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a b s t r a c t

SrCO3 particles were prepared at 450–600 1C by a simple solution method. The phase structure,
morphologies and photoluminescence (PL) properties of particles were investigated. All of the as-
synthesized samples are orthorhombic SrCO3 phase. SrCO3 particles are composed of fibers aggregates
and have layered morphologies. When excited by an appropriate wavelength, a broad emission band can
be observed in the samples ranging from ultraviolet to red light region. The PL properties of samples
were significantly affected by the fibers. SrCO3 particles with fine and short fibers structure have
excellent PL properties. In our experiment, SrCO3 particles synthesized at 450 1C exhibit the strongest PL
properties.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Recently, it is reported by Ni et al. [1] that SrCO3 nanoparticles
synthesized by a hydrothermal method exhibit excellent room
temperature photoluminescence (PL) properties ranging from
ultraviolet to red light region. Additionally, Thermoluminescence,
Radioluminescence and Cathodoluminescence properties were
reported in a 160 years historic Strontianite-type SrxCa1�xCO3

fibers aggregates specimen with very big size in 2009 [2]. The
above facts show that optical properties can be found in the
samples with very different size particles. This simulated our
research interest in morphology and properties of SrCO3 particles.

Due to great application potentials [3–8], SrCO3 particles with
desirable morphology were prepared by various synthesis meth-
ods, such as the solvothermal method [9], sonochemical method
[10], ion entrapment method [11], refluxing process method [12],
precipitation–calcination method [7] and the solid-state decom-
position method [13]. However, the PL properties of SrCO3 with big
size particles have not yet been reported. The research of PL
properties can enhance the development of room temperature
optical devices based on SrCO3 powders. At present, a simple
solution method was employed to prepare SrCO3 particles. The
phase structure, morphology evolution, and the PL properties of
SrCO3 particles were investigated in detail.

2. Experimental

All the chemicals in the experiment were analytical grade and
used without further purification. First, strontium acetate (99%,
Aladdin Chemistry Co., Ltd.) dissolved in a solution of glacial acetic
acid and 2-methoxyethanol at 60 1C by stirring. Then put the
precursor solution into oven for drying. Finally, the dried powders
were calcined at 450, 500, 550, and 600 1C for 0.5 h to synthesize
the destination samples.

X-ray diffraction (XRD) analysis was carried out at room
temperature using a Rigaku D/max-3C powder diffractometer with
Cu Kα radiation. The morphology of samples was observed by a
field emission scanning electron microscope (FESEM, QUANTA
600FEG, FEI). The particle size distribution and the mean size
(D50) of as-synthesized SrCO3 particles were measured by a laser
particle size analyzer (OMEC, LS-POP III). A PL spectrometer
(HORBA, FluoroMax-4p) was employed to measure PL excitation
and emission spectra of samples. As a comparison, the morphol-
ogy and PL spectra of a commercial SrCO3 sample (99%, Beijing
Chemical Works, China) were measured simultaneously.

3. Results and discussion

Fig. 1 shows XRD patterns of the samples synthesized at
different temperatures. All the diffraction peaks in the patterns
can be indexed as a SrCO3 orthorhombic phase (JCPDS 84-1778)
with Pmcn (No. 62) space group. The increasing intensity of
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diffraction peaks in Fig. 1 demonstrates an improved crystallinity
of samples with the increase of the synthesis temperature.

The morphologies of samples are displayed in Fig. 2, in which
Fig. 2(a–d) are FESEM images of the as-synthesized samples.
Evidently, the particles in Fig. 2(a–d) are in micrometer size, and
the morphology of particles is strongly affected by the synthesis
temperature. In Fig. 2(a), SrCO3 particles synthesized at 450 1C are
composed of fine fibers aggregates and exhibit a kind of layered
morphology. In Fig. 2(b), SrCO3 fibers aggregates can be easily
observed in the sample synthesized at 500 1C. SrCO3 fibers coarsen
when continuing to raise the temperature to 550 1C (Fig. 2(c)).
Finally SrCO3 fibers joint together and formed big size particles
with apparent layered morphology (Fig. 2(d)). Obviously, increas-
ing temperature accelerates the particle growth, and the layered

morphology of SrCO3 particles results from the fibers aggregates.
For the commercial SrCO3 sample, Fig. 2(e) shows a FESEM image
of the sample. It is in submicrometer size and rare fibers aggre-
gates can be seen in the sample.

The room temperature PL excitation and emission spectra of
the samples is shown in Fig. 3. From Fig. 3(a)–(e), the peak center
of the excitation spectra is 305, 310, 325, 332, and 322 nm; the
corresponding emission spectra of the samples are excited by
these wavelengths, respectively. In ultraviolet region of the emis-
sion spectra, a weak emission peak located at 384 nm can be seen
in Fig. 3(a–c). This emission center is near the position where
nanoparticles are emitted, which may be caused by a near-edge
emission of the band gap of SrCO3 (3.17 eV) [1]. Besides that, each
sample has a wide emission band in the visible light region. The
emission intensity decreases with the increase of the synthesis
temperature. The sample synthesized at 450 1C (Fig. 3(a)) exhibits

Fig. 1. XRD patterns of the samples synthesized at (a) 450 1C, (b) 500 1C, (c) 550 1C
and (d) 600 1C.

Fig. 2. FESEM images of SrCO3 samples (a) synthesized at 450 1C, (b) synthesized at 500 1C, (c) synthesized at 550 1C, (d) synthesized at 600 1C, and (e) a commercial sample.

Fig. 3. PL excitation and emission spectra of samples synthesized at (a) 450 1C,
(b) 500 1C, (c) 550 1C, (d) 600 1C, and PL excitation and emission spectra of the
commercial SrCO3 powders (e).
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the strongest PL spectra intensity. Because all of the samples are
undoped, it is believed that the emission band is caused by
intrinsic defects or crystal imperfection of the SrCO3 particles.
The defects induce defect energy levels in the band gap [14–16]
and result in the light emission in visible light region. According to
XRD patterns in Fig. 1, the crystallinity of samples improves with
the increase of the synthesis temperature. It implies that the
defect concentrations decrease in samples with increasing tem-
perature. Consequently, the emission intensity decreases from
Fig. 3(a)–(d). For the commercial sample, only a very weak PL
emission band (Fig. 3(e)) was detected although the particle size is
very small (Fig. 2(e)). Hence, it can be concluded that the PL
properties of SrCO3 are closely related to the microstructure of
particles with fiber aggregates rather than the size of particles. The
apparent layered morphologies of the synthesized samples are
determined by the SrCO3 fibers aggregates. SrCO3 fibers coarsen
with the increase of temperature and the improvement of crystal-
linity. As a result, PL properties dramatically decrease. This
phenomenon can only be attributed to the defect concentration
difference in the samples because no other conditions were
changed except the synthesis temperature. Fine and short fibers
microstructure are obtained at lower synthesis temperature. Lots
of crystal imperfections exist in the samples synthesized at lower
temperature, which improve the PL properties. In other words, the
particle microstructure with fine and short fibers aggregates can
enhance the PL properties of samples. While the fibers grow and
coarsen therefore the crystallinity improves with defects reducing,
the PL properties of SrCO3 particles significantly decline.

In order to illustrate the morphology details of synthesized
SrCO3 particles, a typical low magnification FESEM image of the
sample synthesized at 450 1C is displayed in Fig. 4(a). The particle
size distribution of this sample is shown in Fig. 4(b) as well. The
observed particles in Fig. 4(a) are porous and the size of the
particles is extremely nonuniform. There are a large number of
particles with size range from 1 μm to 10 μm and small amount
particles with size of a few hundred nanometers. The calculated
mean size D50 of cumulative distribution of this sample (Fig. 4(b))
is 3.56 μm.

4. Conclusions

In summary, SrCO3 particles with an orthorhombic phase and
layered morphologies have been synthesized via a sample solution

method at different temperatures. The phase structure, morphol-
ogy evolution and PL properties of samples were studied. Both the
layered morphology and the PL properties of SrCO3 particles are
closely related to the fibers aggregates microstructure of samples.
When the synthesis temperature increases, the SrCO3 fibers grow
with the crystallinity improving and crystal imperfection decreas-
ing. As a result, PL properties of samples dramatically decline.
In low magnification image, SrCO3 samples are porous with
nonuniform particle size. The sample synthesized at 450 1C exhi-
bits a strong PL emission band from ultraviolet to red light region.
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Fig. 4. A typical Low magnification FESEM image (a) and the particle size distribution (b) of the sample synthesized at 450 1C.
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