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the COD
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COD
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Crystallography Open Database (COD) is an 
open-access collection of crystal structures 
of organic, inorganic, metal-organic 
compounds and minerals, excluding 
biopolymers.
It contains more than half a million 
structures 
It would be impossible to validate all the 
structures using DFT



ML-UFFs 
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Together with the AI boom of the 
pandemic, Machine Learning 
Universal Force Fields (ML-UFFs) 
were introduced
ML-UFFs aim to be a ‘learned’ 
Universal ForceField trained on DFT 
data
The number and accuracy of 
MLP-UFFs introduced is increasing
Matbench is a popular ML-UFF 
ranking website, where ML-UFFs are 
tested in a systematic way



M3G-Net
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A material graph neural network

Works for all elements up to Ac

Embeddings trivialize the 
calculation of outputs

Incorporates 3 body interactions
211k Parameters

188k Training Structures



Results M3G-Net (Speed)
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Many of the 
structures could be 
relaxed on the CPU 
with not a large time 
increase
The CPU runs were 
done for structures 
that required too 
much CUDA Memory



Results M3G-Net (Errors)

6



Results M3G-Net (Covariance)
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Both density 
and volume 
have a very 
strong peak 
at 0 log 
change

The correlation 
coefficients of 
both values are 
very high, but 
there are 
surrounding 
‘clouds’ of data 
points around 
the y=x line

+



Verification during submission
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To add an extra layer of 
certainty to submitted 
structures, M3G-Net can 
be used for validation 
during submission to the 
COD
This could be achieved 
using a standalone 
compiled binary



Conclusions 
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● ML-UFFs can be used to verify the COD due to its low 
computational cost compared to quantum mechanical methods

● M3G-Net was used to validate more than 67% of the entries, with 
the vast majority of unvalidated entries being disordered 
structures

● Pearson coefficients show a very good agreement (>0.998) 
between the original and relaxed values of density and volume

● This method can implemented for validation during submission
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Thank You!
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Any Questions?


