Optical properties of sol-gel coatings for fiberoptic sensors
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Abstract

The sol-gel-derived materials can be exploited for the construction of various optoelectronic devices, including sensors optodes and theirs protecting layers, as well as other kinds of coatings. Different types of materials were studied here: silica sol-gel matrices made from silica solutions with water or alcohol as solvents. The samples were prepared in form of single layer films. The films were deposited on glass surfaces. The porous structure of sol-gels layers was examined as well as the transmittance spectra were measured in visible and in UV region. The strong influence of the solvent on the material optical properties was stated. Alcohol based samples showed stable homogenous structure, with no cracking. From, the other hand the water based samples demonstrate higher transmittance in visible region. The obtained results can serve as a basis for choosing the suitable layer when constructing optical sensors or coatings.
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1. Introduction

The sol-gel process allows to obtain glass-like materials with tailored specific features. In recent years the number of research have been conducted in order to create and to study this type of materials produced in room temperatures from liquid precursors [1, 2]. Sol-gel derived matrices can be potentially used in many applications in medicine [3], food production [4] or chemistry [5]. Theirs promising features can be exploited in computer technology [6], integrated systems with fiber optics [7], [8], lasers construction [9] and materials science [10]. The high quality materials for optical fibers [11], films and coatings [12], solid bulks [13] etc. can be produced, as well.

Since the non-melted sol-gels have generally porous structure, many compounds can be entrapped into the sol gel matrix. The applications include sensors, where sol-gels are used as a material for optodes of chemical optical sensors or biosensors [14], [15]. The sol-gel protective coatings can improve the performance of fiberoptic oxygen sensors [16] or it be exploited for construction of microoptodes [17]. 

For majority of the described applications it is necessary to have homogenous highly transparent materials with smooth surfaces. Therefore, it is important to examine the sol-gels optical properties and structure depending on the procedure of fabrication and compounds used as substrates. In this study the light transmission in silica sol-gel coatings, as well as their structure are examined.

2. Materials preparation

The chemistry of the sol-gel process comprises several steps that are well described in the literature [1], [2]. First, silicate precursor is mixed with solvent (water or alcohol) and catalyst and stirred for a few hours. This process leads to hydrolysis of the Si-O-R bonds. The sol-gel films in this study were prepared from the following precursors: TEOS – tetraethoxysilan (Aldrich) with addition of Triton X-100 (Aldrich). Triton plays here the role of detergent enabling better adhesion of coating to the base surface. As a solvent doubly distilled water or alcohol were used in corresponding amounts, so thus to obtain the required R ratios. Molar ratio R is defined as a ratio of number of solvent moles to the number of precursor moles. The acid (HCl) was added in proper amounts to ensure the acid hydrolysis or the base (NaOH) for basis hydrolysis. All the precursors were mixed for 4 hours by means of magnetic stirrer with the speed 400/min at the room temperature. The samples were prepared with the following molar ratios R: R=50, R=32, R=15, R=5 (see Tab.1).

Tab. 1

Molar ratios of produced samples and types of solvent

	Sample No
	R
	Type of solvent

	1. 
	5
	Ethyl alcohol

	2. 
	15
	Ethyl alcohol

	3. 
	15
	Water

	4. 
	32
	Ethyl alcohol

	5. 
	32
	Water

	6. 
	50
	Ethyl alcohol


The microscopic ground plates were first washed in water with detergent and then, they were rinsed in doubly distilled water. Eventually, the glass plates were washed in ethyl alcohol. After alcohol evaporation they were clean and dry. Liquid hydrolyzate was spread with clean glass rod on the surface of microscopic ground glass. The thickness of sol-gel layer as measured in interferometric microscope was equal to1 (m(5%.

3. Transmission properties of sol-gel coatings 

The measurements of transmittance spectra in UV and in visible region were performed by means of Perkins-Elmer spectrophotometer. First, the transmittance of the sol-gel materials prepared with alcohol as a solvent was measured (Fig.1). It was found that the spectral properties depend on the molar ratio R. The lowest transmittance was observed for the samples prepared with the molar ratio R=5, the highest one was for the sample prepared with the molar ratio R=50. However, the materials prepared with the molar ratio R=15, R=32 showed comparable high transmission in visible spectrum. 

In Fig. 2 the comparison of transmission in sol-gel coatings with molar ratio R=32 prepared with alcohol and water solvent is presented. Analyzing the diagrams, one can see that alcohol based samples show higher transmittance than these prepared on water. For R=15 the same behavior is observed, however in this case the difference is less significant (see Fig. 3).
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Fig. 1. The influence of different molar ratios R on transmission spectra in sol-gel coatings prepared with alcohol as solvent.
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Fig. 2. The influence of the solvent on transmission spectra for the sample with molar ratio R=32.
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Fig. 3. The influence of the solvent on transmission spectra for the sample with molar ratio R=15.

[image: image6.wmf]0

20

40

60

80

100

350

400

450

500

550

600

650

700

750

800

Wavelength [nm]

Transmission [%]

sol-gel "acid"

sol-gel "base"


Fig. 4. The influence of the type of hydrolysis on transmission spectra for the sample with molar ratio R=32.

Figure 4 demonstrates the transmittance spectra of the samples prepared on the way of base as well as acid hydrolysis. Both coatings were alcohol based and prepared with molar ration R=32. The acid catalyzed samples show higher transmission than the base catalyzed ones.  
4. Structural examination

In this study the surface of sol-gel coatings was examined by means of optical microscope. The microscopic image was recorded by the CCD camera and observed on the computer monitor. The Fly Video Life View frame grabber was used for image capturing. Some of the results are presented iFig. 4.
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Fig.4. The microscopic picture of the surface of the sol-gel layers prepared with the molar ratio R=32 (A) and R=5 (B) with alcohol as a solvent.

The surface of the layer prepared with molar ratio R=32 is smooth, no cracking are seen (one can see only small artifacts caused probably by dust particles). The sample made with R=5 is non-homogenic, one can observe a lot of scratches and cracking on the surface.

In the next, the microstructure of the sol-gel materials was studied by means of the mercury porosimetry (instrument type: Pascal 440). The structural variables used to characterize the pores in the sample, such as the pore volume, total porosity, specific surface area, pore distribution, and average pore diameter were determined. Because the alcohol-based sol-gels with molar ratio R=32 revealed the highest transmission in the visible range, the porosity examination were performed for these samples. Two types of samples were examined. The one was produced on the way of acid hydrolysis (with HCL as catalyzator) and the other one produced during the base type of hydrolysis catalyzed by NaOH. 

The experimental results demonstrating the pores radius and distribution are shown in Fig.5a and Fig.5b. 
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Fig. 5. Pore size distribution in sol-gel material prepared in the way of base (A) and acid-hydrolysis (B) with the molar ratio R=32 and with alcohol as a solvent.

The samples prepared on the way of acid hydrolysis demonstrate more inhomogeneous distribution of pore size within the material. In this case micropores (few nm radius) as well as meso- and macropores are observed. These materials have microporous structure with the agglomerates organized into larger clusters approaching 1 (m. In contrary, base hydrolysis leads to the creation of material with more homogenous pores distribution. No meso- and macropores are observed. However, the total porosity in acid catalyzed samples is equal to 2,4802%, and in base hydrolyzed material the porosity is 29,2246%. Average pore diameter in case of acid hydrolysis was 4,4345nm, while for base hydrolyzed samples it was 6, 4969nm, what is the direct result of the total porosity measured.

5. Conclusion

In this paper the silica single-layer sol-gel coatings produced from TEOS (Tetraethoxysilan) have been examined. The influences of the type of solvent and molar ratios R on sol-gel films transmission properties were discussed in this work. The transmittance depends on molar ratio. The highest one was stated in case of the samples prepared with alcohol and molar ratio R=32. 


When analyzing the type of catalizator it was proved that HCL catalyzed hydrolysis leads to production of more transparent samples than NaOH catalyzed process. This can be explained by the presence of sodium in the layer. So, while adding some dopants, one can influence the spectroscopic properties of the prepared coatings. 

The structural microscopic analysis allowed to prove that the most homogenous material is in the case of the samples prepared with alcohol and molar ratio R=32. However, porosimetry examination lead to the conclusion that base catalyzed process results in more equal pores distribution. So, the lower transmission in this case was most probably due to the catalizator type used in experiment. 
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		350		0.8927		0.8648		0.9088		0.7779		0.8863		0.7081		0.9034		89.27		86.48		90.88		77.79		88.63		70.81		90.34		19.1
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