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Central question

• Research background
• a research question and/or a background survey

• Can LLMs automatically discover novel and valid chemistry 
research hypotheses?
• Given only a chemistry research background
• The research question can be on any chemistry domain

• Denoting 
• background: 𝑏
• hypothesis: h
• the central question: P h 𝑏 .

• P h 𝑏 seems impossible to solve



Input / Output of MOOSE-Chem

Research Background



Fundamental assumption and decomposition

• hypothesis: h
• background: 𝑏
• Inspiration: 𝑖

• Existing knowledge not known to be related with 𝑏
• Example: Backpropagation

• ℎ: backpropagation
• 𝑏: multi-layer logistic regression
• 𝑖: chain-rule in Calculus

• Extensive discussions with chemistry experts
• In chemistry, a majority of published ℎ originate from 

• one 𝑏 and several 𝑖



An Example Publication (<Nature>, 2024)
• Research Background

• Research Question 
• How to obtain 𝐷2 gas more efficiently?

• Background Survey
• The best performing methods are electrocatalytic methods.

• Inspiration 1
• Ruthenium as catalyst

• Inspiration 2
• Nitrogen-doped electrode

• Inspiration 3
• 𝐷2𝑂 as chemical solution

• Hypothesis
• A nitrogen-doped ruthenium (Ru) electrode can effectively catalyze the reductive 

deuteration of (hetero)arenes in the presence of 𝐷2𝑂 in an electrocatalytic 
method, leading to efficient 𝐷2 gas production.



Fundamental assumption and decomposition

• In chemistry, a majority of published ℎ originate from 
• one 𝑏 and several 𝑖

• ℎ = 𝑓(𝑏, 𝑖1, … , 𝑖𝑘), where 𝑘 ≤ 3, 𝑎𝑛𝑑 𝑖 𝑖𝑛 𝐼

• Challenge: P h 𝑏  seems impossible to solve
• Goal: Transform P h 𝑏  into an equivalent form, where

• each step is practical and executable
• We made it in the end:

• But how?

Fundamental Assumption



Fundamental assumption and decomposition

• ℎ = 𝑓(𝑏, 𝑖1, … , 𝑖𝑘), where 𝑘 ≤ 3, 𝑎𝑛𝑑 𝑖 𝑖𝑛 𝐼, 𝑤ℎ𝑒𝑟𝑒 𝑃 𝐼 = 1

• A first try: Applying the Chain Rule,

• However, 
• Still not practical
• Not reflect how chemistry researchers do

Step by Step!



Not Practical: P(ℎ 𝑏, 𝑖1, … , 𝑖𝑘  and 𝑃(𝑖𝑗+1|𝑏, 𝑖1, … , 𝑖𝑗 , 𝐼)

• ℎ = 𝑓(𝑏, 𝑖1, … , 𝑖𝑘), where 𝑘 ≤ 3, 𝑎𝑛𝑑 𝑖 𝑖𝑛 𝐼
• Recursive step by step approximation (when 𝑘 ≥ 1)

• Similarly,

• Markov property 
• ℎ as a state 
• 𝑖 as an action



Final Proof: Decomposition of P ℎ 𝑏  

Chain Rule
Markov Property

Fundamental Assumption & Multi-step

Chain Rule & 𝑃 𝐼 = 1



Fundamental assumption and decomposition

• The seemingly impossible question P h 𝑏  
• → many smaller, more practical and executable questions.

• However, it is still not helpful enough
• Lots of ℎ can be generated with LLMs
• Wet-lab experiments to verify each ℎ take lots of time and cost

• Ranking



𝑃(𝑖𝑗 𝑏, ℎ𝑗−1, 𝐼 , 𝑃(ℎ𝑗|𝑏, 𝑖𝑗, ℎ𝑗−1), 𝑅(ℎ)

• How can we develop an LLM-based framework based on them?
• How well do LLMs perform on each of them?
• With this decomposition, how well can LLMs perform P(ℎ|𝑏)?



𝑷(𝒊𝟏 𝒃, 𝒉𝟎, 𝑰

𝑷(𝒉𝟏|𝒃, 𝒊𝟏, 𝒉𝟎)

𝑹(𝒉𝟏)

𝑷(𝒊𝟐 𝒃, 𝒉𝟏, 𝑰



𝑃(𝑖𝑗 𝑏, ℎ𝑗−1, 𝐼 , 𝑃(ℎ𝑗|𝑏, 𝑖𝑗, ℎ𝑗−1), 𝑅(ℎ)

• How can we develop an LLM-based framework based on them?
• How well do LLMs perform on them?
• With this decomposition, how well can LLMs perform P(ℎ|𝑏)?

It needs groundtruth 
annotation of 
𝑏, 𝑖, and ℎ. 



The Benchmark

• 51 chemistry papers 
• Published on Nature, Science, or a similar level 
• Published in 2024, and only be available online in 2024
• Collected by several chemistry PhD students

• Break each paper into:
• Background question
• Background survey
• Inspirations

• Existing Papers as Inspirations
• Hypothesis



The Benchmark



Q1 : How well can LLMs perform 𝑃(𝑖𝑗 𝑏, ℎ𝑗−1, 𝐼 ? 

• Whether LLM can identify inspiration papers which are unknown 
to be able to associate with the background (or at least unknown 
to associate in a certain way) but in fact can associate with the 
background to create novel knowledge?



Q2: How well can LLMs perform 𝑃(ℎ𝑗|𝑏, 𝑖𝑗, ℎ𝑗−1)?

• Given only known knowledge, whether LLM can reason to 
unknown knowledge that has high probability to be valid?



Q3: How well can LLMs perform 𝑅(ℎ)?

• whether LLMs can select high-quality h to rank them higher?



𝑃(𝑖𝑗 𝑏, ℎ𝑗−1, 𝐼 , 𝑃(ℎ𝑗|𝑏, 𝑖𝑗, ℎ𝑗−1), 𝑅(ℎ)

• How can we develop an LLM-based framework based on them?
• How well do LLMs perform on them?
• With this decomposition, how well can LLMs perform P(ℎ|𝑏)?



Runs MOOSE-Chem in real copilot setting

• Given only 𝑏 and 𝐼 ( 𝐼 = 300)
• 𝐼 contains the ground truth 𝑖 (<=3)



Case study



Thanks!
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