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Preparation of Carbon Dot-based Multicolor Room-temperature
Phosphorescent Materials via Precursor Structure
Regulation Strategies
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Abstract In this paper, a simple precursor molecular structure regulation strategy was presented, and carbon
dot-based composites with phosphorescent emission colors covering the visible light spectrum were prepared through
an in situ calcination method using AL,O, as a matrix and various small molecules as organic precursors. Transmission
electron microscopy, Fourier-transform infrared spectroscopy, X-ray diffraction, and X-ray photoelectron

spectroscopy confirmed the successful growth of carbon dots within the Al,O,; matrix. Fluorescence spectroscopy tests
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indicated that the phosphorescent colors of the four CDs@Al,0, composites were blue (454 nm) , green (520 nm) ,
orange (572 nm) , and red (632 nm) , with average lifetimes of 130.6, 293.6, 498.6, and 539.0 ms, respectively.

The observed redshift in phosphorescent emission wavelength attributed to the decrease in the energy gap between the
excited state and ground state of the carbon dots with increasing 7 -conjugation and number of oxygen-containing
functional groups in the precursor, which achieved the modulation of multicolor phosphorescent emissions. Based on
the multicolor room-temperature phosphorescent characteristics of this material , its applications in anti-counterfeiting
and information encryption was preliminarily explored.

Keywords Carbon dots; Room temperature phosphorescence ; Long afterglow; Al,O,
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F]) 5 Shimadzu UV-2550 B S8 5h- AT ULA3 G RETH(UV-Vis, HAEHEAH]).
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oou AlCl;*6H-0 e Drying Calcination
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Scheme 1 Schematic representation of procedures for the preparation of B-CDs@Al,O,,
G-CDs@AlQO,, O-CDs@ALQO, and R-CDs@AlO,
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Fig.1 TEM images of B-CDs@ALO;(A), G-CDs@ALO,(B), 0-CDs@ALO,(C) and R-CDs@ALO,(D)

TEE 2 ) XRD 3% K H, 7E26=37. 60", 39.50°, 45.39°F167. 00° 554t P8 T S AT g, K T
y-ALO T 2. T ik ] oA 7 BH S ) il sSORF OGS, okt — e R B 3R T ik S JE e T
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Fig. 2 XRD patterns of B-CDs@Al,O,, G-CDs@ALQ,, Fig. 3 FTIR spectra of B-CDs@AlO;, G-CDs@Al,O;,
0-CDs@ALQO, and R-CDs@AlO, 0-CDs@ALQO, and R-CDs@AlO,

J5 B IRIR AN R ARV, XN T A TR/ N T R IR B ZE RS54 2. 7 1093 em™ b (218 B ZR) 1K
WA & F O—C—O MZadiksh™, 761714 em™ Ab (LT RELR) RIS ) Sk C=0 fhZa R oh ™, X5
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Fig.4 Survey(A,—D,), C,.(A,—D,) and O, (A,—D,) XPS spectra of B-CDs@AL,0,(A,—A,),
G-CDs@Al,0,(B,—B,), 0-CDs@Al,0,(C,—C,) and R-CDs@Al,0,(D,—D,)
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Fig. 5 Normalized afterglow spectra(A) and CIE coordinates(B) of B-CDs@Al,O,, G-CDs@Al,O,,
0-CDs@AlO, and R-CDs@AlQO,

M T 450 CDs@ALO, 2 A M RHEA [ A C IR L T Bt & HH6iE, 4558 %1, CDs@Al0,
S PR A R 61 35 728 B R B R AR [ 6 (A )~ (D) | X ATREEH FHAATEZ AN —ES
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F5 41 N 539.0 ms, G-CDs@ALO; 1 F 1 7 iy~ 498. 6 ms. 0-CDs@ALO, 1 F ¥ 75 iy 4 293. 6 ms,
R-CDs@ALO, ) -4 754r 4 130. 6 ms, R ENTHHA KEGRMEL G RHE . B0t RpE5E
WA AR R AT R B PR B A0 T, S, Z A AYRERRAS /N, = AT A9 AR R 5 B
R . O T A 40 CDs@ALO, & A A RH A & SR, X ISR A= AT WSRO | fefE A ik
Rtk | SRR R R K L R — D KR 9 R S IET T T A — A A B, AR R B JROR . g
kAN, 4T CDs@ALO, K A AR = BRSO 5 AV K A IRl — i &, RO K
FRIRE )™, 117 2 ' 5 4 W 1) 2 S DA R X6 T TR B IR 208, A9 5 45 B DK 60 I 1) 8 K R 328 ik 1)
i, B, rTLABAE 4 Ff CDs@ALLO, 5 A AR AHE K SR8 i e & 57,

WE 6 (A,) iR, B-CDs@ALO, i e f: & 5 AR MR Oy 454 nm, B 198 605 R 434 nm, M
AR V%R 300 nm, T WSS H 250 F11290 nm BRI A9 AN IR ICIE R C=C 1Y -7 BRI S 5L, £ 2
340 nm AL FYJE 1R C=0 B n-m BRAT S AR Q0 6 (B,) T 7R, G-CDs@ALO, [t A1 & ST A #E 1% R
520 nm, SAERFIDOCIER 433 nm, SEFRAHLIEHR 297 nm, THISOETEH 310 nm B PSR
Ry C=C 1Y ar -7 BRIT 3 3L, 7E29 380 nm &b (15 1§ Ky C=0 ) n-ar" BRIE 5 1Y . i 6 (Cy) TR,
0-CDs@ALO, [ fref: 2 S A WE 16 572 nm, T fE R B 98606 Ry 450 nm, AHF AR & 68 385 nm, T
W1 H 220~230 nm 38 P H A W08 Ry C=C B4 -7 BRIT S8, 14 340, 410 nm &b Ay 15 %
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Fig. 6 Afterglow emission spectra(A,—D,), room temperature lifetime decay curves(A,—D,), normalized
UV - Vis absorption, phosphorescence excitation, fluorescence and phosphorescence emission
spectra (A;—D,) of B-CDs@Al,0,(A,—A,;), G-CDs@ALO,(B,—B,), O-CDs@AlO0,(C,—C,) and
R-CDs@ALQO,(D,—D,)

440~500 nm 3 Bl N (A B85 I IKCH C=0 1 n-mr" BRAE S 12 AY . Qi 6(D,) T, R-CDs@ALO, 1 fef & 5
AWEWEN 632 nm, e fE R HTHEIEIEH 593 nm, RERAERL L 1R 353 nm, MROEREH 200~250 nm &
295 nm BT B IR Ry C=C 1Y -7 BRI 53K, 7E29 410 F1460 nm L0 2H 181 58 I 14 R C=0 1)
n-m BRAET R . 4T CDs@ALO, & A MR SRR ik vl AR A, N3 RIE m-r BT
FEAE AL, (RIS B () CDs@ALO, A MR, near BRI S | 1 W 00 9 T B 5, L
IR IRET i, R T i I BB AR %

ZE L, 2w, W 8 BT B e R O B AR R, B T B 4
A LGS S IR B CRRE B CDs@ALO, R A AR, ARG LA B 4T, $2H T7—AN S B A B R fif B AE
ZAR R P AL B 1 2 A x5 (Scheme 2). FEASICHIPL T, LR FRERTHRIBE S, M5
BT Y AR SR S I 2 st B BRAE B e AR R A . sl it s [l PR . AU 5 5 ALO, B 45 &, il &y
TR B e A AR 24 T K L AR IGR], IImASE T =B AT, M AR K (WAL
FefE R, BISTFIES2) 4 Juob, &R BRI M AERIE R TR, REOR T p-mr HHEIR R
DA A TN TR L RS S EAS Z MM EERR, (EUE T R E MR . BT SR ET
ORI R 5 8 A B B B B I, XA S8 R 3R AT RE S I R 1 B S S5, FRIR TR &S
FEAAZIAIMBERR, 15 CDs@ALO, & G MR B & S K LT R , MI S B & S 4 T 1 == iR o't
PERE.
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Scheme 2 Schematic of the transition model of B-CDs@Al,0,(A), G-CDs@Al0,(B), O-CDs@Al,0,(C)
and R-CDs@AlL0O,(D)

2.3 REEHEEE

T UERA G ORI R P, SR 3R 4 TR N1, LU A VR BRI, e i — 2 i
INEB T —F5 CD@B,0, Z-AFKL . IEMFUARIAFE , FIrAT (AR S A BRHRR 2 B H 1 75 i s T
R, BRI T 5X0 Y CDs@ALO, B A5 A RHRIRE I B (3 (7). KRHIEOLIR)S . CD@B,0,
AIBELE @ S (A L0, B R ST 73 436, 508, 540 F1 604 nm , F-24 4573 b 612,
623, 596 1 155 ms (WATSCHAFH EE S3). Rt , 25 Sy il 2 FLAT 42 m] LG I €l 9 1) e o B 28
TR T — S S SR 5 1]

UV on

B-CDs@B:0s ﬂ
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: y
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Fig. 7 Photographs of B-CDs@B,0,, G-CDs@B,0,, O-CDs@B,0, and R-CDs@B,0, under and
switching off UV lamp

24 CDs@ALO,E WIS E X R KA

WE 8(A) 7w, 45 IR JEIR RS S , ZEM RS T CDs@ALO, W 2 (0 & et A Al LAH§E 4 s D
. BRI, R-CDs@ALO, A HERFSE I IA] K 2 S BN e ATEA TR . JEF CDs@ALO, B3 A IR A3 HE I 4
FIERPL R, IR T AL Z S b AME BN T T TERI T . BI8(B), JR/R T —Fh sy 2 i h
X, 739 B-CDs@ALO,, 0-CDs@AL,0,, G-CDs@ALO, A3 A A by B 48 () TRIAWS . 781 o A T P BXE
EHET, ZEE N E AR . I EEARREBRE S E . 254 nm 9 EIMDEXT RSG5, BT 254 nm
(6 IR R BEAR 47 b 38 & 0-CDs@ALO,, I LA % H R T 35 2 1) B-CDs@ALO, B A il 5 4% {4 1)
G-CDs@ALO,BE £ . 365 nm [ ERIMEI UK G ], IR BN TR (A1 0-CDs@ALO, 18 7 , 111 H T
RARKR A EEE , B-CDs@ALO, BRI G-CDs@ALO, BKE s A8 R T F ekt i ek o . anEl 8(C) iR, 433 H
B-CDs@ALO, Fl G-CDs@ALO, il /F T {5 E N2 T e A BT gt . 76 H Y6 T A1 365 nm S AMGAT TR,
R R HCT i N o (AR 6 L O 888" THLE B, FESHIIAR GRS , v LIS BIAS IR A Bt
A BN ., Bl B-CDs@ALO, My AR 4 A0 75 45 (6,4 973" B 7 4 .
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-

Fig. 8 Photographs of B-CDs@AlQ,, G-CDs@AlOQO, under daylight, before and after switching off 254 nm
UV lamp, and photographs of O-CDs@AlO, under daylight, before and after switching off 365 nm UV
lamp(A), patterns of anti-counterfeiting fabricated with the CDs@Al,Q, for advanced color-switching
anti-counterfeiting(mushroom composed of B-CDs@Al,O,, G-CDs@Al O, and O-CDs@Al,0O,(B), pho-
tographs of coding for data encryption under daylight, 365 nm UV light and after removing 365 nm UV
light(the numbers “973” composed of B-CDs@AlLQO, and G-CDs@Al,0,)(C)

3 &% e

P& — i 7 S FH AT IR AR S TS5 R TR S, TR A8 T — R e R R S CDs@ALO, =
F%%Mﬂ SEOLRE WA O A b O A A ar i AR B 28 K U RE AT BCR i 3En , FREAIR
TRk S R A5 Z M B RERT, WA N 2 2 0] () shZS AR T2 SR AR, B0 R S
K18, MmsE Bl 2 i & S 04 . ik i il ol 25 (I BRI | Jep | SR 2 5 FRISUE S ALO, B
LS, P A> T AR e H A SR s T K SRR, INTTRRE T S E AT, LR
K. 4FP CDs@ALO, A MBSO L6, Srta O, &SI K 35 454~632 nm, T3
F7Ai A 130. 6~539. 0 ms. I RILZ 0 L ERCRIRR T B DA G EARS a5 i R . ASBFoE i ik
] LR AL AT IR SEF , T LARZR B SEEBGA T i TG AT, X4 s iR B & S ik s 3652 A b RHE
BT HRA . R G RO e 2 RO L A5 B s A B L

X #13 & W http://www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20240412.
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