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Table 1 Effective medium theories and particle

shape requirements

Effective medium theory Particle shape

Maxwell-garnett (MG) Spheres
Polder and van Santen (PvS) Ellipsoidal
Bruggeman(BM) Ellipsoidal

Landau, Lifshitz and Looyenga(LLL) Arbitrary
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Fig. 2 Experimental dielectric spectra calculated from THz-TDS phase delay (a, b) and corresponding intrinsic dielectric spectra

processed with LLL model (¢, d) of PE(left) and PTFE (right), sample labels indicate different sample masses and thick-
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Fig. 4 Averaged dielectric constant (10~40 cm™') of PE (a) and PTFE (b). Error bar stands for

the standard deviation between same sample measurements
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Dielectric Analysis of Polymeric Materials and Mixtures Using Terahertz
Time Domain Spectroscopy

ZHANG Tian-yao" **, ZHANG Zhao-hui""** , Arnold Mark A.°*

1. Department of Instrumentation Science, University of Science & Technology Beijing, Beijing 100083, China
2. Beijing Engineering Research Center of Industrial Spectrum Imaging, Beijing 100083, China

3. Department of Chemistry, University of lowa, lowa City 52246, USA

Abstract Due to the transparency to the terahertz waves, many polymeric materials have been demonstrated various important
applications as optical components as well as dilution matrix for terahertz research. Certain dielectric responses are usually pre-
ferred considering different application circumstances. The adjustment of dielectric property could be achieved by proper selection
of polymer as well as design of polymer blend by physically mixing. Methodology is well described in this study for the terahertz
dielectric analysis of polymeric materials and their mixtures in a quantitative manner, as exemplified by experiments with poly-
ethylene (PE) and polytetrafluoroethylene (PTFE) for their widespread applications in terahertz research. Following the regular
procedure of measuring the THz dielectric property of single component pellets with the phase delay information provided by the
coherent detection of terahertz time domain spectroscopy, the intrinsic dielectric constants of PE and PTFE were determined as
2.31540.003 (£0.13%) and 2.109=+0.003 (£0.14%) by removing the influence of trapped air utilizing effective medium
theory (EMT). These measured values were then used to simulate the THz dielectric constants of mixture pellets consisting of
PE and PTFE at several mass ratios combing with EMT. The comparison between simulated values and experimental values of

mixture samples presents a well linear correlation with R? =0. 964 3 while the overall relative difference is 1. 08 %.
Keywords Polymeric materials; Terahertz spectroscopy; Dielectric constant; Effective medium theory
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