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a b s t r a c t

Copper bismuth complex oxides with various novel morphologies were successfully prepared via a
hydrothermal process at 120 1C for 3 to 24 h. The structure, morphology, composition and light
absorption properties were characterized with XRD, SEM, TEM, HRTEM, EDX and UV–vis diffuse
reflectance. The photocatalytic properties under visible light irradiation were evaluated using a
degradation experiment. The results showed that some prepared samples exhibited a novel leaf-like
nanosheet morphology with a uniform spinel CuBi2O4 structure, and their excellent visible light
absorption characteristics, the photocatalytic properties exhibited a strong dependence on nanocrystal
microstructure, morphology and lattice orientation.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

CuBi2O4 is a recently developed p-type semiconductor material
with a spinel-type structure [1] that has been studied for its
magnetic and dielectric properties [2], optical properties [3,4] and
electrical properties [5]. Generally, Bi(III)-containing compounds have
been reported as promising photocatalysts under visible and UV
illumination, including BiVO4 [6], NaBiO3 [7], Bi2WO6 [8], Bi2MoO6

[9] and Bi3O4Cl [10]. However, pure CuBi2O4, having excellent visible
light absorption properties [4], is still considered to be lacking in
discernible photocatalytic activity due to its high photostability,
significant pristine surface and lack of chemical affinity for substrate
ions. However, in recent years, the catalytic ability of CuBi2O4 has been
reported for use in the degradation of various types of organic
pollutants in the presence of H2O2 [11,12] and is expected to develop
a new visible light-responsive photocatalysts with high activity
through modification, doping and combination [13–15]. Therefore, in
the present paper, CuBi2O4 with various morphologies were synthe-
sized and their visible light-responsive photocatalytic ability was
elucidated from the viewpoint of morphology and microstructure.
2. Experimental

Sample preparation: Initially, Bi(NO3)3 �5H2O was dissolved in
deionized water containing concentrated nitric acid. Next, a portion
of aqueous Cu(NO3)3 �3H2O solution was added under constant
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magnetic stirring followed by the desired amount of NaOH solution
added as a precipitation agent. Then, the mixture was diluted to 70 mL
and transferred into a Teflon-lined autoclave with an internal volume
of 100 mL, maintained at 120 1C for 6 to 24 h. After reaction, the
precipitate was collected with a centrifuge, rinsed and then dried
overnight at 60 1C in a vacuum oven.

Characterization: The crystal structure was examined by
powder XRD (M18XCE, Cu Kα radiation, λ¼1.54056 Å). The mor-
phology and composition were observed by SEM and EDX
(LEO-1430VP), TEM and HRTEM (Hitachi HF-2000). BET measure-
ment (JW-BK) was performed to determine the specific surface
areas. UV–vis diffuse reflectance spectra were recorded using a
UV–vis double beam spectrophotometer (4802SH) in the wave-
length range of 200–1000 nm.

Photocatalytic activity: Photocatalytic evaluation was performed
in a reactor containing 100 mL of 0.02 mM methylene blue (MB) dye
solution and a designated amount of catalyst in the presence of H2O2

at ambient temperature in air under a 500-W xenon lamp. Before
irradiation, the solution was stirred for approximately 30 min in the
dark followed by H2O2 being added, and at the same time, the
solution was exposed to light irradiation under magnetic stirring.
Next, a 5.0 mL suspension was withdrawn and centrifuged to
separate the catalyst at 10 min intervals. The concentration of
methylene blue was analyzed by measuring the UV–vis absorption
at the maximum absorptionwavelength of methylene blue (664 nm).
3. Results and discussion

Crystal structures and morphology: Fig. 1 illustrates the XRD
patterns and SEM images of the samples prepared at 120 1C for 6 h
(labeled as sample A), 12 h (labeled as sample B, D, E, F) and 24 h
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Fig. 1. XRD patterns and SEM images of the samples prepared at 120 1C for 6 (A), 12 (B, D, E, F) and 24 h (C) with the Cu(NO3)2-to-NaOH molar ratios of 1:30 (A, B, C, D) and
1:10 (E, F) and Cu2+ concentrations of 0.02 M (A, B, C, E) and 0.2 M (D, F).

Fig. 2. UV–vis diffuse reflectance spectra of the prepared samples prepared at 120 1C
for 6 (A), 12 (B, D, E, F) and 24 h (C) with the Cu(NO3)2-to-NaOHmolar ratios of 1:30 (A,
B, C, D) and 1:10 (E, F) and Cu2+ concentrations of 0.02 M (A, B, C, E) and 0.2 M (D, F).
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(labeled as sample C) with Cu(NO3)2 to NaOH molar ratios of 1:30
(A, B, C, D) and 1:10 (E, F) and Cu2+ concentrations of 0.02 M (A, B,
C, E) and 0.2 M (D, F). From Fig. 1, it can be seen that all reflection
peaks can be indexed as tetragonal CuBi2O4 with a spinel-type
structure and no impurities (JCPDS file no. 84-1969; a¼8.506 Å,
c¼8.822 Å). The intensities of the peaks increased following an
increase in the treatment time from 6 h to 24 h and the Cu2+

concentration had an insignificant influence on the crystallinity
and the lattice orientation. The SEM images of (A, B, C) reveal a
similar leaf-like, two-dimensional nanosheet morphology with
different average crystal sizes of approximately 400, 700, 800 nm
in length and 200, 400, 500 nm in width for the samples pre-
pared at 6, 12, and 24 h, respectively. Samples (D) and (E) show
distinct morphologies of agglomerated nanorods as a result of the
self-assembly method, and sample (F) exhibits perfect micro-
spheres with a mean diameter of 5 μm. From those results, it can
be seen that the increased NaOH concentrations and lower Cu2+

concentrations were beneficial to the formation of the leaf-like,
two-dimensional nanosheets with a good dispersibility. The



Fig. 3. Effects of CuBi2O4 on the photocatalytic oxidation of MB under 500-W
xenon lamp irradiation. (5.0 (a), 2.0 (b), 0.5 (c) and 0.1 mL (d) H2O2)+sample B; 0.1 mL
H2O2+(sample D (e); sample E (f); sample F (g)); 0.1 mL H2O2 (h); TiO2-P25 (i); pure
sample B (j) and 0.1 mL H2O2+TiO2-P25 (k).

Fig. 4. TEM (a, b), HRTEM (c, d) an

Y. Xie et al. / Materials Letters 107 (2013) 291–294 293
specific surface areas of samples B, D, E and F were deter-
mined using BET measurement as 35.2, 5.3, 4.9 and 3.1 m2 g−1

respectively.
UV–vis diffuse reflectance spectroscopy: The UV–vis diffuse

reflectance spectroscopy of the prepared CuBi2O4 samples and
the commercial TiO2-P25 are shown in Fig. 2. It is clear that the
optical properties of the CuBi2O4 samples largely depend on the
microstructures and morphologies. In comparison with TiO2-
P25 (Degussa), the prepared samples were found to exhibit signi-
ficantly enhanced visible light absorption properties, and the
samples prepared with the Cu(NO3)2-to-NaOH molar ratio of
1:30 were found to have the stronger absorption within the visible
region. So it can be concluded that the leaf-like, two-dimensional
nanosheets were beneficial to the absorption of visible light.
According to the UV–vis spectra, the corresponding band gaps of
samples B, D, E and F were estimated to be 1.30, 1.34, 1.32 and
1.43 eV respectively.

Photocatalytic degradation: Fig. 3 shows the variation in MB dye
concentration with respect to irradiation times for different con-
centrations of H2O2 under 500-W xenon lamp irradiation. From
Fig. 3(a, b, c and d), it can be seen that the degradation rate of MB
d EDX (e) results of sample B.
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in the presence of 0.08 g sample B increased with increasing
amounts of H2O2 (from 0.1, 0.5, 2.0 to 5.0 mL), reaching approxi-
mately 93% for the reaction time of 20 min. Hence, it can be
concluded that the amount of H2O2 is not a significant factor with
respect to the ultimate degradation rate but that it does reduce
the reaction time. Fig. 3(d, e, f and g) shows the effect of the
degradation rate on the morphology in the presence of 0.1 mL
H2O2, and Fig. 3(h) shows the results for only the MB solution with
an addition of 0.1 mL pure H2O2. It can be clearly seen that the
samples with leaf-like, two-dimensional nanosheet structures
showed significantly better photocatalytic degradation proper-
ties than the agglomerated nanorods and pure H2O2, and the
morphology was found to strongly affect the photocatalytic
efficiency. In contrast, photocatalytic degradation of the MB with
only TiO2-P25 was also performed (Fig. 3(i)) with the result
significantly poorer than that of our prepared samples with
H2O2, but the result of (0.1 mL H2O2+TiO2-P25 (k)) is comparable
to that of (0.1 mL H2O2+sample B). It is important to note that,
when CuBi2O4 was mixed with H2O2, complete degradation of
MB occurred under visible light in less than 30 min; however, no
obvious degradation was obtained (j) in the case of CuBi2O4

without H2O2 even under light irradiation. Based on these facts,
CuBi2O4 can only be regarded as an assisted-photocatalyst under
visible light while in the presence of H2O2 but not as a real
photocatalyst.

Furthermore, the TEM, HRTEM and EDX are used to illustrate
the effect of the assisted-photocatalytic properties on morphology.
Fig. 4(a and b) shows the two different magnifications of TEM
images of CuBi2O4 leaf-like nanosheets, which is consistent with
their results of SEM. Its detailed HRTEM images are shown in
Fig. 4c and d. The distance between the adjacent fringes is about
0.27 nm, which could be indexed to the {310} planes of the
tetragonal CuBi2O4. There is a strong evidence that CuBi2O4

nanosheets expose the well-defined {310} planes, which is a
benefit for better assisted-photocatalytic degradation. The EDS
spectra shown in Fig. 4(e) also confirms the formation of CuBi2O4

and no other impurity is seen.
4. Conclusions

In summary, a facile, low-temperature hydrothermal synthetic
route was developed for the preparation of CuBi2O4 samples with
various morphologies. The Cu(NO3)2-to-NaOH molar ratio and the
Cu2+ concentration were demonstrated to have significant influ-
ences on the morphologies, the methylene blue (MB) dye can be
efficiently degraded in the presence of photocatalysts (CuBi2O4+
H2O2) under visible light irradiation and that the photocatalytic
efficiency is significantly affected by nanocrystal morphology and
lattice orientation.
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