substrat (à la masse ou polarisé <0)
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Molécule -Surface : Adsorption via precursor 
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Size effects

Example for a sphere with radius r:

2 3 / 2 3 / 2 2 3 3 4 ; ; 4 3 4 ; 3 4 r S N r S r V N r V V S S V S V V T          = = = = = = =
et donc : Liquid density: water 33 nm -3 If box size is in the range 10 x 10 x 10 nm 3 → 65 000 Pt atoms or 33 000 water molecules → Statistical quantities (diffusion coeff, reaction rates, etc) can be directly calculated  uses the concept of electron (charge) density to describe metallic bonding:  each atom contributes through a spherical, exponentially-decaying field of electron charge, centered at its nucleus, to the overall charge density of the system.  Binding of atoms is modelled as embedding these atoms in this "pool" of charge, where the energy gained by embedding an atom at location r is some function of the local density.

= =  = + = = N i i i N i N j i j i ij ij N i i pot F r E E 1 1 , , 1 2 1   ( ) 20 20 1 1 exp 1 1 exp         - +               - - -         - +               - - = 
 The total energy thus writes:

With pairwise function: and mixing rule: 
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  photons

  PhotonsSubstrate coupling Weak direct effects on adsorbed species

•

  Flux et energy of atoms, substrate T°, gas T°, • Substrate composition, vapor composition (ion, metastable, e -)

  & H. Tawara, Atomic and Nuclear Data Tables62 (1996) 149 -253Sputtering rate:Comparison of different methods for calculating sputtering yields and sputtered atom energy distributions.Brault P et al(2016) Molecular Dynamics Simulations of Platinum Plasma Sputtering: A Comparative Case Study. Front. Phys. 4:20. doi: 10.3389/fphy.2016.00020 Structure effects on reactivity Morphologies ➔Many combinations of corner, faces, ridges NANO OBJECTS Recall : dispersion (≡ # surface atoms (N s ) / #total atom (N t )

  with 8 atoms All are surface atoms Nano-cube with 27 atoms 26 are surface atoms, only one is bulk atom: red one Q: for a 4x4x4 = 64 atoms cube, how many surface atoms are there ? Example Top + Bottom → 2 x 16 = 32 atoms Front and rear, it remains→ 2 x 8 = 8 atoms Left and right, it remains → 2 x 4 = 8 atoms So there are 56 surface atoms in a 4x4x4 cube reaction rate vs size a) Reaction rate is not sensitive to size (rare) b) Reaction rate is increasing structure effects (faces, defects). c) Reaction rate has a maximum electronic size effects at intermediate sizes 3-4 nm d) Reaction rate decreases Small sizes are favored W 1.7 nm < W 14nm car E CO (1.7 nm) > E CO (14nm) → Unsensitive to structure/size NO+CO → CO 2 +1/2N 2 on Rh is very sensitive to structure * 2 ) increases on single crystals with increasing size NO sur agrégats de Pd déposés sur MgO Square lattice of Pd half-spheres with radius R, surrounded by a fictitious capture area (width ρ =mfp of NO on MgO). When NO is landing on the capture area, it belongs to the cluster P = P direct (cluster) + P NO/MgO n s [π(R+ ρ) 2 -πR 2 )

BOTTOM.✓

  Pt 3Ni(111). With Ni in the subsurface layers, the topmost Pt atoms (Pt-skin) have a modified electronic structure, which alters different adsorption properties of Pt. Consequently, interaction between OH -ions and Pt-skin is weaker compared to the pure Pt catalysts, and surface is less covered by blocking species, leaving more Pt sites active for adsorption of O 2 . The overall effect generates an increase in specific activity for cathodic reaction: 10 times more active than the Pt(111) surface and 90 times more active than stateof-the-art Pt/C catalysts currently used in fuel cells. Challenges and opportunities in materials for green energy production and conversion, Le Studium 15-17/06/2021 56 Calculate all trajectories of a set of atoms, molecules, ... via the Newton equation of motion → Suitable for processes at nanoscale (up to 10 9 atoms) ✓ A rigourous approach requires the use of robust interaction potentials If necessary running DFT, i.e. electronic calculations → ab-initio or firstprinciples MD and/or Machine Learning methods ✓ and initial conditions (positions, velocities) preferably matching experimental conditions → appropriate velocity distribution functions can be derived from experimental conditions. ✓ Proper energy dissipation: -Energy release during deposition, bond formation/breaking -Annealing → via friction term(s), thermostat(s) Challenges and opportunities in materials for green energy production and conversion, Le Studium 15-17/06/2021 57 Relevance/significance of MD Simulations Flux : Exp. 1 10 15 cm -2 s -1 = 10 species / nm 2 / s -MD 1 specie /10x10 nm 2 / 2 ps Prohibit long time diffusion, except if including specific strategies (fbMC, CVHD, hyperdynamics, …) Pressure/simulation box size Solid density : Pt 65 nm -3

  photonsimplicit (polymer degradation)

  Atom Method (EAM) (well suited for metal catalysts)  energy of a solid is a unique functional of the electron density.



  . Foiles, M.I. Baskes Contributions of the embedded-atom method to materials science and engineering, MRSBulletin, 37 (2012) 485-491. X. W. Zhou et al, Misfit-energy-increasing dislocations in vapor-deposited CoFe/NiFe multilayers, Phys. Rev. B 69 (2004) 144113 62 ReaxFF allows for computationally efficient simulation of materials under realistic conditions, i.e. bond breaking and formation with accurate chemical energies. It also includes variable partial charges. Due to the chemistry, ReaxFF has a complicated potential energy function: E system = E bond + E over + E angle + E tors + E vdWaals + E Coulomb + E Specific TP Senftle et al, The ReaxFF reactive force-field: development, applications and future directions, npj Computational Materials 2, (2016) 15011 Overview of the ReaxFF total energy components Correct Bond Order  Correct description of reaction energy barriers Parametrization using experimenatal known data and DFT calculations Free Pt 3 Me(Au) (Me = Ni, Cu) nanocatalyst growth PLASMANT University Antwerpen -NANOlab Center of Excellence -28/02Au segregation towards cluster surface  CuAu surface alloy for Pt 3 CuAu → better efficiency for Oxygen Reduction Reaction  Pt 3 Cu(Au) more well , et al, Pt 3 MeAu (Me = Ni, Cu) fuel cell nanocatalyst growth, shapes and efficiency: A molecular dynamics simulation approach, J. Phys. Chem. C 123 (2019) 29656 -29664

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

e - H + plaque bipolaire plaque bipolaire anode cathode Electrolyte + 40-50% de l'énergie est produite sous forme de chaleur Alloy effects 2H + + 1/2O 2 + 2e -

  

	e -	e -	
		e -	
	H 2	O 2
	Combustible H 2		comburant O 2
		H +	
		H 2 O	Eau
	Réaction anodique		Réaction cathodique
	H 2  2 H + + 2 e -	Réaction totale:	O 2 + 4 H + + 4 e - 2 H 2 O
		2 H 2 + O 2 → 2 H 2 O + E elec	

→ OOH → O + OH → H

2 O Fuel cell cathode Pt 3 Ni

  

	TOP. Pt(111). OH -bonds tightly to platinum
	surface atoms, leaving less room for O 2 to adsorb onto Pt active sites. Since hydroxyde blocking
	species do not have an active role in reduction of
	oxygen molecules, their presence substantially
	hinders the rate of cathodic reaction.

Challenges and opportunities in materials for green energy production and conversion, Le Studium 15-17/06/2021

-Cluster atomic arrangements are typical of a crystalline structure of the Pt cores, with numbers of 1 st nearest neighbors between 10 and 12 (i.e. consistent with fcc arrangement) -Bi composition < 20% leads to cluster surfaces with both Pt and Bi, allowing catalytic activity enhancement.

-Pt/Bi atomic composition is not only globally preserved, but is also verified for each cluster Hydrocarbon plasma and nanoparticles