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ABSTRACT 

A simple and sensitive fluorescent assay was developed for the sensitive and selective determination of cefixime 

based on inner filter effect (IFE). In this sensing platform, fluorescent carbon dots (CDs) were prepared by one-

pot synthesis and was directly used as fluorophore in IFE. The method is based on the complexation reaction 

between cefixime and palladium ion in the presence of acidic buffer solution (pH 4). Production Pd(II)-

CEFcomplex induced the absorption band which complementary overlap with the excitation spectra of CDs. 

Due to the competitive absorption, the excitation of CDs was significantly weakened, resulting in the quenching 

of CDs. The present IFE-based sensing strategy showed a good linear relationship from 0.2×10
-6

 M to 8 ×10
-6

 

M (R
2
 = 0.994) and provided an exciting detection limit of 0.9×10

-7
 M (3δ/slope). The proposed method has 

been successfully applied for the determination of cefixime in pharmaceutical preparations and human urine 

samples. 
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INTRODUCTION 

 Nowadays there are many pharmaceutical companies all over the world producing a variety of antibiotics. 

Although antibiotic use plays a beneficial role in the public health, but Studies have shown that long-term 

treatments with antibiotics increase the resistance of human pathogens to antibiotics [1]. Therefore monitoring 

antibiotics is important for obtaining optimum therapeutic concentration and also can help to clarify their direct 

or indirect impact on human health. Cefixime (CEF) is a semi synthetic and generally classified as a third-

generation cephalosporin antibiotic. It is active against gram-positive and gram-negative bacterial infections and 

used in treating infections of urinary tract, upper respiratory tract, skin and middle ear
 
[2].Common methods 

such as liquid chromatography-mass spectrometry [3], high performance liquid chromatography [4] and 

voltammetry
5
 have been used for the detection of CEF. These techniques are all effective, but none of them is 

ideal due to certain features such as being time consuming, expensive, lack of portability, and requiring delicate 

equipment. Thus, developing simple, selective and sensitive sensor for monitoring low levels of CEF is urgent 

and necessary. 

 The use of fluorescent probes in monitoring systems is continually increasing due to their ease of use, 

selectivity, and cost-effective advantages [6-10]. Carbon quantum dots with size below 10 nm and strong 

fluorescence emission compare to traditional semiconductor quantum dots and organic dyes are superior in 

terms of toxicity, environmental friendliness low cost and simple synthetic routes [11-13]. Due to the 

extraordinary optical, electronic and biochemical properties, CDs have found more promising applications in a 

broad range of areas such as electrocatalysis [14,15], bioimaging[16,17], sensing [18-21], 

electrochemiluminescence [22,23], drug/ gene delivery [24], and other optoelectronic fields [25,26]. Inner filter 

effect (IFE) is known as a source of errors in spectrofluorometry resulting from an apparent attenuation of the 

emission light by absorbers present. But it can be useful for an optical chemical sensor by converting the 

analytical absorption signals into fluorescence signals. The IFE occurs when the absorption spectrum of the 

absorber possesses a complementary overlapped region with the excitation or emission of the fluorophore. 

However, recent investigations have proved IFE can be useful for an optical chemical sensor by converting the 
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analytical absorption signals into fluorescence signals [27-29]. In sensors based on the IFE, there is no need for 

establishing of any covalent linking between the receptor and a fluorophore but utilize the fluorophore and the 

receptor as such. Moreover, since the changes in the absorbance of the absorber translate into exponential 

changes in fluorescence of the fluorophore, an enhanced sensitivity and decreased detection limits for the 

analytical method is reasonable, comparing with the absorbance values alone [30]. In this study, we synthesized 

green CDs from pomegranate juice through simple hydrothermal method and testified their application as 

sensitive probes for the detection of CEF. The optical property and the morphology of the obtained CDs were 

characterized by UV–Vis absorption spectra, PL spectra, Fourier Transform-Infrared (FT-IR) spectroscopy and 

transmission electron microscopy (TEM), respectively. The proposed method is based on the complexation 

reaction between cefixime and palladium ion in the presence of acidic buffer solution (pH 4). The results 

showed that the absorption of Pd(II)-CEF complex overlapped with the excitation spectra of the synthesized 

CDs. Then, the fluorescence intensity of CDs was decreased in the presence of CEF and Pd(II) through the inner 

filter effects. This phenomenon was used for quantitative detection of CEF. The Sterne–Volmer plot showed a 

linear relationship (R
2
 = 0.998) between F0/F and the concentration of CEF over the ranges from 0.2×10

-6
 M to 8 

×10
-6

 M (R2 = 0.987). The limit of detection (LOD) was estimated to be 0.5×10
-7

 M (3δ/slope). 

EXPERIMENTAL SECTION 

Materials and compounds 

Pomegranates were bought from the local market. All chemicals used were of analytical grade or of the highest 

purity available. Hydrochloric acid (HCl) and sodium hydroxide (NaOH) were used to adjust the pH. All 

glassware was thoroughly cleaned with freshly prepared 3:1 HCl / HNO3 (aqua regia) and rinsed thoroughly 

with deionized water prior to use. Double-distilled deionized water was used to prepare all the solutions in this 

study. A standard stock solution of CEF (100 μg mL
-1

) was prepared by dissolving 0.01 g of CEF standard in 20 

mL of ethanol. The resultant solution was diluted to 100 mL with deionized water. 

Instrument for characterization 

UV–visible absorption spectra were recorded using a Biochrom Biowave II spectrophotometer. Fluorescence 

emission spectra were recorded by a FP-6500 Jasco fluorescence spectrophotometer. Microscopy images were 

obtained by high-resolution transmission electron microscopy (HRTEM, JEOL 2010F) at 200 KV. The Fourier 

transform infrared (FTIR) spectra of the CDs were recorded in the form of KBr pellets with a NEXUS 670 FTIR 

spectrometer. 

 

Preparation of Fluorescent CDs 

Carbon nanoparticles were synthesized from the hydrothermal of pomegranate juice. In a typical procedure, 20 

mL pomegranate juice and was mixed with 5 mL deionized water. The resulting mixture was transferred into a 

Teflon-lined autoclave for hydrothermal treatment at 100 ºC for 5 h. For collecting highly fluorescent carbon 

dots, the resulting red solution was centrifuged at 10000 rpm for 25 min to separate large particles. The as-

prepared CDs were freeze dried and then re-dispersed in ultrapure water at the concentration of 1mg mL
-1

 for 

further characterization and use. 

 

Fluorescence assay of CEF  

In a typical run, 3 μL CDs dispersion solution was added into 1 mL phosphate-citrate buffer solution (25m M, 

pH 4.0). Then 50µL of freshly 10×10
-4

 M palladium chloride solution was added and diluted up to the 5 mL 

with deionized water. The final concentration of Pd (II) was about 10×10
-6

 M. Finally, an appropriate volume of 

CEF solution was added into above sample and after 5 minute the associated fluorescence quenching spectra 

were recorded at the room temperature. The fluorescence intensities were recorded in the range of 360 to 600 

nm while the excitation wavelength was set at 350 nm. Fluorescence intensity was measured at 455 nm. 

 

Analysis of actual samples 

In order to assay CEF of pharmaceutical preparations, a certain amount of this powder was dissolved in 

methanol solution and filtered through a 0.25 μm membrane. A certain amount of CEF was spiked into 3 tubes 

and diluted with deionized water, then pretreated and analyzed in accordance with the above procedure. For 

human urine analysis, urine sample of a healthy volunteer was collected and centrifuged (6,000 rpm, 10 min) to 

precipitate impurities. Then the supernatant was diluted with deionized water in the ratio of 1:3 and were 

collected into 4 tubes. The experiments were carried out by a standard addition method and the samples were 

determined in parallel 3 times. 
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RESULTS AND DISCUSSION 

Synthesis and characterization of CDs 

Water-soluble CDs were simply prepared by one-step hydrothermal treatment of pomegranate juice at 100 ºC. 

To explore the optical properties, the absorption and emission spectra of synthesized CDs were investigated. As 

can be seen in Figure 1, the UV−Vis spectrum showed a strong peak at 230 nm which is ascribed to the π- π* 

transition of aromatic C-C bonds, whereas a shoulder at 300 nm is attributed to the n- π* transition of C=O bond 

or other connected groups [31]. Figure 1 also shows a strong PL emission peak at 455 nm when excited at 350 

nm. Quantum yield of the as-obtained CDs was obtained to be about 3.8 % using quinine sulfate as the 

reference. Figure 2 shows the transmission electron microscopy (TEM) image of CDs, from which it can be seen 

that CDs were well separated from each other. The corresponding nanoparticle size distribution histogram 

indicates that their diameters were mainly distributed in the range of 5-9 nm. These CDs were very stable for 

several months without any precipitation or variation in the absorbance and emission peaks. 

The structure and components of CDs were characterized by Fourier transformed infrared (FTIR) spectroscopy. 

The FT-IR spectrum (Figure 3) exhibited characteristic absorption band of OH stretching vibrations at 3405 cm
-

1
. The peaks at 2932 cm

-1
 and 1722 cm

-1
 were ascribed to the C-H and C=O stretching vibration, respectively. 

The peaks at 1664 cm
-1

and 1075 cm
-1

 also were attributed to the stretching vibrations of C=C and C–O or C-O-

C, respectively [32-34]. Also as depicted in fig. 4a the XPS survey spectrum exhibited two peaks at 285 and 

532.6 eV, which are attributed to C1s and O1s, respectively [35]. In detail, The C1s spectrum (Figure 4b) shows 

three peaks at 284.6, 286.3 and 287.9 eV which are attributed to C–C, C–O, and C=O, respectively [35]. 

 

Figure 1: UV−Vis spectrum of CEF, Pd, Pd(II)-CEF complex and CDs with normalized fluorescence spectrum of CDs 

 

 Figure 2: TEM images of the products thus formed, Inset: the corresponding particle size distribution histogram 
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Figure 3: The FT-IR spectrum of CDs 

 

Figure 4: The XPS (a) and C1s (b) spectra of the as-obtained CDs 

Optimizing of detection conditions 

The fluorescence curves of CDs at different pH values suggested that there was an increase in fluorescence 

intensity by increasing the pH from 2 to 7. This variation of fluorescence was similar to CDs modified with 

carboxylic and hydroxyl groups [36,37]. Also as shown in figure 5, the fluorescence intensity decrease of CDs 

reached the maximum in the presence of CEF as well as pH 4.0. Then the pH of all samples was adjusted at pH 

4.0 using phosphate–citric acid buffer. This is the result of formation Pd(II)-CEF complex in acidic pH [38]. A 

proposed mechanism for the complexation of Pd(II)-CEF complex is given in figure 6.  

The reaction time between CEF and CDs was also investigated and the results showed that the fluorescence 

intensity of CDs were quenched after the addition of CEF and were stable after 5 minute. This fast response 

could be used in promising applications in which require fast, stable and convenient sensing.  

 

Figure 5: The effect of pH value on the FL intensity of CDs in the absence and presence of CEF 
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Figure 6: Proposed reaction for Pd(II)-Cefixime complex formation 

Fluorescence detection of Cefixime 

 As shown in Fig. 1, it is obvious that the excitation spectrum of CDs was overlapped with the absorption 

spectrum of the Pd(II)-CEF(λ max=350). Interestingly, we found that in acidic pH, Pd(II)-CEF complex could 

quench the fluorescence of CDs, revealing the potential application of CDs as nanosensors for CEF detection. 

The observed decrease in fluorescence intensity of the CDs may also be attributed to the possibility that Pd(II) 

or CEF directly quenches the CDs fluorescence. To clarify this issue, the effect of Pd (II) and CEF on the 

fluorescence spectra of CDs were also studied separately. The fluorescence signal of CDs didn’t significantly 

change in the presence of CEF and Pd alone. This observation can be attributed to that Pd(II)-CEF complex can 

quench the fluorescence of CDs presumably via inner filter effect (IFE) [39].  

 For a sensitivity study, different concentration of CEF in the range of 0.1×10
-6

 - 10×10
-6

 M were investigated. 

Interestingly, the fluorescence intensity of CDs is sensitive to CEF in the presence of pd(II) and decreases with 

the increase of CEF amount (Figure 7).  

 

Figure 7: (a) Fluorescence emission spectra of CDs in the presence of various concentrations of CEF. (b) The Fluorescence intensity 

ratio F/F0 of versus the concentration of CEF 

The quenching efficiency is fitted to the Stern-Volmer equation, F0/F=1+Ksv[Q], where Ksv is the Stern-Volmer  

quenching constant, [Q] is the concentration of analyte (CEF), and F0 and F are the fluorescence intensity at 455 

nm in the absence and presence of CEF, respectively. As shown in Figure 7(b), there is a good linear dynamic 

range from 0.2×10
-6

 M to 8 ×10
-6

 M (R
2
 = 0.994) and detection limit of 0.9×10

-7
 M was obtained based on a 

3δ/slope.  

 

Specificity of the Sensing System 

To investigate whether our system is specific for CEF, we measured the fluorescence response of this sensing 

system with most of the common ions such as Na
+
, Ca

2+
, et al., and small molecules like glucose and L-cysteine 

under similar conditions. The results, as shown in table 1, indicated that there was no obvious fluorescence 

change in the presence of the listed ions and biomolecules. 

 

Applications for actual samples          

One healthy human urine sample and three batches of pharmaceutical preparations samples were analyzed to 

evaluate the practicality of this method in actual samples. For urine samples, the experiments were carried out 

by a standard addition method and the samples were determined in parallel 3 times and the results are shown in 

Table 2. As listed in table 2 the recoveries were above 90% in all cases, suggesting satisfactory average 

recoveries in the urine sample, and the RSD were generally acceptable.  
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As listed in table 3, the results of analyzing the pharmaceutical samples with the current method were 

satisfactory all with average CEF recoveries between 93% and 107%. In addition, including the sample 

pretreatment procedure, the whole experiment process could be completed within 30 minute, demonstrating that 

this method can meet the needs of rapid detection for CEF in real samples. 

Table 1: Effect of coexisting foreign species (concentration of CEF is 6µM) 

Species added (5×10-6 M) Change in fluorescence intensity to Cefixime % 

Na+ 2 

Ca2+ -2 

 Mg2+ -3 

Glucose 2.3 

L-Cysteine -3.1 

L-Tryptophan -2.1 

Glutathione -3.1 

Urea -3 

Meroxan 1 

Erythromycin -4 

Cefazolin 3.6 

Cetirizine -2.8 

Table 2: Recoveries of CEF in supplemented human urine detected by current method (n=3) 

Number Spiked(µM) Found(µM) Recovery (%) RSD 

1 2 2.1 105 3.6 

2 4 4.3 107.5 3.8 

3 6 5.8 96.6 3.2 

4 8 7.9 98.7 2.8 

Table 3 Recoveries of CEF in pharmaceutical preparation detected by current method (n=3) 

Sample Amount Spiked(µM) Found Recovery(%) RSD 

1 3 2 5.1 103.3 3.8 

2 3 3 6.2 106.6 4.2 

3 3 4 6.8 93.3 3.7 

CONCLUSIONS 

In summary, carbon dots were synthesized via one-step hydrothermal treatment of pomegranate juice at 100 
º
C. 

Carbon dots served as an effective fluorescent sensing probe for sensitive and selective detection of CEF with a 

detection limit as low as 0.9×10
-7

 M. The developed probe had remarkable advantages such as high selectivity, 

high speed and wide response range. Also, the results obtained from real sample analysis proved the promising 

potential application of these green probes in physiological conditions. We believe that the green production of 

fluorescent carbon dots has bright prospects in biological detection. 
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