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Abstract: Tetracycline (TC), as a widely used broad-spectrum antibiotic, tends to persist in environmental water
bodies, posing potential ecological and health risks. Therefore, it is of great significance to develop a rapid, sensi-
tive detection method suitable for complex systems. In this paper, L-cysteine was used as the sole precursor to pre-
pare nitrogen and sulfur co-doped carbon dots (Cys-CDs) via a one-step hydrothermal method, and these Cys-CDs
were utilized for the fluorescence detection of TC. The results indicated that the obtained Cys-CDs exhibited stable
emission at 475 nm and possessed good excitation independence characteristics. In TC detection, the fluorescence of
Cys-CDs was significantly quenched by TC, and the fluorescence quenching efficiency showed a good linear relation-
ship with TC concentration within the range of 0—100 wmol/L, with a detection limit of 0. 29 pmol/L. The quenching
mechanism of TC on Cys-CDs was analyzed through UV-visible absorption spectroscopy and fluorescence lifetime
analysis. The results demonstrate that Cys-CDs can serve as a simple, sensitive, and practically applicable fluores-

cent probe for the rapid detection of tetracycline in environmental water samples.
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VU3 &K (Tetracycline, TC)J&— 250 H i1z 1)
JUIREBUAE R E B WO IE K IR G IR IR T A
A EEHEY, B hFHMAHE L 5
TR A, R e o AU B % i 09 TC 5 5 Bl
HERCHE A KR TN L R 8, I i — 20 3 R 2
FRE o KW R T ALK & TC AN AT BB 15 S it 24
DAPR I 77 A, 3 25 5 7K A A 285 1 B N R fidt B Y
eV AE KU DR, S — Al R L A AR
A HiE HF R ZOKFER TCRI J7 ik, B HEMW
TS558 W 00 5 SO S s 1o FH (B S0 A T T B
BEORAE B M T T e AR A, AL A AT RO B 53 A
i R A A 3B A A A K DA R B
Iy Pl O A A HE 2 A B 1 7 2R

Bk 55 (Carbon dots, CDs ) i — 2881 24 i 5 4
BREE DGR BB, BA il 4 1 8 K i PR g AR
YRR 25 B ROk e Ve DL KR T 5 T Y g
LA 7 N R R IS e 1 1 SN - o 1B
355 43 B 45 Bl B T R T S I R A
A T T, CDs A3 ) 2% 18 e A1 B A% 45 4
AR T B A R 45, S B H AR 3 B SR A
5 PR RN Sy R R B SR B )
PR RMA R, SR, CDs 9 & AT S 5 T BR A
ARG R A DDA DG AT SR IR CDs 5 i R
FM A A= R G 0 43 BB R AR K S ]
SN R, IXFE— 8 BT BI85 1 HE A
G5 RRE PER S S aT SEPE" iy e w] WL, G fef 3@
I A SRR Ay BT 5 2% R R R RS K AT O
FeE TR PR B T 2E Y CDs MR, A5 8R 2 32 45
(A O TE R BIF5E 07 1]

JUAE T A T 38 2ok 22 1 BR A4 B I B8 48 M R
WA EE CDs JH T TC A I, I 7E R 8 sl £61% J7
T AT — 5 i e (BT AR AE & UK 2R 0 % RO
AN DA B A K ML YA JE A [A)8, 3 AE
— B BRI T AR SE PR & 4y B i
AL R, R — B G BT RO AR E HLAL
P BT 1 CDs R R, 4 F 32 T 28 48 o7 ik iy ]
SEVEEAEEE L BT, AR EE R
JE JRT A AN 5 45 A8 B L= e 24 R ol R — Fi SR A
W — K I T A B L 48 2% CDs (Cys-
CDs) . M T A TAE, A58 R A — 2
i T 3K 4% 52 BLJE B ) A B Cys-CDs, I 32 3L A2

SE R R M S R SRR L AR T B HLRA R
LR AL RHAE , JF HA 08 % 1 % 58 CDs Hh % 38 A7
TE 9 30 5 MO IRD R, A R 4R e o A 00 114 ]
P s b — 20 M, 8 TC AR I H 52 BE 1 B A A A 1 R
(0. 29 wmol/L) FIAL 58 (Y L V3 [, 6 B0 1 R4 1)
I3 PERE , [R] I 0 LA K AL BEAT T R GERT .
RS A e 2 4 ) 5 LM BB GE B9 CDs 9B K
FHERUE TR A S

2 % I

2.1 EWHMmENE

S rp s P Y 2 N LR AR (98% ) |
PR 2 (96%) \Na,CO5(AR) \KCI(99. 5%) . CaCl,
2H,0 (99%) . MgCl,+ 6H,0 (98%) | AlCl;(99%) . Cu-
Cl,*2H,0 (AR) . HgCl, (AR) . MnSO, (AR) | NiCl,
(AR) .PbBr, (AR) . NaHCO; (AR) . 1> &2 (>
98%) . JK % (98%) W F Aladdin /A ] , ¥ £h iz (HCD)
(BT #5340 36%~38%) I A R K b2zl 7T,
ToK OB A RAVE TR TARA R . 925
JIT R ¥ ok 2 ik — 25 dligk

AR AT 5 2 i 3 Y = 2 ALER : TEM
1438 3 JEM 2100 plus i3 41 H F 2 53085 (JEOL,
Japan) K45, T/E L A 200 kV. X 546 Ffig
1% (XPS) i i ESCALAB250Xi & X 4 £ 5t vy 1 fiE
1% 4L (Thermo Fisher) MR 45 2] . {8 HL 025 6 21 4
(FTIR) Y3 75 400~4 000 cm™ 38 [ P4 { FH o L 1t
ST AN 3E AL (ALPHA,BRUKER) #:75 . X S48 777 5
& 1% (XRD) 7E B 5> DSADVANCE 1 X 5 28 117 4F
X (BRUKER) - #5321, H 4R 555 R i #8 Cu Kot
(1=0.154 06 nm) , TAEH A 40 kV, ffi /] Lamb-
da 950 %8 Zh-A] WL (UV-Vis) V6 3% A 4L 48 4h - 7] 1L
WG o R PG/ 6O BE 1 (F-7100, Hitachi)
10 SEEBUR 6B R 65 (PLE) AR ST (PL) S .
1 2 Yy fig f2 /B 28 2986 43 066 B 3t (1712¢-FL,
HORIBA) b I3k it [] 43 B BOUR 6615 (TRPL) .
JIT A I 3 A E R R S8
2.2 Cys-CDs#l&

S R K ik Al Cys-CDs. FRICL g
L-2F Db W2 i A Bt b R UK A 6 mL 25 55 - 7K
4 mLAERTR , % 1P FE 2 15 min 256 2 W i
Wi o B TR A T U A 2 25 mL VU 44 N R
N A H L TE 200 CF KSR 10 he 245 5
H AR A3 2 =, 19 2] R 44k 19 Cys-CDs 1 9K {4
VW o
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V5 T A5 SR A I R R €95 1k 2l Ak - D
200 H fiF i 35 78 35 A 1 25 B ok A #L s
R 10 mL VIV L LA 25 B T KA S Uk I R E AT
VEME o WCAR VR S e =4 T, L B 1K
HREAET IR LR R ERIR , )5 DL 5
TFRE W AF B4 Cys-CDs K IBF W -
2.3 Cys-CDs ¥ U IR {9 % F 4 il

PEACKS I 25 A 52 30 v, 43 0 AE pH oA 2~13 3145
T AR I 1] A 0~10 min 45 18 F BEAT 04, DL
FEDOCRI TC WAL ¥ Cys-CDs /K Wi
B2 0.2 mg/mL £ 5 B # 0~200 wmol/L (1) TC 45
HER W . 2 IS mL SRR EE /Y TCH S 5 mL
Cys-CDs I BUR A 15 32 TC ¥ £ 4 0~100 wmol/L
Fl Cys-CDs 24 £ 8 0. 1 mg/mL (4 K MK &, 7€
380 nm i A F M H 98O K SO o e B M S
B, R Na™ K' . Ca® \Mg* Al .Cu® .Hg" .Mn*",
Ni** \Pb™ . S0 HCO;.COY i | Ib 2 IR % 1E
R TP HEAT LLE, TR FE ) 1 mmol/L.
2.4 EBRAKEEFHEOIRE D

R AE SR = NI R K R 2 b 1V DE Y 1)

K7 8 000 r/min F & .0> 10 min, B I 1% &, F A
0. 22 pm 1 3R VU IR &M 18 B A7 3 08, IR A R o
% HL 1 mL Cys-CDs ¥ W A1 1 mL K B 2 10 mL &
OV T I VTR N I — E VR B — E IR B TC,
FEH pH=7 (& I WOE AR 2 10 mL, ;240 A 30 s
Jei 0 JLAE 380 nm Y% KB R T R 6 OF
700 % 3 R BT 24 1H
3 ZR5#%
3.1 Cys-CDs&WHRAE

B 1Ca) 7 Wi b 78 T TEM EM%, Cys-CDs 2%
T BROE 98 K UKL , 43 HICHE R4, B A W I 1 141
R4, Mo TEM bl g 5] 25 0. 21 nm
(4 A% 2% 80, AT A 8 T4 8807 (100) &b 1T, 156 BH £
it PN BT AF A — o BB A R AR R A5 . TR
BFSE 1T T 100 4~ 0RAS 2] R A2 2 7E 2. 3~
5.8 nm Z ], FHRAR (3. 96£0. 78) nm. & 1(b)
} Cys-CDs 19 XRD 83 , 78 20=24" K} it i B — 1>
G A7 UG, W] Cys-CDs A SR (i 25 17 2B
fR 2544
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Fig.1

Structural and chemical characterization of Cys-CDs. (a) TEM image. (b) XRD pattern. (¢) FTIR spectra of cysteine and

Cys-CDs. (d) XPS survey spectrum and elemental composition. (e)C 1s, (f) O 1s, (g)N 1s, (h)S 2p high-resolution

XPS spectra

FTIR 25 5 (K 1(c)) 7R, 3 322 em™ A Y 58
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i f XPS #F — 2 43 Hr T Cys-CDs 19 b 2% 4
o M 1(d) BT R, XPS 2 REJIE 52 KE iy R AR 7E C
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ONFISTLHE . JLRAMH,C.0.N.SHAHXS &
N 47.9% .39. 5% 4. 9% F1 7. 1%, i WA kE
ARG AR EEN T A ERA, WS T
A BB A, WE 1(e) iR, B0 PEC 1s i a]
I3 f# h C=—C/C—C(284.6 V) ,C—0O/C—N/C—S
(285.5eV)H C—0(288.5eV) =44, K 1(f)
KT HEO 1s ik, HAE 531, 7 eV #1533, 0 eV 4b
B WA LA W, 43 3 JE T =0 R C—O0 #E .
N 1si% (K 1(g)) R Cys-CDs H [R] B 77 78 & 3L
AT BB, 70 L T 399. 7 eV F1401. 4 eV AL 0
B 1(h) 7, S 2p itk 164. 1 eV A1 168. 3 eV [T
R AE U6 3 ) XoF 187 C—S AT AE AL 25 B 9 b, 8 I
ALIB AT 28 0 DL R S RE DR A
BE AN, 38 I 7 R 4 B XPS &% i 3k i 20 2= i T
Cl 2p X, i A ¥ R 3 B S 0 {5 5, 1F — 2500k
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Fig.2 (a)Emission spectra of Cys-CDs under different excitations. (b) Optimal excitation emission spectra. Effects of (¢)UV ir-

radiation time, (d)NaCl concentration on the fluorescence intensity of Cys-CDs
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WE 2(e) TR, M 258 120 min (9240 BSHE

Cys-CDs F 2 't 5 B2 S A B AT 2 W), 3X K W Cys-
CDs A RAFmPOLE A . WK 2(d) s, A
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10 min 90T AR FEFRRE . o T DR IE RS DU AR R
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Fig.3

(a)The effect of reaction time on the fluorescence intensity of the Cys-CDs/TC system. (b)The influence of pH on the flu-

orescence intensity of Cys-CDs with and without TC added. (¢) Fluorescence spectra of Cys-CDs at different tetracycline

concentrations and the relationship between fluorescence intensity and changes in tetracycline concentration. (d) The in-

fluence of different interfering substances on TC quenching Cys-CDs

BE 5 2t — 20 T Jie 5 A i S 56, L 380 nm A1
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TC ¥ JE ) 28 Ak B R IF R G0 Hr . S 45 R
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B 3(e) iz , 76 TC R B AL F 0~100 wmol/L 143 [l
P, Cys-CDs ¥ T 1) 2¢ D5 B Bifl TC e 32 1) 3o 39 &2
I B A 3 ek A, R B Cys-CDs X TC K& &
J3E SR A A W e S B A R T S

F3(c) PR EMEH T TC ¥ 5 Cys-
CDs DI KA H Z M O . Horfr, Q 367K TC
WE | FoiE XK N TC B Cys-CDs 14 1 % %
W F RN AR R B TC )G Cys-CDs [ 55 bR 9¢
JEIR B . 4 TC Y B LE 0~100 pmol/L X [A] P I, 5¢
FePE RBCR(Fo=F)/F, 5 TC ¥ B2 B K41 26
PR X R G &, H 2 PE LA R y=0. 00608x+
0. 01066, A 3¢ 7 % R* 35 21 0. 994, 3 B iz £ I &
FAGHEE MWLM . KRR LoD)D,, K
BT /NN B

30

Dig == (1)
Hovp, o J2& 28 FURE S IO AR U IR 25 k02 T 4R
BEAR d 245 ) Cys-CDs XF TC 9 46 R K 0. 29
pmol/L,

H 7 MR Cys-CDs J2& 75 1l LA T3] 3 K+ vh

TC Y E , 36 HCSE PR KA b AT R A7 76 B W AE T4
Y1, 445 Na® K, Ca™ \Mg™ Al [ Cu™ \Hg” .Mn™",
Ni** \Pb* .S0? \HCO;.COY I MU & JRZE .
B 3(d) frs B T TR B 358 T 4 L
T Cys-CDs fll Cys-CDs/TC & R By ¢ Yok B . 5250
FW] L 7E Cys-CDs H i A HAl % WA 5, 96 65
L% 21k, s H Cys-CDs X TC ) 48 5k
Kl B AE TR 5 TCHAF RS T, Cys-CDs 2
WK, X — 45 R KB, Cys-CDs
YE R TC K (4 5 A% 8% 2% B A R 4 1) 358 8 7 A
11 7/

B/ i R 7 ) G (W T R e T e o A L = B
B B TC KM ik AT T IR (% 1) 25
R JZAF 4 4 7 BN CDs ¥R £ 45 7 i ml 3k
(G R OR A S BB TR e - SUR Y EDO =1/ S
o2 R A TAE T £ 19 Cys-CDs #REF LA L= it
SR J PR — AT IR AR, 22— 2L K A AT 345 T AE
30 s PN S BLXE TC A PR e 1, 7E A BB 2k T
PE RS D A5 B P K o o 5 BE BT BT I 2R
R

£1 BANTCHHELLE

Tab. 1 Comparison of methods for detecting TC
Jrik bR T 1 Wt e AR
(wmol-L™") (wmol-L™")
CdTe-QDs@Si0,/ CdTe-QDs+Si0,+N-CDs+ MIP ) 0% 5 BN 3 e 1 1 min 0~140 0. 846 [7]
N-CDs@MIPs
N-CDs 41 2 min 2~200 0. 60 [23]
P-CDs AW R R 5 0.01~30 0.29 [24]
B-CDs DL LM 202 + L- 08 R + 1 7S e B = Y BE TR Ak 0~80 8.576 [25]
B-CDs W51 TR + L- (5 % % CDs 0~100 0.33 [26]
B-CDs 7 4 20 0. 1~30 0.0311 [27]
CDs@SiO,-MIP =¥ J5i CDs+Si0, 53 7 E ikt 2 25 min 0. 1~500 0.093 [28]
CQDs@MIPs {45 CQDs, i — 2L R B 4 FENIE R & W) 0.02~14 0. 005 48 [29]
Cys-CDs L-2F e & 30s 0~100 0.29 AT

3.4 Cys-CDsERHLIE S

A [ B TC X Cys-CDs B9 %€ YE 8 K HLEE , X in
A TC | J5 19 2 4507 LW O 3% (FTIR .'"H NMR
P #EAT T I . WK 4(a) FTos , Cys-
CDs 5 TCIR A J5 1Y 58 4h W't 1% 56 A mT 40 2k
A A BRI SO 5% 0 4 M S in R L5 B8 1 R
I WS Wiz g R B S 0 A7 i A% B TE 2 . X R W
TC 5 Cys-CDs 7E 525 R TP B BH 3 1 &2 A Rl
W, ZE Z AR SR GER -
e FUVE A 55, HERR SRS K . Ak — 2 R UE X
— 2598 XF Cys-CDs \TC M IR SR R AT T FT-
IR F1'"H NMR U 28 (4 [& 4 (b) L (d) . (e) . (f) fiT

R o BiREIR IR G KRR T FTIR 5 KB AR
B Ry T R IR W 1) 2 T, A W2 B 1) AR A 0
B 8 W 57 O A% 5 'H NMR 3% b 4% P15 5 0 ok
IR BT H U 5 0 2 Ak 2 B AR AL AR IO R S
S, BiRgE RIEF R, TC 5 Cys-CDs Z [7]
AT RS A S A S0 O AR L HERR T RS
PR Bk B AL, X — 2518 5 5 oh-nT WL i
i Mg R —E . Rt E 4Ce) e G
i £ 3% AT A0, B0 A TC J Cys-CDs B SF 2 9% % 75
fir 1 3. 95 ns 45 %5 % 3. 03 ns, 2 W TC #7778 39
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