
Sim_NanA

Simulation Numérique de Nano-Alliages ou alliages bimétalliques 
de dimension réduite : des surfaces aux agrégats.

Partenaire 2: Paris-Sud – Laboratoire d’Étude des Matériaux Hors Équilibre / ICMMO - Orsay – J. Creuze, F. Berthier

– Section de Recherche en Métallurgie Physique, CEA, Saclay – B. Legrand

Partenaire 1: Marseille – Centre Interdisciplinaire de Nanosciences de Marseille, CINaM – C. Mottet, G. Tréglia

Tâche n°1. Dérivation de modèles effectifs d’intera ctions pour les nanoalliages à partir de leur structure électronique, 

Tâche n°4 : Aspects Dynamiques

Partenaire 3: Toulouse – Centre d’Elaboration de Matériaux et d’Etudes Structurales, CEMES – J. Morillo, M. Benoit
Tâche n°2. Structure électronique et magnétisme des  nanoalliages à partir d’une approche ab initio

Tâche n°3. Équilibre thermodynamique

Versatile description of the electronic structure in (nano)alloys
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TBIM (Tight-Binding Ising Model)
Pair-wise interactions Vnm

SMA (second moment approximation)
N-body potential

chemical ordering � morphology
diagonal disorder � non-diagonal disorder
δd=(εA –εB)              � δnd = (βAA – βBB) / β

What’s about when …
- δd << δnd (CoPt) ?
- higher order moments required

… pseudo-gap opening
… stacking faults

- strong spd hybridization (Cu, Ag, Au) ?
- strong magnetic effects (CoPt) ?
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Polyicosahedral core/shell magic structures: 
(Cu, Ni, Co)-Ag nanoalloys

Single impurity effect on melting
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Ag55

Ag54Ni1

Ag54Au1

Caloric 
Curve

Equilibrium structure of CoPt nanoalloys
MC + QMD on different structures (Ih, Dh, TOh…)
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Order/disorder transition

SRO (- - -) ;  LRO (      )

Bulk (no symbol)

Wulff TOh :  3 nm (   ,    )

2.5 nm (   ,    )

2 nm (    ,   )

Alloyeau, Ricolleau,, Langlois, MPQ, Paris.

Le Bouar, Loiseau, LEM/ONERA Châtillon.

– Laboratoire d’Étude des Microstructures, ONERA-CNRS, Châtillon – H. Amara, F. Ducastelle

Phase diagram and superficial segregation

Coupling between chemistry and structure
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From semi-infinite alloys…

rA � rB

Ag c(10x2)/Cu (001) Ag (9x9)/Cu (111)

to nanoalloys

F. Baletto et al., J. Chem. Phys. 116, 3856 (2002)
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405-atom TO isotherm at T = 300K

Finite-size effect and multi-object aspect

No more fisrt-order phase transition
but

dynamical equilibrium in phase space

Monte Carlo simulations with relaxations in the pseudo-Grand Canonical ensemble
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C. Langlois et al., Faraday 
Discuss., 138, 375, 2008 
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3871-atom Ih isotherm at T = 500K

‘In the Real Life’ consequence

Bimodal distribution of 
clusters

for an assembly of 
nanoparticles

Tâche n°1. Dérivation de modèles effectifs d’intera ctions pour les nanoalliages à partir de leur structure électronique, 
Thermodynamic Simulations  of CoPt Nanoparticle
Size effect on the phase diagram: from bulk to nanoparticle

Tight-binding model beyond the SMA approximation for a 
good description of the electronic structure in (nano) alloys: 

- reproduce the energetical properties of the FCC structures   
for Co and Pt and the L10 phase for CoPt

Role of the magnetism in the order-disorder transition
- for CoPt 	d 
 0 => another driving force : magnetic effect ?

magnetism effects are important in CoPt systems

- from DFT calculations :  

Magnetism :

•Co prefers to be at center
• hetero atomic bonding
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• better Co at surface
• 1 Co is enought to increase
the moment  in the alloy

Energy:

•Remarkable magnetic
enhancement µeff(Co)=16 µB
• antiparallel magnetic moments 
(      ) on second neighbors

Sz = 18 µB = 0.47 µB/atom

Low surface 
magnetism

Sz = 2 µB = 0.05 µB/atom
(exp. : 0.16±0.13 µB/atom for Rh34)

Single magnetic impurity effect on magnetism

Rh37Co
Map of local magnetic moments (µB)

Rh38


