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Figure S1. Relationship between Nafion membrane width and curvature at a constant heating temperature 
(25°C) (n = 5). 
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Figure S2. The range of ion concentration polarization (ICP) occurrence in a nanoparticle concentrator (NPC) 
with a straight channel. Nanoparticle (NP) dispersions were used as sample dispersions. We obserbed the 
NP behavior in NPC; i.e., the ion depletion zone (IDZ) formation on the upstream side of the Nafion 
membrane for a certain period (50 s) after the voltage was applied. The conditions under which IDZ was 
retained were defined as □, and the conditions under which IDZ could not be retained were defined as △ 
and ▲. Under the condition of △, the nanoparticles were affected by the flow and diffused downstream. 
Under the condition of ▲, the IDZ was violently disturbed by the vortex generated near a Nafion membrane. 
This pushed back the nanoparticles to the upstream side, resulting in movement of the nanoparticles out of 
the camera view. (a) Negatively charged nanoparticles. (b) Positively charged nanoparticles.  
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Figure S3. The range of ion concentration polarization (ICP) occurrence in a nanoparticle concentrator with 
a branched channel. Nanoparticle dispersions were used as sample dispersions. We obserbed the NP 
behavior in NPC; i.e., the ion depletion zone (IDZ) formation on the upstream side of the Nafion membrane 
for a certain period (50 s) after the voltage was applied. The conditions under which IDZ was retained were 
defined as □, and the conditions under which IDZ could not be retained were defined as △ and ▲. Under 
the condition of △, the nanoparticles were affected by the flow and diffused downstream. Under the 
condition of ▲, the IDZ was violently disturbed by the vortex generated near a Nafion membrane. This 
pushed back the nanoparticles to the upstream side, resulting in movement of the nanoparticles out of the 
camera view. (a) Negatively charged nanoparticles. (b) Positively charged nanoparticles.  
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Figure S4. Concentration of negatively charged nanoparticles in a nanoparticle concentrator with a 
branched channel at constant flow rate (4 µL/min; n = 5). 
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