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Ag-TiO2 thin films with different concentration of silver (Ag) added were successfully deposited onto
Si-substrate via sol–gel spin coating method. The phase analysis and microstructures of Ag–TiO2 thin
films have been characterized by X-ray diffractometer and scanning electron microscope. X-ray diffrac-
tion spectra show existing different phases influenced by the concentration of the Ag and the annealing
temperature. The micrograph of scanning electron microscopy revealed the thin films annealed at
600 ◦C with 7 mol% of Ag concentration which shows that the Ag particles were found like a white dot
formed on the grain of TiO2 thin films.
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1. Introduction

The global economy requires increasingly better
materials with unique properties [1–3]. Nowadays,
TiO2 is one of the most popular photocatalysts and
widely used in the research due to its high me-
chanical tensile strength, corrosion stability, and
low cost. TiO2 nanoparticles have been used in
many applications due to their outstanding prop-
erties. They are used to investigate their proper-
ties in the environmental and solar cell application
such as the photocatalytic activities and antibac-
terial activities [4, 5], photovoltaic properties [6],
electrooxidation properties [7] and electrochromic
application [8].

TiO2 exists in three main crystallographic forms:
anatase, rutile, and brookite. Among them, anatase
is previously known as the most photocatalytically
active phase [9]. The anatase type may be used in
various application, including for disinfecting bac-
teria. The photocatalytic process will generate hy-
droxyl radical which can attack the cell walls of
bacteria, and can lead to destructing itself [10].

The deposited metals on the surface of TiO2 can
produce traps to capture the photoinduced elec-
trons or holes, leading to the reduction of electron–
hole recombination in photocatalytic processes and
the increase in the absorption capability for visible
light of TiO2 particles. However, some noble metals
such as Pt, Pd, Rh, and Au are too expensive to be
used in industrial scale. Ag is the most common ad-
ditive used to enhance the antibacterial and photo-
voltaic properties of the TiO2 thin films [11]. There
are various techniques used in thin film preparation
such as sol–gel method [7], DC reactive magnetron
sputtering [4, 12], RF magnetron sputtering [5], and
nebulized spray pyrolysis technique [11]. However,
the method used to prepare a thin film may affect
its properties. The quality of the deposited films de-
pends on deposition parameters such as withdrawal
speed of the dip coating or speed of spin coating,
concentration of the precursor solution, and the an-
nealing temperature.

In this paper, the TiO2 thin films were pro-
duced via sol–gel method with different Ag con-
centration. The effect of molarity and temperature
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of annealing on the microstructures were investi-
gated. The obtained thin films were character-
ized using X-ray diffraction (XRD), scanning elec-
tron microscope (SEM) and energy dispersive X-ray
spectroscopy (EDX).

2. Methodology

Titanium(IV) isopropoxide (TTIP) was
mixed with isopropanol in a ratio of 1:20
(TTIP:isopropanol). The TTIP and isopropanol
solution was then stirred by using magnetic stirrer
for 1 h in the room temperature and acetic acid
was added to the solution during the spinning
process until a transparent and homogeneous
solution formed. Then, the silver nitrate powder
was dissolved in the deionized water to produce
AgNO3 solution with concentration of 5 mol.%,
7 mol.%, and no addition of Ag. The different
concentration of AgNO3 solution was added by
drops into the clear TiO2 sol solution and continued
to stir for another 30 min at room temperature.
This modification was focused on concentration of
Ag compared to previous studies which was focused
on weight of Ag added [13, 14]. The Ag/TiO2

sol solution was deposited on silicon (Si) wafer by
spin coating process. The coated thin film was
dried at 60 ◦C for 10 min before coated the next
layer of coating. The obtained thin films were then
annealed at 400, 500, and 600 ◦C for 1 h. The
phase composition of the thin film was analyzed by
using XRD. The SEM was used to characterize the
microstructures.

3. Results and discussion

3.1. Phase determination

Figure 1 shows the XRD spectra of the differ-
ent concentration of Ag/TiO2 thin films which was
annealed at 400 ◦C. In the pure TiO2 thin film as
shown in Fig. 1a, no Ag concentration was added.
It is clearly seen that the rutile phase of TiO2 were
detected with the peaks labelled (002), (211), and
(301). For the thin films with 5 mol.% (Fig. 1b), it
can be found that TiO2 anatase phase with plane
of (213) and (122) existed. When the amount of Ag
concentration was increased to 7 mol.%, the plane
of (122) corresponded to AgO while in the prepared
films with 5 mol.%, the plane (122) corresponded to
anatase TiO2 as shown in Fig. 1c.

From the XRD spectra as shown in Fig. 2a, the
films were annealed at 500 ◦C, and it was revealed
that only TiO2 rutile phase had been formed the
same as found in Fig. 1a. From Fig. 2b with 5 mol.%
of Ag, the anatase phase TiO2 was found with the
phase of AgO while when 7 mol.% Ag concentration
added into the parent solution the anatase phase
was transformed to rutile phase with the plane of
(002) and (301), respectively. A small peak of Ag2O
was formed along with TiO2 as shown in Fig. 2c.

Fig. 1. XRD spectra of films which were annealed
at 400 ◦C for (a) pure TiO2, (b) 5 mol.% Ag and (c)
7 mol.% Ag.

Fig. 2. As in Fig. 1, but for 500 ◦C.

Fig. 3. As in Fig. 1, but for 600 ◦C.
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Fig. 4. Micrograph of SEM for the films annealed at 400 ◦C, 500 ◦C and 600 ◦C for pure TiO2 (labelled as (a),
(d), and (g)), 5 mol% Ag (labelled as (b), (e), and (h)) and 7 mol.% Ag (labelled as (c), (f), and (i)).

Figure 3 shows the XRD spectra of thin films an-
nealed at 600 ◦C. With this annealing temperature,
anatase-rutile phase was formed in the pure TiO2

thin film (Fig. 3a) and 5 mol.% Ag concentration
(Fig. 3b). In 5 mol.% Ag concentration, the phase of
Ag2TiO3 was also formed. With the increase of Ag
concentration to 7 mol.%, the anatase-rutile phase
was transformed to anatase phase only, while the
Ag2TiO3 was transformed to Ag2O phase as shown
in Fig. 3c. It is clearly seen that higher Ag concen-
tration results in better crystallinity with stronger
lines related to rutile and anatase phase of TiO2

and metal oxide of AgO, Ag2O, and Ag2TiO3. The
spectra of pure TiO2 film reveal that the film is fully
crystallized in rutile phase when the annealing tem-
perature is at 400 ◦C and 500 ◦C while at 600 ◦C the
film exists in anatase-rutile phase. It also revealed
the annealing temperature of 600 ◦C with the ad-
dition of 7 mol.% of Ag could lead to the forma-
tion of metallic oxide of AgO and Ag2O. It can be
concluded that the annealing temperature and Ag
concentration are not enough for AgO or Ag2O to
form a pure metallic Ag phase.

3.2. Surface morphology analysis

Figure 4 shows the microstructures of pure TiO2

films, 5 mol% and 7 mol% of Ag concentration
added into the parent solution of TiO2. All pre-
pared films were annealed at different tempera-
tures: 400, 500, and 600 ◦C. Figure 4a–c shows

the Ag/TiO2 thin film annealed at 400 ◦C. From
the micrograph, there can be seen that the white
spots shown in Fig. 4b and c were Ag particles,
which are not present in the pure TiO2 thin film
as seen in Fig. 4a. The effect of Ag concentra-
tion on the films annealed at 500 ◦C was shown in
Fig. 4d–f. The white spots with a small dots that
were marked in the micrograph corresponded to the
Ag particles as shown in Fig. 4e and f. The parti-
cles were of irregular shape and had a rough sur-
face. The films which were annealed at at 600 ◦C
were shown in Fig. 4g–i. The micrographs revealed
that the grain size of the pure TiO2 thin film was
the biggest as compared to the TiO2 grain which
annealed at 400 ◦C and 500 ◦C. A small amount
of Ag particles was formed in 5 mol.% Ag concen-
tration as shown in Fig. 4h. Figure 4i shows an
irregular shape and size of Ag particles which were
grown in the 7 mol.% Ag concentration. It well
agrees with the previous work reported, the Ag par-
ticles seem brighter than the Ti and O particles be-
cause the heavy element backscatter electrons were
considered to be stronger than the light element
where Ag was the heavy metal and the Ti and
O were the light elements [15]. When the anneal-
ing temperature increased, the grain size becomes
larger. Haider et al. was reported that when the
annealing temperature increased, the crystallinity
is improved and the crystalline size becomes
larger [12].
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4. Conclusion

The Ag–TiO2 thin film was successfully synthe-
sized via sol–gel spin coating method and annealed
at different annealing temperatures. The phase
analysis and microstructures of the Ag/TiO2 thin
film were characterized by using XRD and SEM. It
can be concluded that the results indicate that the
silver incorporation and its concentration affect the
phase composition and microstructures properties
of Ag–TiO2 thin films. The XRD analysis revealed
that the silver is crystallized in metal oxide state
such as AgO, Ag2O, and Ag2TiO3.
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