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h i g h l i g h t s

� ZnS:Ni/ZnS QDs were synthesized
easily with nontoxic.
� It shows fluorescent characteristic

with good water-solubility and
stability.
� ZnS:Ni/ZnS QDs was firstly used as

fluorescent probe to detect CPZ–SBT.
� This novel method is sensitive with

good selectivity and a low detection
limit.
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a b s t r a c t

ZnS:Ni quantum dots (QDs) have been synthesized via a water-soluble route, which were coated by ZnS
shell through surface modification to give ZnS:Ni/ZnS QDs. The QDs were characterized by atomic force
microscope, X-ray diffraction, infrared spectrometry and fluorescent spectrometry. Then, a novel method
for the determination of cefoperazone–sulbactam (CPZ–SBT) in aqueous solutions has been developed
based on the enhancement of fluorescence of ZnS:Ni/ZnS QDs in the presence of CPZ–SBT. Under the opti-
mal conditions, the enhanced fluorescence intensity (DF) was proportional to CPZ–SBT concentration in
the range of 8.0 � 10�6–1.0 � 10�4 g/L with a detection limit of 1.0 � 10�7 g/L. The method was employed
for the determination of CPZ–SBT in sample to give satisfactory result. Compared with others, this
method was more sensitive, fast and simple with low limit detection.

� 2013 Elsevier B.V. All rights reserved.

Introduction

Cefoperazone–sulbactam (CPZ–SBT) is a combination of antibi-
otics and enzyme inhibitor. Cefoperazone has B-lactam structure
and sulbactam has semi-synthetic B-lactamase inhibitors, when
used in combination, it can enhance antibacterial effect and anti-
bacterial spectrum. And it has strong inhibitory effect against
staphylococcus, b-lactamase, which were used for the treatment
of various diseases [1,2]. At present, a few methods to determine
CPZ–SBT have been reported mainly by high performance liquid

chromatography (HPLC) [3–5] and ultra performance liquid chro-
matography (UPLC) [6].

Quantum dots (QDs) have attracted great interest due to their
unique properties and potential applications in the past few dec-
ades. Recently, the applications of QDs in fluorescent probes [7],
analysis and the detection [8], optical device [9] and fingerprint
collection [10,11] are studied. Research showed that core/shell
structure and alloy structure QDs could both significantly change
the optical and electrical properties [12], which have attracted
more and more attention.

Here, ZnS:Ni/ZnS QDs with core/shell structure were prepared
successfully. And based on the enhancement of fluorescence of
ZnS:Ni/ZnS QDs in the presence of CPZ–SBT, a novel method to
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detect CPZ–SBT was established. Compared with other reports
[3,4,6], this method was more simple, sensitive and rapid with
low limit detection with potential prospect for practical
applications.

Experimental

Apparatus

SPA400 scanning probe microscope (Japan’s seiko), F-7000
spectrofluorometer (Japan’s Hitachi), VATAR360 type Fourier
transformed infrared spectrometer (the United States, high-power
company), UV-5400 UV spectrophotometer (American thermoelec-
tric company), X-PertPro type X-ray diffraction (Dutch Philips),
Phs-3 CT pH meter (Shanghai, Dapu instrument Co.), DF-101 Z
water bath pot and DZF-250 vacuum drying oven (Zhengzhou,
the Great Wall traded Co.) were used for experiments.

Materials and reagents

HSCH2COOH, NaOH (Tianjin Kemiou chemical reagent Co.),
Zn(Ac)2�2H2O, Ni(Ac)2�4H2O, Na2S�9H2O (Tianjin chemical reagent
Co.), CPZ–SBT (Shandong runze pharmaceutical Co.), KH2PO4-
K2HPO4, KH2PO4-sodium citric, citric acid-sodium citric, and all
other materials were analytical reagent grade. Doubly distilled
water was used throughout.

Synthesis of ZnS:Ni/ZnS QDs

By modifying the synthesis methods reported [13], core/shell
structure ZnS:Ni/ZnS QDs were obtained according to the following
steps: 20 mL 0.1 mol/L of Zn(CH3COO)2, 2 mL 0.005 mol/L of
Ni(CH3COO)2, 0.28 mL HSCH2COOH and 68 mL doubly distilled
water were added into the three neck flask in turn and pH was ad-
justed to 11 with NaOH solution. The mixture was purged with N2

for 30 min. After being heated to 80 �C, 10 mL 0.1 mol/L of Na2S
solution was added into the solution quickly with stirred magnet-
ically and the mixture was stirred at 80 �C for 2 h. Then, 100 lL
1 mol/L of Zn(CH3COO)2, 12 lL HSCH2COOH, 25 lL 8 mol/L of
NaOH and 25 lL 2 mol/L of Na2S were added respectively with stir-
red for 2 min. The above steps were repeated for 5 times.

After 5 min, the proper amount of ethanol was added until a
homogeneous solution was obtained. The obtained dispersions

were washed respectively by water and ethanol, and centrifuged.
This operation was repeated for several times to remove impuri-
ties. Then the products were dried in a hot air oven at 65 �C for
5 h to obtain functionalized ZnS:Ni/ZnS QDs with approximate
same size.

Results and discussions

Characterization of the ZnS:Ni/ZnS QDs

Dynamic force microscope (DFM) characteristic
Fig. 1a and b was DFM images of ZnS:Ni/ZnS QDs without and

with CPZ–SBT. It was obviously that the synthetic ZnS:Ni/ZnS
QDs were uniform with the average size of 60 nm. After interacting
with CPZ–SBT, the diameter of ZnS:Ni/ZnS QDs became larger with
the average size of about 70 nm.

X-ray diffraction (XRD) characterization
The XRD figures of ZnS, ZnS:Ni and ZnS:Ni/ZnS were obtained

and shown in Fig. 2. It was clear that the three diffraction peaks
for the three samples were appeared at the same positions, which
were corresponding with the three peaks of ZnS (311), (220) and
(111), respectively. Through comparison, Doping with Ni and fur-
ther coating with ZnS shell did not change peak positions, intensity
and number of ZnS, which demonstrated that ZnS:Ni/ZnS has the
same crystal structure with ZnS [13].

Inductively coupled plasma-atomic emission spectrometry (ICP-AES)
characteristic

ICP-AES was employed to test whether Ni existed in ZnS:Ni/ZnS
QDs. The experimental results showed that Ni was doped into
ZnS:Ni/ZnS successfully and the concentration of Ni in synthetic
QDs was 0.301 mg/L. Therefore, the doping percentage of Ni in
ZnS:Ni/ZnS was calculated of 1.0%.

Infrared radiation (IR) characterization
The IR spectra of CHCOOHSH (TGA) and ZnS:Ni/ZnS were shown

in Fig. 3. Through comparing Fig. 3a and b, the peak of SAH of TGA
at 2568 cm�1 disappear for ZnS:Mn QDs, while peaks for C@O at
1581 cm�1 and 1386 cm�1 appeared. This demonstrated that TGA
have combined with the surface of ZnS:Ni/ZnS QDs successfully
through sulfydryl. Peak of C@O of ZnS:Ni/ZnS had a little hypochro-
matic shift due to substituent of C@O made change.

Fig. 1. DFM images of ZnS:Ni/ZnS QDs (a) and ZnS:Ni/ZnS QDs + CPZ–SBT (b).
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