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COMPLETED 
Use machine learning to predict 
thermodynamic properties of 
ionic liquids 

Built dense neural networks that is able to predict ionic liquid density at 298-299 K and 
predict ionic liquid refractive index at various temperatures with high accuracy 

100% 

Demonstrate the transferability 
of predicting ionic liquids 
thermodynamics properties at 
atmospheric pressure 

Applied transfer learning to predicting ionic liquid density at various temperatures and 
ionic liquid refractive index based on limited data, with apparent improvement in 
accuracy in comparison  to direct learning 

100% 

Offer possible explanation to 
validate the applicability of 
transfer learning in each case 

Performed feature importance analysis to validate the transferability in each case 100% 
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The original goal of this research is to apply transfer learning for ionic liquids from density to viscosity, but later I discovered that while the 
attempt to proceed in the original direction failed to give satisfactory results, I was able to apply transfer learning from density to refractive 
index, and furthermore, from density at one temperature to density at another temperature. Since my overarching goal is to see if transfer 
learning is applicable in predicting thermodynamics properties of ionic liquids, this research finding and later progress has met my 
expectation. This project is advised by Professor Yamil J. Colón and Ph.D. student Fernando J. Carmona Esteva. I would like to thank them 
for being very helpful and responsive throughout the process. To achieve additional results, we can try new descriptors that gives more 
accurate prediction of new thermodynamic properties that I previously was not able to achieve. 

 
FINAL WRITTEN REPORT 

(Please use the space below to describe your research project and objectives, any findings and results you can share, and 
graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.) 

 

In this work, we built dense neural networks (DNNs) to show the transferability of predicting ionic liquids thermodynamics 
properties at approximately 101 pKa: (1) from density at room temperature to density at three other temperatures and (2) from 
density to refractive index at various temperatures. By transferring DNN weights trained from predicting density at 298 K to 
predicting density at three other temperatures, the average accuracies on target tasks trained with 10 data points improved, 
from 10%, 13%, and 11% MAPE (direct) to 3%, 3%, and 4% MAPE (transfer). By transferring knowledge gained from predicting 
density to predicting refractive index, the average accuracy on target task trained with ~40 data points improved, from 4% MAPE 
(direct) to 1% MAPE (transfer). In both scenarios, transfer learning works in the majority of the cases. 
 

This research yields a manuscript in write-up, more details will be shared once preprint is available. 


