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Strontium barium niobate Sr
𝑥
Ba
1−𝑥

Nb
2
O
6
(SBN) nanocrystals with different components (𝑥 = 0.2, 0.4, 0.6, and 0.8) were

synthesized byMolten Salt Synthesis (MSS) method at various reaction temperatures (𝑇 = 950∘C, 1000∘C, 1050∘C, and 1100∘C).The
SBN nanocrystals yielded through flux reactions possess different morphologies and sizes with a length of about ∼100 nm∼7𝜇m
and a diameter of about ∼200∼500 nm. The Scanning Electron Microscopy (SEM) and X-ray Diffraction (XRD) techniques were
used to study the compositions, structures, and morphologies of the nanocrystals. The absorption edges of the SBN nanocrystals
are at a wavelength region of approximate 390 nm, which corresponds to band-gap energy of ∼3.18 eV. The SBN nanocrystals with
different sizes display different photocatalytic activity under ultraviolet light in decomposition of water. The SBN60 nanocrystals
exhibit stable photocatalytic rates (∼100∼130𝜇mol of H

2
⋅g−1⋅h−1) for hydrogen production.The SBNnanocrystals can be a potential

material in the application of photocatalysis and micro/nanooptical devices.

1. Introduction

The synthesis of nanostructures has attracted extensive atten-
tion in the past two decades due to their novel size-dependent
properties. The SBN nanocrystals have a complex struc-
ture of tetragonal tungsten-bronze with NbO

6
octahedrons

[1]. The strontium barium niobate Sr
𝑥
Ba
1−𝑥

Nb
2
O
6
(SBN)

nanocrystals have exhibited a variety of ferroelectricity [2–4],
photorefractive [5], electrooptic, nonlinear optical [1, 6], and
thermoelectric properties [7] which are potentially important
for many applications in various fields.The advantage of SBN
nanocrystals is generally attractive for some device appli-
cations, such as thin film devices [2], optical sensors [8],
and piezoelectric ceramic resonators [9]. In addition, SBN
nanocrystals have lead-free composition which is concerned
with environment, safety, and health. SBN nanocrystals with
varied compositions can be fabricated into different sizes
and complex shapes through low-cost and easy methods
such as template-assisted synthesis and template-free syn-
thesis, Czochralski method, dual-stage sintering method,

and low-temperature combustion synthesis process [10–13].
The conventional SBN ferroelectric thin films are usually
crystallized at the temperature of about 700∼800∘C and the
SBN nanocrystals can be synthesized at the temperature of
about 1100∘C [14–16].

The hydrogen generation through splitting of water has
been a topic of severely popular research interest because it is
considered to be a promising method of providing renewable
energy.Hydrogen energy is increasingly becoming significant
from the viewpoint of both solar energy employment and
environment, particularly in the case of the exhaustion of fos-
sil fuels. Furthermore, the combustion product of hydrogen is
water which has less pollution to the environment than other
organic fuels. Many materials have been used as catalysts for
photochemical decomposition of water, such as Na

2
Ta
4
O
11
,

Ba
5
Nb
4
O
15
, MgO-ZrO

2
, and Sr

2
Nb
2
O
7
[17–21]. However,

SBN nanocrystals have received very little attention in this
area. The morphology of nano-crystal has an important
effect on the performance of photocatalytic. As stimulated
by the promising photocatalytic and optical application, the
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Figure 1: SEM images of the flux-synthesized SBN nanocrystals with flux-to-reactant weight ratio of 2 : 1 at a reaction temperature of 1100∘C
for 3 h: (a) SBN20, (b) SBN40, (c) SBN60, and (d) SBN80.

synthesis of more efficient light-driven SBN nanocrystals
with complex morphologies is a subject of considerable
research interest.

2. Experimental

Sr
𝑥
Ba
1−𝑥

Nb
2
O
6
(SBN) nanocrystals with 𝑥 = 0.2, 0.4, 0.6,

and 0.8 were prepared from molten NaCl salts (hereafter
abbreviated as SBN20, etc.). The starting powders of SrCO

3
,

BaCO
3
, and Nb

2
O
5
were premixed according to the desired

Sr : Ba : Nb ratios in ethanol for 24 h.Themixtures were again
mixed with NaCl for 8 h, with the weight ratio of oxides
to salts being equal to 1 : 2. The final mixtures of powders
and salts were heated in covered high alumina crucibles for
Molten Salt Synthesis (MSS). The mixtures were heated at
950∘C, 1000∘C, 1050∘C, and 1100∘C, respectively for 3 h. The
nanocrystals were collected afterwashing away the remaining
salt with hot deionized water.

The SBN nanocrystals were characterized by powder X-
Ray Diffraction (XRD, Ultima-IV, Rigaku, Japan), Scanning
Electron Microscopy (SEM, JSM6700-F, JEOL, Japan), and
UV-vis Diffraction Reflected Spectra (DRS, Lambda900,
PerkinElmer, USA). The surface area measurements were
performed with laser Particle Size and Zeta Potential Ana-
lyzer (PSZPA, BI-200SM, BROOKHAVEN, USA). The pho-
tocatalytic reactionwas carried out in a gas-closed circulation

system. The sample of 0.05 g was dispersed in 50ml of
solution in an irradiation cell of volume 100 cm3 quartz reac-
tor and was illuminated with 400WHg lamp. The solution
was stirred for 30mins in the dark to obtain a good dispersion
of the catalyst in water. The net balanced photocatalytic
reaction (under irradiation) is H

2
O → H

2
+ 1/2O

2
. The

evolved H
2
and O

2
were separated with molecular sieve-5 Å

column and the amount of gas was determined by using gas
chromatography with thermal conductivity detector.

3. Results and Discussion

These SBN nanocrystals were found to have rod-like shapes
with the length of ∼100 nm∼7 𝜇m and the diameter of ∼200∼
500 nm as shown in Figures 1 and 2. Figure 1 shows the SEM
images of the SBN nanocrystals with various components
(𝑥 = 0.2, 0.4, 0.6, and 0.8) at a reaction temperature of
1100∘C for 3 h. The SBN20 nanocrystals possess the small-
est size. Figure 2 indicates different morphologies of the
SBN60 nanocrystals at different reaction temperatures (𝑇
= 950∘C, 1000∘C, 1050∘C, and 1100∘C) for 3 h. The grain
size is determined by the annealing temperature and the
SBN60 nanocrystals at a reaction temperature of 950∘C get a
smaller size. The XRD patterns for the nanocrystals obtained
are shown in Figures 3 and 4. All peaks are assigned to
SBN nanocrystals with a tetragonal tungsten-bronze (TB)
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Figure 2: SEM images of the flux-synthesized SBN60 nanocrystals with flux-to-reactant weight ratio of 2 : 1 at different reaction temperatures
for 3 h: (a) 950∘C, (b) 1000∘C, (c) 1050∘C, and (d) 1100∘C.
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Figure 3: XRD patterns of the flux-synthesized SBN nanocrystals
with flux-to-reactant weight ratio of 2 : 1 at a reaction temperature
of 1100∘C for 3 h.

structure. The tested results confirm that all SBN nanocrys-
tals are obtained randomly without having any impurity
phase.

The SBN nanocrystals represent the similar absorption
properties as observed from UV-vis DR spectra (Figure 5).
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Figure 4: XRDpatterns of the flux-synthesized SBN60 nanocrystals
with flux-to-reactant weight ratio of 2 : 1 at different reaction
temperatures for 3 h.

Figure 5(a) indicates SBN nanocrystals with different
components (𝑥 = 0.2, 0.4, 0.6, and 0.8) possess similar UV-
vis absorption properties. In pure SBN nanocrystals, the
UV-vis near the absorption edge will create a pair of
electron–hole excitons. The constraints of these excitons are
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Figure 5: The UV-vis absorption spectra of the flux-synthesized SBN nanocrystals: (a) with different components; (b) at different reaction
temperatures.

Table 1: Surface areas and photocatalytic rates for hydrogen production of the flux-prepared SBN nanocrystals.

Samples Temperature/Dwelling time Surface area [m2/g] Photocatalysis rate [𝜇mol of H
2
⋅g−1⋅h−1]

SBN20 1100∘C/3 h 3.8476 26.5
SBN40 1100∘C/3 h 2.2028 56.2
SBN60 950∘C/3 h 2.4400 122.35
SBN60 1000∘C/3 h 2.4193 99.6
SBN60 1050∘C/3 h 2.1549 102.1
SBN60 1100∘C/3 h 1.7346 102.2
SBN80 1100∘C/3 h 2.2127 79.55

weak and can be dissociated with the help of photons and
phonons.The absorption edges of the SBNnanocrystals are at
the wavelength region of approximate 390 nm and the band-
gap of SBN crystal is about 3.18 eV at room temperature. So
that UV-vis absorption properties are similar to different
components. Simultaneously the reaction temperature of
SBN nanocrystals has little effect on the UV-vis absorption
nature as shown in Figure 5(b). Figure 5 also displays that
the absorption edges of all kinds of SBN nanocrystals are
at the same wavelength region of approximate 390 nm. The
band-gap energy (𝐸) can be calculated by the following
equation [22]

𝐸 =
1240

𝜆
, (1)

where 𝜆 is the wavelength in nanometers [23].The calculated
band-gap energy (𝐸) corresponding to the 390 nm light wave
is ∼3.18 eV.

In metal-oxide photocatalysts, the light-driven excitation
of electrons into their conduction bands can be used to drive
the water splitting reactions for the reduction and oxidation
of water to hydrogen and oxygen, respectively. The photocat-
alytic rates of SBN nanocrystals vary obviously with different
components (𝑥 = 20, 40, 60, and 80) and reaction temper-
atures (𝑇 = 950∘C, 1000∘C, 1050∘C, and 1100∘C) as shown in
Table 1.When the temperature of the sample is 1100∘C, SBN60
has the highest photocatalytic efficiency. Table 1 indicates that
the SBN60 nanocrystals exhibit stable photocatalytic rates for

hydrogen production of ∼100∼130 𝜇mol of H
2
⋅g−1⋅h−1 and

especially the photocatalytic rate of SBN60 nanocrystals at
a reaction temperature of 950∘C gets the peak (122.35 𝜇mol
of H
2
⋅g−1⋅h−1). The structure of the SBN is nonfilled [1], so

the photocatalytic rates can be controlled by changing the
content of metal ions Sr and Ba in a large range. And the
photocatalytic rates of SBN can be significantly improved by
adjusting the Sr/Ba ratio in a certain range [24]. In the SBN
nano-crystal structure, different positions are occupied by the
metal ion, Sr and Ba. In addition, the radii of Sr and Ba ions
are different. Therefore, the change of the composition leads
to the distortion about the structure of the SBN. So different
components have different UV-vis absorption properties and
SBN60 has the highest photocatalytic efficiency. Table 1 also
indicates that the surface area of SBN nanocrystals has little
effect on the material photocatalytic activity.The surface area
indicates one gram of the sample can be expanded at a certain
temperature. The SBN nanocrystals with small size and
powderedmorphology display the higher photocatalytic rate.
Especially the photocatalytic rate of SBN60 nanocrystals with
the surface area of 2.4400m2/g gets the peak (122.35 𝜇mol
of H
2
⋅g−1⋅h−1). This is because the nanocrystals with small

size and powered morphology are uniformly dispersed in the
photocatalytic solution. They can absorb more light energy.
So the photocatalytic rates of SBN nanocrystals can be con-
trolled through changing the component and morphology of
SBN nanocrystals, which are synthesized by using different
experimental parameters.
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4. Conclusions

The SBN nanocrystals are synthesized as single-crystal par-
ticles with sizes of ∼100 nm∼7 𝜇m through changing com-
ponent and reaction temperature. In order to gain some
small nanocrystals with high surface area, the component
and reaction temperature must be controlled properly. The
absorption edges of the SBN nanocrystals are at the wave-
length region of approximate 390 nm, which corresponds to
band-gap energy of ∼3.18 eV. Under UV light, the SBN60
nanocrystals exhibit excellent photocatalytic rates (∼100∼
130 𝜇mol/g/h of H

2
⋅g−1⋅h−1) in UV photocatalytic activity for

water decomposition. The SBN60 nanocrystals synthesized
at a reaction temperature of 𝑇 = 950∘C are found to possess
highest photocatalytic rate (122.35 𝜇mol of H

2
⋅g−1⋅h−1). The

SBN nanocrystals with powdered morphology and small size
display the higher photocatalytic rate. In a word, the water
decomposition performance under UV mainly depends on
the component and morphology of photocatalytic materials.
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