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PEG doped Ag/TiO2 thin film was prepared by the sol-gel 
method through the hydrolysis of titanium 
tetraisopropoxide and silver nitrate solution. Various 
amount of PEG (0.05g – 0.20g) were added into the 
solution preparation to study the effect of PEG doped on 
the optical properties of the prepared thin films. Spin 
coating method was used to get uniform film on ITO glass 
substrate followed by annealing process for 1 hour. The 
obtained thin films were analysed using XRD, SEM and UV-
Vis spectrophotometer. Anatase phase of TiO2 thin film 
were obtained for all prepared thin films. The addition of 
0.15g of PEG shows a thin film with a series of a small, 
coarse and loose crystalline structures compared to the 
non-PEG thin film structure with a larger and compact 
structure. The increasing of PEG amount added led to the 
increasing of light absorption and decreasing of the band 
gap. 
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1.0 INTRODUCTION 
Titanium dioxide known as titanium (IV) dioxide or titania has a molecular weight of 79.87 

g/mol which is a natural titanium oxide with TiO2 chemical formula. Titanium dioxide is a 
substance commonly used as white pigment due to its remarkable properties such as high purity, 
brightness, and non-toxicity. It is also known for its excellent chemical stability, biologically non-
toxic and low cost (Liang et al., 2018). It is an important inorganic functional material with good 
physical properties, making it ideal for thin film applications. TiO2 thin films are one of the most 
important oxides due to their attractive chemical, electrical and optical properties (Marzec et al., 
2018; Lewkowicz et al., 2014; Arconada et al., 2009). TiO2 has been studied by many researchers 
because of its many applications in various industries (Kumar et al., 2010). Due to its high 
corrosion resistance and chemical stability, excellent optical transparency near infrared and 
visible areas, it provides a high refractive index which makes it useful for anti-reflection coating 
in optical devices (Elfanaoui et al., 2010). 

Additives are used to enhance the performance and simultaneously improve the coating of the 
thin film. Additives can be in many types of materials or chemicals. The additive can improve the 
surface area whereby increase the surface area resulting the great efficiency of prepared thin 
films. Polyethylene glycol (PEG) is made up of various sizes and functional groups that are 
synthetic polymers (Karimi et al., 2013). These attractive additives are also known as polymer 
additives which have several advantages over the resulting coating such as adding active surface 
area with porous surface structure due to pore formation and reducing energy gap in TiO2 [8].  
According to (Morales et al., 2014), they used PEG 4000 as a reagent template, which oxidized at 
lower temperatures than TiO2. PEG 4000 was added to titanium tetrabutoxides with different 
molar concentrations of 0, 0.009, 0.0012, 0.0015 and 0.0018. As a result of the study, they 
reported the formation of a “skeleton” of TiO2 pores with increasing surface area leading to 
enhanced photocatalytic properties. 

Another researcher, (Petric et al., 2019) have studied the effects of the initial composition of 
the precursor material, the molecular weight of the PEG and the restructuring process in solution 
on the pre-preparation stability, thickness and porosity as well as the photocatalytic properties 
of the film. They found that the photocatalytic degradation efficiency of Rhodamine 6G films 
depends on the film thickness and porosity. Another researcher, (Mei et al., 2015) reported that 
at low PEG content of 0.5 g, the surface morphology of the titania thin film has uniform fine pore 
distribution. By increasing the amount of PEG to 1.0 g, thin films became more dense and the pores 
disappeared. When PEG is increased to 1.5 g, micro-cracks are produced and when PEG is 
increased to 2.0 g, the resulting microstructure is almost completely depleted. Therefore, they 
conclude that low PEG content contributes to the formation of thin films with homogeneous 
porous distribution 

In this research, we focused on the effect of the addition of PEG on the optical properties of 
Ag/TiO2 thin films. Suitable amount of PEG added would gain improvements in the optical 
properties of the films and enhanced the photocatalytic properties of Ag/TiO2 thin films. 
 
 
2.0 EXPERIMENTAL PROCEDURE 

Titanium (IV) isopropoxide 97% (TTIP) and silver nitrate (AgNO3) powder were obtained 
from Sigma Aldrich. . Propan-2-ol was purchased from QReC Chemicals and acetic acid (99.5%) 
and methylene blue were obtained from Daejung Reagent Chemicals. All the chemicals were 
analytical reagents and were used as received without further purification. Hydrolysis reaction 
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will result in precipitation by using precursors with strong reactivity towards water (titanium 
alkoxide). To overcome the precipitation, non-aqueous sol–gel technique was used with titanium 
chloride or titanium alkoxides as a precursor. In case of the reactions using TiCl4 as a precursor, 
TiO2 forms under release of a large amount of HCl gas. Because HCl gas is toxic and chlorine 
impurities often remain in the final oxide material, titanium tetraisopropoxide are preferred as a 
precursor. In order to increase the stability of the solutions from titanium alkoxide precursors, it 
is not sufficient to switch to a non-aqueous sol–gel route. Indeed a chelating agent is still needed 
in a non-aqueous sol–gel route to obtain highly stable sols.  

The Ag/TiO2 thin film without PEG was prepared as in previous study (Razak et al., 2018). 
Then, for the Ag/TiO2 thin film with PEG, a different amount of PEG (0.05g, 0.10g, 0.15g and 0.20g) 
was added into the solution after the 25 min sol stirring. The resultant alkoxide solution was kept 
stirring at room temperature until a clear sol produced, without any precipitation. ITO coated 
glass (15mm×15mm×0.5mm) were used as the substrates for the deposition of films. The 
substrates were degreased and cleaned with acetone for 30 min in ultrasonic cleaner and 
thoroughly rinsed with water. Then, the substrates were dried at 90◦C for 90 min in Petri dishes 
with lid for further use.  

The Ag/TiO2 thin films were prepared from the previous sols respectively on the pretreated 
substrates. One drop of the Ti precursor sol was first transferred to the substrate and the film was 
formed using spin coating method conducted at 500 rpm for 10 s followed by 2000 rpm for 30 s. 
After the wet films were dried at 60oC for 10 minutes, it was annealed at 500 oC in a furnace for 1 
hour. The annealed films were stored in petri dishes with lid for further use. 

The prepared Ag/TiO2 thin films were characterised structurally through XRD and 
morphologically by SEM. The phase composition of the synthesized thin film were determined by 
using an X-ray diffraction (XRD) over a 2θ range 10°- 65° using Cu Kα (λ=1.5046). Analysis of the 
XRD patterns was carried out using Diffract Eva Software. Surface morphology and surface 
roughness of prepared the thin films were observed via SEM and AFM. The absorption of light by 
the obtained Ag/TiO2 thin films was carried out by spectrophotometer UV-vis testing. 
   
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Phase Analysis 

X-ray diffraction analysis of Ag/TiO2 thin film with 0.15 g of PEG deposited on ITO substrate is 
shown in Figure 1. The film present five strong diffraction peaks located at 21.51o, 30.57o, 35.40o, 
51.04◦and 60.70o. These peaks are attributed to the ITO substrates, SiO2 and In2O3 peaks. The 
resulting diffraction pattern indicate that the peaks values of 2θ = 25.31˚, 35.57o and 48.04o 
correspond to the typical structure of TiO2 tetragonal anatase with planes (101), (112) and (200) 
refer to the JCPDS card PDF 01-078-2486. No diffraction peak of silver is detected which can be 
explained by the dominance of the ITO peaks in the spectrum with their high intensities, making 
it difficult to detect silver existing in low amounts (Guitoume et al., 2018). A small peak located at 
33.66o is assigned to silver oxides, Ag2O (100) plane, according to JCPDS No 01-072-2108. The 
addition of the PEG 2000 in the Ag/TiO2 affected on the unit cell parameters of anatase (Vetrivel 
et a., 2014). The addition of PEG 2000 did not affect the crystallization process of TiO2 anatase. 
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Figure 1: XRD pattern of Ag/TiO2 thin films with 0.15g polyethylene glycol. 

 
3.2 Morphological Observations 

The surface morphology of Ag/TiO2 thin films without PEG and with 0.15 g of PEG was 
observed under SEM as shown in Figure 2. All the prepared Ag/TiO2 thin films are uniform and 
evenly distributed in uneven shape and porous structure. From Figure 2 (b), Ag/TiO2 thin film 
with the addition of 0.15g of PEG shows a thin film with a series of a small, coarse and loose 
crystalline structures compared to the non-PEG thin film structure (Figure 2 (a)), with a larger 
and thicker structure. The PEG 2000 additives in the Ag/TiO2 solvents act as a dispersion agent, 
where the low TiO2 particle aggregation can be explained by the presence of a steric barrier. PEG 
additives ensure that the soluble particles are separated in solution due to the dispersion of 
polymers as long-chain molecules (Tiwari et al., 2015). Structural changes on the surface of the 
resulting thin films were due to the thermal decomposition of PEG during the annealing process 
which led to the formation of coarse and porous structures. A similar situation has been reported 
by previous researchers (Halin et al., 2010). There was no significant changes in surface 
morphology for Ag/TiO2 thin films with larger amount of PEG 2000. 

   

 
(a) 

 
(b) 

Figure 2: SEM image of Ag/TiO2 thin films (a) without PEG and (b) 0.15g PEG. 
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3.3 Optical Properties 
The light absorption of Ag/TiO2 thin films with different PEG amounts were carried out by UV-

Vis spectrophotometer. Figure 3 shows light absorption graph by the prepared Ag/TiO2 thin films 
in light spectrum with PEG weight of 0.00g, 0.05g, 0.10g, 0.1 g and 0.20g. It is noteworthy that the 
intensity of light absorption by PEG-added thin films is better than that of Ag/TiO2 thin films 
without PEG. The increasing of PEG amount added into the Ag/TiO2 thin films led to the increasing 
of light absorption. Thin films added with 0.10g to 0.20g of PEG were able to absorb light above 
490 nm wavelength. The intensity of light absorption dramatically decreases for Ag/TiO2 thin 
films at wavelengths greater than 360nm. The absorption intensity of Ag/TiO2 thin film was 1.0 
(arbitrary unit) at 380nm wavelength, compared to the light absorption intensity of Ag/TiO2 thin 
film with an additional 0.20g of PEG, 2.38 (arbitrary unit). Absorption edges have been 
transferred into visible light spectra, at wavelengths above 350 nm. 

Referring to the surface structure of Ag/TiO2 thin films, the film with the addition of PEG has 
smaller crystal size and more porous. The light absorption of the thin film increased with the 
increasing of the PEG amounts. This indicates that the absorption of light is closely related to the 
film’s structure. The low absorption of the film is due to the light scattering. The band gap values 
and the cutting off wavelengths of the Ag/TiO2 thin films with different PEG amounts are shown 
in. Table 1. 

 

 
Figure 3: Light absorption properties of Ag/TiO2 thin films with different amount of PEG. 

 
 

Table 1: Band gap values and the cutting off wavelengths of the Ag/TiO2 thin films. 
PEG 

weight (g) 
Cutting off 

wavelengths (nm) 
Band gap,Eg 

(eV) 0.00 396 3.10 

0.05 398 3.12 

0.10 491 2.70 

0.15 493 2.67 

0.20 511 2.60 
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The addition of PEG into Ag/TiO2 thin films has a significant impact on the light absorption 
range, also the energy band gap. The energy gap decreased with the increasing of the PEG added. 
As the energy gap decreases, the Ag/TiO2 thin film could absorb light in wider range and more 
absorbable light. When PEG was added at 0.05g, 0.10g, 0.15g and 0.20g, the energy gap values 
decreased to 3.12nm, 2.7 nm, 2.67nm and 2.60nm, respectively. The decrease in the energy gap is 
due to the reduction in the size of the crystals and possibly by the density change in the resulting 
thin film. Other reasons include the reduction of distances between molecular atoms in thin films 
or perhaps the increase in vacancies (defects) in oxygen (Nataraj et al., 2018). 

 
 
4.0 CONCLUSION 

This work observes the effect of various PEG amounts on morphological and optical properties 
of Ag/TiO2 thin films. The XRD pattern showed the presence of anatase TiO2 and Ag2O phases. The 
Ag/TiO2 thin films show a rough and porous surface morphology. The surface roughness of the 
film increased with the increasing of PEG amounts. It is noteworthy that the intensity of light 
absorption by PEG-added thin films is better than that of Ag/TiO2 thin films without PEG. The 
increasing of PEG amount added led to the increasing of light absorption of the produced Ag/TiO2 

thin films. 
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