temperature (TB). Its appearance further

proves the superparamagnetic behavior of the mesoporous 3D

superstructures. at room temperature. Generally, hematite is

weakly ferromagnetic at room temperature and undergoes phase

transition at 263 K (the morin temperature, TM) to an anti-

Fig. 8 SEM images of the samples prepared using different amounts of

additives and other additives (a) 0 mL OA, (b) 1 mL OA, (c) 5 mL DAM,

(d) 2.5 mL OA and 2.5 mL DAM (the inset in Fig. 8a exhibits a magnetic

response of dispersion of the ultrafine nanoparticles).

Fig. 9 Schematic illustration of the formation mechanism of the mesoporous 3D hematite superstructures.

8686 | RSC Adv., 2012, 2, 8681–8688 This journal is � The Royal Society of Chemistry 2012

Pu
bl

is
he

d 
on

 2
5 

Ju
ly

 2
01

2.
 D

ow
nl

oa
de

d 
on

 0
9/

12
/2

01
4 

02
:0

7:
42

. 
View Article Online

http://dx.doi.org/10.1039/c2ra20540h


ferromagnetic state.34 It is known that the particles change from a

multidomain to a single domain when the size of the magnetic

particles decreases. If the single domain particles become small

enough, the magnetic moment in the domain fluctuates in direction

because of thermal agitation, which leads to superparamagnet-

ism.55 According to previous reports, the hematite critical size for

transition of ferromagnetic to superparamagnetic behavior is

different, which is related to differences in particle shapes, the

strain and defects in the particles induced by different synthetic

routes.35, 56–58 For spherical hematite, the reported, biggest

threshold diameter is about 41 nm, below which the particles

become superparamagnetic (Hc#0).57 Nonetheless, for one-

dimensional nanostructures (hematite nanorods), the value is

15 y25 nm in breadth and 170y330 nm in length.58 However, the

average size of the as-obtained mesoporous 3D hematite super-

structures is 2.2 mm, far higher than those reported above. The

possible reason could be assigned to the unique structures

influencing the magnetic properties of hematite. In fact, the as-

obtained 3D hematite superstructures are composed of thousands

of primary nanoparticles of about 30 nm (see ESI, Fig. S6).{ Each

primary particle can be visualized as a small enough single domain

(superparamagnetic) particle so that the assembled 3D hematite

superstructures also show superparamagnetic behavior. In con-

trast, the Ms of the microspheres and magnetic chains reach up to

41.1 and 62.7 emu g21 (Fig. 10a), obvious remnant magnetization

and coercivity also appear (Fig. 10b). This result reveals that both

microspheres and magnetic chains display normal ferromagnetic

behavior. The transition of magnetic behavior should be ascribed

to the evolvement of the phase, structure and morphology of

samples.9–11 Whether the microspheres or magnetic chains are

composed of microstructures rather than the unique superstructures

constructed by nanoparticles of about 30 nm, so the appearance of

ferromagnetic state can be understood. More detailed investigation

and explanation of their magnetic properties are in progress.

Conclusion

In summary, uniform mesoporous superparamagnetic 3D

hematite superstructures have been successfully obtained in

large quantities via a facile oleic acid-assisted solvothermal route.

The unique mesoporous superstructures are assembled loosely

by thousands of nanoparticles of about 30 nm and are 2.1y2.3 mm

in diameter. By adjusting the reaction parameters, the morphology

of the as-obtained products can be effectively tuned as micro-

spheres, submicrospheres, magnetic chains, ultrafine nanoparticles

and cubic superstructures. The time-dependent experiments

demonstrate that the phase transition of the products from

magnetite to hematite, to maghemite follows by morphological

conversion from microspheres to mesoporous 3D superstructures,

to magnetic chains. On the basis of time-dependent experiments, a

possible formation mechanism is proposed, which involves five

evolution stages. Especially, the formation and self-assembly of

OA-capped magnetite nanoparticles, and final dissolution-recrys-

tallization are the indispensable steps. The magnetic measurements

demonstrate that the mesoporous 3D hematite superstructures

display unique superparamagnetic behavior at room temperature,

which is seldom reported thus far for the mesoporous 3D hematite

superstructures. The superparamagnetic behavior with an Ms

value of 28.9 emu g21 is probably caused by the unique loose

structures constructed by assembly units of 30 nm. Uniform

mesoporous superparamagnetic 3D hematite superstructures

probably have a potential application in magnetorheology,

catalysis and water treatment.
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