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La IA está revolucionando la ciencia y la 
tecnología y, en particular, la ciencia de 
materiales.  

• Dos áreas de aplicación importantes: 

• Exploración de nuevos materiales 

• Modelado de materiales complejos 

• Un ejemplo: diseño de metamateriales 

• Algunas reflexiones personales

between the creation of a working prototype and its market release can be substantial, ranging

from years to decades. Consequently, my analysis focuses on the prototyping stage. This paper’s

results should therefore be understood as reflecting the “invention” component of R&D (Budish

et al., 2015).

2.2 Deep Learning for Materials Discovery

Materials discovery is challenging due to its complexity. The space of plausible chemical config-

urations is vast, requiring scientists to explore many potential compounds. Moreover, while the

properties of atomic bonds are well known, it is difficult to predict how they will aggregate into

large-scale characteristics. Deep learning models—which excel in extracting features from complex

data—have the potential to overcome these challenges (Hassabis, 2022).

Recent years have seen an explosion of large, standardized databases compiling the structure

and characteristics of known compounds. Combined with algorithmic progress and increased

compute, this has greatly improved the performance of deep learning in materials science (Reiser

et al., 2022). As a result, the field has shown rapidly growing interest in these techniques.

Figure 2. The Rise of Deep Learning in Materials Science

Notes: This figure shows the rise of deep learning in materials science. The blue circles represent the cumulative percent
increase in materials science publications mentioning deep learning since 2015, based on data from Web of Science. The
purple diamonds plot the cumulative percent increase in materials science PhD syllabi covering deep learning, sourced
from Open Syllabus.

Figure 2 illustrates the rise of deep learning in materials science. Since 2015, the number of

materials science publications referencing deep learning has grown more than 20-fold. This follows

a decade of foundational progress in the computer science literature.4 At the same time, deep

4Seminal papers include Goodfellow et al. (2014); Mirza and Osindero (2014); Radford et al. (2016); Arjovsky et al.
(2017); Karras et al. (2018).
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Fig. 1 The paradigm shift in material sciences techniques over the years.[1] 

 
The untapped potential of vast repositories of material 

information is due to a more expedient research methodology. 
The development of artificial intelligence (AI) has opened up 
a potential path for material science. After over 60 years of 
development, artificial intelligence has advanced from basic 
perceptrons to sophisticated multilayer neural networks, 
backed by sturdy hardware architectures. Even human masters 
in complex sports such as chess[2] and quizzes[3] have been 
defeated by AI programs. The data-mining capabilities of AI 
have attracted significant interest in the field of material 
science.[4-6] Fig. 2 Valuation of Materials informatics market in 
the last couple of years and projections.[7] 

Material informatics, which is a cross-disciplinary fusion 
of AI methods and material science, has emerged as a key area. 
This enables scientists to predict material properties, direct 
chemical synthesis routes, optimize process parameters, and 
improve material characterization techniques. Machine 
learning is a burgeoning and promising area of artificial 
intelligence (AI) in materials informatics. Its recent rapid 
development has served as the foundation for a wide range of 
AI applications in the field of material research. 

In summary, the integration of AI, particularly machine 
learning, with material science holds great promise, offering a  
more efficient and innovative path to explore the vast realm of  

materials and revolutionize our understanding and application. 
 
2. Basic steps of machine learning  
• Data Collection: Any machine learning effort must start with 
the collection of pertinent data. The basis for building and 
testing the machine learning model is the data. Various sources 
could be used for this purpose.[8] 
• Data Pre-processing: After data have been gathered, they 
frequently need to be cleaned and processed. H and ling 
missing values, addressing outliers, and preparing data for 
model training were part of this process.[9]  
• Engineering Features: The properties or characteristics that 
the machine learning model uses to produce predictions are 
known as features. The process of feature engineering entails 
choosing, isolating, or producing pertinent characteristics 
from raw data.[10]  
• Data Splitting: You normally split your dataset into two or 
more subsets, such as a training set, validation set, and test set, 
to train and evaluate a machine learning model. Hyper 
parameter tuning used the validation set, the performance of 
the model was evaluated using the test set, and the model was 
trained using the training set. Fig. 3 shows the simplified steps 
for implementing machine learning in real-world applications.  

 
Fig. 2 Valuation of Materials informatics market in the last couple of years and projections for years to come. Shows a massive 
growth and validates growth as a key emerging market area.[7] 

[Karande et al. 2022]



Descubrimiento de nuevos materiales

• Noticia 2024: “La herramiento GNoME encuentra 2.2 
millones de nuevos cristales, incluyendo 380.000 
materiales estables.” 

• Las técnica de AI ayudan a los científicos a explorar el 
enorme espacio de posibles materiales.  

• Aplicaciones: almacenamiento de energía, 
biomateriales, materiales sostenibles, 
multifuncionales, materiales para entornos extremos, .. 

• Es un problema algorítmico, donde el desarrollo de 
software y hardware están avanzando a enorme 
velocidad. 

• Los tiempos de desarrollo pasan de décadas a años. 

• Enormes consecuencias económicas para la industria.

[Google DeepMind]



Modelado de materiales complejos

• El modelado de materiales requiere el uso de 
complejas ecuaciones algebraicas y/o 
diferenciales que representen las interacciones 
entre tensiones / deformaciones / temperatura / 
campos electromagnéticos … 

• La IA intenta reemplazar ecuaciones por RRNN 
entrenadas con enormes bases de datos que 
“descubren” las interacciones sin necesidad de 
resolver ecuaciones. 

• Proyecto AID4GREENEST (www.aid4greenest.eu)

[Argonne National Lab]

http://www.aid4greenest.eu


Ejemplo: metamateriales
• Estructuras fabricadas con celdas 

micro/mili-métricas y con propiedades 
que no existen en la naturaleza 

• En una escala mayor parecen 
materiales y se pueden diseñar para 
reflejar el sonido, aumentar de tamaño 
al comprimirse, absorber energía … 

• La IA propone nuevas estructuras, a 
partir de la respuesta deseada 
(aprendizaje no supervisado)

Ha et a. (Nature Comm. 2023)



Algunas reflexiones
Se puede malinterpretar que no hace falta hacer ciencia, basta con tener datos y la IA se encarga 
del resto. 

1. ¿Y si no se detectan los errores? Es necesario predecir … pero también tener criterio. 

2. Problemas con predicción fuera de rango. Los modelos entrenados con datos no pueden ir 
más allá del dominio de entrenamiento. 

3.Es necesario incorporar las leyes físicas dentro de los modelos. Estas no son aproximables.

Reflexiones:  

1.Hacen falta dos nuevos tipos de expertos:  Expertos en IA, ML, ciencia de datos + Expertos en 
ingeniería, ciencia de materiales, que conozcan las limitaciones de la IA y sepan explotar sus 
oportunidades. 

2.Estamos entrando en “territorio desconocido”
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