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The Research Environment

• The Materials Innovation Factory (MIF) 
enables chemists, physicists, 
mathematicians and computer scientists to 
work together on a single site.

• The Leverhulme Research Centre for 
Functional Materials Design funds 
researchers and PhD students to work in this 
interdisciplinary space.

• Resulting in new approaches to aid 
discovery of novel materials.



The Element Movers Distance

• We needed a quantitative measure 
of chemical similarity between two 
compositions

• We use the Earth Movers Distance
• Elements are labelled with their 

Pettifor number
• We seek the transfer elements from 

one to the other with the lowest total 
work done – the ElMD

All solutions Optimal solution
ElMD = 12.7

Li0.7Al1.3Ti0.7(PO4)3 La0.57Li0.29TiO3

C J Hargreaves, et al., Chem. Mater. 32 (2020) 10610



The Element Mover’s Distance

All solutions Optimal solution
ElMD = 12.7

Li0.7Al1.3Ti0.7(PO4)3 La0.57Li0.29TiO3

C J Hargreaves, et al., Chem. Mater. 32 (2020) 10610





























Li Ion Conductivity Background

http://pcwww.liv.ac.uk/~msd30/lmds/LiIonDatabase.html

C J Hargreaves, et al. npj Comput. Mater. 9 (2023) 9

• Validated literature values 
• ACIS experiments
• 820 entries





MAE on log10(conductivity) = 
0.85Accuracy ~ 81 %





MOF Porosity Background

• Metal organic frameworks are 
porous materials with inorganic 
and organic fragments

• Experimentally determined 
structures are reported in the CSD

• We took these and split them into 
separate metal / organic 
fragments to enable machine 
learning prediction of porosity

R Pétuya, et al. Angew. Chem. Int. Ed. (2022) e202114573
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Accuracy ~ 80 %
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RMSE on log10(conductivity) = 
0.55
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TD = 300 K
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TD1 = 250 K
TD2 = 300 K
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Conclusions

• The LMDS is up and running, and freely available to all
• Cloud based web-servers like the LMDS are a good way to make 

computational models available for wide use
• The LMDS server will be expanded in the future, so watch this space!

https://lmds.liverpool.ac.uk
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