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Extended abstract 
Accurate knowledge of broadband dielectric properties of biosystems is required in new electromagnetics methods for therapy 
and diagnostics in medicine and biotechnology. However, current commercial broadband dielectric methods require rather large 
volumes [1] of samples (> few mL) which restricts analysis of expensive purified biomolecules such as many proteins.  
In order to enable analysis of expensive biomolecules, we have designed and fabricated grounded coplanar waveguide-based 
chip for microvolume (250 µL) dielectric spectroscopy of liquids in 1-50 GHz band and implemented a method for the 
permittivity extraction based purely on the extraction from measured scattering parameters. To our knowledge, the proposed 
method represents an advantage to the current known sensors because the dielectric function of sample is obtained purely by 
using precision calibration techniques of vector network analyzer and computational optimization without any a priori 
assumption about the dielectric model of measured sample or calibration liquid. 

 
Figure 1. A The photo and Computer Simulation Technology model of our chip; B complex permittivity (100 mg/mL alanine) 
extracted from measurements with our chip (250 µL sample) vs. reference measurement with bulk volume commercial method 
(5 mL sample); C Real and imaginary parts of complex permittivity of alanine solutions extracted from molecular dynamics. 
 

In the pioneering experiments we aimed to demonstrate the proof-of-principle on a solution of alanine – one of the most 
abundant amino acid which constitutes proteins. The polar nature of amino acids determines their behavior in aqueous solutions 
and due to fact that at least one relaxation process is anticipated in microwave band, it allows us to study their dynamics and 
structure by using broadband dielectric spectroscopy. Data extracted from experiment are in a good agreement in comparison 
with widely used coaxial probe reflection method (Figure 1C) and shows the shift of relaxation times and also the trend of 
rising static permittivity at low frequencies with rising concentration of amino acids. To aid the interpretation of the 
experimental data we used molecular dynamics of alanine molecules in the water box to computationally obtain complex 
permittivity using procedure similar to one in [2], [3]. We prepared 1000 random boxes with 11/22/33 (50/100/150 mg/ml) 
alanine molecules. For simulation we utilize GROMACS software with CHARMM27 force field and TIP3P water model. 
Molecular dynamics reproduces the behavior observed in experiments (Figure 1C): shift of relaxation times and also the trend 
of rising static permittivity at low frequencies with rising concentration of amino acids.  
The method we demonstrated here can be applied for development of dielectric sensing method of any free small molecule 
solutions and can aid rational and effective approaches in bioelectromagnetics and dielectric spectroscopy research. 
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