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Abstract: Ba0.7Sr0.3TiO3 (BST) nanocatalysts were prepared by a Sol-Gel method at pH of 2.4 and 4, respectively, 

both of which were presented as tetragonal phase. TEM images indicated that the BST sample obtained at pH = 2.4 

was nanoparticles with an average size of about 100 nm, while that obtained at pH = 4 was gridding structures 

composed of nanocubes with a mean size of 100 nm. The photocatalytic behavior of BST in the degradation of 

Rhodamine B (RhB) was investigated. It was found that the BST catalysts with gridding structures showed much 

better photocatalytic performance than the BST nanoparticles. This could be attributed to the fact that the 

photo-generated carriers can migrate easily through the gridding-structured BST sample, which would enhance the 

photocatalytic activity during the degradation process. It was also found that both BST photocatalysts in this work 

showed good catalytic stability. 
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Pollution caused by organic pollutants is a serious 
problem for environmental protection. During the past 
decades, many techniques, such as membrane bioreac-
tors[1], activated sludge treatments[2-3], advanced oxidation 
processes[4-6], have been developed for the degradation of 
organics in wastewaters or in air. Owing to its low cost, 
nontoxicity, easy operation, effective and environmentally 
friendly properties, the catalytic oxidation method, espe-
cially the photocatalytic oxidation method is regarded as 
the most promising method for pollution control. 

During photocatalysis process, photocatalyst particles 
suspended in organic-containing wastewater are irradiated 
with light. The oxidative species generated on the surface 
of photocatalysts will react with organic contaminants and 
thus result in the degradation of organic pollutions[7]. 
Hence, the selection of photocatalysts is critical, which 
determines the overall efficiency of the photocatalytic 
degradation of organics. Among all photocatalysts, semi-
conductor based photocatalysts have been extensively 
investigated due to their narrow band gap, which can ab-
sorb a large fraction of visible light in solar radiation. 
However, there are still some problems which limit their 
practical applications[8]. For example, a high rate of elec-
tron-hole recombination on photocatalyst surface reduces 

the efficiency of photocatalysis. Even though the het-
erostructured photocatalysts were developed to reduce the 
recombination rate of electron-hole by separation of the 
electron and hole in two kinds of semiconductors respec-
tively, the existence of the second inactive semiconductor 
may decrease the catalytic efficiency.  

One route to solve these problems is to develop new 
types of photocatalytic materials. Steven’s group firstly 
proposed the utilization of the spontaneous polarization in 
ferroelectrics to separate the electrons and holes[8]. In that 
case, instead of heterostructure photocatalysts, a ferroelec-
tric photocatalyst can be used to decrease the recombina-
tion rate of electron-hole. This may open up a new ap-
proach to enhance the photocatalytic activity.  

However, there are only a few literatures on ferroelec-
trics for photocatalysis applications. In addition, compared 
with semiconductor photocatalysts, ferroelectrics gener-
ally have relatively lower photocatalytic activity. So it is 
important to develop other photocatalysts of ferroelectrics 
with high photocatalytic activity for its further application 
as photocatalysis. BST (Ba1-xSrxTiO3, 0<x<1) is a typical 
ferroelectrics with large remnant polarization[9-10], which 
receives much attentions for its high dielectric, ferroelec-
tric and pyroelectric properties. However, the photocata-
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lytic behaviors of BST are seldom concerned. 
In this work, the photocatalytic behaviors of BST prepared 

by a Sol-Gel method were investigated. By adjusting the pH 
values of the reaction media, BST nanoparticles and gridding 
structure composed of nanocubes were obtained. The cata-
lytic degradation of Rhodamine B was applied as a probe 
reaction to test the catalytic performance of the photocatalysts. 
It was found that the BST with gridding-structure exhibited 
better catalytic properties that the nanoparticels. 

1  Experimental 

1.1  Materials and synthesis 
Ba(CH3COO)2, Sr(CH3COO)2 and Ti(C4H9O)4 were used 

as starting materials to synthesize Ba0.70Sr0.30TiO3 (BST) 
powders. Acetic acid and ethanol were applied as solvents 
for the acetates and alkoxide, respectively. Acetylacetone 
was used as an additive to stabilize the solution. All the re-
agents were of analytical grade and used without further 
purification. First, 7 mmol Ba(CH3COO)2 and 3 mmol 
Sr(CH3COO)2 were dissolved into 80 mL Acetic acid to-
gether with stirring vigorously, and 10 mmol Ti(C4H9O)4 
was mixed with 30 mL ethanol. Then the two individual 
solutions were thoroughly mixed to form a transparent 
solution. Acetylacetone (2 mol) per titanium ion was then 
added to the transparent solution. After that, NH3·H2O 
(5wt%) was added to adjust the pH of the solution to 2.4 
and 4, respectively. After stirring for 10 h, an orange sol 

was obtained. Then the sol was dried at 120℃ for 12 h to 

obtain xerogel. The xerogel was grinded into powers and 
used as precursor. Then the BST was obtained after cal-

cining the precursor at 900℃ for 8 h. 

1.2  characterizations 
X-ray diffraction (XRD) was performed on a Bruker 

D8 Advance diffractometer using Cu Kα radiation. UV- 
visible diffuse reflectance spectra (UV-DRS) of the sam-
ples were obtained on an UV-visible spectrophotometer 
(UV-2550, Shimadzu) and the absorption spectra was ob-
tained by standard Kubelka-Munk method. Transmission 
electron microscopy (TEM) images were observed by a 
JEM-2100F transmission electron microscope. The spe-
cific surface areas of the samples were deduced according 
to the Brunauer-Emmett-Teller (BET) method using a 
Gemini VII 2390 surface area analyzer. 

1.3  photocatalytic experiments 
The photocatalytic experiment was carried out as fol-

lowing: A 300 W Xe lamp was used as the light source. 
0.5 g photocatalyst was added into 100 mL of 20 mg/L 
RhB solution. Prior to illumination, the suspension was 
vigorously stirred in the dark for 1 h to ensure an adsorp-
tion/desorption equilibrium for RhB solution and photo-

catalyst. Then the suspension was exposed to light irra-
diation. UV-visible spectrophotometer was used to 
monitor the concentration of RhB by measuring the 
absorbance at 552 nm. And a dialyzer was used to re-
move the photocatalyst in the suspension withdrawed 
every certain interval. 

2  Results and Discussion 

The crystal phases of the as-prepared Ba0.7Sr0.3TiO3 were 
investigated with XRD (Fig. 1). It can be seen that both the 
BST samples prepared at pH of 4 and 2.4 are well crystal-
lized. All the diffraction peaks can be well indexed to the 
tetragonal BST (ICSD 44-0093). No other characteristic 
peaks were found. The intensities of the peaks in the XRD 
pattern of BST sample obtained at pH = 4 is higher than 
those obtained at pH = 2.4, indicating that the sample ob-
tained at pH = 4 possesses higher degree of crystallinity.  

The morphologies and microstructures of the samples 
were investigated with TEM. As shown in Fig. 2, most of 

 

Fig. 1  XRD patterns of the BST at different pH  

 

Fig. 2  TEM images of the (a, b) BST (pH=2.4) and (c, d) BST 
(pH=4) 
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the particles obtained at pH = 2.4 were square-like. The 
average particle diameter was about 100 nm. It could be 
also seen from Fig. 2(a) and Fig. 2(c) that BST sample 
synthesized at pH = 4 was more homogenously square 
compared with that synthesized at pH value of 2.4, which 
also demonstrate higher crystallinity of BST synthesized 
at pH value of 4. Another interesting phenomenon is that a 
kind of gridding-structures composed of many nanocubes 
began to form when the pH value reached 4. The forma-
tion of this structure could be attributed to the enhanced 
chelation with increasing pH value, which led to the ho-
mogenous distributions of metal ions in the gel. 

The hydrolysis reaction of Ti(C4H9O)4 leads to the for-
mation of Ti(OH)x(OC4H9)4−x. This is probably owing to 
the fact that when the pH of the medium was lower, the 
quantity of the hydroxyl groups in it was smaller, which 
limited the hydrolysis of alkoxide. And the higher the pH 
was, the bigger the value of x, resulting in sufficiently 
hydrolysis. On the other hand, when the pH increased, 
the chelation of metal ion and acetate was enhanced, 
leading to better homogeneity and better crystallization 
in the followed process[11-12]. During the annealing proc-
ess, when large amounts of butoxy group and acetate ion 
in the xerogel were removed, gaps formed between 
nanoparticles[13-14]. Thus, the gridding-structured com-
posed of tetragonal BST nanoparticles were obtained. The 
schematic illustration of possible formation mechanism 
for gridding-structured BST is shown in Fig. 3.  

As the ordering of a nanocrystalline structure consid-
erably generates big influence on the charge transport and 
recombination, which are directly related to the perform-
ance of photocatalysts[15-17], the gridding-structured BST 
synthesized at pH of 4 are expected to exhibit better per-
formance of photocatalysis. As shown in Fig. 3e, the su-
perstructure facilitated the charge separation and the 
charges were remarkably long-lived. Thereby, the photo-
catalytic activities were greatly enhanced. 

The optical absorption of the BST samples, which is a 

 

Fig. 3  Schematic illustration of the formation process for BST 
gridding-structure (a-d) and the separation process for photo- 
generated carries (e) 

key factor in determining photocatalytic behavior, was 
measured by UV-Vis spectrometer. Figure 4 shows the 
typical diffuse reflection spectrum of the two samples. The 
steep shape of the spectrum demonstrated that the 
UV-light absorption was due to the band gap transition, 
not due to the transition from impurity level[18]. It can be 
seen from Fig. 4 that the spectrum of BST (pH=2.4) 
sample is similar to that of the BST (pH=4) sample. And 
the value of band gap of the two samples were estimated 
to 3.2 eV accoding to the equation Eg=1240/λg eV, where 
Eg, λg are band gap and absorption wavelength threshold, 
respectively. This could be ascribed to the fact that the two 
BST catalysts have the same crystal structures. 

The photocatalytic activities of the samples are 
evaluated by using the Rhodamine B as the decomposed 
target molecules in an aqueous solution under visible light 
irradiation. The blank test indicated that the degradation 
was very slow without photocatalyst under visible light 
illumination. The degradation efficiency reached 91% 
within 80 min by photocatalyst BST (pH=4). But the 
degradation efficiencyby BST (pH=2.4) is only about 75% 
in 80 min. According to the apparent pseudo-first-order 
kinetics equation, the degradation rate constant was 
estimated via the formula 

ln(C/C0) = -kt 
In this formula, k is the apparent first order reaction rate 

constant of RhB degradation. The value of k was obtained 

by calculating the slope of lines in Fig. 5(b) and the results 

are listed in Table 1. The rate constants of RhB 

degradation catalyzed by BST (pH=2.4) and BST (pH=4) 

are 0.018 min-1 and 0.059 min-1, respectively. The higher 

phtocatalytic efficiency of BST (pH=4) may be attributed 

to the special gridding-structure, higher specific surface 

areas and better crystallinity. The gridding-structured is 

beneficial in that the photogenerated e- was allowed to 

migrate between adjacent BST nanocrystals[13] and thus, 

recombination of photogenerated electrons (e-) and holes 

(h+) in both the bulk and on the surface was inhibited. 

 

Fig. 4  Typical diffuse reflection spectrum of the BST 
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Fig. 5  Normalized concentration of RhB (a) and logarithm of 
normalized concentration of RhB (b) at different reaction time 

 

Table 1  The BET surface areas of the different BST 
catalysts, the rate constants in the degradation of RhB 

Sample BST (pH=2.4) BST (pH=4) 

BET surface/(m2·g−1) 6.12 7.87 

Rate constant/min−1 0.018 0.059 

 
For its application, the stability of a photocatalyst is 

very important. As shown in Fig. 6, after three catalytic 
recycles for the photodegradation of RhB, both of the 
photocatalysts did not show obvious activity loss. These 
facts indicated that the BST had excellent stability and 
photo-corrode resistance after three cycles of degradation. 

3  Conclusions 

BST (Ba0.7Sr0.3TiO3) powders were prepared by Sol-Gel 
method in different pH values. The photocatalytic behavior 
of BST in the degradation of Rhodamine B (RhB) was in-
vestigated. The better photocatalytic performance for BST 
catalyst fabricated at the pH value of 4 can be attributed to 
its gridding-structure. In this structure, nano square BST 
grains connect with each other, so the photo-generated car-
riers can be easy to move through the BST grains, which 
enhance the photocatalytic activity during the degradation 
process. Both of the BST photocatalysts showed good cata-
lytic stability after three cycles of degradation. 

 

Fig. 6  Cycling runs in the photocatalytic degradation of RhB in 
the presence of BST (pH=4) (a) and BST (pH=2.4) (b) 
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纳米网状结构钛酸锶钡的制备及其催化性能研究 

曾 涛 1, 白 杨 1, 李 浩 2, 毛朝梁 3, 董显林 3, 桂书祥 1 

(1. 上海电力学院 上海市电力材料防护与新材料重点实验室, 上海200090; 2. 惠州学院 化学工程系, 惠州516007; 3. 

中国科学院 上海硅酸盐研究所, 无机功能材料与器件重点实验室, 上海 200050) 

摘 要: 采用溶胶–凝胶法在不同 pH 值条件下制备了纳米钛酸锶钡(BST)粉体。在 pH 值为 4 和 2.4 条件下合成的

BST 粉体都是单相并结晶良好。透射电镜结果显示, BST 纳米粉体颗粒尺寸大约为 100 nm, 当 pH 值为 4 时 BST

纳米颗粒开始通过相互连接形成纳米网状结构。经光催化降解罗丹明 B 研究发现, 在 pH 值为 4 条件下制备的纳

米 BST 粉体表现出更高的光催化活性。这可能是因为在 pH 值为 4 时纳米网状结构的 BST 形成提高了光生载流

子的迁移率, 从而提高了纳米 BST 在有机物降解过程中光催化效率。 

关  键  词: (Ba, Sr)TiO3; 网状纳米结构; 光催化; 溶胶–凝胶法 
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