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1 Short-Circuit: Slit Pore

Here we outline the equations for reverse actuation with slit pores, as depicted in Fig. 2 of the
main text. All assumptions from the main text are employed and it is further assumed that
there is no variation in the z coordinate. Hence, the relevant dimensionless Helmholtz equation
is as follows
Pips(,9) | Oa(i,) ;
’ 2L =(1- z,7). S1
Here y = kpy is the dimensionless coordinate that describes the distribution normal to the
electrodes surface in the slit pore; and ¢5(Z,7) = us(Z,9) — Kz /h. )
Again, it is assumed that the partial differential equation is separable (¢5(Z, ) = Xs(Z)Ys(7)).
Since edge effects are ignored, the solution in  does not differ from the case of porous cylin-

drical electrodes. Hence, the solution shall not be stated agin for brevity (see main text). The
differential equation in the g coordinate is

d?Y(y)
i

= (1 =7)Ys(). (52)

The boundary conditions are as follows ul (Z,0) = 0 (superscript § denotes the derivative with
respect to §) and ug(Z, l~/2) = 0, where | = lkp with [ corresponding to the width of the split
pore, as seen in Fig. 2 of the main text. Thus, the distribution of electrostatic potential, as
shown in Fig. Sla) is given by

_ (Kz 1 cosh{y/1 —~g}
h cosh{y/T—~1/2} |
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Figure S1: Short-circuit characteristics for an electroactuator with micro-structured
electrodes with slit pores. The parameters used were K = 5 x1073, [ =200 , ¢ =10.5and
v = 0.5. a) - Dimensionless Electrostatic potential as a function of the normal coordinate to
the electrode in the slit pore for the indicated pore depths. b) - Dimensionless excess charge
concentration as a function of normal coordinate to the electrode in the pore for the indicated
pore depths. c) - Dimensionless charge scaled to the surface area factor as a function of of time
in the units of 7.. d) - Dimensionless current scaled to the surface area factor as a function
dimensionless time.

From which, at linear response, it is trivial to obtain the corresponding excess charge con-
centration

¢(Kz cosh{y/T -y}
h cosh{y/1 — VZ/2}.

ps(%,9) = (1 —7) (54)

See Fig. S1b) for example curve.
Evaluating the dimensionless surface charge density yields

Kz ~
G4(%) = \/1—7%9” tanh{y/1 — 71/2}. (S5)
Since the half-thickness is much larger than the Debye length (I/2 > 1), the dimensionless
surface charge density can be simplified to

5u(F) T #’ff (36)




which does not differ in form from micro-structured electrodes with cylindrical pores.
The total charge accumulated,

~ ~ 32 — )" 2~
Qs = —/1— ¢S5 1= %exp{—(?n—l—l) ts} : (S7)
g n=0 (2n + 1)
once again, scales with the surface area of the electrodes, where 5’5 = WohLo/4:lpApl, and
75 = 8h2C/72IX. In Fig. Slc) the equation is plotted for dimensionless charge as a function of
time, in units of 5.
The dimensionless current is given by

I;_—mgvcss{?’? e |- (%Hm}}, (s8)

3 2n+1
n=0
Note that the dimensionless form of the dynamics of charging are identical to that of electrodes
with cylindrical pores. In Fig. S1d) the current has been displayed again for completeness.
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