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Abstract

Europiumdoped Carbondots (Eu-CDs) was prepared through one step hydrothermal method. In
phosphate buffer medium, Eu-CDs has great sensibilization to the Luminol-KMnO, chemilumines-
cence. Furthermore, it was found that Ag* could enhance the Eu-CDs-Luminol-KMnO4 chemilumi-
nescence system. Based on this, a new method for the determination of trace Ag* by chemilumi-
nescence was established. The linear range was 0.5 - 30 ng-mL-1. The detection limit was 0.08
ng-mL-1; the relative standard deviation was 2.1% (n = 11, ¢ = 15 ng-mL-1). The authors success-
fully applied this method to the detection of silver ions in food antibacterial packaging boxes, and
the recovery rate was between 91% and 117%.
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R

B —BKAEH S T HB R E T S (Eu-CDs), EEBREZM AR T, Eu-CDsSHEKE - BB
2R etk R B WEER, Ag X Eu-CDs-Luminol-KMnO. 443 K& ik 275 B8 SR (EF, IEME-T
TAE RGN B R EAg I 51, S&IEVEEZ0.5~30 ng-mL-1, J5iEK H fR20.08 ng-mL-1, FXiHx
HeRZEN2.1% (n = 11, ¢ = 15 ng-mL-Y), ZHFERIISH TR QEMEPRE TR, BERERE
91%~117%Z JH].

XK ia
WEER L, Eu-CDs, &K, Ag, RERMH

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

RPN, AR TR EPUE A, BAASRZIMIME AR EERM]. — BNy, R TS5k
WA R I3 (-SH) R AE A N, SR P TG [2] - APUTE 7= 5 BIFAEE H AR 25792 XU AR K
e [ 2 P K AN 22 7K 5 B bR UE R TE 9 0.05 ngemL ™o DRI, 88 8 T S W 0 7 77 v LR VA R T R FE A
Wik MR S . ik, TERBE R, @5, Yol BB i 7k,

HRT, Ag 7 ig: 32 B4 vh 78 KGR TR (FAAS) [3] [4] [5], HERE &% 5 71K - R REHE
T E/ R 1 (ICP-AEC/MS) [6], %62 HHE[7] [8]1[9] [10], HALZETFI(ECL) [11][12] [13]454%, 5 HAh
FAG T ITEAR L, R IEEE ST, BRAER R, AERIAE S, OFR TR, R R
R RS, 23] 7Bk 2 1 [14] [15] [16] [17].

AL 4% [ Eu-CDs, X} Luminol-KMnO, E A 58 ZU3EEE A, 1 Ag™ AT LA N Luminol-KMnO,-Eu-CDs
RS ROERE, WS T —F P, @i, RERNEE Ag Wik, SEIGRA IR
& Ag TR IR R 4.

2. SCROERSy
2.1. (R F

BPCL-1-KGC #4155 2 e & (R B AL 4 B 5L AT
RF-6000 7¢ 53 9 6 B T (S E A b A2 21 b B A BR A 7))

UV-2450 S8ANAT W73 S B (i Al A B o [5G R A D)
QF-510FT-IR {8 HL A5 4 21 4h S i (AL S R 23 BT A2 2 =)
ESCALAB 250Xi X 287 H FREREAU(XPS, FEBk K EGRA F)
JEOJ JEM-2011 &5 L 7 R HEE(TEM, HAH - FHE4tt)

2.2. WHIRBRECH

E K (Luminol), miEAMRHH(KMnO,), = ZMVUZ(TETA), EEM, HIRE(AgNOs)NKA FAML
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HH(EuCly 6H,0), £ %04 LR —4H(EDTA), 0T Bighlhr TANRHCARA R, S K
ali7K(18 MQ-ecm ™).

AgNO; i % 7(1 mg-mL™"), AEFIFREL 0.3117 g AgNO; TRt ia i - #67 EAp o B, Ak E
4 200 mL, {RIEEEGAEAE: Luminol fif#5(1.0 x 1072 mol-L™"): WERAFREL 177 mg Luminol TEz (A A &
L, FEELANE 0.1 mol- LY, T 100 mL A3t 78 i i 28 P SRR — & 5 8 ; KMnO,
il & (2.0 x 107 mol-L™): ELlf 5 s —, i F T F SRR B bs A VbR 5 o

2.3. Eu 83 E T 5 (Eu-CDs) 95HI&

HEWAIFRAL 0.45 g EDTA #10.1418 g EuCl;-6H,0 THEEM, MA 0.5 mL TETA H 25 mL /Ki%EfE, &
TR 2% ERES) 30 min, ¥ ZE PPL KRB 28(60 mL), 7E 200°CZ&1E RN 4 h, HARAHG, FEH
WA LERABEYEWE, HTEEE.

2.4. LAk

FIERGE mL) RN 0.2 mL Luminol ¥3(1.0 x 10~ mol-L™"). 0.2 mL Eu-CDs ¥ 0.3 mL PB
GErB(pH 9.5)F1— & & Ag Wi, RAFSESME R, RFENIBG 0.1's, REERFE 30s, 7E
5s I FHVE ST 2565 0.2 mL KMnO, ARAERI(5.0 x 107 mol-L™)yiE NI EM o, 0 R ERES 1, Fir
e R AN AgH I ROGSREE R 1y, FHAI=1-1, .

3. BR 51118
3.1. Eu-CDs B93=A4E

Bt TEM AR OGTE 96 %6 1 25 T BO Eu-CDs #HT 7 R4 . 14 1(a)’y Eu-CDs [#)iE 5 B85 &,
BT RN 16 nme W1 1(b)AfLLE H, Eu-CDs 7E 320 nm (W 42)A0 A B S50 AN, ik
AN 320 nm B, Eu-CDs F%% % & SHIEAL T 390 nm (A 2k)4k.

— UV-vis Absorption spectrum - 60000
10k ~—Fluorescence Excitation spectra
— Fluorescence Emission spectra | 50000
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(a) TEM pattern of Eu-CDs; (b) UV-vis Absorption spectrum and fluorescence emission spectra (excited at 320 nm)

Figure 1. Characterization of Eu-CDs
1. Eu-CDs KYRAE

3.2. WEEIERRN S FHZ

TR R RIBN J1 2k, B& 2 B, Eu-CDs % Luminol-KMnO, 442 & ek £ B A5 B
S EE (2R 2), T Ag TIN5 B8 T Eu-CDs-Luminol-KMnO, 1& & 14k 27 & (i £k 3). b
FEIN AgIREEIIE N, Eu-CDs-Luminol-KMnO, 14 2 HI4L 2 & 't 3% i 1 i
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Figure 2. Chemiluminescence kinetic curves of the CL systems

E 2. hEEAEFHFrL

3.3. WELRNERBMEL

3.3.1. pH FIENE

TEBEMEA T, Luminol-KMnO, 142 & 64K REEW = A 2 k655 . %5 T AIE Ph (7~10)%14,
Ag % Eu-CDs-Luminol-KMnO, {5 & 64K RIIGEUER . 53R a1l 3(a)fn, BE% pH EHMH K, Ag'
AR 7 2 AR ZR IS RRVE F (AL ) BB 58 ; 24 pH 5 9.0 I, Al 2 bi#a T-F4%. B T14E pH 9.5 It},

W ROeR R B s 1R A

REE+ 9.5 Jytk Rt pH {H.
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(a) Effect of pH on CL intensity; (b) Effect of Luminol concentration on CL intensity; (c) Effect of KMnO,concentrationon CL intensity,
(Luminol: 1.0 x 10~° mol-L™"; PB: 5.0 x 10> mol-L™'; KMnOy: 5.0 x 10™° mol-L™"; Eu-CDs, (0.2 mL); Ag": 10 ng'mL™")

Figure 3. Effect of pH. Luminol and KMnO,concentrationon CL intensity
3.pH. Luminol ;RE . KMnO, RE X LF & HHIZN
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3.3.2. Luminol 7R E RSN

%57 Luminol IREEXG R IeIR R AL R AL/ TEIFZ M . SRE0LE Fanls 3(b)fizn, BE% Luminol
WREEII TR, PR FR AT BEZ 3400, IR 5 AT/TBE2 T+ )5 R B 24 Luminol WK% 1.0 x 107> mol- L™ i AZ/1
BB KA . 4 Luminol [MIRAEIRE A 1.0 x 107 mol- L™,

3.3.3. KMnO, ;RE RS

FEL | KMnO, W FERAR 34022 KOG L ()52 o S50 25 R ] 3(c) s, B KMnO, 3K B2 B3 b,
2R TR g, 24 KMnO, WK JE KT 5.0 x 10 mol- L™ I, AR AT B2 N4, # KMnO, [)#x
AEIREN 5.0 x 10 mol-L ™",

3.4. FHsE

FERAEZA N, HERER T ILER A0 BB 70 Ag BOIISE e . 455 an1E 4 Fias, 100 15 AP,
Zn2+7 La3+’ Cu2+’ CI‘3+, SZ-’ Cd2+’ Pb2+7 Mg2+7 Mn2+’ %%%’ %ﬁ@?’ Xﬁﬁ@ﬁ’ ?L*E’ Eﬁﬁ)ﬁﬁ@ﬁ’
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Figure 4. Effect of Metal ions and organic compounds

4. ERETMAENINTI

3.5. HTIERE

TERAESEI2E TR, %52 Ag% Eu-CDs-Luminol-KMnO, 74 R4k 2% K615 S s . 45 5Ranl% 5 fix,
1F 0.5~30 ng'mL ™ S . R 5 AT 15 Ag W B RAFIOZRME R R, bRl 2y AT = 651.1+2469.2C (ng mL )
M2 REr 4 0.9993. HRHE TUPAC BliE, &R PR A 0.08 ng-mL ™, AHXTFRAEN 25 (RSD)A 2.1% (C =
15 ng-mL ™).

3.6. HEmME

Feim 1. 23 3B NI ERNR g &, ZRNERERH S BIRE, FRE 17.5 g CFHERRT, A
100 mL XU E 743K (pH 6.0)i2H0 24 h )5, BN FERECARAT . FRIRSLIG k& IR IO R & Ag', [AI it
AT IOFRIBISCSEE,  FEG IR EISCRLE 91%~117% (£ 1), MIESE R4S .
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Figure 5. Calibration curve of Ag"

B 5. Ag'B T{ErhZk

Table 1. Results of the determination of Ag” in samples (n = 3)
= 1. ARRERR AR R SEEE (n = 3)

i hnkrE/(ng g MEE/(ng g7 BIE /%
0 3923+15.9
M PTEEA) 571.4 932.3+43.7 95
1142.9 1502.9 +20.1 97
0 390.4 +25.6
BB &B) 1666.7 2237.7+41.6 111
33333 3414.8 +80.8 91
0 A H
PR E(C) 3333 3903 £2.8 117
666.7 651.5+12.5 98
4. &g

#1]% ] Eu-CDs X Luminol-KMnO, & RGO, 3T Ag'X Luminol-KMnO,-Eu-CDs £ &)

BERUER], AL T IE B ERER T Ag BT ZTVE R, R, AT AR, ARTh
JSEFH T i B A R AR R I E
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