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Abstract 

Accurate detection of dopamine (DA), a vital catecholamine neurotransmitter, is crucial for evaluating 

neurological functions and diagnosing related disorders. To address the challenges posed by complex 

biological matrices and trace DA concentrations, a robust fluorescent sensor was constructed by 

integrating molecularly imprinted polymers (MIPs) with ZIF-8-encapsulated CsPbBr3 perovskite 

quantum dots (CsPbBr3@ZIF-8@MIPs). In this rational design, the ZIF-8 shell serves as a protective 

barrier, effectively preventing CsPbBr3 from degradation in polar solvents, while the 

surface-imprinted layer provides high-affinity and selective recognition sites for DA. The sensor 

exhibits a favorable linear response in the range of 5–400 nM, with an ultralow detection limit of 

4.85 nM and a rapid response within 30s. When applied to clinical serum samples from Parkinson’s 

disease patients, the sensor achieved satisfactory recoveries ranging from 96.83% to 109.72%, 

showing high consistency with the results obtained by high-performance liquid chromatography 

(HPLC). This work provides a reliable strategy for DA detection and demonstrates promising 

potential for biomedical sensing and clinical diagnosis. 

 

Keywords: Dopamine，Molecularly imprinted polymer，Perovskite quantum dot，Fluorescence sensor, 

Parkinson’s disease 
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Introduction 

Dopamine (DA) is one of the most important catecholamine neurotransmitters in the central 

nervous system and plays a crucial role in regulating various physiological functions [1]. Notably, 

DA is involved in the pathogenesis of numerous neurological and psychiatric disorders, including 

Parkinson’s disease, schizophrenia, and addiction, affecting millions of people worldwide [2]. For 

instance, Parkinson’s disease impacts over 6 million individuals globally, many countries have 

established stringent standards for DA diagnosis, i.e. serum dopamine levels are typically around 

0.1 - 0.5 µM in healthy individuals, may drop to < 0.1 µM in late stages of Parkinson's disease [3]. 

Therefore, accurate measurement of DA concentration in biological samples is essential for 

advancing neurological health monitoring and facilitating therapeutic interventions. Traditional 

techniques for DA analysis include enzyme-linked immunosorbent assay (ELISA), 

high-performance liquid chromatography (HPLC), and liquid chromatography–mass spectrometry 

(LC–MS) [4]. However, these methods often suffer from limitations such as complex pretreatment 

steps, high operational costs, lengthy analysis time, insufficient temporal resolution, and reliance on 

sophisticated instrumentation. In light of these constraints, there is an urgent need to develop simple, 

rapid, highly sensitive, and efficient analytical methods for the qualitative and quantitative 

assessment of DA [5]. 

In this context, fluorescent sensors have gained prominence for molecular detection due to their 

operational simplicity, visual signal output, and rapid response [6]. Various quantum dots (QDs), 

including CdTe, ZnS, and carbon quantum dots (CQDs), have been employed as fluorophores in the 

design of fluorescent probes for DA detection [7-9]. While these QDs exhibit satisfactory 

performance, many suffer from drawbacks such as low quantum yield, complicated synthesis 

procedures, and limited sensitivity [10] Inorganic halide perovskite quantum dots (IPQDs) have 

recently attracted significant attention owing to their excellent optical properties, high sensitivity, 

and high quantum yield [11, 12]. With their widespread application in optoelectronics, the use of 

IPQDs as fluorophores in molecular detection is rapidly advancing. However, a major challenge 

persists: IPQDs are highly susceptible to degradation in polar solvents, leading to rapid fluorescence 

quenching during detection [13]. As a result, most detection applications are conducted in non-polar, 

often toxic solvents, which severely limits their practical utility. Therefore, enhancing the aqueous 
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stability of IPQDs through modification or encapsulation has become a key research focus [14].  

Recently, surface ligand engineering has achieved significant advances through the introduction 

of strong-binding ligands, polymer-based ligands, or the construction of superhydrophobic surfaces, 

thereby fundamentally enhancing the intrinsic stability of IPQDs [15-17]. However, relying solely 

on surface chemical modifications often proves insufficient for providing long-term and complete 

protection. In this context, metal–organic framework (MOF) encapsulation strategies have emerged 

as a promising next-generation approach for highly efficient stabilization [18, 19]. MOFs not only 

offer a robust, structurally designable physical barrier but also leverage their unique spatial 

confinement effect to suppress particle aggregation and ensure uniform size distribution. Their 

highly tunable architectures enable the development of “smart” protective shells with selective 

permeability, overcoming the limitations of traditional dense coatings that cause complete shielding. 

Among all MOF shells, ZIF‑8 is particularly suitable for encapsulating IPQDs in this work because 

it enables mild aqueous synthesis, optimal pore confinement, water stability, and facile surface 

modification—advantages that many other MOFs (e.g., lanthanide‑based MOFs) lack due to harsh 

synthesis conditions or poor water stability. Molecular recognition elements that can be modified on 

the surface of ZIF-8 include antibodies, aptamers, and enzymes [20]. However, biological 

recognition elements generally have limitations such as poor stability, high cost, and complex 

preparation. In contrast, molecularly imprinted polymers (MIPs) induce the polymerization of 

functional monomers to form three-dimensional cavities that precisely match the target in size, 

shape, and functional groups, exhibiting unique advantages: first, they have excellent selectivity and 

can specifically capture target molecules through multiple interactions, such as hydrogen bonding, 

π-π stacking, and boronic acid covalent bonds, effectively excluding interference from structurally 

similar molecules; second, MIPs possess outstanding physicochemical stability and reusability, with 

their cross-linked polymer structure resisting long-term storage and harsh environments; third, they 

are flexible to synthesize and cost-effective [21-23]. Thus, using MIPs as specific recognition shell 

may endow fluorescent sensors with significant signal out-put ability, which might be used as 

measurement method for the detection of the target molecule [24-26]. 

In this work, we designed a surface-imprinted fluorescent sensor based on ZIF-8 encapsulated 

CsPbBr3 (CsPbBr3@ZIF-8@MIPs) for effective recognition of DA through the synergistic effect of 

two functional monomers, namely acrylamide and 4-vinylphenylboronic acid, providing 
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high-affinity and selective recognition sites for DA via hydrogen bonds, π - π stacking and boric 

acid covalent interaction (Fig. 1) [27, 28]. After encapsulating IPQDs into ZIF-8, the resulting 

composite exhibits excellent optical properties and high sensitivity, with a response time of 

approximately 30 s toward DA. Moreover, owing to the large specific surface area of ZIF-8, the 

composite possesses strong adsorption capacity, achieving a detection limit as low as 4.8 nM. 

Detailed investigations are provided in the Discussion section.Furthermore, the surface-imprinted 

polymer layer imparts specific recognition capabilities, effectively minimizing interference from 

structurally similar compounds. The final fluorescent sensor, CsPbBr3@ZIF-8@MIPs, is 

successfully applied for the detection of DA in human serum, demonstrating significant potential for 

practical applications in clinical diagnosis. 

 

Fig. 1. Schematic illustration of fluorescent sensor CsPbBr₃@ZIF-8@MIPs synthesis and application. 
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Experimental 

Reagents. All reagents used in this study were of analytical grade and employed without 

further purification. N,N-Dimethylformamide, methanol, Zn(NO₃)₂·6H₂O, 2-methylimidazole 

(Hmim), PbBr₂, CsBr, acrylamide (AM), 2,2′-azobis(isobutyronitrile) (AIBN), 

N,N’-methylenebis(acrylamide) (MBAAM), and dopamine (DA) were purchased from Sinopharm 

Chemical Reagent Co., Ltd. (Shanghai, China). 

Instruments: Fluorescence measurements were performed on an F98 fluorescence 

spectrophotometer (Shanghai Lengguang Technology Co., Ltd., China). Morphological 

characteristics were examined using scanning electron microscopy (SEM, JEOL JSM-7001F) and 

transmission electron microscopy (TEM, JEOL JEM-2100). The specific surface area was 

determined by a fully automated surface area and pore size analyzer (NOVA 3000e). Quantitative 

analysis of dopamine (DA) was carried out by high-performance liquid chromatography (HPLC, 

Agilent 1200 series, Agilent Technologies, USA) equipped with a UV-vis detector. 

Synthesis of CsPbBr3@ZIF-8. Solution A1 was prepared by dissolving 300 mg of 

Zn(NO₃)₂·6H₂O in 10 mL of N,N-dimethylformamide. Another identical solution was labeled as 

Solution A2. Solution B1 was obtained by dissolving 656 mg of Hmim in 10 mL of methanol. 

Solution B2 was prepared by dissolving 656 mg of Hmim, 276 mg of CsBr, and 367 mg of PbBr₂ in 

10 mL of methanol. Solution A1 was then added to Solution B1 under ultrasonication for 5 minutes. 

Subsequently, Solution A2 was poured into Solution B2, and the resulting mixture was immediately 

added to the previously sonicated solution. The reaction mixture was stirred at room temperature for 

24 h. After the reaction, the product was collected by centrifugation and dried, yielding 

CsPbBr₃@ZIF-8. 

Synthesis of CsPbBr3@ZIF-8@MIPs. A total of 50 mg of CsPbBr₃@ZIF-8 was added to a 

flask containing 50 mL of ethanol. Then, 5.7 mg of acrylamide (AM) and 12 mg of VPBA were 

introduced as functional monomers, along with 7.5 mg of DA as the template molecule. The 

mixture was stirred at 50 °C for 6 h. Subsequently, 54.2 mg of MBAAM was added as the 

cross-linker and 5.0 mg of AIBN as the initiator. The reaction system was purged with nitrogen for 

30 minutes and then allowed to proceed at 60 °C for 24 h under continuous stirring. After 

polymerization, the product was collected by centrifugation and washed using a mixture of 
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methanol/acetic acid (9:1, v/v) as eluent in a Soxhlet extractor for 48 h. The final material was dried 

at 60 °C and denoted as CsPbBr₃@ZIF-8@MIPs. For comparison, a non-imprinted polymer 

(CsPbBr₃@ZIF-8@NIPs) was synthesized following the same procedure but in the absence of DA. 

Detection of DA. A 1 mL aliquot of the sample (0.3 mg/L) was mixed with 2 mL of 

dopamine (DA) solutions at varying concentrations (ranging from 0 to 600 nM) at pH 7.0 (Figure 

S1). After incubation for a certain period, the fluorescence spectra were recorded within the range 

of 480–565 nm under an excitation wavelength of 365 nm.  

Serum sample treatment. Serum samples were collected from healthy adult volunteers and 

Parkinson's patients by Shanghai Tenth People's Hospital (No. 24KN106). The blood samples were 

centrifuged, and the supernatant was collected for direct use. 

HPLC detection. HPLC analysis was performed as the gold standard by using an Agilent 

Technologies 1200 system (Agilent, USA) equipped with a C18 reversed-phase column (4.6 × 150 

mm, 4 μm) maintained at 298.15 K. The mobile phase consisted of potassium dihydrogen phosphate 

(0.1 mol/L) and methanol in a ratio of 85:15 (v/v), delivered at a flow rate of 1.0 mL/min. Detection 

was carried out at a wavelength of 280 nm. 

Results and discussion 

The synthesis process of CsPbBr₃@ZIF-8@MIPs is illustrated in Fig. 1. Initially, 

CsPbBr₃@ZIF-8 was prepared via an in-situ growth method. In this system, the green-emitting 

CsPbBr₃ quantum dots serve as the fluorescence signal source for DA detection, while ZIF-8 acts as 

the structural scaffold. Dopamine (DA) was used as the template molecule, with acrylamide (AAm) 

and 4-vinylphenylboronic acid (4-VPBA) employed as the backbone and functional monomers, 

respectively. N, N′-methylenebis(acrylamide) (MBAAm) was used as the cross-linker, and 

2,2′-azobis(isobutyronitrile) (AIBN) as the initiator. The hydrophilic nature of AAm helps suppress 

nonspecific binding in human blood samples, while 4-VPBA enhances the specific recognition of 

DA through boronate–catechol interactions and B–N coordination. The combination of the porous 

structure of ZIF-8, the high sensitivity of CsPbBr₃ QDs, and the specific recognition provided by 

the imprinted layer enables highly sensitive and selective detection of DA. 

Physicochemical property characterization. Fig. 2a presents the powder X-ray diffraction 

(PXRD) patterns of ZIF-8, pristine CsPbBr₃, and synthesized CsPbBr₃@ZIF-8 composite. The 
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pattern of pure ZIF-8 (black curve) exhibits characteristic sharp diffraction peaks, for instance, at 2θ 

values of 14.7°, 18°, 26.7° and 30°, which are in good agreement with the simulated pattern, 

confirming its highly crystalline nature. The pattern for the synthesized CsPbBr₃ (red curve) shows 

distinct peaks at approximately 21.5°, 30.5°,37.5 and 43.6°, indicative of its typical perovskite 

crystal structure. Notably, the PXRD pattern of the CsPbBr₃@ZIF-8 composite (blue curve) clearly 

comprises all the characteristic peaks of both ZIF-8 and CsPbBr₃ without the appearance of any 

additional impurity phases. This simultaneous presence of the distinctive diffraction features from 

both components provides conclusive evidence for the successful formation of a composite material 

in which the crystalline structures of CsPbBr₃ and ZIF-8 are well preserved. 

Additionally, FT-IR spectroscopy confirmed the successful synthesis of 

CsPbBr₃@ZIF-8@MIPs (Fig. 2b). Characteristic vibrational peaks of CsPbBr3@ZIF-8 were 

preserved, including C=N stretching band of imidazole rings at 1580 cm⁻¹, indicating structural 

integrity of the MOF. New absorption bands appeared at 1650 cm⁻¹ (C=O stretch) and 1540 cm⁻¹ 

(N-H bending), attributed to amide functionalities originating from acrylamide and the MBA 

crosslinker, thereby confirming polymerization around the ZIF-8 scaffold. Notably, the B-O 

stretching vibration of 4-vinylphenylboronic acid (VPBA) shifted from 1340 cm⁻¹ in the free 

boronic acid form to 1380 cm⁻¹ with significant peak broadening upon complexation, providing 

strong evidence for the formation of reversible boronate esters between the boronic acid moiety and 

catechol groups of the dopamine. The presence of a distinct B-O deformation peak at 660 cm⁻¹ 

further corroborated the incorporation of VPBA into the polymer matrix. Collectively, these 

spectroscopic features confirm the successful fabrication of CsPbBr₃@ZIF-8@MIPs with 

specifically designed recognition sites. 

As shown in Fig. 3a-d, the specific surface area, pore size distribution, and total pore volume of 

CsPbBr₃@ZIF-8, CsPbBr₃@ZIF-8@MIPs, and CsPbBr₃@ZIF-8@NIPs were analyzed by N₂ 

adsorption–desorption measurements. The Brunauer-Emmett-Teller (BET) surface area and total 

pore volume of CsPbBr₃@ZIF-8 were determined to be 843.607 m²/g and 0.404 cm³/g, respectively. 

For CsPbBr₃@ZIF-8@MIPs, these values increased to 856.382 m²/g and 0.823 cm³/g, whereas for 

CsPbBr₃@ZIF-8@NIPs, they significantly decreased to 345.978 m²/g and 0.178 cm³/g. These 

results suggest that the MIP forms a thin, porous shell on the surface of CsPbBr₃@ZIF-8 without 

blocking the internal pores of the ZIF-8 framework. Moreover, the notable increase in total pore 
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volume observed in CsPbBr₃@ZIF-8@MIPs can be attributed to the formation of abundant 

imprinting cavities after the removal of DA. On the other hand, CsPbBr₃@ZIF-8@NIPs have 

particularly low BET surface area and total pore volume due to the lack of imprinted cavities. This 

provides strong evidence for the successful fabrication of CsPbBr₃@ZIF-8@MIPs with 

well-preserved porosity and accessible binding sites.  

The morphological characteristics of CsPbBr₃@ZIF-8,CsPbBr₃@ZIF-8@MIPs and 

CsPbBr₃@ZIF-8@NIPs were investigated using scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM), showing a size around 150 nm, as illustrated in Fig. 3e-h. 

The SEM images reveal that CsPbBr₃@ZIF-8 maintains the dodecahedral structure of ZIF-8, with a 

smooth and well-defined surface. TEM analysis further reveals that CsPbBr₃@ZIF-8 exhibits a 

clear hexagonal morphology, excellent dispersity, and minimal agglomeration, confirming the 

successful integration of CsPbBr₃ within the ZIF-8 framework. These results highlight the 

effectiveness of ZIF-8 as a suitable supporting matrix. For CsPbBr₃@ZIF-8@MIPs, SEM images 

clearly show increased surface roughness after polymer coating. TEM images further show that the 

hexagonal shape is largely preserved, while the surface becomes noticeably rougher due to the 

presence of MIP layer. The layer has a uniform thickness of approximately 10 nm, and the material 

remains well-dispersed without significant aggregation, which is beneficial for enhancing 

adsorption capacity toward DA and improving detection sensitivity. Collectively, these observations 

provide strong evidence for the successful fabrication of CsPbBr₃@ZIF-8@MIPs with desirable 

structural and functional properties.

 Fig. 2. Characterization of CsPbBr₃@ZIF-8 via XRD (a). Characterization of CsPbBr₃@ZIF-8@MIPs via FT-IR 
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(b).  

Fig. 3. N2 adsorption-desorption isotherm (a) and the corresponding pore size distributions (b,c,d) of different samples. 
SEM image (e) and TEM image (insert) of CsPbBr₃@ZIF-8. SEM image (f) and TEM image (insert) of 
CsPbBr₃@ZIF-8@MIPs .SEM image (g) and TEM image (h) of CsPbBr₃@ZIF-8@NIPs. 
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Fig. 4. Fluorescence spectra of CsPbBr₃@ZIF-8@MIPs (a) and CsPbBr₃@ZIF-8@NIPs (c) upon the exposure to 
different concentrations of DA. The fluorescence quenching rate and linear relationships of 
CsPbBr₃@ZIF-8@MIPs (b) and CsPbBr₃@ZIF-8@NIPs (d) upon the exposure to different concentrations of DA. 
Selectivity test of CsPbBr₃@ZIF-8@MIPs for determining DA with respect to common ions and organic 
molecules (e). Selectivity evaluation of CsPbBr₃@ZIF-8@MIPs and CsPbBr₃@ZIF-8@NIPs for recognizing DA and 
its structural analogs (f). 
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Detection performance evaluation. The fluorescence capability of CsPbBr₃@ZIF-8@MIPs is 

crucial for evaluating the sensor's detection performance. As shown in Fig. 4a-b, 

CsPbBr₃@ZIF-8@MIPs exhibits a distinct fluorescence emission peak at 522 nm, and its intensity 

decreases progressively with increasing dopamine (DA) concentration – demonstrating a clear 

fluorescence quenching effect. When the concentration of DA exceeds 400 nM, the extent of 

fluorescence quenching gradually plateaus. Notably, the quenching efficiency reaches saturation 

when the DA concentration exceeds 400 nM. A robust linear correlation is observed between the 

normalized quenching efficiency (F₀/F – 1) and DA concentration (CDA) over the range of 5 – 400 

nM, fitting the equation: F0/F – 1 = 0.0034CDA + 0.0412, with an excellent correlation coefficient 

(R²) of 0.9981. Based on the standard limit of detection (LOD) formula (LOD = 3σ/k, where σ is 

the standard deviation of blank measurements and k is the slope of the calibration curve [29, 30]), 

the value is determined to be 4.85 nM. These results confirm that CsPbBr₃@ZIF-8@MIPs enables 

highly sensitive and quantitative detection of DA within the linear dynamic range of 5–400 nM. In 

contrast, the control material CsPbBr₃@ZIF-8@NIPs (prepared without DA templating) shows 

negligible fluorescence quenching even at elevated DA concentrations (Fig. 4c–d). Only marginal 

quenching is observed up to 600 nM DA, with a significantly weaker linear response described by: 

F₀/F – 1 = 0.0006CDA + 0.0194, and a lower correlation coefficient (R² = 0.9709). The stark contrast 

in quenching behavior between MIPs and NIPs unambiguously verifies that DA acts as an efficient 

and selective quencher for CsPbBr₃@ZIF-8@MIPs – highlighting the critical role of molecular 

imprinting in conferring high specificity toward DA.  

To evaluate the selectivity of CsPbBr ₃@ZIF-8@MIPs, a panel of common biological 

interferents was tested, including 10 representative inorganic ions (K⁺, Mg²⁺, Ca²⁺, Zn²⁺, Na⁺, Al³⁺, Fe²⁺, Cu²⁺) and 7 organic species (uric acid [UA], glycine [Gly], human serum albumin [HSA], 

aspirin [ASP], ascorbic acid [AA], lactose, and glucose) commonly present in human blood, as well 

as two fluoroquinolone antibiotics (levofloxacin and ciprofloxacin). As shown in Fig. 4e, at a 

concentration of 10 times DA(1μM), none of these interferents induced appreciable fluorescence 

quenching of CsPbBr₃@ZIF-8@MIPs. In stark contrast, DA alone triggered pronounced quenching, 

with a quenching efficiency of ~1.4, demonstrating exceptional specificity for DA over abundant 

physiological components. To further probe structural discrimination, we assessed a set of DA 

structural analogs: gallic acid, catechol, levodopa, benzoquinone, glutamic acid, γ-aminobutyric 
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acid, and norepinephrine. As illustrated in Fig. 4f, even at an equimolar concentration (100 nM), 

these analogs caused negligible fluorescence quenching, whereas DA maintained a consistently high 

quenching efficiency (~1.4). In comparison, CsPbBr₃@ZIF-8@NIPs showed responses to some 

structural analogs.Notably, levodopa and norepinephrine, two molecules sharing nearly identical 

catechol-amine motifs with DA, induced only minimal signal changes, underscoring the precise 

molecular recognition capability of the MIP cavities. These results collectively confirm that 

CsPbBr₃@ZIF-8@MIPs possesses highly specific binding sites tailored for DA, rendering it a 

promising platform for selective DA detection in complex biological matrices such as human blood. 

   Detection Mechanism.The sensitive and selective fluorescence quenching toward DA is 

attributed to synergistic specific molecular recognition and efficient signal transduction. The main 

quenching mechanism is photoinduced electron transfer (PET) from DA to CsPbBr₃ QDs. 

Upon the specific rebinding of DA molecules into the imprinted cavities on the MIP shell, the 

electron-rich catechol groups of DA are brought into close proximity (within the Förster distance) to 

the surface of the CsPbBr₃ QDs. Under photoexcitation, electrons in the QDs are promoted from the 

valence band to the conduction band, generating excitons. Thermodynamically, the favorable 

alignment of energy levels—where the highest occupied molecular orbital of DA is higher than the 

valence band edge of CsPbBr₃—facilitates the transfer of an electron from DA to the 

photogenerated hole in the QDs. This non-radiative electron transfer process effectively competes 

with and suppresses the radiative recombination of excitons, resulting in a pronounced quenching of 

the QDs’ fluorescence intensity.This PET process is essentially a dynamic competition between 

electron transfer and exciton radiative decay, where the rate of electron transfer is strongly 

dependent on the donor–acceptor distance and the orbital overlap integral. 

Fig. 4b exhibits a good linear relationship in the low concentration range, which is 

characteristic of static quenching arising from the formation of a ground-state complex between the 

QD and the quencher (DA).  The role of the MIP shell is crucial in this process; it not only 

provides selectivity but also pre-concentrates the DA analyte at the QD surface, creating an ideal 

microenvironment for efficient electron transfer.Therefore, we conclude that the fluorescence 

quenching is dominantly governed by a PET mechanism, which is initiated by the specific 

molecular recognition event and transduces it into a highly sensitive optical signal. The ZIF-8 

interlayer further ensures the stability of the QD emitters, allowing this efficient PET process to be 
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reliably measured.Moreover, the confinement effect of the imprinted cavities not only enhances the 

local concentration of DA but also restricts the molecular orientation, thereby maximizing the 

orbital coupling efficiency between DA and the QD surface for optimal PET. 

Stability, Reusability and Response Time.The stability of both CsPbBr₃@ZIF-8@MIPs and 

CsPbBr3@ZIF-8@NIPs was evaluated over a 60-hour period, with fluorescence intensity measured 

at 5-hour intervals (Fig.5a). The fluorescence intensity of both materials remained nearly constant 

across all 13 measurements, demonstrating that CsPbBr₃@ZIF-8@MIPs maintains its structural 

integrity and functional performance during prolonged storage, thereby highlighting its excellent 

stability. Figure Fig.5b presents a detailed investigation of the pH effect on the performance of 

CsPbBr₃@ZIF-8@MIPs. It was found that DA could be detected under highly acidic or alkaline 

conditions; nevertheless, the most intense signal was achieved at pH 7. Hence, all subsequent 

experiments were conducted at pH 7 to ensure optimal analyte stability and detection efficiency. In 

addition, the reusability of CsPbBr₃@ZIF-8@MIPs was evaluated through six consecutive 

adsorption – desorption cycles (Fig.5c). The results demonstrated that the fluorescence intensity 

remained stable over the first five cycles with only a slight decline in the sixth cycle, indicating 

good regenerative performance and practical reusability of the material. 

To investigate the optimal detection time of DA using CsPbBr₃@ZIF-8@MIP, 200 nM DA was 

introduced into the CsPbBr₃@ZIF-8@MIP system, and the fluorescence intensity was recorded at 

various time intervals. As illustrated in Fig.5d, the fluorescence intensity of the detection solution 

underwent a rapid decrease within the first 30 seconds, after which it reached a plateau and 

remained stable. This swift detection performance is attributable to the high sensitivity of the 

IPQDs, the strong adsorption capacity of ZIF-8, and the rapid adsorption and binding of DA with 

the recognition sites on the thin-layer surface-imprinted nanoshell. Consequently, 30 s was chosen 

as the optimal measurement time for subsequent fluorescence assays. 
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Fig. 5. Fluorescence intensity stabilities of CsPbBr₃@ZIF-8@MIPs and CsPbBr₃@ZIF-8@NIPs (a). Effect of pH 

value on fluorescence intensity of CsPbBr₃@ZIF-8@MIPs (b). The durability of CsPbBr₃@ZIF-8@MIPs which 

was examined through six binding-desorption cycles (c).Dynamic fluorescent analysis detection time of 

CsPbBr3@ZIF-8@MIPs to DA (200 nM) within 60s(d) 

Application in Clinical Serum Samples. Serum samples were collected from five healthy 

adults and seven Parkinson's disease (PD) patients at Shanghai Tenth People's Hospital. The serum 

was centrifuged to remove proteins, and the resulting supernatant was then filtered through a 0.22 

μm organic membrane to obtain the processed serum. The isolated serum was added with 0.3 mg/L 

CsPbBr₃@ZIF-8@MIPs, then fluorescence measurements were conducted. For the detection of 

healthy adults’ samples, we used HPLC results as the gold standard to evaluate the accuracy and 

calculate the recovery rates of CsPbBr₃@ZIF-8@MIPs. The results show that recovery values 

ranged from 96.83% to 109.72% (Figure S1 and Table S1), which are relatively high compared to 

those reported in previous studies (Table S3), with relative standard deviations (RSDs) below 5%. 

Furthermore, as illustrated in Fig. 6, the application of CsPbBr₃@ZIF-8@MIPs for detecting DA 

levels in serum samples from healthy individuals and Parkinson’s patients (refer to Table S2 for 
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detailed information) revealed significant differences between the two groups. Importantly, the 

observed significant disparity in DA levels between healthy controls and PD patients aligns well 

with the established pathophysiological role of dopaminergic dysfunction in Parkinson's disease, 

underscoring the clinical relevance of this sensing platform for early diagnostic screening.These 

findings indicate that the CsPbBr₃@ZIF-8@MIPs may provide a valuable tool for accurate analysis 

of DA and offer new methods for the detection of Parkinson's. 

 

Fig. 6. Comparison of serum DA levels in healthy individuals and Parkinson's disease patients by using 

CsPbBr₃@ZIF-8@MIPs. 

Conclusion 

In summary, a novel surface-imprinted fluorescent sensor CsPbBr₃@ZIF-8@MIPs was 

successfully developed for highly selective and sensitive detection of dopamine. The ZIF-8 shell 

significantly improves the aqueous stability of perovskite quantum dots, and the MIP layer ensures 

excellent specificity. The sensor exhibits a low LOD of 4.85 nM, a linear range of 5–400 nM, rapid 

response within 30 s, and good reusability(13 measurements, Figure S1). It was successfully 

applied to DA detection in human serum with high recoveries and good agreement with HPLC. This 

strategy provides a reliable platform for DA analysis and can be extended to the sensing of other 

biomolecules, showing great potential for clinical diagnosis and biomedical applications. 
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