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Abstract: To meet the demand for the ultra-trace point-of-care testing (POCT) of dopamine in
clinical diagnosis and physiological research, and to address the limited sensitivity and poor
engineering reliability of conventional devices, a dopamine electrochemical sensor based on a ZnS/
graphene heterojunction was developed, achieving an ultra-low detection limit at the 100 pmol/L
level. A transfer-free imsitu construction strategy was adopted. Few-layer graphene was directly
grown on a sapphire substrate via chemical vapor deposition. Subsequently, highly dense,
preferentially oriented growth of ZnS nanocrystals, predominantly along the (111) plane, was
achieved on the graphene surface using controlled oxygen plasma modification combined with
pulsed electrodeposition. The results demonstrate that the formation of the in-situ heterojunction

facilitates interfacial charge transfer and avoids the risk of interfacial contamination introduced by
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conventional transfer processes. The fabricated dopamine electrochemical sensor exhibits excellent detection

performance, [eaturing a broad dynamic response range from 1X 107" to 1X10° umol/L, along

with high stability and excellent selectivity against interferences from high concentrations of uric

acid and ascorbic acid. Furthermore, the spiked recovery rates ranged from 96. 0% to 102.4% in

real-sample analysis using fetal bovine serum. This study provides a micro-nano device solution

for the ultra-trace detection of dopamine in physiological fluids, lays a core hardware foundation for the

further development of low-cost, high-precision integrated POCT medical terminals, and demonstrates

significant application prospects in primary healthcare and personalized health management.

Keywords: ZnS/graphene heterojunction; in-situ construction; dopamine electrochemical sensor;

plasma modification; pulse electrodeposition; point-of-care testing
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Fig. 1 Schematic diagram of ZnS/graphene heterojunction

sensing electrode preparation
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electrochemical sensor
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oxygen plasma modification
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modes
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different storage times (12, =5)
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Table 1 Recovery testing results of different concentrations

of dopamine spiked fetal bovine serum sample
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Table 2 Performance comparison of different dopamine electrochemical sensors
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Fig. 13 Schematic diagram of sensor mechanism
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Fig. 14 EIS testing and fitting results of different electrodes

in electrochemical probe solution
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