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Benchmark and Agent Harness
Do tools make scientific LLM agents more reliable — or just more 
complex? PHREEQC is a widely used, open-source geochemistry 
simulator — it models aqueous speciation, chemical reactions, and 
reactive transport. We equip state-of-the-art LLMs with PHREEQC as 
an external simulator tool and test whether tool access improves 
scientific question answering.

PHREEQC raw output is ”Huge”, we use Table of contents (TOC) to save token

Agent Workflow and results

Tool access helps; CoT is not enough.

Tool use is not purely additive.
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Question: Simulate the 
equilibrium oxidation of Pyrite 
in 1 kg of pure water at 25°C. 
The system starts at a neutral 
pH (7.0) and is exposed to a 
constant atmospheric oxygen 
source (log PO2=−0.7). Allow 
up to 0.1 moles of Pyrite to 
react and the potential 
precipitation of Goethite and 
Gypsum. What is the molality 
of S (6) in the solution?
A) 2.008e-01, B) 2.006e-01, C) 
2.003e-0, D) 2.004e-01


