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Large Language Models and Agentic AI

Large language models (LLMs):

LLMsUser prompt Output

Agentic AI:

Directed edge

Conditional edge

LLMsUser prompt

Tools

Output



Hallucinations in LLMs

Human

Provide the SMILES string corresponding to this molecule: 9-[(2,6-

dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-6-amine 

** SMILES = Simplified Molecular Input Line Entry System

LLMs (with GPT-4o)

The molecule 9-[(2,6-dichlorophenyl)methyl]-N-(furan-2-

ylmethyl)purin-6-amine has the following structure 

components:

•A purine core

•Substitution at position 9: a (2,6-dichlorophenyl)methyl 

group

•Substitution at position 6: an amino group

•That amino group is further substituted with a furan-2-

ylmethyl group

Constructed SMILES: 

Clc1cccc(Cl)c1CN2c3nc(nc(NCC4=CC=CO4)c3nc2)N

[…]

Incorrect



ChemGraph: An Agentic Framework for 
Computational Chemistry

ChemGraphUser prompt

Tools
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Agent 
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Output

Software suite
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Output

Pham, T. D.; Tanikanti, A.; Keçeli, M. https://arxiv.org/abs/2506.06363



ChemGraph Solves Problems using Tools

Human

Provide the SMILES string corresponding to this molecule: 9-[(2,6-

dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-6-amine 

LLMs (with GPT-4o)

The molecule 9-[(2,6-dichlorophenyl)methyl]-N-(furan-2-

ylmethyl)purin-6-amine has the following structure 

components:

•A purine core

•Substitution at position 9: a (2,6-dichlorophenyl)methyl 

group

•Substitution at position 6: an amino group

•That amino group is further substituted with a furan-2-

ylmethyl group

Constructed SMILES: 

Clc1cccc(Cl)c1CN2c3nc(nc(NCC4=CC=CO4)c3nc2)N

[…]

Incorrect

Tool Call: 

Tool name: molecule_name_to_smiles

Args: 9-[(2,6-dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-

6-amine 

Output: 

"C1=CC(=C(C(=C1)Cl)CN2C=NC3=C(N=CN=C32)NCC4=CC

=CO4)Cl”

The SMILES string corresponding to the molecule "9-[(2,6-

dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-6-amine" is

 

C1=CC(=C(C(=C1)Cl)CN2C=NC3=C(N=CN=C32)NCC4=CC=

CO4)Cl

Correct

ChemGraph (with GPT-4o-mini)

** SMILES = Simplified Molecular Input Line Entry System



Evaluate ChemGraph Single-agent

** 360 tasks, more than 200 different molecules

Pham, T. D.; Tanikanti, A.; Keçeli, M. https://arxiv.org/abs/2506.06363



Multi-agent ChemGraph

Pham, T. D.; Tanikanti, A.; Keçeli, M. https://arxiv.org/abs/2506.06363



Human and Multi-agent ChemGraph Interaction



Evaluate Chemgraph Multi-agent

Pham, T. D.; Tanikanti, A.; Keçeli, M. https://arxiv.org/abs/2506.06363



ChemGraph User Interface



ChemGraph Capabilities: Current & Emerging
▪ Simulation engines

—Density functional theory (DFT).

— Foundation models (MACE, UMA).

—Grand canonical Monte Carlo (GCMC).

▪ Agentic & Multimodal Intelligence

—Constructions of metal-organic frameworks (MOFs) and organometallic 
compounds.

▪ HPC & Workflow Orchestration

— Job submission.

— Parsl.

▪ Open source: https://github.com/argonne-lcf/ChemGraph
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