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Large Language Models and Agentic Al

Large language models (LLMs):
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Hallucinations in LLMs

Human

Provide the SMILES string corresponding to this molecule: 9-[(2,6-
dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-6-amine

LLMs (with GPT-40)

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

S Incorrect
ICIc1cccc(CI)c1CN2c3nc(nc(NCC4=CC=CO4)c3n02)N |
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ChemGraph: An Agentic Framework for
Computational Chemistry
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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-40)

ChemGraph (with GPT-40-mini)

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

S Incorrect
ICIc1cccc(CI)c1CN2c3nc(nc(NCC4=CC=CO4)c3n02)N |

[..]

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)CI)CN2C=NC3=C(N=CN=C32)NCC4=CC
=C0O4)CI"

The SMILES string corresponding to the molecule "9-[(2,6-
dichlorophenyl)methyl]-N-(furan-2-ylmethyl)purin-6-amine" is
Correct

C1=CC(=C(C(=C1)CI)\CN2C=NC3=C(N=CN=C32)NCC4=CC=
CO4)Cl
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Evaluate ChemGraph Single-agent
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** 360 tasks, more than 200 different molecules

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

Argonne Leadership
‘Computing Facility

T —— Argon ne ®

@ ;yENERGY U 3y lavoratery




Multi-agent ChemGraph
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Human and Multi-agent ChemGraph Interaction

Human

You are givan a chamical reaction: 1 (Mathana) + 2 (Oxygen) -= 1 (Carbon dioxida) + 2
{Water). Calculate the enthalpy change for this reaction using GFNZ-xTB at 400K.

ChemGraph (multi-agent, GPT-40-mini)

= t Task 1: Calculats the Task 2. Calculate the Task 3: Calculate the Task 4: Calculate the

anner agen anthalpy of formatian af enthalpy of formation of  enthalpy of formation of  anthalpy of farmation
methane (CH4) using axygen {02} using carbon dioxide (CO2) of water (H20) using
GFMZ-xTB at 400K GFNZ-xTB at 400K using GFMZ-xTE al 400K GFM2-xTB at 400K

Executor agents Exacutor 1 Execular 2 I I Executor 3 I I Exacutor 4

Tool call 1: molecule_name_to_smiles(Methana)
Tool call 2: smiles_fo_atomsdata(*C")

Tool calls Taod call 3run_asa(AtomsdatalMethana),
drivar=thermo, temperalure=400,
“calculator”={"calculator_type":"TBLita",
“methed”: GFN2-xTB} |

!

The tharmochemical calculation for mathana [ | [-..] [.-]
Tool outputs | (CH4) using the GFN2-xTB mathod at 400K has **Enthalpy of “*Enthalpy of “Enthalpy of
bean succassfully completed [.. ] Formation®: -214.83 &V Formation®**: -280.0425 Formation™: -137.2803
““Enthalpy of Formation™: -112.2512 eV el alf av'
[.-] [--] [--] [.]
Aggregator agent
gareg 9 [...] Thus, the enthalpy change (\u0324H) for the reaction is: Delta H = -12.5119 8V I
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Evaluate Chemgraph Multi-agent
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ChemGraph User Interface

3D visualization is available via stmol.

/ ChemGraph

Navigate

® A oinintaroce / chemGraPh

B About ChemGraph
ChemGraph enables you to perform various computational chemistry tasks with natural-language queries using Al agents.

» "\ Quick Settings
Conversation History

8 Reload Config

2 vou

Calculate the IR spectrum of ethanol with a tight binding method

(@®® Agent Status

7 Agents Ready
@@ chemGrapl

The R spectrum of ethanol has been calculated using TBLite.

 Model: gemi

The calculated vibrational frequencies are (in cm'):
22.98i, 10.97i, LT7i, 0.07i, 1.20,9.07, 224.21, 340.44, 420,26, 831.00, 93193, 1045.03, 1090.06, 1130.11, 1235.22, 1314.05, 1349.50, 1404.92, 1482.97, 1489.81, 1497.03, 2868.59, 2983.30, 3018.04, 3044.91, 3048.50, 3543.19.

55 Workflow: multi_agent
An IR plot has been saved to "ir_spectrum.png” and normal mode data has been saved as individual ~ traj” files.
% Thread ID: 1
& Molecular Structure (Query 1)
Structure Information
*  Atoms: 9
*  Formula: C2H60

Visualization Style

® wessages: 1
ball_and_stick
Composition:

) Refresh Agents

& Configuration
Total Mass: 46.07 amu

Use the Configuration page to
modify settings, APl endpoints,
Center of Mass:

and chemistry parameters.
[0.318,0.070,-0.234] A

Current config loaded from:
> 4 Additional Properties

Download:
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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-Icf/ChemGraph

#% US. DEPARTMENT  Argonne National Laborataryisa ‘
B of ENERGY  ioeoity Goitags Mg e Argon e argonne Leadership
o wanionsL asorarory | COMPpUting Facilit y




THANK YOU FOR YOUR ATTENTION!

DEPARTMENT Argonne National Laboratory is a Argonne Lea dershi p
- U.S. Department of Energy laboratory r I I ' l
& Of ENE RGY managed by UChicago Argonne, LLC.

Computing Facility

NATIONAL LABORATORY




	Slide 1: Chemgraph: An agentic AI framework for computational chemistry workflows
	Slide 2: Large Language Models and Agentic AI
	Slide 3: Hallucinations in LLMs
	Slide 4: ChemGraph: An Agentic Framework for Computational Chemistry
	Slide 5: ChemGraph Solves Problems using Tools
	Slide 6: Evaluate ChemGraph Single-agent
	Slide 7: Multi-agent ChemGraph
	Slide 8: Human and Multi-agent ChemGraph Interaction
	Slide 9: Evaluate Chemgraph Multi-agent
	Slide 10: ChemGraph User Interface
	Slide 11: ChemGraph Capabilities: Current & Emerging
	Slide 12: Thank you for your attention!

