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the ‘GIBBS’ isothermal–isobaric approach132. For nanostructured 
materials, an additional challenge is the evaluation of conductivities 
at interfaces, where the transport problem couples with the diffi-
culty of predicting nanoscale geometries. Here the solution lies in 
a quantum-transport treatment that has only recently been consid-
ered for HT applications133.

Magnetic materials. Although magnetism can be found in a mul-
titude of materials (several thousands), the choice of magnets avail-
able for mainstream applications is much more limited (around two 
dozen)134. There are two main reasons for such limited diversity. 
First, any standard application, regardless of the particular technol-
ogy it concerns, needs to operate in the temperature range between 
−50 °C and +120 °C, which requires the magnet to have a critical 
ordering temperature, TC, of at least 550 K. Unfortunately, there 
are only a few hundred magnets with such a high critical tempera-
ture. The second reason is that magnetic materials need to satisfy 
additional physical constraints for each specific application. Thus, 
for instance, energy-related technologies (electric turbines, electric 
motors and so on) require large magnetic energy densities, whereas 
magnetic sensors often need sensitive magnetic–electric responses.

Only by exploiting HT techniques can one explore the possibil-
ity of synthesizing new high-performance magnetic materials, and 
search into large materials classes that are known to be populated 
by high-temperature magnets. Particular classes of interest are the 
intermetallic ternary materials, such as the Heusler compounds135. 
A simple combinatorial calculation gives an upper limit for the 
number of possible Heusler compounds (including half-Heusler) of 
about 230,000. Among these, about 1,500 are known and have been 
synthesized in the past. However, there is still a significant number 
for which a synthetic strategy has not been designed. Particularly 
important would be the development of permanent magnets with-
out critical elements (so as to counteract the current ‘rare-earth cri-
sis’136), or of magnets whose properties are specifically targeted to 
electronics applications, such as magnetic random access memo-
ries. Finally, HT technologies can be used to design entire magnetic 
heterostructures, and the case of tunnel-magnetoresistance devices 
seem particularly attractive137.

Heusler alloys. This Review includes a few references to research 
on Heusler alloys. In addition to the reviewed topics (thermo-
electricity85, topological insulators78,138, piezoelectricity80), such 

systems have drawn general attention in the computational 
materials community135: chemical stability was investigated by the 
Zunger group139, and bandgap and lattice constants were computed, 
for optoelectronic applications, by Gruhn140. A repository of Heusler 
alloys’ calculations would thus be useful for scientific and indus-
trial applications. This is an undergoing task of the AFLOWLIB.org 
consortium24. By combining the wealth of binary intermetallics and 
the parameterization of all the possible Heusler alloy combinations 
(full-[AlCu2Mn], half-[AgAsMg] and anti-[CuLi2Sn]), one can rap-
idly determine the thermodynamic stability and the appropriate 
electronic-structure features.

Alloy theory at the nanoscale. The extension of the HT frame-
work to predict alloy stability at the nanoscale has great techno-
logical implications, especially for catalysis. Many phenomena are 
chemically dependent on the stable surface of the catalyst96,98, and 
the proper parameterization of the surface stability (energy) and 
surface tension (stress)141 will greatly help the development of new 
catalysts (for example, the size-dependent phase transitions in Fe–C 
mixtures have been shown to be responsible for deactivation in 
nanotube growth142).

Catalysis. Considerable improvements are necessary to advance to 
a more comprehensive HT framework for computational catalyst 
design. One direction is related to the current limitations of DFT 
calculations in treating non-metallic surfaces, electronic bandgaps 
and excited electronic states, and the chemistry of atoms and mol-
ecules on such surfaces in various environments143. Improvements 
in this field would be needed to extend the current framework 
from transition metals to other useful materials families, such as 
oxides, sulphides, nitrides and zeolites. Furthermore, for the devel-
opment of catalysts with long lifetimes, the thermodynamics of 
the catalyst–product mixture must be elucidated, especially at the 
nanoscale where the quest for more active surface dictates size 
reduction and, as a consequence, possible size-induced thermoki-
netic deactivation142,144.

On the HT conceptual level, developing a systematic methodol-
ogy to determine appropriate descriptors for an as extensive as pos-
sible variety of catalytic properties would be of crucial importance. 
It is not yet apparent how this challenge could be met, but it is clear 
that it is the key for the implementation of truly HT computational 
catalyst discovery and design, concomitant with the necessary 
experimental validation22.

Battery technologies. Additional advancements would be needed 
to expand energy-storage materials research beyond the current 
scope of Li-ion batteries27,28. For example, a variety of conversion 
electrodes, where transition metal binary phases react with lithium, 
potentially possess much higher energy density than intercalation 
devices. The wealth of such compounds with different degrees of 
covalence and transition metal oxidation states could enable the 
tuning of operation voltages, for positive or negative electrodes, and 
the possibility of selecting low-cost and environmentally friendly 
materials145. Likewise, batteries employing a higher valence cation 
such as magnesium or aluminum, which could have considerably 
increased capacity with reduced weight and volume109,146, have not 
yet been considered in computational studies.

Algorithms and repositories. To be effective, the wealth of cal-
culations produced by HT needs to be open-domain, shared in 
online repositories and equipped with effective search capabili-
ties. Examples are the AFLOWLIB.org consortium24, the Materials 
Project25, the Computational Materials Repository147, The Electronic 
Structure Project74, and the Carnegie Mellon’s Alloy Database148. 
For efficiency, the repositories should be integrated so that they 
can share information through standardized calculation and 
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Figure 6 | High-throughput study of safety versus voltage in lithium 
batteries. Shown are the oxygen chemical potentials at which the charged 
state decomposes versus their Li intercalation voltage. The more negative 
the chemical potential, the higher the material resilience to a reducing 
environment (safety). Figure adapted with permission from ref. 28, 
© 2010 Cambridge Univ. Press.

REVIEW ARTICLE NATURE MATERIALS DOI: 10.1038/NMAT3568

© 2013 Macmillan Publishers Limited. All rights reserved

“Génome#des#matériaux”#



Plateaux#scien;fiques#dont#on#
doit#se#doter#pour#réussir#

Supercalculateur#
Curie#

•  Massivement#parallèle,#grands#challenges…#
…#mais#aussi#besoin#de#“task#farming”#

•  Modélisa;on:#plateformes#perme2ant#le#passage#de#
paramètres#entre#les#équipes#



Partenariats#incontournables#

•  Partenariat#centres#de#calcul#/#laboratoire#de#recherche#

Mise#en#place#d’équipes#regroupant#des#
ingénieurs#et#des#chercheurs#pour#développer#des#
codes#efficaces#/#massivement#parallèles#

•  Comment#produire#des#bases#de#données#pour#
l’industrie?#


	Atelier-franco-quebecois-salanne-partie1
	Atelier-franco-quebecois-salanne-partie2
	Atelier-franco-quebecois-salanne-partie3

