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INntroducing the context

Corrosion of metals: M -» M#+ + ze-
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INntroducing the context

Corrosion of metals: M -» M#+ + ze-

corrosion can be reduced with surfactant inhibitors that
form a self-assembled-monolayer (SAM) on the surface of a metal
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Fffective coverage

surface remains - : surface fully
Uncovered effective coverage increases covered

longer alkyl chain = smaller gaps = greater effective coverage

Milosev et al., J. Electrochem. Soc. 166, C3131



Fffective coverage

solvent solvent

substrate substrate

long chains:
no exposure to solvent

short chains:
substrate exposed to solvent

Milosev et al., J. Electrochem. Soc. 166, C3131
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Beware of PBC (periodic-boundary conditions) !

PBC & divergent Coulomb interactions:
add Na* to make a supercell neutral




Beware of PBC (periodic-boundary conditions) !

one supercell many supercells (PBC applied laterally)
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Beware of PBC (periodic-boundary conditions) !

one supercell
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PBC & divergent Coulomb interactions:

PBC

add Na* to make a supercell neutral

many supercells (PBC applied laterally)
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Beware of PBC

many supercells (PBC applled IateraIIy)
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PBC = periodic-boundary conditions



3D PBC: beware

multi-slab model
(PBC applled also along the surface normal dlrectlon)
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PBC = periodic-boundary conditions used by plane wave DFT codes



surface charge density = 1.18 e/nm? inter-ion electrostatic energy
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SAM = self-assembled monolayer



reverse engineer to get rid of PBC artifacts

many supercells (PBC applied laterally)
“ illllllIIIIIIII.IIIIIIIIIIIII )

LI
E}rt‘t :

multi-slab model
(PBC applied also along the surface normal direction)
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PBC = periodic-boundary conditions Kokal] & Costa, J. Electrochem Soc 168 071508




Simplified model calculations:

e metal/SAM/water
described by implicit
continuum slabs

* jons treated explicitly
(lonic solvation considered)

» elastic penalty for Cl-
penetration into SAM
neglected

SAM = self-assembled monolayer Kokalj & Costa, . Electrochem. Soc. 168, 071508
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www.quantum-espresso.org

Environ plugin of Quantum ESPRESSO (QE)
wWww.quantum-environ.org

SAM = self-assembled monolayer Kokalj & Costa, J. Electrochem. Soc. 168, 071508
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SAM = self-assembled monolayer Kokalj & Costa, J. Electrochem. Soc. 168, 071508



surface charge density = 0.28 e/nm?
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surface charge density = 0 28 e/nm?
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U(z) = electrostatic interactions between ions

AAG,,(z) = difference between ionic solvation (AG,,,) in SAM and water

Kokal] & Costa, J. Electrochem. Soc. 168, 071508
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How to understand AAGsow

« Born solvation model:

2
AGBorm — _ Jion (1 — 1) [in Hartree atomic units]
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SAM = self-assembled monolayer
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Full system: metal/SAM/water
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Full system: metal/SAM/water
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... as a function of the electrode potential
(a simple Helmholtz double-layer picture)
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metal surface charge density = —0.07 e/nm?
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25 s Simplifying assumptions:

 CA molecules fully cover the
surface irrespective of the alkyl
chain length
(in reality only long-chain CAs form
a complete SAM)
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Cane = 0=

 The mechanism by which SAM hinders the penetration of Cl- ions into
SAM understood with aid of a simple model

« Contributions to penetration barrier:
- inferior solvation of ions in SAM (AAGsow)
- contribution due to electric field in the Helmholtz double-layer (Ueciec)
- elastic penalty (currently neglected)

- SAM needs to be thicker than about 10 A for the barrier to fully develop

 Developed model is based on electrostatic arguments and is
thus generally applicable (can treat the penetration of any ions, including
the dissolution of metals)

Kokal] & Costa, J. Electrochem. Soc. 168, 071508
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How to get rid of 3D PBC -

SAM{

artifacts
simple but computationally inefficient method o
1S to use symmetric setup tl{




Oxide/SAM/water




Oxide/SAM/water

2S supercell
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