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Abstract; Nitrogen-doped carbon quantum dots (N-CQDs) were successfully synthesized using pig
bone and ethylenediamine as carbon and nitrogen sources by one-step hydrothermal method. Struc-
ture, optical properties and element composition of N-CQDs have been studied by transmission elec-
tron microscope (TEM) , Fourier transform infrared spectroscopy ( FT-IR) , X-ray diffractometer pat-
terns ( XRD ), UV-Vis absorption spectroscopy ( UV-Vis) and X-ray photoelectron spectroscopy
(XPS) technologies. The synthesized N-CQDs have a high quantum yield (26.4% ), an average
particle size of 2. 34 nm, showing bright blue fluorescence under a 365 nm UV lamp. The study
found that Co’" had a good quenching effect on N-CQDs, so as to establish a new method for rapid
detection of Co>*. The fluorescence quenching intensity of N-CQDs has a good linear relationship
with the concentration of Co’" at 0 — 15 wg/mL and 30-80 pg/mL, the detection limit is 20 wg/L,
and the recovery rate of standard addition is 97.26% - 109.14% , RSD <3.24% , which can be

applied to the determination of Co’* content in actual water samples.
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Fig. 1  Schematic representation of N-CQDs preparation and detection of Co”*
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Fig. 2 Influence of hydrothermal reaction temperature(a) , hydrothermal reaction time(b) , bone meal amount(c) , ethylenedia-

mine amount(d) on the fluorescence intensity of N-CQDs. Illustration: picture of N-CQDs in a UV dark box.
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(a) Influence of different metal ions on the fluorescence intensity of N-CQDs. (b) Determination of Co’ " in the presence
of other substances. (c¢)Influence of different Co>* concentrations on the fluorescence intensity of N-CQDs. (d) Rela-

tionship curve between F/F, and Co’* concentration ( F is the fluorescence intensity of N-CQDs when Co’ " solution is

+

added, and F, is the fluorescence intensity of N-CQDs when Co’ " solution is not added). Inset; linear relationship be-
tween F/F and Co’" concentration( red curve; 0 — 15 g » mL™"; blue curve: 30 - 80 wg - mL™'). (e) Stern-Volmer
curves of Co’" quenched N-CQDs at different temperature. (£) UV-Vis absorption spectra of N-CQDs in the absence and

P
presence of Co™ " .
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Tab.1 Comparison of Co’* detection methods
WIRZS ok LM A i B EE AN

o N-CQDs 0~15pwg-mL™",30~80 pg-mL™" 20 pg- L'(0.34 wmol - L") ATy ¥
L 853 #r WAL B i T 10 ~1 000 mg + L~ 10 mg + L~ [31]
7ot N-CQDs 0~90 wmol - L' 0.4 wmol + L' [32]
5wt CQDs 0.1 ~30 pmol « L~ 0.052 pwmol + 7! [33]
DSIA N-CQDs 5 ~30 pmol - L~! 0.43 wmol - L' [34]
7ot CQDs 0 ~40 wmol - L' 0.45 pmol - L ™! [35]
Wt B A YR AL T 1 000 ~ 15 000 wmol - L' 14 pmol - L~ [36]
5 N,S-CQDs 0.08 ~100 wmol - L' 0.08 wmol - L7! [37]

4, N-CQDs 7F 488 nm Ab A7 G ik B 2 Wi KA
Co”"HEE N 0 ~15 pg/mL(Y = —0.01104X +
0.98879,R* =0. 980 21) £l 30 ~ 80 pg/mL (Y =
—-0.0034X + 0. 85301, R*> = 0. 990 06) I 55 N-
CQDs FERKFEFE R EE X R KR (S/N =3) ik
)20 pg/L KT WHO MLEMMREME, S5& 1P
Co™ " il 77 v A P 3¢, A% J7 1 ELAT A B AR
S IN G L N (1 2 )

IR K I 4 B 2R T 5L AT 5 1 K W) ot
KA N T B0 G B BEAR 38 K 4 o W AR K
BT R, TSI 29 TCHE K H %5 B I BE T
o TR /D | B 2SR B 2 SR KR B B R BE T e
MK R THFSE Co®* X N-CQDs %8¢ Y18 K
FIPLEL , AR % 28 T RFRFE R Co™* X N-CQDs
BB K AE A, IF A Stern-Volmer J7 #2 3 21 Wi 1% 'K
HLEE . Stern-Volmer J7 2N .

F,/F =1 +K,C(Co™), (2)
Hp Py BARIMA Co®* B I N-CQDs B 2% 6 5%

BELF A Co™* HE W N-CQDs 1Y %€ )l 5 JiF
KSV7E11: Stern-Volmer & K& %0, C HIIA Co™ Bk
BE &l 7 (e) iR . 7E 15,25,35 CF K
WK 43514 0.013 1,0.011 9,0. 009, B i %
TELRE Th i KRB KB/, 22 Co® * 2 3 1ok
BPERALF N-CQDs 15 R AEFRK,, b, El
7(f) IR, 7E N-CQDs W A Co* J& , H 5841
WS U K A T AR Ak 3K T B J& Co® " 5 N-CQDs (1)
REERRAER T IRESE AW, &R
fE N-CQDs WYL K E RN, LA b 455 58400
Bl Co® " X N-CQDs 5 a1 K A Jy i MK
3.4 EBRESRF Co’ WM

TEBE SR AK R K Ry SEBRFE 4R 5 SR
o [T AT 36 G 0 K RE TR ) o™, 25 SRR 2 TR
TR K 97, 26% ~ 109. 14% , RSD <
3.24% , IO HE B B O T 43 0 0% B 1 4 B 45
H96.15% ~117.05% ,F W N-CQDs fEM% H T 52
BrKAREH Co™ ARG,

%2 ERARTAEH Co* MRMER
Tab.2 Test results of Co>* in tap water and river water
N-CQDs HJ 550-2015
Found/ Added/
Sample o o Total found/ Recover/ RSD/ Total found/ Recover/ RSD/
(pg- L) (pg-L7)
(pg- L7 % % (mpg- L7 % %

0 20 21.83 109. 14 1.63 23.41 117.05 2.32

River water 0 40 39.25 98.13 3.24 44.70 111.75 5.71
0 80 77.81 97.26 3.19 78.24 97.80 4.36

0 20 19.57 97.85 1.91 19.23 96.15 4.60

Tap water 0 40 41.14 102.85 0.90 44.15 110.38 4.05
0 80 79.26 99.08 1.25 84.17 105.21 2.83
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ROREK N-CQDs (995, N7 1 — Bl e R SOvE Fi ik

Z F X #:

FEPER Co™ RGN 7 i K Ze EVI I N 0 ~ 15 g/
mL 130 ~ 80 peg/mL, kit BR K 20 pe/L, I AEWE H
TR S T Co™ " PRSI, Sl IR BT S B R4 T —Fp
ff o M R ARSI Co®* B ik
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