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ABSTRACT 
 

 

The habilitation thesis "Bio-inspiration strategies for harnessing natural products 

and vegetal waste in the green development/bio-design of valuable materials for 

biomedical and environmental applications" presents the main scientific and professional 

results achieved after defending the PhD thesis, and also the evolution in my didactic and 

scientific careers, respectively the main future development directions.  

This thesis has an interdisciplinary feature and it is focused on the exploiting the 

magic phyto-world to green development of phyto-metallic structures and their biohybrids 

(with artificial cell membranes, biopolymers, carbon nanotubes or spider silk) to obtain bio-

entities with unusual properties. 

In the current context of environmental pollution, as well as resistance to antibiotics, 

or the increasing number of cancer cases recorded worldwide, my research activity has 

contributed to these fields, by developing green strategies regarding the creation of materials 

with bio-performing properties (such as antioxidant, antimicrobial, antiproliferative activities) 

or biopesticidal action, contributing at the same time to environmental sustainability. I 

published pioneering reports related to biogenic approach to eco-synthesize these types of 

bio-based materials. 

Important novel and original achievements of my research and didactic work are 

highlighted in this thesis, among which I mention a few: 

 The use of new trends in nanotechnology and the principles of "Green Chemistry" 

and Bioinspiration for the bio-design of metal-based nanomaterials with special 

bioactivities. Optimization of experimental protocols, adopting the “Green 

Chemistry” principles, for the preparation of "bio-friendly" materials. 

 Integration of inorganic nanoparticles (mono- and multi-metallic) and some 

allotropic forms of carbon (carbon nanotubes) into biological entities (e.g., artificial 

cell membranes) for obtaining multifunctional materials with enhanced bio-

performances (such as high antioxidant, antimicrobial, antiproliferative activities). 

 Valorization of natural resources and vegetal wastes for the ecological development 

of multifunctional, biohybrid materials (such as ADN/AgNPs; silica/(honey)/phyto-

AgNPs; phytosomes/AgNPs; liposomes/phyto-AgNPs/AuNPs; liposomes/phyto-

AgNPs/CNTs, etc.). 

 The use of a natural porphyrin (chlorophyll) inserted in biomimetic membranes, as 

an optical sensor to monitor the biohybrids' formation. 

 Green inhibitors of urease. 

 The use of phyto-AgNPs as biopesticides. 

 I am the first initiator of multifunctional chlorophyll a ‒ labeled phytosomes 

(containing curcumin, chitosan and folic acid-functionalized silver 

nanoparticles). 

 I am the first initiator of „Green Nanotechnology” methods at Faculty of Physics 

(University of Bucharest). I have greened many experimental protocols for the 

laboratory practice works. 

 For the first time I introduced Green Chemistry elements into the curriculum of 

students of Faculty of Physics (UB). 

 

The feasibility and originality of my research studies were demonstrated by the 

international scientific community, by the following: i) publishing the obtained results in 77 

ISI papers in Web of Science indexed Journals, some of these being ranked in top 25% and 
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in top 50%; ii) publishing 3 Books & 2 Book Chapters; iii) significant number of citations in 

high-impact scientific papers; iv) participating as a Editorial Board Member/Guest 

Editor/Reviewer of Q1&Q2 ISI journals; v) Member of Organizing Committees of 24 

International Conferences; vi) Project Leader in 8 projects (national & international) and 2 

grants (international), and team member/Principal Investigator in other 15 research projects; 

vii) receiving national & international awards; viii) a Hirsh Index equal to 16, and ix) 

Evaluator Expert for Partnership for Innovation Transfer to the economic operator projects - 

2024 Call (UEFISCDI). 

 

This habilitation thesis is structured in two parts: Part I – which presents the main 

scientific and professional achievements, and Part II that highlights briefly the evolution of 

my didactic and scientific career, as well as a plan for the future development of my 

university career.  

 

PART I includes four Chapters focused on valorization of natural resources for the 

preparation, in an original and innovative manner, of new biomaterials with interesting 

properties. The development of the presented biogenic materials aligns with the principles of 

Green Chemistry, contributing to environmental sustainability.  

 

Chapter 1 "Multifunctional phytogenic silver nanoparticles. Biohybrids based on 

phyto-AgNPs and artificial cell membranes" offers deep insight into the green synthesis of 

silver nanoparticles (AgNPs) using aqueous vegetal extracts, pointing out the importance of 

the use of natural raw materials and the valorization of bio-wastes to obtain AgNPs with 

remarkable properties. This chapter also highlights green strategies (such as biomimetics, 

bioinspiration, sonication, and self-assembly) to develop novel valuable biohybrids (phyto-

AgNPs/biomimetic membranes or phyto-AgNPs/spider silk) with great potential applications 

in biomedical, agronomical or environmental fields. Chlorophyll was inserted in the artificial 

cell membranes and used as an optical sensor to monitor the biohybrid formation, and also the 

changes occurred in the biomimetic membranes, at the molecular level. The obtained “green” 

materials were characterized by spectral (UV-Vis absorption, emission fluorescence, FTIR, 

EDX, DLS) and morphological (AFM, SEM, TEM) analyses. Innovative green strategies for 

elimination and reduction of aquatic weeds, and for controlling pathogens in aqueous media 

were also emphasized. Moreover, hybrids based on biomimetic membranes and phytogenic 

AgNPs showed antioxidant properties, antimicrobial activity and also antiproliferative activity 

against HT-29 colorectal cancer cells.  

 

Chapter 2 "Nanobioarchitectures containing natural products, carbon nanotubes 

and biomimetic membranes, loaded or no with silver nanoparticles" presents the original 

design of new multifunctional materials through integration of allotropic forms of carbon 

(carbon nanotubes, CNTs), into biological entities (artificial cell membranes) loaded or no 

with phytogenic AgNPs. These bionanocomposites open new perspectives for various bio-

applications (antioxidant and antimicrobial agents, scaffolds to carry therapeutic agents). 

 

Chapter 3 "Multifunctional biohybrids containing silver nanoparticles and natural 

polymers" describes a pioneering green bottom-up design of bio-entities containing AgNPs, 

artificial cell membranes, and biopolymers (chitosan and pectin). These bio-based structures 

were complex characterized by modern physico-chemical methods. They showed impressive 

bioactivities such as high antioxidant properties, antimicrobial activity against Escherichia 

coli and Staphylococcus aureus, and antiproliferative activity against HT-29 cancer cells and 
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HepG2 cancer cells. These biohybrids can be applied in the biomedical field, as 

multifunctional bio-platforms. 

 

Chapter 4 "Phyto-derived nanostructured multimetallic systems with applications in 

the medical and environmental protection fields" presents an original biostrategy to prepare 

mono- and multicomponent metal-based nanoparticles from aqueous extracts of mandarin, 

yarrow, cloves, and burdock, following the Green Chemistry principles. The phyto-

development of these phytogenic materials was proved by modern spectral and microscopical 

methods. The obtained phyto-derived nanostructured multimetallic systems showed an ability 

to inhibit both short-life oxygenated radicals (ROS) and long-life cationic radicals (ABTS
•+

). 

The system burdock-derived AuAgClZnO particles presented the best antimicrobial properties 

against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. The 

photocatalytic activity was also evaluated. The ZnO-containing samples presented 

photocatalytic activity, but the most efficient system proved to be burdock-derived AgClZnO 

which can be used as an efficient catalyst in wastewater treatment for dye pollutant 

degradation. The research results are promising; the obtained green mono-, bi, tri-component 

metal-based particles and their biohybrids with artificial membranes, could be used as green 

multifunctional platforms in various applications in the biomedical field (as antioxidant, 

antibacterial or antiproliferative agents) or in environmental protection (as antimicrobial 

agents and catalysts for dye pollutant degradation).in biomedical field as adjuvants in cancer 

therapy or in environmental field as green photocatalysts in wastewater treatment for dye 

degradation.   

 

In the PART II, relevant aspects in the evolution of my didactic and scientific careers, 

indicating the main original and pioneering contributions I have made, are presented. This 

section also highlights a professional development plan by suggesting the main directions for 

the development of my teaching career (for an attractive training system for students), and 

also a plan for development my scientific career. In this regard, some future research 

directions I proposed. Moreover, I intend to expand both the national and international 

collaborations with teachers and researchers, in order to increase the national/international 

visibility and the scientific impact both of the candidate and of the entire research group.  
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