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A. Master’s Thesis

PLANT-MEDIATED SUSTAINABLE NANOMATERIALS FOR
BIOMEDICAL AND OPTICAL APPLICATIONS

Abstract Plant-mediated nanomaterials have gained significant attention in
biomedical and optical studies because of their biological and optical properties. For that
reason, we focused on two different plant extracts (Hypericum perforatum and Peganum
harmala) in biomedical and optical applications. In the first part of this thesis, we
synthesized zinc oxide nanoparticles (ZnO NPs) using Hypericum perforatum via an
environmentally friendly green synthesis method. Nanoparticles were characterized
using UV-Vis spectroscopy, X-ray diffraction (XRD), scanning electron microscopy
(SEM), and energy dispersive X-ray (EDX) analyses. The anticancer effect of these
nanoparticles was investigated against the human liver cancer cell (Hep-G2) with cell
culture studies. Finally, the antibacterial activity of the ZnO NPs was studied. Cell
viability studies demonstrated a NP dose-dependent inhibition of cell viability along
with significant cytotoxic effects at higher concentrations. With this study, we showed
that these ZnO NPs have extremely high potential as therapeutics for liver cancer
treatment. In the second part of this thesis, we designed a paper-based color converter
using Peganum harmala extract for solid-state lighting. Due to the high quantum yield
of the plant extract in the solid state, fluorescent biomolecules from the plant extract
were wrapped into crystal-based (sucrose and KCI crystals) and cellulose fiber-based
(cotton pads and drying papers) matrices. Optical characterizations demonstrated high
quantum efficiency in the fiber paper group. As a proof-of-concept demonstration, P.
harmala extract embedded fiber paper was used as a color converter on an LED, and the
device revealed a blue emission with a luminous efficiency of 21.9 Im Weiet!. The
results showed that these environmentally friendly plant-based materials can replace the
currently used color converters as their cost-effective and sustainable alternatives.
Keywords: Plant-mediated nanomaterials; Hypericum Perforatum; Peganum harmala;
zinc oxide nanoparticles; color converter

Ozet Bitki aracili nanomalzemeler biyomedikal ve optik ¢alismalarda 6nemli bir ilgi
gormiistiir. Bu nedenle, biyomedikal ve optik uygulamalarda iki farkli bitki Oziitiini
(Hypericum Perforatum ve Peganum harmala) arastirdik. Bu tezin ilk bolimiinde, ¢evre
dostu yesil sentez yontemi ile Hypericum Perforatum kullanarak ¢inko oksit
nanopartikiilleri (ZnO NP'leri) sentezledik. Nanopartikiiller UV-Vis spektroskopisi, X-
1511 kirinimi (XRD), taramali elektron mikroskobu (SEM) kullanilarak karakterize edildi.
Bu nanopartikiillerin antikanser etkisi, hiicre kiiltiirii caligmalariyla insan karaciger kanseri
hiicresinde (Hep-G2) test edildi. Son olarak, bu ZnO NP’larin anti bakteriyel aktivitesi
calisildi. Hiicre kiiltiirii ¢aligmalari, hiicre canliliginin nanoparcacik dozuna bagl bir
inhibisyonu oldugunu ve daha yiiksek konsantrasyonlarda belirgin sitotoksik etkisi
oldugunu gosterdi. Bu calismayla ¢inko oksit nanoparcaciklarimin karaciger kanseri
tedavisi i¢in terapotik olarak son derece yiiksek potansiyele sahip oldugunu gosterdik. Bu
tezin ikinci bolimiinde, Peganum harmala oziitii kullanarak kagit bazli renk
dontstiirticiiler tasarladik. Bitki 6zitiintin kat1 haldeki yiliksek kuantum verimi nedeniyle,
bitki 6ziitiinden elde edilen floresan biyomolekiiller kristal bazli (siikroz ve KCl kristalleri)
ve seliiloz elyaf bazli (pamuklu pedler ve kurutma kagitlar) matrislere gomiildii. Optik
karakterizasyonlar, lif kagitlarinin yiliksek kuantum verimliligine sahip oldugunu gosterdi.
Konseptin kanit1 olarak, P. harmala 6zttt gomiilii lif kdgidi bir LED iizerinde renk
doniistiirticii olarak kullanildi ve 21.9 Im Weieet ! 151ma verimliliginde mavi renkte 1s1yan
bir cihaz elde edildi. Sonuglar, bu ¢evre dostu bitki bazli malzemelerin, uygun maliyetli ve
stirdiiriilebilir alternatifler olarak su anda kullanilan renk dondstiiriiciilerin yerini
alabilecegini gosterdi.
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