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Abstract: 

Ion channels of living cells play a crucial role in life’s day to day functioning. Understanding and 

mimicking their functionalities is a long-sought goal that will provide a breakthrough in the area of 

desalination, chemical separation, and dialysis technologies.  Moreover, when the sizes of ions and 

molecules approach the fluidic channel dimensions, interesting effects such as deformation of 

hydration shells, steric effects, hydrophobic and even quantum related effects are expected to 

emerge. To realize this, it would require channels of sizes in the sub-nm range which is extremely 

difficult to fabricate. Here, we demonstrate that the mechanical exfoliation method of producing 

graphene, the single layer of carbon atoms, can be utilized to create thinnest fluidic channels with a 

height of 0.34 nm, the thickness of graphene. Combined with lithography, this technique can yield 

fluidic channels of heights varying from 1 to 100’s of graphene layers and very high aspect ratios of 

>100 without any structural collapse. We performed ion and molecular transport through channels of 

height ~0.34 nm, however, none of the ions, except protons permeates. The water molecules are 

transported with high flow rates due to hydrophobic walls resulting slip enhanced flow. This means 

that 0.34 nm high channels could be an ideal candidate for 100% desalination, whose performance is 

very similar to that of biological Aquaporin protein channels [1]. On a different route, we intercalated 

graphite to create atomically small fluidic channels and observed very similar properties as that of 

lithographically fabricated channels. In this talk, some of these interesting observations will be 

presented.   

 [1] K. Gopinadhan, S. Hu, A. Esfandiar, M. Lozada-Hidalgo, F. C. Wang, Q. Yang, A. Keerthi, B. Radha 

& A. K. Geim, Complete steric exclusion of ions and proton transport through monolayer water, 

Science 363, 145(2019). 
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