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Abstract

Graphene quantum dots (GQDs) have attracted growing interest due to their interesting
electrochemical and photoluminescent properties. However, it is still a challenge to establish a solvent-
free and rapid method to prepare GQDs on a large scale. In this study, GQDs are fabricated using a one-
pot gaseous detonation approach with benzoic acid (BA) as the carbon source and H,-O, mixture as the
explosion source. Furthermore, through altering the molar ratio of H, to O», three types of GQDs are
obtained. Their morphology, composition and optical properties characterized by Transmission electron
microscope (TEM), X-ray diffractometer (XRD), Raman spectra, Fourier transform infrared (FTIR)
spectra, Elemental analyses, UV—-Vis spectroscopy and Photoluminescence (PL) spectra suggest that all
the GQDs possess multilayered structures and multitudes of sp? subdomains with oxygen-containing
functional groups. Meanwhile, higher molar ratio of H, to O, is beneficial to formation of more oxygen-
containing groups and has little effect on optical properties.
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1 Introduction

Owing to their excellent quantum confinement effect and edge effect, graphene quantum dots
(GQDs), being graphene nanosheets of less than 100 nm size, exhibit distinct photoluminescence (PL)
behaviors, making them popular in the field of bio-imaging and sensing.!"*) Generally, GQDs are prepared
by hydrothermal method, acid oxidation, electrochemical oxidation, and microwave approach.>*!
However, these preparation ways are generally solvent-containing and time-consuming, in which complex
post-processing procedures are usually included, limiting the application of GQDs. Due to its simple
operation, fast reaction and high yield, the gaseous detonation method, using combustible gas and oxygen
as explosion sources to generate detonation wave which causes a complex and fast series of chemical
reactions in the precursors, is employed to prepare nanomaterials, such as metallic oxides and carbon
nanostructure materials.*!") Herein we report a one-pot gaseous detonation approach to prepare GQDs
with benzoic acid (BA) as the carbon source and H>-O, mixture as the explosion source. Furthermore,
through altering the molar ratio of H to O,, three types of GQDs are obtained. All the GQDs possess
multilayered structures and multitudes of sp? subdomains with oxygen-containing functional groups.
Meanwhile, higher molar ratio of H, to O, is beneficial to formation of more oxygen-containing groups
and has little effect on optical properties.

2 Experimental

GQDs were prepared as follows. Firstly, 4 g BA was added to a self-made detonation titanium tube.
Then the tube was vacuumized and heated to 65 °C. Thirdly, the gas mixture was detonated after hydrogen
and oxygen were pumped into the tube with a molar ratio of 1:1, 1.5:1, and 2:1. Finally, when the tube
cooled down to 60 °C, black powdery GQDs were collected and marked as G-1, G-2, and G-3,
respectively, as illustrated in Figure 1.

H,-0, gaseous
detonation

Figure 1. Preparation scheme for the GQDs

3 Results and discussion

TEM images (Figure 2) suggest G-1 and G-3 are well-dispersed with average sizes of 6.3 and 5.6 nm
respectively while G-2 has apparent agglomeration with an average diameter of 28.3 nm. Their HRTEM
images indicate all the samples are crystalline with spacings of 0.21 or 0.34 nm, consistent with the
graphene (100) or graphite (001) planes.[' The results are supported by XRD and Raman spectra. XRD
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patterns (Figure 3a) show all the samples have two broad peaks at 24.6° and 43.4° corresponding to the
graphite (002) and graphene (100) planes respectively, further indicating sp>-hybridized structures.!'*) The
Raman spectra (Figure 3b) show the typical D band (1345 cm™) and G band (1590 cm™), corresponding to
disordered sp® defects and the sp>-hybridized structures, respectively.?! The In/I; ratios are 0.99, 0.94 and
0.96, respectively, implying that all samples have a good degree of crystallinity. FT-IR spectra (Figure 3c)
suggest that all the samples have more abundant groups than BA. Compared with that of BA, two distinct
new bonds at 1090 and 3425 cm™ appear, assigned to C—O—C and O-H, respectively. Meanwhile, the
peaks at 2850 and 2922 cm™! prove the existence of C—H. The peak at 1600 cm™ is attributed to aromatic
CQC skeletal vibration.!'*! Elemental analyses show that G-3 has the most oxygen-containing groups, then
G-1, and finally G-2. All the results above indicate that all the GQDs possess multilayered structures and
multitudes of sp? subdomains with oxygen-containing functional groups. Meanwhile, higher molar ratio of
H, to O, is beneficial to formation of more oxygen-containing groups.

Figure 2. TEM and HRTEM images of G-1 (a), G-2 (b) and G-3 (c), with the corresponding size distribution and

HRTEM inserted.
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Figure 3. XRD (a), Raman (b) and FT-IR spectra (c) of G-1 to G-3.

The UV-Vis spectra (Figure 4a) exhibit two obvious absorption bands at 251 and 287 nm derived
from m—m* absorption of aromatic sp’> domains, and multiple minor peaks over 300 nm ascribed to n—m*
transition of oxygen-containing functional groups.!'”) The PL spectra (Figure 4b) display wavelength-
independent emission with the maximum emission at 460nm. All the samples in ethyl alcohol emit bright
blue fluorescence upon exposure to UV irradiation at 365 nm (Figure 1).
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Figure 4. UV-Vis spectra (a) and PL spectra of G-1 (b), G-2 (¢), and G-3 (d).

4 Conclusions

Through altering the molar ratio of H, to O, three types of GQDs are obtained. The results from
characterization suggest that all the GQDs possess multilayered structures and multitudes of sp?
subdomains with oxygen-containing functional groups. Meanwhile, higher molar ratio of H, to O; is
beneficial to formation of more oxygen-containing groups and has little effect on optical properties.
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