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Highlights 

 A novel carbon dots with excellent fluorescence was prepared from agricultural waste tomato 
straw. 

 The fluorescence sensor of CDs@SiO2-MIPs was constructed via molecularly imprinted SiO2 
confined carbon dots. 

 The developed sensor exhibited high selectivity, a wide linear range, and a low detection limit 
for TC detection. 

Abstract 

In this work, a novel biomass derived carbon dots (CDs) with superior fluorescent properties were 
prepared by tomato straws. The selective, eco-friendly sensor for the detection of tetracycline (TC) 
was developed by grafting SiO2 molecular imprinted polymers onto the surface of CDs (CDs@SiO2-
MIPs). This sensor combined the high selective adsorption property with the sensitivity of 
fluorescence detection, which sensing mechanism stems from the off fluorescent signal after the 
molecular imprinting specifically recognizing the target substance. Under optimal conditions, the 
fluorescence intensity of the sensor decreased linearly with increasing the concentration of TC from 
1.00×10-7 to 5.00×10-4 mol/L. The detection limit of TC was 9.33 ×10-8 mol/L. This work provides a novel 
biomass derived CDs and a simple molecularly imprinted fluorescence sensing method for the 
detection of environmental organic pollutants. 

Keywords: tomato straws; carbon dots; tetracycline; molecular imprinted polymers; fluorescence 
sensor 
 

1. Introduction 

Tetracycline antibiotics (TCs), a type of broad-spectrum antibiotics, are widely used in the 
medical and veterinary fields for the treatment of bacterial infections and as feed additives, due to 
their low cost and broad-spectrum antibacterial properties[1–3]. However, the excessive and 
continuous utilization of TC has caused residue in animal-derived foods (e.g. milk, meat, egg 
products) and pollution of water environment[4]. They enter the human body through 
bioaccumulation and further lead to a series of adverse effects, including allergic reactions, 
hepatotoxicity and gastrointestinal disturbance[5]. Currently, traditional methods including high-
performance liquid chromatography (LC−ESI-MS−MS)[6], liquid chromatography-mass 
spectrometry (LC-MS)[7], and enzyme-linked immunosorbent assay (ELISA)[8] are widely employed 
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for the detection of TC residues. However, in recent years, more cost-effective, convenient, and rapid 
detection methods compared to traditional approaches have been developed, including 
electrochemical, photoelectrochemical, colorimetric and fluorescence methods. Among them, 
fluorescence method has emerged as a promising approach in the field of analysis due to its 
advantages of high sensitivity, good accuracy, fast response speed and low cost. 

It is reported that there are various fluorescent materials that can be used to detect TC, including 
quantum dots[9–11], nanoclusters[12,13], metal-organic frameworks (MOFs)[14–17], covalent 
organic frameworks (COFs)[18,19]. Among them, carbon dots (CDs), as a new type of luminescent 
nanomaterials, have attracted much attention because of their superior fluorescence characteristic, 
good solubility and hypotoxicity[20]. In 2014, Yan et al.[21] proposed a green preparative strategy of 
CDs by using biomass small molecule-citric acid as carbon precursors for the first time. Biomass, as 
a natural, abundant and renewable carbon resource, has been widely used as a carbon source for the 
preparation of CDs due to the advantages of high carbon content, aromatic structure in components, 
which is conducive to the formation of conjugated carbon cores (sp2/sp3 hybridized), and the presence 
of heteroatoms such as N, S and P, as well as rich functional groups such as -OH, -COOH and -
NH2[22]. So far, a lot of biomass has been used to prepare carbon-based TC fluorescence sensors, such 
as rice residue[23], R. graveolens leaves[24], green jujube[25], passion fruit peels[26], Curcuma 
amada[27], Ophiopogon japonicus f. nanus[28]. All these works have achieved good analytical 
performance. Nevertheless, the methodology for the TC detection using CDs derived from tomato 
stalks remains to be investigated. Tomato stalks were ranked as the fourth largest agricultural wastes 
after the three major crop residues of rice, wheat and corn[29] These vegetable residues are 
inappropriate for silage, due to the relatively high levels of pesticide and herbicide residues[30,31]. 
As a result, these vegetable crop residues are either disposed of in landfills or burned on site, which 
has caused severe environmental pollution and waste of resources[32]. Therefore, the construction of 
TC fluorescence sensors based on CDs derived from tomato straw not only effectively solves the 
problem of resource utilization of tomato straw waste in facilities, but also realizes the effective 
detection of agricultural environmental pollutants, which has dual significance. However, the 
selectivity of fluorescence sensors based on pure biomass CDs needs to be improved. The molecularly 
imprinted polymers (MIPs) developed based on the antigen-antibody principle has shown great 
potential as recognition units in sensing platforms, and it has become an ideal choice for improving 
the selectivity of fluorescence detection[33–37]. It has the advantages of good physical and chemical 
stability, simple preparation, low cost[38], and can also withstand high temperatures, high pressures, 
acids, alkalis and organic solvents[39]. Therefore, molecular imprinting technology is a simple and 
low-cost option for improving the selectivity of TC fluorescence detection. 

In this research, an eco-friendly CDs were synthesized from tomato stalks and subsequently 
encapsulated into SiO2-MIPs via a sol-gel approach. The fluorescence of CDs@SiO2-MIPs sensor 
exhibited concentration-dependent quenching upon interaction with TC molecule, which was 
attributed to the inner filter effect (IEF) and static quenching mechanism between TC and CDs@SiO2-
MIPs (Scheme 1). The experimental results demonstrated that the CDs@SiO2-MIPs sensor exhibited 
high selectivity, a wide linear range, and a low detection limit for TC. This work adopted a green, 
economical and facile strategy for synthesizing CDs from renewable plant resources and explored 
their application in TC detection, which not only holding significance for investigating natural 
product derived CDs, but also offers novel perspectives for TC monitoring. 
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Scheme 1. Schematic illustration of the preparation and detection process of CDs@SiO2-MIPs. 

2. Materials and Methods 

2.1. Materials 

Tetracycline (TC), chlortetracycline (CTC) and sulfamethazine (SDM) were gained from Macklin 
Biochemical Co., Ltd. (Shanghai, China). Oxytetracycline (OTC) and enrofloxacin (ENR) were 
obtained from InnoChem Science & Technology Co., Ltd. (Beijing, China). TEOS (tetraethoxysilane), 
APTES (3-aminopropyl-triethoxy-silane), were purchased from Sigma-Aldrich Trading Co., Ltd 
(Shanghai, China). Ammonia solution (25% in water), acetic acid, methanol, and ethanol were bought 
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). All reagents were of analytical grade, 
and used without further purification. Millipore Milli-Q ultrapure water (18.2 MΩ cm) was used 
throughout the whole research. 

2.2. Apparatus 

Transmission electron microscopy (TEM) images were conducted on a Hitachi HT7800 high 
contrast transmission electron microscope (Hitachi, Japan). Scanning electron microscopy (SEM) was 
performed using a Hitachi Regulus-8100 field emission scanning electron microscope (Hitachi, 
Japan). X-ray diffraction (XRD) was acquired using a Bruker-D8 advance (Bruker, Germany). X-ray 
photoelectron spectroscopy (XPS) was performed using an AXIS SUPRA (Shimadzu, Japan). 
Ultraviolet-visible (UV-vis) spectra were measured by a UV-3600 plus ultraviolet-visible 
spectrophotometer (Shimadzu, Japan). FL spectra and FL lifetime were measured on an FS5 FL 
spectrophotometer (Edinburgh Instruments, UK). 

2.3. Preparation of CDs 

In a typical experiment, CDs were prepared according to the previously reported method with 
a little modification[40]. Briefly, Fresh tomato stalks were collected from the Greenhouse located in 
Jiangsu University. First, tomato stalks were washed using tap water followed by distilled water, and 
then dried in an incubator at 60°C for 12 h. Dried straws were crushed manually into powder. Then, 
1.5 g powder of tomatoes stalk was dispersed in 30 mL of ultrapure water. It was moved into a 50 mL 
Teflon-lined autoclave after sonication for 20 min and heated in an oven at 200°C for 14 h. After the 
samples were naturally cooled to room temperature, they were centrifuged and filtered to obtain a 
dark brown solution, which was stored in a refrigerator at 4°C. 
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2.4. Preparation of CDs@SiO2-MIPs 

Briefly, 2 mL of CDs solution and 10 mL of ethanol were added into a flask. Then 80 µL of APTES 
were added and stirred for 2 h under vigorous stirring to allow the APTES to self-assemble onto the 
CDs. Template TC (10 mg) was then dissolved in ultrapure water (10 mL) and added to the above 
solution. After stirring for 15 min, 100 µL of ammonia hydroxide solution (25%) was added, then 100 
µL of TEOS and 10 mL of ethanol were added drop by drop. The reaction mixture was stirred at room 
temperature for 20 h. The final products CDs@SiO2-MIPs were collected by centrifugation, then 
washed thoroughly with methanol/acetic acid (95:5, v/v). After each washing step, the supernatant 
was measured by UV to check whether there was TC residue in the solution. Typically, the CDs@SiO2-
MIPs were washed three times in order to completely remove the TC template. Non-imprinted 
particles (CDs@SiO2-NIPs) as a control were prepared similarly, except that the template TC was not 
added. 

2.5. Fluorescent Sensing of TC 

The obtained oven dried powder of CDs@SiO2-MIPs (50 mg) was ultrasonically dispersed in 
ultrapure water (10 mL) to obtain the fluorescent suspension (5 mg/mL). Then, the suspension (500 
µL) and the TC standard solution (500 µL, different concentrations) were mixed. The above solution 
(800 µL) was transferred to the cuvette, and fluorescence measurements were performed at an 
excitation wavelength of 370 nm, with the fluorescence spectrum recorded over the range of 380–600 
nm. Fluorescence emission at 450 nm was used as the fluorescence analysis signal. Each experiment 
was repeated three times to carry out. 

3. Results and Discussion 

3.1. Characterization of CDs 

The morphology and particle size of biomass derived CDs were characterized by TEM (Figure 
1A). The CDs were spherical and relatively monodisperse, with average diameters of approximately 
14.20 nm[40].To evaluate the optical properties of the prepared CDs, UV–vis absorption spectrum 
and fluorescence spectrum were carried out. From Figure 1B it can be seen that CDs have a strong 
absorption at 200 nm and a weak absorption at 280 nm. The fluorescence spectra of CDs with 
excitation wavelengths between 370 and 470 nm was shown in Figure 1C. The results show that their 
emission spectra were highly dependent on the excitation wavelength and the fluorescence intensity 
of CDs reaches the maximum at the excitation wavelength of 430 nm and the emission wavelength 
of 500 nm. When the excitation wavelength is greater than 430 nm, the emission wavelength of CDs 
red shifts and the fluorescence intensity also decreases. As one of the most important parameters for 
evaluating fluorescent material, quantum yield (QY) was measured with FS5 FL spectrophotometer 
(Figure 1D). The quantum yield of the prepared CDs was 14.7%. It is a relatively high QY in CDs 
directly prepared from biomass[41–43]. 
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Figure 1. (A) TEM images of CDs; (B) UV–vis absorption spectra of CDs; (C) fluorescence spectra of CDs 
(excitation wavelength from 370 nm to 470 nm); (D) The FL quantum yield of CDs. 

3.2. Characterization of CDs@SiO2-MIPs 

The morphologies of CDs@SiO2-MIPs were investigated by TEM and SEM, and the particle size 
was measured by Nano Measurer software, and the particle size distribution was plotted. As shown 
in Figure 2A, Figure 2B and Figure 2C, the synthesized CDs@SiO2-MIPs were in regular spherical 
particle with an average particle size of approximately 0.83 µm. The size of CDs@SiO2-MIPs is 
significantly larger than that of CDs, and the imprinting layer of a single CDs@SiO2-MIPs 
nanoparticle exhibited a rough morphology (Figure 2B), indicating that CDs have been completely 
encapsulated by the molecular imprinting layer. The synchronous fluorescence spectra (at 450 nm) 
of CDs@SiO2-MIPs before and after the removal of templates were recorded. Figure 2D showed that 
the synchronous fluorescence intensity of CDs@SiO2-MIPs was 42.56% of the CDs@SiO2-NIPs before 
the removal of TC, but the intensity almost recovered (93.20%) after removal. The result indicated 
that most of the TC molecules in the specific cavities of CDs@SiO2-MIPs could be washed out. 
Meanwhile, the fluorescence intensity of MIPs (spectrum b) is lower than that of NIPs (spectrum a), 
which is mainly caused by two parts: one is that the MIPs partially lose the luminescent signal of the 
CDs due to the formation of a relatively thick molecularly imprinted layer composed of functional 
monomers, as well as the combined effects of APTES, TC, and TEOS. In contrast, the NIPs do not 
form an imprinted layer due to the absence of polymerization of template molecules with the 
functional monomers, resulting in a stronger fluorescence signal compared to the MIPs. The second 
one is that the specific recognition between the alkylamines and carbonyl groups on the exposed 
quantum dots within the cavities induces non-radiative recombination of electrons, leading to a 
decrease in fluorescence intensity[44]. Moreover, it can be seen that a symmetric fluorescence 
emission peak at 450 nm was obtained when excited at 370 nm, which was similar to the CDs 
characterized above. This indicates that the SiO2 coating at the surface of CDs does not restrict the 
photoluminescence properties of CDs[45]. 
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FT-IR spectra of CDs and CDs@SiO2-MIPs were collected and compared (Figure 2E). The most 
characteristic peaks of CDs are the absorption bands at 2949 cm−1 corresponds to the stretching 
vibration of the −C−H single bond, the broad adsorption of −OH groups between 3000 cm−1 and 3500 
cm−1, the band at 1578 cm−1 indicates the bending vibration of −N−H, the band at 1351 cm−1 
corresponds to the −COOH, and the band at 1093 cm−1 is related to the stretching vibration of −C−N. 
As shown in the FT-IR absorption spectrum of CDs@SiO2-MIPs, the strong and broad peaks around 
956 cm−1 and 1033 cm−1 are assigned to the Si–O–C and Si–O–Si asymmetric stretching, respectively, 
which is not found in the spectrum of CDs. Peaks at about 778 cm−1 and 435 cm−1 also suggest the 
existence of the Si–O vibrations, which indicates that TEOS participated in the synthesis process and 
displayed a strong cross-linking ability. All the above bands further confirm that the imprinted 
polymers, generated from sol–gel condensation of APTES and TEOS, have been successfully grafted 
on the surface of CDs. In addition, the molecular imprinting process leads to no loss of the major 
functional groups of CDs and has no influence on the subsequent detection. 

The XRD pattern of CDs@SiO2-MIPs was shown in Figure 2F. The broad peak of CDs@SiO2-MIPs 
centered at 2θ = 24° can correspond to the C (002) plane. The XRD peak showed the amorphous nature 
of CDs@SiO2-MIPs. 

 

Figure 2. (A), (B) SEM and (C) TEM images of CDs@SiO2-MIPs; (D) Fluorescence spectra of CDs@SiO2-NIPs 
(spectrum a) and CDs@SiO2-MIPs after (spectrum b) and before (spectrum c) the removal of TC; (E) FT-IR spectra 
of CDs, CDs@SiO2-MIPs; (F) XRD pattern of CDs@SiO2-MIPs. 
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The elemental composition, contents and chemical bonds of the CDs@SiO2-MIPs were 
characterized by XPS. In Figure 3A, the XPS survey spectrum shows four noticeable peaks with the 
binding energies of 285.2, 400.1, 531.8, and 102.9 eV that correspond to the C 1s, N 1s, O 1s, and Si 2p 
signals, respectively. The high-resolution spectrum of C 1s in Figure 3B exhibits three peaks at 284.8, 
286.1, and 288.3 eV which are assigned to C═C/C–C, C–N, and C═O, respectively. Despite the two 
peaks of O 1s (Figure 3C) at 531.4 and 532.3 eV ascribed to the existence of C═O and C–OH. 
Furthermore, as shown in Figure 3D, two peaks exist in the N 1s spectrum at 401.2 and 399.3 eV which 
are attributed to N–H and C–N bonds, respectively. This information was in accordance with the FT-
IR results, and it further confirms that the CDs@SiO2-MIPs were generated successfully. 

 

Figure 3. (A) XPS survey scan spectrum; The high-resolution spectrum of C 1s (B); O 1s (C); N 1s (D). 

3.3. Optimization of the Sensor 

To ensure that the measurements were carried out under ideal conditions, the most important 
factors impacting the sensor performance were optimized. We investigated the proportion of CDs 
and functional monomer (APTES) in the fluorescent sensing system to identify the maximum 
fluorescent intensity. In Figure 4A, the optimal ratio of CDs to functional monomer (APTES) was 50:2, 
when fluorescence intensity is maximum. After molecularly imprinted polymerization, the effective 
elution of the fixed template molecules not only facilitates the formation of specific binding cavities 
and recognition sites, but also prevents the leakage of template molecules during the re-binding 
process, which could lead to false-positive results. Therefore, the effects of different elution times on 
the elution efficiency of CDs@SiO2-MIPs were compared. As shown in Figure 4B, the fluorescence 
quenching efficiency reached its optimum at an elution time of 30 min. The decrease in quenching 
efficiency with prolonged time may be attributed to the degradation of imprinted cavities. Therefore, 
30 min was selected as the optimal elution duration. The effect of incubation time was also 
investigated, Figure 4C shows that the fluorescence quenching efficiency of TC towards CDs@SiO2-
MIPs increased rapidly within 0–20 min and remained constant after 20 min, confirming that the 
binding between TC and the imprinted cavities of CDs@SiO2-MIPs attained an equilibrium state in 
20 min. To ensure effective binding of the imprinted cavities with TC, 25 min was selected as the 
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optimal incubation time. An excessive amount of CDs@SiO2-MIPs would result in reduced sensitivity 
to TC while an insufficient amount may lead to the narrow linear range. Therefore, the amount of 
CDs@SiO2-MIPs was optimized. As shown in Figure 4D, the fluorescence quenching efficiency could 
reach the highest value at the amount of 2.5 mg/mL. The fluorescence quenching efficiency decreased 
with decreasing the amounts of CDs@SiO2-MIPs while overmuch CDs@SiO2-MIPs (2.5 mg/mL) could 
lead to the self-quenching of fluorescence. Therefore, 2.5 mg/mL of CDs@SiO2-MIPs was selected as 
the optimal concentration. 

 

Figure 4. (A) FL Intensity of CDs and APTES at different volume ratios; Effect of (B) elution time; (C) incubation 
time; (D) CDs@SiO2-MIPs concentration on CDs@SiO2-MIPs detection performance. 

3.4. Fluorescence Detection of CDs@SiO2-MIPs Toward TC 

Under the optimal conditions, the fluorescence signal of CDs@SiO2-MIPs sensor at 450 nm 
decreased with increasing concentrations of TC (Figure 5), which was linearly related to the logarithm 
of TC concentration, corresponding to the equation y=−0.33lgCTC−0.64 (R2=0.995) (1×10-7 ~ 5×10-4 
mol/L). Furthermore, the limit of detection (LOD) for CDs@SiO2-MIPs was also expected by using 
3σ/K algorithm formula, in which σ was the blank standard deviation (n = 10) and K was the slope of 
the algorithm formula. Thus, the LOD for CDs@SiO2-MIPs was 9.33×10-8 mol/L. Overall, the system 
offered outstanding sensitivity and a wide linear range. 
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Figure 5. (A) Fluorescence responses of the CDs@SiO2-MIPs toward different concentrations of TC; (B) Linear 
relationship between the logarithm of TC concentration and the fluorescence intensity (F450) of CDs@SiO2- MIPs. 

3.5. Mechanism of CDs@SiO2-MIPs for the TC Detection 

For exploring the sensing mechanism of quenching effect occurred in this work, a series of 
experiments were conducted. Figure 6A depicts the UV absorption peaks of TC, CDs@SiO2-MIPs and 
CDs@SiO2-MIPs with TC. The UV absorption peaks of TC are located at 276 nm and 357 nm, while 
CDs@SiO2-MIPs exhibit no significant absorption peaks. However, after mixing CDs@SiO2-MIPs with 
TC, the absorption peak of TC originally at 276 nm red-shifted to 282 nm. It indicated that the 
CDs@SiO2-MIPs nanoparticles have an interaction with TC to form the ground state complex. The 
result indicated that the binding of CDs@SiO2-MIPs with TC was attributed to static quenching. 

In addition, as shown in Figure 6B, TC has two obvious ultraviolet absorption peaks, and a good 
spectral overlap was observed between the ultraviolet absorption peak at 357 nm and the excitation 
spectrum of CDs@SiO2-MIPs. This confirms the possibility of the following mechanisms: the inner 
filter effect (IFE) or/and Förster resonance energy transfer (FRET). IFE is an apparent quenching in 
which a second absorber filters the emission, resulting in an attenuation of the excited beam[46], 
whereas FRET is a phenomenon of energy transfer between the excited state of the CDs@SiO2-MIPs 
and the ground state of the quencher[34]. The fluorescence lifetime of the CDs@SiO2-MIPs -quencher 
system will decrease or increase with FRET, whereas it remains the same or nearly unchanged with 
IFE[47]. The fluorescence internal filtration effect led to fluorescence quenching of the system by 
measuring the fluorescence lifetime changes of CDs@SiO2-MIPs before and after the addition of 
TC[27]. The effect of TC on the fluorescence lifetime of the sensor was further determined (Figure 6C 
and Figure 6D), and the results showed that the fluorescence lifetime before and after adsorption of 
TC respectively was 5.73 ns and 5.61 ns, demonstrated that fluorescence quenching is caused by the 
IFE mechanism. When the excitation light was irradiated, the continuously adsorbed and 
accumulated TC on the CDs@SiO2-MIPs surface absorbed part of the excitation light, resulting in a 
decrease in the incident light absorbed by the CDs and a significant decrease in the fluorescence of 
the system. 
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Figure 6. (A) UV–vis spectra of TC, CDs@SiO2-MIPs nanocomposite with TC, CDs, and CDs@SiO2-MIPs 
nanocomposite; (B) excitation and emission spectra of CDs@SiO2-MIPs and UV–vis absorption spectra of TC; 
Fluorescence decay profile of the CDs@SiO2-MIPs in the absence (C) and presence (D) of TC. 

3.6. Selectivity, Anti-Interference Ability and Stability of CDs@SiO2-MIPs Sensor 

The sensing system was further evaluated on the basis of selectivity, anti-interference ability and 
stability. The selectivity was studied by comparing the fluorescence response to TC, other antibiotics 
and potential interfering ions, including OTC, CTC, ENR, SDM, K+, Ca2+, Mg2+, Cu2+, Zn2+, Hg+, Cl−and 
SO42− (Figure 7A and B). In the presence of 250 µM other antibiotics or ions, the fluorescence intensity 
at F450 remained practically unchanged, whereas the system exhibited an apparent fluorescence 
response in the presence of 25 µM TC. Although the structures of OTC and CTC were similar to TC, 
the corresponding changes of fluorescence response were only marginal even at a 10-fold higher 
concentration compared to TC. This illustrates that the proposed sensing system was extremely 
selective for TC. Moreover, the fluorescence intensity remained constant when the interferents were 
added to the system together with TC, confirming that the designed sensing system possessed 
excellent anti-interference ability. 

Optical stability is a critical property of fluorescence sensors. In Figure S1, both CDs and 
CDs@SiO2-MIPs exhibited minimal fluorescence intensity variations when exposed to 365 nm UV 
irradiation, demonstrating relative standard deviations (RSDs) of merely 0.63% and 0.94% over 120 
min, respectively[48]. These results confirm the remarkable photobleaching resistance of the 
developed sensor. 

Furthermore, the performance in the determination of TC (25 µM) remained almost constant, 
even after CDs@SiO2-MIPs were stored at 4°C for 14 days (Figure 7C). To verify the accuracy of the 
sensing system, different batches of CDs@SiO2-MIPs were used to determine the TC (Figure 7D). The 
calculated RSD is 1.01%, indicating the high accuracy of the sensing system. 
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Figure 7. (A) Influence of coexisting common ions (250 µM); (B) Quenching effects of synchronous fluorescence 
of CDs@SiO2-MIPs to OTC, CTC, ENR, SDM and TC in water (each of the concentrations was 250 µM; (C) The 
stability of the fluorescence sensing system over time; (D) The precision of sensors constructed in different 
batches. 

3.7. Comparison with MIP-Based Sensors for TCs Detection 

Compared with previously reported fluorescent sensors based on MIP, the prepared sensor has 
a lower detection limit and a wider linear range, making it more suitable for the detection of TCs in 
various matrices (Table S1). In addition, the use of harmful reagents such as volatile toxins[49,50], 
strong acids [51] and bases [52] that may harm health and the environment, as well as the 
cumbersome and complex preparation process [53,54], have been reported in literature during sensor 
preparation processes. The CDs@SiO2-MIPs preparation process is simple and uses inexpensive and 
almost harmless raw materials, which better meets the requirements of GREENIFICATION. 

4. Conclusions 

In this work, a facile and effective method for the determination of TC was established based on 
the fluorescence quenching of the CDs@SiO2-MIPs. Briefly, the fluorescent CDs were prepared using 
the hydrothermal synthesis method of tomato stalks without using any chemicals. Then, the sensor 
of CDs@SiO2-MIPs was synthesized by sol-gel polymerization for enhancing the sensitivity and 
selectivity. The UV absorption spectra, and fluorescence lifetimes have verified that the fluorescence 
quenching mechanism come from IFE mechanism and static quenching. This study provides a green 
and simple method for the recycling and reuse of tomato stalks from facility agricultural waste. 
Meanwhile, the functional carbon dots derived from tomato stalks can be used as fluorescent sensing 
probe for the rapid and reliable investigation of environmental pollutants. 

Supplementary Materials: The following supporting information can be downloaded at: 
https://www.mdpi.com/article/doi/s1, Figure S1: The fluorescence stability property of CDs (A) and CDs@SiO2-
MIPs (B).; Table S1: The comparison of the proposed method with other reported methods of TCs fluorescence 
detection. 
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