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Nanopores: molecular transporters

Nanopore sequencing, proposed by David Deamer and George Church, is now reality
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Second generation of solid-state nanopore:
subnanometerin all dimensions made in 2-D material
-they are artificial ion channels!

1-nm MoS2 pore@ EPFL Gate-integrated 1 nm graphene pore
@ Dekker, Delft



Engineering sub-nanometer pores




Engineering nanopores at atomic precision
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lonic transport through sub-nm nanopore junction
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Energy gaps are observed in the |-V through a sub-nm pore!

Feng, Radenovic et al, Nature Materials, 2016



Electronic transport
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lonic Coulomb blockade model
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lonic valence dependence

However, ions have non-zero diameter and valence
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Observed smaller gap for divalent Ca ions can be interpreted by their fractionalization
into two separate excitations
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lonic dehydration effect
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Energy gaps only observed when pore size is smaller than 1 nm
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Current-molarity relation
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Coulomb oscillations

Electronic transport
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pH-induced conductance oscillations

Pore surface charge modulation MoS, + H,0 = MoS, —OH™ + H*
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Conclusion

Although Coulomb blockade (a many-body effect) is concomitant
with the single particle dehydration effect -Observed Energy gaps,
the following four observations support the contribution from
Coulomb blockade:

* Low capacitance of the experimental configuration

* Valence dependence

e Current—molarity relation as charging results

* Conductance oscillations from pH-induced surface charge
modulation

Can we apply Coulomb blockade model to life’s transistor:
ion channels?
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