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Abstract: To exploring the effect of polarity on dielectric properties of polymers, the absorption and dispersion charac-
teristics of 5 polymers ( high density polyethylene (HDPE), polyethylene terephthalate (PET), polyurethane ( PU),
polyvinylpyrrolidone (PVP) , polyvinylidene fluoride (PVDF) ) in terahertz band were studied with terahertz time-do-
main spectroscopy ( THz-TDS). Theoretical analysis was conducted by fitting the experimental results to Debye formula.
It was demonstrated from the study that dipolar polarization occurred and was enhanced with the increase of the polymer
polarity , which is responsible for the increment of absorption coefficient («) , imaginary part of dielectric constant (g” )
and relaxation strength (Ag). It was known that the relaxation of dipole following behind the periodical variety of THz
electric field was due to the medium damping effect. As a result, abnormal dispersion behavior happened. It was found
that both the refractive index (n) and the real part of dielectric constant (¢’ was decreased with the increase of frequen-
cy. The relaxation time (7) obtained from Debye fitting was also found to increase significantly with the dipole size and
the rigidity of molecular.
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Fig.1 Refractive index as a function of frequency; the
sold lines are Debye fitting results
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Fig.2 Absorption coefficient as a function of frequency;
the sold lines are Debye fitting results
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Table 1 Thickness of samples and fitting parameters with
Debye models

Polymer Thickness/mm Eop & A, 7/ps
HDPE 2.56 2.286 2.326 0.04 0.043
PVDF 0.76 1.812 2.525 0.713 0.053
PU 0.43 2.197 2.589 0.392 0.039
PVP 0.47 2.039 3.063 1.024 0.070
PET 0.18 2.846 3.107 0.261 0.417
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Fig.3 Real part of the dielectric coefficient as a func-
tion of frequency; the sold lines are Debye fitting re-
sults
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Fig.4 Imaginary part of the dielectric coefficient as a function
of frequency; the sold lines are Debye fitting results
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