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Figure S1. Schematic view of the force analysis of a single particle in the trapper. 

Figure S1 shows the schematic view of the force analysis of particle P in the trapper. For particle 
P, it flows from point A with the velocity of 𝑣  (same as the flow) towards the trapper. During the 
trapping process, two forces are applied on particle P, which are 𝐹  and 𝐹 . 𝐹  is the pushing force 
from the flow on the particle, and 𝐹  is the electrophoretic (EP) force which is pushing the particle 
back. As 𝐹 > 𝐹 , the particle P will slow down its velocity all the way from A to B and halt at B at 
the end, where 𝐿  is the distance between point A and point B.  

The kinetic energy of the particle P is 𝐸  (𝐸 = 𝑚𝑣 ) at point A and 𝐸 (𝐸 = 0) at point B. 
According to the energy conservation, the trapping process can be expressed as 
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If particle P can be trapped by this trap, the velocity of the particle must drop to zero before it 
passes the electrodes, i.e.,  𝐿 ≤ 𝐿 , where 𝐿  is the permitted maximum distance for particle 
trapping. 
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Combining Equation (S2) with Equation (S3), then it can be given as, 

𝐹 𝑑𝑥 ≥ 𝐹 𝑑𝑥 +
1

2
𝑚𝑣 >

1

2
𝑚𝑣  (S4) 

𝑣 <
2 ∫ 𝐹 𝑑𝑥

𝑚
 (S5) 

As shown in Equation (S5), the 𝑣  of the particle must be less than ∫ . When the 
external pressure is too high, the balance of Equation (S5) will be broken and the 𝑣  will exceed 
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∫ . Then, the particle is impossible to stop in time. Therefore, when the pressure is too high 

(say, 80 mbar in our case), the only way to stop the particle is to increase ∫ , or to increase 
the EP force (we increased the potential to 1700 V in our experiment).  

 


