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DISSERTATION ABSTRACT 

The increasing concentration of heavy metals in the environment poses a threat due 

to the possibility of their migration along the levels of the food chain and, consequently, 

accumulation in the human body. Therefore, their recycling from aquatic environments 

has become a very important area a lot of scientific research. 

An alternative to conventional purification technologies is the adsorption process, 

especially using magnetic nanoparticles Fe3O4, due to easy and quick isolation using an 

external magnetic field. Many functionalized Fe3O4@SiO2 structures are known, but the 

search for new and selective composites for the heavy metal ions removal is still 

developed. 

The main goal of the doctoral thesis research was to investigate the binding capacity 

towards selected heavy metal ions (Cd2+, Pb2+, Cu2+) of a functionalized nanoparticles 

series based on the magnetic core, symbolised Fe3O4@SiO2-R: Fe3O4@SiO2-EDTA, 

Fe3O4@SiO2-N1, Fe3O4@ SiO2-N2, Fe3O4@SiO2-N3 and Fe3O4@SiO2-cyclen. 

During the doctoral thesis research tasks implementation, the synthesis of the 

indicated nanocomposites was carried out. Then, the obtained structures were 

characterized using techniques such as: SEM, TEM, XPS, XRD, FT-IR and zeta potential 

and WCA measurements. The results of the tests confirmed the effectiveness of the 

synthesis process and proved the presence of characteristic functional groups on the 

surface of the obtained nanomaterials. Moreover, the results of zeta potential 

measurements indicate that all analysed nanostructures are characterized by moderate 

stability of their colloid in water. Furthermore, the WCA measurement indicates that the 

tested nanoparticles form a hydrophilic film on the surface of the glass plate 

(WCA < 90º). 

The binding capacity of nanoparticles was determined using the DPASV technique 

and HDME by stripping method. Electrochemical research has clearly shown that the 

external functional groups present on the nanocomposites surface are responsible for the 

ions binding, the nanoparticles lose their activity during storing in the electrolyte solution, 

and the time necessary to establish equilibrium in the solution after adding a portion of 

nanoparticles is approximately 20 minutes. 

Determining the heavy metal ions binding capacity in the solution by 

Fe3O4@SiO2-R nanoparticles showed that all the tested nanostructures can be used to 

bind selected ions. Nevertheless, Fe3O4@SiO2-cyclen nanoparticles can be considered a 
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universal adsorbent because they showed a similar binding degree to all tested ions. While 

Fe3O4@SiO2-N3 nanoparticles showed selectivity towards Cu2+ ions. Additionally, the 

possibility of practical use of the tested nanomaterials for the isolation of metal ions from 

an aqueous solution was proven. 

The implementation of the aim of the work and the doctoral thesis research tasks 

expanded the scope of useful knowledge necessary to design and obtain an effective 

nanoadsorbent based on magnetic iron oxide Fe3O4. 
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MATERIAŁY DODATKOWE 

W materiałach dodatkowych, po każdym z załączników dołączono rysunki zawarte 

w publikacjach w oryginalnym rozmiarze, w celu lepszego uwidocznienia wyników 

pomiarowych. 



| MATERIAŁY DODATKOWE 
 

66 

 

1. Załącznik 1 
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Fig. 6. Anodic stripping voltammograms for the peak intensity changes over time a) for Cd(II) ions 

(553.9 μg∙L-1) bound by 1.87 mg of Fe3O4@SiO2-EDTA and b) for Pb(II) ions (647.5 μg∙L-1) bound by 

1.86 mg of Fe3O4@SiO2-EDTA. 

 

 

 

Fig. 7. Comparison of binding percentage of a) Cd(II) ions (553.9 μg∙L-1) by 1.87 mg of 

Fe3O4@SiO2- EDTA and b) Pb(II) ions (647.5 μg∙L-1) by 1.86 mg of Fe3O4@SiO2-EDTA nanoparticles. 
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Fig. 8. Anodic stripping voltammogram for binding of a) Cd(II) ions (553.9 μg∙L-1) and b) Pb(II) ions 

(647.5 μg∙L- 1) by Fe3O4@SiO2-EDTA nanoparticles. 

 

 

 

Fig. 9. Percentage of Cd(II) ions (553.9 μg∙L-1) and Pb(II) ions (647.5 μg∙L-1) binding by 

Fe3O4@SiO2- EDTA nanoparticles. 
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Fig. 10. Anodic stripping voltammograms for binding of Cd(II) ions (553.9 μg∙L-1) by a) Fe3O4@SiO2-

EDTA after 2 days, b) Fe3O4@SiO2-EDTA after 8 days of storage in the electrolyte (KCl 0.5 M) solution. 

 

 

 

Fig. 11. Binding percentage plot of Cd(II) ions (553.9 μg∙L-1) by Fe3O4@SiO2-EDTA for the freshly 

prepared solution and after 2 and 8 days of its storage in the electrolyte solution. 
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2. Załącznik 2 
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Fig. 6. a) Anodic stripping voltammograms and b) percentage of Cd2+ (4.5 μM), Pb2+ (4.5 μM) and Cu2+ 

(4.5 μM) binding by Fe3O4@SiO2-N1 nanoparticles. 

 

 

 

Fig. 7. a) Anodic stripping voltammograms and b) percentage of Cd2+ (4.5 μM), Pb2+ (4.5 μM), and Cu2+ 

(4.5 μM) binding by Fe3O4@SiO2-N2 nanoparticles. 

 

 

 

Fig. 8. a) Anodic stripping voltammograms and b) percentage of Cd2+ (4.5 μM), Pb2+ (4.5 μM), and Cu2+ 

(4.5 μM) binding by Fe3O4@SiO2-N3 nanoparticles. 
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Fig. 9. Cd2+, Pb2+, Cu2+ ions binding percentage for Fe3O4@SiO2-N1, Fe3O4@SiO2-N2 and Fe3O4@SiO2-

N3 nanoparticles. 

 

 

 

Fig. 11. Comparison of anodic stripping voltammograms of 0.5 M KCl electrolyte (blank), Cu2+ standard 

solution C = 4.3 μM, Cu2+ after Fe3O4@SiO2-N3 nanoparticles regeneration. 
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3. Załącznik 3 
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Fig. 5. Simultaneous differential pulse anodic stripping voltammograms for examination of kinetics Cd2+, 

Pb2+ and Cu2+ (4.5∙10-6M) ions binding – changes of peak intensities over time after addition of 1 mg 

Fe3O4@SiO2-cyclen nanoparticles. 

 

 

Fig. 7. Simultaneous differential pulse anodic stripping voltammograms and calculated sorption efficiency 

for Cd2+, Pb2+, Cu2+ ions binding by Fe3O4@SiO2-cyclen nanoparticles. 

 

 

Fig. 8. b) Simultaneous differential pulse anodic stripping voltammograms: of Cd2+, Pb2+, Cu2+ ions (blue 

line), after adsorption by 7 mg Fe3O4@SiO2-cyclen nanoparticles (yellow line) and after magnetic isolation 

nanoparticles with adsorbed ions (green line). 
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Fig. 6. Individual differential pulse anodic stripping voltammograms and calculated sorption efficiency for 

a) Cd2+, b) Pb2+ and c) Cu2+ ions binding by Fe3O4@SiO2-cyclen nanoparticles. 
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4. Załącznik 4 
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Rys. 1. Zestawienie otrzymanych woltamogramów oraz wykresów zależności procentu związania jonów 

A) Cd2+, B) Pb2+, C) Cu2+ od masy dodanych nanocząstek Fe3O4@SiO2-N1. 
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Rys. 2. Zestawienie woltamogramów oraz wykresów zależności procentu związania jonów A) Cd2+, B) 

Pb2+, C) Cu2+ od masy dodanych nanocząstek Fe3O4@SiO2-N2. 
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Rys. 3. Zestawienie woltamogramów oraz wykresów zależności procentu związania jonów A) Cd2+, B) 

Pb2+, C) Cu2+ od masy dodanych nanocząstek Fe3O4@SiO2-N3. 
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Rys. 4. Diagram obrazujący zdolność wiązania jonów Cd2+, Pb2+ oraz Cu2+ przez określoną ilość 

nanocząstek Fe3O4@SiO2-Nn. 
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1. Przewodnicząca Rady Doktorantów Wydziału Chemii Uniwersytetu Gdańskiego w latach 

2021–2024. 

2. Współautorka artykułu w Gazecie Uniwersyteckiej (wydanie nr 3 (176) marzec 2022, ISSN 

1689–4723) przedstawiającego działalność Katedry Chemii Analitycznej Wydziału Chemii 

Uniwersytetu Gdańskiego. 

3. Członek Rady Wydziału w grupie doktorantów w latach 3.11.2021 r. – 31.08.2024 r. 

4. Członek Uczelnianej Komisji Stypendialnej ds. Doktorantów na Wydziale Chemii w latach 

2021–2024. 

5. Udział w organizacji części laboratoryjnej II etapu Ogólnopolskiej Olimpiady Chemicznej 

w Okręgu Gdańskim w latach 2019–2022. 

6. Udział w organizacji Dnia Otwartego Wydziału Chemii Uniwersytetu Gdańskiego w latach 

2019–2021. 

7. Prowadząca warsztaty chemiczne z chemii ogólnej i nieorganicznej pt. „Reakcje chemiczne 

w laboratorium” oraz „Pierwiastki chemiczne i ich rodzaje” dla uczniów liceów w roku 2019. 
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