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Abstract; Ratiometric fluorescence sensors have shown great application potential in fields of food
safety , metal ion detection, environmental pollution analysis, etc, due to its strong anti-interference
ability and high sensitivity. As a new fluorescent material, carbon dots (CDs) have excellent photo-
luminescence property and low toxicity and the surface is easy to be functionalized, which have be-
come a good choice to build ratiometic fluorescent sensor. In this paper, the recent research progres-
ses of CDs-based ratiometric fluorescence sensor in the detection field are reviewed, and the fluores-
cence mechanism of carbon dots is mainly outlined. The CDs-based ratiometric fluorescence sensors
are classified and summarized based on different applications of carbon dots. Finally, the difficulties
and problems to be overcome in this field are put forward, and the development direction of the ap-

plication of CDs-based ratiometric fluorescence sensor for analytic detection is prospected.
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Fig. 1  Fluorescence emission of CD-borax system at different

temperatures

Li S0 38 5 K P i 4% CDs, 1AL 2 TR
1E Tk RH B 5 1 ( Acetylcholinesterase , AChE ) A9
AL, Z R AH ( Acetylthiocholine , ATCh) 1] 7K
figt A BAC LA ( Thiocholine , TCh) , 12 5 B fih % H
B4R 2-f8 FE 28 B R ( 2-nitrobenzoic acid, DTNB)
ok I R @S- AR 26 B8 HT R (5-thio-2-
nitrobenzoic acid, TNBA) ., TNBA A] LA &S K
CDs 9 2¢ ), 11 A7 HIL % 4 25 ( Organophosphorous
pesticides, OPs) fJ M A 2xBHWr AChE #9714, &
F CDs PG YIRS, AT 52 BEXT OPs (14 P 45
KRR R 0. 4 ng/mL, AT [ B HAEOEHE K
PR A58 T AFAERURAFEAE AChE B CDs/DTNB/
ATCh F 4t ()5 ) 75 fiv, W98 & B, CDs/DTNB/
ATCh/AChE £ % 1 2% 5t 7% fiv [ CDs/DTNB/
ATCh 4 2 1Y 256 73 i i, B0 W1 2 3h A8 0 K 445
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FERAE IR 3G o i — 20U B A T 38K

AN, Wang AL R A N R i — A K



582 ko ¥ M #4186
CDs . .
DTNB,Colorless High fluorescence
0 CH, CH,
I .CH; ‘/\/ll\]((‘H“
CHRJ\S/\’N‘CHz 3 CHs SPEET
-] N
&2 "
CDs - P
OPs-
-

Low fluorescence

El2  OPs & HLEE R & K

Fig.2  Schematic representation of OPs detection

Pkl g T KT R I A #B8 4% CDs (NCDs)
MnO*~ 1] LUf# NCDs 175 & A8 K, M 52 31
X} MnO* ™ BB , A FR > 0. 15 wmol /L, 1%
BRET B RN I T S92 Bk R AR MnO* ~ fé i
. WFFEEPL, 1% NCDs (7585 7 firfifi % MnO*~
VAR 8 DR P S k) 1T 5 A7 T DL IR AL 1 )
FARZ HIZ ] JE KA T s,
3.2.2 #HAEBERXR

CDs F RN Z [RIAH E AR FIE W5 TG 9 6 10 3
DAY HAE CDs T K B BRG PR N i A5
R EASHERA LU R, I KR AFAERT , CDs
AT FF i LT AN 5 LA 4 A WK BT -3
CDs 5840 nT WL IR 14 A8 4k 5 B 1) T v 2 B
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Chen 25 PR ADKIGE S % TSR AN E B
%% CDs(NCDs ) , I K 18 21 €0 5 b e BHR ik £ 4
( Ethidium bromide , EB)/E N 6Z %555 AF]
Ak &, H B N-CDs/EB %8 GG & 2%, T
NCDs R 11 1F L faf (4 7 28038 A AT DL i # i A
FH RV B 5 7 0 H far 1) 4 380 B il iR ( Pexfluo-
rooctane sulfonic acid, PFOS) Jz i , 53 CDs %<
WK, HIEE PFOS R IEZ R3S fin, N-CDs/EB %
J A% IR AR B PR A 0RO R € A DU BRAIK &=
27.8 nmol/L, BRI 7] H F /K #E f PFOS A A
h T fERE PFOS ZEEHE R ML, 43 HIXTA JC PROS
FETERT N-CDs 1Y 2% A th &k AT A5, RS
KIL,MA PFOS Hij (15. 33 ns) 5 A PFOS J&
(15.15 ns) , I HFan A W W F B, R LIA A
PFOS X N-CDs 2 HE R TSR

BEAN, Xu 25T AP ZE AR TR, R K $k i
# T OGRS CDs, #7585 077 76 ] LAk £

PEHIE K CDs 19986, T CDs %€ 't 5 JE i R AR
HF57E 0. 25 ~32. 50 wmol/L YLk V0 Bl P 1l
FEEEH A T BE 1% T B T M T R s
A RE i TP BRI o F T L IR K B
T A T v T U /N AT 3 S T A 0 BT B, I
BT RS,

3.2.3 FRET

FRET /248 2L IR A% i g i LR Rl g it A7
RZ R & RE R L RS 1 1L B, BEIR S o0 T K
RASPAT RIS i L2 R0 & o, [Fi
BRSO T A B 2GR B, HAR A
HEIR ST 1D B S 65 A2 A 531 BV R 1Y)
WSO TS 2 ) 22— MG S, HALA
O3 T S5HERGR 2 [6] 9 BE 2 A 25 R 983, — B 7 ~
10 nm,

Liu 5930 5o #0546 T A HURE D BE 1L
CDs B H 5 A bk E 1) CdSe it ¥ 251 ( CdSe
@ Si0, ) it Si—O FE ALK, Hil 848 T 9%k
#% CdSe@ Si0,/CDs,, 38 13 faf B Y 7% Jic -k i 3
HI ,%Lﬁ:}‘% Eﬂﬁjé‘éé%( Molecularly imprinted
polymer , MIP) J2 [t 5 71 2% B b, il 48 1
S TENE B A CdSe@ Si0,/CDs/MIP, [ 3
JiiR, BT AE R 52 R B9 4-5% 3% 2K 8 (4-Nitrophe-
nol ,4-NP) (W 1% 515 S i1 /) CDs 1 & 5
Yei 2z Al EE & AN CDs Ml 4-NP ZJa] KA T
FRET i 2, {1115 CDs MY A2OEHEK Mz ik &
H CdSe@ Si0, A2 B PRAFA XA AR | DT 5K
P 4-NP e B i) PR s 4G I, A I BR A 0. 026
pg/mL,

Li % 5 KA A B T FIB 2 NS 6
KNI CDs(N,S-CDs) , H-FIFHH 544 % B2
A FRET (R FR , @Sy 1 BEAG I 25 2 £ rp 4
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Fig.3 UV-visible absorption spectrum of 4-NP and fluores-

cence emission spectrum of CDs

AR B2 EHRETIE IR 5.0 x 10 7 mol/L,
BT AE A AR R N S-CDs /9 & 5 Y61 5 37 R 4k
AR B2 OGS A AR 4 S, H B E 4t
A% B2 IIIA, N, S-CDs BYZ GBI K, i
e 2 B2 WO BB W K IEW] N, S-CDs
M4EA 3R B2 Z W &4 T FRET i3,

Mao 26 R T —Fh 3L T CDs BUPE M9k
ZALEALB I Fe,0, @ Au REVEAN K E &4 K
() FRET fr AR 2 | 665 0 20 Bie iy ke, DA s
EEZ LA AL R I Y CDs 1E b itk 43
Fe,0,@ Au MUK A MBI LIAE R 321k
o R B E AN MER-, Y Fe,0,@
Au BEVERK S S MBHEIR CDs I, i T R4 T
FRET, CDs B9 K& S 2] Fe,0,@ Au B
YK MR E IR K K INBR > 70 pmol/L,
AT WA R A7 25 2 W A
3.2.4 IFE

IFE S48 47 A 7E RE 6 5T Y I8
RICEAIGC P BT | R R 2 58 £ 2 0
KIS, IFE i FEA DLT FF A CDs B9 A Ot
T A SO 5 R DGR B WO & 7RI
AR L R BT, PRI CDs IR SO 1% A
7R | H CDs FIZEeH AL

Dong %38 1 /K 5 A BHE CDs, IEF
HMR 1 AL Wl ( Horseradish peroxidase , HRP) 4
3,3, 5, 5'-IHRER (3, 37, 5, 5'-tet-ram-
ethylbenzidine , TMB ) A R 4 1G85 TMBbox
T TMBox FIBIOLTE 5 CDs B LA LT
HE,INRHKA T IFE, ffifF CDs 20K, HAs
DRE R 0. 02 ng/mL, © 8By Hi iz FH 45 0 % 4
Wik % ( Amantadine , AMD) 3% B & . WK 4 P,

X} CDs TEZGHE K Z Hif (£144,5. 19 ns) FIZ )5
(H,5. 11 ns) WFENFEAr AT R, ER] TM-
Box UAFTERT CDs 2 CFFar Lz, 38 2ok U8
¥ CDs 5HEIGR 4385, 23 CDs K B 26K
B, RUAFEIEZO R AW A B, i — 25 B
T CDs MO K2 & T IFE By
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Fig. 4 Fluorescence lifetime of CDs before and after the

quenching caused by IFE

AN, Wang 557 Fi] FH k6 il Bh — A0 A it
MEFEH 5 CDs, HUOGREDHE T IFE RN
KA (Silver nanoparticles, AgNPs ) #4115 H
A AE T LU S AgNPs 19 AR, NI S 305 K
CDs B9 IR E . LT CDs 5 AgNPs Z ] )
IFE (& FR | K BRAE 2 12 ng/mL, iZ kB HFA
WA i b R JRE A AG

4 EAM CDs FHRAERE

Wi 1 s AR 45 CDs fHTE LR, K %
R CDs DAL BRERAEAS I S A 0 FH 43 P2 5
— MU AR RIS RS CDs #EA TR, 55 —
Pt CDs HHANZ Rk FHAE AR E A4 it
(i ol TETE 5 I PO S T e 26
4.1 {XH CDs

U CDs A I AT LAAT 20k 50 5 HAh 28t &
SHAG AR E A HREFRT, AT RETS 21X CDs #E 47
RIEEM , 5 BT EE A0 5y B A b S0 B 1
SCY TR B FERTSEIE PR, RIS AR
FH CDs il () b 6 B S0AR A HAT oy BB
FEp=9"as
4.1.1 MR A CDs HATHM

A CDs AN I 8 el W A 2 't e 5
1Y) CDs HEATAIN , A —Fp a5t CDs 1Y A 5 U
VERDO I NAE S, 51 —MERSEE S,
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Tab.1 Research progress on detection of CDs-based ratiometric fluorescence sensor
2% CDs i HHIEN L R AR ET ivalllE7] oz AL 3R KRR %0k
b-CDs/r-CDs Cu?* EEF R 25 nmol/L [12]
Wﬁ:?zjlﬁ MIPs@ rCDs/bCDs@ SiO, MU E . 1.19 nmol/L.  [47]
Ds
Cu®* -BYCDs@ ZIF-8 A K HFH TR 0.90 nmol/L.  [48]
L H
b MRS CDs AR FR IR IFE 2 nmol/L [49]
S
ENTEAS 2] AR A 94 nmol/L,
W CDs B FRET, % & T-AL ARl e 150
CDs pH 1.5~5.0
Z K4 CDs IR - 5~85C [51]
NO, AL a5
QDs/CDs NO, ) 19 nmol/L [52]
SR B E T
CuNCs 55/t
; ; . 3
CDs 1/Ej7 CuNCs/CDs Ay e 1 R L CaS 4.3 nmol/L [34]
2%(55
GSH/DTT-QDs/CD! As(II) TR GSH/DTT 5%x107° [53]
v ’ BT RS )
Eu-CDs EIE2 ,6- " FRAR fic A 5 nmol/L [54]
CDs 1N . ~ N -
- CDs-CdTe@ SiO, He( 1) Bl KFNER SR 0.47 nmol/L [2]
DIVE RS
CDs/CuNCs Z M BT 32 nmol/L [55]
CDs fEH B Y AR C IS
gk R FRAEWILMEEE CDs ) FRET 10 nmol/L [56]
i3 okl GA-CDs Cu?* FRET 0.21 pmol/L  [57]
BT D I XU L et LOmyml, (20
N 7 Bh A .
CDs fEy 10, FPKALIRTE " r/ml [21]
W 2 E it
BCDs-Eu/CMP-cit M E IFE 8 nmol/L [58]
NCDs-RhB@ COF Hg?* B AEH 15.9 nmol/L.  [59]

Liu 45170 43 51l 58 28 /K #4051 45 7 3 4 CDs
(b-CDs) FIZT 8, CDs (r-CDs) , JF-¥ W F CDs LA
71 PEGIREEIR G, H UL S AR & . an
K5 P, B Cu® BT, 722 T ME (4 31 18
CLLERESRIO A, HTH M r-CDs %

600 . R=0998 6!
500 "
e "
& 400 v
>
=z | ‘ 0 50100150 200
§ 300 T(SJO Cu*/(nmol - L)
2 175
| ) \ 200
100 |/~ NN 225
Z(, S Ny 250
0 ‘ \/\

T I | e
400 450 500 550 600 650 700 750
A/nm
K5 8T AR B SR ET Y 91
Fig.5 Fluorescence spectra of the ratiometric probe with the

addition of Cu**

THT 5% B8 6 R A A4S A Cu® |, 7E 400 ~ 640
nm Z 8] A —FR ZU ) Al L i, RIECS b-CDs
MR GTIEES NN KA T FRET of 88, ffi i (2¢
eI 55—, B /NAY b-CDs 3 Cu®*
Y ALBC A A FH I B 74 K B r-CDs B3R T | 4F
SE IS RE LT LA b-CDs 5482 %) r-CDs I, iF
MK T b-CDs W%, X MRHLE T Fie
HIERERE B GRS, (1 b-CDs BYZEEHE K, 1M 1-CDS
SOEAN S NG-8- 2 1 IS5 =W S0E =23 ] O ol
PRAK % 25 nmol/L,

Liu 25170 DU G S i U, SR A [6) 11 35 771
AL ¢ T PIAP B CDs, B A5 6 E 5
CDs(bCDs) fZEFE Si0, THERZICSHAE S, b
1k bCDs 5 PUFR ZE (Tetracycline, TC) A B % AH &
YERT . FFILLEA5OE & 5 CDs (1CDs) /E e i AF
S AT ELRREYE T Mg T ST e
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R NAL RS (MIPs@ rCDs/bCDs@ Si0, ) ., K&
TC AN, 1CDs 28 R K, 1 bCDs Y
PENARFEAE | B R 55 6 21 15 10 56 B 648
Ak, KBRS 1. 19 nmol/L, & B30 18 FH T 24 Hb 7]
JKFTE K TC SR piE
4.1.2 AAE% K4 CDs #ATHM

A2 R R A8 i £ ) CDs R ] g &
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