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WHY ELECTROLYTES?

ENERGY TRANSITION: EVERYBODY IS AFFECTED
SO EVERYBODY SHOULD BE HEARD!
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FIGURE 5. WORLD ELECTRICITY GENERATION BY SOURCE
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ELECTROLYTE SOLUTION THEORIES

Primitive Model Non-primitive Model

(b)

Q

* Solvent is implicit (continuum medium) Solvent is explicit (particle)

* Hydrated size of ions Pauli size of ions

* Ion-ion interactions only Ion-ion, Ion-solvent, solvent-solvent

interactions

Kontogeorgis, G. M., & Folas, G. K. (2009). Thermodynamic models for industrial applications. John Wiley & Sons.
Ovanesyan, Z. et al (2014). The Journal of Chemical Physics, 141(22), 225103.




CLASSICAL DENSITY FUNCTIONAL THEORY (DF'T)

02 g o Newton's equations,
g‘;ooﬂng Langevin equations,
°3o'0 Smoluchowski equations
individual particles
I, approximations for the functional
microscopic
- density functional theory (DFT)
microscopic one-particle density field
=4 ‘ gradient expansion
phase-field-crystal (PFC) models
mesoscopic phase field
mesoscopic :
} COArse gmnrmg
n phase-field (PF) models
coarse-grained phase field
macroscopic symmetry-based macroscopic approaches
L

Evans, R. (2009). Lectures at 3rd Warsaw School of Statistical Physics.

Evans, R. et al (2016). Journal of Physics: Condensed Matter, 28(24), 240401.

Wu, J., & Li, Z. Annual Review of Physical Chemistry, 58(1), 85-112. (2007)
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Thermodynamic equilibrium:




CLASSICAL DENSITY FUNCTIONAL THEORY (DF'T)

Density Profiles

5Fexc ex
= kpT In(AJpi(r)) + Zep(r) + + V() — pu; =0
V., T 0pi(T) \

pi(r) = pi” exp [—ﬁzz'@%b("“) + C%(T) + BV () +XC]

0§2
0pi(T)

Poisson Equation

o)
=c Grvzw )+ Zzepz r)=0
5oy, p (r) Z (r)
5Q €0€r .
= — n(r)- - Vu(r +o(r) =0
e I S O RAL )|, + o)




FUNCTIONALIZED MEAN SPHERICAL APPROXIMATION
(FMSA)
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WHAT ARE THE PROBLEMS WITH REAL ELECTROLYTE SOLUTIONS?!




HYDRATED CATION RADIUS

hydrated ions ap
NaCl(s) Na*(aq) Cl™(aq)

BAGY = —A—Bzf (1 . i)

)

Ion ap (nm) ap (nm) —AGH (kcal/mol)’

Li' 0.12 0.285 114.6
%?’ Na®  0.19 0.365 89.7
“ K 0.27 0,446 _ 73.5

D CI 036  0.389 84.2

Br  0.39 0.420 78.0

I 0.43 0.468 70.0
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ion pair
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Robinson, R. A., & Stokes, R. H. (2002). Electrolyte solutions. Courier Corporation.
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WATER ELECTRIC PERMITTIVITY
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Zuber, A., Cardozo-Filho, L., Cabral, V. F., Checoni, R. F., & Castier, M. (2014). Fluid Phase Equilibria, 376, 116-123.
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PROFILES
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CONCLUSIONS

* We present electric permittivity and cation diameter correction to the well-known fMSA theory (efMSA)

* “DFT is not just about EOS but also about functional forms”

* To be Published: Soares, E. do A., Vernin, N. S., Santos, M. S. & Tavares, F. W. Real Ionic Solutions

in the Functionalized Mean Spherical Approximation: a density functional theory for electrolyte

solutions.

Extensions to 2:1 and 3:1 electrolytes, ion pairing interactions, solvent explicit systems, chain-like

M e

elvis.asoares@gmail.com Elvis Do Amaral Soares

electrolytes (ionic liquids).
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