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Synthesis of some conducting polymers and measurement of their conductivities

I. Synthesis of Polypyrrole


Polypyrrole can be synthesized in laboratory easily by the reaction between pyrrole and an oxidizing agent.  Pyrrole will undergo an oxidative coupling reaction at the 2, 5 positions, yielding a polymer with very intense color.  The resulting polymer will precipitate from the solution and it is not soluble in any organic solvents.

Reagents:

Pyrrole

Iron(III) chloride hexahydrate

Procedure


Dissolve 1 mL pyrrole in 50 mL deionized water.  Swirl the solution until it becomes homogeneous.  Prepare another solution by dissolving 1.1 g FeCl3•6H2O in 50 mL deionized water.  In a 250 mL beaker, mix these two solutions together.  Stir the solution at room temperature for 30 minutes.  The solution will change color gradually and the polymer will precipitate from the solution.  Filter the polymer by suction filtration.  Wash the polymer successively with deionized water, methanol, and diethyl ether.  The product should be dried thoroughly before measuring its conductivity.

Questions:

1. What are the purposes of washing the polymer with methanol and ether?

2. Before measuring the electrical conductivity, is it necessary to dope the polymer?

II. Synthesis of Polyaniline


Like polypyrrole, polyaniline is also synthesized by the oxidative coupling reaction between aniline and an oxidizing agent in an acidic medium.

Reagents:

Aniline

Ammonium persulfate

Hydrochloric acid (2 M)

Sodium hydroxide solution (1 M)

Procedure


Prepare a solution of 1 mL aniline in 30 mL of HCl (2.0 M) solution, and another solution of 0.5 g ammonium persulfate in 20 mL HCl (2.0 M) solution.  In a 100 mL beaker, mix these two solutions together.  Stir the mixture at room temperature for 30 minutes, and the polymer will precipitate from the solution.  Filter the polymer by suction filtration.  Wash the solid successively with deionized water, methanol, and diethyl ether.  Dry the polymer in air for one day in air or in a vacuum oven.


Take a portion of the polyaniline that you prepared and suspend it in small amount of water.  Add a few drops of sodium hydroxide solution slowly to the suspension.  Note any color change.  You may prepare more polyaniline sample and measure the conductivity of the polymer before and after treatment with NaOH.  

Questions

1. Why is it necessary to perfrom the polymerization in hydrochloric acid?

2. What will be the change in electrical conductivity before and after treating the polyaniline with sodium hydroxide solution?

III. Measurement of Electrical Conductivity by Four-Point Probe Method

Resistivity, , is a particularly important semiconductor parameter because it can be related directly to the impurity content of a sample.  The four-point probe is the apparatus typically used to determine bulk resistivity.  The four-point probe contains four thin collinearly placed metal wires probes that are made to contact the sample under test (Fig. 1). Current I is made to flow between the outer probes, and voltage V is measured between the two inner probes, ideally without drawing any current. For a thin semiconductor sample with thickness W much smaller than either a or d, the resistivity is given by: 
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  ( in •cm)

where CF is the correction factor shown in Fig. 2.  At the limit when d >> s, where s is the probe spacing, the correction factor becomes /ln 2 = 4.54.  Typical probe spacings are 1 mm.  
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Fig. 1. Set-up for a four point probe measurement.
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Fig. 2. Correction factor.

Sample Preparation and Measurement


Prepare pressed pellet powder compactions for the polymers.  This can be done by using the same equipment for preparing KBr pellets in infrared spectroscopy experiments.  The pellets should have a thickness in the range of 0.1-1.0 mm for subsequent measurements.  The thickness of the sample can be measured with a micrometer.  Place the sample at the centre of the four-point probe device.  Connect the outer two probes to a constant current source and the inner two probes to a digital voltmeter.  Apply a constant current to the outer two probes and measure the voltage drop across the inner two probes.
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