
Application of new treatment methods for ‘‘reading” of the complex
capacitance: A quantitative description of the aging phenomenon
in polymer glasses

Raoul R. Nigmatullin a,*, Hideyuki Nakanishi b, Qui Tran-Cong-Miyata b, Daisuke Tahara c,
Koji Fukao d

a Theoretical Physics Department, Kazan State University, Kremlevskaya str. 18., 420008 Kazan, Tatarstan, Russian Federation
b Department of Macromolecular Science and Engineering, Graduate School of Science and Technology, Kyoto Institute of Technology,
Matsugasaki, Kyoto 606-8585, Japan
c Research Organization of Science and Engineering, Ritsumeikan University, Noji-Higashi 1-1-1, Kusatsu 525-8577, Japan
d Department of Physics, Ritsumeikan University, Noji-Higashi 1-1-1, Kusatsu 525-8577, Japan

a r t i c l e i n f o

Article history:
Received 9 March 2009
Received in revised form 31 May 2009
Accepted 1 June 2009
Available online 6 June 2009

PACS:
61.25.Em
77.22.Gm
05.40.-a
02.60.Ed
06.20.Dk
07.05.Kf

Keywords:
The Glassy-dynamics
Aging phenomenon
Statistics of the fractional moments
Eigen-coordinates method
The procedure of the optimal linear
smoothing

a b s t r a c t

The glassy dynamics have been investigated using electric capacitance measurements for
thin films of poly(2-chlorostyrene). The observed relaxation behavior of the electric capac-
itance has been analyzed using a new smoothing procedure for the noisy curves and the
eigen-coordinates method for the fitting trends obtained in the results of the smoothing
procedure. Such analysis has given us a fascinating relaxation function related to the glassy
dynamics. New aging curve will give us a chance to understand a proper physical mecha-
nism (related to a possible formation of dynamical self-similar interacting clusters) that
can describe this interesting phenomenon. Physical consequences for the recognized relax-
ation function are discussed.
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1. Introduction and formulation of the problem

A very slow relaxation process toward equilibrium state is often observed below the glass transition temperature Tg in
many glassy materials [1,2]. This slow relaxation process is well-known as aging phenomenon and it is regarded as an impor-
tant common property characteristic of disordered materials such as spin glasses [3–6], supercooled liquids [7], relaxor fer-
roelectrics [8], and polymer glasses [9–11]. The characteristic behavior of aging dynamics below Tg is closely related to the
nature of the glass transition. Therefore, it is expected that the elucidation of aging phenomena can lead to full understand-
ing of the mechanism of the glass transition in disordered materials, which still remains as a controversial topics [12].
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