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A novel CaNb,Og hierarchical micro/nanostructure was suc-
cessfully fabricated under mild hydrothermal conditions in
the absence of templates or organic additives. In this hierar-
chical micro/nanostructure, the nanosheets grow vertically
on the surface of the one-dimensional microneedles whose
axial direction is along the c-axis, and the single crystalline
nanosheets are parallel to the (020) planes. A two-step nucle-
ation—growth mechanism is proposed to explain the forma-
tion of the CaNb,Og¢ hierarchical micro/nanostructure, based

on the observation of a time-dependent morphology evol-
ution process. The hierarchically structured CaNb,Og exhib-
its a stronger enhancement of photocatalytic activity in the
degradation of rhodamine B (RhB) than other morphological
CaNb,0¢ samples, such as nanoparticles, nanoribbons, and
microneedles. This simple hydrothermal method provides a
new general approach for the synthesis of potentially useful
niobates.

Introduction

Hierarchical micro/nanostructures, which are assembled
from zero-dimensional (0D), 1D, and 2D micro/nanoscale
building blocks, have attracted significant attention due to
their unique physical and chemical properties.!' 4 Research
on hierarchical structures provides potential applications in
the bottom-up fabrication of advanced functional devices,
including sensors,>® fuel cells,”) and photocatalysts.[8 10
The photocatalytic superiority of the hierarchical micro/
nanostructures can be attributed to their special structural
features. The special structural features can prevent aggre-
gation to maintain a large active surface area and enhance
the charge-transfer rates in materials.®-!!1 So far, various
hierarchical morphologies of different materials (such as
core-shell,® tubular,'?! dendrites,[!3! flower-like,[!!-'4 dan-
delion-like,[’*] and brush-like!®)) have been synthesized in
solution. Commonly, templates or surfactants are required
in the synthesis process of hierarchical structures, in order
to decrease the interfacial energy barrier for sequential nu-
cleation—growth or to induce the self-assembly process of
primary particles.[!6-17]

Among all the semiconductor photocatalysts reported, a
series of niobates showed high photocatalytic activity, for
example  NiNb,Og,'8]  ZnNb,Ogx,l'!  SnNb,Og,2”
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Cs;NbyO,;,21  Sr,Nb,0,,221  Ca,Nb,0,,23  H(K)
CarNb30,0,21  BasNbyO;5,21  KyNbsO,7,?  and
InNbO,.P Although the photocatalytic activity of these
niobates has been confirmed by theoretical calculation and
experiments, the cumbersome synthesis conditions limited
their practical applications. Currently, most niobates are
synthesized by traditional solid-state reaction (SSR) and re-
lated methods, such as the polymerized complex (PC)
method,>>281 sol-gel method,?*3%1 and the molten salt
route.*!l The products obtained by the SSR method are
generally bulk materials with low active surface area and
wide size distribution.['8"?7] Because of polyesterification
between citric acid and ethylene glycol in the PC and sol-
gel methods, expensive Nb sources are always required,
such as NbCls and Nb(OC,Hs)s.[82°1 The final calcination
process is inevitable and causes a loss of active surface area.
Usually, awkward Nb,Os treatments are needed, in order
to obtain soluble and more reactive hydrated Nb,Os-nH,O,
which is also called “niobic acid”, for example fusing
Nb,Oj5 at 400 °C with KOH and dissolving Nb,Os in con-
centrated HF solution.[3%32 Although, there are some re-
ports of hydrothermal synthesis under mild conditions,
most of them focus on the synthesis of alkali metal niob-
ates,’3 31 based on the dissolution of Nb,Os in alkaline
solutions by hydrothermal treatment.

CaNb,Og, one of the columbite niobate compounds
(MNb,Og where M = Mg, Zn, Ni, Ca, Cu, Mn, or Co),
has received a great deal of attention due to its microwave
dielectric and photocatalytic properties.*® 38! In addition, it
is reported that CaNb,Og can be used in holography appli-
cations, as a laser host material and a low-cost lamp phos-
phor when doped with Eu?* and co-doped with Ti** .13
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Synthetic methods of CaNb,Og in the current literature are
all limited to high-temperature calcination, the sol-gel
method, and molten-salt reaction.[?%-36:38.40]

In our work, based on the reaction between a more reac-
tive Nb precursor and Ca’* in a hydrothermal process, a
CaNb,Og¢ hierarchical micro/nanostructure was obtained
without templates or organic additives. We have investi-
gated the effect of reaction conditions including pH value,
reaction time, temperature, and reactant concentration on
the growth and morphology of CaNb,O4 products. The
corresponding optical absorption and photocatalytic activi-
ties of CaNb,Og samples with different morphologies were
also studied.

Results and Discussion

Figure 1 shows the X-ray diffraction patterns of the sam-
ples prepared by hydrothermal treatment requiring 1 d at
200 °C. CaNb,Og4 and Ca,Nb,0O could be obtained, in dif-
ferent basic capacity conditions. When pH = 7 (Figure 1,
a), all of the diffraction peaks could be well-indexed to a
pure orthorhombic phase of CaNb,O4 (JCPDS No. 39—
1392). When the pH value was increased to 8 (Figure 1, b),
there was also only CaNb,Og4. But as the pH value in-
creased further, Ca,Nb,O, coexisted with CaNb,Og, and
the diffraction peak intensity of Ca,Nb,O; increasingly
strengthened while the diffraction peak intensity of
CaNDb,O¢ weakened (Figure 1, c—e). At pH = 10 there is
clear coexistence of CaNb,Og and Ca,Nb,O, as shown in
Figure 1 (d), and at pH = 11, Ca,Nb,O; was the main
phase in the mixture products. The amount of CaNb,Og in
the mixture was 70.9, 65.9, and 44.1 wt.-% at the pH values
of 9, 10, and 11, respectively, as estimated by the Rietveld
software MAUD. A pure phase of Ca,Nb,O, could be ob-
tained at a pH > 13. As shown in Figure 1 (f-h), all diffrac-
tion peaks of the Ca,Nb,O; phase are in good agreement
with the standard XRD card (JCPDS No. 81-0841).

We used a soluble and active NbY precursor which is
prepared by a relatively simple and convenient hydrother-
mal treatment of Nb,Os. Although it is the commonest and
cheapest niobium source in niobium chemistry, Nb,Os is
fairly inert in aqueous solution. So often in the literature
cumbersome techniques have been necessary to obtain solu-
ble and more reactive hydrated Nb,Os-nH,O, for example
fusing Nb,Os with alkali metal (usually potassium) hydrox-
ides or carbonates, and dissolving Nb,Os in concentrated
HF solution.[3%3? Since the hexaniobate ion [NbsO,o]* has
been known as the dominant species in alkaline solu-
tions*!#?l and the solution of [NbsO;4]® could be obtained
by hydrothermal process,[*>#4 we chose the alkali salt of
[NbgO14]® as the water-soluble precursor for the synthesis
of CaNDb,Og¢. Additionally, it has been mentioned above
that the pH value of the solution as well as the niobium
oxide concentration determines the specific niobium ionic
species present in aqueous solution,*! for example
HNbgO1o& (x = 0, 1, 2, or 3) present in the pH range
11.5-14.5, and Nb,OsnH,O which exists in aqueous solu-
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Figure 1. XRD patterns of the samples prepared by hydrothermal
treatment at 200 °C for 24 h in different basic capacity conditions:
(a) pH =7, (b) pH = 8, (¢) pH = 9, (d) pH = 10, (¢) pH = 11, (f)
0.2 M KOH, (g) 1 v KOH, and (h) 5 M KOH.

tions of pH = 3.65-6.5. So the synthesis of CaNb,O4 and
Ca,Nb,O, can be expressed by Equations (1) or (2) for pH
= 8 or > 13, respectively.

Nb,O5nH,0 + Ca?* — CaNb,0O4 + (n — 1)H,O + 2H* (@)

H,NbgO,s® 9 + (x + 4)OH" + 6Ca’* —
3Ca,NbDO; + (x + 2)H,0 ()

Figure 2 presents the typical electron microscopy images
of the obtained CaNb,Og4 with hierarchical structure pre-
pared at 200 °C for 3 d. The low magnification scanning
electron microscopy (SEM) image (Figure 2, a) shows that
this hierarchical structure is common in the products. On
the basis of further observations by SEM and TEM (Fig-
ure 2, b, ¢ and d), the hierarchical structure seems to be
composed of numerous two-dimensional nanosheets that
stand vertically on the surface of the one-dimensional mi-
croneedles. In general, the microneedles are several micro-
meters in length, with diameters of ca. 300 nm. The second-
ary nanosheets are very thin and the folds of nanosheets
could be clearly observed in Figure 2 (e¢). These nanosheets
are usually flat-lying on the Cu grids, and the thickness of
the nanosheet is approximately 6 nm from the width of the
fold as marked in Figure 2 (e). Figure 2 (f) is a high-resolu-
tion TEM (HRTEM) image, and represents the inset rect-
angle at the edge of the nanosheet in Figure 2 (e). The clear
lattice fringe confirms the single-crystalline nature of the
nanosheet. The measured interplanar spacings are 0.287 nm
and 0.260 nm, which are in good agreement with the values
of the (200) and (002) lattice planes, respectively. The angle
between the two fringes is very close to 90°, showing that
the HRTEM is taken from the [010] zone axis. Therefore,
we conclude that the single-crystalline two-dimensional
CaNb,Og¢ nanosheets grow preferentially along the (020)
planes and spread out from the microneedles. The chemical

Eur. J. Inorg. Chem. 2010, 1275-1282
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composition of the as-synthesized CaNb,Og4 with hierarchi-
cal structure was investigated using energy-dispersive spec-
troscopy (EDS), as shown in Figure 2 (g). The Nb, Ca, and
O peaks together with a Cu signal coming from the TEM
grid are clearly shown. X-ray fluorescence analysis also con-
firmed the composition of CaNb,Og, and no potassium im-
purities were detected.
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Figure 2. (a) and (b) SEM images, (c)—(e) TEM images, (f) HRTEM
image recorded from the edge of a nanosheet, (g) EDS of the hier-
archically structured CaNb,Og4 prepared by hydrothermal treat-
ment at 200 °C, pH = 7.2 for 3 d.

To wunderstand how the hierarchical structure of
CaNb,O¢ formed, a series of time-dependent experiments
were performed at 200 °C. Figure 3 shows the morphologi-
cal evolution process of the samples after different reaction
times. After 2h, many tiny irregular nanoparticles were
formed as the main product (Figure 3, a) and the crystalline
phase of CaNb,O4 emerged (XRD pattern shown in Fig-
ure 4). At the same time, some one-dimensional mi-
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croneedles could be observed occasionally, as shown in Fig-
ure 3 (b). When the reaction time was prolonged to 1 d, the
irregular nanoparticles almost disappeared, and at this time
the products present the morphology of one-dimensional
microneedles, and many multiarmed microneedles could be
observed, as shown in Figure 3 (c). A close examination
of a single microneedle is shown in Figure 3 (d). The well-
resolved two-dimensional lattice fringes shown in the
HRTEM image indicate the single-crystalline nature and
good crystallinity of the microneedle. In addition, the spac-
ings between the two sets of fringes are determined to be
0.532 nm and 0.260 nm, which are very close to the in-
terplanar spacings of the (110) and (002) planes, respec-
tively, indicating that there is preferential growth of the mi-
croneedles along the [001] direction. When reaction time
was further extended to 2d, the microneedles became
thicker and some nanosheets emerged, which stand nearly
vertically on the surface of the microneedles as shown in
Figure 3 (e). When the reaction time exceeded 3 d, the hier-
archical micro/nanostructure became widespread, and the
size of the nanosheets increased markedly as shown in Fig-

Figure 3. SEM and TEM images of CaNb,O¢ samples prepared by
hydrothermal treatment at 200 °C for different reaction times: (a,
b) 2 h, nanoparticles and one-dimensional nanostructures aggre-
gated by nanoparticles. (c, d) 1 d, microneedles and HRTEM image
of an individual microneedle, (¢) 2 d, nanosheets emerge, (f) 3 d,
hierarchical micro/nanostructure.
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ure 3 (f). This result indicates that CaNb,Og microneedles
with preferred growth along the [001] direction formed first,
and then CaNb,Og nanosheets grew gradually on the sur-
face of these microneedles, leading to the formation of the
CaNb,Og hierarchical micro/nanostructure. When the reac-
tion time was increased to 5-10 d, the nanosheets became
thicker and the diameters of the microneedles increased to
ca. 1 pm, as shown in Figure S1.
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Figure 4. XRD of the CaNb,O¢ samples prepared by hydrothermal
treatment at 200 °C and for different reaction times.

In general, the morphology of crystal growth is deter-
mined by a combination of internal structurally related fac-
tors and external factors (such as supersaturation degree,
time, and additives). As for internal structural factors, in
the columbite structure of CaNb,Og (Figure 5), NbOg octa-
hedra joined together at their edges along the c-axis to form
chains, and two adjacent chains are linked to each other at
their corners. These double layers of edge- and corner-
shared NbOg octahedra are connected into a sheet as the
basic structural unit and the sheets are separated along the
b-axis by layers of Ca’" ions as interlayer counterions.
Thus, it is structurally reasonable to assume that the nano-
sheets grown on the surface of the one-dimensional mic-
roneedles were formed from the sheet layers which are par-
allel to its instinct a X ¢ layer plane, and this result is consis-
tent with the HRTEM observation.

Figure 5. Crystal structure of columbite CaNb,Og. The small
spheres represent Ca atoms and the octahedra represent NbOg oc-
tahedra.

As for external factors, we considered supersaturation
degree and reaction temperature besides reaction time.
Firstly, the supersaturation degree has a crucial effect on
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the nucleation process.!1 Only with an appropriate concen-
tration of reactants, is the multistep nucleation—growth pro-
cess feasible and can the construction of the hierarchical
structure be realized. In regard to our experiments, mic-
roneedles formed in the first nucleation—growth stage could
serve as substrates to induce secondary heterogeneous nu-
cleation of the nanosheets, while the remaining concentra-
tion is sufficiently high to initiate nucleation. In order to
demonstrate this, we performed an experiment over 3 d with
a lower concentration of reactants (0.002 mol/L of Nb and
0.002 mol/L of Ca). The SEM images in Figure 6 (a) show
that the products present the morphology of microplates
and no secondary nanosheets were identified. Additionally,
the morphology of the corresponding CaNb,O4 samples
prepared at lower temperature for 3 d has also been studied
by SEM analysis and is presented in Figure 6 (b). When
reaction temperature was decreased to 180, 160, and 140 °C
(XRD patterns shown in Figure 7), the products present a
similar morphology of nanoribbons (Figure S2), and some
nanoribbons assemble into nanoflowers as shown in Fig-
ure 6 (b), but there is no secondary nanostructure. The
thickness of the nanoribbons is 27 nm, and that is smaller
than the microneedles prepared at 200 °C.

Figure 6. SEM of CaNb,O4 samples prepared by hydrothermal
treatment for 3 d at lower concentration and reaction temperature,
(a) 0.002 mol/L of Nb and 0.002 mol/L of Ca, (b) 160 °C.

Eur. J. Inorg. Chem. 2010, 1275-1282
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Figure 7. XRD patterns of CaNb,O4 samples prepared at different
reaction temperature for 3 d.

On the basis of the above observations and discussion,
we believe that the hierarchical structure is formed in a two-
step nucleation—growth process, at appropriate concentra-
tion and temperature conditions. The whole process is dem-
onstrated in Scheme 1. During the first step (Scheme 1, a),
a lot of tiny crystalline nuclei particles were formed after
hydrothermal treatment for 2h, and some microneedles
that were aggregations of tiny particles appeared. Larger
microneedles grew at the cost of the small particles based
on an Ostwald ripening mechanism. Finally, the irregular
nanoparticles almost disappeared when reaction time fur-
ther increased to 1d. The growth direction of the mic-
roneedles is derived from the intrinsic anisotropic growth
habit. In the second step (Scheme 1, b), surplus crystal
seeds initiated secondary heterogeneous nucleation on the
surface of the microneedles, resulting in secondary nano-
sheets growing on the surface of the CaNb,Og microneedles
and a hierarchical structure is formed. The fact that there
are no hierarchical structures at lower concentrations pro-
vided distinct evidence that the supersaturation degree is
crucial to the construction of the hierarchical structure.
Currently, a sequential nucleation—growth strategy has been

Step one: the formation of primary microneedles

European Journal
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successfully employed to construct hierarchical structures
in many systems. However, preformed primary nanocrystals
and the assistance of organic additives to reduce the interfa-
cial activation energy and induce the site-specific nucle-
ation—growth process on the surfaces of primary nanocrys-
tals are necessary.'’l Comparatively speaking, our result
may provide a new route for the construction of such a
hierarchical structure from a multistep nucleation—growth
process dependent on the degree of supersaturation.
Figure 8 shows the UV/Vis diffuse reflectance spectra of
the CaNb,Og¢ products. All of the samples exhibited absorp-
tion bands in the UV light region, and the band gaps of
CaNb,Og¢ are estimated according to the absorption edge
position from the interception of the two linearly extrapo-
lated lines as shown in part d of Figure 8. Figure 8 (a—)
shows that the optical absorption edge positions of the
CaNDb,Og¢ products prepared at 200 °C are ca. 345 nm, cor-
responding to a band-gap energy of 3.59 eV. It is observed
that the optical absorption edge of CaNb,Og nanoribbons
prepared at 160 °C is ca. 333 nm (Figure 8, d), correspond-
ing to a band-gap energy of 3.75 eV. The length, width, and
especially thickness (27 nm) of the nanoribbons is less than
the microneedles prepared at 200 °C. The optical absorp-
tion of the product prepared at 160 °C exhibits a slight blue
shift, compared to the samples obtained at 200 °C. Figure 8
(e) shows the UV/Vis diffuse reflectance spectra of
CaNb,Og¢ prepared by a conventional SSR. The optical ab-
sorption of the SSR-CaNb,O¢ sample presents a negative
absorption value in the shorter wavelength region, which is
probably due to the strong luminescence property of the
SSR-CaNb,Og sample at room temperature.?3-3%1 The shape
and structure could have an effect on the optical absorption
and band-gap energy®#7l and the differences in optical ab-
sorption of the different samples were ascribed to that.
The photocatalytic activities of CaNb,Og4 products were
evaluated by decomposition of RhB in aqueous solution.
As shown in Figure S3, when a CaNb,Og hierarchical
micro/nanostructure sample is suspended in the RhB solu-
tion, the absorption of the RhB dye solution decreased

Step two: the formation of secondary nanosheets

a b
Nanoparticles Microneedles Hierarchical structure
200 °C o Ripening ' High concentration
.. 00
B — ogg — - —
Homogeneous Anisotropic Heterogeneous
nucleation growth nucleation

H 2h 1d H 3d
V 160 °C V Low concentration
Nanoribbons Microplates

Scheme 1. Illustration of the two-step nucleation—growth process for the formation of the CaNb,Og¢ hierarchical micro/nanostructure.
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Figure 8. UV/Vis diffuse reflectance spectrum of CaNb,O4 prod-
ucts with different morphologies: (a) nanoparticles, (b) mic-
roneedles, (c) hierarchical structural morphology, (d) nanoribbons,
(e) SSR-CaNb,Og.

gradually under UV light irradiation and the major absorp-
tion peak position was slightly blue shifted, indicating de-
gradation of the RhB and removal of ethyl groups. A series
of photocatalytic experimental results are shown in Fig-
ure 9. The y-axis was defined as C/C,, where C is the ab-
sorption of RhB at irradiation time ¢, and C, is the absorp-
tion of RhB after the adsorption equilibrium. A blank test
(RhB without any catalyst) under 500-W UV light radiation
was performed and is shown in Figure 9 (a); the test re-
vealed that the degradation of RhB was very slow when
illuminated by UV light in the absence of photocatalysts.
However, with CaNb,O4 samples as photocatalysts, the
photodegradation efficiencies of RhB clearly increased. The
CaNb,Og hierarchical micro/nanostructured morphology
showed the highest photocatalytic activity (Figure 9, f), fol-
lowed by nanoribbons prepared at 160 °C (Figure 9, e¢),
microneedles (Figure 9, d), and nanoparticles (Figure 9, c).
All the hydrothermally treated samples have better photo-
catalytic activity than the SSR-CaNb,Og4 sample (Figure 9,
b).

clc

Time (min)

Figure 9. Photocatalytic degradation of RhB wusing different
CaNb,O¢ samples: (a) without photocatalysts under UV light irra-
diation, (b) SSR-CaNb,Oy, (c) nanoparticles, (d) microneedles, (e)
nanoribbons, (f) hierarchical micro/nanostructure.

Before the irradiation with UV light, the adsorption per-
centages of RhB in different samples were checked. Table
S1 shows the BET surface areas and the adsorption per-
centages of RhB for different morphological CaNb,Og4 pho-
tocatalysts in the dark. The photocatalytic activity is related
1280
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to the surface area of the photocatalyst, and the improved
activity is usually accompanied with an increase in surface
area. However, in our experiments, the nanoparticles (BET
= 91 m?/g) with higher surface area, as well as the nanorib-
bons (BET = 43.5 m?/g), exhibit lower photocatalytic ac-
tivity than the hierarchical micro/nanostructural sample
(BET = 23.5m?g). The SSR sample (BET = 1.7 m?/g)
shows the lowest photocatalytic activity. The differences in
crystallinity and the special structural morphology are re-
sponsible for this. Nanoparticles with the highest BET sur-
faces were obtained at 2 h but the crystallinity was poor, so
the increased number of defects may act as recombination
centers for photoinduced electrons and holes, and reduce
the photocatalytic activity significantly. In addition, regard-
ing other samples with similar crystallinity and the same
energy band structure, differences in photocatalytic activity
could be ascribed to differences in morphology and micro/
nanostructures, which affect the efficiency of the electron—
hole separation. The unique structure of the hierarchical
micro/nanostructured CaNb,Og may be responsible for its
highest photocatalytic activity. The thickness of secondary
nanosheets that grow vertically on the surface of the one-
dimensional microneedles is ca. 6 nm, and this will promote
transfer of the photogenerated charge carriers from the in-
side to the surface of the crystal where they react with the
organic molecules.*®] As a matter of fact, the thickness of
6 nm is very close to the regime where quantum size effect
is prominent. The quantum size effects would induce the
broadening of the nanosheets’ band gap and bring higher
redox potentials. The electrons transferring from the con-
ductive bands of nanosheets with high electric potential to
those of the microneedles with low electric potential could
be promoted. The recombination probability of the photo-
generated electron—hole pair could be reduced, and then the
efficiency of the electron-hole separation increased.[®#
Therefore, a good photocatalytic performance is obtained.
However, the detailed carrier charge-transfer processes and
reactions in CaNb,Og4 hierarchical micro/nanostructures
still require further investigation.

Conclusions

Starting from the inert but cheapest niobium source in
niobium chemistry, Nb,Os, a CaNb,Ogq hierarchical micro/
nanostructure was synthesized for the first time by a simple
hydrothermal reaction without templates. At the same time,
selective synthesis of CaNb,O4 and Ca,Nb,O; could also
be facilely achieved only by adjusting pH value. This simple
and low-cost hydrothermal method may also be extended
to prepare other similarly structured niobates and such
studies are in progress. The CaNb,Og hierarchical structure
shows nanosheets standing vertically on the surface of the
microneedles. The structural features of the CaNb,Og hier-
archical micro/nanostructure could efficiently promote the
charge-transfer process and lead to a good photocatalytic
performance in the decomposition of RhB under UV light
irradiation. The formation of this hierarchical micro/nano-
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structure can be described by a two-step nucleation—growth
process. First of all, primary microneedles form in the first
nucleation—growth stage, and then, these microneedles serve
as substrates to induce heterogeneous nucleation of the sec-
ondary nanosheets. Ultimately, the hierarchical mor-
phology can be achieved with appropriate time and tem-
perature conditions, especially if the supersaturation degree
required by the multistep nucleation—growth process is high
enough. The comprehension of this multistep nucleation—
growth process could be useful in the construction of new
hierarchical structures with potential uses.

Experimental Section

Synthesis of a Soluble Niobium Source: Niobium pentaoxide
(Nb,Os, 0.5 g) and KOH (1 m) alkaline solution were mixed and
transferred into a 40 mL Teflon®-lined stainless steel autoclave.
Thermal treatment was carried out at 180 °C for 2 d. After cooling
down naturally, any insoluble residue was eliminated by centrifug-
ing. The clear colorless solution of [NbsO,4]*" was obtained, ac-
cording to the literature.[*344

Synthesis of Calcium Niobate Samples: In a typical procedure, the
above solution (2 mL) was taken and diluted in distilled water
(13 mL). Hydrochloric acid was used to adjust the pH value of
the solution to 7.2, then CaCl, (15 mL, 0.017 M) was added under
continuous stirring. The pH value of the solution was adjusted
again to 7.2. The mixture (30 mL) was transferred into a 40 mL
Teflon-lined stainless steel autoclave. The autoclave was heated at
200 °C for 3 d and then cooled down naturally. The products were
filtered, washed with distilled water, and dried in a vacuum at 60 °C
for 12 h. The morphology of this product was observed to be that
of the hierarchical micro/nanostructure. A series of experiments in-
volving changing the pH value from 7 to 13 were also performed
at 200 °C for 1 d.

For comparison, a CaNb,O4 sample was also prepared by SSR.
CaCOs; (0.2 g) and Nb,Os (0.532 g) with a required stoichiometry
were mixed and milled, and then the powder was pressed into a
pellet. The pellet was heated in an alumina crucible at 850 °C for
12 h, and then at 1300 °C for 12 h twice with regrinding.

Characterization: The XRD patterns of the products were obtained
with a Rigaku D/MAX 2500/PC X-ray diffractometer with graph-
ite-filtered Cu-K,, radiation, at 40 kV and 200 mA, and collected at
20 angles of 10-70°. The morphologies of the samples were ob-
served by SEM on a JSM-6700F electron microscope and TEM on
a JSM-3010 electron microscope. The UV/Vis diffuse reflectance
spectrum of the products was obtained with the Lambda 20 UV/
Vis spectrometer. The BET surface areas of the samples were mea-
sured with a Micromeritics Tristar 3000 system. The chemical com-
positions of prepared samples were verified using X-ray fluores-
cence (XRF) with a Panalytical AXIOS PW4400 sequential spec-
trophotometer.

Measurement of Photocatalytic Activity: The photocatalytic activi-
ties of samples were evaluated by the photocatalytic degradation
of RhB under UV light. A 500-W high-pressure Hg lamp was used
as the UV light source. Experiments were carried out at ambient
temperature as follows: a catalyst (10 mg) was suspended in a RhB
solution (100 mL, 1073 mol/L). Before illumination, the aqueous
suspension was stirred for 1h in the dark to ensure adsorption—
desorption equilibrium. Then, the suspension was exposed to UV
light irradiation under continuous stirring. The concentrations of
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the RhB were monitored by measuring the absorbance of the solu-
tion at 553 nm during the photodegradation process with a UV-
2450 UV/Vis spectrophotometer.

Supporting Information (see also the footnote on the first page of
this article): TEM characterizations of CaNb,Og4 samples prepared
under different conditions. Changes of UV-visible spectra of a typi-
cal CaNb,Og hierarchical structure sample suspended in RhB solu-
tion as a function of irradiation time. BET surface area and the
adsorption percentages of RhB for different morphological
CaNb,Og4 photocatalysts.
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