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Abstract: R-Fe2O3 has been synthesized with an ordered mesoporous structure and crystalline walls that
exhibit a near-single crystal-like order. The unique magnetic behavior of the material, distinct from bulk
nanoparticles of R-Fe2O3 or mesoporous Fe2O3 with disordered walls, has been established. Magnetic
susceptibility, Mössbauer, and neutron diffraction data show that the material possesses the same long-
range magnetic order as bulk R-Fe2O3, despite the wall thickness being less than the 8 nm limit below
which magnetic ordering breaks down in nanoparticulate R-Fe2O3, yet the Morin transition of bulk R-Fe2O3

is absent. It is also shown by TEM, PXRD, and EXAFS that R-Fe2O3 with the same ordered mesoporous
structure but disordered walls contains small crystalline domains. Mössbauer and magnetic susceptibility
data demonstrate that this material exhibits no long-range magnetic order but superparamagnetic behavior.

Introduction

The preparation of open shell transition metal oxides in the
form of mesoporous solids (pore sizes 20-150 Å) endows such
materials with unique properties.1-3 The porosity permits access
to a large internal transition metal oxide surface where catalytic
processes can occur and the confined dimensions of the
transition metal oxide walls, between the pores, can change
significantly the electrical, magnetic, and optical properties of
the materials.

The formation of mesoporous silicas, alumino-silicates,
alumino-phosphates, and related materials is already well
established.4-7 It has, however, proved significantly more
difficult to synthesize transition metal oxides in the form of
mesoporous materials. Pioneering work achieved success with
compounds, such as Nb2O5, TiO2, ZrO2, WO3, and MnOx, using
soft templating (surfactant) methods, including ligand-assisted
templating.1,8-11 Recently, hard templating methods have been

introduced.12-17 Typically, such methods employ a mesoporous
silica as the hard template into which a solution-based precursor
of the desired phase is introduced, and following heating to form
the desired phase, the silica template is dissolved away to leave
a replica mesoporous structure of the target compound. The hard
templating route has opened the way to more mesoporous
transition metal oxides. However, this method also has its
limitations; the resulting materials must be stable in HF or NaOH
solution, and the precursors must not react with the silica
template at high temperature. For example, in the formation of
lithium transition metal oxides, it is necessary to first form the
transition metal oxide as a mesoporous solid to avoid Li reaction
with the silica template, then to react the mesoporous transition
metal solid with a lithium source, such as LiOH.18

Iron oxides represent a particularly important class of
materials capable of use in a wide range of applications,
including catalysis, in magnetic devices, and in rechargeable
lithium batteries. They combine such functionality with low cost
and low toxicity.19-21 Porous Fe2O3 with disordered and ordered
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mesoporous structures have been prepared using soft templating
methods.22-26 However, such methods invariably lead to me-
soporous materials with amorphous walls. Hard templating
offers an alternative route to the formation of mesoporous Fe2O3.
Fabrication of Fe2O3 by such a route has been reported as part
of a wider study of mesoporous transition metal oxides, but
few details were given.17 Although, in general, the formation
of mesoporous transition metal oxides by hard templating yields
materials with highly crystalline walls, this has not been the
case for Fe2O3.15-18 Yet such crystallinity is expected to have
an important influence on the properties of the resulting
mesoporous materials, especially their magnetic behavior. It is
therefore critical to synthesize ordered mesoporous Fe2O3 with
crystalline walls. Here we demonstrate, for the first time, the
synthesis of ordered mesoporous Fe2O3 with highly crystalline
walls. We also show that the magnetic properties of the material
are unique, differing from bulkR-Fe2O3, nanoparticulate
R-Fe2O3, and mesoporous Fe2O3 with disordered walls.

Experimental Section

In a typical synthesis of mesoporousR-Fe2O3, 1 g of Fe(NO3)3‚
9H2O (98% Aldrich) was dissolved in 20 mL of ethanol followed by
addition of 1 g of mesoporous silica, KIT-6. The silica template was
prepared according to the procedure described by Ryoo and co-
workers.27 After stirring the mixture at room temperature until nearly
dry powder had been obtained, the sample was heated slowly to 300
°C and calcined at that temperature for 3 h. The impregnation procedure
was repeated, followed by calcination at 500°C for 3 h, resulting in
mesoporousR-Fe2O3 with disordered walls. For the synthesis of
mesoporousR-Fe2O3 with ordered walls, 1.5 g of Fe(NO3)3‚9H2O (98%
Aldrich) was used. After being stirred at room temperature until a fine
and completely dry powder was formed, the sample was heated slowly
to 600°C and kept at that temperature for 6 h. Such differences in the
synthesis conditions are sufficient to change significantly the atomic
ordering within the walls and have a profound influence on the magnetic
behavior, as demonstrated later. The resulting samples were treated
three times with hot 2 M NaOH to remove the silica template,
centrifuged, washed several times with water and ethanol, then dried
at 60°C in air.

Transmission electron microscopy (TEM) was carried out using a
JEOL JEM-2011. Wide-angle powder X-ray diffraction data were
collected on a Stoe STADI/P powder diffractometer operating in
transmission mode and with a small angle position sensitive detector.
Incident radiation was generated using an FeKR1 source (λ ) 1.936 Å).
Small-angle powder X-ray diffraction was carried out using a Rigaku/
MSC, D/max-rB with CuKR1 radiation (λ ) 1.541 Å) and a scintillation
detector. Nitrogen adsorption-desorption measurements were con-
ducted using a Hiden IGA porosimeter.57Fe Mössbauer spectra were
recorded in transmission geometry on a standard EG&G spectrometer
in the constant acceleration mode, using57Co(Rh). The hyperfine
parametersδ (isomer shift) and∆ (quadrupole splitting) were deter-
mined by fitting Lorentzian lines to the experimental data, making use
of the ISO program.28 All isomer shifts are given with respect to the

room temperature spectrum ofR-Fe. Oxidation states were verified by
XANES, and local structure was probed by EXAFS on Station 9.3 at
the CCLRC Daresbury Laboratory SRS, U.K. Magnetization data were
taken for both materials on a Quantum Design SQUID magnetometer
from 1.8 to 300 K, in fields of 0.01 T after cooling first in zero field,
and then in 0.01 T field. Data were also taken on a sample of bulk
R-Fe2O3, synthesized in the same manner as the mesoporous samples
but without the silica template.

To explore the cooperative magnetism in mesoporousR-Fe2O3 with
ordered walls in greater detail, neutron powder diffraction patterns were
taken of this form of the material at approximately 298 K on the
diffractometer ROTAX at the ISIS Facility, Rutherford Appleton
Laboratory, U.K. The lattice parameters and the diffraction peak profile
parameters were determined using a LeBail fit as implemented in the
GSAS suite of programs.29 The shapes of the broadened peaks were
modeled using pure Lorentzian functions. Crystal and magnetic
structural parameters were refined using the Rietveld code in GSAS.
An empirical absorption parameter for the wavelength-specific absorp-
tion of neutrons by the sample was refined.

Results and Discussion

Mesoporous Structure.Transmission electron micrographs
(TEM) of mesoporous Fe2O3 with ordered and disordered walls
are shown in Figure 1. The first three images, a-c, show
increasingly magnified regions ofR-Fe2O3 with ordered meso-
porous and crystalline walls. Figure 1d-f shows the corre-
sponding views of theR-Fe2O3 with ordered mesopores but
disordered walls. In both cases, the mesoporous structure is
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Figure 1. TEM images for mesoporousR-Fe2O3 with ordered walls
recorded along (a) [110] and (b) [111] directions; HRTEM image of (b) is
shown in (c); TEM images for mesoporousR-Fe2O3 with disordered walls
recorded along (d) [111] and (e) [100] directions; HRTEM image of (e) is
shown in (f). SAED patterns for mesoporousR-Fe2O3 with ordered walls
(a, inset) and with disordered walls (d, inset).
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highly regular, with aIa3hd symmetry, replicating that of the
KIT-6 silica template used in their formation.30 On the basis of
the TEM data, at least 90% of theR-Fe2O3 particles with ordered
or disordered walls exhibit an ordered mesoporous structure.
In the case ofR-Fe2O3 with crystalline walls, the lattice repeat,
a0, is 232 Å, whereas for the mesopore with disordered walls,
a0 ) 210 Å.

Low-angle powder X-ray diffraction data for the two forms
of mesoporousR-Fe2O3 are shown in Figure 2. Considering first
the low-angle data for the highly crystalline material, two peaks
are evident with the lower peak, a [211] reflection in space group
Ia3hd, corresponding to ana0 parameter of 229 Å, in good
agreement with thea0 parameter, 232 Å, obtained from TEM
images (Figure 1). Although the degree of mesoporous ordering
appeared from the TEM data to be similar forR-Fe2O3 with
and without ordered walls, only a single peak is evident in the
low-angle diffraction data of the latter. The low-angle PXRD
peak in Figure 2B corresponds to a unit cell parameter of 221
Å, in good agreement with the data calculated from TEM
analysis (210 Å). This is∼4% smaller than that for the
crystalline material, indicating that the differences in the degree
of ordering within the walls have an effect on the mesoporous
structure.

To examine the pore size and its distribution, nitrogen
adsorption-desorption measurements were carried out (Figure
3). In both cases, a type IV isotherm is observed. For the
material with disordered walls, the type IV isotherm is less well
defined, which may be caused by a contribution from interpar-
ticle voids. However, the isotherms are similar to those observed
for other mesoporous transition metal oxides formed by hard
templating.15 The pore size distributions, calculated from the
desorption isotherms, are shown in the inset in Figure 3. For
mesoporousR-Fe2O3 with ordered walls, the pore size is
centered at a diameter of 3.85 nm, and this is in good agreement
with the pore diameters anticipated for a replica structure of
KIT-6; see, for example, mesoporous Co3O4.18 For the sample
with disordered walls, the pore size distribution is slightly wider
and centered at a diameter of 3.78 nm, which is slightly smaller
than the ordered material. The surface areas estimated from the
Brunauer-Emmett-Teller (BET) method were also obtained
from the nitrogen adsorption-desorption measurements and are

139 and 210 m2 g-1 for the mesoporousR-Fe2O3 with ordered
and disordered walls, respectively. While we cannot be certain
as to the origin of the difference, it is interesting to note that
the pore size distribution appears to be somewhat greater in
the case of the mesopore with disordered walls; this combined
with the high surface area may indicate that the pore surface is
rougher for the mesopore with disordered walls.

Structure within the Walls. Turning to the order within the
walls, the high resolution image (Figure 1c) demonstrates the
high degree of atomic order in the walls of the ordered material.
Not only are the walls crystalline but the lattice fringes indicate
that there is a considerable degree of structural coherence
throughout each particle, implying a near-single crystal-like
arrangement of atoms within the walls. This is confirmed by
selected area electron diffraction (SAED), Figure 1a inset, which
exhibits a single-crystal diffraction pattern. Wide-angle PXRD
data for the materials are shown in Figure 4. Well-defined peaks
corresponding to the crystal structure ofR-Fe2O3 are clearly
evident, in agreement with the HRTEM and SAED data.
Although the high-resolution image of the disordered material,
shown in Figure 1f, appears to demonstrate little evidence of
order within the walls, a SAED pattern shows several diffraction
rings corresponding to thed spacings expected forR-Fe2O3

(inset in Figure 1f). This is confirmed by the wide-angle PXRD
data in Figure 4, which clearly shows peaks corresponding to
R-Fe2O3. However, the peaks are weak and broad compared
with those for orderedR-Fe2O3 (Figure 4B). The SAED and
PXRD data indicate that the walls of so-called disordered Fe2O3

are not amorphous but contain small crystallites ofR-Fe2O3 (∼6
nm based on analysis of the PXRD peak widths by the Scherrer
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2004, 43, 5231.

Figure 2. Low-angle XRD patterns for mesoporousR-Fe2O3 (A) with
ordered walls and (B) with disordered walls.

Figure 3. Nitrogen adsorption-desorption isotherms for mesoporous
R-Fe2O3 (A) with ordered walls and (B) with disordered walls. The lower
figure shows the pore size distributions for mesoporousR-Fe2O3 (C) with
ordered walls and (D) with disordered walls.
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formula) that are orientationally disordered with respect to each
other. This is consistent with EXAFS analysis presented later.
We cannot rule out the coexistence of some amorphousR-Fe2O3,
but given that iron oxide is not a glass former, it is likely that
the walls are composed of theR-Fe2O3 nanocrystallites. Note
that the wall thickness is∼7 nm based on the pore dimensions
of the KIT-6 template from which the mesoporous Fe2O3 is
formed. We shall continue to refer to the two forms of meso-
porousR-Fe2O3 as ordered and disordered, recognizing the fact
that the former consist of near-single crystal-like mesoporous
particles, whereas the latter possessesR-Fe2O3 nanoparticles.

Confirmation that the iron ions are in the+3 oxidation state
for both mesoporous materials was obtained by X-ray absorption
near-edge structure (XANES) analysis. Extended X-ray absorp-
tion fine structure (EXAFS) data collected simultaneously are
shown in Figures 5 and 6. Data for bulkR-Fe2O3 are shown
for comparison. Interatomic distances andR factors indicating
the goodness-of-fit are shown in Table 1. There is excellent
agreement between the Fe-O bond lengths for all three samples,
the standard bulk material, and the two mesoporous phases
(Figure 6). Considering the next nearest neighbor Fe-Fe
distances, it is evident from Figure 6 that there is very good
agreement between the crystalline mesoporousR-Fe2O3 and the
bulk phase, which is not surprising given the extended crystalline
nature of the walls in the mesoporousR-Fe2O3. Although the
Fe-Fe peaks in Figure 6 for the disorderedR-Fe2O3 mesopore
are weaker, three peaks are again apparent corresponding to

the 3 Fe-Fe distances observed for the crystalline mesopore
and the bulk material, consistent with the presence of nanoc-
rystallites ofR-Fe2O3 in the walls of the disordered material.
Reduction in peak intensities as the crystallite size is reduced
to the nanometer range has been demonstrated before.31

Magnetic Behavior.The magnetic behavior was first inves-
tigated by Mössbauer spectroscopy carried out on the two
mesoporousR-Fe2O3 phases. The results are shown in Figure
7. Data for mesoporousR-Fe2O3 with disordered walls cor-
respond to the doublet expected for high-spin Fe3+ in an
octahedral oxygen environment, where the neighboring spins
do not induce order extending over a long range. The quadrupole
splitting is 0.76 mm/s, which is consistent with superparamag-
netic behavior identified in Mo¨ssbauer measurements of nano-
particulateR-Fe2O3 with a particle size below 8 nm.32,33In other
words, the long-range magnetic order present in bulkR-Fe2O3

breaks down when the crystalline size is below 8 nm.32,33This
is consistent with the walls of the disordered material, containing
R-Fe2O3 nanoparticles of∼6 nm. The data for mesoporous
Fe2O3 with ordered walls exhibit the classic sextet spectrum of
R-Fe2O3 in the bulk phase, typical of the long-range magnetic
ordering between spins in this material. The data show that
despite the wall thickness in mesoporousR-Fe2O3 being less
than 8 nm (based on the KIT-6 pore size), Figure 7B, long-
range order exists.

We conclude that there are sufficient spin interactions occur-
ring along the walls, that is, within the continuous 2D sheet of
R-Fe2O3 that forms the walls, to align the neighboring spins.
This emphasizes the unique properties of mesoporousR-Fe2O3

with ordered crystalline walls.
A more detailed characterization of the unique magnetic

properties of mesoporousR-Fe2O3 with crystalline walls was
carried out by magnetization and neutron diffraction measure-
ments. The results of magnetization measurements are presented
in Figure 8. Before considering the magnetism of the mesopo-
rous materials, it is useful to recall the behavior of bulkR-Fe2O3.
Between the Ne´el temperature,TN, of approximately 961 K and
the Morin transition temperature,TM, at ∼265 K, the spins in
R-Fe2O3 lie flat in the (111) planes of the rhombohedral cell

(31) Davis, S. R.; Chadwick, A. V.; Wright, J. D.J. Phys. Chem. B1997, 101,
9901.
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M. Phys. ReV. B 2003, 68, 212408.

Figure 4. Wide-angle PXRD patterns: (A) bulkR-Fe2O3; (B) mesoporous
R-Fe2O3 with ordered walls; (C) mesoporousR-Fe2O3 with disordered walls.

Figure 5. Fe K-edge EXAFS spectrum for bulkR-Fe2O3 (black line),
mesoporousR-Fe2O3 with ordered walls (red line), and mesoporousR-Fe2O3

with disordered walls (blue line).

Figure 6. The Fourier transform of the data shown in Figure 5 for bulk
R-Fe2O3 (black line), mesoporousR-Fe2O3 with ordered walls (red line),
and mesoporousR-Fe2O3 with disordered walls (blue line).
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such that the spins in each layer are approximately parallel to
each other, but antiparallel to those in adjacent layers.34-36 A
Dzyaloshinski-Moriya interaction37,38 gives rise to a small
canting of moments within each (111) plane, and these produce
a new ferromagnetic moment of the order of 0.005µB/iron atom.
This phase is referred to as the weakly ferromagnetic (WF) form.
Below TM, the moments rotate through almost 90° to lie nearly
parallel or antiparallel to the [111] direction.39-42 This phases
referred to as the antiferromagnetic (AF) formshas no net
magnetization, and so a sharp drop in susceptibility is expected
at TM. The sample of bulkR-Fe2O3 shows this very clearly
(Figure 8C).

The ordered mesoporous material shows a splitting between
the field-cooled (FC) and zero-field-cooled (ZFC) data from
the highest experimental temperature, compatible with some
degree of spontaneous moment over the entire temperature range
studied. There are also features suggestive of magnetic transi-
tions in the region of 260 and 75 K. The first of these is close
to the Morin transition temperature,TM, of bulk R-Fe2O3.
However, the expected sharp drop in susceptibility at the Morin
temperature does not occur, suggesting that mesoporousR-Fe2O3

with ordered walls does not go through such a transition over
the temperature range of our measurements. It is well-known
that the Morin transition is sensitive to the size of the structural
domains inR-Fe2O3sso, for example,TM is less than 4 K for
R-Fe2O3 particles of diameter 8-20 nm.32,33,43-47 It is possible
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Table 1. EXAFS Results for Bulk R-Fe2O3, Mesoporous R-Fe2O3 with Ordered and Disordered Walls

Simplified XRD Bulk R-Fe2O3 Mesoporous R-Fe2O3 with ordered walls Mesoporous R-Fe2O3 with disordered walls

atom CN R atom CN R A atom CN R A atom CN R A

O 3 1.957 O 3 1.946 0.017 O 3 1.927 0.013 O 3 1.951 0.019
O 3 2.098 O 3 2.139 0.032 O 3 2.11 0.019 O 3 2.164 0.059
Fe 4 2.97 Fe 4 2.963 0.016 Fe 4 2.954 0.018 Fe 4 3.022 0.034
Fe 3 3.368 Fe 3 3.344 0.022 Fe 3 3.357 0.018 Fe 3 3.383 0.05
O 3 3.392 O 3 3.387 0.005 O 3 3.421 0.006 O 3 3.414 0.027
O 3 3.601 O 3 3.827 0.022 O 3 3.631 0.015 O 3 3.686 0.011
Fe 6 3.704 Fe 6 3.694 0.019 Fe 6 3.692 0.022 Fe 6 3.516 0.106

R ) 34.38% R ) 33.26% R ) 36.34%

Figure 7. Mössbauer spectra for mesoporousR-Fe2O3 (A) with disordered
walls and (B) with ordered crystalline walls.

Figure 8. Magnetization data for the mesoporousR-Fe2O3 (A) with ordered
walls and (B) with disordered walls, taken in 0.01 T after first cooling
in zero field (ZFC, closed circles) and then in an applied field of 0.01 T
(FC, open circles). (C) Results of the same measurement on bulkR-Fe2O3

prepared from the same iron sources with the same heating treat-
ment.

A R T I C L E S Jiao et al.

5472 J. AM. CHEM. SOC. 9 VOL. 128, NO. 16, 2006



that the confined dimension of the walls plays a role in
suppressingTM. In summary, despite the fact that understanding
the transition at 265 K in the ordered material will require further
study, we can draw the important conclusion that the confined
dimensions of crystallineR-Fe2O3 in the ordered mesoporous
material are sufficient to suppress the Morin transition but not
to suppress the long-range magnetic order.

The feature in the magnetization in the region of 75 K is
also difficult to assign. Transitions of a similar form are observed
in ferrihydrite, Fe2O3‚nH2O, but we believe it is very unlikely
that any of this material is formed during the synthesis.48-51 It
is more likely that this feature arises from a few regions of the
sample composed of small crystallites and behaving more like
finely particulateR-Fe2O3 than the bulk material.32,33,43-47 Such
particles may possess a spontaneous magnetization down to 5
K that is as large as that observed in the WF phase of the bulk
material and behave as superparamagnets at room temperature.
On cooling, a blocking transition has been observed at a
temperature,TB, which is expected to depend on particle size:
for example, for particles of 16 nm diameter,TB is in the region
of 25-30 K.45 It is conceivable therefore that the transition we
observe around 75 K stems from regions of the material with
short structural coherence lengths.

The most prominent feature of the susceptibility data for the
mesoporousR-Fe2O3 with disordered walls is a cusp near 50
K, above which there is FC-ZFC divergence. There is no sign
of a Morin transition near that of the bulk material. In both
respects, the collective magnetic properties of this material have
similarities with those of small particles ofR-Fe2O3, with the
suppression of the Morin transition and some form of blocking
transition at a temperature that depends on the nature of the
structural correlation length.

To examine the magnetic order in mesoporousR-Fe2O3 with
crystalline walls in more detail, neutron powder diffraction data
were collected at room temperature. These data are shown in
Figure 9, together with the Rietveld fit, performed using the
GSAS package. The diffraction peaks are significantly broad-
ened with respect to the instrument resolution of the neutron
diffractometer. In addition to the diffraction peaks from the
hematite crystal structure, peaks characteristic of the long-range
magnetic order of the Fe3+ moments are observed. Most
prominent is the peak centered near 4.6 Å, which may be
indexed as [003] in the hexagonal setting of space groupR3hc.
This is characteristic of the WF magnetic phase and absent in
the AF phase. Rietveld refinement of the data was performed
in space groupR3hc, with Fe at (0, 0,z) and O at (x, 0, 1/4). The
magnetic structure was refined in the space groupP1, with the
same dimensions as the nuclear unit cell and, initially, the same
disposition of moments found in the AF phase of bulkR-Fe2O3.
The form factor for Fe3+ was the spherical〈j0〉 expansion

implemented in GSAS. The introduction to the refinement of a
component of a moment perpendicular to the hexagonalc-axis
led to an unstable refinement and did not improve the fit, so it
was abandoned; the small ferromagnetic component perpen-
dicular to the hexagonalc-axis was neglected in these calcula-
tions. Refined parameters are in good agreement with previous
studies of the crystal and magnetic structure and are as
follows: a ) b ) 5.03726(1) Å;c ) 13.7663(5) Å; cell volume
) 302.497(13) Å3; z(Fe) ) 0.354986(35);u(Fe) ) 0.0097(2)
Å2; x(O) ) 0.3074(1);u(O) ) 0.0075(2) Å2; magnetic moment
of Fe3+ ) 4.02(2)µB parallel to the hexagonalc-axis; weighted
R(wp) 2.3%; ø2 ) 1.9.36,39,52,53 The results of the neutron
diffraction confirmed the existence of long-range magnetic order
in the mesoporousR-Fe2O3 with crystalline walls.
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Figure 9. Powder neutron diffraction pattern forR-Fe2O3 with ordered
walls collected at 298 K on three different detector banks at ROTAX: from
top to bottom, the angle of the banks are at 2θ ) 21.9, 61.5, and 120.9°,
respectively. In each case, the data (crosses) have been fitted (upper line
through the data points) by Rietveld analysis to a nuclear and magnetic
structure, depicted by the lower and upper tick marks, respectively. The
line at the bottom of each plot represents the difference between the data
and the calculated profile.
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Conclusions

R-Fe2O3 with an ordered mesoporous structure and crystalline
walls has been prepared for the first time and compared with
R-Fe2O3 with an ordered mesoporous structure and disordered
walls. The former exhibits near-single crystal-like order through-
out the walls of each particle, whereas the walls of the latter
contain nanocrystallites ofR-Fe2O3 (∼6 nm) that are orienta-
tionally disordered with respect to each other. The magnetic
behavior of mesoporousR-Fe2O3 with disordered walls is
consistent with that ofR-Fe2O3 nanoparticles of less than 8 nm,
that is, no long-range magnetic order, absence of a Morin
transition, and the presence of superparamagnetic behavior. The
magnetic behavior of mesoporousR-Fe2O3 with crystalline walls
is unique. Mössbauer, magnetization susceptibility, and powder

neutron diffraction all indicate that, despite the wall thickness
being less than 8 nm, long-range magnetic ordering persists due
to interaction between Fe3+ ions along the walls. The material
exhibits weakly ferromagnetic susceptibility and Bragg scat-
tering characteristic of the WF phase of bulkR-Fe2O3. However,
the confined dimensions are sufficient to suppress the Morin
transition present in bulkR-Fe2O3.
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