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Herein, we report the synthesis and photocatalytic properties of novel Bi2O3 nanomaterials. Cubic
mesoporous films were produced by coassembly of hydrated bismuth nitrate with a poly(ethylene-co-
butylene)-block-poly(ethylene oxide) diblock copolymer, referred to as KLE, while nanofiber mats
were produced via electrospinning. We establish that all materials employed in this work are highly
crystalline after thermal treatment and that the nanoscale order of the self-assembled samples is
further retained. KLE-templated films can readily produce phase-pure β-Bi2O3 with an optical band
gap of about 3.4 eV. Calcination of nanofibers, by contrast, leads to the formation of a composite
consisting of β-Bi2O3 and trace amounts of the thermodynamically stable R-Bi2O3 phase.We further
show the benefits of a mesoporous morphology in heterogeneous semiconductor photocatalysis.
KLE-templated β-Bi2O3 films exhibit much greater photocatalytic activity than nanofiber mats and
nontemplated Bi2O3 films (prepared under otherwise identical conditions) as well as than KLE-
templated anatase TiO2 films on a mass normalized basis. We associate this exceptional activity with
(1) the comparatively high BET surface area, which provides for a large number of adsorption sites,
and (2) the high phase purity of the more catalytically active β-Bi2O3.

Introduction

Heterogeneous semiconductor photocatalysis has been
the focus of much research due to potential applications
of photoactive materials in the forefront field of environ-
mental catalysis.1-3 In recent years, it has been demon-
strated that the photocatalytic activity strongly depends
on (1) the ability of the catalyst to create electron-hole
pairs, (2) recombination rates of electron-hole pairs both
in the bulk and at the surface, which have been shown to
be largely governed by atomic composition and popula-
tion of structural defect sites, and (3) on the specific
surface area of the photoactive material.
The search for oxides with tailored photocatalytic

properties has been predominantly centered on the con-
trol of atomic structure, i.e., composition and defect
structure. A wide variety of self-organization processes,
however, now allows us to add a new variable to the
arsenal of materials design, namely control over nano-
scale structure. This control has already been shown

to have a profound effect on material properties and
performance.4-6

Surfactant/polymer templating is a powerful tool that
has been widely used to produce inorganic materials with
long-range periodicities reminiscent of liquid lyotropic
phases.7-9 The formation of these materials relies on the
solution phase coassembly of inorganic reagents with
structure-directing agents. The corresponding thin film
materials can be achieved by the same coassemblymethods
but using an evaporation-induced self-assembly (EISA)
process.10,11

A range of different metal oxides has been made so far.
The use of EISA to produce bismuth oxide phases with
both ordered nanoscale porosity and crystalline frame-
work has not yet been reported though. Part of the reason
for the absence of such materials is undoubtedly the fact
that the majority of the polymers used to template
materials do not allow the initially amorphous inorganic
walls to be crystallized while retaining nanoscale order.
Overall, it is important to note that the experience of the
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past years has clearly shown that the synthesis of mate-
rials that combine key features like well-defined porosity,
high crystallinity, and thermal stability still constitutes a
major challenge to current templating routes. This work
specifically focuses on bismuth trioxide (Bi2O3), a mate-
rial that we show here how to synthesize with well-defined
nanoscale porosity and highly crystalline walls.
Bismuth trioxide is the most significant compound of

bismuth and is of potential interest for a wide range of
applications including catalysis, gas sensing, and as the
electrolyte in solid oxide fuel cells.12-14 Bi2O3 is also
known to have a large number of polymorphs, including
the alpha (monoclinic), beta (tetragonal), gamma (body-
centered cubic), delta (face-centered cubic), and omega
(triclinic) phases. In recent years, however, only the beta
and delta phases have attracted attention because of their
interesting optical properties as well as high ionic con-
ductivity at elevated temperatures.15,16 In this context, it
has been shown that β-Bi2O3 is also a feasible material for
heterogeneous photocatalysis.17-20 The preparation of
purely tetragonal Bi2O3 is complicated, however, since
the beta phase represents a metastable high temperature
modification and is known to transform readily toR-Bi2O3.
Creating Bi2O3 nanomaterials can be a viable solution to
this problem because the interfacial energy of nanoscale
materials is known to have a profound effect on both
crystallization behavior and overall material stability. In
addition, the catalytic properties can benefit from the
typically high surface area of nanomaterials, which provides
for a large number of adsorption sites.
In this work, we report the synthesis and photocatalytic

properties of self-assembled filmsandelectrospun fibermats
with nanocrystalline Bi2O3 domain structures. Through
these experiments, the relationships among crystallite size,
surface area, and catalytic activity are examined. We show
that mesoporous β-Bi2O3 films exhibit both exceptional
photocatalytic activity and excellent cycling characteristics.
Overall, this work is an excellent test bed for determining
how ordered nanoscale porosity can be used to enhance
photocatalytic activity in Bi2O3 nanomaterials.

Experimental Section

Materials. Bi(NO3)3 3 5H2O (99.9%), acetylacetone (99.5%),

and 2-methoxyethanol (99.8%) were purchased from Sigma-

Aldrich. Polyvinyl butyral (PVB,Mowital B 60 H) was donated by

Kuraray Europe. H[(CH2CH2)0.67(CH2CHCH2CH3)0.33]89(OCH2-

CH2)79OH, referred to as KLE, was used as the organic template.

Synthesis of Films. In a water-free container, 250 mg of

Bi(NO3)3 3 5H2O dissolved in 1.3 mL of 2-methoxyethanol are

combined with 40 mg of KLE dissolved in 0.7 mL of MeOH.

Thin films are produced via dip-coating on polar substrates,

including (100)-oriented silicon wafer and fluorine-doped SnO2

glass. Optimal conditions are given for 20% relative humidity

and a constant withdrawal rate of 10 mm/s. For best results, the

as-prepared films are heated to 250 �Cusing a 6 h ramp and aged

at this temperature for 12 h.After this treatment, the samples are

heated to 400 �C using a 15 min ramp followed by a 2 min soak.

Synthesis of Fibers. In a typical procedure, 800mg of Bi(NO3)3 3
5H2O dissolved in both 0.8 mL of acetylacetone and 1 mL of

2-methoxyethanol are combined with 1.6 g of polyvinyl butyral

(10 wt %) in MeOH. Nanofibers are produced via electrospinning

on (100)-oriented silicon wafer or aluminum foil. For best results,

the as-prepared fibers are calcined using a 1.5 h ramp to 400 �C
followed by a 30 min soak.

Characterization. Bright-field TEM and SEM images were

taken with a CM30-ST microscope from Philips (acceleration

voltage: 300 kV) and a LEO GEMINI 982 instrument (accelera-

tion voltage: 5 kV), respectively.GISAXSdatawere collected at the

German synchrotron radiation facility HASYLAB/DESY on

beamline BW4 using a MarCCD area detector and a sample-
detector distance of 1820 mm. Measurements were performed at

different angles of grazing incidence,β, defined as the anglebetween
the X-ray beam and the plane of the substrate. In addition, the use

of 30 μm thick silicon wafers as substrates enabled small-angle

X-ray scattering (SAXS) measurements to be performed in trans-

mission geometry. Wide-angle X-ray diffraction (WAXD) mea-

surements were carried out on an X’Pert PRO diffractometer from

Panalytical instruments (Cu KR radiation) utilizing a θ-2θ geo-

metry. XPS spectra were acquired on a Physical Electronics ESCA

5600 spectrometer with monochromatic Al KR X-ray source

(power: 200 W/14 kV) and multichannel detector OmniIV. The

electron takeoff angle to the sample surface was adjusted to 45�.
The adventitious hydrocarbon C1s signal at 284.6 eV was used as

the energy reference to correct for charging. The film thickness was

determined with an Alpha Step IQ Surface Profiler from KLA

Tencor. Optical absorption measurements were carried out on a

PERKINELMERLambda 900UV/vis/IR spectrophotometer. A

substratemade from fused silica and an aluminummirror served as

the reference for transmission and reflectionmeasurements, respec-

tively. Electrospinning was carried out in a homemade setup

consisting of a high-voltage power supply (Spellman CZE1000R)

and syringe pump (KDS Scientific). The applied electrical field was

∼1 kV/cm, and the distance from the needle tip to the collector was

adjusted to 6 cm.

For photodegradation experiments, 20 mL of an aqueous

solution of 10 μmol/L rhodamine B (RhB) was illuminated with

a UV lamp (8 W, wavelength 254 nm, Benda NU-8 KL) in the

presence of (1) 60 nm thick KLE-templated films with a total

area of 7.1 cm2, (2) 50 nm thick nontemplated films with a total

area of 16 cm2, and (3) 1.1 mg of nanofibers. A control

experiment was conducted with 190 nm thick KLE-templated

anatase TiO2 films with a total area of 12.7 cm2. The change in

absorbance at 554 nm was monitored with a UVIKON XS

spectrophotometer.

Results and Discussion

As mentioned above, the synthesis of ordered meso-
porous β-Bi2O3 films has not yet been reported and so the
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ensuing section will focus on the characterization of
these materials. In this work, we incorporated a poly-
(ethylene-co-butylene)-block-poly(ethylene oxide) diblock
copolymer as the organic template (referred to as
KLE), which has already been shown to be highly
suitable for the direct synthesis of large-pore metal
oxide films with nanocrystalline walls.21-23 Part of the
reason for this is that KLE polymers allow for the
formation of cubic architectures with large domain
structures and comparatively thick pore walls that
can be crystallized readily. Moreover, they possess
many desirable templating properties, such as high
thermal stability and the ability to form ordered struc-
tures in a broad range of solvents.
Figures 1a-f and S1 (Supporting Information) show

scanning electron microscope (SEM), tapping mode
atomic force microscope (AFM), and bright-field trans-
mission electron microscope (TEM) images of a KLE-
templated β-Bi2O3 thin film heated to 400 (a-c) and
450 �C (d-f). Both top view SEMandAFMmicrographs
in Figure 1a and b reveal a well-defined cubic network
of pores averaging 14-16 nm in diameter. It is evident
from these images that the KLE-templated β-Bi2O3 films
heated to 400 �C are crack-free and that the pores at the top
surface are open. From TEM, we are able to establish that
the periodic structure observed on the top surface persists
throughout the film. The inset in Figure 1c is an electron
diffraction pattern showing Debye-Scherrer rings charac-
teristic of amaterialwith randomlyorientednanocrystalline

domains. Calculated lattice spacings are in perfect agree-
ment with purely tetragonal Bi2O3.
Figures 1d-f show microscopy images of the same

sample but after thermal treatment at 450 �C. It can be
clearly observed that the filmmorphology changed. The
in-plane pore ordering is clearly retained; however, the
periodicity is significantly lower than that of films
heated to 400 �C. The reason for the lack of long-range
pore ordering can be attributed to sintering of crystal-
lites in the pore walls into larger elongated crystals
(Figure 1f). Also, the root-mean-square (rms) rough-
ness of the top surface increased from 0.5 nm to ∼2 nm.
Overall, however, the films are still crack-free and well-
defined at atomic, mesoscopic, and macroscopic length
scales.
By contrast, nanofiber mats were produced by elec-

trospinning from a polyvinyl butyral (PVB) solution
containing hydrated bismuth nitrate as the inorganic
precursor.24,25 Both SEM and TEM images in Figure 2
show nanocrystalline Bi2O3 fibers with widths of
90-110 nm and a few tens of micrometers in length.
The width decreased from initially 250-300 nm (as-
prepared) to ∼100 nm (at 400 �C) during thermal
treatment. This shrinkage is due to combustion of both
the nitrate ligands of the inorganic precursor and the
carbon atoms of the PVB polymer present in the as-
prepared composite fibers. We find that the morpho-
logy of the electrospun nanofibers shown in Figure 2
can be retained up to annealing temperatures of
∼450 �C (Supporting Information S1). Higher tem-
peratures lead to strong restructurings, which we asso-
ciate with the phase transformation of the β-Bi2O3 to

Figure 1. Morphology ofKLE-templated β-Bi2O3 thin films heated to 400 �C (a-c) and 450 �C (d-f). (a andd) Top view SEM images. (b and e) 3D-AFM
height images. The contrast covers height variations in the 1-6 nm (b) and 1-10 nm (e) range. (c and f) Bright-field TEM images. Electron diffraction
patterns are shown in the insets.
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the thermodynamically stable R-Bi2O3 phase. We note
that similar observations have been made for other
metal oxide nanofibers, such as VOx.

26,27

Structural characterization of the KLE-templated Bi2O3

materials is further supported by synchrotron-based graz-
ing incidence small-angle X-ray scattering (GISAXS) data,
whichwere collected at an angle of incidenceβ=0.2� at the
German synchrotron radiation facility HASYLAB/DESY
(see also 1D-SAXS in Bragg-Brentano geometry, Sup-
porting Information S2).28,29 Figure 3 shows GISAXS
patterns obtained on ∼150 nm thick films before and
after the onset of crystallization. Samples with amorphous
frameworks (250 �C/12 h) produce patterns with distinct

off-specular and out-of-plane scattering maxima. These
maxima can be indexed to a distorted cubic pore-solid
architecture. Samples with crystalline framework (400 �C/
2min), by contrast, have lost their out-of-plane periodicity;
the off-specular scattering maxima are still retained. The
lack of out-of-plane periodicity, however, is a result of the
small number of repeat units (about 9-11) normal to the
planeof the substrate, and the fact that the crystallizationof
the initially amorphous material is always accompanied by
a certain restructuring of the pore network. On the basis of
the relative position of the out-of-plane reflection, a lattice
contraction of more than 65% is determined for KLE-
templated films calcined at 250 �C. The in-plane lattice
contraction is negligible as the films are pinned to the
substrate. We note that higher temperatures do not lead
to further volume change as the self-assembled amorphous
Bi2O3 materials are fully cross-linked after 12 h at 250 �C.
The inset in Figure 3 is a SAXS pattern taken in transmis-
sion mode, i.e., at β = 90�. The presence of a distinct
isotropic diffraction ring is typical of amaterial inwhich the
in-plane pore ordering of the individual polycrystal-
line domains is in fact retained. Overall, the results with
GISAXS and SAXS establish that the mesoporous mor-
phology can be retained up to annealing temperatures of
about 450 �C.
Porosity andBrunauer-Emmett-Teller (BET) surface

area were determined by nitrogen physisorption experi-
ments and weighing silicon substrates before and after
film deposition. These measurements provide a BET
surface area of 20-30 m2/g, which is in good agreement
with theoretical predictions for rather dense nanofibers.
They also provide porosity values of 25-30% for meso-
porous thin films calcined at 400 �C. With this value and
the pore size obtained from both electronmicroscopy and
X-ray scattering, a BET surface area of ∼140 m2/g is
calculated assuming a low micropore fraction. We note
that this value is characteristic of mesoporous materials
templated with the diblock copolymer KLE.6,30,31

Lastly, a series of wide-angle X-ray diffraction (WAXD)
andX-ray photoelectron spectroscopy (XPS)measurements
were carried out to get insight into the crystallization
behavior as well as to determine the elemental composition
of the KLE-templated Bi2O3 materials. The crystalline
nature appears to be important for the photocatalytic
performance, and so, we examine the crystallization in detail
in Figures 4a and S3 (Supporting Information). WAXD
patterns obtained on thin films calcined at 400 �C demon-
strate that these samples are composed of tetragonal Bi2O3

as corroborated with JCPDS reference card no. 27-0050. As
neither WAXD nor electron diffraction indicates the pre-
sence ofR-Bi2O3,we conclude that the amount ofR-Bi2O3 in
the KLE-templated samples employed in this work is negli-
gible.We find, however, that annealing temperatures greater
than∼450 �Clead tophase transformationand formationof
secondary Bi2O3 phases (Supporting Information S3).

Figure 2. Morphology of electrospun R/β-Bi2O3 nanofibers calcined at
400 �C in air. (a) Low-magnification SEM image. (b) Bright-field TEM
image. An electron diffraction pattern is shown in the inset of part b.

Figure 3. Synchrotron-based SAXS data obtained on ∼150 nm thick
KLE-templated Bi2O3 films heated to different annealing temperatures.
GISAXS patterns were collected at an angle of incidence β = 0.2� and
show the evolution of the distorted cubic network of pores upon thermal
treatment. A SAXS pattern taken in transmission mode is shown in the
inset. Scattering vector, s, components are given in 1/nm.
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The crystallization of the initially amorphous films occurs
within a narrow temperature interval (380-385 �C).Apply-
ing the Scherrer equation to the full width at half-maximum
(FWHM) intensity of the (201) peak shown in Figure 4a
provides an average crystallite size of 14 nm. The domain
size in other crystallographic directions is only ∼11 nm,
which implies the presence of slightly anisotropic crystallites
in the pore walls. This result is not surprising, however,
given the structural anisotropy of β-Bi2O3 (a = 7.742 Å,
b= 7.742 Å, c= 5.631 Å). WAXDmeasurements further
show that the FWHMintensity of the individual peaks does
change with increasing annealing temperature (Supporting
Information S3). Samples heated to 450 �C reveal a crystal-
line domain size of 23 nm� 18 nm, which is consistent with
TEM results (Figure 1f). If the domain size of 11-14 nm is
assumed to be the stable critical nucleation size, it helps
explain why the same syntheses employed here failed when
using other polymer templates, such as Pluronic F127 and
P123, which generally achieve much smaller wall thick-
nesses.23 The KLE diblock copolymer, in contrast, allows
for the formation of sufficiently thick walls (10-20 nm
depending on system) and, thus, also for the formation of
stable nuclei/crystallites without the need to severely distort
the pore network at the onset of crystallization.
The inset inFigure4a showsaWAXDpatternobtainedon

nanofiber mats calcined at 400 �C. The crystallization occurs
within a similar temperature interval. The average crystalline
domain size, however, is significantly larger (∼35nm) relative
toKLE-templated films.This result is easy tounderstandand
can be explained by the different impact of nanoconfinement
on the crystallization behavior and crystal growth of Bi2O3.
WAXDmeasurements on nanofiber mats also indicate trace
amounts of the R-Bi2O3 phase, the formation of which could
not be prevented by changing the heating profile.

Figure 4b shows a typical XPS survey scan for KLE-
templated β-Bi2O3 thin films calcined at 400 �C. Aside
from a weak C1s peak, only bismuth and oxygen core
levels are observed, which confirms the absence of any
contaminants. A closer examination of the C1s region
shows that this peak can be associated with both adven-
titious carbon and partially combusted KLE template.
The fact that the organic matter is not completely re-
moved after heating films to 400 �C will become impor-
tant in the following sections on photocatalytic activity.31

Figure 4b further shows a high-resolution spectrumof the
Bi4f region. TheBi4f level consists of a single doublet with
binding energies of (163.64( 0.03) and (158.33( 0.03) eV
for the f5/2 and f7/2 lines, respectively. Both peak posi-
tion and separation (Δ = 5.31 eV) correspond well with
reference data. For the samematerial, the atomic oxygen-
to-bismuth ratio is found to be 1.54( 0.02. The deviation
from perfectly stoichiometric Bi2O3 can be attributed to a
small amount of extra oxygen at the film surface, pre-
sumably in the form of OH groups.
To examine the catalytic properties of Bi2O3, photode-

gradation experiments were conducted using rhodamine B
(RhB) as the model pollutant. First, we determined the
optical characteristics of the novel Bi2O3 nanomaterials
using UV-vis spectroscopy. Absorbance spectra (data
not shown) reveal only weak absorptions in the visible
region of the electromagnetic spectrum although a few
studies have shown that β-Bi2O3 is a potential new visible
light responsive photocatalyst with a direct band gap smal-
ler than 3.0 eV. In this regard, however, it is important to
note that the reported measured values are highly incon-
sistent and range from 2.4 to 3.2 eV.17,18,32-34

For semiconductors with a direct band gap, the absorp-
tion coefficient, R, is proportional to the square root of
the photon energy, hν, near the band gap energy, Eg,
according to the following equation:

R� ðhν-EgÞ1=2 ð1Þ
with hν > Eg. Figure 5a shows a plot of the square of
the absorption coefficient as a function of photon
energy for KLE-templated β-Bi2O3. It is evident from
this data (see x-axis intercept point) that the optical
band gap is ∼3.4 eV (equivalent to ∼360 nm light) for
thin films calcined at 400 �C. The fact that this value
differs from literature values for bulk β-Bi2O3 is not
fully understood at this point but may be associated
with slightly off-stoichiometry in our films and nanocon-
finement effects (Laplace pressure, etc.). To verify the
accuracy of this result, we also examined the photodegrada-
tion of RhB using 366 nm light as well as the wavelength-
dependent photoelectrochemical methanol decomposi-
tion (Supporting Information S4). Both measurements

Figure 4. (a)Wide-angleXRDdata obtainedonaKLE-templatedBi2O3

thin filmcalcined at 400 �C.The stickpattern shows JCPDSreference card
no. 27-0050 for tetragonal Bi2O3. AWAXD pattern obtained on electro-
spun Bi2O3 nanofiber mats calcined at 400 �C is shown in the inset of part
a. Both diffractograms have the same scale on the x-axis for comparison.
(b) Typical survey spectrum for KLE-templated β-Bi2O3 thin films. A
high-resolution scan of the Bi4f region is shown in the inset of part b.
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demonstrate that the β-Bi2O3 films employed in this
work exhibit only low activity in the visible range.
Thus, we decided to use 254 nm light to examine the
catalytic properties.
The data shown in the ensuing sectionwere obtained on

60 nm thick KLE-templated β-Bi2O3 films with a total
area of 7.1 cm2. Figure 5b shows UV-vis spectra col-
lected at intervals of 15 min over an exposure period of
2.5 h. In addition, the inset in Figure 5b shows typical
semilogarithmic plots for the photodegradation of RhB
in the absence and presence of β-Bi2O3. It can be clearly
seen that exposure of RhB toUV light does stimulate self-
photodegradation. This pathway, however, is negligible
when compared to the photodegradation achieved using
KLE-templated β-Bi2O3 thin films. A closer examination
of Figure 5b shows that the degradation kinetics are
pseudo-first-order. The linear regression of data points
obtainedwith β-Bi2O3 has a correlation constant of 0.995.
At first glance, this high correlation constant implies that
the linear regression is an excellent fit to the data.We find,
however, that the slope determined by linear regression of
the first two data points is quite different compared to
that of the last nine ones. Removing the first two data
points, i.e., those collected after exposure times of 0 and
15 min, results in a correlation constant of 0.999. This
change seems minor but indicates different (slower) de-
gradation kinetics within the first 15min of the first cycle.
We note that this result is always obtained for KLE-
templated β-Bi2O3 films during the initial photodegrada-
tion cycle. The most plausible explanation is the presence
of residual polymer template in the porous network

blocking active sites upon the catalyst essential for the
degradation of RhB. Upon removal of the remaining
polymer, we find a steady increase in the degradation of
RhB. The same samples also show excellent cycling
characteristics as there is no decline in photocatalytic
activity after three cycles. Moreover, the degradation
rate is 3-4 times higher than that of the R/β-Bi2O3

nanofiber mats (Supporting Information S5) and even
about 20 times higher compared to nontemplated
films prepared under otherwise identical conditions
(Supporting Information S1 and S6). Surprisingly, this
correlates well with the difference in BET surface area.
We thus associate the enhanced photocatalytic activity of
the KLE-templated materials with the high density
of accessible active sites offered by the mesoporous
framework.
Lastly, a control experiment employing well-established

KLE-templated anatase TiO2 thin films as photocatalysts
was conducted to ascertain the quality of catalysis
achieved by the mesoporous β-Bi2O3 films.30,31 The
nanocrystalline titania frameworks are ideal candi-
dates for comparison as they possess the same cubic
architecture (Supporting Information S7) with similar
BET surface area and optical band gap energy (Suppor-
ting Information S8) relative to KLE-templated β-Bi2O3

thin films.30 Although TiO2 is known to be a good
photocatalyst,35 we find a considerably lower degrada-
tion rate (about 10 times) on a mass normalized basis
(Supporting Information S8), which underlines the ex-
ceptional photocatalytic properties of the novel β-Bi2O3

nanomaterials.

Conclusions

In summary, we have demonstrated that bismuth tri-
oxide thin films can be templated using the amphiphilic
diblock copolymer KLE. Moreover, we have also shown
that nanofibers can readily be produced via electrospinn-
ing. The results with WAXD and GISAXS provide
considerable insight on the structure of the self-assembled
films and the crystallization process. KLE-templated
samples can readily produce metastable β-Bi2O3 in
phase-pure form, while thermal treatment of nanofiber
mats leads to the formation of small amounts of the
thermodynamically stable R-Bi2O3 phase. Although
β-Bi2O3 has been proposed as a potential new visible light
responsive material, we find a direct band gap of about
3.4 eV for films calcined at 400 �C.
The present work further establishes the benefits of a

mesoporous morphology in heterogeneous photocatalysis.
The catalytic activity ofKLE-templatedβ-Bi2O3 thin films is
significantly greater than that of nontemplated Bi2O3 thin
films and KLE-templated anatase TiO2 thin films. We
attribute this exceptional activity both to the large BET
surface area and to the high phase purity of the more
catalytically active and robust nanocrystalline β-Bi2O3. A
study of the influence of various dopants on the optical and

Figure 5. (a) Plot showing the square of the measured absorption
coefficient as a function of photon energy. A band gap of ∼3.4 eV is
obtained for KLE-templated β-Bi2O3 calcined at 400 �C. (b) Photo-
degradation of RhB over an exposure period of 2.5 h (15 min steps)
achieved by 60 nm thick KLE-templated β-Bi2O3 films. Semilogarithmic
plots (ln(c/c0) versus time) are shown in the inset of part b. Squares refer to
the photodegradation of RhB in the absence of β-Bi2O3 while open and
solid circles refer to the photodegradation in the presence of β-Bi2O3 after
1 and 3 cycles, respectively.

(35) Bian, Z. F.; Zhu, J.; Wang, S. H.; Cao, Y.; Qian, X. F.; Li, H. X. J.
Phys. Chem. C 2008, 112, 6258–6262.
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photocatalytic properties of mesoporous Bi2O3 is currently
ongoing.
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