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Supporting Information S1. When the tribo-layer is hydrophilic, the air bubble can go 
through easily, however, there will be a water layer between the tribolayer and air bubble. 
When the tribolayer is super-hydrophobic, the air bubble can be absorbed on the tribolayer. 
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Supporting Information S2. The digital photography of steel capillaries from 0.5 to 3 mm 
diameter. 
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Supporting Information S3. Sketch of apparatus for measuring the water droplets. 
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Supporting Information S4. Schematic diagram of the experimental facility for measuring 
the air bubbles. 
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Supporting Information S5. Schematic diagram of the vertical forces on a bubble during 
formation from a capillary tip. 
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Supporting Information S6. (a) The output current signal of liquid flow sensor.  (b) The 
output current signal of gas flow sensor. 
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Supporting Information S7. The output voltage signal of the Liquid-TMS when using PTFE 
(a) and Kapton (b) as tribo-layer.  
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Supporting Information S8. The output amplitude of the Liquid-TMS when using different 
concentration of NaCl aqueous solution.  
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Supporting Information S9. (a)-(l) The output voltage curve of Liquid-TMS under various 
external flow rate. 
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Supporting Information S10. (a)-(g) Dependence of the signal average period 
time/frequency on liquid flow rate measured at 0.5, 0.8, 1.0, 1.3, 1.5, 1.8, 2.5 mm capillaries. 
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Supporting Information S11111. (a) Schematic diagram of the forces on a droplet during the 
movement process in the inner wall of PE tube. (b) Schematic diagram of the droplet’s initial 
state (just contact with electrode) and final state (separation with electrode). 
 
 
The time t of each droplet passing through the electrode can be calculated by  
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Where � is the tilt angle, F is the adhesion force which depends on the contact area A
�� and 
the coefficient of adhesion S, d is the length of electrode, v is the final velocity when the 
droplet pass through the electrode, ��
�� is the initial velocity related to the height. 
According to eq. (1)- (3), the time t can be expressed by 
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When the initial velocity is zero, eq. (4) can be expressed in simple form 
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It proves that the tilt angle can affect the time t of each droplet passing through the electrode. 
And the interval time of two output signal peaks is related to t. Especially, when the next 
droplet is well-formed at the moment of the former passing through the electrode, the interval 
time is equal to t. But, if the growth time of each droplet is less than t, the next signal is 
indistinguishable. Therefore, the tilt angle α can affect the detecting range. 
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Supporting Information S12222. The photography of the droplet formed by 1 mm capillary 
passing through the electrode at different tilt angle (150, 330, 470, 660). The corresponding 
number on the picture is frames and the acquisition rate is 3000 frames per second. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



     

 14 

 

 
Supporting Information S13333. (a)-(l) The output voltage curve of Gas-TMS under various 
external flow rate. 
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Supporting Information S14444. (a)-(g) Dependence of the signal average period 
time/frequency on gas flow rate measured at 1.0, 1.3, 1.5, 1.8, 2.0, 2.5, 3.0 mm capillaries.  
 


