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Abstract: LilnO, nanoparticles (NPs) have been synthesized by a sol-gel method. The structure of the as-synthesized LilnO, NPs
were characterized using X-ray diffraction analysis (XRD), scanning electron microscopy (SEM), and ultraviolet-visible (UV-vis)
analysis technique. The photocatalytic performances of samples were evaluated using the methyl blue (MB) as a model dye pollutant.
Additionally, the photocatalytic degradation mechanism for MB of the LilnO, NPs were also proposed. The results show that the
as-prepared LilnO; presents a LiFeO, structure with the uniform size about 50~100 nm. The calcination temperature can severely
impact the structure and photocatalytic performance of the LilnO, NPs. The degradation rate of MB is 92% under simulated sunlight
using 300 W xenon lamp for 90 min. The trapping experiments of the reactive species show that the holes play an important role in
the process of the MB degradation. The results obtained from this work suggest that the LilnO, NPs will have potential applications

in wastewater treatment.
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Nowadays, with the development of industry, the environ-
mental contamination caused by organic pollutants is becom-
ing a growing problem globally. Semiconductor photocatalysis,
as a green chemistry technique, appears to be one of the most
efficient techniques for the organic pollution in water envi-
ronment since the report about TiO, photocatalysis ™.
Photocatalysis can completely degrade organic pollutants into
harmless inorganic species such as CO,, H,O and mineral ac-
ids (without the secondary contamination) at room tempera-
ture and ambient pressure. However, traditional TiO, NPs are
still restricted by its wide band gap and rapid recombination of
photogenerated electron-hole pairs®®. Therefore, the devel-
opment of the advanced photocatalysts has become one of the
up-to-date active research areas around the world.

Recently, Indium-containing photocatalysts have attracted
more attention in the field of solar energy conversion and en-
vironment remediation due to their high catalytic activities
under visible light™. Particularly, ternary oxides semiconduc-
tor with the general formula A™B*0, based on the mineral
delafossite (CuFeO,) present great photocatalytic applications
due to their stability and interesting electronic structures®™.
Among them, NalnO, has already demonstrated to be one of
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the candidates for organic pollutants degradation and water
splitting. Lithium-indium oxide (LilnO, has a similar crystal
structure with NalnO,) has attracted much attention due to its
wide applications on solid-state scintillators, luminescent ma-
terials, energy storage and conversion devices . However, to
the best of our knowledge, the photocatalytic performance of
LilnO, NPs is barely reported.

Based on the above considerations, in this work, we pre-
pared LilnO, NPs by a sol-gel method. The structure of the
synthesized LilnO, NPs was characterized using X-ray dif-
fraction analysis (XRD), scanning electron microscopy (SEM),
and ultraviolet-visible (UV-vis) analysis. The photocatalytic
performances of samples were evaluated using the methyl
blue (MB) as a model dye pollutant. Additionally, the mecha-
nism of photocatalytic degradation MB of the LilnO, NPs was
also proposed.

1 Experiment

All reagents were of analytical grade and used without further
purification or treatment. LilnO, NPs were synthesized by the
sol-gel method. In a typical procedure, 0.02 mol In(NOs); 9H,0
and 0.02 mol LiNO; were dissolved in 60 ml ethylene alcohol
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(C,HgO, EtOH). The mixed solution was magnetically stirred
for 5 h at 60~70 <C to form yellow gel. The gel was further
treated at 150 <C for 12 h, before being sintered at 500~900 <C
for 2 h to obtain LilnO, NPs. The samples were named as T500,
T600, T700, T800 and T900.

Structural features and phase composition of the samples
were determined using Bruker AXS D8 Advance X-ray
diffractometer with Cu-Ko. radiation (4=0.154 06 nm). The sur-
face morphology of as-prepared samples were observed using a
scanning electron microscope (SEM JEOL Model JSM-
6360LV). The ultraviolet-visible (UV-vis) absorption spectra
were acquired by UV-vis spectrometer (UV-2450, Shimadzu).

The photocatalytic activity of the prepared samples under
visible light was estimated by measuring the degradation rate of
methylene blue (MB) in an aqueous solution . The
photocatalyst (0.05 g) was dispersed in 50 mL of MB solution
(6.25 mg/L) in an 8 cm diameter culture dish. The mixed solu-
tion was kept in the dark for 1 h to reach adsorption—desorption
equilibrium for MB molecules on the photocatalysts. Finally, a
300 W xenon lamp (Shanghai Lansheng Electronic Co., China)
was used as a simulated sunlight source, which was located ap-
proximately 25 cm above the culture dish. At 0, 10, 20, 30, 40,
50, 60, and 90 min, 3 mL of the upper MB solution was sam-
pled, and detected at 664 nm by the UV—Vis spectrometer
(UV-721). The photocatalytic activity was calculated using
C/Cy, where C, and C, are the MB concentrations (mg/I) at ini-
tial state and after irradiation for t min, respectively. To deter-
mine the dominant reactive species, radical scavenging experi-
ments were performed with the same procedure except that
scavengers were added into MB solution.

2 Results and Discussion

2.1 Microstructure of LilnO, NPs

Fig.1 shows XRD patterns of LilnO, NPs synthesized by a
sol-gel method with different calcination temperatures range
from 500 <C to 900 <C. The pattern after calcination at 500 <C
shows all diffraction peaks match very well with the JCPDS
(06-0416) standard data of In,O5;. The diffraction pattern for
crystalline LilnO, NPs are present with an orthorhombic struc-
ture at 600 < and no impurity phase is found, indicating the
obtained samples with single phase of LilnO,. The diffraction
patterns for the samples have major diffraction peaks at 22.68<
35.12< 35.63% 38.52< 41.87< 48.14< 53.40< 56.03< and
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Fig.1 XRD patterns of LilnO, NPs synthesized by sol-gel method
with different calcination temperatures

58.16 < corresponding to (101), (112), (103), (004), (200), (211),
(105), (213), and (204) lattice planes of LilnO, (JPCDS No.
89-3853), respectively. Interestingly, the increasing calcination
temperatures result in an increase in the intensity and sharpness
of the diffraction peaks. This trend is clearly indicative of an
improvement in the degree of crystallinity corresponding to the
formation of larger particles with fewer defects.

The morphologies and microstructures of LilnO, NPs were
observed by scanning electron microscopy (SEM). As can be
seen in Fig.2, a typical aggregated irregular morphology with an
average particle size of 50~100 nm can be found for the T600
sample. The crystallite sizes of LilnO, have grown bigger with
the calcination temperature increasing, which is consistent with
the results in XRD.

The optical property of samples was investigated using
UV-vis diffuse reflectance spectra (DRS) and the band gap
was estimated from the absorption onset'®. As shown in Fig.3a,
the absorption edge of LilnO, is located at approximately 350
nm and displays absorption in the UV light regions, which is
in accordance with the band gap absorption reported in previ-
ous study™. However, careful observation reveals that T800
and T900 samples exhibit intensive optical responses com-
pared to T600 sample, which might be ascribed to the
nano-sized effects. Furthermore, based on the theory of optical
absorption for indirect band gap semiconductors, the band gap

Fig.2 SEM images of LilnO, NPs synthesized by sol-gel method with different calcination temperatures: (a) T600, (b) T700, (c) T800, and (d) T900
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Fig.3 UV-vis absorption spectra of LilnO, NPs (a) and the calcu-
lated band gaps of LilnO, NPs based on the relationship of
(ahv)? and hv (b)

energy of the as-prepared samples can be calculated with the
following equation®™: ahv =A(hv-E,)?, where ¢, hv, A and E,
are the absorption coefficient, photon energy, a constant and
band gap, respectively. As a consequence, according to above
equation, the energy band gaps of T600, T700, T800 and T900
samples from the plots of (aav)? versus photon energy hv are
estimated to be about 3.5 eV, 3.5 eV, 3.3 eV, and 3.4 eV, re-
spectively.
2.2 Photocatalytic performance of LilnO, NPs

The photocatalytic activity of the as-prepared LilnO, NPs
were evaluated by the degradation of MB dye under simulated
sunlight using 300 W xenon lamp. The degradation rates of
MB dye over different photocatalysts are shown in Fig.4. It
can be seen that the degradation rate of the commercialized
P25 catalysts is about 39.86%, suggesting a certain pho-
to-degradation. While in the case of the LilnO, samples under
the similar experimental conditions, the photocatalytic activity
of LilnO, NPs for degradation followed the order of T800 >
T700>T600>T900. Interestingly, it can be seen that the high-
est photocatalytic performance of the T800 sample is en-
hanced by 52.36% comparing to that of the P25 sample. On
the other hand, from the compared digital photos about the
MB solution at initial state and final state, the color of the
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Fig.4 Photocatalytic performance of LilnO, NPs for degradation
MB (the inset is digital photos of the MB solution at initial
state t=0 min and final state t=90 min)

suspension has changed from blue to colorless finally. These
results indicate that the prepared LilnO, NPs as an efficient
photocatalyst may have a broad potential application in the
field of the wastewater treatment.

To further investigate the photocatalytic mechanism,
triethanolamine (TEOA, 0.01 mol/L), isopropanol (IPA, 0.02
mol/L) and p-benzoquinone (BZQ, 0.001 mol/L) are employed
as scavengers for photogenerated holes (h*), hydroxyl radicals
(‘OH) and superoxide anion radicals (0% ), respectively ™. As
shown in Fig.5, the degradation efficiency of LilnO, is un-
changed for IPA and BZQ introduction, while decreased
through introducing TEOA into MB solution. The results indi-
cate that only photogenerated holes predominate the
photocatalytic reaction of LilnO, ™,

Based on the experiment results, an electron transfer model is
proposed to better understand the photocatalytic mechanism
(Fig.6). LilnO,, a large band gap, can be excited by simulated
sunlight to isolate excitation electrons and photogenerated holes.
The reactive specie trapping experiments show that the holes
play an important role in MB photo-degradation. The MB
molecules are absorbed on the LilnO, surface and degraded
into oxidation products by photogenerated holes.
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Fig.5 Effects of various trapping agents on degradation of MB
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Fig.6 Catalytic mechanism of LilnO, NPs for MB photo-degradation 9
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