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NANOFLUIDICS A VARIATIONAL MULTISCALE FRAMEWORK: TOTAL FREE ENERGY

Nanofluidics refers to the study of the transport of ions and/or molecules | G=)". [x, @, {C,}] (1)

in confined solutions as well as fluid through or past structures with one N Ng
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devices have been extensively developed for molecular separation, 2 = 2 — - Fixed charges +Mobile charges

detection, crystallization and biosynthesis.
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Figure 1: (a) Schematic of a nanofluidic field-eftect transistor; (b) Schematic | y s the domain characteristic function, ® is the electrostatic potential and C, is the concentration of ath ion species

of a nanofluidic diode.
COUPLED GOVERNING EQUATIONS COMPUTATIONAL ALGORITHMS

The present work introduces atomic scale design and three-dimensional

. . L dieo 1 Poisson Equation .. .
simulation of ionic diffusive nanofluidic systems. q No. N. = Dirichlet to Neumann Mapping is a computational technique using
We proposea varl.atmnal mUIt}SCHIG ﬁjamework for ion transport o V- (e()VD) = S(r—ry) + (1—7y) C Green's function to remove charge singularities in the Poisson equation.
modeling. We derive a generalized Poisson-Nernst-Planck for nanofluidic X =X ) Quo(r —ry X Qata (2) . .
. . . - - = Matched Interface and Boundary (MIB) is a numerical scheme to deal
systems and develop novel mathematical algorithms to attain the second- k=1 a=1 A di . Fici i 1 1 .
order accuracy in three dimensional realistic setting. Nernst-Planck Equation | with discontinuous coefficients and irregular complex geometries.
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The bipolar distribution of atomic charges can create accumulation of
depletion of both ions in response to the current direction.

THREE TYPES OF NANOFLUIDIC CHANNELS
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Figure 2: Schematic of a nanofluidic

system. 0 h =02 | 3.5614E-3 | 1.9062 || 8.7926E-4 | 1.7712 40 8C,=0.05M > 20l Qk =0.04ec
I =0.16 || 2.2282E-3 | 2.1016 | 5.3548E-4 | 2.2224 AC,=0.1M A[Q |=0.08e
A0l - Cy | h=04 | 3.8661E-3 | — | 1.0406E-3] — 301 A ¢ =0.5M 5| k'~ c
Nanofluidic Channel A cylindrical nanochannel, whose i = 0.32 || 2.5648E-3 | 1.8390 | 6.4972E-4 | 2.1106 Vad i £1Q,|=0.12e ]

< <
o Q
o o h =02 | 8.4896E-4 | 2.3524 || 2.5014E-4 | 2.0300 = =
: : : : 20) = 20 -
radius is 5A and length 1S 494, is h —0.16 || 5.4286E-4 | 2.0039 || 1.5020E-4 | 2.0250 3 § 1
placed at the center of the system. 5\ P\ Cp | h=04 | 20352E3 | — | 53493E4 | - 3 10l 3
N h = 0.32 || 1.3130E-3 | 1.0642 || 3.2772E-4 | 2.1958
Jlf,. — . . . 5 0 =02 | 4.7824E-4 | 2.1488 || 1.3661E-4 | 1.8617
[ .7 ' Figure 3: Schematic of an atomic charge Figure 4: With a single =0.16 || 2.7990E-4 | 2.4327 | 8,0080E5 [ 23930 | |  ohga e A s
Y/ 5‘ distribution. atomic charge Table 1: Numerical errors and orders
“[sA : :
. . The computational result attains a good second-order convergence.

A number of properly charged atoms are
equally positioned around the channel.

The negative atomic charges generate a unipolar current, which can | Tpe special atomic charge distribution of the double-well channel produces
CONCLUSION be controlled by modifying the bulk ion concentration and charge. | t\yo potential wells.
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Figure 5: (a) Different bulk ion concentration (b) Different atomic charges | Figure 7: (a) Electrostatic potential profiles  (b) lon concentration distributions




