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Abstract Sunscreen absorber, the basic ultraviolet (UV) protection additives that absorb UV rays, is the active
ingredient in sunscreen products. However, traditional sunscreen absorbers are known as organic and inorganic
chemicals which have problems such as unknown toxicity for human health and environment, instability, poor water
solubility, and a narrow range of UV absorption, the study of eco-friendly broad-spectrum sunscreen absorber

materials is important for the application of sunscreen products. In recent years, carbon dots have shown good
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properties in the application of UV absorbers due to their chemistry stability, eco-friendly, excellent UV absorption

efficiency. In this study, two kinds of carbon dots (named O-CDs and A-CDs, respectively) were prepared from
dopamine hydrochloride and o-phenylenediamine, citric acid and urea independently by simple one-pot hydrothermal
synthesis method, purified by column chromatography and then characterized by X-ray photoelectron spectroscopy
(XPS), transmission electron microscopy (TEM) , X-ray diffraction (XRD) , Fourier transform infrared spectroscopy
(FTIR) , Ultraviolet-visible spectroscopy (UV-Vis) , and fluorescence spectroscopy. The results showed that a
broad-spectrum UV protection material named as B-CDs was developed by mixing O-CDs and A-CDs with the
optimized mass ratio of 1: 1.5. In addition, the B-CDs were added as a broad-spectrum UV absorber to polyvinyl
alcohol (PVA) solution to prepare the UV protection calligraphy ink , and the sunscreen effect stability of the ink was
tested in a certain period (120 h). The results indicated that the broad-spectrum carbon dots UV absorber is high-
efficiency and stable, and carbon dots have the potential to be used as ideal photostable broad-spectrum UV absorber
additives for sunscreen products.

Keywords Carbon dots; Broad-spectrum UV protection; Sunscreen absorber
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Scheme 1 Experimental flow chart of the preparation of broad-spectrum carbon dots UV absorber and
the stability test for UV protection application of the B-CDs@PVA inks
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Fig.1 UV-Vis absorption spectra of O-CDs, R-CDs and Y-CDs(A), fluorescence spectra(B) and FTIR

spectrum(C) of O-CDs
Insets: (A) photos of O-CDs, R-CDs and Y-CDs (from left to right) under 365 nm UV light; (B) photos of O-CDs
under visible light(left) and 365 nm UV light(right).
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Fig.2 Survey XPS spectrum(A) and C,(B), N,(C) and O,(D) high resolution XPS spectra and fitting
results of O-CDs
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Fig.3 TEM and HRTEM(inset) images(A), size distribution histogram with Gaussian fitting curve(B)
and XRD pattern(C) of O-CDs

KI3(CTE20=24" 1 B T — D BE RN IE , RIIITHI A5 O-CDs " A7 — L7 45 M0 1 A2 1A 7
EARGKAS , 3X 554> W TEM (HRTEM ) {425 52— 3>,
2.2 A-CDsHYRIE

A-CDs 7£ 234 F11338 nm 4b H BUAESSR A WO e [ 1 4 (A) |, 3X 206 5 A-CDs H1 (1% p PUE HL T BRI A
K ;234 nm Ab IR I F B C=C AN m—ar BRAES R, 338 nm ARG X N F C=0 FE 1Y n—ar'BR
if. A-CDs FZW L UVA P B2 (320~400 nm) 2250, 0T FEAE UVA BB RL . H Il 4 (A) 4di €l AT
PIE i, A-CDs [ LA TRAE HOG R IR E (G, 78365 nm [EEAME T RIS 0WE @286. HE4(B)
Al UL, A-CDs 5 KU IS R 344 nm, e KA ST A 450 nm, H A-CDs B2 & S0 d A 23 B
PR AAE 304~344 nm X [A] AR TS 8, 3% v] BB e S B A% R FIEURHIE L R A-CDs 22101 58 4 8
Blifk, RGCUET sp* ik AT A B — R S BRAT BT 850,

1.0
1000 (B) T ©
0.8 —344 nm —324 nm|
G _ 800f = —339 nm —319nm
06 Ll AE
22 & =2 ! s nm —. nmj
g iy 2600 A ~304nm
J = '
i 2 400 q
302 3 i
< ' = 200F ) -
ok O—H/N—H
_02 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 250 300 350 400 450 500 250 300 350 400 450 500 550 600 650 400035003000 2500 2000 1500 1000 500
A/nm Amm Pem!

Fig. 4 UV-Vis absorption spectrum(A), fluorescence spectra(B) and FTIR spectrum(C) of A-CDs
The insets are photos of A-CDs under visible light(left) and 365 nm UV light(right) , respectively.
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Fig.5 Survey XPS spectrum(A) and C,(B), N, .(C), and O, (D) high resolution XPS spectra and fitting
results of A-CDs
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Fig. 6 TEM image(A), size distribution histogram with Gaussian fitting curve(B) and XRD pattern(C)

of A-CDs
Inset of (A): HRTEM image.
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Fig. 7 UV absorption spectra of B-CDs with different m(O-CDs):m(A-CDs) ratios(A) and photos of B-CDs
aqueous solution with different m(O-CDs) :m(A-CDs) ratios under 365 nm UV light(B)
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Fig. 8 UV absorption spectra(A) and UV transmission spectra(B) of B-CDs@PVA ink with different
contents of B-CDs in 30 mL 0. 05 g/mL PVA solution
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Fig. 9 Photos of B-CDs@PVA ink under 340 nm UV lamp irradiation for different time
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Fig. 10 UV absorption(A, C) and transmittance(B, D) spectra of B-CDs@PVA ink under 340 nm(A, B)

and 295 nm(C, D) UV lamp for 0—120 h
Insets: stability of the absorption (A, C) and transmittance peak (B, D) under irradiation of a 340 nm UV lamp
(A, B) and a 295 nm UV lamp(C, D).
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