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Abstract 
 
The successful development and manufacturing of 
new materials, for applications ranging from batteries, 
catalysts and electronics to thermal protection 
barriers in aerospace engineering, requires extending 
computational approaches beyond those required for 
ordered materials to incorporate the effects of 
disorder and entropy [1-3]. Descriptors and 
thermodynamic models have been developed to 
predict the synthesizability and properties of 
disordered materials [4-6] based on large ensembles 
of calculations for ordered structures generated using 
the AFLOW framework for computational materials 
design [7]. AFLOW automates first-principles 
calculations: it incorporates a large library of 
structural prototypes [8-10] that can be decorated 
with different elements to generate the required input 
files; it monitors calculations in progress and performs 
automated error-correction and restart when it 
detects problems; and it contains modules to 
calculate thermal and mechanical materials 
properties [11-13], and to perform thermodynamic 
stability analysis [14]. AFLOW automatically parses 
and extracts the relevant data from the output files of 
completed calculations, which are then made 
available through the aflow.org data repository [15] 
and its associated APIs [16]. AFLOW data is being 
used to predict the synthesizability of new disordered 
materials such as metallic glasses [17] and high 
entropy alloys [4], and descriptors have guided the 
development of new high-entropy carbides [6, 18]. 
AFLOW data is also being used to train machine-
learning models [19], which are available through the 
aflow.org website. Thermodynamic models are now 
being combined with machine-learning to predict 
synthesizability and identify design rules for thermo-
mechanical properties [20] for high-entropy silicates, 
which have applications as thermal and 
environmental barrier coatings for creep-resistant 
silicon carbide turbine blades in gas turbine engines, 
to enable higher operating temperatures leading to 
increased performance and fuel efficiency. 

 

Figures 
 

 
Figure 1. (a) AFLOW uses (b) the distribution of 
energies of an ensemble of ordered structures to 
predict the formation and properties of (c) disordered 
materials. 
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