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1. Introduction 

 

The interaction of light and matter offers several techniques for the interrogation of 

optical chemical sensors. Devices based on the measurement of absorption, refractive index 

change, fluorescence or polarization, are fabricated generally. The sensors discussed in this 

work are reflection based devices; they are interrogated using reflection measurements in the 

visible range. These sensors can provide important advantages compared with other chemical 

sensors. As the principle of detection relies on the straight interaction of light and material; 

this setup can be used in many situations when the measurement with other devices can hardly 

be performed. Electromagnetic noise or the incidental radioactivity of the sample does not 

have any effect on the performance of these sensors. Another advantage of them is the 

inexpensive manufacturing (in most of the cases) and the possibility of miniaturization.  

An optical chemical sensor usually consists of a support and a chemical layer, which 

contains plasticized polymers in many cases. The sensing compounds are immobilized in this 

polymer, which also provides the medium or chemical environment for the reaction. As the 

chemical structure of the polymer changes, the chemical equilibrium shifts, and a change in 

the calibration parameters of the sensor can be measured. After a certain time, like in case of 

other chemical sensors, the change of the device becomes necessary.  

Sensors were prepared by immobilizing triphenyl-methane type acid-base indicators 

on different support materials. Instead of using plasticized polymers, other novel substances 

were applied to extend the lifetime and minimalize the drift in the calibration parameters of 

the sensors.  

The indicator molecules were immobilized on electrochemically prepared porous 

aluminium-oxid surfaces. Properties of the surfaces were modified by adding ionic liquids or 

applying sol-gel coatings. In the first part of the thesis the scientific literature and the 

theoretical background of this field is discussed. The importance of ammonia detection, the 

many possible ways of determination, including electrochemical, semiconductor based 

methods and some other unique techniques are described in these chapters. The most often 

used chemical layers are summarized in a separate chapter. In the experimental part of this 

work the exact circumstances of the experiments are described, while the results and 

conclusions can be found in the last section.  



2. Research Aims 

 

In this thesis a research for novel sensor materials is described. The main objective of the 

work was to avoid the use of plasticized polymers and find a better medium for the 

immobilization of the indicators. The following aims were laid down: 

 

- By knowing the excellent adsorption capabilities of electrochemically fabricated oxide 

layers, the first aim was to determine if these layers could be used as sensor supports. 

In the small pores of the surface the indicator molecules are not in dissolved form, 

which raises questions about the equilibrium constant and the reversibility of the 

chemical reaction used for the detection. I proposed to get information on the 

relationship between the fabrication process and the analytical parameters of the 

sensors, at the same time.  

 

- It seemed to be reasonable to determine, how non-water-soluble apolar solvents (ionic 

liquids) − used as additives − influence the analytical and time dependent parameters 

of the sensors  

 
- Several references were found on the immobilization of indicators in ormosil layers. 

As the formation of Al-O-Si bond is possible, it was obvious to examine, whether the 

sol-gel based sensing layer can be deposited on the surface of anodized aluminium. A 

higher adhesion was expected, which can be advantageous for the preparation of long 

lifetime chemical sensors.  

 

 



3. Materials and Methods 
 

For the fabrication of anodized aluminum commercially available aluminum foils and 

bands were used. In the first experiments the sol-gel layers were immobilized on 18×24 mm 

microscope cover glasses, later anodized aluminum plates were also used.  

The chemicals used at the elctrolysis and sol-gel preparation were all analytical grade 

purchased from Fluka and Riedel de Haen. For the preparation of aqueous solutions ultrapure 

water was used, with a conductivity lower than 0,5 µS/cm. 

The triphenyl-methane indicators used for the preaparation of the sensing layer were 

Reanal chemicals (bromophenolblue – BPB, bromocresolgreen – BCG, bromocresolpurple – 

BCP). The cresol red indicator was purchased from Fluka. Chemicals used for covering the 

pores such as o-nitrophenyl-octyether (o-NPOE), hexamethyl-tetracozane (Squalane), dioctyl-

sebacate (DOS) were Fluka products, while the OV-17 silicon was obtained from Merck.  

Precursors for the sol-gel cocktails were purchased from Sigma-Aldrich Co. Methyl-

tryethoxysilane (MTEOS), tetraethoxysilane (TEOS), dimethyl-dimethoxysilane (DiMe-

DiMOS), phenyl-triethoxysilane (Ph-TriEOS) and aminopropyl-triethoxysilane (APTES) 

were used. 

In some experiments a small amount of 1-buthyl-3-methylimidazolium-

hexafluorophosphate ([BMIM][PF6]) ionic liquid, produced by Sigma-Aldrich, was added to 

the sensing layer. 

The measurements were mainly performed on an Avantes Avaspec 2048 fiberoptic 

CCD spectrophotometer and an Avantes reflection setup. The reflection probe was connected 

to a home-built flow through measuring cell.  

The ammonia calibrating gas was purchased in flasks from Linde Gas Co., with 100 

ppm nominal concentration. To reach the proper concentration, this gas was diluted with air 

on a setup of three Cole-Parmer flowmeters. The highest flow-rate was 150 ml/min, the 

measured values had to be corrected, according to the quality of the gas, by using a correction 

chart. The concentration could be changed in the range of 0-94 ppm, with ca. 1,5 ppm 

resolution.  



4. Results 

 

I. Investigation of anodized aluminium supports 

 

a) During the investigation of anodized aluminium - as a possible support for optical 

chemical sensors - excellent adsorption capacity and outstanding reflectivity of the 

surfaces was measured. 

 

b) By taking electronmicroscopic images it was stated, that the size of the pores is 

increasing while the pore density is decreasing in the 6-24V voltage range, using 

sulphuric acid based DC anodizing method. I observed, that above 24V the self-

ordering of the pores occures.  

 

c) I observed, that a longer electrolysis results in a thicker oxide layer. After ten 

minutes of electrolysis a 10-12 µm layer was found on the surface of the 

aluminium. 

 

d) Triphenyl-methane type indicators were immobilized in the porous oxide layers, 

and the adsorption isotherms of the electrochemically modified surfaces were 

taken. 

 

II. The investigation of sensors prepared on anodized aluminium  

 

a) The immobilized indicator molecules were protonated with the dilute solution of 

dodecylbenzenesulphonic acid, this way ammonia sensors were fabricated. The 

most important properties of the sensors were investigated; the spectral changes in 

the presence of ammonia were measured, calibration curves were plotted, 

sensitivity and time dependent parameters were determined. In the selected 

concentration range the highest reflectance change was provided by the sensor 

prepared by 18V cell voltage, however the shortest response time belonged to the 

12V layer. 

 



b) The results show, that the dynamic range shifts towards the higher concentrations 

and gets narrower with the increasing temperature of the environment. 

 

c) The sensors underwent a leaching probe. Additional apolar layers were used to 

decrease the dissolution of the indicator, and to extend the lifetime of the sensors. 

Although the response times were found to be longer, due to the additional 

coatings. 

 

d) The repeatability of sensor fabrication was also investigated. The standard 

deviation of the preparation was found to be smaller than 4%.   

 

III. The use of ionic liquids 

 

a) Ionic liquid was added to the solution of the indicator before the adsorption 

process. The main objective of this step was to keep the water content of the layer 

on a constant level and this way a longer lifetime of the sensors was expected. 

Although the ionic liquid [BMIM][PF6] takes up water and keeps it in the pores of 

the oxide layer, which is advantageous regarding the lifetime, the indicator gets 

deprotonated due to the shift in the chemical equilibrium and a narrower dynamic 

range can be observed.  

 

b) Experiments were performed by replacing the indicator with others and by 

changing the concentration of the ionic liquid systematically. It had to be stated, 

that the use of the ionic liquid [BMIM][PF6] does not have advantages in case of 

these ammonia sensors.  

 

IV. Sol-gel based sensors 

 

a) Sol-gel layers were prepared on glass supports, using ormosil precursors. The 

phenyl-trietoxysilane matrix provided the best results; favourable response times 

were measured, compared with other ormosils.   

 

b) Layers were prepared by the immobilization of two different but spectrally similar 

indicators at the same time. These results showed that by changing the ratio of the 



two indicators, the sensitivity and reflectance change of the sensors can be tuned. 

Using indicator mixtures this way, enables the preparation of sensors designed for 

certain tasks.  

 

V. Sol-gel layers prepared on anodized aluminium  

 

a) Sensors were prepared by the combination of aluminium-oxide and sol-gel 

techniques. The anodized aluminium support was coated with the sol-gel by simple 

spin-coating. The porous oxide layer provided an excellent mechanical stability for 

the sensing layer, compared with the widely used glass surfaces. This way a weak 

point of the sol-gel sensors, the peel off of the layer, could be avoided. The 

chemical composition of this immobilized layer can be modified in a wide range 

without any effect on the adhesion.  

 

b) Calibration curves of the sensors were taken, and the time-dependent parameters 

were determined. The analytical properties of the sensors barely change, while the 

response and regeneration times are two times longer than in case of the glass 

supports.  

 

VI. Development of a sensing device 

 

a) A simple interrogating unit was developed in our laboratory, which is capable of 

making difference between the protonated and deprotonated state of the sensor. The 

result of the measurement can be displayed in a simple way.  

 

b) The optical part of the instrument was designed and prepared by me. Switching 

level of the device was set, and the hysteresis of the switching was determined. 

 

 

 

 

 

 



5. Thesis Points 

 

I. It was investigated, how the conditions of the anodic oxidation of aluminium plates, 

influences the structure of the oxide layer generated in the process. Using 

electronmicroscopic images it was stated, that the size and number of pores can be 

controlled with the parameters mentioned above. Thickness of the layer and the 

adsorption capacity – related to indicator molecules – was determined. 

 

II. I was the first to prepare aluminium-oxide based ammonia sensors by immobilizing 

triphenyl-methane type indicators in the porous layers. It was stated, that the spectral 

changes and time-dependent parameters of the sensors can be controlled by the structure 

of the layer, so by the circumstances of the electrolysis accordingly.   

 

III. The possibility of using ionic liquid was investigated in the case of different indicators. 

It was stated, that the use of ionic liquids – in contrast with carbon-dioxide sensors – is 

not preferable for ammonia sensors.  

 

IV. Sol-gel layers were prepared on glass supports, using ormosil precursors with different 

polarities. Calibration curves were taken which showed, that the sensitivity of the 

sensors depended on the organic modification. Novel layers were also prepared by the 

immobilization of two different but spectrally similar indicators at the same time. The 

sensitivity of these layers can be tuned by the ratio of the indicators.   

 

V. Anodized aluminium was also applied as a support for sol-gel layers, instead of the 

generally used microscope cover glasses. It was stated, that these novel sensors had an 

outstanding mechanical stability. Their analytical parameters barely changed, but the 

response times were found to be longer, compared with the glass based sensors. 

 

VI. An interrogation unit for the sensors was developed. The optical unit of the instrument 

was designed and prepared by me. Tuning of the device was performed, and hysteresis 

of the switching was measured.   
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