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Abstract. We report the facial synthesis of BiVO4 crystals with different morphologies by the 
solvothermal and hydrothermal process. The phase structure and morphology as-synthesized samples 
were characterized by XRD, FE-SEM, and UV-vis DRS spectroscopy. We also investigated the 
photocatalytic activity of BiVO4 for the decomposition of rhodamine B (RhB) under visible light 
irradiation. The results showed that oliver-like BiVO4 was obtained when using the mixed solvent of 
ethylene glycol and water while starflower-like BiVO4 was obtained using the mixed solvent of 
ethylene glycol monomethyl ether and water. The hydrothermal evolution process the BiVO4 product 
with a rod-like morphology. Oliver-like BiVO4 with pure monoclinic scheelite phase and high 
specific surface area exhibits efficient photodegradation of RhB (k = 7.82x10-3 min-1).  

Introduction 
Bismuth (III) vanadate (BiVO4) has been paid much attention in photocatalytic applications. It 

exhibits high photooxidative capabilities for O2 evolution from water, carbon dioxide reduction, and 
organic pollutants decomposition under visible-light irradiation [1–3]. BiVO4 crystal exists in three 
crystal structure types: monoclinic scheelite (s-m BiVO4), tetragonal zircon (z-t BiVO4) and 
tetragonal scheelite (s-t BiVO4) structure [4]. Among them, s-m BiVO4 shows the highest 
visible-light-driven photocatalyst because it possesses a narrow ban gap (2.4 eV). However, the poor 
charge-transport characteristics and the weak surface adsorption properties lead to excessive 
electro-hole recombination, which limits its overall photocatalytic efficiency. 

Many methods have been utilized to prepare BiVO4, such as sol –gel methods, co-precipitation, 
hydrothermal, and solvothermal method [5–8]. However, the effect of the solvent on the morphology 
and photocatalytic activity of BiVO4  has not been reported carefully. Herein, we synthesized BiVO4 
by both methods: solvothermal and hydrothermal method. Ethylene glycol (EG), ethylene glycol 
monomethyl ether (EM) and H2O act as solvents with different polarities. Their activity 
as-photocatalysts for the decomposition of rhodamine B (RhB) was also investigated. 

Materials and Methods 
In a typical synthesis, Bi(NO3)3 (4 mmol) and an equal amount of NH4VO3 were dissolved into  

70 mL EG and 10 mL water, respectively. Then, these two solutions were mixed together and 
adjusted pH ≈ 7 by NH3 and HNO3 solution. The mixed solution was continuously stirred for 1 h 
before being transferred into a 100 mL Teflon-lined stainless steel autoclave and heated at 100 oC for 
12 h. The obtained suspension was centrifuged at 6000 rpm for 30 minutes, and the yellow solids 
were rinsed with water for five times, dried at 110 oC for 12 h. The sample synthesized in EG was 
noted BV-EG. For comparison, the other sample was synthesized in EM (noted BV-EM) by replacing 
EG with EM while keeping other parameters the same. Another sample was also prepared using only 
H2O as a solvent, denoted as BV-H2O.  
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The crystal phase was examined by powder X-ray diffraction (XRD) patterns with Cu Kα 
radiation (D8 Advance Bruker powder diffractometer, Germany). Surface morphologies of the 
products were observed by scanning electron microscopy (SEM, JSM-5300 LV, Jeol, Japan). The 
optical properties of the products were recorded on a Shimadzu UV-vis spectrophotometer. Specific 
surface areas of the samples were measured by BET method (N2 adsorption) with Micromeritics 2020 
volumetric adsorption analyzer system. 

Photocatalytic activities of the samples were calculated by the decomposition of RhB under visible 
region with a 300W Xe-arc lamp (Oriel) and a 420 nm cut-off filter. The reactor was filled with a 
mixture of RhB aqueous solution (10-5 M, 100 mL) and the given photocatalyst (100 mg). Before 
lighting on, the solution was magnetically stirred in the dark for 60 minutes to establish 
adsorption-desorption equilibrium. At given time intervals, 5 mL of the suspension was withdrawn 
and then centrifuged for absorbance analysis by UV–Vis spectrometer at 554 nm. 

Results and Discussion 
XRD patterns of the as-synthesized BiVO4 samples in different solvents are shown in Fig. 1. When 

BiVO4 synthesized by using EG, all of the diffraction peaks could be indexed as the single phase s-m 
BiVO4 (JCPDS 14-0688) with the presence of peaks 2θ = 29o

 and the splitting of peaks at 18.5o
, 35o 

and 46o, corresponding to the patterns reported earlier [4,9]. The monoclinic phase BiVO4 was also 
synthesized in the present of EM because the XRD pattern depicted that the main phase was similar to 
that of m-s BiVO4. However, XRD pattern of the product also exhibited the existence of z-t BiVO4 
(JCPDS 14-00133) with the present of peak 2θ = 24.4o and 32.9o. The BiVO4 sample was also 
synthesized by a hydrothermal method, XRD pattern of the product exhibited a pattern similar to that 
of z-t BiVO4 with the coexistence of Bi2O3 resulting from hydrolysis of Bi(NO3)3. As shown in earlier 
reports, EG and EM can coordinate with Bi3+ to form EG or EM-Bi complexes [10–14]. EG or EM-Bi 
complexes with strong chelating ability can hinder the water molecules approaching to Bi3+, and 
therefore, s-m BiVO4 crystals can be favorably formed. In the water media, the water molecules 
easily approach to Bi3+, which led to the formation of z-t phase. In the present of EM, EM can provide 
a weaker caging effect and the complexes due to EM can be broken under solvothermal treatment, 
resulting the water molecules can still approach to Bi3+ to produce z-t phase. 

 
Fig. 1 XRD patterns of BiVO4 samples. 

Fig. 2 showed FE-SEM images of the as-prepared BiVO4 samples synthesized in different 
solvents. It can be seen the effect of solvent on surface morphologies and particle shapes of the BiVO4 
samples. BiVO4 synthesized by using EG as a solvent exhibited olive-like morphologies with the 
coexistence of small irregular particles, as shown in Fig. 2(a). Starflower-like BiVO4 was obtained 
when EM was used as the solvent (Fig. 2(b)). The BiVO4 product with a rod-like morphology was 
also obtained when only H2O was used as the solvent (Fig. 2(c)). It is said that the polarity and 
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viscosity of the solvents have a remarkable influence on the morphologies of BiVO4. As mentioned 
above, EM and EG can coordinate with Bi3+ to form EM or EG-Bi complexes and then react with 
VO4

3-
 to form the primary BiVO4 colloidal nanoparticles. The primary BiVO4 colloidal nanoparticles 

in EG media gathered into oriented 3D aggregates by the assembly to minimize their surface area and 
to decrease their energy in the solvothermal process. When H2O use as a solvent with low viscosity 
favored the growth of 1D nanorod [1]. 

 
Fig. 2 SEM images of BiVO4 samples. 

UV-Vis DRS spectra of the as-obtained BiVO4 products are shown in Fig. 3(a). As shown in  
Fig. 3(a), compared to TiO2-P25, all the catalysts displayed strong absorption in visible light range, 
and thus the photocatalytic property of BiVO4 materials was enhanced in the visible region. The 
indirect band gap energy (Eg) of all samples were calculated from the tangent line in the plots of the 
modified Kubelka–Munk function versus photon energy. The band gap values of the 
various samples are reported in Table 1.  

Table 1. The physical properties and photocatalytic activity of TiO2-P25 and BiVO4 samples. 
Sample SBET (m2/g) Eg (eV) k (x10-3min-1) 
TiO2-P25 - 3.15 0.71 
BV-EG 105 2.31 7.82 
BV-EM 73 2.29 4.05 
BV-H2O 72 2.44 4.43 

Fig. 3(b) displays the decomposition rates of RhB over BiVO4 samples. The sample prepared in 
EG shows the highest photocatalytic activity in the photodegradation of RhB under visible light 
irradiation. The photodecomposition rate constant (k) of RhB over photocatalysts, as estimated from a 
pseudo-first order reaction kinetic model: ln(Co/C) = kt, were summarized in Table 1. The k value of 
BiVO4 sample prepared in EG was 7.82x10-3 min-1, is higher than that of s-m BiVO4 prepared in EM 
and s-t BiVO4 prepared in H2O. The enhanced photocatalytic activity of BiVO4 samples is most 
probably related to the morphology and structure phase of BiVO4 [4]. Previous reports demonstrated 
that only pure s-m BiVO4 shows the highest visible-light-driven photocatalyst in three structure phase 
of BiVO4. Besides, a 3D ellipsoidal sphere with uniform and small size exhibited the better 
photocatalytic activity [16]. 
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Fig. 3 UV-vis spectra of TiO2-P25 and BiVO4 samples (a), and photocatalytic decomposition of RhB 

as a function of irradiation time using TiO2-P25, BiVO4 samples and without catalyst (b). 

Conclusion 
Highly crystallized BiVO4 powders with different morphology have been successfully synthesized 

using EG, EM, and H2O act as a solvent. From XRD and SEM results, pure s-m BiVO4 with oliver 
morphology was obtained in the present of EG, z-t BiVO4 with rod morphology was obtained in the 
present of H2O, and a mixture of s-m and z-t BiVO4 with starflower morphology was obtained in the 
present of EM. Oliver-like BiVO4 showed excellent catalytic activity for the decomposition of RhB 
under visible light as compared to that of starflower-like BiVO4 and rod-like BiVO4, and it is much 
higher than that of comercial TiO2-P25 materials. The results indicate that the enhanced 
photocatalytic activity of BiVO4 samples is most probably related to the morphology and structure 
phase of BiVO4. 
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