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Abstract: The first week of November 2025 saw two events in Belgrade celeb-
rating one hundred years of quantum mechanics and its impact on chemistry and
molecular science. The Centennial of Quantum Theory: Progress in Atomic and
Molecular Structure (CEQPAS) brought together researchers from across Europe
and beyond to reflect on the scientific legacy of quantum theory and to showcase
current advances in atomic and molecular spectroscopy, collision processes relevant
to plasma research, chemical bonding, quantum chemistry, and the design of
functional molecules, astrochemistry, the use of AI/ML for the analysis and gen-
eration of atomic and molecular data and wider applications of quantum science.
Immediately after CEQPAS, a new international initiative was launched: MOL-
ecular Excited State spectroscopy (MOLESs), whose primary goal is to develop
an atlas of molecular electronic structure and excited-state spectroscopy that rig-
orously integrates experiment and theory. Together, CEQPAS and MOLESs align
historical perspective with future capability, positioning Belgrade as a regional
hub for quantum-enabled molecular science.

Keywords: atomic and molecular spectroscopy; collision processes; plasma
physics; machine learning for spectroscopy; electronic structure; quantum chem-

istry.
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1 554 FANTUZZI et al.

In 1925, quantum mechanics emerged from an intellectual rupture. Werner
Heisenberg, then a young research assistant in Gottingen, retreated to the North
Sea island of Helgoland to recover from hay fever and confront the mounting
contradictions of atomic theory.! Working late into the night with tables of spectral
lines, he set aside unobservable electron orbits and rebuilt the theory using only
measurable quantities such as transition frequencies and intensities. The result was
his quantum-theoretical reinterpretation paper.2 Heisenberg later described the
moment he realised the mathematics worked: he felt he was looking “through the
surface of atomic phenomena into a strangely beautiful interior”, became “far too
excited to sleep”, and went to the southern tip of the island where he climbed a
rock and waited for the sunrise.

Within months, Born and Jordan recast Heisenberg’s scheme into matrix
mechanics, a formalism that recovered selection rules and line strengths drawn
from spectroscopy.3 Pauli introduced the exclusion principle,4 and Uhlenbeck and
Goudsmit proposed electron spin to explain fine structure and the anomalous
Zeeman effect.? Early in 1926, Schrodinger formulated wave mechanics and derived
the hydrogen spectrum, later showing its equivalence to matrix mechanics,® while
Born provided the statistical interpretation that linked calculated amplitudes to
observed line intensities.” Throughout these developments, spectroscopy supplied
both the puzzles and the tests; it was spectroscopy that compelled quantum theory
into being.

A century after Heisenberg’s Helgoland breakthrough, the historical arc
turned toward Belgrade. In the first week of November 2025, two landmark inter-
national events were organised by two institutes of national importance: the Institute
of Physics Belgrade (IPB) and the Institute of Chemistry, Technology, and Metal-
lurgy (ICTM). IPB hosted the international conference Centennial of Quantum
Theory: Progress in Atomic and Molecular Structure (CEQPAS, Fig. 1).8 Serbian-
-based researchers were joined by colleagues from Europe, India, New Zealand
and Latin America, gathering not only to celebrate the intellectual leap of 1925 but
also to examine how that leap continues to shape modern science.

The opening lecture was delivered by Nigel Mason (University of Kent, UK),
who reconnected the historical origin of quantum mechanics to present-day scien-
tific challenges. Mason argued that spectroscopy was central to the birth of quan-
tum mechanics, having first revealed the breakdown of classical physics, and remains
the method most closely linked to quantum principles. He noted that major refor-
mulations of quantum theory have often followed advances in spectroscopy, from
early optical emission studies to modern free-electron lasers. Looking ahead, THz
spectroscopy was highlighted as the next frontier for probing intermolecular forces
and structural dynamics in soft matter.%>10 Mason also warned that progress relies
not only on instrumentation but on retaining expertise, as the field risks losing
specialised knowledge faster than it can be renewed. He underscored that spectro-
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CENTENNIAL OF QUANTUM THEORY IN BELGRADE 1 555

scopic data underpin developments in quantum computing, astrophysics, environ-
mental chemistry and nanotechnology, and called for long-term stewardship through
open repositories, shared protocols and sustained training. The opening session,
which included representation from the British Embassy in Belgrade and coverage
by Radio Television of Serbia, marked the growing recognition of quantum science
as a driver of collaboration and technological progress.

Fig. 1. CEQPAS conference group photo. Credits: Dugan Panteli¢ & Bojan Zivojinovi.

What followed during CEQPAS demonstrated this idea in concrete scientific
terms, with spectroscopy and quantum theory appearing in contexts that could not
have been imagined by Heisenberg in 1925. Andjelka Kovacevi¢ adapted correlation
spectroscopy, originally developed for molecular systems, to analyse variability in
supermassive black holes using quantum neural process models,!! effectively
treating accretion discs as spectroscopic systems and enabling tests of scenarios in
which ultralight bosons form gravitationally quantised states. Larissa Lopes Caval-
cante (University of Otago, New Zealand) examined cryogenic hydrocarbon and
nitrogen-bearing ices relevant to Titan, showing through infrared spectroscopy and
vacuum-ultraviolet photolysis that the degree of molecular ordering, crystalline or
amorphous, controls both spectral signatures and photoreactivity.!2 Milan Milova-
novi¢ extended the astrochemical perspective by benchmarking the vibrational and
electronic spectra of fullerenes and their hydrogenated derivatives, identifying
computational strategies suitable for astronomical assignments. Bratislav Marin-
kovi¢ then led a guided tour of the IPB facilities, presenting the Omicron High-
-Resolution Hemispherical Analyser (OHRHA),!3 a shielded crossed-beam spect-
rometer capable of resolving electron-atom interactions with sub-0.1 eV precision,
alongside the UGRA (UGaona RAspodela, Angular Distribution) system,!4 which
measures angular-dependent differential cross sections and underpins the derivation
of integral and momentum-transfer cross sections essential for plasma, atmospheric
and environmental modelling. These contributions all pointed to the same realis-
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ation: spectroscopy is not only a tool for identifying molecular structure, but also
our means of accessing chemistry in environments that cannot be reached physic-
ally, from planetary surfaces to the vicinity of black holes.

CEQPAS then shifted from spectroscopy to collisions. David Field (Aarhus
University, Denmark) presented low-energy electron collisions in condensed
molecular films and introduced spontelectrics: spontaneously polarised thin films
where internal electric fields alter electron scattering.!> Bobby Antony (Indian
Institute of Technology Dhanbad, India) presented an overview of modern elect-
ron—molecule scattering theory,!¢ outlining how current methods address a wide
range of energies while still facing challenges for complex polyatomic and spin-
-relativistic targets, and showing how recent advances are beginning to make these
systems tractable. Pamir Nag (J. Heyrovsky Institute of Physical Chemistry, Czech
Republic) showed that dissociative electron attachment can require symmetry low-
ering for bond cleavage to occur, providing an example where allowed and forbid-
den pathways depend on transient geometry.!7 Nikola Cvetanovi¢ showed how
Stark spectroscopy serves as a non-intrusive probe of strong electric fields in low-
-temperature plasmas, using line splitting and shifts of hydrogen and helium emis-
sions to map sheath fields that develop near plasma boundaries.!8 Nikola Skoro
showed how non-thermal atmospheric-pressure plasma jets act as reactors that
generate and deliver reactive oxygen and nitrogen species into water, illustrating
how such plasmas can be harnessed for plasma-based water treatment with rel-
evance to environmental remediation, agriculture and medicine.!® The first day
concluded with public lectures by Nenad Vukmirovié, on quantum aspects of
electron transport in solar-cell materials and Slobodan Bubnjevi¢, on the early
history of quantum mechanics through key figures of the Solvay conferences.
Framed by these broader perspectives, the day’s programme reinforced that
collision processes, once central to the derivation of quantum mechanics, now
underpin applications in plasma agriculture, plasma medicine and environmental
technologies.

The second day opened with a session on physical chemistry. After briefly
linking quantum mechanics and spectroscopy to the design of functional molec-
ules, including therapeutics relevant to neglected tropical diseases,20 Felipe Fantuzzi
(University of Kent, UK) argued that many core chemical concepts, devised before
quantum mechanics, must be reformulated in a quantum language, recasting the
foundations of chemistry itself. He then demonstrated that chemical bonding is a
manifestation of quantum interference.2! Caué Souza (University of Kent, UK)
presented a new computational protocol to reproduce the laboratory vacuum-
ultraviolet absorption spectra of cryogenic ices, providing phase-sensitive bench-
marks relevant to planetary and interstellar environments.?223 Dugan Veljkovi¢
introduced strategies to reduce sensitivity in energetic materials by tuning local
electrostatic potential, 24 and the discussion highlighted opportunities for collabor-
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ation with forensic science and dual-use research areas. Astrochemistry returned
in the contribution by Heidy M. Quitian-Lara (Max Planck Institute for Extra-
terrestrial Physics, Germany), who showed how high-resolution spectroscopy and
radiation-induced fragmentation experiments, paired with quantum-chemical cal-
culations, can map the stability, reactivity and formation pathways of interstellar
molecules and interpret astronomical observations.25:26 The session concluded
with a quantum-chemical study of non-covalent sulphur interactions by Ivana Velj-
kovi¢,27 extending the -hole concept to rationalise chalcogen bonding.

The programme then turned to the conceptual foundations of quantum mech-
anics and to the emerging role of artificial intelligence (AI) and machine learning
(ML) in physical science. Nenad Simonovi¢ discussed quantum diffraction and
interference in atomic processes and showed that time-resolved superpositions of
electron wave packets generate dynamic and exchange interference, enabling
phase retrieval and the clear discrimination of competing scattering channels.28
Igor Salom revisited the Wigner’s friend paradox, challenging assumptions about
the boundary between quantum and classical descriptions of observers. Sasa Dujko
re-examined the Franck—Hertz experiment with modern diagnostics, showing that
energy exchange and electron spatial relaxation in gases are richer than the classic
picture suggests.2? Ivan Bel¢a showed that an Al system can autonomously generate
a complete spectroscopy workflow, raising the question of whether Al-generated
datasets may eventually complement or replace new experiments. Vladimir Sre¢-
kovi¢ demonstrated how small molecules shape astrophysical spectra through col-
lisions and radiation, emphasising the need for accurate cross sections, robust data-
bases and non-local thermodynamic equilibrium models, and noted that Al can
help interpolate sparse data and guide future measurements.30 Dimitrije Maleti¢
reviewed how Al and ML support modern high-energy and nuclear-physics experi-
ments, from event selection and pattern recognition to real-time decision systems.
Lastly, Vladimir M. Petrovi¢ examined the capacities and limits of current Al, argu-
ing that understanding it requires moving beyond black-box use toward transparent
mechanisms tested across both physical and virtual environments.

The conference closed with remarks by Jelena Maljkovi¢, who emphasised that
CEQPAS had showcased substantial progress, yet also revealed how much remains
to be done. Across spectroscopy, collision science, physical chemistry, astrochem-
istry and Al, a recurring message emerged: quantum mechanics is not a finished
theory, and spectroscopy remains the discipline that reveals where its limits and
opportunities lie. Many speakers highlighted the need for coordinated infrastruc-
tures, openly accessible data and sustained training to ensure that experimental and
computational knowledge does not dissipate as facilities evolve and generations
change. CEQPAS demonstrated that quantum science has become a collective,
international endeavour that links fundamental questions to applications with soci-
etal impact, from plasma medicine to environmental remediation and space missions.
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Immediately after CEQPAS, the MOLecular Excited State spectroscopy
(MOLESs)3! initiative was launched at ICTM’s historic building, where the Ser-
bian Chemical Society was founded in 1897. MOLESs seeks to create a modern
atlas of molecular excited states, taking inspiration from Melvin Robin’s Higher
Excited States of Polyatomic Molecules book series.3234 The consortium will
assemble experimental and theoretical excited-state spectra across molecular fam-
ilies, phases and spectral regions, accompanied by reproducible protocols, bench-
mark datasets and fully accessible digital resources. If CEQPAS revisited the
century that spectroscopy shaped, MOLESs prepares the century that spectroscopy
will define; where CEQPAS celebrated the discovery of quantisation, MOLESs
commits to charting the landscape of electronic structure. CEQPAS looked back
to 1925; MOLESs looks forward.

In 1925, spectroscopy forced scientists to abandon classical pictures and
create quantum mechanics. In 2025, spectroscopy again calls for collective action,
not to reinvent quantum mechanics, but to organise and share the data required to
use it. Belgrade, for one week in November, became a focal point where the legacy
of quantum theory met its future applications in chemistry and molecular sciences,
linking spectroscopy to planetary science, plasma medicine and data-driven discov-
ery. The arc from Heisenberg in Helgoland to CEQPAS and MOLES:s is conti-
nuous: spectroscopy reveals structure, quantum mechanics explains it, and the next
century of discovery will depend on the ability to preserve, organise and interpret
the spectra that have always been quantum mechanics’ most important teacher.

Acknowledgments. The authors acknowledge the framework of the International Year of
Quantum Science and Technology (IYQ2025), proclaimed by the United Nations and
coordinated with the support of UNESCO, under which CEQPAS and MOLESs were
organised. This work was supported by the Science Fund of the Republic of Serbia (grant no.
6821), Atoms and (bio)molecules — dynamics and collisional processes on short time scale
(ATMOLCOL). F.F. gratefully acknowledges funding from the Royal Society ISPF
International Collaboration Awards 2024 (grant no. ICAO\R1\241112) for the NUBIAN
project. M.Z. thanks the Ministry of Science, Technological Development and Innovation of
the Republic of Serbia (451-03-136/2025-03/200026). The CEQPAS conference and MOLESs
initiative are aligned with the United Nations Sustainable Development Goals, notably SDG 4
(Quality Education), SDG 9 (Industry, Innovation and Infrastructure), SDG 13 (Climate
Action), and SDG 17 (Partnerships for the Goals), by fostering international collaboration,
advancing scientific infrastructure, promoting sustainable applications of quantum-enabled
molecular science, and ensuring the long-term stewardship of knowledge.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



CENTENNIAL OF QUANTUM THEORY IN BELGRADE 1 559

H3BOJ
CTOIrOOUIIIHBUIIA KBAHTHE TEOPUJE Y BEOT'PALY: CEQPAS U MOLESs
WHHULIWUJATHUBA

FELIPE FANTUZZI', JEJIEHA B. MAJbKOBWR 2, MATHJA 3JIATAP 3, CAUE P. SOUZA', HEIDY M. QUITIAN-LARA?,
PAMIR NAG?®, BOBBY ANTONY®, BPATHCJIAB I1. MAPUHKOBUWH ? u NIGEL J. MASON’

School of Natural Sciences, University of Kent, Park Wood Rd, Canterbury CT2 7NH, UK, *Huciiuiiyia 3a
usuxy, Ynuepsuinein y Beoipagy, peipesuua 118, Beoipag, > Hnciiuiiyw 3a XeMujy, TEXHOLOTUfY U
Meinanypiujy, Ynuspsuiei y Beoipagy, Fbeiowega 12, 11000 Beoipag, *“Max Planck Institute for Extra-
terrestrial Physics, Giefenbachstrafe 1, Garching 85748, Germany, °J. Heyrovsky Institute of Physical
Chemistry, Czech Academy of Sciences, Dolejskova 2155/3, 182 23 Prague, Czech Republic, *Department of
Physics, Indian Institute of Technology (ISM), Dhanbad, 826004, Jharkhand, India u ’School of Engineering,
Mathematics and Physics, University of Kent, Park Wood Rd, Canterbury CT2 7NH, UK

ITpea Hepema HOBemOpa 2025. ronvHe y beorpapy duna je odenexeHa ofp’KaBamkeM IBa
norahaja mocseheHa CTOrOAWIIKBALN KBAaHTHE MEXaHUKE U HEHOM YTHLAjy Ha XeMHjy U MoJe-
xyincke Hayke. Kondepenuuja Centennial of Quantum Theory: Progress in Atomic and Molecular
Structure (CEQPAS) oxynuna je ucrpakuBaue u3 EBporne u cBeTa kako OU AWCKYTOBaJIX O Hay-
YHOM Haciiehy kBaHTHE TeopHje U IPeACTaBUIM aKkTyeslHa JOCTUTHyha y aTOMCKOj ¥ MOJIEKyJICKO]
CMEKTPOCKOIHjH, CyNapHUM ITPOLIECHMMA PEIeBAaHTHUM 3a (DU3UKY IUIa3Me, aHAIM3U XeMHjcKe
Be3e U IM3ajHy (PYHKIHOHATHUX MOJIEKy/Ia, aCTPOXEMHUjH, IPUMEHH BellTayke HHTETUTeHIIje U
MaIIMHCKOT yYera y aHaIM31 ¥ TeHepUCaby aTOMCKHUX U MOJIEKYJICKHX IT0JjaTaka, Kao v y LINPUM
mpuMeHaMa KkBaHTHe Hayke. Opmax mo 3aspietky CEQPAS nokpenyTa je HoBa mehyHaponHa
uHuuujatTuBa: MOLecular Excited State spectroscopy (MOLESS), 4Mju je NpUMapHH LWb Pa3Boj
aTiaca eJIeKTPOHCKE CTPYKTYPE U CMIEKTPOCKOIIHje eKCLIMTOBAaHUX CTama MoJleKysia koju he puro-
PO3HO MHTErpucaT ekcliepuMeHT U Teopyjy. 3ajenHo, CEQPAS u MOLESs nosesyjy UCTOPHjCKY
nepcrexkTuBy ca dynyhum moryhHocTiMa, mo3vnuonnpajyhu beorpas kao perdoHaaHU LieHTap
MOJIEKYJICKMX HayKa 3aCHOBaHMX Ha KBAHTHOj MEXaHHUIIH.

(TTpumibero 18. HoBemBpa, pesunrpano 20. HoBemOpa, nprxsaheHo 25. Hopemdpa 2025)
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