JEMEA Journal Vol.4 (2020.11)

il am

HRTIE - BRERH—RUBTF Py FOBRIZHITS
24 & DERRMBO B OB

Investigation on the superiority of microwave selective heating
in the synthesis of highly luminescent and stable carbon quantum dots
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Abstract

Luminescent and mono-dispersed quantum dots have been expected for the industrial applications as a useful visible-

light emission source. Particularly, carbon quantum dot (CQD), composed of organic or inorganic carbon sources, has attracted

much attention from the viewpoint of environmental adaptability. However, unlike existing metal/semiconductor quantum dots,

CQD still has critical tasks; low quantum yields at 570—750 nm and uncertainty of microwave superiority on CQD synthesis. In

this research, we attained high quantum yields (61.1 % at 580 nm) CQD using microwave solvothermal heating under low pressure.

Moreover, the obvious differences in quantum yields and morphology were observed between microwave and conventional

solvothermal heating conditions, as the polymerization degree/amount of polyethylene glycol was changed. We assume that this

apparent difference comes from selectively heated CQD or their intermediates enhanced by microwave solvothermal heating,

causing uniform pyrolysis of CQD.
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Table 1: Mean molar mass (g mol!) and amounts (g

or mol) of polyethylene glycol used in this research.

Mean molar | Amount | Amount
Name '

mass / g-mol?! /g / mol
PEG600 600 0.060 0.100
PEG600 600 0.150 0.250
PEG1500 1500 0.150 0.100
PEG6000 6000 0.150 0.025
PEG6000 6000 0.600 0.100
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Fig.1: (a) Temperature and (b) input power during the
synthesis of CQDs by the microwave (MWS) and the
conventional solvothermal (CAS) heating methods:
Red and blue lines represent the MWS and CAS

methods, respectively.
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Fig. 2! Plots showing the changes in the observed
quantum yields with the amount of added
polyethylene glycol from CQDs synthesized by the
microwave solvothermal method (MWS, red full
circles) and conventional autoclave solvothermal

method (CAS, blue full triangles) methods..
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Fig. 3: TEM images of CQDs synthesized (a) in the
presence of 0.60 g of PEG-6000 and (b) in the absence
of PEG by (i) the microwave solvothermal (MWS) and
(i) the conventional autoclaved solvothermal (CAS)

methods, respectively.
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Fig.4: High-resolution XPS spectra of CQDs
synthesized in the presence of PEG-6000 (0.600 g)
following a (a) MWS and (b) CAS treatment {C 1s}. (c)
XRD spectra of pure PEG-6000 and CQDs
synthesized in the presence of PEG-6000 (0.600 g).
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Fig. 5: Relative dielectric loss of ethylene glycol (black
line with empty circles), polyethylene glycol (PEG-
6000), and NaOH mixed ethylene glycol solution (no
contamination of carbon precursor; black line with
empty triangles) and mixed solution used under
experimental condition (contamination of a carbon

precursor; red line with empty squares).
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