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Plenary Lecture



Tailored Nickel Electrocatalysts via Wet-Chemistry Engineering for
High-Performance Alkaline Hydrogen Evolution

Maris Minna Mathew!, Desislava Yordanova Apostoloval, Dylan Joseph Samuel!?,
Dusan Strménik? and Bostjan Genorio!
!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;
ZNational Institute of Chemistry, Department of Materials Chemistry, Hajdrihova 19, SI-1000
Ljubljana, Slovenia

Hydrogen is rapidly becoming a cornerstone of the transition to a sustainable energy
future due to its high energy density and clean combustion by-products. However, the
large-scale adoption of hydrogen technologies, particularly water electrolysis for hydro-
gen production, is limited by the cost and scarcity of efficient electrocatalysts for the hy-
drogen evolution reaction (HER). Platinum-based materials are highly active but pro-
hibitively expensive, so the search is on for cost-effective alternatives. Nickel (Ni), with its
favorable electronic structure, high earth content and stability in alkaline environments,
has attracted great interest as a promising non-precious metal electrocatalyst. This work
focuses on the design and synthesis of two-dimensional (2D) Ni-based electrocatalysts us-
ing a versatile and tunable wet chemical method. The method enables the morphological
and compositional modification of the catalyst to enhance HER activity. Various synthe-
sis strategies for 2D Ni catalysts are also discussed, including hydro/solvothermal meth-
ods, ion-exchange, spin-coating, edge-on-condensation and electrodeposition on conduc-
tive substrates. The synthesized catalysts were extensively characterized using SEM-EDS,
TEM-EELS, XRD and XPS to elucidate their structural, morphological and chemical prop-
erties. Electrochemical performance was evaluated with a rotating disk electrode (RDE)
set up using cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and
other relevant techniques. Reliable data analysis and efficient reporting protocols were
used to ensure reproducibility and accurate benchmarking. The results highlight the po-
tential of rationally designed Ni-based 2D architectures as highly active, durable and scal-
able HER catalysts for alkaline water electrolysis applications.



Chemical Engineering



Highly Dispersed Zn-Doped Siligraphene Heterojunction Based on ZIF-8 as a
Recyclable Photocatalyst in Sulfur Removal

Bahador Kazemi!

!National Institute of Chemistry, Department of Catalysis and Chemical Reaction Engineering,
Hajdrihova 19, SI-1000 Ljubljana, Slovenia

The growing demand for sustainable desulfurization technologies necessitates inno-
vative approaches to sulfur removal from fuels. This study presents a nitrogen-doped
silicon carbide (SC-Z-8) nanostructure, derived from zeolitic imidazolate framework-8
(ZIF-8), as an advanced photocatalyst for oxidative desulfurization (ODS). By integrat-
ing siligraphene with zinc oxide (ZnO), the engineered heterojunction enhances charge
separation and visible-light absorption, achieving complete dibenzothiophene (DBT) re-
moval at 500 and 1000 ppm sulfur concentrations. The catalyst demonstrates remarkable
stability across multiple cycles, with light-induced reactive oxygen species (ROS) accel-
erating sulfur oxidation under mild conditions. Optimization studies identified key pa-
rameters—reaction temperature (60 °C), precise oxidant dosing, and solvent-assisted ex-
traction—maximizing catalytic efficiency. The unique electronic properties of the SC-Z-8
heterostructure, including bandgap narrowing and improved charge mobility, highlight
its potential for next-generation fuel purification technologies.



Reverse Electrodialysis for Metal Ion Removal, Recovery, and Energy
Production from Wastewater

Masa Vracevi¢!? and Robert Dominko!?

INational Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Reverse electrodialysis (RED) is an emerging technology that enables simultaneous
ion separation and renewable energy generation by exploiting salinity gradients. Its po-
tential application in wastewater treatment, particularly for recovering valuable ions such
as lithium, is gaining increasing attention. In this study, a RED system was constructed
using alternating cation and anion exchange membranes to create a salinity gradient be-
tween 1 M NaCl and 0.01 M NaCl solutions. Ion transport efficiency was evaluated for
both NaCl and lithium ions. The membranes were characterized using ATR-FTIR to iden-
tify functional groups, and ion concentrations were quantified using ICP-OES analysis.
The analysis revealed that over 60% of NaCl and 63% of lithium ions were successfully
transported across the membranes. Cation exchange membranes contained sulfonate and
carbonate functional groups, while anion exchange membranes showed ammonia func-
tional groups, supporting their ion-selective transport behavior. These results demon-
strate the potential of RED not only for energy generation but also for efficient ion recov-
ery from wastewater streams. The ability to recover lithium ions, in particular, positions
RED as a promising technology for sustainable applications in industries such as battery
manufacturing, where lithium-rich waste is prevalent.



Heterogeneous catalysis using non-critical materials for artificial
photosynthesis

Riccardo Muolo'?, Stefano Savino® and Khaja Mohaideen Kamal Musthafa?
!'University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;

ZNational Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
3University of Bari, 70100 Bari, Italy

In recent times, a fundamental purpose in the scientific field is to find a way to substi-
tute the use of fossil fuels and aim for the carbon neutrality, meaning achieving a "neutral”
balance between the amount of greenhouse gas emissions and the absorbed carbon from
the atmosphere. Following the principles of green chemistry and circular economy, this
work aims to contribute in the decarbonisation process using the so-called artificial pho-
tosynthesis. Indeed, a waste from the steel industry, the slag derived as by-product of
the production of steel, is used as a catalyst both for the photoreduction of the CO2 and
the photoproduction of H2 by water-splitting. In particular, the slag was combined with
non-critical materials, such as copper, nickel and zinc. Tests were carried on using a solar
simulator lamp and show good results in both research fields. In particular, it is possible
to infer that changing the metal oxide and its oxidation number allows for a selectivity of
different products, such as ethanol and methane, in the CO2 photoreduction. However,
this can be seen as a preliminary screening of catalysts and more experiments need to be
conducted for more consisting data.



Synthesis of (C00.2Cu0.2Mg0.2Ni0.2Zn0.2) O high-entropy oxide using a
solvent-free method

Maks Levicar! and Tina Skalar!

!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

High-entropy oxides are a large class of crystalline ceramic materials with diverse
properties. They have many applications in catalysis and energy storage. They are chem-
ically composed of at least five different metal elements that are all combined as oxides
within the same crystal structure. The purpose of this work was successfully synthesising
a high-entropy oxide utilising a novel method that doesn’t use any additional solvents.
During research different parameters of the synthesis were looked into and optimised.
The product was characterized with powder x-ray diffraction, EDS elemental anlysis and
SEM imaging.






Material Science



Study of Electrochemical Performance of Calcium Anode with Calcium Bis
(trifluoromethanesulfonyl)imide Based Nonaqueous Electrolytes

Livia Grguri¢ 12, Zoran Mandi¢ ® and Grgur Mihalinec 3

INational Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;
3PFaculty of Chemical Engineering and Technology, University of Zagreb, Trg Marka Marulica 19,
Zagreb 10000, Croatia

An attractive substitute for Li-ion batteries are calcium batteries due to the abundance
of calcium in the Earth’s crust and the standard reduction potential of calcium that is
comparable to that of lithium. However, to fully realize a working calcium battery, iden-
tification and development of suitable electrodes and electrolytes are needed. Calcium
passivation occurs in many electrolytes; therefore, it is extremely important to choose
an electrolyte formulation that will not lead to calcium passivation. Within this work,
electrochemical tests of calcium electrode in calcium bis(trifluoromethanesulfonyl)imide,
Ca(TFSI)2, based electrolytes were carried out to investigate behavior of the electrode-
electrolyte interphase and reversibility of plating and stripping reactions. Electrochem-
ical testing was performed using the following techniques: open circuit voltage, cyclic
voltammetry and electrochemical impedance spectroscopy, while the plated layer on cal-
cium electrode was characterized by IR spectroscopy. By measuring the open circuit volt-
age, it was determined that calcium in the Ca(TFSI)2 in acetonitrile electrolyte is subject
to corrosion, where the electrode is covered with an inhibiting layer. The inhibiting layer
slows down the cathodic deposition of calcium due to the low permeability of calcium
ions through it. Cathodic deposition of calcium is visible on cyclic voltammograms in the
first cycle of potential change, but the electrode is completely inhibited in subsequent cy-
cles. The anodic dissolution of calcium from the Ca(TFSI)2 in acetonitrile and in EC:PC
solution proceeds unhindered despite the formation of an inhibiting layer. It is possible
that the dissolution of calcium breaks down the resulting layer and thus enables further
dissolution.
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Co-generation of heat and hydrogen through aluminium-water reaction

Muhammad Zahid?

!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

An efficient method of heat and hydrogen was proposed in recent years by using alu-
minium as fuel because it is abundantly available, and it should be a promising material
for seasonal energy storage. Most fossil fuels are used in winter in cold countries for heat
and hot water production, which produces a tremendous amount of CO;. Aluminium
should be used as seasonal fuel, transferring the extra energy from summer, produced
by bio, wind and PV, to winter and then burning it in winter for heat. The passive oxide
layer should be removed by enabling an aluminium-water reaction at high temperature
and pressure. Aluminium plate 2024 should be reacted with steam at different tempera-
tures. It was found that the maximum hydrogen production and yield were observed at
470°C, and the minimum amount was at 450°C. In this study, the XRD analysis confirmed
the two phases of aluminium oxide and also showed some peaks from aluminium and
aluminium-copper alloy. The SEM-EDS analysis revealed a spherical-shaped, elongated
grain particle and confirmed the presence of small elements such as copper and magne-
sium. Furthermore, the products of the reaction between aluminium and water, including
aluminium oxide and aluminium hydroxide, should be recycled using the carbon-free an-
ode smelter.
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The photocatalytic ability of carbon quantum dots-based hybrid catalysts for
volatile organic compounds degradation

Azmat Ullah!

!'University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Carbon quantum dot (CQD)-titanium dioxide (TiO2) nanostructures were synthe-
sized which exhibited excellent photocatalytic degradation of volatile organic compounds
which are air pollutants. CQDs were obtained through hydrothermal synthesis using
lignin nanoparticles. Co-synthesized nanostructures were produced by adding 0.25g TiO2
in a 0.4% CQDs suspension. After characterization, the photocatalytic activities of CQDs
and its nanostructures were studied. The photocatalytic degradation rates of pollutants
were increased like 60% pollutants were degraded using CQDs/TiO2 while the pristine
TiO2 showed 42% efficiency. CQD/TiO2 highest degradation activity as compared to
other photocatalyst indicates the superior interfacial charge transfer. This study suggests
the CQD/TiO2 as a potential photocatalyst for degradation of air pollutants. CQDs deco-
rated on other catalysts are also expected to show promising pollutants degradation effi-
ciency.
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Removal of cellulose from mixed textile fibers - a first step towards textile
chemical recycling

Neza Vrecer!?, David Pahovnik! and Ema Zagar1

!National Institute of Chemistry, Department of Polymer Chemistry and Technology, Hajdrihova
19, SI-1000 Ljubljana, Slovenia;
ZUniversity of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

The continuous expansion of the textile industry, in which the production of textile
fibers has almost doubled in the last 20 years (from 58 million tonnes in 2000 to 113 mil-
lion tonnes in 2021), has led to an increase in textile waste, which is a significant source
of environmental pollution. Currently, the fiber market is dominated by synthetic ma-
terials (such as poly (ethylene terephthalate), polyamides and polyurethanes), which to-
gether account for 62% of the market share. These materials contribute considerably to
the amount of textile waste as most of them are not biodegradable. Alarmingly, only 12%
of textile waste is reused in low-quality products, and only 1% is recycled. The most com-
mon recycling method is mechanical recycling, but it results in low-quality materials and
requires separation of the mixed textile waste, particularly elastic fibers, prior to recycling.
Therefore, the development of chemical recycling technologies based on chemolytic pro-
cesses is essential. These technologies would enable the conversion of textile waste poly-
mers into compounds (constituent monomers) that could replace virgin fossil-based raw
materials. Here, we report on selective degradation and efficient removal of cotton fibers
from model textile mixtures consisting of cotton and polyamide, or cotton in combination
with poly(ethylene terephthalate) and elastic fibers, leaving synthetic fibers to a large ex-
tent intact. This process is based on acid-catalyzed hydrolysis at mild temperature in a
laboratory microwave reactor.
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Degradation of Lignin-Containing Historic Paper Using Accelerated Ageing
Techniques

Jan Ocepek!?, Ida Kragevec? and Matija Strli¢?

INational Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Paper degradation hinders its stability and shortens its lifetime. Irreversible changes
in chemical structure can lead to the loss of paper heritage in libraries, museums, and
archives. To study paper degradation, factors that affect its speed, and its consequences,
accelerated ageing experiments are used. During accelerated ageing, the sample is ex-
posed to higher temperatures and typically higher relative humidities. These increased
factors allow studying changes in the material within a reasonable time frame, and the
obtained results are then extrapolated to real conditions to approximate the lifespan of
the material and how different factors affect it. In this study, we compared two different
methods of accelerated ageing: a commonly used method and a new method that im-
itates a sheet of paper in a closed book. The research was done on real historic paper
samples. We monitored accumulation of short organic acids (formic, acetic, succinic, lac-
tic and oxalic acid) during degradation using ion chromatography. Color change during
the ageing was determined using colorimetry. We found that samples in imitated book
undergo more radical changes compared to the samples aged using commonly employed
method. With multiple linear regression, we compared the effects of different parameters,
such as temperature and relative humidity during ageing, initial pH, and lignin content
on the degradation of paper.
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Electrochemical Pathways for Sustainable Hydrogen Peroxide Production

Desislava Yordanova Apostoloval, Maris Minna Mathew!, Ivo Bardarov!, Anders @.
Tjell?, Ema Gricar! and Bogtjan Genorio!
!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;
Institute of Analytical Chemistry and Food Chemistry, Graz University of Technology,
Stremayrgasse 9/11, 8010 Graz, Austria

Hydrogen peroxide is an important oxidizing agent used in various industries, includ-
ing pulp and paper bleaching, wastewater treatment and energy storage. Its conventional
production via the anthraquinone process is energy-intensive, requires scarce platinum
group metal catalysts and requires the transportation of concentrated hydrogen perox-
ide, which poses significant safety risks. The electrochemical oxygen reduction reaction
(ORR) is a promising alternative that offers a decentralized and sustainable approach, es-
pecially through the two-electron ORR pathway in alkaline media. However, due to the
sluggish reaction kinetics, the development of efficient electrocatalysts is essential. While
noble metal catalysts show high efficiency, their high cost has increased interest in transi-
tion metal and carbon-based alternatives. Furthermore, scalable electrocatalytic devices,
such as solid electrolyte fuel cells and membrane-less electrolyzers, are crucial for practical
implementation. In this study, an electrochemical reactor equipped with an integrated in-
line optical sensor system for real-time quantification of hydrogen peroxide is presented.
The production of hydrogen peroxide was investigated using chronoamperometry. Dur-
ing the experiment, samples were taken and analyzed with an electrochemical sensor for
data comparison. The results provide valuable insights for optimizing hydrogen peroxide
production for decentralized applications.
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Impedimetric Inmunosensor for the Detection of Prostate-Specific Antigen

Mitja Koderman!?, Milutin Smiljanic’z, Marjan Bele?, Samo B. Hocevar?, Mitja Kolar!
and Nikola Tasi¢?
!'University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;
2 National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia

Prostate cancer is one of the most common cancers in men and among the leading
causes of cancer-related mortality. It is estimated that it will affect one in eleven men by
age 74. Because of high prevalence and mortality rates, it must be diagnosed in the early
stages of the disease. This can be achieved by detecting prostate cancer biomarkers, and
prostate-specific antigen (PSA) is the most important one for this type of cancer. Although
it is traditionally detected by biochemical assays, the current research focuses on electro-
chemical sensors as detection devices, which offer faster response times, low production
costs, point-of-care applicability, and high sensitivity. In this work, we propose a study
on developing an impedimetric immunosensor for the detection of PSA. We incorporated
an (electro)catalytic material into the immunosensor’s architecture. The material is based
on titanium oxynitride, decorated with ruthenium catalysts, and was silanized using (3-
aminopropyl)triethoxysilane. Protein A was used to ensure proper orientation of anti-
PSA antibodies, which served as a biorecognition element. The proposed immunosensor
exhibited a linear response over a clinically relevant concentration range, with a low de-
tection limit of PSA.
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Gelatin based cerium oxide nanocomposite for sensitive detection of insulin
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!National Institute of Chemistry, Department of Analytical Chemistry, National Institute of
Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Insulin, a polypeptide hormone is responsible for the homeostasis and regulation of
glucose in blood. Detection of insulin along with other diagnostic markers is important
as it distinguishes between the type I and type II diabetes. Many point-of-care devices
for diabetes are gaining its attention as they can monitor insulin in real time which can
improve glycemic management by proper administration of insulin. Herein, we report an
electrochemical label-free immunosensor developed for the detection of insulin in pico-
molar ranges that directly captures the analyte via only the monoclonal antibodies. The
immunosensor comprises of cerium oxide with activated carbon mixed in gelatin com-
posite to serve as an effective immobilization layer for biorecognition elements. This layer
enhances stability and conductivity, and provides anti-biofouling property against poten-
tial interferents. The detection mechanism is based on the decrease in peak current signals
upon binding with the target measured using square wave voltammetry. The sensor was
able to measure insulin in PBS with a concentration ranging from 1 pM to 1000 pM. This
work highlights the sensitive detection of picomolar ranges of insulin without requiring
complex sensor architecture and sensing strategies. This sensor exhibits high sensitivity
of 1.55 A /pM and a LOD of approximately 0.59 pM.
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Steel Corrosion in Simulated Concrete Pore Solution: Effect of Carbonation
and Chlorides

Sara Sadl'? and Miha Hren?
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The two main factors contributing to the corrosion of steel in concrete are the reduc-
tion of alkalinity due to carbonation and the presence of chloride ions. To investigate their
effects, we studied the corrosion behavior of selected steel in four different simulated con-
crete pore solutions representing carbonation and chloride contamination. We evaluated
the corrosion behavior of the steel using electrochemical techniques, including open cir-
cuit potential, linear polarization resistance, Tafel technique, and potentiodynamic polar-
ization. After completing the measurements, we photographed the samples for visual
inspection. The results showed that the non-carbonated solution supports passive film
formation, while the presence of chlorides in both carbonated and non-carbonated solu-
tion promotes pitting corrosion. A solution containing only chlorides in deionized water
resulted in extensive general corrosion. However, some electrochemical methods gave
inconsistent results and demonstrated limitations in detecting localized corrosion.
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Qualitative Determination of Phospholipids in Lecithin without the use of
Reference Standards

Ana Sijanec! and Matev Pompe!

!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

A liquid chromatography-mass spectrometry method was developed for the iden-
tification of phospholipids in lecithin without the use of standard reference materials.
To achieve efficient separation of phospholipids prior to mass spectrometric analysis, a
reverse-phase high-performance liquid chromatography method was optimized using a
Waters XBridge Protein BEH C4 column. The optimized chromatographic method showed
good linearity and precision. The detection of molecular ions was performed in full scan
mode to determine the accurate mass-to-charge ratios corresponding to the individual
peaks in the chromatogram. A Python program was then applied to generate a list of
possible phospholipid species for each peak based on the measured mass-to-charge ra-
tios. Tandem mass spectrometry was then performed to confirm the identity of specific
phospholipids by comparing the experimental fragmentation patterns with the theoret-
ical predictions. The identification of the phospholipids was also confirmed with four
commercially available standard reference compounds, demonstrating the reliability of
the proposed approach. The developed method provides a practical and cost-effective
strategy for the identification of phospholipids in complex matrices, especially when no
standard reference compounds are available. Furthermore, it allows a targeted selection
of standard compounds for future quantitative analyzes, making it a valuable tool for
comprehensive lipid profiling.
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Oxidative iodochlorination of alkynes and their subsequent conversion

Larisa Filip! and Jernej Iskra®
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Halogenated organic compounds play an important role in pharmaceuticals, agro-
chemistry and as synthetic intermediates. Heterohalogenated alkanes and alkenes are
of particular interest as they allow selective halogen exchange on each carbon atom. In
this paper, the regio- and stereoselective iodochlorination of alkynes with dichloroiodic(I)
acid HICI, is investigated. HICI, is an environmentally friendly reagent synthesized from
elemental iodine, hydrochloric acid and aqueous hydrogen peroxide. Various solvents
were tested, with trifluoroethanol proving to be the most effective due to its selectiv-
ity and reaction time. The iodochlorination process was applied to various aromatic
and aliphatic alkynes and resulted in high conversion rates and regioselective products.
Electron-withdrawing groups do not have a major influence on the reaction, while lim-
itations were observed for strongly activated aromatic compounds. The applicability of
dihalogenated alkenes in coupling reactions was investigated, confirming the selective
exchange of iodine, while chlorine was retained for further functionalization. This work
offers a novel and sustainable approach for halogenation, providing a more environmen-
tally friendly alternative to conventional methods while ensuring high selectivity and ef-
ficiency.
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Synthesis of 10-OH-Hexahydrocannabinol Analogues as Cannabinoid
Derivatives

Tilen Zorko!, Nenad Marag! and Bogdan Stefane!
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The emergence of 10-hydroxy-hexahydrocannabinol (10-OH-HHC) among novel psy-
choactive substances has highlighted the urgent need for a reliable synthetic route and
corresponding reference standards for forensic and pharmacological research. In this
study, we synthesized 10-OH-HHC analogues through hydroboration of A9-THC using
borane-tetrahydrofuran as a regioselective hydroxylating agent. Reaction performance
was assessed through nuclear magnetic resonance spectroscopy, ultra-performance lig-
uid chromatography, and high-resolution mass spectrometry. Optimization of reagent
equivalents revealed that a minimum of 2.4 equivalents of borane was required to achieve
a high-yielding reaction. Six analogues were synthesized by modifying the alkyl chains
on the resorcinol core, aiming to enhance CB; receptor binding affinity. To improve scal-
ability, we evaluated in-situ borane generation using combinations of different borane
sources and borane releasing reagents, identifying combination of lithium borohydride
and trimethylsilyl chloride as the most efficient system. Our findings not only provide a
scalable route to high-purity reference standards but also anticipate increased potency in
the synthesized analogues based on known structure-activity relationships, supporting
further pharmacological testing and regulatory monitoring of synthetic cannabinoids.
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Light-induced palladium-catalyzed Buchwald-Hartwig amination
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Primary anilines are essential intermediates in pharmaceuticals, dyes, and polymers,
yet their efficient synthesis remains challenging. Conventional methods, such as nitroarene
reduction or ammonia-based cross-coupling, suffer from harsh conditions, poor nucle-
ophilicity, and undesired diarylation byproducts. To address these limitations, we ex-
plored a novel catalytic amination strategy for synthesizing primary anilines from highly
deactivated aryl chlorides. Using 3-methyl naphthyl palladium bromide dimer (5-MeNAP)
as the palladium precursor and AdBrettPhos as a sterically demanding ligand, we achieved
selective monoarylation under mild conditions. Notably, light irradiation was hypothe-
sized to influence reaction yield, prompting further investigation into its mechanistic im-
pact. Comprehensive reaction optimization revealed that ligand choice, solvent concen-
tration, and counterion selection were key factors in suppressing diarylation and enhanc-
ing selectivity. Our optimized protocol successfully enabled primary aniline formation at
room temperature within hours, a significant improvement over existing methodologies
requiring high temperatures and pressures. Mechanistic studies highlighted the critical
role of catalyst structure and light activation in modulating reaction kinetics, offering valu-
able insights into the underlying C-N bond formation process. This work demonstrates a
practical and scalable approach to selective primary aniline synthesis and underscores the
importance of systematic reaction optimization. While our findings establish a founda-
tion for improved catalytic amination strategies, further exploration is needed to expand
substrate scope and confirm mechanistic details through advanced spectroscopic analyses
and radical probe experiments.
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Nickel-Catalyzed sp® C-H Arylation of Enaminones via Visible-Light-Driven
Hydrogen Atom Transfer
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Enaminones are versatile building blocks in organic synthesis, yet their photochem-
ical transformations have largely been limited to reactions involving the polarized car-
bon-carbon double bond. Herein, we report to the best of our knowledge the first method
for the activation of C(sp®)-H bonds in enaminones under visible-light irradiation. This
transformation employs a novel hydrogen atom transfer (HAT) photocatalyst, whose ex-
tended absorption profile enables direct excitation with visible light. The generated rad-
icals engage in nickel-catalyzed cross-coupling reactions with (hetero)aryl bromides un-
der mild, inert conditions, marking to the best of our knowledge the first example of a
visible-light-driven direct HAT metallaphotoredox cross-coupling. Optimization stud-
ies confirmed the necessity of each reaction component, while mechanistic experiments
support a direct HAT pathway. The methodology demonstrates broad substrate scope
and functional group tolerance, enabling access to novel, structurally diverse enaminone
derivatives. This work establishes a new strategy for radical generation from enaminones,
expanding the synthetic utility of C(sp?)-H functionalization in visible-light-driven pho-
tochemistry.
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Implementation Challenges of Interdisciplinary Machine Learning Projects

Zoran Bosni¢?

University of Ljubljana, Faculty of Computer and Information Science, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Artificial intelligence and machine learning bring novel methodological approaches
for different applications, including applications in natural sciences. However, applying
and optimizing machine learning algorithms or proposing novel customized methods
represent only the first part of the entire story, in which the second part cannot be ne-
glected — it comprises organizational challenges, communication gaps between involved
parties, explainability of the black-box machine learning models and validation issues in
practice. The talk will first overview some recent achievements in applying Al algorithms
in different medical domains. It will overview a set of current machine learning tools that
can be used to address these tasks. Further, the talk will bring attention to challenges
that persistently appear when implementing machine learning applications in interdisci-
plinary fields, be it a medical or other financial, control, or industrial application.
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Optimization of ZnO Resin and Stereolithographic Fabrication of Zinc Oxide
Structure

Nana Brguljan!? and Matejka Podlogar?
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3D printing of zinc oxide (ZnO) structures using stereolithography (SLA) remains an
underexplored area of research. Given ZnQO'’s excellent photocatalytic properties, func-
tionalised 3D printed structures could significantly enhance its application in wastewater
remediation technologies. This study focuses on optimising the viscosity of ZnO resin
to ensure effective recoating of the vat during the 3D printing process. It focuses on the
ideal amount of dispersant, the importance of pre-drying the ZnO powder, and the tech-
niques used to mix the resin. The critical post-processing steps, namely debinding and
sintering, were also addressed. TG/DTA analysis set the heating rate and temperature for
both steps. With further surface modification, the successfully 3D-printed gyroid ZnO
structure will be suitable for the photocatalytic degradation of microplastic.

32



Novel organic cathode materials with pyrazine and quinone storage units for
Zn and Li-organic batteries
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Small organic molecules (SOM) are gaining attention as alternatives to conventional
electrode materials for rechargeable batteries due to their abundant resources and tun-
able structure, simplifying optimization. However, SOM-based electrodes face challenges
like poor capacity utilization and rapid fading, mainly due to their insulating nature and
high solubility. In this work, we report a two-step synthesis of a small organic molecules
from commercially available precursors that can be used as a cathode material. Obtained
HATBH and DHATBH demonstrate good stability, delivering specific capacities of 136
mAh/g and 215 mAh/g with average voltage of 0.57 V and 0.62 V vs Zn/Zn2+ in aque-
ous Zn-organic battery, respectively. Additional nitrogen atoms in DHATBH structure in-
crease electronegativity of the molecule and thus allows higher capacity utilization with
higher average voltage. Oxidized HATBH-O was derived from HATBH by the introduc-
tion of additional quinone redox-active centers into the structure. The modification in-
creased the voltage and capacity of the material. The DHATBH-O delivers a high spe-
cific capacity of 302 mAh/g with an average voltage of 0.78 V vs Zn/Zn2+ in aqueous
Zn-organic battery. Similarly, the HATBH-O demonstrates increased average voltage and
capacity in comparison with HATBH in Li-ion battery, reaching the specific capacity of
262 mAh/g with an average voltage of with an average voltage of 2.41 V vs Li/Li+.
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Walnut Shell Derived Microporous Carbon as Sulfur Host for high
performance Lithium-Sulfur Batteries
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The global shift toward sustainable energy production requires advanced energy stor-
age solutions, with lithium-sulfur (Li-S) batteries emerging as a promising alternative due
to sulfur’s high theoretical capacity (1675 mAh g!), abundance, and low cost. However,
challenges such as polysulfides dissolution and reactivity with the electrolyte hinder their
commercialization. This study explores the use of microporous carbon derived from wal-
nut shells as a sulfur host able to confine polysulfides inside its pores and mitigate these
issues. The carbon was synthesized via direct pyrolysis of the bio precursors, followed by
a novel solid state KOH activation strategy. The activation yielded a material with a pore
diameter in the micrometric region, as was confirmed by BET, XRD, and TEM analyses.
Sulfur infiltration achieved a 40 w% loading as indicated by TGA analysis while the host
retained structural integrity. Electrochemical testing in Li-S cells with a carbonate-based
electrolyte revealed a single discharge plateau at 1.8 V vs Li/Li", indicative of a quasi
solid-state sulfur to polysulfide conversion mechanism. The cathodes showed excellent
electrochemical performance, with a discharge capacity just below 800 mAh g_l after al-
most 200 cycles at C/10 while also performing well at high current densities, delivering
a capacity just below 600 mAh g at 1 C and 350 mAhg~! at 5 C. To align with indus-
trial requirements the electrochemical performance of the composite cathodes was further
tested in lean electrolyte configuration revealing that their efficiency was independent of
the electrolyte volume. These results show the potential of biomass-originated carbon as
cathode hosts in commercially viable Li-S batteries.
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Synthesis of an environmentally friendly phenol-formaldehyde resin for use
in the making of polyurethane adhesives

Jan Cernel¢!
1Fenolit d.d., Breg pri Borovnici 22a SI-1353 Borovnica, Slovenia

The aim of this study is to examine the feasibility of producing an environmentally
friendly phenol-formaldehyde resin for use in the making of polyurethane adhesives in
the foundry industry. The presented resin is designed specifically for the cold box pro-
cedure. The study focuses on finding alternative solvents and additives that improve
mechanical properties while avoiding the use of more common but dangerous additives
like hydrofluoric acid. To achieve this, a different process with a unique temperature
regime was introduced. The developed process is unusual as it combines polymerization
at higher temperatures with a precise control of the conversion of monomers. The study
explores the potential usage of bio-based solvents to reduce the carbon footprint of pro-
ducing this type of resin. Multiple samples of the produced resin were analyzed for its
chemical and structural properties and compared to the commercially available resins.
The results showed that the resin properties are comparable, and in some cases, better
than what the standard in the foundry industry is. Based on the results we can have an
optimistic view of further improvements in the cold box resins. The study offers a simpler
form of production by eliminating dangerous chemicals from the process and reducing
the use of toxic solvents while retaining the quality of the product.
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Zeolitic imidazolate framework-8 thin film synthesis in chemical sensor
design
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Detection of volatile organic compounds (VOCs) has become an important approach
to monitoring air and food quality. Nanoporous materials, such as metal-organic frame-
works (MOFs), can adsorb the target analytes due to their large specific surface area,
which makes them suitable candidates for selective chemical sensors. Zeolitic imidazo-
late framework-8 is a prototypical MOF material with well-established methods of thin
film fabrication required for integration into sensors. Deposition via the methanolic so-
lution route produces films with good functional performance; however, the influence of
substrate type and synthesis conditions on film formation remains unclear. In this work,
we systematically study the growth of thin films on silica, gold, and silane-modified sur-
faces, as well as the effect of synthesis temperature on the structure, morphology, and
adsorptive properties of prepared ZIF-8 thin films. The results suggest that the one-cycle
synthesis results in non-uniform deposition, which is significantly improved in a three-
cycle synthesis. Comparable continuous films are observed in a three-cycle synthesis at
a lower temperature (13 °C). Surface coverage density on silane-modified surfaces gen-
erally appears to be lower in comparison to unmodified surfaces. Our findings assist the
optimisation of the synthesis method for thin films of a ZIF-8 sensing layer that can be
used for electrical and optical sensor fabrication.
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Structural Investigation of Different Liquid Fluorinated Butanols Using
Molecular Dynamics Simulations and X-ray Scattering

Jure Kova¢!, Andrej Jamnik! and Matija Tomsic!
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Fluorinated alcohols, a type of environmentally persistent per- and polyfluoroalkyl
substances (PFAS), are of increasing concern due to their bioaccumulative properties.
In this study, we investigate the liquid structure of 4,4,4 -trifluorobutan-1-ol, 4,4,4,3,3 -
pentafluorobutan-1-0l, 4,4,4,3,3 -pentafluorobutan-2-ol, 4,4,4,3,2,2 -hexafluorobutan-1-ol,
4,4,4,3,3,2,2 -heptafluorobutan-1-ol and perfluoro-tert-butanol using molecular dynamics
(MD) simulations with the OPLS-AA force field in combination with small- and wide-
angle X-ray scattering (SWAXS) experiments. The theoretical SWAXS profiles calculated
from the simulation data using the complemented system approach closely matched ex-
perimental results, validating the models. With increasing fluorination, a shift of the main
scattering peak towards lower values of the scattering vector was observed, indicating
a looser packing of the hydrophobic groups. While no discernible trend was observed
for the differently fluorinated n-butanols in terms of hydrogen bond strength or aggre-
gate size, perfluoro-tert-butanol showed a significantly weakened hydrogen bonding and
a strong preference for the formation of small aggregates, which can be attributed to the
extreme fluorination. These differences emphasize the role of substitution pattern and de-
gree of fluorination in modulating molecular interactions of hydrogen-bonding liquids.
Overall, the study shows how combined SWAXS and MD approaches provide a detailed
picture of the behavior of fluorinated alcohols, which has implications for understanding
their structural organization.

38



Physicochemical characterization and volumetric properties of newly
synthesized ionic liquid, 1-ethylimidazolium hydrogen sulfate
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Ionic liquids have attracted attention due to their unique physical and chemical prop-
erties, making them a promising candidate for various applications, including as elec-
trolytes in Li-ion batteries. This study explores the physicochemical properties and elec-
trochemical performance of 1-ethylimidazolium hydrogen sulfate, and its mixture with
propylene carbonate, which is commonly used in battery electrolytes. 1-ethylimidazolium
hydrogen sulfate was synthesized using a straightforward method, and its density, vis-
cosity and electrical conductivity was measured over a temperature range of 293.15 to
313.15 K. Results indicated a decrease in density and viscosity with increasing tempera-
ture, while ionic conductivity increased. Further analysis of the apparent molar volume
and Masson’s coefficient suggested weak ion-ion interactions. The binary mixture exhib-
ited structure-making behavior, indicated by the partial molar volume data. Electrochem-
ical performance was evalueted through galvanostatic discharge/charge tests using TiO2
nanotubes as the intercalation material. While the binary mixture showed some promise,
its capacity decreased over time due to the electrolyte decomposition, which clogged the
nanotubes. This severly limits its application in Li-ion batteries. Such results suggest that
the ionic liquids high viscosity and instability require further optimization.
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Although often overlooked, a particular ion channel involved in essential biological
processes represents a promising avenue for therapeutic exploration due to its functional
significance and evolutionary stability. This study introduces several potential inhibitory
compounds, identified through a broad virtual screening effort across a diverse chemi-
cal space, utilizing various computational approaches for data processing and evaluation.
Analysis of molecular interactions suggests the involvement of specific polar contacts with
key residues, in alignment with findings from prior theoretical and experimental investi-
gations.
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This work presents a first-principles investigation of the gas sensing behavior of a two-
dimensional boron oxide (B2O) monolayer towards hazardous gases including CO, CO»,
NO, NO,, SO, SO3, NHs, PH3, and AsHs. Structural optimization confirmed a hexago-
nal, slightly distorted geometry for BoO with an indirect electronic band gap of 4.52 €V,
indicating its insulating and non-magnetic nature. Adsorption studies were conducted
at various active sites, with the hollow site identified as the most favorable across all gas
molecules. The calculated adsorption distances (3.30 At03.71 A) and binding energies
indicate weak physical interactions with the BoO surface. Electronic properties were fur-
ther examined through band structure and total density of states analyses. Results show
that gas adsorption leads to a decrease in the band gap for all systems, with the most
notable changes observed for NO, NO;, SO3, and SO; where the band gap disappears.
Additionally, asymmetry in the spin-resolved density of states for the NO-adsorbed sys-
tem suggests a magnetic response. These changes in the electronic structure upon gas
adsorption support the BoO monolayer’s potential as a selective and responsive sensor.
Overall, this study identifies BoO as a promising material for detecting various toxic gases,
particularly nitrogen and sulfur oxides, in environmental and industrial applications.
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The influence of reaction parameters on the properties of ZnCr layered double
hydroxides

Urh Bertoncelj! and Romana Cerc Korogec!
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Industrialization and urbanization have introduced a variety of environmental pollu-
tants, resulting in an urgent need for innovative remediation strategies. This study investi-
gates the synthesis of zinc-chromium layered double hydroxides with the aim of improv-
ing their potential for pollutant removal through sorption and degradation processes. The
materials were synthesized using a coprecipitation method under varying supersatura-
tion conditions, metal ratios and pH values. Their structural properties were analyzed by
X-ray diffraction, and their sorptive and photocatalytic behaviour was investigated by vis-
ible spectroscopy. The findings indicated that lower pH values improved the crystallinity
of the material, and that thermal treatment induced phase changes leading to the forma-
tion of zinc oxide and zinc chromium oxide spinel phases. While these structural transfor-
mations affected the sorption capacity, the photocatalytic degradation performance was
generally limited. These results demonstrate the potential of zinc-chromium layered dou-
ble hydroxides as a viable alternative for the removal of pollutants. They emphasise their
promise for effective sorption activity while providing a pathway for further development
of next-generation remediation materials through the fine-tuning of synthesis parameters.
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The Synthesis and Application of Novel Catalysts for Hydrogen Isotope
Exchange
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To strive towards greener and more sustainable approaches in the field of deuterated
organic compounds, four novel catalysts for hydrogen isotope exchange were prepared
and tested in a model reaction, deuteration of acetophenone. The obtained results were
compared to the activity of commercially available catalysts. Additionally, a series of NMR
experiments was conducted to evaluate distribution coefficients of the catalysts.

45



Photocatalytic Degradation of Organic Dyes Using Co,GeO,/Mesoporous
Graphitic Carbon Nitride (g-C;N4) Heterojunction
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Industrial use of azo dyes creates environmental problems that require effective re-
mediation strategies for their treatment. Traditional dye removal methods, such as ad-
sorption, coagulation-flocculation, membrane filtration, and biological processes, provide
specific dye removal capabilities, but these methods produce secondary waste discharge
during the process. Photocatalysis within the advanced oxidation process (AOP) repre-
sents an effective solution for dye degradation as it generates less harmful byproducts
through reactive oxygen species.In this work, a novel heterojunction photocatalyst was
fabricated through a simple hydrothermal process by integrating mesoporous graphitic
carbon nitride (m-g-C3Ny4) with cobalt germanate (Co,GeOy). The heterojunction ex-
hibits a bandgap of 2.39 eV, which allows it to function using visible light more effectively
than its counterparts. The photocatalyst with a 1:1 molar ratio sample achieved maximum
degradation rates for both methylene blue and crystal violet when exposed to visible light.
The scavenger studies revealed that hydroxyl radicals and superoxide radicals function
as primary reactive species involved in dye degradation. The catalyst maintained high
degradation efficiency over five repeated cycles. The research establishes Co,GeO4/m-g-
C3Ny heterojunction as an effective option for sustainable wastewater treatment.
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homogeneous systems: A comparative Study

Mahima Rani! and Praveen Kumar!

!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

N-methyl-2-pyrrolidone is used as a solvent and reaction medium in a wide range
of industries including petrochemical, pharmaceuticals, paints and coatings. Due to its
substantial toxicity, it exerts harmful effects on human health and the environment. In
advanced oxidation process, oxidants show distinct activity under UV activation and se-
lecting appropriate dosage of oxidant is critical for optimizing the degradation efficiency
in a system. This study aims to compare the efficacy of various UV/advanced oxida-
tion processes for degradation of NMP and investigated the influence of oxidants concen-
tration on the degradation efficiency. The degradation of NMP has been studied under
UV-activated peroxymonosulfate (UV/PMS), UV-activated persulfate (UV/PS) and UV
activated sodium percarbonate (UV/SPC) systems. Results showed at pH=6.3, initial
concentration of NMP = 10 mg L~! and 300 mg L~! oxidant concentration 80.3%, 100%
and 66.8% degradation has been achieved with UV/PMS, UV/PS and UV/SPC systems
respectively. Comparatively, UV /PS system showed better performance with 100% degra-
dation within 35 mins under UV irradiation. This work demonstrated that AOPs are an
efficient and green method for degradation of NMP.

47



Enhancing the Electrochemical Stability of Sulfide Solid-State Electrolytes
through Thin Film Polymer Coating

Jan Jerovek! and Sara Drvari¢ Talian?

INational Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia

Sulfide solid-state electrolytes are a promising class of materials for next-generation
lithium-ion batteries. However, their instability against moisture and lithium-metal an-
odes limits practical applications. This study proposes a polymer immobilization strat-
egy to enhance both electrochemical stability and moisture resistance. We synthesized
LiyP3511 via ball-milling and annealing, followed by surface polymer immobilization with
poly (methyl methacrylate) (PMMA) or poly (propylene glycol) bis(2-aminopropyl ether)
(PPG-BAE). Electrochemical impedance spectroscopy (EIS) revealed that pristine LiyP3S11
exhibits an increase in interfacial resistance (from 40 €2 to 600 2 over 75 hours) due to
solid electrolyte interphase (SEI) growth. Although PMMA immobilization slightly in-
creased resistive intercept (200 2 vs. 60 (2 for pristine), linear sweep voltammetry (LSV)
confirmed improved electrochemical stability and suppressed parasitic reactions. These
findings serve as a proof of concept that polymer immobilization effectively enhances
the electrochemical stability window of LizP3S11, advancing the development of durable
sulfide-based solid-state batteries. Future work should focus on moisture stability analy-
sis.
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Synthesis and Characterization of Gold (III) and Copper(II) Pyrithione
Complexes and Their Practical Application

Benjamin Poljancl, Anze Zupancl'z, Aleksi Eronen?, Kjell Knapasz, Marianna Kemell?,
Jakob Kljun?!, Timo Repo? and Iztok Turel!
!University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ve¢na pot 113, SI-1000
Ljubljana, Slovenia;
ZDepartment of Chemistry, Faculty of Science, University of Helsinki, A. I. Virtasen Aukio 1,
00014 Helsinki, Finland

Pyrithiones are sulfur-containing aromatic heterocycles with a thiohydroxamic func-
tional group, which are known for their strong metal-binding affinity and diverse bioac-
tivity. Initially synthesized in the 1950s and later also discovered in natural sources,
pyrithiones have attracted attention both as ligands in coordination chemistry and as
functional agents in medicine and materials applications. Their ability to coordinate a
wide range of metal ions has led to the development of biologically active complexes, in-
cluding zinc and copper pyrithione, with notable antimicrobial and anticancer properties.
Our research therefore focuses on the preparation and structural characterization of novel
pyrithione ligands and their complexes. In one part of the study, we synthesized and crys-
tallized a poorly soluble copper (II) complex with 4-(trifluoromethyl) pyrithione using un-
conventional crystallization techniques. In the second part of the study, we synthesized
a gold(Ill) complex with unsubstituted pyrithione. Both synthesized complexes were
structurally characterized, which contributes to the understanding of structure—property
relationships in this class of compounds. Due to the poor solubility of these complexes
in water and most organic solvents, characterization, evaluation of biological activity and
their medicinal applications are often limited. However, taking advantage of this prop-
erty, we have developed a method for the separation of gold and copper using pyrithione
derivatives as precipitation agents.
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