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Levofloxacin (LVFX) as a representative drug of quinolone antibiotics is widely used in clinical, and its
residues enriched in water bodies and sideline products seriously damage human health. It is impera-
tive to develop a real-time/on-site sensing method for monitoring residual antibiotics. Here, we report a
portable sensing platform by utilizing a composite fluorescent nanoprobe constructed by the cerium ions
(Ce3+) coordination functionalized CdTe quantum dots (QDs) for the visual and quantitative detection of
LVFX residues. This fluorescent probe provides a distinct color variation from red to green, which shows
a good linear relationship to LVFX residues concentrations in the range of 0-6.0 pmol/L with a sensi-
tive limit of detection (LOD) of 16.3 nmol/L. The smartphone platform with Color Analyzer App installed,
which could accomplish quantified detection of LVFX in water, milk, and raw pork with a LOD of 27.9
nmol/L. The facile sensing method we proposed realizes rapid visualization of antibiotics residual in the

Levofloxacin

environment and provides a practical application pathway in food safety and human health.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The widespread application of antibiotics has caused food and
environmental water safety problems to become increasingly seri-
ous [1,2]. Levofloxacin as a representative drug of quinolone antibi-
otics is also widely used in clinical against various bacterial infec-
tions [3-5]. Unfortunately, current treatment technology is unable
to recognize antibiotic residues in food and water, resulting in tiny
amounts of residues posing health concerns to people being dis-
tributed throughout the food chain, including drug resistance [6],
and allergic reactions [7], etc. Therefore, there grows an increas-
ing demand for developing and establishing detection methods for
multiple antibiotics [8].

Over the past few decades, fluorescence photometry [9,10], lig-
uid chromatography-mass spectrometry [11], chemiluminescence
method [12], electrochemical sensor [13] and other analytical
methods have been widely used in the detection of levofloxacin
residues. Unfortunately, those methods are not suitable for real-
time and on-site detection due to their existed disadvantages such
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as higher cost and technical complexity which [14,15]. Recently,
fluorescent nanomaterials and optical sensing have developed
rapidly, and fluorescence sensors have proven to be a promising
choice for micro-control pollutants determination due to their high
sensitivity, selectivity, and visualization [16-18]. Dual-response ra-
tiometric fluorescent sensors provide multicolor changes, which
can self-regulate to eliminate fluorescence fluctuations compared
to single-emitting fluorescent probes [19]. Chu et al. used a ratio-
metric fluorescent paper strip integrated with a portable smart-
phone platform for visual quantitative sensing of thiram [20]. Lin
and colleagues proposed a dual-readout OP detection system based
on a self-assembled Rhodamine B-Ag@Au nanoprobe nanocompos-
ite [21]. Carbon dots (CDs), quantum dots (QDs), fluorescent dyes,
and noble metal have been designed as a novel type of nano-
fluorescent probe and are extensively applied in the field of en-
vironmental monitoring and chemical phototherapy [22-24].
Quantitative identification is an important goal in realizing
real-time monitoring of environmental micro-control pollutants
[25]. Compared with traditional detection technology, intelligent
portable detection equipment has satisfactory accuracy and sensi-
tivity, and can satisfy the demands of in-situ detection of various
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Scheme 1. Diagram illustration of the sensing mechanism of the Ce/CdTe nanoprobe.

residues with lower cost, small size and portability [26,27]. The
development of analytical devices deeply relies on sensitive ma-
terials, such as aptamers, enzyme, and fluorescent nanomaterials
[28,29]. By comparison, the portable paper sensors we fabricated
via easy-to-use method for on-site detection by color recognizer
application (App) and smartphone with satisfactory sensitivity and
selectivity of antibiotic detection.

Remarkably, Lanthanide ions can chelate on the surface of an-
tibiotic structural molecules to form a complex, which can absorb
energy and transform into lanthanide ions thus initiating its flu-
orescence, called the “antenna effect” [30,31]. Different from the
spectral characteristics of other ions, the fluorescence of lanthanide
ions includes a long fluorescence lifetime, large Stokes shift, clear
and unique emission band, etc. [32,33]. By exploiting the linear en-
ergy transfer (LET) properties of LVFX and Ce3+, we have developed
a new convenient and sensitive system for detecting LVFX based
on the fluorescence “light up” mechanism. To construct a propor-
tionate fluorescent nanoprobe for LVFX detection, we utilised red-
emitting CdTe QDs as an internal reference and chelated them
with Ce3*+ [34]. The probe reported here accomplished the re-
sponse within 10 min, showing a limit of detection (LOD) of 16.3
nmol/L. Moreover, we further utilize a portable smartphone plat-
form formed with cerium-doped ratiometric fluorescent nanoprobe
for quantitative visualization of Levofloxacin in water, milk, and
raw pork.

Due to the presence of a large number of negatively charged
carboxyl groups on the surface of CdTe quantum dots, Ce3* can
undergo a specific strong chelation reaction and be immobilized
on the surface of CdTe quantum dots, as shown in Scheme 1. Af-
ter adding LVFX, LVEX can replace water molecules to coordinate
with Ce3+ due to the high coordination strength between LVFX and
Ce3*. Due to strong bonding with LVFX, the surface electron distri-
bution of Ce will be shifted and then affect the Ce atom, thus the
Ce atom to exhibit a bivalent state. This is attributed to the fact
that the core ion Ce3* is in the d® electron valence state, which
means there are no electrons in the orbit and therefore no CFAE
loss. With the continuous addition of LVFX, this fluorescent probe
provides a noticeable color variation from red to green. Here, the
complex Ce/CdTe QDs exhibit the visual fluorescence linear rela-
tionship to LVFX, Ce3* functions as a specialized recognition unit
for LVEX, culminating in green-emitting Ce-LVFX, while the red
fluorescence of quantum dots as a reference signal remains un-
changed.

Fig. S1A (Supporting information) shows the external morphol-
ogy and particle size of CdTe quantum dots characterized by TEM.
CdTe QDs have quite an essentially monodisperse spherical mor-
phology and are distributed uniformly, with an average diame-
ter of roughly 2.6 nm. As shown in Fig. S1B (Supporting infor-
mation), due to its covalent chelation on the surface of quantum
dots, CdTe quantum dots are slightly aggregated and the diameter
increases slightly when Ce3* is added, however it still maintains
good monodispersed. The HRTEM image of Fig. S1B demonstrates
the clear lattice fringes spacing distance around 0.23 nm ascribed
to the (220) lattice plane of cubic CdTe [35]. Moreover, the more
accurate particle size data are provided by the DLS data in Fig. S2

(Supporting information), which shows an average diameter of 2.6
nm of CdTe QDs. However, when Ce3+ was added to the CdTe QDs,
the DLS data proved that the size of the quantum dots was about
2.9 nm from Fig. S3 (Supporting information), which was consis-
tent with the results of TEM.

Fig. S4A (Supporting information) shows the FTIR spectra of
pure CdTe QDs and the infrared spectrum of quantum dots after
adding Ce3*. The -OH stretching vibration of the carboxyl group is
responsible for the broad infrared absorption peak at 3445 cm~!.
The N-H/COO- bond is accountable for the infrared absorption peak
at 1640 cm~!. There is an obvious bonding process in the whole
reaction, which is also confirmed by the shift of the characteris-
tic infrared peak from 1640 cm~! to 1586 cm~!. After adding LVFX
(Fig. S4B in Supporting information), the absorption peak of 1186
cm~! enhanced accompanied by the absorption peak of 1404 cm~!
gradually diminish to disappear, and we can speculate that the
Ce3t is coordinated to the O on the surface of CdTe QDs. Fig. S5
(Supporting information) presents the full-scan spectrum and the
related high-resolution specific spectrums of Te 3d, Cd 3d, O 1s,
C 1s, and S 2p. The distinctive peaks of Te 3ds, emerge at 572.2,
572.5, 575.6, and 576.4 eV, while Te 3d3;, peaks show at 582.9 and
586.1 eV. Peaks at 405.4 and 405.9 eV are thought to be Cd 3dsp,
while those at 408.9 and 409.3 eV are Cd 3ds),. On the basis of the
peaks at 284.6 eV, 285.8 eV, and 288.4 eV, the C 1s band could be
separated into three peaks, which could be attributed to the C=C,
C—N, and C=0 bonds, respectively. The peaks of 531.3 eV, 532.5 eV,
and 535.7 eV in O 1s spectra correlate to C=0 and C—-0 bonds, cor-
respondingly. In addition, zeta-potential measurements were being
used to confirm the formation of Ce/CdTe QDs. As can be seen in
Fig. S6 (Supporting information), the absolute zeta-potential value
of Ce/CdTe QDs is below that of CdTe QDs. All the above proved
that Ce3* had chelated onto the surface of QDs.

Fig. S7 (Supporting information) demonstrated the fluorescence
emission peaks of Ce3+, CdTe QDs and CdTe + Ce3* + LVFX, which
the inside are fluorescent photographs under a 274 nm UV lamp.
We can clearly see that Ce3+ has a distinct fluorescence emission
peak at 360 nm, but it is not visible. The pure quantum dot solu-
tion without other reagents showed strong red fluorescence emis-
sion at 680 nm. After adding LVFX to Ce/CdTe QDs, a strong green
fluorescence emission peak of LVFX appeared at 475 nm, which
was due to the enhanced auto fluorescence caused by the absorp-
tion of Ce energy by LVFX molecules. Fig. S8 (Supporting informa-
tion) clearly shows that as the LVFX concentration increases, the
fluorescence intensity at 475 nm was significantly enhanced, and
the fluorescence emission peak intensity of Ce* at 352 nm was
significantly reduced. The changes of the two fluorescence inten-
sity peaks showed a good linear relationship with the concentra-
tion of LVFX, and the green color of the solution was gradually en-
hanced through the optical photographs. In order to further verify
the reliability of CdTe QDs, we separately add Ce*>* and LVFX to the
quantum dot solution. Figs. S9 and S10 (Supporting information)
prove that the addition of Ce3* and LVFX has no effect on the flu-
orescence of quantum dots, and we can also confirm this through
the optical photographs, which further proves the theoretical fea-
sibility of this ratiometric fluorescence sensor. When using fluo-
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Fig. 1. (A) The spectra of the sensors with the addition of LVFX. The fluorescence
intensities of LVFX and CdTe QDs were tuned to a ratio of 2.5:1. (B) Plot of the
I475/I90 ratio versus the concentrations of LVFX. The chromaticity diagram is shown
in the inset of Fig. 1B.

rescein in aqueous solution and rhodamine 6G in ethanol solution
as the reference (Fig. S11 in Supporting information), the quantum
yields of CdTe QDs and CdTe and CdTe + Ce3* + LVFX were calcu-
lated to be 29.3% and 37.9%, respectively, confirming their consid-
erable fluorescence intensity [36].

In addition, in order to evaluate the spectacular detection ca-
pability, we conducted a series of experiments on the nanoprobe
stability at various pH levels and over lengthy periods of time. The
impact of solution pH on probe fluorescence intensity is depicted
in detail in Fig. S12 (Supporting information), which proves that
pH 7 is the most ideal reaction condition. The transmission pic-
tures in Fig. S13 (Supporting information) and fluorescent spectra
in Fig. S14 (Supporting information) demonstrate that CdTe QDs
have good dispersion in PBS and FBS, with uniform particle size
and no significant aggregation. Photostability of the colorimetric
fluorescent probe in Fig. S15 (Supporting information) has proved
that the ratio fluorescent probe has high stability within 60 min.

The detection of LVFX based on the Ce/CdTe QDs fluorescence
sensor present in Fig. 1. As the LVFX concentration increases from
0 mol/L to 6.6 mol/L, the red-emission intensity at 690 nm remains
constant while the green-emission intensity at 475 nm dramati-
cally increases. Furthermore, the I4;5/Ig99 fluorescence intensity ra-
tio of Ce/CdTe QDs has a high degree of correlation with LVFX con-
centrations ranging from 0-6.6 mol/L, with R? =0.997. (Fig. 1B). Us-
ing the following equation as a reference: we compute that the
limit of detection (LOD) is 16.3 nmol/L using LOD =30 /k and the
amount of LVFX administered, where k is the slope of the calibra-
tion plot and is the standard deviation of the blank signals (n=9)
[30]. The comparison with other detection methods reported in the
literature clearly confirms that the present sensor of Ce/CdTe has a
lower detection line in a narrower concentration linear relationship
and presents a wider range of application scenarios over the previ-
ous works (Table S1 in Supporting information). It should be noted
that the fluorescence intensity peak of Ce3+ at 358 nm decreased
linearly when the amount of LVFX added increased. The 4f elec-
tron layer of Ce3+ ions absorb energy and transfers to levofloxacin
to increase its green fluorescence, which indicates the process of
linear energy transfer (LET) between Ce3+ and LVFX. In addition,
we can also see from the optical photographs in Fig. 1A that when
the amount of LVFX is gradually increased, the color of the ratio
fluorescence probe gradually changes from red to green. The tem-
poral fluorescent response by the ratio fluorescence I475/Igqq after
the addition of LVFX is presented in Fig. S16 (Supporting informa-
tion), which represents that the entire response process reached
equilibrium within 10 min.

We reached a significant visualization reflected by the change
of fluorescence intensity ratio I475/Igo9 by modulating the concen-
tration ratio of Ce3* and CdTe quantum dots in order to more
accurately test its detecting impact. Fig. S17 (Supporting informa-
tion) shows the fluorescence spectra of the colorimetric fluores-
cent probe with LVFX added. We have seen the most prominent
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Fig. 2. (A) Schematic diagram of smartphone sensing platform for the detecting
LVFX. (B) Linearity plot of ratiometric fluorescent probe color change versus LVFX
concentration from 0.6 pmol/L to 6.0 pmol/L.

color changes over a wide range of measured concentrations when
the reaction between LVFX and Ce/CdTe QDs achieved equilibrium,
with LVEX:CdTe QDs ratios reaching 2:1 and 1.5:1. In particular, the
investigations revealed that 2.5:1 was the optimal ratio for manu-
facturing the nanosensor.

As shown in Fig. S18 (Supporting information), we evaluated
the fluorescence spectra of a ratiometric probe in the presence
of several relevant interfering chemicals including heavy metals,
amino acid, and some antibiotics, etc. As we can see, the inten-
sity ratio I475/lggp changed only when LVFX was added, indicat-
ing excellent selectivity to LVFX. When the interfering analytes
were introduced, there was no discernible change. Furthermore,
when all of the compounds are combined, they have no influence
on the sensing system’s LVFX detection, demonstrating the supe-
rior anti-interference of the ratiometric fluorescence sensor. Fig.
S19A (Supporting information) represents the fluorescence photos
of monochromatic fluorescent probe after adding different detec-
tion samples when without adding red emission CdTe QDs. At the
same time, when several other types of antibiotics are added, it
shows weak green fluorescence, which further validated the sensi-
tivity of visual detection effect. Other interfering substances have
no effect on the reaction when they coexist with LVFX, as shown
by the particular results in Fig. S19B (Supporting information).

The change of fluorescence intensity can only achieve semi-
quantitative detection of the detected substance, and accurate
judgment cannot be achieved. To improve the accuracy and reli-
ability of the results and achieve platform portability, it is required
and effective to convert color information into RGB values using a
smartphone and the color recognizer App (Color recognizer, Xiyi
Technology). The smartphone sensing platform is depicted in Fig.
2A as a basic setup diagram, which enables real-time RGB analy-
sis of fluorescence images using the smartphone’s color recognizer
application. The smartphone’s built-in UV light enables continuous
excitation of the fluorescence sensing unit, and the color recog-
nizer application can then convert the fluorescence color to a spe-
cific RGB value. The ratio of green and red channels (G/R) varied
linearly with increasing LVEX concentration, as shown in Fig. 2B,
presenting a good linear relationship with RZ =0.993, and the esti-
mated LOD was determined to be 27.9 nmol/L, indicating a favor-
able practical application prospect.

In order to further verify the detection effect of this ratiomet-
ric fluorescent probe in actual samples, we selected lake water, tap
water, milk, and raw pork to detect residual LVFX in combination
with a smartphone sensing platform. Water, milk, and raw pork
were further pre-treated to strengthen the experiment’s rigor and
eliminate the background fluorescence of biomolecules in the sam-
ples from interfering with the findings. Different concentrations of
four spiked samples were conducted and the recovery investiga-
tions were conducted multiple loop experiments simultaneously.
Fig. 3 depicts the visualization and quantitative detection of LVFX
in real samples using a sensing platform and a smartphone color
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Fig. 3. (A) Diagram of the detection process in real samples using the smartphone
sensing platform. (B) Fluorescence photographs for detection of LVFX in lake water,
tap water, milk and raw pork.

recognizer App. From the fluorescence photos, we can see that as
the concentration of LVFX increases, the actual samples also show
obvious color changes in the fluorescent solution, and the sensing
platform can quantitatively identify them and convert them into
specific values. In addition, without complex data processing, the
smartphone App can be used to get the final measurement data,
which further simplifies the experimental procedure.

When varied amounts of actual samples were applied, the LVFX
concentration recoveries ranged from 94% to 104%, and the relative
standard deviation (RSD) was between 1.11% and 2.55%, as can be
seen intuitively in Table S2 (Supporting information). Good preci-
sion and repeatability of the experiments were demonstrated.

In summary, we have diversified portable colorimetric fluores-
cence sensing devices for rapid and in-situ detection of LVFX. On
the basis of the energy transfer strategy, cerium ions can light
up the green emission of LVFX while the red emission of CdTe
QDs was unaffected. With the addition of LVFX, the fluorescent
sensor provides a conspicuous color change from red to green,
which demonstrated the satisfactory sensitivity, selectivity, and
anti-interference to LVEX with the LOD of 16.3 nmol/L in the range
of 0-6.0 umol/L. In addition, a smartphone sensing platform has
been developed for quantitative visualization of LVFX using the flu-
orescence detection probe that has been created, and could accom-
plish quantified detection of LVFX in water, milk, and raw pork
with a LOD of 279 nmol/L. Hence, all the reported results here
demonstrate that the sensor should be a promising detection tool
for LVFX, and the as-established diversified devices with excellent
performance provide an excellent platform for antibiotic residues
monitoring and health safety.
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