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Abstract, The silver orthophosphate was successfully synthesized using the starting materials
of AgNO;, KH:POy under water and dimethyl sulfoxide (DMSO) solvents. The variation of
DMSO in water was designed at 0,5, 10,15, 20 and 100% (v/v). The products were characterized
by XRD. DRS, and SEM. The photocatalytic properties were evaluated under the blue light
irradiation using the methyl orange degradation. The results showed that the DMSO significantly
affected the morphology. particle size and bandgap energy of AgsPO.. The addition of DMSO
decreased the particle size of AgsPOy and changed the tetrahedron into an irregular shape. The
bandgap energies of 2.33, 2.28 and 242 eV were observed in the sample prepared with the
content of DMSO at 0, 15 and 100% respectively. The highest photocatalytic activity was found
at 15% DMSO. This excellent photocatalytic activity might be due to the lower bandgap energy
and the higher intensity ratio of [222]/[110] facet.

Keywords: Ag:PO;, DMSO, facet,methyl orange, photocatalyst.

1. Introduction

The water environment deterioration due to organic pollutants coming from the textile effluent has
increased year by year. It needs effective technology to destroy these pollutants to support the health
water environment in the future. The photocatalyst technologies of TiOa, SrTiOs;, ZnO have been
developed to answer this problem. However, these materials have high band gap energy that cannot be
used effectively under sunlight. Some modification of them into iodine doped TEE} nanoparticles [1],
Ta-N co-doped SrTiO; [2], Ag/ZnO [3] have been developed and improved the activity under visible
light irradiation. However, their activities are still limited due to the low absorption in the visible region.

Currently, the silver orthophosphate (AgsPOs) has been widely used in photocatalysis due to high
absorption in the visible region. This photocatalyst could be prepared by coprecipitation method. Design
of hybrid, doping of element and defects have been devoted by researchers to improve the catalytic
activity. The PV A-Ag:POus hybrid design was successful to enhance the photocatalytic activity [4], the
noble element doping of Pt. Pd and Au could successfully improve the catalytic activity [5]. The defect
engineering both theoretically [6] and experimentally [7] has been applied to improve their catalytic
activities. However, too complicated preparation and high cost might be an obstacle to an application;
therefore, the simple and low cost of preparation should be found.

Many designs have been explored to find a low cost of preparation and excellent activity. The
different starting material, concentration, and solvent could be used as the strategy of synthesis to
generate the high photocatalytic activity. For instance, the high activity of tetrahedron and short tetrapod
could be designed by different concentration of KH2PO; agueous solution with the AgNO; aqueous
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solution [8]. This tetrahedron could also be created using the starting material of AgNO; and H3POy, in
ethanol [9]. The saddle-like AgsPO. with high activity could be synthesized using the starting material
of HiPO, and Ag;PO, under solvent of ethanol-water [ 10]. The trisodium citrate and acetic acid could
be used to prepare the coral-like AgsPOs [11] that improve the catalytic activity. The microcubes of
AgsPOy created using deposition-precipitation in the presence of ammonia could enhance the
photocatalytic activity [12]. It is very interesting that the morphology could be controlled through the
strategy of modification of starting material and concentration.

The modification of Ag:PO4 using the different starting material and concentration would affect the
facet intensities. The changes of the facet in AgsPOy significantly affected the properties of AgaPOsand
improved the photocatalytic activity. The facet of [111] could be created using the starting material of
AgNO; and HsPOy in ethanol that might be responsible for the high activity of tetrahedral AgsPO4 [9].
It is because that the [111] facet has higher surface energy [13]. The facet of [110] could be designed by
a facile precipitation through a reaction of silver-amino complex and NaHPOy in water that forming
the tetrapod AgiPOs [14]. It alsoffEBhibits high photocatalytic activity. Therefore. it is very challenging
to control the facet of AgsPO. for improving the photocatalytic activity. Here, the modification of
Ag;PO, properties was carried out by the coprecipitation method under the solvent of water and dimethyl
sulfoxide (DMSO) mixture.

2. Experimental

2.1. Marerials

Silver nitrate (AgNO:), potassium dihydrogen phosphate (KH.PQOs), dimethyl sulfoxide (DMSO),
methyl orange (MO) are purchased from the Merck. These chemical reagents were used in the
experiment without [urther purification.

2.2. Synthesis

The AgsPO, synthesized based on the method that developed by Wu et al. [ 15] with modification in the
variation of DMSO. Typically, a 10 mL of 10 mM AgNO; was added to a 20 mL of DMSO aqueous
solution with the percent of 0%, 5%, 10%. 15%.20% and 100%. After mixing these solutions under the
magnetic stirrer with the speed of 600 rpm for 10 minutes, five mL of 1.5 M KH:POs aqueous solution
was added dropwise. The yellow solids were formed and mixed in the solution for 30 milites. The
precipitates were filtered, washed with water and dried at 60°C. The samples were named as DS-0, DS-
5, DS-10, DS-15, DS-20, DS-100, respectively.

2.3. Characterization

The characterization of the samples was investigated by X-Ray Diffractometer (Shimadzu 7000) to
identify the structure of AgsPOs. Scanning Electron Microscope (JEOL JSM 6510LA) was used to
identify the size and morphology. The absorption and band gap energy were analyzed using the Diffuse
Reflectancff§pectroscopy (JASCO V-670 ghe bandgap energies were determined by direct transition
[16] using the formula of u.hvﬂhv—EE._)‘”‘ where A is a constant, n depends on whether the transition is
direct (n=1) or indirect (n=4), o is the optical absorption, hv is the photon energy and E, is the bandgap

energy.

24. Photocatalytic Activity

The amount of 0.1 gram photocatalysts was added to 10(EInL of 10 mg/L methyl orange solution. mixed
with the magnetic stirrer with the speed of 600 rpm for 30 minutes to achieve the equilibrium of
adsorption-desorpti@@. The photocatalytic reaction was conducted under visible light (Skyled, 3 Watt)).
Every 5 minutes, 5 ml of solution was taken out and centrifuged at 2000 RPM to separate it from the
catalyst. The decrease of methyl orange was monitored by the UV-Visible spectrophotometer. The
decreased photocatalytic activity was studied using the pseudo-first-order kinetic, using the formula of
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In(Co/C)=kt, where Co is the initial concentration (mg/L). C is concentration at t time of
photodegradation (mg/L), k is the rate constant (min™'), and t is the time of degradation (min) [17].

3. Results and Discussion
The structures of Agi:POy in the samples of E-0, E-15, and E-100 were investigated using the XRD, the
results are shown in Fig. 1. They have a similar structure of cubic (JCPDS No. 06-0505) without the
presence of other secondary phases. The reaction of formation can be expressed as follows:

3AgN03(ﬂquM_go) + KHzPG.-l,(ﬂq] =l A93P04($) + KNO:;(M‘-) + ZHNO:.I(“q) ()

The different ratio of facet was observed among the samples. The addition of DMSO changed the
intensity ratio of [222]/[110] and [222]/[320]. The highest ratio of [222}/[110] was found in the sample
of E-15. The facet of Ag;POy is very important to identify because the facet of the surface significantly
affected the activity of a catalyst. The intensity ratio of [222] to [110] peaks for DS-0, DS-15 and DS-
100 are 1.27, 1.38, 1.29, respectively. All these intensity ratios are higher than the standard ratio of 1.00
[14]. The highest ratio of [222)/[110] intensity was found in the sample of DS-15.
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Figure 1. XRD profile of AgisPO, synthesized using
starting material of AgNOs in water (DS-0), 15% of
DMSO (DS-15) and 100% of DMSO (DS-100) reacted
with the KH2PO4 in water.
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Figure 2. DRS of Ag3P04 of the sample DS-0, DS-15 and DS-100 (a) with the
calculation of bandgap energy using the plot of hv vs (ahv)* (b).
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Fig. 2 showed the absorption of DS-0, DS-15, and DS-100. The addition of DMSO clearly influenced
the optical properties. The broad absorption at visible region (above ~530 nm) decreases by increasing
the content of DMSO, indicating that the DMSO might reduce the defect in the surface of Ag;PO.. The
most decreasing of this absorption could be found in the sample of DS-15. The high broad absorption
in the visible region reflected that the high defect was created in the surface which suppresses the
photocatalytic activity. The bandgap energy was also calculated using the direct transition and the results
showed that the bandgaps of 2.33 eV, 2.28 V. and 2.42 eV were observed in the samples of DS-0, DS-
15, and DS-100 respectively. The lower of bandgap energy was found in the sample of DS-15.

Figure 3. SEM images of the samples of DS-0 (a), DS-15 (b) and DS-100 (c).

The morphology of DS-0,DS-15, and DS-100 was investigated using Scanning Electron Microscope.
The results were shown in Fig. 3. The tetrahedron with the particle size of 2.5-6.0 pm was observed in
the sample of DS-0. These morphologies changed under synthesis using DMSO as found in the sample
of DS-15. It showed that the part of the tetrahedron particle changed into irregular shape with the particle
size of 2.0-4.0 pm. There is no tetrahedron found in the sample of DS-100 which has the diameter of
0.5-1.0 pm. It was interesting that the addition of DMSO significantly decreases the particle size of
AgiPO; (table 1). The DMSO might have a significant role to control crystal growth. The smaller
particle size could be found in the sample of DS-100.

Table 1. Intensity ratio of facet, bandgap energy and particle size of AgsPOa.

Samples [222)/[110] [222]/[320] E;?)d gap Ef‘;;‘:le 512
DS 127 061 233 2560
DS-15 1.38 0.68 228 2040
DS-100 1.29 0.76 242 0.5-10

Table 2. Pseudo first order kinetic of photocatalytic reaction.

Sample Rate Constant (min™') R?

DS-0 0,0897 09736
DS-5 0,0025 09825
DS-10 0.1156 0,9700
DS-15 0.1730 0,9342
DS-20 0,1358 09514
DS-100 0.0091 0.9989
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Figurefd. Photocatalytic activity of AgsPOs for the samples of
DS-0, DS-0, DS-5, DS-10, DS-15, DS-20, DS-100 analysed
using the pseudo-first-order kinetics.

The photocatalytic activities of DS-0, DS-5, DS-10, DS-15, DS-20, DS-100 were evaluated using
the methyl orange degradation under blue light irradiation. The results can be seen in Fig. 4. These
photocatalytic activities followed the pseudo-first-order kinetics (table 2). The activity increases by the
increasing of DMSO up to the sample of DS-15 where the highest activity achieved. However, by adding
more of DMSO, the activity decreases, and the lowest activity was found in the sample of DS-100. The
different photocatalytic activity might be due to the different morphology, facet, particle size, and band
gap energy. The highest of photocatalytic activity was observed in DS-15. Around 1.9 times higher of
photocatalytic activity was observed at DS-15, compared to the sample of DS-0. The higher ratio of
[222]/[110] could have higher surface energy that enhances activity in the surface. The lower band gap
energy of the sample of DS-15 might also increase the photocatalytigictivity. With the lower bandgap
energy, more energy at visible light could be used for the excitation leading to enhanced photocatalytic
activity. It is well known that the smaller particle size the higher activity could be obtained. However,
the smallest particle size of DS-100 did not show high photocatalytic activity. It might be due to the
ch:gg#es of morphology from tetrahedron to irregular form.

It is also well known that the high photocatalytic activity of silver phosphate was generated by visible
light irradiation. Under irradiation, the photocatalyst would generate the holes in valence band and
electron in conduction band in the surface. The hole would react with hydroxide ion resulting in
hydroxyl radical whereas the electron could react with oxygen resulting in the superoxide radical. These
species are responsible for the photocatalytic activity. This mechanism is highly affected by defect sites
on the surface. The high defect would increase the recombination of electron and [gffles pair leading to
low catalytic activity. In this experiment, DMSO has a significant role to decrease the broad absorption
in the visible region indicating the high defect might be suppressed.

4. Conclusions

The silver orthophosphate was successfully synthesized using the starting materials of AgNOs, KH-PO4
under water and dimethyl sulfoxide (DMSO) solvents. The DMSO significantly affected the
morphology, particle size and band gap energy of AgsPOs. The highest photocatalytic activity was found
in DMSO at the sample of 15% DMSO. The high of photocatalytic activity might be due to the low
band gap energy and the high ratio of [222]/[110] intensities.
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