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Optical Properties of Dye doped polymers and their

applications as sensors

Introduction

The polymers have come a long way and are now extensively used in various photonic devices
such as optical switches, modulators, LEDs, sensors etc. Various kind of sensors have been
fabricated like gas sensors, biosensors, chemical sensors and pH sensors.

pH sensors are very useful for monitoring boiler, water or turbid, fouling environments. They
can also be used to monitor deterioration in civil infrastructure materials as this involves the
chemical reactions, which cause degradation of the physical properties of the materials.

Polymers are doped with dyes or indicators to sense the changes in pH because of their

pH sensitive properties. When a light wave interferes with a particle or molecule, it either gets
scattered or absorbed. When the energy of the photon corresponds to the difference between the
energy levels in that molecule, absorption occurs. The molecule which absorbs the light is called
chromophore. Most of the dyes are pH sensitive chromophores.

We report here a planar dye-doped pH sensor. We have fabricated dye-doped planar waveguides
and have studied the effect of different pH solutions on the output intensity and absorption
spectra of the waveguides. Two dyes, Methyl Red (MR) and Bromocresol Purple (BCP) were
used for doping. Methyl Red dye was doped in polystyrene (PS) (chlorobenzene solvent)
solution and BCP dye was doped in styrene acrylonitrile (SAN) (dioxane solvent) solution.
These dye doped waveguides can be used as pH sensors in various applications such as boilers,

monitoring deterioration in civil infrastructures etc.

Polymers are doped with dyes or indicators to sense the changes in pH because of their pH
sensitive properties. When a light wave interferes with a particle or molecule, it either gets
scattered or absorbed. When the energy of the photon corresponds to the difference



Dyes are used as pH sensors in various applications. We here report study of effect of pH
solutions on Methyl Red doped polystyrene and BCP doped SAN waveguides. The effect of pH
solutions was observed on the absorption spectra and output intensity of the waveguides. It was
observed that for pH solutions to which the dye is sensitive output intensity decreased and it was
clearly seen in absorption spectra too. MR doped polystyrene waveguides showed sensitivity for
pH range 5-6 and BCP doped SAN waveguides showed sensitivity for p range 5-9. These dye-

doped polymer waveguides can be used as pH sensors.



Experimental Details

The planar waveguides were fabricated using MR doped polystyrene and BCP doped SAN
using dip coating technique. PS was dissolved in chlorobenzene (10% wt./vol) and concentration
of MR was kept to 0.3 % in the solution. SAN was dissolved in dioxane (10% wt/vol) and BCP
concentration was kept to be 0.03 % in the solution.
The waveguides were fabricated using dip coating
technique.

The characterization of the waveguides was done
using prism coupling technique . The light source
used was He-Ne laser (0.6328 um). He—Ne laser
(0.6328 um) light was coupled into these guides by
input coupling prism (SF-16). The output coupling
prism was kept at a distance of 1 cm from input

coupling prism. The output intensity is measured
Photo-1 : Prism coupling preparation using the photodetector. The pH solution was
applied on the surface with the help of a soft brush and then the output intensity was again

measured.

Photo-2 : Set up on bread board Photo-3: XYZ and XYZ0 Micropositioners



Outcomes and results

The effect of pH solutions on the absorption spectra and output intensity was observed on MR
doped polystyrene and BCP doped SAN waveguides. It was observed that MR doped waveguide
showed sensitivity to pH solutions in the range of 5 - 6. BCP doped SAN waveguides show
sensitivity in the pH range of 5 - 9. These dye doped waveguides can be used as pH sensors in
various applications such as measuring pH, monitor deterioration of civil infrastructure materials,
in boilers etc. Other dyes which are sensitive for pH ranges, other than that of Methyl Red and

Bromocresol Purple, can be used collectively to cover a wide range of pH for detection.

Plot between output intensity% and pH value for MR doped polystyrene waveguides.
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Plot between output intensity% and pH value for BCP doped SAN waveguides.
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Absorption Spectra for Methyl Red doped Polystyrene waveguides
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Absorption Spectra for BCP doped SAN waveguides
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