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Chemical Language Models (CLMs)
• CLMs are often trained with string-based descriptors, such as SMILES

• ChemBERTa, MoLFormer-XL, SELFormer, MolTRES, …

Transformer Encoder

CC(=O)O[MASK]1=CC=C[MASK]=C1C(=O)[MASK]

CC(=O)OC1=CC=CC=C1C(=O)O

CC(=O)OC1=CC=CC=C1C(=O)O

Masked Language Modeling
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Chemical Language Models (CLMs)
• CLMs are often trained with string-based descriptors, such as SMILES

• However, SMILES implicitly contains limited structural information

CC(=O)OC1=CC=CC=C1C(=O)O

Linear representationMolecular structure
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Molecular Structure and Property
• Molecules with similar structures are likely to exhibit similar properties



Research Question
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How to enhance the understanding of CLMs 
on the structural information?



Moleco
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• Molecular Contrastive Learning with Chemical Language Models

• Combines fingerprint-based structural similarity with contrastive learning
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• Molecular Contrastive Learning with Chemical Language Models

• Combines fingerprint-based structural similarity with contrastive learning

• Extract fingerprints (ECFP4)

• Define similar molecules

• Distinguish between
structurally similar and 
dissimilar molecules



Experiments (MoleculeNet Classification)
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• Contrasting structural similar molecules can improve performance



Experiments (MoleculeNet Regression)
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• Contrasting structural similar molecules can improve performance



Experiments (QM9)
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• Moleco can provide accurate prediction of quantum properties

without ground-truth geometry information



Conclusion
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• We propose Moleco, a novel contrastive learning framework that 
enhances CLM’s understanding of molecular structures
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• We propose Moleco, a novel contrastive learning framework that 
enhances CLM’s understanding of molecular structures

• We develop a novel scheme to identify and leverage structurally
similar molecules based on fingerprint-based structural similarity

• We verify that Moleco establishes new state-of-the-art results across a 
wide range of molecular property prediction tasks.
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