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Abstract: Graphene oxide quantum dots (GOQDs) are prepared using black carbon as a feedstock
and H2O2 as a green oxidizing agent in a straightforward and environmentally friendly manner.
The process adopted microwave energy and only took two minutes. The GOQDs are 20 nm in size
and have stable blue fluorescence at 440 nm. The chemical characteristics and QD morphology
were confirmed by thorough analysis using scanning electron microscope (SEM), transmission
electron microscope (TEM), atomic force microscope (AFM), Fourier transmission infra-red (FT-IR),
and X-ray photoelectron spectroscopy (XPS). The biocompatibility test was used to evaluate the
toxicity of GOQDs in CT26 cells in vitro and the IC50 was found to be 200 µg/mL with excellent
survival rates. Additional in vivo toxicity assessment in the developing zebrafish (Danio rerio) embryo
model found no observed abnormalities even at a high concentration of 400 µg/mL after 96 h post
fertilization. The GOQDs luminescence was also tested both in vitro and in vivo. They showed
excellent internal distribution in the cytoplasm, cell nucleus, and throughout the zebrafish body. As a
result, the prepared GOQDs are expected to be simple and inexpensive materials for nano-imaging
and diagnostic probes in nanomedicine.
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1. Introduction

Recent research has focused on GOQDs because of their intriguing photoelectric and
optical characteristics, which are brought about by their quantum confinement and edge
effect [1,2]. The GOQDs have zero dimensions and range in size from 1–30 nm. Quantum
confinement, a non-zero tunable band gap, a broad absorption spectrum between 270 and
370 nm, and size-dependent photoluminescent emission are some of the fundamental fea-
tures of GOQDs [3]. The first GOQDs boom was initiated in 2010 by Pan et al. [4]. GOQDs
have a higher crystallinity than their relatives and epitomize a unique class of carbon. GO-
QDs have excellent prospects for multiple applications including bioimaging, drug delivery,
biosensors, environmental sensors, catalysis, energy conversion and harvesting [5–9].

Both the top-down approach and the bottom-up approach are used to prepare the
GOQDs. Electrochemical redox, sonochemical destratification, chemical ablation, chem-
ical exfoliation, and plasma treatment are all parts of the top-down approach [4,10–13].
Graphite [14], carbon nanofibers [15], carbon nanotubes (CNTs) [16], fullerenes [17], and
other carbon sources [18] are frequently used as precursors to this strategy. According
to the bottom-up approach, the carbon cores form from tiny molecules which typically
are conjugated polycyclic aromatics or carbon atoms [19]. The size, shape, surface flaws
(defects), and synthetic parameters of GOQDs all affect their chemical characteristics [20].
Both photoluminescence and UV-Vis absorption spectra are used to monitor the optical
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