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Characterization of Hydrothermally Synthesized Carbon Quantum Dots
from Ligusticum Wallichii by Transmission Electron Microscopy
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Abstract: The structure of carbon quantum dots (CQDs) synthesized by one-pot hydrothermal method using Ligusticum
wallichii as carbon source was observed and analyzed by the transmission electron microscopy (TEM). Aiming at the
problem of weak contrast of CQDs in TEM bright field imaging, the high angle annular dark field-scanning transmission
electron microscopy (HAADF-STEM) was carried out to rapidly locate the CQDs in the copper grid. The corresponding
TEM images showed that the CQDs were irregular shape with a size of about 3 nm. By the high-resolution transmission
electron microscopy (HRTEM) and the corresponding fast Fourier transform (FFT), the lattice fringe of 0.21 nm,
diffraction with six-fold symmetry, as well as the graphitic layer spacing of 0.34 nm were observed. The indexing method
of characteristic indices of crystalline CQDs was also discussed. The HRTEM analysis indicated that the CQDs were
crystalline hexagonal phase graphene-like structure.
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Fig.1 (a) TEM and (b) HAADF-STEM images of CQDs before plasma cleaning, (c) HAADF-STEM
image of CQDs after plasma cleaning
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Fig.2 (a) HRTEM image of CQDs, (b) corresponding intensity profile along red arrow in (a)
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Fig. 3 Lattice images of CQDs with (a) incident beam
along [0001], (c) incident beam parallel with (0001) planes,
(b) and (d) FFT images corresponding to (a) and (c)

[n] N 1) HRTEM 4345 5 38 W, % CQDs I b2
ey apy Al

Ak, #F HRTEM ik W8 2| (8] 5 4 0.25 nm
(R A 2580 [ 1 4(a) ] FEA DA B ) STk v,
APt TE R P b o Ay 280 R RRAIE T, ELAE
Y 4 34 A 1T PN T B) BE (in-plane lattice spacing)
B (1120) 1 "L S R R, SR ECRH 4
R (h, ki, DFOR, Horb i=—(h+ k). AT (1120)
i AN B 75 T i 22 26 0 B0 s B, AU 7Y
FEPRAE 20N R (1120). R0, (1120) FY i 1T ] B 2
0.123 nm, 5 HRTEM WMEL4E 5 0.25 nm AFF. 1 H
PDF F F I 0.25 nm X A, k. 1E. % )&
B A7 BRI 00 T 450, SRR LA sp® 24 bR N i
TV W AR S5 48, AHAB W~k - [ #E R 0.142 nm.
WEE YBR[ F 4(b)], BB RN (1120) &
1fl, 3 FL T (0001) Tf1. %F T4 # TEM, 0.123 nm i
M HERE ), T HRTEM 7R 19 0.25 nm 1 54 A%
ZRBON I T WASAY (1120) A TETEE S, 5 a flisk b 4
MR B — 25 DRI, SRR A% 9 T PN A Tl i, 1A
2% (0001) T PN AHPFR 1 P48 - AU FE BS54 0.25 nm,

B4 (a)CQDs HREE, (b) AEHHNREEHTERE
Fig. 4 (a) Lattice image of CQDs, (b) structure model of

graphene
A4 (1120) Ao
3 HFig

45 4 35 B i T B BRI HAADF-STEM 5
HRTEM ${ K, 3153 T BEJE CQDs HYJE SLHFAE S 45
Fi {5 5. HAADF-STEM ] U510 H B 5 T A7 ALY L
f) CQDs, A % fit v T TEM b CQDs # 55 () [1]
8. HRTEM 43 M & B [E] #E 4 0.25 nm %) 1] P Sl s
() 34 X 97 A A A (0001) (&7, T = 4 gl %) R 4 Rl Dt 1
(9 BE 25, AS [6] 1] (9 HRTEM 1% 57 () FET 487~
CQDs WA BIR LS. %5 B X LA KSR AT BB IR
TRTSRIA ] 5 CQDs LA FRAF HA i S 7 L.

S Sk

[ 1] Chan W C W, Maxwell D J, Gao X H, et al. Lumines-
cent quantum dots for multiplexed biological detec-
tion and imaging[J]. Current Opinion in Biotechno-
logy, 2002, 13 (1): 40-46.

[ 2] SFWL AR, B0, 5. i1 A n w6 . PR &
HI0I1. Ak 2= 85 5%, 2020, 31(3): 270-277. [QI Fan,
REN Haitao, HUANG lie, et al. Carbon quantum dots:
Preparation, properties and applications [J]. Chemical
Research, 2020, 31 (3):270-277.]

[ 3] TianL, Li Z, Wang P, et al. Carbon quantum dots for
advanced electrocatalysis[J]. Journal of Energy
Chemistry, 2021, 55 : 279-294.

[ 4] DesmondL J, Phan A N, Gentile P. Critical overview
on the green synthesis of carbon quantum dots and
their application for cancer therapy[J]. Environmental
Science: Nano, 2021, 8 (4): 848-862.

(5] REZS, BARMK, T M0, 2. fichE 7 ] 5 S HOG
AL P RE (D], AL 2%, 2023, 52(4): 974-978. [XU
Guojie, CHENG Xianglin, DING Shuaishuai, et al.
Preparation of carbon quantum dots and their pho-

tocatalytic properties[J]. Applied Chemical Industry,


https://doi.org/10.1016/S0958-1669(02)00282-3
https://doi.org/10.1016/S0958-1669(02)00282-3
https://doi.org/10.1016/S0958-1669(02)00282-3
https://doi.org/10.1016/j.jechem.2020.06.057
https://doi.org/10.1016/j.jechem.2020.06.057
https://doi.org/10.1039/D1EN00017A
https://doi.org/10.1039/D1EN00017A

PR, 2. T /K G U b R R S R T U A A R AR

165

[7]

[9]

[ 10 ]

[11]

2023, 52(4): 974-978.]

Fan H Z, Zhang M, Bhandari B, et al. Food waste as a
carbon source in carbon quantum dots technology and
their applications in food safety detection[J]. Trends
in Food Science & Technology, 2020, 95 : 86-96.

Li F, Sun L, Xue S S, et al. Recent advances of carbon
dots as new antimicrobial agents[J]. SmartMat, 2022, 3
(2):226-248.

Zhu X F, Zhou Y, Yan S H, et al. Herbal medicine-in-
spired carbon quantum dots with antibiosis and hemo-
stasis effects for promoting wound healing[J]. ACS
Applied Materials & Interfaces, 2024, 16 (7): 8527-
8537.

Parambil A M, Rajan S, Huang P C, et al. Carbon and
graphene quantum dots based architectonics for effi-
cient aqueous decontamination by adsorption chroma-
tography technique-current state and prospects[J]. En-
vironmental Research, 2024, 251 : 118541.

Zhao H G, Liu G J, You S J, et al. Gram-scale synthes-
is of carbon quantum dots with a large Stokes shift for
the fabrication of eco-friendly and high-efficiency lu-
minescent solar concentrators[J]. Energy & Environ-
mental Science, 2021, 14 (1): 396-406.

John B K, Abraham T, Mathew B. A review on char-

[12]

[13 ]

[ 14 ]

[15]

[ 16 ]

acterization techniques for carbon quantum dots and
their residue
detection[J]. Journal of Fluorescence, 2022, 32 (2):
449-471.

Pallavolu M R, Prabhu S, Nallapureddy R R, et al. Bio-

derived graphitic carbon quantum dot encapsulated S-

applications  in  agrochemical

and N-doped graphene sheets with unusual battery-
type behavior for high-performance supercapacitor[J].
Carbon, 2023, 202 : 93-102.].

Shinde D B, Pillai V K. Electrochemical preparation of
luminescent graphene quantum dots from multiwalled
carbon nanotubes[J]. Chemistry, 2012, 18 (39):
12522-12528.

Dsouza S D, Buerkle M, Brunet P, et al. The import-
ance of surface states in N-doped carbon quantum
dots[J]. Carbon, 2021, 183 : 1-11.

Wang L, Li W T, Yin L Q, et al. Full-color fluores-
cent carbon quantum dots[J]. Science Advances, 2020,
6 (40): eabb6772.

Zhang DY, Chao D Y, Yu C Y, et al. One-step green
solvothermal synthesis of full-color carbon quantum
dots based on a doping strategy [J]. The Journal of
Physical Chemistry Letters, 2021, 12 (37): 8939-8946.


https://doi.org/10.1002/smm2.1131
https://doi.org/10.1016/j.envres.2024.118541
https://doi.org/10.1016/j.envres.2024.118541
https://doi.org/10.1007/s10895-021-02852-8
https://doi.org/10.1016/j.carbon.2022.10.077
https://doi.org/10.1002/chem.201201043
https://doi.org/10.1016/j.carbon.2021.06.088
https://doi.org/10.1126/sciadv.abb6772
https://doi.org/10.1021/acs.jpclett.1c02475
https://doi.org/10.1021/acs.jpclett.1c02475

	1 试验
	1.1 仪器与试剂
	1.2 材料

	2 结果与讨论
	3 结论
	参考文献

