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Abstract: Traditional molecular simulation methods, when applied to complex systems in chemical engineering and

materials science, are often limited by bottlenecks such as a high reliance on expert experience, cumbersome

operational procedures, and poor result reproducibility. These limitations hinder their ability to meet the demands of

high—throughput screening and industrial applications. Although existing script—based workflow automation

schemes have achieved process standardization, their statically preset execution logic fails to address dynamic

anomalies during simulations—such as non—convergence, force field mismatches, and low sampling efficiency—

thereby lacking autonomous scientific decision—making capabilities. In recent years, the integration of Large
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Language Models (LLMs) has provided a novel logical reasoning engine and human—computer interaction paradigm
for molecular simulation. By constructing agents that integrate natural language instructions, Retrieval-augmented
generation (RAG) for domain knowledge, automated orchestration of simulation workflows, and adaptive code
generation, a paradigm shift in simulation tasks from "static script execution" to "dynamic adaptive deduction" has
been realized. This paper reviews the latest advancements in LLM—-empowered molecular simulation agents. It
highlights key technical pathways in the automatic construction of crystal structures, intelligent recommendation of
force field parameters, reaction pathway searches, optimization of free energy calculation workflows, and
collaborative simulations across multiple software platforms. Furthermore, it analyzes the practical applications of
these agents in intent understanding, the atomic decomposition of complex tasks, full-process toolchain
orchestration, and closed—loop anomaly correction. Finally, this review envisions future development directions,
including multimodal experimental data fusion, the autonomous evolution of force fields based on active learning,
and trusted computing frameworks, aiming to provide theoretical references and technical guidance for the

intelligent upgrade of computational chemistry and chemical process simulations.

Keywords: molecular simulation; computational chemistry; artificial intelligence; agent; large language model;

workflow; computer simulation
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Fig.2 Intelligent evolution and hierarchical architecture of molecular simulation
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Table 1 Summary of molecular simulation workflows and

agents surveyed in this review
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Assignment of force field parameters

Generation of a simulation cell

Equilibration simulation

Reaching NS
equilibrium
state?

Yes
NEMD simulation for thermal conductivity

Calculation of physical properties
\ | /

/’

Polymer 2

I
! | o
Polymer N

I
Y

4

| Physical property database of polymers

K5  RadonPy [ S5 1 8l 1 2 AU T ARG AR ] (SCHF 15 RS G HyH BIE i) gl B 31380

Fig. 5 Flowchart of the automated MD calculation workflow for polymer properties using RadonPy (supporting high—throughput

calculation of 15 polymer physical properties)
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ChemGraph #4285 il (b4 7R R S EE SCUCRL At SRRSO B BRI Z RS AT EL Agente Q
T ECYE BRI AR B AR TE T H S MR ARE SGEIC S R R S, S A e R i s
DA B 30 A U2 R 2 0 W B 4 25 AtomAgents FETESR TR L E £ R AR L BE SR, B LLM
WKHE GPT-40 55 GPT-4—turbo () ZHBSfEHTRE ) B L)W S5{HEEKR™,
i £ 8 Profile [ AM B BAT R URES ST,

Generate a LAMMPS data file for a molecular system using the smiles string. The
Input:  inputs are the name of the molecule, smiles string, box size, and number of molecules.
Name: Ethanol, SMILES: CCO, Box size: 2.0 nm, Number of molecules: 1
> Entering new AgentExecutor chain...

Invoking: “Mosdef _tool™ with ~{'name’:
‘Ethanol ', ’'smiles’': 'CCO', ’'box size': 2.0,
'n_molecs': 1}

> Finished chain.

The LAMMPS data file for the molecular system

with the specified parameters has been U
generated. If you need further assistance or

details, please let me know!

%17 DynaMate HEZE M 2,5 SMILES “F45F 83 42 U 2 nm ST 5 65 N B 2 B3 TF-F 80 B T AR A 45 R
Fig. 7 Molecular configuration and visualization results of a single ethanol molecule in a 2 nm cubic box generated by the DynaMate

framework from ethanol SMILES string®”
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Human

You are given a chemical reaction: 1 (Methane) + 2 (Oxygen) -> 1 (Carbon dioxide) + 2

(Waler). Calculate the enthalpy change for this reaction using GFN2-xTB al 400K.

ChemGraph (multi-agent, GPT-4o-mini)

Task 1: Calculate tha
of formation of

mathane (CH4) using

GFN2-xTB at 400K

Planner agent

oxygan
GFNZ-xTE al 400K

Task 3: Calculate the Task 4: Calculate tho
of enthalpy of formation of enthalpy of formation

carbon dioxide (COZ) of water (H20) using

using GFN2-xTB at 400K  GFNZ-xTB al 400K

Executor agents ILI_, ANy

Tool call 1: moleculs_name_to_smios(Mathana)
Tool call Z: smiles_to_alomsdata("C")

Taol call Jrun_ase|Alomsdata(Mathanae),
driversthermo, lemperatures400,
“calculator={"calculator._typo™TBLita",
“method”: GFN2-xTB) )

!

Tool calls

I Execulor 2 I

| Executors | | Exocutors

The thermochemical calculation for mothane
(CH4) using the GFM2.xTE method al 400K has
been successhully completed [...]

**Enthalpy of Formation™: -112.2512 oV

]

Tool outputs

[-)
**Enl

[
thalpy of **Enthalpy of
Formation™: -214.93 oV
oV
L]

L]

of
Formation™: -137.2803

Formation®": -280.0425
o oV
L.J

v
L]

l

I | I

Aggregator agent [

[---] Thus, the enthalpy change (Ww0394H) for the reaction is: Delta H = -12.5119 oV I

8  ChemGraph Z 8 BEMAHESLI T HH Beth e Nk B9 ABILAE B 4]

Fig. 8 Example of human—ChemGraph (multi—agent) interaction for calculating methane combustion reaction enthalpy
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Calculate the RDF from a LAMMPS trajectory using the data file 'system.data’,

Input:

trajectory file 'trajectory.ded’, names of the atoms 'O" and 'O’ selections of the atoms

'type 1' and 'type 1', and output file name 'rdf png'.

> Entering new AgentExecutor
chain...

Invoking: “calc_rdf_tool™ with
“{'data_file': 'system.data’,
'ded_file': 'trajectory.dcd’,
'names': ['0', '0'], 'selections':
[‘type 1°, 'type 1'],
'output_file': 'rdf.png'}’

> Finished chain.

The RDF calculation has been

completed, and the results have been
saved to the file “rdf.png .
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K19 DynaMate 755 322 i WA /K H X B4R 1 20 AT R EL(RDF) o 72 B AR R 2, 77 [T R 22 6 9 RDE

Fig. 9 DynaMate calculates and plots the radial distribution function of the oxygen - oxygen pair in liquid water. At the left is the

agent function, and on the right is the plotted RDF™”
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