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Abstract: Carbon dots(CDs) generally refer to zero-dimensional carbon-based nanomaterials with a
particle size of less than 20 nm and rich in functional groups such as hydroxyl, carboxyl and amino
groups on their surface. Due to its excellent optical properties and easy functional modification, it
has been widely used in biosensing, biological imaging, tumor therapy, antibacterial, and osteogen-
esis. It is expected to become the most promising carbon-based nanomaterials in the future. However,
to truly push CDs to practical applications in biomedicine field, it must be functionalized. Surface
passivation and heteroatomic doping are two common methods, and these two methods for functional-
ization of CDs were systematically summarized in this review. We hope to provide some methods and

ideas for the functional design and their practical applications of CDs.
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Fig.1 (a)Amidation reaction. (b)Copolymerization. (¢)Sul-
fonic reaction. (d)Esterification reaction. (e)Silaniza-

tion reaction.
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A i PDA B 4b 52 )% i 55 (PDA-CDs) o i PDA %li
b5, CDs e 4 & 55 W 19 7 B M\ 420 nm 2155 5]
510 nm. H %ifk J5 PDA-CDs 2% B H 30 & A 46 i
M9 CHEE QY M 1. 3% 7 %) 4. 6%, LAk, %
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Fig.2 Amidation reaction. (a)Fluorescence image of PEG functionalized CDs™

. (b)Schematic diagram of PEI-CDs preparation
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TG, Willner 5 FF & T —F VEGF i I 4K T fig
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Fig.3 (a)Schematic diagram of detecting LYS and ATP by covalently binding LYS aptamer and ATP aptamer with CDs, and

CDs, respectively™”. (b)Loading and release process of anti-VEGF aptamer
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e — FAR I T8 RE A BEAL 7 i . AE R ]
R0 A 2 S8 A T B URR B 5 (CDs) 45 N I TR L
B P2 A R AT 4 R W9 TR TR A Ay B 5 e o R e —
EIMARR CDs WP, AR RS M —=u R Y
LB S (T-CDs) i H QY B 2 . 1Ei% TAE
B 57 — T 5T, DL CA FITER N-2 4 FE R ik (Poly
(N-vinylcarbazole) , PVK) A IERE, TE 300 °CF #uab
B2 h, AR PVK-CDs. A [ il 56238 4 il PVK
1 CDs Jil BlE Bk 2 i sl 2 A AUE 25 QY
3548 = B 40% 1 HLR U TR SR R L 3R
w5 1 CDs BYOGHL TR RE 155 . 5 At ™ B AR
T E e A A A B B AN [ DS SR A T
DL e BB B AR X CDs #EAT BlAL L AT
i A AN TR] 4 M BT R D g

B I 2 A A e A8 4 5 3k iR AL 4 < 7R TR
CDs T8 51 A R 5 1) 6 16 S B, 20728 CDs 5K/
i 7K VT4 TR Ak B I, LA KT B R EBE S CDs KT
T P S0 S T IR 7 R 384 I CDs 501 1) 1k e 1k
FWE o Qin ML CA FIBR 28 Uk, folisl 12 i 45
TR IB 20 2 (NCDs) , LA TH-BR e -4- 2 T 4
Tk S Sy TS T 2 B R R AL S 1. 3 i R
PSR, NCDs 35 T B S 8165 9 1 A0 sl iR 66
R IR H LAY 455 B NCDs R 1, DT il 8 17—
Tofr X6 7K v B AU 1Y) CDs- DK MR 5 S AR R 5 o 1%
PRAT ] 38 3 5O 5iR RE AYZ A I SE A [F) A BILE R o
K & o 51 CDs-BK W 5 G BB 98O0 08 2 8
A B i TR AT B 2 B 36 A LT TR oK S B B
Jot 5 B8 SO R A R RS X ORI
TEERE I FE . IRl B, CDs- WK I A /] DL 3% 40 i
WY R RS TN o Chen 287 DU A6 R 4 R ik TR
il & T PEOLHR T 5 (CQDs) , I 38 ik i A B I K
H & Bl (Mannose, Man) Fll 8 ( Folic acid, FA) 4
TAE MG 2 CQDs F T, 53 3l ] 45 1 H 55 0 R
ifiefk CQDs(Man-CQDs FI FA-CQDs) . 5256 45 7
R W], Man-CQDs 1] 3% 8 A5 id KA FF B, 1 FA-
CQDs A PEFEPEARIC IR 52 1A 3k 22 35 14 i 9 400 i o
Rao ZE71H 5 DL CA Sy i U5, 7K B0k il 4 1 €890
CDs 5 HYCia 3 ik e 1k 52 %k CDs 3E 47 £, 78 15 3
CDs@Si0, 52 &Yy, I 75 2 1 18 i 2= 5k B RE A 5
I J 4 R A T 14 21 0, 5 O k1 i i M
N AL 25 4 B CDs@Si0, I, F 8 T H R A 58 4R
BT I0 5 B 32 FOK SRR i Cu™ 1Y & &

Zi ik, CDs 54 R D fgfb /N F S
e AR 22 T 38 2ok A5 A 2 07 >F ) S i g L B ik R L T
PETF CDs (9 9 M RE 4 = 1% IR0 e S 1k 1 g
71 SR 25k kL AL M . PR L, XF CDs ik
F1A BT R X 8 S 15 4 2 4 L9 6
il R4 v o FH 9 LA A
2.2 FEHMEM

BT CDs 5 D RE Ak 2 1 22 18] 1 FE 2L A0 4& 1 2
CDs i F T A= W 5 24 U Y 32 22 7 9, E B4 45
w-m HER LA BAE R S E AR . 5B
A L, 3F 35 48 Ui 0T 7 X CDs 25 8 77 AR AN R
) iy b5 1 AT 0B R A B 1) 4, i AT DAk
3 CDs 998 61§ LA R 501U g
2.2.1 m-mhEHEn

CDs S5iE Fl iR Z o5 if m-w M BEAE 4 A
DR GEA J7 H R AT LA S . 7E AR
PR 38 FC A N CDs 22 181 B8 25, 5 3 CDs %2 5
KA AR AR, DT 3 B 5 A I s R R Ak 38 B H
9o Yang S5 2L 3 o i U 45 CDs, 3 3 mr-
w A B S N AE H1H 988 R 4T 5 ( Carcinoembryonic an-
tigen, CEA) ifi fic /& W& Fff 3] CDs 3% 1 , J& & CDs-
CEA-AptE AW, S B K. IMA CEA S,
CDs (5 6 BIPK 5 ,E 0. 5 ~ 1 ng mL™ 5 [l 4 5K
BT X CEA /9 % & 4 I, LOD 24 0.3 ng-mL™'
Wang 5751 T —Fh 3k F O IR sE B R 1Y
e S T R DL 2 ot 50 DN 4 1R I (Anrgi-
nine kinase, AK) , B CDs AT LAVE ¢ b4, 18
i - A0 HL S N AE W B A BE A (Aptamer, Apt)
ok A8 @ Apt-CDs 2 G HREF , an &l 4 (a) TR o DA
Apt-CDs h fig it A&, 00k A 550 R fig o 32 14,
TR BB i L A AN T B CDs 5K . s i i
e R AK S5, CDs-Apt M 48 1k A7 58 J 26 1 B
U, B CDs-Apt-AK Z &), S 8O G IR E .
P NCIREF R D AK B9 26 PR 75 B~ 0. 001 ~ 10 pg-
mL™",LOD 0. 14 ng'mL"o

Zheng %71 3,3,4,4,5,5,6,6,7,7,8,8,8-1 = % -
1-F A PELY JERL, il 45 1 92 248K 5 (FCDs) , Al
K 4(b)FTR. 2T FCDs BIAZSE R fE ) A5 P 24
Wb 2% 2 (Doxorubicin, DOX) i 13 ar-r f HE S 1 7
K EEF] FCDs KT, LRI 8 —Fh gk 2 A M8
(FCDs-DOX) HI F 2548 % . MLk, FCDs & 7] LLidE
P ARSAN 25 G i Jr K L EHBODIPY) T
BODIPY F 4 i 5 I A% 326 .
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(a)CDs 538 FLAA - 8 T AT AK™' 5 (b) CDs 5 DOX mr-r i 4% ] T 25438 3% 7' () CDs-GOx il & K H R 1
FHRE AT 5 (d) CBNPs il # LRSI T PDT
(a)CDs is stacked with aptamer -1 to detect AK”*’. (b)CDs stacks with DOX - for drug delivery”. (¢)Preparation

& 4

Fig.4
of CDS-GOx and its application in tumor therapy™. (d)Preparation of CBNPs and its application in PDT"™",

2.2.2 #HuAREAER

CDs R I AETEH RE ML R 245
7 B A g7 CIFE LA ) 1R BE AT, AT DL 5 4 OE A
(A7 Hp A7 ) 9 355 TG 4 38 5 0 F A B AR HDE L2 &
Yy, 23E BB 9 CDs BLA I 5 i 88 ) 1k AE
O ) A= ) AR 24 ) W D A A ) s s A B T
JTZ B . Zha ZETTRL CA RN Z T R BRTR K
A B CDs 5717 1F HL faf 19 PET 2%, SR )5
o # o VE 05 AS1411 48 B, JE ) CDs-PEI-
ASI1411 B . TEXNEFR D, PELAL I |
CDs T8 By 5 ML Pk, 38 78 2 3% 35 CDs 5 AS1411 38
BC AR B 9% . AR &R Oy I T R AE 48 Y
B ] 56 IR o Guo 55D SE SR R A PEL A Hi 4K
A, 7K Bk ) % B9 PEI-CDs 3% [ 4 A7 1F 8 £, Jf
AT DL 25 Sl A B r A A E I IS T A R
ATP i& B AK . 78 PEI-CDs 5 1% B 44 #F o AH B 15
F N S8 CDs 9B K, in A BE I i 5 ATP J5 9%
N Wik & . PEI-CDs 2¢ % 5% J& 5 fin A BE 1 i
BATP ¥ ¥ B R A &R, LoD 40
1.2 nmol- L1113 nmol- L™,
2.2.3  ZA4EA AR AEA

Bk 38 i B — 4 FH 1 52 B CDs 5 Yifigfb /oy F
S5 A0 IR AFAE Z2 R AR T T AR AR T B4 07

75 75 B A AL B (Glucose oxidase, GOx) & — Fl i 48
JI S, AR AR A5 T AT LR Ak R A AR
2 W5 IR A ok AL A, S B0 R O B i SR
Z AR KR VR G R R E IR T 0 AR R R
SRMT, GOx HL A7 B i 1 0 I 2 35 7 22 45 e o5, BHL
T HAEYES LN H. Xie DL CA M
A T i ) S A A (L- 7% 2 0k i F D-7% &
Ik e ) Sk JEUAL L 43 3l il £ T L-CDs 1 D-CDs , 41 &
4(c)roRs o I3 ik e A BVE R AU AE A
L/D-CDs % 1 7 2 GOx, ¥ ## T — #h F ¥ CDs-
GOx 3 21 %& 4 >k 2 Ji #% (L/DGOx) o 1% L/DGOx
A BR GOx MY WE PR JF oo R o E M, R
GOx HE A J 4 i 1 38 3% 208 . L/DGOx i& 1 L
i GOx 7 AR 48 Ak S0k A% 15 40 L, 91 ik R
A K . Zheng LN 2 UL R RN AR R I Ry SRR
il % CDs , K¢ H 56 5% (BODIPY ) i i 43 ¥ 7]
MHEAEHAE M G K& T 2K E S M
BLCCBNPs) , & 4(d) i . T CDs B AE4E
AL fE BODIPY 197 fifk B 15 21 2035 , 1M H CDs if
A LAAE R i it pb A 38 5 5e Ol 3k R BE o 5 B AL I
Ha 5% BODIPY Y PDT A1 .

53 1 AN 6] R 30018 16 75 AN 20 CDs
WA G5 Y% 0 L CDs 26 11 A4 B BE 1413 1 -
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M AR B U T L S 2 A AR T
A 1 i 4 7 U4 & T REAL /N7 1, (4% CDs 1E 15
JECH ) 25 W Ak IR IR T S DT AT B T2 N
Fl o SR X M D) RE AL J7 ikt A HL AT B SR BR A
T UNAE 0 PR B A5 E 1 A0 ) 25 1) 3 3K 1) 2K
YRR LA SRR 7 08 AR K A PP A S5 R
Je g A i) SE2 o 17 T T 11 174 S P G

3 ZRTHE

B F 45 et 2 X CDs 4T D RE AL 1) — Fh
MIFES . RAEB 2T R AR, 7T LAY 9 3F 6 s
BARMGRBAPMER . BAORY, A& RB A
AT RLIE i PR T CDs B HL 4R (R T A3z 44 |
RG22 27 K CDs IZOEPERE ; & s
BRI LU {E CDs B9 &SGR, 7 HLAR K+
B 1 CDsTEXEINIE SN 1210 e SO A= 4 =
SFOTHNI o MAh, F2 BB 2% R0 i AN R, X
LA N R T B M Z I T 155k

3.1 E&REEH
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