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Abstract: A pH Chemical sensor with high sensitivity is achieved by direct attachment of Cong Red 
indicator over a Sol-Gel and polymeric film. This sensor is prepared by attaching Congo red over 
polymeric film or by adding indicator in tetra metoxysilan (TMOS) in order to determining hydrogen 
ion in solution with high concentration of hydrogen and producing strong signals and rapid response 
time. 
 
Congo red is used over a Sol-Gel or polymeric film as a chemical-optical sensor. Sol-Gel layer and 
polymeric membrane have long lifetime as (>15 months) and (>12 months) and short response time as 
(>6 sec) and (>9 sec) respectively. It is a simple method and applied dye has low price and highly 
used. 
 
In this paper, the purpose is investigation and optimizing condition for Sol-Gel layer and polymeric 
film. Finally morphology of polymeric film and Sol-Gel layer surfaces were investigated by AFM 
apparatus and subsequently Sol-Gel layer have been found to be a favorite base for chemical sensor a 
fabrication. Copyright © 2010 IFSA. 
 
Keyword: Optical, pH, Congo Red, Polymer, Sol-Gel and Sensing Film. 
 
 
 
1. Introduction 
 
Optical pH detectors (optodes) are based on pH- dependent changes of the optical properties of thin 
and proton-permeable layers in which a pH indicator has been chemically or physically immobilized 
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[1]. Several authors have reported the immobilization of colorimetric reagents at various films as an 
effective approach to the construction of detectors for pH [2-6]. Although the properties desired of an 
immobilized indicator phase would vary depending on the intended application, in general the ideal 
immobilization techniques should produce a highly. 
 
Stable assembly of molecules that remain streically accessible to dissolved dye. Covalent attachment 
to a functionalized support [3] and physical entrapment, either in a porous polymer Matrix [4] or 
behind a selectively porous membrane [2]. There are two commonly employed techniques. Entrapment 
is the technically simpler technique, but the response is often relatively long. 
 
A method for covalent binding of enzyme to cellulose carrier, which includes activation of the 
cellulose by urea and formaldehyde, was described previously [3-7]. The purpose of this work was to 
investigate the possibility of developing a modification of the above methods for covalent 
immobilization of new indicators on optically transparent acetyl-cellulose membrane that has been 
previously hydrolyzed and activated using thiourea and poly vinyl alcohol. The characteristics of the 
membrane produced were investigated and the possibilities for its use in the design of optical pH 
detectors were evaluated. According to our knowledge, up to now, only dye molecules with amino 
groups on the ring cycle were used to construct optical pH detectors based on chemical modification of 
Sol-Gel films. In this paper, we used thiourea in linking every type of dye (with or without amino 
groups on the ring) to cellulose acetate film with satisfactory results. The Congo Red detector can be 
used for direct determination of pH in acidic media (pH 2.00-7.00) [8]. 
 
Sol-Gel films have been widely used during the past decade for the optical sending of pH [9-17] and 
even bio molecules. The Sol-Gel process offers a very versatile method for the deposition of films on 
to various kinds of substrates such as Glasses, polymers or ceramics. The silica film is formed via the 
hydrolysis and condensation of silicon alcoxides [19]. 
 
 
2. Experimental 
 
Congo Red 0.020 % solution (Merck) was prepared by dissolving the dye in water. Polyvinyl alcohol 
solution was prepared by dissolving 0.70 g of the reagent (Merck) in 100 ml water. Thiourea solution 
was prepared by dissolving 0.65 g of the reagent (Merck) in 100 ml water. Solution of known pH was 
prepared using either analytical grade sodium borate or sodium citrate (Merck) or H2PO4, and with 
degassed doubly distilled water. 
 
In order to prepare silica Sol-Gel lager we use tetraethyl ortho silica (TEOS) hydrolyses in an acidic 
environment, the reactions are as followed. 
 

> Si – OEt+ H2O  > Si – OH + OEt OH (hydrolysis) 
> Si – OH + Ho-Si <  > Si – o – Si 

< +H2O (condensation) 
 
Soi2 silica lattice is formed while reaction runs toward completion 
 

Si (OEt)4 + 2H2O  SiO2 + 4 EtOH 
 
Alcoxide is net soluble in water, therefore its special solvent is added. Two type of solution are 
prepared in an experiment: 
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1) The solution (A) is acidified by mixing 106.16 g of TEOS with to 26 g of pure ethanol and acidified 
water by adding 2.2 g of HCl (pH= 2.55) and then will be agitated 1 hour be for use. 
2) Solution (B) is prepared by mixing acidified water (1.4 g and pH=1.26) and ethanol (15.10 g) 
 
A little quantity mixture of a solution (B) (7.06 g) with high amount of solution (A) is agitated for an 
hour and a clear solution of silica- gel is provided and Congo-Red 5 % is added to so-called solution 
and agitated for 5 hours. 
 
In order to optical measurements, a UV.Vis spectrophotometer in a water bath with 0/1 controlled 
temperature was used measurements and experiment was carried out by locating prepared sensor on 
film in side the cell of a spectrophotometer for measuring absorption in constant wavelength and 
tungsten light source. 
 
PH of buffer solutions was measured by applying pH meter (Schott, CG & 25) calibrated with standard 
buffer solutions with pH of 4.0; 7.0; 9.0 in 25C. 
 
A 0.1 molar solution of Sodium Nitrate, which prepared by solving 0/1 of its molecular mass. In a 
1000 ml of water and cellulose acetate plates are made from slid polymeric film. 
 
The treacetylcellulose was previously hydrolyzed in order to deesterify the acetyl groups and to 
increase the porosity of the membrane. A 2 g amounts of transparent film (separate pieces of size  
33 X 10 X 0.2 mm) was treated in 0.10 mol /L KoH for 24 h. The film washed with water. The 
cellulose membrane were immediately treated with mixture of 0.65 % (W/V) thiourea and 0.70 % 
(W/V) polyvinyl alcohol solution for 48 h at 25C. The cellulose membrane was separately treated 
with 0.20 % (W/V) solution of Congo Red at 25C with magnetic stirring of the solution for 14h. After 
washing, the film was dried at 45C for 20 min. Then the membrane was washed with distilled water 
until there was no absorption at the wavelength of the dye during rinsing. Then the film was dried at 
45C for 20 min. 
 
In order to preparing Sol-Gel layer, TMOS was hydrolyzed in water or alcohol and then Congo-Red 
indicator was added to at (1/05 %) and was agitated for 5 hour. A little quantity of the solution was 
located over a layer of Quartz glass and produced a thin layer over glass slide by means of Spin 
Coaiting, and a piece with dimensions of (33 × 10 × 0/5 mm) was prepared and heated for one hour to 
became ready for measurement. 
 
The measures with immobilized indicator were stretched vertically inside the cuvette using a special 
frame. The size of its opening was 7x30 mm. The control sample against which the measurement was 
performed consisted of triacetylcellulose film treated in the same way but without indicator. The 
control sample was stretched in the same way inside the cuvette using a frame of the same size. The 
spectral characteristics of Congo Red using (0.20 – 0.05- 0.10) M borate- citrate – phosphate buffer 
and in the pH range 2.00 – 7.50 in steps of 0.50. 
 
 
3. Results and Discussion 
 
In the experiments, it was found that a considerable amount of indicators with amino groups was 
linked to the activated membrane via covalent binding, whereas the indicators without amino groups 
such a phenol red [3] cannot be linked with cellulose membrane. The optical properties of Congo red 
solution and immobilized Congo red hydrolyzed cellulose membrane are as a function of pH. A blue 
shift of the transition interval from the acidic region to the neutral region occurred for the Congo Red, 
and a red shift of the absorption maxima at the hydrolyzed cellulose, in comparison with the free dye 
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in the solution, was observed. The shift of the transition interval for the Congo Red is about  
0.50 absorbance units at 486 nm for the pH interval from 2.00 – 7.50, but the absorbance change is 
linear only for the pH ranges from 3.00 – 6.00. The absorption maxima of the immobilized Congo Red 
are located at 510 nm and that of the free dye at 486 nm. 
 
The above result can be interpreted based on the influence of the immobilization procedure on the 
behavior of the indicator. Kresteva and co-workers [18] show that the condensation between the 
hydroxyl methyl groups of the carrier and the protein is accomplished through the transformation of 
the amino groups in the acidic pH range. In addition, the reactivity of the activated carrier so high that 
it was considered that interaction is possible with low molecular weight compounds that have a free 
ortho position in the molecules. For the reason, indicators having amino groups or free ortho positions 
in their structure can be used. 
 
This makes it possible to achieve covalent binding to the activated matrix. In the experiments, it was 
found that a considerable amount of indicators with amino groups was linked to the activated 
membrane via covalent binding. The fact that the immobilization changes the ratio of the heights and 
positions of the absorption maxima of the indicators shows that the amino groups are auxochrom 
elements of the molecule and the loss of the proton after the covalent binding influences the charge 
distribution during the dissociation of the immobilized dye. (Fig.1). The reason for the transition 
interval shift is possibly the new covalent binding and the influence of the nearby acetyl cellulose 
carrier. 
 
 

 
 

Fig. 1. Possible Scheme of reaction between activated membrane and Congo- Red. 
 
 
Related to Sol-Gel layer, in addition to hydrogen and covalence bindings, locating Congo-Red inside 
silan lattice looks reasonable and amino groups act as Auxochrom elements in molecule, on the other 
hand interaction between electromagnetic waves and atoms, ions and molecules, results in counting 
their numbers. In this way, H+ concentration may be measured by fabricated membrane. 
 
Measurement reiteration made by fabricated Sensors and variation in their absorption in maximal wave 
length in aqueous solution showed their stability to bed less than 5 % for 1 month, that is, output signal 
has been varied 5% with stable state during month of measurement. 
 
This stability, related to Sol-Gel membrane, is in higher level in proportion to polymer membrane in 
order to forming covalence binding between amino groups and also locating in Sol-Gel lattice. 
 
Response time of fabricated sensors for polymer film and Sol-Gel film is <9 s and <6 s respectively 
and stability time of fabricated sensors for polymer film and Sol-Gel films are <12 months and <15 
months respectively. 
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Table 1. pH measurement in aqueous condition. 

 
HCl*solution Achieved pH 

Solution No. 
Gel-sol layer 

 Polymer 
membrane 

Gel-sol layer 
Polymer 

membrane 
1 3 × 10-3 8 × 10-3 2.52 2.09 
2 9 × 10-3 8 × 10-4 2.04 3.09 
3 11 × 10-4 10 × 10-4 2.95 4.00 
4 12 × 10-5 11 × 10-4 3.42 2.95 
5 15 × 10-5 12 × 10-4 3.82 2.92 
6 1 × 10-5 1 × 10-3 5.00 3.00 

 

 *HCl has been diluted using distilled water 
 
 
4. Conclusion 
 
Spectrums for fixed Congo-Red on polymer film and Sol-Gel layer showed that dynamic rang for 
these sensors are higher than pH=2-7.5 and prepared of layer and membrane have some advantages for 
determining H+ in aqueous environments. 
 
a) Sol-Gel layer have more transparency than polymer membrane. 
b) Response time of Sol-Gel layer is more than polymer membrane. 
c) Stability of Sol-Gel layer is more than polymer membrane. 
d) Polymer membrane and fixed Sol-Gel layer by Congo-Red consumption were investigated through  
AFM apparatus (Fig. 2-3) and showed the surface sliding of polymer membrane is more than of Sol-
Gel lag, and it is concluded that Sol-Gel lager are more important than polymer membrane for making 
required sensors in order to measuring H+ and other elements. 
 
 

 
 

Fig. 2. AFM picture of polymer membrane surface fixed with Congo-Red. 
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Fig. 3. AFM picture of Sol-Gel lager surface fixed with Congo-Red. 
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