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Abstract

In this paper, carbon dots (CDs) with good fluorescence properties were prepared in one step by
microwave method using citric acid and urea as raw materials. Based on the fluorescence quenching
of CDs by tetracycline, a fluorescence probe was constructed to detect tetracycline specifically. CDs

EIREE

XESIH: TEHK, ST, T, 2228508, kAR, TMBk, sk, EiRrdd, BAiE. TS R5%ots
M. bz, 2025, 15(2): 211-222. DOI: 10.12677/aac.2025.152021


https://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2025.152021
https://doi.org/10.12677/aac.2025.152021
https://www.hanspub.org/

EERk F

and tetracycline were characterized by UV-VIS absorption spectra and fluorescence spectra. It was
found that the UV absorption spectra of tetracycline overlapped with the fluorescence excitation
spectra of CDs to a large extent, which may be due to the fluorescence internal filtration effect (IFE)
between CDs and tetracycline. The influence of univariate factors such as solvent composition and
pH on the fluorescence quenching effect of CDs was discussed, and the linear relationship between
fluorescence intensity of CDs and tetracycline concentration was investigated under the optimal
detection conditions. The experimental results showed that the detection limit of tetracycline was
1.1 x 10-2 mol/L. The method has good selectivity and high sensitivity, and has a good prospect in
the field of specific detection of tetracycline.
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1. 5|8

VURR R il R, HYUETa R 7B EANR . SR, L gu i Py 4n i AR A sh 35 2E
H1], EENHTHEHEEE 2], METAERRDGE, WHRESFEPEHERFEgEs. KEr
VUK 2k B 1 ol ™ B P A 25 UG s 3 A AR R SR B I R3] BRI DUSR R INFR B fa s, @ diiss 4
ORI, 8 BT & AR T (1 & 8 T3 P R Sh s & W AT B R AW /b . H AR T DYER
EIREER I T HAR T EA . WA - FRIELC-MS) [4][5] mZORAH(i5(HPLC) [6][7]. fEY
HE[8]19] BB HTIA(ELISA) [10][11]. HAL2AEE[12] (1315, Hrf, HPLC. LC-MS 5% #1E A K
SPELREGE, AR R B ELISA. RUAEMIRFERT K LA E SO, ERMRE. M2 T, %
JeHER A m R BUE . mnk e, MR, TR T SRR S AR AT A A B[ 14]

Bk RU(CDs)s2 T i —Ff, JOPEEE 10 nm LUN, HARAM. A BURAER R 2. KB TR,
WG AUF . A LT . RIEATDhRel . e M St R RE[15]-[17]. MeAh, BT H REGFHIZOE:
£, CDs O FAEMRPN BAZ[18] [19]. KPFHAEHMN[20] [21]. Jafth[22] [23]. SaHE#RLF[24] [25]. &
ALIK[26] [2712 45,

BT CDs AR KR, HRM MG F BGOSR E R, XSy A7 s AE Be ] mT LA
A B b S R A I AR K RUSL(SQE) s B KBN(DQE). Jts F LT H A (PET) 71 A HLfif
HFE(ICT) PRI IHIRAE R L (FRET) 96 IE(IFE) 25 YA BHLH R M BAER, 825 6 ERE 12k
S RAR, SEIE R EAN . BB, OfF 2T CDs MR EIRE i HRIE . Sathish 2£[28] LA
SIREERENERIR G T IR TR I 61% MR s R T 4H M 2R AR LG R B Z R e A
W, KPRy 1.5 10 mol/L. Gao Z5[29] LT EER A JERE, KA I — B K RIE G B 1406k AL, ]
VE 99 IR ET FH TR IR P2 Aud Al PA2 (4G . Shan Z5[301 AR5 24 OBk AU I T EAL & K6 IR A
1 x 102 mol/L. FHILR L, FFR I GMERE R I Bk s A 72 SR BT 34T DU A 22 A5 LB A B OB FE A

KIS FIH CDs AEAZCHRE BT 2 A AT TIRABR L, BATRA 71 88 EI RO %([31]
PUR AR T RS . DU R TR SRR CDs, IRANE A Z A BT PR ), w6 5 KR TR 56,
VUBR 275 Gepiill SR 4t 7 7 %
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2. SCIEERSy
2.1. MRS EE

FAFBR(AIRE > 99.5%) PR (AHFE 99.8%)W B AL Hi4k T.) . PUPF 3 (Tetracyclines, TC). ik FH Wk
(Sulfamethoxazole, SMZ). B 412 Z 1% & (Tylosin tartrate, TYT). %4 %% % (Roxithromycin, ROX). & &%
(Chloramphenicol, CM). #h#2 /7 % %7 & (Levofloxacin hydrochloride, LEV). 4% 2 (Erythromycin, ERY).
Z& 4155 # (Tulathromycin, TULA)S W B _FilgE o MAEWRIE AR AR, 48E. 3. S8, S5 H
WA i e, S K N E B K.

UH-5300 4] WOt (H 4 H 32 A F]); Cary Eclipse ¢ 56200606 B (35 H 5L B 22 A 7]); H3-18K
B 3 B OO FE AT R A B A PR A F]); MI1-L213B T () AR £ 1 B 5 284G A TR A 7] _Li);
TENSOR 11 {d B2 6 2T 76 3l AV (45 [H A7 & 58 A 7)) BAS124S HL R (18 E 28 2 | W A F]); Talos
F200X G2 37 & 55 i 5 i 7 W Be (38 B B8 2R KA Ao

2.2. SEWFE

2.2.1. CDs Hy#I&

CDs & BCR - B 1 g AFIEIRFI 2 g JREVEARIE 20 mL 5857k, BiHEI5], JERLtiE
BT SRR R IR R E e A, k(700 Wy 6 2r%h, FEIN#EFE s, Wi et
B AR L, R AN ORI E R, bREFE CDs MITERG B A € i [ 4K 5538 70 B 30 mL 6
KBS, B0 2 Ik, BRR 10 20580, B E R 8000 HAE bl . BOJEIRE EEBW, ERTTEMRR
WORL[E 44, 133 CDs K

2.2.2. WS HERNMFER

HEFIFRIL 0.0444 g VIR, BIHLFMET 10 mL LK LB, FER 1 x 102 mol/L VIR E -
1 1 mol/L 1) £h BR AN A B AL AN B4 1 5 CDs ¥ pH £ 3.3, FIMHHERIFZEL 0.30 mL CDs & 0.30
mL PUIR VAW 2.40 mL Jo/K OB, WRAIEMHRICEUOEE, HA PR RN 1 x 107 mol/L.
E 400 nm PR, R SHEIETE EY 420~750 nm, I IC T

3. ER5118
3.1. CDs BYFR{E

JE A AT RSO EE X CDs S5 FIEITRAE, W& 1(A)FTas, CDs 784U X A B & lie,
B CDs H1ff) C=C K4 T n—on*BKiE[32]. A CDs 2 EXR4F, Wik 1(B)Fia, FifR(E 4.5~7 nm Z [d].
mr % TEM (HRTEM)E/R B R, KZHO0RA TG 5 A% 10 J0 € T B MURL AN A 88 D HOBUR A #EERTE B
FLATIEM 1 f s 2680, P A% T BE A 0.21 nmo. CDs G ER T 775N 14.1%, 5 CRIEM CDs ML AT
RIFHZIGPEREGE 1).

3.2. #R5 CDs ZABRStHAERIZFA

3.2.1. FBFILEMXT CDs 358 E R F D

T AR AT DA RIS, FEAN [F) (A 77 P o 22 SO [43 ] A SCERTE T AEAN R 4 RE - KRR
ELR CDs HIRIGHRIE . %48 2 HOIRIELHIKEFAS L fw 2 0% 15%- 30%. 45%. 60%- 75%- 80%-
84%- 88%MIFFIIE . 7E 400 nm HIMEUR I T, LU AFE i KR K AL CDs OGaRE . 25 3 an 4]
2 fiw, SR RGO, CDs RICHRfEmm. B KA EI K, CDs R XiEHT
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CDs WK E H non*fl n»n*ERIE 5L, FEEBFIRMERIEHE, A HOMO-LUMO REFRIZ#R/N, |
BN R B IEB R . LA, CDs R AE BRI BT 5 5 FIE R, B AKAF o $m,
SEEERNGE, ff CDs K4 nom*BRIEMEIRK, B Fr=Rmd, KOG RFK44].
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Figure 1. (A) TRTEM images of CDs; (B) UV-vis absorption spectra of CDs
1. (A) CDs B HRTEM [Ef§; (B) CDs BILSNAT RIS E]
Table 1. Comparison of quantum yield of CDs
% 1.CDs 8 F = ER
CDs Quantum Yield Ref.
CQDs 28.4% [33]
CM-CDs 32.81% [34]
Mn, Cl, N-CDs 53% [35]
CDs 23.7% [36]
N-CQDs 222 % [37]
N-CDs 21.15% [38]
PTCDA-CDs 5322 % [39]
PCDs 10.2 % [40]
N-CDs 45 % [41]
PbCDs 4.1% [42]
CDs 14.1 % A3
Table 2. Sample composition table
= 2. HEmERER
CDs/mL C>HsOH/mL H>O/mL Bulk volume/mL Volume fraction of H20/%
0.3 2.70 0.00 3.00 0
0.3 2.25 0.45 3.00 15
0.3 1.80 0.90 3.00 30
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g3k
0.3 1.35 1.35 3.00 45
0.3 0.90 1.80 3.00 60
03 0.45 2.25 3.00 75
0.3 0.30 2.40 3.00 80
0.3 0.18 2.52 3.00 84
03 0.06 2.64 3.00 88
350 Water fraction
300 - 00/0
5 — 15%
* 250 F — 30%
3 — 45%
Z200f — 0%
@ —_— 5%
5 150 — 80%
~—
= — 84%
= 100 — 88%
50
0 5

400 450 500 550 600 650 700 750 800
Wavelength/nm

Figure 2. Fluorescence excitation spectra of CDs in different proportions of water-ethanol systems

B 2. TEELHFIK - ZE2RZ CDs BT A SKIE

3.2.2. (& ZF pH ¥t CDs WH58E AN

FH 1 mol/L KR A S SEALANE A YKk & pH, R 7RI pH 1 F(pH = 1.8~12.3) F CDs )%
FeomEE . G5 RANE 3 Fion, CDs %GIREEAE pH = 1.8~12.3 Ju B N R E B HAREHIRAS, £ pH=33

I, CDs HI7EHE k.
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Figure 3. Fluorescence intensity of CDs at different pH
[ 3. [ pH T CDs BYSEIRE
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3.3. EREXS CDs KRR

PATE/AK BRI, FLHIHREAN 1 x 1072 mol/L MIPUIR R e HFOGMe, WAREBIKE . PUAFER.
AER. HHRAEHRDE., AFR. RNEREW, rARERLE 3. HBREHEFR#I 0.30 mL CDs ¥
W 0.30 mL PURRERVER . 2.40 mL Jo/K S, RA1JE 20 I E H OGRS . 755650 Yt BE TR
RN 400 nm, HE AR K 511 nm 4b CDs % O%sRF A8k, H& 4 7740, {X CDs f7#E F, 511
nm 4G B PO R BHIE . FEDUR RAFAERE LR, CDs SOCPE KFEE SO, MR RN I e AE R
XA 2R o B KRR FE R/, D SEBL 7 /E 511 nm AbX PURR = ik B K .

Table 3. Quality of antibiotics
=3 MERRE

Antibiotic name The quality weighted/g
VIR Z(TC) 0.0444
RHFEECM) 0.0323

itk fl4z H B (SMZ) 0.0253
TR E VY B (LEV) 0.0398
WA RZR W A(TYT) 0.1982
P FR(TULA) 0.0806
A% (EPY) 0.0734
B4 8 E(ROX) 0.0837
A B 1000 " —— Blank
——SMZ
= 800
s
>, 600 |
N
© p—(
n
= 400}
)
N
.5 200 -
0 L

400 450 500 550 600 650 700 750
Wavelength/nm

Figure 4. (A) Chemical structure of antibiotic drugs; (B) Fluorescence emission spectra of CDs after antibiotic solution with
the same concentration was added

4.(A) MERLXAMNLFLEN; (B) HAERENNERBRMANG CDs BZELGEIEE

3.4. PUERERS CDs BIHMIE AL

SKH 1 mol/L 1) # B A S AL BN E A 54k R pH, PLIC/K B NTEF], BLHKEE N 1 x 107° mol/L 1)
VURR R VAW . HRE MM HERRFL L 0.30 mL CDs ¥, 0.30 mL PURRRIAER . 2.40 mL /K 28, 1REIEr
BN F O R HHERE . S AT, MR R pH A 8.6 i, CDs BGHERFERE IR, KL G 825t i 1
pH 4 8.6 (2 F Fidk4T .
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Figure 5. Fluorescence intensity of CDs after adding TC at different pH levels
5. [ pH FTHIA TC f§ CDs BIBS IR

3.5. CDs XA FEBIZ M1 6B

PATC/K 2B RVER], TR R pH N 8.6, IRAMNFEIKEIIIA RN CDs FIFEKAEE . 4550 E 6(A)AT
Ny BV RIREAE 1 x 108 mol/L~1 x 107 mol/L HIZkMEVE R A, BEEVUMRRIRE R THE, CDs %68
KFEER K . Wi 6B, LRYETFEN y =—4.85x10°x +267.65 , VLA RECH R2=0.9944, HRHE 30/k
(0 NFRERZE, k AT RERIRER) T EZ LRI R A 1.1 x 10 mol/L. 5B RkIER CDs #REHHEL(E
4y, AFPFRMIA R BAA SN, BEALFME, JsEBrrf b TUBR 5% B A S At B
3.6. CDs XA FERTEE ML IE

4 USTAAR B W UL S 1 55 206 S AR PRI R B S ' B 22 1) A7 A S 2 ) FE S DI, WSO TR ' B A AR Ak
] DAAH B 5| 5 AR 1 A S A R, X — R R R DN O P IE AN (IFE) [48] [49]. EHF41%E
FAENMAAENUA R R PR, MENAR R AFRIEI] RO AT CDs 28 iR ik, 45 %
WK 7 Frox. ATALEER], DUIRER LA IIRIKOEIE 5 CDs GRS S, UM ERKBEN
W AR 7 S I CDs FBOR G, S8 CDs 36K, BIRAE TFE 2. Mtk , aFRIELIT
LRI 5 CDs ek it B AR E RN, FIExt CDs JUF % e KAER .

300 F
1x10"*mol-L"! 270
2x10*mol-L!
2501 3x10mol-L! ] 260 |
= 6x10°mol-L! =
S200 9x10*mol-L"! S2s0f
Z 1x10"mol-L"! i)
21501 'Z 240}
= |
2 S
= 100 = 230
o ! y=-4.85E8x+267.65
50} 20l R’=0.9944
n
0 [ M N M N 1 210 1 1 1 1 1
375 450 525 600 675 750 825 0.0  2.0x10® 4.0x10° 6.0x10® 8.0x10°8 1.0x107
Wavelength/nm [TC])/mol-L!

Figure 6. (A) Fluorescence emission spectra of CDs after antibiotic solutions with different concentrations were added; (B)
Probe CDs was used to detect the linear relationship curve of tetracycline concentration

Bl 6. (A) NEIREMAEREBRMAG CDs TZEKEEIEE; (B) #REH CDs A0MIUEF RIRE 21 X Rz
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Table 4. Comparison of tetracycline detection methods

4. MR ETF AL

Fluorescent probe Linear range (mol/L) Limit of detection (mol/L) Ref.
CDs 1.6 x1075~3.9 x 1073 1.5x10°¢ [28]
R-CDs 4.0 x107~3.0x 1076 3.9%x107° [45]
CDs-AuNCs 5.0 x107~4.0 x 1073 5.6 x1078 [46]
N, Cu-CDs 1.0 x 1075~1.0 x 107 3.7x107° [47]
CDs 1.0x 107~1.0 x 1078 1.1 x107° AL
A On Q OFF
ﬁ Q / x o QO W%
, , o 0009

Fluorescence Internal Filtration Effect

Q Carbon dots O Tetracycline
6 350 C .20 350
=
—TC Y ——ERY
——CDs .‘EI.S I ——CDs
- 41300 = 1300
= 2
< k=
> i 1.0
£ =
8 1250 ) 1250
= 51
= = 0.5
e
e
z 200
1200 S 00F 1
0t L L ) < L I L \'\ L
200 300 400 500 600 200 300 400 500 600
Wavelength/nm Wavelength/nm

Figure 7. (A) UV-VIS absorption spectra of tetracycline and non-tetracycline antibiotics and fluorescence excitation spectra
of CDs; (B), (C) Diagram of the mechanism of fluorescence internal filtration effect

7.(A) RAPIEMRHIEE; (B), (OUMFZFMIEMIFRAITE RALINA IR TER CDs BYSRAB A S ik

3.7. CDs M RATZSCAR MBI THLEE

Ak URE CDs X WU R PO HTT-ILRE S, ASSCRE A TEK LBEAE 9957, 1E CDs #h
MG R RV R S AN R B R MBI B, IWARRIKE. PABR. AER. HRAER
PR, AFR. BhER, REAWARSEAREFUERIREL NN 1 x 107 mol/L. LIAGMIUH R
FIVER BB N X, £E 400 nm OB, LR CDs TR . Wl 8 s, 5
RN REGUERR G )G, TUIRRTIAERT CDs P ERGR T KL, BH1Z CDs RICHREH LTI RE
k= & NI VLS IS R M TN S A R INEZN Setrg iR
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Figure 8. Fluorescence intensity of CDs after mixing tetracycline with other antibiotics

E 8. MFESHEMERRAR CDs IZOLEE

4. g

K% — 2 &M T CDs. T WKLY CDs ZIAF5 AR, BL CDs fE N SO6IREE, 2o

TR mRI TR & CDs POt BRE m HARE, PUBR N Hnl e P ok, ki n]
W F B FPE DURR 28 B S PR U o D3R CDs AN DU R R I R B, $RFT T CDs W CIREN (1 S tE il &
Ak SEIREERRW], MUK CEEAERIER, R pH 1E 3.3 E4HF, CDs 2650 K. K% CDs Xt
VOIR R DR MR, MU RIKELE 1 x 107 mol/L~1 x 1077mol/L /N, CDs ¥)E5m/E 5 VU3 K 1k
JEEI R IER R, BHRN 1.1 x 10° mol/L. @i i#t— B RAE, WAE 7 UK RIS K CDs 2
IFE HLEE. BEAL, CDs GEREHPITHAE 10 SREIAR, PIEVURR A R4

EHEWH

B R R A A AN IR iR 5T H (202410166025)
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