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Determination of cefoperazone sodium residues in foods based on the room
temperature phosphorescence of Mn-doped ZnS quantum dots

LI Yu-zhu, YANG Hao, JIANG Xiong-li, HUANG Long, LI Jin-wei, LIU Pan, WU Shi-wei, CHEN Shu-juan
( College of Food Science, Sichuan Agricultural University, Ya'an, 625014, China)

Abstract: The Mn-doped ZnS quantum dots ( QDs) modified by L-Cysteine ( L-cys) were prepared using water-
phase coprecipitation. Based on that cefoperazone sodium could quench the room-temperature phosphorescence (RTP) of L-
cys-Mn; ZnS quantum dots through charge transfer, a relatively simple and fast detection method for tracing cefoperazone
sodium in food was developed. The experimental results showed that, at pH 6.4 and a reaction time of 40 min, the phos-
phorescence quenching degree of QDs had a linear relationship(r=0.997 3) with cefoperazone sodium in the concentration
range of 0. 025-2. 000 pwg/ml. The detection limit of the method was 0. 016 wg/ml,and the relative standard deviation was
2.3%. The method has been successfully applied for the detection of cefoperazone sodium in the milk and honey with the
recoveries of 93. 8%-102. 1% and 95. 5%-99. 6%, respectively.
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7S B 7 .2019-04-05 Sk 1 R B 44 Cefoperazone sodium, CPZ) HEE 3
HETHE . AT AR OIEF R H (2018-YF05-00765-5N) s pu i1 TORALIRER IS I HTA 38 0 24000 2 BHPE IR S Al
TR TRH (2019100) s MR GA2EAE0F 0] FRU6d > BAPE DR SAAA AU E R 8% TR
AR (01810026003 FHIGEERTTRIT e Figp TSN I AP B ALY
F (2019531,2019532) S R R . ‘ -
e i BIR (1996-) 40, I 2, BB, ST M B %fi]{im@* ’ ﬂmﬁﬁ?ﬁim%ﬂﬁ*ﬂﬂﬁikfﬁ
F PO KT IMAFSY . (E-mail) 1lyz611@ foxmail.com 7’??9: ° ﬁﬁi;’é ’ Es’%ﬁﬁ% ik {mﬁﬁﬂ:%@uj&@ﬁ]%m E/‘J })b%
BIFESE . Rk IE , (E-mail ) chenshujuan1@ 163.com i@—’fﬁﬁ% ,ﬁﬁﬁﬁ%ﬂ%ﬁ%:ﬁ o H ﬁﬁ*ﬁ?ﬂﬂ%@mﬁﬁﬁ%ﬂ



1210 e

2019 4F & 35 % 5 M

(7 AT = OB (B3 v (HPLC) > B4 4
LKL RAH - R Ak Rk L
FAYYEICREE A5 R 5 R = A AR A AE R
TAL PR BT FEIFIC BT B SR AR b, PRI, iR At
SE—A i AR (A o HbASI 2 P R 22
SKACIRER A5 B BB I

11 4 (Quantum dots, QDs) ELAA 96 T 7%
e DA ARE RV AL R SR T P ARG
A, B A AL AT ) BEAR R ET MR M
B InS T RAENB IR SR E T A AMUA
Afegii 1 iU BB MR B PERE,
HERMEAR KOt A e, REA R0k RO,
JEFHT FE, TSI ABRY, T A
IR EDAC 2 NN R A e =N U S R D L
RSP L e R Sy — Rl JEL M RE A S 1 B
SRR L T 5k S R E | R AR
HI T s 3R] DL — P4 K
YRR ROEPERE

H A, T 5 IR G A £ e Sk 6L R IR 4
B BR AT ST i R ARG o ASBIESE LUK AR SR IE 12
A L-2E R IE M 1 Mn $84% ZnS BT 5, FA)
FH S AWRER £ X0 12 i 28 TR B OGBS AR T, T
— TR AT B | R S T £ o v Rl Sk LR
i G 5% BR BRI 1%, DA B T b AR SRR B PR
RGN A — o LK

1 ARSIk

1.1 #Rt5iRH

Sk FLR R AR B o 5 (98% ) (L-F WS BR ( L-cys )
B b B A 2= 3K R A BR A BT, B R B
(ZnS0, + 7TH,0) B R %% (MnSO, « H,0) . fifk 4
(Na,S + 9H,0) Bk — 540 (NaH,PO,) iR A —
B (Na,HPO, ) E AL H4 (NaOH) | S5 A v [ AR
BHeAL TG 7™, ¥k o e ali, #aligk (18.2
MQ - em) R Milli-Q #8457k R 4t ( 36 [ 2% P A
AP ) d A, e ARSI TR S T,
1.2 U FE5EE

Shimadzu D/Max-2500 X SR ATHHY, H A< 5
Ju] 77 FEL £20 & 5 L, 2218 FEL 24 6] 77 i
Varioskan Flash Z¢GEEAR Y, 58 B R /R B2 A R
INHE P NICOLEF is 10 8 HL A8 e 21 A3 A
FEER R RBHE A FRA 7™ 5 s DZF-6020 EL25 T4

i, L = KRB BRA R

1.3 /7 &

1.3.1 L-Cys #4569 Mn 2 ZnS & -F 5496 5%
FRAESCHR [ 227 | [ 23] 4 I m LA ekt | 2R AL Ui
B4 M L-cys i Y Mn B 2% ZnS T 5. 6.25
mmol ZnSO, « 7H,0, 0.50 mmol MnSO, - H,0 #l
6. 25 mmol L-cys MK ANA 250 ml =#ikei, i 2
mol/L NaOH ¥ AR pH HR 11, EER AR
S, ARG S B E 20 min, FIZ T IA 25 ml
0.25 mol/L Na,S &, 4k 2= i R AUR Mgk 30
min, SR 5 BT 50 CAKIBIRPRAL 2 h, ¥ LR P TRRT
15 SN 7K S Took BTG B 3 1K, 8 000 1/min 5
DR ,60 CEZS T8 24 h, BIAS A @k AR L-
cys B Mn $84% ZnS &1 55,

132 kiaokmshegml e Fehl 10 pg/ml L-cys &
MfY Mn $84% ZnS =525, 19 4 ml 2508 T4 BIHR
JILA 500 wl PBS(0. 2 mol/L,pH 6.4) 500 pl L-cys &
MfY Mn $82% ZnS HEF 55 AN [V B2 1 Sk A0 WIR T 47
IR, EAS A 2 ml, IR BETR AT, HHE 30 min, I 5E %R
WG G S 80 BOR B 4K 295 nm, P K 43 35
500~700 nm , #Kk 5 RS BRAETEREYI N 10 nm)
1.3.3 SRR IR R 2 o T,
B ALK B 100 £%,0.22 m 7K AH T0FL 08 Bt
447 R HL S ml AR FN 20 ml ZHE 2 50 ml &
O IR BEIR AT, 4 000 t/min B0 10 min LAY IE R
BT, SO PR 2 R, & F AW, 0.22 pm A AL
LIRS &

2 HREH

2.1 L-Cys 1&1fif§ Mn 8% ZnS EF S HRAE
2.1.1 #EH4 (TEM) o4 b EEFafEL
K T P R 7 O Ak 3y A 5T, IBOER TR A e v
TEINE R 28 M L TS 7E 200 kV LR T &
SR B f A O NFIEZS . B AT, i F
FEIKIE A8 R FIAE2 ~ 5 nm,

2.1.2 X HELTHHKE (XRD) 54 K2 N L-
cys-Mn #8724 ZnS QDs 1 XRD 3%, K3 I 3 4~ ik
(AT S0 (20 = 29°  48° J 57°) 43 5 % 1 bs o R
(JCPDS K A5 65-0309) | ZnS 7. J5 NEEW fH LK)
3ANABIET (111) (220) B (311) , Jo H At i 5 0
I, RIA R QDs 46 R 4T, I H A SR8 iy 57
Ji dnARZERE



BRIRGE T Mn 152% ZnS 1 T s S IRPOE RGN AL il 925 3k A R R # 5k B 1211

0
1.75 225 275 325 375 425 475

Fif% (nm)

1 L-cys {24 Mn 52 ZnS EF R HESBIE (TEM) B HESHE
Fig.1 Transmission electron microscope (TEM) image and size distribution histogram of L-cys modified Mn-doped ZnS quantum dots( QDs)
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Fig.2 X-ray diffraction( XRD ) image of L-cys modi-
fied Mn-doped ZnS QDs
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Fig.3 Phosphorescence spectra of L-cys modified Mn-doped

ZnS QDs
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Fig.4 Fourier transform infrared ( FT-IR) spectra of L-cys
and L-cys modified Mn-doped ZnS QDs
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Fig.5 Effect of pH value (a), NaCl concentration (b) and time (c¢) on the room-temperature phosphorescence intensity of cefoperazone

sodium-L-cys modified Mn-doped ZnS QDs
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Table 1 Effect of co-existing substances on the room temperature

phosphorescence-intensity of QDs-CPZ
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Na* 1 000 +1.3 TR 100 +3.6
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Zn?* 500 -4.3 SRk 100 +2.3
Ca®* 300 +2.2 R#E 50 +3.9
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Table 2 Detection of CPZ in milk and honey samples
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