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In this study, Bi2MoO6 with different Er3+ doping amount was successfully synthesized via
hydro-thermal method. The influence of Er3+ concentration on photocatalysis property was
investigated. The phase structures were analyzed by X-ray diffraction. The microstructures
were measured by scanning electron microscopy. The photocatalysis property was
measured by the degradation of Rhodamine B. The results showed that Bi2MoO6: Er3+
achieved the best photocatalysis property when the Er3+ concentration was 0.05% and the
degradation ratio reached 93.30% after 180min illumination. Raman spectra, UV-vis. DRS
and the dynamics of RhB photodegradation reaction for the samples of Bi2MoO6 when the
Er3+ concentration was 0.00% (B) and 0.05% (E/B) confirmed the improvement
mechanism of photocatalytic performance. The peaks in Raman spectra were found at 140
cm-1, 197 cm-1, 284 cm-1, 323 cm-1, 351 cm-1, 716 cm-1, 799 cm-1, 842 cm-1. UV-vis. DRS
spectra of B and E/B suggested 0.05% doping of Er3+ increased the absorbtion range of
visible light. The dynamics of RhB photodegradation reaction (-ln(C/C0)) for the samples
of B and E/B showed that the reaction ratio of B was 0.00361 min-1and E/B was 0.01193
min-1. E/B achieved a better photocatalysis property than B.
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1. Introduction
Nowadays, environmental pollution problems and energy problem are becoming more and
more serious with the development of industry, which need to be solved severely, especially in
China[1]. Photocatalytic materials such as TiO2[2]、ZnO[3]、Ag3PO4[4]、SnS2[5]、BiVO4[6]、BiFeO3[7]
have been studied for a long time. And TiO2 pholocatalyst was the most studied. However, this
oxide can be activated only by UV irradiation, which limited its range of application. The energy
band gaps of Bi2MoO6 samples were found to be about 2.60eV. So it can improve the
photocatalytic activity in the visible range. Bi2MoO6:Er3+ as a new semiconductor pholocatalyst is
expected to offer promising applications in the field of wastewater treatment [8] and degradation of
organic pollutants. Bi2MoO6:Er3+ as a promising material is worth being invested. Various
techniques such as ion doping strategy[9]、acquiring composite materials and using additives[10]
have been used to enhance the photocatalytic activity of Bi2MoO6:Er3+. In the past years, in order
to achieve the photocatalytic mechanism of Bi2MoO6:Er3+, it was prepared by sol-gel method[11]、
soft-chemical [12]、 hydrothermal method[13]. The hydrothermal technique is an economical and
easy way for the morphology and local structure to control of such material[12].
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In this study, pure orthorhombic Bi2MoO6 were synthesized via hydro-thermal method.
Photocatalytic activity of Bi2MoO6:Er3+ has been investigated by controlling the Er3+ doping
amount form 0%~5%. The photocatalytic performance has been discussed through degradating the
RhB, Raman spectra, UV-vis and the dynamics of RhB photodegradation reaction for the samples
of Bi2MoO6 when the Er3+ concentration was 0% (B) and 0.05% (E/B).

2. Experimental
2.1. Preparation of Bi2MoO6:Er3+ with different Er3+ doping amount
All reagents used in our experiment were of analytical purity and used without further
purification. The raw materials NaOH, HNO3, Na2MoO4, Bi(NO3)3·5H2O, Er2O3 were employed in
this experiment. 0.001mol Na2MoO4 and 0.002mol Bi(NO3)3·5H2O were dissolved in 10ml
3.6mol/L HNO3 solution followed by addition of Er2O3 which should be weighed accurately
controlling the molar ratio of Er3+ and Bi3+ of 0.01%, 0.05%, 0.1%, 0.5%, 1%, 3%, 5%. The pH
value was adjusted to 6 by slowly adding 2mol/L NaOH solution. The resulting solution was then
transferred into the Teflon-lined autoclaves, and was heated to 160℃ for 12h. The precipitation
was alternately washed by distilled water and anhydrous ethanol three times. The final production
was achieved after drying and grinding.
2.2. Characterization
The X-ray diffraction (XRD) patterns were recorded using an X-ray diffractometer
(Rigaku D/Max-2500) with Cu Kα radiation ( λ =0.15406 nm)，and diffraction angles ranging from
10° to 90°. The sample’s microstructures were analyzed by scanning electron microscopy (SEM,
Hitachi Limited, Japan). The photocatalysis property was investigated by recording the ratio of
decomposing 5mg/L rhodamine B after 180min illumination, Raman spectra, UV-vis. DRS and the
dynamics of RhB photodegradation reaction for the samples of Bi 2MoO6 when the Er3+
concentration was 0.00% (B) and 0.05% (E/B).

3. Results and discussions
Fig. 1 shows the XRD patterns of Bi2MoO6 prepared with different Er3+ doping amount
form 0%~5%. And those diffraction peaks were attributed to the orthorhombic Bi 2MoO6 phase
when the Er3+ doping amount was 0.01%, 0.05%, 0.1%, 0.5%, 1%, 3%, 5%. While the Er3+ doping
amount was 0%, Cubic Bi2O3 phase was appeared with orthorhombic Bi2MoO6 phase. This
suggested that the existence of Er3+ made the crystal phase of Bi2MoO6:Er3+ pure, reducing the
generation of other component.
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Fig. 1 XRD patterns of Bi2MoO6 catalysts doped with different Er3+ ratios

Fig. 2 SEM picture of Bi2MoO6 catalysts doped with different Er3+ ratios
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Fig. 2 shows the SEM images of the Bi2MoO6 samples prepared hydrothermally when the
Er3+ doping amount was 0%, 0.01%, 0.05%, 0.1%, 0.5%, 1%, 3%, 5%. From the above SEM
images, it was observed that the Bi2MoO6 sample was nanosheet structure and some nanosphere
structure when the Er3+ doping amount were 0.01%, 0.05%, 0.1%, 0.5%, 1%. With the increasing
of Er3+, nanosheet structure got more and more large and thick. Maybe Er3+ can promote the
growth of crystal phase. Continuing to increase Er3+, Crystal phase agglomerated seriously with
the Er3+ doping amount of 3%. The surface of Bi2MoO6 crystal phase had been destroyed badly
when the Er3+ doping amount was 5%. The contents of excessive Er3+ will lead to the lattice
distortion of Bi2MoO6. When the doping amount of Er3+ was 0.05%, Bi2MoO6: Er3+ was nanosheet
shape of neat edge and dispersed evenly. It can be indicated that there is a crucial influence on the
morphology of the Er3+ concentration.

Fig. 3 degradation chart of Bi2MoO6 catalysts doped with different Er3+ ratios

Fig. 3 displayed the photocatalytic activities of the Bi2MoO6:Er3+ samples in the
degradation for 180min. The blank test affirms that the degradation of Rhodamine B is very slow
if no photocatalyst was added. As shown in Fig. 3, Orthorhombic Bi2MoO6: Er3+ achieved the best
photocatalysis property when the Er3+ doping amount was 0.05%. Its degradation ratio reached
93.30% after 180min illumination. The degradation ratio of the blank test was 56.39% at the same
condition. The worst photocatalytic activity was shown when added 3% of Er3+ and its degradation
ratio only achieved 24.94% after 180min illumination. Only a suitable proportion of uranium ion
doping can greatly enhance the photocatalytic performance of bismuth molybdate samples.

Fig. 4 Raman spectra of B (0% of Er3+) and E/B (0.05% of Er3+)

Raman spectra of B and E/B confirmed the XRD result in Fig. 4. The peaks in Raman
spectra at 140 cm-1, 197 cm-1, 284 cm-1, 323 cm-1, 351 cm-1, 716 cm-1, 799 cm-1, 842 cm-1 indicated
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that the phase of B and E/B was Bi2MoO6. E/B samples have three more peaks which were found
at 400 cm-1, 453 cm-1, 541 cm-1 than B samples. The relative intensity of E/B was higher than B.
Maybe the presence of Bi2O3 reduced the purity of the crystalline phase.

Fig. 5 UV-vis. DRS spectra of B (0% of Er3+) and E/B (0.05% of Er3+)

As is shown in Fig. 5, the absorption edge of B was about 500nm, and E/B’s absorption
edge relative redshift. The band gap of E/B becomes narrower. It proved that E/B can absorb
visible light with a wavelength larger than B. This was the reason why the photocatalytic
performance was improved.

Fig. 6 RhB degradation of B (0% of Er3+) and E/B (0.05% of Er3+) (a) and the dynamics of
RhB photodegradation reaction (-ln(C/C0) versus time) for the B (0% of Er3+) and E/B
(0.05% of Er3+) (b)

The RhB degradation of the samples (a) and the dynamics of RhB photodegradation
reaction (-ln(C/C0) versus time) for the samples (b) were represented in Fig. 6. From the Fig. 6(a),
the degradation ratio of B was 56.39% and E/B was 93.30%. Fig. 6(b) showed the relationship
between -ln(C/C0) and reaction time. The reaction rate constant of E/B (k=0.01193min -1) was
greater than B (k=0.00361min-1). This demonstrated that E/B had superior photocatalytic
properties.
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4. Conclusions
Bi2MoO6:Er3+ were successfully fabricated by controlling the Er3+ doping amount during
the reaction process via hydro-thermal method. The XRD, SEM and Raman spectra results
suggested that crystal phase and morphology are connected with the Er3+ doping amount.
Photodegradation rate of RhB indicated that Bi2MoO6:Er3+ synthesized when the Er3+ doping was
0.05% achieved the best photocatalysis property. UV-vis. DRS and the dynamics of RhB
photodegradation reaction for the samples of Bi2MoO6 when the Er3+ concentration was 0.00% (B)
and 0.05% (E/B) demonstrated that the redshift of absorption edge and higher reaction rate
constant were good for the promotion of photocatalytic activity.
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