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Photocatalytic Synthesis of Gold Nanoparticles Using Preyssler Acid
and Their Photocatalytic Activity
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Abstract: Preyssler acid H;4[NaPsW30010] was used as reducing agent and stabilizer for the synthesis of gold nanoparticles by photolysis of
Au(III)/Preyssler acid/propan-2-ol solution. Preyssler acid plays both the role of transferring electrons from propan-2-ol to Au(Ill) and stabi-
lizing the nanoparticles. Propan-2-ol was used as sacrificial reagent for the photoformation of reduced Preyssler acid. Gold nanoparticles (Au
NPs) were characterized by UV-Vis spectroscopy, transmission electron microscopy (TEM), and particle size distribution (PSD) measure-
ments. The synthesized Au NPs had a uniform hexagonal morphology and their size was about 17 nm. The catalytic performance of these
NPs for photodegradation of methyl orange (MeO) was investigated in aqueous solution. UV-Vis studies showed that Au NPs can catalyze

photodegradation of this azo dye. The pseudo-first-order rate constants were also calculated for this reaction.
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The applications of polyoxometalate compounds have at-
tracted much attention particularly in the last two decades
[1]. Polyoxometalates (POMs) are a class of molecularly
defined inorganic metal-oxide clusters, which possess in-
triguing structures and diverse properties [2]. Their struc-
tures remain unchanged when subjected to stepwise and
multielectron redox reactions and these compounds can be
reduced by electrochemical and photochemical procedures
using suitable reducing reagents [3,4]. These properties
encourage researchers to use them in the synthesis of metal
nanoparticles (NPs) using simple, efficient, and ambient
temperature methods [5,6]. A wide range of applications
have been reported for metal nanoparticles. Among them,
gold nanoparticle have various applications in catalysis,
electronics, sensors, medicine, etc. [7,8].

There are many reports describing the synthesis of Au
nanoparticles using POMs [9-12]. Mandal et al. [9] and
Troupis et al. [10] demonstrated that several metal ions
(Ag", Pd*, Au™, and Pt") could form metal nanoparticles in
the presence of photochemically reduced Keggin heter-
opolyanions [SiW,04]" and [PW,04]" as photocatalysts,
using mild reductants and stabilizers in a simple process.
Mandal and coworkers [11] reported that photochemically
generated [PW,04]" capped gold nanoparticles facilitate
the reduction of Ag" on the surface of gold nanoparticles to

form Au-Ag core-shell bimetallic NPs at room temperature
under UV irradiation. In another study, Au nanoparticles
were prepared via a simple photoreduction technique in the
presence of transition metal-monosubstituted Keggin heter-
opolyanions (PW; MOy, M = Cu®", Ni*', Zn*, Fe’") as
reducing agent, a photocatalyst, and a stabilizer [12].

Although Keggin and mixed-valance types of POMs have
been used in the synthesis of Au nanoparticles, the Preyssler
acid structure has been largely overlooked. This heter-
opolyacid is remarkable because of the following advan-
tages: (1) strong Bronsted acidity with 14 acidic protons, (2)
high thermal stability, (3) high hydrolytic stability (pH
0-12), (4) reusability, (5) safety, (6) quantity of waste, (7)
separability, (8) non-corrosiveness, (9) high oxidation po-
tential, and (10) environmental friendliness [13]. According
to the principles proposed for green chemistry, Preyssler
acid is a promising candidate as a green material. This het-
eropolyanion is green with respect to corrosiveness, safety,
quantity of waste, and separability. In recent years a series
of catalytic reactions using Preyssler acid have been studied
in our group [14-17].

In the present work, we have used Preyssler acid to syn-
thesize gold nanoparticles via a simple photoreduction tech-
nique. Preyssler acid plays both roles of photocatalytic re-
ducing agent and stabilizer. To the best of our knowledge,
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the synthesis of nanoparticles has not been investigated
using Preyssler acid. The performance of these Au nanopar-
ticles for photodegradation of methyl orange (MeO) was
also explored.

1 Experimental
1.1 Synthesis of Au nanoparticles

In a typical experiment 5 ml of an aqueous solution of
Preyssler acid, Hi4[NaPsW3,0q10] (6.7 % 107 mol/L, pre-
pared according to Refs. [18-20]), 10 ml HAuCl, (1
mmol/L, AR, Merck), and 2 ml propan-2-ol (AR, Merck)
were placed into a spectrophotometer cell and deaerated
with N, gas. Then the mixture was irradiated by UV light
(125 W high pressure mercury vapor lamp) for 45 min un-
der continuous stirring. The reaction was performed at con-
stant room temperature with water circulating around the
cell. The color of the solution changed from colorless to
pink, indicating the formation of Au nanoparticles [12]. The
nanoparticles were separated by a high speed centrifuge.
After centrifugation the NPs were separated and then
washed several times (at least two times) by water. In the
washing stage the Preyssler acid is dissolved in the water
and only Au NPs remained.

1.2 Typical procedure for photocatalytic degradation
of MeO

The photoreactor used for the synthesis of nanoparticles
and also photocatalytic degradation experiments was de-
signed in our laboratory. In a typical reaction, 25 ml of MeO
solution (30 umol/L), 5 ml hydrogen peroxide, and 1.5 ml
aqueous Au nanoparticles (0.005 mol/L) were mixed in a
quartz glass equipped with a magnetic stirrer. The mixture
was stirred and purged with nitrogen for 1 h and then it was
irradiated under a high pressure mercury vapor lamp (125
W) as UV light source at constant temperature of 25 °C. At
given irradiation time intervals liquid samples were taken
from the mixture and the absorbance of the MeO solution
were measured with a UV-Vis spectrophotometer.

1.3 Characterization of Au nanoparticles

The prepared Au nanoparticles were characterized mainly
by its particle size distribution using a laser particle sizer
(ZetaSizer Nano ZS apparatus, Malvern Instruments Ltd.).
The instrument allowed to measure particle size taking ad-
vantage of optoelectronic systems. The nanoparticles were
also characterized using transmission electron microscopy
(TEM, PHILIPS CM-120). UV-Vis spectra were obtained
using an Agilent 8453 single beam instrument.

2 Results and discussion

The applied method was a one pot synthesis technique for
Au NPs preparation, which is simple and efficient and takes
place within a short time at ambient temperature. Using
Preyssler acid H;4[NaPsW300;;0] as a reducing agent and
stabilizer, the synthesis of gold NPs by photolysis of a
Au(IIT)/Preyssler acid/propan-2-ol solution was carried out.
Preyssler acid plays the role of transferring electrons from
propan-2-ol to Au(IIl) and also stabilizing the nanoparticles.
To help and speed up the reaction of Preyssler acid with
Au(III), propan-2-ol was used as sacrificial reagent.

2.1 Possible reaction mechanism

According to Refs. [4,5,21], POMs become powerful
oxidants for a great variety of organic compounds under
excitation of the O—M charge transfer band (UV and near
visible region). The reduced form of POMs is a powerful
reducing reagent, which can be easily reoxidized by a di-
verse number of chemicals including metal ions, i.e. Ag’,
Pd*, or Au’". This results in closing the photocatalytic cycle
in the presence of an organic substrate (S), i.e. alcohols or
various organic pollutants, according to the following reac-
tions [5,10,22]:

POM +S—2—POM(e ") +Spx (1)
POM(e™)+Au’" — POM + Au’ 2)

According to their findings [5,10], synthesis of Au NPs with
reasonably small size distribution could be achieved (Reac-

tion (3), Au’

coll

POM(e™)+Au*" — POM + Au! 3)

coll

= colloidal Au metal).

Reactions (1) and (3) may be separated in time and space
(two pot systems), or occur in a one pot system, where the
POM plays the double role of photocatalytic reducing agent
and stabilizer. In this study, a colloidal solution of nanopar-
ticles of Au” was formed by photocatalytic reduction of
Au(IIl) in the presence of Preyssler acid, Hi4[NaPsW3,010]
as a POM. Also, propan-2-ol plays the role of sacrificial
agent as an organic substrate (S).

These nanoparticles were apt to aggregate and precipitate
in the solution due to their typical hydrophobic surface
properties. In the absence of Preyssler acid, Au’ particles
were precipitated after 2 d, but the resulting colloid was
stable without any precipitating for several weeks in the
presence of Preyssler acid. Even if the precipitation hap-
pened, the Au NPs could be easily redispersed by simple
shaking. These observations indicate the stabilizing role of
Preyssler acid in this reaction. It might be due to the POM
polyanions adsorbing onto the surface of Au NPs which
provides both kinetic stabilization through coulombic repul-
sion between negatively charged particles and also steric
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stabilization [23].

An experiment in the absence of UV irradiation showed
that the formation of nanoparticles is very slow and it takes
more than 6 h. Also, in the absence of the Preyssler acid,
nanoparticles were synthesized only after more than 150
min. As shown in Fig. 1, the intensity of peak (2) is higher
than (3) indicating that the preparation of nanoparticles is
faster using Preyssler acid.

2.2 Characterization

Figure 1 shows UV-Vis absorption spectra of solutions
before and after photosynthesis of gold NPs. Before irradia-
tion, there is no distinct absorption band in the wavelength
range of 400-800 nm. However, as shown in Fig. 1(2), after
UV light irradiation for 45 min the UV-Vis spectrum shows
an SPR band of gold NPs at 530 nm. Also, changing the
color of the solution from colorless to pink is an indication
of gold NP formation.

The gold nanoparticles obtained were characterized by
TEM. Representative TEM images are shown in Fig. 2. The
shapes of the gold nanoparticles obtained are nearly uniform
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Fig. 1. UV-Vis spectra of Au NPs solutions. (1) Before irradiation;
(2) After irradiation for 45 min in the presence of Preyssler acid; (3)
After irradiation for 150 min in the absence of Preyssler acid.
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Fig. 3. Particle size distribution of Au NPs after 45 min irradiation.

hexagonal structures. The particle size distribution of the
synthesized Au nanoparticles is quantitatively displayed in a
histogram shown in Fig. 3. As can be seen, the particle size
distribution indicated that the size of the synthesized Au
nanoparticles varied from about 13 nm to 43 nm, but most
of them are about 17 nm large.

Usually there is a tendency of agglomeration via Cou-
lomb or van der Waals forces in the synthesis process of
nanoparticles. Preyssler acid is an excellent stabilizer to
prevent agglomeration. Also, Preyssler acid is easily sepa-
rated after the reaction and will not contaminate the gold
nanoparticles.

Propan-2-ol serves as sacrificial reagent for the photo-
formation of one-equivalent reduced Preyssler acid,
POM(e"), which further reacts with Au(III) to produce gold
nanoparticles. We have observed that when the amount of
propan-2-ol was less than 1 ml, there was not any color
change and no gold NPs were obtained.

2.3 Effect of Preyssler acid concentration
The effect of Preyssler acid concentration was investi-

gated in our study. Based on both roles of Preyssler acid as a
reducing agent and stabilizer, it could be concluded that by

Fig. 2. TEM images of synthesized Au NPs after 45 min irradiation.
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increasing the Preyssler acid in the reaction, smaller Au NPs
should be obtained. But, as shown in Fig. 4, the size of syn-
thesized NPs exhibited a contrary trend. It is clear from the
growth mechanism of the nanoparticles that nucleation and
growth rates at the initial stage of chemical reaction would
determine the final size of the particles [5]. In our reaction,
increasing Preyssler acid (at constant HAuCl, concentra-
tion) enhances the reduction rate, whereas the growth rate
decreases at the same time due to the stabilizing role of
Preyssler acid. As a result, the formation of smaller
nanoparticles could be expected. The reason for the oppos-
ing trend of larger Au NPs might be the higher coverage of
Preyssler polyanions on the exterior surface of Au NPs at
higher Preyssler concentrations.
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Fig. 4. Effect of Preyssler acid on the Au NP size after 45 min irra-
diation. Other conditions: 2 ml propan-2-ol, 1 mmol/L HAuCl.

In order to compare Preyssler acid with other POMs, we
have selected Keggin and Dawson structures. Under the
optimum conditions, the two other POMs structures, i.e.
H;[PW,0,4] (Keggin type) and Hg[P,W304,] (Dawson
type), were used as reducing agent and the results were
compared with Preyssler acid (see Fig. 5). As indicated in
Fig. 5, the activity of the POMs decreased in the following
order: His[NaPsW3,010] > Hg[PaW1304,] > H3[PW1,04].
The best result was observed using Preyssler acid as a re-
ducing agent.
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Fig. 5. Effect of POM structures on the Au NP size after 45 min
irradiation. Other conditions: 2 ml propan-2-ol, 1 mmol/L HAuCl,.

2.4 Photocatalytic activity of Au nanoparticles

For investigating the catalytic performance of these Au
NPs, they were employed in the photodegradation of MeO,
a model azo dye. The results are shown in Fig. 6. The ab-
sorbance of the solution was monitored in seven intervals up
to 40 min. A significant decrease in the absorbance bands
can be observed with a decolorization degree of 95% after
40 min. The reduction of the absorbance is a function of
time in the presence of Au NPs.
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Fig. 6. Catalytic photodegradation of MeO in the presence of Au
NPs.

The degree of azodye decolorization was calculated ac-
cording to the following equation:

C=(4y—A)/Ay * 100% 4
where C is the decolorization degree, A, is the initial ab-
sorbance of the MeO solution, and A4, is the absorbance of
the MeO solution after photocatalysis.

The pseudo-first-order rate constants were calculated
from the plot of In(4/4,) versus time. From Fig. 7, the
pseudo-first-order rate constant of 5.1 x 107> was obtained.
The gold nanoparticles can be separated by centrifugation
and could be recycled in the reaction.
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Fig. 7. Plot of In(4,/4,) versus time for MeO photodegradation.
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3 Conclusions

The synthesis of gold NPs was carried out by photolysis
of a deaerated solution of Au(IlI)/Preyssler acid/propan-2-ol
using inexpensive and easily prepared Preyssler acid as
green reducing agent and stabilizer. By increasing the
Preyssler acid amount, larger NPs were prepared. The com-
parison between different POMs has shown that the synthe-
sized Au NPs are smaller and more uniform if Preyssler acid
(H4[NaPsW300;0]) is used. To the best of our knowledge,
this type of POM was not previously used. The synthesized
nanoparticles have shown catalytic activity for the photode-
gradation of MeO with pseudo-first-order kinetic behavior.
The progress in this area opens a new green path for the
development of a controlled synthesis procedure for other
nanoparticles in the presence of Preyssler acid.
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