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Abstract 

High-performance measurement of methyl parathion (MP) is of great importance in both 

agricultural and environmental surveillance. Herein, we presented a facile fluorescent 

biosensor to indirectly measure MP using N-doped carbon dots (N-CDS) based on the inner 

filter effect (IFE). Methyl parathion was employed as the substrate of alkaline-catalytic 

hydrolysis, and p-nitrophenol (p-NP) was obtained by rapid the hydrolysis reaction under 

strong alkaline conditions without enzymes. Interestingly, the absorption band of p-NP 

appeared at 403 nm, which presented an overlapping spectrum with the excitation of N-CDs 

(410 nm). Due to its strong molar absorptivity, p-NP played the part of a powerful absorber in 

IFE to influence the excitation of fluorophore (N-CDs). Through the competitive absorption, 

the fluorescence intensity of N-CDs decreased extremely. With optimum conditions selected, 

the fluorescent sensor presented a concentration-dependent fluorescent response (ΔF) to MP 

ranging from 0.075 to 15 ppm (R
2
 =0.9956). The limit of detection was calculated to be 1.87 

ppb (S/N=3) with good selectivity. Successful measurement of MP in spiked river water and 

apple samples demonstrated that as-proposed optical sensor provided an alternative strategy 

for real applications in environmental and food safety control. 
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1 Introduction  

Methyl parathion (MP) has been extensively used in agriculture to reduce crops production 

decline caused by insect attack.[1] However, the cumulative use of pesticides in agriculture 

has generated numerous concerns about food safety. It is well known that the persistence, 

bioaccumulation and toxicity of MP inhibit the activity of cholinesterase enzyme, resulting in 

the disturbance to regulation of acetylcholine.[2, 3] To make matters worse, continuous 

damage to the nervous system can be caused by MP, resulting in organ dysfunction and 

eventually death. It has been demonstrated that intakes of MP in food and drinking water are 

also possible incentives of some hematological diseases including decreased hemoglobin 

count, RBC contraction and impairment of heme biosynthesis.[4] Given the toxicity to human 

health, the amount of MP in related food stuff has been restricted by many regulations set by 

official organizations around the world.[5] Thus, development of convenient and reliable 

sensors for MP analysis is useful in environmental and food safety monitoring.  

Accordingly, different quantitative strategies such as gas chromatography (GC)[6, 7], 

high-performance liquid chromatography (HPLC)[8], gas chromatography-mass spectrometry 

(GC/MS)[9, 10], ELISA[11, 12] and surface-enhanced Raman spectroscopy[13, 14] have 

been developed to realize sensitive and selective MP detection. Although the aforementioned 

techniques demonstrated excellent accuracy and sensitivity, their application are still 

challenged by some unavoidable disadvantages such as high cost, complex pre-treatment, 

requirement of skillful operation, which restrict their application in real-time field.  

Currently, a number of electrochemical and optical sensors for MP have been developed and 

most of them involve enzyme catalytic reaction or enzyme inhibition reaction.[15-18] Organic 

phosphorus hydrolase (OPH)[15, 19, 20] and acetyl cholinesterase (AChE)[18, 21, 22] are the 

two major common enzymes to construct biosensors for MP detection. However, the activity 

of enzyme might be inhibited by the different detection conditions and solvent species.[23] 

Besides, relatively expensive enzyme and difficulties in immobilization of enzymes allow 

another hindrance to their wide application. In view of above-mentioned setbacks, 

enzyme-free fluorescent sensor might provide a useful alternative for MP 

measurement.[24-26] Yet most enzyme-free sensors for organophosphorous pesticide 



measurement mainly rely on the direct response via the secondary bond including hydrogen 

bond and Van der Waals' force, which present the eurytopic effects towards most 

organophosphorous pesticide.[27, 28] Therefore, false-positive results were frequently 

observed in presence of interfering compounds in complex samples and not all performances 

of sensors have been actualized in terms of sensitivity, interference immunity and stability. 

Recently, inner filter effect (IFE) based fluorescent sensor is proven to be an alternative 

method in trace detection due to its easy fabrication and high sensitivity.[29-32] Generally, by 

matching the absorption of analyte (absorbers) and the excitation/emission of fluorophore, the 

fluorescence could be quenched through the competitive absorption. Therefore, the 

measurement procedure in the IFE was realized through suitable absorber-fluorophore paired 

with the optical spectrum, which avoids the modification of quantum dot or establishing of 

any covalent linking between the absorber and a fluorophore.[33] Unlike other fluorescent 

detection mechanisms such as photoinduced electron transfer (PET) or fluorescence 

resonance energy transfer (FRET), The IFE does not involve any electron or energy transfer 

process, which makes our assay more facile.[34] Additionally, the analytical absorption signal 

is converted to the fluorescence signal, which provides flexibility and simplicity on probe 

construction. 

Accordingly, methyl parathion can be hydrolyzed under alkaline conditions without any 

additions of other reagents or enzyme.[35, 36] This process involves the formation of 

p-nitrophenol with a strong absorbance at 403 nm, which presents a promising and 

cost-effective technique for enzyme-free detection of MP. In the meantime, as a new 

fluorescent nanomaterial, carbon quantum dots (CDs) exhibit satisfactory advantages like 

unique optical properties, excellent biocompatibility and low cost of fabrication, which have 

been rapidly exhumed for chemical analysis.[33, 34] To date, it has not yet been reported to 

measure MP using CDs via IFE. Herein, N-doped carbon dots were applied to develop a new 

fluorescent sensor to realize simple, enzyme-free, low-cost and effective detection of MP. As 

shown in schematic 1, N-CDs were successfully prepared by one-pot hydro-thermal process 

without any modifications. The obtained N-CDs emitted green fluorescence at 510 nm after 

excitation at 410 nm and acted as the fluorescent signal generator. Upon addition of MP under 



strong alkaline condition, the formation of p-nitrophenol (p-NP) was promoted by rapid 

hydrolysis of MP. Simultaneously, the color of the mixture changed from colorless to yellow. 

Subsequently, fluorescence inner filter effect occurred between p-NP and N-CDs, leading to 

significant fluorescence quenching of N-CDs. In such a design, a reliable measurement of MP 

was realized by non-enzymatic process. 

 

2 Materials and Methods  

2.1 Reagents and Instruments 

Ethylenediamine (EDA) and catechol employed as the main reagents for the preparation of 

N-CDs were purchased from Aladdin (Shanghai, China). Other conventional reagents 

including sodium hydroxide, hydrochloric acid (37.5%) and phosphate buffer (PBS) were 

obtained from Changzheng Chemical Reagent Co., Ltd, China. Methyl parathion and other 

pesticides were obtained from Chongqing Pesticide Chemical (Group) Co., Ltd. Deionized 

water with a resistivity of 18.25 MΩ*cm was used to prepare all aqueous solutions. All the 

pH measurements were performed on a PHS-25C pH-meter (Shanghai). 

2.2 Syntheses of N-CDs 

According to former study, one-pot hydrothermal process was applied to prepare 

water-soluble N-CDs.[29] Briefly, the catechol solution with a final concentration of 10.8 

mg/ml was prepared using absolute ethanol. After mixing the as-prepared catechol solution 

(25 ml) with ethylenediamine (300 μl), the mixture was incubated at room temperature for 15 

min, and then transferred into to a 50 ml Teflon autoclave and heated to 200 ℃ for 10 h. After 

cooled to room temperature, the large particles consisted of reaction solutions were wiped out 

via centrifugation at 10000 rpm for 15 min. To remove unreacted small molecules, a 500 Da 

dialysis membrane was employed to purify as-obtained supernatant for 36 h. The final N-CDs 

solutions were diluted 100 times and stored in dark for further use. 

2.3 Characterization 

Fluorescence spectrophotometer (Perkin Elmer LS55) and UV-Vis spectrophotometer 

(TU-1901) were applied to collect the fluorescence and UV-vis absorption spectra. The 



surface morphology and size dimension of N-CDs were recorded by TECNAI G2 F20 

transmission electron microscope (FEI, Holland). Atomic force microscope (AFM) image was 

performed on MFP-3D (Asylum Research, America). The chemical groups on the surface of 

N-CDs were identified by a Nicolet 6700 FTIR spectrometer (Thermoelectric Scientific 

Instruments). The elemental composition of N-CDs was studied on an EX-CALIBUR X-ray 

photoelectron spectroscopy (Jordan Valley). X-ray diffraction (XRD) analysis was performed 

on D/MAX-1200 X-ray diffractometer (RIGAKU Corporation) to solve the crystal structure 

of N-CDs. 

2.4 The IFE-Based fluorescent detection of methyl parathion  

Measurement of MP using the IFE-based fluorescent sensor was executed through the 

following procedures. 30 μl N-CDs solutions with a certain concentration of 7.28*10
-3 

mg/ml 

were first mixed with 2.92 ml of PBS buffer (0.2 M, pH 12.0) in a 5 ml tube and shaken 

thoroughly to form a well-distributed precursor. Subsequently, different concentrations of MP 

(50 μl) solutions were successfully added into the mixture and incubated at 70 ℃ for 25 min 

to ensure full response. The fluorescence intensity of the mixture at 510 nm was collected for 

quantitative analysis of MP. 

2.5 Practicability and real applications 

To explore the performance of the as-present sensor in practicability, interfering compounds 

were introduced to investigate the stability and selectivity. Typically, cider obtained from 

squeeze of fresh apple samples (20 g) was diluted 5 times with PBS buffer (0.2 M, pH 12.0). 

Different concentrations of MP (1.0, 5.0, and 10.0 ppm) were spiked into the cider samples 

and measured directly using the sensor under optimized conditions. Similarly, the water 

samples, collected from Chialing River, were filtered and spiked with MP standards of 1.0, 

5.0, and 10.0 ppm, respectively. Thereafter, those water samples were detected in a similar 

procedure. 

 



3 Results and discussion  

3.1 Materials characterization 

In the present study, N-doped CDs synthesized with catechol and ethanediamine were 

employed as fluorescent signal output. The surface morphology and size of N-CDs were 

characterized by transmission electron microscope (TEM). As can be seen from Fig.1A, all 

N-CDs particles showed a uniform dispersion with a relatively narrow size distribution 

around 3~5 nm. The AFM images (Fig. S1) also exhibit a similar result to the TEM 

measurement and the heights of N-CDs were about 3.5 nm, indicating that the as-prepared 

N-CDs were nearly spherical in shape. Diffraction peak appeared at 2θ = 25.3° in XRD 

pattern (Fig. 1B) matches well with the characteristic peak of (0 0 2) facet of graphene, 

indicating that the sp
2
-hybridized carbon consisted in N-CDs. The surface groups of the 

as-prepared N-CDs were identified by FT-IR. As shown in Fig. 2, a clear and strong peak 

observed at 3409.28 cm
-1

 is indicative of υ(O-H, N-H). It demonstrats that abundant 

hydroxyls and amidogens were bonded on the surface of N-CDs, making them water-soluble. 

Two strong absorption peaks at 2931.41 cm
-1

 and 2852.49 cm
-1

 are associated with the 

stretching vibrations of CH3– bond and –CH2– bond. Particularly, characteristic stretching 

vibration band of C=O bond and C=C bond appear at 1636.54 cm
-1

. The peaks emerged at 

1452.67 cm
-1

 and 1349.33 cm
-1

 are assigned to the stretching vibrations of C–N bond and 

C-N= bond, respectively. The absorption peak at 1230.73 cm
-1

 belongs to the stretching 

vibrations of C–O groups. XPS was further performed to identify the surface composition and 

elements analysis. The characteristic peaks of C 1s, N 1s and O1s could be observed at 285.1 

eV, 399.6 eV and 532.7 eV in full scan XPS spectrum of N-CDs (Fig. 3A), clearly supporting 

the successful nitrogen doping into carbon quantum dots. As shown in high resolution XPS of 

C 1s region ( Fig.3B) , four different peaks at 284.8 eV, 285.9 eV, 287.5 eV and 288.8 eV 

suggest the different existences of C=C (graphitic structure, sp
2
 hybridization), C-N (sp

3
 

hybridization), C-O (sp
3
 hybridization) and C=O (sp

2 
hybridization). Meanwhile, for N 1s 

spectrum, three different peaks observed in Fig.3 C could be attributed to N-H (398.8 eV), 

C=N (399.8 eV) and C-N (401.1 eV) bonds respectively, which further demonstrates the 

successful nitrogen doping in carbon quantum in accordance with the result of FT-IR. As 



shown in Fig.3D, different chemical states of oxygen existing in N-CDs are assigned to O-H 

(530.9 eV), C-O (532.2 eV), and C=O (533.3 eV), respectively. Those observations indicate a 

good N-CDs quality in view of distribution, topography and crystal structures. The 

as-prepared N-CDs with green emission at 510 nm exhibits a strong fluorescence after 

excitation at 410 nm (Fig. S2). The fluorescence signal of N-CDs remained constant at the pH 

below 10. Meanwhile, a slight decreasing fluorescence response intensity was observed as 

increasing pH ranged from 11 to 14 (Fig. S3 B). Quinine sulfate was employed as a reference 

to calculate the quantum yield (QY) of the N-CDs (Supporting Information). The 

nitrogen-doped quantum dots is endued a higher QY of 10.8% than that of recently reported 

CDs.[37-40]  

3.2. Principle of detecting assay based on IFE 

Fluorescence inner filter effect, as a promising sensing technique, is frequently applied for 

various chemical detection. It occurs from a spectra overlap between the excitation or 

emission spectra of fluorescent materials and the absorption spectra of absorber.[34, 41] Thus, 

an extreme fluorescence quenching caused by the strong absorption of absorber provides an 

alternative platform for facile and sensitive detection. In the present study, p-nirophenol was 

employed as an absorber at 403 nm for indirect measurement of MP based on inner filter 

effect. This strategy was realized by alkaline catalytic hydrolysis of MP resulting in the 

formation of p-nirophenol with solutions color change to yellow (Fig. S4) according to the 

following chemical equation.[36, 42] The present system provides a relatively high hydrolysis 

efficiency (87.2%, Supporting Information) of MP under the optimal conditions. 

 

In this study, the sensing mechanism of the IFE-based fluorescent sensors for MP analysis 

was illustrated in Fig.4. N-CDs exhibited a strong green fluorescence at 510 nm under the 

excitation of 410 nm. Concurrently, the maximum absorption peak of p-nirophenol centered 

at 403 nm, which well overlapped with the excitation of the as-prepared N-CDs (Shown in 

Fig.4A). As depicted in Fig.4B, upon addition of MP into reaction solutions in acidic 



condition, a slight fluorescence quenching was observed, suggesting a negligible detection 

influence on fluorescence of N-CDs under strong acid environment. While, for an alkaline 

system with a pH of 12, the addition of MP led to a dramatic decrease of fluorescence 

intensity concomitant with a color change to yellow. This phenomenon could be explicated by 

that P-NP was released in the mixture from rapid hydrolysis of MP under strong alkaline 

environment and the inner filter effect occurred between p-NP and N-CDs. All these results 

mentioned above demonstrated that the IFE-based sensor could be used to quantitative 

analysis of MP. 

3.3 Optimization of the experimental conditions  

Several pivotal factors including pH, reaction time and temperature were investigated to 

improve the performance of the developed sensor for MP detection. As the most critical factor 

to improve the hydrolysis reaction of MP, the influence of pH on the detection system was 

evaluated (Fig.5A). When pH was lower than 7, the fluorescent response (ΔF) could not be 

observed resulting from the good stability of N-CDs and MP under acid conditions. 

Meanwhile, a gradually increasing fluorescence response was obtained with the increase of 

pH from 7 to 12. The maximum response occurred at the pH of 12, but further increase of pH 

led to no clear changes in ΔF. Therefore, pH of 12 was chosen in the following-up study.  

Commonly, the kinetics or equilibrium of a reaction was determined by temperature and 

reaction time. Fig. 5B presents a positive correlation between the fluorescent response and the 

temperature range from 20 to 70 ˚C. It could be seen that the increase in collision frequency 

caused by the kinetic energy escalation expedited the hydrolysis rate of MP in higher 

temperature. Above 70˚C, no clear changes in ΔF were observed and this temperature was 

selected as the optimal detection condition. A typical time-dependent response was plotted 

from 5 min to 25 min in Fig. 5C. The largest change in ΔF was obtained at 25 min, indicating 

an equilibrium of hydrolysis reaction at this time. Therefore, 25 min of reaction time was 

selected as the preferred time for later experiments (Fig. S5). 

3.4 Analytical performance for detection of methyl parathion 

The sensitivity of present strategy was studied by recording the fluorescent response of the 



IFE-based sensor to different concentrations of MP under optimal detection conditions. As 

shown in Fig. 6, the fluorescent intensity decreased gradually with increasing amount of MP. 

Simultaneously, the original green color of detection system diminished under the UV lights 

with the concentration of MP over 1.0 ppm, which could be easily distinguished by naked 

eyes. The generated ΔF presented a well-defined linear relationship (ΔF = 44.76*C + 19.50, 

R
2
=0.9956) with the concentration of MP ranging from 0.075 to 15.0 ppm and the detection 

limit was calculated to be 1.87 ppb (S/N=3). Since p-NP effectively quench the fluorescence 

of N-CDs without heating procedure. For MP measurement, a heating procedure is needed to 

trigger the hydrolysis reaction for quenching the fluorescence. Therefore, for sample with 

co-existing p-NP, we just need to monitor the fluorescence intensity before and after heating 

to calculate the concentration of MP (Fig. S7B).  

The IFE-based sensor exhibited a relatively higher sensitivity compared with other reported 

fluorescent methods listed in Table 1. Admitted that the methods based on immunological 

reaction and enzyme inhibition had lower LODs than that of this work, the present method 

focused on providing an alternative way for MP measurement. The detection procedure was 

realized by alkaline catalytic hydrolysis without any addition of other reagents or enzyme. 

Therefore, the proposed method presented the advantage of low cost and it had a better 

stability. 

Additionally, evaluation on the stability of as-proposed sensor was tested by long-term 

monitoring the fluorescent intensity at specified conditions. As shown in Fig. S8, after stored 

at 4℃ for more than 1 month, the fluorescent signal of N-CDs remained 91% of its initial 

intensity, suggesting the relative good stability of the proposed method. Besides, we 

investigated the reproducibility by testing different batches of sensors upon reaction with 15.0 

ppm MP under optimal detection conditions. Insignificant fluctuation in different batches with 

the maximum relative standard deviations (RSD) of 3.86% indicated that the measurement 

was repeatable enough for detecting of MP.  

3.5 Selectivity and real application  

To examine the performance of the IFE based sensor in selectivity, a number of structural 

similar pesticides including carbendazim (CB), deltamethrin (DT), triazolone (TA), 



chlorpyrifos (CR), isoprocarb (IP), celoprofen (CP), omethoate (OM), malathion (MT), 

phorate (PR), phlogide (PG), aldicarb (AD), trichlorfon (TC), methamidophos (MT), 

glyphosate (GP) were selected as the interference chemicals and tested under the optimum 

conditions. As summarized in Fig. 7, a full fluorescence quenching of N-CDs only induced by 

MP with a low concentration of 15.0 ppm. The resultant responses in ΔF caused by other 

tested pesticides were observed in a negligible extent even with a concentration of 150.0 ppm. 

Except for methyl parathion, none of the interfering chemicals could be hydrolyzed to initiate 

the inner filter effect, which demonstrated the as-present sensor excellent selectivity. 

To verify the practical application, the IFE-based sensor was tested using apple sample and 

river water spiked with MP in a similar procedure. The testing results shown in Table 2 

exhibited an acceptable validation accuracy ranging from 97.6 % to 104.3 % with a maximum 

RSD of 4.03 %, suggesting the feasibility for real sample analysis.  

 

Conclusion 

In summary, an IFE-based fluorescent sensor was successfully developed for efficient 

measurement of methyl parathion. It was achieved by the inner filter effect between N-CDs 

and p-nitrophenol obtained from alkaline hydrolysis of methyl parathion. This technique not 

only provided a facile detection choice for MP free of enzymes, but also circumvented the 

tedious modification of carbon quantum dots. Excellent performance also demonstrated the 

sensitivity and stability of the IFE-based sensor. In addition, the practical application of the 

presented sensor on real samples exhibited an acceptable recovery with a RSD around 4.03 %. 

All the results obtained above made the present sensor an effective approach for on-line 

detection of methyl parathion. 
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Fig. 1 TEM image (A) and XRD (B) of as-prepared N-CDs. 

Fig. 2 FT-IR spectrum of N-CDs. 

Fig.3 Wide-scan XPS spectrum of N-CDs (A). XPS survey of C 1s (B), N 1s (C) and O 1s (D). 

Fig.4 (A) Fluorescence property of N-CDs and Uv-Vis absorption spectrum of p-nitrophenol; Inset: 

Images of N-CDs solutions under ultraviolet (right) and visible (left) light. (B) Fluorescence 

spectra of N-CDs and N-CDs incubated with MP (pH 12 and pH<7).  

Fig.5 Fluorescent responses of IFE-based sensor to MP versus pH (A), temperature (B) and 

reaction time (C). 

Fig. 6 (A) Fluorescence intensity of N-CDs with increasing concentrations of MP from 0 ppm to 

15.0 ppm. (B) Corresponding linear relationship between fluorescent responses to different 

concentrations of MP. 

Fig. 7 (A) Fluorescence emission spectra of N-CDs in the presence of MP (15.0 ppm) and other 

interfering pesticides (150.00 ppm); (B) Relative response of different interfering pesticides to the 

proposed detection method.  

Scheme 1. Illustration of IFE-based fluorescent sensor for methyl parathion using N-doped carbon 

quantum dots.  
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Table 1 A comparison of present IFE-based fluorescent sensor with other fluorescent sensors 

for measurement of MP 

Method Label/probe LOD Ref. 

Molecular Imprinting CdSe@SiO2@MIP 4 ppb [43] 

Fluorescence Polarization 

Immunoassay 

Monoclonal antibodies 15 ppb [44] 

Immunological reaction BSA–CdTe QDs 0.1 ppb [45] 

Enzyme catalyzed hydrolysis CdTe/OP hydrolase 18.00 ppb [15] 

Enzyme catalyzed hydrolysis CuInS2/OP hydrolase 15.79 ppb [20]  

Enzyme catalyzed hydrolysis N-CDs/MP hydrolase 88.96 ppb [46] 

Enzyme inhibition Tyr-CDs 0.013 ppb [47] 

Alkaline catalytic hydrolysis N-CDs (IFE) 1.87 ppb This work 

 

 



 

Table 2 Detection of MP concentrations in real applications 

 Spiked (ppm) Founded (ppm) RSD (%) Recovery (%) 

 

 

Apple 

0 Not found / / 

1 0.987 2.12 98.7 

5 5.081 4.03 101.6 

10 10.271 3.52 102.7 

 

 

River water  

0 Not found / / 

1 1.043 2.73 104.3 

5 5.034 3.49 100.7 

10 9.758 3.08 97.6 

 

Highlights: 

 N-doped carbon dots were innovatively introduced as fluorescent signal readout for 

measurement of methyl parathion. 

 This strategy realized the quantitative analysis for MP via enzyme-free process rather 

than enzymatic hydrolysis of MP.  

 This work could serve as a good model for the design of new fluorescence biosensors 

based on inner filter effect. 

 MP was successfully measured in river water and apple sample with high selectivity and 

satisfactory detection limit. 

 

 




