Designing Novel Platinum Based

Efficient Catalysts
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Pt nanoclusters
> Pt versatile catalyst
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Goal: Design durable catalysts, resistant to deactivation

How? Doping Pt catalysts with other atoms
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CO Binding Energy

.-—-.'16 -
>
3 1
018 -
O,
w -
m
2
T T
) 6
—e— Pt,(CO)”

—&— GePt,., (CO)"

A. Ugartemendia, et al. ChemPhysChem 22, 1603 (2021)



CO Binding Energy Pt-CO bond description

Blyholder model:



CO Binding Energy Pt-CO bond description

Blyholder model:



CO Binding Energy Pt-CO bond description

Blyholder model:

27 I dm*
M =g C o 0 4o
ier big
g In

Donation:
CO 50 (HOMO)

J
Ptd,.



CO Binding Energy Pt-CO bond description

Blyholder model:

2n In 2n
M 4= 53 C a 0 da
D ; in
& In
Donation: Back-Donation:
CO 50 (HOMO) Ptdxzy,
\[% \|%

Ptd, CO 27* (LUMO)



CO Bi n d i n g E ne rgy Why is reduced?

Projected Density of States



CO Binding Energy NVhy is reduced?

Projected Density of States

— g0 1 : —CO
= — Pt I | =&
9 ! — Ge
0.754 0.75+
2 w2
8 I 8
=R £ 05
2" |
46" 507
0.251 AM 025
0 Tt T T B B 0 1IN I " A
24 20 -16_-12 -8 -4 0 4 24 20 -16_-12 -8 -4 0 4
Energy (eV) Energy (eV)

Pt;(CO)* GePt,(CO)*



CO Binding Energy NVhy is reduced?

Projected Density of States

back-donation back-donation
/
1 lJ
0.75 0.75
%) %)
2.l \" 2
a 0.5 & 05
46" 50"
0.25 0.25
0 LI L L | T LB L L 0- S T -
24 20 -16_-12 -8 -4 0 4 24 20 -16_-12 -8 -4 0 4
Energy (eV) Energy (eV)

Pt;(CO)* GePt,(CO)*



CO Binding Energy NVhy is reduced?

Projected Density of States

back-donation back-donation
/
1 lJ
0.75 0.75
%) %)
2.l \n 2
a 0.5 & 05
46" 50"
0.25 0.25
0 LI L L | T LB L L 0- S T -
24 20 -16_-12 -8 -4 0 4 24 20 -16_-12 -8 -4 0 4
Energy (eV) Energy (eV)
Pt;(CO)* GePt,(CO)*

» Smaller back-donation



CO Binding Energy

is reduced?

Projected Density of States

back-donation

I,
0.75-
I
0.5
46" 50
0.25-
0 L UL R | T Ty
24 20 -16 -12 -8 4 0
Energy (eV)
Pt;(CO)*

» Smaller back-donation

back-donation

24 20 -16_-12 8 4 0 4
Energy (eV)

GePt,(CO)*

» Availability of Pt d orbitals is reduced



CO Binding Energy

is reduced?

Projected Density of States

back-donation

I,
0.75-
I
0.5
46" 50
0.25-
0 L UL R | T Ty
24 20 -16 -12 -8 4 0
Energy (eV)
Pt;(CO)*

» Smaller back-donation

back-donation

/

24 20 -16_-12 8 4 0 4
Energy (eV)

GePt,(CO)*

» Availability of Pt d orbitals is reduced
» NBO analysis: smaller 27* population in doped clusters
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Binding energy to CO

BE[CO] (eV)

» Equimolar Pt,,Ge,, alloys, minimizes CO affinity
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Intracluster binding energy
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» Equimolar clusters maximize number of Pt-Ge bonds
» Largest thermodynamic stability

> Largest mixing energy

> Weakest interaction with CO
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CO poisoning should be reduced
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What makes equimolar clusters special?
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First step in Hydrogen Oxidation

Reaction: H, — 2H 4
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PtGe on defected graphene

CO-Pt;,

BE(CO) reduced
by>1.1eV
BE(CO)
reduced

by > 1.6 eV
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Ca|CU|ati0nS Details Ptn+ and GePtnjL clusters

Global minima search of CO—Pt,,* / CO—GePt,_,*
(n=5-9)
» PGOPT/VASP PBE-D3
» cutoff: 450 eV

» SCF convergence 1076
eVv.

» The unit cell 15x15x25A

» Turbomole (DODO)
» TPSSH-D3/def2-TZVP

» Final Energies and all analysis with LC- PBEh/def2-TZVP
using GAUSSIAN.

Calculations run on local computers
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Ca I cu |ati0 ns D eta i IS What about Catalytic Activity?

First step in Hydrogen Oxidation Reaction: H, — 2H_4

Q& J")

» PGOPT/VASP PBE-D3

» cutoff: 450 eV

» (SCF) convergence 1076 eV.

» The unit cell :15x15x25A

» Climbing image nudged elastic band (CI-NEB)
Largest clusters (around 10x800 structures) in BSC (48 cores
24 hours)



Ca IC u |ati0 ns D eta i IS PtGe on defected graphene

» Pt, and Pt,Ge, on 5-8-5-DV 14.
supercell (94 C atoms) + CO

> Pt,, and Pt;Ges + CO 17.28 x 21.38 x 20.0 A supercell
(138 C atoms) was required

Largest clusters (around 10x800 structures) in BSC (96 cores
24 hours)
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Pt,* and GePt,* clusters

Desorption rates of CO ( Prof. Ewald Janssens (KU Leuven))

—8— Pt,(CO)*
—— GePt,., (CO)

» Ge doping weakens Pt-CO interaction, reduces the
tendency to CO poisoning.

A. Ugartemendia, et al. ChemPhysChem 22, 1603 (2021)



