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The Vision

https://communities.springernature.com/posts/artificial-intelligence-ma
kes-accurate-quantum-chemical-simulations-more-affordable 

ChatGPT:
Nov 30, 2022
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Pavlo O. Dral       AI atomistic “Aitomistic” simulations

2025-Present ： Aitomistic, co-founder

2024-Present ： Nicolaus Copernicus University in Toruń, Professor

2021-Present ： Xiamen University, Full Professor

2019-2021 ： Xiamen University, Associate Professor

2013-2019 ： Max-Planck-Institut für Kohlenforschung, Postdoc

2008-2013 ： University of Erlangen-Nürnberg, M.Sc. & Ph.D.

2004-2010 ： National Technical University of Ukraine “KPI”, B.Sc. & M.Sc.

Nanoconfinement

Selected papers:

AI-DFT: Adv. Sci. 2024, 2408239

AI platform: JCTC 2024, 20, 1193 | 2026, 22, 6557

AI-quantum dynamics: Nat. Commun. 2022, 13, 1930

AI-quantum mechanics: Nat. Commun. 2021, 12, 

7022

AI-excited states: Nat. Commun. 2026, 17, 4949

Professor

Email: dral@xmu.edu.cn

Research Areas: AI, AI agents, autonomous research, quantum chemistry, 

dynamics, excited states, reaction mechanisms, theoretical spectroscopy

Group website: dr-dral.com
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Aitomia Team: Academic Version
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I used Aitomistic for teaching Applied 
Quantum Chemistry … It was amazing and 
students liked it so much.

By one of the independent professors

Early implementations online since May 11, 2025
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Early implementations online since May 11, 2025

J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557–6571

https://aitomistic.xyz
(registration and basic 
use free for everyone) 

* Aitomia is the 
research framework 
introduced in 2025; 
Protomia is the 
modern 
architecture

https://atom.xmu.edu.c
n (available for free 
when registered with an 
academic email)
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Aitomia: Intelligent Assistant for Aitomistic 

(AI+atomistic) and QM Simulations

J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557–6571
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Autonomous simulations with AI agents

J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557–6571
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J. Hu, H. Nawaz, Y.-F. 
Hou, Y. Rui, L. Chi, Y. 
Chen*, A. Ullah*, P. O. 
Dral*. JCTC 2026, 22, 
6557–6571
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AI expert online at Aitomistic Hub

J. Hu, H. 
Nawaz, Y.-F. 
Hou, Y. Rui, L. 
Chi, Y. Chen*, 
A. Ullah*, P. O. 
Dral*. JCTC 
2026, 22, 
6557–6571
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Assistant for aitomistic and QM simulations

J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557–6571
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Execution

Analysis

Ideation

Track 
trends

• Develop new 
methods

• Computational 
explorations

Planning

19
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P. O. Dral, H. Nawaz, A. Ullah. Science Done on a Machine by a Machine: AI Agents in Computational 
Chemistry. 2026. arXiv:2608.18508
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P. O. Dral, H. Nawaz, A. Ullah. Science Done on a Machine by a Machine: AI Agents in Computational 
Chemistry. 2026. arXiv:2608.18508
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P. O. Dral, H. Nawaz, A. 
Ullah. Science Done on a 
Machine by a Machine: AI 
Agents in Computational 
Chemistry. 2026.
arXiv:2608.18508
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The Vision

https://communities.springernature.com/posts/artificial-intelligence-ma
kes-accurate-quantum-chemical-simulations-more-affordable 

ChatGPT:
Nov 30, 2022
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MLatom 3
JCTC 2024

downloads 
100K

Founded 
2013

MLatom 1
JCTC 2019

MLatom 2
Top. Curr. 

Chem. 2021

  Our AI ecosystem for computational chemistry

24

We develop MLatom – an open-source software ecosystem integrating AI and quantum chemistry
https://github.com/dralgroup/mlatom   



dr
-d

ra
l.c

om

25

AIQM1 vs typical DFT (B3LYP, PBE, ...)

• Orders of magnitude faster
• Accuracy is usually higher 

for closed-shell, neutral, CHNO molecules

Dral*, et al. Nat. Commun. 2021

AIQM1

Accuracy

C
o
m
p
u
ta
ti
o
n
a
l 
ti
m
e
/c
o
s
t CCSD(T)

DFT

SQM
AIQM1

expert selection

old paradigm (from 1925)

Dral, et al. J. Chem. Eur. J. 2023, 29, e202300668

AIQM1 vs DFT
 2 vs 1200 CPU-min
   0.625 vs 0.663 Å (RMSD)

We developed AI models working out of the box, resolving their stability problem
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Foundational ML-based potentials

Fast, accurate, and trustworthy AI models for
快速、准确且可靠的人工智能模型用于
• reaction mechanisms, thermochemistry, IR and 

Raman spectra, MD, many chemical elements...

Selected publications on the models:
• Dral*, et al. Nat. Commun. 2021, 12, 7022
• Dral*, et al. J. Phys. Chem. Lett. 2022, 13, 3479; 2025, 16, 4
• Dral*, et al. Chem. Sci. 2025, 16, 15901



dr
-d

ra
l.c

om

27

 

Δ-learning AIQM1 model for TSH

L. Zhang, M. Martyka, ..., J. Jankowska, M. Barbatti, P. O. Dral. JCTC, 2024, 20, 5043–5057

AIQM1 for 
ground-state

AIQM1: P. Zheng, R. Zubatyuk, W. Wu, O. 
Isayev, P. O. Dral, Nat. Commun. 2021, 
12, 7022
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Hands-on tutorial of UIP

Handing o� everything to Protomia 

2026/8/29

Aitomistic Lab@XMU

Docs of MLatom3

mlatom.com/docs

atom.xmu.edu.cn

LUMO HOMO

Visualization of HOMO and LUMO orbitals of methane 

calculated with AIQM2 by Protomia
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AIQM2

• Fast
• Accurate
• Trustworthy

Y. Chen, P. O. Dral. AIQM2: Organic Reaction Simulations Beyond DFT. Chem. Sci. 2025, 16, 15901
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IR spectra with AIQM2

Y.-F. Hou, C. Wang, P. O. Dral. J. Phys. Chem. A 2025, 129, 3613.
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ca. 1000 atoms,
agreement with crystallographic structure: 0.63 Å

Unpublished (1 CPU-day)

714 atoms,
agreement with crystallographic structure: 2.948 Å

J.-C. Song, X.-Y. Tong, J.-J. Guo, B.-

Y. Qian, J. Lin, P. O. Dral, H.-J. 

Zhang. Org. Lett. 2025, 27, 3753
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Y. Chen, Y.-F. Hou, O. Isayev, P. O. Dral. Universal and Updatable Artificial Intelligence-Enhanced Quantum 
Chemical Foundational Models. 2024. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models
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AIQM4@DFT (?)
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Excellent

~CCSD(T) level

Supported

max. DFT level

Unsupported

More accurate description of more elements...

Charged species, radicals, dissociations, multi-reference cases, bigger systems...
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Transfer learning/Fine-tuning

⨯ two-step training

⨯ separate models

⨯ cannot be trained on 

combined databases

DFT

CC

NN@DFT TL-NN@CC

Seyedeh Fatemeh Alavi, Yuxinxin Chen, Yi-Fan Hou, Fuchun Ge, Peikun Zheng, Pavlo O. Dral. ANI
-1ccx-gelu Universal Interatomic Potential and Its Fine-Tuning: Toward Accurate and Efficient Anh
armonic Vibrational Frequencies. J. Phys. Chem. Lett. 2025, 16, 483

Fine-tuning of AIQM, ANI, OMNI-P models: https://aitomistic.com/mlatom/tutorial_finetuning.html 
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All-in-one AI model

Y. Chen, P. O. Dral. All-in-one foundational models learning across quantum chemical levels. 2024.
 Preprint on ChemRxiv: https://doi.org/10.26434/chemrxiv-2024-ng3ws

DFT

CC
✓ easy to train and predict

✓ single model

✓ can be trained

on combined databases

OMNI-P1



dr
-d

ra
l.c

om

40

• photodynamics
• photoreaction 

quantum yields
• ...

AI models for excited states

Selected publications:
OMNI-P2x: Dral. Nat. Commun., 2026, 17, 4949.
Novel architecture: Dral*, et al. npj Comput. Mater. 2025, 11, 132
Dral*, Barbatti*. Nat. Rev. Chem. 2021, 5, 388

First-ever excited-state NNP
• Much more difficult than ground state
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OMNI-P2x – the first universal excited-state potential

M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, 17, 4949
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OMNI-P2x – the first universal excited-state potential

M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, 17, 4949
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ML-NEA via fine-tuning OMNI-P2x

M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, https://doi.org/10.1038
/s41467-026-71380-5.
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NONADIABATIC DYNAMICS
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OMNI-P2x: The first-ever universal potential for excited states

Active transfer learning (ATL)  robust nonadiabatic dynamics:→

M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, https://doi.org/10.1038
/s41467-026-71380-5.
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initial 

data

ML 

potential
simulate converged?

Yes

No

label 

new 

points

final ML 

potential

Active learning

Figure from: Y.-F. Hou, L. Zhang, Q. Zhang, F. Ge, P. O. Dral, J. Chem. Theory Comput. 2024, 20, 7744
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Fine-tuned OMNI-P2x can yield more stable NAMD 

M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, https://doi.org/10.1038
/s41467-026-71380-5.
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ML@CASSCF(10,10)

ML@QD-NEVPT2(10,10)
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49B. F. E. Curchod, T. J. Martínez, Chem. Rev. 2018, 118, 3305 
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Surface-hopping dynamics in MLatom

L. Zhang, S. Pios, M. Martyka, F. Ge, Y. F. Hou, Y. Chen, L. Chen, J. Jankowska, M. Barbatti, P. 
O. Dral. JCTC, 2024, 20, 5043–5057
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51J. Martinka, M. Martyka, B. Medhi, J. Pittner, P. O. Dral, J. Chem. Theory Comput. 2026, 22, 2467

Surface-hopping dynamics in MLatom



dr
-d

ra
l.c

om

52

Active Delta Learning for NAMD

M. Martyka, M. Barbatti, J. Jankowska, P. O. Dral. Faraday Discuss. 2026 accepted.

Solution for 
molecules with 
many 
conformers
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Can we do better?

 

dynamics/ML dynamics

dynamics propagation is

• computationally expensive

• recursive (iterative)
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Can we do better?

 

 

 

  ML dynamics

dynamics

dynamics propagation is

• computationally expensive

• recursive (iterative)
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AI-QD (artificial intelligence-based quantum dynamics)

7-sites Fenna–Matthews–Olson (FMO) complex

 

A. Ullah, P. O. Dral. Predicting the future of excitation energy transfer in light-harvesting 
complex with artificial intelligence-based quantum dynamics. Nat. Commun. 2022, 13, 
1930
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Almost everyone thought it was impossible due to the vast phase space of multi-atomic systems
几乎所有人都认为这是不可能的，因为多原子体系具有巨大的相空间

56

 
   

 

Dral*, et al. in Nat. Commun. 2022, 13, 1930; JPCL 2023, 14, 7732; JCTC 2026, 22, 1549

Reference MD

Directly
AI-generated MD

AI for Direct Prediction of Dynamics   分子动力学直接预测的 AI 方法

We introduced a radically different way to do MD, 100x faster than with ML potentials

我们提出了一种全然不同的分子动力学方法，其速度比机器学习势快 100 倍。



dr
-d

ra
l.c

om

57

Can we do even better?

dynamics propagation is

• computationally expensive

• recursive (iterative)

 

 

 

  ML dynamics

 

dynamics
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One-Shot Trajectory Learning (OSTL)

A. Ullah, P. O. Dral. J. Phys. Chem. Lett. 2022, 6037

• 10 ps long dynamics in just 70 ms
• good for massive simulation in parameter space
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2025 – Torun, Poland
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Learning materials

65 authors
27 chapters

Online course!

https://www.aitomistic.com/en/sub/course 
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Subscribe and follow us!
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Xiamen University, China

Nicolaus Copernicus University in Toruń, Poland

Aitomistic, Shenzhen, China

Practical Guide to AI & ML Simulations
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MLatom 3
JCTC 2024

>downloads 
100K

Founded 
2013

MLatom 1
JCTC 2019

MLatom 2
Top. Curr. 

Chem. 2021

  Our AI ecosystem for computational chemistry

63

We develop MLatom – an open-source software ecosystem integrating AI and quantum chemistry
https://github.com/dralgroup/mlatom   
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MLQD

ASE

hyperopt

MLatom’s interfaces

Quantum chemical programs:

Semi-empirical quantum chemical programs:

Machine learning programs:

Dynamics and other atomistic simulation:

Gaussian

MNDO

GAPPhysNet

[MLQD: A. Ullah, P. O. Dral. 
Comput. Phys. Commun. 2024, 
294, 108940]

PySCF
Turbomole

COLUMBUS
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>100000 downloads

Open source (on github, pip install...)
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Have it your way...

P. O. Dral, F. Ge, Y.-F. Hou, P. Zheng, Y. Chen, M. Barbatti, O. Isayev, C. Wang, B.-X. Xue, M. Pinheiro Jr, Y. Su, 

Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. J. Chem. Theory Comput. 2024, 20, 1193
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Updated based on: P. O. Dral, F. Ge, Y.-F. Hou, P. Zheng, Y. Chen, M. Barbatti, O. Isayev, C. Wang, B.-X. Xue, 

M. Pinheiro Jr, Y. Su, Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. JCTC 2024, 20, 1193

AI-enhanced computational chemistry

our own models in red
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AI-enhanced computational chemistry

P. O. Dral, F. Ge, Y.-F. Hou, P. Zheng, Y. Chen, M. Barbatti, O. Isayev, C. Wang, B.-X. Xue, M. Pinheiro Jr, Y. Su, 

Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. J. Chem. Theory Comput. 2024, 20, 1193

+PIMD coming soon...
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Local Installation of MLatom

https://github.com/dralgroup/mlatom 

https://github.com/dralgroup/mlatom-skills 
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B3LYP/6-31G*

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'

GFN2-xTB

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'

MP2/cc-pVDZ

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'

ANI-1ccx

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'

MLmodelType=ANI MLmodelIn=ani.pt

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'

UAIQM

geomopt

xyzfile='5

C         0.0000000000        0.0000000000        0.0000000000

H         1.0870000000        0.0000000000        0.0000000000

H        -0.3623333220       -1.0248334322       -0.0000000000

H        -0.3623333220        0.5124167161       -0.8875317869

H        -0.3623333220        0.5124167161        0.8875317869

'
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https://aitomistic.xyz
(registration and basic 
use free for everyone) 

https://atom.xmu.edu.c
n (available for free 
when registered with an 
academic email)

Doing calculations online
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https://aitomistic.xyz
(registration and basic 
use free for everyone) 

https://atom.xmu.edu.c
n (available for free 
when registered with an 
academic email)
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Check your email for instructions
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https://aitomistic.com/mlatom 

MLatom Use

Documentation:
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Only for Xiamen University Users
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Protomia helps to develop Protomia
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