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1. Introduction and current work

• SMILES (Simplified Molecular-Input Line-Entry System) based LLMs.
• Delicately hand-crafted GNNs.

• Paper proposes using chemical reactions to learn effective and generalizable embeddings.
Eg. CH3COOH + C2H5OH → CH3COOC2H5 + H2O 

🟰> hCH3COOH + hC2 H5 OH = hCH3 COOC2 H5 + hH2 O 
2. Brief results

• Well-organized embeddings.
• Can learn reaction templates (like esterification) using sumas READOUT.
• Beats many baselines. (Hit@1, AUC, RMSE across datasets and tasks)
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3. Method

• Initial Encoding - “Each atom ai has an initial feature vector xi encoding its properties. In 
this work, we use four types of atom properties: element type, charge, whether the atom 
is an aromatic ring, and the count of attached hydrogen atom(s). Each type of atom 
properties is represented as a one-hot vector, and we add an additional “unknown” entry 
for each one-hot vector to handle unknown values during inference. The four one-hot 
vectors are concatenated as the initial atom feature.”

• Bond-types are ignored! Graph becomes homogeneous.

• Preserving equivalence – (results in equivalence classes)
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3. Method

• Important implications – 

1. No complicated networks required unlike previous work + few-shot adaptation.
2. Can learn strong properties even though reactions can be unbalanced, eg. H2O is 

omitted from all Esterification reactions.
3. Because of Proposition-2, number of GNN layers is a very important factor.

• Training –
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4. Experiments

• Reaction Product Prediction - USPTO dataset
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4. Experiments

• Case study on first 20 reactions
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4. Experiments

• Molecule Property Prediction - 5 datasets BBBP, HIV, BACE, Tox21, and ClinTox 



4. Experiments

• Chemical Reaction Classification – USPTO-1k-TPL dataset

• Graph Edit Distance Prediction – subset of the QM9 dataset. 
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5. Visualization of embeddings (using t-SNE) 
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