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Conducting Polymers
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Polyaniline
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Polyaniline

� � � � � � � �	 �� 
 � � 
� � � � � � � � � � ������������������������������� � � � � � � �	 �� 
 � � 
� � � � � �

� �������������������� ���	�� �!�
������������	������ ��������

N

NN

N

n

 H

H

N

NN

N

n

 

H

H

H

H

X X

+ +. .

- -
Low pH

High pH



Aim of study
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Elastomer 1
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Synthesis of Polyaniline 
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Effect of oxidant/monomer ratio on 
conductivity of Polyaniline.HCl

(� Optimum value is surprisingly sub-stoichiometric)
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Polyaniline Base
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Doping (ReDoping (Re --protonatingprotonating ) ) PAniPAni BaseBase
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Conductivity and Solubility Parameters

� Only PAni.DBSA gave a reasonable match…
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Preparation of Blends
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UV-Vis Analysis of PANI.DBSA BLENDS
� Shows the dispersed polyaniline remains in conductive state
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Conductivity of Pani.DBSA Blends

� Percolation threshold apparently <1vol.%
(Some elongated particles present, as well as larger “globules”)

 

+�-�1�%���������������

 

+!-�'%���������������

 

+�-�2�����
����������

�3



GLASS TRANSITION OF PANI-DBSA 
BLENDS

� also indicate that the PAni.DBSA dissolves in the elastomer
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TGA analysis of PANI-DBSA BLENDS
… reveals a compositional trend in the high-T degradation event
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Summary

• Increasing oxidant ratio  � higher concentration radical cations
shorter polymer chain � lower conductivity

• Increased pH  � decrease level of protonation � lower 
conductivity 

• PAni-DBSA has good compatibility with Epi-EO elastomer
• Level of conductivity of the blends can be modified according to

desired application
• Percolation threshold of blends  ~1% w/w
• UV-visible spectrometry shows PAni-DBSA remains in the 

doped form upon blending with Epi-EO copolymer.
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PAni.DBSA

20.8

20.8



1)��(
�
��������
�

� �������	��	�����	�����	��������	�	�������������	��	 �������	���	 !"	���	
#$��%&!�$ ���	�	��'	�������	���(	�)����	���*���	�*�� ����	��	���������+
�����	�����������	���'���	�)�	�'�	���,����

Pure 
material/ 
blend (wt% 
NBR:wt% 
PAni.DBSA)

Peak assignment (cm-1). Indication of peak 
intensity: W, weak; M, medium

=N-H
stretching

S=O
stretching

-C� N
stretching

PAni.DBSA
NBR

Blends
90:10
50:50

3447W
-

3411W
3437W

1030M
-

1081W
1029W

-
2237M

2237W
2236W



���
������	�

� )����
���+���

�4,!*���

�#����.,)� ����	�
�
�"�
��� �
���	��9:*�;:*�<:*�5:�����=:��	7��+����
��#����.,)�� �
�����>
��"��.)����<: � ��	��5:: � �*��
�	����
�	
�;: � �?������

� .)��	�

���
�����+�����"�
������������
��
�


��+�
	
��

�	�

����+	����+�
�	�
�
�	�

�����
��
��
���" ��
�����
	�
����
	�����
��+�
���	�

� �
�
%�	�

��

� ,�
������	��9:�	��<:7�#����.,)� ����
����
�
�	����+	 ���
0	�

�
���
��
�����
������������"���	��+�
�	�
�
�"� 
���



DC Electrical Conductivity

� 100 � m films of pure NBR, pure PAni.DBSA and their 
blends were cast onto glass slides for this purpose

� Electrical conductivity measured by van der Pauw 4-
probe technique, except for films with low conductivity 
(<10-7 S/cm) which were measured by using a 2-probe 
technique

� Apparently two stages of conductivity percolation, with 
thresholds < 1 vol.% and ~16 vol.% of PAni.DBSA
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Mean Glass Transition Temperatures (Tg) for 
Peroxide-Vulcanised NBR and NBR-PAni.DBSA

Blends
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