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THIS PROJECT 

Petroleum crude oil, unconventional crudes, and re-

newable bio-crudes are essential materials in our 

everyday lives. Crudes are highly complex chemical 

mixtures, estimated to contain between 100,000 and 

100,000,000,000,000,000 unique molecules. Since 

2015, single-molecule imaging has visualized hun-

dreds of chemical structures, and historical literature 

has published thousands of proposed structures. 

This project builds an open database populated with 

published crude structures enabling data-driven 

analysis of these structures, and detailed workflows, 

allowing for easy future insertion of new molecules 

into the database.  

LONG TERM GOAL 

This database can be used to make calculations 

and predict characteristics of molecules, such as 

viscosity, density, and reactivity, which are all 

critical in refinery plants, transportation, and us-

age of these fuels. Machine learning can be used 

to determine important characteristics of crudes 

molecules, leading to more refined and successful 

hypotheses. PetroPalette will eventually predict 

possible structures of petroleum crudes and their 

ensemble property distributions. The next step in 

this project is to add more real crudes into Petro-

Palette using the successful workflows, followed 

by machine learning to build predicted structures. 

Contact: s.mazat@tcu.edu 
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BUILDING PETROPALETTE: 

PETROPALETTE IN ACTION: 

1. Single Molecule Imaging 

produces chemical structures 

2. Convert published structures into 

SMILES string  

3. Produce descriptors from SMILES string 

4. Insert structure and its 

descriptors into PetroPalette 

 

  
Molecules Follow 

Trend  
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Valid Workflows 

Cc1ccc2c(c1)Cc3c(C)cccc23 

1. Ind. Eng. Chem. Res. 2018, 57, 46, 15935–15941  

2. Energy & Fuels 2022, 36, 16, 8714–8724  

This figure compares the 

Partition Coefficient value of 

published crudes1 (blue) to that 

of a fully automated analysis of 

other crudes2 (green) using the 

workflows and PetroPalette. 

These values following the linear 

trend help to validate the 

workflows. 
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