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Abstract: In order to overcome the influence of environmental change on fluorescence detection, a ratio fluores-
cence probe was designed and prepared, and dual-wavelength fluorescence emission was used to effectively eliminate
background interference. Using o-phenylenediamine, sodium tetraborate and 1-methyl-3-allyl imidazolium bromide
as precursors, a one-step hydrothermal method has been developed to synthesize a ratio fluorescent probe based on
carbon dots (L-CDs) , and to achieve a double signal response to heavy metal ions (Cu™). L-CDs exhibited fluores-
cence double emission phenomenon, and showed double emission peaks at 440 nm and 570 nm when the excitation
wavelength was 380 nm. The addition of Cu® can reduce the fluorescence emission intensity at 440 nm and increase
the fluorescence emission peak value at 570 nm. The concentration of Cu® in the range of 0. 04-0. 244 mmol/L
showed a good linear correlation with the fluorescence ratio signal (Fs;o/Fy) , and the detection limit (LOD) was
0. 6 wmol/L. The fluorescence probe can be used for the detection of Cu® in actual water samples with the recovery of

99.4%-101. 4%.

Key words: carbon dots; fluorescence probe; cupper ion; ratio probe

12 5 AR VE 2 A I gl vl B Ha R
Cu™ 2> fle 16 VE S0 7 AR, MTI 3 30— 2 i 22 5R
WE T (Cu) e AR — M E 2R SR E AT PESON , WA A AR R BT 2R 28 9 BRAE 2, IR

nu\«

Wi B : 2023-05-17; &7 H A : 2023-06-04

HEL£HH: BEEREHRREITRLH(2012YQ090197) ; F 5K H A FH# 44 (52070032)
Supported by the National Major Scientific Instruments and Equipment Develop Project of China(2012YQ090197) ; The Nation-
al Natural Science Foundation of China(52070032)



010 B

BN, S5 BT RUR S A B9 E TR B X oK i 58S T A 1873

PR B A Cu® I 23 B0 R R ER, T
DL R 4% B 0 K Cu 3 1 0 A ™ A% BR A
T = o Ay A TR AR O K T A R ) (GB
5749-2022) FLE Cu™ & /N T 1 mg/L, iX [ i A
BAEHZ (WHO) (L E B8 ™4 . B i Cu™ 1Y
R Ry e SR A R Al 8 6 1 ) - S 2 N
(7N T R 2 T N G R 7 e S|SB =
J5 W3 R T ELORG B B A BB Y AL B O R
A e W A T PO T B R R LR
(R PR =W K1 O B P e vl =l 1)
o I PR O R A — AR AR | AR AT B Y Cu™
ORI R NE A (S A

BN T ik B RO B R O T R FUR &
/Wi R Rl I Sl v R 2 0 R 7 BN A 7
PECTRE BT B A WA 40 HE 5 R AF 9 & ST,
HA R B 22 e nT LA RO BR A S AR A
(IR R A R Ui I SR S 11 S o 3= S
(CDs) [ Ho AR5 R B HA 0 5 09 2B W) AH 251
K PR R 22 5 RE 0 AR L R, O TF kT R0
JETRAT B KRR Jalili 25" R 6 A
HOl CDs 35 2%€ 21 W A7 WK s Eh A2 28 vh A Al T W
R4 ) A PLUHE JL 4R 5T (BYCDs@ZIF-8) |, Jf )i
HF A H KA R . Liang 2" L — K A Fr
i RN — 3R UG Sy JEURL 3B R K R A T R
AWK A (CDs) , 5% FHEH B
TR B AR A s, X L-Cys R B
Bom ook BEE . Cao ™ i B AuNCs 5
CDs@Si0, &5 &, & T —Fl L Z 58 6 R J& 2%, LA
CDs@Si0, ' CDs M i (A S H 55, Lk
B 7E S10, 2 1 (14 AuNCs 1 5% 18 2 @ 58 )6 i J
545, SC B Cu™ F1 GSH 1Y 2¢ Y A% J& K I . Peng
A TA I 18R 18 M 1Y 8 Gk 2 (BCDs)
FIVEL A 1Y 4 90 K A1 3 S Pl R 06 B R il 45 T
Bt BB A MO IR AR T T AR B Y
FAER I . H AT HE B RSO
HRZEE N A 0w 5 AR E R 22N
YRk B & JE T, F Uk, R — Rl G R
B MR B AR (R BE Y BRSO I gy vk 3R
WEE,

AR LA AR 2R e A0 DY B R R R4
1= FE 3 3975 T 3k R e 7 6 Dl A1 40 i i
VU R A R A SR — B KRR S T R B
XK P 5 (L-CDs) , F F K 8 W Cu™ (1 L %

DL o 2% L AR D6 R A i & I ik AR,
ity AR WAL e i, Bl T SRR R G
F8 G

2 % B

2.1 KF AR

LB e Co-PD) | DU B R 44 | 1-H1 3L -3- 45 TN
Fewk g R L Fe (NO3),. Ni (NO3),. Ph (NOs),.
Na,Cr,0;. Zn (NO3),. Cu (NO;),, Mg (NO;),. Cr-
(NO3);. Co(NO;),. Ca(NO3),, AgNO5, A1(NO;);5.
NaNO; . Cd(NO;),, I A i M ¥ W 38 [ g BT hr T
EALPHE B AR A A . UL BRIk & it — 2
4tk

it T 300 00 R AE SR 37 K S8 325 33 v, 7 8 B
F200( H A< H TR &4k ) o S B9 FT-IR Y635 R
FH 7 G5 18 BL i A28 48 21 A0 S 3% R 1S50 (38 E FE 3R %
23w, UV-Vis 615 R 2 MO 1% X TU-
1900( H A = 5 AR 28 7)Mo, 2 0606 3% R B
A5 b A 9O E I AL FLS1000 (3 [ 2 T £ 4%
o /NEI DRI
2.2 L-CDsHI#I &

K — K ki 4 T L-CDs. 4% 0.2 g o-
PD.0.2 g VORI R AN AN 0. 4 o 1-HI -3 4 P 25 ok ms
RELVEMRIE 10 mL 53 77K, & 10 min, BB
1B A W B E 3R VU 295 A ) = R 48 (25 mL)
W JEAE 180 C RN 10 he H R HF K ir 15
BIFWCE O R PURLE L (0. 22 pm) PR &, £
RN T BB AE (500 u) i BT 24 h B 25 i
Jo B R T 1A 2 L-CDso 15 21 19 B 60 [5] 74 8E
THROAT  LMET — 20 B SE 5
2.3 Cu”By#

T B E L-CDs X AS 6] 43 J@ 25 1 0 e 8 1,
53 5 50 wmol/L 1 ¥ Jit (Fe (NO3), . Ni(NOs),.
Pb (NO3),. Na,Cr,0,. Zn (NO;),. Cu (NO;3),. Mg -
(NO3),. Cr(NO3)5., Co (NOs3),. AgNO;, A1 (NO;); .
NaNO;., Cd (NO5), % ) it A #| L-CDs ¥ ¥ H (0. 2
mg/mL,8 mL) , 7£ Z & T # & 20 min J5 , i L-
CDs 19 2¢ 663 , M EE L-CDs I W 1) ¢ )i 5 JiE A8
oo #E—2B 5 Cu™ fAAE T, HoAl 4 J8 B 7 X L-
CDs %2 36 T4 , 7€ 0. 2 mg/mL Y L-CDs ¥ & Al
50 wmol/L Cu™ % W T fin A I Ath & J& 2§ + (50
pmol/L) , HEATHT T ML T 5 .

ik — 2 %} L-CDs #:47 Cu™ 93 € , £ & A L-
CDs(0. 2 mg/mL) (W T, B HTMA Cu(NO3 ), %



1874 K b/

1l 44 &

2,
5

W, D 8OOtk . S AR A E] Sk R R
23,
2.4 ZEREHESRSWH

SRR i 1R B R [ R AKORITT K BT A K TR R
sl 8 O 2 Ml AR AT o B — VR B Y Co” R I B A A
L-CDs (0. 2 mg/mL) i 7K o, If 90 5 98 063
BB (9% ) 2 DU Cu™ (1 2 5 i bR B i B 1 2
Lo 38 3k 7 A [ S5 0 T A2 S 5 3 YRR A5 AR X AR
M 2% (RSD) o

3 Z£R 5444
3.1 EERERIFHMEMEMET

AR 3 — A K A T R SO R
L-CDs, 1% RUR 5§ 5 C T AT 1 1 48 B X Cu™ 1) A6 U

\ 1..=380 nm

W1 BT o LARIS R - Je A0 0 B 7 0 R T R AR
16 1- 5L -3 05 P9 S DR s YRR A7 AR B S B T AT
A A ) 4 SR I A R 2 S Al K bR o b BHAE
380 nm % K ¥ & T B ow H 7E 440 nm #1570 nm &b
B WL 2 06, T 5 I A Cu® B 2 6 28 M 5 K, Tl
Ja H WP E G . 3 D S T I 0GR
FU AR, 7T 9 B R 4% 5 T, SE B X H AR 4r BT
Cu™ B G

L-CDs 19T 3 A RS R 1T 3% 569 L 58 R AE (151
2(a)) . MK LA H BT il £ 1 L-CDs 24 #E Bk
T, ¥ 5] oy wHESN S AR AR r A 7E 1. 8~3.6
nm, ) H AN 2.67 nm (K 2(b)) ., M HRTEM
FI% (FE 2 Ca) 475 D) rpoa] RLOULER 31 B 8 014 b s 2%
S, s R 0. 21 nm, 5 41 86K sp” 1Y AT 5 F 1fi

\ A.=380 nm

® 9
2 180 C, 101 i ® o @
/%‘i\() — J s > > J.
Na _‘z PN Hydrothermal ) ) [ Y
o7 o ' J
N Br X
N»ﬂ Ay=440 nm A, =570 nm Aow=440 nm Aenw=570 nm
&/N\/\ 2+
 L-CDs ® Cu
K1 L-CDs 4 BUAE R Cu™ 5% B ds m = IR
Fig. 1 Schematic diagram of L-CDs synthesis and L-CDs as Cu** fluorescence sensor
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Fig. 2

(a) TEM image of L-CDs. Illustration: the HRTEM image of L-CDs. (b) The size distribution of L-CDs. (¢) XRD pattern

of L-CDs. (d)Raman spectra of L-CDs. (¢)FT-IR spectrum of L-CDs. (f)UV-Vis spectrum of L-CDs.
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Fig. 3 Fluorescence emission spectra of L-CDs
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Tab. 1  Comparison with other fluorescence methods for detecting Cu™

Detection probes  Synthesis method PL-peak/nm Linear ranges LOD Applications Ref.
SiOz@Tb reflux 461/545 1~14 pmol/L 0. 95 pmol/L Water samples [29]
probe L reflux 565 0~72 pmol/L 16. 4 nmol/L Water samples [30]
CDs-Cl,P hydrothermal 535 0.2~60 pmol/L 0. 1 pmol/L Drinking water [31]
His-AgNCs reflux 460/650 (3~10)x10°° 0.4x107° Water samples [32]
ZTM reflux 515/667 0. 1~50 pmol/L 6. 61 nmol/LL Water samples [33]
Flu@Mea-CdS reflux 520 4~14 pwmol/L 0. 17 pmol/L Water samples [34]

-CDs hydrothermal 440/570 40~244 pmol/L 0. 61 wmol/L Water samples This work
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Fig. 6

(a)Zeta potential of L-CDs and L-CDs+Cu**. (b) UV-Vis spectra of Cu®™, L-CDs and L-CDs+Cu*. (¢)UV-Vis spectra of

L-CDs+Cu**and Em spectra of L-CDs. (d) Fluorescence lifetime attenuation curves of L-CDs and L-CDs+Cu®".
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Tab.2 Determination of Cu® in water samples(n = 3)
Sample Spike/(wmol - L") Found/(pmol- L") Recovery/% RSD/%
50 50.70 101. 40 3.51
Tap water 100 100. 40 100. 40 1.51
150 152.10 101. 40 2.01
50 50.90 101. 80 2.56
Lingshui River 100 101. 14 101. 14 1.32
150 149. 08 99.39 1. 89
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A D Cu™ A b 2R 2L R £ L-CDs , Jf H %5 S B L-CDs B WA MG 2 5 7 06 T;M’Eﬁﬁﬁ’a
W0 0 M AR AT i — B o L-CDs e s e s o 1 M 0 R IR AL T — A 3
7E 440 nm A1 570 nm &b B A XK G 0 Cu™ B9 I0 pg mmpe

A AT LAAE 440 nm &b 1 22 56 58 BE B AR LT 570 nm
Ab B DE G B BN . Cu® YK 7E 0. 04~0. 244
mmol/L {8 [l N, 5 96T 5 (Fsof Fao) 5 2 VAR
X, LOD 4 0.61 pmol/L, Jf H L-CDs ¥ Cu™ K

4 B

AR SO FE SO 5 T 7 DL KA R AN R Y
T AIE < http://cjl. lightpublishing. en/thesisDetails#
10. 37188/CJL. 20230133.
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