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Beyond photocatalysis: how light and heat team up to boost heterogeneous
catalysis

Nicolas Keller

Institut de Chimie et Procédés pour I'Energie, 'Environnement et la Santé (ICPEES), CNRS,
Université de Strasbourg, 67087 Strasbourg, France.
e-mail: nkeller@unistra.fr

The sun is the ideal renewable energy source (albeit intermittent) to be harnessed and
integrated into catalytic reactions to make them more sustainable and cost-effective. Primary
aims are to accelerate reaction rates to get shorter processing times and higher yields under
fixed conditions, to soften the reaction conditions without lowering the vyields, to enhance
reaction selectivity and catalyst stability. In less than a decade, evidence of cooperative
(synergistic) effects between thermal and photonic excitations gave rise to the fastly expanding
area of photothermal catalysis with applications for a wide span of reactions [1,2].

As photothermal catalysis rapidly spreads across communities with diverse backgrounds,
the term photothermal is often used as a broad umbrella encompassing various phenomena
and descriptors (e.g. photothermo-, photo-assisted/driven thermal catalysis), and no unique
definition has been established to date [3-5]. The key feature of a photothermal catalyst -
regardless of how it is named - is that at least one of its constituents must be light-sensitive.

The dual-mode excitation strategies differ according to the way the thermal energy is
supplied to the catalyst, as in any case photons are provided by external excitation. First, both
photonic and thermal energies can be provided to the catalyst through a unique source, namely
the sun or simulated solar light, low-energy photons (Vis-NIR) increasing the surface
temperature, while high-energy photons (UV-Vis) interact with the catalyst for driving reactions.
Second, distinct photonic and thermal energy sources rely on the introduction of photons within
thermal (conventional) reactors heated following conductive/convective transfer modes. Third,
the catalyst itself offers optical heating, where a unique photonic energy supplier provides local
heat delivery through a light-to-heat conversion mechanism (self-heating catalyst).

Following an overview of the fundamentals of photothermal catalysis and its underlying
mechanisms, the presentation will highlight a series of representative examples across various
reactions of interest, drawn from recent literature and studies conducted at ICPEES lab in
Strasbourg. The main synergistic (cooperative) effects under dual excitation will be discussed,
including the delivery of heat at both macro and nano scales through light-to-heat conversion
phenomena, enabling the driving of thermally-activated catalytic reactions. Additionally,
electron-driven mechanisms will be explored, where photonic excitation establishes an
alternative low-energy transition state, further controlling reaction kinetics through a new dark
rate-determining step.

The challenges to overcome and the key strategies to envision in order to advance further
the fundamental understanding, efficiency and applicability of photothermal catalysis, will be
highlighted.
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PL-2
Recent Advances in the Adsorption of Nanoporous Materials

Matthias Thommes

Institute of Separation Science and Technology,
Department of Chemical and Bioengineering
Friedrich-Alexander-University Erlangen-Niirnberg, Erlangen, 91058, Germany
e-mail: matthias.thommes@fau.de

Nanoporous materials (e.g. carbons, zeolites, metal organic framework materials, ordered and
hierarchically structured meso-macroporous oxides etc.) have been the subject of extensive
research targeted towards a wide range of applications because of their unique textural
properties such as increased surface area and the ability to customize the pore size and pore
size distribution. In addition, unique nano-confinement effects, such as for instance
enhancements in the adsorption capacity, reaction kinetics, ion selectivity and gas solubility
can be observed within narrow nanopores. Moreover, confinement induces shifts in the phase
diagram of pore fluids and alters their thermophysical properties. Hence, in order to utilize
effects of nano-confinement in the various application areas (e.g.,separation, catalysis, gas-
energy storage) a detailed understanding of the interplay between effective fluid-fluid and fluid-
(pore) wall interactions on the one hand and the effects of confined pore space and pore
geometry/pore network on the other hand is required. For this, a detailed characterization of
the surface properties and pore network architecture is required.

Within this context, we focus on fundamental aspects associated with the adsorption-, phase-
and wetting behavior of fluids in nanoporous materials and will link this with recent advances
in the application of advanced and novel adsorption methodologies for assessing key aspects
of their pore network characteristics and surface properties.




LVII OKK, Krakdw, 9-11.04.2025 Plenary lectures

PL-3
Challenges in developing catalysts for CO2 methanation

Wojciech Gac

Maria Curie-Sktodowska University, 3 M. Curie-Skiodowska Sq., 20-31 Lublin, Poland
e-mail: wojciech.gac@umcs.lublin.pl

The transformation of CO; into valuable chemical products and fuels has been of interest

for many years. Today, CO: is used extensively in the chemical industry, e.g. in the production
of urea, food and beverage, enhanced oil recovery. However, much attention is currently being
paid to the development of new processes with a view to decarbonisation of the economy.
Alongside more efficient use of fossil fuels, widespread utilisation of renewable energy sources
and the introduction of a circular economy, the concepts of CO; capture and storage (CCS) or
utilisation (CCU) have found widespread interest. Waste or biogenic CO: in the reactions with
hydrogen obtained from water electrolysis by the application of surplus renewable or nuclear
energy can be converted into a range of products, such as methane (synthetic natural gas,
SNG), carbon monoxide, methanol, hydrocarbons. However, in order to scale up the use of
COg, economic, regulatory and technological barriers need to be overcome.
The CO2 methanation reaction is highly exothermic. Therefore, the development of active and
selective catalysts for thermochemical conversion processes operating at low temperatures
(250-350 °C) and at the same time characterised by high resistance to coking, poisoning and
sintering at high temperatures is currently a major challenge. The catalysts should also
demonstrate adequate mechanical strength and have a relatively low price. Several trends in
catalyst development can be observed. These are linked to concepts that explain the
elementary catalytic phenomena. The expensive ruthenium catalysts have been shown to
have very high catalytic activity. The use of cheaper supported nickel or cobalt catalysts, but
with a higher metal content is a commercially interesting alternative. Based on the concept that
elementary catalytic processes take place exclusively on the surface of metallic nanoparticles,
versatile methods of catalyst synthesis have been proposed to achieve a high nanoparticle
dispersion or to modify the nature of the active centres, e.g. by changing the morphology of
nanoparticles, increasing reducibility or by forming bimetallic or multimetallic systems. Other
approaches assume that functional groups on the surface of the support or introduced
modifiers can be actively involved in elementary surface reactions, e.g. the activation and
subsequent transformation of CO- through the participation of the relevant acid-base or redox
centres and hydrogen activated at nearby active sites. Hence, numerous catalytic systems
containing, for example, Ni, Co or Ru nanoparticles, which are deposited on high-surface
supports, often with specific acid-base or redox properties, such as Al203, SiO2, ZrO,, CeOsy,
other rare earth oxides, zeolites, perovskites and carbon materials were proposed in the
literature. Suitable modifiers with the above properties are also introduced into the catalyst
formulation, including alkali and alkaline or rare earth oxides. Another interesting trend is the
use of new materials based on MOFs, grafted metal complexes, functionalised polymers and
carbon materials. The development of new processes, e.g. the electrocatalytic and
photocatalytic reduction of CO,, plasma-assisted conversion, the integration of CCS and CCU
units, an application of membrane and new types of reactors are creating new challenges,
including the need to reformulate catalysts composition and their intrinsic properties. Further
progress in this field depends on a better understanding of catalytic phenomena. This can be
achieved through the wider use of modern computational and advanced experimental
methods, the development of new synthesis routes of the catalysts.
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Slowing the magic bullet: imatinib in FeMOFs enhances safety and efficacy

Barbara Gil, Weronika Strzempek

Jagiellonian University, Faculty of Chemistry, Gronostajowa 2, 30-387 Krakéw, Poland
e-mail: barbara.k.gil@uj.edu.pl

Historically, patients with chronic myeloid leukemia (CML) were treated with busulfan,
cytarabine, hydroxyurea, interferon, or a combination of them. Unfortunately, these types of
therapies had limitations such as non-specificity, low efficacy, and multiple toxicities. A huge
breakthrough in the fight against leukemia was the development of small molecule tyrosine
kinase inhibitors (TKI). The primary representative of TKl is imatinib mesylate (Gleevec), which
has a 10-year survival rate over 83%, hence earning its designation as a magic bullet.
Nonetheless, one of its most severe adverse effects is congestive heart failure. The mitigation
of drug toxicity can be accomplished using drug delivery systems.

Biocompatible metal-organic framework (MOF) compounds, FeMIL-100 and FeMIL-101-
NH2, were used as potential carriers for imatinib. They effectively administered the medication
as an anticancer agent while reducing cardiotoxicity. The release of imatinib from FeMIL-100
occurred rapidly in acidic environment and more slowly in pH-neutral environments, facilitating
targeted delivery to cancer cells.

Fig. 1. Schematic structures of (a) MIL-100, (b) MIL-101, (c) imatinib.

The pH-dependent stability of the carriers controlled the drug release mechanism. Two
release models: Korsmeyer-Peppas and Weibull were fitted to the experimental data and
discussed in terms of drug release from rigid microporous matrix. Cytotoxicity assays were
performed on two cell lines: HL60 (a model for acute myeloid leukemia) and cardiomyocytes
(H9c2 cell line).

Our experimental results demonstrate that iron-based MOF carriers, specifically MIL-100
and MIL-101-NH., hold promise as desirable therapeutic agents.
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Incorporation of zinc into the protic imidazolium-based ionic liquid: synthesis
and application

Piotr Latos', Julia Gabzdyl', Karol Erfurt!, Alexy Maximenko?, Anna Chrobok’

Silesian University of Technology, Faculty of Chemistry, Department of Organic Chemical Technology
and Petrochemistry, 44-100 Gliwice, Poland
2SOLARIS National Synchrotron Radiation Centre Jagiellonian University, 30-392 Krakéw, Poland
e-mail: Piotr.latos@polsl.pl

In this work, a novel acidic catalyst based on the protic ionic liquid (1-methylimidazolium
triflate, [Hmim][OTf]) and zinc oxide (ZnO) was developed and evaluated for its catalytic
performance. Structural analysis was conducted using various techniques including high-
resolution mass spectrometry (HRMS), Fourier-transform infrared spectroscopy (FT-IR),
Raman spectroscopy, nuclear magnetic resonance (NMR), and X-ray absorption
spectroscopy. The results revealed an alternative structure and mechanism for the formation
of the ionic liquid/ZnO adduct [Hmim][OTf] ZnO. The liquid system was synthesized with a
molar ratio of [Hmim][OTf] to ZnO of 3:1 and demonstrated to be an effective acidic catalyst
and solvent for the synthesis of alternative plasticizers.

Specifically, [Hmim][OTf]-ZnO catalyst (10 mol%) was utilized for the esterification of
succinic acid, adipic acid, and lactic acid with two alcohols, 1-butanol and 2-ethylhexanol.
Remarkably, the use of 2-ethylhexanol resulted in the complete conversion of succinic acid
within 1 hour at 130 °C. The synergistic effect of the ionic liquid and ZnO was demonstrated
by comparing the catalytic efficiency of the individual components when used separately.
Moreover, [HmIim][OTf]-ZnO exhibited stable catalytic activity over six consecutive reaction
cycles without a significant drop in efficiency.

This study underscores how structural studies can provide a basis for the rational design
and development of acidic catalysts, thereby contributing to more environmentally friendly and
economically feasible processes.

CATALYST ESTRIFICATION
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‘
- - Cycle stability

CHARACTERISATION RESULTS

Fig. 1.  Graphic illustration of the synthesis and application of incorporated of zinc into the protic
imidazolium-based ionic liquid.
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Synthesis of fluorine-free lithium-salts for electrolytes for green and
sustainable Li-based cells

C. Limachi#?.cd W. Wieczorekac, L. Niedzickie®, P.Pietad, M. Armand®, M. Cabello?
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Transitioning to a carbon-neutral society introduces several challenges, particularly in the
field of electrochemical energy storage. Since the 1990s, lithium-ion batteries (LIBs) have been
the dominant commercial energy storage technology. However, current commercially available
LIBs use fluorinated salts, solvents, and additives in their electrolytes [1]. The main risks
associated with fluorinated compounds include toxicity, adverse environmental impacts, and
the complexity of recycling [2,6].

In response to these challenges, our study presents the synthesis of a novel fluorine-free
lithium salt and explores its application in aqueous-based LIBs with LFP as the cathode and
synthetic graphite as the anode. The compatibility of this new electrolyte with commercial
materials has been demonstrated, and its feasibility has been confirmed by scaling up the
battery from coin cells to pouch cells. This work represents a significant step forward in the
development of fluorine-free batteries, offering both technological advancements and a move
towards a safer and more sustainable energy storage solution.
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Fig. 1.  Cycling stability and coulombic efficiency of LFP/synthetic graphite, pouch cell with a N/P
ratio equal to 1.27 and 1.43 at 25 °C
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Sustainable Imidazolium-Titanium Hybrid Material for Advanced Functional
Applications
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In this study, we aim to advance esterification catalysts and address existing
challenges by combining our expertise in catalyst design and activity analysis with the potential
of tailoring the structure of ionic catalysts based on organic-inorganic hybrid material resulted
in interaction of TiCls and 1-methylimidazole.

The catalyst was synthesized by mixing TiCls and 1-methylimidazole using various
molar ratios (1:1 — 1:4). Based on Fourier-transform infrared spectroscopy (FT-IR), Raman
spectroscopy, nuclear magnetic resonance (NMR), and energy dispersive X-ray fluorescence
spectroscopy (EDXRF), two possibilities of the product structure were proposed.

The performance of the designed material as catalyst was investigated in the
esterification of oleic acid with 2-ethylhexanol, focusing on key catalyst parameters such as
activity, catalyst stability and recyclability. The versality of the catalyst was presented in the
esterification of oleic, octanoic, adipic and succinic acids with 1-butanol, 2-ethylhexanol.
Tailoring of the catalyst structure provided the foundation for the rational design and
development of an acidic catalyst, consequently leading to a more environmentally friendly and
economically feasible process.
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Fig. 1.  Graphical illustration of synthesis, analysis and application of titanium-imidazolium catalyst
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Enhancing photocatalytic activity of carbon nitride with single copper atoms:
insights from DFT and photoconductivity studies
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Photocatalytic reactions are driven by excited charge carriers; therefore, their performance
inherently depends on photocarrier behavior [1]. Following our previous report [2], we
investigate the relationship between photocarrier behavior and the photocatalytic activity of
graphitic carbon nitride (g-CsN,) loaded with single Cu atoms. Using transient microwave
conductivity, we find that the introduction of single Cu atoms enhances photoconductivity by
increasing the mobility and extending the lifetimes of photoexcited electrons. This
enhancement results in a greater population of mobile electrons. While pristine g-CsN,, exhibits
no measurable photoconductivity, it is still capable of driving photocatalytic reactions. This
suggests that in g-C3;N,, photoexcited electrons are primarily trapped rather than recombined,
yet they remain reactive. The product of photoconductivity and electron lifetime shows a linear
correlation with photocatalytic activity, demonstrating its potential as a descriptor for catalyst
design. Spatial separation between reduction and oxidation sites can be achieved within the
intralayer of Cu-loaded g-Cz;N,. Each isolated Cu* cation is coordinated with two nitrogen
atoms inside a cavity formed by three heptazine units. The Cu* cation acts as a hole-
accumulation site, serving as an oxidation center alongside the two directly connected
heptazine units.
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Fig. 1.  Elucidating the role of single Cu atoms in enhancing carbon nitride performance.

References
1. H. Sudrajat, et al., J. Phys. Chem. C. 127 (2023) 21881
2. H. Sudrajat, et al., Nanoscale 16 (2024) 14813

Acknowledgements: This work was supported by Polish National Agency for Academic Exchange
(Award No. BPN/ULM/2022/1/00009), National Science Centre (Grant No. 2020/39/B/ST5/00076), and
Research Organization for Nanotechnology and Materials of BRIN (Grant No. 3/111.10.4/HK/2023).

13



Oral communications LVII OKK, Krakdw, 9-11.04.2025
0O-6

Copper-based nanocomposite for efficient degradation of tetracycline in water:
unraveling the origin of synergistic interactions between CuWO4 and Cus3(POa):
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Tetracycline (TC), one of the most widely used antibiotics, is frequently detected in
wastewater and surface water due to its extensive medical and veterinary applications [1].
Conventional wastewater treatment methods are often ineffective in removing this pollutant,
leading to its accumulation in the environment and contributing to the development of antibiotic
resistance [2]. Advanced oxidation processes (AOPs), particularly Fenton-like and photo-
assisted Fenton-like reactions, have emerged as one of the most promising approaches to the
degradation of persistent pharmaceuticals [3]. This study explores the catalytic potential of a
composite catalyst containing Cus(POs4), and CuWO4 (1/1 weight ratio; CuPW-1/1) in the
degradation of TC via H20,-based AOPs.

A wide range of research techniques were used to characterize the synthesized materials,
including XRD, XPS, FT-IR, DR UV-vis, TEM-EDS, and nitrogen physisorption. The activity of
the catalysts was tested in the degradation of TC in the presence of H.O; and/or UV light. The
efficiency of TC degradation was followed by UV-vis spectroscopy. Pathways of antibiotic
degradation were estimated based on LC-MS/MS analyses, while the efficiency of total organic
carbon (TOC) removal was determined using a TOC analyzer.

Results of catalytic tests revealed that the CuPW-1/1 004
composite exhibited significantly higher activity in the
degradation of TC via the Fenton-like process than CuWOQO4 and
Cu3(POs)2 used individually. In the photo-assisted Fenton-like
process, CuPW-1/1 also outperformed CuWOQO, and Cu3z(POas)2,
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achieving a much higher TC removal rate (Fig. 1). The origin of

this enhanced activity will be discussed during the presentation. 001 _
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efficient degradation of TC. Additionally, stability tests .

demonstrated that the CuPW-1/1 catalyst could be successfully Fig- 1. Comparison of TC
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activity. catalysts in the photo-assisted
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Work Function-Guided Design of Oxygen Evolution Electrocatalyst — Lessons
from Thermocatalytic N2O Decomposition

Pawet Stelmachowski
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Guided by the work function-dependent interfacial electron transfer (IET) at the material-
electrolyte interface, the design of monolithic catalysts primarily focuses on optimising catalytic
performance by tuning the work function of the materials. In many studies, the relationship
between the modulated work function and catalytic performance is determined using only two
or three samples, which may lead to arbitrary conclusions. Employing a broad range of doping
levels to modulate the work function of materials yields relatively accurate work function—
catalytic performance correlation (e.g., linear or volcano plots) than that obtained from studies
with only one or two doping levels. In the case of heterostructure design, the IET-mediated
work function between different components facilitates the creation of active catalysts.
Therefore, precise control over the work function of heterojunction components holds promise
for optimising the overall performance of heterostructures by tailoring material-material IET.
Researchers can develop high-performance electrocatalysts by identifying the IET-work
function catalytic performance dependence [1].

Hydrogen is considered a game-changer in worldwide energy management and is starting
to play a vital role in future mobile energy conversion devices. However, a kinetically limited
anodic oxygen evolution reaction (OER) hinders water electrolysis for Hz production. The
solution is to use an appropriate catalyst to reduce overpotential and provide high current
density for the inherently slow OER. The effective catalysts should also be synthesised from
abundant and cheap reagents.

We have shown that the work function of the Bi-doped Co0304 increases, leading to a
weaker interaction with water molecules, which may facilitate the interaction of the active
centres with the adsorbates. The substituted Bi is an active site in (OER) processes, enhancing
oxygen desorption. At the same time, the activity of the neighbouring Co atoms is also
substantially improved. This improvement leads to an increased intrinsic activity of Bi-doped
Co304. The resulting optimised electrocatalyst achieved promising activity (350 mV@10 mA
cm~2) by reducing the value of the OER overpotential by 43 mV compared to the bare Co30..
Incorporating Bi atoms into the Co304 lattice also improved long-term stability compared to an
undoped sample in a 4-h test provided for the potential of 1.65 V vs RHE as well as a 6-h cyclic
test examined by a measurement at 1.7 V vs RHE. Theoretical calculations revealed that
atomically dispersed Bi dopants are more likely to replace octahedral Co** than tetrahedral
Co?*. An increased density of states below the Fermi level modifies the electronic structure of
the Bi-doped spinel. Experimentally, Bi doping weakens the Co—O bond, improving the
material’s reducibility [2].
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CuNi systems for electrocatalytic CO2 hydrogenation

Barttomiej M. Szyja, Elzbieta Dziadyk-Stopyra, Rafat Stottko
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Gdanska 7/9, 50-344 Wroctaw, Poland
e-mail: b.m.szyja@pwr.edu.pl

We present a DFT and machine learning-assisted analysis of CO, reduction to C,H, on
bimetallic Cu-Ni catalysts, comparing their performance to pure Cu. Our study explores both
extended surfaces and 13-atom nanoclusters with icosahedral geometry, emphasizing the role
of Cu-Ni synergy in stabilizing reactive intermediates along the C, formation pathway. We
observe that introducing Ni lowers the required reaction potential and alters the preferred
reaction mechanism, despite Cu being the primary surface for intermediate interactions. In
nanoclusters, the spatial distribution of Cu and Ni atoms significantly influences catalytic
performance. To efficiently screen potential configurations, we developed a machine learning
model trained on DFT-derived data, predicting cluster stability and interaction energies. While
not providing exact energies, the model effectively identifies promising candidates for further
optimization. Our findings highlight the crucial role of Ni in tuning reactivity, even when not
directly interacting with intermediates, offering insights into the design of efficient bimetallic
catalysts for CO, conversion.

Fig. 1. Binding modes of the intermediates to the cluster: (a) MO, (b) MOCOM, (c) MOCM, (d)
MOCM_H_n_bond, (e) MC. Letters indicate dominant interaction(s); M stands for metal, either Cu or Ni.
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Operando FT-IR and UV-Vis spectroscopic studies untangle
alcohol-to-hydrocarbons reaction’s path
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Faculty of Chemistry, Jagiellonian University in Krakéw, Gronostajowa 2, 30-387 Krakow, Poland
e-mail: anna.k.walczyk@uij.edu.pl

Light olefins, which are used as substrates in a wide range of industrially important chemical reactions,
can be derived from alcohols. It is well established that the conversion of methanol or ethanol over
zeolites occurs through the hydrocarbon pool mechanism, leading to the formation of various olefinic,
paraffinic, and aromatic compounds [1]. These transformations inevitably result in the production of
“coke” species. This study provides a detailed examination of the methanol and ethanol conversion
mechanisms over protonic chabazite (HSSZ-13, Si/Al = 11), using FT-IR and UV-Vis operando
spectroscopic techniques alongside simultaneous mass spectrometry and gas chromatography
analysis. The findings were supported by multivariate curve resolution — alternating least squares (MCR-
ALS) analysis of the spectroscopic data, enabling the separation of spectra from different components
and tracking their changes over time. The correlation maps (2D-COS) of the obtained spectra provided
additional insights into the reaction mechanism. Post-reaction analysis of retained compounds was
conducted using spectroscopic, chromatographic, and thermogravimetric methods. Methanol
conversion produced a broad distribution of olefinic products, with a significant proportion of DME as
the reaction time progressed. In the ethanol reaction, an excessive production of ethylene, primarily
resulting from direct alcohol dehydration [2], was observed. Cyclopentenyl cations were identified as
key intermediates in the formation of olefins in both methanol-to-hydrocarbons (MTH) and ethanol-to-
hydrocarbons (ETH) reactions. In the MTH case, poly-alkylated benzene species played a more
significant role as intermediates compared to ETH. This suggested that the hydrocarbon pool
mechanism was more effectively activated during methanol conversion. The coke formed after the
conversion of either alcohol consisted of similar compounds, mainly substituted benzene and
naphthalene, differing in the branching of substituent groups. The sequence of events during the
reactions was proposed based on MCR-ALS and 2D-COS analysis of the spectral data.
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Fig. 1.  Spectroscopic results (a) obtained during methanol conversion, MCR-ALS analysis of
obtained IR spectra (b) and chromatographic results in the range of light olefins (c).
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Investigating reactive intermediates in CO2 hydrogenation catalyzed by
Ni/Al203 using Modulation Excitation Spectroscopy
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The uncontrolled growth of modern civilization has led to critical CO, levels in the
atmosphere, posing a significant threat to climate disaster. One promising solution is CO»
hydrogenation via the Reverse Water-Gas Shift (RWGS) reaction and/or methanation (the
Sabatier reaction). Despite progress, finding more efficient and cost-effective catalysts remains
crucial, requiring a comprehensive investigation of key structural parameters and a detailed
understanding of reactive surface intermediates [1,2].

In this study, we prepared three archetypical Ni/Al,O3 catalysts that showed significantly
different catalytic activity and selectivity for CO, hydrogenation, depending on the calcination
and reduction temperature. After thorough characterization (N2 physisorption, chemisorption,
XRD, XPS, SEM, TEM), we applied the combination of Modulation Excitation-Phase Sensitive
Detection-Diffuse Reflectance Infrared Fourier Transform Spectroscopy (ME-PSD-DRIFTS)
and Steady State Isotopic Kinetic Analysis (SSITKA) to identify key reactive intermediates and
spectator species.

Our experiments revealed that even slight modifications in the pretreatment procedure
significantly impact the catalytic performance in CO; hydrogenation. Additionally, we identified
bicarbonates and formates as key reactive intermediates, which undergo various
transformations based on the size and the location of the metal active phase nanoparticles
(Fig. 1). The results confirmed that CO, hydrogenation with Ni/Al,O; catalysts follows an
associative and consecutive reaction pathway that is highly sensitive to structural variations

[3].

CH, CO+H,0

Fig. 1. Structure-sensitive CO2 hydrogenation pathway with Ni/Al203 catalysts.
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Wplyw dodatku neodymu na witasciwosci katalizatoréw niklowych
w reakcji uwodornienia CO:2

K. Karpinska-Wlizto*, W. Zawadzki, G. Stowik, W. Gac
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*e-mail: karolina.karpinska-wlizlio@mail.umcs.pl

W dobie dgzen do neutralnosci klimatycznej szczegdlnie istotne staje sie opracowanie
skutecznych metod redukcji emisji dwutlenku wegla. Jedng z obiecujgcych strategii jest
reakcja uwodornienia odpadowego COg, ktéra pozwala m.in. na otrzymanie metanu, tlenku
wegla lub wyzszych weglowodoréw. Proces ten, zwilaszcza przy wykorzystaniu wodoru
pochodzacego z odnawialnych zrédet energii, umozliwia zaréwno produkcje cennych
surowcéw chemicznych, jak i magazynowanie nadwyzek energii. Wysokg aktywnoscig
w reakcji metanizacji CO» cechujg sie nosnikowe katalizatory niklowe. Poprawe ich
wiasciwosci katalitycznych mozna osiggng¢ poprzez zastosowanie nowych metod syntezy,
dobor noénika lub dodatek odpowiednich modyfikatoréw [1, 2].

Celem niniejszych badan bylo okreslenie wpltywu niewielkich ilosci neodymu
wprowadzanych do katalizatoréw niklowych z nosnikiem krzemianowym na ich wtasciwosci
fizykochemiczne oraz aktywno$¢, selektywnosc i stabilnos¢ pracy w reakcji uwodornienia COo.
Katalizatory otrzymano zmodyfikowang metodg impregnacyjng. Zawieraty one 10% wag. niklu
oraz zmienne ilosci neodymu (0.5-20% wag.). Ich wtasciwosci fizykochemiczne badano przy
zastosowaniu roznorodnych technik, m.in. temperaturowo-programowanej redukcji (TPR),
transmisyjnej mikroskopii elektronowej (TEM), chemisorpcji wodoru, spektroskopii
w podczerwieni (in-situ DRIFTS). Aktywnosc¢ katalizatoréw w reakcji metanizacji CO, badano
w zakresie temperatur 200-600°C z wykorzystaniem mikroreaktora przeptywowego.
Wykonano réwniez testy stabilnosci ich pracy (20 h) w temperaturach 350°C oraz 500°C.

Uzyskane wyniki wskazujg na ztozony wptyw neodymu na fizykochemiczne i katalityczne
wiasciwosci badanych ukfadow. Dodatek neodymu wplywat na witasciwosci redukujgco-
utleniajgce katalizatoréw, co wigzano ze zmiang oddziatywan pomiedzy niklem a nosnikiem
oraz pomiedzy niklem a tlenkiem neodymu. Wraz ze wzrostem zawarto$ci neodymu
obserwowano spadek liczby centréw aktywnych na powierzchni nanoczgstek niklu oraz
zmiane ich natury. Jednocze$nie wyniki badan spektroskopowych uwidocznity, Ze neodym
wplywat na zwiekszenie adsorpcji CO, oraz utatwienie przemian powstajgcych
powierzchniowych czgstek w reakcji uwodornienia. Badania katalityczne ujawnity, ze
zwiekszenie zawarto$ci neodymu do ok. 15% wag. prowadzi do wzrostu aktywnosci
katalizatorow w niskich temperaturach oraz wptywa na poprawe selektywnosci w kierunku
metanu. Badania zmian aktywnosci katalizatorbw w czasie wykazaty pozytywny wptyw
dodatku neodymu na ich stabilnos¢ w wysokich temperaturach. Dalsze zwiekszanie
zawartosci neodymu skutkowato jednak pogorszeniem ich wtasciwosci katalitycznych.
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Tuning the shape of SrTiOs crystals: a pathway to enhancing the efficiency of
photocatalytic reduction of nitroaromatic compounds
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Using photocatalysis in organic synthesis e.g. for selective reduction of nitroaromatic
compounds has emerged as a promising alternative to traditional methods, which often
generate significant amounts of waste and are not an environmentally friendly approach [1].
This type of reaction has been demonstrated to achieve high, nearly 100% selectivity in the
presence of TiO; [2].

In this work, selective photocatalytic reduction of nitroaromatics to amines was carried out
on tailored SrTiOs3 crystals. Investigating the role of exposed facets highlights their significant
impact on the efficiency and selectivity of this type of reduction reaction. A series of uniform
SrTiOs crystals with systematically varied morphologies, differing only in shape and type of
exposed facets, were synthesised. Photoelectrochemical measurements and photodeposition
experiments demonstrated that reduction reactions preferentially occur on the {001} facets,
while oxidation predominantly takes place on the {110} facets. Furthermore, the {110} facets
play a key role in enhancing charge separation, thereby significantly boosting photocatalytic
activity. The changes in the efficiency of photocatalytic oxidation of terephthalic acid follow the
same pattern as photocurrent generation. The reduction of nitroaromatic compounds was
successfully achieved with high efficiency using tailored SrTiOs. This remarkable
photocatalytic performance of the modified SrTiOs crystals is attributed to the synergistic
effects of enhanced charge separation and the presence of the reductive {001} facets.

A Ar-NH,

Ar-NO,

Efficiency

\ 4

Increase of {110} facet

Fig. 1.  Effect of tailored SrTiO; crystal on the efficiency of photocatalytic reduction of nitroaromatics.
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Advanced copper-containing carbon-based photocatalysts by sonication:
sustainable friendly organic transformations
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Abstract

This study optimizes an ultrasound-assisted solvo-hydrothermal method for synthesizing
carbon-based materials and enhancing the selective oxidation of coniferyl alcohol (ConOH)
into ferulic acid. The influence of ultrasound parameters specifically frequency 22 kHz and
duration of 2 hours, was systematically investigated in relation to the yield, selectivity, and
morphology of chitosan/lignin (C/L) composites. Structural and morphological analyses (XPS,
FTIR, SEM) confirmed the successful synthesis and stability of the materials, while
photocatalytic activity was assessed under visible light irradiation in acetonitrile. Ultrasound
cavitation improved mass transfer and oxidation pathways, thereby enhancing overall
efficiency. Moreover, the incorporation of copper into the C/L matrix, as verified through
structural analysis, significantly boosted oxidation performance by promoting photocatalytic
activity and selective reaction pathways. This study underscores the potential of advanced
ultrasound-assisted techniques for synthesizing chitosan-lignin composite and highlights the
synergistic effect of Cu integration through simple photo-deposition, enabling efficient biomass
valorization into high-value aromatic compounds using eco-friendly conditions.
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Deposition of Transition Metal Oxide Nanoparticles on Polypropylene
for Photocatalytic Applications

Karolina Zajac'?, Joanna Macyk?, Andrzej Kotarba'

1 Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakéw, Poland
2 InPhoCat — Innovative Photocatalytic Solutions Sp. Z o. o., Brzask 49, 30-381 Krakéw, Poland
e-mail: karolina.zajac@doctoral.uj.edu.pl

A key advantage of photocatalytic materials is their potential application in antibacterial
and self-cleaning surfaces, as well as in the purification of water and air—an increasingly
relevant challenge in today's world. This functionality arises from the excitation of electrons in
the photocatalyst, leading to the generation of reactive oxygen species that could initiate
a cascade of photocatalytic reactions [1].

Among the well-known photocatalysts are transition metal oxide nanoparticles, such
as TiO,, Zn0O, and Fe, 0. However, for their photocatalytic properties to be effectively utilized
in practical applications, these nanoparticles must be stably attached to a substrate. Polymers,
widely used in various environments, including public spaces, could be promising candidates.
Polypropylene is a commonly used polymer due to its stability, durability, and chemical
inertness. However, these very properties cause challenges for the effective attachment
of nanoparticles onto its surface.

This study focuses on the functionalization of polypropylene surfaces using low-
temperature oxygen plasma, followed by nanoparticle deposition via ultrasound-assisted
methods. The key objectives include evaluating the deposition efficiency, dispersion, stability,
and photocatalytic activity of the attached nanoparticles. Oxygen plasma treatment introduces
functional groups onto the polypropylene surface, analyzed using X-ray photoelectron
spectroscopy (XPS) and water contact angle (WCA) measurements. The ultrasound-assisted
deposition method enhances nanoparticle dispersion and adhesion, as observed through
microscopic techniques. The photocatalytic activity of the resulting systems was measured the
degradation of methyl orange and the reaction with terephthalic acid [2].

The developed method enables the effective and durable attachment of nanoparticles
on polypropylene substrates, imparting photocatalytic properties to the material. Moreover, this
approach is versatile and can be applied to various types of nanoparticles and substrate
materials.
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Copper active sites in chabazite-type zeolites in reactions of selective catalytic
reduction of NOx with ammonia — insight into structure and reactivity using
spectroscopic methods and DFT modelling
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e-mail: bartosz.mozgawa@uj.edu.pl

Nitrogen oxides are one of the most environmentally dangerous groups of atmospheric
compounds and generation of these substances can be attributed mostly to internal
combustion engines. In diesel engines, the selective catalytic reduction of NO, with ammonia
(NHs—SCR) is the most promising solution, with copper—exchanged small pore zeolites, mainly
from the chabazite (CHA) family as the catalyst. The objective of this work was to establish the
relation between structure and reactivity of copper active sites in chabazite—type zeolites. This
aim has been achieved using a combination of spectroscopic (EPR, IR, Raman, XRF, UV-
VIS/NIR, NMR), diffraction (XRD), microscopic (SEM, TEM), catalytic activity measurements
in temperature—programmed and isothermic conditions, and other research techniques (TPD,
TPSR, SQUID) in conjunction with extensive DFT molecular modelling (VASP, ORCA)
supported by numerical simulations of thermodynamic parameters.

The initial stage of the study focused on characterising selected zeolites and identification
of the various copper active sites on a molecular level — experimentally and by building a library
of periodic (VASP) DFT—optimised structures. Utilisation of EPR spectroscopy, in conjunction
with ORCA calculations of spin—Hamiltonian parameters, allowed for a highly accurate
description of paramagnetic intrazeolite active centres (Cu?*, Cu?*OH-). First principle
thermodynamics (FPT) methodology was employed to construct stability phase diagrams of
copper—-ammonia adducts of various stoichiometry. At low temperatures (LT), copper species
stay solvated by NH3; and are unbound to the zeolite backbone. With increasing temperature,
they release gas molecules and become located in specific aluminosilicate rings. Further
studies revolved around interactions with nitric oxide and oxygen (oxidation half-cycle/OHC).
Nitric oxide was found react with Cu?*OH- and reduce them by generating HONO. In the
presence of O, and NO, copper(l) species are instantly oxidised, forming nitrates considered
to be the catalyst poison, however their reactivity is evidenced through synproportionation,
leading to the formation of nitrites and NO.. The FPT model, was adjusted to account for partial
reactions, has predicted the experimentally observed NO» generation temperature windows of
nitric oxide selective catalytic oxidation (NO-SCO).

Finally the complete SCR reactivity was scrutinized, and the overall NH;—SCR over Cu—
CHA samples was proposed. The reaction was found to be accompanied by several competing
processes, most notably ammonia oxidation (AMO). Copper—based catalytic cycle has been
separated into four primary quadrants based on the Cu oxidation state and thermodynamically
most stable adducts; with ammines for Cu?* and nitrates/nitrites for Cu* interlaced with redox
steps accompanied with nitrosamine formation/decomposition.
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For decades, scientists have leveraged the great potential of zeolites in catalytic
applications, thanks to their advantageous properties, including high surface area, outstanding
(hydro)thermal stability, unique shape selectivity, and strong acidity [1,2]. Zeolites can also
serve effectively as supports for composite catalysts, such as metal catalysts.

Since the ground-breaking discoveries of Haruta and Hutchings in the mid-1980s, gold
nanoparticles (Au NPs) deposited on various supports (e.g., oxides, silicas, polymers, carbons)
have been widely acknowledged as effective catalysts for many oxidation reactions [3].
However, although there have been some reports on the use of zeolites as supports for gold
catalysts, their number remains limited.

To date, heterogeneous gold catalysts have been recognized as promising materials for
base-free catalytic oxidation of glucose. Glucose, perceived as a bio-derived platform
molecule, can be converted into a wide array of valuable chemicals, such as gluconic acid,
which finds widespread use in the food, cosmetics, and pharmaceutical industries [4]. Notably,
to the best of our knowledge, zeolite-based gold catalysts had not been previously explored
for glucose oxidation prior to our studies on this topic.

The talk will provide an overview of our research on the synthesis of zeolite-based gold
catalysts, their in-depth characterization, and their use in the selective oxidation of glucose
[5-7]. The presentation will cover various factors that influence the activity, selectivity, and
stability of the investigated catalysts, including: (/) the type of zeolite structure (microporous
Beta zeolite vs. hierarchical, micro-/mesoporous MCM-36); (i) the method of Au NPs
introduction (ion exchange, deposition-reduction, impregnation, and grafting using
aminosilane); (iii) the addition of modifiers (e.g., Nb/Ce/B) to the zeolitic support; and (iv)
reaction conditions and the type of oxidant employed (O2 vs. H202).

We have established that the method used for modifying zeolite Beta with gold species
significantly influenced the efficiency of metal loading, the size of Au nanoparticles, and the
acidity of the support. Among the zeolite Beta-based gold catalysts, the highest catalytic
performance in base-free glucose oxidation was exhibited by the sample containing the
smallest Au nanoparticles, prepared via the aminosilane-assisted grafting method. Moreover,
gold catalysts deposited on layered MCM-36 zeolite demonstrated higher glucose conversions
compared to their zeolite Beta-based counterparts.
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Tailored design of silanols on zeolitic supports for efficient metal species
anchoring
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Metal nanoparticles supported on zeolites constitute a crucial class of heterogeneous
catalysts, benefiting from high surface area and excellent dispersion due to their nanoscale
dimensions. However, achieving stable and well-dispersed metal species remains a challenge,
particularly under harsh reaction conditions.

In this study, we explore the synergy between hierarchical zeolite architectures and
supported metal nanoparticles, focusing on how the design of surface silanols influences
nanoparticle stabilization. A series of catalysts with varying porosity, acidity, metal type, and
loading were synthesized to investigate metallic and bimetallic nanoparticles supported on
hierarchical zeolites. The zeolitic supports were tailored into different architectures, including
layered, pillared, and nanosponge structures [1], in both pure-silica and acidic forms.

A key strategy for stabilizing metal

nanoparticles involves leveraging silanols— '_10'
surface hydroxyl groups that interact with metal 2 |
. . . — 84
atoms via hydrogen bonding and electrostatic >
forces. These silanols serve as anchoring sites, S
effectively preventing nanoparticle aggregation ug;
and leaching during catalytic processes [2]. To L
harness this effect, we utilized silanol-rich _2
supports, derived through controlled %
dealumination of commercial USY zeolite, for o
the immobilization of Pd nanoparticles. The 1t 2 3 4 5 & 7 8
dealuminated USY zeolite exhibited a Particle Diameter [nm]

significantly increased silanol density, which 19 1. Difference in the size of supported Pd
nanoparticles with relation of the type of

facilitated strong metal-support interactions and  g,pport: commercial and dealuminated USY
enhanced catalyst stability. zeolites.

Additionally, we employed a gallosilicate MFI zeolite nanosponge, synthesized
hydrothermally, as an alternative support. This material features an interconnected, disordered
network of MFI nanolayers [1], offering a highly accessible surface for nanoparticle
immobilization. Post-synthetic degallation was applied to generate silanol nests—highly
reactive hydroxyl groups that further improved nanoparticle anchoring [2].

The prepared catalysts were evaluated in hydrogenation reactions, including the selective
conversion of eugenol, a model compound for lignin valorization. Our findings highlight the
critical role of silanol engineering in tuning metal-support interactions, paving the way for more
efficient and sustainable metal catalysts.
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Boosting oxygen evolution reaction of cobalt-carbon composites
by post-synthetic plasma treatment
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Carbon-based materials are widely investigated for electrocatalytic applications; however,
their weak interaction with metal oxides limits their effectiveness. To address this challenge,
oxidative treatments are employed to introduce anchoring sites for the active phase.

In this study, we employed low-temperature plasma oxidation to modify graphitic ordered
mesoporous carbon, which acts as a support for a cobalt-based catalyst in the oxygen
evolution reaction (OER). Our results indicate that plasma pre-treatment significantly increases
the concentration of carboxyl-type oxygen groups, thereby improving cobalt dispersion and
catalytic activity.

Further, to evaluate the role of the carbon support, catalysts were subjected to
post-synthetic oxygen plasma treatment. Post-synthetic plasma oxidation significantly
enhanced their performance in OER (Fig. 1A). To understand this phenomenon, both the initial
and modified catalysts were characterized using X-ray photoelectron spectroscopy (XPS), and
transmission electron microscopy (TEM). XPS analysis showed that the elemental composition

2 and Co 2p spectra remained

35 A B Cozp unchanged  after  plasma
30 01Co@C.PL | = treatment (Fig: 1B). 'However,
e 25 g 0.1Co@C,-PL TEM analysis  (Fig. 1C)
< 201 | 0.1c0@C, indicated the presence of
515_ g another cobalt species, which
10] might act as a more effective
5] 01C0@C, precursor for the active phase
0l formed in situ, enhancing OER
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__E/Vvs HoHgO ___ Binding energy lev This work demonstrates
C1 : ‘ o that oxygen plasma can serve
S Camon not only as a tool for
' functionalizing carbon supports
but also as an innovative
approach for modifying metal
oxides, significantly enhancing
their activity in the oxygen
evolution reaction.
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Fig. 1. Comparison of the initial and plasma-treated catalyst:
(A) chronoamperometry, (B) XPS of Co 2p spectra, (C) TEM
images with phase analysis.
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Szkla potasowe domieszkowane metalami redoksowymi
jako katalizatory utleniania zanieczyszczen powietrza
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Zanieczyszczenie powietrza przyczynia sie do rozwoju wielu chorob cywilizacyjnych
i moze byc¢ przyczyng przedwczesnych zgondw. Ma réwniez negatywny wptyw na Srodowisko
i moze intensyfikowa¢ zmiany klimatu. Katalityczne usuwanie jest skuteczng metodg usuwania
takich zanieczyszczen jak sadza, lotne zwigzki organiczne (LZO) czy NOx. Uktady katalityczne
oparte na szkfach sg ciekawg alternatywg dla czesto stosowanych faz metalicznych czy
tlenkow krystalicznych. Celem niniejszej pracy byto opracowanie efektywnego katalizatora do
jednoczesnego usuwania sadzy i LZO opartego na domieszkowanych metalami szktach
potasowych.

Synteza podstawowego szkia potasowego obejmowata topienie odpowiednich
prekursoréw (SiO,, KoCO3z, CaCO3) w temp. 1345°C przez 1h. Szkio o skiadzie molowym
25%K20-59%Si02-16%Ca0 byto nastepnie domieszkowane metalami (Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zr, Ce, Pb, Bi) na poziomie 5%. Domieszki wprowadzano przy tym na dwa sposoby —
przez przetapianie szkfa z prekursorem metalu oraz poprzez impregnacje matrycy szklistej
roztworem soli metalu i nastepczg obrdobke termiczng. Uzyskane preparaty zostaty nastepnie
scharakteryzowane wieloma metodami (XRD, RS, FTIR, NMR, UV/Vis-DR, DRIFT, TPR, XPS,
XRF, SEM, SR-TAD). Aktywnos¢ katalityczna
uzyskanych uktadéw zostata zbadana w reakcjach O2
dopalania sadzy (kontakty Scisty i luzny,
w atmosferze 10%0. i 0-500ppm NO) oraz \
utleniania etylenu, jako modelowego LZO (3.5%
C2H4, 10%02), a takze jednoczesnego utleniania
obu tych zanieczyszczen.

Amorficzny charakter uzyskanych preparatow
zostat potwierdzony przy pomocy technik analizy A‘;"“"\?Jx\
strukturalnej. Sposdb wprowadzenia domieszek “
istotnie wptynat na ich dostepnos¢ dla reagentow,
specjacje, stabilnos¢ i redukowalnosé. Wszystkie ,
otrzymane uktady wykazywaty znaczng aktywnosc 300 400 500 600
w dopalaniu sadzy, co przejawiato sie wartosciach temperatural °C
konwersji Tso = 430-490°C dla kontaktu luznego i Rys. 1. Temperaturowa ewolucja sygnatow
Ts0% = 350-380°C dla kontaktu $cistego (Rys. 1). QMS COz2 i O2 podczas jednoczesnego
Ukfady, dla ktérych domieszki lokalizowaty sie na utleniania sadzy i C2Ha na szkle

. . - potasowym domieszkowanym manganem.
powierzchni  obnizaty ponadto temperature
utleniania etylenu o 100-150°C.

utlenianie
sadzy

utlenianie
CH,

sygnal QMS

Podziekowania: Niniejsza praca zostata sfinansowana ze $rodkéw Priorytetowego Obszaru
Badawczego Anthropocene w ramach programu [nicjatywa Doskonatosci — Uczelnia Badawcza
w Uniwersytecie Jagiellonskim.
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Hierarchiczne czastki tlenku ceru o architekturze wykazujacej symetrie
ikozaedryczng: wptyw hierarchii strukturalnej na utlenianie sadzy i propanu

Piotr Wozniak

Instytut Niskich Temperatur i Badan Strukturalnych, PAN, ul. Okélna 2, 50-422 Wroctaw, Polska
e-mail: p.wozniak@intibs.pl

Hierarchia strukturalna jest cechg materiatow sktadajgcych sie z blokéw budulcowych
zorganizowanych w struktury wieloskalowe. Materiaty takie dzieki swojej budowie
(architekturze) wykazujg lepsze wiasciwosci transportowe, wyzszg stabilno$é termiczng,
wiekszg ekspozycje miejsc aktywnych w porownaniu do materiatow nieustrukturyzowanych
lub litych. Scista kontrola architektury katalizatoréw jest zadaniem nietatwym ze wzgledu na
wzajemne powigzania zmiennych fizykochemicznych: wielkosci ziaren, rozmiaréw poréw,
morfologii jednostek budulcowych [1].

Prezentowane wyniki badan przedstawiajg wptyw architektury tlenkowych
katalizatorow cerowych i cerowo-gadolinowych na reaktywnos¢ uktadéw w utlenianiu propanu
i dopalaniu sadzy. Na zmienng niezalezng wybrano trzeci poziom struktury hierarchicznej
czgstek odnoszacy sie do morfologii agregatow krystalicznych. Pozostate zmienne
charakteryzujgce nizsze poziomy hierarchii strukturalnej poddawano kontroli celem uzyskania
maksymalnego podobienstwa miedzy testowanymi uktadami.

Odpowiedni dobér parametréw syntezy solwotermalnej - sktad mieszaniny reakcyjnej,
temperatura, czas syntezy - pozwala na otrzymanie czgstek o zadanej architekturze
przejawiajgcej symetrie ikozaedryczng (rys. 1). Mechanizm odpowiadajgcy za formowanie sie
agregatow krystalicznych o tak skomplikowanych morfologiach oparty jest o wielokrotne
blizniakowanie krysztatbw mréwczanu ceru zgodnie z orientacjg krystalograficzng {101}.
Potwierdzajg to modele geometryczne skonstruowane w oparciu o zaproponowany
mechanizm.

Trzeci poziom hierarchii strukturalnej odgrywa istotng role w katalitycznym dopalaniu
sadzy. Odpowiada za to zwiekszenie geometrycznego dopasowania czgstek sadzy i
katalizatora. Probka o najkorzystniejszych wiasciwosciach geometrycznych obniza Tso 0
143°C w poréwnaniu do nieustrukturyzowanych hierarchicznie nanoczgstek CeOo.
Powierzchnia wtasciwa materiatéw nie jest liniowym predyktorem aktywnos$ci katalitycznej, a
istotnym modulatorem aktywnosci jest architektura czgstek.

Morfologia czgstek hierarchicznych nie odgrywa wiodacej roli w utlenianiu propanu, ale
wprowadzenie domieszki Gd réznicuje aktywnos¢ katalityczng. Architektura czgstek moze
stuzy¢ jako modyfikator aktywnosci katalitycznej poprzez inzynierie granic ziaren
hierarchicznych katalizatorow cerowo-gadolinowych.

D)

)

i g
Rys. 1. Obrazy SEM i modele geometryczne hierarchicznych czgstek CeOz2: A) dwunastoscian, B)

stellowany trzydziesto$cian rombowy, C) dwunastoscian gwiazdzisty wielki, D) fraktalnie rozgateziony
dwunastos$cian gwiazdzisty wielki, E) wieloscian foremny (W’=102), F) wklesty dwunastoscian.
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Regioselective Hydrocyanation of Internal Alkynes:
Transition-Metal-Free Approach

Aleksandra Zasada, Dawid Lichosyt

Institute of Physical Chemistry Polish Academy of Science, Warsaw, Poland
e-mail: azasada@ichf.edu.pl, dlichosyt@ichf.edu.p!

Hydrocyanation of multiple carbon—carbon bonds represents a powerful strategy for the
synthesis of nitriles, compounds of high importance in pharmaceuticals, natural products, and
synthetic intermediates.” However, this transformation suffers from a lack of selectivity control
and typically relies on expensive and toxic transition metal (TM)-based catalysts.? To address
these challenges, we have designed and implemented an exclusively regioselective
hydrocyanation of unbiased alkynes, driven by base-catalyzed reversible alkyne—allene
isomerization and phosphine-catalyzed HCN transfer to the allene.® This dual organocatalytic
approach introduces an unprecedented mode of selectivity control via regioselective
hydrocyanation of the allene intermediate. Moreover, by altering one catalyst in the dual-
catalytic system, we demonstrated a regioselectivity switch, thereby facilitating regiodivergent
hydrocyanation. Overall, our approach enables the synthesis of a broad range of vinyl nitriles
(>40 examples) with yields of up to 97% and Z/E stereoselectivity exceeding 20:1, including
complex natural product derivatives. A comparison with TM-based systems highlighted a 2500-
fold cost reduction, along with the elimination of the troublesome separation of regioisomers.
Mechanistic studies elucidated the reaction pathway, unraveling the origin of regioselectivity.
In a broader context, the disclosed approach provides a foundation for developing the next
generation of TM-free strategies for regioselective hydrofunctionalizations of unbiased
alkynes.

—’ TM-free dual-catalytic system for the regioselective hydrocyanation of nonactivated, internal alkynes ’7
5 ) HO CN Cat.1) (Cat.2 « exclusive regioselectivity
)Q + TM-free, cheap catalysts
+ internal, non-activated alkynes
via mlerme iate
{ ] + mild conditions and broad scope

o + regiodivergent strategy
= alkyl, aryl

O =EWG

Selected examples

Postfunctionalizations examples |

NHBoc ﬁ/\COzEt E o
/[/\ HN HN
n-Bu CO,Et BocHN ?:2
Pregabalin derivative n-Bu n-Bu
S-amino acid derivative (7-amino acid) Slactam Jlactam
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Mixed Nb-Mn oxides for efficient degradation of tetracycline in water via

catalytic ozonation: Insight into the origin of synergistic interaction between
Nb and Mn

Konrad Baran?, Adrian Walkowiak?, Grzegorz Nowaczyk?, Marcin Frankowski?,
Anetta Ziota-Frankowska?, Lukasz Wolski&*

a Adam Mickiewicz University, Poznan, ul. Uniwersytetu Poznariskiego 8, 61-614 Poznan, Poland
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Ozone is a highly reactive molecule capable of quickly oxidizing organic contaminants in
water, but it exhibits a relatively low efficiency in their mineralization [1]. To fully exploit its
potential application for water purification, catalysts are required to convert ozone into other
oxidizing species known for their stronger ability to mineralize organic substances (e.g.,
hydroxyl radicals, HO*) [2]. The present study is devoted to the development of novel Nb-Mn
mixed oxides as promising heterogeneous catalysts for efficient activation of ozone and
degradation/mineralization of tetracycline (TC) as a model antibiotic pollutant.

All catalysts used in this work were synthesized using the sol-gel method and
characterized by means of XRD, SEM-EDS, ICP-OES, FT-IR, DR UV-vis, XPS,
TEM/EDS/EELS, N2 physisorption, and zeta potential measurements. The efficiency of TC
degradation was determined on the basis of UV-vis and TOC analyses. The contribution of
selected reactive oxygen species (ROS) to the degradation of TC was assessed using various
ROS scavengers. The degradation pathways and products were identified based on LC-MS
measurements.

The results obtained in this study revealed that all mixed Nb-Mn oxides exhibited higher
activity in the degradation of TC than the pristine metal oxides (Fig. 1A). In terms of tetracycline
mineralization, no significant increase in TOC removal was reported for Nb.Os (Fig. 1B). On
the contrary, the ozonation processes carried out in the 1-0, (no catalyst) 4 - Mng ;Nby O,
presence of MnO; enabled ca. 2.5 times higher TOC 2-Mno, 5 - Mng ;Nb, ;O,

removal than that established for ozone itself (Fig. 1B). A osy 3o Nbo0, 6o NbO,
Interestingly, the highest TOC removal efficiency was - O:z

observed for Mng2NbgsOx which contained the lowest 5015

Mn loading from among all materials prepared in this . \ | \ \ | \ \ | \ \ ‘ \ \ ‘ \ \ ‘ \
study. This observation led us to conclude that the B e, 1 2 3 4 5 6

45

manganese species in Mno2NbosOx must exhibit more
desirable properties for efficient activation of ozone and
degradation of TC than the manganese species in bulk
MnO.. More details on the origin of the improved T T2 3 a5 e
activity of mixed Nb-Mn oxides and the nature of Fig. 1. (A) Reaction rate established for
synergistic interactions between Nb and Mn species in the degradation of TC in the presence of

) - ) . . catalysts used in this  study.
the degradation of TC via catalytic ozonation will be () The efficiency of TC mineralization

provided during the presentation. after 2 h of the ozonation process.

30 -

154

TOC removal, %
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Studies on Alkali Thermal Desorption of Oxide Catalysts

Julia Ciemierkiewicz, Gabriela Grzybek, Pawet Stelmachowski, Andrzej Kotarba
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e-mail: g.grzybek@uj.edu.pl

Alkali metal additives are widely used in heterogeneous catalysis, playing a crucial role in
processes such as ammonia synthesis, ethylbenzene dehydrogenation, soot combustion and
N2O decomposition [1]. They are also essential in the steam reforming of ethanol - a process
in which ethanol reacts with steam at high temperatures, leading to the production of hydrogen
[2]. The presence of alkali metals on the catalyst surface significantly enhances the efficiency
of ethanol steam reforming by increasing ethanol conversion, improving selectivity towards
hydrogen, and enhancing catalyst stability, allowing it to maintain high activity over an
extended period. However, at the high temperatures required for this process, alkali metals
become mobile - they undergo segregation and may desorb from the catalyst surface,
gradually deteriorating its properties [3].

Understanding the dynamics of alkali on the catalyst is a key area of research. A unique
experimental setup for thermal alkali desorption measurements, developed at Jagiellonian
University, provides insight into this phenomenon. The SR-TAD (Species Resolved Thermal
Alkali Desorption) system enables the detection of desorbing streams of atoms, ions, and
Rydberg atoms/clusters, as well as the determination of desorption activation energy.
Measurements are conducted under high vacuum conditions, reaching 10™® mbar. The
apparatus is equipped with a reactor where samples can be reduced and transferred without
exposure to air.

The desorption of alkali from oxide materials such as Co;0,, a-Al,03, CeO,, and Co/CeO,
was studied. The influence of the type of alkali promoter and the concentration (0.5, 1, and
2wt.%) was examined, including double-alkali doped systems. The study results indicate that
the desorption begins at approximately 450°C for all materials, and its progression strongly
depends on the type of support material used. The activation energies of potassium desorption
from Co30., a-Al,O3, and CeO- oxides, for both the heating and cooling stages, are presented
in Figure 1. The values range from 1.3 to 2.3 eV, reflecting differences in the strength of
potassium interactions with the studied supports.
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Fig. 1. Signal of potassium desorption from Co0304, a-Al203, and CeO: oxides.
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The decomposition of industrial organic pollutants via wet peroxidation, and
the activity of composite copper catalysts in this process

Wiktor Czerwonka, Kamila Sobanska, Piotr Pietrzyk

Jagiellonian University, ul. Gronostajowa 2, 30-387 Krakéw, Polska
e-mail: czerwonka@chemia.uj.edu.pl

In view of escalating water contamination by industrial organic compounds, including
pesticides, dyes, and antibiotics, advanced oxidation processes (AOPs) have emerged as a
compelling solution. These processes rely on the generation of reactive oxygen species, such
as highly reactive hydroxyl radicals (‘lOH) and singlet oxygen ('O,). The Fenton reaction is one
such mechanism that generates these species. However, it is limited in its practical
applications due to several factors. To overcome these limitations, numerous modifications of
the Fenton reaction have been proposed, including replacing of iron ions with other transition
metal ions, which allows optimization of the reaction under different conditions. Other
modifications include the development of heterogeneous Fenton catalysts, which allow the
reaction to be carried out in a more controlled manner and with a lower risk of unwanted side
effects. In addition, heterogeneous catalysts are solid materials, so they can be easily
separated from solution after the reaction is complete, which is important for industrial-scale
applications. Another method of generating reactive oxygen species is the electroprotic
mechanism, in which, in contrast to redox catalysts, there is no electron transfer between the
catalyst surface and the solution, and it is only possible within the solution.

A catalyst capable of combining these two mechanisms would be a promising system for
use in advanced oxidation processes and could play an important role in the context of
environmental protection. Therefore, the main motivation of the conducted research was to
obtain such a copper-based catalyst capable of generating reactive oxygen species for the
degradation of pollutants found in wastewater (dyes, phenol and its derivatives,
pharmaceuticals and pesticides), using hydrogen peroxide as a precursor of the reactive
oxygen species. For this purpose, a series of copper-based catalysts for H,O, decomposition
were synthesised. The synthesis was carried out using solvothermal and precipitation
methods. A number of techniques were used for physicochemical characterization of the
obtained materials, including methods for identifying structures and determining elemental
composition (XRD, SEM, EDX, XPS), detecting the generated reactive oxygen species (EPR
spectroscopy) and investigating the activity in the decomposition of a model water pollutant,
such as Direct Blue 15 dye (UV-Vis spectrophotometry).

The obtained results indicate that catalysts comprising two distinct metals with redox
properties exhibit the highest activity in the dye degradation process. It was shown that the
concurrent presence of copper in multiple oxidation states has a substantial effect on the
activity of the active phase. Moreover, the incorporation of a minimal amount of the redox active
phase into the support material significantly increases its catalytic efficiency.

Acknowledgements: We thank National Science Centre (NCN), Poland, grant Opus 27
2024/53/B/ST4/03929 for financial support of this work.
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Katalizatory heterogeniczne na bazie tlenkéw alkalicznych i tlenkéw metali
ziem rzadkich przeznaczone do transestryfikacji olejéow roslinnych w celu
produkcji biodiesla

Daria Dendek, Mateusz Zakrzewski, Radostaw Ciesielski, Adam Kedziora, Waldemar
Maniukiewicz, Matgorzata Szynkowska-Jézwik, Tomasz Maniecki

Politechnika t 6dzka, Zeromskiego 116, 90-924 t6dz, Poland

e-mail: daria.dendek@dokt.p.lodz.pl
Transestryfikacja, bedgca kluczowym procesem wytwarzania biopaliw, polega na

reakgciji trojglicerydéw z alkoholem, najczesciej metanolem, co prowadzi do powstania estréw
metylowych kwasow ttuszczowych (biodiesla) oraz glicerolu jako produktu ubocznego.
Gtéwnym aspektem badan bylo zastosowanie katalizatoréw wykazujgcych zjawisko
superzasadowosci, ktore moze znaczgco poprawi¢ efektywnosc¢ reakcji oraz stabilnosé
procesu. Wykorzystanie katalizatorow heterogenicznych, w przeciwienstwie do tradycyjnych
homogenicznych katalizatoréw takich jak NaOH czy KOH, jest korzystne ze wzgledu na
tatwiejszg separacje produktow oraz minimalizacje powstawania odpadéw. [1]

Celem badanh byto okreslenie wptywu superzasadowosci katalizatoréw heterogenicznych
opartych na tlenkach alkalicznych oraz tlenkach metali ziem rzadkich na produkty procesu
transestryfikacji oraz opracowanie wydajnych i stabilnych katalizatoréw o wysokiej aktywnosci,
ktore mogtyby znalez¢ zastosowanie w przemysle biopaliwowym. Hipoteza badawcza
zaktadata, Zze katalizatory wykazujgce superzasadowos$é, w zaleznosci od ich skiadu
chemicznego i struktury, bedg miaty istotny wptyw na konwersje surowcéw oraz wtasciwosci
koncowego produktu, w tym liczbe cetanowag, ktéra determinuje jakos¢ paliwa. [2]

W ramach badan zastosowano katalizatory oparte na tlenkach metali, takich jak tlenek wapnia
(Ca0), tlenek glinu (Al,O3) oraz tlenek lantanu (La,03).[3] Przeprowadzono szczegdtowe
analizy strukturalne i powierzchniowe, obejmujgce pomiar superzasadowosci metodg
desorpcji programowanej temperaturowo (TPD-CO,), co umozliwito identyfikacje miejsc
aktywnych o wysokiej zasadowosci, analize krystalograficzng (XRD) w celu okre$lenia faz
krystalicznych katalizatoréw oraz chromatografie HPLC do oceny konwersiji olejow roslinnych
i thuszczéw odpadowych w procesie transestryfikacji.

Badania roznych proporcji katalizatorbw wykazaty, Zze ich sktad chemiczny wptywa na
aktywno$¢. Najwyzszg efektywnos¢ osiggnieto dla katalizatoréw z lantanem i glinem,
zapewniajgcych wysokg konwersje i dobrg jako$¢ biodiesla. Nie wszystkie struktury
superzasadowe byty katalitycznie aktywne, co udowodniono na przyktadzie katalizatora
CaO/Al,0s.

Na podstawie wynikow okreslono optymalne proporcje katalizatora, maksymalizujgce
konwersje i stabilno$¢ procesu. Zasadowos¢ katalizatora okazata sie kluczowa dla jego
aktywno$ci, a uzyskane wyniki mogg wspierac rozwoj ekologicznych i efektywnych technologii
biopaliw.
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Pd on bacterial nanocellulose as a catalyst for cinnamaldehyde hydrogenation
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Dorota Duraczynska’

! Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
Niezapominajek 8, 30-239 Krakow, Poland *e-mail: robert.kosydar@ikifp.edu.pl
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The bacterial nanocellulose (BNC) was synthesized through the cultivation of the
Komagataeibacter medellinensis strain in a Hestrin Schramm medium under static conditions.
The palladium nanoparticles were supported on BNC using an easy-to-handle method. BNC
was cut and impregnated by Pd(Il) acetate in acetone (40°C), followed by the reduction of Pd
ions using NaBH4 in methanol. The 2%Pd/BNC catalyst (Fig.1f) was washed (acetone, water)
and dried in air (22°C). The liquid-phase hydrogenation of cinnamaldehyde (0.03—-0.06M CAL,
6 bars H,, 50°C, batch reactor) in isopropanol or toluene solvent over 2wt%Pd/BNC catalyst
was performed (Fig.1c). The liquid products were analyzed by GC-FID chromatography.

The 2%Pd/BNC was highly active in CAL hydrogenation, reaching 100% conversion
(Fig.1a) and high HCAL selectivity (91-96%) towards C=C bond saturation. HCOL product
with selectivity <10% and traces of COL (<0.5%) were also detected. HCAL/HCOL selectivities
were almost independent of the solvent used (Fig.1b). There was a high recyclability (Fig.1d,e),
with similar initial activity and a slight increase in selectivity towards HCOL formation. The
results proved the great performance of BNC as a catalytic support.
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Fig. 1. The conversion (a) and selectivities (b) in CAL hydrogenation over 2%Pd/BNC catalyst (f) in
isopropanol or toluene; CAL hydrogenation reactions (c); 2%Pd/BNC recycling in isopropanol (d, e).
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In the undertaken research, we developed the ultrasonic-assisted synthesis of monometallic
Cu-HKUST-1 and bimetallic CuPd-HKUST-1 metal-organic framework catalysts with
a specified ratio of Cu/Pd ions in the MOF structure, replacing the conventional solvothermal
synthesis method. The prepared systems were tested as active catalysts for cyclohexene
oxidation, producing surfactants, polymers, agrochemicals, and drugs. All prepared catalysts
underwent profound physicochemical characterization mainly by low-temperature nitrogen
adsorption, transmission electron microscopy, thermogravimetric analysis, Fourier-transform
infrared and yRaman spectroscopies. Furthermore, the Density-Functional Theory modelling
was performed.

The spectroscopic characterization of prepared materials employing Raman spectroscopy
supported by DFT indicated higher stability of the systems with homonuclear dimers than those
with isostoichiometric heteronuclear dimers. Based on the in situ FTIR spectroscopic analyses,
the great impact of copper divalent and palladium monovalent ions on the catalytic activity and
selectivity of prepared samples was evidenced. The catalysts prepared in the presence of
ultrasound were characterized by easier accessibility to Cu?* species, favoring the formation
of 2-cyclohexenone. In turn, in the case of the bimetallic catalysts, containing both copper and
palladium in the MOF structure, it was indicated the profound impact of the monovalent cation
species (Pd* or Cu*) on the growth of the cyclohexene conversion (reaching 96%) and higher
selectivity to 2-cyclohexenol (43%) than 2-cyclohexenone (30%).

Based on the microscopic studies, it was concluded that in all prepared samples, metal ions
building the MOF structure were uniformly dispersed within the MOF structure. Furthermore,
the application of orthophosphoric acid during the sonochemical synthesis of the bimetallic
sample resulted in the production of composite material containing palladium nanoparticles.
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A significant aspect of catalytic hydrogenation is its capacity for selective reduction of
unsaturated aldehydes to saturated aldehydes or unsaturated alcohols. These compounds are
pivotal intermediates in the synthesis of fragrances, flavors, and pharmaceuticals ['].

The present study investigated the continuous-flow chemoselective hydrogenation of
unsaturated aldehydes using a new cobalt-base carbon catalyst derived from the thermal
transformation of Co-MOF.

The unique properties of MOFs and their composites, such as large surface area,
tunable porosity, controllable composition and diverse active sites, can facilitate reactant
adsorption and diffusion, enhancing catalytic efficiency and selectivity [2]. This renders them
optimal catalysts for the hydrogenation reaction.

The research involved the Co-MOF precursor and the material obtained after thermal

transformation at 700 °C in a nitrogen atmosphere. Cobalt was selected as the active metal
due to its excellent catalytic properties and potential as a cost-effective alternative to expensive
noble metals, making it an attractive choice for sustainable and economically viable catalytic
processes.

The catalysts were characterized using advanced techniques, including high-resolution
transmission electron microscopy (HR-TEM), X-ray photoelectron spectroscopy (XPS), X-ray
powder diffraction (XRD) and Raman spectroscopy. These analyses provided insights into the
structural and chemical properties of the materials, as well as the influence of synthesis
conditions on their catalytic performance. Hydrogenation reactions were carried out in a
continuous-flow reactor under varying pressures and temperatures, allowing for a
comprehensive evaluation of catalytic activity under different conditions. These experiments
allowed for a more in-depth understanding of the catalytic properties and provided information
on the influence of synthesis conditions on the final performance and structure of the catalyst.
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Ammonia is a raw material used primarily in the production of fertilisers. Its production has
been about 150 million tons annually, leading to a consumption of about 2% of the global
energy [1]. The constant need for ammonia has led to an intensive search for new catalysts
that are more active than iron ones and more affordable than ruthenium ones. Recently, cobalt
catalysts have been considered promising. Pure cobalt exhibits low activity due to the weak
adsorption energy of N, on its surface; thus, to enhance its performance, strategies such as
dispersing cobalt on the supports and introducing promoters have been employed [2].
Research attracts attention to the perovskite-type supports such as BaCeOs and BaZrOs. They
offer high thermal stability, abundant oxygen vacancies, and strong basicity, but also easy
tunability by doping [3].

This study investigates the ammonia synthesis process over the cobalt-based catalysts
supported on rare earth-doped barium cerate, with a particular emphasis on the effects of rare-
earth doping. The neodymium, samarium and gadolinium were used as the dopants. The aim
was to elucidate the role of doping on the physicochemical properties of the supports and
catalysts. The activity of all catalysts was tested in ammonia synthesis at 470 °C and 6.3 MPa.
Detailed characterisation studies were conducted using N2 physisorption, XRD, XRF, STEM-
EDX and temperature-programmed methods (e.g., CO>-TPD and H,-TPD).

Incorporating rare-earth dopant into barium cerate oxide lattice improved ammonia
synthesis reaction rates compared to the catalyst supported on non-doped barium cerate
oxide. The rare-earth dopant concentration of 10 mol% was found to be optimal. Samarium
was identified as the most effective dopant. The superior performance of the doped catalysts
was due to the enhanced electron density on Co, facilitating the N> dissociative adsorption,
recognised as the rate-determining step of ammonia synthesis.
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Prenal (3-methylcrotonaldehyde) is known as a,B-unsaturated aldehyde, in which selective
hydrogenation of specific double bonds is a challenging reaction. However, it is a key pathway
to modern and sustainable fine chemical synthesis. Depending on which unsaturated bond
C=C or C=0 is hydrogenated, the desired products of 3-methylcrotonaldehyde conversion are:

e 3-methyl-2-buten-1-ol - unsaturated alcohol, an intermediate to pharmaceuticals and
fragrances synthesis,
or
¢ 3-methylbutanal — saturated aldehyde used as a flavour compound and a reagent for
producing pharmaceuticals and pesticides [2].

Among the noble metals, platinum is the most often used as a catalyst for prenal hydrogenation
[3,4]. However, the high price of this metal significantly reduces its application potential.
Therefore, searching for new, readily available and effective substitutes for Pt is ongoing. Our
work is part of this search.

Our research focuses on the application of Ni-MOF-derived carbonised catalysts in the
continuous flow selective hydrogenation of prenal towards desired products. For this purpose,
Ni pyrazolate MOF, with a high nitrogen content, was carbonised under N, at a high
temperature (700 °C). These synthesis conditions resulted in the formation of Ni nanoparticles
anchored on N-doped carbon. The following physicochemical methods were used to
characterise the resulting catalyst: high-resolution transmission electron microscopy (HR-
TEM), X-ray photoelectron spectroscopy (XPS), X-ray powder diffraction (XRD) and Raman
spectroscopy.
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Recently single-atom photocatalysts are emerging as a new research frontline, featuring
minimum particle sizes and maximum utilization of co-ordinately unsaturated metal sites.
Atoms of a catalytic site arrange into a configuration that essentially offers a specific electronic
structure for the catalytic cycle. However; SAC synthesis lacks stability issues; Herein we have
optimized microwave irradiation process — Which provides an even distribution of the metal,
as well as it maintains the backbone of the carbon nanosheets.
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Fig. 1. Single Atom Quantum Industrial Formulation and Application in Various Fields.

Via using microwave process — strictly no calcined protocol - seeking high yield with highly
even distribution as single atom, with no loss of material, high yields, no loss of metal (as
nanoparticles), no harsh conditions, acid wash (for nanoparticle removal) and no use of costly
ligands. Microwave synthesis procedures have a clear path for industrial-scale manufacturing
methods which demand stable and high metal loading SACs at low cost' 2. Overall, these
findings underscore the potential of developed SACs to drive advancements in science with
the possible broad applicability in pharmacy, polymer, and agrochemical industries.
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Electroactive polypyrrole is widely used in diverse directions with application ability
strongly dependent on the morphology of the material [1,2]. In the current work we studied
such materials derived by chemical oxidative polymerisation based on the template
methodology with methyl orange (MO) as a structure guiding agent. We focused on the
concentration of the dye to trace its templating ability. Surface morphology of material
dependent firmly on the amount of the supplied dye (Fig. 1 a,b) — increasing content of the dye
provoked a decrease in the diameter of the forming tubes accompanied by a mutual increase
in their number. The organization induced by the presence of MO was also reflected in surface
active area of powders as determined by BET analysis (Fig. 1 ¢). The value of surface active
area increased markedly (5.8 times) from 12.58 m?/g for unmodified polymer to 74.00 m?/g for
polymer synthesised in the highest concentration of modifier.
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Fig. 1. SEM images of pPy synthesised in ) the absence b) the presence of organic modificator, c)
dependence of surface active area of nanostructured polypyrrole with concentration of added dye
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Various analytical methods are employed to identify nanoplastics in aquatic environments.
In recent years, UV-Vis spectroscopy has gained increasing attention for detecting and even
quantifying microplastics (MPs) and nanoplastics (NPs) [1]. This growing popularity is
attributed to its advantages over traditional methods, including rapid analysis, low cost, non-
destructive nature, and high accuracy. A key benefit of UV-Vis spectroscopy is its ability to
perform real-time assessments with minimal to no sample pre-treatment, avoiding labor-
intensive extraction processes such as filtration or sedimentation [2].

Polystyrene (PS) is a widely used plastic in everyday life [3], but its nanoplastic derivatives
(PS-COOHSs) pose a significant environmental concern. Microplastics and nanoplastics are
persistent, nonbiodegradable pollutants with potential toxic effects on aquatic ecosystems and
human health. Their effective removal requires innovative technologies, with adsorption
emerging as a promising method for water purification [4].

This study focuses on developing a potential zeolite-based adsorbent with high adsorption
capacity to remove 0.2 um polystyrene nanoplastics (PS-COOHs) from aqueous solutions.
Only commercially available zeolites with various micro- and mesoporous characteristics and
different acidic properties were selected, including H-USY, H-B, X, and clinoptilolite. To analyze
the adsorption and desorption process, ultraviolet-visible spectroscopy (UV-Vis), infrared (FT-
IR) spectroscopy, X-ray diffraction (XRD), and low-temperature N, sorption (BET) were
employed. Notably, this study introduced, for the first time, the use of quantitative UV-Vis
spectroscopy in both transmission and diffuse reflectance (DR UV-Vis) modes, ensuring
precise, repeatable, and reliable quantification of polystyrene concentrations in both the
solution and the adsorbent, thereby enabling accurate assessments of sorption efficiency. With
minimal sample preparation and real-time monitoring, this method serves as an effective tool
for evaluating sorbents in nanoplastic removal.

Experimental results demonstrated that H-USY and clinoptilolite exhibited high adsorption
performance at 100 and 200 mg-L™, with a sorption time of 20 minutes. The adsorption
capacity of H-USY ranged from 80-91 mg-L™" (100 mg-L™") and 160-166 mg-L™" (200 mg-L™),
while clinoptilolite achieved 80-92 mg-L™" and 170-190 mg-L™", respectively, depending on
the sorbent dose. These findings highlight the potential of zeolites as efficient, regenerable
adsorbents for nanoplastic removal, offering a sustainable approach to mitigating
environmental pollution.
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Efficient drug delivery systems are essential for optimizing therapeutic transport and
improving treatment outcomes. This study explores bacterial nanocellulose (BNC) as a natural,
biocompatible matrix for the controlled release of actinomycin D (ActD), a potent antibiotic with
established anticancer properties.

Bacterial nanocellulose, produced in biocatalytic processes, through microbial
fermentation, is a highly sustainable material derived from diverse sources, including degraded
biopolymers, petrochemical-biopolymer blends, and lignocellulosic residues [1]. Its high purity,
absence of lignin and hemicellulose, and unique physicochemical properties - such as high
crystallinity, porosity, mechanical stability, nontoxicity and excellent biocompatibility - make
it an ideal candidate for biomedical applications. BNC is widely used in tissue engineering,
artificial skin, wound healing, and drug delivery [2].

Actinomycin D, a polypeptide antibiotic derived from Streptomyces species, functions
as a transcription inhibitor by blocking RNA polymerase progression [3]. It has been FDA -
approved for treating various cancers, including testicular, ovarian, and pediatric tumors [4].

To enhance drug loading and control release kinetics, TEMPO oxidation was applied
to BNC, introducing functional groups that improved ActD retention. Structural and chemical
analyses confirmed successful modification. In vitro release studies demonstrated that
oxidized BNC enabled a slower, sustained release compared to unmodified BNC, following
a diffusion-controlled mechanism. Antimicrobial testing against Staphylococcus aureus
confirmed the efficiency of ActD-loaded BNC films. Presented study shows that
functionalization of BNC facilitates the drug release control in drug delivery system [5].
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Heterogeneous catalysis is a crucial field in fine chemical synthesis. In this challenging
area, the chemoselective hydrogenation of a,3-unsaturated aldehydes to unsaturated alcohols
and saturated aldehydes is vital for the production of fragrances, flavors, and pharmaceuticals
[1-4]. Different types of catalysts are used in this reaction such as transition metal catalysts,
which offer significant advantages over noble metals. They are more cost-effective and
abundant, making them economically viable for large-scale applications. In this work, we
investigated the catalytic activity of Cu-catalysts with different metal loadings in the continuous
flow hydrogenation of 2-methyl-2-pentenal (MPEA) under a broad range of temperatures (25—
100°C) and pressures (10-60 bar). Catalytic performance was correlated with physicochemical
properties using ICP-OES, TPR, in situ XRD, XPS, NH;-TPD, CO,-TPD, and TEM analyses.
The Cu®Cu* ratio played a crucial role in activity and selectivity, with all catalysts achieving
100% selectivity to 2-methylpentanal (MPAA) at <65 °C. At higher temperatures and
pressures, selectivity toward the fragrance intermediate 2-methyl-2-penten-1-ol (MPEO). The
findings highlight the role of Cu* species, hydrogen spillover, and acid-base interactions in
tuning product distribution, offering valuable insights for industrial applications in fine chemical
synthesis.
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Efektywne ksztattowanie architektury powierzchni tlenkowych katalizatoréw nosnikowych
wymaga wskazania kluczowych parametréw preparatywnych, ktére w istotnej mierze wptywajg
na wiasciwosci katalityczne syntezowanych uktadow, takie, jak: aktywnosé, selektywnos$c i
stabilnos¢. Do takich parametrow nalezg: wyboér Sciezki syntezy, rodzaj uzytego nosnika,
stezenie fazy naniesionej oraz warunki obrébki termicznej nosnikéw i finalnych katalizatorow.
Wymienione parametry mogg w znacznym stopniu determinowac¢ porowato$¢, specjacje form
powierzchniowych, ich stopieh aglomeracji a takze stabilno$¢ katalizatorow w warunkach
reakcyjnych, ze szczegdélnym uwzglednieniem ewolucji termicznej i zmian zachodzgcych pod
wptywem reagentéw. Z poznawczego punktu widzenia niezwykle istotne jest zrozumienie
relacji pomiedzy naturg danego parametru i sposobem, w jaki wptywa on na wiasciwosci
strukturalne, teksturalne i funkcjonalne finalnego uktadu. Dobrze jest takze okresli¢, czy na
etapie syntezy wplyw wybranego parametru ma charakter inwariantny, czy tez jego efekt moze
byé niwelowany przez inne zmienne preparatywne. W niniejszej pracy uwaga skupia sie na
dwéch fundamentalnych parametrach: rodzaju nosnika i stezeniu fazy naniesione;j.

W przedmiotowych badaniach korzystano z komercyjnych nosnikéw: y-Al,Os oraz
cenosfer impregnowanych jonami miedzi(ll) i/lub cynku. Wszystkie prébki kalcynowano w
temperaturze 400°C przez 4h. Uktady zawierajgce 0.5-10.0 %mo. miedzi/cynku lub kombinacje
0.3-6.0 Y%moi. miedzi i 0.2-4.0 %mo. cynku poddano wnikliwej charakterystyce metodami: XRF,
XRD, RS, SEM/EDS, BET, DRIFT i UV/Vis-DR.

Przeprowadzone badania potwierdzity kluczowg dla architektury powierzchniowych form
oksometalicznych role doboru nosnika oraz stezenia fazy naniesionej. Charakterystyczne byto
przy tym wyrazne sprzyjanie przez cenosfery stabilizacji form silnie zaglomerowanych (typu
CuO i/lub Zn0O), nawet przy tak niskich stezeniach, jak 0.2 %ma.. Z kolei, y-Al2O3 faworyzowat
stabilizacje form o duzej heterogenicznoéci, silnie zalezng od stezeh sktadnikéw naniesionych.
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Rys. Wyniki badan strukturalnych wykonanych technikg RS
dla y-Al203 a) i cenosfer b) funkcjonalizowanych jonami cynku i miedzi.
Podziekowania: Realizowane badania zostaty dofinansowane ze srodkéw POB Anthropocene (PF Man-
Mind-Environment Hub) w ramach Programu Strategicznego Inicjatywa Doskonato$ci w Uniwersytecie
Jagielloriskim.
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Cenosfery wystepujg powszechnie w popiotach lotnych generowanych masowo w trakcie
przemystowego spalania paliw statych dla celéw energetycznych. Ich udziat w statych
produktach spalania jest zmienny i zawiera sie w dos¢ szerokim zakresie: od 0,01 do
35,6 %wag. [1]. Pierwiastkami najczesciej identyfikowanymi w sktadzie cenosfer sg krzem, glin
i zelazo, ktérych tlenki stanowig do 89% wag. materiatu. Gtownymi frakcjami mineralnymi, ktore
wchodzg w sktad cenosfer sg: mullit, kwarc i kalcyt. Srednice cenosfer mogg sie zawieraé w
przedziale od 5 do 500 um, przy czym najczesciej w popiotach lotnych wystepujg cenosfery o
wymiarach 20-300 um. Cenosfery charakteryzujg sie niskg gestoscig objetosciowg (0,2 -
0,8 g/cm?) i mozna je stosunkowo fatwo wyodrebni¢ z popiotéw metodami grawitacyjnymi [1].
Sferyczny ksztatt oraz wysoka trwato§¢ mechaniczna i stabilno$¢ termiczna predestynujg
cenosfery do zastosowan katalitycznych, zwtaszcza wysokotemperaturowych. Materiaty te
mogg by¢ wykorzystywane jako nosniki lub, po odpowiedniej funkcjonalizaciji, jako katalizatory
[2]. Funkcjonalizacja moze obejmowac wprowadzenie na ich powierzchnie np. tlenkoéw metali
przejsciowych, wykazujgcych wysokg aktywnos¢ w reakcjach redoks o znaczeniu
srodowiskowym, takich, jak np. deNOy, deSoot, deVOC, czy tez reakcje waloryzacji COa.

Zarowno nanoszenie stabilnych faz oksometalicznych na powierzchnie cenosfer,
uzywanych jako no$nikéw, jak i efektywna funkcjonalizacja tych materiatbw wymaga wnikliwej
charakterystyki centrow powierzchniowych, pozwalajgcych na molekularne zakotwiczenie
nanoszonych sktadnikéw. W trakcie niniejszych badan skorzystano z komercyjnych cenosfer
o $rednicach 150 um i 300 um. Cenosfery funkcjonalizowano 0.5-10.0 %mo. miedzi/cynku lub
0.3-6.0 %mo. miedzi i 0.2-4.0 %mo. cynku. Charakterystyke centréw powierzchniowych
przeprowadzono metodami: RS, DRIFT i UV/Vis-DR.

Przeprowadzone badania potwierdzity ztozong strukture centrow powierzchniowych tak w
przypadku cenosfer niemodyfikowanych, jak i funkcjonalizowanych jonami miedzi i/lub cynku.
Na podkreslenie zastuguje fakt, iz zarébwno heterogeniczno$é zidentyfikowanych grup
hydroksylowych, jak i centrow chromoforowych odzwierciadlata z jednej strony kompozytowy
charakter powierzchni cenosfer, z drugiej zas efekty wynikajgce z ich funkcjonalizaciji.
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Rys. Obrazy SEM/EDS niemodyfikowanych cenosfer.
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The political and social sustainability awareness stimulates interest in researching and
developing new technologies for more environmentally friendly fuel production. In this context,
H. is becoming increasingly important as it is seen as a promising energy vector and its
fundamental role as a traditional raw material for many products (including its combination with
CO as synthesis gas [syngas]). One alternative for the sustainable production of H, or syngas
is to take advantage of the existing steam reforming technologies and to make adaptations to
replace the natural gas (methane) feedstock with biomass-derived feedstock (such as
bioethanol or bio-oil). Specifically, bioethanol steam reforming (ESR) stands out as one of the
promising technologies for hydrogen production, contributing to the advancement of clean and
sustainable energy systems. However, this process implicates many reaction intermediates
and unstable products, especially at low temperatures. The metal active sites are essential in
activating and breaking C-C and C-H bonds in the ethanol molecule. So far, a wide range of
catalytic systems has been investigated, including metallic catalysts such as Pt, Pd, Ru, Rh,
Co or Ni deposited on oxide supports. The high activity strengthened by the cost-effectiveness
of nickel-based catalysts makes these systems attractive candidates for the ESR process.
Moreover, the ESR performance of the nickel-based catalysts is strongly affected by the
characteristics of the support, which is proposed to play a role in determining overall reactivity,
including acid-base properties, redox properties and the strength of the metal-support
interaction [1-4].

The chemical composition and textural properties of the support and synthesis method
play essential roles in preparing highly active steam reforming catalysts since they can improve
the dispersion of the metal. Thus, in this work, CeO,, MnOy, and CeXMn (where
X(%mol)=nCe/(nCe+nMn)-100%) supports have been prepared to develop nickel-based
catalyst for ESR reaction. The textural properties, phase compositions, microscopic
morphologies, and reducibility of catalysts are characterised by N, adsorption/desorption, X-
ray diffraction (XRD), transmission electron microscopy (TEM), and H>-TPR methods,
respectively. The reduction temperature of NiO gradually shifted to a higher value with the
increase in the MnOx amount, indicating that the presence of MnOx made the reduction process
of NiO phase more difficult. The highest ethanol conversion among the tested catalysts showed
the Ni/CeO,. However, the highest selectivity to hydrogen and C1 products (CO, CO,, CHa,)
and the lowest production of highly undesired C2 (acetaldehyde) and C3 (acetone) products
exhibits the Ni/MnO, sample.
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Sharply increasing global energy demand, climate changes due to massive CO;
emissions, as well as limited fossil fuel resources have led to an extensive search for new
renewable and eco-friendly fuels. Hydrogen can be considered a promising solution due to its
high energy density and zero CO2 emissions during combustion [1]. Steam reforming of
ethanol (ESR) arises as a potentially efficient way of hydrogen production by biomass
utilization [2]. In our research, we have developed efficient alkali-doped ceria-supported cobalt
catalysts for the ESR process. Ceria was chosen as a support due to its activity towards the
combustion of carbon species [3] formed on the catalyst surface during the ESR reaction.

Initially, cerium oxide was prepared — from Ce(NOs3)3:6H.O as a precursor — using
hydrothermal — CeO»(HT) and sonochemical — CeO»(SC) synthesis methods. The ceria
materials, as well as ceria commercially purchased from Sigma-Aldrich — CeO,(COM), were
tested in the model experiment of soot combustion (using Printex U soot, purchased
commercially) in the flow of 5% oxygen in helium in tight and loose contact mode [4]. Next,
CeO, supports were doped with potassium by the impregnation technique. CeO,(HT) exhibited
the highest shift of 50% soot conversion temperature (from 654°C to 520°C in loose contact
mode) upon doping with potassium. Thus, it was chosen as a support for cobalt catalysts for
the ESR reaction. Subsequently, the role of the cobalt deposition procedure was investigated,
comparing hydrothermal — Co(HT)/CeO2(HT), sonochemical — Co(SC)/CeO,(HT), and
impregnation — Co(IWI)/CeO2(HT) methods. The catalysts were thoroughly characterized
using XRD, RS, XPS, DR-UV/Vis, and H>-TPR techniques, as well as SEM and TEM
microscopy, and tested in both the ESR process and the soot combustion. The differences in
their catalytic activity were attributed to variations of ceria morphology, the ratio between Ce?®*
and Ce** concentration on the surface, and the dispersion of the cobalt active phase.
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Cinnamaldehyde (CAL) contains two distinct unsaturated functional groups (C=0O and
C=C), making the selective hydrogenation of a specific functional group particularly
challenging. The partially hydrogenated products, cinnamyl alcohol (COL) and
hydrocinnamaldehyde (HCAL), serve as valuable platform chemicals in the pharmaceutical,
perfumery, cosmetics, and chemical industries [1].

Pt-based catalysts, characterized by a wide d-bandwidth, preferentially hydrogenate the
C=0 bond, exhibiting high selectivity toward COL. The incorporation of secondary transition
metals (e.g., Fe, Co, Ni, Sn) enhances COL selectivity through geometric and electronic
modifications of Pt nanoparticles [2].

MFI zeolites containing silanol nests facilitate the stabilization of rare-earth elements
(REEs) at the atomic scale, enabling the formation of Pt-REE alloy nanoparticles with
nanoscale dimensions (<2 nm) within the zeolite micropores [3]. The high REE content
effectively minimizes Pt ensembles and modulates the selective hydrogenation of
cinnamaldehyde.

This study investigates the impact of incorporating REEs (Ce, La, and Y) into Pt
nanoparticles on the catalytic performance of cinnamaldehyde selective hydrogenation. We
demonstrate how these modifications influence the physicochemical properties of the catalyst
and elucidate their role in tuning hydrogenation selectivity.
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Fig. 1. Reaction pathways for selective hydrogenation of cinnamaldehyde over Pt-REE
nanoparticles
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Hydrogen is a clear energy carrier, but for the most purposes its low volumetric energy
density in a compressed gas makes its storage and transportation a serious problem.
Compared with other potential hydrogen storage materials, ammonia has a high hydrogen
storage capacity (17.6 wt%), energy density (3000 Wh/kg) and can be easily liquefied at 20°C
and 0.8 MPa. These advantageous of ammonia make it promising for the hydrogen storage
and transportation. It has been reported that transition metals such as Co and Ni are effective
catalysts of ammonia decomposition [1-2]. Acidity and basicity of support used for metal
catalysts deposition have an important role in tailoring efficient catalytic systems for ammonia
decomposition [3]. The layered double hydroxides (LDH), offer great opportunities for
synthesis catalysts with the desired properties.

The series of LDH materials with Co, Ni, and Fe and bimetallic Co-Ni, Fe-Ni, and Co-Ni —
were synthesised. The prepared catalysts were characterised by various methods, including
low-temperature N» adsorption-desorption, XRD, H>-TPR, NH3-TPD, No-TPD, TGA/DSC. The
samples obtained were tested as catalysts for ammonia decomposition (dcNH3) in the
temperature range of 250 - 800°C, with a space velocity of 300 cm3/gcan NH3. All samples prior
to the catalytic tests were calcined at 600°C for 12 h and then reduced to 800°C for 12 h in a
flow of pure hydrogen.
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Fig. 1.  Results of catalytic tests for Ni-, Co-, Fe-LDH-origine catalyst calcined at 600°C and reduced
at 800°C.
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In recent years nitrogen-modified carbon catalysts have gained increasing interest from
researchers in various applications, including catalysis and electrochemistry, due to their
favorable physicochemical properties, environmental friendliness and relatively easy
regeneration. Modification of carbon materials with nitrogen and oxygen functional groups
significantly affects their acid-base and electronic properties, enhancing their activity in various
chemical processes. The effectiveness of these modifications depends on many factors such
as the type of generated groups, their concentration, distribution, as well as polarity.
Understanding the real role of nitrogen-containing functionalities present on the surface of
carbon materials is essential for their application in advanced chemical technologies. In this
study, the effect of surface modification of CMK-3 carbon nanoreplicas with N and O groups
on the catalytic and electrochemical performance was investigated.

Ordered mesoporous CMK-3 carbons modified with N and O functionalities were obtained
by structural nanoreplication of a SBA-15 silica matrix. A solution of carbon and nitrogen
precursor, in the form of the mixture of sucrose or sucrose and urea with defined N/C molar
ratio (0, 0.14 and 0.51) was introduced into the pores of template by the incipient wetness
method. The obtained materials were carbonized in an inert atmosphere in the temperature
range of 600-1000°C. The CMK-3 carbons were characterized in terms of textural parameters
(low-temperature adsorption of nitrogen), structure and morphology (XRD, Raman
spectroscopy, SEM), surface and bulk composition (XPS, CHNO analysis), electrochemical
properties (CV), and were tested as catalysts in the oxidation of sulfuric acid in the aqueous
phase (OSA). The materials were also subjected to post-synthetic modifications in order to
change the distribution of functional groups on the surface and to check their influence on
activity in the OSA reaction. The obtained carbons were oxidized in concentrated aqueous
solution of nitric acid, reduced in gaseous ammonia, and modified by combination of these
both processes. The catalytic activity in the OSA process increased significantly with higher
carbonization temperatures, demonstrating the key role of graphite-like structures in enhancing
electron transport and activating molecular oxygen. Furthermore, these effects were notably
strengthened by the presence of surface nitrogen groups.
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Volatile organic compound (VOCs), released into the atmosphere due to human activity,
contribute to the formation of photochemical smog, the degradation of the ozone layer, and
atmospheric haze. Given the ongoing tightening of emission demands, several technologies
for VOCs removal have been developed, including their catalytic combustion, which occurs at
much lower temperatures compared to thermal oxidation. Noble metal-based catalysts (such
as Pt, Pd, Rh) demonstrate high efficiency in the low-temperature total oxidation of VOCs.
However, their use is often constrained by high production costs and a tendency to deactivation
in the presence of sulfur- and halogen-containing compounds. As a more cost-effective and
chemically stable alternative, transition metal oxides, like CuO, MnO,, Fe,03, and Coz;0,, have
been increasingly employed [1]. Their catalytic performance can be further improved by using
a properly selected support. For this purpose, the application of a ceramic monolith structure
with a controlled shape and size should drastically reduce the cost of catalyst synthesis, limit
the required amount of active phase, and exhibit lower pressure drop and exceptional
resistance to clogging. Furthermore, it is possible to quickly dissipate excess heat generated
during the exoenergic combustion process preventing catalyst deactivation [2].

In this work, a new approach to designing monolithic structures doped with copper and
cobalt oxides was proposed. A particularly important part of the research was the production
of ceramic monoliths, which were obtained by nanoreplication of 3D printed resin templates
with specific dimensions and shapes. The process of deposition of the active phase layer on
the surface of a non-porous ceramic monolith turned out to be highly complex. To increase
adhesion, an additional two-step functionalization approach was implemented, consisting in
anchoring of an aminosilane coupling agent and subsequent polymerization in solution. The
CuO and Co304 phases were incorporated by adsorption with a forced flow of the modifying
solution through the monolith channels. A physicochemical characterization of the produced
catalysts was performed, including analysis of morphology (SEM-EDX), elemental composition
(XRF), structure (XRD), and chemical environment (UV-Vis-DR). A critical aspect of the study
was the evaluation of the catalytic activity of the obtained materials in the total oxidation of
toluene. Various combinations of the catalyst bed were tested, including those containing a
varying number of monolith pieces with different oxide phases arranged in a different order in
relation to the input of the reaction gases into the catalyst bed.
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VOCs are environmental pollutants recognized as substances causing photochemical
smog, as well as carcinogenic and/or mutagenic effects in humans. Therefore, limiting the
amount of VOCs released into the atmosphere is crucial for the protection of the environment
and human health. A very promising method of controlling VOCs emissions is their catalytic
combustion, but it requires the development of appropriately effective catalysts [1]. Particularly
important in this context is a deeper understanding of the role of interactions between an active
phase and a support, which can lead to improved catalytic properties [2]. The dispersion and
type of the active phase, as well as physicochemical properties of the support must be selected
appropriately when designing catalysts, including novel core-shell materials. The advantage
of the latter materials is not only the unique properties related to their nanometric structures,
but also the arrangement of the individual components of the system that provides a well-
controlled contact between the core and the shell [1,3].

The TiO2 and SiO, supports of similar morphology and porosity were synthesized in order
to exclude the influence of these parameters on the catalytic activity of CuO and Co304 phases
in the total oxidation of toluene. The supports of uniform spherical shape with comparable BET
surface area of 38 m?/g and 29 m?/g for @SiO, and @TiO-, respectively, were obtained. The
active phase was introduced by wet impregnation in amount of 5, 10 and 15 wt% of transition
metal, respectively. XRD measurements for the catalysts containing Cu showed the formation
of the CuO phase. In the case of the Co-containing materials, the Co304 phase was formed
only for the @SiO- support, while for the @TiO2_Co catalysts, the CoTiO3 phase additionally
appeared beside the spinel phase. Similar observations were made based on the results of
UV-Vis-DR measurements. The synthesized materials were characterized by high catalytic
activity in the process of total oxidation of toluene. Depending on the active phase - support
system used, the catalytic properties of the studied materials change. The best activity was
achieved over the @TiO2_Cu and @SiO._Co catalysts. A stronger interaction of the cobalt
oxide precursor with the @TiO2 support resulted in the formation of the surface CoTiO3 phase,
which is more resistant to reduction than Co30s. In turn, separate particles of Co3O4 phase
were formed on the @SiO- support, which more effectively participate in the reaction according
to the Mars—van Krevelen mechanism.
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Wplyw domieszkowania miedzig na wtasciwosci katalityczne szkta potasowego
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Uktady katalityczne oparte na szktach wykazujg szereg pozytywnych cech, takich jak
wysoka stabilnos$¢ termiczna, wytrzymato$é mechaniczna, czy obecnosc centréw katalitycznie
aktywnych. Celem niniejszych badan byto zbadanie wptywu stezenia miedzi na wtasciwosci
strukturalne, powierzchniowe i aktywno$¢ katalityczng szkfa potasowego.
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Rys.1. Dyfraktogramy (a), widma ramanowskie (b), FTIR (c) oraz 2°Si MAS-NMR (d)
domieszkowanych miedzig szkiet potasowych.

Synteza podstawowego szkta potasowego obejmowata topienie odpowiednich
prekursoréw (SiO2, KoCOs, CaCOs) w temp. 1345°C przez 1 godzine. Szkio o sktadzie
molowym 25%K>0-59%Si0,-16%CaO byto nastepnie domieszkowane miedzig na poziomie
0-7% mol. poprzez przetapianie szkta z CuO. Uzyskane preparaty zostaty nastepnie dogtebnie
scharakteryzowane pod kagtem strukturalnym i funkcjonalnym. Aktywnos$¢ katalityczna
uzyskanych uktadéw zostata zbadana w reakcji dopalania sadzy (kontakty Scisty i luzny,
w atmosferze 10% O i 0-500ppm NO).

Analiza strukturalna (XRD, RS, FTIR, NMR) potwierdzita amorficzny charakter
uzyskanych  preparatow (Rys.1). Poréwnanie skladu objetosciowego (XRF)
i powierzchniowego (XPS) sugeruje, ze domieszka miedziowa lokuje sie wewnatrz struktury.
Techniki takie jak XAS, XPS oraz UV/Vis-DR pozwolity stwierdzi¢, ze miedz wystepuje
zaréwno na +1, jak i +2 stopniu utlenienia, udziaty obu form zmieniajg sie wraz ze stezeniem
domieszki, przy czym nie jest to zmiana monotoniczna. Obserwowana aktywnos¢ w dopalaniu
sadzy byta wysoka (Tso w przedziale 350-380°C w przypadku kontaktu Scistego i 440-500°C w
przypadku luznego) i rowniez wykazywata niemonotoniczne zmiany w funkcji stezenia miedzi,
co sugeruje, ze udziat form miedzi jest jednym z czynnikéw warunkujgcych aktywnosc.

Podziekowania: Niniejsza praca zostata sfinansowana ze $rodkéw Priorytetowego Obszaru
Badawczego Anthropocene w ramach programu ,lnicjatywa Doskonatosci — Uczelnia Badawcza”
w Uniwersytecie Jagiellonskim.
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Charakterystyka strukturalna i teksturalna uktadéw modelowych
zawierajacych ZnO osadzony na Al203 i cenosferach z popiotéw lotnych
jako nosnikach
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Lity, osadzony na nosnikach i modyfikowany tlenek cynku jest wykorzystywany w katalizie
heterogenicznej m.in. jako materiat wykazujgcy aktywnos¢ w procesach waloryzacji CO. do
produktow o szerokim znaczeniu komercyjnym takich jak metanol czy biodiesel, do usuwania
zanieczyszczen wod substancjami organicznymi poprzez ich degradacje fotokatalityczng czy
tez do syntezy istotnych aplikacyjnie zwigzkéw heterocyklicznych. W niniejszej pracy podjeto
badania nad uktadami modelowymi, zawierajgcymi ZnO osadzony na dwoch réznych
noénikach: y-Al,Os; oraz cenosferach, bedgcych frakcjg popiotdw lotnych generowanych
podczas spalania konwencjonalnych paliw statych. Nominalne stezenia fazy naniesionej
odpowiadaty zawartosci 0,5-10%ma ZNnO wzgledem y-Al>O3. Badane probki zostaty otrzymane
metodg mokrej impregnacji a nastepnie kalcynowane w temp. 400°C przez 1h. Uzyskane
prébki poddano charakterystyce metodami takimi jak XRD, RS, UV/Vis-DR, SEM, BET.

Wyniki dyfrakcyjne potwierdzity stabilizacje krystalitow ZnO (3D) na cenosferach w
szerokim zakresie stezen. Przy tym intensywnos¢ maksimow charakterystycznych dla
nanokrystalitéw ZnO widocznych w dyfraktogramach proporcjonalnie wzrastata ze wzrostem
stezenia nominalnego fazy naniesionej. Jednoczesnie, dla wysokich stezen powyzej 3%mol
spektroskopia Ramana wykazata wyrazng heterogenicznos¢ geometryczng ZnO na
powierzchni cenosfer. Z kolei, na powierzchni y-Al,03 obecnos$¢ krystalitéw ZnO (3D) zostata
potwierdzona wylgcznie dla probki o najwyzszej zawartosci ZnO, co $wiadczy o lepszej
zwilzalnosci powierzchni tlenku glinu przez faze naniesiong w poréwnaniu z powierzchnig
cenosfer. Podobne zréznicowanie zalezne od rodzaju uzytego nosnika potwierdzono w
odniesieniu do wtasciwosci teksturalnych badanych probek.

Opisane roznice w strukturze prébek ZnO,/nosnik i specjacji fazy naniesionej manifestujg
sie takze w ich wiasciwosciach funkcjonalnych, decydujgcych o parametrach katalitycznych.
Uzyskane wyniki pozwolity lepiej zrozumieC role nosnika i stezenia fazy naniesionej dla
architektury powierzchniowej ZnO na powierzchni y-Al,Os i cenosfer.
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Fig. Dyfraktogramy serii ZnO na nosnikach Al2O3 a) oraz cenosferach b).

Podziekowania: Realizowane badania zostaty dofinansowane ze srodkéw POB Anthropocene (PF Man-
Mind-Environment Hub) w ramach Programu Strategicznego Inicjatywa Doskonato$ci w Uniwersytecie
Jagielloriskim.
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Utleniajace odwodornienie propanu na katalizatorach na osnowie zeolitéw
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Enzymy sg naturalnymi katalizatorami waznych proceséw biochemicznych w organizmach
zywych. Zazwyczaj zawierajg one pojedyncze centra metaliczne, ale znane sg rowniez takie,
w ktérych znajdujg sie dwa jony metali potozone blisko siebie. Enzymy posiadajgce
dwuatomowe miejsca aktywne sg odpowiedzialne za réznorodne procesy chemiczne, takie jak
m.in. utlenianie metanu. Przyktadem jest np. monooksygenaza metanowa, ktéra w postaci
czgstek zawiera dwa jony miedzi w centrum aktywnym lub w przypadku rozpuszczalnej
monooksygenazy metanowej zawierajagcej dwa jony zelaza w centrum aktywnym.

Naszym celem bylo zbadanie reaktywnosci dwuatomowych centréw metalicznych
wprowadzonych do matryc zeolitowych jako nieorganicznych analogdw miejsc aktywnych
wystepujgcych w enzymach. Rownolegle do badan na uktadach zeolitowych skonstruowano
modele teoretyczne centrow dwuatomowych ([TMI(Por)]., gdzie TMI = Fe, Mn, Co, Ni; Por =
ligand porfirynowy), ktore postuzyty za modele do badania takich czynnikéw jak rodzaj metalu,
stopieh utlenienia, odlegtos¢ TMI-TMI i ich wzajemne utozenie.

Wykazalismy, Zze dwuatomowe centra metali przejSciowych wprowadzone do matryc
zeolitowych moga nie tylko aktywowa¢ mate czgsteczki (O2, N2O) i generowac z nich tzw.
ugrupowania tlenu o, ale i utlenia¢ lekkie weglowodory [1]. Nasze badania pokazujg przewage
uktadow zeolitowych z wprowadzonymi centrami dwuatomowymi nad tymi, gdzie jony metali
sg izolowane (nie tworzg par), w procesach utleniania propanu: w niskiej temperaturze te
pierwsze wykazujg znacznie wiekszg aktywnos$¢. Wykazalismy réwniez, ze dwuatomowe
centra zelazowe posiadajg zdolnos$¢ do aktywacji i rozszczepienia czgsteczki O» niezaleznie
od charakteru ,matrycy” (zeolit, porfiryna) [2].
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Podziekowania: Badania zostaly wykonane w ramach projektu OPUS-LAP finansowanego przez
Narodowe Centrum Nauki nr 2020/39/1/St4/02559.

59



Posters LVII OKK, Krakow, 9-11.04.2025

P-14

Wiasciwosci spektroskopowe wybranych pochodnych MIL-68 w kontekscie
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Sieci metalo-organiczne (ang. metal-organic framework, MOF) to klasa materiatow, ktérych
strukture stanowi sie¢ kationéw lub klastréw metali potgczonych czgsteczkami organicznymi.
Dzieki dobrze rozwinietej powierzchni oraz wewnetrznej strukturze poréw sg czesto badane
pod katem zastosowan jako sorbenty, noéniki substancji aktywnych (np. lekoéw), lub tez
katalizatory. Wykorzystanie MOFéw w katalizie obejmuje zaréwno procesy katalizy
.ermicznej”, jak rowniez elektro- i fotokatalizy.

Celem niniejszych badah jest okreslenie wiasciwosci spektroskopowych wybranych
pochodnych MOFu MIL-68 w kontekscie mozliwosci ich uzycia jako fotokatalizatoréw do
konwersji CO,. MIL-68 jest uktadem, w ktérym nano-wstegi indowo-tlenowe potgczone sg
czasteczkami anionami kwasu tereftalowego (patrz Rysunek 1). Badane modyfikacje obejmuijg
pochodne kwasu tereftalowego, w ktérych do pierscienia fenolowego wprowadzono
nastepujgce podstawniki: NH2, NO2, Br, OH.

Dla badanych uktadéw wykonano obliczenia w formalizmie DFT i TD-DFT, wykorzystujac
funkcjonat B3LYP, stosujgc dla lekkich atomoéw bazy funkcyjne 6-31g(d,p), dla In za$
pseudopotencjaty LanLDZ. Do obliczen uzyto program Gaussian 09.

Wyznaczono geometrie badanych uktadéw i poréwnano z dostepnymi danymi z dyfrakciji
promieni x. Scharakteryzowano ich strukture elektronowg — obliczono rozktad tadunkéw na
poszczegodlnych atomach oraz wykreslono kontury orbitali granicznych. Obliczenia
teoretyczne TD-DFT pozwolity na poréwnanie z doswiadczalnymi widmami UV-VIS i
umozliwity charakterystyke obserwowanych przejs¢ elektronowych. Wysuniete wnioski
pozwolity na wyjasnienie aktywnosci pochodnych MIL-68 w procesie aktywacji CO2 pod
wptywem absorpcji promieniowania.

Fig. 1.  Struktura MIL-68.

Podziekowania: Badania zostaty wykonane w ramach projektu OPUS finansowanego przez Narodowe
Centrum Nauki nr UMO-2021/43/B/ST4/02969.
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Photocatalytic hydrogen production has emerged as an appealing subject for delivering
clean alternative energy, which will alleviate the future energy demands. However, rapid
photogenerated charge recombination substantially reduces hydrogen efficiency. The use of
single atoms as co-catalysts has emerged as an efficient method to improve photocatalytic
performance by introducing active sites and boosting charge separation.
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Fig. 1. Photocatalytic Hz2 production performance of different Single atoms decorated g-CsNa
nanosheets under simulated sun light illumination.

Classic experimental volcano plots support theoretical assumptions that Pt is the most efficient
co-catalyst for H, evolution, both in electrocatalysis and in photocatalysis. In the present study,
we study the ability of four distinct metal co-catalysts (Pd, Pt, Co, and Ni) decorated as single
atoms on traditional graphitic carbon nitride’. We assess the photocatalytic Hz production rate
and compare it to the conventional nanoparticle co-catalysts on the nanosheets after anchoring
identical loadings of single Pd, Pt, Co and Ni atoms?. The decorated Pd single atoms on g-
C3N4 (6.01 mmol g') showed excellent photocatalytic Hz production, which is 1.58, 6.44 and
43.88 times higher than that of Pt-SA/CN (3.8 mmol g'), Ni-SA/CN (0.93 mmol g™) and Co-
SA/CN (0.137 mmol g') photocatalysts respectively. While nanoparticles yield the well-
established hydrogen evolution reaction activity sequence (Pt > Pd), for the single atom form,
Pd radically outperforms Pt, Ni and Co. This research sheds new light on the design of
single-atom catalysts.
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Selective diboration and hydroboration of alkenes face significant challenges, including
achieving high regioselectivity, functional group tolerance, and catalyst stability under mild
conditions. These challenges are nearly exclusively addressed and investigated with the use
of homogenous catalysts.
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Fig. 1. a) Schematic representation of diboration of alkynes and alkenes, (b) previously utilized Pt
SACs for alkyne diboration, and (c¢) our innovative approach for the diboration of substituted olefins
and the hydroboration of olefins using Pt SACs.

At the same time, Pt-SAC was highly efficient in the hydroboration of alkenes using
pinacolborane as the hydroboration reagent producing mono-borylated alkylboranes and
achieving exceptional selectivity towards anti-Markovnikov products (99%). Similarly, the
catalyst enables selective hydroboration of alkynes, successfully synthesizing vinylboranes,
essential building blocks in organic synthesis, even at room temperature.
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The CO2 methanation process, also known as the Sabatier reaction, has been known
since the early 20th century as a catalyst-driven conversion of CO, to CH4. The process has
applications including the purification of the gas stream used for ammonia synthesis and the
purification of hydrogen for fuel cells. Currently, the process is gaining importance for
converting larger amounts of CO; to synthetic natural gas in power—to—gas plants [1]. In
industry, nickel catalysts deposited on alumina are typically used for CO2 methanation due to
their high selectivity to methane and relatively low cost.

The goal of the project conducted at the Warsaw University of Technology is to integrate
two key innovations: carbonate fuel cells for CO, separation and a Sabatier reactor for
obtaining methane. Preliminary work includes preparation and wide characterization of nickel
contacts supported on oxide materials. The commercial catalyst RANG 19 (INS Putawy) was
also tested. The research aim is to select the best candidate to efficiently convert captured
COs into methane.
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Fig. 1.  CO2-TPD profiles of Ni catalysts
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The effective catalytic transformation of greenhouse gases such as carbon dioxide and
methane into valuable products is one of the urgent needs to be processed over the past few
decades. Active copper sites in zeolites are essential for the catalytic conversion of CH4 and
COgy; nevertheless, the influence of the active site characteristics on the transformation
pathways is not yet fully understood.

The presented study highlights the efficiency of Cu-FER catalysts with varying copper
loadings in CO; and CH4 transformation into value-added products, namely methanol or acetic
acid.

The Cu-FER samples (Cu-FER-L of Cu/Al 0.06 and Cu-FER-H of Cu/Al 0.24) were
prepared by a Cu-ion-exchange reaction from parent NHs-FER, then calcined. Comprehensive
analyses using XAS, UV-Vis spectroscopy, FTIR, and combined in-situ FTIR/Mass
spectrometry measurements were performed to investigate the nature of copper sites and their
role in CH4 and CO; reaction.

In both Cu-FER-L and Cu-FER-H zeolites, copper is observed as Cu(ll). Depending on
copper content, the presence of a high fraction of isolated Cu?* cations or a significant
presence of Cu oxo-species in Cu-FER catalysts takes place. In the case of Cu-FER-H sample,
the low population of Brgnsted acid sites was observed due to the extensive ion exchange for
copper. The copresence of copper(ll) species and protonic acidity appears to be crucial for
catalytic performance.

Low-loaded Cu-FER-L sample containing bare Cu(ll) cations, in synergy with Brgnsted
acid sites, promotes the conversion of CO2 and CH4 into CH3COOH. On the other hand, the
absence of Bregnsted acid sites and the dominance of Cu oxo-species in Cu-FER-H sample
leads to the CO, and CH. transformation into CH3zOH. It is important to note that such
production of methanol or acetic acid can be effectively provided at temperatures below 300°C
opens up an opportunity to tailor proposed Cu-FER zeolite-based catalysts for the efficient
utilization of CO2 and CH4 in an environmentally friendly mode.

Acknowledgements: The authors acknowledge the financial support provided by the National Science
Centre, Poland (2022/47/1/ST4/00607).
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Boron nitride was used for the first time as a support of active phase in the Ba—Ru/BN
catalyst for ammonia synthesis in 2001 [1], whereas as a support for HsPW1204 (HPW)
heteropolyacid in methanol conversion in 2017 [2]. In this study we focus on the modification
of hexagonal BN support by low temperature oxygen plasma to enhance the catalytic
properties of HPW/BN materials. After the thorough physicochemical analysis (XRD, SEM,
NMR, FTIR) of HPW/BN samples all catalysts were tested in gas-phase n-butanol conversion
at the temperature range 90 — 230°C (Fig.1).
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Fig. 1. Graphical scheme of the investigated Fig. 2. Conversion of n-butanol vs. reaction
catalytic system temperature over unsupported HPW
and supported HPW/BN

A series of HPW/BN obtained by the impregnation of BN supports by 10 %wt. HPW
heteropolyacid differ in specific surface area (HPW/BN-low, S= 9 m?/g, HPW/BN-high,
S=30 m?/g, HPW/BN-plasma, S=27 m?/g), showed significantly higher n-butanol dehydration
compare to the unsupported HPW (Fig. 2). The total alcohol decomposition over HPW/BN-
high sample was reached about 170 °C whereas for pure HPW at 230 °C. The main product
of n-butanol conversion was cis-2-butene. Selectivity to the particular products follows the
order: cis-2-butene >> trans-2-butene > DNBE> butylaldehyde.
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Reactive aldehydes, such as 4-HNE (4-hydroxynonenal), 4-ONE (4-oxo-2-nonena), 4-
HHE (4-hydroxyhexenal), are increasingly recognized as pivotal biomarkers of oxidative
stress, particularly in conditions such as diabetic nephropathy [1]. While traditional analytical
methods like LC-MS provide excellent sensitivity, their high cost, complexity, and lengthy
processing times limit routine clinical application. In response, our research aim is to develop
an electrochemical biosensor that leverages the unique properties of tungsten-dependent
aldehyde oxidoreductase (AOR) from Aromatoleum evansii for rapid and cost-effective
detection of reactive aldehydes.

Tungsten-dependent AOR distinguishes itself from conventional NAD-dependent
oxidoreductases by operating at lower redox potentials and exhibiting reversible redox
behaviour - traits that are ideally suited for efficient electrochemical transduction.
Electrochemical sensors harness AOR to oxidize aldehydes to acids. Electrons are transferred
via a mediator to the electrode, where the mediator is reoxidized. This efficient process at
minimal overpotential enhances both sensor sensitivity and selectivity [2].

In our preliminary investigations, we cultured Aromatoleum evansii, genetically
modified to express AOR [3], in two 5 L-bioreactors. During cultivation, we monitored nitrate
levels, optical density and redox potential. Post-cultivation, the bacterial cultures were
cryopreserved and subsequently analysed through activity assays conducted under both
aerobic and anaerobic conditions. We compared enzyme activity using NAD* with assays using
artificial electron acceptors i.e., dichlorophenol indophenol (DCPIP) and methylene blue. The
enzyme activity was tested within the physiological range of pH (7.0-8.0) indicating pH 8.0 as
the optimal for the activity. As a proof-of-concept, the activity with 9-hydroxynonanal was
confirmed with UV-vis-based assay and LC-MS. The enzyme exhibited a linear response of its
activity to substrate concentration in the range of 0.050 — 0.5 mM 4-HNE.

Based on previous successful demonstration of the use of AOR in an electrochemical
system for the detection of a wide range of aldehydes [2] our preliminary results provide a
sound basis for further development of both AOR-based UV-vis assay and electrochemical
biosensor for aldehyde biomarkers in blood plasma, thereby offering a transformative
approach for clinical screening of reactive aldehydes as markers of diabetic nephropathy and
other oxidative stress-related diseases.
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Lithium-sulfur (Li-S) batteries with a promising and remarkable theoretical energy density of
2600 Wh kg™ are seen as a desirable choice for future energy storage [1]. However, the
multiphase sulfur redox reaction is challenging [2]. Herein, the organic framework-based
electrocatalytic polymer composite, incorporating zinc-zinc(Il) 5,10,15,20-tetrakis-(2,2'-bithien-
5-yl)porphyrin (Zn-Por) sites to polybisthiophene (PBTh) linkers on carbon nanotubes (CNTs)
surface, significantly enhances the sulfur redox reaction kinetics. The ZnPor-PBTh/CNTs
electrocatalyst was characterized by SEM, EDAX, XPS, and FTIR, confirming its composition and
structure. In the Li-S coin cell, electrochemical studies (CV,EIS, GCD) of ZnPor-PBTh/CNTs
as cathode and Li as anode, demonstrated high capacity (1390.2 mAh/g), low charge transfer
resistance (45 Q), stable cycling performance with reduced polarization and suppressed
polysulfide shuttling.

Fig. 1.  Carbon nanotubes functionalized with Zn-Por sites linked by PBTh.
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Nanoparticle-based drug delivery systems offer a promising alternative to conventional
cancer treatments. Poly(amidoamine) (PAMAM) dendrimers are characterized by
monodispersity and high stability in aqueous solution. Their multifunctional structure allows the
binding of active molecules in two ways, by encapsulation in internal spaces as well as
immobilization on the surface. The physicochemical characterization of PAMAM dendrimers in
their application as nanocarriers for selected anticancer drugs (5-fluorouracil, doxorubicin) is
presented.

Analytical and theoretical methods were used to evaluate dendrimer-drug complexes,
assessing size, surface charge, accumulation efficiency, and drug localization. Accumulation
in PAMAM dendrimers increased with the drug's deprotonation while controlling carrier
ionization. Process optimization revealed that alkaline conditions favor efficient binding,
achieving loading capacities of 18.0% for G4.0 PAMAM-5FU and 39.2% for G4.0 PAMAM-
DOX [1,2]. The drugs exhibited different affinities and localizations due to their chemical
properties: doxorubicin interacts via hydrophobic and electrostatic forces, while 5-fluorouracil
interacts electrostatically with amine groups present in the dendrimer structure. The way the
drugs are immobilized in the PAMAM structure directly impacts the drug release mechanism
from the nanocarriers. Additionally, complementary QCM-D and MP-SPR techniques
confirmed the successful functionalization of the gold surface with PAMAM dendrimers. The
resulting dendrimer monolayer holds potential as a biosensor for detecting and analyzing the
kinetics of interactions with doxorubicin [3,4].

In vitro studies demonstrated that G4.0 PAMAM-5FU complex reduced cell viability, with
increased selectivity for glioma (SNB-19), while G4.0 PAMAM-DOX complex specifically
targeted malignant melanoma (A375) and lung cancer (NCI-H23) [1,3]. The findings have
confirmed that optimizing dendrimer-based drug delivery systems enhances efficacy and
selectivity against cancer cells.
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The success of novel therapeutic strategies relies strongly on the development of a reliable
active agent delivery mechanism. There is a growing interest in drug delivery systems (DDS)
because they provide targeted drug delivery, enhance drug efficacy, minimize drug loss, and
reduce potential side effects. Despite the constant development of research in biomedicine,
there remains a low number of systematic studies on hybrid systems from a molecular
perspective. Dendrimers are extensively studied prototypes for biomedical usage, especially
as carriers of anticancer drugs. They have highly branched, regular, and well-defined
structures that are highly controlled over the synthesis method. PAMAM dendrimers display
pH-dependent drug release behavior. At high pH, the dendrimer's tertiary amines are
deprotonated, leading to the collapse of the molecule. Conversely, at acidic pH, the tertiary
amine groups are protonated, resulting in the molecule swelling. This dendrimer behavior is
fundamental for its application as a drug carrier in targeted delivery to tumor tissues with an
acidic microenvironment. Since the primary problem with many drugs is their low water
solubility, dendrimers were designed to have water-soluble terminal groups and hydrophobic
interiors, which facilitates the encapsulation of hydrophobic drugs.

The zeta potential measurement was used to assess the effectiveness of dendrimer
interaction with 5FU and to determine the number of drug molecules immobilized within the
dendrimer structure. The significant changes to the surface potential of G4 PAMAM
dendrimers confirm the presence of 5-fluorouracil molecules attached to the dendrimer
surface, which, together with the UV-Vis experiment, suggests that both internal and external
drug molecules are bound. The optimal conditions for the formation of the complex were
confirmed using fluorescence spectroscopy, NMR, FTIR, and QCM-D methods.

The effectiveness of ligands binding to the dendrimer structure depends strictly on the
complex formation conditions, including molar ratio, ionic strength, pH, and dendrimer
generation. The fact that drug molecules bind most effectively under alkaline conditions when
the dendrimer is close to its isoelectric point indicates a more significant influence of the ligand
charge, which occurs in a deprotonated form. Studies have confirmed the system's ability to
attach approximately 20 5FU molecules per dendrimer molecule for the fourth-generation
dendrimer.
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The conformational stability of protein layers at the solid-liquid interface is crucial for
maintaining the protein's biological activity and understanding the interaction of adsorbed
protein with lipid membranes. Changes in protein structure can lead to many diseases,
including neurodegenerative diseases. This study investigated lysozyme adsorption on two
different surfaces: a rigid gold substrate and a soft layer of POPC/POPS liposomes. A quartz
crystal microbalance with dissipation monitoring and multi-parametric surface plasmon
resonance were applied to determine the efficiency of lysozyme adsorption, hydration, and
thickness of the adsorbed protein layer at different pH conditions. Results from both methods
showed that lysozyme adsorption on the gold surface was more efficient at pH 4.0 than 7.4.
The effectiveness of lysozyme adsorption on the liposome surface was similar at both pH
conditions. The affinity of lysozyme molecules to the liposome surface was higher than to the
gold at both pH conditions. The content of lysozyme's secondary structure components was
evaluated by FT-IR spectral analysis and deconvolution of the Amide | band. The results
showed that lysozyme interacts with a gold and liposome surface differently, even if the charge
of protein and substrate is similar under the given pH conditions. We found differences in the
lysozyme secondary structure composition, which may suggest that the participation of
individual structures in the interaction with the surface is different depending on the surface

type.
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Fig. 1.  Scheme of lysozyme’s adsorption on the gold surface and lipid membrane.
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The growing number of acute drug abuse overdoses demands the development of novel
detoxification strategies for emergency purposes [1]. In the undertaken research, we present
the application of porous Zr-based metal-organic frameworks (Zr-MOFs) with NU-1000, MOF-
808 and UiO-66 structures as an efficient tool against the acute overdoses of popular drugs,
such as amphetamine (AMP), methamphetamine (mAMP), cocaine (COC), and 3,4-
methylenedioxymethamphetamine also known as "ecstasy” (MDMA). The efficacy of drug
removal using Zr-MOFs was determined taking into account drug dosage and adsorption time.
The selected model Zr-MOFs indicated impressive efficiency in drug removal. In the case of
NU-1000, the adsorption of AMP reached 90% and 100% from water and simulated nasal fluid
(SNF) solution, respectively. Additionally, the high adsorption efficiency of NU-1000 was
evidenced in a multidrug adsorption experiment, where overall MDMA and COC removal was
equal to 90% and 100%, respectively. The efficient adsorption of considered drugs of abuse
was confirmed by Raman differential spectroscopy (RDS) and by DFT vibrational analysis.

The biological experiments (including cardiotoxicity and neurotoxicity) indicated low
cytotoxicity of the prepared Zr-MOFs, showing their potential application for living organisms.
The proposed concept of the application of Zr-MOFs opens new horizons in the development
of novel drug removal systems, which could be used on-site by non-specialists in emergencies.
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The photoreactor from the IPC PAS consists of a glass vessel with threaded neck, placed
inside a metal housing that provides isolation from external light and facilitates the removal of
any heat that may be released. The design of the set ensures linearity of the light source
relative to the reactor and control over the immersion of the optical fiber inside the reaction
mixture.

This reactor can be used for chemical reactions in gas, liquid, suspension and on films.
The proper connectors ensure tightness even for hydrogen generation.

Photocatalytic test reaction in batch system with possible analysis of gas phase above liquid,
suspension or films.

Dedicated holder for solid tile with film can be used. The set is designed for use in scientific
laboratories and educational institutions.

Fig. 1.  Photoreactor ReactoReQ

Features:
« aligned light with the reactor,
« controlled light intensity,
* magnetic stirring,
* easier heat dissipation,
* protection against external light,
« tight volume with flowing or static gas,
« ability of using films on solids,
» versatility of use.

www: https://photo-catalysis.org/
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Solid Oxide Fuel Cells (SOFC) are one type of high-temperature fuel cells. These
devices are constantly the subject of many scientific studies leading to obtaining the best
possible parameters of their operation. It is common knowledge that fuel cells operate with
high efficiency, but commonly used materials and technologies constantly require
improvement and development. SOFC cells operate at high temperatures (600 - 1000 °C),
which increases the efficiency of these devices, but at the same time limits the availability
of materials used for their construction. One of the main advantages of SOFCs is the ability
to power them with various fuels, which is why many companies are interested in implementing
them in the energy industry. Ni-cermet based anodes are the most widely used anode
materials in SOFCs due to their excellent electrochemical catalytic activity in the fuel oxidation
reaction, high electrical conductivity, good stability and relatively low cost. In methane-fuelled
SOFCs, internal fuel conversion is possible, which significantly simplifies the design
of the device, but at the same time, causes the anode material to be exposed to contamination
by carbon deposited during the conversion reaction. For SOFC technology, the choice
of anode material is crucial. It is necessary to develop new anode materials that ensure
efficient and stable operation of the SOFC cell powered by syngas. It is very difficult to develop
a suitable anode material. Such an electrode should be active for supplied gases and well
conductive for oxide ions and electrons because there where electrochemical reactions take
place. In addition, there should be a visible porous microstructure that facilitates rapid gas
transport. Anode materials must be stable and resistant to poisoning of their surface
by the forming carbon.

) Ni-cermet anode before
/ methane conversion

Ni-cermet anode after
methane conversion

The use of a nanocoating made of cathode material and applied to the anode material
is an effective way to prevent its degradation. This is one example of the use of thin films
applied to the anode as a form of its modification. Thin layers was made of composite materials
such as: LaosSrosCoo2FeosOs and LaoeSro4Coo2xlrxFeosOs, as well as LaosSrosCoo2-
xBaxFe0.803, LaosSro4Coo2xBixFe0sOs, LaoeSro4Coo2.xCaxFesOs, LaoesSro.4Coo2xMnxFeo.sOs.
The aim of this work is to study the structural properties of modified anode materials using the
following techniques: SEM, EDS, BET, XRD, EIS impedance spectroscopy and catalytic tests.
The results of these studies will allow for the design of optimal anode materials that meet the
requirements for preventing degradation of anode materials during the operation of a SOFC
cell powered directly by methane.

73


mailto:*malgorzata.ruggiero-mikolajczyk@ikifp.edu.pl

Posters LVII OKK, Krakow, 9-11.04.2025
P-28

RGBChem: Image-like Representation of Chemical Compounds for Properties
Prediction

Rafat Stottko, Barttomiej M. Szyja

Institute of Advanced Materials, Faculty of Chemistry, Wroctaw University of Science and
Technology, Gdariska 7/9, 50-344 Wroctaw, Poland
e-mail: rafal.stottko@pwr.edu.pl

RGBChem is a novel approach for converting chemical compounds into image
representations, which are subsequently used to train a convolutional neural network (CNN)
to predict the HOMO-LUMO gap for compounds from the QM9 database. By modifying the
arbitrary order of atoms present in .xyz files used to generate these images, it has been
demonstrated that expanding the initial training set size can be achieved by creating multiple
unique images (data points) from a single molecule. This study shows that the presented
approach leads to a statistically significant improvement in model accuracy, highlighting
RGBChem as a powerful approach for leveraging machine learning (ML) in scenarios where
the available dataset is too small to apply ML methods effectively.

Train Comolutisnal )
Nesral Network and
penerate predicticn

Repeat to create
wultiple images per
sisgle molecole

Fig. 1.  Overview of RGBChem workflow
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Study on the rheological properties of biodiesel in the form of goose fat methyl
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Ireneusz Pielecha?, Daria Dendek', Adam Rylski', Filip Szwajca?, Stawomir
Kadlubowski', Tomasz Maniecki’

1. Lodz University of Technology, Zeromskiego 116, 90-924 Lodz, Poland
2. Poznan University of Technology, Piotrowo 5, 60-965 Poznan, Poland
e-mail: mateusz.zakrzewski@p.lodz.pl

Biodiesel as an alternative fuel is gaining increasing interest in the context of sustainable
development and emission reduction. Unlike traditional fossil fuels, it is a renewable energy
source derived from vegetable oils and animal fats, including goose fat. Its production, based
on the transesterification process, yields a fuel with properties similar to conventional diesel
but with lower emissions of sulfur oxides and particulate matter. The physicochemical
properties of biodiesel, such as density, viscosity, and surface tension, are crucial for
optimizing combustion and injection processes in diesel engines. Moreover, spray parameters
influence combustion efficiency and pollutant emissions, making their analysis an essential
aspect of assessing biodiesel’s suitability as a replacement for fossil fuels.

The aim of this study was to analyze the rheological properties and spray characteristics
of biodiesel obtained from goose fat methyl ester in the context of its application as a
sustainable alternative fuel for diesel engines. The biodiesel was synthesized via
transesterification and subsequently evaluated for physicochemical parameters, including
density, viscosity, surface tension, and zeta potential. Density measurements showed
compliance with the EN 14214 standard, with values ranging from 860 to 900 kg/m?,
decreasing linearly with increasing temperature [1]. Viscosity tests conducted at 20°C, 40°C,
and 100°C confirmed its strong dependence on temperature, indicating improved flow
properties at higher temperatures [2]. Meanwhile, surface tension measurements provided
insights into fuel atomization efficiency, which is critical for the combustion process in diesel
engines [3]. Zeta potential analysis revealed limited colloidal stability, suggesting the need for
further modifications in fuel formulation [4].

Spray characteristics were examined at injection pressures of 30 MPa and 50 MPa using
a high-speed imaging system. A comparison of goose fat biodiesel with conventional diesel
fuel showed similar penetration and spray patterns at elevated pressure. However, biodiesel
exhibited a slightly smaller spray cone angle and greater fuel jet penetration length [5]. These
results confirm that biodiesel derived from goose fat meets fundamental quality standards and
exhibits favorable combustion properties. However, to enhance its usability in various climatic
conditions, optimizing injection parameters and incorporating additives to improve flow
properties at low temperatures are necessary.

The conducted research contributes to a better understanding of alternative biodiesel
sources and their behavior in the combustion process in internal combustion engines.
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Oxygen plasma approach in modification of BN structure - structural analysis
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dJerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
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Boron nitride (BN) exists mainly in cubic and hexagonal forms similar to carbon materials.
Cubic BN is analogous to diamond with a comparable hardness. Hexagonal boron nitride is
isostructural with graphite and is known for its outstanding electrical, thermal, and lubricating
properties. Increasing attention is being paid to the use of boron nitride in the emerging front
of research as an alternative energy carrier with the potential to replace fossil fuels. It should,
however, be borne in mind that the surface properties of materials used as supports play a
crucial role not only in the catalytic but also in energy-related processes.

This study concerns the application of plasma treatment as a useful and facile technique
for surface modification of boron nitride. In this project, the hexagonal boron nitride
nanoparticles (h-BN) were oxygen plasma treated to generate the new functional groups
on the surface, to provide the new centers and potentially trigger its catalytic properties.

The series of h-BN materials: with low (BN-low, S= 9 m?/g) and high (BN-high, S=42 m?/g)
specific surface areas were comparatively investigated with the oxygen plasma-treated one
(BN-plasma, S=36 m?/g) by advance spectroscopic FTIR, 'THNMR and ""BNMR methods.
Plasma modification triggered the distinct nanotopology changes of the parent BN (Fig.1). The
regular plate-like grains (BN-low) underwent refinement (BN-high) and preservation upon
plasma treatment (BN-plasma).

BN-low, BN-high) and after plasma treatment.

EDS analysis shows that all samples exhibit low content of oxygen, with the highest
contribution in BN-plasma sample (3.7% wt.). Simultaneously the appearance of new XRD
reflection around 20 = 42° was observed.

FTIR spectroscopy in the middle range was used to assess the surface and bulk changes

after the plasma modification. FTIR analysis shows intensive B-N vibrations
at 1379 cm™ (v) and 814 cm™ () in all samples, and a shoulder around 768 cm™' (§) attributed
to B-O bonds in BN-high and BN-plasma samples confirming enrichment of parent BN into
oxygen species. Additionally, the BN-plasma spectrum exhibits new well-developed vibration
at 3214 cm’ corresponding to the generation of OH groups, also supported
by "H NMR results.
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Ocena wlasciwosci zasadowych mineralnych nanokompozytéw hybrydowych-
badania in-situ

Matgorzata Zimowska*, Jerzy Podobinski, Robert Kosydar, Jerzy Datka

Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
Niezapomianjek 8, 30-239 Krakdw, Poland

*malgorzata.zimowska@ikifo.edu.pl

Kluczowe koncepcje Zielonej Chemii wymuszajg redukcje stosowania oraz wytwarzania
szkodliwych materiatdw i chemikaliow, a takze redukcje wytwarzania i emisji gazow
cieplarnianych. Dlatego poszukuje sie nhowych rozwigzan pozwalajgcych na zminimalizowanie
poziomu emisji CO2, a jednym z gtéwnych celéw zréwnowazonego rozwoju jest dgzenie do
opracowania nowatorskich metod majgcych na celu obnizenie poziomu CO; w atmosferze
poprzez jego wychwytywanie a nastepnie transformacje w bardziej pozgdane produkty. Nie
bez znaczenia jest tez powinowactwo molekut CO; do materiatéw wyposazonych w centra o
wiasciwosciach zasadowych, a CO; reaguje z centrami O% i OH" tworzgc jony weglanowe
(COs?%) i wodoroweglanowe (HCOy3).

Celem tej pracy byla ocena wilasciwosci zasadowych hybrydowych kompozytéw
mineralnych generowanych na osnowie anionowych mineratéw warstwowych, aktywnych w
wychwytywaniu i sekwestracji CO, z gazéw spalinowych. W projekcie skupiliSmy sie na
otrzymaniu i modyfikacji prekursoréw hydrotalkitowych, ich pochodnych otrzymanych w wyniku
traktowania termicznego oraz hybryd, anionowo-kationowych szczotek mineralnych.

Stosujgc metode wspoétstrgcania, otrzymano serie wysokopowierzchniowych, anionowych
warstwowych podwajnych wodorotlenkéw, o} strukturze hydrotalkitu (Ht)
[M2*1_xM3*(OH),]J[An"Jun'mH20 réznigcych sie sktadem (Mg-Al=2:1, 3:1, 5:1), czasem
starzenia (Oh, 24h 168h), stopniem krystalicznosci oraz wielkoscig ziaren hydrotalkitu,
kontrolowanych warunkami syntezy. Otrzymane materiaty zostaty scharakteryzowane z
wykorzystaniem metod XRD, FTIR, SEM/EDS, oraz adsorpcji/desorpcji N2, w celu
przeprowadzenia korelacji strukturalno-sorpcyjnej. Po raz pierwszy, z wykorzystaniem metod
spektroskopowych in situ z wykorzystaniem CO; jako czgsteczki sondy wykonano badania
jakosciowo-ilosciowe wygenerowanych centréow zasadowych, ktére zweryfikowano metodg
Temperaturowo-Programowanej Desorpcji CO.. Zbadano wplyw parametrow syntezy na
nature generowanych centrow zasadowych, ich moc, kinetyke procesu adsorpcji/desorpciji
CO; oraz pojemnos¢ sorpcyjng. Otrzymane prekursory posiadaty strukture krystaliczng,
charakterystyczng dla weglanowej formy hydrotalkitu o symetrii romboedrycznej R3m.
Wielkosci krystalitow Ht w zaleznosci od czasu krystalizacji zmieniaty sie w przedziale 10, 20,
30, 50 nm, a powstatego tlenku MgO miaty wielkos¢ 3-6 nm. Badania spektroskopowe FTIR
anionowych prekursoréw Ht oraz ich mieszanych tlenkéw, wykazaty, ze CO: reaguje z
centrami O% i OH" tworzac jony weglanowe (COs%) i wodoroweglanowe (HCOg3). Weglany i
wodoroweglany powstajg przy niskich pokryciach powierzchni i nie ma preferencji, ktére centra
zasadowe O? czy OH reagujg z CO. w pierwszej kolejnosci. Czas starzenia i krystaliczno$¢
wptywa na dostepnos¢ generowanych centrow zasadowych oraz ilos¢ powstajgcych grup OH.
Kalcynacja wyraznie zwieksza zasadowos$¢ hydrotalkitu, centra O% wykazujg wyzszg moc niz
grupy OH". Tlenki tworzg wiecej weglanow niz ich prekursory, co jest wynikiem wigkszej liczby
dostepnych centrow O?%. Duzg role w sorpcji molekut CO, odgrywa woda, ktéra wptywa na
zwiekszenie pojemnosci sorpcyjnej materiatu.

Podziekowania: Badania finansowane w ramach Projektu Rozwojowego IKiFP PAN nr 2/PR-
MZ/2024
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Najnowsze aparaty do pomiaréw powierzchni wiasciwej, rozktadu wielkosci

porow oraz wiasciwosci katalizatorow.
Aparatura do pomiaru wielkosci i ksztaltu czastek

Anton Paar Poland Sp. z o.0.
ul. Hotubcowa 123; 02-854 Warszawa
pawel.wojda@anton-paar.com; tel: +48 539 737 776

™

/Vj Anton Paar

Anton Paar w ostatnich latach pod swojg markg, kontynuuje rozwéj produktéw amerykanskiej firmy
Quantachrome Instruments, zatozonej w 1968r i znanej jako topowa firma na Swiecie w dziadzienie
charakteryzacji materiatéw porowatych, ktéra od 2018r zostata wcielona do koncernu Anton Paar.

Analizatory adsorpciji i chemisorpciji - nowoczesne, w petni automatyczne aparaty do precyzyjnych
pomiaréw adsorpcji fizycznej gazéw w niskich i wysokich cisnieniach, stuzace takze do wyznaczania
izoterm adsorpcji pary oraz pomiarow witasciwosci katalizatorow metodg chemisorpcji statycznej i
przeptywowej. Urzgdzenia zapewniajg mozliwos¢ precyzyjnego ustalenia rozktadu wielkosci poréw,
powierzchni wiasciwej BET oraz specyficznych interakcji pomiedzy gazami i ciatami statymi. Wszystkie
te parametry sg istotne dla optymalizacji produkcji, doboru adsorbentéw, charakteryzacji wtasciwosci
katalizatorow, farmaceutykow, a takze komponentéw do produkcji baterii oraz wielu innych materiatéw
porowatych w nowoczesnych technologiach przysztosci.

W ostatnich latach firma Anton Paar zainstalowata na Polskim rynku juz kilkanascie
najnowoczesniejszych na swiecie aparatéow sorpcyjnych pod swoim szyldem, bazujgcych na pewnych
sprawdzonych rozwigzaniach Quantachrome Instruments, jednak zaprojektowanych w wiekszej czesci
juz zgodnie z nowg koncepcjg i technologig naszej firmy: Nova 600/800 oraz nasz najbardziej
zaawansowany Autfosorb 6100, 6200 i 6300. Urzadzenia poza innowacyjng technologig i nowym
oprogramowaniem, wyréznia takze nawet 2-krotnie krotszy czas uzyskiwania wynikéw analizy w
poréwnaniu do innej podobnej aparatury oraz ich modutowos¢ i stosunkowo kompaktowa budowa.

R ee—— i
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Porometry kapilarne i porozymetry rteciowe - aparaty kapilarno-przeptywowe zaprojektowane do
doktadnych pomiaréw poréw otwartych w materiatach filiracyjnych, a takze tatwe w obstudze i
bezpieczne podczas uzytkowania porozymetry rteciowe zdolne do pomiaru rozktadu wielkosci oraz
objetosci poréw dostepnych na zewnetrznej powierzchni materiatu w najszerszym dostepnym zakresie
Srednicy od 3,6nm az do 1100um.

Odnosniki do naszej strony w zakresie aparatury do pomiaru porowatosci i katalizatoréw:
https://www.anton-paar.com/pl-pl/produkty/grupa/analizatory-adsorpciji/
https://www.anton-paar.com/pl-pl/produkty/grupa/porometers-porosimeters/
https://www.anton-paar.com/pl-pl/produkty/grupa/bulk-density-analyzers/

Aparatura do pomiaru wielkosci i ksztaltu czastek w skali nano, mikro i mm

81


https://www.anton-paar.com/pl-pl/produkty/grupa/analizatory-adsorpcji/
https://www.anton-paar.com/pl-pl/produkty/grupa/porometers-porosimeters/
https://www.anton-paar.com/pl-pl/produkty/grupa/bulk-density-analyzers/

Sponsors LVI OKK, Krakdw, 20-22.03.2024

S-1

Znajomosc rozktadu wielkosci czgstek materiatu jest niezbedna dla rozwoju produktu i kontroli jakosci,
poniewaz te dwa parametry majg wptyw na powtarzalnosc, a takze wtasciwosci produktu koncowego.

Analizatory serii Litesizer DLS 100, 500 i 700 stuzace do charakteryzowania nanoczgstek w cieklych
dyspersjach w zakresie 0,3 nm — 12 ym. Urzgdzenia pozwalajg na pomiar wielkosci czgstek, potencjatu
zeta, masy czgsteczkowej, stezenia oraz mozliwos¢ wyznaczenia wspoétczynnika zatamania swiatta dla
odpowiedniego rozpuszczalnika, w ktérym zawieszono nanoczgstki i przy odpowiedniej dtugosci fali
Swiatta laserowego uzywanego w pomiarze. Pomiary DLS z uzyciem 3 automatycznie dobieranych
katow pomiarowych i ciggtego pomiaru transmitancji Swiatta, w zaleznosci od rodzaju badanych prébek,
dla uzyskania lepszej precyzji wynikéw. 3 letnia bezwarunkowa gwarancja w podstawowej cenie
urzgdzenia.

Aparaty z serii Litesizer DIA 100, 500 i 700 pozwalajag w prosty, w peini automatyczny i
niezawodny sposoéb scharakteryzowa¢ dokiadny ksztatt i wielko$¢ czgstek poprzez bezposrednig
analize obrazu kazdej poszczegodlnej czasteczki. DIA wykorzystuje kamere o bardzo wysokiej
czestotliwosci odswiezania, aby w krotkim czasie uchwyci¢ obraz ogromnej liczby pojedynczych czgstek
w zakresie od 0,8 pum - 8000 um. W rezultacie, w ciggu kilku sekund, uzyskuje sie zaréwno doktadny
wymiar kazdej czgsteczki jak i jej ksztatty, z mozliwoscig petnej charakteryzacji zgodnie z wyznaczonymi
kryteriami uzytkownika, dzieki rozwigzaniom jakie zapewnia autorskie oprogramowanie Anton Paar
Kalliope. Szybkie, jednoetapowe przetgczanie miedzy trzema jednostkami dyspersyjnymi - mokra,
suchg i swobodnego spadku - umozliwia uzyskanie doskonatej dyspersji niemal kazdego rodzaju probki.

Analizatory serii Litesizer DIF — pomiar wielkosci czgstek metodg dyfrakcji laserowej zaréwno w
postaci dyspersiji ciektych, jak i suchych proszkéw w zakresie 10 nm — 3500 um. Absolutnie proste w
montazu jednoetapowo przytgczane jednostki dyspersyjne, kompatybilne z serig analizatoréw DIA.

Aparatura do pomiaru adhezji powlok i nanotwardosci powierzchni oraz zuzycia pod kontrolg
mikroskopowg: zaawansowana aparatura pomiarowa, ktora ze szwajcarskg doktadnoscig i precyzjg
jest w stanie identyfikowac¢ wtasciwosci mechaniczne powierzchni materiatéw w skali mikro i nano przy
jednoczesnym obrazowaniu powierzchni za pomocg mikroskopu swietlnego i to w sposéb wysoce
zautomatyzowany.

AREH

Odnosniki do naszej strony w zakresie aparatury do pomiaru wielkosci i ksztattu czastek:
https://www.anton-paar.com/pl-pl/produkty/grupa/analizatory-wielkosci-czastki/

Odnosniki do naszej strony w zakresie aparatury do pomiaréow adhezji powtok i nanotwardosci:
https://www.anton-paar.com/pl-pl/produkty/grupa/tester-zarysowania/
https://www.anton-paar.com/pl-pl/produkty/grupa/oprzyrzadowany-twardosciomierz/
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Labsoft — Lider w Zaawansowanych Technologiach Badawczych

Daniel Wojnarski
Labsoft Sp. z o.0. ul. Putawska 469, 02-844 Warszawa, e-mail: daniel.wojnarski@labsoft.pl

Labsoft od ponad 30 lat dostarcza zaawansowane rozwigzania badawcze i pomiarowe dla
jednostek naukowych oraz przemystu. Portfolio produktow obejmuje aparature badawcza dla
instytucji naukowych oraz urzadzenia pomiarowe i produkcyjne dla przemystu. Dzieki
wspotpracy ze swiatowymi liderami technologii dostarczamy kompleksowe rozwigzania
wspierajgce rozwoj nauki i innowacji. Oprocz sprzedazy zapewniamy petne wsparcie
techniczne i aplikacyjne, obejmujgce instalacje, serwis oraz doradztwo w zakresie uzytkowania
aparatury.

Nasze doswiadczenie pozwolito nam na wprowadzenie do Polski wielu pionierskich
technologii, takich jak pierwszy mikroskop TEM z dziatem polowym, pierwszy mikroskop
FIB/SEM czy pierwsze kriogeniczne mikroskopy elektronowe TEM. Nasz zespot liczy ponad
30 wysoko wykwalifikowanych specjalistow, a serwis techniczny Labsoft jest najwiekszy w
regionie, zdobywajgc uznanie takze poza granicami kraju.

Labsoft jest autoryzowanym dystrybutorem mikroskopéw elektronowych Thermo Fisher
Scientific — lidera w technologii badawczej, cenionego za swoje flagowe produkty, takie jak:

Skaningowe mikroskopy elektronowe (SEM) — m.in. Apreo i Axia ChemiSEM,
zapewniajgce wysokg rozdzielczos¢ i precyzyjng analize powierzchni probek.

Transmisyjne mikroskopy elektronowe (TEM) — takie jak Talos i Spectra, umozliwiajgce
badania strukturalne na poziomie atomowym.

Systemy DualBeam (FIB-SEM) — obejmujgce linie mikroskopéw Helios, ktére fgcza
funkcjonalnosé SEM z wigzkg jonowg FIB, umozliwiajgca precyzyjng modyfikacje probek.

Spektroskopy fotoelektronéw rentgenowskich (XPS) — topowe urzgdzenia ESCALAB QXi
i Nexsa G2 do analizy sktadu chemicznego powierzchni materiatow.

Mikroskopy elektronowe i spektrometry XPS Thermo Fisher Scientific znajdujg
zastosowanie w wielu dziedzinach nauki i przemystu — od badan nad nowoczesnymi
materiatami, przez elektronike i pétprzewodniki, po biologie i diagnostyke medyczng. Dzieki
innowacyjnym rozwigzaniom, takim jak automatyczna analiza obrazéw, korekcja aberracji czy
integracja z systemami sztucznej inteligencji, uzytkownicy mogg szybko i precyzyjnie
uzyskiwac wyniki badan. Wspotpracujgc z naukowcami i inzynierami, Thermo Fisher Scientific
nieustannie rozwija swoje technologie, wspierajgc postep naukowy i technologiczny.

ThermoFisher

SCIENTIFIC

L & € LABSOFT

Tedoe™ F200 {STTEM Helios™ 5 PFI DuslBesm

Referencje:
1.www.labsoft.pl
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Advancing Catalysis Research with PREVAC's Standard HPPES Systems

Lukasz Walczak

Science & Research Division, PREVAC sp. z o.0., Rogow, Poland
e-mail: l.walczak@prevac.pl

Understanding catalytic processes under realistic conditions is essential for improving
material performance in energy conversion, environmental protection, and chemical synthesis.
X-ray Photoelectron Spectroscopy (XPS) and High-Pressure Photoelectron Spectroscopy
(HPPES) provide crucial insights into the surface chemistry and electronic structure of
catalysts, helping to optimize their efficiency and stability.

Recent research utilizing the EA15 analyser has demonstrated its effectiveness
in studying catalytic materials, particularly in identifying oxidation states, reaction
intermediates, and surface reconstructions under operational conditions. By enabling
measurements at pressures up to 50 mbar, this system bridges the gap between traditional
ultra-high vacuum (UHV) conditions and real-world catalytic environments.

This presentation will showcase the design and technical advantages of PREVAC'’s
HPPES Systems and highlight case studies where the EA15 analyser has been successfully
applied in catalytic research. These examples will demonstrate how advanced photoemission
techniques contribute to a deeper understanding of catalytic mechanisms, ultimately
supporting the development of more efficient and durable catalysts for industrial applications.

Fig.1. PREVAC’s HPPES systems
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