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Pavlo O. Dral       AI in computational chemistry

2024-Present：Nicolaus Copernicus University, Visiting Professor
2021-Present：Xiamen University, Full Professor
2019-2021：Xiamen University, Associate Professor
2013-2019：Max-Planck-Institut für Kohlenforschung, Postdoc
2010-2013：University of Erlangen-Nürnberg, M.Sc. & Ph.D.
2008-2010：University of Erlangen-Nürnberg, M.Sc.
2004-2010：National Technical University of Ukraine “KPI”, B.Sc. & M.Sc.

Research Interests:
Our research transforms chemical physics simulations by developing novel
AI methods and providing software and cloud computing platforms.

Nanoconfinement

üSelected papers:
AI platform: J. Chem. Theory Comput. 2024, 20, 1193
AI-quantum dynamics: Nat. Commun. 2022, 13, 1930
AI-quantum mechanics: Nat. Commun. 2021, 12, 7022
AI-excited states: Nat. Rev. Chem. 2021, 5, 388
AI force fields: Chem. Sci. 2021, 12: 14396

Professor | Outstanding Youth (Overseas) 
Email: dral@xmu.edu.cn
Research Areas: artificial intelligence, 
quantum chemistry, dynamics, excited states, 
semi-empirical methods

Group website: dr-dral.com
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Learning materials

Testimonials:

“Dr. Dral ofters a fantastic introduction 
to the concepts around machine learning 
in chemistry!”

For teachers: Your course can be here!

We open both courses for 
free for the workshop 
participants!

Recommend them further!
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Learning materials

65 authors
27 chapters

More valuable
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Learning materials



dr
-d
ra
l.c
om

8

Open source (on github, pip install...); also run on XACScloud.com

MLatom@GitHub 
≠

MLatom@XACS
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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
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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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Surface-hopping dynamics

L. Zhang, M. Martyka, ..., J. Jankowska, M. Barbatti, P. O. Dral. JCTC, 2024, 20, 5043–5057
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MLQD
A Package for Quantum 

Dissipative Dynamics with 
Machine Learning

by Arif Ullah, Anhui University

Extras!

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

Not everything is available on the cloud...
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16P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 
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Molecular
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Semi-
empirical

DFT

Ab initio

Quantum chemical perspective
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17Figure: P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 

Accuracy
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g

Molecular
Mechanics

Semi-
empirical

DFT

Machine Learning

Ab initio

P. O. Dral, M. Barbatti, Nat. Rev. Chem. 2021, 5, 388 

AI is a game changer
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Zoo of machine learning potentials

problems
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Models implemented/interfaced in MLatom
not implemented in MLatom

Categories of machine learning potentials

Updated based on M. Pinheiro 
Jr, F. Ge, N. Ferré, P. O. Dral, 
M. Barbatti. Chem. Sci. 2021, 
12, 14396–14413
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20Adapted from animation by Arif Ullah

MD

propagator

forces

!!,# = − $%
$&!,#

= −$%
machine learning potential 4

$&!,#
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Models implemented/interfaced in MLatom
not implemented in MLatom

Categories of machine learning potentials

Figure based on M. Pinheiro Jr, 
F. Ge, N. Ferré, P. O. Dral, M. 
Barbatti. Chem. Sci. 2021, 
12, 14396–14413

Data ?
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initial 
data

ML 
potential simulate converged?

Yes

No

label 
new 

points

final ML 
potential

Physics-informed active learning

Y.-F. Hou, L. Zhang, 
Q. Zhang, F. Ge, 
P. O. Dral, 
arXiv:2404.11811.
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Accurate vibrational spectra

Y.-F. Hou, L. Zhang, Q. Zhang, F. Ge, P. O. Dral. arXiv:2404.11811.

Ethanol spectra – 2 days of calculations on a 3080 RTX GPU

< 1000 training points with ANI potential
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24Y.-F. Hou, Q. Zhang, P. O. Dral. https://doi.org/10.26434/chemrxiv-2024-hwsl4.

Time-resolved mechanisms

~3000 training points with ANI potential
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Models implemented/interfaced in MLatom
not implemented in MLatom

Categories of machine learning potentials

Figure based on M. Pinheiro Jr, 
F. Ge, N. Ferré, P. O. Dral, M. 
Barbatti. Chem. Sci. 2021, 
12, 14396–14413

Data ?
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26Figure: P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 
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Ab initio ML-
ab initio

ML-SQC

ML-DFT

P. O. Dral, M. Barbatti, Nat. Rev. Chem. 2021, 5, 388 

AIQM1

ANI-1ccx, AIMnet-2, 
ANI-1xnr, …

AIQM1: P. Zheng, R. 
Zubatyuk, W. Wu, O. Isayev, 
P. O. Dral, Nat. Commun. 
2021, 12, 7022

Universal models (no training needed)

ML-
ab initio

DM21, CF22D, DENS24…
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27P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336; Chem. Commun. 2024, 60, 3240

Accuracy

Ti
m
in
g

Molecular
Mechanics

Semi-
empirical

DFT

Ab initio

Quantum chemistry approximations

B3LYP – is much faster than the CCSD(T) but is 
much less accurate

CCSD(T) – gold standard, very slow
(use it if you can!)

AIQM1*
• Accuracy of CCSD(T)
• Orders of magnitude faster 

than B3LYP 
AIQM1: P. Zheng, R. 
Zubatyuk, W. Wu, O. Isayev, 
P. O. Dral, Nat. Commun. 
2021, 12, 7022

Do not use B3LYP if 
you can use AIQM1!

*CHNO elements only – extensions on the way
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AIQM1 investigation of cycloparaphenylenes

2 CPU-minutes 1200 CPU-minutes

T. A. Schaub, A. Zieleniewska, R. Kaur, M. Minameyer, W. Yang, C. M. Schüßlbauer, L. Zhang, 
M. Freiberger, L. N. Zakharov, T. Drewello, P. O. Dral, D. Guldi, R. Jasti. Tunable Macrocyclic 
Polyparaphenylene Nanolassos via Copper-Free Click Chemistry. Chem. Eur. J. 2023, 29, 
e202300668
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Revising experimental heats of formation

P. Zheng, W. Yang, W. Wu, O. Isayev, P. O. Dral, J. Phys. Chem. Lett. 2022, 13, 3479

Heats of formation in kcal/mol

old experiment: 73
AIQM1: 69.1 (confident!)
G4: 69.1 

Newer experimental data in NIST: 70.4
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

Path-integral MD

AIQM1
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AIQM1 investigation of cycloparaphenylenes

T. A. Schaub, A. Zieleniewska, R. Kaur, M. Minameyer, W. Yang, C. M. Schüßlbauer, L. Zhang, 
M. Freiberger, L. N. Zakharov, T. Drewello, P. O. Dral, D. Guldi, R. Jasti. Tunable Macrocyclic 
Polyparaphenylene Nanolassos via Copper-Free Click Chemistry. Chem. Eur. J. 2023, 29, 
e202300668

30 CPU-minutes 
−41.9…−38.3 kcal/mol

AIQM1 also predicts fluorescence quenching

AIQM1 can be useful for aggregation-induced emission, 
photocatalysis
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Experimental 
quantum 
yield Φ≈0.2 
to 0.36 

AIQM1 surface-hopping dynamics

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

L. Zhang, M. Martyka, ..., J. Jankowska, M. Barbatti, P. O. Dral. JCTC, 2024, 20, 5043–5057
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M. Martyka, L. Zhang, Y.-F. Hou, M. Barbatti, P. O. Dral*, et al. unpublished

Fulvene

Physics-informed active learning
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35Figure: P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 
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P. O. Dral, M. Barbatti, Nat. Rev. Chem. 2021, 5, 388 

AIQM1

ANI-1ccx, AIMnet-2, 
ANI-1xnr, …

ML-
ab initio

DM21, CF22D, DENS24…

More and more models published faster and faster
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models

We can use human 
expertise to select 
models
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

Accuracy

C
om

pu
ta

tio
na

l t
im

e/
co

st

CCSD(T)

DFT

SQM
My cool AI 
model

Another AI 
model

Yet another AI 
model…

UAIQM: Universal and Updatable AI-QM models

Try to create 
better models...
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!Reviewers

……

UAIQM: Universal and Updatable AI-QM models

* We might end up doing this...
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DFT

SQM UAIQM
library

expert selection

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

UAIQM: Universal and Updatable AI-QM models

We put them together in a 
library and just give new 
models version numbers!
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40Figure: P. O. Dral, J. Phys. Chem. Lett. 2020, 11, 2336 
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P. O. Dral, M. Barbatti, Nat. Rev. Chem. 2021, 5, 388 

AIQM1

ANI-1ccx, AIMnet-2, 
ANI-1xnr, …

ML-
ab initio

DM21, CF22D, DENS24…

Can we do better?

Every model 
(DFT or AI ...)
has some problems!
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

UAIQM: Universal and Updatable AI-QM models
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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, submitted. https://doi.org/10.26434/chemrxiv-2024-604wb.

Updating UAIQM Library…

UAIQM: Universal and Updatable AI-QM models
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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
'

number of atoms
blank line

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
2

H 0 0 0
H 0 0 0.7
'

B3LYP/6-31G*
geomopt
xyzfile=myinitcoords.xyz



dr
-d
ra
l.c
om

49

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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file with optimized geometries

output file

optimization trajectory in xyz format

optimization trajectory in json format
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