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Motivation

Common knowledge: Al surfaces are oxidized

* Q: What happens when water is present (humidity,
liquid water)?

A: Water adsorbs and possibly reacts with the surface



Motivation

* Water adsorbs and possibly reacts with the surface

* Plain adsorption:
H.O + * - H,0O*

* = free adsorption site

_ . _ A* = adsorbed or surface species
* Dissociative adsorption:

H.O + * + O* - 20H*

and/or

H20 + * - OH* + Y%H,
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OH OH OH OH OH

A: At given conditions, the structure that displays the
lowest free energy is the stablest



A typical answer given by a DFT practitioner:

Adsorption surface free energy

Molecular chemical potential



Ab initio thermodynamics (TD)®e

« Ab initio TD (also known as “atomistic TD")
framework used in atomistic modeling

* Problem: various “coverages” display different
stoichiometry — cannot be directly compared

OH OH OH OH OH OH OH OH OH

* Solution: utilize adsorption free energies




Ab initio thermodynamics (TD)®e

standard adsorption free energy:

AGO — O L ®) e GO

ads ads.system surface molecule

 molecules: gas-phase (water vapor)

G = Gtranslational + Grotational =+ Gvibrational oo
trivial difficult

dependence on pressure

G(p, T)=G°(1 atm,T) 4+ RT In b

1 atm




Ab initio thermodynamics (TD)®e

standard adsorption free energy:
o) /Y0 o) o)
AC:ads — “ads.system = “Tsurface Gmolecule

» adsorption system: solid-phase

G = Gvibrational =+ Gconﬁgurational + -
difficult neglected

NO dependence on pressure

G(T) ~ G°(T)
(OK for ambient or lower pressures)



Ab initio thermodynamics (TD)®e

adsorption free energy:

AC:?LdS (p7 T) ~ ;ds.system (T) o gurface (T) o Gmolecule(pa T)
. , , chemical potential / 9@
 ideal-gas approximation: G=Nuy <+ p=|—
ON ) ..
P,
 hence:

AC;ads (p, T) ~ GO (T) — Gy (T) — N/«Lmolecule(pa T)

ads.system surface



adsorption free energy:

AGadS (p7 T) ~ zoxds.system (T) o gurface (T) o Nﬂmolecule(p; T)
~ AGS(T) — N [tmolecute(® T) — 1 orecute(T)

ads molecule
I~ AngS (T) — NAHmolecule(pa T) J

* normalize to unit surface area: adsorption surface free energy

N
Yads = Aa - = Vedls = QAMHIOIGCUIG

surface coverage, § = N/A




Ab initio thermodynamics (TD)®e

adsorption surface free energy:

o
Yads — Yads — HA/Ufmolecule

specific to each
adsorption structure

A)Uimolecule(pa T) = kT In %
p

Adsorption surface free energy, y,4s

Molecular chemical potential, AUnoiecule
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Real example

Hydroxylation of oxidized Al surface
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More than one gas-phase species

How to treat H,O + * » OH* + 12H,?

e gas-phase species: H,O & H»

. 1
Yads = Vads OAUHQO T §9AUH2

reactant product
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Hydroxylated oxidized Al surfaces

Premise: oxidized Al surfaces are fully hydroxylated

Applications?
... adhesion of siloxane coatings ...

_Sig o Sie
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R Silanol =
a° 1g° |4-° an alcohol where C is replace by Si
| ¥ I g
\l \? \(l:) \O
|
M M

[ |
How does this (siloxane) R A =

film form?




Condensation QQ

Ry SiR,
MIEE h 2l l e l’T]/Sllanols react with each\ ,‘T ]

'¢ O\ SiRB . O + Hzo

other or the surface, water |,H A \SiR
~~.~~. \‘ O 3

aluminum
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N,
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aluminum aluminum

one strong bond

bidentate bonding

O
_H ,'2

one strong bond two strong bonds




AE = AE(T=0 K) w/o ZPE
AG = AG (T=298.15 K, p=1 atm) O

S'RS AE, =~ —0.9 eV
y. +F AG" = 05 & 4+ H,0
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Bldentale bonoino
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AG = AG (T=298.15K, p=1 atm) /0~5\ O
RQSI/ \Sle

~ —0.5 eV
aluminum aluminum

sideview

¥h




AE = AE(T=0 K) w/o ZPE O—

/
AG = AG (T=298.15 K, p=1 atm) 03¢ /S|R2
_ e _0 0
/ %20 :
6\ R2SI| IS|R2
&2 ~ —|—

O
e —
aluminum aluminum

sideview

. . : L3
topview. &



endothermic
endergonic

athermic
exergonic

exothermic
exergonic




Thank you for your attention!
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