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Background

LC-MS Analysis

Structure Elucidation 

• Traditional  method require expert knowledge and large effort.

• Language models show great potential in this task but still suffer bad performance.
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Background

Based on the molecular formula C₁₀H₁₁N₃O₃S and the 
provided mass spectrum, determine the most probable 
chemical structure in SMILES. Justify your reasoning by 
explaining key fragments in the mass spectrum.

To determine the most probable chemical structure of xxxx
Step 1: Analyze the Molecular Formula. xxxx
Step 2: Review the Mass Spectrum. xxxx
Step 3: Identify Key Fragments. xxxx
Step 4: Propose a Likely Structure. Xxxx
Step 5: Proposed SMILES Structure. 
SMILES: C1=CC2=C(C=C1)N=C(S2)C(CN)O 

GPT5 
Thinking

• Scarcity of annotated experiment spectra.

• Complexity and heterogeneity of raw 
spectra.
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Methodology

The raw spectra is too difficult to model, is there any equivalent representation which is more appropriate for 
language modeling?

Morgan Fingerprint

• The forward algorithm (structure -> fingerprint) is accurate calculated by RDKit and produce 
unlimited pair data theoretically, which alleviate the scarcity of data.

• Mogan Fingerprint is a binary vector can be easy to tokenize.

1  2   3  4  5   6  7   8 <fp0002><fp0007>
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Mass Spectra 
Structure Elucidation

1  2   3  4  5   6  7   8Our Method (MS-BART)

We transfer the original problem (spectra -> structure) into an easier problem. We first transfer the spectra 
into fingerprint by a pretrained model (not accurate) and then predict the structure from the fingerprint.
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Methodology

Three stages (pretraining–finetuning–alignment) end-to-end framework for structure elucidation.

ü Stage1: Fundamental understanding o
f molecular structure and fingerprints.

ü Stage2:  Alleviate the computational a
nd real-world data distribution gap.

ü Stage3: Align the model’s probabilistic 
rankings of generated molecules with 
their Tanimoto similarity to the true str
ucture.
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Experimental Results

Quantitative comparison on two public benchmarks show MS-BART achieves SOTA performance 
across 5/12 key metrics.

MS-BART can almost find the exact 
match or extremely similar candidat
es if the fingerprint predicted from s
pectra is accurate and indicating th
at further work can be devoted
to improving the performance of the 
fingerprint prediction model.



11

Experimental Results

Qualitative comparison between three stages to show the benefit of each stage.
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Future Work

• Future work can be devoted to improve the fingerprint 
prediction model.

• Base on fingerprint vocabulary, many NLP algorithm can 
be applied to improve the final performance.

Paper Code Weight Demo
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