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Section 1: Method of numerical simulation
We conducted the numerical simulation using the software of Comsol Multiphysics 

6.0. We firstly established the simulation model, and the flat-end cylindrical electrodes 
were equivalent to two circle surfaces on the both sides of the fluid domain. The 
microalgae were equivalent to 3D spindle. We selected the module of Electric Currents 
to investigate the impedance change of microalgae when they travel through the 
detection zone. The left flat-end cylindrical electrode was employed an excited voltage 
as the terminal with the amplitude 

                              (S1)𝑉= 𝑉0

The right flat-end electrode was grounded with the amplitude of 
                              (S2)𝑉= 0

The surfaces of the microalgae were employed the contact impedance  

                (S3)
𝑛 ∙ 𝐽1 =

1
𝑑𝑠
(𝜎+ 𝑗𝜔𝜀0𝜀𝑟)(𝑉1 ‒ 𝑉2)

                (S4)
𝑛 ∙ 𝐽2 =

1
𝑑𝑠
(𝜎+ 𝑗𝜔𝜀0𝜀𝑟)(𝑉2 ‒ 𝑉1)

The fluid in the detection zone was required to comply with current conservation:

                              (S5)∇ ∙ 𝐽= 𝑄𝑗,𝑉

                           (S6)𝐽= 𝜎𝐸+ 𝑗𝜔𝐷+ 𝐽𝑒

                              (S7)𝐸= ‒ ∇𝑉
The initial potential of the detection zone is set to 

                          (S8)𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙= 0

We choose the frequency domain to investigate the impedance of the microalgal 
cells. According to the computation results, we input the equation of cell impedance 
and take the position of cell along X coordinate as sweep parameters. In this way, we 
can simulate the change of cell impedance in the dynamic detection. We changed the 
distance between microalgae and detection zone center in the microchannel to 
simulate the travel process of microalgae in the detection. 

Table S1 Physical and geometrical parameters in numerical simulation.
Parameters Value Implication

𝐿 400 µm Length of detection channel
𝑊 40 µm Width of detection channel
𝐻 81 µm Height of detection channel
𝑅 40 µm Radius of the flat end electrode
𝑅𝑐 3.4 µm Radius of microalgae
𝐿𝑐 36 µm Length of microalgae



𝜎𝑚 0.2 S/m Conductivity of the solution
𝜀𝑚 80 Relative permittivity of the solution
𝜌𝑚 1000 kg/m3 Density of the solution
𝜇 0.0000055 Dynamic viscosity of the solution
𝜀𝑐 60 Relative permittivity of the cells
𝜎𝑐 0.65 Conductivity of the cells
𝜌𝑐 1000 kg/m3 Density of the cells
𝜑 0~1 Volume fraction of cells
𝑘 80~200 Cell constant
𝐷 36 µm Effective size of cells



Section 2: Impedance signals of different-size cells

Figure.S1 Impedance signals of different-size cells.



Section 3: Flow distribution with and without the space in the wire 

channel

Figure.S2 Numerical simulation to investigate the effect of wire channel space on the flow 
distribution. (a/c) Flow field distribution in the detection zone with/ without wire channel space. 
(b/d) Velocity of fluid along X coordinate in the detection zone with/ without wire channel space.



Section 4: Impedance signals of Haematococcus pluvialis under 

different ion concentration

Figure.S3 Impedance signals of Haematococcus pluvialis under different ion concentrations. (a) 
2.05x10-6 mol/mL. (b) 4.06x10-6 mol/mL. (c) 6.77x10-6 mol/mL. (d) 1.05x10-5 mol/mL. (e) 1.35x10-5 
mol/mL. (f) Micrograph of Haematococcus pluvialis.



Section 5: Micrographs of Euglena cells under different ion 

concentrations

 Figure.S4 Micrographs of Euglena under different ion concentrations. (a) 2.05×10-6 mol/mL. (b) 
4.06×10-6 mol/mL. (c) 6.77×10-6 mol/mL. (d) 1.05×10-5 mol/mL. (e) 1.35×10-5 mol/mL.



Section 6: Impedance signals of Haematococcus pluvialis under 

different voltages

 
Figure.S5 Impedance of Haematococcus pluvialis under different applied voltages. (a) A=0.5 V. (b) 
A=1 V. (c) A=1.25 V. (d) A=1.5 V. (e) A=1.75 V. (f) A=2 V. 



Section 7: Impedance signals of Haematococcus pluvialis at different 

cell density

Figure S6 Impedances of Haematococcus pluvialis at different concentration. (a) 100 cells/µL. (b) 
200 cells/µL. (c) 400 cells/µL.



Section 8: Impedance signals of Haematococcus pluvialis in the 

microfluidic impedance cytometry with different electrode gap



Figure.S7 Influence of electrode gap on the impedance signals of microalgae. (a-c) Micrograph of 
the detection zone in the device with electrode gap of 60 µm, 40 µm and 30 µm. (d-f) Impedance 
signals of Haematococcus pluvialis detected in three devices at the ion concentration of 1.05×10-5 

mol/mL. (g-i) Impedance signals of Haematococcus pluvialis detected in three devices at the ion 
concentration of 1.35×10-5 mol/mL. 

Section 9: Comparation with other microfluidic impedance cytometry 

systems for detection of microalgae

Table S2 Comparation with other microfluidic impedance cytometry systems for detection of 
microalgae

Electrode 

structure

Materials of 

electrodes

Fabrication of 

electrodes

Throughput Applied species Reference

Planar electrode Cr/Au electrodes Sputtering and standard 

photolithography 

techniques

900 cells/s Euglena Reference1

Planar electrode Cr/Au electrodes Sputtering and standard 

photolithography 

techniques

-- Euglena Reference 2

Planar electrode Cr/Au electrodes Sputtering and standard 

photolithography 

techniques

1500 cells/s Euglena Reference 3

Planar electrode Cr/Au electrodes Sputtering and standard 

photolithography 

techniques

-- Euglena Reference 4

Planar eletrode Au electrodes Sputtering and standard 

photolithography 

techniques

-- Picochlorum SE3 Reference 5

Planar eletrode Ti:Au:Ti Sputtering and standard 

photolithography 

techniques

-- Isochrysis galbana, 

Synechococcus sp. 

Rhodosorus m.

Reference 6

Planar eletrode tantalum/platinum -- -- Emiliania huxleyi Reference 7

3D electrode Copper electrodes -- -- D. Salina Reference 8

Flat-end cylindrical 

electrode

Stainless steel 

wires

Grinding process 1800 cells/s Haematococcus 

pluvialis

Euglena

Oocystis sp

This work



Section 10: Detection of Haematococcus pluvialis using PBS solution
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Figure.S8 Impedance signals of Haematococcus pluvialis in the PBS solution.



Section 11: Detection of Haematococcus pluvialis 

Video S1 Impedance signals of Haematococcus pluvialis at A=1 V, f=500 kHz and Q=10 µL/min.
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