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l’x The Vision

Aitomistic

Behind the Paper

Artificial intelligence makes accurate quantum chemical

simulations more affordable

We have developed artificial intelligence-enhanced quantum mechanical method 1 (AiQM1), which can be used out of ChatGPT:
the box for very fast quantum chemical calculations with the accuracy of the gold-standard coupled-cluster method. Nov 30. 2022
4

Published in Chemistry

Dec02,2021
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learning (ML) — the very tool of Al we actually used in AIQM1), in school, | was,
fascinated by nature and was learning about it as much as I could. | quic
thatitis impossible to learn everything | am interested in.

2 long run, may overcome this barrier
an&an have access to all
ompdters by themselves make a

qualltatwe]um&l uuMa ndlng of nature? This is the first question.

understanding of the world. Comp
as they are not Iimited by biologica

Dec 2, 2021 &
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learning (ML) — the very tool of Al we actually used in AIQM1), in school, | was,

fascinated by nature and was learning about it as much as I could. | quic

understanding of the world. Comp 2 long run, may overcome this barrier

an&an have access toall
digitalized information. However, cangomputers by themselves make a

quahtatwe;um&n num-ﬂ nding of nature? This is the first question.

as they are not limited by biologica

Mduing my master degree, | have had to run many
) simulations. It was exciting at first to witness how a

LEItEF,ElrEEIdy'

Edlct correctly, e.g., the geometry of a water molecule, but after |

uch simulations, | realized that many of them are quite repetitive and

the 5ecnnd question is: can computers by themselves perform all these

simulations, analyze results and write papers? &

Dec 2, 2021
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I' for Diels-Alder reaction between ethylene |\
I and 1,3-butadiene, what's the reaction

| energy?

|
| D reaction

Ask about reaction energy

RECENT ACTIVITY V' Hide
Interpreting instructions

Starting structure preparation

Structure prepared

Starting structure preparation

Structure prepared

5 item(s)

type
System
reactant
reactant
product

reaction

constant

constan_t

ene + 1,3-butadiene ->
cyclohexene

ethylene + 1,3-butadiene ->
cyclohexene

ethylene + 1,3-butadiene ->
cyclohexene

hartree_to_kcal_mol
hartree_to_kj_mol

hartree

hartree

kcal/mol

kJ/mol

kcal/mol

@

coefficient

<% Protomia B & + O X
= Q9 -
I've successfully completed the computational
workflow for the Diels-Alder reaction between
ethylene and 1,3-butadiene to form
< cyclohexene. All steps — from structure
~ preparation through nanmatns antimization
N
N
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v I
AW | I
v I
\l I
\ |
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I |
I i
I Reaction Enthalpy (298K): -33.82 kcal/mol :
; ‘ I
¢ Reaction Gibbs Free Energy (298K): -19.73 :
|

-78.572
-155.96
-234.592

-0.06078

-38.1393

-159.575

627.509

1
L kcal/mol (spontaneous at room temperature)

H G method output_molecule

-78.5165
-155.868
-234.438

-0.05389

-33.8159

-141.486

-78.542 B3LYP/6-31G /aitomistic/hub/home/j
-155.9 B3LYP/6-31G /aitomisticlhublhome/‘
-234.473 B3LYP/6-31G /aitomistic/hub/home/l

-003144 Spreadsheet of

— reaction

-82.5515
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Ethene and 1,3-Butadiene

Computational Chemistry Report — Generated by Protomia

May 27, 2026

Abstract

The Diels-Alder reaction between ethene and 1,3-butadiene to form cyclohexene was
investigated using the ATQM2 machine-learning quantum meehanical method. Geemetry
optimizations and harmonic frequency calculations were performed for all reactants and the
product. The reaction is found to be strongly exergonic with AG = —26.16 keal mol—! and
exothermic with AH = —40.31 keal mol—! at standard conditions (298.15 K, l-atm), consis-
tent with the formation of a stable six-membered ring via a concerted [4 + 2] eydoaddition
mechanism.

Introduction

&

AIQM2 Study of the Diels—Alder Reaction Between

mini_paper.pdf

The Diels—Alder reaetion is one of the most.important pericyclic reactions in organic chemistry,
providing.a powerful and atom-economical Toute to six-membered carbocycles. Discovered by
Otto Diels and Kurt Alder in 1928 (for which they were awarded the Nobel Prize in Chemistry
in 1950), this [44+ 2] eycoaddition involves a conjugated diene and a dienophile reacting in a
concerted, suprafacial manner to form a cyclohexene derivative [1].

dienophile)—serves as a textbook illustration of the reaction:

CyHg + CoHy — CgHyg

The prototypical example—the reaction between 1,3-butadiene (the diene) and ethene (the

(1)

Despite its simplicity, this reaction is of fundamental interest for benchmarking computational
methods, as it involves significant changes in bonding, conjugation, and strain upon cyclization.

2 Computational Methods

All caleulations were performed with the AIQM2 method, amachine-learning-enhanced quantum
mechanical approach that combines the efficiencypf semi-empirical methods with the accuracy of

Protomia @ +

(exergonic) under standard conditions. The reaction is strongly enthalpically driven (AH = -40.31 kcal/mol), with the
entropy penalty from combining twe molecules into ofe partially offsetting the favorable enthalpy.

All optimized geometries, frequencies, and thermochemleal data have been saved to the project directory

H EENT = N FEN Niprotomia_demo/DA_ethene_butadiene , along with a summary spreadsheet
(DA_ethene butadiene.xlsx) and a README.md. These results €an be reused for follow-up work such as transition-state
searches or solvent-effect studies without resmunning the optimizations.

Lnow write a mini-paper in latex and make a pdf

I'll write a mini-paper in LaTeX about this Diels-Alder reactionand compile it to PDF. Let me first check the project
directory for any existing files, then create the LaTeX document.

> /\Ramaction

Starting step 1: listing the project directory contents to see existing results.

» +/ Ragiliagtion

Updated while you were away

Step 1 done. Found the project directory with all species caleulation folders and the summary spreadsheet. Now moving
to step 2: writing the LaTeX mini-paper.

> « Ran 1action

Step 2 done — the LaTeX mini-paper has been written. Now moving to step 3: compiling the LaTeX document to PDF using
pdflatex .

> +/ Ran 3 actions
Step 3 done — the LaTeX compilation succeeded and the PDF is ready.
Here's a summary of what was produced:

e LaTeX source: mini paper.tex

« Compiled PDF: mini_paper.pdf (3 pages, ~197 KB)

The mini-paper includes:

* An abstract summarizing the AIQM2 thermodynamic findings

An Introduction placing the Diels-Alder reaction in chemical context

A Computational Methods section describing the AIQM2 approach and the ideal-gas/rigid-rotorfharmonic-oscillator
thermochemical protocol

A Results and Discussion section with a formatted table of AE, AH, and AG, plus analysis of the enthalpy vs. entropy

balance

Conclusions and a short bibliography

All cross-references (table label, citations) were resolved cleanly in the two-pass compilation. The paper is ready for
reading or further editing if you'd like to add figures, additional discussion, or refine any sections.

% /' + mini_paper.pdf

N
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Early implementations online since May 11, 2025

NEWS

While we’ll have to wait to findithat out, it’s clear that

Al ag e n;ts Set to d em Ocrati se significant change'is alrgady afoot. ‘I’'m pretty sure that in the
. . futuxe, people will wonder how people previously did
computational chemistry

__ g* NP T ovTpes astodished at how people built the pyramids in Egypt.’

quantum €hemical simulations, says Dral. ‘Like we are now

oty

Aitomia

Status: Publicly available since 11 May 2025.

I used Aitomistic for teaching Applied
Quantum Chemistry ... It was amazing and
students liked it so much.

What it does: Aitomia a8sists re§earchers in albstages of their work, from setting up
the calculations, providingyposéible optieas§automatically performing the simulations,

and then helping to analys&the results in an understandable and reusable format. It

supports a wide-array of Al-dfiven atomistic and quantum chemistry methods o((\
enabling essential computations such as energy calculations, geometry optimisations, . 0\9

. | _ L By one of the independent professors &
molecular dynamics, thermochemistry, reaction and spectra simulations. < o]

o



\
(=]
o

IR spectrum \ .m
|

Simulate IR spectrum for i
. 2 Aitomistic
this molecule =
O ;;:150:
/JLNHZ | .\

40100 35‘00 30Y00 25b0 20700 15'00 1(;00 560
Wavenumber (cm™1)

Sure!l
%

Hello! | am Aitomia




"x Early implementations online since May 11, 2025

Aitomistic
* Aitemia is the
earch framework
0 duced in 2025;
otomia is the

modern
architecture

=2 EXPLORER AITOMIA

i + X
+
} MD . . . .
@ Hi, | am Aitomia, nice to meet youl!
- » demo
b test UV I'm an intelligent assistant with expertise in Al-driven atd

(@)

simulations and quantum chemistry.
= v test ir

‘ https://atom.xmu.edu.c
n (available for free

when registered with an
academic email)

You can ask me:

Canyyou calc quencies an chemistry for me?

pti eometry? https://aitomistic.xyz

(registration and basic
* use free for everyone)

A re- .ner ' (current hie)

S
J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557-6571 & 11
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(AI+atomistic) and QM Simulations

S
J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557-6571 & 12
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.’x Autonomous simulations with AI agents

Aitomistic

yes.

Bl Perform Calculation
: Ronme D
calculation !
parameters 1. single-point
' ] > 1| ecalculation agent
|
RAG Database PSSSSN Chat agent designing workflow l E
' T [ : geometry
l| optimization agent
|
task executor agent — ]
m I : frequency
— 1 "
1| calculation agent
[ completed ] :
1 |
|
- I
! N - -
: error analysis result analysis : |
I agent agent : e —————
1
o°<°
o\o
\

S
J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557-6571 & 14
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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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Calculate the reaction energy and thermodynamic properties for th Is-
Alder reaction between cyclopentadiene and maleimide usi 2.1
will provide the adduct. Please generate the stri res for
me.

L N L -_/
\

The user only provides the adduct structure. For this task, the structures of
maleimide and cyclopentadiene are also required. | will.call the initial
structure generation agent to generate the missing structures needed to
solve the user's problem.

J

For **adduct™*, | will proceed with following calculations: I

For **maleimide®*; Ill follow this plan:

J
)

We are calculating the reaction energy (AE), enthalpy change (AH), and
Gibbs free energy change (AG) for Diels-Alder reaction.

**cyclopentadiene +maleimide ——»  adduct** p
~

1. Reaction energy (AE) =-33.73 kcal/mol

2. Enthalpy Change (AH) =-30.41 kcal/mol

3. Gibbs Free Energy Change (AG) = -15.

J
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Submit Current File: Comsand, + R
Can you perform transition state search?
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Create New File
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Abstract

The Diels-Alder reaction between ethene and 1,3-butadiene to form cyclohexene was
investigated using the ATQM2 machine-learning quantum meehanical method. Geemetry
optimizations and harmonic frequency calculations were performed for all reactants and the
product. The reaction is found to be strongly exergonic with AG = —26.16 keal mol—! and
exothermic with AH = —40.31 keal mol—! at standard conditions (298.15 K, l-atm), consis-
tent with the formation of a stable six-membered ring via a concerted [4 + 2] eydoaddition
mechanism.

Introduction

&

AIQM2 Study of the Diels—Alder Reaction Between

mini_paper.pdf

The Diels—Alder reaetion is one of the most.important pericyclic reactions in organic chemistry,
providing.a powerful and atom-economical Toute to six-membered carbocycles. Discovered by
Otto Diels and Kurt Alder in 1928 (for which they were awarded the Nobel Prize in Chemistry
in 1950), this [44+ 2] eycoaddition involves a conjugated diene and a dienophile reacting in a
concerted, suprafacial manner to form a cyclohexene derivative [1].

dienophile)—serves as a textbook illustration of the reaction:

CyHg + CoHy — CgHyg

The prototypical example—the reaction between 1,3-butadiene (the diene) and ethene (the

(1)

Despite its simplicity, this reaction is of fundamental interest for benchmarking computational
methods, as it involves significant changes in bonding, conjugation, and strain upon cyclization.

2 Computational Methods

All caleulations were performed with the AIQM2 method, amachine-learning-enhanced quantum
mechanical approach that combines the efficiencypf semi-empirical methods with the accuracy of

Protomia @ +

(exergonic) under standard conditions. The reaction is strongly enthalpically driven (AH = -40.31 kcal/mol), with the
entropy penalty from combining twe molecules into ofe partially offsetting the favorable enthalpy.

All optimized geometries, frequencies, and thermochemleal data have been saved to the project directory

H EENT = N FEN Niprotomia_demo/DA_ethene_butadiene , along with a summary spreadsheet
(DA_ethene butadiene.xlsx) and a README.md. These results €an be reused for follow-up work such as transition-state
searches or solvent-effect studies without resmunning the optimizations.

Lnow write a mini-paper in latex and make a pdf

I'll write a mini-paper in LaTeX about this Diels-Alder reactionand compile it to PDF. Let me first check the project
directory for any existing files, then create the LaTeX document.

> /\Ramaction

Starting step 1: listing the project directory contents to see existing results.

» +/ Ragiliagtion

Updated while you were away

Step 1 done. Found the project directory with all species caleulation folders and the summary spreadsheet. Now moving
to step 2: writing the LaTeX mini-paper.

> « Ran 1action

Step 2 done — the LaTeX mini-paper has been written. Now moving to step 3: compiling the LaTeX document to PDF using
pdflatex .

> +/ Ran 3 actions
Step 3 done — the LaTeX compilation succeeded and the PDF is ready.
Here's a summary of what was produced:

e LaTeX source: mini paper.tex

« Compiled PDF: mini_paper.pdf (3 pages, ~197 KB)

The mini-paper includes:

* An abstract summarizing the AIQM2 thermodynamic findings

An Introduction placing the Diels-Alder reaction in chemical context

A Computational Methods section describing the AIQM2 approach and the ideal-gas/rigid-rotorfharmonic-oscillator
thermochemical protocol

A Results and Discussion section with a formatted table of AE, AH, and AG, plus analysis of the enthalpy vs. entropy

balance

Conclusions and a short bibliography

All cross-references (table label, citations) were resolved cleanly in the two-pass compilation. The paper is ready for
reading or further editing if you'd like to add figures, additional discussion, or refine any sections.

% /' + mini_paper.pdf

8(' 1/
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Aitomistic
QM MethOdS Orca Gaussian 4 Single-point Y4 Geometry Frequencies & ) ".Trarlsltlon state
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ML Methods 4
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dynamics training ctive Learning
® o 7\
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¥ '
\S J\ o J\ v,
*Implemented agents can be used in more complex workflows, such as reaction enthalpy calculations. o((‘
**Only software with permissive licenses is available online for registered users, while Aitomia supports more programs. &9

S
J. Hu, H. Nawaz, Y.-F. Hou, Y. Rui, L. Chi, Y. Chen*, A. Ullah*, P. O. Dral*. JCTC 2026, 22, 6557-6571 & 18
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Artificial intelligence makes accurate quantum chemical

simulations more affordable

We have developed artificial intelligence-enhanced quantum mechanical method 1 (AiQM1), which can be used out of ChatGPT:
the box for very fast quantum chemical calculations with the accuracy of the gold-standard coupled-cluster method. Nov 30. 2022
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fx Our AI ecosystem for computational chemistry o

Aitomistic

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

downloads
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MLatom 2 :
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' MLatom 3
1JCTC 2024
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PN AIQM1

Aitomistic
We developed Al models working out of the box, resolving their stabi lem
old paradigm (from 1925) Dral’, et al. Nat. Commun. 2021 (
QM1 vs DFT
.CCSD(T) 2 vs 1200 CPU-min
: 0.625 vs 0.663 A (RMSD)
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Computational time/cost

AlIQM1 vs typ

* Orders of magnitude faster
* Accuracy is usually higher Dral, et al. J. Chem. Eur. J. 2023, 29, e202300668 &o\’

for closed-shell, neutral, CHNO molecules & 25

al DFT (B3LYP, PBE, ...)




«*2& Foundational ML-based potentials
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* Dral*, et al. Chem. Sci. 2025, 16, 15901 & 26



"h A-learning AIQM1 model for TSH
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-
s-on tutorial of UIP

*Handing off everything to Protomia

Protomia Solution 2.8.3 B & +

The molecule in your folder is methane (CHa) (from sp.xyz ), and I've
submitted the AIQM2 orbital calculation to the cluster — it's running now LUMO \
(SLURM job 183853).

HOMO A N

‘

Aitomistic Lab@XMU
atom.xmu.edu.cn

The job runs the single-point AIQM2 energy, then automatically renders the
HOMO and LUMO molecular-orbital surface pictures, so you don't need to do
anything else. It should finish quickly — I'll report the orbital energies
(HOMO/LUMO in eV), the single-point energy, and the rendered orbital
Images to you as soon as it's done. Feel free to keep chatting in the
meantime!

The methane (CH.4) AIQM2 orbital calculation has finished — here are the
results:

Docs of MLatom3
mlatom.com/docs

Single-point energy (AlIQM2): —-40.464860 Hartree (dipole moment: 0.0 D,

: : Visualization of HOMO and LUMO orbitals of methane
as expected for this T4-symmetric geometiy)

calculated with AIQM2 by Protomia

Frontier molecular orbitals:

e HOMO: -12.6931 eV
e LUMO: 4.4160 eV

¢ HOMO-LUMO gap: 17.1092 eV

2026/8/29 28
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Chemical

Volume 16
Number 35
21 September 2025
Pages 15745-16358

Science

rsc.li/chemical-science
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ISSM 2041-6539

YEARS
EDGE ARTICLE 0
Yuxinxin Chen and Pavlo O. Dral &

AIQM2: organic reaction simulations beyond DFT ANNIVERSARY " 2 9
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O TS
3.28 i ?“'
3.20 2279
. 2020 95,
- 1.90 '
4
= 19.1 -
19.0%1.7
16.6
1000 MD ‘ overnight
trajectories FT B3LYP-D3/6-31G*

160 CPU-years

CS (2017) 139, 8251

* Fast
« Accurate
* Trustworthy &

K
Y. Chen, P. O. Dral. AIQM2: Organic Reaction Simulations Beyond DFT. Chem. Sci. 2025, 16, 15901 N 30
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IR spectra with AIQM2
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(a)

Methods
M1 ONIOM2(DFT:MM)
M2 ONIOM2-EE(DFT:MM)
M3 ONIOM2(ANI-2x:MM)
M4 ONIOM2(ANI-Iccx:MM)
Mda ONIOM3(ANI-Tccx:ANI-2x:MM)P°
M5 ONIOM2(AIQM1:MM)°
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Article | Open acc shed: 16 May 2024

Accelerating reliable multiscale quantum
refinement of protein-drug systems enabled by
machine learning

Zeyin Yan, Dacong Wei, Xin Li & Lung Wa Chung &3

Nature Communications 15, Article number: 4181 (2024) | Cite this article




icati Advanced
. ACS Publ 'Cat 10N5 Search text, DOI, authors, etc. ®] T
V Most Trusted. Most Cited. Most Read. Search

Aitomisti
— Integrating Machine Learning Interatomic Potentials with MMPBSA for Accurate
Protein—-Ligand Binding Free Energy Calculations

Xue-Xin Wei, Yuxinxin Chen, Yuedong Yang, Mingyuan Xu*, Pavlo O.Dral*, and Hongming Chen*
Ll Open PDF ‘ © Supporting Information (1) ‘ A XMU (
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Unpublished (1 CPU-day)

J.-C. Song, X.#¥. Tong,d.-J. Guo, B.-
Y. Qian, J4Lin, RFODralpH.-J.
Zhang. Org. Lett. 2025, 27, 3753

ca. 1000 atoms,
agreement with crystallographic structuref 0.63,A

UV-Vis spectrum a
1.0 . 1.75
—— experimental

5 —— theoretical [1-50%
= 0.8 c
2 1259
% 0.6 11.00 £
o) %]
N 0.4 0-75
B 10.50 714 atoms, &
5 0.2 v . .
2 0.250 agreement with crystallographic structure: 2.948 A \90

0.0 MHu[| 0.00 5§°

400 600 800 %
Wavelength (nm) 6



"k UAIQM: Universal and Updatable AI-QM models Q ‘

A
» CCSD(T)
2 . @
3 YA
£ | expert selection
©
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S o\ library
oy
>
Accuracy <

\0
Y. Chen, Y.-F. Hou, O. Isayev, P. O. Dral. Universal and Updatable Artificial Intelligence-Enhanced Quantum 6‘0
Chemical Foundational Models. 2024. https://doi.org/10.26434/chemrxiv-2024-604wb. Y 35
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name keywords in MLatom version target level baseline dispersion recomme

- uaigm_nobaseline@dft 20240606 DFT - D4 (wB97X)

ANI-1ccx uaigm_nobaseline@cc 20190701 CC -
- uaigm_nobaseline@cc 20240606 CcC -
AIQM1@DFT uaigm_odm2star@dft 20211202 DFT
AlQM1 uaigm_odm2star@cc 20211202 CcC D4 (wB97X) HCNO
- uaigm_odm2star@cc 20240308 CC ‘ D4 (wB97X) HCNO
AIQM2@DFT uaigm_gfn2xtbstar@dft 20240106 DFT D4 (wB97X) HCNO
AIQM3@DFT uaigm_gfn2xtbstar@dft 20240619 GFN2-xTB* D3bj (b97-3c) HCNOFSCI
AIQM4@DFT (?)  uaigm_gfn2xtbstar@dft 202407 GFN2-xTB* D3bj (b97-3c) HBCNOFSiPSClAsSeBrl
AlQM2 uaigm_gfn2xtbstar@cc 20 106 CC GFN2-xTB* D4 (wB97X) HCNO
AlIQM3 i : 115 cC GFN2-xTB* D3bj (b97-3c) HCNOFSCI
- i ' 20230924 cC wB97X/6-31G* D4 (wB97X) HCNO
- igm_wb9 /xdef2tzvpp@cc 20230923 CcC wB97X/def2-TZVPP D4 (wB97X) HCNO
- igm_wb9Zxdef2tzvpp@cc 20240227 cC wB97X/def2-TZVPP D4 (wB97X) HCNO o((‘
- uaigm_wb97xdef2tzvpp@cc 20240228 CC wB97X/def2-TZVPP D4 (wB97X) HCNO 'a}'o
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More accurate description of more elements...

S S ®

Excellent Supported Unsupported
~CCSD(T) level max. DFT level

IIIB IVB VB VIB  VIIB VIIIB VIIIB & VIIIB "B

IIB

Charged speci ICS ﬁ’ ociations, multi-reference cases, bigger systems...




PN Transfer learning/Fine-tuning

Aitomistic

x [two-Step training
x 48eparate models
x cannot be trained on
—* combined databases

NN@DFT TL-NN@CC

Fine-tuning of AIQM, ANI;”OMNI-P models: https://aitomistic.com/mlatom/tutorial finetuning.html

Seyedeh Fatemeh Alavi, Yuxinxin Chen, Yi-Fan Hou, Fuchun Ge, Peikun Zheng, Pavlo O. Dral. ANI oo‘°
-1cex-gelu Universal Interatomic Potential and Its Fine-Tuning: Toward Accurate and Efficient Anh 2>
armonic Vibrational Frequencies. J. Phys. Chem. Lett. 2025, 16, 483 &"’ 38



.'x All-in-one AI model

Aitomistic

S
ceC v easy to train and predict
E v single model

v/ can be trained
on combined databases

OMNI-P1

&

C'O
Y. Chen, P. O. Dral. All-in-one foundational models learning across quantum chemical levels. 2024.&0\'
Preprint on ChemRxiv: https://doi.org/10.26434/chemrxiv-2024-ng3ws & 39



-'3\1 Al models for excited states

Aitomistic

First-ever excited-state NNP
Much more difficult than ground state

___________________________________________________________________________________________________________________________________

ia) n i ib) 16 millions :
L | datapoints OMNI-P2x :
1 O I : :
:T"U’ i <D MoleculaVetry i
| S L g State |
i ?3 i i g’ . Level of theory i
E i - . i
= > S50 ees :
s SQM & % (%) l
E OMNI-P2x Fine-tuning E i ‘l High-throughput screeningi
! | o } : State energy !
> . 1 Multi-state all-in-one | Oscillator strength i
| Accuracy " neural network i

————————————————————————————————————————————————————

* photodynamics
photoreaction

quantum yields
©

Selected publications:

OMNI-P2x: Dral. Nat. Commun., 2026, 717, 4949.

Novel architecture: Dral*, et al. npj Comput. Mater. 2025, 11, 132 <
Dral*, Barbatti*. Nat. Rev. Chem. 2021, 5, 388 & 40




a'x OMNI-P2x — the first universal excited-state potential

Aitomistic

)~ s
4.
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L

(]

UV-Vis spectrum

—— TD-DFT/B3LYP
—— OMNI-P2x

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

Aitomistic
a b 1000 E | i | |
) . s OMNI-P2x ) :
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4] 5 4 _% ] =
4= ) 104 " L
41 = . N
: 3"
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> 5
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o
M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, 17, 4949 & 42
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a] = UV-Vis spectrum
I
= — | ~ —— DFT-NEA
: ﬁ —— ML-NEA
© 4000 25 datapoints
o
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M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, https://doi.org/10.1038 5°

/s41467-026-71380-5.
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NONADIABATIC DYNAMICS



.'% OMNI-P2x: The first-ever universal potential for excited states

Aitomistic

ia) . E ib) 16 milliGHe Absorption spectra i
B i ! datapoints OMNI-P2x :
1 O I : :
= N «» Mole e‘N .
= L g tate :
i 4.](_32 i i v Lev f theo i
=>4
1 O I 1 I
< | QM | l :
| OMNI-P2x Fine-tuning | | High-throughput screeningi
! | | t ] State energy !
> (" Multi-state all-in-one = Oscillator strength i
i Accuracy \ |\ neural network i

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 &0\’
/s41467-026-71380-5. & 45




1'% Active learning

Aitomistic
initial label ML |
. simulate
data . potential
points

-
¢
=

K
Figure from: Y.-F. Hou, L. Zhang, Q. Zhang, F. Ge, P. O. Dral, J. Chem. Theory Comput. 2024, 20, 7744 PN 46



.’x Fine-tuned OMNI-P2x can yield more stable NAMD

Aitomistic

el i i i i il i L P B | P ) S e e I
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Transfer " 1wo{ . s s . o1z veguedlk |
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£ 40- . :
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M. Martyka, X.-Y. Tong, J. Jankowska, P. O. Dral. Nat. Commun. 2026, https://doi.org/%2.1038

/s41467-026-71380-5. s 47
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From the journal:
Chemical Science

Gradients not needed: ML-driven propagation of
nonadiabatic molecular dynamics without reference
gradients

Mikotaj Martyka, Joanna Jankowska, HansLlischka and Pavlo O. Dral

Abstract

simulations without access to the analytical energy gradients from the u

fine-tuning our foundational model for excited-states, OMNI-P g automatic

differentiability to obtain forces, we eliminate the gradi estricts calculations, such as

NAMD, to methods with available 3

e method on the benchmark system,
fulvene, demonstrating that gre
multiple levels of theory: AIQM1

dynamicsat the QD-NEVPT2 level, s remain unavailable. We further benchmark the protocol

on cyclohexadiene photoinduced ring=epening, where gradient-free training on XMS-CASPT2 energies reproduces

reference dynamics with high accuracy, and compare them to QD-NEVPT2 results. Finally, we apply the approach to
trans-azobenzene, a prototypical molecular photoswitch, by performing fully dimensional simulations of its
photoisomerization dynamics at the CASSCF and QD-NEVPT2 levels, establishing the highest-level excited-state

simulations of this photoreaction to date.
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Electronic Enargy

/ Ab Initio Multiple Spawning
.
{R}
F 3
B
§ 3 ;
B k. i
5 .-r""""”"-ﬁ‘_.:‘ E___.:
Sy / Ehrenfest Dynamics
L <&
> ©
{R} >
&
& 49

B. F. E. Curchod, T. J. Martinez, Chem. Rev. 2018, 118, 3305



"N Surface-hopping dynamics in MLatom Q
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Initial conditions Surface hoppingidynamics :
4 Geometry A /Frequencies\ (" Populations
optimizations i"":""": """" :"“":"",'";"""', """" E ) O
9 IRsdIRad '.'“YW L’?"'f | l iadiies : el Y
\ / ’ i 1 1 1 ‘ 1 ‘ > : Eo: {;;kl.u’:“
d ¥ _"ﬁ" ”’0" - : ' . \ I I step i [\ Lt‘,.”"*“ﬂ.llv b A
© ¢ — i A N Mg o,

_________________________________________________ M, P\ bl Sy}

i 00 YA y

4 0 50 100 150 200
\ / \ / K Time (fs) /

aigml=mlatom.models.methods(method="'AIQM1’)
geomopt=mlatom.optimize geometry(model=aigmi, ...)

mlatom.namd. surface_hopping md(model=model, ...)

- 0

) )

'F MP 3LYP PMG GFN2-xTB AloM1 ANI-1x, ANI-2x ANI, PhysNet, DPMD KREG, sGDML,

ADC(Z) wBI7x AM1 PM3, OMx | | AlQM1@DFT ANI-1ccx DeepPot -SE, MACE KRR-CM, GAP-SOAP
AlQM1@DFT*

p

L. Zhang, S. Pios, M. Martyka, F. Ge, Y. F. Hou, Y. Chen, L. Chen, J. Jankowska, M. Barbatti, P. 6@\'
O. Dral. JCTC, 2024, 20, 5043-5057 50
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"N Surface-hopping dynamics in MLatom Q

Based on the available

MLatom Interfaces

g properties (energies, n
Sa— gradients and NACs), NG ace willh
the surface hopping BDRIOpenQp
% O Uanturn Chrastes scheme is chosen. ’
urface Full
COLUMBUS: CASSCF/MRCI S - y
MNDO: AM1/PM3/OMx/ODMXx ... Hop Mt Automated
AIQMT: MNDO + TorchAN| Scheme Stage Workflow
Molcas: CASSCF/CASPT2
BAGEL: CASSCF/CASPT2 ‘\
Turbomole PySCF Gaussian ORCA é 4‘ ]_ «
{Jrk  Machine Learning Clistom Flexible Integration of
DPMD D‘E‘E‘DPDT.SE _ ON OdEIS Ana‘YSIS TOO!S AI aQEHtS
()] KREG ' \C - Different guantum The surface hopping The current
SGDM R _:_._:-;:5 chemical methods or trajectories can be implementation will
\ . machine learning analyzed using be integrated with Al
models can be easy-to-use built-in agents using the
combined. functions. Aitomia platform.
o°<°
\0
<0

K
J. Martinka, M. Martyka, B. Medhi, J. Pittner, P. O. Dral, J. Chem. Theory Comput. 2026, 22, 2467 * o1



.'x Active Delta Learning for NAMD
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A. S, population evolution
— CASSCF(8,8) |
- A-learning iteration 2
- Fine tuning iteration'50
=
=
Solution for E 0.6
molecules with -
many 8—
conformers a 0.4
—
)]
0.2
0.0 - . . . .
0 50 100 150 200 250 300
Time (fs) G

ES
M. Martyka, M. Barbatti, J. Jankowska, P. O. Dral. Faraday Discuss. 2026 accepted. & 52



"h Can we do better?
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At'
—
L N
dynamics propagation is EEI °
* computationally-expensive 0 t .t

* recursive (iterative)



"h Can we do better? -
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At' dynamics

dynamics propagation is EEI <o
- cormputationatly-expensive 0 t t
. e dd e
t ML dynamics
©)9,
@
@
| | | | | | | | | | > O&
0 t



-'}% AI-QD (artificial intelligence-based quantum dynamics) Q

Aitomistic

Yy = characteristic frequency
A =reorganization energy

T =t t
PDB code: 3ENI emperature

’

A‘:\"’/
Y
A

o

\: XA
; 55
VRO K

1.9 2 AL

pico-second watch ‘
2.5ps time (ps)

Dots: Reference

/-sites Fenna=Matthews-Olson (FMO) complex Line: AI-QD

A. Ullah, P. O. Dral. Predicting the future of excitation energy transfer in light-harvesting o°<°
complex with artificial intelligence-based quantum dynamics. Nat. Commun. 2022, 13, &0\'
& 55

1930



"h Al for Direct Prediction of Dynamics FsDFEEFNR Al 7‘50
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We introduced a radically different way to do MD, 100x faster than with ML potentials

BAMRE T —MERTENS FaINFELZE, HEEEEHSEFIHR 100, &,

1

a .1 IN% MD
<—>l 0
/‘;' Do A w Reference MD
At ’
0 tmax tr
Almost everyone thought it was impossible, due to the vast phase space of multi-atomic systems
ILVERBAEAARZRTEER, RASEFHRRREGEXNEZE
C 1 4D-A2|
3D Directly
/@\_/\@ Al-generated MD
I B B T A B D R . 0_0 fs
0 t
—_— —_— —_— o°<°

Dral’, et al. in Nat. Commun. 2022, 13, 1930; JPCL 2023, 14, 7732; JCTC 2026, 22, 1549 & 96



"h Can we do even better? -
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At' dynamics

dynamics propagation is EEI <o
- cormputationatly-expensive 0 t t
. e dd e
t ML dynamics
©)9,
@
@
| | | | | | | | | | > O&
0 t



A':,h One-Shot Trajectory Learning (OSTL) Q .

Convolutional Flatten Fully connected o . -
layers layer dense layers

L 1

[p(to)]
p(t) Other quantum

p(t2)
: dynamlcs approaches
_PGM)_

& One-shot trajectory
learmng approach

Simulation
parameters

Excitation
energy transfer

Reaction
center

* 10 ps long dynamics in just 70 ms
* good for massive simulation in parameter space &

&
A. Ullah, P. O. Dral. J. Phys. Chem. Lett. 2022, 6037 & 58
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Learning materials

Online course!

QUANTUM CHEMISTRY
IN THE AGE OF Hands-on coulkse.Hn

MACHINE LEARNING comp(tational \\O
65 authors 7 chemiStry & AI

27 chapters s
R, e Free Academic Access

APPLY NOW

By Pavlo O. Dral
More information: www.aitomistic.xyz

Aitomistic

https://www.aitomistic.com/en/sub/course &
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A Our Al ecosystem for computational chemistry

Aitomistic

We develop MLatom — an open-source software ecosystem integrating Al and, quantum chemist
https://github.com/dralgroup/mlatom

>downloads
100K

MLatom 2 :
Top. Curr.
Chem. 2021 !
' MLatom 3
1JCTC 2024
®
|
: MLatom 1
' Founded 1JCTC 2019
12013 &

ry



PN MLatom'’s interfaces

Aitomistic

Quantum chemical programs:

Il add interface to read "energy" and "gradient" from BDF @ I
/'-\_«

#38 opened on Apr 9 by ilcpm - Review required
Gaussian ORCA

Y
COLUMBUS

MLQD

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

Semi-empirical quantum chemical programs: \!“X SpARROWx MNDO
Machine leafning progfams: RalEUED TORCH NS/ Iy peropt

Dynamics and other atomistic simulation: Nx

newtonx.org




A Open source (on github, pip install...)

Aitomistic

Machine Learning




.m Have it your way...

Aitomistic

~ Data in different formats and types V3

molecular database molecule

I ANI-lccx
i e -l ot | geomopt

i ; B R

| Xyzfile=init.xyz

: optxyz=opt.xyz

e e e B e e B A e e B S el ke R e e A B i Ee e S el A B A i e A e ch B A e e R A e B A e e A A e i R A e B B i e e S e i

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, &0\'
Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. J. Chem. Theory Comput. 2024, 20, 1193 NS 66



"k AI-enhanced computational chemistry

Aitomistic

models

T r—— methods our own models in red ML models

HF, MP2, CC, B3LYP, 0DM2, PMB UAIQM, AIQM1, ANI-1cox-galu, ANI, PhysNet, KREG, sGDML,
ADC(2), CASSCF| | wB97x, GFN2-xTB AlQM2, DENS24, ANI-1ccx, HI‘ DPMD, DeepPot-SE | | KRR-CM, GAP-SOAP
& DM21 ... IMnet-2 MACE ...

I

Elj | | |
ab initio [ DFT ] [saml-empirlcal pretrained [ training-needed ]

(- AlQM1 M @ P ; \ 4 2 R
l l\‘lz"} : g ® e * - °
) oDpM2* | | NNs D4 P ® -
L\_ QM methods QM/ML methods X, \-nuural networks _‘) \Lkernul methods Y,

&

OO
Updated based on: P. O. Dral, F. Ge, Y.-F. Hou, P. Zheng, Y. Chen, M. Barbatti, O. Isayev, C. Wang, B.-X. Xue, &’b\'
M. Pinheiro Jr, Y. Su, Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. JCTC 2024, 20, 1193 NS 67



"h AI-enhanced computational chemistry Q N

Aitomistic ®
[ Single point calculations Energies, forces, Hessian matrix... dl_]
P\
Geometry optimizations h & Frequency calculations ) Iardvlc: )
© « ' ¢ (] ‘/ )‘/ K Y @9
N\ VR . Y

+PIMD coming soon...

4 Thermochemistry ) 4 (Ro‘rationallectr! \ 4 One-photon UV/vis spectra )

calculations | B0l Genes
MLatom.com _ g
Heat of formation:

)
0 A / £ I
8 os K\ (, \
5 g “-‘/ |
1.0 0.0 - ol |
4000 3500 3000 2500 2000 1500 1000 500 © P 3 4 5 6 7
Frequency/cm Energy, eV

[' Properties & J
<&

] spectra Quantum dissipative Two-photon
Simulations J dynamics absorption spectra
C‘O

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, &0\'
Y. Dai, Y. Chen, S. Zhang, L. Zhang, A. Ullah, Q. Zhang, Y. Ou. J. Chem. Theory Comput. 2024, 20, 1193 & 68




Local Installation of MLatom

Aitomistic

<« > C 2% github.com/dralgroup/mlatom

[0 README & Code of conduct At Contributing 55 Apache-2.0 license &3 Security
Local installation
The easiest way to run MLatom is online — no installation. To install locally:
python3 -m pip install -U mlatom 18]

That pulls in the required dependencies automatically (including the PyTorch/TorchANI and geometry-optimization
backends the AIQM2 quick start uses). A few features need one more package — install only what you use:

for install

PySCF methods: single point, TDDFT, frequencies and

. .. ip install pyscf
thermochemistry, densities, Raman e -

AlMNet2 models
format conversions (SMILES to xyz and back)

the ASE interface (ASE optimizers and dynamics) and MACE

Z¢ conda—f Kl
KREG_API backend ( ml_progran="H s

ervice

ip install e3 dkit
MDtrajNet / MLTPA / DMC SSRGS /
pyvibdme [ hyperopt

AlQM2 additionally needs the DF

conda install -c conda-forge 'd

export dftddbin=${which dftd4) # point MLatom at the dftd4 executable

See the installation guide for the full dependency list and other methods.

Quick start

AlQM
T ac

an Al-enha
v at semi-

Optimize the geometry of a wate
MLatom, CHNO elements) t eaches beyond

import mlatom as ml 1

0.00000
0.00000
ooooe

0.00000
@8.75545
-0.75545

9.11
-0.47116
-0.47116

ml.met ({method="'AIQM2')
.optimize_geometry(model=aigm2, initial_molecule=mol).optimized_molecule
# optimized energy in hartree (= -76.3838)

The same calculation as an input file ( geomopt.inp , with init.xyz holding the geometry):

# method 1=
# task: geometry optimization

# input geometry

# output geometry

AIQMZ2

geomopt
xyzfile=init.xyz
optxyz=opt.xyz

mlatom geomopt.inp 1

Prefer zero setup? Run these online on the Aitomistic Hub or Aitomistic Lab@XMU (both powered by Protomia) —
no installation needed.

https://github.com/dralgroup/mlatom
https://qgithub.com/dralgroup/mlatom-skills

OO
\‘0
>

\S
«° 69
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Aitomistic
B3LYP/6-31G*
geomopt
XYZ1 GFN2-xTB
geomopt
C | xyz{MP2/cc-pVDZ
H geomopt
E C | xyzf] ANI-1ccex
H geomopt
e yarn e
H H MLmodelType=ANI MLmodelIn=ani\pt
H H C geomopt
" |H H | XYZ|uAaIQMm
H H geomopt
' H |C xyzfile="5
H H
' HE g 0.0000000000 0.0000000000 0.0000000000
H 1y 1.0870000000 0.0000000000 0.0000000000
H H -0.3623333220 -1.0248334322 -0.0000000000
H -0.3623333220 0.5124167161 -0.8875317869 d§°
H -0.3623333220 0.5124167161 ©.8875317869 8@;0
; Y
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< > C 22 atom.xmu.edu.cnfcourse

=e

courses « > O 22 atom.xmu.edu.cnfcourses/comchem_2026/gc_intro.htmi#lecture kg ® In} Q

matter how well you do ML bad ("garbage in - garbage out”).
Browse available courses and enroll to start learning. # Computational chemistry & Al
= Without further ado, let’s jump sk 1.3 (in in-class exercises, you have 10 min, send
answers on WeChat and after eve
— . i
o Computational chemistry and Al © Exercise ML-basics-1.

1. Preface ulate the bond length in H» molecule with machine learning (ML) (see instructions below).

; & 2. Introduction to quantum
materials for the part of the course chemistry and machine learnin

tional Chemistry and Al" taught by Prof. 2.1. Slides

in the Spring semester of 2026 2.2, Quantum chemical levels d length you obtained.

ow much time it took to complete the calculations.

The MLatom input file (& h2_opt_kreg.inp) is pretty self-explanatory:

View o
eomopt # Request geometry optimization

3. Wh as DFT work? Improving elType=KREG # with the ML model of the KREG type
;mn it . —energies.unf # in energies.unf file [N

Iniversal machine learning

moadels
0.000

5. Machine learning basics H 0.000

6. ML for PES optXYZ=eq_KREG.xyz
7. Transfer learning

You also need to upload the file with ML model & energies.unf to the same folder as the input file.
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Doing calculations online

< ¢ 2% atom.xmu.edu.cnflogin G 1 @

Welcome Back!

Sign in to your account to continugs

= Email Address/Username

| ~“nter, |

{Z'Icassinpm your erg@ilf@dress or Username httDS : /-/ato m . Xm u " ed u . C
|”'““'°"’ | n (available for free

Rl€ase’input your password! . When registered With an

A Platform for Aitomistic Simulations at Xiamen University

-

Remember my account

https://aitomistic.xyz
Don't have an account? Sign Up Forgot password? (registration and basic
use free for everyone)




e Create your account
Sign up to get started.

Aitomistic * Username

Username cannot be eampty
* First Name * Last Name

* E-mail

Please register with your academic e-mail address.

Accounts from other addresses can be verified only

manually and may be declined

* Verification Code

Get Cod ps:/_/atom.xmu.edu.c
n (available for free

when registered with an
academic email)

Hewen't received the codg

registering with a differa

* Password

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

* Institute

By signing up or logging in, you consent to Aitomistic
Lab@xXMU's Tarms of Use, Privacy Policy and Cookie &

Policy. oo

>




#X Check your email for instructions Q

Aitomistic

You Can Now Use Aitomistic Lab@XMU! Introduction to Aitomistic Lab@XMU with Usage Examples
Dear™s ' “u " u, )

thank you for registering at Aitomistic Lab@XMU! We have approved your access and you may start using it by loggingin'to https://
atom.xmu.edu.cn.

Note that these resources are made available for academic research and other activities are prohibited. We are happy to provide
the computational resources particularly for researchers with limited budget, but please understand that these resources are also
limited and shared by many users. Hence, we might need to restrict access to the Lab in case the usage is exceeding what we can
afford. If you would need more resources, reserve computational resources for some event (workshop or classes), or want to use
the Lab for commercial purposes, please contact us by replying to this email and we will try to find a solution.

If something does not work, you have feedback and improvement suggestions, we would be happy to learn about them via email or
via the Feedback feature inside the Aitomistic Lab.

Also note that the Aitomistic Lab@XMU is provided 'as is', without warranty of any kind, express or implied, including but not limited
to the warranties of merchantability, fitness for a particular purpose and noninfringement. In no event shall the authors or copyright
holders be liable forany claim, damages or other liability, whether in an action of contract, tort or otherwise, arising from, out of or in
connection with/the Aitomistic Lab@XMU or the use or other dealings in the Aitomistic Lab@XMU.

Sincerely yours,

Your Team at Aitomistic Lab@XMU &
— C'O

Introducing Aitomistic Lab@XMU 8('6 74
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1 | EXPLOR... O & Protomia
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EI Show hidden 2.8.2
Cnly show shared
T
¥ demo FPellomiaghat can | help
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:: » input ¥
P jupyter
pu can drop any files here to
» python
add them to the context, and
b uwvis - ‘ ask me to analyze or work with
3 ethanol_init.xyz | them.
Drop your files (xyz, docx, &

ﬁuctions Create demo folder Open Molecule Editor
?
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1
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Aitomistic

1)

| ExpLor.. C @

Show hidden

Dnly show shared

v demo
» input
P jupyter
b python
P uvvis

[ ethanol_init.xyz

Drop your files (xyz, docx

ructions

© File deleted successfully

Create demo folder

o0 e

@ Recents
=9 shared
& Applic...
) Downl...
2 Movies
1 Music

Ga) Pictures

™ 2

Protomia

otor What can | help

ou wiNgoday?

PU can drop any files here 1o
add them to the context, and
ask me 1o analyze or work with

them

< 20260827-29_XACS-26

Back/Forward

Name

01.png
s 20260829_Al.pptx



Aitomistic
s ) %, Molecule Editor %+ .
1 | ExPLOR.. O @ & Pmta.rma
B DB DO X I~ % B % © 0] 0%y Soltn B ¢
el Show hidden 4 4 282
Only show shared @ H
v demo B c Hi, I'm Protomia. What can | help
P . you with today?
~— » input o d N
b jupyter o
» v 7, You can drop any files here to
LAl o S add them to the context, and
i _ ask me to analyze or work with
[ ethanol_init.xyz 5 P them.
¥ test o] At F
Save Location
O 01.png A cl
» demo
[s] - > test
e
*R1 !
F
4
O Cancel
r.A
+ LA_J
o 5 EX

gwen3.8-27b-local o

O Upgrade @ o

II Y q
389ms
6 | @
A




l:

[4]

1)

» calculations
b 1GITA
w 16ITA_dimer

O 4 @ = [ 16ITA_dimer_ini.xyz

=

LEER o)

i

b core_structure_of_dimer

» opt_freq_full_structure

¥ UAIQM

[ 16ITA.json

[ 16ITA.json.zip

[ 16ITA_crystal.xyz

(3 16ITA_dimer_ini.xyz
[ 16ITA_uaigm_opted.
[ 2ed9d415-40cf-46fb-t
[ 76de54c7-cchf-4415-¢

(3 calc.py

[ dftdd.json

(9 dftdd.txt

(4 eb08f3a2-0af6-1a04-:
B eboai3a2=0af6-4a04-;

[Afexample.sh

[3 freg.lop

M gaussian.com
(4 model.json

[ model_predict_kwargs

b opt_freq_model

P oUvvis

d BB R RUEEITTRI R REERD D
= W0 o o= @ B oW R &=

31

714

[ T e - o e e T e IO |

TERMINAL

2.2112854
2.333371994675
2. 2644290158525
120811859445
0977040351767
2.8408275352385
1.9896957811252
1.8504990836569
2.8398377502618
1.91082512919706
1.9246634197864
3.1078721463076
4.8340826493530
3.1742041911812
3.8367451126373
#.56453621130508
@.2543357346174
€.4639530906585
8.4609182286033
2.5132061188163
2.9952651007218
1.1618324792186
#.5519540104443
#.5985391798111
1.3121438634266
3.4370192949536
4.2740641529375
3.3528097176930
3.5424696493084

(base) dralflogin:~$ ||

1 16ITA_uaigm_opted.xyz

3.5197793043290
4.7066975749135
5.9136671677824
6.8389174713286
5.9309931689067
6.8729871278169
4,.735249118449¢
4.7503980176589
3.5099159499865
2.2048200652166
1.3829144679854
1.9816909517246
1.9950606698427
2.7558987735348
1.8130664111894
2.13331@3852218
2.2048710966892
1.1884602005229
2.9544875537983
4.6806333070713
3.7144102646041
4.6573806039098
3.8158594339043
5.57017@0636147
4.5846088946392
5.70859312080626
6.0444844539798
6.0296102641114
1.6256248254038

-2.6493395676902
-3.37005762@3373
-2.67437718246351
=3.2300126972531
-1.2932445696169
-B.FE60259784736
-0.5900582224319

@.4860004406428
-1.2586865861668
-0.4942982744449
-1.2130082792365

0.4331621671269
-0.1458940028188

1.2004980915698

9.9354549480634

@.2300612321852
-0.4928895218576

B.7723740268585

9.9396898449164
-4.8845438326538
-5.8947189136245
-5.6201528065277
-5.2880360832700
-5.4170@329076792
-6.697112720@8995
-5.4082601637649
-4.8094897315349
-6.4397312829619
-3.3404468227055

x 9
AITOMIA - >\
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€ =28

(@
*

Jupyter Lab

11!
B9ms

No Jupyter instances are currently

Start a new instance by launching a new jo

* CPU Number:




A MLatom Use

Aitomistic

N EXPLORER )y -+ b p: B [E 1 opt.inp :

2 B
11

geomopt
» ethanol_init.raman

3 xyzfile=../éthanol_inXk. xy% —
» ethanol_init.raman.] 4 '\ optxyz=ethanolopt.xyz
- v input
= [ irinp . g ke ;
Bun jab by clicking this button
= 1 opt.inp
b jupyter
& .
» python Documentation:
i s https://aitomistic.com/mlatom
Cpethangl, inlt.xyz
al
& P o@tput
"%3 [ b Suppﬂrt
'ﬂi ___bl agent.1310.out TERMINAL &
L
11 1 methane.xyz me aitomistic:~§ | ‘afp




o~ A Only for Xiamen University Users

Aitomistic

EXPLORER O

» course
¥ demo
» input
P jupyter
» python
P uvvis
[ ethanol.com
[ ethanol_init.xyz
» demo2
» h2_test
» test_kreg
P tests

3 Gau-78383.inp

+

& » »: [B [ ethanol_initxyz X [} ethanol.com e
4
thanol.com

1 #P b31lyp/6-31G* opt

2

3 ethanol . § "

4 Submit with more options

5 01

6 C -3.902027020 -1.283783760 0.000000000

| H -3.545372590 -2.292593770 0.000000000

8 H -3. T4535418@ -0.779385570 -0.873651500

9 H -4.572027020 =1.283770580 0.000000000
10 c -3.388684800 -0.557827490 1.257404970
11 H -3.418258266 0.351059004 0.693533749
12 H -3.412790015 -1.452244073 1.844208100
13 0 -2.838512436 0.303845702 2.257269797
14 H -2.541978830@ 0.592515666 3.123490027
15
16

Sdbmit dirgetly (1 CPU)

—

AITOMIA




1 Job Name : Start Time: End Time: State:
(« .
Atom @ < Job list
—— Job Name CPU Cores Partition Mode List Time Start Time End State Actions

il

T
jupyter_slurm.sh 1 cpu b006 2025-08-22 10:36:52 2025-08-22 18:37:18

Tk

& jupyter_slurm.sh 1 cpu b006 2025-08-21 20:10:31
opt.py 1 cpu b006 2025-08-19 11:16:21
opt.py 1 cpu b006 08-19 11:11:07
jupyter_slurm.sh 1 cpu b00B 2025-08-15 01:33:32
jupyter_slurm.sh 1 0 2025-08-07 14:37:20 2025-08-07 22:37:45
jupyter_slurm.sh pu : 2025-08-05 10:28:51 2025-08-05 18:29:10
irinp b002 2025-07-24 22:16:59 2025-07-24 22:17:35

? mol1.in b002 2025-07-24 22:16:42 2025-07-24 22:22:09
ir.inp 1 cpu b004 2025-07-2119:48:31 2025-07-2119:49:02 R

(@)
1] >
e E] 2 3 4 5 ® > 82
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EXPLORER O +

Protomia B & + X

Protomia B & + O X
» demo
?

@ Hello, how can | hel\

opt fre@ IR Raman  TSopt
[

UV/Vis . Simulation
button

¥ promotion

Hello, how can | help you?
v calc

¥ chat
¥ reaction

¥ Xyz

rD butadiene.xyz : |

P tests

» tutorials

» umlip

' s’
== Do geometry optimization and jreausacwanalusis

\
for butadienexyz using the{ AlQM2 ¥

method. B3LYP/6-31G*

.

AlQM2 )

_------’

-

’--

Do geometry optimization and frequency analysis 1

for butadienexyz using th{ w-b97x/def2-svp :(’
.- -
method. Editable

block
@




‘.x X EXPLORER O +

Aitomistic : » demo

Protomia B & + X

Hello, how can | help you?
¥ calc

¥ chat

’--q

< .
¥ reaction
@

\\
[ butadienexyz — ~=w

= > tests

Drop multiple
folders here

P tutorials

» umlip

------.'I'I'.--------.'.--.-------------------

X reaction 5

Pick one working
al directory o

29ms




Aitomis

< me ;_:.

© @

).

28ms

EXPLORER O +

» demo

¥ promotion

v calc

» chat

P reaction

v xyz
» butadiene_opt_AlIQM2
¥ butadiene_opt_freq_AIQ
» scr
(Y butadiene_opt_freq.inp

N N . . .

LD butadiene_opt_freq. Iog
B budienaioon
[ butadiene.xyz

P tests

» tutorials

P u

Protomia B ¢ + O X

Hello, how can | help you?

Drop calcu
files he

(m========

buiadienc opt_freq.log

M| x but’diene _opt_freq.log

f----t---"’

I analyze this log fil — e ——
| analy gfid -

---------’

Ask for analysis °

Protomia B ¢ + O

RECENT ACTIVITY

Interpreting in

s)

------------~

ed your log file — this was a
successful vibrational frequency and
thermochemistry calculation for
butadiene using the AIQM2 method.
The geometry was read from

butadiene opt freg.xyz , and all 24

|
|
|
|
|
|
|
|
I .
| Vibrational frequencies are real and
: positive, confirming you've found a true
| energy minimum (no imaginary
I modes). That's great — it means your
| .
| structure is stable.

ey results a :
\ Key Its at 298 K

--------’

X butadiene_opt_freg.i¥g
--"%

‘--------‘

>




Aitomistic

Protomia

B ¢ + O X

o

Ask about
AIQM2

o e e M S

I what is AIQM2 and how to use it? :e
]

‘-------,--------

-———ﬂ—

| AlQM2 is the second-generation Al-enhanced quantum

mechanics method designed for high-speed, chemically
accurate simulations of organic reactions — including
transition state searches, geometry optimizations, frequency
calculations, and reactive dynamics. It combines machine
learning with semi-empirical quantum mechanics (using
GFN2-xTB as its baseline) to deliver accuracy competitive
with DFT at a fraction of the computational cost. AIQM2 also
supports property predictions like dipole moments for IR
spectrum generation.

To use AIQM2 in MLatom,
\lnput file or Python script.

Example 1 Input at File for Sln-gle Point Ene

Introduction

l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

B 8 B B B 0 § B § B § B § |}

Optimization

=8 8 8 B N 8 8 8 B 8 &8 § § N N § § |

AIQM2 EX u
xyzfile=ts.xyz
geomopt

, X

pt.

J° TN En Em .,

Protomia B & +

------------------------\

Example 2: Frequency Calculation & IR Spectrum (Input 1
File)

After geometry optimization, calculate frequencies and

generate IR spectrum:

oo EEN EEN BN N N B Sy,

-----I

for better

\-------

‘acetone’, etc.).

Sources:

hn’ﬁ latom.com/docs/tutorial _aigm?2.rst.html
utorial_aigma2.rst)

(t
o http://mlatom.com/docs/tutorial_aigm2.html (Explore
Diels-Alder reactions with AIQM?2)

o http://mlatom.com/docs/tutorial_ts.ntml (Choosing the

method or model)

o http://mlatom.com/docs/tutorial_ts.rst.html
(tutorial_ts.rst)

o http://mlatom.com/docs/tutorial_uaigm.rst.html
(tutorial_uaigm.rst)

\ Sources and further readlng
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Aitomistic chattistory ,#° Check chat history x [}/

N A what is AIQM2 and how to use i

1

- ’ . .

| what is AIQM2 and how to use it :
13 messages 2026-03-19 16:52:33 |
\

=

>

--------1--------‘

analyze this log fh@
3 messages 2026-03-17\2‘[:32:27

~
~
analyze this log file \\\ Resi-:a rt from
~~._ previous chat

3 messages 2026-03-17 21:29:26 -~ 1 item(s)

N N N B N N NN B B BN B B B B Sy,

-
-~

—y
Do geometry optimization and frequency analﬁ;l‘;'ﬁ.-.--
20 messages 2026-03-17 21:23:29

what's the reaction energy for DA reaction between ...

AlQM2 is the second-generation Al-
28 messages 2026-03-11 10:04:13

enhanced quantum mechanics method

for Diels-Alder reaction between ethy; d1,3-b... designed for high-speed, chemically

32 messages 2026-03-11 09:55:42 accurate simulations of organic reactions —

including transition state searches,

Do geometry opti

16 messages 2026-0 geometry optimizations, frequency

calculations, and reactive dynamics. It

o

combines machine Iearnin_g with semi-

L v P r Fr F 8 F b B | L B _ B B _ B _ B B 0 B B B0 B0 §
e e ol ssomcdnoms cmcckocmfos Goofm s SERIM

-3

4
\

(3 | + promotion E

....................

34ms e




) [ [ what_is AIQM2_and_how_to_use_itmd X -+ Protomia

J <% Protomia {@:@- + O X

Word .. > promotion > chat >

Aito . .
—— =: Wrap what_is_ AIQM2_and_how_to_use_it.md
Select Folder to Save Conversation 1 It# what is AIQM2 and how to use it
. . : 2
File name: what_is_AIQM2_and_how_to_use_it.md 3 | **Export Date:** 2026/3/20 15:02:
o= Select a folder to save the conversation: 4 :
51 ---
A Current Selected Path: 6 |
1 . - . |
/aitomistic/hub/home/chenyxx/promotion/chat 7 I ## Usep
. |
- » demo 8 i i .
y 9 what is AIQM2 and ho it? I
¥ promotion I
P calc :
¥ chat ‘ :
i |
P reaction sistant I
» xyz ™ |
b tests 16 : Interpreting instructions :
» tutorials 7 !
18 | :
» umlip 19 : --- |
20 1 :
21 | ## Assistant |
N 22 | I
23 : AIQM2 is the second-generation AI-enhanced quantum :
| mechanics method designed for high-speed, chemically i
& I accurate simulations of organic reactions — including :
: transition state searches, geometry optimizations, I &
il | frequency calculations, and reactive dynamics. It combines | OO
— Save in home : machine learning with semi-empirical quantum mechanics : *
\(using GFN2-xTB as its baseline) to deliver accuracy __ _J 38
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25 Apr 2026 20:56
25 Apr 2026 18:20
25 Apr 20261814
25 Apr 2026 17:21

25 Apr 2026 15:20
25 Apr 2026 15:17

25 Apr 2026 15:14

25 Apr 20261419

25 Apr 20261419

25 Apr 2026 12:38
25 Apr 2026 09:44
25 Apr 2026109731
25 Apr2026 09:31
25 Apr 2026 07:49
25 Apr 2026 07:47
25 Apr 2026 00:02
24 Apr 2026 23:49

24 Apr 2026 23:36
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‘% Protomia Solution 2.8.2 B © + Protomia Solution 2.8.2 [5)

Aitomistic
Show me the electrostatic-potential (ESP) map for
water using HF/STO-3G via PySCF — render the 3D

ESP-coloured surface as a .png.

[¥ ESP_PYSCF_164807

& copy

>  Ran 2 actions

I'll run the HF/STO-3G ESP calculation for water, which w,
render the ESP-coloured surface automatically.

> V Ran 1action

The HF/STO-3G single-point for
compute cluster (job 1837 g wavefunction,
the ESP grid will be -coloured surface

au ically.

Key results (HF/STO-3G, ground state):

It's a tin SO d be quick. I'll report back with the

] Total electronic energy: —74.964449 Hartree
rendered surface and the energy once it finishes — feel free to keep

HOMO: -10.637 eV

chatting in theé meantime.

LUMO: 16.190 eV

The HF/STO-3G calculation for water is done — here's the ESP map
rendered from the resulting wavefunction:

HOMO-LUMO gap: 26.827 eV



‘% Protomia Solution 2.8.2 B G ++ Protomia Solution 2.8.2 B @

Aitomistic
|

the HF/STO-3G
u can see the

Show me the HOMO surface picture (3D rendered == Belowis the 3D-rendered HOMO isosurface fr

orbital, .png) for water using HF/STO-3G via PySCF. calculation on water (and the LUMO as a bonus).

[# HOMOLUMO_VIZ_ 164807 classic lone-pair-shaped orbital on t whigh is exactly

what you expect as the HOMO.o
& copy

> +/ Ran 2 actions

I'll run an HF/STO-3G single-point on water to generate
wavefunctions and render the HOMO orbital surface automatical

> +/ Ran 1action

The water HOMO visualization job has been submitted to the clu
(Slurm job 183766 ) — it's running an STO- e-point

calculation, after which the HOMO (and LUMO) o face is
rendered to a PNG automatically.

couple of utes for a small
ndered HOMO surface

Below is the 3D-rendered HOMO isosurface from the HF/STO-3G

Anlaiilatinm Am aratar famA #laAa THIKAM An A lhArnoa V' VAl Aamm Aanna A



Protomia Solution 2.8.2 & ¢ +

Compute the UV-Vis absorption spectrum of
triphenylamine: optimize the geometry with AIQMS3,
then run OMNI-P2x for the excited states.

[ OMNIP2X_164807

> Ran 2 actions

I'll set up a multi-stage calculation: AIQM3 geometry optimization
first, then an OMNI-P2x excited-state (UV-Vis) single point on the
optimized geometry, with everything saved to your working folder.

> Ran 1 action

Your calculation is submitted and running on the cluster. Here's the
plan that's queued:

1. Stage 1 — Geometry optimization of triphenylamine with
AlQM3

2. Stage 2 — Excited states (UV-Vis) with OMNI-P2x on the
optimized geometry

Protomia Solution 2.8.2

Files in your working folder:

[©)

e Result bundle: triphenylamine _opt AIQM3_9040fbb9

e Optimized geometry: triphenylamine_opt AIQM3.xyz

e Structure rotation:

©

ProtomiaSolution 2.8.2 B ¢ +
£ 4.4181 280.6 0.227
’ S | 45736 2711 0.147

S, 4.6934 264.2 0.087

St 4.7945 258.6 0.027
Spectrum:

— e led UV-Vis spectrum

| e iy

£ —— OMNI-P2x

T 2.0 -0.20 w
= =
= 3
.E’ 1.5 F0.15 g
= o
t -

1.0 | o
8 0.10 =
v —
- 9]
0.51 0

2 0.050
(&)

£ i

£ 0.01 |.| | | .

i 250 300 350

Wavelength (nm)
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Protomia Solution 2.6.0

keep chatting in the meantime!

&

3 search and transitior

ammonia umbrella-invers
Transition-state geometry (AIQM3 optimized):

« Total electronic energy: =56.4985 Hartree
« The TS is confirmed with exactly one imaginary frequency: -871.1cm™

s FOrward barrier fro

reactant: 6.1 kcal/mol

nent: 0.0 D (planar D;h symmetry at the s:

Optimized TS structure: NH nbrella_invers.oaltSORE AIOMS xy 2

TS Verification

Imag y f ) )
Normal mode m mbre 1 inversigngH oms move t ':w#\ the N
d VAL

NEB energy profile {redctant - TS - product):

NEB r@action energy profile (barrier 7.0 kcal/mol)

7 4 | Y
L ] L |
® .
e, $ b |
G,
2
04 =

Protomia Solution 2.6.0

- 44 \
J \
= _e y !
i
64 °
s + ——— — - +

-0.6 -0.4 =072 0.0 0.2 0.4
Intrinsic ca@etton eoordinatafyamu * A

LaeIRC Eoniirms thalthe transition §tate conneCiRthe two pyramidal minima (re
1) thepUgh the Namr D,h sadcN@ Posntf @¥actly as expected for the ammon

IRC trajectory files:

& Full path 4 directions): NH3 _umbrella inversion irc full xv;

Full IRC bundle: NH3 umbrella inversion irc AIQOM3 bundle

Summary of the complete characterization:

Property Value
» eNergy 56.4985 Hartre
Imaginary frequency 87 "
rward barrier 6.1 kcal/mol
TS symmetry Planar D;h (dipole 0D
IR nnectivity Reactant & TS & Product
T w fully characterized: the NEB ated the )
5 or f 3 first jer saddle th the
mbrella-inver rmal mode 1 the IRC verified that it smoothly nnect
eq alent pyra dal minima




