%634 552 R 2 (B2 ) Vol. 68 No. 2
2022 44 H J. Wuhan Univ. (Nat. Sci. Ed. ) Apr. 2022,113~122

DOI: 10. 14188/j. 1671-8836. 2021. 0304

ATHREBERAKRNNRE F R R R HARHER

I, e
1. B XkF MM FE IREFR/ DA% EH é%r}ﬂ%ﬁﬁjﬁi FIE,HA KX 430062;
2. REFEILKRSF FFR/pEREAEILERE L , X & 300387

Wk HE: 2021-11-02 Tl {EHE R A E-mail: yiliuchem@whu. edu. cn
BT EH K A AR 4 (22073025, 21603067)
VE# A VFF5m, 55 Wt B 2z, 30D 18T ) A ) B 27 43 BT R B it 7 S A £ . E-muail: zigiang. xu@hubu. edu. cn

OE RGN E M TR R A R (AR 2 A M SR BT M IR IR TS e . B AR A R B
AR 2 B ILIS PRGBS TN X T A R S R A R X B TR B S RO UOBIERE AT IR AY RS I O e i A= A
ARk LA R K 2 DR E P, AT T T A R B AR 2GR i SO IR B o AR SCIRTEE B U T e T R SOL BB T T AR 2 A I A B R
P RGO T BT AR T GUORTURL A LA R PR BB T UG IR SN, O X A 5 PR e 2 A I v (1 AT T
SRR . ARSORA B TRMIT TAR & & BB RE 00 9 i i T s SEOBIRBHTT T 5% B AR 25 450

X OB W BT AR GRRI PO RET

FESES: 0649.4 LEARERS A XEHS :1671-8836(2022)02-0113-10

Research Progress of Carbon Quantum Dots Fluorescent Probes for the
Detection of Pesticide Residues

XU Zigiang', LIU Yi’'

1. Ministry-of-Education Key Laboratory for the Green Preparation and Application of Functional Materials/School of Materials
Science &. Engineering, Hubei University, Wuhan 430062, Hubei, China;

2. State Key Laboratory of Separation Membrane and Membrane Process/School of Chemistry, Tiangong University, Tianjin
300387, China

Abstract: The widespread application of chemical pesticides has promoted the significant increase of grain crop yield, while its
abuse has resulted in serious environmental pollution. Herein, the real-time and rapid detection of pesticide residues in agricultural
products is of great significance for global food and environmental safety. Carbon quantum dots possess excellent fluorescence
properties, adjustable emission wavelength, excellent biocompatibility and significant optical stability, which can be used to
construct fluorescent probes for the detection of residual pesticides. This review briefly expounds the advantages of carbon quantum
dots based fluorescent probe for pesticide detection, systematically analyzes the construction strategies of carbon quantum dots
based fluorescent probe for residual pesticide detection via metal ions, nanoparticles, various enzymes and various antibodies, and
its application in residual pesticide detection has been summarized and prospected. The conclusion of this paper will favor for
researchers to reasonably design more excellent carbon quantum dots based fluorescent probes for residual pesticide detection.
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Fig.1 Schematic illustration of the detection of Hg*" and thiophanate methyl by CDs

2.2 ETFHRBKA CDs AT

Y K R S 45 R SHFE 1~100 nm Z (8] ) — Fh 48
IR B MR O L RE SR R . BR CDs
Ah R AT A R OK BURL (98K & 9K
BR) Bt AN oK A R S TE AR 2 K R TR B
FEH TR AL R 2B 9K BORE 4 AR AE
AT DA T2 AL i AR ) | P T e A v A ) 2 A
TEPE M S S B G IR ER o 9ok UKL A] LUAE
h CDs [ 28 G 1S 5 51 B e SR ARG SR IS -

R 18 94 2K UKL T LAY R VK CDs 9201
wn] LU 2 FOAS [\ i A 245 40 B L i CDs B9 5t
WA . Wang 55 & B EEATE CDs 28 67T L il
ik A 3k U 280 A B A K BORL (A g NPs) VK, 1
JB (glyphosate ) A] LAi75 5 # 44 K JUk () 2R 42, fi CDs
1Y 5 MRS, 8 L AR 1 Xof 4 B T %) S A

[18]

Tk (B 2) o TERAESR AT T R H B 2 A
M B~ 0.025~2. 500 pg/mL, & H R & 12 ng/
mL . Sajwan %5 [ £ 3L F 4 99K R (Au NPs) Xf
CDs 1 N o 38 &0, # i 7 — bk | 52 5 HL & i
FRD ARG B Kl ) AR SO £ o BEAE CDs BN,
YR ORI D piE S N kA R AR
CDs #9701 VA K 5 T Bl A5 3 KB A, 48 40 K
R 3E i Au—N B Au—S 5 i K Bk A A B
YER  7E CDs 5 4 94 2K ks 2 (8] JE 15— i A2
IRl 58 T 4 4 K UKL 1 9 3 B EORE , ff CDs % 6 4k
5o TR AR YT L 3. 8~76. 0 pg/L, K
R 3.02 pg/L.

oAb 4 oK UKLt T LAAE N CDs £ R G Y
15 o Y SR N) , ARAS B B 2O I R U . X AE
o 3 5 AT BE R IR T 4 Jm 4 K WURL B ST 1Y JR) S8R 37 1Y



116 DR A2 (B2 i) 95 68 %
M
w " o b ® s
() n 0
e o M hid N o
¢ o ® > 0N e - * 5 n* °
%) ° i
o ° e
(] ™ ) PS
\:
o (&) &) &y m
Normal Quenched Dispersed Aggregated Glyphosate IFE
CDs Ag NPs

K2 3T Ag NPsXt CDs Y P ik 38 500 #0955 H I 9 6 6 =
Fig. 2 Fluorescent detection of glyphosate based on the IFE of Ag NPs on the CDs™*"

SR AR, BV Ao IR R S A A e ) e TR A
S A R RR G RN, 3K RN G FR Ry 4 S o
% Jt (metal-enhanced fluorescence, MEF ) & i '*,
T, Jiménez-Lopez 55 I H] f1 8 M & 7 25 (gra-
phene quantum dots, GQDs) LA K > i % 2 £ 2% i 4R
G ORLAY HE T — b T R BRI Y 2 BT
T GQDs 5 4R 44 K JokL 2% 1H 19 55 85 TR A /EH
T B 9 K UREL i S 0 U 4 D R e I T S i 3
S, T T TR i A BB VR K GQDs— R 40 K kL 2 A
FR YW 5Ot DT S B B R 00 R BRI A
FRAKZ 9 ng/mL. SR MEF &0 i MLl E % & 4%,
H B #r MEF 20 i AL 2 1 S 35 0, BRI T 25T
MEF kK CDs B9 R it IF & o 9t LR fg
R (FRET ) R0 A2 — > AR 56 5 19 B8 2 5 7 1

2, F 2 A/ Z AR o Z R B AR A EAE
W R i MRS G 53 15 b 25 B IT 1Y 32 14 43 1, fii it
TR DGR B B e 32 AR5 e R, g
FIH CdTe it F i (BB 32K M CDs(fg i i 14 ) 14
T AL T FRET 800 (1 28 6485 (&1 3) T LA
T Bk b RS I 2% & % (chlortoluron) o 7F SE 55
L E SR AR CDs 8] CdTe & 1 S 2O IR fig
e ffi CdTe i TS 2 JEHG 38 | Rl BF CDs 1998 0 B
VER R Fa S CdTe & 7 4 2 [\ B9 A 5.5
JIHEsR BT DAR G Sf 22 BE A, Cd Te &2 F 51 23
BV T CDs M2 Gl 2 B 3% o 78 fe A 50 50 2%
T IR AR 24 B 42 A S [ Dy 0. 24~85.00
nmol/L, & HiBR >~ 0. 078 nmol/L, % WL i) BH 25 1 A B
B AN IZ AR 24 B ARG I 3 T

FRET FRET
- B! hy \’
o & "4 h
VY
® — Q"
<
* CdTe . CDs 4 Chlortoluron + Suppression

K3 4R CdTe-CDs & & 123K
Fig.3 Fluorescence quenching of CdTe-CDs system by chlortoluron®®”

2.3 ETFTXRABH CDs %I

R SR Tl S — T EL A R A Ak 2 e 0 4 S Tk AR
F L ER N JC B B EE ACAF AT LA ey A5 b A b 45 Fob
A=Ak R T A AR RS A EL AT AR iR A
Sk DRI BE T 04 A ) 1 TR AE S BT ST 5] T
IR SRR S R T AR BR R 2 R A B T Y
CDs ZJEHEN b, A7 W Ah 3 22 A9 R I AL - 1) 44
BL, BP Ae 24 38 3k BE U8 1 A9 3% k57 a5 910 ) il 1 9

P, T & DEGAR 5 W 5 2) AR HLE], B LAk 25
VR Ay il 5S40, 5% o) A A ot R 3 R R 2O 1 S
M 37 o L, 3 I R ML A CDs 28 YR B A
i Ay BT R I R A ) T AR .

JIE % Wi B (cholinesterase, ChE) 42 3% Z. Bk I B
fis B (AChE) X T [ iR 5 5 B (BChE) , /& 47 L 8%
e U H IR R A 2 0 I e e e R e
fitg o A WL S A R E B C ONLO LS A LY



£ 2]

VTR A T 5k B AR 25 A6 T B Bk B T R O IRET WS it 117

TR I B, T L o 2 A S g T AL T R Y 22 %
PR B B Tl R Al 1ty IEL TR T 12 1 IV 4 1 K fie
LA B A1 il A LBk 9 182 o, i A CRE R mT LA B 4
b5 Ellman 1857 | < J@ B 1 K 5t 4 J8 94 K 0B AR 1
YERT, I B4 /18] 42 Mo 94 45 55 CDs 9 A0 B AE .
TE T A T 5% B A 254 T A T CDs B JIE el 75 it
149 43 A SR g e A AT B 0 42 17 SR ek A A 245 4 T v
HA 8w i A

T &R T (I Ce® A ) H5HEE(—SH) Z
] EL AT 5o B 2 A A, DRt < s B T LA S AR AR

ET(>
o *

. CDs * cu?

@vvww s . n

O Cu'

B B SR  BE 5 4, T AR B AR 24 I B CDs 5%
JEHEF 9 H H. Hou 5572/ T Cu® 5 CDs Y
RARME T — M T BB (dichlorvos ) K il Y %
JEERER (B 4) o B 5 CDs BYZEE T KLk Cu® g1k
MoK 5 SR J5 L 24 AChE K 87 AR 2 Mt AH B A7 75 1
AChE i A a7 AR £ 1 AR 80K ffé , T2 b A X IE Rt , 3 ik
BACAR AR 5 Cu®" Z 8] B 58 1 26 AL ), i CDs 5658
AL . 245 AChE B0 i 57) (BB ) F7 72/, AChE
To A A BN 2 T BB A K i, B CDs 59 926 IR 1
PEICIR S, AT 552 BN ORI A9 A N

.

S

Q

em wn=n M

|
@vvwvv st sadl
HS/\/ N\

B4 T Cu™" K ACE i T B A CDs 5Ot
Fig.4 Fluorescent probe for dichlorvos detection based on Cu*” and AChE
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