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ABSTRACT 

In this study, we investigated the dependence of the thickness and refractive index of thin films on 

the withdrawal speed. The films were produced by dip-coating on a glass substrate. The hydrolytic 

(conventional) sol-gel method was used in the preparation of titanium alkoxide, which were obtained by 

homogenizing tetraethylorthotitanate stabilized by beta-diketone (2,4-pentanodione) in an alcohol solution. 

Potential applications, such as active planar waveguides, were evaluated by m-line spectroscopy, electron 

absorption spectra in the ultraviolet visible region, and photoluminescence. Based on the m-line 

measurements, the thickness of the films obtained from the homogenized sols were found to be dependent on 

the withdrawal speed. The thickness range from 400 to 500 nm to the films prepared by withdrawal speed 

100 mm/min, 600 to 700nm using 200 mm/min, and 800 to 900 nm to withdrawal speed 300 mm/min. The 

refractive index is not affected by deposition speed. The photoluminescence of the Tb III ion exhibited lines 

that were attributed to the transitions characteristic of this ion, i.e., transitions from the 
5
D4 excited state to the 

7
FJ (J=3,4,5,6) fundamental state. 
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1 INTRODUCTION 

The development of techniques based on the production of thin films applied to materials science is 

one of the major factors responsible for technological advances 1. There is much interest today in the 

design of new materials for waveguides. Based on the mechanical and optical properties of films deposited 

on transparent substrates, these materials are believed to have a wide range of potential applications in the 

field of optics 2, 3. 

Thin films prepared by the sol-gel route have attracted special attention due to the formation of 

pores in their structure, which may originate applications such as chemical sensors and selective membranes 

2, and which may be utilized to produce films with adequate protective behavior on metal substrates 4, 5. 

Thanks to the spectral wealth provided by the lanthanide series it is possible to find ions that are 

perfectly suiTable for the regions of the electromagnetic spectrum used in telecommunications. Thin films 

doped with rare earth ions to obtain materials with luminescent properties offer unique advantages, such as 

easy doping and control of the concentrations of dopant 6. When doped with photoactive organic 

molecules, these films can be used as optical components due to the transfer of energy.  

Various studies have been conducted to obtain information about the morphology, thermal stability 

and spectroscopic properties of thin films, such as luminescence and life span of excited states 7, 8. These 

thin films have engendered much interest due to the variety of possible applications, which include optical 

9 and electroluminescent 10, 11 devices, sensors 12, 13, biomaterials 14-16 and others 17. 

Ce
3+

 ions have important applications due to their high chemical stability and high diffusion 

coefficient 18-22. Tb
3+

 is used in color TV tubes to provide green fluorescence 23, 24. The transfer of 

energy between Ce
3+

 and Tb
3+

 ions has been the object of numerous investigations in different matrices 25, 

26, because the luminophores that present this phenomenon can be used industrially as green components in 

low vapor pressure fluorescent lamps, in borax glasses and as X-ray image intensifiers 27-29. In addition to 

presenting intense emission in the red region of the electromagnetic spectrum, enabling it to act as a 

luminophore, the Eu
3+

 ion is also an efficient structural probe 8, 18, 30, 31. Other rare earths have also been 

used extensively, particularly those that present emission in the infrared region, such as Er
3+

 ions 32 - 34. 
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In this work, titanium oxide thin films were prepared by the conventional sol-gel route, using 

titanium alkoxide stabilized with beta-diketone. The films, obtained by dip-coating at different withdrawal 

rates and containing Tb
3+

 only and Tb
3+

 and Ce
3+

 ions, were characterized by m-line measurements, by the 

photoluminescence of the Tb
3+

 ions, and UV-Vis absorption spectroscopy. 

2 MATERIALS AND METHODS 

The rare earth oxides were calcined at 900
o
C for 2h. Then, Ce2O3 or Tb4O7 was dissolved in H2O 

and HCl 6 mol.L
-1

. Excess HCl and H2O were evaporated. The ethanol was then added and evaporated three 

times. The final concentration of RE ion in the ethanolic solution was 1.0 x 10
-1

 mol L
-1

. 

The sols were prepared from titanium isopropoxide stabilized with beta-diketone 2,4-pentanedione 

(acac) in a molar ratio of 1:1 35. The TbCl3 and CeCl3 were add in the sols, 1% compared to titanium oxide. 

The films were produced by dip-coating. The borosilicate glass substrates (80 x 20 mm) were 

carefully cleaned in a solution containing hydrogen peroxide and sulfuric acid (30:70) and then immersed in 

the sols and withdrawn at withdrawal speeds of 100, 200 and 300 mm/min. The films were dried at 50
o
C for 

2 hours.  

The refractive index and film thickness were measured at UNESP’s Institute of Chemistry of 

Araraquara, using an m-line prism coupler refractometer (Metricon model 2110). A gadolinium gallium 

garnet (GGG) prism with a refractive index of 1.9644 to 632.8 nm was used. The device was equipped with a 

Si and Ge detector to record visible light and NIR, respectively. Two He-Ne lasers were used, operating at 

632.8 and 543.5 nm 18. 

The emission and excitation spectra, which were also measured at the Institute of Chemistry of 

Araraquara, were obtained at room temperature with a 450W continuous Xe lamp in a SPEX Fluorolog 

F2121 spectrofluorimeter, 2.0 and 0.5 nm slots were used for the excitation and emission, respectively. 

The UV-Vis absorption spectroscopy: were measured in a Packard 8453 Diode Array 

spectrophotometer coupled to a HP KAYAK- XA microcomputer and its respective software. 

3 RESULTS AND DISCUSSION 

Figures 1 and 2 show the thickness and refractive index of the titanium films containing Tb
3+

 and 

Tb
3+

/Ce
3+

 ions, as a function of the different withdrawal speeds. 

The films’ refractive index varied little, regardless of the withdrawal speed and dopants used, this is 

an indicative that rare earths ions is not affected by the titanium oxide structure. The refractive index is very 

important in applications such as waveguides. 
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Figure 1: Dependence of the film’s thickness on withdrawal speed. 
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Figure 2: Dependence of the film’s refractive index on withdrawal speed. 

 

On the other hand, their thickness proved dependent on the speed of deposition since, as can be seen 

in Figure 1, all the films showed increasing thickness as the withdrawal speed increased. This was probably 

due to the fact that when the substrate is removed rapidly from the solution, the small amount of solution on 

it does not flow off but remains adhering to the substrate. In contrast, when the substrate is removed slowly 

the solution has more time to flow off, thereby reducing the film’s final thickness. These results can happen 

depending on the parameters that influence the deposition [17]. The control of the thickness could be 

determining the applications of the films, the sensors, device, and several other applications. 

Figure 3 shows the profile of the refractive index of the film’s surface, reconstructed from the 

effective indices measured at 633 nm by means of the inverse method of Wentezel-Kramers-Brillouin 34 

for the sample obtained at a withdrawal speed of 300 mm/min, where the index is usually lower the closer it 

is to the substrate. The highest refractive index is at the surface of the film, while the lowest is on the surface 

of the substrate. The profile for the others samples, 200 and 100 mm/min, was not presented, because they 

showed two and one guided modes, respectively. 
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Figure 3: Profile of the refractive index for the film deposited at a speed of 300mm/min, reconstructed from 

modal measurements taken at 633nm. 
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The number of the guided modes can be related to the homogeneity and uniformity of the films, in 

this work we observed 3, 2 and 1 guided modes to samples prepared by 300, 200 and 100 mm/min, 

respectively. The TiO2 films deposited at a speed of 300 mm/min were more homogeneous and uniform (Fig. 

3) than those deposited at 100 and 200 mm/min.  

The excitation spectrum of the Tb
3+

 ion in the films deposited at different speeds were obtained 

when the maximum emission fixed in the 
5
D4 →

 7
F5 transition at 544 nm. The spectrum exhibits a very broad 

band ranging from 250 to 350 nm with the maximum excitation wavelength centered at 280 nm for the 

sample with only Tb
3+

, which can be attributed to a charge transfer band. The sample with Tb
3+

/Ce
3+

 the 

spectra exhibit a broad band at around 328 nm in the three film samples and a band of lower intensity at 277 

nm, which can be ascribed to Ce
3+

 ions and a charge transfer band. 

Figures 4 and 5 shows the emission spectra of Tb
3+

 ions in the films with Tb
3+ 

only and Tb
3+

/Ce
3+

, 

deposited at different speeds with excitation in the charge transfer band at 280 nm and 328 nm, respectively. 
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Figure 4: Emission spectra of Tb
3+

 ions in films deposited at different speeds and excited in the charge 

transfer band at 280 nm. 
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Figure 5: Emission spectra of Tb
3+

/Ce
3+

 ions in films deposited at different speeds and excited at 328 nm. 
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In the lines attributed to the transitions characteristic of the Tb
3+

 ion at 487 nm (
5
D4 → 

7
F6), 543 nm 

(
5
D4 → 

7
F5), 583 nm (

5
D4 → 

7
F4) and 621 nm (

5
D4 → 

7
F3), note that the noise-to-signal ratio of the emission 

spectrum for the ion in the film deposited at a speed of 300 mm/min is smaller than that of the other spectra. 

This difference may indicate the existence of a larger quantity of emitting ions in the film. A comparison of 

the results obtained by m-line indicates that this film is thicker, and therefore contains a larger quantity of 

Tb
3+

 ions. 

Excitation at 328 nm, however, clearly favored emission from the matrix itself, a broad band in the 

blue spectrum of the electromagnetic spectrum. An energy transfer from Ce → Tb was not observed in these 

samples, where Ce was used in order to intensify the Tb emission. In addition to the non-occurrence of this 

phenomenon, the Ce ended up by interfering in the emission of Tb, causing suppression of the luminescence. 

Figure 6 illustrate the emission spectra of the three films excited at 277nm for the sample contend 

Tb
3+

/Ce
3+

. 
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Figure 6: Emission spectra of Tb

3+
/Ce

3+
 ions in films deposited at different speeds and excited at 277 nm. 

Note that exciting the samples at different wavelengths produced emission spectra favoring different 

emitting species. Using a wavelength of 277 nm, which was the same one as that applied to the films 

containing only Tb
3+

, produced emission bands characteristic of the ion but with a very high noise to-signal 

ratio. 

Figure 7 presents the absorption spectra in the UV-Vis region of the titanium oxide films containing 

Tb
3+

/Ce
3+

 ions. 
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Figure 7: UV-Vis absorption spectra of the TiO2 film doped with Tb

3+
/Ce

3+
, deposited at speeds of 100, 200 

and 300 mm/min. 
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The film’s thickness and index of refraction can be determined quantitatively by the transmission or 

absorption spectrum. Qualitatively, the above Figures demonstrate that the number of interference fringes 

increase as a function of the deposition speed, indicating an increase in the film’s thickness [36], which is 

confirmed by the data obtained through the m-line technique. 

4 CONCLUSION 

TiO2 films were deposited using the sol-gel route. This study demonstrated that the use of a very 

simple technique such as dip-coating enables one to control the thickness of films according to the 

withdrawal speed. The higher withdrawal speed the greater amount of the liquid is pulled which results in a 

thicker film. This is an indicative that the gravity effect must be considered in the dip-coating process. This 

was confirmed by m-line.  

Based on the films’ photoluminescence, we noted transition lines characteristic of Tb3+, where the 

expected Ce3+ → Tb3+ energy transfer did not occur, probably due to the TiO2 structure. 
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