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Question-Answering for CO2 Catalysis Research

• Goal: enable efficient knowledge 
extraction from a large document 
corpus

• Approach: Retrieval-Augmented 
Generation

• Why this is hard:
• LLM hallucination
• Very specific domain

• Bottleneck: Step 1, Retrieval
• Current: MatBERT dense 

embeddings + cosine similarity
• Proposed: SPLADE sparse 

embeddings  



1. Query 
Expansion

2. Importance 
Estimation

SPLADE-v3 and LLM-as-a-Judge

• evaluates both relevance and groundedness (not 
correctness)

• often optimistic, but returns 0 for hallucinations



Results and Improvements

What products does the 
catalyst copper 

produce?

Answers

methane [1], CO [1, 6], 
carbazoles [2], iodide [2], 
elemental iodine [2], formic 
acid [3, 5], alcohols [3, 4, 5], 
hydrocarbons [4, 5], CH2 [6], 
CH4 [7], C2H4 [7], H2O [8], 
CH3OH [8], CO2 [9]

[1] Although heterogeneous catalysts such as copper can produce highly reduced products, 
including methane (8), ethanol (12), and ethylene (10), the complexity of the surfaces on which 
these reactions take place and number of products makes detailed mechanistic studies difficult.
[2] The excited copper catalyst undergoes SET with molecular iodine to produce iodide and 
elemental iodine.
[3] Copper-based catalysts have been proved to show excellent performance in electrochemical 
CO2 reduction reaction (CO2RR), which can reduce CO2 to a variety of value-added liquid 
products like formic acid and alcohols [22‚ 25].
[4] It has always been a barrier to study the selective production of a single product, or a mixture 
mainly composed of the desired product, in a copper-based catalyst system.
...
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