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PROJECT PARTNERS 

The Statutory City of Ostrava financially supported realization of conference 

NanoOstrava 2019. 

 

 

 

 

 

 

 

 

 

 

Conference NanoOstrava 2019 was supported by following projects: 

 

Nanotechnology – the basis for international cooperation project, reg. no. 

CZ.1.07/2.3.00/20.0074, supported by Operational Programme Education 

for Competitiveness funded by Structural Funds of the European Union and 

state budget of the Czech Republic. 
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Dear Conference participants, Visitors and Colleagues, 

 

We welcome you to the NanoOstrava 2019 - 6th international biennial 

'Nanomaterials and Nanotechnology Meeting' in Ostrava, which is the centre of 

the Moravian-Silesian region and, at the same time, the third largest city in the 

Czech Republic. The symposium will be held at VŠB-Technical University of 

Ostrava, which has more than 170 years of existence. The University provides 

world class education in 7 Faculties offering Bachelor's, Master's, PhD, and 

exchange programmes to students from six continents. 

The conference is organized under cooperation of scientists from the 

Nanotechnology Centre (VŠB–TU of Ostrava) and Institute of Geonics AS CR. 

The meeting is a platform to facilitate open discussions between scientists, 

students and representatives from companies with a vested interest in 

furthering the development of nanomaterials and nanotechnology. Conference 

supports young scientist and enthusiastic students helping them to open doors 

to scientific career. 

 

Five scientific sessions in field of nanoscience will be introduced by eminent 

world-known lecturers and number of scientist and one session for presenters 

from the industry. 

1. Advanced Nanomaterials 

2. Nanomaterials Characterizations and Devices 

3. Nanotech for Energy 

4. Nanotech for Medicine and Pharmacy 

5. Nanotech for Environmental Solution 

6. Industrial Forum 

 

We wish you successful and fruitful conference – and enjoy Ostrava! 

 

Organizing committee of NOM 2019 
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Organizing Committee: 

Jaromír Pištora (Chairman of Conference) 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Karla Čech Barabaszová 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Sylva Holešová 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Marianna Hundáková 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Gabriela Kratošová 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Lenka Pazourková 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Daniela Plachá 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Gražyna Simha Martynková  

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Vlastimil Matějka 

Department of Chemistry, VŠB-Technical University of Ostrava, Czech Republic 

Radim Škuta 

Department of Chemistry, VŠB-Technical University of Ostrava, Czech Republic 

Eva Plevová 

Institute of Geonics of CAS, Ostrava 

Lenka Vaculíková 

Institute of Geonics of CAS, Ostrava 

Věra Valovičová 

Institute of Geonics of CAS, Ostrava 
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Scientific Committee: 

Alicja Bachmatiuk 

Centre of Polymer and Carbon Materials, Polish Academy of Sciences, Poland 

Miroslav Boča 

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Slovakia 

Michael Cada 

Dalhousie University, Halifax, Canada 

Pavla Čapková 

University of J. E. Purkyně, Ústí nad Labem, Czech Republic 

Josef Jampílek 

Comenius University, Bratislava, Slovakia 

Dušan Kimmer 

SPUR, a.s., Zlín, Czech Republic 

Yafei Lyu 

Beijing University of Chemical Technology, Beijing, China 

Lucie Obalová 

Institute of Environmental Technology, VŠB-Technical University of Ostrava, Czech 

Republic 

Jaromír Pištora 

Nanotechnology Centre, VŠB-Technical University of Ostrava, Czech Republic 

Petr Praus 

Faculty of Materials Science and Technology, VŠB-Technical University of Ostrava, 

Czech Republic 

Daniela Predoi 

NIMP, Magurele, Romania 

Vijay Ramani 

ICARES, Washington University in St. Louis, USA 

Mark Rümmeli 

Institute for Solid State Research, IFW Dresden, Germany 

Ivo Šafařík 

Palacky University, České Budějovice, Czech Republic 

Marta Valášková 

Institute of Environmental Technology, VŠB-Technical University of Ostrava, Czech 

Republic 
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Welcome from NanoOstrava 2019 Organizing Committee Chair 

 

On behalf of NanoOstrava 2019 Organizing Committee, it is my honour and 

pleasure to welcome you to the NanoOstrava 2019, 6th Nanomaterials and 

Nanotechnology Meeting. The conference is aimed to scientists, students and 

representatives from companies, which deal with nanomaterials and 

nanotechnology. 

Our Program Committee has tried to prepare an interesting and informative 

technical program outlining current progress and activities in many research 

areas of nanotechnology. Over 100 abstracts from more than 10 countries 

have been accepted and scheduled for the 3-day conference. 

Participants of the conference are cordially invited to contribute original 

research papers to Special Issue of Open Access Journal by MDPI – 

Nanomaterials and also to Special Issue of Open Access Journal by MDPI - 

Materials.  

Conference is organized at VŠB – Technical University of Ostrava campus, 

where study and research is closely related to the fact that Ostrava, the third 

largest city in the Czech Republic, is an important industrial part of Central 

Europe. Our University draws on 170 years of research and academic 

excellence to provide world class education in 7 Faculties offering Bachelor's, 

Master's, PhD, and exchange programmes to students from six continents. 

I wish you to have beneficial conference and I hope that you will enjoy both 

scientific and cultural aspects of the conference programme as well as your 

stay in Ostrava. 
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SPONSORS 

 

The organizers would like to thank the following companies for generously 

sponsoring this meeting: 

 

ANAMET       ANTON PAAR 

 

 

 

 

 

 

 

 

CHROMSPEC      EDLIN 

 

 

 

 

 

 

 

 

 

 

 

MĚRÍCÍ TECHNIKA MORAVA   NANO CHEMI GROUP 
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NICOLET       OPTIK INSTRUMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

NENOVISION      RIGAKU 

 

 

 

 

 

 

 

 

 

SPECION       TESCAN 
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CONFERENCE PAPERS 

 

Conference full papers should present these substantial conditions: high quality research, 

original ideas, not published anywhere else. Conference full papers will be published in 

following journals. 

 

Special papers in Open Access Journals: 

Nanomaterials 

is an international and interdisciplinary 

scholarly open access journal. It 

publishes reviews, regular research 

papers, communications, and short 

notes that are relevant to any field of 

study that involves nanomaterials, with respect to their science and application. Thus, 

theoretical and experimental articles will be accepted, along with articles that deal with the 

synthesis and use of nanomaterials. Nanomaterials is dedicated to a high scientific standard. 

All manuscripts undergo a rigorous reviewing process and decisions are based on the 

recommendations of independent reviewers. 

Current IF= 3.504 

Participants of the conference are cordially invited to contribute original research papers or 

reviews to special issue "Nanotech for Medicine and Pharmacy: Selected Papers from 

Nano Ostrava Meeting 2019". 

For publication in Nanomaterials, please contact: Daniela Plachá (daniela.placha@vsb.cz). 

Deadline for manuscript submissions: 30 June 2019 

 

Materials 

is an open access journal of related 

scientific research and technology 

development. It publishes reviews, 

regular research papers and short 

communications. Materials provides a 

forum for publishing papers which advance the in-depth understanding of the relationship 

between the structure, the properties or the functions of all kinds of materials. 

Current IF= 2.467 

Participants of the conference are cordially invited to contribute original research papers or 

reviews to special issue "Research in Nanostructures, Interfaces and Nanocomposites 

of Functional Ceramics". 
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For publication in Materials, please contact: Grazyna Simha Martynkova 

(grazyna.simha@vsb.cz) 

Deadline for manuscript submissions: 20 December 2019 

 

The agreement established between conference organizers and MDPI publisher allows for 

manuscripts submission to these special issues discount on the APCs. 

 

 

Conference proceedings: 

Materials Today: Proceedings 

Materials Today: Proceedings provides the materials science community 

with a fast and flexible route to the publication of research presented at 

leading scientific conferences spanning the field of materials science, 

technology and engineering. 

For publication in Materials Today: Proceedings send your manuscript to: 

Gražyna Simha Martynková (grazyna.simha@vsb.cz). 

Deadline for manuscript submissions: 20 June 2019 

 

Conference papers: 

Journal of nanoscience and nanotechnology (JNN) 

JNN is a multidisciplinary peer-reviewed journal covering fundamental and 

applied research in all disciplines of science, engineering and medicine. JNN 

publishes all aspects of nanoscale science and technology dealing with 

materials synthesis, processing, nanofabrication, nanoprobes, 

spectroscopy, properties, biological systems, nanostructures, theory and 

computation, nanoelectronics, nano-optics, nano-mechanics, nanodevices, 

nanobiotechnology, nanomedicine, nanotoxicology. 

Current IF= 1.354 

For publication in Journal of nanoscience and nanotechnology send your manuscript to: 

Gražyna Simha Martynková (grazyna.simha@vsb.cz). 

Deadline for manuscript submissions: 20 June 2019 

 

 

 

mailto:daniela.placha@vsb.cz
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PROGRAMME 

 

 

NanoOstrava 

2019 
9:00 am 10:30 am 1:15 pm 3:30 pm 

Monday 
13 

   

Registration till 

6:30pm 

Welcome 

Party 

Tuesday 
14 

Registration 

Opening 

ceremony 

Plenary lecture 

Ewa Serwicka 

TOPIC 1 

TOPIC 2 

Invited lecture 

Frank DelRio 

Trip – Landek 

Park Ostrava 

Wednesday 

15 

TOPIC 2 

Invited lecture 

Des 

Richardson 

TOPIC 4 

TOPIC 1 

Invited lecture 

Jaroslav 

Šesták Posters 

Section 

 

 

7:00 pm 

Conference 

Evening 

TOPIC 3 

Invited lecture 

Jan Macák 

TOPIC 5 

Invited lecture 

Inga 

Zinicovscaia 

TOPIC 5 

TOPIC 6 

Industrial 

Forum 

Thursday 
16 

TOPIC 3 

Invited lecture 

Hatem 

Akbulut 

TOPIC 3 
Closing 

ceremony 
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Monday, May 13 

16:00-18:00 

Registration and Welcome party (new aula, in front of room NA1 and room NA2) 

 

 

Tuesday, May 14 

from 8:00 

Registration (new aula, in front of room NA1) 

 

9:00 - 9:30 

Opening ceremony, Chairman's Welcome (room NA2) 

 

9:30 - 10:00 

Plenary lecture (room NA2) 

E. M. Serwicka: Nanostructural catalysts derived from clay minerals 

 

10:00 - 10:15 

Coffee break (in front of room NA2) 

 

Topic 1 – Advanced Nanomaterials (room NA3) 

10:15 - 10:30 

P. Piotrowski, A. Kiełczewska, K. Zarębska, M. Skompska, A. Kaim: New C60 and C70 fullerene 

derivatives designed for HOMO-LUMO gap tuning in photovoltaic devices 

10:30 - 10:45 

M. Sandomierski, B. Strzemiecka, A. Voelkel: The influence of thin aryl layers on the surface 

of fillers on the properties of composites 

10:45 - 11:00 

M. Foda, C. Zou, H. Bahlol, H. Han: New insights of dual-emission fluorescent nanoprobes for 

imaging metal ions in living cells 

11:00 - 11:15 

L. Bardoňová, A. Kotzianová, K. Mamulová Kutláková, S. Holešová, J. Klemeš: Electrospinning 

of nanofibrous layers containing antibacterial vermiculite 

11:15 - 11:30 

P. Ryšánek, P. Čapková, M. Malý, M. Kormunda, Z. Kolská, M. Munzarová: Antibacterial 

functionalization of electrospun nanofibrous membranes 

11:30 - 11:45 

M. Bílý, K. Čech Barabaszová, S. Holešová, M. Hundáková: CuO nanoparticles in antibacterial 

PVAc/vermiculite nanocomposite 



Programme 

NanoOstrava 2019   13 

 

12:00 - 13:00 

Lunch (room NA2) 

 

Topic 2 - Nanomaterials Characterizations and Devices (room NA3) 

13:00 - 13:30 

Invited lecture 

B.-C. Tran Khac, K.-H. Chung, F. W. DelRio: Friction and fracture of 2D materials 

 

13:30 - 13:45 

B. Strzemiecka, A. Jamrozik, Ł. Klapiszewski, P. Jakubowska, D. Matykiewicz, M. 

Sandomierski, T. Jesionowski, A. Voelkel: The importance of adhesion between fillers and 

polymer matrix on the utility macro-properties of the composites materials 

13:45 - 14:00 

G. Simha Martynková, G. Kratošová, R. Škuta, S. Sathish, K. Lafdi: Structural study of thin 

films of graphene oxide with biosilver nanoparticels 

14:00 - 14:15 

G. Jandieri, J. Pistora, M. Lesnak: Interaction of electromagnetic waves with plasmonic 

structures in the terrestrial atmosphere 

14:15 - 14:30 

M. Tokarčíková, L. Bardoňová, J. Seidlerová, K. Drobíková, O. Motyka: Magnetically modified 

montmorillonite - characterization, sorption properties and stability 

14:30 - 14:45 

J. Vlček, J. Pištora, M. Lesňák: Resonance states in plasmonic-waveguiding structures 

14:45 - 15:00 

M. Mičica, S. Eliet, M. Vanwolleghem, R. Motiyenko, A. Pienkina, L. Margulès, K. Postava, J. 

Pištora, J.-F. Lampin: Measurement of THz gain in optically pumped ammonia gas 

15:00 - 15:15 

A. Babusenan, S. Mondal, S. Ramaswamy, S. Dutta, M. Gopalakrishnan, J. Bhattacharyya: 

Phenomenological and experimental investigation of exciton dissociation mechanism in organic 

semiconductor blends 

 

15:15 - 15:30 

Coffee break (in front of room NA2) 

 

16:15 - 19:00 

Trip - Landek Park Ostrava 
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Wednesday, May 15 - Part1 

Topic 4 - Nanotech for Medicine and Pharmacy (room NA3) 

9:00 - 9:40 

Invited lecture 

Q. Miao, D. Xu, Z. Wang, L. Xu, T. Wang, Y. Wu, D. B. Lovejoy, D. S. Kalinowski, G. Nie, Y 

Zhao, D. R. Richardson: Amphiphilic hyper-branched co-polymer nanoparticles for the 

controlled delivery of novel anti-tumor agents 

 

9:40 - 9:55 

M. Serda, M. J. Ware, J. M. Newton, M. Krzykawska-Serda, K. Malarz, A. Mrozek-Wilczkiewicz, 

R. Musioł, S. J. Corr, S. A. Curley, Lon J. Wilson: The water-soluble [60]fullerene derivatives 

for anti-cancer studies 

9:55 - 10:20 

D. Plachá: Graphenic materials for biomedical applications 

10:20 - 10:45 

J. Jampílek: Nanomaterials for management of toxigenic fungi 

 

10:45 - 10:55 

Coffee break (in front of room NA2) 

 

10:55 - 11:20 

W. Musiał, T. Urbaniak: The influence of technical procedure on the hydrodynamic diameter of 

conjugates of lamivudine with biodegradable poly-ε-caprolactone microspheres for controlled 

drug delivery via cellular uptake 

11:20 - 11:45 

A. Voelkel, B. Strzemiecka, M. Sandomierski: Applications of Inverse Gas Chromatography 

and Dynamic Vapor Sorption for the physicochemical characterization of nanomaterials 

11:45 - 12:10 

J. Silberring, A. Drabik, J. Ner-Kluza, A. Bodzoń-Kułakowska, P. Suder: Identification of 

biomolecules – a frustrating nano-business 

12:10 - 12:25 

J. Bednář, P. Mančík, L.Svoboda, V. Foldyna, R. Dvorský: Antimicrobial Silicate Nanomaterial 

with High Specific Surface Area 

12:25 - 12:40 

D. Lazecká, S. Holešová, G. simha Martynková: Polymeric nanocomposites as a prevention of 

biofilm formation 

 

 

https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0142961210007441?via%3Dihub#!
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12:40 - 13:30 

Lunch (room NA2) 

 

Topic 1 – Advanced Nanomaterials (room NA3) 

13:30 - 14:00 

Invited lecture 

J. Šesták: Thermal Physics of Nanostructured Materials: Thermodynamic (Top-Down) and 

Quantum (Bottom-Up) Issues 

 

14:00 - 14:15 

D. Gültekin, E. Duru, H. Akbulut: Nanoceria reinforced Ni/CeO2 nanocomposite production by 

electroless coating 

14:15 - 14:30 

D. Gültekin, F. Kayış, H. Akbulut: Morphological Evaluation of Zinc Oxide Nanostructures 

Synthesized by Solution Based Methods 

 

Topic 3 – Nanotech for Energy (room NA3) 

14:30 - 15:00 

Invited lecture 

J. M. Macák: One dimensional anodic nanostructures for energy applications 

 

15:00 - 15:15 

Ubeyd Toçoğlu, Hatem Akbulut: Towards high capacity rGO/MWCNT/ yolk-shell structured 

silicon composite anodes for li-ion batteries 

 

15:15 - 15:30 

Coffee break (in front of room NA2) 

 

 

Wednesday, May 15 - Part2 

Topic 5 – Nanotech for Environmental Solution (room NA4) 

9:00 - 9:30 

Invited lecture 

I. Zinicovscaia: Neutron Activation Analysis and Related Analytical Techniques in the 

Assessment of Nanoparticle Uptake in Organisms 
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9:30 - 9:45 

O. Motyka, K. Štrbová, I. Zinicovscaia: Chlorophyll content in two medicinal plant species 

following nano-TiO2 exposure 

9:45- 10:00 

K. Drobíková, K. Štrbová, M. Tokarčíková, O. Motyka, J. Seidlerová: Magnetically modified 

bentonite: characterization and stability 

10:0- 10:15 

I. Safarik, J. Prochazkova, E. Baldikova, K. Pospiskova, K. Drobikova, J. Seidlerova: 

Progressive magnetically responsive materials for pollutants detection and removal 

10:15- 10:30 

Z. Jankovská, M. Vaštyl, G. J. F. Cruz, L. Matějová: Microwave preparation of activated 

carbons from residual agricultural biomass 

 

10:30 - 10:45 

Coffee break (in front of room NA2) 

 

10:45 - 11:00 

G. Kratošová, S. Teplická, J. Klusák, M. Večeř: Preparation of tailored nanoparticles using 

flow microreactors and green synthesis 

11:00- 11:15 

Z. Konvičková, V. Holišová, M. Kolenčík, K. Dědková, E. Dobročka, H. Otoupalíková, G. 

Kratošová, J. Seidlerová: Effects of Biomass Heterogeneous Composition in Silver 

Nanoparticles Phytosynthesis Using Tilia sp. Leachate 

11:15- 11:45 

M. Baláž: Mechanochemistry as a versatile tool for nanomaterials synthesis 

 

12:00 - 13:00 

Lunch (room NA2) 

 

Topic 6 – Industrial Forum (room NA4) 

13:00 - 13:15 

NenoVision: AFM-in-SEM LiteScopeTM: Tool for comprehensive sample surface analysis 

13:15 - 13:30 

Nicolet: Scattering-Type Scanning Near-field Optical Microscopy and Spectroscopy of Low 

Dimensional and nanostructured materials 

13:30 - 13:45 

Rigaku: Rigaku SAXS and XRF instrumentation 

13:45 - 14:00 

Anton Paar: Metody charakterizace nanomateriálů 
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14:00 - 14:15 

Edlin: Advanced ion milling of SEM and TEM samples 

14:15 - 14:30 

NANO CHEMI GOUP: Industrial Applications of Nanotechnologies 

14:30 - 14:45 

Měřící technika Morava: Chemistry at the Nanoscale with AFM-IR 

14:45 - 15:00 

Contipro: A. Kotzianová, J. Klemeš, M. Pokorný, V. Velebný: Research and development of 

nanotechnologies and nanomaterials 

 

15:00 - 15:30 

Coffee break (in front of room NA2) 

 

 

15:30 - 16:45 

Poster section (new aula, between rooms NA1 and NA4) 

 

19:00 - 23:30 

Conference evening (room NA2) 

 

 

Thursday, May 16 

Topic 3 – Nanotech for Energy (room NA3) 

9:00 - 9:30 

Invited lecture 

H. Akbulut, M. Tokur, T. Çetinkaya: Nanocomposite Ceramic Based Negative Electrodes for Li-

ion Batteries 

 

9:30 - 9:45 

M. Michalska, J.-Y. Lin: Li4Ti5O12 spinel modified with carbon or oxide coatings as an 

advanced anode material for high-rate lithium-ion batteries 

9:45 - 10:00 

S. K. Sathish, B. Novosad, K. Chrobáček, G. Simha Martynková: Study of Clay-PEO system as 

application as solid electrolyte in Li-ion batteries 

10:00 - 10:15 

S. Prabu, H.-W. Wang: Nanocatalysts for hydrolysis of Al and H2O reaction: Efficient synthesis 

of graphite-derived thin layer with Al(OH)3 based nanoparticles 
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10:15 - 10:30 

Coffee break (in front of room NA2) 

 

10:30 - 11:00 

D. Legut, H. Tian, Z. W. Seh, K. Yan, Z. Fu, P. Tang, Y. Lu, R. F. Zhang, Y. Cui, and Q. Zhang: 

Flexible anode materials and their protection 

11:00- 11:20 

J. Seidlerová, M. Valášková: Several ways of FexOy/phyllosilicate composite preparation 

 

11:20 - 11:30 

Closing ceremony (room NA3) 

 

12:00 - 13:00 

Lunch (room NA2) 
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LIST OF POSTER PRESENTATIONS 

 

Topic 1 – Advanced Nanomaterials 

P1 

K. Bahranowski, A. Klimek, A. Gaweł, A. Tomczyk, E. M. Serwicka: Pillared montmorillonites 

as carbon dioxide nanosorbents 

P2 

P. Čapková, P. Ryšánek, J. Štojdl, J. Trögl, O. Benada, M. Kormunda, Z. Kolská, M. 

Munzarová: Functionalization and stability testing of nanofibrous PA6/DTAB membranes for air 

filtration 

P3 

K. Čech Barabaszová, S. Holešová, K. Švábová, L. Chlebíková: PVDF/vermiculite 

nanocomposite films 

P4_S 

P. Grussmann, I. Martausová, Z. Lacný, A. Martaus, D. Cvejn: Towards Clay Nanoreactors: 

Modified Clays as Catalysts for Baeyer-Villiger Reaction 

P5_S 

D. Kędra, A. Baliś, Sz. Zapotoczny: Photoactive mesoporous nanoparticles as photochemical 

reactors 

P6 

K. Kopecká, L. Beneš, K. Melánová, P. Knotek, V. Zima, K. Zetková: Layered double 

hydroxides: synthesis, exfoliation and dispersion in polymer systems 

P7_S 

T. Kuciel, P. Nalepa, W. Górka, M. Szuwarzyński, S. Zapotoczny: Nanocomposite systems 

based on polymer brushes and superparamagnetic iron oxide nanoparticles 

P8 

M. Michalska, V. Matejka, J. Pavlovsky, P. Praus, G. S. Martynkova: Comparison of TiO2 and 

g-C3N4-based materials modified with Ag NPs utilized as a photocatalyst for degradation of 

model dye acid orange 7 

P9_S 

P. Nalepa, W. Górka, T. Kuciel, M. Szuwarzyński, S. Zapotoczny: Magnetically-responsive 

polymeric scaffolds for cell cultures 

P10 

P. Otipka, J. Vlček: Shape dependent model of EMA for nanostructured anisotropic materials 

P11 

Z. Posel, P. Posocco: Tuning the properties of nanogel surface coatings by grafting weak 

cationic polyelectrolyte brushes 

P12 

A. Michalik, B. D. Napruszewska, A. Walczyk, J. Kryściak-Czerwenka, D. Duraczyńska, R. Dula, 

R. Karcz, E. M. Serwicka: Starch as template for synthesis of nanocrystalline hydrotalcites 
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P13 

M. Valášková, P. Leštinský: α-Fe2O3 nanoparticles/vermiculite for catalytic decomposition of 

polystyrene 
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ABSTRACT 

The unique structural and compositional properties of cationic (layered silicates) and anionic 

(hydrotalcites) clays are are discussed in light of the versatility and potential of these materials in 

manufacturing of catalytically active nanostructures. Here, the concept of atom-by-atom or 

molecule-by-molecule strategy in the catalyst design is extended to the use of individual silicate 

lamellae as prefabricated building blocks, ready to be fitted into the desired nano-construction. 

Alternatively, the hydrotalcite layer compositional flexibility may be used for design of catalysts 

with unique properties. The use of clay minerals for design and synthesis of catalytic materials is 

illustrated by examples from author’s own works.  Presentation focuses on manufacturing of 

catalytic materials relevant for environmental catalysis, with particular attention to the novel 

preparative strategies. The main interest lies in finding relation between the physico-chemical 

properties of the catalysts and their performance in the catalytic reaction. 

 
Acknowledgments: Financial support from the National Science Center Poland, project OPUS 
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Thermal Physics of Nanostructured Materials: Thermodynamic (Top-Down) and 
Quantum (Bottom-Up) Issues 

J. Šesták 
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ABSTRACT 

The subject is focusing on the newly adjusted thermodynamic degree of freedom which is 

dimension. Nanoworld thermodynamic groundwork unfolds from a single phase division into α and 

β  separated by interface the curvature of which request the higher pressure on the concave side 

with respect to the surrounding, p, i.e., pα > pβ = p (Young-Laplace effect). It can happen by 

splitting up (division, cleavage) or nucleation, as well as by elastic deformation (strain) of already 

existing surface due to the impact if isotropic or nonisotropis stress, dwsurf  =  dA, where the scalar 

parameter γ (defined as a specific surface energy) is always positive (due to the stability criteria) 

and is independent on the surface, A. Performed work, dwsurf  = f dAelast = f A dε, causes elastic 

deformation (strain ε) of the original surface assuming dε = dA/A. Unite specific surface work is 

called surface stress, f, and possesses generally tensor denomination but for isotropous environment 

become scalar following wsurf = f Aelast. As a result we can say that any nanosystem possesses its 

size as an extra degree of freedom, equilibrium of which requires a modification of traditional 

macroscopic thermodynamics. Everything factually originates from the Kelvin historical relation, 
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p/p= 2V/(RTr), and the related equation for temperatures, T/T =2V /(ΔH r). In the other words 

it means that if we want to create any equilibrium modification for a variation of curvature upon the 

change of external conditions (T, p) we have to change either pressure (from pβ to pβr under 

constant T) or temperature (from T to Tr under constant) so that the change in the difference of 

bulk chemical potentials Δ is compensated by negative 2γVαm(1/r). It associates similar effect as 

rapidly changed temperature when observing real shapes kinetic phase diagrams (temperature 

shifts) providing a new space for novel thermophysical studies including impact of eccentricity of 

heat transfer, heat capacities or phase relations in nanodimensional space. Modern descripttion 

came with the paper introducing the term ‘microcluster’ as a new phase of matter and book showing 

that they cannot be formed fully accidentally but the atoms are combined according some ‘magic 

numbers’ (e.g. Fibonacci following the calcium clusters series 561, 923, 1415, 2057, etc). The 

particle is in order of size (
3
N d) where N is the number of atoms and d is their diameter showing 

that for d~2-3 A is N~2-10 nm. There exists metal model clusters describing systems up to 80 

atoms. The number of atoms of a nanoparticle can be derived from the Loschmidt number giving 

2.6x10
19

 atoms in a cubic cm of a substance so that about 10
4
 atoms are contained in nanoparticle 

cube with a side of 100 nm. It associates with a notion of the so-cooled Planck’s mass amounting 

2.17x10
5
g and specifying the boundary of quantum world. In a crystallographic view spheres of a 

given radius or regular tetrahedral with a given edge can be assumed as the most closely packed in 

space, i.e., crowded so that the ratio between the filled part of the space and the unfilled part would 

be as large as possible. Using polyhedra the whole space could be filled by appropriate packing of 

the congruent specimens of these polyhedra starting e.g. from a cube, adge, a, (surface/volume: A/V 

 6/a), terehedron, via penta-, hexa-, hepta-, nona-, deca-, dodeca-, icosa-, triaconta-, hexaconta-, 

enneaconta-, up to an infinite faceted ultimate sphere of radius, r,  (A/V  2/r). Another important 

process of covering a space with polyhedra is the so called stellation, following the historical Kepler 

constructions (year 1611) of the first two other stellar polyhedron from dodecahedron. This 

multiplication process of self-repetition yields the specificity of a self-similar system which shows 

statistically the same properties at many scales and which is well known as sourced on the Koch 

curves (i.e. snowflakes), further defining the self-similarity dimension in the sphere of fractals 

expressing thus the complexity of an object and giving the intermediary to chaos (supposing both 

ways from the top to bottom and vice versa). Similarly assumed clustering is close to the real 

pattern of a structure evolution from disorder (chaos), local ordering up to periodic structures 

sometimes including structural code or even inorganic gene and became close to the topic of 

chemistry beyond the molecule and special associated as superatoms exhibiting the quantum 

properties of nanoclusters (i.e. quantum nature of nanostes). 
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ABSTRACT 

The aim of this study was to describe electrospinning method for preparation of self-supporting 

homogenous nanofibrous layers with a presence of pristine vermiculite and vermiculite containing 

antibacterial agent chlorhexidine acetate in its interlayer space (CH/Ver). Nanofibers were made of 

hydrophobic polymers, polyurethane and polycaprolactone, to gain water stable and durable layers. 

Polymer solutions for electrospinning contained 2, 5 and 8 wt. % (according to the total weight of 

the solution) of vermiculite or chlorhexidine/vermiculite. These suspensions were homogenized and 

immediately spun using 4SPIN LAB. Morphology was characterized using scanning electron 

microscopy (SEM) and presence of clay minerals in the layer was confirmed by digital microscopy 

and EDX mapping. From SEM images, diameter of the fibres was evaluated. Fibre diameter 

decreased after adding the clay and was ranging from 600 nm to 1200 nm. Clay particles were 

present both in fibres and on the surface. Antibacterial chlorhexidine was found in the vermiculite 

matrix as well as separately in the fibres (result of imperfect intercalation). Antibacterial activity 

was evaluated by disc diffusion test against Staphylococcus aureus and Pseudomonas aeruginosa. 

Layers containing CH/Ver had good antibacterial activity against S. aureus and was dependent upon 

CH/Ver concentration and chlorhexidine release ability. 

 
Keywords: Clay, nanofibers, electrospinning, chlorhexidine 

 

INTRODUCTION 

In order to prepare clay-nanofiber nanocomposites, wide range of polymers have been used with 

clay such as montmorillonite and hydroxyapatite. Added clay affected morphology and 

processability of prepared nanofibers
1,2,3

, enhanced filtrating ability
1
, increased thermal stability

2,4
, 

improved tensile strength
3,4

 and chemical stability
5 

of the nanofiber mats. After intercalating drugs 

into the clay interlayer space nanofiber mats obtained antibacterial properties
6,7

 with drug sustained 

release activity
6
. Prepared materials have a potential in wound healing applications

5
, drug delivery 

systems
6,7

, as an antioxidant product in food and pharmaceutical industries
8
 or filtration

9,10
. 

EXPERIMENTAL 

Two basic polymer solutions were prepared – 10 wt. % polyurethane (PU) in N,N-

dimethylformamide (DMF) and tetrahydrofuran (1:1) and 10 wt. % polycaprolactone (PCL) in 

DMF and chloroform (2:8). Suspensions for electrospinning contained 2, 5 and 8 wt. % of 

vermiculite (Ver) from Brazil (particle size fraction < 40 μm) or chlorhexidine acetate/vermiculite 

(prepared through intercalation process). The weight percent of added clay was with respect to the 

weight of the final suspension. Each suspension was stirred first in hand and then homogenized for 

5 min by homogenizer IKA® T25 digital Ultra Turrax. Prepared suspension was immediately spun. 
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Electrospinning was performed using the 4SPIN LAB device (Contipro, Czech Republic) with two 

moving needles as an emitter and rotating cylinder (width 10 cm, 1000 rpm) covered by substrate 

(aluminium foil) as a collector. Each sample have been spun for 120 min, but after 60 min the 

suspension was changed for newly homogenized one. Other electrospinning conditions are 

mentioned in Table 1. The notation wt.%Clay_polymer is used in the following text. 

 
      Table 1. Electrospinning conditions. 

Emitter-collector distance (cm) 18 
Feed rate (μl/min) 20, 30 (8CH/Ver in PCL) 
Applied voltage (kV) 25 (PU), 20 (PCL) 
Ambient conditions RH 30-43 %, 23-28 °C 

 

Prepared samples were characterized by digital microscopy (VHX Multi Scan Keyence), scanning 

electron microscopy (Zeiss Ultra Plus, Carl ZEISS, applied voltage 3,5 kV), energy-dispersive X-

ray spectroscopy mapping (Zeiss Ultra Plus, Oxford X-MAXN 80, accelerating voltage 10 kV, 

magnification of 1800). From SEM images (1000 x), diameter of fibres was evaluated using ImageJ 

1.48 (average of 30 fibres). Disc diffusion test (cultivation at 30–35 °C for 24 hours) was carried 

out to evaluate antibacterial activity against S. aureus and P. aeruginosa. Qualitative chlorhexidine 

release was evaluated using leaching test according to the Council Decision 2003/33/EC, i.e. 30 mg 

of nanofiber layer was added into 30 ml of demineralized water, the solution was shaken for 24 h at 

20 °C and, finally, by measuring the absorbance of CH by UV-VIS spectrophotometry (CINTRA 

303, GBC Scientific Equipment). 

RESULTS AND DISCUSSION 

Digital microscopy imaging showed increasing clay content in the nanofibrous layers with higher 

clay concentration in the suspension. Some agglomerates exceeded the size of 100 μm even though 

vermiculite size fraction was under 40 μm. This trend was visible especially in samples with PCL. 

From SEM images, morphology of the nanofibrous layers could be observed. Neat polymer 

nanofibers were smooth and continuous with inhomogeneous diameter which decreased after 

adding the clay. Clay particles were probably incorporated into the PCL fibres as there were not 

many visible particles on their surface. PU fibres were thinner than PCL fibres and there were more 

clay particles visible on the surface of the fibres. Diameter of clay/PU fibres was also more 

homogeneous compared to clay/PCL fibres. 

In EDX maps (Fig. 1), major elements contained in vermiculite are blue-coloured (Si, Al and Mg) 

and Cl (recognizable element for CH) is red-coloured. Clay particles were mostly concentrated 

along the fibres and some bigger particles (size exceeding fibre diameter multiple times) were 

between the fibres. Chlorhexidine was not always situated with vermiculite, there were many spots, 

where only chlorhexidine or only vermiculite could be found. This means that the intercalation 

process was not perfect and not all the chlorhexidine was intercalated into interlayer space of 

vermiculite. 
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Fig. 1. EDX maps, blue coloured: Si, Al, Mg, red coloured: Cl: a) 5CH/Ver_PCL, b) 5CH/Ver_PU. 

Samples containing CH/Ver showed good antibacterial activity against S. aureus. Inhibition zones 

were wider the higher CH/Ver concentration. In addition, CH/Ver_PU layers were more effective 

than CH/Ver_PCL layers. Even the highest CH/Ver concentration had no effect on P. aeruginosa 

bacteria. Chlorhexidine release test showed that more CH was released from CH/Ver_PU mats than 

from CH/Ver_PCL mats. This correlates with antibacterial activity test results – the more CH was 

released the more effective sample was against bacteria.  

CONCLUSION 

Nanofibrous layers with different weight concentration of vermiculite or chlorhexidine/vermiculite 

were successfully prepared under the same electrospinning conditions as neat polymers. Fibre 

diameter decreased after adding the clay and was 600–1200 nm. Clay content in the layer increased 

with concentration and clay particles were incorporated into the polymer fibres. Antibacterial 

chlorhexidine was found in the vermiculite matrix as well as separately in the fibres (as a result of 

imperfect intercalation). Samples with CH/Ver had good antibacterial activity against S. aureus 

which was related to CH release – samples possessed better antibacterial effect when more CH was 

released. Prepared CH/Ver/polymer layers seem to be promising, relatively inexpensive, and easy-

to-produce material in the field of antibacterial applications. 

 
Acknowledgments: This study was funded by projects No. CZ.02.1.01/0.0/0.0/17_049/0008441 "Innovative 
therapeutic methods of musculoskeletal system in accident surgery" within the Research and Development 
for Innovations Operational Programme financed by the European Union, was created in cooperation with 
Contipro a.s. and in the frame of the SP2019/31 project while financially supported by the Ministry of 
Education, Youth and Sports of the Czech Republic. 
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ABSTRACT 

The purpose of this study was to investigate the antibacterial behavior of polyvinyl acetate (PVAc) 

with nanofiller in the form of CuO nanoparticles and CuO/vermiculite nanocomposite. The CuO 

nanoparticles and CuO/vermiculite nanocomposites were prepared by sonochemical synthesis. 

Since vermiculite is antibacterial itself, the expected outcome was the improvement of antibacterial 

properties. Concerning their antibacterial activity in PVAc thin films, they were measured against 

Staphylococcus aureus and Enterococcus faecalis, respectively. Results showed that the most 

efficient PVAc nanocomposite was that with 0.5 wt% of CuO/vermiculite, however other samples 

also exhibited decent antibacterial behavior. 

 
Keywords: Copper oxide, vermiculite, PVAc, antibacterial activity 

 

INTRODUCTION 

Among all transition metal oxide nanoparticles (TMO NPs), copper oxide (CuO) nanoparticles have 

not been considered as promising as others, such as zinc oxide or titanium dioxide. However, the 

growing popularity of CuO shows a slight change in application potential. CuO is a semiconductive 

material with toxic properties that are dependent on the size and morphology of nanoparticles. 

Copper oxide nanoparticles can be grown on vermiculite layered structure, which can result in 

significant improvement of the antibacterial behavior and reduction of toxic activity. When 

incorporated in the polyvinyl acetate matrix, they can be prevented from free movement around the 

environment. Antibacterial activity issues, such as the resistance of certain bacterial species against 

antibacterial nanoparticles (Ag, ZnO, …) can be addressed with the development of novel materials. 

PVAc thin films could be employed in antibacterial coatings and materials depending on the 

antibacterial activity against specific bacterial species. 

EXPERIMENTAL STUDY 

CuO nanoparticles and CuO/vermiculite nanocomposite particles have been both prepared by 

sonochemical synthesis method. 2,5 g of copper nitrate have been dissolved in 0,1M solution of 

natrium hydroxide. For CuO/V, 1 g of vermiculite has been added to the solution. After 15 minutes 

exposure to ultrasound, solutions were treated in centrifuge and precipitates were formed and then 

dried at 75 °C and calcinated at 350 °C. For PVAc nanocomposite preparation, radical 

polymerization has been used. Electron microscopy, confocal microscopy, X-Ray powder 

diffraction and particle size distribution methods were used for characterization of nanocomposites. 
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In addition, electrophoretic mobility (µ), specific surface area (SSA), conductivity (E) and ξ-

potential were measured, too
1,2

. As far as the evaluation of antibacterial behavior is concerned, 

nanocomposites were tested against two bacterial species - Staphylococcus aureus and 

Enterococcus faecalis. 

RESULTS AND DISCUSSION 

X-Ray powder diffraction confirmed successful fabrication of CuO nanoparticles and CuO/V 

nanocomposites. Based on the Scherrer equation, the crystalline size was around 100 nm. Particle 

size distribution has shown that the average particle size was dependent on the overall composition 

(less than 10 µm for CuO/V/350 and slightly over 10 µm in case of CuO/350). Based on electron 

microscopy observations, CuO nanoparticles formed agglomerates, whereas CuO/V 

nanocomposites exhibited CuO nanoparticle growth on the vermiculite layer edge. After the 

polymer sample preparation, these films were characterized by confocal microscopy. The results 

showed decent nanofiller dispersion within the polymer. As for antibacterial activity, polyvinyl 

acetate itself did not exhibit any antibacterial activity at all. After incorporation of nanofiller, 

antibacterial behavior was observed. The number of colony forming units (CFU) was calculated 24 

h, 48 h and 72 h after exposure in order to evaluate antibacterial activity. Generally, the more 

efficient antibacterial agent was CuO/V nanocomposite, where only 0.5 wt% was sufficient for 

decreasing the number of CFU of bacteria. In case of pure CuO, the number of CFU of 

Staphylococcus aureus dropped down significantly after as soon as 48 h. Table 1 shows the 

efficiency of all prepared samples. 

 
Table 1: Efficiency of individual antibacterial agents. 

Samples 

Time to presence of less  

than 200 CFU (h) 

S. aureus E. faecalis 

PVAc >72 >72 

PVAc_0.1CuO_350 48 >72 

PVAc_0.5CuO_350 48 >72 

PVAc_1CuO_350 48 72 

PVAc_0.1CuO/V_350 48 >72 

PVAc_0.5CuO/V_350 24 72 

PVAc_1CuO/V_350 48 48 

 

CONCLUSION 

Well-defined CuO nanoparticles and CuO/V nanocomposite particles have been prepared. Their 

shape and size were characterized by electron microscopy and particle size distribution, 

respectively. Based on the antibacterial activity observations, both CuO and CuO/V exhibited 

antibacterial behavior dependent on the origin of bacterial species. This could prove to be a 

significant step in developing novel antibacterial materials, considering the possibility of bacteria 

becoming resistant against specific compounds. However, further examination is necessary to 

determine antibacterial effect against other bacterial species as well as the sufficient concentration 

of nanofiller in the PVAc polymer nanocomposite before these compounds can be successfully 

implemented as antibacterial agents. 

These results could be exploited in the preparation of novel antibacterial materials and coatings. 
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ABSTRACT 

Fluorescent probes have grasped a huge attention throughout the last 2 eras in distinguishing 

diverse categories of metal ions based on two main conditions, the target prompted fluorescent 

improvement and/or the quenching mechanism of the nanoprobes
1,2

. Meanwhile, The two-color 

emission fluorescent nanoparticles (NPs) in particular quantum dots (QDs) and carbon dots (CDs) 

have involved considerable research devotion in contrast to the single emission fluorescent NPs, 

which had some defects related to the ecological conditions, probe molecule concentration, and 

instrumental proficiency. Presently, heavy metals have triggered serious environmental damage 

due to its indestructibility as well as their toxicity effect on living creatures. Although the 

physiological essential of copper ions (Cu
2+

) to the human body, however, the extreme quantity of 

Cu
2+ 

might display high toxicity and cause severe damage to human body central nervous system, 

resulting in permanent diseases, for instance, Alzheimer’s disease
3,4

. Therefore, the detection and 

imaging of Cu
2+ 

ions in biological fluids have become progressively vital. 

 

In this study, a fluorescence nanohybrid complex (SiO2@QDs@CDs) that include a well-defined 

silica SiO2 for the detection and imaging of Cu
2+ 

ions were fabricated via a carbodiimide-mediated 

method, where the SiO2 represented the core-satellite followed by the coating of the as-prepared 

CdTe/CdS QDs and finally a compact outer layer of CDs. In this nanohybrid complex, QDs were 

quenched upon the exposure to Cu
2+

 ions in the aqueous solution which led to a significant 

ratiometric response in living cells. The fluorescence signal intensity and constancy can be 

improved due to the core silica nanospheres as a nanocarrier loaded with QDs on the outer surface 

as a signal label. More interestingly, carbon dots were compactly packed around the SiO2@QDs 

nanospheres which significantly condensed the toxicity of the nanosensor and the validation for the 

intracellular imaging of Cu
2+

 in HeLa cells as well as further biological applications
5
. 

 
Keywords: Dual-emission fluorescent nanoprobes, Nanohybrid complex, Metal ions, Cell imaging 
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ABSTRACT 

Ni/CeO2 composite coatings have been deposited by electroless deposition technique from a nickel 

sulfate solution containing nano CeO2 
particles. The pure Ni and CeO2 reinforced Ni composite 

coatings tribological behaviour has been examined under dry sliding circumstances. The effects of 

CeO2 on the friction and wear behavior have been discussed. The surface morphologies of 

electroless Ni and Ni/CeO2 coatings have been observed with EDS equipped SEM and XRD. 

 
Keywords: Nanocomposite, Nickel, CeO2, Tribology 

 

INTRODUCTION 

Metal matrix nanocomposite coatings consist of a metallic matrix strengthened by the addition of 

nano-sized metallic or nonmetallic particles (or whiskers). These materials often exhibit enhanced 

physical, mechanical, and chemical properties compared with those of the bulk material coatings 

[1]. Nickel is one of the most commonly used structural metals for various engineering applications, 

and nickel coating can be used to provide resistance to corrosion, erosion and abrasion. To improve 

these properties, reinforced nickel composite coatings have been developed for particles [1]. 

Development of nickel boride composite coatings by co-deposition of secondary particlesfrom el 

ectroless bath has received a great interest owing to the enhancement of properties over electroless 

nickel boron alloy coating. The electroless composite coatings formed using different particles has 

different effects [2]. Cerium oxide with different valence states and various crystalline structures 

have been explored for various applications such as electrical, electronic, catalytic, adsorption, 

optical, electrochemical, batteries, functional materials, energy storage, magnetic data storage and 

sensing properties [3]. In the present study, Ni/CeO2 composite coatings have been deposited by 

electroless deposition technique from a nickel sulfate solution containing nano CeO2 
particles. The 

pure Ni and CeO2 reinforced Ni composite coatings tribological behaviour has been examined 

under dry sliding circumstances. The effects of CeO2 on the friction and wear behavior have been 

discussed. The surface morphologies of electroless Ni and Ni/CeO2 coatings have been observed 

with EDS equipped SEM and XRD. 

EXPERIMENTAL 

Steel substrates with 30×30×3mm dimension have been used for electroless coating. The substrates 

have been polished with abrasive paper and cleaned in acetone. The cleaned substrate has been 
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etched with HCl solutions 30 sec for the removal of surface impurities. The bath constituents and 

process parameters used for coating are given in Table 1. 

 
Table 1. Electroless coating bath contents 

 

 

 

 

 

RESULTS AND DISCUSSION 

Fig.1 shows SEM images of electroless Ni and Ni/CeO2 composite coating. The incorporation of 

nanoparticles at the boundaries of nickel crystallites can reduce the nodular grain size and become 

denser than the electroless Ni-B coating [2]. 

 

   

Fig.1 shows SEM images of electroless Ni and Ni/CeO2 composite coating. 

CONCLUSION 

Ni and Ni/CeO2 nanocomposite coatings have been deposited on steel substrates by the electroless 

coating process. The friction and wear behaviors of Ni–CeO2 composite coatings are closely related 

with CeO2 content [4]. Wear test shows that the reinforced CeO2 particles decrease the friction 

coefficient and reduce the wear weight loss. 
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Electroless bath contents 

Nickel sulfate NiSO4(H2O)6 30g/L 

DMAB 3 g/L 

Sodium acetate  (CH3COONa) 4.4 g/L 

Thiourea 0.1 g/L 

Ceria 2.5 g/L 

Bath temperature 70 °C 

6 

 

pH 
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ABSTRACT 

In this study, ZnO nanostructures have been produced by solution based methods. Zinc acetate 

dihydrate and Zinc nitrate have been used as precursors whereas monoethanolamine, glycerol and 

hexamethylenetetramine have been used as additives to obtain nanostructures with different 

morphologies. General morphologies and detailed structural characterizations have been performed 

by scanning electron microscope, X-ray diffractometer. 
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INTRODUCTION 

Zinc oxide with its unique physical and chemical properties, such as high chemical stability, high 

electrochemical coupling coefficient, broad range of radiation absorption and high photostability, is 

a multifunctional and important semiconductor which has a range of applications in electronics and 

electrotechnology [1]. ZnO is a wide band gap (3.37 eV) semiconductor and has a large binding 

energy (60 meV) [1, 2], low resistivity and high transparency in the visible range and high light 

trapping characteristics [3] mean that zinc oxide can be used in photoelectronic and electronic 

equipment, in devices emitting a surface acoustic wave, in field emitters, in sensors, in UV lasers, 

and in solar cells [1]. In recent years, lots of research has been focused on the synthesis, 

characteristics, growth mechanism, device fabrication, and performance improvement of ZnO 

nanostructures with various morphologies including nanowires, nanorods, nanobelts, nanotubes, 

nanosheets, nanopyramids, hollow nanospheres, and quantum dots [4], which have been fabricated 

via different methods, such as chemical vapor deposition, sol-gel method, hydrothermal method, 

and solvothermal method [4, 5]. Growth of ZnO nanostructures mainly depends on process 

conditions such as concentration of precursor solution, reaction temperature and pH value of the 

solvents [5]. 

In this study, ZnO nanostructures have been synthesized by solution based methods. Zinc acetate 

dihydrate and Zinc nitrate hexahydrate have been used as precursors whereas monoethanolamine 

(MEA), glycerol and hexamethylenetetramine (HMT) have been used as additives to obtain 

nanostructures with different morphologies. Distilled water and ethanol have been used as solvent. 

General morphologies and detailed structural characterizations have been performed by scanning 

electron microscope, X-ray diffractometer. 

EXPERIMENTAL STUDY 

Several zinc precursors have been used: nitrate, chloride, perchlorate, acetylacetonate and alkoxides 

such as ethoxide and propoxide, but the most often used is the acetate dihydrate and nitrate. 

Because of their low cost, facility of use, and commercial availability, metal salts are interesting as 

precursors and could be more appropriate for large-scale applications [6]. In our work, ZnO 

nanostructures synthesized by the preparation of ZnO sols in the liquid phase from homogeneous 

solutions with precursor of zinc acetate dihydrate (Zn(CH3COO)2·2H2O) and zinc nitrate 
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hexahydrate (Zn(NO3)2.6H2O). MEA or HMT was added to adjust pH of solutions. Detailed 

structural characterizations of the ZnO films were obtained using (SEM) and XRD were used to 

determine preferred crystal orientation and particle size of the thin films. 

RESULTS AND DISCUSSION 

Fig.1 presents the X-ray diffraction patterns of synthesized ZnO nanorods. We only gave ZnO 

nanorods patterns for brevity. The peak positions in each product agree well with the reflections of 

ZnO with all peaks corresponding well to standard crystallographic data (ZnO: JCPDS 01-075-

0576). () symbol represents the diffraction peaks comes from FTO coated glass substrate. 

Furthermore, no other peak related to impurities was detected in the spectrum, which further 

confirms that the synthesized products are high purity. There have been changes in orientation and 

peaks intensities with the using different seed layer. 

 

 

Fig. 1. XRD and SEM results of ZnO nanorods XRD analysis of ZnO nanorods a) with no seed layer, b) growth on one 
seed layer coated substrate , c) growth on five seed layer coated substrate 

 

CONCLUSION 

ZnO nanostructures with different morphologies have been produced by solution based methods. 

ZnO nanorods have been obtained by using Zinc nitrate precursor and HMT whereas ZnO 

nanopackets synthesized by using Zinc acetate, MEA and glycerol. Also ZnO nanosheets and 

nanoflowers  have been successfully obtained under different circumstances.  
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ABSTRACT 

Series of new C60 and C70 fullerene derivatives have been synthesized and characterized with 

numerous analytical techniques. Electrochemical measurements allowed to calculate the HOMO-

LUMO band gap revealing that obtained functionalized fullerenes largely retain favorable redox 

electronic properties, showing multiple reversible sequential 1e electrode processes. In addition, 

experimental results were supported by quantum mechanical calculations made by DFT B3LYP/6-

31G(d) and PBEPBE/6-311G(d,p) methods. 

 
Keywords: fullerenes, photovoltaics, HOMO-LUMO gap 

 

INTRODUCTION 

Bulk heterojunction solar cells combine an electron-deficient compound (acceptor) and electron 

rich material i.e. conjugated polymer (donor) with high content of interfacial areas. Resulting 

material shows photovoltaic effect when placed between suitable electrodes. In recent years 

development of novel polymer donor materials has drawn big attention and was the main route of 

investigation in organic photovoltaics. However, the electron accepting compounds are of the same 

great importance as they can allow construction of photovoltaic devices of higher efficiency too. 

Among numerous nanomaterials, functionalized fullerenes are attractive candidates for photovoltaic 

applications
1,2

 due to their outstanding electron accepting properties and various possible 

functionalization methods. One of the most promising electron acceptor molecules for photovoltaic 

cells are C60 and C70 fullerenes and their derivatives due to their capacity for reduction with up to 

six electrons per single fullerene cage
3
 and high visible light absorption. Moreover, 

functionalization of fullerenes allows to introduce plenty of different electron withdrawing or 

donating groups, allowing to tune the location of HOMO/LUMO levels as well as the visible light 

absorption. Those groups not only can improve the electronic properties of the final molecule and 

their solubility but also modify morphology of resulting bulk heterojunction material. 

For this purpose, we have designed and synthesized number of thiophene, naphthalene, fluorene and 

pyrene functionalized fullerenes. Each compound HOMO-LUMO gap was investigated using both 

electrochemical measurements and corresponding theoretical calculations. All presented 

functionalized fullerenes can be employed as acceptor materials in fullerene-polymer based 

photovoltaic cells. 

EXPERIMENTAL/THEORETICAL STUDY 

C60 and C70 fulerene derivatives were synthesized using modified Bingel-Hirsch procedure
4
. 

Obtained products were characterized using spectroscopic techniques: ESI-MS, 
1
H and 

13
C NMR 

and FT-IR. Subsequently electrochemical properties of functionalized fullerenes were analyzed 

using cyclic voltammetry. Resulting HOMO-LUMO band gaps were compared with the values 

calculated using density functional theory (DFT) B3LYP/6-31G(d) and PBEPBE/6-311G(d,p) 

methods. 
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RESULTS AND DISCUSSION 

Series of  C60 and C70 fullerene malonates bearing diverse aromatic rings (Figure 1) designed for 

acceptor materials in photovoltaic cells has been synthesized. For this purpose, modified Bingel-

Hirsch method resulting in methanofullerene monoadduct was used. Identification and detailed 

characterization of the newly obtained compounds was made using spectroscopic methods: mass 

spectrometry (ESI-MS), magnetic resonance spectroscopy 
1
H and 

13
C NMR, IR spectroscopy (FT-

IR).  

Investigation of electronic properties of synthesized compounds was done by means of cyclic 

voltammetry (CV). Electrochemical measurements allowed to calculate the HOMO-LUMO band 

gap revealing at the same time that obtained functionalized fullerenes largely retain favourable 

redox electronic properties and show multiple reversible sequential 1e electrode processes. In 

addition, experimental results of electrochemical measurements were followed by quantum 

mechanical calculations using DFT B3LYP/6-31G(d) and PBEPBE/6-311G(d,p)  methods. 

 

 

 

Fig. 1. Structure of synthesized C60/C70 fullerene malonates. 

 

CONCLUSION 

We have synthesized a series of novel C60 and C70 fullerene malonates functionalized with diverse 

aromatic molecules. All compounds were characterized and their structure was confirmed with 

necessary spectroscopic techniques. Experimental and theoretical HOMO-LUMO levels were 

determined using cyclic voltammetry and quantum mechanical calculations DFT methods. 

Obtained results show that theoretical studies can be very good tool for prediction of the HOMO-

LUMO gap properties of fullerene based acceptor materials. Selected synthesized fullerene 

derivatives with the most adequate HOMO-LUMO levels to the donor polymer applied will be 

employed in construction of BHJ solar cells in the near future. 
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ABSTRACT 

One-step procedure (i.e. modifying agent in spinning solution) is the most common way of 

functionalization of electrospun polymeric nanofibrous structures. In such a case the key question 

is: How efficient is the modifying agent in the nanofibrous composites? For the maximum 

efficiency, we need modifying substance (antimicrobial, wound healing agent…) on the surface of 

nanofibers. For special purposes like air/water filtration the stability of composite is crucial. In this 

research, we analyze in details the effect of modifying substance in spinning solution on structure, 

phase composition, morphology of nanofibers and on permeability and antimicrobial activity of 

polyamide 6 (PA6) and polyvinylidene fluoride (PVDF) electrospun nanofibrous membranes 

modified by Chlorhexidine (CHX), 1-dodecyltrimethylamonium bromide (DTAB) and 

benzyltrimethylamonium bromide (BTAB). 

XPS spectroscopy and electrokinetic measuments confirmed the presence of modifying substances 

on the surfaces of PA6 and PVDF nanofibers.  XRD profile analysis showed that modifying agent 

in spinning solution did not affect significantly the crystallographic phase composition of PA6 and 

PVDF. Chemical modification resulted in increase of nanofiber diameters (depending on 

concentration of modifying agent. Maximum increase of fiber diameter observed in case of BTAB 

has been explained by molecular modeling. Molecular modeling also revealed the stability of 

composites by calculating interaction energy between nanofibers and molecules of modifying 

substance. The best antibacterial efficiency was achieved for DTAB and CHX modification. 

 
Keywords: elesctrospinning, Nanospider, antibacterial activity, functionalization 
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ABSTRACT 

Composite interfaces are critical regions that dictate the filler-polymer adhesion with an important 

output in terms of mechanical properties of the composites. Changing the type of interactions on 

these surfaces has a significant effect on improving the properties of the composites. In this work, 

we prepared active fillers (zeolite, silica, carbon) with hydroxymethyl groups on the surface and 
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characterized them by complementary analytical tools. The obtained materials were used as a filler 

in novolac composites and abrasive tools. Introducing active hydroxymethyl groups onto the 

surface of the filler allows for covalent bonds between the resin and the modified filler. The 

mechanical properties of the materials were investigated. Flexural strength increased both for 

novolac composite and abrasive tools. Therefore, it can be concluded that the use of a modified 

filler improves the properties of novolac composites and model abrasive tools. 

 
Keywords: Filler, thin layer, diazonium, phenol-formaldehyde resin 

 

INTRODUCTION 

Phenol-formaldehyde resins are the most commonly used organic binder in the abrasive industry 

due to good thermal and chemical stability, low price, high hardness and the ability to bind abrasive 

grains and fillers together.
1,2

 The two main types of resins are novolacs and resoles.
3
 Resole can be 

crosslinked under the influence of heat. Novolacs are cured by urotropine which is a effective cross-

linking agent, however its decomposition products have a negative effect to skin and mucous 

membranes and they can cause cancer.
4,5

 This problem occurs in abrasives, which is related to the 

high operating temperatures of these materials. Decreasing the amount of urotropin by using an 

active filler that will have the properties of a crosslinking agent will reduce the amount of emitted 

toxic compounds. The hydroxymethyl groups are responsible for the cross-linking process of 

phenol-formaldehyde resins. Therefore it is  justified to introduce hydroxymethyl groups onto the 

surface of the fillers. It might be achieved by using diazonium salts.
6
 Already, fillers modified with 

diazonium salts have been used in composites such as: graphene / polyurethanes (98% increase of 

shape fixity), graphene / epoxy resin (47% increase of interfacial shear strength), carbon nanotubes / 

epoxidized natural rubber (50% increase of tensile modulus).
7-9

 

In our work, we focus on an important group of fillers with potential applications in phenol-

formaldehyde resins: silica, zeolite and carbon black.  The aim of this work was to improve 

mechanical properties of abrasive tools by covalent reaction of functionalized fillers with phenol-

formaldehyde resin.  

EXPERIMENTAL/THEORETICAL STUDY 

In this work, we prepared active fillers (zeolite, silica, carbon) with hydroxymethyl groups during 

the in situ reaction with 4-hydroxymethylbenzenediazonium salt. The following techniques were 

used to evaluate the effectiveness of filler modifications: infrared spectroscopy, Raman 

spectroscopy, nitrogen adsorption/desorption measurements. The following techniques were used to 

evaluate the effect of filler modification on the properties of novolac composites and abrasive tools: 

flow distance, flexural strength, dynamic thermo-mechanical analysis. 

 

 
Fig. 1. Scheme of preparation of abrasive tools. 
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RESULTS AND DISCUSSION 

The effectiveness of the filler modification confirms the presence of bands in the range 1300-1800 

cm
-1

 on the FTIR. The bands at 1510 and 1600 cm
-1

 in FTIR spectra are assigned to ring breathing 

mode in aromatic ring of aryl group and appears only in the spectra of modified material. The 

results of Raman mapping indicate the effectiveness of modification of the entire filler surface. The 

results show that the organic layer is not present in unmodified silica. Moreover, there are no visible 

the places with higher amount of aromatic groups. Even distribution of the aryl layer and therefore 

of the hydroxyl groups is very important due to the uniform effect of the filler on the properties of 

the composite at its entire volume. The surface area and pore volume decrease after filler 

modification. This is related with the coverage of surface by the organic layer. During the 

modification, the pores are filled by the aryl layer, which results in a reduction of their volume. This 

phenomenon is particularly evident in the case of micropores. This is due to the presence of the aryl 

layer at the entrance to the micropores, which causes their closure. The results obtained by three-

point flexural test indicate an increase in flexural strength for a novolac composites and abrasive 

tools with modified filler compared to an composite with unmodified filler. The increase in flexural 

strength is related to the resulting covalent bonds between the resin and the modified filler. 

CONCLUSION 

Modification by diazonium salt allow to successful introduction of active hydroxymethyl groups on 

the surface of fillers. The organic layer is evenly distributed. The modified fillers have a smaller 

surface area and pore surface than unmodified. The results obtained by three-point flexural test 

indicate an increase in flexural strength both for a novolac composites and abrasive tools. 

Therefore, it can be stated that application of active filler with thin aryl layer improves the 

mechanical properties of novolac composites and model abrasive tools. 
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ABSTRACT 

The study aimed at the assessment of CO2 sorption capacity by montmorillonites modified by 

insertion of titania, zirconia or mixed titania-zirconia pillars between the clay layers. Sorption of 

carbon dioxide at 0
o
C was related to the textural parameters of these materials, determined from the 

nitrogen adsorption/desorption isotherms at -196
o
C. Pillaring enhanced the amount of sorbed CO2, 

whose uptake did not correlate with the specific surface area but increased with the decrease of the 

average pore diameter of the samples. Best sorption properties were observed for the sample 

containing mixed Ti-Zr pillars, which was characterized by the highest share of microporosity and 

the lowest average pore diameter.  

 
Keywords: Montmorillonite, clay, pillaring, CO2 sorption 

 

INTRODUCTION 

Montmorillonite (Mt), which is the main mineral component of bentonite rocks, belongs to the 

family of layered silicates known as smectites. The interlayer spaces in Mt are occupied by  

hydrated alkali and alkali earth cations, which are easily exchangeable, and may be replaced with 

large inorganic oligocationic species, in the process known as pillaring. The oligocation pillars prop 

open the clay structure and make the interlayer space accessible to gases and vapours. After 

calcination the pillars bind permanently the Mt layers, yielding thermally stable porous materials, 

so-called pillared interlayered clays (PILCs), attractive for their sorptive and catalytic properties. In 

particular, PILCs containing Ti-, Zr-, or mixed Ti-Zr-pillars showed excellent properties in catalytic 

purification of air from chlorinated volatile organic compounds
1
. In this work, the potential of such 

materials for CO2 sorption is evaluated. 

EXPERIMENTAL 

The starting material used in this study was the Kopernica-3 bentonite (Slovakia)
2
, containing ca. 

70% of montmorillonite. Pillaring was carried out according to the previously described procedure
3
. 

Textural studies by means of nitrogen adsorption/desorption at -196
o
C were performed with aid of 

ASAP 2020 apparatus, after 3 h of sample outgassing at 200
o
C. The same equipment was used for 

investigation of CO2 sorption at 0
o
C. 

RESULTS AND DISCUSSION 

Textural data gathered in Table 1 show that in all cases pillaring causes a substantial increase of 

specific surface area and porosity with respect to the starting Kopernica-3 material. The total effect 

depends on the nature of pillars and is related chiefly to their size. The average pillar height 

increases in the order: Zr-pillar (~7 Å) < Ti-Zr-pillar (~11 Å) < Ti-pillar (~14 Å), and so does the 

specific surface area (SBET
Ti-PILC 

> SBET
[Ti,Zr]-PILC 

> SBET
Zr-PILC

 > SBET
Kopernica-3

). This shows that it is 

the accessibility of internal surface of clay interlayer and of intercalated pillars that controls the 
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magnitude of specific surface. Noteworthy, the [Ti,Zr]-PILC sample is characterized by the highest 

share of micropores in the total pore volume. In general, the higher the contribution of microporous 

character, the lower the average pore diameter (APD) of PILCs:  APD
Kopernica-3

  > APD
Zr-PILC

 > 

APD
Ti-PILC 

> APD
[Ti,Zr]-PILC

. Analysis of the amount of sorbed CO2 shows that pillaring enhances ca. 

4× the CO2 sorption capacity of the parent Kopernica-3 material. Interestingly, there is no simple 

correlation between the materials specific surface areas or total pore volumes and the ability to sorb 

CO2.  The CO2 uptake appears to be directly related to the average pore dimension of the sample, 

with materials exhibiting narrower pores and higher share of microporosity being more efficient in 

CO2 entrapment.  

 
Table 1. Textural parameters and CO2 sorption capacity of Kopernica-3 bentonite and its pillared derivatives 

Parameter 
Sample 

Kopernica-3 Zr-PILC Ti-PILC [Ti,Zr]-PILC 

SBET [m
2
/g] 52 132 310 258 

Vtot [cm
3
/g] 0.17 0.21 0.36 0.23 

Vmicro
DR

 [cm
3
/g] 0.02 0.06 0.12 0.12 

Vmicro
DR

/ Vtot
0,99

  0.12 0.26 0.33 0.50 

Vmeso
BJH 

[cm
3
/g] 0.11 0.09 0.17 0.09 

Vmeso
BJH

/ Vtot
0,99

 0.62 0.45 0.47 0.37 

Vmacro= Vtot
0,99

 - ( Vmicro
DR

+ Vmeso
BJH

) [cm
3
/g]

 
0.04 0.06 0.07 0.03 

Vmacro
BJH

/ Vtot
0,99

 0.26 0.29 0.20 0.12 

Average pore diameter [Ĺ] 132 63 47 36 

CO2 sorbed [mmol/g] 0.16 0.53 0.57 0.67 

 

CONCLUSION 

Modification by pillaring significantly increases the capacity of Kopernica-3 bentonite for sorption 

of CO2. The CO2 uptake increases with the decrease of the average pore diameter and growing 

share of microporosity. The CO2 sorption capacity of the investigated samples follows the order:  

[Ti,Zr]-PILC > Ti-PILC > Zr-PILC > Kopernica-3. 
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ABSTRACT 

Although antimicrobial activity is a hot topic in the development of new filter media, the stability of 

the antimicrobial effect is still neglected. Water and air filters, which operate in dark conditions, are 

constantly exposed to attacks from environmental microorganisms. The microorganisms captured 

by the filters grow rapidly, resulting in the formation of biofilms. Membrane bio-fouling is the main 

problem during an operation of membrane elements for water/air treatment as biofilm formation 

reduces the flux of water through the membrane. Thus, the filters of nanofibrous membranes with 

antimicrobial functionality have attracted growing attention. The aim of this work is to investigate 

the stability of antimicrobial effect of nanofibrous PA6/DTAB membrane. 

The morphology and the changes in structure of the membranes were determined by HRSEM and 

XRD analysis. XPS analysis and electrokinetic measurement were used for investigation of surface 

chemistry and charge. Membranes were also tested on their antibacterial activity. For the 

antibacterial stability test, the special air-blowing device was used. 

XPS spectroscopy proved the presence of modifying agent on the membrane surface before and 

after air filtration tests. Electrokinetic measurement also proved the presence of aditive on the 

surface. XRD analysis confirmed smaller crystalline domains in modified membrane in comparison 

with pristine one. HRSEM showed the effect of aditive on membrane morphology. Antibacterial 

tests showed very good antibacterial activity before and also after three weeks of air-blowing. 

 
Keywords: elesctrospinning, Nanospider, air filtration, stability 
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ABSTRACT 

Polyvinylidene fluoride (PVDF)/vermiculite nanocomposite films were prepared by both solution 

casting and co-precipitation methods. The ultrasound was used for homogenous distribution of Mg-

vermiculite particles in PVDF matrices. The effect of isothermal crystallization conditions 

(temperature and time) and the presence of vermiculite particles on the PVDF films structure were 

studied. The structure and morphology of the nanocomposite were investigated by X-ray diffraction 

(XRD), polarized light microscopy (OM) and scanning electron microscopy (SEM) techniques. 

Fourier transform infrared spectroscopy (FTIR), and differential scanning calorimetry (DSC) were 

used to investigate the crystalline phases of PVDF samples. It was observed that the morphological 

behaviour of the nanocomposite critically depends upon the sample preparation methods. Both well 

orientated vermiculite sheets and completely exfoliated morphologies were successfully achieved 

and the detailed structure analyses were conducted. The crystallisation of PVDF at temperatures 

above 160 °C presents a multiform morphology composed of ringed, non-ringed and mixed 

spherulites. 
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ABSTRACT 

Baeyer-Villiger reaction is one of the most well established selective oxidation reactions in the 

organic synthesis. Tin(IV)-based compounds have been proven to have a good activity towards this 

reaction. Moreover, clay materials, layered silicates containing the exchangeable cations in the 

interlayer space, are considered to be a potent nanoreactor-like structure, where the unique chemical 

conditions of interlayer space provide a specific chemical environment capable to enhance the 

courses of chemical reactions. Upon these long and generally known facts, our group has decided to 

investigate the properties of Sn(IV)-impregnated vermiculite (Sn
IV

-VMT) in Baeyer-Villiger 

reaction of adamantanone with hydrogen peroxide. Furthermore, the reactions on similar catalyst 

between adamantanone and hydroxylamine and hydrazine were also investigated. The reaction 

appears to be strongly dependent on the concentration of Sn(IV) in the interlayer space, as well as 

on the adamantanone/reagent ratio. Under optimal conditions Baeyer-Villiger conversions were up 

to 43 %. Reaction with the hydrazine lead to bis(adamant-2-ylidene)hydrazine (3) in conversions up 
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to 99 %. Reaction with the hydroxylamine lead to adamantanone-oxime (4) in conversions up to 98 

%. 

 
Keywords: Clays, vermiculite, Baeyer-Villiger reaction, catalysis. 

 

INTRODUCTION 

The Baeyer-Villiger reaction (B.-V. reaction) of adamantanone (Fig. 1) is one of the most 

commonly used reactions to screen a potential of reaction conditions and/or catalytic system 

towards B.-V. reaction. Tin-based reagent and catalysts
1
 as well as peroxoacid-based reagents

2
 are 

usually successful in the reaction. Clay materials, especially ion-exchanged vermiculites have been 

used in various reactions.
3,4

 The B.-V. reaction on Sn-ion exchanged vermiculites, though have 

never been tesed. 

 

Fig. 1 Baeyer-Villiger reaction of adamantanone (1) to adamantane-lactone (2). General scheme. 

EXPERIMENTAL/THEORETICAL STUDY 

Sn-VMT was prepared by thermal treatment of wild-type vermiculite with the saturated solution of 

commercial SnCl4. For the experimental setups, commercial adamantanone have been mixed in 

various reactant/reagent ratios with hydrogen peroxide, hydrazine and hydroxylamine. The 

distribution of products has been observed by GC/FID and GC/MS analyses. 

RESULTS AND DISCUSSION 

Conversions of adamantanone in sence of B.-V. reaction are summed in Table 1. 

 

Table 1 Converstions of adamantanone in various varieties ofadamantananone/H2O2 ratio for various vermiculite 

catalysts 

 

 

 

 

 

 

 

 

 

 

Catalyst Adamantanone/H2O2 

ratio 

Conversions 

[%] 

Blank 1 : 1 1 

10% Sn-

VMT 

1 : 0,5 8 

1 : 0,75 11 

1 : 1 24 

1 : 2,5 43 

1 : 5 5 

5% Sn-VMT 1 : 0,5 5 

1 : 0,75 7 

1 : 1 17 

Wild type-

VMT 

1 : 1 3 
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Reactions with hydrazine and hydroxylamine (Fig. 2 and Fig. 3, respectively) have shown 99% and 

98% conversion towards their products shown in respective figures. 

 

 

Fig. 2 Reaction of adamantanone with hydrazine in presence of Sn-VMT catalyst. 

 

 

Fig. 3 Reaction of adamantanone and hydroxylamine in presence of Sn-VMT catalyst. 
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ABSTRACT 

Mesoporous silica nanoparticles, characterized by the pores with diameters between 2 and 50 nm 

are examples of materials with large specific surface area that can be also dispersed in an aqueous 

medium. Possibilities of modifying their internal structure and surface chemistry already at the 

stage of the synthesis gave an opportunity to create materials with unique properties and wide 

applications as e.g., adsorbents, catalyst supports, drug delivery systems, nanoreactors or 

photoreactors. In this study, we developed mesoporous core-shell silica nanoparticles with 
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immobilized anthracene chromophores that could serve as photoreactors to conduct photosensitized 

reactions within the confined mesoporous environment. First, trialkoxyorganosilane, TEOS-A, was 

successfully synthesized, purified and its structure was confirmed by NMR and MS spectroscopy. 

Silica nanoparticles with solid cores and mesoporous shells with anthracene chromophores were 

synthesized using the sol-gel method via co-condensation of tetraethoxysilane (TEOS) and TEOS-

A. The nanoparticles were characterized using UV-VIS and fluorescence spectroscopy.  Förster 

Resonance Energy Transfer (FRET) was shown to proceed very efficiently in a model donor-

acceptor system with anthracene (donors) immobilized in the nanoparticles and perylene (acceptor) 

solubilized in the mesopores. Similarly, efficient FRET was observed for fluorescein (acceptor) 

adsorbed on the surface of the nanoparticles. 

 
Keywords: Mesoporous nanoparticles, Co-condensation, Förster Resonance Energy Transfer, 
photoreactors 

 

INTRODUCTION 

Mesoporous silica nanoparticles, characterized by the pores with diameters between 2 and 50 nm 

are examples of materials with large specific surface area that can be also dispersed in an aqueous 

medium. Possibilities of modifying their internal structure and surface chemistry already at the 

stage of the synthesis gave an opportunity to create materials with unique properties and wide 

application as e.g., adsorbents, catalyst supports, drug delivery systems, nanoreactors or 

photoreactors. These materials can be obtained in three different ways: by successive addition of 

organic groups to the silica matrix (grafting), simultaneous synthesis of inorganic silica parts 

condensing with organic silyl groups (co-condensation) or by synthesis with two organic silyl 

precursors, which leads to mesoporous formation periodic organosilica.
1
 

EXPERIMENTAL STUDY 

The trialkoxyorganosilane containing anthracene chromophore (TEOS-A) was synthesized as 

shown in Fig.1. 

 

 
Fig. 1. Reaction scheme for synthesis of trialkoxyorganosilane with attached anthracene (TEOS-A) 

 

Silica nanoparticles with solid cores and mesoporous shells containing the chromophores were 

synthesized using the sol-gel method by co-condensation of tetraethoxysilane(TEOS) with TEOS-A  

RESULTS AND DISCUSSION 

The synthesized nanoparticles containing incorporated anthracene groups were characterized using 

UV-VIS and fluorescence spectroscopy. Efficient solubilization of perylene in the pores of the 

particles dispersed in water could be noticed by following its fluorescence intensity (perylene does 

not fluoresce in water). The Förster Resonance Energy Transfer (FRET) was observed between the 
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excited donor molecules (anthracene) and the acceptor molecules solubilized in the pores (perylene) 

or present in the vicinity of the nanoparticles surface (fluorescein). Importantly, no FRET could be 

observed for the solutions of TEOS-A and perylene at the same total concentrations of the donor 

and acceptor molecules because they are not close enough in the homogenous solution. The 

incorporation of TEOS-A into silica microparticles (SCAMS) by co-condensation enables the 

creation of an microenvironment in which the acceptor (perylene) introduced by solubilization is 

sufficiently close to the donor and it is possible to transfer the excitation energy via FRET. 

CONCLUSION 

Trialkoxyorganosilane TEOS-A was successfully synthesized, purified and its structure was 

confirmed by NMR and MS spectroscopy. Silica nanoparticles with solid cores and mesoporous 

shells with anthracene chromophores were synthesized using the sol-gel method via co-

condensation of TEOS and TEOS-A. The formed nanophotoreactors can be used to perform 

photosentized reactions with the hydrophobic reactants solubilized in the mesopores or with 

hydrophilic reactants that can adsorb on the surface of the nanoparticles. Thanks to the core-shell 

structures the nanopartciels-based photoreactors may be easily isolated from the aqueous dispersion 

and reused. 
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ABSTRACT 

This work reacts to strong demand for production of novel materials with enhanced properties. An 

addition of special fillers to polymer matrices can strongly influence behavior of the whole system. 

Layered double hydroxides (LDH), as a counterpart to traditional clays, can be useful for improving 

mechanical durability or even reducing the flammability of polymers.  To benefit from filler 

properties, it is necessary to disperse it homogeneously inside the polymer matrix. In this 

contribution, we report on preparation of LDH based on Zn and Al with three different charge 

compensating anions and their ability to be dispersed in epoxy resin systems. The exfoliation of 

these compounds was also studied and it was found to be beneficial for improving the incorporation 

of the filler inside the polymer matrix. 

 
Keywords: Exfoliation; Polymer composite; Layered double hydroxides 

 



Topic 1                                                                                                                           PP 

NanoOstrava 2019   58 

 

INTRODUCTION 

Layered double hydroxides represents a large group of layered solids. Their structure consists of 

positively charged metal hydroxide sheets, which charge is compensated by anions accommodated 

between these sheets (see Fig. 1). Owing to their structural similarity to clays they are nicknamed 

"anionic clays". Their incorporation into a polymer matrix can improve the polymer durability and 

resistance. Thanks to their layered nature it is possible to increase incorporation of the filler by 

using nanosheets prepared by exfoliation of the bulk particles. A suitable method for the exfoliation 

of this kind of material is the so-called liquid-based exfoliation
2
, which is, basically explained, 

lowering the number of layers, from which the individual particles consist, in a solvent using 

mechanical forces. 

 

 

Fig. 1 Illustration of LDH structure
1
. 

 

EXPERIMENTAL 

Synthesis of LDH 

The LDHs were prepared by coprecipitation from aqueous solutions of soluble metal precursors in 

basic media in the presence of a charge compensating anion. The approach is based on a slight 

modification of the published procedure
3
.  

Exfoliation 

Samples were exfoliated in isopropyl alcohol using a high shear disperser. The selection of the 

solvent and characterisation of the nanosheets followed the procedure described in the previous 

work
4
. 

Composites 

Synthetized LDHs were dispersed in a polymer epoxy system using an ordinary mixing, three-roll 

milling and special dispersive stirrer. The quality of the dispersion was evaluated on free-standing 

films by optical and scanning electron microscopy. 

RESULTS AND DISCUSSION 

Three types of ZnAl-LDH were synthetized using dodecyl sulphate (ZnAl-DDS), lactate (ZnAl-

LAC) and carbonate (ZnAl-CO3) as charge compensating anions. The type of the anion strongly 

influenced the morphology of the particles. However, for all of them their layered structure was 

preserved. It is possible to exfoliate these particles by means of the liquid-based exfoliation using a 

high shear force. The sample with lactate was the least compatible with the epoxy system. However, 
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pre-exfoliation of the particles prior to mixing with the polymer lead to an improvement of the 

quality of the dispersion. 

 

 

Fig. 2 Well dispersed particles of ZnAl-DDS in free-standing polymer film. A) Picture from optical microscope, B) 

picture from scanning electron microscope  

 

CONCLUSION 

It is possible to prepare LDH based on Zn and Al with dodecylsulphate and lactate as a charge 

compensating anions. It is possible to exfoliate these particles by means of liquid-based exfoliation 

using a high shear force. It is possible to incorporate exfoliated LDHs based on Zn and Al into an 

epoxy polymer matrix. 
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ABSTRACT 

Polymer brushes are polymer chains that are grafted to a suitable surface. If density of chains is 

high enough, interaction between chains cause them to straighten, developing structure similar to 

brush, hence the name. They are characterized by their well defined structure as well as wide range 

of possible modifications. However pure polymer brushes, composed solely of polymer chains have 

their own set of limitations. For instance, it is difficult to obtain brushes exhibiting strong magnetic 

properties. 



Topic 1                                                                                                                           PP 

NanoOstrava 2019   60 

 

To overcome this issue, nanocomposite systems were proposed. In such systems, polymer chains 

composing brushes would act as matrix for Iron Oxide nanoparticles of certain sizes exhibiting 

superparamagnetic properties (SPION) and thus very strong paramagnetic response. Due to strong 

electrostatic interactions, cationic polymer brushes obtained via ATRP were chosen as model. 

Several approaches to coupling nanoparticles and brushes were tried and evaluated. Obtained 

cationic nanocomposites could find they place as intelligent substrates for cell growth. Later, focus 

shifted to system based on conductive polymer brushes as interactions between their conjugated 

side chains and nanoparticles could be a key in enchanting their conductivity, which could play a 

role in development new generation of sensors, LEDs and light harvesting systems. 

 
Keywords: Polymer brushes, nanocomposites, ATRP, SPION 

 

INTRODUCTION 

There are many types of coatings and films to enhance and modify surface properties, however 

among them polymer brushes offer  unique combination of well defined structure, relative ease of 

synthesis and wide range of possible modifications. They can be synthesized using grafting to 

strategy, where pre-made chains are linked with surface or grafting from strategy, which involves 

coating a surface with monolayer of initiator, from which polymer chains grow. Usually, to obtain 

well defined structures with specified length controlled polymerization reactions are chosen. Some 

properties, like magnetic response or thermal conductivity is troublesome to obtain in pure carbon 

based polymer. To solve this, nanocomposite systems have been proposed, combining 

superparamagnetic iron oxide nanoparticles with polymer brushes. In first step, various synthesis 

strategies were tested using strongly interacting cationic polymer. These systems possess interesting 

structure and have been proposed as intelligent, magnetoresponsive substrate for cell growth.  Later, 

research was focused on obtaining conductive polymer brushes based on polyTPM filled with 

SPIONs, hoping to enhance conductivity of  the system by filling gaps in conjugated side chains 

and facilitating electron transport. Such layers could find use in sensors, LEDs and new generation 

light harvesting systems.  

EXPERIMENTAL/THEORETICAL STUDY 

Cationic polymer brushes were based on poly-(3-acrylamidoproplyl)trimethylamonnium chloride 

(polyAPTAC) and synthesized using copper based Atom Transfer Radical Polymerisation (ATRP), 

using  silicon wafers as surfaces
1
 Conductive polymer brushes were based on poly-3-trimethylsilyl-

2 propynyl methacrylate (polyTMP), using surface initiated  photoiniferter mediated polymerisation 

with ITO as surface
2
. Superparamagnetic iron oxide nanoparticles were obtained using precipitation 

synthesis, and characterised via transmission electron microscopy (TEM) and dynamic light 

scattering (DLS). Obtained systems were characterised using atomic force microscopy (AFM) to 

determine their topography as well as mechanical and magnetic properties. Interactions between 

nanoparticles and brushes were determined using X-ray photoelectron spectroscopy (XPS) and 

secondary ion mass spectroscopy (SIMS) 

RESULTS AND DISCUSSION 

Images obtained using atomic force microscopy show distinct change in topography and magnetic 

properties as measured using MFM mode between pure polyAPTAC brushes and brushes obtained 

with SPIONs present in situ during polymerisation. 
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Fig. 1. PF-MFM images of poly(APTAC) brushes (A1–A3) and poly(APTAC)+SPIONs brushes (B1–B3): 1. 
topography, 2. adhesion, 3. magnetic phase.

1
 

 

This change seems to indicate formation of nanocomposite material further evidenced by secondary 

ion mass spectroscopy, showing presence of iron atoms in the system. 

CONCLUSION 

Results seem to suggest that polymerization of cationic monomers via ATRP with nanoparticles 

present in situ result in stable nanocomposite systems exhibiting magnetic properties. These 

systems, while interesting on their own acted as model system, which is being further developed 

using conductive polymer brushes to research effect of nanoparticles on electrical properties of 

brushes. 
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ABSTRACT 

A new low temperature chemical synthesis of silver nanoparticles was proposed to modify the 

surface grains of titanium dioxide (TiO2) and graphitic carbon nitride based material (g-C3N4). The 

comparison of two different materials modified with Ag nanoparticles and utilized as a 

photocatalyst for degradation of model dye acid orange 7 will be presented during the conference. 

The structure and morphology of the prepared composites pristine and silver modified was 
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characterized using X-ray diffraction (XRD) and scanning electron microscopy (SEM). Optical 

properties were determined using DRS (UV-vis) and photoluminescence (PL) spectroscopy. The 

photodegradation process using model dye acid orange 7 was performed to characterize all the 

materials as a photocatalyst. The best performances were obtained for both materials modified with 

very small content of silver – 0.5% wt. The photodegradation activity in excess 95% and 94% were 

achieved after 1 h under dark, and then 3 h with UV lamp processes for samples with 0.5% wt. Ag: 

TiO2 and g-C3N4-based material, respectively. 

 
Keywords: Ag nanoparticles, photocatalyst, TiO2, g-C3N4 
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ABSTRACT 

For the last two decades a huge efforts have been made to understand and control chemical, 

physical and biological properties of scaffolds for cell cultures. A great attention has been devoted 

to hybrid inorganic–polymer systems grafted or adsorbed to/from the surfaces
1
, which allow 

controlled adsorption and desorption of biological materials. Moreover, such nanocomposites can 

find other potential applications as photovoltaic devices, field effect transistors and sensors
2
. The 

crucial process of cell culture affecting the physiological activity of cells, including migration, 

orientation or proliferation is an adhesion to the substrate. In this report, we present a novel cell 

culturing scaffold based on organic polymer brushes and inorganic magnetic nanoparticles. The 

usage of a magnetic field allows good control of adhesive properties of substrates. The 

nanocomposites were obtained by the simultaneous introduction of super-magnetic magnetic oxide 

nanoparticles (SPIONs) with diameters of 8-10 nm into the matrix of macromolecules in surface-

initiated atom transfer radical polymerization (SI-ATRP) in an ultrasonic bath. The obtained 

coatings were characterized by atomic force microscopy (AFM) operating in magnetic mode, 

secondary ion mass spectrometry (SIMS), X-ray photoelectron spectroscopy (XPS) and optical 

microscopy. 
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INTRODUCTION 

A rapid development in the design of materials with interfaces allowing for adsorption and 

desorption of biological structures is caused by a number of applications where is a need of attract a 

cell or protein, followed by detachment from the surface at a desirable time point. Unfortunately the 

sensitizing for a smart responses for external stimuli, precise tailoring of surface chemistry and 
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physical modification, keeping biocompatible properties and high cultures efficiency makes those 

materials more complicated in production. Of them all, the most promising materials seem to be all 

obtained with a surface-assembled polyelectrolyte films, hydrogels
3
, self-assembled monolayers

4 

and polymer brushes. Polymer brushes provide important for cell culture scaffold properties and 

moreover easy preparation, easy modification depending on the current needs during and after the 

synthesis. Mixed with magnetic nanoparticles, they create magnetically-responsible systems that 

can be used as scaffolds for cell cultures.  

EXPERIMENTAL/THEORETICAL STUDY 

Superparamagnetic iron oxide nanoparticles (SPIONs) with a well-defined diameter of 8-10 nm and 

strong magnetic properties were obtained by co-precipitation of iron salts in an aqueous 

environment
5
. The iron concentration in the samples was calculated on 0.871 mg/ml and zeta 

potential on -47.6 ± 0.4 mV. Hybrid polymer brushes-based scaffolds were obtained by 

simultaneous incorporation of SPIONs into a polycationic macromolecular matrix during the 

surface initiated atom transfer radical polymerization (SI-ATRP)
6 

reaction in an ultrasonic reactor. 

Scaffolds were covered with a thin layer of poly-L-lysine as a substrate for murine neuroblastoma 

cells. Here we present two different types of scaffolds – one based on bare polymer (poly(3-

acrylamidopropyl)trimethylammonium chloride) poly(APTAC) and the second based on 

poly(APTAC) with incorporated SPIONs. Such prepared magnetic substrate was successfully used 

to neuroblastoma cells culture and to test the magnetic-triggered detachment of the cells. 

RESULTS AND DISCUSSION 

We managed to obtain hybrid scaffolds of various thickness from 20 to 100 nm with a facile and 

efficient homogeneous incorporation of well-separated magnetic nanoparticles in the whole volume 

of polymer matrix. Obtained magnetically-responsive systems show very strong magnetic 

properties which were used to controlled modifications of surface topography and adhesive 

properties.  We have studied the influence of external magnetic field on murine neuroblastoma 

cells. It was observed that for systems after applying the magnetic field the cells rapidly shrank or 

completely detached from the substrate (see Fig. 1).  

 
        a)                   b) 

          

Fig. 1. Cells on poly(APTAC) with SPIONs scaffolds before (a) and after (b) applying the magnetic field. 

 

CONCLUSION 

In this report we present a novel method of synthesis a hybrid scaffolds composed of 

polyelectrolyte brushes and superparamagnetic iron oxide nanoparticles (SPIONs) for cancer cells 

culturing. Presented method prevents unwanted aggregation of nanoparticles and keeps SPIONs 
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homogeneously incorporated in the whole volume of polymer matrix. Moreover our scaffold was 

successfully studied as potential magnetically-responsive platform to stress and controlled 

detachment of cultured neuroblastoma cancer cells. 
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ABSTRACT 

A use of metal-dielectric mixtures composed as metal dielectric nanocomposites offer interesting 

ways to obtain materials with tailored dielectric function. An extension of effective medium 

approximation of anisotropic nanostructure composed from the Fe or Au nanodots in polyacrylate is 

presented. The proposed model is based on “strong-couple-dipole" (SCD) method including 

volume-integral correction term in Green tensor that enables to obtain more accurate representation 

of polarizability tensor. 

 
Keywords: Effective medium; nanoparticles; polarizability; SCD method, Green tensor. 

 

INTRODUCTION 

The applicability of effective medium approximation (EMA) is restricted by the size of the 

structures composing the mixture: sufficiently large to preserve locally their own electromagnetic 

behavior and small enough for the composite to appear homogeneous compared to the wavelength 

of the interacting radiation. The size and/or shape of the particles may be explicitly incorporated 

within homogenization procedure via depolarization tensor. If the nanoparticles are not vanishingly 

small, then the spatial extent of associated Green tensor should not be neglected
1
. 

THEORETICAL STUDY 

If the electrostatic interaction between nanoparticles is not negligible, it should be taken into 

account by generalized Maxwell-Garnett approach. It estimates the macroscopic response of the 

composite as average effect of the dipole field induced in the host medium by different inclusions. 

This can be done by the Bragg-Pippard model
2
 of EMA with the modification for bi-anisotropic 
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case
3,4

: Assuming the volume fraction f of the metallic nanoparticles in a host medium, the effective 

permittivity tensor ef  can be written as 

1
1( ) (1 ) ( )ε ε ε ε I α ε εef h h hf f f v


             (1) 

Here , h = hI denote the relative permittivity tensors of particles and isotropic host medium, 

respectively. Further, we write I for the identity matrix and  for the polarizability tensor of 

metallic inclusion of the volume v. In cases when the inclusions aligned with principal axes, the 

polarizability tensor can be expressed in the form
5
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where k0 = 2/. Denoting the wavenumber 
0 hk k  , the Green tensor G is defined as 
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where g is the free space Green function of Helmholtz operator. Assuming electrically small 

characteristic nanoparticle dimension, the tensor G  averaged over a volume v with the unit 

outward normal vector n of its surface S can be written in the split form
6
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RESULTS AND DISCUSSION 

The properties of Green tensor related to various shape of nanoparticles have important influence to 

the effective permittivity defined by (2). We discuss this effect for typical axially symmetric 

nanoparticles (cylinders, spheroids etc.). The Fig. 1 demonstrates shape dependent effective 

permittivity of heterogeneous nanostructures containing inclusions of several forms. Moreover, the 

correction role of Green tensor volume part is analysed – see (4). 
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Fig. 1. Effective permittivity dependence on the geometric shape of nanoparticles of the heterogeneous system 

Au/polyacrylate (diameter 5 nm, height 10 nm, fill factor 0.2). 

 

CONCLUSION 

The introduced extension of EMA via SCD model for anisotropic nanoparticles offers possible tool 

to analyze anisotropic nanostructured heterogeneous media in various applications, where the 

natural or artificial composites (metamaterials) act as significant component of studied optical 

system. As a novel aspect an extension of the Green tensor about volume-integral term is presented. 
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ABSTRACT 

Nanogels are chemically crosslinked polymeric networks called as next generation of drug delivery 

systems due to their relatively high drug encapsulation capacity, uniformity, tunable size, ease of 

preparation, limited toxicity, stability in the presence of serum, and responsiveness to external 

stimuli. In particular, the presence of specific functional groups on crosslinked nanogels provides an 

opportunity to easily tune their surface properties and direct their biological behavior. 

In this work, we used mesoscale modeling to describe the behavior of nanogel surface formed by 

crosslinked polyethylene glycol and linear polyethyleneimine, grafted by alkyl amines of different 

length n (Cn-NH2). Simulations show that both number of chains per area and chain length have 

significant impact on the ability of the functionalized surface to interact with surrounding media. 

Localization of the partially charged amine end-groups near the surface promotes the adsorption of 

free ions from solution and this ability decreases when the chain length is increased. More, high 

density of grafted chains screens nanogel surface from surroundings, limiting their ability to 

respond to the external environment. 

 
Keywords: Nanogel, Drug-delivery, Coarse-graining, Polyelectrolyte brushes, Dissipative particle dynamics 

 

INTRODUCTION 

Hydrogel-based nanoparticles (nanogels) represent a pivotal class of biomaterials in the intracellular 

treatment of many diseases, including for instance those involving the hard-to-treat central nervous 

system
1
. The key ability of nanogels is to provide a biocompatible nano-environment able to 

encapsulate drugs and release them under specific stimuli. Nanogels can be tailored to be 

responsive to a variety of stimuli (pH, temperature, chemical and biological species) by integration 

of functional oligomers into their structure or onto their surface. Indeed, it is well known that cells 

sense biomaterial topography and respond by regulating a variety of cellular processes such as 

intracellular signaling, differentiation, adhesion, and migration. The broad variety of polymers then 

allow designing and tuning the properties of nanogels with respect to surrounding environment and 

desired biological outcome
2
. For instance, studies about amine functionalization were proposed to 

tune cell adhesion on self-assembled monolayers, using cancer and endothelial cells preserving their 

availability. 

In this work, we used dissipative particle dynamics (DPD) technique to describe the interfacial 

behavior of nanogel’s surface made by crosslinked polyethylene glycol (PEG) and linear 

polyethyleneimine (PEI), grafted by alkyl amines of different length n (Cn-NH2) (Figure 1). These 

systems were designed to target microglia cells, which are considered as possible therapeutic targets 

to treat diseases involving the central nervous system. 

Specific attention was devoted to investigate the influence of the number of grafted chains (e.g. 

grafting density) and length of the alkyl chain (n = 4-40) on the ability of surface to interact with 
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surroundings. Distribution of water, ions and polymer chains at the interface were analyzed. 

Moreover, the molecular behavior of the grafted chains was characterized in terms of radius of 

gyration, end-to-end distance and the brush height. 

 

RESULTS AND DISCUSSION 

Results from DPD simulations show that both grafting density and chain length have significant 

influence on the interfacial characteristics of the nanogel surface and control its ability to interact 

with the surrounding polyelectrolyte. Figure 2 illustrates the equilibrium configuration of two PEG-

PEI surfaces modified with C4-NH2 chains at different grafting densities (1.25 and 6.25 

chains/mm
2
). Localization of the partially charged amine end-groups near the surface promotes the 

adsorption of free ions from solution and this ability decreases when the chain length is increased. 

More, high density of grafted chains screens nanogel particles from surroundings, limiting their 

ability to respond to the external environment. 

 

 

Figure 3: Front and top view snapshots from DPD simulations of PEG-PEI surfaces (white surface) grafted by C4-NH2 

(blue) at different grafting densities (left panels, 𝜎 = 1.25 chains/nm
2
; right panels, 𝜎 =  6.25 chains/nm

2
). Sodium 

and chlorine ions are depicted as white and orange sphere, respectively. Water is not shown for clarity. 

 

CONCLUSION 

In this work we demonstrated that surface functionalization by alkyl amine chains is an effective 

way to tune the interfacial properties of PEG-PEI based nanogel particles. Further studies focusing 

on how changes of environmental factors like pH affect the behavior of these coatings are in 

progress. 

 

Figure 2: Panel (a) and (b) shows schematic representation of nanogel structure, 

where blue elements refer to residual amine groups available for grafting. (c) 

Nanogel structure after surface modification by propylene amine chains. 
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ABSTRACT 

The study probes applicability of biopolymers, such a starches, in the capacity of templates enabling 

control over structure and texture of hydrotalcite-like materials. Hydrotalcites (Ht) of Mg/Al=3 

were obtained by co-precipitation at pH=10, from aqueous solution of Mg and Al nitrates, using 

NH3aq + (NH4)2CO3, as precipitants. The investigated synthesis parameters included the type of 

starch (potato, corn, manioc), starch concentration, addition of starch to the selected reagent 

(nitrates, base, and/or carbonate solution), and temperature of the Ht product washing. The samples 

were characterized with XRD, SEM, FTIR, TG/DSC. Results indicate that starch template 

facilitates formation of nanocrystalline Ht. The effect is most pronounced when all reagents used 

for the synthesis contain starch additive.  In the presence of starch, the formation of nitrate rather 

than carbonate forms of Ht is observed. FTIR analysis suggests that starch gel becomes more 

ordered at the Ht/biopolymer interface. Ht obtained in the presence of starch is less stable thermally 

than the reference Ht obtained in a conventional manner.  

 
Keywords: Hydrotalcite, nanocrystallinity, template, starch. 

 

INTRODUCTION 

Synthetic Ht-like materials find numerous applications as catalysts, adsorbents, medicins and 

medicin carriers, polymer fillers etc. Of particular importance are nanostructural forms of Ht, 

characterized with a high surface to volume ratio and well developed porosity.  The present study 

shows the potential of easily available and environmentally friendly biopolymers, such a starches, 

as soft, removable templates, enabling control over structure and texture of Ht-like materials. 

EXPERIMENTAL STUDY 

Synthesis of Ht with Mg/Al=3 was carried out by co-precipitation at pH=10, using aqueous solution 

of Mg and Al nitrates as the source of structure-forming cations, and 25% NH3aq + (NH4)2CO3 as 

precipitating agents. The materials are further referred to as Ht
NH3

. The investigated synthesis 

parameters included the type of starch (potato, corn, manioc), starch concentration (0.2 or 2 wt.%), 
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addition of starch to the selected reagent (nitrates, base, and/or carbonate solution), and temperature 

of the Ht product washing. The samples were characterized with XRD, SEM, FTIR, TG/DSC. 

RESULTS AND DISCUSSION 

SEM and XRD analyses reveal that the use of a starch template facilitates formation of 

nanocrystalline Ht materials with small particle size and (Fig. 1 and 2). The effect is most 

pronounced when all reagents used for the synthesis contain starch additive. Interplanar d003 

distance increases from 7.65 Å found in the reference sample obtained by the standard co-

precipitaion to 8.25 Å observed in the presence of starch. The result points to the formation of 

nitrate rather than carbonate forms of Ht in starch-containing reaction medium. Removal of 

biotemplate by washing causes partial recrystallization of the precipitate. The effect can be 

minimized by washing the Ht product with ice-cold water. FTIR analysis (Fig. 3) suggests that 

starch gel becomes more ordered at the Ht/biopolymer interface. According to TG/DSC, Ht 

obtained in the presence of starch is less stable thermally than the standard reference. 

 

 

Fig. 1. XRD patterns of  Ht materials synthesized in the presence of various starches (added to all reactants) and 

Ht
NH3

standard reference prepared in the absence of starch.  

 

 

Fig. 2. SEM images of (a) Ht
NH3

standard; (b) Ht
NH3

0.2% potato starch; (c) Ht
NH3

0.2% corn starch. Uncoated samples deposited on Cu 

grid. 
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Fig. 3. FTIR spectra of Ht
NH3

0.2% potato starch and  Ht
NH3

2% potato starch in the region indicative of the degree of starch 

ordering. Ht
NH3

standard prepared without starch is shown as a reference. 

 

CONCLUSION 

The synthesis of Ht materials in the presence of starch enables preparation of nanocrystalline 

precipitates with very fine (< 50 nm) particle size, comparable with those obtained by means of the 

inverse micellar route
1
, but at much lower cost and with significantly less effort. 
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ABSTRACT 

The chemical recycling waste plastics have expected polystyrene (PS) to be recycled into styrene 

monomer. The expandable layers of clay minerals provide useful two-dimensional hosts, which 

facilitate introduction of catalytically active metal oxide nanoparticles docked on the 2:1 layers of 

vermiculite. Iron oxides are used as effective acid/base catalysts to provide styrene monomers. 

Therefore, hematite (α-Fe2O3) was selected for the synthesis of clay-based nanoparticles catalysts. 

Preparation conditions in particular reaction temperature, calcination and pH value play roles in 

determining the shape, the particle size, the size distribution, the agglomeration, the interlayer space 

of clay mineral and the surface properties. The precipitation method is simple, efficient and 
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economical. FeCl3·6H2O aqueous solution was the precursor of α-Fe2O3 nanoparticles and NaOH 

precipitating agent to maintain pH value of 11. Nanoparticles of hematite in the α-Fe2O3 

nanoparticles/vermiculite catalysts were calcined at 500 and 700°C and characterized using X-ray 

powder diffraction (XRD). Morphology of nanoparticles α-Fe2O3 was observed through scanning 

electron microscope. The mean crystallites size was at all samples about 30 nm obtained from XRD 

peaks using Scherrer equation in agreement with the particle size observed by SEM. The X-ray 

fluorescence analysis determined Fe2O3 about 28 mass% in α-Fe2O3 nanoparticles/vermiculite 

catalysts. 

 
Keywords: Iron oxide based catalyst, vermiculite carrier, polystyrene depolymerization, X-ray diffraction. 
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ABSTRACT 

Interfacial strength and surface damage of single- and multi-layer hexagonal boron nitride (h-BN), 

molybdenum disulfide (MoS2), and graphene films were studied via atomic force microscopy-based 

progressive-force and constant-force scratch tests and Raman spectroscopy.  The results showed 

that single-layer h-BN, MoS2, and graphene strongly adhere to the SiO2 substrate, which 

significantly improves its tribological performance. Moreover, defect formation from scratch testing 

was found to affect the topography and friction force differently prior to the failure, which points to 

distinct surface damage characteristics.  Interestingly, the residual strains at scratched areas suggest 

the scratch test-induced in-plane compressive strains were dominant over tensile strains, thereby 

leading to buckling in front of the scratching tip and eventually failure. As the number of layers 

increased, the tribological performance of atomically-thin h-BN, MoS2, and graphene were found to 

significantly improve due to an increase in the interfacial strengths and a decrease in the surface 

damage and friction force. 

 
Keywords: Interfacial strength, surface damage, two-dimensional materials, atomic force microscopy 

 

INTRODUCTION 

Two-dimensional (2D) materials such as single- and multi-layer h-BN, MoS2, and graphene have 

attracted intensive interest due to their remarkable frictional properties, with coefficients of friction 

from 0.001 to 0.1.
1-3

 Although initial studies have demonstrated the potential of these materials in 

greatly reducing friction and wear in mechanical systems,
1,2

 the surface damage characteristics of 

atomically-thin h-BN, MoS2, and graphene specimens have not been fully investigated.  In this 

study, the film-to-substrate interfacial strengths and surface damage of atomically-thin h-BN, MoS2, 

and graphene were studied using atomic force microscopy (AFM) progressive-force and constant-

force scratch tests. Based on the progressive-force scratch tests, interfacial strengths for single-layer 

h-BN, MoS2, and graphene were evaluated from critical forces, which demonstrated that these 

atomically-thin materials strongly adhere to SiO2.  The constant-force tests showed the evolution of 

damage as a function of normal force and revealed distinctive surface damage characteristics.  The 

residual in-plane compressive strains at scratched areas suggested a general failure mechanism in 

2D materials.
3
 

EXPERIMENTAL/THEORETICAL STUDY 

Single- and multi-layer h-BN, MoS2, and graphene specimens were produced from high-quality 

single-crystal h-BN, MoS2, and graphite via micro-mechanical exfoliation.  The exfoliated materials 

were gently pressed against and transferred to an Si wafer capped with a 300-nm thick SiO2 layer. A 

nanocrystalline diamond AFM tip with a tip radius of 40 nm was used in both the progressive-force 

and constant-force tests. In the progressive-force tests, specimens were scratched under a 
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progressive normal force for one scratch line with the distance of 2 µm; the normal force increased 

from 400 nN to 4000 nN to find the critical force. In the constant-force tests, specimens were 

scratched in a defined area of 1 µm × 1 µm under constant normal force; the normal forces ranged 

from 500 nN to 5000 nN to observe surface damage evolution.  After the scratch tests, topography 

and frictional behaviors of the scratched areas were studied via intermittent-contact mode and 

contact mode AFM and Raman. 

RESULTS AND DISCUSSION 

The friction force variation with respect to normal force during the progressive-force scratch tests 

was monitored as shown in Figure 1(a), and the critical force was characterized by the normal load 

at which there was an abrupt increase in friction force. Scratch tracks were observed in the 

subsequent topographic and friction force microscopy (FFM) images as shown in Figures 1(b) and 

1(c). Based on these observations, the critical forces for single-layer h-BN, MoS2, and graphene 

were 900 ± 200 nN, 1300 ± 150 nN, and 3300 nN ± 200 nN, respectively.  From the topographic 

images, single-layer h-BN and MoS2 were found to tear off and expose the substrate, shortly after 

scratch tracks were observed.  The scratch tracks exhibited an increase in friction just prior to the 

failure, which indicates that defects were likely formed. Interestingly, in the case of single-layer 

graphene, a height decrease was observed prior to failure. However, FFM showed that the scratch 

tracks maintained their low frictional behavior.  This suggests that the substrate was plastically 

deformed, but given the superior mechanical strength of graphene, the film remained intact to 

failure.
3 

 

 

Fig. 1. Progressive-force scratch tests for single-layer h-BN, MoS2, and graphene. (a) Friction force variation with 
normal force. (b) Topographic and (c) FFM images of scratch tracks. In (b) and (c), the scale bars are 500 nm.

3
 

 

In the constant-force scratch tests, single-layer h-BN failed at 1500 nN normal force. Shortly before 

failure, a height decrease of about 0.3 nm was observed, while its friction force was constant.  

Raman spectra showed the 𝐸2g frequency at scratched areas increased by 0.3 cm
-1

 to 0.8 cm
-1

 as 

compared to as-exfoliated specimens, which suggests in-plane compressive strain. As normal force 

increased, the blueshift of the 𝐸2g peak was constant, which implied that the amount of compressive 

strain was also constant.  For single-layer MoS2, complete failure was observed at 2000 nN normal 

force, with the removal of the film from the substrate. Raman spectra showed decreases in intensity 

and increases in frequency for the 𝐸2g
1  and 𝐴1g peaks at 2000 nN, which was attributed to in-plane 

and out-of-plane compressive strains (smaller normal forces did not exhibit these changes).  For 
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single-layer graphene, a height decrease of 1.6 nm was observed prior to failure at 5000 nN.  No 

changes in friction behavior were observed at scratched areas.  Raman spectra exhibited changes to 

the 2D and D intensities and G frequency, which were accredited to defect formation and in-plane 

compressive strain.
3
 

CONCLUSION 

The results suggest three stages in the evolution of surface damage. At low normal force, no change 

in topography and friction force was observed, which points to elastic deformation in the scratched 

area. As normal force increased, the formation of defects in the film and plastic deformation in the 

substrate were noted. At the critical force, delamination of the film occurred.  The compressive 

strain-induced buckling in front of the tip was the primary source of mechanical instability in 2D 

materials. 
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ABSTRACT 

Organic semiconductor thin films have found immense applications in photovoltaics. However, the 

materials have high exciton binding energies resulting in low quantum efficiencies of the devices, 

compared to their inorganic counterpart. Organic semiconductor blends have show enhanced 

exciton dissociation leading to high free carrier densities. Though the detailed understanding of the 

mechanisms involved in formation of free carriers from excitons, and the influence of the 

composition and interfaces of blends are topics still being explored. Here, we propose a mean field 

based phenomenological approach to model the role of fullerene derivatives, which act as acceptors 

on the exciton recombination in an organic blend. We performed experiments on the widely used 

P3HT-PCBM [Poly(3-hexylthiophene) and phenyl-C61-butyric acid methyl ester] blend, to verify 

our model. We performed photoluminescence quenching measurements on blended thin films with 

different acceptor (PCBM) concentrations and observed a saturation of exciton dissociation for 

PCBM concentration of around 10%. This value is much lower than the 50% concentration of 

PCBM which gives highest power conversion efficiency, as reported earlier. We suggest that the 

enhancement of quantum efficiency beyond 10% PCBM concentration is not an outcome for higher 

exciton dissociation, but probably due to increase in carrier mobility due to PCBM. We also show 

that with higher photo-excitation intensities, the exciton dissociation attains saturation at lesser 

acceptor concentration, which is in agreement with our proposed model. 
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ABSTRACT 

Propagation and scattering of electromagnetic waves in the anisotropic plasmonic medium are 

investigated using the smooth perturbation method. In the first approximation interaction of waves 

with homogeneous structures of the gyrotropic plasmonic medium is considered. It was shown that 

two type waves are excited having opposite side circular polarization causing rotation of the 

polarization plane. Faraday angle depends on the distance covering by wave. Statistical 

characteristics of scattered electromagnetic waves on randomly inhomogeneous plasmonic 

structures of the upper terrestrial atmosphere are considered in the second order approximation. 

Plasmonic irregularities in the anisotropic gyrotropic medium have different characteristic spatial 

scales and ellipsoidal form generating due to different chemical and dynamical processes. Second 

order statistical moments of the phase fluctuations and the variance of the Faraday angle are 

calculated for arbitrary spectral function of irregular plasmonic structures in the upper terrestrial 

atmosphere. Normalized variance of the Faraday angle nonlinearly depends on the inclination angle 

of elongated irregularities increasing in proportion to the anisotropy factor and frequency of an 

incident wave; for metric electromagnetic waves it was equal to 
07 , in agreement with experiment. 

It was shown that using the Stokes parameters depolarization coefficient is proportional to 
36 10 . 

 
Keywords: Plasmonic nanostructures, electromagnetic waves, depolarization. 

 

INTRODUCTION 

At the present time the features of light propagation in random media have been well studied [1]. 

Interaction of electromagnetic (EM) waves with different scale plasmonic irregularities of the 

terrestrial atmosphere has a significant influence on the key parameters of the wave. Depolarization 

aspects in thin regular anisotropic layer using the dynamic matrix theory were considered in [2]. 

Statistical characteristics of scattered EM waves on natural and/or artificial plasmonic structures 

having ellipsoidal forms and different characteristic spatial scales are considered in [3]. Analytical 

calculations are based on the modify smooth perturbation method considering both the boundary 

conditions and diffraction effects.  

EXPERIMENTAL/THEORETICAL STUDY 

Theoretical and numerical study is based on the interaction of metric EM wavelength waves with 

anisotropic plasmonic structures in the upper terrestrial atmosphere. It was shown that in the 

gyrotropic homogeneous medium two circularly polarized waves lead to the rotation of polarization 

plane. Using the experimental data Faraday angle is equal to 0.01F z   1m  ( z  is the distance 

traveling by wave). In the upper terrestrial atmosphere plasmonic structures are characterized by 

anisotropy factor || /l l   (the ratio of longitudinal and transverse linear scales of plasmonic 

irregularities) and inclination angle 0  of elongated plasmonic structures with respect to the 

ambient magnetic field.  
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RESULTS AND DISCUSSION   

Fluctuations of the Faraday angle are caused by scattering of an incident linearly-polarized wave on 

randomly distributed plasmonic irregularities in the upper terrestrial atmosphere. Pronounced 

fluctuations of the angle F  were registered by radio beacons of the low-altitude satellites at the 

frequencies of 20-50 MHz [4]. Numerical analyses for an incident 3 MHz EM wave show that the 

Faraday angle increases in proportion of the frequency of an incident wave and for metric EM 

waves it is equal to 07 coinciding with experimental data. Calculating Stokes parameters it is shown 

that at 5   depolarization coefficient   is equal to 0.2 and 0.7 for 3 MHz and 40 MHz frequency 

incident wave, respectively. Figures 1 depicts the dependence of the normalized statistical moments 

of scattered EM waves versus a distance between receiving antennas at the frequency 3 MHz, 

thickness of a slab is 100 km, plasmonic irregularities are field aligned. Analysis show that 

correlation between scattered waves decreases in proportion to the anisotropic factor  . Isolines of 

the normalized Faraday angle 2
F   nonlinearly depends on the angle 

0 , Figure 2. Analysis and 

observations show that the moderate fluctuations of the Faraday angle 2 1/2 0.05F    radian can 

be caused by both small-scale ( 200 m) and larger 1l   km plasmonic irregular structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

Second order statistical characteristics of scattered EM waves by turbulent plasmonic structures are 

considered using the modify perturbation method. It was shown that for metric incident wave 

polarization plane rotates anticlockwise. Numerical calculations are carried out for anisotropic 

plasmonic irregularities. Application of Stokes parameters allows to define polarization 

characteristics of scattered waves with a big accuracy in inhomogeneous plasmonic anisotropic 

medium. Polarization characteristics of scattered radio signals provide important information about 

physical conditions in the area of localization of the sources and about the medium parameters on 

the path of wave propagation. 
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Figure 1. Normalized correlation function of 
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ABSTRACT 

Our contribution is aimed at the evaluation of THz gain properties in an optically pumped NH3 gas. 

NH3 molecules undergo roto-vibrational excitation by mid-infrared (MIR) optical pumping 

provided by a MIR quantum cascade laser (QCL) which enables precise tuning to the NH3 infrared 

transition around 10.3 μm. Pure inversion transitions, (J = 3, K = 3) at 1.073 THz and (J = 4, K = 4) 

at 1.083 THz were selected. The THz measurements were performed using a THz frequency 

multiplier chain. The results show line transmission with and without optical pumping at different 

NH3 pressures, and with different MIR tuning. The highest gain at room temperature under the best 

conditions obtained during single pass on the (3,3) line was 10.1 dB.m
-1

 at 26 μbar with a pumping 

power of 40 mW. The (4,4) line showed lower gain of 6.4 dB.m
-1

 at 34 μbar with a pumping power 

of 62 mW. To our knowledge these THz gains are the highest measured in a continuous-wave MIR 

pumped gas. 

 
Keywords: terahertz lasers, ammonia, optical pumping, gas spectroscopy 

 

INTRODUCTION 

A terahertz molecular laser optically pumped by a MIR QCL based on ammonia (NH3) was 

demonstrated recently
1
 and offers many new possibilities. It is essential to know the most important 

parameters and the behavior of the lasing lines if one wants to optimize the design of a laser. Here 

we present a study of the THz gain properties of two selected optically-pumped NH3 lasing lines 

near 1 THz at room temperature. Important information about the gain, the line-shape and the 

pressure dependence are obtained
2,3

. For the experiment we selected two lines: (1) pumping at 

967.3463 cm
-1

 (saQ(3,3) transition) and probing around 1073049.6 MHz (ν2 = 1 asQ(3,3)), (2) 

pumping at 966.8147 cm
-1

 (saQ(4,4) transition) and probing around 1082592.4 MHz (ν2 = 1 

asQ(4,4)). 
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EXPERIMENTAL STUDY 

The THz probe beam was generated by a frequency multiplier chain (Virginia Diodes, Inc.) and the 

input signal was synthesized by a high precision microwave generator (Agilent) with an amplitude 

modulation used for a lock-in detection. An InSb hot electron bolometer (QMC Instruments Ltd.) 

cooled to 4 K was employed for the detection of the THz radiation. The NH3 gas flowed through 

a gas cell made from a 50 cm long copper tube with 10 mm inner diameter. The gas cell was 

terminated by THz and MIR transparent high resistivity Si window inclined at the Brewster angle in 

order to avoid any reflection in the cell. MIR optical pumping was provided by a distributed 

feedback MIR quantum cascade laser (QCL) with a central wavelength around 10.3 µm (AdTech) 

and a power up to 100 mW.  

RESULTS AND DISCUSSION 

Figure 1 (a) shows the transmittance as a function of the MIR pumping power
2
. The transparency 

when the stimulated emission is equal to the absorption is about 1 mW for both lines. The gain 

dependence on the pump power is linear up to approximately 13 mW where probably depletion of 

the ground states starts, probably due to the slow vibrational relaxation of ν2 = 1(s) states after 

stimulated emission. The slope of the linear part of the gain for the (3,3) line is 0.08 mW
-1

 and 

0.05 mW
-1

 for the (4,4) line. 
a)             b) 

          

 
Fig. 1. Transmittance through optically pumped ammonia as a function of pumping power

2
 (a) and as a function of 

ammonia pressure
2
 (b). 

 

Figure 1 (b) shows the THz gain as a function of the pressure
2
. The gain increases linearly with the 

pressure due to the higher number of molecules in the volume up to a certain point where collisions 

between molecules and/or cavity walls cause increased nonradiative relaxation and exponentially 

decrease of population inversion. The optimal pressure is between 20 – 30 µbar and 25 – 45 µbar 

for (3,3) and (4,4) line respectively. 

CONCLUSION 

In this contribution we presented measurements of important parameters of optically pumped NH3. 

Two lines were selected at 1.073 and 1.083 THz. Measurements were performed at different 

pumping power, frequency and pressure values. Measured gains up to 10.1 dB.m
-1

 and up to 

6.4 dB.m
-1

 were obtained during one-way copropagation for the (3,3) and (4,4) lines respectively
2
. 

We attribute the high gain measured to the strong inversion transition chosen and to the fact that the 

QCL allows perfect resonant pumping. It is possible to achieve even higher gain by improving 

conditions, e. g. matching the THz probing beam with a preferred waveguiding mode of the cell. 
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Obtained parameters will help a better understanding of the lasing gas behaviour and may serve as 

an information for improving performance of the existing NH3 THz optically pumped molecular gas 

lasers
1
. 
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ABSTRACT 

The study of carbon nanostructures is very extensive due to their unmatched properties and 

numerous applications. Among the various species of carbon, graphene is one of the most talked 

about in the present era due to its remarkably excellent properties. We used the method to prepare 

graphene oxide (GO) dispersion and stopping the process at pH around 4. Simple casted thin layer 

film we prepared out of basic GO and GO enriched with Ag nanoparticles. Silver particles are 

prepared via biosynthesis using linden phyto-stabilizers and metal salt precursor. The amount of 

additive silver was maintained at dispersion concentration of mmols. The comparison of both was 

performed in sense of structural characterization and microbial and conductivity testing. The study 

of films morphology revealed different roughness of the surface which is connected to chemistry 

and apparently to microbial activity as well. Test on Staphylococcus aureus and Escherichia coli 

were positive for both films on exposition at 48h. Film with biosilver was active even after 72h of 

exposition.  Both films are stable at room temperature and moisture, but are highly hydrophilic. 

Morphology of films shown by scanning electron microscopy and transmission electron microscopy 

image of silver particles, and XRD patterns of both films.  

 
Keywords: Graphene oxide, nanosilver, thin films, structure, morphology. 
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ABSTRACT 

In this paper the way of the estimation of the filler-polymer adhesion as well as filler-filler cohesion 

was described. Inverse Gas Chromatography technique was used to determine the aforementioned 

adhesion and cohesion. The thermodynamic values of adhesion and cohesion forces in composites 

were correlated with the storage modulus (G’) determined by dynamic thermo-mechanical analysis. 

The data obtained by Inverse Gas Chromatography enable to estimate the ratio of adhesion to 

cohesion forces what makes possible to assess dispersion of the filler in polymer matrix. Adhesion 

to cohesion ratio was in agreement with SEM images showing dispersion of filler particles in 

polymer matrix. Moreover, the influence of fillers on the thermo-mechanical behavior of composite 

may be explained in relation to the adhesion/polymer force.  

 
Keywords: adhesion, cohesion, thermomechanical properties of composites, polymer composites 

 

INTRODUCTION 

The mechanical properties of the nano/microcomposites depend on the dispersion and set of the 

nanoparticles in the polymer matrix. Only well-dispersed fillers in such polymer system as abrasive 

materials can transfer mechanical forces and be effective as heat collector protecting the polymer 

against melting and degradation during the grinding processes. The interface filler-polymer is 

critical region. The estimation of the strength of the filler-polymer as well as filler-filler interactions 

is difficult, especially for nanomaterials. Adhesive forces are described by a variety of theories 

which are often limited to certain phenomena. Thus, physical and chemical processes comprising 

adhesion are extremely diverse. For this reason, the study of adhesion is multidisciplinary, and 

interpretations of adhesion phenomenon must be a synthesis of achievements in many fields of 

science. Nowadays, there are several techniques for studying the adhesion.
1
 In this paper Inverse 

Gas Chromatography (IGC) was applied to predict the thermodynamic, relative value of the 

adhesion and cohesion strength. The ratio of adhesion to cohesion (Wcoh/Wadh) was correlated with 

SEM micrographs and the storage modulus (G
’
) determined by the thermo-mechanical analysis 

(DMTA). The aim of the performed research was to check if the adhesion and cohesion values 

determined by IGC influence further macro-behaviour of final, model resin-bonded abrasive 

materials (here represented by parameters determined by DMTA). Authors described the IGC 

procedure of the adhesion and cohesion determination in several papers.
2-4 

EXPERIMENTAL STUDY 

The different fillers such as aluminosilicates, lignin-derived were used for preparation of the model 

composites consisting of abrasive grains covered by resole and bounded together by novolak, 

hardened according to special temperature program (heating from 50°C until 180°C; heating rate 
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0.2 deg/min and then heated at 180°C for 10h). IGC measurements were carried out by using 

Surface Energy Analyser produced by Surface Measurement System Ltd., London. The tested 

materials were placed into the chromatographic columns by the tap-and-fill method. The 

measurements were carried out at 30 °C. The temperature of injector as well as FID detector was 

180 °C. Helium was a carrier gas with flow rate 15 ml/min. The dynamic-mechanical properties of 

the cured samples were investigated by DMTA in a torsion mode by means of Anton Paar MCR 

301 apparatus, operating at frequency f=1 Hz at the temperature range between 25°C and 350°C 

(heating rate 2°C/ min). 

RESULTS AND DISCUSSION 

SEM micrographs (Fig. 1.) present composites consist of: novolak, resole, abrasive grains and 

different fillers: standard filler used in industry PAF - K3AlF6+KAlF4 (a), kraft lignin (b), synthetic 

zeolite (c) and natural zeolite (d). Less homogenous is the composite with synthetic zeolite. It may 

be explained by the highest value of Wcoh/Wadh  that suggests stronger cohesion between synthetic 

zeolite particles than adhesion of this filler with novolak and resole resins. Thus, the final composite 

is not homogenous, the filler particles agglomerate, and it is reflected in the lower value of G
‘
 than 

for composites with standard filler PAF and natural zeolite characterized by Wcoh/Wadh  equal 

approx. 1 which means adhesion and cohesion forces are in equibrium which should result in 

composites homogeneity. The composite with lignin is a special case. Lignin has stronger adhesion 

to resins than cohesion between its particles that results the plastizizing effect of lignin in this 

particular composision (G
‘ 
much lower than for other tested composites). 

 

  
 

Fig. 1. SEM micrographs and Wcoh/Wadh, G
’
 values for studied composites differing in the used filler: a) system with 

K3AlF6+KAlF4 b) system with kraft lignin c) system with synthetic zeolite d) system with natural zeolite Wcoh/Wadh = 

1.0 G
’
 = 7.1 GPa  Wcoh/Wadh = 0.6 G

’
 = 1.5 GPa  Wcoh/Wadh = 1.7 G

’
 = 5.9 GPa  Wcoh/Wadh = 1.3 G

’
 = 6.9 GPa 

 

CONCLUSION 

The application of IGC method supported by DMTA analyses makes it possible to practical and 

cost-effective assessment of filler/resin interfacial bonding. The results of IGC technique help to 

explain the observed macro-behaviour of the model composites using for abrasive articles 

production. Thanks to obtained results it was possible to predict which filler gives the homogenous 

composite that should reflect in the higher value of storage modulus, G
’
, of the final product. 

However, the thermo-mechanical properties depends also on the type of the filler and for example 

lignin reflects strong adhesion to phenolic resins but its structure makes the final composites 

characterized by the relatively low value of G
’
. It can be sum up that using IGC and DMTA 
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together make possible to predict and design the applications of the abrasive article with the given 

filler.  
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ABSTRACT 

Clay mineral montmorillonite (Mt) magnetised by FexOy nanoparticles (NPs) was prepared by 

precipitation in two steps. Magnetically modified montmorillonite (MMt) was tested as a sorbent 

for the elimination of heavy metals ions from aqueous solutions. Zn(II), Cd(II), Pb(II) ions and their 

combination were successfully sorbed by magnetic composite (MMt). The equilibrium was 

achieved after 30 minutes of interaction of the liquid phase with MMt. The influence of solid-to-

liquid ratio on the MMt sorption properties was studied as well. The amounts of ions removed by 

Mt and MMt were comparable. Therefore, magnetisation of Mt did not influence its sorption 

capacity. The composite can be easily removed by a magnetic field from the solution after sorption. 

 
Keywords: magnetically modified montmorillonite; FexOy nanoparticles; sorption; heavy metals 

 

INTRODUCTION 

The main sources of heavy metal contamination are (e.g.) alloy industries, metal plating, mining 

operation, pesticides, agricultural activities, smelting or batteries manufacture
1,2

. Lead, cadmium 

and zinc are one of the most toxic and carcinogenic heavy metals that could cause serious 

environmental and health problems even at low concentrations
2,3

.  

There are several technics to treat metal polluted wastewaters, e.g. chemical precipitation, ion 

exchange, reverse osmosis, membrane separation or electrolysis
4,5

. However, adsorption is fast, 

low-cost and relatively easy to realisation. The magnetisation of the adsorbent can lead to other 

beneficial properties of the material. Mainly, the adsorbent with adsorbed pollutants can be easily 

removed from the solution after sorption using a magnetic field. 
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EXPERIMENTAL/THEORETICAL STUDY 

The MMt was prepared using a two-step method. In the first step, the suspension containing FexOy 

NPs was prepared. In the second step, the suspension of 1:4 FexOy:water ratio was mixed with 

deionised water and an appropriate amount of montmorillonite under stirring. The mixture was 

filtered the following day 
6,7

. 

Batch sorption experiments were carried out in plastic flasks at laboratory temperature. 0.1 ± 0.01 g 

and of MMt sample with 100 ml or 25 ml of solution containing Cd(II), Pb(II) or Zn(II) ions (the 

initial concentrations of 10 mg/L) were shaken at a constant speed (4.5 rpm) in different time 

intervals to determine the optimal contact time. After shaking, the mixture was filtered through a 

0.23 µm pore filter (PRAGOPOR). Concentrations of Cd(II), Pb(II) and Zn(II) ions in the filtrate 

were determined by flame atomization of atomic absorption spectrometer (ContrAA 800, Analytik 

Jena). 

RESULTS AND DISCUSSION 

The percentage of heavy metals ions combination (10 mg/L) eliminated by MMt from solution is 

presented in Fig. 1. The amounts of Pb(II) removed by MMt achieved almost to 100 % for 0.1 g/25 

ml solid-to-liquid ratio. The efficiency of Zn(II) and Cd(II) removed from solution was higher than 

80 % for 0.1 g/25 ml solid-to-liquid ratio. The maximum amount of Pb(II), Zn(II) and Cd(II) 

adsorbed to MMt was achieved after 30 minutes of contact time for 0.1 g/25 ml solid-to-liquid ratio. 

The percentage of removed Pb(II) was higher than 90 %, and for Zn(II), Cd(II), it was higher than 

50 % for 0.1 g/100 ml solid-to-liquid ratio. The maximum amount of Zn(II) and Cd(II) adsorbed to 

MMt was achieved after 6 hours of contact time for 0.1 g/100 ml solid-to-liquid ratio. 

 

 

Fig. 1. The percentage of Cd(II), Pb(II) and Zn(II) removed (% Re) from solution. 

 

CONCLUSION 

Magnetically modified montmorillonite was tested as the sorbent for heavy metals ions from 

aqueous solution. The solid-to-liquid ratio influenced the percentage of removed Cd(II), Pb(II) and 

Zn(II) ions. Better sorption properties were achieved for 0.1 g/25 ml solid-to-liquid ratio - higher 

than 80 %. The equilibrium between MMt and adsorbed ions was achieved after 30 minutes of 
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interaction for 0.1 g/25 ml solid-to-liquid ratio. The composite is efficient sorbent for Zn(II), Pb(II) 

and Cd(II) ions and can be easily removed by magnet following the sorption. 
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ABSTRACT 

The model study is made for planar layered structure consisting from coupling prism, Au film and 

high-index interlayer for SPP’s generation and dielectric waveguide composed from ferromagnetic 

garnet on sGGG substrate separated by air gap. The mutual coupling of surface plasmon polariton 

(SPP) with an optical mode excited in planar waveguide is discussed. The dependence of coupling 

conditions on the multilayer parameters is analyzed to obtain optimal field intensity enhancement 

for design of plasmonic sensing elements. 

 
Keywords: Plasmon polariton, planar waveguide, coupling conditions. 

 

INTRODUCTION 

The coupling of resonance states in various optical nanostructures offers many promising ways for 

the development of new photonic devices. This expectation follows the recent results obtained for 

plasmonic coupled modes occurring in plasmonic metal-dielectric nanostructures
1
. The coupling 

between surface plasmon polariton and waveguide mode belongs to intensively investigated 

effects
2,3

.  

THEORETICAL STUDY 

We analyze the dependence of coupling conditions on the multilayer structure described on Fig. 1a. 

The attention pays to the number and location of Au films as well as to the role of dielectric 

interlayer relating to coupling forces. The water is considered as the analyte. 
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a)       b) 

           

 
Fig. 1. (a) Geometrical configuration; (b) Reflection response with the sequence of finite layer thicknesses in nm scale 

(Au/interlayer/Au/air gap/Bi:GGG/GGG). 

 

The analysis is executed for reflectance interrogation at the wavelength 632.8 nm using rigorous 

coupled wave algorithm (RCWA) implemented as the Matlab code. 

RESULTS AND DISCUSSION 

In the reflection response the resonance dips of two kinds are observed as the waveguide resonance 

modes and/or the plasmonic ones. The mutual influence of resonance states is discussed from the 

point of view of coupling strength represented by minima location and their deepness and width. 

Among other, the combinations of multilayer parameters leading to optical Fano effect are 

demonstrated. 

CONCLUSION 

Presented results offer extending view on the optical systems with coexistent plasmonic and 

waveguide modes.  
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ABSTRACT 

Nanocrystalline samples with general formula CuCr2-xMnxSe4 (x = 0.1, 0.2) were obtained by 

applying two different techniques: sintering in 1073K and high-energy ball-milling of the obtained 

polycrystalline samples. The average crystallite size and lattice strain were calculated from X-ray 

line broadening, using Williamson-Hall method. The size of crystallite is about 10nm. DSC/TG 

analysis confirmed thermal stability of obtained samples. Magnetic measurements confirmed the 

ferromagnetic properties of polycrystalline CuCr1.9Mn0.1Se4. 

 
Keywords: Nanoparticles, Spinel Compounds, X-ray Diffraction, Thermal Analysis, Magnetic Properties. 

 

INTRODUCTION 

The spinels with general formula ACr2Se4 have attracted for their potential application [1]. 

A parent CuCr2Se4-compound is a normal spinel with lattice parameter 10,321-10,337Å. This 

compound shows ferromagnetic and p-type semiconducting properties (TC = 414,5 − 460K,  

 = 452 − 465K and possesses the magnetization saturation of 4.76 B.M./f.u. at 4.2 K and the 

effective magnetic moment of 4.65 B.M./f.u. [2-4].  Mn-ions, which locate in octahedral sites of the 

spinel structure, have strong impact on properties of the CuCr2Se4 spinel. 

EXPERIMENTAL STUDY 

Nanocrystalline samples with general formula CuCr2-xMnxSe4 (x = 0.1, 0.2) were obtained by 

applying two different techniques: 1) sintering in 1073K from the binary selenides (MnSe, CuSe 

and Cr2Se3, and 2) high-energy ball-milling of the obtained polycrystalline samples. After sintering 

and ball-milling, the sample were investigated using XRD – method.  Chemical composition was 

determined using SEM method. TG – DSC analyses of CuCr2-xMnxSe4 (x = 0.1, 0.2) compounds 

were carried out using a Labsys Evo system. The samples with a mass of 10.9mg for  

CuCr1.9Mn0.1Se4 and 54.8mg for CuCr1.8Mn0.2Se4 were placed in small crucibles and heated in a 

flowing Ar – atmosphere (high purity) with the heating rate of 10°C/min.Magnetic properties were 

investigated using a SQUID superconducting magnetometer. 

RESULTS AND DISCUSSION 

In Fig. 1, there are visible diffraction lines of the cubic Cu0.77 Cr1.40Mn0.10Se4 phase  (SG Fd-3m, 

blue line) after sintering and the Cu0.77 Cr1.40Mn0.10Se4 monoclinic phase (SG I2/m, red line), type-

Cr2Se3 with the basic lattice parameters: a = 6,227 Å, b = 3,582 Å, c = 11,528 Å and   = 90,77 
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[5]. These phases were identified after sintering and after 30h of milling (Fig. 1). The average 

crystallite size and lattice strain were calculated from X-ray line broadening, using Williamson-Hall 

method. The results are presented in Table 1. In Fig.2, the high – magnification SEM 

microphotographs of obtained samples are presented.  

 
 

 

 

 

 

 a)                                 b) 

Fig.1. XRD pattern of the Cu0.77 Cr1.40Mn0.10Se4  

compound after sintering (blue line) and after 30h of 

milling (red line). 

Fig.2. A fracture surface by SEI for: 

 a) Cu0.77 Cr1.40Mn0.10Se4, scale bar = 1m,  

 b) Cu0.84Cr1.28Mn0.19Se4, scale bar = 1m. 

 
 

 
Table 1. The values of crystallite size(d) and  lattice strain () for CuCr2-xMnxSe4 – compounds 

Nominal compound Real compound d (nm)  

CuCr1.9Mn0.1Se4.0 Cu0.77 Cr1.40Mn0.10Se4.0 11.2 1.4 0.960.12 

CuCr1.8Mn0.2Se4.0 Cu0.84Cr1.28Mn0.19Se4.0 7.2 1.6 1.520.23 

 

Thermal analysis, showed in Fig. 3, confirmed, that obtained samples are stable and resistant to 

high temperature up to 800C and the presence of manganese further increases their thermal 

stability. Magnetic measurements showed ferromagnetic properties of polycrystalline 

CuCr1.90Mn0.10Se4.0.The Curie temperature has a value of 360K. Magnetic properties of Cu0.77 

Cr1.40Mn0.10Se4  and Cu0.84Cr1.28Mn0.19Se4 will be presented during the conference.  

 

 

 

 

 

 

 

 
 

Fig. 3. DSC/TG curves for CuCr2-xMnxSe4 – samples.       Fig.4. The magnetic susceptibility vs. temperature for                                   

                                                   CuCr1.9Mn0.1Se4.0. 

 

CONCLUSIONS 

The results of Cu0.77 Cr1.40Mn0.10Se4  and Cu0.84Cr1.28Mn0.19Se4 nanoparticles mentioned above 

suggest that the decrease of the size of grains causes a change from cubic to monoclinic phase. The 

obtained nano-samples possess thermal stability until 800C. The value of Curie temperature was 

calculated to 360K and is lower than for pure CuCr2Se4 (460K).  
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ABSTRACT 

The optical diffraction on a periodical interface belongs to relatively fewer exploited applications of 

the boundary integral equations method. This contribution presents a less frequent formulation of 

the diffraction problem based on vector tangential fields. There are discussed properties of obtained 

boundary operators with singular kernel and the numerical implementation is described. The 

mathematical model is applied to the diffraction problem on the smooth sine boundary between two 

dielectrics as well as between a dielectric and a metal. 

 
Keywords: Optical diffraction, polaritons, tangential fields, boundary elements method. 

 

INTRODUCTION 

The diffraction of an optical wave on a periodical interface between two media belongs to 

frequently solved problems, especially, when the grating period Ʌ is comparable with the 

wavelength λ of the incident beam. One of the relatively new approaches is based on the Boundary 

Integral Equations (BIE)
1
. Unlike the usually used rigorous coupled waves algorithm (RCWA) 

advantageous in the far fields analysis, the BIE models enable effective modelling of near fields in 

the spatially modulated region. 

THEORETICAL STUDY 

The optical diffraction problem on periodical interface is formulated on the basis of vector 

tangential fields, for which the system of boundary integral equations is established
2,3

. Obtained 

mathematical model is numerically solved using boundary element method and applied to sine 

interface profile. 

RESULTS AND DISCUSSION 

We attend to the optical diffraction problem on the periodical boundary between two semi-infinite 

homogeneous domains (Fig. 1a). We solve the problem for the TM polarised monochromatic plane 
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wave that is incoming from the domain Ω
(1)

 under the angle of incidence θ measured from the x3 

direction. 

 
a)     b) 

                

Fig. 1. (a) Scheme of the domains; (b) Tangential component |H2|, λ = 632.8 nm, glass/gold interface. 

 

We seek for the space-dependent amplitudes E and H of the electromagnetic intensity vectors and 

formulate the problem as the boundary integral equations for their tangential fields. The properties 

of obtained boundary operators with singular kernel are discussed and the numerical imple-

mentation is described. 

RESULTS AND DISCUSSION 

We successfully tested proposed mathematical model for diffraction problem on the periodical sine 

interface between two dielectrics (air/glass) or dielectric-metal interface (glass/gold – Fig. 1b). 

CONCLUSION 

The mathematical model of the optical diffraction based on the tangential fields was verified to be 

applicable to practical calculations. An extension to multilayer model is supposed as the future goal. 
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ABSTRACT 

The smectites were modified with different types of alkylammonium cations. The X-ray powder 

diffraction was used to calculate the values of the basal space of the modified smectites to confirm 

the intercalation of cations into the structure. The montmorillonites were also characterized by 

means of FTIR spectroscopy, which proved sorption or intercalation of the alkylammonium cations 

too. Thermal behaviour of the smectites was investigated by simultaneous thermogravimetry and 

differential thermal analysis. The temperatures of dehydratation and dehydroxylation and the 

temperatures related to total melting and recrystallization generally changed for organically 

modified samples. Study of temperatures changes together with determination of kinetic parameters 

helped to obtained a comprehensive assessment of smectite thermal stability. 

 
Keywords: Smectites, intercalation, thermal analysis 

 

INTRODUCTION 

The hydrophobic, organophilic materials with good sorption properties can be formed from clay 

minerals by their organic modification. Quaternary alkylammonium cations are the most commonly 

used organic compounds for the preparation of organo-clays
1
.  Such clay composites can be used in 

various applications (environment protection - immobilization of contaminants, pharmacy, 

electrochemistry, packaging storage, ceramics etc.).
2
 Interactions between organic compound and 

clay mineral leads to a formation of component with properties different from those of the original, 

e.g. the better sorption properties, the lower flammability, the lower weight, the easier 

biodegradability of polymers etc.
3,4

  In addition to the improved above mentioned properties the 

organically modified clay minerals exhibit thermal stability different from the origin clays.  

EXPERIMENTAL 

Two samples of montmorillonite and two of bentonite were treated by sedimentation and 

subsequent centrifugation to prepare fraction with the particle size below 5 μm. The smectites were 

modified with alkylammonium cations (hexadecyltrimethylammonium, 

benzyldimethylhexadecylammonium and hexadecylpyridinium) by sorption procedure. The X-ray 

powder diffraction was used to calculate the values of the basal spacing of the modified smectites. 

The found basal spacing of the prepared organo-smectites were compared with that of the 

unmodified. The original and the modified smectites were characterized by means of FTIR 

spectroscopy, too. The detailed interpretation of the corresponding absorption bands were 

performed. Thermal behaviour were determined by simultaneous thermogravimetry and differential 

thermal analysis.  For smectites and structurally related minerals, the reactions occurring during 

heating can be divided into endothermic (desorption of surface water, removal of interlayer water, 

removal of constitutionally bound water) and exothermic (recrystallization and other structural 

transformations). 
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RESULTS AND DISCUSSION 

The enhancement of the basal spacing obtained by X-ray diffraction confirmed the intercalation 

process of cations into bentonite samples. Also the IR spectra provided evidence of sorption and 

intercalation of the organic cations. Thermal analysis also confirmed the presence of all three 

alkylammonium cations in both types of modified montmorillonites and bentonites. The 

temperatures of the first peak of dehydration / desorption in both montmorillonites and  bentonites 

has shifted to lower temperatures due to an improvement in hydrophobic character over the original 

minerals. The decomposition of the cations adsorbed on the smectite surface occurs and then the 

cations present in the interlayer are decomposed In case of dehydroxylation process at the 

temperature interval 600-700 °C, the values of temperature peaks related to dehydroxylation 

decreased with addition of alkylammonium cations. However the peak of total 

dehydroxylation/melting increased with the concentration of the added and the same trend was 

possible to find for the exotherm effect connected to recrystallization and transformation above 

1000 °C.  

CONCLUSION 

Thermal behaviour of the modified smectites was investigated, the temperatures of dehydratation 

and dehydroxylation decreased with concentration of alkylammonium cations contrariwise the 

temperatures related to the total melting and recrystallization increased with the concentration. It is 

evident, that surfactants caused the improvement of total thermal stability of modified smectites, but 

each type of smectite reported different affinity for the sorption of alkylammonium cations as well 

as slightly different kinetic parameters. 
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ABSTRACT 

The paper deals with a design and a method of mixing of the invention called “Gyromixer of 

nanostructured systems”. The invention is disclosed as a gyromixer of nanostructured materials 

comprising an outer ring (2) that is provided inside and all over its periphery with a channel. In 

upper portion thereof, there is situated a split hopper (1) serving for both supply of material and 

carrying medium and for discharge thereof. In inner ring (4), being inserted in the outer ring (2), is 

https://www.sciencedirect.com/science/journal/18761070
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provided with pins (5) ensuring, along with the aid of bored channels, a correct distribution of 

material. The inner ring (4) accommodates a rotary hollow cylinder (3), in the internal portion of 

which there is a partition enabling motion of material in two directions. This member serves at the 

same time as a starter, which manages to rotate due a gyroscopic effect, both the rings. Material is 

supplied through the split hopper (1) into the inner portion of the external ring (2). With the aid of a 

carrying medium and by the action of a gyroscopic effect, the material is agitated and fed via s 

guide pin (5) into the internal ring (4). Here, owing to the gravity force and stream of the carrying 

medium, the material passes over through internal channels into the rotary cylinder (3) with the 

partition (9), wherefrom the material flows again back into the internal ring (4) and through the 

guide pin (5) into the external ring (2). From the external ring (2), the material is guided due to the 

action of air stream and gravity force again through the guide pin (5) back into the internal ring (4) 

and from it into the rotary cylinder (3). Further, the material is fed in the internal ring (4) through 

the guide pin (5) into the external ring (2) wherefrom the mixed material is discharged along with 

the carrying medium via the split hopper (1) out of the apparatus. 

 

 

 

 
Keywords: Gyromixer; Nanostructured systems; Invention 
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ABSTRACT 

Conjugated polymers because of their attractive electrical properties have been used in electronic 

devices like field effect transistors, organic photovoltaic solar cells, LEDs. However classical 

polymer films are not well organized and do not provide directional transport of charge carriers. 

Polymer brushes possess these desirable features as conjugated polymer chains are perpendicularly 

oriented with respect to the substrate. In these studies we have synthetized poly(3-trimethylsilyl-2-

propynyl methacrylate) brushes (PTPM) with conjugated polyacetylene chains in ladder-like 

architecture. 

Surface-initiated photoiniferter- mediated polymerization (SI-PIMP) was used to synthetize parent 

polymer brushes. In the second step conjugated chains were introduced by self-templating 

polymerization of pendant acetylene groups using rhodium based catalyst. Mechanical properties of 

parent and ladder-like conjugated brushes were tested by means AFM tribological and 

nanoindentation measurements. The obtained results revealed substantial changes in stiffness and in 

tribological properties after self-templating polymerization. 

 
Keywords: Conjugated polymer brushes, Mechanical properties, Surface-Initiated Polymerization, Self-
templating Polymerization 
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ABSTRACT 

The main objective of this work is the preparation of fly ash based ceramic support and membranes 

for micro and ultrafiltration applications. The choice of this material is based primarily on its low 

cost and its beneficial properties. The tubular supports were prepared by alkali activated 

modification of non-grinded fly ash and additives. Material produced by geopolymerization has 

shown great potential for wastewater treatment by filtration due to its porous structure formed after 

sintering at 1000°C. Porosity of the support was 39%, with average pore size of 2,3 μm. The 

support such prepared was effective for removal of colloidal particles and was successfully used for 

pretreatment of mine waters. For ultra and nanofiltration applications where high and low molecular 

weight substances need to be removed, preparation of a membrane layer with smaller pores is 

necessary. For this purpose, the average particle size of fly ash was decreased by intensive grinding. 
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The elaboration of the layer based on milled fly ash powder was performed by slip-casting method. 

Water glass and polyvinylalcohol (PVA) were used to form the casting suspension. The effect of 

slip concentration, casting time and withdrawal speed of sintered membranes was investigated by 

scanning electron microscopy (SEM). SEM images have shown that optimization of all parameters 

is necessary to avoid cracks formation in the coating and to prepare a homogenous thin layer of 

appropriate width and porosity.  

 
Keywords: Fly ash, Support, Ceramic membranes, Microfiltration 
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ABSTRACT 

The aim of this experimental study was to characterize a fine-grained fraction of montmorillonites 

(SAz-2, STx-1, SWy-2 and Kunipia-F). It was investigated in order to provide more precise 

information of used montmorillonites than could be obtained by analysis of the unfractioned 

montmorillonites. At first, the fine fraction of montmorillonites were prepared by sedimentation and 

activation by means of Na2CO3. The prepared clay materials were characterized by the X-ray 

diffraction analysis and FTIR spectroscopy. The thermal behaviour of the studied samples was 

determinated according to the characteristic temperatures obtained from TG/DTA curves. The 

temperatures of dehydratation and dehydroxylation were evaluated and kinetic parameters were also 

calculated. The porosity and surface properties of the studied samples were gained by the nitrogen 

adsorption measurements. The obtained results confirmed that the fine fraction of montmorillonites 

could be a suitable material for subsequent preparation of composites with enhanced sorption 

properties, especially montmorillonite /MnO2 composite. 

 
Keywords: montmorillonite, activation, characterization, composites 

 

INTRODUCTION 

Clays may be composed of mixtures of fine grained clay minerals and clay-sized crystals of other 

minerals such as quartz, carbonate and metal oxides.
1 

This study is focused on characterization of 

fine-grained montmorillonite fractions suitable for composite preparation. Clays and their modified 

derivatives play an important role in the environment by acting as a natural scavenger of pollutants 

by taking up cations and anions through adsorption or ion exchange. The montmorillonite, key 

component of bentonite, belongs to the universal natural adsorbents, able to accept substances with 

quite a wide range of ionic or molecular size.
2 

Using clays and clay-based composites as adsorbent 

materials received wide attention because of their easy availability and comparatively less cost.
1-4
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EXPERIMENTAL/THEORETICAL STUDY 

At first, the natural montmorillonites (SAz-2, STx-1, SWy-2 and Kunipia-F) were purified by 

sedimentation to eliminate inorganic mineral impurities. The time of sedimentation was derived 

from the chosen particle size (5 µm). The fine fractions were collected according to Stokes law. 

Than the monoionic chemical activation of the fine montmorillonite fractions with the aim to 

improve their sorption properties were carried. These fractions of investigated montmorillonites 

with the calcium cations in the interlayer space was modified by the saturation with sodium salt: 

SAz-2, STx-1, SWy-2 fine fractions were carefully dispersed in 0.5 M Na2CO3 solution by shaking 

for about 24 h, and separated by centrifugation. The sediment of the Na
+
-exchanged clay mineral 

was washed with distilled water. This procedure was repeated 3 times. The obtained samples were 

characterized by X-ray diffraction, FTIR spectroscopy, thermogravimetry and surface and porosity 

distribution analysis. 

RESULTS AND DISCUSSION 

The structural changes of fine-grained montmorillonite fractions before and after natrification were 

studied. The XRD analysis of the sodium montmorillonite forms obtained by Na2CO3 activation 

suggests that the Na
+
 ions were replaced by Ca

2+
 ions in the montmorillonite interlayer. Activated 

sodium forms has a lower d(001) spacing than the original calcium montmorillonite forms. The 

natrification process was also evaluated by FTIR spectroscopy. The traces of carbonates were 

occurred in IR spectra measured after natrification of montmorillonite fractions. The simultaneous 

thermogravimetry and differential thermal analysis was used to evaluate thermal stability of 

natrified samples. The shape of DTA curve as well as peak temperatures for modified minerals were 

slightly different compared to nature minerals. The surface parametres of original and activated fine 

montmorillonite fractions were determined by low temperature nitrogen adsorption measurements.  

CONCLUSION 

Purified Na
+
-fine montmorillonite fractions were prepared by sedimentation and Na2CO3 chemical 

activation. The X-ray diffraction analysis demonstrated the structural changes of the purified 

activated samples. Thermal stability was determined for both nature mineral and modified mineral. 

The changes of surface properties after the modification of fine montmorillonite fractions were 

observed, natrification causes an increase of the surface area and changes in adsorption properties. 

The study showed that prepared natrified fine-grained montmorillonite fractions are suitable for 

composite preparation. They will be used for subsequent modification with manganese oxides, in 

order to prepare composites with enhanced sorption properties. The synthesis of montmorillonite 

/MnO2 composites offer to obtain materials used as sorbents of heavy metals from aqueous 

solutions. 

 
Acknowledgments: The research has been done in connection with Project “Institute of Clean 
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ABSTRACT 

Polymer-metal based material with unique 3D structure was prepared through: (1) preparation of 

silver nanoparticles (Ag NPs) by phytosynthesis and (2) incorporation of these NPs in a fibrous 

membrane prepared by electrospinning. The NPs biosynthesis was performed in a pure 

environmental-friendly, easy, static, bottom-up regime using Tilia sp leachate. TEM and XRD 

depict the formation, stabilization and encapsulation of crystalline Ag NPs (14 ± 9 nm) in one 

simple step with low tendency to aggregate. We achieved successful incorporation in the uniform 

electrospun polyvinyl alcohol (PVA) fibers, and this confirms the possibility of its use in the 

biomedical field. Both SEM with EDX and TEM analysis determined fiber uniformity with the 

presence of Ag NPs.  

 
Keywords: Biosynthesis, silver nanoparticles, nanofiber, electrospinning 

 

INTRODUCTION 

Biosynthesis of Ag NPs by bacteria, live plants, waste biomass and/or different plant extract types 

has been confirmed by many scientific teams. The most significant benefit of biosynthesis is 

synthesis and stabilization of NPs in the same time by organic compounds present in the biomass. 

Those NPs play a role in degradation of contaminants or can be used as antibacterial agents. 

Scientists have also focused on artificial dressings with active agents prepared by electrospinning. 

The electrospinning is a technique using a high voltage electrostatic field to charge the surface of 

liquid (e.g. polymer) solutions and this process leads to creation of solid fibrous web. These 

medicinal artificial dressings should meet the special criteria such as: (1) mechanically stable; (2) 

biodegradable and (3) provide an appropriate environment for tissue repair. They should fulfill the 

antibacterial properties. Those antibacterial electrospun nanofibers are usually produced by 

incorporating antibiotics, described silver NPs or other metallic and metal oxide NPs. In this study 

we have focused on the preparation of phytosynthesized Ag-AgCl NPs and their fixation into the 

PVA fibrous web
1
. 

EXPERIMENTAL STUDY 

Ag-AgCl NPs were synthetized using leachate of flower-clusters from the Tilia sp. deciduous tree 

and initial AgNO3 (C = 0.01 mol.dm
-3

) were chosen to obtain the colloid of Ag-AgCl NPs. 

Two 10 wt. % polymer solutions were prepared: (1) in DEMI water and (2) in Ag-AgCl colloid to 

obtain homogeneous liquid solution. Fiber samples were prepared by 4SPIN (Contipro, Czech 

Republic) using Ø=0.8 mm needle, static continual collector, 18 cm collector-emittor distance and 
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20 μl/min fixed flow rate. Each solution was electrospun by different applying voltage and final 

fibrous samples were compared by different techniques. 

RESULTS AND DISCUSSION 

TEM and XRD analysis confirmed bi-phased Ag-AgCl NPs presence and these had spherical shape 

mostly. The image analysis determined average NP size at approximately 14 ± 9 nm. The Ag-AgCl 

NPs in the colloid formed “clusters” from the presence of organic components in the Tilia sp. 

leachate which formed stabilizing coating, but aggregation/agglomeration was not visible. Fibers 

from the pure PVA solution had the smallest diameters at 40 kV and 15 kV, while the blended 

PVA-Ag NP fibers were the largest. Herein, we chose two representative samples with 25 kV 

applied voltage. The PVA fiber web has 242 ± 33 nm average diameter and lacks a significant 

number of beads, and also was more heterogeneous than the PVA-Ag web with fiber average 221 ± 

24 nm diameter. 

 

 

Fig. 1. Images of PVA-Ag fibrous web: a) SEM image of fibrous PVA web; b) EDX analysis confirmed a presence of Ag-

AgCl compounds in fiber; c) TEM image of Ag-AgCl NPs and PVA fiber, scale bar 200 nm. 

 

SEM and EDX analysis (Fig. 1) confirmed Ag-AgCl NPs presence in PVA nanofibers. The creation 

of random localized clusters was most likely due to application of the entire electrospinning 

process, and the location and amount of Ag-AgCl in the sample clusters was easier to identify when 

lower voltage was applied. TEM analysis a presence of NPs has confirmed too.  

CONCLUSIONS  

Bi-phased Ag-AgCl NPs have been successfully synthesized with average size 14 ± 9 nm. Both 

prepared polymers PVA and mixture of PVA-Ag were homogenous and spun with reproducible 

results. The average diameter of the PVA and mixture PVA-Ag fibers was repeatedly in the range 

200 – 300 nm and Ag-AgCl NPs obviously influenced the ability of electrospinning process leading 

to homogenous webs without a large number of defects. We have found that NPs did not 

significantly disrupt the structure of PVA fibers, however Ag-AgCl NPs slightly aggregated during 

the electrospinning process and/or polymer solution preparation, which was mostly observed 

by SEM analysis. 
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ABSTRACT 

Ceramic based anodes (SiOx, GeO, SnO2, ZnO, Fe2O3 or more complex stoichiometry, etc.) have 

much higher Li storage capacity than the intercalation-type graphite anode that is currently used in 

Li-ion batteries (LIBs). However, the practical implementation of metal (M) and metal oxide (MO) 

anodes is still blocked due to three major problems [1]: poor cycle-life results from pulverization 

during the huge volumetric fluctuations (>300 %), drastic irreversible capacity loss and low 

coulombic efficiency, the solid electrolyte interphase (SEI) breaks as the nanostructure shrinks 

during delithiation [2]. The critical issue of fabricating high specific capacity, high rate capability, 

and long cycle life LIB device is the advanced nano architectured design and flexible electrode 

materials with good mechanical deformations [3]. In order to prevent these challenges, most 

common and effective strategy to adopt nanoscale materials with various morphologies, including 

nanoparticles and, nanowires, nanotubes and hollow spheres. Compared to bulk active materials, 

such nanostructured ceramic based oxides, nitrides and carbides are able to accommodate elevated 

mechanical stress, resulting in prolonged cycling stability. Optimization of ceramic based electrodes 

can be achieved by incorporating nano structures with various conductive matrixes, such as 

graphene and, carbon nanotubes, and carbon and to form core-shell and yolk-shell nanocomposites. 

The introduction of such a carbon architectures with ceramic phases play a key role in alleviating 

the agglomeration of nano structured active materials [4]. In this review, we summarized the recent 

progresses on developments of ceramic based nanocarbon supported (CNT, CNF, Graphene etc.) 

negative electrodes for high performance Li-ion batteries. The synthesis techniques of the 1-D, 2-D 

and 3-D electrodes has been discussed for special hierarchical structures and free standing 

electrodes. The main research activities of Sakarya University electrochemical energy storage group 

has also summarized. The electrochemical performances of the ceramic based active materials and 

their nanocomposite structures were reviewed. 

 
Keywords: Li-ion batteries, ceramic nanaocomposite electrodes, nanocarbon, metal oxide 
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ABSTRACT 

The self-organized 1D TiO2 nanotubular layers have attracted considerable scientific and 

technological interest over the past two decades, all motivated by a great performance in the range 

of applications including photo-catalysis, solar cells, hydrogen generation and biomedical uses.
1,2

 

The synthesis of these nanotubular layers has been carried out by a conventional electrochemical 

anodization of Ti sheet. Except the 1D character, these nanotubes possess unique features such as 

tunable dimensionality, structural flexibility, unidirectional electron transport through nanotube 

walls, chemical and mechanical stability and biocompatibility. One of the major application targets 

of TiO2 nanotubes has been their utilization as scaffolds or templates for deposition of secondary 

materials towards new applications. For instance, tailoring the TiO2 anode chromophore interface 

can increase the efficiency of the cells, such as DSSC
3
 and perovskite-based solar cells

4
. The 

enhancement can be achieved by increasing the interfacial surface area between the chromophore 

and the TiO2 oxide in order to facilitate charge separation. Unlike randomly ordered mesoporous 

TiO2 support, ordered nanostructures, such as self-organized TiO2 nanotubes with high aspect ratio, 

offer the advantage of directed charge transport and controlled phase separation between donor and 

acceptor materials and thus they seem to be one of the most promising nanoscale solar hybrid 

technologies.
5
 Numerous techniques were utilized for this purpose, such as for example wet 

chemical and electrochemical routes or physical deposition techniques.
6
 However, recently it has 

been shown that the utilization of Atomic Layer Deposition (ALD) can extend the functional range 

of TiO2 nanotubes by homogenous coatings or decoration of tube interiors by a secondary 

materials.
6-14

 ALD is the only technique of choice to coat in particular high-aspect ratio nanotube 

layers. Overall, the deposited coatings influence strongly photo-electrochemical properties of 

nanotube layers. The presentation will be focused in detail on TiO2 nanotube layers of various 

aspect ratios coated by CdS and other chalcogenides using ALD. Experimental details and some 

very recent photo-electrochemical and structural characterization of a new type of heterostructured 

photo-chemical cells
11,13,14

 will be presented and discussed. 
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ABSTRACT 

MXenes exhibit outstanding properties and therefore been considered as promising electrode 

material candidates. Taking 2D transition metal carbides (TMCs) as representatives, we 

systematically explored several influencing factors, including transition metal species, layer 

thickness, functional group, and strain on their mechanical properties (e.g., stiffness) and their 

electrochemical properties (e.g., ionic mobility). Considering potential charge-transfer polarization, 

we employed a charged electrode model to simulate ionic mobility and found that ionic mobility 

has a unique dependence on the surface atomic configuration influenced by bond length, valence 

electron number, functional groups, and strain. Under multiaxial loadings, electrical conductivity, 

high ionic mobility, low equilibrium voltage with good stability, excellent flexibility, and high 

theoretical capacity indicate that the bare 2D TMCs have potential to be ideal flexible anode 

materials, whereas the surface functionalization degrades the transport mobility and increases the 

voltage due to bonding between the nonmetals and Li.[1] In order to protect the rechargeable 

batteries based on lithium (sodium) metal anodes that are currently under increasing attention due to 

their high capacity and energy density, but exhibit drawbacks, such as low Coulombic efficiency 

and dendrites growth we investigate layered materials as protective films (PFs). Here we use first-

principles calculations to determine the properties and feasibility of various 2D layered PFs. It is 

found that the introduction of defect, the increase in bond length, and the proximity effect by metal 

can accelerate the transfer of Li
+
 (Na

+
) ion and improve the ionic conductivity, but all of them make 

negative influences on the stiffness of materials [2]. 

 
Keywords: 2D materials, graphene, silicene, strength, strain, CI-NEB, diffusion, adsorption, Li-anode 
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ABSTRACT 

Lithium titanium oxide (Li4Ti5O12, LTO) of spinel structure is recognized as a promising anode 

material for commercial high-rate lithium ion batteries as well as supercapacitors because of some 

unique characteristics in the comparison with carbon (graphitic) anode materials [1-3]. It shows 

excellent cyclability due to negligible volume change during intercalation/deintercalation reactions 

(so called “zero-strain” electrode material) [1-3]. Moreover, it has higher equilibrium potential, 

showing a voltage plateau at 1.55 V vs. Li/Li
+
. Nevertheless, the low electronic and ionic 

conductivity, which lead to poor rate capability, still limit its practical usage [1-3].  

In our work we focus on the surface modification of LTO using carbon or titanium dioxide 

coatings. The structure, morphology and chemical compositions of the synthesized pristine and 

surface modified spinel LTO powders were characterized by several complementary techniques: X-

ray powder diffraction (XRD), Raman spectroscopy, scanning, and transmission electron 

microscopy techniques. The electrochemical charge-discharge tests were investigated. The results 

of these measurements will be presented at the conference. 
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ABSTRACT 

Hydrogen generation is one of the best skills for understanding hydrogen expensive. In this current 

work, we recognized the high catalytic performance for hydrogen generation system using the G-

Al(OH)3 and its compounds (different amount of graphite doped Al(OH)3) for catalyzing the 

hydrolysis of Al and H2O system. These Al-based mixtures for hydrolysis process were synthesized 

through a simple solvothermal procedure. Synthesized catalysts characterization by using powder 

X-ray diffraction, field emission scanning electron microscopy (FESEM), and Brunauer–Emmett–

Teller (BET) adsorption analysis showed G-Al(OH)3 nanoparticles attached to the aluminum 

hydroxide surface. The results exhibit that small amounts of G-Al(OH)3 added could significantly 

accelerate and enhance the hydrolysis reaction of Al and H2O, releases 1360 mL g
-1

 hydrogen in 20 

mins (about 100% of the theoretical hydrogen generation yield) and the synthesized catalysts 

exhibit great cycle stability, which is a greatest significant achievement in this current work. 

Besides, different amount of with graphite doped Al(OH)3 and without graphite are moreover 

demonstrated to show the different improvement on the hydrolysis reaction of Al and H2O reaction.  
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ABSTRACT 

The solid electrolytes are an eco-friendly and safer alternative to conventional organic electrolytes, 

that cannot be used in batteries over 60 ˚C, due to their low boiling temperature; the vapors that 

form beyond 80 ˚C can lead to an explosion. Composite polymer electrolyte a mixture of ceramic 

nanofiller and polymer electrolyte are known to be able to enhance mechanical or thermal stability 

as well as ionic conductivity of polymer electrolyte. In our work, we selected clays montmorillonite 

(MMT) and vermiculite (VMT) for solid electrolyte study. The clays were mixed with polyethylene 

oxide (PEO) using ball mill and temperature treatment for intercalation. The graphene oxide (GO) 

was added to improve mixture conductivity
1
. Both the natural forms of the clay and the lithiated 

forms (Li-MMT/Li-VMT) with PEO/GO mixture were studied. X-ray diffraction analysis was used 

to confirm the intercalation of the materials after heat treatment. The high crystallinity of PEO 

provides low ionic conductivity by limiting the lithium ion transport; Fourier Transform Infrared 

Spectroscopy was used to identify the influence of the clay mixture on crystallinity of polymer. The 

electrical conductivity of nanocomposite was measured RLC meter.  The structure, crystallinity and 

electrical conductivity of clay/polymer nanocomposites were investigated. 
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ABSTRACT 

Currently, in commercial lithium ion batteries graphite is utilized as anode material with theoretical 

specific capacity of 372mAhg
-1

. Graphite is widely used for secondary lithium ion batteries since it 

has stable capacity and chemical characteristics with reasonable production costs. However, besides 

being stable and cheap, low energy storage capacity makes graphite incompatible for next 

generation advanced battery system. Since the capacity of graphite is low for high energy density 

lithium ion battery system there are significant efforts for developing new anode materials capable 

of storing energy more efficiently. Silicon is the most promising one among the other candidate 

anode material since it has highest know theoretical capacity value of 4200 mAhg
-1

 at elevated 

temperatures. In fact, at room temperature silicon is able to deliver 3570 mAhg
-1

 specific capacity 

by formation of Li15Si4 amorphous phase. Despite of delivering remarkable capacity values, volume 

variations during electrochemical reactions with lithium, causes pulverization and quick capacity 

fading. Volume expansions leads strain induced fracture of silicon particles and eventually 

complete anode failures. In order to solve these problems we have developed free-standing binder 

free electrode architecture that consist yolk-shell silicon particles embedded between layers of 

graphene/MWCNT framework. Since graphene, MWCNT and silicon ratios are important factor for 

determining the performance enhancement in this composite anode structures we have carried out a 

comprehensive study for determining the effect of anode constituents on performance. There 

different MWCNT: graphene ratios were employed as 1:1, 1:2, 2:1 and for each MWCNT: 

graphene ratios, anodes were fabricated with three different silicon loading of 10, 20 and 30 %. In 

total nine different composite anodes were fabricated in order to determine the optimal silicon, 

MWCNT and graphene amounts. The morphological and phase characterization of electrodes were 

performed via X-Ray Diffraction analysis, RAMAN spectroscopy and scanning electron 

microscopy techniques. In the stage of electrochemical performance analysis galvanostatic 

charge/discharge, cyclic voltammetry and electrochemical impedance spectroscopy analyses were 

carried out. 

 
Keywords: Silicon, Yolk-shell, Graphene, Lithium. 
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ABSTRACT 

Lithium-ion batteries (LiBs) technology have drawn a lot of attention as a feasible solution for 

versatile energy storage devices with wide range of applications including consumer electronic, 

transportation, space applications and power generation where they are often combined with 

renewable energy generation systems. While exploring new anode and cathode materials, transition 

metal oxides (TMOs) nanomaterials with spinel structure have been seriously considered due to 

their several advantages: relatively high theoretical capacity, low cost, safety, environmental 

friendliness, and natural abundance. Lithium nickel manganese oxide (LiNi0.5Mn1.5O4, LNMO) is 

one the promising candidates for next-generation cathode materials dedicated to lithium ion 

batteries used for electric vehicles and other high-energy density applications due to its high 

operating voltage ~4.7 V potential (vs. Li/Li
+
), its good cycling performances (without Jahn-Teller 

effect related to the presence of Mn
3+

), good thermal stability, low cost, and environmental 

friendliness. Nevertheless, the LNMO material still suffers from unsatisfied cycle life due to severe 

electrolyte decomposition at high voltage and metal dissolution in HF-contained LiPF6-based 

electrolytes. In order to resolve this complicated problem many approaches including metal doping, 

surface coating with metal, ceramic oxides to minimize the surface area of LiNi0.5Mn1.5O4 

contacting with the electrolyte have been proposed. Finally, it should to improve the 

electrochemical properties. During conference, we will present the modified sol-gel method to 

obtain lithium nickel manganese (LNMO) oxide modified with NiO coating. The crystal structure 

and morphology were characterized by X-ray powder diffraction (XRD), and scanning electron 

microscopy (SEM). The electrochemical performances were investigated with CR2032 coin-type 

cells with Li counter and working electrode made of LNMO with NiO coating. The electrochemical 

charge-discharge tests were also performed. 

 
Keywords: Lithium nickel manganese oxide, LiNi0.5Mn1.5O4, cathode material, lithium ion battery 
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ABSTRACT 

Hydrogen generation is one of the best skills for understanding hydrogen expensive. In this current 

work, we recognized the high catalytic performance for hydrogen generation system using the G-

Al(OH)3 and its compounds (different amount of graphite doped Al(OH)3) for catalyzing the 

hydrolysis of Al and H2O system. These Al-based mixtures for hydrolysis process were synthesized 

through a simple solvothermal procedure. Synthesized catalysts characterization by using powder 

X-ray diffraction, field emission scanning electron microscopy (FESEM), and Brunauer–Emmett–

Teller (BET) adsorption analysis showed G-Al(OH)3 nanoparticles attached to the aluminum 

hydroxide surface. The results exhibit that small amounts of G-Al(OH)3 added could significantly 

accelerate and enhance the hydrolysis reaction of Al and H2O, releases 1360 mL g-1 hydrogen in 20 

mins (about 100% of the theoretical hydrogen generation yield) and the synthesized catalysts 

exhibit great cycle stability, which is a greatest significant achievement in this current work. 

Besides, different amount of with graphite doped Al(OH)3 and without graphite are moreover 

demonstrated to show the different improvement on the hydrolysis reaction of Al and H2O reaction. 
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ABSTRACT 

The combination of mechanochemical activation and subsequent thermal treatment was used for 

synthesis of lithium iron methasilicate (LiFeSi2O6), a material with potential application as cathode 

for Li-ion batteries. Different sources of Fe(III) were used for synthesis, namely α-Fe2O3 (hematite) 

or α-FeO(OH) (goethite). Although these two products have different colors, the formation of pure 

phase was confirmed by X-ray diffractometry. A SQUID magnetometer was used for study of 

magnetic properties of both products. Differences in magnetic properties of these materials have 

been found. It can be concluded that α-Fe2O3 used as precursor leads to formation of LiFeSi2O6 

with better magnetic properties. 

 
Keywords: mechanochemistry, pyroxene, SQUID 

 

 

 

mailto:hongwen@cycu.edu.tw


Topic 3                                                                                                                          PP 

NanoOstrava 2019   111 

 

INTRODUCTION 

Pyroxene family, which lithium iron methasilicate belongs to, has been drawn scientists’ attention 

because of its various combinations of electric and magnetic properties.
1, 2

 There are studies that 

show possibility of using carbon composites based on LiFeSi2O6 as cathode for Li-ion batteries.
3, 4

 

However the process of synthesis is too long and energy consuming. Combination of 

mechanochemical activation and thermal process can decrease the time and energy consumption. 

There was a study that stated that despite the same chemical composition and way of synthesis the 

nature of reactant can influence the final magnetic properties of a product.
5
 The suggested non-

conventional method of preparing lithium iron methasilicate is a promising alternative for creating 

material with multiferroic properties.   

EXPERIMENTAL/THEORETICAL STUDY 

Mechanochemical activation of stoichiometric mixture of precursors Li2O and SiO2 with α-Fe2O3 or 

α-FeO(OH) was held in a planetary ball mill Pulverisette 7 premium line (Fritsch, Germany) at 600 

rpm in air atmosphere using WC balls (18 pcs, diameter 10 mm) and 80 cm
3
 chamber. The total 

amount of powdered mixture was 4 g, ball to powder ratio was 33:1. Subsequent thermal treatment 

has been performed in a Muffle furnace which was heated from room temperature up to 1273 K and 

then cooled back to room temperature in air atmosphere. XRD data were collected over an angular 

range from 10° to 80° with step of 0.030° using a Bruker D8 Advance diffractometer. Study of 

temperature dependence of magnetic susceptibility was performed in two modes: Zero-field cooling 

(ZFC) and field cooling (FC) using a commercial Quantum Design SQUID magnetometer. 

RESULTS AND DISCUSSION 

The XRD patterns (not shown) of mechano/thermally synthesised materials starting with different 

iron sources consist of the same phase which correspond to the pattern of pyroxene LiFeSi2O6 

(JCPDS PDF 71- 1064). Figure 1 shows the data obtained from the SQUID magnetometer for both 

materials. As it can be seen from Fig. 1(a), the material which has been synthesized using α-Fe2O3 

as iron source has higher magnetic susceptibility. Both products that have been synthesized have the 

TN (Neel temperature) at around 20 K. 

 

 

Fig. 1 (a) temperature dependence of magnetic susceptibility and (b) temperature dependence of effective magnetic 

moment for mechano/thermally synthesized LiFeSi2O6 using α-Fe2O3 (red) or α-FeO(OH) (black) as Fe(III) source. 
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Fig. 1(b) shows temperature dependence of effective magnetic moment and there is a notable 

difference between them. 

CONCLUSION 

The mechano/thermal synthesis is the more effective way of preparing LiFeSi2O6 in terms of saving 

time and energy. Using different sources of Fe(III) brings out differences in magnetic properties of 

the final product. These results drive us to conclusion about possible existence of differences in 

electrochemical properties of lithium iron methasilicate materials which is expected to be verified in 

the future.  
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ABSTRACT 

Taking an advantage of renewable energy sources, like e.g. sun, would play a key role in the deve-

lopment of present and future human civilizations. The construction of efficient, inexpensive 

and eco-friendly photovoltaic solar cells remains a subject of interest of many scientists around 

the world. In order to assure an effective, directional and fully-controlled transport of electrons 

or ions inside the above-mentioned systems, materials composed of conductive polymer 

nanobrushes, especially with a ladder-like structure, could be successfully used. However, their 

fabrication, the structure and the synthetics procedures of monomers serving as building blocks 

for their production have to be optimized. 

In response to these challenges, we present here the synthetic routes to bifunctional pyridine- and 

acetylene-based monomers designed for production of conductive polymer nanobrushes. 



Topic 3                                                                                                                          PP 

NanoOstrava 2019   113 

 

The developed and/or optimized procedures enable formation of pure compounds with satisfying 

yields.  

Furthermore, we present here preliminary results concerning fabrication of nanobrushes from the 

synthesized monomers. The chemical structure and topography of the obtained materials were 

characterized by means of atomic force microscopy (AFM), IR and UV-VIS-NIR spectroscopy.  

 
Keywords: Conductive polymer brushes, pyridine- and acetylene-based monomers, ST-SIP polymerization. 

 

INTRODUCTION 

Renewable sources, like sun, wind and thermal spring, play an important role in an energy mix 

of many countries from around the world. An acquisition of sun energy, especially by individual 

households, companies or “things”, becomes more and more popular. However, the construction of 

efficient, inexpensive and eco-friendly solar cells remains a demanding task which has to be solved 

in context of commercial applications. In order to assure an effective and fully-controlled transport 

of charge carriers inside the mentioned systems, polymer materials, like e.g. conductive polymer 

nanobrushes with a ladder-like architecture, could be successfully used.
1
 Unfortunately, their 

fabrication procedure, as well as the structure and the syntheses of monomers serving as building 

blocks for their construction should be still optimized. 

In response to these challenges we present here the synthetic routes to bifunctional pyridine- and 

acetylene-based monomers, designed for production of conductive polymer nanobrushes. 

The developed and/or optimized procedures enabled formation of pure compounds with satisfying 

yields.  

Apart from that, we present here preliminary results concerning fabrication of nanobrushes 

by means of self-templating surface-initiated polymerization (ST-SIP) of the obtained monomers. 

EXPERIMENTAL STUDY 

In order to obtain the desired structures we carried out the following types of reactions: nucleophilic 

substitution, Sonogashira coupling etc. Our products were fully characterized by means of IR 

spectroscopy, 
1
H and 

13
C NMR spectroscopy, UV-Vis spectroscopy, elemental analysis. 

Polymer nanobrushes were fabricated by ST-SIP method and characterized by means of IR-

spectroscopy, atomic force microscopy etc.   

RESULTS AND DISCUSSION 

We have obtained and characterized among others compounds: 2-[2-(trimethyl-

silyl)ethynyl]pyridin-5-yl methacrylate, 5-[2-(trimethylsilyl)ethynyl]pyridin-2-yl methacrylate, 3-

(trimethylsilyl)prop-2-ynyl methacrylate, 5-(trimethylsilyl)pent-4-ynyl methacrylate. These 

substances were synthesized with satisfying yields as really pure compounds and used as building 

blocks for fabrication of polymer nanobrushes. 

CONCLUSION 

Two new acetylene- and pyridine-based monomers were successfully synthesized with satisfying 

yields and purities. To the best of our knowledge such syntheses have not been described before in 

the literature. We also have optimized synthetic procedure of other known monomers. Apart from 

that, we have proved that our new compound – 2-[2-(trimethylsilyl)ethynyl]pyridin-5-yl 

methacrylate – could be successfully used to obtain polymer nanobrushes. 
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INTRODUCTION 

In this investigation, we have designed and synthesized an amphiphilic co-polymer with hyper-

branched poly(amine-ester) and polylactide (HPAE-co-PLA) to generate nanoparticles (NPs).
1 

 
Keywords: nanoparticles, anti-tumor agents, Bp4eT, lysosomes. 

 

EXPERIMENTAL 

These NPs have been used to encapsulate a highly active hydrophobic anti-tumor agent, 2-

benzoylpyridine 4-ethyl-3-thiosemicarbazone (Bp4eT). Encapsulation in NPs was done in an effort 

to increase the anti-tumor activity of this agent by facilitating its delivery to tumor cells. We have 

also examined and optimized the formulation parameters of the NPs that alter their drug-loading 

capacity and their physical, chemical and biological properties. 

RESULTS AND DISCUSSION 

The resulting NPs exhibited high Bp4eT-loading capacity and substantial stability in aqueous 

solution. In vitro drug release studies demonstrated a controlled drug release profile with increased 

release at acidic pH. Anti-tumor proliferation assays showed that both free drug and drug-

encapsulated NPs markedly inhibited tumor cell proliferation in a time- and concentration-

dependent manner. Direct microscopic observation revealed that the fluorescent NPs were taken up 

by cells and localized, in part, in organelles consistent with lysosomes. 

CONCLUSION 

These results demonstrate a feasible application of the amphiphilic hyper-branched co-polymer, 

HPAE-co-PLA, as nanocarriers for intracellular delivery of potent anti-tumor agents. 
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ABSTRACT 

In this work, we present nanocomposite with antimicrobial properties, based on silver nanoparticles 

nucleated in the general silicate nanostructure Six0yZnz with high specific surface area. The silicate 

nanostructure was prepared by gelation of sodium water glass that was very quickly added to 

vigorously stirred water solution of zinc acetate and homogenized by sonification. In following 

precipitation reaction, a fine silicate net nanostructure Six0yZnz with zinc content up to 30 wt% is 

created. Its morphology is similar to silicagel and the specific surface area of this material reaches 

values about 250 m
2
/g. The resulting silicate net nanostructure was then four-times washed by 

demineralized water, rapidly frozen and subjected to vacuum-freeze drying. The dried material was 

then put into the aqueous solution of AgNO3 (c = 0.5 mol/dm
3
) and homogenized by stirring for 20 

minutes, so the molecules of AgNO3 could sufficiently fill pores of nanostructure. After that, the 

vigorously stirred dispersion was exposed to 200 nm UV light irradiation for 100 minutes. The 

photolysis of AgNO3 in limited volumes within the silicate net caused nucleation and growth of Ag 

nanoparticles that have high surface curvature, which increases the effectiveness of dissociation of 

silver ions into water environment. For this reason and due to the additional presence of zinc in the 

nanocomposite, the prepared material exhibits antimicrobial activity, that was successfully tested on 

Escherichia coli CCM3988, Pseudomonas aeruginosa, Streptococcus salivarius CCM4046, 

Staphylococcus aureus CCM4223 and Candida albicans CCM8186. The minimal inhibition 

concentration was found for all strains in the range of 2.81 mg/cm
3
 – 22.5 mg/cm

3
. 

 
Keywords: antimicrobial, zinc silicate, silver nanoparticles, nanomaterial 
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ABSTRACT 

Toxigenic fungi capable of producing mycotoxins (e.g., aflatoxins, zearalenone, ochratoxin, patulin, 

etc.), which attack cereals, legumes, fruits, vegetables, etc., represent a significant problem 

worldwide due to notable yield losses and possible contamination of food and feed by mycotoxins. 

This contribution summarizes recent findings related to the effects of nanoscale fungicides on the 

growth and mycotoxin production of toxigenic fungi, with the main focus on Aspergillus sp., 
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Fusarium sp., Alternaria sp. and Penicillium sp. Attention is devoted to effective fungicidal 

nanoformulations of encapsulated essential oils, metal-based (Ag, Au, Cu, Zn, Ni, Fe, TiO2) and 

carbon-based nanoparticles as well as to nanoformulations of encapsulated organic fungicides and 

their mechanism of action towards toxigenic fungi. The benefits of the application of nanoscale 

fungicides in the field at preventing yield losses and in postharvest management are discussed. 

 
Keywords: fungi, mycotoxins, nanoparticles, nanomaterials 

 

INTRODUCTION 

Mycotoxins represent a significant health risk for both humans and animals.
1
 They are produced by 

some fungi and belong to very serious food and feed contaminants. Mycotoxin-producing fungi can 

grow in fruits, vegetables, cereals, legumes, nuts, etc., and the occurrence of these fungi is 

increasingly widespread due to changing environmental conditions; thus, they cause notable yield 

losses.
2
 Mycotoxins, such as aflatoxins, deoxynivalenol, fumonisin B1, ochratoxin, patulin, 

zearalenone and candidalysin, are dangerous to health causing fatal damage of the body after 

prolonged exposure. Mycotoxins enter the dietary system by direct contamination, when the food or 

feed becomes infected with a toxigenic fungus with subsequent toxin formation, or by indirect 

contamination, when an ingredient of a process has previously become contaminated with a toxin-

producing fungus, the fungus was not killed/removed during processing and thus mycotoxins that 

are generally quite resistant to most forms of food and feed processing remain in the final product.
3
 

RESULTS AND DISCUSSION 

A wide spectrum of chemical compounds is used as antifungals/fungicides.
4,5

 As potent antifungal 

agents, various nanoformulations started being used more and more frequently;
6,7

 thus, the main 

objective of this contribution is to summarize findings related to nanosystems based on organic 

polymeric and inorganic matrices or hybrid materials as effective antifungal agents. Attention is 

devoted to fungicidal nanocomposites effective especially against Aspergillus sp., Fusarium sp., 

Alternaria sp., Penicillium sp. and Candida albicans. 

CONCLUSION 

The benefits of the application of fungicide nanomaterials, such as essential oils or metal 

nanoparticles, in the field for the prevention of yield loss and in postharvest management are 

indisputable. It is very important to apply proper fungicides combating fungi already in the field, 

because the mycotoxins are on average more than 200-fold more toxic than such fungicides having 

short half-live. 
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ABSTRACT 

Polymeric stents for patients with a weak health must be improved due to the stent life-time inside 

the body - up to three months - then it is replaced within the repeated surgery. Such short life-time 

often occurs because of biofilm formation on the stent, which therefore complicates the flow of 

fluids through the stent. We develop new polymeric nanocomposite coatings, which can prevent the 

biofilm formation and prolong the life-time of the stent. 

The focus of the research was on biofilm formation on polymeric nanocomposites and their 

properties in simulated inside-the-body conditions (in our case - gastric fluid). Three polymeric 

matrix were selected - polyvinyl acetate, polyvinyl alcohol, polyethylene oxide - with five different 

antimicrobial compounds and three types of clay. Prepared samples were tested on three main 

bacterial cultures - E.coli, S.aureus, S47 (enterococcus). The obtained results show the 

combinations in the nanocomposite which are more likely to survive the human body conditions. 

 
Keywords: stent, polymeric nanocomposite, biofilm, antimicrobials. 
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ABSTRACT 

One of the critical features of submicron drug delivery systems is particle size - parameter 

determining efficiency of cellular uptake, membrane crossing and tissue penetration. The main path 

of parenterally administered particle clearance is size-dependent phagocytosis by monocyte-derived 

cells. Recent findings confirmed their contribution in fibrotic diseases and obesity development. 

Capacity for phagocytosis exhibited by macrophages may by exploited as drug delivery strategy in 

macrophage-linked diseases. Properly designed polymeric microparticles with drug fixed to carrier 

may serve as targeted drug delivery system. The aim of presented study was to investigate influence 
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of preparation parameters on particle size in solvent evaporation method. In order to ensure drug 

release after cellular uptake, model drug lamivudine was covalently conjugated to polymeric chains. 

Conjugate was utilized as material for multiple particle preparations via solvent evaporation 

technique. Following important parameters of emulsification process were investigated: 

homogenization speed, homogenization time, phase ratio, conjugate concentration, surfactant type 

and concentration. Particle diameter and polydispersity index were measured via dynamic light 

scattering, morphology of selected particle batches was investigated with scanning electron 

microscopy. Homogenization speed, time and surfactant concentration were identified as crucial 

parameters enabling control of particle diameter. 

 
Keywords: phagocytosis, targeted drug delivery, particle size control, solvent evaporation method 

 

INTRODUCTION 

In recent decade, number of research groups focused their attention on contribution of monocyte 

derived immune cells to various diseases including obesity, fibrosis and microbial infections
1
. Their 

exceptional capacity to phagocyte foreign bodies is usually considered as unwanted particle 

clearance path. Nonetheless, it can be exploited as drug delivery strategy. Cellular uptake, 

membrane crossing, tissue penetration are size-dependent phenomena
2
, therefore particle diameter 

is crucial parameter considered during submicron drug delivery system design. In case of drug 

delivery to phagocytic cells, drug release should be possibly delayed up to the moment of particle 

internalization. Covalent bonding of drug molecule to the polymer matrix is one of approaches 

ensuring drug release after cellular uptake. Drug tagged polymers may preserve physical properties 

of non-modified polymers, and can be formulated as particle-based drug delivery systems. 

Presented approach ensures uniform drug distribution and drug loading depending slightly on 

particle preparation procedure. In context of macrophage targeted drug delivery, particle diameter 

should be in a range preferred by phagocytes, determined i.a. by cell membrane curvature
3
. 

Employed targeting strategy varies according to aimed macrophage subpopulation, and may require 

different diameter allowing blood-brain barrier crossing, possibility of deep alveolar inhalation or 

accumulation in particular tissue. Consequently, control of particle size during preparation 

procedure is a factor of crucial importance. In presented study, influence of preparation parameters 

on lamivudine and poly-ε-caprolactone conjugate (LV-PCL) particle diameter obtained via solvent 

evaporation technique (SET) was investigated. Evaluated particles may be a potential targeted drug 

delivery system aiming HIV infected macrophages. 

EXPERIMENTAL STUDY 

Drug tagged polymer was prepared via bulk ring opening polymerization of ε-caprolactone initiated 

by model drug lamivudine, catalyzed by tin 2-ethylhexanoate. Reaction was conducted in 130˚C in 

dry nitrogen atmosphere for 5 hours. Polymer – drug covalent bonding was confirmed with ESI-

ToF mass spectrometry, polymeric structure and molecular weight were evaluated with HNMR and 

GPC methods. Conjugate was utilized in o/w SET in order to prepare submicron particles. 

Emulsion was obtained by homogenization of conjugate solution in dichloromethane with aqueous 

surfactant solution. Different homogenization parameters, surfactant types, concentrations and 

oil/water phase ratios were employed in order to obtain various size of particles. Further the 

intermediates were stirred in room temperature to evaporate oil phase. Particle hydrodynamic 

diameter was investigated via DLS measurements, morphology of selected batches was investigated 

using SEM. 
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RESULTS AND DISCUSSION 

Mass spectra of obtained product exhibited distributions of peaks with peak sets separated from 

each other by 114 Da which is equal to molecular weight of PCL monomer unit. Isotopic 

distribution of peaks in the set with highest intensities matched to distribution simulated by 

software for positively charged formula of LV-PCL conjugate with sodium adduct. Number average 

molar mass of product obtained with GPC, corrected with Mark-Houwink equation parameter was 

equal 3997 Da, which is close to values derived from HNMR spectra and calculated from reactant 

ratio. Particles obtained via SET had diameters ranging from 0.2 to 2.3 µm with varying 

polydispersity index. SEM micrographs confirmed formation of spherical structures with smooth 

surface. Among investigated surfactants, preparation with polyvinyl alcohol (PVA) resulted in 

smallest particles with most narrow polydispersity index. Exponential decrease in hydrodynamic 

diameter was observed with increasing homogenization speed and PVA concentration. In line with 

expectations, higher amount of stabilizer was able to orient on larger interphase surface, and hence 

form stable structures with lower hydrodynamic diameters. Smaller particles were obtained with 

higher homogenization speeds supposely due to increased shear stress at faster rotation speeds, 

which led to a larger tangential stress, and finally resulted in formation of smaller emulsion 

droplets
4
. Linear decrease of diameter with increasing homogenization time up to 7 minutes was 

observed, however further homogenization time extension did not result in diameter decrease. In 

employed homogenizer type, droplet breakup takes place mostly in region close to stator. 

Presumably, oil phase needs sufficient number of flow cycles in the region between the rotor and 

stator, to achieve minimal diameter dictated by other homogenization parameters
5
. 

CONCLUSION 

Preparation of particles with diameters in range from 0.2 to 2.3 µm from poly-ε-caprolactone 

conjugated with lamivudine is hereby reported. Among evaluated preparation parameters, the 

homogenization speed, the time and the surfactant concentration were identified as crucial factors 

influencing hydrodynamic diameter of particle. Obtained results may be helpful during design of 

size-dependent sub-micron drug delivery systems. 
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ABSTRACT 

Graphene family nanomaterials are based on planar sheets of sp
2
 hybridized carbons. The most 

widely studied representatives are graphene, graphene oxide, and reduced graphene oxide together 

with many functionalized graphenic materials. Due to their excellent physicochemical properties 

many applications have been explored so far among them biomedical technologies such as 

drug/gene/protein delivery, tissue engineering bio-imaging and biosensing, phototherapy, cellular 

growth and differentiation, cancer or disease detection and therapeutics. Interesting results were 

achieved also in preparations of nanocomposite materials with antimicrobial properties. This 

presentation is focused on summarizing temporary research in the field of biomedical applications 

of graphenic materials including their biocompatibility and toxicity. The future directions and 

perspectives will be also presented. 
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ABSTRACT 

Glycoconjugated C60 derivatives are of particular interest as potential cancer targeting agents, due to 

an upregulated metabolic glucose demand, especially in the case of pancreatic adenocarcinoma and 

its dense stroma, which is known to be driven by a subset of pancreatic stellate cells. Herein, we 

have described the synthesis and biological characterization of a glucosamine C60 derivatives GF1 

and GF2. Synthesized fullerene derivatives predominantly accumulate in the nucleus of pancreatic 

stellate cells; they are inherently nontoxic up to concentrations of 1 mg/ml; and photoactive when 

illuminated with blue and green light, allowing its use as a photodynamic therapy agents. Moreover, 

we have identified buckyballs as a novel class of non-receptor Src kinases inhibitors, interesting 

targets for the pancreatic cancer treatment. 

 
Keywords: nanomedicine; [60]fullerene; cancer nanotechnology; pancreatic cancer 
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INTRODUCTION 

We have previously shown that C60 derivatives can be used as convenient scaffolds for anticancer 

therapeutic drug delivery, and that such agents preferentially localize in both the intracellular 

nuclear pore complex and tumor vasculature
1
. Nanomedical strategies which include 

metallofullerenol-based (Gd@C82(OH)22) inhibitors of matrix metalloproteinases (MMPs), 

photothermally active nanoparticles, and several nanodelivery systems are also being presented in 

attempts to improve survival in pancreatic cancer patients. In addition, glycoconjugated 

[60]fullerenes have been investigated for enhanced cancer-targeting properties. This is because 

cancer cells have an increased demand for glucose, which is then metabolized at a higher rate in 

order to generate the energy that is necessary for many features of cancer cell proliferation and 

tumoriogenesis. Additionally, the family of glucose transporter membrane proteins (GLUTs) are 

overexpressed in several cancers including pancreatic cancer, making them an attractive molecular 

target for novel nanotherapeutics.  

RESULTS AND DISCUSSION 

We optimized and applied nucleophilic cylcopropanation reactions (Bingel reactions) as an efficient 

method for obtaining the glycofullerenes in moderate yields
2
. Acetate protecting groups were used 

to block all glucosamine hydroxyl groups during the cyclopropanation reactions. Interestingly, we 

have investigated whether [60]fullerene derivatives can have a cytotoxic effect upon PSCs when 

illuminated with LED blue and green light the cytotoxic mechanism of which is hypothesized to be 

from ROS generation. The phototoxicity studies of glycofullerenes exhibit a strong photodynamic 

cytotoxic effect for PSCs after blue (Em 470 nm) and green (Em 530 nm) LED treatment. A similar 

but slight reduced effect was also observed for PANC-1 cells. This could be due PANC-1 cells 

having elevated heat shock protein (HSP) and enzymes to deal with ROS (e.g. due to different 

redox potentials in tumors and cancer cells).  

 

 

 

 

 

 

 

 

Fig. 1 The chemical structure of glycofullerene GF2 

 

 

CONCLUSION 

The PSCs are a subset of cells involved with the establishment of dense stroma regions in cases of 

advanced pancreatic adenocarcinoma. As such, new methods to target and treat PSCs are needed. 

Our results show predominant cellular nuclear internalization of the [60]fullerene  derivatives. In 

addition, the glycofullerenes are  inherently nontoxic up to concentrations of 1 mg/ml, and displays 

strong photodynamic cytotoxic behavior, when illuminated with both blue and green light. 
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ABSTRACT 

The lecture will discuss the most important methodological aspects of analytical tasks dealing with 

identification of molecules, which may lead to the vague results, to show significance of sample 

handling, experimental set-up and detailed identification at micro/nano level. Proper sampling is 

also a challenge during affinity chromatography, commonly used for selective and efficient 

separation, as nonspecific interactions are quite frequent, and their elimination may be sometimes 

more troublesome than development of a new and better technique. Not only particular separation 

steps are important but also a vast diversity of "homogenous" tissues. A good example might be the 

entire population of neurons in the brain where diversity of each nerve cell ("to each his own") has 

recently been discovered. This also shreds a brighter light on a single-cell analysis, as bearing 

analytical error and, though attractive, provides a very limited amount of information, which cannot 

be related to the overall function. Such analytical challenges are performed at molecular level, 

leading to a discovery and design of potential drugs, in particular involving theranostics.  
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ABSTRACT 

In all applications of nanomaterials control over their surface properties are crucial for the interface 

aspects. Indeed, the strong interfaces are critical regions that ensure not only the long term use of 
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the polymer composites but contribute also to the performances of the end products. For this reason, 

they must be controlled at the molecular level with appropriate chemistry strategies in order to 

ensure their long term stability.  

In this paper the usefulness of Inverse Gas Chromatography technique in the nanomaterials 

characterization is presented. It is shown that this technique is sensitive and accurate to notice 

changes in monolayer on the surface after e.g. its modification, influence of storage, synthesis 

conditions. Moreover, it enables to study nanomaterials in the real conditions, which means no 

special pretreatment is needed before measurements e.g. degassing, heating. The measurements are 

performed for materials just as received.  

Dynamic Vapor Sorption enables to test adsorption properties by using different adsorbates (such as 

water, alcohols, alkanes) the same as Inverse Gas Chromatography without special pretreatment of 

the investigated materials under real conditions.  

Both techniques can be easily applied for quick and accurate surface characterization of wide range 

of nanomaterials such as fillers for polymers, biomaterials.  

 
Keywords: inverse Gas Chromatography, Dynamic Vapour Sorption, surface characterization, fillers. 

 

INTRODUCTION 

Nowadays, there are many techniques for studying the surface chemistry, adsorption properties, 

surface activity and energy.
1 

Nitrogen adsorption is most often used technique for assessment 

adsorption properties of the solid surface. However, it does not reflect the surface properties fully. 

Wettability and contact angle methods are also very popular as it is simple and relatively cheap. The 

limits of the wettability and contact angle methods were discussed in
2
. Inverse Gas Chromatography 

(IGC) is perfect complement of the aforementioned techniques. IGC does not require condensing 

the powders and other processing that changes the surface: the studied material is put into the 

chromatographic column and on the basis of retention parameters for known test compounds the 

physicochemical parameters describing the surface properties of solid are calculated. In accordance 

with the literature information
3
, there is a good correlation between the results obtained by using 

contact angle and IGC methods.  

Furthermore, the water vapour or moisture sorption properties of nanomaterials are critical factors 

in determining their storage, stability, processing and application performance. The Dynamic 

Vapour Sorption (DVS) methodology makes possible the rapid quantitative analysis of the water 

sorption. DVS rapidly measures uptake and loss of moisture by flowing a carrier gas at a specified 

relative humidity over a sample suspended from the weighing mechanism of an ultra-sensitive 

recording microbalance. 

IGC, DVS, nitrogen adsorption and contact angle techniques were used to characterize the different, 

new obtained aluminosilicates with potential used in polymer composites. Using of all these 

techniques for studying such broad range of the aluminosilicates and description of the dependences 

between the results obtained from them has not been done yet.   

EXPERIMENTAL STUDY 

The different aluminosilicates such as natural zeolite, synthesized with the different ratio of Si to 

Al, were characterized by IGC, DVS, nitrogen sorption and contact angle techniques. IGC 

measurements were carried out by using Surface Energy Analyser produced by Surface 

Measurement System Ltd. From London. The tested materials were placed into the 

chromatographic columns by the tap-and-fill method. The measurements were carried out at 30 °C. 
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The temperature of injector as well as FID detector was 180 °C. Helium was a carrier gas with flow 

rate 15 ml/min. Dispersive component of the free surface energy, 𝛾𝑠
𝑑 that express dispersive 

properties of the surface was estimated according to Schultz-Lavielle procedure
4
. The specific 

components of the free surface energy was estimated using polar compounds according to 

procedure described in
1
. DVS measurements were performed by using Dynamic Vapour Sorption 

Advanced produced by Surface Measurement System Ltd., London. The sorption isotherms of 

water were estimated. Nitrogen Adsorption/Desorption Measurements were carried out using a 

conventional volumetric technique on an ASAP 2420 sorptometer (Micromeritics). Before 

experiments the samples were outgassed at 200 °C in a vacuum chamber. The estimation of contact 

angle for water were performed using optical tensiometer Theta Lite produced by Attension Biolin 

Scientific, Finland.  

RESULTS AND DISCUSSION 

It was found that the increase of aluminium content (decrease of Si/Al ratio in final aluminosilicate) 

lead to increase of the value of 𝛾𝑠
𝑑 parameter. The new synthesized aluminosilicates were 

characterized by more active surface than the natural zeolite and substrates used for synthesis of 

them: SiO2 and NaAlO2. All synthesized materials have a Type IVa isotherm what indicates that 

they are mesoporous ones. The materials with the highest content of silicon have two characteristic 

narrow ranges of pore size distribution between 2-5 nm. DVS showed clearly the differences of the 

water sorption between the studied materials. Generally, the sorption of water was the largest for 

aluminosilicates with the highest silica content. 

CONCLUSION 

The properties of the aluminosilicates with the different Si/Al ratio are closely related to the amount 

of aluminum and silicon in the tested materials. The surface properties of the synthesized 

aluminosilicate does not depend on the source of alumina and silica used as substrate. The particle 

size of the material agglomerates visibly increases with the increase of the amount of aluminum. 

The water sorption increased with the increase of the silica amount. 

 
Acknowledgments: This work was supported by the National Science Centre. Poland. under research 
project No. UMO- 2015/17/B/ST8/02388. 

 

REFERENCES 

1. B. Strzemiecka, A. Voelkel, J. Donate-Robles, J. M. Martin-Martinez, Appl. Surf. Sci. 316 (2014) 315–323. 

2. M. Rojewska, A. Bartkowiak, B. Strzemiecka, A. Jamrozik, A. Voelkel, K. Prochaska, Carbohyd. Polym. 171 

(2017) 152–162. 

3. J. W. Dove, G. Buckton, C. Doherty, Int. J. Pharm., 138 (2) (1996) 199–206. 

4. J. Schultz, L. Lavielle, C. Martin, J. Chim. Phys. 84 (1987) 231-237. 

 

 

 



Topic 4                                                                                                                          PP 

NanoOstrava 2019   127 

 

Poster presentations (PP): 

Nanoparticles as effective delivery systems for steroidal drugs 

M. Dołowy1, P. Perez Martinez2, A. Pyka-Pająk1, J. Jampilek3,4 

1
Department of Analytical Chemistry, School of Pharmacy with the Division of Laboratory Medicine in 

Sosnowiec, Medical University of Silesia in Katowice, Poland; 
2
Erasmus+Participant Universidad CEU San 

Pablo, Madrid, Spain; 
3
Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius 

University, Bratislava, Slovakia; 
4
Division of Biologically Active Complexes and Molecular Magnets, Regional 

Centre of Advanced Technologies and Materials, Faculty of Science, Palacky University Olomouc, Czech 
Republic 

mdolowy@sum.edu.pl 

 

ABSTRACT 

Steroids is a large group of organic compounds that are widely used as drugs. Low aqueous 

solubility of these compounds is the major problem that has impact on their administration and 

bioavailability. Due to this fact, finding of innovative delivery system that can improve the efficacy 

of steroidal drugs delivery is very important. 

This contribution is focused on describing of new delivery nanosystems used for the steroidal drugs.  

 
Keywords: nanoparticles, steroids, drug delivery systems 

 

INTRODUCTION 

The current literature review (2011-2017) reveals that many different types of nanoparticles (NPs) 

have been successfully used as drug delivery systems [1]. In the case of steroidal drugs a special 

attention is paid to finding an affective topical delivery systems for corticosteroids [2,3].  

RESULTS AND DISCUSSION 

Recently, the steroid-loaded nanoparticles have been used in in vitro as well in vivo studies. The 

relatively new one described the applicability of dexamethasone as well as prednisolone acetate 

loaded biodegradable nanoparticles (PA, PLC, PLGA) for prevention of corneal allograft rejection 

in rats [2,3]. Another one showed the efficacy of dexamethasone loaded hemostatic nanoparticles 

(hDNP) in the treatment of lung injury after blast trauma [4]. The newly published articles 

highlighted the applicability of fructose chitosan (FC) and lecithin/chitosan based nanoparticles in 

overcoming the poor solubility of vitamins and steroids [5,6].  

CONCLUSION 

Overview the results demonstrated in current literature confirmed the successful application of 

steroids-loaded nanoparticles as efficient drug delivery systems. The newly published scientific 

papers showed the utility of fructose chitosan based nanoparticles for sustained release of steroids 

and vitamins.  
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ABSTRACT 

The interest in medical and pharmaceutical nanoscience is significant. Nanospheres and 

microspheres as a potential drug forms are investigated and evaluated. The aim of the study was to 

synthesize and characterize particles, which are sensitive to external stimuli. The poly-N-

isopropylacrylamide (pNIPA) core was chosen, as it is thermosensitive polymer with volume phase 

transition temperature (VPTT) around 32 – 33 °C [1]. N-isopropylacrylamide (NIPA) derivatives 

were obtained via surfactant free precipitation polymerization (SFPP). The hydrodynamic diameter 

(DH) of the obtained nanoparticles was evaluated by using dynamic light scattering (DLS) method. 

Measurements of the zeta potential (ZP) were carried out in the same DLS device. The particles in 

solutions have a surface charge, and respective ZP is measured to determine electrostatic 

interactions between microspheres. This value affects the degree of aggregation. Usually particles 

with low ZP absolute values are less stable, comparing to those with high values of ZP. VPTT of 

the synthesized microspheres may be evaluated using the UV-Vis absorbance measured as a 

function of temperature range. 

 
Keywords: poly-N-isopropylacrylamide, thermosensitivity, zeta potential, volume phase transition 
temperature 

 

INTRODUCTION 

Scientific team of Physical Chemistry Department at Wroclaw Medical University since several 

years is engaged in the synthesis and physicochemical evaluation of the polymers sensitive to 

external factors. Very interesting topic includes thermosensitive polymers, especially those that 

exhibit characteristic properties close to the human body temperature. NIPA monomer enables 

synthesis of numerous thermosensitive pNIPA derivatives with its VPTT around 32 – 33 °C. 

Utilization of various initiators and co-monomers leads usually to diversification of properties, 

including the values of VPTT [2]. 

EXPERIMENTAL/THEORETICAL STUDY 
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Fourteen batches of different particles were synthesized by SFPP. The DH of the obtained particles 

was measured by DLS (Zeta Sizer Malvern Instruments) at a wavelength of 678 nm, and at the 

temperature range between 18 and 42 °C. Zeta potential ZP of all synthesized particles was 

measured as a function of temperature range 18 – 42 °C in water solution. The UV-Vis method 

(Agilent 8453 Spectrophotometer) was applied to measure VPTT of the obtained particles. 

RESULTS AND DISCUSSION 

In all samples, the increase of turbidity of the particles dispersion was observed with the increase of 

temperature, what was reflected by the characteristic increase of the absorbance. In some cases, 

specific point was observed, which manifests the value of the VPTT [3]. It was observed that 

among the polymers crosslinked with N,N'-methylene bisacrylamide, the VPTT values were 

diversified and less characteristic, whereas particles crosslinked with poly(ethylene glycol) chains 

presented more specific VPTT results. Selected examples are presented on the Figure 1. The results 

of ZP measured at 18 °C for polymers synthesized with anionic initiator ranged between -21,40 mV 

and -4,97 mV, whereas in the case of cationic initiator, the results covered the range -3,06 mV and 

27,40 mV. Considering the absolute values, the highest potential was demonstrated by the S2 

particle. From the group synthesized with cationic initiator, the highest absolute potential was noted 

for the S8 example. The size and the ZP results are presented in the table 1. It was found that the 

initiator affect the ZP values whereas not affect the particle DH. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
Tab. 1. Hydrodynamic diameter (DH) and zeta potential (ZP) values of the aqueous dispersions of synthesized polymers. 

 

 

Type of 

initiator 

Type of 

polymer 

18 °C 42 °C 

DH [nm] ZP [mV] DH [nm] ZP [mV] 

A
n

io
n

ic
 i

n
it

ia
to

r 

S 1 517,00 - 6,41 256,60 - 25,63 

S 2 514,46 - 21,40 361,24 - 29,38 

S 3 574,08 - 20,33 276,74 - 28,87 

S 4 121,50 - 14,87 185,33 - 28,97 

S 5 868,10 - 4,97 87,70 - 26,10 

S 6 915,30 - 8,26 245,20 - 17,57 

 S 7 483,20 - 13,27 115,90 - 21,1 

C
at

io
n

ic
 i

n
it

it
at

o
r 

S 8 798,48 27,40 413,20 47,97 

S 9 896,58 22,70 344,20 31,50 

S 10 332,48 3,70 100,70 35,73 

S 11 155,46 9,07 163,60 23,00 

S 12 1064,00 - 3,06 178,90 30,4 

S 13 - - - - 

 S 14 1618,10 1,68 141,80 26,23 
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Fig. 1. Volume phase transition temperature (VPTT) values of the obtained polymers observed in aqueous dispersions 
via UV-Vis evaluations; S2 and S4 synthesized with anionic initiator, S9 and S11 synthesized with cationic initiator. 

 

CONCLUSION 

Polymers synthesized with the application of anionic initiator were characterized by negative value 

of the ZP, confirming the negative charge on the particle surface, whereas the DH of these particles 

did not exceed the value of 915,30 nm. Consequently the use of a cationic initiator resulted in a 

positive superficial charge. The initiator slightly influenced the DH of the NIPA derivatives, 

however it significantly determined the ZP. Modification of the various cross-linkers and co-

monomers may substantially modify the VPTT, ZP and DH in assessed systems. 
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ABSTRACT 

The aim of the project was to synthesize, analyse and characterize poly-N-vinylcaprolactam 

(PNVCL) and study the effect of different concentration of cationic initiator 2,2’-Azobis(2-

methylpropionamidine) dihydrochloride (AMPA) on the physicochemical properties of obtained 

products. Polymeric particles P1 and P2 were produced via the surfactant free precipitation 

polymerization (SFPP) at 70
°
C in the presence of AMPA system in water solution. The course of 

reactions were monitored by measuring the conductivity of reacting mixtures. Chemical 

composition of investigated samples were evaluated using ATR-FTIR and 
1
H NMR spectroscopy. 

Hydrodynamic diameter (HD), zeta potential (ZP) and polydispersity index (PDI) were measured in 

aqueous dispersions of the synthesized polymers by dynamic light scattering (DLS) in temperature 
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range 18°C-45°C and were found to be for P-1: 37,56 nm (PDI = 0,85) and 10,47 mV, for P-2: 

64,06 nm (PDI = 0,60) and 18,93 mV, at 18°C, respectively. This study revealed that the 

concentration of initiator affect the size of polymeric spheres and the volume phase transition 

temperature (VPTT) of the obtained polymeric spheres P1 and P2. 

 
Keywords: Nanospheres, N-vinylcaprolactam, cationic initiator, electrical conductivity 

 

INTRODUCTION 

Thermosensitive polymers are “intelligent” materials that have the ability to react reversibly to 

environmental temperature changes. N-vinylcaprolactam (NVCL) polymeric derivative, are 

sensitive to temperature, amphiphilic, biodegradable biocompatible, indicate a sharp lower critical 

solution temperature (LCST) in the body physiological temperature range 32-34C [1]. These 

characteristics lead to variety of applications for these particles in different biomedical applications 

e.g. as drug delivery system [2,3], entrapment of enzymes and cells [4,5] and in tissue engineering 

[6]. Obtaining (PNVCL) with specific and desirable physicochemical characteristics, i.a. size, shape 

or charge, increases its chances of being used in individualized and targeted pharmacotherapy. The 

synthesis of PNVCL has been performed in different media and to the best of our knowledge there 

are only few studies performed in water as solvent via SFPP. 

EXPERIMENTAL/THEORETICAL STUDY 

The polymeric nanoparticles (P1, P2) were prepared via free radical precipitation polymerization 

without emulsifier at 70°C in water solution, during 6 h, with respective mixing (250 rpm) under 

nitrogen atmosphere. In each synthesis, the same amount of monomer (ca. 3,00 g) and the variable 

amounts of cationic initiator (ca. 3,00 g for P1 and ca. 4,40 g for P2) was used. The polymer 

solutions were purified by dialysis. To confirm the composition the pure and lyophilized products 

were subjected to measurements of ATR-FTIR and 
1
H NMR. The measurements of HD, PDI and 

ZP of synthesised polymers in water solution were performed by DLS (HD, PDI) and by 

electrophoretic measurements (ZP). 

RESULTS AND DISCUSSION 

The conductivity measurements of reaction mixtures, during the synthesis, were carried out at 30-

second intervals (Figure 1 A-B). The value of the conductivity has changed from ca. 2450 μS·cm
−1

 

to ca.1800 μS·cm
−1

 and from ca. 3550 μS·cm
−1

to ca. 2550 μS·cm
−1

 respectively for P1 and P2 

polymers. The highest, rapid and most significant changes in conductivity occurred after adding the 

monomer solution to the reactor containing the initiator solution. 
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Figure 1. Changes in the conductivity in the course of the polymerization reaction of P1 (Figure 1A) and P2 (Figure 1B) 

and during cooling down of P2 (Figure 1C) in reaction mixtures. 

 

The influence of the temperature in the range 18-45°C on hydrodynamic diameter (HD), 

polydispersity index (PDI) and zeta potential (ZP) of synthesized polymer particles in aqueous 

suspension has been investigated (Figure 2 A-B). 

   

Figure 2A-B The effect of temperature on the HD, PDI (Figure 2A) and on the ZP (Figure 2B) of synthesized polymers 

P1, P2. 

 

Due to the data in Figure 2A-B the values of HD, PDI, ZP for both P1 and P2 polymeric particles 

change distinctively in the temperature range 35-42°C.  

CONCLUSION 

ATR-FTIR and 
1
H NMR spectra proved that PNVCL was obtained as a result of the carried out 

polymerization reaction. According to the conductometric studies the individual polymerization 

stages during synthesis course may be estimated. The results of HD measurements confirm 

synthesis of nano- and thermosensitive particles with tendency to aggregate. The sharp changes in 

the values of HD, PDI, ZP in function of temperature may indicate the VPTT of the tested 

polymers. Due to the PDI and ZP data obtained nanoparticles reveal enhanced stability over the 

VPTT value. Based on the obtained results can be concluded that the initiator concentration affects 

the HD of the particles. The obtained series of data will be supplemented with subsequent syntheses 

with varied amounts of initiator and the results will be successively developed and interpreted in the 

further stages of the research. Additionally thermal characteristic of all products will be carried out 

by thermogravimetry. 
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ABSTRACT 

The current topics of material research focused on medical use deal with development of hybrid 

organic-inorganic nanocomposites with antimicrobial activity based on layered materials. The clay 

minerals are commonly used materials in pharmaceutical field both as inorganic excipients or active 

agents, because they may undergo ion exchange reaction with functional antimicrobial molecules 

via intercalation process. Some of the antifungal drugs have limitation due to its low dissolution rate 

in the aqueous media resulting in low bioavailability. Therefore, it is required to develop a drug 

delivery system that can minimize side effects and increase drug bioavailability. Ciclopiroxolamine 

is a hydroxypyridone antifungal agent that is structurally unrelated to the common imidazole 

derivatives or other antifungals. It is broad-spectrum antifungal agent with additional antibacterial 

and anti-inflammatory activities. Inorganic metal oxides, such as ZnO, may serve as effective 

disinfectants, due to their strong antibacterial effect, good chemical stability and relatively non toxic 

profile. ZnO demonstates significant growth inhibition of broad spectrum of bacteria. The aim of 

this study is to anchore antifungal drug ciclopiroxolamine on ZnO/vermiculite prepared via 

ultrasound method and evaluate its antimicrobial activity against common bacterial strains and 

especially against yeast Candida albicans. 

 
Keywords: vermiculite, ciclopiroxolamine, ZnO, antimicrobial activity. 
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ABSTRACT 

Within the challenging issue of the targeted drug delivery, to specific areas of the body, several 

systems have been proposed with the major purpose of achieving a controlled and low release rate 

of the drug in order to ensure a constant in vivo drug concentration for a longer period of time while 

preventing harmful side-effects and drawbacks. These systems allow to both efficiently control the 

site and the rate of delivery and obtain more advantages in the administration of bioactive 

molecules. Particular attention has been paid to the drug delivery systems, which are composed of 

inorganic clay minerals and organic drug. The reason of the considerable interest on the clay 

minerals intercalated by drug molecules can be attributed to the novel physical and chemical 

properties exhibited by these hybrids. This study is focused on the preparation and characterization 

of organoclay (vermiculite and/or bentonite) nanocomposite materials based on imidazole (IM) and 

its derivative metronidazole (ME), which is antibiotic drug used predominantly for treatment of 

intestinal and periodontal diseases. The structure of prepared samples was characterized by the X-

ray diffractometry (XRD) and infrared spectroscopy (IR). Furthermore, the content of organic 

carbon was determined in the nanocomposite samples by multiphase carbon and hydrogen/moisture 

analyzer. Antimicrobial activity of nanocomposites was tested against bacterial strains S. aureus, E. 

faecalis, P. aeruginosa and E. coli, and it was evaluated by finding minimum inhibitory 

concentration (MIC). 
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ABSTRACT 

Rapid and effective diagnostic approaches to the detection of dangerous viral diseases such as 

influenza, Ebola or African swine fever are increasingly being sought. Quantum dots (QDs) are 

nanocrystals that due to their high stability, ease of preparation and biocompatibility are suitable for 
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labelling biomolecules. The modified biomolecules of QDs are applicable to the labelling of nucleic 

acids or antibodies. QDs were prepared in a wide range of colors. Their long-term stability, 

including their application onto paper, was tested. CdTe QDs exhibit very good electrochemical 

detection with LOD in nanomolar concentration. African swine fever virus (ASFV) was detected 

with QDs-labelled antibody. 

 
Keywords: QDs, green synthesis, viral infection, CdTe, sensors, electrochemistry, antibody 

 

INTRODUCTION 

African Swine Fever Virus (ASFV) is a DNA virus of the Asfivirus genus of the Asfarviridae 

family that is found in blood, body fluids, internal organs and all secretions and excretions and can 

be secreted 1‒2 days before clinical symptoms
1,2

. ASFV was described more than 40 years ago
3,4

. 

This virus spreads pandemically among members of the Suidae family, and the mortality rate of the 

virus-related disease ranges from 90 to 100 %
5,6

. The design and construction of sensors/biosensors 

require very sensitive detection and recognition parts. Very sensitive tools for analyte identification 

are fluorescence methods. QDs (nanoparticles of a size of 2‒10 nm) are used for such purposes. In 

addition to their fluorescence properties, their electrochemical behavior can be used. CdTe detection 

limits may be in nM. The aim of this work was to propose a procedure for QDs antibody 

modification and their sensitive electrochemical detection. 

EXPERIMENTAL PART 

The preparation of CdTe quantum dots (QDs) was performed as follows: Cd(CH3COO)2 (20 mM), 

MSA solution (0.4 M) or plant extract, Na2TeO3 (20 mM), and NaBH4 were stirred. The vial 

containing the mixture was placed in a microwave, which was set to a power of 300 W. Coat 

protein polyclonal antibody (Merck, USA) was diluted at 1 : 1,500. The absorbance spectra of 

nanoparticles were recorded within the range of 400 to 800 nm using a UV-3100PC UV–VIS 

spectrophotometer. Determination of Cd
2+

 by DPV was performed at 663 VA Stand (Metrohm, 

Switzerland). Acetate buffer (0.2 M sodium acetate and 0.2 M acetic acid, pH = 5) was used as a 

supporting electrolyte. The parameters of the measurement were as follows: initial potential -1.2 V, 

end potential 0 V, deoxygenating with argon 120 s, accumulation time 120 s, step potential 5 mV, 

modulation amplitude 25 mV, the volume of injected sample: 50 µL.  

RESULTS AND DISCUSSION 

ASFV is given attention because of its lethal ability and is being studied in detail
7
. CdTe QDs were 

prepared using a green synthesis approach
8
 with typical green, yellow, orange, and red fluorescence 

under UV light. In addition to the usual methods of analysis, QDs were also studied 

electrochemically
9,10

. Linear dependencies were obtained by conventional DPV analysis as follows: 

green QDs: y = 345.1x ‒ 1243, RSD 4.1 %, LOD 2.0, LOQ 8.0 nM; yellow QDs: y = 444.1x ‒ 545, 

RSD 5.4 %, LOD 1.8, LOQ 8.5 nM; orange QDs: y = 578.6x ‒ 423, RSD 7.1 %, LOD 2.4, LOQ 6.5 

nM; red QDs: y = 844.6x – 296, RSD 10.3 %, LOD 1.4, LOQ 4.5 nM. Fig. 1 shows a schematic 

representation of the detection part of a prepared biosensor for detecting viral particles. In the 

experiment, the antibody was anchored to the membrane after binding of the virus to this antibody; 

in the system, a second antibody was used which was labelled with CdTe QDs. CdTe QDs was 

subsequently determined electrochemically.  
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Fig. 1. QDs deposited on paper and visualized at 260 nm. The proposed method for virus detection, the use of SPION 

particles for easy purification of viral nanoparticles (a) green QDs are used to label antibodies, (b) suitable antibodies 

for capturing viral particle, (c) antibodies modified by suitable QDs, (d) SPION particles are modified by an antibody 

with a high affinity to the viral capsid, (e) SPION/VIRUS complex, (f) SPION/VIRUS/QDS/ANTIBODY complex (g). 

The complex formed was analyzed electrochemically. 

 

CONCLUSION 

Rapid detection of viral pathogens is essential for the introduction of appropriate anti-epidemic 

measures. Viruses with high infectivity and mortality rate of virus-related disease pose serious 

threats to both humans and animals. A sensitive electrochemical detection method of ASFV has 

been proposed. 
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ABSTRACT 

The AgNPs have considerable industrial potential and are intensively studied with regard to their 

antibacterial properties. Using green synthesis, the nanoparticle surface can be coated with 

molecules that exhibit biologically significant properties. Increased use of nanoparticles enhances 

the risk of their release into the environment. However, there is still little known about the 

behaviour of AgNPs in the eco-environment. In this study, the effect of AgNPs prepared by green 

synthesis on germinated plants of maize was investigated. The effects on germination, basic growth 

and physiological parameters of the plant were monitored. We found that the growth inhibition of 

the above-ground parts of plants was about 40 % and AgNPs had a significant effect on 

photosynthetic pigments.  

 
Keywords: green synthesis, electrochemistry, phytotoxicity, phyto-nanotechnology 

 

INTRODUCTION 

Nanoparticle research is one of the rapidly developing areas of nanotechnology. The subject of 

interest is gold (37 %), silver (24 %), and zinc (10 %) nanoparticles (according to WOS). Silver 

nanoparticles (AgNPs) are the most studied because of their antibacterial properties. In case of their 

industrial use, however, their possible release into the environment can be expected
1
. To date, little 

is known about the effect of AgNPs on plants, although silver ions are commonly used to stimulate 

growth in explant cultures. It is necessary to study the effects of AgNPs on morphological and 

physiological changes in plants
2,3

. These effects may vary depending on the size, shape and 

concentration of the nanoparticles and the age and species of the plant. AgNPs are known to induce 

oxidative stress in eukaryotic cells, disrupt the organelle membranes, cause nucleic acid damage, 

affect photosystem I (PSI) and mitochondrial metabolism, including the respiratory chain (Fig. 1A). 

The aim of this work was to study the effect of different concentrations of AgNPs on germinated 

plants of maize (Zea mays).  

EXPERIMENTAL PART 

Dried sage leaves (Salvia officinalis) were purchased (Valdemar Grešík ‒ Natura s.r.o., Czech 
Republic). The mixture was homogenized by milling to 1‒2 mm particles, then it was 

extracted and subsequently stirred in ultrapure water (80 °C, 60 min) at a ratio of 5 DW g/100 mL, 

v/w. The leachate was further centrifuged (30 min, 4000 g) and then mixed with 0.1 M AgNO3 (1 : 

1). The solution was stirred on a magnetic stirrer (80 °C, 24 h). The particles were washed with 

methanol  
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(1 : 1) and left on a magnetic stirrer (60 min); (Fig. 1B). After purification, the supernatant was 

removed and the particles were allowed to dry (24 h, 60 °C, VWR dryer, USA). Zea mays seeds of 

the Silen variety were watered with tap water (250 mL, conductivity 485 µS/cm, pH 6.6, 25 °C) and 

germinated. For the experiment, 7-day-old maize seedlings were selected. The seedlings were then 

placed into a hydroponic system with 3 litres of cultivation solution. Distilled water was chosen as a 

negative control. Silver nitrate and AgNPs were applied at concentrations of 1, 50, and 150 mg/L. 

RESULTS AND DISCUSSION 

Fig. 1C,D shows a typical appearance and UV/VIS spectra of solvent, AgNO3 (1 mg/mL) and 

AgNPs (1 mg/mL). AgNPs formation was monitored photometrically at 452 nm. AgNPs (1, 50, and 

150 mg/mL) were applied to germinated plants of maize (on day 7 of cultivation). Fig. 1E shows a 

typical appearance of plants on day 6 of the experiment. Plants were analyzed on days 4, 5 and 6 

after administration of AgNO3 and AgNPs. After administration of AgNPs, plants showed a gradual 

leaf tip drying and a slight change in leaf and root colour. A significant change in plant growth 

parameters (growth reduction of about 40 %) was observed. There was a change in root biomass, 

but their number remained unchanged. Fig. 1F shows the expected effect on a number of 

photosynthetic dyes. The amount of chlorophyll a, chlorophyll b, carotenes, and xanthophylls 

increased [control 600 µg/g fresh weight (FW); AgNO3 830 µg/g FW; AgNPs 1300 µg/g FW]. In 

the case of using AgNPs, the increase in photosynthetic dyes by more than 50 % is likely caused by 

a plant defence response due to increased oxidative stress. However, this linkshould be further 

studied. A statistically significant difference compared to control was found in all studied variants 

at the 95 % significance level. 

 

 

 
Fig. 1. The expected biological effects of AgNPs on plants. A) Effect of AgNPs on eukaryotic cell; B) Green 

synthesis of AgNPs; C) Photos of the individual solutions used (water, AgNO3, AgNPs); D) Typical UV/VIS spectra of 

water, AgNO3, and AgNPs; E) A typical plant appearance after 6 days of cultivation; F) Changes in photosynthetic 

pigments. 
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CONCLUSION 

Silver nanoparticles were synthesized from the sage leaves using green synthesis. AgNPs were 

biophysically characterized and their phytotoxicity was tested in germinated plants of maize. 

AgNPs were chemically stable over the course of the experiment and showed the effect on the 

germinated plants in most of the analyzed morphological parameters. These findings should be 

further investigated. 
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ABSTRACT 

Chemical functionalization of graphene oxide (GO) conferring novel physical and chemical 

properties involves either covalent alterations of GO, leading to surface changes via formation of 

chemical bonding whereas alterations of non-covalent kind involve van der Waals forces, hydrogen 

bonding and π–π stacking interactions. Covalent modifications appear to be superior as they yield 

compounds with defined properties whereas carriers prepared by non-covalent methods are less 

stable. This study has been focused on synthesis and assessment of biologically active novel 

derivatives of GO, potential anticancer drug nanocarriers. Therefore, novel GO-based nanocarriers 

were synthesized using covalent approach involving nucleophilic substitution of GO nanoparticles 

with iminodiacetic acid (IDA) or glycine (Gly). As the first step, iminodiacetic acid or glycine were 

transformed into iminodiacetic acid or glycine methyl ester hydrochlorides, respectively, for C-

terminus protection. The obtained products were then activated in situ, and used to form amide 

bonds between GO and iminodiacetic acid, or glycine, respectively. Ease of functionalization and 

ability to transport biologically active substances made it possible to investigate usefulness of both 

GO-IDA and GO-Gly as carriers of an advanced antimelanoma chemotherapeutic. As numerous 

studies have suggested that chemotherapeutics useful for melanoma treatment require 

customization, we tested in here GO-derived nanocarriers with WP760, one of the first melanoma-

specific chemotherapeutic candidates with previously demonstrated antimelanoma activity in vitro. 
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It is a bis-anthracycline exploiting daunomycinone and adriamycinone as intercalating moieties, two 

minor groove-binding sugars related to daunosamine and 4-amino-2,3,6-trideoxy-alpha-L-lyxo-

hexopyranose, as well as equipped with selected linkers (‘click’ chemistry). Doxorubicin was used 

as a reference. 

 
Keywords: graphene oxide, melanoma, anticancer, drug nanocarriers 
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ABSTRACT 

The objective of this work was to investigate to possibility of clay minerals for the removal of drugs 

from aqueous solutions. Natural minerals such as montmorillonite, vermiculite, kaolinite and 

modified montmorillonites KSF and K10 intercalated by Fe
3+
 were used as potential sorbents for 

three analgetics: paracetamol, ibuprofen and diclofenac from aqueous solutions. This research 

demonstrated that adsorption of all three pharmaceuticals onto natural untreated clay minerals, 

except paracetamol sorption on Na-MMT, is negligible. On the other hand, the chemically modified 

montmorillonites demonstrated significant sorption ability in the order 

diclofenacibuprofenparacetamol. 

 
Keywords: Adsorption, clay minerals, montmorillonite, paracetamol, ibuprofen, diclofenac 

 

INTRODUCTION 

Pharmaceutical wastewaters are very hazardous and toxic not only for the human but also for 

environmental life. Therefore, various physicochemical and biological methods have been testified 

to remove organic and inorganic contaminants from wastewater and adsorption is one of the most 

extensively employed technique
1
. 

Natural materials, especially clay minerals based on MMT and their modified derivatives, are good 

sorbents for many contaminants such as organic contaminants, cationic/anionic dyes, heavy metal 
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cations, radioactvive nuclides, due to their availability, low cost, environmental stability and ion 

exchange properties
2
.  

Common treatment of clay minerals for adsorption are acid washing, thermal treatment, 

intercalation of surfactant molecules such as quaternary ammonium salts and loading 

hydroxymetals
3
. 

EXPERIMENTAL/THEORETICAL STUDY 

Four natural minerals: Na-montmorillonite Na-MMT, Ca-montmorillonite Ca-MMT, 

vermiculite Ver, kaolinite Ka and two commercial montmorillonites: KSF and K10 were used as 

a potential sorbent for the uptake of paracetamol PAR, ibuprofen IBU and diclofenac DC from 

aqueous solutions. The clay minerals were characterized by thermogravimetry TGA, X-ray 

diffraction XRD, X-ray Fluorescence XRF, specific surface area SSA were determined using 

the BET equation. Adsorption experiments were carried out in a batch mode, mass of sorbents were 

100, 300 and 500 mg, initial concentration and volume of PAR, IBU and DC solutions were 10 mg 

l
-1 

and 20 ml. The equilibrium concentrations of the organic pollutants in aqueous solutions after 

adsorption were measured using HPLC analysis. 

RESULTS AND DISCUSSION 

The results of the present study for the adsorption of PAR, IBU, DC onto 300 mg of clay minerals 

shown in Table 1 indicate that commercial MMT KSF and K10, which are modified by acid 

leaching and loading with Fe
3+

, proved a good affinity for drug sorption. 

 
        Table 1. Adsorbed amount of PAR, IBU, DC onto 300 mg of clay minerals. 

Clay mineral/      

300 mg 

PAR-adsorbed 

amount % 

IBU-adsorbed 

amount % 

DC-adsorbed 

amount % 

MMT KSF 50.5 58.5 90.8 

MMT K10 19.3 31.9 75.1 

Na-MMT 46.2 - - 

Ca-MMT - - - 

Ver - - - 

Ka - - - 

 

CONCLUSION 

From the present study, it can be concluded that: 

Only the modified clay minerals with acid treatment and intercalation of Fe
3+

 can be effectively 

applied for the removal of PAR, IBU and DC from aqueous solutions. 

The adsorption of the pharmaceuticals from aqueous solutions follows the order DCIBUPAR for 

both KSF and K10. 

The SSA of K10 is around ten times higher than that of KSF while the adsorption capacity is lower. 

This means that SSA is not a limiting factor and the interlayer space of the clay minerals plays a 

vital role in increasing PAR, IBU and DC uptake.  

On the contrary, natural clay minerals: Ca-MMT, Na-MMT, Ver and Ka do not adsorb any drugs 

PAR, IBU, DC from aqueous solutions. Only Na-MMT had higher adsorption capacity to PAR. 
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ABSTRACT 

The purpose of this work was to receive micro- and mesoporous type A and X zeolites with high 

ion exchange capacity and to apply these materials as an active fillers in the dental composites with 

the remineralizing potential and potential material for drug release. Six different synthesis pathways 

were applied to receive A and X type zeolites. All zeolites were subjected to the ion exchange 

process. As a result a calcium form of these materials were prepared. The effectiveness of synthesis 

was confirmed by infrared spectroscopy, X-ray Difractometry, scanning electron microscopy, 

energy dispersive spectroscopy and nitrogen adsorption/desorption measurements. The 

remineralizing potential was specified as an ability to release calcium ions during the incubation in 

saline with the use of inductively coupled plasma-mass spectrometry. Composites containing 

calcium form of zeolites proved to have the ability to release calcium ions. The ability to release 

calcium ions and good mechanical properties indicates potential of prepared composites in dental 

applications. The second type of application was the release of drugs. Zeolite properties as a carrier 

of drugs and the possibility of their release were tested using UV-VIS spectroscopy. 

 
Keywords: Filler, dental materials, drug release, bisphosphonates 

 

INTRODUCTION 

Zeolites are crystalline aluminosilicates with a porous structure which is crucial for many industrial 

applications.
1,2

 Zeolites are promising for detoxication, controlled drug delivery and  tissue 

engineering.
3
 They are also used as a fillers for many polymers.

4,5
 Composites based on 

methacrylate resins and zeolites show high mechanical strength.
6
 There are several different types 

of zeolites in the environment which are non-toxic to living beings what affects their potential 

application in the drug release process.
7,8

 One of the zeolite types used in this process is type A.
9
 

Type A zeolites are flavorless, odorless, harmless and have high cation exchange capacity.
10,11

 

Ability of zeolites to ion exchange allows for incorporation of some amount of the calcium cations 

in their structure. Ca
2+

 ions are considered to be a confirmed anticaries agents. Calcium ions 

delivered from the external sources to the human mouth environment are able to rebuild the 

hydroxyapatite.
12 
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In this work the synthesis of zeolites was conducted. Several methods were applied to describe the 

structure and the properties of obtained materials. Moreover, the obtained materials were used as 

fillers in the methacrylate resins. The prediction was that the composite with such filler will release 

calcium ions. Their second application was to use them as drug carriers. That properties were tested 

using UV-VIS spectroscopy. 

EXPERIMENTAL/THEORETICAL STUDY 

In this work, we prepared A and X type zeolites. They were synthesized by the methods proposed 

by Gomez et all. and Hasan et all..
13,14

  The following techniques were used to evaluate the 

effectiveness of syntesis: infrared spectroscopy, X-ray Difractometry, scanning electron 

microscopy, energy dispersive spectroscopy and nitrogen adsorption/desorption measurements. The 

following techniques were used to evaluate the effect of filler on the properties of composites: 

flexural strength, compressive strength, inductively coupled plasma – mass spectrometry. The 

amount of drug retained and released from the zeolites was tested using UV-VIS spectroscopy. 

 

 

Fig. 1. SEM image of zeolite X. 

 

RESULTS AND DISCUSSION 

Bands occuring in the IR spectra of all obtained zeolites in the range of 1200-600 cm
-1

 are 

connected with the vibrations of the zeolite framework. XRD patterns of all examined materials are 

typical for the highly crystalline A and X zeolites. The surface area and pore volume depends on the 

type of zeolite A and X synthesis. Prepared zeolites differs in the crystals size. Analysis of the 

energy dispersive spectroscopy results indicates the distribution of calcium cations on the entire 

analyzed fillers surface. All prepared zeolite composites are able to release some amount of calcium 

ions. Flexural strength of the composites depends on the type of zeolite A and X synthesis. These 

zeolites have the ability to retain a large amount of risedronate. The drug is then released gradually 

under the influence of simulated body fluid. The effectiveness of the retention and release depends 

on the type of zeolite synthesis. 

CONCLUSION 

The results confirm effectiveness of the zeolite synthesis and ion exchange. Composites containing 

calcium zeolites proved to show the ability to release calcium ions. Flexural strength of the 

composites depends on the type of zeolite synthesis. Our results proved that calcium zeolites 

composites have good mechanical properties and the high remineralization potential. The 

effectiveness of the bisphosphonate retention and release depends on the type of zeolite synthesis. 
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ABSTRACT 

Years of research proved the importance of enzyme inhibitors. Such compounds may serve as 

potential drugs, by controlling the activity of enzymes, which seems to be disrupted in various 

pathophysiological states. Moreover, besides acting as therapeutic agents, these compounds may 

also play significant role in biological and clinical studies. Namely, immobilized or labeled 

inhibitors can be applied to localize and identify a given class of enzymes, and thus, they may 

comprise useful of biological probes. In the present work, the novel inhibitor of cysteine proteases 

and its potential use in identifying this class of enzymes, have been described. 

 
Keywords: enzymes, inhibitors, peptides, analysis 

 

METHODOLOGY 

To obtain inhibitor, the standard Fmoc solid-phase synthesis has been used. The structure of a 

synthesized compound was confirmed by MALDI-TOF/TOF mass spectrometry. To purify the 

obtained peptide, reversed phase HPLC has been applied. The enzymatic reactions were performed 

using the model enzyme – Staphopain C. 
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CONCLUSIONS 

The novel inhibitor of cysteine proteases has been synthesized. Using mass spectrometry, it was 

performed that obtained compound act by binding to the active site of enzyme. It was demonstrated 

that inhibitor binds to cysteine of Staphopain C (confirmed by MS/MS spectra). Owing to interest 

of our group in enzymes that convert neuropeptides, this research is a part of our long-term studies 

aimed at identifying and isolating the enzymes that convert dynorphins to shorter, bioactive 

fragments.  
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ABSTRACT 

In this study were prepared antibacterial and antimicrobial materials, which may be suitable as 

materials for biodegradable stents. In the first phase were prepared fillers, which were tested for 

their antibacterial and antimicrobial properties. Tests using disc methods or minimal inhibition 

concentration determination confirmed their antibacterial and antimicrobial character and 

consequently polymer composites using these antibacterial fillers were prepared. However, 

resulting polymer samples do not show antibacterial and antimicrobial character. 

 
Keywords: Polylactide; stents; antibacterial; antimicrobial; biodegradable 

 

INTRODUCTION 

Diseases of blood vessels and other body ducts are an extensive problem of current medicine. 

Severe illnesses cause narrowing and clogging of body ducts and a patient suffers from severe pain. 

Stents are one of solutions of this problem. The stents are small tubes made of plastic or metal 

which are used to restore the body fluids flows and strengthen the walls of ducts. In this study 

biodegradable polymeric materials were prepared which were modified by antibacterial fillers. 

These materials can be used in the future as material for stents. 

EXPERIMENTAL/THEORETICAL STUDY 

In first phase were prepared antibacterial fillers which were created by combination of graphene 

oxide, vermiculite, silver, hexadecylpyridinium bromide and hexadecyltrimethylamonium bromide.  

The fillers were tested for antibacterial properties and characterization properties. 

In second phase were prepared biodegradable polymeric materials which were modified by 

antibacterial fillers. For every samples polylactide granules were used, which were provided by 

company Plasty Mladeč. Six samples were prepared in three concentrations. Four samples were 
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modified by antibacterial fillers and then the samples were tested for antibacterial properties and 

selected methods were used for characterization. 

 

RESULTS AND DISCUSSION 

Fillers were tested for their antibacterial and antimicrobial properties. Some samples showed 

antibacterial and antimicrobial properties. Therefore, were prepared modified polymeric samples 

which were also tested for their effects. However, polymer samples do not show distinctive 

antibacterial and antimicrobial character. Polylactide is biodegradable polymer which has a long 

degradation time. Likely, fillers are enclosed within the polymer and are not released within a short 

(24 hours) time interval. Our new approach was to prepare a long-time degradation tests throughout 

them antimicrobial and antibacterial properties were tested continuously.  

CONCLUSION 

We prepared five fillers with antimicrobial and antibacterial properties which were confirmed using 

disc method and minimal inhibition concentration. Then six polymeric samples with antibacterial 

and antimicrobial fillers were made without no antimicrobial activity. It was due to polymer 

composite structure which does not release antimicrobial fillers. New approach is prepared to study 

process of fillers release. 
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ABSTRACT 

Surface enhanced Raman spectroscopy (SERS) based on the use of silver nanoparticles (Ag-NPs) 

was investigated as a new detection technique for microchip isotachophoresis (µITP). A polymer 

microchip with coupled separation channels was preferred for µITP separations of four synthetic 

dyes. Sample was injected into the microchip in the presence of discrete spacers, which provided 

spatial separation of the analytes. A 532 nm Raman laser was focused at the beginning of the 

second separation channel of the microchip containing mixture of Ag-NPs and leading electrolyte. 

This approach led to reliable identification of Raman-active dyes present in model sample as low as 

0.2 µmol/L. The proposed µITP-SERS method was applied to the qualitative analysis of 

pharmaceutical preparations. 
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INTRODUCTION 

Microchip isotachophoresis (μITP) is a miniaturized electrophoretic separation technique 

characterized by low sample and reagents consumption and reduced waste production. Various 

detection techniques, such as laser-induced fluorescence,
1
 conductivity detection

2
 and Raman 

spectroscopy
3
 have been combined with μITP. Surface enhanced Raman spectroscopy (SERS) 

provides greatly enhanced Raman signal for Raman-active molecules that have been adsorbed onto 

specially prepared metal surfaces, e.g. silver nanoparticles. Combination of zone electrophoresis 

performed on a glass microchip and SERS using silver nanoparticles (Ag-NPs) was applied to 

detection of riboflavin in a barbecue sauce.
4
 So far, this detection technique has not been coupled to 

μITP having huge preconcentration power. 

This work was focused on the use of Ag-NPs for development of new μITP-SERS coupling for the 

identification of the dyes in pharmaceutical preparations. 

EXPERIMENTAL 

ITP separations were carried out on a microchip with coupled separation channels (CC) and 

integrated conductivity detection. Raman spectra were obtained using a Raman Spectrometer B&W 

Tek Model BWS 415-532H. Ag-NPs were synthetized according to the Lee-Meisel protocol.
5
 Stock 

solutions of the analytes (Ponceau 4R, Brilliant Black, Sunset Yellow and Azorubine), discrete 

spacers (glutaric acid, acetic acid, butyric acid, valeric acid and pantothenic acid) and leading (LE) 

and terminating electrolyte (TE) solutions were prepared from p.a. chemicals. Samples of 

pharmaceutical preparations (Coldrex and Strepsils) were purchased in local pharmacy. Prior to the 

analysis, samples were dissolved, centrifuged for 2 min and diluted appropriately. 

RESULTS AND DISCUSSION 

Electrolyte solutions with pH 6.0 (LE) and pH 6.1 (TE) were used for the µITP separations of the 

dyes. The spatial separation of the dyes was achieved by addition of discrete spacers to the injected 

sample. An isotachopherograms from the separation of the dyes obtained from conductivity detector 

implemented in the first separation channel of the CC microchip are shown in Fig. 1 A, B. The 

second channel of CC microchip was filled with a mixture of Ag-NPs and LE (1:1). Raman spectra 

of the separated compounds were acquired in timeline of 50 ms at the beginning of the second 

separation channel. This approach allowed reliable identification of the dyes present in the model 

samples at 0.2 µmol/L concentration (Fig. 1 B1-B4). 
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Fig. 1. µITP-SERS analyses of the dyes (1 - Ponceau 4R, 2 - Brilliant Black; 3 - Sunset Yellow; 4 -Azorubine). ITP 

separations of the dyes at (A) 0.2 mmol/L and (B) 0.2 µmol/L concentration with addition of discrete spacers (GLT - 

glutarate; AC - acetate; BT - butyrate; VAL - valerate; PA - pantothenate) at 0.5 mmol/L concentration. SERS spectra 

of (A1, B1) Ponceau 4R, (A2, B2) Brilliant Black, (A3, B3) Sunset Yellow and (A4, B4) Azorubine acquired under the 

given ITP separation conditions. L - leading ion; T - terminating ion; R - resistance; RI - Raman intensity. 

 

The proposed µITP-SERS approach was applied for qualitative analysis of synthetic dyes in 

pharmaceutical preparations (Coldrex and Strepsils). Samples pretreated only by centrifugation 

were injected together with discrete spacers to the microchip. Ag-NPs which were added to the 

second separation channel of the CC microchip allowed reliable identification of Ponceau 4R and 

Brilliant Black in Coldrex sample, and Ponceau 4R and Sunset Yellow in Strepsils sample. 

CONCLUSION 

This work has shown analytical potential of newly developed μITP-SERS combination using Ag-

NPs for the identification of synthetics dyes in pharmaceutical preparations. 
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ABSTRACT 

Present study is focused on the molecular modeling of various compounds serving as antibacterial 

agents – nystatin (NYS), chlorhexidine (CH), and dodecyltrimethylammonium bromide (DTAB) – 

on ideal and imperfect, i.e. containing surface defects, (100) and (010) surfaces of nylon 6,6 

nanofibers. The study was performed in the Materials Studio/Forcite modeling environment using 

COMPASS force field. After successful validation of modeling strategy, interactions between the 

molecule and the surface were monitored. Also the movement of the molecules over the surface was 

simulated under normal conditions (atmospheric pressure and temperature 25 °C). NYS exhibits the 

strongest attractive interaction with nylon 6,6 while the weakest interaction was observed in the 

case of nylon 6,6 - DTAB models. The study revealed importance of size and shape of antibacterial 

molecules on the interaction. Stronger interaction between DTAB or CH and the imperfect nylon 

6,6 surface were observed in comparison with NYS-containing models. The diffusion coefficients 

of single antibacterial molecules were determined on each surface and compared with diffusion 

coefficients obtained from the models containing higher number of molecules. The results can be 

used for further experimental research on nonwoven textile prepared from the surface-modified 

nylon 6,6 nanofibers in various applications where the antibacterial properties are needed. 

 
Keywords: molecular modeling, nanofiber, antibacterial agent, interaction 

 

INTRODUCTION 

Nanofibers are currently being studied primarily as drug carriers
1,2

 and antibacterial layers
3,4

. 

However, interactions between molecules on nanofibers are still poorly described and explained. 

Along with increasing computing power, molecular modeling can be used to explore nanostructures 

more closely. In this work, interactions between antibacterial agents (NYS, CH, DTAB) and 

polymeric surface (nylon 6,6) were studied for the first time using molecular modeling. Two planes 

of nylon 6,6 structure and their ideal and imperfect versions have been studied to describe the 

surface structure of the fibers. In particular, interaction energies and diffusion coefficients were 

determined. Deeper understanding of these interactions could lead to new applications and 

modifications to existing structures. 

EXPERIMENTAL / THEORETICAL STUDY 

Models containing NYS, CH, and DTAB molecules on (100) and (010) surfaces of nylon 6,6 

structure (denoted as NYL66_100 and NYL66_010) were studied under periodic boundary 

conditions using geometry optimization and molecular dynamics calculations performed in 

Materials Studio / Forcite module. Antibacterial molecules / NYL66 interaction energies were 

calculated from optimized models. Means square displacement of the molecules on NYL66_100 

and NYL66_010 were determined from the molecular dynamics trajectories. 
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RESULTS AND DISCUSSION 

Accuracy of the modeling strategy used was confirmed via comparison of CH / nylon 6 model with 

previously published data
5
. A good match found proved the suitability of the modeling strategy 

used for the intended purpose. The surface of NYL66_100 appears to be a more suitable variant for 

anchoring antibacterial molecules than NYL66_010 because of stronger interactions between the 

molecule and the surface. This is due to better availability of functional groups of polymer chains. 

The most suitable orientation of the NYS molecule on NYL66_100 is the angle of 90° of its longest 

axis to NYL66 chains, while for DTAB the position parallel to the NYL66 chains is preferred. The 

CH molecule tends to lie flat on the surface. Stronger interactions with CH and DTAB molecules 

have been observed in the case of imperfect surfaces with missing chains (denoted as 

NYL66_100_I and NYL66_010_I). A significant change in orientation was observed for CH on 

NYL66_010_I where the CH molecule was angled with its edge to the imperfect surface. This 

position was found to be the most stable, i.e., the most energy-efficient (Fig. 1). 

 

 

Fig. 1. The most energy-efficient orientation of the NYS molecule on the imperfect surface of (a) NYL66_010_I, and 
(b) NYL66_100_I. Color legend: C – grey, H – white, O – red, N – blue, Cl – green 

 

Using molecular dynamics, it was found that the diffusion coefficient of single smaller molecules 

(DTAB, CH) on NYL66_010 and NYL66_100 surfaces is greater than the diffusion coefficient 

found in models containing higher amount of molecules on NYL66 surfaces. The reason is the 

formation of molecular clusters, and the associated decrease in potential energy. Only for diffusion 

coefficient of the heaviest and least movable NYS, no significant difference between the single 

molecule on NYL66_010 and the multi-molecule systems was found. 

CONCLUSION 

This work showed differences in the behavior of antibacterial molecules on the NYL66 surface. The 

results of this work and the modeling strategy used may be helpful in designing new antibacterial 

nanomaterials, or to understand the interactions in already existing nanofiber-based nanostructures 

containing antibacterial agents. 
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ABSTRACT 

Nanomaterials, including metal nanoparticles, are widely used today in industry as well as ordinary 

life. Despite the rapid development of nanotechnology, information about the exposure of humans 

and the environment to nanoparticles is very scanty. To understand the effect of metal nanoparticles 

on living organisms it is important to estimate the amount of nanoparticles accumulated by living 

organisms and to depict their localization. Present work focuses on application of neutron activation 

analysis and electron microscopy techniques in the investigation of metal nanoparticles uptake by 

living organisms.  
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ABSTRACT 

Mechanochemistry represents an environmentally friendly approach for the nanomaterials 

synthesis. On the contrary to traditional methods, there is no need to utilize toxic organic solvents 

and precursors, as the synthesis is realized in solid state and at ambient conditions. Our research 

group has a large experience in this field. In this presentation, examples of application of this 

method for the synthesis of nanomaterials for various purposes will be demonstrated. Namely, the 

methodology of mechanochemical synthesis of nanomaterials for energy conversion (namely solar 

cells absorbers and thermoelectric materials), for biomedical applications (quantum dots) or with 

antibacterial activity (silver nanoparticles) will be briefly described. The possibility to up-scale 

these processes will be also mentioned. 

 
Keywords: Mechanochemistry, nanoparticles, energy, biomedicine, antibacterial agents, up-scale 

 

INTRODUCTION 

Mechanochemistry with its ability to utilize tools of high-energy ball milling is suitable for various 

research fields. This method is still gaining popularity. Regarding the scope of this conference, a 

short review on the nanoparticles production using this method could be interesting. This particular 

viewpoint was exhaustively summarized in paper 
1
. Our research group devotes a significant effort 

toward broadening the utilization scope of this method, also within the nanomaterials synthesis 

research field. Within this report, I would like to highlight three possible application fields of the 

nanomaterials prepared within our group and the up-scale possibilities. 

ENERGY CONVERSION 

Nanocrystalline chalcogenides are suitable materials for energy conversion applications. In couple 

of works, we focused on the preparation of sulfides suitable as solar cells absorbers or for 

thermoelectric materials. As examples binary copper sulfide CuS, ternary mohite Cu2SnS3, or 

quaternary kesterite Cu2ZnSnS4, and stannite Cu2FeSnS4, representing cheaper and safer alternative 

in comparison with CIGS solar cells, can be mentioned. The synthetic method is very 

straightforward, as just stoichiometric mixture of elements is co-milled and the products can be 

prepared until 1 hour, which is much faster than in the case of classical solution-based synthesis of 

NPs 
2-5

. However, as the production of whole solar cell is a challenge, we stayed only at the 

synthetic level. In order to prepare a functioning solar cell device, intensive collaboration with other 

research groups would be necessary to finalize the process. 

The sulfide-based nanomaterials, namely those with iron in structure, are suitable also for 

thermoelectric applications, thus converting thermal energy into electric one. Very recently, a paper 

on mechanochemical synthesis and thermoelectric performance of quaternary sulfide mawsonite 

Cu6Fe2SnS8 was published 
6
. The key here is that mechanochemistry brings about very strong 

reduction in particle size, defects and disharmony into the structure, which is favorable, as it 
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decreases the thermal conductivity of the products, which is beneficial for the final thermoelectric 

effect. 

BIOMEDICAL APPLICATIONS 

Mechanochemical approach has been successfully applied also for the preparation of quantum dots, 

namely based on CdS nanocrystals, exhibiting excellent fluorescent properties, which could be thus 

used in bioimaging applications. However, if pure elements were used for the synthesis, it was not 

possible to obtain nanocrystals with size small enough to serve their roles as quantum dots. If the 

compounds are applied as precursors (so-called acetate route), it is possible to obtain NPs of few 

nanometers. Due to toxic nature of cadmium, it was necessary to make a composite with another 

material, in order to stop its leakage and additionally boost its luminescent properties. This was 

achieved by introduction of zinc sulfide 
7
. The final composite had the necessary properties, but in 

order to be applied to human body, it needs to be capped with biocompatible organics. For this 

purpose, L-cysteine and polyvinyl pyrrolidone were used and the capping procedure was performed 

in wet stirred media mill, which resulted in the formation of nanosuspension 
8
. This was then 

applied for in vitro tests on cancer cell lines.  

ANTIBACTERIAL APPLICATIONS 

Green synthesis using biological materials (e.g. plant extracts) for the reduction of silver into its 

elemental form is being widely applied these days. However, it is possible to prepare silver 

nanoparticles with antibacterial activity also by a solid-state approach, by directly milling the plant 

material with silver nitrate serving as a precursor of Ag NPs 
9-10

. The advantage of 

mechanochemistry in this case is the stability of the prepared products (powder form) and the 

possibility to obtain nanoparticles also when higher concentrations of the precursor are used.  

UP-SCALE 

Mechanochemistry can be up-scaled from laboratory to the hundred-gram, or even pilot plant scale. 

The eccentric vibratory mill can be used for larger scale production of already mentioned kesterite 

and mawsonite nanomaterials 
6, 11

. Twin screw extrusion is also very interesting alternative, which 

offers continuous production of the desired materials by applying similar forces as ball milling 
12

. 

CONCLUSION 

In this brief review, the possibilities of using mechanochemistry for nanomaterials synthesis have 

been outlined. As it was demonstrated, it is applicable for different fields (e.g. for solar cells or 

thermoelectric materials, for biomedical applications or antibacterial nanomaterials). Its 

environmental soundness is particularly attractive and is the key of the recent research interest into 

this method. 

 
Acknowledgements: This study was supported by Slovak Agency VEGA G/0044/18, Slovak Agency for 
Science and Development (project no. APVV-14-0103) and COST Action CA18112: Mechanochemistry for 
Sustainable Industry. 
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ABSTRACT 

Bentonite – clay mineral of smectite group, with main portion of montmorillonite is a sorbent 

widely used in waste water treatment. The aim of the presented work was to evaluate the effect 

of the microwave radiation on the structure and stability of raw bentonite, which is to be applied as 

a sorbent of ions from water solution. Water extracts were prepared by batch method using 

deionized water. The leachate was prepared for 1, 6 and 24 hours in different ratios of solid and 

liquid phase from the samples of raw clay and the magnetically modified clay – prepared by 

interaction with microwave radiation. In the filtrate, pH was determined as well as concentrations of 

Al, Ca, Fe, K, Mg, Na and Si using Atomic emission spectrometry with inductively coupled plasma. 

The results imply that microwave treatment of the bentonite changes the pH of the leachates to 

more acidic compared to the raw bentonite in which the pH increases. Magnetically modified 

bentonite treated by microwaves contained 2.67 wt. % of the iron oxide which is four times more 

than in the raw bentonite. The microwave treatment of bentonite did not cause higher leaching of 

observed elements in comparison with the raw bentonite. 

 
Keywords: Bentonite, leaching, microwave treatment, iron oxide 

 

INTRODUCTION 

Clays and clay minerals play important role as natural scavengers of toxic species in the 

environment via ion exchange or adsorption or both
1
. One of the clays most widely used as 

adsorbents is bentonite – due to its large specific surface area, chemical and mechanical stability, 

relative high cation-exchange capacity and good adsorption capability, wide availability and low 

cost
2
. Bentonite consist mainly of montmorillonite (hydrous magnesium-calcium-aluminium 

silicate) – clay mineral of smectite group
3
. Bentonite has a net negative surface charge; thus, it is 

efficient for removal cationic compounds. However, it has limitations in practical application in 

waste water treatment due to its difficulty of separating from the water, its modification is, 

therefore, necessary. On the other hand, magnetic materials such as Fe3O4 can be separated from the 

solution easily using external magnetic fields, therefore, combination of bentonite with Fe3O4 can 

result in a magnetic hybrid with high adsorption capacity for variety of pollutants
4
. 
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EXPERIMENTAL/THEORETICAL STUDY 

Magnetically modified bentonite was prepared by a simple method using microwave radiation
5
. The 

raw bentonite and magnetically modifite bentonite were studied using scanning electron microscopy 

and X-ray powder diffraction. Raw clay material (bentonite) was dried, milled, and sieved. Clay 

particles having size ≤ 40 µm were used for the experiments. Two sample types were used for the 

experiment – raw bentonite (RB) and magnetically modified bentonite (MB). Both RB and MB 

were leached in DEMI water using the batch method. The leachates were prepared for 1, 6, and 24 

hours in different ratios of solid and liquid phase from RB and MB (1:10 000, 1000, 500, 100 resp.). 

In the filtrates, the pH value was determined as well as the concentrations of K, Na, Ca, Mg, Al, Fe 

and Si using Atomic emission spectrometry with inductively coupled plasma (AES-ICP).  

RESULTS AND DISCUSSION 

Magnetically modified bentonite treated by microwaves contained 2.67 wt. % of the iron oxide 

which is four times more than in the raw bentonite (0.65 wt. %). The pH values of the leachate 

provide important information on the two-way interaction between the solid and liquid phase. 

Elements present in the solid phase may dissolve into the extraction solution (DEMI water) and 

alter the pH, as shown in Fig. 1. Microwave treatment of the material during magnetically modified 

bentonite preparation led to a shift of the leachate pH towards more basic values (around 7.48), 

while the pH was unaffected by the particular time of the treatment. The leachate pH from the 

original material was 6.75–8.89 which reflects the inhomogeneity of the bentonite samples. The 

elements of ion exchange leached to the water mainly in the case of RB. The leaching of the 

magnetically modified bentonite did not affect the amount of Fe in MB. 

 

 

Fig. 1. pH of extract solution prepared from RB and MB. 

 

CONCLUSION 

The raw bentonite and its modified form were subjected to 1, 6 and 24 hour leaching in deionized 

water applying various ratios of solid and liquid phase. Magnetically modified bentonite treated by 

microwaves contained four times more iron oxide than raw bentonite. Hence, it was proved that the 

magnetic iron oxides are bound to the magnetically modified bentonite more strongly and are, most 

0
1
2
3
4
5
6
7
8
9

1 h 6 h 24 h

p
H

 

Leaching time 

RB MB



Topic 5                                                                                                                          OP 

NanoOstrava 2019   158 

 

probably, located on its surface. Microwave radiation was found not to affect the leaching of the 

elements of the basic structure of the bentonite (Al and Si).  
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ABSTRACT 

Activated carbons have been used as adsorbents, catalysts support and energy storage materials. 

Microwave heating in inert atmosphere (microwave pyrolysis) is a promising technology for the 

preparation of activated carbon due to its short processing time and fast, selective and volumetric 

heating, compared to conventional heated pyrolysis. This work deals with the microwave pyrolysis 

of three raw materials - coffee husk, cocoa pod husk and corn cob, with and without chemical 

activator (ZnCl2 vs. K2CO3). The effect of raw material treated and chemical activator was 

evaluated with respect to the yield of microwave pyrolysis products, rate of raw material 

carbonization and textural properties of prepared activated carbons. 

 
Keywords: microwave, pyrolysis, chemical activation, agricultural waste biomass, activated carbon 

 

INTRODUCTION 

Coffee (Coffea Arabica L.), cacao (Theobromo cacao) and corn (Zea mays) are three of the most 

promising agricultural products in Peru. Processing of these raw materials generatesa significant 

amount of waste that is usually composed of organic matter with different biodegradability. Only a 

part of these materials is recycled as animal food, for the production of fertilizers or energy. The 

rest is disposed of in dumps or burnt. One of feasible alternatives to recycle such residues is to use 

them as precursors for the production of activated carbon (AC), a material with a large surface area 

and usually a large portion of micropores, suitable for adsorption and catalytic applications
1
. 

Microwave heating in inert atmosphere (microwave pyrolysis) can be a suitable alternative to 
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conventional methods for the production of AC due to its fast, uniform and volumetric heating, no 

direct contact between microwave source and biomass, shorter processing time and saving more 

energy and cost, compared to conventional heating
1
.  

Nowadays, the number of studies focused on microwave pyrolysis of biomass is growing. On the 

other hand, there is limited information on the characterization of ACs from the pyrolysis of various 

biomass types, activators and microwave pyrolysis conditions. Thus, this work investigates the 

effect of different agricultural raw materialsand chemical activators on the physicochemical 

properties of ACs prepared by microwave pyrolysis. The yield balance of individual products of 

microwave pyrolysis was evaluated as well. 

EXPERIMENTAL PART 

The pyrolysis of three raw materials - coffee husk (CH), cocoa pod husk (CPH) and corn cob (CC) - 

was carried out in a commercial microwave cavity oven (NNSD 271S, Panasonic). Before 

microwave pyrolysis, each raw material was crushed into 0.4 - 1 mm particle-size fraction and dried 

at 80 °C overnight. ZnCl2 (Penta) and K2CO3 (Lachema) were used as chemical activators. 

Activator was used at a weight ratio of 1:1 (biomass:activator), via impregnation in dry conditions. 

Pyrolytic char was also added at a weight ratio of 1:5 (biomass: pyrolytic char) to increase 

microwave adsorption. Prior to the microwave treatment, a quartz flask containing sample 

(biomass, activator and char) was placed in the oven and purged with nitrogen gas at a flow rate of 

150 ml.min
-1

 for 2 min to create an oxygen-free atmosphere. Time of pyrolytic microwave 

treatment was 20 min at power input 440 W. The volatile pyrolyzate was condensed after passing 

through a water-cooled column and collected in a flask (bio-oil). Not condensed gas was gurgled 

through three gas washing bottles filled with water and organic solvent (acetone). The amount of 

clean gas was measured by a gas meter. At the end of the treatment, the solid product (activated 

carbon, AC) and bio-oil was allowed to cool to room temperature before it was weighed. After that, 

the AC was washed with 0,15M HCl and distilled water. Finally, all ACs were dried at 105 °C 

overnight and sieved to required particle-size fiction with respect to its application. 

Proximate analysis according to the Standard ASTM D7582 (LECO, TGA 701) was done for raw 

materials and all ACs. The iodine number of ACs was calculated according to the Standard ASTM 

D4607-94. Nitrogen adsorption-desorption analysis at 77 K was performed on a 3Flex 

(Micromeritics, USA) to reveal textural properties of ACs and raw materials. XRF analysis was 

performed on the Spectro Xeposto spectrometer for raw materials and prepared ACs to determine 

their chemical composition. 

RESULTS AND DISCUSSION 

All ACs produced by microwave pyrolysis of raw materials (CC, CPH, CH) were granular. Despite 

of the same processed initial particle-size fraction (0.4–1 mm) of CH-RM, CPH-RM and CC-RM, 

the particle-size of produced ACs was different depending on the type of raw material and chemical 

activator. Chemical activators were chosen according to previous studies
2,3

. ZnCl2 and K2CO3 were 

identified as the most effective chemical activators, producing ACs of better textural and adsorptive 

properties. XRF analysis confirmed sufficient washing of produced ACs, no K2CO3 and minimum 

ZnCl2 were detected. Concerning the yield balance of individual products of microwave pyrolysis 

for individual raw materials, the effect of chemical activator addition on microwave pyrolysis of 

CH, CPH and CC raw materials was proved. The addition of activators increased the yield of AC at 

the expense of bio-oil and gas. Activators increased AC yields from 20 wt.% (in the case of CPH-

AC,ZnCl2) to 31 wt. % (in the case of CC-AC,K2CO3). Different composition of ACs was also 

confirmed by proximate analysis. The amount of fixed carbons varied from 54 % (in the case of 

CH-AC, K2CO3) to 77 % (in the case of non activated AC from CH). Iodine number measurements 

and nitrogen physisorption revealed different volume of micropores in individual ACs (based on 
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iodine number the highest for CPH-AC,K2CO3 and CC-AC,ZnCl2). Different yields of pyrolysis 

products and textural properties of ACs may be explained by (i) different raw material composition; 

since cellulose, hemicelluloses and lignin show different volatilization, the differences in the levels 

of weight loss may depend on the proportion of these lignocellulosic compounds in each raw 

material
4
, (ii) different type of activator and (iii) different porosity of raw material. 

CONCLUSION 

The pyrolysis of three raw materials(coffee husk, cacao pod husk and corn cob) with the addition of 

activators (ZnCl2 and K2CO3) was investigated in microwave field. In the case of ZnCl2 activator 

the best results of AC yield, amount of fixed carbon and ash were obtained by the pyrolysis of corn 

cob, in the case of K2CO3by the pyrolysis of cocoa pod husk.  
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ABSTRACT 

The processes in nature have still inspired us to mimic and copy them to laboratory controlled 

conditions. We have prepared Ag-AgCl nanoparticles (NPs) via phytosynthesis – a synthesis using 

leachates from high plants. Tilia sp. (linden) biomasses from three different locations have been 

chosen as verified templates to synthesize Ag-AgCl NPs. However, we have found by FTIR and ion 

chromatography (IC) analyses a presence of organic and inorganic elements and heterogeneous 

composition of the biomass used. 

Ag-AgCl NPs have been studied by TEM and DLS to determinate their size, by XRD to prove their 

bi-phase composition and we have studied their physical-chemical properties using  

ζ-potential. MIC method has been used for antibacterial properties against G+, G- pathogenic 

bacteria and methicillin-resistant S. aureus to prove their functionality in the medicine. 
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We have observed that different location of harvested linden caused different composition of the 

biomass and different Ag-AgCl objects have been found. All Ag-AgCl NPs have been bi-phased 

with different size distributions and morphologies and the most significant antibacterial effects have 

been found at human pathogens E. coli and P. aeruginosa. 

 
Keywords: Biosynthesis; silver nanoparticles; interfacial phenomena, antibacterial 

 

INTRODUCTION 

Recently, nanoparticles (NPs) have been prepared via bottom-up green method called biosynthesis. 

Despite countless advantages such as time and financial ease, this method can find several 

situations negatively influencing the final result. It is the reproducibility of a method whose 

difficulties lie in: (i) the heterogeneous composition of organic compounds in the 

organism/leachate/biomass; (ii) large number of these organic compounds complicates the 

mechanism clarification; (iii) and the presence of inorganic elements that naturally and/or 

anthropogenically occur in the material. Therefore, some difficulties can be expected during the 

reproducibility of the metallic NPs´ preparation. From the previous experiments we have verified 

Ag-AgCl NPs biosynthesis protocol
1
 and we have prepared three leachates by the same method. We 

have chosen a linden flower-clusters (Tilia sp.) and we have harvested linden from three different 

locations - the mountain location in Nová Ves u Frýdlantu nad Ostravicí (linden 1), the city of 

Klimkovice (linden 2) and Hrabyně (linden 3). Finally, we have studied prepared Ag-AgCl NPs 

using TEM, XRD, ζ-potential, DLS and MIC method to prove their antibacterial properties in 

medicine. 

EXPERIMENTAL STUDY 

All three pure leachates have been analyzed prior the biosynthesis by FTIR and IC to identify the 

part of organic compounds occurring naturally in this biomass and inorganic anions. The resultant 

colloids with Ag-AgCl NPs (10 mM initial AgNO3 precursor) have been subjected to TEM, XRD 

as well as colloidal properties (ζ-potential) and DLS. Final samples have been tested using MIC 

method for antibacterial properties against S. aureus, E. faecalis, E. coli, P.aeruginosa and MRSA. 

RESULTS AND DISCUSSION 

We have successfully synthesized Ag-AgCl NPs with all three linden samples. However, significant 

changes have occurred and different biomass composition has influenced NPs´ appearance. In all 

monitored samples Cl
-
, SO4

2-
 and PO4

3-
 have been found in tens of mg/L and these can have an 

influence on Ag-AgCl ratio in final samples. These anions have formed substances such as AgCl 

and it has been proved by XRD. Further, TEM has depicted: (i) different morphologies from 

spherical 12 ± 3 nm Ag-AgCl NPs synthesized with linden 1 with presence of 68 ± 12 nm NPs; (ii) 

growth of silver macrocrystals using linden 2; and (iii) spherical and rod-like 16 ± 6 nm Ag-AgCl 

NPs synthesized with linden 3 with presence of 43 ± 10 nm NPs. 
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Fig. 1. TEM images of Ag-AgCl NPs phytosynthesized using different linden biomasses: (a) Ag-AgCl NPs synthesized 
using linden 1 with size 12 nm; (b) silver macrocrystal has grown in the presence of the linden 2 and (c) spherical and 

rod-like Ag-AgCl NPs synthesized using linden 3. 

 

MIC testing successfully showed Ag-AgCl antibacterial properties among all three samples. We 

have not been able to confirm the NP size dependency on antibacterial effectiveness however the 

least sensitive bacteria were, as expected, MRSA and E. faecalis (MIC value 11.1 mg/mL). The 

most significant antibacterial effects have been found at human pathogens E. coli and P. aeruginosa 

(MIC value 3.7 mg/mL). 

CONCLUSION 

We have observed that different location of harvested linden caused different composition of the 

biomass and different Ag-AgCl objects have been found. All Ag-AgCl NPs have been bi-phased 

with different size distributions and morphologies. All observed samples have showed  antibacterial 

properties against G- and G+ bacteria and methicillin-resistant S. aureus. The most significant 

antibacterial effects have been found against human pathogens E. coli and P. aeruginosa. Our 

future work will focus on synthesis with pure phenolic acids to clarify the possible synthesis 

mechanism of the metallic NPs. 
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ABSTRACT 

Progressive microfluidic techniques could be employed in colloidal metallic nanoparticles 

preparation. Generally known benefits of microfluidic synthesis compared to batch synthesis are 

precise control of on-chip reaction, high conversion and selectivity, flexibility, safety and uniform 

product quality. Advantages of nanoparticle biosynthesis as green, cheap and simple method are 

already well known. However, the considerable disadvantage of nanoparticles biosynthesis is worse 

reproducibility. Our goal is to transform green synthesis from batch layout to microfluidic platform 

to improve both reproducibility and nanoparticles properties. 

It was observed, that nanoparticles of gold and silver prepared by microfluidic phytosynthesis were 

more homogenous and only spherical in comparison to nanoparticles prepared out of chip. 

Nanoparticles prepared outside the chip had a tendency to form chains and not only spherical 

particles were observed, but also triangular and hexagonal ones in case of gold and nanorods in case 

of silver. 

Parameters of on-chip synthesis can be flexibly modified and monitored to see how process 

conditions influence resulting nanoparticles. Moreover, if we realize the importance of green 

chemistry approaches, green synthesis together with microfluidics may be a current path to 

reproducible preparation of nanoparticles with uniform characteristics and thus high application 

potential. 

 
Keywords: microfluidic, phytosynthesis, nanoparticles 
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ABSTRACT 

Chlorophyll content on leaves is a convenient indicator of the physiological state of the plant 

following an exposure to a stressor. In this study, pot experiment was carried out using two 

medicinal plant species to establish the link between the chlorophyll content in the plant leaves 

following the exposure of the plants to nano-TiO2 either through the leaves (in suspension) or 
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through the root system (in soil). After the termination of the experiment, the shoots were analysed 

for the contents of Ti, Al, Ca, K, Mg, Mn, and Na in their tissues. Significant decrease in 

chlorophyll content was observed in all the nano-TiO2 treatments, the differences in the determined 

element content was mostly species-dependent, Ti and Al content was related to each other and the 

difference in the chlorophyll content. 

 
Keywords: Medicinal plants, chlorophyll, stress, nanoparticles 

 

INTRODUCTION 

Since chlorophyll (namely chlorophyll a) is the most sensitive to photodegradation from all the 

other photosynthetic pigments, its content in plant shoots is a convenient indicator of the impact the 

exposure to nanoparticles has on the plant
1
. Several studies on photosynthetic organisms proved that 

before any detrimental effect on post-exposure viability or growth was observed, the chlorophyll 

levels already decreased noticeably
2,3

. Chlorophyll content was also found in plants when no signs 

of toxicity were apparent using the conventional toxicological methods
4
. In addition, non-

destructive methods using a method based on radiation transmittance allow measurements in vivo 

and monitoring of the response of an individual plant over the course of the experiment
5
. 

EXPERIMENTAL STUDY 

Mentha X piperita L. and Salvia officinalis L. plants were subjected (n = 5 per treatment) either to 

the TiO2 nanoparticles either by being planted in the nano-TiO2 enriched soil (1g/kg) or by 

exposure of its leaves to nano-TiO2 suspension (1g/L) for the total of 14 days. Chlorophyll content 

in the shoots (mmol/m2) was measured both before and following the exposure in vivo in set 

intervals using MC-100 Chlorophyll Concentration Meter (Apogee) in ten replications per 

measurement. Following the exposure, shoots were dried, pulverized and analysed for content of Ti, 

Al, Ca, K, Mg, Mn, and Na in their tissues using Neutron activation analysis (NAA). 

RESULTS AND DISCUSSION 

Chlorophyll content in both the species was originally approximately similar. No significant 

difference was found in the chlorophyll content of the control plants and suspension-exposed S. 

officinalis plants, significant decrease in chlorophyll content was observed in all the other 

treatments following 14 days of exposure (ANOVA, α = 0.05). Interesting observation was also the 

significant increase – followed by the decrease in the next, 14 day, measurement – of the 

chlorophyll content of both the species exposed to NPs via soil in the seventh day of exposure. 
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Fig. 1. (a) S. officinalis, control; (b) S. officinalis, suspension exposure; (c) S. officinalis, soil exposure; 

(d) M. piperita, control; (e) M. piperita, suspension exposure; (f) M. piperita, soil exposure. 

 

The elemental content assessed by NAA reflected mainly the difference in the plant species, the 

difference between treatments was significant only in the content of Ti. Whereas large amounts of 

Ti were found in the shoots of the suspension-exposed plants, no detectable amount of Ti was found 

in controls and soil-exposed plants of both species. 

CONCLUSION 

The exposure to nano-TiO2 lead to decrease of the chlorophyll content in most of the treatments 

except for the suspension-treated S. officinalis. This could be caused by the leaf habitus of this 

species – abundance of trichomes may serve as a natural barrier for the NP accumulation to the 

symplast. NAA results indicate that no translocation of accumulated NPs from roots to shoots took 

place, hence, the physiological NP-exposure-induced stress expressed as the chlorophyll content 

decrease originated in the roots of the soil-exposed plants.  
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ABSTRACT 

Magnetically responsive (bio)materials can be efficiently used both for the analysis and removal of 

various organic and inorganic pollutants. This presentation will focus on three progressive 

procedures employing magnetic materials, namely Magnetic solid phase extraction and Magnetic 

textile solid phase extraction for preconcentration of target analytes, use of iron oxide based 

peroxidase-like activity for catalytic decomposition of target pollutants, and application of new 

magnetic adsorbents for pollutants removal. 

 
Keywords: Magnetically responsive materials, magnetic solid phase extraction, nanozymes, adsorption 

 

INTRODUCTION 

Magnetically responsive materials of various origin have found many interesting applications in 

environmental analysis and technology. Preconcentration of analytes from diluted solutions and 

suspensions has to be often used before the instrumentation analysis; currently especially solid 

phase extraction procedures are preferred. Pollutants removal can be usually performed by their 

adsorption to various (bio)sorbents or by (bio)catalytic degradation. All the mentioned procedures 

can successfully employ magnetic nano- or microparticles or other magnetic materials.  New 

approaches in this area will be summarized.  

DISCUSSION 

Magnetic solid phase extraction (MSPE) is currently frequently used analytical procedure for the 

preconcentration, extraction and clean-up of both organic and inorganic pollutants from variety of 

biological and environmental samples. Recently a new type of preconcentration procedure, based on 

the use of magnetically modified textile (Magnetic textile solid phase extraction; MTSPE) has been 

developed (see Fig. 1)
1
. This extremely simple procedure has already been used for the extraction of 

food dyes and copper ions from large volume of water. In the standard procedure, the analytes 

adsorbed on the textile squares modified with an appropriate affinity ligand are eluted and 

subsequently analyzed using a suitable analytical procedure, such as spectrophotometry or liquid 

chromatography.  Alternatively, a new analytical approach enabling elution-free assay of colored 

compounds or reaction products by image analysis of the photos of dyed textile squares was 

developed; freely available software can be used for evaluation. Using HSB color space, the value 

of saturation was directly proportional to the initial dye concentration of the analyzed solutions
2
. 
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Magnetic textile solid phase extraction can be easily adapted for the detection of large variety of 

analytes important in environmental technology. Further optimization of this procedure can involve 

the type of textile used, its size and the type of affinity ligand bound.  

Peroxidases are catalysts able to decontaminate huge variety of toxic compounds by a free radical 

mechanism resulting in oxidized or polymerized products exhibiting significantly lowered toxicity. 

Enzymatic catalysis can offer high selectivity and superior catalytic efficiency under given reaction 

environment. However, enzymes can be rather expensive and sometimes not sufficiently stable. 

Currently various types of nanozymes are available which can substitute standard enzymes. 

Magnetic iron oxide nanoparticles exhibit peroxidase-like activity (see Fig. 1)
3
 which could be used 

in environmental technology applications. 

Many procedures have been developed for the magnetic modification of originally diamagnetic 

materials (e.g., organic and inorganic adsorbents and biosorbents). Recently a very simple 

modification procedure based on the use of microwave synthesized nano- and microparticles has 

been developed.
4
 This procedure enables to prepare magnetically responsive materials at low cost 

and with minimum instrumentation. Typical examples of magnetically modified material will be 

presented.
5,6

    

 

                      

 

          

Fig. 1. (left) Scheme of magnetic textile solid phase extraction; (right) peroxidase-like activity of nanotextile modified 
with magnetic iron oxide nanoparticles. 
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CONCLUSION 

Newly developed magnetically responsive materials and methods can have many interesting 

applications in environmental analysis and technology, especially for the processes of contaminants 

removal, based on sorption or catalysis, or for the preconcentration of analytes from diluted 

solutions (MTSPE). These approaches offer lowering of material costs or simplification of common 

procedures employing separation of materials by magnetic separators even from difficult 

environments. Our current research is also intensively focused on easily performable detection and 

determination methods connected with MTSPE-procedures. 
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ABSTRACT 

FeXOy/phyllosilicate composites have been successfully used as a sorbent of various pollutants from 

wastewater. FexOy nanoparticles were confirmed in the composites both in the form of magnetite 

(Fe3O4) and maghemite (-Fe2O3). Method of preparation affects the type of iron oxides, their size 

and sorption affect the properties of the final composite. Composite preparation is based on two 

steps: preparation of the iron oxides suspension and mixing of the suspension with the 

phyllosilicate. To change the magnetic and sorption properties of the composites, methods of the 

iron oxides preparation were modified. First, the syntheses of iron oxides were carried out under 

controlled conditions (amount of FeSO4.7H2O, pH of precipitation, time of microwave activity) 

using a simple microwave-assisted synthesis from FeSO4.7H2O and, subsequently, the composites – 

based on bentonite, vermiculite and intercalated vermiculite – were prepared. Then, the syntheses of 

iron oxides were carried out in the presence of hydrogen peroxide. The prepared composites were 

characterised by chemical analyses. X-ray diffraction, scanning electron microscopy, and magnetic 

properties measurement. The results showed that the method of magnetic phyllosilicate preparation 

is applicable in the case of intercalated vermiculite. Hydrogen peroxide addition lead to the creation 

of maghemite particles only, and the properties of composites were changed.  

 
Keywords: Phyllosylicate, composites, nano- FexOy, modification 
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ABSTRACT 

Extracellular polymeric substances (EPS) are an important part of an aquatic habitat. This EPS acts 

as an interface between microorganisms and environment, protecting microorganisms from metal 

and other ions at high concentration. Increasing concentration of nanoparticles is leading to 

contamination of environment and water bodies. Titanium dioxide nanoparticles are among the 

highly used nanoparticles, significant for their photocatalytic affect under UV light. Their effect on 

EPS was studied in presence and absence of solar light. Increasing concentration of nanoparticles 

was incubated for 8 days with EPS extracted from lake microbial mat. Proteins, polysaccharide, pH 

and TOC were the main parameters monitored. Decrease in protein (55%), polysaccharide (90%) 

and TOC (44%) was observed. 3D EEM fluorescence spectroscopy confirmed the quenching effect 

of nanoparticles on protein molecules present in EPS. Changes in molecular weight of EPS 

molecules were detected by HPLC-SEC and FTIR also observed shifting in wavelength pattern. 

Effects of solar light on EPS under the influence of nanoparticles is stated in this study, which 

otherwise is mostly reported in a specific wavelength of UV under lab conditions. Results 

demonstrate consequence of nanoparticle pollution in lakes or reservoirs. 

 
Keywords: Extracellular Polymeric Substances, Titanium dioxide nanoparticles, Photocatalytic, 
Biodegradation 

 

INTRODUCTION 

Extracellular polymeric substances (EPS) comprise a conglomeration of biopolymers released by 

microorganisms used to embed microorganisms in a biofilm. These different biopolymers of EPS 

are mainly polysaccharides, a wide variety of proteins, glycoproteins, glycolipids, humic like 

substances and extracellular DNA.
1
 Cells have EPS as their immediate environment, which act as 

gel-like matrix and microbial aggregates are protected by EPS from harsh external environment. 

Toxicity studies of metals include effect on EPS, as latter act as barrier as well as absorb or bind to 

metals.
2
 

As the production and use of titanium dioxide nanoparticles (TiO2 NPs) has been increasing, their 

exposure in environments has also amplified and concentration is increasing continuously. TiO2 is a 

photo catalyst under UVA irradiation and is capable to produce toxic reactive oxygen species 

(ROS) and cause damage to internal molecules of a cell.
3
 Photodegradation of EPS is further 

influenced by irradiation wavelengths, intensities and exposure duration. 

Present study was designed to study the influence of increasing concentration of NPs under natural 

conditions like sun light. 
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EXPERIMENTAL STUDY 

Extracellular polymeric substances were extracted from fresh microbial mat collected from Bosten 

Lake, Xinjiang, China. Effect of TiO2 NPs (0-25 ppm) on EPS was studied under exposure of 

sunlight for 8 days with sampling every 48 hours with control in dark conditions. Total organic 

content, proteins, polysaccharides, pH change, FTIR, size exclusion chromatography and 3D EEM 

(Excitation–emission-matrix) fluorescence spectroscopy were analysed along with quenching effect 

of NPs on EPS. 

RESULTS AND DISCUSSION 

Increasing concentration of TiO2 NPs under sun light is able to reduce the total organic carbon, 

protein, polysaccharide more as compared to control. Combination of UV light and TiO2 is used for 

photocatalytic reduction of organic matter.
4
 The same happened in natural light by NPs. pH and 

FTIR spectrum changed with changing reaction products, ions and mineralization at different time 

interval. HPLC data showed change in size of organic compounds and proteins. Different amino 

acids have different reaction under photocatalytic activity by NPs leading to degradation.
5
 3D EEM 

showed quenching effects indicating that NPs could quench its intrinsic fluorescence. EPS 

components are highly affected by increasing concentration of TiO2 NPs as a result of binding 

interaction between protein and NPs. 

CONCLUSION 

Study of organic content degradation of extracellular polymeric substances in the presence of 

titanium dioxide nanoparticles and solar light reveals the active interaction between EPS and NPs, 

further leading to breakdown of individual components e.g. total organic carbon, proteins and 

polysaccharides. Nanoparticles act as catalyst for the reaction by the way of first adsorbing and then 

decomposing or mineralizing the organic molecules with the availability of irradiation. Absence of 

light makes the process slow as photocatalytic TiO2 NPs are unable to enhance the reaction under 

dark. This study reflects that titanium dioxide nanoparticles are able to react with EPS under natural 

conditions also. Furthermore, increasing concentration of these nanoparticles in environment is 

capable to disturb the normal microbial habitat. Hence, TiO2 NPs at elevated concentration are 

ecotoxic to natural water bodies. 
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ABSTRACT 

The composites of graphitic carbon nitride with kaoline and metakaoline were prepared by the 

calcination of the mixtures of kaoline or metakaoline with melamine. A weight ratio of kaoline 

(metakaoline) and melamine was 1:1. The prepared mixtures were calcined in a muffle furnace at 

500 and 550 °C. The prepared samples were characterized using selected methods of chemical and 

structural analysis (elemental analysis, X-ray diffraction method, infrared spectroscopy) and optical 

properties were characterized using photoluminescence spectroscopy and UV-VIS diffuse 

reflectance spectroscopy. The specific surface area was measured using BET method. A character 

of the composite particles was studied using scanning electron microscopy and their thermal 

stability was tested using TG/DTA analysis. A photodegradation activity of the composites was 

tested using UV light assisted photodegradation of acid Orange 7 (AO7). 

 
Keywords: g-C3N4, kaolin, metakaolin, photocatalysis 

 

INTRODUCTION 

Natural clay minerals are being widely used as a support for different kind of photocatalysts and 

thus new photocatalytically active composites were prepared
1
. A number of existing research 

articles dealing with this kind of composites underline the importance of research focusing on this 

topic. Matějka et. al
2
 tested vermiculite as a nanoreactor for synthesis of CdS nanoparticles. 

Mamulová Kutkláková et al.
3
 used kaolinite as a support of TiO2 nanoparticles and proved good 

photocatalytical performance of this composite against the model dye AO7. Recently graphitic 

carbon nitride (g-C3N4) has attracted a great attention of scientists dealing with photocatalysis
4
. Its 

band gap value of 2.7 eV indicates this material is photoactive in visible part of the electromagnetic 

spectrum. In general, g-C3N4 suffers from low photodegradation activity mainly due to a fast 

electron-hole recombination rate and low specific surface area. To overcome these disadvantages, 

different approaches including doping with metal and non-metal elements, exfoliation and synthesis 

of composite materials were proposed. In a case of the composites, a different localization of 

valence and conduction bands in components causes a separation of charge carriers and improves 

the photodegradation activity. 

In this work we focused on a preparation of the kaoline/g-C3N4 and metakaoline/g-C3N4 using a 

thermal polymerization of melamine in mechanical mixtures with kaoline and metakaoline. The 

prepared samples were characterized using selected instrumental technique of material analysis and 

the specific surface area was determined using BET method. 

EXPERIMENTAL 

Kaolinite from Dorfner GmBH, (Germany) was used in received state; melamine was purchased 

from Carl Roth (Germany). Both components were mixed together in weight ratio 1:1. Mechanical 

mixtures were calcined for 1h at 500°C and 550°C in a muffle furnace to obtain the 

KGCN_500(550) and MKGCN_500(550) composites. Resulting samples were characterized using 
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elemental analysis on a LECO CHN 628 analyzer (LECO), X-ray diffraction was performed on a 

SmartLab diffractometer equipped with a Co tube (Rigaku Corporation), ATR Fourier Transformed 

Infrared spectroscopy was performed on NEXUS iS50 (Nicolet). UV-VIS DRS spectra were 

recorded using an UV-2600 spectrometer equipped with an integrating sphere IRS-2600Plus 

(Shimadzu). Photodegradation activity tests were based on UV assisted discoloration of AO7. In a 

typical experiment an aqueous suspension of AO7 with a given composite was stirred 1h in dark to 

achieve an adsorption equilibrium, after this step a suspension was irradiated with UVA light 

(368nm) for 2 hours. A decrease of AO7 concentration was obtained by recalculation of the 

absorbances of filtered solutions obtained before and after the irradiation, the absorbance of filtered 

solutions was measured using the UV-VIS spectrometer UV-2600. 

RESULTS AND DISCUSSION 

Reflectance spectra of the prepared composites are shown in Fig. 1. The absorbance of the light by 

the composites calcined at 550°C is obviously red shifted in comparison to the composites calcined 

at 500°C and thus band gap energies decreased with the calcination temperature (2.67 – 2.74 eV). 

The photodegradation performance of the prepared composites is demonstrated in Fig. 2 and it is 

evident that the photodegradation activity of the composites decreased with the calcination 

temperature. Fig. 2 indicates metakaolinite as a better substrate with respect to the photodegradation 

activity of final composites. 

 

 

 

 

 

 

 

 

 

Fig. 1 UV-VIS diffuse reflectance spectra of prepared composites 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Extent of a AO7 photodegradation 
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CONCLUSION 

The composites kaoline/g-C3N4 and metakaoline/g-C3N4 were successfully prepared using the 

thermal polymerization the melamine. In general, the band gap energies as well as the 

photodegradation performance decreased with the calcination temperature. The composites 

containing metakaolinite showed higher photodegradation performance. 
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ABSTRACT 

Carbon black was prepared by pyrolysis of waste scrap tyres at at600 °C for 3 min in inert flow of 

Ar. After pyrolysis, carbon black was activated by solution of KOH at 800 °C for 20 min. The 

sorption capacity of activated and non-activated carbon blacks was measured with high-pressure 

thermal analyzer (TGA – HP50) in the presence of carbon dioxide, nitrogen and cyclohexane 

vapour in the pressure range from 0.03 to 2 MPa or 4 MPa at the temperature 20, 30 and 40 °C. The 

results indicate that activation have significant effect on sorption capacity and textural properties of 

carbon black. Specific surface area of carbon black increased 7times after activation. For activated 

carbon black, the uptake of CO2was approximately 3 times higher and the uptake of cyclohexane is 

~10 time higher than for non-activated carbon black. The affinity of activated carbon black to 

cyclohexane vapors was higher by 3 % than to CO2. 

 
Keywords: adsorption, scrap tyres, activated carbon, pyrolysis 

 

INTRODUCTION 

Production, consumption and, consequently, waste of polymers increase very sharply every year 

because these materials have excellent properties and nowadays are irreplaceable from point of 

view of human life. Upgrading of polymer waste is a necessity both for environmental protection 

and for sustainable development, however, nowadays waste disposal and incineration of polymer-
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based waste are the most widely used method. Pyrolysis of polymer waste can be a perspective way 

for their conversion into valuable products and for a reduction of their volume. Generally, pyrolysis 

is a thermal degradation (without oxygen agent) leading to solid, liquid and gas products, which 

have a big potential as useful end products.  

For reasons mentioned above, pyrolysis of scrap tyres (ST) which leads to producing valuable solid 

product (carbon black) currently receiving some attention. Production of carbon black by pyrolysis 

offer one of the effective way of uses such waste materials and for reusing ST as new applicable 

material. Carbon black can be used e.g as filler, for water treatment, as a binder for coke 

manufacturing, a fuel source, a pigment in xerographic toners or a sorbent.  

This work follows earlier works
1,2

,  where ST and its products were characterized by 

thermogravimetry and adsorption methods. Carbon black (called CBp) investigated in previous 

study
1
 was prepared by pyrolysis of ST at different temperature, heating rate and time. Optimum 

process conditions were investigated at temperature 600 °C for 3 min with heating rate 10 °C.min
-1

. 

In this study, pyrolytic carbon black was activated in order to improve its textural and surface 

properties (called CBa). A sorption capacity of non-activated CBp and activated CBa for two gases 

(inert nitrogen and carbon dioxide) at relatively high pressures and for pure vapours of cyclohexane 

at relatively low pressures was examined and correlated with CBs physicochemical properties. 

EXPERIMENTAL 

CBp was prepared from scrap tyres using TG-DTA NETZSCH STA 409 EP (dynamic inert 

atmosphere of Ar of 100 cm
3
.min

-1
flow,600 °C for 3 min, heating rate of 10 °C min

-1
). 

CBp was mixed with KOH and tenside and it was keep at room temperature for 24 h. Activation 

took place in quartz tube at 800 °C for 30 min in nitrogen. Than sample was washed by distilled 

water to achieve neutral pH and dried at 105 °C. Activated CBp was denoted as CBa.  

Sorption experiments were carried out in a high pressure thermogravimeter TGA-HP50 at pressure 

up to max 5 MPa. Primary data were the weight change, temperature, time and pressure. 

Experiments were performed with pure gases (CO2, N2) and with vapours of organic solvent 

(cyclohexane). The sorption experiments were carried out at the temperature of 20, 30 and 40 °C. 

Experimental data were treated by the linearized model of Langmuir isotherm and textural 

properties (i.e. properties of porous structure) of produced CBp and CBa were determined from the 

nitrogen and krypton physisorption measurements. 

RESULTS AND DISCUSSION 

The results of the individual tests, representing the amount of adsorbed gas at maximum achieved 

pressure (2 MPa for CO2 and 4 MPa for N2), were expressed in percentage by weight. It was 

revealed that the gas uptake of CO2 is more than 5 times greater than uptake of N2 at the same 

temperature for CBs. Activation of CBs increased sorption capacity once so much. Sorption 

capacity of CBp for CO2 is 8% and of CBa 16% at 20 °C. 

From the behavior of Langmuir adsorption isotherms, a surge in the amount of adsorbed CO2 for 

CBa was evident up to a relative pressure p/p0 = 0.05.On the contrary, for cyclohexane, the most 

pronounced effect of the relative pressure up to p/p0= 0.04 was observed. A further increase in 

pressure of CO2 caused an increase in the adsorbed amount by 0.04 g/g and for cyclohexane by 0.05 

g/g. It was evaluated that adsorption capacity of monolayer nm in the whole investigated pressure 

range follows the order: CBa for cyclohexane ˃ CBa for CO2˃ CBp for cyclohexane ˃ CBp for 

CO2˃ CBp for nitrogen. As it was expected, activated CBa had a higher adsorption capacity for 

both gases/vapor.  
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CONCLUSION 

The sorption properties of two carbon blacks prepared from scrap tyres pyrolysis – non activated 

CBp and CBa (consequenly activated CBp by KOH) - were examined. It is found out that activated 

carbon black CBa showed significantly enhanced sorption capacity and improved textural 

properties than non-activated carbon black CBp. 
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ABSTRACT 

The aim of this work was to evaluate the foliar application of metal-oxide nanostimulators to real 

condition with plant (Helianthus annuus L.) and their impact on quantitative, qualitative, and 

physiological parameters. The development in nanoparticles also reflect the field of agriculture, 

especially beneficial, and positive effects on plants including more available control of agro-

chemicals. Our result showed that from qualitative point of view (sunflower seed yield) the most 

effective variant poses the titanium dioxide compared to zinc oxide variants, and control 

experiment. Similar trend was appeared with sunflower qualitative parameters (content of oil in 

sunflower seed). However, better impact of physiological indicators (chlorophyll content, 

photosynthetic activity, and etc.) correspond to zinc oxide variant. Our result confirmed the 

importance of nanoparticles as nanostimulators for progressive agriculture and agronomical 

development. 

 

Keywords: Metal-oxides, Nanostimulators, Crop Production, Helianthus annuus L. 
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INTRODUCTION 

Nanoparticles (NPs) are particles defined to have at least one dimension smaller than 100 nm. They 

usually demonstrate unique physical, chemical and biological properties compared to similar 

“macro-size” counterparts. Nowadays, the progressive growing field of nanotechnology is 

connected to all areas of life including nanomaterials’ application in electronics, human implants, 

bionanotechnology, etc.
1
. The development of nanomaterials is also reflected in agriculture related 

disciplines, where NPs have beneficial effects on plants e.g. the delivery-target activity by more 

available control of agro-chemicals
2
. However, there is still missing information about behavior of 

NPs in real (natural) matrices, involving their transport, and translocation in plants, accumulation, 

bioavailability or potential toxicity
2,3

. Additionally, from consumer point of view the quality of 

plants (e.g. nutritional value, taste, and others) we should take into the consideration. Due to these 

reasons our study addresses i) using of foliar application of metal-oxide nanostimulators to real 

condition with plant Helianthus annuus L., and ii) analysis of their effects on quantitative, 

qualitative (content of sunflower oil), physiological (vegetative index NDVI - normalized difference 

vegetation index, and PRI - photochemical reflectance index), and other parameters associated with 

crop production. 

EXPERIMENTAL STUDY 

NPs were purchased from Sigma Aldrich, and for analysis of size, morphology were used the 

Transmission Electron Microscopy (TEM), and NPs´ crystallinity was verified using X-ray analysis 

(XRD). Field experiment with Helianthus annuus L. and foliarly applied NPs (zinc oxide, and 

titanium dioxide) were performed on the research field “Dolná Malanta” which is located in Nitra, 

Slovak Republic. Field experiments were conducted in three variants (i) control without 

nanostimulators, (ii) application with titanium dioxide, and (iii) zinc oxide. Continual 

photosynthesis indicators of sunflower were evaluated based on measurement with PlantPen 300U 

equipment, and acquired data were compute to NDVI, and PRI indexes. Morphological changes of 

leaves during experiments were observed using Scanning Electron Microscopy (SEM). At the end 

of experiments, the content of sunflower oil from sunflower seeds in variant’s samples were 

approved applying  Soxshlet extraction
4
. 

RESULTS AND DISCUSSION 

The TEM, and XRD analysis evidenced that zinc oxide NPs have size until 70 nm, with dominant 

hexagonal-prisms morphology, and hexagonal symmetry. Titanium dioxide NPs correspond to size 

no bigger than 40 nm, mainly with prismatic crystals with confirmation of the bi-phase tetragonal 

symmetry. After foliar application of NPs several significant discrepancies in quantitative, 

qualitative, and physiological parameters on crop production were observed. From qualitative 

parameter of sunflower is obvious that the most abundant crop production (sunflower seed yield) 

corresponds to variant with titanium dioxide more than zinc oxide, and control experiment. This is 

confirmed even by ANOVA test with high significant influence (α = 0.05; P = 0.002). Regarding 

the qualitative parameters data, e.g. total content of oil in sunflower seeds was the lowest in the 

control experiment (less than 60%), compared to samples with zinc oxide (more than 60 %). The 

most abundant content of oil was detected in variant with applied titanium dioxide NPs with 

statistically verified influence ANOVA parameters (α = 0.05; P = 0.012). In the growing season, the 

average value of the sunflower vegetation index (NDVI, and PRI) reached an annual value of 

0.0437, and -0.0199, respectively. In comparison between all three variants and based on 

physiological indicators we may deduce that Zn-related experiments shown the higher leaf 

chlorophyll content, increased photosynthetic activity, and photosynthetic radiation-use efficiency 

more than titanium dioxide NPs application, and control experiments without using NPs. These 

facts do not fully correlate with quantitative, and qualitative results (the most effective was Ti-based 
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experiments) which could be matter of the delivery-target activity associated with transport, and 

translocation of NPs
2,3

. 

CONCLUSION 

From the obtained results of foliarly applied metal-oxide NPs to sunflower plant in the field 

experiments, it follows that there is no strong correlation between physiological parameters and the 

quantity and quality of final crop production. It could be caused due to various “field” factors 

including concentration of effective nanostimulators, time, and period of application, combination 

of other agrochemicals, availability of elements, and others. For future development of our work it 

could be really attractive the analysis of metal oxides NPs pathway e.g. translocation of NPs from 

soil solution to plant root system, or from leaves to other parts of plant with impact of quality to 

final crop production.  
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ABSTRACT 

The combination of mechanochemistry and green approach (utilization of plant material, namely 

Thymus vulgaris L., TYM) was used for the synthesis of silver nanoparticles (Ag NPs). The 

experiments were performed at various AgNO3-to-plant ratios (1:1, 1:10, 1:50 and 1:100), while the 

former one served as a silver precursor and the latter one as a reducing agent. The successful 

formation of Ag NPs was proven by powder X-ray diffraction in all cases, except the Ag-TYM 

1:100 sample, where the amount of plant was too high to register any reflections corresponding to 

Ag
0
. The as-received powders were washed, which resulted in the removal of non-reacted AgNO3 

and non-stabilized Ag
0
. After washing, the Ag-TYM 1:1 sample was characterized by UV–Vis 

spectroscopy. The result confirmed the successful synthesis of Ag NPs by showing the peak at 454 

nm in the spectrum. The concentration of silver (altogether elemental and ionic) determined in the 

filtrates after washing by atomic absorption spectrometry showed significant decrease with 

increasing plant amount, thus pointing to increased stability of the NPs when more plant was used. 

 
Keywords: silver nanoparticles, Thymus vulgaris L., mechanochemistry, X-ray diffraction 
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INTRODUCTION 

Green synthesis of silver nanoparticles (strong antibacterial agents) using plants is excessively 

studied these days 
1
. Among many others, also Thymus vulgaris L. plant was used for this purpose 

2-

3
. The completely solid-state approach using mechanochemistry represents an interesting 

alternative, as it can produce stable NPs at ambient conditions 
4-5

.  

EXPERIMENTAL/THEORETICAL STUDY 

The bio-mechanochemical synthesis was realised in a Pulverisette 7 premium line planetary ball 

mill (Fritsch, Germany) under the following conditions: milling time 2 hours, milling speed 500 

rpm, WC balls (15 pieces, diameter 10 mm) and chamber (45 mL) in air atmosphere. Various 

amounts of AgNO3 and Thymus vulgaris L. plant (in the weight ratio 1:1, 1:10, 1:50 and 1:100) in 

total mass 3 g were milled. One gram of as-received powder was washed with 100 mL of distilled 

water in order to remove residual AgNO3. The products were characterized using X-ray diffraction 

and UV-Vis spectroscopy. The filtrate after washing was analysed for Ag content using atomic 

absorption spectrometry. 

RESULTS AND DISCUSSION 

Powder X-ray diffraction was used to pursue the formation of Ag NPs for various AgNO3-to-plant 

weight ratios. The XRD patterns are presented in Fig. 1a. In the sample Ag-TYM 1:1 the peaks for 

both silver nitrate and elemental silver are visible. The ones for silver nitrate are more abundant and 

intense indicating that the reaction is not fully completed. However, after washing, all diffractions 

corresponding to AgNO3 are eliminated and only those corresponding to Ag are present. In the case 

of the sample Ag-TYM 1:10, silver nitrate peaks are no longer observed and peaks of silver become 

more evident. The most of the diffraction peaks could be well-indexed to cubic silver. For the 

samples Ag-TYM 1:50 and Ag-TYM 1:100, the mass of Thymus vulgaris L. is too high to identify 

silver peaks (in the former case only a small one at around 38° can be detected). In addition to the 

peaks corresponding to AgNO3 or Ag, also the one at 26,6° can be observed in all samples, the 

intensity of which increases with the amount of plant. This peak is the most significant one in the 

XRD pattern of pure plant. Obviously the AgNO3-to-plant ratio is important as the reaction 

proceeds more rapidly when more reduction agent (plant) is introduced.  

In Fig. 1b, the UV-Vis spectrum of the washed Ag-TYM 1:1 is presented. Two peaks can be 

identified, the one at 352 nm corresponds to the plant matrix and the one at 454 nm is characteristic 

for silver nanoparticles, thus confirming the successful synthesis. Similarly in the paper 
2
 using the 

same plant the absorption peak was registered at 440 nm. 
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Fig. 4. (a) XRD patterns of Thymus vulgaris L. plant and Ag NPs synthesized by Thymus vulgaris L. (the presented 

bars at the bottom correspond to the diffractions according to JCPDS database: AgNO3 (black, 01-074-2076) and Ag 

(red, 03-65-2871); (b) UV-Vis spectrum of Ag-TYM 1:1 washed sample. 

 

The concentrations of Ag in the filtrates determined by AAS were 3225 mg/L and 11 mg/L for 

Ag:TYM 1:1 and 1:10 samples, respectively. These values correspond to 100 % and 1.9 % of 

overall silver introduced into the reaction. Very high value detected in the Ag-TYM 1:1 sample 

hints to the fact that in addition to non-reacted AgNO3, also reduced Ag
0
 which could not be 

effectively stabilized was present in the filtrate and that most probably the plant material undergoes 

some decomposition during milling. The values for Ag-TYM 1:50 and 1:100 were very low (0.6 

mg/L (0.48 %) and 1.23 mg/L (1.95 %), respectively), which points to very effective stabilization of 

Ag in the plant matrix.  

CONCLUSION 

The possibility to prepare Ag NPs using Thymus vulgaris L. plant using bio-mechanochemical 

synthesis was demonstrated in this study. The AgNO3-to-plant ratio plays very important role in the 

stabilization of the prepared NPs. The products are potential antibacterial agents, which will be 

verified in close future. 
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ABSTRACT 

The composites quartz/TiO2, kaolinite/TiO2, vermiculite/TiO2 and montmorillonite/TiO2 were 

prepared using hydrothermal treatment of the suspension of given support particles (quartz, 

kaolinite, vermiculite and montmorillonite) with titanyl sulphate. By this process the composites 

with 60 wt.% of TiO2 were prepared. The samples were characterized using selected methods of 

chemical and structural analysis (X-ray fluorescence spectroscopy, X-ray diffraction method, 

infrared spectroscopy), the weight loss of the samples during the heating was studied using thermal 

analysis, the specific surface area was measured using BET method. The photodegradation activity 

of the composites was tested using UV light assisted photodegradation of acid orange 7 (AO7). 

Prepared composites were used for the preparation of the cement pastes. The samples of cement 

pastes were characterized using compression strength method, the self-cleaning properties of the 

surface of the cement pastes were tested by the photodegradation of Rhodamine B deposited on the 

surface of the hardened cement pastes. 

 
Keywords: TiO2, composites, cement pastes, photocatalysis 

 

INTRODUCTION 

The photocatalytic degradation of the harmful substances from air and water represents an elegant 

way to improve the quality of living environment and is widely discussed and studied topic. The 

photocatalytical process is based on the generation of electron-hole pairs during the irradiation of 

selected semiconductors using light of suitable wavelength. Generated electron and holes are 

subsequently responsible for the degradation of the harmful substances via different reaction 

mechanisms. Undoubtedly, the most studied photocatalyst is titanium dioxide in its anatase form 

with the band gap energy 3.2eV
1
. The photoactivity depends on several factors and is also closely 

related to the particle and crystallite size. The nanoparticles perform better than bulk materials, but 

on the other hand are more difficult to separate from reaction mixture after the photodegradation 

process. The way to overcame this issue is to capture the nanoparticles on the surface of suitable 

carriers. Clay minerals were proved to be the suitable substrates for capturing of photocatalytic 

nanoparticles
2
, whereas new class of nanocomposites is obtained. The application of the composite 

kaoline/TiO2 in cement pastes and its photodegradation activity against NOx has been already 

proved
3
. Present research is focused on the comparison of three raw clays (kaoline - KA, 

vermiculite - VE and bentonite - BE) and fine quartz particles as the substrates for immobilization 

of TiO2 nanoparticles. Prepared composites (KATI, VETI, BETI) were tested as the photoactive 

components of cement pastes by the photodegradation of RhB deposited on the surface of hardened 

cement pastes. 
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EXPERIMENTAL 

The composites substrate TiO2 (60wt.%) were prepared using thermal hydrolysis of TiOSO4 colloid 

suspension according to the procedure published by Kutlakova et al.
4
. Prepared composites were 

calcined 2h at 500°C and used as the fillers in cement pastes. The amount of the individual filler 

was 10 wt.% and water to solid ratio was 0.5. The hardened cement pastes (28days) were subjected 

to RhB test
5
.  

RESULTS AND DISCUSSION 

Fig. 1 shows the compressive strength values obtained for the reference cement paste and pastes 

modified with given photocatalytic admixture. The lowest value of compressive strength was 

achieved for the sample with admixture bentonite/TiO2, while the cement paste modified with VETI 

reached the same level of compressive strength as a reference cement paste. The extent of 

discoloration of originally pink colored surface of the cubes of reference cement pastes (without 

photoactive admixture) and cement pastes with 10wt.% of given composite due to 26h long of UVA 

irradiation is shown in Fig. 2. Comparing the pictures of the sample surface it is evident that in the 

case of the samples the samples with photoactive composites subjected to UV irradiation the 

intensity of originally pink color of the surface caused by the presence of RhB decreased due to the 

photocatalytic degradation of RhB. 

 

 

 

 

 

 

 

 

 

Fig. 1 Comparison of the compressive strength values of the samples after 28days of hydration 

 

 

 

 

 

 

 

 
Fig. 2Demonstration of the photodegradation activity of the pastes colored with RhB 
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CONCLUSION 

The photocatalytic admixtures based on TiO2 captured on the surface of three selected clays 

(kaoline, vermiculite and bentonite) and quartz were successfully prepared by thermal hydrolysis of 

titanyl sulphate. The calcined composites were used as the photocatalytic admixture of cement 

pastes whereas the lowest compressive strength value was measured for cement paste with 

composite BETI (bentonite/TiO2). Comparing the colored surface of cement pastes it was observed 

that all of the composites showed more pronounced degradation of RhB in comparison to reference 

cement paste.     
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ABSTRACT 

The suitability of powder alkali activator for activation of granulated blast furnace slag (GBFS) was 

evaluated. Three solid powder activators Na2SiO3 (NS), Na2SiO3.5H2O (NSH5) and Na2Si2O5.3H2O 

(NS2H3) were used for GBFS alkali activation without their initial dissolution in water. Mixing water, 

which is necessary for hydration processes at these systems, was added subsequently after the 

mechanical mixture of given powder alkali activator and GBFS was prepared. The effect of the type 

and the amount of the Na2O carried by given activator on the compressive strength values of the 

prepared pastes were evaluated after 2, 7, 28 and 56 days of hydration in the moist environment 

(99% RH). It was observed that the activation using powder activators is possible and the highest 

compressive strength values after 56 days hydration reached approximately 80 MPa for the pastes 

activated with NS. The lowest values of compressive strength in the range 30-50 MPa were 

obtained for the pastes prepared with the activator NSH5. The hardened samples of GBFS with NS 

were further characterized using X-ray diffraction method and Fourier transformed infrared 

spectroscopy. The extent of the dissolution of solid powder activator was studied using scanning 

electron microscopy on the fracture surface area originated after the compressive strength test. 

 
Keywords: granulated blast furnace slag, alkali activation, compressive strength 
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ABSTRACT 

Variability of industrial waste supports new processes for their disposal or reusing. Especially 

interesting is inorganic waste containing metals such as clean scale. These can be used as a pigment. 

Iron pigments are among the most widely used dyes for industrial applications. Changes in 

temperature have a direct influence on the modification of oxides Fe and colour of the final 

pigment. Based on the results of XRDF analyses, the tested scale contains FeO (78%) and Fe3O4 

(16%) in cubic form and 3% of Fe2O3 in rhombohedral form. When exposed to temperature above 

1100°C, the share of Fe2O3 in rhombohedral form rises to 98%. This article simply describes the 

preparation of a new glaze from the scale. The scale was mixed with commercial glaze at 10 wt% 

and applied to a fired ceramic body. 3 firing temperature regimes, 800°C, 900°C and 1060°C, were 

established, to obtain different colour shades. 

 
Keywords: scale, pigment, glaze, ceramic 

 

INTRODUCTION 

In 2017, there were 234 large industrial companies in the Moravian-Silesian region. A large part of 

these companies produce a lot of industrial waste during their production process. Part of this waste 

is cleaned scale, which can be used in a number of different ways. The usd scale is industrial waste, 

evaluated according to Czech legislation in the waste catalog under the code 1002 Industrial waste: 

Rolling mill scale 100210. The scale is represented by three types of oxides, wüstite FeO, magnetite 

Fe3O4 and hematite Fe2O3. In general, they show dynamic properties that are characterised by both 

the formation and reduction of higher iron oxides.
1 

The word pigment means a substance consisting 

of small particles that is practically insoluble in the applied medium and is used for its coloring, 

protective, or magnetic properties. Both pigments and dyes are included in the general term 

“colouring materials”.
2
 The reason for the use of iron pigments is the higher stability of oxides 

soluble in silica glaze. Glaze is glass coating on a ceramic body. From the technical point of view, 

glaze improves the appearance of the product and design, lowers the porosity of the body and 

increases mechanical strength of the glazed body. Glaze consists of of several types pigments on 

oxide basis, that bring the colours and properties that are required. 

EXPERIMENTAL/THEORETICAL STUDY 

The glaze was prepared from 10 hm% scale as pigment + 100 hm% powder transparent glaze 

containing up 80% SiO2. The glazes were homogenized in a ball mill. They were applied by spray 

method and dipping on the firing body. The temperature was 800, 900 and 1060°C. SEM analysis 

shows irregularly shaped grains, Fig. 1a and XRD record present FeO (78%) and Fe3O4 (16%) and 

3% Fe2O3, Fig. 1b. Above 1000°C, the only stable phase is hematite. Hematite (α-Fe2O3) is the 

most stable iron oxide and it is traditionally used as a red pigment from ancient 

times.
3
Thermodynamically, it is a stable product. 
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Fig. 1  a) SEM of scale                    b)  HT-XRD of scale 

 

RESULTS AND DISCUSSION 

The original scale is black. The colour of scale can be changed in two ways a) on dependent 

temperature b) chemical treatment. Ions 3
+
 are very reactive in mixtures with glaze, frits and 

ceramic body. Fe3O4 is transformed to form γ-Fe2O3 (maghemite) and α-Fe2O3 (hematite) with 

present oxygen.
4,5

 Nowadays, α-Fe2O3 is used for several industrial applications, for instance 

colouring paints, plastics and enamels, thanks to its low price, low toxicity, and high thermal and 

chemical stability.
3
 The colour of the resulting glaze is different, depending on firing temperature, 

Tab. 1. Up to 800°C the glaze is matt and above 900°C it is glossy. The surface glazes are without 

defects. Spray method is better to create a compact surface.  

 

Table 1. The color of scale during thermal and chemical exposition 

 

 

 

CONCLUSION 

The study confirmed the usability of clean scales as pigments. Temperature changes the 

polymorphism of iron oxide and affects the final colour pigment and the color of final glaze with a 

high content of SiO2. Local vitrification formed during heat treatment with the use of transparent 

glazes. The resulting glass structure on ceramic body immobilizes the components coming from 

industrial waste and eliminates their negative impact on the environment. This effect is used in the 

common practice, where different oxidic pigments are used for the production of glazes. 

 
Acknowledgments: „This work was supported by the Ministry of Education, Youth and Sports of the Czech 
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ABSTRACT 

The paper deals with the possibility of using fly ash including fly ash after SNCR denitrification 

from power plant Třebovice as an admixture for composites based on alkali-activated blast furnace 

slag in order to improve selected physical and mechanical properties. Furthermore, the effect of fly 

ash on hydration and structure influence in thermal analysis was studied. 

 
Keywords: Fly ash, denitrification, blast furnace slag, SNCR 
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ABSTRACT 

Vermiculites are commercially available inexpensive clay minerals, but their structural properties 

significantly affect the properties of cordierite ceramics. In recent years, photocatalytic N2O 

conversion was studied over cordierite/steatite/CeO2 ceramics prepared from raw talc, kaolin and 

CeO2 nanoparticles precipitated on vermiculite from the Paraiba region of Brazil. Base on this result 

the new set of ceramics cordierite/CeO2 was prepared by precipitation of nanoparticles of ceria 

(CeO2) on vermiculite from the Brazil. The samples were prepared from the mixtures containing 

talc (from 20 to 40 wt.%), kaolin (about 50 wt.%) and vermiculite/CeO2 nanoparticles (from 13 to 

30 wt.%) by sintering at 1300°C. The amount of CeO2 in mixtures was from 4 to 9 wt.%. The 

photocatalysts properties were characterized by several characterization methods, such as X-ray 

powder diffraction, N2 physisorption, diffuse reflectance UV–vis spectroscopy and 

photoelectrochemical measurements. The photocatalytic activity of ceramics cordierite/CeO2 was 

investigated for the CO2 photocatalytic reduction. The main reaction products was carbon monoxide 

moreover, hydrogen was also detected. Correlation between structural, optical and electronic 

properties and photoactivity have been studied in detail. 

https://www.sciencedirect.com/science/article/pii/S0272884214019105#!
https://www.sciencedirect.com/science/journal/02728842
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ABSTRACT 

Two commercially available photocatalysts based on titanium dioxide (P25, CG300) and one 

photocatalyst based on exfoliated graphitic carbon nitride (g-C3N4) were tested for the 

photodegradation of paracetamol (PAR), ibuprofen (IBU) and diclofenac (DIC). For all of the 

photocatalysts the photodegradation was realized under the UV (368nm) as well as VIS (446nm) 

irradiation. An extent of the degradation was characterized using high performance liquid 

chromatography and UV-VIS spectroscopy. 

 
Keywords: g-C3N4, TiO2, photodegradation, pharmaceuticals. 

 

INTRODUCTION 

The presence of pharmaceuticals and their metabolites are beginning to be a problem in waters 

because wastewater treatment plants were not designed to remove them. For example, the number 

of the medical prescriptions being issued in United States is reaching approximately 4 billion 

dollars annually. These compounds get to waters through various sources. It is important to develop 

effective techniques to remove them from aquatic environment, drinking water and waters coming 

out of wastewater treatment plants
1
. 

The effort to utilize a photodegradation phenomenon for the remediation of hazardous 

pharmaceutical residues is reflected in a number of scientific papers dealing with this issue. Yang et 

al.
1
 used the UVA and UVC assisted photodegradation of paracetamol over the TiO2 photocatalyst 

and indicated TiO2 as the promising material especially when UVC was used. 

Graphitic carbon nitride has attracted an attention as the photocatalyst mainly with respect to its 

narrower band gap in comparison to TiO2 (2.65 eV vs 3.20 eV). One of the strategies for 

enhancement of the photodegradation efficiency of g-C3N4 is exfoliation of bulk structure. The 

exfoliation results in the higher specific surface area of g-C3N4 and therefore the photodegradation 

activity of these structures are improved significantly
2
. 

EXPERIMENTAL 

Photodegradation of the most commonly used pharmaceuticals was studied by using different 

photocatalysts. For the catalyst were chose commercially available TiO2 (Precheza a.s.; CG 300), 

TiO2 (Evonic; P25) and laboratory prepared exfoliated g-C3N4. Graphitic carbon nitride (bulk) was 
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synthetized by the calcination of melamine at 550°C and further exfoliated at 500°C in a muffle 

furnace
2
, the resulting sample was labeled as g-C3N4 EX.  

The above mentioned catalysts were characterized by diffusion reflectance spectroscopy (DRS) 

(Shimadzu UV-2600 with IRS-2600Plus), X-ray powder diffraction (XRD) (Rigaku SmartLab 

diffractometer equipped with Co tube), Fourier transform infrared spectroscopy (FTIR) (Nexus 

470), scanning electron microscopy (SEM), transmission electron microscopy (TEM), particle size 

distribution and particle size.  

The photodegradation tests were performed using an ultraviolet light lamp (UV lamp) and a visible 

light lamp (VIS lamp), with the wavelength of 368 nm and 446 nm, respectively. After the 1h long 

adsorption in dark a reaction mixture was sampled after 2, 4 and 6 h using a syringe and filtered 

using syringe filters. The changes in the PAR, IBU and DIC concentrations during the irradiation 

were monitored by a HPLC technique. 

RESULTS AND DISCUSSION 

The X-ray diffraction measurement revealed that the P25 sample is a mixture of anatase and rutile 

while CG300 consisted of anatase. Exfoliated graphitic carbon nitride shows diffraction lines 

typical for g-C3N4. The ability of the samples to absorb the UV-VIS light was characterized using 

the UV-VIS DRS. The band gap energies (Eg) were evaluated using the Tauc´s plot and they are 

listed in Table 1. The Eg values decreased in the order CG300  P25  g-C3N4. 

 
Table 1. The band gap energies evaluated for tested photocatalysts. 

Samples Eg (eV) 

P25 3.02 

CG300 3.25 

g-C3N4_EX 2.68 

 

General differences between intermediate products of the photodegradation of chosen 

pharmaceuticals were observed. Paracetamol was one of the easiest to decompose. The 

photodegradation process of ibuprofen produced a noticeable odor which has not been analyzed yet. 

During the diclofenac photodegradation a slightly pinkish solution was observed after 2-3 hours of 

the irradiation which vanished with longer irradiation time due to a degradation of intermediate 

products. The degradation efficiency of the photocatalysts increased in the order g-C3N4  CG300  

P25 under the UV irradiation.  

CONCLUSION 

Both TiO2 and g-C3N4 were indicated as the suitable photocatalysts for the degradation of 

paracetamol, ibuprofen and diclofenac under UVA and VIS irradiation. In the near future the 

degradation kinetics and intermediate products will be studied in details.  
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ABSTRACT 

The importance of studies on photoactive zinc oxide nanoparticles (ZnO NPs) increases with 

increasing environmental pollution. Since the ZnO NPs (and NPs in general) also pose an 

environmental risk, and since an understanding of the risk is still not sufficient, it is important to 

prevent their spread into the environment. Anchoring on phyllosilicate particles of micrometric size 

is considered to be a useful way to address this problem, however, so far mainly on the basis of 

leaching tests in pure water. In the present study, the phytotoxicity of kaolinite/ZnO NPs 

nanocomposites tested on white mustard (Sinapis alba) was found to be more than two times higher 

in comparison with pristine ZnO NPs. Also the amount of Zn accumulated in white mustard tissues 

and false fox-sedge (Carex otrubae) plants was much higher than can be expected based on the 

mass of ZnO NPs in the nanocomposites compared to pristine ZnO NPs. Increased phytotoxicity of 

the nanocomposites and higher uptake of Zn by plants from the nanocomposites in comparison with 

pristine ZnO NPs suggest that the immobilization of ZnO NPs on the kaolinite might not reduce the 

environmental risk when living organism, e.g. plants, are involved. 

 
Keywords: zinc oxide, kaolinite, nanocomposite, phytotoxicity 

 

INTRODUCTION 

ZnO nanoparticles (NPs) exhibit photocatalytic
1
, sensing

2
, and antibacterial properties

1
. However, 

the potential risk of pristine ZnO NPs to the environment and human health cannot be ignored
3,4

. To 

avoid the risk (and also because of easier handling), many authors reported preparation of 

nanocomposites (NCs) –  NPs anchored on phyllosilicate particles of micrometric size
5,6

 – but the 

stability of these NCs is commonly not reported or – in a few exceptional cases
5,6

 – it is judged 

solely on the basis of leaching tests in biologically blank water. So far, the only study focused on 

toxicity of phyllosilicate/ZnO NC (against ciliate Tetrahymena pyriformis) revealed an increase in 

toxicity of ZnO NPs in the NC. The mechanism of the toxicity is not clear
7
. No studies on the 

phytotoxicity of these NCs to higher plants are available. Our previous study
6
 devoted to a 

characterization of photoactive kaolinite/ZnO (KAZN) NCs including leaching tests in 

demineralized water showed that KAZN NCs could be considered stable. This result, however, is 

not sufficient proof of the harmlessness in real environment, particularly regarding the influence of 

living organisms. Therefore, phytotoxicity tests of KAZN NCs and pristine ZnO NPs on white 

mustard seedlings (Sinapis alba) and experiments monitoring the Zn accumulation in white mustard 

and false fox-sedge (Carex otrubae) have been performed in the research.  

EXPERIMENTAL/THEORETICAL STUDY 

KAZN NCs (10, 30, 50 wt.% of ZnO NPs) were prepared according to the previously published 

method
6
. Pristine ZnO NPs were purchased from Sigma Aldrich. The plants were exposed to 

various concentrations of KAZN NCs, pristine kaolinite, and pristine ZnO NPs (10, 100, 1000 
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mg/dm
3
), and the samples of the plants were studied using SEM (Quanta FEG 450) and AAS (GBC 

SensAA Dual Spectrometer) analyses. Statistical analysis was performed using STATISTICA.CZ 

v.12.0 software. 

RESULTS AND DISCUSSION 

Compared to pristine ZnO NPs (100 wt.% of ZnO), KAZN NCs exhibit higher phytotoxicity 

against white mustard seedlings (comparable shortening of roots was observed). The amount of Zn 

found in dry matter of the seedlings treated with KAZN NCs was higher (with respect to the portion 

of ZnO in KAZN NCs) compared to the Zn amount found in dry matter of the seedlings treated with 

pristine ZnO NPs. Similar results were obtained by examining the Zn accumulation in false fox-

sedge. The Zn content in dry roots and dry leafs of the false fox-sedge plants cultivated in a medium 

supplemented with KAZN NCs was not proportional to the percentage of Zn in the NCs (with 

respect to Zn content in plants cultivated in ZnO NPs-spiked medium) but higher (Fig. 1). 

 

 

Fig. 1. Zn amount in dry matter of false-fox sedge (Carex otrubae) cultivated in medium supplemented by KAZN NCs 
and ZnO NPs (concentration 100 mg/dm

3
 used). is shown in Fig. 4. 

 

Release of Zn from KAZN NCs and pristine ZnO NPs into the medium in the presence / absence of 

the false fox-sedge were studied. This experiment showed that the presence of the false fox-sedge 

increases the amount of Zn released. Detection of high Zn release rate and its accumulation in 

plants was confirmed by SEM analysis and EDS analysis. These analyses provided visual and 

quantitative evidence that ZnO NPs disappeared from the KAZN NCs during the abovementioned 

experiments. 

CONCLUSION 

With respect to the lower ZnO NPs content in KAZN NCs compared to pristine ZnO NPs, the 

phytotoxicity of KAZN NCs was found to be higher. Although the reason is unclear, it seems 

probable that lower size and larger surface area of the in situ prepared NPs in NCs compared to 

pristine NPs (i.e. properties considered positive for photocatalysis
8
) can be the cause of the 

observed higher phytotoxicity. Results of our study show that the KAZN NCs are unique materials 

and their phytotoxicity cannot be simulated using pristine ZnO NPs. The number of studies focused 

on NCs of the “phyllosilicate/metal oxide NPs” type continually increases and their use in practical 

applications is very likely in the coming years. Further research focused on toxicity of these 

nanocomposites is, therefore, very important and strongly encouraged. 
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ABSTRACT 

The paper is aimed on the using of non-homogeneous bentonites coated by manganese oxides for 

the removal of heavy metal cations from the water solutions. In the first stage Slovak natural 

bentonite was converted to sodium form using by Na2CO3 as the activating agent. After that the 

manganese oxides were precipitated on the surface of natural and sodium activated bentonite, 

respectively. The structural changes before and after the modifications of bentonites were 

characterized by X-ray diffraction analyses and X-ray photoelectron spectroscopy. To compare the 

sorption properties of the natural bentonite and modified bentonites, sorption experiments of Cd
2+

 

from aqueous solutions were done. 

 
Keywords: bentonite, composites, adsorption 

 

INTRODUCTION 

Bentonite is one of the most popular clay rocks with exceptional adsorption properties. The main 

clay mineral present in bentonite is montmorillonite which belongs to the smectite mineral group. 

The properties of bentonite result from the crystal structure of this group. The particles of 

montmorillonite have negative charges on their faces due to the isomorphic substitutions in its 

structure. This negative charge is compensated by the presence of the cations in the interlayer space, 

which are not fixed and have the character of so called “exchangeable cations” (i.e. Na
+
, K

+
, Li

+
, 

Mg
2+

, Ca
2+

) [1]. This study focused on the preparation of composites containing either natural or 

natrified bentonite and manganese oxides. The immobilization of manganese oxides on bentonite 

surface could lead to the improvement of the bentonite sorption properties and also to overcome the 

limits to the use of pure manganese oxides as adsorbents due to the e.g. economic reasons [2]. The 

most common form of manganese oxides in nature are poorly crystalline materials like birnessite or 

vernadite [3]. 

EXPERIMENTAL/THEORETICAL STUDY 

The bentonite from the Slovak deposit Stará Kremnička – Jelšový potok which contained an almost 

monomineral fraction of montmorillonite (>90%) [4]. At first the natural bentonite was simple 
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chemically modified by natrification. Natrification salt Na2CO3 is used almost exclusively thanks to 

its financial accessibility. The composites manganese oxide + bentonite (Mn-B), manganese oxides 

+ natrified bentonite (Mn-NaB) and reference sample of pure manganese oxides (Ref-Mn)  were 

gained using reductive precipitation of manganese oxides  both in a weight ratio of 1:1 (manganese 

oxides : natural materials). The process of precipitation followed the reaction 1: 

 

2KMnO4 + 8HCl → 2MnO2 + 2KCl + 3Cl2 + 4H2O  (1) 

 

The effective connection of manganese oxide with the bentonite was confirmed mainly by the 

results of the X-ray diffraction analysis and X-ray photoelectron spectroscopy. 

 

 

RESULTS AND DISCUSSION 

The X – ray diffraction analysis of natural bentonite (B) confirmed montmorillonite as dominant 

mineral phase. The activation of montmorillonite by Na
+
 cations caused structural changes which 

principally affected the movement of montmorillonite main (001) reflection to the right on x axis. 

Reference sample of manganese oxides with the strongest reflection of d001 value of 0.717 nm 

corresponds to birnessite-type manganese oxide according to the X-ray diffraction analysis. 

Precipitation of manganese oxides on bentonite caused structural changes of both composites Mn-B 

and Mn-NaB. 

The XPS spectrum of Mn-B and Mn-NaB (Fig. 1) confirm that natural bentonite surfactants were 

coated with manganese oxides because the same lines were present as in the sample (Ref-Mn). In 

addition, other calcium (Ca 2p, Ca 2s) lines from bentonite matrix were also used. The main aim of 

The detailed Mn 2p line measurements were made at high resolution in the 630 - 660 eV binding 

energy range. The presence the Mn
4+

 in the manganese-modified sample was confirmed. 

 

 

 

 

 

 

 

 

 

 

Fig. 1 X-ray photoelectron spectrum of Mn-B and Mn-NaB 
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The adsorption parameters were calculated through Langmuir model due to the fact that sorption 

data were well fitted to the linear form of the Langmuir isotherm. The obtained values of maximum 

adsorption capacities [mg/g] were: 63.29 (natural bentonite), 72.99 (natrified bentonite), 103.09 

(Mn –B) and 108.69 (Mn-NaB).   

CONCLUSION 

The adsorption experiments with the modified forms of the bentonite, confirmed significant 

improvement of the adsorption properties of the natural materials at adsorption of Cd
2+

 after their 

modification by the manganese oxides. XPS measurements in manganese-modified bentonite 

samples was to determine the manganese chemical status. 
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AFM-in-SEM LiteScopeTM: Tool for comprehensive sample surface analysis 
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2
Institute of Physical Engineering, Brno University of Technology, 
Brno, Czech Republic 

Jan.neuman@nenovision.com 

 

ABSTRACT 

Compact AFM LiteScope
TM

 integrable into variety of SEMs is presented. This device provides 

benefits of both, AFM and SEM, techniques and extends application possibilities. Moreover, it is 

equipped with unique CPEM
TM

 technology providing a true correlative measurement of multiple 

signals at the same time, coordinates and sample conditions. Practical advantages cover precise 

AFM tip navigation, in-situ 3D imaging, depth/height profiling, surface roughness estimation, a 

variety of spectroscopic regimes or local electric conductivity measurement. Fields of application 

and capabilities of the device are shown on various samples and materials. 

 
Keywords: AFM, SEM, Correlative Imaging, CPEM. 

 

INTRODUCTION 

Precise and complex analysis using multiple techniques provides deeper knowledge about the 

examined sample and is advantageous for successful research in many scientific fields. Atomic 

force microscopy (AFM) and scanning electron microscopy (SEM) are widely used techniques for 

imaging the nanoworld in fields of material sciences, nanotechnology, semiconductors or life 

sciences. AFM LiteScope
TM

 integrated into the SEM enables to combine and to benefit from both of 

them [1]. LiteScope
TM

 uses a unique technology for correlative measurement called CPEM which 

will be described later.  

EXPERIMENTAL/THEORETICAL STUDY 

AFM-in-SEM LiteScope
TM

 is the focus of this paper. It uses the CPEM (Correlative Probe and 

Electron Microscopy) technology which is the key to precise complex surface sample analysis. 

When using this technique neither the AFM probe nor the electron beam is scanning over the 

sample. The movement is done by a piezo scanner with the sample. It is very advantageous that the 

AFM tip and electron beam have a constant shift, and images from both modalities are obtained 

simultaneously at the same conditions including pixel size, coordinate and scanning system (see 

Fig. 1). Multiple AFM signals (topography, energy dissipation, sample stiffness), SEM signals from 

different detectors (SE, BSE) or related techniques like EBIC, CL can be obtain using CPEM. Each 

signal is represented by a unique mask (color) and brings new information for further sample 

analysis. 

RESULTS AND DISCUSSION 

AFM LiteScope
TM

 can be used for a variety of applications ranging from complex characterization 

of 1D, 2D and 3D nanostructures, analysis of metals and polymers to failure analysis of 

semiconductors, solar cells or nanodevices. However, new and innovative applications of AFM-in-

SEM are yet to be discovered. Thanks to CPEM technology, complex information is obtained 

during a single acquisition. It is a great tool for in-situ analysis of etched structures which would be 
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negatively affected when exposed to air. Example of this kind of sensitive sample is in Fig. 2. where 

the surface of CdTe is modified by FIB. LiteScope
TM

 can serve perfectly for fast etching dose 

optimization [2]. 

 

 

Fig. 1. The principle of CPEM (Correlative Probe and Electron Microscopy) 

 
 

 

Fig. 2. Surface modification of cadmium telluride (CdTe) by the focused ion beam.  

 

CONCLUSION 

AFM LiteScope
TM

 with CPEM technology is a strong tool for surface sample analysis revealing 

new details of the studied sample in one shot measurement. It gives new opportunities for 

applications which could not be performed on separated machines like for example in-situ analysis 

of samples after surface modification by various techniques or precise localization and analysis of 

1D, 2D, and 3D nanostructures. Combination of AFM and SEM is very powerful and new 

applications are being studied bringing even more benefits for the customers.  
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ABSTRACT 

Scattering-type Scanning Near-field Optical Microscopy (s-SNOM) is an optical microscopy and 

spectroscopy approach based on scanning probe technology, bypassing the ubiquitous diffraction 

limit of light to achieve a spatial resolution below 20nanometers. s-SNOM employs the strong 

confinement of light at the apex of a sharp metallic AFM tip to create a nanoscale optical hot-spot. 

Analyzing the scattered light from the tip enables the extraction of the optical properties absorption, 

reflectivity) of the sample directly below the tip and yields nanoscale resolved images and 

nanoscale spectroscopy (hyperspectral nano-FTIR) information simultaneous to topography. This 

presentation we will introduce the basic principle of near-field microscopy and hyperspectral nano-

FTIR for imaging and spectroscopy with 10 nanometer spatial resolution. In addition we will 

summarize the latest achievements in the field of near-field microscopy and spectroscopy on 

polymers, biomaterials and 2D materials and will focus on applications in chemical analysis and 

material identification at the nanoscale. 
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ABSTRACT 

Nano Chemi Group is a high-tech enterprise focusing on research, development, and 

commercialization of own industrial solutions based on a range of nanoproducts. We closely 

cooperate with renowned research institutions, universities, national laboratories, and innovative 

corporate giants in Europe and beyond its borders. 

Thanks to tight connections and support from our reliable suppliers we have a chance to introduce 

materials as carbon nanoparticles, metal and alloy nanoparticles, oxide and rare earth oxide 

nanoparticles, compound nanoparticles to the market.  

The strategy is to concentrate on present challenges of the Energy, Construction, Transportation, 3 

D printing, and Electronic sectors so far as the use of nanotechnology accomplish the possibility of 

making lots of materials stronger, lighter, durable, reactive or even better conductors of electricity 

among several other useful properties. That is the reason our team already achieved successful 

results in elastomers, polymers, and composite fields and we do believe that nanotechnology will 
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strongly revolutionize and improve many areas and directions of our lives. NANO CHEMI GROUP 

aims to bring up-to-date, effective, and beneficial solutions by delivering high-quality nano 

formulated products and providing substantial technical support to our customers. 

 

Research and development of nanotechnologies and nanomaterials 

Kotzianová1, J. Klemeš1, M. Pokorný1, V. Velebný1 
1
Contipro a.s., Dolní Dobrouč, Czech Republic 

kotzianova@contipro.com 

 

ABSTRACT 

Contipro is a Czech biotechnological company and one of the world's leading manufacturers of 

hyaluronic acid. In addition to manufacturing, the company also includes research with more than 

ten research departments including Nanotechnology. Hyaluronic acid is a natural biopolymer, 

which has great potential not only in cosmetics but also in a field of tissue engineering, drug 

delivery or wound healing. Each application has its own specific requirements which define a form 

of hyaluronic acid and a final structure. One of the final structures which can be prepared from both 

the native form of hyaluronic acid and its derivatives are nanofibers. To make nanofibers from 

hyaluronic acid, Contipro developed a laboratory device for electrospinning – 4SPIN LAB. So far, 

more than 25 different raw materials and their derivatives from the group of natural and synthetic 

polymers have been electrospun into a form of nanofibers. Using the 4SPIN LAB it is also possible 

to combine polymers with each other or add additives (API, inorganics, cosmetic ingredients etc.) 

and prepare composite structure with a highly defined structure. These materials have become to be 

substantial support for regenerative medicine and tissue engineering applications research.  

 

 



Sponsors 

NanoOstrava 2019   199 

 

 

 

 

SPONSORS 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 



Sponsors                                                                                                                     

NanoOstrava 2019   200 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   201 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   202 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   203 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   204 

 

 

 



Sponsors                                                                                                                     

NanoOstrava 2019   205 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   206 

 

 
 



Sponsors                                                                                                                     

NanoOstrava 2019   207 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

Autor: Ing. Sylva Holešová, Ph.D. 

 

 

Katedra, institut: Centrum Nanotechnologií - 9360 

 

Název: NanoOstrava 2019 – 6th Nanomaterials and Nanotechnology 

Meeting 

 

Místo, rok, vydání: Ostrava, 2019, 1. vydání 

 

Počet stran: 210 

 

Vydala: Vysoká škola báňská-Technická univerzita Ostrava 

 

Tisk: Ediční středisko, Vysoká škola báňská-Technická univerzita Ostrava 

 

Náklad: 120 

 

Neprodejné 

 

 

ISBN 978-80-248-4290-5 

 


