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Preparation and anti-counterfeiting application of phosphorescent
carbon dots based on pickled skin
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Abstract: Phosphorescent carbon dots (P-CDs) were prepared by pyrolysis method using pickled skin as
carbon source and boric acid as boron source. The effects of pickled skin content, reaction pH, reaction
temperature and reaction time on the afterglow time of P-CDs were investigated. The P-CDs obtained were
characterized by organic element analyzer, SEM, EDS, TEM, FTIR and XRD, and evaluated for the
anti-counterfeiting application. The results showed that the P-CDs, prepared with pickled skin content
(based on 3 g boric acid, the same below) of 4.10%, reaction pH of 7, reaction temperature of 225 °C, and
reaction time of 7.5 h, displayed the longest afterglow time of 12 s. The material exhibited an optimum
emission wavelength of 520 nm corresponding to a bright green afterglow, and an average particle size of
4.42 nm with a typical graphite structure. Boron atoms were successfully incorporated into the P-CDs to
form C—B, B—O conjugate chain structure, which stabilized the triple excited state and prolonged the
afterglow time.
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Fig. 1 SEM images (a, b) and EDS spectra (c~h) of
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Fig. 2 Afterglow time of P-CDs with different content of
pickled skins
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Fig. 3 Afterglow time of P-CDs under different pH
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Fig.4 Afterglow time of P-CDs with different temperatures
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Fig. 5 Afterglow time of P-CDs with different reaction time
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Fig. 6 Fluorescence excitation and emission spectra of P-CDs
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0.9
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1 Il
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Fig. 7 PL color coordinate of P-CD

[l 8 *& P-CDs 1) UV-Vis WG

%t /a.u.

200 250 300 350 400 450 500 550 600
HHE/mm

8  P-CDs ffy UV-Vis IO TE
Fig. 8 UV-Vis absorption spectrum of P-CDs
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Wit DLS. TEM Hll HRTEM % P-CDs R4 |

TESMEE AT Tt , 25 R LK 10, HIE 10 4
KT, P-CDs FPRIARAE 10 nm AN, FERAZ5
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4.0 nm, 5 DLS FRIEZHR —F, M 10c. d ATLIW
23], P-CDs H AWM 1Y fbi& 454, mAs iy
0.230 nm, Ui P-CDs HA Jef Bagh 2,

K19 P-CDs i) SEM & (a) FI EDS #[# (b~e)
Fig. 9 SEM image (a) and EDS spectra of P-CDs (b~e¢)

&l 10 P-CDs i TEM (a~b ) F1 HRTEM [& (c~d ) ( Nk

PR HoRLAR 3 A1)
Fig. 10 TEM images (a~b) and HRTEM images (c~d) of P-CDs
(The inset is particle size distribution)
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Fig. 11 FTIR spectrum of P-CDs
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DL EZERFEI, CDs T8 sp® b5 w AL, I
HEERWm AR EESEERA, 5 iR UV-Vis 15 &
TGS —B EEM L, 7F 1430, 1280 F1 850 cm™
Qb B g, 4y 51U )E T B—O . B—O—H
A C—B #, KM EIIBA CDs®

12 4 P-CDs A XRD %K., mi& 12 AT AL
BN ZARTHE, Hd, 20=23.0°4t 3% P-CDs 1A
A (002) S, BEEHICHEA A BEEE, it
FHEAS R S B 0.38 nm., BRILZ AN, SBiIHE
20=14.6°, 26.0°, 28.5°, 30.0°F1 39.8°t.A I & AU AT
B, SR EALT (B0 ) B ST,

28.5°
26.0°
14.6° 20 39.8°
ﬂ i 30.0°

10 1I5 2IO 2I5 30 3I5 4IO 45
20/(°)

12 P-CDs ) XRD %[&l
Fig. 12 XRD pattern of P-CDs

HE—3 % ] XPS X} P-CDs 1) 70 % 41 i DA S S i
APEGIAT T I, 5 RanE 13 s, ARSI LR 1,
H & 13a AJHI, FEZ5 AR 284.6. 399.6, 531.6
F1193.0 eV AT B AU, 535048 F C 1s. N s,
O ls Ml B 1ls, %W P-CDs % C. N, O. B4 f

JCEA N, 5 FTIR, SEM ZERAFS5 R —2. hiE 13b
AL, 7 T45 4 RE 284.6. 285.7. 288.7 eV AbHYIAS)
¥R C—C/C=C #E, C—N %A c=0 #. hK
13¢ 7] UL, 1 T454 68 400.3 F1 401.5 eV AbfY i3 51
X o7 A7 28 R N2 KL A 18] 13d XF P-CDs i B 1s #E4T
PRI GSE) T LS A RE 192.8 eV by BCO, £ Al
TELE A HE 193.7 eV AR B,Os 5, & 13e AT A I,
N F4551E 531.3 eV AbHY C=0 HE 532.1 eV AbHY
C—OHt, INF 1 7%, P-CDs EEH C. N, O, B
JLRA RN, HRESED RN 24.41% . 41.29%.,
1.89%F01 32.41%%,

a

531.6eV O 1s

284.6eV C 1s
193.0eVB 1s 39966V N 1s

s

100 200 300 400 500 600 700
g4 RkleV

b Cls

284.6 eV C=C/C—C
285.7eVC—N

288.7e¢V C=0

278 280 282 284 286 288 290 292
Ziateev

c Nls

392 394 396 398 400 402 404 406 408 410
ZEERBleV

d Bls

193.7 eV B,0;

192.8 eV BCO,

186 188 190 192 194 196 198 200 202
ZEEREleV



802 - A% 4m 4 T FINE CHEMICALS

41 4%
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531.3eVC=0

532.1eVC—O

524 526 528 530 532 534 536 538 540
Z4 e eV
Kl 13 P-CDs [ XPS & (a) K/ # Cls(b), N s
(c). Bls (d) }201s (e) XPS K

Fig. 13 XPS full spectrum (a) and high-resolution C 1s (b), N
Ls (c), B 1s (d) and O 1s (e) XPS spectra of P-CDs

#1 P-CDs WITEN A

Table 1 Elemental distribution of P-CDs
TR ey Y Bt 2550 %
C 284.6 24.41
(0] 531.6 41.29
N 399.6 1.89
B 193.0 32.41

X} P-CDs FIBECIERERLEHA T 1404 . 45, P-CDs
BB EZORIET CDs 25891 C=0 #M C—N
H, C=0 A C—N HE () n-n BRIT REMS R A HEH
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[l C=0. C—N ZEILP WAl AR sp® BRAZIE LA
KR S8 25 ARG N & e R IEE T Hak, BiIR
MR Pt B E R — A T B R
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77 S G 1 QN I 1 s 7S
W B AR R ERAT s S — T B R FHA S p HlE,
AT O JRF B n WP AR IR B W Y
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NS R 11 = E 7 Gt B | 7 2 e B N TR
HEBECI & 3T 1A, W B RO IS 7
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HIAREYL, MIMHETHEEEPERE. P-CDs B EPERE
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