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FEE X EIREK R DU IR 3R (TC) T35 Y i 42 6t A A R4S BHS T5 SORE B ARAR IR b TC 15 e ik i, e
1 (CDs) & —F#i4 izt sl B BA G il ARA (KFEE K B A0 B WA MR SO0 7E TC Bl )™ 52
¥, ACLIN =8 (tricarboxylic acid) 5 Z — % ( ethylenediamine ) A RTIKY) , R S Gl Al S R A 4%
T HA % @A5OEH TE-CDs, H 57 T 4T TE-CDs i TC Kl 754k, % il £ 1) TE-CDs JE 57 & 25 017 R AE
B 5) A 25 B TE-CDs 38t , F 4 A2 K (2. 4320. 48) nm, X HIEATH 45 s TE-CDs HA &k
GERE, LIAMERE B X BTG TREIG S SRR W] TE-CDs KMl & & &5 FIL FIRILS S5 /K LA, Uil TE-CDs HA
R B A5 ) T S2 I BE Y7 B K Th TC fIA . TE-CDs ELA SR AR | Bt KR K R & Sk 120 531
368 nm #1448 nm, TC W7 &b TE-CDs M (6K FILFH M BT SE 3% TC Mk, 53 4k, TE-CDs X
TC M N 7 8, 7R3 58 B pH J0 FEl N 29T BEARUE . 7 TC Brat ik B M 2 mg/L 5 n %] 200 mg/L B, TE-CDs [)2¢
JGHR B R ISR R BE A REAIG , 1 2 58 2V K, VR RO S B A K, 76 4~20 mg/L i Bl N, TC i ik & 5 TE-
CDs AR KR S R AF IR MESC R (R?=0.997 8) Kt BR 9 0.2 mg/L, il % TE-CDs Wi i R, 7t Fa
PR WPl , RFZ 7 i3 7 K AR B TC 22 |Gl , IR A 96. 5% ~ 119. 8% , AH X #sifE il 2% (RSD) A
0. 8% ~2. 6% , %I A IR 5 , A MEAT , AT R4 SR i FH A

KR DORTE U E  BIF IR K

hESES.0658 XEKFRIAAD A

Abstract ; Tetracycline (TC) is one of the most important therapeutic drugs that is widely used

in hospitals. However, its harmful effects on human health and various ecosystems cannot be
ignored. Owing to its poor metabolic activity and low biodegradability, TC commonly dischar-
ges as the parent compound and accumulates readily in sludges and soils by precipitation from
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wastewater, which can induce the evolution of antibiotic-resistant bacteria; therefore, it has
been listed as one of the new pollutants with potential ecotoxicological risk. The control meas-
ures and environmental management of TC pollutants in environmental water samples require
precise determination of TC pollutant concentrations. Carbon dots ( CDs) are an emerging type
of fluorescent material with numerous advantages such as easy preparation, low cost, low tox-
icity, and good biocompatibility. Consequently, they have attracted widespread attention in the
field of TC detection. Herein, we synthesized TE-CDs with good blue-fluorescence performance
via flow-assisted melt polymerization using tricarboxylic acid and ethylenediamine as raw pre-
cursors. The morphology and structure of the prepared TE-CDs were characterized. The trans-
mission electron microscopy ( TEM) results showed that the prepared TE-CDs were well dis-
persed, with an average diameter of (2.43+0.48) nm. The X-ray diffraction (XRD) results
showed that the TE-CDs had an amorphous carbon structure. Infrared spectroscopy and X-ray
photoelectron spectroscopy ( XPS) characterizations showed that the surface of the TE-CDs
was rich in hydrophilic groups, such as amino, hydroxyl, and carboxyl groups, which indicated
that TE-CDs had good water solubility and were advantageous for detecting TC in medical
wastewater. Subsequently, the optical properties of the TE-CDs were investigated. The fluores-
cence emission spectra of the TE-CDs were recorded at various excitation wavelengths. The
emission spectra of the TE-CDs exhibited excitation wavelength dependence and when the exci-
tation wavelength changes from 300 nm to 400 nm, their fluorescence intensity decreased to va-
rying degrees. The TE-CDs exhibited optimal fluorescence intensity at an excitation wavelength
of 368 nm, while the emission wavelength was 448 nm.

TC could effectively quench the blue fluorescence of the CDs, and by utilizing this property,
the detection of TC concentration could be achieved. After the addition of TC, the fluorescence
of the system immediately reached an extreme value, and no significant change was observed
within 10 min. An incubation time of 20 s was selected to obtain precise results. Additionally,
the TE-CDs exhibited stable fluorescence intensity over a wide pH range. The fluorescence sta-
bility of the TE-CDs was investigated, and no significant change in fluorescence intensity was
observed after standing for 10 d, indicating that the prepared TE-CDs had excellent fluores-
cence stability. The fluorescence intensity of the TE-CDs decreased to varying degrees within
the range of 2-200 mg/L TC until complete quenching occurred. TC mass concentration in the
range of 4-20 mg/L showed a good linear relationship ( R’ =0.997 8) with the fluorescence
quenching intensity of the TE-CDs. The limit of detection was 0.2 mg/L. A preliminary investi-
gation was undertaken to explore the quenching mechanism of the TE-CDs fluorescence by TC.
Upon addition of TC, a significant reduction in the fluorescence lifetime of the TE-CDs was ob-
served. During the quenching process, no new substances were observed by UV absorption
spectroscopy. Additionally, no significant changes in the 'H NMR spectra of the TE-CDs were
noted before and after the addition of TC, indicating the absence of an interaction between the
TE-CDs and TC. Therefore, the quenching mechanism may involve dynamic quenching. The

SIRARST XS A2 75, I8N RS AR, B8, TURLER Y0 PR, SRS B 25 3R G 15 1 4 D e s G ) B 7 A 7K v
PUFRZE. (Al 2024,42(11) :1068-1076.

LIU Ziwei, NI Lanxiu, CHI Jie, QIN Yingxi, SHI Zhenjia, WANG Yu, WEI Huangzhao, FENG Liang, SUN Chenglin. Preparation
of fluorescent carbon dots by flow-assisted melt polymerization for tetracycline detection in medical wastewater. Chinese Journal
of Chromatography,2024,42(11) :1068-1076.



- 1070 - 1,

i FH2E

selectivity and anti-interference ability of the developed method were evaluated; in the presence

of interfering substances, TC quenched the fluorescence of the TE-CDs, indicating that the TE-

CDs had good selectivity and anti-interference performance towards TC. The method was ap-

plied to the quantitative detection of TC in medical wastewater, with recoveries of 96. 5% —

119. 8% and relative standard deviations of 0. 8% —2. 6%. In conclusion, the analytical perform-

ance of the proposed method is comparable with that of previously reported detection methods;

moreover, the method has the advantages of low operational cost, simple preparation process,

time-saving, and good repeatability. Therefore, the TE-CDs can be used as chemical sensors

for the detection of TC in medical wastewater and have good practical applications.

Key words: carbon dots (CDs) ; fluorescence; tetracycline; medical wastewater
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F]) ; FEI Tecnai F20 i 1 L 2 5% ( 32 E FEL A
A]) ; INVENIO S £ZLAMGIEAL (TR E A& e A H) 5
X FHRATHHL (A 22 AR AR 5 X S8t T hE
%1% ( 22 [E Thermo Scientific K-Alpha 23] ) .
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U1 mL TE-CDs % (1 mg/mL) % H (@ I
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RIATSC 8 TE-CDs 5 4% ot () PR 3 43 55 4l fb . TE-
CDs U= B8 T 70% , BEAH & i FE $5 A faf 5
JE B REAEAR 7 R, A AT TE-CDs %%
RIS N K Bl TC Wil 2%

TE-CDs F43% 5t Hi.%55 (TEM) 2l 1a s, 20k
PR, TCH I A 2580, RS A AR EN 1.6~3.2
nm, 2 F A2 M (2.43+£0.48) nm (& 1b), TE-
CDs 19 X 44 5t (XRD) 4 &l 2a fii 7w, 75 26 =
19. 7° 2247 B —> SE AT Sk 0, W i il 5 1) TE-
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SPGB B 3d B, #ERE 3 B 531,19,
532.51 eV, /33X i C-0 . C=0">"7
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2.2 TE-CDs B3¢t R
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Fig. 4 (a) UV absorption, fluorescence excitation and
emission spectra of the TE-CDs ( Inset: photo-
graphs of the TE-CDs under visible and UV
light), (b) fluorescence ( FL) intensity of the
TE-CDs at different excitation wavelengths,
and (c) fluorescence stability of the TE-CDs
(n=3)
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W R TC(2~200 mg/L), TE-CDs ¢ (i 3 %
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ST A TE-CDs J& 75 7] LA F B 7 oK
TC M E , 396 S B K A vh Rl BB AE7E T AE T4
Y, 403% SD .SMZ STZ LZ CPL LA} B 47 % /K rp f
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t's Fig. 6 Influence of different interfering substances
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5 150—: i zole; LZ. linezolid; CPL; chloramphenicol.
z ] £ 1 RATEBANEASHEN TC RN RAX
% 100 7] Table 1 Comparison of fluorescence analysis methods
E ] with different CDs for TC detection
= 504 Preparation method Linear range/ LOD/
] CDs and time (mg/L) (mg/L) ToF
0 N-CQDs hydrothermal, 52 h 0-44 0.2 [5]
123 4 5 6 7 8 9 1011 12 13 N-CQDs  hydrothermal, 6 h 02-222 007 [6]
pH Cu-CDs  solvothermal, 27 h 0.9-14 0.08  [33]
200 b 0 mg/L N,S-CDs hydrothermal, 8 h 0.04-28 0.02 [34]
] ¢ TE-CDs flow-assisted melt 4-20 0.2 this
3 150 polymerization, 2 h work
} ] N-CQDs: nitrogen-doped carbon quantum dots; Cu-CDs:
% 100 4 200 mg/L copper-doped carbon quantum dots; N, S-CDs: nitrogen and
= ] sulfur co-doped carbon dots.
— 4
=504
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Fig. 5 Effects of (a) incubation time of the TE-CDs and

(b) pH value on FL intensities of the TE-CDs (n=
3), (c¢) quenching relationship of TC and TE-
CDs, and (d) linear relationship between relative
FL intensity and TC mass concentration (n=3)
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1 a Table 2 Recoveries and relative standard deviations of
2.5 TC spiked in medical wastewater (n=3)
5 7 Spiked/ Found/ 0 o
g 2.0 :$E’CDS (mg/L) (mg/L) Recovery/% RSD/%
£ 157 —— TE-CDs+TC 0 0 - -
s 1 5 4.8 96.5 1.1
< 107 10 1.3 113.2 2.6
05 15 18.0 119.8 0.8
Ly L L B L A B L A B L R B B 3 z:'n:i’
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