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DFT calculation of dielectric
properties for alloys

Mate) Bubas
Dr. sc. Jordi Sancho Parramon

Ruder BoSkovi¢ Institute, Zagreb, Croatia



Overview

Goal: To find a computationally inexpensive way
of predicting how dielectric function changes with
alloy composition.

Why: Avoiding a lot of cumbersome experiments. ,
Results are especially useful in the field of
plasmonics.

How: Using supercells with atomic ratio that
corresponds to desired alloy composition and
finding the best parameters for inexpensive
calculations so avoiding expensive corrections
can be tolerable.




Results
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What's next

Using a fitting algorithm that
corrects the DFT dielectric
function using minimal

empirical data. Tracking how « |

parameters change and
inferring why.

Calculating corresponding
dielectric functions for

spherical nanoparticles using = | |

Mie theory and comparing to
literature data.
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Thank you for your attention!



Co-transformation of methane and water using
atomically precise gold clusters on titania
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Methane

Major component of natural gas

Behaves like  molecular H.:
C-H bond breaking = 430 kJ/mol

Very low chemical reactivity, 12.6 eV
to lonize

Higher global warming potential
(GWP) than CO, (25 x worse)

A good source of H, gas, a cleaner
fuel than gasoline, easily
transported
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+sulfur cs,

Scheme 1. Uses of natural gas in industrial

processes.
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M eth an e CH,OH Gasoline

Major component of natural gas

Behaves like  molecular H.:
C-H bond breaking = 430 kJ/mol

Very low chemical reactivity, 12.6 eV
to 1onize

Higher global warming potential
(GWP) than CO, (25 x worse)

A good source of H, gas, a cleaner
fuel than gasoline, easily
transported

CO+H,
+H,0; syngas
O,
+HX CH,-X
Methane NH
3 HC=
A HC=CH
pyrolysis
C(S)
+sulfur cs,

Scheme 1. Uses of natural gas in industrial
processes.
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Methane conversion

Methane

Ni/AlO,

15-30 bar

900 - 1000°C

CO+2H,

99% selectivity
Cu/ZnO/ALQ,
CH,OH
50-100 bar
240-260°C
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Methane conversion

Ni/AlO,

Methane

15-30 bar

900 - 1000°C

CO+2H,

99% selectivity
Cu/ZnO/ALQ,
CH,OH
50-100 bar
240-260°C

Possibility of direct methane to methanol (DMTM)

CH, + %2 O, — CH,OH

AG,yg = -223 kJ/mol

Con:

MeOH produced oxidized easily
to CO, when excess O, is present

CH, + H,0 — CH,OH + H,
AG,yg = 117 kJ/mol

Con:

Needs higher amount of energy
for reaction to proceed.

AH = 124 kJ/mol

Co-transformation of methane and water using atomically precise gold clusters on titania | University of Adelaide



Photocatalysis

« photocatalysts are semiconductors, from micron-sized powders to
nanoparticles, that involve electron transfer from their valence band to
conduction band.
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Photocatalysis
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Photocatalysis

« photocatalysts are semiconductors, from micron-sized powders to

nanoparticles, that involve electron transfer from their valence band to
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Photocatalysis

« photocatalysts are semiconductors, from micron-sized powders to
nanoparticles, that involve electron transfer from their valence band to
conduction band.
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Summary of this research project

550 MT emissions!
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Summary of this research project

mild reaction conditions
Low temperature

(<<< 800 deg Celsius)
atmospheric pressure

550 MT emissions!
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Summary of this research project
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Summary of this research project

mild reaction conditions
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A first principles study of the switching mechanism in
InSbTe-GeTe superlattices

Chiara Ribaldone, Daniele Dragoni, Marco Bernasconi

Chiara Ribaldone University of Milano Bicocca

First principles study of the switching mechanism in InSbTe-GeTe superlattices



Phase Change Memories (PCMs)

m Fast (50 - 100 ns) and reversible transition between the amorphous and the crystalline
states (Joule heating)

m Difference of resistivity between amorphous - crystalline states ~ 103

m Chalcogen alloys: GeTe, GexSbyTes (GST), In3SbTes

15 T
©O-O Amorphous - High resistivi
=a C sl‘;plline—La: resistivit Y RESET
i Y / RESET:
crystal — liquid — amorphous
— 10 - high currents, short pulses
< ON
E
5 SET SET:
é amorphous — crystal
05 - low currents, long pulses
READ
/’—
[ \ i i
[ ) OFF o~ Vn Read out is performed at low bias
0.0 L
0.0 0.5 1.0 15
Voltage [V]

University of Milano Bicocca




Interfacial Phase Change Memories (IPCMs)

m |IPCMs are based on SbyTe3(GeTe), superlattices with blocks of SboTes alternated to
GeTe blocks

m Low programming current with respect to GST-based PCMs — higher efficiency
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Hypothesis for the transition mechanism in IPCMs

m Ab-initio calculations on SbyTe3(GeTe), identify the low resistance state (LRS) as the
Ferro configuration and the high resistance state (HRS) as the Inverted Petrov configu-
ration

— both the LRS and the HRS are crystalline states

m The HRS and LRS configurations differ by the inversion of the Ge and Te layers in the
GeTe block

Energyn (eV)
0\0
Energy (eV)

10

Ferro (SET) Inverted Petrov (RESET)
LRS HRS

J. Tominaga et al., Adv. Mater. Interfaces 1, 1300027, (2014)
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New IPCM superlattices InSbTe-GeTe

m DFT simulations
m In3SbTe,(GeTe)s superlattice shows promising features for application in IPCMs:

low formation energy: 19.51 meV/atom
the structure is locally stable up to 950 K

in-plane biaxial strain on GeTe: 1.9%
(0.5% in ShyTe3(GeTe), [1) —

— reduction of the energy barrier for the
RESET-SET transformations with respect
to SbyTe3(GeTe)y superlattices?

[1] X. Yu et al., Sci. Rep. 5, 12612 (2015)
[2] D. Campi et al., Phys. Rev. B 95, 024311 (2017)

Chiara Ribaldone University of Milano Bicocca
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RESET and SET transitions in In3SbTe,(GeTe)s superlattice

Ferro Inverted Petrov
hp: low resistance state (LRS) hp: high resistance state (HRS)

SET transition
® Nudged Elastic Band (NEB) calculations:

| SbyTe3(GeTe),  In3SbTex(GeTe)s  Energy gain [eV]
RESET ‘ 2.56!!) 2.41 0.15

Activation energy [eV] SET 2.g4l1] 1.93 0.91

[1] X. Yu et al., Sci. Rep. 5, 12612 (2015)

Chiara Ribaldone University of Milano Bicocca
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Conductivity of the Ferro and Inverted Petrov phases - In3SbTe(GeTe)s

Ferro Inverted Petrov
DOS(Eg) = 3.62 states/eV/cell DOS(Eg) = 2.98 states/eV/cell
E E.
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B Boltzmann equation of transport, constant relaxation time approximation:
Opy X Z vu(a, kv (a, k) 6(er — ea(k))
a,k

m Ratio between the conductivity of the Ferro and the Inverted Petrov configurations:

O_Ferro a,g;verted Petrov _ 25

s along the direction of superlattice growth
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Conclusions

DFT calculations:

m a strain of 1.9% in the GeTe block of In3SbTe;(GeTe)s superlattice reduces the energy
barrier for the RESET-SET transitions with respect to SbyTe3(GeTe)o superlattices by
0.15 eV and by 0.91 eV for the RESET and the SET transitions, respectively

m in In3SbTey(GeTe)s superlattice the Ferro configuration has higher conductivity than
the Inverted Petrov phase

m the contrast in conductivity between the Ferro and Inverted Petrov phases seems to be
too low to distinguish between two states of memory 1/0, but further calculations with
spin-orbit coupling are needed to better assess the values of the conductivity of the two
configurations

Chiara Ribaldone University of Milano Bicocca

First principles study of the switching mechanism in InSbTe-GeTe superlattices



Thank you for your attention!
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SCRUTINIZING THE BONDING OF Qg"
2-MERCAPTOBENZIMIDAZOLE ON Cu(111) o @
BY STM AND DFT ®

Marion A. van Midden, Matic Lozinsek, Erik Zupanic, Anton Kokalj

WHY?

Understanding corrosion inhibition.

How do they bind to the surface@
Which interactions are important?

HOW?



Density Functional Theory
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Scanning Tunneling Microscopy
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« Ultra high vacuum —) «  Anficorrosives in UHVe
« Low temperatures (4.2 K or 1.2 K)
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 Understanding corrosion inhibition.

« How do they bind to the surface?
«  Which interactions are importante

HOW?

« Combining STM and DFT

RESULTS?
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Superhydrophobic surface on
aluminium based on alkyl
and perfluoroalkyl

Dr. Peter Rodic, prof. dr. Ingrid MiloSev
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3:. Motivation
- 0000000000000 1

MOTIVATION Superhydrophobic surface has attached much
attention because its special functions:
- water-repellency,
- anti-corrosion
- and anti-icing properties.

THEORY

PREPARATION
Smart coatings are special films with predefined
RESULTS properties that make them sense and respond to
environmental and other external stimuli.

- Corrosion
protection Typical smart coatings are:
_ Self-cleaning | - Self-assembling
coating - Self-healing
- If-cleanin
- Anti-icing Self-clea g
coating

CONCLUSIONS
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MOTIVATION
THEORY

PREPARATION

RESULTS

- Corrosion
protection

- Self-cleaning
coatings

- Anti-icing

coating

CONCLUSIONS
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Hydrophobicity

Hydrophobicity is usually characterized by water contact angle (WCA)
and sliding angle (SA).
Self-cleaning effect

N o 9

\S =
Contact ‘ T 39
angle - =
> A
T Vapor o °
- M < @ P _“~ I;.‘
Superhydrophilic : Hydroph?llc Solid Hydropho;lc Superhydrophobic - pS -
0<5°in 0.5 Sec. 0<90° 0=90°-150° 6 =150° - 180°
(a) . g
Sliding
angle
(b)
Ow' Ocs’
[1 RN

Wenzel Cassie-Baxter

Water contact angle on rough surface

using Wenzel and Cassie—Baxter
equation.
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protection
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- Anti-icing

coating

CONCLUSIONS
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Two-step process

1. step - etching 2 step - grating

Me__
Me_ /.
HCI/H,0, OB gy
e Me—O
L--7 Rf= (CF,),CF;, n=4,6, 8

[ H
/| sH 4
H (o] /H

— uminium

Scheme 1: Two-step preparation of the superhydrophobic aluminium surface.
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Al surface grafted with

7
{

\ 1. step - etching e

B
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Surface analysis
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Scheme 1: Two-step preparation of the superhydrophobic aluminium surface.
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2. step - grafting ‘
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‘ SEM/EDS surface morphology and composition of the grafted aluminium surface.
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Testing in the corrosive environment
-

|

The surface appearance of ground and treated aluminium surface after various
exposure times in the salt spray chamber, according to standard ASTM B117.

1

Ground
aluminium

Aluminum grafted
with FAS-10

Before testing  After 12 hours After 1 week After 2 weeks

Corrosion
products




MOTIVATION
THEORY
PREPARATION

RESULTS

- Corrosion
protection

- Self-cleaning
coating

- Anti-icing

coating

CONCLUSIONS
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Self-cleaning ability
|

The self-cleaning ability of a) ground
and b) grafted aluminium with FAS-
10 coated with graphite powder. The
water is coloured with blue dye.

Mechanism

Graphite
powder was
removed. .

Superhydrophobic
aluminium surface.



0o’
o0 Freezing/melting delay
MOTIVATION Mechanism
THEORY g
PREPARATION Aluminium
RESULTS -
- Corrosion
protection o=
- Self-cleaning Anti-icing properties of a) ground and
coatin b) grafted aluminium with FAS-10.
9 Samples were cooled to -20 °C. Water Water bouncing
droplet was dropped on the surface. from the surface.
- Anti-icing
coating ‘
£
Ice remains 2
on the % S,
CONCLUSIONS surface. S Y enh
> "””Ibyd’%f;
= ,b‘s'l//;ézb/b
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Conclusions
-

Such surface treatment:
v enhance corrosion protection,
/ improves self-cleaning ability

/ and gives anti-icing properties.

Mechanism?

QH oH QH OH oy oH

oo aite e e e 2t 2ie
Aluminium Etching Aluminium
Immersion in
ethanol/FAS-10
solution.
CF,
£Fs (CF),
CF
| (cu)q ) won g
2)2 i EtOH
BON/ eo” Nowi T
N OH OH " OH o
QH o E0" "o  OH ouoH L QHOH onoH
Xote 2t oo aite e 2’ 20t Xote 2t oo aite e 2™ 2t
Aluminium - Aluminium

It will be continued...with molecular modelling.







Let's make it simple

XXX

HS up HS down
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Figure: (a) The original unit cell. (b) A low symmetric choice of spin up and spin
down atoms. (c) A highly symmetric choice of spin up and spin down atoms.



E = 0 meV/at. E = 10.27 meV/at. E = 16.50 meV/at. E = 19.53 meV/at.

Figure: The four most stable magnetic configurations of hematite after the
USPEX run. Energies are expressed with respect to the ground state.
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Are you tired of this?




What about a battery with such a large
capacity in your pocket ?
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Understanding trends in lithium binding at
two-dimensional materials

S.Stavrié, Z. S. Popovié, Z. Sljivanéanin

Vinca Institute of Nuclear Sciences,
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1. use 2D materials in electrodes to
increase the effective surface ...

2. ...and increase the number of Li
adatoms (ions) on the surface

Li atom 2D crystal put this will increase thg
e u \eCtrO stat\C
Iy repulsion between
CBM right?
energy adatoms:
gain




Not for all 2D materials!

some 2D materials can localize the electron gained
from Li adsorption around the Li atom and thus
reduce the unfavorable Li-Li repulsion

Ti,C
5 W perteereee
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CrSe, /0 Mo‘Sez
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to find out more visit my poster <:
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e 15 studied 2D crystals
from different families
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classes of materials




ELECTRON-PHONON INTERACTION AND SUPERCONDUCTIVITY
IN GRAPHENE DOPED WITH METAL ATOMS

ANDRIJANA SOLAJIC, JELENA PESIC
INSTITUTE OF PHYSICS BELGRADE, SERBIA




GRAPHENE

® Graphene — material with extraordinary electrical and
mechanical properties with plenty of effects and rich
physics

= Tuning of properties by various types of defects, applied
strain, electrical or magnetic fields..

® One special effect is absent — the superconductivity

® Can we make the graphene superconducting!?



FROM GRAPHITE INTERCALATION COMPOUNDS TO DOPED

GRAPHENE
= The old idea — graphite intercalation compounds m
= Intercalation of graphite with alkali atoms = superconductivity! o
= Can we achieve it in a monolayer graphene! m
= LiC,, CaC, withT_=8.1K and |.5K ¢

= What about the other elements!?
= Doping with Sr, Sc andY ) : O g (OO p—




Doping with Sr, Sc and Y

A=0.5forYC,

Phonon dispersion of Sr doped graphene Sc Y
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OPTICAL AND MECHANICAL PROPERTIES

Imaginary part of the dielectric
| function for pristine graphene
and doped graphene structures
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Inverse Molecular Docking as a Novel
Approach to Study Anticarcinogenic and
Anti-neuroinflammatory Effects of
Curcumin

Veronika Furlan, Janez Konc, Urban Bren

Ljubljana, september 2019




Curcumin

O

Antioxidant
activity

effects

Memory enhancing
activity

[ Antiinflammatory ]

M

Supression of NF-kB
activation

Induction of
apoprosis

///‘f\ PN & S
L/ / \\/ \,\ [ Supression of ]

protein kinases

EE B
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Figure 1: Structural formula and reported biological effects of curcumin.




~ Inverse molecular docking:

» a single small molecule is docked into a collection
of protein structures from PDB database.

» Inverse molecular docking was performed with the
novel fragment-based CANDOCK algorithm.

» Inputs to CANDOCK algorithm:

% curcumin structure to be inversely docked

% human protein chains with their binding sites
» Output:

% ranked list of docking score values for
minimized protein-curcumin complex
structures

O
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Figure 2: Workflow of the fragment linking procedure.




Distribution of Docking Scores
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Figure 3: Normal distribution fitting of calculated docking scores.




Validation of the inverse molecular docking
protocol
ROC curve Predictiveness curve Enrichment curve
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Figure 4: Validation of the inverse molecular docking protocol of
curcumin against all human proteins from the Protein Data Bank: a) the
ROC curve; b) the predictiveness curve; and c) the enrichment curve.
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Detailed binding poses of curcumin in the protein targets FR-3 and
PDE4D with the lowest docking score values

O
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Met439
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a) b)
Figure 5: Intermolecular interactions between curcumin and a) the binding site of human folate receptor beta (FR-[3), b)
the binding site of cAMP-specific 3°,5 -cyclic phosphodiesterase 4D (PDE4D). Carbon atoms of curcumin are shown in
orange and carbon atoms of amino-acid residues in light blue color. Oxygen atoms are red, nitrogen atoms dark blue and
sulfur atoms yellow. Hydrogen bonds are depicted in dark blue. Hydrophobic interaction and pi-stacking interactions are
presented with dashed gray and green line, respectively. Hydrogen atoms are omitted for reasons of clarity.




CONCLUSIONS ~ ‘xv"rix.
O

~ We used a novel inverse molecular docking protocol and as the first predicted potential targets
of one ligand (curcumin) among all human proteins from the Protein Data Bank.

» The obtained results provide mechanistic insight and can direct future experiments by
narrowing down the potential protein targets of curcumin.

» Curcumin potentially binds to proteins playing an important role in:
» numerous signaling pathways involved in carcinogenesis and tumor formation
» cognitive impairment associated with Alzheimer’s disease.
» A promising opportunity to:
> identify the most potent analogs of curcumin as well as other natural products and to
consequently reduce the associated research costs,

> identify potential protein targets for new drugs and other chemopreventive compounds
originating from various natural sources,

» predict the potential toxic side-effects of drugs from interactions with proteins other than
the targeted one.
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Magnetic interaction of Mn/Cr on Ag(001)
surface modified by graphene adsorption
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» Graphene adsorption strongly modifies the magnetic interaction of atoms
» +U correction results in physisorption of graphene
» Indications of phonon-magnon coupling



Electron scattering on polaronic impurities

characterized by a strong electron-phonon coupling
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Theoretical model involving polaronic impurity

Scheme of the model:

@ polaronic impurity:
e on-site energy €9 # ¢ = 0 — static impurity
e coupling between an electron and a local lattice deformation, molecular
vibration, ... — dynamic impurity
@ model Hamiltonian (I denotes impurity site):

H=—t Z(cfcj + chci) + woalTa| —i—aoc,Tq +g(a+ a,T)cqu
(id) g

interaction

~~

’:IO:l:IeH‘I:Iph
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Scattering problem and Green's function formalism

We introduce matrix elements of Green functions

° 1 L (ay 0
Grgomoz,w — (0 (al) . _ T \9 0) = 6, GI”(II21 _ ,
m (@) = (0] T o — Ocmmu ~Grn(w — awo)
o) = 0 @t _cta) g

and consider electron scattering on polaronic impurity by using the
T-Matrix

T(w) = V6(w) (w - Fo).
where

o 0)a,a 0)a,a Q, 0)~,
G (@) = Gary Ghm (@) + G (@) T (W) G0 (w),

,m

and
0“7 (ey) x |T|,OI£’7(57 + ywo) *.

Juraj Krsnik QE Summer School 18 September 2019

3/5



Exact solution of the polaronic impurity model

Due to the local interaction VIOI‘C = €000, + 8(vV@at1,c + vV 0ac-1),
7,77 (w) can be written in a closed form in terms of (there is essential
intermediate step - poster!)

Aalw) = — £ o 22 - ph. absorption,
gl,l (w—(a—l)wo)— _1( (a—2)an) (a—2)g2
w—(a—2)wp)———""——4+2
1t 0 G (w—(a=3)wg) =
g .
B, (w) = (ot - - ph. emission.
T G (ot ) (ai2)e

-1, _ (a+3)g2
G (w—(at2)wo) ‘17%] (o—(at3)og)—.

— T,77(w) are known to any order in the perturbation theory and the
polaronic impurity problem is fully solved.
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Average scattering cross section

32 o
1) =01 [ e, T) [4750 [ 7270, 0]
ph distr. el. distr.

o7 (e4)

@ exact results for the simple cubic lattice:
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DOES SIZE REALLY MATTER?

Density Functional Theory (DFT) and kinetic Monte Carlo (kMC) of RWGS on Cu/SrTiO, bifunctional catalysts

Drejc Kopac, Matej Hus, Blaz Likozar

Department of Catalysis and Chemical Reaction Engineering, National Institute of Chemistry, Ljubljana, Slovenia




METHODS

* DFT: - structure optimization, pathway energetics, pairwise interactions, transition states
- PAW pseudopotentials, gradient-corrected PBE exchange correlation

- 450 eV kinetic energy cut-off, Grimme D3 correction

Cul/SITiO,
interface

SrTiO, perovskite }
support




METHODS

* kMC: - variable lattice sizes, various temperatures and pressures
- graph-theoretical KMC algorithm, Zacros software

- cluster expansion model: pairwise 1* nearest neighbour interactions
- kinetic constants from TST, E-R and L-H type reactions
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RESULTS

Bifunctional catalyst is more active

(Il(((((((l((““((I"(“(1((““(“Il((((“(((.

Cu + support Interface + support Cu + interface + support
TOF_,=4.3x107s" TOF_,=7.1x10°s" TOF__,=9.4 x10°s*

CO rate per active site (TOF) shows that bifunctional catalyst is more active for CO production.



RESULTS

at T=500 K, P=1 bar

H, dissociative adsorption

H diffusion

H exchange between regions
CO; adsorption

COS + H* & tCOOH* (L-H)
CO, + H* & tCOOH* (E-R)
tCOOH* & cCOOH*
cCOOH* & CO + OH*

OH* +H* & H,0

B Cu(111) region 0.01 1 100 104

B Interface region

Number of reactions per active site

Cu(111) superior
for H, adsorption

H diffuses to
perovskite interface

CO, hydrogenation preferred
on Cu/SrTiO, interface region

No catalytic activity on
perovskite support surface!



CONCLUSIONS

w 14
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Number of active sites

CO TOF vs number of active sites does not show any trends.These are preliminary results, more
thorough simulations are in progress.

* Activity (TOF) towards CO is improved when using bifunctional catalyst.

 Preliminary results show no clear trend when comparing the catalytic activity and size.
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Noble Gases

Group 18 (Vllla) Elements

http://www.periodictable.com/

Historically known as the In&tt Gases. Sir William Ramsay
1894 Ar; 1898 Ne, Kr, Xe
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Krypton Chemistry =~ Chemistry of KrF,

AH;=60.2 kJ/mol = Thermodynamically unstable! = Better F* source than F, !

T2\ THE MOST TRAGIC STORY EVER TOLD==
N~ | THE LAST DAYS OF THE &

N\

< Syntheses —»

Kr+F,

Coiled Ni Filament KrF
2

(Hot-Wire Reactor) UV Photolysis

Kr—F
Kr-0

J. E. Lehmann, H. P. A. Mercier, G. J. Schrobilgen, Coord. Chem. Rev. 2002, 233-234, 1. Kr N

M. LozinSek, G. J. Schrobilgen, Nature Chem. 2016, 8, 732.
|
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[Mg(KrF,),(AsF¢),]

__________________________________

[XeFs][AsFc]-2KrF,

[Mg(KrF,),(AsF¢),]-2BrF, AKrF,-3BrF,
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KrF,-2BrF.
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[Mg(KrF,),(AsFg),] .

Gaussian09 & NBO 6.0
B3LYP / aug-cc-pVDZ(-PP) Mg, As, Kr
aug-cc-pVDZ F

Wiberg Bond Indices

«‘;50 % probability ellipsoids)

Bond d/A

Kr-F, 1.817(2)-1.821(2)

Kr-F, 1.966(2)—-1.980(1)
+1.03 Mg---F(Kr) | 1.978(2)—2.004(2)

-0.40 Natural Population Analysis Charges Mg-—-F(As) | 1.982(2), 2.001(2)

As—F, 1.785(1), 1.796(1)

M. Lozinsek, H. P. A. Mercier, D. S. Brock, B. Zemva, G. J. Schrobilgen, As—F, 1.705(2)-1.718(1)
Angew. Chem. Int. Ed. 2017, 56, 6251.
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The role of small coadsorbates on
adsorption of azole molecules on
copper surfaces



What are we doing?

Modelling corrosion inhibitors on copper surfaces using DFT.



What are we doing?

Modelling corrosion inhibitors on copper surfaces using DFT.

substances with ability to reduce corrosion
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What are we doing?

Modelling corrosion inhibitors on copper surfaces using DFT.

substances with ability to reduce corrosion
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What are we doing?

Modelling corrosion inhibitors on copper surfaces using DFT.

substances with ability to reduce corrosion

. H H
H
S /H /H H
N N N - ®
/Z/ /)\ y /\ " " :
H 2 H . P~y ) y :
H H

imidazole benzimidazole benzotriazole

JUBA|0S uoIIdw

periodic multi-slab DFT framework

model of Cu(111) using the (PBE)
surface energy functional

XCrySDen Environ




Evaluate how some coadsorbed corrosion
relevant species affect intermolecular interactions

of adsorbed azole molecules.

H O OH o]
typically involved in corrosion
cathodic corrosion activator

reactions



How are we doing it?

Effect of inhibitor on other species

H:- no effect

."o:. stabilized by 0.20 eV

inhibitor
molecule

% stabilized by 0.15 eV

destabilized by 0.20 eV

Effect ... when H-bond forms

AN 4

- + O % stabilized by 0.45 eV
inhibitor *u?

L

molecule : cL‘. stabilized by 0.25 eV

Pauli repulsion region

.‘on". stabilized by 0.20 eV
s

Inhibitor molecule

. . . U- B
adsorption-site region = e




What we discovered so far?

imidazole
.

imidazolp

Cu(111)

Charge density difference B clectron excess M electron deficit



What we discovered so far?

N

" imi Coadsorption effect enhances the

=
,

Charge density difference
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oo’ The role of small coadsorbates on adsorption
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° of azole molecules on copper surfaces
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1. Introduction 2. Method

Corrosion inhibitors are substances with the ability b ‘

® computational method: DFT with
to reduce corrosion rate already at very low

GGA-PBE functional
concentrations. " H OH

u ® basis set: plane-waves with ultra-
v ! . ~ soft pseudopotentials

;LH = :\y ® program package: Quantum

W s o i

ESPRESSO, XCrySDen

e surface model: periodic multi-slab
® Aim: Evaluate how some coadsorbed corrosion relevant species model of Cu(111)
affect intermolecular interactions of adsorbed azole molecules.
3. Results

Effect of co-adsorbates on inhibitor Effect ... when H-bond forms
H no effect

i tabilizes by 0.20 eV
Pauli repulsion region stabiizes by 0.20 &

0% stabilizes by 0.45 eV
inhibitor inhibitor
molecule stabilizes by 0.15 eV molecule stabilizes by 0.25 eV
~
. H
Inhibitor molecule ‘ O destabiizes by 0.20 &V ‘ stabllizes by 0.20 &V
coraderponsE reaen Bl

© Enhancement of inhibitor-surface bonding by nearby O,
Charge density difference Melectron excess Ml electron deficit

benzotriazole benzotriazole

imidazole

Cu(111)

® O_. and OH

(ads) aas) PTOMOte deprotonation of inhibitors resulting in a more stable state.
molecule molecule
stabilization molecule stabilization molecule
SH —_— SH —_——
by 0.28 eV by 0.79 eV
| /N ! \ -
o] o]
Cu Cu Cu u

5 /N "
-/C i‘ i .iCu i-iCu‘ i
® Effect of surface coverage on the stability of inhibitor molecule

4. Conclusion

Azole corrosion inhibitors affect the adsorption of corrosion
relevant species on the surface

B & _’f ® O, stabilizes the inhibitor molecule the most

stabiization \gRNSMNEEE © Cl.., stabilizes to lesser extent compared to O

o 4 Pug ugeuge ° OH, destabilizes unless H-bond forms

LSS e OH(a ds)does not affect the coadsorbed inhibitor

destabilization
77777 by 0.35 eV

(ads)
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