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AgPO3 microspheres were prepared by a simple hydrothermal method. The AgPO3 microspheres were
characterized by X-ray powder diffraction (XRD), scanning electronic microscopy (SEM), Brunauer–
Emmett–Teller (BET), UV–vis absorption spectroscopy (UV–vis), and photoluminescence (PL) measure-
ment. SEM reveals that the AgPO3 microspheres were constructed by the accumulation of small particles.
The as-prepared AgPO3 microspheres sonocatalytically degraded Rhodamine B (RhB) excellently under
ultrasonic irradiation. The sonocatalytic ability results from the �OH radicals induced by AgPO3 micro-
spheres under ultrasonic irradiation. The effects of other conditions on ultrasonic activity were also
investigated. The content of �OH radicals in the reaction system was determined to further verify the
above conclusions.

Crown Copyright � 2013 Published by Elsevier B.V. All rights reserved.
1. Introduction

It is well known that cavitation can be induced in the solution un-
der ultrasonic irradiation, which undergoes nucleation, growth/
expansion and collapse of microbubbles. The sudden collapse of
the microbubbles results in high local temperature (5000 K) and
pressure (1000 atm), which thermally dissociate water into �OH rad-
icals that can oxidize organic dyes. Therefore, organic dyes can be
oxidized under ultrasonic irradiation.

It has been previously reported several outstanding metal oxide
sonocatalysts, such as TiO2, ZnO and etc. [1–9]. In the study, AgPO3

microspheres were prepared by a simple hydrothermal method. To
the best of our knowledge, AgPO3 microspheres have never been
reported. The structure and property of the as-obtained AgPO3

microspheres were studied in detail. Meanwhile, their sonodegra-
dation abilities for dyes were studied thoroughly. The kinetic data
were also calculated and discussed based on the measurement of
sonodegradation activity.
2. Experimental

2.1. Synthesis of samples

0.69 g AgNO3 was dissolved in 20 mL of deioned water. 0.42 g of
(NaPO3)6 was dissolved in 40 mL deioned water. The (AgPO3)6
solution was dropwise added into the AgNO3 solution under con-
tinuous stiring. The above mixture was transferred into a 60 mL
stainless teflonlined autoclave and heated at 80 �C for 6 h. The
resulting precipitate was collected, centrifuged, and washed with
deioned water three times. The as-obtained precipitate was dried
at 60 �C for 6 h in a vacuum oven.

2.2. Characterization of samples

X-ray diffraction (XRD) was recorded on a Rigaku D/max 2500
diffractometer. crystallite size (ds) was calculated from the stron-
gest diffraction of AgPO3 microspheres. N2 adsorption was carried
out on a Quantachrome NOVA 2200e at 77 K, from which the BET
specific surface area (Asp) was calculated. Scanning electron
microscope (SEM) measurement was performed on a Hitachi
S-4800. The UV–vis absorption spectroscopy was measured on a
Shimadzu UV-2550PC spectrometer using BaSO4 as a reference.
The photoluminescence spectra (PL) of samples were done on a
Shimadzu RF-5301 (excitated at 325 nm) photoluminescence
analyzer.

2.3. Activity measurement

All experiments were carried out in a KQ-100 ultrasonics appa-
ratus (Kunshan apparatus company, China). Ultrasonic frequency
and output power are 40 kHz and 0–100 W, respectively. In a typ-
ical experiment, 0.1 g of AgPO3 microspheres was dispersed in
100 ml (1 g/L) of RhB solution (10 mg/L). The mixture was stirred
in the dark for 30 min to allow the physical adsorption of RhB
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Fig. 1. X-ray diffraction patterns of the resulting AgPO3 microspheres.
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molecules on AgPO3 microspheres reaching the equilibrium.
Subsequently, the mixture was bubbled by an air diffuser under
ultrasonic irradiation, and the sonocatalytic degradation measure-
ment began. At the intervals of 30 min, 5 mL of the mixture was
collected and centrifuged to remove the AgPO3 microspheres.
Residual solution was measured on a UV spectrometer using
554 nm light.
Fig. 2. (a–c) and (e and f) SEM image; (d) particle m
2.4. Hydroxyl radicals measurement

The measurement of �OH radicals was as follows: 5 mg of AgPO3

microspheres was dispersed in a 80 mL aqueous solution of
3 mmol/L terephthalic acid and 0.01 mol/L NaOH in a reactor under
ultrasonic irradiation at room temperature. At the intervals of
10 min, 3 mL of the mixture was collected and centrifuged to
remove the AgPO3 microspheres. PL spectra of the 2-hydroxyte-
rephthalic acid formed by the reaction between terephthalic acid
and songenerated �OH radicals were measured on a PL spectrome-
ter using 325 nm excitation light.

Terephthalic acid reacts with hydroxyl radicals to produce 2-
hydroxyterephthalic acid in alkaline conditions. 2-hydroxytereph-
thalic acid has a strong fluorescence emission at 425 nm. There-
fore, 2-hydroxyterephthalic acid has a greater concentration if
the songenerated �OH radicals in the solution increase. The fluores-
cence emission peak at 425 nm becomes stronger. The songenerat-
ed �OH radicals in solution can be determined by the fluorescence
peak intensity of 425 nm.
3. Results and discussion

3.1. Characterization of photcatalysts

XRD patterns of the as-prepared sample are shown in Fig. 1.
Only one broad diffraction peak at 31.695� is observed, which
can be assigned to the strongest peak of AgPO3 (JCPDS file
11-0640). The JCPDS data of AgPO3, including the crystal system
ean size distribution of AgPO3 microspheres.



Table 1
Physical parameters of AgPO3.

Sample ds (nm) SBET (m2/g) Vp (cm3/g) dp (nm)

AgPO3 58 0.414 0.001 3.444

Definitions: ds, crystal size; SBET, BET surface area; Vp, total pore volume; dp, BJH
average pore size.

200 300 400 500 600 700 800
0.0

0.5

1.0

1.5

2.0

Ab
so

rb
tio

n 
(a

.u
.)

Wavelength (nm)

A

1 2 3 4 5
0.0

0.5

1.0

1.5

2.0

(α
hν

)1/
2

Band gap (eV)

B

Fig. 4. UV–vis absorption spectra of the as-synthesized AgPO microspheres.

0 10 20 30 40 50 60 70 80
-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

dV
/d

D 
(c

m
3 /g

)

Pore diameter (nm)

Fig. 3. The pore-size distribution of AgPO3 microspheres.
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and lattice constants, have not been updated. Therefore, the JCPDS
data were not further compared. The top of this broad AgPO3 dif-
fraction peak is quite sharp, revealing that the sample is crystalline.
The highly broad diffraction peak indicates that the sample con-
sists of tiny crystallites. The mean crystallite size (ds) was calcu-
lated as 58 nm by the scherrer equation on the basis of the
strongest peak of AgPO3.

The microstructures of the as-prepared sample were then
examined by the microscope. The morphology of the as-obtained
particles shown in Fig. 2a–c can be described as AgPO3 micro-
spheres. The particle sizes in Fig. 2d range from 3.67 to 4.93 lm,
and the mean particle diameter is 4.23 lm. The difference between
the maximal and minimal sizes of the particles is about 1.2 lm.
Many tiny particles are discerned inside the microsphere
(Fig. 2e), which contributes to the only one broad and sharp dif-
fraction peak in the XRD pattern. The magnified image (Fig. 2f)
shows many tiny pores on the surface of the microsphere. How-
ever, those tiny pores do not offer large specific surface area for
AgPO3 microspheres (Table 1).

N2 adsorption–desorption of the AgPO3 microspheres (Fig. 3)
indicates a narrower mesopore size distribution of AgPO3 particles
at 4.7 and 7.8 nm. According to Fig. 2e and f, the small and the large
mesopores in the AgPO3 microspheres may be assigned to intra-
aggregated pores and the pores among inter-aggregated particles.
As shown in Table 1, the specific surface area, the total pore
3
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Fig. 5. PL spectra of the as-synthesized AgPO3 microspheres.
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Fig. 6. (A) The dependence of sonocatalytic activity on different catalysts; (B) The
dependence of sonocatalytic activity on the original concentration of RhB.
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volume and the average pore size of the AgPO3 microspheres are
0.414 m2/g, 0.001 cm3/g and 3.414 nm, respectively.
Fig. 4A shows the UV–vis absorption spectra of the AgPO3

microspheres, which exhibits an absorption maximum in the
range of 200–400 nm. However, they absorb more weakly in
the visible light region. The onset of absorption is estimated to
be about 2.88 eV (Fig. 4B). The above results imply that the as-
synthesized AgPO3 microspheres are sensitive to ultraviolet and
visible light.

Fig. 5 shows the PL spectrum of the AgPO3 microspheres. There
are two emission bands upon excitation at 325 nm. The strongest
peak centered at about 442 nm is assigned to the band–band tran-
sition. The shoulder peak at approximately 380 nm is attributed to
the oxygen vacancies.

3.2. Sonocatalytic activity and mechanism of AgPO3 microspheres

Sonocatalytic activity of the AgPO3 microspheres is shown in
Fig. 6A. The concentration of catalyst and RhB in solution is 1 g/L
and 10 mg/L, respectively. The mixture of AgPO3 and RhB solution
is stirred for 30 min to reach the adsorption equilibrium. The
adsorption amount is only 6.2%, indicated that it cannot affect
the sonocatalytic activity of the AgPO3 microspheres obviously in
Fig. 6A. It is very clear that the sonodegradation ratio is 51% after
180 min in Fig. 6A. In addition, the blank experiment without cat-
alyst has been carried out in Fig. 6A. The decomposition ratio by
oneself is 13.9% after 180 min under ultrasonic irradiation. The
result shows the RhB molecules can be degraded over AgPO3

microspheres under ultrasonic irradiation. In order to discuss the
role of AgPO3 particles, sonocatalytic activity of TiO2, ZnO, and
Al2O3 powder (commercial analytical grade, 99%) under the same
experimental condition has been researched in Fig. 6A. Their
adsorption amount is 11%, 9.2% and 6.7% after 30 min, respectively.
Fig. 6A shows that their sonodegradation ratio is 42%, 64% and 42%,
respectively. In comparison with the as-prepared AgPO3 micro-
spheres, the order of their decomposition ratio is ZnO > AgPO3 > -
TiO2 > Al2O3. The result exhibits that the as-prepared AgPO3

microspheres show a good role in the sonodegradation of organic
dyes.

The dependence of sonocatalytic activity on the original con-
centration of RhB over the AgPO3 microspheres (1 g/L) has been
shown in Fig. 6B. Initial RhB concentrations are from 5 to 20 mg/
L. Adsorption behavior of RhB on AgPO3 microspheres has been
shown in Fig 6B for different initial concentration of RhB. Their
adsorption amount from 5 to 20 mg/L is 8%, 6.2%, 14% and 6% after
30 min, respectively. The adsorption amount is the largest for
15 mg/L RhB solution. The optimal sonodegradation activity was
obtained in the presence of 5 mg/L RhB solution. Besides, the son-
odegradation efficiency decreased with increasing concentration of
RhB, suggesting that the sonodegradation rate depends on the con-
centration of RhB. In our experimental system, the high concentra-
tions of organic molecules and the small opportunities that they
encounter �OH radicals produced by ultrasound mainly account
for the reduced sonodegradation activity. Furthermore, the �OH
radicals concentration was measured within 60 min to investigate
the sonocatalytic mechanism of the AgPO3 microspheres [10].

Fig. 7 exhibits the dependence of the PL spectrum of tere-
phthalic acid solution on irradiation time. The PL intensity at
425 nm gradually rises with increasing irradiation time in the pres-
ence of AgPO3 (Fig. 7A). Therefore, the sonodegradation activity of
the AgPO3 microspheres also increases because their oxidation
capacity results from �OH radicals. The result is consistent with
the activity of sonodegradation over AgPO3 microspheres
(Fig. 6A). In order to investigate the sonocatalytic mechanism of
the AgPO3 microspheres, �OH radical contents are measured under
different experimental conditions (Fig. 7B–D). Fig. 7B shows water
without AgPO3 microspheres can also produce a small amount of
�OH radicals under ultrasonic irradiation. However, the production
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Fig. 7. The PL signal peaks of �OH radicals at 425 nm in the presence of AgPO3 microspheres. (A) with AgPO3 (not air-bubbled); (B) without AgPO3 (not air-bubbled); (C) with
O2 by air-bubbled (50 mL/min); (D) H2O2 (30 wt.%, 0.5 mL, not air-bubbled).
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of �OH radicals is too small to oxidize RhB molecules. It is reported
that O2 and H2O2 can promote the production of �OH radicals in
water under ultrasonic irradiation [10]. Therefore, to study the
effect on the �OH radicals concentration of O2 and H2O2, the depen-
dence of the �OH radicals concentration on the H2O2 and O2 over
AgPO3 microspheres is researched under the same experimental
conditions. Fig. 7C (with O2 by air-bubbled, 50 mL/min) and 7D
(with H2O2, 30 wt.%, 0.5 mL) exhibits that the intensity of the PL
emission peak at 425 nm increases rapidly with elapsed reaction
time, indicating that the �OH radical concentration in the system
gradually increased. In Fig. 7C, the peak intensity of PL is the high-
est than those of Fig. 7, which shows that O2 can greatly facilitate
the generation of a large number of �OH radicals over AgPO3 micro-
spheres under ultrasonic irradiation. In comparison with Fig. 7D
and A, the PL intensity in Fig. 7D is stronger than that of Fig. 7A be-
fore 20 min, indicating that H2O2 is also able to increase the gener-
ation of �OH radicals over AgPO3 microspheres under ultrasonic
irradiation. Base on the above experimental data and reference
[10], the sonocatalytic mechanism of the AgPO3 microspheres is
proposed below:
H2O + ultrasound + AgPO3 ? �OH + �H (Fig. 7A)
O2 (air-bubbles) + ultrasound + AgPO3 ? 2O�? �O + H2O ?
2�OH (Fig. 7C)
O2 (air-bubbles) + H�? �O2H ? H2O2 + O2 ? H2O2 +
ultrasound + AgPO3 ? 2�OH (Fig. 7D)
�OH + RhB ? small moleculars
4. Conclusion

In summary, AgPO3 microspheres have been constructed via a
one-step hydrothermal process. Moreover, RhB was more effi-
ciently sonodegraded by the as-prepared AgPO3 microspheres.
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