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Abstract In this study, green-emissive carbon dots (G-CDs1) were prepared using salicylic acid and ethylenedi-
amine as precursors through a hydrothermal method, followed by purification wvie dialysis and column
chromatography. G-CDs1 exhibited an emission wavelength of 518 nm and a photoluminescence quantum yield
(PLQY) of 22.3%. Structural characterization revealed that G-CDs1 possess a graphitic carbon core and abundant
surface functional groups (—OH, —COOH, —NH,). Comparative experiments were designed: first, blue-emissive
carbon cores were obtained by hydrothermally treating salicylic acid alone; then, these cores were reacted with
ethylenediamine to produce green-emissive carbon dots (G-CDs2). Comparative analysis showed that G-CDs2 and
G-CDs1 shared identical fluorescence properties and structural features, revealing a “carbon core-fluorophore”

synergistic emission mechanism, where green-emissive fluorophores were generated through defect passivation or
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surface reaction with ethylenediamine, jointly contributing to the fluorescence emission together with the carbon core.

Consequently, a G-CDs1/polyvinylpyrrolidone (PVP) fluorescent ink composite was developed, enabling printed
patterns with bright green fluorescence. This research contributes to the development of controllable synthesis,
fluorescence mechanism, and applications of carbon dots.

Keywords Carbon dots; Green fluorescence; Salicylic acid; Fluorescence mechanism; Patterned printing
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Fig. 1 Schematic diagram of the preparation process of G-CDs1 and photographs of G-CDs1 under day-
light(Vis) and 365 nm ultraviolet(UV) light(right)(A), PL intensity and PLQYs(inset) of G-CDs1
in aqueous solution prepared with different molar ratios of salicylic acid to ethylenediamine(B),

different reaction temperature(C) and different reaction time(D)
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Fig.2 Absorption(Abs), PL excitation(Ex) and PL emission(Em) spectra of G-CDs1(A), PL emission
spectra of G-CDs1 measured from different excitation wavelengths(B), PL emission spectra of
blank(black line) and G-CDsl1 (red line) used for measuring the PLQY(C), time-resolved fluo-
rescence decay curve of G-CDsl, the data were collected at an emission peak of 518 nm(A =
445 nm)(D), PL spectra(E) and intensity variation(F) of the G-CDs1 as a function of pH
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Fig.3 TEM and high-resolution TEM image(A), particle size distribution(B), XRD pattern(C), FTIR
spectrum(D), XPS survey(E), and high-resolution XPS C, (F), N,.(G), and O, (H) spectra of G-CDs1
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AR DA R 2 T 25 F B — Bk . b, MSE T G-CDs2 i XPS S HL T-RETE 40 1% LU K% 85 /3 B XPS C,,,
N, A0, 3% (K S3, WA HEE), 45 R EMHFEEME C, NFIO 3FPICE G R AX TR &5
176.43%, 5.06% F118.51%). $X1M, G-CDs2 [k & it 53R M H BERI & 2 5 G-CDs1 HA KK %
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Fig.4 Schematic diagram of the preparation process of G-CDs2(A), Abs and Em spectra of blue PL
emissive CDs(insets: photographs of blue PL emissive CDs in water under Vis and 365 nm UV
light)(B), Abs, Ex and Em spectra of G-CDs2(insets: photographs of G-CDs2 in water under Vis
and 365 nm UV light) (C), PL emission spectra of G-CDs2 measured from different excitation
wavelengths(D), FTIR spectrum of G-CDs2(E), the proposed evolutionary process of G-CDsl1
and the relationship between green-emitting fluorophore and G-CDs1(F)
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5, X ATREHE T G-CDs2 (WM A1 T BU W I Rl (G-CDs 1 265 ), 5 3 UhieAZ 1o 3 fiie A R 4 1 ke
Fasin. LT LA Eg5E, HEW T G-CDs1 2ETE sibLH] Skl B2 . i 4(E) iR, 78 G-CDs1 1l
R, KA ERAE KIS P A TR A SN, T RS A B RN 22 R 3R T RE AT A 224k . BESS
EEEE Y 2 ey R atAL, [ R T AR S & e R AR AR A S RN AR iR sy T L ks
DGR REdE L A | B AN Oy B e TR A L, e G-CDs1 7 AR SR O R Y.
RIS, ATIRRLE K R i 26 I, TERCE & 2 10 H Be B A SR AUz 454, 543 F 2t it
ARG G, XRDOEIH Sz Z [ EREVER , AR T G-CDs1RFIR DO G R ZE i 5Ehilh . %5320
B RIS A CDs AT PE A B . LRI ST $ 0L T —FhoA 850 ik .
2.5 2DEEHERMITED

G-CDs1 Lt G-CDs2 HAG LU L#: (1) 7Efilss ik b, SRH—2G 3T 5 h 2 iU, 5 G-CDs2
WA AR L, B4R T 2/3 ROWEFR], SOT sk rp (B AR BRIR 1 () 24 5 | A5 (2) FES5H 1, G-CDs2 11
AL R U NI )3, ) 3 A% 2o B e fb RN R RIS in 5 (3) #EPERE I, G-CDsl 1y
922, 3%, T G-CDs2(16. 3%). AL, K 5W, 365 nm B9 25862 BT G-CDs1 #1 G-CDs1/PVP %¢
i 6 h )5, G-CDs1 B2 e REIBEIRAF 2 15% , M2 GBI RELESE 2 40%. X 1535 T PVPRE
YIxt G-CDs1 #E47AFRIHEEAL , FR1HRERA B S R M & S R 5 SR AR E ), AR s T
HAREME (IS4, WASCHHER). 2T G-CDs1 i RAFAIEAMERE | F & 10 T F BRI S ik i
P, B G-CDs1 5 PVP KIEIR ISR A, 158 T G-CDs1/PVP il 88, FI ] PVP (1 5145 & A A,
I R ] SEIREE R R R ALFTEN. ¥ G-CDs1/PVP & G428 e im A W A VE St I, ik i 45361 A 30
b 224 TEERZE AT B 4(A) |, BEEATER R e E % (B 4(B) . LAk, G-CDs1/PVP & &%t
AW ATVE PO EEKE 4(C) ], B5 H RS AN SR A TR B 4(D) FI(E) ], X2 E %
FEEIMDE T Y RIS s 5Ok .
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3-axis robotic

L —

2D patterned printing

© D) ®)

Paper

Fluorescentink

Fig.5 Schematic illustration of the 3D spinning printing process(A), photographs of the printed patterns
taken under Vis and 365 nm UV light(B), schematic illustration of the handwriting process using
G -CDs1/PVP fluorescent ink(C), photographs of handwriting patterns taken under Vis and 365
nm UV light(D, E)

R e
LUK Z, i AR , it — A K B S , 4% T AT S 50 BR A G-CDs 1. it

Chem. J. Chinese Universities, 2025, 46(6), 20250093 20250093(136/138)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

WAL RN 214, AT LL3RAS HAT R EBERY G-CDs1, 4035 518 nm %K 5 | 22. 3% 1 PLQY Al
3. 3 ns (R BRI A . G5 R AEIESE G-CDs 1 HA A7 B8 AL B A Rl = & A 28 11 17 BE P (et | 20t
FIREL). JE DB — 7K G ORI T 23 W AT T X LUBFSE , 158019 G-CDs2 5 G-CDs1 HAA — 201
M S EERPERT, TR T G-CDs1 BB B R 52O 6HLH] , RIZK IR & ek il e i s 4kt , &
R AR RRAZ 1t 8 2 T B P SO A ik (0 B T, LSRR D IR T G-CDs 1 2MURE 1 28
JebERE. LT UL, Hil T G-CDsl/PVP E G Yo i 8, Jf 0 HF 2D S5 R AL 4T EN . ARBIFSE 4k €
YENCHI AT G S5HE-VEREOC R AT S D REAL T B AL 1o S i

X #FZ2 8 Lhttp: //www.cjcu.jlu.edu.cn/CN/10.7503/.
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