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Preparation of Nitrogen and Chlorine Co-doped Carbon Quantum
Dots and Their Application in Detection of 6 Kinds of Tetracycline
Antibiotics
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(1. College of Criminal Science and Technology, Criminal Investigation Police University of China, Shenyang
110854, China; 2. Key Laboratory of Narcotics Control Technology of Liaoning Province,
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Abstract: Based on the development and application of carbon quantum dot technology, this study
prepared nitrogen and chlorine co-doped carbon quantum dots (N, Cl-CDs) via the hydrothermal
method, using o-phenylenediamine and neutral red as raw materials. The morphology and optical
properties of N, Cl-CDs were characterized by techniques including transmission electron microsco-
py, X-ray photoelectron spectroscopy, ultraviolet-visible spectroscopy, and fluorescence spectros-
copy. The detection approaches of six tetracycline antibiotics were established including tetracycline,
chlortetracycline, oxytetracycline, doxycyeline, tigecycline, and metacycline, based on the fluo-
rescence quenching phenomenon induced by the inner filter effect (IFE) between N, Cl-CDs and tet-
racycline antibiotics. The linear ranges were from 0. 05 to 80. 0 pwg/mL, with the limits of detection
(LODs) for all six antibiotics of 0. 01 pwg/mL(S/N=3) and the limits of quantification (LOQs) of 0. 05
pe/mL(S/N=10), respectively. For environmental water samples, the average spiked recoveries of
the six tetracycline antibiotics were ranged from 99. 6% to 103%, while the average relative standard
deviations (RSDs) were not more than 2. 0%. For urine samples, the average spiked recoveries were
ranged from 98. 9% to 103%, with the average RSDs not more than 2. 2%. This material boasts the ad-
vantages of a simple preparation process and low cost, as well as excellent selectivity, high anti-in-

terference capacity and superior detection sensitivity in complex matrices, and can be employed for
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the rapid and accurate detection of tetracycline antibiotics in various matrices.
Key words: nitrogen and chlorine co-doped; carbon quantum dots; tetracycline; environmental

water; urine
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I 555 T (Eu™) MR ST HE R A6 (Bu™~CDs ), RETF I IERW A S PE K bl VE T, it %
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BHCHRIE, R — K PGERI 5 . FRELO0. 6 g 4B2E T IEIET 60 mL 4K Y, IAN0.3 gth
YLD, BEFES))E, BAEALE 10 min, BRAWBESIERNET, 170 CRV.Sh, BEHEER, &
&, 10000 r/min F #5020 min, U EIEW, 1 1 000 Da &k 7+ & 1 ETRAE B 4K FiE T 24
h, BRI, SR HRTRG, BEFRLANN, Cl-CDsHK,

1.3 HRidkEHS5LHE

N, Cl-CDs#ECH] . #EFMFREL2 ¢ N, Cl-CDs ¥R, HEEF/KECHI BB EIRE R 1. 0 mg/mLITH)
N, Cl-CDs¥&¥ .
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BRI B S AR 2B Y S R BRTE ORI TEZS , A BPE R IF, ORI HARZ0°4 2. 25 nm,  HIGHH SIS .
B 1C AN, Cl-CDsZLAMGEREE, BTLLEH, 3330 em™ 13 199 em™ £ PIANR W 9 g T S bk 45 &
B O—H/N—H, WHEABEIEE R A5 RS, 2 918 em™ LAY )8 T C—H B A FR iR s)
1 610 cm™ 5 1 490 em™ 4 4 PR AN W WAL ] BE SR B 1 1T B 05 B IR 28983, 1317 em™, 1192 cm™ FlI
1 010 em™ ' AR W W] 23 58 A C—N . C—0. C—CIHIHZEPREZN, 809 em™ 1723 em™ Ak H)WZ Wi %
AR T AR C—H [ A S S

A

@]
—_
(=3
S

o2
<

Transmittance/%

=N
<

40
= 4000 3000 2000 1000
Wavenumber/cm™!

1 N, CI-CDsHITEM(A) . Kif2534i (B) I FT-IR(C) ]
Fig. 1 TEM(A), particle size distribution(B), and FT-TR(C) images of N, CI-CDs
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Fig. 2 XPS full spectrum of N, Cl-CDs(A) and peaking fitting graphs of C 1s(B), N 1s(C), Cl2p(D)
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Fig. 3 3D excitation—emission contour plot(A) of N, Cl-CDs and emission spectra(B) of N, CI-CDs under different excitation

wavelengths
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Fig. 4  Effects of different pH values(A) and N, Cl-CDs dosage(B) on tetracycline quenching, and fluorescence stability of
N, CI-CDs in different concentration NaCl solutions(C) and under different storage times (D)

2.3.2 WMEIEMEFMEHRHOBE ERMFET, RIHBRGIOCERE, AR ER £ IR
F.OBHE. BMIRE. WHRE, BNHE. LEFE 6 PR FERYUE ZRE i 7 E , 215
FIREXS N, Cl-CDs ZEJEnm R 2 E . 25 R E/R, 7£0~80. 0 pwe/mL BT IR EEVEEIN, N, Cl-CDsHy
N R A T P A DU AR TR I R 5s , IERHDY IR 2P FRT N, C1-CDs HATHH 1)
PRGN, FRIETE G BERE IR B B R, 20153 In(F/F) S5IREARE L, 450 0L% 1, ofb
VYRR ZRATAE M T I AL 0. 05~80. 0 pg/mLIEEP, 5 In(FyF) BB IFHEMERR ., Ll3o/bit
FRTHRR (LOD, Horh o oh 8 IRAS ARE SR 25 SR I bR 22, b PRI HhZeRbR) . LL10o/b 15
E FRR(LOQ), LL(1-F/F)x100% i BT SR (QE), 45 WE 1, WNERITLIEE, 6Ffibt
HZ I LOD 4 0. 01 we/mL, LOQXIA0.05 wg/ml, Z5HRFEHIN, Cl-CDs P& T 6 FhIUR &
ik R e TR E A
1 OFIURRZLRBUERMEMEI R A RY . KR AE R TIR

Table 1  Linear equations, correlation coefficients, limits of detection and limits of quantification for the detection of 6

tetracycline antibiotics

Sample Linear equation I LOD/(pug'mL™")  LOQ/(ug-mL™")  QE(80 wg'mL™", %)
DOX(Z V43 %) In(F/F)=0. 010 1p+0. 097 3 0.998 0.01 0.05 59. 6
CTC(£HR) In(F,/F)=0. 010 6p+0. 027 3 0.997 0.01 0.05 58.3
MTC(FEABIAZ) In(F/F)=0. 009 9p+0. 045 2 0.997 0.01 0.05 56.7

TC(PUIFZ) In(F/F)=0. 009 2p+0. 033 5 0.997 0.01 0. 05 53.7
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(8E3%1)
Sample Linear equation r LOD/(pg-mL™)  LOQ/(pg'mL™)  QE(80 wg-mL™, %)
TCCOEMERE) In(F/F)=0. 006 Tp+0. 041 8 0.997 0.01 0.05 43.9
OTC(HFHR) In(F,/F)=0. 008 4p+0. 030 9 0.998 0.01 0. 05 50.0

BT RS B AN IRRZRYUE R E ket th (£2), 45RFE, AR a0 08EHE
AERGIN DY R 22 255142 ZIHRPETE 4 0. 05~80. 0 pg/mL, &R 40.01 wg/ml, 5 HGERMBIIEAHE,
HA W N B R EE .

F2 A TCAs K7 LA HL A
Table 2 Comparison of different methods for detection of TCAs

Detection method Material/probe Detection range/(jLg*mL™) Detection limit/(pg* mL™) Reference
HPLC HD-MMIPs 0.001~0.2 0. 000 83 [17]
Electrochemical sensing Ag—C,N, 0.004~0. 1 0.001 49 [18]
Fluorescence NL-NCDs 0. 048~9. 62 0.014 [13]
Fluorescence Eu**-CDs 4.44~44. 44 2.26 [15]

Fluorescence N, CI-CDs 0. 05~80 0.01 This work

2.3.3 MAREIKSELE O T IRAEEREH T BRSSO A ARSC LA K RIR A REAR (B
IKGPREAEA P I Bt Z R ), SRAIIARIEN A F7 VAR A RIS B 6 FhDU R 3 28414 3 ik
PRI . 2> BITERR B KRR BREAR TR B R INO0. 1, 1.0, 5.0 pg/mLIZIUHRE | &R . FEMmHFE.
UHE, BNHE, L85R, RAMBENZOEHEE TR, 4R8N, K 6 FlUS R 2Kk
FH IR 4 99. 6%~103%, ~FXIHX Rl 25 (RSD) A K TF 2. 0%(F 3) 5 JRIEH 6 PR IR FE2ht
A Z B DR A 98, 9%~103%, “FIRSD AKRT 2. 2%(F4) ., 45H-EH, N, Cl-CDs 2GHE T H
TG K B PR S B A TP U IR 2T A B2 A, BRI B . PREE, Z5RMERR . WIEE,
3 HBIKH 6 FUER 200 2 A bR % RSD

Table 3 Spiked recoveries and RSDs of the N, Cl-CDs—tetracycline antibiotics fluorescence detection system
in environmental water

Name Added/(pg mL™") Recovery/% Average recovery/% RSD(%, n=3) Average RSD(%, n=3)
DOX 0.1 102 101 1.
102
99.7

101 99.8
98.7
99.3

107 103
101

101

103 102
102

99.5

102 99. 6
98.6

98.3

103 102
105

99.2

F4  PRIR 6 FhUBRFZATA F W) IR 2 52 RSD

Table 4  Spiked recoveries and RSDs of the N, Cl-CDs~tetracycline antibiotics fluorescence detection system in urine
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Name Added/(pug mL™") Recovery/% Average recovery/% RSD(%, n=3) Average RSD(%, n=3)
DOX 0.1 105 101 2.1
1.0 98.7 1.7 1.9
5.0 99.1 2.0
CTC 0.1 103 103 1.8
1.0 107 2.6 2.2
5.0 99.1 2.2
MTC 0.1 97.0 98.9 1.7
1.0 102 1.5 1.8
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Name Added/(pg-mL™") Recovery/% Average recovery/% RSD(%, n=3) Average RSD (%, n=3)
. ol s "
1.0 101 1.8 1.9
5.0 96. 6 2.3
TGC 0.1 98.1 99.3 1.7
1.0 103 2.1 2.0
5.0 96. 4 2.3
OTC 0.1 102 102 1.8
1.0 105 2.0 2.1
5.0 99.5 2.4
2.3.4 MIAERMEZEGEMHETIRMAR HFEL6
FPURR R AP A B TS0, K 6 bt L
PSR E (10 pg/mL) R A, 2l HAEN, Cl-
CDs PR Rz B, I 5 B —HuAE a2 N 31 7 .
i, mE SR, IREGRR P SIUERINTECIE KR gm'
SRR IR B, BIESIRR LN L 6 Rl
F 2B REME T, ZEEN T2 iy
i
2.3.5 EBFBMEIKX H TN, Cl-CDs XFIURZZEhT
A ZA IR R I PR IE ST RS i i TR, LIS R G MG 16 TeE OhG M
F.WEER. PSR, wkEFR. Pk, 4% K5 DUBRZESHE 2T
2. MR RESEPAERDZE WM Na, K, A", Fe*,  Fig.5 Interference study of coexisting tetracycline
Ca™. NO; . COSSEBS TR TFHMT, &HiERETH antiblotics
BFEREYIN L mg/mL, FURERPERTEIRE 16
¥4 80 we/mL, 43 AMAZE]O. 1 mg/mLIKN, Cl-CDs ¥k
TR . B 6 TR, N, Cl-CDsZOMHREHY |,
XU BR 2R R P AR B W DG KRR, R s & oz
H SR A - i
2.4 WERHIBFHFR a
J TR AR KRBT R AR N, C1-CDs 28
PORHLER, JIGE T2V, £H/E . LwIRE, mir "
£, BN E. tERMMUREZRPUESR, N, Cl-CDs
BN, Cl-CDs+VU R 25T 225 W1 48 Fh— ] WO OQQ&Q@%%@&&%@Q@&Q&
HGRWET, 7L, RATIIIOERY N, SRR
Cl-CDs 55 6 FIIUBR R FUAE BN, T &0 & Yo o

PR, RUEARTE RS E RS A, DI HERR
BWEK . BB TSR K AR =, misei b vk
RV, et a] LUHERR B S K

6 FhIUER 25 F 250 48 7 nl WSO S 5 N
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Fig. 6 Selectivity test of the N, Cl-CDs—tetracycline

antibiotic for target analytes
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Fig. 7 UV=Vis absorption spectra of tetracycline antibiotics, N, Cl-CDs, and N, Cl-CDs+tetracycline antibiotics
A-F: doxycycline, chlortetracycline, metacycline, tetracycline, tigecycline, oxytetracycline
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Fig. 8 UV=Vis absorption spectra of tetracycline antibiotics and fluorescence excitation spectra of N, Cl-CDs
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