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ABSTRACT

The nanocomposite of AgBr-TiO 2 was prepared by a low temperature method (photolysis) with silver bromide and titanium chloride,
and characterized using X-ray diffraction (XRD), energy dispersive spectra (EDS), transmission electron microscope (TEM), scanning
electron microscope (SEM), atomic force microscope (AFM) and X-ray photoelectron microscope (XPS). Their ability to degrade dye
was examined using UV-Vis microscope. The results from XRD, SEM, TEM and AFM confirmed the formation of nanoparticles with a
range of 10-25 nm, and the result from XPS and XRD confirmed existence of Ag metal after irradiation. The AgBr-TiO 2 showed high
efficiency for degradation of azo dye (97%) in presence sunlight compared with TiO 2 .
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Introduction
The study of the decomposition of the Azo dyes has received
great attention due to the high percentage of the industrial
dyestuffs, and this play a great role in increasing the risk to the
health of human and the environment [1, 2].
According to the estimation of green chemistry, decomposition
processes of the dyes utilizing semiconductor materials like
TiO 2 , are seen as favorable methods for perfect mineralization
of Azo dyes [3]. However, a problem for TiO 2 catalyst is that it
absorbs ultraviolet ray spectrum only, which is a small part of
the solar spectrum [4, 5]. Consequently, to reach a perfect
decomposition for the dyes it is imperative to provide UV
source, and this require high energy costs. To solve this
problem, other compounds that have special properties can be
used as doping materials for the catalyst to extend the
absorption range to the visible region, and this causes reduction
of the costs and effective use of light spectrum. The material
modification strategy utilizing doped materials is used to resolve
the absorption range problem, but creates another problem
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because of the time, energy and formation of side products that
conflicts with the principle of green chemistry [6-10].
One of doping materials that can be used in photocatalytic
reaction is silver bromide, and it is photosensitive for light
with direct band gap (4.29 eV) [11]. During photo reaction
processes, Silver bromide absorbs the photon and generate an
electron and a hole. These electrons and holes play a major
role to maintain the reaction, the stability and activity of
doping material. Because during the reaction, atoms of silver
will be produced by combination of the interstitial ions and
electrons, and this causes the inhibition of the process [12, 13].
In previous studies, silver bromide has been used as support
material to increase the activity and stability of photolysis
processes for decomposition of acetaldehyde solution under
UV irradiation [14, 15]. The results confirmed the possibility of
using silver bromide as a good filter for visible light
photocatalyst. After solving the problem of absorption,
another problem that appears to be inconsistent with green
chemistry, is preparation of nanomaterials. Usually, most
methods require high temperature (energy) during
preparation, and this causes to form a product with impurities
and large size. To overcome this problem, a new method
(photolysis), which conforms to the principles of green
chemistry, was used. Previous studies [16-19] have confirmed the
importance of this method in the preparation of nanoparticles
in small size and at very few costs. Photolysis method [20, 21]
works according to the principle of producing nanomaterials
(bottom to top), in which UV is used to prepare the small
seeds of solution which in turn become very small
nanoparticles. In this study, we aimed to synthesize silver
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bromide-loaded Titanium oxide (AgBr-TiO 2 ) using photolysis
method without utilizing any surfactant.

Experimental Materials
Titanium chloride (TiCl 3 ), silver nitrate (AgNO 3 ) and
potassium bromide (KBr) were prepared from Merck,
Germany, and used as starting materials without any
purification for preparing the nanoparticles (TiO 2 ) and
photosensitive material (AgBr), while sulfuric acid (H 2 SO 4 )
and sodium hydroxide (NaOH) were used to adjust the pH of
the dye (Red 120).

Synthesis of AgBr-TiO 2 nanocomposite
The catalyst AgBr-TiO 2 nanocomposite was synthesized using
photolysis method. Firstly, 1g of titanium chloride dissolved in
100 ml of distilled water and irradiated for two hours using
the photolysis system (125W) till brown precipitates
appeared. Then, AgNO 3 and KBr were dissolved in ratio of
1:1 mole in 15 ml ethanol and, stirred the mixer for 1 hour
until a yellow precipitate appeared. The product was filtered
and washed using distilled water, chloroform and acetone
several times. Finally, the yellow precipitate of AgBr was
dissolved in 10 ml of ethanol, added to the fresh precipitate of
TiO 2 , stirred for 30 min, and dried for 5 hours at 100 °C.

Irradiation experiment
All experiments of photocatalyic carried out under irradiation
of the sun in August-September 2018 between 10 AM-13 PM.
A 100 ml glass beaker was used as the reaction vessel. To
investigate the equilibrium between AgBr-TiO 2 , the
suspension was stirred magnetically at dark for 30 min with
the presence of oxygen gas. The suspension was directly
exposed to sunlight, and every 5 min, 5 ml of suspension was
withdrawn, and centrifuged to remove the catalyst. After that,
the absorption was measured at wavelength of 285 nm.

Result and Discussion

Figure 1. XRD spectrum of pure TiO 2 (a), AgBr (b), AgBrTiO 2 (c) before and after irradiation (d)
The study of morphology and the arrangement of the prepared
particles is an important method to investigate their
photoactivity. The SEM image AgBr-TiO 2 was shown in fig 2.
According to the results, the particles of TiO 2 appeared as
aggregates, and had irregular surfaces. While in case of
composite, the small particles of AgBr overlapped with TiO 2
particles, created pores with various dimensions, and this
direct overlapping among them caused an increased activity of
photocatalyic semiconductor materials [25]. The percentage and
the presence of the elements inside the prepared compound
was displayed using EDX spectrum. The results showed the
presence of Ag and Br after doping (fig 3).

Fig. 1 shows the XRD spectrum of pure TiO 2 (a), AgBr (b),
AgBr-TiO 2 (c) before and after irradiation (d). In section (c)
of fig. 1, two peaks were observed at 30.87° and 44.27°
corresponding to 200 and 220 cubic systems of AgBr (JCPDS79-0149) [22]. After irradiation, new peak was observed at
38.16° assigned to silver metal (Ag) corresponding to 111
plane [23]. With the passage of time, the efficiency of catalyst
decreased due to reduction of AgBr and formation of silver
metal [24].

Figure 2. SEM of AgBr-TiO 2
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Figure 5. AFM of of AgBr-TiO 2

Figure 3. EDS of (a) TiO 2 , (B) AgBr-TiO 2
The Figure 4 shows a TEM image of 25 wt% of the loaded
sample. The image revealed many particles in the nano range
as dark spots assigned to AgBr loaded on the particles of TiO 2 .
All the results revealed the size of particles ranging from 10 to
25 nm, which was in agreement with crystalline size (17.8
nm) obtained from results of XRD.

The XPS spectrum of AgBr-loaded TiO 2 nanocomposite is
shown in figure 6. The spectrum revealed strong peaks as
shown in figure 6a-d assigned to Ag 3d, Br 3d, Ti 2p, and O 1s
of AgBr-loaded TiO 2 nanocomposite, respectively. The
spectrum in fig 6a shows two peaks of Ag 3d orbital at 368 and
374eV assigned to 3d5/2 and 3d3/2, respectively. Each peak
of Ag 3d orbital divided in two different peaks appears at
367.90 and 373.94 eV assigned to silver ions while, the peaks
at 368.23 and 374.09 eV is assigned to silver metal [26]. Two
distinguishable peaks at 68.24 and 69.24 eV are attributed to
3d orbital of Br as shown in figure 6b, while the figure 6C
shows the binding energy of p orbital for Ti, which appeared
at 458.54 and 464.22 eV [27]. Finally, another peak located at
529.82 eV was assigned to s orbital of oxygen atom as shown
in figure 6d. Base d on the results obtained from the XPS
spectrum two peaks were observed after irradiation
corresponding to silver metal, and this agreed with results
described from XRD, due to the role of UV irradiation in
reduction of silver ion to silver metal.

Figure 4. TEM of AgBr-TiO 2
Figure 5 a-b shows the morphology and topography with 2D
and 3D images of AgBr-loaded TiO 2 , respectively. The results
revealed that the particles of AgBr (yellow) interact with TiO 2
particles, and the compound have an average size of 18.03 nm,
which was in agreement with the results of TEM and XRD.
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doping of AgBr on the TiO 2 surface plays important role in
the absorption of TiO 2 at visible light spectrum, and this leads
to an increase in the efficiency of degradation of dye under
sunlight. XRD and XPS results confirmed formation of Ag
metal after exposing the solution of catalyst and RR120 dye to
UV irradiation, due to the reduction effect.
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