525 B4 10 W Bl
2009 #£10 A

fe % %
CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol.25 No.10
1864~1867

BENFEEHIE SrF, 49k 7 B HEREK
‘i—'F T 12 f/\ gﬂl 5!{4}:;!:*,1

FRLFER AGHIMLFHFTRELELT ST

(Zﬁméﬁr FRALF S At FE 2 5% 237006)

L 210093)

FEE . W R A T SeF, 90K B Ok L B R A T R R XA AT S 3 R A T R B
ST T R BT AT T RAE ST £ 5 3 Tk S SRR i RO A B A K 2 T I 4 K R LR T T 2 R Rk
TSI e B S W) A R B2 | TR 452 510 A pHL (6T )™ ) ) SR RS A7 3 2R AT

KW A SiFy; AU

Ey AR ek
HESES . 0614.232; 0644.3 XEtFRIREE . A NEHS: 1001-4861(2009)10-1864-04

Sonochemical Route to SrF, Microspheres by Nanoplates Self-assembly
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Abstract: The SrF, microspheres by the self-assembly of nanoplates are fabricated via a facile sonochemical
route. The products were characterized by the X-ray diffraction (XRD), field emission scanning electron
microscopy(FE-SEM), and transmission electron microscopy(TEM). The results showed that the microspheres with
a hierarchical structure are composed of regularly ordered nanoplates. These nanoplates are connected with each
other to form sphere with vertical orientation. The concentrations of the reactants, capping agent and pH value

have important effects on the morphologies and sizes of the products.
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Fluoride materials have received much attention in
recent years owing to their various applications in many
areas, such as energy storage and conversion!! laser!?,
superconductors®, and optics™. As an important fluo-
ride material, SrF, has been widely used in ion conduc-
tors?, optics!®, and catalysis”. To date, various methods
have been reported for the synthesis of SrF, nanostruc-

tures, such as solvothermal ™, hydrothermal ™, flame™,

and microwave "’ Different morphologies of SrF, have
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been prepared by these methods, such as nanospheres!®
and nanoparticles™'”. The hierarchical structure, rang-
ing from the microscopic to the macroscopic scale, is
the result of the self-organizing processes in inorganic-
organic hybrid systems!", which are common in nature.
Therefore, the fabrication of the hierarchical structure
is important to science and engineering. However, to the

best of our knowledge ,there are very few reports on the

synthesis of SrF, hierarchical structures.
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Recently, sonochemical method has become an
important tool for the synthesis of nanomaterial "9,
When liquids are irradiated with ultrasonic irradiation,
acoustic cavitation produces a variety of physical and
chemical effects, such as high temperature (>5 000 K),
pressure(>20 MPa), and cooling rate(>10" K+s™), which
could provide a unique environment for chemical reac-
tions under extreme conditions'’.

Herein, we report a sonochemical route for the
synthesis of the SrF, nanoplates-composed microspheres
is presented. The effects of concentrations of the reac-
tants and capping agent, and pH value on the morphol-
ogy and size of the products are investigated. To the
best of our knowledge, this is the first paper concerning
the sonochemical synthesis of the SrF, hierarchical

structure.

1 Experimental

1.1 Synthesis of the SrF, microspheres

All chemicals were of analytical grade and were
used without further purification. In a typical synthesis,
an aqueous solution of Sr(NOs), (60 mL, 0.021 mol - L™
was mixed with an aqueous solution of NH,F (20 mL,
0.128 mol - L™"). Then, the reaction system was exposed
to high-intensity ultrasound irradiation under ambient
air for 20 min. Ultrasound irradiation was generated
with a high-intensity ultrasonic probe(Xinzhi Co., Chi-
na, JY 92-2D, 0.6 cm diameter; Ti-horn, 20 kHz, 60 W -
cm™) immersed in the reaction system. The white pre-
cipitate was centrifuged, washed with distilled water
and absolute ethanol in sequence, and finally dried in
air.
1.2 Characterization

The X-ray diffraction(XRD) patterns were record-
ed on a Shimadzu XD-3A X-ray diffractometer at a
35 kV and 15 mA and scanning rate of 4°+min™ in
the 26 range from 20° to 90° equipped with a graphite
monochromatized Cu Ka radiation source(A=0.154 18
nm). X ray intensities were determined by X celerator
detection system. The scanning electron microscopy
(SEM) analyses were performed on a LEO-1530 VP
with 5 kV accelerating voltage. The transmission elec-

tron microscopy (TEM) analyses were obtained with a

JEOL JEM-200CX using an accelerating voltage of
200 kV.

2 Results and discussion

Fig.1 exhibits the XRD pattern of the as-prepared
SrF, nanoplates-composed microspheres. All the
diffraction peaks of the XRD pattern could be assigned
to the pure cubic phase of SrF, (PDF No. 06-0262).
Fig.2 shows the representative SEM images of the SrF,

microspheres. These microspheres are uniform in size
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Fig.1 XRD pattern of the SrF, nanoplates-composed

microspheres

%

Fig.2 (a) typical and (b) higher-magnifications SEM
images of the SrF, nanoplates-composed

microspheres
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(about 1.5 wm). It could be observed that the SrF, mi-
crospheres were composed of nanoplates with a thick-
ness of 40 nm. It is worth mentioning that the
nanoplates with different extention directions are verti-
cal whereas those with the same extention direction are
parallel.

To study the effect of the reactant concentration

on the size of the SrF, microspheres, three samples
synthesized with different concentrations of
Sr(NO;), and NHF (the molar ratio of Sr source to F
remains 1:2), as listed in table 1. Fig.3 exhibits the

were

relevant TEM images of the products. It could be ob-
served that the higher concentrations of the reactants

lead to the products with smaller sizes.

Table 1 Size of the product as a function of reactant concentration

¢sinoy, 1 (mol - L) exnr / (mol- L) Size / nm
0.025 0.050 800
0.032 0.064 500
0.064 0.128 300

(a) 0.025 mol - L™

, (b) 0.032 mol- L7, () 0.064 mol-L"

Fig.3 TEM images of the products synthesized with different concentrations of Sr(NOs),

When the capping agent nitrilotriacetic acid(NTA)
is added into the reaction system, changes are observed
in the morphology and size of the products. Owing to the
addition of NTA, the reaction solution becomes acidic;

thus ammonia water is added to adjust the pH value in

(@) 300 nm

L

(a) 0.032 mol - L, pH=4; (b) 0.048 mol- L, pH=4; (c) 0.064 mol- L, pH=4; (d) 0.032 mol - L.,
(e) 0.048 mol - L™, pH=2; (f) 0.064 mol - L™, pH=2

the reaction system. To investigate the effect of NTA
and pH value, six samples were prepared in the same
concentration of Sr(NOs), and NH,F but with different
concentrations of NTA and pH values. The relative

electron microscopy images are shown in Fig.4. As list-

pH=2;

Fig4 TEM and SEM images of the products prepared in 0.016 mol-L" Sr(NO;), and 0.032 mol-L™" NH,F

with different concentrations of NTA and pH values
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Table 2 Size of the products as a function of nitrilotriacetic acid(NTA) concentration and pH value

of the reaction system

exty / (mol - L) pH value Size / nm
0.032 4 150~200
0.048 4 180~200
0.064 4 150~200
0.032 2 300~400
0.048 2 300~380
0.064 2 300~350

ed in table 2, it could be concluded: firstly, the original
hierarchical morphology is replaced by the nanoparti-
cles-composed sub-microstructures; secondly, the con-
centration of NTA has little effect on the size of the
products when the pH value is constant, while the pH
value has a significant effect on the size of the products

when the concentration of NTA keeps identical.
3 Conclusions

In summary, SrF, nanoplates-composed micro-
spheres were successfully synthesized via a convenient
and fast sonochemical route. The as-prepared hierar-
chical microspheres are composed of regularly ordered
nanoplates. These nanoplates are connected with each
other to form sphere with vertical orientation, whereas
those with the same extention direction are parallel. It is
observed that the concentrations of the reactants have
an important influence on the size of the products. Fur-
thermore, the capping agent NTA could change the
morphology of the products. In the reaction system with
NTA, the pH value has a significant effect on the size of
the products.
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