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Extended Abstract  
A Cell’s physiology is reflected by distinct features in its dielectric spectrum. This can be exploited in dielectric-
based sensing devices for differentiating healthy and abnormal cells, or identifying and separating cancerous 
cells based on distinguishable membrane and nucleus morphological characteristics [1, 2]. Dielectrophoresis 
(DEP) based microfluidic devices are one promising candidate for biosensing as they are label-free and can 
characterize a large number of cells while in-flow. Our measurements, using a wideband DEP cytometer, 
indicate that the size of the nucleus and the nuclear-endoplasmic reticulum complex play an important role in 
the cell’s dielectric spectrum at the higher frequency beta-dispersion region.  
 
Figure 1 shows the spectrum of the Clausius-Mossotti factor (CMF) for a healthy Chinese hamster ovary (CHO) 
cell. Fig. 1b shows the sensitivity of the CMF to change in different cell dielectric parameters for a CHO cell 
using a two-shell model [3]. The large majority of DEP-based devices characterize cells in the lower beta-
dispersion region, where the dielectric spectrum is sensitive to cell size, membrane morphology and cytoplasm 
conductivity. In the high-frequency region the nucleus/cell radius ratio plays a significant effect and 
measurement in this region can provide valuable information for cell discrimination. We have developed a 
wideband DEP microfluidic device operating over the entire beta dispersion range [4]. Unlike devices that 
measure only the upper or lower DEP cross-over frequency, our device measures magnitude and sign of the 
CMF over the entire spectrum. This enables accurate determination of the cell’s individual compartmental 
parameters. Wideband measurement of CHO cells is shown in Fig. 1c (red stars correspond to measurements at 
lower frequencies and blue circles at higher frequencies). Optical measurements of CHO cells show a 
nucleus/cell radius ratio of 0.55, and if employed in the two-shell model, (red curve in Fig. 1c), it does not 
match to measurements at higher frequencies. This indicates that a larger effective nucleus or inclusion of the 
endoplasmic reticulum is necessary to accurately model the cell (as provided by the blue solid curve in Fig. 1c). 
This result has implications for cell discrimination using devices employing dielectric based sensing approaches.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.a CHO image and two-shell dielectric model;  b Sensitivity of the CMF spectrum to different intra-
cellular dielectric parameters for smedium = 0.17 S/m;  c Measured CMF spectrum (stars and circles) and modeled 
cell spectrum using optical nucleus size (red dashed curve) and effective nucleus/ER complex (blue solid curve). 
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