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Abstract

This thesis presents a comprehensive survey of the scientific activity undertaken
following the public defense of the PhD thesis in February 2007. It is grounded in research
findings published across approximately 51 I1SI-indexed journals, spanning key domains such
as electrochemistry (including applied electrochemistry and electroanalysis), photochemistry,
and materials science. The impact and relevance of these contributions are reflected in the
high quality of the journals, as evidenced by their rankings and visibility within the scientific
community, and also the citations number.

The research activities presented in this thesis reflect a national-level implementation
of key international research themes that align with global scientific agendas. This thesis
summarizes the research conducted during my post-doctoral studies at Lund University
(Sweden), at the University of Szeged (Hungary), and throughout my career as a scientific
researcher, lecturer, and associate professor. It demonstrates the author ability to build
collaborative relationships, contribute effectively to research teams, and integrate seamlessly
into diverse academic environments. During this period, theoretical frameworks, practical
applications, and research outcomes were closely intertwined. The research was supported by
competitive grants and was strategically directed toward producing applied results that
address the evolving demands of the industrial market.

To provide a comprehensive presentation of the complexity, depth, and quality of the
research activity, this habilitation thesis is structured into three main sections. Part |
highlights the candidate’s original scientific contributions, emphasizing the valuable results
and achievements in the field of research. Part Il outlines the evolution and development of
the candidate’s professional, academic, and research career, offering a clear overview of their
trajectory and progress in the discipline. Finally, Part 11l presents the objectives, strategic
steps, and future directions of the research activity, establishing the framework for the
continuous and innovative development of the candidate’s upcoming projects and studies.

Part | is structured into three chapters. Chapter 1 serves as an introduction, presenting
the current state of knowledge in the research areas addressed in this work. This chapter is
based on two published book chapters, thus providing a solid and up-to-date foundation for
the theoretical context of the study.

Chapter 2 is divided into three sections, each dedicated to presenting the scientific
results and the original contributions brought to the research. These sections provide a
detailed of the preparation, characterization, and application of the modified electrodes
developed on the basis of various composites — carbon materials, natural clay, TiO2, ZnO,
and others. Each section contributes to highlighting the innovations and originality of the
research in the field of electrochemistry and related technologies, demonstrating the
relevance and scientific progress achieved.

The first section presents the results obtained in seven WoS-indexed publications,
focused on the use of carbon-based nanocomposites as electrode modifiers. More
specifically, it highlights research involving carbon aerogel and carbon xerogel as modifying
materials. Among these studies, two address the detection of hydrogen peroxide (H20-), two
focus on the detection of heavy metals, while the remaining three approaches target both
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heavy-metal detection and H.O: sensing. Thus, the use of Meldola’s Blue (MB) immobilized
on mesoporous carbon aerogel (CA) as a modifying matrix for a glassy carbon electrode
(GCE) was applied for the electrochemical detection of H.O: in a pharmaceutical product.
The analytical performance obtained underscores the importance of the high specific surface
area provided by CA, which, when combined with MB, enhances the active surface of the
electrodes and consequently improves the performance in H20. detection. These results
highlight the potential of carbon-based nanocomposites for the development of sensitive and
selective electrochemical sensors for various applications. Subsequently, a new composite
electrode material was developed based on graphite paste (GP), modified with mesoporous
carbon aerogel doped with Fe (Fe-CA), intended for H20: detection. This electrode
demonstrated excellent analytical performance, showing high sensitivity, reproducibility, and
stability for the amperometric detection of H2Ox.

Next, a mesoporous carbon xerogel composite electrode doped with Bi (Bi-CX) was
synthesized for the voltammetric detection of trace levels of Pb*" and Cd**. This modified
electrode was successfully applied for the detection of Pb** in drilled water samples. To
achieve ultra-trace detection levels, far below the maximum allowable limits established by
the EPA, WHO, and the EU for drinking water, Bi-impregnated CA and CX nanocomposites
were employed. The Bi-CA-based sensor enabled the simultaneous detection of Pb** and
Cd?*, with the detection limit for Cd*" being one order of magnitude lower than previously
reported values. Moreover, the electrode demonstrated excellent long-term stability,
exhibiting only about a 2.26% signal loss after one year.

Building on the previous results, a multifunctional composite based on Bi- and
Fe-modified carbon xerogel (CXBiFe) was employed as an electrode material. The studies
focused on evaluating the influence of iron concentration, pyrolysis temperature, and
pyrolysis atmosphere (argon and nitrogen) on the electrochemical performance of the
material. The CXBiFe nanocomposite, immobilized on the surface of a GCE, was designed to
fulfill dual sensing functions: the detection of biomarkers such as hydrogen peroxide (Hz0-),
attributed to the catalytic activity of iron (Fe), and the detection of heavy-metal ions (e.g.,
Cd?* and Pb?"), facilitated by the affinity of bismuth (Bi) for such species. Parameters such as
(i) graphitization, carbon densification, and the reduction/purification of oxide nanoparticles
were identified as key factors influencing the correlation between material properties and
electrochemical performance. Additional effects, including (ii) the average nanoparticle size
and (iii) the average aggregate size of the CXBiFe material, also contributed significantly to
the electrode response.

The second section presents the ongoing effort to develop efficient sensors for the
detection of heavy metals. A carbon-paste electrode (CPE) modified with natural clay was
used for the first time to detect Zn?, Cd**, and Cu?' ions, demonstrating promising
electrochemical behavior. Building on this approach, an environmentally friendly modified
GCE was developed for the simultaneous detection of four heavy-metal ions — Zn?**, Cd*",
Pb?*, and Cu?" — exhibiting excellent sensitivity, reproducibility, and stability. In addition, a
GCE modified with ZnO nanoparticles was successfully developed and applied for the
detection of Pb*, Cd*, Cu?", and Fe*" ions, further expanding the applicability of selective
and sensitive heavy-metal analysis.
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The third section presents the main results from five WoS-ISI indexed publications,
each investigating the development and application of various composite materials for
electrode fabrication. These studies focus on the electroanalytical detection of biologically
and pharmaceutically relevant compounds, including lactose, nicotinamide adenine
dinucleotide (NADH), paracetamol, and diclofenac. This section highlights the structural,
chemical, and electrochemical properties of the composites, as well as their performance in
terms of sensitivity, selectivity, and stability.

Chapter 3 provides a concise presentation of the research conclusions.

Part II presents the candidate’s academic portfolio, including the Curriculum Vitae
and complete lists of publications (journal articles, contributions to international and national
conferences, patents, and book chapters), research grants, and other academic activities
carried out throughout the candidate’s career.

Part 111 of the habilitation thesis outlines the objectives, strategic steps, and future
directions of the candidate’s research activity. It emphasizes the planned evolution and
advancement of both scientific research and academic career development in the fields of
electrochemistry and materials science, with a focus on the production and application of
electrochemical sensors (modified electrodes), as well as on investigations performed using
electrochemical techniques.

The main objectives of the scientific research activities are:

1. Investigating new materials (such as metallic nanoparticles, newly synthesized or
natural inorganic or organic compounds) developed within our faculty, as
unconventional sensing elements for the construction of sensors capable of detecting
analytes of biological or environmental significance.

2. Developing nanostructured films with anticorrosive or biocompatible properties, aimed
at improving the performance of materials in various applications.

3. Designing and synthesizing suitable materials for the electrochemical detection of
pharmaceutical compounds, thereby contributing to advances in the monitoring and
analysis of pharmaceuticals.

The objectives related to academic career development at the Faculty of Chemistry and
Chemical Engineering, Babes-Bolyai University — with a focus on knowledge transfer and
industrial collaboration at both national and international levels — are as follows:

a. developing research activities and strengthening the capacity to provide specialized
consultancy in techniques for preparing electrode materials and modified electrodes.

b) Integrating recent and significant research findings into academic courses to inspire
student engagement in research and stimulate their creative potential.

¢) Expanding the research team by attracting motivated individuals interested in

pursuing doctoral studies in electrochemistry and materials science, with specific

applications.

d) Strengthening collaborative relationships with national and international partners
through joint research projects.

e) Increasing the visibility and impact of research results within the scientific

community and promoting their application in industry.
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The habilitation thesis highlights the candidate’s sustained ability to conduct
high-level scientific research and to demonstrate excellence in academic teaching. Rather
than providing traditional conclusions, the thesis reflects the candidate’s evolving research
trajectory and the growing recognition achieved both nationally and internationally.
Obtaining the habilitation title, together with the expansion of the research team through the
inclusion of doctoral students under the candidate’s competent supervision, is expected to
significantly enhance the visibility and impact of the research. This will contribute to the
development of coherent and interdisciplinary scientific outcomes and will promote a more
nuanced understanding of methodologies in both electrochemistry and materials science,
particularly those explored through electrochemical techniques and sensor-based
investigations.



