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<& electrokinetic flow of ions in a charged nanochannel with viscoelastic walls

<& consider counterions-selective nanochannels with double-layer overlap

<& driving forces for fluid flow: < driving forces for ion flow:

— pressure drop — fluid flow

— electrostatic potential drop

— chemical potential drop

— electrostatic potential drop
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Applications of surface charge and/or electric field induced transport of fluid and chemical species
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<& consider pore with cylindrical symmetry and viscoelastic walls

<& electric field in the fluid-ion sysytem is introduced by:

— applied potential drop at reservoirs (vanishes far away from reservoirs for high-aspect-ratio pores)

problem

— counterions concentration gradients due to wall deformations
< let the undeformed state be characterized by reference radius Ry and surface charge density o

< intoduce an empirical power law model for z-dependent surface charge density,

oa(2) = 0p % (Rf(iz))a, 0<a<l

< assume continuum mean field theories hold for conservation laws




Nonlinear coupling model between wall deformation and fluid-ion transport

<& fluid conservation: Stokes equations

vV2v(r,t) — Vp(r,t) + qc(r, t)E(r,t) = 0, V- v(r,t)=0

<& proton conservation: Poisson-Nernst-Planck equation

j(r,t) = c(r,t)v(r,t) — DVe(r,t) + pge(r,t)E(r,t), V-j(r,t) =0
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Advection-diffusion type model for elastic but non-viscous walls
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where D(a) = ’CY;2 + Kosm [(1 +a)a 2 + 4an&1_°‘] & Ga)=2(1—-¢&,)a 2

@ For small deformations and fixed pressure jump between pore ends, linear
perturbation and then'Laplace Transform give the analytical solution

sinh[A(1 — z)] nsin(nrz)
a(z,t) =14+ Aa; exp(Az , — 27 X x exp [— (A% + n?7?) Dyt
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where Aa; = initial entrance deformation, A = V /2Dy, Vo = G'(1), Dy

IG‘ B. Davis, Appl. Math. Model. 9, 69-71 (1985)
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Strong coupling between elasticity and surface charges at high o
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< interior of infinite elastic pore under weak deformations considered

< anlytical solutions for counterion flux found by a projection of 3-D equations to 1-D equations via cross-sectional averaging

M. Matse, P. Berg, and M. Eikerling, Phys. Rev. E 98, 053101 (2018).




Onsager coeftricients
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<& Onsager reciprocal relation : fiosm = fhs
<& apore of radius Ry = 2nm, with o = 0.5 is considered
<& Onsager symmetry coefficient xo = pise/ fosm 18 introduced and investigated

<& soft pores do not comply with Onsager symmetry condition, particularly in the weakly charged regime

1-D model violates Onsager symmetry principle

M. Matse, P. Berg, and M. Eikerling, Phys. Rev. E 98, 053101 (2018).




Electrokinetic energy conversion

<& define energy conversion efficiency
(1E.
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electrical power generation mode.
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Conclusions
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< we developed a 1-D continuum model that describes nonlinear coupling between wall deformation and fluid and counterion flows in a

charged, deformable nanochannel

<& results unveil a rich coupling between the elasticity and charge distribution of the channel walls, which vanishes in the limit of weakly

charged channels

< the reduction of the model to 1-D leads to a violation of the Onsager reciprocity principle when the channel is deformed

<& the proposed model predicts that softness of channel walls diminishes the energy conversion efficiency compared to their rigid counter-

parts




