HR ST TR 2025 FF 11

i R B S R N S R

wtweE, FAMNC, 2

B, waEg:, HRE!

(I. REAFEKRFHRIAFE TEFR, K 300457; 2.3 KK 63 R A TR F]
M 311215)

WE 52T 5. (CODs)HE A —Fr 3 AL 69 2 R AT A, B 2B 69 6 52 MR AR 09 AL AR S M e SR8
REMm ) ZEATENUR, LSBT AT Z0Fa Em Tkl Th bk, ALEZTRHHT
FEOERERR ARFT EF L BRI REITHERE L RRL R T ORFTTRZE, BT,
CODs FF R @l b mA e A e A3 HAMBAHL BESTHRILAERXERERER, £
B e RS0, T A2 KB R S e AR R AT, A AR AL CQDs 89 AR 7 i3 5 1B A 154
BB FERINNG AR B RAE, AmEEREER, R ALT S £ AR5k B AR
WR LR AR AN EFESRI L, B S FHEAE, W F 5L CQDs & 5% AR A IE

B A TR AR

KEF R T TS AR T i A MAAs; v R R

BRAE AR I A )2, A i e T R R i
[190.027%. Z%ICER A5 AL G W w3 EE 2
A7, R TR & R I 2 AL I 25 K R AIE < A 38—
A ZEM TR AR A | G5 H B A7 BB, LA B = 4
SER A NI R SR AR B RHE D R
SEAR A BHFE NI 25 FiOBr BB AT RS W .
i A (CQDs) & — 2R B 2O b MRk 1 F 4t
e 4 K b B, — B B AR /N T 10 nm, JE AR A v BR
JEI . CQDs HA MR A Y EOR YCRR M Rk AP |
MR EAR 2 R eSS . HOBUR ek
PE(ETS CQDs FE/E WL B B A e ik &
il JoH A BT RS O A ATk A 2 Tz Y R
Z B FEF TR IO B & —Fh R A
[HIBASiNE 7R =

S b, JLT A S i i W AR a] LAVE ki 5
FHF il % CQDs, LU & fie /N340 o Rl e 240
KA A BMAEYRK 3 FREE ., H, EY iR
ROTFREMEEFE, KRR A H Y mrx 4
YR SR A SR ARG . AR, AW

JOR I 3 0 O i i v, A DA BR AR A E it —
FE R AT LA 5 LR MR QDS . M TAE S i
T BT CQDs B IR , H A1
Y. BRILZ AN, &R B CQDs BT LAY
Ly P A ]S B X 1 3 40 A e (AR R
U, I 2B W 5 1% 30 il 4% CQDs MBI 9E 32 3135 i
FE . HAET, W AR B &hl & T 2R YR
CQDs, {H F T2 Y630 BE 4055 i 7= R AR R AR X
B, R T RS A P R . BT TR
b — 23 3 PR AR AR S A R 3 A O
T CQDs T HEAT Wy e Ak el , AT i A% i 2l
SR TR A S A CQDs.

1 mETFRANXESR

CQDs B ihif & A =Moo, HHE
AT 38 A7 R A 5L B AR AT A A6 A, an &l 1
o CQDsJ& T 2004 95 SR R IAY , XU S 7E0F
FE A5 BLRE R GRS (R R B v, DKL 22 v 43 25 1
T PIFCET AL R R, b — R URCIR TR A 4 A fig

EEWE : [HZKHAR IS E ST H (32301527) 5 [+ f5 55 4 50 H (2024M752169) 5 T 117547 L X R ARt H

(2023112) 5 NP4 = S5 FASRHE Q1 H (20231.392)

PEF B T (1998—) , A AF 5T A= 5 AR : 2240, B 28045 , hrilenary510@tust.edu.cn; 1A 8, @4 TR, wax@sdgroup.cn o

23



2025 FE1H] RS L B H

KA AZ B 5, NN & BT 31X A7 i A 44 K
BEE. 2006 4F , SUN 451 R FHOGTH oA S840, IF
R et R A e fb b 2], B 23845 T H
2920 5 nm (W=D RO EHERE DO LA AR, IF
HUCERFRHEN CQDs.

E1 mEFRSEHE"

[ AR G AT T R S, DA & B IR
SPOCTEREFN R Tz BB CQDs, I UG T —5E
R B FIRTAS TR ZE BRI AN R] 6445 187 7
il 5 B CQDs , HLA5 14 M5 BE b A AR KA A
A LN, B A= W0 308 57490 S e ., AN A
A AR A B CQDs B RS , 38 Al A 8 52, S8
JEFEY AR A B s e . AT, LR
B2 E A R PO IERERR & T 51 (CQDs) A9 H
TG W B AOTR A J MBS JTTRE A
Je A Y CQDs , JEEUA EE RERS 21 W I Blcs , {H X
HAER 0 LB AT ARE

2 HBETAHIKIE

CQDs HTSRIKR AR AR Z . L I, & 8 CQDs
(B YR AT L2 A AR R BT A SR B . R A R
VEA FrPIE TR 2 SRR 4 W A 1T B/ N T i
A FRFEF R EEY) % 7 R B AR ot 3R 45 5 %
AR, AT LU R i & BA i POk
PERE Y CQDs, Z 558 A 51 H w15 {5 7 e /s
G FALEOIAVE N BRI o AR AT A AR W o 9 R A
ZRE AN FRRIE A E A B A
J (R 53 2 A%, S BOUR N 2o AR B AT s AL, A
T2 75 22 0 BEAE 5 1 EL, DA AR 5 Sk ik R o A 1
CQDs & B K 12 1 7= 2R R0 55 26 Ol o B, X (i 45
Py 5T CQDs 78 SEBR i FH v 32 2 KRR . BRI, 76
PLA Y 5 Rt s il s s el e R sk B 2ot R
Xt CQDs 2 I 1 17 Ty i 4k 2l M LA il 4% 2 D) 6 11
COQDs, N FEHE =1 CQDs FYFEMERE P K H W

24

U Rl TR AT DASE B B 2 S o AR R, Bk
F A=Wy R34 CQDs ARIH 2T RBFFE & A
RIS .
2.1 BN FRHRIE

L5 e /N3 —F 100 S0 A i 1 ) I 352 /N oy
YT 55 0 3R RN 2 R LA TS5 i A I, HL/Ng3
T LRI N 5y 43 o BT L, LS /Ny T4
J A i 5 28 5 % CQDs 1Y & OEHLBR AT 3R 5T, E
T A5 L R ek A AP i T s . LSRN
TR IE RS AR 2, B, TAM %2 L)
NG FATREIR (CA) iR, TR N 220K , @k [ R ifii
KRR G T —FhE T R B A0 A 5%
it ¥ RU(N-GQDs) . B T35l A T A F,N-GQDs
S sELE RO, 71K 30.7%, H N-GQDs
Al DME R s T A Fe* . SHARMA 45
VL2 TR ) KA S F)#5 ( Calotropis gigantea) W 42
HU) F b 5, R A0t s Bh 4 €0 6 W s il 4% 17
e i F 25 (CQDs) o 17 35 HAT BRI A B 4
A T3 {8 25 A 3, T & BB CQDs RSF 43 A o 2.7~
10.4 nm, 90177 25K 5 4.24% , F 1 5 7
(Zeta {EA7 0 -13.8 mV) , H & % sp* Fil sp* 22 L filk 45
¥ ol Ak s g B R | % CQDs 78 41 i E 17
Ko A= 05 e W I v B AR S i PR BE L M AR A%
GBS R EE s g e g S T S = R E 5 N5 87O
Bt Z A, JANUS 4448 T —Fl CQDs 2% i & 1
Ty, FCLUR M A AR, (RIS FHR AT A, il &
T HA S & RE A R Ar Pt A Ak 16 P 1) CQDs,
TR 17% , B 1.929 /N UL 2T 24 40 it JC 240
M EEPE . CQDs I AR 5 i S A% e 4 A aT i M
AE , 76 B8 22 R 2] 2 G0 2 AT T Wl 9 15 FH G 5%, AT
FAYIRE A EARIC A
22 BMKSDFE

TR T L RN 43 A 8 S OATTAE )
Ko3FHEW T e MR AA W) o 53 A4 ok iy 4K
TR — RO E T B AT AE D, B AN B 91K A8 ik
DL KA B0 5 | IO IR AR 1 3 ) e R LA
JEE LB AR E5 Y , BEASFE CQDs HHIE B AR 2520, A
T AR IR I W B 2= PR T (B R T 28 A B
P, XTI R IR, 7 e LA R o SR, R
Gy F AW M RME N — e B T Rrek Al
FEAE B BR R, 76 AT 97 ) 1Y CQDs A= 7= B I H
TR R 2R BRI 2 R S A Y )



AR 266 R 22 B s i B AAR (/N3 Jo F K
I3 FRR) o ANTRIZE AL 1 A W o SR , A% Rk e
FVHE KR R ST R OR gk T
CQDs™ . PEE" ", LAY Fr Ry IRk o] DAFE AN
FHATART S Ak 500 30 T 5] 4804k TR A AL 300 947 0
T A CQDs, Sk (a2 7 W AT RE . X2 R o AR
Y ai i h C AR P E e, SEUE A T IR
o3 A S5 M SR ANOK A AR L, 25 5 50 fidk o

LU G511 % FAAR A i) Al B2 B2 L A e R, 17 IR
38 1 K PG A B R A K S G N
KARLF-(CPs) W7 1%, Bl 5 L L CPs 1 R 298 A% J&
AR 4 JR He UEAT T AR S 56 . 25 R iM%
JEFR G0 AT SN He™ () 5 S PR IR 5, A DU BRAIK 22
4.61x107 mg/Lo LIU 2" RIAT I R I, SR FH 7K 4
PiE RN G T a7 A CQDs, SR
W o v 45 B8 205 W0 e (BPEDD 40,55 78 CQDs 1 )75
PIAS 2 Y BPEI-CQDs b % YC R £ T SE XS Cu™ A
RS PEBERE, H Cu™ K FR (LOD) X % 0.73 mg/L,
BT M 0.021~4.23 mg/L, 1] I, BPEI-CQDs X
WK Co B i BT B R .

Bt A, VELMURUGAN 2508 Lt f6f 75 47 14
52 U Ay Al T KR, SR FH K R T 2% 1 85O
CQDs, SEE R : 723 & I 1 4 350 nm Fl1450 nm
)28 6T, CQDs R 3 W 5 1 35 €55 % & i -
I H., Bk R 80 we/mL Y CQDs X 7K P 2o
VK IAAT B A FE VD 1T TG B A KA T VE .

3 METRNERA X

AR, AR B HREA , CE R T K
il B B EOCEOURER CQDs I k. &
Ji%, CQDs 47512 LA [] ) Bk U5 B Ak, 32 8 AT LAy
i B iR (Top-down) ¥ 1 FH F 17 I (Bottom-up)
MR (SR 2) , Hrh | iRk F25E )
P B A 27 T BORE R ST 19 Btk 45 16 493 T 1 48 K 9t
Z AN (1= I AT w7 10 B S e S 1WA s i (S R T S 2 N
b2 N 5 CQDs o
31 BEmMT®

At [ R ] CQDs A T SR A4 R
Y By =2 KR S A 85T sp” 22 AL Bk B4 KL,
W 880 AT IR R AE IR IR 5 . X SEp )
FEESRI IS, i IR LA fk o
MR 20 oh (RH R (BIR ) FIIBOG R I 55 | BB A5 R R B

HR ST TR 2025 FF 11

,tﬁﬁﬁﬂmm\

KA TR Rk

/ ok

LI L i

AR L] Kbk

ik

i%ivi#ﬁﬁﬂﬁbiii/

B2 BREFRNAEHRAE

A R B R A R LAk 956k CQDs. fHIX
FT7 P R SR AT BRI RE R, BN A5 14 L 1
KGR EOR & L 45 19 CQDs FR7ESL 2 1 2% 5, ME L
alifl, s IMAEAE TP CQDs R 1= R AR &5 m] A,

ZHANG 5520 Y& 80465 itk S (R CS) A= Sy B iy 9K
SR A L 89773, 78 HNO, A1 H,SO, 1Y iR
AR R, B MK FCS #54k ok CQDs., 45 R 3%
WY« 55 At J5} a8 i A ¥ i 45 1 CQDs AR 1L
F FCS il £ 19 CQDs ELA R & i 298t i 177 %, ik
3%~5% ; HAEAR T8 1) pH A 78 [ N HAT &5 B 1 6 AR
SEPE X 1R BB R U e AR U e B R A
AIHEHT /). LIMOSANIZE2 5ot [ B R4 A
B2 1 4 (N-CQDs) , H DU s #1445 (C60) A i
IR AA A i AL A (HL0,) FIZK (NHLOH ) 78 B 1
ST A R 3k 1 SR A AL DB A Y o
P SV s 18] (40 min AT 1S h) W] SEBLR B 24k RS
FFTEE RE T - )N 15 h 3R 159 N-CQDs R
SPHIN, R 2.81nm=0.02 nm; 1A 24 (—NH,) U hE
B3 B TR T2 10 %, %R KRR
HRY Crd* Fl Cu?* 8 I 1 18 B PR 98 R KRN, I
FEAE W) A R B AR S i A A% 2R R T, Tl
Rbric HEK-293 40 4% , FLAN A7 15 M ) 98% .
BEAh, CULSE 2 T —Fp 38 X0 H ik v OB e
Tl AR %) v 355 A R W, AR B A Bl A A AT BRI
R TR AR A 35.4% Rk EE T 5 (CQDs) .
A BRI — DtRoE Mt S R SOk K
TR BCECE SRR, A 3P T Ge i 4 5 i
TEFEAIFERTH 75 Y 8 RN A In) B, R 80K 6
BILIHR 2R B 3 5 40 M A= 0 A 0 T RE T8 42,
[RIES) A Kb R A5 LA T BB PR BRI S %

25



2025 FE1H] RS L B H

32 BTmkE&E

H R R LA N T R iU
I A K A BB Bl B RBR S o A R
/NN CQDs [ 7R o I 7 B A A A5 2, Tl i
AR 45 SR VR A5 CQDs (RLER , L3RS B
KGR CQDs o KK JR 87— it
JEE R 3 R R 5 1) /Ny T i K R A A Ak
il £ CQDs ™, KGRI AR BA T2 B A 5%
TS R R s o A RARE 724 & 6t 574
TR T A 3% 37 3 55 A 0 O I 0 O R )
(B0 45%~55%) , LB IR 5, 2 hl 5 40k
WA R BRI 2 . R, AT DL LA 9 R 5T
SR 38 3 K B T B AR £ 9EOt CQDs il it
— K G 45 96 CQDs, 2 H AT B B &3t
HWF I Z —, T 2 & .

PANDIYAN SE> DLUH R K (T E 59 ) A
W, R KRGO H & T & Fr=Fmik
17.98% 4 A W) i 1 96 ' CQDs , HLBASM O B4, b
AE 0.75~2.75 nm i [, HA L5 0K PR R s 6
PEOCFEME . Bt Z P ER BT A B, 1% CQDs B
B EHEL MR (B) AL YT IR () LK =
B AR L PG A AR () PR RE , T L YETF SR 4%
F. ATCHUDAN %520 DL 359 B 46 1z Ak U R4
A, 3 1 K BE 48 T CQDs, 5256 Hh JCAT AT i Ak 5
LRI, BTG R CQDs BAT S EHEREI S K 43
B ARFEME AR AR A PR S A BOB IR PR
BE PR T SE BT i G R B £ ) g
FEAOR R IR AR SR PR RT AT 2R 1 A
BATE R M E . ALAM 2527 LB 0 38 Rk
O T R e SR (IR g e o g = S 2
K ICFFPER CQDso AIFFE 22 B« 1 4 0 3 42 U
CQDs HA M 5 By 2Rt e KA B R B
KL B4 e B RRR e v, L RUSE/INITT 389 40, 3 %
A F IR e A RUEORL ] B Fr R . dlifk
1Y CQDs 7F %5 25 ¢ & (500 pg/mL) X HaCaT 2 ifd
(—Fpk A= i A B0 2 A 0T 41 i ) 22 80 LR 3R 1Y
0 M, O FLAE % SC BN RS, R 2 B AR 40
S HE— 2D T B T T AR Y A

4 HRETRHNA

CQDs N AA L5+ B AR Rt
FUROCIERE I W Al ] L B (9 A= W AT A

26

PEAEL A, AT A2 B AU, P T 40 i
PRic AP AR B TR DGR 28R %
AR DL AR B S U (8 3) . HAEARZ Sk
T BAT SR AN T, ST A1) i A
FERIR R

B3 mETRNEREA™

4.1 EYRE

CQDs HA G E & IG5 1 S5 55 1, ol
FH 68 4 M 1 A7 2 €8, R T 40 A 1L AR
B2 EG ., 5T H WA G bR H
CQDs PR . 8 (1) 5 Sl e M 17 158 1 o % o e LA
FAR B ) A T 252 8 H

ANPALAGAN 455058 i Xt Ho AL 1k 5 7K #hak
DL TE AL 4 2 AL 2 A5 ) AL A R, R R T
— B BT RE M CQDs S (A T e . WFFE M .
PRI 7 156 B CQDs 357 Jie 3L 1 A1 200 e 75 1 ( 4t
TG AL 95% ) « KA 7K Pk AR R e 1 5
H, SR HRE R 125 1 45 1) CQDs BAT B8 i RO 73 A1
TG, Ak, A R CQDs TR B i sk iB 42, E)
CIRSNE YN ) R ) S = O o K i
B2 B A R T AR BT P, Sk AR A 4 i
Bl RS RE ) 25 W 3% v Ve AR N AN

JANUS S5V T —Fp IR AR | LR 5825 W b
B R A BT )il A T BEEA A AR A
P TG40 M FE P ) CQDs, 1 F 77 R A 5K 14%., f
FEHE— L R 3K CQDs AE % AT R4 M % 17 240 Jifd s
FEAE YN & 9, T SE B e e e, (A5
VE B TR 45 19 CQDs X T 4E AR i To 55 , vl R4 T
AR . ST HYSEH H, CQDs HA S5



FascE v, A A= Wy s 2 AT EL A T N B4 R AT

KUMAR 4552 D 2— G F X % — H iR A B/ RO
VRHTIAR (1, 2-2 Zj Ry SR AR, R — R i 5
PR I 4 T A B A4k i T 05 (CQDs) ATA100,
MR I D [R5 2 RS SE L T 38% BBt
FEE JF R AR R R et R A AR R .
/AR (<5 nm) 5 A& 1B 2405 5 0 RE T R 4 R
T (CQDs) ATA 100 7] ¥ (1) 2¢ Y6 & 3 . H. 41 i 5%
B2 220, ATA 100 7E A 549 958 48 Jifd it 206 D' 3 3
JE AR B AN 2.6 £ UE B T HAE M m s
HLAGFN T 7 .
42 WHRMER

CQDs 1) %G5 5 Xof A 1 858 W kg S, — HL
5 F A 5 K A Ak 2 O, LA 0 il 2 e A AR
b XA AP T 15 CQDs A3 B8 A R 5 H 4G
FES W) I ) AR RS . Tl T CQDs Ok
B IR EEALFE LR I B T4/ pH M 7 7l
MR REAR IR

LIU %5534 G572 1 DL 4G B 9 AL EE (Eupato-
rium odoratum 1) ¥ AR g5 |, 38 o — 5 K $ il
il £ T 77 A 20.36% BB T 45 (CQDs)
T RMIEE T R T% CODs PO CAERSE G IR T A
TR BRI . PG B CQDs 7E 370 nm K
PR B 444 nm PO K GRS < TP -7
RGN R R o T2 A% e X el Ay B L A =
SURERE = AT R 7 2 30 O 5 A B 1 U
AE 7, KR 43591 Ky 4.24 .6.88 .7.66 wmol/L, i F %
T S22 E FARE GB 2760—2014 HHLAE O£ 5
TR TR R, Sk £ 8 0 701 22 4 W I 4L T ik
(RHT B AT 7 i

H AT, Ko T R 1 £ 19 CQDs B8 1 T
Py I Horp ZHAO 2555 DIFA A g Uk £
T HA RIFIOCREM 544 CQDs(P-CQDs) , &
L P-CQDs 1558 i 23 Bl & 7K FE h Fe® R 2 ok
AT AR, FeZAIESE T P-CQDs BE Ve b 46 0 7k
R Fe™

AWy i b B G & A PR, S BUIT R Y
CQDs 2GR FEAE T, Hoim 1= 3@ % /N T 20% 7,
T, YANG S5 DLA Py b B T 28 56 1% 5790k
TR AT IR AA 38 o A Aok BRIl 28 T AT A ek 898
I8 R IB 24 CQDs(Mg,N-CQDs) . 1355 T Mg I
NICE WA, Mg, N-CQDs [ & 177 3 I F 4T+ 2

HR ST TR 2025 FF 11

46.38%. It4h, Mg, N-CQDs 7E pH 2.2~12.0 75 Fl Y
FEI AR (4 pH e N AR - B 2 S TR pHE Y
K, H R B W 2L | B 2 6 £ DK 037
AR, HAE pH 5.4 R I R BUE RIS,
X T e 1 43 A pH IR 7 R e AT AAE Ry A2
F IR 1 R K pHASI AL
4.3 StEEN

H 1972 4F A I F gk 5 & 3001 5 = A 1k gk
(TIODVE R AR LIk , AT — B30 T A B
FE AT WG BRSO FEAE AR B
I, A3 2 09 A R 2 Z 46 4 R A fk i
(0 TiO, . Fe,0,.7Zn0 . BiVO,) , & J& B ik L &9
(4 ZnS .CdS MoS,) LA S A AW , U H IR A 22 A bk
(g-CN )Mo BRI, KR 28054 &)@ o e Ak )
FEEAT R 5 Y s 3 B b T R 2 B A R
BT, TR K AR i ks g . B A BRAL IRy
e 2, o RANE M, RE S WK IR
T BT AP R M AR (AR 28 4 a4
AW 7 B A 56, CQDs PR & 63 & O PERE |
PRSI AR AR A L R A K o o & BT
AR 37 1A LA K AT 458 1) 2 TR AR T 4% 32 G, R
Bk, AR AR | ] 4 O 8 LG kTS Y B A5 (S
CQDs 7ETF & ICFE | i RO R 1) A A 350 O 1fr 2
A BRI, BIAnte G AE Ak /oK i 2R
il s Y G A IR FIT LA HD A T e
e e — A CQDs i FH 4Tk Y T B 42

ZHOU SF il it i A 5& B CQDs, J14% CQDs
538 3FORTRPRLAR , WF 5T T R X Ak R A 15 )
FIS2I . WFSE & 0 : CQDs B R i H 5 R AR K/
FHOE B AL TG . ARALFRAY CQDs AT LR Sl i
AR R 38 e /N RS AT A — 25 4 v LA Ak
PERE . XIS/ CQDs | O JC K By & = AR R
e, RIS O LR CQDs TEH FE5H 5] A
THEZMATERER, N/ T n-m+Bi, 7B
A 00 fL T BRI 1 BB o, e Al BT 3R 1
AL TG

YU 240 £ T — £.51 CQDs B4 1) Ui0-66 42
J& A ML B4R EE IR (MOG) &2 & #1 L (CQDs/Ui0 - 66
MOG) , Jf-F5% T HXT H R Rt #2 . CQDs A5 |
AF AL TXDE AR L TRESE TS
2SS A R F R A A BEAE R I
D S 4 N | NP i e/ B SN

27



2025 FE1H] RS L B H

FLEEHE FN CQDs FE AL B M B2 853, i A 0.5%CQDs
(19 52 6 BARE XS FE 2R B f 15 31 29.06 wmol/g, HXf
FF 6 14 B A R LU BB U0-66 MOG 455 T 4.4
VLI 5T R 1 B s 1A e 1 O A R AR e B2 3 sl 2
IR R P TR L
44 ERERPMBH

Sy TR A E A B DR S S AT A A
PEFN G PO, X5 75 b B OB AR (225K E AR 45 5
FeHE o AR ML AR, AMIWFSE T & Fh i thk
A AR ER R &SGR # e B R A ARERT AT BS TAA
Bii Phbm 2t o v, BRI & A R BB A AR
i Ay HEA s | BRI B DRORN A T 2 R S AR A,
JZ N T2 R R S B B O SR AR GE A
HBHE Bl P AR rp i A G B AT LA i 3T ER R AR A
SR G AN [ 56 A R R BT, S BOL B O PR B
2207 DRI, R B v B P R e T R Y K
RN BRI E TS iR e . CQDs R
5 BB R S B ARk I A R
BAS, FE B O AR R3S 4 EL A ) 5 1 L FH
ST IZ U TE & B PR BRARA R —

PARK SE 38 T (8 FH AL 48 (0 ) 0k K 0%
AL AR (K L LR 2N ) i, & T
BAME JEEE R fin A2 M a5
[ CQDs. S5 s iR F FH CQDs e PEREHI 45 1T
B PRI 28 2 S 2 PR , W N TR BAR Y 3R
PR R4 . GUO 251 L& W ok i A fa 5 R ik
BUSK A, 38 o 7 Bk A i AR T2 G R T E R
PIB CQDs. 45 REH] 5 M CQDs BA Z ALY
R EREH, 2Ot FROR N I8 45% . CQDs FE/K
FES TR LY R B B 43 e, S i 9t
TH AR A T AR E R R 5, B 5 S B O DR
SEH IR A T AT B 2 R € AN SO B A B
()R BRI TR (CPC)/CD K A AL M T HA
EHUR RN S5 #6) B (0 MRS 19 CPC/CD [ 28 A
IR EA 24555 Wi P T 5.
5 RESRE

B 5 (CQDs ) X EREE A 4, il ) FH A= 0 ok
A AL AT A W 4 2 P IR 2%, LA 7 i A
RAOIAR, AR SR o SRR RO 524
£, CQDs & 7E & 6 4 (LED) Dtfifb B P ik
15 Ak 2 A5 IR H Tt R A SRR I A T Y

28

HHT s, HeAh, CQDs HA KRR R 4r a9 A= W A
ZEME M AR A A i] T i LA e N (L
EAS—4E WS, CQDs BEME 1 2k HAh D e 41 43, 2 1My
FRAFH AT, Qi Al s 1 REPE S

SR, HATH CQDs R M il — RAIME# . —
D71, A BUR AR R 2 HAH™ 5, BRI T CQDs /Y
MBSl 2 Sz M 5 — T, R A
CQDs 1) & CHReE: 5 25 M s R DR 25 U1 JCHK
R F - BRAT F R 2 2 40 1 EL AR AR AT A BH A, 2
JEALH AR . (HAS R R B T CQDs
W oy e A= e MR RIS, X FZEH T R AT L)
A58 5 R e A8 UL K - AH A AR 3 i, 7™ B
T3 7 HAED G A 45 G 1Y) 52 B 1 FH o

PRI , 4 30 CQDs 1E4%- 4T 32 18 1, B 7E
BB R A R A R A S SRR . W,
I R S A s TR A B R ik CQDs &
BT LA R Y . ANt i 75 >k Ak
G YT Bek s R T, 51 AR E D e
FE e B A HA T 2R | [R] B AR R85 Al e AR
FEYE, AL, 5T CQDs MU4s Ay B AL 4 i, 107
PR R LA B R IR AL | 2E Wy s 2 S sk %)
N BRAE A BB WP Ak S YR L
FHAVE, B HE A A RHE S, P R 0 CQDs 764 A%
P RE R 5 S N 4 B S B Rl 2 [m) . Bl B
BEE SYORBEARE R, R RA R £ N &
250 AT R BARRAR 19 CQDs A BT 7o

Sk

[1] NAMDARI P, NEGAHDARI B, EATEMADI A. Synthe-
sis, properties and biomedical applications of carbon -
based quantum dots: an updated review[J]. Biomedicine
& pharmacotherapy, 2017, 87: 209-222.

[2] HONG W T, YANG H K. Anti-counterfeiting application
of fluorescent carbon dots derived from wasted coffee
grounds|J]. Optik, 2021, 241: 166449.

[3] ZHU L L, SHEN D K, WU C F, et al. State-of-the-art on
the preparation, modification, and application of biomass-
derived carbon quantum dots[J]. Industrial & engineering
chemistry research, 2020, 59(51): 22017-22039.

[4] DUANC,ZHOU Y, SHAN G G, et al. Bright solid-state red-
emissive BODIPYs: facile synthesis and their high - con-
trast mechanochromic properties[J]. Journal of materials

chemistry C, 2019, 7(12): 3471-3478.



(5]

(6]

(9]

[11]

[12]

[13]

[14]

[15]

XU X Y, RAY R, GU Y L, et al. Electrophoretic analysis
and purification of fluorescent single-walled carbon nano-
tube fragments[J]. Journal of the American Chemical Soci-
ety, 2004, 126(40): 12736-12737.

SUN Y P, ZHOU B, LIN Y, et al. Quantum-sized carbon
dots for bright and colorful photoluminescence[J]. Journal
of the American Chemical Society, 2006, 128(24): 7756—
7757.

PERUMAL S, ATCHUDAN R, EDISON T N J I, et al.
Sustainable synthesis of multifunctional carbon dots using
biomass and their applications: a mini-review[J]. Journal
of environmental chemical engineering, 2021, 9(4): 105802.
JIANG H, ZHONG Y, TIAN K X, et al. Enhanced photo-
catalytic degradation of bisphenol A over N, S-doped car-
bon quantum dot - modified MIL - 101(Fe) heterostructure
composites under visible light irradiation by persulfate[J].
Applied surface science, 2022, 577: 151902.

ANWAR S, DING H Z, XU M S, et al. Recent advances in
synthesis, optical properties, and biomedical applications
of carbon dots[J]. ACS applied bio materials, 2019, 2:
2317-2338.

JAMILA G S, SAJJAD S, LEGHARI S A K, et al. Glucose
derived carbon quantum dots on tungstate - titanate nano-
composite for hydrogen energy evolution and solar light
catalysis[J]. Journal of nanostructure in chemistry, 2022,
12(4): 611-623.

WANG R B, XIA G J, ZHONG W T, et al. Direct transfor-
mation of lignin into fluorescence - switchable graphene
quantum dots and their application in ultrasensitive profil-
ing of a physiological oxidant[J]. Green chemistry, 2019,
21(12): 3343-3352.

TAM T V, TRUNG N B, KIM H R, et al. One-pot synthe-
sis of N-doped graphene quantum dots as a fluorescent
sensing platform for Fe* ions detection[J]. Sensors and ac-
tuators B: chemical, 2014, 202: 568-573.

SHARMA N, SHARMA I, BERA M K. Microwave-assisted
green synthesis of carbon quantum dots derived from
Calotropis gigantea as a fluorescent probe for bioimaging
[J]. Journal of fluorescence, 2022, 32(3): 1039-1049.
JANUS L, RADWAN-PRAGLOWSKA J, PITATKOWSKI
M, et al. Smart, tunable CQDs with antioxidant properties
for biomedical applications: ecofriendly synthesis and
characterization[J]. Molecules, 2020, 25(3): 736.
RAVEENDRAN V, BABU A R S, RENUKA N K. Mint
leaf derived carbon dots for dual analyte detection of Fe

(ITT) and ascorbic acid[J]. RSC advances, 2019, 9(21):

[16]

[17]

[18]

[19]

[20]

(21]

(22]

[23]

[24]

[25]

HR ST TR 2025 FF 11

12070-12077.

LU W B, QIN X Y, LIU S, et al. Economical, green syn-
thesis of fluorescent carbon nanoparticles and their use as
probes for sensitive and selective detection of mercury(Il)
ions[J]. Analytical chemistry, 2012, 84(12): 5351-5357.
LIUY S, ZHAO Y N, ZHANG Y Y. One-step green syn-
thesized fluorescent carbon nanodots from bamboo leaves
for copper(Il) ion detection[J]. Sensors and actuators B:
chemical, 2014, 196: 647-652.

VELMURUGAN P, KUMAR R V, SIVAKUMAR S, et al.
Fabrication of blue fluorescent carbon quantum dots us-
ing green carbon precursor Psidium guajava leaf extract
and its application in water treatment[J]. Carbon letters,
2022, 32(1): 119-129.

WANG X, FENG Y Q, DONG P P, et al. A mini review on
carbon quantum dots: preparation, properties, and electro-
catalytic application[J]. Frontiers in chemistry, 2019, 7:
671.

ZHANG Q H, SUN X F, RUAN H, et al. Production of yel-
low - emitting carbon quantum dots from fullerene carbon
soot[J]. Science China materials, 2017, 60(2): 141-150.
LIMOSANI F, BAUER E M, CECCHETTI D, et al. Top-
down N - doped carbon quantum dots for multiple pur-
poses: heavy metal detection and intracellular fluores-
cencelJ]. Nanomaterials, 2021, 11(9): 2249.

CUI L, REN X, WANG J, et al. Synthesis of homogeneous
carbon quantum dots by ultrafast dual-beam pulsed laser
ablation for bioimaging[J]. Materials today nano, 2020,
12: 100091.

XU TT, YANG J X, SONG J M, et al. Synthesis of high
fluorescence graphene quantum dots and their selective
detection for Fe’ in aqueous solution[J]. Sensors and ac-
tuators B: chemical, 2017, 243: 863-872.

HAILE A, GELEBO G G, TESFAYE T, et al. Pulp and pa-
per mill wastes: utilizations and prospects for high value-
added biomaterials[J]. Bioresources and bioprocessing,
2021, 8: 1-22.

PANDIYAN S, ARUMUGAM L, SRIRENGAN S P, et al.
Biocompatible carbon quantum dots derived from sugar-
cane industrial wastes for effective nonlinear optical be-
havior and antimicrobial activity applications[J]. ACS
omega, 2020, 5(47): 30363-30372.

ATCHUDAN R, EDISON T N J I, SHANMUGAM M, et
al. Sustainable synthesis of carbon quantum dots from ba-
nana peel waste using hydrothermal process for in vivo

bioimaging[J]. Physica E: low - dimensional systems and

29



2025 FE1H] RS L B H

[27]

(28]

[30]

[31]

(33]

[34]

[36]

[38]

nanostructures, 2021, 126: 114417.

ALAM A M, PARK B 'Y, GHOURI Z K, et al. Synthesis of
carbon quantum dots from cabbage with down-and up-con-
version photoluminescence properties: excellent imaging
agent for biomedical applications[J]. Green chemistry,
2015, 17(7): 3791-3797.

ANWAR S, DING H Z, XU M S, et al. Recent advances in
synthesis, optical properties, and biomedical applications
of carbon dots[J]. ACS applied bio materials, 2019, 2(6):
2317-2338.

BHUNIA S K, SAHA A, MAITY A R, et al. Carbon
nanoparticle-based fluorescent bioimaging probes[J]. Sci-
entific reports, 2013, 3(1): 1473.

ANPALAGAN K, KARAKKAT J V, JELINEK R, et al. A
green synthesis route to derive carbon quantum dots for
bioimaging cancer cells[J]. Nanomaterials, 2023, 13(14):
2103.

JANUS L, RADWAN - PRAGLOWSKA J, PIATKOWSKI
M, et al. Facile synthesis of surface-modified carbon quan-
tum dots (CQDs) for biosensing and bioimaging|J]. Materi-
als, 2020, 13(15): 3313.

KUMAR M, SHRESTHA B B, CHINNATHAMBI S, et al.
Bio - inspired nitrogen - doped carbon quantum dots: a
green route for bioimaging and nano-biosensing[J]. Indus-
trial crops and products, 2025, 227: 120817.

NIEY J, LAI W Q, ZHENG N, et al. Multifunctional room-
temperature phosphorescent carbon dots for relative hu-
midity determination and information encryption|J]. Ta-
lanta, 2021, 233: 122541.

LIU J, DU H'Y, JIANG Y Q, et al. A label-free Eupato-
rium odoratum L. CQDs-based fluorescence sensor as a
“turn-on” type for effective detecting of artificial sweet-
ener|]J]. Journal of materials science: materials in electron-
ics, 2023, 34(17): 1337.

ATCHUDAN R, EDISON T N J I, PERUMAL S, et al. Be-
tel-derived nitrogen-doped multicolor carbon dots for envi-
ronmental and biological applications[J]. Journal of mole-
cular liquids, 2019, 296: 111817.

ZHAO S'Y, SONG X P, CHAI X, et al. Green production
of fluorescent carbon quantum dots based on pine wood
and its application in the detection of Fe*[J]. Journal of
cleaner production, 2020, 263: 121561.

MENG W, BAI X, WANG B, et al. Biomass-derived car-
bon dots and their applications[J]. Energy & environmen-
tal materials, 2019, 2(3): 172-192.

YANG X X, HOU S Y, CHU T T, et al. Preparation of

30

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

magnesium, nitrogen-codoped carbon quantum dots from
lignin with bright green fluorescence and sensitive pH re-
sponse[J]. Industrial crops and products, 2021, 167:
113507.
FUJISHIMA A, HONDA K. Electrochemical photolysis of
water at a semiconductor electrode[J]. Nature, 1972, 238:
37-38.
CHEN X Q, WU Z S, LIU D D, et al. Preparation of ZnO
photocatalyst for the efficient and rapid photocatalytic
degradation of azo dyes[J]. Nanoscale research letters,
2017, 12: 143.
NASERI A, SAMADI M, POURJAVADI A, et al. Gra-
phitic carbon nitride (g-C;N,)-based photocatalysts for so-
lar hydrogen generation: recent advances and future devel-
opment directions[J]. Journal of materials chemistry A,
2017, 5(45): 23406-23433.
JAFARI T, MOHARRERI E, AMIN A S, et al. Photocata-
Iytic water splitting: the untamed dream: a review of re-
cent advances|J]. Molecules, 2016, 21(7): 900.
ZHOU Y Q, ZAHRAN E M, QUIROGA B A, et al. Size-
dependent photocatalytic activity of carbon dots with sur-
face -state determined photoluminescence[J]. Applied ca-
talysis B: environmental, 2019, 248: 157-166.
YU J J, WANG X, CHEN L, et al. Enhanced adsorption
and visible-light photocatalytic degradation of toluene by
CQDs/Ui0-66 MOG with hierarchical pores[J]. Chemical
engineering journal, 2022, 435: 135033.
CUL'Y, HEGDE R S, PHANG 1 Y, et al. Encoding molecu-
lar information in plasmonic nanostructures for anti-coun-
terfeiting applications[J]. Nanoscale, 2014, 6(1): 282-288.
YOU M L, ZHONG J J, HONG Y, et al. Inkjet printing of
upconversion nanoparticles for anti - counterfeit applica-
tions[J]. Nanoscale, 2015, 7(10): 4423-4431.
YOON B, HAM D Y, YARIMAGA O, et al. Inkjet print-
ing of conjugated polymer precursors on paper substrates
for colorimetric sensing and flexible electrothermochro-
mic display[J]. Advanced materials, 2011, 23(46): 5492-
5497.
PARK S J, PARK J Y, CHUNG J W, et al. Color tunable
carbon quantum dots from wasted paper by different sol-
vents for anti-counterfeiting and fluorescent flexible film
[J]. Chemical engineering journal, 2020, 383: 123200.
GUO J Z, L1 H, LING L T, et al. Green synthesis of car-
bon dots toward anti - counterfeiting[J]. ACS sustainable
chemistry & engineering, 2019, 8(3): 1566-1572.
(F#5377)



