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Optimization of Preparation Process of Pinus Sylvestris-based Carbon Quantum Dots
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ABSTRACT: The work aims to transform the wood packaging waste of Pinus sylvestris into fluorescent carbon quantum
dots, so as to explore a new way of realizing the high-value comprehensive utilization of waste wood packaging of Pinus
sylvestris. The 60-mesh Pinus sylvestris wood packaging waste was used as the precursor of carbon quantum dots, and
sulfuric acid and ethylenediamine were used as sulfur and nitrogen dopants to synthesize Pinus sylvestris-based carbon
quantum dots under hydrothermal conditions of 200 °C for 10 h. The effects of raw material ratio on the physical struc-
ture, chemical structure and optical properties of Pinus sylvestris-based carbon quantum dots were studied by means of
UV-Vis spectrophotometer, fluorescence spectrophotometer, transmission electron microscope, Fourier infrared spectro-
meter and X-ray photoelectron spectrometer. The preparation process of Pinus sylvestris-based carbon quantum dots was
optimized with fluorescence quantum yield of carbon dots as the evaluation index. The obtained sulfur nitrogen doped
carbon quantum dots were regular spherical, and their average particle size and particle size distribution were 4.30 nm and

2.01-6.63 nm, respectively. When the ratio of raw materials was Pinus sylvestris powder: sulfuric acid: ethylenedia-
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mine=1:1:1 (weight ratio), the fluorescence of the doped carbon quantum dots was the strongest and the fluorescence

quantum yield was the highest. When the weight ratio of Pinus sylvestris powder, deionized water, sulfuric acid and ethy-

lenediamine was 1.250 : 50 : 1.250 . 1.250, the fluorescence quantum yield of doped carbon quantum dots was about 80

times higher than that of undoped carbon quantum dots. Converting the wood packaging waste of Pinus sylvestris into

fluorescent carbon quantum dots is a new way to realize the high-value comprehensive utilization of waste wood packag-

ing of Pinus sylvestris.

KEY WORDS: Pinus sylvestris wood packaging waste; sulfur and nitrogen doped carbon quantum dots; fluorescence

quantum yield
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Tab.1 Experimental scheme of undoped CQDs

%7 BHEE mTTEARRe KB TOK/g
1-CQDs  1:10 5.000 50
2-CQDs  1:20 2.500 50
3-CQDs  1:30 1.667 50
4-CQDs  1:40 1.250 50
5-CQDs  1:50 1.000 50
6-CQDs  1:60 0.833 50
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Tab.2 Experimental scheme of S/N-doped CQDs
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Fig.1 Luminescence of undoped CQDs solution excited by
visible and UV light (365 nm)
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Fig.2 PL emission spectra of un-doped CQDs excited by
360 nm light
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Tab.3 Fluorescence quantum yield of undoped CQDs

e S AR OR %5’\%2@%“’% YT

£/nm 37 & /nm /%
1-CQDs 340 434.0 0.36
2-CQDs 340 436.5 0.35
3-CQDs 320 421.5 0.39
4-CQDs 360 432.0 0.51
5-CQDs 340 435.0 0.42
6-CQDs 340 435.0 0.35
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Fig.3 Luminescence of S-doped, N-doped and S/N-doped
CQDs solution excited by visible light and UV light (365 nm)
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Fig.4 PL emission spectra of S-doped, N-doped and
S/N-doped CQDs excited by 360 nm light
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Tab.4 Fluorescence quantum yield of S-doped, N-doped and
S/N-doped CQDs

2 wAEBOR ﬁ‘iﬂ\ﬁﬁ%ﬂ% LR T
£ /nm {7 & /nm /%
7-CQDs 350 440.0 1.77
8-CQDs 330 419.0 5.44
9-CQDs 340 413.0 40.48
10-CQDs 340 417.0 21.54
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Tab.5 Comparison of fluorescence yields of heteroatom-doped CQDs
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Fig.5 Spectrogram of sample 4-CQDs
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Fig.6 Topography of sample 9-CQDs
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Fig.7 Chemical structure of sample 9-CQDs
| —-— 310 nm (EX)
-CQD: 8000

9-CQDs ~ 320 nm

7\ 330 nm

SVANN 340 nm

6000 - 20 - -350nm

————— 360 nm

% jﬁ ......... 370 nm

= b} 4000 -
R
2000 |-
/",“,
V = T

o — ——

1 1 L L 1 1 1 1 1 1 1

200 300 400 500 600 700 300 350 400 45 500 550 600 650 700
&ﬁ/ﬂm &-&/ﬂm
a b

K8 HEdh 9-CQDs LKA
Fig.8 Spectrogram of sample 9-CQDs
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