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     Synthesis and   photocatalytic activity of  
hierarchical flower-like   SrTiO3   nanostructure
Xiao-Yong Lai1  †, Cheng-Rui Wang 2†, Quan Jin1, Ran-Bo Yu2 and Dan Wang1*

A h  ierarchical flower-like SrTiO3 nanostructure was synthe-
sized by a simple and direct hydrothermal method. The prod-
ucts were characterized by X-ray diffraction, scanning electron 
microscopy, and transmission electron microscopy. Structure 
characterizations suggest that the as-synthesized SrTiO3 crystal 
has eight symmetric branches growing along the 111 direction 
and each branch has many ordered small laminae, forming a 
well-defined flower-like structure. By adjusting the pH value of 
the reaction system, the morphology could be changed contin-
uously from flower-like structure to cube, then to sphere. The 
hierarchical flower-like SrTiO3 nanostructure exhibits a higher 
photocatalytic activity for degrading Rhodamine B than its cu-
bic and spherical counterparts. 

In recent years, nanostructured materials have attract-
ed considerable interest because of their unique physical 
and chemical properties as well as potential applications 
in various electronic devices [1–17]. It is well-known that 
the morphology and microstructure of the inorganic ma-
terials strongly influence their properties, such as isotro-
pic or anisotropic behavior and region-dependent surface 
reactivity [4,18]. Therefore, great effort has been devoted 
to synthesizing various inorganic materials with controlled 
shapes and complex assembled architectures, which are ex-
pected to offer superior properties for many applications 
in optics [15,19], electronics [20], magnetics  [21,22], med-
icines [23], biology [24] and so on [25–29]. During the past 
decades, a number of novel nanostructured materials with 
various shapes, such as nanorods, nanocubes, nanobelts, 
nanowires, nanofibers, nanotubes, and dendrites, have 
been reported. However, it is still a challenge to understand 
and predict the final architecture of the nanoscale building 
blocks and construct more complex hierarchical three-
dimentional (3D) architectures.

Strontium titanate (SrTiO3), as an important perovskite 
conductor, has many potential applications in various mi-
croelectronic heterostructures [30], oxygen sensors [31], 
solar cells [32], and thermoelectric devices [33], due to 
its excellent dielectric, photoelectric, optical and catalytic 
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properties. Moreover, SrTiO3 with a band gap similar to 
that of titania, is also a very promising photocatalyst be-
cause of its superior photocorrosion resistibility, thermal 
stability, and easily doping to control the electrical proper-
ties [34–37]. Conventional solid-state reaction method for 
SrTiO3 typically requires high reaction temperature above 
900°C and usually results in the agglomeration of the parti-
cles with different sizes and impurity derived from incom-
plete reaction [38]. Recently, hydrothermal methods have 
attracted much attention due to high purity of their prod-
ucts and various SrTiO3 nanostructured materials have 
been synthesized, such as nanocubes [38], nanotubes [33], 
nanotube-arrays [21], nanofibers [20], dendrites [15,39] 
and multipod crystal [40].

Herein, we report a flower-like SrTiO3 nanostructure 
with eight symmetric branches growing along the 111 
direction. The shapes of SrTiO3 crystals evolved from flow-
er-like structure to cube, then to sphere by adjusting the 
pH value of the reaction system. Photocatalytic measure-
ment for degrading Rhodamine B showed the high activity 
of the flower-like SrTiO3 nanostructure, superior over its 
cubic and spherical counterparts. 

Fig. 1 shows the X-ray diffraction (XRD) pattern of the 
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Figure 1  XRD pattern of the flower-like SrTiO3 nanostructure.
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as-prepared flower-like SrTiO3 nanostructure. The dif-
fraction pattern distinctly indicates the high crystallinity 
of the products. The diffraction peaks of the products can 
be indexed as cubic SrTiO3 with a lattice constant of a = 
3.920 Å, which is in good agreement with the literature 
value (JCPDS Card No. 35-0734, a = 3.905 Å). No peaks 
of impurities are detected, revealing the high purity of the 
as-synthesized products.

Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) were used to investigate the 
morphological and microstructural features of the as-syn-
thesized SrTiO3 (Fig. 2). Fig. 2a shows that the product 
consists almost of such flower-like structures with an av-
erage size of 0.8 μm, indicating that crystals of high yield 
and good uniformity can be achieved with this simple and 
easily controlled approach. The high magnification images 
(Figs 2b–d) show the morphology of an individual flow-
er-like crystal viewed from frontal, flank, and tilted frontal 
perspectives, respectively. All the SEM images show its 3D 
structure, consisting of a central cube with eight symmetric 
branches emerging away from the apexes. Each branch is 
composed of a stack of small laminas assembled along the 
branch axis and slightly slid with respect to one another, 
forming a well-defined flower-like SrTiO3 nanostructure. 
The average length of the branches is ~0.5 μm and every 
four adjacent branches form a flower-like structure. The 

high symmetry and single crystallinity is revealed by TEM 
results. The TEM images of an individual flower-like crys-
tal is shown in Fig. 2e, demonstrating a 4-fold symmetric 
structure like a flower. In fact, it has eight branches with 
four pointing above and four standing on the Cu grid but 
hidden below. Further structural characterization of the 
crystal was carried out by high resolution TEM (HRTEM). 
Fig. 2f is an HRTEM image taken from the crystal in Fig. 
2e, exhibiting the lattice structure at the tip of a branch, 
which has clear lattice fringes indicating its single crystal-
linity nature. The regular spacing of the observed lattice 
planes is about 0.276 and 0.195 nm, which are, respectively, 
consistent with the [110] and [200] lattice spacing of the 
cubic SrTiO3. The two-dimensional (2D) exposed surface 
and four edges of SrTiO3 laminae can also be determined 
to be (001), (200), (02–0), (2–00) and (020) planes, respec-
tively. The corresponding selected-area electron diffraction 
(SAED) pattern (inset of Fig. 2f), recorded along the [001] 
zone axis, further confirms its single-crystalline structure 
and also suggests that the preferentially oriented crystal 
at the interfaces with [001] zone axis nearly parallel to the 
incident electron beam. Moreover, the SAED patterns cor-
responding to the other trunk tips are observed to be exact-
ly same, which suggests that the whole crystal is a single-
crystal. Considering the symmetry of the eight branches, it 
can be concluded that each branch grows along the 111 
direction. 

The time-dependent shape evolution provides the ex-
perimental evidence on how the flower-like structure 
formed (Fig. 3). At the early stage of hydrothermal reaction 
(60 min), only aggregated irregular nanoparticles are ob-
served (Fig. 3a), and XRD pattern (Fig. 3d) confirms the 
amorphous nature of those irregular nanoparticles, which 
suggests that the crystallization does not happen. Prolong-
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Figure 2  SEM (a–d), TEM (e) and HRTEM (f) images of SrTiO3 prod-
ucts. The morphology of an individual flower-like crystal was observed 
from (a) frontal, (b) flank and (c) tilted frontal perspectives, respectively. 
The inset in (f) is the corresponding SAED pattern.
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Figure 3  SEM images of SrTiO3 products obtained after different reac-
tion times: (a) 60 min, (b) 65 min, (c) 90 min and (d) their corresponding 
XRD patterns.
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ing the reaction time to 65 min gives a few flower-like par-
ticles with short branches of ~0.2 μm (indicated by white 
open circles, Fig. 3b), besides those irregular nanoparticles. 
The corresponding XRD pattern exhibits the appearance 
of cubic SrTiO3 phase in the product, but the intensity of 
their diffraction peaks is comparably weak due to the lower 
proportion of the crystalline SrTiO3 in the product. As the 
reaction time was prolonged to 90 min, XRD pattern (Fig. 
3d) exhibits that the intensity of the SrTiO3 phases peaks 
significantly increases compared with those in the early 
stages. As shown in the SEM image (Fig. 3c), the propor-
tion of flower-like SrTiO3 particles with branches increases 
as well as the length of the branches (from 0.2 to 0.3 μm). 
Further prolonging the reaction time to 24 h, well-defined 
flower-like nanostructures could be obtained (Fig. 2).

Generally, the symmetry and shape of the crystals in the 
formation process is determined by their nucleation and 
subsequent growth. In the nucleation process, the crystal-
line phase of the crystal seeds is the most critical factor for 
forming special crystals. It is well known that SrTiO3 as a 
perovskite oxide crystallizes with a face-center-cubic (fcc) 
structure and the shape of fcc nanocrystals is mainly deter-
mined by the ratio of the growth rate in the 100 to that in 
the 111 directions [41]. In fcc structures, the {111} facets 
typically has a higher energy than that of the {100} facets 
due to the higher packing density and more under-coordi-
nated atoms, which leads to a faster growth along the 111 
direction and a faster consumption of reaction agent, fa-
voring the formation of cube-shaped crystal [42–43]. How-
ever, as the concentration of the reactant decreases due to 
the reaction consumption and the increasing size of crystal, 
the growth rate decreases and the mass transport of the re-
actant plays a critical role in the growth. Eight apexes of 
the cube have a significant advantage in receiving reactants 
over the {100} facets, which further enhances the preferen-
tial kinetic growth along 111 direction and leads to the 
formation of eight branches. The branching growth also 
generates a large surface area with many dangling bonds 
which allows the growth along 100 direction on each 
branch and results in the formation of a stacking structure 
composed of small laminas. The formation of SrTiO3 un-
der hydrothermal condition is thought to dehydrate from 
hydroxide [39]: 

 Si(OH)2 + Ti(OH)4 → SiTiO3 + 3H2O. (1)

For comparison, we increased the concentration of the re-
actant and enhanced the mass transport by adjusting the 
pH value of the original systems from 12.6 to 13.0, which 
facilitates the growth on a variety of crystal surfaces due 
to the larger mass transport rate and weakens the prefer-
ence of the growth along 111 direction, resulting in the 
formation of the cube-shaped SrTiO3 crystals (Fig. 4a). 

Further increasing the pH value of the original systems 
to 13.4, the high-energy faceted edges of the cube-shaped 
crystals encounter preferential dissolution, resulting in the 
formation of the spherical particles (Fig. 4b). Moreover, we 
also investigated the effect of reaction temperature on the 
growth (Fig. 5). The branches of the crystals obtained at 
higher reaction temperatures (180 and 200°C) significant-
ly are short from 0.5 to 0.2 μm (Figs 5c and d) and their 
branch surfaces are smooth but lack of the clear edges com-
pared with the crystal obtained at 160°C, since the increase 
of the reaction temperature enhances the mass transport 
of the reactants and weakens the preference of the branch 
growth along 111 direction. In contrast, SrTiO3 products 
obtained at 120°C show a rough branch surface and short 
branches (Fig. 5a), suggesting that the poor mass trans-
port at low reaction temperature may restrain the crystal 
growth including along the 111 direction. Based on these 
experimental evidences on the morphology evolution, the 
growth process of the flower-like nanostructure is simply 
described in Scheme 1.

The photocatalytic degradation of Rhodamine B was 
chosen as a model reaction to evaluate the photocatalytic 
activities of SrTiO3 products. Fig. 6 shows the degradation 
curves of Rhodamine B by pure SrTiO3 with different mor-

a b

Figure 4  SEM images of SrTiO3 products obtained at different pH values 
of the original reaction solution: (a) 13.0 and (b) 13.4.
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Figure 5  SEM images of SrTiO3 products obtained at different reaction 
temperatures: (a)120°C, (b) 160°C, (c) 180oC and (d) 200°C.
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phology. The hierarchical flower-like SrTiO3 nanostruc-
ture exhibits higher photocatalytic activities than other 
two SrTiO3 products (spherical and cubic). That may be 
because of the unique flower-like structure of the lattice, 
which makes them offer more surfaces for the photocat-
alytic reaction. In addition, th   e photocatalytic activities of 
SrTiO3 can be further enhanced by coupling with Ag and 
th e resultant Ag-SrTiO3 composite maintains their original 
morphologies. The enhancement of the photocatalytic ac-
tivity is attributed to the formation of a Schottky barrier at 
the interface between Ag and the semiconductor [35,44]. 
Therefore, the photogenerated electrons in SrTiO3 would 
transfer to Ag, which acts as an electron trap promoting the 
separation of electrons and holes in SrTiO3. Thus, the pho-
tocatalytic activity of SrTiO3 can be efficiently improved 
by loading Ag nanoparticles. However, the photocatalytic 
activity of Ag-SrTiO3 began to decrease with increasing 
AgNO3 concentration. The reason may be that large sur-
face coverage of Ag particles leads to a decrease in the re-
action probability of photon generated electrons and holes 
with adsorbed species on the surface, which is adverse to 
the photocatalytic activity of SrTiO3. More detailed investi-
gation is still under way.

In summary, we successfully synthesized a flower-like 
SrTiO3 nanostructure. The unique stacking SrTiO3 crystals 
have eight symmetric branches along the 111 directions, 
each of which shows a flower-like structure and consists 
of parallel SrTiO3 laminae. Appropriate pH value and re-
action temperature are crucial for the formation of   the 
unusual flower-like SrTiO3 crystals. This approach can be 
extended as an effective synthetic method for hierarchical, 
single-crystalline nanostructures of other inor ganic semi-
conductors.
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中文摘要    本文报道了一种钛酸锶花状分级纳米结构. 实验结果表明该钛酸锶花状分级纳米结构沿钛酸锶晶体的111方向生长, 形成

八个分支结构, 每个分支结构由一系列纳米片堆叠而成, 整个粒子具有花状的形貌结构. 通过调节反应体系的pH, 可以得到纳米立方、

纳米球等其他形貌结构的钛酸锶晶体. 所合成钛酸锶对光催化降解罗丹明B染料具有较高活性, 其中花状分级纳米结构钛酸锶的光催

化活性显著高于其他两种结构, 在光催化领域具有潜在应用前景. 
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