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The mobility of isolated polychlorinated biphenyl (PCB54) in 1,4-polybutadiene (PB) 

has been investigated by means of broadband dielectric spectroscopy (BDS). The aim 

was to provide new insights about the effect of the environment on the dynamics of 

PCB54 [1]. Our results indicate that PCB54 structural dynamics is neither independent 

of the PB matrix nor slaved to the matrix itself. We interpret these results as a 

consequence of the limited size of cooperatively rearranging regions (CRR) involved in 

PCB54 structural relaxation possessing an effective concentration different from the 

macroscopic one. This implies a non-negligible influence of “self-concentration”, 

already proven for the component segmental dynamics in polymer blends [2, 3], also in 

the relaxation of binary mixtures involving low molecular weight glass formers. 

Starting from these premises, the size of CRR was determined in two ways: i) 

estimating the PCB54 threshold concentration above which the dynamics of PCB54 

deviates from the infinitely diluted regime. In this case the threshold concentration 

marks the involvement of a PCB54 molecule in the cooperative relaxation of another 

PCB54 molecule; ii) incorporating the self-concentration concept in the Adam-Gibbs 

(AG) theory of the glass transition that explicitly relates the size of CRR to the 

configurational entropy [4]. The two approaches provide comparable sizes of CRR. 

These are of about 1 nm. This means that the cooperativity extends over the first shell 

around PCB54 molecules. 
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The Johari-Goldstein (JG) β-relaxation, i.e. truly intermolecular secondary relaxation, is 
supposedly a universal feature in glassy dynamics by showing its presence in common 
as well as exotic glassformers and having strong connections to the structural α-
relaxation [1-2]. However, against the hypothesis of its universality, some widely 
studied flexible small molecular glassformers like low molecular weight phthalates [3] 
and benzophenone [4], which, in addition to a fast secondary γ-relaxation due to dipoles 
coupled to intra-molecular degrees of freedom, give no indication that JG relaxation is 
present despite investigations using a variety of experimental techniques. Interestingly, 
for most of these systems in their neat phase the �-relaxation loss peaks have narrow 
widths with quite high values of stretching parameter βKWW (βKWW = 0.65-0.64 in 
phthalates and 0.7 in BZP), when fitted to the KWW function. Theoretical 
considerations suggest that the JG β-relaxation is present but not resolved in these 
glassformers because it is sandwiched between the more intense α- and a faster but non-
JG secondary γ-relaxation [5]. 

 
We investigate such suggestion on several glass formers and report the data on 

small molecular phthalates viz. dimethylphthalate (DMP), diethylphthalate (DEP), 
dibutylphthalate (DBP), diisobutylphthalate (DiBP), dioctylphthalate (DOP) and 
benzophenone (BZP) by dissolving small quantities of the probes in apolar glassformers 
of much higher glass transition temperature, like oligostyrenes or o-terphenyl (OTP). 
We were able to move the α-relaxation further away from the γ-relaxation, and find the 
JG β-relaxation for the first time [6]. We verified that this newly resolved secondary 
relaxation is the JG process by performing experiment at elevated pressures showing its 
pressure dependence and pressure-temperature superposition [7]. Getting confidence 
and modifying the pressure apparatus to have very high cooling rates, we could resolve 
JG in neat DMP as a clear resolved process for the first time. The JG of BZP is resolved 
in BZP rich mixture of 90% mole-fraction with apolar OTP (since BZP is quickly 
crystallizing). These results evidences that JG relaxation is universal. 
 
References 
 
[1] G. P. Johari, M. Goldstein, J. Chem. Phys. 1970, 53, 2372. 
[2] K. L. Ngai, M. Paluch, J. Chem. Phys. 2004, 120, 857. 
[3] M. Sekula, S. Pawlus, S. Hensel-Bielowka, J. Ziolo, M. Paluch, C. M. Roland, J. Phys. 
Chem. B 2004, 108, 4997. 
 [4] L. C. Pardo,  P. Lunkenheimer, A. Loidl, Phys. Rev. E 2007, 76, 030502(R). 
[5] K. L. Ngai,  J. Phys.: Condens. Matter 2003, 15, S1107. 
[6] S. Capaccioli, M. Shahin Thayyil, K. L. Ngai,. J. Phys. Chem. B, 2008, 112, 16035. 
[7] K. Kessairi, S. Capaccioli, D. Prevosto, M. Lucchesi, S. Sharifi, P. A. Rolla, J. Phys. Chem. 
B, 2008, 112, 4470. 



MM

M�
���
	�����	�����	���HD����	
��
	��
�
�����
	���HD����	�
�����
	��	
�������������
�������

���C�N���O�P	����Q��E�R�	��O�P	���M��B	
��D������C�N���O�P���������
������R	��O��N���B��E
��	��N�P���	�����������	�#��

*������$����"��%������������
������"�9��������$�#����&�
�����6��2��2B�BB3�,���&�����
�������

-������+����
�%���	�
���
���8��%�� ������)�-B/34�4/��95�
����������
�����6 
I�	�&!$�#��$#���

�
(���� �
���������� �
$ ��� ����$��� � ������'�	� =)���� �� � �������
������ �������"�������
��
� ���>�� �
�� ���
��� &���
� ���$	���� ���� �%�
�"�
�� �%��� �
�� �%�
����
�I��� 	�� ��&�
	��������	�����#� �
���
������ �"� �%�� �����$���� ��� ���
�%�$�� "�
��� ��� �� �
������ �
���%���"�
����
���� �����$	�������"����
���&���
����$	����
$ �#����%���	�����%�&���%���
�%�� �<$��$�� ���$	������ �"� ���
�%�$�� )��� ��� �� ��"�������� %� %�
� � �%��� � �%��� �"� � �����
�
������������$���
��
�#*���"�
�$�����������
�%�$�����������
��$�$������%�
����
�I���	��

���������� ���
� �%������� ���	������ ���� ���� $���
 �� 
���
�������I������ ���
� �%�� �����
��$
����"��
������� �� ���
� �� ����$����"� �%���
��$��#�8�� "�$��� �%���)��� �
�������I���
�	�����%�� ������
��������������
��$
��. ����&��������$
�� ����
� �������
���������������
���.A-B�)�=��
���%���/B�)�	���&�����. >#�5�6���<$��������%����
�����&��%��$�%�����
�����
��� �%�&� ����� �%��
� �����$��
� ��	������ ��"�$����� �%��
� ���	�����0�#� ��
"�
��� �
����$
������� �"� �����$��
� ��������� �"� )��� 	�� $��� � 	
���	���� �������
���
�����
�������&���
���	��� �������
����� �������������"������$��
��������� ��� �%�� ������
���� ��<$��� ������#� 8�� %���� "�$��� �%��� )��� 
������� ��� ����� ��� �%
��� �������
��

���'������� =���� �� #� *>�� &%��%� �$  ���� �� %� %� �����������$��
���	������ ��� �%��  ������
�����#�8�� ������"���������"� �%������ �%�� ;�%�
��J����������
������ �%��� ��� �������
��� ���
����
����%��
������"��
������ 
�&�%�	���&�. #-�(�
����
��&��%��������	���%����%���)���
��� �%�
����
�I��� 	�� �� 	� � ���$�� �"� ���	�
��� "
� ������ ��A04�� &%��%� ��� �$  ������ ���
��

������&��%��%������������"�����
��������
�������I�����#/�8��������������
�"��%�&�
����
�%����"����
����������6����� ��%���%����������	�������"����
�%�$��)��#�
�

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

��

��

��

��

��

��

��

�

�

�

 

 
!

! !

"

#$�

%

 $�

%
���������

���
��
��
��
�

���
��
��
��
�

�����
���
��

#�
���&��


�
�
�'�
(

����)*�'+��(

��
,�
��


�-
��
��
�

�
�� #*#�+���'������������"�������'�	#�

�
�����������
C*D��#�J$�����J#�)%�&��������5#�,#�7�������(����$��
��%�
����$������*�=?>��2B?�=-BB2>�
C-D�.#�.�6�����(#�.�������(#�1 $����;#�(��#�9�
$��$
���230��-24�=*000>�
C/D�.#�.���6���;#����)
���#�9�������/4*��?31�=-BB4>�

�f4
�M



MO

�f4
�O

��
	�	
����H���������	����
���
��	
�
�	���
��������
�
��
�D�����
������H�
������
�������
������	�	����
��

��H�
�����O�
D�D��	�
����H��H�
����
��

B�
���S�T��������S��H����E	�������������C��D	�����	���M��D	�
�E������#��
������
�������"��%����������5��
������������
������"����������,�
�����	6���%��

9�
�d��-2�-4��*223?����������J�
������
#��
�$�%�"�
�������$���"�
�5�������������
�+����
�%��J�����	�
 ��
�d��?0��

*223?����������J�
������
����������
�����"
$�	�� !$����������#����

�
����'��������
���%���"������"�����=�����������"�$�
���>�=�:��>�����������������
�&��%�
%�'�"�$�
��
�������� =�=:���.��>>� �%�&� "�

������
��� �
���
����#�(�
����
�� �=:���
.��>� �'%�	���� 
���������� ��
�� � �����
����%������� ��������� 	���$��� �"� ���� ��&� ��������
���$�$�� C*D#� .�&���
�� �%�� "�

������
��� ����
�������� ��� �%�
������ ���� ���	���� &%��%�
��������%�������
��$
��
�� ��"�
�������������#�
�������
��� 
���'������ �����
������� =�+9>� ��� ���	����� &��%� �������� ���%�������
��������� =�(5>� ����
��
� �����$��� �%��
���'�������
��������������
$��$
��� �
���������� ���
�:��� ���� �=:���.��>� &%��%� �
�� �'������� ��� ���$��� �%�� �%�
���� ������ �"� �%��
"�

������
��� ����
�������#� ���%����� ��� �$�� ��� �%�� �""���� �"� $���'���� ��
���%�� #� ��� ���
��&��
���'�������
������������=:���.��>�&�
����$�����������������������������
���%���
"�����C-D#�.%����������� ��������
���$�����������	������
����
�������2�
�����""
�������
����$
�����������
��
�������6��%�����%������������������
��������������%�
�����
����������
�����%�� ����"��
�����������������
������������I��&%��%��
�����$����	����
���%�� #���
��� ��� �%�&�� 	�� :� ����$��%�
�.������� ��������� �%��� ���%������� ���� �������
���

���'������� ���������� &��%� �%��  ����� �
��������� �
�� �������� 
������#� ��� ����
����� �%��

��������	��&�������%������������������
����
���������	�����%�� ������
��������������
��
�����������������
�� �������
������	����
���%�� #�9�
���%�� ��
���"�
����%���<$���	
�$��
��%�
$������ ���� ����"�

������
��� ���%���� �
����������� ����� �������	���� 
	����� ���%����
�
�����������&��%����������$������
�������#�.���������
��������%�������

����	�
����	�����

���'������&%��%�������
�	$����������������"�)�-���������	�����%�����
������������������#�
1���%����%�
�%�������
���%�� ������������ ��"���������%�� �� �%�� �����������$�$���	����
 ����� �
��������#� .������ ��� ����� ���� 
����
� �%�� ������
� ��
$��$
�� ��
�� 
� ��#� 5�
������$�$�� ��"����� ��
������ �	���� �%��  ����� �
��������� ��� �	��
������
���$��
��� ��� �%��
��������
�&%��%���������������&��%���
�� ����%�������������#��
�$
�%�
��
��� �� ��
$��$
��� �
��������� �	���� 
���� �����
��$
�� ��� "�$��� �����������&��%�
"
�<$����������������� �������
��� ���� ���%������� ����� ���6�#� ��� ��� ���� ���$���� 	��
��
���%�� #� ��� �%�� �������
��� �����
�� ��� ��� �$��
�������� 	�� �%�� ��� 
���'������� �%$�� ���
	�����������	�������������
���%���"����#��������
�	�	�����$����	���%���
���"�
��������
�
�� 
���������"�����
������
������������
$��$
�#���
��������� �%���� "����� ���
��$���� ����
��
� ����'������ �%�� �����
��$
��������������"� �%��
���I������
�������������"��=:���.��>�����%��
��$����"��������
�����	��&����	$����$������
�������"������
�������
���������������
������"������������$�$�#��
�
������������
C*D�5#�)#�;����$
�����5#�9�%�
�6�$�
������;#��#�9�%���	����� ��
�������!�����
����������!�
��
"�!�����
�
!#�������:��#�/0��-30/�-300�=-BB*>�
C-D�:#�:#�,��%�
����6�����#�5#�(����%6�����J#�:#�(�
6�����#��#�J��
��������#��#�7���������� ��
�������
$�������!�����
����������:��#�*B4��**B*�***3�=-BB3>�





�������������� ���������  �

!/�!"	�	!/���	 *$	�('�8

!/���	�	!/�)"	 �$	0���-2�%,�

!/�)"	�	!����	 9$	��2�'

!����	�	!��!"	 ��	9(�-2�5'-4

�������	
���
�	
����	9

:���+�&�%����	
����+'�(�

;�<





MJ

���
��
������
	�	
�����	���F
��
���	
���D	���������

H�
�	������	
�����	�����H���
����

B�����
��G��	���B�����
��	G�U!

L���S���	H�	
������	�H�������F���	�
�	�������	�	�	���
��	�
����
������%���<$�����������e
���������$��)�
����)�+�(5.�������
���`���$��9�	����
��

.�$��$�����
������
����������
���������	���!����#"
�

.%�������
������"�"�

������
���C*D��
�����$������C-D�����"����
����������%�
����������������
�
����&��$�����
����I�����������������&��%���&������
���������
���
����#�����������**�=�5�**>�
%���	�����%�����������
�'#�7�
�$�����������=7.>�������
�����������)�.��%����	�����%��������
"����
�#��

�5�**@7�.�1/�B�/����������������&��%������$���"
��������"�7.�
�� �� �"
���B#B-2����B#2�
�����������
�� 
�� �� � "
���4B� ���3BB����&�
�� ���	�
����� C/D#�5��
����������I������
��� ����
��
������
��� �
���
����� &�
�� �	������� "�
� ����������� &��%� -B� ���$���3� �"� 7.� =3BB� ���
�������
>#�.%�����	���������"����������������
��������
������������%�
�������$�������$

����
��������� ����&�� $�� ��� ������ �$�� �%�� ��"�$����� �"� �%�� "����
� ��� �%�� �%������� ��
$��$
�� �"� �%��
������
������
�'#�5������"�������������%���	�������������%����"�$������"� �%�����$���"
�������
=�>��"�3BB����������
������#�.%�������$��
���	������ ��� �%�� ��<$��������� ������� ��"�$������	��
�%�� ���$��� "
������� �"� ����"����
�#� ��� �%�� ���
��$�� ������� �%�� ����$����� �"� ��&� "
�<$�����

���'������%���	�������
�	$��������%�����
������"��%����I���"�)����
������+��

�� �� �+� ����
=)++>#����
�"�������%�����
������"����
�@����
������$��
�����
������������%�����
�%�$���%�����"�
�%��������
������
�'#�

����������� ��
	��� �����$	��� =)�.�>� %���� 	���� ���
��$���� ��� ���
�%�$�� �%�
������� ��6��
�������'��C2D#��������"���$
�����
����""��$�����������
����%��������������
����������������
���6��
���������#�.&��
�$����%����	���������
��������������&����������������'�� ��
�����#���
�
�%������
���&�����
�&��'�
$��
���
�����
��%����	����������I���������$
��)�.�������
��������
����������**#�5� ���������
����� ��� 
�<$�
��� "�
��
���
��� ��� ��
 ������
����������� 
����� ���
�
��
� ��� 
���%� ��
��������� "�
� ��&�
� )�.�� �������#� 5� �����
������ ��$��� �"� �%�� ��������
�����
����� ����$�������� �"� ��������������� %��� 	���� ��
"�
���#� .%�� ��
������� �"� �%�� �)�
����$����������%����
����������%
��%����%���	����$�����������
6�
��"��%���������"������
����#�
.%��$����"���������
���
����������
�'����������"�������
�%�$�������
��$���� ���������
������"�
�%�� ��
��������� �%
��%���#� .%��� "����� � ��� ��%�
���� &��%� ����
��$
�� ����#� .%�� %� %�
� )�.��
��������
�<$�
���"�
����$
�� ��%������$���������%��� %��	���$������%���
��������"��
����������#�

����������
C*D�;��#�)��������#�����
����;#�����$
�����)#�����	������;�$
�����"�����)
����������9�������
/4/��22/3�222-��-BB3�
C-D� 9�7�

�$�� �����������5#�� ��� �����)#���$
�����)#�����	������(��
������$����� /?�� *2��
4*13�4*02��-BB/�
C/D ;���)��������%��.%������.�$��$��@��=-BB1>�
C2D�9�7�

�$���%��.%������.�$��$��@��=-BB->

/.f&



O'

/.f)

���	����	���
D�������	����H��H��
�����������	���
D���	
�������
���
O��P�������������H��������
	
D�����

H�
�����N	
����
S���
�������V����
��N�������QD	��#��C����������G�O#�

*�����
������"��$�
���+���#�����
�������"��%��������1�712�-//2/��BB0/*�9���;$����
�95��

-�����
������"�(�����%$�������5�%�
����*-B�J���
��
���
#��5�%�
����(5�B*BB/���95�
����������
�����"������!$�

�#��$��

�
7
���	�����������
��������
�������=7�9>�����7
����$����� %��������
�� �=7�9>����%����
&�
�� �������� ��� ������� ������ �"� �%�� �������� 	�%����
� �"� �
�� ���� %��
����� ������
+1(��	�����=
�� ������� ������%�����������
�I�����>�������
����&�
6#�8���	��
����
�&�� 
���'������ �
�������� =�� #� *>� &��%� %� %� ���$��� �"� ��&� "
�<$����� �������
���
��
���������� �������� "�
� ����
�	$����� "
��� �����
���� ����
�I�����#� 8�� ���� ���� �%��
������� �
������ ��� �� ������� ��������#� .%�� �����
��$
�� ������������� �"� �������
���
��
�� �%������"�
���'������������"��%����
�������%�&����%���
��������"�����
��
@����
��
�
=�
�������I�����@������ >�"�
����
��
��%�����
���������������
�'��������.�A23#4��)�"�
��%��
�
�� ������#� .%�� ����
�	$����� �"� �%�� ������� �
������ ��� ������ ����
�I������ &��� ����
����������� "
�I��� 	���&� .��� 	$�� �%�&��� �� ����	���� �������6�� ���&�� � ��&�� �"� �%��
�
�����#�����%��%��
������������&�����������	��
����%���%�����
��������#�.%�����������
�"��%���
��������������� �����	��7�9�����7�9�&�
���
��������������"����	��%��
������
�"� �%�� ������#� .%�� �
������� �"� &���
� ����� �� ��
 �� ����
�	$����� ��� �%�� �������
���
��
�����������"��%��������#������$�������	�����
�	$������������$��
�=������>��
���
������"�
&���
��	$���%���	��
�������
������"���&�"
�<$������������
�����
�����������"��%��%��
�����
������� &��� ���
�	$���� ��� ����
"������ ����
�I������ ��� �%�� ������
@&���
� ����
"���#� 5��
�����
��$
���.423��)��%��
���'������
������"��%����������
�������"��%��%��
������������
&�
���	�$����&�������%� %�����%����"��
�����������$��������
��������� ���������	���������
�%��%��
�����������#�7�9��'��
��������%�&����%����%��������������"��%��%��
������������
�%�� ��� �$	����������� &��%� 
������� ��� �%�� ����������� �"� �%�� �
�� ������� ��� �%�� �����
�����
��$
����%�����$�$���"�����
��������"��%���
���������&���2�4������� 
����
��%���
�%��� �"� �%�� %��
����� ������#� � )����������
�� ��""�
������� ������� � ����
����
��
�'��
��������
��������������������"�
�����������%���%�����
�������������
�������������
�����	����������%��%��
����������#��
�

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

���
���

����

����

���

���

���


�������������

��

��
��

�

��
��

�
�����������

�� ��������

�
�

�� #�*#��������
��������
���"��
��=*��*f>�����%��
�����=-��-f>�������+1(��	��������&�
6��
���.�A�/-1#*4,5�*������-�������*f�����-f������� !�



O&

���
��
�����H��
�����H�����	W�������
��
��
�
����
�
�����
���	

������
	
�������W�������	�����

�����	�D�D��P���������
������G�����P��	#
*,$
��6���������$����"�J���
����������
 �����)%�����
��+59�**000*�������6���
#�/*�

(����&��+$�����
-������$����"�+������� ����
�� ����������
������+59�*2**-B�:�����6���<#�*���
��I����

(����&�����
�����+$�����
����������
�����6����!����#
$#

8�� %���� �������
��� �'��
�������� ���� �%��
������� �������� �"� �%��� �
�	���#� .%��
���%������ �"� ��������
�� ��������� �"�&���
������$���� ��� %��
������ �%����� �"� ����� ���
�������
�������%��	������"����"�����
�����
*@g����"�����
�����
����%��
���������%����"�
�
��""�
����=�>�"
��������"����$�����&���
���'��
���������������
���=����%��
�� ��3�*-B�J.I>�
�����	��
������=$�����1BB����*>�����#�.%�������
���"�������'��������
�����
��������������
�	��
������ ��� "�
� �+�� �$	���������
� ���� ���
�&���� 
� ����� �
�� ����
�	��� $��� � �%��
�%��
������� �����#� .%�� �����"�������� �"� ���������
� �
��� ��� ����	���%��#� .%�� %� %�
"
�<$�����	�$���
���"���	���
���'������I�����������
�����#�.%����""�
������"������&��%�
��������� ���� h�� �����i� %��
������ =9�������� �� ���
���%>� �
� ����� h&��%�$�� %��
�����i�
=7�
���� ���� ��$��
G�� ���
���%>� ��� ����
������ ��� �%�� ������ �"� ��������
�� �
����������
�
�������#
.%������$
��������"�%� %�"
�<$������������
�����
���������������������&�
����

�����$��
����%��"
�<$�����
�� ��3�*-B��
�3�-4�J.I����������
��$
���-1/�/*/��
�-11�/B1�,�"�
�
2?� 	���
�� &���
������
������ �������#� .%��� ����$��� �%�� �<$��$�� ���$������ �"� "�$�
������
�%��
���������
�������$�"������"�
������������������
�����������"���6������������������$��
�����������%�����$�������"����
��6��������$��=.55>��������
������������$�������#�.%��
��&�"
�<$����������"�������$���������"� �%�������$������&�������$
���"�
�����
���������
�"� �%�� ������ ������#� .%�� �������
������ ���� �����
��$
�� ������������ �"� ������� &�
��
�����I��#�.%�� 
�������� 	��&���� �%�� ������� ���� ������ �������&��� ����
������ ��� ��
��$��
�������
����������������
��$
���$�����*4B�J.I#�)�����'��������
�����
�����������"��%��
������� ��������$�������������
�	���	���%����	����
�)����)�����<$������#�.%$�����������

���'������ �
������ &��%� �%������� �
�	�	��� 
���'������ ����� ��6��� ������ ��� �%��� �����
���
�������
��� &����&#� ��� ��� ���������� &��%� 	$�6� &���
� ���� %��
������ �%����� �"� ����#� .%��
������� �������
��� ��
����������� ����������� ���%����� ���� �������
��� 
���'������ ����� �
��
����$������"�
��%���	�����������������$�����#��
8���
������������������������
��������"�
��<$��$�������
�������&��%��%��%��
��%���������
%��
��%�	���%��
�������"�������������������#�.%�� �����
��$
���""���� ���������'������#�
7����� ��� �%��� ��$���� ��&� �
���
��� �"� �%�� ��""�
����� 	��&���� �%�� %��
��%����� ����
%��
��%�	���%��
�������"�������
���$  �����#
J���
��� 
��������� 	��&���� �������
��� ��
�����
�� ���� ��
$��$
��� �""����� ��� �<$��$�� �����
���$������ �
�� �������
��#� .%�� ���
����� ��� �%�� �
��
� �"� �����������
�� ��
$��$
���
�
 ���I������ "�
� &���
� ��� �%�� 	$�6� ���� %��
������ �%����� �"� �����  ����� 
���� ��� �%��
�����$��
�6������� ���	���I������ �"� &���
� ���� ��� �%�� ��
$��$
����6�� � �""���#� 9�
$��$
��
	
��6�� � �""���� 
����I��� ��� �%�� ��������� ����#� .%��� �'������� �%�� ��""�
����� 	��&����
�������
���
���'�������%�
����
�������"�
���&������
������"������
���������$�����#�

� .%��� &�
6� ��� �$���
���� 	�� �%��  
����� �"� �
�����$�� +59� ���� +�7+��� B1�B/�
BBB04

/.fL



O)

/.fM

FXBUIA�C�GJF��AF�F�G�A���FJ�VAU��US�
YFXUGA�Z�CF�I�

�������A�D	�������������
���#������������#�����C	�
��# 	���[���S�
��	���
* ����#��"�5���#��%�������.%��.�	
�&������
������"�;�
$�������J�����+����;�
$������

0*0B2����
���#�
-�)����������#��"�5���#�)%�����
���.%��.�	
�&������
������"�;�
$�������J�����+����

;�
$������0*0B2����
���#
����������
�������$�	!���#%$H�#��#���

�
��� �%�� ���
�%� "�
� �����
�	��� �
$ � ������
�� �������� h�'����i�  ���� �""�
� ������� �
�����	�������#��1�������$�������
$��$
�����$�%����
���
���%�'� ����������%�����*�-�=.��>�
�%�������	���$��������
$ �
�������$���
������"���	���� ���������������#��8���
��������
�������
��� ��$��� �"� ��
��
��  ����
��� ����������� =J(1>@�
����
����� =.5J>@�
�%���%�������%������=�)>� @&���
�%�'� ��������������%���"�
����� �h�����i�������� �
&���
�/#�.%��
��$������
�����������"� #�*��
������������
� $�� ���
����������"��%��%�����
.5J� �����$���� ����
�������� 	��&���� �%�� J(1� ������/#� � 5���� � ��� ����� %�����
�
���
������$�����$�%�����%���
$ �)�������
���5�=)95>�2�4�����
$�����%����
����������"�
.5J#�.%����&�
����� ��
���%���
�����
���"� �%����

�������� "$���������"� �%����
������

���������
������������
��$
����%&'%(��)�����&%��%��%��	
��6��&���"�����
"������&���
�
���� h
������i� �%�� �
$ �/#� �5������������ �%�� ��$��� 
������� "$
�%�
� ������'������$��
�
	�%����
���������
�$����%������
"������"� �%���������������
$��$
����"� �%�� ��#� �1����
� �����%���
������������
��$
�����
������������%��	�%����
��"��%��)����)������
�����
�*�
�"��%�����
�������#��.%�����������������&�
����
$ �������
���
���'���
��#�
�

���� ���� ��� ��� ��� ���

����

���

���

���

���� ���� ��� ��� ��� ���
���

���

���

���

���

���

���

���

��
�


��

!��.��'$-(

/��������

/��������

�	

!��.��'$-(

/��������

�
�� #�*���.���=j>������%��
���������������"��%���������
�����
�����������kG���"�.�2��������%����
&��%� ���� &��%�$�� �%�� �
$ � )95� ���
�����#� � /� �����
��$
�� ������� �
�� �%�&�� &��%�$�� )95�
=�-0/�,����/B*�,��������/*0�,>�����&��%�)95�=�����������-0/�,�����%��������/B*�,�����
������������/*0�,>#�.%
��������
��$
�������������
���������
��������������	�����
�������������
�
��������*��-�����/�������%#���

�����������
C*D� 5��
�:$����#��5��
���5#������J�
����#��;#��%��#�)%��#�7�**-��*B*3*�=-BB1>#�
C-D� 5��
�:$����#��8��%�����#��7���9%��%����#����������#��5��
���5#������J�
����#����� �$�
�

-/��/?/3�=-BB3>#�
C/D� 7�����%����#����	���
��#��5��
���5#��J�
����#��������������:$#��;#���%��#�)%��#�7�**/��

*-?/0�=-BB0>#�
C2D� ��	���
��#��5��
���5#��8��%�����#��9%�%���J#������J�
����#��;#�)�����������
"#�9��#�/B1��

4*2�=-BB3>#�
C4D� ��	���
��#��7�����%����#��5��
���5#��9%�%���J#������J�
����#�����#�;#��%�
�#�/?3��**4�

=-BB0>#�



OL

A�
�����������������
�F����
�����
D���
�������	�����
������	���C
	���S�������I��
����

G���
��D�O��N�� I��I�D�	�����F��C����	�����B��C�
������#�����I
TD�� ����S���P#

*.����
��������?2-10���
��������J�
�����
-������$����$����� ������/1B2/�J
���	�����
����

����������
������%����#	���%�&��I!�%���6#�$���
������#��

7�� ���	���� � 	
���	���� �������
��� �����
������� =7�9>�� ��""�
������� ������� �
����
����
�� =�9)>�� ���� <$����������� ��$�
��� ������
�� � =6��9>� &�� ������� ���� �%��
����������������
�����"���&������$��
�&�� %��	���
�� �����"�
��� ���<$����=(��%���..��
���1�� ��9��
�����
�1�� �=(��%���(��%��
�����>��������������1�� ��((5>#�����$
����$��
�%�������%�$ %� �%�����������
�� "$���������	��� ��� �%��&%���� �����
��$
�� 
�� ��� ��������
��'�$
��� �&�� ����� �
�������������������	������
��������� $��%��� ����9)�����$
�������
�$�� ��� �%�� %� %�. � ����
���� �"� �%�� ����������#� 7�������� �"�7�9� �%�� ��

�������� �

���'������ �
�������� �
�� ������"���� ���� ��� �$
��� �$�� �%��� �%�� ����
�	$����� �"� 
���'������
������ �"� �%�� ������ �����$���� ��� �%�� ��'�$
�� ��� �'�
����� 	
���� ���� ����
�
�� ���
�'���������� �%�������������$���(�..�� ��6�����
�� ���	��%� ����� �
���������#�(�
����
��
�%�� 
���'������ ���������� &��%� �%�� ��&�
�  ����� �
��������� �%�&�� �
���
����� �������� �"�
��������� ������"�������� ��6�����5

%���$������� �����
��$
�������������������	
����
����
�	$������"�
���'�����������#������
���$��
��&%����%����������
�������%��$���
� �����
�
�����������%�����
�'��
���"�
���"
�����h���&i����������$���h%�
�i����"��������"�
��%��

������� ���	���������������$���#�.%��� ��� 
�"������� �����"
� ���������
�� ��
������
� ���
�%�� 
���'������ ������ �"� �%�� ������ �����$����� &%��%� 	������� ����	��� &%��� 
��$���� �"�
6��9� ���� 7�9� �
�� ���	����#�(�
����
�� �� ��������� ��$��� �"� �%�� �������
��� ��
�� �%�
���������� �%���	���&��%��$���
�. � �%���$�	�
��"���	���������������$����������$�$����
���
������ ��� �%�� �������  ����� �
��������� ��� ���
���%���� &%��%� ���� 	�� �$�� ��� ���
���
����� ��$�	�
��"������������$�����%����
������	���I�������������%��"
�I������
�'#�

�� #� *�� .&��  ����� �
���������� ��� �	��
���� ��� ����'�$
�� �"�(�
..�� ���� �
�����
���� 	�� �9)� ���� 	
���	���� �������
���
�����
������� ���� �%�� 
� ���� &%�
�� ���
������ ���"��������
�""������
���	��
���#�

/.fO





�������������� !
��"�� 


!"�)"	�	!=���	 �$	0�>%

!=���	�	!=�!"	 �$	?$	��%&5�

!=�!"	�	!=���	 �$	#+6�-2(�+

!=���	�	!=�)"	 �$	��&��	�'(�%,�8'-

�������	
���
�
����	�

��%'-	0'@�'��	
�		

�2�+&�	�+�%�
�+�	
;�<





O$

�
f���&

Characterisation of Nonlinear Ion Transport 
in Solid and Liquid Electrolytes 

Bernhard Roling, Halgard Staesche, Jan Kirchberg 

Department of Chemistry, University of Marburg, 
Hans-Meerwein-Strasse, 35032 Marburg, Germany 

Email address: roling@staff.uni-marburg.de 
 
Modern electrochemical cells for energy storage and conversion, such as lithium batteries, 
supercapacitors, and dye solar cells, require solid or liquid electrolyte materials with high 
ionic conductivity and broad electrochemical window. Liquid electrolyte materials with 
promising properties are, for instance, mixtures of ionic liquids and molecular solvents. Solid 
electrolytes are often used in the form of thin films, e.g. thin glass films for micro-lithium 
batteries. In thin films, a voltage drop in the range of some Volts generates high electric 
fields, which in turn lead to a nonlinear (i.e. field-dependent) ionic conductivity of the films. 
 
Here, we study the nonlinear ion conductivity of solid and liquid electrolytes by means of 
nonlinear impedance spectroscopy. Ac electric fields with large amplitudes > 50 kV/cm are 
applied, and higher harmonics in the current response of the samples are analysed [1-3]. 
Thereby, we are able to obtain spectra of the higher-order conductivity 3 ( )� �  over broad 

frequency ranges, see blue squares in Fig. 1. At low frequencies, where long-range ion 
transport is probed, 3( )� � is found to be positive. At higher frequencies, where local 

(subdiffusive) ion hopping is probed, 3( )� � exhibits negative values. We show that there are 

significant differences between different electrolytes regarding the nonlinearity of the 
dispersive conductivity, and we discuss the origin of these differences. 
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Fig. 1: 1( )� � spectrum (red) and 3( )� � spectrum (blue) of a Na+ ion conducting glass 
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Nanofluidics by Broadband Dielectric Spectroscopy  

   

A. Serghei, and T. P. Russell 

Polymer Science and Engineering, University of Massachusetts Amherst,  

Amherst MA 01003, USA 

   

Ordered arrays of parallel cylindrical nanopores (with a narrow pore size distribution and 

diameters down to ~ 10 nm) are used as experimental platforms in the field of polymer nano-

fluidics (Fig. 1), in particular, to investigate the capillary flow of polymers in 2D geometrical nano-

confinement. Several aspects of the polymer dynamics – manifested on time scales covering more 

than 10 orders of magnitude – are investigated during the flow process: (i) molecular fluctuations 

corresponding to the segmental dynamics (dynamic glass transition); (ii) chain dynamics, as 

revealed in fluctuations of the end-to-end distance; (iii) velocity of the capillary flow in dependence 

on the diameter of the nanopores. The results are compared to the polymer dynamics in the bulk. 

    

 

 

 

 

 

 

 

 

 

 

 

 

A. Serghei, D. Chen, D.H. Lee, T.P. Russell, Soft Matter 6, 1111 (2010). 
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(a) (b) 
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Fig. 1: (a,b,c) SEM images of 
ordered nano-porous media (top 
view in (a), cross-section view in (b)
and edge-view in (c); (d) 
measurement cell for experiments in 
the field of nanofluidics. Thin 
electrodes of gold are deposited onto
both sides of the porous membrane 
and connected to the BDS 
spectrometer. 

(d) 
thin gold electrodes 

polymer  

nanometric cylindrical channels 
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Analyte Detection in Solutions Using Coupled 
Antennae Impedance Spectroscopy (AIS)  
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     1 Physical Logic Ltd. 31 Halekhi St., Bney-Brak 51200, Israel 

     2 Physical Logic AG. 
 

*Email address: noel@physical-logic.com  
 

High throughput technologies and online monitoring require new label-free methods for 
real-time sensing of chemicals in the liquid phase.1,2 

 

Antennae impedance spectroscopy (AIS) is a technique that interrogates a medium by 
radiating it with an electromagnetic (EM) field and measures the impedance of the 
antennae.3 In a Coupled Antennae Impedance Spectroscopy (CAIS) setup  two opposing 
antennae are based on both sides of a cuvette that contains the probed medium. The 
antennae response is broadband and allows both reflection and transmittance parameters 
(S11 and S12) to be measured.  
 
AIS is ideally suited for industrial applications where non-contact, continuous and real-
time monitoring of chemical processes and online determination of liquid composition 
is required.   
 
 We apply the CAIS method in the study of biomolecules: proteins (BSA) and 
saccharides (glucose , fructose, galactose, maltose, lactose and sucrose) soluble in 
water,  electrolyte solution and electrolyte solutions containing human serum. 
 
The antennae signal is measured by VNA in the frequency range from 1 MHz up to 6 
GHz at room temperature. The analysis is performed by identifying frequency bands at 
which temporal changes of the averaged S-parameters are best correlated to the changes 
of the analyte concentration in cuvette. For each analyte, there is a unique set of 
frequency bands that can be used both for the identification and quantification of the 
analyte concentration in solution.  
 
By using the CAIS technique, we were able to determine all examined biomolecule 
solutions, both quantitatively and qualitatively e.g.: we have demonstrated the ability to 
differentiate between monosaccharide’s  stereoisomers in solutions  of  water and  PBS 
with millimolar resolution. 
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Kohlrausch relaxations by interacting and non-interacting 
dipoles in PVDF copolymer 
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Thin films of PVDF copolymer are prepared by a Langmuir-Blodgett technique as 
metal-ferroelectric-metal structures. Small signal measurements in the frequency 
domain from the mHz range up to the MHz range show a power law for the dielectric 
permittivity ε’(ω) ~ ω-β(T). In the time domain we find a depolarization current  
j(t) ~ t-α(T). From these measurements alone it cannot be distinguished clearly whether 
the dipoles in these systems relax independently of each other or if these dipoles are 
interacting. 
To discriminate between interacting and non-interacting dipole systems a field reversal 
exeperiment is carried out. With a long positive small signal voltage pulse of 1000 s 
both the fast and the slow dipoles in the ferroelectric system are oriented in positive 
direction. Now, the voltage pulse is reversed for a short time of 20 s to align the fast 
dipoles in negative direction. Afterwards, a short circuit is applied to the structure and 
the total depolarization current is measured. This current crosses zero at a time tmeas 
since the fast and the slow dipoles relax in opposite direction.  
On the other hand with the numerical superposition of three time-shifted depolarization 
currents it is for linear time-invariant systems possible to model the total current after a 
pulse sequence as described above. This superposition yields also a zero crossing tsup 
which is identical to tmeas only if the system is linear and time-invariant, i.e. if the 
dipoles do not interact1,2. 
A measured time difference Δt = tmeas - tsup in dependence of the temperature for PVDF 
copolymer is shown in Fig. 1. For low temperatures in the ferroelectric state we find 
Δt ≠ 0 indicating an interacting dipole system. For higher temperatures in the 
paraelectric state the interaction is lost and we find Δt ≈ 0. Thus, it can be concluded 
that the small signal relaxational response resulting in the permittivity ε(ω) is coupled to 
the large signal ferroelectric behavior resulting in the hysteresis curve. 

  
 
 
 

 
 
 
 
 
 
 
 

 
Fig.1. Time difference Δt = tmeas - tsup for different temperatures. 
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There are a number of chemical compounds that readily convert to other isomers when 

melted or dissolved in a solvent. This phenomenon is known as tautomerization process. The 
tautomerization phenomenon becomes important problem in pharmacy because various 
isomers may characterize with different pharmacological activity. In this presentation we will 
show that the broadband dielectric spectroscopy can be successfully used for monitoring of 
the mutarotation process of some pharmaceutically important molecules. Basing on these 
measurements one can construct the kinetic curves and determine the activation energy of this 
process [1].   
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With the increasing availability of miniaturization of circuitry and low powered micro controllers 
in vivo, real time dielectric spectroscopy for physiological monitoring with highly portable 
devices has increasingly become of great interest [1-3]. Such sensor concepts have recently been 
presented [1-2], integrating different dielectric and optical sensors on one substrate, allowing a 
wide frequency band electromagnetic characterization of human skin and underlying tissue [1-2]. 
This Multisensor measures the magnitude and phase at different frequency points between 1 kHz 
and 2 GHz, combined with 3 different optical wavelengths, temperature and acceleration. A total 
of 19 different sensors signals can be recorded, transmitted and displayed in real time.  
Skin as a complex multilayered heterogeneous dielectric with its own dynamic and structure 
brings a new challenge in dielectric spectroscopy as a new hierarchy of complexity [4]. This is 
shown to be the case for challenging applications like non invasive glucose monitoring (NIGM),  
where different effects with different underlying physical mechanisms can significantly affect the 
electromagnetic properties of the respective tissue under test. 
Chronobiology has seen increasing attention with respect to skin dynamics is. A field where 
researchers are looking at body rhythmicities with different magnitudes and cycle periods [5-6]. 
Dermal chronobiological cycles have been indentified that modulate e.g. water migration, blood 
perfusion characteristics, lipid secretion, skin temperature, sweat secretion or skin thickness to 
just name a few [5-6]. These parameters expose a wide spectrum of periods that can overlay in 
sequence or even in combinations with the effective parameters of interest.  
The impact of these cycles on the dielectric and optical properties with the underlying 
mechanisms on human tissue is shown and current strategies to control and combine in suitable 
ways are presented. 
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Electro-thermal poling of silver ion conducting glasses 
with antibacterial properties 
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Phosphate and borate based silver ion conducting glasses provide a useful means of releasing 
silver ions incorporated into the glass network in a controlled manner. The antibacterial effect 
of the silver ions is the reason for their varied applicability in healthcare products[1]. We 
investigate electrochemical processes in silver doped phosphate and borate based glasses 
during electro-thermal poling. In the electro-thermal poling technique, a dc voltage is applied 
to the material for a time interval at a specific temperature[2]. The applied voltage causes 
movements of the silver ions and leads to the formation of a silver depleted layer under the 
anode and a silver enriched layer under the cathode. When the glass is cooled down the 
surface charges are stored in the material. By means of impedance spectroscopy, the effect of 
electro-thermal poling on the differential capacitance and conductivity of the silver ion 
conducting glasses is investigated. In order to differentiate between the capacitance of the 
anode and cathode, blocking and non-blocking electrodes are used. Non-blocking electrodes 
are subject to dissolution or growth processes whereas blocking electrodes are inert. The 
injection of silver ions from the non-blocking anode into the glass causes changes of the 
morphology of the interfacial boundary between the solid electrode and the glass[3]. The 
complete injection of silver ions leads to the formation of air gaps between the electrode and 
the glass. We discuss the usage of different electrode materials with respect to the impedance 
spectra during electro-thermal poling.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 1: Antibacterial effect of silver ion conducting glasses 
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Colloidal Dispersions of Nanoparticles in Ionic Liquid  
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Room temperature ionic liquids (RTIL) are organic salts with outstanding properties, 
such as a wide electrochemical window, good chemical and thermal stability, and very 
low volatility. Due to their high safety performance, ILs are a promising class of 
electrolytes for future power sources and electrochemical devices. The gelation of ILs 
by the addition of nanoparticles result in interesting properties. These new solid 
electrolytes exhibit forming ability, transparency and flexibility, and can be used  
as electrolytes for high performance dye-sensitized solar cells (DSSCs)1. 
The ionic transport and viscoelastic properties of these nanocomposite ion gels depend 
on their microstructure. The formation of the gels is controlled by the physical-chemical 
properties of the solid-liquid interface.2,3  
In this work we investigate the influence of the surface chemistry on the formation 
process and the ionic transport properties of ion gels. The study of the behaviour of such 
complex dispersed systems requires use of several complementary characterisation 
methods. An important aspect of the gelation effect is agglomeration of nanoparticles. A 
visual approach to studying the arrangement of particles and size of clusters is a statistic 
analysis of TEM micrographs. A comparison between the experimental observation and 
theoretical predictions of computer simulations4 contains a reference to the interacting 
forces among the colloidal particles. To gain more information about the particle charge 
in ionic liquids, we added an imidazolium based IL to different silica suspensions and 
studied the surfactant property of the IL by measuring the zeta-potential. The 
translational self-diffusion coefficient of IL cations and anions in the gel were obtained 
by means of PFG NMR. A comparison of diffusion data and ac conductivity 
measurements, which can be related via the Nernst-Einstein equation, provide estimates 
of ionic association.  
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Behavior Dielectric Properties of Ceramic System 
(SiO2-Fe2O3-MoO3) Added to V2O5 with Temperature 

Variation 
C.C.Silva 1*, T. S. M. Fernandes 1; M. A. S. Silva1; M.M. Costa2 and A.S.B. Sombra1  

 

1 Telecommunications and Materials Science and Engineering Laboratory (LOCEM), 
Department of Physics, UFC, Campus do Pici, Fortaleza – CE, Brazil 
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2 Physics Department - Federal University of Mato Grosso – UFMT 

 
The sensitivity characteristics of metal–oxide ceramics1,2 have been extensively 
investigated in recent years. The metal tin dioxide (SnO2) is well-known material for 
various applications including preparation of semiconductor devices such as gas 
sensors3,4 humidity sensors4,5 and varistor6-10. SnO2–Co3O4–Nb2O5–Cr2O3 ceramic 
material exhibits not only varistor properties discussed in the literature but also 
humidity-sensitive properties. The objective of this work was to investigate the 
structural and dielectric characteristics of stoichiometric quantities of ceramic system 
SiO2-Fe2O3-MoO3 added of V2O5 through reaction of the solid state. The ceramic 
system was prepared by solid state method (SS) in a planetary high energy ball milling 
(BM) (Fritsch Pulverisette 7). Stoichiometric quantities of SiO2 (Aldrich, 99.8%), Fe2O3 
(Vetec, 97%), MoO3 (Vetec, 99%) V2O5 (Aldrich, 99.9%) were wet milled with alcohol 
during 3h with a rotational speed of 370 rpm and then sinterized at 1300ºC during 1h in 
a conventional furnace with a rate of 5 °C/min, where a heating ramp at 450ºC during 
1h was used to remove any gas present in the samples. The samples A (SiO2-Fe2O3-
MoO3), BV (SiO2-Fe2O3-MoO3 + 0.3% weigh V2O5) CV (SiO2-Fe2O3-MoO3 + 0.5% 
weigh V2O5) and DV (SiO2-Fe2O3-MoO3 + 0.7% weigh V2O5) were studied by X-ray 
diffraction (XRD) and dielectric measurements with temperature variation. The 
presence of nanocrystals was confirmed by X-ray diffraction. Dielectric measurements 
and loss in the 10-1 - 106 Hz frequency range, with temperature variation (30, 40, 50), 
have been performed to compare whether there were improvements in the ceramic 
system with the V2O5 addition and which presented the best result. 
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Dielectric Spectroscopy of the C02Y, Y-type hexaferrite 
Ba2Co2Fe12O22 added with Bi2O3  
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In a recent article1 M. M. Costa at all  repor about the same material added with PbO (0, 3, 5 

and 10 wt.%). In the present work, the preparation of a  layered magnetic ceramic oxide 

Ba2Co2Fe12O22 (Co2Y) added with Bi2O3 is described by the solid state reaction method in the 

frequency range 10Hz to 1MHz were measured at several temperaturas in the range 0f 313 to 

493K. X-ray diffraction (XRD) technique was used to study the structural properties. The 

complex-plane impedance spectra indicate that the material can be represented by a two-layer 

leaky capacitor which corresponds to the bulk and the grain boundary phenomena at high and 

low frequecies respectively.  The dependence of impedance and condutictivy on temperature 

and frequency are discussed using the complex impedance spectroscopy (CIS) technique.. The 

study of the dielectric property  of  ferrite materials, as a function of temperature,  are important 

for  microwave absorption  applications.  The protection  of sensitive circuits from the 

interference of external microwave radiation, is an important technological application of these 

materials. 

 

 
Fig. 1 The ac conductivity at different temperatures for Ba2Co2Fe12O22 5% Bi2O3 

 
[1] M. M. Costa, G. F. M. Pires Júnior, A.S.B. Sombra. Dielectric and Impedance Properties 

Studies of the of lead doped (PbO)- Co2Y  Type Hexaferrite (Ba2Co2Fe12O22 (Co2Y)). 
accepted for publication in Materials Chemistry and Physics 2010 
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Dielectric studies on antimony tellurite glasses doped 
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Abstract 

Sb2O3-TeO2-B2O3 glasses mixed with different concentrations of TiO2 (from 0 to 2.0 

mol %) were prepared. These glasses were characterized by XRD and scanning SEM. 

The dielectric constant (Yn), dielectric loss (tan o) and a.c. conductivity pac over a wide 

range of frequency and temperature have been investigated. The XRD studies and 

SEM pictures have clearly indicated that the samples prepared were amorphous. The 

variation of dielectric loss with temperature exhibited dielectric relaxation effects. 

The observed relaxation have been analyzed by a pseudo Cole–Cole plot method and 

the spreading of relaxation times has been established. With the help of the optical 

absorption and ESR spectra, it has been identified that titanium ions co-exist in Ti3+ 

state in addition to Ti4+ state in these glass matrices. Tellurium ions and Ti3+ are 

assumed to be responsible for the relaxation character of dielectric loss. The dielectric 

parameters (Yn & Ynn, and σac) are found to increase with the rise in the concentration of 

TiO2 up to 2.0 mol %, indicating an enhancement in the concentration of Ti3+ that take 

part as modifying ions. These studies have indicated that as the concentration of TiO2 

is increased up to 2.0 mol%, the insulating strength of the glasses decreases. The low-

temperature part of the a.c. conductivity which is observed to be nearly temperature 

independent has been explained on the basis of QMT model. 
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Dielectric Influence of the Glutaraldehyde in the 
Galactomannan Films 
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Natural polymers have wide availability in nature, wide variety of structures, low cost, 
stabilizing agents, biodegradable, atoxicity and easy chemical modification. Polymeric 
materials, generally, have low electrical conductivity and are known as dielectric or 
insulation1, 2. The term dielectric is used when the material is applied to capacitors and, 
insulating when the material has the function of electrically isolating components of an 
electrical circuit. The efficient use requires knowledge of their properties. Natural 
polymers are replacing synthetic polymers due to the increasing interest in the 
production of novel materials and prepared from polysaccharides represent a new 
category of environmentally safe materials3. Galactomannans, natural polymers, are 
polysaccharides that occur in the endosperm of the seeds of leguminous plants as cell 
wall storage components and energy reserves.Galactomannan was obtained from seeds 
of Adenanthera Pavonina L. family Leguminosae (Fabaceae) and subfamily 
Mimosoideae. To improve the properties of galactomannan is require chemical 
treatment with crosslinking agents glutaraldehyde treated with three different 
concentrations 0.01, 0.05 and 0.1 %, GG1, GG2 and GG3, respectively. The influence 
of the glutaraldehyde in the galactomannan films was characterized using Infrared 
Spectroscopy (IR), the properties, such as, dielectric loss, loss tangent; real and 
imaginary modulus was showed using Dielectric Relaxation and thermally characterized 
using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA), 
under nitrogen atmosphere. 
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Figure 1 – Imaginary versus Real modulos of samples GG1, GG2 and GG3 
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In the present work, samples of pure chitosan and membrane Chitosana_Collagen be 
analyzed for investigate dielectric and electrical modulus properties in the frequency 
range 1Hz to 1MHz were measured at several temperaturas in the range of 313 to 513K 
using complex impedance spectroscopy technique to investigate the relaxation 
processes involved. Dielectric results suggest dielectric relaxation in the material. 
Electric modulus representation (M*) is proved to be the most suitable for the analysis 
of the dielectric data. Fig.1 exhibits the variation of "M  with frequency for 
Chitosan_Collagen at different temperatures. Two well-defined relaxation mechanism is 
observed in the temperature range of 313 – 513K. The relaxation peaks shift towards 
higher frequencies with increasing on temperature. The presence of such relaxation 
peaks in the "M  plots indicates that the samples are ionic conductors. The activation 
energy calculated from electric modulus spectra is 2.67 and 2.76 eV. 
 

 
 
Fig.1 Modulus variation with frequency for Chitosan_Collagen at various temperatures 

(K) 
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Analysis of dielectric spectra of human subjects during 
glucose excursions 

F. Dewarrat1, M. Talary1, Y. Feldman2, A. Caduff1* 
1 Solianis Monitoring AG, Leutchenbachstrasse 46, 8050 Zürich, Switzerland 

2Applied Physics Dept., The Hebrew University of Jerusalem, 91904, Israel  
 

*Email address: andreas.caduff@solianis.com  
 

It has been shown1,2 that blood glucose concentration changes can be tracked in human 
subjects by evaluating impedance measurements of the skin and the underlying tissue. 
To date, the most efficient models we have for estimating the glucose level have been 
derived via multiple regression analysis of the complex dielectric spectra as well as of 
the other quantities measured with the multisensor glucose monitoring system (MGMS). 
Although the information obtained by this multivariate approach is able to reflect 
clinically interesting physiological conditions3, for an improved physical understanding 
of the underlying phenomena it is also necessary to apply other fitting methods. 
The choice of the appropriate function to fit dielectric spectra depends on several 
parameters, such as the frequency range, the number of measured frequency points 
available and the expected complexity of the model system. In our case the standalone 
MGMS measures the impedance magnitude and phase at 16 frequency points between 
0.1 and 100 MHz, so it is not advisable to use functions with too many free parameters 
where a robust and prospectively applicable fitting procedure is required. 
As an initial approach, we have concentrated on the MHz frequency region and used the 
same Cole-Cole function as implemented by Gabriel4, with the restriction of one 
dispersion. Since the MGMS is measuring the impedances with three separate 
electrodes of different characteristic sizes (and so penetration depths in the skin), the fit 
is calculated for the three measurement sets. The time series of these fitted quantities are 
compared with the change in the reference blood glucose. 
Whilst the quantities obtained with the measurement of the electrode with the shortest 
penetration depth shows no or weak correlation to the reference glucose, the quantities 
obtained with the measurement of the electrode with the longest penetration depth 
shows stronger correlation. Among these, the exponent responsible for the stretching of 
the dispersion and the amplitude of the dispersion show the largest correlation to the 
reference glucose values. Note that the importance of the dispersion width as a 
parameter to monitor living tissues has been emphasised recently by other workers such 
as Ivorra5. Other quantities such as the center of the dispersion are shown to be sensitive 
to the changes that occur over the day (daily trend). 
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Impact of surface interactions on the glassy dynamics 
of thin layers of PMMA  

M. Tress1*, M. Erber2, E.U. Mapesa1, K.-J. Eichhorn2, A. Serghei3, B. Voit2 and F. 
Kremer1 

1Institute for Experimental Physics I, University of Leipzig, Linnéstr. 5, 04103 Leipzig, 
Germany 

2Leibniz Institute for Polymer Research Dresden, Hohe Str. 6, 01069 Dresden, Germany 
3Department of Polymer Science and Engineering, University of Massachusetts 

Amherst, 120 Governor’s Drive, Amherst, MA 01003-9263, USA 
*Email address: martintress@gmx.de  

 
The glassy dynamics of thin (r 6 nm) layers of PMMA is studied by means of 
Broadband Dielectric Spectroscopy (BDS) in 2 different sample arrangements: on the 
one hand in a conventional approach using evaporated aluminum electrodes and on the 
other hand prepared with highly conductive silicon electrodes which are covered with 
nanostructures as spacers. The latter preparation method is demonstrated to be more 
robust against artefacts occurring especially in thin layers and thus used in the further 
experiments. The supporting surface is systematically changed from strongly 
hydrophilic to strongly hydrophobic. The measured glassy dynamics of the investigated 
layers is neither affected by the decreasing layer thickness nor by the particular type of 
the substrate. These results are confirmed by ellipsometric measurements carried out at 
the identical material prepared under the same conditions.  
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Glassy dynamics in nanometer thin layers of 
polystyrene  
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Broadband Dielectric Spectroscopy (BDS) and Ellipsometry are combined to study the 
glassy dynamics of nanometric layers (≥ 5nm) of polystyrene. For the former, two types 
of sample arrangement are applied, that is, the conventional method1,2,3 where 
evaporated metal electrodes are used and a novel arrangement4 in which insulating silica 
nanostructures serve as spacers between highly conducting doped-silicon counter 
electrodes. Within the limits of the experimental accuracy (+/- 2K) both approaches, 
BDS and Ellipsometry, deliver the coinciding result that – compared to the bulk - the 
dynamic glass transition is not shifted. Furthermore the dielectric measurements as 
carried out in both sample geometries prove, that the relaxation time distribution 
function is not broadened. 
 

  

                             
Fig.1(a). Thickness dependence of dielectric loss against temperature for polystyrene 
(MW = 319 kg/mol) measured  in the novel geometry at 1.0 kHz. The same data is 
shown normalised in (b).  
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Orientationally disordered (OD) phases, known also as plastic phases, can be considered 
as one of the most important experimental model systems for the glass transition 
studies.1 OD phases, in which the centers of mass of the molecules form a translational 
long-range ordered lattice while the orientational degrees of freedom are thermally 
activated, often can be driven into an orientational glass (OG). Despite the fact that in 
OD phases the dynamics on approaching the glass temperature Tg is governed solely by 
orientational degrees of freedom, in many aspects it resembles the “canonical pattern” 
of supercooled liquids and polymers.2  
In supercooled OD phases the main α-
relaxation process can be accompanied by a 
secondary β-relaxation as in structural 
glasses.3-5 One of the most representative 
compounds showing such processes is CN-
cyclohexane (CN-Ch). The aim of this work is 
to analyze the behavior of the α- and β-
relaxation processes of the dipolar CN-Ch 
compound (μ=3.79 D) in the mixed crystals 
formed with the non-polar cyclohexane (Ch). 
Both compounds are known to crystallize in 
the same OD lattice, thus giving rise to mixed crystals (Ch)1-X(CN-Ch)X for the whole 
composition range as probed by calorimetric and X-ray diffraction measurements. 
Despite dilution of CN-Ch molecules on Ch lattice are expected to strongly modify the 
dynamics of the relaxation map, it will be shown that starting from a critical 
composition, the α-relaxation time appears almost constant as a function of the mole 
fraction. On the contrary, the homogeneous/heterogeneous scenario seems to be 
strongly modified as a function of composition. 
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Dielectric dispersion and conductivity analysis in 

piezoelectric composite materials 
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A series of 1-3 connectivity PZT fibres/epoxy resin composites with different volume 

fraction is studied by means of dielectric spectroscopy in the wide frequency range 0.1 

Hz-100 kHz and temperature varying from the ambient to 210 °C. Ac conductivity data 

are analysed using the “universal power law” and its scaling is studied by the Jonscher’s 

universal power law. At low frequencies ac conductivity tends to be constant, while in 

the high frequency region verifies the exponential law of conductivity. In the 

intermediate frequencies, the examined systems exhibit strong dispersion with 

frequency and the produced fitting curves deviate from the experimental data by not 

being able to describe the recorded relaxation and pointing out that in the vicinity of the 

relaxation peaks the power law is not applicable. Finally, dipolar relaxation mechanisms 

and interfacial or Maxwell-Wagner-Sillars relaxation were revealed in the frequency 

range and temperature interval of the measurements. These relaxation mechanisms were 

analysed using the electric modulus formalism. 
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Dielectric study on 
polyaniline/polymethylmetacrylathe composite films 

near the percolation threshold  
Z. Ben Othmen1, A. Fattoum2, M. Arous 1*  

1 Laboratoire des Matériaux Composites Céramiques et Polymères, Faculté des Sciences 
de Sfax, 3000 Sfax Tunisia  
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Gabès Tunisia  

*Email address: Mourad.Arous@fss.rnu.tn  
 

Free standing and plasticized composite films of polyaniline/polymethylmetacrylathe 
(Pani/PMMA) were made by using co-dissolution and casting method. The polyaniline 
weight percentage is taken near the percolation threshold (<5%). The glass transition 
temperature (Tg) of the PMMA matrix is influenced by the presence of polyaniline. 
Dielectric measurements as a function of temperature and frequency revealed the 
presence of relaxation processes attributed to α and β relaxations of PMMA matrix. The 
ac conductivity in the high frequency side is well described by a frequency power law; 
the variation of the exponent s with temperature is compatible with a polaronic charge 
transport in the composite due to conducting polyaniline inclusion. The UV-Vis 
absorption spectra revealed the presence of absorption bands characteristic of 
polyaniline. 
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Dielectric analysis of natural nanocellulosic fibers filled 
polymer nanocomposites. Influence of surface 

treatments  
M. Bouchhima1, M. Arous 1*, S. Boufi2, A. Kallel1 

1 Laboratoire des Matériaux Composites Céramiques et Polymères, Faculté des Sciences 
de Sfax, 3000 Sfax Tunisia  

2 Laboratoire Sciences des Matériaux et Environment, Faculté des Sciences de Sfax, 
3000 Sfax, Tunisia   

*Email address: Mourad.Arous@fss.rnu.tn  
 

Dielectric analysis was performed on nanocellulosic fibers reinforced poly(acrylate-co-
styrene of butyle) copolymer nanocomposites. Nanocellulosic fibers were incorporated 
into the matrix, with different volumic fraction, as such or after surface modification 
involving the silane coupling agents, namely γ-methacryloxypropyltrimethoxy (MPS). 
Dielectric parameters (permittivity, loss factor, tand and ionic conductivity) of pure 
copolymer and nanocomposites were obtained in a frequency range of 0.1 Hz–1MHz 
and temperature range of -100°C to 200°C. The dielectric properties of the composites 
showed a strong dependence on nanofiber content, testing frequency and temperature. 
In addition to the a relaxation associated to the glass transition of the pure copolymer 
and ionic relaxation caused by the mobility of dielectric charges, the presence of 
nanocellulosic fibers in the composite gives rise to other relaxation associated to MWS 
interfacial polarization. The MWS relaxation arises from the trapping of electric charges 
at the interfaces between the nanofibers and the copolymer. Percolation phenomenon 
was observed in the dielectric analysis, similar to the percolation in electrical 
conductivity studies. 
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Influence of orientation of molecules on photodielectric properties 
nematic of the liquid crystal with impurity fullerene and dyes. 

V.E.Vovk*, A.V Koval’chuk. 
Institute of Physics, National Academy of Science of Ukraine, 46, prospect Nauky, 03028 

Kyiv, Ukraine 
*Email address: vovk@iop.kiev.ua 

 
  In work1 it has been shown, that for reception of the ordered photosensitive 
structures it is possible to use liquid crystals (LC). Thus measurements of photosensivity of 
such structures were carried out only at one orientation of molecules. Investigation of 
influence of orientation of molecules on photosensivity of structures on basis LC is the 
matter of big interest. It was a subject of researches of the given work. 

With the help of processing by ultrasound and applications of solvents 
photosensitivity in a seen range of lengths of waves of a mixture nematic liquid crystal 
(�25�), molecules �60 (1 wt. %) and molecules LiTCNQ (3 and 4 wt. %) have been 
received. For better solubility �60 with chemically modified molecules of diamine (4-8 
molecules of diamine to one molecule �60) were applied.  

The research of such mixes were carried out by osciloscopic method2 in the 
frequency range of 10-1-106 Hz and temperatures 293-350  in darkness and at illumination 
by the focused light of halogen lamps. Measurements were carried out with planar and 
homeotropic orientations of molecules. The effect of influence of light was determined 
from the analysis of the attitude relation of values of a component complex dielectric 
constant measured at illumination (ε′�) up to those measured in darkness (ε′d). It is shown, 
that the most distinct clearest maxima are observed on frequency dependence  ε′�/ε′d. In the 
case of homeotropic orientations there are two such maxima - for frequencies of about 1 
and 104  Hz. For planar orientation of molecules one maximum  ε′�/ε′d is observed only at 
frequency of 103 Hz. Prominent feature of frequency dependence  ε″�/ε″d is the sharp 
increase of photosensivity at the lowest frequencies only at planar orientation of molecules. 

On the basis of the received data and the analysis of dielectric spectra mechanisms 
of observable effects are offered.  
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