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Abstract

Given the environmental pollution, liver damage, intestinal dysfunction, and allergic reactions
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caused by the extensive use of tetracycline antibiotics, there is an urgent need to develop a sensi-
tive, simple, and cost-effective method for detecting residual tetracycline antibiotics. The fluores-
cence method possesses advantages such as simple operation, low cost, and visualizability.
Therefore, this work constructs a ratio fluorescence probe for the selective detection of doxycy-
cline based on MXene QDs and rare earth ions. We prepared MXene QDs using uric acid and sin-
gle-layer TisCN as raw materials through a hydrothermal method. The MXene QDs-Eu3* du-
al-emission fluorescent probe was constructed by self-assembly of MXene QDs and Eu3+, which was
used for the selective detection of streptomycin. By optimizing the experimental conditions such
as the concentration of MXene QDs, Eu3+, pH, and response time in the probe system, this du-
al-emission fluorescent probe was explored for quantitative and selective detection of streptomy-
cin. Findings show that the fluorescent probe uniquely identifies gentamicin, with a strong linear
correlation between the fluorescence intensity ratio (Fs15/F421) and different gentamicin concen-
trations (0~30 pM), hinting at its potential use in identifying tetracycline residues.
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1. 5|

VU PiA 22 20 tHhad 40 SEARRIA ISP IER, EEHFHRT RS HEAE . 4ifp
SCIRAR . ARG LL AL 58 IR IR BT S BRI G [1] [2]. DOX VENVUMERIR A& it E R, AR
FGF, X G 3E EEERRE A K, FULTEE N AN 23] B PUAERIEIIR b2 B LL N 2
AR AW I, AT U6 CHE DU 2 2B BB AN R, KB HPUA R R T 220G ™ B 55
ge, B FHNEF HiEDh ARG AS BUR NS AT, A TR PR 3= 2850 R W T A
v RO A VR [4] [5]. BANE FiKkiL[6] [7]- BEEE S ik(8] [O1FT Hafk 22 M [10]55 . axX Sl i Hi R
REME ST DR R 25t AT DO I, (R KL 4G it ERMZEMBHENAL, Frelbab)FHErr K
REE S, B B EL AR BRI 5T B DY A 22 25k R A I 52

DOX HJ# FIARTIN 75 1A m OB B, BB G ieih . AL i i e/ ik [11] [12]. R
SINTIEIE TSR W RO RE M, I O IO G RIE  BEKEES, SEIU H AR
SEVERE RN MR R B . R B TR A S R, FEIRRSWT . PRSI DL R A= A% 55
WU T VZ N o RS — R RS I RS SRR . PN A SR A Ay T AR
BEal b R T H, TN A B ERIRSE R RS UR[13]. B LS EE s R U,
PR, ST ISR SAR R T o SRR T I SO ERET BN T AN SOGEREN[14] Bl R AL
P14 @ TGRS [15) A& B 48 S VR ET (16155 o 5 LI 58 S BMEFE A WL LA BN TEHL 2 YA L K
2%, Hr, WM BTG SR E TS SRYUKR. K5 MXene QDs [17]%.

AR TAERET MXene QDs Fl EuSHH4 & | I 5 MEAT I DOX (1 L 285 e R (1] 1) DARBRFN
2 TisCN 1EAJER, @I — K E 8133 MXene &7 4, im0 MEraifl, 193] MXene
QDs. # MXene QDs 5 Eu® [ 41 3: 1) 5 MXene QDs-Eu XK 5 5 648 Er . It AL IR 5 5 e 4R 1 1
FERREAE, 45 MXene QDs K JE . pH. EUS IR EE RN NI 8], HF 78 7 % 00R 5t 9% Y6 HR4EE %+ DOX I E &
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Figure 1. Technology road of the experiment
B 1. FoREREE

2. SCUGER4y
2.1, SCIERFI S EE

SEEG S BT A R 2 R A T Al . R R R H e SRR (TrisHCI) . AN A R4 (111)
7~ 7K A ¥ (Europium nitrate hexahydrate) . D- 74 & & (D-alanine) . L- 7% & B2 (L-leucine) . L- 2 it & &2
(L-Cysteine). L-AZ R (L-glutamic acid). #i%j#%, —7K(Glucose monohydrate). 4R (Nicotinic acid). #h
Fi% % [ i (Dopamine hydrochloride). % %70 & (Norfloxacin). £ 75 £ (Ciprofloxacin) ¥ [ _F R 7 T 4
R B ARG PR A« JREZ(Uric acid). #hER5E /157 & (Doxycyclinehyclate). 582 + 7% % (Oxytetracycline
hydrochloride). #h2 F % + %5 25 (Metacycline hydrochloride). #:7 VU¥E & (Tetracycline hydrochloride). #
Ii% 4> % % (Chlorotetracycline hydrochloride) ¥4 H b g 22 se MRAEALRHE B G IR A 7], TisCN 73 #UR (5
mg/mL) Ao Aral, WE SRS —— BRI AR, HARRTCHL 48 K25 M35 s irat, T 5 E 2545 4]
ARG PR A 7 o SEI6 A5 A 25 38 77K (18.25 MQ-cm) i UPK/UPT 1% 7K R 4l % o

FEM OGS B F-7000 56T (H AL, HAR)BATIGE, WG NGAT, BURNUR g%
J95nm, R IEK N 365 nm. BT pH M TE FE28 FR1f: pH it (Mettler Toledo, Switzerland) b i3t47 . Fif
AR WE(1~5 mL, DRAGONLAB)#HL. # it FKE M MEL0AE ALl 1 1 (T -0 2 A8 (B
A PR D)o B SR P PR 75 i e 3% (KH2200E,  RILR B A PR A F]) . B i i #4 ) s P4 s X
T4 (DHGO075A,  Fifg—fERHAAEA PR A ). A5 BB O H = B O HL(HC-3018, 2R AR
HA BRA B)ATIE R AMT T EAE S = FH /M3 (ZF-8ND, R s SR A PR A 7).

2.2. MXene QDs H%$1%%

HHFRPRRE 0.2 g IRERBURIE R 2 100 mL BeAF I I 47.5 mL 47K 58 30 min 7247, F pH
THE AW pH, MR IRERIEWVIA pH = 5.54, ZHMIMA NaOH ¥, ¥ pH IR, WEER
pH = 10.16.

MIKFE NI C 28 5 20 min J5 119 TisCN 80, ZERRH N 2.5 mL 1 TisCN 78k 5, iR
A BRI s T, IR EIKA (B TisCN 2 BB R), KRR AT BRI 3 MRS
W, R 5 B N 28 36 TINANB AN AN A, 7E 160°C i & RN 24 h, AE11EIRE 10 h EHCE [z
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Yy, AR A 34 50 mL BOEN .

BB DTN B O BT R BT R E . . BRESANEOE N MR E, HRERERK
B, DURCKR B 08 N, 78 HARE T W RS B W I SREA R, R0 2R 72 1
HEAE 0.1 g BIAT, o 4 DESOER RN B OHLA, 17T 3 ANEOE N RN, 5 4 A0 NI 4
Ko FTIFESOHL, R 0B Y 8000 r/imin, B0 15 min, B0 RJE EARE LI, B EimE
FAMEE) 50 mL B0 N, il 58 MXene QDs.

2.3. RARSHMBRHEST DOX HERE ST 5iEF RN

Eu®* (80 uM)5 MXene QDs(0.04 g/L)7E 100 uL ] TrisHCI 22 (pH = 7.0, 200 mM)FFiR &, #J%
MXene QDs-Eu* ik 4R %l . SR, A RUKIREIN 0 pM. 0.5 uMy 1 M. 2 uM. 5 uM. 10 pM. 15 pM.,
20 M. 25 uM. 30 pM 1) DOX i, HEB T/KERS| 2 mL. FEiE 7/ N 10 min J&5, 7£ 365 nm
KWK, TERE AR 380 nm £ 700 nm 5660, Hid 7 e,

XF TR, K SRR b (1 A A Z AN A A B SR S LA 51 (25 M)LK DOX
(25 uM)ERINE] MXene QDs-Eus* i YR e, HIEEAIKEZRS] 2 mL. 2l 10 min &, 7E 365 nm [
WOR BTN, WA S 380 nm #| 700 nm 58 e et IRl RuORERE .

3. BRAT5Tie
3.1. MXene QDs Y454 & MXene QDs-Eur T8y iR$trY¥aiE

JE I MXene QDs MR Y itk Fl & B e il 34T T e« 45 R anl&l 2 Fios, 1E 414 nm K&
S KT, R Y6 T 300~400 nm JEFE N, 7F 341 nm AbEUE A KAE . FIFH 341 nm B Ak A ik K e
RETGRE, 53K BHGIEAL T 351~600 nm YuE Y, 7E 414 nm AEUAE 5 RAE .
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Figure 2. Excitation (ex) and emission (em) spectra of MXene QDs

& 2. MXene QDs HU# & LR (ex) FA & 51 1L E (em)

# MXene QDs 1 Eud+ @it H 43R 775 3] MXene QDs-Eu % yGiR4Er, 8L 786 6% MXene
QDsOEW I G HEAT TI%E . & 3(a), MXene QDs 5 Eu A il J5 H9¢ e o B ok & A B A8k,
LI EUS N AT MXene QDs %6~ AE IR M. IkAh, 7E MXene QDs-Eus* 445 WL 4 B Eus* i) &
BRE D, 1% A2 T EUSAHH AR AT R B A K HL0 43 FRE 8l 51 BT K B8« SR 5 #R T T MXene
QDs-Eu* iR HEREN X DOX 5 Hemi N . 45 KB, 4 MXene QDs-Eu* ¥R IMA DOX J&, MXene QDs
£ 425 nm KA POEIES, XL H T DOX 5 MXene QDs Z [AI/EAE ATERN, Gnl&l 3(b) T, MXene
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QDs UK OGIEFT DOX RSO E IS AAAEE B, —FRNBUR G 8 4+ MRS T 2 MXene QDs LIRS «
UEAN, ZAREFAE 615 nm KA POE R E R, X2 M T DOX 5 EudWECA 454 S8 M Eud kAT 1
REREER, BULHAFETOE. BT A T2 0UR SRS v] LS DOX FHL SR A& .

A, 75 365 nm K AMT I WSS BIAS [F] 58 R R A, 4 3(a) 48 B AT , MXene QDs Fil MXene
QDs-Eud % YR A5 LB (5 ok, £ MXene QDs-Eu* % a4 tHin A\ DOX &, 2L G0, £ Eu®
I DOX J&, 2L tBH0.
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Figure 3. Fluorescence spectra of MXene QDs before and after coordination with Eu®* and MXene QDs-Eu?®* fluorescence
probe before and after DOX addition (a); Uv absorption spectra of MXene QDs and DOX (b)

[# 3. MXene QDs 5 EuELALHIEFI MXene QDs-Eu TS ERE M DOX BIfGHITR S IERE (a) ; MXene QDs F1 DOX
BIEIMRUEIEE (b)

3.2. SEBFHRIMRHK

3.2.1. MXene QDs FREERILIL

el 4(a)Fi(b)Frs, MXene QDs < IR SHZ IR BT 2 it B & Hxt DOX [ % e #4712 3% 1)
. 7E14 4(c)H, MXene QDs ik JE7E 0.004~0.08 g/L il BT, MXene QDs-Eud*7e Y& (172 5
FPE A B A . I DOX J&, #OGIRENTE 615 nm AL 5% 5 55, HE MXene QDs iRk A
0.01 g/L i, ZRIHRENTE 615 nm AL GIA R B KM . 45475 MXene QDs-Eus* 5% Y5 5 Fl Eus*
DOX HI7e 6%, 1+ MXene QDs /& A 0.04 g/L J9il Ak 4%
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Figure 4. Effects of different concentrations of MXene QDs on the fluorescence spectra of MXene QDs-Eu* before (a) and
after (b) addition of DOX. Effect of different concentrations of MXene QDs on the fluorescence intensity at 615 nm (c) be-
fore and after adding MXene QDs-Eu®* to DOX

& 4. AN[E] MXene QDs iRE X MXene QDs-Eu*fil A DOX Hil(a)FI/G(b) AL IEIERIZNE; A<[E] MXene QDs iREEX}
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DOI: 10.12677/japc.2024.133047 421 Ly PR R=Svi


https://doi.org/10.12677/japc.2024.133047

nrta, RaJs

3.2.2. pH KYR1L

anl 5(a) F(b) B, pH AR ARHZARE 58 8 B S R DOX 5 ' i [ #8 7 ¥ 2 AR sl o 75 ] 5(c)
o1, pH £ 6.0~9.0 Ju[E A, MXene QDs-Eu* 2GR EF 1) 9 6 a BE AR 7 AR B R % 6484k . I\ DOX J&,
9CIRETE 615 nm AL OG R 58, HAE pH = 7.0 B, ZOGIREAE 615 nm ALK ZGIA B Rl . H.
Xf MXene QDs I K Z B2, Bk, %+ pH=7.0 ik,

(a) 5004 MXene QDs_Eu®* — 60 | ® MXene QDs—Eu® +DOX ~ —— 60 © —=— MXene QDs-Eu*"
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Figure 5. Effects of different pH on the fluorescence spectra of MXene QD-Eu3* before (a) and after (b) addition of DOX;
Effect of different pH on the fluorescence intensity at 615 nm (c) before and after addition of MXene QD-Eu®* to DOX
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3.2.3. EURERIEL

anl 6(a) F(b) Ffrw, B FE AR SR ET 2 G50 FE S FH6F DOX (197 S i S #5235 sl o A
K 6(c)H, EuIRIELE 10~80 uM i [l NI, MXene QDs-Eud 58 M4 ET F 75 Yoo B oK 7 A Bl B 58 6 A8 1k o
I DOX J&, #GEREFAE 615 nm ALMIZE G R E G5, HAE EUSIREE 20 uM B, ZEJ6HREHTE 615 nm
AR CIE B B KM, HXF MXene QDs FIE KR 2 . ik, #EF EuSHRIEZ N 20 uM AR K-

a _ A b (c) —m— Eud
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Figure 6. Effects of different Eu®* concentrations on the fluorescence spectra of MXene QD-Eus* before (a) and after (b) ad-
dition of DOX. Effect of different Eu®* concentrations on the fluorescence intensity at 615 nm (c) before and after addition
of MXene QD-Eus* to DOX

& 6. A[E EuREXT MXene QDs-Eus*iI\ DOX B (a)F/E (0) R ALAILERIEND ; R[E EuRE X MXene QDs-Eud*
A DOX RIS & 615 nm (c) 732 E B R0

3.2.4. MRZEHE A1

W 7(a) AR W R A AR LT MXene QDs-Eust i\ DOX J& 9% i b A & 25 520 . inl&] 7(b)
tr TR, AR DA 5 R I MXene QDs-Eud* il A\ DOX J57E 615 nm 4b 1 75¢ S/t 5 & F 5 5 Wk 7 ST ) Fp 384 K
2RI, 24 MXene QDs-Eud* Al DOX v % 10 min i, MXene QDs-Eud*%} DOX 7 615 nm 4t fJ4E
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Figure 7. Different response time on MXene QDs-Eus* after joining DOX (a) the influence of the fluorescence spectrum.
Effect of different response times on the fluorescence intensity at 615 nm (b) after addition of MXene QDs-Eus* to DOX

7. A [EI0E R BB X MXene QDs-Eu* I DOX & (a) AL RIS ; A FNm BR8] %+ MXene QDs-Eus* il A DOX
f& 615 nm (b) L3 3R B RIS

3.3. MXene QDs-Eu** Nt ET % DOX BIEE D HF

FIH 5 EREACI E T INAARFKRE DOX J5 MXene QDs-EudEHA & 1766148k, MXene
QDs-Eud*%f DOX (K% i v 45 B BAAtn . i 8(a) i, fEZRHN DOX Fi, MXene QDs-Eud % a4t
R MXene QDs HFIEZ G, R EURHER . #N DOX J&, Bi% DOX WREZIEH, MXene
QDs-Eu®* 1 MXene QDs [IFFIE 26 5 5 P, 171 EUS7E 615 nm AR [FHFAE T G B 1 5 . B4k, anlsl 8(b)
FT7R s Feis/Faor BE3E DOX IR 5 FI3E DT B K . 0T DOX, 3R/15 1 Fes/Faz X} DOX & (Cpox)7E 0~30
UM Y Y B R AR AR DG, 2R T FEN Fers/Fazr = 0.0073Cpox — 0.0041, #H2% % % R? = 0.9877.
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Figure 8. (a) Fluorescence response spectra of the probe in the presence of DOX at different concentrations. (b) Linear rela-
tionship between Feis/Fs21 and DOX concentration
8. (a) NEIRE DOX FIE MRS NI ; (b) Feis/Fa1 5 DOX IRERIZ X R E

3.4. MXene QDs-EU** TS #RET % DOX A% HE 148
SEBRAE A R Ol AR B T e s B SEIR A5 IR v T 5 %2 MXene QDs-Eutt Xt DOX I FE,
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PRI T PRIERE S P RESLAEBA B 7 (Na*t s K*. Ca?*. Mg?*. Ba?*. Cd?*. Cu?*. AP*. Cr¥). [ F(F . CI.
Br. I'. CHsCOO™. NO;. COZ . SO; )% DOX ICHREIMARLM LM . 455K, 2 DOX In%| MXene
QDs-EUuS TR EF i, WL R B B 56 K, A FARES T I, A KA RO, s 9(a)
Fion, xR MXene QDs—Eu*wJ#REN 4} Nat. K. Ca?*. Mg?*. Ba®*. Cd**. Cu®*. AP, Cr¥*. F.
Cl'v Br. I’ CHsCOO. NO;. COZ . SO; [miR 455, X DOX FImiRiii & . K o(b)d, “#RES
25 uM H LA BH B T T [ iy, MER 3| Fois/Fax 3% A W& 2G5 2454k . [Fk, MXene QDs-Eus %}
DOX HAG M 515 M B o

SEBRAE N O AR e M SR B SRR g5 . N T 5 %% MXene QDs-Eut DOX ik %
P, WA TSR EI(LER. BGLER. UK. &5 K. KAVDE. R E.
D-W&MR . L-m& R L-EER . L-BAIR . MR, 2 LR X 7 EREN A . DOX s, 45 RERH,
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QDs-EU*R%T 4 D-HEMR. L&, L-EEmR. L-oEm. Wik, 20K, SRR EMERDE L
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Figure 9. (a) Fluorescence response spectra of the probe after adding DOX or other cations; (b) The value of Feis/Fs21 after
the addition of DOX or other anions to the probe; (c) Fluorescence response spectrum of the probe after addition of DOX or
other antibiotics or organic disruptors; (d) Feis/Fs21 values after the addition of DOX or other antibiotics or organic disruptors
to the probe
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(c) FREFFEMA DOX SR A E RS AN TIMERIT NI SEE; (d) REHEMA DOX s HftbinE R BT
YIS Feis/Fa21 BI{E
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