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ORIGINAL ARTICLE

Synthesis and characterization of silica-supported Preyssler nano particles and its catalytic

activity for photodegradation of methyl orange

Fatemeh F. Bamoharrama*, Majid M. Heravib*, Mina Roushania, Maryam R. Toosia and Ladan Jodeyrea

aDepartment of Chemistry, Islamic Azad University � Mashhad Branch, Mashhad, Iran; bDepartment of Chemistry,
School of Sciences, Azzahra University, Vanak, Tehran, Iran

(Received 9 March 2008; final version received 15 April 2009)

Heteropolyacid (H14 [NaP5W30O110])/SiO2 nano particles were synthesized by a micro emulsion technique. The
morphology and size of these nano particles were characterized using, transmission electron microscopy and
X-ray diffraction. In a designed photo reactor, the photo degradation of methyl orange as common azo dye

pollutants in the environment was selected as a test reaction to estimate the catalytic activity of the synthesized
nano particles and found to be excellent.
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Introduction

Heteropolyacids belong to a large class of metal�
oxygen cluster anions (1) and can be formed by a

self-assembly process. In recent years, heteropolya-

cids have been studied extensively as acid and redox

catalysts in many reactions (2,3). These catalysts

are green and harmless to the environment with

respect to corrosiveness, safety, quantity of waste,

and separability. Other key green aspects of solid

heteropolyacid catalysts are related to their synthesis

in an aqueous process and achievements of successful

practical applications including: (i) water-tolerant

acid catalysis; (ii) catalysis in pseudo liquid phase;

(iii) solid-phase catalysis; (iv) bi-functional catalysis

in combination with noble metals; and (v) green

processes in bi-phase systems (4).
Along this line, there are several large-scale indus-

trial processes utilizing heteropolyacid catalysts as

oxidative and acid catalysts both in solid state and in

solution (5). However, there is a need to develop and

generate new catalysts of these compounds that are

more active for applications as solid acid catalysts.
Recently, because of the unique properties of

nano particles (6�8), the application of them as

catalysts has attracted much attention. As the particle

size decreases, the relative number of surface atoms

increases, and thus the activity increases. In addition,

nanometer-sized particles may show unique proper-

ties for several applications (9�11). In recent years,

interest has focused mainly on the synthesis of nano

catalysts such as the Keggin nano catalysts (12,13).
However, the synthesis and catalytic activity of the
Preyssler nano catalyst has not been studied exten-
sively and its photocatalytic activity has been largely
overlooked.

A Pryessler acid is a highly acidic catalyst with
excellent catalytic activity in a variety of acid-
catalyzed reactions (14). The catalyst consists of an
anion with a formula of [NaP5W30O110]

14� which has
an unusual five-fold symmetry achieved by fusion of
five {PW6O22} groups. The central sodium ion lies
not on the equator of the anion but in a plane roughly
defined by oxygen atoms of the phosphate groups.
The presence of the sodium cation reduces the overall
anion symmetry from D5h to C5v (15).

In continuation of our work with Preyssler cata-
lysts, it was of great interest to synthesize a nano
Preyssler anion and use this nano catalyst in photo-
catalytic reactions. Photocatalysis by solid heteropo-
lyacids is a new branch in the field of photocatalytic
chemistry. The oxidation of alcohols to aldehydes or
ketones (16,17), the functionalization of alkanes to
form alkenes or ketones (18), dimerization of alkenes
(19), and degradation of all kinds of aqueous organic
pollutants for advanced oxidation processes (20�22)
are catalyzed by heteropolyacids.

We report in this study, for the first time, the
synthesis of nano structured Preyssler catalysts sup-
ported on silica, having various morphologies which
can be controlled by the synthetic conditions. In
addition to continuation of our work on the catalytic

*Corresponding authors. Email: fbamoharram@mshdiau.ac.ir; mmh1331@yahoo.com

Green Chemistry Letters and Reviews
Vol. 2, No. 1, March 2009, 35�41

ISSN 1751-8253 print/ISSN 1751-7192 online

# 2009 Taylor & Francis

DOI: 10.1080/17518250902998095

http://www.informaworld.com

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
7
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



behavior of heteropolyacids (23) and extending the

applications of Preyssler catalyst to nanotechnology

and photocatalytic reactions, we investigated photo

degradation of methyl orange as a model of azo dyes

under UV light irradiation using hydrogen peroxide

as an oxidant.

Results and discussions

Silica-supported Preyssler nano structures were

obtained through amicro emulsion method. Although

this procedure has been reported previously, this

method has never been reported for the synthesis of

Preyssler nano structures with different morphologies.
The obtained nano structures were characterized

by transmission electron microscopy (TEM) as shown

in Figure 1. The micrographs show various morphol-

ogies under different synthetic conditions.
The morphology of the product was found to be

strongly dependent on the reaction conditions such as

concentration and reaction time. In addition, in the

same reactions under specific reaction conditions,

only spherical nano particles could be obtained. The

sizes and morphology of products were controlled

by changing the water to surfactant, sodium bis

(2-ethylhexyl) sulfosuccinate molar ratio (S) and

reaction time. For a short time, the tubular struc-

ture prevails, whereas the spherical shapes dominate

at longer times.
The spherical particles with size of about 30 nm

were obtained at molar ratio�3 and 30 h, while the

tubular morphology were obtained at molar ratio�3

and various times (12�30 h). The molar ratio has been

studied in various ranges and the results showed that

higher molar ratios are unfavorable. TEM investiga-

tion with samples prepared at various times indicated

that always different structures were formed, which

are well known as the spherical and tubular struc-

tures. When the concentration was kept at S�3 and

reaction time was raised to 30 h, the spherical

A CB

Figure 1. TEM images of the synthesized nano structures (the amorphous background structures are part of the TEM grid).
(A) S�3, time�30 h; (B) S�3, time�12 h; (C) S�3, time�18 h.
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structures only were obtained (Figure 1A). A mixture

of nano wire and nano spherical structures were

obtained at S�3 and 12 h (Figure 1B). This figure

shows 30 nm spheres and some nano wires with

diameters even smaller than the spheres. In the lower

left image, the dark round structures are 3 nm in

diameter and in the lower right image the wire

structures are 100 nm in diameter. These images

show typical results. As we can see, the diameter of

most of the spheres and wires were 3 nm and 100 nm,

respectively. We can suggest that, at first a mixture of

nano spheres (30 nm) and nano wires (B30 nm) have

been formed and gradually the diameter of the most

spheres have decreased to 3 nm and for nano wires

increased to 100 nm. The reason is not clear for

us now, but can be attributed to the particular

conditions and time. When the reaction time was

18 h (S�3), the fraction of nano wire increased

evidently, so the nano wires with diameter of about

100 nm were only obtained (Figure 1C).
The reason is not yet clear, but is not surprising;

shape changes of particles have been observed in

other synthetic methods of nano particles (24,25).

One explanation for the shape changes can be

attributed to the meta stable states, which could

spontaneously change into an equilibrium state under

reaction conditions, which is in agreement with the

observations (24). Figure 2 shows powder X-ray

diffraction (XRD) patterns of the synthesized sam-

ples. The patterns of the spherical products contain a

broad peak centered at 52 A8. Analogous diffraction

patterns have been observed for other synthesized

samples.

The heteropolyacid H14[NaP5W30O110] in the SiO2

nano particles was confirmed by infrared spectro-
scopy as shown in Figure 3. The asymmetric stretch-
ing frequency of the terminal oxygen is observed
at 960 cm�1 and the P�O asymmetric stretching
frequency is noted at 1080 and 1165 cm�1. The
prominent P�O bands at 960, 1080, and 1165 cm�1

are consistent with a C5V symmetry anion. These
bands demonstrate that H14[NaP5W30O110] is pre-
served in the HPA/SiO2 nano particles. In addi-
tion, the protonated water of H14[NaP5W30O110]
also remained in the nano particles at 1730 cm�1.
It could be confirmed that the heteropolyacid
H14[NaP5W30O110] was successfully immobilized into
the SiO2 nano particles since the heteropolyacid does
not react with tetraethoxysilane or with water in the
micro emulsion, but it can remain in the silica nano
particles without appreciable change of the structures
(the silica particles were not large enough to cause a
scattering baseline).

The photo degradation of methyl orange, in
a designed photo reactor in our laboratory was
performed as a test reaction to estimate the catalytic
activity of these nano structures. We designed a
photo reactor and checked the intensity changes of
UV band in methyl orange in a photocatalytic

Figure 2. X-ray diffraction (XRD) pattern.
Figure 3. Infrared spectroscopy of Preyssler heteropolyacid
in bulk form (B) and nano form (A).
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reaction. The degree of methyl orange decolorization

was used as a measurement for photocatalytic

activity. To optimize the reaction conditions,
Preyssler acid as bulk form (pure catalyst dissolved

in solution) was used as a standard catalyst and

the photodegradation of methyl orange solution were
analyzed in the pH value of 1.0, 2.0, and 3.0. The

effect of the pH value on the photocatalytic decolor-
ization of methyl orange solution is shown in

Figure 4. The degree of methyl orange decolorization

is indicative of its photodegradation and the excellent
photocatalytic activity of the Preyssler catalyst. The

relationship between the degradation degree of meth-

yl orange and the pH value of the solution indicate
that a low pH value can facilitate the decolorization

reaction. These results were obtained with the initial
concentration of 6.4�10�5 mol/L and 1�10�5

mole for methyl orange and catalyst, respectively.

Obviously, the lower pH was favorable for the
photodegradation of this azo dye by the Preyssler

catalyst. Figure 5 shows the results for the effect of

hydrogen peroxide on the photocatalytic degradation
of methyl orange using the Preyssler acid. This figure

shows that the best efficiency in a shorter time can be

reached when the quantity is only 0.5 mL. We can see
in Figure 5 that decolorization is 80% after 15

minutes and �95% after 30 minutes. At 1.5 mL,
the degradation degree decreased. This result suggests

an inhibition effect at higher hydrogen peroxide

concentration. At the optimum conditions (pH�1
and H2O2�0.5 mL) a similar study for photodegra-

dation of methyl orange was carried out for various

nano catalyst amounts (spherical nano structures,
S�3, time�30 h) for a fixed concentration of methyl

orange.
The photodegradation of methyl orange solu-

tion with various amounts of nano catalyst were

analyzed including: 5�10�6, 1�10�5, 1.5�10�5,

and 3�10�5 moles (the weight ratio of catalyst to
tetraethoxysilane was fixed and with control of

tetraethoxysilane amounts, the moles of the Preyssler

were calculated). The first-order constants are listed

in Table 1. It is inferred from this study that the rate

increases with an increase in the amount of catalyst,

obviously due to the higher number of photocataly-

tically active sites. The UV results for the best

conditions are shown in Figure 6A. This figure shows

that methyl orange solution can be degraded under

UV light in the presence of Preyssler nano catalyst.
After 40 minutes, the total absorption of methyl

orange decreased and 95% decolorization was ob-

tained. The photocatalytic decolorization of methyl

orange solution versus time is shown in Figure 6B.

Our data indicate that the decolorization increases as

the time is increased. This figure shows 60% decolor-

ization after 15 minutes, 86% after 30 minutes, and

95% after 40 minutes. Hence, the nano catalyst

appears to perform similarly to the bulk catalyst. In

the bulk form, the catalyst is fully available to the

reaction, while in the case of the nanostructured

form, most of the catalyst may be buried within the

nano particles being unavailable. Thus, a small

amount of surface catalyst performs as well as a

larger amount of dissolved catalyst. Degradation of

methyl orange in the presence of nano wires exhibited

a similar trend. There are several factors that

can affect the photocatalytic activity. Literature in

photocatalysis research reveals that in the most cases

Figure 4. Effect of pH value on the photocatalytic
degradation of methyl orange.
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Figure 5. Effect of the hydrogen peroxide addition on the

photocatalytic decolorization of the methyl orange solu-
tion.

Table 1. The rate constants for photodegradation of
methyl orange in different amounts of the nano catalyst.

Moles of the catalyst 5�
10�6

1�
10�5

1.5�
10�5

3�
10�5

k�10�2 (s�1) 3.75 3.80 5.29 6
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the photocatalytic activity can be strongly dependent

on the crystallographic structure, morphology, and

size of the particles (26,27). It has also been shown

that the activity or inactivity strongly depends on the

preparation conditions (28). It is also worthwhile to

mention that other factors such as the substrate

nature, polarity, loading percentage, support type,

doping with transition metal ions, surface deposit-

ing of noble metal clusters, and coupling with

other semiconductors may strongly influence the

photocatalytic activity (29�33).
As a control experiment series, we studied the

photo degradation reaction in the absence of

nano catalyst, oxidant, and UV-illumination. The

decolorization reaction of methyl orange in the

absence of UV-illumination had no effect and the

degree of degradation did not change significantly.

Without the nano catalyst, the reaction is very slow
and without hydrogen peroxide the reaction will not
progress.

Experimental section

Chemicals and instruments

Sodium bis (2-ethylhexyl) sulfosuccinate, cyclohexane,
tetraethoxysilane, sodiumtungstate (Na2WO4.2H2O),
orthophosphoric acid, potassium chloride, hydrochlo-
ric acid, hydrogen peroxide, and methyl orange were
purchased from commercial sources. Preyssler acid
was prepared according to our earlier work (1). The
particle size and shape of nano structures were
observed by TEM (LEO 912 AB). FT-IR spectra
were recorded with a Brucker scientific spectrometer
(solid sample, KBr pellets).The XRD profiles of
the samples were obtained using a PW 3710-Philips
powder diffractometer. The absorbance of the
methyl orange solution was measured using UV-Vis
specterophotometry (Perkin Elmer Lambda 25).

Typical procedure for the synthesis of silica-supported
Preyssler nano particles

To a solution of sodium bis (2-ethylhexyl) sulfosucci-
nate as surfactant in cyclohexane (0.2 M) was added a
solution of Preyssler acid in a specified amount of
water. The molar ratio of water to surfactant was
selected to be 3, 5, and 7. Tetraethoxysilane was then
added into the microemulsion phase. After mixing for
various amounts of time (8, 12, 18, 25, and 30 h) at
room temperature, dispersed Preyssler acid/SiO2

nano structures were centrifuged (15,000 rpm) and
the particles were rinsed with acetone (four times)
and dried in a vacuum oven.

Typical procedure for photo catalytic degradation of
methyl orange

The photo reactor was designed in our laboratory. In
a typical reaction, a 250 mL Pyrex glass was equipped
with a magnetic stirrer, 150 mL of a 6.4�10�5 mol/L
methyl orange solution, hydrogen proxide (0.5 mL),
and catalyst (1�10�5 mol). The mixture was stirred
and purged with nitrogen for 1 h, and then it was
irradiated under the high pressure of mercury lamp
(125 W) as UV light source. The temperature in the
glass reactor was kept 25928C by the circulating
water. At given irradiation time intervals, liquid
samples were taken from the mixture, and the
absorbance of the methyl orange solution measured
with a UV-Vis spectrophotometer. The degree of
methyl orange decolorization was calculated accord-
ing to the equation: C%�(A0�A)/A0�100, where C

Figure 6. (A) Photo degradation of methyl orange in the

presence of Preyssler nano catalyst, (elapsed time from top
to bottom: t�0, 15, 30, 35, 40, 45, 50). (B) Decolorization
percentage versus time.
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is the degree of decolorization, A0 is the initial
absorbance of the methyl orange solution, and A is
the absorbance of the methyl orange solution after
photo catalysis. The nano catalyst can be easily
separated by filtration and can be recycled in reac-
tion. After four times, the degree of decolorization
decreased only by 7%.

Conclusions

This work presents, for the first time, a pathway for
the synthesis of Preyssler nano structures with differ-
ent morphologies. The formation of different
morphologies is strongly dependant on the reaction
conditions. It was shown that the morphologies are
mainly governed by the meta stable state of the
catalyst particles, which is related to the molar ratio
of water to surfactant, the temperature, and the
reaction time. We observed that all of the synthesized
nano structures exhibit excellent photo catalytic
activity when exposed in UV irradiation. The remark-
able degradation of methyl orange in the presence of
this nano catalyst indicates that the treatments of
other organic pollutants could be performed in the
presence of this catalyst, in order to obtain a perfect
photodegradation degree. This catalytic activity can
also be extended to the other catalytic reactions.
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