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Microstructural studies of ag/tio2 thin filM; effect of annealing teMperature

microstructures are an important link between materials processing and performance, and microstructure control is essential 
for any materials processing route where the microstructure plays a major role in determining the properties. in this work, silver-
doped titanium dioxide (Ag/tio2) thin film was prepared by the sol-gel method through the hydrolysis of titanium tetra-isopropoxide 
and silver nitrate solution. the sol was spin coated on ito glass substrate to get uniform film followed by annealing process for 
2 hours. the obtained films were annealed at different annealing temperatures in the range of 300°C-600°C in order to observe 
the effect on crystalline state, microstructures and optical properties of Ag/tio2 thin film. the thin films were characterized by 
X-Ray diffraction (XRD), scanning electron microscopy (sem), and uV-Vis spectrophotometry. it is clearly seen, when the an-
nealing temperature increases to 500°C, a peak at 2θ = 25.30° can be seen which refers to the structure of TiO2 tetragonal anatase. 
the structure of Ag/tio2 thin film become denser, linked together, porous and uniformly distributed on the surface and displays 
the highest cut-off wavelength value which is 396 nm with the lowest band gap value, which is 3.10 eV.
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1. introduction 

over the past few decades, continuous breakthroughs in the 
synthesis and modification of titanium dioxide which is known 
as titanium (iV) dioxide or titania (tio2). tio2 is an important 
inorganic functional material with good physical and optical 
properties, which make it suitable for various applications. 
Recently, tio2 thin films are growing as one of the promising 
oxide materials due to the great chemical, physical, electrical 
and optical properties [1-4]. tio2 has been investigated by many 
researchers because of their numerous applications in various 
industries. it’s high chemical stability, corrosion resistance and 
excellent optical transparency in the visible and near infrared 
regions, will gives high refractive index which make it useful 
for optical devices [5].

many studies on synthesis of tio2 and its thin films formed 
via conventional and advanced sol-gel methods have been re-
ported. previous investigations show that the properties of tio2 
films appear to strongly effect on the process parameters and 

precursors used in the processes. therefore, most of research-
ers have used sol-gel method to synthesis tio2 thin films with 
different controlling parameters such as temperature and time 
of annealing, number of dipping or spinning, molar ratio of pre-
pared solution, precursor solutions and the surfactant or dopant 
which were used in their research in order to get pure tio2 or 
to enhance the properties of tio2 for a certain application [6]. 
microstructures are an important link between materials process-
ing and performance, and microstructure control is essential for 
any materials processing route where the microstructure plays a 
major role in determining the properties [7]. in the application of 
photocatalysis devices, the synthesized microstructure strongly 
affected the performance of harvesting the sunlight.

one of the efficient ways of improving the properties of 
tio2 film is the addition of certain dopants. many studies have 
been devoted to further improve the photocatalytic and anti-
bacterial properties of tio2 thin films and the investigations 
suggest that those properties can be enhanced by doping with 
transition metal such as Ag [8], fe3+ [9], n [10] and Cu [11]. 
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in this study, Ag/tio2 thin films were prepared via sol-gel spin-
coating method using a specific ratio. the obtained thin films 
were annealed in various temperature to investigate the effect of 
annealing temperature on the crystalline state, microstructures 
and optical properties of Ag/tio2 thin film. 

2. Materials and Methodology 

titanium (iV) isopropoxide 97% (ttip) and silver nitrate 
(Agno3) powder were obtained from sigma Aldrich. propan-
2-ol was purchased from QReC Chemicals, while acetic acid 
(99.5%) was obtained from Daejung Reagent Chemicals. All the 
chemicals were analytical reagents and were used as received 
without further purification. 

2.1. preparations of the thin films 

the ti sol was prepared with specific ratio of xx. An amount 
of 0.5 ml ttip precursor was dissolved in 20 ml of isopropa-
nol and stirred continuously for 10 min at room temperature. 
A mixture of 0.1 ml water, 2.0 ml ethanol and 0.1 ml of 0.1 m 
Agno3 was added dropwise into the solution and stirring pro-
cess was continued for another 10 min. then a small aliquot of 
concentrated acetic acid with negligible dilution was added into 
the solution. the alkoxide solution was kept stirring at room 
temperature for hydrolysis reaction to occur for 5 min, resulting 
in the ti-precursor sol. 

the indium tin oxide (ito) coated glasses (15 mm × 15 mm 
× 0. 5 mm) were used as the substrates for the deposition of films. 
the substrates were degreased and cleaned with acetone for 
30 min in an ultrasonic bath and thoroughly rinsed with water. 
then, the substrates were dried at 90°C for 90 min in the oven 
and were kept in petri dishes with lids for further use. 

for making the Ag/tio2 thin film, one drop of ti sol was 
deposited onto the pretreated ito substrates by using a spin 
coating method that was conducted at 100 rpm for 10 s. After 
that, the spin speed was increased to 2000 rpm for 30 s in order 
to form a thin layer of film over the substrate. then, the film was 
dried at 60°C for 10 minutes followed by the annealing process 
at 300°C for 2h in ambient atmosphere furnace. three more 
thin film samples were prepared by using the similar method as 
described above and were annealed at 400°C, 500°C and 600°C, 
respectively. the heat-treated films were stored in petri dishes 
with lid for further use.

2.2. characterization of the thin films 

the prepared Ag/tio2 thin films were characterized struc-
turally through X-ray diffraction (XRD) which was measured 
in the range of 0°-80° using Cu kα (λ = 1.5046). The morphol-
ogy of the films was studied by using a field emission scanning 
electron microscopy (fesem). the surface topography of the 

films was examined by using an atomic force microscope (Afm) 
in a contact mode conditions. the optical properties of the film 
were characterized by using a uV-Vis spectroscopy.

3. results and discussion 

3.1. phase analysis

fig. 1 shows the XRD patterns of Ag/tio2 thin film at dif-
ferent annealing temperature. There are five peaks at 2θ = 21.5°, 
30.57°, 35.40°, 51.04° and 60.70° corresponding to the peaks 
of ito glass substrate. no trace of tio2 peaks can be observed 
for the non-annealing film and the films that were annealed at 
300°C and 400°C, respectively, which might indicate that tio2 
is still in an amorphous phase. in this case, the thermal energy 
supplied by those annealing temperature range is not sufficient 
for the crystallization process to occur [12]. when the annealing 
temperature were increased up to 500°C, it can be clearly seen 
a (101) anatase peak at 2θ = 25.30° (JCPds Pdf-021-1272). 
the intensity of this peak becomes stronger as the annealing 
temperature was increased to 600°C.

Based on the XRD data, the fwHm values were decreas-
ing and narrowing, indicating an increase in particle size as 
the annealing temperature increased [13]. for confirmation, 

fig. 1. XRD patterns of Ag/tio2 thin films with different annealing 
temperatures
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the crystallite size of the tio2 films were estimated by using 
the scherer equation as follows:

 D = (K λ) /(β cosθ ) (1)

where K = 0.9 is the scherrer coefficient, λ = 1.540598 Å is the 
Cu kα radiation wavelength, β is the full width at half maximum 
(fwHm) of the diffraction peak, and θ is the diffraction angle 
of the diffraction peak. the crystallite size of the anatase film 
that was annealed at 500°C was 40.4 nm. the crystallite size 
grew about 13.8% (46.0 nm) when the annealing temperature 
was increased to 600°C. this finding is supported by previous 
studied by [12,14] which also reported that the size of crystallite 
increases as the temperature of the annealing process increases.

3.2. surface Morphology and surface roughness

scanning electron microscope (sem) was utilized to ob-
serve the surface morphology of Ag/tio2 thin films that were 
heat-treated with different annealing temperatures. fig. 2 shows 
the sem images of obtained thin films with non-annealing 
and various annealing temperature. for the non-annealed film 
(fig. 2(a)), the film structure was porous and uniformly distrib-
uted throughout the substrate, with non-homogenous shapes. As 
the thin films were annealed at 300°C and 400°C, a chain-like 
structure could be detected, that linked the structures together, 
as shown in fig. 2(b) and fig. 2(c). During the heat treatment 
up to 200°C, most organic solvents were burned, leading to the 
formation of the porous and amorphous structure of the tio2 film 
[15]. when the thin film was annealed at 500°C, the structure 
become denser, linked together, porous and uniformly distributed 
on the surface as shown in fig. 2(d). At this stage, the tio2 sol 
had enough energy to crystallize into the anatase phase as proved 
by the XRD pattern in fig. 1. when the annealing was increased 
to 600°C, as seen in fig. 2(e), the thin film was in porous structure 
with a wider distance between the linkage of the tio2.

the surface morphology and surface roughness of the pro-
duced films at different annealing temperatures were observed 
through the Afm analysis. fig. 3 shows the top view and angle 
view of the obtained Ag/tio2 thin film. in Afm analysis, root 
mean square (Rms) is a parameter that is commonly used for 
characterization of the surface roughness [16]. tABle 1 shows 
surface roughness value of thin film produced at different an-
nealing temperatures.

As observed in fig. 3(a), non-annealed thin film exhibits 
a rough structure uniformly distributed throughout the substrate, 
but the crystal grain cannot be seen clearly. this indicates that the 
thin film particle is in an amorphous phase with surface rough-
ness of 1.81 nm. According to mosquera et al. (2015), rough 
stucture and the absence of a fine atomic terrace indicates that the 
sample deposited as amorphous [17]. After annealing process at 
300°C, the obtained thin film structure is not much different from 
the non-annealed thin film but the surface roughness increases 
to 4.36 nm, as shown in fig. 3(b). there is also agglomeration 
of particles which display a non-uniform particle distribution. 

fig. 2. sem micrograph of Ag/tio2 thin film with different annealing 
temperature, (a) non-annealing, (b) 300°C, (c) 400°C, (d) 500°C and 
(e) 600°C

At 400°C annealing temperature (fig. 3(c)), the  Ag/tio2 thin 
film shows a rough and porous structure. for a thin film that 
heated over 200°C, most of the organic solvent were decom-
posed, thus forming a porous and amorphous tio2 thin film 
[15]. increasing of annealing temperature can cause the grain to 
agglomerate thus makes the surface rugged with surface rough-
ness of 9.68 nm. this uneven shape of nanoparticles was caused 
by low temperature and not enough kinetic energy to induce the 
crystallization of the particles [12]. 

tABle 1

surface roughness value of thin film produce at different  
annealing temperatures

ag/tio2
thin film

annealing 
temperature

root Mean square 
(rMs)

(a) non-Anneal 1.81 nm
(b) 300°C 4.36 nm
(c) 400°C 9.68 nm
(d) 500°C 1.86 nm
(e) °C 3.92 nm
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At 500°C annealing temperature, the thin film shows a fine 
structure with small grain size, as seen in figure 3(d). At this 
state, tio2 particles have enough energy to crystallize into 
anatase phase, as proved by the XRD analysis. when the an-
nealing temperature was increased to 600°C, the grain structure 
of the thin film became bigger that resulting in a rough surface 
with surface roughness of 3.92 nm. increasing the annealing 
temperature could increase the grain size of the tio2 particles 
and resulting on the increasing of surface roughness [18] due to 
microstructure phase transformation [17]. 

3.3. optical properties

optical properties of Ag/tio2 thin film with 0.1 m concentra-
tion of Ag was studied to observed the effect of different annealing 
temperatures using uV-Vis spectrophotometer. fig. 4 shows the 
light absorption of Ag/tio2 thin film at different annealing tem-
perature in the spectrum range of 300 nm to 500 nm. the absorption 
edge shifts as the annealing temperature increase. non-annealed 
Ag/tio2 thin film exhibits low absorption which is 0.57 (arbitrary 
unit) at wavelength 375 nm and increase to 1.07 (arbitrary unit) 
when annealed at temperature of 300°C. Ag/tio2 thin film with 
500°C annealing temperature shows the highest absorption at 
375 nm wavelength which is 1.17 (arbitrary unit). Value of cut-
off wavelength increase as the annealing temperature increase. 

fig. 4. Absorption curve of Ag/tio2 thin film at different annealing 
temperature in the spectrum range of 300 nm to 500 nm

tABle 2 present cut-off wavelength value and band gap 
value for Ag/tio2 thin film annealed at different temperature. 
overall, the cut-off wavelength for all produced thin films are 
in the spectrum range exceeded 369 nm, which are higher than 
anatase tio2 cut-off wavelength values [19]. 

Cut-off wavelength values increase when the annealing 
temperature increased. in contrast, as the annealing temperature 
increase, the band gap value decreases. Ag/tio2 thin film that 
have been annealed at 500oC displays the highest cut-off wave-
length value which is 396 nm with the lowest band gap value, 
which is 3.13 eV. this situation is due to the increasing crystal 
size from agglomeration at higher temperature [20]. neverthe-
less, Ag/tio2 thin film at highest annealing temperature, 600°C 

fig. 3. surface morphology of Ag/tio2 thin films at different anneal-
ing temperature, (a) non-annealing, (b) 300°C, (c) 400°C, (d) 500°C 
and (e) 600°C
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shows less cut-off wavelength value which is 390 nm while the 
band gap value is 3.18 eV. 

4. conclusion 

in this work, the Ag/tio2 was deposited onto glass substrate 
via sol-gel spin coating method. the deposited films were an-
nealed at 300-600°C. the effect of different annealing tempera-
tures on the formation of Ag/tio2 thin films were successfully 
observed. the results show;
(a) the XRD pattern clearly shows the anatase phase when the 

annealing temperature increased to 500°C and 600°C. 
(b) the sem micrograph showed that for the non-annealing 

film, the film structure was porous and uniformly distributed 
throughout the substrate, with non-homogenous shapes. 
when the thin film was annealed at 500°C, the structure 
become denser, linked together, porous and uniformly 
distributed on the surface.

(c) surface topographical profile shows that non-anneal 
thin film exhibits a rough structure uniformly distributed 
throughout the substrate, but the crystal grain cannot be 
seen clearly. this shows that this thin film particle is in 
amorphous phase with surface roughness of 1.81. At 500°C 
annealing temperature, the thin film shows a fine structure 
with small grain size. At this state, tio2 particles had 
enough energy to crystallize into anatase phase, as proved 
by the XRD analysis. when the annealing temperature 
increases to 600oC, the grain structure of the thin film be-
comes bigger and resulting in a rough surface with surface 
roughness of 3.92.

(d) the light absorption edge shifts as the annealing tempera-
ture increase. Ag/tio2 thin film that have been annealed at 
500°C displays the highest cut-off wavelength value which 
is 396 nm with the lowest band gap value, which is 3.13 eV.
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