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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work 

plan, all in English)  

Project title: 

Surface modification of metallic and polymer biomaterials with the use of oxide layers 

obtained by the ALD method – synthesis of coatings, their structural and morphological 

characteristics, and analysis of their biocompatibility and bioactivity 

 

1.1. Project goals  

The scientific goal of the proposed project is to gain the comprehensive knowledge about the relationship 

between the structure and the morphology of new group of thin coatings, obtained with the use of plasma-

enhanced atomic layer deposition technique (PEALD), applying both new and known precursors, and their 

mechanical properties, wettability, and biological activity (biocompatibility and microbiocidal activity). 

Among the nanocoatings planned for synthesis, we have titanium dioxide and zirconium dioxide, both pure 

and enriched with silver, gold or palladium nanoclusters. Among the substrates on which abovementioned 

thin films are planned to be deposited we have four different kind of biomaterials: polymethyl methacrylate 

(PMMA), titanium alloys, collagen, and biodegradable iron-based 3D systems. The knowledge acquired in 

the field of basic research on thin films by ALD can broaden the current knowledge about the surface 

functionalization as an effective approach to improve and enhance the properties of different biomaterials. 

With film thickness control down to Ångström length scale and uniform conformal thin films even on 

complex 3D substrates, high quality thin films and their reproducibility are noteworthy advantages of ALD 

over other thin film deposition methods. 

 

1.2. Outline 

The Atomic Layer Deposition (ALD) method is a technique used in developing nanotechnologies, wherever 

it is necessary to produce ultra-thin films only a few angstroms thick. Much attention is currently being paid 

to modifying and functionalizing the surface of biomaterials and medical implants using methods which 

would enable conformal deposition of inorganic materials on organic and metal substrates. The ALD 

method, due to the use of sequential exposure of so-called substrates to reagents (so-called precursors), is 

ideally suited for this, although it was invented as a technique for the needs of optoelectronics and 

semiconductor technologies. There are three types of ALD: Thermal ALD, Plasma Enhanced ALD (PE-

ALD), and Radical Enhanced ALD (RE-ALD) [1]. Each one of these has advantages and disadvantages, 

which depend on the materials involved, deposition conditions, and desired applications. Taking into 

account the fact that the equipment facilities of the Faculty of Chemistry, Nicolaus Copernicus University in 

Toruń will be enriched in next months with the PEALD reactor, on which I worked personally during 

several internship visits to the Finnish Center of Excellence in ALD in University of Helsinki, under the 

supervision of a well-known in ALD field - professor Markku Leskelä, I made a decision to initiate research 

on the use of this technology for surface modification of various biomaterials. As part of the work, it is 

planned to optimize the ALD processes for obtaining nanometric titanium dioxide and zirconium dioxide 

coatings - as highly biocompatible systems, unmodified and modified with dispersed silver, gold and 

palladium nanograins, using the precursors currently available on the market and newly synthesized under 

the project. 

TiO2 and ZrO2 are important biomedical materials due to their nontoxicity nature in contact with the 

human body [2,3] and for this reason, I have chosen them to carry out the studies with their use on 

modification of the surface of the following biomaterials: polymethyl methacrylate (PMMA), titanium 
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alloys, collagen, and biodegradable iron-based 3D systems  – the synthesis and characteristics of which 

under the Preludium BIS 1 grant are currently being developed by a PhD student, under my supervision. 

PMMA was selected as an example of a polymeric ALD substrate, which has wide applications in dental 

fields as a denture base [4,5]. Titanium alloys are metallic biomaterials, which are usually used in 

orthopedic, maxillo-facial surgery and dental implant restorations [6,7]. Collagen has been selected as a 

protein-based biomaterial with many potential applications in bone tissue engineering application [8,9]. And 

the last one - biodegradable iron-based 3D systems, have been chosen as biomaterials for cardiac purposes 

(e.g. stents) [10,11]. 

Within the proposed project it is planned to make studies on the PEALD synthesis of new group of 

oxide (TiO2 and ZrO2) thin films, enriched with silver, gold and platinum nanograins, also with the use of 

PEALD technique, and analysis of the relationship between their structure and morphology and mechanical 

properties, wettability, and the biological activity in-vitro. Such comprehensive studies on the proposed 

systems have not been conducted so far. Thus, it is possible to generate in the course of the project a new 

knowledge, important for contemporary biomedical engineering. 

 

 

1.3. Work plan 

The works planned for a period of four years are divided into seven research tasks: 

1. Optimization of TiO2 atomic layer deposition on four different kinds of biomaterials: polymethyl 

methacrylate (PMMA), titanium alloys, collagen, and biodegradable iron-based 3D systems, with the use 

of standard precursors 

2. Optimization of ZrO2 atomic layer deposition on four different kind of biomaterials: polymethyl 

methacrylate (PMMA), titanium alloys, collagen, and biodegradable iron-based 3D systems with the use of 

standard precursors 

3. Enrichment of TiO2 and ZrO2 thin films with Ag, Au, and Pd nanograins with the use of ALD technique 

and standard precursors 

4. Studies on new ALD precursors for TiO2, ZrO2, Ag, Au and Pd – synthesis, structural and spectral 

characterization; their pilot application as ALD precursors 

5. Structural and morphological characteristics of obtained thin films, both pure oxides, as well as these 

ones, enriched with metallic nanograins 

6. Analysis of mechanical properties, wettability and free surface energy of obtained thin films 

7. Analysis of the obtained surface modified substrates in terms of their biocompatibility and biological 

activity  
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1.5. Required initial knowledge and skills of the PhD candidate  

The basic knowledge in the field of inorganic and coordination chemistry, materials 

engineering, spectroscopic methods of materials and nanomaterials characterization, is 

required. Moreover, skills of the PhD candidate in the synthesis of coordination 

compounds and use of analytical methods in structural characterization of new compounds 

will be warmly welcomed. Moreover, the good command of English in writing and 

speaking, and also ability to teamwork and willingness to the competence improves in 

field of the nanomaterial and biomaterial chemistry, will be an advantage. 

1.6. Expected development of the PhD candidate’s knowledge and skills  

The PhD student will acquire interdisciplinary knowledge in the field of modern 

nanomaterials, biomaterials, material engineering, instrumental analysis, spectral and 

structural characterization of coordination compounds, as well as basic knowledge in the 

field of in-vitro biological research. In addition, the doctoral student will gain experience 

in preparing conference presentations and publications. 

2. INFORMACJA O DOROBKU NAUKOWYM PROPONOWANYCH PROMOTORÓW 

PROJEKTU 
 

A. Proponowany promotor   

Dr hab. Aleksandra Radtke, prof. UMK 

stopień/tytuł, imię, nazwisko 

a. Granty zdobyte w ciągu ostatnich 5 lat 

- Grant Narodowego Centrum Nauki Preludium BIS; Biodegradowalne materiały na bazie żelaza - 

badania nad zależnością pomiędzy strukturą chemiczną i morfologią powierzchni układów, a ich 

właściwościami mechanicznymi, podatnością na korozję i aktywnością biologiczną” 01.10.2020 – 

30.09.2024; (532000 PLN)  

- Grant „Debiuty” – grant Uniwersytetu Mikołaja Kopernika w Toruniu (49900 PLN) w ramach 

„Inicjatywy Doskonałości – Uczelnia Badawcza”; grant na badania podstawowe „Pilot studies on 




