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Polyaniline

● Polyaniline (Pani) is a conductor polymer that can be obtained the reaction 

polymerization the monomers aniline.  

Pani

Aniline



  3

Polyaniline

● We can obtained different kinds of Polyaniline using reduction and oxidation. 

 

Emeraldine Salt

Oxidation
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● We can obtained different kinds of Polyaniline using reduction and oxidation.  

Polyaniline

pH 7 pH 9  pH 11pH 13



  5

Cyclodextrin

● Cyclodextrins are molecules that has truncated cone shape.

● Inside has a hydrophobic part and outside is hydrophilic.

● Cyclodextrins (CDs) are cyclic molecules which consist of six to eight 
glucose units: α-, ꞵ-, and γ-cyclodextrins with six, seven, and eight glucose 
units, respectively.
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Cyclodextrin

● Their cylindrical structures with cavities of about 0.7 nm deep and 0.5-0.8 
nm inside diameter yield various unique properties.

● Because it is an amphiphilic molecule, cyclodextrins can make inclusion 
compound with other molecules.

Trans all conformation
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Inclusion compound

● The inclusion compound formation between CDs and a polymer chain is 
entropically unfavorable and encouraged at low temperature by noncovalent 
interaction such as hydrophobic one.

Trans all conformation
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Objectives

● This articles have how the objectives study if have the formation inclusion 
compound between polyaniline and  ꞵ-cyclodextrin and observe the effects 
when do oxidation in this polymer.
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Synthesis

● One solution with ꞵ-cyclodextrin (ꞵCD) diluted in N-methly-2-pyrrolidone.

● Other solution make a polymerization the Pani in emeraldine base (without 
free charges).

● This solutions is mixture, 1:24, and cooled.

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Synthesis

● Observed the blue precipitation, that can show have formation the 
compound inclusion.

● This not happen without N-methly-2-pyrrolidone.

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Frequency-domain electric birefringence (FEB)

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Frequency-domain electric birefringence (FEB)

Optical and/or charge anisotropy

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Results

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Results

From the rotational relaxation 
frequency (fr = 3/(4πτr)), at 
which K2ω’’ has a maximum

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Scanning Tunneling microscopy (STM)

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Results
● Some complexes were caught by roughness on the surface due to 

exfoliation of graphite layers as shown in Figure 4a.

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Results

Yoshida, K. et al. Langmuir. 15, 910-913, 1999.
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Results

Shimomura, T. et al. Polymers For Advanced Technologies. 11, 837-839, 2000.
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Results

● The solution of Pani-ꞵCD at 255 K for a day, 
then added the diluted iodine solution and 
heated them to 273 K. As a result, the Pani 
solution changed color from blue to violet in a 
couple of days while the mixture solution still 
remained blue.

● Pani in the inclusion complex is almost 
completely covered by ꞵCD molecules and 
insulated from the chemical oxidation by 
iodine.

● The author make this solution in 300K added 
the diluted iodine solution and after cooled 
them to 273K. The solution change the color.

Shimomura, T. et al. Polymers For Advanced Technologies. 11, 837-839, 2000.
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Technique used

● Measured the optical absorption spectra of the sample solution with a 
spectrophotometer (Hitachi U-110).

Shimomura, T. et al. Polymers For Advanced Technologies. 11, 837-839, 2000.
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Results

● It is seen a gradual blue shift of the spectra 
the mixture solution for 4 or 5 hr after the 
temperature increase and then shows the 
spectral shift. This indicates that the inclusion 
complex is maintained for a while even at 288 
K.

Shimomura, T. et al. Polymers For Advanced Technologies. 11, 837-839, 2000.
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Synthesis

● In this article the author make two different production the compound 
inclusion: Polymerization in situ and mixture Pani (emeraldine base) in 
solution with ꞵCD.

● In polymerization he used N-phenyl-1,4-phenylenediamine (PPD) and dilute 
this in ethanol solution and added ꞵCD.

● Using acetone to remove unencapsulated PPD and produced the powder. 

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.

Reduction
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Synthesis

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Synthesis

● For the mixture, the author added Pani (EB –> blue) in a solvent 
dimethylsulfoxide (DMSO) and after was slowly added to ꞵCD aqueous 
solution.

● After dispersed gave a blue suspension.

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.

Is more polar than water
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UV-vis spectroscopy

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Nuclear Magnetic Resonance Spectroscopy 
(H-NMR)

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.

Benzene ring 
in Pani

Glucose ring 
in ꞵCD This measured is 

after washing the 
inclusion compound 
with acetone and 
dried.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Results

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.

C=C strecthing 
aromatic ring

C-N strecthing Pani
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Conclusions

● Polyaniline and ꞵ-cyclodextrin inclusion compound can be make in 
polymerization polymer with cyclodextrin or mixture the two, but in this case 
is necessary using a solvent.

● The ꞵCD protect the encapsulated Pani the oxidation for ionide solution.

● The characteristic for Pani is not altered when is encapsulated.

● The Pani change the shape.

Yuan, G. et al. Polymers For Advanced Technologies. 14, 428-432, 2003.
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Thank you
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