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Preparation and Properties of Coumarin-M odified Carbon
Quantum Dotsas Light Sabilizer
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Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021, Shaanxi, China )

Abstract: Carbon quantum dots (CQDs) were successfully prepared by a hydrothermal reaction using citric
acid as the carbon source, and then modified with 7-amino-4-methyl coumarin (AMC) in a catalyst system
containing 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and N-Hydroxysuccinimide
(EDC/NHS), which produced a coumarin-modified carbon light stabilizer (AMC-CQDs). The optical
properties of AMC-CQDs and its application properties on the surface of paper were studied. And the law
of change on chromaticity of the paper was analyzed by 1931-CIE chromaticity coordinates. The results
revealed that the synthesized AMC-CQDs had a uniform particle size distribution of 4.13 nm, and exhibited
good water solubility and UV absorption, which could realize a full coverage absorption in UV light area.
The maximum fluorescence emission wavelength of AMC-CQDs was 431 nm, and the fluorescence
quantum yield reached 38.7%. The initial whiteness of the paper was increased by 4.71%ISO when the
dosage of AMC-CQDs was 0.6%(based on the mass of coating starch gelatinizing solution, as the below)
in coating starch gelatinizing solution, indicating that AMC-CQDs was suitable for high yield pulp paper
whitening. In addition, the results of chromaticity coordinates showed that the carbon light stabilizer had a
good light physical whitening effect for the paper with chromaticity coordinates in the vicinity of the line
y=1.553x—-0.184.
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Fig. 1 FTIR spectra of CQDs and AMC-CQDs
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Fig. 5 UV-vis absorption spectra of AMC-CQDs and AMC



* 1952

# @m 1k T FINE CHEMICALS

35 4%

97 BUE AMC-CQDs 7E 279 nm Ab ) 54 1 i
WA I i T ASARAR,  AMC-CQDs /KIRAE 2
SMTTRIEEE 3. 6. 9. 12 h, SRJ5HRA5AH R L4z
ik BERE 279 nm Kb WA BRI, B ) B
i [i) R A5 119 5 A I AC 5 3 3 LA oG R Bk (MG &R
H=Fy/F,. Hh, Fodgiadt 0 h B 279 nm &b gz ik
VSRS, F 355E5F ¢ h I 279 nm &b iy IR s ),
DIARAIE A 22 AN OGS AE 279 nm A I8 g g 8 35—
H, XLt 357 nm bW IR S5 AEA, SR NIE 6
fiizs o I 6 AT LLE 1, Bl EHRAS R34, 357 nm
A W oS 0 5 R ek 55 1) R R R 279 nm AR RSO 2
A’ 5 th AMC Hl AMC-CQDs 4 4hIIOGE | TA
A 357 nm AL I & F AMC FRIENZIL, 279 nm
AW A T AMC 520 T A6k B 7 S AR I

250 300 350 400 450 500
A/mm

Pl 6 AMC-CQDs )5 SMR R HE bt 5 50 I S ik ]
Ak

Fig. 6 Change of absorbance of AMC-CQDs with UV
irradiation time
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Fig. 7 UV-vis absorption spectra of AMC-CQDs dispersed
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Fig. 10 Photoluminescence quantum yield of AMC-CQDs
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Fig. 11 Effect of AMC-CQDs samples with different dosage

of AMC on the paper whiteness
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Fig. 12 Effect of CQDs dosage and AMC-CQDs dosage on
the paper whiteness
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Fig. 14 Effect of UV light irradiation time on the PC of
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Table 1 Paper yellowing parameters of different light
irradiation time

EXl4 R/ = E &5 AR R
B[] /h %ISO X Y VA b d 'l

0 69.75 82.53 79.95 69.26 0.3561 0.3450

2 67.28 81.66 78.89  66.89 0.3590 0.3469

4 66.07 81.30 78.29 65.66 0.3609 0.3476

8 64.16 80.38 77.28  63.68 0.3632 0.3491

12 62.67 79.60 76.41 62.15 0.3649 0.3502

16 61.46 79.25 75.84 6093 0.3669 0.3511

H: X=XI(X+Y+2); Y'=Y/(X+Y+Z),

AT A AT ARS8, R 6 AR bR fER,
ZRYCR AR R L, G5 R ILIE 16, JPKEEEAR
Bk A 1931-CIE AepnE Rw, WE 17,
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Fig. 16 Color coordinates of paper yellowing process
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Fig. 17 1931-CIE image of paper yellowing process
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Fig. 18 1931-CIE image of AMC-CQDs
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(2) 7F TEM ElH, AMC-CQDs ANFEAEH W11
HIRB G, BRAARB NS, FERAEH 4.13 nm,
LHNERE R EEIE FE I, AMC-CQDs 7£— & {1 [l
WA AP K . 7- 3 3 -4-H R F E RIS,
Xl 8 s AR R AP M R A BB AE A, B
AMC-CQDs JEA IR IMEIX 2 15 . fE9OLEIE
i, AMC-CQDs Wi K7L RS IE KN 431 nm, %
Nt 77 %Kik 38.7%

(3) T IRAACKEIDEEMSLE, 5 CQDs
HEATXT AT, AMC-CQDs EAg 5 4 i 40 K 14 A5 1vr
Mg sesbeiettne, HfERHEHE (AMC-CQDs
SRR 0.6% ) B, fed AR RIS U 4.71
%ISO, 48 h %4MEfkf5, PCIH N 7.85,

(4)3izH 1931-CIE BB A AR, WIAIRSE T 40k
IR R R AR A . i S R AR e
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