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Influence of Average Functionality of Precursors and Crosslink-
enhanced Emission Effect on Solid-state Luminescence
Performance of Carbonized Polymer Dots
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(State Key Laboratory of Supramolecular Structure and Materials ,
College of Chemistry, Jilin University , Changchun 130012, China)

Abstract Carbonized polymer dots (CPDs) , as an important branch of carbon dots, have demonstrated remarkable
performance and processing and molding advantages in the field of solid-state luminescent materials due to their
unique sub-fluorescent groups and polymer-like structures. Specifically, the sub-fluorescent groups in the shell of
CPDs avoid the generation of 77-7r interactions due to the presence of polymer components, thereby effectively sup-
pressing the quenching caused by aggregation. Therefore, CPDs are ideal and highly efficient solid-state luminescent
materials with development potential. To achieve efficient solid-state luminescence of CPDs, a series of CPDs was
prepared using linear polyacrylic acid and organic small molecules of different functionalities as co-precursors
through a hydrothermal process. The polymer molecular chain on the outer layer of CPDs isolates and disperses the
fluorescence center, effectively suppressing the aggregation-caused quenching effect and ensuring the solid-state lu-
minescence performance. Based on the crosslink-enhanced emission effect, the influence of the average functionality
of co-precursors on the luminescence performance of CPDs was systematically studied. The results show that with the

increase of the functionality and crosslinking degree of the precursors, the fluorescence quantum yield and
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room-temperature phosphorescence lifetime of CPDs are significantly enhanced, effectively improving the solid-state

luminescence performance.
Keywords Carbonized polymer dots; Carbon dots; Solid-state luminescence; Crosslink-enhanced emission effect;

Functionality of precursor

BRAL IR 5 W 5 (CPDs ) i s Y B 247332, PR A ME A CRE TR SR G W45 , (a8 2500
PRI B DS RE AU TR . HARTI TS, CPDs 2RI LSO G KSR A W 2 70 B A7
Yo 1 m-m A=A, NI SR 1T RS PR (ACQ) B , 528 5 B i R HLAGE I 181 257
DUV 2 I

HAT, CPDs 125 A LT TE 2R AR S VO RBDE (RTP) A5 1 . =R B AER
TEZ AT T ORI AR S BERR S R ORI BLGR , HATFLET ] A B BB NREARSE > 1545 T
B E AT T LR R I A7 6, RTPRPRHESS B 24 L Rk | A28 | Sl g R APl
QAU B I B RS LR RTP TS R R4 b TIOHURRL, (ELX S bR ik £ 7 H 4
JEBENE | AL RENE L 20 R 1 2 AR A TR AL > Sy SR S R KR, BP9 B W e AT L RTP AL,
Il IRA N . FEUAREAE . H-RER SR TR, iNIT & T — RS HA = Rk RE
ALY ST, A HLRTP MEMI NG & AR ETE 22 | S T E R 2 KO Tt B APk,
BRAH 1 H R L R, TR S TR A EREI S L JoRE HAR AR AF B L RTP AR 24
[HIEEIBE i i

CPDs FEAR AT A MDCECR O CHEE | ARBEVE S IRIE A 25 50k, TEAMIBR 7 | ARG DL AR 2
GUSAT RN T B AR, R4 THAURAIPERE , CPDs B U K A5 dn & I B AR A
TG, FHFC LB RAS R A e 2 DG AT 0 BRI, FRI [ A5G0 B At 75 iy
] B ORI T By Bk =, 33 A 122 T £ A DR ) DG B (R R —

SCH SR R A TR R PR WESHIRRE . 7E CPDs R G AR E ik it B b, REWZEMS LIS
B, SRR AT . SCIRANUR CPDs JE U SEA S50, 2 a2 HUR DB RE (AR5 %
R PG ) A S N 204, AR Y T SR 5t A (CEE) 00, FI AR BEAIEIEHE R 590 5 (NCPDs ) 1
POCIESRALE ", I LIS DR SO IR LA WM T T IR &, 7645 DAL BR AR, S5 5
F R, AGIESE T CEE WX NCPDs G 5Tk, b BE— P RIE 1 CEE ZUM7EH B AZ kA &
EVE. CEE RN ZAFAET CPDs AR, I [ 7 016 Fh O HFAI ) A A S BR AT S B A P RE Y
A RO,

ARSCRPELME R NIR TR (PAA) RIS B BE L YA MLo» -1 W RiTAAR , SRR $akidil # CPDs, HAb
JEREGEERAT BT 0Ot L, A Sl ACQ LN, SEBLMA AL . sE—2 4, JLF CEEML
B, AL RTIR AR B REE , RGRIT T X CPDs [ A EYERERYZNT . Z5 IR, Bl K
PRERERE BRI, CPDs fEF RN G5 N IO 1 R B FRTE . ehh, Prifil s CPDs SR B %
IBCRHE, HREE AR REEL RSN, B AF i BRI . BT CPDs AR RTP A5, R HOK
W R A sk, R BHAEZ 8 O A SO s U A TR

1 SEIGERSY

1.1 KFEEH

PAA (M,=600, J5i #5050 30% KW ) , il 5 AL F R A PR w5 F e (5 40 500 40% 7K %
W), FEE IRV A R (R 8036%~38%) , 43 iréli, FE254EH LA A BRA Al &k
(A H=99%) , dral, SR P/RBISA Al = (2-F I 23 B (R 596%) , th2f4l, b ik
1T AR By BR A F] 5 LA FIR 3 dEf T ik — s alif .

JEM-2100F 437 5 L W 35e (TEM) , H ARH RS 4t; BHERF-5301 PC RSB 615U HE
3100 % UV-Vis 2066, H A HAN ] 5 Nicolet Avatar 360 i B8 21 4MG% (FTIR )X, 55
FEER /KRB A F] 5 Elementar Vario micro cube JGER MY, 8 E LR /M1 R G0/A H] 3 ESCALAB 250

Chem. J. Chinese Universities, 2026, 47(1), 20250325 20250325(147/156)



Jd EF 2K g %R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

B X P H T REIE AL (XPS) , & = ZEBR QR BHE A ], 5 — 19 X ST 2R IE Al Ko 3804 (1486. 6
eV); & TR FLS 920 RS EHGIEAN , Bl & T U284 BR/A ] 5 Horiba FluoroMax Plus 43656 Y6
i1, HASHoriba /AH] .
1.2 CPDs-nNH,HI &

¥ 2402 mg PAA (10 mmol —COOH) I #4351 5 388. 2 mg H % (10 mmol N—H) |, 150.2 mg 2 —Ji%
(10 mmol N—H) 1 248. 7 mg — (2-Z % £ 3 ) 1% (10 mmol N—H )& T 10 mL 7% 500 L £h R (J5i i 43 %X
36%~38%) M LB FK T, AR ATEHBE) 25 mL BEVUG 20 5 15 i 28 v, B8 A 2858 914y
%, BT 200 CHA RN 12 he BEGHATENT, BN 0. 22 um I IEE T, 251753
CPDs-NH,, CPDs-2NH, fl CPDs-3NH..

2 GRS

2.1 CPDs-nNH,HI#HI& 5% R

S SEIRNF CPDs [ 25 & YeME MG RO, I CEE &% BIFLER &, 38 o TR S8 e S5 # R A Ak &
JePERE. EALMER G PAAMENTTIRIA, HER S PR ERE AT AN H ACQ RN, . ACHRFRE M 7 32 1
UK B RERE A5, 76 55— RISRIR A RE I, JEF E A IFFEIESE N—C=0/C=N j& CPDs " [V 1E
PR A, S BIEA YN TR . & WM = (- F 235 ) Bt 155 PAA HH ER B 7 2
N . FEPRHREN—H 5—COOH FE/R A 1: 1 BT, dlad — 2 /K #GEAE 200 °CF bz 12 h, DARR{R S
348, #1145 T CPDs-NH,. CPDs-2NH, #1 CPDs-3NH,(Scheme 1).

Crosslink agents UV off

N

COOH

Hydrothermal

NH: g
L RTP
Crosslink agents: —NH, HZN\/\NH~ HzN/\/N\/\NHZ
Products: CPDs-NH, CPDs-2NH: CPDs-3NH:
Scheme 1 Schematic illustration of the preparation of CPDs-NH,, CPDs-2NH, and CPDs-3NH,
G, XX 3% CPDs RZOLIEREIEAT T RGERAL . 455K W], 370 CPDs R W H IR BN DDtk
55, RGN T 380 nm BRI, JF R ST AU B HOBURRAE 181 1(A)~(C) ]
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Fig.1 PL spectra of CPDs-NH, aqueous solution(A), CPDs-2NH, aqueous solution(B), CPDs-3NH, aqueous
solution(C), CPDs-NH, powder(D), CPDs-2NH, powder(E) and CPDs-3NH,(F) powder
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IEAh, 1545 T IR A WAE LS FX 2O A B0, 31X 3 CPDs BISE L T AR R ST, K4
W53 AL T 460, 495 F1470 nm [T, FRIUAEE EOE . (AT BIE, BERYOEE SRR EUR
PR ARG, S HAEIEHE AR E 1(D)~(F) 1, X TR F CPDs & 2421105 6 & T BB 2548 S It
TE St B 0 22 45 ROBE LA ). SR, 3l CPDs 78 1 TR A FI I 25 T 1998 Ao I 52 IR R A
b, 2R B HTIR AT 2 R XTSI 7 5 i /)N

it —2L%F CPDs-NH,, CPDs-2NH, Fll CPDs-3NH, 7E¥5 ¥ Al [ 345 T B9 6B B FR0R (PLQY) i 17
T RGERME . 458 E W, CPDs-NH,, CPDs-2NH, #i1 CPDs-3NH, 76 1 I 2% F f) PLQY 4351 M 2%, 7% #il
22% , TAEFZS N PLQY 435N 4% , 18% F120%. JCiE eVA A2, CPDs i PLQY 25625 Aok 4
HREEE RGN B R . XS5, RS RTIRR A T B R, AT AR T CPDs i [ AR
TR, NS LR L ALIR L T B

XF CPDs ¥y AR 9 6 A AT T35 40T . CPDs-NH,. CPDs-2NH, #1 CPDs-3NH, 1 [H 4598 i ()
3R 4,12, 5.19F16. 15 ns (812, K 1), B5G200H an Flie 18508 (o) $di SR A (1) i
A (2) ]45 %] CPDs-NH,, CPDs-2NH, il CPDs-3NH, (1) 4 5 I i 38 5 (K,) 43 51 4 0. 97x107, 3. 47x107
3.25%107 57 ARHE S BRI 3 2 (K, 43 511K 2. 33%10°, 1. 58%x10° & 1. 30x10° s~ AH W 19 K/K, 43 51K
0.04, 0.22 }20.25. FEubHEml, & proR A BB B93E N, CPDs 7ETE Aad A v iy S G2 B3, M T
B T CEE N, B 8] T AR SR ERAE , S RPN sk i 26 & S PERE .
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Fig.2 PL decay curves of CPDs-NH,(A), CPDs-2NH,(B) and CPDs-3NH,(C) powder

Table 1 PL lifetime of CPDs-NH,, CPDs-2NH, and CPDs-3NH, powder

Sample 7,/ns Percent(%) 7,/ns Percent(%) 7,/0S
CPDs-NH, 1.65 58.62 7.61 41.38 4.12
CPDs-2NH, 3.19 68.53 9.56 31.47 5.19
CPDs-3NH, 3.31 57.56 10.00 42.44 6.15

2.2 CPDs-nNH,HY = BE LR

TEE K 365 nm 224N & T, CPDs-NH,. CPDs-2NH, F CPDs-3NH, #5 A< 412 B3 PR 7] U0 fr 4
AHEFIG (E]3). it (Al B GG A L B, X 3 Fl CPDs ZEZ IR R ¥ B 42 8 w2 Bt (161 4)
S SR 3 R () ) SR 2R TS , (R B RS . BRI T K, CPDs-NH, ZRIA B 1)
B T 528 nm BT K 4(A) 5 T CPDs-2NH, Al CPDs-3NH, U 52 B H AR BL IR i 45 ), 32060054 F
494 F1536 nm, F-7£ 460 nm [fH i tHBUF W[ B 4(B), (C) . XFPIEIE 25 5 0] B 5 AT IR (AR 1 b 24 2540 2%
YIME s & e = (2-% 3% 238 ) e v BRI e 120326 432 N-C, HL 2544 , T FR B DU 2 Bk i 4 R R X ml i
3 CPDs-NH, B CIETE 5B ™A CPDs i A A .
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Fig.3 Photographs at different delay time after UV irradiation of CPDs-NH,, CPDs-2NH, and CPDs-3NH, powder
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Fig.4 Time-resolved RTP emission spectra of CPDs-NH,(A), CPDs-2NH,(B) and CPDs-3NH,(C) powder
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Fig. 5 RTP decay curves of CPDs-NH,(A), CPDs-2NH,(B) and CPDs-3NH, powder(C) and temperature -
dependent phosphorescence decay curves of CPDs-NH, (D), CPDs-2NH,(E) and CPDs-3NH,(F) powder
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Table 2 RTP lifetime of CPDs-NH,, CPDs-2NH, and CPDs-3NH, powder

Sample 7,/ms Percent(%) 7,/ms Percent(%) 7,/ms Percent(%) 7y /M
CPDs-NH, 21.12 22.96 120.50 44.98 422.50 32.06 194.50
CPDs-2NH, 69.51 16.90 273.50 54.21 717.40 28.90 367.34
CPDs-3NH, 70.78 10.41 309.20 50.47 891.90 39.12 512.33

2.3 CPDs-nNH,HIf51 5 &R A4E

B b, HTOKIACE AR B0 CPDs FACIHREE B, NI AR CEE &40 . 1 [ 282 i 77 2 2
Th K e 75 A 0 SE K Y 26 B CEE B0 i385 . i 38 UF X — M85, B EX) CPDs B SRIES T T RAE . i
S H S U (TEM) I 25 SR B [ 1 6 (A)~(C) ], CPDs-NH,, CPDs-2NH, Fl CPDs-3NH, 3 5 B 43
RUFBIERFE 9K S5 454 . B2 Ge i3 Hr 2B, CPDs-NH,, CPDs-2NH, Fll CPDs-3NH, #% i-F K ki 4843 1)
4.0, 3.2F2. 5 nm[ E6(D)~(F) ], H¥EA L5 . (EF B2, B AT T Ge AR,
CPDs PRI TN IN, 3K —INGEE— 20 S8 1 S B s =2

£ X, B

D) ® (F)

1 L 1

1 2 3 4 5 6 7 1 2 3 4 5 6 1 2 3 4

Size/nm Size/nm Size/nm

Fig. 6 TEM and HRTEM(insets) images of CPDs-NH,(A), CPDs-2NH,(B) and CPDs-3NH,(C) and size
distribution histograms of CPDs-NH,(D), CPDs-2NH,(E) and CPDs-3NH,(F)

Bif5 , X 3% CPDs (AL A2 M EA T T HENRAE . TR TSR, i CPDs ¥ &4 C, O, NAI
HICZE (£ 3), UESE T & Z TR 5 R IR 09 B RN . 2140615 (B kB e 7ok ) 434 o
CPDs-NH, . CPDs-2NH, } CPDs-3NH, A IR A= 2548 [ &1 7(A) |, 7E 3420~2750 em™ 'Y [ A 1Y 8%
Wl )= g F O—H . N—H Al C—H BRI M 4R IR 3), 1M 1710 em™ BT A BLIGE N X T35 3% (C=0) /Y
fhgaiRsh . (EARE R, £LAMGIE IR AL R I 5 A ER SRR IR, (RZ5-5 TR St DGk B
A, AT LIS PRI T . X — G AT RE SR B TR R R s 5 AN, H PAA RS Wk 1)
BRGS0, AN HBLTE 1680 em™ BT 14 TR EH A 205 415 Sl D4 ot 42 1 5 R AT U o

it — ARG R R REEEXT CPDs 544 (540, X CPDs-NH,, CPDs-2NH,, CPDs-3NH, R HE4T
AR EAT T XL LRI 7 (B) ] S5 LB, Bl 45 AT SR B RE BE A R, AREENY C=0 45 Ik 2 0 DA
1715 em™  BHLLAL 2 1708 em™'. ZEGLLAMRIEI T LK 7(A) 1, CPDs INER-G IR 3 2 RN TR

Table 3 Elemental analysis of CPDs-NH,, CPDs-2NH, and CPDs-3NH,

Mass fraction(%)

Sample c o " N
CPDs-NH, 48.57 45.14 5.89 0.40
CPDs-2NH, 49.10 43.50 6.09 1.31
CPDs-3NH, 48.39 42.99 6.29 2.33
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Fig.7 FTIR spectra(A) and partially enlarged FTIR
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and CPDs-3NH,(c)
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Fig. 8 XPS spectra of CPDs - NH,(a), CPDs-2NH,

(b), and CPDs-3NH,(c)
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fEW . 284. 8 eV A2 £ ) C=C/C—C I% | 285.5 eV B} UT ) C—O/C—N I J% 288. 8 eV B IT 1) C=0 Ii%
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Fig.9 C,(A—C), O,,(D—F) and N, (G—I) high-resolution XPS spectra of CPDs-NH,(A, D, G) CPDs-
2NH,(B, E, H) and CPDs-3NH,(C, F, I)
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[ 9(D)~(F) ]; N, i KDL PSRRI - 399. 8 eV [ il C—N I F1401. 5 eV [ I i N—H 14
[E9(G)~(1)].

LIAMETE R, Bl £ 1 CPDs (3R G W08E 12 th RIVIG TR AL, H 2 E BB R IL, HHOCH R
HRFHEMER C=0. X} S a9 C, XPS SR P LA 455, &I C=0 45 A Reki & Bk
IRTTREREIE NI 288. 7 eV 1% K 22 289. 0 e VL EI 10(A) |. [AlFEHE, &0 HE O, XPS i &l (1) &
ZERRI, C=0 M4 G HEM 531. 8 e VB HIHE K 2 532.0 eV 10(B) |. XPSE i, M CPDs-NH,
F| CPDs-3NH,, SCHRH FE B, SR GYEERIEA %S, S CEE VEFIYESR , M5 | A5G fh~F
SEAREMR RS X —2518 5 TEM , FTIR 430 OG- e B b s W) &, i —2 00F T ATgR ik
B RN CPDs 2546 AL RE WA VR P/
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Fig. 10 C==0 peak in C,(A) and O, (B) high-resolution XPS spectra of CPDs-NH,, CPDs-2NH, and
CPDs-3NH,
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W (935 ShARXT 1, TR 5 1T I 2 A 10 B A 3 oL ec
T, B W 2 I B 23 R R S0, B EE ST Y
W, TS BRI T T
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BB RE 0 15 0 T 28 0 T v ) R S B IR B T AR B Fig. 11 DSC thermograms of CPDs-NH,(a),
ORI, 35 S T RS R XY CPDs S5t CPDs-2NH,(®) and CPDs-3NH, ¢

PERE A TEE .
2.4 BIKIEE BEE VS CPDs BIZS & LRI

i 21 Xt CPDs-NH, . CPDs-2NH, f2 CPDs-3NH, B9 2544 7 #7 5 [ SO0t 2# MEpe it /5 LU 4518 DU
LAY ATIRAAR, L FHAS R B e RE 0 L [RIAT SR AT 5 CPDs, AT SEENT ™ ) A2 3K 2% 2 1 A A8
2 HAKTS , AUORIAE RERERGR , SCHRE B, CEE W3S 5% , JRHR ST BRAEAS 206, AT SE BT
CPDs [# 25 & e RE A %R (Scheme 2).
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Scheme 2 Schematic illustration of solid-state fluorescence and RTP adjusting mechanism in CPDs
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Fig. 12 Time-resolved multistage information encryption application display of CPDs with different
RTP lifetimes
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