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Directorodos foreword

As Director of the Institute of Technical Physics and Materials Science (MFA), it is my pleasure
to welcome you to this Yearbook. This volume continues our annual series and presents the most
important scientific achievements and events of 2025.

The year 2025 marked a profound transformation of HREEN, resulting in the establishment of a

renewed research network under a new legal framework.

That was based on a | aw accepted by the parliam
2024. on HUNREN, the Hungarian Research Network The National Assembly, to further strengthen

the autonomy of scientific research as enshrined in the FuntEmew of Hungary, to more

efficiently organise and more effectively support research activities, to ensure th¢eriong
sustainability of Hungarian scientists' research, and to ensure that Hungarian research is considered to

be among the most excellem the international stage and receives the recognition it deserves, shall
adopt the following Act: éo

This law determined the following main objectives:

1 Long-term funding: The operation of HUNREN is secured through2b-year framework
agreement with the Hungarian State, complemented bix-year detailed funding
agreements

9 Institutional structure: The research centres operateogganizational units with derived
legal personalitywithin the HUNREN organization.

1 Asset managementHUN-REN is entitled to freely manage and utilize the assets transferred
to it by the Hungarian State free of charge for the purpose of carrying out its public research
responsibilities.

However, the BudapesiCapital Regional Court officially registered HUN-REN only on 29
October 2025.

The Centre introduced a new slogddNE HUN -REN," to express the unity of the research network.
Interestingly, when pronounced in Hungarian, it also carries the additional meanihtjJikeREN

exists Unfortunately, this unity was broken when the four humanities research centres were separated
from the network and transferred to E6tvos Lorand University (ELTE). As a result, the implementation
of the Hungarian Academy of Sciences (MTA) General Assembbsolution became virtually
impossible. According to that resolution, the MTA would transfer ownership of the properties used by
the research network to the state, which would then hand them over free of charge RENUN

A salary adjustment was urgently needed. Initially, a 50% salary increase had been promised, and the
additional government funding eventually made it possible, however, only a 30% increase was
implemented. At the same time, promises were made that sateegs$es of a similar magnitude would

be carried out over the following two years. Such increases are indeed necessary, as the 2025 salary
adjustment merely compensated for the inflation accumulated over the previous four to five years.

During the final two months of the year, we were confronted with the dispute surrounding the PIC
registration numbers required for participation in-ftidded projects. In the end, we were able to submit
new proposals using a hew PIC number, but transéethia ongoing projects to the new registration
proved difficult and consumed a considerable amount of time and effort.

Meanwhile, we witnessed a worrying decline in Hungary's investment in research and development. A
few years ago, Hungary spent 1.6% of its GDP on R&D, whereas the latest available figures show only
1.31%. This was reflected in the significantly reduced lmemof domestic funding opportunities.
Moreover, less than half of this expenditure was financed by the government. From our perspective,
this represents a highly negative trend, especially since there is broad professional consensus that
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Hungary's current level of investment in R&D remains well below what is needed to sustain
international competitiveness.

Despite the stagnation of public R&D spending, previously awarded research grants allowed our
Institute to continue its scientific activities without major disruption. MFA continued its publication
award programme recognizing outstanding papers publishgdumg researchers.

On 7 May, the Assembly of Academicians elected the new Full, Corresponding, External, and Honorary
Members of the Hungarian Academy of Sciences (MTA) from a joint list of 136 nominees. Among
those elected was our colleagDe Levente Tapaszt) who became &orresponding Member of

the Hungarian Academy of Sciences

Another major success was achieved when our colleBgudanos Volk successfully defended his
Doctor of the Hungarian Academy of Sciences (DSc) dissertation, edettred Zinc Oxide
Nanowires," on 4 April 2025. The dissertation was approved with unanimous support from the review
committee.

Three of our PhD studeidsPéter Marton, Deshabrato Mukherjee and Anita Badnaiccessfully
defended their doctoral dissertations. We congratulate them and their supervisors on this important
achievement. Gabor Piszter successfully completed his habilitati was appointed Senior Research
Fellow.

It was a pleasure to participate in the ceremony in the Parliament building when our colleague Ferenc
Vonderviszt and our former colleague Péter Basa received the prestigious Dénes Gabor award.

| was also delighted to learn that. Csaba Balazsi Scientific Advisor at our Institute, received the
Mrityunjay Singh Bridge Building Award of the American Ceramic Society (ACerS)n Daytona

Beach.

This international distinction is presented to individuals who have made outstanding contributions to
the advancement of technical ceramics, significantly expanded the field's knowledge base, and played
a major role in promoting the visibility and recogmit of ceramic science and engineering.

| was also pleased to see tBat Csaba Balazsj Scientific Advisor at our Institute, received ®Benior
Award of the Hungarian Materials Science Society (MAE}his year.

Our postdoc colleagueDr. Andras Palinkas gained the Outstanding Young researcher award of the
Hungarian Academy of Sciencd3t. Adél Raczreceived the young researcher award of Centre for
Energy Research.

In 2025, the HUNREN Centre once again presentedRidbert Barany Award to outstanding young
researchers under the age of 40 across three scientific fields. Among the nine awardees was our
colleagueDr. Timea Torok from the NanoSensorkaboratory, recognized for her research on
memristors as hanoscale building blocks for neuromorphic computing.

In 2025, the President of HUREN awarded the title dResearch Professor Emerituso Dr. Gabor
Kornél Battistig of theHUN-REN Centre for Energy Research

In the field of electron microscopy our colleagie Janos Labéarreceived the Arpad Barna prize for
his developed 4E5TEM method based on diffractidarzsébet Dédony received the junior category
award for her work on crystal structure determination based on electron diffraction.

The highly prestigiousendilet (Momentum) Research Grantwas awarded to our colleagle.
Raobert Horvath for the second time.
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Our researchers were also awarded four Advanced Grants and one Starting Grant through the NKKP
programme ofNational Research, Development and Innovation OffiieFIH).

Our HUN-REN central administration coordinated a large GINOP+ applicatioputohase new
scientific instruments in which our institution participated requesting a new abeiati@cted
TEM/STEM microscope, electrelmeam lithography system, deep reactive ion etching equipment, etc.
The application gained the support from ounistry, and we waited for the advertisement of the final
Call promised by the beginning of 2026.

We are proud of the scientific achievements presented in this Yearbook and hope you will enjoy
reading about the work of our colleagues.

Previous editions of the MFA Yearbook are available electronically at:

http:/mwww.mfa.kfki.hu/hu/yearbook

Prof. Béla Pécz
Director
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Organizational structure

Director: Prof. Béla Pécz

Scientific departments

Thin Film Physics Department Katalin BALAZSI, Ph.D.
Complex Systems Department Géza ODOR, D.Sc.
Photonics Department Péter PETRIK, D.Sc.
Nanobiosensorics Department Roébert HORVATH, Ph.D.
Microsystems Department Péter FURJES, Ph.D.
Nanosensorics Department Janos VOLK, Ph.D.
Nanostructures Department :

and "Lendiilet" groll).lp - 2D Materials LEEEal S LU A0, (A,
"Lendiilet" group - Topological Nanostructures Péter NEMES-INCZE, Ph.D.

Directly supervised functions

Head of Scientific Advisory Council Levente TAPASZTO, D.Sc.
Scientific secretary, projects and PR Krisztina SZAKOLCZAI, Ph.D.
Quality control, patents, MTMT, REAL admin Andrea BOLGAR

Technical support Karoly BODNAR

Financial administration Zsuzsanna KELEMEN
Innovation manager, patents Valéria OSVATH

Technology transfer (IPR) Antal GASPARICS, Ph.D.
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Key infrastructure s

Excellent Research Infrastructures

The Thin Film PhysicsDepartment is strong at national and even
international level at transmission electron microscopy (TEM), what
they useto determine relationships between the microstructure and
other physical propertie$heirmainfacility, the Aberration Corrected
Transmission Electron Microscope Laboratowas selected as
Excellent Research Infrastructure by the National Research a2
Innovation Office.

The Microsystems and Nanosensors Laboratories run a unigye
semiconductor manufacturing facility in Hungary comprising two
clean labs (300 m2 + 160 ni2Class 10a10000) with complete Si
CMOS technology line together with a mask shop, the only complete
Si CMOS technology. The laboratory watso selected agxcellent
Research Infrastructure by the National Research and Innovation
Office.

Nondestructive characterization Laloratory:

The Institute of Technical Physics and Materials Science of the Centre for Energy has decades of

experience in nowestructive testing certified according to the 1ISO 9001: 2009 quality assurance
system.
Material characterization methods offered for external users and partnerdebtonctive optical and

magnetic measurement of surface nanostructures and materials including: spectroscopy; magnetic

material testing; biosensors; curvature of surfaces; @idantamination and quality; water pollution
tests

Sample properties to characterize:

layer thickness (0:4000 nm);

optical refractive index (accuracy: ~ 0.001);

homogeneity;

quality of interfaces;

porosity (e.g., voids content in the porous layer);

surface nanoroughness;

layer composition in some cases (e.g., Si nanoparticle content in silica);
measurement of carbon phases;

crystallinity (lattice disorder of single crystals, disintegration);
brittleness and material properties of steel structures

crystal and band structure of semiconductors

=4 =4 =8 -8 -8 -8 899919

Other main facilities and equipments:

Electron Microscopy, Auger and Scanning Probe Lab

Thin film, Surface Physics and Structures

lon Implantation and lon Beam Analysis

Semiconductor Lasers and different LPE Techniques

Porous silicon preparation and studies

Carbon nanotubes, preparation and studies

Ceramics, high pressure, high temperature press, refractory metals

=8 =4 =8 -8 -8 -89
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Excellent Research Infrastucture- Aberration Corrected Transmission
Electron Microscope Laboratory

Description of the RI:

New generation of aberration corrected electron microscope, the open laboratory of the Hungarian
Materials Science. Sutanometer resolution in TEM imaging providing atomic arrangement and
analytical (EDS) information on a few nanometer scale with the B8 detectors built into the
column. Elemental maps can be taken by EDS. Heating holder (with precise MEMS chip) and study of
reactions inside the microscope. Helping the university teaching and partner in industrial development.

Activities and Services

Research of thin films exploring the growth mechanism and properties. Materials science analysis using
transmission electron microscopy (TEM). Sample preparation, atomic resolution images with a
resolution below 0.1 nm in TEM mode thanks to the spherizatration corrector built in. Several
detectors in Scanning Transmission Electron Microscopy mode for example giving images in which the
contrast is proportional with the (square) atomic number. Preparation of elemental maps taken by EDS
detector based arharacteristic XRay lines. Plan view and Cross sectional specimens, depth profiling.
Determination of phases, failure analysis. Investigation of semiconductors, metals, insulators and
alloys.

Specification:

FEI Titan THEMIS 200 200 kV aberration corrected TEM/STEM microscope with image corrector
STEM modes: BF, DF, HAADF images

4 SDD EDS detectors built into the column

Image corrector energy spread: 0.8EV, information limit: 90pm, STEM resolution 164pm
Specimen tilting in double tilt analytical holder: X direction + 350, Y direction +300.

Field emission gun

CETA 16M camera
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Excellent Research Infrastucture- Microsystems and Nanosensors
Laboratories

Description of the RI:
The main tasks of the Departmerdad the Rlare the research and development of physical,
chemical/biochemical sensors and integrated systems:

1 Si Microtechnology with special emphasis on development of MEMS devices and related
technologies, materials, structural and functional characterizations.

1 Development and fabrication of microfluidic systems, their application in new fields of medical
diagnostics and labn-a-chip system$ BioMEMS.

1 Sensor development with special emphasis on autonomous sensor systems, physical, chemical,
mechanical, opical and thermal microsen$okEMS.

1 Development of semiconductor nanodevices, the sythesis and charactirization afnguasi
dimensional semiconducting nanostrucrures, their integratation into functional sensoric,
optoelectronic and photovoltaic devideSIEMS.

1 Development and small scale production of NIR LEDs of unique physical parameters

Activities and Services

The Department runs two clean labs (300 m2 + 160 @ass 10010000) comprising a complete-Si

CMOS processing line and a mask shop, unique facility in Hungary. The technology allows to
manufacture layers, patterned structures and devices with linetr@satil um by optical and down

to 410 -bremnbyl idg¢ hography on 3 Gompetedcesdavailale as servide gl as
for partners:

1 High temperature annealing, diffusion and oxidation; Rapid Thermal Treatment;

1 Low Pressure Chemical Vapour Deposition of pBlySiO2 and Si3N4 layers;

1 Low Temperature Chemical Vapour Deposition;

1 Plasma Enhanced Atomic Layer Deposition;

1 Physical Thin Film DepositiorisElectron beam evaporation, DC and RF Sputtering;

1 lon implantation;

1 Reactive lon Etching, Deep Reactive lon Etching;

1 Photolithography with baekide alignment and Nanoimprinting;

1 E-beam lithography;

1 Nanopatterning, deposition and etching by FocusedBkam;

1 Waferbonding;

1 Wet chemical treatments;

1 Electrochemical porous Si formation;

1 Liquid Phase Epitaxy of HV compound semiconductors;

1 Mask design, laser pattern generator;

1 Polymer (PDMS, SU8, Polyimide) structuring by photolithography and mmwlaling
techniques,

1 Chip dicing, packaging especially for sensor applications;

1 Materials and structural analysis & characterization:, SEM, FIB, EDX, Atomic Force

Microscopy, Electrochemical Impedance Spectroscopy, Stylus Profiler;
9 Electrical and functional modelling and characterization.
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Budget

Both the @mesticand the EU grantaerefacing funding challengeas 2025. Whilist the activity
of the propsal preparation remathunchanged the income dropped due to unforseen effects. The
reorganization of the HUNREN network consumed a lot of energy from both the administrators and
from project leaders. The partial transfer of rights and obligations made contrancts amendments
necessary, therefore caused delayes in scientific work and payn@ratss andR&D&I payments are
about half of the total budget of the institutge total budget in 2025 wapprox.3 , 8.MU

Also woth mentioning, that:

1 the National Research, Development and Innovation Office (NKFIH)elsind advance
payments, which means that domestic R&D&I projects are effectively being financed
retrospectivelyoy our institute, which is a huge burden

9 the Hungarian Competence Center for HPC (HCHIP) has been launched, but it is not a research
program. Awarenessuilding activities consume significant resources (researchers' time),
although its longerm impact is expected to be positive.

1 the value of R&D&I services offered to industry has been stagnant for years.

1 the longawaited wage increase took place in September, but even with this, average researcher
salaries remaineday belowthe Western European levels.

91 there areonly a fewfunding callsremaining from theEU's Horizon Europe progranit is
approachinghe end of its current cycle.

MFA budget 20032025 (million HUF)
m Investment
2,200 - Subsidy
2,000 -
Misc.
1,800 -
1,600 - m Pilot production
1,400
R & D contracts
1,200
1,000 -
® International
800 Grants
600 - Domestic Grants
400 -
B Subsidies (for
200 + institute and
central
0 - administration)
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Publications and citations

According to the ThomseReuters ISI "Web of Knowledge", and MTMT2 databases, the Institute
has an average publication activity of c80 kcientific papers in IF journals a ye#inK). Recently
MFA researchers tend to publish in journals with higkesind the number of citations are constantly
increasingThetotal IF was approx 820, the independaitdtions are increasing annually and are over
7800 in 2025.

The postdoc researchers are already under pressure to produce more papers in highly cited open
access papers to be able to gain fundings from EU and domestic grants. This will increase with the new
KPIs (key performance indicatgrintorduced by the HUNREN HQ this year.

MFA and its predecessorbds publications and
9000 180
8000 160
7000 140
6000 120
5000 100
4000 80
3000 60
2000 40
1000 20
0 0

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

mmm MFA and its predecessors' publications publications in peer-reviewed journals

—MFA and its predecessors' publications independent citation


https://m2.mtmt.hu/gui2/?type=institutes&mode=browse&sel=institutes14680
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Prizes and Distinctions

Corresponding member of
Levente TAPASZTO the Hungarian Academy of Sciences

Ferenc VONDERVISZT Denes Gabor Award

D.SC. Doctor of the Hungarian Academy of Sciences

Janos VOLK
Csaba BALAZSI Mrityunjay Singh Bridge Building Awardf ACERS
] ) Young researcheawardof
Andras PALINKAS the Hungarian Academy of Sciences
Janos LABAR Arpad Barna Prize
- > )
3 Erzsébet DODONY Arpad Barna Prize for young researchers
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Timea TOROK Rébert Barany prize

Professor emeritusf
Gabor BATTISTIG theHUN-REN Centre for Energy Research

Young researcheawardof

Adél RACZ the HUN-REN Centre for Energy Research
Matyas DABOCZI Postdoaesearcheawardof MFA
Norbert NAGY Postdoaesearcheawardof MFA
Timea TOROK Postdoaesearcheawardof MFA
Zsombor SZOMOR Young researchawardof MFA

e G
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Gyorgy KALVIN

Nicolett KANYO

Ferenc BRAUN

Zsuzsanna KELEMEN

Young researchawardof MFA

Young researchawardof MFA

Excellent research suppe@nvardof MFA

Excellent research suppe@nvardof MFA
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Highlights of the year

—

Dr. Ferenc Vonderviszt receives Dénes Gabor Avgrdm left to right:Dr. Mikl6s Bendzselpresident of
NOVOTEL FoundationDr. FerencVonderviszbiophysicist Szabolcs-arkaspresident of SZTNHsource:
https://sztnh.gov.hu/kezdooldal/hirek/atad&aR0250s-gabordenesdijakaf)

Dr. Csaba Bal 8§zsi receives the ACERSS® AMrityunjay


https://sztnh.gov.hu/kezdooldal/hirek/atadtak-a-2025-os-gabor-denes-dijakat
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The Hungarian Chip Competence Centre (HCHP) started its operation in 2025. H@Mis the
knowledge and innovation hub of the Hungarian semiconductor industry, aims to connect research,
industry and education, facilitating the development and application of the latest chip technologies. As
a member of the European Network of Chip Cetepce Centres (ACCCess), HCHiP supports
Hungarian and European companies in strengthening their competitiveness and achieving technological
independence. The consortium was formed from three partners have complementary competencies that
can be coordinateith such a way that all the project goals can be achieved: Bay Zoltan Alkalmazott
Kutatasi Kdzhasznu Nonprofit Kft., Budapest University of Technology and Economics (BME), and
HUN-REN Centre for Energy Research.

\L_

Key personnel of the HGH project on the kickoff meeti-ng held in Budapest, November. 2025
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RAJT ¢i\

TRAIL

The Ultrabalaton trail running competltlon was completed by 2 teams in 2025 again, this time
9 members of the Microsystems and Nanosensors Laboratory
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SCIENTIFIC REPORTS
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Nanostructures Department

Head: Dr. Levente TAPASZTO, D.Sc., research advisor

Research Staff:
Prof. Laszl6 Péter Bir6, Member @fe

Students:
Konrad Kandrai, Ph.D. Student

HAS Soma Keszei, Ph.D. Student
Zsolt Endre Horvath, D.Sc., Deputy Heafd  Krisztian Marity, Ph.D. Student
Laboratory M8rton Szendr R, Ph.

Matyas Daboczi, Ph.D.
Gergely Dobrik, Ph.D.
Krisztian Kertész, Ph.D.
Antal Adolf Koés, Ph.D.
Péter Kun, Ph.D.

Géza Istvan Mark, Ph.D.
Péter Neme#ncze, Ph.D.
Zoltan Osvéth, Ph.D.
Andras Palinkas, Ph.D.
Gabor Piszter, Ph.D.
Péter Sule, Ph.D.
Zoltan Tajkov, Ph.D.
Péter Vancso, Ph.D.

Gyorgy Kalvin, Ph.D. Student
Liza Lutter, M.Sc. student

The research activity of the Nanostructures Laboratory is based on thetaddong expertise in
the synthesis, characterization and engineering of various nanostructures using scanning probe
microscopy as the main experimental technique. Since maneatliecade, our research efforts are
focused on the investigation of tvdimensional materials. Besides graphene, in the last couple of years,
novel 2D materials, mainly form the family of transition metal chalcogenides (TMC) have been
intensely studied. &ently, we have further extended our activity with the investigation of layered
topological insulator crystals. We have also successfully continued our research on bioinspired photonic

nanoarchitectures.
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Impact of ambient molecular contamination on scanning tunneling
microscopy measurements of van der Waals materials

TKP2021NKTA-05, Elvonal KKP 138144, Lendllet LP20247, OTKA K 146156,
EXCELLENCE 15137220221.2.5TET-IPARI-KR-202200006

G. K8l vin, P. Vancs -, M. Szendr R, K-lnczZ&andr ai ,

For more than a decade, the presence or absence of the phdnoed gap in scanning tunneling
spectroscopy of graphene and graphite has remained an unresolved inconsistency in the literature. While
some STM experiments reproducibly revealed a pronousgpgression of tunneling conductance
around the Fermi level, others, performed under nominally similar conditions, failed to detect this
hallmark feature. Here, we identify and resolve the physical origin of this discrepancy by demonstrating
that ambient rmalecular contaminatiofRef.1.] is the decisive factor governing the visibility of the
phonon gap in STM measuremefiRef.2.]. We show that exposure of graphite surfaces to ambient
conditions leads to the formation of a sadisembled monolayer of normal alkanes, which profoundly
modifies the tunneling junction. The presence of this alkane overlayer manifests itself expdgimental
in several ways. Atomicesolution STM images acquired on contaminated surfaces exhibit enhanced
noise and reduced contrast compared to ultrahégiuumcleaved samples.
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Figure 1. (a) Schematic image of theatkane seHassembled monolayer stemming from ambient air
contamination. When measuring the surface by scanning tunnelling microscopy (STM) the tip can either
scan above the layer or penetrate it. (b) STM image at the laigéssample separation showing the
structure of the alkane overlayer-@ Atomic resolution images of the contaminated surface
(penetrating the alkane layer), show consistently larger current noise. (e) Comparison of the
contaminated and clear graphitersace tunnelling conductance. The clean surface displays a clear
phonongap. (f) Examples of I(z) curves on clean, contaminated graphite and gold samples, by
measuring the tunnelling current as the tip is retracted. The contaminated samples systershtieally
an anomalously low decay rate of the tunnelling current.
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Current distance I(z) curves reveal an anomalously slow decay of the tunneling current, with decay
constants reduced by factors of iB5relative to clean surfaces. Crucially, the same samples
systematically lack the phonénduced gap in their dl/dV speat These three observations: image
noise, anomalous I(z) decay, and phoegap suppression, occur together and provide mutually
consistent signatures of alkane contamination in the tunneling junBi&2] (seeFigure J.

We demonstrate that the underlying mechanism is the appearance of an additional current pathway
mediated by the alkane molecules. Although normal alkanes aregajd@sulators, their conductance
in a nanoscale junction is comparable to typical STM tungetonductances. When the STM tip
penetrates the molecular layer, one or more alkane chains can transiently bridge the tip and the graphite
surface, forming a parallel transport channel analogous to a moleculaijimetién configuration. As
the tip isretracted, this molecular channel persists over several angstroms, producing a finite current
even at tipsample separations where pure vacuum tunneling would have already vanished. This break
junctiortlike transport channel both enhances current flugnatand introduces an additional elastic
tunneling contribution that fills in the phonon gap in the measured spectra

Our firstprinciples calculations show that the presence of an alkane overlayer can modify the
intrinsic decay of graphite electronic wave functions into the vacuum, reducing the decay constant
relative to the clean surface. In principle, this alteredygleould be detected experimentally as a change
in a. I n practice, h o we v e r ,-funttibnedecaydsaogennhedmmac byt o f
the dominance of the molecular transport channel. The current measured in 1(z) spectroscopy above
contaminatd surfaces is no longer governed solely by vacuum tunneling but is dominated by alkane
mediated conduction, masking the genuine electronic decay of the graphite surface states. As a result,
the experimentally extracted decay constants do not reflectuthevétvefunction attenuation but rather
the effective transport properties of a mixed tunnéiinglecular junction.

By establishing a direct and quantitative link between ambient alkane contamination, anomalous I(z)
behavior, and phonegap suppression, our results resolve adstagding experimental ambiguity in
STM studies of layered carbon systems.
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Stabilization of ultra -small magic anglegraphene superlattices by
molecular intercalation

Elvonal KKP 13814420221.2 5TET-IPARI-KR-202200006

G. Dobri k, P. Kun, M. -lI®zeelnTdpasztdé P. Vancs -,

The correlated electronic states emerging in twisted bilayer graphene (TBG) at the first magic angle
of 1.1° have been intensely investigated. This system offers particularly attractive features for studying
strong correlations, since the electronic statesfully exposed, and the charge carrier density can be
electrostatically tuned, enabling rapid mapping of correlated phase diagrams.
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Figure 2.  Topographic STM images of a) a reconstructed TBG superlattice of ~65 nm periodicity,
corresponding to twist angl e o fandstlck rBethod andfbpabr i cat e
unreconstructed giant (65 nm) TBG superlattice formed through #yghgne autkirigami process.
Tunneling spectra recorded on the bright (AA) and dark (AB/BA) regions of the reconstructed (c), and
unreconstructed (d) 0.21° MATBG superlattices, the latter displaying sharper (FWHM ~ 9Q.D@8
peak near the Fermi level on both AA and AB/BA regions, while a less intense and much broader
(FWHM ~ 180 meV) peak ias observed only in the AA regions of the reconstructed superlattice.
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The remarkable success of the Bistritad¢acDonald continuum theory further predicts a hierarchy
of smaller magic anglesnear 0.5°, 0.4°, 0.24°, 0.21°, and beyemnhich, however, have remained
purely theoretical. Experimental studies revealed thatérmiperlattices with twist angles below 1°
become very fragile as the stacking configuration approaches the naturally favored AB alignment (0°
twist), where large regions can be driven into perfect registry by minimal local lattice distortions. These
recorstructions substantially broaden the flat bands, suppressing the correlation physics characteristic
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of dispersionless states. Consequently, magglesuperlattices off O  0have fong been considered

too fragile - structurally and electronically to be realized experimentally, despite the tantalizing
prospect that accessing smaller magic angles, with progressively stronger correlations, could unlock a
series of novel quantupghases.

Marginally twisted intercalated bilayer graphene samples have been prepared employing the
graphene autkirigami process, combined with the deposition of a highly ordered alkane molecular
layer on top of graphene. STM images have been acquired under WidNiaas, at room temperature,
revealing a graphene superlattice, with a large periodicity of about 65 nm, corresponding to a twist
angle of about O0.21 |, closely matching the 5th
cell (ultrasmall twig angle), the intercalated superlattice displays extended bright (AA) regions at
various bias voltages-igure 2b). For comparison the STM images of sintercalated TBG samples
with a similar (~ 0.21°) twist angle, fabricated by the conventionalaieastack method display the
widely reported, strongly reconstructed moiré superlattice, with iketAA regions(bright dots in
Figure 2a). According to detailed simulations, the molecular spacer layer intercalated between the
graphene sheets, suppresses structural reconstructions while preserving sufficient interlayer tunneling
for flat-band formation, in excellent agreement with our sneaments. Remarkably, intercalation also
delocalizes the flaband wavefunctions across the whole moiré superlattice. This effect can be
attributed to the shallowing of the moiré potential by intercalation, as well as the presence of disorder,
which remakably promotes the delocalization of the flat band wave functions, as predicted
theoretically.

A major practical limitation of fabricating intercalated MATBG with the above discussed graphene
autokirigami process is that the twist angle cannot be precisely controlled. Since the driving force of
the autekirigami process is the vdW interaction, tfadst angle is generally expected to be near 180°
(09), but the small deviations form 0 degree cannot be reliably controlled. Therefore, it is important to
develop fabrication methods for intercalated graphene bilayers with more control over the twist ang|
such as the widely used temmdstack method. The problem with the conventional-taakstack
approach is that the forces exerted during the process are relatively high, squeezing the intercalant
molecular layer into bubbles, and reestablishing timeeational interlayer distance. By proceeding as
gentle as possible with this method, we were able to partially preserve the intercalated superlattices as
shown inFigure 3
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Figure3. Center panel shows the AFM topography of a 0.
by the tearand-stack method with alkane intercalant layer, displayirigrge (5x5/m¥) bubblefree

area near the center of the image, next to areas showing the presence of bubbles. Conductive AFM

images of the areas with bubbles (right) display a reconstructed superlattice of 20 nm periodicity. By
contrast, the bubbléree area preserving the alka intercalant layer, displays and unreconstructed 20

nm superlattice (left). We have also found thattercalated TBG superlattices are not only free of
structuralreconstructions buare also characterized by reduced twastgle inhomogeneity, enabling the
fabricationof uniform moiré superlattices on deviseale, a critical step toward reproducible twistronic
devices.
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Directional reflection asymmetry in hexagonal and rhombohedral graphite
nanoribbons

TKP2021NKTA-05, Elvonal KKP 138144, Lendulet LP202l7, OTKA K 146156,
EXCELLENCE 15137220221.2.5TET-IPARI-KR-202200006

K. Kandrai , A. Balogh (ELTE), G.
P. Vancso, L. Tapasztd, and P. Netiteze

M&r k, D. Var i

In a simple ondand medium, scattering from a defect obeys the principle of reciprocity:
exchanging the source and detector yields the same response at the detector. However, if multiple
bands are available, even with tireversal symmetry and elasti@gtering, this reciprocity can break,
resulting in asymmetric reflection. Such a@tiprocal scattering has been demonstrated in photonic
and phononic systems by introducing structural mirror asymmetry and employingseiedtve
excitation. Here we dematrate analogous behavior in a condensed matter systems of a rhombohedral
hexagonal graphite (RGIG) junction separated by a domain soliton (Begire 4a) in a scanning
tunneling microscopy experiment. In our experimental setup purely intravalley elastic scattering from
the domain soliton leads to reflection asymmetry. As showRigare 4d-i, the local tunneling
conductance exhibits standiagave modulation from intravalley scattering only within the hexagonal
region, while the rhombohedral domains remain featureless, indicating absence of backscattering.
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Figure 4.  (a) Schematic illustration of the STM measurement ori R&agonal junctions. The
hexagonal side of the sample i§-éayer RG, with a hexagonal stacking fault at the top, denoted by the
i-10 | ayer orientation of the top layer. (b, c¢)

side of the sample. The sample features hexagonal nanoribbon regions of a few 10 nnOwédths.
example is shown in panels<{d, where we show the tunnelling conductance of the same area at
various sample bias voltages. Ripples in the local tunnelling conductance can be observed in the
hexagonal region bordered by two domain walls. The tunnelling conductance is a measuredc#lthe |
density of states (LDOS) at the surface. The
hexagonal region.

Me i

LDOS

Tight-binding calculations reproduce the intravalley interference patterns observed experimentally,
supporting our interpretatiorrigure 5b). The observed reflection asymmetry originates from mode
selection: the STM tip predominantly probes electronic states on the top surface, effectively isolating
the top Dirac band in the hexagonal region and the top layer of the rhombohedral stackatkave
dynamics calculations confirm that this laygrecific probing, combined with the intrinsic layer
polarization of the wavefunctions, gives rise sivong anisotropic scattering. Within the energy
window corresponding to the RG band gap, the wave packet simulations show that the scattering
amplitude from ABC to ABA exceeds that in the reverse direction by up to a factor of five.
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(a) di/dV measurement across a R@Gexagonal RG nanoribbon. The tunnelling

conductance (dl/dMis numerically differentiated along the bias voltage coordinate for better visibility of

the intravalley scattering pattern. (b) Calculated local density of states (LDOS) of the top surface of the

same nanoribbon geometry as in the measurement in J&o¢en into the dl/dV spectra in panel (b),
highlighting the interference pattern arising in the hexagonal part of the sample. The scattering
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which we overlay onto the surface Dirac band of the hexagonal |1, 1;1],structure.

We demonstrated unidirectional scattering in lRBG junctions, where the mode selection occurs
due to the STM tip probing only the top surface of the material. Such tailored charge injection is in
principle feasible with van der Waals material contactsnaiig for unidirectional electron wave
steering capabilities for electron optics in a simple condensed matter system.
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Bias-free generation of solar hydrogen and higtvalue glycerol oxidation
products by low-bandgap perovskite photoelectrodes

HORIZON-MSCA-2022PF-01 10110376 5OLARHYVALUE,
MTA NKM2025-4/2025, Elvonal KKP 138144

M. Daboczi, W-J. Qiu, A. Koos, S. Keszei, L. Lutter, T. Ollar, J. S. Pafd,.Cin, L. Tapaszto

Photoelectrochemical (PEC) water splitting by inexpensive photoelectrodes is a promising way of
green hydrogen generation, which could become economically competitive if the reduction reaction of
hydrogen evolution is coupled with oxidation of biomass evagb highvalue chemicals. Perovskite
photoelectrodes have great potential in revolutionising this field; however, their application is currently
limited by their instability in agueous environment and the use of typically large amounts of expensive
predous metals catalysts, such as Pt.

This year, we have grown molybdenum disulfide (MoS2) on graphite sheets with thicknesses of 70
pm (G7) and 150 um (G15) that are three orders of magnitude less expensive than the typically used
highly oriented pyrolytic graphite (HOPG). Raman spectrosaamfirmed the presence of MoS2 as
well as its multilayer (5) structure Figure §. The G15/MoS2 samples were applied as substrates for
electrochemically depositing two atomic layer thick Pt-@t). These samples, despite their ultralow
Pt loading, exhibited catalytic activity for the hydrogen evolution reaction in alkaline conditions
comparable to that of commercial Pt/C deposited on Githi(e §.
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Figure 6. (a) Raman spectra of Me§rown by CVD on G7 and G15 graphite layers. (b) Mapping of
Raman peak intensity at 4@81* for the G15/MoSsample. (c) Current densityoltage scans of MeS
grown ondifferent graphitesubstratestecorded in an electrochemical cell in aqueous.5,SO,
electrolyte. (d) Current densityoltage scans of G15/MgSamples loaded by commercial Pt/C and
ultralow amount of electrodeposited Pt (Pt), recorded in aqueous ¥ NaOH electrolyte
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The developed G15/MoS2/2Rt catalytic sheet was integrated withi & p type tirlead perovskite
photovoltaic device (bandgap of ~E8) by spraying a neonontinuous adhesive layer at the back of
the graphite sheet, followed by manual placement onttofheetal electrode of the solar cell to form
an Ohmic contact. The photocathodes were prepared with different device designs, in which the active
area was reduced to minimise losses due to low shunt resistéigoee(j). The shunt resistance
(defined here as the resistance between the top and bottom contact layers) was observed more often to
drop after applying the graphite sheet in devices with larger active areas, highlighting both the
importance and challenge of faimg a uniform, pinholdree photoactive layer. The champion devices
reached stable photocurrent density of 7189 cm-2 under 1 sun illumination and a photocurrent onset

potential as high as +0\8versus reversible hydrogen electrode (VRHE) in a tketed¢rode PEC
setup.

The high fill factor and sufficient photovoltage of the photocathodes allowed for achieving
photocurrent density of ~30A cm-2 even without any external bias, in a telectrode PEC setup
(Figure 7. During this biadree operation solar hydrogen was generated at the surface of the
photocathode, while glycerol was oxidised into higtiue chemicals on the anode.
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Figure 7. (a) Current densifiyvoltage scansecorded in threeelectrode PEC setup for perovskite

photocathodes with device design changing from larger (red) towards optimised, smaller active area
(yellow and green)(b) Chronoamperometric measurement of a perovskite photocathodézat 0
applied. Shaded areas indicate switching off illuminati@h Current densitiwvoltage scansecorded in
two-electrode PEC setup for a perovskite photocath{d)eBias-free operatiorof the perovskite
photocathode for simultaneous hydrogen evolution and glycerol oxid&tiomeasurements were
performed in dark (dashed lines) or under 1 sun illumination (solid lines) in aqueous 2 M NaOH
electrolyte containing 20 wt% glycerol.
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Strain-induced modulation of the local conductance in MoS2 layers on gold
nanoparticles

OTKA K 134258

Z. Osvéth, APalinkas, GyMolnar, P. Kun, A A. Kods

This study investigates the strain modulation of local conductance in MoS2 layers induced by
underlying Au NPs. By exfoliating MoS2 onto thin gold films and subsequently annealing, we create
strained mono and multilayer MoS2 structures. This process dfams the gold film into
nanoparticles. To investigate the effect of strain on the local conductance of the MoS2 monolayers, we
performed tunneling atomic force microscopy (TUNA) measurements. The topography of the study
area is shown ifrigure 8a. Here, the larger part of the image shows gold nanostructures covered with
monolayer MoS2, except for the left edge of the image, which showslayemMoS2.

Figure 8. (a) TUNAAFM topography andh)i (d) tunneling current images of monolayer MoS

covering Au NPs. The current maps overlap with the topographic images. The dashed white line marks

the fewlayer/monolayer Moghoundary. The tunneling current maps were measured at bias voltages
(W) of 2V (b), 4V (c) and 6 V (d).

The fewlayer/monolayer MoS2 boundary is indicated by the dashed whitEifjnee 8bi d show
composite images of the tunneling current maps measured at different bias voltages (U), superimposed
on the topographic image kigure 8a. Note that at U = 2 VHKigure §, only some of the bent MoS2
monolayer parts display nonzero conductance. Increasing the bias voltage figdiré 8c) a larger
region becomes conductive, and this tunneling conductance is further enhanced at Biguée/a(l).
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It is important to note that at these higher voltages, finite conductance is measured not only on the bent
parts, but also on the MoS2 parts which are directly supported by gold nanostructures. This indicates
significant charge transfer from the Au NPs.

To exclude the electronic interaction with the gold, multilayer MoS2 flakes were prepared on top
of Au NPs. In this case the TUNA measurements probe only the conductance of the topmost layer(s),
which are not sensitive to the doping from the underlyindNRs.alabbshows a multilayer MoS2 flake
on top of Au NPs.
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Figure 9. TUNA AFMtunneling current maps (overlapped with the topography) measured on a
multilayer Mo$, using bias voltages (U) of 1 ¥)( 1.5V b), 3 V €), and 4 V ().

The tunneling current maps are superimposed on the topography, similarly to thapeén8bi
d. Using a bias voltage of U=1 V, nonzero conductance is detected only in a few specifiddgimes (
9.8). Larger condding regions are measured at U=1.5 Rig(rre 9b). These conducting domains
further expand as the bias is increased to U=Figufe 9c), and at U=4 V the entire MoS2 flake is
conducting Figure 9d). The purple stripes observed kigure 9d are attributed to nenonducting
hydrocarbon contamination trapped from Href.3.]
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Bioinspired semiconductor nanoarchitectures for environmentally friendly
photocatalysis

OTKAPD 142985

K. Kertész, G. Piszter, G. Nagy, J. S. Pap, and L. P. Bird

Industrial pollutants in surface waters represent a growing environmental threat. An economical
and environmentally sustainable strategy for their degradation is the utilization of virtually unlimited
solar energy. Building on our experience with biotengalgohotocatalysts based on butterfly wing scale
nanoarchitectures, we developed novel bioinspired nanocomposites fretoxilemiconductor
materials with a scalable preparation method which makes them suitable for future industrial
implementation.

Sample preparation began with an ethyl alcohol solution of zinc nitrate hexahydrate
(Zn(NO3)2-:6H20), which was drepast onto a heated texturghkhss substrate. Rapid solvent
evaporation produced a spodie, porous zinc nitrate layer on the glass swafathe fully dried
samples were then heaéated in a tube furnace at 400 °C, resulting in complete structural
transformation. Xray diffraction (XRD) measurements confirmed the formation of ZnO with a wurtzite
crystal structure, similar to ZnO thin film@reviously deposited on butterfly wing biotemplates by
atomic layer deposition and known for their excellent photocatalytic activity.
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Figure 10. Scanning electron microscopy images of bioinspired ZnO nanostructajasamodified,
pure ZnO; (b) ZnGbased sample doped with 10 wt% graphite nanopasicl

A major advantage of this liguiphase deposition method is its simplicity and suitability for coating
large surface areas without the need for biological templates. The resulting structures, composed
entirely of ZnO, exhibited a porous morphology resentpbbutterfly wing nanoarchitectures and a
large catalytically active surface area. In addition, tuning the semiconductor band structure is
straightforward, as dopants can be incorporated directly into the ZnO matrix by introducing them into
the precursordution or deposited onto its surface after annealing.

We investigated the optical and structural properties of the resulting bioinspired samples, as well
as their photocatalytic performance, following the incorporation of various dopants (gold, graphite,
MoS2, and ¢C3N4 nanoparticlesfigure 10presents scanning electron microscope images of the
unmodified, pure ZnO and graphite nanopartthidped samples. Their nanostructures were
morphologically very similar; however, their catalytic performance was found to be significantly
different.
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The photocatalytic performance of the samples was evaluated by the degradation of an aqueous
solution of methyl orange dye under two hours of visible light irradiation. The pure ZnO structuees
doped with four types of nanoparticles in three different concentrations (5, 10, and 15 wt%), and three
independent measurements were performed for each sample. The photocatalytic reaction rate was found
to depend on both the material quality andatiditive concentratior{gure 1J.
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Figure 11. Photocatalytic performance of bioinspired Zn@nostructures. The photodegradation rate of
methyl orange dye was measured as a function of different additives and their concentrations.

Among the additives investigated, 10 wt% graphite nanoparticles proved to be the most effective in
enhancing the photocatalytic reaction rate, closely followed by th#&dsample. Their volumetric
incorporation may increase dye adsorption at the surfacéeo nanocomposite and absorption
efficiency of the incident light, resulting in markedly improved photocatalytic performance compared
to the undoped sample and those containing other additives.

The results above demonstrate that nanocomposites inspired by butterfly wing photonic
nanoarchitectures have significant potential in photocatalytic water purification. Although these
bioinspired structures do not exactly replicate biological nanoaramigsct they retain their
advantageous properties in a form suitable for both the intended applications and also ksdaktrial
production.

In summary, our experimental work has progressed through the years from the detailed investigation
of the structural and optical properties of photonic nanoarchitectures in butterfly wings to their
application in water purification as functional biotemetabf semiconductor thin films, ultimately
leading to the fabrication of bioinspired artificial structures presented in this work.
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The Photonics Department develops unique methods and tools fatestyoctive optical and
magnetic measurement of surface nanostructures and materials (spectroscopy; magnetic material
testing; biosensors; surface curvature measurement; surface testielgcovdamination). One of the
most important tasks of the Department is patenting and application of the methods in international
projects with partners representing the industry and the high technology.

Key achievements of the Photonics Department in 2025 (detailed summaries of the research results

can be found in the following project descriptions):

- creation of multicomponent, multimetallic nanoparticles for optoelectronic, ptend

electrocatalytic applications

- investigation of the formation and properties of meghiconductor and coppexkide-shell
nanostructures (formation of Cu2S quantum dot superstructures and their catalytic properties)

- new experimental and measurement results in the field of-lgmlidl adhesion work
measurement techniques, including on industrial samples (e.g. specially treated wheel rims)

- further development of the evaluation of Makyoh topography measurements: the effects of

global curvature and illumination

- development of an isitu investigation method for studying the electrochromic properties of

combinatorial WO3/MoQO3 layers

- combinatorial deposition of metal oxides for electrochromic applications
- development of sputtering processes for the preparation of gallium oxide and aluminum

oxynitride layers
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- characterization of senstargeted layers by simultaneous ellipsometric and electrochemical
methods

- microscopic ellipsometer patent arising from a prooncept grant

- development of materials applicable in the nuclear field

- patent procedure in progress for a method for determiningitimrphase diagrams

- formation of combinatorial plasmonic nanoparticles and their sensing properties
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Validity of Young-Dupré equation for advancing and receding situations
by the Capillary Bridge Probe method

N. Nagy

The need for the determination of selid qui d adhesi on work is as ol d
reversible work of adhesion. In addition to its scientific importance, this quantity is a critical factor
affecting product quality and performance in mamjustrial fields. In general, it plays crucial role if
the liquid should completely cover a solid surface (e.g. coatings, paints, inks, lubricants, adhesives,
pesticides) or, on the contrary, the liquid should not remain on the surface at all (liqllehospant
icing, etc.).

Previously, a hovel method was introduced to determine the value of adhesion work on flat surfaces
directly, without the need of any model assumptions, and independently from uncertainties of contact
angles. Thenethod presenteshables us to determine the adhesion work separately both for advancing
and receding situations.

During a measurement cycle of capillary bridge probe, the capillary force is measured as a function
of the change of bridge length that is as a function of the vertical displacement of the cylinder.

This work is only spent on changing the interfacial areas, if gravitational force is negligible. During
approach and retraction, both the area of the ligajbr interface &) and that of the solitiquid
interface B) change. Consequently, the energy balance can be written as

JEp Y69 Y6Oor (1)
where ®@is the measured capillary fora@,is the displacement of the cylindepAis the change of
interfacial area between the liquid and vapor phasegaid the area change between the solid and
the liquid, sed-igure 12 (The value ofp Aand Bare also dependent on the start and end points of the
interval range), over which the integration is performed.)

After rearranging Equation (1), the difference term in the bracket can be expressed as:
b p o}
o =2 @)
One can substitute this experimentally otherwise unattainable term into the definition of adhesion work:
W kT roor 3)
Furthermore, considering that the net force and the displacement haveaamhpanent, the vector
notation can be omitted. This resulting formula gives the value of thelisplid adhesion work without

the need of including any contact angle in the &gqoa

. ) )

O (@)
Integration between the start and end points of approach and retraction gives the mechanical work done
in the advancing and receding phases, respectively. The change of interfacial areas can be determined
by simple image analysis in cylindrically symmetca&se. Therefore, the soliiduid adhesion work

can be calculated according to Equation (6) for both the advancing and receding contact lines.

Itis an interesting question what is the relation between the directly measured adhesion work values
and the values calculated from the Yotbgpré equation? In other words: is the Yougpré equation
valid separately for advancing and receding situafion

In Figure 12 the directly measured adhesion work values were plotted. The blue and red points
represent the work of adhesion measured in the advancing and receding phase, respectively. The green
points were measured in readvancing situation. This readvancing edfettecobserved in case of
perfect wetting: the receding contact line starts to advance again during the retraction of the cylinder.
(The readvancing contact line already finds wetted surface in frafjtte#nce the measured contact
angle is I ower than in the receding situation, i
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bars show the standard deviation of the directly measured adhesion work values determined according
to the abovealescribed procedure. The adhesion work values were plotted as a function of contact angle,
of which values were measured durthg same capillary bridge probe measurement and obtained by
analytic evaluation as described previously. The horizontal error bars show their standard deviation.
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Figure 12. (left) Directly measured adhesion work values as a function of contact angles determined

during the same capillary bridge probe (CBP) measurement. The inset shows the result of the fit of a
general cosine function to all measurement points. The fitted purple @im excellent agreement with

the theoretical dashed green curve corresponding to the Youmgé equation. For this validation,

metal, semiconductor, dielectric, and polymer surfaces were measured in clean, contaminated, acid
and plasmatreated condion using ultrapure water as test liquiftight) Work of adhesion values
measured by capillary bridge probe (CBP) as a function of water contact angles determined by the

sessile drop (SD) method. The purple dashed line represents the theoretical prediction of tiie Young

Dupré equation.

In conclusion, accurately measured advancing and receding contact angles can be used to calculate
the adhesion work for the two different situations. It is worth to note that the calculation of adhesion
work from the YoungDupré equation relies on the pisx measurement of the contact angle. When
for instance, the directly measured adhesion work is plotted against the sessile drop contact angles, the
correlation is of much lower qualityFigure 12(right)). Furthermore, in accordance with the previous
conseguence, this novel direct method provides an additional advantage: if the receding contact angle
is not a stationary definite value, an effective receding contact angle can be calculated from the
measured adhesion work using the Ydubgpré equationfRef.4.], [Ref.5.], [Ref.6.].
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A novel, photoassisted synthetic route to transform Cu20 nanooctahedra
to Cu2S quantumdot superstructures

OTKA FK 142148; TKP202INKTA-05

D. Kovacs, G. Z. Radnéczi, Zs. E. Horvéath, K. Frey, A. Sulyok,
Z. Fogarassy, J. S. Pap, A. Deak, D. Zambo

The family of coppesulfides includes numerous materials, which are relevant in minerology as
well as in nanoscience and possess various stoichiometries (hence, they can be denotetbas Cu2
where the 0<x<1). For wetefined nanocrystals or nanopartiblesed materials, thstructure,
composition and stoichiometry have a profound impact on the optical and electrochemical properties.
The main challenge in synthesizing copper chalcogenides is closely connected to the ability of natural
oxidation and sulfidation of chalcophiteetals such as Cu or Ag. This technically means that copper
sulfides and oxides tend to oxidize audfidize at ambient conditions, respectively.

In the recent years we have developed a reliable strategy for the synthesis of Cu20 nanooctahedra
showing excellent morphological stability, tunable optical and enhanced catalytic activity. However,
even in optimized storage conditions (dar k, 4 AcC
morphology slightly changed after 8 months of storalye have shown that the particles undergo
partial natural sulfidation which phenomenon can be linked to the presence of thiotdéedles and
inorganic sulfur compounds in the atmosphere. This natural process motivated us to develop a novel
strategy of the transformation of Cu20 nanooctahedra to copper sulfide particles by usingchamall
t hi ol at e dneraapteethdmolBME) (tdbinitiate the oxidesulfide transition wethemically.

[Ref.7.] The schematics iRigure 13shows the steps of the synthesis.

NaH4
sol\%
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Figure 13. Schematics on the synthesis of Cu20 nanooctahedra anghbitmtrassisted chemical
transformation to Cu2S quantudot superstructures. [1]

The presence of mercaptoethanol itself does not generatdefielkd copper sulfide species due to
the oxidation and sulfidation occurring simultaneously at ambient conditions. This results in partially
sulfidize particles and overoxidized (CuQ) fiberstire solution. This oxidation pathway can be
successfully eliminated by applying inert atmosphere (Ar) andlight illumination enabling the
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reliable synthesis of colloidally stable, spherical copper sulfide particles. The optical properties change
stepwise upon increasing the amount of added BME showing a shifting peak position from ca. 550 nm
to 400 nm and a broadenirgigure 14a). Interestingly, the TEM investigations reveal the presence of
small (45 nm) quantum dots building up the larger copper sulfide particles. Moreover, the dots are
separated by an amorphous organic thin layer. Elemental mapping confirmed that therza.i250
diameter spheres consist of Cu and S, and the low amount of O is pFégere (4b). However, this

oxygen content cannot be further suppressed, which implies the existence of a stable copper sulfide
phase and another oxygeantaining species.
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Figure 14. Evolution of the extinction spectrum upon increasing the concentration of BME (a). SEM
image and TEM elemental map of the Cu2S particle§Ref.7]

_ Position (nm)

Performing advanced TEM sample preparation method and SAED, the precise stoichiometry and
phase of the nanospheres could be identifigglfe 15a-c). Thesulfidized particles are superstructures
consisting of small Cu2S quantum dots, which are separated by a thin layer of organic thiol.
Furthermore, these spherical particles can be decorated with small Au nanograins to achieve a
semiconductemetal multiconponent nanosystenwhere the photogenerated carriers can be spatially
separated. Macroscopic electrodes from the Cu2S and Cu2S/Au particles can be prepared on a
conductive substrate, thus, the electrochemical properties of the model systems were also investigated.
Open cicuit potentiometryFigure 15d) revealed that all synthesized nanoparticle electrodes show p
type nature,and the presence of Au suggests an enhanced charge carrier separation. Under chopped
light illumination, the electrodes generate cathodic current which reaches the maximum value of 50
e A c-2nfor the Cu2S@Au platformF{gure 15e). After negative polarization, the particles at the
surface of the ITO remain morphologically staldiég(re 15f) which suggest their potential use in
(photo)electrochemical processggef.7.]

Regarding the formation mechanism of the Cu2S quaknisuperstructuresthe following
pathway can be proposeigure 16: reactive sulfur species (RSS) are formed from the organic thiol
upon highenergy UV illumination facilitating first the homolytic cleavage of thé&l $ond or the
disulfide (SS) bond. These (most probably thiyadicals can interact with the surface Cu centers of
the copper oxide nanoparticles initiating a gradual anion (from O to S) in the sublattice. Simultaneously,
UV light generates charge carriers in the Cu20 itself, from which the elecanreduce the surfaee
bound organocopper species to provide sulfur for the ion exchange reaction. This work sheds light on
the complex formation mechanism, the optimal conditions and the optical, structural and
electrochemical properties of novel Cu2S supectures prepared from Cu20 sacrificial template.
[Ref.7.].
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Figure 16. Proposed mechanism of the CuBD2S photoassistdtansformation process.
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Spatial modulation of Cu20 shell growth on gold nanoprisms

OTKA FK 142148 TKP2022NKTA-05

Z. Ganieva, DKovacs, ZOsvath, DZambd, and ADeak

Environmentally friendly and earth abundant metal oxide semiconductors are intensively studied
for optoelectronic and catalytic applications, but they suffer from low charge carrier mobilities, that
represents a major obstacle for tHarge scaleuse. Nanoscale metal/metatide nanoparticles might
help in this regard, as at this scale recombination processes might be suppressed and a more efficient
separation of the charge carriers generated in the semiconductor domain could be gdéteégdd.
Another advantage in such hybrid systems might come from the possibility to harvest hot carriers from
the metal. Theoretically, the hot carriers generated in the plasmonic metal nanoparticles have to
overcome only the Schottky barrier formed at the metaléosemiconductor interface, hence charge
injection into the semiconductor and contribute to the efficiency of optoelectronic processes at the
semiconductor. In this regard, partial core/shell structures are especially appealing, as they allow the
simultaneous access both the metal and semiconductor domaiis i<Cal ptype semiconductor with
its optical banehap located in the visible wavelength range and has an excellent combability with gold,
allowing the wetchemical growth of a GO shell around gold nanoprisifi®ef.9.].

I n this work we used the controlled spatial m o
partially prevent CyO deposition on gold nanoprismd&Ref.1q. The approach relies on the
inhomogeneous accumulation of a thiol molecBlarfhing2-mercaptobenzimidazoleAMBI) on the
prismsd surface during a s ufdepaesition. mAbIBIiskrownad i on r
effectively block the deposition of @D on gold nanoparticles, provided it is present at a sufficient high
packing density at the interface. Under appropriate conditions in terms of reaction temperature and
AMBI concentration, submonolayer coverage of the prisms can be achieved, showirgsdne@rof
somehigh-densitymolecular patched-{gure 173. Already at concentrations that show a patchy AMBI
adsorption at t heFigora vy, @imossconsplete oveeage off thee sidesand(tip
regions can be anticipated due to the higher energy binding sites in these regions, which can be exploited
the reduce the GO deposition in these particle regions during the-eteimical growth of the shell.

138 nm
’/0 nm

7.0nN
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Figure 17. Scanning probe microscopy derived topography of the indium tin oxide supported nanoprisms
overlain with the adhesion force maps: no AMBI tr
190.5 & mR&MBI c¢) .
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This was confirmed by investigating the evolution of the@shell growth over the reaction time,
guenching the process at different time instances and investigating the particle morphaibgyogx
transmission electron microscoyidgure 18. If AMBI is absent, CeO forms a neat shell around the
gold nanoprismé a shape conform manner (top row). When the gold nanoprisms are pretreated with
AMBI under optimised conditions, however, strong structural inhomogeneity of the shell develops. The
number of nucleation sites is strongly reduced, which is especiallyicléee early phase of the shell
growth. Itmustbe stressed that the few fLQudomains on the prism surface in the presence of AMBI
in the beginning phase (¥} agreed well with the scanning probe microscopy derived adhesion map
pattern. Neverthelessthe observed Moiré pattern for these few dots indicates that the excellent
compatibility between the gold and £uis preserved at the nucleation sites. At later growth stages the
initial Cu,O domains grow larger and fuse together. It seems, however, that the combination of AMBI
coverage and the surface curvature at the prism tips effectively prevents the growing and #@3ing Cu
domains to engulf the prism tips, leaving then exposed even after the competition of the growth process.

The prepared structure ensures the simultaneous access of both the metal and semiconductor
domains andhence can be of interest for optoelectronic and catalytic use. Additionally, the high optical
near fieldat the prism tips that develop upon exciting localised plasmons at the prisms can also be
utilised.

30 min

3|
H

AMBI € w/oAMBI £

el —
20 nm. 20 o

Figure 18. TEM images of the Cu20/Au nanopatrticles prepared without (upper row) and in the presence
of AMBI (lower row)[Ref.10.]
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ElectrochemicalMethods and Ellipsometric Characterization of Gold
Nanoparticle-Based Sensors

OTKA K146181

M. K. Stift, A Bonyar, Z Labadi, E Toth, H Jankovics, FVondervisztP. Petrik

Heavymetal ions in drinking wateran lead t@erious health risks even at low concentrations, and
rapid, on-site monitoringremains a major challeng@ur aimis to develop a portable electrochemical
sensor concept that combines selective biomolecular recognition with fastjantive readaiiwhile
making sure that it can be used without skilled |§BRef.11.]

Our sensing interface is built from an electrochemically deposited gold nanoparticle (AuNP) layer
formed on an Atevaporated silicon substrate anthyer ofgenetically engineered flagellin filaments
immobilized on the nanostructured surface. This approach is based on prioatwhek Photonics
Laboratorydemonstrating that bioengineered flagellar nanotubes can be immobilized on gold surfaces
and used to create selective sensing layers for Ni(ll) detd&adriL1.] [Ref.12.] Figure 19shows the
Au-evaporated 15 x 15 mm silicon substrate before electrochemical treatment

Figure 19. Au-evaporated silicon substrate (15 x 15 nbejore theslectrochemicatieposition
treatmens.

AuNP growth and specific protein immobilization were performed in a {blestrode
electrochemical cell using different amperometry methods such as preparative cyclic voltammetry and
chronoamperometry. Cyclic voltammetry provides a convenieayt to track redox changes and
characterize the response of the sensor through certain anodic and cathodiR¢febk§ [Ref.14.]
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Throughout the deposition stepsssitu spectroscopic ellipsometry was used as aimeasive optical
monitoring method to follow the changes on the surface during the electrochemical processes. So to
conclude, our approach was a combined electrochewyitiial workflow.

Figure 20shows a SEM image after AUNP deposition and subsequent protein immobilization. It
illustrates an adequate nanostructured gold surface; togeitfieelectrochemical measurements in
Ni(Il) -containing solutions, the results support the feasibility of sprantitative Ni detection and
motivate further selectivity studies with additional heawgtal ions[Ref.11.]

engineered protein filaments.
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Investigation of in- and out-diffusion of Li-ions in electrochromic tungsten
molybdenum combinatorial oxide films by spectroscopic ellipsometry

OTKA K 143216 OTKA K146181

Z. Labadi, P Petrik and M Fried

Reactive (ArO; plasma) magnetron sputtered WKdoOs mixed oxide electrochromic layers
[Ref.l@weredeposi ted onto a 46 [100] siliconVOwafer.
content changed in theX®0% range alongside the wafer diameter).

We determined and mapped the composition and optical paranmeasurements were doime
a liquid electrochemical cell usin§pectroscopic Ellipsometry (SE). Electrochemical measurements
were performed in 1M lithium perchlorate (LiClIO4) / propylene carbonate electrolyte.

Different optical models, such as the Bruggeman Effective Medium Approximation (BEMA) or the
2-Taud Lorentz multiple oscillator model (2T), were used to obtain the thickness and composition
maps of the sample. Scanning Electron Microscopy (SEM) withgigrigiispersive Xray Spectroscopy
(EDS) has been used to check the SE results. The performance of diverse optical models has been
compared. We showed that in the case of moledelal mixed layers, 2L is better than EMA.

[Ref.15.] Figure 21shows the experimental arrangement for the combined SE and electrochemical
measurement

Figure 21. Experimental arrangement for-situ SE measurements in the electrochemical liquid cell

Electrochromic coloration efficiency (CE) as a function of composifidgufie 23 was established
on independent transparent samgiRef.17 (Coloration Efficiency measures the amount of optical
change per unit of charge injected into the material. Higher CE indicates more efficient use of energy
and can lead to lower power consumption in devices.)
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Figure 22. Calculated CE data as a function of MoO3 fractiaBD graphical representation.

After determining the thickness and composition maps the sample was forced through
electrochemical reduction and oxidation cyctésntrolled current was applied through the cell setting
up reversible electrochemical cycles of coloration and bleaderfi16.] SE measurements were
recorded in the central position-situ, reaitime and full mapping after the last coloration cycle.
Ellipsometricspectra were evaluated using a mlaljier, multiparameter optical model. Components
of complex refractive indices were attributed to theaimd outdiffusion of Li into the oxide layer.
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Figure 23. Amplitude of the kextinction)parameter as a function of the position

Optical model (used for dry mapping after electrochromic experiment) consisted of the following
layers Air - Surface roughnessCauchy disp. (mixed layer + Li)intermixedi Gold substrate.

Figure 23shows the measured k parameter map. The k Amplitude (extinction) parameter can be
considered as a good indicatorGislorationEfficiency. The maximum k value shows that the optimal
composition is at 75 % MoGi325 % WO3 composition. Changes in the k parameter in the top layer
are proper indicators of the-iand outdiffusion of Li-atoms. Increasing Li concentration causes highe
k values. The coloration process therefore can be in situ monitored by SE combined with appropriate
optical model.
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Effects of global curvature and illumination conditions
on magicmirror imaging

OTKA K146181

F. Riesz

Magic mirrors (in Japanese, Makyoh) are bronze mirrors with a backside relief pattern, originating
from ancient China and Japan. If a light beam falls on the mirror surface, an image is projected on a
distant wall that resembles the back pattern as ifrtimeor was transpareifRef.17.] These mirrors
fascinated laymen and scholars alike during centuries, and since the 19th century, when Western
scholars became aware of these mirrors, they have been actively studied. It was clarified that a nearly
invisible surface relief is formed onelpolished front face during manufacturing by mechanical means
of the back relief. The image is then created by the local deflection of the reflected rays by this front
relief, more precisely, the image intensity at a screen point is related to the ogtiuces of the

corresponding mirror surface el ement 6Makgohprin

topographyé, used mostly for the visualisation

/L
60— ————

Weber contrast

Figure 24. Dependence of the image contrast on local and global curvatures

Most ancient magic mirrors possess a global convexity, semiconductor wafers may also be curved
or warped, thus the effect of global curvature is worthy of attention. It has been shown earlier using a
geometrical optical analys[Ref.18.] thata Cy global curvature (in addition to the trivial effects of
image magnification and intensity reduction) cancbesideredoy introducing an effective screen
distanceles given as the reciprocal addition of the physical screen distaaca d Gg)1Thdt i8, a
uniformly curved mirror with a surface relief behaves as a flat mirror with the surface relief "cascaded"
with a curved mirror without a relief. The contrast relations can also be analysed using elemental models
[Ref.19.] Even though the models are simple, there are several ways to visualise the results, each
emphasising different aspects of the phenomehigiire 24shows a possible way: omgmensionally

curved surface elements are considered on a spherically curved mean surface, and the Weber contrast

values of these elements are plotted against the curvature normalisetl feithvarious global

C
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curvatures, that is, each point in a curve represents a given position of the mirror. The main conclusions
are that the global convex curvature decreases contrast and decreases the sensitivity of the contrast to
screen distance.

Original magic mirrors are meant to be illuminated by the Sun, that is, a collimated source. For
modern demonstrations, exhibitions, as well as sometimes in semiconductor topography, the more
convenient point source is used. This is optically equivalethedntroduction of a global convex
curvature with radius twice the source distarfiigure 29. This leads to the appearance of the curvature
effects outlined above even for a flat mirror: the reciprocal addition rule renders the sensitivity of the
image pattern tgcreerndistance reduced (phenomenonften observedn magic mirrors), leading to
an upper limit of the effective screen distance, thus, limited sensitivity in the topography application.

@//2»
convex iparatletillumination fl at mirr or illimination

Figure 25. Optical equivalence of a globally convex mirror and a flat mirror with psimirce
illumination
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The scientific results of the Thin Film Physics Department are related to thin film, technical and
bioceramicfields. The main research topics are in line with modern trends of material science with
respecto a65-yearlong history of the department.

The development of the 2D semiconductorulticomponent, semiconductahin films and
technical ceramics were the important base research fields supported by several international basic

scientific projects and collaborations in 2025.

The Departmentdés wunique strength,

A

bot h

nat.i

investigation of various materials using transmission electron microscopy (TEM). Through TEM

analyses, the relationship between microstructure and the resultatgriah properties was

systematically demonstrated. These research activities were strongly supported by methodological
developments based on electron diffraction techniques.

In 2025, the Department published 50 scientific papers inneg@wed journals, including D1

and Qranked publications, with a cumulative impact factor of 260. Members of the research group
delivered invited lectures and contributed oral presentatibmumerous national and international
conferences. During the last two years, the group received approximately 4,300 independent citations.

Researchers of the group also contributed extensively to higher education by teaching -semester
long university courses and conducting laboratory practices at E6tvds Lorand University, Budapest

on
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University of Technology and Economics, University of Pannonia, and Obuda University. In addition,
five PhD students were supervised by members of the group.

Members of the Thin Film Physics Department also played an active role in organizing several
national and international scientific conferences, thereby contributing significantly to the advancement
and dissemination of scientific knowledge within the field

T

49th International Conference and Expo on Advanced Ceramics and Composites
(ICACC2024) USAI Balazsi Csaba, Balazsi Katalin (symposium lead org.)) Daytona
Beach, USA 2025 January-23

IXth Conference of the European Ceramic Society, August 31 to September 4, 2025,
International Congress Center in Dresden, Germany (EU), Baladzsi Csaba, Balazsi Katalin
(scientific committee members)

The Ninth International Symposium on Dielectric Materials and Applications (ISyDMA'9),
Faculty of Sciences Semlalia, Cadi Ayyad University and The Executive Committee of
ISyDMA, 7i 9 May 2025, Marrakech, Morocco Balazsi Csaba, Balazsi Katalin (scientific
committee members)

Global Forum on  ADVANCED MATERIALS AND TECHNOLOGIES FOR
SUSTAINABLE DEVELOPMENT (GFMAT3) Sheraton San Diego, 2026.05(%.05
(USA)i Katalin Balazsi (symposiuead organizer)

Annual conference of the Hungarian Microscopic Society 2025 (MMT) Si6fok 2025 May

I Pécz Béla, Labar Janos Radnéczi Gy. Zoltan

Multinational Congress on Microscopy, Portoroz, Slovenia, 2025. septembgr 7
inMagnetic, ferroelectric, and spintronic
Kis

Social activity of the group is landmarked by nearly 20 memberships in different committees of the
Hungarian Academy of Sciences and in boards of international sogeathsas thé&uropean and
American Ceramic Societthe International CeramiSocietyandthe International Union for Vacuum

Science.
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Composition-dependent structural and optical properties of
combinatorially deposited, RF sputtered gallium oxynitride layers

TKP202ENKTA-05

M. Gajdics, I. Cora, T. Kolonits, Gy. Safran, E. Szilagyi, Zs. Zolnai and B. Pécz

Recently, Gabased semiconductor thin films have gained increasing interest in the field of
electronics and optoelectronics. GaNcommonly used in blue LEDs and in higlectron mobility
transistors, while Ga203 can be utilized in rectifiers and-$dilad UV photodetectors. In comparison,
gallium oxynitrides are in a less developed state. Nevertheless, gallium oxynitrided presgsing
optical and electronic properties for the use in various electronic and optoelectronic applications. The
possibility to tune these properties through the control of the elemental compositiorOsNGaan
important aspect of these materidisevious works only studied gallium oxynitrides with specific
compositions and the relationship between optical properties and elemental composition is still not fully
explored.

In this work we used a combinatorial method to deposit a gallium oxynitride film with continuous
composition gradient within the sample. This approacabled uso map the optical and structural
properties of the sample as a function of composition and accelerated the exploration of composition
property relationships. The combinatorial films were deposited using reactivefregliency (RF)
sputtering where theitrogen partial pressure was kept constant, while the oxygen flow rate (and hence
the partial pressure)ariedusing a gas flow controller. The sputtering gas mixture also contained Ar
and different N2/Ampartial pressure ratios were tested to cover as wide composition range as possible.
The composition of the films was determined by Energy Dispersivay>Spectroscopy and Elastic
Recoil Detection Analysis. The optical properties of the samples werdigated by Spectroscopic
Ellipsometry both in reflection and in transmission mode. Structural characterization was performed by
X-ray Diffraction and Transmission Electron Microscopy.

As the oxygen flow rate decreased in the vacuum chamber, the oxygen content of the samples
decreased and simultaneously the refractive index increased. Refractive indices ranging from the index
of Ga203 to the index of GaN were measured. The optical tissism of the film also changed as the
oxygen content decreased, namely, the absorption edge shifted to higher wavelengths and the
transmittance in the visible region decreased. The optical bandgap of the material decreased from that
of Ga203 to that o6aN with decreasing oxygen flow rate. These results show that by controlling the
deposition parameters the elemental composition and the optical properties of the samples can be tuned.
Combinatorial samples with different N2/Ar partial pressure ratios prepared and the compositional
variation, the refractive index and the optical bandgap are plotted in the ternary diagfaguseo?6a-

b-c respectively. FronFigure 26b-c it is clearthe same refractive index/optical gap can occur for
multiple different compositions (see dotted lineFigure 26b. To further characterize the relationship
between these properties, it is useful to find a parameter that is invariant for the compositions with the
same optical property. This parameter is determined to be S={E&0.24N)/(Ga+O+N, where Ga,

O and N are the concentrations of the corresponding elements. If the refractive index data is plotted as
a function of this S parametdfigure 26d), the curves corresponding to the different combinatorial
samples shift relatively close together, indicating that the dependence of the refractive index on the
composition of the sample can be reasonably described by this parameter. The only exaeptbns

low and high values of the parameter, where a divergence of the curves can be seen.

The structural characterization of the combinatorial films revealed that the layers are amorphous at
high oxygen contents and as the oxygen content decreases the structure changes to polycrystalline. The
crystalline phase was identified as the wurtiyjge phase of GaN. The growth pattern also changes
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with the oxygen flow rate, i.e. at first tiny nanocrystals were observed and as the oxygen content further
decreased columnar grains started to appear. The change in the grain structure correlated well with the
change of the oxygen concentration in thenfil
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Figure 26. Ternary diagramshowing (a) the compositional variation, (b) refractive index (at 632.8 nm)
and (c) optical gap of the four combinatorial samples with differeffaipartial pressure ratios. The
arrow in (a) represents decreasing oxygen flow rate during deposition, i.e. the direction from 0 mm to 20
mm. The dotted I|lines in (b)) are the fAiso refracti:
them. The (djefractive indexplotted as a function of the S parameter.

In conclusion, it was demonstrated that the optical and structural properties of the gallium
oxynitride film can be tuned by controlling the composition, and the relationship between the refractive
index and the composition was determined.
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The Common Sublattice Method quantifies local deformations in epilayers

J. L. Labar, | Cora, B Pécz,
Alexander AzaroyUniversity of Oslpand Andrej KuznetsaWniversity of Osld

Measurement of strain in epitaxial |l ayers frei
unstrained regions to use as a reference for the whole structure. Here, we present a method developed
for deducing such references in the unstrained subgtvite one crystal structure) to determine the
local lattice deformations in the layer (with another crystal structure). The method works if there is a
common sublattice in the layer and the substrate, so that the deviations from it may be used tteinterrela
the experimentally recorded data. Such sublattice always exists in an epitaxial layer on a substrate
system. The precision of the method3.5% in strain values.

The common sublattice method (CSM) is based on the measurement of electron diffraction patterns
from thin lamellae using a transmission electron microscope (TEM) operated in microprobe scanning
mo d e -STEMP It is based on the output of a falimension&(4D) electron diffraction (ED) dataset
processed by the 4BD method.

The common sublattice is defined in reciprocal spacedilatdd, two predefined small numbers
while a;” andb” the base vectors of latticanda,” andb," the base vectors of latticdf there exists a
pair of reciprocal vectora” andb” that all the reciprocal vectorgf of lattice in the 2D observed
reciprocal space plane (i.e. the diffraction pattern measured from the given zone axis orientation) are
close to @ + m@" (i.e. Mm@ +m®@"-gi|<di) and r@ + my®" is close to all the reciprocal vectors
(0p) of lattice (i.e. 2@ +m®"-gy|<dk) than linear combinations af andb” with integer multipliers
define the common sublattice. Small deviaticthsafiddz) are treated by the separate lattice fitting to
each pattern irrespective of the fact that the small deviation was caused by changes in the lengths of the
base vectors or in the angle between them or both. ‘Maduds are always measured from the fitted
lattice.

Relative lattice distortion (strain) is determined from theatles in the layerd) and the
reference areal(y).
Q Q Q Q
o o)
whereg=1/d in accordance with convention in electron diffraction.

Our CSM method extends strain measurements in epitaxial layers from the simple case of a cubic
layer on a cubic substrate to the general case of a substrate with one crystal structure and a layer on it
from another crystal structure. In our method, webetate the system by measuring an unstrained
reference in the substrate, and the strain in the layer is given relative to the unstrained lattice of the layer
based on an interrelation of the two structures. The benefit of the new method over the GPAsmethod
that the new method is insensitive to either the variations of local thickness of the sample or minor
variations of bending of the lamella or experimental parameters like camera length and convergence
angle. Another huge advantage is that a much lamger can be measured in the TEM as compared to
HRTEM based methods like GPA. The pradfconcept is obtained using samples of cupi&a.0;
| ayer s on #&adsubstratel Qunmeasuréments reveal anisotropic lateral strain resulting
from the anisotropic lateral mismatch betweenthe cgfdca 2 O3 | ayer and@€Ga20he mono
substrate. The layer was created byidyi irradiation of the monoclinic substrate. Two TEM lamellae
were cut from each of differently hemeated samples. An-#@splanted sample from both [110] and
[100] orientatims and samples heat treated at 300°C and 700°C, respectively, from [110] orientations
of the gphaseFigure 27shows the measured local lattice deformations together with the changes in
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crystal structure (Model). Strain is obtained by subtracting Model from the measured lattice deformation

as shown irFigure 27
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Figure 27. Depth distribution of measured changes #aalues together with changes irvdlues of the

Model. Blue=Normal component. Red=Lateral componeat0(24 mrad and L=264 mm). (a) aspl
[110]% (b) 300C [110¥, (c) 700C [110¥, (d) asimpl [001]¢ Deviations of the measured values
(symbols) from the Model (lines) indicate presence of sthitice that the orientations are orthogonal

in (a) and (d).

In Figure 28(asimplanted sample in [11®prientation) black squares show averageglame

(lateral) and oubf-p | a n e

(nor mal)

strai

n componentGa@cr oss

and the transformegtGaOs layer. Three main parts of the strain curves can be differentiated, that we

di scuss in

gtransfarindtion frant) 2) ¢a. 88 nmbwide range after the transformation front

(interface region), where the slope of the strain curves is high, 3) range up to the top of the layer (far
from interface region) where the slope of the strain curves is lowiniplantation depth, where the
strain curve shows sharp jump/step is measured to be 320-hf).(At the transformation front the

top of the b
tensile strainanéd % inp | an e

substrate

prob

most of the strain is relaxed and reaches +0.4 % in normal direction (tensile strain), measurement sets)
is shown to provide trenlihes in the individual regions. If we disregard the observed trend in either
the subiate region or in the far from interface region and interpret any variation of data as if it were
statistical scattering of data, we obtain a conservative overestinsatgiandard deviation (precision).

Annealing of the sample at 300°C only caused slight changes in the strain curve. The most striking
difference compared to the nannealed sample is the depth of ¢f@a,03 layer, which is ca. 10 nm
less, i.e. the thickness of thg layer has been decreased to ~310 nm. This indicates that

(back)transformation fromY b h a's

started

t

a b | gshowdBa30s outd-pldné t t | e b
compr es s i gtans®rmatianifront wit#infca. 85snmt he b/
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measured in the top-implanted daraplefisappedes/telaxad. Rarallelrto thish e a
the compression tplane and tensile owf-plane strain seems to slightly increase but the change is

within the error of the measurement. After thesfarmation front with ca. 35 nm the slope of curve is

very similar to the strain curves measured from théangdanted sample. Energy dispersivaay

spectrum (EDS) depth distributions showed the same Ni distribution in all three samples.
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Figure 28. Variation of depth distribution of strain in samples with different heat treatment.
(a=0.24 mrad and L=264mm. Beam direction=sample orientation [190Black square=as implanted.
Blue circle=heat treated at 300. Red triangle=heat treated at 7@ (a) Normal strain (in direction of

(020Y/(440Y). (b) Lateral strain (in direction of (606)(400¥). Three spatial sections are identified:
Substrate region (fromd60nm to-328nm), interface region (fron824nm to-292nm) and far from
interface (close to surface) region (fre@88nm to Onm). Strain is close to zero at the substrate region,
as eyected. Steep change is observed in the interface region. Strain curves foirti asd the 30@
samples coincide within the statistical scatter, while the@@ample shows a much slower variation of
strain in the far from interface region.

Annealing of the sample at 700°C caused more significant changes. At this annealing temperature
gtransforms back to b not glayer hsywellaas we dbcementedtthess inf a c e
individual ED patterns. Therefore, the slope of the strain curve after the transformation front shows
more tensile out of plane and compressivplane strain component with slower decrease toward the
surface caugkby the coexistence of both polymorphs. This also implies the increasing relative amount

of b closer to the interface. The maxi mal me as ut
tensile ouwtof-plane strain aneét % compression iplane strin. As a continuation of the tendency/trend
the transformationfrogdy b s hi fts toward into the | ayer-that r

10 nm) of the layer containirggphase.

The common sublattice method deduces references in the unstrained substrate (with one crystal
structure) to determine the local lattice deformations in the layer (of another crystal structure). The
method works if there is a common sublattice in the layet the substrate (what is fulfilled in all
epitaxial configurations), so that the deviations from it may be used to interrelate the experimentally
recorded data. The new method overcomes several severe limitations of the geometrical phase analysis
method.e.g. of having a limited field of view and requirements to resolve the lattice image which may
be challenged by the camera size for large areas to examine. Furthermore, our method is insensitive to
lamella thickness variations. Measurements on lamellaefrom orthogonal crystal orientations
revealed nofisotropic lateral strain in G@&s layers. The reliability was further proven by collecting
data with different camera length, convergence angle conditions, and variable lamellae thicknesses.
Consistency of the results shows the usefulness of the m@Res20.]
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Evaluation methods for XPS depth profiling; a review

A.S. Racz, M. Menyhard

X-ray photoelectron spectroscopy (XAHSa widespreadnethodin modern material science to
study widely varied functional materials (metals, polymers, semiconductorghogt of these
applications there is a need of the detailed knowledge of the surface and surface close chemistry. XPS
with its excellent chemical sensitivity can directly be applied to the analysis of the surface layer in the
range of some nmkh.is known that its depth resolution is poor because of its relatively high information
depth (510 nm). Several methods have been developed to solve this problem. Additional problem
arises, whethicker regionsare to be analysed. In this case it shdagdcombined with various depth
profiling techniqueswhich introduce alteratiori&ke mixing, preferential sputtering, roughening étc.
this case one should consider both problems high information depth and altered sample during the
evaluation of the measured spectrathis review we present the advantages and disadvantages of the
techniques available for tackling these issues focusiaigly on ion etching techniquesionoatomic
and cluster argon sputteringvailable We also discuss modern methods like high energy XPS
(HAXPES) and femtosecond laser ablationl(fs). Evaluation problems are discussed through case
studies aiming to provide a guide for choosing between the different methods, highlighting pitfalls and
proposing solutionsThe different XPS depth profiling methods are summarized in Tal{lRef.21.]

Substance

Method

Advantage

Disadvantage

organics, polymers

GCIB

preserve of
chemical bonds

morphology development

thin layers up to 10

nm

No sputter removal
ARXPS
Tougaard method

preserve of
chemical bonds,

band structure etc.

thickness limitation, special

evaluation methods

buried interfaces

Sputter removal of cover
layer until the altered

layer reaches the
interface: XPS
HAXPES

preserve of
chemical bonds,
band structure etc.

HAXPES: X-ray sensitivity,
complex experimental setup,
issues with sensitivity factors

layers thicker than

10 nm

monoatomic drgon

high sputtering
rate, well
developed
evaluation

techniques

argon implantation,
preferential sputtering,
morphology development,

chemical bond alteration

layers thicker than
10 nm containing
inorganic

compounds

Monoatomic ion + GCIB

might optimize the
damage
reasonable

sputtering rate

complex experiment
no sufficient understanding
of GCIB effects

sensitive inorganics

GCIB

preserve of
chemical bonds

low sputtering rate
preferential sputtering,
morphology development

thick inorganics

fs laser ablation

preserve of
chemical bond high

sputtering rate

new technique, little
experiences, not for thin

layers

Table 1. Tips for XPS based analyses for various types of samples.
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Effect of non-spherical shape of dry powder aerosol drugs on their airway
deposition distribution

T. Kolonits, SzKugler (EKBI), P Fiiri (EKBI), A Nagy (WigneFKl), A Farkas(EKBI)

During the research, 5 commercially available aerosol drugs were investigated, in aspect that in
which part of the airways, and in what size and shape distribution do they dépesk. drugs are
currently used in the therapy of chronic obstructive pulmonary disease (COPD) and/or asthma as short
or longacting bronchodilators and amiflammatory corticesteroids. The commercial names of the
drugs are: BretarfsGenuaif, BuventoP Easyhalet, Trelegy? Ellipta®, Ultibro® Breezhale? and
Symbicorf Turbuhale?.

The lung was emulated with a-salled cascade impactor, to which the inhalers were connected
with 3D printed adapters. Scanning electr-on micr
sphericityd) of the partaitrhedical R&D tow sirhukationsedrug i s i m
particles are considered as spherical. Comparing our measurement data with numerical models, we
found that although the particles visibly deviate from the spherical shape, neglecting the irregular shape
does not leatb a major distortion of the simulation results. There is one exception: in the case of one
drug (Trelegy’ Ellipta®), we have observed small, elongated fibers. These fibers already showed
significantly different behavior than spherical particles, which is manifested in a significant increase in
their deposition in the terminal bronchioles, immediately before the agsibronchioledRef.22.]
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Figure 29. Left: quasispherical and fibetike particles found in Trelegy® Ellipta® Right: bronchial

deposition fractions of the fibragith and without considering the diameter correction with the shape
factor.
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Microcombinatorial Preparation and Characterisation of Multicomponent
Thin Films

OTKA K 143216

Gy. SafrAnM. Serényi, D. Olasz, E. Dédony, T. Kolonits, I. Cora, V. Kovacsné Kis,
N. Szasz, A. Jakab, A. Kovacs, P. Petrik, M. Fried, Zs. Zolnai

The midterm performance of our project was rated excellent by the OTKA Committee in 2024. In
2025, we continued and further developed the sisgiaplebased microcombinatoriaiethod that had
been elaborated for a comprehensive investigation of the compead#p@ndent properties of binary
and ternary thin films. The results have led to several scientific publicReng3.}[Ref.29.]

1. Development of a simplified combinatorial thin film growth and characterization technique

With the participation of GergR Dobri k, No ®mi
developing a simplified combinatorial thin film deposition and characterization technigue that enables
the efficient combinatorial preparation and investigatioidf component thin film systems. A patent
application based on this technical solution is planned for submission in 2026.

2. Microcombinatorics combined with variable pulsed gas inlet (GPC)

By combining microcombinatoriasith variable pulsed gas inlet (GPC) using new Bronkhorst mass
flow controllers, cathode poisoning during reactive sputtering can be avoided, thereby eliminating
abrupt changes in the sputtering regime and in film properties.

This method was applied to the combinatorial growth ofsRitered ternary thin film systems,
namely various ($iGa Al) -oxynitrides, and to the investigation of their optical and structural
properties, in collaboration with researchers Miklos SerényiMactell Gajdics, and PhD student
Daniel Olasz.

3. Cooperative Doctoral Program (KDPIPhD work of Daniel Olasz

Within the framework of the Cooperative Doctoral Program (KDP) associated to the OTKA project,
PhD student D&ni el Ol asz i s c odemkndent structyral rareds e ar c |
mechani cal properties of b i unigersiyy supdmiisor N.fQ. Chinsk 6 i n
(ELTE).

The student prepared iATu, Yi Tii O and Al Oi N thin films with compositions varying over the
entire concentration range. Transmission electron microscopy (TEM), ellipsometry, and
nanoindentation measurements were performed to characterize their strucitphblogical, and
material properties ie. hardness, deformation mechanisms, optical refractive index, amorphous and
crystalline phases and their composition.

The publication on the ACu system appeared in January 2026. The first version of the PhD
dissertation has been completed, and the defense is planned for 2026.

4. PhD work of Erzsébet DodoiiyMe-silicide thin films

Also methodologically connected to the present OTKA project is the PhD work of Erzsébet Dodony
entitled AF®rmati oe ohi Mefil ms. o The candidate
successfully passed the internal (gefensg examination. The thesis has been officially submitted to
the ELTE Doctoral School of Physics, and the public defense is expected in 2026.

5. Application of microcombinatorial TEM in catalysis reseafcimethane pyrolysis at the
nanoscale
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The princiopal i nvestigators of the internal E K
TEM in catalysis research; met hane pyrolysis at
Safran, MFA.

Combinatorial M®Ni nanocrystalline bimetallic catalysts with composition varying continuously
within a single sample were investigated by TEM and EDS to determine their composition, structural,
and morphological properties. This method enables efficiptim@ation of bimetallic catalyst
composition to maximize catalytic activity and lifetime.

We demonstrated that at high temperaturesi(@00 °C) the Au TEM grid is unstable; Au diffusion
occurs, and the presence of gold has a degrading effect on methane decompaosition catalysis. A peer
reviewed publication has resulted from this work.

6. Development and optimization of gold nanocrystal biosensors

In collaboration with the Photonics Laboratory led by Péter Petrik, we contributed to the
development of gold nanocrystal biosensors based on the influence of plasmonic effects evoked by
various applied molecules. The particles morphology and size digiribwas combinatorially
optimized by preparing and annealing gratlddkness thin films, followed by TEM and ellipsometric
characterization and testing with water ethanol and RAMAN MBA reporter molecules

7. Ellipsometric phase mapping of combinatorial thin film systems

Together with the Photonics Laboratory led by Péter Petrik, we worked on a patentable method and
technical solution for comprehensive compositioand temperaturdependent ellipsometric
characterization and phase mapping of-temponwent combinatorial ith film systems. Related
patent application is under preparation. Submission is expected in 2026.
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Combinatorially optimized sensorics of sputtered gradient gold
nanoparticle layers

OTKA K 143216 KDP-2021scholarship

D. Mukherjee, K. Kertész, Zs. Zolnai, Z. Kovacs, A. Deék, A. Palinkas, Z. Osvéth,
D. Olasz, A. Romanenko, M. Fried, S. Burger, Gy. Séafran, P. Petrik

Within our institution, within the framework of cooperation between two laborat@rtaa-film
physics and PhotonigsAu nanoparticlesvith gradually changing properties were produced on fused
silicon dioxide using DC magnetron sputtering and annealing in order to find the range in the sample
that provides the best response, i.e., to optimize the plasmonic sensing of molecules. Tigtcoahbi

gradient approackiRef.30.]resulted in a linear change in the effective thickness of the deposited Au on
the substrate.

-
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Figure 30. (a) Setup for micreacombinatorial deposition (1) magnetron sputtering source, (2) moving
slit, (3) substrate, and (4) graddtickness gold layer. (b)@ical transmissiorcell with (1)light source
(2) glass chamber, (3) substrate with annealed nanoparticles and (4) spectrometer. (c) Thickness vs.
position (red circles), effective thickness (al so
amount of material (dotted line), and error @ffortheasd e posi t ed graded Au sampl e
spectroscopic ellipsometry (SE). (d) Change of measured thickness by SE as a function of temperature
during annealing at the position at 8 mmgrapm sampl €
(at a position of 8 mm), and (g) optical image of the sample after annealing. (h) ahdw m33
spectra on sample 6B6& over t he deposipgandI00°Losi ti ons
annealed state, respectively.

Scanning optical spectroscopifRef.31.] were used to characterize the optical and sensing
properties for water, ethanol and MBA reporter molecules, as a function of equivalent deposited
thickness d The best gas sensing positions along the sample were foundviues of 24 nm,
explained by the high surface density of gold particles and the high ratio of covered area in this region.
The covalently bonded Raman reporter MBA molecules can most sensitively be detected at the highest
plasmon peak region of @ 7 nm when using ellipsometry. However, the most sensitive region for the
Raman measurement of the MBA molecules is atldé nm. The formation and sensing performance


https://www.sciencedirect.com/topics/engineering/optical-transmission
https://www.sciencedirect.com/topics/physics-and-astronomy/light-source
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of the layers were modeled and explained u§iimite element calculationdVe have shown that our
combinatorial sputtering method for arbitrary thickness and composition profiles can accurately and
quickly locate optimal sensing paramet@Ref.32.] It supports the discussion of theoretical and
experimental considerations due to the large amount of data generated by quick optical scanning. The
present results also show that our approach is suitable for the high throughput testing of new materials
ard structures and for creating experimental databases for theoretical analysis and machine learning.
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Dramatic interaction between the Au TEM grid and sampleas well as
supported MoNi/MgO catalysts

Application of Micro-Combinatorial TEM in Catalysis ReseardtieK internal project)

A. Horvéath, M Németh, ABeck, D Olasz, M Serényi, GySafran

The decomposition of methane in an inert atmosghatso known as methane pyroly&is
producegdssre€OfAturquoi seo hydr og e nsupporied birsetallici d cart
molybdenuriinickel (MoNi) catalyst exhibits promising synergistic effects in this reactOur
objective was to efficiently investigate how variations in the Mo/Ni ratio influence catalytic
performance, with particular emphasis on carbon deposifionovel micrecombinatorial TEM
technique was successfully applied, in which magnetron sputtering was used to genéfdie Mo
nanoparticles with a continuous compositional gradient on a-&@@ted gold TEM grid, presumed to
remain stable even at high temaeires|Ref.33.] Posttreatment of the model catalyst sample at 800
°C in diluted hydrogen resulted in uniform particles with varying compositions.

50 nm

Figure 31. TEMmicrograpts of the supported MoMilgO powder catalyst deposited on a C/Au grid and
subjected to reduction and reaction treatment at 800 °C: a) TEM overview image; bjpadgtification
image, with darkcontrast Au particles indicated by arrows; c) selected area for further SHENS
analyss, Au particles marked by arrows; d) STERDS Mg map; €) Mo map; f) Ni map; g) Au map of

the same area.

However, methane treatment experiments revealed a significant limitation: at high temperatures,
the gold and SiOxomponents of the TEM grid interacted with the catalyst, leading to partial
segregation and oxidation of Mo and Ni, thereby inhibiting carbon formation. A model MoNi sample
sputtered onto an Mg@oated carbon membrane supported on a gold TEM grid exh#iitelar gold
induced effec® mixed metal oxides formed, but no carbbmerestingly, when a MoMVigO powder
catalyst was placed onto the gold grid, no carbon formation occurred either. In contrast, in control
experiments conducted without the gold grids expectedl carbon nanotubes were formekhese
results highlight the critical influence of the TEM grid material on catalytic behavior and suggest that
gold may actively suppress coke formation. This could be valuable in reactions where the inhibition of
coking is desirable.
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Structural study of (001) rutile-type GeO2 semiconductor on rutile (TiO2)

MTA NKM2023-15/2023

I. Cora, B. Pécz (HUNREN CER)
P. Mazzolini, M. Bosi, G. Cicconi, F. Mezzadri (IMEM CNR, Uni. of Parma)
A. Ugolotti, Leo Miglio (Uni. of Milano)

The ultrawide bandgap semiconductor rutile germanium oxie@ ¢ O 2 Eg a4 4.6 eV)
momentum in the quest for novel materials for power electronics. In this work, we experimentally and
theoretically investigate the physical mechanisms behindubtleation and growth of epitaxial (001)
r-GeO2 on isostructural-TiO2 substrates via metalorganic vapor phase epitaxy (MOVPE) using
isobutylgermane andQrecursors. In the identified deposition window, the thin film growth seems to
be affected by partial GeO suboxide desorption, and we observe that the layers are always composed of
r-GeQ islands embedded and/or surrounded by amorphous material. Ge/Ti interdiffusion at the
epilayersubstrate interface is found at the base of e&hQy island; combining experimental analysis
and multiscale theoretical simulations we discuss how such a process is fundamental to achieve partial
strain mitigation allowing for the nucleation of epitaxigbeG and suggest in this regard a limiting
threshold to avoid the formation of amorphous material. Moreover, we shed light on the formation of
different facets in4GeQ at early stages of growth and after merging of islajfRisf.34.]

HRTEM Out-of-plane deformation map - &~ In-plane deformation map - €

‘‘‘‘

FFT

—>
-0,08 - Ti02 Geoz |
nm RS
Figure 32. Geometric phase analysis (GPA) was performed from HRTEM images of the intermixing

region, obtainingCk, Uy deformation maps. The HRTEM image with the corresponding BFT,
strain/deformation maps and integrated EDS {prefiles of Ti and Ge signed on the HAADF image in
[110] projection (sample #212)} and §y strain/deformation maps were calculated using periodicities
signed on the FFT. Tifwas selected as the reference. The integrated and averaged deformation values
inside the white rectangles are presented below the maps. The averaielaute deformation values
calculated inside the blue rectangles are the followingi®: U, =0.0004(50), and1GeQ: [, =-
0.027(14) in the mixing area at the interfatly,=-0.040(7) andj, =-0.040(7) abovelk =-0.035(10) is
more homogeneous in the root part of th@eQ, crystal and above.




MFA Yearbook 203 65

Effect of Nitrogen Content on Microstructure and Mechanical Properties
of DC Magnetron Sputtered CrMnMoSiY(N) High Entropy Coatings

L. Vr8na, T. Stasi ak, M. Fekete, V. Bur g2z ko

This study investigates @Mn-Mo-Si-Y-(N) high-entropy alloy and higlentropy nitride coatings,
with a focus on their structural, compositional, and mechanical prod&&€385]. These coatings were
developed using reactive DC magnetron sputteringinanMr at mospher e, combi ni n
nitride-forming elements with significant differences in atomic radii. The nitrogen content in the
coatings was found to saturate below 45 atomic percent (at.%), stabilized by nitrogen vacancies. Bias
applied duriig deposition did not influence the chemical composition or microstructure. Increasing the
N flow rate |l ed to a reduction in the depositi
nitrogen content until saturation was reached. Microstrucaniaysis revealed that coatings deposited
at room temperature formed an amorphous structure, while formation of nanocrystals occurred at a
substrate temperature of 580 °C in coatings containing more than 40 at.% nitrogen. The coatings
exhibited a distintive structure with alternating @o-rich and SiMn-rich nanolayersKigure 33.
These layers showed significant compositional variability, with Cr and Si demonstrating the greatest
changes. GMo-rich layers contained FCC nanocrystallites, whereaslrigrich layers remained
amorphous due to the weak nitrifteming properties of Mand the lattice distortion introduced by Si
and Y.

Signal intentsity [a.u.]

20 ma Distance [nm]

Figure 33. Line profile in the EDS elemental map indicating the concentration correlation of Cr with Mo
and Si with Mn.
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100 nm

100 nm

Figure 34. Brightand dark fieldmages of the GMn-Mo-SiY-(N) high entropy nitride cating deposited
at 580C and 100V bias. The bright contrast in the DF iniadeatesthe location of the crystalline fcc
phase.

The evidence for the alternation of amorphous and crystalline phases are the bright field (BF) and
dark field (DF) image pairs: the crystalline layers are a bit darker in BF images, and these layers contain
some distinct bright spots (crystallites) in DRages Figure 34. High-resolution TEM images also
confirmed this nanostructure. The mechanical properties of the coatings improved significantly with
nitrogen incorporation and a substrate temperature of 580 °C. At these conditions, the coatings achieved
a peak hardnessf 15.5 GPa and a reduced modulus of 195.1 GPa. Elastic deformation parameters
(H/E) and plastic deformation parameters (H3/E2) reached values of 0.09 and 0,2<pPetively,
indicating enhanced durability and resistance to mechanical deformation. The study also highlighted
the influence of deposition geometry, substrate rotation, and elemental targets in forming the alternating
nanolayer structure. The phaspamtion observed betweenMo-rich and SiMn-rich layers suggests
a potential chemical separation mechanism, warranting further investigation. Nitrogen incorporation
and a substrate temperature of 580 °C emerged as key factors driving the improveadakgndt
mechanical performance of the coatings. These findings provide valuable insights into the development
of high-entropy nitride coatings, positioning them as promising candidates for advanced material
applications.
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Biomineralization at the nano scale

OTKA K 125100

V. Kovacsné Kis, Zs. Kova(ELTE), M. HELJ E), i . TRé&zsgSemmelweis University)
E. Mlink6 (Semmelweis UniversityY. Szekanediniversity of Debrecen).. lllés, N. Szasz,
L. Vasarhelyi{University of Szegegf\. KukovectUniversity of Szegéd
H. SchwarcZMcMaster University)N. NassifCNRS LCMCP)

In 2025, we published two important papers in the field oplasphate biomineralization, both
were preceded by couple of years of research.

Bone apatite crystal structure[Ref.36.] While detailed multiscale models explain the complex
hierarchical structure of bone, there has been an unresolved paradox between bone apatite
nanomorphology dominated by large (010) facets and apatite hexagonal crystal structure. Crystal
structure studig of bone apatite are difficudiue to intimate structural intergrowth with organic matrix
and small crystal size, {2 nm thickness along b ar80-40 nm width). Our high resolutiohEM
(HRTEM) analysis Figure 33 of isolated individual mineral platelets (MPs) show that the MPs are
polycrystalline,composed of crystallites whoseaxes are mostly ealigned with few degrees of
misorientatiorforming mesocrystalline assemblies. Based on Fast Fourier Transform analysis of
HRTEM images of nanocrystals we propose monoclinic structure with a(mon)=a(hex),
b(mon)=2a(hex), c(mon)=c(hex). dWoclinic model resolves the paradox and explains
nanomorphology in terms of crystal structure. Moreover, it allows the development-efjniwalent
(010) factes with different composition, polarity and atomic arrangement. As a consequence, the
orientation of the (010) crystal surface relative to collagen becomes biologically significant, which was
presumed in previoustudiegRef.37.]

Figure 35. Edge view (left) and plane view (right) HRTEM of individual bone mineral platelets with their
corresponding FFTs. Features deviating from hexagonal symmetry are indicated in theiplarie-T.

Monoclinic crystal structure of bone apatite was verified inside bone tissue, usingramjided
thin sections as well. We also show that the same monoclinic structure appearslikeptayestals of
biomimetic apatite used successfully for boegeneratiorfiRef.38.]

Ribbon-like hypomineralization in human enamel[Ref.39.] Molar-incisor hypomineralization
(MIH) is a developmental enamel disorder with up to 14 % prevalence, characterized by reduced
mineral content, hypersensitivity, and pestiptive enamel breakdown. As tbeuses of this disorder
remain unclear to date, MIH, including the optimization of treatment strategies, is an area of intensive
investigation. We have reported a new form of hypomineralization with uncommon appearance in
dental practice for the first timéNe have compared structural and chemical alterations in teeth
exhibiting this ribborike hypomineralization (RLH) to the characteristics of sound and-&ffeicted
teeth.
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RLH - DIAGNOSTIC MORPHOLOGY
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Figure 36. (a) Diagnostic appearance of RLH enamel and density chsingen by micreCT. b)

HAADF and HRTEM of hollow nanocrystalkaracteristic of RLH ename(c) Simulated SAED shows

that asymmetric contrast gradient around the core of the crystals, observed on HAADF is due to small
tilt. (d) Raman spectrglarametersof RLH enamedllow clear distinction from MIH enamel.

Microporosity, mineral density and characteristic 3D macroscopic shape of the RLH affected
volumes were captured by mie@®rl analysis. On the submicr@cale Figure 3§, nanoporosity,
unusual nanocrystal morphologies and reduced size of apatite nanocrystals have been revealed. These
RLH specific features are coupled with a particular chemical fingerprint in Raman spectroscopy, which
allows its clear separation from Midfected and sound enamel. Based on these nanostructural features
we conclude different failure mechanisms in the biochemical control during crystallization of the RLH
and MIH enamel.

Acknowledgement: Funding of this study was provided by the National Research, Development
and Innovation Fund Office, Hungary (grant number 125100, V.K.K.). Some aspects of
hypomineralized enamel research was funded by URBB New National Excellence Rycam of the
Ministry for Culture and Innovation of Hungary (M.H.).
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Preparation and investigation of biopolymer composite materials
containing calcium phosphate doped with Mg and Zn components

OTKA FK 146141

M. Furko

A novel method for producing porous biopolymer composite scaffolds doped with bioactive Mg
and Zncontaining calcium phosphate (mCaP) was developed.

Two polymers were used as matrices: a natural polymer, cellulose acetate (CA), and a synthetic
polymer, polycaprolactone (PCL). The biomineralized calcium phosphate particles were synthesized
via wet chemical precipitation, followed by the addition of oigabiominerals, such as magnesium
gluconate and zinc gluconate, to enhance the bioactivity of the pure CaP phase. The morphological and
chemical characteristics of the two composite types were evaluated, as well as the impact of
biomineralization on theasticle structure of pure CaP. The precipitated mCaP primarily consisted of
nanocrystalline apatite, and the addition of organic trace elements significantly influenced morphology
by reducing particle size. FEEM EDS confirmed the successful incorporattbmCaP particles into
both the CA and PCL polymer matrices. SHertn immersion tests revealed slow degradation rates
for both composites, with moderate and gradual ionic dissolution observed ¥@2BSPeasurements.

The PCl-based composite exhibitedmmal weight loss during immersion, decreasing by only 0.5%,
while the CAbased composite showed an initial slight weight gain before gradually decreasing over
time. The morphology of the composites is showimifigure 37

."‘ o (2N
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Figure 37. Scanningelectron microscope image (a) lawagnification TEM image (b), and the

corresponding EDS of PGInCaP composite.

The changes in both morphology and weight of the composites were monitored overtarshort
(two weeks) immersion period to assess the biodegradability of the composite samples and to gain
insights into the morphological changes caused by the soakingdpreda general. In addition, we
measured the concentrations of the dissolved calcium, magnesium, zinc, and phosphorus ions by ICP
OES at different time interval&igure 38illustrates the morphology of GACP and the PCINnCP
samples as prepared and after two weeks of immersion in saline solution.
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Before immersion After immersion

© )
Figure 38. FE-SEMimages on CAnCP (a) and PCImCP (c) composites, as well as-@#CP (b) and
PCL-mCP (d) composites, after two weeks of immersion in saline solution.
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Synthesis and Characterization of Hydroxyapatite from Eggshells

B. AlmassyK. Balazsi and Cs. Balazsi

The objective of the PhD resear@hBoglarka Almassy (Obuda Universitig) to develop a novel
and efficient synthesis route for hydroxyapatite (HAp) from eggshells. The work aims to systematically
optimize all controllable synthesis parameters in order to replicate the structure and properties of natural
bone, producing a highbiocompatible and bioactive material for bone tissue engineering applications.

The pure hydroxyapatite (HAp) was successfully produced by using eggshellsabsum
precursor The calcined eggshells were reacted with diammonium hydrogen phosphate in a
mechanochemical method using attritor milling. Half of the synthetized samples were subjected to a
second calcination process. The structures of the samples were investigaeahbiyng electron
microscopy, Xray diffraction, andrFourier transforninfrared spectroscopy. Awsilled samples had
pure, nanosized HAp particles, while the secondarily calcinated samples exhibited largaefivvedl,
porous, closely resemble natural HAp structures. This sintered sample has high potential for bone tissue
engineering applications due to its morphology and structure.

Sopa T1 M8 50000% 23mm 2 e 00" B | B |tisw Soms 72 35 mn 137 um piban 8375 00" Touen
Figure 39. SEM micrographs of the HApample obtained at different magnifications. The high
magnification images reveal walkefined crystalline particles with faceted surfaces. Pores can be
observed between the agglomerated particles, while the lower magnification image provides an overview
of the porous architecture of the material. The presence of an interconnected pore network is important
for bonerelated applications. It can support tissue ingrowth and osseointegration.
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