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Table S 1. The large language model version used in this study.

Model Version

DeepSeek–v3 Updated on December 26, 2024

GPT–4o Updated on October, 2023

Qwen–Max Updated on September 19, 2024

Gemini-2.5-Flash Updated on January 2025

Table S 2. 45 non-choice questions of flow battery and evaluation of different LLMs

Model excellent good normal poor

Chat-RFB 60.0% 26.7% 6.7% 6.7%

DeepSeek-v3 24.4% 37.8% 13.3% 24.4%

GPT-4o 17.8% 28.9% 26.7% 26.7%

Qwen-Max 22.2% 28.9% 17.8% 31.1%

Gemini-2.5-Flash 60.0% 24.4% 2.22% 13.3%
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Table S 3. 450 choice questions of flow battery and evaluation of different LLMs

Model All Choice
True / 
False

Chat-RFB 94.9% 92.7% 97.5%

Qwen-Max 90.4% 87.0% 94.6%

DeepSeek-v3 90.9% 90.9% 91.6%

GPT-4o 90.7% 90.7% 93.1%

Gemini-2.5-Flash 91.1% 89.8% 92.6%

Figure S1. Prompt words for collecting relationship node information



Figure S2. Example of raw data slicing (from article 10.1002/adfm.202211338, page 1)

Figure S3. Example of raw data slicing (from article 10.1002/adfm.202211338, page 2)



 
Figure S4. Example fragment of JSON file generated by DeepSeek-v3 model parsing 
(from article 10.1002/adfm.202211338, page 1) 



Figure S5. Example fragment of JSON file generated by DeepSeek-v3 model parsing 
(from article 10.1002/adfm.202211338, page 2) 



Figure S6. LLMs analyzes summaries and generates evaluation metrics for nodes and 
relationships.
TP: Information extraction is accurate and no key information is missing.
FP: Information extraction does not match what we expect.
FN: Information extraction is accurate and critical information is missing.
Accuracy = TP / (TP + FP + FN)
Precision = TP/ (TP + FP)
Recall = TP/ (TP + FN)

F1 = 2 * Precision * Recall / (Precision + Recall)



Figure S7. Use knowledge graph to query the relationship graph related to “flow 
battery” The Cypher statement for the query is shown in Eq. S1. 
Blue: Relevant parameters and other data; Red: descriptors related to battery materials; Dark 
green: DOI index number of the source citation; Light green: Battery type information; Pink: 
Technical characterization information.

Eq. S1:
MATCH (fb {name: "flow battery"})-[r]-(other)
WHERE toLower(other.name) CONTAINS "flow battery"

OR toLower(fb.name) CONTAINS "flow battery"
RETURN fb, r, other



Figure S8. Use knowledge graph to query the relationship graph related to 
“10.1002/adfm.202211338” Dark blue: Authors.



Figure S9. Use knowledge graph to query the relationship graph related to 
“10.1038/S41586-024-08079-4”



Figure S10. Prompt words for Generating Cypher statements for querying

Figure S11. Neo4j provides partial query results for Figure 3.

Figure S12. Prompt words for understanding relationship data.



Figure S13. DeepSeek-v3(Web Search) Q&A testing process. Question 1: What is SH-ZIT 
in flow battery? Question 2: What is the calculation method used to analyze the properties 
of these molecules using Gaussian simulation?



Figure S14. GPT-4o Q&A testing process. Question 1: What is SH-ZIT in flow battery? 
Question 2: What is the calculation method used to analyze the properties of these 
molecules using Gaussian simulation?



Figure S15. GPT-4o (Web Search) Q&A testing process. Question 1: What is SH-ZIT in 
flow battery? Question 2: What is the calculation method used to analyze the properties 
of these molecules using Gaussian simulation?



Figure S16. Gemini 2.5 Flash Q&A testing process. Question 1: What is SH-ZIT in flow 
battery? Question 2: What is the calculation method used to analyze the properties of 
these molecules using Gaussian simulation?



Figure S17. Gemini 2.5 Flash (Web Search) Q&A testing process. Question 1: What is 
SH-ZIT in flow battery? Question 2: What is the calculation method used to analyze the 
properties of these molecules using Gaussian simulation?



Figure S18. Qwen-Max Q&A testing process. Question 1: What is SH-ZIT in flow 
battery? Question 2: What is the calculation method used to analyze the properties of 
these molecules using Gaussian simulation?



Figure S19. Chat-RFB Q&A testing process. Question 1: What is SH-ZIT in flow battery? 
Question 2: What is the calculation method used to analyze the properties of these 
molecules using Gaussian simulation?



Figure S20. DeepSeek-v3 Q&A testing process. Question 1: What is SH-ZIT in flow 
battery? Question 2: What is the calculation method used to analyze the properties of 
these molecules using Gaussian simulation?


