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Abstract
Due to their good luminescence properties, low toxicity, and flexible modifiability, carbon quan-
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tum dots (CDs or CQDs) have great potential in biotherapeutics. The luminescence properties and
biological functions of CQDs are directly related to the types of surface groups and hybrids. Re-
searchers have developed a variety of physical, chemical, hybrid and other methods to precisely
modify the surface of carbon quantum dots, in order to achieve better selectivity, higher targeting,
more complete functionality and better diagnosis and treatment effect. In this paper, the com-
monly used surface modification methods of CQDs in recent years are reviewed, and their applica-
tions in biosensing and disease diagnosis and treatment are introduced.
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1. 5|15

AR, TRIEE T H(CQDs) M S5 B T A (GQDs) i T H LA RIE 32 . #l &M, KF. mtfa
EVE EPUOGE E MR S OO SO R, A RO AR R B AR BT AR, TERMEAURAE R T
2 B [2] [3]s

BAR CDs B RUFrItee, BA CAEYIER 5= R YRR /7, {H& T CQDs Al GQDs (13
3B E L, kL AR, BESA1EE 2o A R AT A9 [4]. N T SElix— H xR,
AT DR JURPAS [R] ) SRS R - B, %R ARSI R B8 2. RIRAIAT AN, MOX AN B AT SR IR 1 25 b 1
MEILRRDW) . fEXRLER T, FATRYEHIL LA CQDs 1 GQDs 1£AEM) = 2 AU i 78 AR, % 3
KM SUB ) — 263047 702, AFEIE T SRR DR e vt 56 TA0 5 RN Th R 2 A B vt
BTN R A FETE AEILEE TR, FEHe T BRI AL AR R s

2. IRB T RREINREEE &K N
2.1. ETRMHTREER T

BT T 2 P K — S04k T TR0 2 . 006 4% P, 7 DLV ORI VB CDs
ST 5 AT S B 30

Pan 2[5 LAY B HF KA PRI R SR, IS A A 2T T RT3 A M 7 8L
iR MR, GUAH S, FMRTEUE LU SR RO R T, BORMR T AR SO TRORORE
HEPEREAS, A9 PR FROE T4 AR B AR5 25N . Song (6] A4 — IeRIBR Sy RORY, S
AKHE LT LR T AL, B LA X I L T B (XPS) B s SR & 2 AT
HOE L WEOE N s N . BT AU SRS A, SO 1 T LSRR, R 2 D)
{9 PH KA. Wang S[715 BIRAIAD. Il A&, AMT SR, SIRIBET S,
IR K XPS SRR, B4 R S0 3 ORI AR, TSR s SO IR AT AR B
BT AT LU PRI XA AR (RSP« Liu S5[8] LR RO RN BERY, 2 T BB BT I
BT A IR A XPS 45 RENI AT & A 5IE, Bolb, SUEDUR/D RSB, %R Tt
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e RaE YRR, AT DME AL R 4R AR50 . Lu S5O ASUH BE e AR Iy A S5Okt il 7 3R E &5
SN ThBEALRR i, HLFRIE (185 52 0l I 53 A BRI LE BIOR HEAT 13 . R AE BRI LB, B s e
oA RO FR E AL, G SR AN R S ANS /), ARG R AT A W AE R ] . Zhang A5 [10]F BN R
WA T RIS S WAL RN R T, 2R T R A R EERRR AT, H
TEIRAR, RO R AEVAENE KA 1. Wang SF[116E AR 4-FORME BRI, &K
THEDCHRE T AL ZBRE T AR E S REMEUE T ZE T SN T R AR RN
Chen &5 [12] 1 Xl FIVER R NARIR, I8 TR TCHR A% T VE G B 7 BOGIRE T /G 2Bk E T R A 5
VEARSEAE s, Al LB A AR I ERETH M . Wang %5 A [131R H M RRAE kIR, 8 I K #Gk & 7 F
IR/ 9 nm [(UBRE T 5, ZE T AR E SR, A, FRAEDRMIER; %R T A TSR,
KGR, G EL TR TS EYNA . Jiang % A[14]0L 1,2,4- = SRR BE, SR
WM A V7, 3 A R PG 2 1 AR THT R S IEE N SRR N DL B AR A B ) 8 2 E RO B o
R AT PAE SO A AT AR, ST DU AR & K m , RPEE IR turn on ZOGIREL,
BABZE AV . Malina 258 A [15] L= (¥ H &) 2 2k FF e (Tris) AT AH S il sk R £5 09 SR ), it 4
iR R 5 VA A T AR AL B T o 2% AR IC A (A TR 78 52 48 B (MS C) T 25 21 G R e ) /)
SRR, RN TE) 78 S A0 2 B B RS AR v, SEE T MSCRSERHB BR. Li 558 N[16]BLEF 27T
ML EEKHAGEB00C, 2 h)fil& 7RI E ek, &Ik, I A A B SRR ] 28R AT BL
7P b A KR ROS TR 40 AH BB AR 4R, 1% 0% sk HepG2 4 it B A B il 35
Y, ZASEI M BIRRUE I T IX — Al KBRS AT RAE L h AR A AREHE B, I RR YT AR IRV £
PR Hua S N[17]LAFESBE . £ ISR aE T I ON JEURHE I K Ak & 1 3R I & & 3 At . =k
FRIEARIE IR T R, B T BT IE PRI B RS R, T AR 5 B R AR IR, T e 34
ZoRi R Rg; 5 AL MitoTracke AHEL, 1285 s BAT R AF KGR E PEA I RE R AR A it
PR R AT DU I A SO O B AL, AT SEBL AR Zhi iR 4B AR T - Ge S5 [18]45 i 1 X g
Wy R FIR, I DAY IR G i 1 26 IR R E Wy, 2 Ja LR & W SR RHE R K BUE il 4 1 B T A
— B i SR M R G R R T R B B I OB TR T RCR s R s A S Sh W Seds e R T
AR T AR R TR ERE .

HARTT LU ORI T fE 1R CDs R 2L [, (HZ2 M T CDs & B REAEAE W [ il
i SRR, ARMECRAF JRAT SN R AR . AT 2R E BER A7 7, AR S = I 3 1k,
HARNLIE, A& ST,

22. BETHFRNTREER T

FFE N CDs Dfiedk B vHm] LB 5 56 M o ESRAPE I IRl D5 VA IR RE i R L A
CDs K4k A4S E LR, M SEIUR SRk B U o S5 92 B Wi v Rk B AN R BEE

Sun FE[19]ALL 3- IR N I RHE BRER O SO i3, ZJa ] 2,4- —RHEE R A (DNBS) &
WiRR ¥ R T, R T R VR K IR B E MR S5 g-CD-DNBS; iZR- 4B B E ViR e, PRE
(f) DNBS Z:H1# i br, MR E T R 9O ZPUKRIRET BB+ SMMC-7721 4il i i A=
WA RAR . Wang 55 [20] LARR & A N EURG 1 1 2/ e R 1, IR DNBS 2 M AE Bk 1 s R T I
by % PHAET, WBERSRAE R TRIRY, BEfEEREN Lai%-DNBS b rth AE ik R PE R, At
AWK s ZAEH AT LUR 0 20 A Al S BV E RS I . Zhou S5 [21 ) Re Ak B i 3R 5 B A B3R -3-
FRIR (CCA) AN HL A [ 3 [ (4-FRBE T 38)- =R R IRAL B (TPP) IR I AE R 9K s R T, 1l 46 17 Gl bz A
AL B R LR RGO IR SR B RN G, JRARE T 5 577 nm VO IRFFAZE, (A

DOI: 10.12677/hjbm.2022.123020 167 W=


https://doi.org/10.12677/hjbm.2022.123020

FLIERN 45

405 nm &b N BLHT 2 G K T, KA FRACZE 70 nM. Hamd Ghadareh %5 A [22] % 8 iE bR &4 CA125
& A Em R E T AL, 5k CAL25 P SRt e (PAMAM)- B R K 73345 2 4 91 K BokL
s MIBFRFNY) CAL25 B, CAL25 it 45 Er@ R APk — 5 %8z, s i & 1 5 5 S 9K ki
Z A e LR B L AL (FRET) LN, F90ti K, SRBGT CAL25 (e A Il; 5 HAb A ik a8 A LE,
BT I e e AR AT CAL25 RILH AR e B E A R . Zhang 5[23] 8 St il id B2 AR R —
My R R T AR E T R, 25 NBD EALEE BB IR B ki 1 R, W TR B R
- It 22 (Cys/Hcy) e B A vy R BURE (R LR BUR S et s AR BT CD SEBL 1 %o I 7 AN 240 A
FERAI . An 25 N [2416 7-R FE-4-F 3 FH T R (AMC)E T I B B B R, MR T Aok XUR 5t
FOA AL SR, R R F T N T i 22 BRI s ZE SR — ORI T, 1 AREHFE 455 nm AT 505 nm
ST PN R, T 405 nm S eT LA 22 Rk Yl S AR K, AN SEEIUNT 2 B ) AR . Liu 25 A [25]
e AT R R R N R RS B T B T 0, R R IR L (PEN (B MRTE R & T iR BiE
w1, JF HERERE FHILT 310 nm A1 397 nm BiAN K GHIE, 145 R o) B
JERLSLKE 310 nm A FRIEUR VAR T 397 nm WELRIFANAE, AT AL | — Pk T XUMUK HE 2R 2R A
MEEIRER 7715 . Sidhu 28 N [26] AR R FI £ — RN & i T 3R E & R B R IR E 7 5, ik
BT AUEE N FEINES R S 2R AR, R ARSI B S R R IV e (1 YA Ve
B, METAHME) FRET R &3 MIg o s R i AL B I JEBR(TrxR) I, —imfEli%e, FRET
P R IR T80T B 05 R RS K ST T 2RI 0 Jie (1) % S BRI s 1 KA R AT T TrxR e B L
A AVEE TR 2 . Gao S8 A[27]1H 3,4,9,10-FE YRR —BHE ki, @ /KHGEA R T RIS RN
BT i PP EE, MG RRER SR B I S AR CSET R, BRET A
(IR TH AR 25 2 1 & A ERIE R 5> T15 55 DNA 741 B0A% B0 1) BREEAS 1, AT SRR & 1 AR TH 1K R VG
B Z AN o

IR T RS VA R, IR PR, (Rt T ER B ENE S O RS ORI A
VIR T R AL B>, H TR IR B E A 2

23 ETEHNMNESHRK

4 CQDs 5 GODs & HAhTEHL G KA EHEEAT 5 A B 2 54— PR T CQDs B GODs #i DI REHI 5
%, HTHARRR I OGO R A, T X MR R THIRE B E R E, TR, Al
A 2k R G2 ok .

Priyadarshini %5 [28]18 F #1452 F1 58 £ —BE (PEG)1E NI A FH B LA i 1 i1 m, FRAERRE T
MERTHFEAL G SR S TR T 0l - SAPRGT ABATRIL, ZGRRF I B B 8UR SR Tk
KANBEEMTE, NS G RRIAE R T 2% . Rezaei 25 A\ [291K5 L3 i A JEURE 1l 4% A B 1 A
RN IA (-AIOOH) b; % &) LLid i i l e R 22 236 S B0 A BN, S B G AR, R
JEUER AT DA R BRI I3 R = ) 2 EL SR (DOX), AIBRAEZE 0.2 ng mL™t. Gao %5 A [30] & Seilid 7k #4
ELLVH RS R O R IR & TR T AL, ZE IR BRI E T SR A Zno il & T R T
RZNO ZeAb s ZA AR 2L IR R B . 22 IRPHE B R AT B RN 4 3 €088 45 BR 1R 35 AT R (1 4
PRCR, HIY5RT Bl ZnO PORIRL. R AR SR SR T O6sh J1ia 7 AR 2 IR 1)@, Zheng %5 A [31]
W DUFTBRIR 5 PR 3% O BRI 2% (R ik B 1 R0 DUBR 3R D9 SRR 26 1) CaNg 24k, 2 J5 T4 BT bR L ) S
A ICBN 1R TT TIRE R RGD-PEG-PpIX A1 1] C3N, Al 4211 s 181 CaNg fELLAN T 73 7K il S 1 o
FEF IR T BRESRAT T BN 16T RS2 B el /1, 697 R0 40 i S 56 K B S 5645 E1HIE B . Jiang
2 N[3206 19G P i SeANn Bl 25 A 70 R & 5 FRIE N FeaOy QKR I, SR 5 10 Jok Pk et 2 32 5 1 1)
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SRR T SHEBETE FesO0 YUKIRL I, f5Ja FI A= I3 1 B A (BSA)E s 140K 5261 mT LUod il
EUEREPER E R A, @ T R R A R B R S R R, AR TR B I R B RAF N

Yan %A\ [33]¥ 1t T —FpET GQDs-MnO, 4Bt H KGR KA ZE, & Bkl 5 B2 5 T MnO, X
GQDs HJZ I K, LAK A IBEH KA MO, 482K 1 5 3 Rl AT A A1 S 0 B e (R 0 I s Al A4
RITH T A0 A B BRIGAS I s Cai S5 [341 5 T4 R B BE T T — Rl 284U CQDs-MnO, % Y HRET
TR H K. Li % A[35] DA=F2 H IR S0 G A BRIE T & T I E T AL, ZERIET R58
FAFRFEAER K AT a4k BT FRET 6, B U RV K TS iR bl gk T 5
PO LR S SR R BETBOH BB 5, X AR R 0T F SRR TR LR s 1R XA RGL Al 1
O 2 BTV R B UR IR, UE R T LR AN T R Zhang 55 A [36] K FIAHAL R B, il £ 1 ik s F0
CoOOH ZK v AL I A ARL,  [FIFE B A R BT IR 1) 5 A% s

Bao %5 A [37]LAAE IR i Alf- IR R R A B T 3R T SR dk . Rk, &AL, Bidd R EL ik
T, ZJEEE CUPNREEE, H14% T REZ408 23 nm [ Cu-CDs 40K Fi: A T IRmgk R nfasE
PE, 17 Cu-CDs RIfd# S Ailks 21 7 PEG: SH4ifg K v L& PEG i gk A L,
Cu-CD-PEG 4K Jv K/Nidrh, A G MM, HAEGFRH SarE DGy T 8UR . Zhuo 55 A[38]
LA EDTA MIGALE N JERE, i K RGE S i T @ PR 5 28k & Al 1B E T S T & A 4 7T
7, ULEE Nt S EL S, HHROGER: RIHXAMER, MEE ST E 40 R AL A R
M. Zhang %5 A [391KF BHATIE BRI IR 256 UK & S R B Bk E 7 mi DA B VBRI 0 TRITC 5%
FABHR A - E R gOR BURLE S e B LN IR, % T RS TR IR AR R R R R
i b b oK UKL P AE 2@ MESR IE 2L IIOR T, I A g & RO RE B O A R B R
LRASE, M SRR A4 AL PR, caspase-3 i, B & A S ShAE I P T

Wang %5 A [401K Ak A 58075 S5 i /K PEIY) G O5 @i Bi/KAEFHZE &, il % T GQDs-Gd,05 22 b 44K &
Gt. PR RGIEEA EM MRI REJ), XEA WG HRE 71, Han 58 N [41]15 %618 EDTA. MnCl,.
= ZEE VYA 2 B S A AEH % T MnO,-CDs B 41, 2 5 FK U Sy 41 i i 78k i NS b 2
HH 4 (HEA)MPLEE S 8% 7E MnO,-CDs A4 CDs R IR by ZA0 KRGS P S
PR, A LASEINS /I B OF S0 1) 980 . BESEIR(MRI AU A4 -

24. BTHE, HFENEZEEERE

N T RN T R ThEE, SRR LU BT P, TEHLEERER AR, LSRR R R
PESERASIN . SOt TR T S LR A TERE

Motaghi 5 A [42]UIAF IR AN £ — N JEURH 6 R 1 2R T o & Z AR (DB T nls R EAE
& AS1411 A SHR sl E AR ZE G, R POLEK IR A R SR A sk A
RIEMJG, ASIALLE R SEANSs&, MmAERE 7w EH I B ORI PR R 5O, SEBl TR 4 r R
TRk o Liu 5 A[43]LAZR YA RSN AR BRIR, B PRGE & i 13RI & & R AL I oL
Ty R A AR S T R S I R SO R R AE S IR R M e R A 1Y
TEAIE S, SoR  RRABR R TR S, MR IO, AT SIS 68 4 L Fr) RO o

Dong 5¢ N[44 B LI T 755G B T An sl 1 o, JPRE At 5L 4] RGD I 1L It %
SEERAE 1A SRR T R . BRI nen A EAE IS, RO EiRT 25%) DOX f#k 2 1 ik
B ARI: ZAUK RGN B s X DOX MFEE, I Hisid A S5 &1 5 & DOX ¥t RE
i SIS UL DN 240 0 4K R GRS . Kuo 5 N [4515R BT R759%,  FA sl % S A 38005
MR Sk BT R R o &2, JFR 2R TR T i, R SRR 521 PDT 24
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87, 3 3 A ik O RS B B AR AV B 2 25T 2P . S5 R IB M6 GQD M LL, B A% IF &k
T AL GQD R H HE BRI PDT 2N AT A R FIBOE FHFE. Liv % N[461UATIFIR . &3 LR T
B ERL, A RCT RIS S RIENIET A 3 U DiEd B CD 5 NH,-PEG-NH, i%#,
=Pl B R BT VEGF &1k CD-PEG RIHIM GRSz 7E58 =B #2 s inN IR820 4ukl,
UGkl RT A R TE PEG W% rh, JEilid n-n HERRP A /E CDs s % 4KE G 0T LA R oozl 11k
ARG IASEE X R IR RCR, R IR SR R RR T RE T, SEBRENI LIS TR R I R4 1)
TBIT R . Jaleel 55 N [A717E S A0 AT 8807 0 26 By a8 E B 15 3R 0E, GBI 1 Va7 ik
BBl TNF-ao 9118 TNF-a B G2 B, TEHAME B T —f%-PEG #R)E, LA 3R M A A = )
BRI RGEXNEIRMGIKRE SYRE B T BB T A DA 40 i
AR BANGCRAT RN R G AR B 44, (EE P B i AR K B RAFRIIT 3. Zeng %5 A\ [48]i#id
R ERA R Z WG, B KRES R T R E SRENROHE T . A RmMARET S
DOX ZHE MM 51 /E F I ¥ ilide e R E &) XFIE - SWTE IR 40 PH XAl A 20, FrbAA
SN IEH MG R T TN PH ES AU, i ARR IS & V)15 i 40 1 P9 2 A AR s
DOX, & KIdii; Va7 SR AN SLI0 FTiE s, S B AR IMIR 7% /1. Peng 5 \[49] &%k
B TG EE IS B LI GORBRL, 2 JE7E SR AL AT BRI AR N R, @l paE e S & LiE N E S b
TENRET A ZAPKE S BA RGO EIRIT A DIEE, TR TN UM D G Bl SR T ROR
ERER F o

PEI MR i 5y T4 %, Wang 55 A [501K 5 1E s (19 PEI MR B S0k SR TH, TER T R
WA IE iR E T S-PEL EAY); %S G0 LA R A A 7R siRNA FIT DNA 454, A seiils
XAz siRNA FIJFURL DNA [ H . Zhou &5 A [S1]48 FTE B RN FIRUEUK, R K #GES R T R &
U I T, WERE T B G 454 DNA 2500 TIBE 11, Belil T3k DAL 8 AN A% 36 5 R 5 '
BB

Khan %8 A\ [52]R AT BB A JERER -S4 T8 S RENIRE T, ZaEdS5hamie e
Wik E, ¥ 2 CRGEHAIRE T AR 2% H T2 ORMsM 528, I BA0EHE R,
FA I TIRIT7 #h 2505 I 25 it R4 H0% /7. Ghosh 25 A [531 LA B2 A JERE, & B T G867 s
AT PAMAM BEDIR RSV E A BIBE T A IIER T, 25 FRK mT DURE ) = [ 4 7L (1) RGD ik 2%
B E| LR E T S -PAMAM R, A BA T =PRI (TNBC) I T RE; 1% R Guth il LA
fth B R 254 ST TNBC BT - Wang 55 A [S4TH4 5 25 B AR il 5 ik & 7 s . 7o SR EDTA 7RI
TR N RMTARCER, H T S AR E T A RGROKER . 2RI TT 29902 F R (DOX) B
IR AKERAE s ZAK AR R AT LA 2 DOX 432 21 g 40 i Py 38, 7R 4L AN IUR G AE T T R
g ik — DA R VR T R

M ERSCE RS, MBRGOR ARG KRB Z, & fEE 4, HRAATIRELA, A
ARG A= S FH T 55

3. HIRERE

BB T RUX — I RO BHE AR . ARG P27 S5 AU R Y 2 TR Y
. BRAMAED DR EE S TR DR R B, HAnisd ek — 255 CQDs A AH —
SORURE I D RESE AN — Se T B A LR Th e, WRA . BAR. VRITSE, (RS RA YRR, hRgR—.
PR R i S I ST A B TR B A AR T HEAT AR U AT AR K (R4 e X IR A 1 — A R A
B, ANl A N TR ST A A MU M ECEATIR, I L R ERATHL. TN A A RR
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FHEBEAR, HWRIRERMTE IR @R, FREHmaIam. Tz, A

N

SEAEA] mh RPN A 2 A OER R T A S 2 IR IR B AL 5 e i, BT A e
R E . E A ThRETE S RIS BORREARRIBEERGAM R A &7 17

E&WmE

B E R AR RS I #EES . 21405069; 10T “X4ICTEA TR XLYC2007140; K224

FENLINE (Thie kBB & T A B AL B 7T) , 20201016093; 1L 74 HARRI#IE 4,
201602339; LT A 2 FRNTE NA L HTHR], 1LIQ2015068 i A 3 # ) 3 ¥

SE K

[1]
[2]
(3]
(4]

[5]
(6]

(7]

(8]
(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Zhao, A.D., Chen, ZW., Zhao, C.Q., Gao, N., Ren, J.S. and Qu, X.G. (2015) Recent Advances in Bioapplications of
C-Dots. Carbon, 85, 309-327. https://doi.org/10.1016/j.carbon.2014.12.045

Jiang, B.P., Zhou, B,, Lin, Z.X., Liang, H. and Shen, X.C. (2019) Recent Advances in Carbon Nanomaterials for Can-
cer Phototherapy. Chemistry: A European Journal, 25, 3993-4004. https://doi.org/10.1002/chem.201804383

Sun, H.J., Wu, L., Wei, W.L. and Qu, X.G. (2013) Recent Advances in Graphene Quantum Dots for Sensing. Mate-
rials Today, 16, 433-442. https://doi.org/10.1016/j.mattod.2013.10.020

Alaghmandfard, A., Sedighi, O., Rezaei, N.T., Abedini, A.A., Khachatourian, A.M., Toprak, M.S. and Seifalian, A.
(2021) Recent Advances in the Modification of Carbon-Based Quantum Dots for Biomedical Applications. Materials
Science and Engineering: C, 120, Article ID: 111756. https://doi.org/10.1016/j.msec.2020.111756

Pan, L., Sun, S., Zhang, L., Jiang, K. and Lin, H. (2016) Near-Infrared Emissive Carbon Dots for Two-Photon Fluo-
rescence Bioimaging. Nanoscale, 8, 17350-17356. https://doi.org/10.1039/C6NR05878G

Song, W., Duan, W., Liu, Y., Ye, Z., Chen, Y., Chen, H., Qi, S., Wu, J., Liu, D. and Xiao, L. (2017) Ratiometric De-
tection of Intracellular Lysine and pH with One-Pot Synthesized Dual Emissive Carbon Dots. Analytical Chemistry,
89, 13626-13633. https://doi.org/10.1021/acs.analchem.7b04211

Wang, J., Cheng, C., Huang, Y., Zheng, B., Yuan, H., Bo, L., Zheng, M.-W., Yang, S.-Y., Guo, Y. and Xiao, D. (2014)
A Facile Large-Scale Microwave Synthesis of Highly Fluorescent Carbon Dots from Benzenediol Isomers. Journal of
Materials Chemistry C, 2, 5028-5035. https://doi.org/10.1039/C3TC32131B

Liu, H., Zhang, Y. and Huang, C. (2019) Development of Nitrogen and Sulfur-Doped Carbon Dots for Cellular Imag-
ing. Journal of Pharmaceutical Analysis, 9, 127-132. https://doi.org/10.1016/j.jpha.2018.10.001

Lu, F., Yang, S., Song, Y., Zhai, C., Wang, Q., Ding, G. and Kang, Z. (2019) Hydroxyl Functionalized Carbon Dots
with Strong Radical Scavenging Ability Promote Cell Proliferation. Materials Research Express, 6, Article 1D: 065030.
https://doi.org/10.1088/2053-1591/ab0c55

Zhang, X.-D., Li, J., Niu, J.-N., Bao, X.-P., Zhao, H.-D. and Tan, M. (2019) Fluorescent Carbon Dots Derived from
Urine and Their Application for Bio-Imaging. Methods, 168, 84-93. https://doi.org/10.1016/j.ymeth.2019.04.005
Wang, Y., Man, Y., Li, S., Wu, S., Zhao, X., Xie, F., Qu, Q. and Zou, W.-S. (2020) Pesticide-Derived Bright Chlo-
rine-Doped Carbon Dots for Selective Determination and Intracellular Imaging of Fe(lll). Spectrochimica Acta Part A,
226, Article ID: 117594. https://doi.org/10.1016/j.saa.2019.117594

Chen, W., Li, D., Tian, L., Xiang, W., Wang, T., Hu, W., Hu, Y., Chen, S., Chen, J. and Dai, Z. (2018) Synthesis of
Graphene Quantum Dots from Natural Polymer Starch for Cell Imaging. Green Chemistry, 20, 4438-4442.
https://doi.org/10.1039/C8GC02106F

Wang, L., Yin, Y., Jain, A. and Zhou, H.S. (2014) Aqueous Phase Synthesis of Highly Luminescent, Nitrogen-Doped
Carbon Dots and Their Application as Bioimaging Agents. Langmuir, 30, 14270-14275.
https://doi.org/10.1021/1a5031813

Jiang, K., Sun, S., Zhang, L., Wang, Y.H., Cai, C.Z. and Lin, H.W. (2015) Bright-Yellow-Emissive N-Doped Carbon
Dots: Preparation, Cellular Imaging, and Bifunctional Sensing. ACS Applied Materials & Interfaces, 7, 23231-23238.
https://doi.org/10.1021/acsami.5h07255

Malina, T., Polakova, K., Skopalik, J., Milotova, V., Hola, K., Havrdova, M., Tomankova, K.B., Cmiel, V., Sefc, L.
and Zboril, R. (2019) Carbon Dots for in Vivo Fluorescence Imaging of Adipose Tissue-Derived Mesenchymal Stromal
Cells. Carbon, 152, 434-443. https://doi.org/10.1016/j.carbon.2019.05.061

Li, C.L., Ou, C.M.,, Huang, C.C., Wu, W.C., Chen, Y.P., Lin, T.E., Ho, L.C., Wang, C.W., Shih, C.C., Zhou, H.C.,
Lee, Y.C., Tzeng, W.F., Chiou, T.J., Chu, S.T., Cang, J. and Chang, H.T. (2014) Carbon Dots Prepared from Ginger

DOI: 10.12677/hjbm.2022.123020 171 AW


https://doi.org/10.12677/hjbm.2022.123020
https://doi.org/10.1016/j.carbon.2014.12.045
https://doi.org/10.1002/chem.201804383
https://doi.org/10.1016/j.mattod.2013.10.020
https://doi.org/10.1016/j.msec.2020.111756
https://doi.org/10.1039/C6NR05878G
https://doi.org/10.1021/acs.analchem.7b04211
https://doi.org/10.1039/C3TC32131B
https://doi.org/10.1016/j.jpha.2018.10.001
https://doi.org/10.1088/2053-1591/ab0c55
https://doi.org/10.1016/j.ymeth.2019.04.005
https://doi.org/10.1016/j.saa.2019.117594
https://doi.org/10.1039/C8GC02106F
https://doi.org/10.1021/la5031813
https://doi.org/10.1021/acsami.5b07255
https://doi.org/10.1016/j.carbon.2019.05.061

FLIERN 45

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Exhibiting Efficient Inhibition of Human Hepatocellular Carcinoma Cells. Journal of Materials Chemistry B, 2,
4564-4571. https://doi.org/10.1039/c4tb00216d

Hua, X.W., Bao, Y.W., Chen, Z. and Wu, F.G. (2017) Carbon Quantum Dots with Intrinsic Mitochondrial Targeting
Ability for Mitochondria-Based Theranostics. Nanoscale, 9, 10948-10960. https://doi.org/10.1039/C7NR03658B

Ge, J.C., Jia, Q.Y., Liu, W.M., Lan, M.H., Zhou, B.J.,, Guo, L., Zhou, H.Y., Zhang, H.Y., Wang, Y., Gu, Y., Meng,
X.M. and Wang, P.F. (2016) Carbon Dots with Intrinsic Theranostic Properties for Bioimaging, Red-Light-Triggered
Photodynamic/Photothermal Simultaneous Therapy in Vitro and in Vivo. Advanced Healthcare Materials, 5, 665-675.
https://doi.org/10.1002/adhm.201500720

Sun, J., Wang, Q., Yang, J., Zhang, J., Li, Z., Li, H. and Yang, X.-F. (2019) 2,4-Dinitrobenzenesulfonate Functiona-
lized Carbon Dots as a Turn-On Fluorescent Probe for Imaging of Biothiols in Living Cells. Microchimica Acta, 186,
Atrticle No. 402. https://doi.org/10.1007/s00604-019-3503-9

Wang, Q., Zhang, S., Zhong, Y., Yang, X.-F., Li, Z. and Li, H. (2017) Preparation of Yellow-Green-Emissive Carbon
Dots and Their Application in Constructing a Fluorescent Turn-On Nanoprobe for Imaging of Selenol in Living Cells.
Analytical Chemistry, 89, 1734-1741. https://doi.org/10.1021/acs.analchem.6b03983

Zhou, D., Huang, H., Wang, Y., Wang, Y., Hu, Z. and Li, X. (2019) A Yellow-Emissive Carbon Nanodot-Based Ra-
tiometric Fluorescent Nanosensor for Visualization of Exogenous and Endogenous Hydroxyl Radicals in the Mito-
chondria of Live Cells. Journal of Materials Chemistry B, 7, 3737-3744. https://doi.org/10.1039/C9TB00289H

Hamd-Ghadareh, S., Salimi, A., Fathi, F. and Bahrami, S. (2017) An Amplified Comparative Fluorescence Resonance
Energy Transfer Immunosensing of CA125 Tumor Marker and Ovarian Cancer Cells Using Green and Economic Car-
bon Dots for Bio-Applications in Labeling, Imaging and Sensing. Biosensors and Bioelectronics, 96, 308-316.
https://doi.org/10.1016/j.bios.2017.05.003

Zhang, J., Jia, H., Liu, W., Wang, J. and Fang, D. (2021) A Novel Dual-Excitation and Dual-Emission Fluorescent
Probe (CQDs-O-NBD) Based on Carbon Quantum Dots for Detection and Discrimination of Cys/Hcy and GSH/H,S in
Living Cells. Dyes and Pigments, 193, Article ID: 109554. https://doi.org/10.1016/j.dyepig.2021.109554

An, J.,, Chen, M., Hu, N., Hu, Y., Chen, R, Lyu, Y., Guo, W., Li, L. and Liu, Y. (2020) Carbon Dots-Based Dual-Emission
Ratiometric Fluorescence Sensor for Dopamine Detection. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 243, Article ID: 118804. https://doi.org/10.1016/j.saa.2020.118804

Liu, Q., Dong, Z., Hao, A., Guo, X. and Dong, W. (2021) Synthesis of Highly Fluorescent Carbon Dots as a Dual-Excitation
Rationmetric Fluorescent Probe for the Fast Detection of Chlorogenic Acid. Talanta, 221, Article ID: 121372.
https://doi.org/10.1016/j.talanta.2020.121372

Sidhu, J.S., Singh, A., Garg, N. and Singh, N. (2017) Carbon Dot Based, Naphthalimide Coupled FRET Pair for High-
ly Selective Ratiometric Detection of Thioredoxin Reductase and Cancer Screening. ACS Applied Materials & Inter-
faces, 9, 25847-25856. https://doi.org/10.1021/acsami.7b07046

Gao, M.X., Yang, L., Zheng, Y., Yang, X.X., Zou, H.Y., Han, J., Liu, Z.X,, Li, Y.F. and Huang, C.Z. (2017) “Click”
on Alkynylated Carbon Quantum Dots: An Efficient Surface Functionalization for Specific Biosensing and Bioimag-
ing. Chemistry: A European Journal, 23, 2171-2178. https://doi.org/10.1002/chem.201604963

Priyadarshini, E., Rawat, K., Prasad, T. and Bohidar, H.B. (2018) Antifungal Efficacy of Au@ Carbon Dots Nanocon-
jugates against Opportunistic Fungal Pathogen, Candida albicans. Colloids and Surfaces B: Biointerfaces, 163, 355-361.
https://doi.org/10.1016/j.colsurfb.2018.01.006

Rezaei, B., Hassani, Z., Shahshahanipour, M., Ensafi, A.A. and Mohammadnezhad, G. (2018) Application of Modified
Mesoporous Boehmite (Gamma-AIOOH) with Green Synthesis Carbon Quantum Dots for a Fabrication Biosensor to
Determine Trace Amounts of Doxorubicin. Luminescence, 33, 1377-1386. https://doi.org/10.1002/bi0.3558

Gao, D.G., Zhao, P., Lyu, B., Li, Y.J., Hou, Y.L. and Ma, J.Z. (2020) Carbon Quantum Dots Decorated on ZnO Nano-
particles: An Efficient Visible-Light Responsive Antibacterial Agents. Applied Organometallic Chemistry, 34, e5665.
https://doi.org/10.1002/a0c.5665

Zheng, D.W., Li, B., Li, C.X,, Fan, J.X,, Lei, Q., Li, C., Xu, Z.S. and Zhang, X.Z. (2016) Carbon-Dot-Decorated Car-
bon Nitride Nanoparticles for Enhanced Photodynamic Therapy against Hypoxic Tumor via Water Splitting. ACS Na-
no, 10, 8715-8722. https://doi.org/10.1021/acsnano.6b04156

Jiang, D.N., Ni, D.N., Liu, F., Zhang, L.Q., Liu, L.L. and Pu, X.Y. (2016) A Fluorescent Imaging Assay of Cast in
Renal Disease Based on Graphene Quantum Dots and FesO, Nanoparticles. Clinica Chimica Acta, 454, 94-101.
https://doi.org/10.1016/j.cca.2016.01.001

Yan, X., Song, Y., Zhu, C.Z., Song, J.H., Du, D., Su, X.G. and Lin, Y.H. (2016) Graphene Quantum Dot-MnO, Nano-
sheet Based Optical Sensing Platform: A Sensitive Fluorescence “Turn Off-On” Nanosensor for Glutathione Detection
and Intracellular Imaging. ACS Applied Materials & Interfaces, 8, 21990-21996.
https://doi.org/10.1021/acsami.6b05465

DOI: 10.12677/hjbm.2022.123020 172 AW


https://doi.org/10.12677/hjbm.2022.123020
https://doi.org/10.1039/c4tb00216d
https://doi.org/10.1039/C7NR03658B
https://doi.org/10.1002/adhm.201500720
https://doi.org/10.1007/s00604-019-3503-9
https://doi.org/10.1021/acs.analchem.6b03983
https://doi.org/10.1039/C9TB00289H
https://doi.org/10.1016/j.bios.2017.05.003
https://doi.org/10.1016/j.dyepig.2021.109554
https://doi.org/10.1016/j.saa.2020.118804
https://doi.org/10.1016/j.talanta.2020.121372
https://doi.org/10.1021/acsami.7b07046
https://doi.org/10.1002/chem.201604963
https://doi.org/10.1016/j.colsurfb.2018.01.006
https://doi.org/10.1002/bio.3558
https://doi.org/10.1002/aoc.5665
https://doi.org/10.1021/acsnano.6b04156
https://doi.org/10.1016/j.cca.2016.01.001
https://doi.org/10.1021/acsami.6b05465

FLIERN 45

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Cai, Q.Y Li, J,, Ge, J., Zhang, L., Hu, Y.L., Li, Z.H. and Qu, L.B. (2015) A Rapid Fluorescence “Switch-On” Assay
for Glutathione Detection by Using Carbon Dots-MnQO, Nanocomposites. Biosensors and Bioelectronics, 72, 31-36.
https://doi.org/10.1016/j.bios.2015.04.077

Li, L.B., Wang, C., Liu, K.Y., Wang, Y.H., Liu, K. and Lin, Y.Q. (2015) Hexagonal Cobalt Oxyhydroxide-Carbon
Dots Hybridized Surface: High Sensitive Fluorescence Turn-On Probe for Monitoring of Ascorbic Acid in Rat Brain
Following Brain Ischemia. Analytical Chemistry, 87, 3404-3411. https://doi.org/10.1021/ac5046609

Zhang, L.M., Qin, J., Yang, Q., Wei, S.Q. and Yang, R. (2019) Redox Modulated Fluorometric Sensing of Ascorbic
Acid by Using a Hybrid Material Composed of Carbon Dots and CoOOH Nanosheets. Microchimica Acta, 186, Article
No. 368. https://doi.org/10.1007/s00604-019-3483-9

Bao, Y.W., Hua, X.W., Li, Y.H., Jia, H.R. and Wu, F.G. (2018) Hyperthemia-Promoted Cytosolic and Nuclear Deli-
very of Copper/Carbon Quantum Dot-Crosslinked Nanosheets: Multimodal Imaging-Guided Photothermal Cancer
Therapy. ACS Applied Materials & Interfaces, 10, 1544-1555. https://doi.org/10.1021/acsami.7b15332

Zhuo, S.J.,, Gao, L.L., Zhang, P., Du, J.Y. and Zhu, C.Q. (2018) Living Cell Imaging and Sensing of Hydrogen Sulfide
Using High-Efficiency Fluorescent Cu-Doped Carbon Quantum Dots. New Journal of Chemistry, 42, 19659-19664.
https://doi.org/10.1039/C8NJ03654C

Zhang, D.D., Wen, L.W., Huang, R., Wang, H.H., Hu, X.L. and Xing, D. (2018) Mitochondrial Specific Photodynamic
Therapy by Rare-Earth Nanoparticles Mediated Near-Infrared Graphene Quantum Dots. Biomaterials, 153, 14-26.
https://doi.org/10.1016/j.biomaterials.2017.10.034

Wang, F.H., Bae, K., Huang, Z.W. and Xue, J.M. (2018) Two-Photon Graphene Quantum Dot Modified Gd,O3; Nano-
composites as a Dual-Mode MRI Contrast Agent and Cell Labelling Agent. Nanoscale, 10, 5642-5649.
https://doi.org/10.1039/C7NRO8068A

Han, C.P., Xu, H.T., Wang, R., Wang, K.Y., Dai, Y., Liu, Q., Guo, M.X., Li, JJ. and Xu, K. (2016) Synthesis of a
Multifunctional Manganese(l1)-Carbon Dots Hybrid and Its Application as an Efficient Magnetic-Fluorescent Imaging
Probe for Ovarian Cancer Cell Imaging. Journal of Materials Chemistry B, 4, 5798-5802.
https://doi.org/10.1039/C6TB01250G

Motaghi, H., Mehrgardi, M.A. and Bouvet, P. (2017) Carbon Dots-AS1411 Aptamer Nanoconjugate for Ultrasensitive
Spectrofluorometric Detection of Cancer Cells. Scientific Reports, 7, Article No. 10513.
https://doi.org/10.1038/s41598-017-11087-2

Liu, Q.L., Xu, S.H., Niu, C.X., Li, M.F., He, D.C,, Lu, Z.L., Ma, L., Na, N., Huang, F., Jiang, H. and Ouyang, J. (2015)
Distinguish Cancer Cells Based on Targeting Turn-On Fluorescence Imaging by Folate Functionalized Green Emitting
Carbon Dots. Biosensors and Bioelectronics, 64, 119-125. https://doi.org/10.1016/j.bios.2014.08.052

Dong, J., Wang, K.Q., Sun, L.P., Sun, B.L., Yang, M.F., Chen, H.Y., Wang, Y., Sun, J.Y. and Dong, L.F. (2018) Ap-
plication of Graphene Quantum Dots for Simultaneous Fluorescence Imaging and Tumor-Targeted Drug Delivery.
Sensors and Actuators B: Chemical, 256, 616-623. https://doi.org/10.1016/j.snb.2017.09.200

Kuo, W.S., Shao, Y.T., Huang, K.S., Chou, T.M. and Yang, C.H. (2018) Antimicrobial Amino-Functionalized Nitro-
gen-Doped Graphene Quantum Dots for Eliminating Multidrug-Resistant Species in Dual-Modality Photodynamic
Therapy and Bioimaging under Two-Photon Excitation. ACS Applied Materials & Interfaces, 10, 14438-14446.
https://doi.org/10.1021/acsami.8h01429

Liu, R.J., Zhang, L.L., Zhao, J.J., Luo, Z.H., Huang, Y. and Zhao, S.L. (2018) Aptamer and IR820 Dual-Functionalized
Carbon Dots for Targeted Cancer Therapy against Hypoxic Tumors Based on an 808 nm Laser-Triggered Three-Pathway
Strategy. Advances in Therapy, 1, Article ID: 1800041. https://doi.org/10.1002/adtp.201800041

Jaleel, J.A., Ashraf, S.M., Rathinasamy, K. and Pramod, K. (2019) Carbon Dot Festooned and Surface Passivated
Graphene-Reinforced Chitosan Construct for Tumor-Targeted Delivery of TNF-Alpha Gene. International Journal of
Biological Macromolecules, 127, 628-636. https://doi.org/10.1016/j.ijbiomac.2019.01.174

Zeng, Q.H., Shao, D., He, X., Ren, Z2.Y., Ji, W.Y., Shan, C.X., Qu, S.N., Li, J., Chen, L. and Li, Q. (2016) Carbon Dots
as a Trackable Drug Delivery Carrier for Localized Cancer Therapy in Vivo. Journal of Materials Chemistry B, 4,
5119-5126. https://doi.org/10.1039/C6TB01259K

Peng, X., Wang, R., Wang, T.J., Yang, W.N., Wang, H., Gu, W. and Ye, L. (2018) Carbon Dots/Prussian Blue Satel-
lite/Core Nanocomposites for Optical Imaging and Photothermal Therapy. ACS Applied Materials & Interfaces, 10,
1084-1092. https://doi.org/10.1021/acsami.7b14972

Wang, L.Q., Wang, X.Y., Bhirde, A., Cao, J.B., Zeng, Y., Huang, X.L., Sun, Y.P., Liu, G. and Chen, X.Y. (2014)
Carbon-Dot-Based Two-Photon Visible Nanocarriers for Safe and Highly Efficient Delivery of siRNA and DNA. Ad-
vanced Healthcare Materials, 3, 1203-1209. https://doi.org/10.1002/adhm.201300611

Zhou, J., Deng, W.W., Wang, Y., Cao, X., Chen, J.J., Wang, Q., Xu, W.Q., Du, P., Yu, Q.T., Chen, J.X., Spector, M.,
Yu, J.N. and Xu, X.M. (2016) Cationic Carbon Quantum Dots Derived from Alginate for Gene Delivery: One-Step

DOI: 10.12677/hjbm.2022.123020 173 AW


https://doi.org/10.12677/hjbm.2022.123020
https://doi.org/10.1016/j.bios.2015.04.077
https://doi.org/10.1021/ac5046609
https://doi.org/10.1007/s00604-019-3483-9
https://doi.org/10.1021/acsami.7b15332
https://doi.org/10.1039/C8NJ03654C
https://doi.org/10.1016/j.biomaterials.2017.10.034
https://doi.org/10.1039/C7NR08068A
https://doi.org/10.1039/C6TB01250G
https://doi.org/10.1038/s41598-017-11087-2
https://doi.org/10.1016/j.bios.2014.08.052
https://doi.org/10.1016/j.snb.2017.09.200
https://doi.org/10.1021/acsami.8b01429
https://doi.org/10.1002/adtp.201800041
https://doi.org/10.1016/j.ijbiomac.2019.01.174
https://doi.org/10.1039/C6TB01259K
https://doi.org/10.1021/acsami.7b14972
https://doi.org/10.1002/adhm.201300611

FLIERN 45

Synthesis and Cellular Uptake. Acta Biomaterialia, 42, 209-219. https://doi.org/10.1016/j.actbio.2016.06.021

[52] Khan, M.S., Pandey, S., Abou, T., Bhaisare, M.L. and Wu, H.F. (2015) Controlled Delivery of Dopamine Hydrochlo-
ride Using Surface Modified Carbon Dots for Neuro Diseases. Colloids and Surfaces B: Biointerfaces, 134, 140-146.
https://doi.org/10.1016/j.colsurfb.2015.06.006

[53] Ghosh, S., Ghosal, K., Mohammad, S.A. and Sarkar, K. (2019) Dendrimer Functionalized Carbon Quantum Dot for
Selective Detection of Breast Cancer and Gene Therapy. Chemical Engineering Journal, 373, 468-484.
https://doi.org/10.1016/j.cej.2019.05.023

[54] Wang, H., Mukherjee, S., Ji, J.H., Banerjee, P., Chen, Q.W. and Zhou, S.Q. (2017) Biocompatible Chitosan-Carbon
Dot Hybrid Nanogels for NIR-Imaging-Guided Synergistic Photothermal-Chemo Therapy. ACS Applied Materials &
Interfaces, 9, 18639-18649. https://doi.org/10.1021/acsami.7b06062

DOI: 10.12677/hjbm.2022.123020 174 W=


https://doi.org/10.12677/hjbm.2022.123020
https://doi.org/10.1016/j.actbio.2016.06.021
https://doi.org/10.1016/j.colsurfb.2015.06.006
https://doi.org/10.1016/j.cej.2019.05.023
https://doi.org/10.1021/acsami.7b06062

	用于生物医学的碳量子点的表面改性研究进展
	摘  要
	关键词
	Research Progress on Surface Modification of Carbon Quantum Dots for Biomedicine
	Abstract
	Keywords
	1. 引言
	2. 碳量子点表面功能基团设计及应用
	2.1. 基于原料的功能基团设计
	2.2. 基于化学反应的功能基团设计
	2.3. 基于无机物的复合杂化
	2.4. 基于物理、化学的综合性方法

	3. 结语与展望
	基金项目
	参考文献

