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Do You HAVE 10 MINUTES TO

TALK ABOUT CLASSICAL DFT?




A BRIDGE BETWEEN DIFFERENT LENGTH SCALES
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CLASSICAL DENSITY FUNCTIONAL THEORY

Grand Potential

OV, T, 1) = Flp(r)] + /V dr [Vesa () = ] p(r)

<
External potential acts

Equilibrium as a chemical potential

Qp(r)] > Qp(7)]eq.

Equilibrium Condition

_ 3 0 Fexc|p)]
= kT In(A°p(r)) + 5p(r)

0§
6IO(T) V,u, T

+ Vext (1) — =0

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

Free Energy Functional

Flp] = Fialp] + Ziexc 0]

Excess Functionals
FMT, MFA,

WDA, MMFA,
FMSA, ...
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Particle-particle

interaction



LENNARD-JONES FLUIDS
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Hansen, J.P. and McDonald, I.R., 2013. Theory of simple liquids: with applications to soft matter.
J. K. Johnson, J. A. Zollweg, and K. E. Gubbins, Molecular Physics 78, 591 (1993).




RADIAL DISTRIBUTION FUNCTION

Data from X-Ray

Experiment kgT/e =0.71

ppo> = 0.84
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Verlet, L. (1968). Physical Review, 165(1), 201-214.



RADIAL DISTRIBUTION FUNCTION
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RADIAL DISTRIBUTION FUNCTION
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FLUID INSIDE A SLITLIKE

pyo® = 0.5925 «
keT/e=1.2 -
H/o=3.0

Snook, I. K., & van Megen, W.

Tang, Y., & Wu, J.
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(1980) . The Journal of Chemical Physics, 72(5), 2907-2913
(2004) . Physical Review E, 70(1), 011201.
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ADSORPTION IN ACTIVATED CARBON

GDS
L
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. o ¥ Molecules
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PCP-SAFT
Fexc :FhC+FdiSp+qu

Sermoud, V. M., Barbosa, G. D., Soares, E. do A., et al (2022).
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CAN WE GO BEYOND SYMMETRICAL

GEOMETRIES?
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DFT IN 3D GEOMETRIES



(GRIDSIZE VS. TIME CONSUMPTION
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(GRIDSIZE VS. TIME CONSUMPTION

3.5 | 77 ' T T T T U T La— —T—
: O 36Ar@ 85K |
SLE .

[ -' — (A =0.01d)! :

S e

0.07' 3

0.05° 545

Verlet, L. (1968). Physical Review, 165(1), 201-214.



(GRIDSIZE VS. TIME CONSUMPTION
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(GRIDSIZE VS. TIME CONSUMPTION
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Verlet, L. (1968). Physical Review, 165(1), 201-214.



METAL ORGANIC FRAMEWORK

MOF-5

DREIDING Force Field
H, C, O, Zn

External Potential

Vet = 30w (r =)

7€ solid

Lorentz-Berthelot mixing rules

1
0ij = 5(0ii + 0j;)

eij = (€nicj;)?
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Leachman, J.W.; Jacobsen, R.T.; Penoncello, S.G.; Lemmon, E.W., J. Phys. Chem. Ref. Data, 2009, 38, 3, 721-748
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EXTERNAL POTENTIAL

FOR H?2
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ISOSURFACES OF H-> LOCAL DENSITY

p=0.001 A3
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P = 60 bar

T'=300 K

22



ISOSURFACES OF (1, LOCAL DENSITY

p=0.001 A3
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VIDEO P = 60 bar
T = 300 K

p=0.08 A3
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CONCLUSIONS AND PERSPECTIVES




CONCLUSIONS

* The size correlations are very important to
describe the high concentration systems; I

* The fluid-solid interaction can be described o
by the DFT on the same level of MC/MD;

* There is a connection between DF'T and Phase-

Field Models. (Possible Scale Integration)

* Extensions to associative interactions, chain-like mesoscopic

systems.
* Quantum DFT? Chemisorption

* Machine-learning functionals

macroscopic

*e 9 Newton's equations,
oD i ¥ IR
o ug uﬂug Langevin equations,
® g0 Smoluchowski equations

individual particles

; approximations for the functional

microscopic one-particle density field

density functional theory (DFT)

‘ gradient expansion

mesoscopic phase field

phase-field-crystal (PFC) models

‘ Coarse E'J‘HIFHFIR

coarse-grained phase field

phase-field (PF) models

symmetry-based macroscopic approaches
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