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Corundum-Type In,O3 Urchin-Like Nanostructures: Synthesis Derived from
Orthorhombic InOOH and Application in Photocatalysis
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A facile route was applied to synthesize indium oxyhydrox-
ide (InOOH) with urchin-like nanostructures through poly-
mer-assisted hydrolysis of the In®* cation in water/ethanol
mixed solvent. The uniform InOOH urchin-like nanostruc-
tures are composed of nanorods with a diameter of several
nanometers and a length up to 100 nm. Investigation of the
effects of various reaction parameters reveals that poly(ethyl-
ene glycol)-1000 (PEG-1000) and reaction temperature have
significant influences on the morphology of the as-prepared
products. The formation of InOOH urchin-like nanostruc-
tures can be due to anisotropic structure and PEG-1000 se-
lective adsorption. By annealing the preobtained InOOH pre-

cursor at 500 °C under ambient pressure, metastable hexago-
nal indium oxide (H-In,O3) urchin-like nanostructures, in-
heriting the morphology of its precursor in the transformation
process, were obtained. The photocatalytic activity of as-pre-
pared H-In,O3 was evaluated by photodegradation of rhoda-
mine B (RhB) dye under ultraviolet (UV) light illumination.
The stability of the photocatalytic performance of H-In,O3
urchin-like nanostructures was investigated by circulating
run tests in the photodegradation of RhB.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Recently, much effort has been devoted to the morpho-
logical control of metal-based semiconductor nanomateri-
als owing to their unique physical and chemical proper-
ties.'! As one of the most important metal-based semi-
conductors, indium oxide (In,O;) with a direct bandgap of
3.55-3.75 eV has been widely used in optoelectronic devices
such as solar cells, flat-panel displays, gas sensors, and pho-
tocatalysis.”) Usually, In,O;5 prefers to crystallize in a cubic
bixbyite-type structure (C-In,O3) under normal conditions.
To meet different requirements, C-In,O5 with different mor-
phologies, including nanoparticles, nanowires, nanobelts,
nanocrystal chains, pyramid-like crystals, nanotubes, and
three-dimensional (3D) structures,® has been synthesized.
More recently, the hexagonal corundum-type In,O;
(H-In,03), a high-pressure modification, has become par-
ticularly attractive because the metastable phase is a route
toward creating new materials.! Some notable works have
appeared for the preparation of metastable H-In,O5; under
ambient pressure.l]

Of these synthesis strategies, a general route to prepare
In,05 is by thermal treatment of its precursors: indium hy-
droxide or oxyhydroxide. In,O5; with various desired mor-
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phologies has been synthesized by controlling the morpho-
logies of its precursors, because In,O5 can inherit their mor-
phologies during the calcination process. However, the fab-
rication of well-defined H-In,O5; with complex 3D struc-
tures is usually difficult, because control of the nucleation
and growth of nanomaterials is still a challenge.[! Thus, it
is important to develop innovative and convenient tech-
niques for fabricating H-In,Os; nanomaterials with 3D
structures under mild conditions and at low cost. Herein,
our research teams provide a simple, controllable route to
achieve the desired H-In,O; with uniform morphology
through annealing the InOOH precursor at 500 °C and un-
der ambient pressure. The InOOH precursor with urchin-
like nanostructures can be prepared through polymer-as-
sisted hydrolysis of the In** cation in water/ethanol mixed
solvent. On the basis of this strategy, the as-obtained H-
In,O3 may well inherit the morphology of its precursor and
can also exhibit urchin-like nanostructures.

The urchin-like H-In,O5 nanostructures may be expected
to find potential application in photocatalysis, because a
well-defined morphology and crystal structure have been
regarded as critical factors that may show evidence for some
novel and unexpected properties. Photocatalysis of some
semiconductors as photocatalysts is widely considered as an
emerging technology for solving environmental problems,
in particular, for the removal of organic contaminants.[l As
an important wide bandgap semiconductor, In,O5 has been
applied to improve the photocatalytic efficiency of other
semiconductors and has also been used as a photocatalyst
alone.® In this paper, for the first time we report the photo-
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catalysis of H-In,O3 with urchin-like nanostructures. The
photodegradation of rhodamine B (RhB) was employed to
evaluate the photocatalytic activities of H-In,O5 under ul-
traviolet (UV) light illumination.

Results and Discussion

Phase and Purity of the Samples

X-ray diffraction was used to verify the crystal structures
and the phase purities of the samples. A typical XRD
pattern of the white products prepared by the solvothermal
method at 140 °C for 16 h is shown in Figure la, where the
reflection peaks can be indexed to orthorhombic InOOH
(JCPDS card 17-0549, a = 526 A, b = 4.56 A, ¢ = 3.27 A).
There are no characteristic peaks of In(OH); observed.
However, the identity of the first reflection peak at 20 =
20.5° cannot be established on the basis of available litera-
ture. A similar diffraction peak was observed in a previous
report.’°l The relatively small size of the crystallites of the
product makes the diffraction peaks much broader than
that of the corresponding standard pattern. Additionally,
(002) plane reflection appears less broad than the others
in the XRD, indicating that the samples could tend to be
preferentially oriented along [001] direction.

Intensity [a.u.]

Figure 1. XRD patterns of the precursor (a) before and (b) after
annealing at 500 °C for 5 min under ambient pressure.

Figure 1b is the corresponding XRD patterns of the
pale-yellow samples obtained by annealing the InOOH pre-
cursor at 500 °C for 5 min. The reflection peaks in the XRD
patterns can be ascribed to pure H-In,O3 (JCPDS card 22—
0336, a = 549 A, ¢ = 14.52 A) and no other impurities
peaks are observed, indicating that the precursor was com-
pletely transformed into H-In,O3 under the annealing con-
ditions. The broad diffraction peaks indicate that the prod-
ucts tend to be small in size.

The XPS survey spectrum of the as-prepared H-In,O;
materials (Figure Sla) reveals that the sample is composed
of two elements: indium and oxygen. The two strong peaks
at 444.3 and 451.9 ¢V (Figure S1b) can be attributed to
binding energies of In 3ds;; and In 3ds,, respectively.” The
peaks at 530.0 and 531.7 eV (Figure Slc) can be assigned
to the binding energy of the O Is transition. However, the
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peak at 531.7 ¢V is due to absorption of O, impurities on
the surface of the sample, as urchin-like nanostructure ma-
terials exhibit a high surface-to-volume ratio.l'”! According
to the peak areas of In 3ds; and O 1s (530.0 V), The
atomic ratio of In to O is about 1:1.23, which can be attrib-
uted to oxygen vacancies formed during the calcination pro-
cess.

The Morphology of the As-Obtained Samples

The size and typical morphologies of both the InOOH
and In,O3 samples were illustrated by FE-SEM and TEM
images. The panoramic FE-SEM image of InOOH is shown
in Figure 2a, indicating that the InOOH products consist of
large quantities of uniform urchin-like nanostructures with
a diameter of 1-2 pm. Interestingly, through careful obser-
vation of the magnified FE-SEM images of InOOH (Fig-
ure 2b and 2c), it can be found that the surface of the ur-
chin-like nanostructures is assembled by nanorods with a
diameter of several nanometers and a length up to 100 nm.
The TEM images of InOOH are shown in Figure 2d and
2e, which further reveal that the InOOH precursor has ur-
chin-like nanostructures. A magnified TEM image of In-
OOH (Figure 2e) indicates that the nanorods on the sur-
faces have a very small diameter and also narrow size distri-
bution. More details about the InOOH nanorod micro-
structures are investigated by the selected area electron dif-
fraction (SAED) and HRTEM. There are several diffrac-
tion rings in the ED pattern (Figure 2e, inset). A relatively
strong diffraction ring can be indexed to the (101) plane
reflection of the orthorhombic InOOH. The HRTEM im-
age, taken from a randomly chosen nanorod, exhibits lattice
planes with spacing of 0.279 and 0.265 nm (Figure 2f), cor-
responding to the d spacing of the (101) and (200) planes
of orthorhombic InOOH, respectively. The angle between
the (101) and (200) planes was calculated to be 58.3°, which
is in accordance with the interplanar angle of lattice fringes

Figure 2. FESEM images of the INOOH precursor with urchin-like
structures prepared at 140 °C: (a) panoramic morphologies, (b)
low-magnification, and (c) high-magnification images. TEM images
of the InOOH urchin-like nanostructures: (d) low-magnification
and (e) high-magnification images. (f) HRTEM image of an In-
OOH nanorod. [The inset of (e) is the corresponding ED pattern
of the as-obtained InOOH].

Eur. J. Inorg. Chem. 2009, 903-909



Corundum-Type In,O3 Urchin-Like Nanostructures

Eur|IC

by measure. From the HRTEM image, the [200] direction
is perpendicular to the growth direction of the nanorods.
According to Equation (1), only the (002) and (031) planes
are perpendicular to the (200) plane. However, the angle
between the (031) and (101) planes was calculated to be
43.8°, and the calculated angle of 31.8° between (002) and
(101) is close to the measured angle of 31.7° between the
growth direction and the (101) lattice fringes. Hence, the
[001] direction can be the growth direction of the InOOH
nanorods, which is in agreement with the XRD analytical
result. The HRTEM image indicates that these nanorods
are single-crystalline InOOH.

\/(a2+b2+c2)(a2+b2+cz) (1)

cosg =

FESEM and TEM images, as shown in Figure 3a—¢, pro-
vide direct information about the size and morphology of
the final H-In,O3 products, which suggests that H-In,O3
inherits the urchin-like structures from its InOOH precur-
sor. The H-In,O; urchin-like structures have diameters
ranging from 1 to 2 pm, and the nanorods on the surfaces
have a length of about 100 nm. The SAED pattern of the
H-In,O5 urchin-like nanostructures is shown in the inset of
Figure 3e. The first and the second diffraction rings in the
SAED pattern correspond to (104) and (214) of H-In,Os;,
respectively. An HRTEM image of a single H-In,O3 nano-
rod is shown in Figure 3f, where the spacing of the lattice
fringes was measured to be 0.285 nm, consistent with the
(104) interplanar distance of H-In,Os;, indicating that nano-
rods have a single-crystalline nature.

Figure 3. FESEM images of the H-In,O; urchin-like structures by
annealing the precursor at 500 °C for 5 min under ambient pres-
sure: (a) panoramic morphologies, (b) low-magnification, and (c)
high-magnification images. TEM images of the as-obtained H-
In,O3 urchin-like nanostructures: (d) low-magnification and (e)
high-magnification images. (f) HRTEM image of an H-In,O5 nano-
rod. [The inset of (e) is the corresponding ED pattern of the as-
obtained H-In,O3].

Formation Mechanism of InOOH Urchin-Like
Nanostructures

In this experiment, a two-step fabrication strategy was
employed: firstly, the InOOH precursor with urchin-like
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nanostructures was prepared by a simple mixed solvother-
mal route in ethanol/water binary system; then, metastable
H-In,O5 nanostructures were obtained under ambient pres-
sure by the thermal decomposition of the InOOH precursor
at 500 °C. The chemical reactions depicted in Equations (2),
(3), (4), and (5) occurred in the formation of the H-In,O;
product.

CO(NH,), + H,O — CO, + 2NH; )
In** + 3NH; + 3H,0 — In(OH); + 3NH,* (3)
In(OH); — InOOH + H,0 4)
2InOOH — H-In,05 + H,0 (5)

The conversion from InOOH into H-In,O; during the
calcinations in air was studied by TG/DTA, as shown in
Figure S2. The TGA curve of InOOH suggests that weight
loss occurs in the temperature range from 50 to 550 °C. The
loss weight between 50 and 300 °C originates from evapora-
tion of the physically adsorbed water on the surface of In-
OOH and the DTA curve shows an exothermic process dur-
ing this temperature range. The other weight loss is around
6.5% in the temperature range from 300 to 550 °C, which is
very close to the amount of H,O produced by the complete
decomposition of InOOH [Equation (5)]. Also, another
exothermic peak around 300 °C is presented in this DTA
curve, which suggests it could be the onset of dehydration
of InOOH. Additionally, there is another endothermal peak
at 240 °C in the DTA curve, which may be related to the
decomposition of the residual amount of poly(ethylene
glycol)-1000 (PEG-1000) on the surface of InOOH.

In order to understand the formation of InOOH urchin-
like nanostructures, we studied the influence of different pa-
rameters on the shape of products systematically. Some
controlled experiments with different amounts of PEG-
1000 were carried out. The obtained samples consisted of
an uneven spherical aggregation of nanoparticles with a few
nanorods on its surface (Figure 4a) when PEG-1000 is not
added into the present system. When PEG-1000 (0.1 g) was
introduced into the synthesis system, the morphology of the
sample presents quasi-urchin-like nanostructures (Fig-
ure 4b). These experimental results reveal that PEG-1000 is
favorable for the formation of InOOH nanorods, which can
be attributed to PEG-1000 as capping agent that selectively
adsorbs at different crystallographic facets of the growing
crystals to achieve anisotropic crystal growth kinetically.
Also, it was found that the reaction temperature had an
influence on the morphology of prepared InOOH. Fig-
ure 4c shows the TEM image of products prepared at a re-
action temperature of 160 °C in the presence of PEG-1000
(0.1 g). Nanostructures with hollow interiors were ob-
tained, which is confirmed by the contrast between the dark
edges and the pale centers. The formation of hollow struc-
tures assembled with nanoparticles is attributed to the large
amount of microbubbles of CO, generated from the hydrol-
ysis of urea at a relatively high reaction temperature, which
serve as the aggregation center.''l Driven by the minimiz-
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ation of interfacial energy, small InNOOH nanocrystals may
aggregate around the gas-liquid interface between CO, and
solution and finally hollow InOOH nanostructures form.
Moreover, the InOOH nanocrystals do not grow into an
anisotropic structure, because the interaction between the
PEG-1000 molecule and the surface of the particles is
weaker at high temperature than at low temperature, which
affects the absorption of the polymer on the surface of the
particles at 160 °C.

‘a'-:x

Figure 4. TEM images of InOOH prepared under different reaction
conditions: (a) 140 °C and MpgEG-1000 = 0, (b) 140 °C and MpEG-1000
=0.1g, and (c) 160 °C and mpggG.1000 = 0.1 g.

Additionally, to shed light on the formation of InOOH
urchin-like nanostructures in detail, time-dependent experi-
ments involved in their growth process at various stages
were followed by TEM and XRD. Figure 5 reveals the vari-
ation of the morphology and phase of the samples, which
were prepared at various reaction stages. The TEM image
of a sample obtained after 1 h (Figure 5a) shows that par-
ticles, covered by a polymer and corresponding to lighter
shaded area, are formed. The TEM image of the sample by
solvothermal treatment for 2 h, as shown in Figure 5b, re-
veals that many particles with a relatively large size are
formed. When the reaction time was prolonged to 2.5 h,
some initial rod-like structures were formed on the surface
of the agglomerates (Figure 5c). XRD analyses (Figure 5f,
curves 1-3) identify them as poorly crystallized InOOH.
With a prolonged solvothermal treatment time, rudiment
urchin-like structures were obtained (Figure 5d). The XRD
pattern (Figure 5f, curve 4) confirms that the samples are
well-crystallized InOOH. For better comparison, the TEM
image and XRD pattern of the desired InOOH are also
shown in Figure Se and 5f (curve 5), respectively. On the
basis of Equation (3), the In(OH); phase should be ob-
tained during the growth process. However, from these
XRD patterns, the characteristic peaks of In(OH); are not
found. In comparison to the experiments in the water/etha-
nol mixed solvent, this experiment was performed in pure
water instead of the mixture and the cubic phase In(OH);
was obtained, which can be attributed to the hydrolysis of
In3* [Equation (3)]. Hence, the fact that In(OH); instantly
dehydrolyzes to form InOOH as soon as In(OH); forms
could be the reason that the characteristic peaks of
In(OH); are not found in the XRD patterns. Experiments
with different reaction time were also monitored by FTIR
(Figure S3). Although most assignments are straightfor-
ward, some vibration peaks are different from pure PEG-
1000. The variation can be explained by PEG-1000 as cap-
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ping agent molecules existing in the products and adsorbing
on the surface of the products, which is in agreement with
the results of TGA.

20[7]

Figure 5. TEM images of precipitate at 140 °C with different reac-
tion times: (a) 1h, (b) 2h, (¢c) 2.5h (d) 4h, and (e) 16 h. (f)
Curves 1-5 correspond to the XRD patterns of samples from 1 to
16 h.

On the basis of the above information, the polymer-as-
sisted anisotropic growth mechanism for the InOOH ur-
chin-like nanostructures could be rationally supported. At
an early stage of reaction, the poorly crystallized nanopar-
ticles are formed owing to the kinetically driven hydrolysis
of In®**,l'2l and the PEG-1000 additive is absorbed on the
particles surface. With extending the solvothermal treat-
ment time, because the solute is transported from the solu-
tion to the crystal interface, it becomes incorporated into
the crystal by surface kinetics, and the nanoparticles with a
big size are formed. Owing to anisotropic crystal structure
and PEG-1000 molecules, which selectively adsorb onto the
lateral surfaces of InOOH nanocrystals, INOOH nanocrys-
tals preferentially grow along the [001] direction and initial
rod-like structures are yielded on the edge of the par-
ticles.'>) When the reaction time is further prolonged, the
rod-like structures grow longer and these nanorods are as-
sembled into the InOOH urchin-like structures to reduce
the interfacial energy of small nanocrystals.

Photocatalysis Properties

The photocatalytic behavior of semiconductors is mainly
dependent on the separation of photogenerated electron-
hole pairst! and transfer the separated electrons from pho-
tocatalyst to the organic pollutants through the oxygen
vacancy defects on the surface of photocatalyst.'*! In this
paper, oxygen vacancy defects on the surface of H-In,O3
nanomaterials are generated due to heat treatment, which
can be proved by the XPS spectrum. RhB is one kind of
organic dye and often used as a model pollutant to study
the photocatalytic activity or performance of nanomateri-
als. The maximal absorbance of RhB is at ca. 543 nm.

Figure 6a shows the UV/Vis adsorption spectra of an
RhB ethanol solution in the presence of H-In,O5 urchin-
like nanomaterials under UV light irradiation for various
durations. The absorption peaks corresponding to RhB at
543 nm gradually decrease with prolonged irradiation times.

Eur. J. Inorg. Chem. 2009, 903-909
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During this process, the pink color of the RhB solution
gradually fades with increasingly longer irradiation time.
These results indicate that RhB obviously undergoes degra-
dation under the catalysis of H-In,Os; urchin-like nano-
structures. Figure 6b shows the efficiencies of the photo-
catalytic degradation under UV light irradiation. The photo-
degradation efficiency is defined as the ratio between the
absorbance C of RhB solution at the maximal absorption
peaks with different irradiation time and the absorbance C,
of the starting RhB solution before irradiation. Blank tests
without any catalyst (Figure 6b, curve 1) under UV light
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Figure 6. (a) Absorption spectra of the RhB solution (5.0 X 107 M,
100 mL) in the presence of H-In,O; urchin-like nanostructures
(25 mg) under UV light irradiation for different lengths of time. (b)
Photocatalytic efficiency comparison under different conditions:
(1) without any catalyst, (2) with In,O3; nanocubes (25 mg), and (3)
with H-In,Oj3 urchin-like nanostructures (25 mg) under UV light
irradiation. (c) Absorption spectra of the RhB solution under
cycling runs tests of H-In,O3 urchin-like nanostructures with an
irradiation time of 3 h.
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exhibit little photolysis. The photodegradation efficiency is
ca. 19% after 3 h, which demonstrates that the degradation
of RhB is extremely slow without a photocatalyst under UV
light illumination. However, as indicated in curves 2 and 3
of Figure 6b, the concentration of RhB obviously decreases
with each of the In,O3 samples as a photocatalyst under
exposure to UV light, revealing the obvious photocatalytic
ability of In,Os. The photodegradation efficiency is 69 and
86 %, corresponding to In,O; nanocubes!'® and In,O5 ur-
chin-like nanostructures, respectively, when the RhB/In,03
suspension is irradiated for 3 h. These experimental results
reveal that In,Os urchin-like nanostructures have superior
photocatalytic activity over In,O3; nanocubes, which can be
attributed to the special structures of urchin-like In,Os, size
effects of the nanorods, and a large surface area. Compared
with nanocubes, urchin-like nanostructures can maintain a
high active surface area even in aggregation due to the hier-
archical structure, which is called the structure-induced en-
hancement of the photocatalytic performance,'”! and, the
small size of the nanorods can reduce the recombination
opportunities of the electron-hole pairs that could effec-
tively move to the surface to degrade RhB, which improves
photocatalysis performance.'®! Moreover, BET measure-
ments show that the specific surface area of H-In,O5 ur-
chin-like nanostructures is 30 m?>g !, whereas that of In,O5
nanocubes is 21 m>g!. Hence, the relatively high photo-
catalytic efficiency of H-In,O3 can also be attributed to its
large surface area, which is beneficial to absorb more light
and increase reaction sites.

The stability of the photocatalytic efficiency of the H-
In,O5 urchin-like nanostructures was investigated by reuse
of the photocatalysts in the fresh solution of RhB with an
irradiation time of 3 h for each cycle (Figure 6¢). From the
UV/Vis adsorption spectra of RhB, the photocatalytic effi-
ciency of the urchin-like nanostructured H-In,O5 decreases
from 86 to 79% after four recycles, and the photocatalytic
activity of H-In,O5 does not exhibit significant loss for the
photodegradation of RhB. This indicates that the H-In,O;
urchin-like nanostructures have relatively high stability dur-
ing the photocatalysis of pollutant molecules, which is im-
portant for its application. Additionally, the urchin-like
structures are still retained after four recycles, indicating
that the urchin-like structures are mechanically stable and
can easily be separated from treated solution after photoca-
talysis, which is another advantage for application.

Conclusion

In summary, InOOH with urchin-like nanostructures was
synthesized by a PEG-1000-assisted hydrolysis of the In3*
cation in water/ethanol mixed solvent. Through analysis of
the various reaction parameters on the fabrication process
of InOOH, we found that PEG-1000 and reaction tempera-
ture play two crucial roles in the formation of InOOH ur-
chin-like structures. Metastable H-In,O5 urchin-like nano-
structures were successfully prepared in high yield by an-
nealing the InOOH precursor at 500 °C under ambient
907
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pressure. The as-obtained H-In,O3 urchin-like nanostruc-
tures exhibited effective photocatalysis under UV light irra-
diation, which can be attributed to oxygen vacancy defects
on the surface of H-In,O; nanomaterials, special mor-
phology, and the highly specific area. Additionally, H-In,O3
with urchin-like nanostructures has relatively high stability
during the photocatalysis of pollutant molecules, which is
especially important for its application.

Experimental Section

All the reagents were purchased from Shanghai Chemical Com-
pany and used without further purification.

Preparation of the InNOOH Precursor: In a typical procedure, a 50-
mL autoclave with a Teflon liner was charged with InCl;-4H,O
(0.15 g, =0.5 mmol) dissolved in distilled water (1 mL). Then, etha-
nol (40 mL), urea (0.6 g, 10 mmol), and PEG-1000 (1.0 g) were
added into the autoclave in turn. After the reactive mixture was
stirred vigorously for 0.5 h, the autoclave was sealed and main-
tained at 140 °C for 16 h in a digital temperature controlled oven.
The autoclave was cooled down to room temperature naturally, and
the white sample was collected and washed several times with etha-
nol, acetone, and distilled water to remove the possible residual
ions and polymer in the sample. The products were dried in a vac-
uum at 50 °C for 4 h. The as-prepared samples were divided into
two parts. One was subjected directly to characterization and the
other was submitted to the following thermal treatment.

Synthesis of H-In,O3: The presynthesized white sample was loaded
in a quartz boat and annealed in a tube furnace at 500 °C for 5 min
under ambient pressure and then cooled down to room tempera-
ture naturally. The heat rate for the tube furnace was 10 °Cmin™!
before the furnace temperature reached 500 °C. The final product,
pale-yellow H-In,Os, was collected for subsequent characteriza-
tion.

Characterization: X-ray diffraction (XRD) was preformed with a
Philips X'Pert SUPER powder X-ray diffractometer with Cu-K,
radiation (1 = 1.5418 A). Transmission electron microscopy (TEM)
images were taken with a Hitachi model H-800 transmission elec-
tron microscope with tungsten filament by using an acceleration
voltage of 200 kV. High-resolution transmission electron micro-
scopy (HRTEM) images and electron diffraction (ED) patterns
were obtained with a JEOL 2010 high-resolution transmission elec-
tron microscope performing at 200 kV. The field emission scanning
electron microscopy (FESEM) images were taken with a JSM-
6700F field emission scanning electron microanalyzer (JEOL). X-
ray photoelectron spectroscopy (XPS) was operated with an ESCA-
lab MKII X-ray photoelectron spectrometer. The Fourier trans-
form infrared (FTIR) spectra of the samples were measured with
a PerkinElmer FTIR spectrophotometer at room temperature.
Thermogravimetry (TG) and differential thermal analysis (DTA)
measure were performed with a Shimadzu TA-50WS analyzer
within the temperature range from room temperature to 600 °C in
air.

Photocatalytic Activity Testing: A common method for evaluating
the photocatalytic activity of H-In,Os urchin-like nanostructures
was to examine the bleaching of RhB following UV illumination
by using UV/Vis spectroscopy. In a typical procedure, the as-syn-
thesized H-In,Oj3 urchin-like nanostructures (25 mg) used as cata-
lyst was dispersed in absolute ethanol (99 mL). Then, RhB ethanol
solution (1 X 103 M, 1.0 mL) was added into the H-In,O5 suspen-
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sions in a 200-mL conical flask. The final concentration of RhB
was 1.0X 103 M. A high-pressure mercury lamp with the wave-
length concentrated at 254 nm was placed 20 cm away from the
flask, and a sample of the irradiated mixed solution was collected
every 30 min to analyze the RhB degradation by UV/Vis spec-
troscopy (Shimadzu DUV-3700 spectrophotometer).

Supporting Information (see footnote on the first page of this arti-
cle): XPS survey spectra of as-prepared H-In,Os, In, and O binding
energy; TGA and DTA curves of the obtained InOOH with 3D
urchin-like nanostructures; FTIR spectra of PEG-1000 and precipi-
tates.
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