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Abstract

In the present work, a selective and sensitive method for detecting tetracycline hydrochloride (TC)
using manganese doped carbon quantum dots (Mn-CDs) was developed. The Mn-CDs were pre-
pared via a simple hydrothermal method using 1-(2-pyridinylazo)-2-naphthalenol (PAN) and MnCl;
as precursors. Because of the strong characteristic absorption of TC at 360 nm, which has good
spectral overlap with the emission peak of Mn-CDs, the fluorescence intensity of Mn-CDs at 360
nm was linearly quenched in the presence of TC in the concentration range of 1 - 200 puM. The de-
veloping assay based on an inner filter effect (IFE) mechanism for detecting TC is selective, conve-
nient, and shows that the as-prepared Mn-CDs have application prospects for simple and specific
analytical chemistry.
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PA1-(2-MEBE (B R)-2- 25 By (PAN) FIMnCI R R, it 7k Rkl % 7 MniB 2455 8 T 2 (Mn-CDs) . %
AIMn-CDsHI R 5T 6 S5 VTR R (TCRRBOLIEE BRIFHNER, BHTCHRAERLMST, Mn-CDsHIRIEHE
(360 nm)BEFK, HRAEFERWEESTCHIRE(1~200 pM)E LSRR, TCHMn-CDsHRLFEKH
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1. 5|8

PU3F 2% (Tetracycline, TC) /2 i 2k b & 7= A2 B A B —Fh 1S 514 38, X vF 2 55 2% IR 14 1 22 P 4
WS B F IR PR, ER B PO B TS AR INGRI 1] e EhER DU PR 2 2 DY BF 5k
BRI R  EARE T SE RAR W B AR R R, I HOER T B A e . i
REH, KESHSHENAREENENSSE GBS, 8o8. SBEKRSERIEHR]. HkEL
E K O BRI DUIR 3R, Xt Zh itk & i b DU IR R R B IR = A 7™k 0, 558 FDA #E UM &
FEAE R R FR B PR /N T 80 pg L' [31; Rl Bk 12 AR 4 SURNRR 5 00 5 78 A= W05 1 i KBk BE PR Bl 100 pge L™
[4]. H AR 3L ER DUBR 3R 10 VR S AR A A (HPLC) [5] [6] [7]s 9é6IE[8]. BEHKAueik
(ELISA) [9]. RS TARILIRIE[10] [111%— RFITT1E. BARIXLT VLR R & K Z M PR
O E, (AfFEETR . TR, TR, (SR E T, REMEZESNE. B PE. wE. R0
WE TR T7iE, SRR 2 A B 2

WTAER, BEF H(Carbon dots, CDs)HH Tt R WIS e AN B A 750, TER BB h %
B 72 RE[12] [13] [14] [15]. CDs AMELRER T B REA S (I ER OOk JFOR 2. B figihi. il oA
RS RAERE, IR SCH ARG ATIA. SR thlr . GMARERRE & . SO T WIS AR RS e 35,
DRI T 75 F 2 A A R AR DR L et ARG . AR SR A e I T2 R F AT [16] [17]
[18]. JEAFESR, AT EMI R AESAMEEE A AR R o W AEIL A IR ek Bk R — AN T
FARE N IERN . PIIERLN AR P i vp — AN N TE IR 22 R, (R AR T2 s A 3 T P %
PENAL AR ZR[19] [20] [21] [22] I FH P850 AL 3 2 Dt A% S Ak 1 75 BB GAR R AR PR BB TE 5
ARG AR FIWR SO TS R 6 AR IR BOR SR A B S, IR A T DA 5 58k 1) S R 61
I T RO RS SRS TOUE S, TR 5t m 1 LR R .

BT FOENIERN, CATUIRZF N e, Mn 8 340 T SUNSOR R B E L B I et Bk R
FENT T R E A R ERRR VUIR R O ML . iz R R kL. REBUERE, CRThN
T SRR AR o
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2. SELRERSY
2.1. BFAIFNLEE

SHIMADZU RF-6000 % Y&/ {X(SHIMADZU, HA); @& HEEMJEM-2011, HA); HTRF
(BS224S, EFEZAIM K F/AF]); pH iH(PHS-3C, S ERIAUERA A,

1-2-MEIE R0)-2-25 8 (PAN), B2 VU K (AR, Aladdin), 2 —f%VU 22 —4N(EDTA, AR, EZ%[H]
ERFFRAR]), =HLRAR, EZGEIMERFARAR): &F4&EHRNET Aladdin A7,
5 BT Al AR) B ey 405 5256 /K O IR ZE K

2.2. Mn 3244 E F = (Mn-CDs) 9% &%

S CHR[23] 1077 1] 4 Mn B 24 & T /5 (Mn-CDs), ¥ PAN (49.8 mg)F1 MnCl, (79.2 mg) I A %] 10
mL JoK LB, SRR G R BRI M 2860 mL), KNS E TR RN (180T, 4 h). RMNEE
Wa, BRAHEZER, FAFESERH ALK Q20 mL), BB 8 (11,000 rpm, 30 min), FEHEA
WY PTARRKIER A A G TG, BI155] Mn-CDs ¥ K. KRBT, BRI b A i
A MnClL, WA 13 2K 4B: %% Mn Bk E T R(PCDs)fy Ko il % ) Mn-CDs #1 PCDs ¥3 R 5 7 21k 4l
K, RIERKRE N 0.25 ¢ L™ ME R TR 28505 .

2.3. SRR

7£ 10 mL ) B ZE % B ARV 1.0 mL Mn-CDs (0.25 g'L )&« 5.0 mLB-R 221 (pH 6.0)A11
— SRR [ SRR VU BA AR AE VAL (B SRR, FABAK B R EZI B HFH 3851 fEBUR K 300 nm 2644 F
(PR RN BREEY 2 10 nm), 43 5058 25 AR A I SR8 VU 24 25 SRR S VA 80O AR B i (NN TO)TE
RATIEA 360 nm AT IGIREE( A L AT RIR). HHE 1g(Iy/D).

2.4. AR

ASEIGFT FH SRR S OSPY, Sfa A, BSPY), T S AT ORM, PR . RIFREE 5.0 g
WERE, BT RERREE.OE S, 1A 20 mL ) 0.1 mol'L ™' Na,EDTA-Mcllvaine %M (pH 4.0),
PR 20 min, FIEECA(10000 rpm. 20 min), F 0.22 pm JEMEILNE, USCEEIEMARI,

3. &R 571
3.1. Mn-CDs BYFRAE

E 1(a)25 7 Tl 45 19 Mn-CDs [ TEM B, B8 1(a) ] LB 1, #1451 Mn-CDs ITLERTE, A RifR
ARV () 23 B o SR FT-IR X ikl 4 () Mn-CDs #11 PCDs #E47 1 #AE, 4558 E 1(b)Fim. ME
1(b)ATLAF i, 5 PCDs [f] FT-IR AL, Mn-CDs [ FT-IR P& A — 2 il 8 () B Bt [ W UAC I (n C=N,
MemE C-H, C=C)MJEIR55, XrIfeE M T Mn &7 50EnE N Bif 46 0 S50

3.2. Mn-CDs B3ttt R

¥ 2(a)’y Mn-CDs F1 PCDs [F554) - A WSt 1, MEIWTLUE H, PCDs WA T 290 nm
Ab, T Mn-CDs BIWR S IERS A 24, 53 300 nm. 289 nm F& n-m*PRiE B LAY UL AT, Mn-CDs B i
IR TR T Mn---O U AT . &1 2(b) T 2(c)/& Mn-CDs [5G0 B, £EAS R 0% i K (14
2(b), 250~350 nm, [ 2(c) 350~410 nm)Z&AE T, WGARIFTIEM 330 nm £LF2 % 460 nm, FKILH B 2L
RBEAEMANE . 243k PN 300 nm B, Mn-CDs 7E 360 nm 4bH 5 K9 R S . DABREREIHK(0.05 M,
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WOR PN 360 nm, WHETREN 0.54) S F brifE, WIFF Mn-CDs 1% V6 & T3F N 0.83,
[ %42 7 pH % Mn-CDs HI%¢ 658 FI5em, 2550wl 2(d)fin. WERTLLUE 1, Mn-CDs 7R
PESAE T B0 AT B R I S N R PGRE, 7E pH 2~4 Fl pH 7~11 JE[E N, Mn-CDs F75< 5%

JEREARFFAAL

(b)

Pyridyl/naphthol C-H
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C
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Figure 1. Characterization of CDs ((a) Typical TEM of the prepared Mn-CDs. (b) FT-IR spectra of the prepared

Mn-CDs and PCDs)
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Figure 2. (a) UV-vis absorption spectra of prepared Mn-CDs and PCDs. Emission spectra of Mn-CDs at excitation
wavelengths from (b) 250~350 nm and (c) 350~400 nm. (d) Effects of pH on fluorescence intensity of the Mn-CDs

B 2. (a) Mn-CDs 1 PCDs BJ%25h - AT JLIRICSIE . Mn-CDs RS LS ; (b) MARKKIERE 250~350 nm
() B&BASERE 350~400 nm. (d) pH ¥t Mn-CDs Z58 & 82200
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3.3. TC ¥t Mn-CDs BY%E PSR

£ pH6 M4, TC 7E 360 nm b B A BH & (Y, 5 Mn-CDs (1972 't 5 U6 B A B8R 1 3 8 (14
3(a)), IXFK B Mn-CDs Fl TC  [A] 0] § & A= JL4iR 68 7% 7 (FRET) 83 M 8/ FH(IFE) . 7£— % & [ Mn-CDs
A, BN FEIIREE ) TC ARUER R (1~200 uM), RIRFAFEK R 5E61E, 45 B 3b)fir.
MEIRTLUVE H, B TC IR, Mn-CDs 15876 K FHEEZEHT K. IAFIA A TC B Mn-CDs 1]
PEICHRIE 3 AR 1A 1o, W 1g(1/1)5 TC WKJE(C, pM)Z B BA R UFHIZL X R 261 F2E M (log(Iy/T) = 0.01
535C +0.01 236). H:TILE AL TC 2T 7 VE R H RN 0.08 uM,  FHXTFR#ENW 224 2.1% (¢ = 100 uM).
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Figure 3. (a) UV-Vis absorption spectra of TC (curve 1) and the fluorescence emission spectra of Mn-CDs (curve 2). (b)
Fluorescence responses of the Mn-CDs in the presence of different concentrations of TC (1~200 uM)

[E 3. (a) ERERMUERZANERSN - AT IUARUC LI (B%k 1)F1 Mn-CDs B9 R ST IE (% 2); (b) FRPEERRIRER
TC B}, Mn-CDs BN B2 4% (1~200 uM)

N T #E—5i%E Mn-CDs 5 TC Z [alf/EFNLEE, W52 Mn-CDs 75 Y3 KRG 15 6 75 i A8 1k /2
SN K LB B T B, M5 SR W], Mn-CDs % %A 6.24 ns; I TC J& Mn-CDs
(7% N FF /N 6.25 ns, XKW, Mn-CDs 7ENIAN TC i j5, HoeHaritAR kAN B, Kk, BTk
% Mn-CDs 5 TC 2 [alff] FRET /£

N T UER] Mn-CDs 5 TC Z [A1/#1 ] JEAE FH(IFE), 225 SCHR[24] [25]38 H BRI Mn-CDs [976 %
BT TSRS IE, ROE AT U a0 N 7oK

I

corr _ lo(AexX*Aemy)

I

obse

&, x Ay 3 ARG S R OO AR SR ERE, Aex Fll Aem 43 5l 7 78 bt B (RUK
PN R S K Kb Bt 7 58 AN . Min-CDs 5 TC B8R A R, IR T UV-vis IISOERE 10 ,
LI APF 5 ] 3(b)—8. w1l 4, CDs Ml FITC VB4 & 1 UV-vis IISOLIE, @it 56 Mn-CDs [1)%¢
BT IE, AR BRI IEZ G Mn-CDs ISEPRIEIREEAEIAAIRE TC 5 A RFFAAS,
(R AT LA %€ Mn-CDs %% 18 K& B F I\ TC & Mn-CDs 1 TC 2 [8] IFE /EFH 52

3.4. Mn-CDs I ERETROEFE:

TEARA B SEIR 26 R, B8 18 DL SLAE P 58 YR ET BIs2A o 14 5(a)28 i — R VB HLILAAH(100
uM) 73 5 TC (10 uM)FEAFT Mn-CDs & R HE, FEAF4K 25 Mn-CDs-TC 14 & 1175 't 9 VA B 2 22 9]
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XRBFAILAEYN Mn-CDs-TC & R A BB . K S(b)H8E T AF 48 B (100 M) 55 TC (10
uM)FEFET Mn-CDs 1A &Pl BT Fe’ B 7oh, HAh4 R E 77 4R RS Mn-CDs-TC 14 & (17 4 58
AR ZEN; MY F B FHKE 10 uM B, JEFR RS Mn-CDs-TC 1A REIDOGHRE HA RIFH—
. [k, Mn-CDs /BN TC FIZLIRE A RIF k.
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Figure 4. UV-vis absorption spectra of Mn-CDs, TC,
Mn-CDs-TC mixtures and the sum value of absorbance of
Mn-CDs and TC
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Figure 5. Interferences of (a) amine acids and (b) metal ions in BR buffer (pH 6.0). Concentrations of TC, amine acids, and
metal ions are 100 pM (10 uM for substances indicated with *)

E 5. FHsLia) SEE; (b)) £BEF. (BREME, pH 6.0, TC, FEEMMEBETHIRE: 100 pM, Hew
BHRES 10 uM)

4. SEBREEmSTHR

NG AT N TG 1Al A RIS AR v TC 52 o R Bt 2R V2 R B TC S &t AT 7
W, FEECT MmN BRI, FICRAE 102.1%~115.1%2 B (LEE 1),

5. &hig

LL PAN F1 MnClL, AERL, —HK#0EH4 7 Mn 574 CDso. LLATHI % Mn-CDs AW GIRER, HET
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FTF WIEN.(IFE) TC 26T ik ZIriEse Ry 0.012 uM, ZRHEVEHIAN 1~200 uM. 1Z 515
FRIN N T sh iR 5 TC B /bt o

Table 1. Determination of TC in animal meat samples (n = 3, mean = SD, ng/g)
= 1. AR F TC E2HIME (n = 3, mean + SD, pg/g)

Samples Added value Determined value Recovery (%)

0 - -
chicken 19.2 20.6+£0.2 107.3%
96.5 101.8+2.1 105.5%

0 - -
Carp meat 19.2 19.6+0.4 102.1%
96.5 102.7+1.6 106.4%

0 - -
Duckmeat 19.2 22.1£0.2 115.1%
96.5 104.1+1.7 104.7%
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