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Introduction 
 
The Institute of Solid State Physics, University of Latvia (ISSP UL) is the leading research centre 

in the field of materials science in Latvia. Awarded the Horizon 2020 Teaming project “The 

Excellence Centre of Advanced Material Research and Technology Transfer – CAMART2” in 

2015, ISSP UL collaborated with the Royal Institute of Technology (KTH) and the Research 

Institute of Sweden (RISE). The project concluded successfully in January 2025, significantly 

enhancing ISSP UL's research and innovation capabilities, and establishing it as one of the most 

advanced regional centres for material research and technology transfer in Europe. 

ISSP UL has developed a strong research and innovation ecosystem that includes the following 
centres:  

 Computing centre, 

 Spectroscopy centre, 

 X-Ray absorption centre, 

 Microscopy and structure analysis centre, 

 Thin films centre, 

 Electrochemistry centre, 

 Nanotechnology centre. 

 

ISSP UL operates a 10,000 m² facility with state-of-the-art infrastructure, including a 650 m² 

ISO-class cleanroom space, and cooperates with more than 100 scientific institutions around 

the world. About one third of the projects are carried out jointly with companies.  

ISSP UL is continuously using possibilities offered by Large European Infrastructure centers 

such as synchrotron radiation facilities, including DESY PETRA-III and MaxIV Laboratory, XFEL, 

and neutron spallation source - ESS.  

ISSP UL has created a platform Materize to provide access to the ISSP UL’s expertise and 

resources facilitating cooperation with industry in Latvia and abroad including joint projects.  

Our Research Programme 2030 serves as a road map and an entry-point for advanced 

materials-related R&D&I challenges, inquiries, and proposals. It helps to launch projects with 

a scope wider than that of a specific single research domain. 
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The structure of ISSP UL promotes research and innovation by creating a service-oriented 

environment, fostering openness and product-oriented research (Figure 1). 

 

Figure 1: The organizational structure of ISSP UL in 2024 

 

 

The highest decision-making body of ISSP UL is the Scientific Council, consisting of 15 

members elected by the employees of the Institute. The Council appoints the director and 

his/her deputies.  

 

The Scientific Council of the Institute 

1. Jeļena Butikova, Dr.phys., Chairperson of the Scientific Council 

2. Anatolijs Šarakovskis, Dr.phys. , Vice- chairman of the Scientific Council 

3. Andris Anspoks, Dr.phys.  

4. Līga Grīnberga, Dr.phys.  

5. Edgars Butanovs, Ph.D. 

6. Sergejs Piskunovs Dr.rer.nat. 

7. Dmitry Bocharov, Dr.phys. 

8. Boriss Poļakovs Dr.phys. 
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9. Kaspars Pudžs Dr.phys. 

10. Mārtiņš Rutkis, Dr.phys. 

11. Andris Šternbergs, Dr.habil.phys. 

12. Aivars Vembris, Dr.phys. 

13. Virgīnija Vītola, Dr.phys. 

14. Aleksejs Kataševs, Dr.phys., Riga Technical University, Institute of Biomedical Engineering 

and Nanotechnologies 

15. Guntars Kitenbergs Dr.phys., University of Latvia. 

To ensure an optimal alignment with global tendencies in material science, the ISSP UL 

performs consultations with the International Advisory Board when making strategic 

decisions. Additionally, the International Advisory Board issues recommendations for the 

commercialization of scientific results and for improving management. 

 

The International Advisory Board 

1. IAB chairperson Dr. Jiri Kulda, Institut Laue-Langevi, France 

2. Prof. Juras Banys, Vilnius University, Lithuania 

3. Prof. Antonio Bianconi, Rome International Center for Materials Science Superstripes, Italy 

4. Prof. Annette Bussmann-Holder, Max-Planck-Institute for Solid State Research, Germany 

5. Prof. Ming-Chi Chou, Department of Materials and Optoelectronic Science, National Sun 

Yat-sen University, Taiwan, R.O.C.   

6. Prof. Tony Donné, Programme Manager (CEO) for the consortium EUROfusion, DIFFER, the 

Netherlands 

7. Prof. Dag Høvik, Former member, The Research Council of Norway, Norway 

8. Prof. Marco Kirm, University of Tartu, Estonia 

9. Prof. Maija Kuklja, Program director at National Science Foundation, USA 

10. Dr. Nils Nordell, Emeritus Director, Electrum Laboratory, KTH, Sweden 

11. Prof. Toshio Ogawa, Shizuoka Institute of Science and Technology, Japan 

12. Prof. Lars Österlund, The Ångström Laboratory, Uppsala University, Sweden 

13. Dr. Mārtiņš Rutkis, Institute of Solid State Physics, University of Latvia, Latvia 

14. Prof. Andrejs Silins, Latvian Academy of Sciences, Latvia 

15. Dr.habil.phys. Andris Šternbergs, Institute of Solid State Physics, University of Latvia, 

Latvia 
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16. Prof. Pauls Stradins, Colorado School of Mines, USA 

17. Honorary member Prof. Juris Upatnieks, Applied Optics, USA 

 

The multidisciplinary research (Figure 2) at the ISSP UL is performed by its highly qualified staff 

where the data are provided in Table 1 and Figure 2.  

 

Table 1:   Employees at ISSP UL in 2024 

  FTE 
No of 

employees 
Women Men PhD- s 

PhD stu 
dents 

Mg stu 
dents 

Bc stu 
dents 

Students 
total 

(Mg+Bc) 

Administrative staff 45 67 43 24 7 3 0 0 0 
Research technical 

support staff (RTSS) 36 90 31 59 11 10 18 30 48 

Scientists 87 136 44 92 90 32 2 0 2 

Total 168 293 118 175 108 45 20 30 50 

           

Scientists + RTSS 123 226 75 151 101 42 20 30 50 
 

Figure 2: Multidisciplinary research at ISSP UL: Publications by Subject Area 

 

 

The dynamics of the ISSP UL research staff from 2016 to 2024 is shown in Figure 3. It indicates 

a stable situation with an increasing number of students as our employees involved in our 

projects during the last three years. Note an increase in the number of Doctors in 2024. 
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Figure 3: ISSP UL research staff dynamics 2016-2024 

 

 

This Annual Report summarizes the research activities of the ISSP UL in 2024 in the KPIs as 

reported in Table 2.  

 

Table 2: Key performance indicators 

Key performance indicators for 
Research 

2015 -
2017  

(3 years 
average) 

2021 2022 2023  2024 2026  

             

Number of scientific publications 
according to “Scopus” 

119 122 195 167 180 250 

A fraction of scientific publications 
in International Collaboration (%) 

51 73 65 72 71 65 

Number of citations/year according 
to “Scopus” 

2043 3105 4014 4110 4392 5000 

Average SNIP per publication  0.79 1.04 0.96 1.03 0.96 1.25 

Number of scientific and technical 
personnel (FTE) 

105 141 153 126 123 175 

Publications/FTE 1.13 0.84 1.27 1.33 1.46 1.45 

Gender balance of scientific and 
technical personnel (% female) 

26 31 31 34 33 40 

 

In 2024, ISSP UL researchers published a total of 180 papers in peer-reviewed journals. Of 

these, 51 papers (28%) were featured in journals with a SNIP factor greater than 1. 

Additionally, 88% of the publications appeared in journals classified within the Q1 and Q2 

quartiles. 
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We should especially note several studies published in the highest-impact journals (IF > 20) in 

collaboration with international partners.  

A stable polymer blend with high electronic mobility for use in high-performance organic 

electrochemical transistors was proposed (Advanced Materials, IF=27.4, DOI: 

10.1002/adma.202302624).  

A new method for the synthesis of metal polyhydrides for modifying existing hydrogen storage 

materials was suggested (Advanced Energy Materials, IF=24.4, DOI: 

10.1002/aenm.202400077).  

The robust photo-electrocatalytic performance of In-doped BiVO4 impregnated on 2D S-doped 

g-C3N4 was confirmed using systematic computational and experimental study (Advanced 

Composites and Hybrid Materials, IF=23.2, DOI: 10.1007/s42114-024-00843-4).   

 

Several metrics from the SCOPUS database were used to evaluate the research output, 

calculated using the SciVal research performance assessment tool. This tool enables analysis 

of data from Scopus.  

The first two metrics highlight the number of ISSP UL publications among the most-cited 

within the entire Scopus database or published in the most-cited journals indexed by Scopus. 

In 2024, 13% of our publications were among the top 10% of most-cited publications 

worldwide (Figure 4). Additionally, 17% of our publications were in the top 10% of the most-

cited journals indexed by Scopus (Figure 5). 

 

Figure 4: Percentage of publications that are within the top 10% of the most 

cited worldwide publications (from Scopus database) 
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Figure 5: Share of the publications belonging to the top 10% of the most-cited 

journals indexed by Scopus (from Scopus database) 

 

 

The third metric, Field-Weighted Citation Impact (FWCI), measures how citations received by 

ISSP UL publications compare to the world average. An FWCI value of 1.00 indicates that the 

entity’s publications were cited exactly as one would expect based on the global average of 

similar publications. The FWCI of our publications was 0.81 in 2023 and 0.79 in 2024, indicating 

high publication quality and stability (Figure 6).  

 

Figure 6: Field-Weighted Citation Impact (FWCI) of publications compared 

with the world average (1.0). (from Scopus database) 

 

 

The fourth metric shows the distribution of ISSP UL publications across journals, divided into 

four quartiles according to their Impact Factor. It is important to stress that about 88% of all 
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publications in 2024 were published in peer-reviewed journals belonging to the first (Q1) and 

second (Q2) quartiles (Figure 7).  

 

Figure 7: ISSP UL publications by Journal quartile (from Scopus database) 

 

 

Building the research capacity and development of human capital are among the priorities at 

our institute. These are addressed in collaboration with the University of Latvia and other 

universities through the preparation of the next generation of researchers. The ISSP UL is a 

traditional place where many students start and accelerate their research careers to Bachelor, 

Master and PhD levels. In 2024, 3 PhD, 7 MSc, and 6 Bc theses were prepared and successfully 

defended in ISSP UL.  

ISSP UL traditionally actively participates in enhancing the university's master's and doctoral 

programs in physics and materials science.  

 

The high quality of research at ISSP UL was recognized at both international and national levels 

by various awards.   

A study on “Tomorrow's energy: unlocking the potential of graphene, batteries, 

superconductivity and photocatalysis” (Dr. phys. Roberts Eglītis, Dr. hab. phys. Juris Purāns, 

Dr. phys. Anatolijs Popovs, and Dr. Ran Jia) conducted by the ISSP UL team in collaboration 

with the Institute of Theoretical Chemistry, Jilin University (China) was among the winners of 

the Science Achievements Competition 2024 by the Latvian Academy of Sciences (LAS).  

Dr. habil. phys. Jevgenijs Kotomins, a full member of the Latvian Academy of Sciences and a 

leading researcher at the Laboratory of Computer Modeling of Electronic Structure of Solids 
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at ISSP UL, received the Edgars Siliņš Award for his lifetime contribution to the establishment 

of the quantum chemistry school and the computational modeling of nanomaterials.  

By the decision of the National Council of Emeritus Scientists in November 2024, the status of 

national emeritus scientist was granted to two scientists from the ISSP UL: leading researcher 

of the Optical Materials Laboratory Ēriks Birks and leading researcher Vera Skvorcova.  

Dr. phys. Boriss Poļakovs, a leading researcher at the Thin Films Laboratory of ISSP UL, was 

elected as a corresponding member of the Latvian Academy of Sciences. 

Mg. Līga Ignatāne was announced as the winner of the Women in Science Baltic Fellowship 

contest, launched in 2024 by the Latvian Academy of Sciences and the Latvian National 

Commission for UNESCO.  

One of the winners of the Annual Award for Achievements in Energy by "Latvenergo" and the 

Latvian Academy of Sciences for young scientists in 2024 was Maksims Sokolovs, a scientific 

assistant at the Laboratory of Computer Modeling of Electronic Structure of Solids at ISSP UL. 

He received the award for his series of works titled "Computational Modeling of Complex 

Materials for Electrocatalysis". 

Mg.phys. Anete Bērziņa was awarded with the Ludvigs and Māris Jansons Prize in Physics for 

her work “Third and Higher-Order Nonlinear Optical Effects of Organic Materials”.  

Mg.phys. Vitalijs Dimitrijevs received the Young Scientist Award for his work “Studies of Lattice 

Dynamics Anisotropy in Metals Using X-ray Absorption Spectroscopy”.  

In the summer, Lindau (Germany) hosted the 73rd meeting of Nobel laureates, dedicated to 

physics. For the first time in history, Latvia was represented at this event, with Mg. Rihards 

Ruska, a scientific assistant at the Spectroscopy Laboratory of ISSP UL, among the 650 invited 

young researchers.  

 

It is worth mentioning that, honoring the contribution of Latvian scientists to nuclear energy 

research, the Bank of Latvia issued the "Energy Coin" in October 2024. The coin symbolizes 

the nuclear fusion process, highlighting its potential as an inexhaustible and environmentally 

friendly energy source. The unveiling of the coin was followed by a discussion led by Andris 

Šternbergs, Deputy Director for Science at the ISSP UL. 
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Scientific Highlights 
 
 
 
 
 

I. Research in the field of physical sciences 
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In-co-doped Bi1-xVO4 drenched Sulfur–doped g-C3N4 Nanocomposite:  
A Type-II Photo(electro)catalytic System for Visible-light–driven Water-

splitting and Toxic removal Applications 

  
S. Balu1,2, S.-W. Chen3, S. Piskunov4, H. Venkatesvaran2, L. W.-C. Lee5, Th. C.-K. Yang1,2 

  
1 Department of Chemical Engineering and Biotechnology, National Taipei University of Technology, 

Taipei 10608, Taiwan (Republic of China) 
2 Precision Analysis and Materials Research Center, National Taipei University of Technology, Taipei 

10608, Taiwan (Republic of China) 
3 Graduate Institute of Automation Technology, National Taipei University of Technology,  

Taipei 10608, Taiwan (Republic of China) 
4 Institute of Solid State Physics, University of Latvia, Riga LV-1063, Latvia 

5 Asia Electronic Material Co., Ltd., Taihe Village, Zhubei City, Hsinchu 30267, Taiwan (Republic of 
China) 

  

A promising alternative technology for the direct utilization and conversion of renewable 
energy sources is essential in order to overcome energy crises owing to the limited source of 
fossil fuels. Herein, we report the partial substitution of different amounts (x = 0.3, 0.5, 0.7) of 
indium (In3+) in the Bi3+ sites of BiVO4 through a one-pot hydrothermal route without additives. 
The as-prepared Bi1−xInxVO4 was impregnated on 2D S-doped g-C3N4 via the total solvent 
evaporation method. The optical, electronic, and catalytic properties of the synthesized 
Bi1−xInxVO4/S-g-C3N4 materials were systematically investigated through computational and 
experimental methods. Under simulated solar irradiation, the Bi0.7In0.3VO4/S-g-C3N4 exhibits 
PEC-OER lower overpotentials of 118 mV and 126 mV at 10 and 20 mA/cm2, respectively, and 
in contrast, the Bi0.3In0.7VO4/S-g-C3N4 shows maximum photocurrent density of 15.3 mA/cm2 
at 1.23 V (vs RHE). Furthermore, the Bi0.7In0.3VO4/S-g-C3N4 exhibits 91.7% photodegradation 
of tetracycline hydrochloride (TCH) with a high rate constant (k’) of 0.0147 min−1. The plausible 
charge transfer mechanism for the enhanced photo(electro)catalytic performance of 
Bi1−xInxVO4/S-g-C3N4 was expressed as consistent with the experimental and computational 
results. The In3+ substitution can lead to increased water oxidation potential and charge carrier 
mobility, and the S-doped g-C3N4 helps to passivate the photoanode for enhanced PEC stability 
and efficiency. Therefore, the above results confirm the robust photoelectrocatalytic 
performance of Bi1−xInxVO4/S-g-C3N4 systems in energy production and environmental 
remediation applications. 

 
Published in:  
S. Balu, S.-W. Chen, S. Piskunov, H. Venkatesvaran, L. W.-C. Lee, Th. C.-K. Yang, Adv. Compos. Hybrid 
Mater. 7 (2024) 32. Doi: 10.1007/s42114-024-00843-4. 
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Reshaping Covalent Nanowires by Exploiting an Unexpected Plasticity  
Mediated by Deformation Twinning 

  
S. Vlassov1, S. Oras2, A. Trausa3, T. Tiirats2, E. Butanovs3, B. Polyakov3,  

V. Zadin2, A. Kyritsakis2 
  

1 Institute of Physics, University of Tartu, Tartu 50411, Estonia 
2 Institute of Technology, University of Tartu, Tartu 50411, Estonia 

3 Institute of Solid State Physics, University of Latvia, LV-1063 Riga, Latvia 
  

In recent years, mechanical tests on small volume covalent materials (nanospheres, 
nanowires, and nanopillars) reveal many unique and intriguing mechanical properties which 
were never observed in their bulk counterparts. Nanowires are among the most studied 
nanostructures as they have numerous promising applications thanks to their various unique 
properties. Furthermore, the properties of nanowires can be tailored during synthesis by 
introducing structural defects such as nano-twins, periodic polytypes, and kinks, i.e., abrupt 
changes in their axial direction. Here, this work reports for the first time the postsynthesis 
formation of such defects, achieved by exploiting peculiar plasticity that may occur in 
nanosized covalent materials. Specifically, in this work the authors found that single-crystal 
CuO nanowires can form double kinks when subjected to external mechanical loading. Both 
the microscopy and atomistic modeling suggest that deformation-induced twinning along the 
(-110) plane is the mechanism behind this effect. In a single case the authors are able to unkink 
a nanowire back to its initial straight profile, indicating the possibility of reversible plasticity in 
CuO nanowires, which is supported by the atomistic simulations. The phenomenon reported 
here provides novel insights into the mechanisms of plastic deformation in covalent nanowires 
and offers potential avenues for developing techniques to customize the shape of nanowire 
postsynthesis and introduce new functionalities. 

  

  

Published in:  
S. Vlassov, S. Oras, A. Trausa, T. Tiirats, E. Butanovs, B. Polyakov, V. Zadin, A. Kyritsakis, Small 20 (2024) 
2304614. Doi: 10.1002/smll.202304614. 
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Bifunctional Luminescent Thermometer-Manometer  
Based on Cr3+–Cr3+ Pair Emission 

  
M. Szymczak1, A. Antuzevics2, P. Rodionovs2, M. Runowski3, U.R. Rodríguez-Mendoza4,  

D.  Szymanski1, V. Kinzhybalo1, L. Marciniak1 
  

1 Institute of Low Temperature and Structure Research, Polish Academy of Sciences, Wrocław, Poland 
2 Institute of Solid State Physics, University of Latvia, Riga, LV-1063, Latvia 

3 Faculty of Chemistry, Adam Mickiewicz University, Poznan, 61-614, Poland 
4 Departamento de Física, Instituto de Materiales y Nanotecnología, IUdEA & MALTA Consolider 

Team, Universidad de La Laguna, San Cristóbal de La Laguna, Santa Cruz de Tenerife, E-38200, Spain 
  

Pressure dependence of spectral positions of the 2E → 4A2 and 4T2 → 4A2 bands of Cr3+ 
ions, resulting from changes in Cr3+–O2– covalency and variations in crystal field strength, 
respectively, is commonly utilized in luminescence manometry. However, as demonstrated in 
this paper, the luminescence of Cr3+–Cr3+ pairs shows insensitivity to pressure changes, making 
this signal suitable as a luminescence reference. The significant difference in the thermal and 
pressure dependences of luminescence with Cr3+ occupying different crystallographic 
positions in CaAl12O19:Cr3+ enables the development of a dual-function luminescence 
thermometer that operates in both ratiometric and lifetime-based readout modes. The 
presented first demonstration on utilization of Cr3+–Cr3+ pairs luminescence for sensing 
applications may rekindle interest in Cr3+–Cr3+ pairs for the development of optical sensors for 
physical quantities. 

  

Published in:  
M. Szymczak, A. Antuzevics, P. Rodionovs, M. Runowski, U.R. Rodríguez-Mendoza, D.  Szymanski, V. 
Kinzhybalo, L. Marciniak, ACS Appl. Mater. Interfaces 16 (2024) 64976–64987. Doi: 
10.1021/acsami.4c11806. 
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An Alternative Chlorine-Assisted Optimization of CdS/Sb2Se3 Solar Cells: 
Towards Understanding of Chlorine Incorporation Mechanism 

  
S. V. Gopi1, N. Spalatu1, A. Katerski1, J. Kuliček2, B. Rezek2, E. Ukraintsev2, M. Š. Bařinková2, G. 

Zoppi3, L. Ignatane4, R. Grzibovskis4, M. Krunks1, I. O. Acik1 
  

1 Department of Materials and Environmental Technology, Tallinn University of Technology,  
Tallinn, Estonia 

2 Faculty of Electrical Engineering, Czech Technical University in Prague,  
Prague 166 27, Czech Republic 

3 Department of Mathematics, Physics, and Electrical Engineering, Northumbria University,  
Newcastle-upon-Tyne NE1 8ST, United Kingdom 

4 Institute of Solid State Physics, University of Latvia, Riga, Latvia 
  

The current strategies in the development of Sb2Se3 thin film solar cells involve fabrication and 
optimization of superstrate and substrate device architectures, with the preferable choice for 
TiO2 and CdS heterojunction layers. For CdS-based superstrate cells, several studies reported 
the necessity to apply CdCl2 or other metal halide-based post-deposition treatment (PDT), 
highlighting improvement of CdS/Sb2Se3 device efficiency. However, the need, effect, and 
mechanism of such PDT are very often not described. Additionally, the fact that many groups 
have not succeeded in demonstrating its benefits suggests that this strategy is not 
straightforward, requiring a deeper understanding towards a more unified concept. The 
present study proposes an alternative approach to the challenging CdCl2 PDT of CdS in 
CdS/Sb2Se3 device, involving controllable Cl incorporation in CdS films by systematically 
varying the concentration of NH4Cl in the CBD precursor solution from 1 to 8 mM. Structural 
and electrical characterizations are correlated with advanced measurements of Scanning 
Kelvin Probe, surface photovoltage, and atomic force microscopy to understand the impact of 
Cl incorporation on the properties of CdS films and CdS/Sb2Se3 devices. The validity of Cl 
incorporation in the CdS lattice and interdiffusion processes at the CdS-Sb2Se3 interface is 
confirmed by secondary ion mass spectrometry analysis. It is demonstrated that incorporation 
of 1 mM of NH4Cl, as a Cl source in CBD CdS, can boost the PCE of CdS/Sb2Se3 by ∼20 %. With 
this approach, we offer new perspectives on the optimization methodology for Cl-based 
CdS/Sb2Se3 device processing and complementary understanding of the physiochemistry 
behind these processes. 

 

Published in:  
S. V. Gopi, N. Spalatu, A. Katerski, J. Kuliček, B. Rezek, E. Ukraintsev, M. Š. Bařinková, G. Zoppi, L. 
Ignatane, R. Grzibovskis, M. Krunks, I. O. Acik, J. Alloys Compd. 1005 (2024) 176175. Doi: 
10.1016/j.jallcom.2024.176175. 
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Electron Paramagnetic Resonance and Luminescence Spectroscopy of  
Transition Metal Ion Impurities and X-Ray-Induced Radicals in Brushite 

  
A. Antuzevics1,2, G. Krieke1,2, G. Doke1,2, A. Zarins3,4, L. Avotina3, E. Sprugis2, J. Stadulis1,  

A. Beganskiene1, A. Kareiva1, A. Zarkov1 
  

1 Institute of Chemistry, Vilnius University, Vilnius LT-03225, Lithuania 
2 Institute of Solid State Physics, University of Latvia, Riga, Latvia 

3 University of Latvia, Institute of Chemical Physics, Riga LV-1004, Latvia 
4 Daugavpils University, Faculty of Natural Sciences and Healthcare, Daugavpils LV-5401, Latvia 

  

Calcium phosphates (CPs) represent a family of inorganic compounds, which contain calcium 
and phosphate ions. These materials hold paramount importance as the constituents of hard 
tissue of living organisms. Consequently, significant scientific attention has been devoted in 
the fields of biology, medicine, materials science and engineering to the research and 
development of these materials. Due to similarities with their natural counterparts, synthetic 
CPs exhibit superior integration with living tissue, which enables the use of these materials in 
biomedical applications such as bone grafts, dental implants and drug delivery systems. 
However, while some CPs such as hydroxyapatite (HA; Ca10(PO4)6(OH)2) and tricalcium 
phosphate (TCP; Ca3(PO4)2) have been comprehensively characterised, other compounds 
within the family remain relatively unexplored. 

Brushite (CaHPO4·2H2O), also known as dicalcium phosphate dihydrate (DCPD), is a 
common precursor in phosphate synthesis and is becoming increasingly appealing as a 
biomaterial for bone regeneration applications. This study presents a comparative analysis of 
structural, morphological, thermal, and spectroscopic properties of synthetic brushite 
prepared by the wet precipitation method with several brushite products available from 
commercial vendors. Electron paramagnetic resonance (EPR) spectroscopy revealed that Mn2+ 
and Fe3+ ions are common trace impurities in commercial products. Following exposure to X-
rays, EPR signals of several phosphorous-related radicals emerge. The annealing of the 
irradiated samples gives rise to broad thermally stimulated luminescence (TSL) signals in the 
40–120 °C range, which correlates with the annealing kinetics of the radicals. The stability of 
radiation-induced EPR and TSL signals is limited by the phase transformation temperature 
from brushite to monetite (CaHPO4). The results of this study provide novel insights into the 
formation and stability of phosphorous-related radicals and demonstrate how minuscule 
amounts of impurity ions can strongly influence the spectroscopic properties of brushite. 

 

Published in:  
A. Antuzevics, G. Krieke, G. Doke, A. Zarins, L. Avotina, E. Sprugis, J. Stadulis, A. Beganskiene, A. Kareiva, 
A. Zarkov, J. Alloys Compd. 996 (2024) 174779. Doi: 10.1016/j.jallcom.2024.174779. 
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Thermal Expansion, T−x Phase Diagram and Polarization of  
(1-x)Na1/2Bi1/2TiO3-xBaTiO3 Solid Solutions 

  
M.V. Gorev1,2, I.N. Flerov1, M.S. Molokeev1,2, K. Bormanis3, E. Birks3,  

S.V. Sapozhnikov2, E.A. Mikhaleva1 
  

1 Kirensky Institute of Physics, Federal Research Center KSC SB RAS, 660036, Krasnoyarsk, Russia 
2 Institute of Engineering Physics and Radioelectronics, Siberian Federal University,  

660074 Krasnoyarsk, Russia 
3 Institute of Solid State Physics, University of Latvia, LV-1063 Riga, Latvia 

  
In recent years, considerable attention has been paid to the study of multi-component oxide 
perovskites, which demonstrate large dielectric permittivity and high piezoelectric efficiency, 
making them promising for various applications in microelectronics. Among these materials, 
lead-containing compounds such as PZT and multi-component ceramics based on PZT, have 
found widespread application due to their excellent electromechanical properties. However, 
the high volatility of toxic PbO does not only cause environmental pollution, but also leads to 
heterogeneity of the composition and formation of an undesirable pyrochlore phase. For this 
reason, significant efforts have been made to actively search for ways to develop lead-free 
materials with properties comparable to those of lead-based ceramics.  

This study presents the results of detailed studies of thermal expansion of solid 
solutions (1-x)Na1/2Bi1/2TiO3-xBaTiO3 with x=0.04-0.97 in the temperature range from 100 to 
900 K. A change in chemical pressure associated with the complex cationic substitution, 
(Na1/2Bi1/2)2+→ Ba2+, result in a very rapid decrease in the temperatures of the transformation 
P4mm→C2mm→R3m below 100 K which are characteristic of BaTiO3. Significant features in 
the behavior of thermal expansion were observed near two triple points in the T−x phase 
diagram where the phases Pm-3̄m, P4mm, P4bm (x≈0.15-0.20) and P4bm, P4mm, R3c (x≈0,06) 
coexist, allow the studied solid solutions to be divided into three groups. The relationship 
between the effects of internal chemical pressure and external hydrostatic one is discussed. 
By analyzing the thermodynamic potential, the root-mean-square polarization Pd is 
determined, which increases by about 16% with a decrease in the BT content from 0.97 to 0.4. 
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Ototoxicity is a common side effect of cisplatin cancer treatment, potentially leading to 
hearing loss. This study demonstrated the significant protective activity of Acanthopanax 
sessiliflorus (A. sessiliflorus) leaves against cisplatin-induced ototoxicity (CIO), investigated the 
active compounds, and elucidated their mechanisms in countering CIO. UPLC-Q/TOF-MS 
analysis identified 79 compounds. Network pharmacology and activity screening determined 
that chiisanoside (CSS) plays a crucial role in combating CIO. Transcriptomics combined with 
network pharmacology analysis and experiments revealed that CSS activates the 
Dock1/PIP5K1A pathway to suppress the actin-severing protein gelsolin, protecting hair cells 
from cisplatin-induced cytoskeleton damage. CSS also activates the SLC7A11/GPX4 pathway 
via TGFBR2, reducing lipid peroxidation and intracellular iron accumulation to suppress 
cisplatin-induced ferroptosis. This study discovers that the major component CSS in A. 
sessiliflorus leaves reverses CIO by regulating actin homeostasis via Dock1 and inhibiting 
ferroptosis through TGFBR2, providing a theoretical basis for expanding CIO treatment targets 
and related drug development. 
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In view of the energy crisis caused by the depletion of fossil fuel resources, the performance 
of energy conversion and storage devices of alternative energy sources are extremely 
important. Gaseous hydrogen (H2) is frequently discussed as a promising energy carrier for 
intermittent energy supply from renewables, however, hydrogen production by (photo-) 
electrochemical water splitting is hampered by the kinetically sluggish oxygen evolution 
reaction (OER). The overall performance of electrolyzers and fuel cells is dominated by two 
reactions, the oxygen evolution reaction and the oxygen reduction reaction (ORR). 

Oxygen evolution reaction (OER) is reconciled with the bottleneck in hydrogen 
production via photo- or electrocatalytic water splitting. One of the remedies to overcome 
this shortcoming is to develop catalytically efficient anode materials. Strontium titanate (STO) 
is a potential candidate for the OER by referring to recent experimental reports on enhanced 
photocatalytic activity of faceted nanoparticles. In this paper, we perform electronic structure 
calculations in the density functional theory approximation to study the OER on flat and 
stepped surfaces, such as encountered in nano-sized STO. We demonstrate that stepped 
surfaces reveal higher OER activity than flat surfaces, which is consistent with experimental 
data. We also observe partial breaking of OER scaling relation on stepped surfaces, albeit this 
does not necessarily cause higher catalytic activity. Finally, we propose recommendations for 
thorough implementation of zero-point energy calculations as the calculation method may 
impact the free-energy landscape of the OER. 
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Stabilizing polyhydrides is crucial for developing hydrogen batteries and environmentally-
friendly vehicles based on them. A new method for synthesis of metal polyhydrides via high-
pressure thermal decomposition of corresponding amidoboranes in diamond anvil cells is 
proposed. Within this approach, molecular semiconducting cesium (P4/nmm-CsH7, P1-
CsH15+x) and rubidium (RbH9-x) polyhydrides with a very high hydrogen content reaching 93 
at.% are synthesized. Preservation of CsH7 at near ambient conditions, confirmed both 
experimentally and theoretically, represents a significant advance in the stabilization of 
hydrogen-rich compounds. In addition, two crystalline modifications of RbH9-x with 
pseudohexagonal and pseudotetragonal structures identified by synchrotron X-ray diffraction, 
and Raman measurements are synthesized. Both phases are stable at 8–10 GPa. This is an 
unprecedentedly low stabilization pressure for polyhydrides. These discoveries open up 
possibilities for modifying existing hydrogen storage materials to increase their efficiency. 
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Sequential infiltration synthesis (SIS), also known as vapor phase infiltration (VPI), is a quickly 
expanding technique that allows growth of inorganic materials within polymers from vapor 
phase precursors. With an increasing materials library, which encompasses numerous 
organometallic precursors and polymer chemistries, and an expanding application space, the 
importance of understanding the mechanisms that govern SIS growth is ever increasing. In 
this work, we studied the growth of polycrystalline ZnO clusters and particles in three 
representative polymers: poly(methyl methacrylate), SU-8, and polymethacrolein using vapor 
phase diethyl zinc and water. Utilizing two atomic resolution methods, high-resolution 
scanning transmission electron microscopy and synchrotron X-ray absorption spectroscopy, 
we probed the evolution of ZnO nanocrystals size and crystallinity level inside the polymers 
with advancing cycles ─ from early nucleation and growth after a single cycle, through the 
formation of nanometric particles within the films, and to the coalescence of the particles 
upon polymer removal and thermal treatment. Through in situ Fourier transform infrared 
spectroscopy and microgravimetry, we highlight the important role of water molecules 
throughout the process and the polymers’ hygroscopic level that leads to the observed 
differences in growth patterns between the polymers, in terms of particle size, dispersity, and 
the evolution of crystalline order. These insights expand our understanding of crystalline 
materials growth within polymers and enable rational design of hybrid materials and polymer-
templated inorganic nanostructures. 
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Multi-component systems continuously attract the close attention of researchers from a wide 
range of disciplines due to a variety of phenomena observed through either non-ordinary 
macroscopic behaviour or exquisite local atomic interactions. High-entropy alloys (HEAs) 
composed of at least five principal components with nearly equiatomic concentrations  
represent a class of materials with unique macroscopic properties attractive for technological 
applications, and at the same time, they stimulate new approaches in disentangling their 
intricate local structure responsible for such behaviour. Multi-edge extended X-ray absorption 
fine structure (EXAFS) spectroscopy combined with reverse Monte Carlo (RMC) simulations 
was used to probe the details of element-specific local coordinations and component-
dependent structure relaxations in single crystalline equiatomic CrMnFeCoNi high-entropy 
alloy as a function of the annealing temperature. Two representative states, namely a high-
temperature state, created by annealing at 1373 K, and a low-temperature state, produced by 
long-term annealing at 993 K, were compared in detail. Specific features identified in atomic 
configurations of particular principal components indicate variations in the local environment 
distortions connected to different degrees of compositional disorder at the chosen 
representative temperatures. The detected changes provide new atomistic insights and 
correlate with the existence of kinks previously observed in the Arrhenius dependencies of 
component diffusion rates in the CrMnFeCoNi high-entropy alloy. 
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Uncovering the origin of bifunctional oxygen reduction/evolution reaction (ORR/OER) activity 
of M-N-C type electrocatalysts is essential for their extensive usage in fuel cells and metal-air 
batteries. The electrochemical properties of heterogeneous M-N-C catalysts depend on the 
surface structure, which can be modified via different synthetic methods. Herein, we 
investigate the effect of structure on the activity of Co–N–C electrocatalyst material derived 
from an amorphous metal-organic framework TAL-2. Specifically, TAL-2 served as the sole 
precursor for the synthesis of a range of Co–N–C catalysts via various carbonization and acid-
leaching modes. Co–N–C catalysts were prepared by carbonizing TAL-2 at different 
temperatures (700, 800, 900, and 1000 °C) and subsequent acid-leaching using different acids, 
namely HCl, H2SO4, and HNO3, either individually or in various combinations. This resulted in 
the generation of 36 distinct catalyst samples, each exhibiting unique morphological 
characteristics. By systematically varying these parameters, we aimed to unravel the intricate 
relationship between post-synthetic treatment and the resulting electrocatalytic properties, 
shedding light on the rational design of Co–N–C catalysts for enhanced ORR/OER. 
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Plastics when exposed to UV radiation start to degrade via photooxidative aging including free 
radical formation, oxidation, chain scission and/or crosslinking reactions. These chemical 
changes can cause loss in mechanical strength, surface embrittlement, and eventually surface 
erosion. The eroded particles are microplastics (MPs), which have been identified as a 
potentially serious threat to the environment and its inhabitants. In general, 
photodegradation of virgin plastics has been studied extensively, but there is not much 
literature on the degradation of recycled plastics. The goal of the study was to investigate the 
changes caused by photodegradation in recycled plastics and assess the potential risks of MPs 
formation. And eventually, knowing the chemical and physical transformations occurring on 
the surface understand the mechanism behind surface microcracking, which is the first step 
of MPs formation. Pellets of five industrially recycled plastics (low-density polyethylene 
(rLDPE), linear low-density polyethylene (rLLDPE), high-density polyethylene (rHDPE), and two 
polypropylenes (rPP)) from different waste sources were analysed. UV irradiation was 
performed in an accelerated weathering chamber for milled (< 400 µm) plastic powder to 
ensure homogeneous changes throughout the sample. The properties were investigated by 
ATR-FTIR, HT-SEC, XPS and DSC. The formation of microcracks was studied on plastic pellets 
by SEM. The results showed that the degradation significantly differed between the recycled 
plastics, and the waste source was more important than the plastic type. rLDPE and one of the 
rPP samples showed a significant increase in carbonyl index as well as decrease in molar mass 
during the first 500 h of UV exposure. The other rPP and rHDPE samples showed the first 
considerable signs of degradation only after 1000 h of UV exposure. Minor changes were 
observed for the rLLDPE sample during the whole test. The SEM revealed microcracking on 
the surface of all samples, which also had noticeable degradation identified by other methods. 
These recycled plastics can be considered the ones with the highest potential of MPs 
formation. From the chemical and physical transformations identified on the surface, the 
mechanism leading to microcracking, which is the first step in the formation of MPs, is 
proposed. 
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This paper reports on the deposition and photoluminescence of amorphous and crystalline 
thin films of zinc gallium oxide with Ga:Zn atomic ratio varied between 0.3 and 5.7. The films 
are prepared by reactive direct current magnetron co-sputtering from liquid/solid gallium/zinc 
targets onto fused quartz substrates; the temperature of the substrate is varied from room 
temperature (RT) to 800 °C. The sputtering process is effectively controlled by fixing the 
sputtering power of one of the targets and controlling the power of the other target by plasma 
optical emission spectroscopy. The method, in conjunction with oxygen flow adjustment, 
enables the production of near-stoichiometric films at any temperature used. The 
composition analysis suggests a few at% oxygen deficiency in the films. The resulting 
deposition rate is at least an order of magnitude higher compared to the commonly used 
radio-frequency sputtering from a ceramic ZnO:Ga2O3 target. Deposited onto unheated 
substrates, the films with Ga:Zn ≈ 2 are X-ray amorphous. Well-defined X-ray diffraction peaks 
of spinel ZnGa2O4 start to appear at a substrate temperature of 300 °C. The surface of the as-
deposited films is dense and exhibits a fine-featured structure observed in electron 
microscopy images. Increasing the deposition temperature from RT to 800 °C eliminates 
defects and improves crystallinity, which for the films with Ga:Zn ratio close to 2 results in an 
increase in the optical band gap from 4.6 eV to 5.1 eV. Room temperature photoluminescence 
established the main peak at 3.1 eV (400 nm); a similar peak in Ga2O3 is ascribed to oxygen-
vacancy related transitions. A prominent feature around 2.9 eV (428 nm) is attributed to self-
activation center of the octahedral Ga-O groups in the spinel lattice of ZnGa2O4. It was found 
that photoluminescence from ZnGa2O4 depends significantly on the stoichiometric ratio 
between Ga and Zn and the deposition/annealing temperature. 
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Photochromism, or the photochromic effect, is a reversible color change in a material induced 
by exposure to electromagnetic radiation. It was first reported in mineral sodalite, from which 
some variants exhibited distinctive discoloration of bright pink color to green under sunlight. 
This phenomenon, also known as tenebrescence in minerals, was subsequently identified in 
organic compounds; Fritzsche documented this effect in an orange polycyclic hydrocarbon 
solution containing tetracene that discolored upon exposure to sunlight and could be restored 
by heating. The study of photochromic materials has garnered significant attention due to 
their diverse applications, including sensors, displays, data storage and optical switches, 
photochromic lenses, smart windows, textiles, anti-counterfeiting, dosimetry, and others. 
Inorganic oxide-based photochromic materials show excellent thermal and chemical stability 
and long cycling life. Examples of such materials include sodalites, barium silicates, alkaline 
earth stannates, niobates and transition metal oxides. 

The photochromic properties and charge transfer processes were studied in novel Eu-
doped M3MgSi2O8 (M = Ca, Sr, Ba) compounds. These materials exhibit vivid color changes 
upon irradiation with UV light, resulting in orange, reddish-pink, and green colors. The 
introduction of europium ions enhances photochromic efficiency and shifts excitation peaks 
to lower energy ranges. Analysis of diffuse reflectance and electron paramagnetic resonance 
spectra reveals the formation of both paramagnetic and non-paramagnetic defects, with the 
dominant signals attributed to electron centers, likely F+-type centers. The Eu2+ → Eu3+ charge 
transfer during irradiation indicates that Eu2+ acts as a hole center. These findings contribute 
to a better understanding of the mechanisms underlying photochromism in these materials 
and highlight their potential for practical applications. 
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Linear two-coordinate carbene–metal–amide (CMA) complexes are an emerging class of 
luminescent materials that can provide efficient emission from triplet excited states through 
the thermally activated delayed fluorescence (TADF) mechanism, characterized by sub-
microsecond lifetimes (τ) and unity photoluminescence quantum yields (ΦPL). Structural 
diversity of these compounds is largely limited by the small number of suitable carbene 
fragments possessing sufficient stability and π-accepting property. By applying rational design 
principles, we have modified the tricyclic benzo[d]imidazo[5,1-b]thiazolium carbene precursor 
by the introduction of a strongly accepting sulfonyl group through the oxidation of the 
heterocyclic sulphur atom. Thus, an efficient TADF process is enabled in the corresponding 
Cu(I)-based CMA emitters in comparison to long-lived (3LE) phosphoresce seen in sulfone-free 
structural analogues. Compounds are characterized using the ΦPL of up to 0.85 and 
outstandingly high radiative rates (kr) of up to 1.3 × 106 s−1. The rapid emissive process is 
attributed to the unusually small overlap integral of 0.118 between the highest occupied and 
lowest unoccupied molecular orbitals (HOMO, LUMO), leading to a small singlet–triplet energy 
gap (ΔEST) of 0.05 eV. A vacuum-deposited green OLED incorporating the synthesized emitter 
was prepared showing an external quantum efficiency (EQE) of 8.6% and a maximum 
luminance of 26 000 cd m−2. 
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Rechargeable batteries are the go-to energy storage technology not only for portable 
electronics, but also electric vehicles and stationary energy storage applications. Although 
Lithium-ion batteries (LIBs) currently dominate the market, sodium-ion batteries (NIBs) are 
increasingly gaining attention as a more sustainable and potentially cheaper alternative. 
Among various promising cathode materials for NIBs, P2-type Na-layered transition metal 
oxides with the stoichiometry Na2/3MO2 (M = transition metals), offer one of the highest 
discharge capacities and energy densities. 

In this study, we propose an effective strategy to improve the electrochemical 
performance of a P2-Na0.67Mn0.75Ni0.25O2 (P2-MNO) cathode material for Na-ion batteries 
based on MgO surface coating. The MgO coating, with a thickness of ∼20–50 nm, is obtained 
by means of a facile wet-chemistry approach followed by heat treatment carried out at 
comparatively low temperatures (400–500 °C) in order to avoid possible Mg doping in the bulk 
of the P2-MNO. Detailed electrochemical investigations demonstrate improved 
electrochemical performance of the MgO-coated material (M-P2-MNO) in comparison to 
pristine bare one at both room and elevated (40 °C) temperatures. Operando differential 
electrochemical mass spectroscopy (DEMS) demonstrate that the MgO coating is effective in 
suppressing unwanted gas evolution due to side reactions thus stabilizing the 
cathode/electrolyte interface. 
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In recent years magnesium whitlockite (Mg-WH; Ca18Mg2(HPO4)2(PO4)12) has attracted the 
attention of the scientific community due to its potential to be used in bone regeneration and 
reconstruction. In this work, manganese whitlockite (Mn-WH, Ca18Mn2(HPO4)2(PO4)12) was 
successfully synthesized and comprehensively characterized. This material is a manganese-
containing analog of the biomineral magnesium whitlockite (Mg-WH, Ca18Mg2(HPO4)2(PO4)12). 
The synthesis was performed via a low-temperature dissolution-precipitation process in 
aqueous medium under ambient pressure at 75 °C using dicalcium phosphate dehydrate and 
manganese acetate tetrahydrate as starting materials. The crystal structure of the synthesized 
powder was determined by powder X-ray diffraction, FTIR and Raman spectroscopies, 
demonstrating the presence of characteristic structural units. Morphological features and 
elemental distribution within the synthesized powder were studied by SEM/EDX analysis. XPS, 
EPR and magnetic studies confirmed the presence of Mn ions in a divalent state. Temperature-
dependent magnetic measurements revealed a paramagnetic behavior of Mn-WH down to 5 
K. In vitro cytotoxicity experiments were performed with MC3T3-E1 preosteoblastic cell line. 

   

SEM micrographs (a, b) and EDX mapping (c–f) of the as-prepared Mn-WH powder. 
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We synthesized Eu3+-doped CsY2F7 and RbY2F7 nanoparticles (orthorhombic crystal structure, 
Pnna space group, No. 52) by the microwave-assisted solvothermal technique and 
investigated the influence of reaction temperature and fluoride ion concentration on the 
particles’ phase and crystal structure. Fluoride ions were added in excess of the stoichiometric 
amount to achieve the orthorhombic phase for CsY2F7 and to convert the cubic RbY3F10 to the 
orthorhombic RbY2F7. Mild synthesis conditions yielded nanoparticles with crystallites ranging 
in size from 19 to 37 nm and a combination of spherical, rod-like, and hexagonal shapes. 
Nanoparticles emit a strong orange and red light when excited into the Eu3+ 5L6 level, which is 
centered around 390 nm. The strongest emission peak is around 612 nm, which comes from 
the 5D0→7F2 electronic transitions. Emission intensity dependence on Eu3+ concentration 
revealed that nanoparticles can be heavily doped with Eu3+, up to 25 % with respect to Y3+. 
Emission decay measurements provided values of excited state lifetimes of 6.2 ms for the 
Cs(Y0.75Eu0.25)2F7 and 6.0 ms for the Rb(Y0.75Eu0.25)2F7. 

   

Representative TEM images of a) CYF sample with three different shapes recognized-hexagonal, 
spherical and rod; b) CYF:25Eu with two shapes recognized-irregular and rod, c) RYF sample with 

three different shapes recognized-hexagonal, spherical and rod; d) RYF:25Eu with two shapes 
recognized-irregular and rod. 

Published in:  
K. Milenković, I. Zeković, B. Milicević, Z. Ristić, K. Smits, A. I. Popov, M. D. Dramicanin, V. Dordevic, 
Ceramics International 50 (2024) 26663–26669. Doi: 10.1016/j.ceramint.2024.04.394. 



34 
 

Hydrothermal synthesis of Mn2+- and Cu 2+-doped calcium hydroxyapatite: 

morphological features and importance of EPR insights 
  

E. Raudonyte-Svirbutaviciene1, G. Klydziute1, L. Lukaviciute1, A. Antuzevics1,2,  
A. Balciunaite3, E. Norkus3, A. Beganskiene1, A. Zarkov1, A. Kareiva1 

  
1 Institute of Chemistry, Vilnius University, Naugarduko 24, LT-03225, Vilnius, Lithuania 

2Institute of Solid State Physics, University of Latvia, Kengaraga 8, LV-1063, Riga, Latvia 
3 Department of Catalysis, Center for Physical Sciences and Technology, Saulėtekio ave. 3, 

Vilnius, LT-10257, Lithuania 
  

This study aims to explore the effects of various hydroxyapatite (HA) doping techniques in 
depth. For this purpose, two ions with comparable sizes, namely Mn2+ and Cu2+, were selected 
based on their suitability as dopants for HA in biomedical applications. Moreover, their 
paramagnetic properties enable sample characterization through electron paramagnetic 
resonance (EPR) spectroscopy. Two different approaches were employed: (I) ion-substituted 
α-TCP was used as starting material; (II) foreign ions presented in the solution during the 
transformation of undoped α-TCP to HA. The foreign ions influenced the hydrolysis process of 
α-TCP, altering the phase purity and morphology of the products. Doped α-TCP showed a 
weaker effect, while adding ions to the synthesis solution had substantial impact. Mn-doped 
α-TCP transformed into plate-like HA particles while Mn2+ ions present in the solution led to 
the formation of both plate- and rod-shaped particles. In contrast, Cu2+ ions induced the 
formation of rod-like particles independently of the doping process. Plate-like particles 
demonstrated higher Brunauer–Emmet–Teller surface area (SBET) than rod-like HA. Each 
sample exhibited a combination of mesopores and macropores, with mesopores in the range 
of 15–17 Å being dominant. EPR investigations revealed that Mn2+ and Cu2+ are excellent 
paramagnetic probes to monitor synthesis reactions of HA and determine the localisation of 
foreign ions in the material. 

 

SEM images of pristine and doped α-TCP powders:  
pristine sample (a); Mn-doped sample (b); Cu-doped sample (c). 
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The rapid growth of portable electronic devices, electric vehicles, and grid-scale energy 
storage systems has accelerated the demand for enhancing existing materials and innovating 
new materials in rechargeable battery technologies. Li-ion batteries have dominated the 
energy storage field among the various battery systems. Na-ion batteries have emerged as 
promising candidates due to their similarities to Li-ion battery chemistry, low cost, and 
environmental sustainability. This study explores the potential advantages of synthesizing the 
binder-free Cu1.9Bi0.1Se@SWCNT heterostructure directly on the copper collector surface. A 
crucial aspect of this research is the intentional use of nanostructuring during synthesis. This 
technique capitalizes on the benefits of greater surface area, enhanced electron transport, 
and superior ionic conductivity. The synthesis method not only ensures excellent electrical 
and mechanical contact with the collector but also omits the need for a binder, offering a 
potential for improved overall performance in Li-ion and Na-ion batteries. The electrodes 
were synthesized using a simple and cost-effective physical vapor deposition method. The 
structural, morphological, and electrochemical properties of the electrodes were 
characterized. The binder-free Cu1.9Bi0.1Se@SWCNT electrode with 25 % SWCNT content 
exhibits excellent performance in Li-ion half cells, maintaining a high energy capacity of 556 
mAh g−1 at 0.1 A g−1 over 100 cycles and 244 mAh g−1 at 0.5 A g−1 over 750 cycles. However, in 
the Na-ion battery system, the performance is notably poorer, revealing challenges and 
limitations. Most likely, the larger size of sodium ions posed difficulties in intercalation within 
the anode material structure. 

   
The SEM images of the surface of synthesized Cu1.9Bi0.1Se@SWCNT electrode. 
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Novel dopant-free dimers comprising methoxydiphenylamine substituted fluorene derivatives 
and connected by central cores consisting of different numbers of thiophene moieties were 
synthesized and explored as hole transport materials (HTMs) in Sb2S3 absorber solar cells. 
Energy level diagrams show agreeable band offsets validating the compatibility of novel HTMs 
for the FTO/TiO2/Sb2S3/HTM/Au solar cell with TiO2 and Sb2S3 layers deposited by ultrasonic 
spray. X-ray photoelectron spectroscopy (XPS) study reveals the Sb 3d core level peak shift 
upon applying any of the HTMs on Sb2S3 indicating an increased electron density surrounding 
Sb atoms which refers to the interaction of S from electron-rich thiophene units with Sb in the 
absorber at the Sb2S3/HTM interface. It is demonstrated that application of HTMs containing 
diphenylamine units in their side fragments increases the cell open circuit voltage from 478 
mV to 673 mV, fill factor from 46% to 56% and conversion efficiency from 1.9% to 4.5% as 
compared to the device without any HTM and the observed improvement can be explained 
by the passivation of the interfacial states. In contrast, no enhancement in device performance 
has been observed when applying HTMs containing triphenylamine units although strong Sb–
S interaction has been detected at the Sb2S3/HTM interface. Quantum chemical simulation 
results suggest that to achieve enhanced charge selectivity by the organic HTM layer, the 
HOMO of the HTMs should be formed by the thiophene groups. Possible phenomena 
occurring at the Sb2S3/HTM interface are discussed providing new insights towards 
understanding the charge transfer at the Sb2S3/HTM interface. 
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Diluting organic semiconductors with a host insulating polymer is used to increase the 
electronic mobility in organic electronic devices, such as thin film transistors, while 
considerably reducing material costs. In contrast to organic electronics, bioelectronic devices 
such as the organic electrochemical transistor (OECT) rely on both electronic and ionic mobility 
for efficient operation, making it challenging to integrate hydrophobic polymers as the 
predominant blend component. This work shows that diluting the n-type conjugated polymer 
p(N-T) with high molecular weight polystyrene (10 KDa) leads to OECTs with over three times 
better mobility-volumetric capacitance product (µC*) with respect to the pristine p(N-T) (from 
4.3 to 13.4 F V−1 cm−1 s−1) while drastically decreasing the amount of conjugated polymer (six 
times less). This improvement in µC* is due to a dramatic increase in electronic mobility by 
two orders of magnitude, from 0.059 to 1.3 cm2 V−1 s−1 for p(N-T):Polystyrene 10 KDa 1:6. 
Moreover, devices made with this polymer blend show better stability, retaining 77% of the 
initial drain current after 60 minutes operation in contrast to 12% for pristine p(N-T). These 
results open a new generation of low-cost organic mixed ionic-electronic conductors where 
the bulk of the film is made by a commodity polymer. 
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Self-charging power systems (SCPSs) are envisioned as promising solutions for emerging 
electronics to mitigate the increasing global concern about battery waste. However, present 
SCPSs suffer from large form factors, unscalable fabrication, and material complexity. Herein, 
a type of highly stable, eco-friendly conductive inks based on poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) are developed for direct ink 
writing of multiple components in the SCPSs, including electrodes for miniaturized spacer-free 
triboelectric nanogenerators (TENGs) and microsupercapacitors (MSCs), and interconnects. 
The principle of “one ink, multiple functions” enables to almost fully print the entire SCPSs on 
the same paper substrate in a monolithic manner without post-integration. The monolithic 
fabrication significantly improves the upscaling capability for manufacturing and reduces the 
form factor of the entire SCPSs (a small footprint area of ≈2 cm × 3 cm and thickness of ≈1 
mm). After pressing/releasing the TENGs for ≈79000 cycles, the 3-cell series-connected MSC 
array can be charged to 1.6 V while the 6-cell array to 3.0 V. On-paper SCPSs are promising to 
serve as lightweight, thin, sustainable, and low-cost power supplies. 
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Hydrogen is considered a versatile and clean energy carrier as it can be produced by water 
electrolysis, electrochemically splitting water molecules into hydrogen and oxygen. Water 
electrolysis remains a key component in the societal transition to green energy. Membrane 
electrolyzers are the state-of-the-art technology for water electrolysis, relying on 80 °C 
operation in highly alkaline electrolytes, which is undesirable for many of the myriad end-use 
cases for electrolytic water splitting. Herein, an alternative water electrolysis process, 
decoupled electrolysis, is described, which performed in mild acidic conditions with excellent 
efficiencies. Decoupled electrolysis sequentially performs the oxygen evolution reaction (OER) 
and the hydrogen evolution reaction (HER), at the same catalyst. Here, H+ ions generated from 
the OER are stored through pseudocapacitive (redox) charge storage and released to drive the 
HER. Here, decoupled electrolysis is demonstrated using cheap, abundant, TiO2 for the first 
time. To achieve decoupled acid electrolysis, ultra-small anatase TiO2 particles (4.5 nm 
diameter) are prepared. These ultra-small TiO2 particles supported on a carbon felt electrode 
show a highly electrochemical surface area with a capacitance of 375 F g−1. When these 
electrodes are tested for decoupled water splitting an overall energy efficiency of 52.4% is 
observed, with excellent stability over 3000 cycles of testing. This technology can provide a 
viable alternative to membrane electrolyzers—eliminating the need for highly alkaline 
electrolytes and elevated temperatures. 
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Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive cancer characterised by poor 
survival rates and an increasing global incidence. Advances in the staging and categorization 
of pancreatic tumours, along with the discovery of functional mutations, have made precision 
treatments possible, which may lead to better clinical results. To further improve customized 
treatment approaches, in vitro models that can be used for functional drug sensitivity testing 
and precisely mimic the disease at the organ level are required. In this study, we present a 
workflow for creating a personalized PDAC chip utilising primary tumour-derived human 
pancreatic organoids (hPOs) and Human Umbilical Vein Endothelial Cells (HUVECs) to simulate 
the vascular barrier and tumour interactions within a PDMS-free organ-on-a-chip system. The 
patient PDAC tissue, expanded as tumour hPOs, could be cultured as adherent cells on the 
chip for more than 50 days, allowing continuous monitoring of cell viability through outflows 
from tumour and endothelial channels. Our findings demonstrate a gradual increase in cell 
density and cell turnover in the pancreatic tumor channel. Tumour-specific biomarkers, 
including CA-19.9, TIMP-1, Osteopontin, MIC-1, ICAM-1 and sAXL were consistently detected 
in the PDAC chip outflows. Comparative analyses between tissue culture plates and 
microfluidic conditions revealed significant differences in biomarker secretion patterns, 
highlighting the advantages of the microfluidics approach. This PDAC chip provides a stable, 
reproducible tumour model system with a functional endothelial cell barrier, suitable for drug 
sensitivity and secretory biomarker studies, thus serving as a platform for functional precision 
medicine application and multi-organ chip development. 
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Looking into the current trends in the energy sector, the worldwide energy industry is shifting 
towards the green energy sector, endeavouring to adopt the technologies that mitigate the 
release of CO2 emissions and other harmful greenhouse gases. Hydrogen is emerging to play 
an essential role as an energy vector capable of contributing to, or, in some case, even solving 
issues related to greenhouse gas emissions and environmental pollution. Hydrogen stands out 
as a clean energy source having a remarkable energy content of 142 MJ/kg, which is 
approximately three times greater than that of crude oil. It exhibits renewability, abundant 
reserves and burns cleanly without producing toxic emissions. It demonstrates an energy yield 
of 122 kJ/g, which is 2.75 times greater than the value of hydrocarbon fuels. Moreover, when 
hydrogen reacts with oxygen, its only byproduct is H2O. Therefore, hydrogen can easily be 
utilized in fuel cells for electricity generation, providing an energy efficiency of about 50–60%. 
These qualities make hydrogen highly suitable for autonomous and mobile energy storage and 
generation systems that are environmentally friendly and pollution-free. 

  

Hydrogen production through hydrolysis shows a promise as a green and sustainable energy 
source that can be used for urgent need of energy on-board. This study presents a novel 
approach to boost the speed of hydrolysis reactions by utilizing Mg2NiH4 powder. The 
approach involves ball milling with NaCl and fused silica additives, that open additional active 
areas and accelerate the hydrolysis process. A comprehensive analysis encompasses 
morphology, elemental mapping, chemical bonding, structural changes, and surface area 
determination of the prepared powders. The hydrolysis reactions is performed using acetic 
acid solutions with different molarities (0.25 M, 0.12 M, and 0.06 M), as well as tap water. The 
impact on kinetics is profound, with reaction rates varying between 600 and 3000 ml/min 
during the initial seconds for different powders. Moreover, the study examines the application 
of such hydrolysis system for electricity generation through a proton-exchange membrane 
fuel cell. 
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The study explores the feasibility of utilizing aluminium scrap waste from the construction 
industry for hydrogen production via hydrolysis. Specifically, the study involves a primary 
analysis of aluminium scrap waste and the impact of various reaction parameters, such as 
NaOH molarity, reaction temperature, amount of Al scrap, solvent quantity, and the reaction 
vessel insulation, and their effects on the reaction rate, H2 yield, and by-product formation. 
The pH of the reaction solution was continuously monitored to determine the reaction 
mechanism, while the structure of the by-product was analysed at two stages: after removal 
and drying, and after removal and washing. Our findings indicate that increasing the reaction 
temperature has the most significant influence on the reaction kinetics. Insulating the reaction 
vessel ensured self-promoted hydrogen production due to the heat generated from the 
exothermic reaction inside the vessel, resulting in an approximate temperature increase of 5 
°C for all tested reaction solution molarities compared to non-insulated conditions. The pH 
measurements were conducted in two different ways. The first one involved immersing a pH 
probe directly into an open reaction container. The second approach utilized a closed reaction 
container under isothermal conditions, where both the pH and H2 yield were measured 
simultaneously. In addition, the data obtained was compared between the measured pH 
values and the predictions generated by models utilizing the measured H2 evolution in order 
to forecast the pH behaviour. The modelling results recognize and suggest the existence of 
separate reaction phases or zones, each characterized by distinct influences on the pH level. 
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Lithium-ion batteries (LIBs) have emerged as the preferred choice for efficient energy storage 
in portable devices (such as phones, tablets, and smartwatches), medium to large-scale 
stationary battery packs, and electric vehicles. This preference is attributed to their 
outstanding properties, including high energy density (>270 Wh kg−1), extended cycling life, 
rapid charge/discharge capabilities, and a high nominal voltage of around 3.7 V. This voltage 
level surpasses that of nickel-cadmium batteries (approximately 1.2 V) and zinc-ion batteries 
(approximately 1.3 V). These exceptional features underscore the compelling need for further 
advancements in LIBs systems. To achieve a better LIBs performance, one of the main goals is 
the replacement of commercially used graphite anode with a higher capacity material. 

Bi2Se3 has shown potential for implementation as an anode material for lithium-ion 
batteries (LIBs), however, the significant volume expansion and dissolution of selenium pose 
major challenges. In this work, Bi2Se3 nanostructures are synthesized by physical vapor 
deposition directly on top of a single-wall carbon nanotube (SWCNT) network to fabricate a 
binder-free Bi2Se3@SWCNT anode materials with different Bi2Se3/SWCNT ratios. 
Nanostructuring the Bi2Se3 directly on the top of the SWCNT network provides a large 
accessible contact area and improves mechanical and electrical contact. The heterostructures 
exhibit capacity, that is beyond the theoretical of pristine Bi2Se3, which can be attributed to 
the binding of the Se to C, resulting in the resilience against the dissolution of Se, while 
providing additional electron transport pathways and increased capacitive contribution. A 
Bi2Se3@SWCNT anode with a mass ratio of (1:1) has the highest capacity in a half-cell after 
100 cycles (523 mAh g−1 at 0.1 A g−1) and shows excellent capacity retention after 500 cycles 
at large current densities (2 A g−1 and 5 A g−1): 1080 mAh g−1 and 809 mAh g−1 respectively. In 
addition, in a full-cell system Bi2Se3@SWCNT (1:1) delivers high reversible capacity after 150 
cycles (484 mAh g−1) at 0.4 A g−1. 
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Copper compound-rich films and coatings are effective against widespread viruses and 
bacteria. Even though the killing mechanisms are still debated, it is agreed that the metal ion, 
nanoparticle release, and surface effects are of paramount importance to the antiviral and 
antibacterial efficacy of the surfaces. In this work we have investigated the behavior of the 
reactive magnetron sputtered nanocomposite diamond-like carbon thin films with copper 
nanoparticles (DLC:Cu). The films were etched employing oxygen plasma and/or exposed to 
ultra-pure water, aiming to investigate the differences of the Cu release in the medium and 
changes in film morphology. The presence of metallic copper and Cu2O phases was confirmed 
by multiple analytical methods. Pristine films were more effective in the Cu release reaching 
up to 1.3  mg/L/cm2 concentration. Plasma processing resulted in the oxidation of the films 
which released less Cu, but after exposure to water, their average roughness increased more, 
up to 5.5  nm. Pristine and O2 plasma processed DLC:Cu films were effective against both 
model coronavirus and herpesvirus after 1-hour contact time and reached virus reductions of 
up to 2.23 and 1.63 log10, respectively. Pristine DLC:Cu films were more effective than plasma-
processed ones against herpesvirus, while less expressed difference was found for 
coronavirus. The virucidal efficacy over up to 24  h exposures in the aqueous medium was 
validated. A bactericidal study confirmed that pristine DLC:Cu films were effective against 
gram-negative E. coli and gram-positive E. faecalis bacteria. After 3 h, 100 % antibacterial 
efficiency (ABE) was obtained for E. coli and 99.97 % for E. faecalis. After 8 h and longer 
exposures, 100 % ABE was reached. The half-life inactivation of viruses was 8.10–11.08 min 
and for E. faecalis 15.1–72.2 min. 
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Plastics when exposed to UV radiation start to degrade via photooxidative aging including free 
radical formation, oxidation, chain scission and/or crosslinking reactions. These chemical 
changes can cause loss in mechanical strength, surface embrittlement, and eventually surface 
erosion. The eroded particles are microplastics (MPs), which have been identified as a 
potentially serious threat to the environment and its inhabitants. In general, 
photodegradation of virgin plastics has been studied extensively, but there is not much 
literature on the degradation of recycled plastics. The goal of the study was to investigate the 
changes caused by photodegradation in recycled plastics and assess the potential risks of MPs 
formation. And eventually, knowing the chemical and physical transformations occurring on 
the surface understand the mechanism behind surface microcracking, which is the first step 
of MPs formation. Pellets of five industrially recycled plastics (low-density polyethylene 
(rLDPE), linear low-density polyethylene (rLLDPE), high-density polyethylene (rHDPE), and two 
polypropylenes (rPP)) from different waste sources were analysed. UV irradiation was 
performed in an accelerated weathering chamber for milled (< 400 µm) plastic powder to 
ensure homogeneous changes throughout the sample. The properties were investigated by 
ATR-FTIR, HT-SEC, XPS and DSC. Formation of microcracks was studied on plastic pellets by 
SEM. The results showed that the degradation significantly differed between the recycled 
plastics, and the waste source was more important than the plastic type. rLDPE and one of the 
rPP samples showed a significant increase in carbonyl index as well as decrease in molar mass 
during the first 500 h of UV exposure. The other rPP and rHDPE samples showed considerable 
signs of degradation only after 1000 h of UV exposure. Minor changes were observed for the 
rLLDPE sample during the whole test. The SEM revealed microcracking on the surface of all 
samples, which also had noticeable degradation identified by other methods. These recycled 
plastics can be considered the ones with the highest potential of MPs formation. From the 
chemical and physical transformations identified on the surface, the mechanism leading to 
microcracking, which is the first step in the formation of MPs, is proposed. 
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Four-dimensional (4D) printing, combining three-dimensional (3D) printing with time-
dependent stimuli-responsive shape transformation, eliminates the limitations of the 
conventional 3D printing technique for the fabrication of complex hollow constructs. 
However, existing 4D printing techniques have limitations in terms of the shapes that can be 
created using a single shape-changing object. In this paper, we report an advanced 4D 
fabrication approach for vascular junctions, particularly T-junctions, using the 4D printing 
technique based on coordinated sequential folding of two or more specially designed shape-
changing elements. In our approach, the T-junction is split into two components, and each 
component is 4D printed using different synthesized shape memory polyurethanes and their 
nanohybrids, which have been synthesized with varying hard segment contents and by 
incorporating different weight percentages of photo-responsive copper sulfide-polyvinyl 
pyrrolidone nanoparticles. The formation of a T-junction is demonstrated by assigning 
different shape memory behaviors to each component of the T-junction. A cell culture study 
with human umbilical vein endothelial cells reveals that the cells proliferate over time, and 
almost 90% of cells remain viable on day 7. Finally, the formation of the T-junction in the 
presence of near-infrared light has been demonstrated after seeding the endothelial cells on 
the programmed flat surface of the two components and fluorescence microscopy at day 3 
and 7 reveals that the cells adhered well and continue to proliferate over time. Hence, the 
proposed alternative approach has huge potential and can be used to fabricate vascular 
junctions in the future. 
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