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Project Description

Aim to create simple and effective ML model to predict material properties.

Using current published material properties dataset to train our program and 
compare the calculated value with experimental data



ML program workflow 

Step one: Descriptor 

Materials 

Step two: Data set 

Material 1

Material 2

Material 3

…

Material N

Descriptor

Train to map the 
descriptor to target 

properties

Step three: ML 

ML to predict properties of 
materials 

Supervised 
learning



Creating dataset

A open source materials 
properties dataset  

● open-source Python library for 
materials analysis

● Grabbing properties from the CIF files

Energy Band Gap



Band Gap
● Determine electrical 

conductivity of a material
● Defined as distance 

between valence band and 
conduction band

● Larger the band gap, lower 
the conductivity.

Band gap illustration with comparison among metal, 
semiconductor and insulator
Band gap - Energy Education

Shear modulus Bulk modulus 
● Shear modulus measures a 

material's resistance to shape 
changes when subjected to 
shear stress.

● A higher shear modulus means 
the material is stiffer against 
shearing deformation.

● Rubber band: Low shear 
modulus — easy to twist or 
stretch.

● Bulk modulus measures a 
material's resistance to 
uniform compression.

● Foam: Low bulk modulus — 
compresses easily.

● Diamond: Extremely high bulk 
modulus — nearly 
incompressible.

https://energyeducation.ca/encyclopedia/Band_gap#:~:text=A%20band%20gap%20is%20the,it%20can%20participate%20in%20conduction.


parser = CifParser(StringIO(cifFile))CIF file 



Using pymatgen to query material base one specific properties 

results = 

m.materials.summary.search(ban

d_gap=########)



Using pervious method to load the dataset



Apply descriptors feature code from publish paper
This is a publish program 

that could extract 
materials properties such 

as bang gap, bulk 
modulus etc. from the 

loaded dataset

S. A. Tawfik and S. P. Russo, “Naturally-meaningful and efficient descriptors: machine learning of material properties based on robust one-shot ab 
initio descriptors,” Journal of Cheminformatics, vol. 14, no. 1, Nov. 2022, doi: https://doi.org/10.1186/s13321-022-00658-9.



Band 
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Shear 
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Bulk 
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Feature dataset from descriptor

Linear Regression

Random Forest

Gradient Boosting Machines

Neural Network



Training and Testing Data slip  

80% training data / 20% testing data

# data Band Gap Shear Modulus Bulk Modulus

Training 3760 10368 10332

Testing 940 2592 2584

Materials 
properties that 
aim to predict 



Linear Regression

R square: 42% R square: 67%



Random Forest

R square: 69% R square: 72% R square: 75%



Gradient Boosting Machines

R square: 71% R square: 81% R square: 85%



Neural Network

R square: 62% R square: 87% R square: 83%



Future Task
● Improve the training accuracy
● Improve the training efficiency on CPU

Conclusion
● Created a effective way to extract dataset from materials projects base on the target 

material property
● The ML model successfully predict the material properties (band gap, shear modulus, 

bulk modulus) with accuracy between 42 - 87%
● Band gap has a lower accuracy than others due the large amount of metal in the dataset
● Gradient Boosting Machines and neural networking have better performance.

○ GBMs build trees one at a time. This makes the model progressively better at 
capturing difficult patterns in the data. / interactions between variables

○ NNs could handle high dimension and complex data. 


