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Sonochemical Synthesis of Amorphous Zinc Phosphate Nanospheres
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Amorphous zine phosphate nanospheres were prepared vig a sonochemical route. Zine phosphate nanospheres were
uniform n shape with an average diameter of 2 10 nm. The average diameter of nanospheres could be controlled by
changing the pH of a precursor solution. This sonochemical method 1s simple, facile, economical, and environ-
mentally benmign. Non-crystalline characteristics of as-prepared zine phosphate nanospheres were confirmed by
X-ray ditfraction, transmission electron microscopy, and FT-IR spectroscopy analyses. We believe this technique
will be readily adopted in realizing other forms of zinc phosphate nanostructures.
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Introduction

The design of nanostructured materials with various shapes
has given an impetus to the development of nanoscience and
nanotechnology as a key factor in tailoring the physical and
chemical properties of nanostructures.’™ Thus the shape con-
trol of various nanostructured materials has attracted great
attention in recent materials chemistry. Zinc phosphate (Zn;
(PO4)2) 1s one of the most important multifunctional materials
for potential applications. including environmentally friendly
anticorrosive pigments and dental cements due to its low
solubility in water/biological environment and biocompati-
bility. ™ In addition. the catalytic properties of zinc phosphate
have been investigated in hvdrocarbon conversion process.
such as dehydration/dehy drogenation of sec-butanol and me-
thanol conversion.

Since the first report on the synthesis of microporous zinc
phosPhates.9 various techniques. including a solid-state reac-
tion"” and a polvol-mediated approach,” have been investi-
gated for the synthesis of monodispersed and nonagglome-
rated zinc phosphate nanoparticles. A solid-state reaction is a
simple room temperature process. but it requires very long
reaction time (from several hours to several davs) for the
fabrication of zinc phosphate nanoparticles.l("l: Unlike the
solid-state reaction. a polvol-mediated approach is a relatively
fast route (up to several hours) to the preparation of nonag-
glomerated zinc phosphate nanoparticles."’*'* However. the
polvol-mediated approach requires both a heating svstem due
to the relatively high temperature process (up to 300 °C) and
an additional cooling system for refluxing process.

Therefore, the development of a simple and fast route to the
growth of zinc phosphate nanostruchired materials with various
shapes under ambient conditions has remained an important
topic of investigation. In recent years. a sonochemical technique
has been developed as a promising alternative technique for

the synthesis of morphology-controlled inorganic nanostruc-
tured materials.*’™"" The reason is that this sonochemical
technique is a fast. simple. convenient. economical. and envi-
rommentally benign process.]g':"' Herein. we report on the selec-
tive sy nthesis of amorphous zinc phosphate nanospheres via a
facile sonochemical route.

Experimental Section

Amorphous zinc phosphate nanospheres were fabricated in
a hom-type reaction vessel using an ultrasonic technique.
Zinc phosphate tetrahyvdrate (Zn;(PQO.)24H-0. 98%. Junsei)
were used as a precursor chemical. For the production of zine
phosphate nanospheres, 0.4382 g zinc phosphate tetrahydrate
was dissolved in a mixture of 15 mL ammonia water (28~30
wit%. Kanto) and 85 mlL distilled (DI) water at room
temperature. Concentrations of zinc phosphate and ammonia
were 0.01 and 2.36 M. respectively. The pH of the precursor
solution was 12.3. Ultrasonic wave was introduced at an
intensity of 39.5 W/cm™ for 30 min by a sonochemical
apparatus (frequency of 20 kHz) under ambient conditions. in
order to synthesize amorphous zinc phosphate nanospheres.
The zinc phosphate nanosphere-containing solution was
filtered with a polycarbonate membrane that had pores of 100
nm in diameter. Zinc phosphate nanospheres were washed
with DI water after filtration. and then dried in an oven.

The volumetric ratio between ammonia water and DI water
in 100 mL precursor solution was changed for the diameter
control of zinc phosphate nanospheres. For large-diametered
zinc phosphate nanospheres. the concentration of ammonia
was increased to 3.14 M (20 mL ammoma water with 80 mL
DI water) and 4.71 M (30 mL ammonia water with 70 mL DI
water). The pH of the precursor solution was 12.5 and 12.8 at
3.14and 4.71 M ammonia concentration. respectively. Except
for the difference in ammonia concentration of precursor
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solutions, the concentration level of zinc phosphate, an
intensity of ultrasonic wave. and reaction time were fixed at
0.01 M. 39.5 W/em™. and 30 min. respectively.

The morphology of as-prepared zinc phosphate nano-
spheres was observed by field emission scanning electron
microscope (FESEM, Hitachi S-4300SE). The crvstallinity.
crystal structure. and chemical composition were characterized
by transmission electron microscope (TEM. JEOL JEM-2010),
X-ray diffraction (XRD. Max Science. M18XHF). energy-dis-
persive X-ray (EDX) spectroscopy. and Founer Transform
I[nfrared (FT-IR) spectroscopy.

Results and Discussion

Figure | shows FESEM 1mages and diameter distribution
of as-prepared zinc phosphate nanostructured materials vie a
sonochemical route. Zine phosphate nanospheres with different
diameters could be clearly observed in Figure 1(a)-(¢). The
average cdiameter increased from 210 to 1000 nm as the
ammomna concentration n precursor solution increased from
2.36 (13 mL involume, pH = 12.3) to 4.71 M (30 mL in volume,
pH = 12.8). as shown in Figure 1(d). At low ammonia concen-
tration of 2.36 M, the standard deviation m diameter was as
small as 70 nm. On the contrary. the standard deviation 1n dia-
meter was as large as 360 nm at lugh ammonia concentration
of 4.71 M. The Ostwald ripening phenomenon is known as a
key factor which cause the diameter distribution of nanopar-
ticles by the solubility difference due to size-induced energetic
stability.” = Based on Ostwald ripening process. the larger
particles continue to grow. wlile smaller particles continue to
shrink. It 1s thought that. as the ammoma concentration 1n
precursor solution increased from 2.36 to 4. 71 M, the Ostwald
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Figure 1. SEM 1mages of amorphous zinc phosphate nanospheres
synthesized at (a) 1 53 mL ammonia/85 mL DI (2.36 M ammonia), (b)
20 mL ammenia/80 mL DI (3. 14 M ammeonia), and (¢) 30 mL ammo-
ma/70 mL DI (4.71 M anunenia) aqueous selutions. The concent-
ration level of zine phosphate, an intensity of ultrasonic wave, and
reaction time were fixed at 0.01 M, 39.5 W/cm®, and 30 min, respec-
tively. (d) Changes in diameter of amorphous zinc phosphate nano-
spheres as a function of the volume of ammonia water used in
precursor selutions. Closed circles represent average diameters, and
standard deviation is shown as error bars.
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npening phenomenon became enhanced due to the mcrease in
the amount of excessive hydroxyl ions {OH” ions) which can
dissolve zinc phosphate nanospheres. When ammonia water
15 used as hyvdroxide amon source matenal, large amount of
growth units can be generated. Thus. 1sotropic growth from
center nuclei can be mainly proceeded to form sphere-like zinc
phosphate nanostructures.

The growth mechamsm of zin¢ phosphate nanospheres was
considered as follows:™

NH; + H-O

NH, + OH (1)

Zn;(POy)~4H-O + 40H
2Zn7 + 2PQsT + Zn(OH)~ + 4H-0 (2)

3z + PO — 2 ZniPOy)- 3)

3Zn(OH)~ + 2P0, —2

ZnyPOs): + 120H 4

where the symbol ))) denotes ultrasonc urradiation.

Figure 2 shows the XRD pattern of zinc phosphate nano-
spheres shown 1n Figure 1(a). Since there was no diffraction
peaks observed from crystalline structures or other impurities,
1t 15 noted that pure amorphous zin¢c phosphate nanospheres
were synthesized under the current sonochemucal approach.
Thus 1s consistent with the results of the TEM and electron
diffraction pattern analyses as shown in the inset of Figure 2.
The TEM (left inset in Figure 2) and the electron diffraction
pattern {night 1nset 1n Figure 2) give the evidence again that
as-prepared zinc phosphate nanospheres are noncrystalline.
Because of their noncrystalline characteristic. quantitative
and qualitative analyses were additionally conducted by EDX
and FT-IR spectroscopies, respectively, in order to investigate
the chemucal composition of as-prepared zinc phosphate nano-
spheres.

EDX analysis confirmed that as-prepared nanospheres were
composed of Zn. P. and O components only. The atomic ratio
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Figure 2. A XRD graph of the zinc phosphate nanospheres synthe-
sized at 2.36 M ammonia aqueous solution. Left and right msets are
a TEM image and electron diffraction pattern of an individual nano-
sphere, respectively.
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Figure 3. FT-IR spectra of amorphous zinc phosphate nanospheres
{upper line) and raw zinc phosphate tetrahvdrate chemicals (lower
lme).

of Zn/P was about 3/2. which corresponds with the Zn;(PO4)-.
The upper line in Figure 3 shows the FT-IR spectrum of as-pre-
pared nanospheres. In order to verify that our as-synthesized
nanospheres were zinc phosphate. the FT-IR analysis was also
conducted using typical zine phosphate chemicals (zinc pho-
sphate tetrahvdrate) as a reference (lower line in Figure 3).
The broad bands centered at 3347 cm’™ {ref: 3443 cm'l) IS ascri-
bed to the O-H stretching vibration. In addition. the strong
vibrational band at 1632 cm’™ was attributed to H-O bonding.
It is noted that as-prepared zinc phosphate nanospheres are
forms of hvdrate.

The FT-IR spectra shows characteristic bands related to
PO;” and H-O. The broad bands shown at 400 ~ 700 cm’
(peak at 630 cm']) and 900 ~ 1300 em”™ (ref: 900 ~ 1200 cm")
were attributed to the bending and complex stretching vibra-
tions of POs” group. respectively.” In the reference FT-IR
spectrum. the vibrational bands split into three distinct peaks:
954 cm’, 1021 cm’, 1107 cm” due to P-O bending, antisymme-
tric stretching of PO:™. and symmetric stretching of PO,
respectively."” The significant differences between the reference
FT-IR spectrum and the FT-IR spectrum of as-prepared nano-
spheres are the chemical shift of peaks. relative peak intensity.
and the overlap between peaks in the vibrational bands. In our
zinc phosphate nanosphere system. a very strong peak at 1050
cm'l_ was observed due to the antisymmetric stretching of
PO;™ with a shoulder peak at 943 cm’” originated from P-O
bending. A small peak at 1270 cm” originated from symmetric
stretching of PO1” was red-shifted from the reference peak.
We believe that these significant differences were observed
due to the crystallographic difference between our noncrystal-
line zinc phosphate nanospheres and typical crystalline zinc
phosphate chemicals.

Conclusions

We demonstrated a simple sonochemical route to the selec-
tive sy nthesis of amorphous zinc phosphate nanospheres under
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ambient conditions. The average diameter of amorphous nano-
spheres could be controlled from 210 nm to 1000 nm. Amumo-
nia concentration level in aqueous precursor solution was an
important factor in the diameter control of zinc phosphate
nanospheres. Based on fast. simple. convenient. economical.
and environmentally benign characteristics, we expect that
this sonochemical technique can be very useful in seeking to
design zinc phosphate nanostructures with various morpho-
logies.
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